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INTRODUCTION 

The project is designed to evaluate possible changes in numbers and distribution 
of pink and chum salmon spawning in intertidal and upstream areas relative to 
oil contamination from the Exxon Valdez spill. A significant amount of pink and 
chum salmon spawning in Prince William Sound occurs in intertidal areas (up to 
75% in some years). These intertidal areas are extremely susceptible to marine 
contaminants and may adversely affect spawner distribution and success in Prince 
William Sound. 

The Alaska Department of Fish and Game performed spawning ground surveys of the 
major anadromous spawning streams in Prince William Sound from the late 1950's 
through 1985. Approximately 116 streams were surveyed at least once annually 
during. the peak of spawning. Program funding was severely curtailed in 1987 and 
1988; consequently, only 58 streams have been walked annually in recent years. 
This study will again expand the number of spawning streams surveyed in o~der 
to document the effect of the oil spill on pink and chum salmon intert~dal 
spawning. The study will determine the post oil spill distribution of spawn1ng, 
help in the evaluation of streams for inclusion in the Injury to Salmon Eggs and 
Pre-emergent Fry in Prince William Sound study (OSIAR study F/S 2) and the Sal~on 
Coded-wire Tag Studies in Prince William Sound (OSIAR study F/S 3}, and prov1de 
an atlas of aerial photographs and detailed maps for important spawning sites. 

OBJECTIVES 

1. Determine the presence or absence of oil on intertidal habitat used by 
spawning salmon. 

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

3. Estimate the numbers of spawning salmon by species within standardized 
intertidal and upstream zones for 140 streams in Prince William Sound. 

4. Produce a catalogue of aerial photographs and detailed maps of spawner 
distribution for each stream sampled. 

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



METHODS/DATA ANALYSIS 

Study Design 
-

Three crews of two people each wi 11 perform foot surveys of i ntert ida 1 and 
upstream portions for 140 major pink and chum salmon spawning streams. Each 
stream will be surveyed three times at approximately two week intervals during 
the spawning season. 

Streams to be surveyed will be selected according to the following criteri.a: 

1. The stream is included in the aerial survey program. 
2. All streams in the pink and chum salmon egg deposition and pre­

emergent fry projects will be included. 
3. Streams enumerated in prior spawning ground foot survey programs wi 11 

be included. 
4. Streams utilized by salmon stocks from the early, middle and late 

run stocks will be included. 

During each stream survey the following data will be recorded: 

1. Anadromous stream number and name (if av~ilable); 
2. Latitude S}nd lo.ngitude of the stream mouth; . 
3. Date and time (24 hour military time); 
4. Tide stage; 
5. Observer names; 
6. Counts of live and dead salmon by species and tide zone (0.0-1.8 m, 

1.8-2.4 m, 2.4-3.0 m, and 3.0-3.7 m above mean low water and 
upstream); 

7. Weather and comments on visibility, lighting, and other survey 
conditions. 

All data will be record~d on pre-printed mylar data sheets which will overlay 
a map of the stream. Stream maps wi 11 be drawn from three sets of aeri a 1 
photographs p~ior to the survey. Maps will be improved and modified during the 
survey to show the 1 ocat ion of tide zones, stakes and key 1 and marks for 
identifying zones, spawner distribution within each zone, and the upstream limit 
of spawning. Particular attention will be given to spawner density and 
distribution observations for the 46 streams to be sampled during the Pink and 
Chum Salmon Pre-emergent Fry Sampling project (OSIAR study F/S 2). 

Streams will be surveyed in a systematic order around Prince William Sound. The 
ADF&G R/V Montague will house and support three survey crews of two people each. 
Each two man crew will use a skiff for transport between the R/V Montague and 
the survey streams. 

On the first circuit of Prince William Sound one crew of two people will measure 
and mark tide levels at each stream to be enumerated. The stream bed location 
of tide levels 1.8, 2.4, 3.0, and 3.7 meters above mean low water will be 
determined using a professional grade surveyors level and will be marked with 
colored coded surveyors stakes (orange, blue, green, and white, respectively). 
The bench mark for measuring the tide levels at each stream will be based on the 
tide level at the time of the survey. Location and time specific tide levels 
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will be obtained from a commercial tide stage computer software package run on 
a microcomputer aboard the R/V Montague. The. tide level will be relayed to the 
shore based crew via radio. 

During .the first survey circuit, a composite sample of mussels (Mytilus so.) will 
be collected at the mouth of each stream for hydrocarbon analysis. Results of 
the analysis will be used to document the level of oil impact sustained by the 
stream. Each sample will consist of enough mussels to provide 10 grams of tissue 
(approximately 30 mussels) for analysis. The mussels will be collected 0-2 m 
above mean low water in the immediate vicinity of each stream mouth and will be 
collected above water to avoid contamination by hydrocarbons on the water 
surface. Samples from each stream will be stored in separate glass jars with 
teflon lined lids. Each jar and lid will be pre-rinsed three times with 
dicloromethane, dried, and kept in locked storage prior to use. Care will be 
taken not to contaminate the jar or lid prior to or during sampling. Each sample 
jar will be neatly labeled·with indelible ink or pencil on "Rite-In-The-Rain" 
paper. The label will bear a sample number, sampling date and time, tide stage, 
species, the ADF&G stream name and number, the stream mouth latitude and 
longitude, and the sampler name(s). The samples will be stored in the freezer 
aboard the R/V Montague until the boat reaches port. At that time they will be 
moved to locked shore based freezer storage. Appropriate chain of custody forms 
will accompany each sample. 

Counts of 1 i ve and dead sa 1 man wi 11 be made for the five tide zones (the 
intertidal zones < 1.8 m, 1.8-2.4 m, 2.4-3.0 m, 3.0-3.7 m above mean low water 
and the upstream zone) from the 1.8 m tide level to. the 1 imit of upstream 
spawning on a11 140 streams for all three circuits. Tide stage will be monitored 
continuously and survey times and direction will be adjusted accordingly. ·If 
the tide stage at the time of the walk is at or below the 1.8 m level the stream 
walk will begin at the mouth of the stream and progress upstream. The mouth or 
downstream limit of the stream will be defined as the point where a clearly 
recognizable stream channel disappears or is submerged by salt water. Fish seen 
below the downstream limit will be included in an estimate of fish off the stream 
mouth and noted as a comment on the data form. If the intertidal portions of 
the stream above the 1.8 m level are submerged when the walk begins, the crew 
will proceed to the upstream limit of the walk, walk downstream, and coincide 
the end of the walk with the time predicted for the tide to at or below the 1.8 
m level. The upstream limit of a walk will be determined by the presence of 
natural barriers to fish passage (ie. waterfalls), by the end of the stream, or 
by the upstream limit of spawning. The upstream limit of spawning will be marked 
on U.S. Geological Survey color aerial photos of each stream following each 
survey. 

Count of 1 i ve and dead fish on each stream wi 11 be done by a crew of two 
technicians or biologists. For streams of moderate size and having a single 
channel the crew members will walk together but independently count live fish. 
Each member will tally their count on a mechanical tallywhacker. At the end of 
each zone the two crew members will compare counts. If both are comfortable with 
their counts and the difference between the two is less than 10% of the lower 
of the two counts for the zone, the two counts will be averaged. If the two 
counts differ by more than 10% of the lower of the two counts both surveyors will 
re-count the zone until their counts differ by 10% or less. Upstream counts in 
a single channel will be similarly compared at convenient stopping points (ie. 
log jams or other clear counting delineators). To avoid confusion with counts 



PROJECT BUDGET 1 

Line Item Category Budget 

100 Personnel~Services $ 52,200 
200 Travel $ 5,500 
300 Contractual $ 58, 100 
400 Commodities $ 17,900 
500 Equipment s 11' 100 
700 Grants s 0 

Total , $144,800 
1 Budget is for all activities performed from March 27, 1989 to 

February 28, 1990. 
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INTRODUCTION 

The project is designed to evaluate possible changes in pink and chum salmon egg 
to pre-emergent fry survival in intertidal and upstream areas relative to oil 
contamination from the Exxon Valdez spill. A significant amount of pink and chum 
salmon spawning in Prince William Sound occurs in intertidal areas (up to 75% 
in some years). These intertidal areas are extremely susceptible to marine 
contaminants and may adversely affect spawner distribution and success in Prince 
Wi 11 i am Sound. 

The Alaska Department of Fish and Game has performed egg and pre-emergent fry 
digs at some of the approximately 900 anadromous fish streams in Prince William 
Sound since the early 1960's (Pirtle and McCurdy 1980, McCurdy 1984). Pre­
emergent fry digs provide an abundance index for pink salmon which is used to 
forecast future pink salmon returns. As many as 45 streams were sampled annually 
prior to 1985. Since then only 25 index systems considered representative of 
pink and chum salmon producing streams in Prince William Sound nave been sampled. 

·The oil spil~ has the potential to cause mortality to the critical egg and fry 
life stages and thus an increased and more comprehensive egg/fry dig program is 
called for. This project is designed to meet this need by assessing.the effect 
of the oil spill on egg to fry development of wild pink and chum salmon stocks. 

OBJECTIVES 

1. Estimate mortality of .pre-emergent fry in oiled and non-oiled streams 
immediately following the Exxon Valdez oil spill of March 24, 1989. 

2. Estimate over winter survival (eggs to pre-emergent fry) of pink and chum 
salmon eggs in oiled and non-oiled areas. 

3. Assess loss in production, if any, from changes in overwinter survivar. 

4. Use tissue samples from.pre-emergent fry and from mussels (Mytilus sp.) 
to document hydrocarbon contamination in streams where oil is not evident 
visually. 

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



METHODS/DATA ANALYSIS 

Sample Sites 

Fry sampling was performed on two occasions immediately after the oil spill in 
an effort to assess initial fry abundance and possible fry mortality just prior 
to and immediately after oil impact. The second sampling trip was also used to 
evaluate streams in the areas impacted by oil for egg/fry dig potential. Thirty 
nine streams throughout Prince William Sound were sampled during the first trip. 
The second trip occurred approximately two weeks after the oil spill and 
concentrated on the Central and Southwest areas of Prince William Sound. During 
the second event 14 streams were resampled (representing both oiled and non­
oiled areas) and an additional 17 streams were surveyed to assess their potential 
as egg and pre-emergent study streams (Figure 1, Appendix A). 

Spring fry digs will be conducted at 56 streams. The 25 streams presently 
studied will be sampled to allow for a comparison of abundance data after the 
oil spill with historic data. Of these streams, 20 received no oil impact, 3 
are suspected of having received some impact, and 2 have visual evidence of oil 
impact at the stream mouth. An additional 21 streams will also be sampled. 
These streams were selected from areas with no oil impact to high impact in 
Central and Southwest Prince William·sound where the majority of the oiling 
occurred. New streams were selected using the following criteria: 

1. Sufficiently large adu~t salmon returns ·to indicate a high 
probability of success in egg/fry digging. · 

2. Past history of egg/fry digging. 
3. Streams which had low to no oil impact in the immediate vicinity of 

high oil impact streams. This will help account for possible 
variability due to differing climatic/stream conditions. 

Based on these criteria, the added sample streams have the following 
characteristics: two have a history of fry sampling and are in areas with high 
probability of oiling, 11 will have no history of fry sampling and are in areas 
with high probability of oiling, two will have a history of fry sampling and are 
in areas with little oil impact, and six will have no fry sampling history and 
are in areas with little oil impact (Appendix A). 

Fall egg digs will be conducted on a subset of 31 of the 56 streams sampled for 
pre-emergent fry. Egg dig streams have the following characteristics: eight are 
in areas with heavy oil impact, five are in areas of moderate oil impact, four 
are in areas where oil impact is suspected but the extent of contamination is 
unknown, and 14 will be in areas suspected of· receiving little or no oil. 

Sample Design 

Sampling will be conducted in two phases: egg-digs in October, and pre-emergent 
fry digs in mid-March to mid-April. Sampling methods are identical for the egg 
and pre-emergent fry digs. On each sample stream, four zones, 3 intertidal and 
one above tidal inundation, will be identified and marked by crews conducting 
stream surveys under Fish/Shellfish Study Number 1 (Injury to Salmon Spawning 
Areas in Prince William Sound). The zones are 1.8-2.4 m, 2.4-3.0 m, 3.0-3.7 m 



Pre-emergent fryjegg data will be summarized by date, stream, level of 
hydrocarbon impact, stream zone, and number of live and dead, fry and eggs. A 
mixed effects analysis of covariance will be used to test for differences in 1) 
egg to fry survival due to oiling using the 31 streams sampled for both eggs and 
pre-emergent fry and 2) fry mortality immediately after oiling using the 14 
streams which ~ere replicate sampled fn April 1989. Degree of oiling and height 
in the tidal zone will be treated as fixed effects. Height in the tidal zone 
will be nested within stream, a random effect. Covariates will be provided by 
hydrocarbon analysis of mussel populations in close proximity to each stream 
(collected by OSIAR study F/S 1). 

If no suitable hydrocarbon data are available, analysis of variance will be used. 
Degree of oiling as visually assessed by the mapping portion of the Injury to 
Salmo~ Spawning Areas in Prince William Sound study (OSIAR study F/S 1) will be 
used to post-stratify streams. Degree of oiling and height in the tidal zone 
will again be treated as fixed effects. Height in the tidal zone will be nested 
within stream, a random effect. 

An assessment of lost fry production will be made if differences in egg to fry 
survival due to oiling are detected. Average survival from unoiled areas will 
be used to estimate potential fry density in oiled areas. Observed and potential 
fry densities will then be expanded to estimate total observed and potential fry. 
The difference between the two estimates will be considered lost fry production. 

Specific statistics to be estimated are: 

1. Number of'dead and viable eggs per square meter by salmon species, 
stream, and stream zone. 

2. Number of dead and live fry per square meter by salmon species, stream, 
and stream zone. 

3. Egg to fry survival by salmon species, stream, and stream zone. 
4. Lost production by salmon species, stream, and stream zone. 



SCHEDULES AND REPORTS 

Oate{s) Activity 

Mar. 27- Ap. 7 1989 Fry digs in 31 sample streams (first pass). 

Ap. 14 - Ap. 22 1989 Fry digs and stream surveys in 31 
streams (second pass). 

November 1 - 15 Egg digs in 31 test streams. 

Apr. 30 - Dec. 15 1989 Laboratory work, fry and egg counts. 

June - December 1989 Data entry and analysis 

January 1989 Preliminary report on impacts of oil 
egg and fry survival. 

March 1 1990 Prepare final study plan for the 1990 
field season. 

March 15 - Ap. 15 1990 Fry digs orr 46 study streams. 

PROJECT BUDGET1 

Line Item Category Budget 
-

100 Personnel Services $ 82,200 
200 Travel $ 5,000 
300 Contractual $ 16,200 
400 Commodities $ 5,700 
sao Equipment $ 40,000 
700 Grants $ 0 

Total $149,100 

1 Budget is for all activities performed from March 27, 1989 to 
February 28, 1990. 



FUNDED PERSONNEL 

Class PCN Name PFT mm SFT mm 

FB II 11- 12 
FT III 11- 4 
FT III 11- 4 
FT I I 11- 4 
FT II 11- 4 
FT I 11- 4 
FT I 11- 4 
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Appendix A. Pink and Chum salmon egg and pre-emergent fry dig locations. 

Stream 
Number Stream Name 

11 
35 
51 
80 
87 

104 
106 
107 
117 
121 
153 
262 
276 
322 
421 
430 
455 
480 
485 
495 
506 
604 
618 
621 
628 
630 
632 
637 
653 
663 
665 
666 
673 
677 
678 
681 

680·2 
682 

684·1 
687 
689 
692 
695 
699 
707 
711 
740 
744 
747 
749 
759 
775 
788 
814 
828 
850 
861 

HUI¢ack Creek 
Knoppen Creek 
Control Creek 
Whalen Creek 
Sunny River 
None 
Gladough Creek 
Black Creek 
Indian Creek 
Gregorieff Creek 
Stellar Creek 
Cutthro.t Creek 
Bl ackbeu Creek 
Coghill River 
Mill Creek 
Meach8111 Creek 
Paulson Creek 
Mink Creek 
None 
Chimevisky Creek 
LoaRis Creek 
Erb Creek 
None 
Totemoff Creek 
None 
Bainbridge Creek 
Claw Creek 
None 
Hogg Creek 
None 
None 
O'Brien Creek 
Falls Creek 
Hayden Creek 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
McCleod Creek 
Hanning Creek 
Kelez Creek 
Wilby Creek 
Cabin Creek 
Shad Creek 
Rocky Creek 
Pautzke Creek 
Green Creek 
Constantine River 
Cook Creek 
Canoe Creek 
Bernard Creek 

rotal Number of Streams 

Stream Location 

Orca Inlet 
Sheep Bay 
Port Gravina 
Port Fidalgo 
Port Fidalgo 
Tatitlek Narrows/Virgin Bay 
Tatitlek Narrows/Virgin Bay 
Tatitlek Narrows/Virgin Bay 
Galena Bay 
Jack Bay 
Sa~o~~~ill BaY 
Unekwik Bay 
Eaglek Bay 
Port Wells 
Bettes Bay 
Pigot Bay 
Cochrane Bay 
Mink Harbor/Port Nellie Juan 
'olest Finger Inlet/Port Nellie Juan 
McClure Bay/Port Nellie Juan 
North of Eshamy Bay 
Ewan Bay/Dangerous Passage 
Chenega Island • East Shore 
Chenega Island • West Shore 
Chenega Island - East Shore 
Whale Bay • West Arm 
Whale Bay 
Point Countess outside of Whale Bay 
Hogg Bay/Bainbridge Island 
Shelter Bay/Evans Island 
Evans Island 
Evans Island 
Latouche Island/West Shore 
Latouche Island/West Shore 
Sleepy Bay/North end Latouche Island 
Hogan Bay/Knight Island 
Mummy Bay/Northeast Arm, Knight Island 
Snug Harbor/Knight Island 
Marsha Bay/Knight Island 
Bay of Isles/Knight Island 
Louis Bay/Knight Island 
Herring Bay/Knight Island 
Drier Bay/Knight Island 
Drier Bay/Knight Island 
14cCleod Harbor/Montague Island 
Hanning Bay/Montague Island 
Montague Island/Northwest Shore 
Port Chalmers/Montague Island 
Port Chalmers/Montague Island 
Port Chalmers/Montague Island 
Rocky Bay/Montague Island 
Zaikof Bay/Montague Island 
Green Island 
Port Eches/Hinchinbrook Island 
Anderson Bay/Hinchinbrook Island 
Canoe Pass/Hawkins Island 
Windy Bay/Hawkins Island 

/1 o = Oiled; c = Control (not oiled) 

Proposed Digs 

Current 1989 dig 1989 dig 
Fry Index 1st Pass 2nd Pass Fry Egg/1 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

X 
X 
X 
X 

25 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 

X 
X 
X 
X 

39 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 
X 
X 

X 

31 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
.X 
X 
X 
X 
X 

·x 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

46 

X·c 
X·c 

x-c 

X·c 

X·c 
X·c 
X·c 
X·c 
X·o 
X·o 
X·o 
X·o 
X·o 
l(·C 

X·o 
X·o 
x-c 
X·o 
X·o 
X·c 
X·o 
X·o 
X·o 
X·o 

X·o 

X·o 
X·c 
X·c 

X·c 

X·o 

X·c 

31 
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Fte1d 

Field 

Pre-emergent Fry and Egg Deposition Pink and Chum Salmon 

Data Fonn Codes 

No. 10 - Location Code Jj 

NIT 4' 6' = ~1~ 

NIT 6' 8' = ~20 

NIT 8' 10' = 030 

NIT 10' 12' = 040 

NIT 12' 15' = 050 

NUPST = 060 

OIT 4' - 6' = 070 

OIT 6' - 8' = 080 

OIT 8' 10' = 090 

OIT 10' 12' = 100 

OIT 12' 15' 110" 

OUPST = 120 

~a. 10 - Sub 1 ocati on code for far ri~ht digit in the above 
Codes. 

0 = Where only one channel exists in sample location. 

= Right hand channel facing upstream. 

2 = Left hand channel facing upstream. 

3 = Second (2nd) sample zone in same location. 

4 = Third (3rd} sample zone in same location. 

5 = Fourth (4th) sample zone in same 1 oca ti on. 

location 

]j If a sample location is known as OIT 9' the code would be the same as 
orr a· - 10'. This applies to all such sample location labels. 

Codes for Field 10 on the pink and chum salmon e~g nnd pre­
emergent fry data fa~. 



' ..... , 

INSTRUCTIONS 

PINK AND CHUM SALMON DATA FORM 

General Instructions 

1) When the same number is to be used throughout a 
column or portion of a co1umn, draw·a vertical 
arrow. 

2) Leading zeros and zero entries need not be 
entered, but numbers should be right centered. 

Scecific Instructions 

Field 5 Study Area (Numerical order for area sampled 
within a stream). 

Field 6 Stream Area . (Type of area sampled - 1 for 
UPSTREAM with no intertidal, Z for DOWNSTREAM with 
intertidal, 3 for INTERTIDAL, 4 for OLD UPSTREAM, 
5 far NEW UPSTREAM, 6 for OLD INTERTIDAL, and 7 for 
~lEW INTERT! OAL ) • 

Field 7 Temperature (With decimal far Centigrade and 
without decimal far Fahrenheit). 

Field 8 Crew Leader (0 for UNKNOWN, 1-199 for South­
eastern, 200-299 far Prince William Sound, 30D-399 
for Cook Inlet, 400-499 for Kodiak, 500-599 for 
Chignik and Alaska Peninsula, 600-o99 for A-Y-K 
Region}. · 

Field 9 Dig type (O or 1 for spring pre-emergent and 
2 for fall egg deposition). 

Field 10 Location . (SaJ11P1e subgroup of same riffle or 
group of similar riffles). 

Field 11 Sample Point (Non-identical numbered samples 
within a location). 

Field 14 Percent Absorbed (Average percent frysac 
absorbed for.pink salmon). 

Field 19 Percent Absorbed (Average percent frysac 
absorbed sor chum salmon). 

Field 22 Remarks (1 fa.r Sculpin, 2 for Flat't1o~, 3 
for Roundworms, 4 for Dolly Varden, 5 for Copepods, 
and 6 for Flounders). 

Field 23 Condition (1 for NOT SAMPLED DUE TO SNOl-l, 
2 for NOT SAMPLED BECAUSE DRY, and 3 for NOT SAtt1PLED 
DUE TO WEATHER). 

;i ff--1.:'1 !3. 
Codes and explanations for fields 5-11. 14. 1'1, 22, and 23 
on the pink and chum salmon e~g and pre-emergent fry data 
form. 
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IN'l'RODOCTION 

The oil spill in Prince William Sound may cause differential 
survival of various salmon stocks in Prince William Sound by 
several mechanisms. The Alaska Department of Fish and Game 
(ADF&G), cooperating with the National Marine Fisheries Service 
(NMFS), and the University of Alaska (UA), has proposed a series 
of studies to measure the effects of the oil spill on salmon. A 
part of this series of studies is an aggressive coded-wire tagging 
effort on every species of salmon in Prince William Sound. The 
tagging will involve both pink and sockeye salmon from wild stocks, 
and coho, chinook, pink, and sockeye salmon from hatcheries , 
although the study will intensively focus on pink salmon. 

Estimates of the loss of salmon production will come from three 
sources. The first source will be direct comparisons among coded­
wire tagged stocks with different exposures to the toxicants. The 
second source will be the deviation of post-spill production (catch 
and escapement) from estimates of historical production. 
Historical production estimates will be based on historical aerial 
surveys of spawne·rs adjusted with results from stream life studies 
conducted in concert with this coded-wire tagging project.· 
Finally, the most powerful estimate of loss of production will be 
by directly observing the exposure at each particular life stage 
for a particular stock group, then applying· a priori survival 
estimates that cari· be tied into a particular dose-respons·e 
relationship. As an example, suppose rearing juveniles are 
observed in habitat with known concentrations of toxic oil 
residuals. By knowing the stock origins of these juveniles, 
through tagging, a decrease in survival can be inferred from the 
results of laboratory studies. This decrease may not be detectable 
by observing survival in wild stocks because of natural 
variability. 

Separate early marine life history studies conducted by ADF&G, UA, 
and NMFS will document the exposure history of each coded-wire tag 
lot. Stream life studies, conducted as a part of the coded-wire 
tagging of wild pink salmon stocks, will be used with information 
from aerial surveys of spawning areas and harvest records to 
estimate the total (post-oil spill) production of pink salmon. 
Studies of intertidal spawning areas and fry survival, conducted 
independently of the coded-wire tagging studies, will track fry 
production of pink salmon in each year of the project from both 
oiled and unoiled spawning areas. By applying estimates of marine 
survival developed from the tag studies to estimates of fry 
production from other studies, estimates of salmon production will 
be developed independently of the aerial survey and stream life 
studies. 
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OBJECTIVES 

A. To estimate the marine survival rates and harvests of wild 
pink salmon from three streams with oil-contaminated estuaries 
and two streams with uncontaminated estuaries. 

B. To estimate the marine survival rates and harvests of sockeye 
salmon from two watersheds with contaminated estuaries, and 
one with an uncontaminated estuary. 

c. To estimate the marine survival rates and harvests of pink, 
chum, coho, sockeye, and chinook salmon released from the five 
hatcheries in the Sound; two of these hatcheries are in 
heavily oiled areas, while three are not. 

o. To estimate the abundance of sockeye salmon smolts emigrating 
from the study streams. 

E. To estimate the extent of straying of returning salmon in 
outlying areas. 

F. Identify potential alternative methods and strategies for 
restoration of lost u~e, populations, or habitat where injury 
is identified. 1

. 

In addition to these objectives a major task of the project will 
be to provide marked salmon of known stock. origin and exposure 
history to the ecosystem for the benefit of researchers sampling 
rearing juvenile salmon (Fish Study No. 4), and returning adult 
salmon in Prince William Sound. 

Methods to accomplish this objective are not addressed 
in the plan. They will be developed only if injury is 
documented. 
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METHODS 
.. 

Hatchery Pink and Chum Salmon 

Fry from each of the four private non-profit (PNP) hatcheries in 
Prince William Sound will be captured at various times throughout 
emergence at approximately the same rate they are released from the 
incubators. They will be anesthetized in MS-222, their adipose fin 
excised, and a tag applied using Northwest Marine Technology 
equipment and tags. Following tagging, overnight tagging mortality 
will be assessed and a sample of fish will be dissected to document 
tag placement. The tagged fry will then· be transported to small 
holding areas. They will be observed and fed for 72 hours after 
the last fish are added to the holding areas. After the holding 
period, the tagged fish will be mixed with their untagged cohorts 
to rear for the remainder of their hatchery residency. Total fry 
abundance in the population will be assessed using electronic 
counters at the time the fry are ponded. Finally, a written 
description of the tagging will be developed by Larry Peltz of 
ADF&G. This will include a detailed description of each tag lot, 
the number of fish tagged, the total number of fish in the release 
lot, the average size of the fish at release, a profile of the. 
exposure ·history .of the release lot to the oil spil'l, an~ .all 
information ~equired by the ADF&G Coded-Wire Tag Laboratory, wqich 
coordinates coded-wire tagging in Alaska. · 

The four hatcheries will release thirteen groups of pink salmon in 
1989. Only one of these groups will not contain tagged fish (Main 
Bay Hatchery pink salmon from AFK stock, produced at the Cannery 
Creek Hatchery). Each of the hatchery pink salmon tag groups will 
contain tagged fish at the rate of approximately 1.7 ppt (or about 
1 tagged fish in each 570 hatchery fish released). The tag rate 
will be held constant across release groups to prevent confusion 
of differential tag mortality with variation in survival between 
release groups (see ADF&G Technical Fishery Report by Peltz and 
Geiger, In Press; or Geiger and Sharr, In Press). In 1989 chum 
salmon will be tagged at the rate of 17 ppt at the Solomon Gulch 
Hatchery near Valdez. 

In 1990 hatchery pink and chum salmon tagging will continue at the 
same level of effort with the addition of chum salmon at the Esther 
Island Hatchery; approximately 250,000 of these chum salmon will 
be tagged in one release group using the methods outlined above for 
hatchery pink salmon. Tagging at the 1990 level for both pink and 
chum salmon will continue until 1993. 

4 



Wild Stock Pink Salmon 

In 1990 wild pink salmon will be tagged from five stocks chosen to 
fit in with the a fry and egg dig survey (Fish study No.2). The 
wild pink salmon tagging is exp~rimental, and will not be a routine 
application of coded-wire tag technology. Fry will be captured as 
they emerge using various means. The fry will be anesthetized with 
MS-222 and tagged with Northwest Marine Technology tagging 
equipment and tags. The anesthesia and associated trauma will 
require that the tagged fish be held separate from their untagged 
cohorts, until they appear to have fully r~covered from the effects 
of tagging. The extent to which the survival and behavior of the 
tagged fish can be attributed to Qther groups of salmon will be 
assessed at the time of recovery. The 1990 level of tagging is 
expected to continue until 1993. 

Hatchery Chinook and Coho Salmon 

Prior to tagging, smelt in hatcheries will be crowded using seines. 
A sample of smol t will be drawn from each rearing appliance in 
approximate proportion to the number of fish in that appliance. 
They will b~ anesthetized with MS-222, their adipose fin excised, 
and a tag applied using Northwest Marine Technology equipment and 
tags. A sample of fish from e~ch day's tag production will .be 
retained to estimate short-term tag loss and tag induced mortality. 
Following tagging, the tagged fish will be · re-turned to mix with 
untagged cohorts. All mortalities during the first week after 
tagging will be examined, and the tag status will be noted. At the 
end of a week, the fish will again be crowded, and a sample of 
approximately 2,000-4,000 fish from each rearing appliance will be 
drawn. These fish will be anesthetized, and run through a tag 
detector. Petersen abundance estimates for all rearing appliances 
will be performed, and any major discrepancies from hatchery 
inventory records noted. ·Finally, a written description of the 
tagging will be developed by Larry Peltz of ADF&G. This will 
include a detailed description of each tag lot, the number of fish 
tagged, the total number of fish in the release lot, the average 
size of the fish at release, a profile of the exposure history of 
the release lot to the oil spill, and all information required by 
the ADF&G Coded-Wire Tag Laboratory, which coordinates tagging in 
Alaska. Tagging of chinook salmon will begin in 1990 and is 
expected to be continued until 1993. The tagging of coho salmon 
began in 1989 and will be continued until 1993. 

Sockeye Salmon 

In 1989 wild sockeye salmon will be tagged from at Eshamy and 
Coghill Lakes. Smelt will be captured in traps as they migrate to 
saltwater. The smelts will be anesthetized with MS-222 and tagged 
with Northwest Marine Technology tagging equipment and tags. The 
anesthesia and associated trauma will require that the tagged fish 
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be held separate from their untagged cohorts until they appear to 
have fully recovered from the effects of tagging. As in the wild 
pink salmon tagging, the extent to which the survival and behavior 
of the tagged fish can be attributed to other groups o·f salmon will 
be assessed at the time of recovery. The rate of tag occurrence 
in the stock"will be determined from counts at an adult salmon weir 
in each of the systems. Heads from fish with adipose fin marks 
will be taken at the weir and the tags decoded. Hatchery produced 
sockeye salmon smolts will be tagged using the methods described 
for chinook salmon above. The hatchery tagging will begin in 1989 
and be continued until 1993. In 1990 a weir will be placed on the 
Jackpot system; tagging will .begin here in 1990 and also be 
continued until 1993. 

Adult Recovery Suryey 

From 1989 through 1999 the Alaska Department of Fish and Game wiil 
oversee the recovery of coded-wire tagged fish in commercial 
harvests of salmon in Prince William Sound. The recovery samples 
are from a stratified sample (Cochran 1977). Fisheries will be 
stratified by district and within each district into discrete time 
segments. The recovery will be further stratified by processor 
strata as described in·Peltz .and Geiger (In Press). For each time 
and area specific stratum, 20% of. the catch will be_scanned for 
fish with a. missing adipose fino Catch sampling will be do~e in 
four fish processing facilities in Cordova, one facility in Seward, 
three facilities in Valdez, and one facility in Kodiak. When 
feasible, sampling will occur at additional facilities in Kodiak, 
Kenai, Anchorage, and Whittier. If feasible large floating 
processors will be sampled as needed. All deliveries by fish 
tenders to these facilities will be monitored by radio and by daily 
contact with processing plant dispatchers to insure that the catch 
deliveries being· sampled are district specific. In addition to 
catch sampling at the processing facilities, approximately 15% of 
the fish in the hatchery terminal harvest areas will be scanned for 
fish missing adipose fins. There will be a broodstock tag recovery 
effort at each of the three hatchery facilities where tags were 
initially applied. A minimum of 50% of the daily broodstock 
requirements of each facility will be scanned for fish with missing 
adipose fins. Finally, there will be an intensive survey of the 
adult pink salmon returning to natural systems where tagging was 
conducted, and a weir will be operated for sampling adult sockeye 
salmon on those systems where sockeye salmon were tagged. 

In the catch, terminal harvest, broodstock, and natural system 
surveys, the total number of fish scanned and the total number of 
fish with missing adipose will be recorded. The heads will be 
removed from fish with missing adipose fins. Each head will be 
tagged with uniquely numbered strap tags. Recovered heads will be 
~ssembled and pre-processed in the Cordova area office. Heads will 
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then be sent to the FRED Division Coded-Wire Tag Laboratory in 
Juneau for decoding, and data posting. 

Tag Processing Laboratory 

A statewide coded-wire tag lab is located in Juneau and operated 
by FRED Division of ADF&G. Coded-wire tag sampling forms will be 
checked for accuracy and completeness. Sampling and biological 
data will first be entered onto the laboratory'a database. Next, 
the heads will be processed. This involves removing and decoding 
the tags, and entering the tag code and the code assigned in the 
recov'!ry survey into the database. Samples will be processed 
within five working days of receipt. Sampling information and tag 
codes entered into the database will be available for analysis the 
following morning. Data will be automatically transferred from 
Juneau to Cordova. Eventually, on-line access from Cordova will 
provide in-season information to fisheries managers in Cordova to 
allow assessment of oil spill impacts and implementation of any 
required in-season management actions. Catch and sampling 
information will be integrated with tag codes to automatically 
calculate in-season and post-season hatchery contribution 
estimates. A historic database of coded-wire tag information from 
Prince William Sound tagging and tag recovery programs will be 

.mainta~ned and wiil -be easily acc~ssible by managers and 
researchers. 

Data Analysis 

The first step in the coded wire tag analysis will be to estimate 
the harvest of salmon from each tag lot, in units of adult salmon. 
Adult salmon from these tagged lots will be recovered in the common 
property fishery, the hatchery cost recovery fishery, and the adult 
broodstock. For the hatchery stocks, a modification of the methods 
described in an ADF&G technical report by Clark and Bernard (1987) 
will be used. The specific methods, estimators, and confidence 
interval estimators are described in ADF&G technical reports on two 
previous studies of pink salmon in Prince William Sound: Peltz and 
Geiger (In Press), and Geiger and ·sharr (In Press). Additional 
references on methods of tagging pink salmon in Prince William 
sound can be found in Peltz and Miller (1988). In the case of the 
wild stocks, the methods and estimators and necessary assumption 
are described by Geiger (1988). 

The basic principle behind the estimates can be described as 
follows. The contribution of a particular tag lot, to a particular 
fishery stratum, is estimated by multiplying by the number of tags 
recovered in the structured recovery survey, by both the inverse 
of the proportion of the catch sampled (the inverse sampling rate) , 
and by the inverse of the proportion of the tag lot that was 
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actually tagged (the inverse tag rate). The escapement 
(broodstock) of each tag lot will be estimated using methods unique. 
to the particular situation. After the contribution to each 
fishery is estimated for the tag lot, the survival is estimated by 
summing the estimated harvest of the tag lot in each fishery, and 
the estimat~d escapement (broodstock) , and dividing by the 
estimated number of fish represented by the tag code. 

This process can be expressed more formally as follows. The 
proportion of the fish tagged in tag group .1; (t=l, 2, ... , T) is 
denoted as Pt. Let N1 denote the number of fish caught in fishery 
strata i (i=l,2, .•• ,k), let~~ denote the number of fish in that 
the fishery sampled for marks, and let A\ denote the number of tags 
recovered with code .1; in fishery i- The number of fish from the 
tag group .1; that were caught in the commercial fishery, ct, is 
estimated as follows: 

~t, = !! A\ (NJ~,) pt·1 

The assumptions necessary to estimate .c and the associated 
confidence intervals are as follows: 

(1) the numbers of tagged and untagged fish are known 
exactly; 

(2) the ·tagged sample of the original hatchery tag group is 
a simple random sample; 

(3) the tags do not affect the fish with respect to the items 
under study (survival, timing, homing, etc.); 

(4) none of the marks are lost; 

(5) the number of fish in the fishery and the number of fish 
in the fishery sample are known exactly; 

(6) the sample of the fishery is a simple random sample (i.e. 
every fish in the collection of fish under consideration 
has an exactly eqtial probability of selection independent 
of every other fish in the sample); and 

(7) all marks are observed and all tags decoded. 
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Reporting 

After the raw data has been posted to the central coded-wire tag 
data base in Juneau the Cordova area staff will create in-season 
data summaries and a post-season final summary. The results of 
these analyses will be completed aDd published in ADF&G Technical 
Data Reports, as well as in other technical and professional 
literature after oil spill litigation is completed. A draft report 
following guidelines set by the Trustee Council will be completed 
by December with the final report completed by the January 
following the recovery. 

DATES 

March 1 to May 1 

March 20 to May 1 

May 1 to June 15 

October 1 

SCBEDULB 

ACTIVITY 

Hatchery Tagging 

Wild Pink Tagging 

Wild Sockeye 

Jun~ 20 to September 20 

Tag Application Report 

Catch Sampling 

December 21 

LINE ITEM 

100 
200 
300 
400 
500 
700 

TOTAL 

Overall Report 

BUDGET/PERSONNEL 

PROJECT BUDGET1 

CATEGORY 

Personnel Services 
Travel 
Contractual 
Commodities 
Equipment 
Grants 

BUDGET 

$ 898.4 
$ 20.7 
$ 528.8 
$ 87.9 
$ 407.1 
$ o.o 

$ 1943.4 

Budget is for all activities performed from March 27, 
1989 to February 28, 1990. 
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Appendix A 

1990 Coded Wire Tagging Goals for Prince William Sound 

Hatchery tag9ing 

Hatchery Species 
Projected 
Release 

Valid 
Tag 
Goal 

Total 
Release 
/Marked 
Ratio 

-----------------------------------------------------------------Armin F. Koernig 

cannery creek 

Solomon Gulch 

Wally Norenburg 

GRANO TOTAL 

Solomon Gulch 

Wally Norenbury 

Pink 

Pink 

Pink 

Pink 

Pink 

Chum 

Chum 

120,000,000 200,000 600 

135,000,000 225,000 600 

120,000,000 200,000 600 

250,000,000 416,667 600 

625,000,000 1,041,667 600 

10,000,000 50,000 200 

50,000,000 100,000 500 

-------~---------------------------------------------------------"GRAND TOTAL Chum 60,000,000 150,000 400 . 

Ft. Richardson 
Whittier Coho 100,000 20,000 5 
Cordova Coho 60,000 10,000 6 

Solomon Gulch Coho 1,000,000 50,000 20 

Wally Norenburg Coho 3,000,000 100,000 30 

-----------~----------------------------------------------------GRANO TOTAL Coho 4,160,000 180,000 23 

~---------------------------------------------------------------Main Bay Sockeye 2,500,000 100,000 25 

GRANO TOTAL Sockeye 2,500,000 100,000 25 

Wally Norenburg King 150,000 50,000 3 

GRAND TOTAL King 150,000 50,000 3 

GRANO TOTAL ALL 691,810,000 1,521,667 455 
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Appendix A 

Tagging goals 

-------------

System Treatment Species 

Valid 
Projected Tag 
Release Goal 

Total 
Release 
/Marked 
Ratio 

-----------------------------------------------------------------
Oiled Pink 1,000,000 50,000 20 

Oiled Pink 1,000,000 50,000 20 

Oiled Pink 1,000,000 50,000 20 

Clean Pink 1,000,000 50,000 20 

Clean Pink 1,000,000 50,000 20 

Clean Pink 1,000,000 50,000 20 

-----------------------------------------------------------------GRAND TOTAL ALL Pink 6,000,000" 300,000 20 

-----------------------------------------------------------------Coghill Clean sockeye 1;000,000 50#000 -20 

Eshamy Oiled Sockeye 1,000,000 50,000 20 

Jackpot Oiled Sockeye 200,000 50,000 4 

-----------------------------------------------------------------GRAND TOTAL ALL Sockeye 2,200,000 150,000 15 

GRAND TOTAL ALL ALL 8,200,000 450,000 18 
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Note: This study plan is for the period 3/1/89 - 2/28/90. It does 
not accurately describe plans for the 1990 season. It is expected 
that methods used in 1990 will be revised after data collected this 
year ~as been analyzed. 
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OVERVIEW 

INTRODUCTION 

The early marine period is a critical one for salmon because it 
is at this time that the greatest mortality is sustained (Parker 
1968; Bax 1983, Hartt 1980; Foerster 1968; Ricker 1976; Nichelson 
1986). Mortality is considered to be inversely proportional to 
the rata of growth, since a prolonged juvenile period will result 
in a prolonged vulnerability to predators (Parker 1971; Healey 
1982; Taylor 1977; Walters et al. 1978). For a possible excep­
tion to this, see Helle (1980). Therefore, factors that lower 
normal growth rates during the early marine period, such as toxic 
affects of exposure to hydrocarbons, reduction in prey popula­
tions, or increased energy expenditures associated with the 
disruption of normal migratory patterns, could have a strong 
influence on survival. 

Oil in the marina environment can· affect juvenile salmon in a 
variety_of ways. Oil can be directly toxic to salmon; juvenile 
salmon are especially susceptible when first in seawater (Rice et 
al. 1975; Rice et al. 1984). Sublethal levels of hydrocarbons 
can affect metabolism and reduce growth of juvenile salmon (Rice 
et al. 1975). Sublethal levels of water-soluole hydrocarbons can 
also damage olfactory lamellar surfaces, conceivably impactinq 
migra~ory behavior and feeding pat~erns (Babcock 1985). Oil can 
also be toxic to littoral and pelagic macroinvertebrates (Cald­
well et al. 1977; Gundlach et al. 1983). Thus, mortality, 
reduction of reproductive potential, or growth inhibition of prey 
populations could reduce growth rates of juvenile salmon, and 
thus increase their exposure to predation. 

During the past decade, five world-class hatcheries have been 
established within Prince William Sound. These facilities, 
operated by the Prince William Sound Aquaculture Association, 
Valdez Fisheries Development Association and the State of Alaska, 
produced approximately 535 million juvenile salmon in 1989. The 
hatchery contribution represents roughly half of the total number 
of juvenile salmon produced in PWS this year. A coded wire 
tagging program marked roughly 1.3 million juvenile salmon this 
year. Approximately one in every 1,000 juvenile salmon in PWS 
this year was expected to have a CWT. Recoveries of these marked 
fish in PWS will play a major role in our assessment of the 
impact of the oil spill. 

Because salmon constitute the great majority of the ~conomic 
resource of PWS, a major effort will be directed at early marine 
studies. The impact assessment will be conducted by the Alaska 
Department of Fish & Game, the National Marine Fisheries Service, 
and the Institute of Marine Science. The research will cover all 
phases of the early marine period in PWS salmon, from nearshore 
rearing to pelagic migration. Studies conducted by ADF&G will 
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focus on the impact of the oil on migratory behavior, studies 
conducted by NMFS will focus on pairwise comparisons of salmonid 
growth and behavior in oiled and un-oiled nearshore rearing 
habitats, and studies conducted by IMS will focus on a comparison 
of fry and plankton in an oiled site with data obtained in the 
same site a decade earlier (Cooney et al. 1981). Sampling will 
be coordinated to produce a single cohesive data bases of 1) 
coded-wire tag recoveries and 2) zooplankton and epibenthos 
collections with associated temperature data. 

We have emphasized a coordinated approach to attaining the 
objectives. The studies are mainly complementary. A strong 
effort is required because of 1) the high value of the resource 
and 2) the wide range of habitats utilized by salmon during the 
early marine phase. The studies also supplement each other in 
areas where extensive sampling effort is required. In 
particular, strong efforts will be needed to recover tagged fish 
because of their relative rarity, and to assess the plankton 
biomass because of its "patchiness. The three agencies will 
cooperate on the tag recoveries and plankton assessment. 

GENERAL OBJECTIVES 

The following objectives encompass the objectives of the three 
component studies in this project. Objective criteria for the 
objectives are described in the component studies below. . . 

A. Estimate the effects of oil.contamination on abundance, 
growth, feeding habits, and behavior of juvenile salmon during 
their early marine residence. 

B. Estimate the effects of oil contamination on critical habitats 
utilized by juvenile salmon during their early marine residence. 

C. Describe migration patterns of juvenile salmon relative to 
oiled and non-oiled areas of western Prince William Sound and the 
residence time of fish in the oil-impacted areas. 

o. Estimate hydrocarbon levels in tissues of juvenile salmon in 
oiled and non-oiled areas and document oil-related mortalities. 

E. Identify.potential methods for restoration of lost popula-. 
tions, or habitat where injury is identified. 

GENERAL METHODS 

A. Approach 

Objectives A,B. Three basic approaches will be used to assess 
effects of oil on juvenile salmon and their habitats: 1) Direct 
pairwise comparisons of oiled and non-oiled habitats and the 
abundance, growth, feeding habits, and behavior of juvenile 
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salmon in these habitats: 2) Comparisons with historical data on 
juvenile salmon ecology in Prince William Sound: 3) Differences 
in abundance, growth, feeding habits, and food resources of 
juvenile salmon relative to the geographical distribution of the . 
oil contamination. · 

The study team realizes that measuring growth rates is a 
difficult task. In the case of untagged fish, the populations 
being sampled at different times and different places will, in 
general, be different. Another problem that will affect growth 
measurements of both tagged and untagged fish is size-selective 
mortality: the growth that is measured will actually be the 
growth of the survivors. To reduce these problems, conclusions 
concerning growth of juvenile salmon will not be based on size 
alone. They will be based on several growth-related factors 
including size, condition factor, stomach fullness, food 
abundance and temperature. 

Objective c. ·.The impact of the oil spill on juvenile salmon . 
migration patterns will be determined. primarily by the recoveries 
of coded-wire tags from juvenile salmon released from PWS 
hatcheries. The tags will provide information on the speed, 
route, and residence times of specific labeled groups. Tag 
recovery rates will also indicate relative abundance of wild and 
hatchery fish at sites throughout western PWS. Catch per unit 

·effort data· will be used to dete~ine the relative utilization of 
different-migration corridors. 

Objective o. The level of hydrocarbon contamination of the 
tissues of juvenile salmon will be assessed by pairwis~ compari­
sons between oiled and non-oiled areas. Coded-wire tagged salmon 
will be collected in such a manner that fish of known point of 
origin can be analyzed for hydrocarbons if sufficient recoveries 
of specific tag lots are made in a particular time and area. 

Objective E. The study leaders will stay alert to possibilities 
for the restoration of habitat and populations that may be lost 
or damaged by the oil spill. 

B. Standard operating procedures 

Unless otherwise described, sampling and sample handling 
procedures were standardized as follows: 

Zooplankton was sampled with 20-m vertical tows using 2lo and 243 
u mesh, 0.5 m-diameter nets. Horizontal tows were not done due 
to the presence of oil in many of the sampling sites. Epibenthic 
invertebrates were sampled with 10-m horizontal tows using 243 u 
mesh, 0.3-m-diameter nets at depths of 0.5 m during tide stages 
between -1 and +J ft. 
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Beach seine specifications were as follows: 37-m-long; outer 
wings, 10 m long, 32 mm "scare" mesh, dyed green, tapering from l 
to 3 m deep; inner wings, 4 m long 13 mm mesh dyed green, 
tapering from 3 to 4 m deep; bunt, 8 m long, 6 mm mesh dyed 
green, taperipg from 4 to 5 m deep. 

To avoid excessive mortality when large numbers of fish were 
caught, fish were placed in a holding tank until processing was 
completed. Lots of approximately 300 ml of fish (measured by 
displacement in a l-liter beaker) were put through a 2-inch 
tunnel tag detector (Northwest Marine Technologies) with a small 
stream of salt water. When a tag was found in the lot, the lot 
was continuously divided until the tagged fish was found. one 
300-ml sample of fry was sorted immediately to determine species 
composition and released. Another sample of approximately 80 fry 
was preserved in buffered formalin for later size measurements 
and stomach analyses. Remaining fry were released. All tagged 
fish were blot-dried, weighed and measured (snout to fork) • The 
tagged fish were then assigned an IO number and frozen individ­
ually. Taqs on these fish will be read later by the FRED Tag 
Lab. There the heads will be excised from the frozen fish, the 
body returned to the original sample vial, and the head assigned 
a tag lab head number.corresponding to the original sample 
number. The frozen bodies will then be returned for storage to 
the Auke Bay Laboratory until priority for hydrocarbon analysis 
is determined. Chain of custody procedures will be used 

~throughout transfer and storage of thes~ samples. After the tags 
are read,. an attempt will be made to pool the fish in lO-g lots 
for the hydrocarbon analysis. Excess fish will be retained for 
stomach analyses. Untagged fish were left in buffered lO% 
formalin for at least 30 days to standardize shrinkage. These 
fry were rinsed in buffered sea water,. blot-dried, weighed and 
measured. Moribund fish, if found, were to be placed immediately 
in Bouin's solution for later histopathology studies. 

CUrrents were measured with Marsh-McBirney model 201 current 
meters at depths of o.s m. Water temperatures were measured at 
0.5 and 5.0 m depths. 

4 



I. Impacts of oil spill on migratory behavior, growth and 
mortality. 

Project leader: Jim Raymond, ADF&G 

Determination of the impact of the oil spill on the migratory 
behavior and growth of salmon juveniles in PWS in 1989 will 
largely be based on the recovery of tagged salmon that were 
released at various points in the Sound from late April through 
early June. 

OBJECTIVES 

(Letters refer to General Objectives, above)· 

c-1. Document the impact of oil on the migratory path, speed of 
migration, and residence time of cw-tagged salmon releases 
in PWS. Determine at the alpha•.05 level whether speeds and 
residence times are different in oiled and unoiled areas and 
in oiled and unoiled years. 

A-1. Compare the growth related factors between cw-tagged salmon 
captured in oiled and un-oiled areas. Determine at the 
a1pha•.05 level whether size, condition factor and stomach 
fullness are different in cw-tagged -fry collected in oil.ed 
and unoiled areas and in oiled and unoiled y.ears. 

o-1. Document the impact of oil on the hydrocarbon content of cw­
tagged fry having known residence times. Determine at the 
alpha•.OS level whether hydrocarbon content differs in cw­
tagged fry collected in oiled and unoiled areas. 

D-2. Document the occurrence of dead and moribund fish, and 
collect tissues from these fish for hydrocarbon and histo­
patholoqy analyses. 

METHODS 

A. Study desiqn 

Tag lots were released during time periods ranging from 1 to 30 
days (10-day average). Recovery of these salmon at later times 
and in different places will allow estimates to be made of migra­
tion paths, migration speeds and residence times, and relatively 
accurate measurements of growth. Residence times may also 
provide information on food abundance and growth, since salmon 
juveniles tend to move out of areas with low food abundance. 
Approximately 1.3 million tagged fish were released. The 
untaggedjtagged ratio ranged from 289 to 924 for each tag lot 
(500 average). It is presently assumed that the wild and hatch­
ery populations are about equal, indicating that collection of 
approximately 1,000 salmon will be required to recover one tag. 
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Thus, an effort was made to recover several thousand juveniles 
per day. 

To measure the impact of the oil spill, two types of comparisons 
will be used. First, juveniles collected at un-oiled sites and 
having known residence times in the Sound will be compared with 
juveniles collected at oiled sites having similar residence 
times. Second, juveniles collected in oiled areas in 1989 will 
be compared with juveniles collected in the same areas in suc­
ceeding years of this project when lower pollution levels are 
expected. Data obtained on the untagged fish will serve as a 
second, although less accurate, source of information on the 
effect of the oil on growth, distribution and tissue pollutant 
levels. The impact of the oil spill .on mortality will be based 
on observations of dead and moribund fish, and hydrocarbon and 
histopathological analyses of selected tissues. 

B. Collection areas 

Six sample collection areas (Fig. l) were selected specifically 
to recover CWT salmon juveniles released from five hatcheries and 
two streams: 

1. North Perry Island area. This site is expected to yield 
collections of fry and smelts from VFDA, Cannery creek and 
Esther hatcheries and wild sockeye smelts tagged at Coghill 
Bay. It appears that this site will remain un-oiled. 

2. ·crafton Island.- Pt. Nowell. This area is expected to yield 
collections of releases from the above sites, Main Bay 
Hatchery and the wild sockeye tagged in Eshamy Bay. Oil 
fouled the Pt. Nowell area in late April. · 

3. Chenega Eddy between Whale Bay and Pt. Countess. This area 
has been previously identified as a fry holding area and is 
expected to yield collections of tagged fish from all the 
above relea.ses. It is a heavily oiled sit~. 

4. North Twin Bay area. This area is expected to yield collec­
tions of tagged fish from all the above sites. Collections 
in these areas will determine the distributions of these 
fish in the Elrinqton, Prince of Wales and Bainbridge 
passages. It is a heavily oiled site. 

5. Sleepy Bay - Pt. Helen area. This area will allow the 
measurement of the relative importance of (l) Montague 
Strait and LaTouche passages and (2) Knight Passage and 
lower Montague Strait as migration routes for the above 
releases. It is a moderately oiled area. 

6. Hinchinbrook Entrance. Collections in this area will help 
determine whether tagged salmon use this passage to leave 
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the sound. It is thought that in normal years, few hatchery 
salmon leave the Sound by this route. However, because it 
is an un-oiled area, some tagged fish might choose this 
route this year. 

These areas were sampled approximately once a week from 5 May 
through 11 July. The site at the Hinchinbrook Entrance was 
sampled approximately bi-weekly due to the lower tag recoveries 
expected there. More frequent sampling was to be dona at this 
site if a significant number of tags are recovered. One day was 
spent at each area. When time was available, additional sites 
that appeared to be along important migration pathways were 
included. 

c. Logistics 

A SO' seiner equipped for night navigation was chartered for the 
per~od a-22 May. From 25 May to ll July, the sundance was used. 
A crew of three Fish & Game personnel operated the sampling gear 
and skiff. At each sampling area, sampling was conducted approx­
imately between 1000 and 2230 h. The boat then moved to the next 
station and moored. 

D. Sampling procedures 

·1. Beach seine and· dip nets. Most cdllec.tions, especially· 
early in the season, were collected with a· beach seine 
(described above) and 19 11 diameter dip nets on two or three 
beaches in each sampling area. 

2. Tow net and purse seine. TWo replicate offshore samples 
were obtained with 10-min tows of a standard FRI tow net 
pulled between two boats. The tow net was operated after 
dark to increase its efficiency. A 200 ft purse seine (Auke 
Bay.design) was used in late June and July. It was used in 
areas where concentrations of salmon juveniles ware observed 
and where a beach seine could not be used. 

J. Epibanthos samples. Samples were taken at inshore sites as 
described above. Volume and composition of selected samples 
will be determined at the FRED Limnology Laboratory. A 
maximum of one beach seine site a day (depending on tide 
height) was sampled with a single tow of the epibenthic 
plankton sled (described above). Samples were collected 
during daylight hours. 

4. Oceanographic measurements. Water temperatures and salinity 
were measured with a YSI salinometer at depths described 
above. Surface current measurements were deleted from the 
study plan because initial measurements were uniformly zero 
in the sampling areas. Tide levels and directions were 
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recorded for each sampling site. These data will be used to 
help determine migration patterns of the salmon. 

E. Fish handling procedures. 

Tagged and untagged juvenile salmon were handled as described 
above. Approximately 60 untagged fish of a given species were 
randomly selected each day from both beach seine and tow net 
catches and preserved in formalin for later weight, length and 
stomach fullness. measurements. This number should be sufficient 
to identify different size groups if they should occur. Stomach 
analyses (for lO-fish samples) will be done at the FRED Limnology 
Laboratory. 

DATA ANALYSIS 

In each of the following comparisons, except where noted, the 
hypothesis that there is no difference between cw-tagged pink fry 
collected in oiled and unoiled areas will be tested with t-tests 
at the alpha • 0.05 level. For correlations, the hypothesis that 
~o will be evaluated at the alpha ~ 0.05 level. 

A. Growth data 

Because many factors other than the presence of oil can influence 
growth, several analyse~ of groWth-related factors·will be done 
to.help isolate the impact of oil: 

1. Compari$on of oiled and un-oiled areas in 1989. 
a. growth curves expressed as percent increase in 

length and weight per day 
i. cw-tagged fish using size data at time of 

release. 
ii. Untagged fish using fish caught at same site 

at different times in the season (apparent 
growth rate). 

b• condition factor at representative times; tagged 
and untagged fish. 

c. stomach fullness; primarily untagged fish. 
(sufficient tagged fish not expected to be 
available) 

d. epibenthos biomass density. · 

2. Comparison of oiled areas of 1989 with same areas in 
followinq years using growth-related factors shown in 
la-d. 

3. Correlation of hydrocarbon levels with growth in 1989; 
tagged fish. 

4. Correlation of epibenthos biomass and. growth in 1989. 



B. Migratory speeds and patterns 

Migratory speeds will be calculated using the m~n~mum distance 
between release and recovery sites and the average release date 
!or a given tag lot. 

The best me~~od for describing the migratory patterns will not be 
apparent until the migratory data is available. A me~~od 
currently under consideration is the constr..lction of "~igratory 
roses" (similar to wind roses used by meteorologists). These 
would be centered at hatchery locations and consist of arrows to 
each recovery site. Specific analyses will include: 

l. Comparison of migration of cw-tagged pink fry in oiled 
and un-oiled areas in l989. The unoiled areas will 
include recovery sites of fry released from VFDA, 
Cannery creek and Esther hatcheries and the oiled areas. 
will include recovery sites of fry released from AFK 
Hatchery. 
a. ·Migratory speeds. 
b. Migration patterns (e.g., migratory roses). 

2. Comparison of oiled and unoiled areas of l989 with same 
areas in following years. 
a. Migratory speeds. 
b. Migration patterns. 

SCHEOOLE/PE&SONNEL 

Activity 

SamplJ.nq 
Data compil. 

l989 l990 
Mar Apr May Jun Jul Aug Sap oct Nov Dec Jan Feb 

Data analysis ~ 
l990 season plannnq 
Project coordination 

--~-------~--------------------------------------------------------
Personnel 

J. Raymond 
M. Willette 
FTII (2 posns) 
FTII 
FTIII 

Project leader l Apr-28 Feb 
Field crew leader 5 May-lJ July 
Operate sampling gear 5 May-ll July 
Measurement of salmon fry l Aug-l Sep 
Coded wire tag reading (Tag Lab employee) 
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BUDGET 3/1/89 - 2/28/90 

100 
~ . Class 
Jim Raymond FBIII 
Mark Willette ~ (RSA.} 
Dave Morris FTII 
Scot Fiscus FTII 
Marlene Luke FTII 
Oavid Petree FTIII 

200 

Months 
10.0 
3.5 
2.5 
2.5 
1.0 
1.0 

3 RT Fairbanks/Cordova @344 

300 

2 RT Fairbanks/Anchorage @227 
2 RT Fairbanks/Juneau @346 
Per diem 15 @ $90 

Vessel charter "Kittiwake" 
Food and fuel 

Salary 
6.0 
4.5 
5.0 
s.o 
3.0 
4.0 

Vessel use "Sundance" food, fuel 
plankton analyses 15 @ $100 
stomach analyses so @ $100 

400 

500 

taq .lab CWT reading 
telephone 8 mo @ 300 
air ~halo charter, PWS 
air freight.equipment 
equipment repair 
office expenses, misc. 

tow net 
beach seines 2 @ $900 
dip nets 
purse s~ine 
plankton nets 
sample bottles 
chemicals 
survival gear, rain gear 
small boat fuel 250 gal @ 1.20 
spare propellers 2 @ 100 
misc. small boat parts 
misc. scientific supplies 

18-ft skiff & trailer, 90 hp OB 
75 hp OB 
CRT OMNI detector 
March McBirney currant meter 
freezer, 5 cu ft 

total 
60.0 
15.8 
12.5 
12.5 
3.0 
.L..Q. 

To't:al 

1.0 
0.45 
0.7 
1.35 

Total 

28.0 
3.0 
SeO 
1.5 
s.o 
3.0 
2.4 
11'3 
0.4 
o.a 
~ 

Total 

1.0 
1.a 
0.3 
1.0 
0.5 
0.6 
0.3 
2o0 
0.3 
0.2 
Oo5 
~ 

Total 

12.0 
3.0 
7.5 
2.2 
.Q..:..§. 

To-cal 
GM...'IO TOTAL 
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107.8 

3.5 

51.1 

9.7 

25.3 
197.4 



II. Impact of Oil Spill on Juvenile Pink and Chum Salmon and 
their Prey in Critical Nearshore Habitats 

Project Leader: Alex Wertheimer, NOAA, NMFS· 
Auke Bay Fisheries Laboratory 

The NMFS component of the early marine salmon studies will focus on 
comparisons, between oiled and non-oiled areas of Prince William 
Sound, of salmon distribution, abundance, size and nominal growth 
rates, feeding habits, and prey abundance. These parameters will 
be examined quantitatively to assess if a significant impact 
occurred to the juvenile salmon or their food resources. 

OBJECTIVES 

(Letters refer to General Objectives, above). 

A-l. To test at alpha a 0.05 the hypothesis that the abundance of 
juvenile pink and ahum salmon does not differ between oiled 
and non-oiled areas •. 

A-2. To test at alpha a 0.05 the hypothesis that the size and 
growth rates of juvenile salmon does not differ between oil_ed 
and non-oiled areas. 

B-l. To test at alpha =- o.os the hypothesis that the ·prey available 
to juvenile pink and chum salmon in the lit~oral and pelagic 
water column does not differ between oiled and non-oiled 
areas. 

A-3. To quantify the feeding habits of juvenile pink and chum 
salmon in terms of frequency of occurrence, biomass, and Index 
of Relative Importance, and to compare oiled and non-oiled 
areas using Percent Similarities Index. 

A-4. To test at alpha a 0.05 the hypothesis that indices of stomach 
fullness do not differ between oiled and non-oiled areas. 

c-1. To determine migratory behavior of juvenile salmon based on 
coded-wire taq recoveries; tag recoveries will be incorporated 
in the cooperative data base managed by ADFG. 

D-l. To test if hydrocarbon levels in juvenile pink salmon differs 
between oiled and non-oiled areas. 

METHODS 

A. Sample Design 

Nearshore habitats will be sampled according to a 2x2x3 factorial 
design. The first level refers to oiled and non-oiled areas of 
western Prince William Sound. The second level refers to two 
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general classifications: embayments and migration corridors. For 
both oiled and non-oiled areas, two each embayment and corridor . 
locations will be selected, for a total of 8 locations. The third 
level (sites) refers to habitat types, grossly characterized by 
gradient and substrate: low gradient beach (<10% grade, 
granule-pebb~e substrate); medium gradient beach (12-25% grade, 
pebble-cobble substrate); and steep gradient beach (>50% grade, 
bedrock or large boulder substrate) . Particular sample beaches 
will be selected for similarity between oiled and non-oiled areas 
in such characteristics as wave exposure, macrophyte coverage, and 
substrate. A total of 24 sites will be regularly sampled. If 
sample days are lost on a trip due to weather, embayment sampling 
will have priority over corridors. 

Bioloqical samplinq will extend from mid-April to late June. A 
total of 5 samplinq cruises of approximately 2 week duration will 
be required with a 2 day interval between cruises. Each cruise 
will be compris~d of two separate sampling components. 

The first component will be samplinq at the 8 locations during the 
-1 to +J ft tide ranqe to collect fish samples for relative 
abundance, size, growth, feeding habits, and coded-wire tag (CWT) 
analysis (Fiqure 2). Environmental data, pelaqic zooplankton, and 
epibenthic zooplankton will be collected at each site. Sampling · 
will alternate daily between oiled and non~oiled areas in western 
Prince William Sound. Matched pairs of oiled and non-oiled sites 
will. be chosen so.that the pattern of alternation between areas is 

·maintained for the duration of the study. This sampling scheme 
will allow direct pairwise comparisons between oiled and non-oiled 
locations. · 

The second component will include further sampling at the 4 
embayments for epibenthic macroinvertebrates at 2 ft intervals from 
the -l to +9 ft tide level. This sampling will provide a measure 
of variance of epibenthic prey within the -1 to 3 ft tide window in 
addition to supplementinq the epibenthic zooplankton sampling in 
component 1 to provide a weekly time series on epibenthic prey at 
the embayments. This samplinq will also provide a measure of 
epibenthic prey fields at the higher tide levels (>+3 ft) typically 
more heavily impacted by oil deposition. 

Bo Description of Study Sites 

Grade for each sample site will be measured using a hand-held level 
and stadia rod, and determining elevation change over a measured 
distance (l0-l5m). Substrata will be characterized at the +1 tide 
level. At each end and at the middle of a the sample area, a 0.25 
m2 area will be assessed as tc percent of surface coverage by 
different sized substrates. The Wentworth scale (Holme and 
Mcintyre 1984) will be used to classify materials. Particles 
smaller than granule (2 mm) will be classified as sand. The mean 
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value for the three quadrats will be used to characterize the 
beach. 

Macrophyte coverage will be estimated by walking the length of the 
sample area at water depths of 0.3 and 0.6 m below given tidal 
heights. Percent coverage will then be estimated for kelp, 
eelgrass, filamentous algae, and Fucus. 

In addition to the above levels of characterization of substrate 
and macrophyte coverage, photographs of 0.1 m2 quadrats will be 
taken at 2-ft elevation intervals at the embayment sites, from the 
-1 to +9 ft tide level. Six quadrat locations will be selected 
randomly along an 18 m tape stretched parallel to the water line. 
The meter tape will be included in the photograph for scale. The 
photographs will be subsequently evaluated for substrate 
composition and percent macrophyte coverage. 

The general area within 1 km of the sample sites will also be 
characterized as· to grade and substrate in the -1 to +3 ft tidal 
range to determine the relative proportion of the different 

·habitats within each location. Because of the time constraints of 
the biological sampling during the April-June period, this habitat 
classification will be done on a separate-cruise in July. 

c. Sample Collection 

1. Fish Samples 

Sampling at the study sites will be restricted to the -1 to +3 
tide levels to standardize tidal effects between .sites. Fish 
will be captured using 37 m beach seines (described above) and 
a seine modified to sample the cliff sites. The cliff seine 
is 37 m long and 3 m deep. The wings are 10 m long with 32 mm 
"scare" mesh dyed white. The bunt is 11 m long with 6 mm mesh 
dyed green and has a floor of 6 mm green mesh formed by a·9 m 
lead line connecting the bottom intersections of the wings 
wiht the bunt. 

Catches will be sorted to species and enumerated; all salmon 
will be checked for the presence of coded-wire tags using an 
OMNI coded-wire tag detector. Each coded-wire tag salmon will 
be measured fresh for fork length and weight and frozen in 
separate 20-ml glass vials. .on each sampling trip, up to 30 
each juvenile pink and chum salmon from each sample site will 
be preserved in formalin for later length and weight measure­
ments; 10 of these fish will also be used for diet analysis. 
The fish will be placed in oil sample bags, with up to 15 
individuals of a species per bag. Each bag is labeled as to 
date, set number, time, site, habitat, and number of fish. 
The bags will be stored in a 3.8 liter jar containing 2 liter 
10% formalin; one jar is used for the collections from the 
three habitats at a particular site for each sampling date. 
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In addition, up to three replicate samples of 50 juvenile pink 
salmon will be retained for hydrocarbon analysis, as per 
standard operating procedures. These fish will be placed in 
120-ml jars while alive and frozen. All o~her fish will be 
released. 

As time permits, the shoreline within the general vicinity of 
the habitat sites will be surveyed to locate congregations of 
juvenile salmon. Beaches will be sampled with beach seines by 
both "blind" sets (no fish observed) and "directed" sets (fish 
observed) • Schools of juvenile salmon will also be sampled 
using dip nets where seine sets are not feasible. These 
collections of juvenile salmon will be enumerated, checked for 
coded-wire tags, and used to supplement collections for 
hydrocarbon and stomach analyses when insufficient numbers are 
collected at the regularly sampled beaches. All other fishes 
caught in such sets will also be identified and enumerated. 

· 2 • Prey Abundance 

Potential prey of the juvenile salmon will be sampled by 
epibenthic sled and vertical plankton hauls. At each of the 
three sites within each location, the o.s m water depth 
(relative to tide height at time of sampling) will be sampled 
for macroinvertebrates with an epibenthic sled carrying a 0.3 

. m diameter 243 micron net. A measured 10-m horizontal haul· 
will be made. In the offshore water adjacent to.the habitats 
sampled, triplicate samples of pelagic zooplankton will be 
taken with a 20-m vertical haul of a 0.5 m diameter 243 micron 
net. Water of sufficient depth for the haul will be located 
using a depth-sounder or a sounding line. 

A series of epibenthic sled samples will be taken on the 
lowest tides of each trip at the embayment sites as part of 
the component 2 sampling {see Section A above) • The three 
sites at each embayment location will be sampled at 2 ft tide 
intervals from -1.0 to +9.0 ft tide levels. 

Preservation of the samples will be similar for both 
epibenthic and pelagic samples. A battery-powered seawater 

· pump will be used to wash down the outside of the net. The 
contents of the cod-end are then rinsed into a 500-ml plastic 
bottle containing·25-ml concentrated formaldehyde and enough 
filtered seawater to fill the bottle 1/2-2/3 full. The 
cod-end of the plankton net will be rinsed using a plastic 
squirt bottle and filtered seawater. The sample bottle is 
filled to the top, so as to make a 5% formalin solution. The 
bottle will be labeled as to site, date, gear, and habitat. 
Both an internal and external label will be used. Sample 
bottles will be sealed by using plastic thread-sealant tape 
inside the lid, and plastic electrical tape on the outside of 
the lid, to prevent spillage or leakage. 
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. 3. Hydrocarbon samples 

In addition to the samples of juvenile pink salmon mentioned 
previously, water samples, mussel samples, and sediment samp­
les will~be taken for hydrocarbon analysis at each location. 
Two replicate samples of water will be taken at 1.0 m and 4.0 
m offshore of each site on each sampling date. The hydro­
carbons will be extracted immediately using dichloromethane 
and the extracts frozen or kept on ice. Mussels will be 
sampled at or near one of the habitats within each site, and 
kept on ice or frozen. A 480-ml glass jar will be filled as a 
sample for each site on each sampling date. Sediments will be 
sampled at the water line at each habitat within a site~ a 
120-ml glass jar will be filled from several randomly selected 
spots within the beach seine area, using a solvent-clean 
spoon. During the epibenthic sled sampling of the -1 to +9 ft 
tidal range at the embayment sites, a sediment sample will be 
taken· in association with each sled tow. All sample jars and 
collecting equipment will be solvent-cleaned or heat-cleaned. 
See Auka Bay Laboratory Water Quality and Sediment Study Plans 
for mora detailed protocol. 

4. Environmental data 

'Water temperatura and salinity at 0.5 m·depth, wave height, 
and current measurements will be taken at each nearshore 
habitat regularly sampled. Water temperatures at 1 m and 4 m 
will be taken in association with each set of zooplankton tows 
and water samples. Temperature and salinity will be measured 
using a Beckman probe conductivity-temperature meter. CUrrent 
will be measured with a Marsh-McBirney induction current 
meter. Wave height will be measured with a meter stick. 
Extent of oil deposition and of visible oil in the water will 
also be, noted for each habitat. 

E. Sample Processing 

1. Fish Samples 

a. Coded-wire tagged fish 

Coded-wire tagged fish will be stored frozen until 
processing for hydrocarbon content. The fish will be 
transported from field collection to the Auke Bay 
Laboratory, then to the ADFG Tag Processing Laboratory in 
Juneau. There the heads will be excised from the frozen 
fish, the body returned to the original sample vial, and 
the head assigned a tag lab head number corresponding to 
the original sample number. The frozen bodies will then 
be returned for storage to the Auke Bay Laboratory until 
priority for hydrocarbon analysis is determined. Chain 
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of custody procedures will be used throughout transfer 
and storage of these samples. 

The tag lab personnel will decode the tags, and transmit 
the information to NMFS and to the AOFG investigator 
coordinating Early Marine Salmon Studies. 

b. Size and stomach samples. 

Samples will be stored in formalin at least six weeks 
before processing to standardize shrinking. Before 
processing, samples will be soaked in freshwater for 1-3 
hr to reduce formalin fumes. The fish from a particular 
set will be arranged on a tray by species, and up to 10 
of each species per set selected randomly for stomach 
analysis and given an appropriate individual sample 
number. The fish will then be measured to the nearest mm 
fork length, then blotted lightly on a paper towel and 
weighed to the nearest mg. Hard copies of the data, 
along with corresponding sample information, will be 
retained. 

After being weighed and measured, each fish retained for 
stomach analysis will be put into a· labeled 20-ml vial 
filled with SO% isopropyl alcohol or 70% ethanol. . 
Subsequent analysis will involve excision of the foregut 
and estimation of stomach fullness •. The foregut will 
then be weighed, the contents removed, and the empty 
foregut reweighed to give a measure of total content wet 
weight. The prey items will be identified to a minimum 
of Order level and counted. Biomass of prey taxa will be 
estimated from dry weights computed for the same or 
similar taxa in other feeding habits research (Landingham 
1982: Landingham and Mothershead 1988), or computed from 
intact prey i·f adequate literature values are not 
available by weighing a sample of 100 intact 
representatives of a taxa dried in a constant-temperature 
oven at 60°C for 24 hr. 

2. Zooplankton and epibenthic samples 

Upon transport to the Auke Bay Laboratory, the samples will be 
logged in by sample number. Contracts will be put to bid for 
analysis, with competitive bid procedures used to select among 
qualified applicants. For each sample, the contractor will 
provide hard copies and ASCII files on floppy disk with the 
following information: 

Sample number, volume, and wet weight 
For each organism: 

name, to genus for harpacticoid and calanoid copepods, 
- all others to order 
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Life History Stage 
Number per cubic meter (total, mean, range, sd) 
Wet weight (gmjm3), average biomass (mean,sd) 
Percent abundance and biomass 

Total number of categories 
Shannon•Weiner and Brillouin diversity indexes (Pielou 1975) 

Because epibenthic samples often contain a considerable amount 
of plant material, some samples will be precleaned at the Auke 
Bay Laboratory before they are sent to the contractor. 
Precleaning will involve picking all animals and eggs from the 
plant debris. The plant debris will be saved, and will be 
checked by a staff biologist (other than the person who 
cleaned the sample) prior to the sample being shipped to the 
contractor, to ensure the sample has been picked clean. When 
samples are sent to the contractors for analysis each sample 
number will be recorded and checked against the original 
sample catalog. All samples are shipped via the u. s. Postal 
Service, certified mail, return receipt requested. All 
shipping documents are retained at the Auke Bay Laboratory. 

3. Hydrocarbon samples. 

All hydrocarbon samples (fish tissue, water, sediments, and 
mussels) collected in the course of this study will be 
_prioritized :;,y the Hydrocarbon Analysis project as to if and 
when the samples will be processed. Procedure for analysis of 
these samples is detailed in the Hydrocarbon Analysis study 
plan. 

F. Data Management 

As much as possible, field and laborat.ory collection data will be 
entered on forms for fish sample collections, including associated 
environmental data; coded-wire tag collections; environmental data 
for epibenthic sled tidal series collections; length and weight 
measurements; and stomach sample analysis. All other associated 
data will be recorded in field and laboratory notebooks cataloged 
as described below in the data archival system. Data will be 
entered in as timely a fashion as possible into the appropriate 
computer data bases. R-Base;Dos on microcomputers will be used as 
a data base system. All data entered will be verified by checking 
computer-generated hard copies against the original data records. 

DATA ANALYSIS 

Preliminary data analysis will involve tabulation of data and 
graphical comparisons of parameter values between oiled and non­
oiled sample sites. The following facto·rs will be tested using 
analysis of variance (ANOVA): abundance and size of juvenile 
salmon; prey numbers and biomass (prey samples); and stomach 
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fullness, prey numbers, and prey biomass (gut samples). Whenever 
an ANOVA F-test for simultaneously comparing several parameter 
means is found to be statistically significant, differences between 
means will be tested using appropriate multiple comparison proced­
ures such as the Neuman-Keulls test (Winer 1971) . It is recognized 
that empty ce~ls may preclude complete ANOVA tests, and alternate 
parametric or non-parametric tests may need to be applied (Milliken 
and Johnson 1984). Nominal growth rates between oiled and non­
oiled areas will be compared using a eXponential growth model, and 
comparing the regression slopes of Ln weight over time with anal­
ysis of covariance (Zar 1974). Percent similarity indexes between 
oiled and non-oiled are~s will be developed for both prey and gut 
samples (Whittaker 1952). 

SCHEDULES AND PLANNING 

A. Data Submission Schedule 

The table below summarizes milestone dates and activities. Other 
than the reports prepared for the Management Team, the only special 
report will be a listing of the tag code and associated sample data 
provided to the ADFG Principle Investigator, Early Marine Salmon 
Studies. Formal publication of data analysis will be precluded 
until release by the Management Team. 

~ILES'rONE CURT •. x = Planned completion date 
= Actual compl·etion date 

1989 1990 

MAJOR MILESTONES A M J J A S 0 N D J F M 

Field activity, cruise reports 
Completion of epibenthic sampling 
processing (-l to +3 tide) 
Epibenthic sampling 
processing (+5 to +9 tide) 
Zooplankton sample processing 
Size data (juvenile salmon) 
Stomach sample processing 
Data Analysis, Abundance, Size, Growth 
Data Analysis, Prey Fields 
Data Analysis, Feeding Habits 
Reports: Abundance, size, growth, prey fields 
Reports: Stomach analysis 

X 

X 
X 

X 
X 

X 

X 

X 

-----------------------------------------------------------------------------~ 
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B. Data and Sample Archival 

All field and laboratory data forms generated through the course 
of this study will be placed in notebooks numbered according to 
the Auke Bay Laboratory Oil Spill Notebook Tracking System (NTS). 
All field notes will be similarly cataloged. Trip reports for 
each sampling cruise and study plans will also be archived within 
the NTS. Copies of computer data files will be maintained on two 
microcomputer hard drives, as well as rotating floppy disk 
back-up kept in a locked cabinet. 

c. Management Plan 

Project will be managed by the project leader, under the general 
direction of the organization leader. Budget expenditures will 
be tracked using the NMFS Auke Bay Laboratory budget management 
system. All procurement, contracting, and labor hires will also 
be according to Department of Commerce, NOAA, procedures, and be 
undertaken through the procurement and personnel office at the 
NMFS Auke Bay·Laboratory. 

The following is a list of scientific personnel associated with 
the project. The individuals listed are permanent staff 
biologists at the Auke Bay Laboratory assigned on a part-time 
basis to the project, except for Gish and McGregor, hired 
specifically for the study. 

. 
Alex Wertheimer, Project Leader, Chief Scientist on sampling 
cruises 
Adrian Celewycz, Alternate Chief Scientist 
Mark Carls, Hydrocarbon Sampling, Water Chemistry 
Joseph orsi, Sampling and logistics 
Don Mortensen, Sampling and logistics 
Herbert Jaenicke, Sampling and Logistics 
Robert Gish, Sampling and Stomach sample analysis 
Susan McGregor, Stomach sample analysis 
Joyce Landingham, Supervision of lab sample 
processing; contracting official technical representative· 
for zooplankton and epibenthic sample contracts 
Molly Sturdevant, coordination of lab sample processing 

o. Logistics 

Sampling equipment, including large gear such as nets and motors, 
will be transported from Juneau to Cordova using NOS vessels as 
available. Initial response will require use of scheduled air 
freight and Air National Guard C-130 assistance. 

Sampling will occur in the western portion of Prince William 
Sound (see attached maps for study sites). A vessel of 
sufficient size to support a scientific crew of 4-5 and to 
transport sampling gear and two 17-ft skiffs is required. NOS 
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vessels will be used as available. Cruises will originate in 
Cordova and last approximately 14 d, including transit time from 
cordova to study area. A total of six sampling cruises will be 
required. 

Personnel and sample transport will principally be utilizing 
scheduled aircraft between Juneau and Cordova. In addition, 
charter float planes will be required for initial surveys of the 
study area, and to transport personnel and materials on an as­
needed basis. 

BUDGET 

The budget for this project is shown in the following table. It 
should be noted that the labor costs shown do not include 
permanent salaries, except when permanent staff will be on duty 
in Prince William Sound. All permanent labor costs associated 
with planning, logistic support, sample processing, data 
analysis, and reports will be absorbed by existing project funds. 
Costs shown extend through February 1990. 

100 LABOR 
200 TRAVEL (Includes air charter) 
300 CONTRACTUAL SERVICES 
400 SUPPLIES AND MATERIALS 30 K 
500 EQUIPMENT 18 K 

TOTAL 

20 

95 K 
13 K 
70 K 

226 K 



III. Early Marine Salmon Studies in Prince William Sound and at 
the Armin F. Koernig Salmon Hatchery at Port San Juan, Alaska 

R.Ted Cooney 
Institute of 7Marine Science 
University of Alaska Fairbanks 

Studies at the AFK hatchery and from the R/V Alpha Helix are 
designed to quantitatively characterize salmon fry forage fields, 
fry feeding, small-scale migratory behavior and fry growth rates 
during the period April through June, 1989. Historical data bases 
at AFK (Cooney et al. 1978, 1981; Urquhart 1979; Barnard 1981) 
provide one means to determine whether previously established 
feeding dependencies by hatchery-released fry on local near-shore 
environments are being compromised by the presence of oil float­
ing on the water or occurring on or in the beaches near Sawmill 
Bay. Shipboard studies of open Sound zooplankton establish source 
levels of forage populations advected into critical near-shore 
regions by tidal, wind and density driven circulation. Previous 
studies (Fulton 1983) in the adjacent Gulf of Alaska demonstrate 
that upper-layer zooplankton stocks washed into the Sound via the 
coastal current can vary by as much as a factor of 5.0 from year· 
to year. 

OBJECTIVES 

The intent of University of Alaska studies is to assess 
Sound-wide forage stocks for .wild and hatchery reared salmon fry 
prior to and during the crucial period of near-shore early ocean 
residence, and to procure a sample base for comparison with 
historical data available on zooplankton and fry feeding and 
growth at the AFK Hatchery at Sawmill Bay. Specifically the 
objectives. are: 

(Letters refer to General Objectives, above). 

B-1. Determine the abundance of epipelagic zooplankton 
populations at specific locations in open Prince William Sound 
using a sampling design that estimates levels of variability 
associated with sampling a water column, with location and with 
cruise (April, May and June). Specifically, test the hypothesis 
that plankton populations are the same in oiled and non-oiled 
areas during all cruises. The design is capable of detecting 
.differences of at least a factor of 2.0 with alpha~o.os. 

B-2. Determine the abundance and levels of variability in forage 
stocks available to fry residing near the AFK hatchery at Sawmill 
Bay. Specifically, test the hypothesis that forage populations at 
oiled (outside the Bay) and non-oiled (inside the Bay) sites are 
the same using a sampling design capable of detecting weekly 
differences of at least a factor of 3.0 with alpha=O.OS. 
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A-l. Determine the kinds, amounts and levels of variability of 
invertebrate food items in the stomachs of fry residing in and 
adjacent to Sawmill Bay. Specifically, test the hypothesis that 
food is the same for fish residing in (non-oiled) and outside 
(oiled) Sawm~ll Eay. The design is capable of detecting weekly 
differences of at least a factor of 2.5 with alpha=0.05. 

A-2. Determine the rates of growth for hatchery-released fry 
residing in the near-shore zone of Sawmill Bay and adjacent 
Elrinqton Passage for comparison with historical data and with 
similar measurements being made by ADF&G and the NMFS at other 
locations in Prince William Sound. Specifically, test the hypo­
thesis that fry growth rates near AFK are the same in oiled and 
non-oiled nursery areas. The design is expected to yield results 
capable of detecting growth rate differences of at least 1.0 
percent of the body weight per day with alpha=0.05. 

c-1. Determine the use patterns and small-scale migratory 
behavior of fry released from hatchery net pens in Sawmill Eay 
for comparison with AFK historical data. 

D-l. Identify and count all dead and mor"ibund fishes encountered 
in the process of sampling fry and their food in and near Sawmill· 
Bay. 

D-2o Scan total catches of fry.{dip net and beach seine) for 
coded wire tags and recover and store tagged fry {frozen) for 
ADF&G growth and migration studies and NMFS hydrocarbon 
measurements. · 

METHODS 

1. Fry forage stocks: Samples of invertebrate populations 
servinq as food for fry will be obtained at selected 
locations in the main body of Prince William Sound and at 
historical sites in and adjacent to Sawmill Bay 
(hydrographic stations l and 4). In Prince William sound 
proper, samples of epipelagic zooplankton will be obtained 
in duplicate l-m net tows (0.505-mm Nitex) fished vertically 
through the upper 100 m or from 5 m above a shallower 
seabed• Sampling locations will include oiled {western) and 
non-oiled (eastern) areas. Zooplankters will also be 
collected in duplicate 20-m vertical tows (l/2-m net; 
0.333-mm Nitex) at historical stations l and 4 near the AFK 
hatchery, and in replicated and metered (General Oceanics 

.calibrated flowmeter) horizontal tows accompanied fry 
sampling at selected locations. 

All plankton samples will be preserved immediately in 10% 
seawater formalin for analysis at the hatchery or later at 
the University of Alaska Fairbanks. 
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Numbers and kinds of zooplankters in preserved samples will 
be estimated by standard subsampling techniques in which 
100-150 animals are removed quantitatively from each 
collection using a calibrated pipette. Specimens are 
identifred to the lowest taxon possible (generally species, 
sometimes genera, occasionally family or order) and tallied 
on standard laboratory count sheets. Data are reported as 
numbers m-3. A portion of each open Sound sample will be 
dried for 24 hr. at 60 deg C as a quantitative measure of 
standing stock. 

2. Fry size and growth: Fry will be sampled using a 150- ft. 
beach seine and/or dip nets at historic and other selected 
sites in and near Sawmill Bay. Fry sampling will be 
conducted twice or more often each week (weather 
permitting). 200 fry will be saved from each seine or 
dip-net series. These and all other fry captured in excess 
of size/weight sample needs will be passed through a ·2-in 
tunnel coded-wire tag detector (supplied by AOF&G). Tagged 
fry-will be frozen individually in clean labeled 
scintillation vials for later pick-up by AOF&G. Fry retained 
for size and weight measurements will. be suffocated (not 
preserved) prior to same-day processing at the hatchery. The 
fork length of each fry will be measured to the nearest mm 
and blotted fresh weight recorded to. the nearest"mg. Every 
eighth fish will be tlissected for stomach contents (25 per 
200 fry sample) • 

3. Fry stomach contents: Each fry selected for stoma~h analysis 
will be opened carefully and stomach contents removed for 
identification. Because fry tend to regurgitate food items 
if preserved in formalin, fish will be suffocated in a 
closed jar prior to analysis. Food items will be identified 
to the lowest taxon possible (generally species, sometimes 
genus, occasionally family or order) and counted. The mass 
of each food category will.be estimated using the mean 
weight. of representative species or composites obtained from 
the literature or determined in the laboratory from 
specimens in plankton tows (Coyle and Paul 1988, 1989). This 
practice avoids problems with weighing partially digested 
food items. Numbers, kinds and masses of food will be 
reported for each fry in a sample. 

4. Small-scale fry migrations: The location and estimated size 
of fry schools in and near Sawmill Bay will be recorded on 
standard field charts each time the study team is sampling 
for fry and their food. Numbers and kinds of dead and 
moribund fishes will also be noted on these records. Fishes 
that cannot be readily identified will be frozen and stored 
for later taxonomy. 
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5. surface water temperature: A laboratory grade mercury 
thermometer will be used to measure the temperature of the 
water at approximately 0.5 m depth below the surface. 
Temperature will be recorded to the nearest 0.1 deg C. If a 
back-ordered lowering thermistor thermometer is acquired 
during the sampling season, temperatures at 2 m intervals 
from the surface to 30 m will be obtained at the two 
zooplankton vertical-net stations in and near Sawmill Bay. 

LOG:IST:ICS 

A field team of three experienced marine science graduate 
students and one volunteer will conduct studies at and near 
Sawmill Bay by establishing a base of operations at the AFK 
Hatchery. These studies will be supported by skiffs, food, 
lodging and laboratory space provided by the Prince William Sound 
Aquaculture Corporation. Studies will begin on May 8 and continue 
through June 29 when most fry are expected to have moved away 
from near-shore environments. The study leader will assist with 

··the establishment of sampling protocol in the field and will 
establish standard laboratory procedures and verify plankton 
identificat~ons. 

A daily log of observations and analyses will be kept on site and 
generalized wee~y reports of progress sent ~y FAX to the 
University of Alaska. Copies of weekly reports will also be fi~ed 
with the hatchery manager and the PWSAC main office in Cordova. 

Hand-held VHF FM marine radios will be purchased so that the 
study team can maintain contact with the hatchery (if necessary) 
during field operations. Life preservers for each person will be 
obtained from the Seward Marine Center. 

DATA ANALYSIS 

Salmon forage fields: .The patchy nature of zooplankton 
populations, associated with physical features, predation 
pressure and growth, is addressed by replicating samples in time 
and space. The results trom previous extensive studies of inshore 
plankton communities near Kodiak Island (Vogel and McMurray 1986) 
indicate that, for the species comprising the bulk of salmon fry 
food, approximately 5 samples are needed to detect differences of 
a factor of 2.0 (alpha • 0.05) at specific times and places. 
Duplicate samples are expected to detect differences of a factor 
of ·3o0 or more. Five or more locations at non=oiled and oiled 
sides of Prince William sound were selected for samples of 
open-water forage stocks. To conform with previous sampling 
procedures at locations near AFK, three or more sets of samples 
were planned each week. Replicate tows will provide measures of 
sampling error associated with collections from a given water 
column~:~ Samples within regimes by cruise or week will provide 

24 



measures of variability needed to test hypotheses of no 
detectable difference between oiled and non-oiled sites. 

ana-way and complex Analysis of Variance models will be used to 
test hypotheses and to provide estimates of variability 
associated w±th sampling a water column, and sampling a specified 
time period (week) and location. This information will be vital 
in determining the number of samples needed to achieve specified 
levels of detecting differences (alpha=0.05) between treatment 
groups in possible continuing studies of oil impact. 

To meet the assumptions of normality and independence of mean 
size and variance, plankton samples will be transformed by base 
lO loqarithms prior to ANOVA (Taylor 1953). This is standard 
practice in plankton ecology, yielding geometric means and 
variances needed for hypothesis testing and more efficient 
allocation of resources. 

Fry food comparisons: Stomach data will be pooled for individual 
25-fry samples and grouped by week and location (inside and 
outside Sawmill Bay). An index of Relative Importance (IRI; 
Pinkas at al. l97l} will be used to characterize fry diet 
preferences and to rank prey items. A Percent Similarity Index 
(PSI; Whittaker 1952} will be employed to determine diet overlap 
at oiled and non-oiled sites and to .compare food preferences.with 
historical data_. The sampling design will ·generate approximately 
750 fry stomach analyses over the course o~ the lO week study. 

Salmon fry growth: Estimates of fry growth as percent body weight 
per day will be obtained assuming exponential growth: 

Ln (Wt) • qt + Ln (Wo) 

where Wo and Wt are initial and later fry weights respectively 
over some interval of time, t days, and,g is the instantaneous 
rate of daily growth. A linear regression fitting the natural 
logs of observed weights to a time base in days provides an 
estimate of g which when multiplied by lOO can be expressed as 
percent body weight gain per day(% bwjd}. Estimates of this 
parameter (Mortensen and Wertheimer 1988) for unaffected fry 
populations in Auke Bay, Alaska range from 3.0 to 5.0 % bwjd. 

Since fry at AFK enter Sawmill Bay from protective net pens in 
huge groups of several tens of million each at intervals of a few 
weeks, two or more distinct size-groups of fry may be in 
residence at any time and place. Length-frequency histograms will 
be examined to determine whether different modes of fry are 
present in samples. An attempt will be made to calculate the 
growth of distinct cohorts whenever possible, since lumping all 
fry will tend to negatively bias observed growth. Also, the 
larger fry in any population are presumably able to more 
effectively evade -capture leading to under-representation in dip-
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net and beach seine samples. This means that growth rates 
calculated from untagged lots of fry will suffer negative bias, 
particularly late in the season when the fry become larger and 
more active. This error is not expected to negate comparisons 
with historical and present data sets (ADF\G, NMFS) where % bwjd 
is calculated from untagged fry captured using similar methods. 

SCHEDULE 

The following tabulation describes the milestone dates and 
activities planned for the course of the study, April l, 1989 
through February 28, 1990: 

DATE 

5-11 April 

20 April 

5-10 May 

8 May 

12-14 May 

l-7-Jun~ 

29 June 

5 July 

7 July 

16 August 

1 NovelJil::)er 

15 NovelJil::)er 

1 January 

28 February 

ACTIVITY 

Research cruise HX 121; Zooplankton sampling in 
Prince William Sound. 
Joint ADF&G, NMFS and UAF Salmon fry study 
planning meeting in cordova. 
Research cruise HX 123; Zooplankton sampling in 
Prince William Sound. 
Research team on site at AFK; sampling · 
initiated. 
Study Leader at AFK Hatchery. to finalize 
sampling protocol. 
Research cruise HX 125; Zooplankton sampling in 
Prince William Sound. · 
Research team depart.s. AFK hatchery.· All plankton 
and fry length, weight and stomach content 
samples processed. 
All records of summer activities and data logs 
delivered to the principle investigator. 
Meeting of the research team and study leader to 
discuss the summer's activities and to assign 
data analysis tasks. 
Meeting of the'research team·to report progress 
on data analyses. 
Preliminary data analysis complete, draft of 
data report and synthesis prepared. 
Meet with AOF&G and NMFS personnel to develop 
SOPs and plan the 1990 field season. 
Final draft of Prince William Sound and AFK 
studies report. 

Proposal completed for 1990 study. 
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BUDGET/PERSONNEL 

Personnel ( l o o) ••.•••••••••••••••••••••••••••••••••• $ 9 4 , l o o 

Travel (200) ......................................... $7000 

Ser.~ices (300) •..•••••••.•..•...•••..••.••.•.•••..• $29,700 

commodities (400) ••••••..••••.••••••.••••••.•..••.... $6500 

Equ.ipment (500) •••••••••.••••....•••.•.••••..•.•..•.• $4000 

OVerhead ( 7 0 0 ) • • o o • • o • • o o o • o o • • • • • • • o • • • • • • • • • • • • • • $ 2 8 1 3 0 0 

Total ••••••• $169,600 

Personnel 

The study leader is funded for 3.0 months. Three ·full-time 
graduate students (Ms. Ashley Evans, Ms. Elizabeth Stockmar and 
Mr. Loren Tuttle will share portions of the graduate student 
support. Four 3-month temporary positions will be recruited for 
field andjor laboratory assistance when needed. 

R. Ted Cooney; study leader ·······~···········3 man months 
A. Evans • ••••.•••.••.•••••••••.•••• ~ •••••••• · • • 12 man months 
E. Stockmar; . .............................. ~ ....... 6 man months 
L. TUttle • ••.••..•.••••••••.•.••••••••.•••••••. 6 man months 
TBF four temporary lab/field assistants ••••••• l2 man months 
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. . 

Figure l. Study sites used in component study I, !~pacts of oil 
spill on migratory behavior, growth and mortality. The five 
hatcheries are shown in bold letters. The numbers refer to the 
six sample collection sites. 
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Figure 2. 
Map of Prince William Sound sho~ing location of study sites. 

Component II: Impact of oil spill on juvenile pink and chum salmon and their 
prey in critical nearshore habitats. 
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INTRODUCTION 

The goal of this study-is to compare the abundance, survival, and growth 
of populations of cutthroat trout Oncorhyncus clarki (hereafter 
referred to as trout) and Dolly~ Varden char Sal velinus malma 
(hereafter referred to as char) differentially affected by the oil spill 
in . Prince William Sound. Trout and char are estuarine anadromous 
species that inhabit PWS (Morrow 1980). Unlike anadromous Pacific 
salmon Oncorhynchus spp., trout and char utilize near-shore and 
estuarine areas for feeding. Their marine migrations are not as 
extensive as those of Pacific salmon (Morrow 1980). Some of the most 
important stocks of these species inhabit areas that have been severely 
impacted by direct contact with oil including Green and Montague Islands 
and Eshamy Bay (Mills 1988). Since these species commonly live to age 8 
(Morrow 1980), the potential exists for both short-term and long-term 
effects from exposure to oil. Study of these species is crucial in that 
they represent the only finfish species in the fishery assessment 
proposal package that inhabit the· most oil-affected areas (the near­
shore waters of the sound) throughout most of their lives. 

Life History . 

The experimental design for this program is based upon the model 
developed by Armstrong (1970; 1974., 1984) and Armstrong and Morrow 
(1980) to explain· the migratory behavior· of ·anadromous char. _This model 
identifies two patterns of life history: fish that were spawned in lake 
systems and fish that were spawned in non-lake systems. For both 
groups, juvenile char remain in freshwater residence in their natal 
stream for up to four years. During their last spring of freshwater 
residence, they smolt to sea. During late summer or early fall, fish 
that were spawned in lake systems return to their natal stream to 
overwinter in the freshwater lake. During the spring, they again 
emigrate into marine waters and annually return to their natal lake 
system during late summer or early fall to spawn and overwinter. Fish 
that were spawned in non-lake systems exhibit a more complex migration. 
Upon smolting, juvenile char search for a lake system to overwinter. 
These fish then behave in the same manner as do.fish that originate in a 
lake system except that they return to their natal stream to spawn and 
then return to their selected lake system to overwinter. 

The migratory habits of anadromous cutthroat trout are more poorly 
understood than those of anadromous char although it appears that they 
exhibit similar migratory habits to char (Jones 1982). Trout, however, 
spawn in the spring as opposed to fall for char. 

Experimental Desi~ 

It is hypothesized that two detrimental impacts on these species could 
result from the presence of large amounts of crude oil in marine waters 
including: (l) reduced survival; and (2) reduced growth. To test 

• 
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whether there will be a measurable impact on these stocks, two to four 
lake systems having stocks of trout and char from each of two treatments 
were selected for study. A high-impact treatment is defined as a stock 
emigrating •from a lake system ·which flows into a marine environment 
which has been directly impacted by oil, while a low-impact treatment is 
defined as a stock exiting from a lake system into an area which has 
not been directly impacted by oil. 

The principal objective of the project is to measure annual abundance, 
survival, recruitment, and growth of the stacks of char· and trout in 
each of the study streams over three calendar years. Our 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 marine migrations can range up to 116 kilometers for char 
(Armstrong 1974) and 80 kilometers for trout (Jones 1982). Although, 
marine migrations from low:. impact waters may extend into oiled marine 
waters, the stocks selected within each treatment still represent 
different treatments in that the marine waters first encountered upon 
entry from freshwater ·will be very different in their oil content. 
Thus, · it is assumed that any significant changes in stock ·abundance, 
composition, or dynamics from the initial emigration of stocks in the 
high-impact treatment as compared to stocks from the low-impact 
treatment is due to contact with the oiled marine waters. 

Armstrong's model of migratory behavior provides the basi~ framework for 
this study. First;-each ~f the study streams represents a stock of fish 
that annually homes to that specific overwintering stream. Second, 
since overwinter residency occurs entirely in freshwater, fish sampled 
during the spring emigration from each stream have not yet encountered 
oiled waters. Given this, the first sample from each stream (the first 
emigration) will provide the baseline data for stocks in each stream and 
treatment. 

A measurable detrimental impact on these anadromous stocks of trout and 
char 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 on-site creel survey of selected Prince William Sound 
fishery access ports (OSIAR Study FS _#6). 

OBJECTIVES 

During 1989, the specific objectives of this project are: 

1. to test the hypothesis that there is no difference 
survival rates of char and trout between oiled and 
lake systems (the test will be done given a 
significance of a- 0.05.); 

in annual 
non-oiled 
level of 

2. to test the hypothesis that there is no difference in annual 
growth rates of char and trout between oiled and non-oiled 
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lake systems (the test will be done given a level of 
significance of a- 0.05.); and, 

3. to test the hypothesis that fish from non-oiled systems do not 
migrate into oiled waters (the test will be done given a level 
of significance of a- 0.01). 

4. to assess exploitation rates in recreational fisheries of 
Dolly Varden char and cutthroat trout overwintering in oiled 
and non-oiled areas (through tagging in this project and 
recoveries from the creel survey project; specific methods are 
addressed in the creel survey project). 

5. identify potential alternative methods and strategies for 
restoration of lost use, populations, or habitat where injury 
is identified (to be accomplished upon completion of this 
project). 

To accomplish these objectives, the following tasks will be performed: 

1. 

2. 

3. 

count the number of emigrating trout and char through weirs 
placed on three oiled and two non-oiled streams during the 
period May through the end of emigration; 

-
estimate annual survival rates for each of· the study stocks 
using abundance data collected at the weirs; and, 

estimate mean length of emigrating trout and char from each 
study stream (the estimates will be ± 10 mm of their true 
values 90% of the time). 

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 Design 

There are virtually no previous quantitative data for these species in 
PWS to draw upon as a baseline. However, since the .trout and char were 
still in freshwater residence at the time of the spill, the opportunity 
exists to sample these fish during their 1989 emigration prior to any 
potential exposure to an oiled marine environment and use this as the 
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baseline for each system. Therefore, in addition to comparisons between 
the oiled and non-oiled treatment streams, comparisons are also possible 
between subsequent years' data from streams within each treatment and 
the 1989 baseU.ne for each stream and treatment. Stated as an 
experimental design problem, the experiment has two treatments (oiled 
and non-oiled streams). Within each treatment, there are study streams 
with stocks of trout and char that have years as a factor of the design. 

Each study stream consists of a freshwater lake-river system that: (1) 
is a tributary to marine waters that were either impacted by large 
quantities of oil or received virtually no oil and (2) contains stocks 
of anadromous trout and char. The specific systems are: Rocky Bay Lakes 
(Montague Island), Green Island Lake (Green Island), and Eshamy Lake 
(Eshamy Bay) in the oiled treatment; and Boswell Bay Lakes (Hinchinbrook 
Island) and Makaka Lakes (Hawkins Island) in the non-oiled treatment. 

A weir has been installed on each study stream prior to the initiation 
.. of the 1989 spring emigration. A sockeye salmon smolt weir is already 
in place on Eshamy Lake outlet as part of the Salmon Coded-Wire Tag 
Studies project and sampling for char and trout will be conducted in 
conjunction with this project. In addition, a sockeye salmon smolt weir 
will be installed on Jackpot Lake (an oiled-system) during 1990 as part 
of the same project and trout and char sampling will also be conducted 
in conjunction with this project. 

All ·emigrating trout aiid char at each weir site are being counted and 
measured from tip-of-snout to fork-of-tail to the nearest·· millimeter. 
All trout and char greater than 200 mm in length are being tagged with 
numbered Floy FD-68 anchor tags and having their adipose fin removed to 
estimate tag loss. 

Survival will be estimated for smolt, immature, and mature char. 
Initially, all char up to 200 mm will be considered smolt. All char 
between 200 mm and 250 mm will be considered to have been immature the 
year before. Blackett (1968) found the average length of mature char to 
be in the range 250 mm and larger and the smallest spawning char sampled 
in Kodiak in 1988 were 250 mm. Given this, char greater than 250 mm in 
length will be initially classified as being mature. At the conclusion 
of this year's sampling, we will analyze length frequency data to 
identify more precise classifications for smolt, immature, and mature 
fi~. . 

Starting in 1990, char greater than 199 mm will be tagged with Floy FD-
68 anchor tags and char under 200 mm and greater than 109 mm will be 
tagged with numbered Floy Fabric tags. If all fish can be censused and. 
examined for tags in all years, survival can be estimated for each 
system. Annual survival will be estimated for three groups: smolts ,_ 
immature, and mature char. The mortality rate of spawning char is known 
to be high, particularly for males (Armstrong 1974). Therefore, the 
rate of survival estimated for smolt and· immature char will be used to 
test the- hypothesis of equal survival between oiled and non-oiled 
systems. 
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The hypothesis of equal survival will be tested using a chi-square 
statistic. The goals set in Table 1 for the number of fish to mark were 
calculated under the assumption that all char will be censused and 
examined for tags. However, if unknown numbers of fish can be expected 
to be lost past the weir (due to such events as weir washout), it will 
not be possible to directly estimate survival from the numbers released 
and returned. Instead survival will be estimated using mark-recapture 
methods. Estimates of survival (Seber 1982) from a mark-recapture 
experiment with their 95% confidence intervals at three levels of 
abundance were examined to estimate the sample goals required to detect 
significant differences in survival (Appendix A) . Information from 
Armstrong (1974) indicates that survival of smolt to spawning is between 
10 to 15 percent. For example, with an abundance of 30, 000 fish and 
expected survival of 10%, a minimum sample goal of 12,000 fish would 
need to be tagged (Table 1). The percent of the emigration that should 
be examined for tags is also presented in Table 2. However, this is a 
fall-back position, in that a minimum number must be achieved if all 
fish cannot be handled due to external, uncontrollable factors. At the 
tagging level of 12,000 fish, if all fish are examined during the second 
and third springs, the test for independence will be able to detect 
differences in survival as small as 1-2% given 95% confidence (Table 2). 

Estimates of survival will be adjusted, if necessary, for differential 
fishing mortality from the sport fishery. Fishing mortality for the 
various tag lots will be estimated using the methods of Clark a_nd 
Bernard (1987). Examination of sport-caught fish for tags will be 
accomplished through the port sampling program conducted as part of the 
Prince William Sound and Gulf of Alaska Sport Fishery Harvest and Effort 
Project (Collingsworth et: al. in print). Estimates of sport harvest 
will be obtained from an ongoing postal survey (Mills 1988). 

The hypothesis of equal growth will be tested by analysis of individual 
growth rate. Incremental growth for individuals will be computed from 
recaptured fish. The experiment will he conducted as an Analysis of 
Variance with stocks of char or trout serving as replicates within the 
oiled treatments. Years, and possibly initial length and/or seasonal 
growth, will serve as factor in the design. 

The hypothesis that fish from non-oiled systems do not migrate into 
oiled waters will be tested using the geometric probability 
distribution. Thus the experiment consists of a series of trials that 
is concluded when the first success is observed. Success is defined as 
finding one or more tagged fish from a non-oiled area in an oiled area. 
The sample goal (p -· . 01) is to .examine 460 fish at each location for 
the presence of tags. 

Data Collection and Reduction 

The data collection will be divided into two seasonal periods: spring 
and summer/fall. During the spring sampling, weirs are being used to 
count and sample the emigration of trout. and char from study streams. 
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Weirs are installed approximately 0. 5 km upstream from the saltwater 
terminus of the streams. The weirs are being operated by a two-person 
crew from early May to mid-July. The weirs utilize inclined screen 
panels using 5 em poultry cloth screens and an overlay of 1. 25 em 
plastic mesh. The panel frames are constructed from wood and will be 
2.0 meters long and 1.0 meters high. The panels rest against wooden 
tripods spaced approximately two meters apart. Both upstream and 
downstream live traps are installed. All species captured in the 
downstream or upstream traps are being identified, counted, and the tag 
number of any tagged fish recorded. Date, sex (if identifiable from 
external maturation characteristics), and length (tip-of-snout to fork­
of-tail. to the nearest mm) are being recorded. 

Additional sampling will occur in the summer and fall at selected 
estuarine locations in the oiled and non-oiled regions of PWS. The 
objective of this sampling is to determine presence/absence of fish from 
the non-oiled stratum in oiled waters. Oiled estuaries to be sampled 
include those in Port Chalmers, Jackpot Bay, Chenega, Culross· Passage 
and Island, Port Nellie Juan, and Bay of Isles. Fish will be caught for 
tagging and biological sampling as described above using some 
combination of traps, beach seines, ·variable mesh gill nets, backpack 
shockers, and hook and line. At each sampling site, catches will be 
examined for ·recaptures from the study streams. · During subsequent years 
of weir sampling, catches will be examined for recaptures from these 
additional sampling sites. 

All data wi~l be recorded Qn standard Division of Sport Fish mark-sense ' 
forms. All completed forms are visually scanned for errors and 
corrected as necessary. Corrected forms are sent to Anchorage for 
processing by optical scanning. Copies of the resultant data files and 
summary printouts are checked for errors and corrected as necessary. 
Data associated with uncorrectable errors will be deleted form the data 
file. Corrected data files are returned to Anchorage for archiving. 

6 



Data Analysis 

Estimates of annual survival will be computed through analysis of tag 
returns. If all emigrating fish can be examined for marks, the 
estimates of annual survival (S) can be simply computed as: 

S - mz/Rl 

where: 

mz number of fish recovered in year y+l 
R1 number of fish tagged in year y. 

The Jolly-Seber three-sample method (Seber 1982) will be used in the 
·event that each emigrating fish cannot be examined at the weirs. 
Buckland's program RECAP (1980) will be ·used to generate the estimates 
and variances. The assumptions of the Jolly-Seber model are: 

1. every fish, tagged and untagged, has equal probability of 
being caught; 

. 2. every tagged fish has equal p~obability. of surv:f.val to th_e 
next sampling event; 

3. every fish sampled has equal probability of being returned to 
the population; · 

4. there is no tag loss; and, 

5. all samples are instantaneous. 

The sampling event for the purposes of the mark-recapture experiment is 
the emigration of trout and char past the weirs. All emigrating fish 
must cross the weir and therefore are assumed to be equally vulnerable 
to being sampled. The assumption of equal survival of tagged fish will 
be tested for the different tag groups and for the different length 
classes using chi-square statistics. Tag loss will be estimated for 
fish tagged in 1989, as all tagged fish will also be adipose fin­
clipped. The last assumption is technically violated as the sampling 
event lasts through the entire migration. However, as each fish will 
only pass the weir once, and can only be sampled once, the emigration 
can be treated as an instantaneous sample of the whole population. 

The hypothesis of equal survival will be tested using a chi-square test 
for independence. If the contingency table cannot be built; that is, if 
the char are not sampled at the weir during emigration during the second 
and third year of the experiment; the 95% confidence intervals of the 
survival estimated from the multi-year mark-recapture experiments will 
be compared to test for significant differences. In order to examine 
the effect of initial length on subsequent survival, the tests and 

I 
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estimates will be stratified by tagging length, and if possible a 
logistic regression will be used to estimate this effect. The 
hypothesis of equal growth will be tested using Analysis of Variance. 
The hypotheses that fish from non-oiled systems do not migrate to oiled 
systems and vise versa will be tested by examining for the presence or 
absence of tagged fish from weir sites in each treatment in samples from 
weir sites in the other treatment. 

Annual individual growth will be calculated from the tag data as the 
difference between length at time of release and length at time of 
recovery. An Analysis of Variance will be used to test for significant 
differences in growth between fish from oiled and non-oiled areas. 
Variation due to differences in years and initial length can be 
controlled for through the use of a block and covariate in the linear 
model if necessary. 

The assumptions of Analysis of Variance are: 

1. random sample, 

2. normal distribution, and 

3. homogeneity of variance. 

The assumption <;>f normality . will be · tested -using Kolomogoro:v' s D 
statistic. In all likelihood the data will not be normally distr-ibuted 
and a logarithmic or a rank transformation will be necessary. 

The homogeneitY of variance assumption will be tested with a Barlett's 
test. Again, if the assumption is not valid a transformation will be 
used. 

SCHEDULES 

A schedule of tasks to be completed during 1989 is as follows: 

Task 

Weir Operation 
Summer and Fall Sampling 
Data Analysis and Report Preparation 

Dates 

4/20-7/15 
5/01o9/15 
9/15-2/15 
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REPORTS 

Results of· these study efforts will be reported to the Division of Oil 
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 beginning April l, 1989, and 
ending February 28, 1989 are as follows: 

Line Item Category Cost(thousands) 

100 Personnel 218.1 
200. Travel 7.0 
300 Services 65.0 
400 Commodities 79.4 
500 Equipment 67.9 

Total 437.4 
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Table 1. Number of Dolly Varden char that need to be marked and the 
minimum needed to be examined for marks in order to estimate 
survival in a 3-sample Jolly-Seber experiment (refer to 
Appendix A) . 

Minimum Minimum 
Number of Number 

Mean New Tags of Fish 95% C.I. Relative 
Abundance Survival to Deploy to Examine (percent) Precision 

10,000 5% 8,500 75% 0.036-0.064 57 
10% 8,500 75% 0.071-0.129 29 
20% 8,500 75% 0.171-0.229 15 
50% 8,500 75% 0.471-0.529 6 

30 ,.ooo 5% 12,000 50% 0.030-0.066 3.3 
10% 12,000 50% 0.080-0.102 17 
20% 12,000 50% 0.170-0.221 10 
50% 12,000 50% 0.379-0.521 4 

50,000 5% 15,000 50% 0.032-0.068 36 
10% 15,000 50% 0.082-0.i18 18 
20% 15,000 50% 0.181-0.219 9 
SO% 15,000 50% 0.467-0.533 7 
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Table 2. 

From a 
Survival 
of 

15% 

lOX 

5% 

Number of Dolly Varden char smolts that need to be marked to 
test the hypothesis of equal survival, assuming spring 
emigration is 30,000 smolt. The assumption is made that all 
emigrants can be examined for tags in order t0 classify 
mortality versus survival. 

Given an To detect a difference of: 
alpha 
level of 5% 10% 20% 25% SO% 

0.01 30,000 10,500 3,000 1,200 300 
0.05 19,500 6,000 1,500 900 300 
0.10 10,500 3,000 750 750 300 

0.01 10,500 2,100 1,500 300 
0.05 19,500 6,000 1,500 900 300 
0.10 10,500 3,600 900 600 300 

0.01 18,000 4,500 3,000 600 
0.05 . 10,500 3,000 1,500 300 
0.10 30,000 7,500 1,800 1,200 300 

l 
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Appendix A. 

Calculation of·sample sizes for estimating survival. 



Appendix A. Calculation of sample sizes for estimating survival. 

A major objective of the study is to estimate survival and test the 
hypothesis that there is no significant difference between oiled and 
non-oiled areas. If all fish can be examined at all weirs in the second 
year of the experiment, then this hypothesis will be tested using a 
contingency table and a chi-square statistic. Sample sizes for marks 
needed to achieve a test of size 0. OS were estimated by running the 
analysis based on different survivals and changes in survival (Table 1). 
In order to be able to perform this type of test, the goal of the 
projects will be to examine all fish emigrat:ing, while the number tagged 
will be determined as described below. 

If fish are able to pass the weir unaccounted for, e.g. during a flood, 
then the above method cannot be used, and we will need to estimate 
survival using a multi-year mark-recapture method. A three-sample 
Jolly-Seber experiment will provide an estimate of survival from the 
first to the second year, 81 (Seber 1982). The equation fo~ estimating 
this survival is as follows: 

and its variance is: 

where: 

and: 

Var(Ol) - oi { (M2 -m2.) (M2 -m2+R2) 

M2 
2 

} 
Ri - the number of tags (new and old) released in year i. 

r2 . - the total recoveries from release R2 in future years, i.e. 
here in year 3, 

z2 • recoveries from char tagged in first: year, not recovered in 
year 2, but: recovered in year 3, 

M2 • number of tags present: prior to the second years sampling, 
i.e. survivors of the first: years release. 

m2 - number of tags recovered in second years sample. 
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where: 

r2 - R2 81 Pc 

Z2 ~ Rl 81 (1-pc) 82 Pc 

Ni - abundance in year i 

Pc - probability of capture in each years sampling, which is 
assumed in this analysis to be equal for all three years 

Pt - proportion of fish captured that are tagged, also assumed 
equal for all samples 

8 2 - survival from year 2 to 3 , which is assumed to be equal to 
81. 

The hypothesis that survivals are different between oiled arid nonoileci 
areas at an alpha level of 0. OS, can be tested by examining the 95% 
confidence intervals, if they do not overlap then the difference is 
significant. This exercise involved setting an expected level of 
abundance and survival, . examining the confidence intervals achieved at 
different levels of tagging (Ri - Ni Pc Pt) and handling (ni - Ni Pc) 
and choosing the sampling levels that allow us to detect ~ pre-defined 
difference in survival rates. · This . difference was set at 5%, and the 
results for three different population levels, and four levels of 
survival are presented in Table 2. 
The tagging levels were increased by 10% to allow for sampling error in 
the tag recovery. The variance, and the confidence interval, depends to 
a great extent on m2, r2 and z2, the tag recoveries in the second and 
third year (see equation 2). The percent of the emigration to be 
examined for tags that is presented in Table 2 is a minimum. The goal 
will be 100%, however the realized percent should not be allowed to fall 
below those presented in Table 2, if the objective as stated above is to 
be achieved. 
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INTRODUCTION 

The recreational fishing industry is a vitally important component of the 
local economies of Valdez, Whittier, and Homer. Recreational fishing 
opportunities are also important to residents of and visitors to Cordova and 
Kodiak. During 1987, Prince William Sound (PWS) supported approximately 
81,200 angler-days of recreational fishing which was approximately 65% above 
the 1980 to 1984 average of 47,000 angler-days (Mills 1988, 198lb-1985). The 
majority of this effort was concentrated in and adjacent to the communities of 
Valdez, Whittier, and Cordova, but an increasing number of recreational 
fishermen have been traveling to the remote waters of PWS. 

On 24 March, 1989 the oil tanker Exxon Valdez ran aground on Bligh Reef, 
spilling approximately ll million gallons of North Slope crude oil into the 
waters of PWS. In the following two months, the oil spread out of PWS and 
washed up on beaches of Cook Inlet and around Kodiak and Afognak is lands. 
Prior to the oil spill PWS, Homer, and Kodiak sport fisheries were expected to 
continue expanding in both effprt and harvest. A concurrent increase in the 
number of charter boats catering to sport fishermen was also anticipated. 
Loss of fish abundance, major shifts in fish distribution, loss pf the 
pristine character of the area, ·and other associated impacts due to the spill 
of oil could result in a substantial dect:ease in participation in the 
recreational fisheries of PWS, and may also affect sport fisheries in Homer 
and Kodiak. This could lead to a serious loss of revenue to the local 
communities. 

In order to determine if recreational fishermen have been impacted by the. oil 
spill or by the publicity associated with the oil spill, anglers will be 
surveyed at major access points to the PWS, Homer, and Kodiak.areas, and at 
Eshamy Lagoon in western PWS. Anglers will be asked where they fished and how 
many fish they caught, and their addresses will be taken if they are willing 
to respond to a follow-up mail questionnaire. The number of tagged and 
untagged Dolly Varden char Salvelinus malma and cutthroat trout Oncorhynchus 
clarki will be noted in the sampled harvest (information to be used by Project 
Nos. five and ten).' Anglers at Eyak River, near Cordova, and at two sites on 
the Copper River Delta will also be interviewed to determine the tagged to 
untagged ratio of Dolly Varden char and cutthroat trout in the sport harvest. 

Anglers access the sport fishing waters of PWS by road, boat, float equipped 
aircraf.t, and train. A substantial number of the anglers also use the service 
of charter boat operators or air taxi operators. Species sought by 
recreational fishermen include all five species of Pacific salmon Oncorhynchus 
spps., Pacific halibut Hippoglossus seenolepis, rockfish Sebasees and 
Sebaseolobus spps., Dolly Varden char, and cutthroat trout. Wild stock and 
hatchery produced salmon contribute to the harvest in all major fisheries. 

The· recent spill of oil in Prince William Sound may impact the groundfish 
stocks in the PWS, Homer, and Kodiak areas. Groundfish harvested by sport 
anglers include rockfish, lingcod Ophiodon elongaeus, and Pacific halibut. 
Rockfish stocks are semi-pelagic and associated with reefs and pinnacles. 
Lingcod are benthic, sedentary, and associated with reefs. Pacific halibut 
are benthlc and migratory. Oil contamination of benthic environments could 
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kill these fish or chronically taint them due to persistence of oil in their 
environment or their food web. The presence of any oiled fish may cause a 
drop in fishing effort due to perceptions of unpalatable fish or may cause a 
drop in harvest due to both lethal and sub-lethal effects of ingested oil on 
fish. Therefore, a major part of this project will be to determine ·the 
species composition of the groundfish harvest in the marine sport fisheries of 
PWS, Homer, and Kodiak; and the incidence of oil contamination in these 
harvests. 

A description of the major fisheries of PWS and concerns regarding these 
fisheries follows. 

Valdez 

The community of Valdez, located on the north shore of Port Valdez, provides 
access to Valdez Arm and the waters of northern PWS. Valdez is accessed by 
road and is home port for privately owned pleasure boats and a growing charter 
fleet. The co~ity of Valdez has a population of 5,000 and is the exit port 
of the Alyeska Pipeline Terminal. 

Valdez Arm supports the largest sport fishery in PWS and the largest pink 
salmon 0. go~buscha sport fishery in Alaska. Other fisheries of importance 
include those targeting coho salmon 0. kisuech, Pacific halibut, Dolly Varden 
char, and numerous species of rockfish. Chinook salmon 0. eshawyescha have 
been stocked in Port Valdez since 1985 but have yet to create a substantial 
sport .fi.$hery. 

Valdez Arm supported an average of 17,142 angler-days of sport fishing effort 
annually during the years 1980 through 1984 (Mills 198lb-1985). This effort 
increased to an average of 37,270 angler-days for 1985 and 1986, and to 45,745 
angler days during 1987 (Mills 1986-1988). Sport fishing effort during 1989 
is expected to be similar to the 1987 level. The increase in angler-days 
during 1987 and 1988 can be attributed to successes in pink salmon production 
by the Valdez Fisheries Development Association's (VFDA) Solomon Gulch 
Hatchery, a private non-profit facility (Roth and Delaney In press). 

In addition to the sport fishery for pink salmon, Valdez Arm supports the 
largest and most consistent sport fishery for coho salmon 0. kisuech in PWS. 
Sport anglers harvested an average of 6, 500 coho salmon annually during the 
years 1983 through 1987 (Mills 1984-1988). The Valdez Arm coho salmon fishery 
is supported by both natural and VFDA hatchery-produced coho salmon.· Valdez 
Arm also supports the largest Pacific halibut fishery in PWS. The estimated 
sport harvest of Pacific halibut in Valdez Arm has increased from 339 in 1978 
to 3,241 in 1986 (Mills 1980, 1987). The 1986 harvest of Pacific halibut in 
Valdez Arm accounted for 39 percent of the PWS harvest for that year (Mills 
1987). 
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Whittier 

The community of Whittier provides access to Passage Canal and the waters of 
western PYS. Whittier is accessed primarily by railroad from PQrtage or float 
plane from Anchorage. In recent years, it has become the home port for many 
privately owned pleasure boats and a growing charter fleet. Sport effort in 
the Whittier/Passage Canal area has increased over 100% from 1977 (Mills 1979, 
1988). 

Western PYS produces numerous strong runs of pink salmon and chum salmon 0. 
ket:a.. No native chinook salmon are present, coho salmon are scarce, and 
sockeye salmon 0. nerka. are only present in select lake systems. In an effort 
to increase sport fishing opportunities in western PYS, coho salmon smolt have 
been stocked in Passage Canal annually since 1978, and chinook salmon smolt 
stocking began in 1981. The stocking programs have provided good angling 
opportunity in the Whittier Terminal area of Passage Canal. The coho salmon 
stocking program was expanded to include Culross Lake in 1983 and Surprise 
Cove Lakes in 1985. In 1986, juvenile chinook salmon. were stocked into two 
Granite Bay lakes (Esther Island). 

Cordova 

The community of Cordova provides access to the waters of eastern PYS. 
Cordova is primarily a commercial fishing co~ity. ·Recreational fishit;tg 
from this community is primarily conducted along the road system near. Clear 
Creek~ downstream of Eyak Lake, and from the beach near Flemming Spit. In 
1989, freshwater drainages crossed by the Copper River highway were opened to 
sport fishing for salmon. Fishing effort is directed toward sockeye salmon, 
pink salmon, cutthroat trout, Dolly Varden char, Pacific halibut, and 
rockfish. Additionally, boats and float equipped aircraft travel from Cordova 
to various locations in eastern PYS in pursuit of recreational fishing 
activities. 

Harvest and effort data for these fisheries are limited to informatidn gained 
from the state-wide mai~ survey. These data indicate that both sport effort 
and harvest are increasing annually (Mills 1979-1988). 

Eshamy 

The Eshamy system supports one of the most important sockeye salmon stocks of 
western PYS. The lagoon and lake areas of the Eshamy system are one of the 
few locations where sport fishermen can harvest sockeye salmon in western PYS. 
Sport fishermen access the area either by boat out of Whittier or by float 
plane from Anchorage or the Kenai Peninsula. Oil from the Exxon Valdez has 
spread into the Eshamy area. 



Seward 

The recreational . fishery in Resurrection Bay is one of the largest marine 
sport fisheries in Alaska (Mills 1988). Most of the effort in the fishery is 
by private boat anglers, however there is also a large charter boat fleet. 
Most of the sport fishing effort ~is directed toward coho salmon, however 
Pacific halibut, rockfish, lingcod, and chinook salmon are also targeted. 
Shore anglers fish for coho salmon, chinook salmon, and a few Dolly Varden 
char. The coho salmon and chinook salmon populations are supplemented by an 
extensive stocking program. 

W'eather and water currents saved Resurrection Bay itself from heavy oil 
contamination, .however isolated patches of oil washed ashore in Resurrection 
Bay on beaches as far north as Lowell Point near Seward. Areas frequented by 
anglers fishing for rockfish and halibut outside of Resurrection Bay were 
exposed to heavy contamination. 

Sport fishing and tourism are major components of the Homer area economy. 
Kachemak Bay and nearby waters support the largest Pacific halibut 
recreational harvests in Alaska. In 1987, charter boats harvested an 
estimated 20,319 Pacific halibut in the Kachemak Bay area, and private boats 
harvested an additional 21,369 (Mills 19·88). In 1989, it is anticipated that 
there will b~ over 100 charter boats fishing for Pacific halibut out o.f ·Hamer, 
along with a large fleet of private boats. The-marine waters of Kachemak Bay· 
also support major fisheries for stocked chinook salmon in Halibut Cove; for 
stocked pink salmon in Tutka Bay; and for stocked chinook salmon, coho salmon, 
and pink salmon near the Homer Spit. Oil from the Exxon Valdez reached the 
Kachemak Bay area nearly two months after the spill. Its impact in the area 
has been spotty, with weathered oil washing up in isolated locations. Many 
halibut boats from Homer, however, fish past Seldovia towards the outer waters 
of the Kenai Peninsula which were more heavilf hit by oil. 

Kodiak 

The city of Kodiak is a major commercial fishing port. The city also supports 
a large US Coast Guard base. Sport fishing is a relatively minor component of 
the local economy, but is an important recreational activity for local 
residents and Coast Guard personnel. There are estimated to be fewer than 15 
charter boats operating out of the Kodiak harbors. Sport fishermen from the 
Kodiak area harvest mainly Pacific halibut, pink salmon, coho salmon, and 
rockfish in marine waters. Anglers fished. an estimate4 38,671 days in marine 
waters of Kodiak in 1987 (Mills 1988). The eastern side of Kodiak Island was 
not hit by the oil until over two months after the sp-ill, however storms at 
that time spread the oil in isolated locations all around Kodiak Island. 
Commercial salmon fisheries in the Kodiak area have been delayed or curtailed 
by the presence of oil in fishing areas, and these impacts have been given 
much attention in the press. 
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Anchorage 

Anchorage' has the largest float plane base in ~laska and is the operation 
center of approximately 30 charter service companies that frequently provide 
transportation to P~S for recreational fishermen. Information regarding the 
extent of these operations, the areas and stocks they target, or the effort 
and harvest rates is currently unknown. However, it is believed that these 
operations may constitute a significant component of the sport fishery of P~S. 

OBJECTIVES 

During 1989, this program will be operation~l during the period late June to 
mid September. Specific objectives of the FY90 investigations are: 

l. Estimate recreational catch and harvest of salmon, rockfish, halibut, 
cutthroat trout, and Dolly Varden char. Specifically we will: 

a. Estimate the species composition of the rockfish harvest in the ~s. 
Seward, Homer, and Kodiak marine boat sport fisheries. . Ob j ec ti ve 
criteria are such that the estimated proportional contribution will· 
be within ± 5% of the true proportion 95% of the time. 

·b. Estimate catch and harvest. per angler-day by species for sport 
anglers' returning to major marine access points in P~S, Homer, and 
Kodiak. Objective criteria ·are .such that the estimated catch and· 
harvest per angler day are within ± 10% of their true values 90% of 
the time. 

c. Estimate the number of fish caught and harvested, by species, by 
sport anglers at Eyak Lake and two Copper River Delta streams during 
the period 15 June through l October 1989 such that the estimated 
catch and harvest are within ± 10% of their true values 95% of the 
time. 

d. Estimate the number of fish caught and harvested, by species, by 
boat and shore sport anglers in Eshamy Lagoon during the period 
l July through 4 September 1989 such that the estimated catch and 
harvest are within± 7.5% of their true values 95% of the time. 

2. Estimate angler effort and identify the temporal and spatial distribution 
and location of origin of angling effort. Specifically we will: 

a. To estimate sport effo~t (in numbe~ of angler-hours) by anglers at 
Eyak Lake and two Copper River Delta streams during the period 
15 June through 1 October 1989 such that the estimated effort is 
within ± 10% of its true value 95% of the time. 

b. To estimate effort (in number of angler-hours) by shore and boat 
-aP.glers in Eshamy Lagoon during the period l July through 

.. 
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4 September 1989 such that the estimated effort is within± 7.5% of 
its true value 95% of the time. 

3. To inspect enough groundfish and salmon such that there will be a 95% 
chance of finding at least one contaminated animal when at least one fish 
in 500 (0.005) is tainted. 

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

In addition to the objectives noted above, the following tasks will be 
accomplished: 

1. To collect names and addresses of all interviewed anglers who are willing 
to respond to a follow-up mail questionnaire. 

2. A logbook survey of sport anglers who access PWS from.the float-plane base 
in Anchorage will be conducted to collect data on. ~elected demographic 
characteristics and general catch and effort parameters. 

3. To monitor sport harvests in PWS and Homer for Dolly Varden char and 
cutthroat trout tagged during population studies in PWS, Kodiak, and th~ 
Kenai Peninsula. 

4. To collect age and length data from: rockfish (by species), lingcod, and 
Pacific h-alibut harvested in the PWS, Homer and Kodiak marine boat sport 
fisheries. 

PROCEDURES 

Marine Catch Sampling 

Study Design: 

Marine catch sampling will be done by one fisheries technician at each of the 
following locations: Valdez boat harbor, Cordova boat harbor, Whittier, 
Seward, Homer, and Kodiak. The technicians will accompany the technicians 
responsible for the marine angler surveys, and will sample as many fish as 
possible. At Cordova, the same technician will also be entirely responsible 
for the marine angler survey, and at all other locations the technicians will 
assist with the marine angler survey as time allows. 

Five hundred harvested rockfish will be identified to speciesduring each month 
of the marine sport boat fishery. This sample size should allow for the 
estimation of the species composition given the objective criteria stated in 
Objective 1 (Thompson 1987). Collection will be done by month to account for 
possible changes in the species composition of the harvest over the time the 
fishery operates. 

1 This objective will be accomplished st the completion of the project. 
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Over the course of the survey a total of 600 harvested groundfish (rockfish, 
lingcod, and Pacific halibut) and 600 harvested salmon will be examined for 
oil contamination. This sample size should result in a 95% probability of 
observing. one contaminated fish assuming that the overall incidence of 
contamination is 1 in 200 (i.e. , 0. 005) . This sample size was obtained by 
assuming that the incidence of contamination is distributed as a binomial 
random variable. Accor~iingly, the probability of observing at least one 
animal with the selected characteristic is given by: 

1 - Probability [ 1] 

where p • the rate of incidence of the characteristic in the population 
(assumed to be 0.005 in this case); and n is the sample size. Since we want 
this probability to be equal to 95%, then we solved for n as follows: 

n log(l-.95) + log(l-.005) [ 2] 

Which equals 597.65 or approximately 600 fish.· 

All examined fish will be noted as to their species and area of harvest. 

One hundred fifty groundfish of each species examined for oil will be sampled 
for age and length. Groundfish to be sampled include all species of rockfish 
observed during the creel survey, lingcod, and Pacific halibut. 

Data Collection: 

Rockfish, lingcod, and Pacific halibut harvested by charter and private boat 
anglers will be examined for the presence of oil and will be measured for 
length and sampled for age. This sampling will be done in conjunction with 
the marine angler surveys. 

In Homer and Kodiak bins will also be placed near fish cleaning stations for 
private anglers or charter boat employees to discard the carcasses of fish 
that are caught. Rockfish, lingcod, and Pacific halibut are commonly filleted 
with the remaining carcass (including head, gill, intestines) left intact. 
Lengths, otoliths, and gut samples can be taken from these carcasses. In 
Kodiak the bins will be adjacent to the Lions Club cleaning table at the small 
boat harbor and at the fish cleaning shed on the Coast Guard base. In Homer 
the bins will be placed near the fish cleaning tables of selected charter boat 
operations. 

The total number of fish inspected by day and species will be recorded in a 
field notebook. Fish will be inspected for oil.contamination as follows. The 
gills and body of the fish will be inspected for obvious signs of oil. Crude 
oil contamination can occur between scales or on descaled areas. The gills 
will further be inspected for odor and visual signs of crude oil. The gills 
are the most likely to be contaminated as they are slow to cleanse, even if 
the fish had moved into uncontaminated waters. The best indicator is visual 
identifi~ation. Severely contaminated gills should be dark brown in color. 
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The gills suspected to be contaminated will be wiped with a white paper towel. 
If present, oil should be discernable as small brownish particles on the paper 
towel. Care will be taken to not confuse contamination from crude oil with 
that of diesel oil. If present, diesel oil exhibits a much stronger smell 
than would crude oil at this stage of aging. Also, gill discoloration can be 
caused by decomposition. 

The stomachs of rockfish, lingcod, and Pacific halibut will also be inspected 
for ingested oil (tarballs). If present, they may be extremely difficult to 
detect in that the tarballs may appear as small "B-B"-sized particles. It is 
doubtful that tarballs would exhibit a detectable odoF. 

Any fish or sample that is suspected of having oil contamination will be 
collected for further inspection. If possible, the entire fish will be 
collected. The sample will be wrapped in aluminum foil, marked with a locking 
evidence tag, logged, and stored in a locking freezer. The Alaska Department 
of Environmental Conservation will be contacted for further analysis. "Chain 
of Custody" procedures will be followed in the processing of these samples 
(see Appendix D). 

Species identification of rockfish will be accomplished using the.methods of 
Kramer and 0' Connell ( 1988) . Technicians will keep a daily tally of the 
number of each rockfish species observed and of the total number of rockfish 
observed. 

Length .measurements will be for total fish length to the nearest mil·limeter. 
Lengths will be recorded on AWL mark sense forms. Rockfish will all ·be 
recorded on the same form, using the "weight" field to differentiate species 
as described in Appendix B. Age structures to be collected will be otoliths 
for Pacific halibut and rockfish, and finrays for lingcod. The litho-code and 
line number for each fish from the mark sense form will be recorded on the 
envelope containing the age structure so that the length and age for each fish 
can be matched. 

In Cordova, Valdez, Whittier, Eshamy, Homer, and Kodiak the technicians 
involved in the angler surveys and the marine catch sampling will watch for 
Dolly Varden char and cutthroat trout that have a missing adipose fin or are a 
marked with a floy tag. These fish were marked as part of damage assessment 
studies in PWS, Homer, and Kodiak (OSIAR Project Nos. five and ten). The 
technicians will keep a tally of the number of Dolly Varden char and cutthroat 
trout they have observed each day. Any marked fish that are seen will be 
measured and the tag number, tag color, length of the fish and area harvested 
will be recorded on a tag recapture form (Appendix B). Area harvested will be 
recorded with as much detail as possible. 

Data Reduction and Analysis: 

Mark sense forms will be visually examined for errors by the technicians and 
then sent to the Division of Sport Ff:sh' s Research and Technical Services 
group (RTS). RTS will optically scan the mark sense forms to produce a 
computer data file, a frequency report, and a listing of each batch of data. 
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The file and reports will be returned to the technician for editing and 
·analysis. The final, edited data file will be returned to RTS for permanent 
storage on tape . 

. 
A contingency table analysis (Sakal and Rohlf 1981, Box 17.8, pages 745-746) 
will be used to test for differences in rockfish species composition over 
time. If none are found (a- 0.05), the data will be grouped to estimate the 
species composition for the season. The proportion of fish of each species 
will be estimated along with its standard error using the procedures outlined 
by Cochran (1977, section 3.2, pages 50-53). Numbers of rockfish harvested by 
species will be estimated based on the es~imated proportional contribution of 
sampled fish and the estimated sport harvest of rockfish from the Statewide 
Harvest Survey. The variance of these estimates will be estimated using 
Goodman's (1960) formula for the exact variance of the product of two 
~ndependent random variables. 

Age and length frequency for each species will be summarized. Proportions of 
each age class will be estimated using the procedures outlined by C.ochran 
(1977, section 3.2, pages ·so-53). Mean length at age with the associated 
standard errors will be estimated using standard statistical procedures (Sokal 
and Rohlf 1981, Boxes 4.2 and 7.1, pages 56 and 139). 

Marine Ansler Suryeys 

Catch and harvest per angler ~ay, and selected characteristics of anglers 
participating in the marine boat sport fisheries of PWS, Homet', ~nd Kodiak 
will be estimated using a stratified two-stage survey. A technician wi11 be 
stationed at Valdez, Whittier, Homer, and Kodiak to conduct a survey of 
anglers returning to harbors at each location. In Seward, an on-going creel 
survey (Appendix E) will be used to collect information for this project. In 
that survey both boat and shore anglers are interviewed. The marine angler 
survey at the boat harbor in Cordova will be conducted by the technician who 
will also be responsible for marine catch sampling. The technicians will 
interview anglers for approximately · 6 hours each day, working all 
weekend/holiday days and 3 weekdays each week. 

Study Design and Data Collection: 

Valdez. The survey of the marine sport boat fishery operating out of Valdez 
Harbor will be conducted from 15 June through 15 September 1989. 

Selected angler characteristics,will be estimated using a stratified two-stage 
survey. At Valdez, the fishing day is defined as 14 hours long (0900-2300 
hrs) and is stratified into two 7.0 hour time periods defined as A (0900-1600 
hrs) and B (1601-2300 hrs). Additionally fishing days are stratified by type 
of day, i.e., weekend/holiday versus weekday. Days sel·ected within any 
stratum represent the primary sampling units (of the two-stage design), and 
anglers interviewed represent·the secondary sampling units. As opposed to the 
classic .~o-stage sampling design we do not know a priori the size of our 
secondary sampling units (i.e., the number of anglers available to sample on a 
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selected day-primary unit). Additionally, we will not be able to count all 
anglers returning on a selected sample day throughout the season. 
Accordingly, our variance estimation procedures will not involve ,the use of 
the within sample (between secondary unit-angler) variance component. 
However, because we will be intervi~wing the vast majority of all anglers in 
each selected sample, the finite population correction factor (fpc) associated 
with the secondary stage will be close to zero. The resulting within sample 
variance would make an essentially ignorable contribution to the overall 
variance estimate. This means our estimation procedure will collapse to a 
stratified random procedure, in which sample means (across all anglers 
interviewed within a sample) are used as the stratum observation. 

The number of primary units to sample (i.e., days) was determined by using the 
simple random sampling design approach as outlined by Cochran (1977, section 
4.6, pages 77-78). The sample size was selected using this approach rather 
than using a stratified approach, in that we do not have any good information 
regarding the variability of our desired estimates (harvest and catch per 
angler-day) on an individual stratum basis. However, we do have information 
from a previous study which.indicate that the variability of harvest per unit 
effort (HPUE) of pink salmon, coho salmon, and Pacific halibut is on the order 
of a coefficient of variation (CV) of 40 to 75% for the entire season across 
all strata (Roth and Delaney, In Press). Using equation 4. 5 from Cochran 
(1977, page 77) with a CV set to 60%, a relative precision set to± 10%, and a 
e-value of 1.645 (associated with an a value of 0.10) the initial sample size 
is lOi. After applying an fpc (equation 4. 3, page 7 6 of. Cochran 1977, with 

.N - 186 possible samples - 2 possible samples each day times 93 days over the 
season),· the resulting goal sample size is· 66. This sample size should result 
in the desired precision listed in our objective criteria. Accordingly, we 
have scheduled a total of 67 samples (see below). 

All weekend/holiday days and three of the five weekday days will be sampled 
each week. The weekdays not sampled were selected by randomly choosing one 
weekday and then randomly choosing the day before or after it also (in order 
to allow for two contiguous days-off. for staff within each week). This 
procedure results in a constrained random sample of the weekday stratum. The 
resulting allocation proportions are as follows: 23.3% of the Mondays and 
Fridays, 16. 7% of the Tuesdays and Thursdays, and 20% of the Wednesdays. 
Accordingly, samples collected on Mondays or Fridays will be weighted by a 
factor of 85.71% (resulting in a realized proportion of 20%); similarly 
samples collected on Tuesdays or Thursdays will be weighted by a factor of 
120.00%. Samples collected on Wednesdays will not be weighted. 
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~ithin each component, two-thirds of the B periods were randomly selected for 
sampling, without replacement. Days not selected using this process were 
allocated to the A period. Allocation of sampling effort between the survey 
periods was based on the assumption that more effort will return during the 
evening than during the mornings within a day and that only one period could 
be sampled per day due to budget and personnel limits. The resultant sampling 
schedule for the survey is presented in Appendix A. The resulting sampling 
allocation is summarized as follows: 

!fumbar of 
l'ypa of Poaaibla 

Day Samplaa 

Wouanda 38 
Waakdaya 128 

Totlll. 186 

A Puiod B Period 
Daya Daya 

Sampled Sampled -------- --------
I % I % 

10 34.3 19 63.3 
13 34.2 2S 6S.7 

23 34.3 44 6S.6 

Al.l Pariode 
Daya 

Sampled --------
I % 

29 43.2 
38 38.7 

67 100.0 

% of 
Pouibla 
Samplaa 

30.0 
29.7 

36.0 

One creel technician will perform the survey with assistance · from the 
technician in charge of the marine catch sampling. The technician will 
conduct interviews of returning boat anglers that exit the fishery at the 
Valdez boat harbor. Individual anglers will be asked how many days they 
fished; the number of fish harvested, and the number released for each species 
(rockfish will not be segregated by species); and where they fished. All data 
will be collected on the marine survey form in accordance with specifications 

·detailed in Appendix B. Anglers will also be given a questionnaire re.questing 
their name and address for a follow-up survey (see Appendix B). 

Whittier. A survey of the marine sport boat fishery operating out of ~ittier 
will be conducted from 24 June through 4 September 1989. 

At ~i ttier, the fishing day is defined as 12 hours long ( 1000-2200 hrs) and 
is stratified into four 3.0 hour time periods defined as A (1000-1300 hrs), B 
(1301-1600 hrs), C (1601-1900 hrs), and D (1901-2200 hrs). Accordingly, 
during the 73 days of the survey a total of 292 samples can be taken. Using 
the procedures outlined above for the Valdez survey, the goal sample size for 
the ~ittier survey is 76. This sample size assumes a CV for HPUE in ~ittier 
that is similar to the Valdez value. We do not have any similar information 
on the variability of HPUE in Whittier, but we expect the CV to be similar to 
that observed in the Valdez fishery. A total of 104 samples were selected 
(see below), accordingly we should obtain our desired objective criteria 
precision levels·. This "over-sampling" should also protect us from a larger 
CV in Whittier (note, the sample size of 1Q4 would be a~sociated with a CV of 
75%). 

All weekendjhaliday days and three of the five weekday days will be sampled 
each week. The weekdays not sampled were selected by randomly choosing one 
weekday and then randomly choosing the day before or after it also. 
Accordingly, each sampled weekday will be weighted during data analysis as 
noted abo"{e for the Valdez survey. On each day selected for sampling, one 
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period was selected for conducting the survey given the constraint that 50% of 
the sampling effort was assigned to period G, 25% to period D, 15% to period 
B, and 10% to A in each strata· (weekday or weekend/holiday). Periods were 
randomly selected for sampling, without replacement. Allocation of sampling 
effort between the survey periods ~was based on discussions with the area 
manager of anticipated angler return patterns and constrained by the fact that 
only one period could be sampled per day due to budget and personnel limits. 
The resultant sampling schedule for the survey is presented in Appendix A. 
The sampling breakdown is as follows: 

lfumber o! 
Type o! Poaaible 

Day Samples 

Weakwda 96 
Weakdays 196 

Total 292 

A Period 
Daya 

Sampled --------
I % 

S 4S.S 
6 S4.S 

B Period C Period D Period 
Daya Days Days 

Sampled Sampled Sampled -------- -------- --------
I % I % I % 

7 46.7 24 46.2 12 46.2 
8 S3.3 28 53.8 14 S3.8 

11 10.6 15 14.4 S2 SO.O 26 2S.O 

All Periods 
Daya 

Sampled --------
I % 

48 46.2 
S6 S3.8 

104 100.0 

% of 
Possible 
Samples 

so.o 
28.6 

3S.6 

One creel technician will perform the survey with assistance from the 
technician responsible for the marine _catch sampling. Individual anglers will. 
be asked how many days they fished; the number of fish caught, and the number 
released for ea.ch specie~ (rockfish wi-ll not be segr~gated by species); and 
where they fished. 

It is anticipated that most interviews will be obtained at the rail station as 
anglers depart Whittier via the train. Additional interviews will be obtained 
as anglers depart their boats at the docks. All data will be collected on the 
marine survey form in accordance with specificat~ons detailed in Appendix B. 
Anglers will also be given a questionnaire requesting their name and address 
for a follow-up survey (see Appendix B). 

Cordova. A survey of the marine sport boat fishery operating out of the 
Cordova boat harbor will be conducted from 24 June through 1 October 1989. 
The fishing day at Cordova is defined as 14 hours long (0800-2200) and is 
stratified into two 7.0 hour time periods defined as A (0800-1500) and B 
(1501-2200). Each 7 hour stratum was further subdivided into 3.5 hour 
sampling periods. As such, during the 100· days of the survey a total of 
400 samples were possible. Accordingly, the goal sample size for this survey 
is 81 (assuming a CV of 60%, an a level of 0.10, and a relative precision of 
± 10%), following the procedures used in the Valdez survey, as described 
above. The total number of samples allocated in the Cordova survey is 144, so 
we should obtain our desired objective criteria precision, even if the true GV 
is as high as 90%. 

All weekend/holiday days and three weekdays will be sampled each week. The 
weekdays not sampled were selected by randomly choosing one weekday and then 
randomly choosing the day before or after it also. Accordingly, each sampled 
weekday will be weighted during data analysis as noted for the Valdez survey, 
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noted above. On each day selected for sampling, the creel technician will 
interview anglers for a total of 7 hours, divided into two 3.5 hour segments. 
(The length of time spent interviewing may need to be shortened by as much as 
an hour for both periods if it is found that the technician needs more.time 
for catch sampling.) One quarter of the sampling effort was assigned to 
period A, and three quarters to period B. Periods were randomly selected for 
sampling without replacement. Allocation of sampling effort between the 
survey periods was based on the assumption that more anglers will return 
during the afternoon and evening than in the morning. The sampling breakdown 
is as follows: 

!lumber o! 
Type of Possible 

Day Samplea 

Weekenda 128 
Weekdaya 272 

Total 400 

A1 Period A2 Period 81 Period 82 Period 
Oaya Oaya Oaya Oaya 

Sampled Sampled Sampled Sampled -------- -------- -------- --------
f % f % f % I % 

5 27.8 11 52.4 25 44.6 23 46.9 
13 72.2 10 47.6 31 55.4 26 53.1 

18 12 • .5 21 14.6 56 38.9 49 34.0 

All Period• 
Oaya 

Sampled --------
f % 

64 44.4 
80 5.5.6 

144 100.0 

% of 
Poaaible 
Samplea 

50.0 
29.4 

36.0 

One technician will perform the survey and do marine catch sampling: 
Individual anglers will be ~sked how many days they fished; the number of fish 
caught; and the number released for each species (rockfish will not be 
segre.gated by ~pecies); ·and where they fished. ·All data will be collected on 
the marine survey form in accordance with specifications ~etailed in Appendix 
B. Anglers will also be given a questionnaire requesting their name and 
ad4ress for a follow-up survey (see Appendix B). 

Homer. A survey of the marine sport ~oat fishery operating out of the Homer 
boat harbor will be conducted from 1 July through 1 September 1989. The 
fishing day for Homer is defined as 15. 5 hours long ( 0630-2200) , and is 
stratified into four periods: A (0630-1000), B (1001-1330), C (1331-1700), 
and D (1701-2200). Accordingly, a total of 252 possible samples were 
available over the 63 days of the survey. The resultant sample size goal is 
73 (using procedures similar to those described in the Valdez survey, above). 
The total number of allocated samples is 88 (see below), so we should obtain 
our desired objective criteria precision levels. 

All weekend/holiday days and three weekdays will be sampled each week. The 
weekdays not sampled were selected by randomly choosing one weekday and then 
randomly choosing the day before or after it also. Accordingly, each sampled 
weekday will be weighted during data analysis as noted for the Valdez survey, 
noted above. Ten percent of the sampling effort was assigned to period A, 25% 
to period B, 40% to period C, and 25% to period D. Periods were randomly 
selected for sampling without replacement. During period C one technician 
will interview returning charter boat anglers and the other will interview 
private boats. During all other periods the creel technician will attempt to 
interview an equal proportion of charter boat and private boat anglers. 
Allocation of sampling effort between the survey periods was based on the 
assumption that most anglers will return during period C, with few returning 
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in A and, moderate numbers returning in B and D. The sampling breakdown is as 
follows: 

Number of 
Type of Possible 
Day Sampl .. 

Wee.i:encla 78 
Weekday• 176 

Total 252 

A Period B Period C Period D Period 
Days Days Days Days 

Sampled Sampled Sampled Sampled 
-------- -------- -------- --------

f % f % f % # % 

~ 41.7 10 43.~ 13 43.3 10 43.~ 

7 58.3 13 56.5 17 ~8.7 13 ~6.~ 

12 13.6 23 26.1 30 34.1 23 26.1 

All Periods 
Days 

Sampled --------
# % 

38 43.2 
50 ~6. 8 

88 100.0 

.. 
% of 

Possible 
Samples 

50.0 
28.4 

34.9 

One technician will perform the survey with the assistance of the technician 
in charge of marine catch sampling. Individual anglers will be asked how many 
days they fished; the number of fish caught by species, and the number 
released for each species (rockfish will not be segregated by species); and 
where they fished. All data will be collected. on the marine survey form in 
accordance with specifications detailed in Appendix B. Anglers will also be 
given a questionnaire requesting their name and address for a follow-up survey 
(see Appendix B). 

Kodiak. The survey of the marine . sport boat fishery operating out of the 
Kodiak boat harbor will be c_onducted from 1 July through_ 15 September 1989. 
The fishing day for Kodiak is defined as 13 hours long (1000-2300), and is · 
stratified into four periods: A (1000-1400), B (1401-1700), C (1701-2000), 
and D (2001-2300). Accordingly, a total of 308 possible samples were 
available over the 77 days of the survey. The resultant sample size goal is 
77 (using procedures similar to those described in the Valdez survey, above). 
The total number of samples allocated in the Kodiak survey is 106, so we 
should obtain our desired objective criteria precision, even if the true CV is 
as high as 75%. 
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All weekend/holiday days and three weekdays will be sampled each week. The 
weekdays not sampled were selected by randomly choosing one weekday and then 
randomly choosing the day before or after it also. Accordingly, each sampled 
weekday will be weighted during data analysis as noted foe the Valdez survey, 
noted above. Twenty percent of the sampling effort was assigned to period A, 
30% to period B, 30% to period C, and 20% to period D. The allocation of 
sampling effort between the survey periods was based on the area management 
biologist's best guess at the percent of anglers returning during each period. 
The sampling breakdown is as follows: 

Number ot 
type ot l?oaaihle 
Day Samples 

Woclumd.a 98 
W.Ud.aya 41.2 

Total 308 

A Period B Period C Period 0 Period 
Days Days Days Days 

Sampled Sampled Sampled Sampled -------- -------- -------- --------
I % I % I % I % 

9 45.0 15 45.5 15 45.5 9 45.0 
11 55.0 18 54.5 18 54.5 11 55.0 

20 18.9 33 31.1 33 31.1 20 18.9 

All Periods 
Days 

Sampled --------
I % 

48 45.3 
58 54.7 

108 100.0 

% ot 
Possible 
Samples 

50.0 
27.4 

34.4 

One technician will perform the survey with the assistance of the technician 
in charge of marine catch sampling. Individual anglers will be asked how many 
days they fished; the number of fish caught, and the number released for each 
species (rockfi~h will not be segregated by species); and where they fished . 
. All data will be collected on the marine survey form in .accordance with 
specifications . detailed in Appendix B. Anglers will also be_ ·given a 
questionnaire requesting their name and address for a follow-up survey (see 
Appendix B). 

Data Reduction and Analysis: 

Mark sense forms will be visually examined for errors by the technicians and 
then sent to the Division of Sport Fish's ·Research and Technical Services 
group (RTS). RTS will optically scan the mark sense forms to produce a 
computer data file, a frequency report, and a listing of each batch of data. 
The file and reports will be returned to the technician for editing and 
analysis. The final, edited data file will be returned to RTS for permanent 
storage on tape. 

The mean effort and mean harvest by interviewed anglers will be estimated for 
the weekday and weekend/holiday components of each fishery. The variance of 
these means will be estimated using a two-stage sample design (Von Geldern and 
Tomlinson 1973) with days being considered the primary sample units (which 
there are a finite number available) and anglers the secondary sample units. 
There are an unknown number of anglers available to sample each day. As noted 
above, our variance estimation procedures will not involve the use of the 
within sample (between secondary unit-angler) variance component. However, 
because we will be interviewing the vast majority of all anglers in each 
selected sample, the finite population correction factor (fpc) associated with 
the seconaary stage will be close to zero. The resulting within sample 
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variance would make an essentially contribution to the overall 
variance estimate. This means our e~(timation procedure will collapse to a 
stratified random procedure, in which.Lsample means (across all anglers 
interviewed within a sample) are used as the stratum observation. 

'y?i>"~" 

Catch and harvest per angler-day will he estimated for each day as the 
quotient of the mean harvest and mean ef~ort estimates given the assumption 
that there are insignificant differences 'in rates between periods within a 
day. Accordingly, only the type of fishing day will be used to define the 
stratum durin:g the data analysis·phase. nie.variance of the catch and harvest 
rate will be estimated using the approximation for the quotient of the means 
of two random variables (Jessen 1978 ~ ~:fJcm 5. 8, page 128). 

Names and addresses of persons .. ~ articipate in a follow-up survey 
will be forwarded to the economic sttidy~group. 

Creel Suryeys 

Ef-fort, catch · and harvest rates, characteristics of anglers 
participating in two sport fisheries ne,ar . Cordova and the sport fishery at 
Eshamy Lagoon will be estimated using s~ra~fied two-stage creel surV-eys. The 
two creel surveys near Cordova are: ~(1) a survey of two roadside sport 
fisheries of the Copper River Delta (fi'enceforward referred to as the Delta 
fishery), and (2) a survey_of the sport fishery near Eyak Lake (henceforward 

-referred to as the ~yak fishery). · 

Study Design and Data Collection: 

For all creel surveys, the number of pr~ary units to sample was determined by 
using the simple random sampling desigri~'a:pproach as outlined by Cochran (1977, 
section 4.6, pages 77-78). The samplet~ize was selected using this approach 
rather than using a stratified approagh1 .;,· in that we do not have any good 
information (at this time) regarding ti1~ .~~a;riability of our desired estimates 
(effort, harvest, and catch) on an ind{~idfial stratum basis. However, we do 
have information from previous studie~;;:wh,fc;:h indicate that the approximate 
-variability of our estimates. The ixfdi~'fdual details for each survey is 
outlined in each section below. 

Delta Fishery. The creel survey of 
15 June through 1 October 1989. Two 
Alaganik River and Clear Creek. 

fishery will be· conducted from 
the Delta will be surveyed: the 

Effort, catch and harvest rates in the fishery will be estimated using a 
stratified random creel survey. Effort"' and catch and harvest rate will be 
estimated separately for weekday and we~keridjholiday strata. The fishing day 
is defined as 14.5 hours long (0600-2Q~O.mrs) and is stratified into three 
unequal time periods defined as A (060Q':i"g~3o hrs), B (0931-1700 hrs), and C 
(170L-2030 hrs) based on discussiort~ ~fth the area manager regarding 
anticipated angler use patterns. 
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Similar surveys of fisheries of appt:~~~~ittely the same size indicate that 
angler catch is estimated with an approximate GV of 65% (note that angler 
effort is· usually estimated more precisely in this type of survey, so we use 
angler catch for sample size determination) . Using equation 4. 5 from Cochran 
(1977, page 77) with a GV set to 65%, a1 ;I;~l~tive precision set to ± 10%, and a 
t:-value of 1. 96 (associated with an c:. .y.ilJe of 0. 05) the initial sample size 
is 170. After applying an fpc (equati6rt"4.3, page 76 of Cochran 1977, with 
N - 654 possible samples - 6 possible samples each day times 109 days over the 
season) , the resulting goal sample size is 135. This sample size should 
result in the desired precision listed in our objective criteria. 
Accordingly, we have scheduled a total of 138 samples (see below). 

All weekend/holiday days and three .of,.~l:t~ .. five weekday days will be sampled 
each week. The weekdays not sam-Pled.• .•··· ···~.selected by randomly choosing one 
weekday and then randomly choosing;~ . ~(sc day before or after it also. 
Accordingly, weekday samples will be weighted as outlined above for the marine 
surveys. 

Yithin each stratum, periods were ran.. !tY· .selected for sampling, without 
replacement given the constraint that o !;tone B period or one each A and C 
period could be sampled in a day. For the weekday strata, allocation of 
sampling effort between periods was as follows·: 40% each of the available 
samples for periods A and C and 20% for period B. For the weekend/holiday 
strata, allocation of sampling effort between periods _was as follows: 35% 
each for periods A and C and 30% for·period B. Allocation of sampling effort 
'betwe.en the survey periods during the weekday strata was based on the 
assumption that more effort will occur during the mornings and evenings than 
during the midday period. Allocation of sampling effort between the survey 
periods during the weekend/holiday strata was based on the assumption that 
effort will occur regardless of time of day. An additional constraint was 
that only period B or periods A and C could be sampled each day due to budget 
and personnel limits. The resultant 'sampling schedule for the survey is 
presented in Appendix A. The sampling breakdown is as follows: 

A Period All Periods 
D~ Daya 

~•r ot S.apleci SIII!II!Pleci % ot 
~ ot Poaaible -------- •c:ac:acoc=oo-• Poaaibl• 

Day S.-plea I % I % # % I % S.aplea 

25 42.4 10 ,0.0 2' 42.4 
34 ,7.8 10 ,0.0 34 ,7.8 

80 43., 
78 "5.5 

,8.6 
.17.6 

Total. 854 '9 42.8 20 14.4 '9 42.8 138 100.0 21.1 

Since two areas are to be surveyed, 
will be spent at each area and during a 
spent at each area. The areas will be 
prior to each sample period. 

selected A or C period 1.5 hours 
selec~ed B period 3.5 hours will be 
surveyed in random order determined 
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Counts of anglers will be used to estimate fishing effort in units of angler­
hours and interviews of anglers will be used to estimate catch and harvest 
rates (number of fish per hour). One technician will perform the survey. The 
technician will perform a count of anglers during a randomly selected 15-
minute interval during the daily sampling period. Counts will be considered 
instantaneous and representative of ~he effort during that period (Neuhold and 
Lu 1957). During the count, the technician will count all anglers actively 
fishing. 

During the remaining time in the period, the technician will conduct 
interviews of individual anglers. Individual anglers will be asked ·how long 
they fished, the number by species they caught and the number by species they 
kept. All fish. in their possession will be inspected for tags and will be 
measured. All interviewed anglers will be given a questionnaire requesting 
their name and address for a follow-up survey (see Appendix B). As many 
completed-trip anglers will. be interviewed as possible; however, it is 
expected that the majority of the interviews will be incomplete-trip 
interviews. All data will be collected on the marine interview mark- sense 
form in accordance with specifications detailed in Append~~ B. 

Eyak Fishe£Y. The creel survey of the Eyak fishery will be conducted from 15 
June through 1 October 1989. 

· Effort, catch and harvest rates during the sport fishery near Eyak Lake will 
be estimated using a stratified random creel 'survey. Effort and catch and 
harvest rate will be · estimated ..separately for weekday and weekend/holiday 
strata. The· fishing day is defined as 14.5 hours long (0600-2030 hrs) and is 
stratified· into- three unequal ·time periods defined as A (0600-0930 hrs), B 
(0931-1700 hrs), and C (1701-2030 hrs), based on discussions with the area 
manager regarding anticipated angler use patterns. 

As noted above, similar surveys of fisheries of approximately the same size 
indicate that angler catch is estimated with an approximate CV of 65% . Using 
equation 4. 5 from Cochran (1977, page 77) with a CV set to 65%, a relative 
precision set to ± 10%, and a e-value of 1.96 (associated with an a value of 
0.05) the initial sample size is 170. After applying an fpc (equation 4.3, 
page 76 of Cochran 1977, with N- 327 possible samples - 3 possible samples 
each day times 109 days over the season), the resulting goal sample size is 
112. This sample size should result in the desired precision listed in our 
objective criteria. Accordingly, we have scheduled a total of 139 samples, so 
that we could experience a CV as large as 75% and still obtain our desired 

·precision.-

All weekend/holiday days and three of the five weekday days will be sampled 
each week. The weekdays not sampled were selected by randomly choosing one 
weekday and then randomly choosing the day before or after it also. 
Accordingly, each sampled. weekday will be weighted during data analysis as 
noted above for the Delta: fishery survey.· Within each strata, periods were 
randomly selected for sampling, without replacement, given the constraint that 
only one B period or one each A and C period could be sampled in a day. For 
the weekday strata, allocation of sampling effort between periods was as 
follows: 40% each for periods A and C and 20% for period B. For the 
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weekend/holiday strata, allo~ation of sampling effort between periods was as 
follows: 35% each+' for.perio(is A a:.nd C and 30% for period B. Allocation of 
sampling effort between the survey periods during the weekday strata was based 
on the assumption that more effort will occur during the mprnings and evenings 
than during the midday period. Allocation of sampling effort between the 
survey periods during the weekend/holiday strata was based on the assumption 
that effort will occur regardless of time of day. An additional constraint 
was that only period B or periods A and C could be sampled each day due to 
budget and personnel limits. The resultant sampling schedule for the survey 
is presented in Appendix A. The sampling breakdow.n is as follows: 

A Period B Period 
Days Days 

,~, ,:"'~ ~Z,',~~ '.~~·: ~,~~~~<3, ;<'~~~~ 
type of · • .~saib.~• · :-.~.:_-:-.<~~-11 ~-·• •• ~-:-----1 Day ·. ·';Sampleia ..,. .• . ~ 

C Period 
Days 

Sampled 

# % 

All Periods 
Days 

Sampled 

# % 

% of 
Possible 
Samples _____ .;,_:,;~_:;,;: __ ,~.;.·_.;. _____ .:,·..;.;;..;:.;._.;,.;.;,.;, ____ .;_;,;...,: ______________________________________ _ 

Weekends 10~ 

Weekdays 222 

Total 327 

2~ 41.7 10 S2.6 2~ 41.7 
3~ S8.3 9 47.4 3~ S8.3 

60 43.2 19 13.6 60 43.2 

60 43.2 
79 S6.8 

139 100.0 

~7.1 

35.6 

42.~ 

Counts of anglers will be used to estimate fishing effort in units of angler­
hours and interviews of anglers will be used to estimate catch and harvest 
·rates (number of fish per hour) for each species of interest during the survey 
at Eyak Lake. The. technician will perform a count of anglers • during a 
·randomly selected 15-minute interval during the sampling period. Counts will 
be considered instantaneous and representative of the effort during that 
period (Neuhold and Lu 1957). During the count, the technician will count all 
anglers actively fishing. During the remaining time in the period, the 
technician will conduct interviews of individual anglers. Individual anglers 
will be asked how long they fished, the number by species they caught and the 
number by species they kept. All fish in their possession will be inspected 
for tags and will be measured. All interviewed anglers will be given. a 
questionnaire requesting their name and address for a follow-up survey (see s 
ppendix B). As many completed-trip anglers will be interviewed as possible; 
however, it is expected tnat the majority of the interviews will be 
incomplete-trip interviews. All data will be collected on the marine 
interview mark-sense~ form in a~cordance with specifications detailed in 
Appendix B. 

,. 

Eshamy tasoon. A creel survey of the Eshamy sport fishery will be conducted 
from 1 July through 4 September 1989. 

Effort, catch andharvest rates during the sport fishery in Eshamy Lagoon will 
be estimated using a stratif.iE!d random creel survey. Effort and catch and 
harvest rate will' be estimafed. separately for weekday and weekend/holiday 
strata. The fishing day is 14 hours long (0800-2200 hrs) and is divided into 
four 3.5 hour time periods defined as A: 0800-1130 hrs, B: 1131-1500 hrs, C: 
1501-1830 hrs, and D: sl831- 2200 h;~. P.eriods are stratified based on stage as 
affecte(i by the tide. Periods .d~ing which a select high stage occurs are 

,-,,- 3:;:q; 
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categorized as high use stage periods. All other periods are categorized as 
low use stage periods. 

A similar survey conducted in 1988 indicated that the overall CV for 
estimating angler catch in this fishery was approximately 25%. Using equation 
4. 5 from Cochran (1977, page 77) with a CV set to 25%, a relative precision 

· set to • 7. 5%, and a t-value of 1. 96 (associated with an a value of 0. OS) the 
initial sample size is 46. After applying an fpc (equation 4.3, page 76 of 
Cochran 1977, with N - 264 possible samples ,;;, 4 possible samples each day 
times 66 days over the season), the resulting goal sample size is 40. This 
sample size should result in the desired precision listed in our objective 
criteria. Accordingly, we have scheduled a total of 49 samples, so that we 
could experience a larger CV than the planned 25% level. 

All weekend/holiday days and .three of the five weekday days will be sampled 
each week. The weekdays not sampled were selected by randomly choosing one 
weekday and then randomly cnoosing the day before or after it also. 
Accordingly, each sampled week,gay will be weighted during data analysts as 
noted above for the.Delta fishery survey. On each day selected for sampling, 
one period was selected for conducting the survey, given the constraint that 
75% of the high use stage periods were selected in each strata (weekday or 
weekend/holiday) . Allocation of sampling effort between the surv.ey periods 
was based on the assumption that more effort will occur during high use stages 
than during other tidal stages within a day and that only one period could oe 
sampled per day due to budget and personnel limits. The res~ltant sampling 
schedule for the survey is presented .in Appendix A. · The sampling breakdown is· 
as ~ollows: 

Number of 
Type of Possible 

Day Samples 

Weekends 92 
Weekdays 172 

A Period B Period C Period 
Days Days Days 

Sampled Sampled Sampled -------- -------- --------
I % I % I % 

2 so.o 10 58.8 10 40.0 
2 so.o 7 41.2 10 50.0 

D Period 
Days 

Sampled --------
I % 

1 12.5 
7 87.5 

All Periods. 
Days 

Sampled --------
I % 

23 46.9 
26 53.1 

% of 
Possible 
Samples 

25.0 
15.1 

-~------------------------------------------------------------------------~-------------
Total 264 4 18.9 17 31.1 20 31.1 8 18.9 49 100.0 18.6 

The sampling breakdown according to stage use periods follows: 

High Use Low Use 
Stage Stage All Periods 
Periods Periods Days 

Number of Sampled Sampled Sampled % of 
Type of Possible -------- -------- -·------ Possible 

Day Samples # % # % # % Samples 
••••••••••••••••••••••••••••••••••«••••••••••••••••••••••••••••••• 

Weekends 
Weekdays 

Total 

92 
172 

264 

18 51.4 
17 48.6 

35 71.4 

5 35.7 
9 64.3 

14 28.6 

23 46.9 
26 53.1 

49 100.0 

25.0 
15.1 

36.0 
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Counts of anglers will be used to estimate fishing effort in units of angler­
hours, and interviews of anglers will be used to estimate catch and harvest 
rates (number of fish per hour). One technician will perform the survey. The 
technician will perform a count of anglers during a randomly selected 15-
minute interval during the daily sampling period. Counts will be considered 
instantaneous and representative of the effort during that period (Neuhold and 
Lu 1957). During the count, the technician will count all anglers actively 
fishing. 

During the remaining time in the period, the technician will conduct 
interviews of individual anglers. Individual anglers will be asked how long 
they fished, the number by species they caught and the number by species they 
kept. All fish in their possession will be inspected for tags and will be 
measured. All interviewed anglers will be given a questionnaire requesting 
their name and address for a follow-up survey (see Appendix B). As many 
completed-trip anglers will be interviewed as possible; however, it is 
expected that the majority of the interviews will be incomplete-trip 
interviews. All data will be collected on the marine interview mark- sense 
form in accordance with specifications detailed in Appendix B. 

Data Reduction and Analysis: 

Mark sense forms will be visually examined for errors by the technicians and 
then sent to the Division of Sport Fish's Research and Technical Services 
group (RTS). RTS will optically scan the mark sense forms to' produce a 
computer data file, a frequency report, and a listing of each batch of data. 
The file and reports will be returned to the technician for editing and 
analysis. The final, edited data file will be returned to RTS for permanent 
stgrage on tape. 

Effort in angler-hours wil,l be estimated separately for the weekday and 
weekend/holiday strata for each area. The estimates for Eshamy Lagoon will be 
further stratified by high use stage vs low use stages. A stratified random 
sample design will be used to estimate effort and its variance (Scheaffer et 
al. 1979). All estimates are considered independent estimates, therefore, 
seasonal estimates of effort and variance are the sum of these quantities over 
all strata. Samples collected on the weekdays will be weighted as noted 
above. Angler effort is estimated by multiplying the average angler count 
obtained over all samples within a stratum by the hours available for fishing 
in that stratum. The effort estimates and associated variance estimates are 
obtained following the approach outlined by Von Geldern and Tomlinson (1973). 

Angler catch and harvest rates (number of fish per hour) of each species will 
be estimated separately for the weekday and weekend/holiday strata (and use­
stage strata for. Eshamy) for each area from both completed-trip and 
incompleted-trip interview data. If sufficient completed-trip data are 
obtained, the catch and harvest rates of the completed-trip and incompleted­
trip anglers will be tested for differences, by strata and area, using a sign 
test (Daniel 1978, pages 27 -28). If a difference is detected, then only 
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completed-trip data will be used to estimate catch and harvest rates. If 
there are not sufficient completed- trip data, it will be assumed that the 
incompleted-trip data provides an unbi~sed estimate of completed:trip 
information. The variances of the mean effort per angler and mean eaten and 
harvest per angler will be estimat~d using a two-stage sample design (Von 
Geldern and Tomlinson 1973) with days being considered the primary sample 
units (which there are a finite number available) and anglers being considered 
the secondary sample units (which there are an unknown number available to 
sample each day). Catch and harvest rates will be estimated for each day as 
the quotient of the mean catch or harvest and the mean effort, given the 
assumption that there is no significant difference in catch or harvest rates 
between periods in any day. The variance of these rates will be estimated 
using the approximation for the quotient of the means of two random variables 
(Jessen 1978, equation 5.8, page 128). 

The catch and harvest of each species during the weekday and weekend(holiday 
strata (and use-stage strata for Eshamy) for each area will be estimated as 
the product .of the estimated effort (angler-hours) and catch/harvest rate 
(number of fish per angler-hour). Variance will be estimated using Goodman's 
(1960) formula for the exact variance of the product of two independent random 
variables. All strata estimates are considered independent estimates, 
therefore, seasonal estimates and their variances are the sum of these 
quantities over all strata. 

Anchorage Float~plane 1ogboo~ Suryey 

A logbook survey of anglers sport anglers who access PWS from the float-plane 
base in Anchorage will ·be conducted to collect data on selected demographic 
characteristics and general catch and effort parameters. 

The logbook survey of Anchorage based charter aircraft operators will be 
conducted from 15 June to 15 September 1989. 

Days fished, area fished, catch, and harvest by anglers who travel to P~S via 
air charter out of Anchorage will be estimated using a logbook survey. All 
major air charter operators out of Anchorage will be asked to keep a log for 
each charter they conduct to PWS. A copy of the log along with instructions 
for completing it are presented in Appendix C. 

Anglers contacted in this. survey will also be given· the Oil Spill Impact 
Assessment Information Form to ask for their name and address if they are 
willing to respond to a follow-up questionnaire. 

~en the log is initially given to the air charter operators, the instructions 
for completing it will be reviewed and any questions they may have answered by 
a member of the Anchorage Sport Fish Division staff assigned to this survey. 
They will be .also given the telephone nUlltber of the -Anchorage Fish and Game 
office to call if any questions may arise. During the early part of the 
season, the same member of the Anchorage staff will work with the air charter 
operators to assure that the log is being correctly completed. All logs will 
be picked up biweekly to prevent loss and check for data integrity. 



SCHEDULES AND REPORTS 

A schedule of tasks to be completed is presented as follows: 

Task 

Valdez Marine Surveys 
Whittier Marine Surveys 
Cordova Marine Surveys 
Homer Marine Surveys 
Kodiak Marine Surveys 
Cordova Creel Surveys 
Eshamy Creel Surveys 
Anchorage Operations 
Marine Surveys opscanned 
Marine Survey tabulation 
Creel Survey Data Reduction 

and Analysis 
Draft Report 
Draft FY9l Operational Plan 

Dates 

15 June - 15 Sept. 1989 
24 June - 04 Sept. 1989 
24 June - 01 Oct. 1989 

l July - 1 Sept. 1989 
1 July - 15 Sept. 1989 

15 June - 01 Oct. 1989 
01 July - 04 Sept. 1989 
15 June - 15 Sept. 1989 

October 1989 
January 1989 

December 1989 
February 1990 
March 1990 
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Results of these study efforts will be reported to the Division of Oil Spill 
Impact Assessment and Restoration. Upon completion of litigative concerns., 
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. 

RESPONSIBILITIES 

Craig Whitmore, Fisheries Biologist III - Project Leader 

Duties: Supervision of all aspects of the project. Drafting of 
operational plans, development of sampling methods and procedures. 
Post-seasonally, will be responsible for recorded data analysis and 
reporting of results. 

Kent Roth, Fisheries Biologist II - Assistant Project Leader 

Duties: Supervision of all aspects of the project. Drafting of 
operational plans, development of sampling methods and procedures. 
Post-seasonally, will be responsible for recorded data analysis and 
reporting of results. · 

Wilson Potterville, Fisheries Biologist II 

Duties: Coordination of sampling schedules and supervision of 
project personnel in Valdez and Cordova. Post season support for 
recorded data analysis and reporting of results in the Fisheries 
Data Series report. 
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John B. Murray, Fisheries Biologist III 

Duties: Coordination of sampling schedules and supervision of 
project personnel in Kodiak. 

Fishery Technicians 

Duties: Collection of the field data. Will assist in preliminary 
analysis of the recorded data. 

BUDGET SUMMARY 

A detailed budget1 for the 1989 oil year is: 

Line Item 

100 
200 
300 
400 
500 
700 

Total 

Category 

Personnel Services 
Travel 
Contractual 
Cominodi.ties 
Equipment 
Grants 

Budget 

$ 84,500 
$ 7,000 
$ 54,900 
$ 9,500 
$ 20,000 
$ 0 

$ 175,900 

1 Budget is for all activiti~s performed from March 27, 1989 to February 
28' 1990. <\ 
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Sampling schedule for the Valdez Bay boat sport fishery, 1989. 

Period/Time 

Date Strata1 A:0900-1600 B:l601-2300 

15-Jun WI> X 
16-Jun WI> X 
17-Jun WE X 
18-Jun WE X 
19-Jun WI> X 
20-Jun WI> 
21-Jun WI> 
22-Jun WI> X 
23-Jun WI> X 
24-Jun "WE X 
25-Jun WE X 
26-Jun WI> X 
27-Jun WI> X 
28-Jun WI> X 
29-Jun WI> 
30-Jun WI> 
01-Jul WE X 
02-Jul WE X 
03-Jul WE X 
04-Jul WE X 
05-Jul WI> 
06-Jul WI> 
07-Jul WI> X 
08-Jul WE X 
09-Jul WE X 
10-Jul WI> X 
11-Jul WI> X 
12-Jul WI> X 
13-Jul w 
14-Jul WI> 
15-Ju1 WE X 
16-Jul WE X 
17-Jul YD X 
18-Jul WI> X 
19-Jul WI> X 
20-Jul WI> 
21-Jul WI> 
22-Jul WE X 
23-Jul WE X 
24-Jul WI> X 
25-Jul WI> X 

-Continued-
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Sampling schedule for the Valdez Bay boat sport fishery, 1989 (continued). 

Period/Time 

Date Strata1 A:0900-1600 B: 16-01-2300 

26-Ju1 WD 
27-Jul WD 
2e-Jul WD X 
29-Ju1 WE X 
30-Jul WE X 
31-Jul WD 
01-Aug WD 
02-Aug WD X 
03-Aug WD X 
04-Aug WD X 
05-Aug WE X 
06-Aug WE X 
07-Aug WD X 
08-Aug WD X 
09-Aug WD 
10-Aug WD 
11-Aug WD X 

·, 12-Aug WE X 
13-Aug WE -X 
14-Aug WD X 
15-Aug WD X 
16-Aug WD 
17-Aug WD 
18-Aug WD X 
19-Aug WE X 
20-Aug WE X 
21-Aug WD X 
22-Aug WD X 
23-Aug WD 
24-Aug WD 
25-Aug WD X 
26-Aug WE X 
27-Aug WE X 
28-Aug WD X 
29-Aug WD X 
30-Aug WD X 
31-Aug WD 
01-Sep WD 
02-Sep WE X 
03-Sep WE X 
04-Sep WE X 

-Continued-
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Sampling schedule for the Valdez Bay boat sport fishery, 1989 (continued). 

Period/Time 

Date Strata1 A:0900-1600 B:l601-2300 

05-Sep T,ID X 
06-Sep T,ID X 
07-Sep T,ID 

08-Sep T,ID 

09-Sep YE X 
10-Sep YE X 
11-Sep T,ID 

12-Sep T,ID 

13-Sep T,ID X 
14-Sep T,ID X 
15-Sep T,ID X 

1 r.m-weekday, WE-Weekend/Holiday. 
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Whittier creel survey schedule, 1989. 

DATE- DAY A B C D 
(1000-1300) (1301-1600) (1601-1900) (1901-2200) 

JUNE 24 SAT X X 
JUNE 25 SUN X X 
JUNE 26 MON X X 
JUNE 27 TUES X X 
JUNE 28 WEDS X . X 
JUNE 29 THURS ---------------------OFF------------------------
JUNE 30 FRI ---------------------OFF------------------------
JULY 01 SAT X X 
JULY 02 SUN X X 
JULY 03 MON X X 
JULY 04 TUES X X 
JULY OS WEDS ---------------------OFF------------------------
JULY 06 THURS ---------------------OFF------------------------
JULY 07 FRI -------------------~-OFF------------------------
JULY 08 SAT X X 
JULY 09 SUN X X 
JULY 10 MON ---------------------OFF------------------------
JULY 11 TUES ---------~-----------OFF---------------~--------

·JULY 12 WEDS ·x x 
JULY 13 THURS X X 
JULY 14 FRI X X 
JULY 15 SAT X X 
JULY 16 SUN X X 
JULY 17 MON ---------------------OFF------------------------
JULY 18 TUES ------------------~--OFF------------------------
JULY 19 WEDS X X 
JULY 20 THURS X X 
JULY 21 FRI X X 
JULY 22 SAT X X 
JULY 23 SUN X X 
JULY 24 MON ----------------~----OFF------------------------
JULY 25 TUES ---------------------OFF------------------------
JULY 26 WEDS X X 
JULY 27 THURS X X 
JULY 28 FRI X X 
JULY 29 SAT X X 
JULY 30 SUN X X 
JULY 31 MON X X 

-continued-



Whittier creel survey schedule, 1989 (continued). 

DATE DAY A B C D 

AUG 01 TUES 
AUG 02 'WEDS 
AUG 03 THUR 
AUG 04 FRI 
AUG OS SAT 
AUG 06 SUN 
AUG 07 MON 
AUG 08 TUES 
AUG 09 WEDS 
AUG 10 THUR 
AUG 11 FRI 
AUG 12 SAT 
AUG 13 SUN 
AUG 14 MON 
AUG 15 TUES 
AUG 16 WEDS 
AUG 17 THUR 
AUG 18 FRI 
AUG 19 SAT 
AUG 20 . SUN 
AUG 21 MON 
AUG 22 TUES 
AUG 23 'WEDS 
AUG 24 THUR 
AUG 25 FRI 
AUG 26 SAT 
AUG 27 SUN 
AUG 28 MON 
AUG. 29 TUES 
AUG 30 'WEDS 
AUG 31 THUR 

SEPT 01 FRI 
SEPT 02 SAT 
SEPT 03 SUN 
SEPT 04 MON 

(1000-1300) (1301-1600) (1601-1900) (1901-2200) 

X X 
X X 

---------------------OFF------------------~-----
---------------------OFF------------------------

X X 
X X 

--·------------------OFF------------------------
---------------------OFF------------------------

X X 
X X 
X X 

·x x 
X X 

X X 
X X 

---------------------OFF------------------------
---------------------OFF------------------~-----

.X X 
X X 

X X 
X X 
X X 

X X 
---------------------OFF------------------•-----
---------------------OFF------------------------

X X 
X X 

X X 
---------------------OFF------------------------
---------------------OFF------------------------

X 

X X 

X 
X 
X 
X 

X 
X 
X 

33 



Cordova Boat Harbor Creel Survey Schedule, 1989 

DATE DAY Al A2 B1 B2 

JUNE 24 SAT 
JUNE 25 SUN 
JUNE 26 MON 
JUNE 27 TUES 
JUNE 28 WEDS 
JUNE 29 THURS 
JUNE 30 FRI 

JULY 01 SAT 
JULY 02 SUN 
JULY 03 MON 
JULY 04 TUES 
JULY OS WEDS 
JULY 06 THURS 
JULY 07 FRI 
JULY 08 SAT 
JULY 09 SUN 
JULY 10 MON 
JULY 11 TUES 
JULY 12 WEDS 
JULY 13 THURS 
JULY 14 FRI 
JULY 15 SAT 
JULY 16 SUN 
JULY 17 MON 
JULY 18 TUES 
JULY 19 WEDS 
JULY 20 THURS 
JULY 21 FRI 
JULY 22 SAT 
JULY 23 SUN 
JULY 24 MON 
JULY 25 TUES 
JULY 26 WEDS 
JULY 27 THURS 
JULY 28 FRI 
JULY 29 SAT 
JULY 30 SUN 
JULY 31 MON 

(0800-1130) (1131-1500) (1501-1830) (1831-2200) 

X X 
X X 

X X 
X X 

X X 
-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 

-----------------DAY OFF------------------------
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 
X .X 

-----------------DAY OFF-~--~~------------------
--------------·--- DAY OFF------------------------

X X 
X X 

X X 
X X 

X X 
X X 

X X 
---------:-----.--DAY. OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 

X X 
X X 
X X 

-------------·----DAY OFF------------------------
-----------------DAY OFF------------------------

X 
X 

X X 
X 

X 
X X 

-continued-
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Cordova Boat Harbor Creel Survey Schedule, 1989 (continued). 

DATE · 

AUG 01 
AUG 02 
AUG 03 
AUG 04 
AUG OS 
AUG 06 
AUG 07 
AUG 08 
AUG 09 
AUG 10 
AUG 11 
AUG 12 
AUG 13 
AUG 14 
AUG 15 
AUG 16 
AUG 17 
AUG 18 
AUG 19 
AUG 20 
AUG 21 
AUG 22 
AUG 23 
AUG 24 
AUG 25 
AUG 26 
AUG 27 
AUG 28 
AUG 29 
AUG 30 
AUG 31 

DAY Al A2 B1 B2 

TUES 
WEDS 
THUR 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THUR 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THUR 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THUR 

FRI 
SAT 
SUN 
MON " 

TUES 
WEDS 
THUR 

(0800-1130) (1131-1500) (1501-1830) (1831-2200) 

X X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 
X X 

X X 
X X 

-----------------DAY OFF-·---············-------
--------·---·--·-DAY OFF-···········---------·--

X X 
X X 
X X 

------····-------DAY OFF·-···-------------------
--·····-·--·-··- -DAY OFF-········-··---·---------

X X 
X X 

x x· 
X X 

X X 
X X 

---·-------------DAY OFF-----------------------­
·----------------DAY OFF-·-·····-------····-----

X X 
X X 

X X 
X X 

DAY OFF 
DAY OFF 

X X 

-continued-
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Cordova Boat Harbor Creel Survey Schedule, 1989 (continued). 

DATE DAY Al A2 Bl B2 

SEPT 01 FRI 
SEPT 02 SAT 
SEPT 03 SUN 
SEPT 04 MON 
SEPT OS TUES 
SEPT 06 WEDS 
SEPT 07 THURS 
SEPT 08 FRI 
SEPT 09 SAT 
SEPT 10 SUN 
SEPT 11 MON 
SEPT 12 TUES· 
SEPT 13 WEDS 
SEPT 14 THURS 
SEPT 15 FRI 
SEPT 16 SAT 
SEPT 17 SUN 

SEPT 18 MON 
SEPT 19 TUES 
SEPT 20 WEDS 
SEPT 21 THURS 
SEPT 22 FRI 
SEPT 23 SAT 
SEPT 24 SUN 
SEPT 25 MON 
SEPT 26 TUES 
SEPT 27 WEDS 
SEPT 28 THURS 
SEPT 29 FRI 
SEPT 30 SAT 

OCT 01 SUN 

(0800-1130) (1131-1500) (1501-1830) (1831-2200) 

X X 
X 
X 

X 
X 

X X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 
X X 

X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X . X 
X X 
X X 

X X 
X X 

---------------·-DAY OFF-----------------------­
. -----------------DAY OFF------------------------

X X 

X 

X 

X 
X 
X 

X 
X 

X 
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Homer creel survey schedule, 1989. 

DATE 

JULY 01 
JULY 02 
JULY 03 
JULY 04 
JULY OS 
JULY 06 
JULY 07 
JULY 08 
JULY 09 
JULY 10 
JULY 11 
JULY 12 
JULY.l3 
JULY 14 
JULY 15 
JULY 16 
JULY 17 
JULY 18 
JULY 19 
JULY 20 
JULY 21 
JULY 22 
JULY 23 
JULY 24 
JULY 25 
JULY 26 
JULY 27 
JULY 28 
JULY 29 
JULY 30 
JULY 31 

DAY 

SAT 
SUN 
MON 

TUES 
WDS 
THURS 

FRI 
SAT 
SUN 
MON 

TUES 
'WEDS 
THURS 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THURS 

FRI 
SAT 
SUN 
MON 

TUES 
'WEDS 
THURS 

FRI. 
SAT 
SUN 
MON 

A B • C D 
(1000-1300) (1301-1600) (1601-1900) (1901-2200) 

X X 
X X 

X X 
X X 

---------------------OFF------------------------
---------------------OFF------------------------
---------------------OFF------------------------

X X 
X X 

X X 
X X 

X X 
---------------------OFF------------------------
---------------------OFF------------------------

X X 
X _ X 
X X 

---------------------OFF------------------------
---------·----------- -O.FF-------------- -·---------X . . X . 

X X 
X X 

X X 

---------------------OFF------------------------
---------------------OFF------------------------

X 

X X 
X X 
X X 

X X 

X 

-continued-

X 
X 
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Homer creel survey schedule, 1989 (continued). 

DATE DAY A B C D 

AUG 01 TUES 
AUG 02 WEDS 
AUG 03 THUR. 
AUG 04 FRI 
AUG OS SAT 
AUG 06 SUN 

·AUG 07 MON 
AUG 08 TUES 
AUG 09 WEDS 
AUG 10 THUR. 
AUG 11 FRI 
AUG 12 SAt' 
AUG ·13 SUN 
AUG 14 MON 
AUG 15 TUES 
AUG 16 WEDs· 
AUG 17. THUR. 
AUG 18 FRI 
AUG 19 SAT 
AUG 20 SUN 
AUG 21 MON 
AUG 22 TUES 
AUG 23 WEDS 
AUG 24 THUR. 
AUG 25 FRI 
AUG 26 SAT 
AUG 27 SUN 
AUG 28 MON 
AUG 29 TUES 
AUG 30 WEDS 
AUG 31 THUR. 

SEPT 01 FRI 

(1000-1300) (1301-1600) (1601-1900) (1901-2200) 

X X 
X X 

---------------------OFF------------------------
---------------------OFF------------------------

X X 
X X 

---------------------OFF------------------------
---------------------OFF------------------------

X 

X X 
X X 

X X 
X 

X X 
---------------------OFF------------------------
---------------------OFF------------------------

X X 

X 
X 
X 

X 
X 
X 
X 

X 

X X 
X X 

---------------------OFF------------------------
---------------------OFF------------------------

X X 
X X 

X X 
X X 

------~-------~------OFF------------------------
---------------------OFF------------------------

X X 

X X 
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Kodiak Creel Survey Schedule, 1989. 

DATE 

JULY 01 
JULY 02 
JULY 03 
JULY 04 
JULY OS 
JULY 06 
JULY 07 
JULY 08 
JULY 09 
JULY 10 
JULY 11 
JULY 12 
JULY 13 
JULY 14 
JULY 15 
JULY 16 
JULY 17 
JULY 18 
JULY 19 
JULY 20 
JULY 21 
JULY 22 
JULY 23 
JULY 24 
JULY 25 
JULY 26 
JULY 27 
JULY 28 
JULY 29 
JULY 30 
JULY 31 

DAY 

SAT 
SUN 
MON 

TUES 
W'EDS 
THURS 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THURS 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THURS 

FRI 
SAT 
SUN 
MON 

TUES 
WEDS 
THURS 

FRI 
SAT 
SUN 
MON 

A B C D 
(1000-1400) (1401-1700) (1701-2000) (2001-2300) 

X X 
X X 

X X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 

X X 
X X 

X X 
-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 
X X 

X X 
-------- ·---------DAY OFF---------·--------------­

·-----------------DAY OFF------------------------· 
X X 

X X 
X X 

X X 
X X 

X X 
-----------------DAY OFF------------------------
-----------------DAY OFF------------------------- . 

X X 
X 
X 

-continued-

X 
X 
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Kodiak Creel Survey Schedule, 1989 (continued). 

DATE DAY A B C D 

AUG 01 TUES 
AUG 02 WEDS 
AUG 03 THUR 
AUG 04 FRI 
AUG OS SAT 
AUG 06 SUN 
AUG 07 MON 
AUG 08 TUES 
AUG 09 WEDS 
AUG 10 THUR 
AUG 11 FRI 
AUG 12 SAT 
AUG 13 SUN 
AUG 14 MON 
AUG 15 TUES 
AUG 16 WEDS 
AUG 17 THUR 
AUG 18 FRI 
AUG 19 SAT 
AUG 20 SUN 
AUG 21 MON 
AUG 22 TUES 
AUG 23 WEDS 
AUG 24 THUR 
AUG 2S FRI 
AUG 26 SAT 
AUG 27 SUN 
AUG 28 MON 
AUG 29 TUES 
AUG 30 WEDS 
AUG 31 THUR 
SEPT 01 FRI 
SEPT 02 SAT 
SEPT 03 SUN 
SEPT 04 MON 
SEPT OS TUES 
SEPT 06 WEDS 
SEPT 07 THURS 
SEPT 08 FRI 
SEPT 09 SAT 
SEPT 10 SUN 
SEPT 11 MON 
SEPT 12 TUES 
SEPT 13 WEDS 
SEPT 14 THURS 
SEPT 1S FRI 

(1000-1400) (1401-1700) (1701-200a, (2001-2300) 

X X 
X X 

-----------------DAY OFF-------------------------
-----------------DAY OFF------------------------

X X 

X 
X X 

X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF-----~------------------

X 
X 

X X 
X X 

X 
X X 

X X 
-----------------DAY OFF---------------------~--
-----------------DAY OFF-----•------------------

X X 
X X 

X X 
-- -·--------------DAY OFF----.--------------------
-----------------DAY OFF------------------------

X X 
X X 

X X 
X X 

X X 
-----------------DAY OFF--------------.:·--------
-----------------DAY OFF--------------·---------

X X 
X X 

X X 
X X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 
X X 

-----------------DAY OFF------------------------
-----------------DAY OFF------------------------

X X 
X X 

X X 

40 
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Sampling schedule for the Cordova Delta sport fishery, 1989. 

Period/Time • 

Date Strata1 A:0600-0930 8:0931-1700 C:l701-2030 

15-Jun WD X X 
16-Jun WD X X 
17-Jun lJE X X 
18-Jun WE X 
19-Jun WD X 
20-Jun WD 
21-Jun WD 
22-Jun WD X X 
23-Jun WD X 
24-Jun lJE X 
25-Jun WE X x· 
26-Jun WD 
27-Jun WD 
28-Jun WD X X 
29-Jun WD X X 
30-Jun WD X X 
01-Jul lJE X X 
02--Jul lJE X 
03-Jul w· - X X 
04.;.Jul· lJE X 
05-Jul WD X X 
06-Jul WD 
07-Jul WD 
08-Jul lJE X X 
09-Jul lJE X X 
10-Jul WD X X 
11-Jul WD X X 
12-Jul WD 
13-Jul WD 
14-Jul WD X X 
15-Ju1 WE X X 
16-Ju1 lJE X X 
17-Jul WD 
18-Jul WD 
19-Ju1 WD X X 
20-Ju1 WD X X 
21-Jul WD X X 
22-Jul lJE X 
23-Jul WE X X 
24-Jul WD X X 
25-Jul WD X X 

-Continued-
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Sampling schedule for the Cordova Delta sport fishery, 1989 (continued). 

Period/Time 

Date Strata1 A:0600-0930 B:09Jl-1700 C:l701-2030 

26-Jul r,.ro 
27-Jul r,.ro 
28-Jul r,.ro X X 
29-Jul WE X X 
30-Jul WE X X 
31-Ju1 r,.ro X X 
01-Aug r,.ro X X 
02-Aug r,.ro 
03-Aug r,.ro 
04-Aug r,.ro X X 
05-Aug WE X X 
06-Aug WE X X 
07-Aug r,.ro 
08-Aug r,.ro 
09-Aug r,.ro X 
10-Aug r,.ro. X 
11-Aug r,.ro X X 
12-Aug WE X X 
13-Aug WE X X 
14-Aug WD 
15-Aug r,.ro 
16-Aug r,.ro X X 
17-Aug r,.ro X X 
18-Aug r,.ro X 
19-Aug WE X X 
20-Aug WE X X 
21-Aug r,.ro X 
22-Aug r,.ro 
23-Aug r,.ro 
24-Aug r,.ro X X 
25-Aug r,.ro X X 
26-Aug WE X X 
27-Aug WE X X 
28-Aug r,.ro 
29-Aug r,.ro 
30-Aug r,.ro X X 
31-Aug r,.ro X 
01-Sep r,.ro X 
02-Sep WE X X 
03-Sep WE X X 
04-Sep WE X 

-Continued-
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Sampling schedule for the Cordova Delta sport fishery, 1989 (continued). 

Period/Time 

Date Strata1 A:0600-0930 B:0931-1700 C:l701-2030 

05-Sep T,ID X X 
06-Sep T,ID X X 
07-Sep T,ID 

08-Sep T,ID 

09-Sep WE X 
10-Sep WE X X 
11-Sep T,ID X X 
12-Sep T,ID X X 
13-Sep T,ID 

14-Sep T,ID 

15-Sep T,ID X X 
16-Sep WE X X 
17-Sep WE X 
18-Sep T,ID X X 
19-Sep T,ID 

20-Sep . T,ID 

21-Sep T,ID X 
22-Sep T,ID X X 

· 23-Sep WE X 
24-Sep · WE X 
25-Sep T,ID X 
26-Sep T,ID X X 
27-Sep T,ID X X 
28-Sep T,ID 

29-Sep T,ID 

30-Sep WE X X 
01-0ct WE X X 

1 liD-Weekday, WE-Weekend/Holiday. 
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Sampling schedule for the Eyak sport fishery, 1989. 

• Period/Time 

Date Strata1 A:0600-0930 B:0931-1700 C:1701-2030 

15-Jun WI) X X 
16-Jun WI) X X 
17-Jun WE X .X 
18-Jun WE X X 
19-Jun WI) 

20-Jun WI) 

21-Jun WI) X X 
22-Jun WI) X X 
23-Jun WI) X 
24-Jun WE X X 
25-Jun W'E X 
26-Jun WI) 

27-Jun WI) 

28-Jun WI) X 
29-Jun WI) X X 
30-Jun WI) X X 
01-Ju1 WE X X 

.02-Ju1 WE X X 
03-Ju1 WE X X 
04-Ju1 WE X X 
05-Ju1 WI) X 
06-Ju1 WI) 

07-Jul WI) 

08-Ju1 WE X 
09-Ju1 WE X X 
10-Ju1 WI) 

ll-Ju1 WI) 

12-Ju1 WI) X X 
13-Ju1 WI) X X 
14-Ju1 WI) X X 
15-Ju1 WE X 
16-Ju1 WE X X 
17-Ju1 WI) X 
18-Ju1 WI) X X 
19-Ju1 WI) 

20-Jul WI) 

21-Ju1 WI) X X 
22-Ju1 WE X X 
23-Ju1 WE X 
24-Ju1 WI) 

25-Ju1 WI) 

-Continued-
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Sampling schedule for the Eyak sport fishery, 1989 (continued). 

Period/Time 

Date Strata1 A:0600-0930 B:0931-1700 C:l701-2030 

26-Jul WD X 
27-Jul WD X 
28-Jul WD X X 
29-Jul w X X 
30-Jul w X X 
31-Jul WD X X 
01-Aug WD X X 
02-Aug WD X X 
03-Aug WD 
04-Aug WD 
05-Aug w X 
06-Aug w X X 
07-Aug WD X X 
08-Aug WD 
09-Aug WD 
10-Aug WD X X 
11-Aug WD X 
12-Aug w X X 
13-Aug w X X 
14-Aug WD 
15-Aug WD 
16-Aug WD X X 
17-Aug WD X X 
18-Aug WD X X 
19-Aug w X X 
20-Aug w X X 
21-Aug WD X X 
22-Aug WD 
23-Aug WD 
24-Aug WD X X 
25-Aug WD X 
26-Aug w X X 
27-Aug w X 
28-Aug W1). X X 
29-Aug WD X X 
30-Aug WD X X 
31-Aug WD 
01-Sep WD 
02-Sep w X X 
03-Sep WE X X 
04-Sep WE X 

-Continued-
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Sampling schedule for the Eyak sport fishery, 1989 (continued). 

Period/Time 

Date Strata1 A;0600-0930 B:0931-1700 C:l701-2030 

05-Sep W'D X X 
06-Sep W'D X X 
07-Sep W'D 
08-Sep W'D 
09-Sep YE X X 
10-Sep YE X X 
11-Sep W'D X X 
12-Sep. W'D X X 
13-Sep W'D X X 
14-Sep W'D 
15-Sep W'D 
16-Sep YE X 
17-Sep YE X 
18-Sep W'D X X 
19-Sep W'D X 
20-Sep W'D X X 
21-Sep W'D 
?2-Sep W'D 
23-Sep· WE X 
24-Sep YE X X 
25-Sep W'D X X 
26-Sep W'D 
27-Sep W'D 
28-Sep W'D X X 
29-Sep W'D X X 
30-Sep YE X X 
01-0ct YE X X 

1 WD-Weekday, YE-Weekend(Holiday. 
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Sampling schedule for the Eshamy sport fishery, 1989. 

Period/Time2 

Date Strata1 A:0800-1130 B:l131-1500 C:1501-1830 0:1831-2200 

01-Jul W'E H 
02-Jul W'E H 
03-Jul W'E H 
04-Jul W'E H 
05-Jul 'tiD L 
06-Jul w 
07-Ju1 'tiD 
08-Jul W'E L 
09-Jul W'E L 
10-Jul 'tiD H 
11-Jul 'tiD L 
12-Ju1 'tiD 
13-Ju1 'tiD 
14-Ju1 'tiD H 
15-Ju1 WE H 
16-Ju1 WE L 
17 -Ju1 'tiD 
18-Ju1 w 
19-Ju1 'tiD L 
20-Ju1 'tiD L 
21-Ju1 w H 
22-Ju1 W'E H 
23-Jul W'E H 
24-Ju1 'tiD H 
25-Ju1 'tiD H 
26-Ju1 'tiD H H 
27 -Ju1 · 'tiD 
28-Jul w 
29-Ju1 W'E L 
30-Ju1 W'E H 
31-Ju1 WD 
01-Aug WD 

· 02-Aug w H 
03-Aug 'tiD L 
04-Aug 'tiD H 
05-Aug W'E H 
06-Aug WE H 
07-Aug 'tiD H 
08-Aug w L 
09-Aug w H 
10-Aug 'tiD 

-Continued-
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sampling schedule for the Eshamy boat sport fishery, 1989 (continued). 

Pe'riod/Time2 

Date Strata1 A:0800-1130 B:ll31-1500 ~c:l501-1830 0:1831-2200 

11-Aug W'D 
12-Aug 'WE H 
13-Aug 'WE H 
14-Aug W'D H 
15-Aug W'D L 
16-Aug W'D H 
17-Aug W'D 
18-Aug W'D 
19-Aug 'WE H 
20-Aug 'WE H 
21-Aug W'D H 
22-Aug W'D H 
23-Aug W'D 
24-Aug W'D 
25-Aug W'D H 
26-Aug wE H 
27-Aug 'WE L 

· 28-Aug W'D L 
29-4ug W'D H 
30-Aug W'D 
31-Aug W'D 
01-Sep W'D L 
02-Sep 'WE H 
03-Sep 'WE H 
04-Sep 'WE H 

1 YO-Weekday, WE-Weekend/Holiday. 
2 H-High Use-stage Stratum, L-Low Use-stage Stratum. 
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APPENDIX 

B. Instruc.tions for Completing the Data_ Forms 



so 

Instructions for Completing the Marine Interview Forms. 

It is important that the following information is included on the Angler 
Interview form for all locations: 

Year; Month; Day; Survey Area; Site; Period (in the Harbor box); Counted; 
Continue (to denote that this row of species apply to the previous interview 
line); Class (type of boat); Target (specie); Area (Fished); Variables 1-2 (1-
guided/unguided, 2-residency), Hours Fished (angler hours for freshwater 
surveys and angler days for harbor surveys). 

Freshwater creel surveys will also record complete/incomplete. 
variable field 4 will be used to record days fished. 

At Seward, 

Refer below and to the Mark-Sense Introduction Manual Developed by RTS for 
specific information. 

~rite in the date and page number on each sheet following the first sheet in a 
series. This information will be important in the event the pages are 
accidently mixed or out of order. Use a new sheet at the start of each period 

Prince ~illiam Sound Creel Survey Codes: 

Survey Site Area 

Valdez Boat J 
~ittier Boat Passage Canal J 
Cordova Boat J 
Seward Boat Harbor Pl 
Homer Boat Harbor Pl 
Kodiak Boat Harbors Q 
Eyak River J 
Copper River Delta Beach 

Alaganik Slough J 
Clear Creek J 

Eshamy Creek and Lagoon J 
Anchorage ~S Charter J 

Harbor: To designate sample period. 

Period Selection 

A 1 
B 2 
c 3 
D 4 

Site 

001 
0"02 
728 
002 
003 
745 
005 

114 
133 
006 
004 



Glass: Type of Boat 

1: open boat 
2: cabin cruiser (< 30') 
3: cabin cruiser (~ 30') 
4: inflatable 
5: kayak 
6: sailboat 

Target (Species)· record what the angler spent most of herjhis time fishing 
for (can only mark one box!) 

0: Coho (not salmonids as noted in the RTS Manual) 
7: Sockeye (not bottomfish as noted in the RTS Manual) 
A: Pink 
B: Chinook 
G: Halibut 
D: Rockfish 

Area Fished:. • record where the angler spent most of his/her time (refer to 
maps for each area) (can only mark one box!) 

Valdez, Cordova, Whittier 
1: Valdez Arm 
2: Western PWS Marine 
3: Eastern PYS Marine· . 
4: islanq Freshwater 

Seward 
1. Resurrection Bay 
2. Outer Coast • Western Bays 
3. OUter Coast • Eastern Bays 
4. Outer Islands 

Variables 1-5: 

Variable Field 1. 
1- Unguided 
2- G~ided 

Variable Field 2. 

Homer 
1. Kachemak Bay 
2. OUtside, N. of Anch~r Pt. 
3. Outside, ·N. of Pt. Pogibshi 
4. OUtside other 

Kodiak 
1. SE Afognak 
2. Whale Island 
3. Buoy 4 
4. Inner Chiniak 
5. Gape Chiniak 

1- Local Alaska Resident (defined below) 
2- Non-local Alaska Resident 
3- Non Alaska Resident 
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Local: 
Valdez: 
Cordova: 
Whitrter: 

a resident of Valdez 
a resident of the Eastern PWS area (see map) 
a resident of Whittier (don't include people who have 
recreational condos or boat slips in Whittier but live 
elsewhere most of the time) 
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Homer: a resident of the Kenai Peninsula, south of Ninilchik (including 
Seldovia, Port Graham, English Bay) 

Kodiak: a resident of Kodiak or Afognak islands 

Variable Field 4. 
In Seward this field will be used to record Days Fished 

Hours Fished: Days fished for boat surveys and angler hours for beach 
surveys. A two digit additive field, however you can not code a number 
higher than 9 in either column. 

Species: Mark a species box. 
Chinook salmon - KS 
Coho salmon SS 
Pink salmon - PS 
Chum salmon - CS 
Sockeye salmon - RS 
Pacific halibut - HA 
Rockfish - RF 
Lingcod-· 1 
Dolly· Varden char • 2 
Cutthroat trout - 3 
Cod, pollock 4 
Sculpin 5 
Skate - 6 
Octopus 7 
Flounder - 8 



Instructions for completing the Standard age weight length mark sense form 

The following fields must be recorded: 

Date (year, month, and day with leading zeros for month and day) 

Location - where you are collecting the fish: 

Survey Site 

Valdez Boat 
Whittier Boat Passage Canal 
Cordova Boat 
Seward Boat Harbor 
Homer Boat Harbor 
Kodiak Boat Harbors 
Eyak River 
Copper River Delta Beach 

Alaganik Slough 
Clear Creek 

Eshamy Creek and Lagoon 
Anchorage PWS Charter 

Species: 
200 - Halibut 
130 - Lingcod 

line 1 

10 
10 
10 
161 
161 
17 
10 

10 
10 
10 
10 

Line 2 

001 
002 
728 
002 
003 
745 
005 

114 
133 
006 
004 
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140 - Rockfish (will be further differentiated using the maturity index 
field) 

Type of measurement: 
Length: Total length - TL 
Fishery: Sport Fishery - SPF 

Page Number - Start over at 1 for each day. Be careful to enter this 
correctly if you are using the copy header option. 

Sex 

Maturity Index - used to designate maturity in rockfish 
1 - eggs 
2 - eyed larvae 
3 - well developed eyed larvae 

Length - record total length in millimeters (length from tip of tail to tip of 
snout) 



~eight - used as a variable field to designate species of rockfish 
the numbers correspond to page numbers in Kramer & O'Connell's 
manual. 

37 - quillback 
11 - shortraker 
61 - yelloweye 
39 - black 
17 - dusky 
13 - silvergray 

1 - rougheye 
3 - Pacific ocean perch 
5 -brown 
7 ""' Aurora 
9 • redbanded 

15 - copper 
19 - dark blotched 
21 - splitnose 
23 greenstriped 
25 - Puget Sound 
27 - widow 
29 - yellowtail 

31 - chilipepper 
33 - rosethorn 
35 - shortbelly 
41 - blackgill 
43 - vermilion 
45 - blue 
47 - china 
49 - tiger 
51 - bocaccio 
53 - canary 
55 - northern 
57 - redstripe 
59 .- yellowmouth 
63 - stripetail 
65 - harlequin 
67 - pygmy 
69 - sharpchin 
71 -·shortspine thornyhead 
73 - longspine thornyhead 
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Instructions for completing the tag recovery form. 

This form is to be used in a creel survey or field office when individual tags 
are returned that were each collected (caught) at a different location. Use 
of AYL forms is: impractical in this situation because each new location would 
require a new AYL form. Do not use this form if you are collecting tags all 
from the same location (for instance at a weir); use an AYL form instead. 

Circle the appropriate recovery type at the top of the page and write the 
location (such as Valdez, Cordova) below the recovery type. Number the pages 
consecutively for the entire year. 

The Tag color· codes are written at the bottom of the sheet - choose the 
appropriate code. Note: in Kodiak, pink tags in the range 5001-6000 must be 
carefully examined for a black stripe. Pink with a black stripe is YRBK. 

The Recovery date is the date the fish was caught. If the angler can't recall 
the exact date, enter an approximate one. 

The Area is the location where the fish was caught. 'Write in as exact a 
description as you can. Try to be consistent in your choice of place names 
for each site. 

Site code - to be completed later by someone in RTS. 

$ate - killed or released. 1f t~ fish is released, note in the comment field ' 
if the angler removed the tag. 

Length (mm) - only enter a length here if you measure the fish. Angler's 
estimates of length or their length measurements can be written in the comment 
field. Measure the fish from tip of snout to fork of tail. 

Sex - enter M or F. 

Otolith - if you collect otoliths, enter Y, write the date, page, and line 
number on the otolith envelope. 

Age - to be entered when the fish is aged. 
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APPENDIX 

C. Instrt;cdons for Completing the Air Taxi Logbook. 
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Instructions for completing the air taxi logbook. 

A logbook containing entries for the following questions will be distributed 
to all major air taxi operators that charter to PYS: 

1. number of anglers in the party, 

2. areas fished in PYS and points of drop-off, 

3. number of hours fished by the party (by area), 

4. target species (by area), 

5. number of fish caught and harvested (by species and area), 

Data from these questions will be kept on a log form to be distributed to the 
air taxis. The form design will allow for easy keypunching of the data. 
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APPENDIX 

D. Chain of·Custody Procedures 
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A "chain of custody" refers to the paper documentation that accompanies a 
sample, and which shows that the sample is under observation or control. 
Chain.of custody procedures are invoked when there is a possibility that the 
study and its methods will be subjected to a legal challenge. The procedure 
ensures the integrity of each sample from time of collection until the 
analytical data are released. Documentation should occur at the following 
points in the process: 1) sample collection and preservation; 
2) transportation to storage; 3) storage; 4) subsequent transportation for 
analysis; 5) acceptance for analysis; 6) analysis; 7) final disposition of 
samples. Each time the sample (or groups of samples) change hands, a record 
of the transfer is kept on a "Chain of Custody Transmittal Form," which 
indicates who has custody of the samples at all times. 

SAMPLE COLLECTION 

Information describing the collection of each sample is to be recorded in a 
field notebook and on a label permanently affixed to each sample jar (or 
written on each bulk sample on masking tape securing an aluminum foil-wrapped 
sample) to include: site description (location name, number, or other unique 
characteristics); date and local time; sampling effort name (vessel or team); 
and collector's name. The notebook should also include other observations 
(presence of oil, details for reoccupying the exact sample site·, 
meteorological, hydrographical, and oceanographic conditions) and types of 
sampling used (hand, mechanical grab, trawl, beach s~ine), personnel involved 
(name, address, ·telephone number, and affiliation),· or other pertinent 
remarks. A uniqu~ sample number can also be assigned, preferable as a 
alphanumeric to reduce potential overlap of numbers between different groups-. 

When sampling is completed at each site, a Chain of Custody Transmittal Form 
is initiated for each different type of sample (organisms by species for 
chemistry, sediments for chemistry, organisms for taxonomy or other purposes, 
water samples, bacteriology samples, etc.). 

Each project te~ will maintain its own sequence of sample numbers as follows: 

Project 
Number 

00 

Agency 

"A" 

Field Team 

"a" 

Date 

000000 

Daily 
Sequence 

0000 

This information will be included on the sample label and the "Chain of 
Custody Transmittal Form." Also enter "Action Taken," e.g., "sample 
collection" on the form. Both the collector and a witness must sign the form 
for each set of samples. The Chain of Custody Transmittal Form is then kept 
in close physical proximity to the samples; if the samples are stored in a 
freezer or on ice, the sheets may be kept in the field notebooks. Not only 
does this form establish the existence of the samples, but it also provides an 
initial inventory of the samples collected. 

TRANSPORTATION OF SAMPLES FOR STORAGE 
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If the samples are periodically removed from the field and transported to a 
central storage facility under control of anyone except the primary collector, 
add another line on the Chain of Custody Transmittal Form with the date and 
time that the samples were transferred from the primary collector to the 
person responsible for the transportation, total number of samples, action 
taken and signatures. 

If a collection, or sample is to be separated so that some individuals will be 
preserved for hydrocarbon analysis and others for histological preparation, 
separate Chain of Custody Transmittal Forms must accompany each part. It may 
be possible to simply photocopy the form at time of sample splitting in such 
cases. 



Appendix 

E. FY90 Operational Plan: 

Sport Harvest with Estimates of Stocked 
Contribution for Resurrection Bay Fisheries 
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This plan was not prepared .. as part of the oil spill assessment planning· 
process. Rather, it was prepared as an internal Alaska Department of Fish and 
Game, Sport Fish Division, plan to guide ongoing evaluations of stocking 
programs being conducted in the Resurrection Bay drainage. Some of aspects of 
this plan may have been changed in-season to accomdate oil spill assessment 
work. These changes are not reflected in this document. 
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I. OVERVIEW 

This study plan contains two separate sections. These sections 
address the general objectives outlined in Fish St-q.dy Number 7 for 
Lower Cook Inlet/Kenai Fjords and the Kodiak and Chignik Management 
areas, respectively. These areas had major differences in oil 
distribution, and they also differ in the relative importance of 
intertidal spawning, and the magnitude of the run returns in 1989. 
In the Cook Inlet/Kenai Fjords area, escapement of pink and chum 
salmon was generally modest, whereas streams in the Kodiak/Chignik 
area had some very large escapements because of almost complete 
closure of the commercial seine fishery. On the other hand, oil 
directly impacted intertidal spawning areas more in the Cook 
Inlet/Kenai Fjords area than in the Kodiak/Chignik area and in the 
Kodiak/Chignik area there are fewer intertidal spawning areas for 
pink and chum salmon than in Cook Inlet and the Kenai Fjords. 
Because of these differences, the damage assessment studies in each 
area were designed differently. In the Cook Inlet/Kenai Fjords 
area the study is designed to determine the direct impacts of oil 
on survival of. pink and chum salmon in intertidal spawning areas. 
In the Kodiak/Chignik area, the study is designed to evaluate an 
indirect effect of the oil spill (overescapement) on pink and chum 
salmon production. In addition, Fish study Number 8 is art 
interrelated component of this study and is also designed to assess 
the damage of the oil spill_on pink an~ chum-salmon. 



II. LOWER COOK INLET/KENAI FJORDS STUDIES 

INTRODUCTION 

This project was designed to evaluate the distribution of pink and 
chum salmon spawning in intertidal and upstream areas as a result 
of oil contamination from the Exxon Valdez oil spill. This project 
also provides spawner distribution data for the pink and chum 
salmon egg and pre-emergent fry study (Fish Study No. 8). 
Intertidal spawning areas are important to pink and chum salmon, 
and these areas are much more vulnerable to contamination by an oil 
spill than upstream spawning areas. 

The Alaska Department of Fish & Game Lower Cook Inlet management 
area (LCI) pink and chum salmon spawning ground escapement survey 
project is an ongoing study that provides data on numbers of live 
salmon by species for 27 streams at 14 day intervals. This oil 
spill assessment project will expand upon the existing project by 
increasing survey frequency, resuming carcass counts, and mapping 
spawner distribution within the intertidal areas for eight of those 
streams. 

OBJECTIVES 

1. Estimate numbers of salmon by species within standardized 
intertidal and upstream zones for eight streams in the Lower 
Cook Inlet/Kenai Fjords area. 

2. Produce a catalog of aerial photographs andjor detailed maps 
of spawner distribution for the more important pink and chum 
salmon streams in the Lower Cook Inlet/Kenai Fjords area for 
use in designing sampling transects in the egg and pre­
emergent fry studies (Fish Study No. 8). 

3. Determine the presence or absence of oil on intertidal habitat 
used by spawning salmon through visual observation and 
hydrocarbon analysis of tissue samples from intertidal mussels 
(Mytilus sp.) collected in the immediate area of each sampled 
stream. 

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



METHODS/DATA ANALYSIS 

Study Design 

This project is designed to evaluate changes in numbers and 
distribution of spawning salmon relative to oil contamination from 
the Exxon Valdez spill of March 1989. Two crews of two people each 
will perform foot surveys of intertidal and upstream portions of 
eight major pink and chum salmon spawning streams. Each stream 
will be surveyed at least once a week during low tide. The 
spawning season is approximately between July 7 and September 7. 

Streams to be surveyed will be selected using the following 
criteria: 

1. The stream is included in the aerial survey program. 
2. The stream was examined in past spawning ground survey 

programs. 

During each stream survey the following data will be recorded 
(Appendix A): 

1. Stream name; 
2. Date and time; 
·3. Counts of live and dead salmon by species and location 

in the stream (0.0-.0.6 m, o:6-1.2 m, and 1~2-1.8 m below 
mean high water ·and above tidal inundation) ; 

4. Comments on the quality of the survey: visibility, 
completeness of survey, etc. 

5. Observers names. 

A map of the intertidal zones will be drawn for each stream. 
Landmarks for the boundaries between intertidal zones, distances 
across the s~reams with zones, distances between zone bo~ndaries, 
areas of spawning concentration, and areas of preference by species 
within each intertidal zone will be recorded on the maps. These 
maps will be used later by the Pink and Chum Salmon Egg and Pre­
emergent Fry ~ampling project (Fish Study No. 8). 

Early in the season, one of the crews will mark the tide levels at 
each stream.. Intertidal zones in the Lower Cook Inlet/Kenai Fjords 
area will be measured from the mean high tide level due to large 
differences in mean tidal height between the Gulf of Alaska (4 m) 
and Cook Inlet (6 m) sides of the Kenai Peninsula. The stream bed 
location of tide levels 0.0, 0.6, 1.2, and 1.8 m below mean high 
water will be marked with a 0. 3 m2 fluorescent orange plywood 
rectangle. The markers will be numbered consecutively 1 through 
4 with number 1 furthest downstream at the 1.8 m below mean high 
water level. A commercial hand held tide computer with specific 
time and location corrections will be used to determine tide 
heights. Stream length within a zone will be measured as well as 
width at 25 m intervals. 

A composite sample of mussels (Mytilus sp.) will be collected at 



the mouth of each stream for hydrocarbon analysis. A field blank 
(sample container opened at the collection site, closed and stored 
as if it contained a sample) and two sample replicates will also 
be collected. Results of the analysis will be used to document the 
level of oil impact sustained by the stream. Each sample will 
consist of enough mussels to provide 10 grams of tissue for 
analysis. The mussels will be collected from the immediate 
vicinity of all streams. Collectors will use wooden tongue 
depressors when possible and clean hands otherwise. All mussels 
will be above water when collected to prevent contamination by 
surface hydrocarbons. The sample containers will be pre-rinsed 
(with dicloromethane) glass jars with teflon lined lids as supplied 
by I-Chem. The samples will be stored in padlocked containers and 
kept in a freezer in the Homer ADF&G office. Appropriate chain of 
custody forms will accompany each sample. 

Both crews will count the numbers of live and dead salmon within 
each of the four tide zones (0.0-0.6 m, 0.6-1.2 m, and 1.6-1.8 m 
below mean high tide, and upstream of tidal inundation) for all 
eight streams. Surveys always begin at the 1.8 m below high tide 
line and progress upstream. Hence, all surveys will be start at 
low tide. Both live and carcass counts will be made while walking 
upstream for a tide zone before continuing on to the next zone. 
The upstream limit of a survey will be determined by the presence 
of natural barriers to fish passage (i.e. waterfalls), .bY the end 

_'of the stream, or by the absence of spawning salmon. Hand ta1ly 
counters will. be used when counting. B.oth crew members will walk . 
the intertidal and single channel stream areas together but count 
independently. Both crew members will periodically compare their 
counts. They will recount as many times as necessary·until their 
count differ by 10% or less. The average of each crew member's 
counts will be recorded unless one member feels that his/her count 
was invalid. Where the stream forks, the crew will split and walk 
the remaining areas alone. Survey partners will be rotated on a 
regu·lar basis to ·minimize counting biases. 

Study Sites 

The eight streams selected for this project are Windy Creek Left, 
Port Dick Creek, Windy Creek Right, and Island Creek in the Kenai 
Fjords area and Humpy Creek, China Poot Creek, Seldovia River, and 
Port Graham Creek in the Cook Inlet area. The first two creeks 
have had oil deposited near the stream mouths, the next two have 
had oil floating offshore, and the remainder may have had no 
impact. 

Data Analysis 

Total escapement to each stream will be estimated using counts from 
the foot surveys and stream life estimates. Estimation methods 
will be similar to those used by Johnson and Barrett (1988) and 



stream life will be from historical data or estimated from data 
collected in this study. 

. . 
streams will be divided into 2-3 categories based on levels of 
hydrocarbon contamination (as determined from visual observations 
and hydrocarbon level in mussel tissues). Counts of salmon by 
species and stream zone for each stream will be assigned to one of 
the hydrocarbon categories. Categorical data analysis techniques 
such as log linear models using chi-square statistics will be used 
to look for differences in numbers of spawning salmon by stream 
zone and stream and relate any differences to the level of 
hydrocarbon contamination. Counts and spawner distribution data 
will also be compared with historical stream survey data and 
related to the level of hydrocarbon impact. 

Statistics that will be estimated include: 

1. Counts. of spawning and . dead salmon by stream zone 1 

stream, and date will be used to in the comparison of 
spawner density with egg and fry density. 

2. Stream life in order to estimate total spawning 
escapement by species for each stream. 

:SCHEDULES AND REPORTS 

Date(s) Activity 

Jul 7 - Sep 7 1989 Replicate surveys of 8 streams. 

Sep 8 - oct 20 1989 Research historical data, data entry 1 analysis 1 

and report. 

PROJECT BUDGET 1 

Line Item Category Budget 

100 Personnel Services $ 15,500 
200 Travel $ 1,800 
300 Contractual $ 15,000 
400 Commodities $ 21600 
500 Equipment $ 6,200 
700 Grants $ 0 

Total $ 41,100 

Budget is for all activities performed from March 27 1 1989 to 
February 28, 1990. 



FUNDED PERSONNEL 

Class PCN Name PFT mm SFT mm 

FB II 11-1258 2.0 (funded under CF-381) 
FB I new 1.5 
FT II 11-1536 l.O 
FT II 11-1516 (funded under CF-383) l.O 

LITERATURE CITED 
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III. KODIAK AND CHIGNIK MANAGEMENT AREA STUDIES 

INTRODUCTION 

The intent of this investigation is to provide area wide estimates 
of pink and chum salmon escapement for the Kodiak and Chignik 
Management areas (Figure 1). During 1989 the presence, close 
proximity, or threat of oil contamination from the EXXON VALDEZ oil 
spill, prohibited the commercial harvest of pink· and chum salmon 
which were in excess of target escapement goals for these areas. 
Harvest derived from these species is an important component (1969-
1987 odd year averages of 87% = 6,517,000 pinks and 745,000 churn 
for Kodiak; 35% = 705,097 pinks and 165,725 chum for Chignik) of 
the total annual salmon catch (Malloy 1989; Thompson and Fox 1989). 
Ex-vessel value of the combined pink and chum salmon catch has 
averaged 14.8 and 3.8 million dollars respectively, for Kodiak and 
Chignik over the last 9, odd years (Malloy 1989; Thompson and Fox 
1989). 

Aerial stream surveys, using fixed wing aircraft and trained 
observers, have been conducted annually since the 1940's o~ 
selected streams in the Kodiak and Chignik Management areas (Larry 
Malloy ADF&G, Kodiak, personal communication). This information 
is used for estimating escapements and forecasting runs .. Although 
counts were not made every year,. these data provide an index for 
assessing brood year escapement trends and returns. Weirs on 
stream systems in the Kodiak and Chignik Management areas have a 
long history of use. Data collected from weir counts and samples 
permit assessment of total escapement and brood year returns of 
salmon species for these systems. 

Estimates of total escapement of pink and chum salmon by stream 
for the Kodiak and c~ignik ar~as will enable the calculation of 
foregone harvest and revenues for 1989, and provide a foundation 
for investigations responsible for quantifying effects of excessive 
escapements upon future brood year production (Fish study No. 8). 

OBJECTIVES 

A. Estimate the numbers of spawning salmon by species and by 
intertidal and upstream areas for pink and chum salmon streams 
outside the sound where historical fry density data exist. 
These include 43+ streams in the Kodiak IslandjShelikof Strait 
Mainland area and 18 streams in the Chignik area. This 
objective entails: 

1. Using aerial survey data, to develop escapement indices 
for streams where historical fry density data exist. 

2. Ascertaining average pink salmon stream life using weir, 
aerial and foot survey counts of live and dead fish in 
selected streams. 



3. Deriving total escapement using quantitative models by 
stream and management area which incorporate stream life 
and aerial survey escapement data. 

B. Produce a catalog of aerial photographs and detailed maps of 
spawner distribution of pink salmon for index streams in the 
Kodiak and Chignik areas. These maps will allow for 
developing an enhanced pre-emergent fry sampling design for 
Fish Study Number 8. 

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

METHODS 

Two components comprise this study: 1) repeated aerial surveys for 
escapement indices on existing pre-emergent fry index streams; and 
2) weir stations located on selected streams to count fish; collect 
carcasses, and perform foot surveys for enumerating live and dead 
pink salmon. state/Federal Natural Resource Damage Assessment Plan 
Fish/Shellfish Study numbers 7 and 8 are interrelated, therefore, 
methods ana data collected in this stu4y will be used and applied 
in Fish study Plan 8. 

Aerial Suryeys 

Trained fisheries biologists will conduct aerial surveys using 
fixed wing aircraft on the 43 Kodiak and 18 Chignik Management area 
pre-emergent fry index streams. Surveys will be flown weekly on 
each_ index stream with the program continuing until seven surveys 
over the s~awning season (optimally including peak spawning 
activity) have been conducted or when spawner counts decrease to 
less than 10 percent of the maximum peak count observed. 
Additional nonindex streams (323 Kodiak and 72 Chignik) will be 
surveyed as time and aircraft availability permit. For each stream 
the following data will be recorded: 1) stream name and 
statistical number; 2) Julian date, weather conditions, visibility 
rating (bay, mouth and stream) , and time survey conducted; 3) 
observer, pilot and aircraft type; 4) number of live and dead fish 
of each species (in bay, mouth and stream reach); and 5) general 
comments. Data will be recorded in field notebooks then 
transferred to survey form CFAS01 (Appendix A.l). Subsequently, 
survey data will be entered into the regional survey data base. 
The observer upon completion of the surveys for a particular index 
stream will map spawner distribution and designate numbers of live 
and dead fish by species on an enlarged u.s.G.S. topographical map. 
For a more in-depth discussion of aerial survey methods refer to 
Bevan (1961) or Cousens et al. (1982). 



Weir Stations 

Weirs will be located at two established sites (Akalura and Horse 
Marine Creeks) and two new sites (Afognak River tributary and East 
Arm Paramanoff Creek). For contrast of stream life information, 
two weir locations are on the south end of Kodiak Island (Akalura 
and Horse Marine) and two north are on the north on Afognak Island 
(Afognak River tributary and East Arm Paramanoff). Pink salmon 
weir counts will be made on a daily basis and sequestered from 
personnel responsible for pink salmon aerial survey counts in an 
effort to eliminate a priori knowledge of actual counts while 
aerial surveys are conducted. Daily and cumulative weir counts 
will be recorded on form CFWR-01 (Appendix A.2). Weir crews and 
additional personnel will do foot surveys of Pillar, Akalura, Horse 
Marine, East Arm Paramanof, and Afognak River tributary creeks for 
counts of live and dead pink salmon on a minimum of two and maximum 
of three_day rotational basis. surveys will be initiated prior to 
appreciable· numbers of pink salmon entering streams and curtaiied 
during periods of high flow or when turbidity impedes visibility·. 
Live and dead count data will be recorded on form AKA89-1 (Appendix 
A.3). For all streams where periodic live and dead fish counts are 
conducted, a time series of up to seven weeks of counts could be 
available, providing a maximum of 21 data points per system. Data 
collected from weir operations·will be used for developing average 
stream life, correction factors for aerial survey calibration, and 
expansion of aeri'al survey escapement indices to total escapement 
by stream and management area. 

DATA ANALYSIS 

Stream Life Calculation 

Stream life for a pink salmon is defined as the length of time 
spent in a particular stream from initial fresh water entry 
extending to when the fish expires or exits the system. on a 
population level, average stream life can be determined using the 
difference between peak·counts of live and dead fish in days, over 
time. For this study, stream life will be determined for each of 
the five streams where live and dead fish count data will be 
collected. In calculating average stream life, live and dead fish 
counts are assumed to be normal probability distributions (Mundy 
1979; Eggers 1984). Stream specific live and dead count 
distributions will be evaluated to determine if this assumption is 
satisfied using graphical methods. To determine whether specific 
system stream life values can be combined, differences will be 
assessed by system from an average of all stream life values. I-f 
specific values are less than one standard deviation from the 
overall mean, the overall stream life value will be used for all 
forthcoming analyses. If differences exist, a stratification 
scheme will be imposed to determine which stream life values will 
be utilized for specific index stream escapement calculations. The 
stratification system, if required, will be founded on the 



following variables; stream order, orientation, geomorphology, 
stream length and climatology. 

Alternative determination of stream life values for each weired 
system will be formulated using a· model derived by Johnson and 
Barrett (1988). Using known temporal escapement counts and 
cumulative total escapement, stream life will be estimated by 
setting an arbitrary stream life value and incrementing the value 
(increasing or decreasing) until the model converges upon the known 
cumulative total escapement. This process will be repeated for all 
four weir systems. Using this model provides an objective unbiased 
evaluation of stream life values derived from the difference in 
live and dead fish distribution method. 

Total Escapement Estimation 

Temporal aerial survey escapement counts of pink salmon in spawning 
. streams are, depending upon the frequency and timing of the 
surveys, related to total or cumulative escapement. Defining and 
quantifying variables or relationships that allow transformation 
of aerial survey counts into reliable estimates of total escapement 
is the major question. Nelson and Geen (1981) derived q 
methodology·for expanding aerial survey counts to total escapement 
based upon stream residence time of female chinook salmon. Bevan 
(1961) has identified and evaluated types of variability and bias 
in aerial survey methods. The contemporary premise is that given 
a series of aerial survey-counts and some measure of stream life 
or stream residence time, a reasonable estimate of total escapement 
can be determined. Within the confines of this study, two 
approaches to estimating total escapement by stream and management 
area will be utilized. 

The first approach is a model devised by Eggers ( 1984) which 
incorporates the parameters s - standard deviation of fish entry 
into a stream, SL - stream life and a - carcass wash out rate. The 
model, given values for the parameters, estimates an aerial survey 
correction factor which allows for conversion of peak aerial survey 
counts to total escapement by stream. All parameters can be 
derived from data collected at weir stations. Assumptions of the 
model are: 1) temporal entry of fish into a stream follows a normal 
probability distribution; 2) stream life is normally distributed; 
3) number of dead fish removed from a stream in a given day is 
proportional to the number of dead salmon in the stream in that 
given day. The third assumption is the only one which has not been 
addressed to this point and will be evaluated using dead fish 
counts from stream surveys and carcass accumulations on weir 
panels. 

A second model which can be invoked to address estimating total 
escapement from aerial survey counts is the geometric approach 
presented by Johnson and Barrett ( 1988) • Two data requirements are 
necessary for the algorithm; escapement counts over time and stream 
life. The unit of measurement is area of the spawner abundance 
curve derived from the series of escapement counts. There are two 



elements within the approach, first is calculating number of fish 
between survey counts and the second is calculating total 
escapement. A suite of scenarios or cases can be accounted for 
which promotes flexibility with regard to data requirements. 
Accuracy of the escapement estimate according to Johnson and 
Barrett (1988) is a function of the accuracy of the escapement 
counts and to a lesser extent the stream life estimate. 

Both models will be assessed for reliability by using known counts 
applied to the models in addition to comparing the total escapement 
values by stream. Assessing the reasonableness of the escapement 
totals will provide a measure of the applicability of each model 
applicability. 

Spawner pistribution Mapping and Aerial Photography 

Spawner dis_tribution ma~s will be prepared in part. by observers 
conducting aerial escapement surveys and completed by personal 
responsible for surveys conducted in Fish study Number 8. Aerial 
photography will be conducted in a similar fashion for each index 
stream surveyed. 



Dates 

June - September 

October - November 

November 1 

NOvember 2 - December 

December 28 

SCHEDULES AND REPORTS 

Function 

Aerial and foot surveys, data 
collection 

Data editing,. analysis, report and 
map preparation 

Preliminary report - total area 
wide escapement 

Data analysis, report writing 

Total escapement - Final Report 

December 29 - January 1990 Refinement and Evaluation, Map 
finalization 

PROJECT BUDGET 

Line Item Category Budget1 

100 Personnel $117,100 
200 Travel 2,400 
300 Contractual 132,200 
400 Supplies 20,400 
500 Equipment 7,100 
700 Grants -o-

Total $279,200 

1Budget encompasses activities performed from 
15 July 1989 to 28 February 1990. 



FUNDED PERSONNEL 

Class PCN Name MM OT SEA HAZ COST 

FB IV 1202 D. Schmidt o.o 0 0 0 -o 
FB III 7016 B. Barrett 0.0 0 0 0 -o 
FB II 7017 c. swanton 6.8 350 0 0 38,595.00 
FB II 1419 J. Fox 0.5 180 0 0 8,186.00 
FB I N315 A. Dill 3.0 240 0 0 14,818.00 
FB I 1417 P.Roche 5.3 250 0 0 30,914.09 
FT III 1596 P. Kuriscak o.o 180 0 0 4,608.13 
FT III 1597 o. Kaplan 3.0 240 0 0 171631.08 
FT III 1652 c. Neff o.o 180 0 0 4,692.18 
FT III N415 s. Rodeo 2.3 180 0 0 9,233.84 
FT III N416 P. Ralston 1.5 120 0 0 6,155.89 
FT III N418 L. Brockman 1.5 120 0 0 6,155.89 
FT II 1342 c. Hemke 2.0 128 0 0 10,475.06 
FT II N409 L. Ranallo 2.3 180 0 0 8,175.84 
FT I 1472 R. Stoehr o.o 80 0 0 ·1,527.1~ 
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Figure 1. Map demarcating the Kodiak and Chignik Management Areas 
(Barrett and Pblk.iewicz 1989). 



Appendix J\.1. Aerial sw:vey dlata recor:dilfi9 iEotmo 
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PLASKA DEPARTMENT OF FISH AND GAME 
KODIAK MANAGEMENT AREA 

WEEKLY SALMON WEIR CAMP REPORT FOR YEAR: ___ _ 
For:m: CFWR-Ql 

WHR CAMP - -~··· . - ----- WtEKl Y REPORT 

NAME: PERSON~EL : ___________ _ NO: FOR WEEK ENDING (SATURDAY) ____ _ 

UAI .Y IUIAI SALMUt E.Sl:APE ME.NI . UAILY JAl:K RE.US S IE.E.l HE. AU DULL YS GILLNE. MARKE.U .!:!20 .E.VH H2o W oATHE 
DATE KINGS REDS COHO PINK CHUMS TOTALS NO. % . DOWN UP UP REDS OTHER UP ON TEMP. CEIL. VIS. WlllD DIR./ 

SPEED 

SUN D 
A . 

HON O 
A 

TUE O 
A 

WED O 
A 

I 

THU D 
A . 

FRI O 
A 

SAT O 
A 

TOTAL FIJR 
WK --
ACCUM. I.UI'11tr11 s 
THRU 
WK~-

Wl:l R MUR IS. I..UMMtl'il!l 
FOR WK 
TOT. AUUH. 
AWL SAMPL. I..UMMtf11!1 
FOR WK 
TOT. AUUR. 
AOOITIONAI COMMENTS: !BEAR ANO PEOPLE PROBLEMS: SMOLT MIGRATI N: WEIR PROBLEMS: CABIN REPAIR: NOTE AIRCRAFT TRAFFIC 

~ix A..2. Weekly weir report form. 



Appendix 1\. 3. Foot sur:vey data recording for:m. 

Plmt SALMON S'I'M:AM St.JRVEY FORM 
.MAlt-: 

....... ,., .. 
. Survey Counts 

------ ------ ----- ~------·------- 'l'eft1'.1/ 
Stream Name Date Obeer. ~ond. Heth. Live Dead Total ·c Rem.erks 

. 

. 

I 
I 

' 
---- . ---

1stream temperatu~ ehould be reoorded in oelalue and taken at the approxiMAte ~dpolnt of th• partloular atre ... 
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I. OVERVIEW 

This study is designed to determine the effects of the Exxon Valdez 
oil spill on abundance and survival of pin~ and chum salmon eggs 
and fry in the Lower Cook Inlet area (LCI) and Kodiak Island area. 
Because of different stream morphology, spawner distribution, 
variability in oiling, and differing rates of harvest of surplus 
salmon in the Kodiak and LCI areas, the study areas are addressed 
in separate sections of this study plan. These studies are closely 
tied with the studies of pink and chum salmon spawner distribution 
(Fish Study Number 7) . 

II. LOWER COOK INLET AND KENAI FJORDS AREA STUDIES 

INTRODUCTION 

This project was·designed to evaluate pink and chum salmon egg to 
fry survival in the intertidal spawning areas affected by the Exx9n 
Valdez oil spill. Intertidal spawning areas are important to pink 
and chum salmon in the LCI area and these areas are vulnerable to 
oil spills. · · 

From 1964 through 1984, the Alaska Department of Fish and Game 
conducted pre-emergent fry digs annually on 24 streams in .the Lower 
Cook Inlet/Kenai Fjords area. ·· These fry density data were 
essential for forecasting future adult returns of pink. salmon, 
however, funding for this study was cut from Fish and Game's 
general fund projects ·in 1985. This project will reinstate the 
pre-emergent fry study, provide additional information on egg 
density, and expand upon the level of sampling in eight of the 24 
streams so that egg to fry survival can be estimated. 

OBJECTIVES 

1. Assess overwinter survival (eggs to pre-emergent fry) for pink 
and chum salmon eggs in oiled and non-oiled areas. 

2. Assess loss in production, if any, from changes in overwinter 
survival. 

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

METHODS/DATA ANALYSIS 

Study Design 

Sampling will be conducted in two phases: egg-digs which are 
performed in late October-early November, and pre-emergent fry digs 



conducted in mid-March to mid-April. 

Streams to be sampled w~re selected using the following criteria: 

1. A sufficiently large adult salmon return to indicate a 
high probability of success when performing egg and fry 
digs. 

2. Past history of egg or fry dig sampling. 
3. Streams included in spawning ground surveys (Fish Study 

Number 7) and aerial escapement survey project (an 
existing Commercial Fish Division project). 

4. Logistic ease and safely of sampling during the winter 
and early spring months. 

Study Sites 

The eight streams selected for this project are Windy Creek Left, 
Port Dick Creek, Windy Creek Right, and Island Creek in the Kenai 
Fjords area and Humpy Creek, China Poet Creek, Seldovia River, and 
Port Graham Creek in the Cook Inlet area. The first two creeks 
have had oil deposited near the stream mouths, the next two have 
had oil floating offshore, and the remainder may have had no impact 
from oil. 

Sample Design 

Sampling methods are identical for the pre-emergent fry and egg 
digs. On each sample stream, four zones, three intertidal and one 
above tidal inundation, will be identified and marked by crews 
conducting stream surveys during the Injury to Pink/Chum Salmon 
Spawning Areas project (Fish Study Number 7). The zones are o.o-
0.6 _m, 0.6-1.2 m, and 1.2-1.8 m below mean high water, and upstream 
of tidal inundation. 

Separate linear transects 30.5 m in length will be established in 
each zone (one transect for each type dig). The transects will run 
diagonally across the river with the downstream end located against 
one bank and the upstream end against the opposite bank. 
Overlapping of transects will be kept to a minimum to control the 
influence of fall egg digs on abundance of fry during spring 
sampling. Fourteen circular digs (56 per stream), each 0.3 m2 in 
size, will be systematically dug along each transect using a high 
pressure hose to flush eggs and fry from the gravel. Eggs and fry 
will be caught in a specially designed net. Areas where salmon 
were not observed spawning during the spawning ground surveys (Fish 
study Number 7) will be avoided. Numbers of live and dead fry by 
species as well as numbers of live and dead eggs by species will 
be collected from each 0.3 m2 dig. Additional information such as 
date, time, and zone will also be collected. 

Two samples of eggs and alevin will be collected from each of the 
0. 6-1.2 m below mean high water stream zones for hydrocarbon 
analysis. A field blank (sample container opened at the collection 
site, closed and stored as if it contained a sample) will also be 

• 



collected. Results of the analysis will be used to document the 
level of oil impact sustained by the stream, eggs, and alevins. 
Each sample will consist of enough eggs or fry to provide 10 grams 
of tissue for analysis. Collectors will avoid putting the.samples 
into contact with any plastics, latex, etc. when gathering the 
samples. The sample containers will be pre-rinsed (with 
dicloromethane) glass jars with teflon lined lids as supplied by 
I-Chem. The samples will be stored in padlocked containers and 
kept in a freezer in the Homer ADF&G office. Appropriate chain of 
custody forms will accompany each sample. 

Data Analysis 

The major objective of this analysis is to test for differences in 
egg to fry survival between streams which were oiled and those that 
were not. The power of the test is unknown; consequently, the 
number of streams sampled is based on what can be surveyed in a 
reasonable manner given the window of time during which sampling 
must take place. 

A mixed effects analysis of covariance will be used to test for 
differences in egg to fry survival due to oiling. ·Level of 
hydrocarbon impact and height in the tidal zone will be treated as 
fixed effects. Height in the tidal zone is nested within stream, 
a random e1=fect. . The level of .hydroparbon impact will be 
determined from hydrocarbon analysis of mussels collected by the 
Injury to Pink/Chum Salmon Spawning Areas project (Fish Study 
Number 7). 

Analysis of variance will be used if no suitable hydrocarbon data 
are available. Degree of oiling as visually assessed by the Injury 
to Pink/Chum Salmon Spawning Areas (Fish study Number 7) will be 
used to post-stratify streams. Degree of oiling will be treated 
as a fixed effect and height in the tide zone will also be a fixed 
effect nested in stream, a random effect. 

An assessment of lost fry production will be made if differences 
in egg to fry survival due to oiling are detected. Average 
survival from unoiled areas will be used to estimate potential fry 
density in oiled areas. Observed and potential fry densities will 
then be expanded to estimate total observed and potential fry. 
The difference between the two estimates will be considered lost 
fry production. 

Specific statistics to be estimated are: 

l. Number of dead and viable eggs per square meter by salmon 
species, stream, and stream zone. 

2. Number of dead and live fry per square meter by salmon 
species, stream, and stream zone. 

3. Egg to fry survival by salmon species, stream, and stream 
zone. 

4. Lost·production by salmon species, stream, and stream 
zone. 



Date(s) 

oct 23 - Nov 3 1989 

Nov 6 - Dec 17 1989 

Mar 12 - Mar 23 1990 

Mar 26 - May 3 1990 

Line Item 

100 
2·00 
300 
400 
500 
700 

Total 

SCHEDULES AND REPORTS 

• 

Activity 

Egg digs in 8 study streams. 

Data entry and preliminary analysis 

Fry digs in same 8 study streams. 

Data entry, final analysis, and 
report. 

PROJECT BUDGET 

Category Budget 

·Personnel Services. $ 5,200 
Travel $ 600 
Contractual $ 5,000 
Commodities $ 800 
Equipment $ 4,100 

Grants $ 0 

$ 15,700 

Budget is for all activities performed from March 27, 1989 to 
February 28, 1990. 

Class 

FB II 
FB I 
FT III 
FT II 

PCN 

11-1258 
new 

11-1590 
11-1369 

FUNDED PERSONNEL 

Name PFT mm SFT mm 

2.5 (funded under CF-381) 
1.5 

0.7 
0.7 

• 



II. KODIAK AND CHIGNIK MANAGEMENT AREA STUDIES 

• 
INTRODUCTION 

During 1989, a number of commercial salmon fisheries in the Kodiak 
and Chignik Management Areas were closed as a direct result of the 
Exxon Valdez oil spill. A potential outcome of these closures is 
overescapement of pink and chum salmon in some streams. The goal 
of this investigation is to quantify effects of the 1989 
escapements upon future brood year production. Pink and chum 
salmon constitute 87% (6,517,000 pinks, 745,000 chums) and 35% 
(705,097 pinks, 165,725 chums) of the Kodiak and Chignik salmon 
harvests, respectively. The average value of pink and chum salmon 
harvest during the last nine odd years (years of high pink salmon 
abundance) in Kodiak and Chignik has been 14.8 and 3. 7 million 
dollars (Malloy 1989; Thompson and Fox 1989). 

Within the Kodiak and Chignik Management Areas there are 3 4 6 
streams that support populations of pink salmon and 90 streams that 
support populations of pink and/or chum salmon. Pink salmon pre~ 
emergent sa·c fry sampling has been conducted in 43 Kodiak and 8 
Chignik streams periodically over the last 20 years. Indices of 
pre-emergent sac fry abundance coupled with aerial survey 
escapement counts; provide the foundation for forecasting returns 
and projecting harvest potential of· ·these species. 

To evaluate potential damage to future brood year pink and chum 
salmon production, total escapements, pre-emergent sac fry 
abundance, available spawning habitat, and fecundity· and egg 
retention variables can be used to evaluate trends in overwintering 
survival of egg to pre-emergent sac fry. A relationship using 
these objective measures for quantifying potential damage to future 
brood year production will be developed and · assessed by the 
project. 

OBJECTIVES 

A. Determine abundance of pink and chum salmon eggs and pre­
emergent fry. Specific objective includes: 

1. Derive a length-fecundity relationship for odd year Kodiak 
and Chignik pink salmon. 

2. Determine egg retention and fork length for female pink 
salmon in selected pre-emergent streams. 

3. Ascertain total available spawning habitat for selected 
pre~emergent index streams. 

4. Estimate potential egg deposition for pink· and chum salmon 
in selected streams. 



5. Estimate number of pre-emergent sac fry. 

B. Determine overwinter mortality (egg to pre-emergent fry) of 
pink and chum salmon eggs. 

C. Determine reductions, if any, in pink and chum salmon pre­
emergent fry abundance due to oiling. 

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

ME'rRODS 

Length-Fecundity Sampling 

Personnel stationed at the four weirs (used for foot surveys and 
escapement counts in Fish Study Number 7) will also collect pink 
salmon length-fecundity data. one hundred female salmon will be 
randomly sampled (prior to upstream migration) from each wired 
system. An additional sample will be taken from a stream in the 
Chign·ik Area. The sample size ( 100 females per system) is a 
compromise between-effort associated with-sampling·and number of 
samples z:tecessary to determine_the length-fecundity relationsliip. 
Each sampled fish will be killed, length will be measured to the 
nearest millimeter, and all eggs will be counted in the f iel"d. 
Sampling will be spaced over a two week period in an attempt to 
represent a wide spectrum of the particular run. All data will be 
recorded on form AKA89-2 (Appendix A.1). 

Index Stream suryey and Spawner Distribution Mapping 

Using enlargements (27% greater than 1:1) of 1:250,000 United 
States Geological Survey (U.S. G. S.) topographical maps encompassing 
index streams, experienced management personnel will demarcate 
upper and lower limits of pink salmon spawning distribution based 
upon aerial surveys from previous years. Information from aerial 
escapement surveys during 1989 (Fish study Number 7) and spawner 
distribution derived from helicopter flights from this study will 
be integrated into maps to provide detailed spawn~r distribution 
information for all index streams. Spawner distribution for this 
study will be marked on maps during peak spawning activity (or 
noted otherwise) and aerial estimates of pink salmon numbers will 
be recorded by stream reach. 

Egg Retention Sampling 

From each index stream selected for surveying, 150 fish will be 
sampled from which to estimate egg retention. Sampling intensity 
will be proportional (weighted) to the level of spawning in a 
stream reach. Therefore, sampling will be concentrated in areas 
where major spawning densities have been noted by the aerial 
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escapement survey observers (Fish Study Number 7). Sampling will 
be conducted using a systematic stratified sampling design. In 
streams where major concentrations in specified areas are low (< 
1,0GO carcasses) every other female will be sampled, where 
densities are high (> 5,000), every fifth female will be sampled 
until the complete sample of 150 is obtained. Sampling procedures 
will consist of measuring each fish (mid-eye to fork-of-tail) , 
making an incision in the fish, removing all eggs retained in the 
body cavity, and placing the eggs in a ziplock bag. Each sample 
will be labeled with the stream name, number, and length of the 
fish sampled. If an individual fish has fewer than 200 retained 
eggs, the eggs will be counted in the field. Data will be 
recorded on form AKA89-4 (Appendix A.2). 

SpawDinq Habitat Survey Design 

Using maps which delineate the upper and lower limits of spawner 
distribution for a given index stream, total stream length will be 
estimated in meters using·a calibrated map wheel. Overall stream 

. length (length of stream available to spawning fish) will be 
measured with no attempt made to stratify tributaries or braided 
channels, which will be included in total length measures. The 
entire str~am will be divided into 300 meter sections beginning at 
the lower, and extending to the upper limits of historical spawner 
distribution. Each section will be assigned a random number 
beginning at 01, and sections to be sampled for spawning ha,Pitat 
~urveys will be ·selected using a random number generator. 

Numerous aquatic habitat inventory survey designs exist (Platts et. 
al. 1983; Frissell 1986; Murphy et. al. 1987; Hankin and Reeves 
1988), however, for purposes of this study, a systematic cluster 
transect sampling design was deemed most appropriate based upon 
temporal constraints and unique requirements of the objectives. 
Five 300-meter long sections will be randomly selected to be 
sampled from each stream. Beginning at the downstream end of each 
of these sections, cluster transects will be run perpendicular to 
the stream bank at 25 meter intervals. Twelve transects per 
section and a maximum of 60 per stream will be measured. 

According to the literature and also habitat suitability index 
models from Raleigh and Nelson (1985), substrate size and water 
velocity appear to be the most critical variables with regard to 
spawning success of pink salmon. Substrate embeddedness may also 
have an impact on spawning success (Platts et al. 1983), however 
its importance as a quantitative variable related to initial pink 
salmon life history stage survival is unknown. At each sample 
transect, stream width, spawning habitat, water velocity, depth, 
and substrate embeddedness will be recorded. Stream width will be 
measured along each transect from a minimum depth of six inches of 
water to the opposite stream bank or to the point where water is 
less than 6 inches in depth. In maintaining consistency of 
measures~both wit~in and between streams, protruding logs, rock 
outcroppings, etc. surrounded by water are included in measurements 
of width. Islands are not included; an island is any object 



protruding above the water surface greater than o. 3 m in width. 
Ranges for substrate sizes, water velocity and depth were developed 
using an average of values in the literature (Divinin 1952; 
Chambers 1956; Andrew and Geen 1960; Krueger 1981; · Neave 1966; 
Wilson et. al. 1981). 

Available spawning habitat will be estimated based upon the 
previously mentioned variables and recorded as a percent. An area 
will be considered as suitable spawning habitat for pink salmon if 
substrate sizes are between o. 58 and 13.75 em, stream depth is 
greater than 0.15 m, water velocities are between o. 28 and o. 9 
m;second, and if stream embeddedness is such that excessive foot 
pressure must be exerted before gravel is displaced. Data will be 
recorded on form AKAS9-3 {Appendix A. 3) • To standardize data 
collection, all personnel who will perform sampling will receive 
a 12 hour training session with experienced field personnel. 

Pre-emergent Fry Sampling 

Sampling of pr.e-emergent sac fry will be conducted on index streams 
and stream reaches in the Kodiak and Chignik Management Areas based 
upon results of Fish study Number 7, fina1ized spawner distribution 
maps, escapement magnitudes and spawner densities. Selection .of 
index streams and stream reaches to be sampled will be the 
responsibility of the .Regional Biometrician. All streams and 

· reaches in the Kodiak Area which are sampled for pre-emergent 'fry 
· during normal sampling by the Commercial Fish Division will be 
treated separately from the present investigation. Circular digs 
(0.3 m') will be conducted along a transect line run perpendicular 
to the stream bank in selected areas. The number of digs per 
transect will vary depending on analysis of spawner density data. 
Digs will be conducted using a high pressure hose to extract eggs 
and fry from the substrate and a specially designed net will be 
used to catch eggs and fry as they are displaced. Numbers of live 
and dead f~ and eggs by species will be collected and counted from 
each 0.3 m' dig. Data will be recorded on water resistant forms in 
the field and transferred to the regional data base upon completion 
of a specific stream. 

DATA ANALYSIS 

The analytical component of this investigation will integrate data 
and results from Fish Study Number 7 as well as historical 
escapement and pre-emergent sac fry indices, length-fecundity data, 
potential egg deposition and spawning habitat estimates. A 
cohesive series of analyses will address the following estimate.s: 

1. Total available spawning habitat in index streams for Kodiak 
and Chignik. · 

2. Spawner density in No.;m' for a spectrum of escapement 
magnitudes. 



3. Potential egg deposition for pink and chum salmon for the index 
streams addressed. 

4. Number of pre-emergent sac fry in index streams. 

5. Overwinter mortality (egg to pre-emergent fry) in index 
streams. 

SCHEDULES AND REPORTS 

Dates 

June - September 

October - November 

December 1 - December 21 

December - FebFUary 1 

February 10 

Line Item 

100 
200 
300 
400 
500 
700 

Total 

Activity 

Field surveys, data collection 

Historical data collection, editing, 
preliminary analysis and map 
preparation 

·Data analysis, interim report 
submitted 

Report Fin~lization 

Pre-emergent fry sampling 

PROJECT BUDGET 

category Budget1 

Personnel 39,200 
Travel 800 
Contractual 44,100 
Supplies 6,900 
Equipment 6,900 
Grants -o-

$95,700 

1Budget includes activities performed from 15 
July 1989 to February 1990. 
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Note: The Fishery Management Team did not request field work to 
start on this study until 1990, and no field work has so far been 
done. This is an operational plan for development of a detailed 
study plan by February 1990 for the 1990 field season. It includes 
budgets for the periods 3/l/89-2/28/90 and 3/l/90-2/28/91. 

INTRODUCTION 

The early marine period is a critical one for salmon because it is 
during this period that the greatest mortalities are incurred. 
Reductions in food supply or access to rearing areas can reduce 
growth and prolong the period when the fry are vulnerable to 
predators. 

Some estuarine and intertidal nursery areas important to salmon 
were heavily impacted by the oil spill. These include several bays 
in the Kenai Fiords area, in the lower Kenai Peninsula, and on 
Kodiak Island. It is anticipated that these impacts may have 
detrimentally affected the viability of salmon production in these 
areas and the resultant viability of the present fisheries and 
related economy. 

In this study, oiled and unoiled paired sites will be selected in 
each area and investigated for effects of oil on both salmon fry 
and their food supp1.y. This study wil~ differ 'from Project 4 
(injury to juvenile salmon within Prince William Sound) in that it 
will not include recoveries of coded-wire-tagged fish, since few 
tagged .fish will be in the regions of study. 

OBJECTIVES 

A. Determine the impact of the oil spill on abundance, growth, 
diet and stomach fullness of fry. 

B. Determine the impact of the oil spill on food supply, as 
measured by plankton and epibenthos abundance and composition. 

c. Determine hydrocarbon ·levels in tissues of juvenile salmon in 
oiled and unoiled areas and document any oil-related 
mortalities and other adverse changes in viability. 

D. Identity opportunities for restoration of lost habitat or fish 
where injury is identified. 

METHODS 

The following is only a brief outline of expected methods to be 
used. Detailed methods will be described in the study plan 
presently under development. 

l 



Each component will include pair-wise comparisons of oiled and 
unoiled sites similar to that conducted in Prince William Sound in 
1989. Sites will be chosen that have similar gradient, substrate, 
exposure, and currents. All methods and techniques will be made 
compatible with those already in use in the early marine salmon 
study in Prince William Sound (Study No. 4). 

l. Lower Cook Inlet. Nick Dudiak, Study Leader 

Target species: pink and chum salmon juveniles 

Three strategies will be used to assess effects of oil on juvenile 
salmon and their habitats: l) A pairwise comparison of oiled and 
non-oiled habitats and the abundance, growth, feeding habits, 
behavior and food resources of juvenile salmon in these habitats; 
2) Comparisons with historical data on juvenile salmon ecology in 
Lower Cook Inlet. 

Three paired sites will be selected. Two pairs will be selected 
in the outer District and one pair in the Southern District. Tutka 
Bay will be used as one "control", non-oiled area in the Southern 
District because historic juvenile salmon and food habit·data are 
available. 

Every ot.Q.er w~ek from April - August,. a crew of three in 16 - 18 
foot skiffs will collect juvenile pink and chum salmon at these 
paired sites using beach and purse seines. Plankton and epiberithic 
sampling will also be conducted in conjunction with juvenile salmon 
sampling on an alternate week basis. 

Fry samples taken at each site will be analyzed for CPUE, size, 
diet and stomach fullness. Periodically, fry samples will be 
collected and frozen for later archiving and possible hydrocarbon 
analysis. 

Horizontal plankton and shallow epibenthic samples will be taken 
at all paired sites twice-monthly basis during the April - August 
sampling period. Oceanoqraphic measurements, such as temperature, 
salinity, and physical sea conditions, will be recorded at each 
sampling site each period. 

The level of hydrocarbon contamination of the tissues of juvenile 
salmon will be assessed by pairwise comparisons between oiled and 
non-oiled areas. 

2. Kodiak Island~ Lonnie white, Study Leader 

Target species: pink and underyearling sockey salmon juveniles. 

Study areas will include the Izhut and Raspberry Strait areas which 
have juvenile salmon and which were affected by oil. Both oiled 
and unoiled nursery areas are be found in these areas. Sampling 

2 



will be done between March 15 and August 15. 

Sites will be visited each week. A 25-ft Boston Whaler will be 
used as the sampling platform and for transportation from Kodiak 
to the study sites. 

Records will be kept of CPUE for three beach seine hauls at each 
site. A total of 30+ juvenile salmon will be preserved in formalin 
for growth information and lO stomach samples will be taken for 
diet information. Two replicate plankton and epibenthic samples 
will be taken at each site. 

Observations will be made of oil observed in the study areas. Fry 
will be pooled to obtain lO-gram tissue samples will be taken and 
archived for later hydrocarbon analyses. 

3. Resurrection Bay-Kenai Fiords. Work in this area may be done 
under contract to another agency, possibly the USF&WS if the us 
Dept. of the Interior extends its activities beyond 28 February 
1990. A recent baseline study by the USF&WS of salmon fry in 
Resurrection Bay will be used as a reference. 

BUDGET SUMMARY 
1. Pres.ent - 2/28/90 

-Area 100 200 300 400 500 Total·. 

-~-------------------------------------------------Lower Cook Inlet 16.0 0.2 o.o 5.2 
Kodiak/Shelikof 16.0 1.0 2.2 6.2 
Kenai-Resurrectiona 

14.5 35.9 
9.0 34.3 

35.0 

---------------------------------------------------

Details 
on page 

~nclusion not yet decided, estimated budget if approved. 

2. 3/1/90- 2/28/91 .. . 

Area lOO 200 300 400 500 Total 
-~------------------------------------------~~~~---Lower Cook Inlet 74.2 0.5 51.8 0.8 4.5 131.8 
Kodiak/Shelikot 75.0 1.5 32.6 13.2 5.6 127.9 
Kenai-Resurrection• 

---------------------------------------------------~nc1usion not yet decided 

Details 
on page 
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LCI BUDGET 
Present - 28 February, 1990 

LINE 100: 

No. Class Name Months 
Salary/ 
Benefits Total 

7048M FB I PFT Boyle 4.0 4.0 

LINE 200: 

l Round trip to Anchorage @ $0.2 

LINE 300: -a-

LINE 400; 

Miscellaneous sampling equipment: plankton nets, 
samplinq containers, lab equipment 

SUrvival suits/float coats 

Total 
LINE 500: 

18 foot aluminum skiff,.trailer, 50hp &·lOhp motors 
· D.O. and· salinity meters with probes 
Marine VHF radio 

GRAND TOTAL 

BUDGET SUMMARY 

Period: Present - 28 February, 1990 

Task 100 200 :300 

l. Site ID l6.0y 
2. Literature survey s/ 
J. Detailed project plans s/ 
4. Order equipment & 

recruit personnel s/ 
s. Interface w; other studies s/ 
~. Sample custody training s/ 0.2 

TOTAL 

Total 

400 sao 

5.2 14.5 

sJ- FB I PFT position involved with all other tasks. Not 
down in this presentation. 

4 

$16.0 

$0.2 

$:3.2 
_b.Q 

$5.2 

$11.0 
J.O 
0.5 

$14.5 

$:35.9 

Total 

$16.0 
-a-
-a-

19.7 

0.2 

$:35.9 

broken 
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LCI BUDGET ESTIMATE 
l March, 1990 - 28 February, 1991 

LINE 100: 

No. Class Name Months Salary 

7048M FB I PFT Vacant 12. a 4.0 
7049M FT III s Vacant 4.0 2.5 
7034M FT II s Vacant 4.0 2.2 
70S 2M FT II s Vacant 4.0 2.2 

Total: 24.0 

LINE 200: 

l round trip Anchoraqe;cordova @ 0.5 

LINE 30Q_; 

Charter support for samplinq: 

LINE 400; 

Vessel • $2.5/day x 4 days/months x 4 months = 
Air • Otter @ $0.45/hr x 2hr/trip x 2 trips = 
Limnology Section lab analysis costs = 

Total · 

Miscellaneous samplinq equipment: plankton nets, 

Total 

$48.0 
10.0 
8.8 
8.8 

$74.2 

0.5 

$40.0 
1.8 

10.0 
$51. 8 . 

samplinq containers, lab equipment, food 0.8 

LINE 500: 

Survival qear, float coats, tools for boat, 
tide meter 

TOTAL 

5 

4.5 

$131.8 



KODIAK BUDGET 
Present - 28 February, 1990 

LINE 100: 

No. Class Name Months 

7048M FB I PFT Honnold 4.0 

LINE 200: 

3 Round trip to Anchorage @ $0.24 + $80 PO 
LINE 300: -a-

Air charter site selection 10 hr @ @$200 
Phone and xerox 

LINE 400: 
survival suits/float coats 
Safety equipment 
Beach seines 2 @ 850 
Plankton supplies 
chain of custody sample bottles 
office supplies 
photo supplies 
lab supplies 
purse seine 
dip nets 
ehest waders, neoprene 2 @ $~50 

LINE 500: 
Yamaha outboards, 130 HP, 2 @ $3800 
o.o. and salinity meters with probes 
Marine VHF radio 

GRANO TOTAL 

Task 

l. 
2. 
3. 

KODIAK BUDGET SUMMARY 
Present - 28 February, 1990 

100 200 300 

Site IO 4.0 0.0 2.0 
Literature survey 2.0 o.o o.o 
Detailed project plans 4.0 0.4 0.2 

4. Order equipment & 
recruit personnel 2.0 o.o o.o 

s. Interface w; other studies 2.0 0.3 o.o 
6. Sample custody training 2.0 0.3 o.o 

Salary; 
· Benefits Total 

4.0 

2.0 
0.2 

$16.0 

1.0 

Total 2.2 

1.35 
0.5 
1.7 
o.s 
0.2 
0.5 
0.5 
0.2 
1.2 
0.2 
0.3 

Total $6.15 

7.6 
0.9 
0.5 

Total $9.0 
$34.4 

400 500 Total 

o.o o.o 6.0 
o.o 0.0 2.0 
o.o o.o 4.6 

6.2 9.0 17.2 
0.0 0.0 2.3 
o.o 0.0 2.3 

--~--------------------------------------------------------------16.0 1.0 2.2 6.2 9.0 34.4 

-----------------------------------------------------------------
6 



KODIAK BUDGET ESTIMATE 
l March, 1990 - 28 February, 1991 

LINE 100: 

No. Cla..ss Name Months 

7048M FB I PFT Honold 
7049M FT III s Vacant 
7034M FT II s Vacant 

Total: 

LINE ZOO; 

3 rouna trip Koaiak/Anchoraqe @ 0.5 

LINE 300: 

Aircraft/boat charter 

12.0 
4.0 
4.0 

20.0 

Limnology Section lab analysis costs 
Phone 12 @ $50 
motor repairs 

LINE 400: 

Gasoline 2000 qal @ $1.20 ana oil $200 
Groceries 600 man-aays @ $11 

Total 

Replacements for items shown in previous year 
Total 

LINE 500: 
Avon raft, 14-ft 
Outboard, Yamaha, 40 HP 

7 

·Total 

TOTAL 

Salary 

4.0 
3.5 
3.0 

15.0 
15.0 
0.6 
2.0 

2.6 
6.6 
4.0 

3.6 
2.0 

Total 

$48.0 
14.0 
12.0 

$75.0 

1.5 

$32.6 

13.2 

5.6 

$]27.9 
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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 ariadromous stocks of Dolly Varden 
char, Sal velinus malma, (hereafter referred to as char) ; and, sockeye 
salmon, Oncorhynchus nerka, (hereafter referred to as sockeye) of the 
lower Kenai Peninsula (LKP). 

Char are estuarine anadromous species that inhabit much of LKP. Unlike 
anadromous Pacific. salmon, Oncorhynchus sp., char utilize near-shore and 
estuarine areas for feeding and their marine migrations are not as 
extensive as those of Pacific salmon (Armstrong and Morrow 1980). 
Stocks of this species inhabit areas that have been severely affected by 
direct contact with oil including Delight and English Bay Lakes. Since 
this species commonly live to age 8 (Morrow 1980), the potential exists 
for long- term effects from exposure to oil. Study of this species is 
crucial in that it represents the only finfish species (with the 
exception of cutthroat trout, Oncorhynchus clarki) in the fishery 
assessment proposal package· that inhabits the most oil-affected areas 
(the near-shore waters of the LKP) throughout most of it's life. 

The lower Kenai Peninsula stocks of sockeye are important to the sport, 
commercial and supsistence fisheries in lower Cook Inlet. Anadromous 
sockeye utilize nearshore marine regions during the early stages of 
their marine residence, feeding on zo~plankton, insects, and small 
fishes (Morrow l98Q). Stocks of sockeye from Delight and English Bay 
Lakes inhabit marine areas that have been severely affected by dir~ct 
contact with oil, however many young fish that emigrate from Leisure 
Lake and Big Lake will not have had contact with oiled nearsho~e marine 
areas. The potential impact on survival of sockeye while inhabiting the 
oil-affected areas (near-shore waters of the lower Kenai Peninsula) 
requires assessment of smolt production and adult returns (harvest and 
escapement) to these systems. 

Life History 

Dolly Varden Char: 

The experimental design for the char portion of this program is based 
upon the life history model developed by Armstrong (1970, 1974, 1984; 
Armstrong and Morrow 1980) to explain the migratory behavior of 
anadromous char. This model identifies two patterns of life history: 
fish that were spawned in lake systems, and fish that were spawned in 
non-lake systems. For both groups, juvenile char remain in freshwater 
residence in their natal stream for up to four years. During their last 
~pring of freshwater residence, they smolt to sea. During late summer 
or early fall, fish that were spawned in lake systems then return to 
their natal stream to overwinter in the freshwater lake. During the 
spring, they emigrate into marine waters and annually return to their 
natal lake system during late summer or early fall to spawn and 
overwinte}:'. Fish that were spawned in non-lake systems exhibit a more 
complex migration. Upon smoltification, juvenile char search for a lake 



system to overwinter. These fish then behave in the same manner as do 
fish that originate in a lake system except that the return to their 
natal stream to spawn, and then return to their lake system to 
overwinter. 

Sockeye Salmon: 

Sockeye salmon are anadromous fish that spawn primarily, but not 
exclusively, in streams associated with lakes. The fry spend their 
first or second year rearing in lake habitat and smolt the following 
spring. Young sockeye stay close to shore and move out to the open 

·ocean as they grow larger. After two years in the marine environment 
they return to their natal streams for spawning (Morrow 1980). 

Experimental Desi&n 

Dolly Varden Char: 

It is hypothesized that two detrimental impacts on this species could 
result from the presence of large amounts of crude oil in marine waters 
including: (1) reduced survival; and (2) reduced growth. To test 
whether ther~ will be measurable impact on these stocks, one or two lake 
systems having stocks of char from each of two treatments were selected 
for study. A high- impact treatment is defined as a stock emigrating 
from a lake system which flows into a marine environment which ~as been 
directly impacted by oil, while a low-impact trea~ent is defined as 
stocks exiting lake systems into areas which have not been directly 
impacted by oil. 

The principal objective of the project is to measure annual abundance, 
survival, recruitment, and growth of the stocks of char in each of the 
study streams over three calendar years. Our 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 marine 
migrations can range ~up to 116 kilometers (Armstrong 1974). In 
addition, we will also test whether fish that enter systems tributary to 
non-oiled marine waters migrate into oiled systems to overwinter; thus 
providing a measure of the extent of fish e}_tposed to oil. Although, 
marine migrations from low-impact• waters may extend into oiled marine 
waters, the stocks selected within each treatment still represent 
different treatments in that the marine waters first encountered upon 
entry from freshwater will be very different in their oil content. 
Thus, it is assumed that any significant changes in stock abundance, 
composition, dynamics, or tissue composition from the initial emigration 
of stocks in the oiled treatment as. compared to stocks from the non­
oiled treatment is due to contact with the oiled marine waters. 

Armstrong's model of migratory behavior provides the basic framework for 
this study. Each of the study lake systems represents a stock of fish 
that annually homes to that specific overwintering stream. Although 
sampling will not be conducted until spring 1990 (which is one year 
after the original oil contamination), fish older than age 5 would have 
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been present in their respective lake system during the 1989 emigration. 
Also, we expect oil to persist in these marine waters and testing of 
these fish in subsequent years after contamination remains a valid 
appro.ach. In addition, a non-oiled non-lake system that supports a 
large number of char will be sampled to measure whether these fish 
migrate into lake systems tributary to oiled marine waters to 
overwinter. Since this system does not contain a lake, these fish will 
migrate to a lake system to overwinter (Armstrong 1984). 

A measurable detrimental impact on these anadromous stocks of char may 
result in a loss to the sport fishery. The status of the sport fishery 
will be investigated through: (l) an ongoing mail questionnaire (Mills 
1988); (2) an ongoing creel survey and stock status program for the 
Anchor River, Appendix B (Larson 1988); and (3) a creel survey of 
selected LKP marine ports (OSIAR study FS# 6). 

Sockeye Salmon: 

It is hypothesized that the presence of large amounts of crude oil in 
marine waters could reduce the survival of marine sockeye smolt. To 
test this hypothesis ·four study sites were chosen. Two of these, 
Delight and English Bay lakes, were directly affected by the oil spill 
and two Big Lake and Leisure Lake were not. 

The strategy is to measure the marine survival rate. for each age class 
of sockeye .salmon and compare. the surviva~ rates of the oil impacted 
areas to those that.were not affected by the oil. 

OBJECTIVES 

During 1990, the specific objectives of this project are: 

Dolly Varden Char: 

1. to t~st the hypothesis that there is no difference in annual 
survival rates of char between oiled and non-oiled lake 
systems (the test will be done given a level of significance 
of a - 0.05); 

2. to test the hypothesis that there is no difference in annual 
growth rates of char between oiled and non-oiled lake systems 
(the test will be done given a level of significance of a -
0.05); and, 

3. to test the hypothesis that char from non-oiled, nond lake 
systems migrate into oiled systems (the test will be done 
given a level of significance of a- 0.05). 

4. to identify potential alternative methods and strategies for 
char restoration of lost use, populations, or habitat where 
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injury is identified. 
completion). 

Sockeye Salmon: 

(To be accomplished at project 

5. to test the hypothesis thaj: there is no difference in annual 
survival rates of sockeye between oiled and non-oiled lake 
systems (the test will be done given a level of significance 
of a • 0.05); 

6. to identify potential alternative methods and strategies for 
sockeye restoration of lost use, populations, or habitat where 
injury is identified. (To be accomplished at project 
completion) . 

To accomplish these objectives the following tasks will be performed. 

Dolly Varden Char: 

1. Count the char emigrating in spring through weirs placed on 
three lake systems, two in oiled areas and one in a non-oiled 
area. 

2. Estimate annual survival rates for each of the overwintering 
study stocks using abundance data collected at the weirs . 

. 3. Count the char immigrating into a non-lake system in late 
summer; but emigrating from this non-lake system during the 
fall. 

4. Estimate mean length of emigrating trout and char from each 
study stream (the estimates will be ± 10 mm of their true 
values 90% of the time). 

Sockeye Salmon: 

5. Estimate the number of smolts emigrating in the spring through 
weirs placed on four lake systems, 1990 

6. Count adults immigrating through the weirs in the summer 
(escapement) on four lake systems, 1991-1992. 

7. Estimate the proportions of harvested adults by age such that 
each estimate will be within ± 5 percentage points of the true 
proportion 95% of the time, 1991-1992. 

8. Estimate the proportions of escapement by age to the four lake 
systems such that each estimate will be within ± 5 percentage 
points of the true proportion 95% of the time, 1991-1992. 

9. Tally the harvest of adults in terminal fisheries on stocks 
from three lake systems; 1991-1992. 
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10. Estimate the harvest of adults in the mixed stock fisheries of 
Cook Inlet on one stock such that the estimate is within ± 5 
of the true harvest 95% of th~ time, 1991-1992. 

11. Estimate the mean length of adults (1991 and 1992) and smolts 
(1990) such that each estimate is within 5 mm 95% of the time. 

METHODS 

Study Desim 

Dolly Varden Ghar: 

The study includes four systems; English Bay and Delight Lake, which are 
in areas exposed to oil, and Packers Lake and Anchor River, which are in 
non-oiled areas. The first three are systems with lakes on them, while 
Anchor River does not contain a lake in its drainage: 

Based on Armstrong's migratory model; all spring emigrants from the 
three lake systems will return, overwinter, and emigrate the following 
spring which allows for estimation of annual survival and growth for the 
population. These systems will be· weired in the spring and all 
emigrating char will be counted, sampled for length, tagged and examined 
for tags from previous years. The hypothesis of equal annual survival 
and growth will be tested on these three systems, with two representing 
the treatment (oiled) and one being the control. 

Char emigrating from the non-lake system (Anchor River) will search for 
and overwinter. in a lake system; only returning to their natal stream 
for spawning (Armstrong 1984). Since the char from the Anchor River 
will emigrate to other systems to overwinter this system will be weired 
during both the summer and fall. All char migrating upstream and 
downstream will be counted and examined for tags from previous tagging; 
length samptes will be taken; and all emigrating, spawning char will be 
tagged. The details of this program are presented in an ADF&G Sport 
Fish Division Federal Aid in Fish Restoration Operational Plan, Appendix 
B (Larson 1989). 

Suryival Rates. Survival will be estimated for smolts, immature and 
mature char. Initially, all char up to 200 mm will be considered smolt. 
All char between 200 mm and 250 mm will be considered to have been 
immature the year before. Blackett (1968) found average length of 
mature char to be in the range 250 mm and larger and the smallest 
spawning char sampled in Kodiak in 1988 were at 250 mm. Ghar over 250 
mm in length will be classified as mature. At the conclusion of the 
year's sampling, we will analyze length frequency data to identify size 
classes of smolt. 

Ghar over 200 mm will be tagged with numbered Flay FD-68 anchor tags. 
Ghar under 200 mm and down to 110 mm will .be tagged with numbered Flay 
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Fabric tags. If all fish can be censused and examined for tags in all 
years, survival will be known for each system. Annual survival will be 
estimated for three groups, smolts, immature and mature char. The 
mortality rate of spawning char is known to be high, particularly for 
males (Armstrong 1974), so the rate of survival estimated for smolt and 
immature char will be used to test- the hypothesis of equal survival 
between oiled and non-oiled systems. 

The hypothesis of equal survival will be tested using a chi-square 
statistic. The goals set in Table 1 for number of fish to mark are 
calculated under the assumption that all char are censused and examined 
for tags. However, if unknown numbers fish can be expected to be lost 
past the weir, then survival cannot be estimated directly from the 
numbers released and returned, instead survival will be estimated with 
mark-recapture methods. Estimates of survival (Seber 1982) from a mark­
recapture experiment with their 95% confidence intervals at three levels 
of abundance were examined to estimate the sample goals required to 
detect significant differences in survival (Appendix A). . The average 
emigration· of char from Packers Lake for the past 6 years has been at 

· 30,000 fish, ranging from 6, 000-40,000. Information from Armstrong 
(1974) indicates that survival of smolt to spawning is 10-15%. An 
expected abundance of 30,000 fish and expected survival of 10%, is 
therefore used to set a minimum sample goal of 12,000 fish tagged and 
the percent of the emigration that should be examined for tags (Table 
2). However, this is a fall-back position, a minimum which must be 
achieved if all fish cannot be handled due to external, uncontrollable 
factors. 

At the tagging level of 12,000 fish, and if all fish are examined during 
the second and third springs, the test for independence will detect a 
difference in survival as small as 1-2% with 95% confidence (Table 1). 

No information is available on what numbers can be expected to emigrate 
from English Bay or Delight Lake. However, historical data from Packers 
Lake and data from char projects in Kodiak and Prince William Sound 
indicate that an average migratory timing function could be estimated 
for emigrating char. This function will be used to expand the numbers 
emig-rating at each weir during the early stages of the migration, to 
estimate the total emigration. If this rough expansion indicates that 
the final numbers emig-rating will be much higher or lower than 30, 000 
fish, then the total to be tagged and the minimum percent to examine 
will be adjusted using Table 2. 

A subsistence fishery occurs in the English Bay system above the weir 
site and estimation of this source of fishing mortality will be 
necessary. We will work with participants in this fishery in an attempt 
to recover all tags harvested in the fishery. Assuming that the marked­

.to-unmarked ratio in the fishery is equal to the subsequent emigration, 
total harvest can be estimated by expanding total tags harvested by this 
ratio. Survival estimates for English Bay will then be adjusted for the 
fishery mortality. 

• 't. 
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Estimates of survival will be adjusted, if necessary, for differential 
fishing mortality from the sport fishery. Fishing mortality for the 
various tag lots will be e_stimated using the methods of Clark and 
Bernard (1987). Examination of sport-caught fish for· tags will be 
accomplished through the port sampling program conducted as part of the 
Prince William Sound and Gulf of Alaska Sport Fishery Harvest and Effort 
Project (OSIAR study FS # 6). Estimates of sport harvest will be 
obtained from an ongoing postal survey (Mills 1988). 

Growth. The hypotheses of equal growth between oiled and non-oiled 
sites will be tested by analysis of individual growth rates. 
Incremental growth for individuals will be computed from recaptured 
fish. The· experiment will be conducted as an Analysis of Variance 
between the three lake systems. Years, areas and possibly initial 
length, will be factors in the design. 

Migration. In order to test the hypothesis that Anchor River char 
migrate to the oiled systems to overwinter, all emigrating spawners will 
be tagged in the fall. These fish will subsequently be recovered at the 
weir on the .lake systems. In 1988, 15,000 char larger than 200 mm 
migrated upstream in the Anchor River and by October 13th only 2,000 had 
migrated downstream (Larson in press). Assuming that the majority of 
those remaining upstream were -spawners, and assuming spawning mortal~ty 
to be . 50%,_ then approximately 6, 500 spent char would have left the 
system in 1988. During.l989, a floating weir will be installed in the 
Anchor River to allow for weir operation through mid-November. This 
should be sufficient time to enumerate and tag all fish that will 
emigrate from the system to an overwintering site 
(Armstrong and Morrow 1980). 

Sockeye Salmon: 

Suryival rates: Survival rates of smolt emigrating through oiled 
estuaries will be.compared to survival rates of smolt emigrating through 
unoiled areas. Stocks from English Bay and Delight Lake were chosen to 
be representative of "oiled" stocks while sockeye from Leisure Lake and 
Big Lake (Fish Creek) were chosen to be representative of "unoiled" 
stocks. Smolts leaving these watersheds in 1990 will return in 1992 and 
1993 as adults. The first three stocks are located on the southern tip 
of the Kenai Peninsula (Figure 1); they were chosen because they are the 
largest stocks of sockeye salmon in their immediate area with terminal 
fisheries. Big Lake is north of Cook Inlet with a stock exploited in a 
mixed-stock fishery. However, the ·unique scale patterns of these fish 
can (and are) used to estimate the_ number of these fish caught in the 
mixed-stock fishery (Cross and Goshert 1988). 

Survival rates of sockeye salmon will be estimated as the ratio of 
returning adults to emigrating smolt. New programs (weirs) to estimate 
the number of smolt will be established in 1990 and continued through 
1991 at English Bay and Delight Lake (these programs will also be used 
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to count char). Numbers of smolt emigrating from Big Lake and Leisure 
Lake will be estimated with programs currently in place with 
modificati~ns to assure consistency with descr\Ped for English and 
Delight lakes (Bectol and Dudiak, 1988; Kyle in press) (weirs). New 
programs will be established in 1992 and continued through 1993 to count 
escapement of adults into English Bay and Delight Lake (weirs). 
Escapement into Big Lake will be counted through a program currently in 
place (a weir) with modifications to assure consistency with described 
for English and Delight lakes (unpublished report, Chlupach). Since 
there is no escapement at Leisure Lake (the outlet is blocked to 
upstream migration), the harvest in the commercial, sport, and personal­
use fisheries in the area will be the return (Yuen 1988). Fisheries for 
sockeye returning to English Bay and Delight Lake are terminal 
fisheries, making the return of sockeye the harvest plus the escapement. 
Although sockeye returning to Big Lake are caught in mixed stock 
fisheries in Cook Inlet, their catch in these fisheries can be estimated 
with good precision through an ongoing project (Cross and qoshert 1988). 

Since the smolt. emigrating in 1990 will return in 1992 and 1993, age 
composition of emigrating smolts and returning adults will be est~mated 
through the counting of annuli on scares. According to sampling 
procedures to estimate multinomial proportions (Thompson 1987) and after 
adjustment for typical rates of scale regeneration, 424 smolts and 561 
adult sockeye should be sampled during each sampling event to attain 
objective cri·teria. Since there· are typically temporal changes in age 
composit~on.of a sockeye stock as it migrates past a fixed po~nt, ther~ 
will be one sampling event during each· week of each· migration. 
Emigrating smolts and escapement of adults will both be sampled at 
weirs. Harvests of adults will be sampled in each terminal fishery 
(Leisure Lake, English Bay, and Delight Lakes) through ongoing catch 
sampling programs in Homer (Yuen 1988) and of the mixed stock fisheries 
farther north (Big Lake) (Cross and Goshert 1988). 

The mean length of emigrating smolts and returning_ adults will be 
estimated for use as covariates with influence on survival rates and as 
a means to estimate harvest in numbers of fish. All smolts and adults 
sampled for later age determination will be measured from mideye to the 
fork of their tail. Since one sample of 424 fish is sufficient to meet 
objective criteria when SD - 53 mm (according to procedures in Cochran 
1977), objective criteria for estimating mean length should be met 
without supplementing the sample. 

Numbers of smolt will be estimated with a weir and fyke-net system with 
a sampling device in the codend. All smolts will be caught and counted 
during periods of low rates of migration; the sampler will be used only 
when smolts are too numerous to count without causing mortalities. 
During sampling, all emigrating smolt will be captured and counted; 
smolt emigrating at other times will pass unhindered through the weir. 
To better conform with the diurnal frequency of smolt migration, each 
day o·f sampling will be divided into "light" (0300-2100 hrs) and "dark" 
(2101-0259 hrs) strata. The light stratum contains thirty 36-min 
sampling periods, three of which will be randomly selected for sampling. 

• 
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The dark stratum contains eighteen 10-min periods, twelve of which will 
be systematically chosen at intervals of 30 min with the first chosen 
randomly from periods between 2100-2130 hrs. Smolt programs should 
6ccur from approximately 1 May to 1 JulY' 

Data Collection-and Reduction 

Dolly Varden Char:_ 

The data collection will be divided into two seasonal periods: spring 
and summer-fall. During the spring sampling, weirs will be used to 
count the emigration of char frQm study streams and to collect 
biological samples. Weirs will be installed on Delight and English Bay 
Lakes in conjunction with sockeye salmon smolt projects which are 
addressed under a separate operational plan. Since the weirs will be 
capable of capturing sockeye salmon smolt, they will also be able to 
intercept all emigrating char. The weir program on Packer's Lake will 
be accomplished in conjunction with Cook Inlet Aquaculture Association 
(CIAA). CIAA already operates a sockeye salmon smolt weir during the 
spring and we will augment their crew to accomplish this work. The 
weirs will be operated from early May to mid-July. 

During the summer-fall,. sampling will occur on the Anchor River .. This 
system will be weired during ·the period l July to · 15 November. This 
portion of the program is an ongoing project of the Alaska Department-of 
Fish and Game and details of the ·project are addressed in a separate 
operational plan, presented in Appendix B (Larson 1989). 

All species moving downstream or upstream will be identified, counted, 
and the tag number of any tagged fish will be recorded. Date, sex (if 
identifiable from external maturation characteristics), and length (tip­
of-snout to fork-of-tail to the nearest mm) will be recorded on mark­
sense forms. 

All data will be recorded on standard Division of Sport Fish mark-sense 
forms. All completed forms will be visually scanned for errors and 
corrected as necessary. Corrected forms will be sent· to RTS in 
Anchorage for processing by optical scanning. Resultant data files and 
summary printouts will be checked for errors and corrected as necessary. 
Data associated with uncorrectable errors will be deleted from the data 
file. Corrected data files will be returned to RTS for archiving. 

Sockeye Salmon: 

The data collection for the sockeye tasks will be divided into two 
seasonal periods, spring and summer- fall; as well as being dispersed 
among various division's ongoing projects. New weir operations will be 
established at Delight and English Bay Lakes for monitoring immigration 
and emigration and collection of AWL data from sockeye smolts and adults 
as well~-as char. Smolt emigration and adult immigration data from Big 
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Lake will be collected by FRED Division personnel as part of their on 
going studies with modifications to assure consistency with that 
described fo~ English and Delight lakes (unpublished reports, .Chlupach). 
Smolt emigration and adult immigration data from Leisure Lake will be 
collected using fyke nets or wier by FRED personnel as part of their on 
going studies (Bechtol and Dudiak,- 1989), supplimented by OSAIR as 
needed. Harvest data for all four sites will be collected as part of 
the Division of Sport Fish's Statewide Harvest study for sport and 
personal use fisheries (Mills 1988) and the Commercial Fisheries 
Division's catch sampling program (Yuen 1988) 

At weir locations, all species moving downstream 
identified, counted, and the tag number of any 
recorded. Date, sex (if identifiable from 
characteristics), and length (tip-of-snout to 
nearest mm) will be recorded on mark-sense forms. 
collected for age determination. 

or upstream will be 
tagged fish will be 
external maturation 

fork-of-tail to the 
Scale samples will be 

All data from English Bay artd Delight lakes will be recorded on standard 
Division of Sport Fish mark-sense forms. All completed forms will be 
visually scanned for errors and corrected as necessary. Corrected .forms 
will . be sent to RTS in Anchorage for processing by optical scanning. 
Resultant data files and summary printouts will be checked for errors 
and corrected as necessary. Data associated with uncorrectable errors 
will be deleted from the data files; and ·corrected data files will be 
returned to RTS for archiving. Data co"lle~ted for ~ig Lake and Leisure 
Lakes in conjunction with other division's projects will be handled in 
one of two ways. If the data is collected for their objectives, the 
data will be handled through the respective division's standard data 
handling procedures then forwarded to us. If the data is collected 
exclusively for this project it will be processed as decribed above for 
Division of Sport Fish. 

Data Analysis 

Dolly Varden Char: 

Estimates of annual survival will be computed through analysis of tag 
returns. If all emigrating fish can be examined for marks, the estimate 
of annual survival (S) can be simply computed as: 

where: 
m2 number of fish recovered in year y+l 
R1 - number of fish tagged in year y. 

The Jolly-Seber three-sample method (Seber 1982) will be used in the 
event that each emigrating fish cannot be examined at the weirs. 
Buckland's program RECAP (1980) will be used to generate the estimates 
and variances. 

• 
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The assumptions of the Jolly-Seber model are: 

1. every fish, tagged and untagged, has e_qual probability of 
being caught; 

2. every tagged fish has equal probability of survival to the 
next sampling event; 

3. every fish sampled has equal probability of being returned to 
the population; 

4. there is no tag loss; and, 

5. all samples are instantaneous. 

The sampling event for the purposes of the mark-recapture experiment is 
the emigration of char past the weirs, as all emigrating fish must cross 
the weir and so are assumed to be equally vulnerable to being sampled. 
The assumption of· equal survival of tagged fish will be tested for the 
different tag groups and for different length classes using chi-square 
statistics. Tag loss will be estimated for fish tagged in 1989, as all 
tagged fish will also be adipose fin-:clipped. The last assumption is 
technically violated as the sampling event lasts through the entire 
migration. However, as each fish will only pass the weir once, and can 
only be sampled once, the emigration can be treated.as an instantaneous 
sample of the whole population. 

The hypothesis of equal survival will be tested using a chi-square test 
for independence. However the contingency table cannot be built if all 
char are not sampled at the weir during emigration during the second and 
third year of the experiment. In this case the 95% confidence intervals 
of the survival estimated from the multi-year mark-recapture experiments 
will be compared to test for significant differences. In order to 
examine the effect of initial length on subsequent survival; the tests 
and estimates will be stratified by tagging length, and if possible, a 
logistic regression will be used to estimate this effect. 

Annual individual growth will be calculated from the tag data as the 
difference between length at time of release and length at time of 
recovery. An Analysis of Variance will be used to test for significant 
differences in growth between fish from oiled and non-oiled areas. 
Variation due to differences in years and initial length can be 
controlled for through the use of a block and covariate in the linear 
model if necessary. 

The assumptions of Analysis of Variance are: 

1. random sample, 

2. normal distribution, and, 

3. homogeneity of variance. 
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The assumption of normality will be tested using Kolomogorov's D 
statistic. In all likelihood the data will not be normally distributed 
and a logarithmic or a rank transformation will be necessary. 

The homogeneity of variance assumption will be tested with a Barlett's 
test. Again, if the assumption is not valid a transformation will be 
used. 

The rate of migration of char from the Anchor River into the three lake 
systems will be estimated as a binomial proportion. 

Sockeye Salmon: 

Estimated survival rates of sockeye salmon will be the ratio of the 
estimated abundance of returning adults to the abundance of emigrating 
smolt. Escapement and harvest of age 1.2 salmon in 1992 and age 1.3 
salmon in 1993 will be summed to estimate the return from smolt 
emigrating in 1990. Since escapement and harvest' of sockeye salmon by 
age will be estimated with independent programs, summing the variances 
will provide the variance of the sum. Resampling methods (Effron 1982) 
will be used to approximate the empirical distributions of harvest and 
return by age, of escapement by age, and of abundance of emigrating 
smolt. Monte Carlo simulation (Rubenstein 1981) will then be used on 
these empirical distributions of the numerator and denominator that 
comprise the survival rates to generate an empirical distribution for 
the survival rates themselves. ·Finally, these empirical distributions 
of survival rates will be compared to determine if there are significant 
differences among oiled and unoiled stocks. 

The number by age of sockeye salmon harvested in terminal, commercial 
fisheries (English Bay, Leisure Lake, and Delight Lake) will be 
estimated as the product of the proportion of the sample for each age 
class and the estimated harvest in numbers: 

" " " 
Ha Pa H 

A A A A A A A 

V[Ha] V[H]pa2 + V(pa]H2 - V(pa]V[H] 

" 
H Hw/w 

where: 

H harvest in numbers; 

Hw harvest in weight; 

Pa proportion of our sample of age a; 

• 
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Ha proportion of the harvest of age a; and 

w mean weight of a harvested fish. 

Harvest as biomass will be obtained from regular fish tickets. Mean 
weight of the average sockeye salmon will be estimated with a standard 
length-weight regression for sockeye salmon. Enough length samples will 
be taken to lower the variance to near zero levels. 

The number by age of sockeye salmon harvested in sport and personal-use 
fisheries (Leisure Lake) will be estimated as the product of the 
proportion of the sample for each age class and the estimated harvest in 
numbers as described above. Estimates of harvest in numbers will be 
obtained from an ongo-ing program of mail-in surveys of sport fishermen 
(Mills 1988). Since harves.t is estimated as well as proportion by age, 
the estimated variance is that for products (Goodman 1960): 

A A A A A A 

V[Ha] V[HJpa.2 + V[paJH2 - V[paJV[H] . 

The number by age of sockeye salmon harvested in the mixed-stock 
fisheries in Cook Inlet (Big Lake) will be estimated as the product of 
the proportion of the sample for each age class and the estimated 
harvest from Big Lake: 

A A A A 

Ha - Pa q H 

A A A A A A A 

V[HaJ H2(V[qJpa2 + V[pa]q2- V[pa]V[q]} 

where q - the fraction of the harvest from Big Lake. Estimates of q 
will be obtained for an ongoing program of stock separation based on 
scale pattern analysis (Cross and Goshert 1988). 

Numbers by age in the escapements will be calculated similarly to 
numbers by age in commercial fisheries in that adults will be counted at 
all weirs. 

Since age compositions of the migrating populations of both smolt and 
adults change with time, estimates above will be stratified through time 
as suggested in Cochran (1977). Since no escapement can occur at 
Leisure Lake (the outlet is blocked to upstream passage), no 
stratification should be necessary as all fish mill near the stream. 
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SCHEDULES 1 

A schedule of tasks to be completed during 1990 is as follow~: 

Task 

Weir Operation (Anchor River Only) 
Summer and Fall Sampling (All Areas) 
Data Analysis and Report Preparation 

Date 

7/01-11/15/90 
5/01-9/15/90 

9/15/90-2/15/91 

1Note: Adult weirs will be in place during fall 1992 and 1993 

REPORTS 

Results of these study efforts will be reported to the Division of Oil 
Spill Impact Assessment and Restoration. Upon completion-of litigative 
concerns, 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 the time period April 1, 1989 
to February 28, 1990. 

Line Item Category FY90 

100 Personnel 84.0 
200 Travel 0.7 
300 Services 16.5 
400 Commodities 45.0 
500 Equipment 6.4 
700 Grant 0 

Total 152.6 

• 
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Table 1. 

From a 
Survival 
of 

15% 

10% 

5% 

Number of Dolly Varden char smolts that need to be marked to 
test the hypothesis of equal survival, assuming spring 
emigration is 30,000 smolt. The assumption is made that all 
emigrants can be examined for tags in order to classify 
mortality versus survival. 

Given an To detect a difference of: 
alpha 
level of 5% 10% 20% 25% 50% 

0.01 30,000 10,500 3,000 1,200 300 
0.05 19,500 6,000 1,500 900 300 
0.10 10,500 3,000 750 750 300 

0.01 10,500 2,100 1,500 300 
0.05 19,500 6,000 1,500 900 300 
0.10 10,500 3,600 900 600 300 

0.01 18,000 4,500 3,000 600 
0.05 10,500 3,000 1,500 300 
0,10. 30,0QO 7,509 ~.sao 1,200 300 
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Table 2. Number of Dolly Varden char that need to be marked and the 
minimum needed to be examined for marks in order to estimate 
survival in a 3-sample Jolly-Seber experiment (re~r to 
Appendix A). 

Minimum Minimum 
Number of Number 

Mean New Tags of Fish 95% c. I. Relative 
Abundance Survival to Deploy to Examine (percent) Precision 

10,000 5% 8,500 75% 0.036-0.064 57 
10% 8,500 75% 0.071-0.129 29 
20% 8,500 75% 0.171-0.229 15 
SO% 8,500 75% 0.471-0.529 6 

30,000 5' 12,000 SO% 0.030-0.066 33 
10% 12,000 SO% 0.080-0.102 17 
20% 12,000 SO% 0.170-0.221 10 
SO% 12,000 SO% 0.379-0.521 4 

50,000 5%' 15,000 SO% 0.032-0.068 36 
10% 15,000 SO% 0.082-0.118 18 
20%. 15,000 SO% 0.181-0.219 9 
SO% 15,000 SO% 0.467-0.533 7 
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Appendix A. Calculation of sample sizes for estimating survival. 

A major objective of the study is to estimate survival and test the 
hypothesis that there is no significant difference beC'W'een oiled and 
non-oiled areas. If all fish can be examined at all weirs in the second 
year of the experiment, then this hypothesis will be tested using a 
contingency table and a. chi- square statistic. Sample sizes for marks 
needed to achieve a. test of size 0. as· were estimated by running the 
analysis based on different survivals and changes in survival (Table 1). 
In order to be able to perform this type of tes1:, the goal of the 
projec'Cs will be to examine all fish emigrating, while the number tagged 
will be determined aa described below. 

If fish are able to pass the weir unaccounted for, e.g. during a flood, 
then the above method cannot be usecl., and we will need to estimate 
survival using a multi-year mark-raca~ture method. A three-sample 
Jolly-Saber experiment will provide an estimate of survival from the 
first to the second year, 91 (Seber 1982). !he equation for estimating 
this survival is as follows: 

and its variance is: 

where: 

and: 

(M2-m2)CM2-m2+R2) 

M2 
2 

} 

Ri - the number of tags (new and old) released in year i. 

r2 - the total recoveries from release R2 in future years, i.e. 
hera in year 3, 

:z:2 - recoveries from char tagged in first year, not recovered in 
year 2, but recovered in year 3, 

M2 • number of cags present prior to the second years sampling, 
i.e. survivors of the first years release. 

m2 - number of tags recovered in second years sample. 
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~o~hara: 

r2 - R.2 91 Pc 

Pc • probabiliey. of ca,;»cura in each years sampling, ~o~hich is 
assumed in chis analysis co be equal for all chrae years 

Pt • proportion of fish capcurad chat: ara caggad, also assumed 
equal for all samples 

92 • surriva.l from year 2 co 3, which is assumed· co be equal co 
,91· 

The hypot:hesis chat: surri,vals ara diffarant: becween oiled and nonoiled 
areas at: an alpha le-vel of 0. 05, can be casced by examining t:he 95% 
confidenca int:arvals, if chey do not: overlap chen che difference is 
significant:. !his exercise involved set:t:ing an expac:t:ed level of 
abuncianc:a and surrival, exaJiining ella confidence int:arvals achieved at: 
different: levels of cagging (R.i • Ni P.c: Pt) and handling. (ni - Ni Pc) · 
and choosing ella sampling levels chat: allow us co decect: a pre-defined 
difference in survival races. This difference was sat: at: 5%, and che 
result:s for chrae different: populat:ion levels, and four levels of 
survival ara present:ad in Tabla 2. 
!he cagging levels were increased by 10' co allow for sampling error in 
t:he cag recovery. !he variance, and che confidence int:erval, depends t:o 
a great: ext:ent: on m2, r2 and :2, che cag recoveries in che second and 
third year (see equat:ion 2). The percent: of cha emigracion t:o be 
examined for cag.s chat: i.s present:ed in Table 2 is a minimum. The goal · 
~o~ill be 100,, however t:he realized percent: should not: be allowed t:o fall 
below chose present:ed in Table 2, if che object:ive as st:at:ed above is t:o 
be achieved. 
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SYNOPSIS 

Project: Tit:1e 

Stacist:ics tor Selecced Spore Fisheries on the Lower Kenai Peninsula, Alaska, 

During 1989 with Emphasis on Dolly Varden Char and: Steelhead Trout. 

The Anchor River is che most: intensively used stream by anglers on the 

southwestern Kenai Peninsula. t.."hile stocks of coho salmon Oncorhynchus 

kisucch and chinook salmon 0. cshawycscha. have eicher remained st:abl~ or 

increased, chere are indi-:ations that the Anchor River Dolly Varden char 

Sal ve·linus malma and ·~ cee lhead/rainbow trout 0. my kiss populations have 

declined. An accur.:l.i:e assessment of the Dolly 

scee lhead/rainbow trout: populacions are necessary 

management:. 

Varden c(\ar and 

for sound resource 

Dolly Varden char and steelhead trout life hiscory studies on southwestern 

Kenai Peninsula streams are limited. Baseline data were firsc obtained in 

1954 and 1957 and again from 1986 - 1988. 

On the Anchor River, immigration of Dolly Varden char from saltwater begins 

about the end of June and continues throughout: August. These fish are 

available co sport anglers chroughout the swnrner and fall. Sport: fishing 

regulations permit: harvest: oE Oollv V.J.rden char during ::he special chinook 

salmon weekend fishery in ~~v and June, and from l July chrough 31 December. 

l 



The scudies conducced Ln 1954 and 1957 indicaced chat: upscream migracion of 

adult: Dolly Varden char may be only one-quarcer mile per week. \he first: 

chree miles immediacely upscream from che mauch are che most: incensely fished 

area and, cherefore. Dolly Varden char may be subject: co harvest: in chis area 

for many weeks. Alchough Dolly Varden char are not: che cargec species of all 

anglers, che mechods and means used co harvest: ocher species are also 

effeccive for cacching Dolly Varden char. By cagging Dolly Varden char in che 

Anchor River. fucure recap cures in che Anchor River and ocher syscems will 

provide informacion which may be imporcanc co che ma~agemenc of chis resource. 

Sceelhead crouc immigrace inc:o che Anchor river from salc:wacer beginning in 

mid August: and concinuing chrough Occober. These fish are available co spore 

· anglers chro.ugh lac~ summer and fall. Spore fi:shing regulat:ions P.ermit: hoe-k-· 

and-release fishing during che special chinook s~lmon weekend fishery in May 

and June, and from l July chrough 31 December. The hook-and-release policy 

was imposed by c:he Board of Fisheries for 1989 as a necessary sc:ock 

conservacion acc:ion. The Alaska Deparcmenc of Fish and Game's assessment: of 

sceelhead c:rouc: populac:ion levels in 1988 indicaced more cescriccive angling 

regulacions and concinued adult: populacion assessmencs are necessary co manage 

chis resource. Fut:ure recruicmenc will be provided for by assuring adequace 

escapement: levels of adult: fish. 

·i 



Bene fi t:s 

Quancic:a.civa est:imacas of t:ocal har-vest, daily catch races. and age, sax, 

lengt:h, and macurit:y of t:he sport: cat:ch are required t:o develop a regulat:ory 

regime which will provide for long-t:erm yield of t:he Dolly Varden resource. 

Also, by det:ermining t:ot:al run sc:rengt:h of adult fish t:hrough a weir and 

subtracting r:he total sport: har-vest. escapement levels can be accurately 

der:ermined. The fut:ure producc:ion by these escapements will ulr:imately be 

useful in asc:imar:ing opt:imum escapement goals. !n addir:ion, t:he creel sur-vey 

provides t:imely cat:ch and har-vest information tor coho salmon and catch 

informacion on st:aelhead t:rout:. 

Objectives 

This study is designed co charact:erize the lengch and age sr:ructure of the 

Anchor River Dolly Varden populat:ion, asr:imat:e t:he contribuc:ion of Dolly 

Varden of unknown origin co t:he Anchor River recrear:ional fishery. census ~he 

annual abundance of Anchor River Dolly Varden, and dec:ermine use of the Anchor 

River for Dolly Varden spawning and overwinc:ering. 

Dolly Varden:. 

1. Census r:he immigrat:ion and emigrar:ion of Dolly Varden char through a 
weir on r:he Anchor River during t:he period l July c:o 15 
November,l989. 

2. Est:imate t:he lengt:h frequency of immigrant: and emigrant Dolly Varden 
at: c:he weir by weakly int:er-vals during t:he period l July c:hrough 15 
November. 1989. 

3. Est:imat:e c:he sex ratio, percenr: spawners. age composic:ion, and mean 
lengt:h-ac:-age of immigranr: Dolly Varden, by week, at: t:he weir during 
t:he period 1 July c:hrough 15 August, 1989. 
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L.. To escimace che sex rac:io and percent: pos c ·spawners for emigrant: 
Dolly Varden ac c:he weir. 

5. Escimace c:he concribucion of marked Dolly Varden c:o che. inunigrac:ing 
populac:ion ac: che weir during che period l July chrough 15 November, 
1989 and co che harvest: in the Anchor River recreacional fishery. 

Sc:eelhead: 

6. C.:nsus c:he i.rrunigracion of st:eelhead c:rouc c:hrough a weir on che 
Anchor River during che period l July c:hrough 15 November, 1989. 

7. Escimace che age and lengch composicions of adult: sceelhead crout: at: 
che weir. 

Coho. Salmon: 

8. Census che immigracion of coho salmon chrough a weir on the Anchor 
River during t:he period 1 July through 15 November. 

9. Esc:imat:e cha age and lengc:h composic:ions of Anchor river ·coho 
salmon. 

Chinook Salmon: 

10. Esc:imace t:he ordinal i.ndex of chinook salmon spawning in Deep Creek, 
Ninilchik River, and Anchor River. 

Creel Survey: 

11. Estimate the 
coho salmon; 
recreac:ional 

fishing effort:, cacch, and harvest: of Dolly Varden and 
and the effort and cac:ch of steelhead trout: in che 

fishery during c:he period 1 July t:hrough 15 November. 

12. Esc:imac:e recreacional angler demographic paramecers percaining co 
residency and terminal cackle preference. 

Procedures 

Anchor.River Weir: 

A weir will be inscalled ac the upsc:ream limit: of the Anchor River inc:erc:idal 

zone to assess the immigracion and emigracion of all fish. Insc:allac:ion of 

t:he weir will scare L July, 1989. The weir should be fully operac:ional by ~ 

July and operate unt:il the immigracion of all adult: fish have ceased encering 

t:he syscem (mid November). 



All Dolly Varden Lmmigrants wLLl be counted and observed for tags (Flay FD-67 

Anchor Tags) . In addition, Dolly Varden immigrants will be sampled for age, 

sex, fork Length, and relative maturity. Gonad development will be used to 

determine relative maturity of each fish. All emigrating Dolly Varden will be 

sampled for length and all fish over 200 mm in fork length will be tagged with 

Flay FD-67 Anchor Tags. All post-spawner Dolly Varden will be sexed. Post 

spawners will be identified by external characteristics. Any Dolly Varden 

mortalities will be sampled for age (removing both otoliths). fork lengch, and 

relative maturity. 

Age and length composLcion of adult coho salmon and steelhead trout will be 

estima~ed. Age will be determined from scale analysis. 

Anchor River Creel Survey: 

A stratified random creel survey will be conducted co estimate recreational 

angler effort. harvest, and catch of Dolly Varden char and coho salmon. In 

addition, recreacional angler effort and cacch of steelhead trout will be 
" . 

escimaced. Angler councs will be made co estimate effort in angler-hours and 

incerviews will ·be conducted to estimate catch and harvest races. 

Each day is stratified into cwo sample periods; che number of hours in each 

period varying from month to month (dependant on available daylight). Count 

hours are r~ndomly selected within chese periods. Two counts will be 

conducted daily. wich a minimum of four hours between counts. Angler counts 

will be conducted from saltwater to one-quarter mile above the junction of the 
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North and South forks on c:he South Fork, Blackwater !}end, and the South Fork 

\.layside. Counts do'Wtlstream and upstream of the weir will be kept separate 

during the operation of the weir. 

Completed-trip angler interviews will be conducted around the randomly 

selected count hours. Interviews from anglers who fished upstream or 

downstream from the weir will be kept separate. Creel survey personnel will 

interview any angler exiting the scream bank whether the angler is returning 

to a campsite. vehicle. or exiting the fishery. Informacion collected will 

i.nc lude, but no c be 1 imi ced co: harves c by species, time spent fishing, 

presence or absence of a tag on fish caught, residency, and terminal tackle. 

Bi.ological sampling (age, sex .. and length data) of Dolly Varden char and coho 

salmon will be ob.tained ac every available opportunity. 

Spa'Wtling Ground Sampling: 

The ordinal i.ndex of spawning chinook salmon in Deep Creek, Ninilchik and 

Anchor Rivers will be estimated using aeria1 and ground counts of live and 

dead salmon. One survey will be conducted during the lase week of July. 

Locac:ion 

The Anchor River weir will be locaced adjacent: co che Alaska Department of 

fish and Game (ADf&G) cabin. This site is approximac:ely l.Skm upstream from 

salcwacer and is in che vicinity of the "Dudas Hole". a local name for a 

popular fishing location. 



The Anchor River creel survey will be conduct:ed from salt:wacer upst:ream 

approximat:ely 3. 75km, ~o include approximat:ely 0.4km above che junct:ion of ~he 

Norch and South forks on the South fork, and approximately 0.4km from 

Blackwater Bend upstream to che South Fork Wayside. 

Deliverables 

The results of this project will be presented in an Annual Report of 

Performance, Federal Aid co Fish Restoration, as part: of the Alaska Oepart:ment 

of Fish and Game's Fisheries Data Series. 

Bud~et Summarv 

Projected FY90 Costs: 

Line Item Category 

100 
200 
300 
.:.oo 
500 

Personnel Services 
!rave 1 
Cont:raccual 
Commodities 
Equipment: 

Budget: Manager: Larry Larson 
Project Personnel: 

PCN Name Level 

4017 Larry Larson FB II 
4162 Tom Balland FB I 
4144 James Cofske FT II 
4172. Bill Kline FT t 
4211 (Vacant) FT I 

Total 

Months 

12.0 
5.5 
4.5 
4.5 
4.5 

Cost ($K) 

118.6 
3.3 

11. l 
5.3 
5.1 

143 . .:.. 



INTRODUCTION 

The Anchor and Ninilchik rivers and Deep Creek on che lower Kenai Peninsula 

( Fi.gure l) support: recreational fisheries for chinook salmon Oncorhynchus 

r:shawyr:scha, coho salmon 0. kisur:ch, and pink salmon 0. gorbuscha; Dolly 

Varden char Salvelinus malma; and anadromous (st:eelhead ·trout:) and resident: 

rainbow t:rouc: 0. mykiss. The downstream sect:ions of each of these screams are 

crossed by t:he St:erling Highway making t:hem easily accessible t:o the fishing 

public. Much of the river front:age on t:hese screams is publicly owned, 

providing ample camping and parking areas. Due co t:heir relat:ively small 

size, all fishing in t:hese screams is conducted from t:he bank. Of t:he t:hree 

streams, t:he Anchor· River i.s the most heavily used providing an average of 

33,831 recreat:ional fishi"ng. days (angler-days) annually from 1977 c:hrough 1987 

(Mills 1979-1988). The Ninilchik River and Deep Creek provided an average of 

12,898 and 13,819 angler-days, respeccively, over chis same period. 

The fisheries c:arget:ing chinook salmon, coho salmon, st:eelhead trout:, and 

Dolly Varden char are of major i.mport:ance co recreat:ional anglers on che lower 

Kenai Peninsula, whereas c:he fisheries targeting resident: rainbow t:rout: and 

pink salmon are of lesser import:ance. The recreat:ional fishery for Dolly 

Varden char i:n t:he Anchor River is one of the largest: in Alaska and is of 

part:icular concern to resource managers. During t:he period 1977 to 1983, the 

harvest: from this fishery averaged nearly 15,000 fish annually (Mills 1979-

1984). In 1984, regu1at:ions for chis f-ishery became more resc:rictive as t:he 

bag and possession limit;s were reduced from t:en fish co five and the use of 

bait: was prohibit:ed afc:er 16 September. Since these regulat:ions have been in 

effect, the harvest: of Dolly Varden char has averaged approximately 5,000 fish 
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(Mills 1985-1988). Alt:hough a marked decline has been observed in the harvest: 

of Dolly Varden char afcer iniciacion of che new regulacions, concern has been 

expressed that: the decline may also reflect a depressed populacion. To dace, 

the Department: has conducced quantitative assessments of chis resource from 

1987-1988 and has estimated angler harvest in the statewide mail survey (Mills 

1979-1988). 

The Department: init:iated a pilot program in 1986 co investigate t:he Dolly 

Varden char resource of the lower Kenai Peninsula streams. The program 

involved angler incerviews co estimate cacch and harvest: rates, aerial surveys 

co escimace .J.ngler discribucion. and cagging fish to decermine migrat:.ional 

pacterns among_ lower. Kenai Peninsula screams (Nelson et: al. 1987). The 

program was expanded in 198 7 and 1988 t:o ·include mor·e det:ailed est:imat:es of 

effort: and harvest: in c:he Anchor River fishery. census of c:he Dolly Varden 

char immigrat:ion inca and emigrat:ion out: of c:he Anchor River, a more 

aggressive cagging program in the three major screams. and est:imat:ion of 

length and age parameters. The long- t:erm goal of the program is co estimate 

sust:ainable vie1d for this resource. 

Informacion pertaining to the Dolly Varden char. steelheadjrainbow crout:, and 

coho salmon fisheries has been presenced by Allin (195~. 1957), Balland (1985-

1986), Nelson ec al. (198i), Larson et: al. (1988), t.iallis and Balland (1981-

1984) and Wallis and Hammarstrom ( 1979 -1982). 

have been reported by Mills (1979-1988). 

Harvest and effort estimat:es 



OBJECTIVES 

Dolly Varden 

l. Census che immigration and emigration of Dolly Varden char through a 
weir on the Anchor River during the periods l July co 15 November 
1989, 

2. Estimate che length frequency of immigrant and emigrant Dolly Varden 
ac the weir by weekly intervals during the period l July through 15 
November, such chat the estimated proportion by length class is 
within zlO% of the crue value 90% of the time, 

3. Estimate the sex ratio, percent spawners, age compos~t~on and mean 
length-at-age of immigrant Dolly Varden by week at the weir during 
the period l July chrough 15 August:, such chat the estimates are 
within ZlO% of the crue value 90% of the time, 

4 . .Escimace percent pose-spawners for emigrant Dolly Varden at che .weir 
and estimate · che sex ratio for the pose-spawners, such that the 
escimaced proportion by class is within zlO% of the true value 90% 
of the time, 

. 5. Estim-ate t:he contribution of marked Dolly Varden t:o the im:mi·gra.ting 
population a.c che weir· during t:he period 1 July through 15 November 
and co the harvest i.n the Anchor River recreational fishery, such 
t:hac the estimate is wit:hin ±10% of the crue value 80% of the time, 

Staelhea.d 

6. Census the immigration of steelhead crouc through a. weir on the 
Anchor river during the period 1 July through 15 November. 

7. Estimate the age and length composition of adult sceelhea.d trout at 
the weir, such t:ha.c the estimated proportion by age and length class 
is "within ZlO% of che true value 90% of the t:ime, 

Coho Salmon 

8. Census the immigration of coho salmon through a weir on the Anchor 
River during the period 1 July t:hrough 15 November. 

9. Estimate t:he aga and length composit:ion of Anchor river coho salmon, 
such chat the estimated proportion by age and length class is wit:hin 
ZlO% of the true value 90% of the time. 
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Chinook Salman 

10. Escimace che ordinal index of chinook salmon spawning in Deep Creek, 
~inilchik River, and Anchor River. 

Cree 1 Suryev 

11, Escimace che fishing efforc, catch, and harvesc of Dolly Varden and 
coho salmon: and che efforc and catch of sceelhead trout in che 
recreational fishery during the period 1 July chrough 15 November, 
such chat che escimaced effort is wichin ±10% of the crue value 95% 
of che timft, and che escimaced harvest and catch are wichin ±15% of 
the crue values 95~ of che time, 

12. Esc imace recreational angler demographic parameters pertaining co 
residency and cerminal cackle preference. 

PROJECT PROCEDURES 

Study Design 

!his is the chird year of what is envisioned to be a long-term scudy of the 

lower Kenai Peninsula Dolly Varden char resource. Dynamics of large 

populations of anadromous Dolly Varden (Armstrong 1965) or Arctic char 

(McBride 1980) are often complex boacause they cypicaily exhibit complicated 

migratory and homing patterns and it is necessary to determine the stock 

structure of Dolly Varden char which return to lower Kenai Peninsula streams. 

The Anchor River, which is che major study stream, is a non-lake system and 

following Armstrong's model (1974) the Dolly Varden from this system, upon 

leaving as smelt in the spring, will overwinter in a different lake system, 

and only return as spawners. The assumption is therefore made that the 

immigrating Dolly Varden consist of returning Anchor River spawners and non-

spawners of unknown origin and chat choase will all emigrate the summer and 

fall of the same year co enter an ovoarwintering lake. 



This· study will provide informacion co confirm chis model by census ing t:he 

• 
summer and fall immigrant:s and emigrants and estimating che percent of these 

chat: are spawning fish. Acquisit:ion of basic population data such as a t:otal 

census, harvest:, lengt:h and age composicion and relative maturicy, and 

exploication and contribution races co t:he fishery of Anchor River and non-

Anchor River fish, will provide the means to escimace key population 

parameters and allow escimacion of maximum sustained yield (MSY). Since this 

fishery is complicaced by concurrent fisheries for ocher species, it: is also 

necessary co acquire specific fisheries informacion on all species so ·that 

addicional regulacory measures (if necessary) can be effectively implemented. 

Abundance of . immigrating and emigrating Dolly Varden ch~r will b~ censused 

through che. Anchor River .weir· (Objective 1). The immigra·tion of Dolly Varden 

will be sampled randomly at che race of 130 fish per week from 1 July through 

15 November. These samples will be used co estimat:e Dolly Varden length 

frequency (Objeccive 2). sex ratios, relative mat:urity and percent spawners, 

and age frequency and mean length ac age (Objectives 3 and 4). All emigrant 

Dolly Varden will be measured for fork length and all post spawners will be 

identified and sexed (Objective 4). All emigrants over 200mm will be tagged 

with a Flay FD-67 Anchor Tag (Objective 5) during che periods l July through 

15 November. 

Dolly Varden have been tagged for the past cwo years. So during the 

immigration, as many Dolly Varden as possible will be examined for tags. If 

subsampling is necessary the number examined and recaptured will be recorded 
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as well a:s number passed wichouc examination. All immigrant: fish wich tags 

will be measured for length. During emigration all fish will be examined for 

tags. 

Abundance of steelhead crouc adulcs immigrating through the Anchor River weir 

will be censused 1 July co 15 November (Objective 6). For this period 130 

steelhead will be sampled to estimate age and length compositions (Objective 

7) . 

Abundance of coho salmon adulcs immigracing chrough che Anchor River weir will 

be censused l July co 15 November (Objective 8). During this period 130 coho 

salmon will b.e sampLed randomly co est~mate age. and length composition at the 

weir and in che creel (Objective 9)". 

The chinook salmon ordinal index will be estimacad for che Anchor River, Deep 

Greek, and Ninilchik River during che last week of July (Objective 10). Bot~ 

a ground and an aerial survey .will be conducced in an index area of each 

stream. Addicional aerial surveys will be conducced on che remaining spawning 

areas of each scream. The rac:io of c:he ground survey /t:he aerial survey for 

c:he index sica will be used co expand all aerial surveys from c:he remaining 

spawning· areas. The expansion facc:or will not: be used if c:he count: from the 

ground survey at: the index sic:e is less than t:he count: from the aerial survey. 

Anchor River Creel Survey: 

A roving creel survey (Neuhold and Lu, 1957) will be conducced on the Anchor 

River immediacely afc:er che Anchor River weir is operational. Sampling is 



stratified by weekdays and weekend/holidays and the river is also stratified 

into cwo areas upstream and downstream of the weir. The length of a fishing 

day varies with ·che amount of available daylight and time of the year. During 

July and August, the fishing day is 16 hours (0600-2200 hours); September, 12 

hours (0800-2000 hours); and October through 15 ~ovember, 8 hours (1000-1800 

hours). Each sample day is stratified into two equal periods (A and B). Two 

sampling times, each 4.0 hours in duration, are selected randomly from each 

period on weekend/ holidays and on three randomly selected weekdays each week. 

Sport fishing effort is estimated in units of angler-hours using a stratified 

random sample design. Angler counts take approximately one hour to complete 

and are considered to be instantaneous. Catch rates (number of fish harvested 

and rele~sed per hour) for each species are estimaced from completed-trip 

angler int:erviews only. · The estimated number o-f fish caught by the fishery is 

the product: of the effort and catch race est:imaces. Harvest: (fish kept) is 

computed similarly using effort: and harvest: rate estimates (Object:ive ll). 

One angler count: is !}lade during each inc:ervi.ew period. A .s carting time is 

randomly selecc:ed in each count period subject: co c:he constraint that: there 

are at lease four hours between counts. This is done co minimize c:he 

covariance between counts in adjacent periods. Only anglers actively engaged 

in fishing during c:he count hour will be counc:ed. Angler counc:s will be 

recorded separately for c:he area downsc:ream and upsc:ream of t:he weir during 

weir operat:ions. The inc:erview will also record hours fished and fish caught 

and released separac:e ly for the c:wo areas. 

used. 
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Daca Collect:ion 

Anchor River ~eir: 

A weir will be Lnscalled approximately l. Skm upst:ream from the sal~..;acer 

c:erminus of che Anchor River. The weir will be operaced by a three-person 

crew billeted in a cab in locac:ed adjacent: c:o c:he weir. The weir pickets are 

1.25 em diameter solid aluminum rods placed in an aluminum channel framework 

wit:h a 1.25 em gap bee-ween pickets. The channel frames are 3.6 meters long 

and 1.05 met:ers high. The aluminum frames rest: against: wooden t:ripods spaced 

appro:<imat:eiy c:hree met:ers apart:. Traps will be installed t:o capture bot:h up­

and downst:ream migrat:ing fish. 

The weir will be modified by incorporat:ing a sixt:y foot: float:ing weir design 

in ~he main river channel sect:ion of.t:he weir. The floating weir structure 

will consist: of 15 panels. each 4.5 met:ers long and 1.6 met:ers wide, The 

picket:s of each panel will consist: of 18.75 mm, schedule 40, PVC pipe spaced 

12.5 mm apart:. The construction and inst:allat:ion of t:he floating weir will be 

accomplished by cwo non-permanent: employees during the period 1 July c:hrough 

15 August:. 

Veir act:ivit:~es will be recorded in a daily log. The dace, accivit:y, start 

t:ime and st:op Hme will be recorded. Immigrat:ing and emigrating Dolly Varden 

will be detained in t:he for-ward holding area of upst:ream and downstream craps. 

All fish in c:he upstream _trap will be examined for c:ags and all immigrating 

tagged fish will be measured for length. The number of recaptures, the number 

without: tags. and those chat are dead will be recorded on the weir count: form 

(Appendix A3) by trap load. If all immigrants cannot be examined due to sheer 



numbers, chen t:he remaining fish will be counc:ed wich tally wackers and the 

councs recorded separacely on the weir count: form. Other species will also be 

recorded. 

All emigrac:ing Dolly Varden will be examined for tags in the downstream trap. 

All fish will be measured and those over 200mm tagged. Post spawners will be 

identified by external charac ceristics. i.e. , coloration and sexed (kype on 

males). Daca will be recorded by trap load on weir count: forms and data will 

be cransferred as soon as possible co LOTUS worksheet:s. Informacion recorded 

will include direccion of cravel (upsc:ream/downsc:ream), number per species, 

number of c:agged Dolly Varden recaptured and number of new tags released, if 

any. Length. sex, and cag number information will be recorded on c:agging­

lengt:h mark-sense forms or on data recorders. 

Paired oc:olit:h and fork lengc:h (measured from t:ip-of-snout co fork-of-cail co 

the nearest: millimec:er) dac:a co estimate age-length relat:ionships for Dolly 

Varden will be collecc:ed at the race. of 130 samples per week from l July 

c:hrough 15 August:. Sex and relac:ive macuric:y will also b~ recorded for chese 

fish. These samples will be chosen randomly by selecting a crap load and 

sampling all fish from chat crap load. In addition, all Dolly Varden 

mort:alit:ies recovered at: t:he weir will be sampled for length, age, sex and 

relat:ive mat:uric:y. Bach otoliths and gonads will be removed from each Dolly 

Varden sampled and scored in an envelope for future age and maturic:y 

det:erminac:ion. Informacion on each envelope will include: dace, species, sex, 

source (weir. creel, or morc:alic:y), fork lengt:h, cause of deac:h (if known), 
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age and maturity state These data will be recorded on mark-sense forms upon 

completion of age and maturity determination. 

Relative maturity of each female Dolly Varden will be determined by using the 

criteria described by Blackett (1968): 

State I. Immature female: completely undeveloped ovary, eggs minute 
(usually less than 0.90 mm in diameter) and yolkless. 

State II. Maturing female: maturing ovary will develop by spawning 
period, eggs usually larger than 1.75 mm in diameter and appear to 
be approaching an advanced stage of maturity. Oil droplets are 
present in the eggs and vessel structure is well developed in the 

· ovarian tissue. 

State III. Completely mature female: ovaries have reached a degree of 
maturity allowing the eggs to be easily stripped from the fish with 
o~ly slight pressure. 

State IV. Comple.te ly spawned female: only vestiges of recently spawned 
eggs in the ovary; i.e., ovary appears as a string with. many minute 
recruitment eggs embe~ded in tha tissue. 

State V. Immature female but shows a degree of development: Ovaries do 
not appear as if they would mature this year but: development is 
definitely more advanced chan Stace I. Egg diamecers are usually 
greater than 0. 90 mm but less chan 1. 75 mm. Ovary si.::e is large 
enough to indicace spawning next year. 

One or more trips will be made co English Bay Lakes in the spring and fall of 

1989 and 1990. Dolly Varden will be sampled at: the out:let: of the most 

downstream lake of the drainage with a weir. All Dolly Varden greater than 

200 IDl'll in fork length capcured will be anest:hetized with C02, measured for 

fork length, and tagged with Floy FD-67 Anchor Tags. Recovery of these tagged 

fish will occur ac the Anchor River weir during 1990. 

Sceelhead trout adults immigrating through the Anchor River weir will be 

censused and recorded as described above. Age (removing three scales from che 

I 
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preferred area) and fork Length will be measured for a random sample of 130 

fish. 

Coho salmon adulcs immigrating through the Anchor River weir will be censused 

and recorded as described above. Age (removing three scales from the 

preferred area) and mid-eye co fork length will be collected for 130 salmon 

during the period l July through 15 November. 

The chinook salmon ordinal index for the Anchor river, Deep Greek, and 

Ninilchik River will be conducted t:he last week in July. Aerial and ground 

survey personneL will keep observed counts of live and dead chinook salmon 

separate. Daca will be entered ac the end of che survey in a LOTUS worksheet 

file. 

Additionil weir ducies which will be cecorded in a daily log include: 

l) Cleaning debris from che weir. 
will be noced. 

The cime and dace of this act:ion 

2) ~acer temperature and depth measurements will be obtained daily at 
2200 hours. The stacion for chese measurements will be determined 
by the project leader afcer the weir has been installed. 

Anchor River Creel Survey: 

One Fishery Technician II will conduce the creel survey from 1 July chrough 15 

November. At che designaced t:ime on t:he schedule (Appendix Table Al), the 

survey person will either begin conducting interviews or initiate an 

instantaneous angler count from one end of t:he survey area. Every effort: 

should be made co camp le ce che count in less chan one hour. During the 

instantaneous count:, che survey person will count: only anglers actively 
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engaged in fishing. Anglers counted upstream and downstream of che weir will 

be recorded separately. Count: data will be entered on mark-sense forms. 

Completed- crip angler i.ncerviews will be conducted at: campgrounds and key 

access poincs. If an angler int:ends co cont:inue fishing that same day, creel 

personnel will indicace incomp ieee- trip on the mark-sense form. Gompleced-

trip angler interviews will be collecced both from anglers who claim they are 

through fishing for the day or have fished the day before on the Anchor River. 

The previous day interview is inclusive of all hours fished and all fish 

captured, to i.nclude any i.ncomplete-trip interview informacion which may have 

already been collected the day before. Previous day incerviews from anglers 

who were interviewed as a completed-trip angler che previous day will not be 

collected. Any -anglers who fished bach upstream and downscream .of the weir 

location will be i.nterviewed cwice: once for che period of time he/she fished 

upscream and again for che period of t:ime he;she fished downscream of the 

weir. This will allow harvest: and cacch est:imaces co be made in both river 

areas. Demographic information will only be recorded once for each completed 

angler fishing day. 

The following information will be obtained from each angler interviewed: 

number of hours fished, number of fish harvested (by species), number of fish 

released (by species), target species, terminal gear (through 15 August only): 

bait, artificial, or boch; and residence. 

D.at:a will be recorded on mark- sense forms. The option fields of the mark-

sense forms will be used co record fishing location, dace of interview, and 



demographic informacion. Opcion field l will record che amount: of angler 

fishing cime expended up ;scream ( indicat:ed b_y a "0") or downs cream ( indicat:ed 

by a. "l") of c:he weir. Opc:ion field 2 will record whecher a complet:ed angler 

incerview occurred on c:he same day (indicat:ed by a "0") or t:he previous day 

(indicat:ed by a "l"). Opt:ion field 3 will record whecher an angler used bait: 

(indicat:ed by a "l"), an art:ificial lure (indicaced by a "2"), or boch bait 

and lures (indicated by a "3"). 

Biological sampling of Dolly Varden char will be conduct:ed co est:imat:e sex, 

length-frequency, and age of t:he harvest:. Tip-of-snout: co fork-of-t:ail lengt:h 

will be measured t:o che nearest: mm on each fished sampled. Ot:olit:hs and 

gonads will be removed whenever possible, ot:olichs scored in envelopes and 

gonads in plast:ic bags. All samples wil:l be. clea~ly marked wit:h labels. A 

co cal of 130 fish per mont:h will be samp.led ·during July. August and Oct:ober, 

All daca will be recorded on mark-sense forms by crew leader. 

Coho salmon will be sampled co estimat:e age, sex. and lengt:h composition. a 

t:otal of 130 fish will be sampled for t:hree scales from che preferred area (on 

a diagonal line from t:he posterior port:ion of che dorsal fin co t:he ancerior 

port: ion of che anal fin and t:hree rows above t:he lat:eral line) . sex, and 

lengt:h (mid-eye co fork-of-cail). This sample si:::e was select:ed to provide 

desired levels of accuracy and precision, given 15% unreadable scales 

(Thompson 1987). Dat:a will be recorded on mark-sense forms arid scales scored 

on adhesive-coat:ed cards. 
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Dat:a Reduccjon 

weir councs will be entered into a LOTUS l-2-3 spreadsheet:. Angler count: and 

interview mark-sense forms will be processed monthly. Dates for previous day 

interviews will be adjusted co che correcc (previous day's) dace using program 

RECODANC. Sublocacions will also be coded co either above or below the weir, 

based on what: is ent:ered in che opcion l field, using RECODANC. 

Ocoliths and gonads will be processed, ocolichs aged and macuricy scace of 

gonad determined at: che Anchor River cabin. Upon c~mplecion all daca will be 

recorded on mark- sense forms. All mark- sense forms will be sent: co RTS in 

Anchorage at Lease cwice a month for processing. 

Daca Analysis 

Tot:al weir councs of immigrancs and emigrancs will be cabulaced by species at: 

the end of che season. Age and lengch- frequencies will be cons cruc ced for 

each sample group of Dolly Varden. These groups include spawners and non-

spawners at che weir by week for immigrancs and emigrancs, and for spawners 

and non-spawners in che creel. The lengths of all fish measured by week will 

be compared wich a one way ANOVA co decermine if che size of che fish changes 

over time. Chi-square cases will be used co compare the number of fish in 

each age group for each week co determine if age composition changes over 

time. Chi-square cescs will also be used to compare the number of spawners 

and nonspawners present each to determine if che proportion of spawners 

changes over time. To ces c for a difference in mean lengc:h at age bet:ween 

spawners and nonspawners, a series ofT tescs will be used, comparing the mean 

length at each age. 



. -

The contribution of cagged populations co che Anchor River weir and fishery 

will by estimated by, 
m .. n2j 1 J 

Clark and Bernard (1987) n .. .. 
1 J 

h N' 

where, 

n1i estimated cocal number of fish in area j from population i 

m1i • number of cags from population i observed in area j 

n2i • number of fish examined for tags in area j 

N • cecal number of fish in area J. 

h • proportion of fish ·cagged in population i. 

and the variance of n .. is approximately estimated by, 
1J 

where, 

- proportion examined for tags • 
N 

Effort (in angler-hours) will be estimated using a stratified random sample 

design with periods as separate strata. Estimates for months and river reach 

are considered independent and seasonal estimates of effort and variance are 

che sum of these quanticies. LOTUS 1-2-3 worksheets ROVING 2 (Conrad 1987) 

will be used co escimace effort and its variance. 

Angler harvest races (HPUE) will be estimated from completed-trip interview 

data. The mean effort and harvest per angler will be estimated for each 

species, month and river reach. The assumption is made chat there is no 
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difference becween periods within days in harvest races. The variance of 

these means will be estimated using a cwo-stage design wich days as the 

primary sample units and anglers as the secondary sample units (Von Geldern 

and Tomlinson 1973). Harvest per angler-hour will be estimated as che 

quotient of che mean harvest and mean effort estimates. The variance of che 

harvest rate will be estimated using che approximation for che quotient of the 

means of two random variables (Jessen 1978). Program AISUM89 will be used to 

generate these estimates. 

Angler catch rates (CPUE) will be estimated similarly co angler harVest rates 

(HPUE) but will include all fish (by species) caught (retained and released).· 

Total harvesc and catch will be estimated as the produce of the angler effo~~ 

and angler catch rate estimates. The variance of these quantities will be 

estimated following the procedure for t:he produce of cwo independent random 

variables (Goodman 1960). 

SCHEDULES 

The creel survey schedule for 1988 is presented in Appendix Al. 

Task Target Daces: 

l. Prepare equipment for che field season. June 12 -June 30 ( Balland) 

2. Install Anchor River weir. 

3. Construct: floacing weir 

4. Operate Anchor River weir. 

July 1-July 4 (Larson) 
( Balland) 
(Carver) 
(Kline) 

July 1- Aug 15 (non-perm) 
(non-perril) 

July 4-Nov 15 (Larson) 
(Balland) 



5. Anchor River creel survey. July 1-Nov 15 

6. ~eir data collection. computer entry, daily 
and analysis. 

7. Otolith and scale aging. daily 

8. Initial harvest and effort estimates monthly 
... 

9. ~eir counts and preliminary harvest and 
efforc estimates (DV,SS,SH) for Management 
Reporc 

10. Scales/otoliths read (from creel, DC, & NR) 
and final analysis ~ompleted 

11. Final creel estimates. 

12. Detailed data analysis. 

13. Annual Report (draft) submitted. 

Occ 1 

Dec 15 

Dec 15 

Jan 15 

Feb 13 

(Carver) 
(Kline) 

(Cofske) 

(Larson) 
(Balland) 

(Balland) 

(Larson) 

(Larson) 

( Balland) 

(Larson) 

(Larson). 

(Larson) 
(editing Marianna) 

14. FY9l Operation Plan Synopsis Mar 15 (Larson)" 

15. FY91 Operation Plan. April 30 (Larson) 

REPORTING 

A complete report will be prepared in accordance with che requirements of the 

Federal Aid contract and included as part of che S- 32 Annual Reporc of 

Progress. This reporc will be published as a Division of Spore Fisheries 

Fishery Daca Series Report. 

RESPONSIBILITIES 

Thomas Balland. Fishery Biologist I. 7/1 chru 12/15 and ~/16 chru 6/30. 

Tom Balland's primary responsibility will be the operation of a weir on the 

Ancho~~River. He will assure all data collected is accurately recorded on the 
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appropriace forms and/or compucer files . All age/lengch daca collecced from 

• 
chis project: (weir, c::eel, and seining) will be summarized by 15 Dec. In 

addition, Balland will be crew leader for cwo Fish and Wildlife Technician I's 

assigned co che weir, and one FT II assigned to creel survey. Ball and will 

collect and review for accuracy all creel data prior co presencing it monchly 

co che projecc leader, Larry Larson. Balland will be responsible far 

maintaining ·a Scace vehicle and cwo cabins located on the Anchor River. Any 

purchases will be processed immediacely by forwarding all invoices and Field 

Purchase Orders co che ~rojecc leader. Weekly report:s ( submitt:ed every c• .. m 

weeks) and monthly cime sheecs (submicced no Lacer chan the 12ch of each 

monch) will be compleced .:md submicced co Larry Larson, co include chose 

compleced by Balland's assigned technicians. 

From 16 April • 1 May. Balland will assist Larry Larson in che preparation of 

the Anchor River weir equipment: and housing facilicies for che spring field 

season. Any weir repairs. modifications, or logistical needs and improvemencs 

co ,che housing facil_it:ies will be accomplished prior to l May. From l May -

30 June Balland will be responsible for t:he operation of the weir and 

supervise two Fish and Wildlife Technicians as described above. 

Bradley Carver, Fisheries Technician I, 7/l thru ll/15. 

William Kline, Fisheries Technician I. 7/l thru ll/15. 

These cechnicians will assist: Thomas Balland on che Anchor River Weir. They 

will assist in che assembly and disassembly of a fish weir. They will 

maintain the weir struccure under the immediate supervision of either the 



project leader or crew leader. They will also maintain a log of all 

maintenance activities . 

• 

They will coLlect: biological samples to include data on species, size, age, 

and sex composition; perform fish tagging, scale mounting, and recording of 

water depth and water temperature. Identify/count adult and smolc species of 

fish, collect scales, otoliths, ovaries and biological samples.· All data 

collected will eic:her be entered on mark-sense forms or a computer systems. 

Basic daily swnmaries of fish counts will be computed on computer 

spreadsheets. 

James Cofske. Fisheries Technician II, 7/1 thru ll/15 

Cofske' s primary responsib.ilicy is. to perform the creel survey on the Anchor 

River, however, he may assist in the installation of the weir until July 4. 

His creel duties include following the schedule as closely as possible. 

conducting the angler counts, interviews, and collecting the biological data 

indicated. All data collected daily will be submitted co Thomas Balland. 

BUDGET SUMMARY 

A detailed breakdown of the FY90 budget is in Appendix A4. 
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Appendix Table Al. Anchor River creel survey schedule 
from July chrough 15 November, 1989. 

Dace \JkndScarc Scop Scare St:op Gt 1 Gt 2 

01-Jul. 
02 -Jul. 
03 -Jul. 1000 1.400 1800 2200 1000 2100 
04-Jul * 0700 LlOO 1600 2000 0700 1600 
05-Jul OFF 
06-Jul OFF 
07 -Jul 0800 1200 1700 2100 0800 2000 
08-Jul * 0600 1000 1600 2000 0800 1800 
09-Jul * 0700 LlOO 1600 2000 0800 1600 
10-Jul 0700 LlOO 1500 1900 1000 1500 
11-Jul 0600 1.000 1800 2200 0900 2100 
12-Jul 0700 uoo 1400 1800 0900 1500 
13 -Jul. OFF 
14-Ju1 OFF 
15 -Ju1 ':~ 0600 1.000 1700 2100 0600 1800 
16-Jul * 0800 1.200 1800 2200 0900 1800 
17-Jul OFF 
18 -Jul OFF 
19-.Jul 0600 1.000 1500 1900 0800 1800 
20-Jul 0900 1300 t6oo 2000 1100 1600 
21-Ju1 0700 1100 1600 2000 0700 1800 
22-Jul * 0700 1100 1700 2100 0800 1900 
23 -Jul. * 0900 1300 1700 2100 1100 1800 
24-Jul 0600 1000 1600 2000 0700 1700 
25 -Jul. 1000 1400 1800 2200 1400 2000 
26 -Jul. OFF 
27-Jul OFF 
28-Ju1 1000 1400 1800 2200 1200 1900 
29-Jul * 0600 1000 1400 1800 0600 1400 
30-Ju1 * 0900 1300 1400 1800 1100 1500 
31-Ju1 0700 1100 1500 1900 0700 1600 

·CONTINUED-



Appendix Table Al. Anchor River creel survey schedule 
from July chrough 15 November, 1989 
(conc:inued). 

Dace \.iknd Scare: Sc:op Scare: Sc:op Ct l Ct 2 

01-Aug OFF 
02-Aug OFF 
03-Aug 1000 1400 1800 2200 1000 2000 
04-Aug 0700 1100 1600 2000 0900 1700 
05-Aug * 0800 1200 1700 2100 1100 1700 
06-Aug * 0600 1000 1600 2000 0900 1800 
07-Aug OFF 
08-Aug OFF 
09-Aug 0700 LlOO 1500 1900 0900 1500 
10-Aug 0600 1000 1800 2200 0800 2000 
lL -Aug 0700 LlOO 1400 1800 0800 1700 
12-Aug * 0600 1000 1700 2100 0600 1900 
13-Aug * 0800 LOOO 1800 2200 0900 1800 
14-Aug 0600 1000 1500 1900 0900 1700 
15-Aug 0900 1300 1600 2000 1000 1900 
16-Aug 0700 1000 1700 2100 0800 2000 
17-Aug OFF' 
18-Aug . OFF 
19-Aug * 0700 110'0 1600 '2000 1000 1800. 
20-Aug * 0900 1300 1700 2100. 1200 2000 
21-Aug 0600 1000 1600 2000 0800 1800 
22-Aug 1000 1400 1800 2200 1300 1800 
23-Aug OFF 
24-Aug OFF 
25-Aug 1000 1400 1600 2000 1100 1600 
26-Aug 0600 1000 1400 1800 0800 1500 
27-Aug ~: 1000 1400 1400 1800 1200 1500 
28-Aug * 0900 1300 1500 1900 0900 1700 
29-Aug 0700 1100 1400 1800 1000 1700 
30-Aug OFF 
31-Aug OFF 

·CONTINUED· 



Appendix table Al. Anchor River creel survey schedule 
from July through 15 November, 1989 
(continued). 

Dace 1.JkndStarc S cop Scare Stop Ct L Ct 2 

01-Sep LOOO 1400 1600 2000 1300 1700 
02-Sep , .. LOOO 1400 1500 1900 1000 1700 
03-Sep * 1000 1400 1600 2000 1100 1700 
04-Sep * 0900 1300 1500 1900 0900 1500 
05-Sep 0800 1200 1600 2000 0800 1900 
06-Sep 1000 1400 1500 1900 1000 1500 
07-Sep OFF 
08-Sep OFF 
09-Sep * 0900 1300 1600 2000 0900 1900 
10-Sep * 0900 LJOO LSOO 1900 1000 1500 
11- Sep OFF 
1.2-Sep OFF 
13-Sep 0800 1200 1600 2000 1100 1900 
14-Sep 0800 1200 1400 1800 1100 1500 
15-Sep 0800 1200 1500 1900 0900 1700 
16-Sep * 0900 uoo 1500 1900 1200 1700 
17-Sep ~· 1000 14.00 1600 2000 1200 1800 
18-Sep 0800 1.200 1600 2000 0800 1900 
19-Sep 0900. uoo 1500 1900 1200 1700. 

-20-Sep 1000 14-00 '1600 2000 1000 1900 
21-Sep OFF 
22-Sep OFF 
23-Sep * 0900 1300 1600 2000 1000 1600 
24-Sep * 0800 1200 1400 1800 1100 1700 
25-Sep 1000 1400 1500 1900 1200 1500 
26-Sep 0800 1200 1500 1900 0800 1600 
27-Sep OFF 
28-Sep OFF 
29-Sep 0800 1.200 1400 1800 09o'O 1400 
30-Sep * 1000 1400 1500 1900 1300 1700 

-CONTINUED-



Appendix Table Al. Anchor River creel survey schedule 
from July through 15 November, 1989 
(continued). 

Dace Wknd Scare Stop Start: Stop Gt: l Gt: 2 

01-0cc: ~.(- 1000 1400 1400 1800 1100 1600 
02-0ct: 1000 1400 1400 1800 1000 1500 
03-0cc: OFF 
04-0ct: OFF 
05-0ct 1000 1400 1400 1800 1300 1700 
06-0cc: 1000 1400 1400 1800 1200 1700 
07-0ct * 1000 1400 1400 1800 1100 1700 
08-0ct * 1000 1400 1400 1800 1100 1500 
09-0ct 1000 1400 1400 1800 1100 1700 
10-0ct 1000 1400 1400 1800 1300 1700 
11-0c t OFF 
12-0ct OFF 
13 -Oct 1000 1400 1400 1800 1200 1700 
14-0cc: ";:- 1000 1400 1400 1800 1000 1700 
15 -Oc c * 1000 1400 1400 1800 1000 1400 
16-0ct 1000 1400 1400 1800 1300 1700 
17 -Oct 1000 1400 1400 1800 1300 1700 
18-0ct: ~ .. 1000 1400 1400 1800 1200 1600 
19-0ct: OFF . 
20-0cc: OFF 
21-0cc: * 1000 1400 1400 1800 1100 1600 
22-0ct: * 1000 1400 1400 1800 1000 1700 
23-0cc: 1000 1400 1400 1800 1300 1700 
24-0ct: OFF 
25 -Oc c: OFF 
26-0cc: 1000 1400 1400 1800 1100 1600 
27 -Occ: 1000 1400 1400 1800 1100 1600 
28 ·Oc c: ";~ .. 1000 1400 1400 1800 1300 1700 END DST 
29-0cc: * 0900 1300 1300 1700 1100 1600 
30-0ct: 0900 1300 1300 1700 1100 1500 
31-0ct OFF 

-CONTINUED· 



Appendix Table Al. Anchor River creel survey schedule 
from July chrough 15 November, 1989 
(cont:inued). 

Dace \Jknd Scare Scop Scare Scop GC•1 Gt 2 

01-Nov OFF 
02-Nov 0900 1300 1300 1700 1000 1600 
03-Nov 0900 1300 1300 1700 0900 1300 
04-Nov * 0900 1300 1300 1700 1100 1500 
05-Nov * 0900 1300 1300 1700 1000 1400 
06-Nov 0900 1300 1300 1700 1100 1600 
07-Nov 0900 1300 1300 1700 1000 1400 
08-Nov OFF 
09-Nov OFF 
10-Nov 0900 1300 1300 1700 1000 1600 
11-Nov * 0900 1300 1300 1700 1200 1600 
12 -Nov * 0900 1300 1300 1700 0900 1500 
l3 -Nov 0900 lJOO 1300 1700 0900 1400 
14-Nov 0900 1300 1300 1700 1100 1500 
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Appendix Table A2. Anchor River ~eir schedule from 
July chrough 15 November, 1989. 

Dace w~nd Balland Carver Kline Non-perms 

01-Jul -~ INSTALL ioiEIR 
02-Jul •'• I~STALL ~EIR 

03-Ju1 INSTALL wEIR 
04-Jul * OFF 0000-2400 2200-2400 OFF 
05-Jul OFF 0000-0530 0000-2400 0800-1630 
06-Jul 2200-2400 OFF 0000-2400 0800-1630 
07 -Jul 0000-2400 OFF 0000-2400 0800-1630 
08-Jul * 0000-2400 2200-2400 0000-0530 OFF 
09-Jul * 0000-2400 0000-2400 OFF OFF 
10-Jul 0000-0530 0000-2400 OFF 0800-1630 
11-Jul OFF 0000-2400 2200-2400 0800-1630 
12 -Jul OFF 0000-0530 0000-2400 0800-1630 
13-Ju1 2200-2400 OFF 0000-2400 0800-1630 
14-Jul 0000-2400 OFF 0000-2400 0800-1630 
15 -Ju1 ... ~ 0000-2400 2200-2400 0000-0530 OFF 
16 -Ju1 * 0000-2400 0000-2400 OFF OFF 
17-Ju1 0000-0530 0000-2400 OFF 0800-1630 
18 -Jul OFF 0000-2400 2200-2400 0800-1630 
19-Jul OFF 0000-0530 0000-2400 0800-1630 
20-Jul 2200-2400 OFF ·0000~2400 0800-1630 
21-Jul 0000-2400 OFF 0000-2400 0800-1630 
22-Jul * 0000-2400 2200-2400 OOOO-OS30 OFF 
23 -Jul ... -: 0000-2400 0000-2400 OFF OFF 
24-Jul 0000-0530 0000-2400 OFF 0800-1630 
25-Ju1 OFF 0000-2400 2200-2400 0800-1630 
26-Ju1 OFF 0000-0530 0000-2400 0800-1630 
27-Jul 2200-2400 OFF 0000-2400 0800-1630 
28·Ju1 0000-2400 OFF 0000-2400 0800-1630 
29 ·Ju1 -.': 0000-2400 2200-2400 00.00-0530 OFF 
30-Ju1 ~~ 0000-2400 0000-2400 OFF OFF 
31-Jul 0000-0530 0000-2400 OFF 0800-1630 

-CONTINUED-



Appendix table A2. Anchor River Weir schedule from 
July c:hrough 15 November, 1989 
(concinued). 

Dace \..'knd Balland Carver Kline Non-perms 

01-Aug OFF 0000-2400 2200-2400 0800-1630 
02-Aug OFF 0000-0530 0000-2400 0800-1630 
03-Aug 2200-2400 OFF 0000-2400 0800-1630 
OL.i.-Aug 0000-2400 OFF 0000-2L.OO 0800-1630 
05-Aug * 0000-2400 2200-2400 0000-0530 OFF 
06-Aug * 0000-2400 0000-2400 OFF OFF 
07-Aug 0000-0530 0000-2400 OFF 0800-1630 
08-Aug OFF 0000-2400 2200-2400 0800-1630 
09-Aug OFF 0000-0530 0000-2400 0800-1630 
10-Aug 2200-2400 OFr 0000-2400 0800-1630 
11-Aug 0000-2400 OFF 0000-2400 0800-1630 
12-Aug * 0000-2400 2200-2400 0000-0530 OFF 
l3 -Aug * 0000-2400 0000-2400 OFF OFF 
1~-Aug 0000-0530 0000-2400 OFF 0800-1630 
15-Aug OFF 0000-2400 2200-2400 ·oso0-1630 
16-Aug OFF 0000-0530 0000-2400 
17. -Aug 2200-2400 OFF 0000-2400 
l~·Aug 0000-2400 OFF 0000-2400-
19-Aug * 0000-2400 2200-2400 d000-0530 
20-Aug * 0000-2400 0000-2400 OFF 
21-Aug 0000-0530 0000-2400 OFF 
22-Aug OFF 0000-2400 2200-2400 
23-Aug OFF 0000-0530 0000-2400 
24-Aug 2200-2400 OFF 0000-2400 
25-Aug 0000-2400 OFF 0000-2400 
26-Aug ':~ .0000-2400 2200-2490 0000-0530 
'27-Aug .•. 0000-2400 0000-2400 OFF 
23-Aug 0000-0530 0000-2400 OFF 
29-Aug OFF 0000-2400 2200-2400 
30-Aug OFF 0000-0530 0000-2400 
31-Aug 2200-2400 OFF 0000-2400 

-CONTINUED-



Appendix Table A2. Anchor River Weir schedule from 
July through 15 November, 1989 
(continued) . 

Date W'knd Balland Carver Kline 

01-S.ap 0000-2400 OFF 0000-2400 
02-S.ap * 0000-2400 2200-2400 0000-0530 
03-Sep * 0000-2400 0000-2400 OFF 
04-Sep * 0000-0530 0000-2400 OFF 
05-Sep OFF 0000-2400 2200-2400 
06-Sep OFF 0000-0530 0000-2400 
07-Sep 2200-2400 OFF 0000-2400 
08-Sep 0000-2400 OFF 0000-2400 
09-Sep * 0000-2400 '2200-2400 0000-0530 
10-Sep * 0000-2400 0000-2400 OFF 
11-Sep 0000-0530 0000-2400 OFF 
12-S.ap OFF 0000-2400 2200-2400 
13- Sap OFF 0000-0530 0000-2400 
14.-Sep 2200-2400 OFF 0000-2400 
15-Sep 0000-2400 OFF 0000-2400 
16-Sep * 0000-2400 2200-2400 0000-0530 
17-Sep * 0000-2400 0000-2400 OFF 
13-Sep 0000-0530 0000-2400 OFF 
19-Sep OFF 0000-2400 2"200-2400. 
20-Sep OFF 0000-0530 0000-2400 
2l-Sep 2200-2400 OFF 0000-2400 
22-Sep 0000-2400 OFF 0000-2400 
23-Sep * 0000-2400 2200-2400 0000-0530 
24-Sep * 0000-2400 0000-2400 OFF 
25-Sep 0000-0530 0000-2400 OFF 
26-Sep OFF 0000-2400 2200-2400 
27-Sep OFF 0000-0530 0000-2400 
23-S.ap 2200-2400 OFF 0000-2400 
29-Sep 0000-2400 OFF 0000-2400 
30~Sep * 0000-2400 2200-2400 0000-0530 

-CONTINUED-



Appendix Table A2. Anchor River ~eir schedule from 
July chrough 15 November, 1989 
(concinued). 

Daca \.lknd Balland Garver Kline 

01-0cc * 0000-2400 0000-2400 OFF 
02-0ct: 0000-0530 0000-2400 OFF 
03-0ct: OFF 0000-2400 2200-2400 
04-0ct: OFF 0000-0530 0000-2400 
05-0ct: 2200-2400 OFF 0000-2400 
06-0ct: 0000-2400 OFF 0000-2400 
07-0ct: * 0000-2400 2200-2400 0000-0530 
08-0ct: * 0000-2400 0000-2400 OFF 
09-0ct: 0000-0530 0000-2400 OFF 
10 -Oct: OFF 0000-2400 2200-2400 
11-0c t: OFF 0000-0530. 0000-2400 
12-0ct: 2200-2400 OFF 0000-2400 
13 -Oct: 0000-2400 OFF 0000-2400 
14-0ct: ... ~ 0000-2400 2200-2400 0000-0530 
15-0ct: ..;.. .. 0000-2400 0000-2400 OFF 
16-0ct: 0000-0530 0000-2400 OFF 
17- Oct: OFF 0000-2400 2200-2400 
18-0ct: . OFF 0000-0530 0000-2400 
19-0ct: 2200-2400 OFF 0000-2400 
20-0ct: ·oaoo-2400 OFF 00.00-2400 
21-0ct: * 0000-2400 2200-2400 0000-0530 
22-0ct: i~ 0000-2400 0000-2400 OFF 
23-0ct: 0000-0530 0000-2400 OFF 
24-0ct: OFF 0000-2400 2200-2400 
25-0ct: OFF 0000-0530 0000-2400 
26-0ct: 2200-2400 OFF 0000-2400 
27-0ct: 0000-2400 OFF 0000-2400 
28-0cc ".': 0000-2400 2200-2400 0000-0530 END DLST 
29-0ct: ... -: 0000-2400 0000-2400 OFF 
30-0ct: 0000-0530 0000-2400 OFF 
31-0c t: OFF 0000-2400 2200-2400 

-CONTINUED-
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Appendix Table A2. Anchor River Weir schedule from 
July t:hrough 15 November, 1989 
(cont:inued). 

Oat: a Wknd Balland Carver Kline 

01-Nov OFF 0000-0530 0000-2400 
02-Nov 2200-2400 OFF 0000-2400 
03-Nov 0000-2400 OFF 0000-2400 
04-Nov * 0000-2400 2200-2400 0000-0530 
05-Nov * 0000-2400 0000-2400 OFF 
06-Nov 0000-0530 0000-2400 OFF 
07-Nov OFF 0000-2400 2200-2400 
08-Nov OFF 0000-0530 0000-2400 
09-Nov 2200-2400 'OFF 0000-2400 
10-Nov 0000-2400 OFF 0000-2400 
11-Nov * 0000-2400 2:?.00-2400 0000-0530 
12-Nov * 0000-2400 0000-2400 OFF 
13 -Nov DISMANTLE WEIR OFF 
14-Nov "DISMANTLE wEIR 
15-Nov DISMANTLE wEIR. TECH EVALUATIONS 
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INTRODUCTION 

The oil spill in p,.;nce William Sound coincided with the annual migration of 
Paci fie herrfng to near-shore spawning areas. Approximately 3~ of the 
traditional spawning area in Prince William Sound is located within contaminated 
areas. Additionally, the majority of adult spawning, herring and the newly 
hatched juveniles will traverse the affected area. 

It is hypothesized that the oil spill will adversely impact adult fish through 
direct mortality, food shortages, slowed growth, and a possible reduction in 
fecundity. In addition, her,.ing eggs have been shown to be particularly 
susceptible to hydrocarbon conta.ination. Possible effects include reduced egg 
survival, reduced hatching success, and reduced viability of fry. Any of these 
factors have the capacity to reduce the sustainable yield fro~ her,.ing fisheries 
in p,.;nce William Sound (worth over 12 million dollars in 1988). 

The goal of this project is to determine whether the Exxon-Valdez oil spill will 
have a measurable impact on populations of Pacific her,-ing C1upea harengus in 
p,.;nce Willia. Sound. Accurate and precise estimates of population abundance, 
age structure, weight, and length composition data are needed to accomplish this 
objective. In addition, the direct effects of oil contamination on spawning 
success a~d egg survival will be determined. 

OBJECTIVES 

1. Expand the normal sampling of her,-ing populations in Prince William 
Sound to increase the precision of her,.ing abundance. age 
composition, weight, sex ratio, and fecundity estimates. 
Specifically we intend to: 

Estimate the biouss of the spawni,ng stock of herring in Prince 
Willi~ Sound such that the estimate is within t ZS~ of the true 
value 95S of the time; 

Estimate the age, weight, length (AWL), and sex composition of 
herring in Prince W1111u Sound during 1989 such that age composition 
estimates are within t SS of their true values 95S of the .time; 

2. DocUMnt the occurrence of her,-i ng spawn i n o i 1 ed and non· o i 1 ed 
areas. 

3. Estiute hydrocarbon contamination of, and physiological impacts on, 
adult herring by analyzing tissue s•les for hydrocarbon and 
histopathological analyses fro~ her,-ing in oiled and non-oiled areas. 
Specifically, we intend to: 

Test the hypothesis that the level of hydrocarbons in herring tissues 
is not related to the level of oil conta.ination of the area from 
which the her,.ing were sampled. The experiment is designed to detect 
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i~ifference of 1.6 standard deviations in hydrocarbon content with 
the probability of making a type I and type II error of 0.05 and 0.1. 
respectively. 

Estimate the presence and type of damage to tissues and vital organs 
of herring sampled from oil·impacted and unimpacted areas. 

Test the hypothesis that the level of hydrocarbons in herring eggs 
is not related to the level of oil contamination of the area from 
which the herring were sampled. The experiment is designed to detect 
a difference of 1.6 standard deviations in hydrocarbon content with 
the probabi 1 i ty of making a type I and type I I error of 0. 05 and 0. 1 , 
respectively. 

4. Estimate the proportion of dead herring eggs in oiled and non-oiled 
areas. 

5. Estimate the hatching success, viable hatch, and occurrence of 
abnormal larvae by collecting herring eggs fro• oiled and non-oiled 
areas and rearing theM under laboratory observation. 

6. 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 three parts: (1) Herring spawo depo~ition. 
estimation; (2·) Herring age. weight, 1 ength, grt)wth, and fecundity estimation; 
and {3) Herring egg surv·ival estimation. 

Spawn Oegosition Stydy 

The management of the Prince Willi~ Sound herring stock is based on a harvest 
policy established by the Alaska Board of Fisheries which specifies a maximum 
2~ exploit~tion rata for the combined harvest of a~l herring fisheries. The 
allowable harvest is based on biouss estimates established the previous year 
modified by the expected growth and su~ival over the year. While aerial surveys 
were used to estiute biOIU.SS f..-a. 1973·87, spaw deposition surveys were 
perfonned in 1983 {Jackson and Randall 1983) and 1984 (Jackson and Randall 1984), 
and began to be used as the primary biomass estimate in 1988 (Biggs and Funk 
1988). Aerial surveys are easier to perforM than spawn deposition surveys, but 
aerial survey bi011ass estimates are not as reliable because of the varying 
visibility of herring schools fro• the air and because the residence time of 
herring schools on the spawning grounds is unknown. Estimates of precision are 
not available for aerial survey biomass estimates. The Alaska Department of Fish 
and Game continues to conduct an annual aerial survey of spawning biomass 
( Comerci a 1 Fi sheri as Division project number TF-300) to provide i nseason 
indicators of run timing and location and to collect information on the timing 
and distribution of spawning activity that is used for planning the spawn 
deposition survey. 
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This project represents an augmented progr~ to assess .the Prince William Sound 
herring stock's response to the oil spill of the Exxon Valdez. The original goal 
of the 1989 herring spa~n deposition_ survey was to estimate the spa~ning biomass 
with a precision such that the biomass estimate would be within t 28% of the true 
biomass estimate 95~ of the time under optimal survey conditions. Fishery 
managers determined that this level of precision was acceptable for estimating 
exploitation rates and forecasting future abundance. If weather or other 
logistic problems hampered the spa~n deposition survey sampling effort, fishery 
managers were willing to tolerate reduced precision. The oil spill of the Exxon 
Valdez introduced a potential ne~ and unkno~n level of mortality on herring 
stocxs. The accuracy and precision of estimates of stocx abundance need to be 
assured from both oiled and unoiled areas (as reflected in objective 1 and 2). 
The opportunity to estimate herring biomass with spa~ deposition surveys is only 
available during a relatively narrow two week window. After the oil spill, the 
number of divers involved in the survey was increased to assure that even if 
weather problems restricted the available sampling time, sufficient numbers of 

· transects could still be performed. The number of transects was also increased 
to provide a level of precision such that the biomass estimate would be within 
t 25~ of the true biomass 95~ of the time. The amount of time devoted to skiff 
surveys of spa~ing areas was also increased. Skiff survey delineation of 
spawning area boundaries helps to increase the level of precision of spawn 
deposition surveys and provides important documentation of the occurrence. of 
herring spa~n in oiled.and unoiled areas. 

Study cres i gn: 

The aerial survey project {Commercial Fisheries Division project number TF·300) 
will provide a map indicating the general location of herring spawning areas. 
A skiff survey will then delineate the boundaries of each spawning area in more 
detail. Transects will be placed perpendicular to the shoreline at locations 
selected randa.ly from the shoreline maps of spawning areas. Divers will swim 
along the transects and systematically place 0.1 ml quadrats at 5 m intervals. 
Divers will estimate the total number of eggs in each quadrat. All egg· 
containing veget~tion will be removed from a subset of the quadrats for later 
enumeration of the number of eggs in a laboratory procedure. These enumerated 
egg counts will be used to correct bias in diver-estimated egg counts and 
estimate the precision of the diver estimates. The survey design is described 
in det~il by Biggs and Funk (1988), and follows closely the two-stage sampling 
design of si~11~r surveys in British Columbia {Schwiegert et al. 1985), and in 
Southeast Alaska (Blankenbeckler and Larson 1982, 1987). The surveys use random 
sampling at the first stage (transects), and systematic sampling at the second 
stage (quadrats within transects). Random sampling in the second stage is not 
feasible because of underwater logistical constraints {Schwiegert et al. 1985). 
In addition to the two-stage design, the survey is stratified by four areas 
within Prince Willia. Sound {Northeast, North Shore, Naked Island and Montague), 
because of the geographic separa.tion of these areas and the potential for 
herring in these areas to be discrete stocks. 

Mean egg densities along each transect will be combined to estimated an overall 
average egg density. The observed widths of the spa~ing bed along each of the 
transects will be used to estimate the average spawning bed width. The average 
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width, avera~ density, and total spawning bed shoreline length from the skiff 
survey will be used to estimate the total number of eggs deposited in each of 
four area strata estab 1 i shed within Pri nee Wi 11 i am Sound. Using the average 
fecundity and sex ratio derived from the AWL sampling portion of this project, 
the total number of eggs deposited. will be converted into population numbers and 
biomass. Based on the variances obtained during the 1988 survey, 160 transects 
would be needed to insure that the estimated biomass would have a 95~ chance of 
being within zs~ of the true biomass. 

Sampling Procedure: 

The general locations of spawning activfty will be derived from visible milt 
observed in the wa tar co 1 umn during schedu 1 ed aeri a 1 surveys ( Connerc i a 1 
Fisheries Oivision Project Humber TF·300). This information will be compiled 
and suiiiArized on maps showing spawning locations and the number of days on which 
milt was observed. 

Using this information, the skiff survey crew will visit each spawning area and 
more precisely determine the boundaries of areas actually containing herring 
eggs. The skiff survey team will begin mapping several days in advance of the 
dive team9 but they will not begfn SaJDl)l ing until several days after spawning 
has ended to ensure that all egg containing areas are recorded. It is 
anticipated that the skiff survey crew will operate between April 18 and May 4. 

The skiff team will be based out of a salmon gill net vessel with shallow draft 
·capabilities, preferably equipped with a jet drive. Sampling will .need to be 
perfo~ very close to shore at low tide, using a small inflatable raft where 
necessary. Using an underwater viewing box, grappling hooks, rakes, and 
observations made of the intertidal area, the boundaries of herring spawning 
areas will be recorded. The total lineal miles of shoreline containing herring 
spawn will be determined from the skiff survey maps. The skiff survey crew will 
deliver a completed spawning ground map of each of the four area strata 
{Northeast, North Shore, Naked Island, and Montague Island) to the spawn 
deposition diving crew before the diving crew begins to sample each area. 

Diving on herring spawn is not recommended for at least 5 days after spawning 
activity has ceased because of water visibility problems caused by milt and 
because large nwaaers sea lions are usually present. Two days of diver training 
will be conducted between April 19 and Hay 6, depending on the exact timing of 
herring sp~ing, which will include onboard training dives aboard the diving 
support vessel R/Y Sundance. Eight divers, working in two shifts (morning and 
afternoon), will be needed to conq~leta tha project. Based on the 1988 survey 
and Southeast Alaska surveys, four teams of two divers can complete about zo 
transects per day in favorable weather conditions. Asswaing that the diving 
field trip will be 10-14 days, this should allow the survey design goal of 160 
transects to be achieved in unfavorable weather. Four divers will be sampling 
during each shift worktng in two 2-person teams fro11 two diving skiffs. The four 
divers not conducting underwater surveys during a shift wi 11 serve as dive 
tenders9 refill SCUBA tanks, and maintain equipment. 

The shoreline area containing herring spawn on the map received from the skiff 
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survey teiUII wtll be divided into the sma 11 est segments reso 1 vab 1 e on the sea 1 e 
of the map (0.1 mile or less). A total of 160 of the shoreline segments will 
be se 1 acted at random from a 11 of the spawn-containing shore 1 i ne segments. Each 
transect will be assigned a number_and its location drawn on waterproof field 
maps that can be taken out in the dive skiff. The dive team 1 eader wi 11 
determine the exact transect location within the randomly selected shoreline 
segment by identifying a shoreline feature (tree, rock, cliff etc.) located above 
the nigh tide line as the dive skiff approaches the shore, but before bottom 
profiles, bottom vegetation, or herring spawn are visible from the skiff. 

A 0.1 mr quadrat constructed of PVC pipe will be used for the sampling frame. 
A depth gauge and compass wi 11 be fastened to the quadrat. Data wi 11 be recorded 
on pre-printed single matte mylar forms attached to PVC clipboards, using a large 
weighted carpenter's pencil attached to the clipboard. Normally the dive team 
leader will make egg density estimates and record data while the assistant diver 
sets and follows the compass course, measures distances, and carries and places 
the quadrat. 

Sampling along the transects will occur in the following manner: 

1. A compass course perpendicular to the shoreline at the transect 
location will be set on the compass attached to the sampling quadrat. 

2. The first quadrat will be haphazardly placed ~ithin. the first.S meters 
of spawn by tossing the quadrat. · 

. . . 

3. The lead.diver will estimate and record the number of eggs in the 
quadrat. The number of eggs is normall~ recorded in units of thousands. 

The vegetation type, percent cover, substrate, and depth are also 
recorded. 

4. The assistant diver will measure four complete 1m hand-spans offshore, 
along the compass course. Halfway through the fifth hand-span, the 
assistant diver will gently tass the quadrat ahead approximately one-half 
meter and allow it to come to rest. The lead diver then makes another 
estimate at the new quadrat location. 

5. This procass continues every 5 meters until the apparent end of the 
spawn is found. Divers will verify the end of the spawn by swimming at 
least an additional 20 • past the end of the spawn, unless a steep drop­
off 1 s encountered. 

Appendix A.l shows the codes for vegetation types that are encountered in Prince 
Willi iUII Sound. More than one may be present in the quadrat samp 1 ad and the three 
most common are to be recorded on the data forms. Appendix A.Z shows the data 
sheets that are to be used in the underwater surveys. Percent cover is a simple 
estimate of the percentage of plant cover that exists within the quadrat sampled 
(e.g., if half the area is covered, the cover is 5~). 

Approximately every fifth quadrat will be used as a special diver calibration 
sample. Both divers will estimate the number of eggs in the quadrat in a manner 
such that neither can see the other's estimate. Divers will attempt to remove 



all egg-containing vegetation and scrape eggs off rock substrate, placing the 
material in numbered mesh bags. A sample size goal of SO calibration samples 
per diver was established, inc1ud1ng.ZO 1n each of four vegetation categories 
(eelgrass, fucus, large brown kelp, hair kelp), based on 1988 survey results. 
Calibration samples should also be spread over a wide range of egg densities. 
The spawn depQsition project leader wtll track the number of samples collected 
by each diver by vegetation group and density to ensure that sufficient 
calibration samples are taken in each category. Upon completing a dive shift, 
calibration sample material will be removed fro11 the numbered mesh bags and 
placed in nalgene ziploc bags. Gilson's solution will be poured over the sample 
so that all material is completely i11111ersed. A label will be made for each 
samp 1 e ( preferab 1 y in penci 1 on my 1 ar) containing the transect number, both 
diver's estimates, data, and vegetation type. Five or 6 calibration sample bags 
can be stored a 5 gal. plastic bucket. Samples should not be stacked over one 
anoth~r to prevent spilling and mixing. Procedures for the enumeration of the 
number of eggs in each calibration sample are described in Appendix B.l. The 
formulas used to prepare Gilson's solution and the other che~~icals used for 
sample processing are also listed in Appendix 8.1. 

Data AnalysiS: 

Biomass Estimation 

The 1989 spawn deposition survey was patterned after the 1988 spawn depositton 
survey in Prince Willtaaa Sound (Biggs and Funk 1988). The overall biomass 
estimator is: 

where: 

a •. u . B' 1 
(1 · R) 

B • estimated spawning bio~~ass in tonnes, 
T • estimated total number of eggs {billions) deposited in an area, 

(1) 

B' • estimated tonnes of spawning biomass required to produce one billion 
eggs, and 

R • estimated proportion of eggs disappear"ing fro11 the study area from the 
time of spawning to the time of the survey. 

The esti11ates forT and B' are derived fro• separate sampling programs and are 
thus independent. Ignoring the unknown variability in R, the estimated variance 
for the product of the independent randall variables T and B', conditioned on R 
is: 

Var(BfR) • [J2Yar(8'l + 8' 2Var(T1 • Yar<Tl·Yar(B'}l 
(l·R)l 

(Z) 

where Var(S') is an unbiased estimate of the variance of B' and Var(T) is an 
unbiased estimate of the variance ofT {Goodman 1960). 
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Total Number of Eggs (T) 

The total number of eggs deposited in an area was estimated from a two-stage • 
sampling program with random sampling at the primary stage, followed by 
systematic s~ling at the secondary stage, using a sampling design similar to 
that described by Schwiegert et al. (1985). In computing variances based on the 
systematic second stage samples it is assumed that eggs are randomly distributed 
in spawning beds with respect to the 0.1 mr sampling unit. While this assumption 
was not examined, in practice the variance component contributed by the second 
sampling stage was much smaller than that contributed by the first stage, so 
that violations of this assumption would have little effect on the overall 
variance. The total number of eggs {T), in billions, in an area was estimated 
as: 

T • N · y . 10-e 

where: 

L • the shoreline length of the spawn-containing stratum in meters, 
N • L/JO.l • the total number of possible transects, 
jO.l • O.Jl62.m • width of transect strip, 

(3) 

j • average estimated total number of eggs {thousands) per transect, and 
.1o·• • conversion from thousands to b.i 11 ions of eggs. . 

The· average total number of eggs per transect strip (in thousands) was estimated 
as the mean of the total eggs {in thousands) for each transect strip using: 

-n 

where: 

n • number of transects actually sampled, 

1 • transect number, 

M1 • wi/JO.l • number of possible quadrats in transect i, 

w1 • transect width in meters, and 

ji • average quadrat egg count in transect i (in thousands of eggs). 

The average quadrat egg count within a transect, yi, was computed as: 

8 

(4} 



( 5) 

where: 

i • quadrat number within transect i, 

m1 • number of quadrats actually sampled in transect i, and 

y1J • adjusted diver-estimated egg count (in thousands of eggs) from the 
diver calibration model for quadrat j in transect i. 

The variance of T is similar to that given by Cochran {1963) for three stage 
sampling with primary units of equal size, although in this case the expression 
is modified because the primary units (transects) do not contain equal numbers 
of secondary units (quadrats}, and the variance term for the third stage comes 
from the general linear model used in the diver calibration samples: 

• tt oo•t) I ( 

(1-fd 
I 

f 1 (1- f%} • f1f1 
s3 • J; Var{T) St + sl + !l !l 

(6) 

where: .. 
St • 

I s, • 

fl. • 

f% • 

n :c m1 : m1 
1•1 l.•l 

i {y - y) •· 
l.•l l. 

n·l 

n -
N 

1111 

M1 

• variance among transects, 

(yi.J - yi)' 

n (m1-l) 
• variance among quadrats, 

• sum of the variances of the individual 
predicted quadrat egg counts from 
the diver calibration model, 

• proportion of possible transects sampled, and 

• proportion of quadrats sampled within transects 
(same for all transects). 
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Diver Calibration 

Diver observations of vegetation species will be aggregated into four vegetation 
categories based on structural and phylogenetic similarities of plants in the 
quadrat: eelgrass, fucus, hair kelp, and large brown kelp (Appendix A.l). Diver 
estimates of egg numbers are approximately proportional to laboratory-enumerated 
counts, but systematic biases in the diver estimates can be accounted for by 
vegetation type and density (Biggs and Funk 1988). Individual diver effects 
were not significant in the 1988 survey, but potential differences among 
individual divers will be exGmined. The basic form of models used to account 
for biases in diver observations is: 

where: 
a is a constant, 

v ... 
e 

OJ are parameters representing the effect of j~ diver, 

(7) 

V~ are parameters representing the effect of the k~ vegetation type, 

BJ• are parameters controlling the functional form of the relationship 
between the diver estimate and 1 aboratory-enumerated egg count for 
diver j in vegetation type k, 

YiJ• is the i~ laboratory egg count in the vegetation-diver stratum jk, 

XiJk is the i~ diver estimate in vegetation-diver stratum jk, and 

• is a normally distributed random variable with mean 0 and variance a•. 

A multiplicative-effect model was chosen because relative estimation errors were 
expected to change with egg density. The distribution of laboratory-enumerated 
egg counts for a given diver estimate was positively skewed in the 1988 survey 
(Biggs and Funk 1988), so that the logarithmic transformation used to estimate 
the parameters of th• multiplicative-effect model also stabilized the variance 
and corrected th• skewn•ss of the egg density estimates. After a logarithmic 
transformation mod•l 7 becomes: · 

(8) 

The parameter SJ• is the slope of the relationship between the logarithm of the 
diver estimate and the logarithm of the 1 aboratory-enumerated egg count. rn 
1 ogari thmi c form, the mode 1 c·ompri ses a 1 i near ana 1 ys is of covariance prob 1 em 
with two factor effects (vegetation and diver) and 1 covariate (diver-estimated 
egg number). The SAS procedure for general linear models (SAS 1987) will be 
used to obtain 1 east squares estimates of parameters and eva 1 uate variance 
components. In addition to the two factor effects and one covariate, terms for 
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diver-vegetation group interactions, density-vegetation group interactions and 
density-diver interactions ~ill be considered in the analysis of covariance. 
Three-~ay and nigher level interaction effects ~ill not be considered because 
the objective is to derive a simple model ~ith a relatively small number of 
parameters. Backward stepwise procedures ~ill be used to determine subsets of 
the six effects that explain the maximum amount of variability. in the data with 
the smallest number of parameters. During the backward stepwise procedures, 
effects ~ill be included or eliminated from the model based on the probability 
level of F ratios for partial sums of squares. 

Translation of the predicted values from the logarithmic model, equation (8) 
back to the original scale. equation (7) requires a correction for bias. The 
bias in the expected value of YlJ.ll: is expO"•) when the true variance of Ytjk , 
"•, is known. and Laurent (19o3) gives an exact expression for the bias 
correction that incorporates additional terms when "• is estimated from a 
sample. For the diver calibration data. the biases in estimating "' from a 
sample were less than 0.05% (Biggs and Funk 1988) so expected values for YlJk 

were estimated from: 

ts• 
e (9) 

where s• ~as .. the mean squared error from the general 1 inear model. The variance 
of individual predicted Y1Jk was estimated from: 

( 2Y 1Jk + " I } " I 

Var(Y1J•) • [e ] · [e - 1] . (.10) 

This expression is appropriate ~hen "• is known (laurent 1963), although it 
should be possible to usa s• instead of "' ~ithout correction for bias. because 
the bias introduced into estimates of the mean ~hen s• ~as used for "' were 
found to be small by Biggs and Funk (1988). 

Spawning Biomass per Billion Eggs (8') 

Catch sa..,ling progruas will be used to estimate the relationship between 
spawning b1o.ass ind egg deposition. The tonnes of spawning biomass required 
to produce one billion eggs (B'} will be estimated as: 

8' • {11) 

where: 

W • estimated average weight in grams of all herring (male and female) in 
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the-spawning population in an area, . 
s • estimated ratio of total spawning biomass (male and female) to fema1e 

spawning biomass, 

F(Wf) • estimated fecundity at the average weight of fema1es in the spawning 
population in an area, in numbers of eggs, and 

lOJ • units conversion factor • 
10-e conversion from grams to tonnes 
--- . --------------------------lo-t conversion from eggs to billions 

Because average weight, sex ratio and fecundity are all estimated from 
essentially the same sampling program, the estimates are not independent. The 
variance of B' is approximately: 

Var(B') • (lOJ)' ( [S/F(W()]' Var(W) 

+ [W/F(Wt) ]' Var(S) 

+ [WS/F(Wt)']' Var(F(Wtf) 

. + ZCov(W,S) [S/F(Wt)] [W/~(Wt)] 

• ZCov(W,.F(Wt) 1 [S/F{Wt) l [WS/F(F(Wtfl 

· ZCov[S,F(Wt)l [W/F(Wt)l. (WS/F(Wt)'] } (12) 

Because S was estimated from pooled AWL samples and in two of the areas S was 
estimated from a single AWL salll1)1e, it was not Q_ossible to estimate the 
covariance terms containing S, (Cov(W,S) and Cov[S,F(Wt)]}, so these terms were 
not included in the estimate of Var(B'}. These covariance terms probably· 
contribut! a negligible amount to Var(B'), because the term involving 
Cov[W ,F(Wt)l was very small. 

Mean Weight and Sex Ratio 

Mean weight and sex ratio will be estimated fro. age-weight-length (AWL) samples 
collected fro. a purse seine fishing vessel charted by AOF&G. In a normal year, 
AWL salll1)1es would have been obtained both from the commercial catch and AOF&G 
test fishing conducted before or after conaercial openings by AOF&G and by 
commercial vessels. For 1989, the chartered purse seine vessel will be directed 
to obtain AWL salll1)1es representative of the spawning population in each of the 
spawn deposition su11111ary areas (Valdez Arm, North Shore, Naked Island, and 
Montague Island). The approximate timing of peak herTing spawning in each 
summary area will be determined from aerial survey sightings of milt and herring 
schools. All fish from AWL samples taken during the time of peak spawning in 
each area will be pooled to obtain estimates of mean weight and sex ratio for 
each summary area. Average weights and sex ratios for all of Prince William 
Sound will be estimated as a weighted average of the estimates from each of the 
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areas, ~eighting by the spawn deposition biomass estimate in each area. 

The sex ratio estimate, S, is computed as the ratio of the number of fish of 
both sexes in the AWL samples to the number of females. The binomial 
distribution is applicable to estimating the proportion, p, of fema1es in AWL 
samples, where S • l/p. The variance of S is then given by: 

S
1
(S-1) 

Var(S) • (13) 
n 

where n is the number of fish in the AWL s~le. 

Egg l.oss 

Before the extensive use of.diving surveys of herring egg deposition, estimates 
of herring egg loss bet~een the time of spawning and the time of egg deposition 
were relatively high. Montgomery (1958) estimated that in Southeast Alaska egg 
loss was ZS to 4~, and similar high egg losses were used in the early studies 
of egg deposition in Southeast Alaska {Blankenbeckler and Larson 1987). 
However, Haegele et al. (1981) argued that these estimates were high because 
most spawn was thought to be intertidal before the advent of diving surveys and 
that intertidal predation and wave loss is probably higher than subtidal. 
Haegele et at. (1981) estimate egg loss to be approximately 1~, primarily 
beeause of predation and wave action loosening the eggs fro11 the substrate 
during storms. Since the timing of diver surveys following spawning is similar 
in British Columbia, Southeastern Alaska.and Prince William Sound, the 10~ egg 
loss used in Bri"t1sh Columbia and s·outheast Alaska (W •. Blankenbeckler, Alaska 
Department of Fish and Game, Ketchikan, personal communication} was used for the 
1988 Prince William Sound egg deposition survey. 

Herrjng Age. Weight. length. Growth. and fecunditY Estimation Stydy 

Because of the oil spill all commercial fisheries for herring in Prince William 
sound were closed in 1989. The normal management of these fisheries would have 
included a state vessel located near the fishery that would function as 
headquarters for .anage.ent and research staff to conduct test fishing. Normal 
test fish1nt would have involved placing Department staff on board fishing 
vessels to s~l• th•ir catch for age 9 weight, length, (AWL), fecundity, and roe 
maturity infoi"'Ut1on. This information fs necessary to estimate spawning 
biomass and s~awn deposition, predict future returns for herring, and evaluate 
the effects of the spill on survival. Fecundity, average weight of females, and 
sex ratio are also co!IIJ)onents of the spawn deposition biomass estimator. 
Because tighter than normal precision for the spawn deposition biomass estimator 
was needed to evaluate oi 1 spi 11 impacts, more intensive AWL sampling is 
required. This study was developed in order to provide data that is normally 
supplied by the commercial fishing vessels; since no fishery occurred, a vessel 
had to be chartered with a technician to fill in the gap. In addition, sampling 
intensity w;ll be increased where required to increase precision. 
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Study Design: 

A test fishi-ng purse seine vesse 1 wi 11 be contracted from April 4 to 18 to 
capture fish for AWL sampling. Sampling will begin as soon as concentrations 
of herring appear in near shore areas that are accessible to purse seines. 
Spawning migration samples will be taken from most large herring concentrations 
throughout the Prince William Sound and at periodic intervals by region 
throughout the major spawning period. The objective is to document the age-sex­
size composition of all major biomass concentrations in the general areas of 
Valdez Arm and the Eastern District, the North Shore, Naked Island, and Montague 
Island. Results of the aerial survey progr~ (TF-300) will be used to direct 
test fishing to major biomass concentrations. 

Sampling Procedures: 

Six to eight samples of herring will be collected using a chartered purse seine 
vessel each week during the spawning migration (early-April through early May). 
Each sample wi 11 consist of 500 fish, approximately the size recommended by 
Thompson (1987) to achieve confidence intervals for proportions at age such that 
95~ of the time. the estimated proportions will be within 5~ of the true 
proportions. Age composition samples will be flown to Cordova from the 

. sampling vessel ·daily for processing. Sampling, processing, and archiving 
methods are described in deta i1 in. the Pri nee Wi 11 i ~ Sound Herring Catch 
Sampling Operational Plan, CF-302 (Appendix D.1) and the Prince William Sound 
AWL Sampling Manual (Appendix D.Z). Augmentation of the normal AWL sampling 
program was needed to collect hydrocarbon, organoleptic, and fecundity samples 
and to cover the cost of the boat charter to collect herring samples. All age, 
weight and 1 ength data was call ectad with resources and personnel from. the 
regular AWL program (non-oil spill related). 

The following data will be collected for each herring sampled: 

1. Sex determined by exa.ination of gonads; 
2~ standard length (in m.); 
3. weight (in gra.s); and; 
4. scale collected to determine age; 
5. date of capture, fishing district and subdistrict, local name for the 
locatfon fished, name of the fishing vessel and gear type; and, 
6. data for. number and the fish number for that form. 

In addition, a subsample of fish will be collected to estimate fecundity. The 
average fecundity at the average female weight (F(Wt) from expression 11) is one 
component of the spawn deposition survey biomass estimator. The spawn 
deposition survey attempts to estimate spawning biomass with 95~ confidence 
intervals of no more than t ZS~ of the biomass point estimate. If fecundity 
sampling is to contribute no more than 1~ to the confidence interval width, a 
sample of 85 females of exactly the average weight of females in spawning 
population is needed. Because the average female weight is unknown at the time 
of sampling, more fish must be sampled over a range of sizes. Based on the 
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precision of 1988 fecundity sampling, a sample size of 130 fish would be needed 
to provide the desired level of precision (Fritz Funk, Alaska Department of Fish 
and Game, personal communication}. An additional 100 samples clustered around 
the average size of females in 1988 will be taken to compare with the past 
year's data. The average length of a female in the fecundity sample in 1988 was 
ZOO mm. The predicted average weight for the population in 1989 is 127 grams 
that translates to an average predicted length of ZOO to Z15 mm. Clustering of 
samples around the ZOO to 220 mm length classes is desirable. 

It is also of interest to investigate whether fecundity varies by region because 
of oil impact. A fecundity sample {400 females) is requested from oil impacted 
and non-impacted areas. Minimally 20 females from each of the 5 length 
categories will be collected for a sample size of 100 per stratum. In addition, 
the size stratum reconmended for 1989 to a 11 ow comparisons of year and o; 1 
effects are: 

20 females ~ 181·190 m. 
60 females ~ 19l·ZOO mm 
65 females ~ 201·210 ~ 
55 females ~ 211·220 mm 
20 females @ 221·230 mm. 

Area strata are defined as the (1) Valdez Arm and Eastern District, (2} North 
Shore, (3) Naked Island, and (4) Montague Island Area. 

Herring fecundity sa.mples will be collected concurrently with AWL samples 
(project CF-302). At least five of the individual test purse samples brought 
in will oe subsampled in the following manner. Foi each 10 1111 length class, 
females will be· rando11ly selected (until the stratUII goals ~re reached) and 
thai r roe sacs removed; the AWL number for each female wi 11 be recorded and 
written on individual ziploc bags in which the roe fro11 that fish will be placed 
(e.g., 20 for 151·160 1111 standard length fish, 20 for 161·170 1111). These 
individually packaged roe samples will then be placed in a larger plastic bag 
with the sample date and location for cross referencing later while processing 
data. The lab procedures for processing individual fecundities. are 1 isted in 
Appendix 8.2. 

The following samples for histopathology and hydrocarbon will also be obtained 
from each of the four locations (Naked Island, Galena Bay, Cedar Bay, and 
Stockdale Harbor): 

1. Three gut samples for hydrocarbons; 
z. Three viscera samples for hydrocarbons; 
3. Three .uscle s~les for hydrocarbons; 
4. Three gonad s~les far hydrocarbons; 
S. Twenty histopathology samples; and 
6. Observations as to an1gnis prevalence (nematode), liver and gall bladder 
condition, and fullness of gut will be collected far each fish sampled. 

Sample sizes and collection strata for hydrocarbon and histopathology are 
discussed in detail in Appendix E. 
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Data Analysis: 

A linear regression between fecundity and weight provided a reasonable 
description of fecundity data collected in 1988 (Biggs and Funk 1988). Average 
fecundity for each area will be estimated from the fecundity-weight relationship 
using the average female weight in the AWL 1amples from each area and applied 
to the spawn deposition biomass estimator (F(Wt) in expression 11). The variance 
of estimated average fecundities is approximated by the variance of predicted 
means from the fecundity-weight linear regression (Draper and Smith 1981): 

- I ( 1 1 ( wf • W'F) I , 

Var(F(Wt)l • s - +- + .I 
n q z(W1 • W'F) J 

(14) 

~heres' i~ the residual mean square from the fecundity-weight linear re~ession, 
Wt is the average weight of female fish in the spawning population. WF is the 
average weight of females in the fecundity sample, W are the weights of 
individual females in the fecundity sample, n is the tota\ number of females in 
the fecundity sample, and q is the total number of females in the AWL sample. 

General Linear Model (GLM) extensions of linear analysis of.variance (ANOVA) 
·techniques wi 11 be used to test for year and area effects in growth and 
fecundity. Techniques employed in processing her.ring· AWL data are discussed in. 
more detail in the Prince William Sound Herring Caatch Sampling· Operation Plan, 
CF-302 (Appendix 0.1). 

Egg Syryival Stydy 

The oil spill has the potential to cause mortality to herring eggs because 
herring spawn in intertidal and shallow subtidal areas where their adhesive eggs 
remain attached· to vegetation and other substrates for a three week incubation 
period. This study was developed to estimate immediate, observable mortality of 
herring eggs in areas of high, mediw., low, and no oil impact. 

Study Design: 

Five study transects will be established in each of the areas designated as 
high, mediWI9 low, and no oil impact. The ratio of live to dead eggs will be 
determined along each transect. Dead herring eggs turn an opaque white color, 
which is easily identified under low power magnification. Herring spawning 
locations will be mapped by AOF&G aerial surveys and skiff surveys associated 
with the spawn deposition project. Shoreline survey data mapped by the Alaska 
Department of Environmental Conservation (DEC) should be available to determine 
which of the spawning areas would be suitable locations for high, medium, and 
low oil impact study areas. Mussel tissue samples will also be collected for 
hydrocarbon analysis. Mussel tissue hydrocarbon levels may provide a basis for 
more precise post-stratification of oil impact levels if DEC shoreline maps are 
unavailable or unsuitable. 

A separate project will be conducted by a contractor to the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) of the National Oceanic and 
Atmospheric Administration to examine the survival of herring eggs and larvae 



collected in o-iled and unoiled areas under laboratory-controlled conditions. 
Eggs for the laboratory study will be collected from transect locations 
established by the field egg survival study. 

Sampling Proc~dures: 

The egg survival project will be conducted from a vessel capable of housing 4 
biologist/technicians in addition to the vessel crew. Sampling will be 
performed from a 14-18 ft skiff (inflatable boat equivalent to a Mark II Zodiac, 
17' Boston Whaler, or 16+ foot aluminum skiff). 

Five transects containing herring eggs in each oil contamination category (high, 
medium. low, none) will be established. The ratio of live to dead herring eggs 
wi 11 be determined a 1 ong the transects at set depth i nterva 1 s. Hydrocarbon 
sampling of mussels and herring eggs will be conducted at the lowest tidal level 
in which rnusse 1 s occur. The transects wi 11 be resup 1 ed every 4 days unt; 1 
hatching (about May 15). 

·Transects will be established for the duration of the project. Egg-containing 
shoreline on Naked Island classified as low, mediw., and high oil impa~t from 
DEC shore 1 i ne survey maps and AOF&G aeri a 1 herring mi 1 t survey maps wi 11 be 
identified. Unimpacted shoreline on the north shore {Granite Pt. to Unakwik 
Pt.) will be surveyed for potential use as control {unimpacted by oil) sampling 
sites. Shoreline in each treatment level (high, ·mediUII, low, control) will be 
surveyed by personnel using a skiff to identify suitable study sites. Criteria 
for ~election as a ~ransect will be: {1) herring eggs present, (2) at least a 
moderate. band of mussels present, {3) only·one or two herring·egg layers ·present 
{4) a relatively wide band of herring eggs. present (to at least 15', (5·) . 
consistency as to exposure 1 evel and kelp corraunity with sites in other 
treatment categories. The presence, number of layers, and depth distribution 
of herring eggs at potential sites will be determined by sampling with grappling 
hooks and reconnaissance diving. It is desirable to keep herring egg layers 
less than three because egg survival is known to be reduced in thickly layered 
eggs {Hourston et al. 1984). 

Sampling locations will be selected by the dive team leader from these areas of 
potentially suitable shoreline, after initial reconnaissance is completed. The 
location of each transect will be marked with a spray painted fence post placed 
above the high tide line. Transects will be oriented perpendicular to the shore 
following a co~ass course. During the first dive, sample stations at the +l, 
0, -15, and ·30 foot depths will be marked underwater with weighted floats 
anchored by a spike. Station depths will be located using diver's depth gauges, 
corrected for stage of tide. 

Each transect will be sampled every four days. This will result is 4-5 dives 
along each transect over the course of egg development. Divers will establish 
the location of mean lower low water· (MLLW) at the time of the start of the 
dive. Divers will attempt to s~le 5 transects each day. This should allow 
the single teana of divers to use no more than two tanks of air per day to 
minimize potential decompression problems. 

For the sampling at each station, divers will place a leadline perpendicular 
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and to the riqht of the transect sampling location (i.e., parallel to the beach 
but at +1, 0, ·1, ·IS, or -30 ft depths) .. The leadline is marked in three 
places in each of three different colors (red, blue, green) for a total of 9 
placements. The length of the leadline and spacing of the ribbons will depend 
on the substrate patch size but will be no more than 20m for practical 
purposes. Dlvers wi 11 sa 1 ect the plant whose sterw is c 1 osest to the 3 red 
marks. If no egg containing plants are close to the red marks, blue, then green 
marks will be used. This step avoids sampler bias in selecting egg samples. 
Egg-containing vegetation may not be available at the shallow and deep extreme 

·depths. Divers will collect 3 samples of vegetation containing at least 100 
eggs at each depth along the transect and place the samples into pre-labelled 
mesh bags. Samples will be kept moist until eggs can be counted. Numbers of 
live and dead eggs will be counted within 4 hours of sampling. Counts will be 
made, with a binocular- microscope until 100 eggs hive been counted from each 
sample. 

The following data will be recorded for each transect: 
r. Transact number; 
2. Location, description of exposure, plant community; 
3. Number of depth strata with herring eggs; and, 
4. Treatment category (high, medium, low, no oil-fmpict). 

For each sampling replication of the transect the following data will be 
recorded: 

1. Transect nUmber, date, time in/out, location, treatment level; 
2. Air and· water temperatur~, maximum depth; and, 
3. Number of live, dead, and other eggs per (bag) vegetation sampled. 

Herring eggs and musse 1 s wi 11 be co 11 acted for hydrocarbon ana 1 ys is. The 
protocol for collection, labeling, chain of custody forms, and sample design is 
discussed in Appendix E. Hydrocarbon samples will be collected at each transect 
location on the first sampling day. Three samples each of eggs and mussels (6 
per transect) will be collected from each sampling location at the lowest 
location at which mussels occur (approximately 5 feet below MLLW). In addition, 
one transect each will be selected from the high oil impact and control category 
for depth stratified sampling. Three samples of mussels will be collected from 
the 0, -5, and -15 feat level for the two transects. Chain of custody forms 
will be filled out for each hydrocarbon sample collected. 

During one of the repetitions at each transect, egg-containing vegetation will 
be collected for the hboratory incubition project. The collection of 1 ive eggs 
for the laboratory studies of herring egg hatching success and larval viability 
is discussed in Appendix F. This project is being performed by Envirocon 
Pacific li11ited of Canadi, under contract to OCSEAP. Three samples of 
vegetation containing at least 300 eggs will be collected at MLLW, -5 ft, and -
15 and placed in separate, labelled mesh bags .. A technician from the laboratory 
incubation projeet will supervise the handling and packing of the eggs for 
transportation. Eggs must be kept cool and moist. Chartered aircraft will pick 
up the packaged egg samp 1 es each day for transportation to the 1 aboratory. 
Co 11 ect ion of eggs for the 1 aboratory project frona each of the ZO transacts 
should take 4 days. A total of 180 vegetation samples will be collected (20 
transacts, 3 depths, and 3 replicate samples at each depth). The technician 
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from· the laboratory incubation project will supervise the transportation and 
shipping of tne eggs to the laboratory site. 

Data Analysis: 

ANOVA and/or~ general linear modal extensions will be used for analyzing 
differences in egg mortality among sites. A full ANOVA model incorporating all 
possi b1 a factors and interaction effects from depth, treatment (oil impact 
level), and date would be: 

VtJn • U + A1 + Bj + C~ + (AS)tJ + (AC)Ut + (BC)Jl + (ASC} 1J• + c 1Jn (15) 

Where V ·~ is the arc sin transformed proportion of live eggs, U is the grand 
mean, A~ s the treatment effect, B 1 s the depth effect, and C is the effect for 
data of observation, and AS, BC, AC, and ABC are interaction effects. The 
errors, • 1~~, are assumed normally distributed after the arcsin transformation. 
A general 11near modal of the form: 

(16) 

will also be investigated where C(t) is a function of two or more parameters of 
time since egg deposition. Parameters of C(t} may have to be specific to depths 
or treatments. The general linear model describes the decrease in the ratio of 
live to dead eggs over time, using time as a covariate, reducing the number of 
parameters to be estimated in the model. The replicated proportions of eggs and 
larvae surviving will plotted against time for oil-impacted and control 
experiments. for example: 

+ 
~ * + + + Control 

Eggs ' .. + + * low oil impact 
Alive ' .. .. .. I Medium oil impact 

' ' ' 
1 High oil impact 

I I 

0 4 a 16 zo 24 
Days after deposition 
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SCHEDULES AND REPORTS 

Date(s) Activity 

Spawn Oeoosition Program 

Apr. 18-May 4, 1989 Skiff surveys of spawning areas. 

Apr. 19-May 6, 1989 Diver training and transect sampling for spawn 
deposition. 

May-August 1989 Laboratory analysis of samples 

September-October 1989 Data Entry and Analysis 

November 1989 Report Preparation. 

December 15, 1989 ·Technical reports completed: Pacific herring spawning 
deposition surveys for Prince Willi~ Sound, 1989. 

January 15, 1989 Sampling manual and project study plan for 1990 

.. AWL Sama 1 i ng Program 

April 4-25 · 

May 1989-January 1990 

August-October 1989 

November-December. 1989 

March 15, 1990 

March 30, 1990 

completed. 

Test fishing and AWL/fecundity sampling 

Laboratory analysis of samples 

Data Entry and Analysis 

Report Preparation. 

Technical reports completed. 

Sampling manual and project study plan for 1990 
completed. 
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Egg SyrvivaJ Stud~ 

April 19-May 6 1989 Transect sampling for egg mortality and hydrocarbon 
an• lysis 

April 20-June 15, 1989 Laboratory studies of oil impacts of herring eggs. 

May-August 1989 Laboratory analysis of samples 

August-October 1989 Data Entry and Analysis 

November-December 1989 Report Preparation. 

Januat·y 31, 1990 Techn i ca 1 reports camp 1 eted. 

March 30, 1990 Sampling manual and project study plan for 1990 
completed. 
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PROJECT BUDGET 
PROJECT BUDGET 1 

Line Item· Category suaget 

100 Personnel Services s as,ooo 
zoo Travel s 9,500 
300 Contractual $148,000 
400 l Co111110d it i e s s 19,000 
500 Equipment $113,000 
700 Grants s 
Total S374,SOO 

1 Budget ;s for all activities performed from March Z7, 1989 to February 28, 
1990. 

. . 
.FUNDED PERSONNEL 1 

Class PCN 

FB II 11·1346 
FTIII 11·1394 
FTII 11·1532 
FTI 11·1925 
BIOM II 11· 
FTIII 11-NP* 
FT II 11-NP* 
BIOM II 11·1928 

Name 

Biggs 
Norman 
Bracken 
Carpenter 
Baker 
Mc:Nei 1 
Walters 
Geiger 

PFT_na 

9.0 . 

1.0 

1.0 

SFT_na 

3.5 
Z.5 
z.o 
1.5 
z.o 

0 

1 Additional permanent staff funded under existing Commercial Fisheries Projects 
will assist with sa.pling and data analysis. They include: Tim Baker Biom. I 
(3.5 na); Evelyn Biggs FB II (5 1111 in 1989); Fritz Funk, Biom • II/Alternate 
Diver (3 weeks)~ Ti• Minicucci FB It/Calibrated Diver (Z weeks); Doug Jones FB 
It/Alternate Diver (2 weeks); Tom Rutecki, NMFS/Alternate Diver (Z weeks); John 
Hamilton NMFS/Alternata Diver (Z weeks); Dennis Blankenbeckler FB III/Calibrated 
Diver (2 weeks); Wade Loofbourrow Skipper (3 weeks); and Vessel 1st mate (3 
weeks). 

* NP is non·permanent employees. 
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Appendix A.l. Vegetation and substrate codes used in ·the 1988 Prince ·William 
Sound egg deposition .survey, and vegetation sunmary categories. 

Vegetation Veg./Substrate Vegetation 
Codes Name Group 

ag Agarum LSK 
ala Alaria LSK 
alg algae LSK 
bf brown filamentous HRK 
bhk brown hair kelp HRK 
bol boulders FUC 
cob cobble COB 
cor corraline LSK 
cos Costaria LSK 
ee elephant ear LSK 
eel eelgrass EEL 
eg eelgrass EEL 
fg Filamentous green HRK 
fir fir weed LSK 
frn fern (Odonthalia) HRK 
fu Fucus FUC 
gf green filamentous HRK 

. gl green leaf HRK 
gr gravel FUC 
hr hair kelp HRK 
hrk Hair kelp HRK 
lall Laminaria sp. LSK 
lbk 1 arge brown ke 1 p LSK 
·le loose eggs EEL 
mix mixed MIX 
mud mud EEL 
ral red algae LSK 
rb ribbGn kelp LSK 
rc red cup (Constantinea) LSK 
rck rock FUC 
rf red fila.ntaus HRK 
rh red hair kelp HRK 
rhk red hair kelp HRK 
rho Rhadymenia HRK 
rib ribbon kelp LSK 
rk rock FUC 
rl red leaf LSK 
rrb red ribbon kelp LSK 
sd sand EEL 
ul Ulva FUC 
ulv Ulva FUC 
yz Lar~~inaria yezoensis LSK 
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Appendix B.l.·- Laboratory methods for calibration samples and chemical recipes. 

Ca 1; brat ion samp 1 es co 11 ected in the manner described in the text wi 11 be 
processed with the following methods: 

1.) Decant the Gilson's solution from the sample bags. 

2.) Add KOH to the sample bag and thoroughly mix through the sample. Allow 
the sample to soak for 1.5 hours in a hot water bath, which accelerates the 
digestive hydrolysi~ that will take place. Eelgrass and fucus samples may 
take longer than hair kelps and LSK (large brown kelps). Monitoring the 
digestive process by gently manipulating the sample bags will give insight 
to the timing of the soak required. 

3.) Drain off the KOH, by decanting, estimating the egg loss, and place the 
sample in a one gallon plastic bucket. 

4.) Repeated washing of the sample with cold water will loosen many of the 
attached eggs. The sample can be washed by pouring it, eggs and all, into 
an app-ropriately sized sieve, pouring cold water over the top and allowing 
the dissolved kelp samples to rinse through the mesh. 

5.) Any eggs 1 eft attached must be removed from the substrate by careful 
manual scraping. The loose eggs must be clean from debris for accurate 
volumetric analysis. Any eggs lost during the cleaning process must be 
estimated and recorded. 

- . . 
6.) The. loose, clean eggs are then poured back in the labeled, rinsed sample 
bags and 1.0 Normal bufferred- formal sal ina solution is pouring into the· bags 
covering the eggs generously. The eggs are allowed to soak in the saline for 
24 hours to insure standardized volumetric displacement. 

7.) The pre 1 i mi nary step in quantitative ana 1 ys is is to determine the 
standard displacement of 1,000 eggs. This is done by hand counting 1,000 eggs 
from the sample and measuring the volume in an appropriately sized graduated 
cylinder (10 ml size works well}. 

8.) The whole sample 1s th~ measured volumetrically and the total number 
of eggs in the sample estitnated by simple proportion. This figure is expanded 
by 10 to determine the density 1n eggs/meter squared since the sample is taken 
fro• a 1/lOth of a .. tar squared. 

9.} The lab determined actual counts are then compared to the diver estimates 
for that sample and a diver calibration correction factor can then be 
calculated. 

10.) Generally, two people can work up 6-8 samples per day. 
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Gil~on's Solution: 

For five gallons (in 5 gallon pl4stic fuel containers), mix 

380 ml Formalin 
340 ml Glacial Acetic Acid 
285 ml 70/70 Nitric Acid 
1140 ml Anhydrous Alcohol or 1890 ml 6~ Alcohol(EtOH) 
Pour water in to make five gallons. 

Note: adding a little water to the container prior to mixing reduces fumes 
produced. Mixing should be done under a hood if possible and if not, near 
an exhaust fan. 

1 Normal KOH (Potassiwm Hydroxide) 

For 1 gallon, mix 224 g. KOH crystals to 4000 ml of water. 
For 1 liter, 56.11 g. KOH are mixed with 1 liter of water. 

1 Normal Bufferred Formal Saline: 

Add 58.44 g. NaCl (pickling salt, 'table.salt has additives) per liter of water 
or 233.76 g. for 4 liters of water. The saline solution is bufferred by 
adding the appropriate amounts of sodiwm b~carbonate (baking soda) per liter 
of solution: 

add2.5 g. for 6.5+ pH 
2.0 g. for 6.5 pH 
1.5 g. for 6.0-6.5 pH 
1.0 g. for ·6.0 pH 

Add 1 part 3~ formalin to 10 parts buffered saline to prevent egg 
decomposition. 
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Appendix B.2 •. Laboratory methods for fecundity samples. 

The lab procedures are for mature, fully developed herring ovaries that contain 
very little membrane and contain fully developed roe. 

1. ) Remove from the freezer on 1 y the samp 1 es that can be processed in a 
single day; samples can be removed the night before if they will be processed 
the following morning. Generally 15-20 samples can be processed per day per 
person. 

2.) The roe is removed from its individual zip-lac bag and weighed on a scale 
to the nearest .01 gra.. All ice and debris should have been removed. The 
s~le location, date and AWL number should be recorded for each sample. 

3.) Four subs amp l es are then removed from rando• 1 ocat 1 ons from each roe 
sample that each weight from .10 to .30 grams (this will be around ZOO eggs 
plus) and placed in labeled petri dishes. The weight fro• each subsample is 
carefully recorded. Gilson's solution is then poured into the petri dishes 
and a 11 owed to soak for 5 minutes or mor:e to 1 oosen the eggs from the 
connective membrane. 

4.) Once the eggs are loose, the Gilson's can be decanted off and the eggs 
fro~ each subsample can be counted with a tally whacker and recorded. 

5.) The mean and standard deviation of the egg count per weight is then 
calculated for the four subsamples and the total number of eggs in the roe 
sample is back calculated by simple proportion. The standard deviation of 
the egg total or fecundity can be calculated by multiplytng the total sample 
weight by· the standard deviation of the mean of the'four subsamples egg count 
per uni1; weight (Brannian, 1988). 

6.) The weights and egg counts will be recorded in a data notebook and the 
data will be entered onto a Lotus spreadsheet where the final calculation of 
fecundity and standard deviation can be calculated. 
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Appendix A.l. Vegetation and substrate codes used in the 1988 Prince William 
Sound egg deposition survey, and vegetation summary categories. 

Vegetation Veg./Substrate Vegetation 
Codes Name Group 

ag Agarum LSK 
ala Alaria LSK 
alg algae LSK 
bf brawn filamentous HRK 
bhk brawn hair kelp HRK 
bol boulders FUC 
cob cobble COB 
cor corraline LSK 
cos Costarh LSK 
ee elephant ear LSK. 
eel eelgrass EEL 
eg eelgrass EEL 
fg Filamentous green HRK 
fir fir weed LSK 
frn fern (Odonthalia) HRK 
fu Fucus FUC 
gf green filamentous HRK 
gl green leaf HRK 
gr gravel FUC 
hr hair kelp HRK 
hrk Hair kelp HRK 
la Laminaria sp. LSK 
lbk large brawn kelp LSK 
le loose eggs EEL 
mix mixed MIX 
IDUd IDUd EEL 
ral red algae LBK 
rb ribbon kelp LBK 
rc red cup (Constantinea) LBK 
rcJc rack FUC 
rf red filaa.ntous HRK 
rn red hair kelp HRK 
rnk red hair kelp HRK 
rho Rhodymenia HRK 
rib ribbon kelp LBK 
rk rack FUC 
rl red leaf LBK 
rrb red ribbon kelp LBK 
sd sand EEL 
ul Ulva FUC 
ulv Ulva FUC 
yz Laminaria yezoensis LBK 
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Appendix B.l. ·Laboratory methods for calibration samples and chemical recipes. 

Ca 1 ; brat 1 on samp 1 es co 11 ected in the manner descr1 bed in the text wi 11 be 
processed with the following methods: 

1.) Oecan~ the· Gilson's solution from the sample bags. 

2.) Add KOH to the sample bag and thoroughly mix through the sample. Allow 
the sample to soak for 1.5 hours in a hot water bath, which accelerates the 
digestive hydrolysis. that will take place. Eelgrass and fucus samples may 
take longer than hair kelps and LBK (large brown kelps). Monitoring the 
digestive process by gently manipulating the sample bags will give insight 
to the timing of the soak required. 

3.) Drain off the KOH, by decanting, estimating the egg loss, and place the 
sample in a one gallon plastic bucket. 

4.) Repeated washing of the sample with cold water will loosen many of the 
attached eggs. The sample can be washed by pouring it, eggs and all, into 
an appropriately sized sieve, pouring cold water over the top and allowing 
the dissolved kelp samples to rinse through the mes~. 

5.) Any eggs left attached must be removed from the substrate by careful 
manua 1 scraping. The 1 oose eggs must be clean from debris for accurate 
volumetric analysis. Any eggs lost during the cleaning process must be 
estimated and recorded. 

·6.) The loose, clean eggs are then poured ~ack in the labeled, rinsed sample 
bags and 1.0 Normal bufferred formal saline solution is pouring into the bags 
covering the eggs generously. The eggs are allowed to soak in the saline for 
24 hours to insure standardized volumetric displacement. 

7.) The preliminary step in quantitative analysis is to determine the 
standard displacement of 1,000 eggs. This ts done by hand counting 1,000 eggs 
from the sample and measuring the volume in an appropriately sized graduated 
cylinder (10 ml size works well). 

8.) The whole sample is the. measured volumetrically and the total number 
of eggs tn the saDqJle estimated by simple proportion. This figure is exp_anded 
by 10 to determine the density in eggs/meter squared since the sample is taken 
fro• a 1/lOth of a 81ter squared. 

9.) The lab determined actual counts are then compared to the diver estimates 
for that sample and a diver calibration correction factor can then be 
calculated. 

10.) Generally, two people can work up 6-8 samples per day. 
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Gilson's Solution: 

For five gallons (in 5 gallon pl~stic fuel containers), mix 

380 ml Formalin 
340 ml Glacial Acetic Acid 
285 ml 70/70 Nitric Acid 
1140 ml Anhydrous Alcohol or 1890 ml 6~ Alcohol(EtOH) 
Pour water in to make five gallons. 

Note: adding a little water to the container prior to mixing reduces fumes 
produced. Mixing should be done under a hood if possible and if not, near 
aft-' exhaust fan. 

1 Normal KOH (Potassiwa Hydroxide) 

For 1 gallon, mix 224 g. KOH crystals to 4000 ml of water. 
For 1 liter, 56.11 g. KOH are mixed with 1 liter of water. 

1 Normal Bufferred Formal Saline: 

Add 58.44 g. NaCl (p1ckl ing salt, table salt has additives) per liter· of water 
or 233.76 g. for 4 1 iters of water. The saline . .solution i·s bufferred by 
adding the appropriate amounts of sodiu. bicarbonate (baking soda) per liter 
of solution: 

add2.5 g. for 6.5+ pH 
2.0 g. for 6.5 pH 
1.5 g. for 6.0·6.5 pH 

~ 1.0· g. for ·6.0 pH 

Add 1 part 3~ formalin to 10 parts buffered saline to prevent egg 
deCOIIIPOSition. 
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Appendix B.2c_ Laboratory methods for fecundity samples. 
-

The lab procedures are for mature, fully developed herring ovaries that contain 
very little membrane and contain fully developed roe. 

1.) Remove from the freezer only the samples that can be processed in a 
single day; samples can be removed the night before if they will be processed . 
the following morning. Generally 15·20 samples can be processed per day per 
person. 

2.) The roe is removed from its individual zip-lac bag and weighed on a scale 
to the nearest .01 gr~. All ice and debris should have been removed. The 
sample location, data and AWL number should be recorded for each sample. 

3.) Four subsamples are then removed from rando• locations from each roe 
sample that each weight from .10 to .30 grams (this will be around 200 eggs 
plus) and placed in labeled petri dishes. The weight fro• each subsample is 
carefully recorded. Gilson's solution is then poured into the petri dishes 
and a 11 owed to soak for 5 minutes or more to 1 oosen the eggs from the 
connective membrane. 

4.) Once the eggs are loose, the Gilson's can be decanted off and the eggs 
from each subsample can be counted with a tally whacker and recorded. 

5.) The mean and standard deviation of the egg count per weight is then 
calculated for the four subsamples and the total number of eggs in the roe 
sample is back calculated by simple proportion. The standard deviation of 
the egg total or fecundity can be calculated by ~ltiplying the total sample 
weight by the standard deviation of the mean of the four subsaarp"les egg count 
per unit weight (Brannian, 1988). 

6.) The weights and egg counts will be recorded in a data notebook and the 
data will be entered onto a Lotus spreadsheet where the final calculation of 
fecundity and standard deviation can be calculated. 
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Appendix C. Pre- season diver check-off 1 i st for herring spawn deposition 
·surveys. 

• 
All divers with no exception must be state certified in order to participate in 
the underwater surveys. The fo 11 owfng conditions must be met prior to conducting 
surveys: 

1.) All divers must be certified through a nationally recognized training 
organization s~ch as P.A.O.I., N.A.U.I., YMCA, S.S.I., or N.A.S.O.S. 

2.) All divers must undergo an annual physical prior to the season, which 
includes parameters outlined in the State SOP manual, Appendix E, Table 1. 

3.) All di'vers must complete a pre-season check-out dive, using department 
or personal equipment with one of the tea. leaders and the ROO (Regional Dive 
Officer). 

4.) All divers must have a Letter of Authorization to dive from the State 
DSO (Dive Safety Officer) and signed by the conai ssioner. The format for this 
letter is outlined in Appendix B. of the State SOP. The letter will list the 
diver as a Diver Trainee, Limited, or Advanced, the qualifications for which 
are outlined in the SOP manual. 

5.) Alt divers must maintain a log that lists departmental and non­
departmental dives made, including 1 ocat'ion, data, maximum depth, bottom time, 
water visibility, pur.pose of dive and· any other information of interest. 
These logs will be kept on file by the ROO. · 

6.) Survey divers will report any equipment that is in need of maintenance 
or repair immediately to the ROO so that. maintenance can be performed and 
recorded. 

7.) All divers will read and be familiar with the Department Dive SOP Manual 
as wall as the Emergency Dive Accident Procedure Manual provided with the 
seasons operational manual notebook. · 

8.) All divers will understand that non-compliance with Department SOP, 
including the waivers allowed in the annual regional dive memo, and disregard 
of safety procedures while conducting dive operations will be considered 
grounds for immediately suspension or dismissal. 
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Prince Wi11ia~ Sound Herring Catch Sampling Operational Plan (Project CF-302) 
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I • '!'I'l'U: : Prince William Sound Herrinq Catch Sampling 

II. OBJECTIVES: 

A. Lis~ tha spacitic objectives baqinninq with the ~ighes~ 

priority:· 

l. Estimate the aqa and sex composition ot tha commercial catch o! 

h.errinq within tha temporal and spatial strata sampled. in each 

fishery. 

2. Estimate the aqe and sex composition ot the escapement. crse 

commercial purse seine catch samples or purse seine tas~ fishery 

samples to raprasant spawninq fish which escape commercial 

harvest. 

3. Estimate the mean lanqth, waiqht and fecundity by aqa and sex 

for each fishery and test fish catch sampled. 

s. ~· project will contribute to the followinq Fisheries 

Manaqemant Operational Plans: 

Species 

Harrinq 

Herrinq 

Gear 

PUrse Seine Sac Roe 

Gill net Sac Roa 

Location 

Prince William Sound 

Prince William Sound 



Herrin<; 

Harrinq 

Herrinq 

Pound Roe-on-kelp 

Wild Roe-on-kelp 
-

PUrse Seine Bait 

!II. NEED OR PROBLEM ADDRESSED: 

Prince William S~~nd 

Prince William S~~nd 

Prince William sc~nd 

A. Cescriee the public and/or resource need addressed cy t~e 

project and the project's benefits. 

The Pacitic h.errinq stock ·in PWS is manaqed. for a maximum 

exploitation ot 20,. TiJ!linq ot eac:h tish.e::y is established to 

maximize: valua1 tha sprinq roe tish.eriaa to ma.ximizinq roe 

racovary7 the tall bait/food fishery to·optimiza oil content and 

flesh quality. Harvest levels in all fisheries are forecast prior 

to th.a saason based. on tha prior year's unharvested biomass and 

acljuatc insaason based. on th.a obsarved biomasa and recrui t::lent at 

aqa. Therefor,. tha naed. to know tha aqa co~osi tion ot tha spawning 

biomaas present and. any indication of recruit:ent ot younq aqes is 

extraaly illlportant tor tha assassment of present and. future 

biomaaa of i'WS h.arrinq. O'nderlyinq tha estimation ot most 

componenta of a forecast (natural mortality, qrowth., recruitment, 

and. escap-ant) is biomass ( catc:h or escapement) at aqe. rn 

addition, tha procasainq industry has a qraat d.eal ot interest in 

sax compoaition and avaraqa size d.ata tor predictinq market value 

and. rca recovery. Early in tha season they use the d.ata as an 
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indicator o~ potential roe recovery and post season as a c=~s$ 

check o~ roe. recovery data, sex and size data provided by t!:ei: ~~.-:-: 

technicians insaason. 

B. The success of the project will be judqed by: 

l. Success will ba judqad. "rJy ella deqraa to which all samele 

collection qoals are mat, timeliness o~ insaason data analysis, 

anc! reportinq. 

2. By estimatinq the necessary Paci~ic herrinq population 

parameters, accuracy o~ the pra-saason projection will increase 

anc! abili t:y to ac:c:urataly accass r..m stranc;th and distr~ution will 

inc:raaaa. Suc:casa could.ba judqed by _the acc:w:ac:y ot tha pra-saason 

project-ion. 

3. succesa is also maaaurac! by whether results from tha project 

ara published in a timely ~ashion. 

IV. PROi:r3C'r OUc:aiP1'IOH: 

This prcjac:t: tunda ona Fisheries Bioloqist I and two Fishery 

Technician I's stationecl in Cordova. OUtiu include procasainq aqa, 

sax, size, anc! tacundi~y samples collected trom test ~ishinq and 

pound monitorinq (project TF-300) and from the commercial sac roe 

catch. The PWS Research Bioloqist (Sam Sharr PCN l2l0) supervises 



sample collection from on.board the R/V Montaqua. The .l.ssis-:.3.::-: . 
Research Project Leader (Draw C:-awtord PCN 13.37) supervises sa~~:.: 

proc:assinq_ ana preliminary analysis at the processing la.::orat~=Y 

in Cordova. This i.s a casic: ciologic:al sampling projec:~ desig::ed 

tQ procesa time anc:l area specific: scala, sax, size, and !ec:und:-:.y 

samples from all ot the PWS herring fisheries _and spawn:::; -- .-..., 
escapements. 'I'he data from this :2_rojec5J sampling'-' ara used to 

provide accurate anc:l timely astimatas of the age, sax and size 

composition ot PWS herring catches and spawning populations. :n 

addition 1 temporal and spatial trends in the age composition of 

harrinc; populations ara idantitiad. In conjunction with av~il~la 

biomass estimates, project data proviaa·a tool tor forecasting the 

tutura ~icmass ot the harrinc; population and, in conjunction with 

the na~ PWS har:'inc; spawn deposition project (project c~-JOJ) I 

provide accurate estimates ot the tac:und.ity at ac;a for major 

spawninc; populations ot harrinq tor astimatinc; the total spawning 

biomass in the area. 

IV. A. Location: 

Prince WUliaa Sound 

8. l'ield Proqraa OUration: 

The sprinc; sac roe and roa-on-kalp fisheries occur in April and 

frequently continua into the first week ot May. The fall 

bait/food fishery was formerly from September through December cut 
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now does not open until l November and the quota is ·.:.s-.:~:..::.: 

ha.rvastad within a weak to ten days. Three technicla~s a:~ 

employed ~ull time durinq the last.three weeks ot ~pril to ~=:cess 

samples from the roe fisheries. One ot these technicians :s 

retained for an additional week to help process any re:ai::.:.~g 

samples, archive data, and. dismantle the samplinq laco:-ato::'Y. 

ourinq the tall cait/foocl fishery two technicians are employed :o:­

one weeJc each clw:inq the peak of the fishery in the first week of 

Nov8llll=er. 

c. Sa:mplinq Duration It Oitferent Than Above: Samples from 

eac:h fishery are flown dirac::tly to the CordQva area offica as sc.on 

as pQsaiDle after they are collac:tad. Sample• are processed on tha 

same clay· Qr· on the day followinq their arrival in cordova. 

Typically tiv• or six samples are collected per week durinq the 

sprinq roe fisheries and the samplinq crew works full tilia. 

Approximately one day of eac:h week is spent praparinq for samples 

(i.e. label makinq, loqqinq in samples, ate:). Actual laborato:y 

surplinq takes approximately two and one half days. 'I'h• remainder 

of the weelc is spent aqinq scales, preparinq sample su:mmary tabl as, 

and archivinq sample data. The tall cait/focd fishery now occurs 

over a short puiQC!: samplinq is restricted to one stratum: the 

sample is processed immediately: and samplinq efforts are completed 

within one work waeJc. 



o. Frequency at sampling While In The Field: 

In the briet sac roe fisher.ies catches from each opening 

sampled. It the catches are dis~ributed over a large 

;t - :> ---

discontinuous areas the catch sample is strati!ied by discrete bays 

or areas. Escapement samples are taken trom any large area o: 

spawn concentrations throughout the souna ana at periodic intervals 

throuqhout the major spawninq perioa (April). In the case o! the 

pound tishary which usually occurs over an extended period, the 

samplinq is stratitied into early, miaale, and lata strata. ~ ... -·· 
recant years the Dait/tood tishery has harveatad the quota very 

rapicUy. 'rhe tishery now opens on 1 Novemear and the qu9ta is 

reached within on wealc. one sample is taken when approximately 

halt ot the quota haa Dean harvested. 

z. t.onqavity Ot 'rhe Project: ( · ] l year, ( l 2 years, 

( ] 3 years, (X ] continuing 

-F. Is this project naw? ( J ~as, (X ] No 

G. The project Deqan or will beqin 04/01/84 

H. Give the title and statwa ot the most recent proj act 

Aqa. sax, and si;a comggsition ot Pacitic herring sampled from t;e 

Prine• Willig Sound management area. 1994-1997, by Gana ~. 

Sandon•, published as an RIR 2A9 8 -o 8. 
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Forecast of the Pacific Herring Biomass in Prince William sc~~~ 

~~ by Linda K. Brannian, pu~lished as an R!R 2AS9-0l. 

V. DA'l'A COLLECTION: . 

A. List types o~ data collected ana means o~ recording eac~: 

Within each sam~la strata the data for each fish constitutes one 

record. One scala is collected from each fish and the tollowir.q 

bioloqical data are recorded: sax, lenqth (in mm), weight (in qms), 

anc! aqe. In adciition tor each fish the following sampling data are 

recorded: data o~ capture, fishing district anci sucdistrict·{from 

finfish statistical charts used for salmon c:atc:h reporting in PWS) , 

local name tor the location fished, nam•,ot the fishinq vessel, ~~e 

data form nlllDl=ar and the fish nUll:lCer for that form. scales are 

cleanea and mountac! on glass . sliaea for aging and permanent 

storage. All oth~ biological and sampling data are entered into 

a microcomputer using a macro driven LOTUS spreadsheet and saved 

on diskette. 

Harring AWL sampl .. fr01l major spawning sit•• in PWS ara also 

sub•ampled for fiah tacundity data which is analyzed and reported 

by the PWS Herring Spawn Deposition Study (Yellow Book Project No. 

C!'-30~). Each subsampla consists of ten female fish in aac:h lO mm 

standard lenqth interval in the 140 to 260 mm range. Tha ovarian 

sacs from each fish are baqqed individually in zip-lock bags. A 

label is enclosed in each baq which ~nc:ludes the following 
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informa~ion: location where the !ish was captured, data of capture, 

the lenqth interval, and a retaranc:a to the AWL form nu~er and 

!ish num.ber for the !ish when sampled !or scale, sex, and size 

data. Roe sac: sample~ are then frozen !or latter proc:essinq. 

a. Sample Collection Methods: With the exception of a few 

minor changes the sampling methods used are dascri~ad thoroughly 

in the PWS Herring Sampling Operational Plan (Sharr and crawford, 

·see attached) and the PWS Harring AWL Sampling Manual (Crawtord, 

see attached) • 

Vl:. OA'rA ANALYSIS: 

. 
A. Stata sample sizes and how they ware determined. 

'rha sampla size par tilla/araa;qear stratum for age, lanqth, weight, 

and sax data waa sat to simultanaoualy astillata proportions cy age 

wh.m sampling frca a liUltinomial population. The qoal was to select 

the smallest sample si2a for a randoa sample from a multinomial 

population such· that the probal:)ility will be at least· 1- o<.. 

(precision) that al.l of the astillatacl age proportions will 

simultaneously ba within 5 percentage points (ac:c:urac:y • 0.05) of 

the true population aqa proportions. The largest sample size !or 

o{ • 0.1 occurs wh.m there are only 3 age classes prasant in equal 

proportions and quarantaas at least this laval of precision and 

ac:c:urac:y for any number of aqe classes and proportions. This worst 
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cas~ sample siza1 ot 403 ageacla scales will be used to es~i=~~= 

the age composition with the desired level o! precision a::.:: 

• accuracy in the aesenca o! a better estimate ot populati=:: 

proportions. Sample size !or age, sax, and size sampling will == 
increased to 450 !ish to account !or unreadable scales. 

Inseason a subsample o! 400 !ish may be aged and tha proportions 

by aga used as population parameters to estimate the sucsequen~ 

sample size tor that tima/araa;gear;tishery stratum. In this case 

higher prac:ision ~ • 0. O') will be sought. For example i! t~e 

torec:asted age composition is a · qood estimate o! the true age 

proportions in l989 a sample· size o! only 205 aged scales would be 

needed tor our desired level o! accuracy (0.05) and precision 

~-0.05) • .. 

Sampling will be stratified by time, area, and fishery. Each 

tishing period will be a stratUJa. '!'he pound ti•hery will be sampled 

early, · mic:lcUe anct late in time. FUrther stratification may be 

necessary it gear is spraad across a wide area. The qoal tor catch 

sampling is to estimate the age composition by fishing period, 

fishery, aDd araa (if a~• composition varies by area tor a qiven 

tishinq puiocl) • 'l'h• goal !or escapement sampling is to sample each 

1 Thompson, S.K. 1987. Sample size tor estimating multinomial 
proportions. The American Statistician 41:42-46. 
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peak biomass buildup ·in an aerial survey area defined by 8 .,.,...: .. ---.:, 
(l987) 2 • • 

a. List the types ot data tables which you will use -:~ 

summarize your data. 

l. Aqe CQlllpcsi tion taDles which show for eac:h sex anc:l for the sexes 

combinec:l the tollowinq: the age sp•citic portion ot the sample in 

numbers ot !ish anc:l as percent, the age specitic mean lenqth and 

~•iqht ot herrinq sampled, and the standard deviations o~ those 

means (see attac:hec:l PWS Harring Samplinq Manual, Tabla 3.). 

c. State the types ot statistical tac:hniquea and tast.s you 

expect to apply, anc:l list the questions aac:h tast will help you 

evaluata. 

To expose temporal and spatial trends in the aqe, sax, and si:e 

composition in the PWS harring sac roe fisheries tast fishing 

samples talcan allloa~ daily prior to and attar the fishery and catch 

samplu ~inCJ 1:ha fiaha:y are collected !rom several proxilnate but 

diacrata baya in the area ancompasaad by the 'fishery. SW,samples 

trom each discrata sample are processed. Chi square tests on the 

2 Srady, J.A. l987. Distribution, timinq and relative biomass 
indices tor Pacific herrinq as determined by aerial surveys in 
Prine~ William Sound l978 to l987. PWS O.R. 87-l4. 
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aga composition results !rom these subsamples expose differe~:es 

between samples. If these subsamples from several temporally ~~~ 

spatially proximate samples are not significantly different t~ay 

may be pooled into one sample.. In this manner, the need to process 

many entire 450 !ish samples is eliminated. 

0. Specity the estimates (statistics) which are computed. 

1. 'rha sax anc:l aqa composition of each sample is estimated as 

proportion ot total. sample by aqe class 2-13. 

2. The mean lenqt.h and mean weight by sax and aqa and the standard 

deviations around those means. 

3. Usa current anc:l historic catch and population at aqa data to 

estimate mortality, stock size at aqa, stock size across years, 

recruitment at aqa, and average natural mortality at aqa across 

years. 

z. Where, hew, when, ancl with what hardware and scttwara 

thasa analya .. will l:sa conducted.. 'rha aqa, sax and size analyses 

are dena uainq a Lotus spaadshaat data tabla which accesses data 

keypunched durinq the sampling and. aqing process,. The !orecast is 

dona with a LO'I't.TS spreadsheet macro built by the Region II and 

Headquarters commercial !isharies division Harring Research Staff. 
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VII. REPOR'riNG: 

A. ~es ot documents to be written by author and completic~ 

data. 

Report 

PWS Herrinq CcZ Leaflet 

(ACFG Tach. Fish. Rpt) 

PWS Herrin~ Forecast 

(ACFG Raq. Into. Rpt) 

Appendix to Statewide 

r 
~arrinq rorac:ut 

VJ:II. PROJJ!C'r BUCGft: 

100 

200 

300 

GP 

$ 9,700 • 

$ 0 

$ lOO 

Author 

Brannian, Sharr 

& crawtorc:l 

Brannian 

arannian 

Other 

lJ 

Completion Date 

$ 

$ 

$ 

Nov. 89 

Dec. 89 

Nov. 89 

Total 

9,700 

0 

lOO 



400 

500 

T:;,<:al 

$ 

$ 

:300 

0 

$ lO,lOO 

$ 

$ 

$ 

JOO 

0 

10,100 

a. The eost per sample tor aaeh data type. 

Oata Type 

1.Aqa, sex and size 
) 

c. P:cjece Positions: 

Class PCN 

n III l2l0 

FB II 1337 

n I 1909 

!"l'I l.SlS 

!"ri l.S27 

Cost/Observation 

$SSO 1 4SO tish s~ple 

PFr_mm sn_mm 

(FUnded by C?-366) 

(FUnded by Ci"-366) 

l.O 

1.0 

l.O 

VIII. o. Man montl\,s assigned to each position tor data analysis. 
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PCN Report m::t 

l2l0 Tac:h. Fish'. Rpt. (C&E Leaflet) 1.0 

lJJ7 Tec:h. Fish. Rpt. (C&E Leaflet) l.O 

llOO Tac:h. Fish. Rpt. (C&E Leaflet) 0.2 

llOO Rae;. Into. Rpt. (Forecast) 0.2 

E. Man months assiqned to eac:h position tor report writ~~q 

ana othe~ presentations of projec:t data? 

PCN Report mm 

l2l0 't'ec:h. Fish. Rpt. (C&E Laatlat) o.s 

1337 Tach. Fish. Rpt. (C&E.Laaflat) o.s 

llOO ·Tac:h. Fish. Rpt: {C&E Leaflet) 0.3 

llOO Req. Into; Rpt. (Forac:ast) O.J 

l2l0 Soard. of Fisheries Reports 0.3 

l337 Soarcl of Fishe~i•• Reports 0.3 
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I . 

1.0 Introduction 

!he study plan of this proposal was developed in coope~ation 
with biologist3 of thr Commercial Fish· Division of the Alaska· 
Department of Fish and Game <ADF9l, particularly Hr. Fritz Funk 
and Ms. Evelyn Biggs, and with Dr. Jeffrey Marliave of the 
Vancouver Puol~c Aquarium. The plan is only one part of a 
7-part plan to assess the impact of the recent Exxon Valdez oil 
spill on the stock of herring that spawns in Prince ~illiam 
Sound. A list of the 7-part plan is enclosed in this proposal. 

The 7-part herring impact study includes 3 parts that deal with 
eggs and larvae: 

<5> field studies of the mortality of eggs laid on oiled and 
non-oiled spawning beaches in Prince ~illia• Sound; 

(6) laboratory s~udies of the percentage hatch of viable larvae 
. from herring eggs taken from oiled and non-oiled beaches in 
the Sound; and 

(7) field studies of the growth and fitness of herring larvae 
captured in oiled and non-oiled areas of the Sound. 

Part <S> is designed to measure the percentage of herring·eggs 
that die on oil-impacted beaches and compare this with the 
percent mortality,of·eggs on pristine spawning beaches. It is 
based on SCUBA surveys of the ratio of live. to dead eggs on 
several separate spawning beaches. These sprveys will be 
carried out by AOFG personnel; they are not the subject of this 
proposal. 

The SCUBA surveys will assess egg mortality, but they cannot 
provide information on the fate a£ the very young larvae that 
hatch from eggs that survive the 20 d incubation period. Thi3 
information can only be obtained by incubating small batches of 
eggs fro~ the same beach•• that are surveyed by SCUB~ in 
laboratory aquaria, capturing the larvae that hatch, examining 
thea for visible abnorsalities. and testing their response to 
food. Tbese incubation experiments (part (6)} are the subject 
of this proposal. 

The field study.of larval growth and fitness [part <7>1 is 
described in a separate proposal. 

%.0 Objectives 

The primary objective of this 3tudy is to describe the 
relatio·nship(3) between percent hatch of viable hes:-ring larvae 
and the degree of oil contamination of the 3pawn1ng beaches. 
The secondary objective is to present the resul t.s of th i3. 3tudy 
in a form that allows AOFG to calculate the propos:-tion of live 
eggs on specific spawning beaches in Prince William Sound that 
produced viable larvae. 



• 3.0 Study Plan 

3.1 gxperimental Design 

The design of the experiments is based on a 2-way mixed model 
analysis of va~iance CANOVA) 

where 

Yljkl = an observation of the lth replicate egg batch of the 
jth depth class# of the kth transect# of the ith oil 
treatment; 

~observ~tionN is the: ratio of live to dead eggs, 
rata of egg mortality over the incubation period# 
percent tot~l hatch, percent of larvae with visible 
abnormAlities# mean developmental stage, mean length at 
hatch, mean yolk sac volume, mean dry weight, mean 
condition factor (weight length-3), a~d other 
parameters. 

u :a grand mean; 

ai :a fixed deviation from u caused by beach treatment 
<non-oiled# ligbt-oil, medium-oil, and heavy-oil); 

bj • fixed deviation from u caused by depth class 
(intertidal, •id-water, subtidal) from which the eggs were 
sampled; 

Ck :a random deviation from u caused by the grouping of depth 
classes into transects; 

(ab)ij :a first-order interaction between beach treatment and 
depth class; and 

•ijkl a unexplained -error variance. 

The design is sbown in Table l. This design will allow the 
testing of the •ignificance of a1, the beach treatment, and 
Cabltj, the interaction of beach treatment and w~ter depth. 
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· ~a:..E 1 
~xperimental design for laboratory incubation of herring eggs 
---~--~-----------~------------------------~~----------------

BEACH TRE~TMENT 

1-~~~-~--------------~-----------------------------l 
l Control Low-oil I Medium-oil! High-oil I 

1--~~---~------f-----~-----1----~------;-~------~--r 
1 transect 1 transect I transect I transect 

WATER J--~------~----f-----~-----J---~----~--t-~~~-------1 
O!P'l'H I l l 2 l J f 4 J 5 I 1 2 3 4 5 I 1 2 3 4 5 I 1 2 3 4 S I 

I Low 13 13 13 13 13 I 15 15 15 

t-~-~---~l--f--t-~t--f--f-----------f-----------f-----------1 
I Medium 13 !3 13 13 IJ I 15 15 15 

I High 13 13 13 13 13 I 15 15 15 

-~~---~-~~------~-----~-------~-----------~----~-----------Samples no: 45 45 45 45 = lSO 

Notes: 
l. 3 replicate batches of eggs are in eaeh of the 3 cells of 

each of the 20 transects (4 treatments x 5 transects each), 
giving 3 x 3 x 20 • 180 batches of eggs. 

2. The cells in the 3 oiled. beach treatments are not shown for 
tbe sake of clarity. 

3.2 !gg Collection and Transport 

3atches of ~bout 300 live eggs will be collected by AOFG divers 1• part of their survey of live/dead egg ratios on the spawning 
~aches of Prince Wllliaa Sound. each batch Vill be placed in a 
let~ porous paper bag to which is securely fasened a label 
Jiving the beach, transect, depth of collection, replicate 
1uaber, date and time of collec~ion, and name of sampler. Then 
!ach egg batch will be packed in an insulated travelling chest 
·•tween layers of crushed sea ice and wet paper. A pan will be 
,laced at the bot~om of each chest to collect melted seav~ter . 
.'his pan vill prevent eggs and lftel ted water fro• ntizing and so 
'ravent the eggs fro• asphyxi~tinq in the vater. This method 
·~a keep herring eggs •live and healthy !or up to 24 hours 
fter collection. 

1e chests will be flown by AOPG to Cordova within 6 hours ot 
>llection. An !nvirocon Pacific employee vill transport the 
lest• from the plane to the airport and place the~ on the 1600 . 
•ur flight to Seattle (5 hours). There the eggs will either be 
ovn to Vancouver (1 to 2 hours) or collected at the airport 

1d driven to Vancouver (2.5 hours by c~r). The total elapsed 
De from collection to delivery to the laboratory vill be 14 

20 hours. 



..:n·•irocon Pac.tF.ic Limited ~o~ill sP-nd a trained technic-:i.an, and 
at least 6 insulated ch~sts, to Cordova at leas~ 1 day before 
the beginning of AOFG'i spawn survey. His d~ties will be to: 
(l) instruct the AOFG surveyors on how to pack the eggs in the 
chests, perhaps oy accompanying them on their first sampling 
date; (2) pick up each chest as soon as it arrives in Cordova's 
harbor, drive it to the airport, and ensure that the eggs are 
placed on the ne~t flight to Seattle; and (3) arrange for the 
collection of new samples in the event th~t bad weather or 
accidents prevent the timely delivery of the eggs to Cordova or 
Seattle. 

3.3 Egg !ncuoation 

Upon delivery to the laboratory of the Vancouver Public 
Aquarium, each egg oatch will be placed in clean cool seawater 
in its own laoelled glass or plastic container. Gentle aeration 
will be provided by compressed air pumped through an airstone. 
The containers will be cooled to about 8°C in a large water 
bath. 

Each day the following variables will be measured from each 
batch: 
Cll ratio of live eggs to d~ad eggs (dead eggs are opaque, live 

eggs are clear); 
C2) number of newly-hatched larvae; 
(3) percent of larvae with visible aonormalities, e.g. missing 

lower jaw, flexed spine, etc.; 
( 4) average developmental stage of t.tle larvae upon ha·tch C ns.ing 

Doyle's ~lassification sehese for Atlantic herring larvae); 
(5) average yolk sac: volume (an index of preflaturity); 
(6) average length; 
C7> average dry weight; and 
(8) a~erage condition factor (dry weight l•ngth-3). 

~evly-hatched larvae will be preserved in 5' formalin on the 
jay of capture for later microscopic examination and possible 
~istological examination, except for a suosample of aoout 10 
tarvae which will be kept live in a separate container for 
Eeeding experiments. These experiments involve exposing groups 
>f 2 to 5 d old herring larvae to l d old brine shrimp nauplii 
.n a glass dish for l hour, and then counting the average 
.umber of nauplii visible through the gut wall of the herring 
arvae. Herring larvae do not begin tu feed until day 2o and · 
hey completely aosorb their yolk sac by day 5 to 6 . 

. a Fate of tggs and ~rvae 

s .stated in section 3.0, all larvae will be killed in formalin 
~on after hatch. Dead eggs and the vegetation to which they 
(e attached will be disposed of as biological waste. Th~ water 
i•d to incubate the eggs will b• disinfected with bleach and 
'ured into municipal drains. The staff of the Vancouver Public 
tuarium is aware of the necessary procedures. 



AOFG proposes to begin spawn survey~ in Prince Willi~m Sound on 
April 20, L989. Eggs for the incub•tion study should be 
collected as early in the survey as possiole- so that 
additional samples c~n be collected at a later date, if 
~equired. Since eggs will incuhata for about 20 days, the 
laoorato~y pa~t of the study will be completed by May 31, 1989. 
A final ~•port will be submitted by January 1, 1990. 





PREFACE 

The following document is a revised version of the "Bering Sea Herring A-lol-L 
Sampling Manual, 1987• that was written by Robert Lebida for the Bristol Bay ana 
A-Y-K areas. Revisions and additions were made in order to document the herring 
age, weight, and length (AWL) sampling procedures that are currently being used 
in Prince William Sound (PWS). Many of the procedures that are discussed in this 
manual were initiated by Sam Sharr, the Research Project Leader for the Commercial 
Fisheries Division in the Prince William Sound area. The documentation of these 
PWS herring sampling procedures was done by Drew Crawford, the Assistant Research 
Project Leader in Cordova. 

Herring AWL samples in Prince William Sound are collected by a sampling crew aboard 
the R/V Montague and by designated fishing vessels in the commercial purse seine 
fleet. Clearly labeled samples in polyethylene bags are picked up daily or as 
weather permits by float planes that are chartered by department personnel to fly 
aerial surveys of Prince William Sound during the herring season. All PWS herring 
samples are flown to Cordova, delivered to the lab at the Cordova ADF&G office, 
placed in fish totes, iced down with snow, and are logged in a sampling log. All 
samples are then worked up in the warm, dry, well-light surroundings of the Cordova 
office lab. 

This type of a sampling environment has enabled us to do away with the standard 
mark-sensa .AWL forn:rs and enter the. data directly into a LOTUS 1-2-3 spreadsheet 
on a Compaq Plus computer. This approach eliminates .several data processing steps 
(e.g. logging mark-sense data forms, editing mark-sense data forms, shipping mark­
sense data forms to be OPSCANed, waiting for OPSCAN results to be shipped back, and 
correcting OPSCAH data printouts). Macro functions in the data entry spreadsheet 
also enable us to access the data and produce summary tables of the results soon 
after the data has been entered. Therefore, we have shortened our turn- around t; me 
considerably and have evan been able to provide same-day AWL sample results to 
fishery managers when the samples are received by mid-morning. 

Individuals who are f~iliar with LOTUS 1-2·3 and computer procedures may find 
the documentation of computer procedures in this manual to be excessive. To those 
individuals I apologize for~ cook book approach. However for those individuals 
who art not familiar with LOTUS 1-2-3 and have had little or no computer training, 
I hope that I have dacUJDtntad these procedures well enough so that you can 
accomplished these tasks with a minimwa of frustration. 

This procedures aanual will be reviewed annually and revised and updated as needed. 
If you have comments or suggestions for improving any of the methods or procedures 
that are discussed in this draft, please contact Drew Crawford at the AOF&G office 
in Cordova (424-3212). 
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INTRODUCTION 

Herring from commercial and test purse seine and gill net catches are sampled for 
sex, size. and age. annually in Prince William Sound to form a data base essential 
to the management of the herring resources. ThH information is drawn upon by 
management and research biologists for monitoring and regulating harvest levels, 
determining run timing, entry patterns, and distribution of herring arriving on the 
spawning grounds, monitoring sexual maturity and age composition of herring 
spawning populations, developing methods to forecast herring abundance and 
determine optimum spawning goals, and to gain a better understanding of the biology 
of each stock. The usefulness of-this AWL data depends on the manner and accuracy 
in which the samples were taken. This manual was prepared as a guideline for 
co 11 ect i ng i nformat 1 on on age, sex, 1 ength, and 'I!Htight of nerri ng. The samp 1 i ng 
and recording procedures are listed in a logical order of activity and should be 
followed in sequence to develop accurate sampling techniques. · 

EQUIPMENT LIST 

4 - F;sh totes, small gray plastic (11.5• X 18.5• X 31.5•) 
1 - Fish tate, large white fiberglass wi/ lid (25• X 37.5• X ZS") 
2- Sample basins, white plastic (8" X 15• X_16"} 
6 - Sample trays, yellow (1/4• X 11" X Z4•) 
1 - Light table, Porta-Trace (Model No. 1618-4) 

120 - Glass microscope slides, plain, clear, {25 X 75 X 1 1111) -
2 - Scotch tape (0.5 - 1.0 inch [13:.2S 1111} wide) 
2 - Forceps 
2 - Scissors, paper cutting 
1 - Scissors, dissecting (used for obtaining fecundity samples) 
Z - Scalpels wi/spare blades 
3 - Beakers, 100 ml plastic wi/ lids 
2 - Dishes, plastic (1/4• X z• X 2•) for 1:10 mucilage glue solution 
1 - Caliper, Mitutoyo {30 01) 
1 - Scale, Ohaus (Brainweigh 8300) 

60 - Sample labels· {computer generated) 
60 -.Slide labels (COMPuter generated) 
1 - Paper towels {roll) 
1 - Mucilage glue (3 oz.) 

Water 
1 • Compaq Plus computer 
2 - Diskettes, preformatted and labeled {Original and Backup ) 
1 - 1988 PVS Herring AWL Data and Summary Table Notebook {black, 3-R 

binder) with progra. files and protective plastic sleeves for filing 
and storing data diskettes: 

a. HTAB.WKl - LOTUS 1-2-3 macro file which generates sample labels 
used on yellow sample trays. 

b. SLIDEL.WK1 Q LOTUS 1-Z-3 macro file which generates slide labels. 
c. HAWLV288.WKl - LOTUS 1-Z-3 macro file for herring A-W-L data entry 

and generating summary tables 
1 - Microfiche reader 

5 



METHODS 

I. Preparation Prior to Data Collection 

A. Befor~ any fish are handled, make up the sample and slide labels using 
the Compaq Deskpro computer and the Okidata printer in Drew's office. 

The program diskettes for making these labels are locat~d in the front 
section of the black 3-ring binder entitled •t9S8 PWS Herring AWL Data 
and Summary Tables•. This notebook will be kept in the lab by the 
computer during the herring season. All herring labels are produced 
with LOTUS 1-2-3 Macro Files. 

1. Samole Labels - Use File Named: HTAB.WKl 

a. Type the ~highlighted• response to the computers prompts and 
depress the (RETURN] key after each entry. 

C:\> 
C:\>C0\123-
C:\123>123 

(Changes to the LOTUS 123 subdirectory) 
(Initiates the LOTUS 123 progra. and displays 

a blank spreadsheet on the screen) 

Insert the diskette that contains the HTAB.WKl file in the 
A-Drive. 

To retrieve this file for usa, do the following: 

Press slash •;• key (Displays the 1-2-3 Command Menus) 

Depress the first letter of the following commands in the 
order that is indicated - FILE, RETRIEVE 

The computer will bighlight the first file on your diskette 
which is HTAB.WKl. To call up this file, press the (RETURN] 
key. 
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The computer will now display the last labels that were 
SAVED on the HTA~.WKl file. An example of a typical SAMPLE 
LABEL that is produced by this file is shown below: 

WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 
WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 001A 
WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 0018 
WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 OOlC 
WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 002A 
WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 0028 
WELLS BAY TEST P/S SAC ROE FISHERY 4/10/88 002C 
WELLS SAY TEST P/S SAC ROE FISHERY 4/10/88 003A 

. . . . . . . . 
WELLS SAY TEST P/S SAC ROE FISHERY 4/10/88 020C 

b. Enter the new label information on the top line only 
(e.g. Location, Sample Type, Gear Type, Fishery, and 
Oata [mm/dd/yyJ), then press [RETURN]. 

c. The other lines are programed to change automatically after 
you enter the new information on the first line. 

d. Print out the sample labels on the Okidata printer on 
8 1/2 x 11 inch paper by doing the following: 

Pre$S the. slash •;• key. (Displays t~e 1-Z-3 Command Menus) 

Depress the· first letter of the following commands in the 
order that is indicated -

~INT 
PRINTER (RETURN] 
RANGE (Preset for AZ •• G6Z) [RETURN] 
ALIGN (Before you press GO, turn on the Okidata printer 

and maka sure that it is loaded with 8 1/Z X 11 
inch· paper) 

(The new labels will be printed out by the 
printer) 

•· Ra.ave the printout of sampl• labels from the printer and 
make a cut between each sample label from the right margin 
toward the left margin with a pair of scissors. Stop each 
cut about 1/4 to 3/8 inches fro• the left margin. By leaving 
the left margin in tact, the labels will stay in order, but 
can easily be torn off one-by-one as they are needed. 
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Z. Sljde labels · Use File Named: SLIDEL.WKl 

a. Type the "highlighted• response to the. compu.ters prompts and 
depress the (RETURN] key after each entry. 

"C:\> 
C:\>C0\123 
C:\123>123 

(Changes to the LOTUS 123 subdirectory) 
(Initiates the LOTUS 123 program and displays 

a blank spreadsheet on the screen} 

Insert the diskette that contains the SLIDEL.WKl file in the 
A·Orive. 

To retrieve this fiJa for use, do the following: 

Press slash. •;• kay (Displays the l·Z·3 Comand Menus) 

Depress the first letter of the following commands.in the 
order that is indicated • FILE, RETRIEVE 

The computer will highlight the first file on your diskette 
which is HTAB.WKl. Press the right arrow ( ) cursor key 
once. The computer w;ll highlight the second file on the 
diskette which is named SLIOEL.WKl. To call up this file, 
press the {RETURN] key. 
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FISH· NO. 7 1 
SLIDE NO. 
SPECIES 
LOCATION 
SMPL TYPE 
DATE 
FISH NO. 

1 

The computer will now display the last labels that were 
SAVED on the SLIDEL.WKl file. An example of a typical 
SLIDE LABEL that is produced by this file is shown below: 

5 11 
SLIDE OA 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

6 10 

5 11 
SLIDE 1A 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

6 10 

1 5 
SLIDE ZA 
HERRING 
GALENA BAY 
SAC ROE. TEST 
08 APR 1988 

6 10 

1 5 
SLIDE 3A 
HERRING 
GALENA BAY 
SAC ROE TEST. 
08 APR 1988. 

6 10 

1 5 
SLIDE 20A 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

6 10 

9 

15 .Zl 
SLIDE 08 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

16 20 

15 21 
SLIDE 18 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

16 20 

11 15 
SLIDE 28 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988. 

16 . 20 

11 15 
SLIDE 38 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988. 

16 20 

11 15 
SLIDE 208 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

16 20 

25 
SLIDE oc 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

26 30 

25 
SLIDE 1C 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

26 30 

21 25 
SLIDE ZC 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

z·s · 30 

21 25 
SLIDE 3C 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

26 30 

21 25 
SLIDE ZOC 
HERRING 
GALENA BAY 
SAC ROE TEST 
08 APR 1988 

26 30 



b. Press the ~caps Lock~ key, so that all new entries will be 
type<i as CAPITAL 1 etters. 

_c. Use the up ( ) and down ( ) cursor keys to move the 
highlighted cell to the category that you wish to change 
within the data entry cell (C4 •. CS}. 

d. Type in the new information for each category (e.g. CARD, 
SPECIES, LOCATION, SAMPLE TYPE, DATE (dd/mm/YY]) that 
needs to be changed, and press (RETURN] after each new entry. 

Nota: The other labels on the screen will be automatically 
be updated with the new information in each category, 
each time you press the [RETURN] key. 

For a new sample, the only slide label categories that will 
need to be changed are LOCATION, SAMPLE TYPE, AND DATE. For 
the second, third, or fourth sample from the same location 
with the same sample type, the scala SLIDE NUMBER will also 
nave to be changed to keep these samples in sequential order. 

(e.g. Sample 1 • Wells Bay Sac Roe Test 08 Apr 1988, 
Slide Nos. 1A-20C; 

Sample 2 :. Wells Bay Sac: Roe Test 15 Apr 1988, 
Slide Nos. 21A-40C; . 

Sample 3 · Wells Bay Sac Roe Test 24 Apr 1988, 
Slide Nos. 41A-60C). 

a. Print out the slide labels on the Okidata printer on 
a 1/2 X 11 inch paper by doing the following: 

Press slash •;• key (Displays the 1·2·3 Command Menus) 

Depress the first letter of the following commands in the 
order that is indicated · 

PRINT 
PRINTER [RETURN] 
RANGE (Preset for Bl2 •. Vl93) [RETURN] 
ALIGN (Before you press GO, turn on the Okidata printer 

and make sure that it is loaded with a 1/2 X 11 
inch paper) 

GO (The new labels will be printed out by the 
printer) 

f. Reduce the labels 64~ on the copy machine. 

g. Cut out each slide label with a scissor and glue one slide 
label on the left side of each slide with 1:10 solution of 
mucilage glue and water. 
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B. Mi sea 11 aneous Preparati-ons: 

1. Refer to the Prince William Sound finfish statistical area chart 
{Figure 1) to determine the location code for the sample. 

-
z. Fill one beaker with wate~ and one beaker with a solution of 10 

parts water to 1 part mucilage glue. 

3. One gross or two boxes of microscope slides are needed for each 
Prince Willia. Sound herring sample (n•450 fish). The supply of 
microscope slides is located in the back of the bottom file drawer 
next to the scala press in Drew's office. 

a. Ten scales will be mounted on each slide (one scale from each 
of 10 herring). 

b. A second slide will be used to cover the first after they are 
filled with scales. 

c. Thre• ca~late scala mounts (e.g. 10 scales sandwiched between 
two slides) correspond to fish on one A-W-L form 
(e.g. A-W-L 1001 • Slides 1A, 18, 1 lC}. 

4. A set of three glass slides and their corresponding A-W-L data 
should not be used for scales or data for more than one day, one 
district, one subdistrict, one gear type, or one mash size. 

5. The slides and corresponding A-W-L data are numbered sequentially 
by date throughout tha.seas~n starting with lA,. 18, lC, ZA, 28, ZC, 
3A,. 38, 3C, etc. · · · ' 

a. A separate numbering sequence beginning with 1A will be used 
for each district, subdistrict, and gear type (e.g. Eastern 
District, Olsen Bay, Test P/S, lA-ZOC; Northam District, 
Unakwik Inlet, Co~ Sac Roe G/N, 1A-ZOC}. 

b. Keep dates and page numbers in proper sequence. 

II. Measurements and Observations 

A. Weight Datl Cg1Jeet1on: 

1. Pick out tan herring fro• the saapling tate. Keep in mind that 
fish to be sa.pled should be selected MRAHDOMLY•. One way of 
doing this is to reach down into the sampling tate and select the 
first fish that you grab on to. Also make an effort to select 
fish fro• different areas and depths of the tate. Place each 
herring flat on its right side on a yellow sampling tray in 
vertical rows of 10 fish each. Fish number •1• is on the top of 
the sampling tray and fish number •1o• is on the bottom. Tear off 
a sample label (e.g. Olsen Bay, Test P/S, Mar 30, 1988, Sample 
001A) and place it on the tray between the fifth and sixth fish. 
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z. Starting with the top fish in the row, weigh each herring on the 
sampling· tray to the nearest gram using a Oial-O·Gram type scale. . . 

3. Call out the weight measurement to the nearest gram so that the 
information can be entered by the keypuncher into the Compaq Plus 
cnmputer. 

4. Follow the same procedure for measuring the weights of the 
remaining fish in that group of ten. 

B. Standard length Data Collection: 

1. Then start with the top fish on the sampling tray again and 
measure the standard length of each fish with calipers (Figure 2). 
Place the left end of the calipers on the tip of the lower jaw and 
slide the right end of the caliper down the lateral line of the 
fish until you get to the crease where the hypural plate meets the 
caudal (tail) fin rays. 

2. Call out the length measurement to the nearest m. so that the 
information can be entered by the keypuncher into the Compaq Plus 
computer. 

3. Follow the .same procedure for measuring the lengths of the 
remaining fi$h in that group of.ten. 

C. Sex Data Cgllecti9n: 

1. Sex is initially checked by milking the gonads of each fish to 
produce evidence of milt (males) or eggs (females) at the vent. 
If no sex product is observed. then an incision is made tn the 
abdomen of the fish with a scalpel to determine the sex by 
exa.ining the gonads. Numerical sex codes are given in Table 1. 

2. Call out the sex so that the data can be keypunched in the 
computer. 

0. Fecundity Data Cgllect1gn: 

Herring AWL s~les in Prince Willi~ Sound are subsa.pled in 
select areas to obtain fish for fecundity enumeration. Five separate 
samples are collected for. AWL samples fro• five areas. Ten female 
fish are s~led in each 10 mD length interval fro• 140. to ZSO mm 
standard length as available in each length class. The ovarian sacs 
fro• each s~le are placed in a twirl·lock plastic bags with a label 
that identifies the sample. The label contains the following 
information: location where the fish was captured. date of capture, the 
length interval, and a reference to the AWL for. number and fish 
number. The samples are then frozen for later processing. These 
samples are collected for the Prince William Sound Herring Spawn 
Deposition Study (Yellow Book Project No. CF-303) and the analysis of 
these data are presented in the Spawn Deposition Study Report. 
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III. Scale Sampling 

A. Only one readable scale will be taken from each herring with a maximum 
of 10 scales placed on each slida (Figure J.). 

B. Remove each scale from one of the preferred body areas (Figure 4) on 
the left side of the fish (right side of the fish sampled as an 
alternate if necessary) using forceps. Body area locations are 
numbered in order of preference (Location 1 is most preferred, Location 
5 is least preferred). 

C. Oip each scale in clean water, rub tietween thumb and forefinger to 
remove dirt and slime, examine (hold up to a light) for regeneration 
(regenerated scales appear blurred in the center). DISCARD IF 
REGENERATED, repeat the procedure until a suitable scale is located. 

0. To mount a scale on the glass slide, dip the scale into the mucilage 
glue solution (1 part mucilage glue : 10 parts of water), shake off 
excess solution, and place the scale ontQ the labeled glass slide. 
Make sure that the unsculptured (concave) side of the scale is facing 
down and the anterior margin (portion embedded in the integument of the 
fish) is facing towards the top of the slide. The ridges on the 
sculptured side of the scale can be felt with a fingernail or forceP.s. 
Make certain that the scales are placed on the slide that has the same 
sample number as the sample from the yellow tray and that the scales 
are pl~ced an the slide in the positions that corres~ond to the correct 
spe~imen number in that sequence of 10 fish {Figure 3). 

E. Press each scale firmly against the slide with a paper towel after 
mounting to remove excess glue from underneath the scale. 

F. Place a second slide on top of each frosted slide when all scales have 
been mounted. Tape both slides together with a piece of Scotch tape at 
the labeled end only. Make certain tape does not cover any mounted 
scales. 

G. After all 1Q scales have been mounted on the slide, and before you 
discard the fish on the sampling tray in the disposal basket, double 
check the label on the slide with the label on the sample tray to make 
sure that they agree. 

H. Store ca.pleted scale mounts in a slide box to avoid loss or breakage. 
Label the slide boxes according to year, fishery, location, sample 
type, gear type, dates, and slide numbers. 

(e.g. 1988 PWS Sac Roe Herring, 
Olsen Bay, Test P/S Sample, 4/31/88 
001A-020C) 

I. Enter the age of each ~pecimen in the computer in the appropriate block 
as the f1sh are age with the microfiche reader. The age code for a 
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regenerated scale is 18, an illegible scales is 19, and a missing 
scales is 20 and ~rong scale is 21. 

IV. Data Entry 

A. Since all Prince William Sound herring A-W-L samples are ~orked up in 
the ~arm, dry, ~ell-light surroundings of the Cordova office lab, we 
have dispensed with the use of the traditional mark-sense A-W-L data 
forms and elected to enter the data directly into a LOTUS 1-2-3 
spreadsheet on a Compaq Plus computer. This allows us to eliminate 
several data prQcessing steps {e.g. logging mark-sense forms, editing 
mark-sense forms, shipping mark-sense forms to be OPSCANed, ~aiting for 
the OPSCAN results to be shipped back, and correcting data summary 
printout errors). It also enables us to access the data and produce 
summary tables immediately after all the A-W-L data has been entered. 

B. The LOTUS 1-2-3 macro file which is used to enter a11d summarize herring 
A-W-L data is named HAWLV2SS.WK1. This file is located on a diskette 
on page 2 of the •1988 PWS Herring AWL Data and Summary Table 
Notebook". 

1. Turn on the Compaq Plus computer and enter the LOTUS subdirectory. 

C:\> 
C:\>CO\LOTUS 
C: \LOTUS>LOTUS (The computer wi.ll high 1i ght "1-2-3") 

Z. Access the 1-2-3 spreadsheet progr~ by pressing the (RETURN] 
key. A blank 1-2-3 spreadsheet w·ill be displayed an the monitor. 

3. At present all of the AWL data entry and data summary files which 
are discussed in this procedures manual are on diskettes (original 
and backup copy far each). Therefore you must either preset your 
computer to operate off the A-Drive or do the following each time 
you turn .an your computer to work with these files. 

To change to the file directory to the A-Drive do the following: 

Press the slash •;• key. (Displays the 1-2-3 Command Menus) 

Depress the first letter of the following commands in the order 
·that is indicated - FILE, DIRECTORY (The computer will indicate 

the default directory) 

Enter current directory: C:\LOTUS 

To change the directory to the A-Drive, type in A:\ and press t h e 
[RETURN] key. 

4. Insert the diskette which contains the LOTUS 1-2-3 macro file 
named HAWLV2SS.WK1 into the A-Drive. This diskette is labeled 
•Herring Sampling Data Entry Spreadsheet and Summary Macro's" and 
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is located on the second page of the •1988 P~S Herring AWL Data 
and Summary Table• 3-ring notebook in the lab. 

5. To retrieve this file for use, do the following: 

Press the slash "/• key. (Displays the 1-Z-3 Command Menus) 

Depress the first letter of the following commands in the order 
that is indicated - FILE, RETRIEVE (The computer will ask, 

Name of file to retrieve: A:\*.wk ? 

and it will highlight the first file on the diskette which 
is HAWLY288.WK1. To call up this file, press the (RETURN] key. 

The computer will display the upper left section of the 
HAWLY2S8.WK1 file on the monitor which is shown below: 

84: (W4} 1 {ALT}N - To name data file and enter header info for 1st AWL. READY 

A B C 0 E F G H .I. J K L M N . 0 
40 M 0 G 01 SE LC TIME HRS AWL# Fl SX GI LEM WT AGE 

1 This is a macro driven spreadsheet for herring AWL data entry and Z 
The following MACROS are available: 

analysis. 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

{ALT}N - To name data file and enter header info for lst AWL. 
{ALT}C - To update date file and enter header info for next AWL. 

_ {ALT}E - To end data eniry; s~ve file, and clear the spreadsheet. 
{ALT}P - To recalc. the sum. table and save it in wks l p~ files. 
{ALT)O - To resave an old data file which has been imported into the 

macro for aging and editing. 

27-Apr-88 06:42 PM 

The information in this section of the 1-2-3 spreadsheet 
(Range· Al •. 09) lists the macro options that are available in 
this file. Note - the {ALT}E and {ALT)O macro options were not 
used in 1988. 
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6. Creating an AWL Data File With the CAlt} N Macro: 

After you. have retrieved the HAWLV288.WKI file you are ready 
to create a new herring AWL data file and beginning entering data. 
This can be done as fol1ows: 

IMPORTANT! First remove the diskette which contains the 
HAWLV288.WK1 file from the A·Orive and insert an 
em~ty preformatted data diskette. The HAWLV288.WK1 
file is a master tem~ hte which is on 1 y used to 
retrieve this LOTUS 1·2·3 macrofile. No data should 
be entered or saved on the diskette which contains 
the master co~y of HAWLV288.WK1. 

Data entry diskettes are located on subsequent pages in the "1988 
P~S Herring AWL Data and Summary Table Notebook~ and are 
arrange according to year. fishery, s~le type, and gear type. 
Select the appropriate data entry diskette (e.g. 1988 P~S Herring 
Sac Roe Fishery Test Purse Seine Data) and proceed as follows: 

a. Press the "Alt• key and the letter •N• key 
simultaneously. 

This invokes the (ALT).N macro and enables you to name the 
. data file_, enter header· informat-ion on _the data entry form 
that will identify this· AWL data set, and then begin entering 
data. The computer will then ask a series of questions about 
the sample that you wish to enter. Press the •caps Lock• 
key. Then type in the appropriate response to each 
question and de~ress the [RETURN] key after each response. 

NAME FOR DATA FILE (8 CHARACTERS)? (e.g. 88HTWBDl.WKl) 

NOTE· In Prince William Sound we have establish the 
convention for naming AWL data files 

for herring: 

Year (e.g. 88), 
Type of Sam~le {e.g. HT • Herring Test, 

following 

HC • Herring Commercial 
Catch, and 

HP • Herring Pound Sam~le), 
Location Where the S~le was Collected 

{e.g. WB • Wells Bay), 
Type of File {e.g. D • Data, T • Summary Table), 
Number in the Series (e.g. 1 • thi~ is the first 

sample of this type from 
the indicated location 
with this gear ty~e}, and 

File Extension {.WKl is an ending that 
identifies all LOTUS 1-Z-3 
spreadsheet files). 
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A41: [W4] 

ENTER A BRIEF DATA DESCRIPTION? (e.g. 1-988 PWS Sac Roe 
Herring, Wells Bay Test 
P/S Sample, 4/10/88.) 

~OTE- The Prince William Sound convention for 
describing or assjgning a title to AWL data 
~ for herring are: 

Year (e.g. 88), 
Management Area {PWS•Prince William Sound), 
Fishery (e.g. Sac Roe Herring or Food/Bait 

Herri·ng), 
Location of Sample (e.g. Wells Bay), 
Sample Type (e.g. Test, Com. Cat.• Commercial 

Catch, or Pound), 
Gear Type {e.g. P/S • Purse Seine or G/N ·Gill 

Net), and 
Date (mm/dd/yy). 

The computer will then display the data entry section of 
this LOTUS 1-2-3 spreadsheet (Range· A41 .. 060) on the 
monitor and ask you to answer questions which will fill in 
the cglymn header information.· Answer the questions as 
indicated and press the [RETURN] key after each response. 

SAMPLE MONTH ( NN) ? 

A 8 C D 
40 M D G DI 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
27-APR-88 07:01 PM 

E 
SE 

F G H I J K L M N 0 
LC TIME HRS AWLI Fl SX GI LEN WT AGE 

CMD CALC CAPS 
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Questions that will be asked about the sample include the 
fa 11 owing: 

SAMPLE MONTH (NN) ? (e.g. 04 • April} 

SAMPLE DAY (NN) ? (e.g. 10) 

NOTE • The sample day is the day the sample was 
collected, not the day the sample is worked up 
in the lab. 

GEAR CODE (NN) ? (e.g. OS • Purse Seine, 04 • Drift 
Gill Net) 

NOTE • A complete listing of ge~r codes can be found in~ ~r left 
hand corner of Table 1. 

DISTRICT COO£ (NNN) ?· (e.g. ZZZ • Northern District) 

NOTE • District codes for the Pri nee Willi am Sound Area can be found 
in Figure 1. 

·SECTION CODE (NN) ? {e.g. ZO • Section where Wells Bay is located) 

NOTE ·.Section codes·for the Prince Willia. Sound Area can also 
be found in Figure 1. 

LOCATION COOE (NN) ? This code is not used in Prince 
Willia. Sound, press the [RETURN] key 
to bypass this question. 

SAMPLE TIME (NN) ? (e.g. 08 • 0800 hours, military time) 
The sample time will not always be known 
but whenever it is enter it here. 

NO. HRS. FISHED (NNN) ? This code is not used in Prince 
Willia. Sound, press the [RETURN] 
key to byp~ss this question. 

BEGINNING AVL I (NNN) ? (e.g. 001) 

NOTE • For i new sample, the appropriate response. to this question 
is 001. However, if this is the 

second, third, or fourth sample of the same type 
and gear type for a particular location, enter 
the next number in the series that would follow 
after your last sample. 

For example if you had completed a 600 fish 
sample (AWL OOl·OZO, 30 fish per AWL) of Test 
P/S herring for Wells Bay on April 10 and you 
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K41: (W3] 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

A 
M 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

B 
0 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
2Z 
22 

get a similar sample fro~ Wells.Bay on April 
20, the second sample will start off with AWL 
021. 

HOW MANY FISH ON THIS CARD (NN) ? (e.g. 30) 

NOTE- This data entry spreadsheet is set up just like a standard 
mark-sense AWL data form which allows 

30 fish on each AWL data form. Therefore the 
appropriate response to this question will 
usually be 30 unless you are at the end of your 
sample and you don't have enough fish to 
complete a full AWL form. 

At this point the (ALT}N macro will print out the 
appropriate header information for the samples 001-030 on 
AWL 001 as follows: 

c. 0 
G OI 
5 222 
5 222 
5 222 
5 222 
5 222. 
5 222 
5 222 
5 222 
5 222 
5 222 
5 222 
5 222 
5 222 
5 222 
s 222 
5 222 
5 22Z 
5 222 
5 222 
5 222 

E F G. H 
SE LC TIME HRS 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 . 
20 
20 
20 
20 
20 

I J 
AWL# Fl 

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
1 10 
1 11 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
1 20 

K L M · N 0 
SX GI LEN WT AGE 

. . . . . . . . 
70 4 22 5 222 20 1 30 
Z7·APR·88 07:01 PM CMO CALC CAPS 

The header abbreviations on the upper right of the data 
entry sheet stand for the following: 
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SX • Sex (See Table 1 for sex codes) 
GI • Gonad Index 

-NOTE . Because the gonad index is very subjective and it is not used 
for data analysis, the gonad index was eliminated from the P...s l'errirg 
sampling progr~ in 1988. 

LEN • Standard Length (to nearest mm) 
WT • Weight (to nearest gm) 
AGE • Age in years 

NOTE • Numerical age codas are given in Table 1. 

b. Entering Data: 

Enter the weights, lengths, and sex data for the first 30 
fish, then press the •ALT• key and the letter •c• key 
simultaneously. The {ALT}C macro will save the first 30 
entries (e.g. AWL 1, Fish Nos. 1·30) of this new data file. 
After the file has been saved, the computer will display the 
word •READY• in the upper right corner of the monitors 
screen. At this point, press the [RETURN] key anq the (ALT}C 
macro wi 1 r kick i.n and ask: · · 

HOW MANY FISH ON THIS CARD {NN) ? 

Type •3o• and then press tha'(RETURH] key. The (ALT}C macro 
will then enter the header information for the next 30 AWL 
data entries (e.g. AWL 2, Fish Nos. 1·30). 

c. Using the fAJtlC Macro to BackuP and Saye the Data File: 

After you enter the weights, lengths, and sex data for the 
second 30 AWL entries and each subsequent AWL form 
(e.g. AWL 3, Fish Nos. 1·30 ••• ), press the MAlt• key and the 
letter •c• key simultaneously again. This time and each time 
hereafter, the computer will display two options: 

CANCEL REPlACE 

In each case, you will want to press the letter •R• for 
replace. This will update the last file that you saved with 
the most recent set of 30 AWL data entries. 

Again when the computer displays the word •READY• in the 
upper right corner of the monitor, press the [RETURN] key. 
Once again you will be asked: 

HOW MANY FISH ON THIS CARD (NN) ? 
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Type •3o• and then press the [RETURN] key. The {ALT}Cmacro wi11 
then enter the header information for the next 30 AWL 

data entries (e.g. AWL 3, Fish Nos. 1-30) etc. 

d. Saying the O~ta File After the Samole is Comoleted: 

When you complete your sample and all of the weight, 
length, and sex data has been entered, save your file by 
doing the following: 

Press •;• (Displays the LOTUS 1-2·3 Command Menus) 

Press the first letters of the following commands in the 
order that is indicated · FILE, SAVE 

Enter the name of your new data file (8 Characters) 

NOTE · At this point you must type in the name of your new data 
file (e.g. SSHTWBOl.WKl) or it will be 

saved as HAWLV288.WK1 which is the name of the 
last LOTUS 1·2·3 file that was retrieved. Refer 
to Section IV, Part B, No. 6a of the Methods for 
file naming conventions for data files. 

Press (RETURN] 

e. After you have saved your data fila on.tha •original• data 
·disket~e, place it fn the pl~stic sleeve in the black: 3-ring. 
binder entitled •t988 PWS Herring AW~ Data and Summary 
Tables•. Make sure that the diskette is labeled clearly 
(e.g. 1988 PWS Herring, Sac Roe Test P/S Catch, AWL Data 
and Summary Tables, Original). 

f. Then make a •backup• copy of your data file on a second 
diskette by repeating the same procedures indicated in step 
(d) above. Again make sure that this backup diskette is 
clearly labeled and then insert it in the plastic sleeve 
below the original in the •t988 PWS Herring AWL Data and 
Sum.ary Table• notebook. 

7. printing a Data File: 

Next print out a hard copy of the data file you have created 
using the Co.paq Deskpro computer and the Okidata printer in 
Orew1 s office. This hard copy can be used by the individual that 
is reading the scales, to record the ages of each fish. 

NOTE • The scale reader also has the option of bringing the 
portable Compaq Plus computer into the scale reading 

room with him and entering the age data directly into 
the computer as he ages each scale. 
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a. To produc~ a nard copy of the data file, turn on the Compaq 
Deskpro computer and enter the LOTUS 1-2-3 subirec!ory by 
doing the following. 

-c:\> 
C:\>CD\123 
C:\123>123 (The computer will highlight ~1-2·3~) 

b. Access the 1·2-3 spreadsheet program by pressing the [RETURN] 
key. A blank 1·2·3 spreadsheet will be displayed on the 
monitor. 

c. The computer in Drew's office has been preset to operate off 
the A-Drive, therefore you will not have to change the FILE, 
DIRECTORY when you work on LOTUS files on this computer. 

d. Insert the diskette which contains-your LOTUS 1-2-3 data 
file (e.g. SSHTWBDl.WKl) into the A-Drive. 

e. To retrieve this file for use, do the following: 

Press the slash ~;· key. (Displays the 1-2-3 Co11111and Menus) Depress 
the first -1 ettar of the fa 11 owing c.omands 1 n the order that i s 

indicated • FILE, RETRIEVE (The computer will ask) 

Name of file to retrleve: A:\*.wk ? 

and it will highlight the first file on the diskette. To 
call up this file, press the [RETURN] key. If there is more 
than one file on the diskette, usa the ~right cursorn key to 
move the highlighted cell to the file you wish to retrieve 
and then press the [RETURN] key. 

The computer will display your data file as it was when you 
saved it last. 
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f.When you print out your data file, you .should be sure to 
include the cell which contains the title of the data file 
(e.g. A38) and the cell which is two columns to the right of 
your last weight entry (e.g. P603) in the range of cells to 
be printed (e.g. A38 •. P603). To determine the range to be 
print do the following: • 

First determine the last cell in your data file by 
depressing the ~end~ key and the Mright arrowM cursor 
key until you get to the weight column and then press 
the ~end~ key and the ~down arrow• cursor key. This 
will reposition the cursor to the last weight entered 
in the lower right hand corner of the file. Now in 
order to produce a column for ages and to insure that 
the entire title of the file is printed out, move the 
cursor two spaces to the righ.t with the •right arrow" 
cursor key. The position location of the cursor will· 
be displayed in the upper left hand corner of the 
monitor screen. Rec9rd this cell location on a scrap 
of paper (e.g. P603). This will be the ~ell address 
you will indicate as the last cell in the range to be 
printed. 

The first cell of your data file will be the cell where the title 
is located. To locate this cell do the following: 

.Press the •Home~ key. (Will relocate the cursor to the upper 
left hand· corner of your data file.) · . 

Press the slash •;• key. (Displays the 1-Z-3 Command 
Menus) 

Depress the first letter of the following commands in the order 
that is indicated - WORKSHEET, TITLES, CLEAR 

This series of commands will clear the title locks 
which have been preset to display the_ data entry 
headers as titles on the top line of the file. 

Use the •up arrow• cursor key to move the highlighted 
cell up to cell A38 in your spreadsheet. This will be 
the first cell in the range that you will want to 
print. Therefore you have now determined that the 
range of cells to be printed for this sample data file 
are {A38 •• P603). 

g. After you have determined the range of your file that 
will be printed, you are ready to do the following: 

h. The data file can be printed out on the Okidata printer 
on 8 l/2 X 11 inch paper by doing the following: 
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Turn on the Okidata printer by depressing the switch on the 
lower right corner of the back of the printer. The 

red ~sEL~ aod ~POWER• lights on the left front panel 
are light when the unit is turned on and ready to go. 
Make sure the printer is loaded with a l/2 X 11 inch 
paper and that the ribbon shield on the printer head is 
even with the crease on the next clean sheet of paper. 

Press the slash •;• key. (Displays the 1-2-3 Command 
· Menus) 

Press the first letter of the following commands in 
the order that they are indicated -

PRINT, 
PRINTER, 
RANGE (Type in the range that you have determine, 

e.g. A38. ·• P603) 

Press the (RETURN] key. 

Press the first letter·of the following commands in 
the order that they are indicated - . 

ALIGN, . 
GO ·(The data file will be printed out by the 

printer) 

8. Uodat1ng the AWL Qata file With Age Qata: 

After the scales have ~been aged, the data file can be updated 
with the age data by doing the following: 

a. Turn on the Compaq Deskpro computer and enter the LOTUS 1-2-3 
subdirectory by doing the following. 

C:\> 
C:\>CD\123 
C:\123>123 (The computer will highlight •t-2·3·) 

b. Access the 1-2·3 spreadsheet pragra. by pressing the 
[RETURN] key. A blank 1·2-3 spreadsheet will be 
displayed on the monitor. · 

c. The computer in Drew's office has been preset to operate off the 
A-Drive, therefore you will not have to change the FILE, DIRECTORY 

when you work on LOTUS files on this computer. 

d. Insert the diskette which contains your LOTUS 1-2-3 
data file (e.g. SSHTIISDl.WKl) into the A-Drive. 
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~ To retrieve this file for use, do the following: 

Press the slash •;• key. (Displays the 1·2·3 Command 
Menus} 

Depress the first 1 etter of the fo 11 owing commands in the order that 
is indicated · FILE, RETRIEVE 

Name of file to retrieve: A:\*.wk ? 

The first file on the diskette will be highlighted. 
To ca 11 up this fi 1 e, press the (RETURN] key. If there 
is more than one file on the diskette, use the ~right 
arrow• cursor key to move the highlighted cell to the 
file you wish to retrieve and then press the [RETURN] 
key. 

f.The computer will indicate •wAtT• in the upper right 
corner of the monitor while it is retrieving the file. 
When the retrieval is complete, the word •READY• will 
be indicated and you can cursor over to the AGE column 
and type in the age data. -

g.After all of the ages have been entered ,resave the-
data file on the •original• data diskette and the 
•backup• data diskette. 

he Then print out a hard copy of the completed AWL data 
file (Table Z). When y,our g·oing through the print 
commands, jot down the name of the file {e.g. 
~SHTWBOl.WKl) and its range (e.g. A38 •• P603) on'a piece 
of scrap paper. This information will be needed in the 
next step which is the production of a summary table. 

NOTE - If you resave your data file after printing the hard copy, the 
print com.ands will also be saved with the file. 

9. Imoort1ng the Data File to Prodyce Summary Tables With the 
{AJ tlP Macro: 

When your AWL data file is complete, you are now ready to 
import the data file back into the master macro file to 
produce a sum.ary table. 

a. Insert the diskette which contains the LOTUS 1·2·3 
macro file named HAWLV288.WK1 in·to the A-Drive. 

b. To retrieve this file for use, do the following: 

Press the slash •;• key. (Displays the 1·2·3 Menus) 

Depress the first letter of the following commands in 
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the order that is indicated - FILE, RETRIEVE 

Name of fjle to retrieve: A:\*.wk ? 

The first file on the diskette, HAWLV288.WK1, will be 
highlighted . To call up this file, press the 
(RETURN] key. 

The computer will display the upper left section of the 
HAWLV288.WK1 file on the monitor. 

c. Remove the diskette which contains the HAWLV288.WK1 
file from the A-Drive and insert the data diskette that 
cont~ins the dat~ file that you just completed (e.g. 
SSHTWBOl. WKl). 

d. Use the ~left arrow• and •down arrow• cursor keys to 
move the cursor to cell A38 in the spreadsheet. 

e. To import the data file back into the m~cro file do t:he folloorg: 

Press the slash •;• key~ (Displays the 1·2·3 
Conmand Menus) 

Depress the first letter of the following comm~nds in the order that 
is indic~ted. • 

·FILE, 
COMBINE, 
COPY, 
NAMED/SPECIFIED RANGE 

Enter range name or coordinates: 

Type in the dat~ files range (e.g. A3S •. P603) 

Name of file to combine: 

Type in the d~t~ files name (e.g. SSHTWBOl.WKl) 
and then press the [RETURN] key. 

The word •WAtT• will flash in the upper right hand corner of the 
.anitor screen while the data file 

is being imported into the m~cro. When the 
importing process is finished the data file will 
appear on the screen and the word •READY• will be 
indicated. 

Use the cursor ·keys to check the fi 1 a that was imported and make sure 
that it is complete. 

f. To initiate the macro which generates the AWL summary 
table, press the •Alt• key and the letter Np• key 
simultaneously. This macro conmand will produce a 
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su11111ary table of your data file which is located in the 
far upper right hand section of·this spreadsheet 
(Range- AU1 .. 8M25). The (ALT}P macro will then ask the 
following questions: 

• ENTER BRIEF TABLE TITLE: 

(e.g. PRINCE WILLIAM SOUND SAC ROE HERRING, WELLS BAY TEST PURSE SEINE 
SAMPLE, 10 APRIL 1988.) 

NOTE • The following convention has been 
established for naming herring AWL summary 
tables for Prince William Sound: 

Management Area (e.g. PRINCE WILLIAM SOUND) 
Fishery {e.g. SAC ROE HERRING) 
S~ling Location (e.g. WELLS BAY) 
Sample Type (e.g. TEST} 
Gear Type (e.g. PURSE SEINE) 
Date (e.g. 10 APRIL 1988) 

ENTER TABLE FILE NAME: {e.g. SSHTWBTl.WKl) 

NOTE • The file naming conventions for summary 
tables is identical with those used for 
naming data files with one exception. 
Data files end with the Jetter No• and then· 
a serjes nymber and synmary tab] e.s end with 
the letter Nr• and then a series number. · 

g. After the computer indicates that it is once again 
MREAOY•, do the following: 

Press the MHome• key. (Will relocate the cursor to the 
upper left hand corner of your 
data file.) 

Press the slash •;• key. (Displays the l·Z·3 Command 
Menus) 

Depress the first 1 etter of the fa 11 owing commands in The order that 
is indicated • WORKSHEET, TITlES, CLEAR 

This series of commands will clear the title locks 
which have been preset to display the data entry 
headers as titles on the top line of the file. 

Use the MHomeN cursor key to relocate the cursor to the upper left 
hand corner of the spreadsheet. 

Use the MEnd• key and the Mright arrow• cursor key to move right in 
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the spreadsheet to the section where the 
summary table is located (Range AUl .. BM25). Position 
the cursor at the upper left hand corner of the summary 
table (Cell AUl). 

n. Printing Summary Tab 1 e: 

To print out a hard copy of the summary table, do the 
following: 

Turn on the Okidata printer by depressing the switch on the lower 
right corner of the back of the printer. The 

red •sEL• and •powER• lights on the left front 
panel are light when the unit is turned on and ready to 
go. Make sure the printer is loaded with 11 X 8 l/2 
inch paper (Note • different paper size than data 
files) and that the ribbon shield on the printer head 
is 2 1/2 inches below the crease on the next clean 
sheet of paper. Also release the lock levers on the 
tractor unit and move the. and the 11 x 8 l/2 inch 
paper to the far left setting. 

Press the slash •;• key. (Displays the 1-2-3 Menus) 

Press the first 1 et:ter of the fo 11 owing conmands in 
the order that they are indicated 

PRINT, 
PRINTER, 
RANGE (Range preset for AUl •• SM25, need not be 

changed) 

Press the [RETURN] key. 
"' 

Press the first letter of the following commands in 
the order that they are indicated -

ALIGH 
GO (The AWL sum.ary table will be printed out 

by the printer) 

An exa.ple of a typical AWL sum.ary table that has ~ produced 
using the (ALT}P macro file option is 

given in Table 3. 

V. Aging Scales 

A. Committee Scale Aging Method: 

During the 1988 Sac Roe Herring Season in Prince Willi~ Sound, scales 
fro• each herring sample were aged by a co~ittee of two or three 
persons. Individuals which were involved in this committee aging 
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process were: Tom Schroeder (CF/Homer), Gene Sandone (CF/Anchorage}, 
Henry Yuen (CF/Anchorage), Keith Schultz (CF/Bethel}, Blaine McKnight 
(CF/Cordova), Diane Phipps (CF/Cordova), Sam Sharr (CF/Cordova}, and 
Drew Crawford (CF/Cordova). Drew Crawford was the only member of this 
committee who was involved in the aging of all of the 1988 P~S sac roe 
herring scales, therefor& he tried to maintain consistent aging 
practices between one group and the next. Scale images were projected 
on a microfiche screen and each individual aged the scales 
independently. If the scale readers arrived at a different conclusion 
regarding the age of a particular scale these differences were 
discussed and an age was determined by mutual consensus. 

B. Scale Aging Conventions for P~S Herring: 

Out of these discussions the following conventions were arrived at and 
used for aging all 1988 ~S sac roe herring scales. 

1. On all herring which are caught and aged in late March through 
April, we assumed an annulus on the outer edge of each scale. 
Since each of these fish had just came through a winter, we felt 
that an annulus was or would be formed on the outer edge of the 
scale and therefore the outer edge was always counted as the most 
recent annulus (Figure 5). 

NOTE • On herring that are caught in the fall bait/food 
herring fishery in ~S, scale agers do not 
automatically count the outer edge as an annulus 

. unless one is clearly. visible. 

2. On 99S of the scales that were aged, the focus was counted as the 
first annual growth ring. 

3. Scales from younger age class fish (age 3 and age 4) which had 
a regenerated focus but exhibited strong growth on the outer 
margins were aged. Ages were assigned based on a comparison of 
the number of annuli that were visible and how the fishes length 
compared to other known fish of a similar age in the same sample. 
The primary assumption that was made in assigning an age to these 
scales was that there was a focus in the regenerated area in the 
canter of the scale. 

4. Regenerated scales from older age class fish (age 5 to age 12} 
wen not aged. 

5. Illegible scales were not aged. 

6. Two irregular scale patterns emerged early in the 1988 P~S sac roe 
herring season (Figure 6). 

ao One of these irregular scale patterns was characterized 
by the formation of a small focus within an annual 
growth ring that was similar in size to the focus's of 
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other scales in the sample. 

b. The second irregular pattern exhibited an annulus-like 
formation that was closer to the focus of the scale 
than the width of the distance between this annulus-like 
formation and the next annulus as measured outward 
from the center of the scale. 

Since we were uncertain about the correct age of the fish with 
these irregular scala-patterns; we decided to adopt two scale 
aging conventions that nave been used by To• Schroeder to age 
these types of herring scales in Cook Inlet. 

Scale Aging Convention for Cal • For the infrequently 
observed scales that have a small focus within an annual 
ring that was similar in size to the majority of focus's 
in the sample, we decided to •discgynt the small focys• and 
begin our age count with the annual ring that was similar 
in size to the other focus's observed in that sample. 

Scale Aging Convention for {b) - For the small number of 
scales that exhibit an annulus-like formation that was 
closer to the focus of the scale than the width of the 
distance between the annulus-like fo-rmation and the next 
annulus as measured outward fro• the center of the scale, 
we decided to call this annulus-like formation a 
~false check• and not count it as an annulus. 

With regards to convention (a), we simply don't know what causes 
this type of scale pattern and whether this small focus should or 
should not be counted in the aging process. Therefore we 
identified the scala pattern and established this scale aging 
convention in order to be consistent about how this scale pattern 
is aged. 

We can also not be certain whether convention (b) is right or 
wrong, however we have again identified a particular pattern and 
tried to be consistent about how we age it. However with regards 
to convention 12 we notice two things: (1) On the majority of 
scales that we age, the distance between the focus and the first 
annulus is usually large and the distance between the first 
annulus and the second is usually slightly smaller. Beyond 
the second annulus the distances between annuli were quite 
variable. (2) The lengths and weights of fish that exhibited a 
•false check• near its focus were consistent with the average 
lengths and.waights in the age groups that they were assigned as 
a result of this aging convention. 

Again we are not saying that these scale aging conventions are 
good or bad, we are simply attempting to document the procedures 
we used for aging herring scales in Prince William Sound in 1988. 
If anyone reading this document has additional information that 
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would aid in the aging of these. two. irregular scale patterns, 
please contact Drew Crawford at the AOF&G office in Cordova. 

VI. Sample Size 

A. At the start of the 19S8 P~S Sac Roe Herring Season the standard sample 
size for an AWL sample was 600 herring. Midseason, Henry Yuen notice 
that out of a typical 600 fish sample that the number of scales that 
were tallied in the unaged (regenerated, illegible, missing) category 
was consistently· at 5~ or less of our total s~le. He then suggested 
that as long as we were able to maintain the unaged scale category at 
that level, that ~e could reduce our s~le size and still achieve the 
same dt19ree of precision. Therefore, this idea was discussed with 
Project Leader, Sam Sharr and Biometrician, Linda Brannian and the 
sample size was reduced to 560 fish. 

B. Post season analysis of 1988 PWS herring data by Linda Brannian, 
indicate that the optimal AWL s~le size for Prince William Sound 
herring is 410 fish. This AWL s~la size was increased to 450 herring 
to account for regenerated and illegible scales. 

C. Collection of herring AWL samples on the fishing grounds: 

1. Whenever possible collect samples from five different boats per 
area. 

Z •. Co 11 ect 90 berri ng from each boat. 

VII. Pooling S~las 

Herring AWL samples from PWS are occasionally pooled. 

A. One instance in which two small samples are pooled is when similar 
samples from the same location are received on consecutive days. 
If neither day's sample is large enough to constitute a full sample, 
these data are pooled to produce one sample. 

B. Another instance in which samples are pooled is when multiple same-day 
samples ara recaived fro• several locations that are in close 
proxiaity. In this case, work up a partial sample fro• all five boats 

in each araa (e.g. 3 locations • 150 fish/area, 30 fish /boat; Z 
locations • 225 fish/area, 45 fish/boat; ate.) and then. test for age 
composition differences between areas using a chi-square test 
(Table 4). Only .ajar age classes comprising 5S or more of the sample 
w111 be used in the chi-square analysis. If the age composition of the 
samples are not significantly different, the samples are pooled. If 
there are signi-ficant differences between the age compositions of the 
areas tested, then a full sample {450 fish/area, 90 fish/boat) is 

worked up for each area that is different. 
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T~ble 1. Getr cades. sex cades. and age codes for herring AWL sam~ling. 

Gid CQI)IS: 1 Vui.Ole aean gUlnec.. £loet:.1ng 
2 Vui.ole aean gUlnet:.. ainkin9 
3 Set. tillnet:. 
4 Dl'ist. tillnet:. 
5 ..._. .. Seine 

' a..c:a .. in.e 
1 Ot.t. ... t.z'Mtl 

• Haa4 pidced 
9 Dip ut:. 

sa caoa: 1 ICele 
2 reMle 
3 J ...... .u. 
4 Uafalova 

AGI C:COCS: 1•11 Act.uel f J.aa age in yeera 
11 ......... t.ed 
1,- Ill .. ible 
20 liM! .. 
21 _.._. acale 



fable 2. Sdmple p,-intout of d ?,-ir.ce ~4illidm Sound Aioll data 
• i 1 e. 

;& DaTI F'tlt lW M SA: d teiiHI. ..:U.S M¥ TtiT Pit 9MlU. 4/te/11. 
t-a.-. 
" 0 9 PI 91 l.C me 1".11 *-• Ft U it L..DI wr• • • ' !!! 21 l l 1 5 l~ us • .. ~ . 5 e2! 21 1 e 1 5 · w 1M 7 
4 I ' e2! 21 l 3 1 ' 1M ,. ll 
4 • ' es 21 1 • 2 5 111 74 11 
4 I ' ezl 21 l s e s 1n 95 • • • 5 ea 21 1 

' 1 ' 
1,. 11, • • • 5 ea 21 1 7 t 5 1!5 11& 4 

4 • 5 ell 21 1 • a 5 211 1.11 • • • 5 ~ !I L t a 5 174 u • 4 • 5 !If 21 1 11 a 5 ~~ !1 II • • 5 211 !I L 11 1 5 111 ~ l 
4 • 5 - 21 L ta a 5 2M 116 5 • • s • • 1 11 1 4 ,., llJ ' • s • • 1 14 L 4 1M ,. 4 
4 5 til • 1 1s a s 1,. " 4 • s - 21 1 16 1 4 181 , • 4 s ea !I L 17 l • - t• 4 
4 s -!I 1 1& I S 211 1. 7 
4 5 Ia 21 1 lt 1 4 111 " • • 5 211 21 1 21 1 • 22! 171 • • 5 Ia 21 . 1 u l • 1 .. ~ • • ' • • 1 II I S 17S 61 l • 5 • 211 1 a 1 • 1&1 ,. • • s 211 • 1 ~ I S "' lit • 4 5 !II !I 1 2S 1 4 1,_ ,. • • s • !I 1 5 1 • 1M tS • • 5 • 21 1 r:1 I S 171. 11 • • • s • 21 1 21 L 4 1 .. ll • • • s • • 1ft 1 4 liS g • • • 5 • • L. ll 1 4 1M tJ .. ' 
• • s • • I 1 1 • t• ~ • • • s -• • • I S 1. • • • s • • I J 1 • 111 ,. • • • s Ill • I • I S 1,. 1 • • • • s • • I s I S 161 61 • • • s • • I ' a s liS 11 • • • s Ill • I 7 I S 1 • • • • • s Ill • I • I 5 1" 111 s • • ' -• I t I S L1S • • • • s Ill • I 11 l 4 1. • • • • s Ill • I U 1 • 1M , . • • • s • • I 11 I S 1M 111 • • • s -• I 11 1 • Lt1 .,. • • • s Ill • I 14 1 • L1S 71 • • • ,. • I 15 l • 1!5 • s • • il • I 16 L 4 1. • • • l I I 17 I S tl 111 • • I 11 l • .. • • • ,. • I 19· l • • 1ll 5 • • ,. • I II l • 1" 61 • • • ,. • I 11 L • 1!5 Lll • • I ,. • I !I I 5 tat ,. • • • ,,. • l u • s 161 61 l • • , . • I M 1 4 111 • • • • 5111 • I 15 I S 1,. us • • I Sill • I 5 I S 1!1 us • • • ,. • a 11 a J 17J 11 11 

• • 5 2:!1 !I 2 21 1 • 17'! 71 • • • s. 21 I 2! 1 4 ISS l!i 7 

• • s Ul !I I ll I S 1,. .. • . • • • . • . • • • • • 
• • • . • . • • • • • • 
• • • • • . • . • • • . 
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raole 4. Sample printout of a LOTUS 1-2-3 macroji1e chi square 
test results for differences oy age composition between 
two areas. 

oat.....,. .. l,.is of "- """'*'*i' '"'* tt.e rr' .. t .. ot oa:waa of • .. illdiOIII'*"' ot ..... 

caM - ... ~ - ~ ... om. 41t11& ,. ...... "'*'" .. 
1 • s ' 1 • t 11 u 11 1l 14 Total :.:.:-;., 211 fl 1l • 1S 211 

&31 11 • 15 • 2M 
T .. al ... .. 11 4l u S1 

~_.. = .. .,., 117.1 11.1 11a4 a:i u •• 
at &a tt.6 &1 u., 

Dlri•U-= .. -,., •t1.l s.a L' 5.1 3.6 
11.1 -s.a ""' -5.1 •l.6 

Ott-....• 11., 
~i ~··· '"* 4 •'· • ~Uty fJI a .,..... val• • e.• 
c-t--. ,IICUC:WI fJI WC &a fJI 1111 ft ... 11 'I I .... of .... 
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S:a~eJ~d L!~Ct~: t~e st~J1c~t line d;s:lnce f~om the lnte~io~ mast c.ar~ of the 
fish, tnclud;nQ :he !ewe~ jaw w1tn tne mouth clos.o. to tne 
end of the ve~:e~~a (nyp~~al elate). The verte=ra end is re­
cognized by :ne fold1nQ of the Skln on an unsk\nned fish when 
tne t.all is snarply bent. 

-------. s tand.al"d length ------1 

Figure 2. Stand~rd length measurement for herring AWL sampling. 
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.., .., 

figure l. 

~.: .. 

Proper scale placement on herring slides for aging .. and the relationship of the scale placement to 
its correspondtng AWL data tn the LOTUS l-2-l data file • 

~~pie •ria&o~l of a tr•~• Wlllt&a ~~a4 AWl 4tta 
file. 
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• I 
PY"elered body .areu f~ llfft1ch ta col lee~ sc.ales for 
&Q1nc:a are .. srtewt' aoov•· ScJlts snould ·be collected 

fl"'OII trtt t eft s i Cit of tnt ~'terri "9 .t f poss 1 b leo If 
no sc1les ""iri' !:)resen'c 1" 1ny of the abo.,e 5 are•s 
Oft the left side. tnen cneci the r1gnc side (usint 
the s~ preference sequence). If no scales are 
found on the rigrtt side. discard tne herr1n9 and 
obtain anotner s~ple. 

Figure 4. Preferred body areas from which to collect herring 
scales for aging. 
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Age • 3 Years 

Length a 166,. 
we;gnt a 66 gtl 

Age - 4 Yetr' 

t.engtn • 189 a. 
Weight • 96 911 

\ .Age· 12 Year' . 
! · t.ength • 238 .-
j Weight • 224 ~ 

Figure 5. Sample Prince Willia~ Sound herring scale patterns and their 
corresponding age. leng.th. and weight data. 



' . 1 

' 

T yp i ca 1 Sea 1 e 

Age - 4 Years 

Length a 193m 
Weight a 89 gm J 

Irregulir Sc~l• Pattern 

Age .. 4 Years 

Length • 193 • 
Weight • 88~ 

~11 Focus Discounted 

Irregul~r Sc~l• Pattern 

Age • 4 Years 

Length • 189 • 
Weight • 96 • 

False Check 

Figure 6. Comp~rison of a typical four year old Prince William Sound herring 
scale with scales from similar sized fish that exhibit irregular 
scale patter.ns. 
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APPENDIX E. Standard protocol for collecting herring eggs for hydrocarbon analysis 
(from J. Rice. NOAA/NMFS/Auke Bay Fisheries Lab). 

Note: The first series of samp 1 es done under this protoco 1 are adult herring 
obtained as a part of AOF&G's routine annual herring test fishing in Prince William 
Sound. This protocol can be used on other species also. 

1 - Of primary importance is keeping all target tissues free of any contaminations 
which may interfere with credible analyses for hydrocarbons. 

2 - Ancillary data (date of spawn, location, and depth of spawn} will be 
established during AOF&G's regular herring spawn deposition program. This data 
can then be accessed on their data base. 

3 - SAMPliNG: A small portion of roe on kelp will be taken by divers. Total of 
each sample will be approximately 10 grams, and each sample will be taken in 
triplicate and placed in four ounce hydrocarbon sample jars. 

a. Clean jars with detergent and water; rinse or dip in some solvent 
(dichloromethane or methylene chloride - Spect grade, freon or 1,1,2-Trichloro­
trifluoroethane - Spect grade) NOTE: DICHLOROMETHAHE is a contact hazard and 
ideally should be used under a hood; however, in the absence of a suitably equipped 
laboratory • use in a well. ventilated area and wear gloves. If you get any on your 
skin, flood iiiiiNidiataly with·watar. · · 

Rinse instruments after dissecting each ftsh. 

b. To collect sample, take each sealed jar underwater and open, once under 
the surface just enough to let out the air, then reseal. Once at sampling site; 
open the jar and using a piece of surrounding kelp cradled in the dive glove, tear 
off approximately a ten gram section of roe (about a half of a four ounce jar) and 
place in jar and seal. Once brought to the surface, pour off excess sea water and 
label carefully .. 

d. Samples from the first depth treatment will be done in triplicate(see item 
6 below). 

e. Freeze samples innediately. 
Sampling Herring Tissues for Petroleum HC Analyses, CONT'O. 

4 - LABELS. All labels should be·written with waterproof pen and include the 
following: 

Data 
Species, tissue type 
Location (Site name, Coordinates if possible) 
Sample No. {your choice) 
Project/Agency 
Who Collected 

Samples will be also be assigned a unique number when processed through the Auke 
Bay Laboratory for priority ranking and analysis. 

l 





5 - CHAIN OF CUSTOOl. Transfer of samples from one person to another must be 
documented. for leqal and credibility purposes. · 
Ideally, you will be provided forms to use for d'ch or each group of samples. 
You must fill out, sign and date this form when you release the samples to another 
person and tbat person must sign the sheet when receiving samples. The form 
travels with the samples. 

6 • SAMPlE DESIGN. There will be 20 index transects set up for the herring egg 
mortality study. From each transect~ 3 jars of herring eggs and 3 jars of mussels 
will be taken at the lowest site of mussel distribution in the intertidal (MLLM). 
This translates into 15 herring egg samples and 15 mussel samples from each of the 
four oil treatment levels {High~ Medium, Low, and No Oil). This results in a total 
of 120 samples. 

In addition, one transect from the High treatment series and one transect from 
the No Oil treatment series will be selected to examine hydrocarbon content 
difference between depth strata. 3 jars will be filled with herring eqgs at each 
of the three following depth strata: 0 ft., ·5 ft., ·15 ft. This will result in 
an additional 18 samples. 

2 
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INTRODUCTION 

The air spill from the March 24, 1989 grounding of the M/T Exxon Valdez in Prince 
William Sound.reached Kodiak and the-Alaska Peninsula during the annual spawning 
migration of nerring into shallow nearshore waters. Because herring spawn on 
intertidal and subtidal vegetation, mature spawning herring and their eggs and 
larvae are all particularly susceptible to injury. It is hypothesized that the 
ail spi·ll will adversely impact adult fish through direct mortality, food 
shortage, slowed growth, and a possible reducti.on in fecundity. Possible effects 
on herring eggs and larvae include reduced egg survival, reduced hatching success 
and reduced viability of fry. The goal of this project is to determine whether 
the Exxon Valdez oil spill will have a measurable impact on Pacific herring 
(C7upea harengus pa17asi) stocks of the Kodiak archipelago and the Alaska 
Peninsula. 

Herring populations of the Kodiak archipelago and the Alaska Peninsula are 
composed of a large number of relatively small, discrete stocks. Because of the 
numerous, widely-separated areas in which herring spawn there are no 
comprehensive programs, such as spawn deposition surveys or aerial surveys, to 
determine the absolute abundance of herring in these areas. Because of the 
expense involved in surveying the large area, injury to herring in the area from 
the Exxon Valdez oil spill cannot be feasibly determined using abundance 
measures. 

This study, in part, seeks to assess injury to Kodiak and Alaska 'PeAinsul.a 
herring by. applying the results of comprehensive damage assessment studies in 
Prince William Sound to similarly affected areas in the Kodiak archipelago and 
the Alaska Peninsula. A second part of the study will examine the growth rates 
of herring in affected and unaffected areas as compared with · hi stori ca 1 and 
future growth rates. 

OBJECTIVES 

1. Document the occurrence of herring stocks and spawn in oiled and non-ailed 
areas of the Kodiak Archipelago and the Alaska Peninsula. 

2. Estimate the injury to herring eggs and larvae by directly applying results 
from Prince Willia. Sound injury assessment studies. 

3. Test the hypothesis that incremental growth·by age is independent of oil 
impacts. 

4. Identify potential alternative methods and strategies for restoration of 
fishery stocks, and/or habitat where injury is identified.· 



METHODS/DATA ANALYSIS 

Coastal habitat injury assessment studies (Coastal Habitat Study #1), in 
conjunction with air/water resources injury assessment studies (Air/Water Studies 
#l-4), will determine the extent of potential injury, or degree of impact, by 
habitat type and 1eve1 of oiling (unailed, light, or moderate/heavily oiled). 
Studies in Prince William Sound seek to determine the effect of the oil impacts 
on adult herring growth and fecundity, on egg deposition, and on egg and larvae 
survival and development, through field and laboratory studies (Fish/Shellfish 
Study #11}. If a quantifiable damage can be assessed from the Prince William 
Sound studies then these results will be directly applied to the spawning stocks 
in similarly impacted areas of the Kodiak/Alaska Peninsula area • 

. 
AOF&G Fishery Biologists will conduct fixed wing aerial surveys daily, as weather 
conditions and availability of charter aircraft permit. The survey area will 
comprise all of the Kodiak and Alaska Peninsula areas, but special emphasis 
shall be placed on those locations where herring spawn has been reported or 
stocks are reaching sexual maturity, as indicated by ADF&G field personnel, 
commercial fishermen or spatters, or where the "normal" timing of stocks would 
indicate. Aerial survey data will be recorded on the form listed in Appendix 
A. The location, number, relative size (small, medium, large, etc.), and an 
estimate of total biomass observed will be noted for all schools of herring and 
forage fish. Location, duration, and size of spawns will also be recorded. 
Similar information will be collected by ADF&G herring field crews, recorded in 
Rite-in-the-Rain notebooks, and reported to the Kodiak AOF&G office during daily 
radio contacts. Additionally, observations from reliable fishermen, spatters, 
or oil assessment crews will be evaluated and included where possible. Maps 

. showing areas wher~ pre-spawning herring have historically aggregated and where 
her'ri ng have consistent 1 y spawned wi 11 be prepared. · }'taps showing the 
distribution of milt along the shoreline will also be prepared. The impact of 
oil to various areas will be evaluated using the same criteria developed in 
Prince William Sound. 

Since 1979, ADF&G has conducted intensive age-weight-length-sex (AWL} sampling 
of Kodiak/Alaska Peninsula herring stocks during the sac roe fishery. 
Approximately 4000·9000 fish are sampled each year. Burkey and Reid (1988a) 
report detailed results of the (AWL) sampling from 1981-87, and Burkey and Ried 
(1988b) summarize the available fishery harvest and age composition data from 
1964-87. Hence, a large •pre-spill database" exists against which future growth 
rates can be compared. 

During the upcoming commercial fishing seasons an attempt will be made to collect 
at least two 60 fish samples at diff~rent times in each of the 51 statistical 
areas (Figure 1). Detailed methodology used for collecting AWL samples is 
described in Appendix 8, "Westward Region Herring Procedures for Collecting Data 
from Test and Commercial Fishing Catches". Samples will be collected from the 
commercial seine catch by AOF&G field personnel during the course of their usual 
duties, or, in cases where that is not possible, by rigging ADF&G's R/V Coho to 
operate a small midwater sampling trawl. All sampled fish will be measured for 
standard length (tip of snout to hypural plate) to the nearest millimeter, 
weighed to the nearest gram, and aged by ana 1 ys is of sea 1 e annul i using a 
binocular microscope at 12X magnification. General linear model extensions of 
analys1~ of va~iance models will be used to test for year, area, and ail spill 
effects on herring growth. 
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DATE(S) 

April ·June 1989 

June·Oecember 1989 

December 21, 1989 

January·February 1990 

LINE ITEM 

100 

200 

300 

400 

500 

TOTAL 

CLASS PCN NAME 

FB II 7017 Kevin 

SCHEDULES AND REPORTS 

ACTIVITY 

Aerial surveying, data collection 

Data analysis, map preparation 

Final report 

Continuing investigation 

PROJECT BUDGET 

CATAGORY BUDGET 

Personnel s 15,000 

Travel 

Contractua 1 $ 12,000 

Supplies $ 8,500 

Equipment 

$ 45,500 

FUNDED PERSONNEL 

MH OT SEA HAZ COST 

Brennan 2.0 0 0 0 $ 8,804.81 

FB I 1844 Dennis Gretch 0.5 0 0 0 $ 2,074.35 

FT III 1843 Kim Rudge 1.0 0 0 0 $ 3z359.80 

TOTAL 3.5 0 0 0 $14,238.96 



CONTRACTUAL SERVICES 

ITEM PROPOSED EXPENDITURE 

73864 - Aircraft Charter $ 10,000 

{for aerial surveys and collection of samples from field crews) 

73780 - Repair/Maintenance Labor S 2,000 

(for repair of winch and hydraulics of R/V Coho's trawl gear) 

TOTAL 

ITEM 

74229 -Office Supplies 

74520 - Scientific Supplies 

74616 -Marine Supplies 

COMMODITIES 

$ 12,000 

PROPOSED EXPENDITURE 

$ 500 

$ 500 

$ 7,500 

(for new hydraulic motor, cables, etc., for R/V Coho's trawl) 

TOTAL $ 8,500 
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Appendix B 

Westward Region Herring Procedures for Collecting Data from Test and 
Commercial Fishing Catches 





INTRODUCTION 

Herring from the commercial catch and test fishing are sampled for sex, 
size and age annually by field crews in coastal waters of the State from 
Ketchikan to Kotzebue to form a data base essential to the management of 
the State's herring resources. This information is drawn upon by 
management and research biologists for monitoring and regulating harvest 
levels 9 determining run timing, entry patterns and distribution of 
herring arriving on the spawning grounds, monitoring sexual maturity and 
age composition of herring spawning populations, developing methods to 
forecast herring abundance and determine optimum spawning goals, and to 
gain a better understanding of the biology of each stock. The 
usefulness of this AWL data depends on the manner and accuracy in which 
the samples were taken. 

This manual was prepared as a guide for collecting information on age~ 
sex, maturity, length, weight and fecundity of herring and recording the 
appropriate data on A-W-L mark-sense forms. Also included are methods 
used for collecting similar information for capelin and other fishes 
encountered during herring sampling. The sampling and recording 
procedures are listed in a logical order of activity and should be 
followed in sequence to develop accurate sampling techniques. 

Responsibility for accuracy lies first with the primary data 
collector(s). Above all, KEEP THE MARK-SENSE FORMS FLAT, DRY ANO CLEAN. 
Fish gurry and water curling will cause data to be incor-rectly read. 
Project supervisors will return sloppy or incomplete data to individua1 
collectors. Each form shall be marked with the data recorder's and 
interpreter's initials. 

When using the reverse side of the mark-sense form to record data, the 
sheet code must be transferred on to the extreme left hand column of the 
back page. To transfer the code, fold the form over (without creasing) 
so that both code columns are visible and mark the corresponding number 
blocks onto the back grid. 

Please read all the instructions carefully so that information is 
collected and recorded accurately and properly. Process all fishes 
within 48 hours of capture. Use a number 1 (or 2) lead pencil to record 
data and write labels. Please print legibly. 

If you have comments or suggestions for improving sampling methods or 
this manual, please contact Larry Malloy or Len Schwarz. 

EQUIPMENT LIST 

1. Plain glass microscope slides (25 x 75 x lmm) 

2. Forceps 

3. Scissors 

4. Scalpel 



5. Lead pencils (number 1 or 2) 

6. Small beakers (at least two) 

8. Wide mouth sample jars containing Gilsons Fluid (fecundity samples) 

8. Ziplock plastic bags 

9. Measuring board (calibrated in mm) 

10. Dial-a-Gram or Lume-0-Gram scale 

11. Small vials with caps (otolith sampling) 

12. Labels 

13. Paper towels 

14. Mucilage glue 

15. Water 

16. Ethanol or glycerol (otolith sampling) 

17. A-W-L Mark-Sense data forms 

18. Formalin 

19. Eyedropper (otolith sampling) 

20. Stick-on white labels 5/8 inches by 7/8 inches 

METHODS 

Herring 

I. AWL Labeling 

A. Before any fish are handled, label the waterproof A-W-L 
mark-sense form(s) with a soft No. 1 or (2) pencil referring 
to (Figures 1a, 1b, and lc). 

1. Leave the mark sense spaces blank if you are uncertain of 
a factor i.e. district number. These will be filled in 
in town. 

2. Enter the following information in the blank space 
between the LOCATION heading and the WEIGHT and AGE 
heading. 
a. Samplers name 
b. Sample number: each sample should start with the 

crew leader's initials and then be numbered 
sequentially by sample. 

c. Location: the exact location where the sample was 
CAUGHT is very TmPQrtant. Note the distance from 



the nearest headland (i.e. 2 miles N.E. Rocky 
Point). In the Port Moller and Canoe Say fisheries 
refer to chart provided (Figure 2 and 2A) and record 
the n~arest headland and subsection number. 

d. Date: record the date the fish were CAUGHT on 
e. Source: record how the fish were taken. i.e. 

commercial seine sample, variable mesh gillnet, 
seine test set, etc. 

f. Vessel: record the name of the vessel the sample 
was taken from. 

g. Collector: record the name of the person who 
collected the sample from the vessel or cannery. 

3. Additional information should be entered on the back of 
the AWL form under comments. Such comments could include 
estimated size of delivery, roe percentage~ or other · 
background information. If a sample contains more than 
30 fish it will require more than one AWL form. In the 
top ri~ht hand corner write in which page of the sample 
it is (i.e. page 1 of 3; in other words this. is the first 
page of a sample that contains 3 pages). 

II. Filling out AWL Forms 

A. When entering data, blacken the entire block for its full 
length and width (1). Be sure and mark all the way from the 
top to the bottom. 

1. A single light pencil mark in the block is not acceptable 
(0). 

2. If a mistake is made, erase the mistake as completely as 
possible without rubbing away the paper and be sure to 
thoroughly blacken the correct mark to prevent a data 
entry error when the forms are machine processed. 

B. Refer to the area code for a listing of designated A-W-L 
mark-sense coaes (~igure lb and 1c). 

III. labeling slides 

A. Determine the number of microscope slides needed for mounting 
herring scales. 

1. Scales will be mounted on plain slides with labels on one 
end. 

2. Each slide will contain a maximum of 10 scales. One 
scale from each of 10 herring. 

B. Label each slide with 5 lines of information (Figure 1a). 

1. General Ar·ea. Write in either North or South Peninsula, 
Kodiak, Chignik, etc. 



2. Catch location. Enter the exact location the fish were 
taken in. Do not record where the tender is but where 
the fish were harvested. 

3. Catch date. Enter the date that the fish were harvested 
on. 

4. Sample number. Enter the sample number. ihis should 
correspond with the sample number on the AWL form you are 
using. 

5. Scale Number. Scale numbers should start with 1 and 
continue in multiples of 10. (i.e. 1-10, 11-20, 21-30, 
31-40, 41-50, 51-60). If a sample contains 90 samples 
there will be 3 AWL forms labeled page 1 of 3, page 2 of 
3, and page 3 of 3. Page 1 will have length and weight 
data corresponding to scales 1-30, Page 2 31-60, and Page 
3 61-90. 

C. Each sample and day should begin with a new AWL form. 

IV. Measurements and Observations 

A. IMPORTANT: After each herring is measured, weighed, sexed, 
etc.9 1t should be placed aside in the same order it was 
sampled so that the scale take.n· will correspond to the correct 
herring specimen number (Figure la). 

B. Standard length must be measured for every herring sampled 
unless the specimen has been too badly mangled (Figure 3). 

1. Place each herring on the measuring board so that its 
anterior extremity is against the stop at the 0 mm line 
of the ruler (make sure the herring's mouth is closed). 

2. Locate the area where the audal (tail ) fin rays meet the 
hypural plate by sharply bending the tail and noting the 
location of the crease. 

3. Record the measurement (to the nearest mm) from the 
anterior most extremity of the herring (the tip of the 
lower jaw) to the middle of the crease formed when the 
tail is bent. 

4. Length is recorded on the A-W-L form by marking the 
appropriate column blocks. 

C. Sex must be determined for every herring sampled, and 
appropriate column 1-4 marked under the SEX heading. 

1. If herring are not ripe and running eggs or milt, they 
must be dissected to visually inspect the gonads. 

2. If herring are immature (virgin), it is not possible to 
determine the sex without use of a microscope. Simply 
record these specimens as juveniles on the A-W-L form 
coded as 3. 



3. If soecimens cannot be sexed for some other reason(i.e. 
specimen badly mutilated. etc.) record as unknown on the 
A-W-l form coded as 4. 

o: Sexual maturity index must be determined for every specimen 
whenever possible. Use the guide (Figure lc to identify the 
appropriate Gonad Maturity number and mark the corresponding 
GONAD INDEX column block. 

V. Scale Samp1ing 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

Only one readable scale wi11 be taken from each herring with a 
maximum of 10 scales placed on each slide (Figure 1a). 

Remove each scale from one of the preferred body areas (Figure 
3) on the left side of the fish (right side used as alternate 
site if necessary) using forceps. Body area locations are 
numbered in order of preference (location 1 is most preferred; 
location 3 is least preferred). If stock separation is 
intended find a scale from the blackened area only (Figure 3) 
and mark P in the margin next to that fish. You will be 
instructed if this is necessary.-

Dip each scale in clean water, rub between thumb and 
forefinger to remove dirt and slime, examine (hold up to a 
light) for regeneration (regenerated scales appear blurred in 
the center), DISCARD IF REGENERATED REPEATING PROCEDURE UNTIL 
A SUITABLE SCALE IS LOCATED. 

To mount a scale on the 9lass slide, dip the scale into the 
mucila·ge glue solution, (1 part mucilage glue: 10 parts 
water), shake off excess solution, and place the scale onto 
the slide making sure the unsculptured (concave) side of the 
·scale is facing down and the anterior margin (portion embedded · 
in the integument of the fish) is facing towards the bottom of 
the slide. The ridges on the sculptured side of the scale can 
be felt with a fingernail or forceps. Make certain that 
scales are placed on the slides in the positions corresponding 
to the correct specimen number on the A-W-L form (Figure 1a). 

Press each scale firmly against the slide with a paper towel 
after mounting to remove excess glue from underneath the 
scale. Press firmly and blot excess glue with the towel. 
(Too much pressure, however can break your slide.) 

Store completed scale mounts in slide boxes to avoid loss or 
breakage. 

Mark the age of each specimen in the appropriate blocks on the 
A-W-L forms after the scales have been aged. A regenerated 
scale is marked as 18, illegible as 19 and missing as 20 in 
the ag~ column. 

Completed A-W-L mark-sense forms should be stored in an 
appropriate notebook, file,.etc. 



VI. Otolith Sampling (see following Capelin sections I and III). 

A. Do Not Collect otoliths unless directed to in the project 
operational plan. 

CAPEL IN 

I. Preparations Prior to Data Collection (Do Not Collect otoliths 
un1ess directed to in your project operational plan) 

A. Mix a solution of 1 part water to 1 part ethanol or use 100% 
glycerol. 

8. Determine the number of vials needed for collecting otoliths. 

1. Each vial will hold one pair of otoliths. 
2. Thirty vials are required for every complete A-W-L form. 

C. Place a label in each vial with the following information. 

1. Sample number. This should correspond with the sample 
number on the A~L form being used. 

2. Otolith Number. This should correspond with the A-W-L 
number which contains the appropriate length and sex for 
that otolith (i.e. 1-30 on the first page of the sample, 
31-60 on the second page of the sample, etc.) 

3. Species. Either capelin or herring. 
4. Date. Put the date the fish were captured on. 
5. Location. Put the area of capture 
6. Sampler•s name. 

D. Make certain that capelin samples from test fishing catches 
have been correctly subsampled and contain equal numbers of 
males and females (see Test Fishing-Variable Mesh Gillnets, 
Operational Plan). 

II. Measurements and Observations 

A. IMPORTANT: After each capelin is measured, weighed, sexed, 
etc. 1t should be placed side in the same order it was sampled 
so that the otoliths taken will correspond to the correct 
capeli-n specimen number (Figure 4). All capelin data will be 
recorded on A-W-L mark-sense forms similar to herring data. 

B. Fork length must be measured for every capelin in a sample, 
unless the specimen has been too badly mangled (Figure 5). 

1. Place each capelin on the measuring board so that it•s 
anterior extremity is against the stop at the 0 mm line 
of the ruler (make sure the capelin•s mouth is closed). 

C. Weight to the nearest g must be taken for every capelin in the 
sample, unless a portion of the body is missing. 



D. Sex must be determined from every capelin in the sample, 
whenever possible. 

1. Sexually mature males can be distinguished by the 
prominent raised "hairy 11 bands of scales along their 
sides (above the lateral line). 

2. If capelin are not ripe and running eggs and sperm (and 
if males cannot be sexed externally), they must be 
dissected so that gonads can be visually inspected. 

3. If specimens cannot be sexed, indicate this on the A-W-l 
form. Do not record these specimens as juveniles unless 
you have good reason to believe they are immature. 

E. Sexual maturity index must be determined for every specimen 
whenever possible. Use the appropriate code (Figure lC). · 
Although the code guide was developed specifically for 
herring, it is general enough to use for most fishes, if 
specific gonad measurements are ignored. 

III.·9tolith Sampling 

A. One pair of otoliths will be taken from each capelin and 
placed in an individual vial. 

B. To find the otoliths make a shallow, horizontal cut beginning 
just behind the head and extending to the snout. This will 
expose the brain cavity (Figure 4). 

C. The otoliths will be found on either side of the skull behind 
the eyes. (There are three pairs of otoliths located within 
the chambers of the inner ears. The largest pair, sagitta, 
are the easiest .to find and remove.) 

D. Remove the otoliths with forceps and clean each specimen 
between your fingers. 

E. Place the pair in an appropriately labeled vial, fill with the 
ethanol solution or glycerol and cap tightly. 

F. If an otolith breaks during the extraction process, place all 
pieces in the vial. 

Other Fishes 

Other fishes, such as yellowfin sole, may also need to be sampled in 
some areas. Process these specimens using the methods outlined for 
capelin (see above). However, use fork length on species with forked 
tails and total length on species that do not have forked tails. 
Indicate on A-W-L form under "remarks" when total length is used. 
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Figure lC. 

AWL CODES 

Cear Sex Speciman Age 

1 ~Variable me~h gfllnet- floating 
2 s Variable mesh gillnet - sinking 
3 ,. Set gi11net 

1 

2 

3 

= Male 1-17 
,. Female 
"'Juvenile 18 "" 

"" actual fish 
age in year~ 

regenerated 
4 ~Drift gillnet 
5 '" Pur!le seine 
6 ,. Beach Seine 
1 "" Otter trawl 
8 "" Hand picked 
9 --oio n"t 

Maturity 

2 

3 

4 

5 

6 

7 

8 

4 "' Unknown 

GONADS (Relative Maturity) 
Key Characteristics 

19 ,. illegible 
20 "" rrdssinq 

Virgin herring. Gonads very small, thre~dlike, 2•3 mm broad. 
Ovaries wine red. Teste~ Nhitish or grey brown. 

Virgin herring with small sexual organs. The height of ovaries 
and testes about 3•8 mm. Eggs not visible to naked eye but can be 
~een with magnifying glass. Ovaries a bright red color; testes a 
reddish grey color. 

Gonads occupying about half of the ventral cavity. Breadth of 
sexual organs between 1 and 2 em. Eggs small but can be 
distinguished with the naked eye. Ovaries orange; testes reddish 
grey or greyish. 

Conads almost as long as body cavity. Eggs larger varying in 
size, opaque. Ovaries orange or pale yellow; testes whitish. 

Gonads fill body cavity. Eggs, large round; some transparent. 
Ovaries yellowish, testes milkwhite. Eggs and sperm do not flow, 
but spenw can be extruded by pressure. 

Ripe gonads; eggs transparent; testes white; eggs and sperm flow 
freely. 

Spent herring. Gonads baggy and bloodshot. Ovaries empty or· 
containing only a few residual eggs. Testes may contain remains 
of sperm. 

Recovering spents. Ovaries and testes firm and larger than virgin 
herring tn Stage II. Eggs not visible to naked eye. Walls of 
gonads striated; blood ve~~els prominent. Gonads wine red color; 
(this stage passes into Stage Ill). 

Mesh Size 
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Figure 2 B. 
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Figure 3. 

Standard LenQth: 
(Use) 

the strai9ht 1ine distance from the anterior most part of the 
fish. including the 1ower jaw with the mouth closed. to the 
end of the vertebra (hypural plate). The vertebra end is re­
cogni~ed by the foldinq of the skin on an unskinned fish when 
the tail is sharply bent. 

r--------- standard 1 ength ------l 

,__ ______ forlc 1 ength 

Forie LenQth: the straiqht line distance from the anterior most portion of the 
( • ) snout or upper jaw to the extreme end of the center of the 

Don t Use caudal fin. It does not include a projectin lower jaw. 

most desirable 
2 

fin9 odd shape - but okay) 

Preferred body areas from which to collect scales for aging are shown above. 
Scales should be collected frcm the left side of the herring if possible. If 
no scales are present in any of the above areas on the left side, check the 
right side (using the same preference sequence). If scales are really scarce, 
take any good one you can find that is not regenerated. 



Figure 4. 

Section to cut for otolith removai 
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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 populations of bivalve 
mollusks in Prince William Sound. Bivalve mollusks are an imoortant 
component of the food chain, and they support subsistence and sport 
fisheries in Prince William Sound. 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 several beaches representing a range of 
oil contamination. 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 clams, cockles, and other species is 
required to advise the public of the full scope of impact by the oil 
spill on current and future employment, recreation, and lifestyles 
of coastal communities on Prince William Sound. 

OBJECTIVES 

1. 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 1.9 standard deviations in hydrocarbon 
content with the probability of making a type I and type 
II error of 0.05 and 0.1, respectively. 

2. Test the hypothesis that the level of hydrocarbons in 
sediments is not related to the level of oil contamination 
of a beach. The experiment is designed to detect a 
difference of 1.9 standard deviations in hydrocarbon 
content with the probability of making a type I and type 
II error of 0.05 and 0.1, respectively. 

3. Document the presence and type of damage to tissues and 
vital organs of bivalves sampled from beaches with no, 
intermediate, and high levels of oil contamination such 
that differences of ±5% can be determined between impact 
levels 95% of the time. 

4. 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, intermediate, 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 



5. Test the hypothesis that the growth rate of littleneck 
clams is the same at beaches of no, intermediate, 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+1 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. 

6. 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. Phase I is a complete 
sampling of all the species and beaches listed here for hydrocarbon 
and necropsy samples. Growth information will be collected only for 
the most. common species, littleneck clams. During Phase II, a 
heavily oiled beach will be moni tared periodically to determine 
presence of abnormal numbers of dead clams. If abnormal numbers of 
dead clams are found, the entire circuit of beaches described here 
will be sampled again. In the second round of sampling only 
littleneck clams will be collected for necropsy and hydrocarbon 
analysis. 

Study Sites 

Beaches known to contain clams were surveyed to determine the level 
of oil contamination. Nine study sites in Prince William Sound 
representing three levels of oil contamination (subjectively rated 
as no, intermediate, or high contamination) were chosen to be sampled 
(Table 1, Figure 1). Beaches with no oil contamination are Hell's 
Hole, Pellew cove, and Simpson Bay. Beaches with light or 
intermediate oil contamination are Ellamar, Outside Bay, Gibbon 
Anchorage. Beaches with heavy oil contamination are Snug Harbor, 
Wilson Bay, and Fox Farm (Elrington Is.). 

Table 1. Study beaches representing three levels of oil impact. 

NONE 

Hell's Hole 
Pellew Cove 
Simpson Bay 

IMPACT LEVEL 

INTERMEDIATE 

Ellamar 
Outside Bay* 
Gibbon Anchorage 

HIGH 

Snug Harbor 
Wilson Bay 

Fox Farm 

* Sites sampled by NMFS mussel studies during 1977-1980 and 1989-
1990. 
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For each samp~e site the following site description information will 
be recorded (Appendix A, Form 1 and Form 2): si~e orie~tation (N-NW 
etc.), latitude, longitude, beach slope, low t~de he~ght, 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 Design 

Beaches will be sampled at maximum low tides for a monthly tidal 
cycle. 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 the 
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 and cockles will 
be determined by removing sediment to a depth of 30 em (12 in) along 
a trench adjacent to the proposed transect. The trench is dug 
starting from the top of the transect and continuing until clams and 
cockles are encountered. 

A total of seven quadrates will be sampled from each transect to 
obtain hydrocarbon and necropsy specimens. Sample quadrates are each 
0.5 m2 • Additional sampling or complete sampling of each transect 
(all possible sampling quadrates) may be necessary if insufficient 
numbers of clams or cockles are recovered within the seven sampling 
quadrates to meet project objectives. Quadrates will be sampled from 
the ~op to the bottom of each transect as the tide recedes. The 
distribution of clams will extend below the low tide levels 
encountered during each sampling event; However, the bottom of each 
transect and the bottom sampling quadrate will occur at the daily low 
tide level. 

The first sample quadrate will be located where the first clam or 
cockle 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 
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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 ~1adrates. 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 Analysis 

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 dep~h 
of 2 to 3 em 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 9 samples for 
each impact level (l hydrocarbon sample/transect * 3 transects/site 
= 3 hydrocarbon samples/site; 3 hydrocarbon samples/site * 3 
sites/impact level = 9 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 9 composite samples for each 
impact level (no, intermediate, and high). The industry standard is 
8 samples for each treatment level. A sample size of 9 composite 
samples is considered an adequate number of samples to detect a 
difference in sediment contamination between impact levels at the 
desired a and p levels. 

Bivalve Sample Collection 

During Phase I, one species of cockle Clinocardium nutalli and two 
common species of clam, littleneck clam Protothaca staminea and 
butter clam Saxidomus giganteus, will be sampled for hydrocarbon 
analysis, necropsy, and to estimate percent of live and dead clams. 
Littleneck clams will also be collected to estimate age and growth 
stat--istics. During Phase II, only the most common species, 
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littleneck cl~m, will be sampled for comparison with Phase I results. 

Hydrocarbon Samples: 

Specimens for hydrocarbon analysis will be taken from each sampling 
quadrates before any other specimen sampling is conducted. Bivalves 
of each species 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 directly in a sample 
container before another bivalve is obtained. 

one hydrocarbon sample for each species will be obtained from each 
transect. For littleneck clams and butter 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 em. 

Each hydrocarbon sample for cockles will be composed of six 
individuals. The six cockles from each transect will be selected by 
randomly picking six of the seven sampling quadrates then randomly 
selecting one cockle (size 5-7 em) from each of the sampling 
quadrates. 

Bivalve samples are being limited to a particular size range because 
rates of uptake, metabolism, and depuration by clams and cockles 
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 oz squat jar should be large enough for 14 
littleneck clams and 14 butter clams. A 32 oz jar may be large 
enough to hold 6 cockles. Alternatively, clams and cockles can be 
wrapped in paper towels then wrapped in aluminum foil. The foil 
packages can be stored in metal coffee cans covered with aluminum 
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 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. 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 
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size of individuals of each species. An estimate of 3 hydrocarbon 
samples from each site is needed for detecting contamination between 
impact levels (Dr. B. Clark, personal communication). A sample size 
of 9 composite samples per impact level will allow the detection of 
differences in hydrocarbon content of 1.9 standard deviations with 
a and~ 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 specimens of each species from each beach site. With 20 
bivalves sampled from each beach, the total sample for each treatment 
(no, intermediate, and high oil contamination) will be 60. This 
sample size will allow detection of differences in presence of tissue 
damage of ±5% with 95% confidence between samples 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, medium, and high oil impact. 

One specimen of each species will be randomly selected from each 
sampling quadrate. This will yield a to:tal 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 listed in the 
histopathology guidelines. Necropsies will be performed by a 
qualified contractor approved by the Histology Technical Group. 
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Bivalve Morta~ity Samples: 

All live and recently dead specimens of each species from each 
sampling quadrate will be separated from the sediment and placed in 
con~ainers. 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: 

Only 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 specimen 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 labelled 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 cooked 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 900 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+1 clams, variance in shell height for age 
i+1 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 variance in shell 
height was taken from Paul and Feder ( 1973) . Sample size for 
detecting difference in growth at age of clams between impact levels 
was estimated at 261-275 for each impact level (Appendix D) . This 
sample size was rounded up to 300 clams. The purpose of 3 sites for 
each impact level is to provide replicates at each impact level. 
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Data Analysis 

To address objective 2 (hydrocarbons in sediments) 1 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". These differences will also permit post­
stratification of sample sites according to level of impact. 

To address objective 1 (hydrocarbons in bivalve tissues) 1 an analysis 
of variance will be performed on the hydrocarbon content of clam and 
cockle samples among sites. The results of this test will be related 
to the level of sediment impact. 

To address objective 4, the proportion of dead clams among sites will 
be subjected to analysis of variance, and the results related to 
level of oil 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 3). 

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 (1990-1994) will be compared to growth parameters for 
clam growth prior to impact (approximately 1979-1989) to resolve 
impact of oil contamination on growth (Objective 5). 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 variance will also be computed for 
comparisons of hydrocarbon content and proportions of dead clams and 
cockles. 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 qS mean 
growth at age, mean proportion dead, etc. 

To address objective 6, all data will be analyzed to determine degree 
of damage to stocks. Appropriate suggestions will be made for 
restoration or mitigation measures. This may include restrictions 
on human usage to reduce mortality rates or may include the need for 
continued monitoring of stocks. 
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Date(s) 

April-May 1989 

SCHEDULES AND REPORTS 

Activity 

Phase I field sampling. A different beach 
will be sampled each day. 

May-August 1989 Phase II field sampling. During the 
monitoring phase a single beach will be 
sampled bi-weekly. If high rates of 
mortality are determined, all study sites 
will be resampled. 

August-September 1989 Laboratory work, hydrocarbon analysis, etc. 

September-December 1989 Data entry and analysis 

December 1989 

Line 

100 
200 
300 
400 
500 
700 

Total 

Item 

Class 

FB III 
FB I 
FT II 

Preliminary report on impacts of oil on 
clams (will not include pre- and post-impact 
comparisons for growth. 

PROJECT BUDGET 

Category 

Personnel Services 
Travel 
Contractual 
Commodities 
Equipment 

Grants 

FUNDED PERSONNEL 

PCN 

11-1084 
11-1641 
11-n-

LITERATURE CITED 

9 

PFT mm 

2 
2 

Budget 

$ 20.5 
$ 3.5 
$ 50.5 
$ 8.7 
$ 3.0 

$ 0 

$ 86.2 

SFT mm 

2 



Clark, B. -Personal communication. National Marine Fisheries 
Service, Environmental Conservation Division, 2725 Montlake 
Boulevard East, Seattle, WA. 

Meyers, T. Personal communication. Alaska Department of Fish and 
Game, Fisheries Rehabilitation and Economic Development 
Division, P.O. Box 3-2000, Juneau AK. 

Neter, J., W. Wasserman and M. Kutner. 1985. Applied Linear 
Statistical Models. Richard D. Irwin, Homewood Illinois. 

Paul, A.J. and H.M. Feder. 1973. Growth, recruitment, and 
distribution of the littleneck clam, Protothaca staminea in 
Galena Bay, Prince William Sound, Alaska. Fishery Bulletin 
71(3) :665-677. 

Shirley, T. Personal communication. University of Alaska, 
Southeast. School of Fisheries and Ocean Sciences, 11120 Glacier 
Highway, Juneau, AK. 
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Apcendix A (pg. 1 of 5) 

Sita Name 

Latitude 

Skipper Name 

Vessel Name 

vessel Description 

AOF&G BIVALVE OIL PROJECT SITE 
DESCRIPTION FIELD FORM 

Date 

Longitude 

Vessel Ak Number 

Sampling Team A-gency 

Description 

Waves -

Weather -

Air Temp Sea Temp Salinity 

1 Description 

Beach SW,strate - -

- -
- -

Beach Slope Beach Orientation (eq N-NW} 

NOAA Reference Point NOAA Low Tide Haight 

Film Role Number Photogragh numbers 

W~!£§1 W~Atbll:: ~Yb=t:!a:Atl 

~ Q~~~l:::iP:ti2D ~ Q~=~.::iPti2D ~ Q~=~l:::iPt:iQD 
l Glassy l Clear l Mud-Silt 
2 Rippled 2 Partly Cloudy 2 Clay 
3 Wavelets 3 overcast 3 Sand 
4 Slight 2-4 1 4 Fog or Thick Haze 4 Granule (2-4mm 
5 Moderate 4-8' 5 Showers 5 Pebble { 4m.m-3c1!1 
6 Rough 8-13' 6 Squalls 6 Rock Fragments 
7 Very Rough lJ-20' 7 Drizzle ( J -6cm) 

8 Rain 7 Cobble Shingle 
9 Rain and Snow (6-l5 em) 

lO Snow 8 Rock (lS-25 Cil 

ll Blizzard 9 Bouldar(>2S C'l: 



• Appendix A (pg. 2 of 5) 

Sit:a Name 

r:.atit:ude 

AOF&G 8!VALVE OIL PROJECT 
TRANSECT DESCRIPTION FORM 2 

Date 

Longitude 

Transec~ l Transect 2 7;ansec-: J 

Sot tom of Transect Tidal Height 

!'op of Transac-e Tidal Height 

Middle of Transact Tidal Height: 

Length of Transect to Quadrant 3 

Length ot Transect to Quadrant 4 

Length of Transact to Quadrant s 

Length of Transact to Quadrant 6 

Total Length o·f Transact 

Distance 8at~ean Top of Transect l and 2: 

Total Width of Sampling Site 

High Tida Line JO Meter Transect 

Total Number 
of Clam Shells 

2 and 3:----

Number of 
Recently Dead 

Clam Shells 



::J! AJ..I.: • ..., o..., ._ A.w..-.:. ..1 ..__ r.:~......,. :.~.-·.:,: 

SPED~ ANO SPECZMEN FORM 3 

Sita !lame Data 

t.atitud.a !.onc;it.ud.a 

'r;:.o;:sec"> , 
T;ao=ac~ 

., 
'T;;r,sec~ ~ . • 

SEOL~ HYDROCARBON ~ ~ Y<:s ~ '{e;! --~ ~ 
com~csita sadimen~ 5ampla l & 0 0 0 ilU.::.Car ot quad.ran-c.s ~amp lad 
compcsita sadiman~ sample 2 & 0 0 lj nu:m..car ot quad.ran-c.s sampled 
composita sediment sample J ' 0 0 0 nu:m..bar o: quad.rant.s sampled 

I;,.o;:ses:t 1 T;3n;=e,;~ 2 '!;;. r. s es:~~ .. . 1 

!.I'I"r!.:DfEClt CI.AM KYDROCA.RBON ru~ ,!g. ru~ ~ ~ ~ ~ 
composita hydrocar=cn sample, 0 0 0 n~ar o: spac::imans sampled, - -
n~ar ot quadrants sampled ' si:a ranc;a 

SUTTER CLAM HYDROCARBON 
composita hydrocar=on ·sample, 0 0 0 nu:m..bar ot spac::imans sampled, - -
nu:m..bar o: quadrants sampled ' size ranc;a 

COCKLE HYDROCARBON 
eomposita hydrocar=on sampla, 0 0 0 nu:m..car o: spac::imans sampled., - - -
num.Car o: quadrants sampled. ra 

size ranc;a 

T0ansact l It:':o;:ssct 2 I:-~n=•s:-: J 

!.I'I"'l'u:N'EC:X CLAM N!!CROPSY I.U u ,!g. I.u ~ ~ ru~ !5J. 
eomposita nec:cpsy sample, 0 0 0 n~a:' o: s-p.c:i.mans sampled, - - - -
nu:m..bt:' o: quaci:anu sampled &! 

siza ranc;a 
SO'rrD CI.AM N'!OOPSY 
eomposita necropsy sample, 0 0 0 nu:m..ba:' o: spac::imens sampled, - - -

num=ar o: quadrants sampled ' siza ranc;a 
COCXI.Z NECROPSY 
eomposita necropsy sample, 0 0 0 num.l::ler ot specimens sampled, - - -
nwnl:ler ot quadrants sampled Sr 

size range 



Append.u A l?i -+ o: J J AO!''G SIVAL.~n: 0!!.. :?ROJ"tC'l' 
CUM MOR.t'A.!...IT"! FORM. 4 

si:a Nama Oata 

taeieuda Lonqitude 
' 

I 
Tr3nssct l r;::c=ect ., 

• 

' Aliva j O•aci ' Alive ' Oeaci 
I 

I s A..'!PLING QUADRANT l 
lt.it-:.laneck elam - - - -
lsu-e-:ar e.la.m - - - -
/ Coekle I - - - -
SA.\!PU:NG QUADRANT 2 
t.it-:.laneck elam - - - -
Sut-:ar elam - - - -
Coc:kla - - - -
SA.'!PLING QTJA.ORAN'I' 3 
t.it'tlanack c:la.m. - - - -
Sut":ar c:la.m. - - - -
Coc:kla - - - -
SA.\!PL.ING QUA.ORAN'I' 4 
t.it'tlanack c:lua - - -
su-e-ear c:lua - - -
Coc:kla - - -
SAMPLING QUADRANT ' t..it'tlanac:lc c:la.m. - - -
sut'tar c:lam - - -
coc:kla - - - -
SAMPLING QUAORAN"r 6 
t.it'tlanaclc c:lua - - - -
sue-ear c:lam - - - -
Coc:kla - - - -
SA..\!Pt.ING QTJAORAN'l' 7 
tie-:lanac:k elam - - - -
su-e-ear c:lam - - - -
Coekla - - - -

i r;::.r:sec': 1 
I * Alive :f Cead 

I 
I - -
I - -
I 
I - -

- ..._ 

-
- -

-
- -
-
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -



~- ., .AOF'G SIVA.I..VE: OIL ~Ro.rta 
t.:t'rl'I.::m:Clt C:.i\H ~OW't'B AmJ AG% FORM 5 

Sita Mama Oata 

~nc;ituda 

.... .. I • •• a .. 
I 

I I IOUAORAN"r l, 
numl:::ar ot spac:i:ans I 

~ spac:i:an numl:::ars 
I 

I 
QUADRANT 2, 
num.bar c:::~t spec:il:ans 

& spac:i:an numl:::ers 
I 

QUAORAN'l' 3, 
nu:n.Car ot spac:im.ans 

& spec:iman numl:::ers 

QUAORAN'r 4, 
num.bar c:::~t spac:imans 

& s~ec:iman numears 

QUACRAN'l' 5, 
num.bar c:::~t spac:imans 

& spac:im.an num.l:ars 

QUACRAN'r 6, 
num.bar c:::~t Sl'ac:i.marul 

& spac:imen nUJ:Dl::)en 

QUACRAN'l' 7, 
number c:::1t spac:imans 

& spec:iman numbers 

...... :a " 

-
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INTRODUCTION 

Sensitivity to sublethal environmental concentrations of petroleum 
hydrocarbons has been documented for several species of crabs. 
Responses of crabs to these concentrations include reduced molting 
success, early-postmolt autotomy of limbs and behavioral disorders 
(Karinen and Rice 1974; Krebs and Burns 1977; Malan 1988). These 
responses may depend on sex or reproductive state (Krebs and Burns 
1977; Jackson et al 1981) . Dungeness crab have shown impaired 
chemosensory antennular flicking response when exposed to water 
contaminated with Prudhoe Bay crude oil (Pearson et al. 1981). 
Dungeness crabs exposed to oiled sediments have produced fewer larvae 
with reduced survival (Karinen et al. 1985). Dungeness crabs may be 
particularly susceptible to oil contamination because they occupy 
nearshore habitats in protected bays where they frequently burrow 
into benthic sediments. If oil becomes incorporated in the fine 
sediments that occur in these bays it persists and can affect crab 
populations for several years after an oil spill (Krebs and Burns 
1977, Boehm et al. 1987). 

This project is designed to assess the long and short term damage to 
the Dungeness and brown king crab resources of Prince William Sound 
due to the spillage of Prudhoe Bay crude oil by the Exxon Valdez. 
The Knight Island Passage area, which was severely impacted by the 
oil, is the primary habitat of brown king crab in Prince William 
Sound. Small numbers of Dungeness crab are known to exist in the 
western Sound. Establishing the degree of impact on these two crab 
resources is required in order to advise the public of the full scope 
of damage caused by the oil in Prince William Sound. This 
information is also critical to future public policy decisions on 
resource development in Alaska. 

The benefits of this project are to: (1) provide data on damage to 
crabs due to the Exxon Valdez oil spill, (2) help determine 
compensation required for ·lost crab resources, and ( 3) Identify 
potential alternative methods and strategies for restoration of lost 
use, populations, or habitat where injury is identified. 

OBJECTIVES 

1. Determine the levels of hydrocarbons in tissues and eggs of 
Dungeness crabs and relate those levels to concentrations of 
hydrocarbons in sediments at four oiled and four non-oiled sites 
in the sound. 

2. Determine the levels of hydrocarbons in tissues and eggs of 
brown king crabs at an oiled and unoiled site. 
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J. Determine the effects of exposure to petroleum hydrocarbons from 
the Exxon Valdez on both species of crabs through the assessment 
of 1) the reproductive condition of crabs in oiled and non-oiled 
sites by measuring such variables as fecundity, egg loss and 
larval production in crabs from these sites, 2) the incidence 
of limb loss and abnormalities in newly formed crab shells, and 
J) the pathological effects, if any, of oil contamination on 
vital tissues and organs of crabs from oiled and unoiled sites. 

4. Determine whether these observations demonstrate any adverse 
changes in viability. 

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

METHODS 

KING CRAB 

This project will be conducted during September 1989. King crabs will 
be captured with commercial style crab pots (6' x 6'). All crabs 
captured will be utilized to fulfill either the hydrocarbon, 
necropsy, fecundity, injury or abundance estimate requirements of the 
project. 

The Knight Island Passage area will be stratified by depth for pot 
sampling. Two strata (150 to 225 fathoms and ~ 225 fathoms) will be 
defined within the Passage and each strata will be subdivided into 
sampling stations of approximately one square nautical mile. Sampling 
by strata will be employed to determine if hydrocarbon contamination 
has detectable differences with depth. If hydrocarbons are detected, 
necropsy samples will document the tissue and organ damage that has 
occurred. 

Each station will be sampled with one pot for a total of 51 sampling 
locations. Additional pot sampling will be conducted in areas from 
Knight Island Passage where crabs appear abundant or oil is located 
by visual observation on the pots or crabs during the survey. 

A total of ten pots will be set in Port Nellie Juan to obtain crabs 
for hydrocarbon, necropsy, injury and fecundity analysis as 
representatives of crabs from an oil free area. 

A minimum of seven casts will be made with a SEA-BIRD water profiler 
to obtain data on temperature, salinity and dissolved oxygen. 

If hydrocarbon uptake can be documented in brown king crab one 
manifestation of the contamination may be reduced egg production by 
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female crab. _Pleopod samples from up to 50 ovigerous crabs will be 
collected and returned to Cordova for estimation of size-fecundity 

· relationships. The collection of crabs and the fecundity size 
relationships will be repeated annually to estimate if a significant 
difference exists between years. Changes in fecundity data over time 
may be linked to oil contamination through necropsy of ovary and 
hydrocarbon analysis of tissue and egg samples. 

Previous studies indicate that one effect of oil contaminated orev 
items is reduced growth (Gharrett et al. 1985, Karinen 1985). In an 
effort to monitor growth over time, spaghetti type tags will be 
applied to approximately one out of three crabs captured. This data 
can be compared to other tagging studies on brown king crab by the 
National Marine Fisheries Service from the Aleutian Islands. 
Increment of growth will be obtained from future surveys and through 
the commercial fishery. 

DUNGENESS CRAB 

This part of Fish/Shellfish Study Number 14 is a cooperative project 
between the National Marine Fisheries Service (NMFS), Auke Bay 
Laboratory and the Alaska Department of Fish and Game (ADF&G) . The 
Alaska Department of Fish and Game will sample Orca Inlet in eastern 
Prince William Sound. The Orca Inlet portion of the project is an 
extension of an existing ADF&G project which began in July 1988 as 
part of the CFSO Shellfish Increment. The Auke. Bay Laboratory will 
sample in pairs (impacted and non-impacted) 8 sites in western Prince 
William Sound to be selected from the following list: Sleepy, Iktua, 
Herring, Dryer, Paddy, Ewan, Main, and Eshamy Bays, Fox Farm and snug 
Harbor. 

Sampling will take place approximately every two months throughout 
the year (April, July, September and December) beginning in April 
1989. The ADF&G field program will precede the sampling periods 
specified by the NMFS field program and will involve two to four days 
(l-3 days site work, 1 day travel) work during each sampling period 
throughout FY 1989 and 1990. The NMFS sampling will be conducted for 
two days at each site. Sampling periods will last 18 days (16 days 
site work, 2 days travel) every two months throughout FY 1989 and 
1990. 

Crabs in orca Inlet will be sampled with Dungeness crab pots which 
will soak for 24 hours after which pots will be randomly selected for 
sampling. In western Prince William Sound NMFS will conduct 
systematic surveys using divers at depths to 30.5 meters (100 ft) 
during one or two days of each sampling period. Dungeness crab pots 
will be fished below 30.5 meters and will soak for 24 hours then 
randomly pulled for sampling. 
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In Orca Inle~ three strings of 10 pots each will be set along the 
depth contour where crab are most abundant. Crab distribution will 
be isolated by setting strings of pots at multiple depths. Pot soak 
time will be decreased from ~4 hours to 6 hours during the initial 
search phase. The depth of pot deployment may increase during fall 
and winter sampling periods as crab move deeper. In western Prince 
William Sound crabs will be sampled with Dungeness pot gear and 
divers. A ladder search will be conducted by two divers to estimate 
abundance of crabs to a depth of 30.5 meters. A string of ten pots 
will be set below 30.5 meters offshore of the diver zone. If crab 
are not found in the diver zone, then location of crab will be 
determined by repeated deployment of the string of 10 pots at 
multiple depths. Pots will soak for 6 hours during this search 
phase. 

Diver observations will be recorded on number of crab and 
miscellaneous species seen, depth, slope, and substrate by distance 
traveled. Information on dive buddies, time underwater, visibility 
and direction of the ladder search will also be recorded. 
Information recorded during the pot sampling will include: time pot 
gear is set, pulled, and depth at which it is set, catch composition 
of each pot and sex, carapace width, fresh weight and external 
physical condition of all crab. 

A total of 30 live female crab will be sampled from the site during 
each sampling period. Three samples of 10 crab each will be randomly 
selected from pot catches· or from crab collected on a diver transect. 
In the pot sampling one sample will be formed by randomly selecting 
1 female crab from the catch of each pot in a string of 10 pots. 
Therefore, 1 sample will be taken from each string of pots equalling 
10 crab from each of the 3 strings of 10 pots. If no female crab 
occur in a pot, then another pot will be randomly picked and a female 
crab selected from it. 

The specimen number, carapace width, fresh weight, shell age, egg 
color, clutch size, durometer reading and physical condition of each 
of the 30 crab will be recorded. In Orca Inlet three subsamples of 
three crab each will be randomly selected from the 10 crab in each 
sample to yield three composite hydrocarbon samples of ovaries and 
eggs. These nine crab will be measured and sacrificed for the 
hydrocarbon samples. In western Prince William Sound three crab will 
be randomli selected from the 10 crab in each sample to yield one 
composite hydrocarbon sample of ovaries and eggs. In all cases three 
ovaries will equal 1 composite hydrocarbon sample of ovaries. One 
composite hydrocarbon sample of eggs will be taken by clipping a 
small portion of the egg clutch (4 gm = 1/3 of pleopod) from the 
right fifth pleopod of each of the three crab in a subsample. The 
left fifth pleopod will then be removed from each of the ten crab to 
estimate egg development, egg mortality, egg fouling and infestation 
by predators. In Orca Inlet a single crab will remain from the sample 
of 10; in Western Prince William Sound 7 crab will remain. These 
crab will be returned to the sea. 
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During the se~ond sampling period (July) an additional 7 crab from 
each string of pots will be sampled for necropsy. A number will be 
inscribed on the carapaces of the 7 crab in the sample. These crab 
will be placed in a flow-through tank until preparation for necropsy. 
Specific instructions for preparation of specimens for necropsy are 
in Appendix A. 

Composite samples of ovaries will be placed in 16 oz glass jars 
rinsed with methylene chloride or heated to 440 degrees C for 4 
hours. The jar will be labeled with site name, latitude, longitude, 
date, species, "ovary", sample number, specimen numbers of the 
sacrificed crabs, sampling team members, "DUNGENESS", and "ADF&G" or 
"NMFS". Composite samples of eggs will be placed in 16 oz glass jars 
rinsed with methylene chloride. The jar will be labeled with site 
name, latitude, longitude, date, species, "egg", sample number, 
specimen numbers of the sacrificed crabs, sampling team members, 
"DUNGENESS", and "ADF&G" or "NMFS". Jars containing samples will be 
frozen until hydrocarbon analysis is initiated. Pleopods will be 
placed in 18 oz whirlpacks or ziploc bags. Five percent neutral 
buffered formalin will be added to the bag to completely cover the 

·pleopod. Each bag containing a pleopod will be labeled with site 
name, latitude, longitude, date, species, "pleopod", sample number, 
specimen numbers, sampling team members, "DUNGENESS", and "ADF&G" or 
"NMFS". 

In eastern Prince William Sound sediment samples will be collected 
from Orca Inlet ·with a tom-tom corer during each sampling period. 
The tom-tom corer takes four core samples each time it is deployed. 
The corer will be deployed 3 times in Orca Inlet during each sampling 
period: once at a randomly selected point along each of the 3 
strings of pot gear that are set along a single depth contour. 
Within a sampling period the corer will be deployed at the same depth 
each time. This will enable comparison of sediment samples with 
meiofauna samples which will be taken from the same depth within a 
site. 

Core samples will be removed from the corer and placed in 16 oz glass 
jars that have been previously rinsed with methylene chloride or 
heated at 440 degrees C for 4 hours. Each jar will be labeled with 
site name, latitude, longitude, date, depth, "sediment", sample 
number, sampling team members, "DUNGENESS", and "ADF&G". Jars with 
sediment samples will be frozen at the lowest possible temperature 
until hydrocarbon analysis is initiated. 

In western Prince William Sound sediment samples will be collected 
by divers in the subtidal zone and by a sampling team member in the 
intertidal zone. Eight samples will be taken by divers in the 
subtidal zone using hand operated syringe corers. Samples will be 
taken randomly along a transect traversing the area surveyed by 
divers. Each sample will be collected at the same depth. Intertidal 
samples will be collected from randomly selected points along a 30 
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meter transect run at the + 2.0 meter tidal height. Eight samples 
will be taken in the intertidal zone using hand operated syringe 
corers. 

Sediment samples will be extruded from the syringe and placed in 16 
oz glass jars that have been rinsed with methylene chloride or heated 
at 440 degrees C for 4 hours. Each jar will be labeled with site 
name, latitude, longitude, date, depth, "sediment", sample number, 
sampling team members, 11 DUNGENESS", and 11 NMFS". Jars with sediments 
will be frozen at the lowest possible temperature until hydrocarbon 
analysis is initiated. 

Meiofauna samples will be collected only from the subtidal zone in 
eastern Prince William Sound. Samples will be collected with a tom­
tom corer during each sampling period. The corer will be set next 
to the position where sediment core samples were taken. The corer 
will be deployed the same number of times and in the same manner for 
collection of meiofauna samples as it was for collection of sediment 
samples. 

Meiofauna samples will be removed from the corer as follows: (1) 
a core cylinder will be carefully removed from the corer and any 
liquid rema.ining on the surface of the sediment will be poured into 
the sample container (4 oz jar); (2) the top 2-3 em of sediment will 
be extruded from the cylinder by applying even pressure to the bottom 
of the sediment core; (3) the top 2-3 em of sediment will be cut off 
the core over the sample jar into which it can fall undisturbed. 
Enough 10% formalin will be added to the jar to cover the sample. 
The jar will be labeled with the site name, latitude, longitude, 
date, depth, "meiofauna", sample number, sampling team members, 
"DUNGENESS", and "ADF&G". 

In Western Prince William Sound meiofauna samples will be collected 
from intertidal and subtidal zones at each site. Samples will be 
collected by divers with a hand operated syringe corer. Samples will 
be taken next to the position where sediment core samples were taken 
at every site. The corer will be deployed the same number of times 
and in the same manner for collection of meiofauna samples as it was 
for collection of sediment samples. 

The sample will be extruded from the syringe into a 4 oz jar. Enough 
10 % formaldehyde will be added to the jar to cover the sample. Each 
meiofauna sample will be labeled with the site name, latitude, 
longitude, date, depth, "meiofauna", sample number, sampling team 
members, "DUNGENESS", and "NMFS". 

Physical Oceanographic data will be collected at each site during 
each sampling period using an instrument that measures conductivity, 
temperature, and depth (CTD). Information will be ·collected and 
recorded by the CTD on depth, dissolved oxygen, temperature and 
conductivity of the water every 2 seconds as it is lowered to the 
bottom and raised to the surface. ~he CTD will be deployed 6 times 
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in Orca Inlet in eastern Prince William Sound during each sampling 
period. Measurements will be taken at each end of each string of 10 
pots. In western Prince William Sound the CTD will be deployed 4 
times at each site during each sampling period. Measurements will 
be taken at randomly selected points along a transect traversing the 
area surveyed by divers. 

A total of 56 Dungeness crab will be tagged to study crab movement 
in western Prince William Sound. No crab will be tagged in eastern 
Prince William Sound. Seven female crab at each site in western 
Prince William Sound will be fitted with ultrasonic transmitters 
(Sonotronics) with a battery life of two years. Crab will be tagged 
during the first sampling period. The positions of these crab will 
be fixed during each sampling period using triangulation with a 
sextant used as a pelorus, and a portable loran. 

In April 1990, 15 live ovigerous crabs will be collected from each 
site by divers and transported to the NMFS Auke Bay Laboratory. 
Specimen numbers will be inscribed on the carapace of each crab and 
specimen numbers for each site recorded. Depth of capture, carapace 
width, fresh weight and external physical condition of each crab will 
also be recorded. Crab will be held individually in flow-through 
tanks until larval release. Crab will be fed with a mixed diet of 
locally available prey including 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 at the 
Auke Bay Laboratory. Analyses 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 

KING CRAB 

To address objectives one and two, statistics for analysis of 
variance will be computed to assess any differences in hydrocarbon 
content and incidence of tissue abnormalities between shallow verses 
deep strata in the oiled area of Knight Island Passage. Hydrocarbon 
and necropsy samples from Port Nellie Juan will be used as a 
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comparison for background levels from a suspected unoiled area. 

To address objective 3 species data will be compiled to show detailed 
catches by pot. Cumulative data will be pooled and presented for all 
pots fished. Crab catches wiTl be reported by size, sex, and relative 
age. Size frequency distributions will be presented by sex. 

Fecundity data will be regressed to obtain a carapace length - egg 
count relationship. This line or lines of best fit will have an 
associated 95% confidence interval about the line. 

Incidence of leg loss and other injuries will be recorded and 
summarized by depth. 

To address objective four, data will be analyzed to determine level 
and cause of impact and suggest suitable mitigation and restoration 
techniques such as fishery restrictions and continued monitoring of 
stocks. 

DUNGENESS CRAB 

The number of paired sites with an adequate abundance of Dungeness 
crab that can be accessed within the time frame of this project is 
estimated to be between three and four. Four paired impacted and 
non-impacted sites provide four replicates for the two treatment 
levels. Three paired impacted and non-impacted sites would provide 
three replicates for the two treatment levels. Paired beaches were 
recommended for analysis of meiofauna data. Three to four replicates 
will provide large enough sample sizes within each impact level to 
minimize variance and enable detection of differences between impact 
levels if they exist. One control site is included from eastern 
Prince William Sound to insure data from a truly non-impacted area 
was collected in case non-impacted sites in western Prince William 
Sound are found to be contaminated. Should a priori categorization 
of sites fail, then 6 to 8 sites will be an adequate number to allow 
post stratification of sites to new treatment levels. 

The number of specimens for one hydrocarbon analysis is dependent on 
the amount of tissue available in each crab and the need for a 
representative composite sample size. Ovarian tissue volume based 
on the average size of mature female crab was estimated and the 
number of specimens (3) required to provide 15 gm of tissue 
calculated. one pleopod could provide enough tissue for a 15 gm egg 
sample. However, a sample representative of more than one crab is 
desirable. Since t·hree crab are needed for ovary tissues, the same 
three crab will have egg clips taken to form a composite egg sample 
for hydrocarbon analysis. Three hydrocarbon samples from each site 
are needed to detect contamination between impact levels (Dr. B. 
Clark, personal communication) • 

Eastern Prince William Sound crab hydrocarbon sample size was 
multiplied by the minimum number of replicates (3) in western Prince 
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William Sound_because of the low number of samples (3) allocated for 
the only site in eastern Prince William Sound which comprises a 
complete impact level. Three replicates (sites) were used instead 
of 4 because: (1) consensus of biologists familiar with the Orca 
Inlet Dungeness crab stock is that a sample as large as 36 crab may 
not be available during all sampling periods; and (2) reducing the 
required harvest from 36 crab to 27 minimizes the overall impact of 
sampling on this uncontaminated stock of Dungeness crabo 

A sample size of 3 0 crab is estimated as an adequate number to 
determine differences in reproductive capacity between impact levels 
based on data from Dungeness crab populations at log transfer 
facilities (LTF) in southeastern Alaska (O'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 .OS, and probability 
of making a type II error equal to .OS (Neter et al 198S, Table A-
10). Data for mean fecundity and worm infestation were taken from 
O'Clair and Freese (1988). Sample size for detecting difference in 
mean fecundity and worm infestation between impact levels was 
estimated at 27 crab for fecundity and 26 crab for worm infestation. 
This sample·was rounded up to 30 crab. The sample size for necropsy 
was determined by Dr. Ted Meyers, Alaska Department of Fish and Game. 

A sample size of 8 was considered an adequate number of samples to 
detect a significant difference in sediment contamination or 
meiofauna abundance and diversity between tidal zones, sites, and 
impact levels (Dr. T. Shirley, personal communication). A slightly 
larger sample size of 12 will be taken in eastern Prince William 
Sound because: (1) a set of samples should be taken at each string 
of gear; and (2) larger samples sizes are desirable for the control 
level. 

Data values for all physical oceanographic variables will be recorded 
every two seconds each time the CTD is deployed. Two deployments of 
the CTD at each site will probably be sufficient for summarizing the 
physical oceanography of each site because these parameters are 
fairly constant over short distances. Should a fresh water effluent 
occur near or at a site these parameters can change within a short 
distance. Therefore, during the first sampling period a larger 
number of casts systematically covering the sampling site is 
recommended. Subsequent comparison of data values from samples at 
each site may indicate fewer samples are needed during future 
sampling periods. 

The number crabs chosen for ultrasonic tagging is based on: (1) work 
by O'Clair et al. (in press) in which 35 Dungeness crab were fitted 
with ultrasonic tags in five bays in southeastern Alaska and tracked 
for periods of about a week; and (2) the number of ultrasonic tags 
with unique pulse codes currently available. 
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Ten crab from each site is estimated to be an adequate number to 
determine differences in larval production between sites based on 
laboratory studies done on oungeness crab and other species at the 
Auke Bay Laboratory (C. o' Clair, personal observations) . Fifteen 
crab will be collected from each site to insure that an adequate 
number of crab survive transportation to holding facilities. 

All data will be tested for heteroscedasticity with Bartlett's test 
or equivalent (Sokal and Rohlf 1981) . Parametric statistics 
(analysis of variance and Scheffe's ~ oosteriori 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. For the purposes of the following discussion we assume that 
the data will meet or can be transformed to meet the assumptions of 
the parametric tests. 

Objective 1 will be addressed by a multi-part analysis. First paired 
t-test statistics (or two-way ANOVA) for hydrocarbon content in crab 
and sediment will be calculated for paired sites at each area. This 
will determine if paired oiled and non-oiled sites have been 
categorized correctly according to level of contamination. Results 
of these tests may require post stratification of sample sites into 
categories other than oiled, non-oiled and control. Second, analysis 
of variance will be used to test for differences in hydrocarbon 
content in Dungeness crab tissues among areas and between oiled, non­
oiled and control sites. Third, analysis of variance will be used 
to test for differences in hydrocarbon content in sediments between 
oiled, non- oiled and control sites. Comparisons with the control 
site will indicate the severity and extent of impact by area. 

Under objective 3 analysis of variance will be used to test for 
differences in reproductive parameters (fecundity, egg mortality, egg 
fouling and infestation rates of egg predators) among areas and 
between levels of impact. Correlation analysis will be used to 
relate to hydrocarbon levels of sediments to reproductive parameters. 
Analysis of variance can also be applied in the above manner to 
detect differences in: (1) results of histological analyses of crabs 
collected at each site; and (2) larval production and viability of 
crabs collected and held until larval release. These two analyses 
will provide additional information for evaluating objective 3. 
Graphic analysis of direction and distance traveled by crabs tagged 
with ultrasonic transmitters in oiled and non-oiled areas can be 
compared to detect avoidance of contaminated areas. Differences in 
the pathological effects of oil contamination on crabs between levels 
of impact will be addressed with analysis of variance. These 
differences can then be related to hydrocarbon concentratiions in 
the corresponding crab tissues and sediment. 
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The abundance and diversity of meiofauna among areas and between 
levels of impact will be subjected to analysis of variance. The 
results will be related to levels of contamination in sediments with 
correlation analysis. 

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, histological condition, 
reproductive capacity, sediment hydrocarbon content, meiofauna 
abundance and diversity, and physical oceanography factors. 

SCHEDULES AND REPORTS 

Date(s) 

April - December 1989 

August 31 -.September 7, 1989 

October - November 1989 

December 21, 1989 

February, 1990 

PROJECT BUDGET 1 

Line Item 

100 
200 
300 
400 
500 
700 

Total 

category 

Personnel Services 
Travel 
Contractual 
Commodities 
Equipment 
Grants 

Activity 

Dungeness field collections 

King crab field collections 

Data entry, analysis and 
laboratory work 

Preliminary report on 
impacts of oil on crabs 

Final report on impacts of 
oil on crabs 

Budget 
ADF&G NMFS Totals 

20,600 30,000 50,600 
1,500 4,000 5,500 

38,000 20,000 58,000 
4,800 2,000 6,800 

0 22,000 22,000 
0 0 0 

64,900 78,000 142,900 

Budget is for all activities performed from March 27, 1989 to 

12 



February 28, l990. 
FUNDED PERSONNEL 

Class PCN Name PFT_mm SFT_mm Cost 

FB I 11-1649 Trowbridge 4.0 18.5 

FT II N-217 Wright 2.0 4.5 

GS-12 O'Clair 3.5 22.6 

GS-9 Freese 2.0 8.4 
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ADF&G BROWN KING OIL PROJECT SITE DESCRIPTION DATA FORM 

Date 

Vessel Name 

Vessel Description 

Waves 
Weather 

Sampling Team 

Description 

Air Temp· -------------------------­
Wind Speed 

Skipper Name 

Vessel Ak Number 

.l\.gency 

Sea Temp 
Wind Direction 

Buoy Station # Time Set Time Pull Soak Depth Latitude 

Waves Weather 

Longitude 

Code Description Code Descrigtion Code Descrigtion 
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' 



ADF&G BROWN KING CRAB SAMPLING FORM 

Station # __________ _ Date ______________ __ 
Pot Id # __________ __ Sampler __________ __ 

FISH--------------------------------------------------------------

SPEC USE SPEC 
IMEN IES 

I 

I 

' 

Species 

l=Brown King 
2=Red King 
3=Blue King 
4=C.bairdi 
S=Dungeness 

Parasite 
O=none 
l=rhizoce.phalen 
2=blk-mat ( L) 
J=blk-rnat (M) 
4=blk-mat (H) 

C.L. LEGAL C.W. SHELL EGG EGG % PARA TAG 
Y/N COND COND COLO FULL SITE .jJ. 

lt 

I I I 
I 

I I 

I I I I 

I 

I 

Shell Condition Egg Color Egg Condition 

O=soft O=no eggs O=immature 
l=new l=purple l=not eyed 
2=old 2=brown 2=eyed (new) 
3=v.old J=orange 3=eyed (old) 

4=purple-brn 4=eyed eggs & 
S=pink empty cases 

Clutch size S=empty cases 
6=dead eggs 

O=immature 4=1/2 full 
l=mature, no eggs S=full Sex 
2=trace 6=eggs bulging l=rnale 
3=1/8 full 2=female 

I 
I 
I 

I 
I 
i 

SEX 

I 

INJU 
RIES 

I ,.. 
I 

I I 
I 

! I 
I -1 

~-

-

Use 

l=Hydro 
2=Nec 
J=Both 
4=Tag 
S=Eggs 
6=Return 



POT ID.# 

SPEC. # 

TISSUES 

Blood smear 

Carapace 

Heart 

Rt. gill arch 

Epidermis 

Hepatopanc. 

Green glands 

Gonads ( 3 pes. ) 

Esophagus 

Cardiac stomach 

Pyloric stomach 

Midgut 

Hindgut 

Rectum 

Thoracic gang. 

Cerebral gang. 

Eyestalks 

-

ADF&G BROWN KING CRAB 
OIL SPILL ASSESSMENT 
NECROPSY SAMPLE FORM 

CRAB 1 CRAB 2 CRAB 3 

I 

I 
I 

I 
I 
I 

CRAB 4 CRAB 5 

I I 
I 



ADF&G BROWN KING CRAB SAMPLING FORM 

Station # __________ _ Date ______________ __ 
Pot Id # __________ __ Sampler ____________ _ 

FISH--------------------------------------------------------------

SPEC USE SPEC C.L. LEGAL C.W. SHELL EGG EGG % PARA TAG 
IMEN IES Y/N COND COND COLO FULL SITE # 

I I I I 

I 
I ! I I I 

I I I I I I 

I I 

I I 
I 

Species Shell Condition Egg Color Egg Condition 

l=Brown King O=soft O=no eggs O=immature 
2=Red King 1=new 1=purple l=not eyed 
3=Blue King 2=old 2=brown 2=eyed (new) 
4=C.bairdi 3=v.old 3=orange 3=eyed (old) 
S=Dungeness 4=purple-brn 4=eyed eggs & 

S=pink empty cases 
Parasite Clutch size S=empty cases 
O=none 6=dead eggs 
1=rhizoc_~J?halen O=immature 4=1/2 full 
2=blk-mat ( L) 1=mature, no eggs S=full Sex 
3=blk-mat (M) 2=trace 6=eggs bulging 1=male 
4=blk-mat (H) 3=1/8 full 2=female 

I 

' 

I 
I 

SEX INJU 
RIES 

I 
,..J 

I l --1 I ! 

I _.., 
I I 

_._ 

-

Use 

1=Hydro 
2=Nec 
3=Both 
4=Tag 
S=Eggs 
6=Return 



POT ID.# 

SPEC. # 

TISSUES 

Blood smear 

carapace 

Heart 

Rt. gill arch 

Epidermis 

Hepatopanc. 

Green glands 

Gonads ( 3 pes • ) 

Esophagus 

Cardiac stomach 

Pyloric stomach 

Midgut 

Hindgut 

Rectum 

Thoracic gang. 

Cerebral gang. 

Eyes talks 

. 

ADF&G BROWN KING CRAB 
OIL SPILL ASSESSMENT 
NECROPSY SAMPLE FORM 

CRAB 1 CRAB 2 CRAB 3 

I 
I I 

I 

CRAB 4 CRAB 5 

I 
I I 

' 

I 



POT 
ID.# SPEC.# 

ADF&G BROWN KING CRAB 
OIL SPILL ASSESSMENT 

HYDROCARBON SAMPLE FORM 

HYDROCARBON HYDROCARBON 
EGGS TISS PANC. SAMPLE # DATE 

I 
I 



ADF&G EXXON VALDEZ OIL SPILL IMPACT ASSESSMENT 
TRIP REPORT FORM 

Dates 

Field trip leader 

Purpose of trip 

througn 

------------------- ··----·· ·--··· 

--------------
Types of Data Collected (physical, aiological, &non-hydroc:art:lon samples) 

Data · in Notebook #(s) 

------·-··- ----------- ---········· ----- ··-·········-·----··· ... 

-------

·-·------------
------· ----···-----·-····-----·------· --·-------------··--

--------·--- ·-····---------·-·--·--····-------------------· --··· --·-·--·-----· ... 

····-·-··· ·-----------··· -· ----·-·· ··-·---····-------·-···-------·-·--· ..... - -
Physical Location of Notebooks: 
Physicat Location of Backup CopieS: ~ ···-----------·--·--···-·--· ............... ····· ......... ·· ·--····--·-· · · ·· 

Notes, comments: 

Summary of hydrocarbon-analysis samples taken 
Sample types No. of samples 

--'«~t~L ···---------
.$~<:[J!!.~nL _______ -----·--······---·----···--·-- ... 

.J?J.9logical; _____________ --··· ----·-·----- .... ____ . _ .. _ 
species, ussue, wnatl!llet 

Notes, comments: 

Reports of Oil Spill Impact Assessment Data 
Report Name and Number: 

Chain of custody 
form# 

Over-> 
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S. SAMPLING PROCEDURES 
5.1 General 
5.2· Water 
5. 3 Se<f.iment 
5.4 Tissue 

6. SAMPIJ!: PRESERVATION AND HOLDING TIME 
6.1 Water 
6.2 Sediment and Tissue 

7. SAMPIJ!: SHIPPING 

8. CHAIN-oP-ctJS'l'OOY PROCEDURE 

-· 
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1. Introduction 

In response to the release of mora 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 Environmental 

.Protection Agency are acting together to assess the damages to the natural 

re•oureee.. Authority .for this action is provided by the comprehensive 

.Environmental .:Respo.nse,.eompensation, and ~1a.bil1ty.Act (Cl!!RCI.A) and the Clean 

Water Aet (C'WA). 

A damage aeseeament requires documentation of the exposure of the resources to 

oil released from the EXXON VALDEZ, identifying which resources were injured 

by that expOsure, measuring the magnitude of the adverse affects on each 

resource over time and assigning economic values for that injury. Once this 

is dona, monetary compensation can be soqght from the potentially responsible 

parties to restore and/or replace the injured resources. 

Recovery of monetary damages may involve civil court actions. It will then be 

necessary to prove that the samples were 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 location and &nalytieal status known and documented at all times • 

. . -
This document and the associated training session&, were prepared to assist 

field personnel in-collecting samples that will provide scientifically sound 

and legally defensible data to support the State/Federal Natural Resource 

Damage Assessment for the EXXON VALDEZ oil spill. 

2. Record ~eepiog and Documentation 

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 
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preservacion.and holding tLme must be ~ritten in detailed, clear, simple and 

easy to follow language. 

Personnel must be knowledgeable and experienced in the described sampling 

techniques and must adhere to the SOPs. 

Any change• in procedures must be recorded in detail in the field logbook. 

· T!te loq. entry, mu•t include. ~easons .. that. the :Cha.nge in procedure was. u~-.. · 
avoidable. 

Field logbooks are issued by the ~eam. Leader or· their representative. ~he 

logbooks should be serially numbered, sturdy, bound books with sequentially 

numbered pagea. Waterproof logbooks should be used if available. 

Field data sheets, if used, must be consecutively numbered by project. The 

field data sheets must be ;eferred to in entries in logbooks which reference, 

the precise data sheet involved and the relationship to specific data in the 

logbook noted. 

All information pertinent to field activities, including descriptive notes on 

each situation, must be recorded in indelible marker in the field logbook. 

The information must be accurate, objective, up-to-date and legible. It 

should be det&ilea enough to allow anyone reading the entries to reconstruct 

the sampling situation. Additional information may be provided by field data 

sheets, sample tag• or photographs. 

Entries should be made in the logbook or on field data sheets with indelible 

marker at the earliest possible time. Notes should never be written on scrap 

paper and then transferred to the logbook. 

Entries into field logbooks or field data sheets are signed or initialed, and 

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

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

J 



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 antry or any part of an entry. 

Do not remove pages from the logbook. 

COmpl~ted ·log.l)oo~ ·and .tield data· ~heats are· returned. t.o. the Team Leader or 

their representative to be archived in a centrai"iocation under chain-of­

custody procedures until the Trustees indicate that they may be released •. 

3. Sample Identification and Labelling 

A tag or label identifying the sample must be completed and attached t~ each 

sample. Waterproof (indelible) marker must be used on the tag or label. The 

minimum information to be included on the tag are the sample identification 

number, the location of the collection site, the date of collection 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 collected and any remarks are recorded in the 

logbook. l!'ield susple data sheets, photographs,- any pertinent in-situ 

measurement• (such as temperature, salinity, depth) and field observat·ions are 

·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. 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 degrees, minutes and seconds, of the 

collection s~ta must be recorded in the logbook. 

4. sampling ~guipment and sample containers 

All sample containers lllUSt be either organic:-·fm ( solvent:..ri.nse<i) 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 various vendors and if ob-

tainable, may be used without cleaning. 

Sample collection and storage devices are cleaned by washing with soap and 

hot water, rinsed extensively with clean water and then rinsed with either 

methylene chloride or acetone followed by pentane or hexane and allowed to dry 

before use. 

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

Second rinses methylene chloride or acetone 

Third ~:inse (if acetone is used) : pentane or hexane 

The solvents {methylene chloride, acetone, pentane and hexane) used for 

cleaning sample collection and storage devices must be of appropriate quality 

for trace organic residue analysis and be stored in glass or Teflon con-

tainers, not plastic. 

New glass jars or unused aluminum foil do no need to be washed with soap and 

s 



water. They must however, be 9olvent-rinsed as described above before use. 

Glasa jars may be cleaned by heat~ng to 44c•c for a minLmum of l hour. 

Clean·qlassware should·ba stored inverted or tiqhtly. capped with either 

solvent-rinsed aluminum foil or teflon-lined caps. 

The dull side ot 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 dredges or 

dissecting equipment must be solvent-rinsed before contacting each sample. 

Equipment should be steam-cleaned or was~ed with soap and hot water at the end 

of each day or between sampling locations. 

5. Sampling Procedures 

The method of collection must not contaminate the samples. Do not collect 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 volume must be appropriate to sample size; fill the jar to 

just below the shoulder. Overfilled jars will break when they freeze; 

underfilled jars will allow the sample to dry out. . 
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At least one field blank and replicate 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 stored as if it contained a 

sample. A replicate sample is a second sample from the same site.} Rinsate 

blanks should be·taken if appropriate. 

S.l Water - The method mus~ be described or adequately referenced in sampling 

SOPs. Recommended Gample si:e is l-4 liters dependLng on tha·analytical 

methodology. 

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

no head space or bubbles. 

5.2 Sediment - Any accepted methods of collecting undisturbed surface 

sediment samples such as box cores, hand corers, or grabs may be used. The 

method must be described or adequately referenced in sampling SOPs. Recom-

mended sample si:e is 10-100 grams (a 4 o:. jar). 

S.J Tissye - Orqanism• to be analy:ed 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. 
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Tissue sections may be taken either on site from freshly killed organisms or 

in the labor~tory from carefully collected and preserved cold or frozen -

whole orqani~. Tissue should include flesh and internal organs, especially 

liver. Recoalall8ndad llampla si:e is lO-lS gram~~. 

Tissue samples need to be protected from external contamination at t·ime of 

collection. contents o1! the intestinal tract, external •lime coat.ing, 

· contaminated collecting utensils, etc. are all potential sources of contamina­

tion when collecting internal tissue samples. 

All instruments used in handling samples must be made of a non-contaminating 

material ( e.g. stainless steal, glass, teflon, aluminum 

between each sample collection. 

and solvent-rinsed 

Instruments used for exterior dissection must not be used for internal 

dissection. 

Avoid hand contact vith tissue sample. 

COllect stomach and intestinal tract last. 

Bird eggs are wrapped in solvent-rinsed aluminum foil and transported by any 

convenient ~an• that vill prevent breakage. They should be opened or 

·refrigerated as soon as possible. Eggs are opened by cutting th8111 with a 

solvent-rinsed scalpel or by piercing the air cell end and pouring/pulllng 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

lated), length, width and contenes weight must be recorded for each·-·egg. 

Bile is collected by removing the gall bladder, puncturing it with a scalpel 

fitted with a new Ill blade, and collecting the contents in a 4 mL amber glass 

vial. 

-. 

5. $ample ?reperyation and Holding Time 

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

Samples that are to be fro%en, sed~ent and tissue, should be fro%en quickly and 

rapidly. That is, these samples should be fro:en as soon after collection as 

possible and the freezing process should be rapid. 

Fro:en samples must be kept fro%en, at -2o•c or less, until extracted or prepared 

for analysis. Repeated freezing and thawing of samples can destroy the integrity 

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

6.1 ~ - All watar samples must be immediately extracted with methylene 

chloride or preserved with HCl to pH<2. If preserved, water 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 Tissue - Samples should not be extracted until Lnmediately 

before 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•c. 
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7. Sample Shipping 

All sample•, except water samples, must be kept frozen throughout the ahipping 

prcc•••· 

Samplaa mu•t be pa~kaqed to pre~nt bre&Xaqe. Gla•• jars should ba individually 

wrapped so that they will not contact each ether 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 chests) 

.with enouqh frozen mass to remain frozen in transit. 

It is the responsibility cf the sample shipper to arrange for sample receipt. Do 

net send samples cff without arranqinq 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 wi~ Department of Transportation regulations. 

8. Chain-of-custody Procedure 

Samples must be kept in such a ~nner that they cannot be altered either delibera-

tely or accidentally. Any indication that a sample has been subjected to 

tamperinq cr physical alteration could disqualify it as evidence for possible 



Legal action. 

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

samples collected unt~l they are transferred under chain-of-custody procedures. 

A sample is ·considered in •custody• it: 
. . . 

it is in your actual physical possesaion or view1 

it is retaLned in a aecured.placa {under lock) with restr~cted accau~ 

or it is placed in a container and secured with an official aeal(a} 

such that the sample cannot be reached without breaking the 

seal(s) 

Evidence tape or sample seals are used to detect unauthorized tampering of samples 

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

necessary to break it in order to open the container. Seals must be affixed to 

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

All samples must be accompanied by a chain-of-custody record or field sample data 

record (Piqu:e 1). When samples are transferred from one individual's custody to 

another•s, the individuals relinquishing and receiving the samp~es will sign and 

data the chain of custody record. This record .documents the transfer ot custody 

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

record accompaniea.~he shipment; a copy is retained by the sample shipper. 

If sample• are sent by common carrier, copie• of all billa of lading or air bill~ 

muat be retained a• part of the permanent documentation. 

WheneYer sample• are split, a separate chain-of-euatody record·is 

pr~pared for tho•• &ample• and marked to indicate with whom the samples 

are baing split. 



N.M.F.S. Prince William Sound Oil Assessment Chain of Custody Form 

VAL-89- ?ro)ect ______________________ __ 

tO 

•• 

Page of ____ __ 

NOTE; Use ballpoint pen, waterproof Ink (eg Rapldograp/1) 
or flne·tlp wlltarproot marKer 

Date 
Collected 

Sample • Assigned • Type 
(collector•s) <leave blank.> ;'!:=.:·:::i 

. .. 

Location 
Collected 

Chain of Custody 
Samples collected by of ...... , ..... 

···~· 
Relinquished by at 

hfA•t""'41 .... _. ... 
Recieved by. of at .. ._. ,..,_.,. .... ,. . ., 

Relinquished by at .... , ...... , ... 
Recieved by of at ,.. ... ,...,.... ....... ., .J'•"• 

Relinquished by at ............ .. .... 
..... :- ..... ~ ..... of at 

Serial # 
NMFS Auke Say Fisheries Labor a tory 
8ox z 10155, Auk a 6ay AK 99821 

For Information contact Sid Korn 
(901) 789·<5021 or 7S9·6000 

Latitude Longitude Remarks 

I 

I 

I 

-\o~•....,.• ..-.. ••ca •• ••• 

........... ,JHe 

c.,.,_.,_,. 

.............. ,.,. 
,~ ..... 

··•"··-· ~.u 

..• ,. .. ,..... 



HISTOPATHOLOGY TECHNICAL GROUP 

.r ustification /Concern 

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 valu~ any sample taken for histological evaluation as part of the damage assessment of 
the Exxon Valdez oil ~Pill. must be collected. prese~ed. and processed under strict 
guidelines. · 

Introduction 

· This committee was established to serve as an ad·hoc advisory and teclmical control group 
that reports to the Management Team. Its specific function is to serve as a control point 
for alllaboratocy aspects of histopathological analysis associated with the E:cson Valdez oil 
spill assessment program. This includes the development of detailed sampling protocols. 
appropriate training of field personnel in collecting samples, review of all histological 
sampling proposed and identification of effort duplication. establishment of a secured 
repositocy for all histology samples for storage until processing. oversee archiving and 
inventory of collected samples, qualification evaluation of potential subcontractors to be 
hired for pi'O¢"SSing and interpretation of histology samples, quality control assurance in 
all work performed. advice on chain.af-custody guidelines, and development of budget 
estimates to accommodate the required histopathological analyses. 

TABLE OF CONTENTS· Histopathology Technical Group 

1. Sample collection and preservation protocols 
2. Processing and interpretation protocols 
3. Quality assurance in field collection of samples and in interpretation of results 
4. Repository for samples and inventory procedures 
5. Cl:J.ain..of-custody guidelines 
6. Subcontracting for histopathology work 
7. Fmfish and shellfish mortality assessments 
8. References 
9. Appendices 

1. Sample Collection and Presenation 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: 
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Appendix 1: Finfish 
Appendix 2: Bivalve moHuscs 
Appendix 3: Brachyuran and crab-like A.nomurans; i.e .. King crabs) 
Appendix 4: Shrimp 
Appendix 5: Marine and terrestrial mammals 
Appendix 6: Migratory and norunigratory waterfowl 

Paired sampling of animals from oiled versus non-oiled sites will be done for 
comparative purposes. Histopathoi<?gical sampling should be done dUI'ing any 
observed acute episodes of mortality or morbidity to determine the cause of death 
or abnormality. These typeS of samples are the most valuable in assessing acute 
toxicitY affects and will be the most likely samples collected for birds and mammals 
due to their high visibility in the impacted areas. Because of the low visibility of 
fish and sheilfisb.. many histoiogy samples will consist 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 shellfish 
should be performed ~ results of parallel hydrocarbon sampling is known; i.e .• 
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 potential 
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 animals from the same site at the same time will be 
necessary. 

2. Processini and Inter:pretation Protocols 

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 shellfish tissues will include the criteria 
above as well as indices established in the A.moco Cadiz oil spill studies (Haensiy 
et aL 1982; Berthou et al. 1987) to allow some quantification of po.tentially subtle 
degenerative changes in tissue histology of otherwise clinically normal animals. 
Briefly these mdices include: 

a. Mean concentration of mucus cells per mm2 of gill lamellae (fish). 
b. Mean concentration of mucus cells per mm of epidermis in 10 fields (fish). 
c. Average epidermal thickness in mm measured in 10 fields (fish). 
d. Mean concentration of macrophage centers per mm of liver. 
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e. Mean concentration of hepatocellular vacuolation due to fatty degeneration 
(fish). 

f. A mean and total tissue necrosis index (invertebrates). 
g. Histological gonadal index (invertebrates). 
h. Differences in prevalences and intensities of incidental lesions caused bv 

infectious agents (fish and invertebrates). · 

3. Ouailty A.ssurnnc;e in FJeld Collection of Samoies and in Intergretation of Results 

Fleld Collection 

Veterina.Iy. pex:sonnel trained in 'sample. taking. should be·. utilized for on-site 
necropsies of birds and mamma Is in order to ensure adequate quality control and 
standardized sample collection in these less familiar and more complex species. The 
same high standards should be attainable in fish and invertebrates if sample 
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 
preservation of finfish and shellfish sampl~ at collection sites. 

Sample collection from migratory birds and sea otters should be coordinated with 
the U.S. Fish and Wlld.life Service National Wildlife Health Laboratory in Madison. 
Wisconsin. Collection of samples from nonmigratory birds and other marine 
mammals could be coordinated with the Alaska State Veterinary Laboratory in 
Anchorage. Fmfish and shellfish samples can be coordinated through the on-site 

- . fish pathologist and the ADF&G, FISheries Rehabilitation, Enhancement and 
Development (FRED) Division Juneau FlSh Pathology Laboratory. 

Interpretation of Results 

Quality control of all processed work will require independent blind reading 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. 

4. Reoo!Jtoa For Samples And Inyentoa Procedures 

A common repository for storage 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 anginal numbering assigned by the collector. 

5. Cbain-0!-Custogy Ggideline:a 

Due to the evidentiary nature of sample collecting investigations, the possession of 
samples must be traceable 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. 
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The field sampler will be personally responsible for the care and custody of the 
samples collected until they are transferred. All samples will be accompanied by a 
chain-of-oJstody record or field sample data record (Appendix 7). When sampies 
are transferred from one individual's custody to another's. 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 sampler to anotller 
person and, ultimately, to a specified analytical laboratory. 

Shipping containers will be custody-sealed for shipment. 'This procedure includes use 
of a custody seal such that the oniy access to the package is breaking the seal. The 
seal shall be signed before the sample is shipped. The chain-of-custody record will 
be dated and· signed to indicate· transfer.· The original record will accompany the· 
shipment and a copy will be retained by the sample collector. Whenever samples 
are split. a separate chain-of-custody record will be prepared for those sa.mpies and 
marked to indicate with whom the samples are being split. · 

H samples are being sent by common carrier, copies of all bills of lading or air bills 
must be retained as part of the permanent documentation. 

6. Subcontractin~ for Histoloecal 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 veteri.n.ary pathologist. Finfish and shellfish 
work will require individuals with a demonstrated publication record in the field of 
histopathology. 

7. Finfish and Shellfish Mortality Assessments 

Estimates of finfish and shellfish mortalities will be according to guidelines 
established for estimating fish kills contained in Part II (Fish Kill Counting 
Guidelines) of the Monetary Values of Freshwater FISh and Ftsh-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 provided by CERCIA). 

8. Referen"s 
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9. Appendices (attached) 
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HISTOLOGICAL SA1\1PLE PREPARATION FOR BRACHYURAN 
AND ANOMURAY CRAB SPECIES 

Histopathological Technical Group 

NOTE: ~ live or moribund crabs will be suitable for processing. Histopathological 
cilanges caused by toxic chemical.s are often very subtle at best. TlSSUes 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 wells if they must be transponed to the 
processing site. Do not over-ice animals such that tissues freeze while in transit. Frozen 
tissues are worthless for histological examination. 

1. The fixative to be used is 10% neutral buffered formalin solution (formula attached). 
Formalin should be handled wearing rubber or latex giov~ · 

2. 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 wonhless samples. 
After 72 hours. the formalin should be poured off· and replaced with 70% ethyl 
alcohol for storage and transport. This accomplishes an import3nt 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 l-ee syringe with a 2~auge needle into the articular membrane of any 
walking leg. The third joint oteither chelipeo 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 dty, label the frosted 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. ~: King crab blood clots unbelievably fast, so make your smear 
quickly. 

5. The chitinous exoskeleton of large crustacea prevents adequate penetration of any 
fixative by simple immersion. Consequently, major organs and tissues of crabs rr!Y.ll 
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 5-mm ponion of the 
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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. 

c. Once the cavity is exposed, the hear4 cardiac stomach, hepatopancreas. 
gonads (posterior to heart in Alaskan crabs), and gills become obvious (Figure 
4). 

d. Remove the right rear gill arch and take a O.S-an. portion thereof. 

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

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

g. Remove both antenna! 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.· 

h. 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 O.S.-an. portions of the esophagus, cardiac stomach, pyloric stomach. 
midgut, hindgut, and rectum. 

i. Remove a 0.5-·an 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. 

j. 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. 
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k. In femaie Oungeness crabs. the paired seminal recepticies will be located 
below and on either side of the thoracic ganglion. Remove the right organ 
for tixation. ~ 

L Remove both eyestalks and the cerebral ganglion (brain) appearing as a 
white, pea-sized organ located at the juncture of the eyestalks (Figure 7). 
This ail can be removed as one piece by snipping out with a pair of scissors. 

6. All tissues removed from a single crab should be placed into tissue processing 
cassettes, 4-5 tissue samples to one cassette. Each cassette must be labelled with 
the animal number from which the tissues were collected. Cassettes are then placed 
within the sample jar containing fixative. 

. . . . . 

7. Behavioral. externa.i. and internal abnormalities must be noted on a necropsy field 
sheet (attached), respectively numbered for a particular pooled crab tissue sampie. 
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 samples in a ziploc bag. Be sure 
to include tissue from a lesion if one is observed-this includes shell lesions as well. 

8. A label with crab species, size range and life stage, date of sample, sample location. 
and contact person's name, address. and telephone number must be placed within 
each of the sample jars. Use a pencil with soft lead for labelling so that the writing 
remains legible. 

9. Do not mix samples of different crab species within the same jar of fixative. Each 
species requires a separate jar(s). 

10. Place sample jars and ziploc bag containing sample data into a suitable shipping 
package with adequate pacld.ng material to prevent breakage. Plastic jars or 
containers for fixative and samples work best. Be sure lids are ti~ht and do not 
~ 

11. Mail to the FRED Division FISh Pathology Lab, ltfttf~DCGt~IXIG:;m:;o~ak:llX 
~!OOetil-~:ma:c(~~~~mt AK Dept. of Fish and Game, 
333 Raspberry Rd., Anchorage, AK 99518-1599~ phone (907) 344-QS41. 

12 NotifY the F1Sh Pathology Lab prior to $ample shipment so that samples may be 
expected and tracked en route. 

13. Follow proper procedures and include completed forms regarding chain of custody. 

14. A:JJ.y questions regarding sample preparation should be directed to: 

Dr. Ted Meyers 
Principal Fish Pathologist ill 
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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PHOSPHATE BUFFERED FORMALIN 
FIXative for Histological Samples of Fis~ Bivalves, and Crabs 

Histopathology Technical Group 

37o/'o-40% Formalin 

Tap water. 
' .. . . 

• # • 

N~.··~o 

N¥fP04 

-3().. 

100.0 mi 

99Q.O mi .. 

4.0 g 

6.0 g 



NECROPSY FIELD DATA SHEET FOR HISTOLOGICAL SAl\1PLES 
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 
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APPENDIX 4: SHRIMP SAMPLING PROCEDURES 

-33-



Prince \-Viiliam Sound Oii Assessment 

V AL-89-

?ap __ of __ 

Note: U5c ~aUpoiac pen. ,...terproot i1l.k (e-~ R.api~pil) 
or tine-up -teXilrooC maritcr 

Date 
Collected 

I . 

10 

1!5 

t1o 

: 

I 

. ! 
I 

; 

I 

! 

! 
! 

I 

i 

: 

I 

! 
I 

I 

! 

. . 
! 

; 

' 
I 

' 

Sample;; 
r collector's) 

' I 

i 

I 
I 
I 
I 

I 

i. 
i 
I 

I 
I 

I 
I 
I 

I 

Assigned# 
fluve blanic) 

i 
I 
' 

! 
I 

I 
i 
I 

I 
I 

I 
! 
I 
I 

i 

I 

Type 
( tis:suc. -ter. 
sediment etC-) I 

Locatio a 
Collected 

CHAIN OF CUSTODY 

Samples coUected by of 
prmt fWiii :tj¢btf 

Tn.nsferred to of at 
phhi 4Ubi xgefitY ptitE 

Tn.nsferred to of at 
pHBt ltlifl4 xgem;y plid! 

Tn.nsferred to of at 
pHBt liitlle agency pt:id! 

Transferred to of at 
pilii iWill 1geaey plitii 

Transferred to Ted Mevers of ADF&G at Juneau 

Latitude 

I 

Chain-of-Custodv Form 

SERIAL# 
ADP&:G, FRED Division 
JTtSh P:atholog uo 
P.O. 8oJ: J-2000 
Juac.au. AK 99802-2000 
?bone: (WI) 46.5-J.Sn 

Lonlritude Remarks 

I i 
' 
I 

' ! 

I 
~ 

I 
I 

I I I 
' 

I 

I I 
l 

I 
I 
I 

I I 
I 
I 

I 

I I 
I I 
! 
I I I 

I I 

I I I 

I I 

I ! 

i i 
I 

I 
' I 

I 
(comjnu• on ~de ot pags) 

UifiiLUit ::r:ue 

Sig:tiitUt! Jl .. e 

ugiiJlUtt! CLUe 

StgbitUtc JJtC 

ugiiJlUte u:ne 

tibMlliM J!itt 



APPENDIX 8: MATERIALS LIST 

-61-



IRP FIELD SUPPLIES AND EQUlPMENT 

Item 

Microscope slides 
Syringes • 1 cc 
Syringe needles, 22 gx., 1·1/2 in 
Syringe needles, 20 gx., t .. t/2 in 
Scissors, 6--1/2 in 
Scissors, 5 in 
Scissors, 4-1/2 in 
Dissecting forceps, 5-1/2 in 
Dissecting forceps, 4-1/2 in 
Specimen forceps, 8 in 
TISSUe forceps, 4-1/2 in 
·Hemostat, S in 
Utility scissors 
Bone cutters 
Sotipelhandle,no.6 
ScUpelhandle,no.S 
Scdpelb~~no.20 
Sotipel b~es, no. 12 
Sotipel blades, no. 10 
Dissecting tray 
Twue cassettes 
10% Formalin w/ Na acetate 
Lab markers 
2L Nalgene Bottles 
Marker II's 
Slide boxes 
Single-edge blades 
Formalin (37%) 
Sodium Acetate 
Prepared 10% buffered formalin 

.-, 
'. 

I 
I•. 

Check Quantity 

\ .' 
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Vendor and Cat # 

Baxter, #M6146 · 
Baxter, #59501-18 
Baxter. #89549-22J 

Baxter. #02655-lA 

~ #25608-203 
~ #25718-100 
VWR, #25715-D43 

Baxter, #02567-tA 
Baxter, #02680-tA 

Baxter, # 0257 6 

Baxter, #02865-10 

Baxter, #M7321-33 

Baxter, #B7541-64 
Baxter, #P1220 
VWR, #4845~ 

Baxter, #5016-4NY 
VWR, #ffi450-11 
Baxter, #H121-4NY 

/ 
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i?roject Title: Histopathological Studies of Injury Assessment for 
Birds, Mammals, Finfish, and Shellfish Exposed to the 
Oil Spill in Prince William Sound 

Brief flowsheet for Field sample Collection 

1. Collect animals from a specific site. 

2. Necropsy. 

J. Take tissue samples for the following analyses from the same animalr 

4. 

s. 

9. 

if possible, or from the same subset in the collection. 

a. 
b. 
c. 

Send 
Auke 

Send 
FRED 

Other 
later 

Hydrocarbon analysis 
Histology 
Other ('?) 

hydrocarbon sample set to the National Marine Fisheries service 
Bay Laboratory in Juneau for storage and later analysis. 

histology sample set to the Alaska Department of Fish and Game, 
Division repository in Anchorage for storage and later analysis. 

samples, if any, are sent to their respective storage site for 
analysis. 

7. Don't forget chain-of-custody paperwork to accompany each sample set. 
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1983-1987: Affiliate Assistant Professor of 
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INTRODUCTION 

This project is aimed at assessing possible damage to spot shrimp, 
Pandalus platvceros, due to Prudhoe Bay crude oil spilled from the 
Exxon Valdez. Spot shrimp are a commercially important species and 
also support subsistence and personal use fisheries in Prince William 
Sound. 

Spot shrimp are known to be sensitive to oil contamination. To 
determine the impacts that hydrocarbons from the spill may have had 
on spot shrimp, samples will be collected from three oiled and three 
non-oiled sites in western Prince William Sound. The data collected 
from the samples will be analyzed to determine tissue hydrocarbon 
levels and tissue damage. The collected data will also be tested to 
confirm or reject the hypothesis that there is no significant 
difference between the oiled and non-oiled areas. Relative abundance 
at each study site and changes in relative abundance over time will 
be tested to determine if those changes are correlated to the 
presence of oil. The size composition of the stock at each site will 
be determined and analyzed to see if the 1989 year class suffered a 
high mortality rate in areas of high oil impact relative to other 
year classes in oiled and non-oiled areas. Spot shrimp fecundity 
will also be determined and tested to see if there are signific_ant 
differences between oiled and non-oiled sites. 

OBJECTIVES 

1. Measure hydrocarbon concentrations in spot shrimp from 
oiled and non-oiled areas of Prince William Sound and test 
the hypothesis that the level of hydrocarbons is not 
related to the level of oil contamination present at a 
site. The experiment is designed to detect a difference 
of 1.2 standard deviations in hydrocarbon content with the 
probability of making a type I or type II error of 0.05 and 
0.10, respectively. 

2. Determine the relative abundance of spot shrimp in oiled 
and non-oiled areas. 

3. Analyze egg fecundity, mortality, and sublethal effects of 
oil for oiled and non-oiled areas, and determine whether 
those effects result in adverse changes in viability. 

4. Identify potential alternative methods and strategies for 
restoration of lost use, populations, or habitat where 
injury is identified. 
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METHODS/DATA ANALYSIS 

This project uses standardized commercial spot shrimp pots (Appendix 
G) to catch spot shrimp in oiled and non-oiled areas. Fishing will 
be carried out by the ADF&G research vessel Montague. Shrimp 
specimens will be analyzed for Prudhoe Bay crude oil levels and 
necropsied to determine if damage has occurred to tissues due to oil 
contamination. Oiled and non-oiled areas will be sampled in tr.vo 
phases which correspond with two stages of egg development. The 
first phase will occur in early November following the fall molt and 
egg extrusion. The second phase will occur in early March just prior 
to egg hatching. The sampling strategy will be identical during both 
phases. Relative abundance estimates of spot shrimp will be made 
using a stratified pot deployment based on depth and location. Size 
distribution, species composition, and reproductive data will also 
be collected. Previous spot shrimp research in Prince William sound 
is documented by Kimker and Donaldson (1987), Donaldson (1989), 
Donaldson and Trowbridge (1989), and Kruse and Murphy (1989). 

Study Sites 

This project will be carried out in two general areas. One will be 
an area of little apparent impact, the northwestern portion of Prince 
William Sound. This area includes Unakwik Inlet, the site of 
previous ADF&G research on abundance and growth of spot shrimp. The 
second area will be central and southwestern Prince William Sound, 
an area of generally high oil impact. This area includes Green 
Island where ADF&G test fishing occurred in 1981. 

Within each of these two areas, test fishing will take place at three 
sites. In the northwestern sound, test fishing will occur in Unakwik 
Inlet, Port Wells, and Culross Passage. In the central and 
southwestern sound, test fishing will take place near Eleanor Island, 
Knight Island Passage, and Green Island (Appendix B; Figure 1). 
Shrimp distribution in these areas will be established by surveying 
the commercial fleet. 

Sample Design 

Fishing will take place at 6 sites - 3 in oiled areas and 3 in non­
oiled areas (Appendix B, I.). Each site will be stratified by depth. 
Stratum 1 will be shallow waters - 20 to 70. Stratum 2 will be deep 
waters - 70 to 120. Based on past research, spot shrimp are not 
abundant below those depth ranges. Because of the difficulty of 
placing the gear at precise depths, it is impractical to divide the 
depth into more than two straEa. Strata span 50 fathoms in depth or 
approximately 65 to 85 fathoms in width along the bottom at slopes 
of 75 to 100 percent (Appendix B, Figure 2}. Fishing 11 pots on a 50 
fathom string will span the width of each strata and allow for a 
complete placement of gear over the strata. 
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Eleven pots spaced 5 fathoms apart will be fished on a long line so 
that each .string of pots is 50 fathoms long. One 50 fathom string 
of gear constitutes a sampling station. Two stations will be fished 
in each stratum at each site for a total of 22 pots per stratum per 
site, or 44 pots per site. Forty-four pots is the most that can be 
fished in a day while collecting all of the various samples and data 
(Appendix B, IV.). A different site will be sampled each day. A 
total of 264 pots will be fished during each time period. 

Data Collection 

Station information including location (latitude and longitude), 
depth in fathoms, time and duration during which pots fish will be 
recorded by the vessel skipper on a paper form (Appendix A, Figure 
1) • 

Environmental Samples: 

Water temperature, salinity, and dissolved oxygen concentration by 
depth will be recorded using a Sea Bird Electronics CTD, transferred 
from the CTD to a micro-computer and stored on diskette. CTD casts 
will be at one station in the deep stratum every day. The CTD will 
be let down at a rate of 60 meters per minute. Because of the 
configuration of the CTD, only readings from the downcast will be 
used. 

Biological Samples: 

Total weight of catch, sub-sample weight, and the weight of each 
species in a sub-sample will be recorded for each pot on a paper form 
at the time the pot is retrieved (Appendix A, Figure 2). The total 
weight of shrimp per pot will be determined by weighing the contents 
of each pot on a spring scale. If the pot contents are less than 1 
kilogram of shrimp the entire shrimp catch will be processed. If the 
pot content exceeds 1 kilogram of shrimp, a 1 kilogram sub-sample of 
shrimp will be obtained by scooping out 1 kilogram of shrimp at 
random. 

Each sub-sample will be sorted by species. Weight and number of 
animals will be reco~ded for each species. Only spot shrimp will be 
retained for further data collection. All spot shrimp in the sub­
sample will be measured for carapace length in millimeters using a 
digital caliper and sex will be determined as male, transitional, or 
female according to the methods described in Appendix c. For female 
spot shrimp, egg color and 'stage of development (eyed or uneyed) ; 
relative clutch size; presence of breeding dress and egg parasites 
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or parasitic externa will be noted. The data collected will be 
recorded on a paper data form (Appendix A, Figure 2). 

For female spot shrimp only, fecundity will be determined from 
samples returned to the Cordova laboratorj, recorded on a paper form, 
and entered into an R:base data base. 

Necropsy Samples: 

Specimens for necropsy analysis will be taken after the catch is 
weighed and processed. Twenty shrimp from a single station in each 
stratum will be selected randomly to make up a necropsy sample. 
These samples will be taken according to the methods specified by 
ADF&G FRED Division pathologist Ted Meyers (Appendix D) . Necropsy 
samples will be labeled with the date, station number, latitude and 
longitude, sample number, project leader's name, species, and agency 
(Appendix A, Figure 3). 

Hydrocarbon Samples: 

To prevent contamination specimens for hydrocarbon testing will be 
taken· from the pot immediately after removal from water and before 
contents are weighed. Three spot shrimp will form one composite 
sample. Each composite will be taken from a different pot. Two 
replicates of the composite wil1 be taken randomly from one station 
in the stratum and the third replicate will come from the other 
station. Three samples per site per depth stratum result in 9 samples 
per depth stratum (3 sites X 3 samples) per impact· level and 18 
samples per oil impact level {9 samples X 2 depth strata) . This will 
allow hypothesis testing to detect differences in hydrocarbon levels 
of 1.2 standard deviations with the probability of a type I or type 
II error being_ 0.05 and 0.10, respectively. 

The number of specimens for one hydrocarbon analysis is dependent on 
the size of the specimens collected. Tissue volume based on the 
average size of the species was estimated and the number of specimens 
needed to provide 15 gm of tissue was calculated to be three spot 
shrimp. An estimate of 3 hydrocarbon samples from each treatment 
level is needed for detecting contamination between levels (Dr. B. 
Clark, personal communication) • · 

All hydrocarbon samples will processed according to the methods 
specified by NOAA (Appendix E). Samples will be labeled with the 
date, station number, latitude and longitude, sample number, project 
leader's name, species, and agency {Appendix A, Figure 3). 
Hydrocarbon and necropsy samples will be sealed with evidence tape, 
kept in secured locations, and chain of custody will be maintained 
according to the methods described in Appendix F. 
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Fecundity samples: 

Twenty five egg bearing females will be taken at random from eac~ 
station to estimate fecundity and egg mortality. A total of 2 4 
stations will yield a total sample size of 600 females. Specimens 
from each station will be placed together in a plastic bag in whole 
condition. Each sample bag will be labeled with project leader's 
name, species name, "eggs", date, station, and agency name. 

Fecundity will be determined by removing the eggs from the pleopods, 
drying each egg mass to a constant weight, weighing a sub-sample of 
a known number of eggs, and expanding the sub-sample weight to the 
weight of the entire clutch. Carapace length will be taken for each 
specimen at the time the eggs are removed and recorded on the 
fecundity form (Appendix H). 

The number of shrimp sub-sampled for fecundity estimation will be 
determined by time and budget constraints. If not all 25 shrimp from 
the station samples can be processed due to the above constraints, 
sub-samples of a smaller but equal number will be processed for each 
station. If possible additional numbers from the remainder will be 
processed at a later time. A minimum number of five shrimp from each 
station will be sampled for fecundity which will allow an adequate 
sample (thirty per depth strata per oil impact level) to test for 
differences in fecundity between depth strata and oil impact level. 

Data analysis 

.To address objective 1, the average levels of Prudhoe Bay crude oil 
present in spot shrimp tissue by strata and site will be determined. 
Significant differences in hydrocarbon concentrations between oiled 
and non-oiled sites will be tested for using analysis of variance. 
To further define the impact of hydrocarbon levels on the stock, the 
percentage of animals with abnormal tissues in oiled and non-oiled 
areas will be determined. A chi-square test will be utilized to test 
for significant differences in percentage of animals with abnormal 
tissues between strata, sites, and impact levels. 

Objective 2 will be addressed by determining the average catch per 
pot by weight, sex, and species. Analysis of variance will be used 
to test for significant differences in each of these categories 
between strata (depth), sites, and oiled versus non-oiled areas. To 
define the relationship between hydrocarbon levels and changes in 
relative abundance, statistics for analysis of covariance or an 
appropriate multivariate technique will be calculated to contrast 
differences in hydrocarbon content and relative abundance in oiled 
and non-oiled areas. Changes in average catch per pot over time will 
also be analyzed between different depth strata, sites, and oiled and 
non-oiled areas. 

A ~ize frequency distribution will be made by species and sex. The 
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hypothesis that there is no significant difference between strata, 
and oil impact levels for size frequency distribution will by tested 
using a ~ test or a similar non-parametric test. Changes in size 
frequency distribution over time will be examined by comparing data 
collected during phase one and phase two. A t test will be used to 
look for significant differences between time periods as well. 

To meet objective 3, the relationship between size and fecundity will 
be examined. The percentage of spot shrimp females bearing eggs; the 
stage of spot shrimp egg development (color and presence or absence 
of eyes) ; the percentage of spot shrimp egg fouling and egg 
mortality; the fecundity by size; and the relative clutch size will 
be determined for each station and each phase. Chi-square tests will 
be used to test for differences in strata, sites and levels in data 
which involve percentages and proportions. Differences between 
strata, sites, and impact levels for fecundity and relative size of 
clutch will be tested for using analysis of variance. ANOVA will 
also be used to test for a significant difference in the above 
measures between phase one and phase two which may provide an 
estimate of the number of eggs dying over the course of the brood 
period or estimates of differences in egg viability. 

To meet objective 4, and to identify potential methods or strategies 
for restoring this population if it is damaged by oil, it will be 
necessary to test changes in catch per unit effort, age class 
strength, and reproductive viability to see if management actions 
implemented to restore damaged stocks are having the desired effect. 
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 oil damaged stock. 
This may include fishery restrictions, total closure or other 
measures. Additionally, the need for continual study and monitoring 
of stock condition will be assessed. 

All catch, size, and station data will be entered into R:base 
applications onboard ship using portable micro computers. Final 
analyses will take place in the Cordova and Anchorage offices using 
R:base on micro computers. Data mapping will be done using Sea Plot 
software (which is a specialized R:base application). Fecundity 
versus size relationships will be determined using Stats Plus 
software •. statistical tests will be conducted in Juneau, Cordova, 
or Anchorage using micro-computers running Stats Plus, SAS, Minitab, 
or systat software. 
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Date(s) 

November 1989 

November 1989 

November-December 1989 

December 1989 

Line Item 

100 
200 
300 
400 
500 

Total 

SCHEDULES AND REPORTS 

Activity 

Phase 1 field program will last 
approximately 7 days. (Approximately Nov, 
1 - 7, 1989) ; Sampling will occur daily 
while in the field. One of the six strata 
will be sampled each day, day one will be 
used for travel to the area and setting the 
initial 2 strings of pots. 

Laboratory analysis, hydrocarbon analysis. 

Data entry and analysis. 

Preliminary report on impacts of oil on 
shrimp. 

PROJECT BUDGET 

category Budget 

Personal Services $ 25,400 
Travel $ 1,500 
Contractual $ 20,300 
Commodities $ 2,300 
Equipment $ 11,000 

$ 60,500 
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Class 

FB III 
FB I 
FT II 

FUNDED PERSONNEL 

PCN 

11-1084 
11-1649 
11- new 

9 

PFT_mm 

2 

SFT mm 

3 
2 
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APPENDix· A, FIGURE 1 

VESSEL 

SITE 

STRINGCJ 

TIME SET I 

ADF&G SPOT SHRIMP SURVEY 
PWS OIL SPILL IMPACT ASSESSMENT PROJECT 

STATION DATA FORM 

CRUISE! I II DATE I 

STRATUMD LAT. ITJI I II I LONG. I ! 

NUMBER 
DEPTH RANGEl I I 1-1 I I ITJ OF POTS 

I I i I TIME DATE I I I I SOAK 
PULLED PULLED TIME 

I I 

[I] 

WEATHER. ___________ SEA ______ SWELL 
NOTES ---------

SITE STRATUMD LAT. ITJI I II I LONG. I I •I II 

STRING CJ . DEPTH RANGE I 
NUMBER I I 1-1 I I [I] OF POTS 

I I I I I TIME I I DATE I I II I I SOAK [I] TIME SET PULLED PULLED TIME 

WEATHER. _______________ SEA _________ SWELL 
NOTES ---------

SITE STRATUM 0 LAT. [I] I I II I LONG. I II II ·------
STRING CJ DEPTH RANGE I I I -1-1 I I ~~;~s ITJ 

TIME DATE SOAK r-r-1 
TIME SET I I I I I PULLED I I PULLED I I II I I TIME LJ_j 

WEATHER. _______________ SEA. ______ SWELL. ______ _ 
NOTES ______________________________________ __ 

SITE. _____ _ STRATUMD LAT. ITJI I II I LONG. I II 

STRINGCJ DEPTH RANGEl I 1-1 I NUMBER [I] OF POTS 

TIME SET L-1 _....__.__........__. 

I I I I TIME DATE I I I I SOAK ITJ PULLED PULLED TIME 

WEATHER. ___________ SEA. _______ SWELL. _______ _ 
NOTES ____________________________ _ 



APPENDIX A, FIGURE 2 

ADF&G SPOT SHRIMP POT SURVEY 
PWS OIL IMPACT ASSESSMENT PROJECT 

SHRIMP DATA FORM 
..--.-....-...... 

VESSEL CRUISE I I II I DATE I I !I i ·--------------------------
SITE __________ __ 

TOTAL SHRIMP WT. I 

SPOTS (5) 

WT • ,-1 .....--r--~1 NO . I I I 

STRATUM 0 STRING D POT NO. c:o NOTES ---

I I I I SUBSAMPLE WT. I I I I I ~~~~ON [J[J 

PINKS (2) 
WT . r-j ....,--...,-j -..j NO .1 .-...... ,--..-....... 

COONSTRIPES (3) 

WT • I I I I NO . I I I I 

SPE- s C L B. EGGS PAR SPE- s C L B. EGGS PARI 
CIES E A E D. CIES E A E D. 

coLIFou X R.N. CON COL FOU X R.N. CON I 
\ 

I I i 

"-< -



APPENDIX A, FIGURE 3 

ADF&G SPOT SHRIMP POT SURVEY 
PWS OIL IMPACT ASSESSMENT PROJECT 

HYDROCARBON AND NECROPSY SAMPLE FORM 

VESSEL CRUISE l I I! I DATE ,_1 _.._-l.lll_,;,.___u.!I__;____J ·--------------------------
- SAMPLE COLLECTION -

CHECK BOX IF SAMPLE WAS COLLECTED AND INDICATE SAMPLE # 

SITE STRATUMD LAT. CDI I II I LONG. I I I II I II 

DEPTH RANGE 1-1 I NOTES 

REP. 1 HYDROCARBON CJ SAMPLE NO. 

REP. 2 HYDROCARBON CJ SAMPLE NO. 

REP. 3 HYDROCARBON CJ SAMPLE NO. 

NECROPSY CJ SAMPLE NO. 

SITE __________ __ STRATUM D LAT. CD l-1 ...~.-~II.....J LONG . ·._I _._.....___.! .._I ~.JJ-.-1 

DEPTH RANGE 1-1 I NOTES 

REP. 1 HYDROCARBON CJ SAMPLE NO. 

REP. 2 HYDROCARBON CJ SAMPLE NO. 

REP. 3 HYDROCARBON CJ SAMPLE NO. 

NECROPSY CJ SAMPLE NO. ________ _ 



APPENDIX A. Table 1 

CODES FOR SPOT SHRIMP FORMS 

Stratum 

1 = Shallow (20 - 70 fathoms} 
2 = Deep (70 - 120 fathoms) 

Species 

Sex 

1 = Sidestripes (Pandaloosis dispar) 
2 = Pinks (Pandalus borealis) 
3 = Coonstripes (Pandalus hysinotus) 
4 = Humpies (Pandalus goniuris) 
5 = Spots (Pandalus olatyceros) 

1 = Male 
2 = Female 
3 = Transitional 
4 = S.ex Not Determined 

Breeding Dress (Females Without Eggs Only} 
1 = No 
2 = Yes 

Egg Condition 
o = No eggs 
1 = Eyed Eggs 
2 = Uneyed Eggs 

Egg Color 
0 = Light Orange 
1 = Dark Orange 
2 = Yellow 
3 = Light Brown 
4 = Dark Brown 
5 = Blue 

Egg Fouling 
1 = Absent 
2 = Present 

Parasites 
1 = Egg Predator 
2 = Parasitic Externa 
3 = Carapace Parasite 



APPENDIX B. 

ADF&G SPOT SHRIMP SAMPLING PLAN 

I. SITES 

A. Non-oiled 

1. Unakwik Inlet 
2. Port Wells 
3 • Culross Pass 

B. Oiled 

1. Eleanor Island 
2. Knight Island 
3. Green Island 

C. Areas are shown on Appendix B. Figure 1. 

II. STRATA 

A. Shallow stratum will be from 20 to 70 fathoms. 

B. Deep stratum will be from 70 to 120 fathoms. 

c. Strata depth ranges were chosen based on known distribution 
of spot shrimp, the desire to sample all depth ranges where 
spot shrimp are known to be abundant, and the fact that 11 
pots per longline is a manageable number of pots to fish 
per line, while still having coverage of all depths. 

III. STATIONS 

A. Exact station locations at each site are being chosen with 
the help of fishermen experienced at spot shrimp fishing 
in those areas. Stations will not be selected until 
immediately before the sampling begins in order to allow 
the greatest amount of input possible. 

B. Each station will consist of one string of eleven pots 
fished on a long line. Pots will be spaced 5 fathoms (30 
feet apart) for a total length of 50 fathoms for each 
string of pots. 

c. There will be two stations in each stratum. 
stations will be fished on the same day. 



IV. FISHING PLAN 

A. Weekly Schedule 

1. Day 1 Sail to Unakwik Inlet set stations 1 - ,, .., . 

Day 2 Pick Stations 1 through 4. Sail to Port 
Wells and set stations 5 - 8. 

Day 3 Pick stations 5 through 8. Sail to Culross 
Passage and set stations 9 - 12. 

Day 4 Pick stations 9 through 12. Sail to Eleanor 
Island and set stations 13 - 16. 

Day 5 Pick stations 13 through 16. Sail to Knight 
Island and set stations 17 - 20. 

Day 6 Pick stations 17 through 20. Sail to Green 
Island and set stations 21 - 24. 

Day 7 Pick stations 21 through 24. Sail to 
Cordova. End of trip. 

B. Daily Schedule 

1. Gear will fish a standardized overnight period of 20 
to 24 hours. 

2. Pots will be pulled in the morning and subsequently 
set such that the desired soak time will be achieved. 
If the desired soak time cannot be achieved, pots will 
be fished to minimize variance from this desired 
fishing time. 
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APPENDIX B. Figure 2 

SPOT SHRIMP POT DEPLOYMENT 



APPENDIX C 

STANDARD OPERATING PROCEDURE 

FOR SEX DETERMINATION OF PANDALIO 

SHRIMPS IN PRINCE WILLIAM SOUND 

by 

Charlie Trowbridge 

October 10, 1989 

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

Materials used in sexing ara a sharp. needle probe, a good 
light praferably 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 howQver 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, :flimale, and transitional. Sexing of Pandalid shrimp in 
Prince William Sound is performed according to Butler's description 
in his work Shrimps of the Pacific Coast of Canada (1980). 

The size of a shrimp may giva some indication of its sex eg. 
a small specimen would probably be a mal~ and a large spQcimen a 
female. The endopod of the :first pleopod is first inspected. If 
the endopod terminates in two rounded lobes approximately equal in 
length it is a male. Depending upon specimQn siza and 
magnification a small clump of "hooklike setae" may be visible on 
the inner lob~. A !emale will be indicated by the endopod of the 
first pleopod terminating in a single !irmly-pointed lobe. A 
transitional could be described as being intermediate between thQ 
characteristics of the male and the tamale in that the two lobes 
are still present however the inner lobe is shrunken to form a 
small stiff appendage which may be hidden along the inner margin 
of the endopod. The outlir lobe o:f the endopod in the transitional 
is usually somewhat larger, firmer, and more pointed than the male 
stage. 

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



nearly the samQ length branching from the :nedial end of the 
andopod. The innGr process is the appendix masculina and will have 
spines along its tip. The outer process is the appendix interna 
which will be tipped '.Yith "hooklike setae". In 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 less} the length o! the appendix 
interna. 

Allen (1959) gives a detailed account of these same 
morphological changes which aid in determination of sex in Pandalus 
borealis. Drawings in his papQr are more extensive than those in 
Butlar but both authors appear to agree on the use ot endooods in 
sexing Pandalid shrimp. • 
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APPEND!} 0 

IDSTOLDGICAL SA.L\1PLE PREPARATION FOR SHRil\1P 
Histopathology Technical Group 

(Taken from Bell and Lighmer 1988) 

NOTE: ~live or moribund shrimp will be suitable for processing. Histopathological 
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 tra.nSpOrted to the processing 
site. Also, minimize the handling stress on the live shrimp to be preserved so that stressQ 
mediated histological artifacts do not occur. Do not over-ice animals such that tissues 
freeze while in transit. Frozen tissues are wonhless for histological examination. 

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

· 2. The volume of .fi.utive should be ten times the volume of the tissue. Tnis is 
important since any less fixative may result in tissue autolysis and worthless samples. 
After 72 hours, shrimp specimens should be transferred to 70% 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 tissue fragments and used one more time for other samples. 

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

4. The chitinous exoskeleton of shrimp prevents adequate penetration of any fixative 
by simple immersion. Consequently, the fixative ~ 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. First inject laterally into the hepatopancreas; i.e., cephalothorax region (Figure 
la). . 

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

c. Inject the posterior abdominal region (Figure lc). 
d. Inject the anterior abdominal region (Figure ld). 

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

e. Immediately after injectio~ 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). Do not cut too 
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deeply jmo the underlyinJi tissue. The objective is to break the cuticle to 
allow fixative penetration. 

SHRIMP L\RGER THAN 12 GRAMS 

a. Same as above, but a transverse cut should be made at tile abdomen/ 
cephalothorax junction (Figure 3a) and again midway across the abdominal 
area (Figure 3b ). 

5. After injection and body incisions, the anima! may be dropped into the fixative. 

6. External abnormalities and unusual behavior must be noted on a necropsy fieid data 
sheet (attached), respectively numbered for a particular specimen in the sample. 
If no abnormalities are observed within the 20 specimens from a site, then a single 
field sheet will suffice for the sample series. These field sheets will also contain the 
label information below and must accompany the samples in a ziploc bag. 

7. A label with shrimp species, size range and life stage, date of sampie, Location of 
sample, and contact person's name, address. and telephone number must be placed 
wjthjn each of the sample jars. Use a pencil with soft lead for labelling so that the 
writing remains legible. 

8. Do not mix samples of different shrimp species within the same jar of fixative. Each 
species requires a separate jar(s). 

9. Place sample jars and ziploc bag containing the sample data into a suitable shipping 
package with adequate paclc:ing material to prevent breakage. Plastic jars or 
containers for fixative and samples work best. Be sure lids are ti~t and do not leak. 

10. Mail to the FRED Division Fish Pathology Lab, P.O. Box 3-2000, Juneau, Alaska, 
99802-2000; phone: (907) 465-3Sn. 

11. Notify the Fish Pathology Lab prior to sample shipment so that samples may be · 
expected and tracked en route. 

/ 

12. Follow proper procedures and include completed forms regarding chain of custody. 

13. A!JY questions regarding sample preparation should be directed to: 

Dr. Ted Meyers 
Principal Fish Pathologist III 
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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4) lmmedately following injection. slit the cuticle, with disse­
IC'issors, from the sixth ~bdominal le!jment to th~ W.M o: 
rostrum. paying particulu attention not to cut d~!y intl 
underlying tiuue. The incision in the cephalothonc:ic n 
should be just l~teni to the dor.sal midline. wh.ilt< t!ut i..: 
~bdomin.U region should be ~pproxi.m.ately mid·l01tefii (Figu 

2 ,;::.: - -

··~· 
S} Shrimp larser than ll grams, should then be transversely slit 

~t the ~bdomen/ceph.Uothoru junction (Figure l;a) or again 
~bdominally (Figure 3b). 

6) Following injection, incisions and bisection/trisection, illu 
the specimen in the remainder of the tintive. 
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2. 
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4. 

PHOSPHATE BUFFERED FORi\fALIN 
Fixative for Histological Samples of Fish. Bivalves, and Crabs 

Histopathology Technical Group 

37%-40% Formalin 

Tap water 
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100.0 ml 

900.0 ml 

4-.0 g 

6.0 g 
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NECROPSY FIELD DATA SHEET FOR InSTOLOGICAL SAl\1PLES 
ADF&G, FRED Division Fish Pathology Lab 

Collector I Address/Telephone # 

Species 

Number Specimens in Sample 

Size Range 

Ufe Stage 

Date of Collection 

Location of Collection (Site Name or Number) 

Abnormalities Observed Per Specimen Number 
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Appendix E 

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

The following procedures should be used in taking hydrocarbon and 
histology samples during trawl surveys in Prince William Sound. 
The hydrocarbon and histology procedures were developed during 
the May/June 1989 trawl survey. The procedures developed at thst 
tim• have been modi£ied slightly baaed on subsequent inzormation 
on taking samples and proper custody o£ the samples. Two 
handouts should be consulted prior to taking the samples, 1> 
Histopathology Technical Group for Oil Spill Assessment Studies 
in Prince William Sound, Alaska, and 2> Chain-o£-Custody 
Procedures. The handouts are appended to these Procedures. 

Equipment 

1. Stainless steel pans, with lids: three asso~ted sizes for 
holding and storing knives, scalpels, and scissors. 

2. Paper towels. 
3. Scalpels: four styles of Bard Parker blades: ~10 deep 

belly, larger deep belly, ~11 straight point, and ~12 

hooked. For cutting tissue and puncturing bile gland. 
4. Short blade boning knives: two. For incising and cutting 

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

cutting tissue. 
6. Scissors: surgical type with thin, pointed blade and 

larger, heavy duty type. For cutting tissue and 
exoskeleton. 

7. Forceps: three sizes, small to large. For holding 
delicate tissue up to large visceral mass. 

8. Methylen• chloride <MC> for rinsing equipment. 
9. Teflon squeeze bottles for using the MC. 
10. Steel for knife sharpening. 
11. Surgical gloves. 
12. Liquid dish washing detergent. 
13. Aluminum foil. To cover surfaces to prevent contamination 

of tools and specimens. 
14. Unpainted plywood cutting boards. 
15. Pre-baked 4 g amber vials, with caps, for bile samples. 
16. IChem prebaked, custody sealed 4 oz jars with Teflon lined 

caps. 

Work Area 

The samples should not be taken on a surface painted with oil­
baaed paint. This problem can be solved by laying a sheet of 
unpainted plywood on top o£ the painted surface and using 
aluminum foil to cover work surfaces. 
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Water dripping from vessel must not be allowed to splash ~ork 
area. 

Preparation of Equipment 

At the end of sampling and prior to use, wash all cutting tools. 
forceps, pans, cutting surfaces, etc. ~ith hot water and 
detergent. Hot water is available on deck. Rinse thoroughly 
with hot water and then MC. On cold days the MC may freeze the 
water. If so, wipe equipment with paper towels prior to rinsing 
with MC. Flush all tools, pans, etc. with MC and arrange tools 
for use. Knife blades are positioned so that they do not touch 
any surface. Scalpels, etc. are kept in the MC rinsed stainless 
steel pans. Air dry all utensils after rinsing with MC. 
Use indelible pen to mark labels, not pencil. NO plastics touch 
the sample. 

Capturing the Specimens 

All samples are from internal tissue and thus capturing specimens 
with otter trawls is valid. Because of large catches, tows are 
usually limited to 15 minutes. The catch is dumped onto the 
sorting table and sample specimens immediately put aside for 
processing. 

Selecting the Specimens 

Hydrocarbon samples: 

Decide beforehand which 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 fish are 
put in fish baskets and kept cold by covering them with ice. 

Histology samples: 

Only live or moribund specimens are suitable for processing. Do 
~ 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 tissues freeze. Frozen tissues are 
vorthlea• for histological examination. 

Preparing the Specimen 

The specimen is wiped repeatedly with paper towels to remove all 
slime, mud, scales, etc. The table where the specimen will be 
placed is also wiped clean. 

Taking Samples 

Always wear surgical gloves to avoid contamination of samples by 
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akin oils. Use new gloves rather than trying to reuse gloves. 
Us•d gloves are di££icult to put on and trying to put them on 
runs the risk o£ contamination. 

Hydrocarbons: 
Removing the pectoral fin creates a hole that allows the kniie 
blade to enter the abdominal cavity without contaminating the 
internal tissues. Use a short blade boning kni£e to remove the 
pectoral fin by slicing the fin away with short strokes in the 
direction of the head. Wipe knife and put it aside. Remember 
that each tool must be clean <rinsed with MC> before it touches 
the sample. 

The abdominal vall must be removed to expose the internal organs. 
Insert the long thin blade of the fillet knife into the pectoral 
fin hole with the cutting edge of the blade toward the ventral 
aid• of the fish, and run the blade very carefully under the 
aur£ace of the abdominal vall to a point above and behind the 
anus. The cut is made high enough along the side of the fish 
that the belly portion prevents the viscera from spilling out 
onto the work table. The knife point is then pushed through the 
body wall and the knife pulled downwards and backwards to cut 
through the flesh. The cut is thus made from the inside out and 
prevents contamination of the abdominal cavity. The knife is 
then wiped cleaned and put aside in a clean area. 

Subsequent cuts are made holding the body wall away from the 
internal organs. To lift the body wall, carefully insert the 
kni£e point under the cut body wall and li£t the body wall up. 
Th• body wall is then cut away, the cut being made from the 
inside out. and the knife wiped 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. 

Collecting bile 

The bile duct opens into the small intestine. The duct is 
grasped with £orceps, gently pulled upwards, and connective 
tissue around the gall bladder is gently cut away < a deep belly 
scalpel seems best £or this cutting>. When £ree from connective 
tissu~ •. the gall bladder is set on top of, and slightly to one 
side o£ the 4 g amber vial. The #11 straight point scalpel is 
used to pierce the bladder so 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 against 
th~ bladder on the opposite side from the puncture by the #11 
scalpel. Fortunately, only a few drops of bile are needed for 
analysis. The vial is then capped tightly. 

Collecting intestinal tissue 

Intestinal tissue includes stomach contents. Indeed, stomach 
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contents is more va~uab~e £or detecting intestinal oil than 
intestinal tissues themselves. Use £creeps <large or small. 
depending on size o£ £ish> to grasp firmly the esophagus just 
behind the pharyngeal area. The esophagus is severed anterior to 
the forceps, and pulled upward as connective tissue is cut away 
with the deep bellied scalpel. The liver is also cut away. The 
entire intestine is pulled £rae of all connective tissue and the 
lover intestine severed at the anus. Small digestive systems are 
put directly into the 4 oz IChem jars. Large digestive systems 
are laid onto a clean and rinsed stainless steel pan and small 
sections cut £rom the esophagus, stomach vall, and intestine. 
These sections and as much of the stomach contents as possible 
are put into the jar. 

Muscle tissue 

Muscle tissue is removed £rom the tail region just posterior to 
the gut. Using a fillet knife, tvo longitudinal and parallel 
cuts are made, one above and the other below the lateral line. 
Using the same knife, the flesh above and below the two cuts is 
filletted away. This cutting exposes the sides of the muscle 
sample such that the knife can be inserted under the sample 
without contacting the skin and scales. A clean and rinsed knife 
is used to £il1et the sample from the backbone the distance of 
the two parallel cuts. Care should 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 become 
contaminated from the fillet knife cutting vertically through the 
akin. 

The rectangular sample is laid akin down on a clean surface. The 
flesh is shaved away from each side with a scalpel in such a way 
that the scalpel blade enters the flesh from the clean aide and 
the cuts made so that the blade exits in the unclean areas. The 
flesh is then filletted from the akin and put into a clean 4 oz 
IChem jar. 

Sampling Crab 

Three kinds of tissue are removed from tanner crab <Chionoecetes 
bairdi>, hepatopancreas, muscle, and eggs. A single 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 outermost <posterior> pair of pleopods excised and discarded. 
Jhe next two pairs of pleopods with attached eggs are excised and 
placed into a 4 oz IChem jar. This procedure is repeated on as 
many crab as needed to provide the sample. 

Hepatopancreas 
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Hepatopancreas is taken £rom crab o£ either sex. The carapace i~ 
pried o££ the body o£ the crab using gloved hands. Part o£ th• 
hepatopancreas may be lying on the inner sur£ace of the carapace. 
but most will be in the main body area between the gills. It i~ 
a brownish.material and is removed with clean forceps directly 
into a 4 oz IChem jar. As many crab as necessary are use to 
provide the composite sample. 

Muscle 

The muscle ~s removed from the merus segment of each walking leg 
after the hepatopancreas is removed from the body. First. th~ 

merus is severed at its proximal end either by breaking or 
severing with scissors. To remove the muscle, the joint between 
the merus and carpus is broken by bending the carpus in the 
opposite direction that it normally bends. With the joint 
broken, the carpus is used to pull the muscle out of the merua. 
The muscle, still attached to the carpus, is held inside the 4 oz 
jar and the distal end attached to the carpus severed with clean 
scissors. 

Sampling· Shrimp 

Muscle is taken from the sidestripe shrimp <Pandalopsia diapar>. 
The shrimp is wiped clean, al~hough the interstices between 
segm•nts is di££icult to clean properly. These sections, 
however, are not likely to come into contact with the muscle 
sample. Removing shrimp muscle is £rustrating, because the 
muscle tears easily. One procedure is to cut the abdominal 
exosk~leton laterally along its ventral sur£ace. The abdomen is 
the spread apart along the cut and held in this position while a 
second person removes the muscle with clean forceps. 

Histology Sampling 

Histological sample preparation £or £ish and shell£ish should 
follow the instructions written by the Histopathology Technical 
Group. 

Chain-of-Custody Procedures 

Chain-o£-Custody procedures should follow the general 
instructions •EQM&LO Chain-o£-Custody Procedures• <Appendix F>. 
When sample taking must terminate for a short period, such as for 
meals, a workable procedure to retain custody is to place the 
on-deck samples in a closed container <such as a Coleman cooler> 
and seal the container with evidence tape. The tape is broken 
when sapling is resumed. All sealing and breaking of evidence 
tape should be noted for record. 
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EQH&LO CHAIN-oF-CUSTODY PROCEDURES 

Chain-of-~~stody is necessary if ~~ere is a possibility that the 
conclusions based u~on analytical data will be used in 
litigation. The components of chain-of-custody are : sample 
seals, a_field log book, chain-of-custody record, and the Re~~est 
for Laboratorf services (RLS)i ~~e procedures for their use are 
described in the following sections • .. 
Due to ~~e evidentiary nature of samples collected during 
enforcement investigations, possession must be traceable from the 
time samples are collected until ~~ey or their derived data are 
~traduced as evidence in legal proceedings. To maintain and 
document sample possession, chain-of-custody procedures are 
followed. 

Admissibilitv of Analvses as Evidence.. To be admissible as 
evidence, samples must be proved conclusively to be in an 
appropriate person's possession until the analyses resulting 
therefrom have been introduced as evidence. Rigid controls ~ust 
be maintained to establish a chain-of-custody for the samples 
from the time of sampling until ultimate disposition of the 
particular case. 

CUSTODY DEFINITION 

A sample is under custody if: 

If it is in your possession, or 
It is in your view, after being in your possession, or 
It was in your possession and you locked it up, or 
It is in a designated secure area. 

1. Evidence tape or sample seals are used to detect 
unau~~orized tampering of samples following sample 
collection up to the ti~e of analysis. The seal must 
be attached in such a way that it is necessary to brea: 
it iR ~•a•~ to open the container. Seals must be 
affixed to containers before the samples leave the 
custody of sampling personnel. 

2. Samples must be kept in such a manner that they cannot 
be altered.wether deliberately or acciden~ally. Gntil 
the samples can be sent to the laboratory they should 
be kept in a cool, dark, dry place. Refrigeration, 
freezing or other che~ical method of preservation are 
usually required. Chemical preservatives are added at 
the laboratory. 

Any indication that a sample has been subjected to 
tampering or physical altera~ion could disquali:y it a 
evidence for possi~le legal ac~ion. Therefore, t~e 
ins;ructions given herein cust be followed stric~ly. 



4. 

5. 

6. 

opening. A ev~aence tape is placed on the openings of 
the shipping container, signed and dated. 

Sample tags and custody fo~s must be legible and 
filled out u~ing water;roof, non-fading ink. Secure 
individual sample containers or group of sample 
containers using tamperproof evidence tape or seals. 

Maintain an u~-to-date Field Data Record Locrbook. 
Record field measurements and other pertinent 
info~ation necessa~J to refresh the sampler's memo~! 
if, later on, hejshe takes the s~and to tes~ifv 
regarding his/her actions during the evidence gathering 
activity. Maintain a seoarate set of field no~ebacks 
for each survey; store them in a safe place where they 
can be protected and accounted for at all times. 

The field sampler is responsible for the care and 
custody of ~~e collected samples until they are 
properly dispatched to the receiving laboratory, or 
turned over to an assigned custodian. The field 
sampler should verify ~~at each container is in his/her 
physical possession or in_hisjher 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 outfall sample location and any visible water 
pollution. Written documentation on the back of the 
photo should include the photographer's signature, and 
the time, date and site location. These photographs 
can be used as evidence, and are handled by chain-of­
custody procedures to prevent alteration. 

TRANSFER OF CUSTODY AND SHIPMENT 

l. Samples are accompanied by a Request for Laboratorf 
Services which has a chain of custody section. When 
transferring the possession of samples, the individual 
relinquishing and receiving the samples will sign, date 
and note ~~e time. This record documents sample 
custody transfer from the sampler, often through 
another person, to the laboratory Sample cus~odian. 

2. Ensure that samples are properly packed in shipping 
containers (for example, ice chests) to avoid breakage. 
Ensure that shipping containers are sealed for ship~en~ 
to the laboratory. 

3. If the package is sent by the us mail, ensure that it 
is sent with a return receipt. If the package is hand­
delivered, note thac it was hand carried in the ~ec~cd 
of shio~ent block in t~e chain of cus~=dv record. Send 
field ~eceiots frco the oost office and bills of ladT;g 
to the labor3torv custodian :or retencion as par~ a: 
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STANDARDIZED SPOT SHRIMP POT GEAR 
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APPENDIX H. 

ADF&G SPOT SHRIMP SURVEY !I 
PWS OIL SPILL IMPACT ASSESSMENT PROJECT !! 
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INTRODUCTION 

The goal of this project is to measure the extent to which the 
Exxon-Valdez oil spill affected oysters in Prince William Sound 
(PWS) . There are no natura~ly occurring Pacific oysters 
crassostrea ~icras in Prince William Sound. However, there are 
three oyster farms, one of which currently has 1.5 million 
animals on hand. One farm, at Perry Island, is within the oil 
spill. Another, at Fairmont Island, is near the spill area. The 
third, Undersea Farms, has oyster racks at two locations - Salmo 
Point and Deep Bay on the northeast side of Hawkins Island, near 
Cordova. These latter sites can function as controls (Figure 1) . 
The Exxon Valdez spill may have caused reductions in growth and 
survival of oysters by direct exposure, by booming or by moving 
of oysters to substandard habitat to avoid oil contamination. 

Oysters have also been used as an indicator species in oil spill 
impact assessments elsewhere in the world. Similar to the mussel 
Mytilus edulis, oysters accumulate and bioconcentrate petroleum 
hydrocarbons (2,000-4,000 x) in their tissues. oysters probably 
do not possess the enzyme system necessary to metabolize 
hydrocarbons; therefore, depuration and return to pre­
contaminat2on levels may extend over a long period of time 
(Blumer et al. 1970; Neff et al. 1985). Petroleum-originating 
hydrocarbons were found in oysters seven years after the 
grounding of the Amoco Cadiz (Berthou et al. 1987). 

This project will assemble existing information to provide 
baseline data on growth and survival in oysters. In addition, 
test stations will be deployed in areas believed to be still 
exposed to hydrocarbon pollution. This will aid in determining 
the extent of uptake during the spill, as well as effects of 
chronic exposure to population growth and survival. 
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OBJECTIVES 

A. Determine the effects of oil contamination on Pacific oyster 
growth and survival by comparing growth and survival of 
oysters~ cultured in oiled and non-oiled environments. The 
hypotheses will also be tested that the level of 
hydrocarbons in sediments or mussel tissue is not related to 
the level of oil contamination of a beach. The experiments 
are designed to detect a difference of 1.9 standard 
deviations in hydrocarbon content with the probability of 
making a type I and type II error of 0.05 and 0.1, 
respectively. 1 

B. Measure hydrocarbon uptake, depuration and recovery in 
oysters at all farm site(s) in Prince William Sound.% 

· c. If any loss of production to oyster farms was caused by oil 
contamination, identify alternative strategies for 
restoration. 1 

METHODS 

This project will consist of three separate activities, each to 
take place at three sites. 

The activities are: 

1. Establish an historic data base on growth and survival 
of oysters for future reference and comparative 
purposes. 

2. Survey hydrocarbon contamination of oysters from all 
existing oyster farms. 

3. Compare oysters in oiled and non-oiled environments to 
determine: 

Data base 

1 

a. uptake of hydrocarbons; and, 
b. growth and survival. 

This objective will be performed by the Alaska Department 
of Fish and Game. 

This objective will be performed by the National Oceanic 
and Atmospheric Administration. 
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At this time, there is no easily accessible long-term data base 
on gro~~ and survival of oysters in PWS. However, some oyster 
farmers such as those at Fairmont Island have some historic data 
available. These data will be obtained and entered into a 
standard format on R:Base. Historic growth and survival curves 
will be developed from these data and compared with post oil 
spill growth and survival data. 

Hydrocarbon Surveys 

Existing Farms: 

This part of the project will establish the extent of injury, and 
determine rates of recovery from that injury. Oysters were 
sampled approximately bimonthly at 4 locations in Prince William 
Sound during April - September 1989 (Table 1) . 

Whole, unshucked oysters (3 - 10 em) were placed in precleaned, 
hydrocarbon-free 16 oz. or 32 oz sample jars or rinsed aluminum 
foil. Samples were collected to provide at least 10 - 15 g 
tissue which is the amount necessary for hydrocarbon analyses. 
Duplicate or triplicate samples were taken. Blanks were taken 
for the later sampling periods. 

Sample jars and lids were purchased precleaned, rinsed with 
methylene chloride or baked at 440• c for 4 hours. Aluminum foil 
was rinsed with methylene chloride immediately preceding 
sampling. Labels included site location, date, time, collector, 
and species. Latitude and longitude were determined for the 
locations and this information was included on the Chain-of­
custody Sheets. 

All samples were frozen within 1 hour of collection, and samples 
were transferred to Sid Kern of the Auke Bay Laboratory following 
rigorous and routine Chain-of-custody procedures. They are 
currently being stored frozen at the Auke Bay Laboratory. 

standard Operating Procedures and a Quality Assurance/Quality 
Control Plan, per se, for this study do not exist. Methods of 
sample collection follow the general guidelines set forth by the 
Auke Bay Lab and the Hydrocarbon Technical Committee both in 
written material and in training sessions. 

Growth/Survival Sites: 

Triplicate mussel samples sufficient for hydrocarbon analysis (10 
- 15 g) will be taken at the beginning and end of the project 
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from the mean low tide level on the nearest beach to each station 
(oyster cage). These samples will be analyzed for hydrocarbon 

· content and used as indicators of oil contamination in the 
vicinity of the cages. Mussels were chosen as an indicator 
species because of their ability to bioconcentrate hydrocarbons. 
The mean low-tide level will provide a reasonable index of the 
general location in the water column inhabited by the suspended 
oysters. Mussel samples will be collected according to the 
procedure and Chain of Custody outlined above for oysters. Each 
jar will be labelled with the site name, latitude, longitude, 
date, "MUSSEL", transect number, sample number, names of the 
sampling team members, "OYSTER", and "ADF&G". 

Three sediment samples for hydrocarbon analyses will be collected 
from the intertidal area adjacent to each suspended oyster cage 
at the beginning and end of the project. These sediment samples 
will provide a representative mixture of sediment composition and 
contamination from the areas which may be leaching oil to the 
surface levels inhabited by the suspended oysters. Each sample 
will be a composite sediment sample which will be collected by 
scooping approximately 15 cc. sediment to a depth of 2 em at 
seven random locations along a vertical transect beginning at the 
mean low tide level. This will provide a total of 9 samples for 
the non-oiled impact level (1 hydrocarbon sample/oyster cage * 3 
cages/site = 3 hydrocarbon samples/site; 3 hydrocarbon 
samplesjsite * 3 sites = 9 hydrocarbon samples/ non-oiled impact 
level), and 12 samples for the oiled impact level {as above with 
4. sites). 

Sediment samples from each site will be placed in a 4 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, "OYSTER", and "ADF&G". 

The level of sampling described for sediments and mussels is 
designed to detect differences in petroleum hydrocarbons between 
impact levels at the desired a and p levels of o.os and 0.10, 
respectively. 

Growth/Survival Comparisons 

Oyster spat will be deployed in standard test units at four oiled 
sites (South Perry Island - one site - and Herring Bay at Knight 
Island - three sites) and three low;non-oiled sites (Deep Bay, 
Salmo Point, and Fairmont Island). Three test units will be 
randomly set at each sample site (Figure 2}. Each test unit will 
be a standard 12 mm mesh, 10 layer Japanese lantern net rearing 
cage (Bourne et al. 1989). It will be anchored 1m below the 
surface at low tide and suspended from the bottom with a 
submerged "trawl" float. A ground line or other means of 
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locating the unit will be attached to the cage. The cage will be 
seeded with oyster seed (18 - 20 mm) from the same lot of- oyster 
spat provided by a State of Alaska certified hatcherJ located 
outside of the state of Alaska. Seeding rates will be 100 
animals per layer for a total of 1,000 animals per cage. One 
triplicate hydrocarbon sample (three 10 - 15 g samples) will be 
taken from the initial lot of oyster seed before it is deployed 
to stations in Prince William Sound waters. 

Data and samples will be taken at each site at monthly intervals 
including: salinity, water transparency (productivity of plant 
material), number of live and dead oysters, and oyster shell 
length (the longest dimension out from the hinge) during the 
growing season (April- October/November). During the winter, 
samples will only be taken every three months because growth is 
greatly reduced during winter months (Quayle 1988). At least 30 
animals from among the 100 initially placed on each level will be 
randomly selected from every other layer to be measured. All 
animals in a layer will be mixed by hand and dumped onto a table 
that is marked into three trisects. All animals in one of the 
trisects will be measured. If thirty animals are not measured, 
the additional animals needed will be randomly selected -from the 
other trisects. Layers to be measured will be alternated during 
each sampling period (ie. during the first sample period oysters 
in layers 1, 3, 5, 7, and 9 will be measured and during the 
second period oysters in layers 2, 4, 6, 8, ~nd 10 will be 
measured). Sampling five levels per cage will allow_ 150 
specimens (30 specimens X 5 levels) to be measured in each cage, 
or 450 at each site (150 specimens X 3 cages). This. will provide 
an adequate number of oysters for growth analysis by site and 
treatment level. 

The number of live and dead oysters in each sampled level will 
also be counted. All available dead shells will be measured to 
record approximate time of death. After being measured, all dead 
oysters will be discarded. All data will recorded on a field 
data form (Appendix A). Measurements will be made with a digital 
caliper, which allows direct input to the memory of a portable 
micro computer. Temperature will be recorded automatically with 
a solid-state temperature recorder (Ryan tempmentor brand) 
fastened to the cage at layer five. 

Twice a year a composite sample of 15 g of oyster tissue will be 
taken to evaluate hydrocarbon content. The number of oysters to 
be included in the sample will depend on the size of the animals 
at the time of sampling. Since all oysters began as spat of 
generally uniform size, the oysters in each cage are expected to 
grow at a uniform rate and do not need to be sampled according to 
a size criterion. oysters will be randomly selected from all 
layers to make up each hydrocarbon sample. Hydrocarbon sampling 
and analyses will be as described previously. 
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Hydrocarbon Suryeys 

Existing Farms: 

DATA ANALYSES 

Parametric statistics (analysis of variance) will be used to test 
for significant differences (p~.05) between sites and also levels 
of tissue hydrocarbons over time. In cases where use of 
parametric statistics is not possible, nonparametric statistical 
methods will be used to ascertain differences between sites. 
Pairwise comparisons (Tukey or Student's t) can also be used for 
this purpose. 

Growth/Survival Sites: 

Analysis of variance will be used to test for differences in 
hydrocarbon levels in both sediments and mussel tissue between 
sites. 

Growth/Suryival Comparisons 

To examine oyster survival, the proportion of dead oysters to 
live oysters will be subjected to analysis of variance by site 
and by oil impact levels. 

Differences in incremental growth between treatment levels will 
be compared with any historic data on oyster growth in Prince 
William Sound. 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. An analysis of variance on 
growth parameters obtained from fitting algorithms for oyster 
growth during the study will be compared with growth parameters 
obtained from historical data. Analysis of variance will also be 
used to compare the growth parameters obtained at each treatment 
level to detect differences in growth parameters due to oil 
contamination level. Graphics will be used to display differences 
in growth among areas including length at age for each site. 
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Dates 

April 1989 to 
October 1989 

October 1989 to 
Febru:}ry 1990 

May 1990 to 
October 1990 

SCHEDULES AND REPORTS 

Activity 

oysters were sampled on an approximate 
bimonthly schedule to establish 
hydrocarbon uptake and accumulation, 
and depuration at existing farm sites. 

Project staging: sample sites selected, 
test cages assembled and deployed 
(October), monthly sampling initiated, 
data base format initiated and data 
processing initiated. Preliminary 
report completed by December 21. 

Active field season. Based on 
preliminary report, continuation of data 
base work to allow comparison of 
"normal" growth. and sur-vival to that of 
oiled populations. 

Continued sampling of oysters exposed to 
oil spill to establish depuration rates. 

Schedules for report writing and detailed plans set by the 
Trustee Managers will be met. 

8 



PROJECT BUDGET 

ADP'&G1 

Line Item Category Budget 

100 Personnel Services $ 8,300 
200 Travel $ 5,700 
300 Contractual $ 5,300 
400 commodities $ 2,000 
500 Equipment $ 2,700 
700 Grants $. 0 

Total $ 25,300 

1 Budget is for all activities performed from March 27, 1989 to 
February 28, 1990. 

FUNDED PERSONNEL 

Class PCN Name PFT_mm .SFT_mm 

FB II 2.0 

NOAA Auke Bay Laboratory 

The budget for NOAA/NMFS/Auke Bay Laboratory, for the period 13 
April 1989 to 28 February 1990: 

Labor 
Travel 
Contracts 
Supplies 
Equipment 

TOTAL $ 

3620 

880 
500 

5000 

(3/4 month for M. Babcock) 
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BATCH 

Table 1. Summary of oyster samples collected from Prince William 
Sound, 1989, following the EXXON VALDEZ spill. Samples 
collected by NOAA National Marine Fisheries Service. 

ID COLLECTOR LAT. LONG. SITE WHAT TYPE DATE 

-----------------------------------------------------------------------------
V89 08 1391 CLARK 60.35.12. 145.46.56. DEEPBAY OYST WHOLE 04/14/89 
V89 08 1392 CLARK 60.35.12. 145.46.56. DEEPBAY OYST WHOLE 04/14/89 
V89 27 2723 MOLES 60.35.12. 145.46.56. DEEP BAY OYST WHOLE 05/17/89 
V89 42 4515 BABCOCK 60.35.12. 145.46.56. DEEP BAY OYST WHOLE 06/21/89 
V89 42 4516 BABCOCK 60.35.12. 145.46.56. DEEPBAY OYST WHOLE 06/21/89 
V89 72 8286 FLETCHER 60.35.12. 145.46.56. DEEPBAY. -o- -o- 09/19/89 
V89 72 8284 FLETCHER 60.35.12. 145.46.56. DEEPBAY OYST WHOLE 09/19/89 
V89 72 8285 FLETCHER 60.35.12. 145.46.56. DEEPBAY OYST WHOLE 09/19/89 
V89_72 8283 FLETCHER 60.35.12. 145.46.56. DEEPBAY OYST WHOLE 09/19/89 

· V89 08 1395 CLARK 60.53.36. 147.26.45. FAIRMONT OYST WHOLE 04/13/89 
V89 08 1396 CLARK 60.53.36. 147.26.45. FAIRMONT OYST WHOLE 04/13/89 
V89 27 2724 MOLES 60.53.36. 147.26.45. FAIRMONT OYST WHOLE 05/13/89 
V89 70 7982 O'CLAIR 60.53.36. 147.26.45. FAIRMONT OYST WHOLE 09/11/89 
V89 70 7984 O'CLAIR 60.53.36. 147.26.45. FAIRMONT OYST WHOLE 09/11/89 
V89 08 1393 CLARK 60.40.55. 147.55. o. PERRY OYST WHOLE 04/13/89 
V89 08 1394 CLARK 60.40.55. 147.55. o. PERRY OYST WHOLE 04/13/89 
V89_27 2725 MOLES 60.40.55. 147.55. o. PERRY OYST WHOLE 05/13/89 
V89 5833 RICE 60.40.55. 147.55. o. PERRY OYST WHOLE 07/12/89 
V89_70 7978 O'CLAIR 60.40.55. 147.55. o. PERRY OYST WHOLE 09/10/89 
V89 70 7980 O'CLAIR 60.40.55. 147.55. o. PERRY OYST WHOLE 09/10/89 
V89_70 7981 O'CLAIR 60.40.55. 147.55. o. PERRY -o-. -o- 09/10/89 
V89 70 7979 O'CLAIR 60.40.55. 147.55. o. PERRY OYST WHOLE 09/10/89 
V89 08 1397 CLARK 60.35.38. 145.48. o. SALMOPT OYST WHOLE 04/14/89 
V89 08 1398 CLARK 60.35.38. 145.48. 0. SALMOPT OYST WHOLE 04/14/89 
V89 27 2722 MOLES 60.35.38. 145.48. o. SALMOPT OYST · WHOLE 05/17/89 
V89_42 4513 BABCOCK 60.35.38. 145.48. o. SALMOPT OYST WHOLE 06/21/89 
V89 42 4514 BABCOCK 60.35.38. 145.48. o. SALMOPT OYST WHOLE 06/21/89 
V89 72 8280 FLETCHER 60.35.38. 145.48. o. SALMOPT OYST WHOLE 09/19/89 
V89_}2 8281 FLETCHER 60.35.38. 145.48. o. SALMOPT OYST WHOLE 09/19/89 
V89_72 8282 FLETCHER 60.35.38. 145.48. o. SALMOPT OYST WHOLE 09/19/89 
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1 Oyster sampling sites Figure · " In Prince William Sound 



PRINCE WILLIAM SOUND OYSTERS • 

,· 

OILED LOW /NO OILj _IMPACT 
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1 2 3 4 1 2 3 ! _______________ SAMPLE 
SITE 

Figure 2. Sampling desing for growth and survival comparisons of oysters in Prince William Sound. 



Appendix A. Field data form. 

ADP&G PRINCE WILLIAM SOUND OYSTER PROJECT I 
I 

DATE SITE 
I ~ 

SUBSITE CAGE NUMBER 

WATER TEMPERATURE {degrees C} WATER SALINITY 0/00 

WATER TRANSPARENCY (meters) WATER COLOR I 
LAYER NUMBER RECORDER NAME I 

NUMBER OJ' LIVE OYSTERS 

NUMBER OJ' DEAD OYSTERS (0 - 20 mm.) I 
I 

NUMBER OJ' DEAD OYSTERS (21 - 30 mm.) 

NUMBER OJ' DEAD ·oYSTERS (31 - -'0 mm.) 

I LENGTH FREQUENCY I 
OYSTER OYSTER OYSTER 
NUMBER LENG'l'R NUMBER LENG'l'R NUMBER LENGTH 
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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 st~cks of rockfish, Sebastes sp., 
in Prince william Sound (PwS). Assemblages of nearshore fish 
populations of PWS support low volume commercial and recreational 
fisheries. Most of the annual harvest is supported by only a few 
species of rockfish, although several other species are harvested in 
small numbers. Of particular importance are: yelloweye rockfish S. 
ruberrimus; dusky rockfish S. ciliatus; black rockfish S. melanops; and 
quillback rockfish S. maliger. 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 oil contamination and food web characteristics of these various 
reefs. 

Data Base 

Only limited baseline data are available for rockfish populations in 
PWS. Rockfish were studied as part of a study of nearshore fish 
assemblages during the years 1977-1979 (Rosenthal 1980). These 
investigations provided descriptions of selected rockfish populations 
including estimates of species composition, density, and length and age 
composition. This sampling primarily occurred at four major sampling 
sites. 

Experimental Desi~ 

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. 
Our 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~easurable 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) 
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an onsite creel survey of selected PYS fishery access ports (OSIAR Study 
FS #6). 

l. 

2. 

3. 

4. 

OBJECTIVES 

Document the presence or absence of rockfish in 13 
locations in Prince Yilliam Sound. 

Document the presence or absence of oiled rockfish 
in 13 locations in Prince Yilliam Sound. 

Document the presence or absence of oiled substrate 
in 13 locations in Prince William Sound. 

Identify potential 
restoration of lost 
is identified (to 
project). 

alternative methods and strategies for 
use, populations, or habitat where injury 
be accomplished upon completion of the 

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 Collection 

Thirteen sites will be sampled across two treatments: oiled and non­
oiled areas (Table 1). Four of these sample sites correspond to areas 
which have been previously studied during the 1977-1979 OCSEP survey 
(Rosenthal 1980). During the OCSEP survey, transects were established 
and sampled for density by species information. This information will 
provide the basis for determining the historic presence or absence of 
rockfish. The remaining nine sample sites were selected after 
consulting with local fisherman and from areas of reported fish kills. 
Sampling will be conducted during at least two surveys over the course 
of the summer. The first survey occurred within five weeks of the 
spill. The second survey occurred during August, which corresponds to 
the sampling period of peak abundance in Rosenthal's work (1980). 

At each location, transects will be established and sampling will be 
conducted along the majority of the reef with longline gear. 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. If fish are present, species 
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composition will be estimated for comparison with Rosenthal's dive 
surveys (1980). In addition, samples of more pelagic species will be 
collected by jigging along the face of the reef. Species identification 
of rockfish will be accomplished using the methods of Kramer and 
O'Connell (1988). 

Sampling for oil contamination will be accomplished as follows. Ten 
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: gallbladder, 
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. Care must 
be taken to follow chain of custody procedures. In addition samples 
will be collected for organoleptic testing. Samples will be handled as 
described above except that the samples will be iced instead of frozen 
and the samples will be transferred to Alaska Department of 
Environmental Conservation for analysis. Additionally, any moribund 
fish that are found will be examined for presence of tar balls in the 
stomach and all contaminated samples will be handled in the prescribed 
chain of custody procedures. 

Sampling has already been conducted as part of the initial fishery 
impact assessment work. Sampling was initiated during the first week of 
May and mid-June. Hydrocarbon sampling during the mid-June survey was 
conducted in only three locations. Sampling was again conducted during 
mid-September, the time frame that Rosenthal (1980) identified as near 
the peak abundance of rockfish in nearshore areas. 

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 oil is found. If oil is 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 
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will be compared to the proportions of all oiled sites with rockfish on 
a species by species 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 

Sampling: 1st Survey 
2nd Survey 
3rd Survey 

Data Analysis and Report Preparation 

REPORTS 

Dates 

Early May 
Late June 
Mid-September 

9/15-3/15 

Results of these study efforts will be reported to the Division of Oil 
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 12.0 
200 Travel 3.6 
300 Services 23.0 
400 Commodities 6.0 
500 Equipment 1.0 

Total 45.6 
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Table 1. Sampling locations for rockfish in PWS, 1989. 

Location Longitude Latitude LORAN 

lUndy Bay Start 145° 58.29' 60° 34.33' 14325.0/31948.7 
End 145° 59.07' 60° 34.46' 14324.1/31946.0 

Knowles Head Start 
End 146° 33.95' 60° 38.73' 

Bligh Reef1 146° 52.75' 60° 51.20 I 

Naked Island1 Start 147° 28.78' 60° 42.11' 
End 147° 29.36' 60° 42.15' 

Northwest Bayl Start 147° 37.29' 60° 34.02' 
End 147° 37.68' 60° 33.98' 

Herring Bay1 Start· 13889.5/32035.5 
End 13886.9/32033.4 

Pt. Nowe111 Start 147° 55.60' 60° 25.99' 
End 147° 56:08' 60° 25.41' 

Applegate Is. 1 Start 148° 08.53' 60° 36.59' 
End 148° 07.49' 60° 36.32' 

N Danger Is. 1 Stazt 13489.6/31814.6 
End 13485.7/31813.5 

S Danger Is.1,2 13473.0/31808.0 

Schooner Rock2 Start 146° 03.73' 59° 43.08' 
End 146° 05.25' 59° 43.16' 

Zaikoff Bay2 Start 146° 56.51' 60° 18. 77' 
End 146° 57.16' 60° 18.73' 

Port Etches2 Start 14026.1/31880.4 
End 14023.9/31878.5 

Porpoise Rks. 14024.0/31881.0 

1 Oiled sites 
2 Sites sampled by Rosenthal (1980) 
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