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ABSTRACT

Pink salmon play a major role in the Prince William Sound (PWS) ecosystem as well as the economy
of Cordova and other PWS communities. There is a growing body of evidence which indicates that
the Exxon Valdez Oil Spill (EVOS) has been at least partially responsible for weak pink salmon returns
to PWS. Pink salmon runs are dominated by the larger returns from more productive hatchery
populations. To sustain production from wild populations, managers need to be able to estimate the
relative spatial and temporal abundance of wild fish in the different fishing areas of PWS. This study
will provide accurate, real-time and post-season estimates of hatchery and wild contributions to
commercial harvests by date and fishing district, and also to hatchery cost-recovery harvests. This
information is important for fisheries managers who must anticipate the effects of fishing strategies to
protect injured populations. Similar analyses of coded wire tag data funded by the Natural Resource
Damage Assessment (NRDA) and Restoration processes have been used to justify time and area
fishery closures and effectively reduce exploitation on oiled pink salmon populations in portions of
southwestern PWS in 1990, 1991, 1992, 1993, and 1994.
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INTRODUCTION

Pink salmon play a major role in the Prince William Sound (PWS) ecosystem. Migrating pink salmon
fry are an important Spring food source for various fish, birds and terrestrial mammals. Marine
mammals, birds, and fish also prey on the ocean life stages of pink salmon and returning adult wild
salmon comprise a large portion of the summer diet of terrestrial mammals and birds such as bears,
river otters, wolverines, bald eagles, gulls, and kittiwakes. Returning adult salmon also provide a
pathway for the transfer of nutrients accumulated from high seas marine areas to near shore and
terrestrial ecosystems. As the principal species harvested in the PWS salmon purse seine fishery, pink
salmon play a major role in the commercial fishing and fish processing industries which are the
backbone of the economy in Cordova and other PWS communities. Ex-vessel values for this fishery
ranged from 10 to almost 40 million through the 1980's.

PWS pink salmon returns originating from brood years subsequent to the March 24, 1989, T/V Exxon
Valdez oil spill (EVOS) have been aberrant or weak, with the exception of those of 1994. Returns of
wild and hatchery pink salmon in 1991 arrived late, had very compressed run timing, and the fish
were small and of poor commercial quality. Returns of pink salmon in 1992 and 1993 were far fewer
than expected, while those of 1994 were more in line with expectations. The 1992 return of wild pink
salmon was the fourth smallest even year return in the last 30 years and the hatchery return was less
than one third of expected. The 1993 return of wild pink salmon was the third smallest in the last 30
years and the hatchery return was less than one fifth of expected. Both wild and hatchery returns of
1994 were a significant improvement over the preceding two years.

There is a growing body of evidence which indicates that the EVOS was partially responsible for the
weak pink salmon returns to PWS. Much of the spawning for wild pink salmon (up to 75% in some
years) occurs in intertidal areas. Intertidal spawning areas are susceptible to marine contaminants and
there is strong evidence the EVOS adversely affected spawning success and early marine survival in
PWS. Mortalities of pink salmon embryos incubating in the intertidal portions of oiled streams in
western PWS have been significantly higher than those which incubated in nearby unoiled streams
since 1989 (Sharr et. al. 1994a, Bue et al. (in press)). Despite apparent reductions in the amount of
observable oil in intertidal salmon spawning areas since 1990, the differences in mortality between
oiled and unoiled streams persisted in 1991, 1992 and 1993 and were also observed in spawning areas
upstream of oil influence (Sharr et. al. 1994b, Bue et al. (in press)). These findings may be indicative
of heritable genetic damage which has resulted in reproductive impairment among first and second
generation fish originating from populations whose fry incubated in oiled streams in 1989 and 1990.

In addition to damage incurred during the embryo stages of development, pink salmon fry and
juveniles rearing in the western portions of PWS in 1989 also exhibited reduced growth and survival
(Willette and Carpenter, 1994). Because almost all wild and hatchery fry exit PWS through the straits
and passages that were most heavily oiled, it is likely that at least portions of almost all pink salmon
populations in PWS were damaged as rearing fry and juveniles in 1989. There are presently no data to
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substantiate any heritable damage to populations which traveled and fed in oiled marine waters as fry
in 1989. Nevertheless, such a possibility is plausible given the findings of Sharr et al. (1994c).

Although hatchery pink salmon production (see Attachment 1) in PWS began in the 1970's, the large
returns associated with maximum permitted fry production did not occur until the late 1980's and
early 1990's and coincided with the EVOS era. Returns of wild salmon are dominated by the larger
returns from the more productive hatchery populations and are therefore heavily exploited in
commercial, sport, and subsistence fisheries. To sustain production from wild populations, managers
must insure adequate escapements of wild fish to their natal streams, and that the escapement occurs in
a smooth fashion over the season so that the genetic make-up of the populations is maintained. To
achieve these goals, mixed-stock fisheries must be managed to achieve exploitation rates appropriate
for the less productive wild populations throughout the season. Managers need, therefore, to be able
to estimate the relative spatial and temporal abundance of wild fish in the different fishing areas of
PWS.

This study will provide accurate, real-time and post-season estimates of hatchery and wild
contributions to commercial harvests by date and fishing district, and also to hatchery cost-recovery
harvests. Such catch contribution estimates, together with real-time escapement estimates from an
Alaska Department of Fish and Game (ADF&G) aerial survey program will be used inseason by
fisheries managers to reduce exploitation on wild stocks and target effort on hatchery returns. Post
season analyses of tag recovery data will be coupled with escapement data for wild populations to
make estimates of total wild returns, which will in turn allow assessment of the effectiveness of
various management strategies. Post season analyses will also identify time and area distribution
trends for wild and hatchery fish in fisheries. This information is important for fisheries managers
who must anticipate the effects of fishing strategies in future years if injured populations are to be
protected. Similar analyses of coded wire tag data funded by the Natural Resource Damage
Assessment (NRDA) and Restoration processes have been used to justify time and area fishery
closures and effectively reduce exploitation on oiled populations in portions of southwestern PWS in
1990, 1991, 1992, 1993, and 1994.

The results of the coded wire tag recovery project are also critical to the success of an integrated
package of Sound Ecosystem Assessment (SEA) studies. The SEA proposal has roots in a broader
SEA plan developed by the Prince William Sound Fisheries Ecosystem Research Planning Group
(PWSFERPG), a bioregional coalition of PWS scientists, resource managers, resource users,
aquaculture associations, and communities, formed to "develop an ecosystem level understanding of
the natural and man-caused factors influencing the production of pink salmon...in PWS". Many of the
SEA projects, such as those falling under the Salmon Growth Component and the Salmon Predation
Component are dependent upon information provided by this coded wire tag study.

In the absence of the improved management capabilities afforded by this project, salmon stocks in
western PWS which have been injured and depleted through oil impacts may be over-exploited in the
commercial, sport and subsistence fisheries. Population levels of stocks may be reduced below those
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needed for rapid recovery and in some instances may result in virtual elimination of impacted stocks.
In the absence of the information provided to SEA plan, some of the projects under that plan will fail.

NEED FOR THE PROJECT
A. Statement of Problem

Wild pink salmon runs in Prince William Sound which were injured by EVOS need to be protected
from overharvest during commercial fisheries. This is difficult to accomplish since these injured wild
populations migrate through fishing areas with uninjured populations as well as large hatchery runs.
It is not possible to simply close these fishing areas without severely affecting local and state
economies which are heavily dependent upon the commercial fishing industry. Inseason and
postseason information on the mix of the various runs in fishing areas allows fishery managers to
directly fishing effort away from injured wild runs and achieve desired spawning escapement goals.

B. Rationale

Coded-wire tags have been the tool of choice for applying unique marks to hatchery pink salmon in
Prince William Sound. This technique has been used in Prince William Sound to estimate hatchery
and wild stock contributions to commercial harvests since 1986, and has also been used in preliminary
studies of straying. Although placement and recovery of coded-wire tags is expensive and labor
intensive, and effects of tags on survival and homing are not well described, this technique has been
the most practical and reliable way in which to mark large numbers of small pink salmon fry.

C. Summary of Major Hypotheses and Objectives

The principal goal of this project has been to increase fishery managers' abilities to protect injured
wild pink salmon stocks in mixed-stock commercial fisheries by providing an inseason method to
identify stocks. This program will be continued until thermal mass marking of pink salmon otoliths
can be developed as a marking tool to replace coded-wire tags. Specific objectives would be to
provide inseason and post season estimates of the stock composition of commercial and hatchery cost-
recovery harvests; to provide inseason and postseason estimates of the size of wild and hatchery pink
salmon runs; and to estimate marine survival rates of various hatchery release groups.

D. Completion Date

This multi-year project will be completed in either FY 98 or FY 99. At this time, the Trustee Council
has approved only a one year of overlap between the coded-wire tag and otolith marking programs.
This would mean that 1997 would be the last year to recover coded-wire tags and only funding for
final data analysis and report writing would be made available in FY 98. However, peer reviewers at
the 1995 Restoration Workshop unanimously recommended two years of overlap between these
programs to ensure that coded-wire tags could continue to be applied and recovered in 1998 if the
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otolith marking program did not meet its objectives in 1997. This would mean funding for final data
analysis and report writing would need to be made available in FY 99.

COMMUNITY INVOLVEMENT

This program is cooperatively funded by both Prince William Sound Aquaculture Association and
Valdez Fisheries Aquaculture Corporation, the two private, nonprofit hatchery groups operating
within Prince William Sound. These two groups are operated by a mix of individuals with ties to
commercial, sport, personal use and subsistence fishing as well as community representatives. Large
scale tagging programs have been a cooperative effort between ADF&G and these private, nonprofit
aquaculture groups since the 1980's.

Project plans and reports on results of the coded-wire tagging program have been reviewed by the
Prince William Sound/Copper River Regional Planning Team as well as interested fishing industry
groups. As part of the Trustee Council NRDA and Restoration process, the coded-wire tag recovery
program has been subjected to extensive peer review and annual public review and comment. Results
of the coded-wire tag program were 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 Prince
William Sound Aquaculture Corporation Board of Directors, and the 1994 Alaska Board of Fisheries
meeting.

The coded-wire tag program is also critical to the success of an integrated package of Sound
Ecosystem Assessment (SEA) studies. The SEA proposal has roots in a broader SEA plan developed
by the Prince William Sound Fisheries Ecosystem Research Planning Group, a bioregional coalition of
PWS scientists, resource managers, resource users, aquaculture associations, and communities,
formed to "develop an ecosystem level understanding of the natural and man-caused factors
influencing the production of pink salmon...in PWS". Many SEA projects depend upon information
provided by coded-wire tags.

The project will employ local residents for data collection activities in fish processing plants located in
Cordova, Valdez, Whittier, Seward, Anchorage, Kenai, and Kodiak, and at hatcheries in PWS. The
project will also employ residents of Juneau for tag extraction and decoding activities performed by
the ADF&G 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 be obtained from vendors in the local communities where data are collected.
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PROJECT DESIGN
A. Objectives

Funds which match those contributed by ADF&G, PWSAC, and VFDA will contribute to the
completion of the following objectives for the 1996 salmon season in PWS:

1. Using undecoded-tag data, provide timely inseason estimates of the temporal and spatial
contributions of tagged hatchery stocks of pink salmon to PWS commercial and hatchery
harvests.

2. Assess the properties of a new, faster, but potentially less reliable inseason estimator of

contributions of tagged hatchery stocks, which is based upon undecoded tags and estimates of
tender loads (catches).

3. Using decoded-tag data, provide hatchery-specific estimates of the temporal and spatial
contributions of tagged hatchery stocks to the commercial and cost-recovery harvests in PWS.

4. Estimate marine survival rates for each uniquely coded hatchery release group of pink salmon.
B. Methods

Personnel 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 and estimation procedures are similar to those
used in NRDA F/S Study #3. These procedures have been thoroughly reviewed by the NRDA peer
review process and approved by the Management Team.

Commercial and Cost-Recovery Harvests

Recoveries will be stratified by district, week, and processor. This stratification was chosen as a
result of the findings of Peltz and Geiger (1990) who detected significant differences between the
proportions of some tag codes among such strata. The differences indicate that processors tend to
receive catches from only certain parts of a district and is believed to be the result of traditional
tendering patterns.

Recoveries of pink salmon tags from commercial and cost-recovery harvests will be made as fish are
pumped from tenders onto conveyor belts at land-based processors located in Cordova, Valdez,
Seward, Anchorage, Whittier and aboard a floating processor after each opening. Fish will be
sampled by technicians standing beside the belt. Each sampled fish will be subjected to a visual and
tactile examination for a missing adipose fin. It will never be possible for an observer to census all
fish from a tender during the unloading process. However, on occasion, holding tanks in processing
plants contain fish from only one tender. In those instances it will be possible for an observer
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standing on the processing line to get a census of an entire tender load which was previously sub
sampled by technicians on the unloading conveyor. A Chi-square test of independence will be used to
compare the rate of occurrence of adipose fin clips in the census with that observed in the random
sample from the load.

Data recorded for each tender will include harvest type (i.e., commercial or cost-recovery catch),
fishing district(s) from which the catch was taken, catch date, processor, and the number of fish
examined. Catch data will be obtained later from fish tickets.

Heads of adipose-fin clipped fish will be excised, identified with a uniquely numbered cinch tag, and
bagged. These heads will then be individually passed through a tag detector machine which produces
an audible signal in the event that the head contains a coded wire tag. This procedure yields numbers
of undecoded tags in the sample. Heads will then be frozen for subsequent shipment to the ADF&G
Coded Wire Tag Laboratory in Juneau (Tag Lab).

Brood Stock Harvests

Tag shedding from release to return and differential mortality between tagged and untagged fish lead
to discrepancies between marking rates at release and recovery. Hatchery brood stocks will be
scanned for tags in order to estimate adjustment factors which can 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 for a fish to lose a tag is
similar for all fish marked at the same hatchery, and c) for a specific tag code, the marking rate in the
commercial fishery is the same as that in the brood stock. It is believed that the first of these
assumptions is violated at all facilities except at the W. Noerenberg hatchery (Sharr et. al. 1994f).
Consequently, a historical average adjustment factor calculated from the brood stock from the W.
Noerenberg hatchery is considered an appropriate quantity with which to adjust for tag loss and
differential mortality. With respect 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 all fish
tagged within a hatchery. The third assumption relates to the possibility of tag-induced straying of
hatchery fish away from the brood. Some histological evidence to this end was referenced in Sharr et
al. (1994d), and some more direct preliminary evidence is discussed by Sharr et al. (1994f).

The adjustment factor for a given year 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 differential mortality. The adjustment factor for hatchery 4, g,, will be estimated as the
ratio of sampled fish in the brood stock to the expanded number of fish based on tags found in the
sample :
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where

~
I

number of tag codes released from hatchery A,

D; = tagging rate at release for the ith tag code (defined as number of tagged
fish released with the ith tag code divided by the total number of fish in
release group 1),

X; = number of tags of the ith code found in s, and,

S = number of brood stock fish examined in hatchery .

The historical (1989-1994 for inseason, 1989-1995 for postseason) average W. Noerenberg adjustment
factor will then be used to adjust contribution estimates (Equation 2) if it can be shown that it was
significantly greater than 1.0 at the 90% level.

While only the (historical) adjustment factor associated with the W. Noerenberg facility will be used
in any contribution estimation, brood stock samples will be taken during hatchery egg-take operations
at each of the four PWS pink salmon hatcheries. Technicians, will examine approximately 95% of the
fish through visual and tactile means for missing adipose fins. The number of fish sampled will be
recorded and when adipose-clipped fish are found, the heads will be excised and shipped on a weekly
basis along with sample data to the Tag Lab.

Tag Extraction, Tag Decoding, and Data Archiving

During the fishing season all sampling data and heads from adipose-clipped fish will be sent daily to
the ADF&G Tag Lab. Data received at the Tag Lab will be logged and tag recovery sampling forms
edited a for accuracy and completeness. Samples which affect critical fisheries decisions will be
processed first. Tag lab staff will locate and remove tags from heads, decode extracted tags, and enter
tag code and sample data into a statewide database accessible to biologists in Cordova. Completed tag
recovery data for prioritized samples will be transmitted electronically to Cordova project personnel
within 36 hours of the receipt of unprocessed data at the Tag Lab. In the following 12 hours Cordova
project personnel will 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 all 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 (PSMFC) list of codes potentially present in Pacific coast fisheries. Fully
edited tag code and sampling data from all samples collected during the season will be forwarded to
the Cordova office for final summarization and analyses. A complete historic database of coded-wire
tag information from PWS 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 all fisheries harvest data are freely available from any of these sources.
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Postseason Hatchery Contributions and Survival Rates

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

A L N; &,
C,= 1% X, 2
t i1 it Sj_ pt ’ ( )
where
X; = number of group ¢ tags recovered in ith stratum,
N, = total number of fish in ith stratum,
S; = number of fish sampled from ith stratum,
D, = proportion of group ¢ tagged,
a, = adjustment factor associated with hatchery h, and

L = number of recovery strata associated with common property, cost-recovery,
brood stock, special harvests and escapement in which tag code ¢ was found.

The contribution of release group ¢ to unsampled strata, Cy, will be estimated from contribution rates
associated with strata which were sampled from the same district-week openings as the unsampled
strata:

U
Cu, = ) |N, |2
t £ i
i=1

where

number of unsampled strata,

number of fish in ith unsampled stratum

number of strata sampled in the period in which the unsampled stratum resides,
contribution of release coded with tag ¢ to the sampled stratum j, and

= number of fish in jth sampled stratum.

I
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KHN2Q
I

When a district-week opening is not sampled at all (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 ¢ to the total PWS return for 1995 will be obtained
through summation of contribution estimates for sampled and unsampled strata. An estimate of the
total hatchery contribution to the PWS return will be calculated through summation of contributions
over all release groups. A variance approximation for € , derived by Clark and Bernard (1987) and
simplified by Geiger (1988) will be:
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Assuming that covariances between contributions of different release groups to a stratum can be
ignored, summation of variance components over all tag codes will provide an estimate of the variance
of the total hatchery contribution. Inspection of the formula given by Clark and Bernard (1987) for
the aforementioned covariances shows them to be negligible 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., 1994d).

The survival rate of the release group coded with tag ¢ (S), will be estimated as:

~

. C +Cut

Sp = & ®)
where
C = contribution of release coded with tag ¢ to sampled strata,
Cuy = contribution of release group coded with tag ¢ to unsampled strata,
R, = total number of fish in release group coded with tag ¢ released from hatchery.

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 .5; is given by:

L N, & N, &
I -1
A oA i=1 S, P S, p
V5, = - i th it (6)

Inseason Hatchery Contributions

Inseason fisheries decisions which must be made on very short notice require rapid, real time analysis
of coded wire tag data. Three inseason estimates of hatchery contributions of pink salmon will be
generated for each opening. The first and most timely estimate will be calculated using knowledge of
numbers of tags (undecoded) found in a sample taken from the catch and an estimate of that catch.
The presence of tags in adipose-clipped fish will be discerned by passing their excised heads over a
scanner identical to those used by the Tag Lab. The estimate of the catch aboard tenders will be
obtained from tender captains or processor operators. In the event that catch estimates cannot be

10
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obtained, a simple unweighted average (over sampled tenders) proportion of hatchery fish in the catch
will be reported. Estimation using undecoded tags requires that assumptions be made about expansion
(1/p,) and adjustment (a) factors (see Equation 2). For fishery openings in the western and northern
portions of PWS, late run returns from PWSAC facilities are assumed to be the only hatchery
contributors. For openings in the Southwestern district, an expansion factor which is a weighted
average of all expansion factors associated with tags released at the A.F. Koernig, W. Noerenberg and
Cannery Creek hatcheries in 1993, will be used. The weighting scheme depends upon historical
contributions of hatcheries to the district in question. A similar weighting scheme for expansion
factors will be used for the Coghill and Northern districts and will involve historical contributions
associated with the Cannery Creek and W. Noerenberg hatcheries. For openings in the eastern part of
the Sound, returns to the VFDA Solomon Gulch facility are assumed to be the only hatchery
contributors. With respect to an appropriate expansion factor for these openings, the average of all
factors associated with tags released from the Solomon Gulch facility in 1993 will be used. An
average historical (1989-1994) adjustment factor associated with the W. Noerenberg facility will be
used for all inseason contribution estimates. These estimates can be made available at any stage of the
unloading process, and only require that some sampling has been conducted. The precision of the
estimate is, of course, increased as more of the catch is sampled. Such readily available, but less
precise estimates will play a significant role in those fishery management decisions that have to be
made before the more precise estimates which require exact catch figures and larger sample sizes are
available. Calculations of in-season contributions will follow those used to generate post-season
results (Equation 2). The second estimator will be identical to the first, except that it will be
calculated only after sampling of an opening is completed and after exact tender loads have been
reported. The result will be a less timely but more reliable estimate. The third estimator will be less
timely still because it will rely on exact catch data and extracted and decoded tags. Use of code-
specific expansion factors will, however, provide hatchery-specific contribution estimates and will
mean a reduction in bias of the estimates resulting from use of average expansion factors.

Alternatives

Estimation of stock specific contributions to large commercial fisheries requires some sort of natural
or man-induced mark which is characteristic of the stock or groups of stocks to be distinguished. Any
mark to be used for estimates of stock specific catch contributions for inseason fisheries management
must: (1) be naturally present in all or a fixed portion of 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 or can be applied to a large enough portion of the
population such that significant numbers can be recovered among adult returns in a cost-effective
manner for accurate and precise estimates of catch contributions, and (4) not affect survival or
behavior of fish.

Until recently, coded wire tag technology has been the only man-induced mark available which meet
most of 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
without problems. The pink salmon tagging program in PWS is the largest of its kind in the world

11
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and is pushing the limit of the technology for both application and recovery. Application in very small
fish such as pink salmon may affect survival, may not be permanent (tag loss), and tagging may affect
behavior. Some methods exist and are used to adjust for tag loss from differential mortality and tag
shedding. The effect of tag-induced straying, though thought to be small, is, however, difficult to
accommodate. On the recovery side, large and expensive sampling programs must be implemented to
ensure sufficient precision of contribution estimates.

An alternative mark which circumvents the above drawbacks would be desirable. The most likely
alternative to coded wire tags are thermal or chemical otolith marks. Otolith marking methods meet
all of the five criteria described above. Thermal marks have been thoroughly tested in all salmon
species. They are permanent, are easily applied to every individual in a hatchery population and 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, 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 for 1995 (Study 95320C). Recoveries of otolith marks from these
releases can begin in 1997.

Chemical marking of otoliths has not been tested in salmon to the same degree as thermal marking,
but is widely used in other species. Chemical marking requires that young fish be fed or immersed in
a chemical agent which leaves a recognizable band on otoliths or skeletal structures. Tetracycline is
one widely used chemical which deposits a distinctive skeletal or otolith growth band which is
florescent under ultraviolet light. Because it is retained in the tissues, Food and Drug Administration
permits for its use in fish destined for human consumption fish were initially difficult to obtain but
permitting is now done on a routine basis for many species. The method has promise for marking
wild fish where heated water is not available for thermal marks.

To date no natural markers have been discovered in PWS pink salmon which allow researchers to
distinguish hatchery stocks from all wild stocks. 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, and
hence are probably not distinguishable.

C. Contracts:

This is a cooperative program funded by the Trustee Council, ADF&G, Prince William Sound
Aquaculture Corporation, and Valdez Fisheries Development Association. ADF&G, Commercial
Fisheries Management and Development Division will ensure that 1) pink salmon catches are scanned
for pink salmon with clipped adipose fins; 2) representative samples of heads from adipose-clipped
pink salmon are collected and shipped to the Juneau Tag Laboratory; 3) information obtained from
this project is adequately documented and cataloged, 4) biometrics review of methods and data
analysis is obtained, and 5) reports documenting results are written. The ADF&G Tag Laboratory in
Juneau will extract and decode all coded-wire tags from samples of pink salmon heads sent from PWS.
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Funds from PWSAC and VEDA for coded-wire tag recovery operations will be conveyed to ADF&G
through cooperative agreements.

D. Location:

This project will be conducted in the PWS region. Pink salmon fry will be marked at the three
hatcheries operated by Prince William Sound Aquaculture Corporation (Armin F. Koerning, Wally H.
Nurenberg, and Cannery Creek) and the single hatchery operated by the Valdez Fisheries
Development Association (Solomon Gulch). Sampling sites will depend upon disposition of the
commercial and hatchery cost-recovery harvests and will most likely occur in various PWS
communities (i.e. Cordova, Valdez, and Whittier), Seward, Anchorage, Kenai and Kodiak. Some
sampling may also be done aboard processing vessels in PWS as well as at hatchery sites.

SCHEDULE
A. Measurable Project Tasks for FY 96

October 1995 - June 1996: Hire personnel; order supplies; create and test computer programs and
spreadsheets; data analysis and reporting

March - April 1996: Apply tags to pink salmon fry at hatcheries
April 15, 1996: Submit annual project report for FY 95
June - Sept 1996: Scan catches; recover tagged fish in harvests and brood stocks;

recover/decode tags; provide inseason catch composition estimates by
time and area
April 15, 1997: Submit annual report for FY 96

B. Project Milestones and Endpoints

March - April 1996: Apply tags to brood year 1995 pink salmon fry

April 15, 1996: Annual report for FY 95

June - September 1996: Estimate harvest stock composition for brood year 1994

March - April 1997: Apply tags to brood year 1996 pink salmon fry (if two year overlap with
otolith marking program approved by Trustee Council)

April 15, 1997: Annual report for FY 96

June - September 1997: Estimate harvest stock composition for brood year 1995

April 15 1998: Completion report for program (if only one year overlap with otolith
program approved by Trustee Council)

June - September 1998: Estimate harvest stock composition for brood year 1996 (if these fry
were tagged)

April 15 1999: Completion report for program (if two year overlap with otolith marking

program approved by Trustee Council)

13
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C. Project Reports

An annual project report will be submitted by April 15 of each year.

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

The foundations for this project were firmly established in joint feasibility studies which were
conducted by ADF&G and non-profit aquaculture associations in PWS beginning in 1986 and
extending through 1988. Results of these studies have been summarized by Peltz and Miller (1990),
Peltz and Geiger (1990), and Geiger and Sharr (1990). During the damage assessment process large
scale tagging and recovery projects were instituted and perfected by Natural Resources Damage
Assessment (NRDA) Fish/Shellfish (F/S) Study #3. Damage assessment funds were expended for
tagging hatchery releases of pink salmon in 1989 and 1990 and wild populations of pink salmon in
1990 and 1991 (NRDA F/S Study #3). Tag recovery efforts for wild and hatchery pink salmon were
funded by damage assessment funds in 1989, 1990, and 1991 (F/S Study #3) and by restoration funds
in 1992 and 1993 (Restoration Studies 60A and 93067). Results of damage assessment and restoration
coded wire tag studies have been reported by Sharr et. al. (1994d, 1994e and 1994f). Following the
loss of funds for further tagging of hatchery stocks of pink salmon in 1990, the private non-profit
aquaculture groups in PWS have continued to tag pink salmon releases at their own expense. Tags
applied to pink fry from the four pink salmon hatcheries in PWS in 1993 must be recovered. Prince
William Sound Aquaculture Corporation, Valdez Fisheries Development Association, and the
ADF&G have pooled their resources to come up with approximately half of the funds required to field
a full fledged pink salmon tag recovery effort in 1995. The additional funds to complete tag recovery
efforts and data analyses are to be provided by the Trustee Council.

The pink salmon coded-wire tag recovery program has complimented several other projects since
1989. Improved escapement estimates for PWS pink salmon from NRDA F/S Study 1 and restoration
Study 60B were used in conjunction with catch contribution estimates from the coded wire tag
recovery projects to adjust fishery exploitation rates and achieve wild stock escapements. Growth and
survival estimates from NRDA F/S Study #4 could not have been obtained without F/S Study #3
which provided coded wire tagged fish of known origin and release timing. The pink salmon coded-
wire tag recovery program is also integrated with several other salmon restoration projects being
conducted in PWS in 1995. It will complement the Sound Ecosystem Assessment (SEA) program, the
multi-disciplinary program designed to develop of understanding of the mechanisms regulating
ecosystem function in PWS. SEA is focused on interactions of pink salmon and herring with other
components of the PWS ecosystem. Marked pink salmon provide a valuable tool for examining
interactions between wild and hatchery salmon during the early marine period. The salmon growth
component of SEA uses marked pink salmon to evaluate habitat overlap between wild and hatchery
salmon, to examine the size composition of wild and hatchery salmon in mixed schools, and to
estimate juvenile salmon mortality during the time of ocean residence. The salmon predation
component of SEA uses marked pink salmon to determine whether predators select wild or hatchery
salmon.

14
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ENVIRONMENTAL COMPLIANCE

This project has qualified for a categorical exclusion to the requirements of the National
Environmental Policy Act.
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Otolith Thermal Mass Marking of Hatchery Reared Pink Salmon in Prince William Sound

Project Number: 96188

Restoration Category: General Restoration

Proposer: ADF&G

Lead Trustee Agency: ADF&G

Cooperating agencies: Prince William Sound Aquaculture Corporation

Valdez Fisheries Development Association

Duration: Four years

Cost FY 96: $93,200

Cost FY 97: $100,500

Cost FY 98: $100,500

Cost FY 99: $48,800 (Closeout)
Geographic Area: Prince William Sound
Injured Resource/Service: Pink Salmon
ABSTRACT

This project will develop otolith mass marking as an inseason stock separation tool for pink salmon in
Prince William Sound. Inseason stock composition data is used by fishery managers to protect
damaged wild pink salmon stocks from overharvest in mixed-stock fisheries. Coded-wire tags are
presently used for this purpose in the Sound. Otoliths are small bones in the inner ear of fish. These
bones can be marked through systematic changes in water temperature during egg incubation. The
resulting marks are bands of light and dark material in the otolith similar to the bands in a tree. These
induced marks can be used to identify hatchery-produced salmon in mixed-stock fisheries. Because all
hatchery-produced salmon are marked using this technique, the cost of catch sampling is expected to
be reduced, and the precision of inseason stock composition estimates is expected to be improved.

The increased precision of stock composition estimates will improve the fishery manager's ability to
protect damaged wild pink salmon stocks in mixed-stock fisheries.

This project will be conducted cooperatively by the Alaska Department of Fish and Game, Prince
William Sound Aquaculture Corporation (PWSAC), and Valdez Fisheries Development Association
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(VFDA). In 1995, PWSAC and VFDA installed the necessary equipment to otolith mark all pink
salmon embryos in the Armin F. Koernig, Wally H. Noerenberg, Cannery Creek, and Solomon Gulch
hatcheries. Otolith thermal marking will begin after the embryos have passed the eyed stage of
development in October 1995. Heated water will be introduced at the hatchery head troughs allowing
treatment of millions of pink salmon embryos simultaneously.

The project will be conducted over two pink salmon lifecycles, marking both odd- and even-broodline
fish. Experience with two complete lifecycles is needed to fully develop a program that integrates
induced banding code quality, otolith processing rates and costs, and statistical designs for catch
sampling. The feasibility and cost-effectiveness of sampling the commercial catch for otoliths will
depend upon whether a representative sample can be collected from the fishery. Several sampling
techniques will be evaluated in 1996 using fin-clip experiments to determine if a truly random sample
is obtained from each tender load of fish.

When otolith marked fish return as adults in 1997 and 1998, approximately 13,000 pink salmon
otoliths will be processed in each year to estimate stock composition and corresponding confidence
levels in PWS fisheries. The catch sampling program will also evaluate the variation in stock
composition among tenders as well as between processors. A cost function for catch sampling will
also be developed to produce an optimum allocation of sampling resources among tenders and
processors. Monte Carlo simulation techniques will be used in conjunction with the data collected in
this study to assess sampling power and refine sample sizes. It is anticipated that this project will
overlap with coded-wire tagging for two years to allow for thorough evaluation of the otolith
technique. This overlap period will also enable fishery managers to refine wild and hatchery pink
salmon harvest estimates obtained using the coded-wire tag method.

INTRODUCTION

Each year approximately one half billion wild pink salmon fry emerge from the streams of Prince
William Sound (PWS) and migrate seaward. Adult returns of wild pink salmon to PWS averaged
approximately 10 million fish annually over the last two decades. The huge fry outmigrations and
subsequent adult returns of pink salmon play major roles in the PWS ecosystem. Both juveniles and
adults are important sources of food for many fish, birds, and mammals. Adults returning from the
high seas also convey needed nutrients and minerals from the marine ecosystem to estuaries,
freshwater streams, and terrestrial ecosystems. Wild pink salmon also play a major role in the
economy of PWS because of their contribution to commercial, sport, and subsistence fisheries in the
area.

Up to 75% of pink salmon spawning in PWS occurs in intertidal areas. In the spring of 1989 oil from
the T/V Exxon Valdez oil spill (EVOS) was deposited in layers of varying thickness in intertidal
portions of many western PWS streams utilized by spawning salmon. Pink salmon eggs and fry
rearing in these intertidal areas appear to have been adversely affected by the oil. Sharr et al. (1994a
and 1994b) observed salmon embryo mortalities which were 67%, 51%, 96%, and 80% higher in
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oiled streams than in comparable and nearby unoiled streams in 1989, 1990, 1991, and 1992.
Weidmer (1992) also observed a high incidence of deformities and elevated levels of cytochrome P-
450 among fry in oiled streams in 1989. Willette (1993) reported reduced growth and survival of pink
salmon fry and juveniles which reared in oiled marine waters of PWS in 1989. Mortality differences
between oiled and unoiled streams in 1989 and 1990 were confined to intertidal spawning areas and
may be attributed to direct lethal effects of oil. Large differences observed across all tide zones in
1991 and 1992 may be the consequence of damage to germ cells of the adults which originated from
the 1989 and 1990 brood years when egg and larval exposures to intertidal oil were greatest. A
consequence of this genetic damage may be persistent functional sterility and reduced returns per
spawner for populations from oiled streams.

PWS pink salmon returns originating from brood years subsequent to the EVOS have been aberrant or
weak. Returns of wild and hatchery pink salmon in 1991 were only slightly below the mid-point of
the pre-season forecast but arrived late and had very compressed run timing. The fish were also small
and in advanced stages of sexual maturity long before reaching their natal streams. As a result of this
small size and advanced maturity, the fish were of little commercial value. Returns of pink salmon in
1992 and 1993 were far fewer than expected. The 1992 return of wild pink salmon was the fourth
smallest even year return in the last 30 years and the hatchery return was less than one third of
expected. The 1993 return of wild pink salmon was the third smallest in the last 30 years and the
hatchery return was less than one fifth of expected.

Although hatchery pink salmon production in PWS began in the 1970's, returns from maximum
permitted levels of fry production did not occur until the late 1980's and early 1990's and coincided
with the EVOS era. Wild salmon populations injured by the EVOS are exploited in mixed stock
commercial, sport, and subsistence fisheries which are dominated by returns from more productive
hatchery populations. Wild pink salmon populations originate from hundreds of streams in PWS.
Migratory timing and abundance of wild returns in marine fishing areas varies among populations. To
sustain production from wild populations managers must insure that adequate numbers of wild fish
from all portions of the wild return escape fisheries and enter streams to spawn. To achieve this goal,
mixed stock fisheries must be managed to achieve exploitation rates appropriate for less productive
wild populations. To this end, managers must be able to distinguish wild from hatchery fish and
estimate their relative spatial and temporal abundance in fishing areas.

In addition to their dominance in the catch, hatchery stocks may also complicate management of PWS
fisheries by straying into streams and spawning with wild fish. The magnitude and range of straying
by both hatchery and wild pink salmon stocks in PWS may significantly influence the success or
failure of restoration efforts directed at wild stocks. The definition of what constitutes a wild
population and the scale of restoration efforts may change if significant straying also occurs among
wild populations. If straying of hatchery fish is significant and does lower the fitness of wild
populations, restoration efforts which concentrate on insuring that spawning escapement goals are met
may fail if no attention is given to the origins of the escapement.
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NEED FOR THE PROJECT
A. Statement of the Problem

Coded wire tags have been the tool of choice for applying unique marks to hatchery pink salmon in
PWS. The methodology has been used extensively to estimate hatchery and wild stock contributions
to commercial harvests and has also been used in preliminary straying research. Despite its
usefulness, there are drawbacks to coded wire tag technology. Approximately 1 million coded-wire
tags must be applied to pink salmon fry each year to obtain catch contribution estimates for returning
adults. Tagging and recovery are both very labor intensive and the number of tags applied and
recovered are sometimes inadequate for the levels of accuracy and precision desired. Coded wire tags
are also intrusive, tags can be shed, and tagging may affect subsequent survival. Tag loss through
shedding and differential mortality of tagged individuals affects subsequent estimates of adult returns
based on tag recoveries. There is also recent evidence that poor placement of coded-wire tags may
cause salmon to stray.

B. Rationale

This project will develop otolith mass marking as an inseason stock separation tool for salmon.
Because of the cost and problems associated with coded-wire technology, other alternatives for
marking larger portions of populations with relatively inexpensive non-intrusive methods must be
investigated. By marking most or all of the fish in a population, sample sizes at the time of tag
recovery may be much smaller without affecting the accuracy and precision of contribution estimates.
Non-intrusive marks which cannot be shed and which do not affect survival or behavior will also
eliminate important sources of error in mark-recapture population and straying rate estimates. This
data is essential information used by fishery managers to reduce fishery exploitation rates on damaged
wild salmon stocks. Coded-wire tags are presently used for this purpose, but otolith marking is
expected to provide more accurate information at a lower cost. Numerous studies have documented
the induction of rings of light and dark material on fish otoliths by manipulation of water temperature
during embryonic stages (Bergstedt et al. 1990, Brothers E.B. 1990, Munk and Smoker 1990, Volk et
al. 1990). Each of these studies has provided information regarding the magnitude of temperature
differences and the duration of temperature cycles needed to produce otolith rings. Recognizing the
need to develop mass marking technology for pink salmon in PWS, the Alaska Department of Fish
and Game (ADF&G) and Prince William Sound Aquaculture Corporation (PWSAC) reviewed the
feasibility of otolith thermal marking at PWS hatcheries as well as otolith recovery in the commercial
fisheries (Geiger et al. 1994). This review identified development of an inseason otolith sampling and
mass processing program as the area where additional work was needed to fully develop otolith
thermal marking technology for application as a large-scale inseason commercial fisheries management
tool.
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C. Summary of Major Hypotheses and Objectives

The rationale for this project is based on the hypothesis that otolith mass marking will provide a more
cost effective and precise method for identification of wild and hatchery pink salmon in PWS. The
principal objective of the project is to develop a large-scale inseason stock separation program using
otolith thermal marks for use by fishery managers. The increased precision in stock composition
estimates by time and area is expected to increase the manager's ability to protect damaged wild
salmon stocks in mixed-stock fisheries.

D. Completion Date

All objectives of this multi-year project are expected to be met by FY 98. At that time, support for a
fully developed inseason stock separation program will likely be shared by the ADF&G and the
private sector.

COMMUNITY INVOLVEMENT

This project was developed through three months of ecosystem research planning by the Prince
William Sound Fisheries Ecosystem Research Planning Group (PWSFERPG) as part of the Sound
Ecosystem Assessment (SEA) program. The PWSFERPG conducted public meetings each week in
the fall of 1993. Scientists from the University of Alaska, University of Maryland, Prince William
Sound Science Center, PWSAC, ADF&G, and U.S. Forest Service participated in the planning
process. The resulting ecosystem research plan was reviewed by scientists from the United States and
Canada at a public workshop held in Cordova, Alaska in early December 1993. The methods and
results of this project will continue to be reviewed by various scientists within the Program
Management component of SEA.

This project is partially sponsored by the PWSAC, the regional private, non-profit (PNP) aquaculture
association for PWS, and Valdez Fisheries Development Association, a small PNP association.
Development of mass marking programs, such as the PWS coded wire tagging program, has been a
cooperative effort between ADF&G and PWS area private non-profit (PNP) aquaculture associations
since the early 1980's. PNP's, operated by a broad constituency of commercial, sport, personal use,
and subsistence fishers and community representatives, review coded-wire tag project plans and
results annually before approving subsequent funding. Operational plans and results of mass marking
projects are also reviewed periodically by the PWS/CR Regional Planning Team as well as interested
fishing industry groups. As part of the Trustee Council NRDA and Restoration process the code-wire
tag mass marking and recovery project has been subjected to extensive peer review and annual public
review and comment. Results of coded-wire tag projects were 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. The
PWSAC and VFEDA board of directors as well as the PWS/CR Regional Planning Team have endorsed
development of otolith thermal mass marking of hatchery salmon in PWS.



Project Number: 96188

PROJECT DESIGN
A. Objectives

A total of five major objectives will be achieved when the project is completed. Two of these will be
achieved during FY 96 and all subsequent fiscal years:

1. Apply otolith thermal marks to all pink salmon embryos rearing in the AFK, WHN, CCH, and
SGH hatcheries.

2. Evaluate the quality of otolith thermal marks applied to pink salmon embryos at AFK, WHN,
CCH, and SGH hatcheries and collect voucher samples.

The three remaining objectives will be achieved in FY 97 and 98:

3. Evaluate methodology for collecting random samples from tender boats.

4. Estimate stock composition of commercial catches of pink salmon using otolith thermal marks.
5. Determine optimal allocation of sampling effort and estimate sample sizes.

B. Methods

Objective 1

Pink salmon will be marked during the eyed egg to hatch stage at PWS hatcheries. This approach will
eliminate the need to degas the incubation water. Gas saturation is usually not a problem for salmon
embryos prior to hatch. Salmon eggs maintain a positive internal pressure which allows them to
tolerate total dissolved gases (TDG) up to 110-116%. It would be uncommon to have TDGs of
greater than 110% in incubation process water, but it may be possible to drive TDGs this high through
aggressive heating. TDGs will be monitored during the thermal marking process. After hatch, gas
supersaturation may cause salmon alevins to develop gas bubble disease. Expensive degassing
equipment would be required to otolith mark pink salmon alevins.

A unique otolith thermal banding code will be used for each pink salmon hatchery in PWS. A unique
hatchery mark will provide consistency in both application and recovery of the mark. The thermal
mark will be applied in the eyed-egg to hatch zone of the otolith. The eyed-egg to hatch window
occurs between October and December with an average length of 35 days. Approximately 22 days
will be required to apply the thermal banding code at each hatchery. The hatchery-specific codes will
be composed of 5-7 thermal rings (Table 1). A single code for each hatchery will allow estimation of
survival rate by hatchery. However, hatchery operators may also need to estimate survival rate for
three treatment groups within each hatchery. In this case, a treatment-group code composed of three
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thermal rings will be applied in addition to the hatchery-specific basemark to distinguish among
treatment groups.

Table 1. Proposed basemarks for PWS pink salmon hatcheries. The thermal schedule describes
the actual temperature regime. The letter "H" refers to relatively hot water, while "C"
refers to relatively cold water; the difference between the two temperature levels being
3.5 degrees Centigrade. The number directly before the thermal level is the number of
rearing-hours at that level. Numbers in parenthesis before an "X" denote the number

of repetitions.
Facility Thermal Schedule Banding Pattern
Cannery Creek (3X)48H:24C,(1X)96H:24C,(3X)48H:24C III IIIX
WHN (4X)48H:24C,(1X)96H:24C,(2X)48H:24C IIIT III
AFK (5X)48H:24C IIIII
VEDA (7X)48H:24C ITITIIT

Objective 2

Quality control during mark application is an important part of the otolith thermal marking program.
Quality control is related to mark decoding, since it will largely determine a reader's ability to
properly identify the mark. The placement of the thermal banding code on the otolith is critical to
mark quality. The banding code will be applied by lot (i.e. a group of eggs taken on a single day) or
groups of lots, when embryos are at the appropriate stage of development. Each incubating appliance
will be sampled to ensure the mark was correctly applied. We expect that developmental stage and
thus basemark placement will differ among lots within the hatchery. Temperature recorders will be
installed at various points in the incubation system during mark application to document temperature
changes.

A stratified-random sampling design will be used to estimate the proportion of unmarked otoliths at
each PWS pink salmon hatchery (Cochran 1977). One month after mark application, a random
sample of alevins will be taken from each lot, preserved in 100% ethanol, and sent to the ADF&G
Otolith Laboratory in Juneau. Sample sizes will be selected in proportion to lot size, but a minimum
of 100 alevins will be taken from each lot. At least thirty alevins will also be collected from each of
20 streams during the annual pre-emergent fry survey conducted by ADF&G. The samples will be
used initially to validate that each hatchery-specific code was properly applied. Blind tests will then
be conducted to estimate the proportion of alevins marked at each hatchery. A reader's ability to
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distinguish hatchery-specific codes, and marked otoliths among unmarked otoliths will used to
determine the proportion marked. The set of otoliths for the blind tests will be obtained from a
random subsample of alevins (n=300) taken from each hatchery sample combined with 600 wild
alevins (total 1800 otoliths). Samples from all sources will be randomly combined to construct six test
sets of otoliths (n=300). This test design will result in a composition of otolith types very similar to
that encountered in samples taken from the commercial fishery when the fish return as adults. Two
blind tests will be conducted with each of three readers.

Blind tests will be conducted at the ADF&G Otolith Laboratory in Juneau. After the otoliths are
extracted from the alevins, they will be fixed to a glass slide with thermo-plastic cement. A grinding
wheel will be used to remove material from one side of the otolith and expose the internal structures.
The depth of grinding will be monitored by repeated viewing under a dissecting microscope. After
the internal bands are exposed, the thermal mark will be decoded under a compound microscope.

Objective 3

The feasibility and cost effectiveness of sampling the commercial catch for otoliths will depend upon
obtaining a truly random sample from the harvest. This project component will focus on development
of a methodology for collecting random samples from tender boats unloading salmon onto conveyor
belts at processing plants. Twenty experiments will be performed during the 1997 fishery (FY 97) to
determine whether random samples can be obtained. During each experiment, ADF&G technicians
will (1) monitor the total number of salmon loaded on a tender, and (2) add 1,000 externally marked
salmon (e.g. with clipped dorsal fins) to the load. The placement of marked salmon in the load would
be varied for different experiments. A sample of 510 salmon from each of these 20 tenders will be
collected as salmon are unloaded and moved along conveyor belts into processing plants. If random
samples are obtained, the estimate of the proportion of marked salmon in each tender load will fall
within plus or minus 5% of the true proportion 19 out of 20 times. If our sampling design fails to
meet this criterion, modifications will be made and further tests performed in 1997 and 1998. A more
detailed description of otolith catch sampling experiments will be presented in the FY 97 detailed
project description.

Objective 4

The stock composition of pink salmon catches will be estimated using otolith thermal marks in 1997
and 1998. Technicians will sample all tender boats delivering PWS pink salmon to processors in
southcentral Alaska. The catch sampling program for recovery of otolith thermal marks will be highly
integrated with the existing coded-wire tag recovery program. A considerable cost savings will be
realized as a result. Technicians will employ a tender boat sampling methodology developed during
the 1996 season. Inseason mass processing of otoliths will be conducted at the ADF&G otolith
laboratory in Juneau. A more detailed description of the otolith catch sampling and mass processing
program will be presented in the FY 97 detailed project description.



Project Number: 96188

Objective 5

The proposed catch sampling program will estimate (1) the variance around estimates of the number of
otolith-marked salmon within and among tender boats and among processors, and (2) the cost function
for the otolith sampling program. This information will be used to estimate sample sizes and to
develop an optimum allocation of sampling resources among tenders and processors (Cochran 1963).
A more detailed description of this component of the project will be presented in the FY 97 detailed
project description.

C. Contracts and Other Agency Assistance

The ADF&G Commercial Fisheries Management and Development Division will ensure (1) that
information obtained from this project is adequately documented and catalogued, and (2) that
biometrics review of project methods and data analyses is obtained. The ADF&G Otolith Laboratory
will process all otolith samples collected during this project. Since this project is a cooperative study
conducted jointly by the ADF&G, PWSAC, and VFDA, contractual service agreements will be
needed for application of thermal marks at each hatchery.

D. Location

This project will be conducted in the PWS region. Embryos will be thermally marked at the AFK,
WHN, CCH, and SGH hatcheries operated by PWSAC and VFDA. Otolith code development and
quality control work will be conducted at the ADF&G Otolith Laboratory in Juneau. In future years,
an otolith catch sampling program will be developed. Catch sampling will likely occur in all PWS
communities (e.g. Cordova, Valdez, Whittier), as well as, in Anchorage, Kenai, and Kodiak. Data
analyses and reporting will be completed by ADF&G staff in Cordova and Anchorage.

SCHEDULE

A. Measurable Project Tasks for FY 96

This project will be conducted over one pink salmon life cycle for both the odd- and even-broodline
populations. Embryos will be otolith marked in the fall of 1995 and 1996. Salmon from the 1995 and

1996 year classes will return to PWS as adults in the summers of 1997 and 1999. The following tasks
will be accomplished in FY 96:

Start-up to December: | Apply thermal marks to BY 95 embryos at four pink salmon hatcheries
January - February: Collect samples from incubators to evaluate thermal mark quality
March - June: Process and evaluate otoliths

April 15: Submit annual project report for FY 1995

July - September: Analyze data, make recommendations, develop FY 97 DPD

April 1997: Submit annual project report for FY 1997
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B. Project Milestones and Endpoints
The following milestones and endpoints will be achieved over the life of the project:

December 1995: Objective 1 - Apply thermal marks to brood year 1995 embryos
December 1996: Objective 1 - Apply thermal marks to brood year 1996 embryos

June 1996: Objective 2 - Evaluate thermal mark quality for brood year 1995
June 1997: Objective 2 - Evaluate thermal mark quality for brood year 1996
September 1997: Objective 3 - Evaluate tender sampling methodology

February 1998: Objective 4 - Estimate harvest stock composition for brood year 1995
February 1999: Objective 5 - Estimate harvest stock composition for brood year 1996

C. Project Reports

An annual project report will be submitted by April 15 of each year.

COORDINATION AND INTEGRATION OF RESEARCH EFFORT

The Otolith Mass Marking Project (96320C) is integrated with several other salmon restoration
projects in PWS. This project will complement the Sound Ecosystem Assessment (SEA) program
(Project 96320). SEA is a multi-disciplinary program designed to develop an understanding of the
mechanisms regulating ecosystem function in PWS. SEA is focused on interactions of pink salmon
and herring with other components of the PWS ecosystem. Otolith marked salmon will provide a
valuable tool for examining interactions between wild and hatchery salmon during the early marine
period. The Salmon Growth component of SEA will utilize otolith marked juvenile pink salmon to (1)
evaluate habitat overlap between wild and hatchery salmon, (2) examine size composition of wild and
hatchery salmon in mixed schools, and (3) develop a tagging program to estimate juvenile salmon
mortality within PWS and the Gulf of Alaska. The Salmon Predation component of SEA will utilize
otolith marked juvenile salmon to determine if predators select wild or hatchery salmon.

Project 94192, Hatchery Salmon Straying, was deferred to 1997 to allow development of otolith
thermal marking technologies in PWS. Without the availability of a non-intrusive mass marking
methodology it is unlikely that reliable estimates of total return, survival, and straying rates for wild
salmon populations can be obtained. Therefore, the monitoring, research and restoration objectives of
this project are also important to the Pink Salmon Genetics and the Pink Salmon Egg and Alevin
Mortality projects.

The existing ADF&G fishery management program in PWS will provide salmon catch data needed to
complete this project. An ADF&G preemergent fry program would provide otolith samples from wild
salmon stocks in PWS. However, this program is not in the agency base budget and may not be
operated in 1996. The ADF&G permanent staff of biologists and biometricians will write operational
plans and provide overall supervision for this project. PWSAC and VFDA will use thermal mass
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marking to place unique marks on the otoliths of all pink salmon fry released from their facilities
beginning in brood year 1995. The ADF&G Otolith Laboratory in Juneau will process all otoliths
recovered from experiments and recovery operations.

ENVIRONMENTAL COMPLIANCE

This project has qualified for a categorical exclusion to the requirements of the National
Environmental Policy Act.
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Construction of a Linkage Map for the Pink Salmon Genome

Project Number: 96190

Restoration Category: Research

Proposer: Fred W. Allendorf
University of Montana

Lead Trustee Agency: ADF&G

Duration: Five years

Cost FY 96: $167,700

Cost FY 97: $250,000

Cost FY 98 - 00: to be determined

Geographic Area: Prince William Sound

Injured Resource: Pink salmon

ABSTRACT

We propose to construct a detailed genetic linkage map for pink salmon by analyzing the genetic
transmission of several hundred DNA polymorphisms. The ability to genetically map the location of oil
induced lesions will allow the thorough identification, description, and understanding of oil induced
genetic damage. This research will also aid other recovery efforts with pink salmon, including
estimation of straying rates, description of stock structure, and testing if marine survival has a genetic
basis.

INTRODUCTION

We propose to construct a genetic linkage map for the pink salmon genome. Such a map would provide
the necessary platform for identifying genetic damage in pink salmon inhabiting oiled streams following
the March 1989 Exxon Valdez oil spill (EVOS). A detailed genetic map would also aid other recovery
efforts with pink salmon, including estimation of straying rates, description of stock structure, and
testing if marine survival has a genetic basis.

Genetic linkage maps have provided the necessary information for understanding genetic variation in
species since the rediscovery of Mendel's principles early in this century. A genetic map plays a similar
role for a geneticist that a geographical map plays for the explorer of new territories. For many years,
genetic maps could only be constructed in a very few model species that were suitable for extensive
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genetic manipulation (e.g., Drosophila and mice). Recent advances in molecular genetics now make it
possible to uncover enough genetic markers to construct a detailed genetic linkage map in almost any
species (Postlethwait et al. 1994).

This work will have important significance for ongoing work with pink salmon under the project Oil-
Related Embryo Mortalities (Restoration Study 95191A). That project proposes to identify germline
mutations in pink salmon exposed to oil. As explained in the FY 95 Detailed Project Description
(95191A), genetic damage induced by oil may either be small changes in nucleotide sequence
(microlesions) or large-scale changes in chromosome structure (macrolesions). Restoration Study
95191A proposes to screen pink salmon DNA in order to detect such lesions.

A detailed genetic map for pink salmon would be invaluable for interpreting the results of Restoration
Study 95191A in several ways. First, it will be possible by following the inheritance of any DNA
lesions to determine if they are micro- or macro-lesions. Second, these lesions can be mapped to
determine if they are randomly spread throughout the genome or if they occur at mutational "hot spots”
that are susceptible to oil induced damage.

The construction of a detailed linkage map will also serve as a basis for understanding genetic aspects of
pink salmon restoration and supplementation. This work will be performed on both odd- and even-year
pink salmon because of the known genetic differences between these fish. In addition, the outbreeding
depression found in hybrids suggests that there are chromosomal differences between odd- and even-
year fish (Gharrett and Smoker 1991).

NEED FOR THE PROJECT
A. Statement of Problem

Elevated embryo mortalities were detected in populations of pink salmon (Oncorhynchus gorbuscha)
inhabiting oiled streams following the March 1989 Exxon Valdez oil spill (EVOS). These increased
rates of mortality persisted 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 the putative genetic damage include impaired physiological function of
individuals and reduced reproductive capacity of pink salmon populations.

The aggregate of evidence from the field studies and incubation experiment suggests that the embryos
exposed to oil in 1989 and 1990 accumulated deleterious mutations in the germline (reviewed in
Detailed Project Description of Project 95191A). This hypothesis of genetic damage is consistent with
previous field observations and laboratory experiments on the effects of crude oil on early life stages of
fish. 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).
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Mironov (1969) observed reduced survival of fish embryos and larvae exposed to very low aqueous
doses (1 ul oil/l seawater) of oil. Longwell (1977) reported genetic damage in pelagic embryos affected
by the ArgoMerchant oil spill. Moles et al. (1987) confirmed that pink salmon embryos 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 larval
herring which incubated in oiled areas than in non-oiled areas. It is likely that the same type of damage
may have occurred in pink salmon, and this damage could have affected the germline of exposed
individuals (Malkin 1994).

B. Rationale

The recovery objective for pink salmon is healthy and productive populations that exist at prespill levels
or levels in unoiled areas. An indication of recovery is when egg mortality in oiled areas match prespill
or levels in unoiled areas. The genetic map we propose to construct will be essential for detecting and
understanding causes of reduced egg and embryo survival in oiled areas.

The genetic damage caused by exposure to oil may persist longer in populations of pink salmon than in
other vertebrates because of the tetraploid nature of the salmonid genome. Salmonid fishes went
through a tetraploid event some 25 million years ago that duplicated their entire genome (Allendorf and
Thorgaard 1984). The extra genes in pink salmon may mask the effects of mutational damage caused by
recessive deleterious alleles. The effects of these deleterious mutations may be uncovered in subsequent
generations.

This fundamental genetic information would be of great assistance for three of the four Components of
the Pink Salmon Restoration Program:
Toxic Effect of Oil on Pink Salmon: genetic mapping is essential for identifying genetic
lesions induced by exposure to oil.
Stock Separation and Management: the genetic markers identified in the course of this study
will provide greatly increased power and resolution to identify stocks of pink salmon on a
very fine scale.
Supplementation: the genetic markers will also be of great value in genetically identifying fish
from supplementation programs and detecting their ecological and genetic interactions
with wild fish.

Information gained from this study will provide resource managers with insight into the magnitude and
persistence of damages sustained by wild pink salmon due to EVOS. Efforts to restore damaged pink
salmon populations depend upon the ability of fishery managers to identify sources of reduced survival
and to monitor their persistence. The potential of long term oil exposures to cause genetic damage needs
to be understood so that spawning escapement goals can be adjusted if necessary. In addition,
verification of the genetic hypothesis would provide the first evidence that the germline of fish exposed
to chronic or acute sources of oil pollution can be affected.
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Our results may have relevance for other fish species as well (e.g., Pacific herring, Clupea pallasi).
Comparative gene mapping has shown that the linkage groups in a wide variety of vertebrates have been
conserved. If we find that certain loci in pink salmon are mutational "hotspots" for oil induced damage,
it would be possible to look for similar hotspots in Pacific herring or other fish species (e.g., rockfish,
Sebastes).

C. Summary of Major Hypotheses and Objectives

Our primary objective is to construct a detailed genetic linkage map for pink salmon by analyzing the
genetic transmission of several hundred DNA polymorphisms in pink salmon. We will use several types
of different genetic markers. The primary type will be so-called random amplified polymorphic DNA's
(RAPD's) using the polymerase chain reaction (PCR). Our goal is to map several hundred of these loci
so that we have a detailed saturated linkage map. We will use these RAPD loci as a basis for mapping
other DNA polymorphisms (e.g., microsatellite loci), as well as loci encoding protein polymorphisms
(allozymes).

This genetic map will allow testing of several hypotheses of Project 95191A related to identifying sites
of genetic damage (lesions) induced by exposure to oil. The primary hypotheses are:

(1) Genetic lesions have been induced by oil exposure; (2) These lesions are caused by point mutations
(microlesions); (3) These lesions are caused by chromosomal breakage and deletions (macrolesions).

Secondary objectives of this proposed research are to develop a large number of genetic markers for
estimation of straying rates, stock separation, and management of pink salmon and for evaluating the
success and potential detrimental effects of supplementation programs. A genetic map will also allow us
to test the hypothesis that marine survival has a genetic basis to it. We also have a variety of specific
genetic hypotheses that we will test as explained in the more detailed Project Design.

D. Completion Date

We propose to continue this work for five years. This will allow us to complete multigenerational
studies of inheritance with pink salmon. New genetic markers will be developed in the first year of the
study. However, it will take several years to map the markers in both males and females in both odd-
and even-year fish. Different objectives will be met throughout the course of the research. This project
would be carried out in collaboration with Dr. James E. Seeb, Alaska Department of Fish and Game.

The primary laboratory aspects of this research would be carried out at the University of Montana. We
propose to use the Alaska Seal.ife Center Research Facilities at Seward when they are available. Such a
facility will greatly strengthen genetic investigations with pink salmon by allowing multigenerational
studies. We cannot estimate budget costs after the first two years without knowing the cost structure of
using the Alaska SeaLife facility.
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COMMUNITY INVOLVEMENT

This is a specialized project that will not benefit directly from the knowledge of local/traditional people.
We will hire local residents when possible for assistance (e.g., maintaining of fish). In addition, as an
professional educator in a university I am very committed to educational efforts. These will include
informational meetings in the communities of Prince William Sound, including the Alaska Seal ife
Center in Seward, and articles in the Trustee Council newsletter.

PROJECT DESIGN
A. Objectives

Our primary objective is to construct a detailed genetic linkage map for pink salmon by analyzing the
genetic transmission of several hundred DNA polymorphisms. Pink salmon have 26 pairs of
chromosomes (2N=52; Allendorf and Thorgaard 1984), and, therefore, should have a total of 27 linkage-
groups (LG's): 25 autosomes, an X-chromosome, and a Y-chromosome. We plan to map enough
variable markers so that a new marker, such as a putative lesion identified in Restoration Study 95191A,
can be assigned with high probability to one of the 27 LG's. It is impossible to know how many markers
this will require because we do not know the total length of the pink salmon linkage map. The linkage
map of the zebrafish (Danio rerio) has been estimated to be 2317 centimorgans (cM; Postlethwait et al.
1994). We expect the pink salmon map in females will be longer than this because of the polyploid
ancestry of salmonids. However, the linkage map in males will be shorter than in females because of the
reduced recombination rate in male salmonids (Johnson et al. 1987). We anticipate that it will be
necessary to map approximately 500 markers to insure that new markers can be assigned to an existing
LG with high probability (Van der Beek and Van Arendonk 1993). For example, 99% of all loci in the
zebrafish are estimated to be located within 20 ¢cM of a marker on the map based upon 414 markers.

This project has the following specific objectives:

1. Develop several hundred variable DNA markers in pink salmon and test them for Mendelian
inheritance.
2. Construct a linkage map based upon joint segregation patterns of the DNA polymorphisms

detected in previous objective.
3. Map putative lesions identified in Restoration Study 95191A.
4, Test for Mendelian inheritance of markers throughout the genome in progeny of fish exposed to

oil. Regions that show aberrant segregation ratios in progeny of fish exposed to oil and normal
1:1 ratios in fish not exposed to oil would be candidates for oil-induced lesions.
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5. Test for regions of the genome that are associated with traits of adaptive significance (e.g.,
marine mortality or run-timing).

6. Test if protein markers (allozymes) are under natural selection such that they may not provide
accurate information about the genetic structure and amount of gene flow among populations.

B. Methods

Linkage Map (Objectives | & 2)

A useful genetic map should contain genetic markers that are abundant, randomly distributed throughout
the genome, highly polymorphic, and readily detectable in many laboratories (Jacob et al. 1995). A map
of random amplified polymorphic DNA's (RAPD's) markers fits these criteria (Postlethwait et al. 1994).
Our work has found that a polymerase chain reaction (PCR) with genomic DNA from fish of the genus
Oncorhynchus as a template and a single, 10-nucleotide-long primer of arbitrary sequence generally
amplifies 5-10 DNA fragments. We have found differences in the fragment patterns between individuals
(scored as presence or absence of fragments) that are inherited as simple Mendelian markers in rainbow
trout (O. mykiss) and cutthroat trout (0. clarki). A dominant allele amplifies the DNA fragment with a
specific primer, whereas a recessive allele results in the absence of that fragment.

We will avoid difficulties of dominance with these markers by using haploid progeny in which recessive
alleles are not obscured by their dominant alternatives (Lie et al. 1994). Stanley (1983) reported that
haploid embryos of Atlantic salmon (Salmo salar) will develop until just prior to the stage of hatching if
development of the eggs is activated by sperm in which the DNA has been inactivated by UV-radiation.
We have used this technique routinely with fishes of the genus Oncorhynchus (Forbes et al. 1994). This
will allow us to follow the segregation and linkage relationships in haploid progeny from females.

Differences in meiosis between male and female salmonids have been found in all species that have been
examined (Allendorf and Thorgaard 1984; Johnson et al. 1987). There generally is greater
recombination in females than in males (Johnson et al. 1987; Allendorf et al. 1994). In addition, only
disomic inheritance has been reported in females. However, in males some loci show patterns of
segregation that approach those expected with tetrasomic inheritance (Allendorf and Thorgaard 1984).
We will have to test for segregation and linkage in males as well as females because of these sex-
specific differences.

There are three possible approaches to test for segregation and recombination in males. One is
genotyping in diploid progeny from parents that have been chosen so that presence or absence of a
RAPD allele can be determined unambiguously. A second approach is the typing of haploid progeny
from males by PCR based genotyping of single sperm; this has been carried out successfully with human
sperm (Schmitt et al. 1994). Individual sperm from a single male are sorted into microtiter plates by
flow cytometry, and then a PCR reaction carried out. We will perform pilot studies to determine if the
latter method is feasible with pink salmon. A third possibility is to examine joint segregation in
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androgenetic haploids which are produced by treating eggs with radiation before fertilization with
normal sperm (Scheerer et al. 1986). This treatment would be carried out in collaboration with
Restoration Study 95191 A in their use of androgenesis to test for elevated occurrence of harmful
recessive mutations in haploid-androgens of oil-exposed ancestry.

The completion of a full linkage map is a large task. We will try to use and develop as many time and
labor saving procedures as possible (Lincoln and Lander 1992; Taylor et al. 1994; Perlin et al. 1994;
Archibald 1994). Our initial linkage map will be based upon progeny from females, and will be
constructed by computer assisted analysis (Lander et al. 1987). We will compare the recombination
rates based upon this map to rates of selected pairs of loci in males. The reduced recombination rates in
salmonid males means that it will be easier to assign new markers to a LG using male parents. We will
test joint segregation of individual markers from different LG's in females to determine if some of these
separate LG's in females are linked in males and are therefore syntenic (on the same chromosome).

Identification and Location of Oil-Induced Lesions (Objectives 3 & 4)

This work will be done in collaboration with efforts to detect oil-induced genetic damage under
Component 3 of Restoration Study 95191A. Lesions identified in that study through DNA assays of
introns, microsatellite loci, or mutational hot spot regions will be tested for joint-segregation with
several hundred DNA markers to identify the location of such lesions in the pink salmon genome. A
recent paper has found that microsatellite loci show genetic hypermutability because of defects in DNA
mismatch repair (Parsons et al. 1995).

Perhaps a more promising approach, however, is to test for regions of the genome associated with non-
random survival in haploid progeny. Restoration Study 95191A will test for decreased survival in
haploid androgens of oil-exposed ancestry. Examining the segregation of markers throughout the
genome in these androgens would provide a more powerful test for lesions. Regions of the genome that
depart from the expected 1:1 Mendelian ratio would be candidates for lesions. We will also compare
Mendelian ratios in haploid gynogens in a similar manner to haploid androgens. The examination of
segregation in gynogenetic and androgenetic haploids will also allow testing for oil-induced
chromosomal rearrangements (e.g., inversions and deletions).

Phenotypic Effects and Fitness (Objectives 5 & 6)

The completion of a genome map for pink salmon will allow us to address important genetic issues
related to two other Components of the Pink Salmon Restoration Program. The numerous genetic
markers identified in the course of this study will provide greatly increased power and resolution to
identify stocks of pink salmon on a very fine scale (Stock Separation and Management). The genetic
map will allow us to test for the presence of genes having major effects on phenotypes of importance for
the management of pink salmon, and to test for phenotypes associated with specific combinations of
multilocus genotypes (Lander and Schork 1994).
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This aspect of the research will be performed at the Alaska Seal.ife Center Research Facilities in the
latter years of the study. Large numbers of marked fish will be released and then collected when they
return to the facility at sexual maturity. A large sample of the fish will be collected at release so that the
genetic characteristics of the fish can be described prior to the marine phase of the life cycle. We will
test for genetic effects on phenotypes of special importance by comparing the released and returning
fish. This will allow us to test for genes having a major effect on marine survival.

In addition, previous work has demonstrated genetic differences between early and late run fish, and that
differences in run-timing has a genetic basis (Smoker et al. in press). We will compare the genotypes of
fish returning to the facility at different times to test for genes having a major effect on run timing. We
will use a suite of genetic markers spread uniformly throughout the genome. Regions of the genome that
show major associations with run-timing can then be examined in more detail by comparing additional
markers within that region. A similar approach using only 10 protein markers in hatchery rainbow trout
revealed several regions of genome associated with time of spawning (Leary et al. 1989)

Karl and Avise (1992) reported concordant patterns of genetic differentiation for mitochondrial DNA
and four nuclear DNA loci in the American oyster (Crassostrea virginica) along the east coast of North
America. In contrast, previous allozyme studies had not detected these genetic differences among these
same populations. Karl and Avise concluded that the pattern observed for the DNA markers reflected
the historical patterns of isolation and gene flow among these populations while this pattern is obscured
in the allozymes because of "balancing selection” at the allozyme loci. Similar results have been
reported recently in the Atlantic cod (Pogson et al. 1995). These results provide an important challenge
to the generally accepted utility of allozyme markers for describing historical patterns and amounts of
gene flow between populations. That is, if allozymes are under strong natural selection then they may
not provide accurate information about the genetic structure and amount of gene flow among
populations.

Pink salmon that are more heterozygous at allozyme loci have greater viability and growth rates than
more homozygous individuals (Altukhov et al. 1991; Zhivotovsky et al. 1987). Similar results have
been reported in other salmonid species for many phenotypes of evolutionary importance (e.g.,
developmental rate, egg size, and disease resistance; reviewed by Ferguson 1992). Positive associations
between heterozygosity at allozyme loci and important phenotypic characters, such as growth rate,
survival, fertility, disease resistance, developmental rate, and developmental stability, have been
described in many organisms (reviewed by Zouros and Foltz 1986; Allendorf and Leary 1986).

The mechanism underlying these associations remains unknown. The possible explanations most often
considered are either the associations are be the consequence of heterozygosity at the loci examined, or
the loci examined may be in linkage disequilibrium with other loci that affect the traits being studied
(Leary et al. 1987). It has been argued that these relationships between multiple locus heterozygosity
and phenotypes have been found with allozymes because these loci are important in ATP production and
protein catabolism (Koehn et al. 1988). We propose to distinguish between these hypotheses by
comparing the effects on marine survival of DNA markers and protein polymorphisms. If the enzyme
loci themselves are responsible for this effect, then we would expect to find an association between
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enzyme genotypes and survival, but not between genotypes at DNA markers spread throughout the
nuclear genome.

C. Contracts and Other Agency Assistance
None anticipated at this time.

D. Location

Gametes for the inheritance studies will be collected from Prince William Sound in collaboration with

the project Oil-Related Embryo Mortalities (Restoration Study 95191A). Embryo incubation will take

place at the Armin F. Koernig hatchery in Prince William Sound and at the Genetics Lab facilities of

ADF&G. The initial laboratory phases of the project will be done at the University of Montana.

We propose to use the Alaska Sealife Center Research Facilities at Seward when it is available for

rearing fish and laboratory analyses. This facility will greatly strengthen genetic investigations with

pink salmon by allowing multigenerational studies and testing for effects of specific genotypes on

phenotypes of importance (marine survival, run timing, etc.). We anticipate that much of the laboratory

analysis will be performed at this facility when it is available.

SCHEDULE

A. Measurable Project Tasks for FY 96

15 Aug 95 - 30 Sep 95: Obtain gametes and create families for inheritance studies with
odd-year fish. This will be done under Restoration Study 95191A
(Oil-Related Embryo Mortalities).

1 Oct 95 - 31 Mar 96: Initial screen of odd- and even-year fish for DNA polymorphisms.

1 Apr 96 - 30 Sep 96: Screening of DNA polymorphisms to test for Mendelian
inheritance and joint segregation.

15 Aug 96 - 30 Sep 96: Obtain gametes and create families for inheritance studies with
even-year fish.

B. Project Milestones and Endpoints
Objective 1: This objective will be completed by the end of year 1 (FY 96).

Objective 2: This objective will be completed by the end of year 3.
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Objective 3: This objective will be completed by the end of year 5.
Objective 4: This objective will be completed by the end of year 5.
Objective 5: This objective will be completed by the end of year 5.
Objective 6: This objective will be completed by the end of year 5.
C. Project Reports

Annual reports will be submitted by 15 April of each year. We will publish results from this project in
peer-reviewed journals throughout the life of the project.

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

This work is being done in collaboration with James E. Seeb, Principal Geneticist, ADF&G. The
inheritance experiments will be in coordination with the project Oil-Related Embryo Mortalities
(Restoration Study 95191A). Dr. Seeb and I are also coordinating plans to use the Alaska SeaLife
Center Research Facilities at Seward when they are available. Where possible we will share fish
samples, gametes, laboratory equipment, and fish rearing facilities.

This work is related to my ongoing genetic research with salmonid fishes that has been supported by the
National Science Foundation since 1980. Many of the techniques and approaches proposed here are
based upon the results of that research. I also intend to continue seeking support from NSF that will
complement the research proposed here. A genetic map for pink salmon will allow us to address a
number of fundamental questions in the conservation and genetics of pink salmon and other
Oncorhynchus species.

ENVIRONMENTAL COMPLIANCE

Our laboratory is regularly screened by the Environmental Health Department of the University of
Montana for compliance with all federal, state, and local environmental laws and regulations.

10
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Laboratory and Field Examination of Oil-Related Embryo Mortalities That
Persist in Pink Salmon Populations in Prince William Sound

Project Number: 96191A

Restoration Category: Research and Monitoring

Proposer: Alaska Department of Fish and Game
Lead Trustee Agency: Alaska Department of Fish and Game
Cooperating Agencies: Washington State University

National Marine Fisheries Service, Auke Bay Laboratory

Duration: Continue population monitoring until Pink Salmon in Prince
William Sound have recovered.

Cost FY 96: $474.6K

Cost FY 97: $407.0K

Cost FY 98: $246.0K

Geographic Area: Prince William Sound
Injured Resource/Service: Pink Salmon
ABSTRACT

Elevated embryo mortalities were detected in populations of pink salmon inhabiting oiled streams
following the March 1989 Exxon Valdez oil spill. These increased rates of mortality 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 of individuals and
reduced reproductive capacity of wild pink salmon populations. The purpose of this project is to
continue to monitor the recovery of pink salmon embryos in the field, to provide laboratory
verification of the field results, and to verify and identify the occurrence of genetic damages. Results
of these studies may provide the first evidence that the germline of fish exposed to chronic or acute
sources of oil pollution can be damaged.
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INTRODUCTION

Elevated embryo mortalities were detected in populations of pink salmon Oncorhynchus gorbuscha
inhabiting oiled streams following the March 1989 Exxon Valdez oil spill (EVOS). These increased
rates of mortality 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 of individuals and reduced 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 million years ago (Allendorf 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. 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.

The purpose of this study is to continue to monitor the recovery of pink salmon embryos in the field
and to provide laboratory verification of the field results presented by Sharr et al. (1994a, 1994b) and
Bue et al. (in press). In this study we will (1) survey the same streams examined during the Natural
Resource Damage Assessment (NRDA) process for pink salmon embryos in order to monitor
recovery, (2) collect mortality data on pink salmon embryos produced from gametes taken from oil
contaminated and uncontaminated streams in southwestern Prince William Sound (PWS) and incubated
under identical conditions, and (3) test embryos and fry of oil-exposed ancestry for presence of genetic
aberrations.

NEED FOR THE PROJECT
A. Statement of the Problem

Pink salmon embryos and fry that incubated in the oiled intertidal spawning areas in Prince William
Sound in 1989, 1990, 1991, 1992, and 1993 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 salmon during the spring of 1989. Pink salmon eggs deposited in 1988 (1988 brood year)
emerged as fry through the oiled spawning gravel during the spring of 1989 and began feeding on
oiled plankton. These fish showed decreased growth 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 1989 (the 1989 brood
year) were exposed to intra-gravel contamination from late August 1989 through mid-May 1990.
Sharr et al. (1994a) and Bue et al. (in press) detected elevated mortalities of pink salmon embryos in
the intertidal zones of oiled streams while no difference between oiled and non-oiled streams was
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detected above mean high tide. Elevated embryo mortalities in oiled streams were again detected in
the 1990 brood year, but only in the highest intertidal spawning zone (Sharr et al. 1994a; 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 embryo mortalities in these
areas were not statistically different from non-oil impacted streams.

Surprisingly, Sharr et al. (1994a) and Bue et al. (in press) found increased embryo mortalities in oiled
streams during the 1991 fall survey. Furthermore, significant differences in embryo mortality
occurred at all tidal zones, including the area above mean high tide. Clearly, the elevated embryo
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 embryo mortalities in 1991 may be the
result of genetic damage acquired during embryonic development 1989. Elevated embryo mortalities
at all tidal zones in oiled streams were again detected during the 1992 survey (Sharr et al. 1994b; 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 environmental factors or sampling design (Sharr et al. 1994c).

The aggregate of evidence from the field studies and incubation experiment suggests that the embryos
exposed to oil in 1989 and 1990 accumulated deleterious mutations in the germline. This hypothesis
of genetic damage is consistent with previous field observations and laboratory experiments on the
effects of crude oil on early life stages of fish. 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 embryos and larvae exposed to very low aqueous doses (1 ul oil/l seawater) of
oil. Longwell (1977) reported genetic damage in pelagic embryos affected by the Argo Merchant oil
spill. Moles et al. (1987) confirmed that pink salmon embryos 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 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 germline of exposed individuals (cf., Malkin
1994).

Genetic damage induced by genotoxins can be classified into two general categories: small changes to
nucleotide sequence caused by base substitutions, deletions, or additions (microlesions); and changes
in chromosome structure through inversions, larger scale deletions, or translocations (macrolesions).
Increasing concern about the effects of chemicals in the environment has lead to a proliferation of
assays developed to assess their genotoxic potential (reviewed in Landolt and Kocan 1983, Kocan and
Powell 1985, Liguori and Landolt 1985). Because chemical agents that induce mutations in DNA are
also likely to produce cytologically recognizable chromosome damage expressed as structural changes
or "aberrations" (Evans 1976), cytogenetic techniques can be used to detect these kinds of damage.
Alternatively, microlesions may be detected by exposing detrimental recessive alleles through haploid
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androgenesis (Armstrong and Fletcher 1983) or by directly examining the base-pair structure of the
DNA molecule (e.g., Orita et al. 1989a, 1989b; Hovig et al. 1991).

In previous Restoration Projects (94191, 93003, R60C) we used flow cytometry to test for the
presence of macrolesions in pink salmon embryos exposed to oil. Flow cytometry is a rapid analysis
technique used to score the presence of macrolesions through detection of distortions in DNA content
among populations of cells (McBee and Bickham 1988). Flow cytometry has become an established
method for measuring the physical and chemical characteristics of cells and has been used to detect
clastogenic effects of environmental toxicants in several species (McBee and Bickham 1988; Bickham
1990; Lamb et al. 1991), but we were unable to detect macrolesions in pink salmon exposed to oil
using this method (Miller et al. 1994, Miller et al. in prep.).

In Restoration Project 94191 we contracted with Washington State University (WSU) for a pilot study
to examine the use of androgenetic haploids to expose deleterious microlesions. Androgenetic
individuals are obtained by enucleating eggs with gamma radiation before fertilization. The resulting
progeny are haploid, containing only a single set of chromosomes from the male parent and none from
the female. Pre-hatch mortality curves for these haploids are directly related to the presence and
number of deleterious mutations (Armstrong and Fletcher, 1983). Advantages of this technique over
more 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. Initial results from the
pilot study show that androgenetic haploids produced from sperm that has undergone low-dose
irradiation to produce mutations do die at faster rates than haploids produced from non-irradiated
sperm. The androgenesis screen will be extended to analyze pink salmon of known oiling history in
Trustee Council Project 95191B and 96191B.

Additionally, mutational load will be measured in replicates of oiled and non-oiled control treatments
from Project 95191B by using an array of polymerase chain reaction (PCR) -based DNA assays.
Primer selection for PCR will focus upon three potentially useful categories of loci: (1) introns that
have shown to be conserved among salmonid species, show some intraspecific variation, and for
which we have substantial baseline information (e.g., introns C and D of GH-I and GH-2, Forbes et
al. 1994; Linda Park, National Marine Fisheries Service, personal communication); (2) microsatellite
loci that have high rates of natural mutation (Park and Moran 1994; Wright and Bentzen 1994); and
(3) the hot spot regions (HSR A-D) that have been frequently associated with germline mutations in
other species in the otherwise highly conserved tumor suppressor gene p53 (Malkin 1994).

B. Rationale

In this project we propose to: (1) continue monitoring embryo survival rates in oiled and reference
streams, (2) repeat the hatchery incubation experiment for odd-year populations spawning in eight
oiled and eight reference streams, and (3) conduct laboratory studies to screen samples for DNA
lesions not detectable by flow cytometry. The successful pilot study conducted by WSU will be
expanded to include androgenic examination of sperm collected from males of known oiling history



Project Number: 96191A

during Restoration Project 95191B. We will conduct an in-house screen for elevated rates of mutation
at mutational hot spots (cf., Orita et al. 1989a, 1989b; Forbes et al. 1994), and we plan to incorporate
the expertise of a consultant laboratory expert in techniques such as restriction endonuclease
fingerprinting (REF; Liu and Sommer 1995), denaturing gradient gel electrophoresis (DGGE; Hovig
et al. 1991; Brunel 1994), or other as appropriate to assist in the identification of loci at which
mutations have taken place. Results from component 3 will be used to evaluate the 1989 through 1992
study results of Sharr et al. (1994a, 1994b) and Bue et al. (in press).

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

C. Summary of Major Hypotheses and Objectives

In addition to monitoring pink salmon embryo mortalities at oiled and non-oiled study sites, in this
project we will investigate the hypothesis that embryos exposed to oil in 1989 and 1990 accumulated
deleterious mutations in the germline. We hypothesize that the elevated embryo mortalities that
persist in post-1990 year classes, in the absence of exposure to oil, may be the result of genetic
damage acquired during embryonic development.

D. Completion Date

The population monitoring components of this study should be continued until the methodology used
to monitor is unable to detect a difference in pink salmon embryo mortality between oil contaminated
and unimpacted streams. Results to date indicate that recovery is likely ongoing. However, we
recommend that this project continue until both odd- and even-broodline pink salmon exhibit no
difference in embryo mortality between oiled and non-oiled study sites for two consecutive years
based upon the statistical tests described below.

COMMUNITY INVOLVEMENT

Laboratory analyses and reporting are technical pursuits that will be conducted by or supervised by
professional scientists. Wherever possible, local-hire will be used to fill field positions required for
sampling or for routine laboratory positions. People from the communities in PWS will have an
opportunity to participate in this project as employees of the ADF&G which gives local residents
priority in hiring for state employment. The laboratory portion of the project will be moved to the
Alaska Sealife Center in Seward when that facility is available. Again, local hire will be used when
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possible, and ADF&G plans to participate in all of the educational and outreach programs scheduled
for the Center.

PROJECT DESIGN

A.

Objectives

The objectives of this project are to monitor the recovery of damaged pink salmon populations and to
test the hypothesis that germline damage is responsible for the persistent embryo mortalities observed
in streams that were oiled. Working objectives are:

1.

Component 1. Recovery Monitoring of Injury to Pink Salmon Embryos in Prince
William Sound.

a. Estimate the density, by tidal zone, of embryos in 31 streams using counts of live and
dead embryos.
b. Estimate embryo mortality of pink salmon embryos in both oil contaminated streams

and noncontaminated reference streams.
Component 2. Controlled incubation to evaluate the effect of physical stream characteristics.

a. Determine if the elevated mortalities of pink salmon embryos observed in oiled streams
can be attributed to environmental factors.

Component 3. Laboratory examination of pink salmon gametes and embryos of crude-oil-
exposed ancestry to assess genetic damage.

a. Test for correlations between oil-exposed ancestry and mutations detected
through DNA assays of selected introns, microsatellite loci, and mutational hot
spot regions.

b. Determine if elevated occurrence of deleterious recessive mutations can be detected in
haploid androgens of oil-exposed ancestry.

Combining Field Observations and Laboratory Results.

a. Determine if the elevated embryo mortalities observed in oiled streams in 1991 are
explained by genetic damage to 1989 and 1990 embryos.
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B. Methods
1. Recovery Monitoring of Injury to Pink Salmon Embryos in Prince William Sound
a. Data Collection

Embryo sampling will be conducted from late September to mid-October in 31 streams (Figure 1).
Embryo development by this time includes stages from uneyed embryo through recently hatched fry.
The streams were selected using the following criteria:

(1)  Adult salmon returns were adequate to support a high probability of success in embryo
sampling.

¥)) Embryo sampling had been done in past years.

3) Streams with low to no oil impact, i.e., reference streams, were selected in the
immediate vicinity of high oil impact streams to control for possible variability in
embryo survival due to 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 impacts ranging
from light to heavy oiling. Most of the streams which sustained suspected or obvious oil impact were
not sampled for embryos or fry prior to the EVOS. Among the 12 streams where oil was visibly
present in 1989, only one had a history of embryo sampling.

Methods for embryo sampling were modeled after procedures described by Pirtle and McCurdy
(1977). On each study stream, four zones, three intertidal and one above most tidal influence, were
measured from the mean low tide mark using computer generated tide tables and a surveyors level.
Boundaries between zones were marked with stakes. The four zones were: 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). A linear transect 30.5 m
in length was established for embryo samples in each zone. The transect ran diagonally across the
stream. To insure continuity of transects between years, transect locations were marked with stakes
and carefully photographed from at least two perspectives. Fourteen 0.3 n?, circular digs were
systematically made along each transect using a high pressure hose to flush embryos from the gravel.
Embryos and fry were caught in a specially designed net.

The following data were collected for each tide zone transect during embryo sampling:

(1) The sample date.

2) The sample tide zone.

3) The start and stop time for each tide zone transect.

(G)) Numbers and condition (live or dead) of embryos by species.

o) A subjective estimate of the overall percent yolk sac absorption for fry.

Data were transferred from field notebooks into a Lotus spreadsheet for editing and summarizing.
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Pink salmon embryos were separated from chum O. keta and coho O. kisutch salmon embryos by their
smaller size. Chum salmon embryos were separated from coho salmon embryos by their greater
development and different coloration. An embryo was considered dead if it was opaque or discolored
with coagulated lipids. Pink salmon fry were differentiated from chum salmon fry by their small size.
Sampling often killed fry (especially newly hatched fry), so fry were only considered dead if
decomposition was evident.

b. Data Analysis

Numbers of live and dead embryos and fry will be summarized by date, stream, level of hydrocarbon
impact, and stream zone. Densities of live embryos for stream i, zone j in n? (E.) will be estimated

ij
by:

. _ Z}LEijk

2 0.3n

’ (1)

where LEy, is the number of live embryos found in the kK" dig, in stream i, zone j, and n; is the
number of digs from stream i, zone j. Densities of dead embryos will be calculated using the same
estimator with appropriate substitutions.

Pink salmon embryo mortality will be estimated for each stream using the following relationship:

. Z(DEqiyy + DFgiyy) (2)
THE ’ 2
) Z(LE 4, * DEgiyp + LFeisy + DFoigy)
where DE,;;, DF;;, LEg;, and LE,; are the number of dead embryos, dead fry, live embryos, and

live fry for the k™ dig from stream i, zone j, collected during embryo dig e, respectively.

The Arcsin square root transformation will be examined as well as the Logit transform of embryo

mortality [In (odds)].
z (DEeijk * DFeijk) (3)

z (LEeijk * LFeijk)

Logitij = 1n

Differences in embryo mortality will be examined using a mixed effects two-factor experiment with
repeated measures on one factor (Neter et al. 1990):

Yy =R, +0; + 2, + (02);y +85 e (4)

ij k(1)

The two treatments will be extent of oiling, (O, 2 levels; oiled and non-oiled), and height in the
intertidal zone Z, 4 levels; 2.1, 2.7, and 3.4 m above mean low water, and upstream) both fixed
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effects. The data will be blocked by stream (S;), a random effect nested within extent of oiling. The
interaction of extent of oiling and height in the intertidal zone will also be examined. Equality of
variances will be tested using the F_,,-test (Sokal and Rohlf, 1981), while normality will be visually
assessed using normal quantile-quantile and box plots (Chambers et al. 1983). If the data distribution
appears to be non-normal, data transformations will be examined. If a significant difference due to
oiling is detected (o = 0.05), four contrasts (oil vs. non-oiled for the four stream zones) and
corresponding Bonferroni family confidence intervals (¢ = 0.10 overall) will be estimated.

Extent of oiling for analysis will be based on visual observations of streams (NRDA F/S Study 1 and
2) and hydrocarbon results from mussel samples (NRDA F/S Study 1). Different groupings of oiled
and non-oiled streams will be analyzed if evidence of oiling is not consistent.

2. Controlled incubation to evaluate the effect of physical stream characteristics
a. Data Collection

In this component of the project we collect, analyze, and report the results of the 1995 brood year as
well as initiate work on the 1996 brood year. We only intend to initiate new experimental matings
during FY 96 if a difference is observed between embryo mortality in oil-impacted and unimpacted
populations for the 1995 brood year.

This experiment will allow us to determine if results observed in NRDA Study F/S 2 and Restoration
Studies R60C, 93003, and 94191 can be attributed to environmental factors. We will collect gametes
from eight oiled and eight non-oiled reference streams from southwestern PWS, make intra-stream
crosses, and incubate the resulting embryos in a controlled laboratory environment. Embryo mortality
will be compared between the oiled and reference streams. If no difference is observed in this
experiment, and if a significant difference in embryo mortality is detected between oiled and non-oiled
streams during 1995 field sampling, then environmental factors probably account for the previous
observations of elevated embryo mortalities.

Gamete collection and fertilization procedures will occur over a four day period to obtain data from
eight oiled and eight non-oiled streams. Gametes from 30 male and 30 female pink salmon will be
collected from two oiled and two 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 will insure that all possible crosses (30 x 30 = 900) will
be present.
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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.

Incubators will be periodically examined to count and remove dead embryos and score hatching
success. The experiment will be terminated prior to the swimup stage at which time all larvae will be
killed.

b. Data Analysis

The data will be analyzed as a fixed-effects randomized block design:
Tigp =B ¥ By + 05+ ey (5)

where Yj; is embryo mortality for sample day i, oil contamination level j, and stream k; p is the
model mean; B, is sampling day a blocking variable; O, is the level of oil contamination (oiled or not
oiled); and €, is random error. The relative power of the test was estimated (Neter et al. 1990), and
the sample size was found sufficient to detect a difference of less than 1.5 standard deviations at
o=0.05 and 95% power. A test with high power is needed to protect against arriving at a false
conclusion that the elevated embryo mortalities could be attributed to environmental factors when, in
fact, they were not.

The assumption of constant error terms will be tested using the F,,,-test (Sokal and Rohlf 1981) while
normality will be visually assessed using scatter plots, box plots, and normal probability plots
(Chambers et al. 1983). Appropriate transformations will be used to alleviate variance and normality
concerns if they are detected. All suitable comparisons will be made using Bonferroni family
confidence intervals. The SAS (SAS Institute Inc. 1988) General Linear Models Procedure will be
used to analyze the data.

3. Laboratory examination of tissues from individuals of crude-oil exposed ancestry to assess
genetic damage

In this component we will measure the genotoxic response of pink salmon to exposure to Prudhoe Bay
crude oil. Controlled oiling was conducted over two brood years at the Little Port Walter field station
by the National Marine Fisheries Service (Restoration Studies R60C and 93003). Mutational load
will be measured in replicates of oiled and non-oiled control treatments using both an array of
sensitive DNA assays and an androgenetic screen for deleterious recessive mutations. Sperm and
tissues from adults subjected to oil as embryos, as well as their progeny, will be analyzed. This study
will span two generations in order to evaluate the validity of the germline mutation hypothesis.

10
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a. DNA Assays

DNA will be extracted using Puregene DNA isolation kits for animal tissues (Gentra Systems, Inc.
P.O. Box 13159, Research Triangle, N.C. 27709-13159). This process includes: (1) a buffered
solution that protects the DNA from degradation; (2) a Proteinase K digest to deactivate the proteins;
(3) an RNase treatment to digest RNA; (4) protein precipitation to remove Proteinase K, RNase, and
denatured proteins; (5) isopropanol to precipitate the DNA; (6) 70% ethanol to wash the DNA; and
finally (7) a hydration solution to rehydrate the DNA.

After extraction, the DNA will be amplified using the polymerase chain reaction (PCR; Saiki et al.
1988; Kocher et al. 1989; Chapman and Brown 1990; Carr and Marshall 1991). Primer selection for
PCR will include loci from three potentially useful categories: (1) introns that are known to be
conserved among salmonid species, show some intraspecific variation, and of which we have
substantial baseline information (e.g., introns C and D of GH-1 and Gfi-2, Forbes et al. 1994; Linda
Park, National Marine Fisheries Service, personal communication); (2) microsatellite loci that have
been shown to have high rates of natural mutation (Park and Moran 1994; Wright and Bentzen 1994);
and (3) hot spot regions (HSR A-D) that have been most frequently associated with germline mutations
in the otherwise highly conserved tumor suppressor gene p53 in other species (Malkin 1994).

Genetic data will be collected using automated DNA assays. Fragment analysis for detection of
restriction fragment length polymorphisms (RFLP) will be done following the methods of Forbes et al.
(1994), except that data will be collected on an Applied Biosystems Incorporated (ABI) model 373
series automated sequencer. Sequence analysis, including SSCP screening (cf., Orita et al. 1989b),
will be conducted on an ABI model 377 automated sequencer.

Additionally, a sister set of tissues will be provided to a consulting laboratory, obtained through the
state procurement process, to aid in the screening for genetic damage. Responses to a Request for
Proposal (RFP) will be reviewed to select the best complimentary approach which may include
alternative techniques such as REF, DGGE, heteroduplex analysis (Delwart et al. 1993), amplified
fragment length polymorphism analysis (AFLP, Xue et al. 1993), or other approaches as identified
through the peer-review process (cf., Brunel 1994; see rationale in Section d. Alternatives, below).

b. Androgenesis

Androgenesis is a treatment in which eggs are treated with radiation before 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 pressure 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.

The relative survival of androgenetic haploids has been shown to be a sensitive measure of the
presence of deleterious mutations carried by sperm from a given male (Armstrong and Fletcher 1983;

11
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Gary Thorgaard, Washington State University [WSU], unpublished data). The use of androgenetic
haploids rather than androgenetic diploids is preferred because the diploids show poor pre-hatch
survival due to the heat or pressure treatments. Additionally, androgenetic haploids are sensitive to
recessive mutations that are lethal because both recessive and dominant mutations will kill haploid
embryos, while only dominant mutations will kill normal embryos with one chromosome set from
each parent. Recessive mutations are more likely to be the cause of the post-1991 embryo mortality,
as dominant deleterious mutations would tend to be rapidly purged from the genome.

In this project, eggs and sperm from pink salmon will be collected in Alaska by ADF&G, and the
androgenesis will be conducted at Washington State University using the Cobalt-60 gamma source at
the WSU Nuclear Radiation Center and WSU hatchery facilities.

Survival of androgenetic haploid individuals produced from 30 males from LPW oil-exposed
treatments will be compared with the survival of androgenetic haploids produced from 30 males from
LPW non-oiled controls. Each trial will be replicated three times. Using 100-200 eggs per replicate,
about 20,000 unfertilized pink salmon eggs will be required. Use of the Cobalt-60 radiation source is
the bottleneck of this experiment, so approximately 5,000 eggs will be shipped, with fresh sperm, to
WSU at 4-5 day intervals to optimize application of the gamma-ray treatments. Sperm will be
collected from individuals sampled for DNA assays (above), and results will be cross-referenced.

c. Data Analysis

Genetic variation will be scored for the informative categories: introns, microsatellites, and p53
HSRs. Individuals from both oil-incubated and clean-incubated groups (up to 50 individuals from
each treatment and control replicate available from the Little Port Walter experiments, see Restoration
Science Project 94191B) will be examined using a randomized design for corresponding loci.
Categorical data analysis will be used to test for differences in frequencies of genetic variants among
treatments and controls.

ANOVA and survival analysis will be used to test for differences in mortalities obtained from the
three replicates of treatment and control androgenic haploids.

4, Alternative Methodologies Considered

We conferred with individuals from some of the leading laboratories in the country working in this
field and synthesized the input of three peer reviewers over three years prior to establishing the above
protocol. Through this process we identified a number of procedures that are used to identify DNA
damage in response to genotoxic challenge.

DNA adduct analysis developed into use as a molecular dosimeter of response to genotoxic
compounds (reviewed in Reichart et al. 1994; see also Malins and Gunesman 1994). The correlation
of sediment concentrations of mutagenic PAHs and hepatic tumors lead investigators to the
understanding that the presence and persistence of PAH-DNA adducts are factors that directly relate to

12
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the carcinogenicity of a compound (Poirer et al. 1991; Reichart et al. 1994). Collier et al. (1994)
found a correlation between PAH in the sediment and DNA adducts in oyster toadfish. However,
germline mutations have not been indicated, and DNA adduct analysis was not recommended as a line
of investigation to pursue (J. E. Stein and T. K. Collier, National Marine Fisheries Service, personal
communication).

Several other short-term cytogenetic assays exist for evaluating the potential genotoxic effects of
chemicals and compounds. These methods are designed to identify four general types of genetic
changes: DNA microlesions, DNA macrolesions, primary DNA damage, and morphologic changes in
target cells (Brusick 1987; however, some of the most promising approaches rely upon tissue culture
techniques not yet successfully developed for salmonid tissues--R. M. Kocan, University of
Washington, personal communication). Sister chromatid exchange (SCE) measurement has become a
common technique for cytogenetic assays of primary DNA damage (Hsu 1982). The micronucleus
test (MNT) and anaphase aberration (AA) counts have become standard measures of DNA
macrolesions (Evans 1976; Kocan and Powell 1985; Kocan et al. 1985). These techniques are capable
of detecting and quantifying subtle chromosome changes. However we identified limitations to these
approaches for our purposes: (1) physical separation of metaphase and anaphase chromosomes for
visual scoring is required; (2) techniques for chromosome separation and isolation can be technically
involved and are not standardized between laboratories; (3) visual scoring of the desired endpoints can
be subjective; and (4) time involved for isolating and scoring chromosomes limits sample sizes to 100-
200 cells which reduces statistical accuracy and precision. Consequently, these cytogenetic
approaches were not recommended for inclusion in this study.

Finally, flow cytometry has been demonstrated to be as sensitive as the AA test for detecting
structural chromosome aberrations in dividing cells (Kocan and Powell 1985) and therefore provides a
useful technique for in vivo analysis of DNA macrolesions. Advantages of flow cytometry over other
approaches are that it is less technically involved, easier to standardize, less time consumptive, and
more statistically powerful. Flow cytometry can demonstrate the fate of chromosome/chromatid
damage in subsequent generations of cells. For example, comparisons of G, DNA content, G,
coefficient of variation, or presence of aneuploid cell populations can be used to test for the presence
of chromosome 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). Flow cytometry allows analysis of large numbers of cells (10°-10°) greatly increasing
statistical power, a motivating force behind development of flow cytometry for cytogenetic testing
(Deaven 1982). Sample preparation and measurement are reproducible, accurate, and can be
completed in several minutes versus several hours for visual microscopic scoring (Otto and Oldiges
1980).

In Restoration Projects R60C, 93003, and 94191, we probed for macrolesions using flow cytometry.
Useful results correlated exposures of very early embryos to seawater to the development of mosaic
and triploid genomes. Further study documented that those genome aberrations were not responsible
for the elevated embryo mortality observed in this series of studies (Miller et al. 1994). However,
because flow cytometry was not sensitive enough to detect germline damage in the pink salmon
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embryos of known oiling history, we are redirecting our efforts to focus on more sensitive screens for
microlesions (e.g., sequence-based analysis of mutational hot spots regions using an array of
approaches, Ike Wirgin, NYU Medical Center of Environmental Medicine, personal communication).
Further, previous reports of macrolesions detected through flow cytometry may be documenting
genetic damage that is subject to DNA repair mechanisms and not persistent in the germline (cf.,
Liguori and Landolt 1985; R.M. Kocan, University of Washington, personal communication).

During our survey of the literature and contact with outside experts we identified that the technology
for sensitive mutation screens is rapidly evolving. Modifications to the sensitive SSCP screen that we
propose were released during the preparations of this proposal (Liu and Sommer 1995). A change in
direction to focus upon a reverse-transcriptase approach to the study of mutations present in mRNA at
the time of embryo death was also suggested (Ike Wirgin, NYU Medical Center of Environmental
Medicine, personal communication, February, 1995). Because of the quickly changing nature of this
technology, ADF&G scientists decided to reshape the study to include the support of postdoctoral
researchers and/or applications specialists from outside sources, expert in technique development, to
collaborate in the application of novel mutation screens. A number of university laboratories, the
Applied Biosystems applications lab, and possibly the Environmental Conservation Division of the
Northwest Fisheries Science Center, have expressed interest in collaboration.

C. Contracts and Other Agency Assistance

The androgenesis subcomponent initiated by Dr. Gary Thorgaard, Washington State University
(WSU), will be continued with 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.

We plan to replace the efforts of staff scientist Gary Miller, who has left ADF&G, by supporting a
post-doctoral position at one of the Alaskan universities through a Reimbursable Services Agreement.

Finally, based upon discussions with peer reviewers and other experts, we programmed $50.5 K for a
subcomponent to be awarded through the State of Alaska procurement process to provide for an
applications laboratory to aid in the DNA assays using novel mutation screens. The cost was
estimated based upon the current typical cost of funding a post-doctoral scientist at a university
laboratory.

D. Location
Component 1:

Embryo sampling in PWS will be conducted in the fall on 31 streams (Figure 1). These
same 31 streams have been sampled annually since 1989.
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Component 2:

Gametes for the controlled incubation to assess physical stream characteristics will be
collected from as many as 16 streams in southwestern PWS - eight oiled and eight
control. Embryo incubation will take place at the Armin F. Koernig hatchery in PWS.

Component 3:

The exposure of gametes to oiled incubation substrate and their subsequent culture will
be performed at the National Marine Fisheries Service Laboratory at Little Port Walter,
Baranof Island, southeastern Alaska and are funded by Restoration Project 95191B.
DNA sequencing will be done at the ADF&G Genetics Laboratory in Anchorage.
Androgenetic haploids will be produced and cultured at Washington State University.
Additional DNA analysis will be done at a consultant laboratory to be determined by

RFP.

SCHEDULE

A. Measurable Project Tasks for FY 96

1. Component 1. Recovery Monitoring of Injury to Pink Salmon Embryos in Prince William Sound

15 Sep - 30 Oct 1995:
30 Oct 1995 - 30 Mar 1996:

30 Oct 1996 - 30 Mar 1997:

Embryo deposition sampling.

Analysis of brood year 1995 embryo data and completion of first
draft of 95191A report.

Analysis of brood year 1996 embryo data and completion of first
draft of 96191A report (97191A).

2. Component 2. Controlled incubation to evaluate the effect of physical stream characteristics

1 Aug - 15 Aug 1995:
15 Aug - 30 Aug 1995:

30 Aug - 15 Nov 1995:
15 Nov 95 - 30 Mar 96:

1 Aug - 15 Aug 1996:
15 Aug - 30 Aug 1996:

30 Aug - 15 Nov 1996:
15 Nov 96 - 30 Mar 97:

Preparation for brood year 1995 AFK incubation experiment
(95191A).

Collect gametes and make crosses from 16 PWS streams; begin
incubation of brood year 1995 gametes at AFK (95191A).

Monitor incubators and collect data for brood year 1995.

Analyze data for brood year 1995 and prepare first draft of 95191A
report.

Preparation for brood year 1996 AFK incubation experiment.
Collect gametes and make crosses from 16 PWS streams; begin
incubation of brood year 1996 gametes at AFK.

Monitor incubators and collect data for brood year 1996 (97191A).
Analyze data for brood year 1996 and prepare first draft of 96191A
report (97191A).
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3. Component 3. Laboratory examination of pink salmon gametes and embryos of oil-exposed

ancestry to assess genetic damage*

1 Oct - 30 Oct 1995: Initiate haploid androgenesis and novel mutation screen contracts.
15 Aug - 30 Oct 1995: Obtain gametes, spawn second generation (one generation from oiling

event). Send milt to University of Washington on contract to produce
androgenetic haploids.

15 Aug - 30 Oct 1995: Begin fertilized egg incubation. Begin analysis of embryos at ADF&G

genetics laboratory.

30 Oct 1995 - 15 May 1996: Continue fertilized egg incubation. Continue analysis of tissues at

ADF&G genetics 1ab using mutation screens.

15 May - 30 Sep 1996: Evaluate ADF&G results, subcontractor results, draft annual report

*All spawning, oiling, incubation, genetic sampling, and fish culture aspects will be done at Little
Port Walter by the National Marine Fisheries Service under Restoration Project 95191B.

B. Project Milestones and Endpoints

Component 1.

Annual review

Component 2:

Annual review

Component 3:

Annual review

terminate project component if embryo mortalities are not significantly different
between oiled and non-oiled study sites for two consecutive years for both the odd-
and two-even broodlines

terminate project component if results from laboratory studies of embryo mortality
are the same as results from field study (e.g. component 1)

terminate project component if results from aggregate of laboratory studies confirm
no finding of genetic damage; modify project if warranted by findings of ADF&G
and collaborating laboratories; expand project to examine genetic damage in other
species if findings warrant

C. Project Reports

Field activities will continue for two generations past when injury to salmon embryos 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 embryo data. The most significant
information on damages demonstrated in 1989 through 1992 were presented in a close-out reports for
NRDA Study #2 and Restoration Studies R60C and 93003. These results will also be published in a
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peer-reviewed journal. When restoration field work is complete, 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. An annual project report for FY 96 will be submitted by March 30, 1997.

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

The field data collection for Component 1 of this project is very specific to individual wild pink
salmon streams and follows most field activities of SEA (95320) and other pink salmon related
projects consequently extensive coordination of field activities is not feasible. However, the vessel
used by this project does collect physical and biological oceanographic data for the ADF&G, PWSAC,
and University of Alaska Cooperative Fisheries and Oceanographic Project, and these data will be
utilized by several SEA studies.

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 Modeling portion of SEA
for incorporation into a centralized ecosystem database.

ENVIRONMENTAL COMPLIANCE

Embryo sampling will require an ADF&G Title 16 permit and an ADF&G biological collections
permit. An ADF&G Fish Transport Permit will be required to obtain gametes from experimental
streams and transport them to AFK hatchery for the controlled incubation component and to WSU for
androgenesis studies.
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Figure 1. Location of streams to be sampled for embryo deposition.
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INJURY TO SALMON EGGS AND PRE-EMERGENT FRY INCUBATED IN
OILED GRAVEL (LABORATORY STUDY)

Project Number: 96191B

Restoration Category: Research

Proposer: Ron Heintz and Stanley Rice
NMEFS, Auke Bay Laboratory

Lead Trustee Agency: NOAA

Duration: 1 year

Cost FY 96: $159,600

Cost FY 97: 0

Cost FY 98: 0

Geographic Area: Southeastern Alaska

Injured Resource/Service: ~ Pink Salmon

ABSTRACT

We propose to test the hypothesis that incubating in oiled gravel results in genetic damage that results in
reduced reproductive capacity. Evidence collected from Prince William Sound after the Exxon Valdez
oil spill demonstrates differences in embryo survival rates between oiled and unoiled streams. In
addition, laboratory incubation of eggs from adults collected from oiled and unoiled streams
demonstrate that differences in embryo survival are heritable. It is not clear if the differences in embryo
survival are the result of oiling or some other selective process. This project will determine if oil can
cause heritable damage to pink salmon reproductive capacity. This requires culturing three generations
of pink salmon which provides opportunities to examine other immediate and long-term effects of
incubating in oiled gravel. The project is underway; oil exposures were completed in 1994, and this FY
96 proposal focuses on incubating eggs from maturing adults in 1995, and coded-wire tagging the
second generation for release in Spring 1996.

INTRODUCTION

This project tests the hypothesis that incubating in oiled gravel causes genetic damage to adult pink
salmon which leads to reduced reproductive ability. After the Exxon Valdez oil spill (EVOS), pink
salmon embryos developing in oiled streams had higher rates of mortality than embryos in unoiled
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streams, and this increased mortality rate appears to have been inherited (Sharr et al. 1994).
Unfortunately, estimates of pink salmon embryo survival for oiled and unoiled streams are not available
for the period prior to the spill, so the differences cannot be definitely attributed to oil contamination.
The intent of this experiment is to determine if incubating in oiled gravel results in reduced reproductive
capacity and if the reduction can be inherited. To demonstrate the effect of 0il on embryo survival we
need to expose a group of pink salmon to oiled gravel while they incubate. We can determine if there is
a genetic basis to the reduced reproductive capacity by continuing to culture the offspring of the exposed
fish. If the exposure history of the offspring’s parents can explain differences in the offspring’s
survival, then the differences can be attributed to the oil. However, reduced survival in the offspring
does not mean that the parents were genetically damaged, it only means that the parents could not
produce healthy eggs or sperm. To demonstrate that reduced embryo survival has a genetic basis, we
need to observe the embryo survival in their offspring’s offspring. If the same pattern of embryo
survival is observed in all three generations then we can safely conclude that there is a genetic basis to
the pattern, because the only direct link between the first and third generations is genetic.

We began testing our hypothesis by exposing the first generation of pink salmon to oil in 1993. These
fish will mature in September 1995, when we propose to begin culturing the second generation. The
exposures experienced by pink salmon in Prince William Sound (PWS) were easily mimicked in a
hatchery by filling 12 cm (30 inches) pipes with oiled gravel, standing them on end, and laying pink
salmon eggs on top. We simulated the intertidal environment by alternating fresh and salt water to the
incubators. Eggs were exposed to 7 different doses of oil, and over 71 incubators were used. During
this period we evaluated the immediate effects of incubating in oiled gravel. In September 1995, we will
begin a detailed analysis of the long-term effects by evaluating the marine survival, fecundity and
fertilization rate of returning adults from the earlier exposures. Long-term effects to be evaluated in the
second generation during FY 96 include survival to major developmental stages.

NEED FOR THE PROJECT
A. Statement of Problem

We propose to test the feasibility of the conclusion that oil caused increased embryo mortality in the
oiled streams of Prince William Sound. Despite convincing evidence from the field, we cannot be sure
that the elevated embryo mortality in oiled streams is the result of oil. Field evidence collected by Sharr
et al (1994) clearly showed that pink salmon embryo mortality was higher in oiled streams in 1989
through 1992. In addition, Sharr et al. (1994) demonstrated that embryos from oiled streams had higher
mortality regardless of the environment, by spawning and incubating eggs from oiled and unoiled
streams in a hatchery. Unfortunately, we do not know if the embryo survival rates differed between
oiled and unoiled streams before the spill. So, even though we know that embryo survival is lower in
oiled streams, and this property is observable even when the embryos are incubated in a hatchery, we
will never prove that the differences were caused by oil, because they may have been different before the
spill. The best we can do is to see if oil could have caused a decrease in embryo survival, and if that
effect has a genetic basis.
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B. Rationale

The two reasons for pursuing this research are that it has important implications for the pink salmon
Restoration effort, and its potential for demonstrating a dramatic effect of oil that has not been
previously described. If pink salmon in oiled streams are carrying a genetic mutation that interferes
with their ability to reproduce, then efforts to restore them may be greatly impeded. Efforts to restore
damaged pink salmon populations depend on fishery manager’s abilities to identify sources of mortality
and their persistence. Alternative strategies for restoration will be required if affected populations are
shown to carry sublethal mutations. This would be an unanticipated result of the oilspill, because the
genotoxic properties of low concentrations of crude oil have not been demonstrated. Mirinov (1969)
concluded that developing fish eggs and larvae exposed to low concentrations of oil suffered from
reduced survival and he expected survivors to continue experiencing effects. Al-Sabti (1985)
demonstrated that exposing rainbow trout to relatively high doses of crude oil for short time periods led
to increased chromosomal abnormalities, but he was unable to conclude that the observed abnormalities
would affect the exposed fish. Herring larvae collected from oiled spawning grounds in PWS had more
chromosomal abnormalities than larvae from unoiled spawning sites (Biggs et al. 1991). While there
may be some evidence of the genotoxic effects of oil, no one has shown how oil might affect
populations. The proposed study tackles this problem directly. If developing fish embryos and larvae
are shown to experience genetic damage when they are exposed to low concentrations of oil, then the
health of fish populations in the vicinity of tanker lanes or other chronic sources of oil should be
seriously questioned.

C. Summary of Major Hypotheses and Objectives

Even though the primary hypothesis cannot be tested until we are done incubating the third generation,
we can identify a number of other effects along the way. The primary hypothesis for this project is that
incubating in oiled gravel results in genetic damage to survivors, which requires culturing 3 generations
of pink salmon in a hatchery environment. The other effects we observe in each of the generations can
be classified as either immediate or long-term. Immediate effects are those effects that are observed
while embryos and larvae are being exposed to oiled gravel while long-term effects are identified after
oil exposures have ceased. Genetic damage is the most extreme long-term effect. Since the project is
underway, we have completed our analysis of the immediate effects of incubating in oiled gravel. These
effects include, but are not limited to reduced survival to emergence, altered emergence timing, delayed
development, and increased number of deformities at emergence. We have begun to determine some of
the long-term effects and will have more information after September, 1995. However, we have already
demonstrated an oil effect on growth 4 to 6 months after the exposures have ceased. Future analysis will
include the effects of oiling on marine survival, growth to maturity, fecundity, fertilization rate, and
offspring survival.

D. Completion Date

This project will be complete in FY 98, after the third generation of pink salmon has completed their
incubation.
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COMMUNITY INVOLVEMENT

No community involvement is needed for this project.

PROJECT DESIGN
A. Objectives
1. Determine the immediate effects that result from incubating in oiled gravel.

This objective is mostly complete; it includes measurements of embryo survival to eyeing and
emergence, hydrocarbon uptake, mixed function oxidase activity, histopathological damage,
emergence timing, and size at emergence.

2. Determine long term effects that result from incubating in oiled gravel.

This objective will be completed in early FY 96; it will include measuring growth from the
juvenile stage to maturity, marine survival, and fecundity.

3. Evaluate the feasibility of the hypothesis proposed by Sharr et al. (1994).

Although this objective will not be complete until FY 98, work begins in FY 96. It requires
determining if reduced embryo survival is heritable and if there is a genetic basis to the
reduction.

In FY 96, Objectives 2 and 3 require the following tasks:

1) Analyze and report on the effects of incubating in oiled gravel on marine survival, growth, fecundity
and fertilization rate from adults returning to the hatchery in September, 1995; 2) incubate the second
generation, evaluate survival to eyeing, hatching and emergence, and determine if there is a relationship
between parental exposure and offspring survival; and 3) release coded-wire tagged fry from the second
generation.

B. Methods

Demonstrating the genetic effects of incubating in oiled gravel (objective 3) requires culturing 3
generations of pink salmon. The first two objectives are reached en route to objective 3. The first
generation (P1) is exposed to oiled gravel during incubation, reared to maturity and spawned providing
data to assess objectives 1, 2. Embryos from the second and third generations are incubated in
uncontaminated environments. A demonstration of dose related differences in embryo survival in the
second generation (F1) indicates the P1 suffered damage to their ability to produce viable gametes that
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were either genetically or developmentally based. Identifying effects of the P1 on embryo survival in the
second generation (F2) provides the basis for identifying genetic damage.

Objectives 1 and 2: The data collected by the end of FY 95 will satisfy objectives 1 and 2. The P1
generation was spawned in 1993, incubation, embryo sampling and dosing chemistries were completed
in Spring 1994. Fish tagged with coded-wire tags were released in May 1994, and will return as mature
adults in September 1995 when marine survival, growth, fecundity and fertilization rate will be
measured. Analysis of this data will be completed in early FY 96. In 1992 a similar study was
executed, but exposed fish did not survive to maturity. Details of the incubation, embryo sampling and
chemical analysis of doses can be found in Heintz et al. (1994). Coded-wire tagged fish represent a
control and 3 doses of oil. The highest dose represented by the tagged fish has been shown to affect
embryo survival, emergence timing and growth 4 to 6 months after exposures have terminated.

Objective 3: In FY 96 we will begin working on objective 3. We propose to determine if there are
differences in the F1 embryo survival, and to tag and release surviving fry. Fertilized gametes will be
incubated in Heath trays and exposed only to clean fresh water. Each cross will represent a unique
pairing, with both parents having the same exposure history. Crosses will be kept separate during
incubation and randomly pooled for subsequent culture. During the incubation period, standard hatchery
practices will be equally applied to all crosses. At eyeing all eggs will be shocked and counted, dead
eggs will be also be counted and removed. At hatching, all dead eggs and alevins will be counted and
removed and the number of survivors will be estimated by subtraction. Yolk absorption rates will be
determined periodically (every 10 temperature units) after the cumulative number of degree days since
fertilization reaches 850. Heath trays will be emptied into saltwater netpens when 