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Pink Salmon 

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 
fmal 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 fmal 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 fm. 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 fm 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 theW. 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 h, a,, 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: 

(1) 
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number of tag codes released from hatchery h, 
tagging rate at release for the ith tag code ( defmed as number of tagged 
fish released with the ith tag code divided by the total number of fish in 
release group [), 
number of tags of the ith code found in sh and, 
number of brood stock fish examined in hatchery h. 

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 theW. 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 t to the sampled common property, cost-recovery, brood stock and 
special harvests, and escapement, C1 , will be estimated as: 

where 
xit 
Ni 
si 
Pr 
ah 
L 

= 
= 
= 
= 
= 
= 

number of group t tags recovered in ith stratum, 
total number of fish in ith stratum, 
number of fish sampled from ith stratum, 
proportion of group t tagged, 
adjustment factor associated with hatchery h, and 

(2) 

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

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

where 
u = 
~ = 
s = 
ctj = 
Nj = 

s 

u Ect. 
Cut = L N. * 

j=l J 
(3) 

~ s i=l 
LN. 

j=l J 

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 t to the sampled stratum j, and 
number of fish injth sampled stratum. 

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 t 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 C;, derived by Clark and Bernard (1987) and 
simplified by Geiger (1988) will be: 
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(4) 

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 Nand 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 t (~, will be estimated as: 

where 

= 

= 

(5) 

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

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 ~ is given by: 

v(st) = 

L 

z:; xit 
i=l 

Inseason Hatchery Contributions 

R 2 
t 

- 1 
(6) 

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 
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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 
(llpc) 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 theW. 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 
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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 VFDA 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: 

March- Apri11996: 
April15, 1996: 
June - Sept 1996: 

April15, 1997: 

Hire personnel; order supplies; create and test computer programs and 
spreadsheets; data analysis and reporting 
Apply tags to pink salmon fry at hatcheries 
Submit annual project report for FY 95 
Scan catches; recover tagged fish in harvests and brood stocks; 
recover/decode tags; provide inseason catch composition estimates by 
time and area 
Submit annual report for FY 96 

B. Project Milestones and Endpoints 

March - April1996: 
April15, 1996: 
June- September 1996: 
March- April1997: 

April15, 1997: 
June- September 1997: 
April15 1998: 

June- September 1998: 

Apri115 1999: 

Apply tags to brood year 1995 pink salmon fry 
Annual report for FY 95 
Estimate harvest stock composition for brood year 1994 
Apply tags to brood year 1996 pink salmon fry (if two year overlap with 
otolith marking program approved by Trustee Council) 
Annual report for FY 96 
Estimate harvest stock composition for brood year 1995 
Completion report for program (if only one year overlap with otolith 
program approved by Trustee Council) 
Estimate harvest stock composition for brood year 1996 (if these fry 
were tagged) 
Completion report for program (if two year overlap with otolith marking 
program approved by Trustee Council) 
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C. Project Reports 

An annual project report will be submitted by April15 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 



Project Number: 96186 

ENVIRONMENTAL COMPLIANCE 

This project has qualified for a categorical exclusion to the requirements of the National 
Environmental Policy Act. 
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Figure 1. Fishing districts and hatcheries of Prince William Sound, Alaska 
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Otolith Thermal Mass Marking of Hatchery Reared Pink Salmon in Prince William Sound 

Project Number: 

Restoration Category: 

Proposer: 

Lead Trustee Agency: 

Cooperating agencies: 

Duration: 

Cost FY 96: 

Cost FY 97: 

Cost FY 98: 

Cost FY 99: 

Geographic Area: 

Injured Resource/Service: 

ABSTRACT 

96188 

General Restoration 

ADF&G 

ADF&G 

Prince William Sound Aquaculture Corporation 
Valdez Fisheries Development Association 

Four years 

$93,200 

$100,500 

$100,500 

$48,800 (Closeout) 

Prince William Sound 

Pink Salmon 

This project will develop otolith mass marking as an inseason stock separation tool for pink salmon in 
Prince William Sound. lnseason 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 refme 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 TIV 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 198o•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 VFDA 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. 
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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 

6 



Project Number: 96188 

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 1111 

WHN (4X)48H:24C,(1X)96H:24C,(2X)48H:24C 1111 III 

AFK (5X)48H:24C IIIII 

VFDA (7X)48H:24C I III III 

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. 
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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: 
January- February: 
March - June: 
April15: 
July - September: 
April1997: 

Apply thermal marks to BY 95 embryos at four pink salmon hatcheries 
Collect samples from incubators to evaluate thermal mark quality 
Process and evaluate otoliths 
Submit annual project report for FY 1995 
Analyze data, make recommendations, develop FY 97 DPD 
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: 
December 1996: 
June 1996: 
June 1997: 
September 1997: 
February 1998: 
February 1999: 

Objective 1 -Apply thermal marks to brood year 1995 embryos 
Objective 1 -Apply thermal marks to brood year 1996 embryos 
Objective 2- Evaluate thermal mark quality for brood year 1995 
Objective 2- Evaluate thermal mark quality for brood year 1996 
Objective 3 - Evaluate tender sampling methodology 
Objective 4- Estimate harvest stock composition for brood year 1995 
Objective 5- Estimate harvest stock composition for brood year 1996 

C. Project Reports 

An annual project report will be submitted by April15 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: 

Restoration Category: 

Proposer: 
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Duration: 
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Cost FY 98 - 00: 

Geographic Area: 
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ABSTRACT 

96190 

Research 

Fred W. Allendorf 
University of Montana 

ADF&G 
Five years 

$167,700 

$250,000 

to be determined 

Prince William Sound 

Pink salmon 

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 

1 



Project Number: 96190 

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 out breeding 
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 (PAR's) from very low aqueous 
concentrations of crude oil. P AH'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/1 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 prespilllevels 
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 ofFish and Game. 
The primary laboratory aspects of this research would be carried out at the University of Montana. We 
propose to use the Alaska SeaLife 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 offish). 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 SeaLife 
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 of27linkage­
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 (Dania rerio) has been estimated to be 2317 centimorgans (eM; Postlethwait et al. 
1994). We expect the pink salmon map in females will be longer than this because ofthe 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 (VanderBeek and Van Arendonk 1993). For example, 99% of all loci in the 
zebrafish are estimated to be located within 20 eM 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 1 & 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, 1 0-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 (0. 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 ofthe 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 SeaLife 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 A vise (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 ofNorth 
America. In contrast, previous allozyme studies had not detected these genetic differences among these 
same populations. Karl and A vise 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 A TP production and 
protein catabolism (Koehn et al. 1988). We propose to distinguish between these hypotheses by 
comparing the effects on marine survival ofDNA 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. Koemig 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: 

1 Oct 95-31 Mar 96: 

1 Apr 96 - 30 Sep 96: 

15 Aug 96- 30 Sep 96: 

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

Initial screen of odd- and even-year fish for DNA polymorphisms. 

Screening of DNA polymorphisms to test for Mendelian 
inheritance and joint segregation. 

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

Pink Salmon 

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 (P AH 1 s) from very low aqueous concentrations of crude oil. P AH 1 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/1 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 1s 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 
Powell1985, 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, micro lesions 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-1 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 
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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 
fmgerprinting (REF; Liu and Sommer 1995), denaturing gradient gel electrophoresis (DGGE; Hovig 
et al. 1991; Brunei 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. 

2. 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. 

3. 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. 

4. 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. 

(2) 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 ni, 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. 
(4) Numbers and condition (live or dead) of embryos by species. 
(5) 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 0. keta and coho 0. 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 ni (Eu) will be estimated 
by: 

= L:LEijk 

0. 3nij 
( 1) 

where LEijk is the number of live embryos found in the l(h dig, in stream i, zone j, and 1\j 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: 

M .. = 
~J 

l: ( LEeijk + DEeijk + LF eijk + OF eijk) 
( 2) 

where DEeijk• DFeijk• LEeijk• and LFeijk are the number of dead embryos, dead fry, live embryos, and 
live fry for the ICh 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)]. 

ll: (DE .. k +OF .. k) j 
L . t - 1 e~J e~J og1 .. - n 

~J l: ( LEeijk + LF eijk) 
( 3) 

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

Y .. k = J-1 + 0. + Z. + (OZ) .. + Sk('l + e(~J'kl. 
~J . . . ~ J ~J ~ ~ 

( 4) 

The two treatments will be extent of oiling, (Oi, 2 levels; oiled and non-oiled), and height in the 
intertidal zone (Zj, 4levels; 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 (~(i)), 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 max-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 (a = 0.05), four contrasts (oil vs. non-oiled for the four stream zones) and 
corresponding Bonferroni family confidence intervals (a = 0.10 overall) will be estimated. 

Extent of oiling for analysis will be based on 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: 

(5) 

where Yijk is embryo mortality for sample day i, oil contamination level j, and stream k; p, is the 
model mean; Bi is sampling day a blocking variable; q is the level of oil contamination (oiled or not 
oiled); and Eijk 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 
cx=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 Fmax-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. 
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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 
fmally (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 Marshall1991). 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 GH-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., Brunei 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; 
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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 P AHs and hepatic tumors lead investigators to the 
understanding that the presence and persistence of PAH-DNA adducts are factors that directly relate to 
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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 Powell1985; 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 Powell1985) 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 q DNA content, G1 

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 (1o'-105

) 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 macro lesions 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: 
15 Aug- 30 Oct 1995: 

15 Aug - 30 Oct 1995: 

Initiate haploid androgenesis and novel mutation screen contracts. 
Obtain gametes, spawn second generation (one generation from oiling 
event). Send milt to University of Washington on contract to produce 
androgenetic haploids. 
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 lab 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 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 

Component 2: 

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

Component 3: 

Annual review 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 fmdings 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 
NMFS, Auke Bay Laboratory 

Lead Trustee Agency: NOAA 

Duration: 1 year 

Cost FY 96: $159,600 

CostFY 97: 0 

CostFY 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 oil 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. Ifthe 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 em (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 ofincubating 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 (F 1) indicates the P 1 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 ofFY 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 the fry average less 
than 2% yolk. Emergent fry will be reared in saltwater netpens until they have been tagged with coded­
wire tags. Tagged fry will be counted and released five days after tagging. 

The proportion of fish surviving to each major developmental stage will be related to the parental dose 
using the following fixed effects model: 

where Yijk is the survival of the k1
h cross from parents exposed to oiling concentrationj, and spawned 

on day I; f.h is the model mean; ti is the effect of the i1
h spawning date, Cj is the effect of the j1

h oil 
concentration; tiCj is the interaction between spawning date and dose, and Eijk is random error. 

The expected number of coded-wire tag recoveries in September 1995 should provide adequate power to 
evaluate this model. Each cross represents a replicate observation. Approximately 3,500 coded-wire 
tagged fish were released from each of three doses and the control. Assuming 2% survival and a 50% 
fishery interception rate 35 fish should return from each dose. If the sex ratio is 50% female then a 
minimum of 1 0 crosses can be expected. The proposed model will detect a 10% reduction in survival to 
emergence with 95% certainty 80% of the time if there are 4 replicate observations per dose. The 
variance for the power analysis was taken from an experiment where pink salmon eggs were incubated 
in water contaminated by percolating through oiled gravel. The procedures for this experiment were 
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described in Restoration Study 94191. All assumptions of normality and homogenous variances will be 
evaluated for each model tested. 

The assumptions required for planning the tagging of the PI and Fl generations are based on experience. 
The assumption of2% survival is the average weir recovery rate for the odd year line escaping to the 
Sashin Creek weir. Fisheries existed at the time the Sashin Creek escapements were counted, but they 
did not include fisheries associated with the Armstrong Keta hatchery. The Alaska Department ofFish 
and Game (B. VanAlen personal communication) provided the estimated fishery interception rate for 
stocks in District 109. This estimate should be conservative because it includes interceptions by the 
fisheries associated with the Armstrong Keta hatchery, and interceptions already accounted for by the 
weir recovery rates. Other factors that may further influence survival include, the reduction in survival 
due the presence of a coded-wire tag, poor mark recognition and straying. While reliable estimates of 
these differentials do not exist for Sashin Creek, the model clearly has sufficient power to detect 
differences in survival with even 40% of the estimated recovery. 

After emergence, fry from the Fl generation will coded-wire tagged and released. Approximately 
18,000 coded-wire tagged fish representing each dose will be tagged. Tag lots will consist of 6,000 half 
length tags, with the lots applied in random order. Fish will be held for five days before counting and 
releasing them, and aliquots of 500 fish from each lot will be retained for 30 days to determine the tag 
retention rate. The same set of assumptions used for the power analysis suggests that survival in the F 1 
generation in 1997 should be sufficient to provide for spawning the F2 generation. 

The heritability of survival in the F2 generation will be calculated two ways (Falconer 1980). One 
estimate ofheritability will be obtained by regressing the survival of the F2 generation on the survival of 
their parents. Estimates of parental survival will be used because parental identities will be lost when F 1 
crosses are pooled into tag lots. However, the average survival for each tag lot will be recorded and used 
as the proxy for the parental value. A second estimate will be obtained by using a mating design which 
will allow for identifying sire and dam effects. 

C. Contracts and Other Agency Assistance 

No contracts or other agency assistance will be required for the remainder of this project. 

D. Location 

This project is under way at the Little Port Walter hatchery on Baranoflsland in southeastern Alaska. 
Performing the experiment in southeastern Alaska isolates the effects of oil on pink salmon without 
confounding them with environmental effects. 
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SCHEDULE 

A. Measurable Project Tasks for FY 96 

October I -May IO: 

May I3- May 24: 

Evaluate growth and fecundity data collected from PI generation, incubate FI 
generation, collect survival information at eyeing, hatching and emergence. 
Tag FI generation fry with coded-wire tags, and release. 

June I - August I: Report on growth and fecundity in PI and embryo survival in FI generation. 

B. Project Milestones and Endpoints 

I992 Brood Year 

Period Complete Tasks 

Juli5- Sep I5 I992 X Oil gravel, set up incubators 

Sep I5 I992- Sep I5 X Spawn pink salmon, collect 
I993 incubation data, pond fry, 

culture fry, PIT tag and move 
to netpens. 

Sep I5, I993- Sep I5 X Culture tagged fish in netpens, 
I994 observe growth rates, size at 

maturity and fecundity. 
Obtain gametes, spawn second 
generation. 

I993 Brood Year 

Period Complete Tasks 

Jul15- Sep I5 I993 X Oil gravel, set up incubators 

Sep I5 I992- Sep I5 X Spawn PI, collect incubation 
I994 data, pond fry, coded-wire tag 

and release some fry, culture 
remaining fry, PIT tag and 
move to netpens. 
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Sep 15, 1994- Sep 15 X Culture tagged fish in netpens, 
1995 recover tagged fish at weir, 

observe growth rates, size at 
maturity and fecundity. 
Obtain gametes, spawn F 1 
generation. 

Sep 15 1995- May 15 Incubate F1 generation, 
1996 observe survival to each major 

developmental stage, coded 
wire tag and release. 

May 15 1996- Sep 15 Collect gametes from returning 
1997 F1, cross and begin incubation 

ofF2. 

Sep 15 1997- May 15 Evaluate embryo survival in F2 
1998 at all major developmental 

stages. 

C. Project Reports 

1992 Brood Year 

Period Complete Tasks 

Sep 15, 1993 X Write first interim report: 
summarize effects of oil on 
development of pink salmon 
embryos including survival to 
eyeing and emergence, size and 
timing of emergence, and 
frequency of gross lesions. 

Sep 15 1994 X Write second interim report: 
summarize the effects of oil on 
pink salmon survival and 
growth in the marine phase. 

May 15 1995 mprogress Write a final report on 
histopathological effects of 
incubating in oiled gravel 
including MFO analysis and 
dosing chemistries. 
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1993 Brood Year 

Period Complete Tasks 

Sep 15, 1994 X Write second interim report 
include: effects of oil on 
development of pink salmon 
embryos including survival to 
eyeing and emergence, size and 
timing of emergence, and 
frequency of gross lesions. 

Aug 15, 1995 in progress Write Final report on effects of 
oiled gravel on P 1 embryo 
development and growth 
during early marine growth. 

Oct 15 1995 Write the third interim report: 
describe effects of oiled gravel 
on P 1 marine survival and 
fecundity. 

Oct. 15 1996 Write fourth interim report 
describing the effects the P 1 oil 
exposures had on the 
incubation of the F 1. Also, 
describe tagging ofF 1. 

Oct. 15 1997 Write fifth interim report 
describing the effects the P 1 oil 
exposures had on the marine 
survival and fecundity of the 
F 1. Also, describe spawning of 
the F2. 

Oct. 15 1998 Write Final report describing 
the genetic effects the P 1 oil 
exposures had on the 
development of the F2 
embryos. 
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COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

This project combined with Restoration Study 96191A is aimed at verifying the functional sterility 
hypothesis proposed by Sharr et al. (1994). Restoration Study 96191A will determine if fish returning to 
oiled streams have persistently lower gamete viability than fish returning to unoiled streams. 
Unfortunately, study 96191A cannot demonstrate that reduced embryo survival in the oiled streams is 
caused by the oil. Study 96191B tests the feasibility of this conclusion by determining the effect of 
incubating in oiled substrates on embryo survival and subsequent gamete viability. 

The methods and objectives ofRestoration Study 96191B parallel Restoration Study 96076. Both 
studies seek to identify long-term effects associated with incubating in oiled gravel, use the hatchery at 
Little Port Walter, the same exposure protocol, and the same stock of pink salmon. Recovery programs 
associated with each project are completely complementary, as are the tagging programs. While this 
study aims at identifying the heritable effects of incubating in oiled gravel, study 96076 examines the 
effects of incubating in oiled gravel on pink salmon homing ability and survival. 

Data provided by the project proposed under the title "Pink Salmon Spawning Habitat Recovery" can be 
combined with dose response curves generated by this study to estimate the potential for damage in 
Prince William Sound (PWS). Samples, collected from some of the streams surveyed by Sharr were 
collected in 1989 under Response projects, were never analyzed by GC/MS. The project proposed under 
"Pink Salmon Spawning Habitat Recovery" aims to identify and analyze samples collected from 
important pink salmon spawning streams, and will identify the exposure levels pink salmon experienced 
in PWS streams in 1989. 

Together these four projects (96191A, 96191B, 96076 and the study proposed under "Pink Salmon 
Spawning Habitat Recovery") will provide a detailed picture of the nature and scope of damage 
experienced by pink salmon in PWS. Projects 96191B and 96076 provide dose response curves for 
genetic and behavioral damage, while the unnumbered project permits linking the laboratory studies to 
field observations in PWS. Projected responses may be confirmed by 96191A. 

ENVIRONMENTAL COMPLIANCE 

Broodstock for the 1992 and 1993 broods required an ADF &G Fish Transport Permit. 
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Ms. Molly McCammon 
Executive Director 
Exxon flaldez Oil Spill Trustee Council 
645 G Street Suite 402 
Anchorage, AK 99501 

Re: Changes in Projects 96076 and 96 19 1 B 

Dear Molly: 

. ~ lC ac.)--.~ t <- -1 l -£t s---
UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service (i.A/Y\.Q_· ... ds Q-oQ 
Office of Oil Spill Damage v I 

Assessment and Restoration 
P.o. Box 210029 
Auke Bay, Alaska 99821 

January 3, 1996 

This letter is to provide you with an overview of the changes made to Projects 96076 and 
96191 B. Originally, 191 B had a "placeholder" budget, because it was unknown what the returns 
in September 1995 would be. As it turned out, the returns were better than expected, and 
continuing the project was well supported because ofthe continuing oil effects observed. As 
you know, we proposed to combine these projects in the November Pink Salmon reviews in 
Anchorage and to reduce the temporal scope of 96076 in order to greatly reduce the costs of the 
research, while still maintaining our primary scientific objectives. The budget approved by the 
Trustee Council at its December meeting was for the reconfiguration of the two projects, at the 
levels we proposed and coYered at the ;\ovember meetings. This letter follow up confirms the 
reconfiguration., confirms the final report for 191 B. and the budgets approved and required to 
accomplish these projects 

Project 96191B- This project wilt be closed out in FY- 1996. The project will complete the 
evaluation of gamete \ ·iabi lity of 1993 brood year pink salmon (P- 1 fish) exposed to oiled 
incubation substrate by monitoring the survi \·al of progeny (F-1) of these fish to the fry stage. 
After final evaluations of the F -I progeny (size, survivaL timing of emergence), which will be 
completed after emergence in April I 995, the fry from control and treated groups will be tagged 
in the spring of 1996 and reieased The Final Report for I 91 B will be completed by November 1, 
1996. and will include extensive revie\\ of the P-1 resul t s (direct exposures), from egg to adult, 
and will cc·ntain The results :o dat.:= oft l;e F- 1 (no cirect exposures), from egg to fry release . 

The next phase cf the 1918 resec.rch, 1:-:e gamete \ iabiEry ofthe F-1 fish, will be evaluated as part 
ofthe 076 resear~h in 199/ lnd 19 98. I:"su t71ciem numbers ofF-! fish return, their reproductive 
viabi lity v .. i ll den:onstrate whether exp05ure of the P-I fi sh caused heritable genetic damage. W c 
will be \vo:-king ,,·ith q uanti:Jtive genet:.:ists :rom L' AF JCFOS to design the F-1 breeding """ "~ ""· 
experi ments, whi.:h \\.-:>uld s:3.rt at the e:-.d of FY 9- . anc carry over into the front half of FY -~\ 
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Project 96076- The major change to this project was to eliminate the exposure, tagging, and 
recovery of the 1996 brood year pink salmon. Thus the project will involve a single (1995) brood 
year of pink salmon. It retains the objectives of examining the effects of oiled incubation substrate 
on straying and survival to spawning; it utilizes 076 fish to reexamine, at higher resolution, the 
impact of oil exposure on subsequent reproductive viability; and it retains the objectives of 
examining the effects of stock, transplant, and tagging on straying. The basic design of the 
project remains the same other than the elimination of the 1996 brood. We did make a change in 
the implementation plan based on the results of the 1995 field work and recovery of strays 
returning from Project 9 5191 B. We increased the amount of effort planned in 1997 for sampling 
strays and estimating escapements for surveyed streams within approximately 30 km of the natal 
watershed. We hope to better refine the sampling strategy for both streams and local fisheries in 
the 1997 DPD in consultation with Dr. Mundy and ADFG scientists. 

This revision of the two projects reduces the projected FY 96-99 costs from $2,271.0 K as 
originally proposed in the 1996 Work Plan to SJ,408.0 K, for a savings ofalmost S900 K (see 
table below). We do lose the ability to look at interannual variation in straying and survival under 
this configuration However, we thought this loss was worth the substantial savings, as we do 
retain our original scientific objectives. Under this scenario, we can continue the promising 
enquiry into the damage caused by the exposure of pink salmon embryos to oiled incubation 
substrate. The series of experiments at Little Port Walter have already yielded some extraordinary 
results on the effects of oil on ;:he embryo survi\·al, subsequent growth, and reproductive viability 
of pink salmon. The straying component will determine if oil was a factor in the high straying 
rates obser>:ed in P\VS following the oil spill, ar.d provide insight into factors influencing homing 
and straying of wild pink salmon po;Julations. Information on the spatial patterns of straying, and 
the factors that affect them, ha·,e direct bearing on such issues as the genetic interaction of wild 
and hatchery stocks and restoration ;-nanagemer.l strategy. 

! Summary of Budget Changes for Projects 19lB nnd 076. 
i 

1 S Th.:lusands) I 
! 

i Ori~::1al P:--opo:::..::s Revised Proposals 

: Fiscal Ye<::-- 191 070 Cor.:]ined 191 076 Combined 

1996 169 '63 160 394 554 

1997 120 71:.' )3 5 0 619 619 

1998 88 s:s _:,13 0 235 235 

1998 0 26 =' :::60 0 0 0 

T.:otal 377 tss....: ":::71 160 12'-18 1408 



Please let us know ifyou need more information on these projects prior to the Annual Reports 
and 1997 Detailed Study Plans. The December federal government furloughs have caused 
considerable logistics nightmares with our Little Port Walter operation, and have caused an 
inordinate amount of frustration and adrenalin flow. Keeping Little Port Walter functioning 
during this period has been our highest priority. 

cc: Byron Morris 
Jeep Rice 
Sandra Schubert 
Bob Spies 

Sincerely, 

~/(~r 
Alex Wertheimer f-C9-? 
Principle Investigator "4--tu 

Bruce Wright 
Program Manager 
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Pnstane Momtormg m Mussels and Predators of Juvemle Pmk Salmon & Hernng 

Project Number 96195 

RestoratiOn Category Research and Momtorillg 

Proposer Jeffrey W Short 
NMFS, Auke Bay Laboratory 

Lead Trustee Agency NOAA 

DuratiOn 1 year 

Cost FY 96 $114,800 

Cost FY 97 $85,000 

Cost FY 98 $85,000 

Cost FY 99 0 

Cost FY 00 0 

Geographic Area Pnnce Wilham Sound 

Injured Resource/Service Pillk Salmon, Pacific Hemng 

ABSTRACT 

This project will measure pnstane ill predators of juvemle pmk salmon and larval hemng to determme 
the dietary dependence of these predators on alternative prey, Neocalanus spp copepods This project 
Will also mom tor pnstane ill mussels as an illdrrect illdex of potential year-class strength for pmk salmon 
and hemng These results Will be used to evaluate the prey-switching hypothesis of the SEA plan, and 
to Identify cntlcal manne nursery habitat m Prmce Wilham Sound 

INTRODUCTION 

Pnstane IS a hydrocarbon bwsynthesized from chlorophyll by herbivorous copepods m the genera 
Cal anus and Neocalanus These copepods are the only proven modem marille source of pnstane 
(Avigan & Blumer, 1968, J Lipid Res 9 350, It also occurs m petroleum), and they typically contam 
concentratiOns that approach 1% dry weight (I e 10,000,000 ppb) As a branched alkane, pnstane IS 
highly hpophihc and resistant to metabolic degradatiOn, which suggests that It may be a useful "tracer" 
molecule that would quantitatively label fats m predators of these copepods (Blumer et al, 1964, Helgo 
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Wiss Meeres 10 187) The low detectwn hmit (about 100 ppb) ofthe illexpensive analytical method 
further suggests the utility of pnstane as a natural mdicator of energy flow from these copepods to lugher 
tropluc level predators 

The hydrocarbon database produced for the Exxon Valdez Natural Resources Damage Assessment 
(NRDA) and RestoratiOn phases from 1989 to 1995 provide an opportunity to evaluate the distnbutwn 
of pnstane among species m an ecosystem where Calanus and Neocalanus copepods are rmportant prey 
(Neo)Calanus spp are marme zooplankters about 3- 8 mm m length, and can be the dommant manne 
herbiVores m Pnnce Wilham Sound (PWS) dunng the spnng phytoplankton bloom They are 
consequently Important prey durillg the reproductive penod of many predator species Followillg the 
Exxon Valdez ml spill, some 50+ species and 20+ tissue types were collected and analyzed for 
hydrocarbons, mcludillg pnstane 

Exammatwn of the Exxon Valdez database shows that the distnbutwn of pnstane among these species 
and tissues IS generally consistent with known trophic relatwnslups We see about a 1 0-fold decrease of 
pnstane concentratiOns m hpids at successive tropluc levels (herbivore to grazer to pnmary predator to 
secondary predator) Important duect copepod predators Identified mclude storm petrels, hemng, and 
JUVemle pmk salmon In additiOn, pnstane concentratiOns that range to 50,000 ppb (dry weight) are 
evident m filter feedmg orgamsms such as mussels and some clams dunng spnng Recent experrments 
conducted at the Auke Bay Laboratory confirm that an rmportant route of pnstane accumulatiOn ill these 
filter feeders IS through mgestwn of fecal matenal denved from (Neo)Calanus predators, e g Juvemle 
pmk salmon and hernng Pnstane concentratiOns ill PWS mussels therefore reflect the timmg and 
simultaneous abundance of (Neo)Calanus spp and then predators ill seawaters adJacent to sampled 
mussels 

Together, these results suggest that tissue analysis ofpnstane may be used as an mexpensiVe new tool to 
mvestigate the PWS manne ecosystem mat least 3 ways First, such analyses may Identify predators 
that have a duect dietary dependence on (Neo)Calanus spp, and these predators may mclude heretofore 
unrecogmzed "prey-sWitching" species that switch predatwn to larval hernng and JUVemle salmon m 
years of relatively low copepod abundance Prey-switchillg has been hypothesized as maJor determmant 
of pmk salmon and hemng recruitment success ill the SEA studies Second, a regular momtonng 
program for pnstane m mussels durmg spnng could provide a quantitative basis for companng illter­
annual energy flow through (Neo)Calanus spp to commercmlly rmportant predators such as hemng and 
pmk salmon Tlus may provide a relatively mexpensive illdicator of survival through the early JUVemle 
stages for these species Fillally, the momtonng program could Identify locatwns where this flow IS 
consistently high, I e cntical marme habitats These approaches may clanfy some of the Important 
natural factors that affect recruitment of e g JUVemle salmon and hemng, wluch IS necessary for 
determmmg the restoratiOn of these resources 
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NEED FOR THE PROJECT 

A Statement of Problem 

Determmatwn of the causes of the dramatic declilles ill populatiOns of pmk salmon and hemng 
followillg the Exxon Valdez 01l spill reqmres an assessment of the natural factors that affect recruitment 
of these species, because any toxic effects of the spill may otherwise be confounded with these natural 
factors In addition, these natural factors Impose constraillts on the recovery potential of these species 
Pmk salmon and hemng are Identified as species that have not recovered If the recent populatiOn 
declilles of these two species are the result of changes ill the basic ecology ofPrmce Wilham Sound due 
to natural phenomena (e g El Nillo), then recovery of these populatiOns to pre-spill levels may not be 
possible, and the cntena for recovery must recogmze these changes 

B Rationale 

The proposed proJect will provide evidence that may be used to evaluate why populatiOns of pillk 
salmon and hemng are not recovermg One of the maJor natural factors hypothesized as a constraillt on 
the recovery potential for these species IS prey-switchillg by predators on the larval and JUVemle stages 
Under this hypothesis, predators are thought to concentrate on larval and JUVemle pmk salmon and 
herrmg predatiOn m years of low copepod abundance, but switch their concentratiOn to copepods m 
years of higher abundance The proposed proJect addresses this hypothesis ill two ways first, by 
Identifyillg unrecogmzed "pre-switchmg predators", and second, by mdrrectly momtorillg surviVal 
throughjuvemle stages IdentificatiOn of prey-switching predators will permit subsequent evaluatiOn of 
whether the Identified species really do substantially determine recruitment success of pmk salmon and 
herrmg 

Annual momtonng of pnstane concentratiOns ill mussels throughout Pnnce Wilham Sound will permit 
an illdrrect evaluatiOn of whether pmk salmon and herrmg survival through the Juvemle hfe stages 
pnmanly determmes year class strength ill the first place In addition, the momtorillg will Identify 
rmportant marille nursery areas for these species, the conservatiOn of which may promote theu recovery 
Momtorillg pnstane m mussels will be necessary for at least 5 consecutive years to provide a mimmal 
statistical basis for any observed relatiOnship between vanatwn ofpnstane concentratiOns ill mussels and 
recruitment success of pmk salmon and herrmg 

C Summary of Major Hypotheses and Objectives 

This proJect has three objectives (1) Identify "prey-switchmg predators", I e predators that prey on 
JUVemle pmk salmon and herrillg, but may sWitch to (Neo)Calanus spp durillg years of higher copepod 
abundance, (2) provide an annual quantitative mdex of pmk salmon and hemng surviVal through the 
JUVemle hfe stages, as evidenced by measurements of pnstane m mussels, and (3) Identify Important 
marme nursery areas for the JUVemle hfe stages ofpmk salmon and hemng ill Prillce Wilham Sound 
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D CompletiOn Date 

The proJect elements that address the IdentificatiOn of prey-sWitching predators Will be completed ill FY 
96 The momtormg element Will be performed annually for 5 years, FY 96 through FY 00 

COMMUNITY INVOLVEMENT 

Involvement of spill-area residents ill the momtonng element of this proJect IS more than just 
appropnate The most expensive part ofthis proJect Is collectillg mussels from beaches ill Prmce 
Wilham Sound at specific times dunng sprmg and summer Hatchenes ill the Sound have already 
cooperated With the development of this proJect by collectillg nearby mussels at the appropnate trmes 
and storillg them until the end of the season for pick-up It would be highly desrrable to expand such 
cooperative efforts to illclude high schools ill commurnties and villages ill the Sound To this end, we 
Will try to recruit illterested students and teachers to estabhsh convernent collectiOn statiOns ill therr 
commumties, and we Will provide a "science-urnt" for each participatillg school that explaills the 
ratiOnale of the proJect at the high school level, and compares specific results for each school with the 
results for the whole effort The underlyillg biOlogy of this proJect gets to the heart ofhow the Sound 
turns sunlight illto fish, which we beheve can provide a very useful teaching resource at the high school 
level 

PROJECT DESIGN 

A Objectives 

1 Measure concentratiOns of pnstane m 500 tissue samples of 5 fish and 1 sqmd species to evaluate 
the dietary dependence of these JUVernle pmk salmon and larval herrmg predators on an 
alternative prey species, the copepod Neocalanus plumchrus, m Pnnce Wilham Sound (FY96 
only) 

2 Measure pnstane concentratiOns m mussels collected biweekly durmg sprmg fro 30 statiOns m 
Prmce Wilham Sound to evaluate mter-annual vanabihty of energy conversiOn from 
(Neo)Calanus copepods to therr nearshore, shallow sea-depth predators (FY 96- FY 00) 

3 Determme the eXIstence and locatiOn of regions Inside Prmce Wilham Sound where the energy 
conversiOn of objective 2 above IS consistently above average, and synthesize these data over 
trme and geographic locatiOn each succeedmg proJect year (FY 96 - FY 00) 

B Methods 

Objective 1 This will be addressed by companson of pnstane concentratiOns m the muscle or mantle 
tissues of these predators collected m early Apnl before the zooplankton bloom, m mid-May durillg the 
peak of the bloom, and m late summer after the bloom Pnstane concentratiOns m these predators Will 
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also be compared with concentratiOns m known copepod predators which are archived m the Exxon 
Valdez NRDA hydrocarbon database The predator species mclude adult pollock (Theragra 
chalcogramma), JUVemle tom cod (Mzcrogadus proxzmus), JUVemle pacific cod (Gadus macrocephalus), 
capelm (Mellotus vellosus), JUVemle northern smoothtongue (Leuroglossus stzlbzus schmzdtz), and sqmd 
(Berryteuthzs magzster) 

Samples of each of these species will be collected m early Apnl, mid-May, and late summer from each 
of2 distmct geographic regwns m the Sound under proJect 96320I (SEA Confmnmg food-web 
dependencies) A total of 500 samples are anticipated, which will permit about 14 observatiOns for each 
classificatiOn This relatively high rephcatwn IS necessary to estimate the magmtude and form of the 
underlymg vanance distnbutwn for pnstane concentratiOns m these matnxes Tissues Will be excised 
and freeze-dned for stable Isotope analysis for proJect 96320I, and a sub-sample of the freeze-dned 
tissues Will be sent to Auke Bay Laboratory for pnstane analysis Thus, results produced under this 
proJect and proJect 96320I Will be drrectly comparable, so results from both proJects may cross-vahdate 

The sigmficance of differences among sample means Will be determmed by 2-factor analysis of variance 
(ANOVA) for each predator species mdependently, where factors mclude season and geographic 
locatiOn for each species, after appropnate transformatiOn of the concentratiOn data to satisfy the 
homoscedastic requrrements of ANOV A If necessary 

Objectives 2 & 3 These obJectives Will be addressed by determmmg the seasonal varrabihty of pnstane 
concentratiOns m mussels (Mytzlus eduhs) collected from 30 statiOns established m 1994 m Prmce 
Wilham Sound Mussels will be collected biweekly begmmng on or about Apnl 1 through June 1, then 
July 1 and August 1 for a total of 7 collectiOn penods and 210 mussel samples The collectiOn frequency 
IS Imtially higher to more accurately estabhsh the onset of the Imtial nse of pnstane concentratiOns m the 
mussels, which may vary from year to year Collected mussels Will be stored frozen and analyzed for 
whole-body pnstane concentratiOn 

Mussels (20) will be collected from selected mussel beds and placed mto a plastic bag together With 
collectiOn documentatiOn (I e date, tlille, locatiOn, collector) Selected mussels will Ideally be m the 
length range 20 - 45 mm Mussels are collected along a transect parallel with the shorelme, With 1 
mussel collected every consecutive meter Previous results archived m the Exxon Valdez restoratiOn 
database for hydrocarbons mdicates that pnstane concentratiOns m mussels collected m this way are 
representative of entrre mussel beds 

Pnstane concentratiOns m mussels will be analyzed statistically usmg repeated-measures ANOV A, both 
mtra- and mter-annually The mtra-annual repeated-measures ANOVA will be used to determme 
whether pnstane concentratiOns m mussels differ sigmficantly among statiOns The mter-annual 
ANOV A will be used to evaluate vanabihty of a pnstane accumulatiOn mdex (P AI) calculated for each 
statiOn each year The P AI IS calculated as the product of pnstane concentratiOn and samplmg mterval, 
and IS an approXlillatwn of the mtegral of concentratiOn and time at each statiOn V arrabihty of this 
mdex will be used to evaluate the sigmficance of pnstane concentratiOn differences among years for the 
Sound as a whole, and to evaluate persistent annual differences among statiOns Results from FY96 will 
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be combmed with results from 1994 and 1995 to examme annual varmbihty, although the power Will be 
low The power Will mcrease substantially With each succeedmg year of results 

Pnstane Analysis The chelllical analysis of pnstane mvolves dichloromethane extractiOn of macerated 
or freeze-dned tissues, hpid removal with sihca gel, and separatiOn and measurement of pnstane by gas 
chromatography eqmpped with a flame wmzatwn detector Pnstane measurement will use the mtemal 
standard method, With deuterated hexadecane added to the dichloromethane lllltially as the mtemal 
standard Pnstane IdentificatiOn will be based on retentiOn time relative to the mtemal standard Quahty 
control samples mclude method blanks, spiked method blanks, and reference sample analyzed with each 
batch of20 samples to venfy method accuracy, preclSlon, and absence of laboratory mtroduced artifacts 
and mterferences Recovery of the mtemal standard will be determme by addmg a second mtemal 
standard pnor to mstrumental analysis Method detectiOn hmits Will be assessed annually for the mussel 
tissue matnx, and these detectiOn hffilts will be assumed for the other matnxes analyzed Based on 
previous performance, we anticipate accuracy of± 15% ofNatwnal Institute of Science and Technology 
(NIST)-certlfied values for the spiked blank and reference samples, preclSlon of 95% of reference 
samples withm ± 15% of sample means, and laboratory artifacts below detectiOn hmits more than 99% 
of the time This level of analytical performance will msure that vanabihty due to sample analysis IS 
negligible compared With vanabihty among replicate mussel samples 

Percent mmsture and percent hpid will also be determmed m samples so that results may be analyzed on 
dry weight and hpid weight bases Dry weights will be determmed by heatmg samples at 60 C to 
constant final weight Lipid proportiOns will be determmed from weight loss due to dichloromethane 
extractiOn 

C Contracts and Other Agency Assistance 

There will be no contracts under this proJect 

D LocatiOn 

All field samplmg Will be m Pnnce Wilham Sound, all pnstane analyses will be m Juneau, Alaska The 
science umts will be most appropnate for residents and students ofPnnce Wilham Sound, but will be 
avmlable for others as well 

SCHEDULE 

A Measurable ProJect Tasks for FY96 

FY96 
Oct 1 -Jan 1 
Jan 1 -Feb 1 
Feb 1- Mar 1 

Analyze data from FY 95 
Prepare and present results from 1994 & 1995 at workshop 
Prepare annual report, report for pubhc & high schools (94 & 95 data), prepare 
logistics for FY 96 field season 
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Apr 1- Aug 1 
Aug 1- Sep 30 

FY97 

Collect mussel and predator tissue samples 
Analyze collected samples for pnstane 

Analyze data from FY 96 

ProJect Number 96195 

Oct 1- Jan 1 
Jan 1- Feb 1 
Feb 1- Mar 1 

Prepare and present results from 1994 & 1995 at workshop 
Prepare annual report, report for public & high schools (94, 95 & 96 data) 

B Project Milestones and Endpomts 

Objective 1 will be met m FY 96 Objectives 2 & 3 should be met by FY 00, and possibly sooner, 
dependmg on how the results turn out The endpomts are completiOn of the statistical analyses descnbed 
under Methods above 

C Project Reports 

This proJect requrres consistent multi-year fundmg to be successful Annual reports are therefore 
appropnate, but publicatiOn m a peer-reviewed Journal Is also anticipated for all proJect obJectives, when 
collected data become sufficiently defimtive Annual reports will be submitted on March 1 of each year 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

This proJect IS closely coordmated With the SEA proJects m general, and with SEA proJect 96320I m 
particular The proposed methods afford an mdependent assessment of hypotheses Irntially advanced by 
SEA participants ProJect 96320I Will supply the tissue samples of the predator species, obviatmg the 
expense of duplicative collectiOn and msunng data comparability CollectiOn of mussels will be 
coordmated With proJect 96090 (mussel bed proJect) as appropnate 

ENVIRONMENTAL COMPLIANCE 

This proJect Will have no environmental Impact, therefore does not need an Environmental Assessment 
or Environmental Impact Statement 
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Genetic Structure of Prince William Sound Pink Salmon 

ProJect Number 96196 

Restoratwn Category Research and Momtorillg 

Proposer Alaska Department of Ftsh and Game 

Lead Trustee Agency Alaska Department of Ftsh and Game 

Cooperatmg Agencies Washmgton Department of Ftsh and Wildlife 

Duratwn 4 years 

Cost FY 96 178 5K 

Cost FY 97 178 5K 

Cost FY 98 130 OK 

Geographic Area Prillce Wilham Sound 

InJured Resource/Service Pillk Salmon 

ABSTRACT 

Prevtous workers found that wild-stock pmk salmon suffered both drrect lethal and sublethal illJUnes 
as a result of the Exxon Valdez oil spill An understandillg of the populatwn structure of pmk salmon 
ill Prillce WIlham Sound 1s essenttal to assess the 1mpact of these ill Junes on a populatwn basts and to 
devtse and 1mplement management strategies for restoratwn Tills proJect 1s designed to delilleate the 
genetic structure of populatwns of wild pmk salmon mhabttillg the Sound 

INTRODUCTION 

In th1s contilluillg proJect we delilleate the genetic structure of populatwns of wild pmk salmon 
mhabttillg Prillce Wilham Sound We are testillg for both temporal and geographical structurillg 
among even- and odd-year races by exammmg genetic differences between early-and late-season 
spawners, upstream and illterttdal spawners, and stream of spawmng Tills knowledge of genetic 
structure will be used ill order to 

A Correctly illterpret and apply the filldillgs obtailled from the proposed ecosystem analyses 
(96320 A-P) on a populatwn basts 
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B Provide genetic mformat10n needed for nsk assessment and genetic morntormg of 
supplementatiOn programs (e g , proposed as a result of Trustee Council ProJects R105, 95320 
A-P, or 95093) to gutde populatiOn-specific restoratiOn and enhancement 

C Better drrect harvest management decisions made for restoratiOn purposes on a populatiOn­
specific rather than spectes-spec1f1c basts Our goalts to provide the basts for key management 
decisiOns by defmmg the genetic structure of representative populatiOns from throughout PWS, 
measurmg both wtthm- and between-populatiOn d1vers1ty 

We propose to examme spawnmg populatiOns from the even-year broodlme and the odd-year 
broodlme each for two years Two years of analysts 1s needed m order to confrrm stability of 
populatiOn structure across years 

To date the Trustee Council has funded collectiOn of 18 odd- and 45 even-year putative populatiOns 
for genetic analyses A comprehensive smte of both nuclear (allozyme) and IDitochondnal (mtDNA) 
markers IS bemg screened In 1994 we contracted with Washington Department of Ftsh and Wildlife 
to analyze 32 even-year and two odd-year collectiOns usmg allozymes The report on those results IS 
pendmg In 1995 we are contmumg to collect and analyze samples, thus far we have analyzed seven 
odd-year populatiOns for allozyme vanat10n and etght even-year populatiOns for restrictiOn fragment 
length polymorphlsm of mtDNA PrelliDlllary results show stgrnficant differences between upstream 
and mterttdal spawnmg populatiOns w1thm the same stream, we have also observed stgruftcant 
differences between west-Sound, east-Sound, and Island populations 

NEED FOR THE PROJECT 

A Statement of Problem 

Htstoncally, wild stocks produced appromately ftve-hundred-milhon pmk salmon (Oncorhynchus 
gorbuscha) fry whlch emerged from streams throughout Prmce Wilham Sound (PWS) each year to 
IDigrate seaward Adult returns of wild pmk salmon averaged from 10 to 15 IDilhon ftsh annually 
Urulke returns of adult hatchery fish, these returnmg wild-stock adults play a cnttcal role m the total 
Prmce W illtam Sound ecosystem they convey essential nutrients and mmerals from the marme 
ecosystem to estuaries, freshwater streams, and terrestrial ecosystems Both JUVeniles and adults are 
IIDportant sources of food for many fishes, brrds, and mammals Wild pmk salmon also play a maJor 
role m the economy of PWS because of therr contnbut10n to commercial, sport, and subsistence 
ftshenes m the area 

Wtld-stock pmk salmon suffered both drrect lethal and sublethal mJunes as a result of the Exxon 
Valdez ml spill (EVOS) Pmk salmon embryos and alev1ns suffered mcreased mortality, dliDIDlshed 
growth, and a hlgh mctdence of somatic cellular abnormalities as a result of spawnmg ground 
contammat10n and rearmg m mled areas Elevated mortality of embryos m the oiled streams has 
contmued through 1993, three generatiOns after the oilmg, suggestmg that genetic damage may have 
occurred (see discussiOns m Sharr et al 1993, Miller et al 1994) Also, m 1989 the commercial 
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harvest of prnk salmon had to be shifted away from the hatchery and wild stocks m the oiled areas to 
target only the wild stocks m East Prmce Wilham Sound This resulted mover-harvest and depletiOn 
of these stocks evidenced by general run failures of East Prmce Wilham Sound stocks of non-hatchery 
ongm m 1991 

Prmce WIlham Sound Is also the center of one of the State of Alaska's largest aquacultural mdustnes 
Alaska Department of Fish and Game has been grapplmg With management of the wild stocks m face 
of mtractable hatchery/wild-stock mteract10ns for nearly a decade The EVOS-related damages to 
wild stocks, coupled with full-scale hatchery egg takes, has exacerbated wild-stock management 
concerns The commercial fishmg mdustry and the two aquaculture associatiOns are facmg senous 
financial challenges due to the alteratiOns m management Imposed resultmg from declmes m 
abundance of wild prnk salmon 

B Rationale 

It IS essential to manage and restore the damaged prnk salmon resources on a populatiOn basis m order 
to conserve between-population diversity While "stock" IS used by biologists as a convement term 
designatmg fish that spawn at a certam time at a certam place, stocks may not be genetically distmct 
from each other, also, a stock may be composed of multiple genetically divergent groups 
"PopulatiOn" descnbes genetically distmct groups of fish which are the buildmg blocks of species 
Gene flow IS restricted between populatiOns (thus carbon flow IS restricted--see related proposals m 
Trustee Council proJect 96320), and this resultmg between-populatiOn diversity IS responsible for 
many aspects of the fitness of the species In the case of commercially harvested species hke prnk 
salmon, fitness IS defmed to mclude the peak productivity and long-term sustatnabhty Between­
population diversity provides optimal production for species mhabitmg diverse ecosystems such as 
PWS, highly diverse populatiOn miXes also provide a biological buffer to envrronmental change 
(droughts, floods, maJor earthquakes, and other routme events that occur m Alaskan ecosystems) 

Understandmg genetic structure of the wild stocks mhabitmg PWS IS cntical to therr management and 
conservatiOn For example, managmg on too fme a scale may adversely affect the fishmg mdustry 
and waste management resources, while managmg on too large a scale may result m loss of genetic 
adaptatiOns and diversity m the wild pmk salmon populatiOns withm Prmce WIlham Sound 
Knowledge gamed through this proJect IS needed to correctly mterpret and apply the fmdmgs obtamed 
from the proposed ecosystem analyses on a populatiOn basis, more properly defme the population­
level nature of the damage documented m previous study of EVOS damaged prnk salmon, and 
otherwise gmde the decisiOn-making process m the management-onented restoratiOn of the EVOS­
damaged pmk salmon populatiOns The same knowledge of populatiOn structure will be used for 
genetic momtormg and nsk assessment, requrred to evaluate any supplemental restoratiOn programs 
(e g , related work m proJects such as Trustee Council ProJect 95093) This momtormg and nsk 
assessment IS analogous to the process currently bemg conducted to evaluate supplemental restoratiOn 
of damaged populations on the Columbia River by the Northwest Power Planmng Council (Waples et 
al 1991) Ftnally, the baselme InformatiOn provided by this study Will be essential for any future 
gene flow studies such as those proposed m Trustee Council proJect 95093 
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Even- and odd-year classes may have mdependent populatiOn structures because of the ngtd two-year 
hfe cycle of pmk salmon For example, chmacuc, tectomc or other such events (such as the 1964 
earthquake or the 1989 oil spill) may affect the population structure of one year class, cycle through 
subsequent generatiOns, and leave the alternate cycle of year-classes relatively unchanged Therefore, 
we are exammmg the populatiOn structure of both even- and odd-year classes 
We are contmumg to examme populatiOn structure by usmg both nuclear (usmg allozyme 
electrophoresis) and m1tochondnal (mtDNA) approaches m this ongomg project Both allozyme 
analysts and mtDNA analysts will be used to dtscrtmlnate populatiOns and descnbe population 
structure Genetic studies usmg allozyme analysts have proven especially useful for the conservatiOn 
and management of populations of pmk salmon (e g , Shak:lee et al 1991, White and Shaklee 1991), 
we are also expandmg our ptlot analysts usmg mtDNA analyses, as our prelliDlnafY data has shown 
potential usefulness for detectmg geographic 1solat10n 

Allozyme analysts remalOS the preferred approach for study of populatiOn genettcs of salmomds 
because of 1ts power to resolve populatiOns of many species m the tetraplmd-denved faiDlly by 
assaymg many nuclear loct raptdly and at low cost (Allendorf 1994) Addttmnal advantages of 
allozymes m this study mclude the fact that a pre-mlspill allozyme data set extsts for compartson, and 
also many laboratones cooperate on mter-10St1tutional exam1nat1ons of pmk salmon usmg allozymes, 
provtdmg a support structure mcludmg a wealth of compatible data for compartson among Pactftc nm 
populatiOns (e g , Beacham et al 1985, 1988, Shaklee et al 1991, White and Shaklee 1991, Shaklee 
and Varanskya 1994) 

The utthty of mtDNA approaches to dtverstty studtes ts controversial (espectally for study of 
salmomds) for reasons such as high relative cost and slow relative throughput (Allendorf 1994, 
Smouse et al 1994), additionally, sometimes mtDNA data reveal less dtversity than that detected 
through allozymes because mtDNA loct are absolutely lmked, cannot recombme, and are maternally 
mhented as a smgle locus (compare the lack of d1vers1ty observed for mtDNA m chum salmon m Park 
et al (1993) wtth the abundance of allozyme dtversity scored for Slffillar populattons m Wmans et al 
(1994)) However, adJacent pmk salmon populations tend to be closely related (Shaklee and 
Varanskya 1994), and our FY 95 haplotype data mdtcate an east-west-tsland and upstream-mtert1dal 
separatiOn of populatiOns wtthm Pnnce Wilham Sound We beheve that the complementary use of the 
two techmques should provtde opttmal resolutiOn of the populatiOn structure for this study 

C Summary of MaJor Hypotheses and Objectives 

The maJor hypothests of this study Is that gene flow IS restrtcted among temporal and spatial ISolates 
wtthm Prmce Wilham Sound That restricted gene flow results m genetic structure, knowmg that 
structure ts 1mportant m order to conserve and restore the damaged populatiOns 

Our pr1mary obJective 1s to tdentlfy the structure of pmk salmon populations mhab1tmg Prmce 
Wilham Sound We will mvestlgate both temporal and spatial separation of populatiOns Temporal 
separation will be tested by mvestlgatwn both odd- and even-year spawnmg aggregates and early- and 
late- spawnmg aggregates from the same streams Spatial separatiOn wtll be mvesttgated by testing for 
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genetic differences between upstream- and downstream-spawnmg adults Withm streams, stream to 
stream differentiatiOn, and regwn to regwn dlfferentmtwn 

D Completion Date 

September, 1998 

COMMUNITY INVOLVEMENT 

Tlus proJect also has had strong support from the Prmce Wilham Sound Aquaculture CorporatiOn and 
the Cordova fishing commumty smce It was first drafted m 1991 Wherever possible, local-hire will 
be used to fill field positiOns reqmred for samplmg or for routme laboratory positions People from 
the commumties m PWS will have an opportumty to participate m this proJect as employees of the 
ADF&G wluch gives local residents pnonty m hrrmg for state employment 

The laboratory portiOn of the proJect IS currently performed m Anchorage It will be moved to the 
Alaska SeaLlfe Center m Seward when that facility IS available Agam, local hrre will be used when 
possible, and ADF&G plans to participate m all of the educatiOnal and outreach programs scheduled 
for the Center 

PROJECT DESIGN 

A ObJeCtives 

Our obJective IS to defme the genetic structure of pmk salmon stocks m the EVOS-affected area of 
Prmce Wilham Sound We will test for 

1 Genetic differences between upstream and mtertidal pmk salmon spawners withm the same 
streams 

2 Genetic differences between pmk salmon spawners from different streams Withm Prmce 
WIlham Sound 

3 Genetic differences between pmk salmon spawners from different regiOns withm Prmce 
WIlham Sound 

4 Genetic differences between pmk salmon spawners with different run tlllllllgs withm the same 
streams 

5 Genetic dlfferences between odd- and even-year pmk salmon spawners 

6 Inhentance of untested putative allozyme alleles 
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B Methods 

1 Field Samplmg 

Physwgraphy of Prmce Wzllzam Sound 

TISsues for baselme genetic data will be collected from up to 100 mdividuals from each of 30 
spawnmg aggregatiollS of each year class Pmk salmon have a two-year life cycle Even and 
odd-year pmk salmon are genetically distmct (Beacham et al 1988), so both must be sampled 
At the recommendatiOn of a peer reviewer, samplmg will be based on the physiography of 
Prmce Wilham Sound and will mclude areas uplifted and areas unaffected by the 1964 
earthquake (Figure 1) Samplmg locatiollS will mcorporate a broad geographical distnbutiOn 
Withm the Sound (Table 1) mcludmg three hatchenes (Valdez Arm, Cannery Creek and Armm 
F Koermg) and 27 spawnmg aggregates from wild-stock streams 

Samplmg will be designed to mclude both early and late stocks and mter-tidal and 
upstream-spawnmg stocks Because abundance of pmk salmon varies annually, selection of 
spawnmg aggregatiollS will be determmed by field personnel who will be 111Structed to sample 
streams that maximiZe the ability to mvestigate temporal (between years and withm years) and 
spatial (between streams and withm streams) compariSOllS Tissue samples from heart, liver, 
muscle, and aqueous humor from each mdividual will be Immediately frozen on hqmd mtrogen 
and returned to Anchorage for storage at -8~ C 

2 Laboratory Analysis 

Allozymes 

Genetic data will be collected usmg the techniques of allozyme electrophoresis on all samples 
(Utter et al 1987, Seeb et al 1987) A pre-oilspill data base of allozyme frequencies from 12 
loci eXIsts for Prmce Wilham Sound pmk salmon (Seeb and Wishard 1977) which facilitates 
analyses of potential changes of populatiOn structure and gene flow An extellSIVe allozyme 
screenmg was undertaken by Washmgton Department of Fish and Wildlife (WDFW), 
subcontractor on this project m 1994, to maximiZe the potential number of available gene 
markers for exammation m this project The 72 loci resolved (Table 2) are greater m number 
than those exammed many previous study (Beacham et al 1988, Shaklee et al 1991, Shaklee 
and VarallSkya 1994) 

Allozyme techniques will follow those of Harns and HopklllSon (1976), May et al (1979), and 
Aebersold et al (1987), nomenclature will follow the Amencan Fishenes Society standard 
(Shaklee et al 1990) Gels will be scored usmg on-lme scormg programs developed by the 
ADF&G and WDFW Genetics Laboratones Both data collection and management systems 
provide extellSIVe documentatiOn of results and error checkmg capabilities, and both facilitate 
rapid collatiOn, analysis, and reportmg of genetic data m order to ellSure rapid turnaround, 
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complete documentation, and Immediate availability of summary statistics A photographic 
record of each gel will be made 

A Wmdows based application (Microsoft Wmdows 3 1) developed by ADF&G Genetics 
Laboratory wtll be used to calculate allele frequency estimates, to test for conformation of 
genotype frequencies to Hardy-Wemberg expected frequencies usmg likelihood ratios, and 
calculate Net's (1978) genetic distance and Cavalli-Sforza and Edwards (1967) genetic 
dtstance This application will also be used to perform hierarchical analyses usmg G-Statistics 
(modtfted from Werr 1992) to determme If stgmftcant population substructurmg eXIsts among 
Prmce Wtlliam Sound pmk salmon based on the followmg cntena even versus odd-year, 
upstream versus mterttdal spawnmg locatiOn, early versus late run, and geographic location of 
spawnmg 

We will estimate genetic relationships by denvmg a netghbor-Jommg tree (Sattou and Net 
1987) wtth Cavalli-Sforza and Edwards (1967) genetic dtstance and a UPGMA tree (Sneath 
and Sokal1973) wtth Net's (1978) genetic dtstance RESTSITE (Net and Mtller 1990) and 
BIOSYS-1 (Swofford and Selander 1981) will be used to calculate the netghbor-Jommg and 
UPGMA trees, respectively The stability of these trees wtll be tested usmg Lanyon's 
Jackknife (Lanyon 1985) 

Ftnally, all allozyme data will be merged mto the state and federal mter-agency databases 
mamtamed by NMFS, ADF&G, and WDFW 

Mztochondnal DNA 

A pilot study usmg mtDNA analyses was conducted on a subset of samples m 1994 Those 
results and additional analysts m 1995 are promismg, showmg heterogeneity between eastern 
and western and tsland PWS populations for haplotype vanation detected at the NADH5/6 
regiOn Some, but not all compansons, show heterogeneity between upstream and mterttdal 
spawners as well Scope of analysts of mtDNA wtll be mcreased to mclude an examtnation of 
40 mdiVtduals each from a subset of the 30 stocks analyzed for allozyme vanatton 

DNA wtll be extracted usmg Puregene DNA Isolation kits for animal tissues (Gentra Systems, 
Inc P 0 Box 13159, Research Tnangle, N C 27709-13159) This process mcludes (1) a 
buffered solutiOn that protects the DNA from degradation, (2) a Proteinase K dtgest to 
deactivate the proteins, (3) an RNase treatment to dtgest RNA, (4) protem precipitatiOn to 
remove Protemase 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 wtll be amplified usmg the polymerase cham reaction (PCR, Saiki 
et al 1988, Kocher et al 1989, Chapman and Brown 1990, Carr and Marshall1991) 
Amplified DNA will be cut wtth the seven restriCtiOn enzymes found to detect haplotype 
polymorphisms (of the 30 screened m 1994, Table 3) and electrophoresed on agarose gels 
Fragments will be visualized under UV light, and a photographic record will be made of each 
gel 
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Smce genes which are encoded by the nntochondnal genome are mhented as a smgle urnt (1 e , 
analogous to lmked loci), the restnctwn sttes detected for each enzyme, for all regiOns 
exannned, will be pooled as composite haplotypes The frequencies and dtstnbutwns of these 
composite haplotypes will then be used to exannne the structure of salmon populations 

Nucleotide (d) and haplotype (h) diversity measures (Net 1987) will also be calculated for all 
populatiOns usmg the restnctton enzyme analysts package (REAP) of McElroy et al (1992) 
These measures estimate the number of nucleotide substitutiOns per stte between DNA 
sequences (1 e , sequence divergence) and the amount of DNA polymorphism wtthm 
populatiOns, respectively These values will then be used to calculate an overall genetic 
distance (Net 1978) between populatiOns, which m tum, will be used to generate a branchmg 
dtagram usmg the Fttch and Margohash (1967) least-squares algonthm m the PHYLIP 
(Felsenstem 1993) package This dendrogram will depict relatiOnships among the populatiOns 
Expenmental Matzngs 

In addition to collectmg allozyme data from fteld collectiOns, we will do expenmental matmgs 
to venfy the genetic basts of Isozyme vanat10n for putative allelic polymorphisms that have not 
been tested m pmk salmon 

In the 1994 exannnatton of even-year collectiOns, the subcontractor tdenttfted numerous 
Isozyme polymorphisms that were previOusly undescnbed (Table 4) The recently tetraplOid 
salmornds often express an abundance of tsozymes from the duplicated loci, and new alleles 
can lllitially be difficult to score (cf, Marsden et al 1987) Difficulty can artse m 
dtstmgmshmg among cryptic vanatwn, smgle-locus vanatwn from tsolocus parrs, and 
phenotypic variatiOn with a non-genetic basts The genetic basts and state of duplicatiOn for 
these newly-found polymorphisms must be confrrmed before they are mcorporated mto 
populatiOn structure analyses (e g , see May et a1 1975, Seeb and Seeb 1986) 

The best method to confrrm the genetic basts of such polymorphisms Is though mhentance 
studies We will screen 50 males and 50 females from the Arnnn F Koerrng Hatchery to 
Identify those mdtvtduals expressmg polymorphism for the tsozymes listed m Table 4 Tissues 
and gametes will be collected at the hatchery and flown to Anchorage Allozyme analysts will 
be conducted on the same day, and smgle-parr matmgs Will be done producmg one or more 
fannhes segregatmg for each of the polymorphisms Fannlies will be raised at the ADF&G 
Genetics Laboratory m Anchorage until electrophoresis can be performed on the appropnate 
tissues Inhentance will be deternnned by scormg phenotypes of the progeny and perfornnng a 
goodness-of-fit test to Mendelian values expected from both duplicated and non-duplicated loci 
Scores for polymorphisms with confrrmed genetics basts Will be mcorporated mto the data base 
for further analyses (above) Jomt segregatiOn, If observed, wtll be reported as a courtesy to 
the scientific commurnty (cf, May et al 1982) 
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C. Contracts and Other Agency AssiStance 

Because of the 1994 State of Alaska hrrmg freeze, Alaska Department of Fish and Game Geneitcs 
Laboratory subcontracted the allozyme portiOn of ProJect 94320D to Washington Fish and Wildlife as 
the best -qualified bidder Identified through the state procurement process The soundness of this 
decisiOn was confirmed through the peer review of ProJect 95320 by mdependent consultants to the 
Chief Scientist of the Trustee Council 

However, the cost of the subcontract to WDFW m 1994 exceeded the total amount awarded by the 
Trustees to the ADF&G Genetics Lab This cost mcrease was due to many factors mcludmg (1) 
elevated costs of performmg the work outside of ADF&G, (2) accommodatiOn of ProJect 94320D to 
peer-review recommendatiOns for mcreased analysis of stocks m southwestern PWS to test 
outbreedmg-depress10n hypothesis (to explam embryo mortalities observed m results of Trustee 
Council ProJect 94191), and (3) a decisiOn to add additional loci to the locus screen made by the 
prmcipal mvestigator (JES) as a result of negotiatiOns with the subcontractor ADF&G handled the 
resultmg budget problem mtemally m FY 94 by appropnately supplementmg the subcontract with 
funds from Trustee Council ProJect 94191 and by postponmg some of the ADF&G mtDNA analyses 
until FY 95 

These contractual shortfalls were ameliorated m the budget for FY 95 That budget mcluded a 
subcontract for contmued work by WDFW for the analyses of 2000 samples of odd-year ongm The 
provision for this contract-extensiOn was mcluded m the terms of the 1994 award to WDFW 

At this wntmg, It IS our mtent to contract the allozyme portiOn of proJect 95320 to Washington 
Department of Fish and Wildlife However, they are unable to commit to this or future contracts until 
they perform an mternal program review 

Budgets for FY 96 and beyond reflect costs for analysis of allozyme samples m Anchorage or Seward 
at ADF&G facilities 

D LocatiOn 

The field portiOn of this proJect will be conducted m Prmce Wilham Sound (based out of Cordova, 
Alaska), part of the allozyme analyses may be performed by WDFW m Olympia, Washington, and the 
remammg allozyme analysis, the mtDNA analysis, expenmental matmgs and fish culture, and data 
analyses will be completed m Anchorage, Alaska The laboratory and fish-rearmg portiOns of the 
proJect will be moved to the Alaska Seahfe Center m Seward when that facility IS available 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

Start -up - March CollaboratiOn with WDFW on FY 95 allozyme analysis 
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Start -up - September In-house allozyme analysts of archlve samples collected pnor to 1995, 
mtDNA analysts 

July - September 
September - April 1977 
April1977 

Fteld collectiOns of 1996 samples 
Numencal analysts of laboratory data 
Ftnal report of FY 96 results 

B Project Milestones and Endpomts 

May 30, 1995 
December 30, 1995 
April 30, 1996 

December 30, 1996 
Apnl30, 1997 

December 30, 1997 
September 30, 1998 

Contractor's report for allozyme screen of 1994 samples 
Complete mtDNA screen of populatiOn samples collected durmg 1994 
Complete evaluatiOn of populatiOn structure of populatiOns collected durmg 
1994-1995 
Complete screen of populatiOn samples collected durmg 1995 
EvaluatiOn of populatiOn structure of Prmce W ill1am Sound and other related 
populatiOns collected through 1996, plannmg for mop-up sample collectiOn for 
spawnmg aggregates missed m previous years 
Complete screen of populatiOn samples collected 1996 
Complete evaluatiOn of stability of populatiOn structure across years 

C Project Reports 

Apnl 30, 1996 Ftnal report for FY 95 m the form of manuscnpt submitted to Journal 
Apnl 30, 1997 Ftnal report for FY 96 
September 30, 1998 Fmal proJect report m the form of manuscnpt submitted to Journal 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

PreviOus assessments of egg and fry survival m oiled and unoiled streams demonstrated detrimental 
effects of EVOS on pmk salmon (Natural Resources Damage Assessment Fish/Shellfish Study # 2 
Injury to Salmon Eggs and Preemergent Fry and EVOS Trustee Council Projects R60C, 93003, and 
94191 Ozl Related Egg and Alevzn Mortalztzes) The hentable, genetic nature of the damage was 
revealed m matmgs performed as a part of ProJect 93003 In response to those findmgs, coded-wrre 
tag recovenes from pmk salmon m PWS (e g , Natural Resources Damage Assessment Ftsh!Shellftsh 
Study # 3 and Projects R60A and 93067) were used to reduce the fishmg effort on wild pmk salmon 
"populatiOns" through ftshenes management Yet the actual genetic structure of pmk salmon 
populatiOns m Prmce W 1lham Sound remains unknown 

Therefore, Trustee Council ProJect 96320-D was designed to provide a genetic basts for the 
hatchery/wild-stock components of Project 96320 Prznce Wzllzam Sound Ecosystem Investzgatwn and 
to provide the mformat10n essential for population-specific management through such proJects as 
94184 Coded-W rre-Tag Recovenes from Pznk Salmon zn Prznce Wzllzam Sound Fzshenes and others 
that may be proposed as a consequence of 96320 
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Also, samplillg for 96320D will be done ill coordillatwn with other restoratiOn programs ill order to 
reduce costs and facihtate cross-referencillg of bwlogical data For example, some smtable samples 
were collected as a part other studies illclUdillg Trustee Council ProJects R60C and 94191, and 95191 
Samplillg for 1996 will be illtegrated between Trustee Council ProJect 96191 and this proJect 

ENVIRONMENTAL COMPLIANCE 

The studies proposed provide for data collectiOn and field samplillg programs No envrronmental 
effect of these programs occurs beyond that of traditional fishenes management data collectiOn 
activities These actiVIties are withm exiStillg collectillg permits or Federal specml use permits Issued 
to the Department of Fish and Game for scientific data collectiOn No other permits or other 
coordillatwn activities are illvolved Tills proJect received a categoncal exclusiOn under the N atwnal 
Environmental Pohcies Act 
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Prmce Wilham Sound Youth Area Watch-Revised DPD 

ProJect Number 96210 

RestoratiOn Category Subsistence 

Proposer Chugach School Distnct 

Lead Trustee Agency ADF&G 
Cooperatmg Agencies 

DuratiOn 3 years 

Cost FY 96 $115,000 

Cost FY 97 $100,000 

Cost FY 98 $100,000 

Geographic Area Pnnce Wilham Sound, mcludmg Cordova Harbor and Orca Inlet, Port San 
Juan and Evans Island, Tatitlek Narrows, Boulder Bay and Landlocked Bay 

InJured Resource/Service Multiple resources 

ABSTRACT 

The proJect sets out a plan to mvolve students m current research proJects funded by the Trustee Council 
and conducted m Prmce Wilham Sound It IS the mtent of the proJect to Identify four research proJects 
that the participatmg students can be mvolved, and give them the optwn ofworkmg on one or all of 
them These research proJects mclude pnstane/mussel analysis, harbor seal bwlogical samplmg, 
oceanographic data collectiOn and fish momtonng This IS a pilot proJect that will be expanded m the 
second year of this three year proJect Students pnmanly from Chenega Bay and Tatitlek, but also youth 
from outlymg areas, will be offered the opportunity to partiCipate 

The Chugach School District will hire a proJect coordmator with a background m the fields of educatwn 
and science Under this supervision, the students Will gam the techmques necessary to Implement 
research activities that ultimately result m restoratiOn By mvolvmg someone who IS both an educator 
and has science expenence, the proJect can bndge the gap between scientific research and meamngful 
apphcatwn of proJect activities Youth can take part m the research process and understand Its 
apphcatwn to therr environment through appropnate oversight 
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ProJect Number 96210 

Thts proJect seeks to mcrease the awareness of youth regardmg the effects of the Otl Sptll and encourage 
therr mvolvement m research and restoration The youth m the commumtles must become mvolved m 
the restoration process tf they are to have any future understandmg of what has occurred m the waters 
and on the shores ofPrmce Wtlham Sound Youth mvolvement IS also crucial to the ultrmate success of 
any long-term effective restoratiOn By enhstmg the support oflocal youth from Withtn the ml rmpacted 
area, future responsibility, ownershtp and enhancement can occur 

INTRODUCTION 

When the Trustee Council efforts have been completed, the youth of the regiOn will be responsible for 
Pnnce Wilham Sound's ecosystem and ensurmg that a subsistence hfestyle contmues Long-term 
proJects such as the Seward Seahfe Center need a fostenng ground such as thts proJect to mcrease local 
mvolvement Through Youth Area Watch, the Trustee Counctl has the opportumty to prepare the regiOn 
for assurnmg active roles m the maJor restoratiOn and enhancement efforts 

Thts proposal, to be Implemented through the Chugach School Distnct, sets forth a plan to mcrease the 
awareness of youth m the ml rmpacted regiOn through therr mvolvement m Identified research and 
testmg m Prmce Wilham Sound Students of the Chugach School Distnct will have the opportumty to 
work m conJunction With agencies on research proJects dealmg With Identified IDJured resources The 
proJect Will especially coordmate and consult With the spill area-Wide coordmator of ProJect 96052 to 
strengthen locally dnven restoratiOn proJects 

NOAA, the Alaska Native Harbor Seal Commtsston and the Prmce Wtlham Sound Sctence Center have 
agreed to allow youth Wlthm the regton to be a part ofthetr current research proposals Currently, there 
IS a youth m a remote Site that Is assistmg NOAA on Its pnstane/mussel analysts of the regton It 1s 
expected that thts youth Will contmue hts work and be mcluded m the "Youth Area Watch ProJect" and 
he provtdes an excellent example of how thts proJect can work Youth mvolved m the proJect wtll be 
recogmzed for therr work and recetve appropnate school credtt 

NEED FOR THE PROJECT 

A Statement of Problem 

While momtonng and oceanographtc testmg currently are conducted through the SEA Program at the 
Prmce Wtlham Sound Sctence Center (PWSSC) and NOAA projects, mcreasmg the penods and 
locatiOns of vanous testmg Will provtde a more accurate picture of what 1s currently gomg on m Pnnce 
Wtlham Sound's ecosystem The costs associated With mcreased numbers oftestmg s1tes are a contmual 
problem, accordmg to PWSSC and the mformat10n that was provided at the January 1995 RestoratiOn 
meetmg by the scientists working on vanous proJects Further research costs on the effects of the ml 
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ProJect Number 96210 

spill must be curtailed and Youth Area Watch will allow for mcreased penods and locatwns of testmg 
sites 

Youth mvolvement m the restoratiOn process IS necessary to see that the effort extends beyond the hfe of 
the RestoratiOn Office The youth of the regwn are the lmk to the long-term restoratiOn of the natural 
resources damages by the Oil Spill By enhstmg the support of local youth from withm the Chugach 
School District, future enhancement and restoratiOn can be developed 

B RatiOnale 

As a result ofEVOS fundmg, maJor research and learnmg facilities will be bmlt With the hope of 
ongomg research The plans for mfrastructure, namely the Seward Seahfe Center, have not to date 
accounted for how the unpacted regwn can be more mtegrally mvolved A feedmg ground for future 
scientific research and restoratiOn of the Sound Will be developed through tills proJect In addition, those 
proJects currently undertaken Wlthm the commuruties can better be understood at the local level With tills 
mcreased mvolvement 

A local restoratiOn 1n1tmtive Will ensure that momtonng contmues at the community level and that not 
all of the costs are born by EVOS fundmg The regwnal non-profit orgamzatwns, the Chugach School 
Distnct and village councils have comm1tted to supportmg tills proJect at the outset and wlll ensure that 
tills proJect contmues m future years Commuruty ownersillp of the problems and solutiOns Will provide 
for successful restoratiOn of the Sound Youth witilln commuruties can be that hnk to ownersillp 
Students m local commumties will be used to conduct research once the proper protocol has been 
provided by professiOnals 

Tills proJect mvolves comb1n1ng the efforts of the Chugach School Distnct, Chugachmmt, the Pnnce 
Wilham Science Center, Chugach Regwnal Resources Comm1ssion, the Umversity of Alaska and 
NOAA to cut down on the costs and to pool existmg activities, tills proJect will have a sigmficant cost 
benefit, given the mcrease m SEA ProJect testmg sites that Will not requue the usual PWSSC staff time 
The proJect will coordmate when possible with the Commuruty Involvement proJect to combme travel to 
commuruties and exchange mformatwn on current commuruty activities 

C Summary of MaJor Hypotheses and Objectives 

The Chugach School Distnct seeks to mvolve commuruty youth by providmg the necessary skills and 
responsibility to conduct research Students will participate m vanous research and testmg assocmted 
with EVOS funded restoratiOn proJects Objectives for FY 96 mclude begmmng to work cooperatively 
With research agencies to develop a database of mformatwn that Will feed mto agency databases 

Students will be given the optwn ofparticipatmg m one or all of the research proJects Identified The 
coordmator Will serve as the day-to-day hruson between the scientists that serve on the bigger project 
and the students that Will be providmg mformatwn to those larger proJects The coordmator's mam goal 
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Will be to momtor the student research and coordmate With the various entitles mvolved m the research 
projects See the "Project Coordmator Position Descrtptlon" for a full hst of duties 

It IS the ultimate goal that commumty students Will be able to take away from this project skt.lls that are 
applicable to restoration actiVIties conducted m therr commumttes and regiOn 

D CompletiOn Date 

Tins proposed pilot research project Will extend through 1998 By this date, the project Will have 
become fully mtegrated mto the Chugach School Distnct sctence program All commumtles Wlthm the 
regiOn Will then be asked to participate m the proJect by the mdicated completion date 

CO~TYINVOLVEMENT 

Tins proJect IS destgned to mcrease local mvolvement m the restoratiOn process at the grass roots level 
By enhstmg the support and assistance of youth m current projects, a system for commumty 
mvolvement Will be msttlled on a long-term basts Youth wtll become famthar With the restoratiOn 
activities takmg place, Will participate m research and can begm to take an acttve role m the restoratiOn 
process 

Commumty Elders Will be asked to participate m the field site testing by provtdmg therr knowledge and 
expenence m the process Traditional knowledge Will be an rmportant aspect of relatmg the relevance of 
conductmg research m the local commumties Students Will be asked to share therr acqurred skt.lls and 
mformat10n cooperatively With the pnncipal mvestlgators that Will vtsit the commumties Dunng this 
process, elders of the commumttes Will be able to provtde feedback to the prmcipal mvestigators and the 
students Thts exchange of InformatiOn wtll be coordmated with the Commumty Involvement ProJect 

By the middle of the second year, partictpatmg students Will begm takmg much oftherr InformatiOn and 
Implementmg 1t through restoratiOn actiVIties There IS strong confidence that further commumty 
mvolvement Will be fostered through this process and Will help ensure the success of the proJect 

In-kmd contnbut10ns mclude office space and utilities, project oversight, school teacher trme, lodgmg 
and food from the school distnct, envrronmental health and EMS trme from Chugachmmt, and general 
TA and database collection from PWSSC m the amount of$73,000 These contnbut10ns are mdtcated 
on Page 1 of the project budget 
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PROJECT DESIGN 

A ObJectives 

Selected students from the Chugach School Dtstnct Will part1c1pate m trammg and research that has 
been Identified by the SEA Programs' pnnctpal mvest1gators and NOAA staff as current tasks that 
should be further developed Students Will be a part of an area watch proJect to be set m place through 
the Identified obJectives of this proJect hsted below Local students Will collect data that will funnel mto 
the larger research proJects, but the youth Will also draw therr own conclusiOns mdependent of the SEA 
ProJect before collaboratmg on the mformat10n that 1s gathered Tills process w1ll be essentml to 
developmg a local commitment to restoratiOn Mam obJectives of this proJect mclude 

1 Pnstane/mussel analysts, ProJect Number 96195 The NOAA Auke Bay laboratory, through Jeff 
Short and Pat Hams, 1s conductmg a study on pnstane levels m mussels There are approximately 
thirty mussel collectiOn sttes m Pnnce Wtlham Sound and students wtll part1c1pate m monthly 
collectiOns Eqmpment needs are mmtmal Attached 1s the "Pnstane ProJect" procedure gmdelme 
that mcludes the specific samphng process that youth Will undertake m the first year 

Dunng the fall and wmter months, students will be responsible for an overall mussel bed seasonal 
watch Students Will be mvolved m taggmg, tdenttfymg bed charactenst1cs and predator/prey 
activities 

2 Harbor seal management and bwlogtcal samphng, ProJect Number 96244F Tills proJect 1s to be 
conducted by the Alaska Native Harbor Seal Commission, m conJunctiOn wtth Umvers1ty of Alaska 
research staff Students w1ll pa1r up wtth the local techmctans on the proJect and asstst wtth bw­
samplmg activities It 1s expected that twenty samples Will be taken from each Identified 
commumty, gtvmg ample opportunity for youth to assist m the process In addttion, samplmg 
protocol can dtrectly be ensured wtth techmctan oversight 

3 Oceanographic data collectiOn Students wtllleam phystcal and btologtcal oceanography Dr Davtd 
Salmon, pnnctpal mvestigator for ProJect Number 96320-M, Will work With students parttctpatmg m 
proJects #96320-M ObservatiOnal Physical Oceanography m Pnnce Wtlham Sound, and #96320-H 
the Role of Zooplankton m Pnnce Wtlham Sound Ecosystem 

Physical oceanography activities Will mclude measurmg of baste oceanographic features such as 
temperature, sahmty and weather conditions Students will also collect zooplankton samples as part 
of on-gomg SEA btologtcal oceanographic research Research activities mclude 

• Temperature Dr Salmon has offered to dedtcate SIX reversmg thermometer umts and a 
temperature logger from the SEA-Ocean proJect to the Youth Area Watch proJect These 
umts would be mstalled m the field at the selected sttes and momtored by parttctpatmg 
students, 
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• Temperature and sallillty CTD (conductivity, temperature and depth) mstruments would be 
donated by the SEA-Ocean proJect for use by Youth Area Watch s1tes Partictpatillg students 
would be tramed by Dr Salmon to use the illstruments and download data mto a computer, 

• Weather statiOns a weather station illStrument would be purchased and illstalled at a selected 
research s1te These illstruments measure wmd speed and drrectwn, arr temperature and 
barometric pressure 

As part of on-gomg bwlogtcal oceanograpmc research, students w1ll also collect zooplankton 
samples from selected s1tes, thus illcreasillg the sample range of ProJect Number 96320-H 
Collectmg nets are avmlable from the Zooplankton proJect 

4 Ftsh momtormg Several Trustee Council funded proJects illvolve momtorillg specific fish species 
Youth Area Watch students will be momtonng all fish at selected research s1tes to learn about the 
tropmc structure, or composition of predators and prey, found at these areas Data collected 
regularly over an extended penod of time w1ll allow them to examille what happens over time ill 
these predator/prey relatiOnships Students will be mvolved m ProJects #96320-E Juvemle Salmon 
Growth and Mortality, #96320-T, Juvemle Herrmg Growth and Habitats, and #96320-U, Pollock 
and Herrmg Energetics Evelyn Brown, who works With the Juvemle Herrmg proJect, w1ll assist ill 
tratmng students and work With them throughout the course of the proJect 

Students Will momtor fish at therr study s1tes one to four times per week usmg fixed gear Gear w1ll 
illclude small gillnets, fyke nets and hoop nets Students Will Jig a fixed number of millutes per 
week Data Will be collected on species composition observed, number offish caught, stomach 
contents, length, wetght and condition of fish caught, and analysts of otoliths and scales 

Students w1ll be illVolved m analyzrng the data from each oftherr sites, and data on specific species 
such as hemng, salmon and pollock Will be passed on to the proJects mentiOned above for illcluswn 
ill therr data collectiOn and analysts 

B Methods 

The Chugach School D1stnct proJect coordillator will develop a protocol ill conJunction With the 
research proJect scientists The protocol Will estabhsh data collectiOn and analysts techmques Ensurmg 
the contillued protocol compliance w1ll be cructal to the accuracy of the mformatwn and ultimate 
success of the proJect 

Etght students w1ll be selected from the Chugach School D1stnct Witrun Prmce Wilham Sound ill the 
frrst year to part1c1pate ill the proJect Detailed trmnmg Will be provided ill developillg the protocol 
necessary for specific sc1ent1fic and systematic testillg Students w1ll apply therr acqurred skills to both 
onshore and offshore research, testillg and samphng The onshore testillg w1ll be conducted near the 
respective commumty s1tes for contmual momtormg throughout the year Offshore research will be 
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undertaken dunng strategic times ill the year, both the times and locatiOns of offshore or boat research 
are to be determmed ill collaboratiOn w1th the research proJect staff 

All partictpatmg students will come together to be a part of an overall ecosystem research trailllng 
sessiOn, this w1ll occur both at the begmnmg and the end of the proJect year on a large eqmpped sea 
vessel Small boats or skiffs from local commumties will be used to collect mformat10n and conduct 
testmg at offshore s1tes In addition, onshore watch s1tes will be set ill place for younger school-age 
youth 

A Memorandum ofUnderstandmg (MOU) will be developed between each research entity/partner and 
the Chugach School District The MOUs w1ll serve as a project work plan, and will state the roles and 
responstbthties of part1c1patillg agencies They will set out the responsibilities of the Youth Area Watch 
ProJect and the research proJects, the coordillatwn of activities, proJect milestones and schedules 

Because this project IS grounded m developmg sound research and analysts skills, students will be given 
careful trammg and gmdance throughout the proJect penod The Chugach School District will 
coordillate w1th the Pnnce Wilham Sound Science Center, NOAA and the Harbor Seal Commission to 
provide an illtenstve trammg penod dunng wmch students and the coordillator and teachers will become 
famthar With data collectiOn protocols and use of sc1ent1fic illstruments Scientists Will penodtcally 
revtew data reports as they are filed dunng the data collectiOn penod and momtor student adherence to 
the protocols established 

Data collectiOn w1ll be followed by an analysts penod, dunng wmch students w1ll work With teachers 
and scientists m exammmg therr research and potential fmdillgs The students Will compile their 
mformat10n mto a database format, both for theu benefit as well as the overall goals of the respective 
proJects Student mformat10n both concermng theu mvolvement and data that 1s collected w1ll be 
provided to the agencies that the proJect w1ll work m conJunction w1th 

Students Will make presentatiOns on therr research and analysts as a means to illcrease the exchange of 
mformat10n The presentatiOn forum Will mtroduce students to the peer review process, g1ve them the 
opportUlllty to dtscuss possible future duectwns for theu research The mformat10n Will also be 
showcased wtthm the commumt1es' schools and at acadellllc Institutes as a means to keep the pubhc 
aware of student research activities 

The mformat10n gathered will then be apphed to the restoratiOn plan to be llllplemented at the local 
level Tills plan w1ll be developed as a part of the research to be conducted by the students part1c1patmg 
ill the proJect and Will be consistent w1th the EVOS restoratiOn plan 

C Contracts and Other Agency Assistance 

Alltdentified agencies Will contillue to take an active role m the development of this proJect The 
Chugach School District recogmzes 1ts role and collllllltment to the future of local youth wttmn the 
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dtstnct Chugachnuut and Chugach Regtonal Resources Comnuss10n mamtrun responstbihttes as the 
regional non-profits that provide health, soctal and natural resource services Staff and the boards that 
govern therr activities Will contmue to participate actively m the local mvolvement proposed through 
recent EVOS :fundmg It IS the mtent through tills proJect to combme and leverage current research 
funds With the partictpatmg orgamzat10ns resources 

The Chugach School District Will admrmster the proJect through a contract With the Department ofFtsh 
and Game This Will be the most effecttve means to mstlll youth and commumty responstbthty for 
conductmg research 

Chugachnuut Will provide support from Its Envrronmental Health and EMS programs Will assist with 
proJects to be conducted on research boats This Will mclude staff time for general supervision and 
research assistance, as well and health and safety personnel 

A relatiOnship Will be arranged to offer college credit through the Uruversity of Alaska Frurbanks along 
With high school credit for progressively responsible research and reportmg work Currently, the 
Chugach School District has an memorandum of agreement with the Uruvers1ty of Alaska to coordmate 
with the school district and this Will be further enumerated 

This program will contmue to sustain Itself m subsequent years through the assistance of alternative 
:fundmg sources Ecotrust has been contacted as a future :fundmg source and has mdicated therr mterest 
m providmg assistance The Srul Alaska Fund Will also be soh cited for :fundmg assistance, gtven therr 
history of :fundmg youth and environmental causes m Alaska In addition, the Chugach School District 
will reallocate distnct funds that are currently apphed to therr comprehensive plan 

D LocatiOn 

Research Will be conducted m and around the communities of Chenega Bay and Tatitlek With the 
exceptiOn of the harbor seal proJect, remote site students would also be mcluded Additional areas of 
research could mvolve Cordova Harbor, Orca Inlet, Port San Juan and Evans Island, Tatitlek Narrows, 
Boulder Bay and Landlocked Bay In the second year of the proJect, youth from larger communities such 
as Seward and Valdez will be mcluded m the proJect 

For the pristane/mussel proJect, sites both at Tatitlek (Within walkmg distance from the townsite) and 
Chenega Bay (near the hatchery) will be used as testmg sites Pat Hams from the NOAA pnstane 
proJect has mdtcated that If the Tatitlek site was used, the Bhgh Island research locatiOn could be 
dropped 

Harbor seal biOlogiCal samplmg Will pnmanly be conducted at the harbors of the Identified 
commumtles As a result, students m Tatitlek and Chenega Bay can assist m the samplmg process With 
logistical ease and httle travel, 1f any 

8 



ProJect Number 96210 

Both the oceanograpluc data collectiOn and fish momtonng can be conducted at almost any stte where 
students participate The proJects would requrre that specified gear was provtded at all locations 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

October 1 - 7, 1995 
October 14-21, 1995 
October 23-29, 1995 
October 30 -November 3, 
1995 
November 13-24, 1995 
March 31, 1996 
September 30, 1996 

Ongomg tasks 

Students selected to participate m the Area Watch Project 
Students receive mtensive offshore research protocol trammg 
Students set local onshore research and testmg sites 

Students set offshore research and testmg sites 
Students set up database gathenng system 
Students complete mtenm research report for FY 96 
Students complete fmal research reports for FY 96 

October 95 - September 96 
October 95 - September 96 
October 95- September 96 

Students check onshore testmg sites twice weekly 
Students check offshore area testmg sites twice monthly 
Students proVIde data to PWSSC weekly 

B ProJect Milestones and Endpomts 

October 7, 1995 
October 21, 1995 
November 3, 1995 
September 30, 1996 
Apnl30, 1997 
May 30, 1997 
September 30, 1997 

September 30, 1998 

C ProJect Reports 

Student participants selected 
Intensive trammg completed 
All research sites set m place 
Student first year final report completed 
Students develop local restoration plan 
Students begm Implementmg restoration plan 
Students have mtegrated enhancement actiVIties mto natural 
resource actiVIties at the local level 
Students have fully mtegrated restoratiOn activities at the local level 

Chugach School Dtstnct wtll conduct all necessary reportmg as reqmred through the grantmg process 
This reportmg wtll be compiled through oversight of the proJect at the local school level 

Students wtll complete two maJor research reports, along wtth necessary log-book reportmg while 
conductmg research at testmg sttes These reports wtll be completed by the middle of the fiscal year and 
upon completion of the grant year This mformat10n wtll be provided to the commumties as a whole, the 
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Pnnce Wilham Sound Science Center, the Department ofFish and Game and the grantmg agency/the 
Trustee Council 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The duect research of this proJect mvolves the combmed efforts of the Chugach School Distnct, NOAA 
, the Pnnce Wilham Sound Science Center and the Harbor Seal Commission Without the participatiOn 
of all parties, this the proJect a whole would not be a success This proJect will step beyond mere 
research and emphasize the need for meanmgful mvolvement by mlimpacted commuruty youth, this can 
not happen without the cooperatiOn of research agencies and local entitles 

This proJect will work cooperatively with the Urnversity of Alaska Farrbanks to provide both high 
school and college science credit for progressively responsible work This IS an mcentlve to foster skills, 
knowledge and mterest m the fields of marme bwlogy oceanography and related sciences for the 
purposes ofmtemships with UAF (John Kelley) and future Jobs resultmg from EVOS funded proJects 

The Chugach School Distnct will also work With the Chugach Regwnal Resources CommissiOn, the 
regwnal natural resource non-profit, giVen their pnor expenence With Trustee Council restoratiOn 
proJects Activities and travel will be coordmated where possible, allowmg for cost savmgs and the 
exchange of commurnty mvolvement mformatwn 

The Chugach School Distnct would also hke to open up this proJect to any other research activity that 
would welcome the mvolvement of youth This can ultimately result m cost savmgs as Trustee Council 
restoratiOn funds dwmdle This would also provide an excellent opportunity for other proJects to 
mcrease local mvolvement 

ENVIRONMENTAL COMPLIANCE 

The Chugach School Distnct will comply with any and all environmental compliances as applicable to 
the mdividual research and testmg to be conducted All necessary permittmg and documentatiOn will be 
acqmred pnor to conducting research activities 
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DOCUMENTARY ON SUBSISTENCE HARBOR SEAL HUNTING IN PWS 

ProJect Number 

Restoration Category 

Proposed by 

Lead Trustee Agency 
Cooperatmg Agencies 

DuratiOn 

Cost FY 96 

Geographic Area 

Injured Resource/Service 

ABSTRACT 

96214 

General Restoration 

Tatitlek VIllage Council 

Alaska Department of Fish and Game 

One year 

$77,400 

Prmce WIlham Sound 

Harbor Seals/Subsistence 

The purpose of this proJect IS to make a documentary on the subsistence huntmg of harbor seals m Prmce 
WIlham Sound Presently there exists no thorough documentation of subsistence harbor seal huntmg 
Tins video will document all facets of harbor seal huntmg mcludmg the ecological and biological 
knowledge hunters use to hunt harbor seals By documentmg this knowledge, the proJect will enhance 
the restoratiOn of the seal population by providmg an mdigenous hunter's perspective on harbor seal 
ecology 

INTRODUCTION 

Subsistence uses of natural resources are essential to the economies and cultures of the commumties of 
the ml spill regiOn Some residents of the regiOn have expressed the concern that no vehicle eXIsts for 
them to express therr views about the Importance of subsistence m therr lives The goal of this proJect 
IS to help fill this vmd and produce a documentary on subsistence m the oil spill regiOn The proJect has 
been divided mto a senes of videos each of which will cover species affected by the oil spill These 
mclude sea mammals, mtertidal species, fish and waterfowl 

The proposers view this proJect as a pilot that will be produced through a contract by a professiOnal 
documentary film maker Subsequent VIdeos may be produced usmg vanous methods and fundmg sources 
m addition to the Trustee Council For example, we are considermg havmg a future video mclude footage 
filmed by high school students m the commumties The current proposal focuses on subsistence huntmg 
of harbor seals 
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One subsistence species of particular Importance, and one that may have been affected by the Exxon 
Valdez ml spill, are harbor seals Because of the declme m harbor seal populatiOns both subsistence uses 
of harbor seals and opportunities to tram young hunters have dimmlshed This project will afford an 
opportunity to document this knowledge so that Is can be transmitted to succeedmg generations At the 
same time this documentary will provide a medmm for hunters to transmit therr traditional knowledge and 
observauons, gamed from years huntmg of harbor seals, to the scientific commumty 

NEED FOR THE PROJECT 

A Statement of Problem 

The mjured service this proJect addresses 1s subsistence The mjured resource IS harbor seals Generally, 
the ml spill disrupted the use of subsistence resources by mjurmg the natural resources and creat1ng 
concerns about the safety of those resources contammated by the oil spill One subsistence species that 
was m declme before the spill and may have been affected by the presence of ml, and which IS currently 
classlfied as not recovermg, are harbor seals 

B Rationale 

The objective of the restoratiOn plan regardmg sea mammals Is a stable or mcreasmg populauon of 
ammals (p 59) By understandmg and reversmg the declme the population of harbor seals m Prmce 
Wilham Sound scientists hope to mcrease the availability of harbor seals to subsistence hunters and to 
mmmnze the Impact of subsistence huntmg on the harbor seal populatiOn One strategy to meet this 
obJective IS to mtegrate traditional ecological knowledge and hunters observations mto the restoratiOn 
process Currently no medmm extsts that presents hunter knowledge withm Its own contextual 
framework Producmg this video will help fill this vmd and enhance the restoratiOn of the harbor seal 
populatiOn by providmg a hunters' perspective on harbor seal ecology As such, this project may 
complement two of the four studies on harbor seals funded by the Trustee council for FY 95 project 
95001 Condition and Health of Harbor Seals and project 95064 Momtormg, Habitat Use, and Tropic 
Interactions of Harbor Seals m PWS This project may also facilitate the Sound Ecosystem Assessment 
or SEA program approved by the trustees m Apnl of 1994 

The restorauon objectlve for subsistence states that recovery will have occurred when "the cultural values 
provided by gathermg, preparmg, and shanng foods are mtegrated mto commumty hfe" (p 82) One 
strategy to meet this objective Is to "facilitate the partlcipatiOn of and commumcat10n with subsistence 
users m the restoratiOn process" (p 86) The sharp declme m harbor seals has greatly effected 
subsistence huntmg resultmg m lost opportumties to teach subsistence skills and traditional knowledge 
assoctated With harbor seals One means of msunng these skills and knowledge are transmitted to the next 
generauon and mtegrated mto on gomg restoratlon efforts IS to document them on video In this respect 
this project would complement and be an extensiOn of the Hentage Camp sponsored by the village of 
Tatitlek, the Elders/Youth conference (project 95138) and the Commumty InteractiOn and Use of 
Traditional Knowledge proJect (prOJeCt 95052) Like these proJects, the proposed proJect IS concerned 
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with documentmg and usmg traditiOnal knowledge to enhance the restoratiOn of subsistence m the oil spill 
regiOn 

C CompletiOn Date 

The video will be completed m 1996 

COMMUNITY INVOLVEMENT 

This proJect IS proposed by the commumty of Tatitlek The production of this video relies heavily on 
commumty participatiOn It Is planned to conduct mterviews of local people, record therr knowledge 
about the mJured resources and therr subsistence practices of huntmg, fishmg, gathermg and processmg 

PROJECT DESIGN 

A Objectives 

The overall goal of this proJect IS to promote the recovery of mJured natural resources and subsiStence 
uses of natural resources through the productiOn of a documentary on subsistence m the ml spill regiOn 
The obJective of this current proJect IS the documentatiOn of all aspects of harbor seal huntmg m Prmce 
WIlham Sound This mcludes huntmg techniques, methods of processmg, the distributiOn of seal products 
and the traditional ecological employed m hunting harbor seals 

B Methods 

This IS a general restoration proJect Specific actiOns that will be taken to restore subsistence IS the 
production of a video that will document subsistence activities and traditional envrronmental knowledge 
m the oil spill regiOn Through a contract a documentary film maker will produce a 20 mmute video on 
subsistence, focusmg on four mterrelated topics harvestmg, processmg, distnbutiOn and traditional 
ecological knowledge The film maker will mvolve local people m diScussions about developmg the story 
lme and editmg the footage taken m the commumty This product would serve as an educational tool to 
further the recovery of natural resources and subsistence through the remtegrat10n of subsistence uses, 
traditional knowledge and values mto commumty hfe 

C Contract and Other Agency Assistance 

The productiOn of the video will be contracted out to a film maker who has the expenence and expertise 
to make a quality film In contractmg out for this productiOn the proposers want to hrre someone who 
will actually create and produce the product rather than hrrmg someone to create It By hrrmg a video 
productiOn company the proposers will mamtam control over all aspects of the process In consultatiOn 
with the commumty and ADF&G staff the video company will create a story lme before shootmg the 
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fllm All footage will be shot on locatiOn and mclude mterviews with members of the commumty and 
footage of hunters out huntmg Once the f11mmg Is completed the productiOn company will edited the 
footage This process IS very techmcal and requrres eqmpment and expertise on available m the 
commumty 

D LocatiOn 

Prmce Wilham Sound 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

September 1 , 1995 
October -November 1995 
December 1995 - January 1996 

February 1996 

March- April- May 1996 

June - July 1996 
August 1996 
September 1996 

Project Approval 
Develop contract gmdelmes, evaluate bids, award contract 
In consultation with hunters and ADF&G staff contractor will 
develop story lme and story board for video 
Fmal approval of story lme and story board Complete logiStics for 
travelmg to Prmce Wilham Sound 
Travel to Prmce Wilham Sound, shoot necessary footage, and 
conduct mterviews 
Edit Footage 
Compete editmg of film 
Complete project Contractor will deliver 50 copies of videos 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

In documentmg subsistence m the oil spill regiOn this proJect would complement the Rentage Camp 
sponsored by the village of Tat1tlek, the Elders/Youth conference (proJect 95138) and the Commumty 
Interaction and Use of Tradit1onal Knowledge proJect (proJect 95052) Each of these proJects are 
concerned with documentmg and usmg traditional knowledge to enhance the restoration of subsistence 
m the oil spill regiOn In meetmg the goal of the Trustee Council to mcorporate traditional knowledge 
mto the restorat1on process this project would compliment harbor seal research project numbers 95001, 
Condition and Health of Harbor Seals and 95064, Momtormg, Habitat Use, and Tropic Interactions of 
Harbor Seals m PWS This project may also facilitate the Sound Ecosystem Assessment or SEA program 
approved by the trustees m Apnl of 1994 

4 



Project Number 96214 

ENVmONMENTAL COMPLIANCE 

Tlns project Is likely to be categoncally excluded under NEP A gmdelmes The filmmaker would only 
be documentmg huntmg that would have occurred even m the absence of the project 
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EASTERN PWS WILDSTOCK SALMON HABITAT RESTORATION 

ProJect Number 

RestoratiOn Category 

Proposer 

Lead Trustee Agency 

Duration 

Cost FY 96 

Cost FY 97 

Cost FY 98 

Geographic Area 

Injured Resource/Service 

ABSTRACT 

96220-BAA 

General RestoratiOn 

Native VIllage of Eyak 

USPS 

3 Years 

$85,100 

$115,000 

$12,000 

Eyak Native Corporation lands m Eastern Prmce 
WIlham Sound 

Replacement of Lost Subsistence Services 

This proJect Will replace lost subsistence services resultmg from the Exxon Valdez oil spill by 
mcreasmg wild salmon productiOn m eastern Prmce Wilham Sound Instream fishenes habitat 
Improvement techniques, pnmanly the mstallat10n of log structures, Will be employed by local 
subsistence users to mcrease the capability of selected streams to produce additional salmon 

INTRODUCTION 

Subsistence use of salmon m Prmce William Sound IS a service that was InJUred by the Exxon Valdez 
ml spill While levels of subsistence harvest have gradually mcreased throughout the spill area, they 
contmue to remam below pre-spill levels m Prmce Wilham Sound This proJect Will target habitat 
enhancement of local salmon stocks that are utilized as a subsistence resource by the Native VIllage of 
Eyak Habitat enhancement or restoration Will mcrease the capability of local streams to produce 
additional salmon, and therefore provide mcreased subsistence resources and opporturuties A maJor 
focus of the proJect IS the drrect mvolvement and participatiOn of the local subsistence users 
throughout this process 
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Smce the 1960's, fishenes btologtsts have successfully uttltzed m-stream structures as a tecbmque to 
tmprove habitat conditiOns for salmon spawmng and rearmg m Alaska The strategtc placement and 
proper anchormg of logs m stream channels can be an effective method to create additional habttat or 
Improve existmg habitat for spa wrung and rearmg salmon Workmg With the natural dynarmcs of the 
stream channel, log structures can be anchored m vanous ways to alter stream channels to produce 
desrrable obJectives, such as, mcrease pool habitat, disperse stream energy, prevent erosiOn, provide 
cover, enhance spa wrung habitat, and reduce bedload movement Indtvtdual structures must be 
designed and Installed With spectfic obJectives m mmd These structures should be mstalled after a 
thorough analysts of the habitat condttions m the enttre stream and requrrements of the target salmon 
species 

The frrst step m this proJect will be the compllation and review of all existmg mformation available 
for salmon streams Withm the proJect area Over the years, several State and Federal agencies, as 
well as the regiOnal aquaculture corporation, have conducted surveys and collected fishenes 
mformat10n m streams wtthm the project area This mformation IS essential m Identifymg streams 
with the highest potential for habttat Improvement Local and traditional knowledge from the 
subsistence users m the area Will also be an nnportant factor m Identlfymg potential proJect streams 

Followmg the IdentificatiOn durmg the wmter of potential proJect streams months, habitat surveys m 
selected streams wtll be conducted over the course of the summer Habitat surveys Will be completed 
by student mterns from the Native VIllage of Eyak under the guidance and drrectton of a professional 
fishenes biologtst StandardiZed fishenes habitat survey techmques used by the USDA Forest Service 
Will be the method of mventory The surveys Will then be analyzed and prescnptions for structural 
Improvement will be developed based upon the desired obJeCtives 

Actual construction and Installation of the habitat Improvement structures will occur durmg May and 
early June, FY 97 Work crews conststmg of local subsistence users and student mterns will construct 
and mstall the log structures with hand tools and gas powered wmches No heavy eqmpment or 
machmery will be reqmred m the course of this proJect Forest Service crews, uttltzmg slffillar 
techmques m the Montague Island Chum Salmon RestoratiOn Project, demonstrated that a small crew 
usmg hand tools can be highly productive and can build effective structures m a creek wtth substantial 
flows 

NEED FOR THE PROJECT 

A Statement of Problem 

Levels of subsistence harvest have gradually mcreased m all of the sptll area commuruties However, 
subsistence harvests m Prmce Wilham Sound remam below pre-spill levels and, m some areas, the 
composttmn of the subsistence harvest has changed sigruficantly Subsistence users also report that 
the effort necessary to harvest resources has mcreased, and they contmue to vmce concerns about food 
safety 
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Subsistence will have recovered when mJured subsistence resources are healthy and productive and 
eXIst at pre-spill levels and people are confident that the resources are safe to eat Tills proJect will 
attempt to replace mJured subsistence services by enhancmg salmon resources Important to the Native 
VIllage of Eyak Production of additional salmon through habitat Improvement will reduce harvest 
effort and contnbute to the overall restoration of subsistence resources m Prmce W llham Sound 

B Rationale 

Tills proJect will drrectly contribute to the subsistence recovery obJective as Identified m the Exxon 
Valdez Oil Spill RestoratiOn Plan Tills project will target habitat enhancement of local salmon stocks 
that are utilized as a subsistence resource by the Native VIllage of Eyak Habitat enhancement or 
restoratiOn will mcrease the capability of local streams to produce additional salmon, and therefore 
provide mcreased subsistence resources and opportumties 

The policy of the Trustee Council, as stated m the RestoratiOn Plan, IS that proJects designed to 
restore or enhance an mJured resource 1) must have a sufficient relatwnsillp to an mJured resource 2) 
must benefit the same user group that was mJured 3) should be compatible With the character and 
public uses of the area Tills proJect meets all three portiOns of the TC's policy toward restormg or 
enhancmg an IDJUred resource 

C. Swnmary of the Major Hypothesis and Objectives 

Tills proJect will contribute to the recovery of lost subsistence services mJured from the Exxon Valdez 
ml spill The primary obJective of the proJect IS to Improve Instream habitat conditions for spawnmg 
and rearmg salmon m four streams m eastern Prmce Wilham Sound Another maJor obJective IS to 
drrectly mvolve the local subsistence users m the planrnng, survey, and Implementation of the proJect 

D CompletiOn Date 

RestoratiOn obJectives Will be acilleved m FY 98, when momtormg and final proJect documentatiOn 
are completed Actual habitat Improvement structure constructiOn and lllStallation will occur m FY 
97 

CO~TYUNVOLVEMENT 

One of the primary goals m tills restoratiOn effort IS the direct mvolvement of the commumty, 
specifically the Native VIllage of Eyak, mall aspects of the proJect Traditional and histone 
knowledge will be used m the plannmg process to Identify potential proJect streams Important to 
subsistence users Student mterns from the Native VIllage of Eyak, under the guidance of a 
professiOnal fishenes biOlogist, Will carry out stream habitat mventones and surveys Boat contracts 
and personnel mvolved m this restoratiOn effort will also be solicited through the Native VIllage of 
Eyak 
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PROJECT DESIGN 

A Objectives 

1 Improve salmon spawmng and reanng habttat condttiOns m four eastern PWS streams 
through the lDStallatton of log structures 

2 Educate student mterns m the concepts and applicatiOn of fishenes habttat management 

3 Involve subsistence users from the Nattve Vtllage of Eyak to the maxiiDum extent possible 

4 Develop a baseline of mformatmn on extstmg wtldstock salmon habttat conditions within the 
proJect area 

B Methods 

The lilltlal focus of this proJect Will be the compilatiOn and review of all available ftshenes 
Information relevant to salmon streams withm the proJect area Sources of mformatmn may mclude 
past studtes, agency data bases, mhouse reports, publicatiOns, and personal commumcatmn With local 
subststence users and agency staff The collected mformatton will be cataloged by ADF&G stream 
number m an accessible format After the compilatiOn, mformatton for streams m the study area has 
been compiled, the data will be evaluated and ten streams with the highest potential for habttat 
IIDprovement wtll be Identtfied 

Durmg the summer of FY 96, a ftshenes biOlogist and two student mterns Will conduct habttat surveys 
m the ten selected streams Habitat surveys Will be conducted followmg the methods descnbed by 
Hankm and Reeves (1988) and the revised verston of these methods m Dolloff et al (1993) The 
habttat types w11l be classified accordmg to the descnpttons by Bisson (1982) nffle, ghde, cascade, 
backwater pool, corner pool, dam pool, lateral scour pool, upsurge pool, stde channel pool, and 
plunge pool The survey w1ll be conducted usmg one person to estiiDate habttat umt areas, one to 
record data, and another to measure habitat umt areas, depths, and spawmng area Every fifth pool, 
glide, or nffle wtll be measured wtth a 100' tape or stadta rod after the habttat ts esttmated vtsually 
The measurements Will be performed to obtam an accurate measure of the habitat area and to 
determme the accuracy of the estiiDator Spawmng area Will be defmed as sttes wtth substrate 0 5 -
4 0 mches and less than 30% fme matenal (less than 0 1 mch or fme sand) 

After the habitat surveys are completed, the data wtll need to be analyzed to determme whether the 
estimates of the observers were reasonably accurate and prectse This wtll be performed by plottmg 
the area estiiDates versus the correspondmg measured areas on a graph to see how well the two are 
correlated To test thts relattonship wtth the data, a siiDple lmear regressiOn will be performed for 
habttat distance estiiDates vs therr respective measured distances usmg the statistical package m Lotus 
1-2-3 A correction factor wtll then be calculated by d1v1dmg the actual measurement of the habttat by 
the estiiDates made by each observer to obtam a better estiiDate of the true habitat areas (Dolloff et al 
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1993) Once the corrected hab1tat type areas are detenruned, the area for each hab1tat type w1ll be 
totaled 

Durmg the wmter of FY 97, the field survey data wlll be analyzed to determme the hab1tat factors 
hm1tmg the product10n of pmk, chum, and coho salmon m the project streams Based upon the 
hm1tmg factors analys1s and target salmon spec1es, prescnpt10ns w1ll be developed for log structural 
hab1tat 1mprovements m up to four of the project streams These four streams wlll be representative 
of streams w1thm the study area that offer the greatest opportumty for hab1tat 1mprovement and the 
greatest hkehhood of success Work w1ll occur m these representative streams m FY 97 

The actual 1nstream work w1ll take place m early summer, FY 97, to take advantage of lower flows m 
the creeks and to avmd workmg m streams when salmon are present Work w1ll be performed by two 
boat-based crews of four or five people usmg hand tools and small power tools such as cham saws, 
gas-powered dnlls, and a gas-powered wmch No veh1cles or heavy eqmpment wlll be used Work 
crews w1ll construct and Install vanous combmat10ns of SlX structure types d1agonal log werr, wmg 
deflector, log barb, tree top, eros10n control structure, and upstream V check dam These structures 
are designed to perform some or all of the followmg funct10ns reduce the energy of the stream flows, 
reduce bedload movement, reduce eros10n, stab1hze the channel, create pools, or 1mprove spawnmg 
hab1tat The type of structure prescnbed wlll depend upon the shape of the ex1stmg channel, type of 
fish hab1tat available, bank stab1hty, stream flow, and substrate At each s1te, the effects of the 
proposed structures wlll be considered to ensure that the structure w1ll not cause eros10n or other 
problems at e1ther hlgh or low flows 

Immedmtely followmg the lllStallatlOn of the structures, the1r locat10ns w11l be mapped w1th GPS, and 
affected habitats w1ll be measured for future momtormg Pre-proJect habitat surveys wlll be compared 
to post-prOJeCt hab1tat measurements to detenrune whether the desrred objectives were ach1eved 
Dunng FY 98, a final momtonng survey w1ll be conducted to evaluate the effectiveness of the 
structures after bemg subJected to annual peak stream flows Fmal report wntmg and data base 
management w1ll also occur durmg FY 98 

C Contracts and Other Agency AssiStance 

Tlns proJect w1ll requrre a serv1ce contract w1th the pnvate sector for a boat and operator to transport 
a three person field crew from Cordova to the proJect s1tes durmg FY 96 Tlns contract w11l mvolve 
approx1mately 30 field days of transportat10n for the hab1tat survey crew Durmg FY 97, a slmllar 
contract w1ll be reqmred to transport work crews, but w1ll also mclude prov1dmg meals and quarters 
for the crews 

Techmcal assistance from the Cordova Ranger D1stnct of the USDA Forest Serv1ce wlll be requrred 
for several aspects of tills proJect USFS assistance wlll mclude NEPA and other envrronmental 
comphance, f1shenes hab1tat techmcal expertise, hab1tat survey trallling, data management and 
analysis, and report wntmg 

5 



Project Number 96220 

D Location 

The lllltlal study area will mclude all anadromous streams surrounded by Eyak Corporation lands m 
Port Gravma, Sheep Bbay, and the west arm of Sunpson Bay, Prmce Wilham Sound The project 
benefits Will be reahzed m eastern PWS, and will prunanly affect the commumties of Cordova and 
Tatitlek 

SCHEDULE 

A Measurable Project Tasks for FY 96 

Start -up March 14 

March 15- Apnl14 

March 15- May 14 
May 15 - July 14 
August - September 
April1997 

Compllat10n and review of existmg mformat10n 
Recrmt fish habitat survey crew leader 
Identify study streams 
Recrmt student mterns 
Arrange logistics (boats, eqmpment, contracts, etc ) 
Conduct fishenes habitat surveys 
Analysis of field data 
Annual report on FY 96 work 

B Project Milestones and Endpomts 

July 15, 1997 

August 15, 1996 

April 15, 1998 

September 30, 1996 

C Project Reports 

April 15, 1997 

Apnl 15, 1998 

Improve salmon spawmng and rearmg habitat conditions through the 
lllStallatlOn of log structures m four eastern PWS streams 

Educate student mterns m the concepts and apphcat10n of fishenes 
habitat management 

Involve subsistence users from the Native Village of Eyak to the 
maxnnum extent possible 

Develop a baselme of mformat10n on eXlstmg wlldstock salmon habitat 
conditions withm the project area 

Annual progress report (address field habitat surveys, analysis, and 
habitat unprovement prescnpt10ns) 

Fmal report 
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COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

This project proposal has been closely coordmated with the fishenes staff of the Cordova Ranger 
Distnct, USDA Forest Service The Native VIllage of Eyak will apply Slffillar restoration techniques 
that were used effectively by the Forest Service with the Montague Island Chum Salmon Restoration 
proJect (94139) Results from the Forest Service momtormg efforts on Montague Island will be 
mcorporated mto the habitat Improvement prescnptions 

Future opportumties for coordmation and mtegration with other restoration efforts will be explored 
durmg FY 96 Shared eqmpment, boats, and personnel are all options that Will be explored for the 
FY 97 field work 

ENVIRONMENTAL COMPLIANCE 

The Forest Service will conduct the NEP A review for this proJect durmg FY 97, If approved for 
fundmg Given the scope of the proJect, It IS anticipated that a categoncal exclusion (CE) will be 
requrred Other envrronmental permits that will likely be requrred, mclude US Army Corps of 
Engmeers- 404 permit, State of Alaska- ADF&G Fish Habitat Permit, Coastal Zone Consistency 
determmation, and possibly a State of Alaska - ADNR Tidelands Permit 
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Chenega Bay Salmon/ Anderson Creek Fish Pass 

ProJect Number 

Restoration Category 

Proposer 

Lead Trustee Agency 
Cooperatmg Agencies 

DuratiOn 

CostFY 96 

Cost FY 97 

Geographic Area 

InJured Resource 

ABSTRACT 

96222 

General RestoratiOn 

Chenega Bay IRA Council 

USFS 
ADF&G 

2 years 

$16 1 

$564 

Crab Bay, southwestern Pnnce Wilham Sound 

Subsistence/Salmon 

This proJect will help replace lost subsistence opportunities The proJect will mvestlgate the potential 
for openmg up additiOnal spawnmg and reanng habitat for salmon by mstallmg a fish pass on a six-foot 
hamer fall located near the upper tlde zone on Anderson Creek Anderson Creek IS located m Crab Bay 
on Evans Island, western Prmce Wilham Sound Target species are pmk, coho and chum salmon In 
1996 the stream Will be surveyed and evaluated for enhancement and an envrronmental assessment Will 
be completed In 1997 the fish pass Will be mstalled 

INTRODUCTION 

Subsistence activities of residents ofPnnce Wilham Sound have been severely disrupted by the Exxon 
Valdez ml spill, none more than the residents of Chenega Bay This proJect will mcrease salmon 
production m Anderson Creek by mstallmg a fish pass over a hamer fall located near the upper tidal 
zone The target species are pmk chum and coho salmon Anderson Creek (ADF&G stream number 
667) IS located adJacent to the village of Chenega Bay Fish passage structures have been used m Prmce 
Wilham Sound for many years to Improve or provide access to salmon to under and unutihzed habitats 
Anderson Creek was Identified and recommended as a potentml fish pass site m the Pnnce Wilham 
Sound-Copper River Comprehensive Salmon Plan, phase II 5-year plan (1986-1991) 
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The first step oftlus proJect Will be to review escapement mformatwn and mtervrew local residents 
about the fish runs m Anderson Creek Limited documented escapement mformatwn IS available 
because Anderson Creek IS not morutored for escapements by Alaska Department ofFish and Game 
Knowledge of local residents may be the only source of mformatwn for this system 

An mventory of available spawnmg and reanng habitat m the system will be conducted usmg standard 
survey methods Inventory data will be analyzed and carrymg capacities for target species Will be 
estimated 

An engmeenng survey of the barrrer falls will be conducted and a prehmmary desrgn developed 

An envrronmental analysis Will be conducted 

InstallatiOn of the fish pass Will occur m the summer of 1997 

ProJect momtonng and mamtenance of the structure will be done by residents of Chenega Bay and the 
USFS 

NEED FOR THE PROJECT 

A Statement of Problem 

Subsistence gathenng of manne resources by Chenega Bay VIllagers has been reduced substantrally 
smce the ml spill There are two reasons for tlus One IS that many of the marme resources used for 
subsistence was InJured by the orl spill and are not as avarlable The second IS that there IS concern 
among the vrllagers whether or not resources affected by the spill are safe to eat 

Subsistence will have recovered when InJUred resources used for subsistence are healthy and productive 
and exist at prespilllevels, and when people are confident that the resources are safe to eat This proJect 
will help replace InJured subsistence services by enhancmg salmon populatron used by the people of 
Chenega Bay 

B Rationale 

Tlus proJect wlll enhance the salmon resources near the Chenega Bay VIllage and provide a safe source 
of subsistence salmon This proJect wrll provide addrtwnal salmon for subsrstence users wluch 
contnbutes directly to the subsistence recovery obJeCtive Identified m the Exxon Valdez Oil Spdl 
Restoration Plan The Restoratwn Plan also states that pnonty will be given to restonng resources and 
services whrch have economic, cultural and subsistence value to people hvmg m the Oil spill area 
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C Summary of MaJor Hypothesis and Objectives 

The maJor objective oftlus proJect IS to determme the feasibility ofmstallmg a fish pass to provide 
access for salmon over a barner fall on Anderson Creek to provide a safe reliable source of subsistence 
salmon close to Chenega Bay Tlus will be accomplished by mstallmg a fish pass on Anderson Creek 
Tlus will mcrease the productiOn of salmon from tlus creek and allow for a greater subsistence harvest 
by the residents of Chenega Bay Another objective oftlus proJect IS to mvolve the local subsistence 
users m the survey, design and constructiOn of this proJect 

D Completion Date 

Survey, design and envuonmental compliance will be completed m 1996 and all constructiOn work on 
tlus proJect will be completed m 1997 Momtonng ofproJect success and mamtenance ofthe structure 
will be conducted by people from Chenega Bay with assistance from USPS 

COMMUNITY INVOLVEMENT 

Tlus proJect IS bemg Imtmted at the request of the Chenega Bay IRA Council As the proJect progresses 
village residents will be mvolved by providmg histoncal mformatwn to USPS and ADP&G on the 
salmon runs m Anderson Creek, assist m collectiOn data on the creek and provide labor dunng 
mstallatwn of the fish pass The success of the proJect will be momtored by Chenega Bay village With 
assistance from the USPS 

PROJECT DESIGN 

A Objectives 

1 Investigate the feasibility ofmstallmg a fish pass on Anderson Creek to mcrease salmon avmlable for 
subsistence harvest 

2 Install a fish pass on Anderson Creek to provide additional spawmng and rearmg habitat for salmon, 
thus makmg additional salmon avmlable for subsistence harvest by residents of Chenega Bay 

3 Involve residents of Chenega Bay m the planmng, survey, design and rmplementatwn of the proJect 

B Methods 

Dunng 1996 residents of Chenega Bay will be mterviewed for mformatwn on fish runs m Anderson 
Creek Tlus will be followed by mventory of spawmng and rearmg habitat usmg standard survey 
methods The standard P orest Service stream surveys mclude documentatiOn of resident and 
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anadromous fish utihzmg the stream, channel typmg and detailed habitat umt descnptwns based on 
modified Hanlon and Reeves (1988) survey techniques The habitat survey data will be analyzed to 
determme carrymg capacity for target salmon species 

Potential mteractwns between the target species and any resident populatiOns Will be analyzed dunng the 
Envrronmental Assessment requrred under NEP A 

A site survey will be conducted at the barrier falls and a prehmrnary design will be completed 
Residents of Chenega Bay Will be mvolved m the design ofthe fish pass 

The actual mstallatwn of the fish pass will be done m the summer of 1997 when stream flows are low 
and salmon and their eggs are not present 

ProJect momtonng and mamtenance of the structure will occur m the years followmg the mstallatwn of 
the fish pass by residents of Chenega and the USFS Increases m salmon productiOn and subsistence use 
will be documented The creek will be walked on a yearly schedule to document escapement and 
subsistence harvest will be documented by residents of Chenega Bay 

C Contracts and Other Agency Assistance 

The Alaska Department of Fish and Game will assist with habitat mventory and provide assistance 
durmg development of the environmental analysis 

No contracts are planned for 1996 or 1997 

D Location 

ProJect locatiOn IS Anderson Creek (ADF&G stream number 667), m Crab Bay, Evans Island 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

Start-up Apnl 1, 1996 

By June 1, 1996 Interview Chenega Bay residents about Anderson Creek 

By August 1, 1996 Complete habitat surveys 

By September 30, 1996 Complete proJect EA and prehmmary fish pass design 
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B Project Milestones and Endpomts 

July 15, 1997 Complete mstallatwn of fish pass on Anderson Creek to mcrease numbers of 
salmon available for subsistence harvest 

C Project Reports 

October 30, 1996 Progress report and EA 

September 30, 1997 Fmal Report 

COORDINATION AND INTEGRATION OF RESTORATION EFFORTS 

Tins proJect will not requrre coordmatwn with other restoratiOn proJects 

ENVIRONMENTAL COMPLIANCE 

The Forest Service will conduct the NEPA review dunng 1996 Other environmental perm1ts that may 
be reqmred , mclude US Army Corps of Engmeers - 404 permit, State of Alaska - ADF &G title 16, 
Coastal Zone Consistency determ1nat10n 
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Project Title. Port Graham Pmk Salmon Subsistence Project 

Project Number 
RestoratiOn Category 
Proposer 
Lead Trustee Agency 
Cooperatmg Agencies 
DuratiOn 
Cost FY 96 
Cost FY 97 
Cost FY 98 
Cost FY 99 
Cost FY 00 
Geographic Area 
InJured Resource/Service 

ABSTRACT 

96225 
General RestoratiOn 
Port Graham IRA Council 
ADF&G 
Port Graham IRA Council, Chugach Regional Resources Commission 
Five years 
$95,300 
$83,100 
$77,200 
$79,600 
$81,900 
Port Graham, lower Cook Inlet 
Pmk Salmon/Subsistence 

This proJect will help supply pmk salmon for subsistence use m the Port Graham area durmg the 
broodstock development phase of the Port Graham hatchery Because local runs of coho and sockeye 
salmon, the more traditional salmon subsistence resource, are at low levels pmk salmon are bemg 
heavily relied on for subsistence This proJect will help ensure that pmk salmon remam available for 
subsiStence use until the more traditlonal species are reJuvenated 

INTRODUCTION 

This project will help underwnte the hatchery productiOn of pmk salmon for subsistence use m Port 
Graham Normally pmk salmon are not heavily utiliZed for subsistence However, with the local 
sockeye run currently closed to all fishmg and the coho subsistence harvest at about 15% of Its 
histone level, pmk salmon have played a maJor role m the subsistence harvest m recent years 
Unfortunately, the pmk run to Port Graham IS also suffermg Escapement mto the Port Graham River 
has barely met the mmiiDUm goal for three of the last four years (the 1991 return was somewhat 
better) 

A salmon hatchery IS bemg developed m Port Graham Its prmcipal rmssion Is to build the pmk 
salmon run back up to levels that will allow commercial explmtat10n When this objectlve IS achieved 
the Impact of the subsistence harvest on pmks will be negligible At this pomt m time however, the 
subsistence harvest has a sigmficant Impact The hatchery IS m the broodstock development phase 
The more eggs that are put m mcubat10n the faster the hatchery will achieve Its goals The low pmk 
returns to the Port Graham River coupled with the subsistence harvest on the hatchery returns IS 
lirmtmg the number of eggs that can be put m the hatchery and extendmg the time It will take for the 
hatchery to build the broodstock It needs to become self sufficient 

The EVOS clean-up effort had a negative Impact on the Port Graham pmk salmon as It did on the local 
coho and sockeye runs Boom deployment durmg the early phases of the clean-up trapped a large 
number of outrmgratmg pmk salmon fry m the boom curtam on the ebbmg tides causmg high levels of 
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mortality It IS poss1ble that these losses are contnbutmg to the poor even year returns that have been 
expenenced recently 

Thts project IS a small piece of the overall Port Graham pmk salmon enhancement program It 
compnses about a third of the overall Port Graham pmk salmon enhancement budget Port Graham 
pmk salmon enhancement program complies with all state policies governmg salmon enhancement 
activities mcludmg dtsease, genetics and harvest management All reqmred reviews and permits have 
been obtamed for the hatchery program mcludmg tills proJect Tills proJect IS designed to become self­
sustammg beyond the development stage which 1s currently estimated to occur by the end of the decade 

NEED FOR PROJECT 

A Statement of Problem 

The salmon runs to the Port Graham area are at a low levels, partly as a result of the Exxon Valdez 01l 
sp1ll As a consequence It has become more difficult for Port Graham villagers to meets therr 
subsistence needs for salmon Because of their four to five year life cycles, It will take a long trme for 
the sockeye and coho runs to rebmld A large number of the pmk salmon that are bemg produced by the 
hatchery now bemg developed m Port Graham are bemg taken m the local subsistence fishery 
Although the subsistence harvest of hatchery fish IS helpmg to make up for the lack of wild fish, It IS 
makmg It far more difficult for the hatchery to develop the broodstock It needs to become self 
sufficient Unless the schedule for developmg broodstock can be mamtamed, the hatchery will lose Its 
positive benefit/cost ratio and may have to be closed 

It IS appropnate that the hatchery contribute pmks to the subsistence fishery However, extraordmary 
methods \VIll need to be employed for the hatchery to provide for the subsistence fishery as well as 
mamtam Its broodstock development schedule These will mclude procedures to enhance the survival of 
JUVerule pmks released from the hatchery, and coordmatmg with ADF&G to maxtmize the number of 
''tid adult pmk salmon returnmg to Port Graham that can be collected for broodstock 

B RatiOnale 

The unportance of subststence to the Native VIllages m the 011 spill area has been recogmzed by the 
EVOS Trustee Counctl m Its November 1994, Erron Valdez Ozl Sprll RestoratiOn Plan This proJect 
\\Ill help preserve the subsistence lifestyle m Port Graham by provtdmg addttlonal salmon for 
subsistence needs Harvest of these hatchery produced salmon Will take pressure off the local Wild runs, 
helpmg them m thetr reco\-ery effort Usmg an enhanced resource to replace harvest of an InJured 
resource ts an accepted strategy under the RestoratiOn Plan 

C Objectn es 

lse the Port Graham hatchery to provtde pmk salmon for local subsistence use while mamtammg the 
hatchery's pmk salmon broodstock development schedule 
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D CompletiOn Date 

This proJect Will end when the broodstock development phase at the Port Graham hatchery IS complete 
Thts ts expected to occur by the end of FY 00 

COMMUNITY INVOLVEMENT 

Th1s proposal Is bemg submitted by the Port Graham IRA Council The Port Graham hatchery IS owned 
and operated by Port Graham Hatchery, Inc , an arm of the Port Graham IRA Council It IS hoped that 
the Port Graham IRA Council Will manage this proJect under a contract w1th ADF&G 

PROJECT DESIGN 

A Objectives 

Use the Port Graham hatchery to provide pmk salmon for local subsistence use while mamtammg the 
hatchery's pmk salmon broodstock development schedule 

B Methods 

Two baste strategies will be employed to meet the obJective The first will be to supplement the 
ADF&G momtonng of the Port Graham pmk salmon return and the second will be to enhance the 
JUVemle to adult survival of the hatchery produced pmk salmon through an extended reanng program 
A bnef discussion of each approach IS gtven below 

The Port Graham River pmk salmon run IS the source of the hatchery broodstock A program will be 
established to work closely with ADF&G m momtonng the pmk salmon return to Port Graham each 
year m order to get as precise an esttmate as posstble on the wtld and hatchery return This program 
will supplement the normal management stream and bay surveys of Port Graham that ADF&G 
conducts It wtll mclude additional stream surveys and closely momtonng the subsistence fishery 
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harvest Thrs program will also establish regular lmes of commumcatwns between Port Graham and 
ADF&G By coordmatmg effort and keepmg close track of the pmk salmon return, 1t wrll be possible 
to maxrmrze the harvest of pmk salmon wrule ensunng that the Port Graham nver pmk salmon 
escapement goal Is met 

The other aspect of this project mvolves holdmg rearmg pmk salmon fry until they attam an average 
werght of 8 grams before bemg released After emergmg from the mcubators hatchery pmk salmon fry 
are held and fed m saltwater pens before bemg released at the hatchery srte to go to sea Studies 
undertaken at the hatchery over the last three years mdicate that pmk salmon reared to 8 grams before 
bemg released had more than twice the survival of pmk salmon fry that were only reared a short time 
(until the first major zooplankton bloom) before bemg released Long term reanng ofpmk salmon rs 
not cost effectrve m a normal hatchery operatiOn However, cons1denng the relatrvely small number of 
pmks mvolved m this strategy and the need to enhance the survrval as much as possible to allow for a 
subsistence take as well as broodstock development, the additional cost or rearmg pmks to 8 grams 
makes fiscal as well as practical sense 

SUPPLEtvmNTATION CRITERIA. This IS a supplementatiOn project The followmg Is a bnef discussiOn of 
how the project fits under each of the supplementation cntena presented m the Invztatwn to Subm1t 
Restoration Pro;ects for Federal Fzscal Year 1996 and Draft Restoratron Program FY 96 and Beyond, 
March 1995, pages 34-35 

Benefits of Supplementation This project will provide additiOnal pmk salmon for harvest m the 
subsistence fishel) m the Port Graham area By shutmg some of the subsistence harvest to hatchery 
salmon thrs proJect will help Port Graham wrld salmon stocks recover from their present low levels 

Genenc Risk The Port Graham pmk salmon hatchery program was reviewed by the ADF&G, CFl\1D 
Genetics Sectmn "' ho determmed that the program (which mcludes this project) meets all cntena of the 
state Genetrcs Polley for Salmon Enhancement The program (mcludmg this project) has been awarded 
a state F1sh Transport Permit 

Mrxed-stock Frshery The potential for the Port Graham pmk salmon hatchery program (mcludmg thrs 
proJect) creatmg or exacerbatmg a mixed stock fishery program rs mimmal The harvest of Port 
Graham pmk salmon are spatially and/or •emporally separated from other Kachemak Bay pmk salmon 
stocks as well as other salmon species T.::wre IS very little overlap The same IS true With the other 
salmon soecie:, that spa\m m the Port Gr~am area 

Momtonng and E\ aluation A portion of the prnk salmon reared to 8 grams Will be coded Wire tagged 
The local fishenes and the hatchery egg take Will be momtored for marked fish 

Economrc Cntena This project, especially long term reanng pmk salmon fry to mcrease adult survival, 
will negc.trvel\ rmoact the hatcher, benentlcost ratro However, not domg this project would erther 
cause a reducuon LD the overall subqstence han est m Port Graham as well as put additiOnal pressure on 
the\\ rid stocks, and/or e'\"tend the hztcherv broodstock development phase to the pomt where operatmg 
the hatcl:ery 'lops makmg economic sense 
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Procedural Cntena All evaluatiOns (Regwnal Salmon Planmng Team, Coastal Project CertificatiOn) of 
the Port Graham hatchery program (mcludmg this project) have been conducted and all necessary 
permits (hatchery permit, fish transport permit, COE, DNR, CZM) have been obtamed Tills project has 
not been evaluated under the NEPA process 

C Contracts and Other Agency Assistance 

The Port Graham IRA Counc!l will operate tills project under a contract with ADF&G The funds for 
stream survey air charters will be retamed by ADF&G to supplement the normal management surveys 
of Port Graham 

D LocatiOn 

The proJect wtll be conducted at Port Graham wtth the bulk of the benefits accrumg to the Port Graham 
village 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

Apnl 10 to October 30 

July 7 to August 3 1 
August 1 0 to August 25 
August 28 to September I 0 
Apnl 1997 

250,000 prnk salmon fry from the Port Graham hatchery placed m net 
pens and reared to an average weight of 8 grams 
Morutor prnk salmon escapement mto Port Graham 
Capture hatchery broodstock 
Egg take 
Annual report on FY 96 work 

B ProJect Milestones and Endpomts 

The project objeCtive will be successfully met tf broodstock development phase ts completed on schedule 
at the end of FY 00 

C ProJect Reports 

Annual reports 

Fmal report 

Descnbes project activities for the year, analyzes successes and 
problems, makes recommendations for Improvements due Apnl 1 
followmg fiscal \ear bemg reported on 
Synopsis of each tear's actrvrttes wtth analysts of project as a whole 
Due Apnl 1 followmg final year of proJect 

COORDTh-\TION AND INTEGRATION OF RESTORATION PROJECT 
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If funded, thts proJect wtll be mtegrated mto the overall pmk salmon enhancement program m Port 
Graham 

ENVIRONMENTAL C01\1PLIANCE 

All federal, state and local periDits have already been obtamed for thts proJect NOAA wdl hkely be the 
agency responstble for the NEP A revtew 

6 



-



COM:MUNITY -BASED HARBOR SEAL MANAGE~NT AND BIOLOGICAL SAMPLING 

ProJect number 
Restoration category 
Proposer 
Lead Trustee Agency 
Cooperatmg agenCies 

Duration 
Cost FY 96 
Cost FY 97 
CostFY 98 
CostFY 99 
Cost FYOO 
CostFYOl 
Cost FY02 
Geograpluc Area 
InJured Resource/Semce 

ABSTRACT 

96244 
General Restoration 
Alaska Native Harbor Seal Comrrusswn 
Alaska Departinent of F1sh and Game 
National Manne F1shenes Service 
Rural Alaska Commuruty Action Program (RurAL CAP) 
Uruvers1ty of Alaska Sea Grant Program 
Three years 
128 5 
1000 
85 0 

00 
00 
00 
00 
Pnnce Wilham Sound, lower Cook Inlet, 
Harbor seals, subsistence 

u I - -I ' -' 'I ~- J --

Tlus proJect wtll follow through on recommendations from two '' orkshops supported through previOus 
harbor seal restoratiOn proJects One goal1s to mvolve subsistence users m the restoration oftlus species 
through a pilot project for collecting biological samples from subsistence-taken arumals from Pnnce 
Wilham Sound and lower Cook Inlet VIllage-based technicians will be selected by the Alaska Native 
Haibor Seai Comrmsswn (ANHSC) and trruned to collect samples from hunters and transport these 
samples to Anchorage for further sampling and analysis Also an mstructional VIdeo wtll be produced 
Second, a traditional kno\\ledge database wt!I be developed, demonstrated, and d1stnbuted The role of 
the Alaska Native Harbor Seai Comnusswn wtll be supported and expanded The Comrrusswn wtll 
orgaruze t\\o workshops, produce and dlstnbute two newsletters, and participate m the biOlogical 
sarnphng program 

INTRODUCTION 

The goal of tlus continurng proJect IS to support collaboration bet\veen subsistence hunters of harbor seals, 
scientists, and resource management agencies to assess the factors wluch are affecting the recovery of the 
harbor seal population of the oil spill area and to IdentlfY '' ays to reduce these 1m pacts In FY 94 (ProJect 
9-l244) and FY 95 (95244) the Trustee Council provided funding for the Alaska Departinent ofFish and 
Game, Dl\lsiOn of Subsistence to compile a\ rulable data, collect additional mformation, and to orgaruze 
\\Orkshops and commurul.\ meeungs ,,, .... 1 SCientist~ ;md subqstence users Participants m the workshops 
concluded that L'le lack of a formal vfgc..ruzatlon wh1ch represents subsistence users of harbor seals IS a 
maJor Impediment to comrnurucauon bemeen scientists and hunters and to the mcluswn of subsistence 
hunters as full partners m harbor seal research and restoration To fill tlus gap, Alaska Native 
participants m the harbor seal restoration \\ orkshop of March 2 199 5 'oted to form an Alaska Native 
Haibor Seal Comrmss1on The Comrrusswn IS presentJy seeking fundmg from several sources to support 
Its actiVIties In FY 96, this proJect wtll ass 1st the Comrrusswn b' providing 1t wtth funds to orgamze t\\ o 
\\Orkshops held m conJunCtion v.1th comrrusswn meetmgs and to produce and distribute two newsletters 
and other cornmurucatlons 

A second consensus pomt reached at the \\Orkshops was that subsistence hunters are man excellent 
pos1Uon to ~s1st m sc1enufic sturues through provrdmg bwlogical samples from subsistence-taken 
arumals The goal of tlus p1lot proJect IS to test the prdctlcaht) and eJTecU\ eness of a commumty-based 
haroor seal bwlog:Ical sarrJhng program designed and admm1stered cooperatively between the Umvers1ty 



of Alaska, the Alaska Native Harbor Seal Comrruss10n, and the Department of Ftsh and Game An 
add.Illonal goal is to assist the Comnusswn m developmg a long-term operatmg plan for btologtcal 
sampling mdependent of restoraLton funds 

Another ronsensus pomt reached at the workshops was that there needs to be mtegrallon of the tradtllonal 
knowledge and skills of subsistence hunters With the research efforts of western sctenllsts In order to 
facthtate thts mtegraLton, a goal of thts project Will be the orgaruzallon of a trad.Illonal kttowledge 
database by the DtVISlon of SubSJstence wluch mcorporates avatlable mformallon along With InformatiOn 
on selected topiCS (such as harbor seal dtstnbullon) spectfically for thts proJect The DlVlswn Will 
demonstrate the use of the database at one of the proposed workshops, and make the database accesstble to 
subsistence users, resource managers, and SCientists through an askSam read-only program 

Fmally, thts project Will support other restorallon projects proposed for FY 96 and beyond, such as the 
Manne Mammal Ecosystem Study (96001, 96064), the Commuruty Involvement and Traditional 
Knowledge Project (96052), and the Pnnce Wilham Sound Subsistence Harbor Seal Huntmg 
Documentary (96214) The project Will also rontnbute to the Trustee Council's rerovery objecllves for 
subsistence b} factlttaiJng mvolvernent of subSistence users m the restorallon process 

NEED FOR 1llE PROJECT 

A Statement of problem 

The harbor seal populallons ofPnnce William Sound and the northern Gulf of Alaska were m dechne 
before the 011 spill for unknown reasons The spill tnjured these populations, addmg to the declme, and 
they are not recovenng Harbor seals are a pmnary subsistence resource m the Alaska Native 
commuruties of the otl spill regton Subsistence harvests of harbor seals have declmed m many of 
commuruties smce the spill because of the reduced population stze and voluntary efforts on the part of 
hunters to hmrt therr harvests to ard m recovery In order to assess these efforts and to identify measures 
which subsistence users could take to further assist m harbor seal restoration, the Trustee Councrl funded 
projects tn FY 94 and FY 95 to comptle eXIsting data, collect addtllonal mformatlon, orgamze meeungs of 
scientists and subsistence users, and de'\ elop recommendations for hunters Two workshops took place 
Among other thmgs partiCipants at the v.orkshops recogruzed that Without a formal orgamzatlon 
represenung subsistence hunters of harbor seals, It was unlikely that a consensus on recommendauons 
could be de\ eloped or that a dialogue ~een hunters and scientists could be mamtamed Workshop 
participants stressed that strong mvohement of hunters m research actiVIties and management dectswns 
was an essenna.I mgredtentm am plan for harbor seal recovery, as IS the mtegratlon of traditional 
knowledge mto research efforts Several other proposed restoration projects Will exarrune the potential 
causes of the harbor seal population declme and lack of recovery, mcludmg mortahty caused by humans 
The need exrsts to follow through on the v.orkshop recommendations to support these harbor seal 
restorauon efforts 

B Ratron.ale 

The reco,er. objectr.e for harbor seals states that recO\ery will have occurred when harbor seal 
population trends ar~ stab~e or m;::reasmg Based on findmgs from t\\o workshops which mvolved 
sClentists and substq~nce nsers of harbor seals (conducted under Projects 94244 and 95244), meetmg this 
recoven objective v.ill be enhanced bv contmumg dialogue between scientists and subsistence users 
tm olvmg subsJ.sten~ hun!.."'TS m research efforts mtegratmg tradtUonal knowledge mto scientific studies, 
and collaborat:ng m the cle\ elopment o: recommendauons for subsistence hunters about how they can 
asS1st m ha.rb(.>: seal -ecO\e!) For e'\a!:lple, subsistence hunters can provide substantial mformat10n about 
the mnter lOC21.1on a::d abr.mdan.:e of seals, the conditiOn of seals taken for subsistence purposes, and seal 
behavior Tlus pro1e-.:t w1:l rmplement ..be recommendauons of the \\Orkshops by supportmg the activities 
of the ne" h formed lJask.a "Jatl\;: Har:>or Seal Comnuss10n fundmg \\Orkshops and commumty 
me-eting' \\hlC:::l re,~~, d.::.:z and nvpotbeses, collecung and organmng tradmonal knowledge mto an 
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accesstble database, developmg a pilot btologtcal samphng program, and proVIding other technical 
support to the Alaska Native Harbor Seal CommiSSIOn 

Research proJects have been proposed as part of the FY 96 Work Plan to momtor seal population trends 
and conduct research to discover why harbor seals are not recovenng Assessmg parameters that affect 
manne mammal abundance and health reqmres access to and exanunation of annnals or tissues Manne 
mammals are mherently difficult to study and the collection and exanunation of tissues IS further 
complicated by legal limitations Imposed by federal protective measures and pernutt.tng procedures 
Sacnficmg arumals for research purposes IS either undesuable or Illegal, and beachcast carcasses are often 
too decomposed to be of value A potentially mvaluable source of fresh specimens eXIsts m Alaska, where 
coastal Alaska Natives still legally use manne mantmals for subststence or handicraft purposes 

For a harvest samphng program oftlns nature to succeed, 1t Is tmportant that 

I Local people support the program and 1ts goals, be mvolved m the sample collection, understand the 
sigmficance of the data to be collected, be Wllhng to store and ship samples from VIllages to a central 
receiver, and be tramed and Wllhng to record data and collect samples as Instructed 

2 Samples must be easliy collected, stored and shipped, may be subsequently sub-sampled by lab 
techmctans, must be analyzed m due time, and results returned to vtllages 

C Summary of MaJor Hypotheses and Objectives 

The pnmary prermse upon v.lnch t1us project ts based ts that restoration of harbor seal populations mll be 
facthtated by developmg the mvoh ement of subststence users m research and management actiVIties, and 
through facthtatlng the mtegration of traditional knowledge m sctentlfic studies Key to the success of 
this effort wtll be support for the actMties of the Alaska Native Harbor Seal Commission Specific 
obJectives mclude to 

I Develop a cormnuruty-based ptlot program to collect btologtcal samples and other mformation from 
harbor seals m Pnnce Wdl!am Sound and the northern Gulf of Alaska mvolvtng hunters from Cordova, 
Tatitlek, Chenega Bay, SeldOVIa, Port Graham, and Nanwalek, which may serve as a model for a more 
mclusive program throughout the range of the spectes 
2 Collect bwlogtcal samples and other mformation from harbor seals harvested by subststence hunters m 
the srx commumt:J.es, and prOVIde tltese samples to researchers for analysts 
3 Commurucate mfonnat:J.on about results of harbor seal studies to hunters and SCientists on a regular 
basts through cormnuruty meetings workshops, and newsletters orgaruzed and produced by the Harbor 
Seal COIDilllSSIOn 
4 Develop a Harbor Seal Traditional Knowledge Database for Uus regwn, demonstrate Its use, and 
provtde access to the database to potential users 
5 Produce recommendations for subsistence users Gf harbor seals which denve from study findings and 
the discussiOns at commurut\ meeungs and work!,uops 
6 Evaluate the program's effecti\eness and develop a more long-tenn funding plan 

D Completion Date 

This proJect should connnue as long as the Manne Mammal Ecosystem Research package ts underway 
Presently, field;..,ork and data anah-sts for this study package are proposed through FY 97, wtth close-out 
m FY 98 The bwlogtcal samphng program should be vtewed as a pilot prOJect to continue for two 
additional 'ears m order to get the v.stem m place and provide enough time for an evaluation of Its 
performance 
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COMMUNITY INVOLVEMENT 

Commuruty and subsistence user mvolvement m the restoration process and m harbor seal recovery IS a 
central purpose of this proJect A pnrnary goal1s support of the actiVIties of the Alaska Native Harbor 
Seal CorniDISSIOn With proJect funds, the CorniDISSIOn, through a subcontract With the Rural Alaska 
Commuruty Action Program (RurAL CAP), Will orgaruze two workshops for representatives of ml spill 
area commuruties which use harbor seals for subsistence purposes conducted m conJunction w1th 
Coffiffilsswn meetings The Coffiffilsslon Will also orgaruze commuruty meetings to mfonn hunters of 
restoration actiVIties, harbor seal research, and CorniDISSIOn functions These meetings can serve as a 
means to develop subsistence hunter mvolvement m ongomg research efforts The CorniDISSIOn and 
RurAL CAP Will also produce two newsletters As part of the bwlogical sampling effort, the CorniDISSlon 
Will select technicians m SIX commuruties These techruc1ans Will be tramed by a manne mammals 
biOlogist to collect samples SubSistence hunters Will supply the samples and Will be tramed through the 
use of an Instructional Video, and through hands-on mstruction as needed DIVls!On of Subsistence 
researchers Will continue illteMews With knowledgeable seal hunters and users to collect mformauon for 
the a traditional knowledge database, wlnch Will be orgaruzed, demonstrated, and made available to 
potential users The development of the database will also support efforts through ProJect 96052 to more 
fully mvolve local commumues and traditional knowledge ill the restoration process 

PROJECT DESIGN 

A Objectives 

1 Develop a commuruty-based pilot program to collect biological samples and other mfonnatlon from 
harbor seals ill Pnnce William Sound and lower Cook Inlet, which may sene as a model for a more 
illclus!Ve program throughout the range of the species 

a Train local techruc1ans and hunters ill biOlogical sample collection procedures 
b Des1gn the program to maxurnze sampling for efficiency and coordmauon With other harbor seal 
proJects 
c evaluate the program s effectl\eness and develop a more long-term fundmg plan 
d Produce an Instructional Video m bwlogical sampling procedures 

2 Collect bwlogical samples and other mformatlon from harbor seals hanested by subsistence hunters m 
SIX commuruues Tatitlek_ Chenega Ba,, Cordova, SeldoVIa, Port Graham and Nanwalek 

a Collect mformatlon about the number, sex, approXImate age and place and date of harvest for harbor 
seals taken m each '11lage 
b Collect bwlogical samples to 1x! analyzed m cooperation w1th other harbor seal proJects, mcludmg 
blubber \\hish.ers, s.l.m female reproductive tracts, and stomachs 
c Store samples m a corr_'llurut\ freezer and penodlcally ship samples to Anchorage for further 
orocessmg and dislr'butlol for analys1s 
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3 Utihzmg the serv1ces of the Alaska Native Harbor Seal Comrruss10n and 1ts subcontractors, 
commumcate mformation about results of harbor seal studies to hunters and scientists on a regular basis 

a Conduct two workshops annually, m conjunction With meetings of the Alaska Native Harbor Seal 
Commission, which mclude hunters from oil spill commumties, harbor seal biologists, and agency 
representatives, to reVIew recent findmgs about harbor seals and discuss Important Issues 
b Conduct one commumty meeting per year m each of the six pilot program commumties for hunters 
and scientists to reVIew and mtegrate scientific mformation and traditional knowledge 
c Produce two mformational newsletters per year descnbmg results of harbor seals studies, ongomg 
harbor seal research, and commumty Involvement 

4 Develop a Harbor Seal Traditional Knowledge Database 

a Incorporate mformation obtamed from preVIous research efforts by the DIVISion of Subsistence 
ADF&G as part of Restoration Projects 94244 and 95244, National Manne Fishenes SerVIce-sponsored 
research, and DIVISion of Subsistence baselme studies mto a database 
b Collect new mformation from hunters about top1cs such as wmter distribution and abundance changes 
m distribution and abundance, seasonal use of haulouts, and observations about factors that may be 
affecting abundance, such as human actiVIties or killer whales 
c Incorporate mformation collected dunng other restoration projects, such as 96052 (Commumty 
Involvement and Traditional Knowledge) and 96214 (Harbor Seal VIdeo), and make sure that data from 
this project are available to support these other restoration efforts 
d Demonstrate the use of the database durmg one of the Harbor Seal Commission workshops, and make 
the database available to potential users such as local commumties, schools, subsistence hunters, and 
scientists 

5 Collaboratively produce recommendations for subsistence users of harbor seals 

a These recommendations Will be based on traditional knowledge, contemporary observations, and 
scientific findings 
b Recommendations will be developed at workshops and commumty meetings 

6 Evaluate the program's effectiveness and develop a more long-term fundmg plan for Commission 
actiVIties and the biOlogical samphng program 

B Methods 

Objectives 1 and 2 Biological Samphng Program 

For Objectives rantt 2, the B.ological Samphng Program, the followmg procedures Will be used 

1 Traimng A marme mammal biologist, Kate Wynne of the Uruversity of Alaska, Will compile 
protocols, synthesiZe these mto useable formats, develop data forms, labels, samplmg kits, and a database, 
and mcorporate Instructions for theu use mto a traimng program 

Instruction Samphng will reqmre two levels of mstructlon or traimng commumty-based samphng 
techruCians and subsistence seal hunters VIllage-based techructans, ANHSC personnel, and ADF&G 
staff Will attend a full-day regional samphng traimng sessiOn m either Cordova (for Cordova, Tatitlek, 
and Chenega Bay techruCians) or Homer (for SeldoVIa, Port Graham, and Nanwalek techmcians) m which 
Wynne Will proVIde a detailed explanation of project goals, and sigruficance and use of data to be 
collected, distribute samphng kits, explain and demonstrate sampling techmques and use of eqmpment, 
and distribute wntten and graphic mstructional matenals to take to villages 
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Hunters Wlll be mfonned of program objectives and specified samphng reqwremcnts through 
commumcahon With VIllage technicians and other project personnel and through wnttcn, graphic, and 
VIdeo mstruchonal matenals If hunters or techniCians need addiUonal "hands on" traxmng, Vtckl Vanek 
of the DIVISion of Subsistence or other diVIsion personnel may be avaxlable to travel to the commumues to 
proVIde thts assistance This travel would be accomplished as part of other projects (and scheduled to be 
consistent With the goals and objechves of these projects), and funding for tlus level of assistance IS not 
bemg sought through this project 

2 Traxmng matenals 

Manual Tlus Will mclude step-by-step diagrams and a VIsual gwde It wtll be waterproof and be 
mcluded m the samphng klt 

Examples At the trauung sessiOn participants Will work through a hypothehcal axumal, filling m data 
fonns and labels 

VIdeo The VIdeo Will be based upon the two traxmng scsstons, produced by ADF&G, and distributed 
subsequent to the two mulh-commumty sessiOns The VIdeo Will mclude project rahonale and objcchves, 
footage of current research and populauon dechnes, significance and use of data to be collected, 
demonstrate how to fill m data forms and labels, demonstrate how to use sampling klt and supphes, show 
where and how to remove Ussues from axumals, and show how to sub-sample, bag, and label ussues 

3 Sample collechons 

Technicians There Will be a VIllage-based technician m each pilot program commumty, whose 
responstblliUes wtll be to take samples from seals taken by partlCipahng hunters, record data as requested, 
assure access to freezer and samphng supphes, noUfy Wynne when supplies are low or freezer IS nearly 
full, and load and ship coolers With samples to Anchorage 

Key hunters Ideally at least two hunters per village Wlll be wtllmg to proVIde subsistence taken seals 
from which the technictans Will take samples, and record data as requested 

Sample size and distnbuhon It IS difficult to predict the number of samples that may be collected m tlus 
program annually or by commumty, but we have assumed an average of 20 anm1als per commumty while 
destgmng the samplmg strategy and eshmaUng proJect costs 

Tissues to be collected A nummal sample can be collected by technicians m each VIllage With relauve 
ease and subsequently sub-sampled m Anchorage to proVIde the swte ofUssue samples reqwred We Will 
traxn and ask technicians and hunters to record mfonnat10n about harvest locahon and axumals' sex, 
eVIdence of tags or markers, and standard measures of length and grrth TechniCians will be traxned to 
collect the whole heaa (With hide and blubber mtact), stomach (after tymg off both ends), fist-stzed 
sample of bver, heart, and kidney, female reproducuve tract, and claws Although collectmg the 
reproducuve tracts and claws IS highly desuable, tt may be realtshc to assume they Wlll be collected 
opporhlmshcally only from those hunters Willing to dedicate extra effort requrred to collect them 

Sampling procedure 

Step 1 In the commumty VIllage technician receives sample from the hunter The data form wlll be 
filled out by hunters m the field and m the commumty by tile technicians Baste sample mformahon Wlll 
be filled m on a detachable speCimen label at the bottom of tile data fonn which Will be placed Inside the 
specimen bag With samples for VIllage-based storage Technicians Will be proVIded With a lot that 
mcludes supphes adequate for sampling of20 axumals Among the ttems m each klt Will be 1) Ziploc 
samphng bags for collection of the head, stomach, and hssues, 2) large garbage bags m which to place the 
sample bags collected from each axumal, and 3) data fonns With a detachable specrmen label The head, 
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stomach, and tissues Will each be mdlVldually bagged m a two gallon ztploc bag All these sample bags 
Will then be placed m one large garbage bag along With the specimen label from the bottom of the data 
form The speClffien bag and bottom portion of the data form Will be placed m a freezer Without sub­
samplmg, the techniCian Will enter mformatton on freezer logs and deposit data form m a file, contact 
Kate Wynne or the ANHSC when a full shipment has accumulated, and then send the samples to 
Anchorage 

Step 2 Kate Wynne m Anchorage receives samples and stores them at the UAA North Pacific Fishenes 
Observer Trammg Center, for penodlc sub-sampling efforts, then removes canme teeth, whiskers, and 
samples of skm, blubber, and skeletal muscle from the head and places each m a separate bag With a label 
contammg Information from the speClffien label (date, spectes, sex, vtllage), repackages each tissue mto 
mdivtdual bag and labels as above, specrlYmg organ and ongm, ties securely, refreezes, and ships 
mdivtdually labeled samples to the appropnate laboratory (see Table 1) 

Data collection 

Data Will be requested on data fonns which Will allow for standardization of data With other harvest­
samphng programs Sample labels and freezer log forms Will be developed to assure adequate sample 
tracking 

Sample analysts 

The attached Table 1 provtdes a summary of the research programs mvolved m the tissue analysts It ts 
expected that partiCipating scientists Will acknowledge m any reports and pubhcations the role of the 
ANHSC m facthtattng the b10logxcal sampling program 

Data management and reporting 

Btologxcal data collected from this program Will be managed and mamtamed m a data base usmg software 
that ts easily translated or mtegrated With software used by other agenctes and orgamzattons This 
database will be centrally mamtamed (truttally by Wynne) and a summary of the samples collected and 
analyzed Will be mcluded m the project's annual and final reports to the Trustee Council, With copies to 
pertinent agenctes, such as NMFS Additionally, Wynne Will collate the results of the sample analysts 
mto a readily understandable report, that Will be provtded to all the project participants 

Summary Proposed responstbthttes of each cooperating group for Objectives 1 and 2 

Kate Wynne, Umverstty of Alaska, will 

1 Compile protocols, develop data fonns and samplmg kits, and mcorporate Instructions for thetr use 
mto a trmrung program 
2 Assist ADF &G m the production of the tratmng Vi J.oo 
3 SynthesiZe technical mformatton mto "user friendly'' data fonns, labels, and samplmg kits 
4 Conduct one-day trammg workshops m Cordova and Homer, each attended by three of the commuruty 
technictans, Comtruss10n staff, and agency personnel 
5 Recetve samples from village-based technicians, process samples m Anchorage, and ship samples to 
participating researchers for analysts 
6 Mamtam database ofb10logtcal data collected from this proJect 
7 Participate m the two Alaska Nattve Harbor Seal Comtmssion workshops 
8 Collate results of sample analysts (provtded by vanous researchers) mto a readily understandable 
report 
9 Work With ADF&G to mtegrate these results With mformation bemg developed for the traditional 
knowledge data base bemg prepared under this proJect 
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10 Wnte a bnef summary of the proJect for mclusmn m the mtenm and final reports for the Trustee 
Council 

Alaska Department of Fish and Game, DIVIsion of Subsistence will 

1 Lead m production of the mstructional VIdeo, mcluding purchase of supphes, rental of studio, and 
distnbutmg VIdeo (Crrug Mtshler, 0 5 month) 
2 Participate 10 trrumng sessmns (Crrug Mishler, VIcki Vanek, Ronald Stanek) 
3 Help answer commumty facilitator's questions (VIcki Vanek, Ronald Stanek) 
4 In coordmation W1th other ongo10g proJects, proVIde "hands on" trrumng lf necessary 10 the pilot 
program commumties (VIcki Vanek, Ron Stanek) 

The Alaska Native Harbor Seal Coffiffilssmn Will 

1 IdentifY and subcontract W1th SlX commumty techmctans 
2 Purchase samphng klts and distnbute klts and other supphes to VIllage-based techmcians 
3 Set up rur freight accounts for shlpp10g samples 
4 Through a subcontract With RurAL CAP, arrange travel to trrumng workshops for Kate Wynne, 
CoffiffilsSion personnel, and the commumty techmctans 
5 PartiCipate m the tralmng workshop 
6 Commumcate study findings through workshops, commumty meetings, and the productiOn of two 
workshop summanes (the latter produced through the subcontract With RurAL CAP) 
7 Assist Wlth production of the tra10mg VIdeo 

ObJective 4 Traditional Knowledge Database 

• 

Regardmg ObJective 4, the collection and orgamzation of traditional knowledge, DIVISIOn of Subsistence I 
researchers Wlll continue to conduct mternews W1th seal hunters m Pnnce WJlham Sound and lower 
Cook Inlet commumties to collect and reVIew mfonnation on harbor seals Although a vanety of topics 
Will be covered, the 10temews will focus on such topics as harvest locations, Wlllter distnbution and 
abundance, changes 10 distnbution and abundance, seasonal use of haul outs, and observations of factors 
that may be affecting seal abundance These 10ternews will be taped (W1th permlSSion of the hunters) and 
field notes taken Opportimlties will also anse to collect mfonnation through ProJect 96214, Pnnce 
WJlham Sound Harbor Seal Hunting Documentary 

The results of these 10temews, plus those from the two preVIous restoration proJects, ongomg National 
Manne Fishenes SerVIce-sponsored research, and diVIsion baseline studies, will be mcluded m a database 
usmg the askS am program D1VIs1on personnel Wlll demonstrate the use of the database 10 one of the 
CoffiffilsSion workshops artd make the database avaJlable ill a read-only fonnat to potential users Crrug 
Mishler, the coordmator of the diVIsion's harbor seal and sea hon harbor assessment program (funded by 
.Nl..-ff"-87, will. pr<PTJde-tecbmcal assistance ill the orgamzation of the database (0 5 months funded from this -.- ~ 

)toj:ct, With additional support from the NMFS proJect ReVIew of currently avrulable mfonnation, new ~, ~'\." 
fieldwork, preparation of the database, and demonstration of and trrumng 10 Its use Wlll be assigned to 
Ronald Stanek (2 0 months, lower Cook Inlet) and WJlham S101eone (1 5 months, Pnnce WJlham Sound) 

ObJectives 3, 5, and 6 Commumcations, Recommendations, and Evaluation 

Regarding ObJectives 3, 5, and 6, commumcation of study findings, development of recommendations, 
proJect evaluation, and development of a long-tenn funding plan, Wlll be a collaborative effort met 
through a contract With the Alaska Native Harbor Seal Coffiffilssmn, which Will subcontract Wlth RurAL 
CAP to do the folloWlllg 

1 Orgamze two workshops to be held 10 conJuncUon With meettngs of the Commission Because the 
coffiffilssion 1s llDllted to one representative from each regmn which uses harbor seals (southeast Alaska, 
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the Chugach Reg10n, Cook Inlet, Kodiak, and Aleuban/Pnbllofs), parbctpabon m the workshop will be 
expanded to mclude hunters from spill area commumties These workshops Will be modeled after those 
held under Projects 94244 and 95244, wmch mvolved revtew of mformation by scientists and subsistence 
hunters A goal of the workshops 1s discussiOn of potential recommendations for subsistence hunters 
concenung how they can support efforts to restore harbor seal populations 
2 Hold commumty meetings m the SIX commumties mvolved m the p1lot btologtcal samplmg project, 
dunng which scientists and subs1stence hunters reVIew data, traditional knowledge Is mtegrated mto 
ongomg studies, and any recommendations developed at the workshops are discussed 
3 Wnte, produce, and distnbute two workshop summaries wmch proVIde ovemews of findings from 
harbor seal research and CommiSSIOn actiVIties 

Also, 

4 The Commission co-lead for th1s proJect Will attend Trustee Council workshops and contnbute to 
Trustee Council's armual and final reports 

The DIVISion of Subststence Will proVIde technical assistance to the CommiSSion as needed 
Kate Wynne, through work on the biOlogical samplmg program, will wnte a report which summanzes the 
results of analysts of the samples taken as part of th1s project The report Will be wntten for a general 
audience 

Intenm and final reports the DtVISton of Subsistence Will prepare mtenm and final reports for the proJect 
overall, With contnbutions from the collaboratmg groups 

Contracts and Other Agency Asststance 

A Kate Wynne, Umvers1ty of Alaska Sea Grant Manne AdVIsory Program, will be contracted through an 
RSA With the ADF&G or through a subcontract With the CommissiOn to develop the trammg and 
coordmate the samplmg components of th1s proJect She Will 

1 Compile protocols, develop data fonns and samphng kits, and mcorporate mstrucbons for theu use 
mto a trammg program 
2 Asstst ADF&G m the production of the trammg VIdeo 
3 SynthesiZe technical Information mto "user friendly" data fonns, labels, and samplmg kits 
4 Conduct one-day trrunmg workshops m Cordova and Homer, each attended by three of the commumty 
technictans, CommiSSion staff, and agency personnel 
5 Recetve samples from VIllage-based techniCians, process samples m Anchorage, and ship samples to 
parbctpating researchers for analysts 
6 Mamtam database of bmlogtcal data collected from th1s project 
7 Parbcipate m the two Alaska Native Harbor Seal Commisston workshops 
8 Collate results of sam:pre analysts (prOl'lded by vanous researchers) mto a readily understandable 
report 
9 Work With ADF&G to mtegrate these results With Information bemg developed for the traditional 
knowledge data base bemg prepared under th1s project 
10 Wnte a bnef summary of the proJect for mclusion m the mtenm and final reports for the Trustee 
Councll 

Proposed Contract A Budget 

Salary and ~nefits 
2 months plus benefits (plus 25% UAF overhead)= $13,861 

Travel will be arranged and prud for out of RurAL CAP Subcontract 

Total $13,861 
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In-land contnbutlon The UAA North Pactfic Fishenes Observer Tratmng Center Will proVIde facthues at 
no cost for stonng samples m Anchorage and laboratory factlitles for Wynne to process samples and send 
them to partlctpatlng researchers 

B A contract will be developed With the Alaska Nauve Harbor Seal Comrmssion to undertake portlons of 
the project It Is antlcipated that the contract Will be a cooperauve agreement sumlar to that developed 
between the ADF&G and the Alaska Sea Otter Conumss10n for the first two years of thts restoratlon 
project The general goal of the contract Will be to support the role of the Conumssion through 
mvolvement m workshop orgamzatlon, tratnmg sessiOns, newsletter wntlng, and use of databases The 
Conumssion mtends to subcontract With RurAL CAP for assistance m carrymg out these responsibihtles 
Tasks for the Conumssion under thts contract Will mclude 

1 Partlctpate m the biologtcal samplmg trrumng sessiOns 
2 Purchase sampling lots and dtstnbute lots and other supplies to VIllage-based techmcians 
3 Set up arr freight accounts for shtppmg samples 
4 Identify and subcontract With local commumty techmctans m the SIX pilot study commumtles 
5 Orgamze and partlcipate m six commumty meetlngs m pilot study commumtles 
6 Assist With development of the biologtcal sampling trrumng VIdeo 
7 Prepare bnef (letter format) quarterly reports on Its actlVItles as related to thts proJect 
8 Attend Trustee Counctl Workshops and contnbute to Trustee Council's annual and final reports 

Through a subcontract With the Conumss10n, RurAL CAP Will do the followmg 

1 Arrange travel for VIllage based techmcians and Kate Wynne to the trrumng sessiOns 
2 Orgamze two workshops dunng which, among other thmgs, thts project's performance and findmgs 
will be evaluated Thts wtll mclude making all travel arrangements and developmg an agenda Thts Will 
mclude hunters from the six pilot commumtles, Valdez, four Kodiak Island Borough commumtles 
(tentatlvely Kodiak, Ouzmlae, Port Lions, and Old Harbor), and one Alaska Pemnsula Commumty 
(tentatlvely PerryVIlle) 
3 Prepare workshop proceedings summary report 

Through subcontracts With the Comnussion, commumty techmcians m SIX commumtles (Cordova, 
Tatltlek, Chenega Bay, SeldoVIa, Port Graham, and Nanwalek Will do the folloWing 

1 Attend one day trammg session m either Homer or Cordova 
2 Collect samples (stomach contents, female reproductlve organs, liver, heart, kidney, claws, head) 
3 Record mformatlon about harvest locatlons, sex, evtdence of tags or markers, length, and gtrth 
4 Label and freeze samples, notify Kate Wynne or the Conumssion when freezers are full, and load and 
shtp coolers With samples to Anchorage 

Personnel 
Travel 

Operatlonal costs 
phone 
matling 

Mtsc Supplies 

Contract B Budget 

Executlve Duector for 5 75 months@ $4,000/month 
Executlve Duector travel 

Sampling and Freezer supplies, shtppmg 

Total 

10 

$23,000 
3,865 

1,000 
1,000 

100 
9,000 

$37,965 
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Note mland contributions for the operatiOns of the Alaska Native Harbor Seal Comnusswn mclude 
office space and utilities from the Dmeega Sewmg Shop (Cordova) and techrucal assistance from the 
Chugach RegiOnal Resources CoiiUllLSSlOn (Anchorage) 

Subcontract B I VIllage-based Techructans 

Trammg honoranurn $1 00/day for SlX techmetans for one day each 
Compensation for takmg btologtcal samples of seals 

$600 
5,400 

Note 1t ts antiCipated that samples will be taken from an average of 20 seals per commwuty, for a total of 
120 seals, and that 1t Wlll take about 3 hours per seal to take samples, store samples, and slup samples At 
a rate of $15/hour, tlus grves $15 x 3 hours x 20 seals x 6 commuruties = $5,400 

Total 

Subcontract B2 RurAL CAP 

Travel for ~orkshops and trammg 
Prepare workshop proceedings and newsletters 
Overhead of 15 5 percent 

Total 

LOCATION 

$6,000 

$19,238 
1,000 
3,137 

$23,375 

The bwlog1cal samplmg portion of the project \\ill pnrnanh focus on sample collection from the Pnnce 
Wilham Sourid commurunes of Cordova. Chenega Bay, and Tatitlek, and the lower Cook Inlet 
comrnuruues of Seldovta, Port Graham, and Nan\\alek If funding and schedulmg pernut, additional 
collection Sites on Kodiak Island and the Alaska Penmsula \\ill be added, probably m subsequent years of 
the project 

Harbor seal hunters from the spill area comrnUilltles wtll be Innted to parttctpate m the two proposed 
workshops >nth emphasis placed on hunters from Prmce William Sound and Lower Cook Inlet 
comrnuruues '' luch are Im olved m the blolog:H:al sampling program Part!ctpatiOn Wlll also be sought 
from Kodiak Island Borough commurut:Ies and at least one representattve hunter from the Alaska 
Perunsula (Cb.Jgmk A.rea) 

SCHEDCLE 

Measurable Project Tasks for FY% 

Start -up to October 15 develop contra ... '""tS mJJ the Alaska Name Harbor Seal Corrurusswn and the 
Lruvernt\ of ..!Jaska. hue techructans 

Octoberf'.O\ember hold regtonal ::rauung sesSions for biOlogical samplmg m Cordova and Homer 
produce tram::::::tg vtcl--o 

December Orgaruz.e and :10ld fi-st \\Ofkshop (Alaska NaU\ e Harbor Seal CommtSSion) 
December to September 1996 B10log::tcal "--Dple colle-.-uon 
Janllaf\ 1996 Produce and cstnbu:e fim proceed.mgs report (Alaska Natrve Harbor 

Seal Comrrussmn) 
March or -\pnJ 1996 Second Work.s:10p ( !>Jask.a Natt\ e Hamor Seal CommiSSIOn) 

Demon..<Uate -:-radttJcnal hnO\\ledge Database 
Produce and cstnbu:e se-.:ond proceedwgs report 
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September 1996 Evaluate first year of program 

Project Milestones and Endpomts 

Development ofsarnpbng program October/November 1995 
2 Production and drstnbution oflnstruct:IOnal VIdeo November 1995 
3 Workshop to tram local hunters and techructans m collection procedures October/November 1995 
4 Workshop m conjunction With meetmg of Alaska Native Harbor Seal Conumss10n December 1995 
5 Produce and distnbute first proceedmgs report January 1996 
6 Maxnrnze coordination v.r1th other programs ongomg 
7 Shtp samples to appropnate Iaboratones for subsequent analysis ongomg 
8 AdVIse vtllages and SCientlSts of analytical results when avrulable ongomg 
9 Conduct mtemews mth hunters to collect traditional knowledge ongomg 
10 Second workshop m con]UDctiOn mth Cornrrusston meetmg March or Apnl1996 
11 Produce and distnbute second proceedmgs report Apnl 1996 
12 Demonstrate Traditional Knowledge Database March or Apnl 1996 
13 Evaluate the program's effectiveness and develop a more long-term fundmg plan September 1996 
14 Annual report Apnl 15, 1997 
15 Fmal proJect report Apnll5, 1999 

PROJECT REPORTS 

Annual report 
Annual report 
Fmal report 

Apnll5, 1997 
Apnl15 1998 
Apnl 15, 1999 

COORDINATION AND n-.LEGRATIO"K OF RESTORATION EFFORT 

Thts proJect w:rll mcorporate data on population status, distribution and degree of reco\ery of harbor seals 
from the Manne Mammal Ecosystem stu~ package, mcluding restoration project numbers 96001 and 
96064 It \VIll also draw on the results of research conducted by the Drvtsron of SubSistence under a 
contract wtth the National :\1anne FIShenes Semce to morutor subststence harvests The project mU 
provrde mfonnation to researchers v.orkmg on harbor seal restorauon proJects and facilitate theu work 
mth Alaska Nati\e hunters The project v.ill pronde biOlogical samples from subsistence-taken harbor 
seals to address potential health and nutnnonal problems that rna\ be rmpedmg harbor seal recovery, for 
prOjeCts 96001 and 96064 

Se\eral programs e\lst or are planned to sample ttssues from hartxJr seals from the spill area As noted 
abO\ e '' e wrll male e\ en effort to coordrnate our efforts '' 1 th these programs to II1lDUl1lZe the burden and 
confuswn of hunters and comrnurunes, ma"illlllze logtsltcaJ effic1enc,, collect comparable or standardized 
data \\hene\er possJb!e ana lurut the hkebhood of dupltcauon of efforts The National Manne Frshenes 
Sef\ 1ce has e;.:pressed mterest. and rna) rune fundmg ava1lable to e\:pand this pilot program m FY 96 or m 
subsequent 'ears Tills agen..::'\ rna\ also ha' e funch a\ a!lable to perform analysts of samples as part of Its 
normal agenC\ management funcuons Additional[; Nt.1FS w1ll ass1st With coordmaung the harbor seal 
samphng and testing programs 

A.ddiuonal fundmg for the operations of the Alash2 \.all\ e Harbor Seal Comnusswn has been sought from 
the Nauonal Marme F1shef1e:s Semce and the U S Congress Such fundmg would support more 
e'.tensl\ e actl\1Ues for the ComrrnSSion across the enure range of the harbor seal m Alaska 

Tills project '~ 11l also contnbute to %21 ~ -Doc\liJ1entan on Subststence Harbor Seal Hunting m Prmce 
\\ Ilham Sound liS findin,:.:: mil ~1st rn developi'1g themes for the documental) In turn, the 
dcx:umentar\ project \\111 prO\ 1de d.E..a for rncorporauon mto the trad!uonal knowledge database 
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Also, the traditiOnal knowledge database component of tlus prOJeCt mil directly support efforts under 
Project Number 96052 to mtegrate tradlt.10nal knowledge of Injured resources more broadly mto 
restoration efforts and setentl.fic studies Tlus wlll mclude a model for database orgaruzation and trammg 
m uses of the database In turn, Project 96052 mll, among other tlungs, develop gmdelmes and protocols 
for collecting and usmg traditional knowledge wluch mil be supportive of the efforts for harbor seal 
restoration 

11us project IS a continuation ofProjects 94244 and 95244, wluch were classified as categoncally 
excluded under NEP A gmdehnes While tlus project mll collect bwlogtcal samples from subsistence­
taken harbor seals, the sarnplmg effort Will not result m any additional takmgs of seals 
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Kenai River Sockeye Sabnon Restoration 

ProJect Number 96255 

RestoratiOn Category General RestoratiOn 

Proposer Alaska Department of Fish and Game 

Lead Trustee Agency ADF&G 

Cooperatillg agencies None 

DuratiOn Two years 

Cost FY 96 $307,000 

Cost FY 97 $100,000 

Cost FY 98 0 

Geographic Area Upper Cook Inlet 

InJured Resource/Service Sockeye salmon (Kenai system) 

ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) that spawn ill the Kenai River system were illJured by the 
Exxon Valdez Oil Spill Greatly reduced fishmg time ill the Upper Cook Inlet due to the presence of 
011 caused sockeye salmon spawmng escapement levels ill the Kenai River to exceed the desrred 
amount by three times The overescapement resulted ill reduced survival of JUVemle sockeye salmon 
Careful momtorillg and possible reductiOn of Kenai River sockeye salmon harvests may be necessary 
to ensure adequate escapements The goal of this proJect IS to restore Kenai River sockeye salmon 
through Improved stock assessment capabilities and more accurate regulatiOn of spawmng levels 

INTRODUCTION 

Fishmg time ill the Upper Cook Inlet was greatly reduced ill 1989 due to the presence of oil from the 
Exxon Valdez Oil Spill, and as a drrect result, sockeye salmon spawmng ill the Kenai River system 
greatly exceeded optimal escapement goals The biOlogical Impact of the spill may be one of the most 
senous documented to date This overescapement resulted ill greatly reduced survival of JUVemle 
sockeye salmon durillg the Willter-sprillg rearillg penod The number of sockeye salmon outmlgrants 
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ProJect Number 96255 

m the Kenai River was reduced m 1991 (1989 parent year) and declmed through 1993 RestoratiOn 
of these mJured Kenai River sockeye salmon can best be accomplished through Improved stock 
assessment capabilities, more accurate regulation of spawnmg levels, and modificatiOns to human use 
Sockeye salmon harvested from the lDIXed-stock fishery of Cook Inlet mclude fish from the Kenai, 
Kasilof, and Susitna Rivers In order to effectively manage the harvest of stocks damaged by the spill, 
Restoration Science Studies R53/93015/94255/95255 and R59/93012 were Implemented m 1992 
through 1995 These studies developed a genetic baseline to Identify Kenai River stocks m lDIXed­
stock fishenes of Cook Inlet The statistical methods associated With the fishery estimates were 
refmed, and the accuracy and precision of the estimates were evaluated Area managers can now use 
this InformatiOn to modify fishmg areas and openmgs m order to facilitate the harvest of surplus 
Kasilof and Susitna River stocks while protectmg the damaged Kenai River stocks In addition, more 
accurate estimates of abundance of Kenai River sockeye salmon withm Upper Cook Inlet has been 
accomplished through mcreased samplmg power of the offshore test fishmg programs Restoration 
Science Study 96255 IS the contmuat10n of these proJects through fiscal year 1996 

NEED FOR THE PROJECT 

A Statement of Problem 

Data collected by NRDA Fish/Shellfish Study 27, Sockeye Salmon Overescapement, mdicated greatly 
reduced survival of JUVenile sockeye salmon begmnmg With the 1989 parent year The extremely 
high escapement may have lllltially produced more rearmg Juvemle sockeye salmon than could be 
supported by nursery lake productivity In general, when rearmg salmon abundance greatly exceeds 
lake carrymg capacity, the species and siZe composition of prey resources are altered, affectmg all 
trophic levels Because of such changes, JUVenile growth IS reduced, freshwater mortality IS 
mcreased, greater proportiOns of fry remam m the lake for an additional year of rearmg, smolt 
condition Is reduced, and marme mortality Is mcreased 

Limltmg sockeye salmon fry productiOn by closely regulatmg the number of spawnmg adults may be 
the only way to restore the productivity of these rearmg areas Sockeye salmon smolt out-migratiOns 
m the Kenai River declmed through 1993 The number of adult sockeye salmon returnmg m 1995 
may be low, and a reductiOn of Kenai River sockeye salmon harvests may be necessary to ensure 
adequate escapements Knowledge of stock composition and abundance Is cntical to allow managers 
to momtor the harvest durmg the season 

B Rationale 

Results from previous years' genetic studies mdicate that Cook Inlet sockeye salmon are extremely 
heterogeneous not only withm the Kenai River, but throughout Cook Inlet This genetic heterogeneity 
can be used as an accurate stock IdentificatiOn tool Extensive analyses of known lDIXtures mdicate 
that Kenai River populations can be estimated With a high degree of accuracy, and precision m 
lDIXtures typically found m Cook Inlet dnft and set net fishenes 
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ProJect Number 96255 

A pllot study of fishery samplmg was conducted durmg 1993, pnor to the return of the first unpacted 
stocks anticipated m 1994 (age-5 sockeye salmon from the 1989 parent year) Two fishery samplmgs 
were completed usmg the genetic baselme collected durmg the 1992 field season The emphasiS 
slu.fted durmg 1994, and four m-nver collectiOns were analyzed from the Kenai River as a test of the 
method Two of these collectiOns were analyzed m-season In addition, one dnft net fishery sample 
was analyzed post-season m 1994 CompletiOn of the laboratory and statistical analyses withm 48 
hours was demonstrated both m 1993 and 1994 Begmnmg m 1995 and potentially contmumg mto 
1996, the technique wlll be mcorporated mto fiShery management declSlons on an m-season basis and 
mto post-season evaluatiOns 

C Summary of Major Hypotheses and Objectives 

The maJor hypotheses of thls study are that restoration of sockeye salmon m the Kenai River can be 
accomplished through lmproved harvest management techniques and that naturally occurrmg genetic 
differentiatiOn among spawnmg populatiOns can be used as an accurate stock IdentificatiOn tool The 
specific objectives are to 1) Develop a genetic stock IdentificatiOn (GSI) model to estunate the 
proportion of Kenai River stocks mtercepted m miXed stock harvest m Cook Inlet, and 2) Provide 
more accurate estunates of abundance of Kenai River sockeye salmon withm Cook Inlet through 
hydroacoustic assessment techniques 

D CompletiOn Date 

Recovery of Kenai River sockeye salmon stocks will be accomplished when the returns reach normal 
levels based on the return-per-spawner history of the Kenai/Skilak system and comparative data from 
the nearby Kasilof system If restoratiOn occurs m 1995, thls proJect will be fmalized and completed 
m 1996 (OptiOn 1) If restoratiOn has not occurred, a contmuat10n of the proJect with be requested 
with fishery samplmg m 1996 (OptiOn 2) 

COMMUNITY INVOLVEMENT 

Residents of the Kenai Penmsula Borough are an unportant part of the Trustee Council-funded Kenai 
River restoratiOn projects Besides workmg on the projects m drrect employment as ADF&G Fish and 
W lldlife biOlogist and technicians the people of the Penmsula are kept well mformed about these 
projects MaJor media outlets m Anchorage and Kenai cover the Issues lmpactmg the Kenai River, 
mcludmg the Trustee Council-funded projects In additiOn, local ADF&G proJect biologists have 
made presentatiOns on restoratiOn efforts to local governments, m local schools, and to commumty 
groups Further, detailed discussiOns and program suggestiOns have resulted from the mvolvement of 
the Upper Cook Inlet RegiOnal Plannmg Team This team IS composed of members from the Cook 
Inlet RegiOnal Aquaculture AssociatiOn and ADF&G The team has held numerous meetmgs with 
diverse public participatiOn to discuss the results to date of the Kenai River proJects related to the 
spill 
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ProJect Number 96255 

PROJECT DESIGN 

A. Objectives 

The goal of tlns proJect IS to restore Kenai River sockeye salmon InJUred by the oil spill This will be 
accomplished through Improved stock assessment capabilities, more accurate regulatiOn of spawnmg 
levels, and modificatiOns to human use The specific obJectives are to 

1 Obtam baselme genetic data (allozyme) from all sigmficant spawnmg stocks 
contributing to mixed-stock harvests of sockeye salmon m Cook Inlet 

2 Use Genetic Stock IdentificatiOn (GSI) algonthms to estimate the proportiOn of Kenai 
River stocks m miXed stock fishenes so that managers may modify area and time of 
harvest m order to protect these damaged stocks while targetmg surplus Kasilof River 
and Susitna River stocks Genetic data will be obtamed from samplings of the variOus 
miXed-stock fishenes Stocks composition estimates will be provided witlnn 48 hours 
post-fishery 

3 Investigate the added utility of DNA-level markers to discrmte among Cook Inlet 
populatiOns 

4 Provide more accurate estimates of abundance of Kenai River sockeye salmon withm 
Cook Inlet through hydroacoustic assessment techniques 

ObJeCtive 1 has been completed with only limited baselme samplmg planned for 1995 The maJonty 
of effort m 1996 will focus on ObJective 2 and 3, refmement of the fishery models and estimatiOn of 
the contributiOn of Kenai River stocks to 1995 fishery samples In particular, we will complete the 
analysis of the 1995 samplings and abundance estimates We will also ftnalize the DNA research and 
evaluate the GSI model after mcorporat10n of the results from DNA studies 

Under OptiOn 1 we are requestmg funds for reportmg of the 1995 results, ftnahzmg the GSI model, 
and preparation of a ftnal report for the proJect However, If the resource has still not recovered m 
1995 (OptiOn 2), we will request funds to contmue fishery samplmg (ObJectives 2 and 4) mto the 1996 
season 

B. Methods 

1 Stock Identification 

Allozyme Analyses 

We will contmue to refme the comprehensive genetic database of sockeye salmon stocks m Cook 
Inlet In 1992 we collected baselme genetic data usmg allozyme analyses from 28 subpopulatiOns 

4 



ProJect Number 96255 

from Cook Inlet mcludmg the Kenai, Kasilof, and Sus1tna Rivers (Seeb et al1993) AdditiOnal 
sockeye salmon were collected from approximately 34 baselme subpopulat10ns m 1993 and 12m 
1994 Analyses of 1992-1994 collectiOns are complete (Seeb et al 1995) An additional ftve s1tes 
are planned for 1995 to refme the database for the Kenai River and momtor temporal stability Fmal 
selectiOn of sample s1tes w1ll be made m May, 1995 Target sample stzes for allozyme baselme 
collectiOns will be 100 mdtvtduals to adequately characteriZe spawnmg populations (Allendorf and 
Phelps 1981, Waples 1990) 

Under Option 2, miXed-stock fishery samples will be collected from at least four dnft fishery openmgs 
occurrmg durmg July (up to SIX openmgs may be sampled) m 1996 In addition, two Upper 
subdtstnct set net samples w1ll be collected durmg July Set net samples will not be collected 
concurrent w1th dnft samples because of budget and personnel hm1tat10ns Mued-stock sample stzes 
will be set at 400 md1v1duals to mtmmiZe the confidence mtervals surroundmg the estimates (Pella and 
Milner 1987) Laboratory and statistical analyses will be completed w1thm 48 hours on at least two of 
the dnft gill net samples 

Muscle, hver, eye, and heart will be dissected from freshly killed mdtvtduals Tissues will be placed 
m labeled cryovtals and transferred mto hqmd mtrogen Tissues from baselme collections will be 
stored on hqmd mtrogen until transferred to -80°C storage m Soldotna or Anchorage Soldotna 
samples will be transferred to the Anchorage laboratory on dry 1ce or hqmd mtrogen and agam placed 
m -80°C storage where they will remam until laboratory analysts 

Allozyme data (Utter et al 1987, Seeb et al 1987) will be collected for the loci 1dentlfied m ear her 
years of the study Allozyme techmques follow those of Harns and Hopkmson (1976), May et al 
(1979), and Aebersold et al (1987), nomenclature will follow the Amencan Ftshenes Society standard 
(Shaklee et al 1990) A photographic record of each gel will be made An extensive allozyme 
screenmg was undertaken to maxlffilZe the potential number of available gene markers A total of 68 
allozyme loci were resolved and will be collected from the baselme spawnmg populations Of the 68 
loci, 24 polymorphic loci will be used m the fishery estimatiOn procedure (mAAT-1, mAAT-2, mAH-
1,2, mAH-4, sAH, ALAT, GAPDH-2, GPI-A, GPI-B1,2, siDHP-1, WH-B2, sMDH-A1,2, sMDH­
B1,2, mMEP-1, PEPA, PEPB-1, PEPC, PEPLT, PGM-1, PGM-2) 

Analytzcal Process 

We have made considerable progress m developmg the analytical and computational techmques to 
rapidly provide fishery estimates for m-season management Development of a comprehensive 
package of genetic analysts programs m Wmdows 3 1 (Microsoft 1991) mcludes the followmg 
components (1) an on-lme gel scormg program provtdmg extensive documentation of results and 
error checkmg capabthty, (2) a set of genetic analysts functions to estimate allele frequencies, 
heterogeneity, and fit to expected genetic models, and (3) revised mput mto the maximum hkehhood 
estimatiOn procedure to allow rap1d fishery estimates and a flexible method to conduct multiple 
simulatiOn studies The obJect-onented genetics apphcat10ns work synchronously w1thm the Wmdows 
envrronment to provide a user-friendly mterface for data mput and complicated analyses to allow a fast 
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tum-around from field samples to fishery estunates Ftshery compositiOn estunates will be available 
wtthm 48 hours followmg the ftshery so that management decisiOns can be based on the actual 
compositiOn of the ftshenes 

The populatiOn-level analyses previOusly completed will be enlarged to mclude all1995 baselme 
Genotypic and allelic frequency estunates will be calculated for all loci Net's genetic distance 
measures (Net 1978), which summariZe multt-locus data mto a smgle number, Will be calculated 
between all parrs of spawnmg locatiOns These values Will be used to construct branching diagrams 
usmg numencal taxonomic techniques (UPGMA) which provide a representation of overall phenetic 
slffillanty A netghbor-Jommg tree (Sattou and Net 1987) will be constructed to provide a 
phylogenetic tree relatmg the populatiOns Cavalli-Sforza and Edwards (1967) chord distance will be 
calculated and used to perform a multidimensional scalmg analysts (MDS, Krzanowskl and Marriott 
1994) This procedure uses distances to group populatiOns m multidimensional space, so that the 
expected distance between populatiOns closely match the observed distance m multidimensional space 
Additionally, cht-square goodness-of-fit to Hardy-Wemberg eqmlibnum will be performed to test for 
random matmg within each populatiOn Homogeneity of allelic frequencies among the vanous 
collectiOns will be tested usmg a log-likelihood ratio analysts (G-statisttc, Smouse and Ward 1978, a 
= 0 01, Cooper 1968) ReJection of the null hypothesis of homogeneity IS mdtcative of discrete 
spawnmg populatiOns The total gene frequency dtsperswn at each locus wtll be subdivided mto 
within-and among-nver system components m a hierarchical fashion Hierarchical levels will be 
organiZed to test for homogeneity of (1) wtthm dramages of the systems, (2) among drainages wtthm 
nver systems, and (3) among nver systems The likelihood analysts wtll use the computatiOnal 
formula of Sokal and Rohlf (1981) This statistic Is dtstnbuted approximately as the chi-square 
statistic with (no of alleles- 1) X (no of regiOn- 1) = (degrees of freedom) The hkehhood values 
(G) can be summed over allloc1 to obtam a total value at each level of analysts All computatiOns will 
be performed usmg functiOns wntten for S-Plus analytical software (Mathsoft, Inc , Seattle, W A ) 

Stock contnbut10n to miXed ftshery samples will be estimated usmg a conditiOnal maximum hkehhood 
program (Statistical Package for the Analysts of MIXtures, SPAM, ADF&G (1995)), a program 
developed by this proJect Thts program mcorporates routmes of (GIRLSEM) and conJugates gradient 
(CONJA-S) algonthms developed by National Marme Ftshenes Service (NMFS, Pella and Mtlner 
1987, Masuda et al 1991, Pella et al 1994 ) The precision of the stock composition estimates will 
be determined by a parametnc bootstrap, where the miXture frequencies and baselme frequencies are 
assumed to be dtstnbuted multmomial (Efron and Ttbshrram 1986) This same type of analysts can be 
used to evaluate the effect of miXture sample siZe on the accuracy and precisiOn of the stock 
composition estimates and to adjust miXture sample siZe 

DNA Analyses 

In 1994, pilot studies usmg DNA techniques were conducted on a subset of the baselme samples 
Techniques mvestigated mcluded restnctwn fragment polymorphism (RFLP) analysts of mtDNA, 
microsatelltte analysts, sequencmg of GHI and GHI mtrons, and random amphfted length 
polymorphism (RAPD) analysts All of these approaches except GH sequencmg show promise for 
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dtscnmillatJ.on of Cook Inlet stocks of sockeye salmon We are currently evaluatillg the use of 
mtDNA analysts ill-season We will also complete the development of nuclear DNA markers for 
potential utihty ill post-season analyses Particular care w1ll be taken to test for an abbreviated DNA 
screen wluch may further refille allozyme-based SPAM estimates 

Followillg the recommendat10ns of peer reviewers, we are focusillg upon RFLP analysts of the 
NADH5/6 reg10n of mtDNA We have detected polymorplusms w1th the restnction endonucleases 
Apa /, Kpnl, Stu/, Hznf /, and Taq I In FY 95 we wdl complete the survey of mtDNA vartabthty 
for approxlffiately 19 collect10ns (illcludillg all major Cook Inlet populations) w1th a sample stze of 40-
50 illdlvtduals/populatlOns We will soon evaluate the add1t10nal resolvillg power of mtDNA for 
IlllXed ftshery analyses through s1IDulat10n studtes Results to date are qmte proilllsillg, w1th 
stgmftcant differences occur ill mtDNA frequencies among some populat10ns poorly separated by the 
allozyme model In FY 96, we propose to fmaltze the mtDNA survey to illclude addttlonal 
populat10ns and illCreasillg sample stze from the already surveyed 19 populat10ns No additional field 
samplillg will be requrred Tlus will allow full illcorporatlOn of mtDNA mformation illto the GSI 
model If Option 2 1s chosen (1996 fishery samplillg), we anticipate illcludillg mtDNA markers ill 
both the ill-season and post-season analyses 

Development of other DNA markers through contractors Dr F W Allendorf (Umvers1ty of 
Montana) and Dr P Bentzen (Umvers1ty of Washmgton), as funded ill Trustee Council Project 
95255, 1s also contilluillg followillg the recommendat10ns of peer reviewers Based upon results to 
date, the focus of contractors ill FY 95 was narrowed to ffilCrosatelhte analysts and posstbly RFLP 
analysts of add1t10nal illtrons (Bentzen and Wnght 1993, Devlill 1993) We propose to finaliZe these 
surveys ill FY 96 These data will then be evaluated for illclus10n ill the GSI model and could be used 
ill combillatlOn w1th allozyme and mtDNA markers for analyzillg ftshenes ill future years 

2 Offshore Test Ftsh Program 

Total sockeye salmon returns to UCI has been estlffiated early ill the season by test ftshmg between 
Anchor River and Red River delta (Tarbox et al 1995) Northward Illlgratillg sockeye salmon are 
captured w1th a dnft gill net at a senes of stations Salmon are Identified to spec1es and sex, and 
length measurements are recorded Estlffiates of total sockeye salmon return are made several tlffies 
durillg the season by estlmatillg expected total test ftshery catch per umt of effort for the season and 
catchabil1ty of sockeye salmon ill the test fishery Analysts of lustoncal data has illdtcated that 
extstillg samplillg effort and catch has not been proport10nal to abundance To assess run stze more 
accurately, add1t1onal samplillg effort will be added to the extstillg program 

In 1992, 1993, and 1994, hydroacoust1c eqmpment and techmques were tested ill UCI offshore waters 
(Thome and Salomone 1993, Thome 1994) Results of tlus work illdtcated that hydroacoust1c 
techmques could detect salmon and provtde a populat10n estlffiate for ill season use However, the 
prlffiary constraillt 1dent1fied ill the study was llillltations (s1gnal/nmse ratio) of the hydroacoustic gear 
due to rough sea conditions or shallow water ill the northern port10n of UCI 

7 



ProJect Number 96255 

Begmrung m 1995, a smgle abundance estunate will be made usmg the techniques developed m 1992, 
1993, and 1994 Exammanon of the data set mdtcated that a mm1mum of 12 orthogonal transects 
sampled over 48 hours w1thm Cook Inlet would be needed to provide a useable estimate of adult 
salmon abundance Therefore, If Option 2 Is chosen, a mm1mum of 12 transects will be completed 
durmg the survey Exact t1mmg of the survey will be determmed durmg the commercial ftshmg 
season to meet commercial ftshery management obJectives 

C Contracts and Other Agency AssiStance 

We propose to complete the current developmental work on Identification of DNA-level genetic 
markers with the support of contractors Thts proJect 1s currently fundmg research at the Umvers1ty 
of Montana and Umversity of Washington mcludmg analysts of both IDicrosatelhte (Bentzen and 
Wnght 1993) and mtron (Devlm 1993) polymorphtsms Contract amendments to complete these 
studies will be assigned for FY 96 based upon results reported from FY 95 

ADF&G ts hosting an mter-agency coordtnatmn meetmg m May, 1995 The focus of this meetmg 
will be the exchange of Information concermng DNA studies of salmoruds Representatives from 
federal and state agencies (NMFS, USFWS, NBS, WDF&W) as well as umvers1ty researchers will 
attend Both contractors (Uruvers1ty of Montana and Umversity of Washington) are planmng to attend 
which will Improve coordtnatton between the two umverstttes and between ADF&G and the 
contractors Informatmn gathered at the workshop should be Immediately applicable to thts study 

D LocatiOn 

Location of thts proJect IS m Upper Cook Inlet, north of a hne from Anchor Pomt to the Red River 
Delta Fteld work will be throughout Cook Inlet and based out of Soldotna, laboratory analyses will 
be conducted m Anchorage Data analysts will be conducted m Anchorage and Soldotna 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

Optmn 1 

Oct 1995-Feb 1996 
Oct 1995-April 1996 
Oct 1995 
April1996-Sept 1996 
Apnl1996 
April 1996-Sept 1996 

Laboratory analyses of 1995 allozyme samples 
Laboratory analysts of DNA samples 
Award contracts for completmn of DNA analysts 
Refmement of fishery model 
Reports from contractors 
Preparatmn of ftnal report 
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Oct 1995-Feb 1996 
Oct 1995-Apnl1996 
Oct -Nov 1995 
Jan 1996-Sept 1996 
May 1996 
Apnl1996 

Laboratory analyses of 1995 allozyme samples 
Laboratory analysis of DNA samples 
Award contracts for DNA analysis 
Refinement of fishery model 
Draft status report for FY 95 
Reports from contractors 

ProJect Number 96255 

July 1996 
July 1996 

Fishery sample collectiOn and m-season estimatiOn 
Hydroacoustic assessment 

June-Sept 1996 
August 1996 

Baselme sample collectiOn (If needed) 
Fmal status report for FY 95 

B Project Milestones and Endpomts 

The endpomt of this proJect depends on the recovery of the resource If the resource Is deemed 
recovered after the 1995 season, the proJect will be completed and a fmal report drafted this year 
(OptiOn 1) Under OptiOn 2, mcomplete recovery, the proJect will be contmued mto 1996 and 1997 

C. Project Reports 

OptiOn 1 

If the resource has recovered m FY 96, a fmal report will be drafted covermg all aspects of proJects 
R53/93015/94255/95255 and R59/93012 

Final report Sept 30, 1996 

OptiOn 2 

Under OptiOn 2, annual reports which cover all research conducted dunng each fiscal year will be 
prepared In addition, the FY 95 annual report will mclude a comprehensive review of the DNA 
development research currently underway 

Annual report FY 95 research 
Annual report FY 96 research 

May 15, 1996 
Apri115, 1997 

PreparatiOn of a peer-reviewed publicatiOn covermg the allozyme genetics work IS presently underway 
based on results from FY 93 and FY 94 (Seeb et al 1995) A compamon manuscnpt reportmg the 
DNA-level results IS anticipated as soon as those data are finalized In additiOn, a manuscnpt 
descnbmg the Statistical Package for the Analysis of MIXtures (SPAM) (ADF&G 1995) IS anticipated 
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once the software has been adequately tested and evaluated by other laboratones The software has 
already been distnbuted to several cooperatmg state and federal agencies 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The mvest1gat10ns of Kenai River sockeye salmon have been mtegrated with long term research efforts 
by the Alaska Department of Fish and Game These efforts are adult salmon enumeratiOn by 
hydroacoustlc techmques m various nver systems, catch and escapement samplmg of salmon for age, 
length, and weight, test fishmg at the Central Distnct southern boundary, and juvemle salmon rearmg 
studies Development of restoratiOn strategies on the Kenai Penmsula are through a review process 
with the RegiOnal Plannmg Team and with ADF&G review teams composed of personnel from all 
ADF&G diVISIOns 

ENVIRONMENTAL COMPLIANCE 

The studies proposed provide for data collectiOn and field samplmg programs No envrronmental 
effect of these programs occurs beyond that of traditional fishenes management data collection 
activities These activities are withm existmg collectmg permtts or Federal special use permtts Issued 
to the Department of Fish and Game for scientific data collectiOn Tills project received a categoncal 
exclusiOn under the NatiOnal Envrronmental Pohcies Act (NEPA) 
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Janury 31, 1996 

Molly McCammon 
Executive Dtrc:ctor 
Exxon Valdez Trustee Council 
645 G Str~~ 
An,horago, Alaska 99501-3451 

Dear Molly 

...&..:LeA.&~ 

DBP.A.RT.MBNTOE' 
FXSH. .A..ND GAlVIE 

COMMERCIAL frfSHERIES MANAGEMENT 
AND DEVELOPMENT DIVISION 

333 Raspberry Rd Anchorage. AK 995 l 8 

I am wntrag 1n response to yo,lr reque-~;t of December !9 1'-195 to detrul the use of funds recently 
approved by the &J-on Valdez Trus.tee Council tor Project 96255, Kena1 River Sockeye Salmon 
Restoration 

These funds w1ll be used to gather genetic data for stock 1dennficanon from the Cook Inlet drtft 
fi~hery for one add1ttonal vear We propose to collect five samples each With a sample st.ze of 400 
from the fish~ry Collect1ons wdl begm m early Julv and Wlll be conducted weekly dunng the 
fishmg season Tv.o of these samples wtil be analyzed by ihe iaDoJatocy on an mseason bas1s '-"lth a 
48 hour turnarm.nd, the rem.1mmg b.U.n~Jle:,. wlll be analyz:ed p¢sbea.son Thts wtll allow the fishery 
Managers to accuately estlmate the abl.lfldance of Kel'l& Rtver sockeye salmon tntercepted m the 
Central D1stnct fisherv and mocufv fishmg areas and opemng~; to protect tnJured populanons 

As the cost ot the proposed proJect exet>eds the amount allocated by the Council, State of Alaska 
funds Will be used to msure the ::,ut.L~~ of thv J.HOJ~ct We a.lso anttctpMI'!I reqllostang a moderate 
amount from the Trustee Counctl tn FY97 for closeout ll!"'lc final preparat:ton of tlus multi·) ear study 

Please let me know 1f addtttonal deta1ls are needed We apprecrate the Trustee Counc1Ps and )our 
support of our research 

.~-
Smcerely, ~/ 

~cu .... , 

Lt~a Seeb 
Statewtde GeruwclSt 

cc T·m Seeb, Joe Sulh..ran KeP Tarbox. Dan Moore 
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Columbia and Solf Lakes Sockeye Salmon Stockmg 

ProJect Number 96256 

RestoratiOn Category RestoratiOn and Morntonng 

Proposer USFS 

Lead Trustee Agency USFS 

Cooperatmg Agencies ADF&G 

Duratwn 7 years 

CostFY 96 $60 8 

CostFY 97 TBD 

CostFY 98 TBD 

CostFY 99 TBD 

CostFY 00 TBD 

Cost FY 01 TBD 

CostFY 02 TBD 

Geographic Area Pnnce Wilham Sound 

InJured Resource Subsistence/Sockeye Salmon 

ABSTRACT 

Tlus proJect IS a study to determme the feasibihty of stockmg two lakes m Prmce Wilham Sound wtth 
sockeye salmon The pnmary targets of tills proposed stockmg are subsistence users m Prmce Wilham 
Sound Sport and commercial fishmg will also benefit In 1996 Solf Lake and Columbia Lake Will be 
surveyed and sampled to detenmne If stockmg sockeye salmon Will estabhsh self sustammg runs that 
can be harvested by subsistence, sport and commercial fislung Both lakes have been recogrnzed as 
havmg potential for supportmg salmon runs by The Pnnce Wilham Sound Regwnal Fishenes Planrnng 
Team 
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If the proJects are found to be feasible stockmg arid morntonng would start ill 1998 The stockillg 
program would take five years to estabhsh self-sustammg runs 

In 1996 the feasibility study would be completed, mcludmg resolutiOn of all Issues related to a mixed 
stock fishery, stockillg rates for both lakes and proJectiOns ofharvestable returns An envrronmental 
assessment will be completed ill 1996 The process would be started to obtam all reqmred permits A 
detmled proJect proposal for 1997 arid beyond will be prepared 

Solf lake IS a 0 61 km2 surface area lake located ill Herrillg Bay on Krught Islarid This lake had a run of 
sockeye salmon until ari earthquake m the 1930's blocked the outlet Lnrmological data suggest that this 
lake could produce returns of 19,000 to 22,000 adult sockeye salmon, annually The proJect would open 
the lake to salmon 

Columbia Lake IS a 2 8 km2 surface area lake located ill Heather Bay near the southeast termillus of the 
Columbia Glacier Until recent trmes, lake level was mamtmned by the glacier and salmon access was 
precluded by a fall With recessiOn of the glacier, the lake level dropped arid the outlet now flows across 
a morame Comparative data suggest that this lake could produce returns of 10,000 to 29,000 adult 
sockeye salmon, annually 

INTRODUCTION 

Subsistence resources arid services have been disrupted m Pnnce Wilham Sound as a result of the Exxon 
Valdez Oil Spill This proJect proposal Is to mvestigate the potential of stockillg sockeye salmon m two 
lakes m Pnnce Wilham Sound as a replacement for lost subsistence opporturntles Sport arid 
commercial fishmg would also benefit 

Both lakes have been recogrnzed for their potential for enharicement of salmon for the subsistence, sport 
arid commercial fishenes They are mcluded m the Pnnce Wilham Sound- Copper River 
Comprehensive Salmon Plari arid are recommended for rmplementatwn If funds become available 
Both lakes are located m a commercial seme distnct There IS concern that It will be difficult to mariage 
commercial harvest However, SolfLake has been consistently recommended as a pnonty proJect for 
Prmce Wilham Sound This Issue will be addressed by the feasibility study arid be resolved pnor to 
requestmg fundmg for the stockillg that would occur m 1998 to 2002 On Apnl 11, 1995, these proJects 
were presented to the Pnnce Wilham Sound/Copper River Regwnal fishenes Plarllllng Team for 
consideratiOn arid approval They recommended that a RPT checklist be completed arid that the proJects 
be coordmated With ADF&G arid Pnnce Wilham Sound Aquaculture CorporatiOn to obtam reqmred 
permits arid hatchery space 

The RPT proJect checklist was subrmtted arid ADF&G arid PWSAC have been contacted 
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SolfLake Solflake has a surface area ofO 61 km2 and IS located rn Herrrng Bay on Krught Island 
Herrrng Bay was probably the most heavily mled bay Within the Exxon Valdez ml spill area The lake IS 
unnamed on USGS maps, however, Nickerson (1978), PWSRPT (1983 and 1986) and Barto and Nelson 
(1982) refer to the lake as SolfLake (ADF&G Stream 690) Solflake IS descnbed rn the Anadromous 
Waters Catalog as number 226-10-16960-0010 (ADF&G, 1992) It IS a clearwater lake With a mean 
depth of 42 5 m (Barto and Nelson, 1982) Accordrng to Nickerson (1978), "This system had histone 
runs of sockeye salmon An earthquake rn the 1930's caused blockages of the natural outlet resultrng rn 
water flowrng over an Impassable fall " Dolly Varden are the only known resident fish 

Vanous attempts have been made to reestablish sockeye salmon rn SolfLake Dunng two years rn the 
early 1970's, ADF&G personnel transported adult sockeye salmon from Eshamy River to SolfLake 
(Jackson, personal commumcat10n) Unfortunately, necessary stream lillprovements had not been 
completed when progeny of the transplanted fish returned and tills effort failed USFS personnel 
Implemented lillprovements to the outlet rn 1978, 1980 and 1981 Work consisted of channel diversiOn 
and gab10n rnstallat10n Fry transplants and additional work rn the outlet stream are needed to bnng tills 
lake rnto full productiOn 

Columbia Lake Columbia Lake (ADF &G Stream 205) IS a 2 8 km2 surface acre lake located near the 
southeast termrnus of the Columbia Glacier It IS the lowest of four lakes rn the Number One River 
drarnage The lake IS unnamed on USGS maps, however, Nickerson (1978) and PWSRPT (1983) refers 
to the lake as Columbia Lake (ADF&G Stream 205) This lake IS descnbed rn the Anadromous Waters 
Catalog (ADF&G, 1992) as number 222-10-12040-0010 There IS no InformatiOn on resident fish 
species or hmnological conditions 

Up until recent times, the lake was a meltwater basrn of the Columbia Glacier and water level was 
mamtarned by a glacial dam on the west shore The eastern portiOn of the lake was clear water The 
outlet was located at the south end of the lake A large fall was located on the outlet stream, and It IS 
believed that the lake system was rnaccessible to anadromous fish The Columbia Glacier has recently 
receded, and the new lake outlet flows across a morarne on the west shore The lake, subsequently, IS 
accessible to anadromous salmon The glacier retreated from the lake rn 1989 and the lake IS now 
mostly clear water Glacial melt water enters the lake on the northwestern shore and exits the lake on 
the western shore leavrng the lake mostly clear The glacter has retreated behind a morarne northwest of 
Heather Island, and Heather Bay, the estuary of the Number One River, IS now free of Ice bergs The 
hamer fall was rnvestigated by the USFS rn the late 1970's as a potential fish pass and stockrng site 
Samplrng of the lake was started and qmckly stopped when the forecast from USGS foretold the retreat 
of the glacier and the potential for the lake becomrng a tidal bay No records remam, but plankton 
samples were taken and looked prom1srng (Holbrook, personal commumcatwn) 

The recessiOn of the Columbia Glacier provides a umque opportumty to estabhsh an additiOnal sockeye 
salmon run rn Pnnce Wilham Sound and to provide sockeye salmon needed by subsistence fishermen, 
sport and commercial fishenes 
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NEED FOR THE PROJECT 

A Statement of Problem 

Subsistence gathenng ofmanne resources by residents ofPnnce Wilham Sound has been reduced 
substantially smce the ml spill There are two reasons for this One IS that many of the manne resources 
used for subsistence was InJured by the ml spill and are not as avrulable The second IS that there IS 
concern among the residents whether or not resources affected by the spill are safe to eat 

Subsistence will have recovered when InJured resources used for subsistence are healthy and productive 
and exist at prespilllevels, and when people are confident that the resources are safe to eat This proJect 
will help replace InJured subsistence services by enhancmg salmon populatiOns used by the people of 
Pnnce Wilham Sound 

ProJects avrulable for restoration or replacement of lost subsistence services and restoratiOn or 
replacement of sockeye salmon are hmited This proposal presents two lakes for consideratiOn and 
mvestigatiOn that have the potential to do JUSt that 

B Rationale 

This proJect will enhance the salmon resources m Pnnce Wilham Sound and provide a safe source of 
subsistence salmon This proJect Will provide additional salmon for subsistence users which contnbutes 
drrectly to the subsistence recovery obJective Identified m the Exxon Valdez Oil Spill Restoration Plan 
The Restoration Plan also states that pnonty Will be given to restonng resources and services which 
have economic, cultural and subsistence value to people hvmg m the ml spill area 

SolfLake The maJor hypothesis IS that SolfLake can produce out migratiOns of94,000 to 191,000 
smolt and adult returns of 19,000 to 23,000 sockeye salmon, annually 

This proJect addresses a restoration strategy for subsistence (EVOSTC, 1994) It would promote the 
recovery of subsistence use m Pnnce Wilham Sound 

Sockeye salmon are the most logical species for mtroduct10n m Solf Lake This lake IS a clearwater lake 
Similar to nearby Eshamy Lake The most likely brood source IS the Eshamy stock from the Mam Bay 
Hatchery Four years of fry transplants would be reqmred to establish a sockeye salmon run 

The productive capability ofthe lake, m terms ofharvestable adult sockeye salmon, can be estimated 
through the use of a total macro plankton (TMZ) biOmass model (Koenmgs and Kyle, M S ) or a 
euphotic volume (EV) model (Koerungs and Burkett, 1987) Lunnological data were collected m 1982, 
1984 and 1986 (Barto and Nelson, 1982 and Kyle, personal commurucat10n) The TMZ model suggests 
that the lake IS capable ofproducmg 19,000 to 22,000 adult sockeye salmon, annually The EV model 
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generates estimates eight fold greater than the TMZ model, however, given the great clanty of the water 
and the charactenstics of the zooplankton commumty, results of this model were not considered 

Surface Area (km2
) 

Mean Depth (m) 

Maximum Depth (m) 

Euphotic Zone Depth (m) 

Euphotic Volume (Uruts) 

Conductivity (J.Lmhos em 1) 

Turbidity (NTU) 

Color (PI Uruts) 

Total Phosphorous (mg L 1
) 

Chlorophyll a (mg L 1
) 

TMZ density (number m 2
) 

TMZ biOmass (mg m 2
) 

TMZ Bwmass Model (maximum -threshold size smolt) 

Adults from threshold siZe smolt 1/ 

TMZ BIOmass Model (optimal-55 g smolt) 

Adults from 5 5 g smolt 2/ 

0 61 

42 5 

96 

24 

14 6 
30 

04 

50 

5 1 

0 32 

134,800 

328 

191,000 

22,920 

94,000 

18,800 

11 Smolt to adult survival of 12% (Koerungs and Burkett, 1987 and Edmundson eta/, 1991) 
2/ Smolt to adult survival of20% (Koerungs eta/, 1991 and Edmundson eta/, 1991) 

Columbia Lake This project addresses a restoratiOn strategy for subsistence (EVOSTC, 1994) It 
would help to promote the recovery of subsistence fishmg m Pnnce Wilham Sound 

Sockeye salmon are the most logical species for mtroductwn m Columbia Lake The lake IS strongly 
mfluenced by a glacial meltwater stream, the upper Number One River, probably necessitatmg the use of 
early-run fish The most hkely brood source IS the Coghill stock from the Mam Bay Hatchery Four to 
five years of fry transplants may be reqmred to establish a sockeye salmon run 

Lmmological data are lackmg and subsequently potential salmon productiOn cannot be reliably 
estrmated at this time A srmple companson ofthe surface area of Columbia Lake With nearby glacially­
mfluenced, sockeye salmon-producmg lakes suggests that the lake may produce 10,500 to 28,700 
harvestable fish, annually 
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C Summary of Major Hypothesis and Objectives 

Tlus proJect has the potential to provtde a replacement for lost subsistence and sockeye salmon The 
maJor proJect obJective 1s to determme the feas1b1hty and cost of stockmg sockeye salmon m two lakes 
m Prmce Wtlham Sound 

D Completion Date 

The proJect completiOn date w1ll be the close of FY 02 

COMMUNITY INVOLVEMENT 

Comments form residents ofPrmce Wilham Sound Will be sohctted and used m the development ofthe 
envrronmental assessment 

PROJECT DESIGN 

A Objectives 

The obJectives of the proJect are to 

1 1996, analyze stream flow and update baselme limnologtcal work, m order to determme 
stockmg rates and proJected adult returns, 

2 1997, destgn a fishway on the outlet stream of Solf Lake and design a water heatmg system 
for otolith markmg at the Mam Bay Hatchery, 

3 1998, mstall water heatmg umt at the Mam Bay Hatchery, 
4 1998-2000, Implement fishway design, 
5 1998-2002, stock sockeye salmon fry, 
6 1996-2002, morutor plankton populatiOn, 
7 1999-2003, morutor stze and abundance of out mtgratmg smolt, and 
8 2001-2005, morutor 1rutial returns of adult salmon 

B Methods 

In 1996 stream flow determmat10ns and limnologtcal samplmg Will be conducted usmg standard 
techruques Ltmnologtcal samplmg w1ll mclude quantitative and qualitative analysts of phytoplankton 
and zooplankton, temperature profiles, dtssolved oxygen samplmg and water chemistry Durmg the 
penod 1998 to 2002 fry Will be short-term reared at the Mam Bay Hatchery and transported to the lake 
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for release m June or July Release timmg will be dependent upon space avrulabihty at Mam Bay and/or 
Ice cover, water temperature and plankton abundance at the lake 

Smolt will be collected by fyke net or weir, and the total out rmgratwn will be estimated Fish will be 
sampled to determme age, length and weight charactensbcs Smolt and plankton data will be analyzed 
to determme optimum stockmg density Thermal markmg Will occur at the Mam Bay Hatchery 
Returnmg adults will be enumerated at a werr on the outlet stream Otohths from harvested fish Will be 
analyzed to determme total harvest Scales will also be collected and the age structure will be analyzed 

C Contracts and Other Agency Assistance 

Aircraft and vessel charters may be contracted 

D LocatiOn 

SolfLake SolfLake (ADF&G Stream No 690) IS located m SolfCove ofHernng Bay on Kmght 
Island and IS contamed withm the Southwestern Distnct (ADF&G) ofPnnce Wilham Sound SolfCove 
IS located 40 nnles by boat from the village of Chenega Bay and 46 rmles by boat from Whittier It IS 
withm the Wilderness Study Area of the Chugach NatiOnal Forest 

Columbia Lake Columbia Lake IS contamed withm the Number One River dramage (ADF&G Stream 
No 205) and IS located m Heather Bay of the Northern District (ADF&G) ofPnnce Wilham Sound It 
IS withm Tatitlek VIllage over selected lands and IS withm the Wilderness Study Area of the Chugach 
Natwnal Forest The mouth of the Number One River IS 18 and 34 miles by boat from Tatitlek and 
Valdez, respectively 

The commumties of Chenega Bay, Whittier, Valdez, Tatitlek and Cordova will benefit from these 
proJects 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

October 1995 
NEP A work and review by Regional Plannmg Team 
June-Sept 1996 
analyze stream flow and update baselme hmnological data 
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B Project Milestones and Endpomts 

1 analyze stream flow and update baselille lnnnological work (FY 96), Determme stockmg 
rates and projected harvest levels, conduct NEPA evaluatiOn, RPT approval, 

2 design a fishway on the outlet stream and design a water heatillg system for otolith markmg 
at the Mam Bay Hatchery (FY 97), 

3 illstall water heatillg urut at the Mam Bay Hatchery (FY 97), 
4 Implement fishway design and begill egg takes (FY 98), 
5 stock sockeye salmon fry (FY 99 - FY 02), 
6 momtor plankton populatiOn (FY 99 - FY 02), 
7 momtor siZe and abundance of out migratmg smolt (FY 00 - FY 02), and 
8 mom tor illltlal returns of adult salmon (FY 03) 

C Project Reports 

Sept 30, 1996 

Sept 30, 1997 

Sept 30, 1998 

Sept 30, 1999 

Sept 30, 2000 

Sept 30, 2001 

Sept 30, 2002 

annual report to illclude cost estimates for the hfe of the project 
illcludillg estimated stocking rates and projected adult returns, 
covenng stream flow and lnnnological data gathenng 

annual report illcludillg proposed design of fish way and status of 
water heatillg system 

annual report covenng fishway constructiOn and egg take 

annual report covenng fish culture, transport and plankton 
momtonng 

annual report coverillg fish culture, transport and plankton 
momtonng, and smolt out migratiOn 

annual report coverillg fish culture, transport and plankton 
momtonng, and smolt out migratiOn 

annual report covenng fish culture, transport and plankton 
momtonng, smolt out migratiOn, harvest and escapement 

COORDINATION AND INTEGRATION OF RESTORATION EFFORTS 

Water chemistry and plankton analysis will be conducted by the ADF&G Lnnnology Lab ill Soldotna 
PWSAC Will expand the Mam Bay Hatchery to accommodate additional illcubatwn and short-term 
rearmg Hatchery expansiOn Will be complete pnor to egg takes ill 1998 PWSAC will perform all 
necessary fish culture work and transport otohth-marked fry to the lake Otoliths and scales Will be 
recovered and analyzed by ADF&G personnel 
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ENVIRONMENTAL COMPLIANCE 

Imtiatwn of the proJect will reqmre the followillg agreements, permits, documents and approvals 

• An environmental assessment will be done 
• The operator of the Maill Bay Hatchery, the Pnnce Wilham Sound Aquaculture Corp (PWSAC) 

must agree to participate ill the proJect 
• A proJect checklist must be completed and subnntted to the Prillce Wilham Sound/Copper River 

Regwnal Fishenes Planmng Team (PWSRPT) for approval 
• PWSAC must submit a hatchery permit alteratiOn request (PAR) to the PWSRPT and ADF&G 

for approval To produce additiOnal fry for release at locatiOns other than those currently 
permitted, reqmres the hatchery operator to submit a PAR A formal review IS subsequently 
conducted by ADF&G 

Assumillg that the proJect will not adversely Impact the landscape or Wilderness character of the area, the 
proJect IS consistent With the Chugach Land Management Plan (as amended) (USPS, 1984) and the 
Comprehensive Salmon Plan (Phase I and II) (PWSRPT, 1983 and 1986) 

These lakes are listed ill the Pnnce Wilham Sound- Copper River Comprehensive Salmon Plan, Phase I 
and II plans as a potential lake stockillg site These plans were approved by the CommissiOner of 
ADF&G ill 1983 and 1986, respectively (PWSRPT, 1983 and 1986) The proJect Is, subsequently, 
compatible with the Comprehensive Salmon Plan 
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Sockeye Salmon Overescapement ProJect 

ProJect Number 96258A 

RestoratiOn Category Momtormg/Restoration 

Proposer Alaska Department of Fish and Game 

Lead Trustee Agency Alaska Department of Fish and Game 

Cooperatmg Agencies USFWS, NBS, Department of the Intenor 

Duration Two years 

Cost FY 96 $596,600 

Cost FY 97 $150,000 

Cost FY 98 0 

Cost FY 99 0 

Geographic Area Kenai Pemnsula and Kodiak Island 

InJured Resource/Service Sockeye salmon 

ABSTRACT 

This proposal provides for a close-out budget for the Kenai Lakes with a lnruted contmued momtormg 
program for the Kodiak Island Lakes These studies are mvestigatmg the effects of large escapements 
of sockeye salmon followmg the 1989 oil spill mto lakes on Kodiak Island and the Kenai Pemnsula 
The adult return m 1994 brought questions mto the accuracy of the smolt program conducted on the 
Kenai River Consequently the magmtude of the Impact expected m 1995 and 1996 adult returns has 
high uncertamty 1994 mvest1gat10ns have provided contmued supportmg evidence of the effect of 
high escapements on fry abundance and conditiOn entermg mto the wmter The effect on smolt 
productiOn caused by overwmtermg mortality of poor conditiOned fry will await determmation by 
adult returns durmg 1995 and 1996 If depressed adult returns are observed m 1995, contmuat10n of 
the evaluatiOn IS proposed for the 1996 field season In additiOn, a separate proposal to 
experimentally evaluate the proposed mechanism leadmg to reduced production of smolt from the 
Kenai systems by mean of an zn sztu enclosure study IS mtegrated mto these mvestigatiOns 
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INTRODUCTION 

Tills study IS a contmuatlon of the ml spill damage assessment program 1n1t1ated m 1990 (Schmidt and 
Tarbox, 1993, 1994 (m review) The contmumg program reflects modifications based on the FY 93 
and FY 94 study results RecommendatiOns provided by an mtemational review team of sockeye 
salmon experts at a March 15, 1993 meetmg at Vancouver, B C have been mcorporated In 
addition, the October, 1994 peer review resulted m curtailment of the smolt program and we delayed 
ImplementatiOn of more detailed studies of potential restoratiOn activities These modificatiOns were 
warranted because of the uncertamty of the smolt estimates from the Kenai River In addition, we 
have provided additional discussiOn of the data supportmg density dependent responses m the Kenai 
system sockeye salmon populatiOns and have mcluded an additional obJective to meet the peer 
reviewers concern that we are not providmg and adequate framework for testmg our primary 
hypothesis, "Weakened adult sockeye salmon returns are pnmarily related to overescapement and the 
subsequent affect of overescapement on the rearmg conditiOns of therr natal lakes" 

Tills proJect contmues examllllllg the effects of large 1989 spawnmg escapements on the resultmg 
progeny and associated foragmg habitat for a select subset of the above mentiOned sockeye nursery 
lakes Three Impacted lake systems where the 1989 escapements were more than twice the desrred 
levels (Kenai/Skilak m UCI, Red and Akalura lakes on Kodiak Island) were selected Begmnmg m 
1994, Frazer Lake has been used for future comparisons of a system receiving normal escapement 
Because th1s lake has undergone detailed study m the past (Kyle et al 1988) and has contmued 
fundmg from other sources, IDlllliDal fundmg IS necessary to provide for data collection to msure 
compansons with Akalura and Red lakes SliDllarly, Tustumena Lake on the Kenai Penmsula received 
normal escapements and IS used as a reference for the Kenai River systems Tills lake differs 
primarily m the mcreased natural turbidity levels and a illstory of modest stocking of sockeye salmon 
fry 

Schmidt and Tarbox (1993, 1994) report the results through 1993 on these ongomg mvestigatiOns In 
addition, the study proposal reflects results of data collected m the sprmg of 1994 These studies 
suggest a rebound m smolt productiOn from the Kenai River although siZe and condition of fall fry 
were poor and sigrnficant overwmter mortality occurred The 1992 and 1993 data mdicate Red Lake 
zooplankton commurntles and nutrient levels have recovered to the level measured m 1986, pnor to 
the oil spill (Schmidt and Tarbox, 1993) The 1994 zooplankton data mdicated a depressiOn m 
cladoceran abundance Tills was associated with mcreased numbers of fry observed m a beach seme 
fry mdexmg program We will need the 1995 smolt data m order to determme If mcreased smolt 
productiOn follows these trends Smolt numbers from 1994 contmue to be laggmg but adult forecasts 
for returns m 1995 suggest escapement goals will be met, therefore management actiOns will be used 
as the primary method for restoratiOn Smolt numbers or sprmg fry abundance will be used to 
forecast future returns and provide assistance to managers m future harvest management decisiOns 
Akalura Lake demonstrated poor zooplankton densities with low smolt numbers The 1994 adult run 
did not meet escapement requrrements An evaluatiOn report was prepared m 1994 and provided to 
the Kodiak management staff m consideration of future management practices 
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The 1993 smolt mformat10n from the Kena1 system suggested near normal numbers of smolt 
outm1gratmg In add1t1on, the 1994 adult return to the Kena1 was s1gmflcantly above forecast 
md1catmg probable b1ases of underestlmatmg smolt from the 1989 brood year Th1s has caused much 
uncertamty about the numbers of adults expected to return to the Kena1 m 1995 Forecasts of the 
adult return range from failure to meet escapement goals up to near normal commercial and sport fish 
harvests Because the smolt program prov1ded mcons1stent results when compared w1th the prev1ous 
years performance, we dec1ded to curtall the program m 1995 and rely upon a survey of the lake usmg 
sonar and tow nets, 1mmed1ately after 1ce out m the sprmg of 1995 A 1994 survey conducted 
md1cated fry dens1t1es of slffillar numbers to the smolt observed m 1994 Changes m abundance, 
we1ght, and length were reflective of expected overwmtermg mortahty 

Sc1ent1f1c presentations have been made at the 011 Spill Symposmm and the 1992 Gut Shop The 
lllltlal results of the rnvest1gat10ns have been through peer rev1ew and are to be pubhshed rn the 
proceedrngs of these two symposia In add1t10n, techmcal aspects of the studies fmdmgs to date and 
future plans have been reviewed by a panel of rnternat10nal sockeye salmon researchers m a spec1al 
half day sess10n of the Kokanee and Sockeye Salmon workshop sponsored by the Northern Paclf1c 
Internat10nal Chapter of the Amencan F1shenes Society at Vancouver, B C rn March, 1993 

The peer rev1ew process has also rncluded rev1ew of the progress reports by the Trustee Counc1l peer 
reviewers These studies have also been mcluded rn the d1scuss1on of the Trustee sponsored 
restoration workshop The peer rev1ew comments rece1ved m the fall of 1994 and more recently rn 
Apnl of 1995 have been fully addressed 

NEED FOR THE PROJECT 

A Statement of Problem 

The stud1es are located on Kodtak Island and the Kena1 Penmsula Recent fmdmgs (Schmidt and 
Tarbox, 1993, 1994 -In rev1ew) have suggested maJor economic damage to commercial, subsistence, 
and sport ftshenes may result because of the over-escapement event associated w1th the f1shenes 
closures on the Kena1 River sockeye salmon stocks caused by the 1989 ml splll Smolt numbers 
em1gratmg from the Kena1 River rn the sprrng of 1992 and 1993 were less than one-fiftieth the 
numbers estimated m 1989 Tills suggests a hkely poss1bil1ty of future returns below ex1strng 
escapement goals, although the 1994 adult return suggests that the smolt numbers may be 
underestimated by the current abundance estimation program Red River smolt numbers from the 
1989 escapement on Kod1ak Island prov1ded ev1dence that the smolt programs accurately reflect adult 
returns and consequently, we can expect contmued poor returns to Kod1ak Island over the next several 
years 

In add1t1on to momtormg the damage extent, the mechanism that lead to the collapse requrres 
deflllltlon These studies essentially follow the pattern estabhshed rn the ongtnal 1990 study plan but 
w1th s1gmficant mod1ficat1ons to accommodate recent fmdmgs 
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B Ratmnale 

WIth some exceptions, sockeye salmon productiOn IS limited by the area and quality of the rearmg 
habitat of nursery lakes Very few systeins are limited by lack of spawmng habitat Consequently as 
escapements mcrease, numbers of fry will mcrease m the lake up until this rearmg habitat IS exceeded 
Dependmg upon the nature of the system, the recruitment of smolt from these systems may plateau or 
declme as the carrymg capacity IS exceeded We have hypothesiZed that exceedmg the carrymg 
capacity of the lakes Will not only result m a decrease m smolt production but that sequential years of 
overescapement may reduce the carrymg capacity of the lake This reduction m carrymg capacity IS 

reflected m reduced abundance of zooplankton m the lakes or a change m species compositiOn In 
glacial lakes, we have limited evidence that high predation may reduce forage availability by selectmg 
for zooplankton that can avmd predation through mcreased vertical rmgratmn (Schtmdt et al 1994) 

The study plan tnltlated to further our understandmg of the dynamtcs of sockeye salmon production 
on Kodiak Island and on the Kenai Pemnsula was based on potential tmpacts of large escapements 
observed mother lakes producmg sockeye salmon (Kyle et al 1988, Koenmgs and Kyle 1991) This 
study uses and approach recently emulated by the Sound Ecosystem Assessment (SEA) project m the 
marme envrronment These studies use an mtegrated understandmg of the lake ecosysteins used 
durmg the f1rst two or three years of hfe on JUVenile sockeye salmon to provide a model as to what 
factors hrmt recruitment By obtammg this understandmg, management activities such as regulatiOn 
of escapement to control nutrient levels, fry loadmg mto the lakes, or other more mtensive restoratiOn 
measures 

Red Lake on Kodiak Island has contmued to produce low numbers of smolt despite recovery of the 
zooplankton commuruty Preltmmary data from 1994 suggests that fry abundance m the lake was 
sigmficantly higher Smolt data from 1995 will be needed to confrrm this observatiOn The 1994 
plankton data from Red Lake suggests changes m standmg crop, presumably because of mcreased 
rearmg fry numbers m the lake Zooplankton momtormg will contmue m 1995 to tnsure that the 
numbers do not contmue to declme m response to mcreased fry recrUitment Akalura lake has 
contmued w1th very weak smolt productiOn Recovery may be slower than other systeins because of 
competitive mteractmn with stickleback By contmued momtormg of the smolt productiOn and 
zooplankton commuruty, responses of the system to variable escapements Will assist m the 
development of future restoration strategies 

On the Kenai Pemnsula, the 1994 adult returns were relatively low, considermg the large number of 
adults escapmg mto the system (return per spawner) but were much higher than forecasted based on 
the smolt populatiOn esttmates from the prtmary smolt year composmg this years adults 
Therefore, this FY 96 program has two components 

1) We assume normal returns durmg the 1995 season from the 1990 brood year, a year from 
which smolt numbers suggest difficulty m meetmg escapement goals will be expenenced with 
no commercial or sport fishery for one scenano This suggests that smolt numbers were not 
accurately counted and the level of tmpact of the overescapements can most properly be 
addressed through normal harvest level mantpulations and exarmnatmn of escapement goals 

4 



Project Number 96258A 

for these systems Tlus program will result m completmg the analys1s for all of the work 
completed durmg the summer of 1995 and mtegratmg all of the accumulated knowledge mto 
a final report durmg the wmter of 1995-96 The program w1ll be completed followmg peer 
rev1ew by the fall of 1996 and the program will be funded for completmg only a fmal report 

2) An alternative scenano 1s presented for fundmg willch assumes a maJor declme m the run has 
occurred and that the smolt abundance est1mates provided m earher reports were a reasonable 
mdex of the trend of the stocks In thls scenar1o, mamstem spawnmg Kena1 River sockeye 
salmon fall below h1stonc escapement levels even 1f no s1gmficant commercml or sport 
harvest occurs We will contmue w1th data collect10n programs dunng the wmter of 1995 
and the summer of 1996 and recommend the 1mtiat10n of an enclosure study m the sprmg of 
1996 on Skilak Lake Th1s enclosure would be a model restoration proJect wluch would 
examme the effect of vanat10ns m fish abundance on the rearmg capabilities of Skilak Lake 
and the effect of nutrient additions to restormg these rearmg conditions Fmally, a laboratory 
mvest1gat10n m cooperation w1th the National B10log1cal Survey will be 1mtiated to determme 
the overwmter surv1val of fall fry from Skilak and Tustumena lakes under s1mulated 
laboratory conditions 

C Summary of Major Hypothesis and Objectives 

Tills study proposal exammes cnt1cally the hypotheses 

1) Large escapements of adult sockeye salmon mto the Kena1 River system and Kod1ak Island 
lakes resulted m major decreases m adult returns from that willch would have been expected 
from normal escapements 

2) Increased predation from rearmg JUVenile sockeye salmon resulted m top-down changes m the 
lake ecosystems wluch perpetuate decreased product10n for additional years beyond the 1mtial 
escapement events 

Our maJor obJective 1s to use the knowledge gamed m evaluation of these hypotheses to avmd future 
losses of production through spawner abundance regulat10n and to develop restoration methods that 
have a illgh probab1hty of returnmg the product1v1ty of these lakes to pre-spill levels 

D CompletiOn Date 

The Kena1 Perunsula stud1es w1ll be completed by September 30, 1996 1f run returns are near normal 
m the summer of 1995 If adult returns fall m 1995, we propose contmumg these mvestigat10ns until 
smolt production 1s at presp1lllevels for at least two years 

The Kod1ak Lake mvestigat10ns will contmue through two years of normal smolt returns for both 
Akalura and Red lakes Tills would be projected to occur m 1997 for Red Lake w1th the final report 
completed m 1998 We have no md1cat10n of recovery m Akalura Lake 
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COMMUNITY INVOLVEMENT 

Residents of the Kenai Perunsula Borough are an Important part of the Trustee Council funded Kenai 
River restoratiOn proJects Besides workmg on the proJects m drrect employment as ADF&G Fish and 
Wildlife biologist and technicians the people of the Perunsula are kept well Informed about these 
proJects MaJor media outlets m Anchorage and Kenai cover the Issues mpactmg the Kenai River, 
mcludmg the EVOS funded proJects In additiOn, local ADF&G proJect biologists have made 
presentatiOns on restoratiOn efforts to local governments, m local schools , and to commumty groups 
Further, detailed discussiOns and program suggestiOns have resulted from the mvolvement of the 
Upper Cook Inlet RegiOnal Planmng Team Tills team IS composed of members from the Cook Inlet 
RegiOnal Aquaculture AssociatiOn and ADF&G The team has held numerous meetmgs with diverse 
public participatiOn to discuss the results to date of the EVOS Kenai River proJects 

PROJECT DESIGN 

Commercial fishmg for sockeye salmon m 1989 was curtailed m UCI, the outer Cillgmk distncts, and 
the Kodiak areas due to presence of oil m the fishmg areas from the EVOS As a result, the number 
of sockeye salmon entermg four Important sockeye producmg systems (Kenai!Skilak, Cillgmk/Black, 
Red, and Frazer Lakes) and two less Important lake systems (Akalura and Afognak or Litmk lakes) 
greatly exceeded levels that are thought to be most productive Sockeye salmon spawn m lake 
associated nver systems Adult salmon serve an extremely Important role m the ecosystem, providmg 
food for manne mammals, terrestrial mammals, and brrds AdditiOnally, carcass decomposition 
serves to charge fresh water lake systems With Important nutrients Juvenile salmon willch rear m 
lakes for one or two years serve as a food source for a vanety of fish and mammals Sockeye salmon 
are also an Important subsistence, sport, and commercial species The ex-vessel value of the 
commercial catch of sockeye from these lake systems has averaged about $42 million per year smce 
1979, with the 1988 catch worth $115 million Sockeye salmon returns to the Kenai River system 
support some of the largest recreatiOnal fishenes m the State 

Overly large spawnmg escapements may result m poor returns by producmg more rearmg JUVenile 
sockeye than can be supported by the nursery lake's productivity (Kyle et al 1988) In general, when 
reanng fish abundance greatly exceeds the lake's carrymg capacity, prey resources are altered by 
changes m species and siZe compositiOn (Mills and Scillavone 1982, Koenmgs and Burkett 1987, Kyle 
et al 1988) with concomitant effects on all tropillc levels (Carpenter et al 1985) Because of such 
changes, JUvenile sockeye growth IS reduced, mortality mcreases, larger percentages holdover for 
another year of reanng, and the poor quality of smolts mcreases marme mortality Where 
escapements are two to three times normal levels, the resultmg illgh JUvemle densities crop the prey 
resources to the extent that more than one year IS requrred to return to normal productivity Rearmg 
JUVemles from subsequent brood-years suffer from both the poor quality of forage and from the 
mcreased competitiOn for food by holdover Juvemles (Townsend 1989, Koemngs and Kyle 1991) 
Tills IS the brood-year mteractwn underlymg cyclic vanation m the year class strength of anadromous 
fish 
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A. Objectives 

The followmg obJectives are altered based on mput from peer reviewers of the 1993 status report 
and proposed revisions to the 1994 and 1995 study program We have added an additional 
obJective (c) to further clarify the testability of our hypothesis as to the density dependent 
mechamsm affectmg sockeye salmon survival and production m the maJor glacial lakes on the 
Kenai Penmsula This program will become operational only If the 1995 runs return 
substantially below normal We have also mcluded responses to peer review comments with this 
proposal (AppendiX A) 

a Estimate cntical biOlogical attnbutes (number, age, siZe) of both resident and 
rmgrant JUVemle sockeye m over-escaped and normal escaped sockeye salmon 
nursery lakes of the Kenai Penmsula and Kodiak Island 

b Deterrmne effects on smolt productiOn and subsequent adult returns caused by 
large escapements resultmg from fishery closures after the EVOS These effects 
will be Inferred by studymg the changes m the rearmg capacity of selected 
nursery lakes which were either affected or unaffected by the oil spill Data used 
for these Inferences mclude 

(1) age and growth of JUVemles and smolts 
(2) nursery area nutnent budgets and plankton populatiOns 
(3) seasonal, diel, and vertical distnbutiOn of zooplankton species which 

are the known prey of sockeye salmon m Skilak, Kenai, and Tustumena 
Lake, and 

(4) seasonally available zooplankton biomass m these lakes and the 
relationship of this biomass to ambient temperature, light, and other 
climatic vartables 

c (Option 2) Evaluate hypothesis of zooplankton predator avmdance and 
sockeye salmon prey efficiency reduction by exammation of DVM of 
zooplankton and concurrent prey electiVIty of rearmg Juvemle sockeye 
salmon when escapement levels and fry recruitment to Skilak Lake are 
reduced (This study will be Imtlated m summer 1996 If 1995 run fails) 

d (Option 2) Experimentally test vtability of overwmtermg hypothesis by a 
controlled starvatiOn study of vanably conditioned Tustumena and Skilak Lake 
fall fry 

e (Option 2) Implement a pilot research proJect to determme experimentally the 
cause of the declme and potenttal restorative actions 

Begmmng m the fall of 1996, the National Biological Service (NBS), m cooperatiOn 
with ADF&G, willimtiate ADF&G m cooperation with the Refuge staff of the Kenai 
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National Wildlife Refuge will Implement a pilot research project to further defme the 
mechamsm of sockeye salmon declme and determme the feasibility of alternative 
restoration opportumtles Thls project Is submitted separately but Is dependent upon 
contmuauon of the 1996 field programs on the Kenai Lakes Thls program wtll be 
Implemented mJly tf the returnmg run to the Kena1 River fails m 1995 

B ~ethods 

From the mception, these mvesttgattons have used an ecosystem approach to determiDe factors 
hmitmg the recovery of the affected sockeye salmon population The recent book "The 
Trophic Cascade m Lakes" (Carpenter and Kitchell, 1993) defmes the baste approaches used 
by our team of mvestlgators These mvestlgattons have therr primary ongm from other 
Alaskan based mvestlgatwns on systems havmg very large escapements of fry densities (Kyle 
et al 1988) 

The Kodiak lakes are clear water systems dominated by cladocerans while the glacial lakes on 
the Kenai Pemnsula are dominated by copepods (Schmidt and Tarbox, 1994) Although the 
density dependent response of reduction m biOmass of the cladocerans has occurred on the 
Kodiak lakes parallels that observed mother over-escapement studies (Kyle et al 1988), we 
do not have any expenence with large escapements m glacial lakes other than a smgle 1985 
event on Tustumena which was coupled with hatchery supplements The assumptiOn of 
reviewers of this program has been that failure to observe seasonal bmmass reductions m the 
copepods from Skilak and Kenai lakes IS evtdence refutmg our primary hypothesis that 
overescapements have altered the rearmg capacity of the lake and that vartabiltty m productiOn 
may be simply a factor related to non-density dependent phenomena This alternative 
explanation was offered followmg higher than expected adult returns from the 1991 smolt year 
(1989 brood year), despite the fact that these returns were lower than expected from etther the 
number of fall fry observed m Skilak and Kenai lakes m 1990 (adult per fry) or by the number 
of adults spawmng m this system (return per spawner) We made this same observatiOn mall 
of our pnor status reports and developed studies to mvestigate the cause of lower growth rates 
m Skilak Lake when nearby Tustumena Lake has higher growth rates With lower abundance of 
the same taxa of zooplankton This fact alone, suggests that factors other than biomass of 
zooplankton may result m density dependent responses llffiltlng the rearmg potential of these 
glacial lakes and that the model developed from Frazer Lake (Kyle et al 1988) may not be 
adequate to descnbe reanng llffiltations m copepod dominated glacial systems We descnbed 
m an earlier publicatiOn based on the prelmry results of this work potentially predator 
resistant mechamsms ascnbed to copepods from the literature, which may limtt energy transfer 
but may be relatively mdependent of changes m standmg crop bwmass (Schmidt et al 1994) 
We focused on mductlon of diel vertical migration behaviOr by either natural selection or a 
density dependent behavior response as a possible means of causmg decreased growth rates ill 
Skilak Lake fry when spawner densities illcreased We lacked pre-spill data on DVM ill Skilak 
Lake so our studies were llffilted to comparisons between Skilak and Tustumena lakes These 
data support DVM as a possible mechamsm for accountillg for the differences ill growth rates 
(as reflected by fall fry mean weight) between these lakes but d1d not provtde a drrect test of 
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the hypothesis that growth rates (and consequently density dependent recrUitment and survival) 
have changed m Slalak Lake as a consequence of mcreases m fry density causmg zooplankton 
to become less efficiently consumed We provided limited mdrrect evidence of diet changes 
and of prey availability by exammation of stomach contents and electivity mdices from a 
limited sample 1987 fry from Skilak Lake This suggested prey availability may have been 
different despite no sigmficant changes m standmg crop biomass To further test this 
hypothesis we can make several predictions If and when escapements are reduced and fry 
recrUitment to Slalak and Kenai Lakes are substantially decreased 

1) 

2) 

3) 

4) 

Fry growth rates will respond positively to decreased fry densities after 
accountmg for effects of physical vartable changes 

Zooplankton DVM of preferred forage taxa of sockeye salmon JUVeniles will 
be reduced Dependmg upon the mechamsm of DVM mduction this may 
requrre multiple generatiOns of decreased croppmg to be observed Species 
composition and changes m fecundity of the zooplankton taxa affected may 
also occur 

Electivity mdices for taxa would change toward those which have decreased 
DVM (more vulnerable to predation) 

Mean fall weight of fry as a functiOn of biOmass of copepod/fry will mcrease 
and the density response curve (fall fry weight vs zooplankton biomass/fry) 
from Skilak Lake will change toward that observed m Tustumena Lake 

Copepods life history IS substantially different from the cladocerans, the pnmary sockeye 
salmon forage m clear water lakes Other mvestigators have not only observed accentuated 
DVM m response to predation, but also reductions m fecundity and even Imtiation of diapause 
Life cycles are measured m years, rather than the weeks observed with cladocerans and the 
small number of eggs produced per female per year (5-40) make these populations particularly 
vulnerable to extrrpat10n unless predator avmdance IS managed (Reviewed m Schmidt et al 
1994) Therefore failure to observe maJor decreases m copepod biOmass related to mcreased 
predation m a lake that has a long history of sockeye salmon predation IS not defimtive 
evidence that no affect on the rearmg capacity of the lake has occurred Smce cladoceran 
dommated sockeye salmon systems have the ability to rapidly recover from high predation 
rates, the clear lake model Is probably not appropnate for glacial lakes that are copepod 
domtnated This model of density dependent responses, If correct, suggests high escapements 
observed from 1987-89, may subsequently reduce the carrymg capacity of these lakes through 
reducmg plankton vulnerability and as a consequence therr productivity 

Although the above hypothesis may be true, regardless of the relative magmtude of the Impact 
of high densities on subsequent returns, without maJor reductions m escapement to the 
matnstem habitat on the Kenai River, we will not be able to test our predictiOns If the run 
falls, the consequences of not knowmg the mechamsm have the potential to result m 
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management act1v1ties that are b10logtcally unsound may have maJor econom1c consequences to 
the Kena1 Pemnsula Therefore, 1f the run falls, we w1ll propose m 1996 an enclosure study 
whlch will provtde an expenmental test of these hypotheses to supplement correlatory data 
collection program outlmed above 

If the run returns m 1995 to near normal levels, tills hypotheses w1ll be not be able to be tested 
m the near term and contmuat10n of the mvestigat10ns at tills level would not be warranted 
Trustee fundmg for fteld work wlll be termmated m 1995 w1th the final report prepared m 
1996 Future mvestigat10ns will be funded from ADF&G general funds, and will pnmanly be 
dtrected at development of escapement goals for thts system 

Numbers of adult sockeye salmon that entered selected spawmng systems outstde PWS pnor to 
and durmg 1989 have been estimated at werr statiOns or by sonar Tills mformat10n was 
collected durmg proJects routmely conducted by the ADF&G as part of therr resource 
management program Optimal escapement levels, whlch on the average should produce 
max1mum sustamed yteld, have been based on etther past relat10nshlps between spawners and 
returmng progeny or the extent of available spawmng and rearmg hab1tat The baselme 
program will contmue at each s1te mcludmg but not l1m1ted to esttmates of adult sockeye 
escapement and collect10n of scales for age analysts 

For each of the lake systems tdentifted, the response (abundance, growth, and freshwater age) 
of rearmg Juveniles w1ll be stud1ed Because of the stgmftcance and magmtude of the fmdmgs 
on Red Lake, and on Slolak/Kena1 lakes, these stud1es will contmue until observed effects on 
growth and the hmnetic commumty of the lake ecosystems recovers to pre-spill cond1t10ns 

The total number of JUVenile sockeye m the Kena1 Pemnsula lakes will be est1mated through 
hydroacoustic surveys conducted durmg all years up until recovery of the system IS observed 
Age and stze mformat10n wlll be obtamed from samples of JUvemle sockeye collected from 
concurrent m1d-water trawl nettmg surveys Survey transect destgns for hydroacoust1c 
samplmg and tow-nettmg have been estabhshed for Kena1 and Slolak lakes (Tarbox and Kmg 
1989) and Tustumena Lake (Kyle 1992) Dependmg on densities of rearmg Juvenile sockeye 
salmon, esttmates of ftsh densities will be made for each transect e1ther by echo mtegrat10n or 
by echo countmg Total ftsh populat10n esttmates will be computed, by summmg transect 
populatiOns, along w1th 95% confidence mtervals (Kyle 1989) The number of smolt produced 
from Slolak lake will be mferred by conductmg a spnng hydroacoustic survey coupled w1th 
tow nettmg m 1995 Tills will be used to est1mate overwmtermg mortahty and will prov1de 
and mdex of smolt product10n from the lake when combmed w1th the September, 1995 fall 
hydroacoust1c survey 

Freshwater growth and age of sockeye salmon rearmg JUVeniles from all study systems will be 
detefmllled from scale and posstbly otohth measurements made etther by drrect vtsual analysts 
of scales or usmg an Optical Pattern Recogmt10n system In cases where data are available 
(e g , Kena1 and Skilak Lakes and Tustumena Lake), growth of progeny from the 1989 
spawmng escapements will be compared w1th growth or stze of progeny durmg pnor years 
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The total number of smolt Illlgratmg from each system, excludmg the Kenai River, will be 
estimated with a mark-recapture study usmg mclmed plane traps after Kyle (1983) Smolt will 
be captured m traps, sampled for age and siZe Information, marked with Bismark Brown Y (a 
biological dye), and transported upstream of the traps and released for subsequent recapture 
(Rawson 1984) Penodic retestmg will deteflllllle the capture efficiency of the traps under 
changmg nver conditions durmg the sprmg Total population estimates (with 95% confidence 
mtervals) will be made usmg catch efficiencies, and weekly number weighted smolt siZe and 
age Information will be calculated usmg a computer spreadsheet developed by Rawson 
(personal commumcation, 1985) Smolt programs consistent with those for the study lakes are 
contmumg for Tustumena Lake (Kyle 1992) 

On the Kenai River, the smolt operatiOn will mclude the Russian River This lake system may 
now be the dommant producer of sockeye salmon smolt Estimates of smolt production from 
the Russian River lake system must be completed to separate normal Russian River production 
from the smolt production of sockeye salmon rearmg m Skilak and Kenai lakes 

Because the smolt data for 1993 mdicated that the Russian River lake systems may be 
expenencmg sllll11ar declmes m production as the matnstem Kenai River The 1989 escapement 
mto this system was 138,000 adults, which IS farm excess of the m1mmum 30,000 goal 
Therefore, to evaluate the current production potential and Impacts of large escapements, 
limnological and fry hydroacoustic/tow net surveys of the Russtan lakes will be conducted for 
a second year Techmques duplicate those used on other systems 

In the two Kenai Pemnsula lakes, early spnng and late fall samplmg of fry will be conducted 
The reason for the additional samplmg penod Is that approximately 50% of the weight change 
observed from emergent fry to smolt m the Kenai River system occurs outside of the current 
samplmg regime If poor survival Is occurrmg because of lllll1tations m rearmg habitat quality 
durmg this penod, these data are cructal for determmmg the validity of fry density causmg 
decreased over-wmtermg survival Based on peer review comments, hydro-acoustic studies of 
fry abundance was conducted mto the fall, 1994 to track and sample the JUVenile fish until cold 
weather prevents further studies This will be contmued m 1995 This Is based on the 
assumptiOn that most of the density dependent mortality occurs m early wmter (peer review 
comments, Hyatt and Hilborn) 1994 sprmg results mdicated likely density dependent 
mortality over wmter but not the large decreases m abundance expected from earlier years 
mvestigations usmg m nver smolt traps as mdicators of overwmtermg mortality 

Studies on Kodiak Island will be reduced because of recent fmdmgs We will rely on 
mark/recapture studies with smolt traps will be used to estimate smolt abundance m 1995 for 
smolt population estimates from Akalura and Red lakes In 1992 the hydro-acoustic surveys 
were elliDlnated on these lakes because of mterference of stickleback with the populatiOn 
estimates Samples of fall fry for age, weight, and length Will contmue to be collected Frazer 
lake will be used as a control m the future Momtonng of this system IS priiDanly conducted 
by general fund expenditures of the Alaska Department of Fish and Game A mmor 
modificatiOn Imtiated m 1994 will contmue m the program to tnsure compatibility with the 
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momtormg contmumg on Akalura and Red lakes Fundmg from these studies wtll be used to 
augment the regular smolt momtormg program A second mclmed plane trap will be used to 
ensure that adequate samples are obtamed for more accurately descnbmg smolt populatiOn 
numbers and AWL charactenstics to msure slffillar precision wtth the Red and Akalura lakes 
studies The contmued poor smolt productiOn m the sprmg of 1994 suggest contmued 
momtormg of these systems IS warranted 

Lmmologtcal data will be collected to momtor the response of the lakes to illgh Juvemle 
rearmg densities and therr recovery once escapement levels declme Table 1 provides a 
time-lme of these studies wtth and reflects the mtegrat10n with the ftshenes mvestigatwns 
previOusly discussed These data will be used to estimate carrymg capacity parameters of 
euphotic volume, nutrient budgets (carcass ennchment), and zooplankton biOmass, body-stzes, 
and composition sillfts Approximately SIX lmmology surveys wtll be conducted at two or 
more statiOns, to determme zooplankton species abundance and body-stzes, nutnent chemistry, 
and phytoplankton abundance for Kenai!Skilak, Tustumena, Akalura, Red, and Frazer lakes 
The 1994 decreases m zooplankton abundance willch correlates wtth mcreased fry abundance 
m Red Lake suggests an additiOnal year of momtormg the zooplankton commumty IS 
warranted Tills program was Imtially planned on bemg elimmated Methods for lmmologtcal 
studies are detailed m Koemngs et al (1987) In additiOn we wtll be further evaluatmg marme 
based nutrients as a illstoncal surrogate for escapement by exammmg stable Isotope ratios from 
fish and sediment Early work conducted by Dr Bruce Finney of Uruvers1ty of Alaska, 
Farrbanks, suggests that we may be able to reconstruct illstoncal escapement levels through the 
analysts of sediment cores collected from these lakes We will provide some support for 
evaluatiOns of thts techmque and collectiOns of samples from Akalura and Red lakes 
Prellffilllary results obtamed from Karluk and Frazer lakes appeared promismg 

In cases where seasonal data are available (1 e Kenai and Skilak lakes), lmmologtcal 
parameters taken durmg residence of the JUVeniles from the 1989 spawmng escapements will 
be compared to parameters wtthm these systems durmg pnor years 

The holistic approach proposed here mvolves several evaluatiOn procedures to assess the 
effects of sockeye salmon overescapement Frrst, fresh-water productiOn from the 1989 
escapements will be assessed m Kenai!Skllak, Red, and Akalura lakes Tills wtll be 
accomplished through analysts of growth, freshwater survival (m particular over-wmter 
survival), and freshwater age of sockeye smolt populatiOns Any anomalies wtll be determmed 
by analysts of freshwater growth recorded on arcillved scales, illstoncal freshwater age 
compositiOn, and modeled freshwater survivals, and from results of previous studies as well as 
the smolt charactenstlcs from each of the study systems Also, planktomc food sources will 
be assessed through estimatiOn of zooplankton prey btomass and diversity of species Some of 
these analyses have been completed (Schmidt and Tarbox, 1993) 

Although m the Kenai River system smolt enumeratiOn and fall fry estimates durmg 1991, 
1992 and the sprmg of 1993 produced very low numbers, zooplankton biOmass estimates m 
Skilak Lake, the maJor sockeye salmon producer, has not undergone slmilar levels of declme 
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LllDlted stomach samples evaluated recently from 1987 mdtcate a posstble maJor swttch m dtet, 
further supportmg lllDlted food availability as a hkely factor m the declme (Schmidt and 
Tarbox, 1994-In revtew) Further mvestlgatlon mto plankton availability and growth rates 
followmg the methods of Schmidt and Tarbox (1993) will contmue 

Expenmental and empmcal sockeye hfe history /productiOn models (Koenmgs and Burkett 
1987, Koenmgs et al1989) will be used to compare salmon productton by life-stage at 
escapement levels consistent wtth management goals to the 1989 escapements These models 
Will be refined by use of food availability data obtamed through the verttcal samplmg studtes 
rmttated m 1992 and to be continued through 1995 

Addttlonally, m the case of the Kenai system, the 1989 escapement effects wtll be vtewed 
mdependently of the effects on previOus brood years wtth high escapement 

Consult Schmidt and Tarbox (1993, 1994-In revtew) for further dtscusston of analyses and 
methods used to date m progress reports on these mvest1gat10ns 

Under opt1on 1, field data collectiOn will end m October of 1995 and samples collected durmg 
this summer will be analyzed and the report fmahzed durmg the summer of 1996 Kodtak lake 
studtes Will procede as m previOus years Under option 2, field data collectiOn will contmue 
through FY 96 wtth the fmal report delayed at least one year and a status report Issued m 
April We propose to tnitiate an enclosure study descnbed m a separate proposal (96528b) In 
additiOn, we proposed to tnitlate a laboratory study m the fall of 1997 (96258c), to assess the 
over wmter survival of starved sockeye salmon m a controlled settlng, where overwmtermg 
cond1t10ns m Skilak Lake are emulated 

C Contracts and Other Agency AssiStance 

Adnurustrative support IS provtded by the AdmtnistratiVe Dtvtston, Habttat Division, and 
Commercial Fishenes Management and Development DIVISIOn staff of the Alaska Department 
of Fish and Game The proJect leaders and therr assistants are not funded by this proJect and 
are supported with general funds from the State of Alaska Most laboratory analyses are 
conducted by the limnology laboratory m Soldotna These studies are mtegrated With ongomg 
studtes by the Commercial Fishenes Management and Development DtvtsiOn on Kodtak Island 
and the Kena1 Penmsula These studies have dtfferent obJectives, I e to manage, enhance, and 
rehabilitate common property salmon fishenes, but use the same techniques and data collectiOn 
methods Consequently the EVOS mvestigatiOns have been mtegrated mto the normal 
operations of these Dtvtstons for efftctency m completmg the obJectives of these studies and 
the general miSSion of these agencies 

Technical support for specialized analyses are conducted by reciprocal service agreements With 
the Ftsh Tech center of the Umversity of Alaska at Kodiak (hpid analysiS) and the IMS at the 
Umversity of Alaska, Farrbanks (Nitrogen 15 analysts) These contracts were Issued m 1992, 
1993, and 1994 Because of the desrre for a more tlmely delivery of fat analysts m 1994-95, 
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we are contractmg with the Fish Tech center as opposed to the Palmer Experiment StatiOn 
Costs are expected to be comparable to the 1994 primary analysis These laboratones provide 
specialiZed analysis not routmely used by the Limnology laboratory These contracts were be 
lllltlated after the proJect leader compared the cost effectiveness and obtams pnce quotatiOns 
for other laboratones with the capability of conductmg these analyses 

D Location 

Study locatiOns are on Kodiak Island and the Kenai Penmsula Specific samplmg locations are 
Identified m Schmidt and Tarbox (1993) 

SCHEDULE 

A Measurable Project Tasks for FY 96 

OptiOn 1 

OptiOn 2 

Complete draft final report 
Complete final report 

lmtlate 1996 field work 
lmtiate Enclosure Study 
lrutiate StarvatiOn Study 
Complete 1995 status report 
Complete 1996 status report 

June 30, 1996 
September 30, 1996 

February 1, 1996 
Apri115, 1996 
November, 1996 
Apri11, 1996 
Apnl1, 1997 

B Project Milestones and Endpomts 

The followmg obJectives have been partially completed m reports Issued to date Adult returns 
m 1995 and 1996 are requrred to provide Improved estimates smolt survival 

a Estimate cntlcal biological attributes (number, age, siZe) of both resident and 
migrant JUvenile sockeye m over-escaped and normal escaped sockeye salmon 
nursery lakes of the Kenai Penmsula and Kodiak Island 

Earliest CompletiOn 
Final CompletiOn 

June 1, 1996 
2 Years after recovery Is completed 

b Determine effects on smolt productiOn and subsequent adult returns caused by 
large escapements resultmg from fishery closures after the EVOS These effects 
will be mferred by studymg the changes m the rearmg capacity of selected 
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nursery lakes which were either affected or unaffected by the oil spill Data used 
for these Inferences mclude 

(1) age and growth of JUvemles and smolts 
(2) nursery area nutrient budgets and plankton populatiOns 
(3) seasonal, diel, and vertical distributiOn of zooplankton species which 

are the known prey of sockeye salmon m Skilak, Kenai, and Tustumena 
Lake, and 

(4) seasonally available zooplankton bwmass m these lakes and the 
relatiOnship of this biomass to ambient temperature, light, and other 
climatic vanables 

Earliest CompletiOn 
Fmal CompletiOn 

Apnl 15, 1996 
2 Years after recovery IS completed as 
evident by overwmter survival of fry at 
normal levels 

c (OptiOn 2) Evaluate hypothesis of zooplankton predator avmdance and 
sockeye salmon prey efficiency reductiOn by exammatwn of DVM of 
zooplankton and concurrent prey electivity of rearmg Juvemle sockeye 
salmon when escapement levels and fry recruitment to Skilak Lake are 
reduced (This study will be lllitiated m summer 1996 If 1995 run fails) 

Earliest CompletiOn 
Fmal CompletiOn 

Apnl 15, 1997 
June 1, 1998 

d (OptiOn 2) Expenmentally test viability of overwmtermg hypothesis by a 
controlled starvatiOn study of vanably conditioned Tustumena and Skilak Lake 
fall fry 

See supplemental proposal 

e (OptiOn 2) Implement a pilot research proJect to determme expenmentally the 
cause of the declme and potential restorative actiOns 

See supplemental study proposal 

The timelme of the 1996 field studies IS outlmed on Table 1 This table depicts the samplmg 
schedule for the mtegrated limnological studies and fishenes studies on the Kenai Pemnsula 
and Kodiak Island See supplemental proposal for details of enclosure study 
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C. ProJect Reports 

An annual status report detatlillg project results will be prepared for peer revtew on April 1 , 
1996 At the end of the study, a peer-reviewed report will be subnntted to a sctenttftc JOurnal 
If the proJect IS tenrunated this year, a fmal report wtll be Issued on June 1 , 1996 

COORDINATION OF INTEGRATED RESEARCH EFFORT 

ProJect 96258 provtdes much of the analysts and forecastillg abthty of adult runs returnmg to 
the Kenai River Restoration proJect 96255 which addresses stock separatiOn and run strength 
assessment ill UCI are supported by the assessment of reductiOn ill JUVenile productiOn from 
the Kenai River Lakes Project 96258b Is also proposed to be Implemented ill the sprillg of 
1997 1f a fatlure of the Kenai sockeye salmon run occurs ill 1995 Thts program ts illtegrated 
wtth this study and will provtde an experimental means of testillg the workmg hypothesis 
developed on overescapement as well as exammmg alterative methods of restoratiOn 

The Alaska Department of Ftsh and Game has ongoillg commercial ftshenes research 
operations on the Kenai and Kasilof River, Frazer Lake, Red River, Akalura Lake, Upper 
Statton Lake, and Afognak Lake In addttton, the Dtvtston has ongoillg data collectiOn 
actlvtttes from Htdden, Karluk, and Spmdon lakes relatillg to the hnntology of these systems 
These data are illtegrated illto statewide or regiOnal data bases that are use to drrectly assess the 
Impacts of the ml spill or are used as controls to measure the response of the studtes proposed 
ill this plan, agatnst In addttton, the area research and management btologtsts for the Dtvtston 
of Commerctal Ftshenes management and development and numerous admm1strat1ve and 
support staff are supported by general funds provtded by the Alaska legislature To date, most 
of the data analysts and reportillg for the Sockeye Salmon Over-escapement ProJect has been 
provtded for from contributions of the State of Alaska from these general funds Total fundillg 
for these programs exceeds $1 million 

The illVesttgatiOns of Kodtak and Kenai River sockeye salmon have been illtegrated wtth long 
term research efforts by the Alaska Department of Ftsh and Game on these stocks In addttton, 
studies by the limnology laboratory and the ftshenes development staff on Kodtak Island on 
these systems are illcluded ill data analysts Study destgn and methodology bmlds off of ear her 
efforts Plannmg and pernnttmg of research acttvtttes and future rehabilitation efforts are 
coordmated through the USFWS Refuge staff ill Soldotna and on Kodiak Island Consultation 
and planmng IS conducted wtth the newly formed NatiOnal BIOlogical Servtce Ftshenes 
Research Laboratory staff ill Anchorage Development of restoratiOn strategies on the Kenai 
Pentnsula are through a revtew process wtth the regiOnal plannmg teams and wtth an ADF&G 
revtew committee illcludillg the Sport Ftsh Dtvtston, when adJustments of management 
pohctes, such as escapement goals are illvolved In addttton, studtes results from the Coghill 
Sockeye Salmon illvesttgattons ill Prillce Wilham Sound (96259) are reviewed and illtegrated 
illto the data analysts process for deternnnmg the response of the Kenai Pentnsula ecosystem to 
restoration measures The proposed starvation study (96258c) wtll be conducted under the sole 
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direction of the NatiOnal BIOlogical Service with cooperative efforts m obtammg field data and 
expenmental fish from the Alaska Department of Fish and Game 

ENVIRONMENTAL COMPLIANCE 

The studies proposed provide for data collection and field samplmg programs As such no 
envrronmental effect of these programs occurs beyond that of traditional fishenes management 
data collectiOn activities and IS withm existmg collectmg permits or Federal special use permits 
Issued to the Department of Fish and Game for scientific data collection activities New 
programs on the N at10nal W Ildhfe Refuge are updated through permit amendments as needed 
No other permits or other coordmation activities are mvolved 
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DEPARTMENT OF FISH AND GAME J 
> 

DIVISION OF COMMERCIAL FISHERIES J • 
MANAGEMENT AND DEVELOPMENT J 

Tuesday, January 09, 1996 
Molly McCammon, Executive Director 
EXXON Valdez OJI Sptll Trustee Council 
Restoration Office 
645 G Street, Su1te 401, AnChorage, AK 99501-3451 

Dear Molly, 

p 1 

TONY KNOWLES, GOVERNOR 

Llmno/ogy Umt 
34828 Kalfomsky Beae;h Rd S111te B 
Soldotna, AK 99889-3150 
PHONE (907) 260.2909 
FAX {907) 262·'1846 
DanaS%tishgame@state al< uto 

In accordance w1th your letter of December 19, 1995, we are submtttmg the followrng 
mformat1on reflecting the reductton tn the scope of work from the ongmal project descnptlon 
for the Project 96258A, Sockeye Salmon Overescapement ProJect 

The Kodtak field work for FY96 was funded by the Trustee counc1l1n August and was not 
effected by the fund1ng reductton 1nd1cated 1n the attached spread sheet It IS our 
understandmg that you will wtsh to d1scontmue the project 1n FY97 and that the program 
subm1tted for FY97 should reflect a frnal report budget only This IS consistent w1th the 
Chief F1shenes Sc1ent1st's recommendation and the funding levels approved Therefore, the 
scope of work and detailed project descnpt1on for Kodiak overescapement studtes for FY96 
will not change, but will be addressed 1n subsequent submittals 

The recent analys•s of Sktlak Lake JUVenile sockeye salmon and the copepod populat1on 
suggest that VIrtually all var1abJhty m fall JUVemle abundance can be explamed as a funct1on 
of seasonal copepod abundance vanatton Consequently, we Will substantially reduce many 
of the components of the Kenai R1ver sockeye salmon Jnvest1gat1ons mclud1ng all 
mvest1gat1ons on the Russ1an R1ver and Russ1an Lakes, seasonal townettmg and vert1cal 
dtstnbutlon studies of sockeye salmon JUvemles and zooplankton, and d1el vert1cal m1grat1on 
stud1es The rema1mng program Will be reduced to measunng seasonalllmnolog1cal 
parameters from the Kenai Penmsula lakes, spnng and fall fry abundance and condrt1on, 
and the smolt program on the Kas1lof R1ver The bas1c obJectives have not changed by the 
scope of the program and data collection 1n meetmg the ObJectives has been substantially 
reduced A program budget Will be submitted for FY97 for report preparation and w1ll 
mclude any cont1nu1ng mvestlgatlons or add1t1onal stud1es needed to meet the obJectives 
outlined for th1s prog~~ 

ceely, lj j 
anaS~ 

Ken Tarb /( ln y 
Pnnc1pal est1gators 





Restoranon of Coghill Lake Sockeye Salmon 
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RestoratiOn Category 
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Lead Trustee Agency 
Cooperatillg Agencies 

DuratiOn 
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ABSTRACT 
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Alaska Department ofFish and Game 
Alaska Department ofFish and Game (ADF&G) 
US Department of Agnculture, Forest Service (USPS) 
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$265,700 

$141,000 

0 

0 

Coghill Lake, Pnnce Wilham Sound 

This proJect IS illtended to illcrease productivity for sockeye 
salmon ill Coghill Lake to replace other fishery resources 
illJured by the Exxon Valdez ml spill 

Coghill Lake has histoncally been the maJor produced of sockeye salmon ill Pnnce Wilham Sound and a 
mamstay of commercial and sport fishenes Returns have declined from a histoncal average of250,000 
to less than 10,000 ill recent years High escapements of sockeye salmon ill the early 1980s and low 
zooplankton levels suggest that over-escapement of adult sockeye salmon IS a potential cause for the 
stock declille The current productiOn IS very low and could Jeopardize the sustamabihty of this sockeye 
stock Without restoratiOn efforts In 1993, the Trustee Council approved fundillg a program to fertilize 
Coghill Lake to illcrease zooplankton levels, which ill turn would benefit JUvemle sockeye growth and 
survival A restored sockeye salmon run would provide an Important replacement resource for sport and 
commercial fishenes ill Pnnce Wilham Sound 

INTRODUCTION 

The goal of this proJect IS to restore the natural sockeye salmon productiOn of Coghill Lake to histoncal 
levels through use of established and proven lake fertilizatiOn technology (LeBrassseur et al 1978, 
Stockner and Hyatt 1984, Koenmgs and Burkett 1987, Kyle et al 1995, Kyle 1994a, Kyle 1994b) 
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Coghill Lake (61° 4' N, 147° 54' W) IS an ohgotropluc lake located 130 km northwest of Cordova m 
Pnnce Wilham Sound at an elevatlon of 18m Tlus lake has a surface area of 12 7 km2

, a mean depth of 
46 3 m, and a total volume of 587 x 106 m3 (Pelhsier and Somervllle 1984) The lake becomes turbid m 
late August due to glacier runoff, and IS merom1ct1c due to the presence of a permanent layer of salme 
water (morumohmmon) The outlet of the lake emptles mto the eastern side of Port Wells m Pnnce 
Wtlham Sound Tlus proJect IS conducted cooperatively by the Alaska Department ofFish and Game 
(ADF&G) and the US Forest Service (USFS) 

The Coghill Lake sockeye salmon stock has histoncally supported an Important commercial fishery m 
western Pnnce Wllham Sound (PWS), but m recent years returns have declmed considerably 
(Edmundson et al 1992) In 1982, a record 1 2 mllhon sockeye salmon returned to Coghill Lake 
Escapements have been as high as 187,000 (1987), but fewer than 10,000 sockeye have escaped mto the 
lake m recent years 

Tlus proJect should contmue m 1996 because the Coghill Lake sockeye stock contmues to be at 
dangerously low levels, and Will be the fourth year of the planned 5 years ofnutnent treatlnent Actlon 
must be taken to restore the stock before any further dechne occurs Smce sockeye salmon rear m lakes 
for one to three years before em1gratmg to sea, sockeye smolt productiOn IS closely lmked to the 
productivity ofreanng lakes (Koenmgs and Burkett 1987, Koenmgs and Kyle 1995, Kyle et al 1995) 
Limnological studies mdicate that the zooplankton forage base of Coghill Lake cannot support large 
numbers of fry FertilizatiOn (for at least 5 yr) IS needed to mcrease lake productiVIty and boost 
zooplankton abundance until natural nutrient mput from salmon carcasses IS restored (Edmundson et al 
1992) 

NEED FOR THE PROJECT 

A Statement of Problem 

Coghill Lake has demonstrated a maJor declme m sockeye productiOn smce 1985, as mdicated by the 
very low (<1) return per spawner (Appendix A) Tlus sockeye stock has been used for stockmg smolts 
m PWS from Mam Bay Hatchery operated by PWSAC In addition, harvests of enhanced pmk and 
chum salmon have often compounded the difficulty m meetmg escapement goals for Coghtll Lake 
sockeye salmon while concurrently harvestmg the return of sockeye salmon to the Mam Bay Hatchery 
(from smolt releases) 

B Rationale 

The underlymg philosophy of exammmg the ecosystem and sockeye salmon productiOn of Coghill Lake 
centers on restoratiOn, rather than attemptmg to understand controlling processes Consequently, 
mordmate efforts m descnbmg effects of varmbles that subsequently cannot be mfluenced through 
management programs such as fertlhzatiOn, stockmg, harvest regulatlons, IS an meffictent use of our 
hm1ted financial resources, assUIDlllg the pnmary goal1s restoration rather than bas1c research Coghill 
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Lake ts sampled at least monthly for 25 dtfferent phystcal, chemtcal, and btologtcal vanables, these data 
are collected to understand the response of nutnent supplements and relate productivity changes to the 
data base we have developed for nearly 200 lakes ill Alaska The benefit of this approach ts a clear 
understandillg of the carryillg capac tty of thts system and develop a meanmgful evaluat10n of the 
benefits denved from the fert1hzat10n proJect 

Changes ill harvest practiCes to reduce mtercept10ns IS certamly part of ADF&G's mandate to effectively 
manage sustaillable fishenes However, allocat1ve effects and economtc trade-offs requrre dec1s1ons 
from the Alaska Board ofF1shenes Management act10ns and plans have been altered by ADF&G wtth 
the Board of fishenes concurrence to msure harvest rates on returnmg adults to Coghill Lake be reduced 
to meet the escapement goal (Append1x B) 

To illsure that restorat10n efforts destgned to illcrease forage for rearmg sockeyes Juvemles are fully 
utihzed, fall fingerlillgs (Coghill brood stock) were stocked illto Coghlll Lake ill the fall of 1994 Thts 
act10n IS an effort to restore thts system With modest supplementation Without puttillg except10nal stress 
on the zooplankton commumty Thts program was conducted outstde of the Trustee Counctl fundmg 
mechantsm and may be contillued ill the future to provtde adequate number of rearmg JUVemles relative 
to the standmg stock of zooplankton Future stockmg levels wtll take illto account natural recrwtment 
through escapements and Issues such as brood stock selection and stockmg levels Will follow the normal 
ADF&G regulatory procedures, illcludillg fish and egg transport permtts and the baste and annual 
hatchery management plans These activtttes are illtegrated With the lake ferttltzat10n proJect to illsure 
stockillg levels are ill balance with escapements and avrulable forage 

Lake fertthzatton coupled With escapement management and fry stockmg are the pnmary restorative 
techmques for any sockeye lake system The quest10n has been rrused by revtewers as to the role that 
decreases ill lake fert1hty have had ill the declille of Coghill Lake sockeye salmon Lake fert1hty may be 
reduced by carcass reduct10n or by nutnent loss to the non-mtxmg salille layer The history of the salille 
layer of Coghillts not yet well known, however preltmmary analysts of core samples illdtcates the salille 
layer ts about 200 years old (Bruce Fillney, Umverstty of Alaska, personal commumcat10n) If the salille 
layer was formed ill the 1964 earthquake, we would have expected returri-per-spawner rates to drop 
steadtly after 1ts format10n No such trend ts apparent If reduced carcasses have reduced fert1hty, 1t 
most likely would affect nutnent levels ill the most recent years and not likely to account for the rap1d 
declille ill returri-per-spawner from brood years 1985-1988 Therefore, available data does not suggest 
that the mrun declille 1s associated With decreased fertility Why then fertthze? Coghill Lake 1s very 
srmtlar to many oligotrophic sockeye nursery lakes, tt ts nutnent poor, pnmanly lackmg ill the annual 
loadmg of phosphorus and sporadically lackillg mtrogen dunng the peak summer penod (July) Thts ts 
also reflected m reduced chlorophyll a and the low denstttes of zooplankton If the pnmary goal of 
restorat10n ts to re-estabhsh the sockeye run to tt' s former production, regardless of the cause, Coghill 
Lake wtll benefit from he add1t10n of nutr1ents The trophic-level responses that we have observed so far 
support thts conclus10n 

What then ts the pnmary cause of the declme? We have suggested that the very high escapements from 
1980-1982 may have 1mtiated changes ill the lake plankton commumty which may have reduced the 
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carrymg capacity of the system (overescapement) These high escapements are thought to have reduced 
the standmg crop of zooplankton Other factors such as m-lake chmatlc changes which would effect 
turbidity and temperature m the lake may have compounded the problem Reviewers have suggested 
that the modest rate of return-per-spawners observed followmg the high 1980-1982 escapements suggest 
that overescapement ts not a hkely cause Other lakes m Alaska have expenenced lags of a year m the 
dechnes m recrrutment and suggest that these Imtial years may have been the Imtlatlon of this process 
(Kyle et al 1988, Koenmgs and Kyle 1995) The frulure of the system to respond to decreased densities 
m 1983-1984 would support this contentiOn MaJor recrmtment fatlure from high escapements m 1985-
1988 are consistent wtth this hypothests These drops m return-per-spawner are consistent wtth the 
magmtude of those observed on Frazer Lake on Kodiak Island (0 1-1981, 0 2-1982, 0 3-1985) followmg 
maJor overescapement events (Kyle et al 1988, Appendtx C) Further, multiple lake comparisons of 
sockeye productiOn per umt area does not suggest that the oligotrophic nature of Coghill lake and Its low 
standmg stock of zooplankton could sustam escapements rangmg at a level of 100,000-200,000 as 
expenenced durmg 1980-1982 and 1985-1987 Because Coghill Lake IS meromictic with a salme layer 
that acts as a nutnent smk, has a short groWing season, and at least recently has had very low 
zooplankton densities suggests that sockeye productiOn would be lower than mother systems We do 
not doubt that other factors may have made a maJor contnbutwn to the productiOn of sockeye salmon 
from Coghill For example, maJor changes m the length of Ice cover, high summer turbidity because of 
warmer than normal conditions and mcreased run-off and glacial melt These factors are bemg evaluated 
to assess the benefit and efficiency of the lake femhzatwn proJect 

Smce Cogmll has a salme layer at about 25 m which most likely acts as a nutnent smk, reviewers have 
rrused the questiOn of the relative efficiency of a fertilization program on lakes of this type Turnover 
rates of the lake volume exclusive of the salme layer, are used m the present calculatiOn of fertlhzer 
loadmg Sprmg loadmg Will probably be reduced from other lakes because of the lack of nutnent 
mobihzatwn from the sed1ment water mterface However, sigmficant shoals and stream runoff will 
provide contmued loadmg from carcasses as escapements 1mprove Redoubt Lake, a meroiDlctic lake 
that has been fertilized smce 1984 and Is located near Sttka, Alaska, has responded to treatment despite 
the presence of a salme layer (Kyle et al 1995) The best measure of success, however, IS the response 
we have observed from Cogmll Lake over the past 3 years of lake fertihzatwn These results Will be 
forthcommg m the next month when the 1993 and 1994 progress reports Will be subiDltted for review 

This spectfic element of the restoration program for Cogmll Lake sockeye salmon addressed by this 
study plan Will mcrease productivity through the use oflake femhzat10n Nutnent loadmg from adult 
salmon carcasses ts expected to mamtam lake productivity after the fertihzatwn program IS completed, 
and the run IS restored Restoration of Cogmll Lake sockeye Will provtde alternate restoration for 
mJured fishery resources that have not been restored wtthm the EVOS area The USPS IS responstble for 
the purchase offertthzer and apphcatwn each summer (through 1997) ADF&G Will conduct 
hmnological and fishenes studies needed to momtor and refme the fertihzatwn program These studies 
will focus on the effects of fertlhzatlon on pnmary and secondary production and the growth and 
survival of JUVerule sockeye salmon m the lake 

4 



ProJect Number 96259 

C Summary of MaJor HypothesiS and ObJectives 

Several mechamsms have been hypothesized as potential causes for the declme of Coghlll Lake sockeye 
salmon mcludmg 

1) mtercept10n fishenes 
2) chmatlc effects on 

a) manne rearmg surv1val 
b) freshwater reanng survival 

In additiOn, other restoration activities currently underway outside of the purview of the Trustee Council 
mclude 

1) 
2) 

changes m harvest practices 
stockmg of sockeye JUvemles drrectly mto Coglull Lake from the Mam Bay Hatchery to 
msure full ut1hzat10n of 1m proved zooplankton stocks 

Coglull Lake sockeye returns m recent years has declined because of poor returns-per-spawner Smce 
mterception of returmng Coglull Lake sockeye lowers escapements (not return-per-spawner), the 
pnmary cause of the collapse of sockeye m tlus system Is related to factors other than harvest 
management Because return-per-spawner IS the problem (low return brood years of 1985-198 8 had 
above normal or exceptiOnally lugh escapements), mcreasmg escapements through reductiOn of 
mtercept10ns IS a maJor concern of ADF&G managers, and IS an mtegral part of the restoratiOn effort of 
Coghlll Lake sockeye salmon Although not the cause, madequate escapements can msure recovery Is 
expedited The attached sectwn (Appendix B) references the PWS management plans These plans 
mclude harvest rate alteratiOns by time and area to reduce the mterceptwn of Coglull Lake sockeye 
returns 

Chmahc effects on marme survival have been speculated as a maJor cause of the dechne of Coglull Lake 
sockeye salmon The Sound Ecosystem Assessment (SEA) program has suggested maJor vanatwns m 
pmk salmon and hemng returns m the PWS are most hkely dnven by broad-scale cl1matic vanables 
Consequently, reviewers oftlus proJect have commented that tlus proJect should also take mto account a 
cl1mat1C hypothesis to explam the declme of Coglull Lake sockeye salmon Although marme survival 
may be a factor m the vanabihty m return-per-spawner, there IS Insufficient data to consider tlus as a 
maJor dnvmg vanable However, we are workmg with the Urnversity of Alaska on a sed1ment conng 
proJect for Coghill Lake that may elucidate the mdrrect effects of climatic changes through the 
mterpretatwn of silt lammatlons m the conng analysis 

In contrast to the lack of mformatwn of manne survival vanables, the smolt outmigration from Coglull 
Lake m recent years IS sufficiently low to account for poor adult returns Tlus IS true whether exammed 
from a numenc perspective or usmg the smelt-per-spawner data as an mdex Hence, the freshwater 
component of the hfe cycle Is most hkely the culpnt If a common manne survtval mechamsm were 
hypothesized, we would expect the collapse of sockeye return-per-spawner to parallel that of pmk 
salmon returns-per-spawner, once we account for the protracted freshwater residence of sockeye salmon 
Tlus would be true, even If we totally discount the validity of the smolt data Clearly, the 1985-1988 
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brood year returns-per-spawner for Coglnll Lake sockeye salmon have no correlatiOn to pmk salmon 
brood years of 1986-1989, wlnch Ifthey were correlated would suggest common mecharusms Thus, we 
can discount the SEA hypothesis as a maJor factor for the declme of Coghill Lake sockeye salmon 

Climatic effects on freshwater survival are most certamly a maJor factor ill contnbutmg to the lngh 
volatility of m the freshwater productiOn of sockeye salmon smolt m Coglnll, illcludillg vanatwns ill the 
quality and quantity of the plankton food supply, as well as temperature effects on growth rates, etc 
Turbidity changes caused by glacml melt, Ice cover on the lake extendmg illto the summer because of 
snow pack, decreased retentiOn times of water m the lake because of lngh ramfall and floodmg 
conditions, all contribute to the growth and recruitment of sockeye salmon smolt These parameters 
have been morntored and are bemg exammed as covanates affectmg productiOn along with the lake 
fertilizatiOn studies, and Will be analyzed m subsequent reports 

D CompletiOn Date 

Treatment ofCoglnll Lake with nutrients will termmate after five years (after FY 97) There Will be two 
post-assessment years (FY 98 and FY 99) after termmatmg nutnent treatment 

COMMUNITY INVOLVEMENT 

There has been an unknown (believed to be very small) amount of subsistence use, m the traditional 
sense, on the sockeye salmon of Coghill Lake (Mark Willette, ADF&G, personal commurncatwn) 
However, there has been no commurnty mvolvement of subsistence users for tlns proJect 

PROJECT DESIGN 

A ObJectives 

1 Apply fertilizer to illcrease the reanng capacity of Coglnll Lake 

2 Detenrune the water residence time of Coglnll Lake 

3 Evaluate the effect of fertilizatiOn on nutnent levels, algal bwmass, and the zooplankton 
commurnty 

4 Evaluate the effect of fertilizatiOn on the feedmg, growth, and condition of rearmg sockeye fry 

5 Evaluate the effect of fertilizatiOn on the overWinter surviVal of :fry, and on the age, size, and 
condition of smolts 
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6 Integrate results of the fertilizatiOn proJect with harvest management and other restoratiOn 
(stockmg) activities outside of the Trustee Council fundillg 

B Methods 

Ob;ectlve 1 

Lake fertilization IS recommended for one sockeye hfe cycle (5 yr) to elevate the productivity of the lake 
and zooplankton forage base to ultrmately illcrease the rearmg capacity for sockeye salmon The recent 
loadillg of phosphorus (P) mto Coghill Lake IS 325 mg m 2 yr I, and the cnticalloadmg rate ofP 
(Vollenweider 1976) needed for full phytoplankton productivity IS 650 mg m 2 yr 1 Therefore, an 
additional260 mg m 2 yr 1 ofP (65,000 kg based on an applicatiOn area of 5 5 km2

) IS needed to achieve 
full phytoplankton productiVIty A pharmaceutical-grade liqmd blended fertiliZer Will be applied to the 
lake by releasmg It from a low-flymg aucraft The fertilizer (20-5-0) contams 20% rntrogen and 5% 
phosphorus, and will be applied dunng early June to mid or late August ApplicatiOn Will consist of SIX 
to nme passes of five-mmute duratiOn over a two to three day penod each week Thus, approXImately 
6,500 kg of 20-5-0 fertilizer will be applied each week In addition, due to rntrogen deficiency dunng 
the peak of summer, 10,000 kg of a rntrogen fertilizer (32-0-0) IS necessary to ensure proper N P ratiOs 
The rntrogen fertilizer Will be applied on a weekly basis dunng July 

Public reservmg the cabill at Coghill Will be notified of the fertilizatiOn schedule, which Will be posted 
m the cabm Fertilizer Will be applied no closer than a mile and a half :from the cabm and lagoon where 
most of the recreatiOnal activity takes place The pilot will not dispense fertilizer m a portiOn of the 
applicatiOn area If anyone IS withm that area 

Ob;ectzve 2 

The water residence trme of Coghill Lake will be morntored to assist m determinmg phosphorus loadmg 
rates Discharge Will be measured ill the Coghill River twice dunng low, medmm, and high flow penods 
Water depth and current speed Will be measured at 10-m mtervals along a transect drawn perpendicular to 
the stream length The cross-sectiOnal area of each segment and the current speed Will be used to estrmate 
the discharge Withm each segment The discharge estrmates for all the segments along the transect will be 
summed to estrmate the total stream discharge Water level ill the lake will be measured at the same trme 
that discharge IS estimated RegressiOn analysis Will be used to develop an empmcal model relatmg lake 
level to stream discharge An electrornc pressure recorder will be mstalled ill the lake to contmuously 
mom tor changes m lake level The empmcal model Will be used to construct a time senes of lake flushmg 
rate (mverse of water residence trme) throughout the fertilizatiOn penod and the year 

Ob;ectzve 3 

The effect of lake fertilizatiOn on pnmary and secondary productiOn Will be assessed by comparmg 
lrmnologiCal data collected pre- and post-fertilizatiOn Five years oflrmno1ogical data collected monthly 
at Coghill Lake IS avrulable for the companson Analysts of vanance (ANOV A) and multiple 
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compansons Will be used to test for pre- and post-fertlhzahon differences of several hmnolog1cal 
vanables (e g filterable reactive phosphorus, ammoma, mtrate-mtnte, chlorophyll a, copepod btomass, 
and cladoceran biomass) The illdependent vanables ill the model Will illclude samplillg penod and year 
(pre- and post-treatment effects Will be compared by groupillg years) 

Ltmnological samplillg Will be conducted as ill past years to illsure valid pre- and post-ferbhzatlon 
compansons Samplillg Will be conducted twice each month from June through October at 3 stations 
that have been sampled ill past years The samples collected Withm each month Will be used as 
rephcates ill the pre- and post-fertilization companson Temperature and dissolved oxygen 
concentratiOns will be measured from the surface to a depth of 40 m (above the mommohmmon) usillg a 
YSI model-57 meter Measurements ofhght penetratiOn (foot-candles) Will be measured at 1m 
mcrements from the surface to a depth eqmvalent to 1% of the subsurface hght usillg a Protomatic 
submarme photometer The euphotic zone depth defined as the depth at which 1% of the subsurface 
hght (photosynthetically avrulable rruhahon [ 400-700 nm]) penetrates (Schindler 1971 ), Will be 
calculated from the relatiOnship of hght transmission through water (Wetzel and Likens 1979) Secchi 
dtsk transparency Will be determined as the averaged readillg (depth) taken by lowenng a standard 20 
em dtsk untlltt disappears, and then raisillg the d1sk unttlit reappears Most of the water samples Will be 
collected from 1 m and 20 m usillg a non-metalhc, opaque Van Dom sampler The exception IS that 
water samples for chlorophyll a Will be collected from 1m and 2m Eight hters of water w1ll be 
collected from each depth, stored ( <24 hr) ill pre-cleaned polyethylene carboys, transported to Cordova 
for processillg, and then shipped to the Ltmnology Laboratory ill Soldotna for analysts 

General water-quality samples will be analyzed for the folloWing parameters as detmled by Koemngs et 
al (1987) ConductiVIty (.umbos em 1) Will be measured With a YSI model-32 conductance meter 
Alkahmty levels (mg L 1) Will be determined by acid titratiOn (0 02 N H2S04) to pH 4 5, usillg a Commg 
model-399A specific 1on meter Calcmm and magnesium (mg L 1

) Will be determined from separate 
EDTA (0 01 N) tltratwns after Golterman (1969), turbidity (NTU) Will be measured w1th a HF model­
DRTIOO turbidrmeter, and color (Pt umts) Will be determined wtth a spectrophotometer Totaluon (mg 
L 1

) will be analyzed by reduction of feme uon With hydroxylarmne durmg hydrochlonc actd dtgest10n 
after Stnckland and Parsons (1972) 

Nutr1ent samples will be analyzed by methods detailed by Koenmgs et al (1987) Filterable reactive 
phosphorus (FRP) wtll be analyzed by the molybdate-blue/ascorbtc-actd method of Murphy and Riley 
(1962), as modtfied by Etsenretch et al (1975) Total phosphorus wtll be determmed usillg the FRP 
procedure, after persulfate digestion Nitrate and mtnte (N03 + N02) Will be determined as mtnte, 
followmg Strunton et al (1977) after cadmium reductiOn ofmtrate Total Kjeldahl mtrogen (TKN) Will 
be determmed as total ammoma followillg sulfunc acid block dtgestlon (Crowther et al 1980) Total 
mtrogen Will be calculated as the sum ofTKN and N03 + N02 React1ve sthcon Will be determined 
usillg the method of ascorbic ac1d reductton to molybdenum-blue (Stamton et al 1977) EstimatiOn of 
the yearly phosphorus loadillg m Coghill Lake Will be calculated after Vollenweider (1976) 

Algal standillg crop Will be estimated by chlorophyll a analysts, after the fluorometnc procedure of 
Strickland and Parsons (1972) The low-strength ac1d addttlon recommended by Riemann (1978) Will 
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be used to estimate phaeophytm Water samples (1-2 L) will be filtered through 4 25-cm GF/F filters to 
which 1-2 mls of a saturated MgC03 solutiOn IS added JUSt pnor to the completiOn of filtratiOn The 
filters will be stored frozen m mdivtdual plexishdes for later analysts Samples of unfiltered lake water 
Will be preserved With Lugol's acetate solution for later tdentificatiOn of phytoplankton species 

Vertical zooplankton tows Will be taken usmg a 0 2-m dmmeter, 153-,.urn mesh corneal net from a depth 
of 30m at 5 stations (3 of the stations are the same as those used to collect water samples and the 2 other 
stations are located adJacent to the outer 2 hmnologtcal statwns) The net Will be pulled at a constant 0 5 
m s 1, and all orgamsms Will be preserved m a 10% neutrahzed formalm solutiOn Cladocerans and 
copepods Will be Identified usmg keys developed by Brooks (1957), Pennak (1978), Wtlson (1959), and 
Yeatman (1959) Enumeration wlll constst of counting antmals m tnphcate 1 ml subsamples taken With 
a Hausen-Stempel ptpette m a 1 ml Sedgewtck-Rafter cell Cladoceran body length Will be measured to 
the nearest 0 01 mm for at least 10 mdtvtduals along a transect m each 1 ml subsample (Koenmgs et al 
1987) Cladoceran weight Will be esttmated from an empmcal regressiOn between body length and dry 
wetght Zooplankton bwmass will be esttmated for each spectes by the product of average body wetght 
and abundance (Koenmgs et al 1987) 

Objective 4 

The effect of femhzat10n on JUvemle sockeye salmon Will be assessed by collectmg fry samples 
throughout the summer and early fall for stomach content, food electtvity mdices, food consumption, 
growth rates, and condition factor Any such pnor data e g , fry stze wtll also be compared With same 
data collected dunng lake fert1hzat10n Hydroacousttc surveys Will be done m August, September, and 
October to esttmate abundance and dtstrtbutwn (both vemcal and honzontal) of JUVemle sockeye rearmg 
m Coghill Lake A 420-Khz dual-beam echo sounder Will be used to esttmate fry abundance and 
distnbutwn The survey Will be done at mght when the fry are umformly dtspersed, and data will be 
collected along at least 12 randomly-selected transects (4-5 per stratum) onented perpendicular to the 
longttudmal axts of the lake The data Will be analyzed (under a contract) usmg echo counting 
techmques (Nunnallee 1983, Thome 1983, 1988, Kyle 1990) 

A 7 5-m long mtd-water trawl With a 2 x 2m opemng will be used m conJunctiOn wtth the hydroacousttc 
surveys to collect JUVemle sockeye for stze and growth data, stomach content, and to determme species 
composition of fish targets All JUVemle sockeye caught Will be preserved m 10% formahn for 6 weeks 
to allow for complete shnnkage, and then Will be measured to the nearest mtlltmeter and weighed 
(nearest 0 1 g) A scale smear Will be taken from each fish, affixed to a glass shde, and aged usmg a 
mtcrofiche proJector 

Stomach contents Will be analyzed to test for differences m prey consumptiOn (bwmass) and 
composition between months Stomach samples Will be collected from the fish caught by townettmg m 
August, September, and October Fry stomachs Will be removed and preserved m 10% buffered 
formaldehyde Prey Items m the stomach Will be tdenttfied later m the laboratory to the lowest posstble 
taxonomtc level Prey length will be measured to the nearest 0 01 mm Prey body wetght Will be 
estrmated from an empmcal regression between zooplankter body length and dry weight (Koenmgs et al 
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1987) Stomach content bwmass Will be estnnated by the product of abundance and mean body wetght 
for each taxonomic group ANOVA Will be performed to test for dtfferences m stomach contents wetght 
and prey composition between months Separate analyses Will be conducted on total stomach content 
wetght as a proportiOn of fish body wetght and on prey btomass m each taxonomic group as a proportiOn 
of total stomach content wetght As more data are obtamed over the five year study, the analysts Will be 
restructured to test for differences between years 

The electivtty mdex (Ivlev 1961) Will be calculated to detefffillle the active selectiOn of prey Items by 
rearmg sockeye fry This mdex has a range of -1 to + 1, negative values mdtcate either avmdance or 
maccesstbthty of a prey Item, zero mdtcates random selectiOn, and positive values mdtcate preference 
There are vanatwns of the electivtty mdex that compensate for btas mtroduced when etther the 
abundance of prey m the envrronment dtffers substantially from the prey found m the fish or when 
predator-prey habitats dtffer (Palohenno 1979, Strauss 1979) However, regardless of the versiOn used, 
the selectivity of prey preference based on the electivtty mdex IS a relative measure until other 
phenomena such as the probability of prey capture, and dtstnbutwn of prey are better understood The 
electivtty mdex wtll be estimated by 

(1) 

r-p 
E=-~-~ 

I r+p 
I I 

where E1 ts the electivtty measure for prey species I m the stomach of the predator expressed as a 
proportiOn or percentage of the total stomach contents, and p1 represents the relative abundance of the 
same prey Item m the envrronment expressed as a proportiOn or percentage of the total density 

Food consumptiOn rate Will be estnnated from studies of dtel feedmg penod1c1ty and stomach content 
analysts The dtel feedmg penodtctty study Will estnnate the food consumptiOn rate of fish throughout 
the day at a smgle site The stomach content analysts Will estimate the vanabthty of stomach content 
wetght and prey composition among 3 sites, and differences m these vanables between months Will be 
statistically tested 

The dtel feedmg penodtctty study Will estnnate food consumptiOn utihzmg gastric evacuatiOn rates 
obtamed from pubhshed laboratory studtes and stomach content wetght data obtamed m the field Brett 
and Htggs (1970) estnnated the gastnc evacuatiOn rate ofJuvemle sockeye (30-40 g) between 3 and 23° 
C The mstantaneous gastnc evacuatiOn rate (b) IS descnbed by a exponential functiOn 

(2) V =V ebt t 0 

where Vt Is mean stomach content wetght (g) at tnne t, V o Is the mean stomach content wetght (g) at 
time 0, and b IS the temperature-specific gastnc evacuatiOn rate (Fange and Grove 1979) Samples often 
sockeye salmon fry Will be collected at 4-hr mtervals throughout a 24-hr penod usmg a townet The 
lengths and weights of the fish Will be measured fresh Fry stomachs wtll be removed and preserved m 
10% buffered formaldehyde Prey Items m the stomach Will be Identified later m the laboratory to the 
lowest posstble taxonomic level Prey length Will be measured to the nearest 0 01 mm Prey body 
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weight will be estimated from an empmcal regressiOn between zooplankter body-length and dry wetght 
(Koenillgs et al 1987) Stomach content weight will be estimated by the product of abundance and mean 
body weight for each taxonomic group Dally food consumptiOn (I) Will be estimated by 

(3) 

where V1 1s the mean stomach content wetght at the begillnillg of each 4-hr illterval, and b IS the 
temperature-specific gastnc evacuatiOn rate (Brett and Higgs 1970) The vertical dtstnbutiOn of fry and 
water temperature profiles Will be used to estnnate the temperature of the habitat occupied durmg each 
time penod The food consumptiOn estimates durmg each of the 4-hr illtervals Will be summed to 
estimate the druly ratiOn This study wtll be conducted ill August, September, and October If the 
pattern of dtel ffilgratiOn and feedillg does not change stgruficantly over time (based on 1993 and 1994 
data results), this study will be dtscontillued Food consumptiOn rate will then be estnnated from 
stomach samples collected ill the mommg 

Growth rate (G) w1ll be evaluated by companng wtthm season charges ill mean body wetght The mean 
growth rate of the cohort dunng the previOus month will be estnnated from the followillg equatiOn 

(4) 

G =-w_2_-_w_1 

t2 -t1 

where w 2 IS the mean body wetght ill the current sample, and w 1 IS the mean body wetght ill the 
previous sample ANOVA and pairWlse compansons Will be used to test for differences ill mean wetght 
between months As more data are obtamed over the five year study, the analysts Will be restructured to 
test for differences between years An tdenttcal analysts Will be conducted usillg length data 

In addition, the effect of the fertilizatiOn program on fry growth Will be evaluated by testillg for changes 
ill temperature-specific growth between years The vertical d1stnbut10n of the fish, water temperature 
profiles, and contilluous temperature measurements (obtailled from electromc recorders) wtll be used to 
estnnate the mean temperature of the habitat occupied by the fish durmg each month Monthly mean 
growth will be regressed agaillst monthly mean water temperature Analysts of covanance (ANCOV A) 
Will be used to test for differences (P = 0 05) ill the illtercept and slope of the regressiOn between years 

The effect of the fert1hzat10n program on the condition of sockeye salmon fry will be evaluated by 
testillg for changes ill condition between months and years The relatiOnship between body weight (W) 
and length (L) IS descnbed by the power model 

(5) 
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which can be wntten m hnear form as ln(w) = ln(a) + b ln(L) + e, where ln(a) 1s the illtercept and b 1s 
the slope of the model RegressiOn analysts Will be used to estnnate the relatiOnship between ln(w) and 
ln(L) The condition factor (K) of md1v1dual fish Will be estimated by 

(6) 

w 
K=-

w 

where w 1s the observed wetght of the fish and w 1s the predicted wetght of the fish from the regressiOn 
equatiOn (LeCren 1951, Murphy et al 1991) Analysts ofvanance and multiple companson tests w1ll be 
used to compare the cond1t10n factor between months w1thm years A second approach, usmg length­
adjusted we1ght from a separate slopes ANCOV A model Will also be apphed and compared to the results 
usmg the condttion factor (K) 

Objectzve 5 

The effect of the fertihzatwn program on outmtgrant smolts w1ll be evaluated by testmg for pre- and 
post-fertihzatwn dtfferences m smolt age composition, condition, and stze at age Sockeye salmon 
smolts enngratillg from Coghill Lake Will be enumerated usillg illclille-plane traps (Kyle 1983, Todd 
1994) The traps Will be operated contmuously from early May to early June The catch effictenctes of 
the traps Will be deternnned by mark and recapture tnals (Rawson 1984) A rev1ew of this method 1s 
provtded m AppendiX D which addresses reviewer comments on the smolt enumeratiOn method At 
least 300 mdtvtduals w1ll be marked and released at the lake outlet for each mark-recapture tnal The 
number marked w1ll depend upon trap efficiency and relative error OvefWlllter survival Will be 
estimated by d1v1dmg the number of outm1gratmg smolts by the fry populatiOn s1ze estnnated the 
prevwus fall A sample of 40 smolts w1ll be collected each day to estnnate age composition The fish 
w1ll be anesthetized With MS-222 Several scales Will be taken from each fish, affixed to a glass shde, 
and aged ill the laboratory usmg a microfiche proJector Each fish will be measured to the nearest 
nnllnneter and we1ghed to the nearest 0 01 g Pre- and post-fert1hzat10n dtfferences m the proportiOn of 
total smolt populatiOn for each age group w1ll be evaluated Samplmg penod and year Will be 
mdependent vanables ill the model ANCOVA w1ll be used to test for pre- and post-fert1hzat10n 
dtfferences m smolt condttion The mdependent vartables m the model will be samplmg penod and year 
With ln(L) as a covanate OvefWlllter survival Will be estnnated by the rat10 of fall fry and spnng smolt 
populatiOn estnnates 

Objectzve 6 

The data generated from objectives 1-5 w1ll be mtegrated With management and other restoratiOn 
activities assocmted With the Coghill Lake sockeye salmon by the ADF&G and PWSAC Specifically, 
smolt outnngratwns Will be used m the forecast of adult returns These adult return forecasts Will be 
used to develop annual harvest management plans and proposals to the Alaska Board of Ftshenes where 
appropnate The mformatwn developed on egg-to-fry survival and the carrymg capacity of Coghill 
Lake Will be used to examme the escapement goal for tlus system and to recommend appropnate 
rev1s10ns when necessary Measurements of the growth rate and survtval of fry and the subsequent 

12 



Pro;ect Number 96259 

response of the zooplankton commumty to fry abundance from escapements and hatchery stockmg will 
be mcorporated m recommendmg future stockmg levels Brood stock selectiOn for stockmg will go 
through normal ADF &G review and approval procedures mcludmg dtsease screenmg and genetic 
revtew These data will be provtded to the regwnal plannmg team m theu constderatwn of the annual 
hatchery management plans and to ADF &G reviewers of fish and egg transport permtts If contmued 
momtonng of smolt abundance and adult returns suggest manne survtvalts a problem, results from the 
SEA program wtll be used m an attempt to mterpret alternative hypothesis for poor return rates 

C Contracts and Other Agency Assistance 

Contracts wtll be needed for aenal apphcatwn of the fertthzer, phytoplankton and sedrment core sample 
analysts, and hydroacoustic data processmg Contractual services for mr charter Will also be used to 
provide logistical support for field samplmg operatiOns Contracts Will be awarded through competitive 
btd when necessary 

D Location 

Tills proJect w1ll be conducted at Coghill Lake which 1s located m northwestern Pnnce Wtlham Sound 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

May- Jun 

Jun- Oct 

July- Dec 
Aug, Sep, & Oct 

Dec- Feb 
Apr 1997 

Enumerate outrmgrant smolts and collect samples to estrmate smolt age 
and siZe composition 
Apply fertthzer each week (through August), conduct lrmnologtcal 
samplmg tw1ce each month, and collect fish samples for growth and 
stomach contents analysts 
Conduct analyses oflrmnologtcal and fish samples 
Conduct hydroacoustic survey each month to estrmate fry 
abundance and dtstnbutwn, and collect fry for stze, growth, age, 
and stomach content data 
Analyze data and prepare annual report 
Subnnt annual report for peer revtew 

B ProJect Milestones and Endpomts 

Each pro;ect ob;ecttve (1-6) will be done durmg FY 96 and FY 97 durmg the summer field season (May­
October) In FY 98 and FY 99, ob;ectives 3-6 Will be done at some level to assess post-treatment The 
pro;ect w1ll termmate at the end ofFY 99 
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C. ProJect Reports 

An annual report detailillg proJect results durmg 1995 will be prepared for peer review on Apnl15, 
1996 At the end of the five year study, a peer-reviewed report Will be subm1tted to a scientific JOurnal 

COORDINATION OF INTEGRATED RESEARCH EFFORT 

The ADF&G operates a weu on Cogmll River to enumerate adult salmon returmng to Cogmll Lake 
Age, weight, and length (AWL) data are collected Along With AWL data from commerctal catches, data 
from the weu are used to forecast adult salmon returns to the lake system The salmon run forecast for 
Cogmll Lake Is an 1IDportant element ill the ADF &G management program for the Cogmll sockeye 
stock ADF&G also will conduct a test fishery proJect to deteflllille the explmtat10n rate on Cogmll 
Lake sockeye salmon ill the Eshamy Distnct and Esther Subdistnct Data from the test fishery will be 
used to refine the present fishery management strategy to reduce the illterceptiOn of Cogmll Lake 
sockeye salmon ill an effort to illcrease the escapement 

The Pnnce Wilham Sound Reg10nal Aquaculture AssociatiOn may be stockmg sockeye fingerlillg or fry 
ill to Cogmll Lake to accelerate the restoratiOn of tills stock and to make use of the enhanced rearmg area 
through lake fertilizatiOn In addition, the hmnological andjuvernle sockeye salmon data obtained at 
Cogmll Lake will be illterpreted by the ADF&G Llffillology Laboratory and used for modelillg other 
sllllilar sockeye nursery lakes ill Alaska 

ENVIRONMENTAL COMPLIANCE 

The USFS has conducted an envuonmental assessment to evaluate the vanous alternatives for 
rehabihtatillg Cogmll Lake and the sockeye salmon populatiOn (USFS 1993) The assessment has 
concluded that the lake fertilizatiOn program IS the most appropnate method for rehabihtatwn of the 
Cogillll Lake ecosystem and sockeye salmon stock The proJect was also pubhcly reviewed by the 
Pnnce Wilham Sound/Copper River Reg10nal Planrnng Team (RPT) 
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DEPARTMENT OF FISH AND GAME 

DIVISION OF COMMERCIAL FISHERIES 
MANAGEMENT AND DEVELOPMENT 

February 1, 1996 

Molly McCammon 
Exe<.,u11ve Drrector 
Exxon Valdez O:tl Spill Trustee Council 
Re:-.toranon Office 
645 G Street, Smte 401 
Anchorage, AK 99501-3451 

Dear Molly 

TONY KNOWLES, GOVERNOR 

LIMNOLOGY UNIT 
34828 Kallfornsky Rd Swte B 
SOLDOTNA AK 99669 
PHONE (907) 260 2908 or 262 9360 
FAX (907) 262 7646 

Garyk%f1shgame@state ak us 

EXXOi~ VJ!.LO~l OIL Si3\ll 
TRUSTEE COUNG\L 

As requested, tins letter provides a more detailed descnpt10n of the change ill the FY-96 DPD for the 
Coghill Lake proJect (96259) as a result of the recent review of tins proJect As previOusly mentiOned 
ill my letter to you on January 3, the fry studies will be elunmated Specifically, ill the FY -96 DPD tins 
IS obJective 4 the effect of lake fertilization on sockeye salmon fry Tins obJective mduded 
hydroacoustic surveys for fry abundance, and the collectiOn of fry for growth, conditiOn, stomach 
content, food electlvity, and food consumption The reason that the hydroacoustic surveys were 
mopped IS that the fish are located very near the surface winch complicates denvillg a population 
estunate The fry samphng was dropped marnly because of budget reductiOn Although some of the fry 
data were useful ill assessillg lake fertilizatiOn, the smolt proJect IS still funded and can be used to 
determme liTipacts of lake femhzanon on Juvernle survival and growth 

A revised budget as been prepared that illcorporates the elunmat10n of fry studies (obJeCtive 4 ill the 
DPD) from the samphng program at Coglnll Lake rn 1996, and has been sent to your office 

If you have any quesnons about this proJect please contact me 

Smcerely, 

~~ 
Regwnal Lrnmologi\t 

xc J Sullivan, B Hau~er, D Schlmdt 
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Chenega Chinook Release Program 

ProJect Number 96272 

RestoratiOn Category General Restoration, Replacement of Injured Resources and Services 

Proposer Pnnce WIlham Sound Aquaculture CorporatiOn 

Lead Trustee Agency Alaska Dept of Fish and Game (ADF&G) 

Cooperatmg Agencies None 

DuratiOn 2 years 

Cost FY 96 $52,300 

Cost FY 97 $51,100 

Geographic Area Crab Bay, Prmce WIlham Sound 

InJured Resource/Service Pmk: Salmon and Other Subsistence Resources and Services 

ABSTRACT 

Chmook salmon mcubated and reared at the Wally Noerenberg Hatchery (WNH), PWS, will be 
released m Crab Bay, adJacent to the native commumty of Chenega Adult salmon retunnng to the 
site of release will provide replacement resources and associated services mJured by the Exxon Valdez 
oil spill Two releases have taken place (1994, 1995) as part of this multi year proJect Adult salmon 
will begm retunnng m 1996 and 1997, With larger numbers proJected at nearly 1,000 adult fish, 
retunnng m 1998 and thereafter 

INTRODUCTION 

Chmook salmon smolts are planned for release at Crab Bay as part of an ongomg Trustee Council 
program to replace mJured subsistence resources and services The first release was proposed m 1992 
However, due to the lengthy review and permtttmg procedures requrred to Implement such a 
restoratiOn proJect, the first release of 50,000 chmook salmon smolt could not be executed until the 
summer of 1994 Chmook smolt are agam planned for release m May, 1995 Chmook salmon return 
varymg between adult ages of 4 and 7 years A few adults are antiCipated to begm retunnng m 1996, 
with nearly 1,000 retunnng m 1998 as the age classes build and releases contmue 
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Chmook salmon returmng to WNH will be harvested as brood stock Eggs will be taken and 
mcubated at the hatchery Resultant fry will be reared for an additional year to smolt siZe and 50,000 
will be targeted for release at Crab Bay Tills annual cycle will contmue through 1998 

NEED FOR PROJECT 

A Statement of Problem 

Oil spilled from the ruptured tanks of the Exxon Valdez spread throughout much of the waters of 
Prmce Wilham Sound (PWS) In the wake of tills disaster, numerous species and populatiOns of 
marme resources were mpacted Drrect oilmg of salmon spawnmg streams, mtertidal beaches, 
marme mammals, and brrds, resulted m IDJUry and m some Instances death of affected orgamsms In 
particular, pmk salmon were mJured and are still classified as not recovermg As consequence from 
the ill JUry to the marme resources, associated human actiVIties based m the harvest and utiliZatiOn of 
mJured resources were curtailed and descnbed as mJured services 

B. Ratmnale 

Heavy oilmg and IDJUry occurred m Southwest PWS m the Immediate VIClllity of the VIllage of 
Chenega Bay Local subsistence harvestmg of marme resources was mpacted In 1992 residents of 
Chenega Bay proposed to the Alaska Department of Fish and Game to begm a release of hatchery 
mcubated chmook salmon Oncorhynchus tshawyscha to replace IDJured marme resources and restore 
subsistence harvestmg services to local residents 

The recovery obJective for subsistence IS 'healthy and productive resources at pre-spill levels, and 
people are confident that those resources are safe to eat ' Although chmook salmon were not 
mstoncally an mportant subsistence resource m the VIClllity of Chenega, these fish will provide a 
replacement resource durmg local resource recovery 

C Summary of Major Hypotheses and Objectives 

The key obJective of tills proJect IS to provide a return of adult chmook salmon to subsistence users at 
Crab Bay The release obJective IS 50,000 smolts The adult return obJeCtive, based on a marme 
survival estmate of 2% from smolts to adults, IS 1,000 fish Cmnook salmon are a multi age species, 
therefore, returns will not meet the expected potential until fish of ages 4, 5, 6 and 7 return followmg 
4 years of releases Precedmg the 1998 return, fewer numbers of adults of ages 4 and 5 year fish will 
return m 1996 and 1997 

D CompletiOn Date 

Annually, smolt releases will be completed by June Adult brood stock harvest occurs durmg June, 
eggs mcubated durmg the late summer and fall months Resultant fry are then reared for an additional 
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year m fresh water to reach physwlogtcal matunty for release mto salt water Adults will begm 
returmng to Crab Bay m 1996 from the 1994 release Returns wdl grow m number untll consecutive 
year releases return together as 4, 5, 6 and 7 age ftsh More than 1,000 adults are expected to return 
begmnmg 1998, and will contmue to do so If smolts are released on an annual and ongomg basts 

COMMUNITY INVOLVE:MENT 

Restdents of Chenega wtll be contracted through this project to provtde local support m feedmg, care 
and morntormg of the smolts untd they are released from holdmg pens which will be temporanly 
anchored at the release locatiOn 

PROJECT DESIGN 

A Objectives 

1 Annually release 50,000 chmook salmon smolts at Crab Bay 

2 Produce a projected annual return to Crab Bay of approximately 1,000 adult chmook salmon 
begmnmg 1998 with lesser numbers m 1996 and 1997 

3 Replace InJured resources and servtces to subsistence users m the VICinity of Crab Bay, 
PWS 

B Methods 

Annually, 820,000 chmook salmon eggs are taken at PWSAC's Wally Noerenberg hatchery (WNH) 
on Esther Island Brood stock are harvested from among adult chmook salmon returnmg to the 
hatchery Followmg mcubat10n, hatch and outmtgratlon from mcubator trays, chmook fry are reared 
m raceways at WNH for one year Pr10r to release, chmook smolts are transferred to saltwater net 
pens at the hatchery or to remote release sttes for a short penod of saltwater rearmg 

In the sprmg of 1995, 50,000 chmook smolt wdl be taken from WNH and transported vta barge and 
fry/smolt transport tanker to Crab Bay The smolt wtll be released mto a 350m (40ft X 40ft X 5 ft) 
net pen anchored m Crab Bay Smolts wdl be reared for approximately two to three weeks at the stte 
for Imprmtmg and additional growth pnor to release Technical support for the mcubation, hatching 
and feedmg of the smolts will be provided by PWSAC Residents of Chenega vdlage wlll be 
contracted, tramed m smolt feedmg and rearmg, and paid for servtces 
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C Contracts and Other Agency Assistance 

Contracts mclude 1) Cooperative agreement between Alaska Department of Fish and Game and 
Prmce Wilham Sound Aquaculture CorporatiOn to provide, rear, and release 50,000 chmook salmon 
smolts at Crab Bay This contract will enable payment by the lead agency to PWSAC for salmon 
smolt and services (broodstock harvest, egg-take, mcubat10n, coded wrre taggmg, and transportatiOn) 
PWSAC operates the only hatchery m PWS which cultures chinook salmon 2) Contract for services 
between PWSAC and Chenega Bay (Chenega CorporatiOn) for residents to provide onsite care and 
feedmg for smolts durmg netpen rearmg and Imprmtmg phase at Crab Bay Residents of Chenega 
Bay are locally available throughout the day to momtor the netpen and feed the smolt on a prescnbed 
schedule 3) Barge contract to transport chmook salmon smolts from Wally Noerenberg Hatchery to 
Crab Bay 

D Location 

The locatiOn for the release IS m Crab Bay, located near the village of Chenega Bay on Evans Island 
mPWS 

SCHEDULE 

A. Measurable Project Tasks for FY 96 

April 94 to May 95 
March 95 to April 95 
May 1 to June 1 
May 14 to June 7 
June 1 to June 30 
July 1 to August 1 
August 1 to March 95 
September 1 to Sept 30 

Smolt rearmg (brood year 93) 
Outm1grat10n of broodyear 94 fry 
Install netpen at Crab Bay 
Feed and Imprmt smolts 
Dismantle and remove netpen 
Take chmook eggs for mcubat10n 
IncubatiOn 
Ftnal reportmg 

B Project Milestones and Endpomts 

ObJective 1 
Annually release 50,000 chmook salmon smolts at Crab Bay This obJective IS measurable 
throughout proJect life (through FY 98) by accountmg for smolts transported and released at 
Crab Bay 

Objective 2 
Produce a proJected annual return to Crab Bay of approximately 1,000 adult chmook salmon 
begmmng 1998 with lesser numbers m 1996 and 1997 There will be no method by which to 
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ascertam the actual total adult return However, observatiOns on harvest numbers will be 
requested from Chenega residents 

Objective 3 
Replace mJured resources and services to subsistence users m the VICllllty of Crab Bay, PWS 
Tills will be accomphshed by havmg adult chmook salmon return to Crab Bay for harvest 
The degree of project success will m part be dependent on numbers of retummg fish and on 
ability of users to harvest them 

C ProJect Reports 

Annual reports Will be subffiltted to the Trustee Council through FY 98 Annual reports will address 
success of smolt transfer and release, numbers of smolt released and mdicatwns of project success as 
fish mature and begm therr adult returns A fmal report will be subffiltted m 1999 whlch will give 
better perspective of proJect success at the adult return phase, even though smolt releases will 
discontmue under Trustee fundmg m FY 98 Annual reports Will be subffiltted m April of the year 
followmg the FY fundmg 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The Chenega chmook release proJect has been proposed and coordmated through the PWS-Copper 
Rlver Regwnal Plannmg Team Members on the Team mclude ADF&G personnel, project pefffilttmg 
by ADF&G Is contmgent on RPT recommendatiOns and comm1sswner approval These coordmated 
actions assure mtegrat10n with ADF&G management obJectives for wild stock conservatiOn and 
restoratiOn 

E~ONMENTALCO~LIANCE 

Pefffilts are currently m place Pefffilts and NEP A comphance mclude 
NEPA Envrronmental Assessment (FONSI, 1994), 
hatchery pefffilt alteratiOn (PAR), ADF&G, 1994 
fry transport pefffilt (FTP), ADF&G, 1994 
DOA Army Corp pefffilt to anchor netpen m navigable waters, 
ADNR tidelands lease, bond and msurance, 
Coastal Zone Management Consistency detefffilnatlOn, 
letter of pefffilt from uplands owner to support tidelands lease, 
US Coast Guard pefffilt, netpen llghtmg designatiOn, and annual notificatiOn of netpen 
mstallat10n and removal 
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Hydrocarbon Data Analysis, InterpretatiOn, and Database Maintenance for 
Restoration and NRDA Environmental Samples Associated wdh the Exxon Valdez 
Oil Spill 

Project Number 

RestoratiOn Category 

Proposer 

Lead Trustee Agency 

Duration 

Cost FY 96 
Cost FY 97 
Cost FY 98 
Cost FY 99 
Cost FY 00 
Cost FY 01 
Cost FY 02 

Geographic Area 

Injured Resource/Service 

ABSTRACT 

96290 

Research 

Jeffrey W Short and Boruta D Nelson, 
NMFS, Auke Bay Laboratory 

NOAA 

Service Ongomg 

$116,100 
$121,000 
$120,000 
$115,000 
$117,000 
$118,000 
$120,000 

Juneau, Alaska 

Mamtenance of the Trustee hydrocarbon database service 
and archival of environmental samples 

Th1s proJect IS a contmuat10n of the NRDA and RestoratiOn database management, hydrocarbon 
mterpretat10n and sample storage service Subsistence, Response and RestoratiOn data will contmue to 
be mcorporated mto the Trustee hydrocarbon database A summary report for mvestlgators and 
managers Will be produced With an electroruc copy of the database, that wdl allow easier access to 
this mformat10n New user groups of the database Will be Identified, and tailored user mterfaces Will 
be generated 

INTRODUCTION 

The Auke Bay Laboratory has provided data and sample archivmg and mterpretlve services for the 
envuonmental hydrocarbon samples collected and analyzed m support of Exxon Valdez Trustee 
Counctl projects The data represent samples collected for hydrocarbon analysts from all projects, 
mvestlgators, and agencies (mcludmg both State of Alaska and Federal agenctes) smce the od spill m 
1989 Currently, the database contams results of the hydrocarbon analysis of more than 12,000 
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samples and collection mformat10n from more than 44,500 samples mcludmg sed1n1ents, t1ssues, 
water, and ml Smce new data are constantly added, the prinlary purpose of thts proJect 1s to 
mamtam the mtegnty of the database and contmue hydrocarbon data mterpretive servtces The 
second purpose ts to make the results of the hydrocarbon analyses avatlable to prmc1pal mvestigators, 
resources managers and the pubhc Spectfically, thts proJect provtdes for contmued mamtenance, use 
and 1n1proved access to hydrocarbon data collected under the NRDA, Restoratwn and Subsistence 
programs Mruntenance mcludes expandmg the database With new Restoration and Subststence data 
and ensurmg Its comparability with extstmg data as well as ensurmg the mtegnty of the archived 
samples and evaluatmg the hydrocarbon quality control data Annual update reports of the database 
m an electromc format wluch 1s "user fnendly" Will be targeted for FY 96 and each year thereafter 

A new mterpretive service IS proposed to complement the existmg service Currently, the maJor 
mterprettve service Is designed spectfically for mvestlgators and managers This mcludes (1) 
IdentificatiOn of the probable sources of the hydrocarbons observed rn the samples, (2) evaluatiOn of 
new hydrocarbon data for evtdence of systematic btas, (3) hydrocarbon data editmg accordmg to 
consistent cntena A second mterprettve service, as an outgrowth, 1s bemg proposed which will 
provide mterpretlve mformatwn for prevtously urudentlfied users In thts proposal, the new service 
Will mvolve locatmg potentml new user groups, surveymg them to Identify how the Trustee database 
might serve them, and developmg software that Will ease therr access to the data 

Tlus Is a contmuatwn of proJect 95290 and previOusly funded under TS#l, 93053, and 94290 

NEED FOR THE PROJECT 

A Statement of Problem 

The Trustee hydrocarbon database IS a dynamic structure wluch requrres updatmg and mamtenance 
Currently, the database contams an mventory of the Trustee hydrocarbon sample collectiOn and 
provides for retrieval of hydrocarbon analyses by pnncipal mvestlgators and managers This proJect 
IS designed to provtde easy access to the Trustee hydrocarbon database and ensure the accuracy of 
the data The volume of data contamed m the database suggests that other users Will benefit from 
access 

B RatiOnale 

Arcluvmg of the Trustee hydrocarbon sample data will msure that these data are avatlable to 
pnncipal mvestigators, goveflinlent agencies, and the mterested pubhc on a timely basts The 
database allows drrect compartson of restoration and NRDA data, and contains an mventory of 
hydrocarbon samples and mformatlon about theu collectiOn , storage and analysts The contmued use 
of the methods for hydrocarbon data evaluatiOn and mterpretatwn developed for the Exxon Valdez 
NRDA samples Will msure duect comparability of future with prevwus samples This Will 
substantmlly mcrease the probabthty that temporal trends m these data Will be detected when actually 
present Prmcipal mvestlgators Will be able to get assistance wtth chemical mterpretat10n of 
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hydrocarbon results from their proJect or other proJects that relate to their proJect when needed 
Smce most mvestlgators are not chenusts, this type of assistance Is usually reqmred for proper 
mterpretat10n of hydrocarbon results Compilmg all of the Trustee hydrocarbon data collected under 
the NRDA, RestoratiOn, and Subsistence programs will provide future mvestlgators with an 
unparalleled degree of statistical power for detectmg hydrocarbon levels m the environment 

C Summary of MaJor Hypotheses and Objectives 

The maJor obJective of this proJect Is to mamtam the mtegrity of the Trustee hydrocarbon database 
The second objective IS to make the mformat10n contamed m the database available for pubhc 
consumptiOn The first objective requues that samples analyzed under RestoratiOn and Subsistence 
proJects are comparable with samples collected under NRDA The second objective requrres 
Identifymg user groups and developmg software that simplifies therr access 

D Completion Date 

The proJect Is an ongomg service and therefore has few set milestones A publicatiOn descnbmg the 
mterpretive methods and a fmal descnpt10n of the database mcludmg an electromc copy of the 
NRDA data Will be completed by Dec 31, 1995 An update to the data which con tams Restoration 
data Will be completed by September 30, 1996 Surveys of potentml new user groups and 
prehmmary development of user fnendly software for these groups will also be completed by 
September 30, 1996 

COMMUNITY INVOLVEMENT 

Commumty mvolvement factors greatly mto meetmg the second objective of this project 
Commumty mvolvement should mclude and extend beyond the spill area Sctence centers, pubhc 
schools, native corporatiOns, uruversttles, envrronmental orgamzatwns and other concerned groups 
wrll be surveyed to understand how they nught use the database 

PROJECT DESIGN 

A ObJectives 

1 Contmued mamtenance of the Trustee hydrocarbon database by applymg and extendmg the 
hydrocarbon mterpretat10n methods and data archivmg procedures developed under NRDA to 
new RestoratiOn samples and Subsistence data 

2 Contmue mterpretatwn of hydrocarbon data, mcludmg new data produced m 1995, for 
prmc1pal mvest1gators and resources managers as needed 

3 Produce fmal report of NRDA hydrocarbon database for public access mcludmg wntten 
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documentatiOn and easy to use software The targeted users of tlus software are prmcipal 
mvesttgators and managers 

4 Provtde a data update for the pubhcly accesstble database wmch cons1sts of RestoratiOn data 
begmnmg m 1992 

5 Identify new potential user groups and survey them to assess therr mterest and need for usmg 
the database and develop user fnendly software mterface for new user groups 

B Methods 

Data associated wtth hydrocarbon samples are added to the ex1stmg Trustee hydrocarbon database 
The samples and data currently reside at the Auke Bay Laboratory of NMFS Incommg samples are 
mventoned and stored m laboratory freezers, and sample collectiOn mformat10n ts entered mto the 
database Samples are released for hydrocarbon analysts after ABL recetves a wntten request from 
the responsible proJect leader Hydrocarbon data, reported by the analyttcallaboratory, are matched 
to the sample collection mformatwn and all the data are checked for errors 

Data sources for th1s database mclude samples collected under NRDA, RestoratiOn and Subsistence 
programs NRDA samplmg Is complete and a final draft of the data will be avrulable for pubhc use 
on December 31, 1995 RestoratiOn data are bemg added and collectiOn will contmue for an 
mdetermmate amount of time The frrst set of Restoration data to made public wtll be avrulable on 
September 30, 1996 Thts update will represent only a subset of the RestoratiOn data begmnmg With 
samples collected m 1992 The fmal source of data IS the Subsistence program These data are 
currently bemg transferred from the Natwnal Marme Ftshenes Service Northwest Fishenes Center 
Pubhc access to these data are not planned for FY 96, because they need to be rece1ved, reviewed 
and formatted to fit the extstmg data structure 

The varied obJectives of the data sources guarantee the need for multiple user mterfaces to the 
database The first users to be Identified and served are the prmcipal mvestigators and managers 
responsible for samples collected under NRDA The mterface developed for therr use wtll 
accompany the pubhc copy of the NRDA data Tills mterface IS also expected to be useful to 
managers and pnncipal mvestigators responsible for RestoratiOn proJects Once the Subsistence data 
have been acqmred, mvestlgators wtll be contacted and surveyed to determme how best to serve 
them The process used for the Subsistence data users wtll serve as a model for other user groups 
A group will be Identified, the database will be descnbed to them, and they Will be asked how we 
can best provide them access Other potential users may mclude staff at the Sctence Center m 
Cordova, Alaska, teachmg staff at the Umversity of Alaska, mgh school SCience teachers, and 
environmental groups on the Econet 

We plan to make public copies of the data and accompanymg software will be accessible on the 
Internet on the Auke Bay Laboratory Home Page By providmg access through the Internet 
distnbutton will be worldwtde, but costs associated with updatmg data and software will be 
nnmmized All dnvers requrred to run the software will be downloadable with no cost to the user 
All mterface software Will be developed at ABL usmg VIsual Baste 
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The Auke Bay laboratory Will contmue to keep all envuonmental samples collected for hydrocarbon 
analysts under all phases of the ml sptll process frozen m locked storage 

C Contracts and Other Agency Assistance 

No contracts are anticipated 

D Location 

The project Will be undertaken at NOAA's Auke Bay Laboratory m Juneau, Alaska 

SCHEDULE 

A Measurable ProJect Tasks for FY 96 

December 31, 1995 
Jan 1 - September 30 

September 30 

Fmal report on hydrocarbon database (ST8) 
Sobctt InformatiOn from potential new user groups and begm 
development of mterface for such groups 
Update report on hydrocarbon database With restoratiOn data begmmng 
With samples collected m 1992 

B ProJect Milestones and Endpomts 

The pnmary objective of thts project IS to provtde an ongomg service, consequently there are few set 
milestone dates or endpomts The fmal report of a user fnendly mterface for prmc1pal mvestigators 
and managers Will be completed by December 31, 1995 and will be updated with restoration data 
avrulable by September 30, 1996 IdentificatiOn of new potential user groups and mechamsm for 
them mterfacmg With the database wlll be complete by September 30, 1996 

C ProJect Reports 

Dec 31, 1995 
Sep 30, 1996 

Pubhc release of NRDA hydrocarbon data w1th documentatiOn 
Ftrst addttion of Restoration data to pubhc database 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Thts project 1s a contmuat10n of NRDA database and chemical mterpretation work 

ENVIRONMENTAL COMPLIANCE 

This Is not a field study nor does It have any sigmficant effect on the envrronment An 
Envrronmental Impact Statement or Envuonmental Assessment Is not requrred 
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Sound Ecosystem Assessment (SEA)· An Integrated Science Plan for the Restoratmn of InJured 
Species m Pnnce Wilham Sound Portmns Subnntted Under the Broad Agency Announcement 

(Revzsed submzttal, August 1, 1995) 

Project Number 96320 

RestoratiOn Category Research 

Proposer Umverstty of Alaska Farrbanks 
Pnnce Wtlbam Sound Sctence Center 
Prmce Wtlham Sound Aquaculture Corporation 
U S Forest Servtce, Copper River Delta Institute 
Alaska Department of Ftsh and Game, Cordova 

Sponsormg Agency ADF&G, NOAA, USFS 

DuratiOn To be determmed 

Cost FY 96 $4,525,700 

Cost FY 97 $3,600,000 

Cost FY 98 $2,600,000 

Cost FY 99 Future costs to be determmed 

Geographic Area Prmce W tlham Sound 

Injured Resource/Servtce Pmk salmon and Paclftc Herrmg 

ABSTRACT 

SEA IS a multi-component, mterdisciplmary study of factors controllmg the productton of pmk 
salmon and Pacific hemng m Prmce WIlham Sound The study confmes Its mvestigative efforts to 
the early hfe stages of these Important and non-recovermg sport, commercial and subsistence 
spectes Conjectures about how the phystcal envrronment (temperature, sahmty and crrculatton) 
mteracts with ftsh and plankton populatiOns m the regmn are used to focus and gmde the field 
samplmg and modellmg studtes 

INTRODUCTION 

Unexpectedly small Pnnce Wtlltam Sound pmk salmon runs m 1992 and 1993, and the almost 
complete collapse of the hemng ftshery m 1993, prompted the EVOS Trustee Connell to lDltlate 
ecosystem-level studies of the regmn to mvesttgate possible envrronmental reasons for these 
dtsasters A collaborative effort mvolvmg the Umverstty of Alaska Farrbanks, the Prmce Wilham 
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Sound Sctence Center, the Pnnce Wilham Sound Aquaculture Corporation and Alaska Department 
of Ftsh and Game resulted m the development of a coordmated plan m the fall of 1993 After 
substantial revtew, Sound Ecosystem Assessment (SEA) was approved for fundmg April 11, 1994 
A scope of work for SEA was proJected over 5-8 years at that ttme 

NEED FOR THE PROJECT 

A Statement of the Problem 

Pmk salmon and Pacific herrmg resources contmue to be hsted as mJured and non-recovermg The 
Trustee Councll authonzed an mterdisciplmary ecosystem approach to understand which btologtcal 
and physical factors m the envrronment nnght be constrammg the recovery of these species The 
SEA program has been developed and funded to pursue tins mqurry 

B Rationale 

Without understandmg how envrronmental and ecological factors nnght be mfluencmg the recovery 
of mJured species, there 1s no clear means for mterpretmg the past and present production status of 
pmk salmon and herrmg m Pnnce Willtam Sound Further, restoration actiVIties undertaken m the 
absence of knowledge about ecosystem function could conceivably cause more damage than they are 
mtended to remedy In the short term, development of tmproved stock assessment techniques and 
therr application to bmldmg and evaluatmg numencal models of the herrmg and pmk salmon 
ecosystem willtmprove the tools available for harvest management Over the long term, as the 
SEA program obtatns a better understandmg of ecosystem form and function m Prmce WIlham 
Sound, the nsks associated with proactive restoration actiVIties Will become much less uncertam 
The numencal models developed by SEA will allow a variety of "what tf" restoration options to be 
evaluated pnor to therr tmplementatlon as a measure for protectmg all resources m the reg10n 

C Summary of Hypotheses and Objectives 

The fteld and modellmg activities of SEA are dnven by several key Ideas about how Prmce WIlham 
Sound functiOns to support pmk salmon and Pacific herrmg populations Four maJor hypotheses 
(and therr corollanes) gmde the research 

The mortallty of embryos m fixed-space natal areas ts establlshed pnmanly by physzcal factors, and 
secondanly by losses to predators 

The survzval of JUVemle fishes zs modulated by amounts of macrozooplankton servmg as prey for 
predators that also consume small fishes 

Spnng-tzme upper-layer macrozooplankton standmg stocks are establlshed by wmd and buoyancy­
forced jlushmg rates and dzstance from deep, overwzntenng regwns 
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The recruztment of JUVemle hemng to adult populatwns zs pnmanly establlshed by overwzntenng 
populatwn energetzcs 

D Completion Date 

1 Phase I (FY 94-95) Infrastructure development, llllplementatiOn of measurement 
technologies, craftmg frrst-order physical and biOlogical models, descnbmg prey/predator and 
energetic relatiOnships tnfluencmg pmk salmon and hernng productiOn status and descnbmg 
the general physical and biological oceanography of Prmce Wdham Sound Phase I Will be 
completed m FY 95 

2 Phase II (FY 96-98) Completion of biO/physical modellmg and hypothesis testmg lmkmg 
pmk salmon and herrmg productiOn dynamics to varymg ocean states Development of SEA 
long-term morutormg techruques EvaluatiOn of candidate restoratiOn activities Phase II 
will be completed m FY 98 

3 Phase III (FY 99-?) Implementation of long-term morutormg supportmg contmumg PWS 
biO/physical modelling needed to assist with the restoratiOn of IDJured species 

COMMUNITY INVOLVEMENT 

There are several proJects m SEA that Will benefit from the mclus10n of traditional knowledge In 
particular, SEA work with herrmg IS expected to use this InformatiOn SEA mtends to actively 
explore this and other means for promotmg commuruty mvolvement m the SEA program durmg the 
FY 96 fundmg penod as an obJective of the SEA Coordmat10n and Commurucatton proJect (96320-
Z(2) 

Phase TI Budget Trends for IndiVIdual Projects 

After two years of mtensive study (Phase 1), SEA IS planmng one additiOnal fully funded year (FY 
96), followed by decrements of about $1 mllhon dollars annually to FY 98 for most proJects The 
attached detailed proJect budgets for FY 96 (Attachment# 1) Illustrate expenditures through 1998 
This reductiOn m fundmg for Phase II follows a strong emphasis on field-onented process studies 
and substantial eqmpment purchases, transitiOnmg to more emphasis on modellmg, formal 
hypothesis testmg and the development of morutormg programs for oceanography and target fish 
populations Full and reduced years of fundmg for SEA durmg Phase II Will mfluence each proJect 
as follows 

The Juvemle Salmon Growth and Mortality (320-A) proJect will be merged With the Salmon and 
Herrmg PredatiOn (320-E) proJect m FY 96 The consolidated study will focus on how the 
relatmnshtp between foragmg tlllle and predatiOn nsk IS modulated by changes m macrozooplankton 
and JUVenile salmon abundance m nearshore predation refuges The presence of otolith thermal 
marked juvemle salmon will considerably strengthen the experllllental design of this component of 
320-E m FY 96 The proJect will also be closely linked wtth proJect 320-T (Juverule Herrmg 
Growth and Habitats) All vessel charters have been removed from 320-E and placed m 320-T 
The budget for 320-E will be reduced by approxllllately 20% m FY 96 and will contmue to decline 
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as the growth and predatiOn processes mfluencmg early life stages are determmed Thts IS a core 
study for SEA and will retam sufftctent funds to contmue some level of field study durmg all of 
Phase II 

Phytoplankton and Nutnents (320-G) begms to decrement Its budget m FY 96 One reason for the 
declme ts the formatton of a new proJect (320-R Trophodynamic Modellmg and Vahdation through 
Remote Sensmg) that fmds some of Its support m 320-G General reductions for Phytoplankton and 
Nutrients represent focusmg a reduced fteld effort on cntical aspects of the annual phytoplankton 
bloom mcludmg commumty composition and nutrient lrmitation, and more participatiOn m numencal 
modellmg and data synthesis 

Trophodynamic Modellmg and Validation through Remote Sensmg (320-R) represents a 
reorgamzat10n of some efforts previously funded under Modellmg and InformatiOn Services (320-J) 
and Phytoplankton and Nutrients Consolidation permits a more eff1c1ent focus on factors 
mfluencmg trophic functiOn at lower levels, particularly InformatiOn commg from real-trme 
moonngs and satellites Expenence wtth modellmg plankton mteractions will strengthen this aspect 
of SEA Budget decrements follow the general trend of less field work and more 
synthesiS/modellmg ProJect 320-R Will contmue to support much of the SEA remote sensmg needs, 
particularly applicatiOn to phytoplankton/zooplankton processes 

The Role of Zooplankton (320-H) proJects an mcrease m fundmg m FY 96 to support the R/V Alpha 
Helzx for a MOCNESS cruise to precisely determme relationships between the optical plankton 
counter, mgh-frequency acoustics and zooplankton distributiOns m PWS Reductions m overall 
fundmg m FY 97 and FY 98 reflect a general downstzmg of the field program and more emphasis 
on apphcatlon of results to the numencal modellmg and SEA synthesis efforts An evolvmg 
zooplankton momtormg program will focus on optical and acoustic technologies wtth many fewer 
plankton collections requrred each year 

Isotope Studies of Food Webs (320-I) will decrement Its budget m relation to declmmg fteld 
samplmg m most components durmg Phase II ProJect personnel will spend less ttme m the field 
and more trme With modellmg and synthesis activities as Phase II concludes 

Information Systems and Model Development (320-J) exhibits a reduced and declmmg budget 
through Phase II The reductiOn reflects the completiOn of all equtpment acqUisitions durmg Phase 
I It also reflects the reorgamzat10n of two 320-J subproJects (near realtrme A VHRR and SeaWIFs 
remote sensmg data for PWS, models for phytoplankton productiOn and phytoplankton-zooplankton 
couplmg) mto ProJect 320-R The dechnmg budget reflects mcreased sharmg of costs for the 
development of models and database tools with other ecosystem studies The effort dunng Phase II 
consists of the completiOn of operatmg numencal models and the SEA database m cooperatiOn wtth 
all other proJect mvesttgators, along with the mamtenance and operatiOn of computing and 
commumcattons systems 

Expertmental Fry Releases (320-K) will gradually phase out of SEA as PWSAC begms to 
mcorporate the results of SEA research, and assumes more m-house responstbthty for research and 
development 
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Observational Phystcal Oceanography (320-M) will begm working closely wtth the numencal 
modellmg effort dunng Phase II As aspects of the seasonal phystcs are determmed, the 
observational phystcal oceanography wtll gradually retrench to a reduced number of statiOns and 
cntical transects Future momtormg Will rely more on real-t1me moormgs and field work addressmg 
the most cntical t1mes and places relative to pmk salmon and hemng productiOn 

Nearshore Fish Studies (320-N) has been renamed Nekton-Plankton Acoustics This proJect 
provides the cntical, quantitative, populatiOn assessment capabilities to SEA that Will establish lllltial 
conditions (the siZe of dominant predator, target species and prey species populatiOns) for the 
numencal model development Bestdes est1matmg numbers and siZe composttion, It provides the 
real-t1me mformatton on the dtstnbution of species to allow for optimal samplmg of nekton and 
plankton species Opt1mal samplmg reduces costs Tlns proJect Is an mtegral part of the pmk 
salmon, herrmg and macrozooplankton studies and wtll be a maJor tool for future ecosystem 
morntonng 

A vtan PredatiOn on Herrmg Spawn (320-Q) will be closmg out m FY 96 Funds are requested to 
complete the final report 

Juvenile Herrmg Growth and Habttats (320-T) represents a newly 1mplemented and large component 
for SEA A substantml fteld program ts env1s10ned through FY 98, so there will only be nommal 
reductiOns m cost durmg Phase II The cost of tlns project reflects vessel charters for all of the 
salmon and herrmg work 

Pollock and Herrmg Energettcs (320-U) denves samples from the ftshenes fteld effort so support ts 
needed m proportton to those projects Followmg the mtenstve start up year m FY 96 for herrmg, 
reductions m cost reflect smaller collections and fewer samples analyzed each year 

Avian Predation on Salmon Fry (320-Y) will be closmg out m FY 96 Funds are requested to 
complete the final report 

SEA IntegratiOn and Synthesis (320-Z) ts a new project designed to provide logistics and offtce 
support associated With proposal and report preparation, and travel for mtegration and plannmg 
activities The level of fundmg ts not expected to change dunng Phase II 

The details of each proJect are mcluded m Attachments 1 and 4 
Attachment 1 mcludes FY 96 mdividual proJect DPDs for proJects new m 1996 
Attachment 4 mcludes the FY 95 mdivtdual proJect DPDs for contmumg projects 

PROJECT DESIGN 

A Objectives 

The fundamental premtse of the SEA research program m Prmce W tlltam Sound IS that mformat10n 
descnbmg how ecosystem-level processes control the production of pmk salmon and Pac1f1c herrmg 
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ts needed to effect an Informed restoratiOn of non-recovermg spectes The maJor research goals of 
SEA are to 

1 Acqurre an ecosystem understandmg of processes that mteract to mamtam the productiOn of 
pmk salmon and Paclftc herrmg wtthm natural hm1ts of vartabthty, 

2 Use thts new InformatiOn to develop 1mproved predictors of annual levels of pmk salmon and 
Pacific herrmg productiOn, and, 

3 Establish a detailed and comprehensive database for apphcat10n to the restoratiOn of these 
and other IDJUred resources m Prmce Wllham Sound 

B Methods 

The SEA program was designed m 1993 as both a field and modellmg study The SEA program 
was crafted after GLOBEC (1991), and IS a combmat10n of model-dnven, field mvesttgattons usmg 
synoptic, large-scale remote samplmg With fme scale, nested, discrete measurements to descnbe 
ecosystem-level structure and functiOn Numencal model developments are tnltlally divided mto two 
parts ocean-state and trophic state Ocean state Is based upon the Prmceton model modified by the 
bathymetry, ttdal currents and cl1matic forcmg occurrmg m the Sound Currents, temperature, 
sahmty, nutrients, plant fluorescence, optical transmtsstvity, satelhte 1magery and real-t1me moormg 
measurements are bemg made on large and fme scales to frrst descnbe the Sound for model 
buildmg, and later to fme-tune the model with specific measurements m a long-term, focused 
momtonng program 

Trophic state modellmg relies on the synoptic measurement and detailed descnptton of the dommant 
plankton and nekton populations Measurements of population siZe, distnbution, and mdtvtdual 
orgamsm siZe are sensed on the large scale usmg aenal video, underwater acoustics, and optical 
techmques and on the fme scale usmg nested discrete samplmg w1th an assortment of nets (trawls, 
semes, nng nets/gillnets, etc) Fme scale data are testmg mdtvtdual proJect hypotheses and the 
combmat10n of large and fme scale measurements are bemg employed to test mtegrated SEA 
program hypotheses Stochastic est1mation of stocks guides the development of better measurement 
techmques, and hypothesis testmg focuses numencal model development Stable Isotope techmques 
test carbon flow assumptiOns m the SEA food web conceptualiZation A SEA sctentlftc database IS 

bemg developed that wtll be accessible to all mvesttgators through the Internet and on site m 
Cordova 

For more mformat10n, see the mdtvtdual proJect descnpt10ns m the FY 95 DPDs (Attachment #4) 
and the FY 96 DPDs for new proJects (Attachment #1) 

C Contracts and Other Agency Assistance 

FY 96 proJects proposed by the Pnnce W1lham Sound Science Center are submttted under the Broad 
Agency Announcement ProJects proposed by the Umversity of Alaska Farrbanks, by Alaska 
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Department of Fish and Game, and by the Copper River Delta Institute (USPS) Will be funded 
drrectly by the EVOS Trustee Counctl 

D LocatiOn 

This project has been designed for Prmce W tlham Sound 

SCHEDULE 

A Measurable Project Tasks for FY 96 

October- November 
October - December 
November- January 
15 January 

Preparation for SEA95 November general review 
Begm herrmg overwmtermg program, contmue oceanographic samplmg 
Contmue data evaluation, mtegratmn and synthesis 
Present SEA results m Anchorage EVOS workshop 

February - March 
Aprtl 15 

Plan and stage the remamder of the FY 96 field studtes 
Submtt SEA 95 Draft Fmal Report 

March - September 
May 1 

Undertake remammg FY 96 field studies 
Submtt revised SEA DPD for FY 97 field and modellmg studies 
Conclude FY 96 studies September 30 

B. Project Milestones and Endpomts 

The SEA program hsts the followmg milestones for Phase II, FY 96- FY 98 These proJectiOns are 
based on our present understandmg of the status of pmk salmon and herrmg populations m Prmce 
Wtlbam Sound and will need to be evaluated further should the status of these non-recovermg 
species change at any time 

FY 96 
Integrate plankton net samplmg (MOCNESS), OPC and digital acoustics to study 
macrozooplankton and nekton distribution m Prmce WIlliam Sound durmg the sprmg bloom 

Integrate nekton samplmg, ADCP and digital high frequency acoustics to study fish 
dtstnbutton along shorelmes relative to tidal and dtel forcmg 

Imttate an mtegrated herrmg, pmk salmon and pollock research program 
A Evaluate trophic mteracttons (stomach content and stable Isotope studtes) 
B Descnbe seasonal and geographic vanabtlity m trophic relationships relative to 

measured and modelled ocean conditiOns 
C Imttate herrmg overwmtermg program 

Study age-D herrmg distribution usmg the ocean state model and fteld observations 
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Sublllit a fmal report on avtan predation on hemng spawn 

Determme relatiOnships between foragmg time and predation nsks for JUVemle pmk salmon 

Charactenze "nver" and "lake" years from mtegrated oceanography (physical, chemical, 
biological) and marme meteorology 

Provide both a contmuously runmng ocean state model for Prmce Wilham Sound with 4km 
gnd and data assllllilation, and an ocean state modellmg tool for what-If sllllulatiOns usmg 
varymg scenanos for wmd, fresh water run-off, and Gulf of Alaska crrculation 

Use the ocean state model and measured physical conditions to study hypothetical "lake" and 
"nver" mfluences on the retention or washout of macrozooplankton and herrmg larvae 

Develop frrst -order numencal models of advective transport of zooplankton and 
Ichthyoplankton 

Complete development and validation of a pmk salmon fry feedmg, growth, dispersion and 
mortality model for the case of specified zooplankton distnbutiOns 

Use OPC, high-frequency acoustics and nets to survey Sound-wide distributions of 
macrozooplankton and large fishes durmg the sprmg-tlllle pmk salmon fry outmigratiOn 
wmdow 

Contmue mtegrated herrmg, pollock and pmk salmon trophic mteraction program 
A Begm modellmg trophic dynalllics 
B Descnbe mterannual vanability m distnbution and abundance relative to 

measured and modelled ocean conditions 
C Evaluate herrmg overwmtermg survival relative to physiOlogical condition 

factors 

Identify, and begm to charactenze candidate JUVenile herrmg mdexmg Sites 

Estlffiate consumptiOn of fry by avian predators at or near pmk salmon hatchenes 

Use otolith markmg to evaluate differences m the physiological conditions and mortality 
between JUVenile Wild and hatchery released pmk salmon 

Improve ocean crrculation model accuracy through mcorporation of additional wmd data and 
enhancement of the model to address near-shore regiOns 

Couple nekton and zooplankton withm the ocean state model 
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Resolve the questiOn of bottom-up alternatives to the nver-lake hypothesis determrne 
whether anticipated vanat10ns rn pnmary productiOn can sigmficantly modify zooplankton 
populations and prnk salmon fry survival for a broad spectrum of nver-lake scenanos 

Recommend release strategies for hatchery fry to optimiZe survival under conditions of lake 
or nver 

Descnbe the role of nutritional status on the survival of JUVemle herrrng 

Use numencal models to evaluate ecological rnteract10ns among herrrng, salmon and pollock 
relative to ocean conditions for restoratiOn and management applicatiOns 

Identify cntical rearrng habitat for juvernle herrrng 

Design cost effective momtorrng programs for herrrng, prnk salmon and oceanographic and 
meteorological vanables to assist with the contrnurng restoratiOn of these species 

Work concludrng rn FY 98 will complete the frrst and second phases of the SEA program rn Prrnce 
Wilham Sound Dependrng on the status of rnJured prnk salmon and hemng resources at that time, 
additional researchlmomtorrng may be needed Tills contrngency will be evaluated near the 
conclusiOn of Phase II rn cooperation With the EVOS Chief Scientist and the Trustee Council 

C Project Reports 

An rntegrated annual proJect report will be subm1tted by 15 Apnl each year unless otherwise 
drrected by the EVOS Chief Scientist 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The SEA program IS rntegrated across all proJects (see attached FY 95 DPD for coordinatiOn and 
rntegrat10n details) SEA will also cooperative With APEX and other EVOS-sponsored programs to 
provide the most efficient means for rnvestigatrng biological and envrronmental factors common to 
all proJects 

ENVIRONMENTAL COMPLIANCE 

ProJects rn SEA will operate under strict envrronmental compliance 
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Harlequin Duck Recovery Monitonng 

Project Number 96427 

RestoratiOn Category Morutormg 

Proposer Alaska Department of Fish and Game 

Lead Trustee Agency Alaska Department of Fish and Game 

Cooperatmg Agencies USFWS, NBS, NOAA, NMFS 

Duration. TBD 

Cost FY 96 $261 1 

Cost FY 97 

Cost FY 98 

Cost FY 99 

Cost FY 00 

Geographic Area Pnnce WIlham Sound 

Injured Resource Harlequm ducks 

ABSTRACT 

Approxnnately 1,000 harlequm ducks died as a drrect result of oil exposure followmg the Exxon Valdez 
oil spill (ECI 1991) Oil spill studies of harlequm ducks m western Pnnce Willtam Sound (PWS) from 
1990-93 report consiStently low numbers of brrds and httle production Nearly five years after the Exxon 
Valdez oil spill there was no sign of recovery (Exxon Valdez Oil Spill Trustee Council, 1993) This 
project will compare populatiOn parameters between oiled and unoiled areas based on populatiOn structure, 
behaviOr, productiOn, and growth rates Shorelme boat surveys will be conducted simultaneously from 
May 10 to September 15 m oiled and unoiled portiOns of Prmce William Sound Focus on these 
populatiOn parameters IS necessary to determme the status and recovery potential of harlequm ducks 
Changes m populatiOn siZe, structure, and productiOn m mled and unoiled areas and between years will 
be compared Contmued populatiOn morutormg and brood surveys will allow us to assess trends and 
suggest factors hmitmg recovery 
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INTRODUCTION 

Harlequill ducks (Hzstnonzcus hzstnonzcus) occur year-round ill illtertidal zones of PWS (Isleib and Kessel 
1973) Approxnnately 1,000 harlequill ducks died as a drrect result of oil exposure followillg the Exxon 
Valdez oil spill (ECI 1991) Oil spill studies of harlequill ducks ill western Prmce Wilham Sound (PWS) 
from 1990-93 report consistently low numbers of brrds durillg the breedillg season, a lack of breedillg 
activity on smtable streams ill 1991 and 1992, negligible productiOn of broods through 1993, and an 
apparent declille ill post-breedillg molting brrds (Patten 1994a, Patten 1994b) Nearly five years after the 
Exxon Valdez oil spill there was no sign of recovery (Exxon Valdez Oil Spill Trustee Council, 1993) 

Harlequill duck studies conducted from FY 92-94 illdicate a lack of productiOn and declmmg densities ill 
harlequill ducks ill oiled portiOns of Prillce Wilham Sound (PWS) This project will momtor harlequill 
duck populatiOns ill PWS durillg the breedillg season (May and June) and brood rearillg and moltillg 
season (mid-July to IDid-September) to detefiDllle populatiOn composition, changes ill abundance, and 
productiOn Focus on these populatiOn parameters IS necessary to detefiDllle the status and recovery 
potenttal of harlequill ducks Proposed surveys will provide trend illdices to assess recovery of harlequill 
duck populations and detefiDllle factors mhlbitillg or contributillg to recovery and restoration The survey 
descnbed below IS illtended to establish quantified restoration goals and provide a measure of recovery 

NEED FOR THE PROJECT 

A Statement of Problem 

Although there IS httle pre-oil spill data to compare with the 1991 to 1993 data, there IS cause for 
population-level concerns for harlequill ducks ill western PWS Harlequill ducks were killed durillg the 
spill and mlis toxic and residual ml ill the food supply has the potential to illterfere With reproduction 
Two maill hypotheses have been presented to explaill lack of reproductiOn and population declilles (1) 
illgested oil Is contilluillg to cause either mortality and/or sublethaliiDpamnent of reproductiOn, and/or 
(2) Imtlal mortality caused sigmficant losses to the local western PWS breedillg component and subsequent 
low productiOn Postspill studies have illdicated a declille ill moltillg brrds, a lack of productivity ill mled 
areas, and few breedillg parrs present ill sprillg, although no conclusive evidence has been found of 
histological or physiOlogical effects from oil Site fidelity of harlequill ducks may result ill long delays 
ill p10neenng new nest sites Prespill data IS lliDlted Understandillg whether there are still raiDifications 
from the 1989 Exxon Valdez Oil Spill that are affectillg population growth IS cnttcal to understandillg the 
recovery of this species 

EVOS projects have gathered abundance and distribution data mostly on total harlequill ducks, with httle 
Information on sex and age composition, or proportions of parred brrds The focus of these projects has 
been extensive survey coverage and oil exposure studies Sea duck populations, ill general, are composed 
oflong-hved brrds that have delayed sexual maturity, low annual productiOn rates, and "boom and bust" 
years Consequently, sea duck population dynamtcs are quite sensitive to adult survival rates, stze of the 
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breedmg component, and vanable breedmg propensity(% of adults breedmg annually) Data on sex and 
age compositiOn are very useful m exammmg these aspects of a populatiOn 

B. Rationale 

Contmued momtormg will provtde InformatiOn on populatiOn structure and growth Tills Information IS 
necessary to determme If recovery obJectives are bemg met The proposed momtonng effort will also 
allow us to modify recovery obJectives, willch at present are based on llffilted InformatiOn 

Gtven the reported reproductive failure m western Prmce Wilham Sound, the downward trend m moltmg 
populatiOns, and the suspected illgh degree of stte ftdehty of harlequm ducks to nest sttes and perhaps 
moltmg areas, the populatiOn m mled areas may not return to pre-sptlllevels A contmued declme m 
harlequm duck populatiOns m western Prmce Wilham Sound may lead to a stgmftcant reductiOn or loss 
of thts resource from the area and beyond It IS Important to know If populatiOns are contmumg to 
decline, and If so, understand the factors responsible for llffiltmg recovery PopulatiOns may contmue to 
declme due to a lack of recrUitment, limited lffiffilgratiOn, or ml toxicity 

Breedmg and postbreedmg surveys will compare populatiOn structure, abundance, productivity, and yearly 
trends (growth rate) between oiled and unoiled areas PopulatiOns change over the course of the breedmg 
season Numbers decrease as brrds migrate to nestmg areas and mcrease postbreedmg as adults return 
to molt and JUVemles fledge and then Illlgrate back to PWS To account for these changes surveys will 
be repeated throughout the summer Tills will allow us to document changes m the behaviOr of the 
populatiOn through time and compare the populatiOn structure and abundance of the oiled and unoiled 
areas at different life illstory stages Tills allows compansons not based stnctly on densities Densities 
(brrds/km) may be more a functiOn of habitat preference than an ml or other envrronmental effect 

A portion of the populatiOn nests along dramage's and perhaps on Islands wtthm PWS Another unknown 
percentage of brrds migrates beyond PWS to nest The ratio of first and second year males to adult males 
will gtve an md1cat10n of recrUitment m the pnor two years mdependent of where nestmg occurs 

Brood surveys m July will gtve a measure of annual productiOn wtthm PWS only Because we do not 
know what proportion of the nestmg populatiOn tills represents, nor the sUitability of nestmg habitat wtthm 
the western sound, and only have scant InformatiOn on past productiOn, tills Will serve to detect changes 
from year to year and be compared with the number of frrst year males detected the followmg sprmg 

Plumage patterns will allow us only to separate 3 age classes of males and males from females m sprmg 
Durmg the molt we can separate only males from females and Identify broods PopulatiOn InformatiOn 
collected durmg the breedmg season and molt will be used m trend analysts Year to year comparisons 
will be made as Information IS collected Surveys will be designed to mcorporate as much mformat10n 
from past studtes as possible so compansons can be made Harlequm ducks show fidelity to moltmg sttes 
and compansons of numbers will be useful m mdtcatmg an upward or downward populatiOn trend 
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Recovery objectives are currently based on populatiOn densities and productiOn of young (broods wttbm 
PWS) The extstmg recovery obJectives will be acilleved when breedmg and postbreedmg season densities 
and productiOn of young return to estimated presptlllevels, or when there are no differences m these 
parameters between oiled and unoiled areas (Exxon Valdez Trustee Council, 1994) However, with little 
knowledge of prespilllevels, It will be difficult to know when these parameters are acilleved Number 
of broods moiled portions IS based on scant InformatiOn No studies have assessed and compared habitat 
types between oiled and unmled areas Densities (brrds/km shorelme) may be different m mled and 
unoiled areas because of habitat differences Past surveys (FY 91-93) have gathered InformatiOn on total 
brrds without regard for changes wtthm seasons, not collected mformatwn on sprmg and fall populatiOn 
structure, and assumed equal prespill densities m oiled and unoiled areas 

Annual momtonng IS proposed PopulatiOns may vary considerably from year to year Detecting upward 
or downward trends m abundance and productivity from year to year variatiOns will be met sooner with 
mcreased samplmg Contmued populatiOn momtormg and reproductive surveys will allow us to assess 
trends and suggest factors limttmg recovery Tills will provtde a more reliable basts for restoration 
planmng and be consistent wtth an adaptive management approach that allows more efficient allocatiOn 
of efforts and ennchment of knowledge over time (e g for a long-term momtonng program) Results of 
th1s work will have a drrect bearmg on assessmg the status and outlook for th1s resource and gmde agency 
programs and policies related to public uses, especially subsistence and recreational huntmg, and wildlife 
vtewmg 

C Summary of Major Hypotheses and Objectives 

We will compare breedmg season abundance and populatiOn structure and test whether low reproductive 
success m the oiled areas has resulted m changes m the age and sex structure of the population We wtll 
also compare the behaviOr of the oiled and unoiled populations to test whether populatiOns decline 
s1m1larly dunng the course of the breedmg season and mcrease s1m1larly followmg the breedmg season 
We will conduct brood surveys to compare production between oiled and unoiled areas and finally we will 
compare year to year changes m sprmg and fall abundance to detect drrectton and rate of change m 
populatiOn stze We will test whether harlequm duck populatiOns are exh1bttmg similar trends m growth 
or the mled (mJured) populatiOn IS mcreasmg at a faster rate 

Focus on these populatiOn parameters IS necessary to determme the status and recovery potential of 
harlequm ducks Proposed surveys will provide trend mdtces to assess recovery of harlequm duck 
populatiOns and determme factors mh1b1tmg or contrtbutmg to recovery and restoration 

D CompletiOn Date 

Usmg present recovery obJectives, harlequm ducks will have recovered when breedmg and postbreedmg 
season densities and productiOn of young return to estimated presptll levels, or when there are no 
differences m these parameters between oiled and unoiled areas (Exxon Valdez Oil Spill Trustee Council 
1994) Tills proJect will momtor changes m the harlequm duck populatiOn structure and abundance and 
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make compansons between oiled and non-oiled areas With changes to the recovery objectives, this study 
will be completed when oiled and unoiled populations show slmilar structure and behaviOr, and the mled 
population exlnbits an upward populatiOn trend Until further mformat10n IS gathered It will not be 
possible to predict when densities and reproductive effort will return to prespill levels or parameters 
between areas equate (current obJectives) or slffillar populatiOn structure and behaviOr Is attamed along 
with an upward trend (revised recovery obJectives) 

COMMUNITY INVOLVEMENT 

All efforts will be made throughout the restoration process to participate m and provide pubhc 
mvolvement m the design and 1mplementat10n of tills proJect ProJect staff will be available to present 
mformatwn to local commumties or prepare articles or photographs for Trustee Council pubhcatwns 

PROJECT DESIGN 

A Objectives 

1 Compare abundance and populatiOn structure (number of breedmg parrs, subadult males, adult 
males, and females) between oiled and unmled areas durmg sprmg 

2 Compare changes m abundance and populatiOn structure durmg sprmg m oiled and unmled areas 

3 Compare numbers, and sex structure of moltmg flocks moiled and unmled areas 

4 Compare changes m numbers and sex structure of moltmg flocks from m1d-July to m1d-September 
m oiled and unoiled areas 

5 Compare productiOn between mled and unmled areas 

6 Compare year to year changes m breedmg and postbreedmg abundance, productiOn, and 
populatiOn structure m oiled areas and m unmled areas to detect trends for each area 

B Methods 

Tills study will test the followmg hypotheses 

H0 Low reproductive success of harlequm ducks m western Prmce William Sound has not resulted m 
changes m age and sex structure towards a greater proportiOn of adult males 
H1 Low reproductive success of harlequm ducks m western Prmce Wilham Sound has resulted m changes 
m age and sex structure towards a greater proportiOn of adult males 
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H
0 

Harlequm duck populatiOns m western Prmce W tlham Sound are exlnbttmg slillllar trends or 
mcreasmg at a greater rate than populations m eastern Prmce Wilham Sound 
H1 Harlequm duck populatiOns m western Prmce Wtlham Sound are declmmg at a greater rate than 
populations m eastern Prmce WIlham Sound 

Sprmg The study area will be dtvtded between oiled and unoiled areas ofPrmce Wilham Sound Spnng 
surveys to determme population structure will be conducted from approxnnately May 8 through June 20 
Surveys will be combmed mto seven to etght day penods and conducted simultaneously m mled and 
unoiled areas Surveys will be repeated three times, 1 e every other week Surveys will be established 
m areas wtth known concentrations of brrds and mouths of smtable nestmg streams All harlequm ducks 
will be recorded along each survey route ObservatiOns will be recorded as parrs or by sex, and males 
will be dtvtded mto three age groups usmg predetermmed cntena established from 1994 surveys, 
photographs, and study skms Surveys will be conducted from open skiffs up to 20 feet long Each skiff 
will have two observers Surveys will be conducted from wtthm 30 meters of shore along predetermmed 
routes A pace and course will be chosen that will assure complete coverage of the survey area and 
maxnmze the opportumty to see ducks All transects will be mapped and all observations will be recorded 
by date and location and mapped by flock Exxon Valdez ml spill beach segment modifiers (oiled areas), 
habitat associatiOns, time, and weather will be noted 

Fall Fall surveys will concentrate on moltmg and brood rearmg habitats wtthm oiled and non-oiled areas 
of Prmce William Sound Fall surveys will be conducted from Mtd-July through mid-September Spnng 
survey locations will be repeated and additional sttes will be added to mclude mouths of SUitable breedmg 
streams (brood reanng habitats) and known moltmg sites Surveys will be repeated three times, weather 
permittmg Second-year and older brrds wtll be classified by sex Broods (frrst-year brrds) will be 
classified by stze and plumage development Fall survey methods will be consistent wtth those descnbed 
above for Spnng Surveys will be conducted m representative portions of oiled areas m western PWS and 
non-Oiled areas m eastern PWS PopulatiOn compositiOn and annual changes m abundance will be 
compared The proportiOn of frrst and second year males to total males will be used as a measure of 
reproductive success The number and distributiOn of broods will also be used as an mdtcator of 
reproductive success between oiled and non-mled areas Breedmg and moltmg surveys will be used to 
detect changes m abundance and compare the drrect10n and rate of change between the two areas In FY 
94 (ProJect 954275 Expenmental Harlequm Duck Breedmg Brrd Survey) classificatiOn methods were 
developed that dtvtded male ducks mto 3 age categones and separated flightless moltmg btrds ( echpse 
plumage), by sex These methods will be employed m FY 95 and FY 96 Pnor harlequm duck surveys 
(FY92, FY93, FY 94, FY95) collected Information on total abundance and brood observations Surveys 
m FY 94 and FY 95 collected mformat10n on the sex and age composition This survey will repeat the 
FY 95 survey Data from FY91-FY94 surveys will be mcorporated mto the analysts when feasible to 
determme changes m abundance 

Results from the oil spill area will be compared to 1990-94 results when possible and to data collected m 
unmled areas of PWS Habitat use associatiOns will be recorded dunng both surveys and mtegrated with 
a database bemg developed from previous work 
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C. Contracts and Other Agency AssiStance 

All data collectiOn and analysis will be conducted by ADF&G 

D Location 

The proposed proJect will be conducted m the oil spill area of Prmce William Sound and unoiled eastern 
PWS from Valdez to Cordova Surveys m the spill area will focus on Krught Island, Applegate Island, 
Foul Bay, Mam Bay, Eshamy Bay, Crafton Island, Chenega Island, Green Island, and Naked Island 
Surveys m non-oiled areas will mclude portiOns of Montague Island, Hmchmbrook Island, Simpson Bay, 
Sheep Bay, Port Gravina, Landlocked Bay, Bligh and Busby Islands, Galena Bay and Valdez Arm 
Commumties affected by the proJect mclude Chenega, Whittier, Valdez, and Cordova 

SCHEDULE 

A Measurable Project Tasks for FY 96 

January 1 
February 1 

April1 

May 8 
September 15 
June-October 
October-January 
April1997 

ProJect start-up Arrange for Forest Service permits, Interagency coordmatwn 
lmtiate hrrmg process for seasonal techmcians Solicit bids for eqmpment 
Contract for fuel transport 
Hrre techrucians, arrange field logistics for field camps, boats, motors, survey 
eqmpment 
Begm surveys 
End Surveys 
Create data base 
Analyze field data and begm report preparatiOn 
Annual report on FY 96 surveys 

B Project Milestones and Endpomts 

This IS a proJected five year momtormg program designed to assess the recovery of an IDJUred species 
Each proJect obJective Will be assessed annually for oiled and unoiled areas then compared With each other 
and with data collected m subsequent years Year to year trends will frrst be compared m 1997 and then 
each year after 

Objectives 1 and 2 will be met by June 25 of each year ObJectives 3,4,5, and 6 will be met by September 
15 of each year At the end of each year results Will be compared with the restoratiOn goals to assess 
whether recovery has occurred 

7 



ProJect Number 96427 

Survey schedules are m accordance With the draft EVOS Restoration and Momtonng Plan and the FY96 
Work Plan Intenm data compilatiOn and analyses and reportmg will occur throughout 1996 and early 
1997 Report preparatiOn will begm m October 

C. ProJect Reports 

Annual reports will be presented to the Chief Scientist Apnl 15 Reports will mclude survey areas, 
population structure, abundance, and brood observations Compansons will be made with precedmg 
years A final report will be prepared at the end of the proposed 5-year momtormg schedule However, 
should recovery obJectives be met sooner, a final report will be prepared then Special reports 
(publicatiOns) will be prepared dunng the course of the momtormg effort If warranted 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Surveys will be coordmated With the Nearshore Vertebrate Predator Group (proJect 96025) which mcludes 
the NatiOnal Biological Service, NatiOnal Marme Fishenes Service, Umversity of Alaska Farrbanks, and 
Coastal Resources, Inc This effort will result m mcorporatmg as many overlappmg study sites as 
feasible Evidence of ml mgest10n and physiOlogical effects on harlequm duck reproduction was 
mvestigated through 1993 Some mtertidal sites remam contaminated Proposed nearshore studies 
(Populatwn Structure of Blue Mussels zn relatzon to Levels of Ozlzng) of mtertidal zone recovery and 
toxicity studies of mtertidal mvertebrates, blue mussels Mytzlus edulzs and possibly snails (Lzttonna and 
Lacuna), Important food Items of harlequm ducks, are a vital corollary to the harlequm duck proJect 
These studies may provide mfonnat10n on the probability of harlequm ducks contmumg to mgest 
contammated foods By conductmg mtertidal mvertebrate studies m areas where harlequm ducks are 
known to feed and simultaneously momtormg harlequm duck populatiOns, a nsk assessment model may 
be developed 

Surveys will be coordmated with the National Biological Survey (Factors Affectzng Recovery of Sea ducks 
and thezr Prey) to gmde NBS brrd markmg locatiOns and to mtegrate overwmter survival, distnbution, 
and habitat use with harlequm duck momtormg surveys Adult female overwmter survival will aid m the 
development of a populatiOn model Moreover, markmg brrds m mled and non-oiled areas may give 
msight as to whether differential mortality occurs between mled and non-mled areas Radio telemetry 
studies will provide InformatiOn on range of movements of mdividual brrds to give more InformatiOn on 
populatiOn movement and mterchange between mled and non-oiled areas, as well as movement to and 
from Prmce WIlliam Sound 

Logistics for fuel transport and camp facilities are bemg coordmated with the USFWS marbled murrelet 
proJect Eqmpment and transportation IS bemg coordmated with the ADF&G Harbor Seal project 

There are no other agency or non-agency contributiOns to this proJect L1m1ted staffmg and fundmg 
precludes ADF&G from undertakmg these surveys as part of nonnal operations 
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ENVIRONMENTAL COMPLIANCE 

Categoncal ExclusiOn IS bemg sought through the US Department of Intenor, U S Fish and Wildlife 
Service This project will comply With all applicable requrrements of the NatiOnal Envrronmental Policy 
Act and all local, state, and federal ordmances, regulatiOns, and laws No envrronmental analysis IS 

requrred to conduct this study, which meets charactenstlcs of a Categoncal ExclusiOn 

Permits for field camps are bemg requested from the USDA, US Forest Service, Chugach NatiOnal 
Forest All fuel caches will comply With the State of Alaska, Department of Envrronmental Conservation 
fuel storage regulations 
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Exxon Valdez OJI Spdl Symposium Proceedings 

ProJeCt Number 
Restoratton Category 
Proposer 
Lead Trustee Agency 
Cooperating Agenc1es 
Duration 
Cost FY 96 
CostFY 97 
Geographic ,Area 
InJUred Resources 

ABSTRACT 

96507 

NO .\A 
NOAA 
DEC 
FY96 
S42K 
SOK 
EVOS Spill '\rea 
all 

Tt.e Exxon Valdez 01.1 Spl.j,l Syrrlposium was held ~n Februar-t 1993 The 
Exxon Valdez 011 Sp1ll Trustee council {Ccuncll) funded puhl1cat1on 
and distr1but1on of the Exxon Valdez 011 Splll Sympos1u~ Proceed1ngs 
{Pr~ceed1ngs) 1n F~94 Wlth a budget of $102,000. The lengtn of the 
Proceedlngs l.S expected to ~e 5:~ longer than orlqinally planned and 
the Aner1car. F1sher1es Soclet:.y ~APS), the contractor and publisher, 
needs an add~tl.onal $35,000 to complete the project The intent of 
th1s proposal l.S to funn the co~platlc~ t~e Proceedlngs. 

INTRODuCTION 

Tl~e EAxon Valdez 011 Splll Sylnpc.sn.m, held Hl February 199'3 1 was 
successful Wlth over 100 poster and oral sess!o~s, and over 1,000 
attendees. At thelr September 1~93 mee~ing the counc1l formally 
approved funds to help defray tne ?roceedings publicatlon costs w~th 
a~ FY94 budget of ~i02,000 

Tne presenters at t~~ sympos~un Techn1~al Sessions were requested ~o 
provide a manuscr~pc(s) for the Proceed1ngs O! the 70T ~anuscr1pts 
submitted 61 manuscripts ha?e be~n peer rev~ewsd, revised, accepted, 
and au~m1tted to A?S fo~ format edltlMg a~d puolJ.catlon 

Tl"'e sales pr1ce of t:J"Ia Proce.edl.."''gs boo'\s .vas set by the council at $35 
each, Th~s w1ll 1nsure avallablllt:, v1ae d1str~but1on, and brlsk 
sales of the 4 1 000 cop1es t~ be prl.nte~. ~ne rema1n~ng publl.cat1o'1 
costa w1ll come fro~ sales ~ece1pLs. 

The lenqth of t~e book ras ~ncreased 51% from ~hat ~as e~pect~d to ne 
around S72 printed pages plus f_gures, front matter, and 1ndax W~th 
the added text pages add1t1onal fuid1rg w~ll be necessary 

AFS cequests prod~c~1on cos~s up front wh1ch requ~~es that add1t~onal 
ru~ds be secured be!ore oucl1.ca~1on of che Proceed~~qs 
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Of the 70+ manuscripts rece~ved, the follow1ng will be lli the 
Procefldlngs• 

r~T~ AI!:D ~QXIQIT~ 
1. Short, J&rf 
2 Short 1 Jeff 
3. Short, Jeff 
4. O'Clal.r, Chuck 
5. Braddock, Joan 
6. Carlson, PC1Ul 
7. Wolfe, Doug 
8. Short, J'eff 

INTERTIDAL 
9 Babcock, Malin 
10 Sundberg, K~n 
11 ste~ol!, M~ke 
12 Stekoll, M~ke 
13 Htghsm~th, Ray 
14 Duncan, Bruc~ 

15 Hooten, Andy 
16 Fleeger, John 
17 Babcock, Malln 
19. Harr1s, Pat 

TREATMENT EFFECTS 
19 Mearns, Alan 
20, Lees 1 Dennl.s 
21 Ebert, Tom 
22. Houghton, Jon 
23. Houghton, Jon 

SUBTIP~L 

24 Dean, Tom 
25 Dean, Tom 
26 Jewett, Steve 

HERRfNG 
27 Brown, Evelyn 
28. No1cross, Brenda 

Sl\LHON 
29 Ge1ger, Hal 
30 Templln, B~ll 
31. Wledrner, Mlke 
32 Werthelmer, Alex 
33 W1llette 1 Mark 
34. Wertneimer, Alex 
35 Celewycz, Adr~an 
36 sturdevant 1 Molly 
37. Carls, Mark 
38 Carls, Mark 

hydrocarbons 1n seawater 
hydrocarbon 1~ caged mussels 
transport of HCS (D. Sale was lead) 
hydrocarbons ~n sedJ.lnents 
ml.crobes ~n sediments 
track1ng o11 ~n sediments 
tox1c1ty of sed1roents 
HC analysls methods 

pre and post splll hydrocarbons 
intert~dal s1te select~on 
intertidal/coastal habttat 
~ntert1dal algae/Harrlng Bay 
1ntert1dal lnverts. & algae 
recru~tment of 1ntert1dal organ1smq 
1~pacts on intertidal tnverts 
miofaunal recolon1zation 
o~led mussel bed~ 
hydrocarbons ir mussel beds 

role ot response and treatment 
treatment effects/1nt~rtl.dal 
treatment etfects on hucella 
treatment etrects on lnfauna 
treatment effects on epib1cta 

subtldal seaweeds 
large ep~be~th1c ~nvertebrates 
tenth1c 1nverts jembayments 

herr1nq overv1ew 
herrinq/larval flsh 

p1nk salmon llfe his~ory 
pinks run reconstructlon 
plnk salmon/I1FO 
p1nk salmon dlstrlbUtlon and growth 
ptnk salmon 
plnk salmon;copepod abundance 
plnk salmon prey abun~ance 
p1nk and chum salmon 
pl.nk salmon exposure to EVO 
p1nk salmon growth/lab 

2 

ltlJ 00 3 



39 
40 

Bue., BrJ.an 
Schm~dt, Dana 

OTHER )fiSJi 
41. H~lborn, Ra~ 
42. Hepler, KQlly 
43 Lar, DavJ.d 
44 CollLer, Tracy 

BIRDS 
45 Ford, Glenn 
46. Piatt, John 
47 Platt, John 
48 Irons, Dave 
49 Sharp, Br1an 
50 Oakley, Karen 
51 Kuletz, Kathy 
52. Schenpf, Ph1l 

MAMMALS 
53 LoughlJ.n, Tom 
54 Duffy, Larry 

ARCHASQLQID( 
55 Blttner, Judy 

SUESIS'I'i!NCE 
56 fdll, Jl.!:!l 
57 Bolger, Michael 
58. Brown, Donald 
59 Hom, To!!l 

H!..TMAN IMPACTS 
60 Downs, Mike 
61 PlCOU, steve 

NEED FOR THE PROJECT 

A Statement of Problem 

inJUL} to eggs and fry 
o:;oclceye salmon 

detect1ng populat1on impacts 
Dolly Vardenfcutthroat trout 
shallow subtldal f1sh (Faldorson l~ad) 
subtJ.dal fJ.sh 

beached birds 
# of bJ.rds killed by EVOS 
birds and clJ.mate change 
blac¥-legged kltt~wakes 
black oystercatchers 
pigeon qu1ll~mots 
marbled murrelets 
bald eagles 

I"'1ar .~..r.e marnnals overvier.., 
't'iver otters 

archaeology overv1e~ 

subsJ.stence overv1e~ 
subslste'l.:::t"J 
sub~~stence 

s4bs~stence flsh 

soc1.al li'lpacts 
soc~~l p~ychologlcal lttpacts 

The lengtn of the Proceedings P-as J.ncreased 51% fron the expec~ed 
length requ~rLng addl.tlonal publ_catLor cos~s. 

B Ratwnrue 

The lonqer th~n expecteo marJscrlpts are a res~lt o: ma'l.y papers 
reg:u1.r1ng .;.dded C.e.ta1.l, a result of peer revu;1.w C'Oll'.ments 
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C Summary of MaJor Hypotheses and Objeetwes 

not appl1cable 

D C'ompldton Date 

The Proceedings publlcation date will be on o~ before June 10, 1996 

CO"'\tlMLNIT'i lNVOLVE.MENT 

The P=oceedlngs will be useful 1n educat1ng the publlc, espec1ally in 
the &pLll area, about the lnJur~ee caused by the EVOS The reduc~d 
ch~~ge for the book ($35) was the result of an 1nten~1ona1 act1on by 
tha Courc1l to 1nsure ava~lab1l1ty 1 w1de d1stribut1on, and br~sk sales 
of th~ 4,0CO cop1es to be pr1nted 

PR01£( L DESIGN 

Pub~lsh t~e Exxo~ Valdez 01~ Sp1ll s1~pos1um Proceea~ngs 

B \.fethods 

Of the 70~ Panuscrlpts sub~ltted 61 ~anuscr1pts have been pee~ 
rev1ewect, revtsed 1 ~ccepted, and sub~1tted to AFS for format ed1t~ng 
ard ?UbJ..~catlon 

C Contrans and Other Agency AsSIStance 

PL~l1cat1on of the Proceed~ngs 1s contracted to AFS ADEC lS the 
co-~ractlng aq$rcy and t~e NOAA ?rog~am Manager 1s L~e contract1r.g 
ofclcer tecnnlcal rapr~sentattve (COTR) 

4 



SCHEDULE 

A. \Ieasur~ble ProJect TasJ...s for FY96 

Publ~cation of the Proce&dir.gs. 

B ProJect M1lestones and Endpom~ 

manuscr~pt~ subm1tted to AFS 
manuscr1pts ~o pro;ect editor 
manuscr1pts to typesetter 
proof from typesetter 
prooZ to authors 
corrected proof from authors 
corrected proof to typeset~er 
rev~sed proof fro~ typesetter 
f~nal ccrrect1or tc typesetter 
t.ex.t to prJ.nter 
Proceedlngs publ1st.ed 

C ProJect Rt!!ports 

'OH uiL SPILL "'..., RESTORHION' 

September 21, 1995 
October 25, 1995 
January 19, 1996 
February 5 1 1996 
February 9, 1996 
February 26, 1996 
March 1e, 1996 
Apr1.l 2, 1996 
AprLl 26, 1996 
May 6, 1996 
June 30, 19~6 

Rl~B 1 S.D., R B Sp2es, D-A Wolfe, and B A. Wright (Eds.) 1996 
E~xon Valdez Cll SpLll syr.pas~L~ F~oceedl.ngs. Amerlcan F1.sher1ss 
soc1et:y ~;..tr"...ber 18 

COORDL'\-\TION A'JD L'lTEGRATION OF RESTOR4.TIOS PROJECT 

TD~s proJect ~as required partLc1p~~1on from ~ost of th~ counc11 
sclent1sts and agenc1es 

E" VT.RO~ MThTAL CO~iPLl-\ 'ICE 

7r~s proJeCt ~111 ~nvolve ~o f_eld effor~ and therefore there dre nc 
federa~, s~ate ~r local &nv~ror<ental laws or ragu_atlons that Wlll 
need to te ~o~~li~~ Wlth No ~erm1ts Wlll be needea 
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