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B. INTRODUCTION 

Recent wild stock production in Prince William Sound (PWS) has .ranged from 800 to 900 
thousand chum salmon Oncorhyncus keta and 300 to 500 thousand sockeye salmon 0. 
nerka. Up to 75% of wild pink and chum salmon spawn in intertidal areas. Oil from the Exxon 
Valdez Oil Spilf (EVOS) which was deposited in these intertidal spawning areas adversely 
affected the survival of pink salmon embryos in 1989 and 1990 and subsequent generations 
from these populations have experienced reproductive impairment (Sharr et al. i993a and 
1993b). Pink salmon which exited PWS through oiled marine waters in 1989 also exhibited 
lower growth and survival than those which did not (Willette and Carpenter .1993). Although 
virtually all salmon damage assessment research has been conducted on the numerically 
superior pink salmon, it is likely that other salmon species were similarly damaged. Chum 
salmon share intertidal spawning areas with pink salmon and both sockeye and chum 
salmon share migratory corridors with pink salmon and were therefore exposed to oil in a 
similar manner. The suite of injuries already identified for pink salmon may have led to recent 
declines in the overall well being of wild pink salmon populations. It is befieved that these 
effects may persist for several years and may apply to other species as welL Returning 
sockeye and chum salmon are older than pink salmon and post spill estimates of their 
survival are not complete. The full extent of damage to these species is not yet known. 

Salmon populations impacted by the EVOS are heavily exploited in commercial, sport, and 
subsistence fisheries. These populations can most effectively be restored through stock­
specific management practices designed to reduce exploitation on impacted wild populations. 
Wild salmon returns from areas heavily impacted by the EVOS are present in greatest 
numbers in large mixed stock commercial fisheries dominated by huge hatchery returns. 
Because their early life stages occur in a protected environment hatchery populations are 
potentially more productive and less variable than wild populations and did not sustain injury 
from the EVOS during the embryo stage. Wild salmon populations originate from hundreds of 
streams and lakes around PWS. Their migratory timing and abundance in marine fishing 
areas varies~ and so to sustain their productivity managers must insure that adequate 
numbers of fish from all portions of the return escape fisheries and enter streams to spawn. 
Exploitation rates in mixed stock fisheries must be limited to levels appropriate for the least 
productive stock present at the time. To implement restoration premised on such stock~ 
specific management, we must be able. to distinguish wild.fish from hatchery fish, and identify 
temporal and spatial abundance trends for each in commercial fisheries. 

This project is designed to provide accurate and precise real-time catch contribution 
estimates for hatchery and wild salmon stocks in Prince WH!Iam Sound. Accurate 
escapement estimates from ongoing Alaska Department of Fish and Game {ADF&G) 
escapement monitoring projects will enable managers to identify stocks which are 
experiencing escapement shortfalls. Accurate and timely catch contribution estimates from 
this coded wire tag recovery project will enable managers to identify times and areas where 
exploitation on depleted wild populations can be minimized. and still permit the harvest of 
surplus hatchery returns. Post season analyses of the catch contribution estimates together 
with results from salmon escapement enumeration projects will provide stock-specific 
estimates of total return and survival and enable managers to assess the effectiveness of 
stock-specific management strategies. 
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In the absence of improved stock~specific management capabilities afforded by this project, 
salmon populations in western PWS which have already been stressed and depleted by the 
oil impacts may be over-exploited in the commercial, sport and subsistence fisheries. Injured 
wild spawning populations may be reduced to levels below that required for rapid recovery 
and in some instances, virtual elimination of a stock. If adequate population monitoring 
programs are not in place, changes in fishing effort to areas of less oil impact could also 
result in over exploitation of othervvise healthy, uninjured wild stocks. The feasibility of using 
coded wire tags to estimate catch contributions of hatchery produced salmon in PWS was 
thoroughly investigated by ADF&G from 1984 through 1988. During the EVOS damage 
assessment process, large scale tagging and recovery projects were instituted and perfected 
by ADF&G Natural Resources Damage Assessment (NRDA) Fish/Shellfish (F /S) Study #3. 
Damage assessment funds were expended to tag hatchery releases of sockeye, chum, coho, 
and chinook salmon in 1989 and 1990. NRDA funds were also used to tag sockeye salmon 
in the outmigrations from Coghill and Eshamy Lakes in 1989, 1990, and 1991 and from 
Jackpot Lake in 1990 and 1991. Tag recovery efforts for wild and hatchery salmon were 
funded by damage assessment funds in 1989, 1990, and 1991 and by Restoration funds in 
1992 and 1993. Some age classes of stocks which were tagged with EVOS Trustee Council 
funds will return in 1994. If recovery efforts proposed here are not instituted in 1994 
important restoration and population monitoring data will be irretrievably lost. 

Results of this study will provide estimates of hatchery and wild stock contributions to 
commercial harvests, hatchery cost recovery harvests and hatchery brood stocks. Stock­
specific catch contributions by fishing district and date will be used inseason by fisheries 
managers to reduce effort on injured wild stocks and target effort on healthy hatchery 
returns. Post season analyses of current year, as well as historic tag recovery data, will be 
coupled with escapement data for wild stocks to make estimates of wild stock total returns. 
Post season analyses of tagging data will also identify trends in the temporal and spatial 
distributions of stocks in the fisheries. These data are important for fisheries managers who 
must anticipate the effects ot fishing strategies in future years if depleted stocks are to be 
protected. Protection of less productive stocks through stock-specific fisheries management 
has been successful in previous years. Stock-specific management strategies which 
incorporated data from coded-wire tagging projects funded by the Natural Resources 
Damage Assessment and Restoration processes were used successfully in the past to justify 
time and area fishery closures and effectively reduce exploitation on oiled stocks in mixed _ 
stock fisheries in 1990, 1991, 1992r and 1993. Serious escapement shortfalls were avoided 
despite intense fishing pressure on surplus hatchery fish in adjacent areas. 

C. PROJECT DESCRIPTION 

1. Resources andjor Associated Services: 

This restoration and monitoring project is designed to provide estimates of hatchery and wild 
sockeye and chum salmon contributions to commercial and cost recovery fisheries in PWS, 
AK These estimate'· wHI allow fisheries managers to lessen interceptions ot wild fish in 
mixed stock fisheries. The project wl!l be administered and supervised by ADF&G. 

3 



2. Relation to Other Damage Assessment/Restoration Work: 

The foundations for this project were firmly established during the pre~EVOS era by coded 
wire tagging and recovery studies conducted initiat!y by ADF&G and later cooperatively by 
ADF&G and two private non-profit aquaculture associations in PWS, Prince William Sound 
Aquaculture Corporation {PWSAC) and Valdez Fisheries Development Association (VFDA). 
The study initially began in 1984 with the tagging of chum salmon releases from the ADF&G 
Main Bay Hatchery (MB) (Attachment 1). ADF&G, PWSAC, and VFDA cooperative studies 
began in 1986 and continued through 1988. These studtes included tagging of hatchery 
releases of pink salmon from Armin F. Koernig (AFK), Wally Noemeberg (WN), Cannery 
Creek (CC)r and Solomon Gulch (SG) hatcheries {Attachment 1). Chum salmon from SG, 
sockeye salmon from MB, and coho salmon from SG and WN were also tagged. Following 
the March 24f 1989 EVOS the cooperative study was continued as part of the EVOS NRDA 
Fish/Shellfish (F/S} Study #3, a large scale code wire tagging and recovery project for 
hatchery and wild salmon in PWS. In 1989 this project tagged representative portions of all 
pink, sockeye, and coho salmon release from PWS hatcheries, chum salmon releases from 
SG, and wild sockeye salmon migrating out of Coghill and Eshamy Lakes. tn 1990 and 1991, 
tagging efforts were expanded to include hatchery chum salmon releases from WN, hatchery 
releases of chinook salmont and wild sockeye salmon migrating out of Jackpot Lake. 
Although EVOS funding for tag application was discontinued by the Trustees in 1991, area 
Aquaculture Associations have continued to apply tags to all their releases. EVOS funding for 
tag recovery has continued to the present 

The EVOS Trustee Council has also funded a Coghill Lake Sockeye Salmon Restoration 
Project (94259). That study is designed to investigate and restore the salmon rearing habitat 
in Coghill Lake but cannot succeed if adequate spawning escapement is not achieved 
through stock specific fisheries management. 

3. Objectives: 

a. Make inseason estimates of the temporal and spatia! contributions of tagged hatchery 
stocks of sockeye and chum salmon to PWS commercial and hatchery harvests based 
on the number of tags detected in adipose clipped fish which are recovered during 
catch sampling; 

b. provide timely inseason estimates of hatchery and wHd stock contributions to harvests 
by time and area to fisheries managers so they can closely regulate exploitation of 
injured wild stocks; 

c. use data from fully decoded tags recovered from commercial catches, cost recovery 
harvests, and hatchery brood stock to verify or adjust inseason contribution estimates 
and; 

d. estimate marine survival rates for each uniquely coded hatchery release and wild 
outmigration group where possible. 

4 



4. Methods: 

policy, purchasing practices, field camp operations, safety procedures, and project 
administration will be in compliance the ADF&G Division of Commercial Fisheries Manual of 
Standard Operating Procedures (SOP). Data collection procedures are similar to those used 
in NRDA F jS Study #3. These procedures have been thoroughly reviewed by the NRDA peer 
review process and approved by the Management Team. 

Tag Recovery 

Commercial Catches 

The Alaska Department of Fish and Game will oversee the recovery of coded-wire tagged fish 
ln commercial salmon harvests in Prince William Sound. The recovery samples will be from a 
stratified sample. Recoveries will be stratified by district and fishing period. Recoveries wm 
also be stratified by processor based on the finding of Peltz and Geiger (1988} who detected 
significant differences between proportions of some tag codes among sampled processors. 
These differences indicate that processors receive catches from only certain portions of a 
district or fishing period stratum. It is believed that this effect is the result of tendering and 
fish buying practices specific to each processor. 

each time and area specific stratum, 25% of the sockeye and chum salmon catch will be 
~("!:ljnnc•n for fish with a missing adipose fin. Each fish sampled will be subject to visual and 
tactile examination for a missing adipose fin denoting the presence of a coded wire tag. 
Recoveries of tags in chum and sockeye salmon are made on conveyor belts as fish are 
unloaded from tenders or on fish gutting and heading lines in four processing facilities 
located in Cordova, one facility in Whittier, three facilities in Valdez and one facility in 
Anchorage. When feasibfe, samplers for the pink salmon coded wire tag recovery project 
(94184) stationed at facilities in Kodiak, Kenai and Seward and on large floating processors 
wi!! also sample sockeye and chum salmon harvests from PWS. AU deliveries by fish tenders 
to these facilities wilt be monitored by radio and by daily contact with processing plant 
dispatchers to ensure that the catch deliveries being sampled are district-specific. 

Data recorded for each tender sampled will include harvest type, (ie., commercial or cost 
recovery catch), fishing district where the catch was made, catch date, processor, number of 
fish examined, and number of dips absented. The total number of fish aboard each tender 
and for each sampled spatial and temporal stratum are obtained later from an ADF&G 
computerized record of processor sales receipts (fish tickets). Heads of adipose-fin clipped 
fish wm be excised, identified with a uniquely numbered cinch tag, bagged, and frozen. 
Samplers at locations outside of Cordova or Valdez will air~freight data and heads semi­
weekly to the Cordova office. Project biologists will carefully inventory, edit, and log al! 
sampling data as it is returned to the Cordova and Valdez offices. 
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Hatchery Sales Harvests 

In addition to catch sampling at the processing facilities, approximately 40% of the fish in the 
hatchery terminal harvest areas will be scanned for fish missing adipose fins. Because sales 
harvests are processed at the same processing facilities as commerciafharvests, methods 
and means of sampting sales harvest will be identical to those described for commercial 
catches. 

Hatchery Brood Stocks 

Brood stock sampling is critical to estimating hatchery and wild contributions. Due to 
differential mortality between tagged and untagged fish as watLas differentia! tag loss 
between release groups, the tag expansion factor at release for hatchery fish may not 
accurately reflect the tag expansion factor in the adult population. Hatchery brood stocks will 
be scanned for tags in order to estimate adjustment factors which could be used to account 
for the loss of tags from the population. Three assumptions inherent in the use of the brood 
stock for this purpose are a) it consists solely of fish reared at the hatchery, b) the propensity 
far a fish to lose a tag is similar for allfish marked at the same hatchery, and c) for a specific 
tag code, the marking rate in the commercial fishery is the same as thaUn the brood stock. 
Although there is evidence that the first assumption>is not valid for pink salmon (Sharr eta!. 
1993a) there is no similar evidence to invalidate it for chum or sockeye salmon. Withrespeet 
to the second assumption, tagging practices vary little within a facility~ and it is believed that 
the rate of tag loss and tag·induced mortality are similar for an fish tagged within a hatchery. 
The third assumption refates to the possibility of tag-induced straying of hatchery fish away 
from the brood. Some histological evidence to this end was referenced for chum salmon in 
Sharr et al. (1993 a), and some more direct preliminary evidence is discussed by Sharr et 
(1993c) with respect to pink salmon but in neither case is the· evidence conclusive to 
completely invalidate the third assumption. At present all three assumptions are assumed to 
be true for chum and sockeye salmon. 

The adjustment factor may be defined as that quantity which, when multiplied by the marking 
rate in returning fish, yields the marking rate at release. The factor is 1.0 when there is no 
tag loss or differentia! mortality. For fish which mature at different ages such as chum and 
sockeye salmon the adjustment factor must be specific to.a.re!ease year. The adjustment 
factor for hatchery h and release year will be estimated as the ratio of sampled fish from 
release year y in the brood stock to the expanded number of fish from release year y based 
on tags found In the sample: 

rn 
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where 
Ty = number of tag codes released from hatchery h, in release year y, 
p1 ::::: tagging rate at release for ith tag code released in year y (defined as number of 

tagged fish released with ith tag code divided by the total number of fish in 
release group 1), 

X- = 
I 

number of brood stock fish examined in hatchery h from release year y and, 
number of tags of ith tag code released in year y, found in sky. 

The untagged portion of s"'. will be estimated using age data derived from representative . 
scale and otolith samples taken from the broodstock. The adjustment factor will then be us€d 
to adjust contribution estimates (Equation 3) if it can be shown that it was significantly greater 
than 1.0 at the 90% level. An appropriate test of the hypothesis :- Ho : ahr ~ 1.0, given in 
Sharr eta/ (1993 b), will be modified to account for the variability contributed by the 
estimation of s"r· 

There will be a brood stock tag recovery effort at each of the three hatchery facilities where 
tags were initially applied to sockeye and chum salmon. Technicians will be stationed at 
each of these hatcheries to scan the brood stock during egg take. After the salmon are 
manually spawned, technicians will use visual and tactile methods to scan approximately 95% 
of the fish. Total number of fish scanned and total number of fin-clipped fish found will be 
recorded on a daity basis. Representative random samples of paired otolith and scale 
samples will be taken daily to estimate the numbers of fish from each release year yin the 
brood stock. Scale and otolith sample sizes will be large enough to estimate proportion of 
each release year within.± 5 percentage points of the true proportion 95% of the time. Heads 
excised from fish with missing adipose fins, sampling data sheets, and scale and otolith 
sarnples, will be picked up on a regular basis and returned to Cordova for editing and 
processing. 

Wild Escapements 

One hundred percent of the wild escapement through ADF&G operated management weirs 
at Coghill and Eshamy lakes wl!! be sampled for tags. Representative portions of the brood 
will be sampled for scales, sex and size as part of the ADF&G management program 
(Wilcock eta/. 1993). Adjustment factors for these escapements will be calculated as 
described for hatchery broodstocks. 

Tag Extraction, Tag Decoding, and Data Archiving 

During the fishing season all sampling data and frozen heads from fish adipose~c!ipped fish 
wii! be sent daily to the ADF&G Coded Wire Tag Processing Laboratory in Juneau (Tag Lab). 
Data received at the Tag Lab will be logged and tag recovery sampling forms edited a 
second time for accuracy and completeness. Samples which affect critical fisheries decisions 
are prioritized and heads from those samples will be processed immediately. Tag Lab staff 
will locate and remove tags from heads, decode extracted tags, and enter tag code and 
sample data into a statewide coded wire tag database. Completed tag recovery data for 
prioritized samples will be transmitted electronically to Cordova project personnel within 36 
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hours of.the .• receipt of unprocessed data at the Tag Lab. ·In the following 12 hours Cordova 
project personnel wifl integrate tag recovery and catch data from the ADF&G fish ticket 
reporting system to estimate hatchery and wild catch contributions. Contribution estimates 
are used by fisheries managers to implement the inseason management actions required. 

Following the fishing season, processing of aU lower priority tag recovery samples will be 
completed by the Tag Lab. All tags recovered throughout the season will be examined a 
second time to insure that they have been properly decoded. All codes will be validated with 
a· master Pacific States Marine Fisheries Commission (PSMFG) list of codes potentially 
present in Pacific coast fisheries. Fully edited tag code and sampling data from altsarnples 
collected during the season will be forwarded to the Cordova· office for final summarization 
and analyses. A complete historic database of coded-wire taginformation from Prince William 
Sound tagging and tag recovery programs will be maintained by the ADF&G Tag Lab, the 
PSMFC and, the Cordova ADF&G. The ADF&G historic fish ticket catch database is 
maintained at the ADF&G Juneau headquarters office and in the Cordova area office. All 
coded wire tagging and recovery data and at! fisheries harvest data are freely available from 
any of these sources. 

Estimation of Contributions and Survival Rates 

Post-Season Hatchery Contributions and Survival Rates 

The contribution of release group t to the sampled common property, cost~recovery~ brood 
stock and special harvests, and escapement, C1 , will be estimated as: 

where 
X;:= number of group t tags recovered in ith stratum, 
N1= total number of fish in ith stratum, 
s1~ number of fish sampled from ith stratum, 
p,=proportion of group t tagged, 
a11, =adjustment factor for hatchery h and release group y. 

(2) 

L:::::number of recovery strata associated with common property, cost~recovery, brood stock, 
special harvests and escapement in which tag code t was found. 
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The contribution of release group t to unsampled strata, Cuv will be estimated from 
rates associated with strata which were sampled from the same district-week 

as the unsamp!ed strata: 

u r s 
Ec~ 

c'U, • t,: lN1 * 
J:l_ 

s 
EN1 
/"1 

where 
U =number of unsamp!ed strata, 
N1= number of fish in ith unsampled stratum 
S=number of strata sampled in the period in which the unsamp!ed stratum resides, 
Clj=contribution of release coded with tag t to the sampled stratum j, and 
Nj= number of fish in jth sampled stratum. 

(3) 

When a district-week opening is not sampled at a!! (an infrequent occurrence), the catch from 
that opening will be treated as unsampled catch of the subsequent opening in the same 
district 

An estimate of the contribution of tag group t to the total Prince WilHam Sound return for 
1994 will be obtained through summation of contribution estimates for sampled and 
,,..,~,.,,..,., ... ~,.ri strata. An estimate of the total hatchery contribution to the Prince Wl!liam Sound 

will be calculated through summation of contributions over all release groups. A 
variance approximation for C1 , derived by Clark and Bernard (1987) and simptified by Geiger 
(1988) will be: 

{4) 

Assuming that covariances between contributions of different release groups to a stratum ca.1 
be ignored, summation of variance components over a!! tag codes will provide an estimate of 
the variance of the totaf hatchery contribution. Inspection of the formula given by Clark and 
Bernard (1987) for the aforementioned covariances shows them to be neg!tgible for large N 
and s, and to be consistently negative, so that when ignored, conservative estimates of 
variance are obtained. Variances associated with unsampled strata are believed to be small 
(Sharr et aL, 1993). 
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The survival rate of the release group coded with tag t (SJ. will be estimated as: 

where 
c = t 

Cu1 

R :::::: 
( 

contribution of release coded with tag t to sampled strata, 
= contribution of release group coded with tag t to unsampled strata, 
total number of fish in release group coded with tag t released from hatchery. 

(5) 

Assuming the total release of fish associated with a tag code is known with negligible error, 
and that the cumulative variance contributions associated with the unsampled strata are 
small, a suitable variance estimate for st is given by: 

{6} 

ln~Season Hatchery Contributions 

lnseason fisheries decisions which must be made on very short notice require rapid, rea! time 
analysis of coded wire tag data. lnseason contribution will be estimates will be made 
according to the same procedures outlined for post-season estimates except that the mean 
of historical adjustment factors for each hatchery wi!! be used because current year brood 
stock data are not available until the end of the season. 

Contributions of Tagged Wild Populations 

Contribution and survival estimates for tagged wild salmon •Nil! be derived in a manner 
siml!ar to those for tagged hatchery fish (equations 6 and 8) as wi!f be the variances of the 
contribution and survival rates (Equations 7 and 9). An estimate of the contribution of the 
release group coded with wild stock tag code t to the total PWS return will be the summation 
of contribution estimates from the commercial and cost recovery harvests and from the wild 
escapement 

Alternatives 

Estimation of stock specific contributions to large commercial fisheries requires some sort ot 
natural or man-induced mark which characteristic of the stock or groups of stocks to be 
distinguished. Any mark to be used for estimates of stock specific catch contributions for 
in season fisheries management must: (1) be naturally present in all or a fixed portion ot the 
population or easy to apply permanently to a fixed portion of the population in the early life 
stages before stock mixing occurs, (2) be easy to distinguish in adult returns, (3) be present 

10 



or can be applied to a large enough portion of the population such that significant numbers 
can be recovered among adult returns for accurate and precise estimates of catch 
contributions} {4) not affect survival or behavior of fish and, (5) application and or recovery of 
the mark must be cost effective. 

Until recently, coded wire tag technology has been the only man induced mark available 
which meet most ot the above criteria. Although this technology has given us the opportunity 
to distinguish hatchery and wild fish in commercial harvests with reasonable accuracy and 
precision~ it is not wlthout problems. The cost effectiveness of coded wire tag technology 
decreases as the size of populations marked increases and the size of the fish marked 
decreases. The pink salmon tagging program in PWS is the largest of it's kind in the worfd 
and is pushing the limit of the technology for both application and recovery. Furthermore, 
application in very small fish such as pink and chum salmon may effect survival, may not be 
permanent (tag loss), and tagging may affect behavior. Some cost effective methods do exist 
and are used to adjust for tag loss from differential mortality and tag shedding. However; the 
effect of tag loss from tag~induced straying, though thought to be small, is difficult and costly 
to account for. 

Based on the drawbacks of coded wire tag technology with respect to PWS wild salmon; an 
alternative mark or method for distinguishing stocks from one another would certainly be 
desirable. The most tikely alternative to coded wire tags are thermal otolith marks. This 
marking method meets all of the five criteria described above. Thermal marks have been 
thoroughly tested in an salmon species. The marks are permanent, they are easily applied tc 
every individual in a hatchery population and they are less expensive to apply and recover 
relative to coded wire tags. Because they can be applied to every individual in the population, 
contribution estimates based on thermal marks will be more accurate and precise than those 
based on coded wire tags. Differential mortality of tagged fish will no longer be a problem. 
Because the mark is non-intrusive and permanent tag loss through shedding and straying of 
tagged fish will also be eliminated. A large scale otolith marking program for PWS hatchery 
pink salmon releases has been proposed fir 1994 (Study 94187). Recoveries of otolith marks 
from these releases can begin in 1996. 

To date no natural markers have been discovered in PWS chum satmon vvhich allow 
researchers to distinguish hatchery stocks from aH wild stocks. Scale patterns have proven 
useful for one wild stock of sockeye saimon have nor been used successfully to distinguish 
other wild sockeye salmon stocks from hatchery returns. Genetic marks are a possibility but 
hatchery parent stocks in PWS originated from wild stocks in the area and are shared by 
more than one facility hence, are probably not distinguishable. Creating a genetic mark in 
hatchery populations by selective breeding is a possibility which is under consideration but 
would take several generations to develop given the size of hatchery production In PWS. 

5. Location: 

By aiding restoration through improved fisheries management this project will benefit wild 
sockeye and chum salmon populations in PWS and other segments of the marine and 

potions of the PWS ecosystem which are dependent upon them. Restoration 
improved management wl!l also benefit the salmon fishing fleets including those in 
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Cordova, Valdez, Tatitlek$ New Chenega, Whittier, and Seward, fish processing plants in 
Cordova. Valdez, Whittier, Seward, Anchorage, Kenai, and Kodiak. The project wiU employ 
local residents for data conection activities in fish processing plants located in Cordova, 
Valdez, Whittier, Seward, and Anchorage and at hatcheries in PWR The project wH! also 
employ residents of Juneau for tag extraction and decoding activities performed by the 
ADF&G Statewide Tag Laboratory. Permanent ADF&G Biologists stationed in Cordova and 
biometrics staff stationed in Anchorage will complete data analyses and reports. Goods and 
services required by the project will obtained from vendors in the local communities where 
data are collected. 

6. Technical Support: 

Tag recovery data forms and heads from tagged fish will be shipped to the Cordova office f0r 
logging) sorting, editing$ and final shipment to the centralized ADF&G Coded Wire Tag 
Laboratory in Juneau, Ak. Tag Laboratory personnel win use speciaflzed equipment to detect, 
extract and decode tags. The Tag Laboratory uses a Honeywell m1nicomputer with an 
ULTIMATE operating system and PIC database software to construct, manipulatet and store 
the PWS data in a statewide coded wire tag database. A copy of the statewide is database is 
also incorporated into a Pacific Coast database maintained by the (PSMFC) in Gladstone, 
Oregon. Summarized data from the Juneau tag laboratory and summaries of ADF&G 
f!sheries sales receipts (fish tickets) are stored and analyzed on a micro~computers in the 
ADF&G Cordova and on a mainframe in the ADF&G headquarters office in Juneau. All 
inseason and post season data analyses and reporting are completed on micro .. oorriputers 
using RBASE database management, LOTUS spreadsheet, and WORDPERFECT word 
processing software. 

7. Contracts: 

None. 

D. SCHEDULES 

Date(s) 

June 20- Sept 10, 1994 

Nov 15; 1994 

Dec 30, 1994 

Activity 

Tag recoveries in commercial fisheries, cost 
recovery harvests, and brood stocks. 
lnseason catch stock composition estimates 
by time and area for management of 
commercial and cost recovery fisheries. 

Draft Report 

Final Report 
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The Project Leader (PL) for the project is a permanent full time Fisheries Biologist lil (FB Ill), 
PWS Salmon Research Project Leader with the Alaska Department of Fish and Game. The PL 
will be responsible for writing project operational plans, administering project budgets, quality 
control of data collection, supervising data analyses and, co-authoring final reports. A 
permanent seasonal Fisheries Biologist II (FB II) will act as the Assistant Project Leader 
(APL), hire project personnel, supervise day to day project operations, maintain data quality, 
assist in data anafyses, and coauthor final reports. The APL will be assisted by two non­
permanent Fisheries Biologist I {FB l). One FB I will be in charge of supervising day to day 
sampling activities in Cordova and wilt assist the PL in supervising sampling at other ports, 
on floating processors, and at PWSAC hatcheries. Another FB I will supervise day to day 
sampling activities in Valdez and at the VFDA hatchery. A non-permanent Fish and Wildlife 
Technician til (FWT Ul) will assist the Cordova FBI and act as a crew leader. Fish and Wildlife 
Technician ll's (FWT II) will be placed in ports where only one sampler is expected to work 
under minimum supervision. The remainder of crews in each port will be pairs of non­
permanent FWf ll's and Rsh and Wildlife Tech l's (FWT 1). Each day, one or two persons will 
scan salmon at each processing plant. Under the supervision of the FB 1$ a FWT Ill in 
Cordova will conduct daily data logging, editing and archiving activities. The second FB I wm 
supervise similar activities in Valdez. 

A Biometrician J from the ADF&G Commercial Fisheries and Development Division Region li 
office in Anchorage will provide biometrics support for the project. The Biometrician I will 
assist in experimental design, inseason and post season data analyses, and report writing. 

The PL, APL or, a project FB I will maintain daily phone contact with project technicians 
stationed in ports other than Cordova or Valdez and at several remote hatchery locations. 
Copies of data forms from these sites will be faxed to Cordova daily and heads from sampled 
fish will be shipped once or tvvice weekly to Cordova via scheduled commercial flights or via 
chartered aircraft depending upon which is available. The PL, APL, or project Fisheries 
Biologist l's will make routine supervisory visits to each sampling port via chartered or 
commercial aircraft at least twice monthly for sampling quality control inspections, data 
coi!ections, and industry contacts. The Biometrician I will travel to Cordova several times 
during the season to assist with inseason data analyses and occasionally post season to 
assist with final data analyses and report writing. 

13 



CFMD Regional Supervisor ~ Region U 

I 
Research Supervisor Biometrician Ill 
Anchorage Anchorage 

Fisheries Biologist Ill Biometrician II 
Proj. Leader Cordova Anchorage 

• i 
Fisheries Biologist H f--- Biometrician I 
Asst. Praj. Leader Anchorage 

I 
Cordova 

Fisheries Biologist I Fisheries Biologist I 
Cordova Cordova/Valdez 

I I 
~ 

Tech. II (x2) Tech. iH f--- Tech. II Tech. Ill 
Hatcheries Crew Leader Anchorage Valdez 

Cordova 
.. 

I I 
.....___ Tech. II Tech. ll (x3) ....__ Tech. H VFDA Tech. U (4) 

Wittier Cordova Hatchery Valdez 

Figure 1. Organizational chart of project personnel and related ADF&G CFMD Region II 
supervisory and biometrics staff. 
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E. EXISTING AGENCY PROGRAM 

Alaska Department of Fish and Game permanent staff of biologists and biometricians 
write operational plans and provide overall all supervision for this project. Prince William 
Sound Aquaculture Corporation and Valdez Fisheries Development Association appty tags to 
all species reared in their hatchery facilities. In addition, data and personnel from ongoing 
ADF&G fisheries catch and escapement monitoring and management programs wiU be used 
in conjunction with results of this study to make fisheries catch contribution estimates ano 
formulate stock specific management strategies. 

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS 

All sampling activities for this project occur within fish processing plants of fish hatcheries. 
The ADF&G will coordinate with PWSAC and VFDA with respect to locating samplers within 
their respective fish hatcheries. 

G. PERFORMANCE MONITORING 

The PL is the permanent full time Fisheries Biologist Ill PWS Salmon Research project Leader 
for the ADF&G, Region II, Commercial Fisheries Management and Development Division · · 
(CFMD). The PL is supervised by the ADF&G, CFMD, Region fl, Regional Research 

t<::>uoervlsiJr. The APL is an eleven month permanent season ADF&G employee supervised by 
PL The APL has supervisory authority of a!! project Fisheries Biologist l's and Fish and 

wildlife Technicians. A Biometrician assigned to assist the PL and APL is supervised by an 
ADF&G, Commercial Fisheries Management and Development Division, Region II, 
Biometrician It The PL and the project Biometrician coordinate through the regionaf 
Biometrician 1!, the Regional Biometrician Ill, and the Regional Research Supervisor. The PL 
and APL have equal knowledge of all aspects of this project and can exchange roles in the 
event of a personnel change. In addition, one of the Project Fisheries Biologist l's has 
sufficient knowledge and experience with the project that she could be promoted to the APL 
position and trained in data analysis and report writing tasks very quickly. Biometrics 
responsibilities are interchangeable betvveen the Biometrician I and the Biometrician ll. 
Technician Ill crew leaders with the project can be replaced in the short term by the Fisheries 
Biologist J's. Several Technician It's have been with the project for more than one season af"ld 
qualify as easily trained replacements. 

The PL is a permanent ADF&G employee and can work on project tasks at any time. The 
APL is seasonal but dedicated 11 months to project tasks, Fisheries Biologist rs who assist 
the APL will assume their duties in early June approximately two weeks prior to the onset ot 
recovery activities for pink salmon. Fish and Wild lite T echniclans employed for sampling will 
be hired in mid·June and assume their duties when commercia! or cost recovery fisheries 
commence. Crews sampling in Anchorage, Whittier, and Valdez wl!l be hired locally and will 
provide their own room and board. Project biologists will visit each port and minimum of once 

two weeks to answer questions, and provide quality control supervision. 
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Sampling materials, data forms. and sampling equipment will be purchased or shipped to 
Cordova from the ADF&G Statewide Coded Wire Tag Laboratory no latter than June I, 1993. 
Sampling protocol, data forms, data recording procedures and conventions, data editing 
procedures, and data transmission procedures are aU in accordance with statewide 
standards established by the AOF&G Statewide Coded Wire Tag Laboratory. Data standarcs 
adopted by the ADF&G Statewide Coded Wire Tag laboratory are in accordance with thosE· 
used by the PSMFC. Incomplete censusing of tender loads of fish from fish offload!ng 
conveyors will be tested for randomness when the opportunity for and independent total 
census arises. All data are edited immediately upon completion of sampling and are edited 
twice more by Statewide tag laboratory personnel. 

The project has rea! time in·season as well as longer term post-season products. Real time 
estimates of wild and hatchery catch contributions will be used to make inseason fisheries 
management decisions. Data for inseason estimates will be from important segments of the 
fishery which have the biggest impact on wild salmon populations. Samples from these strata 
will be given top priority. Data sheets will be edited and fogged and together with heads and 
copies of the data log, shipped to the Juneau Tag Lab. Tag laboratory personnel cross 
check aH samples received with the accompanying copy of the data log and work around the 
clock to insure that data editing, entry, tag extraction, tag decoding, and data transmission 
back to Cordova are completed within 36 hours of the time of sample receipt Project 
biologists and biometricians in Cordova complete data analyses of decoded tag data and 
provide fisheries managers with reliable catch stock contribution estimates. 

Following the fishing season processing of all lower priority tag recovery samples will be 
completed by the coded wire tag lab. In addition, all data collected through the season are 
edited again for quality control, and all tags recovered throughout the season will be 
examined a second time to insure that they have been properly decoded. A!! codes will be 
validated with a master Pacific States Marine Fisheries Commission (PSMFC) list of codes 
potentially present in Pacific cast fisheries. Ful!y edited tag code and sampling data from ai: 
samples collected during the season will be forwarded to the Cordova office for final 
summarization and analyses. A complete historic database of coded 4 wire tag information 
from Prince William Sound tagging and tag recovery programs will be maintained by the 
ADF&G statewide coded •.vire tag laboratory, the PSMFC and, the Cordova ADF&G. The 
ADF&G historic fish ticket catch database is maintained by the ADF&G at the Juneau 
headquarters office and in the Cordova area office. All coded wire tagging and recovery data 
and a!! fisheries harvest data are freely available from any of these sources. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

This project is intimately integrated with the pink salmon coded wire tag recovery project 
(94184). The two projects are fully integrated with respect a common project leader, assistant 
project leaders, biometrics support, sampling personnel, Tag Lab personnel, and aU project 
logistics. Both coded wire tag projects wi!l also integrate tender fleet tracking, processor plant 
logistics, and crew scheduling with an existing ADF&G salmon port sampling projects. Loca1 
aquaculture associations which app!y provide ali tagging, fry release, sales harvest, and 
brood stock data necessary for data analysis. Aquacu!ture associations also provide room, 
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board, and logistics support for brood stock samplers at their hatcheries. Air charter and 
oat transportation required to get samplers to remote locations in PWS will be shared with 

projects having similar needs. 

The monitoringt research and restoration objectives of this project are very related to 
ecosystem based research and restoration efforts described in part by the Sound Ecosystem 
Assessment (SEA) plan. Although the SEA project and a related projects focus to some 
extent on pink salmon, pink salmon have many early life history attributes in common with 
chum and sockeye salmon. Chum salmon share the same intertidal stream rearing habitat as 
pink salmon and both chum and sockeye salmon share the migratory corridors used by 
chum salmon. It is likely sockeye and chum salmon share many of the same food resources 
as pink salmon and are preyed upon by the same predator populations. Therefore, some 
study results for pink salmon may be applicable to sockeye and chum salmon and it is also 
likely that considerable data about chum and sockeye salmon will be collected in as part of 
SEA studies of pink salmon and their ecology. Without the release group survival estimates 
from this study~ interpreting and taking advantage of this early life history data for the other 
species of salmon will not be possible. Therefore~ this project is refated to several other 
projects including the suite of SEA projects (94320)~ the Salmon Otolith Marking (94187), and 
the Pink Salmon Egg and Alevin Mortality (94191) projects. These estimates are critical to , 
several components of SEA including those investigating: 

i) salmon survival in relation sea surface temperature and other oceanographic features 
of PWS during the fry and juvenile life stages. 

2) salmon survival in relation to abundance, size, gro\Nth rate, and distribution of pink 
satmon fry and juveniles and, zooplankton population distribution, abundance! and 
species composition, and 

3) salmon survival in relation to abundance, size} growth rate, and distribution of salmon 
fry and juveniles and the abundance distribution, size, and species composition of 
predator populations. 

This project is also directly !inked to the proposed Otolith Marking project (94187). Otolith 
marking is a logical extension of marking technology which will ultimately replace many of tr :3 

functions of coded wire tags and provide more accurate and precise estimates of hatchery 
and wild contributions to salmon catches and escapements in PWS at less expense. 
Howevert until otolith marks can be applied, coded wire tagging and recovery projects wiH. 
continue to provide those estimates. 

I, PUBLIC PROCESS 

The general public has been involved in the development and evolution of the coded wire tag 
program in Prince William Sound since its inception in the early 1980's as a cooperative 
effort between ADF&G and the PWS area private non-profit (PNP) aquaculture associatior~~. 
These PNP's, operated by a broad constituency of commercial, sport, personal use, and 
sut)SI.S;terlce fishers and community representatives, review coded wire tag project plans and 

annually before approving subsequent funding. Operational plans and results of the 
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coded wire tag program are also reviewed periodically by the PWS Regional planning team 
as well as interested fishing industry groups. As part of the Trustee Council NRDA and 
Restoration process the code-wire tag recovery project has also been subject to extensive 
peer review and annuaf public review and comment Results of coded~wire tag projects have 
been presented at the March 1993 Oil Spill Symposium sponsored by the Trustee Council, 
the 1993 Pink and Chum Workshop! the annual Spring meeting of the PWSAC board of 
directors in 1993 and, the Alaska Board of Fisheries in 1994. 

J. PERSONNEL QUALIFICATIONS 

Fisheries Biologist Ill Project Leader - Samuel Sharr 

Mr. Sharr received a Bachelor of Science degree in biology from the University of 
Washington in 1968. He has been a research biologist for ADF&G since 1979 and has 
worked on PWS salmon and herring since 1981. He assumed his present position as the 
ADF&G, Division of Commercial Fisheries, Biologist Ill, PWS Area Fin Fish Research Project 
Leader in 1986, In this capacity* Mr. Sharr oversees all the salmon and herring research 
conducted by the Division of Commercial Fisheries in PWS. His involvement with the PWS 
salmon escapement aerial survey program dates from the early 1980's. Mr.Sharr has 
supervised a total re-edit of the historic aerial and ground survey data and designed a new 
ABASE data base for inseason escapement analyses. Mr. Sharr wrote the original operational 
plans for NRDA F/S Studies 112 and, 3} in 1989 and 1990j and 1991, restoration studies 60A, 
608, and 60C in 19921 and 93137, 93184, and 93191 in 1993 and has been the Principal 
Investigator for all of those projects. Mr. Sharr is also a member of the sclentlfic committee of 
the Prince William Sound Fisheries Ecosystem Planning Group and a co·author of the Sound 
Ecosystem Assessment research plan and science proposal. 

Fisheries Biologist l! Assistant Project Leader - Carol Peckham 

Ms. Peckham has a Bachelor of Science rn Wildlife Biology from the University of Alaska and 
complete all course work requirements for a Masters degree in statistics. She has been 
employed by ADF&G since 1984. As a coHege intern for the ADF&G Stock Biology Group 
Ms. Peckham gained valuable experience in a wide variety of biological sampling and stock 
identification techniques in Cook Inlet and Prince William Sound. Ms. Peckham is been 
involved in coded-wire tag recovery activities ln PWS since their inception and since 1987 she 
has been the Fisheries Biologist in charge of coded-wire tag recovery operations for PWS 
salmon. Her experience lncfudes supervision of sampling activities spread throughout south 
centra! Alaska. She has co~authored several reports in the ADF&G Technical Data Report 
series, interim and final reports for the 1991 NRDA F /S Study #3, the 1992 Restoration Study 
60C, and 1993 Restoration studies 93137 and 93184. 

Biometrician I N David Evans 

David Evans has a Bachelor of Science in so!! science from the University of Nottingham 
{U.K), a Master of Science and a Doctor of Philosophy degree in sol! science from the 
University of Gueiph (Ontario, Canada), and a r~.1aster of Science in statistics from Oregon 
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State University. David has worked with the Alaska Department of Fish and Game since 
October, 1991. His primary responsibility has been analysis of coded-wire-tag data from 
Prince. William Sound. He has designed the statistical procedures and computer spread 
sheets used for inseason analysis of tag recovery data, has overseen most of the post 
season data analyses and has co-authored interim and final reports for the 1991 NRDA F /S 
Study #3, the 1992 Restoration Study 60C1 and 1993 Restoration studies 93137 and 93184. 

K. BUDGET (attached) 
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Attachment 1 . 

ID Wild Sockeye Salmon 
Ta l. r1g· c; 1· ""e ..... 
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Map showing the location of tagging sites for Hatchery and wild 
stocks of salmon which will contribute to adult returns in 1992. 
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EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ September 30, 1994 

Project Description: Stock Identification of Chum, Sockeye, Chinook & Coho in PWS - This project recovers coded wire tags from adult sockeye, chum, 

chinook and coho salmon tagged as fry at four hatcheries in Prince William Sound, It makes estimates of wild and hatchery catch contributions, total 
returns, and survival rates. lnseason catch contribution estimates for hatchery and wild fish permit fisheries managers to modify time and area fishing 
patterns to protect oil damaged wild pink salmon stocks. 

Budget Category: 1993 Project No. '93 Report/ Remaining 
93068 '94 Interim* Cost** Total 

Authorized FFY 93 FFY94 FFY 94 FFY 94 

Personnel $105.8 $36.1 $163.8 $199.9 
Travel $1.1 $0.8 $1.0 $1.8 
Contractual $2.8 $3.2 $17.2 $20.4 
Commodities $0.6 $1.0 $6.0 $7.0 
Equipment $0.0 $0.0 $0.0 $0.0 
Capita! Outlay $0.0 $0.0 $0.0 $0.0 

Subtotal $110.3 $41.1 $188.0 $229 .. 1 
Genera! Administration $16.1 $5.6 $26.9 $32.5 

Project Total $126.4 $46.7 $214.9 $261.6 

Foll·tlme Equivalents (FTE) 2.7 0.7 3.5 4.2 
Dollar amounts are shown in thousands of dollars. 

Budget Year Proposed Parsonneh Reprt/lntrm Reprt/lotrm Remaining 
Position Description Months Cost Months 

Reprt 9 Fish & Wildlife technician II 25.0 
2 Fisheries Biologist II & Ill 2.0 $10.4 2,0 
1 Fisheries Biologist I 1.0 $4.9 3.5 
2 Analyst Programmers !I & IV 0.4 $1.9 0.8 
1 Biometrician 1.0 $5.0 0.0 
1 Publication Specialist 0.2 $0.9 0.4 
2 Fisheries Technicians 11/111 (tag lab) 3.0 $9.6 9.0 

FFY 95 Comment 

$208.9 
$1 .8 The FFY 95 budget may vary depending on 

$17.2 results from FFY 94. 
$1.2 
$0.0 
$0.0 

$229.1 
$32.5 

$261.6 

4.4 

Remaining 
Cost 

$91.5 
$12.0 
$17.1 

$3.8 
$0.0 

$1.8 !1-----------------1 
$30.9 NEPA cost: $0.0 

t--------+----'+"-'"-------i--.......;.$_6~.7-11 *Oct 1, 1993 -Jan 31, 1994 1 Program Manager 0.5 $3.4 1.0 
8.1 $36.1 Personnel Total 4L7 $163.8 ..,Feb 1 1994- Se 30 1994 

07tl4!93 

1 of 3 Project Number: 94137 FORM 2A 
Project Title: Stock ID of , Sockeye, Chinook & Coho in PWS 

I Agency: AK Dept. of ~ ... , .. , ............. ~:~-"" __ ..... . 
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Travel: 

EXXON VALDEZ COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ Septernber 30, 1994 

Reprt 2 RT between Anchorage & Cordova @ $350/trip + $50 per diem 

Supervisory trips to Whittier ($100), Kodiak ($250). & Anchorage {$350} + 2 days per diem@ $150/day 

Contractual; 

lntrm: Air charter to hatcheries 
DOT fleet vehicle 

Remain Air charter to hatcheries, Valdez 
Office rental {Valdez, Whittier) 
DOT fleet vehicles 

07114/93 

Tag Lab head and supply shipments 
Tag Lab computer repair 

Page 2 of 3 

Print~d: 3/10/94 12:02 PM 

Travel Total 

Contractual Total 

Project Number: 94137 
Project Title: Stock ID of Chum, Sockeye, Chinook & Coho in PWS 
Agency: AK Dept. of Fish & Game 

!.-------------------------~·-···········--····-··· 

Reprt/lntrm Ramainina 
$0.8 $0.0 

$0.0 

$0.8 

$2.0 
$1.2 

$3.2 

$1.0 

$1.0 

$7.0 
$2.0 
$3.2 
$4.0 
$1.0 

$17.2 
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EXXON VAlDEZ TRUSTEE COUNCil 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 - September 30, 1994 

Commodities: 

Reprt Professional and scientific supplies (rain gear, gloves~ knives, etc.) 
Rain gear, gloves, knives, sampling kits, supplies 
Tag lab supplies 

Equipment: 

07/14/93 

Page 3 of 3 

Commoditie$ Total 

E ul ment Total 
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EXXON VALDEZTRUSTEE COUNCIL 
FY 94 DETAILED PROJECT DESCRIPTION 

A. COVER PAGE 

Project title: Survey to Monitor Marine Bird and Sea Otter Populations in Prince 
William Sound during Winter 1994 

Project ID number: 94159 
Project type: Restoration Monitoring 
Name of principal investigator(s): Beverly A. Agler 
Lead agency: U.S. Department of the Interior, Fish and Wildlife Service 
Cooperating agencies: None 
Cost of project/FY 94: $188,600 
Cost of project/FY 95: $260,000 
Cost of Project/FY 96 and beyond: $43,000 
Project Start-up/Completion Dates: January 1, 1994/April30, 1995 
Geographic area of project: Prince William Sound 

Project Manager:·~~ate:~ 
David B. Irons, Wildlife Biologist 
DOf~FWS (Region 7) 



B. INTRODUCTION 

The waters and shorelines of Prince William Sound (PWS) support abundant 
marine bird and sea otter populations throughout the year (lsleib and Kessel 1973s 
Hogan and Murk 1982, Irons et al. 1988a). Potentia! injuries to marine birds from 
exposure to the TN Exxon Valdez oil spill included, but were not limited to, death, 
changes in behavior, and decreased productivity. Post-spiU studies, identical to 
the one proposed here, suggested that the population abundance of sea otters 
(Bum ms) and several marine bird species (Kiosiewski and Laing ms) declined as 
a result of the oil spill. Using surveys by small boats, this project will collect 
additional information on the winter distribution and abundance of marine birds and 
sea otters in PWS. These post-spill data will be compared to data collected 
previously to ascertain trends in marine bird and sea otter distribution and 
abundance in PWS. This project will benefit restoration of PWS by determining 
whether populations that declined due to the spill are recovering and identifying 
which species are still of concern. 

C. PROJECT DESCRIPTION 

1. Resources and/or Associated Services: 

Marine birds and sea otters (Enhydra lutris) are the targeted resources. Nearly 
30,000 bird (Piatt et aL 1990) and 900 sea otter (DeGange and Lensink 1990) 
carcasses were recovered following the spill. Of these totals, 3,400 bird (Piatt et 
aL 1990) and 490 seaotter (DeGange and Lensink 1990) carcasses were from 
PWS. Based on modeling studies using carcass search effort, and population 
data, an estimated 300,000 • 645,000 marine birds were killed in PWS and the 
northern Gulf of Alaska by the oil spill (Ecological Consulting, Inc. 1991 ). The 
majority of these birds were murres ( Uria spp.; Piatt et al. 1990). The number of 
sea otters killed in PWS by the spill was estimated to be 2,800 otters (Garrott et 
al. 1993) .. These estimates are probably low because they only include direct 
mortality occurring in the first five months after the spill and do not include chronic 
effects or loss of reproductive output. 

The U.S. Fish and Wildlife Service conducted boat surveys of marine bird and sea 
otter populations in PWS in 1972-73 {Dwyer et al. 1976), 1984~85 (Irons eta!. 
1988b}, and several years following the spill (1989, 1990, 1991, and 1993; 
Klosiewski and Laing ms, Agler et aL ms). These surveys documented overall 
declines in PWS marine bird populations between the early 1970's (Dwyer et aL 
1976) and the years after the spilL Species and species groups found to decline 
(Kiosiewski and Laing ms) were cormorants (Phalacrocorax spp.), scoters 
(Melanitta spp.), black oystercatcher (Haematopus bachmanf), scaup (Aythya 
spp.), glaucous~winged gull (Larus glaucescens), black-legged kittiwake (Rissa 
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tridactyla), Arctic tern (Sterna paradisaea), pigeon guillemot (Cepphus columba), 
Brachyramphus (marbled and Kittlitz's) murrelets (B. marmoratus and brevirostris), 
and northwestern crow (Corvus caurinus). Differences were also detected 
between the oiled area and non-oiled area. Nine species or groups (cormorants, 
harlequin duck (Histrionicus histrionicus), black oystercatcher, pigeon guillemot, 
northwestern crow, loons {Gavia spp.}, mew gull (Larus canus), Arctic tern, and 
seaters) declined more in the oiled area (Kiosiewski and Laing ms). Specific 
studies of three of these species ft harlequin duck (Patton ms), black oystercatcher 
(Andres and Cody ms}, and pigeon guillemot (Oakley and Kuletz ms)­
corroborated the population changes found by the boat surveys. 

Burn (ms), using data from the boat surveys, documented declines in sea otter 
abundance in shoreline habitats of PWS following the spilL He also detected a 
continuing pattern of significantly lower sea otter densities in oiled coastal areas, 
suggesting that mortality in or displacement of sea otters from these areas 
occurred. 

Winter surveys were previously conducted in 1990, 1991, and 1993, but several 
more years of data collection are needed. Monte Carlo simulations using these 
data examined the estimated power of the abundance estimates. The simulations 
showed that power increased substantially for simulated sampling regimes in 
which data were collected every year rather than every other year over a 9-year 
period (Klosiewski and Laing ms). 

This project has several benefits. Restoration of marine bird and sea otter 
populations requires population estimates to determine whether recovery is 
occurring or if declines are continuing. This project will benefit marine birds and 
sea otters by revealing species that show continuing injury due to the TN Exxon 
Valdez oil spilL This information is necessary to plan meaningful restoration 
actions. 

This project will also provide valuable information on the distribution and habitat 
use of these species. Survey data from this project have been used for these 
purposes by investigators of other studies on pigeon guil!emots (G. Sanger, pers. 
comrn.L marbled murrelets (K. Kuletz, pers. comm.), black oystercatchers {B. 
Andres, pers. comm.), and sea otters (Bum, ms). Survey methods are flexible 
enough to provide for collection of more detailed information (such as age class 
data) if such information is requested by other investigators. 
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2. Relation to Other Damage Assessment/Restoration Work: 

Restoration of marine bird and sea otter populations requires population estimates 
to determine whether recovery is occurring or if declines are continuing. The 
Trustee council has supported three years of winter marine and sea otter 
populations {1990, 1991, and 1993). Survey data from this project have been 
used by investigators of other studies on marbled murrefets (K. Ku!etz, pers. 
comm.}, black oystercatcher (B. Andres, pers. comm), pigeon gui!lemots (G. 
Sanger, pers. comm.}, and sea otters {D. Burn, pers. comm.). 

3. Objectives 

The purpose of this study was to obtain annual estimates of the winter population 
of marine birds and sea otters ln PWS to monitor the recovery of species whose 
populations may have declined due to the TN Exxon Valdez oil spill. The specific 
objectives of this project are: 

a. To determine distribution and estimate population abundancet with 95% 
confidence limits, of marine bird and sea otter populations in Prince 
William Sound during March 1994; 

b. To determine whether the marine bird species whose populations declined 
more in oiled areas than in non-oiled areas of PWS have recovered; 

c. To examine the relative abundance of common species groups using data 
collected in March 1972, 1973, 1990, 1991, and 1993. 

d. To support restoration studies on harlequin duck, black oystercatcher, 
pigeon guillemot. marbled murrefet, and sea otters by providing data on 
population changes, distribution, and habitat use of PWS populations. 

4. Methods 

a. Study Area 

Prince William Sound (approximately 60° 30' N, 14r W) is a large embayment 
of the northern Gulf of Alaska. The rugged coastline is dominated by the 
Chugach Mountainsr which drop precipitously to the shoreline in an intricate 
pattern of fjords and bays. Including the mainland and more than 150 islands, 
PWS contains over 5000 km of shoreline. The depth of PWS varies from less 
than 1 fathom (2m) on Middle Ground Shoal to more than 475 fathoms {870 
m) east of lone Island. The study area includes all water within PWS, as well 
as !and within 100 m of the shoreline. The waters on the Gulf of Alaska side 
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of Montague, Hinchinbrook and Hawkins Islands, as well as Orca Inlet, are 
excluded. 

b. Sampling Methods 

Survey methodology will remain identical to that of post-spill surveys 
conducted in 1989, 1990, 1991, (Kiosiewski and Laing ms) and 1993 (Agler et 
aL ms). For these surveys, we will use three 25-foot fiberglass boats, which 
are currently under U.S. Fish and Wildlife Service jurisdiction. 

A stratified random sampling design containing 3 strata, shoreline, coastal· 
pelagic, and pelagic, will be used. The shoreline stratum includes all water 
within 200 m of shoreline, the strip of land within 100 m of the shore, and air 
space to an altitude of 100m (K!osiewski and Laing ms). Irons et at. 
(1988a,b) divided the shoreline stratum of PWS into 742 transects. For the 
March survey, the number of transects are reduced to 13°/o of the total 
shoreline transects available because \Neather delays often extend the time 
required to complete the survey. 

Both the coastal-pelagic and pelagic strata consist of plots of water delineated 
by 5~minute latitude and longitude intervals and exclude any water within 200 
m of the coast. Coastal-pelagic plots intersect more than i nm (nautical mile) 
of shoreline, while pelagic plots intersect less than 1 nm of shoreline. Two 
north-south transect lines located i minute inside the east and west 
boundaries of each coastal-pelagic and pelagic plot are surveyed. When a 
plot is too small to contain two transects due to intersection with Iandt it is 
combined with an adjacent plot 

c. Data Analysis 

.As in p.revious surveys (Kioslewski and Laing ms, Agler et al. ms), we will use 
a ratio estimator (Cochran 19n) to estimate population abundance. Each 
stratum population for a given species or species group will be calculated as; 

{1) 

where: 
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Y~ population estimate for a stratum 
x~ total area of all transects in the stratum 

n 

Eyi 
fl.,!::._ 

n 
LX{ 
f~1 

Estimated variance of the population estimate will be calculated as follows: 

(2) 

where: 

V( Y)"' estimated variance of Y 
Yr number of birds counted on ith transect 
X{" area of ith transect sampled 
N= total number of transects in the stratum 
n::: number of sampled transects in the stratum 
;., mean area of all transects sampled in the stratum 

For the coastal-pelagic and pelagic strata$ there will be two deviations from the 
procedures shown. First, we will estimate y1 as the density of birds counted in 
transects multiplied by the area of the sampled block. Second, we wm not 
include the finite population correction factor (fpc= (N·n)/N) shown in the 
variance formula {Formula 2} because the transect lines within plots are 
chosen systematically ratherthan randomly. 

Population es1imates for each species and species groups will be added to 
other post-oil spin population estimates to determine population trends. 
Regression analyses will be used to detennine the recovery of injured species 
and population changes of other species. 

d. Alternatives 

We considered using aerial surveys as an alternative to boat surveys. 
Visibility bias is the main disadvantage to conducting marine bird surveys from 
the air. For example, in July 1989, boat-based observers surveyed 1/3 of the 
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PWS shoreline and counted 982 harlequin ducks; whereas, aerial observers 
counted only 705 for the total shoreline of PWS (Kiosiewski and Hotchkiss 
ms). Accompanying this bias is a high variance in 'population estimates. 
Moreover, aerial surveys have typically required the same amount of time to 
complete because of flying limitations imposed by PWS weather, thus aerial 
surveys offer no temporal advantage. 

5. location 

This study will be conducted in PWS. The study area includes all water within 
PWS, as well as land within 100 m of the shoreline including oiled and non~oiled 
areas. The waters on the Gulf of Alaska side of Montague, Hinchinbrook and 
Hawkins Islands, as well as Orca Inlet, are excluded. 

6. Technical Support 

All technical aspects, such as GIS, will be conducted by project personnel, 
therefore outside technical support is not needed. 

7. Contracts 

This project includes one contract of approximately $18,000 for logistical support 
A vessel large enough to provide lodging and meals for 9 people and 300 ga!fons 
of fuel per day will be chartered for logistical support and safety during the winter 
survey. 
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Agler, B. A., P. E. Seiser, S. J. Kendall, and D. B. Irons. ms. Marine bird and sea 
otter populations of Prince William Sound, Alaska: population trends following 
the TN Exxon Valdez Oil Spill. Restoration Project No. 93045. UnpubL 
Rep., U. 8. Fish and Wild!. Serv., Anchorage, Alas. 60 pp. 

Andres, 8. A. ms. The effects of the Exxon Valdez oil spill on black 
oystercatchers in Prince William Sound, Alaska. NRDA Bird Study Number 12 
and Restoration Study Number 17. Unpub!. Rep., U. S. Fish and Wild!. Serv., 
Anchorage, Alas. 39 pp. 

Bum, D. M. ms. Boat-based population surveys of sea otters (Enhydra lutris) in 
Prince William Sound, in response to the Exxon Valdez oil spilL NRDA Marine 
Mammal Study Number 6. U.S. Fish and WildL Serv., Anchorage, Alas. 

Cochran, W. G. 1977. Sampling Techniques. John Wiley and Sons, Inc. New 

7 



York, NY. 428 pp. 

DeGange, A. R., and C. J. Lensink. 1990. Distribution, age, and sex composition 
of sea otter carcasses recovered during the response to the TN Exxon Valdez 
oil spilL Pages 124-129 inK. Bayha and J. Kormendy, eds. Sea otter 
symposium: proceedings of a symposium to evaluate the response effort on 
behalf of sea otters after the TN Exxon Valdez oil spill into Prince William 
Sound, Anchorage, Alaska, 17~19 April 1990. U.S. Fish and Wild!. Serv., BioL 
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Number 2. Unpubl. Rep., U.S. Fish and Wild!. Serv., Anchorage, Alas. 85 pp. 
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ecology of pigeon guillemots at Naked Island, Prince Wi!!lam Sound, Afaska, 
before and after the Exxon Valdez oil spilt Bird Study Number 9. U.S. Fish 
and Wild!. SeN., Anchorage, Alas. 64 pp. 

Patton, S. ms. Injury assessment of hydrocarbon uptake by sea ducks in Prince 
William Sound and the Kodiak archipelago, Alaska. NRDA Bird Study Number 
1 i. Draft Report Alaska Dept Fish and Game, Anchorage, Alas. 

Piatt, J. F., C. J. Lensink, W. Butler, M. Kendziorek, and D. R. Nysewander. 
1990. Immediate impact of the 'Exxon Valdez' oil spill on marine birds. Auk 
107:387-397. 

D. SCHEDULES 

1. FY1994 Milestones 

Jan - Feb 94: Prepare Detailed Study Plan, hire personnel, make logistical 
arrangements for winter survey 

Mar 94: Conduct winter survey in PWS 

Apr 94: Return equipment and personnel to Anchorage, enter data, and 
clean and store equipment 

Sept 94: Analyze data from March 1994 survey 

2. FY1995 Milestones 

Oct 94: Compile report of 1994 survey 

Nov 30, 94: Draft Report to Oil Spill Coordinator 

Jan 15, 95: Draft Report to Peer Revlev~ Committee 

Apr 30, 95: Final Report complete 

9 



3. Project Personnel 

JOB TITLE GS MONTHS RESPONSIBILITIES 
LEVEL -------

FY 94 FY 95 
-----------------------·---------------

Project Leader GS-9/11 Jan ~ Sep Oct ~ Feb 1) coordinating the collection of field 
data 

Biologist 

Biological 
Technician 

GS-9 
GS-9 

GS-5 
GS-5 
GS~5 

GS-5 
GS-5 
GS-5 

Mar- Aug 
Mar· Aug 

Mar~Apr 

2) timely reporting of data in draft 
and final reports 

Oct- Feb 1) assist project leader 
2) coordinates logistics for field 

swveys 
3) organizes G!S database 

1) participates in data collection 
2) assists with logistics and 

preparation of equipment 
3) performs data entry 

--------- -------------------------- -------------------------------
4. logistics 

Surveys will require the use of three 25-foot vessels that are currently under U.S. 
Fish and Wildlife Service jurisdiction. In addition, a larger vessel will be chartered 
for fuel, lodging, and meals in remote areas during the winter survey. 

E. EXISTING AGENCY PROGRAM 

The Divisiqn of Migratory Bird Management of USFWS monitors reproduction of 
black-legged kittiwakes in PWS with base money. Without funding from the 
Trustee Council, winter seabird populations would not be monitored by USFWS. 
With approval of the forage fish studies in PWS, Project 94320 will be collecting 
data on forage fish ($600 K). Project 94102 will be collecting data on murre let 
foraging requirements ($231.5 K), and Projecf94173 will be the Pigeon guillemot 
recovery monitoring project ($201 .1 K) in PWS. 
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F. ENVIRONMENTAL COMPLIANCE/PERMIT COORDINATION STATUS 

This study relies on observations from boats and is a non-intrusive study. Based 
on a revie\N of the CEO regulation 40 CFR 1500~ 1508, this study has been 
determined to be categorically exempt from the requirements of NEPA in 
accordance with 40 CFR 1508.4. 

G. PERFORMANCE MONITORING 

Chief of Migratory Bird Management - Robert Leedy 
Project Leader, Marine and Coastal Bird Project - Kenton D. Wohl 
Project Manager, Marine Bird and Sea Otter Surveys- David B. Irons 
Principal Investigator, Marine Bird and Sea Otter Surveys - Beverly A Agler 
Assistant Principal Investigator, Marine Bird and Sea Otter Surveys- Pam Seiser 
Assistant Principal Investigator, Marine Bird and Sea Otter Surveys- Steve Kendall 

The Assistant Principal Investigators and Biological Technicians report to the 
Principal Investigator. The Principal Investigator reports to Project Manager. The 
Project Manager is supervised by the Project Leader of the r ... 1arine and Coastal 
Bird Project, and the Project Leader is supervised by the Chief of Migratory Bird 
Management 

2. Backup Strategies 

If personnel changes occur, replacements will be hired and trained accordingly. 
Despite personnel changes and other logistical obstacles, Migratory Bird 
Management has successfully conducted this type of survey for several years; 
therefore, have proven project time frames can be met. 

3. QuaHtyMassurance and Control Plan 

To ensure that project design and procedures are followed, ( 1) all crew members 
will partake in training surveys prior to initial surveys, (2) one person on each boat 
will be responsible for maintaining consistent data collection procedures, (3) 
standardized forms will be used during data collection, (4) data forms will be 
checked at the end of each day to ensure the integrity of the data, and (5) all data 
entered into the computer will be carefully checked for errors. In addition, an 
observer manual and a transect guide were developed to maintain consistency in 
data collection over time and among obserlers. Use of global positioning systems 
(GPS) for finding and checking transect coordinates will help insure data accuracy 
as well. 
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H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

This project will provide valuable information on the distribution and habitat use of 
marine and coastal birds and sea otters in PWS. This project is being coordinated 
with other 001-FWS and NBS seabird monitoring studies in PWS and elsewhere {ie.~ 
Lower Cook Inlet, Southeast Alaska). Survey data from this project will be 

available for use by investigators of other studies on harlequin ducks. marbled 
murrelets, black oystercatchers, and sea otters. 

I. PUBLIC PROCESS 

A work plan describing the proposed FY94 study was submitted to the Exxon 
Valdez Trustee Council in the fall of 19931 and this document was available to the 
public for review. The final report of this project will be available upon request to 
the general public. The private business sector are being given the opportunity to 
bid on the 1994 vessel contract 'Nork. 

J. PERSONNEL QUALIFICATIONS 

1. Principal Investigator • Beverly A. Agler, Wildlife Biologist~ GS-9/11. 

Beverly Agler received her M.S. degree in Wildlife Management from University of 
Maine, Orono in 1992 and her B.A. degree in Human Ecology from College of the 
Atlantic in 1 981. Ms. Agler has worked for the U. S. Fish and Wildlife Service 
since May, 1993 as Project leader of the Prince William Sound, Lower Cook Inlet, 
and Southeast Alaska population surveys of marine birds and sea otters. Prior to 
her arrival in Alaska, she participated in a joint National Science Foundation, 
National Oceanographlc and Aeronautics Administration, University of Washington, 
and College of the Atlantic study of Antarctic seabirds and marine mammals. For 
over 1 0 years, she was the Project Director of the North Atlantic Fin Whale 
Catalogue,_ based at College of the Atlantic in Bar Harbor, Maine. She 
coordinated a collaborative study of fin whales in the western North Atlantic, 
including coordinating photographic identification of individuals, and genetic 
differentiation of individuals using skin biopsies. In addition to her work at College 
of the Atlantic, Ms. Agler was the Head Naturalist for Maine Whalewatch in 
Northeast Harbor, Maine, In thfs position, she fed day~ long offshore trips to study 
marine mammals and seabirds. 

Selected Publications: 

Agler, B. A 1992. Photographic identification of ind!vldual fin whales {Bafaenoptera physaJus) in 
the Gulf of Maine. Master's Thesis, University of Maine, Orono. 157 pp. 
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Agier, B. A. 1992. Testing the reliability of photographic identification of individual fin whales 
(Bafaenoptera physalus). Rep. Int. What Comrnn. 42:731-7. 

Agler, B. A., and S. K. Katona. i987. Photo·identification of finback whales. Whalewatcher 21:3-
6. 

Agler, B. A., S, K. Katona, and B. Bowman. 1988. Maine's biggest wildlife mystery: a Maine 
endangered and nongame wi!d!lfe fund project report Maine Fish and Wildlife 30:10-1. 

Agler, B. A., J. A Beard, R. Bowman, H. D. Corbett, S. E. Frohock, M.P. Ha1.wermale, S. K. 
Katona, S. S. Sadove, and!. E Seipt 1990. Fin whale, {Balaenoptera physa!us) 
photographic identification: methodology and preliminary results frorn the western North 
Atlantic. Rep. !nt. Wha!. Cornmn (special issue 12):349-56. 

Agler, B. A, K. A. Robertson, D. DenDanto, S. K. Katona, J. M. Allen, S. E. Frohock, I. E. Seipt, 
and R. S. Bowman. 1992. The use of photographic identification for studying individuai fin 
whales (Balaenoptera physalus) in the Gulf of Maine. Rep. int. Whal. Commn 42;711-22. 

Agler, B. A., R. l. Schooley, S. E. Frohock, S. K Katona, and I. E. Seipt 1992. Reproduction of 
photographically identified fin whales, Balaenoptera physalus, in the Gulf of Maine. J. Mamm. 
7 4(3} :577-87. 

Agler, B. A. In review. The effects of photographic matching errors population estimates of fin 
whales using capture-recapture data. Submitted to Rep. lnt. Wha!. Commn. 

Agler, B. A, K. A. Robertson, and D. DenDanto. In review. The value of scars for the photo­
identification of lnd!vldual f!n whales. Submitted to Can. J. ZooL 

2. Project Manager - David B. Irons, Ph.D, Wildlife Biologist, GS-12. 

David irons received his Ph.D from the U. of CA, Irvine in 1992. His 
dissertation was on the foraging ecology and breeding biology of the black~!egged 
kittiwake. The field work for this study was conducted in Prince William Sound. 
Irons received his M. S. from Oregon State University in 1982 where he studied 
foraging behavior of glaucous-winged gulls in relation to the presence of sea 
otters. Irons conducted marine birds and sea otter surveys in PWS in 1984 and 
1985. He has been studying kittiwakes in PWS for 11 years and completed EVOS 
kittiwake damage assessment study. Irons has overseen several seabird studies in 
the past few years including a marine bird and sea otter survey in PWS and in 
Cook Inlet$ a seabird monitoring study on Little Diomede Island, and a cost of 
reproduction study on kittiwakes. Irons has authored and co-authored several 
reports and publications on seabirds and has made several presentations at 
scientific conferences. 

Selected Seabird Publications: 

Irons, D. B. 1992. Factors affecling black·legged kittiwake reproductive success. UnpubL Ph.D 
Dissertation. Univ. of Ca.Hfomia, Irvine. 
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-·······-·····' R. G. Anthony, and J. A. Estes. 1986. Foraging strategies of glaucous-winged gulls in a 
rocky intertidal community. Eo:;,logy 67:1460-74. 

__ . !n review. Size and productivity of black-legged kittiwake colonies in Prince WilHam 
Sound, Alaska before and after the TN Exxon Valdez ol! spill. Submitted to Auk. 

In prep. Foraging site fidelity and tidal rhythms ln individual bfack-!egged kittiwakes. 

--· In prep. Flexible foraging behavior in seabirds: short-term buffer and long-term tradeoff? 

In prep. The role of food availability in sibling aggression and brood reduction of the 
black-legged kittiwake. 

Hatch, S. A., G. V. Byrd, D. B. Irons, and G. l. Hunt. 1993. Status and ecology of kittiwakes in 
the North Pacific Ocean. Pages 140-53 inK. Vermeer, K. T. Briggs, K. H. Morgan, and D. 
Siegel-Causey, eds. The status, ecology and conservation of marine birds of the North 
Pacific, Can. WHd!. Serv., Spec. PubL, Ottawa, Canada. 

Hogan, M. E., and D. B Irons. 1986. Waterbirds and marine mammals. Pages in M. J. Hameed!, 
and D. G. Shaw, eds. Environmental management of Port Valdez, Alaska: scientific basis and 
practical resul1s. Springer-Verlag, New York 

Vermeer. K., and D. B. Irons. 1991. The glaucous-winged gull on the Pacific Coast of North 
America. Acta Twentieth Congressus lnternaHonalis Ornithogici:2378·83. 

K. BUDGET 

Cost breakdowns for the FY94 restoration project are shown on Forms 2A and 28. 
The cost shown for FY94 ($188.6K) is the amount necessary to write the FY93 
report ($41.6K), conduct the winter survey ($104.6), and prepare the FY94 report 
($42.4K}. 
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NOAA 

U.S Fish and Wildlife Service, USFWS 
Alaska Department of Fish and Game, 
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March 1, 1994 ~ September 30, 1994 

Prince William Sound 



B. INTRODUCTION 

C. PROJECT DESCRIPTION 

This is a mufti-year project designed to estimate the degree of diet overlap among 
forage fish species in PWS. The carrying capacity of PWS tor forage fish is a 
function of primary and secondary productivity and the degree of prey resource 
partitioning (Cooney 1993). Our present lack of knowledge regarding prey resource 
partitioning among forage fish limits our .ability to estimate the carrying capacity of 
PWS {Cooney 1993}. Prey resource partitioning among forage fish species is a 
function of the degree of habitat and diet overlap among species. The NOAA 
contractor wm evaluate the degree of habitat overlap among forage fish species. 

A pilot study wiU be conducted during the first year of the project to obtain data 
needed to refine sample sfze estimates* evaluate several analytical techni.ques for 
describing diet overlap and prey electivity, and determine if prey categories can be 
pooted in future years. lnaddition, we will test for differences in prey composition 
{abundance & biomass) and stomach fullness(% body weight) between two 
laboratories. The results from the first year of study will be used to refine the 
study design used in the future years. 

1. Resources and/or Associated Services: 

This project will focus on adult and juvenile fish that compose the prey resource.s 
{forage fish) used by apex predators (marine birds and mammals). Important forage 
fish species may include Pacific herring (Ciupea harengus pallasii, Pacific sand!ance 
(Ammodytes hexapterus), capelin (Mallotus villosus), walleye pollock (Theragra 
chalcogramma), Pacific cod (Gadus macrocephalus), and juvenile salmon 
{Oncorhynchus spp, ). The information obtained from the study win also contribute 
to our understanding of the mechanisms affecting population dynamics of forage 
fish. 

2. Relation to Other Damage Assessment/Restoration Work: 

This project will complement the Sound Ecosystem Assessment {SEA} program. 
SEA is a multi-disciplinary program designed to develop an understanding of the 
mechanisms regulating ecosystem function in PWS. During its first year, SEA will 
focus on the interactions of pink salmon and herring with other components of the 
PWS ecosystem. The Salmon Predator and Salmon Growth and Mortality 
components of the SEA program witt collect samples for this project during the 
May and June sampling periods {Table 1 ). 
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3. Objectives: 

This project wm achieve the following objectives during the 1994 season: 

1 . Collect samples of forage fish for analysis of stomach contents as well as 
available prey {zooplankton and epibenthic invertebrates) in three habitat 
types during four tJme periods. 

2. Conduct laboratory analyses of epibenthic invertebrate/zooplankton 
samples and fish stomach contents. 

3. Test for differences in the measurement of prey composition {abundance 
& biomass) and stomach fullness{% body weight) between laboratories. 

4. Assess diet changes in prey composition and diet overlap. 

5. Evaluate statistical/quantitative techniques for describing diet overlap and 
dietary preference and develop sample size estimates for the 1995 
season. 

4. Methods: 

Objective 1: 

A stratified·random sampling design will be employed to estimate diet overlap and 
prey e!ectivity among forage fish species. Strata will be established based upon 
date {May, June, July, August} and habitat type (shallow bay, moderate-slope 
passage~ offshore). Site will be used as the sample unit in the analysis. Samples 
wm be collected between 1500 and 2100 hours from approximately 12 randomly 
selected sites within each stratum. A randomly selected sample of fifteen 
individuals (whole fish) will be preserved (10% buffered formaldehyde solution} 
from each species in each net set. In cases where distinct size classes occur within 
species .. samples will be preserved from each size class. Size related shifts in diet 
have been noted in several fish species including Pacific cod (Gadus 
macrocephalus, Livingston 1989) and walleye pollock {Theragra chalcogramma, 
Dwyer et at 1987), 

During May and June, the field sampling for this project will be conducted as part 
of the SEA program (Salmon Growth and Mortality and Salmon Predation 
components). In nearshore habitats and shaUow bays, fish will be collected using 
tow nets (5 m X 3 m, 1.0 em stretch mesh in codend}, beach seines (40 m long, 
0.5 cmstretch mesh), and purse seines (70 m long, 0.5 em stretch mesh) 
deployed from a 6 m long aluminum skiff. An approximately 25 m long vesselwill 
provide logistical support to the field crew (see SEA: Salmon Growth and Mortality 
DPD). In shaUow nearshore habitats, fish schools will be located from visual 
surveys. The Nearshore Fish component of the SEA program will provide data on 
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fish distribution to the sampling crew. Fish schools will be randomly sampled. An 
approximately 25 m trawl vesset will sample fish in offshore areas using a 40 m .x 
28 m mid•water wing trawf equipped with a net sounder (see SEA: Sal.mon 
Predator DPD). The cod end of the the trawl wm be linedJNith approximately 2.0 
em stretch,-mesh web to retain small specimens. Data from the net sounder wiU be 
used to insure that the number of fish caught in each set does not greatly exceed 
required sample sizes. A smaller mid-water trawl net 5 m x 3 m (cod-end 1 .o em 
stretch mesh) wm be used to sample small fish in deep water areas. 

During July and August the field sampling for this project will be conducted in 
cooperation with the NOAA contractor. The sampling gear used in nearshore 
habitats will be the same at that described above {see SEA: Salmon Growth and 
Mortality DPD). In offshore habitats, samples wm be collected with a mid-water 
trawl net. Net specifications wit! be determined by the NOAA contractor. 

Quantitative samples of available prey resources wilt be collected at each site 
where fish are taken for stomach contents analysis. A ring~net {0.5 m d!ameterf 
100 micron mesh) wm be towed vertically from 2 m above the substrate to the 
surface. Epibenthic prey wilt be sampled with a pump at five replicate sites near 
each net-set site. A plexiglass frame (0.6 m x 0.6 m x 1 m) witt be placed over the 
substrate at each sample site, and epibenthic animafs removed with the pump. 
Each sample wiU be passed through a ring net { 100 micron mesh) to retain prey 
animals. Epibenthic invertebrate samples from the five replicate sites wHI be 
combined in a single sample bottle. AU samples will be preserved in 10% buffered 
formaldehyde solution. 

Objective 2: 

Stomach contents analyses will be conducted after a minimum of 20 days of 
preservation in 10% formaldehyde solution. Whole fish will be blot dried, weighed 
to the nearest 0.01 g, and measured to the nearest 0.5 mm. Fish wet weight will 
be converted to dry weight using literature conversion factors when possible (Votk. 
et al. 1984, Harris 1986). If literature vatues are not available, .. wet weight to dry 
weight conversion factors will be estimated from a sample (n = 100} .of individuals 
from a range of sizes. Total stomach weight including contents and lining will be 
measured to an accuracy of 0, 1 mg. Fish showing evidence of regurgitation will 
not be included in the analysis. A sample of individuals from a range of sizes 
{n = 100) wm be used to estimate a regression equation relating fish total length to 
stomach lining weight. Totat stomach contents weight will be estimated by 
subtracting estimated stomach tining weight from total stomach weight. Prey items 
in the gut will be identified to the lowest possible taxonomic level and enumerated. 
Prey biomass in each category wilt be estimated by the product of prey abundance 
and average prey dry weight (Cooney et at 1981, J. Landingham pars. comm.). 
When literature values are not aval1able, mean dry weight will bedetermined by 
weighing a sampfe of intact specimens of each taxon dried at sooc until weight is 
stabilized. Diet composition will be expressed as a proportion of total abundance 
and stomach contents weight. Stomach fullness wm be expressed as a proportion 

4 



of fish body (dry) weight. 

The composition of available prey resources will be estimated from laboratory 
analyses of ring net and epibenthic pump samples. Zoopla(lkton and epibenthic 
invertebrates will be identified to the lowest possible taxonomic level. A Hansen­
stempel pipette will be used to coHect two 1 ml random subsamples from each 
sample bottle. Animals will be identified and enumerated in each subsampte. Total 
biomass in each taxonomic group wilf be estimated by the product of average body 
weight and abundance. Literature values for average body weight of each species 
or size class will be used when available {Cooney et at 1981, J. Landingham pars. 
comm.). When literature values are not available, mean dry weight will be 
determined by weighing a sample of intact specimens from each taxon dried at 
sooc until weight is stabilized. The composition of available prey will be described 
by pooling the data from epibenthic and zooplankton samples standardized to a 1 
m2 surface area. 

Objective 3: 

A subsample of each forage species/size~class from each site (n ~ 5 fish) will be 
sent to each of the two laboratories for analysis of stomach contents. A Paired~t 
statistic wm be used to test tor differences between laboratories in the 
measurement of absolute and relative abundance and biomass of each prey item 
and in the measurement of stomach fullness. A Multivariate analysis of variance 
(MANOVA} statistic will be used initially to test for no overall laboratory effect on 
diet composition of each forage fish. Tests will be conducted at the P = .05 
significance level. 

Objective 4: 

Forage fish samples {n = 15} will be collected for stomach contents analysis in one 
habitat type at midnight~ 0400, 0800, 1200. 1600, and 2000 hours. A study area 
will be selected where several species of forage fish are available. Samples will be 
collected and processed as described under objectives 1 & 2. MANOVA (for 
biomass data} and a discrete data analysis {for abundance data) will be used to test 
for temporal changes in diet composition of the forage fish species. A 
tranformation of the data may be required for analysis of variance procedures 
{Willette 1993). Diet overlap indices (see objective 5) will be used to evaluate die! 
patterns of diet similarity between pairs of forage fish. If significant diet changes in 
diet overlap are detected, time of day will be incorporated into the sampling design 
in future years. 

Objective 5: 

Several statistical/quantitative methods of assessing diet overlap and prey 
composition patterns will be investigated. Occurrence rates of prey items in the 
diet of each forage species will be recorded prior to pooling the data from each net 
sample. Diet overlap indices such as Morisita's {1959) Measure for abundance 
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data and Horn's {1966) Index for biomass data will be used to describe the degree 
of diet overlap between pairs of forage species and to test for differences among 
habitat types (see Krebs 1989). A Multivariate ordination method (e.g •• 
correspondence analysis) will be used to graphicaUy evaluate diet similarity 
patterns and prey resource composition and to test for differences in diet and prey 
composition among habitat type$ (see ludwig and Reynolds 1988# Digby and 
Kempton 1987}. lvlev's (1961) electhtfty index and Manly1S alpha (Manly et aL 
1972} wiiJ be used to measure dietary preferences of each forage species. 
Preference for each avaUabte prey item wm be compared among forage species and 
habitat types. MANOVA methods will be used to statistically assess prey and diet 
composition and dietary preference (e.g.; Manly 1986. Johnsonand Wichern 
1988}. If necessaryt the data will be transformed to meet the assumption of 
residual normality. Results from these anatyses wm be used to help develop a 
broad~scale sampling design for the 1995 season. Variance estimates of diet 
overlap and prey composition wiU be used to select within-stratum sample sizes to 
meet desired precision requirements (Cochran 1977). 

5. location: 

The field sampling component of this study will be conducted in PWS. laboratory 
analyses wilt be conducted at the NMFS Auke Bay laboratory and University of 
Alaska Fairbanks. 

6. Technical Support: 

Technical support regarding laboratory prey resource and stomach contents 
analyses will be provided by staff at the NMFS Auke Bay laboratory and University 
of Alaska Fairbanks. 

7. Contracts: 

The University of Alaska Fairbanks wm provide laboratory stomach contents 
analysis through a Restricted Services Agreement, 
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0. SCHEDULES 

The field season for this project will be from April to August of each year. 
laboratory and data analysis will be conducted during the .remainder of the year 
(Table 1 ). 

Table 1: Schedule of project activities related to 1994 field season. 

Time Period 

Eielg StudiQ~ 
May 15 -May 26 
June 15 - June 26 
July 15 • July 26 

August 15 - August 26 

Laboratory & Opta Anat~s~s 
June 1 • December 31 , 1994 

January 1, 1995 - March 31, 1995 

April 1 , 1995 

E. EXISTING AGENCY PROGRAM 

Activity 

Field SampHng in SEA program 
Field Sampling in SEA program 
Field Sampling with NOAA 
contractor 
field Sampling with NOAA 
contractor 

Conduct stomach contents 
analysis 
Analyze data and prepare 
annuat report. 
Submit annual project report 

F. ENVIRONMENTAl COMPLIANCE/PERMIT/COORDINATION STATUS 

This project wm qualify for an exclusion from the requirements of the National 
Environmental Policy Act. The project will not cause a significant environmental 
impact. 

G. PERFORMANCE MONITORING 

An annual report detailing the results from the previous year's investigations will 
be submitted by April 1 of each year. 
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H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

This project wm be highly integrated with severaf components of the SEA Program. 
The Physical Oceanography, Nearshore Fish, Zooplankton,, and Phytoplankton 
components of SEA wm collect data relevant to forage fish distribution and 
production. Within the Physical Oceanography component~ conductivity­
temperature-depth (CTO) profilers and Acoustic Doppler Current ProfHers (ADCP} 
will be deployed from a mid .. water trawl vessel. Within the Nearshore Fish 
component, hydroacoustic data will be obtained in offshore habitats from a mid~ 
water trawl vessel and in nearshore habitats from smaU hydroacoustic survey 
boats. Within the Zooplankton and Phytoplankton components, zooplankton and 
water samples will be collected using nets and water bottles. The Safmon Growth 
and Salmon Predation components of SEA will collect forage fish samples for later 
stomach contents analysis in offshore and nearshore habitats using mid-water 
trawls, and beach and purse seines. Age-weight-length data will be collected from 
the forage fish to accompany hydroacoustic data. Salmon Predation will provide a 
research platform for one marine bird observer in cooperation with the USFWS 
component of Forage Fish. An additional marine bird observer will be accomodated 
on each of the seine vessels, if possible. All data collected as part of SEA will be 
provided to the Information and Modeling component for use in development and 
implementation of ecosystem models. 

I. PUBLIC PROCESS 

J. PERSONNEl QUAliFICATIONS 

Mark Willette 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
P.O. Box 669 
Cordova, Alaska 99574 
(907)424-321 4 

EMPLOYMENT: 

March 1991 h present: Area Biologist with the Alaska Department of Fish 
and Game, Commercial Fisheries Management and Development Division in 
Cordova. Alaska. Supervised by Dr. Stephen Fried. Conduct various fisheries 
enhancement and evaluation projects in PWS including juvenile salmon 
growth studies, take stocking, limnologicat investigations of sockeye salmon 
producing lakes, and quality control of coded-wire tagging at private 
hatcheries, Conduct fisheries oceanographic studies in PWS in cooperation 
with private hatcheries and University of Alaska investigators. Chairman of 
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PWS Regional Planning Team. Principal Investigator: Natural Resource 
Damage Assessment Study FS4A: Injury Assessment for Juvenile Salmon in 
Prince William Sound; Restoration Project R105: Survey and Evaluation of 
lnstream Habitat and Stock Restoration Techniques Jor Wild Salmon in 
Prince William Sound; Restoration Project 93024: Restoration of the Coghill 
Lake Sockeye Salmon Stocl<. 

March 1986 - February 1991: Fisheries Instructor/ Assistant Reseach 
Professor, University of Alaska Fairbanks, School of Fisheries & Ocean 
Sciences, Supervised by Dr. Don Kramer. Conduct research on the effects of 
oceanographic conditions on the growth and survival of juvenile salmon in 
PWS# fish bioenergetics in an arctic Jagoon ecosystem, age and growth of 
juvenile fish in the Chukchi and Bering Seas, ocean temperature variability in 
the North Pacific Ocean and effects on pink salmon production, salmon 
feeding on the high seas. Design and implement a program of education, 
research, and public service to promote fisheries development in northwest 
Alaska. Teach college level course in oceanography. Teach a marine safe.ty 
and vocational training courses in fisheries. 

EDUCATION: 

1985 Master of Science, Fisheries Oceanography, University of Alaska 
Fairbanks. 

1983 Bachelor of Science, Fisheries Science, University of Alaska Fairbanks. 

Stan R. Carlson 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
34828 Kalifornsky Beach Rd, Suite B 
Soldotna .. Alaska 99669 
{907)262N9368 

EMPLOYMENT: 

January 1993- present: Biometrician for the Alaska Department of Fish and 
Game, Limnology Section, Commercial Fisheries Management and Develop 
D.ivision, Soldotna, Alaska. Supervised by Dr. Dana Schmidt. Conduct 
statistical data analyses to evaluate factors that affect dynamics of the biota 
in lake ecosystems. Design limno!ogical experiments and determine methods 
to estimate zooplankton and salmon abundance. Develop and approve 
methods to estimate hatchery contributions to the fishery. Develop, review, 
and conduct.statistical analyses for projects related to the impact of oil on 
commercial fishery species. Provide biometrical consulting to area and 
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regional biologists and statewide limnologists. 

November 1991 • January 1993: Mathematical Statistician for the National 
Marine Fisheries Service, Auke Bay Laboratory, Juneau, Alaska. Supervised 
by Mr. Steven lgnell. Conduct statistical studies on community attributes of 
pelagic fauna in the north Pacific Ocean. Provide biometricat consulting, 
technical editing, and collaborative input on projects such as salmon bycatch 
and climate change studies. 

January 1989- May 1991: Statistics Teacher, Experimental Statistics 
Department, New Mexico State University, las Cruces. Supervised by Dr. 
Michael Ames. Instruct laboratory courses in statistics for undergraduate 
science majors. 

May - August 1990: Research Specialist (statistician), Department of 
Entomology, Plant Pathology, and Weed Science, New Mexico State 
University. Dr. Ellis Huddleston, Supervisor. Provide statistical modeling, 
analysis, and design of experiments related to agricultural field studies and 
pest management programs. 

May - December 1 988: Field Biologist, Biology Department, New Mexico 
State University. Supervised by Mr. Roger Skaggs. Conduct field 
population surveys and habitat analyses of night birds in lincoln National 
Forest, New Mexico. Collect field data, supervise field personnel, and 
maintain data records. Develop operational strategies and conduct follow-up 
statistical estimation procedures. 

August 1985 - June 1988: Graduate Assistant, Biology Department, New 
Mexico State University. Supervised by Dr. Ralph Raitt and Dr. Walt 
Whitford. Teach undergraduate biology and zoology laboratory courses. 
Collect data and maintain field ecology experiments for ecological research 
programs. Develop and conduct original field research on desert insect 
ecology. 

June 1983- May 1985: Research Specialist, Gordon Environmental Studies 
Laboratory, University of Montana, Missoula. Supervised by Dr. Philip 
Tourangeau. Manage data, conduct quality assurance/control procedures, 
and perform statistical analyses for environmental science projects. Aid in 
the design and implementation of field research, primarily in the area of 
pollution biomonitoring. 

EDUCATION: 

1991 Master of Science, Experimental Statistics, New Mexico State 
University. 

1988 Master of Science, Biology (ecology}, New Mexico State University. 
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1983 Bachelor of Arts, Environmental Biology, University of Montana. 

K. BUDGET 

Table 2: 

line Item 

Personnel 
Travel 
Contractual 
Supplies 
Equipment 

Total 

Budget summary for the Salmon Predation component of the SEA 
program in FY94, FY95. and FY96 and beyond. Budgets for FY95 and 
beyond may change as information from the first year of study is 
applied to .refine the methodology. 

FY94 FY95 FY96 and beyond 

23.7 46.5 46.5 
0.0 1.2 1.2 

41.6 103.6 103.6 
, .4 2.8 2.8 
0.0 0.0 0.0 

66.7 154.1 154.1 
Indirect Costs 8.7 14.2 14.2 

Grand Total 75.4 168.3 168.3 
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EXXON VAlDEZ TRUSTEE COUNCil 
1994 Fedetal Fiscal Year Protect Budget 
October 1, 1993 - Septemb~r 30, 1994 

Project Description: Forage Fish Influence on Injured Species • This project will determine temporal end spatial distribution, abundance, and availability of 
important prey species {e.g. herring, pollack, sand lance, caplin, euphausiids, copepods) in PWS: determine how important biotic and abiotic factors affect 
both short~ and long~term distribution and abundance of prey species; and determine how predator distribution, abundance, and foraging strategy coincide 
with forage fish distribution and abundance. 

Budgut Category: 1993 Project No. '93 Report/ Remaining 

' . , . . '94 tnterim • Cost .... Total 
FFY94 FFY 94 FFY94 FFY 95 

Personnel $0.0 $0.0 $130.1 $130.1 $96.5 
Travel $0.0 $0.0 $14.0 $14.0 $13.2 
Contractual $0.0 $0.0 $391.6 $391.6 $603.6 
Commodities $0.0 $0.0 $6.7 $6.7 $2.8 
Equipment $0.0 $0.0 $0.0 $0.0 $0.0 
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0 

Subtotal $0.0 $0.0 $542.4 $542.4 $716.1 
General Administration $0.0 $0.0 $44,2 $44.2 $44.2 

Project T a tal :$0.0 $0.0 $586.6 $586.6 $760.3 

Full~time Equivalents (FTE) 0.0 o.o 2.3 2.3 1.4 
Dollar amounts are shown in thous,ands of dotlars. 

Budget Year Propoted Personnel: Reprt/lntrm Reprt/lntrm 

Position Oescri tion Months Cost 
See Individual 3A Forms for 
Personnel Details 

Personnel Total 0.0 $0.0 

Page 1 of 10 
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Project Number: 941 63 
Project Title: Forage Fish 
Agency: National Ocean 

Remaining Remaining 
Months Cost 

0.0 $0.0 

ence on Injured Species 
..... .., .... '"'"''"'"' Admin. 

Comment 
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EXXON VAlDEZ COUNCil 
1994 Federal Fiscal Year Project Budget 
October 1. 1993 ~ September 30, 1994 

Project Description: Forage fish Influence on Injured Species N This project will determine temporal and spatial distribution, abundance, and availability of 
important prey apecies (e.g. herring, pollack, sand lance, caplin, euphausiids, copepods) in PWS; detetmine how important biotic and abiotic factors affect 
both short· and long-term distribution and abundance of prey species; and determine how predator distribution, abundance, and foraging strategy coincide 
with forage fish distribution and abundance. 

Budget Cat&g()fy: 

Personnel 
Travel 
Contractual 
Commodities 
Ettutpment 
Capital Outlay 

Subtotal 
General Administration 

Project Total 

Full·time Equivatenu iFTE) 

Budget Year Proposed Personnel: 
Position Description 

Program M'snager GS~12 
Project leader GS·1 3 

07114/93 

Page 2 of 

1993 Project No. '93 Report/ Remaining 

' . . '94 Interim• Cost•• Total 
Authorized FFY 93 FFY94 FFY 94 FFY 94 FFY 95 Comment 

$0.0 $0.0 $66.0 $66.0 $50.0 
$0.0 $0.0 $10.0 $10.0 $12.0 
$0.0 $0.0 $350.0 $350.0 $500.0 
$0.0 $0.0 $0.0 $0.0 $0.0 
$0.0 $0.0 $0.0 $0.0 $0.0 
$0.0 $0.0 $0.0 $0.0 $0.0 
$0.0 $0.0 $426.0 $426.0 $562.0 
$0.0 $0.0 $29.4 $29.4 $30.0 
$0.0 $0.0 $455.4 $455.4 $592.0 

0.0 0.0 0.8 0.8 0.6 
Dollar amounts are shown in thousands of dollars. 

Reprt/lntrm Aeprt/lntrm Remaining Remaining 
Months Cost Months Cost 

0.0 $0,0 1.0 $6.0 
0.0 $0.0 8.0 $60.0 

NEPA Cost: $0.0 

1------r----+------t-----u *Oct 1, 1993 ·Jan 31, 1994 
Persc:mn$1 Total 0.0 .$0.0 9.0 $66.0 **Feb 1 1994 • Sep 30 1994 
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Project Number; 94163 
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Sub-Project: Hydroacoustic Surveys 

Print$<!: 3117194 10:38 AM Agency: National Oceanic & Atmospheric Admin. 
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Travel: 

EXXON VAlDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ September 30, 1994 

Travel To Anchorage, Juneau and Seattl& • 5 trips at $1K/trip 
Travel to Cordova and Prince William Sound 

Contractual: 

Contractor to design and conduct reconnaissance surveys for forage fish in the summer of 1994. 

07/14/9J 

Page 3 of 10 

1 
3/17194 10:38 AM 

Project Number: 94163 
Project Title: Forage Fish Influence on Injured Species 
Sub~Project: 

Agency; National ospheric Admin. 

Travel Total 

Contractual Total 

Re rtllntrm Remainin 

$0.0 
$0.0 

$0.0 

$0.0 

$0.0 

$5.0 
$5.0 

$10,0 

$350.0 

$350.0 
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EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Bud0$t 
October 1, 1993 ~September 30, 1994 

Project Description: Forage Fish Influence on lnjwed Species • The ADF&G portion of this project will estimate the degree of diet overlap among forage fish 
species including juvenile salmon, This project will collect and analyze stomach samplaes from forage fish in nearshore habitats and sample available prey 
resources. Diet overlap and prey selectivity indices will be calculated and multivariate analysis of variance techniques applied to examine resource 
partitioning among forage fish. 

Budget Category: 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 
Capital Outlay 

Subtotal 
General Administration 

Project Total 

1993 Project No, '93 Report! 

Authorized FFY 93 

$0.0 
$0.0 
$0.0 
$0.0 
$0,0 
$0.0 
$0.0 
$0.0 
$0.0 

'94 Interim* 
FFY94 

$0.0 
$0,0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0,0 
$0.0 

Remaining 
Cost•• 
FFY 94 

$23.7 
$0.0 

$41.6 
$1.4 
$0.0 
$0.0 

$66.7 
~8.7 

$75.4 

Total 
FfY 94 FFY 95 

$23.7 $4$.5 
$0.0 $1.2 

$41,6 $103.6 
$1.4 $2.8 
$0.0 $0.0 
~0.0 $0.0 

$66.7 $154.1 
$8,7 $14.2 

$75.4 $168.3 

Full~time Equivalents {FTE) ._ ____ _...;.;;..~ ___ .....,..~--_..;;;.;;;;.....,_ __ ..;;.;........,_ __ ---:;~1 0.5 0.8 0.0 0.0 0.5 

Budget Year Propoaed Personnel: 
Position Descri tion 

Fishery Biologist I 
Fishery Biologist: I 
Fish and Wildlife Technician II 
Program Manager 

Dollar amounts are shown in thousands of dollars. 

Reprt/lntrm Reprt/lntrm 
Months Cost 

o.o $0.0 
0.0 $0.0 
0.0 $0.0 
0.0 $0.0 

Remaining 
Months 

1.8 
1.8 
2.0 
0.5 

Remaining 

Cost 

$7.1 
$7.1 
$6.1 
$3.4 

Comment 

NEPA Cost; $0.0 

1-----~----~+----~------il •oct 1~ 1993- Jan 31, 1994 
Per8onnel Total 0.0 $0,0 6.0 $23.7 .. Feb 1 1994 ¥ Se 30 1994 
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Travel: 

Contractual: 
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Air charter to sampling sites {9 hours @ $400/hour) 
Contract for laboratory stomach sample processing 
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Travel Total 

Contractual Total 
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$0.0 
$0.0 

$0.0 

$0.0 

$3.6 
$38.0 

$41.6 
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Commoditla•: 

EXXON VALOCZ TRUSTEE COUNCil 
1994 Federal Fiscal Year Project Budget 
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Lab supplies (preservatives, fixatives, stains) 
Field sampling supplies (containers, formalin, measuring boards) 

Equipment: 

Project Number: 94163 

Commodities Total 

nt Total 
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$0.0 
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EXXON VALDEZ COUNCil 
1994 Federal Fiscal Year Project Budget 
October 1, 1 993 ~ September 30, 1994 

Project Deflcription: Forage Fish Influence on Injured Species· This project will determine temporal and spatial distribution, abundance. and availability of 
important prey species (e.g. herring, pollack, sand lance, caplin, euphausiids, copepods) in PWS; determine how important biotic and abiotic factors affect 
both srort~ and long-term distribution and abundance of prey species; and determine how predator distribution, abundance, and foraging strategy coincide 
with forage fish distribution and abundance. 

Bud09t Category: 1993 Project No. '93 Report/ Remaining 
. ' . . . •94 Interim • Cost•• Total 

Authorized FFY 93 FFV 94 FFY94 FFY 94 FFY 95 Comment 

Personnel $0.0 $0.0 $40.4 $40.4 $0.0 
Travel $0.0 $0.0 $4.0 $4.0 $0.0 
Contractual $0.0 $0.0 $0.0 $0.0 $0.0 
Commodities $0.0 $0.0 $5.3 $5.3 $0.0 
Equipment $0.0 $0.0 $0.0 $0.0 $0.0 
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0 

Subtotal $0.0 $0.0 $49.7 $49.7 $0.0 
General Administration $0.0 $0.0 $6.1 $6.1 $0.0 

Project Total $0.0 $0,0 $55.8 $55.8 $0.0 

Full-time Equivalents (FTE) 0.0 0.0 1.0 1.0 0.0 
Dollar amounts are shown in thousands of dollars. 

Budget Year PropoMd Personnel: Reprt/lntrm Reprtflntrm Remaining Remaining 
Position Description Months Cost Months Cost 

Principal Investigator, Biologist 0.0 $0.0 6.0 $24.4 
Supervisory Biologist 0.0 $0.0 1.0 $5,0 
Biotechnician 0.0 $0.0 5.0 $11.0 

NEPA Cost: $0.0 
•oct 1. 1993 ·Jan 31, 1994 

r-------~~-------+--------~------~ Personool Total 0.0 $0.0 12.0 $40.4 .. *feb 1 1994 · Sea 30 1994 
07114/9~ 
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Travel: 

EXXON V .ALDEZ TRUSTEE COUNCfl 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ September 30, 1994 

Anchorage to Prince Wtlliam Sound (6 trips~ transportation $200/trip + 10 days per diem@ $3/day) 
Anchorage to Juneau {4 trips @ $600/trip) 

Contractual: 

Project Nurnber: 94163 
Page 9 of 10 Project Title: Forage Fish Influence on Injured Species 

1 Sub-Project: Predator 
3/17/94 10:38 AM Agency: Dept. of I & Wildlife Service 

Travel Total 

Contractual Total 

Re rtllntrm Remaini 

$0.0 
$0.0 

$0.0 

$0.0 

$1.6 
$2.4 

$4,0 

$0.0 

FORM 3B 
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Soat fueU30 days x $1 00/day) 
Boat oil (30 days K $10/day) 
Boat preparation and maintenance 

Equipment: 
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THIS PROJECT IS ON HOLD 

PROJECT 94165 
HERRING: GENETIC STOCK IDENTIFICATION 

IN PRINCE WILLIAM SOUND 





EXXON VALDEZ TRUSTEE COUNCIL 
FY 94 DETAILED PROJECT DESCRIPTION 

Project title: Herring Spawn Deposition and Reproductive Impairment 

Project ID number: 94166 

Project type: Research I Monitoring 

Name of project leader{s): John Wilcock, Area Research Biologist. and Evelyn D. Brown, 
Research Biofogist, Division of Commercial Fisheries Management and Development· 
(CFMDD), ADF&G, Cordova, Alaska 

Lead agency: ADF&G 

Cooperating agencies: NOAA 

Cost of project/FY 94: $466.3K 

Cost of project/FY 95: $459.8K 

Cost of Project/FY 96 and beyond: $337.1 K 

roject Start-up/Completion Dates: October 1993 

Geographic area of project: Prince William Sound 

Project Leader: ~ ~ jim IJ'/ccrf.. 3 Jrifl 
John Wilcock Date 

Project Manager:~~ 
Sullivan 



INTRODUCTION 

The Exxon Valdez oil spill coincided with the spring migration of Pacific herring Clupea 
pa.lfasf to spawning grounds in PWS. Adult herring swam through oiled waters on their way 
to nearshore staging areas. Studies of oil spill injuries to herring were initiated in 1989. 
Research continued through 1992 with contributions from both state general funds and the 
Trustee CounciL Significant histopathological damage was measured in adults collected In 
oiled areas in both 1989 and 1990 confirming exposure of the fish to toxins. Oiling of over 
40% of the spawning areas {42 of 98 miles used) caused elevated levels of physical and 
genetic abnormalities. in newly hatched larvae and reduced hatching success of the embryos. 
Over 80% of the summer rearing and feeding areas of herring were oiled in 1989, based on 
oil trajectory and historic fisheries records from 1914 to the present (Reid 1971 ). Mortality of 
young herring was significantly greater in oiled areas in 1989 and 1990, and sublethal effects 
were measurable in larvae and adults in 1989 and 1990. Persistent sheening and 
suspended oil·sediment droplets leaching from beaches and cleaning operations in 1989 and 
1990 continued to expose adult and juvenile herring to oil. laboratory exposures of pre­
spawning adult herring to oil show high concentrations of oil in the ovarian tissue. laboratory 
studies measuring the effect of known doses of oil on newly hatched larvae provided a direct 
link between estimated doses of oil measured in PWS and the level of injury observed in 
samples collected from the field. In addition. measurements of oil in mussel tissue co!fectad 
adjacent to spawning beds was significantly correlated to several indices of injury in herring 
larvae from those beds, the highest correlation being with the genetic injury endpoints. 
Although herring survival varies tremendously under normal conditions, abundance for the 
1989 year class is extremely low and results to date strongly implicate the oil spill as a major 
cause. 

One hypothesis is that injury to germ tissue caused by exposure to oil would result in non- · 
viable embryos and larvae. Consequently, a pilot experiment to measure the ability of 
herring from this age class to produce viable offspring was conducted in i 992. Hatching 
success of eggs collected from fish spawning in previously oiled areas was less than half that 
of eggs collected from fish spawning in pristine areas. There were approximately twice as 
many abnormal larvae from fish spawning in the previously oiled areas as well. 

In 1993, the total observed spawning population was less than one third of preseason 
predictions and the average sizes of herring in each age class were some of the smallest or1 
record. Of the four commercial herring fisheries which normally occur each spring. guideline 
harvests were attained for only one gear type (gi!lnet sac roe). Purse seine sac roe 
fishermen, who typically average about 66% of the annual harvest. did not realize any 
harvest due to low commercial quality related to fish size and low abundance of herring. A 
preliminary pathology study implicated viral hemorrhagic septicemia (VHS) as a potential 
source of mortality and stress. It is not clear whether the Exxon Valdez oil spill may be 
implicated, although numerous studies have indicated that previous exposure to toxins can 
reduce immunity to disease. 

This project provides a direct measure of herring abundance that is vital to monitoring 
recovery of the injured PWS herring population and also information about reproductive 
biology that is necessary for improving the interpretation of earlier damage assessment 
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results. Project results will improve our understanding of long term damage and can also be 
used in setting commercia! harvest strategies, thereby contributing to the recovery process 

r PWS herring populations. 

The cost of this project is reasonable considering the economic value of the commercial 
fisheries as well as the important contribution that herring of a!! life stages make to the P'v\,S 
ecosystem. The ex-vessel value of the herring fisheries in 1992 was $12.0 with an avera~e 
annual value of $8.3 million. In 1993, the exvessel value dropped to $2.0 million because 
only one third of the expected harvestable population returned and was made up largely of 
small fish with a low market value. This project will enable resource managers to better 
understand herring population dynamics to improve the recovery process. In addition, it will 
aid local resource users to make appropriate pre-season plans based on accurate and 
precise herring return projections. 

PROJECT DESCRIPTION 

This project will be conducted in three parts. ADF&G will be performing the two field 
components which constitute the continuation of both the herring spawn deposition survey 
and egg loss study in PWS. NOAA will be performing the laboratory component of this 
project which constitutes the reproductive impairment study. This detailed plan covers only 
the ADF&G component or spawn deposition survey and egg loss study. A separate plan wm 

submitted by NOAA to cover reproductive impairment (Mark Carls, NMFS. Auke Bay Lob}. 

Spawn deposition surveyors will collect basic biological information about the abundance and 
distribution of herring embryos in PWS. This information wi!! be used to estimate adult 
spawning biomass, a crucial element to forecasting adult herring returns and to monitoring 
resource recovery. Annual forecasts of returns form the basis of herring fishery managemsnt 
in PWS. Data collected during spawn deposition surveys will include location, substrate type, 
vegetation type, egg density, gradient, and nearby sea surface temperature of herring 
spawning beds. These data will be incorporated into an existing database containing over 
22,000 data points collected during studies in 1983,1984, and 1988-1992. New and existing 
data will be used to develop a classification system for spawning habitat types. Habitat use 
and spawner/egg density and distribution data collected during this project are needed to 
develop herring embryo survival models as outlined in the Natal Habitat Program {NHP) of 
the SEA plan (Project 94320). 

The egg loss study will provide estimates of herring embryos physically removed from 
spawning areas by predation and wave action. This information is useful for two reasons (1) 
to account for the loss of eggs between the time of spawning and the time of spawn 
deposition surveys to improve the accuracy of spawning biomass estimates, and (2) to 
estimate total embryo survival. This second reason is vita! to implementation of the NHP 
component of the SEA proposal. Determining the relationship between egg loss and egg 
density, habitat type, predation levels, and meteorological conditions is crucial to the 
!ouatnnment of a valid herring embryo survival model from which to estimate annual larval 

rring production in PWS. Ultimately, a better understanding of larval production dynamics 
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will improve our understanding of processes affecting herring recruitment. 

Resources and/or Associated Services: 

Pacific herring Clupea pa/Jasf are a major resource in Prince William Sound {PWS) from both 
commercial and ecological perspectives. Five commercial herring fisheries in PWS have an 
average annual combined ex~vessel value of $8.3 million. Pacific herring provide important 
forage for many species including some species severely injured by the Exxon Valdez oil 
spill. Predator species include humpbacked whales, seals, sea lions, gulls, sea ducks, 
shorebirds, halibut, salmon, rockfish, and other fish. In addition, several thousand pounds of 
herring and herring spawn on kelp are harvested annually for subsistence purposes and form 
an important part of the local native culture of Chenega and Tatitlek. 

The two primary goals of the proposed project are to improve the accuracy of fisheries 
management of the PWS herring resource and to begin implementation of the NHP 
component of the SEA plan. Accurate and precise estimation of herring abundance and the 
processes affecting herring production is crucial to the Improvement of management 
accuracy as well as our understanding of the PWS ecosystem. Improved accuracy wiH allow 
fishery managers to make fine adjustments of fishing quotas to harvest the maximum 
available surpluses with the lowest possible risk of over harvest and additional damage to the 
resource or of under harvest and economic toss to local communities. Because commercial 
and subsistence herring harvests represent substantial contributions to local economies, 
intensive management is expected to benefit all communities in PWS. 

Relation to Other Damage Assessment/Restoration Work: 

This project is in part a continuation of EVOS Natura! Resource Damage Assessment 
Fish/Shellfish Study No, 11, Injury to PWS Herring, which was conducted from 1989 through 
1991. A close~out study was conducted in 1992. No field work was conducted in 1993 and 
funding for aU herring research ended in July. The apparent crash of the PWS adult herring 
population in 1993 has renewed interest in pursuing herring research from a restoration 
standpoint 

Previous egg loss studies to determine the removal of eggs due to predation and wave 
action were conducted in PWS in 1990 and 1991. fn addition, embryo mortality studies to 
estimate the survival of remaining eggs not removed were conducted in 1989-1991. Resu't<:t 
from these investigations wm be incorporated with results from the current study to begin 
building an embryo survival modeL 

This project will provide information required by the NHP component of the SEA plan (Project 
94320). One NHP study included in the SEA plan and slated for implementation ln 1994, 
Assessment of Avian Predation on Herring Spawn, will be conducted by the Copper River 
Delta Institute, USFS, Cordova District The avian predation study will be carried out 
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cooperatively with the spawn deposition project and will include synoptic data collection. 

r research programs from the 1994 work plan that will require close cooperation with the 
spawn deposition project for sharing of data, personnel. or other resources include: (1) 
Project 94163, Forage Fish Influence on Injured Species; (2} Project 94165, Herring Genetfc 
Stock Identification in PWS; and (3) the Reproductive Impairment portion of the current 
project which will be conducted by NOAA (Mark Carls, Auke Bay, Project Leader). 

Objectives: 

Specific objectives of this project for the 1994 work plan include: 

1. Estimate the biomass of spawning herring in PWS using SCUBA diving spawn 
deposition survey techniques such that the estimate is within + 25% of the true 
value 95% of the time. 

2. Quantify egg loss rates (the proportion of eggs removed through time) from 
spawning areas due to wave action, predation, dessication, or fungal infections 
between the time of egg deposition (spawning) and the time of hatching. Quantify 
egg loss by habitat type and egg density. 

Incorporate egg loss and egg survival estimates with results from previous studies 
and revise the models as necessary. 

Additional objectives that should be included in the 1995 work plan as a continuation of this 
project are: 

4. Define herring spawning habitat types by similarities in temperature, salinity, depth, 
gradient, substrate, vegetation, and exposure to wave action. Characterize and 
map habitat utilized tor spawning. Estimate the abundance and distribution of adult 
herring and eggs by habitat type. Test a model of the relationship of spawn timing, 
spawner density and abundance to egg distribution and density. 

5. Incorporate egg loss and survival data with physical oceanograpic and 
metero!ogical data to formulate and test a model of the relationship of 
meteorological conditions to wave height and egg desiccation. 

6. Test a model of the relationship between predation, wave action, desiccation, 
fungal infections, habitat type, and egg density. 

7. Test a model relating soundNwide embryo survival to habitat type, egg density, and 
meteorological conditions. 
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Methods; 

Spawn Deposition Survey and Biomass Estimation 

Spawn deposition survey design was modified in 1989 for NRDA studies to more accurately 
assess the PWS herring stockss response to the oil spilt Beginning in 1989, the spawn 
survey was conducted to obtain biomass estimates within± 25% of the true 
biomass 95% of the time. Study design alterations included increasing the 
number of (1) SCUBA divers, (2} survey transects, and (3) skiff and diver 
surveys used to correct aerially mapped spawning area boundaries. 

Biomass estimation based on spawn deposition surveys consisted of three major 
components: (1) a spawn deposition survey; (2) age~weight-length (AWL), sex 
ratio, and fecundity sampling; and (3} egg loss determination. 

Spawn Deposition Survey Design. Survey design has been described in detail by Biggs 
and Funk (1988}, and foHowsc!ose!y the two~stage sampling design of similar surveys in 
British Columbia (Schwiegert et al. 1985) and Southeast Alaska {Blankenbeckler and Larson 
1982, 1987). Surveys will use random sampling for the first stage {transects) and systematic 
sampling for the second stage (quadrats within transects). Random sampling for the second 
stage is not feasible because of underwater logistical constraints (Schwiegert et al. 1 985). In 
addition, surveys will be stratified by area to account tor geographic differences and the 
potential for discrete herring stocks. Areas surveyed include Southeast, Northeast, North 
Shore, Naked Island and Montague Island (Figure 1 ). 

Mean egg densities along each transect will be combined to estimate an average egg density 
by area. Spawning bed width along each of the transects will be used to estimate average 
spawning bed width by area. Average width, average density, and total spawning bed 
shoreline length will be used to estimate total number of eggs deposited in each of the five 
areas. Average fecundity and sex ratio, derived from AWL sampling, and estimates of total 
number of eggs deposited win be used to calculate herring population numbers and biomass. 
Based on variances obtained from the 1984, and 1988 to 1992 surveys, a minimum sampling 
goal of 0.035 °/o of all potential transects within the spawning area will be needed to ensure 
that estimated biomass would be within 25% of the true biomass 95% of the time. There are 
3, 163 potential transects per kilometer based on the size of the sampling quadrat and so 1 00 
km of herring spawn would require 110 transec1s to maintain the accuracy goal. Confidence 
intervals will be calculated assuming a normal distribution of total egg estimates. 

Spawn Deposition Survey Sampling Procedure. The general location of spawning activity 
will be determined from milt observed during scheduled aerial surveys which are part of ths 
existing agency program. This information will be compiled and summarized on maps 
showing spawning locations and the number of days on which milt is observed. Total linear 
miles of shoreline containing herring spawn estimated from aerial survey maps wHI be 
corrected by skiff and diver surveys at the time of the dive survey. Skiff surveys will be 
performed close to shore at low tide by both walking along exposed intertidal areas and by 
viewing the shoreline from the s~iff at tow tide. 
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Each shoreline area containing herring spawn will be divided into the smallest resolvable 
segments on the map scale (approximately 0,18 km) and the segments numbered. Total 

f transects will be calculated from the total shoreline km of observed spawn and a 
minimum of 0.035% will be selected for dive suNeys. Random numbers will be assigned to . 
each potential transect and rounded to the nearest number divisible by 0.18 km to enable 
mapping of shoreline segments. Shoreline segments wiB be randomly selected and used to 
locate transects. Each transect selected wlll be assigned a sequential transect number atld 
charted on waterproof field maps. 

Diving on herring spawn will begin about 5 days after spawning has ceased to allow water 
turbidity due to milt to decrease and for the farge numbers of sea lions usually present near 
spa\Nfling herring to disperse. Two three·person dive teams will complete the surveys. Each 
team will consist of a lead diver to count eggs (typically the person most experienced at this 
survey task), a second diver to record data, and a third diver on the surface performing as a 
tender. Diving and tending duties will be rotated daily. Each team will work a morning ar.d 
afternoon shift daily. Based on information from previous PWS surveys, two diving team& 
can generally complete 6 to 12 transects each day under favorable weather conditions and in 
areas with average spawning density and distribution. A sample size total of 100 or more 
transects will require from 1 o to 20 days of diving , depending upon weather and location of 
spawn. This time includes collection of diver calibration samples. However, If new divers are 
included in the suNey, training may require about one additional week. 

The exact location for each survey transect will be fixed as the dive skiff approaches the 
before bottom profiles, bottom vegetation 1 or herring spawn are visible from the skiff. 

e tender will chose a shoreline feature to use as a reference point such as a tree, rock, or 
cliff located above the high tide line within the randomly selected shoreline segment The 
sampling transect will extend seaward perpendicular to shore from this fixed reference point 
along a compass course. 

Using a sampling quadrat consisting of a 0.1 m2 frame constructed of PVC pipe with a depth 
gauge and compass attached, the first quadrat location will be randomly selected within the 
first 5 meters of spawn. Succeeding quadrat locations will be systematically spaced every 5 
meters along the compass course until the apparent end of the spawn is found. Within each 
quadrat, the lead diver will estimate the number of eggs ln units of thousands (K) in the 
quadrat, communicating the numbers through hand signals to the second diver who will 
record the estimate. Data will be recorded using a large weighted carpenter's pencil and 
data forms printed on water~proof plastic paper attached to a PVC clipboard, Vegetation 
type, percent cover, substrate, and depth will also be recorded for each quadrat. Divers will 
verify the end of the spawn by swimming at least an additional 20 m past the end of the 
spawn until a steep drop-off is encountered or vegetation is no longer present. Becker and 
Biggs (1992) documented methods used for diver surveys in greater detail including sample 
data formst key codes for vegetation types. standard operating procedures for ADF&G diving, 
chemical recipes for sample preservatives, and other practical information. 

Diver calibration samples will be collected throughout the dive survey and stratified by diver, 
ion type within four broad categories, and by egg density over three broad categories. 

divers will estimate the number of eggs on removable vegetation in each calibration 
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quadrat independently. All egg~containlng vegetation within the quadrat wm be removed and 
placed in numbered mesh bags. The number of loose and attached eggs left after the 
removal process will be estimated by the lead diver and recorded. Based on accuracy 
estimated for previous survey results, approximately 80 calibration samples wiU be needed 
for each unca!ibrated diver (less than three years survey participation) and 40 for each 
caiibrated diver {three or more years survey participation), Currently an ADF&G biometrician 
is evaluating these proposed sample sizes using historic diver calibration data to ensure that 
sufficient sampling is planned. One quarter of the total samples will be taken for each of t'!e 
four vegetation categories: eelgrass {EEL), fucus (FUC), large brown kelp (LBK)J and hair 
kelp (HRK). One third of the calibration samples will be stratified over three ranges of egg 
densities: low (0.20,000), medium (20,000..80,000), and high (>80,000) within each 
vegetation category. Upon completing a dive shift, calibration samples will be preserved in 
Gilson's solution and carefully labelled (Becker and Biggs 1992). 

Biomass Estimation. Analysis of the spawn deposition survey data will be similar to 
methods used in 1988 (Biggs and Funk 1988) and for the 1989 through 1992 surveys (Biggs 
et aL in press). The biomass estimator will be 

where 

8 = 
T ::::: 

B' ::::: 

B=TB1
, 

estimated spawning biomass in tonnes, 
estimated total number of eggs (billions) deposited in an area, and 
estimated tonnes of spawning biomass required to produce one billion eggs. 

(1) 

Estimates for T and 8' will be derived from separate sampling programs and will be 
independent The estimated variance for the product of the independent random variables T 
and B' will be {Goodman 1960) 

where 

Var(B') 
Var{T) 

= an unbiased estimate of the variance of B', and 
= an unbiased estimate of the variance of T. 

{2) 

Total Number of Eggs (T). The total number of eggs deposited in an area will be estimatBd· 
from a two-stage sampling program with random sampling at the primary stage, followed by 
systematic sampling at the secondary stage, using a sampling design similar to that 
described by Schwiegert et aL(1985). To compute variances based on systematic second 
stage samples, it will be assumed that eggs will be randomly distributed in spawning beds 
with respect to the 0.1 m2 sampfi_ng unit While this assumption will not be examined, in 
practlce the variance component contributed by the second sampling stage will be much 
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smaller than that contributed by the first stage, so violation of this assumption would have 
little effect on the overall variance. The total number of eggs (T), in bil!lons, in an area will 

estimated as 

where 

l 
N 
0. 10.5 

'J 
10'6 

:::: 

;:::: 

= 
= 
= 

the shoreline length of the spawn-containing stratum in meters, 
UO. i 0

·
5 = the total number of possible transects, 

0.3162 m :::: width of transect strip, 
average estimated total number of eggs (thousands) per transect, 
conversion from thousands to billions of eggs, and 

"(3) 

R = estimated proportion of eggs disappearing from the study area from the time of 
spawning to the time of the survey. 

Average total number of eggs per transect strip {in thousands) will be estimated as the mean 
of the total eggs (in thousands) for each transect strip using 

t4) 

where 

and 

n :::: number of transects actually sampled, 
i = transect number, 
M1 = w/0. 1 o,s = number of possible quadrats in transect i, 
w1 = spawn patch width in meters measured as the distance along the transect 

between the first quadrat containing eggs and the last quadrat containing eggs, · 
and -y i = average quadrat egg count in transect i (in thousands of eggs). 
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Average quadrat egg count within a transect, y,, will be computed as 

where 

= quadrat number within transect i, 
m1 = number of quadrats actually sampled in transect i, and 
yij = adjusted diver-estimated egg count (in thousands of eggs} from the diver 

calibration model for quadrat j in transect L 

(5) 

The variance of T, ignoring the unknown variability in R, is similar to that given by Cochran 
(1963) for three stage sampling with primary units of equal size. In this case the express!on 
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 regression model 
used in the diver calibration samples. Therefore the estimated variance ofT, conditioned on 
R, is 

Var(1)"'--------i-~t ___ t~_I __ 

(1-R)2 

where 

variance among transects, 

variance among quadrats, 
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(8 ' ) 



II »>; 

si= .E 2: Var(yii) = (~)) 

i"'-1 j-:1 

sum of the variances of the individual predicted quadrat egg counts from the diver 
calibration model, 

n it:::_ ;;; 
N 

proportion of possible transects sampled, and 

mt 
f=- = 2M. 

I 

proportion of quadrats sampled within transects {same for all transects). 

Diver Calibration. Diver observations of vegetation species wilf be aggregated into four 
vegetation categories based on structural and phylogenetic similarities of plants in the 

(10) 

(11) 

uadrat: eelgrass, fucus, hair kelp, and large brown kelp (Becker and Biggs 1992). Diver 
!mates of egg numbers will be proportional to laboratory-enumerated counts, but 

systematic biases in the diver estimates will be accounted for by vegetation type and density 
(Biggs and Funk 1988). Within a year, individual diver effects were not significant for survey 
divers with at least three years experience, although there were differences among years. 
Because the experience level of an divers is not guaranteed to be greater than three years in 
1994 the diver effect will be included in the modeL The basic form of the model currently 
used to account for biases in diver observations is: 

where 

a = a constant, 

D V ~ ... c;. 
Y :::eae 1e .tX ,p>e ij1; 

ifk (jt ' 

Di = parameters representing the effect of the j'h diver, 
V k = parameters representing the effect of the k1

h vegetation type, 

(12) 

Bik = parameters controlling the functional form of the relationship between the diver 
estimate and laboratory-enumerated egg count for diver j in vegetation type k, 

Yiik = the ith laboratory egg count in the vegetation-diver stratum jk, 
X1Jk = the i1h diver estimate in vegetation-diver stratum jk, and 
c:1w = a normally distributed random variable with mean 0 and variance az. 
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A multipllcatlve~effect mode! is the current choice of models because relative estimation 
errors were expected to change with egg density. The distribution of laboratory-enumerated 
egg counts for a given diver and vegetation estimate were positively skewed in the 1988 
survey (Biggs and Funk 1988), so that the logarithmic transformation used to estimate the 
parameters of the multiplicative-effect model also stabilized the variance and corrected the 
skewness of the egg density estimates. After a logarithmic transformation equation 12 
becomes 

{13) 

where 

fl. = the slope of the relationship between the logarithm of the diver estimate and )K 

the logarithm of the laboratory-enumerated egg count. 

In logarithmic form, the model comprises a linear analysis of covariance problem with two 
factor effects (vegetation and diver) and 1 covariate {diver~estimated egg number}. The SAS 
(1987) procedure for general linear modefs is currently used to obtain feast squares 
estimates of parameters and evaluate variance components. In addition to the two factor 
effects and one covariate,Jerms for dtver~vegetation group interactions, density-vegetation 
group interactions and density-diver interactions is currently considered in the analysis of 
covariance. Three-way and higher level interaction effects is not considered because we 
wish to derive a simple model with a relatively smaU number of parameters. A backward 
stepwise procedure is used to determine subsets of the six effects that explained the 
maximum amount of variability in the data wijh the smallest number of parameters. During 
the backward stepwise procedure, effects are included or eliminated from the model based 
on the probability level of F ratios for partial sums of squares. 

Translation of predicted values from the logarithmic model, equation 13, back to the original 
scale, equation 12, requires a correction for bias. The bias in the predicted value of Y1ik is 
exp(cr2/2) when the true variance of Log(Yijk }, cr2, is known. Laurent (1963) gave an exact 
expression for the bias correction that incorporated additional terms when a2 wilf be 
estimated from a sample. For the diver calibration data, the bias encountered from using an 
estimate of cr2 was found to be less than 0.05% (Biggs and Funk 1988}. Expected values of 
Yiik were therefore estimated from 

(14) 

where 

S2 = the mean squared error from the general linear model. 
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The variance of individual predicted Y1ik is estimated from 

Var(~jk) "'[/2
Yii.t+.,.l)][e ~ -1]. (15) 

Biggs and Funk (1988) found the bias introduced through use of s2 for rf to be minimal in · 
the estimation of the mean egg count A similar substitution is therefore made for rf in 
Equation 15. 

A re·examination of diver calibration data used for previous studies indicated that a simple 
linear model forced through the origin may be appropriate (personal communication, Fritz 
Funk, Alaska Department of Fish and Game, Juneau). After the 1994 field season, an 
ADF&G biometrician will re-evaluate the diver calibration model and recommend the most 
appropriate bias correction procedure, 

Spawning Biomass per Billion Eggs (B~). Data from the herring sampling program tor 
AWL, sexratio, and fecundity will be used to estimate the relationship between spawning 
biomass and egg deposition. Once the age composition and sex ratio of a spawning 
population wUibe determined, the average weight of the females in that population wilt be 
calculated. The relationship between fecundity and female weight wm be used to calculate 
total numbers of eggs deposited and tonnes of herring spawners. The tonnes of spawning 
biomass required to produce one biHion eggs (B') will be estimated as: 

where 

W :;;; estimated average weight in grams of all herring (male and female) in the 
spawning population in an area, 

(16) 

S :;;; estimated ratio of total spawning biomass (male and female) to female spawning 
biomass, 

F(W,) = estimated fecundity at the average welght of females in 1he spawning population 
in anarea, in numbers of eggs, and 

103 
:;; conversion factor = 

grams to tonnes 
--= 
1 o·!c! eggs to billions 

average weight, sex ratio and fecundity will be all estimated from the same herring 
pies, the estimates wH! be not independent The variance of 8' is approximately: 
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Var(B) "'( 1 03
)
2
({ ~ ] 2Var(M 
. F(W}-

+[ ·~ ]2Var(S) 
_ F(W} 

+[ ~ j1Var(F(Wj)) 
F(HjY -

+2Cov(W,SJ[~][ ~ J 
F(Bj) ~(Wj) 

- - s ws -2Cov[W,F(Jlj)][-_-][ _ l 
F(Wl F(F~Bj))2 

- w ws -2Cov[S,F(W)][-_ ][ _ ]). 
F(Wj) F(Hjf 

(17) 

Because 8 will be estimated from pooled or singte AWL samples (depending on availability of 
fish). it win not be possible to estimate the covariance terms containing 8, Cov{W,S) and 
Gov[S,F(Wf)]. Because the term involving Gov{W,F(W1)] has been shown to be very small in 
previous analyses and probably contributes little to Var(B'), these covariance terms wm not 
be included in the estimate of Var(B'}. 

Herring Age, Weight, Length, Sex, and Fecundity: 

This portion of the project is part of an existing agency program that is conducted annually 
by ADF&G. AWL information will be collected from major concentrations of herring spawning 
in each of the five spawn deposition summary areas {Baker et at i 991 a, Baker et a!. 1991 b, 
WHcock et al. in press). Sampling generally occurs soon after concentrations of herring 
appear in nearshore areas and are accessible to purse seines, Samples will be taken 
periodically from most large herring concentrations throughout PWS during the spawning 
migration. AWL samples collected during the peak of spawning in each summary area, as 
determined from aerial survey sightings of milt and herring schools, will be used to estimate 
age and sex composition as well as average herring size from all major biomass 
concentrations in each area. 

AWL sampling will be stratified by date and area for each commercial fishery and for test 
fishing catches in each spawning area. Sample size for each stratum wHI be set to 
simultaneously estimate proportions by age when sampling from a multinomial population 
(Thompson 1987). The goal wiU be to sefect the smallest sampte size for a random sample 
from a multinomial population such that the probability will be at least 1-o: (precision= 0.05) 
that all the estimated proportions will be simultaneously within 5% (accuracy = 0.05) of the 
true population age proportions, A sample size of 450 herring per stratum will be set to 
ensure that this !eve! of precision and accuracy would be obtained for any number of age 
classes and proportions when less than 5% of the collected scales will be unreadable. 
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Wilcock et a!. (In press) provide a thorough description of PWS herring AWL sampling 
ram procedures. 

an analysis of 5 years of fecundity data in PWS (persona! communication, Tim Baker, 
Alaska Department of Fish and Game, Anchorage), Baker found that for a given year the 
relationships between herring weight and fecundity were very similar among areas, but le<>s 
so among years tor a given area. Year was found to be significant as were all interaction 
terms with year in an analysis of co-variance. As a result, we determined that it is probably 
important to colfect fecundity data from PWS every year, but within a year, samples can be 
pooted across areas. Therefore, we will collect fecundity samples in 1994 as a subsample of 
female herring from AWL samples and stratify by fish length. Egg and gonad weights will be 
measured and used to calculate average fecundity at the average female weight (F(W f)) 
from expression (16). 

A fecundity sampling goal was set based upon the precision of the biomass estimate. Since 
the spawn deposition survey attempted to estimate spawning biomass with 95% confidence 
interval of no more than ± 25% of the biomass estimate, we wanted the fecundity estimate to 
contribute no more than 1% to the confidence interval width. This was achieved for surveys 
from 1988 through 1990 and 1992 during which area stratum sample sizes ranged from 100 
to 400 fecundity samples and the standard error represented from 1.5 to 2.8% of the mean 
fecundity estimate. A sample size of 150 to 200 herring pooled across areas should be 
sufficient in 1994 to maintain the coefficient of variation below 2.0%. In order to collect 
females over the range of sizes, we will sample 20 to 30 fish within each 10 mm length 

!:lrc,nAJrH from 181 to 250 mm standard length. In addition, we will co!Ject 20 to 30 females 
SO mm or smaller if available. 

The gonad weight will be assumed to be the equivalent of the weight of the ovaries removed 
from each femafe. Gonadal somatic index {GSI) will be defined as the percentage of total 
herring weight accounted for by gonad weight and will be calculated by dividing the gonad 
weight by body weight of each female sampled. 

Mean Weight and Sex Ratio. Mean weight and sex ratio will be estimated from AWL 
samples collected from each of the five spawn deposition summary areas. AWL samples 
collected during peak spawning in each area will be pooled to estimate mean weight and sBx 
ratio for that area. Average weight and sex ratio for PWS will be estimated as a weighted 
average of estimates from all areas. Average weight and sex ratio for each area will be 
weighted by the escapement biomass estimate based on spawn deposition surveys for that 
area. 

Sex ratio, S, will be calculated as the ratio of the number of herring of both sexes ln AWL 
samples to the number of females. The binomial distribution is applicable to estimating the 
proportion, p, of females in AWL samples, where S = 1/p. The variance of S is 
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(18) 

where n is the number of fish in the AWL sample. 

Fecundity lor Biomass Estimates.:.. Average fecundity for PWS.will be estimated from a 
fecundity·weight relationship as F(W1}. and used in equation tf) to estimate biomass from 
spawn deposition. The variance of estimated average fecundities will be approximated by 
the variance of predicted means from the fecundity-weight linear regression (Draper and 
Smith 1981) 

where 

s:_ = the residual mean square from the fecundity~weight linear regression, 
"Y.t_ = the average weight of female fish in the spawning population. 
WF = the average weight of females in the fecundity sample, 
W1 = the weights of individual females in the fecundity sample, 
n = the total number of females in the fecundity sample from each area, and 
q = the total number of females in the representative AWL sample or pooled 

samples from the corresponding area. 

(19) 

A linear relationships between female body weight and fecundity wm be used because 
Hourston et aL (1981) found that female body weight at spawning explained 70% of the 
variation in fecundity among individuals while length and age only explained another 2% of 
the variation. 

Biggs et aL (in press) examined year and area differences in fecundity using analysis of 
covariance (ANCOVA} models that include an possible interaction terms, Area differences 
appeared relatively less important than year differences and average fecundity by area will 
not be estimated for 1994. 

A secondary purpose for determining average fecundity annually, will be to obtain information 
about natural fluctuations in reproductive potential in relation to fish size, fish growth, and 
environmental conditions. This information will be important for studies designed to test 
hypotheses about constraints to fishery production posed in the SEA plan. For example, sea 
surface temperature appears to be an important natural factor affecting reproductive potential 
of herring. Tanasichuk and Ware (1987} found that sea surface temperatures 60 to 90 days 
before spawning best accounted for variations in size specific fecundity for herring in British 
Columbia, Canada. Using five years of PWSfecundity data, Biggs et aL {in press) showed 
egg production to be a function of fish body weight and to be strongly correlated with sea 
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surface temperatures 13 to 15 months prior to spawning. Egg weight was most strongly 
correlated wlth sea surface temperatures 4 to 9 months prior to spawning. He also found 
thatfecundity decreased as water temperatures increased. 

Egg Loss Study 

In the biomass estimation equation ( i ), T or total eggs is a direct multiplier. The total 
number of eggs estimated is corrected for egg loss or proportion of eggs removed prior to 
the spawn survey (equation 3, term R). Since the egg loss term directly affects the spawn 
deposition survey biomass estimate, it is important to improve the accuracy and definition of 
error associated with it Prior to i 994, ADF&G has used a constant of 10% egg Joss prior t0 
surveys assuming that surveys are generally conducted 5·6 days after spawning as 
recommended ir1 the literature (Haegele et aL 1981, Blankenbeckler and Larson 1982). 

New informati.on reveals that egg loss rates are highly variable, site specific, and are 
generally higher than previously estimated. Jake Schweigert (personal communication, 
Canadian Department of Fisheries and Oceans, Nanaimo, B.C.) recently estimated average 
daily egg loss rates of 7,7 to 8.3'% per day and an average total egg loss of 70% over the '14 
day incubation period, Egg loss was studied during 1990 and 1991 in PWS (Bi.ggs et a!. in 
press) and an average daily egg loss rate of 2.1% and an average totaf egg loss of 50.4% 
over the 22.5 day incubation period were reported. These studies indicated thategg loss is 
a function of time and because it is variable between sites, a straight 10% correction factor 
irrespective of habitat type and number of days between spawning and surveys may not be 
appropriate. However, previous studies have not included collection of data to relate egg 

to habitat type, environmental conditions, or predation. The current study wm include 
modifications to sampling design to improve understanding of these mechanisms behind egg 
loss. The revised egg loss information and model will be used to adjust spawn biomass 
estimates and improve the accuracy of stock assessment methods. Ultimately, this 
information and previous results can be used to build an embryo survival model as outlined 
in the SEA plan (project 94320). 

Up to fifteen egg loss transects will be established in 1994 after herring spawn; 10 transects 
on Montague Island and 5 within the Northeast Area (Figure 1). These two areas were 
chosen to represent major spawning areas because herring consistently spawn every year in 
those areas, Habitat type within these major areas wilt be preliminarily defined prior to the 
field season and finalized when actual spawn distribution is known. Transects wm be 
established perpendicular to shore following a compass course and wUI be randomly placed 
within .each habitat type. Three sampling stations will be located along each transect line at 
three depths within the range of usual herring spawn (+1 ,65 m to ~9.90 m: Figure 2). Based 
on previous egg loss and egg distribution information, sampling stations will be set at (1). 1.0 
m aboveMLLW} (2) 1.0 m below MLLW, and {3) 3.0 m below MLLW. Station depths may 
be adjusted depending on actual egg deposition patterns in 1994. Depth wi!U be determined 
using SCUBA diver depth gauges and later corrected tor tide level. Each transect wm be 
visited every three to four days, 

grid oH3 x 2 permanent 0, 1 m~ quadrats will be placed along the transect at each depth. 
rids wm be placed perpendicular to the transect and parallel to the shoreline. Permanent 
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grids will allow divers to estimate the number of eggs in the same grld over time. Divers will 
make estimates of egg density within each of the five 0.1 m2 quadrats along the top row of 
the grid and the bottom row will serve as alternates in the case of the destruction of any in 
the top row. 

At each visit and depth, divers will place a separate 0.1 m2 quadrat off the end .of the grid, 
estimate egg density within the quadrat, and collect all the eggs and vegetation within the 
quadrat for calibration samples. These diver calibration samples will be preserved and 
processed in the same manner as those collected for spawn deposition surveys. 

An additional sample containing over 200 eggs, adjacent to the frames, will be haphazardly 
selected during each visit and depth. Within this small sample, live/dead ratios will be 
estimated and the eggs will be examined for any signs of egg desiccation and fungal 
infection and the incidence rate recorded. Just prior to hatch, a subsamp!e of Jive embryos 
collected for live/dead examination wBJ be immersed in preservative for later evaluation of 
morphological abnormalities and cytogenetics in the FY95 funding cycle. This information will 
be used to determine baseline levels of abnormalities according to habitat type. egg density, 
and egg distribution. This information is important both for distiguishing natural occurrences 
from oil spill effects and will be an important component of the survival model outlined in the 
SEA plan. Data on embryo survival and abnormalities collected in 1991 for NRDA Study 11 
could be incorporated into the embryo survival model, but earlier data from 1989 and 1990 in 
PWS cannot be considered for baseline level definition due to oil spill effects. 

The 1994 program will include the collection of detailed information on predation and wave 
loss. Within the 20 randomly placed transects predator exclusion frames will be placed at 
each of the three sampling depths. Three frames of approximately 1 ms in volume will be 
placed at each depth: (1) a frame enclosed with small mesh that will retain a!! the eggs lost 
from wave action and at the same time exclude large visible predators, (2) a frame with 
mesh large enough to exclude avian predators. but allow for physical egg removal by waves, 
and (3) a control frame with no mesh. The total count of eggs within each frame will be 
estimated by each of three calibrated divers each time the site is visited (approximately every 
third or fourth day) and eggs and vegetation that have been physically dislodged wm be 
gathered and recorded. In addition. live/dead ratios of remaining attached eggs will be 
recorded along with dates of hatch. any visible signs of egg desiccation. and any incidence of 
fungal infection, Half way through the. incubation period or approximately 10.days after the 
mid·point date of spawn, three calibrated divers will estimate the egg.s within approximately 1 
m2 patch of spawning area adjacent to and equivalent in area to that within the three frames 
and remove all the herring eggs. vegetation and all other animals. Eggs and vegetation will 
be preserved in Gilson's solution and all vertebrate and invertebrate animals wm be frozen. 
Eggs, plants, and animals will be counted and recorded at the laboratory in Cordova. These 
data will contribute prey availability information directly to the study of avian predation on 
herring roe (Project 94320, part of SEA). 

Physical measurements including air and water temperature, salinity, precipitation, wind 
speed and direction, and tide height will be collected at each site during each visit Other 
measurements, such as gradient* substrate and vegetation wiB be collected once when the 
site is set up. Regional meteorofogicaf and oceanographic data will be obtained later from 
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shipboard surveys, moored instrumentation. and existing data products from government 
rt""'""'""'"' (such as local measurements of wind sheer). These measurements will be used 

define habitat type and to mode! the effect of meteorological conditions on egg loss and 
embryo survival contingent upon funding in FY95. 

Egg Loss Data Analysis. Systematic biases among divers and among vegetation types 
were found to exist in diver estimates from previous spawn deposition surveys in PWS 
(personal communication, Fritz Funk, Alaska Department of Fish and Game, Juneau). We 
assumed the same biases would exist in diver estimates for egg loss, and accounted for 
them as we had in spawn deposition surveys. Diver estimates of egg density will be 
approximately proportional to laboratory~enumerated counts. The model used to account for 
biases in diver estimates will be identical to the mode! described by equations (12) and (13). 

An exponential decay mode! will be used to estimate loss in numbers of eggs over time for 
bias corrected similar to that used for the 1990 and 1991 data 

where 

a = a constant, 
= adjusted egg density estimates, 
= parameters representing the effect of transect j, 
= parameters representing the effect of depth k, 

Tii< = parameters controlling the functional form of the relationship between egg 
density and time {number of days after spawning). 

days11k = the number of days after spawning occurred, and 
eiik = normally distributed random variable with mean = 0 and variance = cr2. 

(22) 

A multiplicative mode! will be chosen because egg numbers will be expected to vary with 
location (transect) and depth. All interactive terms will be included in the model, After a 
logarithmic transformation, equation 22 became 

(23) 

In logarithmic form, the mode! comprised a linear analysis of covariance (ANCOVA) with two 
factor effects (transect and depth) and 1 covariate (number of days after spawning). SAS 
(1987) procedure for general linear models (GLM) will be used to obtain least squares 
estimates of the parameters. Estimates of eggs over time (days) were then made for each 
transect and depth. 

The egg survival mode! used to track the data collected in 1989 through 199i in PWS took 
form of the following analysis of covariance (ANCOVA) 
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arcs.in(s)::::: 1..1. +treati +deptht +day i +treat *depthjk + 

day*treatif+day*depthlk +day*treat:*depth!JK.+ 
trans(treat)1(J) +€i.Ju 

(24) 

Future analyses may include replacing the treatment term used to differentiate between oil 
and control areas with a treatment term for habitat type. The egg loss and current egg 
survival models will eventually be synthesized into an embryo survival model that 
incorporates habitat type and predation. Additional analysis and modelling wit! be included in 
FY95 to determine the relationship of meteorological conditions and egg Joss due to wave 
action. The ultimate goal, as outlined in the NHP portion of the SEA plan, will be to build a 
sound~wide embryo survival model relating habitat type, egg density, predation, and 
meteorological conditions. 
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Location 

This project will be conducted entirely within PWS and it is expected that project results will 
directly affect the management of PWS herring fisheries (Figure 1 ). The communities directly 
affected that house fishermen, vessels involved in the fisheries, processing plants, and 
upport services for the fisheries include Cordova, Seward, Valdez, and Whittier. The 

harvests of the native villages of T atit!ek and Chenega will also be directly 
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affected. Information gained in the egg loss portion of the project and associated predation 
s: udy may be extremely valuable in the assessment ot critical habitat and energy needs of 

· igratory birds in PWS and throughout the rest of the state. 

Technical Support 

ADF&G regional and headquarters biometric staff will assist in project planning, review, and 
reporting for this project. They will also provide primary assistance for analysis of spawn 
deposition data and generation of biomass estimates using partial funding from this project 
Additional biometric and modelling assistance for egg loss data analysis will be contracted . 
through a Cooperative Service Agreement (CSA) or a Reciprocal Service Agreement (RSA). 

Primary databases and analytical files will be stored on the local area network (LAN} of the 
Cordova ADF&G office and technical assistance for database management for FY94 will be 
provided by the Cordova office network administrator. Future database management needs 
will require additional funding for a research analyst or equivalent part time position beginning 
in FY95. In addition, wa will coordinate with the SEA plan data managers to ensure that 
future incorporation and integration with their system can be accomplished. 

Laboratory services will be completed at the Cordova ADF&G office wi~h the exception of 
some collections of intertidal invertebrates and fishes, and samples collected for cytogentic 
analysis. The intertidal predator samples will be transferred to the Copper River Delta 
lnstiture of the USFS to complete their research objectives. Analysis of cytogenetic samples 
will be subcontracted in FY95. 

Contracts 

Through a competitive bidding process, an 80 foot vessel will be chartered as a research. 
platform for approximately 6 weeks to meet the data collection objectives of the project. This 
vessel will be shared by the avian predation project of the SEA plan {Project 94320). 

Biometric and modelling assistance will be contracted for a period of 3 to 4 man-months 
through a sole-source CSA or RSA 

SCHEDULES 

Spawn Deposition and Egg Loss: 

Nov 93 - Feb 94 Initiate vessel charter bids and contract 
Secure diver~, ensure certification requirements are met or in progress 
Complete data review and sample design for egg loss study 
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Mar 94 

1-5 Apr 94 

1-4 Apr 94 

5-15 Apr 94 

1-15 May 94 

30 May 94 
May-Jun 94 
15 Jun 94 
30 Jun 94 

15 July 94 
15 Aug 94 
1 Sep 94 
15 Nov 94 
Dec 94 

Complete sample design for diver calibration 
Complete Detailed Project Description 
Complete any necessary diver certifications 
Order laboratory supplies and field supplies 
Hire personnel to maintain and assemble dive gear 
Complete a!! hiring of field personnel and arrange for arrival of divers 
Vessel arrives on site for inspection 
HazMat, CPR!First Aid and Dive Safety training; Project orientation 
Set up laboratory 
fnitiate diving/field data collection (at onset of spawning) 
Set up egg loss sites and begin diving 

Complete field activities 
Begin lab processing of calibration, fecundity, and egg loss samples 
Complete data entry of diver estimates 
Maintain, repair, and store gear 
Complete calibration sample processing 
Data entry of calibration samples 
Initiate data analysis 
Complete egg loss sample processing and data entry 
Preliminary biomass estimate 
Finalize estimate of spawning biomass 
Finalize projection of 1995 run biomass 
Com p!ete annual reports 

EXISTING AGENCY PROGRAM 

Existing programs within ADF&G that will contribute directly to this project include the 
ADF&G PWS Aerial Survey Program funded annually at approximately $25K, the AWL 
Sampling Program funded in 1994 at $23.9K, and the Cordova local area network with 
shared funding by all existing PWS programs. We will also be using 1.5 man-months of 
Fishery Biologist II and 1.5 man-months of Fish and Wildlife Technician II time from the 
management staff paid for by the Pound Fishery Monitoring Program funded at $40K. 
Project planning and review will receive assistance from ADF&G biometric staff. 

ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS 

These activities are within existing collecting permits or Federal special use permits issut:d 
to ADF&G for scientific data collection. This project received a categorical exclusion under 
the National Environmental Policies Act (NEPA). Federal OSHA regulations covering 
hazardous materials handling and disposal, and lab safety training for personnel working with 

reservation chemicals will be followed. No other permits or other coordination activities 
re involved. , 
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PERFORMANCE MONITORING 

Scientific and technical aspects of the study '<Nil! be subject to an internal peer review process 
wrthin ADF&G's Commercial Fisheries Management and Development Division (CFMDD) and 
NOAA's Auke Bay Laboratory reporting systems. Work plans, study design, and annual 
status reports will be subject to the peer review process established by the EVOS Board of 
Trustees and Chief Scientist Significant findings presented in status reports and final reports 
will be submitted for publication in peer reviewed journals and presentation at scientific 
symposia as they are obtained. 

The project leader and project staff is supervised by Steve Fried, Regional Research 
Coordinator, CFMDD, Anchorage Office. Dr. Fried has the ultimate authority and 
responsibility tor this project 

COORDINATION OF INTEGRATED RESEARCH EFFORT 

Project 94166 will be integrated closely with 94320, PWS SEA plan. One component of this 
plan, avian predation on herring spawn, will involve considerable sharing of resources. One 
technician will be housed aboard the spawn deposition contract vessel and share the 
research platform, skiffs, and man-power. Avian predation crews will collect synoptic 
information on bird abundance, behavior, and other data at our sampling transects. The two 
projects will share sample collection and laboratory processing duties for samples collected 
from these transects. The data management will be coordinated as outlined in the SEA plan 
for integration of resu~s. 

Project 94166 will also share information and resources with Project 94165, Herring Genetic 
Stock Identification in PWS. Samples for this project will be collected during AWL sampling 
as an agency contribution. Results from 94165 wi!I be used to improve our knowledge of 
stock definition, improve recovery monitoring, and aid the formulation of fisheries harvest 
strategies. 

Finally, integration of research will require data sharing and coordination with Project 94163, 
Forage Fish Influence on Injured Species. Because herring are an important forage species. 
their abundance and distribution information must be integrated with the composition, 
abundance, and distribution information of these other fish species. Because herring and 
other forage fish may be potential predators, competitors, and prey for each other at various 
stages throughout their life histories, understanding the population structure of these other 
species will improve our understanding of herring early lite history and recruitment. In · 
addition, herring and other forage fish stock dynamics information may lead to a better 
understanding of food avai!abitity, populations fluctuations, and breeding success of birds and 
mammals. Resu~s trom forage fish studies and spawn deposition surveys, as \VeH as the 

94166 - Peer Review Draft 23 23 Feb 1994 



physical oceanographic components of the SEA plan will be essential for drafting a va!id 
study design for herring larva! advection studies beginning in FY95. 

PUBUC PROCESS 

Following the dramatic herring population decline in 1993 coupled with the lack of ongoing 
research in 1993 and the continued documentation of oil spill injury, there has been a 
tremendous amount of public support for herring research from PWS communities and 
organizations. This support includes the Public Advisory Group (PAG) for the Trustee 
Council. The spawn deposition project has long been recognized by both commercial 
fishermen and fishery managers as an invaluable tool for stock assessment In addition, the 
ecosystem approach to PWS studies adopted by the SEA planning group recognizes the 
commercial and ecosystem Importance of herring and includes them as a co-target species 
tor study along with pink salmon. This research planning effort was an intensive public 
review and planning process that occurred over a number of months and identified a number 
of key investigations to improve our understanding of the herring resource. The spawning 
biomass and egg survival results from spawn deposition surveys are necessary prerequisites 
to any additional ecosystem based studies of herring. 

PERSONNEL QUALIFICATIONS 

i. Project Leader~ John Wilcock 

John A. Wilcock, Herring Fisheries Research Biologist, Alaska Department of Fish & Game, 
P.O. Box 669, Cordova, Alaska 99574. Education: Bachelors of Science, Fisheries, 
University of Washington, 1978. Professional Experience: Fisheries Area Research 
Biologist, ADFG, 1992~1993; Fisheries Research Project Biologist, ADFG, 1982~1991; 
Fisheries Technician and Assistant Project Biologist, ADFG, Statewide Stock Biology Section, 
1981 ~ 1982; Scientific Aide. Washington Department of Fisheries, 1979; Research Aide, 
Fisheries Research Institute, 1978N1979. Research Projects: EVOS injury io PWS 
herring, 1992-1993; Prince William Sound Eshamy District scale patterns analysis stock 
identification study, 1992-1993; Project Leader, Yukon River chum salmon scale pattern 
analysis feasibility study, 1988~87; Project Leader, Yukon River chinook salmon stock biology 
project 1982-1989. Selected Publications: VVilcock, J. A, Annual Reports 1983¥1987. 
Origins of Chinook Salmon in the Yukon River Fisheries. Technical Fishery Reports. ADF&G, 
Juneau, Alaska; Wilcock, JA, TT Baker, ED Brown. Stock Assessment and Management of 
Pacific Herring in Prince WJI!iam Sound, Alaska, 1991. Technical Fishery Report ADF&G. 
Juneau, Alaska (1993). Member: American Fisheries Society, Alaska Chapter. 

2. Project Co¥Leader ~ Evelyn Brown 

D. (Biggs) Brown, M.S., Herring Fisheries Research Biologist, Alaska Department of 
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Fish and Game, P.O. Box 669, Cordova, Alaska 9957 4. Education: Masters of Science, 
Fisheries and Aquacultura! Engineering, Oregon State University, 1980; Bachelors of 
Science, Zoology and Chemistry, University of Utah, 1977. Professional Experience: 
Herring Research Project leader, ADFG, 1988~ 1993; Sonar Project leader-Mullet Project, 
Florida Department of Natura! Resources, 1987·1988; Sonar Project Leader-Copper River, 
ADFG, 1985-1987; Marine Bio!ogist~Shipboard Duty, NOAA, 1983; Fisheries and Marine 
Biologist for Metlakatla Indian Community, Annette Island, Alaska, 1980-1982. Research 
Projects: Principal Investigator for Injury to PWS Herring After the Oil Spill, 1989~ 1993; 
Spawn Deposition Survey-Underwater Research Program~ 1988-1992; Mullet Study using 
Hydroacoustics, Manistee River, Florida, 1987-1988; Mites Lake Safmon Enumeration Sonar, 
1985-1987; Marine Mammal-Japanese Fleet Interaction Research, 1983; Annette Island Crab 
and Abalone Subsistence Harvest Plan, 1981; Annette Island Environmental Impact 
Statement for Timber Harvest Activities, 1981-1982; Annette Island Herring Management 
Plan, 1981~1982; Annette Island Salmon Stream Inventory and Recommended Escapement. 
1981-1982; Annette Island Oyster Culture Commercial Feasibility Project, 1980-1981; 
Selected Publications: Biggs, E. D. et aL The Exxon Valdez oil spill and Pacific herring in 
Prince Wilfiam Sound: a summary of lethal, sublethal and fong~term effects from 1989-1993, 
In: Proceedings of the Exxon Valdez Oil Spill Symposium, American Fisheries Society 
Symposium Series, (in press, 1993); Biggs, E. D. and F. Funk, Pacific herring spawning 
ground surveys for Prince William Sound, 1988, with historic overview. ADFG Regional 
Informational Report, 2C88-07. Anchorage, Alaska. 45 p (1988). Member: American 
Fisheries Society, Alaska Chapter. 

3. Biometric Support - David Evans, Biometrician I, CFMDD, ADF&G, Anchorage. 
David Evans has a Bachelor of Science in soil science from the University of Nottingham 
(U.K.), a Master of Science and a Doctor of Philosophy degree in soil science from the 
University of Guelph {Ontario, Canada}, and a Master of Science in statistics from Oregon 
State University. David has worked with the Alaska Department of Fish and Game since. 
October, 1991. His primary responsibility has been analysis of coded-wire-tag data from 
Prince William Sound. He has designed the statistical procedures and computer spread 
sheets used for inseason analysis of tag recovery data, has overseen most of the post 
season data analyses and has co-authored interim and final reports for the 1991 NRDA F/S 
Study #3, the 1992 Restoration Study 60C, and 1993 Restoration studies 93137 and 93184. 

K. BUDGET 

See attached 
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Figure 1. The E;-c<on Valdez oil spill tt·ajecto:ry composite and Prince 
William Sound herring spa•m in 1989. 
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Figure 2. Distribution of herring egg density by depth and area in Prince William Sound 
during 1989, 1990, and 1991 {negative depths are intertidal). 



EXXON VALDEZ COUNCIL 
1994 Federal Fiscal ear Project Budget 
October 1, 1 993 ~ September 30, 1994 

Project Description: Herring Spawn Deposition & Reproductive Impairment ~This project is designed to aid restoration of PWS herring resources through 
intensive management of commercial use. Scuba surveys are conducted to quantify herring spawn in areas of spawn identified through aerial surveys. 
Estimates of deposited spawn are combined with other biological information {age, sex, size, fecunditY, etc.} to estimate the biomass of reproducing 
herring. Biomass estimates are used to forecast future returns and set harvest allocations, 

Budget Category: 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 
Capital Outlay 

Subtotal 
General Administration 

Project Total 

1993 Project No. '93 Report/ Remaining 

Authorized FFY 93 

$0.0 
$0.0 
$0.0 
$0.0 
$0,0 
$0.0 
$0.0 
$0.0 
$0,0 

'94 Interim* 
FFY 94 

$28.4 
$0.8 

$16.0 
$12.4 

$0.0 
$0.0 

$57.6 
$5.4 

$63.0 

Cost** 
FFY 94 

$231 .1 
$7.1 

$98.9 
$20.7 

$3.9 
$0,0 

$361.7 
$41.6 

$403,3 

Total 
FFY 94 

$259.5 
$7.9 

$114.9 
$33.1 

$3.9 
$0,0 

$419.3 
$47.0 

$466.3 

FFY 95 

$259.5 
$7.8 

$117.8 
$23.6 

$3.9 
$0.0 

$412.6 
$47.2 

$459.8 

Full-time Equivalents {FTE} _______ .,;.;.o.:..:..o;.......~.. ___ o;;..; • .,;.;.5......~... ___ 4.:..:. . ..;;..o......~.-__ ..........;4...;...5;.:;......J. ___ ....:..4.;;;.3
41 

Dollar amounts are shown in thousands of dollars. 
Budget Year Proposed Personnel: Reprt/lntrm Reprt/lntrm Remaining Remaining 

Position De_scription -------------+-__:_M..:...:o:.:...n.:.t.;.:..:.hs.;:;_+--.,;.;.C.,;.;.o.,;.;.st.:.--+--M:....;...;:;o_n..:...;th...:;s.:.-+-..........;C;;..;~ o::...;s;...t~-~1 
See Individual 3A Forms for 
Personnel Details 

Comment 

NEPA Cost: $0.0 
. ..:..-------~ 

Personnel Total 
*Oct 1, 1993 ~Jan 31, 1994 

r-------~~------~------~~----~~~1 0.0 $0.0 0.0 $0.0 **Feb 1, 1994- Sep 30, 1994 .......__ _____ . __________ _ 
0?/l~/93 
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EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ September 30, 1994 

Project Description: Herring Spawn Deposition & Reproductive Impairment - This project is designed to aid restoration of PWS herring resources 
through intensive management of commercial use, Scuba surveys are conducted to Quantify herring spawn in areas of spawn identified through aerial 
surveys. Estimates of deposited spawn are combined with other biological information (age, sex, size, fecundity, etc.) to estimate the biomass of 
reproducing herring. Biomass estimates are used to forecast future returns and set harvest allocations. 

Budget Category: 1993 Project No. '93 Report/ Remaining 
'94 Interim* Cost** Total 

Authorized FFY 93 H-"Y 94 FFY FFY 94 FFY 95 Comrnent 
Total Egg !oss 

Personnel $0.0 $23.4 $143.5 $166.9 $166.9 $30.~~ 

Travel $0.0 $0.8 $4.0 $4.8 $4.8 $0.0 
Contractual $0.0 $6.0 $58.9 $64.9 $67.8 $17.5 
Commodities $0.0 $3.0 $6.3 $9.3 $9.2 $2.0 
Equipment $0.0 $0.0 $3.9 $3.9 $3.9 $0.0 
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Subtotal $0.0 $33.2 $216.6 $249.8 $252.6 $50.4 
General Administration $0.0 $3.9 $25.6 $29.6 $29.8 $5.9 

Project Total $0.0 $37.1 $242.2 $2.79.4 $282.4 $56.3 

Full-time Equivalents !FTE) 

Budget Year Proposed Personnel: emaining 
Position Months Cost No report cost are requested as this is a new 

r---~~~~~~~~------------------+-~~~--~~~~-4~~~~-4--~~~4! 

!ntrm 

\lJ/!419.~ 

1 Fisheries Biologist Ill 
3 Fisheries Biologist II (lntrm~ 1 FB 11} 

5 Fisheries Technician II {!ntrm- 2 FWT) 
2 Biometrician I (lntrm~ 1 Biom f) 

1 Program Manager 
1 Fisheries Technician !II 

Personnel Total 

0.5 $3.0 
2.0 $10.6 
0.5 $1.6 
1.0 $4.8 
0.5 $3.4 
0.0 $0.0 

4.0 
6.5 
8.3 
5.0 
1.0 
2.8 

$27.5 
$40.8 
$32.3 
$23.8 

project for '94. 

$6.7 If---:---~-------:-::-::----~ 
$12.4 

~~~~~~------------~~----------1 
*Oct l , 1 993 - Jan 31, 1994 

~------~--------~----~--~--------~! **Feb 1, 1994 ~ Se 30, 1994 
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EXXON VALDEZ E COUNCIL 
1994 Federal Fisc Project Budget 
October 1, 1993 - September 30, 1994 

Travel: 

!ntrrn Spawn deposition: 
1 RT Juneau/Cordova (air fare $650 + $150 per diem} 
3RT Homer/Cordova (air fare $500 + 3.5 days per diem @ $150/day) 
4 RT Anchorage/Cordova (air fare $350 + 4 days per diern @ $150/day) 

Egg loss; None 

Reprtflntrm Remaining 

$0.8 
$0.0 
$0.0 

$0.0 
$2.0 I 

$2.0 I 
I 

Travel Total 
~================-=·=-=--=====-~===--====-==-=-=======================================--====~-~==*=======*=======~ 

$0.8 $4.0 
Contractual: 
intan Spawn deposition: Diver physicals (5 @ $42.5) 

Equipment maintenance/repair 

Egg loss: 

07/14/91 

Dive master class for 3 dive leaders for annual recertification 

Vessel charter {6 divers/2.5 days) 
SkH! fuel/maintenance 
Dive equipment repair/maintenance 
Hazmat training 
Shipping and postage 
Basic diving 
Dive annual recertification 13 @ $200} 
Diver physicals !2 @ $425) 
Vessel charter (15 days X $1.0/day} 
Fuel 

Project Number: 94166 

Contractual Total 

Page 3 of 7 
Project Title: Herring Spawn Deposition & Reproductive Impairment 
Sub-Project: Field Surveys 

Printed: 3f4f94 2:31 PM Agency: AK Dept. of Fish & Game 

$2.1 $0.0 
$1.0 $0.0 
$1.2 $0.0 

$0.0 $37.51 
$0.0 $2.5 I 

$0.0 $1.8 ! 
$0.0 $0.9 
$0.0 $0.2 
$0.3 $0.0 
$0,6 $0.0 
$0.8 $0.0 
$0.0 $15.0 
$0.0 $1.0 ---
$6.0 $f5~ 
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Commodities; 

!ntrm Spawn deposition: 

EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 - September 30, 1994 

Upgrade Cordova lab to meet OSHA minimum standards for storage and disposal of hazardous materials 
Network operation/maintenance 
Software upgrades 
Office/lab suppHes (pencils, paper, formalin, etc.) 
Food for field camps for 20 days x 4 people x $20/day 
Skiff repair materials 

Egg loss: 
Food for field camps for 15 days x 5 people x $20/day 
Field sampling supplies 

Equipment: 

07/14193 

Spawn deposition: 
Chemical storage locker for hazardous materials 
Dive gear replacement (2 dry suits) 

Egg loss: 
None 

Project Number: 94166 

Commodities Total 

Equi ment Total 

1994 Page 4 ot 7 
Project Title: Herring Spawn Deposition & Reproductive Impairment 
Sub-Project: Field Surveys 

Printed: 3/4/94 2:31 PM 
Agency: AK Dept, of Fis Game 

Reprt/lntrm Remaining 

$3.0 $0.0 
$0.0 $0.5 
$0.0 $0.2 
$0,0 $1.0 
$0.0 $1.6 
$0.0 $1.0 

$0.0 $1.5 
$0.0 $0.5 

$3.0 $6,3 

$0.0 
$0.0 

$0.0 

__ __,_,__........_ 

$1.5! 
$2.4 

$3.B 
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COUNCIL 
1 994 Federal Project Budget 
October 1, 1993 ~ September 30, 1994 

Project Pescription; Herring Spawn Deposition & Reproductive Impairment - This project is designed to estimate long term darnage from oiling by 
predicting genetic damage to germ tissue in laboratory experiments. Herring wl!l be exposed to oil and assessed for somatic genetic damage and other 
biofogical damage and compared to chemical uptake experiments to infer genetic damage to germ tissue. 

Budget Category: 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 
Capital Outlay 

Subtotal 
General Adrninistration 

Project Total 

1993 Project No. '93 Report/ 

Authorized FFY 93 

$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0,0 
$0.0 
$0.0 
$0.0 

0.0 

'94 Interim* 
FFY 94 

$5.0 
$0.0 

$10.0 
$9.4 
$0.0 
$0.0 

$24.4 
$1.5 

$25.9 

0.1 

Remaining 
Cost•• 

FFY 94 

$87.6 
$3.1 

$40.0 
$14.4 

$0.0 
$0.0 

$145.1 
$15.9 

$161.0 

1.7 

Total 
FFY 94 FFY 95 Comment 

$92.6 $92.6 
$3,1 $3.0 

$50.0 $50.0 
$23.8 $'14.4 

$0.0 $0.0 
$0.0 $0.0 

$169.5 $160.0 
$17.4 $17.4 

$186.9 $177.4 

1.6 Full-time Equivalents (FTE} 
r---------~~--~------~~~----~----~~~------~~1 

Dollar amounts are shown in thousands of dollars. 
1.8 

·--·· 
Budget Year Proposed Personnel: Beprt/lntrm Reprtilntrm Remaining Remaining 

Position Description Months Cost Months Cost 
~--~~~~~~~~------------------+---~~--~~~~~--~~~-+--~~~·--

Inurn Principal Investigator GS 12 
Chemist GS 9 
Fish Biologist GS 7 
Program Manager GS 12 

0.9 
0.0 
0.0 
0.0 

$5.0 
$0.0 
$0.0 
$0.0 

4.0 
8.0 
8.0 
0.9 

$23.4 
$33.9 
$22.8 

$7.5 

~~~~~~-----------------~~---·~------4 NEPA Cost: $0.0 

1--------JI--------+-----~-----!! *Oct 1, 1993 ~ Jan 31, 1994 l 
Personnel Total 0.9 $5.0 20..:.:. $87.6 **Feb ~1, 1994 • Sep ~.9.-:.,:'-1.:..:9:...::9:..4;::::=:=:=:=:~ ;...........-----------··· 
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EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 - September 30, 1 H94 

Travel: 

2 AT Anchorage/Juneau for meetings (air fare $450 + 1.5 days per diem @ $225/day) 
One report presentation at a scientific meeting (yet to be determined! 
1 RT to PWS associated with ADF&G field activities 

Travel T 
Contractual: 

lntrm Purse seine contract to collect adult herring for tab exposure to hydrocarbons to evaluate possible larval abnormalities and g 

07ll4JS>3 

Genetic analyses contract to look far possible genetic injury to larval herring !cost based on previous contracts) 
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B. INTRODUCTION 

The Prince William Sound (PWS} pig.eon guillemot (Cepphus columba) population has 
been in decline since the 1970s. Guillemots were heavily impacted by the Exxon 
Valdez oil spill; an estimated 2,000 to 3,000 were killed throughout the spill zone (Piatt 
et al. 1990). This figure includes 33% of the 1991 estimated Prince William Sound 
(PWS) population. Data from waterbird surveys indicated that the PWS summer 
guillemot population declined from about 15,000 in 1972 to 6,600 in 1991 and 4000 in 
1993 (lslieb and Kessel 1973; Klosiewski and Laing 1992; Agler et a!. 1993). A survey 
was conducted in 1993 to locate pigeon guillemot colonies in PWS {Sanger and Cody 
MS). Approximately 1,800 guil!emots were recorded at 160 colonies throughout PWS 
and a total of 3,077 guillemots were recorded in nearshore waters during the colony 
surveys. Based on colony catalog data, the dispersion throughout PWS appears to 
have remained about the same since the early 1970's, though the population has 
decreased dramatically (USFWS). This spatial pattern supports data demonstrating an 
ongoing decline in the breeding population, rather than the idea that there has been 
movement of guillemots between areas within PWS, Latent effects from the spill may 
yet be impacting the population since gui!lemots do not breed until they are three or 
four years old, 

Relationships between forage fish abundance and seabird colony size and 
reproductive success have long been observed, and severe declines in food fish have 
been blamed for declines and catastrophic failures of seabird cotonies {Monaghan et 
a!. 1989). Low reproductive rates in seabirds have been attributed to limitations in the 
abiHty to deliver food to young (Lack 1968, Ricklefs 1983), Long foraging trips by 
seabirds have been correlated with low chick feeding rates and subsequent breeding 
failures (Irons 1992, Hamer in press) and nesting attempts, clutch size and hatching 
and fledging success are all directly affected by food availability (Murphy et aL 1991). 
Activity budgets and colony attendance of breeding adults, chick growth, breeding 
(hatching and fledging} success and adult survivorship may alt be affected by prey 
abundance and availability, Extreme weather and other factors can influence 
reproduction parameters, but chick growth (and maximum weight before fledging), 
activity budgets and colony attendance appear to be sensitive measures of prey 
availability and foraging success (Cairns 1987). 

Pigeon guil!emots are well suited as samplers of the nearshore community as they 
have one of the most diverse diets found among seabirds, including midwater (e.g., 
Pacific sand lance, Ammodytes hexapterus and Pacific herring, Clupea harengus 
palfast), and bottom fish (e.g., b!ennies and sculpins) and invertebrates. Individual 
birds appear to specialize on a much narrower range of prey and have been observed 
to maintain unique diet preferences despite the use of obvious and abundant qifferent 
prey by neighbors {Drent 1965, Kuletz 1983). Guillemot reproductive success has 
been shown to reflect abundance of prey; Ainley and Boekelheide {1990) found that 
when juvenile rockfish were unavailable during the chick rearing period, the fledging 
weights of pigeon guil!emots were low regardless of hatching date. and that mean 
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fledgling weight was in fact highly correlated to the proportion of rockfish in the diet 

Egg and chick predation is a potential factor influencing guillemot reproductive success 
in PWS. Of 61 pigeon guillemot nests investigated in Queen Charlotte Islands, B.C. 
(Vermeer et al. 1993) 71.2% of egg loss and 58.6% of chick loss was due to 
predation, and was the greatest cause of egg and chick loss. Most of the known 
predation was avian. In PWS common predators on pigeon guillemot eggs, chicks 
and adults at the nest probably include common ravens (CoNus corax)r northwestern 
crows (Cotvus caurinus), black--billed magpies (Pica pica), glaucous~winged gulls 
(Larus glaucescens), mink (Mustefa vison) and river otters (Lutra canadensis). The 
primary difference in reproduction that was observed following the spiH on Naked 
Island was a decreased nesting success rate which was due to an increased rate of 
nest loss from predation, during the chick stage, 

In the Naked Island area, the number of guil!emots along oiled shorelines was less 
than expected following the spill even though few breeding birds were in the area 
when the oil came through (Oakley and Kuletz MS). The most likely mechanism may 
be related to the guillemot's use of beach rocks at their colony sites. Guillemots rest 
and socialize on intertidal rocks at their colony sites and may have come ln contact 
with oil at that time. In turn, eggs could have died after oil was transferred from 
parent's breast feathers to eggs. Due to intertidal habits, gui!!emots may still be 
exposed to traces of oil remaining in intertidal areas. 

To determine if pigeon guillemot productivity is limited by food, predation or oiling, we 
will initiate a multi-year study at several colonies in PWS. In the first year, diet, 
foraging behavior, predation rates, egg oiling and reproductive success will be 
compared among colonies in different areas of PWS. Relative forage fish abundance 
will be compared to reproductive parameters. This study will help identify reasons for 
the guillemot population decline in PWS. 

Information on the foraging ecology of the pigeon guillemot will contribute to the 
development of PWS ecosystem trophic models. If food is limiting, guillemot recovery 
will depend on the health of populations of sand lance, capelln, herring, pollock, 
rockfishj sculpin, blennies and a variety of other bottom fish. The relative accessibility 
of the guillemot for reproduction and food studies make them a useful organism for 
understanding needs of other piscivorous marine birds (e.g., marbled murrelets, 
puffins, arctic terns, kittiwakes) and mammals (e.g., harbor seals). 

C. PROJECT DESCRIPTION 

1, Resources and/or Associated Services: 

The injured resource targeted by this project is the pigeon guillemot. By providing 
information on guillemot diet, foraging behavior and reproductive success in 
conjunction with the forage fish study (94163) and the Sound Ecosystem Assessment 
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[SEA project. 94320], this study will provide information on whether forage fish 
availabHity limits guillemot reproduction. Additionally, the diet information will aid in 
defining the trophic pathways needed to develop an ecosystem model for the PWS 
marine environment This project will benefit guillemots by identifying factors which 
may be causing the population to continue to decline in PWS. Knowledge gained by 
monitoring guiHemot populations may apply to other seabirds in PWS, especially 
marbled murrelets {Brachyramphus marmoratus}, parakeet auklets (Cyclorrhynchus 
psittacula). tufted puffins (Fratercula cirrhata) and homed puffins (Fratercula 
corniculata) These bird species have nests which are much less accessible and are 
therefore probably much more difficult to study than the guiUemot. 

2. Relation to Other Damage Assessment/Restoration Work: 

Exxon Valdez oil spill damage assessment studies conducted in 1989-1990 (Bird 
Study 9) focused on guillemot prey and productivity, In 1991 and 1992 work was 
conducted ancillary to the R15 restoration project on marbled murrelet nesting habitat 
Restoration Study 93034, completed in 1993, surveyed the entire shoreline of PWS 
and mapped guillemot colonies and estimated numbers of breeding and non-breeding 
birds. 

Similar goals of determining forage fish availability and feeding behavior are of interest 
to the Murrelet Prey and Foraging Habitat Study (941 02}, and will allow us to 
coordinate programs and personnel to improve upon study design and allow for 
greater coverage and more efficient data collection. Both of these studies will also be 
closely linked to data collection and analysis conducted by SEA (94320) study 
(especially the juvenile herring and forage fish components) and the forage fish 
(94163) study. The forage fish study will collect fish and bird abundance data at two 
study areas used by the murrelet prey and foraging and pigeon guilfemot recovery 
monitoring projects. The forage fish studies will provide data on fish species, 
abundance, and distribution (both spatially and temporally) early in the season, and 
provide temperature, bathymetric, and other oceanographic measurements that affect 
fish distribution and availability. 

3. Objectives: 

To determine if reproductive success of PWS pigeon gui!!emots is limited by food, 
predation and/or persistent oil contamination we will: 

a. Determine nesting chronology, chick growth rates, fledging weight and 
reproductive success at Naked and Fool Island and determine if differences 
between areas exist 

b. Determine chick diet, chick provisioning rate and foraging bout duration 
information at several colonies to determine variabinty in PWS, differences 
beb1veen areas and correlations with prey distribution. 
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c. Document foraging areas and determine abundance of forage fish at 
foraging sites (in conjunction with forage fish study). Determine relative 
abundance of benthic fish and invertebrates. 

d. Identify predators and predation rates of eggs, chicks and incubating adults 
and identify nest types most vulnerable to predation. 

e. Determine if there is persistent oiling of guillemot eggs. 

4. Methods; 

a. Study Area 

We will study guil!emots nesting at several sites. Naked Island, where extensive work 
has been done in the past, and Fool Island, where nests were identified in 1993, will 
be the focus of 1994 work on reproductive success. Additional sites with large 
guillemot colonies, including Jackpot Island, B!igh Island, Harriman Fjord, Blackstone 
Bay and Passage Canal (Figure 1} will be prepared for 1994 chick feeding 
observations and reproductive success work in 1995 by identifying nest sites, banding 
birds, and preparing blinds for observations. Gui!lemots nest in talus crevices, cliff 
crevices and cliff-edge burrows which will be located during early incubation and chick 
rearing periods. 

b. Data Collection 

Daily weather measurements will be taken at each area and wit! include maximum and 
minimum air temperatures, wind speed and temperature. Sea conditions will be 
estimated and rated on a scale of 1-5. 

Chick growth and reproductive success (objective a)- Reproductive success wBl 
primarily be monitored at Naked and Fool Island. Methods developed and refined in 
past years on Naked lslal"ld will be used (Oakley and Kuletz MS). Thirty to 50 nests 
will be monitored at Naked and Fool Islands. Nest checks will be conducted every 4·5 
days to determine number of eggs !aid, approximate hatching date and hatching 
success. chick growth, and maximum and fledging weight. Nest checks will involve 
checking for incubating adults, banding and measuring chicks. Wing chord, tarsi and 
culmen length wilt be measured to the nearest 1 mm and chick weight (chicks wiH be 
placed in measuring bags and weighed with Pesola hand-held scales) to the nearest 1 
g. Fledging weight is the weight measured within one week of fledging. 

Chick diets, provisioning rates and foraging bout duration (objective b)- At Naked and 
Fool Islands chick provisioning watches will be conducted every 2-3 days for 
approximately 6 daylight hours. At other sites watches will be performed 
opportunistically. Gui!lemots will be observed with spotting scopes and binoculars 
from bllnds assembled near colonies. Fish will be identified to species, where 
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possible, and wilt at least be classified as either a schooling or a bottom fish. Eleven 
prey categories based on taxonomy and the ability to distinguish certain groups of 
prey species will be used here when species identification is not possible (Oakley and 
Kuletz MS). Prey size will be judged by comparing prey organism to the bill of the 
guillemot, and will be recorded to the nearest 1/2 bill length. Additional information on 
diet will be obtained opportunistically, tor example, fish identified from nests and 
otoliths. taken from fecal samples collected from nests. Ancillary diet data· from the 
SEA study and NOAA forage fish studies will be collected opportunistically from on~ 
board observers; a concentrated bout of observations will be made on foraging 
grounds near colony sites when hydroacoustica!ly outfitted vessels are surveying in 
the immediate area of these sites. 

Foraging bout durations will be recorded while observing individual birds from blinds. 
Forage bout duration is defined as the time from when a gumemot leaves the nest to 
when it returns again. We will examine distribution of foraging areas in relation to 
colony sites. Gui!lemots will be visually followed to foraging areas where information 
on prey type, capture rate, dive times and forage bout length at foraging grounds will 
be collected to evaluate foraging grounds. Using compasses and landmarks and 
maintaining radio contact between the observer in the blind and a person in an 
inflatable boat, flight directions of incoming and outgoing birds will be recorded and 
birds will be tracked to forage areas. On foraging areas we will measure physical 
factors {sea surface temperature, sea surface salinity, depth) to relate food abundance 
and guillemot distribution to oceanographic characteristics. 

Blood lipid analysis has shown differences between diets of marine mammals (Iverson 
1993}. ln order to gather more information on guillemot diets without sacrificing birds, 
we will investigate developing this technique for determining marine bird diets. We will 
remove a small amount of blood from the wing tissue of adults captured for banding 
and from juvenile, pre-fledgling, gui!lemots. 

Fish abundance (objective c)- To characterize guillemot foraging habitat in an effort to 
relate habitat and prey abundance with chick provisioning we will sample benthic prey 
and schooling forage fish. Minnovll traps have been successful at capturing bottom 
fish and invertebrates in previous years and will be deployed here at depths of 
between 3-25 m for 8-24 h at a time (Oakley and Ku!etz MS). They wlll be set 
randomly in areas of guillemot foraging. The forage fish study (94163} will sample the 
water column adjacent to guillemot colonies using hydroacoustics to determine relative 
prey abundance and trawls to determine species composition. The guillemot study 
may also use small otter trawls to obtain an estimate of prey abundance; transects will 
be conducted in the areas in, and adjacent to foraging guillemots. Throw nets may be 
used opportunistically to identify species ln the water column not identified by other 
means. 

Predation estimates {objective d)- Uve traps will be set on occasion to identify 
predators. Traps will be set in vegetation above the colonies as well as on rocks 
within the boundaries of the colony. Other sign, including animal tracks and scat, wiU 
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be identified. Rates of predation will be estimated primarily from nest observations. 
Predation on eggs and chicks is determined by examination of egg or chick remains. 
When eggs or chicks disappear and it is obvious that they could not have fallen out of 
sight, predation is assumed. Predator identification on egg or animal remains is 
sometimes possible; mink and other carnivores have characteristic chew marks; coNid 
holes can sometimes be identified in egg shetl fragments. 

ONing (objective e)~ Sealed sample jars for use for hydrocarbon analysis will be taken 
into the field. Any unhatched eggs will be collected, using hydrocarbon sample 
collection protocol, and sent to Texas A & M laboratories tor analysis. 

c. Data Analysis 

Hatching success will be defined as the average number of chicks hatched or fledged 
per nest for all nests found during the egg stage; fledging success is the mean 
number of chicks fledged per nest for all nests whether found in the chick or egg 
stage (Oakley and Kuletz MS). Chick growth rates, provisioning rates and foraging 
trip duration will be compared between areas using t-tests and compared among three 
or more colonies using one-way Analysis of Variance. Hatching success, fledging 
success, reproductive success and predation rates will be compared among colonies 
using chi-square tests. 

5. Location: 

The Naked Island group supports approximately 27% of the PWS guillemot population, 
and is located on a shallow shelf about 24 km from the mainland. Naked Island will 
be included among the study sites because of the high density of guillemots. the past 
data available for comparison, and the detailed knowledge of the colonies. The other 
sites were chosen based on 1) the existence of a large number of accessible nest 
sites, and 2) an attempt to study a variety of locations around PWS, with various 
habitat types and bathymetric characteristics. AU precautionary measures will be 
taken so that no habitat will be adversely affected by this project and every effort will 
be made to minimize the impact on individual animals and communities. Boats and 
field materials will be transported through Whittier, Alaska. 55 mi southeast of 
Anchorage on Passage Canat, PWS. Use of docks and other facilities and proximity 
to study sites make this an excellent staging area for this project 

6. Technical Support: 

Texas A&M University will provide technical support by analyzing unhatched eggs for 
hydrocarbon. 

7. Contracts: 
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We wilt contract, by competitive bid, a barge to transport camp equipment and 
supplies, including fuel, to the Naked Island study site. This camp wit! be coordinated 
with the marbled murrelet study (941 02) to use the same barge deliveries. 
A multi·year contract has been awarded to Texas A & M for ·hydrocarbon analysis. 

Also in conjunction with the marbled murrelet study, we will contract with the University 
of Alaska. Fairbanks, Institute of Marine Science (IMS) for identification of fish species 
not able to be identified by USFWS personneL The blood lipid analysis will also be 
contracted. 

0. SCHEDULES 

Apr 1-May 10, 1994: Hire biological technicians, conduct safety training for all field 
personnel, prepare boats and other field gear, prepare final surveys protocols 

May 1 0·20, 1994: Finalize preparations for field, transport boats, other field equipment 
and field personnel to Whittier, AK. Construct blinds at colony sites, track birds 
to foraging grounds (primarily by visually following them from nest areas to 
foraging grounds) and make observations (fish species, dive times. etc.). 
Locate nests at colonies, band birds. 

May 20-Aug 10, 1994: Conduct nest burrow checks for egg production, egg survival, 
hatching dates and chick survival and growth. Chick feeding observations (from 
blinds) identifying fish species and approximate size, recording feeding rate. 
We will continue to make observations on foraging grounds. 

Aug 11·25: Continue to make observations and measurements of birds on nests. 

Aug 26-Sep 31, 1994: Remove blinds. transport boats and gear back to Anchorage. 
Clean and malntaln field equipment Data entry and preliminary analysis. 

Oct 1~Jan 15: Continue data analysis and writing. 

Jan 15: Draft report to FWS Oil Spill Coordinator, 

Feb 1, 1995: Draft report due to Chief Scientist 

Apr 30, 1995: Final report complete. 

E. EXISTING AGENCY PROGRAM 

Currently, the FWS has no ongoing programs to monitor the P\1/S pigeon guillemot 
population. The only ongoing work in PWS using base funding is on kittiwakes. 
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F. ENVIRONMENTAL COMPUANCE/PERMIT/COORDINA TION STATUS 

Based on a review of the CEQ regulation 1500-1508, this study has been determined 
to be categoricalfy exempt from the requirements of NEPA in accordance with 40 CFR 
1508.4, 

G. PERFORMANCE MONITORING 

The project manager, D. Irons, will oversee the project and assign responsibilities to 
other agency personnel if other key staff are unable to complete the project ln the 
event that the one of the {assodate} project leaders leaves before the project's 
completion. the other leader will assume responsibility for completion. The project 
manager will be available for additional assistance, if needed. 

Quality assurances will be provided in the field by hiring experienced personneL In 
addition to the principal investigator, at least two people with knowledge of pigeon 
guillemots and PWS wBl be returning. 

Personnel will be trained to identify fish at a distance with actual samples, after 
identification training with plates and photos has been completed. One of the principal 
investigators will be present with each of the field groups, All data wiU be entered into 
a computer database and archived at USFWS. Reports will be submitted to USFWS 
Oil Spill Coordinator for internal review, followed by the Trustee Council peer review. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

This project is integrally related to the NOM forage fish project {94163). The two 
projects will collect complementary data that wm be shared between the two projects, 
to determine if food is limiting recovery of pigeon guH!emots. The pigeon guillemot 
restoration monitoring study and the murre!et food and foraging habitat study (94102} 
are also coordinated so that field camps, transport communication and observations 
can be shared and the forage fish study will provide data for both the pigeon guillemot 
and murre!et studies. Through cooperation with the SEA study, bird observers will be 
aboard research vessels and will collect both bird data to complement fish distribution 
data. Close coordination with the forage fish and the murrelet study at least will 
continue throughout the life of this study because all three are sharing data integral to 
all studies. 

t PUBLIC PROCESS 

This project ha.s been reviewed by the Exxon Valdez Oil Spill (EVOS} Public Advisory 
Group, the EVOS Trustee Council and has been published for public review, The 
short proposal for this project was published as part of the proposed FY94 work plan 

9 



and made available for public comment. The final study proposal (this document} will 
be available for public and peer review. 

J. PERSONNEL QUALIFICATIONS 

Migratory Bird Management Project Manager; David Irons received his Ph. D. from 
the U. of CA, irvine in 1992. His dissertation was on the foraging ecology and 
breeding biology of the black~legged kittiwake. The field work for this study was 
conducted in Prince William Sound. Irons· received his M. S. from Oregon State 
University in 1982 where he studied foraging behavior of gtaucous·winged gulls in 
relation to the presence of sea otters. Irons conducted marine bird and sea otter 
surveys in PWS in 1984 and 1985. He has been studying kittiwakes in PWS for 11 
years and completed the EVOS kittiwake damage assessment study. Irons has 
overseen several seabird studies in the past few years Including a marine bird and sea 
otter survey in PWS and in Cook Inlet. a seabird monitoring study on Little Diomede 
Island, and a cost of reproduction study on kittiwakes. Irons has authored and co~ 
authored several reports and publications on seabirds and has made several 
presentations at scientific conferences on seabirds. 

Pertinent reports and publications: 
Irons, 0,8. Submitted to Auk. Size and productivity of black-legged kittiwake colonies in Prince 

William Sound, Alaska before and after the TN Exlt·on Valdez oil spilL 

Irons, 0.8. In preparation. Foraging site fidelity and tidal rhythms in individual Black-lagged 
Kittiwakes. 

Irons, 0.8. In preparation. Flexible foraging behavior in seabirds: short-term buffer and long· 
term tradeoff? 

Irons, 0.8. In preparation. The role of food avai!abiHty in sibling aggression and brood 
reduction of the Black-legged Kittiwake. 

Irons. D.B. 1992. Factors Affecting Black-legged Kittiwake reproductive success. Unpublished 
Ph.D. Dissertation. 

1rons. o.e., R.G, Anthony, and JA Estes. 1986. Foraging strategies of Glaucous-winged 
Gulls in a rocky intertidal community. Ecology 67:1480..1474. 

Hatch, SA, G.V. Bryd, D.B. Irons, and G.L Hunt 1993. Status and ecology of kittiwakes in 
the North Pacific Ocean. Pages 140-153 in editors, K. Vermeer, KT. Briggs, KH. 
Morgan, D. Siegel-Causey, The status, ecology, and conservatlon of marine birds of the 
North Pacific. Can. Wildt Serv. Spec. PubL, Ottawa, Canada. 

Hogan. M.E. and 0.8. Irons. 1986- Waterbirds and marine mammals. in M.J. Hameedi and 
D.G. Shaw, editors. Environmental management of Port Valdez, Alaska: scientific basis 
and practical results. Springer-Verlag, New York. 

Vermeer, K, and 0.8. Irons. 1991. The Glaucous-winged Gull on the Pacific Coast of North 
America. Acta Twentieth Congressus lnternationalis Ornithoioglci:2378-2383. 
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, . 
Acting Principal Investigator: Dennis Marks received a B.S. from the U. of CA. Irvine in 
1979 and completed his M.S. at the Universjty of Oregon Institute of Marine Biology 
where he studied the feeding ecology of several species of bottom fish. In 1990 he 
participated in the marbled murrelet and pigeon guillemot damage assessment 
studies. In 1991 he was an integral part ot the marbled murrelet restoration study. In 
1992 and 1993, he supervised two marbled murrelet restoration studies and co­
authored several reports and publications on the results of these studies. Prior to 
these studies, Mr. Marks spent several years coordinating field projects on the west 
coast and in S.America. 

Pertinent reports and publications: 

Kuletz, K.J., O.K. Marks, and N.L. Naslund. MS. At·sea abundance and distribution of marbled 
murrelets in the Naked Island Area in summer, 1991 and 199 Annual Progress Report. 
U.S. Fish and Wildlife Service, Anchorage, Alaska. 32pp. 

Kuletz, K.J., N,L. Naslund and O.K. Marks. MS. Identification of marbled murrelet nesting 
habitat in the Exxon Valdez oil spilt zone: Restoration Project R15 Annual Progress 
Report. U.S. Fish and Wildlife Service, Anchorage, Alaska. Four Chapters with 7 
appendices. 150 pp, 

Marks, O.K., KJ. Kuletz and N.L. Naslund. ln review. Marbled murrelet surveys in Prince 
William Sound, Alaska: Surveying for marbled murrelet nesting habitat in remote areas. 
Proceedings of the Pacific Seabird Group's Marbled Murrelet Symposium. 27pp. 

Marks, O.K. 1987. Effects of protracted disturbance on the food of the English Sole 
{Parophrys vetulus Knerr). M.Sc. Thesis. Univ·ersity of Oregon, 1987. 78pp. 

Associate Principal Investigator: Mary Cody graduated from the University of Michigan 
in 1987 and has been with the FWS Division of Migratory Bird Management since 
1989. Following a season working on the effect of the spill Of"! black oystercatchers. 
she joined the 1990 USFWS marbled murrelet and pigeon guiUemot damage 
assessment studies. tn 1991, she conducted extensive habitat and murrelet surveys 
for the marbted murrelet restoration study in PWS and continued pigeon guif!emot 
work on Naked Island. In 1992, Ms. Cody supervised pigeon gulllemot and marbled 
murrelet research on Afognak Island, Alaska and assisted on seabird surveys there. 
In 1993 she was associate principle investigator for the PWS pigeon guillemot colony 
survey, and has co-authored several publications and reports on pigeon guillemots. 
marbted murrelets and other seabirds~ 

Pertinent Reports and Publications: 

Andres, B.A., and M.S. Cody. MS. Effects of the Exxon Valdez oil spill on black oystercatchers 
breeding in Prince William Sound, Alaska. Bird Study 1 Final Report. U.S.Fish and 
Wildlife Service, Anchorage. 

Cody, M.B., and G.A Sanger. 1994. Sur.rey of pigeon gu!Uemot colonies in Prince WilHam 
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Sound, Alaska. Abstract Pacific Seabird Group Bulletin. 

Cody, M.S., and T.P. Gerlach. 1993. Distribution and activity levels of marbled murrelets at 
coastal and inland sites on Afognak Island, Alaska. Biological Report. U.S. Fish and 
Wildlife Ser..-ice, Anchorage, Alaska. 15pp. · 

Cody, M.S., J. Fadely, and T.P. Gerlach. 1993. Population estimates of nesting seabirds along 
the northern and southwestern coast of Afognak Island, Alaska. Biological Report U.S. 
Fish and Wildlife Service, Anchorage, Alaska. 33pp. 

Cody, M.S., J. Fadely, and T.P. Gerlach. 1993. Population status and distribution of Pigeon 
Guil!emots along the northern and southwestern coast of Afognak Island, Alaska. 
Biological Report. U.S. Fish and Wildlife Service, Anchorage, Alaska. 27pp. 

Fadely. J., T.P. Gerlach, and M.S. Cody. 1993. Distribution and population 
estimates of marine birds in the near-shore and pelagic waters of 
Afognak Island, A!aska. Biological Report U.S. Fish and Wildlife 
Service, Anchorage, Alaska. 18pp. 

Kuletz, K.J., DK Marks, N.L. Naslund and M.B. Cody. In review. Marbled rnurrelet activity in 
four forest types at Naked Island, Prince WilHam Sound, Alaska. Proceedings of the 
Pacific Seabirds Group's Marbled Murrelet Symposium. Northwestern Naturalist. 

Kuletz, K.J., O.K. Marks, N.L. Naslund, N.G. Stevens and M.B. Cody, MS. Information Needs 
For Habitat Protection: Marbled Murrelet Habitat Identification. U.S.Fish and Wildlife 
Final Report. ll Opp. 

Naslund, N.L., K.J. Kuletz, M.S. Cody, and D.K. Marks. In review. Tree and habitat 
charactelistics and behavior at fourteen marbled murre!et tree nests in Alaska. In 
Proceedings of the Pacific Seabird Group's marbied murrelet symposium, 1993. 
Northwestern Naturalist. 

Sanger G.A. and M.S. Cody. MS. Survey of pigeon guillemot colonies in Prince WilHam Sound, 
Alaska. U.S.Fish and \Vildlife Ser.,;ice Final Report 58pp. 

Sharp, W., and M.B. Cody. MS. Effects of the Exxon Valdez oil spill on black oystercatchers in 
Prince WiWam Sound, Alaska. 
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EXXON VALDEZ Oil. SPILL PROJECT DESCRIPTION 

Title: Coded-wire Tagging of Wild Pink Salmon for Stock Identification in Prince Willi& 
Sound 

Project Number: 94185 

Lead Agency: ADF&G 

Cooperating Agency: None 

Cost of Project, FY94: $286.0K Cost of Project, FY95: S286K 

Project Startup Date: October 1993 Duration: 2 years 

Geographic Area: Prince William Sound 

INTRODUCTION 

Wild stocks of pink salmon (Oncorhynchus gorbuscha) are a critical component of the entir 
Prince William Sound {PWS) ecosystem, Extensive seaward migrations of pink salmon fry 
serve as both the dominant predators on zooplankton populations and as important prey fc 
other fishes and birds. Historically, an average of 10 to 15 million pink salmon return from 
the high seas to spawn in P\NS's hundreds of streams. These migrations are vital in 
sustaining a wealth of species that depend upon pink salmon to transport nutrients and 
energy from feeding grounds in the north Pacific to nearshore waters, freshwater streams, 
and upland ecosystems of PWS. !n the past three years, the number of adult pink salmon 
returning to PWS have dramatically declined. Total returns of pink salmon have fallen from 
1991's record high return of over 40 million fish to a near-record lmv return in 1992. 
Preliminary 1993 results indicate that this year's pink salmon return will continue this 
downward trend despite the strong parent year return in 1991 and continuous, steady, 
hatchery production frorn the four PWS pink salmon hatcheries. 

The Alaska Department of Fish and Game's (ADF&G) intent to restore future P'vVS pink 
salmon escapements to historic levels will require both conservative and precise fisheries 
management strategies. Restoration efforts based upon inseason evaluation and 
manipulation of the commercia! tishing fleet depends upon the manager's ability to identify 
and selectively reduce harvests on injured stocks. Management actions deslgned to protec 
wild pink salmon from overharvest in fishing districts with weak returns is the best option 
presentiy avaiiable to restore oil-impacted stocks from the soutt1west district of PWS. Stoc~ 
in that district have experienced higher egg mortalities~ larva! deforrnities, and lower Juvenile 
growth rates than stocks from unoiled streams and hatcheries. There is also evidence that 
olied stocks may also have persistent genetic injury which has resulted in reduced egg 
suNival in generations following the spiil. Natura! recovery from oil-related injuries will be 
hindered by extensive exploitation by the commercia! fishing fleet targeting on hatchery 
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stocks which in recent years have dominated the total return. The dominance by hatchery 
fish of the total return has further compounded the complexity of making precise 
management decisions that would positively benefit individual wild stocks. Evidence from 
Natural Resource Damage Assessment (NRDA) Fish/Shellfish (F /S) Study #3 in 1991 and 
1992 suggests that spawning populations of wild fish in PWS were subjected to a high 
degree of straying by hatchery populations. Extensive straying by tagged wild stocks was 
also documented both years. The magnitude and range of straying by both hatchery and 
wild pink salmon stocks may be the primary influence in the success or failure of restoration 
efforts directed at wild stocks. 

This project will provide marked wild fish of known origin for recovery in the commercial 
catch, nata! and non-natal spawning streams, and hatchery broodstock collections. Stock 
specific harvest information from coded-wire tag recoveries will provide inseason estimates of 
stock abundance, timing and eventua!Iy total return and survival for tagged stocks. Stock 
specific information will be used to establish optimal exploitation rates, investigate straying, 
and evaluate current and future restoration efforts. 

Alternative approaches considered included applying tags to wild fish at more locations while 
foregoing total outmigration enumeration. This approach was rejected. Without total 
enumeration of a stream's outmigration, tag recoveries would not be representative of the 
entire population. 

PROJECT DESCRIPTION 

Previous NRDA studies (F/S #1,#3) demonstrated the technical feasibility of applying coded~ 
wire tags to wild pink salmon fry. Reco·veries of tagged fish from the commercia! catch and 
from numerous streams have demonstrated that accurate estimates of stock abundance, 
timing, survival, and straying can be obtained using this technology. Accurately estimating 
these parameters will be necessary in order to gauge the success of management actions 
designed to restore injured populations. 

A. Resources andjor Associated Services 

The potential biologlcal and economic benefits that would be attained from consistently 
strong returns of wild pink salmon provide compelling arguments for improving our 
understanding of the resource. The abl!ity of managers to maintain healthy stocks of wild 
pink salmon will directly benefit the resource and indirectly other species that rely on the 
injured resource. Strong wild stock returns to a!! districts of PWS would enable the 
commercia! fishing fleet to fully utilize the hatchery enhanced component of the pink salmon 
return and any wild stock surplus, without putting lnjured stocks at further risk. Strong 
returns would also benefit the diversity of species that fu!!y utilize pink salmon. 
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Project Description 

B. Objectives 

The primary objective of the wild stock tagging project is to provide marked fish of known 
origin for eventual recovery in either the commercial catch or the escapement. Specific 
objective are to: 

1. Enumerate and characterize the outmigration of wild pink salmon fry from two 
streams during both an even and an odd year. 

2. Tag a representative subsample of pink salmon fry at each location, each 
season. 

c. Methods 

The total outmigration of wild pink salmon fry from two streams wi!l be enum~rated using f~, 
weirs. A representative subs ample wm be marked and tagged with ha!f-!ength coded--wire 
tags. A minimum of 100,000 fry per stream will be tagged. 

D. Location 

Two representative spawning streams, one ln eastern PWS and one in the southwest distrk 
will be selected as study streams. Selection will depend upon a stream's 1993 escapemen·. 
and our ability to totally enumerate the outmigration at that location. 

E. Technical Support 

Minimal technical support wil! be needed to complete the desired objectives of this project 
Tag code validation and data archiving by the ADF&G Tag Lab will be the primary technical 
support needed for this project 

F. Contracts 

Site selection may invo!ve streams surrounded by private landowners or federally protected 
lands. Lease agreements may need to be established depending upon site selection. 
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SCHEDULES 

October 1993 - February 1994: Study site selection and preparation, equipment preparation, 
seasonal personnel recruitment 

March "1994: Field work begins. Camps and fry weirs set up. 

April 1994- June 1994: Coded-wire tagging representative subsamples of wild pink salmon 
fry from two streams for later recovery from the commercial catch and the escapement 
(Projects 94-184 & 94~192). 

FY 95: Same timeline and objectives as FY94. 

Overall project supervision will be under the direction of the PWS Area Research Biologist 
Hiring, training, and coordinating all field activities wm be under the direction of a Fisheries 
Biologist Field activities will be performed by seasonal Fish and Wildlife Technicians. The 
field work for this project will take place in the sprtng, both in 1994 and 1995. Winter 
conditions dominate the weather in PWS during this time of year. Fteld camp startup in 
March wm require vessel support as will camp breakdown at the end of the project. Weekly 
supply f!lghts are planned to support activities at the two field camps. 

EXISTING AGENCY PROGRAM 

This project wiH not receive any other agency contributions or support during FY 1994. The 
wild stock coded-wire tagging project is a stand-alone project. Results from the 1994 tagging 
program will be seen in the 1995 adult pink salmon return. 

ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS 

The ADF&G will obtain Title 16 permits for both intertidal fry weirs. All sampling of salmon fry 
is covered by an ADF&G biological collection permit. Necessary lease agreements with 
private !and owners will be arranged by project personnel and reviewed for approval by the 
ADF&G Administration's Division of Leasing and the Department of Law. Proposed camps 
and weirs are not permanent structures and will be removed at the termination of the project. 

The National Oceanic and Atmospheric Administration (NOAA) is lead Federal agency for 
National Environmental Act (NEPA) compliance for this project This project meets NOAA 
agency requirements for Categoricai Exclusion from the NEPA process. 
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Project Description 

PERFORMANCE MONITORING 

Personnel policy, purchasing practices~ field camp operations, safety procedures and projt 
administration wm be in accordance with the ADF&G Division of Commercial Fisheries 
Management and Development Division Standard Operating Procedures ManuaL Data 
collection and quality control procedures vvm be similar to those used for the wild stock 
tagging component of NRDA F/S Study #3 and in accordance wlth ADF&G Tag Lab 
database requirements. These prqcedures have undergone thorough review by ADF&G 
biometrics staff and by the Restoration Team peer review process. A report of the succes 
of management actions bases on this data wm be prepared. 

FY94 BUDGET {$K) 

ADF&G 

Personnel 176.8 
Travel 1.5 
Contractual 38.0 
Commodtties 35.0 
Equipment 5.5 
Capital Outlay 0.0 

Subtotal 256.8 

General £~.2 
Administration 

Project Total 286.0 

NEPA Compliance 0.0 
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B. INTRODUCTION 

Summary 

Elevated embryo mortalities were detected in populations of pink salmon Oncorhyncus 
gorbuscha inhabiting oiled streams following the March 1989 Exxon Valdez oil spill (EVOS). 
These increased rates of mortality have persisted annually through the 1993 field season, 
three generations after the oil spill, suggesting that genetic damage may have occurred as a 
result of exposure to oil during early developmental life-stages. The consequences of this 
putative genetic damage include physiological dysfunction and functional stermzation of 
affected individuals, reducing the reproductive capacity of wild pink salmon populations. 

These effects would likeJy persist in populations of pink salmon for a longer duration than 
would be observed in other vertebrates because of the tetrapoloid nature of the salmonid 
genome. Salmonids evolved through a gene duplication event 25 million years ago (Allendorf 
and Thorgaard 1984). Pink salmon basically possess a duplicate set of chromosomes 
(tetraploid instead of diploid); although, some ot the duplicates have been lost through 
subsequent evolutionary processes. However, the extra genes found for many loci would 
mask deleterious recessive alleles. The effects of these deleterious mutations would be 
uncovered in the homozygotes formed through the mating of heterozygotes in subsequent 
generations. 

An increase in physiological dysfunction above that which would normally occur clearly would 
resuft in a reduction in production potentiaL A persistent decline of this nature could render 
present restoration efforts inadequate, as historical levels of spawning escapement would be 
insufficient to sustain a harvestab!e wild pink salmon population. 

The purpose of this study is to continue to monitor the recovery of pink salmon embryos and 
fry in the fieldt provide laboratory verification of the field results presented by Sharr et at 
(1994a and 1994b) and Bue et al. (In press}, and test the hypothesis that exposure of pink 
salmon to a polluted incubation habitat will result in the functional sterilization of these 
animals at sexual maturity. In this study we wlll ('1) survey the same streams examined 
during the Natural Resource Damage Assessment (NRDA) process for pink salmon eggs and 
preemergent fry in order to monitor recovery, {2) collect pink salmon gametes from oiled and 
non-oiled streams in western Prince VVilliam Sound (PWS) and incubate them under 
controlled conditions to evaluate the effect of physical stream characteristics upon the 
damages observed in the field. (3) utilize controlled laboratory exposures to fertilized eggs in 
a simulated inter-tidal gravel environment in order to mimic actual environmental exposures 
Oink NRDA Study FS2}, and {4) examine embryos and fry from both the field and laboratory 
work for presence of genetic aberrations. 

History 

Pink salmon eggs and fry incubating in the oiled intertidal spawning areas in PWS in 1989, 
1990. 1991, and 1992 appear tq have been adversely affected by EVOS. Oil was deposited 
in layers of varying thickness in the intertidal portions of streams utilized by spawning pink 
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salmon during the spring of 1989. Pink salmon eggs deposited in 1988 (1988 brood year) 
emerged as fry through the oiled spawning gravels during the spring of 1989 and began 
feeding on oiled plankton. These fish showed decreased growth due to oi!ing (Willette and 
Carpenter 1993). Although gross oil levels decreased during the summer of 1989, 
contamination in t'le intertidal zone was still evident The pink salmon eggs deposited during 
the late summer of 1989 (the 1989 brood year) were exposed to intra.grave! contamination 
from late August 1989 through mid-May 1990. Sharr eta!. (1994a) and Bue eta!. (in press) 
detected elevated pink salmon egg mortalities in the intertidal zones of oiled streams while no 
difference between oiled and non-oiled streams was detected above mean high tide. 
Elevated egg mortalities in oiled streams were again detected in the 1990 brood year, but 
onfy in the highest intertidal spawning zone {Sharr et a!. 1994a, and Bue et aL in press}. 
Visual observations indicated that the majority of the remaining oil was deposited in this zone. 
Spawning areas lower in the intertidal zone seemed to be recovering as egg mortalities in 
these areas were not statistically different from non~oi! impacted streams. 

Surprisingly, Sharr et al. (1994a) and Bue eta!. On press), found increased egg mor~alities in 
oiled streams during the fall of 1991 survey. Furthermore, significant differences in egg 
mortality occurred at all tidal zones, including the area above mean high tide. Clearly, the 
elevated egg mortalities in the oiled streams were not the direct effect from recent oiling. The 
199i adult returns were the progeny of the 1989 brood year, the group with the highest 
exposure to intra-gravel oil (the 1989-90 incubation period). We hypothesize that the 
elevated egg mortalities in 1991 may be the result of genetic damage acquired during 
development after fertilization in 1989. Elevated egg mortalities at all tidal zones in oiled 
streams were again detected during the fall of 1992 survey (Sharr et a!. 1994b and Bue et a! 
in press). Hatchery incubation experiments using gametes from fish returning to oiled and 
control streams in 1993 indicate that mortality differences observed during past studies 
cannot be attributed to sampling design (Sharr et al. in prep). 

The hypothesis of genetic damage is consistent with previous laboratory experiments on the 
effects of crude oH on early life stages of fish and with other NRDA field observations. Long 
term intra-gravel oll exposures (7-8 months) to freshly fertilized eggs provide embryos 
sufficient time to accumulate polynuclear aromatic hydrocarbons (PAH's) from very low 
aqueous concentrations of crude oil. P AH's are abundant in crude oil and are potent 
clastogens (Le. capable of breaking chromosomes). Mironov (1969) observed reduced 
survival of fish eggs and larvae exposed to very !ow aqueous doses (1 ul oi!jl seawater) of 
oil. Moles et aL (1987) confirmed that pink salmon eggs take up PAH's and demonstrated 
that the uptake was much greater in an intertidal environment than in strictly freshwater 
conditions. Biggs eta!. (1991) found greater numbers of chromosome aberrations in larval 
herring which incubated in oiled areas than in non-oiled areas. It is logical that the same 
type of damage may have occurred in pink salmon, and this damage could have affected the 
reproductive fit.'less of a significant proportion of exposed individuals. 

Genetic damage induced by genotoxlns can be classified into tvvo genera! categories: 
damage to the DNA molecule itself caused by nucleotide base substitutions, deletions, or 
additions (microlesions); and changes in chromosome number or structure (macro!esions). 
Chemical agents that induce mutations in DNA are also likely to produce cytologically 
rec~oom .. _=...,·"' chromosome damage expressed as structural changes or "aberrations" (Evans 
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1976). Row cytometry is a cytogenetic technique that detects the visible effects of DNA 
macrolesions and wm be tl!e primary method used in this study for detecting genetic 
damage. 

Increasing concern about the effects of chemicals in the environment has lead to a 
proliferation of assays developed to assess their genotoxic potentia! {revie-.ved in Landolt and 
Kocan, 1983). Flow cytometry has become an established method for measuring the 
physical and chemical CJ~aracteristics of cells and has been used to detect ciastogenic effects 
of environmental toxicants in several species (McBee and Bickham 1988, Bickham 1990, 
Lamb et al. 1991}. This method allows for rapid and sensitive processing of large numbers 
of cells per individual and for timely analysis of many samples. The ability to quantify the 
cellular characteristics for many individuals in a short period of time greatly reduces tab costs 
over traditional cytogenetic analyses white providing greater statistical power for hypothesis 
testing. 

Information gained from this study wil1 provide resource managers insight to the magnitude 
and persistence of damages sustained by wild pink salmon due to EVOS. Efforts to restore 
damaged pink salmon populations depend upon the fishery manager's abilities to identify 
sources of reduced survival and to monitor their persistence. Information on the potentia! of 
long term oil exposures to cause genetic damage is needed so spawning escapement goals 
can be reevaluated and adjusted if necessary. In addition, verification of the genetic 
hypothesis would provide the first evidence that reproductive capacity of fish exposed to 
chronic or acute sources of oil pollution would be compromised. 

C. PROJECT DESCRIPTION 

This project is composed of three rarts: (A) a recovery monitoring component which will 
continue to collect field information on pink salmon eggs and preemergent fry in order to 
observe recovery in the natural systems, (B) a laboratory fertilization component that will 
expose fertilized eggs from oiled and unoiled streams in Prince William Sound to identical 
incubation environments. and (C) a laboratory oil exposure component that wH! expose 
fertitlzed eggs to an incubation environment contaminated with crude oil, rear surviving fry to 
maturity, and check their gametes for viability. Components Band C work together to verify 
the 1989 through 1993 field findings of Sharr et al. (1991, 1994a, 1994b. and in prep) and 
Bue eta!. (in press}. Differences in survival between groups in component B will be 
unrelated to incubation environment indicating problems with gamete quality. Differences in 
gamete viability between groups in component C wll! be related to oil exposure, and 
demonstrate the probable cause for effects obseNed in component B. 

1. Resources andjor Associated Services: 

This study will investigate pink salmon in Prince Vvilliam Sound, Alaska, and pink salmon from 
Lover's Cove Creek in southeastern Alaska. Results of this study will have major implications 
with respect to the natural ecosystem and the economy of the PWS area. Pink salmon are a 
major predator and prey specie$ in the PWS ecosystem and provide transport of nutrients 
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from the marine to terrestrial ecosystem. Pink salmon also support iarge commercia!, sport, 
and subsistence fisheries whlch are vita! to the economy of the area. 

2. Relation to Other Damage AssessmentjRestoration Work: 

The foundations tor this project date back to the original NRDA F /S Study 2 (Injury to Salmon 
Eggs and Preemergent Fry ). NRDA F ;s Study 2 was equivalent to the field monitoring 
portion of thls project (Component A) and was conducted in 1989, 1990, and 1991. The 
same project was continued as Restoration Study R60C in 1992. Two additional elements 
(Components Band C) were added to Restoration Study RSOC during the summer of 1992. 
These additions were designed to assess the genetic damage hypotheses raised through 
NRDA F /S Study 2. A!f three components were present in the 1993 project, Restoration 
Study 93003. This project, 94191, is the continuation of work started in Restoration Study 
R60C and continued in Restoration Study 93003. 

Several past NRDA and present Restoration projects have been and continue to be intimately 
related to this project. The 1989 and 1990 NRDA F /S Study 4 demonstrated reduced growth 
and survival for salmon which reared in oiled areas. NRDA F /S Study 1 in 1989r 1990, and 
1991 and subsequent Restoration Study R60B in 1992, investigated oil damage to adult pink 
salmon spawning populations and provided valuable improvements in escapement estimation 
procedures used by fisheries managers to monitor and protect injured wild pink salmon 
populations. NRDA F/S Study 3 in 1989, 1990} and 1991 and subsequent Restoration 
studies R60A in 1992 and 93185 in 1993 provided hatchery and wild catch contribution 
estimates. This information was used by fisheries managers to reduce fisheries exploitation 
rates on injured wild pink salmon and also provided survival estimates for groups of fish 
examined by NRDA Study 4. The 1989, 1990, and 1991 NRDA F/S Study 28 and a 
subsequent Restoration study in 1992, incorporated data from a!! the previous studies into life 
history and run reconstruction models. These models were used to extrapolate fosses in 
adult pink salmon production from injuries observed in earlier life history stages. 

3. Objectives: 

a. Component A - Recovery Monitoring of Injury to Pink Salmon Eggs and 
Preemergent Fry in Prince William Sound 

1. Estimate the density, by tide zone, of preemergent fry in 48 streams and eggs in 31 
streams using numbers of live and dead eggs and fry. 

2. Estimate egg mortality and overNinter sur.;iva! of pink salmon eggs in both oiled 
and unoiled (control) streams. 

3. Assess any loss in adult production from changes in overwinter survival using the 
results of NRDA F /S Studies i, 2, 3, and 4. 
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b. Component B - Verification of Injury to Pink Salmon Gametes in Prince Wimam 
Sound 

i. Determine whet>ter the increased pink salmon egg mortalities observed in oiled 
streams can be attributed to the physical characteristics of the study streams. 

c. Component C ·Laboratory Verification of Injury to Pink Salmon Eggs and 
Preemergent Fry Exposed to Oiled Incubation Substrate. 

1. Determine survival~ genetic damage, hydrocarbon uptake, mixed function oxidase 
activity, and sublethal teratogenic effects from long term exposures to oilln.eggs 
exposed from fertilization to emergence. 

2. Determine growth characteristics from each exposure group from juvenile stage to 
maturity. 

3. Assess whether differences exist among exposure groups with respect to fecundity, 
fertilization rate, genetic damage, and sub-lethal teratogenic effects in the second 
generation progeny through swim·up. 

d. Combining Field Observations and Laboratory Results. 

1. Determine if the elevated egg mortalities in 1989 and 1990 were potentially caused 
by ol!ing in the environment 

2. Determine if the elevated egg mortalities in oiled streams in 1991 were potentially 
caused by heritable damage to 1989 embryos. 

4. Methods: 

a. Component A - Recovery Monitoring of Injury to Pink Salmon Eggs and 
Preemergent Fry in Prince William Sound 

1. Data Collection 

There are approximately 900 anadromous fish streams in PWS. Preemergent fry 
sampling from some of these streams has historicany provided a pink salmon 
abundance index which was used to forecast future returns. ln recent years$ 25 
Index systems considered representative of pink salmon producing streams have 
been sampled. Sampling had been performed on as many as 45 streams prior to 
i 985. This study is designed to compare rates of mortality and abundance among 
areas with various levels of oil impacts. 

Sampling will consist of egg deposition surveys performed from late September to 
mid-October and preemergent fry sampling conducted from mld~March to mid~AprH. 
Streams known to have sustained no oil impact, some oil impact and visibly obvious 
impact will be included in both the egg and fry sampling programs. 
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Eggsampllng will be conducted in the fall on 31 streams (Figure 1). Fry sampling 
will be conducted in the spring on 48 streams (Figure 2). These 48 streams will 
include the 31 streams in the egg sampling program as well as 17 additional 
streams. The additional streams are those which have traditionally been sampled 
as part of the. historic PWS preemergent index program used to forecast adult 
returns. Funding for sampling of the preemergent index streams ls provided by 
ADF&G and is independent of this restoration project 

The 31 streams common to the egg and fry sampling programs were selected 
using the following criteria: 

(1) Adult salmon returns were expected to be great enough to indicate a high 
probability of success in egg and fry sampling. 

(2) Egg and fry sampling had been done in past years. 

(3) Streams with low to no oil impact, i.e., controls, were selected in the immediate 
vicinity of high oil impact streams to help account for possible variability in egg 
and fry survival due to different environmental conditions. 

Twenty eight of the 31 streams are located in the western half of PWS in close 
geographic proximity to each other and in the area where oil impacts were greatest 
Twelve experienced oil impacts ranging from light to heavy. Most of the 31 seiected 
streams which sustained suspected or obvious oil impact were not sampled for 
either eggs or fry prior to the EVOS. Among the 12 streams where oll was visibly 
present ln 1989, one had a history of egg sampling and four had a history of fry 
sampling. 

Sampling methods are identical for the preemergent fry and egg sampling and are 
modeled after procedures described by Pirtle and McCurdy (1977). On each study 
stream, four zones, three intertidal and one above most tidal influence, will be 
measured from the mean low tide mark using tide computer generated tide tables 
and a suNeyors level. Boundaries between zones will be marked with stakes. The 
zones are 1.8~2.4 m, 2.4-3.0 m, 3.0-3.7 m above mean low water, and upstream of 
mean high tide {3.7 m). Separate linear transects 30.5 min length will be 
established for egg and preemergent fry samples in each zone (one transect for 
each type. of dig in each zone). The transects will run diagonally across the stream. 
To insure continuity of transects between egg and fry sampling between years, 
transect locations are marked with stakes or cairns and carefully photographed 
from at least two perspectives. To minimize site effects, fall egg and spring fry 
sampling transects must be located in the same section of stream yet must not 
overlap, if fall egg sampling is not to influence perceived abundance. of fry during 
spring sampling. To minimize overlap yet allow sampling at the same sites for both 
eggs and fry, the downstream end of egg sampling transects is located against one 
bank of the stream and the downstream end of the fry sampling transect is located 
at the same stream loc,atlon but against the opposite bank. Fourteen 0.3 m2

l 

circular digs (56 per stream) \VUI be systematically made along each transect using 
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a high pressure hose to ftush eggs and fry from the graveL Eggs and fry will be 
caught in a speciaUy designed net 

The following data will be collected for each tide zone transect during both egg and 
fry sampling: 

(1) The sample date. 
{2) The sample tide zone. 
(3) The start and stop time for each tide zone transect. 
(4) Numbers and condition (live or dead) of fry and eggs by species for each dig. 
(5) A subjective estimate of the overall percent yolk sac absorption for fry in each 

dig sample. 

Data wiU be entered from "Rite in the Rain" books into a Lotus spreadsheet for 
editing and summarization. 

Pink salmon eggs will be separated from chum 0. keta and coho 0. kisutch salmon 
eggs by their smaller size. Chum salmon eggs will be separated from coho salmon 
eggs by their greater development and different coloration. An egg will be 
considered dead if it is opaque or discolored with concentrations of lipids. Pink 
salmon fry wilt be differentiated from chum salmon fry by their smaller slze and lack 
of parr marks. Sampling wm often kill fry (especially newly hatched fry)~ so fry wm 
only be considered dead if decomposition is evident. 

2. Data Analysis 

Numbers of live and dead preemergent fry and eggs will be summarized by date, 
streamt level of hydrocarbon impact, and stream zone. Densities of live eggs for 
stream it zone j in m2 (E1J) will be estimated by~ 

{1) 

where LEn< is the number of live eggs found in the ktn dig, in stream i, zone j, and £\j 
is the nudiber of digs from stream i; zone]. Densities of dead eggs as wen as dead 
and live try will be calculated using the same estimator with appropriate 
substitutions. 
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Pink salmon egg mortality wll! be estimated for each stream using the following 
relationship: 

(2) 

where DEelJk1 DF81111, LEoljk• and LFeljk are the number of dead eggs, dead fry, live 
eggs~ and live fry for the kth dig from stream i, zone j, collected during egg dig e, 
respectively. 

The Arcsin square root transformation will be examined as well as the Legit 
transform of egg mortality [In (odds)]. 

Lo . _ I [ :E(DE61Jk + OF eiJJ] g1tg - n 
E (LEe~pr; + LF eqJ 

Pink salmon egg to preemergent fry survival will be estimated as: 

(3) 

(4) 

where LF fllk is the number of Jive fry for the kth dig f from stream I, zone j, collected 
during fry dig t, and ne and nf are the number of digs for stream i, zone j for egg dig 
e and fry dig f. 

Differences in egg mortality and survival will be examined using a mixed effects two­
factor experiment with repeated measures on one factor {Neter et ar. 1990): 

{5) 

The two treatments will be extent of oiling, (01, 2 levels; oiled and unoiled), and 
height in the intertidal zone (Zl' 4 levels; 2.1, 2. 7. and 3.4 m above mean low water, 
and upstream) both fixed effects. The data will be blocked by stream (SkfQ), a 
random effect nested within extent of oiling. The interaction of extent of o11ing and 
height In the intertidal zone will also be examined. Equality of variances wm be 
tested using the F max -test (Sokat and Rohlf, 1969), while normality will be visually 
assessed using normal quantile·quantile and box plots (Chambers et al. 1983). lf 
the data appear to be non-normal, data transformations will be examined. If a 
significant difference d_ue to oiling is detected {a = 0.05), four contrasts (oil vs. 
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unoiled for the four stream zones) and corresponding Bonferroni family confidence 
intervals {a = 0.10 overall) will be estimated. 

Extent of oiling for analysis will be based on visuaf obseNations at streams (NRDA 
F/S Study 1 and 2) and the hydrocarbon results from mussel samples (NRDA F/S 
Study 1). Different groupings of oiled and unoiled streams will be analyzed, if 
evidence of oiling is not consistent 

b~ Component B - Verification of Injury to Plnk Salmon Gametes In Prince William 
Sound 

1. Experimental Design 

The experiment will assess the effects ot the physical characteristics of the study 
streams upon the observed results. This will be accomplished by collecting pink 
salmon gametes from oiled and non-oHed streams and rearing the resulting 
embryos in a controlled laboratory environment. 

• 

This experiment will provide information to help determine whether the results 
observed in NRDA Study FS2 can be attributed solely to the physicat characteristics 
of the study streams. In this experiment we will collect gametes from 8 oiled and 8 
nonNoi!ed streams from southwestern PWS, make intra-stream crosses, and 
incubate the resulting embryos in a contro!Jed laboratory environment. Egg 
mortality will be compared between the oiled and uncontaminated streams. If no ) 
difference is observed in this experiment and a significant difference in egg mortality 
is detected between oiled and non-oiled streams during the recovery monitoring 
portion of this study during the faU of 1993 egg sampling, it can be stated that the 
physical characteristics of the study streams played a role in the results of the 
previous egg mortality studies. 

Gamete collection and fertilization procedures will occur over a four day period to 
obtain data from 8 oiled and 8 non-oiled streams. Gametes from 30 male and 30 
female pink salmon wiH be collected from 2 oiled and 2 control streams during each 
sampling day. The gametes wilt be flown to the Armin F. Koemig hatchery where a 
random gamete pool will be assembled for each stream in a timely manner. The 
construction of the random gamete pool is described in the fish culture section of 
this proposal. A minimum of nine randomly selected afiquots of approximately 500 
embryos each wit! be collected from each intra-stream pool, placed into separate 
incubating vessels, and randomly placed into a common incubator (Heath 
Incubator). 

Incubating embryos will be periodically screened for dead eggs and hatching 
success. Samples of sperm from each male used to build the embryo pools wlll be 
cryopreserved for future analysis it required. Embryo samples wit! also be collected 
and preserved for future examination by flow cytometry, MFO, and histopathology. 
The experiment will be terminated prior to swimup at which time an larvae will be 
killed. 
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2. Data Analysis 

The data will be analyzed as a fixed-effects generalized randomized block design: 

(6) 

where Y11k is egg mortality for sample day i, oif contamination level j, and stream k; J.1 
is the mOdel mean; 81 is sampling day a blocking variable; o. is the lever of oil 
contamination {oiled or not oiled); and ~ Uk is random error. The relative power of 
the test was estimated. The sample size was considered sufficient to detect a 
difference of less than 1.5 standard deviations at a =0.05 and 95% power (Neter et 
at. 1990). A test with high power is needed to protect against arriving at the 
conctusfon that alf observed damages could be attributed to the physical 
characteristics of the streams when in actuality significant damages due to oil were 
present. 

The assumption of constant error terms will be tested using the F max-test (Soka! and 
Rohlf 1969) while normality will be visually assessed using scatter plots, box ptots, 
and normal probability plots (Chambers et al. 1983). Appropriate transformations 
will be used to alleviate variance and normality concerns if they are detected. AH 
suitable comparisons will be made using Bonferroni family confidence intervals. The 
SAS (SAS Institute Inc. 1988) General Unear Models Procedure will be used to 
analyze the data. 

3. Egg fertilization and incubation 

Gametes will be randomized as described below. and embryos will be incubated in 
Heath incubators located at the Armin F. Koernig hatchery in Prince William Sound. 
Each incubator tray wHI have an independent water supply from a common water 
source. 

c. Component C- Laboratory Verification of Injury to Pink Salmon Eggs and 
Preemergent Fry Exposed to Oiled Incubation Substrate. 

1. Experimental Design 

This experiment measures differences in biological response to various 
concentrations of Exxon Valdez crude oil over two brood years. ft will be a 
controlled simulation, incorporating our observations of field conditions. This study 
wiil span two generations in order to evaluate the findings of Sharr et aL (1994a, 
1994b, and in prep) and Bue eta!. (in press). The first generation will verify the 
1 989 and 1990 findings while the second generation wit! provide evidence to confirm 
the functional sterility hypothesis. This study will also provide samples of known 
oiling history for examination of genetic material through the use of flow cytometry. 
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Fertilized eggs will be incubated on substrates treated with different levels of oil and 
reared to emergence. Biological responses to the oiled substrate \Viii be evaluated. 
Surviving fry will be cuttured to maturity at which time their gametes will be 
cof!ected, crossed, and incubated in a c1ean environment. Differences in gamete 
fertilization rates and embryo survival \Viii be compared with the oil exposures 
experienced by the parental generation. Two brood years (1992 and 1993) will be 
examined to ensure success of the experiment. 
Brood Year 1992 
The brood year 1992 experiment will examine the effects of six levels of intertidal 
gravel oil contamination (five oiled and a controf) on responses to various life history 
stages of pink salmon across two generations. Responses to be measured in the 
first generation include survival to eyeing. survival to emergencet hydrocarbon 
uptake, and size at emergence. The first generation will reach maturity in 
September 1994. At that time, survival, growth to maturity, and fecundity will be 
observed. Responses measured in the second generation will include fertilization 
rate, survival to each major developmental stage, a."ld number of defective progeny 
at emergence. 

Gametes from 48 male and 48 female pink salmon will be collected, randomly mixed 
into a common embryo pool, and divided into 48 allquots of approximately 1500 
eggs each. The a1iquots will be randomly assigned to one of the six gravei 
treatments (8 aliquots per treatment). The aliquots will be incubated in individual 
pipe Incubators filled with treatment gravel. Sampling wifl take place at each major 
developmental stage; eyeing, hatching and emergence. Samples will be randomly 
removed from the incubators for genetic, mixed-function oxidase (MFO), 
histopathological, and hydrocarbon analysis. · Fry will be counted and inspected 
upon emergence and then moved to saltwater netpens. Water samples coflected in 
conjunction with the embrfOS win be used to establish oil dosages in each 
incubator. lntra~group pairings will be made for each of the four remaining first 
generation treatment groups. Confining the experiment to within group pairings 
simulates the natural homing characteristics of pink salmon and the relatively low 
levels of genetic interchange thought to occur between streams in the wild. Second 
generation pairings will again use a randomly mixed common gamete pool utilizing 
equal numbers of mafes and females. These gametes will not be incubated in an 
oiled environment hence any observed increases ln mortalities or defective 
indlviduals can be attributed to oiling effects upon the first generation. These eggs 
will be incubated through emergence. Number of defective progeny will be 
compared between treatment groups. 

Brood Year 1993 
This experiment will be repeated for the 1993 brood year using an additional two 
levels of oiled gravel (eight levels in a!!). 
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2. Data Analysis 

The data from each generation wiU be analyzed as a fixed-effects factorial design: 

~=~+~+~ m 
where YlJ is the jth response to oiling concentration i, J1 is the model mean, C1 is the 
level of oil concentration (six levels-five oiled and a contro1}1and c 11 is random error. 
The power of this test was estimated using data from past pink salmon incubation 
. studies {VVertheimer 1985). These data indicated the ability to detect a difference of 
less than 10% in survival to emergence at ox = 0.05, 90% of the time. 

The assumption of constant error terms will be tested for all analysis using the F max~ 
test (Sokal and Rohlf, 1969) while normality will be visually assessed using scatter 
plots, box plots, and normal probability pfots (Chambers et. al. 1983). Appropriate 
transformations will be used to alleviate variance and normality concerns if they are 
detected. All suitable contrasts will be made using Bonferroni family confidence 
Intervals. The SAS (SAS Institute Inc., 1981) General Unear Models Procedure will 
be used to analyze the data. 

3. Fish Culture 

All experiments in component C will be performed at The National Marine Fisheries 
Research Station at Uttle Port Walter (LPW) in southeastern Alaska Mature pink 
salmon gametes will be collected from intertidal spawners in Lover's Cove Creek 
located near the facility. 

a. Randomization of Gamete Pools 

The randomized embryo pool will be created by (1) spawning the females into a 
common container, (2) randomizing the eggs within the container, (3) dividing 
the eggs into aliquots, (4} fertilizing each aliquot with an individual mafe, and (5) 
again recombining all fertifized aliquots into a composite embryo pool. The 
aliquots used in the experiment will then be randomly drawn from the composite 
embryo pooL 

b. Incubation 

Pipe incubators will be used to simulate in stream incubation. These incubators 
will be constructed from 30 em sections of 16 em polyvinylchloride pipe. The 
pipe will be stood on end, sealed, and fitted with a water intake at the bottom. 
The pipe will then be filled with appropriately treated graveL This design a!tmvs 
water to upwell through the grave! and out an outlet frtting at the top of the 
incubation pipe. 

Fertilized eggs will be laid on top of the gravel to incubate. Upon hatching, the 
alevins wm be permitted to burrow into the substrate. Eggs will be exposed to 
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saltwater for 4 hour intervals every 12 hours during incubation to simulate 
intertidal incubation. Emerging try will be removed to saltwater netpens. 

c. Culture to maturity 

All fry will be raised to maturity using standard hatchery procedures. They will 
be fed a commercial diet, vaccinated against Vibrio angui!larum, and treated 
with antibiotics as needed. Maturing fish will be fed a commercially available 
brood diet. 

The treatment groups wilt be reared in separate netpens until they are 6 gat 
which time they will be tagged with passively induced transponders (PIT tags). 
PIT tags provide individual fish with unique identification codes which can be 
interrogated without harming the fish. Approximately 300 fish from each 
treatment group will be tagged. Each set of tagged fish wm be split into two 
equal size groups and placed into one of two netpens. Each netpen will contain 
fish from all treatment groups. One netpen will be kept at LPW while the other 
will be maintained 5 km to the north at Osprey Bay to ensure survival of the 
experiment. Rsh will be counted and measured for length and weight each fall 
and spring to establish survival and growth rates during the experiment 

4. Development of Dose Response Curves 

Dosing levels in Studies 1 and 2 of Component C will be established by analyzing 
hydrocarbon concentrations in incubator effluent and food with gas 
chromatograph and mass spectroscopy (GC/MS) at each major developmental 
stage. Effluent samples for the GC/MS will be collected and pooled from each of 
the pipe incubators in an oiling concentration-duration of exposure treatment. It 
will not always be necessary to sample ali of the treatment cells in the 
experimental design as the number of uniquely exposed treatment groups 
changes with embryo development. For example, at eyeing there are 6 uniquely 
exposed groups since aU exposures have been made for the same amount of 
time at 6 different oil concentrations; however, at emergence there are 11 uniquely 
exposed treatment groups, different concentrations have been applied over 2 
different durations. Additional effluent samples will be collected at each major 
developmental stage for spectrophotofluoremetry to provide estimates of variability 
between incubators within a treatment cell. Oil concentrations in incubator gravel 
will be obtained from spectrophotofluoremetry and related to levels observed in 
streams sampled under NRDA. Each treatment cell with a unique exposure level 
will be sampled at least 3 times for tissue hydrocarbon concentration. Sarnples 
will be collected at all stages from eyeing to 6 weeks after emergence. 

d. Flow Cytometry 

Flow cytometry will be used to analyze the DNA content of whole embryos and individual 
tissues (e.g., liver, kidney, gonad, gill) as called for at the appropriate test points in 
experiments performed under components Band C (e.g., Kocan and Powell 1985, McBee 
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and Bickham 1988}. Ali analyses wiil be made on fresh tissues prepared no more than 24 
hours prior to flow cytometry analysis. · 

Suspensions of stained nuclei will be produced for DNA content analysis using nuclear 
isolation medium (N!M) (0.9% NaCl, 10 mM Tris, 2 mM CaCI2, 2 mM MgCl2, 0.1% Noniodet 
P-40, 106 mM MgS04, and i mgj100ml DAPl (4,6~dlamidino-2-pheny!indo!e 
dihydrochloride)) (e.g., Thomthwaite et al., 1980, and Seeb et al. 1988). Embryos and 
tlssue samples wm be placed into 1.5 mt microcentrifuge tubes containing i ml ot NIM. 
Samples win be minced in 0.5 ml of NIM approximately one minute using two scalpels to 
obtain a cellular suspension, allowed to incubate at 2~3 ° C for 15 min, and filtered 
through a 40 pm nitex nylon filter to remove debris and clumped cells. Stained nuclear 
suspensions will be refrigerated overnight for flow cytometry analysis the following day. 
lmmedlatety prior to flow cytometry analysis samples will be triturated 3 times using a 26 g 
syringe and filtered through 40 pm nitex nylon filter to remove any residual dumps of 
nuclei. Samples will be analyzed using a PARTEC PAS II flow cytometer with .optical filters 
for DAPI excitation and ACOCYTE data acquisition and MUL TICYCLE DNA analysis 
software (Phoenix Flow Systems Inc. 1991) following the methods of Lamb et at (1991). 

e. Alternatives 

Several short~term cytogenetic assays exist in addition to flow cytometry tor evaluating the 
potential genotoxic effects of chemicals and compounds. These methods are designed to 
identify four general types of genetic changes: DNA microlesions and macroleslons, 
primary DNA damage, and morphologic changes in target cells (Brusick 1987). Of these, 
assays for the detection of DNA macrolesions and primary DNA damage are generally 
accepted as being standard for identifying genotoxlc agents. 

Sister chromatid exchange (SGE) measurement has become a common technique for 
cytogenetic assays of primary DNA damage (Hsu 1982). The micronucleus test (MND and 
anaphase aberration (AA) counts have become standard measures of DNA macro!esions 
{Evans 1976). These techniques are capable of detecting and quantifying subtle 
chromosome changes. However, these techniques have disadvantages as wefL Physical 
separation of metaphase and anaphase chromosomes for visual scoring is required. The 
techniques for chromosome separation and isolation can be technically involved and are 
not standardized between laboratories. Visual scoring of the desired endpoints can be 
somewhat subjective. The time involved for isolating and scoring chromosomes limits 
sample· sims to· i 00-200 cells which reduces statistical accuracy and precision. 

The need for large sample sizes cannot be solved by conventional cytogenetic techniques 
and has been the motivating force behind development of flow cytometry for cytogenetic 
testing (Deaven 1982). Flow cytometry allows analysis of large numbers of cells (1Q~t105) 
greatly increasing statistical power. Sample preparation and measurement are 
reproducible, accurate~ and can be completed in several minutes versus several hours tor 
visual microscopic scoring {Otto and O!diges 1980}. Flow cytometry has been 
demonstrated to be as sensitive as theM test for detecting structural chromosome 
aberrations in dividing cells (Kocan and Powell 1985) and therefore provides a usefu! 
technique for in vivo analysis of DNA macrolesions. 
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Flow cytometry analysis provides a more comprehensive measure of genetic damage than 
traditional cytogenetic techniques and can demonstrate the fate of chromosome/chromatid 
damage in subsequent generations of cells. For example, comparisons of G1 DNA content, 
G1 coefficient of variation, or presence of aneuploid cell populations can be used to test for 
the presence of chromo;:;;ome damage (Cram and Lehman 1977; Bickham et al. 1988). 
Changes in the proportions of cells within the cell cycle may reflect a cytotoxic effect of a 
substance (Fertig and Miltenburger 1989). Once flow cytometry has demonstrated the 
presence of genetic damage it may be useful to apply traditional cytogenetic techniques on 
a more limited scale to identify specifically what type of damage has occurred. 

An additional procedure for detecting deleterious mutations that has just been brought to 
our attention utilizes a technique termed androgenesis. Androgenetic individuals are 
obtained by enucleating eggs with gamma radiation before fertilization; fertilization is then 
done with normal sperm. If no other treatments are applied, the resulting progeny will be 
haploid, containing only a single set of chromosomes from the male parent and none from 
the female. Mortality rates for these haploids are directly related to the presence and 
number of deleterious mutations (Armstrong and Fletcher, 1983). Advantages of this 
technique over most classical techniques include rapid early detection, ability to detect the 
effects of point mutations, and the ability to detect the presence of deleterious recessive 
alleles. 

The androgenesis technique is not widely used by laboratories because of the requirement 
of a gamma radiation treatment Yet it is thought to be one of the most sensitive 
techniques available to detect the presence and effects of deleterious recessive mutations. 
We propose to utilize the expertise of a contractor to perform a pilot study. Haploid 
androgens will be used to test for· the presence of deleterious mutations in the 
chromosomes of populations still suffering increased rates of mortality. 

5. Location: 

Component A: Spring fry sampling wilt be conducted on 48 streams {Figure i). These will 
include the 25 streams in the ongoing ADFG preemergent index program plus 23 additional 
streams. The additional streams are located in Central and Southwest PWS where most of 
the oiling occurred. Egg sampling will be conducted in the faf! on 31 of the 48 streams 
sampled for preemergent fry (Figure 2). Streams included in the fry sampling program but 
not in the egg program are traditional try sampling streams located on the eastern and 
northern shore of PWS. These streams are outside the area studied for oil impact effects. 

Component B: The experiment designed to evaluate the effects of environment on egg 
mortality will collect gametes from streams in Western Prince William Sound and incubate the 
resulting embryos at the Armin F. Koernig hatchery in Southwestern Prince WiHiam Sound 
(Figure 3). 

Component Q: The experiments designed to test the effects of oiled incubation substrate on 
gamete viability will be pertorme_d at the National Marine Fisheries Service Laboratory at Utt!e 
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Port Walter, Baranof tsland. southeastern Alaska (Figure 4). Hydrocarbon analysis wlH be 
r.PI"Tnr·m>::>n at the National Marine Fisheries Service Auke Bay Laboratory. 

Allwork dealing with the assessment of genetic damage will be performed at the Regional 
Fish and Game Office in Anchorage. 

6. TechnicaiSupport: 

A biometrician win ensure the study design will provide a reasonable chance of reaching a 
defenda.bla conclusion. 

Flow cytometry specialist will ensure proper tissue collection and preparation procedures, 
operate the flow cytometer, and assist ln histogram interpretation and analysis. 

A chemist is required to establish a dosing protocol, determine hydrocarbon concentrations. 
and evaluate results of.hydrocarbon analysis. 

7. Contracts: 

Sole source contracts will be required with the University of California, Davis and the Woods 
Hole Oceanographic Institute for histopathological and mixed-function oxidase work. These 

nave done the majority of this type of work under damage assessment and it is 
:l>(:'<::'J!::>n+i~ 1 that the results of this controlled experimentation be consistent with the results 
gathered under NROA. 

We propose to have a $15.000 project Detection of Deleterious Mutations fnPink Salmon 
Through Haploid Androgenesis conducted by Dr. Gary Throgaard. Washington State 
University (WSU)d:ls a sole~source contractor {see attached study design) .. WSU is uniquely 
suited to conduct such a project. The WSU Nuclear Radiation Center has Cobatt-60 gamma 
radiation source that· Or. Thorgaard is currently using to conduct deleterious-mutation studies 
on rainbow•trout.•or. Thorgaard's laboratory is widely recognized as one ofthe leading 
laboratories in the world in the field of androgenesis in sa!monids; to our knowledge it is the 
only laboratory in North America capable of such study. Dr. Throgaard's proposal is 
attached. 
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D. SCHEDULES 

COMPONENT A .. Recovery Monitoring of Injury to Pink Salmon Eggs and 
Preemergent Fry In Prince WUUam Sound 

! Dates I , Activity 

1 Oct .. 15 Oct 1993 Egg deposition sampling. 

30 Oct 1993 - 30 Jan 1994 Analysis of 1993 egg data and completion of first 
draft of 93003 report for egg and fry data 

7 Mar N 10 Apr 1994 Preemergent fry sampling on 48 streams. 

1 May- 1 Sep 1994 Analysis and preliminary summarization of 1994 
preemergent fry data. 

15 Sep- 15 Oct 1994 Egg deposition sampling. 

30 Oct i 993 M 30 Jan 1995 Analysis of egg data and completion of first draft 
of 94191 report for egg and fry data. 

COMPONENT B .. Laboratory Verification of Injury to Pink Salmon Eggs and 
Preemergent Fry in Prince William Sound 

I Dates I Activity 

30 Oct 1993 ¥ 30 Jan 1994 Analysis of 1993 data and completion of first draft of 
93003 report for laboratory evaluation 

1 Aug~ 15 Aug 1994 Preparation for Experiment 

iS Aug- 30 Aug 1994 Collect Gametes and make crosses from 16 
streams 

30 Aug - 15 Nov 1994 Monitor incubators and collect data 

15 Nov 1994- 30 Jan 1995 analyze data and prepare first draft of 94 i 91 report 
for laboratory evaluation 
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COMPONENT C • Laboratory Verification of Injury to Pink Salmon Eggs and 
Preemergent Fry in Prince William Sound 

1992 Brood Year 

Period Complete Tasks 
I, 

jl Jul 15- Sep 15 1992 X Oil gravel, set up incubators 

Sep 15 1992- Sep 15 1993 X Spawn pink salmon, collect 
incubation data, pond fry, culture 
fry, PIT tag and move to netpens. 

Sep '15, 1993 X Write first interim report 

Sep 15, 1993- Sep 15 1994 Culture tagged fish in netpens. 
observe growth rates, size at 
maturity and fecundity. Obtain 
gametes, spawn second 
generation. 

Sep 15 1994 Write second interim report 

Sep 15 '1994- May 15 1995 Incubate second generation, 
observe survival to each major ., developmental stage. 

May '15 ·Aug 15 1995 Analyze and integrate data 

I collected from culture of 1992 
pink salmon and their progeny. 

t Sep 15 1995 Write third interim report 
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1993 Brood Year 

Period Complete Tasks 

Jul15- Sep 15 1993 X Oil gravel, set up incubators 

Sep 15 1992 ~ Sep 15 1994 Spawn pink salmon, co!lect 
incubation datfit pond fry. culture 
fry, PIT tag and move to netpens. 

Sep 15, 1994 Write second interim report 

Sep 15, 1994- Sep 15 1995 Culture tagged fish in netpens, 
observe growth rates, size at 
maturity and fecundity. Obtain 
gametes, spawn second 
generation. 

Sep 15 1995 Write third interim report 

Sep 15 1995- May 15 1996 Incubate second generation, 
observe survival to each major 
developmental stage. 

May 15 ~Aug 15 1996 Analyze and integrate data 
collected from culture of 1993 
pink salmon and their progeny. 

Aug 15- Sap 15 1996 Write final report 

E. EXISTING AGENCY PROGRAM 

An additional 30.0 K will be provided by the Alaska Department of Fish and Game through 
normal operating funds. This amount is budgeted to cover the normal preemergent fry 
sampling program which has been conducted annually since 1961, 

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS 

Egg and preemergent fry sampling will require an ADFG Title 16 permit and an ADFG 
biological collections permit. Transport of wild gametes to the PWSAC hatchery on Evans 
Island, PWS will require an ADFG Fish Transport Permit tor each stock and a permit 
Alteration may be required to rear and incubate the wild eggs at the hatchery. 

An ADFG Fish Transport Permit wH! be required to obtain broodstock from Lover's Creek for 
the Laboratory verification of Injury work at Utt!e Port Walter. 
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PERFORMANCE MONITORING 

This will be a joint project between ADFG and NMFS. ADFG will be the lead agency for 
overall program management and genetic damage determinations. ADFG will be responsible 
for data cotlectlon, gamete fertilization, and incubation in Components A and B. NMFS will 
be responsible for the oil exposures, chemistries. fish cultures and hydrocarbon end points in 
Component C. Both agencies will have statistical analyses responsibilities, particularly wlth 
the experimental designs. Both agencies will have joint responsibilities for meshing the lab 
and field resutts to reach a conclusion in the study. 

For ADFG~ principal investigator Sharr (Fisheries Biologist Ill) and his assistant Sharp 
(Fisheries Biologist H) wit! provide field results to date, help design the laboratory experiment. 
and insure that laboratory conditions and treatments simulate those observed in wild 
streams. Principal investigator Seeb {Principal Geneticist) will help design and provide 
genetics oversight for the laboratory rearing of wild embryos as well as the flow cytometry 
portions of the experiment He will also supervise the collection and analysis of flow 
cytometry samples. Consulting biometrician Bue (Biometrician !!) will conduct the 
experimental design and provide statistical oversight for the project Sharrl Seeb, and Bue 
wii! cooperate in the data analysis and writing of project reports. 

Most methods. to be incorporated in the ADFG portions of this project have been used 
some for many years} all are now standardized and well documented in operational 
ADFG project personnel including most of the project technicians have participated in 

sampling activities and laboratory rearing activities associated with Component A and 
portions of Component B. Persons supervising field sampling in Component A receive 
annual training at one or more area hatcheries with respect to speciating eggs and fry and 
making live and dead determinations. The principal geneticist and his staff have extensive 
laboratory fish culture experience and will be present at an times during the rearing 
experiment at AFK Hatchery. One member of the permanent Cordova ADFG staff has been 
an assistant principal investigator for this project in the past and could be called upon to 
temporarily resume those duties should the need arise. Additionally, several other members 
of the Cordova ADFG staff have participated in field sampling and aquaculture portions of the 
project in 1992 and prior years and could be called upon incase of personnel shortages. 

For NMFS, overall supervision of this project will rest with NMFS GS·14 physiologist, principal 
investigator (Rice). The PI will be responsible for monitoring the progress of the project, 
provide quality control for the design and implementation, oversee the budget and review a!! 
interpretations in the products. In addition! the PI wii! supervise tvvo primary task leaders: a 
GS-11 biologist (Heintz) assigned to LPW, and a GS-13 chemist (Short). The GS-11 biologist 
will direct field sampling and data collection, fish culture, and perform statistical analysis of 
the data. AGS·9 biologist wili assist the GS-11 biologist in setting up the experiment and 
collecting data. Technicians will be required to perform detailed fish culture such as 
incubator maintenance and fish feeding. The GS~ 13 chemist is responsible for developing 

techniques and analyzing samples for the presence of hydrocarbons, and interpreting 
hydrocarbon analyses. 
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Data will be recorded in an Rbase database. There \Ni!! be several data tables in the 
database, including "incubation", "rearing" and "spawning". The incubation table wiU include 
incubator number, number eggs seeded into incubator, and for each developmental stage: 
water chemistry. hydrocarbon concentrations, MFO pres~.mce, coefficient of variation for 
cellular DNA content, and number surviving to emergence. The key field that Jinks the 
"rearing" table with the "incubationH table wHI be incubator number. The "rearing" table wm 
also include PIT tag code. length and weight at each sample point. The "spawning" table wi!i 
include the first generation incubator number} second generation incubator number. second 
generation fertilization rate, first generation fecundity, survival to eyeing, hatching, and 
emergence. 

Graphical summaries of data wifl be made using LOTUS 123, and statistical anatysis wi!! use 
SAS and MINITAB. All raw and summarized data and reports are stored as hard copy and 
electronically on diskettes in two separate locations at the NMFS Auke Bay Lab. Quaflty 
assurance and documentation of a!f databases structures wit! be reviewed by FS 30 
(Database Management) personnel in Juneau and duplicates of all database documentation 
will be maintained in their files. 

Biological samples for hydrocarbon, MFO, and DNA analyses will be clearly labe!Jed both on 
the inside and outside of the container with indelible ink. Samples will be stored in freezers 
at the NMFS Auke Bay Lab. 

Field activities will continue until injury to salmon eggs and fry can no longer be detected. 
Until field activities cease, the main product from this project will be an annual report which 
summarizes the results of the current-year egg and preemergent fry data. The most 
significant information on damages demonstrated in i989 through 1991 wi!l be written up as 
a close out report for the NRDA Study and will also be published in a juried journal. When 
restoration field work is comp!eteJ a follow up journal article may be appropriate if there have 
been findings which add significantly to or alter results reported from the NRDA study. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

The field data collection for Component A of this project is very specific to individual wild pink 
salmon streams and precedes or fotlows most field activities of SEA (94320) and other pink 
salmon related projects consequently extensive coordination of field activities is not feasible. 
Howevers the vessel used by this project does collect physical and biological oceanographic 
data for the ADFG, PWSACt and University of Alaska Cooperative Fisheries and 
Oceanographic Study and these data will be utilized by severaf SEA studies. 

Data collection for Component 8 occurs over a very compressed period of time and is again 
very stream specific hence does not blend well logistically with most of the other pink salmon 
studies. However, all of the streams used for brood stock in this study are also of interest to 
the Pink Salmon Genetics Project (94189) and carcasses from the egg takes can be used for 
genetic sampled from these streams. The study is housed at the PWSAC AFK Hatchery and 
will take advantage of the same, incubation facilities as the PWSAG experimental release 
project included in the SEA project 
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Component C of this project occurs at Utt!e Port Walter on Baranof Island in Southeast 
'"''=-=>r,a and there is little opportunity for coordination with other projects with respect to data 

Final edited data from all three components of this project will be stored electronically as 
computer databases and final versions will be provided annually to the Information Modeiing 
portion of SEA for incorporation into a centralized ecosystem database. 

L PUBLIC PROCESS 

Many of the field procedures used in the field monitoring portion (Component A) of this 
project have been employed as part of the data collection activities for preemergent fry 
indices used in PWS pink salmon forecasts for more than 30 years. The procedures have 
been presented and reviewed at a multitude of workshops and scientific meetings, are widely 
understood by the fishing industry, and have undergone peer review through the NROA 
process. Field monitoring methodologies were presented at the 1991 Pink and Chum 
Workshop in Parksville, British Columbia, Canada. Field monitoring results from 1989, 1990~ 
1991~ and 1992 were presented at the 1993 meeting of the Alaska Chapter of The American 
Fisheries Society in Valdez, Alaska, the 1993 Oil Spill Symposium in Anchorage, Alaska, and 
the 1993 Pink and Chum Workshop in Juneau, Alaska. Abbreviated operational plans for 
1989 through 1994 egg and a!evin mortality studies have been published annually in EVOS 
Trustee Council work plans which incorporate public comment. 

PERSONNEL QUALIFICATIONS 

Fisheries Biologist II! - Samuel Sharr 

Mr. Sharr received a Bachelor of Science degree in biology from the University of 
VJashington in 1968. He has been a research biologist for ADFG since 1979 and has worked 
on PWS salmon and herring since 1981. He assumed his present position as the ADFG, 
Division of Commercial Fisheries, Biologist lilt PWS Area Finfish Research Project Leader in 
1986. In this capacity, Mr. Sharr oversees a!! the salmon and herring research conducted by 
the Division of Commercial Fisheries in PWS. His involvement with the PWS salmon 
escapement aerial survey program dates from the early 1980's. Mr.Sharr has supervised a 
total re-edit ot the historic aerial and ground survey data and designed a new RBASE data 
base for inseason escapement analyses. Mr. Sharr wrote the original operational plans for 
NRDA F /S Studies 1 t2 and, 3 and has been the Principal Investigator for those projects since 
their inception. 

Principal Geneticist ~ James E. Seeb 

Jim Seeb earned a B.S. in Biology (1974) from the University of Puget Sound, an M.S. in 
Fisheries (1982) a'1d a Ph.D. in Fisheries (1987) from the University of Washington. Jim has 
worked as a Fish Biologist for the Washington Department of Fisheries (1978~ 1980) and 

Fisheries Research (1980~1982). as a Graduate Research Assistant at the University of 
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Washington (1982-1986), a Research Assistant Professor at the University of Idaho (1987~ 
1988), and as an Assistant Professor at Southern !Hinois University (1988-1990). Presently$ 
Jim is the Principal Geneticist for FRED Division of the Alaska Department of Fish and Game 
and has overall responsibility for fisheries genetic issues t'lroughout Alaska. Dr. Seeb has 
published extensively in the Fisheries and Genetics Uterature. He has worked with many fish 
species on numerous genetic topics including but not limited to genetic marking and its use 
to assess stock dynamics and management programs, genetic variation and postglacial 
dispersal of populations, the use of genetic structure in the enforcement of fishing 
regulations, and the measurement of DNA content using flow cytometry. 

GS-14 Physiologist· Stanley D. Rice 

Received BA {1966) and MA (1968) in Biology from Chico State University, and Ph. D. (1971) 
in Comparative Physiology from Kent State University. Employed at Auke Bay Fisheries 
Laboratory since 1971 as a research physiologist, task leader, and Habitat Program Manager 
since 1986. Rice has researched oil effects problems since 1971, and has published over 70 
papers, including over 50 on oil effects. Studies have ranged from field to lab tests, 
behavioral to physiological to biochemical studies. from sa!monids to invertebrates to larvae 
to meiofauna. Rice has conducted and managed soft funded projects since 197 4, inJuding 
the Auke Bay Laboratory Exxon Valdez damage assessment studies since 1989. Activities 
since the oil spill have included leadership and management of up to iO damage assessment 
projects, field work in PWS, direct research effort in some studies, establishment of state of 
the art chem labs and analyses in response to the spill, quality assurance procedures in 
bio!ogical~chemical~statlstical analyses, establishment of hydrocarbon database management 
servicing principal investigators and program managers in NOAA and other agencies with 
reviews and interpretations, provided direct input into agency decisions. interacted with other 
agencies in various ways (logistics coordination, critique experimental designs, interpret 
observations, etc.). 

Biometrician H- Brian G. Bue 

Brian Bue has a Bachelor of Science in Biology and a Bachelor of Science in Fisheries from 
the University of Ataskas Fairbanks. He also possesses a Masters degree in Fisheries with 
an emphasis on quantitative studies from the University of Alaska, Fairbanks. Brian has 
worked with the Alaska Department of Fish and Game from 197 4 through present in many 
capacities. He has worked as a consulting biometrician on oil spill damage assessment 
projects since the first days of the Exxon Valdez spilL 

GS~13 Chemist- Jeffrey Short 

Mr. Short is an analytical chemist at the Auke Bay Laboratory (ABL), and leads the 
hydrocarbon analysis facmty at ABL, which is one of the two laboratories analyzing Exxon 
Valdez NRDA hydrocarbon samples. Mr. Short holds a B.S. in biochemistry and an t"ts. in 
physical chemistry from the University of California. He is principal investigator (Pl) of NRDA 
project Subtidal Study #3, and v,:as among the first scientists to collect sampies 7 days after 
the spill: he was awarded both lrydividual and unit citations from NOAA for these efforts. Mr. 
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Short has conducted extensive research on the effects of Alaskan crude oils to Alaskan 
biota over a period of 10 years prior to the Exxon Valdez oil spilL 

11 Fisheries Biologist {Research) - Ron A Heintz 

Ron Heintz has a Bachelor of Science in Ecology from the University of Illinois (1979), and a 
Masters degree in Fisheries from the University of Alaska, Fairbanks (1987). He has worked 
for the National Marine Fisheries Service since 1985 concentrating his efforts on salmon 
enhancement research. He is the principal investigator and co-investigator on several 
salmon genetics projects. 

Fisheries Biologist II ~ Gary Miller 

Gary Milfer is the flow cytometry specialist for the Alaska Department of Rsh and Game 
Genetics Laboratory in Anchorage. Gary has a Bachelor of Science in Fisheries Biology from 
the University of Washington, a M.S. in Zoology from Southern Ulinois University­
Carbondale, and is currently pursuing his Ph.D. from the University of Washington. He has 
worked periodically for the Alaska Department of Fish and Game since 1981. He has a 
strong background in genetics and developmental biology and has conducted research and 
co-authored projects in hybridization, polyploid induction, a!lozyme expression, and growth 
performance of triploid salmonids and other fishes. He has extensive laborator1 experience 
with techniques including flow cytometry~ protein starch gel electrophoresis, protein and 
molecular marker analysisf and fluorescent antibody testing of pathogens. 

BUDGET 

(see attached) 
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EXXON VALD TEE COUNCIL 
1994 Federal Project Budget 
October 1, 1993 ~ September 30, 1994 

Project Description: Oil Related Egg & Afevln Mortalities - This project will measure egg and alevin mortalities in oiled and uno !led streams 
and monitor recovery (continuation of 93003). Laboratory rearing and dose response experiments will be conducted to verify oil as the cause 
for increased mortality observed in oiled streams in 1989 through 1992. These experiments wm also examine the possibility of genetic injury 
as an exptanationfor chronic injury and assess the likely time frame for natural recovery . 

.. 

Budget Category: 11993 Project No. '93 Report! Remaining 
1. 93003 '94 Interim• Cost.... Total 
Authorized FFY 9 FFY 94 FFY 94 FFY 94 FFY95 Comment 

Personnel $434.2 $236.7 $280.8 $517.5 $464.1 
Travel $39.6 $12.3 $23.5 $35.6 $32.7 
Contractual $184.9 $36.5 $109.3 $145.8 $94.1 
Commodities $86.5 $26.2 $43.3 $69.5 $67.0 
Equipment $88.1 $2.1 $15.0 $17.1 $7.1 
Capital Outlay $0.0 $0.0 $0.0 $0,0 $0.0 

Subtotal $833.3 $313.8 $471.9 $785.7 $665.0 
General Administration $76.0 $38.1 $49.8 $87.8 $76.2 

Project Total $911.3 $351.9 $521.7 $873.5 $741.2 

FuiHime Equivalents 9.7 4.4 5.0 9A 9A 
(FTE} Dollar amounts are shown in thousands of dollars, 

Budget Year Proposed Personnel: Reprtllntrm Reprtllntrm Remaining Remaining 
Position Description Months Cost Months Cost 
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EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~September 30, 1994 

Project Description: Oil Related Egg & A levin Mortalities~ This project will measure egg and alevin mortalities in oiled and unoiled streams 
and monitor recovery (continuation of 93003). LabOratory rearing and dose response experiments will be conducted to verify oil as the cause 
for increased mortality observed in oiled streams in1989 through 1992. These experiments will also examine the possibility of genetic injury 
as an explanation for chronic injury and assess the likely time frame for natural recovery. 

Budget Category: 11993 Project No. '93 Report! Remaining 
93003 '94 Interim'" Cost•* Total 

Authorized FFY 9 FFY94 FFY94 FFY94 FFY95 Comment 
Report: Rem FY9 FY95 

Personnel $305.8 $112.0 $191.8 $303,8 $249.1 $108.4 $44.7 $21.7 
Travel $28.6 $7.1 $7.3 $14.4 $12.7 $4.9 $2.0 $1.8 

· Contractual $88.9 $36.5 $59.3 $95.8 $69.1 $0.0 $22.7 $1.0 
Commodities $30.5 $13.5 $17.5 $31.0 $27.0 $9.5 $4.0 $0.5 
Equipment $69.1 $2.1 $0.0 $2.1 $2.1 $0.0 $0.0 $0.0 
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0 $0,0 $0.0 $0.0 

Subtotal $502.9 $171.2 $275.9 $447.1 $360.0 $122.8 $73.4 $25.0 
General Administration $50.6 $19.4 $32.9 $52.3 $42.2 $16,3 $8.3 $3.3 

Project Totat $553.5 $190.6 $30tH~ $499.4 $402.2 $139.1 $81.7 $28.3 

Full-time Equivalents 6.9 1.9 3.1 5.0 5.0 0.7 0.2 
(FTE) Dollar amounts are shown in thousands of dotlars. 

Budget Year Proposed Personnel: Reprttlntrm Reprttlntrm Remaining Remafning rern. FY94 and FY95 budgets 
Position· Description Months Cost Months Cost presented above reflect the 

Reprt Fishertes Biologist Ill 1.5 $9.9 2.5 $16.5 additional cost of repeating the 
& Fisheries<Biologlst II (2) 8.5 $42.5 15.7 $78.0 

1
pink salmon embryo incubation 

intrm Fisheries Biologist I 1.5 $6.7 1.2 $6.0 1experiment at the AFK hatchery 
Fisheries Tech. Ill (2) 4.5 $15.6 8.5 $32.2 !for the 1994 bro~ .. X.~-~E:.. .................... 
Fisheries Tech. II (4) 2.4 $13.0 4.2 $25.6 
Biometrician I & II 3.0 $17.6 4.5 $26.8 
Program Manager 1.0 $6.7 1.0 $6.7 NEPACost: $0.0 

"'Oct 1, 1993 ·Jan 31, 1994 
Personnel Total 22.4 $112,0 37.6 $191.8 -Feb 1, 1994- Sep 30, 1994 

1)1/lol.'\IJ 
Project Number: 94191 FORM3A 
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Travel: 
Reprt 5 Trips coroova/Anchorage@ $500/trip 

4 RTAnchorage/Juneau @ $800/t.rip 
Per diem included 

lntrm 2 Trips Cordova/Anchorage@ $500/trip 
2 RT Anchorage/Juneau @ $600/trip 

Per diem included 

6 RT Cordova/Anchorage@ $500/trip 
4 RT Anchorage/Juneau @ $500/trip 

Per diem included 

EXXON V COUNCIL 
1994 Federal Fi Project Budget 
October 1, 1993 ·September 30, 1994 

2 Trips Cordova/Sitka (L Port Walter} @ .9 k ~includes per diem 

Contractual: 
lntrm Fall1993 egg sampling and embryo montoring at AFK 

Vessel charter 
Air charter 
Vehicle Rental 
Equipment Rental 
Facility Lease 

Rem. Spring 1994 pre~emergent rry survey and AFK embryo collection 
Vessel charter 
Air Charter 
Vehicle Rental 
Equipment Repair 
Facility Lease 
Air Charter for AFK Incubation Experiment 

Genetic Analysis Contract 

Travel Total 

Contractual Total 
07/!4193 
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$1.0 
$1.2 
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$0.0 
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$25.4 
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$0.6 
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$3.5 

$36.5 
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$0.0 

$3.1 
$2.4 
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Commodities: 

EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 .. September 30, 1994 

Reprt Laboratory supplies, computer software and upgrades 

lntnn Field supplies (glassware, water and air pumps, gasoline) 

Remaining Laboratory Supplies 
Field Supplies 
Fish Culture Suplies 

Equipment: 

lntrm Microscope objectives ror epmuorescent examination of chromosomes 

01/141',13 
Project Number: 94191 
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Project Title: Oil Related Egg & Alevln Mortalities 
Sub .. Project: 

Page 4 of 7 Agency: AK Dept. of Fish & Game 
•• 

Printed: 313194 10:34 AM 

Reprt/lntr Remaining 
$9.5 

$4.0 

$13.5 

$2.1 

$2.1 

$9,5 
$4.0 
$4.0 
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E COUNCIL 
1994 Federal Project Budget 
October 1, 1993 ~September 30, 1994 

Projeet Description: Oil Related Egg & Alevin Mortalities- The NOAA!NMFS portion of the egg mortality study provides laboratory 
verification that field results observed for eggs in 1989, 1990, and 1991 are consistent with· immediate lethal effects as well as persistent 
genetic damage caused by oil deposited ln intertidal pink spawning habitat. 

Budget Category: 1_1993 Project No. '93 Report/ Remaining 
93003 '94 Interim"' Cost- Total 

Authorized FFY 9 FFY94 FFY94 FFY94 FFY95 Comment 
interim Portion Report Only Portion 

Personnel $128.4 $124.7 $89.0 $213.7 $215.0 $9.2 $115.5 
Travel $11.0 $5.2 $16.2 $21.4 $20.0 $2.0 $3J 

· Contractual $116.0 $0.0 $50.0 $50.0 $25.0 $0.0 $0.0 
Commodities $56.0 $12.7 $25.8 $38.5 $40.0 $5.7 $7.0 
Equipment $19.0 $0.0 $15.0 $15.0 $5.0 $0.0 $0.0 
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Subtotal $330.4 $142.6 $196.0 $338.6 $305.0 $16.9 $125.6 
General Administration $27.4 $18.7 $16.9 $35.6 $34.0 $1.4 $17.3 

Project Total $3.57.8 $161.3 $212.9 $374.2 $339.0 $18.3 $142.9 

Full4ime Equivalents 2.8 2.6 1.8 4.4 4.4 
(FTE) Dollar amounts are shown in thousands of dollars. 

Budget Year Pro.posed Personnel; Reprtllntnn Reprt/lntnn Remaining Remaining 
Position Description Months Cost Months Cost 

Reprl Program Manager G&-1 (!nt Mo = 0) 0.9 $4.4 0.6 $3.1 
& Project leader GS·11 (tnt Mo = 1) 7.0 $35.9 5.0 $25.6 

lnlfm Chemist GS-13 (lnt Mo = 0) 1.8 $12.8 1.2 $9.1 
Chemist GS-9 (tnt Mo = 0) 7.0 $29.7 5.0 $21.3 
Chemist GS-5 (tnt Mo = 0) 7.0 $18.4 5.0 $13.1 
Fishery Biologist GS. 7 {lnt Mo = 1) 7.0 $23.5 5.0 $16.8 NEPA Cost: $0.0 
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"'Oct 1, 1993 ~ Jan 3.1, 1994 
Personnel Totalt---..,.3--0.~7+--.$~12~4~.7~--.2--1.--8-t--~$8::-::9~.0:-~1 _Feb 1, 1994 • Sep 30, 1994 
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Travel: 

EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~September 30, 1994 

Reprt Travel to field station at little Port Walter {10 trips x ~staff) 
& (T trips • air fare $600/trip + 7 days per diem @ $3/day) 

lrrtrm (16 trips· air fare $600/trip + 7 days per diem @ $3fday) 
Travel between Juneau, Anchorage, and Cordova for inter- and intr<Hlgency discussions among PI's and peer revi 

{8 trips· air fare $450/trip + 2 days per diem@ $225/day) 

Travel Total 
Contractual: 

Histopathological examination of emergent fry from 1993 brood to look for tissue abnormalities (cost based on 
previous contracts) 

Immunofluorescence evaluation or Mixed Function Oxidase induction In emergent fry from 1992 and 1993 broods 
to indicate exposure to hydrocarb<.lns (cost based on previous contracts) 

07/14193 
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Contractual Total 

Project Number: 94191 
Project Title: Oil Related Egg & Alevin Mortalities 
Sub~ Project 
Agency: National Oceanic & Atmospheric Admin. 

Reprt/lntr Remaining 

$4,3 
$0.0 
$0,9 

$5.2 
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$9.9 
$6.3 

$16.2 
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$50,0 
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EXXONV TEE COUNCIL 
1994 Federal Project Budget 
October 1. 1993- September 30, 1994 

Commodities: 
Reprt SQivents for hydrocarbon analyses 

Chemistry lab supplies ror hydrocarbon analyses 

!nhm Fish food, field supplies 
Groceries for field staff (1 person x 365 days x $10/day) + (6 persons x 60 days x $10/day) 

Culture supplies 
Office supplies, software upgrades 

Commodities Total 
Equipment: 

PIT tags for identifying individual fish by treatment group (3,750 tags@ $4/tag) 

01114193 
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Project Number: 94191 
Project Title: Oil Related Egg & Alevin Mortalities 
Sub-Project: 
Agency: National Oceanic & Atmospheric Admin. 

Reprt/lntr Remaining 
$3,5 $3.0 
$3.5 $5.0 

$3.3 
$2.4 
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$12.7 
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$0.0 

$3.0 
$7.0 
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$15.0 
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Figure 1. Location of streams to be sampled for egg deposition. 
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2. Locations of streams to be sampled for preemergent fry. 
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Location ofthe Prince William Sound Aquaculture, Armin F. Koernig (AFK) 
Hatchery where eggs will be incubated for Component B of this project 
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Figure 4. Location of the National Marine Fisheries Service, Uttle Port Walter facility in 
southeastern Alaska where Component C Studies will be performed. 
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DETECTION OF DELETERIOUS MUTATIONS IN PINK SALMON 
THROUGH HAPLOID ANDROGENESIS 

PROPOSAL TO: 

SUBMITTED BY: 

ALASKA DEPARTMENT OF FISH AND GAME 
Attn: James Seeb, Principal Geneticist 

333 Raspberry Road 
Anchorage, Alaska 99518 , 

Phone: (907)-267-2311 
Fax: {907}-349-2231 

DATE: February 25, 1994 

DURATION OF PROJECT: 

TOTAL FUNDS REQUESTED: 

PROJECT SUMMARY: 

5/1/94-12/31/94 

$15,000 
($12,500 Direct costs) 
( $2 1 500 Indirect costs*) 

*a maximum indirect costs rate of 
20% of direct costs is allowed 
by the Alaska Department of Fish 
and Game. 

We will use induced androgenesis to estimate the level of 
mutations carried by pink salmon in Prince William Sound, Alaska. 
Androgenesis is a treatment in which eggs are treated with 
radiation before fertilization, followed by fertilization with 
normal sperm. The relative survival of androgenetic haploids may 
be a sensitive measure of the number of harmful mutations carried 
by sperm from a given male. This study is being carried out to 
address concerns that som·e populations may contain high levels of 
mutations resulting from exposure to mutagenic chemicals. 



DETECTION OF DELETERIOUS MUTATIONS IN PINK SAIJ10N 
THROUGH HAPLOID ANDROGENESIS 

We will use induced androcrenesis to estimate the level of 
mutations carried by pink salmc;n in Prince tVilliam Sound, Alaska. 
This study is being carried out to address concerns that some 
populations may contain high levels of mutations resulting from 
exposure to mutagenic chemicals. 

Background Information 

Androgenesis is a treatment in which eggs are treated with 
radiation before fertilization, followed by fertilization with 
normal sperm. If no other treatments are applied, the resulting 
offspring contain one chromosome set from the male and none from 
the female parent. Such haploid individuals survive until about 
the time of hatching· and~then die. If an additional heat or 
p:t;essure treatment is applied to block the first cell division in 
the fertilized egg, diploid androgenetic offspring can be 
produced. These individuals can survive, although they tend to 
be weak because of inbreeding. We have studied androgenesis in 
rainbow trout in our laboratory for a number of years {1-5), 
primarily as a means to produce clonal lines for research 
purposes. Such lines can be produced by raising a diploid 
androgenetic individual to sexual maturity and then producing 
identical offspring from that individual by another cycle of 
androgenesis if the androgenetic individual is a male, and by 
gynogenesis if the androgenetic individual is a female. 

The relative survival of androgenetic haploids may be a 
sensitive measure of the number of harmful mutations carried by 
sperm from a given male. We prefer to use androgenetic haploids 
rather than androgenetic diploids because they show better early 
survival, not having received heat or pressure treatments. Both 
recessive and dominant mutations should kill haploid embryos, 
while only dominant mut9tions will kill normal embryos with one 
chromosome set from each parent. Recessive mutations are likely 
to be much more common than dominant ones, hence the haploid 
assay should much more sensitive. The survival of androgenetic 
haploid salamanders has been shown to drop dramatically after 
male salamanders were exposed to mutagenic chemcials {6). 
Studies in zebrafish also suggest that harmful genes reduce the 
sur~ival of haploid individuals (7). 

We are currently carrying out experiments in rainbow trout 
to examine the sensitivity of the androgenetic haploid assay. 
These preliminary studies are investigating the effect of U'l 
irradiation of sperm on the survival of androgenetic haploids. 
These studies are comparing the proportions of developing embryos 
that begin cell division (about 12 hours after fertilization) 
with the proportion that develop to the eyed stage (about three 
vleeks at lO·C). We are finding that fewer cleaving embryos 
develop to the eyed stage when the sperm has been exposed to tni 
light and the effect is-dramatically more apparent in haploid 
androgenetic embryos than in diploid eiTbryos. 



Prooo§ed research witQ_pink salmon 

Similar studies involving pink salmon will compare the 
viability of androgenetic haploids produced using sperm from 
males from an oil-exposed stream where mutations are suspected 
with the viability of haploids produced using sperm from :males 
from a control stream. The specific streams will be identified 
by the Alaska Department of Fish and Ga:me (ADF&G). The 
prediction is that androgenetic haploid offspring will die 
earlier if the sperm is carrying a high number of mutations. An 
advantage of this approach is that the same eggs will be used to 
test the sperm from salmon from the oil-exposed and control 
stream. Since sperm essentially functions only to carry genes 
and has virtually no other contribution to the embryo, this 
experiment will allow us to focus on genetic influences; 
residual environmental effects should have little chance of 
influencing the results. Depending on the results in this study 
and the rainbow trout results, the study could be expanded to 
additional streams in 1995. 

The study will be carried out as follows: 
l. Eggs and sperm from pink salmon will be collected in Alaska 

by ADF&G and the studies will be conducted at Washington 
State University using the Cobalt-60 gamma source at the WSU 
Nuclear Radiation Center and our hatchery facilities. 

2. We will compare the survival of androgenetic haploid 
individuals produced from 30 males from an oil-exposed 
stream with the survival of androgenetic haploid indiviuals 
produced from 30 males from a control stream. Each trial 
will be replicated three times. Using 100 eggs per 
replicate 1 a total of about l8,000 unfertilized pink salmon 
eggs will be used in the experiments 1 with 61 000 each being 
used at 4-5 day intervals. The first 6,000 will be brought 
back with sperm collected in late August and two shipments 
will follow from Alaska. We will consult with a 
biometrician from ADF&G about specifics of the experimental 
design, probably during a visit to Anchorage in May or June. 

3. Funds will be used for salary and benefits for Paul Wheeler 
{the Research Tech II who will carry out the eA~eriments), 
two trips to Alaska (one for planning and one for collecting 
gametes), hourly help, lab supplies and overhead. 

4. We will be free to publish the results of the study. We 
understand that the results of the study should not be made 
public until ADF&G has a chance to review them and they are 
accepted in a peer-reviewed journal. 
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BUDGET 

Submitted to: Alaska Department of Fish and Game 
Period of Project: 5/1/94-12/31/94 

salaries and Wages 

Fac: G.H. Thorgaard 1 Prof. 

stf: Research Tech II (Paul Wheeler) 
4 mos @ 50% (8/16/94-12/15/94} 

Hourly Help ($7/hr. X 170 hrs.) 

Total Salaries & Wages 

Benefits 

PW 
Hourly help 

Total Benefits 

Total Salaries, Wages and Benefits 

Egyi}dment 

supplies 

Travel 
(Two trips to Alaska) 

Other Costs 

Total Direct Costs 

N/C 

1,190 

6,256 

lr317 
18 

1,335 

7,591 

2,909 

2,000 

12,500 

Indirect costs 2,500 
(@ 20% of direct costs, maximum rate allowed by ADF&G) 

TOTAL PROJECT COSTS - 15,000 



EXXON VALDEZ TRUSTEE COUNCIL 
FV 94 DETAILED PROJECT DESCBIPTION 

Project title: 

Project ID number: 

Project type: 

Name of project leaders: 

Lead agency: 

Cooperating agencies: 
Other Cooperating Parties: 

Cost of pro]ectjFY 94: 
Cost of projectjFY 95: 
Cost of Project/FY 96 and beyond: 

Project Start-up/Completion Dates: 

Geographic area of project: 

Project leaders: 

Agency project managers: 

Oil Related Egg and Afevin Mortalities 

94191 ~Supplemental 

Monitoring and Research 

Samuel Sharrt Alaska Dept. Fish and Game 
Jim Seebj Alaska Dept Fish and Game 

Alaska Department of Fish and Game 

National Marine Fisheries Service 
Washington State University 

$ 97.7 
$128.4 
$'130.4 

October i, '1994 to September 30, i996 

Prince William Sound 

3/;ehd 
~ 

_yil};y 
, Date · 



B. INTRODUCTION 

This project was included in the 1993 Work Plan under project 93003. At the time proposals 
were submitted for the 1994 work plant we elected to discontinue the work proposed here. 
This decision was based on our perception that oil damages had diminished to an 
undetectable level; consequently, we believed this work had very little probability of providing 
additional information on damages. When preliminary results of the 1993 field season were 
obtained in December of 1993, we found that this project provided strong evidence for the 
existence of genetic damage. This project will incorporate this work back into the 1994 work 
plan. 

Summary 

Elevated embryo mortalities were detected in populations of pink salmon Oncorhyncus 
gorbuscha inhabiting oiled streams fo!lovving the March 1989 Exxon Valdez oil spit! (EVOS). 
These increased rates of mortality have persisted annually through the 1993 field season, 
three generations after the oil spill, suggesting that genetic damage may have occurred as a 
result of exposure to oil during early developmental fife~stages (Sharr eta!. 1994a, 1994b, 
and in prep; and Bue eta!. in press). The consequences of this putative genetic damage 
include physiological dysfunction and functional sterilization of affected individuals, reducing 
the reproductive capacity of wild pink salmon populations. 

These effects would likely persist in populations of pink salmon for a longer duration than 
would be observed in other vertebrates because of the tetraploid nature of the salmonid 
genome. Salmonids evolved through a gene duplication event 25 mi!!ion years a':JO 
and Thorgaard 1984), Pink salmon basically possess a duplicate set of chromosomes 
(tetraploid instead of diploid); although, some of the duplicates have been lost through 
subsequent evolutionary processes. Ho\vever} the extra genes found for many loci would 
mask deleterious recessive alleles. The effects of these deleterious mutations would be 
uncovered in the homozygotes formed through the mating of heterozygotes in subsequent 
generations. 

This study will continue to monitor the recovery of pink salmon embryos and provide an 
assessment of the role that physical stream characteristics played in the damages observed 
by Sharr et al. (i994a and 1994b} and Bue et aL (in press} in the field. This will be 
accomplished by collecting pink salmon gametes from oil contaminated and uncontaminated 
streams in southwestern Prince William Sound (PWS} and incubating them under identical 
controlled conditions. 

History 

Pink salmon eggs and fry incubating in the oiled intertidal spawning areas in PrinceWilliam 
Sound in 1989t 1990, 1991, and 1992 appear to have been adversely affected by EVOS. Oil 
was deposited in layers of varying thickness in the intertidal portions of streams utilized by 
spawning pink safmon during the spring of 1989. Pink salmon eggs deposited in 1988 (1 
brood year) emerged as fry through the oiled spawning gravels during the spring of 1989 
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and began feeding on oiled plankton. These fish showed decreased grmvth due to oiling 
(Willette and Carpenter 1993}. Although gross oil levels decreased during the summer of 
1989, contamination in the intertidal zone was still evident. The pink salmon eggs deposited 
during the late summer of I 989 (the 1989 brood year) were exposed to intra-gravel 
contamination from late August 1989 through mid-May 1990. Sharr et al. (1994a) and Sue et 
al. (in press) detected elevated pink salmon egg mortalities in the intertidal zones of oiled 
streams while no difference between oiled and non-oiled streams was detected above mean 
high tide. Elevated egg mortalities in oiled streams were again detected in the 1990 brood 
year, but only in the highest intertidal spawning zone {Sharr eta!. 1994a, and Bue et aL in 
press). Vlsuat observations indicated that the majority of the remaining oil was deposited in 
this zone. Spawning areas lower in the intertidal zone seemed to be recovering as egg 
mortalities in these areas were not statistically different from non-oil impacted streams. 

Surprisingly, Sharr et aL (1994a) and Bue eta!. (in press), found increased egg mortalities in 
oiled streams during the fall of 1991 survey. Furthermore, significant differences in egg 
mortality occurred at all tidal zones, including the area above mean high tide. Clearly, the 
elevated egg mortalities in the oiled streams were not the direct effect from recent oiling. The 
1991 adult returns were the progeny of the 1989 brood year, the group with the highest 
exposure to intra·gravel oil (the 1989-90 incubation period). We hypothesize that the 
elevated egg mortalities in 1991 may be the result of genetic damage acquired during 
development after fertilization in 1989. Elevated egg mortalities at all tidal zones in oiled 
streams were again detected during tile fall of 1992 survey {Sharr et aL 1994b and Bue et al 
in press). Hatchery incubation experiments using gametes from fish returning to oiled and 
control streams in 1993 indicate that mortality differences observed during past studies 
cannot be attributed to sampling design (Sharr et aL in prep}. 

The hypothesis of genetic damage is consistent with previous laboratory experiments on the 
effects of crude oil on early life stages of fish and with other NRDA field observations. Long 
term intra-gravel oil exposures (7·8 months) to freshly fertilized eggs provide embryos 
sufficient time to accumulate polynuclear aromatic hydrocarbons (PAH's) from very low 
aqueous concentrations of crude oiL PAH's are abundant in crude oil and are potent 
clastogens (i.e. capable of breaking chromosomes). Mironov (1969) observed reduced 
survival of fish eggs and larvae exposed to very lmv aqueous doses (1 ul oiljl seawater) of 
oiL Moles et al. (1987) confirmed that pink salmon eggs take up PAH's and demonstrated 
that the uptake was much greater in an intertidal environment than in strictly freshwater 
conditions. Biggs et al. {1991) found greater numbers of chromosome aberrations in larva! 
herring which incubated in oiled areas than in non-oiled areas. It is logical that the same 
type of damage may have occurred in pink salmon, and this damage could have affected the 
reproductive fitness of a significant proportion of exposed individuals. 

Information gained from this study will provide resource managers insight to the magnitude 
and persistence of damages sustained by wild pink salmon due to EVOS. Efforts to restore 
damaged pink salmon populations depend upon the fishery manager's abilities to identify 
sources of reduced survival and to monitor their persistence. Information on the potential of 
long term oil exposures to cause genetic damage is needed so spawning escapement goals 
can be reevaluated and adjusted if necessary. In addition, verification of the genetic 
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hypothesis would provide the first evidence that reproductive capacity of fish exposed to 
chronic or acute sources of oil pollution would be compromised. 

C. PROJECT DESCRIPTION 

This project is an addition to project 94191 ~ Oil Related Egg and Alevin Mortalities. In this 
study we will collect pink salmon gametes from adult pink salmon returning to oil 
contaminated and unimpacted streams in western Prince William Sound (PWS). Intra-stream 
crosses will be made and the resulting embryos incubated under identicaf controlled 
conditions to evaluate the effect of physical stream characteristics. 

This project will also administer a contract {15k) for a pilot study to examine the usefulness of 
androgenesis for evaluating genetic damage in pink salmon. Androgenetic individuals are 
obtained by enucleating eggs with gamma radiation before fertilization. These eggs are then 
fertilized with normal sperm. If no other treatments are applied, the resulting progeny wifl be 
haploid, containing only a single set of chromosomes from the male parent and none from 
the female. Mortality rates for these haploids are directly related to the presence and number 
of deleterious mutations (Armstrong and Fletcher, 1983). Advantages of this technique over 
most classical techniques include rapid early detection, ability to detect the effects of point 
mutations, and the ability to detect the presence of deleterious recessive alleles. The 
androgenesis technique is not widely used because of the requirement of a gamma radiation 
treatment. Ultimately, haploid androgens will be used to test for the presence of deleterious 
mutations in the chromosomes of ol! impacted and control populations in Prince Wii!iam 
Sound as well as oil treated and control populations from the Little Port Walter experiment 
(component B of Project 94191). 

1. Resources and/or Associated Services: 

This study will investigate pink salmon in Prince William Sound, Alaska. Pink salmon are a 
major predator and prey species in the PWS ecosystem and provide transport of nutrients 
from the marine to terrestrial ecosystem. Pink salmon also support large commercial, sport, 
and subsistence fisheries which are vital to the economy of the area. 

2. Relation to Other Damage Assessment/Restoration Work: 

The foundations for this project date back to the original NRDA F/S Study 2 (Injury to Salmon 
Eggs and Preemergent Fry ). NRDA F ;s Study 2 was equivalent to the field monitoring 
portion of Project 94191 (Component A of 94191) and was conducted in 1989, 1990, and 
1991. The same project was continued as Restoration Study R60C in 1992. Two additional 
elements, a controlled oiling experiment {Component B of 94191) and the study addressed in 
this proposal were added to Restoration Study R60C during the summer of 1992. These 
additions were designed to assess the genetic damage hypotheses raised through NRDA 
F /S Study 2. All three components were present in the 1993 project, Restoration Study 
93003. 
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At the time proposals were submitted for the 1994 work plan, we elected to discontinue the 
work being proposed here. This decision was based on our perception that oil damages had 
diminished to an undetectable !eve!; consequently, we believed this work had very little 
probabiflty of providing additional information on damages. When preliminary results of the 
1993 field season were obtained in December of 1993, we found that this project provided 
strong evidence for the existence of genetic damage. It was at that time that we began to 
work towards putting this study back into the 1994 work plan. 

Several past NRDA and present Restoration projects have been and continue to be intimately 
related to this project. The 1989 and 1990 NRDA F/S Study 4 demonstrated reduced growth 
and survival for salmon which reared in oiled areas. NRDA F/S Study 1 in '1989, 1990, and 
1991 and subsequent Restoration Study R60B in 1992, investigated oil damage to adult pink 
salmon spawning populations and provided valuable improvements in escapement estimation 
procedures used by fisheries managers to monitor and protect injured wild pink salmon 
populations. NRDA F /S Study 3 in 1989, 1990, and 1991 and subsequent Restoration 
studies R60A in 1992 and 93185 in 1993 provided hatchery and wild catch contribution 
estimates. This information was used by fisheries managers to reduce fisheries exploitation 
rates on injured wild pink salmon and also provided survival estimates for groups of fish 
examined by NRDA Study 4. The 19891 1990, and '1991 NRDA F/S Study 28 and a 
subsequent Restoration study in 1992, incorporated data from all the previous studies into life 
history and run reconstruction models. These models were used to extrapolate losses in 
adult pink salmon production from injuries observed in earlier life history stages. 

3. Objectives: 

1. Determine whether the increased pink salmon egg mortalities observed in oiled 
streams can be attributed to the physical characteristics of the study streams. 

4. Methods: 

1. Experimental Design 

The experiment will assess the effects of the physical characteristics of the study streams 
upon the observed results. This will be accomplished by collecting pink salmon gametes 
from oiled and non-oiled streams and rearing the resulting embryos in a controlled 
laboratory environment 

This experiment will provide information to help determine whether the results observed in 
NRDA Study FS2 can be attributed soleiy to the physical characteristics of the study 
streams. In this experiment we will collect gametes from 8 oiled and 8 non-oiled streams 
from southwestern PWS, make intra-stream crosses, and incubate the resulting embryos 
in a controlled laboratory environment. Egg mortality will be compared between the oiled 
and uncontaminated streams. If no difference is observed in this experiment and a 
significant difference in egg mortality is detected between oiled and non-oiled streams 
during the recovery monitoring portion of this study during the fa!! of 1993 egg sampling, 
it can be stated that the physical characteristics of the study streams played a role in the 
results of the previous egg mortality studies. 
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Gamete collection and fertHization procedures will occur over a four day period to obtain 
data from 8 oiled and 8 non-oiled streams. Gametes from 30 male and 30 female pink 
salmon wilt be collected from 2 oiled and 2 control streams during each sampling day. 
The gametes will be flown to the Armin F. Koernig (AFK} hatchery where a random 
gamete pool will be assembled for each stream in a timely manner. 

The random gamete pool will be constructed by placing approximately 30 eggs from 
each female (one teaspoon) into each of 30 cups. Each cup will then be fertilized by a 
different male. The 30 cups will be recombined into a large pail where the fertilized eggs 
will be mixed as they are rinsed. This method of creating a randomized gamete pool 
should insure th~t all possible crosses (30 x 30 = 900) will be present 

A minimum of nine randomly selected aliquots of approximately 500 embryos each will be 
collected from each intra~stream pool, placed into separate incubating vessels, and 
randomly placed into a common incubator {Heath Incubator}. 

Incubating embryos will be periodically screened for dead eggs and hatching success. 
Samples of sperm from each male used to build the embryo pools will be cryopreserved 
for future analysis if required. The experiment will be terminated prior to swimup at which 
time all larvae will be killed. 

2. Data Analysis 

The data will be analyzed as a fixed-effects generalized randomized block design: 

(1) 

where Y1Jk is egg mortality for sample day i, oil contamination level j, and stream k; J1 is 
the model mean; 81 is sampling day a blocking variable; 0 1 is the level of oil 
contamination (oiled or not oiled); and €llk is random error. The relative power of the test 
was estimated. The sample size was considered sufficient to detect a difference of less 
than 1.5 standard deviations at a: =0.05 and 95% power (Neter et a!. 1990}. A test with 
high power is needed to protect against arriving at the conclusion that all observed 
damages could be attributed to the physical characteristics of the streams when in 
actuality significant damages due to oil were present 

The assumption of constant error terms will be tested using the F max -test (Sakal and Rohlf 
1969) whife normality will be visually assessed using scatter plots, box plots, and normal 
probability plots (Chambers eta!. 1983). Appropriate transformations will be used.to 
alleviate variance and normality concerns if they are detected. A!! suitable comparisons 
will be made using Bonferroni family confidence intervals. The SAS (SAS Institute Inc. 
1988} General Unear Models Procedure will be used to analyze the data, 
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5. Location: 

This study will collect gametes from streams in southwestern Prince William Sound and 
incubate the resulting embryos at the Armin F. Koernig hatchery (Figure 1). 

6. Technical Support: 

A biometrician will ensure the study design wi!! provide a reasonable chance of reaching a 
defendable conclusion. 

7. Contracts: 

We propose to have a $15,000 project Detection of Deleterious Mutations in Pink Salmon 
Through Haploid Androgenesis conducted by Dr. Gary Throgaard, Washington State 
University (WSU), as a sole-source contractor. WSU is uniquely suited to conduct such a 
project. The WSU Nuclear Radiation Center has Cobalt-60 gamma radiation source that Dr. 
Thorgaard is currently using to conduct deleterious-mutation studies on rainbow trout. Dr. 
Thorgaard's laboratory is widely recognized as one of the leading laboratories in the world in 
the field of androgenesis in salmonids; to our knowledge it is the only laboratory in North 
America capable of such study. Dr. Throgaard's proposal is attached. 

D. SCHEDULES 

I 
-.--

] l Dates Activity 

30 Oct 1993 - 30 Jan 1994 Analysis of 1993 data and completion of first draft of 
93003 report for laboratory evaluation 

April 1994 Initiate Androgensis Contract 

1 Aug- 15 Aug 1994 Preparation for 1994 AFK Incubation Experiment 

15 Aug- 30 Aug 1994 Collect Gametes and make crosses from 16 PWS 
streams; begin incubation of gametes at AFK. 

30 Aug~ 15 Nov 1994 tv1onitor incubators and collect data 

15 December 1994 Androgensis Contract Report Due to ADF&G 

15 Nov i994- 30 Jan 1995 Analyze data and prepare first draft of 94191 report 
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E. EXISTING AGENCY PROGRAM 

This project will benefit from both ADF&G's commercial fisheries management and genetics 
programs. Both groups provide supporting information for the successful completion of the 
project. 

F. ENVIRONMENTAL COMPLIANCE/PERMIT /COORDINATION STATUS 

Transport of wild gametes to the Prince William Sound Aquaculture Corporation (PWSAC) 
hatchery on Evans Island, PWS will require an Alaska Department of Fish and Game 
(ADF&G) Fish Transport Permit for each stock and a permit Alteration may be required to 
rear and incubate the wild eggs at the hatchery. 

G. PERFORMANCE MONITORING 

Principal investigator Sharr (Fisheries Biologist Ill) will help design the experiment. supervise 
incubator setup, and coordinate and supervise field logistics. Principal investigator Seeb 
(Principal Geneticist) wm help design and provide genetics oversight as wen as administer the 
proposed androgensis contract. Seeb's assistant, Gary Miller (Fisheries Biologist ll) will 
provide fish culture oversite and will supervise the technicians responsible for collecting the 
data. Consulting biometrician Sue (Biometrician II) will conduct the experimental design and 
provide statistical oversight for the project Sharr, Seeb, and Sue will cooperate ln the data 
analysis and writing of the project report 

The methodologies for this project have been approved by the Chief Scientist and his staff in 
past proposals. Past work has shown the methods to be appropriate and efficient. The 
principal geneticist and his staff have extensive laboratory fish culture experience and wm be 
present at aU times during the rearing experiment at AFK Hatchery. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

Data collection for this project occurs over a very compressed period of time and is very 
stream specific; hence, this study does not blend we!! logistically with most of the other pink 
salmon projects. However, all of the streams used for brood stock in this study are also of 
interest to the Pink Salmon Genetics Project (94189) and carcasses from the egg takes can 
be used for genetic samples from these streams. The study is housed at the Prince William 
Sound Aquaculture Corporation (PWSAC} Armin F. Koerning (AFK) hatchery and will take 
advantage of the same incubation faciHties as the PV/SAC experimental release project 
included in the SEA project. 

Final edited data will be stored electronically as computer databases and final versions will be 
provided annually to the Information Modeling portion of SEA for incorporation into a 
centralized ecosystem database. 
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I. PUBLIC PROCESS 

Many of the field procedures used in the field monitoring portion (Component A of 94191) of 
this project have been employed as part of the data collection activities for preemergent fry 
indices used in. PWS pink salmon forecasts for more than 30 years. The procedures have 
been presented and reviewed at a multitude of workshops and scientific meetings, are widely 
understood by the fishing industry, and have undergone peer review through the NRDA 
process. Field monitoring methodologies were presented at the 1991 Pink and Chum 
Workshop in Parksvi.Ue, British Columbia, Canada. Field monitoring results from 1989, 1990, 
1991, and 1992 were presented at the 1993 meeting of the Alaska Chapter of The American 
Fisheries Society In Valdez~ Alaska, the 1993 Oil Spill Symposium in Anchorage, Alaska, and 
the 1993 Pink and Chum Workshop in Juneau, Alaska. Abbreviated operational ptans for 
1989 through 1994 egg and alevin mortality studies have been published annually in EVOS 
Trustee Council work plans which incorporate public comment. 

J. PERSONNEL QUALIFICATIONS 

Fisheries Biologist Ill - Samuel Sharr 

Mr. Sharr received a Bachelor of Science degree in biology from the University of 
Washington in 1968. He has been a research biologist for ADF&G since 1979 and has 
worked on PWS salmon and herring since 1981. He assumed his present position as the 
ADF&G. Division of Commercial Fisheries, Biologist Hit PWS Area Finfish Research Project 
Leader in 1986. tn this capacity, Mr. Sharr oversees all the salmon and herring research 
conducted by the Division of Commercia! Fisheries in PWS. His involvement with the PWS 
salmon escapement aerial survey program dates from the early 1980's. Mr.Sharr has 
supervised a total re-edit of the historic aerial and ground survey data and designed a new 
ABASE data base for inseason escapement analyses. Mr. Sharr wrote the original 
operational plans for NRDA F/S Studies 1,2 and, 3 and has been the Principal investigator 
for those projects since their inception. 

Principal Geneticist ~ James E. Seeb 

Jim Seeb earned a B.S. in Biology (1974) from the University of Puget Sound, an M.S. in 
Fisheries (1982) and a Ph.D. in Fisheries (1987) from the University of Washington. Jim has 
worked as a Fish Biologist for the Washington Department of Fisheries (1978~1980) and 
Pacific Fisheries Research (1980-1882), as a Graduate Research Assistant at the University of 
Washington (1982·1986)~ a Research Assistant Professor at the University of idaho (1987-
1988), and as an Assistant Professor at Southern Illinois University (1988-1990). Presently~ 
Jim is the Principal Geneticist for FRED Division of the Alaska Department of Fish and Game 
and has overall responsibility for fisheries genetic issues throughout Alaska. Dr. Seeb has 
published extensively in the Fisheries and Genetics Literature. He has worked with many fish 
species on numerous genetic topics including but not limited to genetic marking and its use 
to assess stock dynamics and management programs, genetic variation and postglacial 
dispersal of populations, the use of genetic structure in the enforcement of fishing 
regulations, and the measurement of DNA content using flow cytometry. 
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Biometrician II - Brian G. Bue 

Brian Bue has a Bachelor of Science in Biology and a Bachelor of Science in Fisheries from 
the University of Alaska, Fairbanks. He .. also possesses a Masters degree in Fisheries with 
an emphasis on quantitative studies from the University of Alaska, Fairbanks. Brian has 
worked with the ADF&G from 1974 through present in many capacities. He has worked as a 
consulting biometrician on oil spill damage assessment projects since the first days of the 
Exxon Valdez spill. 

Fisheries Biologist II - Gary Miller 

Gary Miller is the flow cytometry speciallst for the Alaska Department of Fish and Game 
Genetics Laboratory in Anchorage. Gary has a Bachelor of Science in Fisheries Biology from 
the University of Washington, a M.S. in Zoology from Southam Illinois University~ 
Carbondale, and is currently pursuing his Ph.D. from the University of Washington. He has 
worked periodically for the Alaska Department of Fish and Game since 1981. He has a 
strong background in genetics and developmental biology and has conducted research and 
co-authored projects in hybridization, polyploid induction, allozyme expression, and growth 
performance of triploid salmonids and other fishes. He has extensive laboratory experience 
with techniques including flow cytometry, protein starch gel electrophoresis, protein and 
molecular marker analysis, and fluorescent antibody testing of pathogens. 

K. BUDGET 

(see attached) 
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Figure 1. Stream and Hatchery locations for controled incubation experiment 
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EXXON VALDEZ TRUSTEE COUNCIL 

1994 Federal Fiscal Year Pwject Budget 
October 1, 1993 · September 30, 19~14 

-····--··-··- -· ······--··-· -----. 
Pwject D1~scription: Oil Related Egg ~~ A!evin Mortalities (Supplemental} - This project will evaluate whether the differences in pink salmon embryo 

rnortallty observed in the field under Component A of Project 94191 can be attributed to differences ir1 physical stream makeup or to genetic differences. 
This experiment will examine the possibliity of ~lenetic injury as an explanation for chronic injury and assess the !ike!y time frame for natura! recovery. 

~----------------------,-~~--------~~~~---~r-----~--r-------~--·------~------------------·-----------------~ Budget Category: 199:~ Project No. '93 Report/ Remaining J 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 
Capital Outlay 

Subtotal 
Genera! Administration 

Pmject Total 

93003 '94 Interim" Cost"" Total 
Authorized FFY ~)3 FFY 94 FFY 94 FFY 94 ---

$0.0 11 $4.4.7 $44.7 
$0.0 .$2.0 l $2.0 
$0.0 i $37.7 $37.7 i 

$0.0 I $4.0 I $4.0 
$0.0 I $0.0 $0.0 
$0.0 j $0.0 i $0.0 
$0.0 i $88.41 $88.41 
$0.0 $9.3 $9.3 1 
$0.0 $97.7 $97.71! 

! FuU·time Equivalents 0.0 0.7 0.7 

FFY 95 
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$3.5 

$42.7 
$4,5 
$0,0 
$0.0 

$115.7 
$12.7 
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! \FTE) r-------.::D:-o~H:-a-r -am ......... o_u_n_i:-s-a_r_e_ shown in thousands of dollars. 

!·s~idget Year Prop()sed Personnel:. -- Heprt!!ntrrn · Reprt/intrm Remainiou 1 Bemaining 

l Position Descri!~ti;:m Months Cost Months Cost 
Fisheries Biolog.ist Ill 1.5 $9.9 
fisheries Biologist l! 2. 7 $14.6 
Fish and \Midlife Technician I!! 2.0 $6.7 
Fish and Wildlife Techn!dan !! 0.6 $4.3 
Biometrician II 1,5 $9,2 

Comment 

lr------------------~~-------1 NEPA Cost: $0.0 lt-:-;;:;:.:...;....:.,..::;..;;..;:;,;:;_ _______ _;_;;;.;.~--------l 

~-----~-----r------~-------~1 *0ct 1, 1993·Jan31, 1994 
Personnel Total 0.0 :?0.0 8.3 _ _?_-:!-.:1-· 7 Hfeb 1, 1994 • Sep 30, 1994 ::=:=-======:::::: 
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Page of 3 



-·-·······-··-···------------· 
Travel; 

4 Trips Cordova/Anchorage @ $500/trip 
Per diem included 

Contractual: 

Facility Lease 
Air Charter 

Genetic Analysis Contract 
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t..............-----------·-··-·····-·-·::::·-·::::::=::::::=::::::=::::::=::::::=::::::::::::::::::::::::::::::::::::::::::::::::===: __ :::::::::::·::::-::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::~···-·--·;===:::::::::~ 
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EXXON VALDEZ OIL SPILL PROJECT DESCRIPTION 

Title: Alaska Marine Research Institute 

Project Number: 94199 

Lead Agency: ADF&G 

Cooperat1ng Agencies: NOAA and DOI-F\A/8 

Cost of Project, FY94: To be determined 

Project Startup Date: February 1994 

Geographic Area: Splll Area 

INTRODUCTION 

Cost of Project, FY95: To be determinE· 
Cost of Project, FY96: To be determine 

Duration: 4 years 

The goal of this project is to provide the planned Alaska Marine Research Institute vvith the 
scientific equipment and materials necessary to meet monitoring, restoration, rehabiHtation 
and research objectives that promote long-term recovery and health of the marine ecosyster 
injured by the Exxon Valdez oil spill. This Institute will be jointly planned by the University of 
Alaska, National Oceanic and Atmospheric Administration~ Alaska Department of Fish and 
Game, City of Seward and the United States Fish and WHd!ife Service. Information learned 
through the research Institute would be useful not only in the oil spill area of Alaska but 
throughout northern latitudes. 

This marine research institution wiH provide a unified northern marine ecosystem program of 
marine research and monitoring. The Institute 'NiH provide a needed research facHity for 
restoration work related to the spilL Operational support for the facility will come ftorn projec 
grants secured by staff scientists, frorn public donations and from other sources. 

in 1993, the Alaska State Legislature appropriated from the Exxon Valdez crimina! restitution 
fund Si 2.5 miilion to the Alaska Department of Administration for payment as a grant under 
AS 37.05.3"15 to the City of Seward "for development of"" a center for education and 
research related to the natural resources injured by the Exxon Valdez oil spill '" .... " (Sec. 2, 
Ch. 79, SLA 1993). This money will be used to initiate construction. A master business plan 
is being prepared for the Alaska Marine Research Institute in consultation with ttle University 
of Alaska. The Trustee Council is t3eing requested to provide funding tor the acquisition and 
installation of laboratory equipment and materials for research. 



Project Number: .. · 941 

PROJECT DESCRIPTION 

The Alaska Marine Research Institute is planned as an on-going scientific research institute 
which will, as a central part of Its mission~ enhance and provide facilities and personnel, 
necessary to meet monitoring, restoration rehabiHtation and research objectives that promote 
long-term recovery and health of the marine ecosystem injured by the oil spilt It would be 
located on waterfront property previously donated by the City of Seward. A preliminary 
design of the center was prepared by Cambridge Seven Associates. The design anticipates 
that the Alaska Marine Research Institute will operate in cooperation with the University ot 
Alaska-Fairbanks' Seward Marine Center. Operated by the Institute of Marine Sciences¥ the 
Seward Marine Center has an international reputation as a unique subarctic research 
institution devoted to fish, Invertebrates, and medical research. 

The design for the Institute will include marine mammal pools of varying sizes to hold 
different species of marine mammals and pools to accommodate diving and wading birds. A 
5,000ft2 building will provide wet and dry labs that would enable researchers to bring birds 
and mammals into a controlled environment Office space and state-oHhe~art data 
processing facilities and equipment wm also be available for researchers and graduate 
students, The design will also include a variety of tanks, pools and cages of varying sizes 
that will be available to house marine mammals, seabirds, fish and invertebrates. A 5,00otf 
hospital containing a medica! treatment center, small clinical laboratory, and intensive care 
pens for pinnipeds, otters, and seabirds will be part of the rehabilitation area. 

It is expected that many of the animals housed in these facmties wiH be of great interest to 
the public. Though the Trustee Council is not being asked to fund a visitor center or public 
aquarium, the facilities could be configured to accommodate this aspect also if funding can 
be obtained from other sources. 

A. Resources andjor Associated Services 

The Alaska ~ .. t1arine Research Institute would aid recovery of marine mammals, seabirds and 
other marine life injured by the Exxon Valdez oB spl!l through faci!ltating research, monitoring, 
restoration and rehabilitation of these species. H1e recovery of hCirbor seals and marbled 
rnurrelets is particularly uncertain because their populations were ln decline before the oil splil 
occurred. 

In the course of pursuin•;1 the restoration of the spill--impacted ecosystem, the lnstHute will 
provide ancl!lary benefits not speclficaHy targeted by restoration projects. The presence of 
the Institute will promote interest in and know!edge about the marine and coastal ecosystem, 
especra!!y its resources affected by the spill, and create and nurture expertise needed for 
understanding Alaska's marine environment. 
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Project Description 

B. Objectives 

The Alaska Marine Research lnstitute is planned as an on-going scientific research institute 
which wmJ as a central part of its mission, enhance and provlde facilities and personnel 
necessary to meet monitoring, restoration rehabilitation and research objectives that promo1 
!ong~term recovery and health of the marine ecosystem injured by the oil spill. The portion 
this project that the Trustees are being asked to fund and which assists in meeting this goa 
is the acquisition and installation of the state-of-the·art scientific equipment and materials 
needed to make the Institute a world ctass research and restoration facility. It is the intent c 
this proposal being presented to the Trustee Council to request funding for only that portior 
of the Alaska Marine Research Institute project which is consistent with the spending 
guideflnes for the civil settlement monies set forth in the Memorandum of Agreement and 
Consent Decree filed with the United States District Court for the District of Alaska, United 
States vs, Stat~ oL6.Lq.ska, A91-081, Acquisition and installation of scientific equipment and 
materials used for the conduct of restoration, research and monitoring projects appears tot 
consistent with that decree, 

C. Methods 

The Alaska Marine Research Institute will be developed in four phases. 

Phase l: 
Phase II: 
Phase tl!: 
Phase IV: 

Project identity, master plan, and economic evaluation (in progress) 
Pre·construction, scoping and design (March 1994) 
Site development and detailed design (Summer 1994) 
Construction and acquisition and installation of research equiprnent and 
materials (Summer 1994 ~ Spring 1997) 

Funding will be provided by a number of sources including the crimina! settlement fund, join1 
trustfunds, and private contributions. The total cost of the project has not yet been 
determined. Funding for Phase !!, Phase Ill and the construction portion of Phase IV has 
been committed through the $12.5 million legislative appropriation and private contributions. 
Joint Trust Funds would finance the acquisition and installation of equipment and materials 
part ot Phase IV. 

D. Location 

The Alaska Marine Research Institute wi!i be located in Se1.vard, Its services will be available 
to the entire sp!H area and the North Pacific region, 

E. Technical Support 

None required. 
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Project Number: 941 

F. Contracts 

The State is expected to award a grant to the City of Seward tor the use of these funds to 
construct the research and restoration facility. No other state contracts are anticipated. 

SCHEDULES 

The goal of the Institute's sponsors is to open the doors of the Alaska Marine Research 
Institute in Spring 1997. In FY94. restoration funds would be used primarily for identification, 
seeping and design of lab facilities, equipment and materials. This effort would begin in 
February 1994 and conciude in September 1994. In FY95~ FY96 and FY97, facility 
construction, and acquisition and installation of research equipment and materials would 
occur. Staffing and start-up would occur as facUlty completion warrants and as funding 
becomes available. · · 

EXIST1NG AGENCY PROGRAM 

The Alaska Marine Research Institute would be located adjacent to and cooperate with the 
Institute of Marine Science's Seward Marine Center. Research, monitoring, rehabilitation and 
restoration efforts will operate with the advice and cooperation of the National Oceanic and 
Atmospheric Administration, the Alaska Department of Fish and Game and U.S. Fish and 
V.Ji!dlife Service. 

COMPLIANCE/PERMIT /COORDINATION STATUS 

The master p!an, which wii! be completed about February 1994, will identify aH permits 
required. The project is expected to require a Section 404 permit from the U.S. Army Corps 
of Engineers and may require authorization from the Environmental Protection Agency 
(NPDES permit) for water discharge, depending on the type of water system selected for the 
facility. Because a decision to fund this project ls considered a major federal action, it will 
require forma! documentation of compliance with the National Environmental Policy Act. 
Depending on the outcome of the environrnenta! assessment, an Environmental Impact 
Statement may be required. On behalf of the Trustee Council, the Nationa! Oceanic and 
Atmospheric Administration will be the lead agency for compliance with the National 
Environmental Po!icy Act. 

PERFORMANCE MONITORING 

Periodic reports from the project manager and financial audits wiB be the primary means of 
monitoring performance. 

F¥94 BUDGET {$K) 

Budget amounts for t11e 1994 fiscal year have yet to be determined. N EPA costs are 
estirnateci to be SSK. 
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NO DETAILED PROJECT DESCRIPTION REQUIRED­
PROJECT IS A CONTINUATION OF 

PREVIOUSLY APPROVED WORK 

BRIEF PROJECT DESCRIPTION FOLLOWS 



EXXON VALDEZ OIL SPILL PROJECT DESCRIPTION 

Title: Prince William Sound Area Recreation Implementation Plan 

Project Number: 94217 

Lead Agency: USDAYFS 

Cooperating Agency: ADNR 

Cost of Project, FY94: $91 .2K Cost of Project, F¥95: $0.0K 

Project Startup Date: October 1993 Duration: 8 months 

Geographic Area: Prince William Sound 

INTRODUCTION 

This project is the continuation and completion of project 93065~Prince William Sound 
Recreatlon, The objectives of the project are to develop a list of prioritized recreation 
restoration projects, identify and describe potential special designations; and identify real or 
perceived injury to the recreation resource and services in Prince William Sound (PWS). 
Restoration management goals and objectives for recreation in PWS wl!l also be developed 
based on injuries identified. This project is currently in the public participation stage with 
additional public participation and meetings planned through November, 1993. 

PROJECT DESCRIPTION 

A. Resources andjor Associated Services 

This project ls focused on restoration of recreation. The most significant part of this project 
wm identify, prioritize, and describe potential recreation restoration projects through public 
participation. Meetings witti interested groups and individuals have taken place with 
additional meetings scheduled through mid-September. A workshop is planned for 
November 5 and 6, 1993, which will bring all interested parties together to develop a projeci 
list Evaluation criteria have been developed for use at this meeting to rate and prioritize 
projects. Additlona! meetings are being scheduled in the Anchorage area. 

In addition to developing projects, potential areas requiring special designation are being 
identified. A preliminary list of possible designations has been developed. During public 
meetlngs, comments about special designations are being gathered. The final project report 
wiil include the findings of the special designation research. 
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Project Number: 94217 

A specific statement of injury to recreation ln PWS will be developed. This statement wm be 
used as the basis for future recreation restoration activities, Currently, the project has 
identified existing management goals and objectives from public land management plans. 
These tend to be broad ln scope and not specific to recreation restoration. 

B. Objectives 

The objectives of this project remain the same as in i 993, with oniy s!lght modification in 
emphasis: 

i. Develop recreation resource and service projects for FY i 994 and beyond that 
can be implemented by the Trustee Council for restoration in PWS. An initial list 
of projects with complete project descriptions wHI be provided by November 22, 
1993 for inclusion in the FY94 Work Plan. Additional projects will be identified, 
prioritized, and listed in the final project report 

2. Identify all possible special designations that could be applied to PWS. This 
would include State, Federal or other yet unknown designations. A preliminary 
draft of possible special designations will be available September 30, 1993 with 
the summary of findings induded in the final project report. 

3. Identity the real or perceived injury to recreation in PWS and develop long4erm 
recreation restoration goais and objectives for the management of PWS. A 
statement of the injury to recreation wiil be compieted. Goals and objectives will 
be identified in the project report 

C. Methods 

The methods described in the 1993 project description (93065) are being implemented. A 
mass mailing was sent out in early June to inform people of the project and begin the 
process of soliciting comment and project ideas. In Addition, people were asked if they 
would like to fll! out the Exxon Valdez Restoration Plan Recreation Questionnaire. Returned 
questionnaires have been added to the data base. Public meetings soliciting ideas from 
people on possible recreation restoration projects are ongoing with meetings planned 
through September. Initial work has been done to develop the special designations report 
and identify recreation restoration management goals and objectives. information co!!ected 
at each public meeting is being recorded and will be summarized before the workshop in 
November and for the project report 

The implementation phase of projects for recreation restoration will not be managed by this 
project work group. After the November workshop, project descriptions will be prepared for 
the highest rated projects and submitted to the Trustee CouncH by November 22, 1993. A!! 
other projects and the final project report wm be submitted by April15, 1994. The Trustee 
CouncH wUI decide which, if any, of the restoration projects identified will be funded. 

263 



Description 

Location 

Meetings are being held in all communities in PWS as well as Sevvard and Anchorage. 
Additionally, meetings with individuals or groups are being held at locations most convenient 
to them, although typically in Anchorage. 

E. Technical Support 

Technical support wH! be needed to input information from the recreation questionnaire and 
anaiyze questionnaire data. Support will also be needed from ADNR to develop working 
maps of PVJS for use in meetings and for identifying and mapping potential project locations. 

F, Contracts 

Contractual funds wHI be utilized to provide charter aircraft for travel to villages in PWS, 
meeting space for the November 5-6 workshop, and a meeting facilitator for the workshop. 

SCHEDULES 

schedule of the major milestones for project taskst public meetings, analysis, and final 
sis presented ln Table 1. Initial data collection began in April, 1993. Meetings with the 

different interest groups began in June and will continue through September. A list of all the 
projects proposed by the public will be prepared for the November 5-6, 1993 workshop. 
Complete project descriptions for the best projects identified will be submitted by November 
22, 1993 for the FY 94 Work Plan. All other projects identified will be listed and prioritized as 
a part of the project report, April 15, 1993. Investigations of possible special designations 
began in April, 1993, A preliminary draft of possible designations will be available the end of 
September, 1993. Complete findings and recommendations will be a part of the project 
report. Development of goals and objectives began in June, 1993. A statement of injury to 
the recreation resource and services will be completed in September, 1993. A summary of 
the findings related to injury and any restoration goals and objectives will be included in the 
project report 
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Table 1. Project Schedule. 

Date 
----·-------------

Accomplishment 

Complete major collection of data, projects 
submitted, surveys, etc. Additional data 
colfection will be ongoing as necessary. 

June 1, 1993 Begin meetings with interest groups. 
Continues through October, 1993 
Currently scheduled: 
July 21-23 Valdez 
July 27 Chenega Bay 
August 6 Seward 
August 10~ 1 1 Cordova 
August 16 Whittier 
August 24 Tatitlek 

September 1, 1993 Draft statement of injury to recreation 
resources and services of PWS 

September 30, 1993 Final statement ofinjury to recreation 
resources and services of PWS 

October 1, 1993 Draft n1anagement goal and objectives for 
PWS 

October 30, 1993 Preliminary list of project proposals and 
descriptions 

November 5-6, 1993 Workshop with all interested groups 

November 22, 1993 Project descriptions for FY94 Work Pian 

February 15, 1 994 

April 15, 1994 

Draft Project Report for peer review 

Final Project Report 

EXISTING AGENCY PROGRAM 

Project Number: 94217 

The State of Alaska Department of Natural Resources has been funded for $4. 75M of the 
crimina! settlement to conduct recreation restoration activities within the spill area. The 
Chugach National Forest manages PWS with primary management emphasis on recreation 
and fish and wildlife management. Cabin maintenance. trail maintenance and development, 
mooring buoy placement, and cultural resources site identification, protection, and 
interpretation are some of the major tasks performed each year_ The Forest Service has 
allocated approximately $90K per year for the management of recreation within PWS. 
Additional funds have been allocated for fish and '""'HdHfe management The Chugach 
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Project Description 

Forest Land Management Plan is scheduled for revision starting in i 995, and goals 
objectlves identified by this project may be adopted in the revised plan. 

ENVIRONMENTAL COMPLIANCE/PERMIT /COORDINATION STATUS 

Thls project is categorically exempt from formal documentation in an environmental 
assessment or environmental impact statement under Forest Service regulations [FSH 
1909.15 3'1. i a(3)]. No other permits are required, No ground disturbing activity is proposed. 
This project is for recreation implementation development. Projects developed from this 
project may require environmental analysis or permits before implementation. 

PERFORMANCE MONITORING 

Products provided from this project include: 

1. Complete project descriptions for the most desirable recreation restoration 
projects for the FY 1994 Work Plan, based on the public involvement process 
being used. 

2. A final project report describing the process follmved, contacts made, workshop 
results, possible special designations, and a listing of all projects identffled by 
priority. 

3. A statement of injury to the recreation resource and services of PWS. 
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Project Number: 94217 

FY94 BUDGET ($K) 

USFS ADNR TOTAL 

Personnel 27.4 32.5 59.9 
Travel 1.9 1.9 3.8 
Contractual 6.8 7.0 13.8 
Commodities 3.5 0.2 3.7 
Equipment 0.0 0.0 0.0 
Capital Outlay 0.0 0.0 rul 

Sub-total 39.6 41.6 81.2 

General 4.6 Q.A: 10.0 
Administration 

Project T ota! 44.2 47.0 91.2 

NEPA Compliance 0.0 
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EXXON VALDEZ TRUSTEE COUNCIL 
FY 94 DETAILED PROJECT DESCRIPTION 

A. COVER PAGE 

Project title: Harbor Seal and Sea Otter Co-op Subsistence Harvest Assistance 

Project ID number: 94244 

Project type: Subsistence 

Name of project leader(s): Rita A. Miraglia 

Lead agency: Ataska Department of Fish and Game 

Cooperating agencies: None 

Cost of project/FY 94: $54,500 

Cost of project/FY 95: $54,500 

Cost of Project/FY 96 and beyond: $54,500 

Project Start-up/Completion Dates: 4/1/94 through 9/30/94 

Geographic area of project: Prince William Sound and the Lower Kenai Peninsula 

Name of project leader: Rita A. Miraglia 

Name of lead agency project manager: Dr. Joseph R. Sullivan 
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B. INTRODUCTION 

The populations of harbor seals and sea otters in Prince William Sound and 
adjacent waters were injured as a result of the Exxon Valdez oil spill. The U. S. 
Fish and Wildlife Service estimates that between 3,500 and 5,500 sea otters were 
killed by oil in the first months after the spill, and sea otters were still being injured 
by oil in the environment three years later. The case for a population level oil spm 
injury to harbor seals is less clear. Harbor seal populations throughout the Gulf of 
Alaska are known to have been in decline before the oil spilL This decline has 
continued, but it is difficult to determine how much, if any of it is due to the 
effects of oil in the environment. However, it is known that harbor seals were 
exposed to Exxon Valdez crude oil in Prince William Sound. They suffered some 
direct mortality although the number of harbor seals killed is unknown. Harbor 
seals also suffered sub-lethal effects, including corneal damage, nerve damage, and 
brain lesions. 

Many subsistence hunters within the spill area, concerned about the decline they 
have observed in the numbers of harbor seals and sea otters, have voluntarily 
reduced their take of these species in an effort to help their recovery. However, at 
present, there is no mechanism in place to evaluate the effectiveness of these 
efforts. 

Some data are available on marine mammal harvests in the spiH area. The Division 
of Subsistence, Alaska Department of Fish and Game has collected information on 
the numbers of harbor seals and sea otters harvested by subsistence users living In 
several communities in the spill region for both pre~and post-spill years. In 1993, 
the Division of Subsistence, in cooperation with the National Marine Fisheries 
Service and Ruralcap, also undertook a project to collect more detailed information 
on the timing and composition of subsistence harvests of harbor seals and sea 
lions (but not sea otters}, including figures for those animals struck and lost. The 
U.S. Fish and Wildlife Service runs a sea otter tagging program, which gathers 
information on sea otter harvests, including the location where animals are taken. 

There is also some information available on harbor sea! and sea otter populations in 
the region. The Division of Wildlife Conservation, Alaska Department of Fish and 
Game, working with the National Marine Fisheries Service has conducted a count 
of harbor seals in both the oiled and unoiled areas of Prince William Sound, along 
with other researchaimed at assessing the health of the harbor seals {restoration 
project number 93046), The U.S. Fish and Wildlife Service has continued to 
monitor the recovery of sea otters in oiled areas, by determining their abundance, 
distribution and mortality {restoration project number 93043). 

We propose: 1) to compile all of the available information; 2} gather additional data 
as needed; 3) analyze and interpret the data, in cooperation with the appropriate 
agencies and native groups; 4} provide an interpretation of the data regarding 
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harbor seal and sea otter population dynamics, trends, and harvests, and their 
relationships, to subsistence hunters; and 5) if shown to be appropriate by a 
review of the data, produce a set of recommendations to subsistence users to 
guide those who want to voluntarily change their harvesting practices to help these 
two species recover. 

This project constitutes a step towards involving subsistence hunters in the 
resource management process, and may lead to an on-going exchange of 
information and consensus building with regard to the management of harbor 
seals. 

C. PROJECT DESCRIPTION 

1. Resources and/or Associated Services: 
The goat of the project is to assess the available data about the relationship 
between population dynamics and trends and subsistence harvests of harbor seals 
and sea otters, and to work cooperatively with subsistence hunters to assess the 
relationship between these factors and the recovery of these species. 

2. Relation to Other Damage Assessment/Restoration Work: 
This project will incorporate information on the numbers, distribution and degree of 
recovery of the populations of harbor seals and sea otters from restoration projects 
94064 (Harbor Seal Habitat Use and Monitoring) and 94246 (Sea Otter Recovery 
Monitoring Project). It wilf also provide information on seal and sea otter harvest in 
Prince William Sound and the lower Kenai Peninsula to help the marine mamma! 
researchers to evaluate the impacts, if any, of the harvest on the recovery of those 
populations. 

3. Objectives: 
An interpretation of the available information about the relationship between harbor 
seal and sea otter population dynamics and trends and subsistence harvests to 
provide to subsistence hunters of these species by September 1994. If a review 
ot the data indicates changes in harvest practices would aid in the recovery of 
these species, a set of recommendations will be produced to guide those 
subsistence users who want to voluntarily change their harvesting practices to help 
these two species recover. 

4. Methods: 
The project will involve compiling information frorn a variety of sources. Sea otter 
tagging data collected by the U.S. Fish and Wildlife Service will be used to 
estimate both the number of sea otters taken, and the locations in which they 
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were hunted. The Division of Subsistence is already administering a survey in the 
oil spill impacted communities to gather information on the numbers of harbor seals 
harvested, including a breakdown by life stage and sex of the animal~ and an 
estimate of the number struck and lost. A section would Reed to be added to the 
questionnaire on location of harvest for this species. This would also increase the 
length of time it takes to conduct each interview. Information collected by the 
Alaska Department of Fish and Game, the U.S. Fish and Wildlife Service, and the 
National Marine Fisheries Service on the biology and population characteristics of 
harbor seals and sea otters in the oil spill impact area wm also be used. The 
Division would need to contract with an organization such as the Alaska Sea Otter 
Commission or Ruralcap to assist in the interpretation of the biological and 
population data, and the potential effects of the harvest on the health of the 
populations, as such interpretation is outside of our expertise, 

Following the compilation and analysis of the data, an ad hoc committee would be 
convened to evaluate the accumulated information, provide an interpretation of the 
data to subsistence users~ and if appropriate make recommendations regarding 
changes in harvest practices. Such a committee would be composed of 
representatives of appropriate agencies, including the Alaska Department of Fish 
and Game, the US Fish and Wildlife Service, and the National Oceanic and 
Atmospheric Administration, and native organizations, including the Alaska Sea 
Otter Commission, Ruralcap, the Chugach Regional Resources Commission, and 
the village and traditional councils of the area. The interpretations as well as any 
recommendations of the ad hoc group would be presented to subsistence users 
both ln an informational newsletter, and in community meetings. Any changes to 
the harvest would be voluntary, as the ad hoc group would have no authority to 
compel any changes, 

5. location: 
The study area will include Prince William Sound and the lower Kenai Peninsula. 

6. Technical Support: 
The project win not require any technical support as defined in the instructions for 
this document. 

7. Contracts: 
The Division of Subsistence will need to contract out for someone to assist in the 
analysis and interpretation of the biological and population data. This kind of work 
is outside the expertise of the staff of the Division of Subsistence, and the Division 
of Wildlife Conservation will not have any personnel available for this task. We 
would prefer to contract with one or more native organization{sL such as Ruralcap 
or the Alaska Sea Otter Commission for this service, because their ties to the 
native communities would be of benefit to the project. 
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D. SCHEDULES 
MAY 1994; 

JUNE 1994 

JULY 1994: 

AUGUST 1994: 

SEPTEMBER 1994: 

Finish collection of harvest information for 1993 
Collect and compile traditional knowledge from hunters 
regarding harbor seal and sea otter populations 
Identify and evaluate alternative data sources such as 
information from fur buyers 

Meeting between marine mammal biologists and staff 
of the Division of Subsistence 

Finish compilation of biological and population data 

Convene ad hoc group to evaluate data 

Provide data interpretations and any recommendations 
to subsistence harvesters 
Produce informational newsletter 
Hold community meetings 

A second year of harvest monitoring and evaluation of new biological and 
population data will be needed to complete the project. 

E. EXISTING AGENCY PROGRAM 
This project will take advantage of several existing programs, both within the 
Alaska Department of Fish and Game, and other agencies. These other programs 
are described above. 

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS 
Since there is no field work component to this project, it is categorically excluded 
under NEPA guidelines. 

G. PERFORMANCE MONITORING 
A database will be compiled for this project. The ad hoc group will develop a set 
of data interpretations and, if appropriate, recommendations for subsistence users 
of the two species, and an informational newsletter will be produced. A report will 
be completed at the end of each project year. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 
This project will incorporate information on the numbers, distribution and degree of 
recovery of the populations of harbor seals and sea otters from restoration projects 
94064 {Harbor Sea! Habitat Use and Monitoring) and 94246 (Sea Otter Recovery 
Monitoring Project), it will also provide information on seal and sea otter harvest in 
Prince William Sound and the Lower Kenai Peninsula to help the marine mammal 
researchers and subsistence users to cooperatively discuss possible relationships 
between subsistence harvests and the recovery of these populations. 
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I. PUBLIC PROCESS 
This project will incorporate public input from community meetings. 
Representatives of the communities of Prince William Sound and the Lower Kenai 
Peninsula will be included as members of the ad hoc body -evaluating the data. 
Any findings of the ad hoc body will be disseminated to the communities by means 
of an informational newsletter as well as in community meetings. 

J. PERSONNEl QUALIFICATIONS 
James Fall~ Dr, Fall is the regional program manager for the Division of 
Subsistence/ Alaska Department of Fish and Game, for southcentrat and southwest 
Alaska. He has held this position since 1981. Since 1989, he has supervised the 
division's oil spill response and research program. Also, he has served as the 
department's representative on the Oil Spill Health Task Force. Dr. Fall has written 
several articles and reports on the effects of the Exxon Valdez oil spill on 
subsistence activities and harvests, based upon division research. 

Rita Miraglia: Ms Miraglia has served as the oil spill coordinator for the Division of 
Subsistence since 1990. As such, she has organized and participated in the 
subsistence resource collection and testing programs of 1990 and 1991. She has 
also been the lead communicator of study findings to communities through 
organizing community meetings and writing newsletters. She has also assisted the 
OH Spill Health Task Force's activities. 

Craig Mishler: Dr. Mishler has been a Subsistence Resource Specialist with the 
Division of Subsistence since 1989, with primary responsibility for Kodiak tsland. 
He is project leader for the division's seal and sea lion harvest monitoring program. 

Jody Seitz: Ms Seitz has worked as a Subsistence Resource Specialist with the 
Division of Subsistence since 1989, with responsibility for Prince William Sound 
communities since 1991. She has participated extensively in Division of 
Subsistence research projects in these communities, including the collection of 
information about subsistence harvests after the oil spilL 

K. BUDGET 
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EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 • September 30, 1994 

Project Description: Seal & Otter Co·op Subsistence Harvest Assistance • The purpose of this project is to gather information on harbor seal health, 
biology and demographics, as welt as figures on sub$istence harvests of these two species in Prince William Sound and the lower Kenai Peninsula; an 
ad hoc body of representatives of agencies and native organizations will be assembled to evaluate this information and make recommendations for 
changes in harvesting, if warranted, to help these species recover in the wake of EVOS. 

Budget Category: 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 
Capital Outlay 

Subtotal 
General Administration 

Project T ota! 

1993 Project No. '93 Report/ 

Authorized FFY 93 

$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 

'94 Interim* 
FFY 94 

$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
.$0.0 
$0.0 

Remaining 
Cost"""" 
FFY94 

$32.0 
$5.0 

$10.0 
$2.0 
$0.0 
$0.0 

$49.0 
$5.5 

$54.5 

Total 
FFY 94 

$32.0 
$5.0 

$10.0 
$2.0 
$0.0 
$0.0 

$49.0 
.$5.5 

$54.5 

FFY 95 

$32.0 
$5.0 

$10.0 
$0.8 
$1.2 
$0.0 

.$49.0 
$5.5 

$54.5 

0.5 0.5 0.0 0.0 0.5 Full-time Equivalents {FTE) I-------::-~.;..;;....J.---~~J..--:---:-=;-;..;;;....~..---:--~~~---...;;..;..;~1 
Dollar amounts are shown in thousands of dollars. 

Budget Year Proposed Personnel: 
Position Description 

Subsistence Resource Specialist II 
Subsistence Resource Specialist II 
Research Analyst 
Program Manager 

Reprt/lntrm Reprt/lntrm Remaining 
Months Cost Months 

0.0 $0.0 2.0 
0.0 $0.0 3.0 
0.0 $0.0 1,0 
0.0 $0.0 0.5 

Remaining 
Cost 

$9.4 
$13.7 

$5.5 
$3.4 

Comment 

NEPA Cost: $0.0 
*Oct 1, 1993 ·Jan 31, 1994 

Personnel Total ~------~--------~---------+----:----~! 0.0 $0.0 6.5 $32.0 .,. *Feb 1, 1994 - Sap 30, 1994 
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EXXON V COUNCIL 
1994 Federal Year Project Budget 
October 1, 1993 ·September 30, 1994 

~--~-------------------------------------------------------------------------------------.--··------r-------~ Travel: Reprt/lntrm Remaining 

Visits to the various native communities to collect information and report recommendations 
Anchorage to Chenega {2 trips ·air fare $900/trlp) 
Anchorage to Tatitlek {2 trips • air fare $550/trip) 
Anchorage to Valde-z (2 trips· air fare $!60/trip) 
Anchorage to Cordova (2 trips- air fare $205/trip) 
Per diem (13 days @ $1 05/day) 

Contractual: 

Contract with wildlife biologist to analyze the data and submit a final report 

Travel Total 

{This contract will be awarded through the competitive bid process for the compilation and analysis of the available 
seat and sea otter harvest and population data.) 

Page 2 of 3 

Printed; 3116/94 11 :29 AM 

Contractual Total 

Project Number: 94244 
Project Titie: Seat & Otter Co-op Subsistence Harvest Assistance 
Agency: AK Dept. of Fish & Game 

$0.0 
$0.0 
$0,0 
$0.0 
$0,0 

$0.0 

$0.0 

$0.0 

$1.8 
$1.1 
$0.3 
$0.4 
$1.4 

$10.0 

$10.0 

FORM 2B 
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t........----··--



Commodities: 

Office supplies {paper, maps, etc.} 
Computer network card & software 

Equipment: 
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E ui ment Total 

Project Title: Seal & Otter Coop Subsistence Harvest Assistance 
Agency: AK Dept. ofF & Game 

Reprt/lntrm Remaining : 

$0.0 
$0.0 

$0.0 

$0.8 
$1.2 

$2.0 
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NO DETAILED PROJECT DESCRIPTION REQUIRED­
PROJECT IS A CONTINUATION OF 

PREVIOUSLY APPROVED WORK 

BRIEF PROJECT DESCRIPTION FOllOWS 



EXXON VALDEZ OIL SPill PROJECT DESCRIPTION 

Title; Sea Otter Recovery Monitoring 

Project Number: 94246 

Lead Agency: 001-FWS 

Cooperating Agency: None 

Cost of Project, FY94: S418.7K Cost of Project1 FY95: $70.6K 

Project Startup Date: April 1994 Duration; 1 year 

Geographic Area: Prince WilHam Sound 

INTRODUCTION 

Sea otters (Enhydra lutris) are a well¥known marine mammal species in A!aska. They 
histoncal!y occurred throughout coastal waters of the Pacific, but as a result of fur harvests in 
the 18th and 19th centuries, they came dose to extinction. They have since increased in 
abundance and distribution, and presently are found ln most coastal areas of southern 
Aiaska. Sea otters prey on a variety of invertebrate species, 1ncluding mussels, clams, crabs, 

nd sea urchins. 

Acute losses ot sea etters associated with the Exxon Valdez oil spil! probably ranged from 
3,500 to 5,000 animals. Natura! Resource Damage Assessment studies on (1) sea otter 
abundance in Prince WH!iam Sound (PWS), (2) age distribution of sea otter carcasses 
recovered ~n oiled areas, and (3) first-year survival of juvenile sea otters in PWS suggested 
that oil-related injury to the population persisted through 1991. 

Data coHect!on in 1992 was Hmited; however, age distributions ot carcasses n·:covered in 
1992 suggested mortality was returning to a pre-splll pattern. In addition, a juvenile survival 
study conducted by USFWS in 1992-93 indicates improved rates of first year sur>lival 
compared to 1990·91, Analyses of blood of sea otters caught in oi!ed areas in 1992, 
however, showed that approximately 25~~~ of the adult otters have significant elevations in 
serurn enzymes associated with Hver and kidney damage. Restoration studies underway m 
1993-94 wili supply additional information on population size and distribution. The 
restoration project proposed herein for 1994··1995 1Nill monitor the population to assess 
wt:ether or not there is evidence ot recovery and obtain data to evaluate condition of sea 
ottHrs and possible pathologies that may be contributing to continued injury in the population 

282 ! 
I 
1 



Project Number: 94246 

PROJECT DESCRIPTION 

A. Resources and/or Associated Services 

This project will monitor sea otters. 

B. Objectives 

1. Monitor Spring/Summer 1994 abundance and distribution of sea otters in 
PWS for comparison with previously collected data. 

2. Monitor 1994 mortality trends in sea otters such as age class, gender, and 
location. 

3. Investigate pathological conditions of sea otters in PWS. Determine if the 
pathological conditions observed in 1993 still exist 

C. Methods 

I. Abundance and distribution of sea otters in PWS will be monitored through 
application of aerial surveys developed by USFVvS (with partial support of 
restoration funds) in 1991~1993. 

2. Mortality ot sea otters will be evaluated by examining the age distribution of 
beach·cast carcasses retrieved on annua! beach walks. Sea otter age \Vi!! be 
determined, as in the past, by tooth cementum analysis. 

3. Pathological conditions of sea otters wm be examined by (1) analysis of 
hematology and serum chemistry in blood samples collected from live sea 
otters and (2) gross examination of carcasses and histologic examination of 
tissue samples collected from carcasses of sea otters taken by subsistence 
hunters. No alternative methods exist for collection of data. 

D. Location 

Field work will take place in PWS. Data entry, analys;s, and report preparation wiH take place 
in Anchorage. 

E. Technical Support 

None needed. 
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Project Description 

Contracts 

of $0.4 to $0.8K each wi!l be required for determination of age from teeth, for 
blood analysis, and for necropsies of any intact carcasses that 1T1ay be recovered. 

SCHEDULES 

I. Field work - April 15, 1994 to September 15, 1994: 

ApriljMay - Beach walks for carcass retrievaL 

July- Blood collection from live sea otters. 

August .. Aer!al surveys for abundance and distrit;ution monitoring. 

by September - Collection of carcasses tram subsistence takes wiil depend on 
hunters but \Ne anticipate obtaining sampies by September. 

2. Analysis of biological samples (blood, teeth, histopathology) - July to October, 1994. 

Data entry and analysis· August to November, 1984. 

Draft reports '1.-vm be completed by Januarv 16, !995. 

5. Final reports wiH be completed by March 3'1, !995. 

EXISTING AGENCY PROGRAM 

The USFWS covers salary for two investigators during their contributions to this project 
(primarily the aerial sur,;eys) - total estimated agency contribution ;s s·14.9K. 

The USFWS wHi be radiotracking juvenile sea otters in P\VS on a bi-\'<'eddy basis untH June 
i 994, to measure second year survival rates and movements. 

ENVIRONMENTAl COMPLIANCE/PERMIT /COORDINATION STATUS 

A Marine Mamma~ Permit is required tor handling sea otters and collection ot b!ood; a perrrr: 
which covers this work has already been issued. Other components of the study involve 
collection of samples from sea otter carcasses and do not require an addit;onal permit. Tr:c 
aerial survey relies on observations from a small airplane and is non-intrusive. 
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Project Number: 94246 

Based on a review of CEQ regulation 40 CFR 1500-1508, this study has been determined to 
categoricaHy exempt from the requirements of NEPA, in accordance wlth 40 CFR 1508.4. 

PERFORMANCE MONITORING 

Final reports provided by March 31, 1995j will demonstrate that project objectives have been 
met 

FY94 BUDGET ($K) 

USFWS 

Personnel 255.0 
Travel 11.4 
Contractual 88.4 
Commodities 19.5 
Equipment 0.0 
Capitai Outlay QJ2 

Subtotal 374.3 

General 
Administration 44.4 

Project Tota! 418.7 

NEPA Compliance 0.0 
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EXXON VALDEZ TRUSTEE COUNCIL 
FY 94 DETAILED PROJECT DESCRIPTION 

Project title: Kenai River Sockeye Salmon Restoration 

Project ID number: 94255 

Project type: General Restoration 

Name of project leaders: Ken Tarbox, Usa W. Seeb, James E. Seeb 

Lead agency: Alaska Department of Fish and Game 
(ADF&G} 

Cooperating agencies: None 

Cost of project/FY 94: $406.1 K 

Cost of project/FY 95: $350.0K 

Cost of Project/FY 96 and beyond: $300.0K 

Project Start·up/Completion Dates: January 1992 and to continue five years 

Geographic area of project: Upper Cook Inlet 

Project leaders: 

Ken Tarbox Date 

Agency project manager: 
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B. INTRODUCTION 

Sockeye salmon (Oncorhynchus nerka) which spawn in the Kenai River system were 
injured by the Exxon Valdez oil spill (EVOS}. Greatly reduced fishing time in Upper Cook 
Inlet {UCI) due to EVOS caused sockeye salmon spawning escapement levels in the Kenai 
River to exceed that desired by three times. The biological impact of EVOS on Kenai 
River sockeye salmon stocks may be one of the most serious documented. Data 
collected by NRDA Fish/Shellfish Study 27, Sockeye Salmon Overescapement, indicated 
greatly reduced survival of juvenile sockeye salmon during the winter-spring rearing 
period beginning with the 1989 parent year. The extremely high escapement may have 
initially produced more rearing juvenile sockeye salmon than could be supported by 
nursery lake productivity. 

In gene rat, when rearing salmon abundance greatly exceeds lake carrying capacity, the 
species and size composition of prey resources are altered which affects all trophic 
levels. Because of such changes, juvenile sockeye groV\.1:h is reduced, freshwater 
mortality is increased, greater proportions of fry remain in the lake for another year of 
rearing, and smolt condition is reduced and marine mortality is increased. 

Limiting sockeye salmon fry production by closely regulating the number of spawning 
adults may be the only way to restore the productivity of these rearing areas. Sockeye 
smolt outmigrations in the Kenai River were severely reduced in 1991 ( 1989 parent year} 
and have continued to decline through 1993. The number of adult sockeye salmon 
returning from the 1989 overescapement in the Kenai River is expected to be low. 
Starting in 1994, a dramatic reduction or complete elimination of Kenai River sockeye 
salmon harvests may be necessary to ensure even minimally adequate escapements. 

Sockeye salmon harvested from the mixed-stock fishery of Cook Inlet include fish from 
the Kenai, Kasilof, and Susitna Rivers. In order to effectively manage the harvest of 
EVOS-damaged stocks, Restoration Science Studies R53/R59/93012/93015 were 
implemented in 1992 and 1993. These studies use Genetic Stock Identification {GSI) 
techniques to identify Kenai River stocks in mixed stock Cook Inlet fisheries. Area 
managers will use this information to modify fishing areas and openings in order to 
facilitate the harvest of surplus Kasilof and Susitna River stocks while protecting the 
EVOS-damaged Kenai River stocks. Project 94255 is the continuation of these projects 
through fiscal 1994. 

Attempts to use stock identification to manage harvest ot Cook tnlet sockeye salmon in 
the past have relied on scale growth patterns. However, the accuracy of the scale 
technique alone has not been reliable, and it is insufficient to permit the in-season 
protection of the EVOS-damaged Kenai River stocks. GSI techniques rely on genetic 
variation to discriminate between populations of organisms. This method has recently 
been applied in other areas as an in~season fisheries management tool, and it has proven 
to be extremely effective for allocating and adjusting the harvest of fish stocks 
intercepted in mixed-stock fisheries such as those that occur in Cook Inlet. Once a data 
base has been established, GSI techniques should provide a mechanism for in-season 
management on a stock-specific basis. This wi!! allow managers to control the harvest of 
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Kenai River sockeye salmon and facilitate their recovery. 

A pilot study was conducted during 1993, prior to the return of the first EVOS-impacted 
stocks anticipated in 1994 (age-5 sockeye salmon from the 1989 parent year). Two 
fishery samplings were completed using the genetic baseline collected during the 1992 
field season. In both cases the laboratory and statistical analysis were completed within 
48 hours. Preliminary estimates indicate that this type of information can be sufficiently 
precise to inform fishery managers on current stock composition in Cook Inlet. 

C. PROJECT DESCRIPTION 

1. Resources and/or Associate Services: 

Restoration of Kenai River sockeye stocks will benefit subsistence, sport, and commercial 
fishermen in coastal communities throughout Cook Inlet, from Homer north through 
Anchorage to Tyonek. In 1992 nearly 10,000 families obtained subsistence permits to 
harvest salmon in UCI, most targeting Kenai River sockeye salmon. The most recent 
statistics indicate that nearly 100,000 sport anglers fished the Kenai River for salmon in 
1990, spending $38 million in 1986 dollars. Forty percent of those anglers were from 
out of state. Of the 1,323 permits licensed to commercial fish in UCf, 80% are fished by 
state residents with the remaining predominately from Pacific Coast states. Average ex­
vessel value (1987-1991) of the UCI commercial salmon harvest was $67.8 million. 

2. Relation to Other Damage Assessment/Restoration Work: 

Restoration project 94258 ( Sockeye Overescapement) will be collecting samples of 
juvenile salmon {fry and smolt) for genetic analysis. In addition, results from project 
94258 will be incorporated with results from this investigation to formulate an over-all 
restoration plan for Kenai River sockeye salmon. 

3. Objectives: 

The goal of this project is to restore Kenai River sockeye salmon injured by the oil spilL 
This will be accomplished through improved stock assessment capabilities, more accurate 
regulation of spawning levels, and modification to human use. The specific objectives 
are to: 

1. Obtain baseline a!lozyme genetic data (during 1992-1995} from all 
significant spawning stocks contributing to mixed-stock harvests of sockeye 
salmon in Cook Inlet. 

2. Use Genetic Stock Identification (GSI) algorithms to estimate the proportion 
of Kenai River stocks in mixed stock fisheries so that managers may modify 
area and time of harvest in order to protect these damaged stocks while 
targeting surplus Kasilof River and Susitna River stocks. Genetic data will be 
obtained from samplings of the various mixed-stock fisheries occurring in 
1994-1996. Stocks composition estimates V'lti!l be provided within 48 hours 
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post-fishery. In addition, GSt data may be used to identify the contributions 
of Kenai River sub-stocks in samples collected during Restoration Project 
94258 {Kenai River Sockeye Overescapement. 

3. Investigate the added utility of DNA-level markers to discriminate among 
Cook Inlet populations. 

4. Provide more accurate estimates of abundance of Kenai River sockeye 
salmon within Cook tn!et through hydroacoustic assessment techniques. 

4. Methods: 

Stock Identification: 

'Ne will continue to develop a comprehensive genetic database of sockeye salmon stocks 
in Cook Inlet. In 1992 we collected baseline genetic data using aHozyme analyses from 
28 subpopulations from Cook Inlet including the Kenai, Kasilof, and Susitna Rivers. 
Additional sockeye salmon were collected from approximately 34 baseline subpopulations 
in 1993. An additional ten sites will be chosen each year ( 1994-1995) to supplement or 
confirm those previously sampled. Final selection of sample sites will depend on GSI 
results from the previous year. Target sample sizes tor al!ozyme baseline collections wH! 
be 1 00 individuals to adequately characterize spawning populations (AUendorf and Phelps 
1981, Waples 1990). 

Mixed stock fishery samples will be collected from selected drift fisheries openings 
occurring during the July fisheries {maximum of two; 1994-1996}. In addition, mixture 
samples of Kenai River smolt and fry will be collected during Restoration Project 94258. 
Mixed stock sample sizes will be set at 400 to minimize the confidence intervals 
surrounding the estimates (Pella and Milner 1987). 

Muscle, liver, eye, and heart will be dissected from freshly killed individuals. Tissues will 
be placed in labeled cryovials and transferred into liquid nitrogen (Appendix A, B). 
Tissues from baseline collections will be stored on liquid nitrogen until transferred to -
80°C storage in Soldotna or Anchorage. Soldotna samples will be transferred to the 
Anchorage laboratory on dry ice or liquid nitrogen and again placed in -80°C storage 
where they will remain until laboratory analysis. 

Allozyme electrophoretic data {Utter et a!. 1987, Seeb et a!. 1987) will be collected for 
the loci identified in during year one and two of the study (Table 1}. An extensive 
a!!ozyme screening was undertaken to maximize the potentia! number of available gene 
markers. A total of 84 allozyme loci were resolved {Table 1 L Of the resolvable loci, 42 
were polymorphic in at ieast one individual (sAAT-1 ,2; mAA T-1; mAA F2r' mAH-1, 2; 
mAH-4; sAH; ALAT; CK-A2/· CK-C1; CK-C2; CK-8; FDH; GAPDH-2; GDA-1.' G3PDH-1,2; 
GPf.-A; GPI-81/2; m!DHP- t; s/DHP-1; LDH-A2; LDH-87; LDH-82; sMDH-A 1#2; sMDH-
8 1/2/· mMEP; MPI; PEPA; PEPB-1; PEPD-1; PEPer· PGDH; PGM-1; PGM-2; TPI-1 ,2; TP/-4) 

All gel scoring will be conducted on'"line to ensure rapid turnaround, complete 
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documentation, and immediate availability of summary statistics. Allozyme techniques 
will follow those of Harris and Hopkinson {1976}, May et al. {1979}, and Aebersold et al. 
( 1987); nomenclature rules will follow the American Fisheries Society standard (Shaklee 
et a!. 1990). A photographic record of each gel will be made. 

Genotypic and allelic frequency estimates will be calculated for each baseline and mixed­
stock sample at every locus. Genetic distance measures {Nei 1978), which summarize 
mufti-locus data into a single number, will also be calculated between all pairs of 
spawning locations. These values will be used to construct branching diagrams using 
numerical taxonomic techniques {UPGMA) which provide a representation of overall 
phenetic similarity. A neighbor-joining tree (Saitou and Nei 1987) will be constructed to 
provide a phylogenetic tree relating the populations. Chi-square goodness-of-fit to Hardy­
Weinberg equilibrium will be performed to test for random mating within each population. 

Homogeneity of allelic frequencies among the various collections will be tested using a 
tog-likelihood ratio analysis {G-statistic; Smouse and Ward 1978; a = 0.01; Cooper 
1968). Rejection of the null hypothesis of homogeneity is indicative of discrete spawning 
populations, The total gene frequency dispersion at each locus will be subdivided into 
within¥and among-river system components in a hierarchical fashion. Hierarchical levels 
will be organized to test for homogeneity of { 1) within drainages of the systems; (2} 
among drainages within river systems; and (3) among river systems. The likelihood 
analysis will use the computational formula of Sakal and Rohlf (1981 ). This statistic is 
distributed approximately as the chi-square statistic with (no. of alleles - 1) X (no. of 
region- 1} = (degrees of freedom). The likelihood values (G) can be summed over all loci 
to obtain a total value at each level of analysis. 

Stock contribution to mixed fishery samples will be estimated using a conditional 
maximum likelihood program {GIRLSEM} developed by National Marine Fisheries Service 
(NMFS; Pella and MHner 1987, Masuda et a!. 1991; see Appendix CL The precision of 
the stock composition estimates will be determined by bootstrap resamp!ing (Efron and 
Tibshirani 1986). In bootstrapping, individuals of the stock and mixture sarnples are 
randomly resampled with replacement to obtain new samples equal in size to the original 
samples. Standard errors of stock composition estimates due to sampling errors in the 
stock and mixture samples can be estimated from the standard errors of composition 
estimates over resamplings of the bootstrap. Approximately 100 bootstrap resamp!ings 
should provide sufficiently accurate estimates of standard error {Masuda et aL 1991). 
Accuracy graphs will be obtained by constructing simulated samples of mixtures with 
specific stock proportions and then by bootstrap resamp!ing the baseline to obtain 
estimates of stock proportions. This same type of simulation will be used to evaluate the 
effect of mixture sarnp!e size on the accuracy and precision of the stock composition 
estimates and will be used to adjust mixture sample size in succeeding years. 

Considerable progress has been made in developing the analytical and computational 
techniques to rapidly provide fishery estimates for in-season management. Development 
of a comprehensive package of genetic analysis programs Windows applications 
(Microsoft 1991) has begun and includes the fotlowing components: {1} an on-line gel 
scoring program providing extensive documentation of results and error checking 

5 



capability; (2) a set of genetic analysis programs providing allele frequency estimates, 
heterogeneity analyses, and fit to expected genetic models; and (3} revised input into the 
GIRLS algorithm (Masuda et al. 1991} to allow rapid fishery estimates and a flexible 
method to conduct multiple simulation studies. The object -oriented genetics applications 
will work synchronously within the Windows environment to provide a user friendly 
interface for data input and complicated analyses to that the geneticists can make a fast 
turn-around from field samples to fishery estimates. Functional versions {beta) of these 
programs are now in use. The allozyme data will be analyzed using the genetic analysis 
program, BIOSYS-1 (Swofford and Selander 1981} and NTSYS-pc {Rohlf 1993}. Fishery 
composition estimates wiH be available within 48 hours following the fishery so that 
management decisions can be based on the actual composition of the fisheries. 

A pilot study using DNA techniques will be conducted on a subset of the collected 
allozyme baseline samples. DNA will be extracted from liver and heart tissue {Chapman 
and Brown 1990; Bermingham et al. 1991) using standard protocols of Proteinase-K and 
RNase-A digestion, pheno!/chloroform extraction and ethanol precipitation (Sambrook et 
a!. 1989}. After extraction, the purified DNA will be amplified using the polymerase 
chain reaction {PCR; Saiki et a!. 1988; Kocher et a!. 1989; Chapman and Brown 1990; 
Carr and Marshall 1991 ), Primer selections for PCR will include the universal primers for 
the mitochondrial DNA {mtDNA} cytochrome-b gene {Kocher et aL 1989) and primers for 
the mtDNA ND5\6 and ND3\4l\4 regions {Cronin et al. 1993). These regions have 
proven useful in other stock identification studies within the genus Oncorhynchus (Cronin 
et al. 1993). The amplified mtDNA regions wilt then be digested with up to 20 restriction 
enzymes and the resulting fragments will be separated on agarose gels. The restriction 
fragment length polymorphisms {RFLPs} produced will then be visualized under ultraviolet 
light, and a photographic record will be made of each geL Since genes which are 
encoded by the mitochondrial genome are inherited as a single unit {i.e., analogous to 
linked loci}, the restriction sites detected for each enzyme, for aU regions examined, will 
be pooled together as cornposite haplotypes. The frequencies and distributions of these 
composite haplotypes will then be used to examine the structure of salmon populations. 

Nucleotide (d) and haplotype (h) diversity measures {Nei 1987} will also be calculated tor 
all populations using the restriction enzyme analysis package (REAP} of McElroy et al. 
{1992}. These measures estimate the number of nucleotide substitutions per site 
between DNA sequences (i.e., sequence divergence} and the amount of DNA 
polymorphism within popufations, respectively. These values will then be used to 
calculate an overall genetic distance (Nei 1978) between populations, which in turn, will 
be used to generate a branching diagram using the Fitch and Margoliash ( 1967) least­
squares algorithm in the PHYLJP {Felsenstein 1993) package. This dendrogram will 
depict relationships among the populations. Stability of this dendrogram will be tested 
using the boostrap method of Felsenstein (1985}. 

Offshore Test Fish Program: 

The sockeye salmon total run to UCJ has been estimated early during the season by test 
fishing between Anchor River and Red River delta. Northward migrating sockeye salmon 
are captured with a drift gill net at a series of stations. Salmon are identified to species 
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and sex, and length measurements are recorded. Estimates of total sockeye salmon 
return are made several times during the season by estimating expected total test fishery 
catch per unit of effort for the season and catchabi!ity ot sockeye salmon in the test 
fishery. Analysis of historical data has indicated that existing sampling effort and catch 
has not been proportional to abundance. To assess run size more accurately, additional 
sampling effort will be added to the existing program. 

In 1992 and 1993 hydroacoustlc equipment and techniques were tested in UCJ offshore 
waters (Thorne and Salomone 1993; Thorne 1994). Results of this work indicated that 
hydroacoust!c techniques could detect salmon and provide a population estimate for ,.in 
season" management use. However, the primary !imitation identified in the study was 
limitations {signal/noise ratio) of the hydroacoustic gear due to rough sea conditions or 
shallow water in the northern portion of UCI. 

In 1994 two abundance estimates will be made using the techniques developed in 1992 
and 1993. Examination of the data set indicated that a minimum of 12 orthogonal 
transects sampled over 48 hours within Cook Inlet would be needed to provide a useable 
estimate of adult salmon abundance. Therefore, a minimum of 12 transects will be 
completed during each survey. Exact timing of the survey will be determined during the 
commercial fishing season to meet commercial fishery management objectives. 

5. location: 

Upper Cook Inlet nortil of a line from Anchor Point to the Red River Delta- Field work 
will be inlet wide and based out of Soldotna; lab and a portion of the data analyses will 
be conducted in Anchorage. 

6. Technical Support: 

Administrative support is provided by the Administrative, Habitat, and Commercial 
Fisheries Development and Management Divisions' staff of the Alaska Department of Fish 
and Game. The project leaders and their assistants are not fully funded by this project 
and are supported with general funds from the State of Alaska. These studies are 
integrated with ongoing studies by the Cornrnercial Fisheries Management and 
Development Division. Consequently, the EVOS investigations have been integrated into 
the normal operations of these Divisions for efficiency in completing the objectives of 
these studies. 

7. Contracts: 

A sole source contract is propos(~d (value not to exceed $50,000} to be awarded to 
BloSonics, Inc. for continuing work in UCf with hydroacoustic equipment. BloSonics, Inc. 
was awarded the original contract in 1992 and 1993 through competitive bid procedures. 
The experience gained and the recent purchase of BioSanics, Inc. equipment for this 
project make them tt1e logical contractor for the continuation of these studies. 

We also propose to develop additlonai DNA-level stock identification techniques through 
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theuse of contractors. Approaches under consideration include screening microsatellite 
markers (Bentzen and Wright 1993}, sequencing oJnucJear genes {Devlin 1993), and 
screening other regions of mtDNA (Cronin et a!. 1993). A single contract or several 
smaller contracts are proposed (totatvalue less than $20,000} to be awarded to the most 
qualified bidder{s) for developmentalwork on DNA markers for stock identification, 
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D. SCHEDULES 

Laboratory analyses of 1993 baseline & fishery samples July 1993 - Apr 1994 

Prepare, advertise, and award contracts for 1994 
UCI hydroacoustic survey and DNA analysis 

Fishery GSI sample collection 

Hydroacoustic assessment 

Baseline sample collection 

Lab analyses of mixtures; modeling of 
1994 fishery samples 

Final report from hydroacoustic survey contractor 

Draft status report for FY 94 

Final status report for FY 94 

Baseline analyses, inseason analyses, annual report 

Baseline analyses, inseason analyses, final report 

E. EXISTING AGENCY PROGRAM 

Jan - May 1994 

June - July 1994 

July 1994 

June - Sept 1994 

May - Sept 1994 

Feb 1995 

March 1995 

June 1995 

Oct 1994-Sept 1995 

Oct 1995-Sept 1996 

For FY 94 the Division of Commercial Fisheries Management and Development (excluding 
programs in Sport Fish and Subsistence Divisions of ADF&G} will have the following 
programs: Area management {$238 K}, Research to include catch sampling, escapement 
monitoring, and offshore test fishing ( $480 K}, Biometric, technical, and regional support 
{$250 KL and the statewide genetics laboratory in Anchorage ($500 K). 

F. ENVIRONMENTAL COMPLIANCE/PERMIT /COORDlNATION STATUS 

The studies proposed provide for data collection and field sampling programs. No 
environmental effect of these programs occurs beyond that of traditional fisheries 
management data collection activities. These activities are within existing collecting permits 
or Federal special use permits issued to the Department of Fish and Game for scientlfic data 
collection. This project received a categorical exclusion under the National Environmental 
Poiicies Act (NEPA). 

12 



G. PERFORMANCE MONITORING 

The performance monitoring of this project is conducted through the checks and balances 
of the State of Alaska Accounting System within the Commercial Fisheries Management and 
Development, Habitat and Restoration~ and Administration Divisions of the Department of 
Fish and Game and the Department of Administration. Contractual compliance, personnel 
hiring, EEO compliance, and other administrative provisions are within the State of Alaska 
hiring and administrative chains of command and covered in standard operating procedures 
and administrative regulations. Replacement personnel are readily available by reassignment 
from permanent and seasonal staff within the Commercial Fisheries Management and 
Development Division of the ADF&G in Soldotna and Anchorage, when temporary problems 
are encountered. Filling new positions follows state hiring guidelines when permanent 
vacancies occur. Project time frames for reports and analysis are maintained through proper 
planning and integration of these activities within the existing administrative structure of the 
Commercial Fisheries Management and Development Division. 

The scientific and technical aspects of the study are subject to internal review within the 
Commercial Fisheries Management and Development Division. Publications are submitted 
through an internal peer review process with the major findings submitted to peer review 
journals. Reports, work plans, and study design are subject to the peer review process 
established by the EVOS Board of Trustees and Chief Scientist office. Last year technicai 
aspects of the overescapement studies' findings to date and future plans were reviewed by 
a panel of international sockeye salmon researchers in a special half day session of the 
Kokanee and Sockeye Salmon workshop sponsored by the Northern Pacific International 
Chapter of the American Fisheries Society at Vancouver, B.C. in March 1993. These studies 
provided the basis for the management programs being developed under this restoration 
project. Interim annual status reports will be generated with publications being provided in 
peer review journals and scientific symposia, as significant findings are obtained. The final 
report will be issued upon completion of the final year of field data collection. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

The investigations of Kenai River sockeye salmon have been integrated with long term 
research efforts by the Alaska Department of Fish and Game. These efforts are adult salmon 
enumeration by hydroacoustic techniques in various river systems, catch and escapement 
sampling of salmon for age, length, and weight test fishing at the Central District southern 
boundary, and juvenile salmon rearing studies. Development of restoration strategies on the 
Kenai Peninsula are through a review process with the Regional Planning Team and with 
ADF&G review teams composed of personnel from all ADF&G divisions. 

L PUBUC PROCESS 

The investigations have been and will continue to be part of the public process. Reports 
have been prepared to the Alaska Board of Fisheries, the Upper Cook Inlet Regional Planning 
Team, various fisherman's organizations and civic organizations, in addition to the Trustee 
Council Public Advisory Group process. Scientific and technical review have induded the 
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peer review system established by the Trustee CounciL Jn addition, technic.al aspects o.f the 
studies findings to date and future plans have been reviewed by ADF&G personneL 
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J. PERSONNEL QUALIFICATIONS 

Kenneth E. Tarbox 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
34828 Kafifornsky Beach Road~ Suite B 
Soldotna, Alaska 99669 
{907) 262~9368 

EMPLOYMENT: 

May, 1960 to Present. Upper Cook Inlet Research Project leader, Alaska Department of Fish and Game, Soldotna, 
Alaska. Responsibmties include p!am1ing, implementing, supervision, and reporting on various salmon related 
research and management projects. These involve hydroacoustic enumeration of salmon in glacial systems, defining 
salmon migratory behavior in both salt and fresh water, evaluation of potential impacts of resource development 
on habitat and populations, management of the UCI commercial salmon fisheries, stock identification studies using 
scale or genetic mark.ers, and Hfe history studies of sockeye salmon. 

March, 1972 to May, 1980, Project manager and Senior Biologist, Woodward Clyde Consultants, Anchorage, 
A!ask.a, Responsibilities included supervision and r€search for a number of projects, Theseinctuded an evaluation 
of existing methodologies tor d~termining instream flow requirements for Alaskan fishes, determining the biological 
impact of a dredging projects located in lower New York. Harbor and Lake Michigan, fishery investigations In the 
Zayandeh River, Iran, impact assessment of various oil related projects in Virginia, North Carolina, Texas, and 
Prudhoe Bay, Alaska, and studies and evaluation of impacts associated with nuclear power plants in New Jersey, 
Louisiana, Indiana, and Pennsylvania. 

July, 1970 to March, 1972. Research Assistant, Louisiana Co-operative Fishery Unit, Louisiana State University, 
Baton Rouge, La. Responsibilities included the design and conduct of a one year iEwestigation of juvenile fish 
behavior in an estuarine environment. 

EDUCATION: 

M.S. in Fisheries, 1974, Louisiana State University, Baton Rouge, La. 
B.$, in Fisheries Science. 1970, University of VVashington, Seattle, Wa. 

CERTIFICATIONS; 

Fisheries Scientist, Certificate 1165, American Fisheries Society, 1976. 

PUBUCATIONS: 

Available on request 
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James E. Seeb, Principal Geneticist 

Commercial Fisheries Management and Development 
Alaska Department of Fish and Game 
Anchorage, Alaska 99518 {907) 267-2385 

EDUCATION: B.S., Biology( 1974, University of PugetSound 
M.S., Fisheries, 1982t University of Washington 
Ph.D., Fisheries, 1987, University of Washington 

PROFESSIONAL EXPERIENCE: 

1990-
1991-
1988-1990 
1987-1988 
1982-1986 
1980-1982 
1978-1980 

Principal Geneticist, CFMD Division, ADF&G 
Affifiate Associate Professor, University of Alaska Fairbanks 
Assistant Professor t Southern Illinois University 
Research Assistant Professor, University of Idaho 
Graduate Research Assistant. University of VVashington 
Fish Biologist. Pacific Fisheries Research, Olympia, WA 
Fish BiOlogist, Washington Department of Fisheries 

SELECTED PUBLICATIONS: 

Seeb, J£, LW. Seeb, and F.M. Utter. 1986. Use of genetic marks to assess stock dynamics andrnanagemem 
programs for chum salmon. Trans. Amer. Fish. Soc. 115:448-454. 

Seeb, J.E., and LW. Seeb. 1986. Gene mapping of isozyme loci in chum salmon {Oncorhynchus ketal. J. 
Hered. 77:399-402. 

Seeb, J.E., LW. Seeb, D.W. Oates, and F.M. Utter. 1987. Genetic variation and postglacial dispersal of 
populations of northern pike (£sox lucius) in North America. Can. J. Fish. Aquat. Sci. 44:556·561. 

Utter, F.M., and J.E. Seeb. 1990. Genetic marking of fishes: overview focusing on protein variation. Am. Fish. 
Soc. Sym. 7:426-438. 

Seeb, J.E., G.H. Kruse, LW. Seeb, and A.J. Week. 1990. Genetic structure of red king crab populations in 
Alaska facilitates enforcement of fishing regulations. Proceedings of the International Symposium on King and 
Tanner Crabs. Alaska Sea Grant, Fairbanks, AK. pp 491·502. 

Seeb, J.E., and G.D. Miller. 1990. The integration of arlozyme analyses and genomic manipulations for fish 
culture and management. In: D.H. Whitmore, Editor. Electrophoretic and lsoelectrlc Focusing Techniques in 
Fisheries Management. CRC Press, Boca Raton, pp 266-279. 

Gharrett, A. J. B. Riddell, J. Seeb, and J. Helle. 1993. Status of the Genetic Resources of Pacific Rim 
Salmon. In: J. Cloud, Editor. Genetic Conservation of Salmonid Fishes. Pienum Press, New York pp. 286· 
292. 

Utter, F. M., J. E. Seeb, and L W, Seeb. 1993. Complementary uses of ecological and biochemical genetic 
data in identifying and conserving saimon populations. Fisheries Research. Fish. Re.s. 18:59-76. 
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lisa. W. Seeb (l. Vvishard}, Statewide Geneticist 

Division of Commercia! Fisheries Management and Development 
Alaska Dept. of Fish and Game 
Anchorage, Alaska 99518 (907} 267-2249 

EDUCATION: 

A.B. Zoology, 1973, University of California, Berkeley 
M.A. Zoology, 1977, University of Montana 
Ph.D. Fisheries, 1986, University of Washington 

PROFESSIONAL EXPERIENCE: 

1991-
1991-
1988-1990 
1984-1988 
1978-1981 
1977-1979 

Statewide Geneticist, ADF&G, Anchorage 
Affiliate Associate Professor, University of Alaska Fairbanks 
Assistant Pwfessor, Southern Illinois University 
Research Assist. Prof., University of Idaho 
Fish Geneticist, Pacific Fish. Research, Olympia WA 
Geneticist, National Marine Fisheries Service, Seattle 

SELECTED PUBLICATIONS: 

vVishard, L. N., J. E. Seeb, F. M. Utter, and D. Stefan. 1984. A genetic investigation of suspected redband 
trout populations. CopBia 1984(1):120-132. 

Seeb, J. E., L. W. Seeb, and F. M. Utter, 1986. Use of genetic marks to assess stock dynamics and 
management programs for chum salmon. Trans. Amer. Fish. Soc. 115:448-454 

Seeb, L. W. and D. R. Gunderson. 1988. Genetic variation and population structure of Pacific ocean perch 
{Sebastes afutus), Can, J. Fish. Aquat. Sci. 45:78-88. 

Seeb, L W., J. E. Seeb, R. L Allen and W. K. Hershberger. 1990. Evaluation of adult returns of genetically 
marked chum salmon, with suggested future applications. American Fisheries Society Symposium 7 ;418-425 

Seeb, L. W., J. E. Seeb and A. J. Gharrett. 1990. Genetic marking of fish populations. pp 223-239 in D. 
H. Whitmore, ed. Electrophoretic and isoelectric focusing techniques in fisheries management. CRC Press, 
Boca Raton, FL. 

Seeb, L W., J. E. Seeb and J. J. Polovina. 1990. Genetic variation in highly exploited spiny lobster Panufirus 
marginatus populations from the Hawaiian Archipelago. Fishery Bulletin 88:713-718. 

Seeb, l. W. and A. W. Kendall. 1991. A!!ozyme polymorphisms permit the identification of larva! and juvenile 
rockfishes of the genus Sebastes. Environmental Biology of Fishes 30:191-201. 

Utter, F. M., J. E. Seeb, and L.. W. Seeb. 1993. Complementary uses of ecological and biochemical genetic 
data in identifying and conserving salmon populations. Fisheries Research. Fish. Res. 18:59~ 76. 
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K. BUDGET 

See attached. 
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Table 1. Enzymes or proteins screened in Cook Inlet sockeye salmon. Enzyme nomenclature 
follows Shaklee et al. ( 1990L and locus abbreviations are given. 

Enzyme or Protein 

Aspartate aminotransferase 

Acid phosphatase 

Adenosine deaminase 

Aconitate hydratase 

Adeny!ate kinase 

Alanine aminotransferase 

Creatine kinase 

Esterase-D 

Fructose-biphosphate aldolase 

Formaldehyde dehydrogenase 
(Hydroxyacylg!utathione hydrolase 
(HAGH)) 

Enzyme 
Number 

2.6.1.1 

3.1.3.2 

3.5.4.4 

4.2.1.3 

2.7.4.3 

2.6.1.2 

2.7.3.2 

3.1 .1 .-

4.1.2.13 

1.2.1.46 

19 

Locus Tissue 

sAAT-1,2 Heart 

sAAT-3 Eye 

sAAT-4 Liver 

mAAT-1 Heart 

mAAT-2 Liver 

mAAT-3 Liver 

ACP-1 Liver 

ADA-1 Muscle 

ADA-2 Heart 

mAH-1,2 Heart 

mAI-I-3 Heart 

mAH-4 Heart 

sAH Liver 

AK Eye 

ALAT Muscle 

CK-A 1 Muscle 

CK-A2 Muscle 

CK-B Eye 

CK-C1 Eye 

CK-C2 Eye 

ESTD Muscle 

FBALD-3 Eye 

FBALD-4 Eye 

FDH Liver 



Table 1. Continued. 

Enzyme or Protein 

Fumarate hydratase 

/3-N-Acetylga!actosaminidase 

G!yceraldehyde-3-phosphate 
dehydrogenase 

Guanine deaminase 

N-Acetyl-/3-glucosaminidase 

Glycero!-3-phosphate dehydrogenase 

Glucose-6-phosphate isomerase 

Glutathione reductase 

lsocitrate dehydrogenase {NADP +) 

L-Lactate dehydrogenase 

Enzyme 
Number 

4.2.1.2 

3.2.53 

1.2.1.12 

3.5.4.3 

3.2. 1.53 

1.1.1.8 

5.3.19 

1.6.4.2 

1.1.1.42 

1.1.1.27 

20 

Locus Tissue 

FH Muscle 

PGALA liver 

GAPDH-1 Muscle 

GAPDH-2 Heart 

GAPDH-3 Heart 

GAPDH-4 Eye 

GAPDH-5 Eye 

GDA-1 Liver 

GDA-2 Liver 

f3GLUA Liver 

G3PDH-1"2 Muscle 

G3PDH-3 Heart 

G3PDH-4 Heart 

GPJ-81,2 Muscle 

GPI-A Muscle 

GR Eye 

m/DHP-1 Heart 

m!DHP-2 Heart 

s/DHP-1 Liver 

s!DHP-2 Liver 

LDH-A 1 Muscle 

LDH-A2 Muscle 

LDH-81 Eye 

LDH-82 Liver 



Table 1. Continued. 

Enzyme or Protein 

aMannosidase 

Malate dehydrogenase 

Malic enzyme (NADP +) 

Mannose-6-phosphate isomerase 

Dipeptidase 

Tripeptide aminopeptidase 

Peptidase-C 

Proline dipeptiase 

Peptidase-L T 

Phosphog!uconate dehydrogenase 

Phosphoglucomutase 

Phosphoglycerate kinase 

Pyruvate kinase 

Purine-nucleoside phosphorylase 

Superoxide dismutase 

Enzyme 
Number 

3.2.1.24 

1. 1.1 .37 

1. 1.1.40 

5.3.1.8 

3.4.-.-

3.4.-.-

3.4.-.-

3.4.13.9 

3.4.-.-

1.1. 1.44 

5.4.2.2 

2.7.2.3 

2.7. 1.40 

2.4.2.1 

1.15.1.1 

21 

Locus Tissue 

LDH-C Eye 

a MAN Liver 

sMDH-A 1,2 Heart 

sMDH-81,2 Heart 

mMDH-1 Heart 

mMDH-2 Muscle 

mMDH-3 Muscle 

sMEP-1 Muscle 

sMEP-2 Liver 

mMEP Muscle 

MPI Liver 

PEPA Eye 

PEPB-1 Heart 

PEPC Eye 

PEPD-1 Heart 

PEPLT Muscle 

PGDH Liver 

PGM-1 Heart 

PGM-2 Muscle 

PGK-1 Eye 

PGK-2 Eye 

PK-1 Heart 

PK-2 Heart 

PNP-1 Eye 

sSOD-1 Liver 



Table 1. Continued. 

Enzyme or Protein 

Triose-phosphate isomerase 

Enzyme 
Number 

5.3.1.1 

22 

Locus 

mSOD 

TP/-1,2 

TP/-3 

TPI-4 

Tissue 

Heart 

Eye 

Eye 

Eye 



Table 2. Restriction enzymes to be used in DNA pilot study. 

Restriction Enzyme Recognition Site 

1 Apa I GGGCC'C 

2 BamHI G'GATCC 

3 Bell T'GATCA 

4 Bg/1 GGCN/NGGC 

5 Bgl/1 A'GATCT 

6 BstE II G'GTNACC 

7 BstU I CG/CG 

8 Dpn II 'GATC 

9 EcoR I G'AATTC 

10 EcoR V GAT'ATC 

11 Hae Ill GG'CC 

12 Hha I GCG'C 

13 Hind Ill A'AGCTT 

14 Hint I G'ANTC 

15 Kpn I GGTACC 

16 !VIse I T'TAA 

17 Msp I C'CGG 

18 Nci I CC'(G/C)GG 

19 Pst I CTGCA'G 

20 Sac I GAGCT'C 

21 Sac II CCGC'GG 

22 Sau961 G'GNCC 

23 Sea I AGT'ACT 

24 Stu I AGG/CCT 

25 Taq I T'CGA 

26 Xba I T'CTAGA 

27 Xho I C'TCGAG 
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APPENDIX A 

25 May 1993 

Collection of Finfish Genetic Samples 
ADF&G Genetics laboratory, Anchorage 

I. General info 

We use tissue samples from muscle, liver, heart, and eye from individual fish to 
determine the genetic characteristics of a particular run or stock of fish. The most 
important thing to remember in collecting samples is that tissues need to be as fresh and 
as cold as possible at aU times. 

II. Sample size 

A sample size of 50-100 adult fish is preferred for the baseline electrophoretic study. 
Samples of juveniles are statistically less desirable and sample sizes will need to be larger 
than for adults; generally a sample size of 150'"200 juveniles is necessary. 

Ul. Tissue sampling 
A. General set up 

We use four tissues {muscle, liver, eye, and heart} for protein 
electrophoresis. Working fast is necessary, so it is best to try to get set up 
in as comfortable a place as possible. You might use a portable table, piece 
of plywood, or anything to give you a surface at a good height. Before 
sampling (night before?), label tubes using lab markers or adhesive labels 
{provided in sampling kit}. Place the prepared tubes in the racks provided. 
Four separate tubes, corresponding to the four tissues, should be labeled for 
each individuaL The following code should be used: 

Species code * see instructions for each project 

Location code * see instructions for each project 

Individual# #i.e, OL 02, 03 .... 1 00 

Tissue M,l,E,H (muscle, liver, eye( heart) 

B. Use of liquid nitrogen 

We will be using a liquid nitrogen container to immediately freeze the 
tissues. Inside the liquid nitrogen container are 6 cylindrical canisters. \Ve 
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have shipped special test tubes called "cryotubes" in which to place the 
samples. These cryotubes have plastic seals and screw on caps to 
withstand liquid nitrogen storage. Five to six tubes are stored in a cane. 

The working time of the liquid nitrogen container under normal conditions is 
81 days (35VHC} or 50 days {18HC). To prolong the liquid nitrogen, 
samples can be pre-frozen Of a freezer or dry ice is available) and added in a 
group to minimize the number of times the container is opened. The liquid 
nitrogen level can be checked periodically with a flashlight or actually 
measured with a stick (2.3 liters/inch in 35VHC; 1.25 liters/inch in 18HC}. 

"Large" 35 VHC container: 
30 canes will fit in each of the six canisters. 5 cryovials will fit on a cane 
comfortably or 6 in a pinch. Total capacity is 900 - 1080 tubes. 

"Small" 18HC container: 
17 canes will fit in each of the six canisters. 5 to 6 cryovia!s will fit on a 
cane. The total capacity is 510- 612 Nalgene tubes. 

Safety with liquid nitrogen: 

1. Wear gloves, protective eyewear, and protective footwear when placing 
samples in container. Liquid nitrogen boils at -196°, and it will spit and boil 
when samples are added. 

2. Do not tip the tank over as it does not seal. 

3. Keep lid on liquid nitrogen container at all times when you are not placing 
samples in it. 

4. Use a small cooler with ice, snow, or blue ice to hold canes until an 
adequate number are collected to be put in liquid nitrogen container. 
Depending on the conditions and the speed of sampling, place samples in 
liquid nitrogen within about one hour of sampling. 

5, Use liquid nitrogen only in well ventilated areas (usually not a problem in 
the field). Avoid directly breathing the vapor. 

6. Hazardous Materials Forms need to be filled out when shipping a filled 
liquid nitrogen container by air cargo. 

B. Actual sampling 

Please take samples from freshly killed fish. We find it easiest to set up four 
canes simultaneously and organize the samples in canes by tissue. Thus, 
muscle tissue from fish 1-5 would all be in one cane. 
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Fitl the tubes approximately 3/4 full or to the 1.8 ml mark, leaving air space 
at the top. Overfilling the tubes can cause them to burst when frozen. 
Please minimize the amount of blood, dirt, skin~ and fat in the sample. 

1. Muscle 

Muscle samples should be "white .. muscle, not muscle from along the lateral 
line. Use a piece of muscle dorsal to the lateral line. If you have trouble 
getting the tissue into the tubes, cut it into smaller pieces. 

2. Liver 

The liver is {generally} located on the fish's left side, just behind the pectoral 
fin. An L-shaped incision slicing down ventrally behind the pectoral fin then 
caudally along the belly works well. Please do not include the gall bladder 
{the small green/yellow sac of fluid attached to the liver). 

3. Heart 

Once you have taken the liver, it is easy to get the heart by just opening the 
belly incision towards the head. 

4. Eye 

There are two ways to take the eyes. If the eyes are small enough 
{juveniles), they can be placed intact into a cryotube. This is the easiest 
method. If they are too large, you must pipette out the liquid and black 
retinal fluid. Using a sharp scalpel~ cut a small slit in the surface of the eye, 
then insert a pipette into the slit and suck out the fluid and black retinal 
materiaL Squirt this into the cryotube. 

We appreciate your help with the sampling. If you have any questions, 
please give us a calf. 
Laboratory (Lori Wagoner) 267-2454 
Chris Habicht 267-2169 
Usa Seeb 267-2249 

26 



APPENDIX 8 

Guidelines for GSI Fishery Sampling 

I. General info 

We use tissue samples from muscle, liver, heart, and eye from individual fish 
to determine the genetic characteristics and profile of the fishery. Fish 
sampled from the fishery will be of varying quality. However, once you 
begin sampling, the tissues need to be handled carefully and kept as cold as 
possible at all times. 

II. Sample size and design 

A sample size of 400 fish per sampling period per area is needed. Our goal is 
to obtain as dispersed and randomized sampling of the fishery as possible. 
If feasible, sample in 100 fish groups to spread sampling across the 
sampling period. If this is not possible, 400 fish can be set aside and 
sampled as a group. 

Ill. Tissue sampling 

A. General set up 

We use four tissues (muscle, liver, eye, and heart) for protein 
electrophoresis. It is critical in fishery sampling to insure that all 
tissues from one individual are correctly marked. We must be able 
to merge data across tissues for each individual 

VVorking fast is necessary, so it is best to try to get set up in as comfortable 
a place as possible. You might use a portable table, piece of plywood, or 
anything to give you a surface at a good height. Before sampling {night 
before?}, label tubes using adhesive labels {provided in sampling kit). Place 
the prepared tubes in the racks provided. Four separate tubes, 
corresponding to the four tissues, should be labeled for each individuaL The 
following code should be used: 

Species code 
Location code 

* see instructions for each project 
* see instructions for each project 

Individual # # i.e. 01, 02, 03 .... 1 00 

Tissue M,L,E,H (muscle, liver, eye, heart) 

B. Use of liquid nitrogen 
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We will be using a liquid nitrogen container to immediately freeze the 
tiss.ues. Inside the liquid nitrogen containerare 6 cylindrical canisters. We 
haveshipped special test tubes called "cryotubes" in which to place the 
samples. These cryotubes have plastic seals. and screw on caps to 
withstand liquid nitrogen storage. Five to six tubes are stored in a cane. 

The working time of the liquid nitrogen container under normal conditions is 
81 days {35VHC} or 50 days (18HC). To prolong the liquid nitrogen, 
samples can be pre-frozen {if a freezer or dry ice is available) and added.in a 
group to minimize the number of times the container is opened, The tiquid 
nitrogen level can be checked periodically with a flashlight or actually 
measured with a stick (2.3 liters/inch in 35VHC; 1.25 liters/inch in 18HC). 

"Large" ~5 VHC container: 
30 canes will fit in each of the six canisters. 5 cryovials will fit on a cane 
comfortably or 6 in a pinch. Total capacity is 900- 1080 tubes. 

"Small" 18HC container: 
17 canes will fit in each of the six canisters. 5 to 6 cryovials will fit on a 
cane. The total capacity is 510 - 612 Na!gene tubes. 

Safety with liquid nitrogen: 

1. Wear glov~s. protective eyewear, and protective footwear when placing 
samples in container. Liquid nitrogen boils at -196°, and it will spit and boil 
when samples are added. 

2. Do not tip the tank over as it does not seaL 

3. Keep lid on liquid nitrogen container at all times when you are not placing 
samples in it. 

4. Use a small cooler with ice, snow, or blue ice to hoid canes until an 
adequate number are collected to be put in liquid nitrogen container. 
Depending on the conditions and the speed of sampling, place samples in 
liquid nitrogen within about one hour of sampling. 

5. Use liquid nitrogen only in well ventilated areas {usually not a problem in 
the field), Avoid directly breathing the vapor. 

6. Hazardous Materials Forms need to be filled out when shipping a filled 
liquid nitrogen container by air cargo. 

B. Actual sampling 

We find it easiest to set up four canes simultaneously and organize the 
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EXXON VALDEZ COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ September 30, 1994 

Project Description:· Kenai River Sockeye Salmon Restoration- This project is a continuation of 93015 and a merger with 93012 {Genetic Stock 
Identification of Kenai River Sockeye Salmon). Its goal is to restore depressed Kenai River sockeye stocks by directing fisheries away from impacted 
stocks and allowing fishing on healthy stocks. This objective is accomplished through improved stock identification capabilities using analyses of genetic 
data and parasite information, and improved stock assessment capabilities using hydroacoustics. 

Budget Category: 1993 Project No. '93 Report/ Remaining 
93015 '94 Interim" Cost*" Total 

Authorized FFY 93 FFY94 FFY94 FFY 94 FFY 95 Comment 

Personnel $276.4 $94.7 $113.3 $208.0 $208.0 
Travel $14.8 $7.0 $2.1 $9,1 $9.1 FFY 95 cost may vary depending upon 
Contractual $252.9 $2.0 $88.1 $90.1 $90.1 results from FFY 94. 
Commodities $44.4 $3.0 $34.4 $37.4 $37.4 
Equipment $112.3 $0.0 $24.0 $24.0 $24.0 
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0 

Subtotal $700.8 $106.7 $261.9 $368.6 $368.6 
General Administration $59.2 $14.3 $23.2 $37.5 $37.5 

Project Total $760.0 $121.0 $285.1 $406.1 $406.1 

Full·time Equivalents (FTE) 4.0 1.5 3.0 4.5 4.5 
Dollar amounts are shown in thousands of dollars. 

Budget Year Proposed Personnel: Reprt/lntrm Reprt/lntrm Remaining Remaining 
Position Description Months Cost Months Cost 

Reprt Fisheries Biologist Ill & IV 4.0 $26.0 0.0 $0.0 
Fisheries Biologist I & II 5.0 $24.0 4.0 $16.8 
Biometrician I & Ill 4.0 $27.8 0.0 $0.0 
Field Office Assistant 2,0 $7.0 0.0 $0.0 
Fisheries Tech. Ill 1.0 $3.5 3.0 $9.7 
Fisheries Tech. II 1.0 $3.0 28.0 $80 .• 1 
Program Manager 0.5 $3.4 1.0 $6.7 NEPA Cost: $5.0 

*Oct 1, 1993 ·Jan 31, 1994 
Personnel Total 17.5 $94.7 36.0 $113.3 **Feb 1,. 1994 ~ Sep 30, 1994 
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Travel: 

EXXON VAlDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 ~ September 30, 1994 

Reprt 4 RT Anchorage/Cordova @ $350/trip + 1 day per diem @ $150/day 
Admin. travel~ 10 RT Kenai/Anchorage@ $150/trip 
5 meetings w/ peer reviewers, American Fisheries Society, etc.@ $350/trip + 1 day per diem@ $150/day 
Per diem. 

Field travel !2 RT Anchorage/PWS) 
Admin. travel 5 RT Kenai/Anchorage 

Contractual: 
Roprt Freight, postage, etc. 

Air charter for stock Identification (25 hours x $400/hour} 
Vehicle rental (2 vehicles for 6 months@ $400/month) 
Fuel 
Long distance phone charges 
Computer/other repair 

Travel Total 

Contract for Cook Inlet hydroacoustics SI,Jrvey for collection and analysis offield data and preparation of a final report. 
Contract for DNA analysis 
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Project Number: 94255 
Project Title: Kenai Rive 
Agency: AK Dept. of 

Salmon Restoration 

Contractual Total 

Re rt/lntrm 
$2.0 
$1.5 
$2.5 
$1.0 

$0.0 
$0.0 

$7.0 

$0.8 
$0.0 
$0.0 
$(),0 
$0.5 
$0.7 
$0.0 
$0.0 

$2.0 

Remainin 
$0.0 
$0.0 
$0.0 
$0.0 

$1.1 
$1.0 

$2.1 

$0.8 
$10.0 

$4,8 
$0.4 
$1.1 
$1.0 

$50.0 
$20.0 

$88.1 
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Commodities: 
Reprt Publishing and computer supplies 

Computer software upgrades 

EXXON VALDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 • September 30, 1994 

Computer supplies for hydroacoustics {cables, charts, connectors) 
Computer software upgrade 

Biochemicals (tissue preservatives, alcohol, stains, fixatives, etc.) 
Lab supplies {tubes, pipettes, gel rigs, plastlcware} 
Office supplies (paper, pens, pencils, markers, etc.) 

Commodities Total 

Equipment: 

Network equipment 
Computer memory 8 meg upgrade 
Sampling - raft, tent replacements 
Freezer 
Laboratory computer 
DC power supplies 

I Microcentrifuge 

l Storage equipment 
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$1.5 $0.0 
$1.5 $0.0 

$0.0 $13.4 
$0.0 $1.0 

$0.0 $12.0 
$0,0 $5.0 
$0.0 $3.0 

$3.0 $34.4 
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EXXON VALDEZ TRUSTEE COUNCIL 
FY 94 DETAILED PROJECT DESCRIPTION 

A. COVER PAGE 

Project title: Sockeye Salmon Overescapement 

Project ID number: 94258 

Project type: Monitoring 

Name of project leader(s): Dana Schmidt and Ken Tarbox 

lead agency: ADF&G 

Cooperating agencies: USFWS and NBS 

Cost of project/FY 94: $850 

Cost of project/FY 95: $592 

Cost of Project/FY 96 and beyond: $500 

October 1 t 1993 I September 30, 1994 

Geographic area of project: Kodiak Island and the Kenai Peninsula 

Name of lead agency project manager: Dr. Joseph R. Sullivan 



B. INTRODUCTION 

This study is a continuation of the oil spill damage assessment program initiated in 
1990 (Schmidt and Tarbox, 1993). The continuing program reflects modifications 
based on the FY93 study results. Recommendations provided by an international 
review team of sockeye salmon experts provided at a March 15, 1993 meeting at 
Vancouver, B.C. have been incorporated. 

Commercial fishing for sockeye salmon in 1989 was curtailed in upper Cook Inlet, 
the outer Chignik districts, and the Kodiak areas due to presence of oil in the 
fishing areas from the EVOS. As a result, the number of sockeye salmon entering 
four important sockeye producing systems (Kenai/Skilak, Chignik/Black, Red, and 
Frazer Lakes) and two less important lake systems (Akalura and Afognak or Utnik 
lakes) greatly exceeded levels that are thought to be most productive. Sockeye 
salmon spawn in lake associated river systems. Adult salmon serve an extremely 
important role in the ecosystem, providing food for marine mammals, terrestrial 
mammals, and birds. Additionally, carcass decomposition serves to charge fresh 
water lake systems with important nutrients. Juvenile salmon which rear in lakes 
for one or two years serve as a food source for a variety of fish and mammals. 
Sockeye salmon are also an important subsistence, sport, and commercial species. 
The ex-vessel value of the commercial catch of sockeye from these lake systems 
has averaged about $42 million per year since 1979, with the 1988 catch worth 
$115 million. Sockeye salmon returns to the Kenai River system support some of 
the largest recreational fisheries in the State. 

Overly large spawning escapements may result in poor returns by producing more 
rearing juvenile sockeye than can be supported by the nursery lake's productivity 
(Kyle et al. 1988). In general, when rearing fish abundance greatly exceeds the 
lake's carrying capacity, prey resources are altered by changes in species and size 
composition (Mills and Schiavone 1982, Koenings and Burkett 1987, Kyle et al. 
1988) with concomitant effects on all trophic levels {Carpenter et a!. 1985). 
Because of such changes, juvenile sockeye growth is reduced, mortality increases, 
larger percentages holdover for another year of rearing; and the poor quality of 
smolts increases marine mortality. Where escapements are two to three times 
norma! levels, the resulting high juvenile densities crop the prey resources to the 
extent that more than one year is required to return to normal productivity. 
Rearing juveniles from subsequent brood-years suffer from both the poor quality of 
forage and from the increased competition for food by holdover juveniles 
{Townsend 1989; Koenings and Kyle 1991}. This is the brood-year interaction 
underlying cyclic variation in the year class strength of anadromous flsh. 

This project continues examining the effects of large 1989 spawning escapements 
on the resulting progeny and associated foraging habitat for a select subset of the 
above mentioned sockeye nursery lakes. Three impacted lake systems where the 
1989 escapements were more than twice the desired levels {Kenai/Skilak in Upper 
Ct; Red and Akalura lakes on Kodiak Island) were selected. Upper Station Lake 
which is near the two impacted lakes on Kodiak did not receive a large escapement 
and has been examined as a control. Because of significant differences in the 



basin morphology and limnology, Upper Station has proved relatively ineffective as 
a control (Schmidt and Tarbox 1993). Beginning in 1994, Frazer Lake will be 
used for future comparisons. Because this lake has undergone detailed study in 
the past (Kyle eta!. 1988) and has continued funding from other sources, minimal 
funding is necessary to provide for data collection to insure comparisons with 
Akalura and Red lakes. Frazer has significant differences from Red and Akalura 
lakes as Frazer lake was a natural barriered system with the sockeye salmon run 
established by introductions and maintained by fishway passage within the past 
three decades. This lake has been fertilized in the late 1980's as wetL unlike the 
other lakes. Similarly, Tustumena Lake on the Kenai Peninsula received normal 
escapements and is used as a control for the Kenai River systems. This lake 
differs primarily in the increased natural turbidity levels and a history of modest 
stocking of sockeye salmon fry, 

Schmidt and Tarbox ( 1993) report the results through 1992 on these ongoing 
investigations. In addition, the study proposal reflects results of data collected in 
the spring of 1993. These studies suggest continued poor smolt production from 
the Kenai River, despite normal smolt production from Tustumena Lake, the control 
for this system. The 1992 and 1993 {preliminary} data indicate Red Lake 
zooplankton communities and nutrient levels have recovered to the level measured 
in 1986, prior to the oil spill {Schmidt and Tarbox, 1993} and will be discontinued 
in 1994. Smolt numbers appear to be lagging but adult forecasts for returns in 
1994 suggest escapement goals will be met; therefore management actions will be 
used as the primary method for restoration. Smolt numbers will be used to 

cast future returns and provide assistance to managers in future harvest 
management decisions. Akalura Lake demonstrated poor zooplankton densities 
with low smolt numbers. The 1994 adult run is not expected to meet escapement 
requirements. A restoration plan for Akalura lake will be produced during the 
winter of 1993-94 based on analysis of data collected to date. 

The 1993 smolting information from the Kenai system lakes indicate poor smolt 
production. In addition, the Russian River smolt project indicated very poor 
production, suggesting this system may also be below production expectations. 
This system was first identified as having suspect production when the 1992 
smolt count from the lower Kenai failed to produce sufficient numbers of age 2 
smolt to account for historic Russian River smolt migrations. This project suggests 
further investigations into the Russian River are warranted. 

C. PROJECT DESCRIPTION 

1. Resources and/or Associated Services: 

The studies are located on Kodiak Island and the Kenai Peninsula. Recent findings 
hr'r"! .. rl't and Tarbox, 1993) have suggested major economic damage to 

commercial, subsistence, and sport fisheries may result because of the over-



escapement event associated with the fisheries closures on the Kenai River 
sockeye salmon stocks caused by the 1989 oil spilL Smolt numbers emigrating 
from the Kenai River in the spring of 1992 and 1993 were less than one-fiftieth 
the numbers estimated in 1989, This suggests a likely possibility of future returns 
below existing escapement goals. Red River smolt numbers from the 1989 
escapement on Kodiak Island are estimated to return at rates which will provide for 
minimal commercial harvests if average marine survival occurs. 

In addition to monitoring the damage extent, the mechanism that lead to the 
collapse requires definition. These studies essentially follow the pattern 
established in the original 1990 study plan but with significant modifications to 
accommodate recent findings. 

2. Relation to Other Damage Assessment/Restoration Work: 

Restoration studies funded by the trustees that are based on the results of these 
studies include 94255 and 94504. These restoration projects provide for 
improved management of Cook Inlet sockeye salmon runs, anticipated to return in 
reduced numbers because of the failure of the Kenai River system sockeye salmon. 

3. Objectives: 

The following objectives are altered based on input from peer reviewers of the 
1992 progress report and proposed revisions to the 1994 study program .. 

a. 

b. 

Estimate critical biological attributes {number, age, 
size) of both resident and migrant juvenile sockeye in 
overescaped and normal escaped sockeye salmon 
nursery takes of the Kenai Peninsula and Kodiak 
Island. 

Determine effects on smo!t production and 
subsequent adult returns caused by large 
escapements resulting from fishery closures after the 
EVOS. These effects will be inferred by studying the 
changes in the rearing capacity of selected nursery 
lakes which were either affected or unaffected by the 
oil spill. Data used for these inferences include; 

{ 1}. age and growth of juveniles and smo!ts 
(2). nursery area nutrient budgets and plankton populations. 
(3}. seasonal, dlel, and vertical distribution of zooplankton species 

which are the known prey of sockeye salmon in Skilak, Kenai, 
and Tustumena Lake; and 

(4). seasonally available zooplankton biomass in these lakes and 



4. Methods: 

the relationship of this biomass to ambient temperature and 
light. 

Develop a pilot research project to determine experimentally the 
cause of the decline and potential restorative actions. 

ADF&G in cooperation with the regional research staff of the U.S. 
Fish and Wildlife Service and the Refuge staff of the Kenai National 
Wildlife Refuge will develop a pilot research project to further define 
the mechanism of sockeye salmon decline and determine the 
feasibility of alternative restoration opportunities. 

Numbers of adult sockeye salmon that entered selected spawning systems outside 
PWS prior to and during 1989 have been estimated at weir stations or by sonar. 
This information was collected during projects routinely conducted by the ADF&G 
as part of their resource management program. Optimal escapement levels, which 
on the average should produce maximum sustained yield, have been based on 
either past relationships between spawners and returning progeny or the extent of 
available spawning and rearing habitat. The baseline program will continue at each 
ite including but not limited to estimates of adult sockeye escapement and 

llection of scales for age analysis. 

For each of the lake systems identified, the response (abundance, growth, and 
freshwater age) of rearing juveniles will be studied. Because of the significance 
and magnitude of the findings on Red Lake, and on Skilak/Kenai lakes, these 
studies will continue until observed effects on growth and the limnetic community 
of the lake ecosystems recovers to pre-spill conditions. 

The timeline of the 1994 studies is outlined on Table 1. This table depicts the 
sampling schedule for the integrated limnological studies and fisheries studies on 
the Kenai Peninsula. The total number of juvenile sockeye in the Kenai Peninsula 
lakes wilt be estimated through hydroacoustic surveys conducted during all years 
up until recovery of the system is observed. Age and size information will be 
obtained from samples of juvenile sockeye collected from concurrent mid~water 
trawl netting surveys. Survey transect designs for hydroacoustic sampling and 
tow-netting have been established for Kenai and Skilak lakes (Tarbox and King 
1989} and Tustumena Lake (Kyle 1992). Depending on densities of rearing 
juvenile sockeye salmon, estimates of fish densities will be made for each transect 
either by echo integration or by echo counting. Total fish population estimates will 
be computed, by summing transect populations, along with 95% confidence 
intervals {Kyle 1989). Additional studies of the vertical distribution of Skilak Lake 

wiU be conducted simultaneously with population estimates with an 
ditional sampHng period, for vertical sampling only, in November, 1993. 



Freshwater growth and age of sockeye salmon rearing juveniles from ail study 
systems will be determined from scale and possibly otolith measurements made 
either by direct visual analysis of scales or using an Optical Pattern Recognition 
system. In cases where data are available (e.g., Kenai and Skilak Lakes and 
Tustumena LakeL growth of progeny from the 1989 spawning escapements will 
be compared with growth or size of progeny during prior years. 

The total number of smolt migrating from each system wiU be estimated with a 
mark-recapture study using inclined plane traps after Kyle ( 1983}, and King et al. 
{1991 ). Smolt will be captured in traps, sampled for age and size information, 
marked with Bismark Brown Y (a biological dye), and transported upstream of the 
traps and released for subsequent recapture {Rawson 1984). Periodic retesting will 
determine the capture efficiency of the traps under changing river conditions during 
the spring. Total population estimates {with 95% confidence intervals} will be 
made using catch efficiencies, and weekly number weighted smolt size and age 
information wilt be calculated using a computer spreadsheet developed by Rawson 
(personal communication, 1985). Smolt programs consistent with those for the 
study lakes are continuing for Tustumena Lake (Kyle 1992}. 

On the Kenai River, the smolt operation wilt require expansion to include the 
Russian River. This lake system apparently now is the dominant producer of 
sockeye salmon smolt and is upriver from the current smolt project on the 
mainstem Kenai River. To determine the production of smolt from the Kenai River 
mainstem, estimates of smolt production from the Russian River lake system must 
be completed to separate normal Russian River production from the smolt 
production of sockeye salmon rearing in Skilak and Kenai lakes. These methods 
are being established to insure current projections of smolt production from the 
Kenai River lake systems are not an artifact of some unknown sampling bias. 

In 1993 we fished one trap in the Russian River to estimate the smolt migration. 
We caught few fish (less than 5000} and the catch rate was 5%. In 1994, 
increased trap catch rates will be required to insure we are not missing fish in this 
clear water system. 

The current length frequency data on sockeye smolts at the Kenai mainstem river 
smolt traps indicates that we may be missing a portion of the Russian River smoft 
outmigration. With the excellent genetic separation of Russian River sockeye from 
mainstem Kenai fish we should be able to separate these two components in the 
catch. This will allow for a better total smolt estimate and verification of the 
Russian River smolt trap data. 

Because the smolt data for 1993 indicated that the Russian River lake systems 
may be experiencing similar declines in production as the mains tern Kenai River. 
The 1989 escapement into this system was 138,000 adults, which is far in excess 
of the minimum 30,000 goal. Therefore, to evaluate the current production 
potential and impacts of large escapements, limnological and fry hydroacoustic/tow 
net surveys of the Russian lakes are proposed. Techniques duplicate those used 
on other systems. 



In the two Kenai Peninsula lakes, early spring and late fall sampling of fry will be 
nducted. The reason for the additional sampling period is that approximately 

50% of the weight gain from fry to smolt in the Kenai River system occurs outside 
of the current sampling regime. If poor survival is occurring because of limitations 
in rearing habitat quality during this period, these data are crucial for determining 
the validity of fry density causing decreased over-wintering survival. Based on 
peer review comments, hydro-acoustic studies of fry abundance will be conducted 
into the fall, 1994 to track and sample the juvenile fish until cold weather 
prevents further studies. This is based on the assumption that most of the density 
dependent mortality occurs in early winter (peer review comments, Hyatt and 
Hilborn). 

Studies on Kodiak Island will be reduced because of recent findings. These include 
elimination of the smott weir counts on Red River; relying on mark/recapture 
studies with smolt traps will be used to estimate smolt abundance in 1994. In 
1992 the hydro-acoustic surveys were eliminated on these lakes because of 
interference of stickleback with the population estimates. Samples of fall fry for 
age, weight, and length will continue to be collected. The variation and 
differences in Upper Station lakes suggest this system is inadequate as a control 
for Red lake and Akalura lake. Therefore, Frazer lake will be used as a control in 
the future. Monitoring of this system is primarily conducted by general fund 
expenditures of the Alaska Department of Fish and Game. A minor modification 
will be made to the program to insure compatibility with the monitoring continuing 

n Akalaura and Red lakes. Funding from these studies will be used to augment the 
regular smolt monitoring program. A second inclined plane trap wilt be used to 
ensure that adequate samples are obtained for more accurately describing smolt 
population numbers and AWL characteristics to insure similar precision with the 
Red and Akalura lakes studies. The continued poor smolt production in the spring 
of 1993 (600,000 Red lake, 90,000 Akalura Lake) suggest continued monitoring 
of these systems is warranted. 

limnologicaf data wiH be collected to monitor the response of the lakes to high 
juvenile rearing densities and their recovery once escapement levels decline. Table 
1 provides a time-line of these studies with and reflects the integration with the 
fisheries investigations previously discussed. These data will be used to estimate 
carrying capacity parameters of euphotic volume, nutrient budgets (carcass 
enrichment}, and zooplankton biomass, body-sizes, and composition shifts. 
Approximately six limnology surveys will be conducted at two or more stations, to 
determine zooplankton species abundance and body-sizes, nutrient chemistry, and 
phytoplankton abundance for Kenai/Skilak, Tustumena, Red, and Frazer lakes. 
Methods for limnological studies are detailed in Koenings et al. ( 1987). 

In cases where seasonal data are available (i.e. Kenai and Skilak lakesL 
limnological parameters taken during residence of the juveniles from the 1989 

ing escapements will be compared to parameters within these systems 
prior years. 



Although in the Kenai River system smolt enumerations and fall fry estimates 
during 1991, 1992 and the spring of 1993 produced very low numbers, 
zooplankton biomass estimates in Skilak Lake, the major sockeye salmon producer, 
has not undergone similar levels of decline. To further understand the mechanism 
that may regulate the survival of sockeye salmon juveniles in this lake, early spring 
tow netting for juvenile salmon was conducted. Failure to collect adequate 
numbers prompted limited distribution studies of juvenile sockeye in the lakes by 
use of sonar. These data indicated concentrations during the day near 40 meters 
but in very low abundances (Schmidt and Tarbox, 1993). These findings prompted 
limited vertical sampling of the zooplankton community to determine depth 
distribution. During the day, most of the zooplankton biomass was concentrated at 
the same depth as the fish with increased surface concentrations during the night. 
Since light extinction during the spring occurred near 15 meters in this lake and the 
lake was isothermal at 2.5 .. C, this distribution pattern seemed peculiar. Since 
sockeye salmon are principally sight feeders, this indicated that much of the 
biomass was unavailable for feeding. The control lake, Tustumena, indicated that 
the same species of zooplankton (Diaptomus) did not exhibit a similar vertical 
distribution. Pearre( 1979} and Enright( 1977} discussed possible causative 
mechanisms of various patterns of vertical distribution. One possible mechanism 
that would explain the difference is food satiation. By having heavy cropping of 
the zooplankton community, the zooplankton respond by no longer competing for 
limited food resources and are able to sustain sufficient nutrition with relative 
minor amounts of time at depths that produce phytoplankton. At these depths 
they are also susceptible to sight feeding predators (sockeye salmon}. Thus, 
although the high turbidity and cold temperatures of Tustumena produce more 
limited biomass of zooplankton, their continual presence in the surface light layer 
makes them much more vulnerable to feeding sockeye. We are also examining if 
the egg bearing component of the population of zooplankton is being cropped at 
higher rates which in turn may cause a loss of needed lipids for overwintering 
survival of sockeye juveniles. 

To test these hypotheses, much more intensive sampling of the die! and seasonal 
distribution of plankton in the glacial lakes of the Kenai Peninsula was initiated in 
the summer of 1993 by use of a towable optical zooplankton counter(OPC). 
Because of the limited number of species and size distribution, we believe this may 
provide an effective method of obtaining this data. Ongoing studies will determine 
if this device meets expectations. This program will be continued in 1994 if 
calibration studies are successful. A minimum of four sampling periods will be 
sampled and will consist of an early spring sampling period prior to smolt 
outmigration, an early summer period, a late summer period, and a pre-freeze up 
sampling period. These data will be coupled with sampling rearing juvenile 
sockeye salmon fry in the lakes by means of trawl net developed by Biosonics, 
Inc., capable of sampling differential depths. The collected fish will be sampled for 
AWL, lipid content, and stomach contents. Low abundances during the spring of 
1993 resulted in collections of inadequate numbers of juvenile fish. Late fall 
collections along with early spring data will help to determine the relationship of 
temporal and spatial variation in abundances of sockeye fry and zooplankton prey 
with condition of sockeye fry and prior to the overwintering period. 



Sampling will be performed along a subset of the transects established for fall fry 
fish sonar estimates in these lakes. Sampling depths will vary from the surface to 

lower established limits of substantia! zooplankton biomass. The species 
composition will be estimated using vertical net plankton tows representative of 
the area sampled with the optical plankton counter. Sample sizes will be 
determined by estimating the variance from a subset of the initial samples collected 
by the vertical tows. Species or life stage composition of zooplankton in the 
optical tow counts will be determined by comparing the length frequency data to 
those obtained from net samples or by apportionment. 

In Skilak and Tustumena lakes at each of these four sampling periods, zooplankton 
and sockeye salmon die! migration will be estimated at one location. This wilt 
involve continuously sampling with the OPC over various depths and a concurrent 
hydroacoustic survey for one 24 hour cycle. 

The above data will be integrated with the other information to develop a seasonal 
model of food availabiHty within the euphotic zone of the lake to predict fish 
biomass production from these systems. The studies, begun in early spring, 1993, 
will continue through 1994 for an additional calendar year. 

The holistic approach proposed here involves several evaluation procedures to 
assess the effects of sockeye salmon overescapement. First, fresh-water 
production from the 1989 escapements will be assessed in Kenai/Skilak, Red, and 

kalura lakes. This will be accomplished through analysis of growth, freshwater 
urvival (in particular over·winter survivaiL and freshwater age of sockeye smolt 

populations. Any anomalies will be determined by analysis of freshwater grovvth 
recorded on archived scales, historical freshwater age composition, and modelled 
freshwater survivals; and from results of previous studies as well as the smolt 
characteristics from each of the study systems. Also, planktonic food sources will 
be assessed through estimation of zooplankton prey biomass and diversity of 
species. Some of these analyses have been completed {Schmidt and Tarbox, 
1993). 

Losses of aduft sockeye production from subsequent parent years may result from 
negative effects of progeny of the 1989 escapement on the lake's carrying 
capacity. The spawner/recruit relationships will be estimated from historical stock 
specific return data (where available}, and generalized spawner/recruit data scaled 
to the carrying capacity parameters (i.e., euphotic volume and zooplankton 
biomass} of the nursery lakes where stock specific return data are not available 
{Geiger and Koenings 1991). If it is determined that in any of the affected 
systems, the density dependent effects are occurring outside of the traditional 
models, the effects will be isolated by examining a broader time window of the 
rearing life history of these species. 

Third, experimental and empirical sockeye life history/production models {Koenings 
nd Burkett 1987, Koenings et al 1989} will be used to compare salmon 

uction by life-stage at escapement levels consistent with management goals to 
the 1989 escapements. These models will be refined by use of food availability 



data obtained through the vertical sampling studies initiated in 1992. 

Additionally, in the case of the Kenai system, the 1989 escapement effects wilt be 
viewed independently of the effects on previous brood years with high 
escapement. 

Consult Schmidt and Tarbox (1993} for further discussion of analyses and methods 
used to date in progress reports on these investigations. 

5. location: 

Study locations are on Kodiak lsland and the Kenai Peninsula. Specific sampling 
locations are identified in Schmidt and Tarbox ( 1993). 

6. Technical Support: 

Administrative support is provided by the Administrative Division, Habitat Division, 
and Commercial Fisheries Management and Development Division staff of the 
Alaska Department of Fish and Game. The project leaders and their assistants are 
not funded by this project and are supported with general funds from the State of 
Alaska. Most laboratory analyses are conducted by the limnology laboratory in 
Soldotna. These studies are integrated with ongoing studies by the Commercial 
Fisheries Management and Development Division on Kodiak Island and the Kenai 
Peninsula. These studies have different objectives, i.e. to manage, enhance, and 
rehabilitate common property salmon fisheries, but use the same techniques and 
data collection methods. Consequently the EVOS investigations have been 
integrated into the normal operations of these Divisions for efficiency in completing 
the objectives of these studies and the general mission of these agencies. 
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7. Contracts: 

Technical support for specialized analyses are conducted by reciprocal service 
agreements with the University of Alaska at Palmer (lipid analysis) and Fairbanks 
{Nitrogen 15 analysis). These contracts were issued in 1992 and 1993 and will 
be issued in 1994-95( to provide specialized analysis not routinely used by the 
Limnology laboratory, These contracts were initiated after the project leader 
compared the cost effectiveness of internalizing the costs to the project and 
obtained price quotations for non-Alaska laboratories with the capability of 
conducting these analyses. 

D. SCHEDULES 

The Gantt Chart in Figure 1 outline the FY94 study plans. These plans are subject 
to minor modification following completion of data analysis during the winter of 
1993-94. 

E. EXISTING AGENCY PROGRAM 

The Alaska Department of Fish and Game has ongoing commercial fisheries 
research operations on the Kenai and Kasilof River, Frazer Lake, Red River,>Akalura 
Lake, Upper Station Lake, and Afognak Lake. In addition~ the Division has ong.oing 
data collection activities from Hidden, Karluk, and Spiridon lakes relating to the 
limnology of these systems. These data are integrated into statewide or regional 
data bases that are use to directly assess the impacts of the oil spill or are used as 
controls to measure the response of the studies proposed in this plan, against. In 
addition, the area research and management biologists for the Division of 
Commercial Fisheries management and development~ the principal limnologist, the 
regionallimnologist, and numerous administrative and support staff are. supported 
by general funds provided by the Alaska legislature, To date, most of the data 
analysis and reporting for the Sockeye Salmon Over-escapement project has been 
provided for from contributions of the State of Alaska from these general funds. 
Total funding for these programs exceeds $1 million. The following is a synopsis 
of projects in the areas that are covered by State of Alaska general funds: 

Kodiak Island 
Kodiak Bio Rehabilitation 
Spiridon Lake Assessment­
Frazer Lake /smolt operation 
Kodiak Finfish research 
Kodiak Frazer/Upper Station 
In-season forecasting 

Kodiak Major System Weirs-
Total 

Kenai Peninsula 
Statewide Limnology Staff (Part) 
Limnology & Estuarine Studies 

$174.1 
$42.8 
$36.6 
$154.4 

$31.5 
$168.2 

$160 
$100 

$607.6 



Cook Inlet Aquaculture Association 
Contracts {Hidden Lake-Others) 

i River Sonar 
Kasilof River Sonar 
Soldotna Research Staff 
Stock Identification, Upper Cook Inlet 

Total 
Grand Total 

$18 
$45.4 
$28.7 
$203.1 
$ 56.9 

$612.1 
$1219.7 

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS 

The studies proposed provide for data collection and field sampling programs. As 
such no environmental effect of these programs occurs beyond that of traditional 
fisheries management data collection activities and is within existing collecting 
permits or Federal special use permits issued to the Department of Fish and Game 
for scientific data collection activities. New programs on the National Wildlife 
Refuge are updated through permit amendments as needed. No other permits or 
other coordination activities are involved. 

G. PERFORMANCE MONITORING 

performance of this project is monitored through the checks and balances of 
the State of Alaska accounting system within the Commercial Fisheries 
Management and Development, Habitat and Administration divisions of the 
Department of Fish and Game and the Department of Administration. Contractual 
compliance, personnel hiring, OEO compliance, and other administrative provisions 
are within the State of Alaska hiring and administrative chains of command and 
covered in standard operating procedures and administrative regulations. 
Replacement personnel are readily available by reassignment from over 30 
permanent and seasonal staff within the Commercial Fisheries Management and 
Development Division of the Alaska Department of Fish and Game in Soldotna and 
Kodiak, when temporary problems are encountered. Filling new position follows 
state hiring guidelines when permanent vacancies occur. Project time frames for 
reports and analysis are maintained through proper planning and integration of 
these activities within the existing administrative structure of the Commercial 
Fisheries Management and Development Division. This project is one of over fifteen 
currently maintained by the limnology section and is administered accordingly. 
Quality control of the laboratory is conducted routinely following methods outlined 
in the laboratory manual referenced in this report. The laboratory is rated annually 
by the USGS nationwide laboratory rating system by conducting tests on blind 
samples provided by this group. Replicates are routinely run to cross check 
analytical techniques. 

e scientific and technical aspects of the study are subject to internal review 
within Commercial Fisheries Management and Development Division. Publications 



are submitted through an internal peer review process with the major findings 
submitted to peer review journals. Reports, work plans and study design are 
subject to the peer review process established by the EVOS Board of Trustees and 
Chief Scientist office. This year technical aspects of the studies findings to date 
and future plans were reviewed by a panel of international sockeye salmon 
researchers in a special half day session of the Kokanee and Sockeye Salmon 
workshop sponsored by the Northern Pacific International Chapter of the American 
Fisheries Society at Vancouver, B.C. in March, 1992. Interim annual status reports 
will be generated with publications being provided in peer review journals and 
scientific symposia as significant findings are obtained. The final report will be 
issued upon completion of the final year of field data collection. 

H. COORDINATION OF INTEGRATED RESEARCH EFFORT 

The investigations of Kodiak and Kenai River sockeye salmon have been integrated 
with long term research efforts by the Alaska Department of Fish and Game on 
these stocks. In addition, studies by the limnology laboratory and the fisheries 
development staff on Kodiak Island on these systems are included in data analysis. 
Study design and methodology builds off of earlier efforts. Planning and permitting 
of research activities and future rehabilitation efforts are coordinated through the 
USFWS Refuge staff in Soldotna and on Kodiak Island. Consultation and planning 
is conducted with the newly formed National Biological Survey Fisheries Research 
Laboratory staff in Anchorage. Development of restoration strategies on the Kenai 
Peninsula are through a review process with the regional planning teams and with 
an ADF&G review committee including the Sport Fish Division, when adjustments 
of management poHcies, such as escapement goals are involved. In addition, 
studies results from the Coghilf Sockeye Salmon investigations in Prince William 
Sound are reviewed and integrated into the data analysis process for determining 
the response of the Kenai Peninsula ecosystem to restoration measures. 

I. PUBLIC PROCESS 

The investigations have been and will continue to be part of the public process. 
Reports have been prepared to the Alaska Board of Fisheries, the Upper Cook Inlet 
Regional Planning Team, various fishermenrs organizations and civic organizations 
in Kodiak and on the Kenai Peninsula, in addition to the Trustee Council Public 
Advisory Group process. Scientific and technical review have included the peer 
review system established by the Trustee Council. In addition, technical aspects 
of the studies findings to date and future plans have been reviewed by a panel of 
international sockeye salmon researchers in a special half day session of the 
Kokanee and Sockeye Salmon workshop sponsored by the Northern Pacific 
International Chapter of the American Fisheries Society at Vancouver, B.C. in 
March, 1993. 



J. PERSONNEL QUALIFICATIONS 

na Charles Schmidt 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
34828 Kalifornsky Beach Rd, Suite B 
Soldotna, Alaska 99669 
(907)262-9368 

EMPLOYMENT: 

October, 1991 to Present. Umnologist Ill, Principal Limno!ogist, FRED 
Division, Alaska Department of Fish and Game, Soldotna, AK. 
Responsibilities include establishing research objectives for the Statewide 
fimnological investigations of the Commercial Fisheries Management and 
Development Division. This section provides direction for other components 
of the Division for determination of stocking rates for sockeye salmon in 
lakes and in the application of fertilization. This section also provides input 
to the commercial fisheries division for determination of the escapement 
goals for sockeye salmon. Supervise the limnology laboratory which 
completes water quality and plankton analysis for water samples taken from 
several hundred lakes statewide. 

April, 1985 to October, 1991: Fishery Biologist IV, Regional Research 
Biologist, Westward Region, Alaska Department of Fish and Game. 
Responsible for establishing research objectives and priorities for the 
Westward Region Commercial Fisheries Division. This Division has 
management authority over extensive salmon and herring stocks on the 
Alaska Peninsula and Kodiak Island, in addition to management of the major 
shellfish stocks in the Gulf of Alaska and the Bering Sea. Annual ex-vessel 
value of these fisheries is several hundred million dollars, Research 
highlights included studies of crab larvae settling rates in the Gulf of Alaska 
and investigations on the effects of oil spill overescapement on the sockeye 
salmon production of major lakes on Kodiak Island. 

May, 1982 to September, 1985 Acting F.B. IV; Susitna River Aquatic 
Studies Coordinator, Alaska Department of Fish and Game. The entire 
program under supervision included approximately 25 permanent and 50 
seasonal employees. During this interim period, responsible for reorganizing 
the studies into a more efficient structure to meet the long term monitoring 
needs for determination of the effects of the Susitna project on the aquatic 
resources of the Susitna River. Supervised development of operational 
plans for 18 technical study programs on the Susitna River, assignment of 
priorities of tasks, and review of the technical merit of the programs 
proposed. Prior to January 1985. F.B. Ill, Resident and Juvenile 
Anadromous Project Leader; Su-Hydro Aquatic Studies Program, Alaska 
Department of Fish and Game. Supervised research programs on resident 
and juvenile anadromous fish in the Susitna River that may be impacted by 



development of the Su-Hydro Project. Technical studies included 
development of models of sport fishery exploitation on arctic grayling 
populations, modelling instream flow responses of juvenile salmon habitat, 
development of baseline population parameters of resident fish and juvenile 
salmon and development of projections of supersaturated gas dissipation 
below the proposed dam sites. 

January, 1981 to May, 1982: Fishery Biologist, Terrestrial Environmental 
Services, Anchorage, Alaska. Responsible for field and office review of the 
aquatic studies programs of the Alaska Power Authority for the Susitna 
Hydro-Electric Program. This responsibility included assisting the Alaska 
Department of Fish and Game in study plan development, providing 
preliminary assessment of impacts of the project on aquatic resources and 
presenting to the public progress of the aquatic studies programs. 

May, 1980 to October 1980~ Fishery Biologist, U.S. Fish and Wildlife 
Service( Soldotna, Alaska. Assisted on a radio-telemetry project and 
juvenile salmon habitat survey on the Kenai River, 6-mile Creek and the 
Deshka River in the Cook Inlet area. Activities included tagging and radio 
tagging chinook and coho salmon, collection of juvenile salmon and 
measurements of associated habitat, and assisting in the analysis of scale 
patterns from Kenai River chinook salmon. Other activities included 
statistical analysis of data, report review and preparation of a publication on 
the Kenai River chinook for Alaska magazine. 

EDUCATION: 

Ph.D. in Fisheries 1973 
Major Field - Fisheries· Minor Field Pharmacology 1 

Oregon State University, Corvallis, Oregon 
M.S. in Biology, 1970 Major Field- Aquatic Biology Minor Field - Sanitary 
Biology, University of Utah, Salt Lake City, Utah 
B.S. in Wildlife Biology, 1968, University of Montana, Missoula, Montana 

Ken Tarbox 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
34828 Kalifornsky Beach Rd, Suite B 
Soldotna, Alaska 99669 

EMPLOYMENT: 

May, 1980 to Present. Upper Cook Inlet Research Project Leader, Alaska 
Department of Fish and Game, Soldotna, Alaska. Responsibilities include 
planning, implementing, supervision, and reporting on various satmon related 
research and management projects. These involve hydroacoustic 
enumeration of salmon in glacial systems, defining salmon migratory 
behavior in both salt and fresh water, evaluation of potential impacts of 



resource development on habitat and populations, management of the UCI 
commercial salmon fisheries, stock identification studies using scale or 
genetic markers, and life history studies of sockeye salmon. 

March, 1972 to May, 1980. Project manager and Senior Biologist, 
Woodward Clyde Consultants, Anchorage, Alaska. Responsibilities included 
supervision and research for a number of projects. These included an 
evaluation of existing methodologies for determining instream flow 
requirements for Alaskan fishes, determining the biological impact of a 
dredging projects located in lower New York Harbor and Lake Michigan, 
fishery investigations in the Zayandeh River, Iran, impact assessment of 
various oil related projects in Virginia, North Carolina, Texas, and Prudhoe 
Bay, Alaska, and studies and evaluation of impacts associated with nuclear 
power plants in New Jersey, Louisiana, Indiana, and Pennsylvania. 

July, 1970 to March, 1972. Research Assistant, Louisiana Co·operative 
Fishery Unit, Louisiana State University, Baton Rouge, La. Responsibilities 
included the design and conduct of a one year investigation of juvenile fish 
behavior in an estuarine environment. 

EDUCATION: 

M.S. in Fisheries, 1974. Louisiana State University, Baton Rouge, La. 
B.S. in Fisheries Science. 1970. University of Washington, Seattle, Wa. 

CERTIFICATIONS: 

Fisheries Scientist, Certificate 1165, American Fisheries Society, 1976. 

Stan R. Carlson 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
34828 Kalifornsky Beach Rd, Suite B 
Soldotna, Alaska 99669 

EMPLOYMENT: 

January 1993 - present: Biometrician for the Alaska Department of Fish and 
Game, Limnology Section, Commercial Fisheries Management and Develop 
Division, Soldotna, Alaska. Supervised by Dr. Dana Schmidt. Conduct 
statistical data analyses to evaluate factors that affect dynamics of the biota 
in lake ecosystems. Design Hmnological experiments and determine methods 
to estimate zooplankton and salmon abundance. Develop and approve 
methods to estimate hatchery contributions to the fishery. Develop, review, 
and conduct statistical analyses for projects related to the impact of oil on 
commercial fishery species. Provide biometrical consulting to area and 
regional biologists and statewide limnologists. 



November 1.991 - January 1993: Mathematical Statistician for the National 
Marine Fisheries Service, Auke Bay laboratory, Juneau, Alaska. Supervised 
by Mr. Steven lgnell. Conduct statistical studies on community attributes of 
pel.agic fauna in the north PacificOcean. Provide biometrical consulting, 
technical editing, and collaborative input on projects such as salmon bycatch 
and ctimate change studies. 

January 1989 ~ May 1991: Statistics Teacher, Experimental Statistics 
Department, New Mexico State University, Las Cruces. Supervised by Dr. 
Michael Ames. Instruct laboratory courses in statistics for undergraduate 
science majors. 

May • August 1990: Research Specialist (statistician), Department of 
Entomology, PJant Pathology, and Weed Science. New Mexico State 
University. Dr. Ellis Huddleston~ Supervisor. Provide.statistical modeling, 
analysis, and design of.experiments related to agricultural field studiesand 
pest management programs. 

May - December 1988: Field Biologist, Biology Department, New Mexico 
State Untversity. Supervised by Mr. Roger Skaggs. Conduct field 
population surveys and habitat analyses of night birds in Lincoln National 
Forest, New Mexico. Collect fiefd data, supervise field personnel, and 
maintain data records. Develop operational strategies and conduct.follow-up 
statistical estimation procedures. 

August 1985 -June 1988: .Graduate Assistant~ BiologyDepartment New 
Mexico State University. Supervised by Dr. Ralph Raitt and Dr. Walt 
Whitford. Teach undergraduate biology and zoology laboratory courses. 
Collect data and maintain field ecology experiments for ecological research 
programs. Develop and conduct original field research on desert insect 
ecology. 

June 1983 - May 1985: Research Specialist Gordon Erwironmental Studies 
laboratory, University of Montana, Missoula. Supervised by Dr. Philip 
Tourangeau. Manage data, conduct quality assurance/control procedures, 
and perform statistical analyses for environmental science projects. Aid in 
the design and implementation of field research, primarily in the area of 
pollution biomonitoring. 

EDUCATION: 

1991 Master of Science, Experimental Statistics, New Mexico State 
University. 

1988 Master of Science, Biology {ecology}, New Mexico State University. 
1983 Bachelor of Arts, Environmental Biologyt University of Montana. 



K. BUDGET 

Sub~ total 

General Administration 
Project Total 

NEP A Compliance 

ADF&G 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 
Capital Outlay 

602.8 
9.7 

71.2 
53.3 
22.5 
M 

759.5 

95.4 
854.9 

O{State contributed} 
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EXXON VAlDEZ TRUSTEE COUNCIL 
1994 Federal Fiscal Year Project Budget 
October 1, 1993 • September 30, 1994 

Project Description: Sockeye Salmon Overescapement- This project is a continuation of 93002 and monitors sockeye salmon smolt outmigration and the 
density of fry rearing in the nursery lakes of the Kenai Peninsula , Kodiak Island, and the Chignik system on the Alaska Peninsula. In addition, detailed 
investigations will be conducted to determine both abiotic and biotic factors that may have contributed to the decline in production, 
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EXXON VA COUNCil 
1994 Federal Fisc ear Project Budget 
October 1, 1993 • September 30, 1 994 

Travel: 
Reprt 12 RT Soldotna/ Anchofage @ $150 + 1 day per diem 

8 RT Soldotna/Juneau@ $450 + 1 day per diem 
6 RT Soldotna/Kodiak @ $300 + 1 day per diem 

lmrm 4 RT Soldotna/Anchorage @ $200/trip + 1 day per diem @ $150/day 
2 RT Soldotna/Kodiak @ $500/trip + 1 day per diem @ $150/day 

Contractual: 
Raprt Water quality analyses 

Species Identification of plankton and macroinvertebrate samples 

!ntrm Contract for air charters for 57 hours @ $350/hour 
Freight 

07/14193 

Outboard motor and radio repair 
Chemical analysis of water samples collected in winter sampling 
External lipid and N 15 contracts for fish tissue analysis 

{Lipids $20/sample N 500 samples; N15 $100/sample • 100 samples} 
Software licensing 
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Commodities; 

EXXON VAlDEZ TRUSTEE COUNCil 
1994 Federaf Fiscal Year Project Budget 
October 1, 1993 - September 30, 1994 

Reprt Office and photo supplies, publication and binding cost 
lntrm Field supplies 

Scientific collection equipment (Limnology water samplers, bottles, nets, preservative, etc.} 
Outboard fuel and oil 
Boat/motor repair and maintenance 
Groceries (1 0 people x 20 days x $20/day) 
Safety supplies (fire extinguishers, float coats, life jackets! 
Foul weather gear 

Equipment: 

Boat and motor { 1 boat - 2 motors) 
2 outboard motors 
Fry tow nets, smolt trap 
Computer for field data entry aboard vessel 
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