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Symbols and Abbreviations 
The following symbols and abbreviations, and others approved for the Système International d'Unités (SI), are used 
without definition in the following reports by the Divisions of Sport Fish and of Commercial Fisheries:  Fishery 
Manuscripts, Fishery Data Series Reports, Fishery Management Reports, and Special Publications. All others, 
including deviations from definitions listed below, are noted in the text at first mention, as well as in the titles or 
footnotes of tables, and in figure or figure captions. 

 
Weights and measures (metric)  
centimeter cm 
deciliter  dL 
gram  g 
hectare ha 
kilogram kg 
kilometer km 
liter L 
meter m 
milliliter mL 
millimeter mm 
  
Weights and measures (English)  
cubic feet per second ft3/s 
foot ft 
gallon gal 
inch in 
mile mi 
nautical mile nmi 
ounce oz 
pound lb 
quart qt 
yard yd 
  
Time and temperature  
day d 
degrees Celsius °C 
degrees Fahrenheit °F 
degrees kelvin K 
hour  h 
minute min 
second s 
  
Physics and chemistry  
all atomic symbols  
alternating current AC 
ampere A 
calorie cal 
direct current DC 
hertz Hz 
horsepower hp 
hydrogen ion activity pH 
     (negative log of)  
parts per million ppm 
parts per thousand ppt, 
  ‰ 
volts V 
watts W 

General  
Alaska Administrative  
    Code AAC 
all commonly accepted  
    abbreviations e.g., Mr., Mrs., 

AM,   PM, etc. 
all commonly accepted  
    professional titles e.g., Dr., Ph.D.,  
 R.N., etc. 
at @ 
compass directions:  

east E 
north N 
south S 
west W 

copyright © 
corporate suffixes:  

Company Co. 
Corporation Corp. 
Incorporated Inc. 
Limited Ltd. 

District of Columbia D.C. 
et alii (and others)  et al. 
et cetera (and so forth) etc. 
exempli gratia  
    (for example) e.g. 
Federal Information  
    Code FIC 
id est (that is) i.e. 
latitude or longitude lat. or long. 
monetary symbols 
     (U.S.) $, ¢ 
months (tables and 
     figures): first three  
     letters Jan,...,Dec 
registered trademark ® 
trademark ™ 
United States 
    (adjective) U.S. 
United States of  
    America (noun) USA 
U.S.C. United States 

Code 
U.S. state use two-letter 

abbreviations 
(e.g., AK, WA) 

Measures (fisheries) 
fork length FL 
mideye to fork MEF 
mideye to tail fork METF 
standard length SL 
total length TL 
  
Mathematics, statistics 
all standard mathematical 
    signs, symbols and  
    abbreviations  
alternate hypothesis HA 
base of natural logarithm e 
catch per unit effort CPUE 
coefficient of variation CV 
common test statistics (F, t, χ2, etc.) 
confidence interval CI 
correlation coefficient  
   (multiple) R  
correlation coefficient 
    (simple) r  
covariance cov 
degree (angular ) ° 
degrees of freedom df 
expected value E 
greater than > 
greater than or equal to ≥ 
harvest per unit effort HPUE 
less than < 
less than or equal to ≤ 
logarithm (natural) ln 
logarithm (base 10) log 
logarithm (specify base) log2,  etc. 
minute (angular) ' 
not significant NS 
null hypothesis HO 
percent % 
probability P 
probability of a type I error  
   (rejection of the null 
    hypothesis when true) α 
probability of a type II error  
   (acceptance of the null  
    hypothesis when false) β 
second (angular) " 
standard deviation SD 
standard error SE 
variance  
     population Var 
     sample var
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ABSTRACT 
The Alaska Department of Fish and Game (ADF&G) recognizes the importance of Prince William Sound 
Aquaculture Corporation (PWSAC) within the region and strongly supports the effective and continued operation of 
PWSAC hatcheries. However, PWSAC had established an extensive record of on-going problems. Despite ample 
opportunity and encouragement to address these issues, PWSAC had neither corrected nor explained most of these 
on-going problems. Due to the number and seriousness of unresolved problems, ADF&G initiated this internal 
review as the first step of a Performance Review (5 AAC 40.860) (Appendix A1). The goal of this internal review is 
to document problems and recommend corrective measures to help PWSAC improve operations and meet permit 
obligations. Permit compliance issues include: exceeding permitted stocking levels; substandard broodstock to egg 
take survival rate; withholding data required in permits; conducting cost recovery harvest outside Special Harvest 
Areas without emergency order authority; and refusing to fund required monitoring. General problems include: cost 
recovery shortfalls; large-scale straying and refusal to participate in straying evaluation; roe-stripping associated 
with excessive broodstock collections; inadequate reporting of roe sales; chum salmon Oncorhynchus keta otolith 
marking program failures; erratic management recommendations; lack of good faith negotiations; cooperative 
agreement problems; failure to report hatchery production/operational problems; unwieldy and unbalanced Board 
structure; lack of individual accountability among corporate officers and PWSAC Board of Directors members; and 
department failure to enforce compliance with permits, annual, and basic management plans. In accordance with 5 
AAC 40.860 Performance Review this internal review found that PWSAC’s performance violates some conditions 
under which their permits are granted. 

Key words: Prince William Sound, salmon, Oncorhynchus hatchery, internal review, cost recovery, straying, 
permit, harvest, egg take, annual management plan. 

 

EXECUTIVE SUMMARY 
The Alaska Department of Fish and Game (ADF&G) recognizes the importance of Prince 
William Sound Aquaculture Corporation (PWSAC) within the region and strongly supports the 
effective and continued operation of PWSAC hatcheries. However, PWSAC had established an 
extensive record of on-going problems. Despite ample opportunity and encouragement to address 
these issues, PWSAC had neither corrected nor explained most of these on-going problems. Due 
to the number and seriousness of unresolved problems, the department initiated this internal 
review as the first step of a Performance Review (5 AAC 40.860, Appendix A1). The goal of this 
internal review was to document the problems and recommend corrective measures to help 
PWSAC improve operations and meet permit obligations. 

PERMIT COMPLIANCE ISSUES 
• Exceeding permitted stocking levels; 

• Substandard broodstock to egg take survival rate; 

• Withholding data required in permits; 

• Conducting cost recovery harvest outside Special Harvest Areas (SHA) without 
emergency order authority; and, 

• Refusing to fund required monitoring. 

GENERAL PROBLEMS 
• Cost recovery shortfalls; 

• Large-scale straying and refusal to participate in straying evaluation; 
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• Roe-stripping associated with excessive broodstock collections; 

• Inadequate reporting of roe sales; 

• Chum salmon O. keta otolith marking program failures; 

• Erratic management recommendations; 

• Lack of good faith negotiations; 

• Cooperative agreement problems; 

• Failure to report hatchery production/operational problems; 

• Lack of individual accountability among corporate officers and PWSAC Board of 
Directors (Board) members; 

• Unwieldy and unbalanced Board structure; and, 

• ADF&G failure to enforce compliance with permits, Annual Management (AMP) and 
Basic Management Plans (BMP).1 

 

In accordance with 5 AAC 40.860 Performance Review this internal review found that 
PWSAC’s performance violates the conditions under which their permits are granted. PWSAC 
does not meet the 70% broodstock survival rate for most stocks as defined in 5 AAC 40.860 (c) 
Minimum Hatchery Survival Standards. Large scale pink O. gorbuscha and chum O. keta salmon 
straying significantly impact wild stocks in a negative manner violating performance standard 5 
AAC 40.860 (b)(4). The Gulkana Hatchery fails to meet performance standard 5 AAC 40.860 
(b)(5) by not fulfilling the production objectives described in the terms of the hatchery permit. 
These failures include: exceeding permitted stocking numbers, withholding required data, and 
not completing required monitoring. Further, the failed chum salmon marking program and 
refusal to fund mark recoveries fails to meet performance standard 5 AAC 40.860 (b)(5). 

Additionally, this internal review found that PWSAC disregards many basic requirements and 
guidelines outlined in cooperative agreements, permits, Annual Management, and Basic 
Management plans. This is demonstrated by the Gulkana stocking violations, conducting cost 
recovery outside of SHAs without department approval, the withholding of data, the lack of 
problem reporting, and resistance to monitoring programs, including mark recovery and straying 
evaluations. At times, PWSAC basically says ‘No’ when asked to comply with permit conditions 
or conduct required monitoring.  

Over time, ADF&G (department) has allowed PWSAC to deviate from approved practices 
resulting in potential negative effects to Prince William Sound (PWS) fisheries. Two of the most 
serious problems are large-scale straying and substandard broodstock to egg-take survival rates. 
Both of these issues have complex negative effects on PWS fisheries. Large-scale straying has 
negative impacts on the genetic diversity of native PWS wild stock salmon, the PWS Allocation 
Plan, and hatchery cost recovery. The substandard broodstock survival rates violate regulatory 
standards and are more likely associated with roe-stripping than with egg-take levels required to 

                                                 
1  Annual and Basic Management Plans are unpublished internal documents on file with ADF&G. 
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seed hatcheries. To date, there have been few if any consequences for PWSAC’s lack of 
compliance with cooperative agreements, permits, AMP, and BMP requirements. 

The department must take steps to correct these many problems; however, options that do not 
disrupt PWS commercial fisheries are limited. The Performance Review states that ‘the 
commissioner will, in his or her discretion, consider a permit alteration, suspension, or 
revocation in accordance with AS 16.10.430.’ Any production level alteration has implications 
on the Prince William Sound Management and Salmon Enhancement Allocation Plan 5 AAC 
24.370 (PWS Allocation Plan). Because of the limited number of options for addressing these 
problems, the department recommends the creation of an Oversight Committee. This Oversight 
Committee would set PWSAC production and broodstock levels and make recommendations to 
the Private Nonprofit (PNP) Hatchery Coordinator and commissioner regarding any permitted 
hatchery activities or further permit alterations. 

The negative effects of large-scale hatchery salmon straying must be addressed by PWSAC. To 
that end, the suspension of chum salmon remote release permits would serve multiple purposes. 
First, it reduces the chum salmon straying source to a single location rather than 3 spatially 
separated sources and provides incentive for PWSAC to seriously address hatchery salmon 
straying. Second, it would also mitigate problems associated with the failure of PWSAC’s chum 
salmon marking program. Third, it would be a first step to fulfill the department’s responsibility 
to implement the genetics policy (GPRT 1985). Lastly, the remote release programs have a poor 
performance record with large-scale straying and poor returns. 

Finally, PWSAC’s performance jeopardized the financial viability of the regional aquaculture 
corporation. PWSAC management recommendations directly resulted in multiple cost recovery 
short falls despite the presence of adequate numbers of fish. PWSAC has more than $25 million 
in state funded loans. Multiple cost recovery short falls required PWSAC to take an additional $3 
million short term state loan in 2004. PWSAC’s problematic management recommendations call 
into question their ability to manage for cost recovery and broodstock collection goals. PWSAC 
management recommendations frequently have allocation implications, do not achieve cost 
recovery goals, and are of little use to the department.  

RECOMMENDATIONS 
The internal review recommended taking the following steps to address theses problems. 
Pursuant to AS 16.10.430, AS 16.10.380, and 5 AAC 40.860, the Commissioner should notify 
PWSAC and the Regional Planning Team (RPT) of PWSAC’s noncompliance with its permits as 
well as its noncompliance with statutory and regulatory requirements and provide PWSAC with 
a reasonable period of 45 days in which to submit a plan to the department for resolving issues. 
The notice of noncompliance will also provide notice that the Commissioner is considering 
permit alteration if an adequate plan is not submitted, and provide an opportunity to PWSAC and 
the RPT to comment on proposed permit alteration terms. The notice should provide that if an 
adequate plan is not submitted, the Commissioner intends to alter PWSAC’s permits under AS 
16.05.430. This report included a set of recommendations (Appendix A2) that were ultimately 
modified and used as the basis to develop an action plan to address these problems 
(Appendix A3). 
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INTRODUCTION 
To date, the Alaska Department of Fish and Game has never conducted a Performance Review of 
a regional aquaculture corporation (Appendix A1). The department has exhausted all other 
available options to obtain voluntary compliance with Prince William Sound Aquaculture 
Corporation permits and operations. The serious nature and extent of the problems with PWSAC 
has forced the department to take this next step. Several issues discussed in this review have 
significant negative implications for Prince William Sound fisheries. Straying of hatchery fish 
into wild streams potentially jeopardizes the goal of the ADF&G genetics policy (GPRT 1985) to 
conserve the genetic diversity of wild stocks. The cost recovery, broodstock survival rates, and 
implications on allocation affect a large sector of the fishing industry in PWS. The Gulkana 
Hatchery stocking rates and adult returns play a pivotal role in the health and management of the 
Copper River salmon fisheries. The department must decide the appropriate response to the 
problems outlined in this review. 

ADF&G is the steward of fisheries resources in Prince William Sound. That stewardship is 
guided by a set of official policies, regulations and statutes. These are implemented from the 
highest levels such as the department mission ‘to manage, protect, maintain, and improve the fish 
resources of Alaska’, and the statewide Sustainable Salmon Policy, down to lower level Fish 
Transfer Permits. These guiding concepts act in concert to ensure long-term conservative and 
sustainable management of fisheries resources. Application and enforcement of these controls 
and policies has been inconsistent in PWS with regard to the management of PWSAC hatcheries. 
Over time, the department has allowed PWSAC to deviate from the approved practices resulting 
in potential negative effects to PWS fisheries resources. 

The Prince William Sound and Copper River Regional Planning Team Phase 3 Comprehensive 
Salmon Enhancement and Development Plan which will be referred to as Phase 3 
Comprehensive Salmon Plan in this document, is the primary document that guides the ongoing 
process of hatchery development and management (PWS/CR RPT 1994). The overall objective 
of the Phase 3 Plan is to assure economically viable hatchery development without negative 
impacts to wild stocks. The Phase 3 Plan identifies critical information and monitoring programs 
to evaluate impacts to wild stocks. Critical monitoring as outlined in the Phase 3 Comprehensive 
Salmon Plan (PWS/CR RPT 1994) and Basic Management Plans is subsequently required in 
Annual Management Plans, and Fish Transport Permits (FTP). Monitoring programs identified 
as essential include but are not limited to: straying studies, limnology data gathering, smolt 
emigration monitoring, and otolith marking and recovery. The department has asked PWSAC to 
conduct or participate in these monitoring programs, but PWSAC has been resistant to 
participate in some of the most basic programs. 

ADF&G recognizes the importance of PWSAC operations in the region and strongly supports 
the effective and continued operation of PWSAC hatcheries. PWSAC produces approximately 
15.5 million pink, 2.5 million chum, and 1.2 million sockeye salmon O. nerka annually. PWSAC 
salmon enhancement operations play a vital role in PWS commercial fisheries. Additionally, 
PWSAC has an expanded role in the new PWS Allocation Plan and has proposed to increase 
production through a new hatchery at Nelson Bay. However, PSWAC has established a record of 
on-going problems including but not limited to: cost-recovery short falls, straying, substandard 
broodstock survival rates, and multiple permit compliance issues. The department is extremely 
concerned about these problems and their effects on the health of PWS salmon fisheries. Despite 

 4



ample opportunity and encouragement to address these issues, PWSAC has not corrected or 
explained many of these on-going problems. Because of the number and seriousness of these 
unresolved problems the department has initiated an internal review as the first step of a 
Performance Review (5 AAC 40.860) (Appendix A1). The goal of the internal review, as part of 
the Performance Review, is to identify corrective measures for these problems and help PWSAC 
improve operations and meet the obligations of their expanded role in PWS. 

 
MANAGEMENT RECOMMENDATIONS, COST 
RECOVERY FAILURES, AND ALLOCATION 

PWSAC management recommendations have resulted in multiple cost recovery failures despite 
the availability of adequate numbers of fish. Their management recommendations and associated 
cost recovery shortfalls jeopardize PWSAC’s financial viability. The department manages 
hatchery salmon harvest activities in PWS to ensure that PWSAC cost recovery and broodstock 
collection goals are efficiently completed. The department relies on PWSAC to make fishery 
recommendations that will ensure adequate hatchery fish are available for cost recovery and 
broodstock needs. In 2004, multiple problems with PWSAC operations and relations reached a 
point that required an official letter of concern from the area staff (Appendix A4). In 2004, 
PWSAC pursued a management strategy that did not support the achievement of cost recovery 
and broodstock goals, in spite of repeated warnings from department managers (Appendix A4). 
PWSAC subsequently fell more than $2 million short of their 2004 cost recovery goal and did 
not meet some broodstock collection goals. As a result, PWSAC had to take out additional state 
funded loans to address financial problems. Questionable PWSAC management 
recommendations continued in 2005 and resulted in cost recovery short falls despite record 
salmon runs. In 2006, PWSAC repeatedly made recommendations that did not support the 
common objective of efficiently achieving cost recovery. For example in 2006, PWSAC’s 
management recommendations actively led to a cost recovery short fall for chum salmon and 
pink salmon. 

Under the new PWS Allocation Plan, the Granite Bay Subdistrict is closed for the season if the 
purse seine gear group is allocated the Esther Subdistrict. The new plan specifies that in years 
when the purse seine fleet has exclusive access to the Esther Subdistrict from June 1 to July 21, 
the Granite Bay Subdistrict will remain closed to the common property fishery, unless 
deterioration of enhanced fish quality necessitates an opening. In late June 2006 approximately 
250,000 chum salmon were holding in the Granite Bay Subdistrict, and chum salmon cost 
recovery was behind the anticipated level. The department repeatedly encouraged PWSAC to 
request an emergency order (EO) to conduct cost recovery in the Granite Bay Subdistrict. 
However, PWSAC refused to go into the Granite Bay Subdistrict, first because they were 
worried about wild stock interception. Next, they informed the department that they would go 
into Granite Bay only if the department waived the required $300 fee for additional sampling of 
cost recovery harvests outside the SHA as detailed in the AMP. Deteriorating chum salmon 
quality was a concern and the department notified PWSAC that if they did not harvest those fish 
for cost recovery, the area would be opened to Common Property Commercial Fisheries 
Contributions (CPF) per the Allocation Plan. PWSAC again declined, the department opened the 
area, and ~280,000 fish were harvested from the Granite Bay Subdistrict. PWSAC subsequently 
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was unable to complete their cost recovery goal. It is unclear why PWSAC refused to harvest 
those fish when they were required for cost recovery.  

Also in 2006, PWSAC failed to meet their pink salmon cost recovery goal. The department was 
not informed of this until it was announced at the October 2 PWSAC Board of Directors 
meeting. Pink salmon returns in 2006 were late and weaker than forecast. Because of the run 
entry pattern, all CPFs were delayed until PWSAC announced it had completed 100% of cost 
recovery. The department and public are left to wonder what happened that resulted in PWSAC 
later announcing they had not achieved the cost recovery goal.  

In the past, the department was hesitant to overrule a PWSAC recommendation regarding 
commercial fishing within hatchery subdistricts. However, the department has been forced to 
ignore many PWSAC recommendations because they were irrelevant to the facts at hand or were 
in conflict with stated department policies. For example, at one point in 2006 the department 
clearly stated that wild stock escapement concerns precluded any fishing effort outside terminal 
hatchery subdistricts. Yet PWSAC’s next recommendation was to focus effort on areas outside 
terminal areas where wild stocks are susceptible to interception. When informed, again, that 
these areas were not acceptable options, PWSAC recommended delaying the opening of some 
hatcheries subdistricts and leaving the Esther Subdistrict closed. There was no explanation for 
the delays and closure despite the completion of over 90% of cost recovery and adequate 
broodstock collection. Later in 2006, PWSAC had completed most of the egg take and had 
surplus fish in the SHAs yet would not recommend opening these areas to CPF. PWSAC ended 
up roe stripping an unknown number of these surplus pink salmon. The department has 
experienced similar problems with PWSAC since 2004. These erratic recommendations call into 
question PWSAC’s ability to manage for the cost recovery and broodstock collection goals. 
PWSAC has developed a record of making recommendations that are counter to the prosecution 
of an orderly fishery and of little use to department. Frequently, PWSAC management 
recommendations appear to support goals other than achieving cost recovery and broodstock 
collection. Many recommendations appear to be driven by allocation issues rather than the 
achievement of cost recovery goals. 

ALLOCATION 

PWSAC management recommendations also impact the allocation of PWS fisheries. Under 
5 AAC 24.370. Prince William Sound Management and Salmon Enhancement Allocation Plan. 
(g) the department will consult with the hatchery operator to address making proportional 
adjustments in cost recovery during the applicable year to correct the ex-vessel value allocation 
percentages to the drift gillnet and purse seine gear groups. This regulation was developed after 
a review of operations and negotiations between the Alaska Board of Fisheries, the department, 
and PWSAC. That review determined that PWSAC had the capacity to make the appropriate 
proportional adjustments to correct for drift gillnet and purse seine allocation disparities from 
45% to 47%. If PWSAC is unable to meet their own cost recovery goals, it is unlikely they will 
be able to adjust cost recovery to correct a 2% allocation disparity. Their ability to adjust cost 
recovery is further complicated by the inconsistent return of the various hatchery stocks. Finally, 
the individuals the make up PWSAC management have an inherent conflict of interest because 
they are largely composed of gear group representatives. 
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LACK OF GOOD FAITH NEGOTIATIONS 
Each year Annual Management Plans are developed and reviewed by the department, PWSAC, 
and the Regional Planning Team. For the past several years PWSAC has not acted in good faith 
in the development of the AMPs. PWSAC consistently makes hidden changes in the text. The 
changes are not highlighted so that the department must make a sentence-by-sentence 
comparison with the previous year’s AMP. This also occurs in the cooperative agreement 
process. The hidden changes include the deletion of monitoring requirements and changes to 
broodstock and cost recovery goals. Monitoring requirements are stipulations of the permits and 
require a Permit Allocation Request (PAR) for alteration or deletion. PWSAC was notified by 
the RPT that hidden changes and omissions are unacceptable.  Yet PWSAC again failed to act in 
good faith in the development of the 2006 AMPs.  

In 2006, the department again identified multiple hidden changes in the AMPs. The department 
notified PWSAC that no AMPs would be approved at the annual RPT meeting because of these 
unilateral changes. This is an unprecedented measure due to the complete breakdown of the 
normal AMP review process. The department corrected these unilateral changes in the 2006 
AMPs and resubmitted them to PWSAC. All departmental changes and corrections were clearly 
identified in the Track Changes feature of MS Word2. PWSAC did not respond to the edits of the 
AMPs and subsequently distributed their original version with all the unilateral changes to RPT 
members. 

An additional example of PWSAC’s lack of good faith is their refusal to supply the department 
with their Fish Culture Manuals. The department has no knowledge of how PWSAC operates 
many aspects of their programs. Prior to 2006, the Fish Culture Manuals were referenced in 
AMPs if more detail was required. The department repeatedly requested to review the Fish 
Culture Manuals to better understand hatchery operations. PWSAC repeatedly refused to give 
the department the Fish Culture Manuals stating that they were ‘proprietary’. In 2006, PWSAC 
eliminated all reference to Fish Culture Manuals in the AMPs. In many instances a single 
sentence to describe a complex process replaces the reference to Fish Culture Manuals. 

 
COOPERATIVE AGREEMENT PROBLEMS 

Continuous problems with cooperative agreements cost the department extensive staff time and 
money. The department generally develops cooperative agreements with PWSAC each year to 
contract the duties and financial responsibilities for collaborative work. This work includes 
marking programs, remote release evaluations, and various other projects. PWSAC has failed to 
act in good faith during the development of these agreements. PWSAC has repeatedly made 
hidden unilateral changes to the agreements with no explanation. These hidden changes 
frequently eliminate programs or costs that PWSAC does not agree with. Even when the changes 
are noted, no explanation of the alterations is provided. PWSAC’s lack of good faith in this 
process costs the department money and time in the development of what should be standard 
documents.  

The department has experienced additional problems with cooperative agreements. In the 
Gulkana Hatchery cooperative agreements, PWSAC is required to send blind test samples to the 
                                                 
2  Product names used in this report are included for scientific completeness, but do not constitute a product endorsement. 
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Cordova office. Blind test samples are used to check preparation procedures and ability to detect 
strontium chloride marks by the University of Alaska laboratory in Fairbanks. PWSAC failed to 
send blind test samples as stipulated in the cooperative agreement and as requested in emails, 
phone calls and meetings. Similarly, PWSAC is required to supply thermal marked otolith 
samples to the Cordova office each year for blind tests for mark detection and identification. 
Blind tests of readers are important to ensure that the marks are being detected correctly and 
management decisions are based on accurate information. There have been consistent problems 
with these samples. They are generally delivered late, not preserved correctly (rotten), and have 
incomplete labeling. This results in additional time and expense to the department. The 
department has been unable to complete the blind tests because of these problems. 

Additional problems consistently occur with cooperative agreements. Frequently deadlines are 
set in cooperative agreements. Deadlines are required to allow time for hiring, equipment 
purchases, and sample processing. PWSAC consistently misses deadlines and is evasive in 
submitting required notification, samples, and funding. This has required department local, 
regional, and headquarters staff to make multiple emails and phone calls to get payment 
stipulated in cooperative agreements. Again, this behavior costs the department time and money. 
 

COST RECOVERY HARVEST PROBLEMS 

PWSAC has harvested fish cost recovery outside of the Main Bay Subdistrict Special Harvest 
Areas without notifying the department or having an emergency order (Appendix A5), in 
violation of the Private Nonprofit Salmon Hatchery General Regulation 5 AAC 40.005. Special 
Harvest Area boundaries may be altered by emergency order if necessary for proper management 
of hatchery stocks 5 AAC 40.005 (e). The department was only made aware of these harvest 
activities through informal conversation with PWSAC staff. 

The department views PWSAC achieving its revenue goals in a timely and efficient manner as 
beneficial for maintaining fish quality and providing increased CPF fishing opportunity. The 
department regularly issues emergency orders to conduct cost recovery outside a SHA to 
facilitate cost recovery or maintain fish quality. The department generally approves expanded 
cost recovery area requests the same day the request is made. Frequently the proposed areas are 
outside of prescribed cost recovery special harvest areas; therefore there is concern over the 
interception of wild stock salmon. Because of PWSAC’s activities the department created the 
following conditions for expanded SHAs to assure that wild stocks are not impacted the 
department stipulated in the AMPs the following requirements: 

• PWSAC will agree to pay all costs associated with the sampling, otolith preparation, and 
reading of otoliths from the permitted cost recovery harvest(s). 

• PWSAC will notify the department with reasonable time prior to any cost recovery 
operations to request an emergency order permitting the activity and to provide notice for 
the scheduling of sampling personnel. 

• All emergency orders issued permitting cost recovery operations will be for the specific 
dates that PWSAC has requested. 

• Cost recovery harvest(s) from these areas will not be mixed with any other harvest at 
anytime until after sampling. No sorting of cost recovery harvest(s) is permitted until 
after sampling. 
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• No future emergency orders permitting cost recovery operations will be issued until the 
previous harvest has been evaluated for wild stock interception. 

• The department may discontinue permitted cost recovery operations at anytime.  

The conditions of cost recovery operations outside SHAs are clearly defined in AMPs to prevent 
cost recovery harvest of wild stocks and to assure that PWSAC operates according to regulation. 
PWSAC has resisted complying with these stipulations. In 2006 PWSAC unilaterally eliminated 
these requirements from the draft AMPs. 

Additionally, PWSAC frequently changes cost recovery and broodstock collection goals mid-
season without department approval or providing a justification. Cost recovery and broodstock 
collection goals are reviewed and approved by the RPT and PNP Coordinator each year. 
Repeatedly the department finds out about altered goals when they are mentioned during 
management recommendation discussions. PWSAC does not request the alterations or inform the 
PNP Coordinator of changes. 
 

COST RECOVERY PERCENTAGES 
From 2000–2005, the total value of pink, chum, and sockeye salmon produced at PWSAC’s 
Armin F. Koernig (AFK), Cannery Creek (CCH), Wally Norenberg (WNH), and Main Bay 
(MBH) hatcheries and harvested in the commercial common property and cost recovery fisheries 
was $113,456,385. The value of contributions to the commercial common property fisheries 
totaled $72,676,506. According to hatchery Annual Reports, the value of cost recovery harvests 
(including roe sales) totaled $40,779,879. If the production of PWSAC’s Gulkana I (GH I) and 
Gulkana II (GH II) sockeye salmon hatcheries and WNH coho salmon O. kisutch were included 
(even though small by comparison) the value of PWSAC’s contribution to the common property 
fisheries would increase slightly. 

During this period, PWSAC harvested an average of 54% of the total value of WNH pink salmon 
production for cost recovery, followed by 43% of the value of AFK pink salmon production, 
40% of the value of WNH chum salmon production, 39% of the value of CCH pink salmon 
production, and 12% of the value of MBH sockeye salmon production (Appendix A6). Overall, 
PWSAC harvested 36% of the total value of their production from these hatcheries for cost 
recovery, which is within the Phase 3 Comprehensive Salmon Plan (PWS/CR RPT 1994) 
recommendation that “the long-term average cost of hatchery operation, management, and 
evaluation must remain below 50% of the value of hatchery production.” If the value of GH I 
and GH II sockeye salmon and WNH coho salmon contributions to the common property 
fisheries were included, the percent of production value harvested by PWSAC for cost recovery 
would be ~34%. 

Viewing the cost recovery proportions as a percentage of the 6-year total value provides an 
unweighted result. When evaluated on an annual basis (each year weighted equally) the cost 
recovery proportions are greater. For example the WNH cost recovery has taken a large 
percentage of pink salmon. The cost recovery proportion of the WNH pink salmon return from 
2000 through 2005 was 44%, 76%, 75%, 31%, 95% and 53% or an average of 62%. Similarly, 
CCH pink salmon annual cost recovery percentages for 2000 through 2005 were 26%, 65%, 
59%, 40%, 95%, and 27% or an average of 52%. These calculations do not include the value of 
broodstock which would increase the percentage of cost recovery to an average of 58% for CCH 
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and 66% WNH pink salmon. While PWSAC is within the PWS/CR Research Planning Team 
50% average cost recovery proportion of total value, on an annual basis, they are at or above that 
level at 3 of 5 hatcheries. 
 

FISH MARKING AND MARK RECOVERY 
PWSAC has refused to fund otolith mark recovery required in their permit and the chum salmon 
marking program has failed. PWSAC has been otolith marking 100% of their production for over 
5 years. The quality of their marks has been generally good, with only a few cases of marks that 
had variations. They use thermal cycling to mark all of their fish with one exception; sockeye 
salmon from the Gulkana Hatchery are marked with strontium chloride, a chemical that is 
absorbed into the otolith and can be seen with an electron microscope. The main criticism of 
their marking program concerns the chum salmon from Wally Noerenberg Hatchery. Chum 
salmon from this hatchery are released at 3 different sites and each site is supposed to have a 
unique mark. This objective was only met for 2 of 5 recent brood years (2000–2004). The release 
of chum salmon with the same marks at multiple sites has severely compromised evaluation of 
the different release sites. The second criticism is PWSAC’s resistance to funding mark 
recovery. Finally, PWSAC fails to report marking problems internally and does not relay any 
information about marking problems to ADF&G. 

In 2003, all age classes of Port Chalmers remote release chum salmon had thermally marked 
otoliths, making complete identification of hatchery fish and release sites possible for the first 
time. Otolith sampling provides an opportunity for accurate and economical monitoring and 
evaluation of enhanced salmon fisheries. Understanding remote release migration patterns and 
the possibility of straying may have important implications on the management of current and 
future remote releases. Until 2005, PWSAC refused to fund chum salmon mark recovery 
although it is a condition of the WNH permit. PWSAC contended that if the data is not used for 
inseason management, they were not interested in funding it. The additional funding increment 
for chum salmon otolith recovery in 2004 was an estimated $7,000. The department offered to 
pay 50% ($3,500), but PWSAC again declined to participate. 

The department uses the analysis of thermally marked otolith data to determine origins of salmon 
in harvests and escapements. In the BMP, permit, and cooperative agreements, PWSAC is 
required to fund the recovery and analysis of otoliths in common property fisheries. These data 
provide estimates of total hatchery returns and harvest contributions used to manage wild and 
hatchery returns. Further, allocation monitoring is dependent on quantifying gear group specific 
harvests of enhanced salmon and the harvest locations. Until 2005 PWSAC refused to participate 
in chum salmon otolith recovery despite the fact that it is a condition of their permit. The 
department was forced to pay for the collection and analysis of these otoliths. During this time 
the department did nothing about this permit violation beyond request that they adhere to the 
permit requirements. In 2005 PWSAC submitted a PAR to increase chum salmon production and 
decrease pink salmon production at WNH. The department made chum otolith sampling, as 
already required in their permit, a PAR approval contingency. Only after the department tied the 
sampling to a PAR that PWSAC had requested, did they fund the sampling that was clearly 
required in their permit (Memorandum from ADF&G to PWSAC March 21, 2005). 

The release of chum salmon with the same marks at multiple sites has severely compromised 
evaluation of the different release sites. The most complete review of marking problems is the 
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‘Potential Mixing of Otolith Marks between Port Chalmers, AFK, and WNH Release Locations’ 
report by Christine Mitchell and Timothy VanGelderen (Appendix A7). This report documented 
that PWSAC mark tracking data (Otolith Report, Thermal Schedule Worksheet, Thermal Mark 
Release Information Form) showed inconsistencies among all brood years. The review 
concludes:  

Although the data from some years was better than that from other years there was not a 
year without missing data making it more difficult to determine what mark or release 
strategy they belonged to. It is known that several times in the last few years the transfer 
schedule changed after marks were placed so that the marks intended for release in one 
location were actually sent to another. Obviously this requires careful documentation 
that was not found anywhere with in the data.  

The report then details how fish were accidentally released in the wrong locations, accidentally 
held in salt water, and many other transfer problems. In summary, there was not a single year 
without missing data used to track where marked fish were released. The report concludes that 
marks intended for one location were released at another location multiple times. Further, there 
was incomplete documentation to track the program and problems were not documented anywhere.  

Discussions about marking and release sites between the department and PWSAC have not been 
informative. PWSAC apparently knew about some of these problems but refused to provide any 
relevant information to the department. The department only became aware of this marking 
report when it was referred to at PWSAC board meetings. Department staff then asked to see the 
report but PWSAC ignored department requests to review the report. At the 2006 RPT meeting, 
the department requested that each RPT member be sent a copy of the report. The report still was 
not forthcoming, but department staff was eventually given a single hard copy (Appendix A7) 
when at the PWSAC office on other matters. When asked about marking procedures, PWSAC 
repeatedly refers to Fish Culture Manuals but will not let the department review them. This is 
another example of PWSAC withholding information that the department requires to review and 
understand hatchery practices. The failed chum salmon marking program and refusal to fund 
mark recoveries is part of a continued pattern of uncooperative behavior with meeting 
performance standard 5AAC 40.860 (b)(5). 

The department has experienced additional problems with PWSAC marking programs. In the 
Gulkana Hatchery cooperative agreements (IHP-94-004), PWSAC is required to send blind test 
samples to the Cordova office. Blind test samples are used to check preparation procedures and 
ability to detect strontium chloride marks by the University of Alaska laboratory in Fairbanks. 
PWSAC failed to send blind test samples as stipulated in the cooperative agreement and as 
requested in emails, phone calls and meetings. Similarly, PWSAC is required to supply thermal 
marked otolith samples to the Cordova office each year for blind tests for mark detection and 
identification. Blind tests of readers are important to ensure that the marks are being detected 
correctly and management decisions are based on accurate information. There have been consistent 
problems with these samples. They are generally delivered late, not preserved correctly (rotten), 
and have incomplete labeling. This results in additional time and expense to the department. The 
department has been unable to complete the blind tests because of these problems.  

The marking problems have detrimental effects on the department’s management of PWS fish 
resources. The department is unable to track allocation of hatchery fish intended for a specific 
gear group because of compromised harvest contribution estimates. The department is also 
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unable to determine if there is a difference in the straying rates between remote releases and 
hatcheries. Thus, the department is left to wonder at anomalous data results that could be 
explained if PWSAC had supplied relevant information. 
  

HATCHERY PRACTICES 
The department has been unable to review basic hatchery practices because PWSAC refuses to 
supply requested information. The operation of each hatchery is based on an AMP reviewed 
annually and FTPs reviewed as needed by the RPT. In these plans and permits, PWSAC 
repeatedly refers the reader to their fish culture procedures manual. Despite repeated requests 
from the department PWSAC refuses to provide these manuals. When asked why the department 
cannot see the manuals PWSAC claims that the information is proprietary. PWSAC’s refusal to 
supply that information has made a review of basic methods impossible. PWSAC eliminated all 
text referring the reader to their Fish Culture Procedures Manual in their draft 2006 AMPs. An 
incomplete description of methods, as little as one sentence, was substituted for the reference to 
the fish culture procedures manual. When asked to provide more detail, the PWSAC general 
manager suggested the department get some hatchery text books.  

PWSAC also appears to be selecting for later timed runs with their broodstock collection 
procedures. The majority of the broodstock appears to be collected late in the run. The 
broodstock collection data supplied by PWSAC makes the timing difficult to review. PWSAC 
refuses to provide additional information about broodstock collection timing. Because of 
inadequate information, the department is unable to review the broodstock collection timing. 
Later timing of PWSAC runs reduces value to the fleet. Additionally, later timed strays are 
maladapted to environmental conditions and, if successfully interbreeding with wild stocks may 
reduce their viability. 

Another area of concern is the broodstock and cost recovery goals. Broodstock and cost recovery 
goals are reviewed and approved by the department and the RPT each year. PWSAC frequently 
changes cost recovery and broodstock goals without notifying the department or providing 
justification. Because of this CPFs are delayed due to the increase in required number of fish for 
hatchery uses and interferes with the department’s ability to operate an organized fishery. 
 

HATCHERY SALMON STRAYING 
The department has documented large scale PWSAC pink and chum salmon straying throughout 
PWS (Appendices A8 and A9). Escapement in some streams was composed of over 90% stray 
hatchery salmon. Large scale pink and chum salmon straying significantly impact wild stocks in 
a negative manner violating performance standard 5 AAC 40.860 (b)(4). PWSAC has refused to 
participate with any work associated with hatchery salmon straying. The Phase 3 Comprehensive 
Salmon Plan delineates a set of studies determined to be ‘necessary to evaluate the effect of 
remote release programs on wild stocks’ (PWS/CR RPT 1994). An evaluation of hatchery fish 
straying is identified as one of the required evaluations in the Phase 3 Comprehensive Salmon 
Plan. Funding of chum salmon otolith marking, recovery, and analysis is also a condition of 
PWSAC's permit. The Phase 3 Comprehensive Salmon Plan (PWS/CR RPT 1994) and the 
Genetics Policy (GPRT 1985) state hatchery salmon straying rates should not exceed 2% of the 
total wild stock escapement. The department became concerned about PWSAC hatchery chum 
salmon straying in 2002 and 2003 when 92% and 87% of recovered otoliths at the Eshamy River 
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weir were of hatchery origin. As a result, a pilot study was initiated in 2004 to more closely 
examine hatchery chum salmon straying rates in PWS. In 2004, 10 of 14 (71%) sampled streams 
had straying rates of hatchery chum salmon greater than 2%. In 2005, 12 of 17 (71%) selected 
streams had greater than 2% hatchery chum salmon strays. PWSAC was sent memos and annual 
reports detailing the results of each of these studies (Appendices A8 and A9). The department 
has funded and conducted 3 years of straying studies for PWSAC hatchery chum salmon. Area 
staff presented PWSAC with an operational plan for this study for their comment and they have 
been repeatedly invited to participate. In the development of enhanced stocks, straying is 
identified as a potential negative impact that must be monitored and funded by PWSAC.  

The department has also documented large scale pink salmon straying Joyce and Evans 
(unpublished data3), Joyce and Evans (1999), and Joyce et al. (unpublished data4). The studies 
found that  

The proportion of hatchery salmon in stream escapements was greatest in the streams 
located adjacent to hatcheries in all years often reaching 100% by the final sampling 
event. Proportions of hatchery pink salmon were also high in southwestern streams 
distant from production hatcheries; proportions in the final sampling event ranged from 
31% in Snug Harbor to 91% in Loomis Creek in 1997, and from 14% in Snug Harbor to 
83% in Loomis Creek in 1998. No further studies were conducted to evaluate straying 
rates in other areas or even years. 

The department has largely ignored the results of this study. 

It is unclear why the authors, one of whom was the PWS Area Management Biologist, did not 
follow up on the results of this study. The authors write 

We have reported very high percentages of hatchery salmon in streams, especially in the 
southwestern region of Prince William Sound, and have commented briefly on the 
effects they may have on wild populations. We might ask how the hatchery permitting 
agencies of the State of Alaska allowed the current situation to arise.  

This internal review questions how the authors allowed the problem continue without comment 
for the next decade. The authors recommend that further study is needed to estimate the number 
of stray hatchery pink salmon in each fishing district and that studies need to be conducted on the 
effects these stray salmon have on the reproductive potential of natural stream escapements. 
They also recommend more comprehensive oversight of future hatchery programs. That 
oversight may include resolutions to maintain lower ratios of hatchery to wild fish stocks and 
mandated removal of unharvested hatchery fish. None of these recommendations were acted on. 

PWSAC never completed a straying study to evaluate the Port Chalmers release location as 
required in Cooperative Agreement COOP-94-060. There is no record as to why this evaluation 
was not completed. Various sections of the Phase 3 Comprehensive Salmon Plan contain 
requirements to conduct straying studies by hatchery facilities in the state of Alaska.  Straying of 
hatchery-reared salmon into wild-stock streams may reduce wild-stock productivity, because 
genetic variability among wild stocks is reduced. 
                                                 
3  Joyce, T. L., and D. Evans.  Unpublished.  Determining the scope and magnitude of hatchery stray pink salmon in 

Prince William Sound, 1995.  Alaska. 
4  Joyce, T. L. and D. Evans.  Unpublished.  Using thermal marked otoliths to aid the management of Prince 

William Sound Pink Salmon, 2001.  Alaska. 
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Straying was recognized a having potentially serious negative affects on wild stocks. It is 
identified, reviewed, and mitigation steps discussed multiple times in various documents. 

For example the Phase 3 Comprehensive Salmon Plan (PWS/CR RPT 1994) states on page 23-
25 section 4.10 

Recognizing Optimum Production The PWS/CR RPT recommended that 5 biological 
and economic criteria be employed to recognize optimum production as the hatchery 
program in PWS is further developed and fine tuned.  …2) The proportion of hatchery 
salmon straying into wild-stock streams must remain below 2% of the wild-stock 
escapement over the long term. The Phase 3 Comprehensive Salmon Plan further states 
on page 26 Section 4.30 Maintain Straying Rates Below Threshold. Since the late 
1980s, hatchery salmon have greatly outnumbered wild salmon in Prince William 
Sound. Under these conditions, even relatively low straying rates of enhanced stocks 
may cause reduced genetic variability among affected wild stocks, because the straying 
rate as a proportion of wild-stock escapement is relatively high. At the present time, the 
straying rate of hatchery salmon in wild-stock streams is not known. A monitoring 
program should be implemented to periodically estimate the rate of hatchery-salmon 
straying into wild-stock streams, and to better define genetic stock boundaries in PWS. 
If it is determined that the rate of straying is significantly greater than the acceptable 
threshold of 2%, the PWS/CR RPT will determine whether and to what extent the 
hatchery program in PWS should be modified to reduce the rate of straying. Hatchery 
operational strategies that may minimize straying or the effect of hatchery-salmon 
straying should also be examined.  

The Phase 3 Comprehensive Salmon Plan further recommends in the Hatchery Salmon Remote 
Release Site Evaluations and Recommendations on page 7, section 1.42 Genetics.  

Proposed remote releases of salmon must not compromise the genetic integrity of the 
wild stocks.  Therefore, in evaluating remote release programs, priority should be given 
to those sites or projects that: 1)are barren of wild stocks of the same species; 2) use 
local stocks as brood; or, 3) result in adult returns (run timing curves) which do not 
overlap those of local stocks. In addition to management and genetic guidelines, 
specific topic areas are recommended for evaluation such as early life history and 
cost/effects. The Phase 3 Comprehensive Salmon Plan further recommends in section 
1.43 Evaluation Studies. The RPT recognizes that studies will be necessary to evaluate 
the effect of remote release programs on wild stocks.  The set of studies needed will 
likely differ depending on characteristics of specific remote release sites.  The following 
types of studies may be necessary to evaluate specific remote release programs. 1. …3.  
Straying of hatchery stocks into streams Remote released stocks may stray into wild 
stock streams along migration routes or at the releases site. 

STRAYING AND WILD STOCK ISSUES 
Large-scale straying of the PWSAC enhanced chum salmon also has negative implications on 
wild stock management. The department manages for wild chum salmon escapement goals based 
on aerial survey counts of fish in streams. All fish counted in streams are assumed to be wild 
stock fish. The presence of a high proportion of stray hatchery fish in streams artificially inflates 
wild stock escapement estimates. Inflated wild stock escapement numbers may mislead 
management into believing that the escapement goals have been met. The department then opens 
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districts to harvest wild stock fish assumed to be excess to escapement goals. However, the 
escapement goal may not have been met because of the large number of hatchery strays in the 
aerial survey escapement estimates. Additionally there are significant genetic concerns 
associated with hatchery strays interbreeding with wild stocks.  

One of the department’s greatest concerns are the implications to the genetic integrity of wild 
populations and to fishery management. Local adaptations among wild pink salmon populations 
have been demonstrated. Hatchery salmon are believed to become genetically distinct from the 
originating native population(s), and concern arises from the belief that the fitness of locally-
adapted wild populations is reduced upon genetic integration with domesticated hatchery salmon.  

Utilizing the relation between hatchery chum salmon straying rates and total instream chum 
salmon abundance, we interpolated ~40,000–45,000 hatchery chum salmon strayed into wild 
stock streams throughout PWS in 2005. The calculation was made using streams with observed 
chum salmon from the 208 index streams in 2005 (n=80). This is ~25% of the (175,000 mid 
point) 2005 Sustainable Escapement Goal used for managing wild stock chum salmon in PWS, 
~21% of PWSAC’s annual chum salmon brood collection, and ~5% of the total PWSAC 
hatchery chum salmon contribution to the CPF harvest using a 5-year average (Appendices A8 
and A9).  

STRAYING AND ALLOCATION ISSUES 
Large-scale hatchery chum salmon straying also has negative implications for the Prince William 
Sound Management and Salmon Enhancement Allocation Plan (5 AAC 24.370). Potentially 
thousands of hatchery chum salmon may be harvested by unintended gear groups or in 
unintended locations that, depending on the number of strays, may influence gear specific 
exvessel values. As part of the PWS Allocation Plan, Port Chalmers remote release chum salmon 
are intended to be harvested by the seine fleet in the Montague District. The 2003 projected Port 
Chalmers remote release chum salmon return was 989,000. Approximately 323,000 Port 
Chalmers remote release chum salmon were identified in the Coghill District harvest, 
representing a potential 30% straying rate. At least 130,000 of these seine allocated fish were 
harvested by the gillnet fleet in the Coghill District. Thus, straying increased the disproportionate 
harvest by the gillnet fleet in 2003. PWSAC has been unable to provide any explanation for this 
number of fish returning to WNH rather than Port Chalmers. The 2003 return had the largest 
number of fish harvest by a gear group other than that for which it was intended. During other 
years the number has been smaller (~50,000 fish) but still potentially problematic (Ashe et al. 
2005). Considerable scrutiny and concern about allocation issues required an out-of-cycle Alaska 
Board of Fisheries meeting in early 2004. 

STRAYING AND COST RECOVERY ISSUES 

The straying of large numbers of PWSAC fish also has negative implications for cost recovery. 
In years when few hatchery salmon return, hatchery strays may exacerbate a run shortfall and 
could ultimately lead to PWSAC not achieving cost recovery or brood collection goals. PWSAC 
has repeatedly experienced species specific cost recovery short falls in the past 3 years. A portion 
of the shortfalls may be due to straying of fish. Straying fish do not return to the hatchery 
terminal areas where cost recovery harvests occur. As the number of straying fish increase less 
fish are available for cost recovery harvest. 
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GULKANA HATCHERY BACKGROUND 
The Gulkana Hatchery consists of 2 incubation facilities (Gulkana I and II) located above Paxson 
Lake on the east fork of the Gulkana River approximately 260 miles from the Gulf of Alaska. 
ADF&G developed this facility; however, PWSAC assumed operation of the Gulkana Hatchery 
in 1993 and currently operates the facility under contract with the State of Alaska. For the past 5 
years an average of 165 thousand Gulkana Hatchery sockeye salmon were harvested in the 
commercial fishery representing 13% of the annual Copper River sockeye salmon commercial 
harvest. The accepted program goal of the Gulkana Hatchery Facility (BMP section 2.2) “is to 
provide an annual average return of 300,000 adult sockeye salmon without jeopardizing delta 
and upriver wild stock escapements. Hatchery production will contribute to all common property 
fisheries including commercial, personal use, subsistence, and sport”.  

As the Gulkana Hatchery program expanded there was growing concern over the department’s 
ability to achieve wild stock escapement goals. The Gulkana Hatchery Policy Paper was 
produced when the hatchery run was estimated as 250,000 and 300,000 adults. The policy paper 
as well as the current BMP identifies evaluation projects that would enable the department to 
better achieve wild stock escapement goals for both upriver and delta components of the Copper 
River sockeye salmon run. These projects focus on escapement enumeration; age, sex, and size 
sampling; stock identification, nursery lake evaluations, and data analysis. Since 1990 enhanced 
sockeye salmon runs have averaged above the prescribed 250,000 to 300,000 goal of returning 
adults, with a 10-year (1995–2004) average estimated run of 382,700 enhanced sockeye salmon 
(Ashe et al. 2005). These large hatchery runs continue to complicate harvest and wild stock 
management in the Copper River District.  

The primary recommendation of both the Gulkana Hatchery Policy Paper and the Gulkana 
Hatchery BMP was that production would not be increased until an adequate evaluation program 
was in place to address management concerns. All enhanced sockeye salmon fry since brood 
year 1999 have been otolith marked using strontium chloride. The BMP calls for 2 complete 
brood year returns with successful otolith marks applied as fry before any consideration of 
adjusting stocking levels to achieve the target production of 300,000 adults. Additionally, 
nursery lakes evaluations were originally identified in the Gulkana BMP to assess fry-to-smolt 
survival and to determine appropriate stocking levels through monitoring of zooplankton at 
Summit, Paxson, and Crosswind Lakes. Zooplankton analysis will provide information about the 
availability of food for juvenile sockeye salmon and prevent overgrazing of this food source. The 
permit and BMP stipulate that these evaluations are to be funded solely by PWSAC and the 
results provided to the department in a timely manner. 

PERMIT COMPLIANCE ISSUES 

The Gulkana Hatchery fails to meet performance standard 5 AAC 40.860 (b)(5) by not fulfilling 
multiple production objectives described in the terms of the hatchery permit. The Gulkana 
Hatchery operation has experienced a number of operational problems and has been out of 
compliance with permit, BMP, and cooperative agreement requirements for multiple years. 
These failures include violating permitted stocking numbers, withholding required data and not 
completing required monitoring. Further, the failed chum salmon marking program and refusal to 
fund mark recoveries fails to meet performance standard 5 AAC 40.860 (b)(5). The department 
has repeatedly encouraged PWSAC to address the lack of compliance with multiple permit 
requirements (Appendix A10). PWSAC has violated the permit requirement of timely delivery of 
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limnology data for 6 years, despite repeated written and verbal requests for the data. The 
Crosswind Lake permitted stocking level of 7.6 million fry has been exceeded in 4 of the last 5 
years. The delivery of otoliths from broodstock escapements and funding of Personal Use otolith 
analysis, as outlined in cooperative agreements, has also been problematic. PWSAC has also 
never completed the smolt out-migration monitoring permit requirement on Paxson Lake as 
outlined in the BMP. The Gulkana Hatchery fails to meet performance standard 5 AAC 40.860 
(b)(5) by not fulfilling the production objectives described in the terms of the hatchery permit. 
These failures include violating permitted stocking numbers, withholding required data and not 
completing required monitoring. Permit Requirement 3 states that ‘the Annual and Basic 
Management Plans are conditions of the permit and must be followed and adhered to at all 
times’. 

LIMNOLOGY SAMPLING 

Limnology monitoring (zooplankton sampling) is required in the Gulkana Hatchery AMP and 
BMP. This standard information is used to evaluate sockeye salmon nursery lakes carrying 
capacity and assure that stocking does not negatively affect the forage base. PWSAC has been 
out of compliance with the limnology monitoring required in the Gulkana Hatchery permit for 6 
years. The department requested this information multiple times over that time period. Requests 
were made at meetings, through phone calls, emails, and at annual Regional Planning Team 
meetings. PWSAC repeatedly refused to supply that data or confirm that it had been collected. 
PWSAC stated that the limnology data had been ‘used against them’ in the past to adjust 
stocking numbers to levels that they disagreed with. During this time the department did nothing 
about this permit violation beyond making repeated requests for the data. PWSAC had been 
pursuing a Permit Alteration Request (PAR) to increase the stocking numbers at Crosswind Lake 
for 2 years (Appendices A10 and A11). Only after the department tied the limnology data to the 
approval of that PAR did PWSAC deliver the zooplankton data. 

The limnology/zooplankton sampling conflict has a long history dating back to a 1995 memo 
from ADF&G employee Gary Kyle and a 2000 memo from ADF&G employee Jim Edmondson 
(Appendices A12 and A13). Mr. Kyle states that:  

the stocking of Paxson, Summit, and Crosswind lakes with sockeye salmon fry from 
Gulkana Hatchery is being done without zooplankton assessment. According to Gary 
Martinek (Gulkana Hatchery Manager), they have collected zooplankton samples since 
taking over the hatchery operations but have not had them analyzed because of no 
available funding. 

However, the Gulkana Hatchery AMPs and BMP require PWSAC to fund that analysis. The 
memo goes on to state that overstressing the rearing area can have long-term effects on the 
zooplankton community. Furthermore, it is the department’s responsibility to match the rearing 
capacity of the lake with stocked fry densities so as to prevent the collapse of the zooplankton 
forage base from overstocking fry. The collapse of the zooplankton forage base may have 
negative effects on wild stocks.  

That may be the situation that has developed since that time. When the department finally 
received and analyzed the zooplankton data it was apparent that PWSAC had not been using the 
appropriate fry stocking strategy. The data showed that Crosswind Lake consistently has the 
lowest fry stocking densities and highest available food resources per fry among the 3 lakes 
(Appendix A14 and A15). Based on this pattern, PWSAC had been stocking the highest fry 

 17



density into the lakes with the least available forage. However, because PWSAC had been 
withholding that data, the rearing conditions of the lakes remained unknown. During this time 
PWSAC was unable to attain their broodstock for 5 consecutive years (2000–2004). It is unclear 
if this is related to the stocking rates or what impact stocking rates may have had on wild stocks. 

PWSAC had been advocating an increase of the number of fry stocked into Crosswind Lake 
(Appendices A10 and A11). However, the department could not make an informed decision 
about adjusting the stocking numbers without evaluating the limnology. A PAR in 2004 to 
increase the stocking levels at Crosswind Lake was not approved and resubmitted in 2005. A 
review of the Gulkana Hatchery stocking history, as part of this internal review, found that 
PWSAC had been consistently exceeding the permitted stocking numbers at Crosswind Lake 
(see Stocking Violations section). After the evaluation, the department agreed that increasing 
stocking levels into Crosswind Lake would be appropriate. The FTP was altered to reflect that 
change and included stipulations that 1) the limnology data be supplied each year by a January 
15 deadline, 2) PWSAC fund Personal Use otolith analysis, and supply the broodstock otoliths 
by 15 October; 3) define the maximum numbers to be stocked into each lake, and 4) that the FTP 
be issued for 3 years. This restrictive time frame was selected to encourage compliance with the 
stipulations in addition to monitoring the possible effects of altered stocking levels. 

SMOLT ENUMERATION 

PWSAC has completed smolt emigration work on Summit and Crosswind lakes as required in 
the BMP. The smolt emigration monitoring permit requirement on Paxson Lake as outlined in 
the BMP has never been completed. The department and PWSAC are equally responsible for the 
lack of completion of this work. Smolt emigration from Paxson Lake is complicated by the 
presence of wild stocks and enhanced sockeye smolt that enter Paxson Lake from Summit Lake. 
At the 2006 RPT meeting the department and PWSAC agreed to evaluate the feasibility and cost 
of this work.  

STOCKING VIOLATIONS 

PWSAC has repeatedly violated the stocking conditions of the Gulkana I & II Hatchery permit. 
PWSAC exceeded the maximum permitted total number of 24.91 million fry to be released by 
approximately one million fry in 3 of the last four years (Appendix A15). Additionally, PWSAC 
violated the conditions of their Gulkana Hatchery FTP by exceeding the permitted level of fry 
stocked into Crosswind Lake on 5 separate occasions (1997, 1998, 2002, 2003, and 2004), 
Paxson Lake on 2 occasions, and Summit Lake on 2 occasions (Appendix A15). A total of 3.1 
million sockeye salmon fry were illegally stocked. The overstocking of Crosswind Lake appears 
to be intentional. Paxson and/or Summit lakes were not stocked to the permitted level while 
Crosswind Lake permitted levels were exceeded. It is relevant to note again that PWSAC had 
been pursuing an increase the stocking numbers at Crosswind Lake during the time that stocking 
permit violations occurred. The stocking also appears intentional because it specifically requires 
an additional airplane trip. Crosswind Lake fry are dropped into the lake by an aircraft equipped 
with a 500 gallon, oxygen supported tank that can carry a maximum of 1.0 million fry per load.  
The number of fry transported has varied from year to year and the 1.0 million fry is top end.  
According to hatchery manager, Gary Martinek, 665,000 is closer to average with 325,000 being 
low end. The Crosswind Lake permitted stocking number was exceed by an average of 624,000 
fry.  
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According to 5 AAC 41.005 Permit Required:  

No person may transport, possess, export from the state, or release into the waters of the 
state, any live fish unless the person holds a fish transport permit issued by the 
commissioner or his authorized designee, and the person is in compliance with all 
conditions of the permit and the provisions of this chapter. Also, any changes made to 
the original issued permit require an amendment to reflect such changes. PWSAC has 
usually complied with this regulation.  

However, no application for an amendment was ever filed by PWSAC or received by ADF&G to 
change their FTP to stock excess fry into Crosswind Lake. 

 
SUBSTANDARD BROODSTOCK SURVIVAL RATES AND 

ROE STRIPPING 

Each of the hatcheries in this review had broodstock to egg-take survival rates that violate the 
70% minimum survival standard for the period (1996–2005) as defined in 5 AAC 40.860 (c) 
Minimum Hatchery Survival Standards. In 1996 and 1997, the actual survival rates were 
determined from broodstock captured and broodstock used data from the Annual Reports. Due to 
incomplete PWSAC reporting, broodstock survival rates had to be estimated using data from 
Annual Reports (ARs) and AMPs after 1997. A detail review of broodstock survival rates is 
available in Appendix A17. 

From 1998 to the present, hatcheries have been required to report the number fish captured, but 
not used for broodstock, in the “other” and “excess” categories on AR Schedule C.5 However, 
since 2000, AFK has reported “excess or other” pink salmon only once.  The same is true for 
CCH. MBH has not reported excess or other sockeye since 1998.  WNH last reported excess or 
other pink salmon in 1999 and their last reported excess/other chum salmon was in 1997.  

It will not be possible to determine the actual survival/use of captured broodstock until PWSAC 
starts reporting un-used broodstock. With the available data, we can only estimate broodstock 
survival by determining the number of fish required to meet egg-take goals based on fecundity 
rates and spawning ratios and comparing that number with the number of fish captured for 
broodstock. More accurately stated this is an estimate of the percent of captured broodstock used 
for seeding the hatchery, not a “survival rate.” PWSAC management defines broodstock used as 
“all the fish placed behind barrier nets,” which differs from the department’s interpretation of 
broodstock used as “all the fish used to seed the hatchery.” 

Since the number of fish PWSAC captures for broodstock far exceeds the number of fish used to 
seed the hatchery, the resulting broodstock survival estimates are well below the minimum 
survival standards set in regulation. PWSAC management was informed of this discrepancy in 
broodstock and reporting deficiencies and asked to correct it, but they have yet to comply. 

Despite the lack of reported excess fish PWSAC reports roe harvests every year. From 1994 to 
2005, PWSAC reported an average of 58,000 lbs of pink salmon roe harvest with a high of over 
250,000 lbs in 2005. Similarly, from 1994 to 2005, PWSAC reported an average of 30,000 lbs of 
chum salmon roe harvest with a high of over 118,000 lbs in 1996. The only approved roe 

                                                 
5  This is a standard reporting form in the Hatchery Annual Report from the PNP Hatchery Office Headquarters. 
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harvests are from green and over ripe females in the egg-take process. Any other roe sales must 
be requested by PWSAC and approved by the department. Due to the large volumes it is unlikely 
that all roe comes from green females during egg-take. The department has not received or 
approved requests for additional roe harvests nor been able to determine the source (green, over 
ripe, excess, etc.) of these roe harvests. 

 
COMMERCIAL CONTRIBUTIONS 

The department requires all PNP hatcheries to report CPF contributions to the different gear 
groups in numbers of fish. From this, the percent of total production contributed to the CPF can 
be determined. PWSAC provides these numbers, but their cost recovery operations, which 
directly impacts CPF contributions, are based on achieving preseason revenue goals, not on 
harvesting a fixed percentage of their return. This cost recovery strategy requires harvesting a 
higher percentage of their production during years of low prices, while the opposite is true when 
prices are high. 

There are no regulations regarding what percent of hatchery production should be contributed to 
the CPF, rather each PNP determines this internally. The findings from a Southeast Alaska 
Hatchery Allocation Task Force recommended to the Alaska Board of Fisheries that a 70%:30% 
CPF to cost recovery split be followed for PNP hatcheries receiving salmon enhancement taxes. 
For PNPs that do not receive enhancement taxes, the recommended CPF to cost recovery split 
was 60%:40%. 

The rationale used in setting these percentages was based on the belief that hatchery production 
should primarily benefit fishing groups. While the Southeast Alaska Hatchery Allocation Task 
Force recommendations do not apply to the Prince William Sound area, they are used here for 
comparison. It should be noted that not all Southeast hatcheries comply with this 
recommendation. 

With the exception of MBH, all of the PWSAC hatcheries in this review had CPF contributions 
below the level recommended by the Southeast Alaska Hatchery Allocation Task Force for PNP 
hatcheries receiving salmon enhancement taxes. The overall CPF contribution rates were 62%, 
68%, and 78% for AFK pinks, CCH pinks and MBH sockeye, respectively. WNH contributed 
53% of their pinks and 58% of their chum salmon production to the CPF after broodstock. The 
CPF percentages would likely rise if the broodstock survival rates increased. 
 

PWSAC BOARD OF DIRECTORS AND EXECUTIVE 
COMMITTEE 

In 1996 PWSAC developed a Business Plan that identified long term financial and biological 
problems and a lack of clear direction (Appendix A18). A decade later many of these problems 
continue. The Business Plan found that the PWSAC mission is production oriented, lacking 
sound biological, ecological and market development strategies. The plan stated that PWSAC 
was not a viable business at that time because of a deficit net worth and large long-term debt and 
operating losses over 7 of the past 11 years. It determined that if PWSAC were to require a cost 
recovery rate higher than 40% of its fish production, it would not be in the best interests of the 
permit holders to support its future financial requirements. Additionally, it found that PWSAC 
support was threatened by dissatisfaction with fish culture and ocean survival problems, falling 
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fish prices, allocative issues, the rise in hatchery cost recovery percentages, and fishery 
management issues forcing harvesters into postage stamp harvest areas.  

The 1996 plan recommended that any efforts PWSAC undertakes to alter current production 
must be made with the intent of improving wild stock health and productivity. In particular, 
changes should be directed toward improving the opportunity for ADF&G to manage for wild-
stock harvest and escapement, and substantially reduce the opportunity for interaction between 
hatchery and wild fish. Setting objectives and implementing procedures that conform to sound 
ecological practices will rebuild PWSAC’s credibility with ADF&G.  

Today PWSAC has consistent cost recovery shortfalls largely attributable to poor management 
decisions. PWSAC debt issues have not improved. Many other problem areas have seen little 
improvement or have gotten worse. These areas include fish culture and ocean survival 
problems, the rise in hatchery cost recovery percentages, and fishery management issues forcing 
harvesters into postage stamp harvest areas. PWSAC’s expanded involvement and influence on 
allocative issues exacerbates those problems. Many of these ongoing problems occur with the 
knowledge and approval of PWSAC’s Board of Directors and Executive Committee. 

PWSAC’s governing structure is partly responsible for these continuing problems. The PWSAC 
Board of Directors is the largest board of any aquaculture association in the state with 45 
members. The large board size contributes to a lack of individual accountability among corporate 
officers and Board members. The Board of Directors generally meets only twice a year. Because 
of the size of the board and infrequent meeting schedule most major decisions are delegated to 
the Executive Committee. Therefore the numerous problems at all levels of PWSAC operations 
are largely attributable to the Executive Committee and General Manager. The General Manager 
and Executive Committee have demonstrated an inability or unwillingness to comply with permit 
conditions. 

PWSAC recognized the unwieldy size of the Board as a problem and contacted the Foraker 
Group to make recommendations regarding a reduction in Board membership (Appendix A16). 
The Foraker Group recommends reducing the Board of Directors from 45 to 16 members. The 
Foraker Group stated that the decreased Board size would more fully engage board members 
rather than delegating the major decision making to the Executive Committee. It would further 
make the Board more efficient, reduce operating costs, increase personal responsibility, and 
maintain fair representation of commercial fishers in the region, and give other user groups an 
opportunity for effective participation. 
 

SUMMARY 
PWSAC’s performance jeopardizes the financial viability of a regional aquaculture corporation 
and negatively affects wild salmon. In accordance with 5 AAC 40.860 (a) Performance Review 
this internal review finds that PWSAC’s performance violates the conditions under which their 
permits are granted. PWSAC does not meet the 70% broodstock survival rate for most stocks as 
defined in 5 AAC 40.860 (c) Minimum Hatchery Survival Standards. Large scale pink and chum 
salmon straying significantly impact wild stocks in a negative manner violating performance 
standard 5 AAC 40.860 (b)(4). The Gulkana Hatchery fails to meet performance standard 5 AAC 
40.860 (b)(5) by not fulfilling the production objectives described in the terms of the hatchery 
permit. These failures include violating permitted stocking numbers, withholding required data 
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and not completing required monitoring. Further, the failed chum salmon marking program and 
refusal to fund mark recoveries fails to meet performance standard 5 AAC 40.860 (b)(5).  

Additionally, this internal review finds that PWSAC operates with little regard to many basic 
requirements and guidelines outlined in cooperative agreements, permits, AMPs, and BMPs. 
This general disregard is demonstrated by the Gulkana stocking violations, conducting cost 
recovery outside of SHAs without department approval, the withholding of data, the lack of 
problem reporting, and resistance to monitoring programs including mark recovery and straying 
evaluations. At times, PWSAC basically says ‘No’ when asked to comply with permit conditions 
or conduct required monitoring.  

Over time, the department has allowed PWSAC to deviate from the approved practices resulting 
in potential negative effects to PWS fisheries. Two of the most serious problems are large-scale 
straying and substandard broodstock to egg take survival rates. Both of these issues have 
complex negative effects on PWS fisheries. Large-scale straying has negative impacts on PWS 
wild stock salmon, the PWS Allocation Plan, and hatchery cost recovery. The substandard 
broodstock survival rates violate regulatory standards and are associated more with roe-stripping 
than with egg-take levels required to seed hatcheries. To date, there have been basically no 
consequences for PWSAC’s lack of compliance with cooperative agreement, permit, AMP, and 
BMP requirements.  

PWSAC’s financial viability is jeopardized by erratic management recommendations and 
associated cost recovery shortfalls. PWSAC management recommendations have resulted in 
multiple cost recovery short falls despite the presence of adequate numbers of fish. PWSAC 
carries a >$25 million state funded loan. Multiple cost recovery short falls required PWSAC to 
take an additional state funded loan. PWSAC loan default is possible due to repeated cost 
recovery shortfalls. PWSAC’s questionable management recommendations call into question 
their ability to manage for cost recovery and broodstock collection goals. PWSAC management 
recommendations are frequently counter to the prosecution of an orderly fishery, do not achieve 
cost recovery goals, and are of little use to the department. 

Departmental monitoring and management of PWSAC activities place significant time demands 
on ADF&G staff and fiscal burden on the state. At times, PWSAC is uncooperative in 
completing, funding, or responding to inter-organization activities. PWSAC is resistant to 
monitoring programs required by permits and management plans. PWSAC’s lack of cooperation 
compromises the department’s ability to complete required activities. The department is largely 
unable to work with the PWSAC general manager. The PSWAC general manager has created an 
antagonistic relationship with every commercial fisheries biologist in the Cordova office for the 
past 5 years. That hostile atmosphere has led, in part, to the high turn-over rate of department 
staff in the Cordova office. Department staff have repeatedly experienced a breakdown in 
communication with the PWSAC general manager. Timely communication and information 
exchange is critical to the department’s inseason management. This issue was addressed in the 
2004 letter of concern. However, PWSAC continued to be unresponsive in communication with 
the ADF&G staff. On multiple occasions, ADF&G email and phone messages regarding 
fisheries decisions went unanswered. Lack of communication compromises the department’s 
ability to effectively manage hatchery harvests and escapement needs. Local and regional staff 
has met with the PWSAC general manager and members of the executive committee several 
times to address this problem. These meetings have resulted in temporary improvements of 
communications. However, when the department pressures PWSAC to meet the monitoring 
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requirements their general manager does not like, the department once again is faced with 
unanswered phone calls and emails. 

The chum salmon straying, one of the most serious problems has several possible responses. 
Regardless of the accuracy of the straying evaluation, the evaluations clearly indicate that the 
straying rate is well above the 2% guideline in the genetics policy (GPRT 1985). Department has 
many action options including the suspension or reduction of all chum salmon production, 
suspension or reduction of remote chum salmon releases, development of a release strategy 
evaluation to determine if homing can be improved, and continued straying monitoring. The 
chum salmon program has been in operation for multiple generations and it is not possible to 
quantify the potential negative impact that may have already occurred on wild chum salmon 
stocks in Prince William Sound. Wild chum salmon stocks in the vicinity of the WNH have 
declined and remain depressed. Chum salmon populations have also increased in several 
locations where limited numbers of chum salmon were previously found (Port Chalmers, 
Eshamy, Gunboat, etc). It is likely that these are either straying hatchery fish or progeny of 
hatchery strays that have successfully established a returning population. Cordova office staff 
continues to be concerned that Port Chalmers and WNH chum salmon are not effectively 
returning to the release site. Furthermore, the department has little confidence in PWSAC’s 
marking program as a tracking tool. 

A variety of problems should be expected in an operation the size of PWSAC. However, instead 
of informing the department of problems and working together to resolve them PWSAC 
suppresses information about problems. The department has extensive expertise to aid PWSAC 
in problem resolution. The suppression of information hinders the development of appropriate 
mitigating actions and hurts the cooperative relationship of the department and PWSAC. Not 
only does PWSAC not report problems to the department they do not document problems 
internally. 
 

RECOMMENDATIONS 

The department must take steps to correct these many problems; however, options that do not 
disrupt PWS commercial fisheries are limited. The Performance Review states that ‘the 
commissioner will, in his or her discretion, consider a permit alteration, suspension, or 
revocation in accordance with AS 16.10.430.’ Any production level alteration has implications 
on the PWS Allocation Plan. The least disruptive permit alteration options are associated with 
hatchery operations that do not have cost recovery activities. PWSAC is not dependent on any 
Gulkana Hatchery or chum salmon remote release production for cost recovery. Therefore, the 
Gulkana hatchery and chum salmon remote release programs are the most appropriate programs 
for permit alterations. 

The alteration or suspension of chum salmon remote release permits would serve multiple 
purposes. First, it reduces the chum salmon straying source to a single location rather than 3 
spatially separated sources and provides incentive for PWSAC to seriously address hatchery 
salmon straying. The negative effects of large scale hatchery salmon straying must be addressed 
by PWSAC. Second, it would also mitigate problems associated with the failure of PWSAC’s 
chum salmon marking program. Third, it would be a first step to fulfill the department’s 
responsibility to implement the genetics policy (GPRT 1985). Finally, the remote release 
programs have a poor performance record with large scale straying and poor returns. 
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Because of the limited number of options for addressing these problems, the department 
recommends the creation of an oversight committee. This oversight committee would set 
broodstock levels, manage cost recovery harvests, monitor marking programs and assure permit 
compliance. Additionally, some type of penalty system such as fines (to be used to fund required 
monitoring) and/or incremental production reductions (5% by species or hatchery) may serve as 
incentive to comply with permits requirements. The department further recommends that a 
department representative be a mandatory member of the PWSAC Executive Committee and 
Board of Directors. The department should have complete access to all PWSAC documents, 
discussions and decisions.  

The operation of PWSAC is guided by the Board of Directors and Executive Committee. The 
PWSAC has the largest number of board members (45) of all the aquaculture corporations in the 
state. The membership is composed of 60% commercial fishing permit holders; 10 purse seine, 
10 drift gillnet, 6 dual permit holders and 1 set gillnet representatives. In recognition of problems 
associated with the large Board of Directors, PWSAC contracted the Foraker Group to make 
recommendations about decreasing the number of board members. The Foraker Group 
recommends reducing the Board of Directors from 45 to 16 members (Appendix A16). The 
Foraker Group recommends that those members will be composed of 60% commercial fishing 
permit holders; 3 purse seine, 3 drift gillnet, 2 dual permit, 1 set gillnet, and 1 processor 
representative. The review lists many benefits of decreasing the size of the board including 
increased board decision making instead of delegating to the Executive Committee. The 
Executive Committee is accountable for many of the problems detailed in this review. When the 
Board of Directors was presented with the Foraker Group analysis they voted not to implement 
any of the recommendations. 

Because PWSAC has failed to act to correct governing problems the department recommends 
that PWSAC hatchery permits will be reissued with the requirement that the PWSAC Board of 
Directors be restructured by April 15, 2007. The restructure will be largely designed according to 
the Foraker Group recommendations; reducing the Board of Directors from 45 to 15 members. 
Those members will be composed of 4 purse seine, 4 drift gillnet, 1 set gillnet, and 1 processor 
representative. The elimination of 2 dual permit holders limits the potential for biased 
representation. The additional members will be composed of 6 general members; people who are 
interested in the enhancement of salmon in PWS but are not commercial fishers or processors.  

Several of the problems detailed in this report are criminal offenses that were not prosecuted. At 
the time of the violations the department elected not to prosecute in order to maintain the 
working relationship with PWSAC. That strategy did not work as PWSAC only continued 
violations and the working relationship deteriorated. In the future the department should pursue 
criminal prosecution of regulatory violations. 

Many of the problems detailed in this report are easily corrected with the cooperation of 
PWSAC. There should be no operations, discussions, or documents that PWSAC should conceal 
from the department. PWSAC must have transparency in reporting of activities and the open 
sharing of all information. This adjustment would aid in the correction of many problems. 
PWSAC would benefit from the use of department resources and expertise to guide operations. 

The chum salmon straying rate raises questions about straying of other hatchery species. The 
department should consider requiring straying evaluations of all species. The Phase 3 
Comprehensive Salmon Plan states that PWSAC should be responsible for funding all additional 
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evaluations. Additionally, if PWSAC is to be held to these criteria the same will be true for the 
Valdez Fisheries Development Association. 

Additionally, the State genetics policy recommends that ‘drainage's should be established as wild 
stock sanctuaries on a regional and species basis (GPRT 1985). These sanctuaries will be areas in 
which no enhancement activity is permitted except gamete removal for brood stock 
development.’ The department should consider if there are areas within Prince William Sound 
(areas in the Eastern District) that the establishment of a wild stock sanctuary would be 
appropriate. 

The cost recovery, broodstock survival rates, and implications on allocation need to be addressed 
to ensure an economically viable hatchery system, limit abuse of roe stripping associated with 
egg take, and tighten control and management of allocated fisheries. Currently, cost recovery 
approaches the maximum allowable proportion. Future cost recovery recommendations must 
ensure goals are met while permitting the maximum common property harvest. Broodstock 
collection goals need to be adjusted in AMPs to the minimum number required to seed the 
hatchery and all roe harvests need to be reported on fish tickets so that effective tracking is 
possible. Currently the department has no means by which to track the number of fish PWSAC 
roe strips each year. When asked to provide roe numbers PWSAC states that there is no reporting 
requirement and declines to provide the numbers. These numbers are within the department’s 
purview and should be readily available upon request. It is likely that PWSAC suppresses roe 
stripping numbers because they may be viewed as excessive. In the future all PWSAC roe 
stripping information should be required reporting. 

The department must have access to complete reporting of any activities for effective monitoring 
and evaluation. The department should be immediately informed of all hatchery problems so that 
the best possible response can be implemented protecting wild stocks and perpetuating an 
effective hatchery operation. 

PWSAC has been working towards expanding production with either a remote release or 
hatchery in Nelson Bay. Considering that the department has been forced to conduct this 
Performance Review because of extensive permit and operational problems this expansion 
should not be approved. Additionally, the unaddressed straying problems, lack of permit 
compliance, and the disregard of departmental authority are further reasons to not approve any 
PWSAC expansion. 

PWSAC needs to take steps to correct marking program problems and assure that they do not 
occur in the future. Considering PWSAC’s record of problems and noncompliance, the 
department may want to monitor and provide oversight of the marking programs. The ADF&G 
Mark and Tag Laboratory director Ron Josephson recommends the inclusion of a detailed 
mark/release plan in AMPs. 

The Gulkana Hatchery Crosswind Lake permitted stocking level is contingent on 3 stipulations. 
If any of those stipulations are not met the department should decrease the Crosswind Lake 
permitted stocking level back to 7.6 million fry with no increase in Paxson or Summit lakes. 
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EPILOGUE 
This internal review was conducted in 2006 as the first step of a Performance Review (5 AAC 
40.860). After development and review by area, regional, headquarters staff, and Department of 
Law, the internal review was forwarded to the Private Nonprofit Hatchery (PNP) Coordinator at 
ADF&G Headquarters. The PNP coordinator issued a memo to the Commissioner 
recommending that the department act to establish a new course of action because of the 
egregiousness of the problems (Appendix A19). The Commissioner contacted the Prince William 
Sound Aquaculture Corporation on December 1, 2006 (Appendix A20) requesting that they 
address the problems. After requesting a meeting and an extension on the time allowed for a 
response, PWSAC submitted an action plan to the department. Unfortunately, rather than 
addressing the problems, their response on February 7, 2007 (Appendix A21) was to debate and 
justify past violations. In their action plan PWSAC did not take responsibility for any problems 
nor suggest any meaningful solutions. The Commissioner’s Office modified their proposed 
Action Plan on March 7, 2007 (Appendix A22), removing editorial comments and providing a 
clear set of actions intended to rectify each of the non-compliance issues. In addition, the 
department provided action items to prevent recurrences of the ‘general problems’ documented 
in the Performance Review. The department felt that this plan contained fair and workable 
solutions to the problems identified in the Performance Review and incorporated points of 
agreement from discussions with PWSAC. The Commissioner requested the Action Plan be 
returned with a signature which would indicate an agreement had been reached to resolve the 
problems. The department was disappointed that rather than accepting the Action Plan, PWSAC 
continued to seek additional modifications. In an effort to move beyond the dispute the 
department determined, after consultation with counsel, that a formal signed agreement was not 
required. PWSAC was notified on April 5, 2007 (Appendix A3) that the department expects 
compliance with the substance of the plan in order to ensure compliance with statutory and 
regulatory authorities and with its permits. PWSAC continued to disregard many items in the 
Action Plan throughout the 2007 season. In response to a legislative inquiry, the department 
drafted a memo on January 24, 2008 (Appendix A23) detailing PWSAC’s lack of compliance 
with the Action Plan. PWSAC responded to that memo on February 13, 2008 with a document, 
too lengthy to be included here, which continued to debate and justify past problems. Department 
staff and PWSAC representatives met on March 10, 2008 to further address the non-compliance 
issues. PWSAC sent a memo intended to summarize that meeting on March 21, 2008 to the 
department, cc to the legislature, incorrectly stating that a consensus was reached and that action 
items had been addressed and completed. Since that time PWSAC has begun to comply with 
many of the non-compliance issues identified in that letter. However, the relationship remains 
strained and communication and data requests are still problematic and PWSAC has not 
participated in any straying projects. 
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Appendix A1.–Performance Review Regulation 5 AAC 40.860. 

5 AAC 40.860. Performance review.  

(a) Based upon a department internal review, the PNP coordinator will notify the commissioner 
if a hatchery operator’s performance is inadequate, according to the conditions under which the 
permit was granted.   

(b) The commissioner will, in his or her discretion, consider a permit alteration, suspension, or 
revocation in accordance with AS 16.10.430. If the commissioner decides to consider a permit 
alteration, suspension, or revocation, the coordinator will notify the appropriate regional 
planning team. The regional planning team may make a written recommendation to the 
commissioner on the proposed alteration, suspension or revocation. The regional planning team 
shall use the following performance standards in their review, evaluation and recommendation to 
the commissioner, including whether: 

 (1) survivals in the hatchery are more than the minimum standards described in (c) on 
this section for a period of greater than four years 

 (2) the transport of broodstock from wild sources does not continue for longer that one 
cycle of the particular species without reevaluation of hatchery operations; 

 (3) the hatchery contributes to the common property fishery; 

 (4) the hatchery does not significantly impact wild stocks in a negative manner; 

(5) the hatchery fulfills the production objectives described in the terms of the hatchery permit; 
and 

(6) there are any mitigating circumstances which were beyond the control of the hatchery 
operator. 

(c) Minimum Hatchery Survival Standards are as follows: 

Survival for Cumulative this state Survival For captured broodstock to egg take 70% Green egg 
to eyed egg 80% 80% Eyed egg to emergent fry 85% 68% Emergent to fed fry 1 90% 61% Fed 
fry to fingerling 2 90% 55% Fingerling to smolt 75% 41%  

1 Fry achieving up to 25% weight gain from swim-up.  

2 Fry achieving substantially more than 25% weight gain from swim-up. 

 

 30



Appendix A2.–Recommendations from internal review to address problems. 

1) An oversight committee of department personnel shall be ex officio members of the 
PWSAC Board of Directors (Board) and Executive Committee. The oversight committee 
will have delegated authority from the commissioner under AS 16.10.445 and 5AAC 
40.840 to set PWSAC production and broodstock levels. The oversight committee will 
make recommendations to the PNP Coordinator and Commissioner regarding any 
permitted hatchery activities or further permit alterations. Oversight committee members 
shall be notified of and given reasonable opportunity to attend and participate in all Board 
and Executive Committee meetings, and shall have access to all PWSAC documents and 
records. 

2) The PWSAC Board of Directors will be restructured by April 15, 2007 in order to make 
the Board more efficient, reduce operating costs, increase personal responsibility, and 
maintain fair representation of commercial fishers in the region, and give other user 
groups an opportunity for effective participation. The restructure should be designed to 
achieve a final structure in accordance with the Foraker Group recommendations with the 
exception that the 2 dual permit holders will be replaced by 1 purse seine and 1 drift 
gillnet representative. The Foraker Group recommends reducing the Board of Directors 
from 45 to 16 members. Those members will be composed of 4 purse seine, 4 drift 
gillnet, 1 set gillnet, and 1 processor representative. The additional members will be 
composed of 6 general members; people who are interested in the enhancement of 
salmon in PWS but are not commercial fishers or processors. Additionally, because 
current hatchery problems are largely attributable to the Executive Committee, and 
because the Executive Committee has demonstrated its inability or unwillingness to 
comply with permit conditions, and because a rapid restructuring of the Board is needed, 
the revised permits should include conditions requiring the resignation or removal of all 
current Board Members by April 15, 2007, and prohibiting any cost recovery fishing or 
juvenile salmon releases until all current Board Members have resigned or been removed. 
Members of the Board could immediately run for seats in the new Board structure.  

3) In order to correct its corporate culture of noncompliance with statutory, regulatory and 
permit conditions, PWSAC shall adopt a policy prohibiting the indemnification of any 
employee or officer from civil suit or criminal action if the employee’s actions involve 
reckless or intentional violations of statute, regulation, or permit conditions and shall 
warn its employees and officers that violation of statutes, regulations, and permits may 
result in personal as well as corporate liability. 

4) PWSAC will provide the department with a detailed written plan within 60 days, of 
adjustments to broodstock goals to meet the 70% broodstock to egg-take survival rate 
regulation. This plan will be reviewed and approved by the Oversight Committee. That 
egg-take goal should be the number of eggs required to seed each hatchery according to 
production levels set in the Annual Management Plan. The number of fish required to 
meet that goal will assume a 15% pre-spawn mortality and 10% green/over mature fish. 
No roe recovery associated with carcass disposal other than the incidental recovery of 
green or overripe roe during broodstock operations will be allowed. In no case shall 
incidental roe recovery exceed 10% of the broodstock goal. 

-continued- 
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5) Suspension of the Port Chalmers and Armin F. Koernig (AFK) Hatchery chum salmon 
remote release permits to reduce the chum salmon straying source to a single location 
rather than 3 separate sources. This step may reduce the geographic area of straying, 
increasing compliance with AS 16.10.420(10), 5 AAC 40.860(b)(4), and permit 
conditions; and will also provide incentive for PWSAC to address hatchery salmon 
straying and mitigate problems associated with the failure of PWSAC’s chum salmon 
marking program. This suspension will remain in effect until PWSAC has demonstrated 
the ability to comply with permit conditions and correct problems detailed in this review. 

6) Upon departmental request, any and all documents, records, or materials related to 
PWSAC hatchery operations shall be made available within 7 days. Any failure to 
provide documents in a reasonable time period shall be grounds for immediate permit 
alteration or revocation. 

7) All roe harvests/sales must have prior approval by department oversight committee and 
be reported to the department within 7 days of harvest. All carcass disposals, including 
broodstock disposals made pursuant to 5 AAC 93.390(d), shall be logged and reported to 
the department as required under 5 AAC 93.310 on a weekly basis. PWSAC shall warn 
its employees, that any unauthorized sale of roe associated with disposal of salmon 
carcasses may result in personal as well as corporate liability for violation of AS 
16.05.831 and 5 AAC 93.310. 

8) The department should officially reject the proposal for Nelson Bay production 
expansions because of permit and performance standard violations and large scale 
straying problems. No production expansions should be granted until PWSAC has 
demonstrated the ability to comply with permit conditions and correct problems detailed 
in this review. 

9) PWSAC will fund hatchery salmon straying evaluations to be operated by the department 
and within 60 days provide the department with a detailed written plan to evaluate 
different strategies to improve homing of hatchery salmon. This plan will be reviewed 
and approved by the Oversight Committee. 

10) Within 60 days, PWSAC will provide the department with a detailed written plan of how 
the chum salmon thermal otolith marking program problems will be corrected. This plan 
will be reviewed and approved by the Oversight Committee. 
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Appendix A3.–Departments final Action Plan, April 2007. 
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Appendix A4.–ADF&G letter of Concern to PWSAC. 

 
 
DEPARTMENT OF FISH AND GAME 
 
    DIVISION OF COMMERCIAL FISHERIES       

 

FRANK MURKOWSKI, GOVERNOR 

 

P.0. BOX  669 

CORDOVA, ALASKA 99574 

PHONE: (907) 424-3212 

FAX: (907) 424-3235 

1 July 2004 
 

To:    Dave Reggiani 
  General Manager 

Prince William Sound Aquaculture Corporation 
 
Through: Jeff Regnart 
  Regional Supervisor 
  CF, Region II 
  Anchorage  
 
From:    Dan Gray & Dan Ashe 
  PWS Area Management Biologists 
  CF, Region II 
  Cordova 
 

Date:  July 7, 2004 
 
The Alaska Department of Fish and Game manages hatchery salmon harvest activities in Prince William 
Sound to ensure that PWSAC cost recovery and brood collection goals are efficiently completed. In the 
past the Department has relied on PWSAC to make fishery recommendations that will ensure adequate 
hatchery escapement. The department is concerned over recent hatchery management recommendations 
made by PWSAC regarding the chum salmon run to Wally Noerenberg Hatchery and the sockeye salmon 
run to Main Bay Hatchery. 
 
To summarize the department’s concerns: 

1) PWSAC recommended a 12-hour purse seine period in the Esther Subdistrict on June 17, even 
after the department informed PWSAC that the total enhanced chum salmon run might not meet 
hatchery escapement needs.  The department recommended against this fishing period.  The 
harvest from this period was over 220,000 chum salmon and placed the WNH cost recovery and 
broodstock goal in jeopardy. 

2) PWSAC has repeatedly recommended 24-hour periods in the Eshamy District excluding only the 
THA and SHA. The department has recommended a more conservative approach in which the 
Main Bay Subdistrict would be closed during these periods to facilitate hatchery escapement 
because of increasing effort and the allowance of deep gillnet gear in the district. 

-continued- 
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3) The department is extremely concerned with the disruption of regularly scheduled fisheries in the 
Eshamy District because of cost recovery shortfalls stemming from PWSAC’s disregard for the 
departments’ continued concerns.  A prolonged closure of the Eshamy District compromises the 
department’s ability to spread the drift gillnet fleet and to hold a significant portion of that fleet 
on the west side of PWS in order to harvest Coghill River sockeye stocks. 

4) The department is also concerned with the allocative implications of PWSAC’s cost recovery 
management recommendations.  By fishing both the Wally Noerenberg chum salmon and the 
Main Bay sockeye salmon fisheries to the point of cost recovery closures, allocation between gear 
groups will be affected.   

 
These PWSAC recommendations do not support the common objective of efficiently achieving cost 
recovery and brood collection goals. The recommended strategy calls into question PWSAC’s ability to 
manage for the cost recovery and brood stock collection goals. While the department would be hesitant to 
overrule a PWSAC recommendation regarding commercial common property fishing within hatchery 
subdistricts, it is within the departments’ authority to do so.  PWSAC should inform the Department of 
any change in cost recovery policy or revenue goals that are guiding the recent recommendations. 
 
The Department is also concerned about a breakdown in communication with PWSAC personnel. Timely 
communication and information exchange is critical to effective inseason management. Over the course 
of the 2004 fishing season to date, the PWSAC general manager has been unresponsive in communication 
with the area staff.  On several occasions, Department staff members have left messages regarding 
fisheries decisions that have gone unanswered. Lack of communication compromises the Department’s 
ability to manage for those needs. The Department must have timely communication with PWSAC staff 
to ensure that the hatchery escapement needs are met.   
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Appendix A5.–PWSAC fishing in closed waters e-mail from ADF&G to Dave Reggiani. 

From: Dan Ashe [mailto:dan_ashe@fishgame.state.ak.us] 
Sent: Friday, July 09, 2004 3:18 PM 
To: Dan Gray; James Brady; Jeff Regnart; Steven D. Moffitt; David Reggiani 
Subject: Main Bay Cost Recovery 
 
Dave, 
 
I was taken aback when you informed me today that PWSAC had been conducting cost recovery 
operations in Falls Bay. The department had indicated preseason that we were open to the idea but there 
were stipulations that were also stated - clean samples from any Falls Bay harvest would be provided to 
the department in a timely manner and that PWSAC would notify the department when such operations 
were desired to allow scheduling of sampling personnel. PWSAC has failed to do so. In order for 
PWSAC to conduct cost recovery operations in Falls Bay first requires a request from you for an 
emergency order to be made and for a sampling schedule to be implemented. The wild stock contribution 
for the Falls Bay area is unknown, thus PWSAC could potentially be harvesting wild fish to contribute to 
cost recovery goals. As it stands now PWSAC is in violation of fishing in closed waters. Upon thought on 
the matter I will not now subsequently issue PWSAC an emergency order to continue cost recovery in 
Falls Bay. PWSAC has shown a lack of understanding and communication on this matter and I cannot be 
satisfied that PWSAC will comply with our request for samples or notification. FWP will be notified that 
PWSAC has been fishing in closed waters and to enforce the area restrictions for cost recovery as stated 
in the Main Bay Hatchery Management Plan. If you would like to discuss the possibility of expanding the 
Main Bay HA to include the Main Bay Subdistrict I would be open to discussion. 
 
Dan Ashe 
 
David Reggiani reply: 
 
Dan, 
 
On May 25th, you and I met to discuss the management strategy for the upcoming MBH harvest season 
as we were both getting inquiries from the fleet.  During that conversation, you informed me that your 
thoughts were to have the commercial openings restricted to the Main Bay Subdistrict and that PWSAC 
could do cost recovery in the SHA and Falls Bay.  Also, the expanded SHA during closures in the Main 
Bay Subdistrict.  You'll remember that I reiterated my comments made during the Salmon Harvest Task 
Force speaking in favor of earlier openings in the Crafton Island Subdistrict.  I assumed that you 
authorized PWSAC to conduct the test fishery in Falls Bay at that time.  PWSAC does not receive copies 
of EOs on a regular basis and therefore I was unaware that you hadn't written one. PWSAC is interested 
in conducting a test fishery in Falls Bay.  Please forward a sampling schedule so that we may begin. 
 
Take care. 
Dave 
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Appendix A6.–Cost recovery and common property value and proportions (Millions). 

Commercial Common Property and Cost Recovery Harvest Values From Select 
Prince William Sound Aquaculture Association (PWSAC) Hatcheries During the 
Period 2000-2005. 
 
By: Bert Lewis, Bruce White 
 
From 2000-2005, the total value of pink, chum, and sockeye salmon produced at PWSAC’s 
Armin F. Koernig (AFK), Cannery Creek (CCH), Wally Noerenberg (WNH), and Main Bay 
(MBH) hatcheries and harvested in the commercial common property and cost recovery fisheries 
was $113,456,385.  The value of contributions to the commercial common property fisheries 
totaled $72,676,506.  According to hatchery Annual Reports, the value of cost recovery harvests 
(including roe sales) totaled $40,779,879.  If the production of PWSAC’s Gulkana I (GH I) and 
Gulkana II (GH II) sockeye hatcheries and WNH coho were included (even though small by 
comparison) the value of PWSAC’s contribution to the common property fisheries would 
increase slightly.   
 
During this period, PWSAC harvested 54% of the total value of WNH pink salmon production 
for cost recovery, followed by 43% of the value of AFK pink production, 40% of the value of 
WNH chum production, 39% of the value of CCH pink production, and 12% of the value of 
MBH sockeye production (Table 1).  Overall, PWSAC harvested 36% of the total value of their 
production from these hatcheries for cost recovery, which is within the PWS/CR RPT 
recommendation that “the long-term average cost of hatchery operation, management, and 
evaluation must remain below 50% of the value of hatchery production.”  If the value of GH I 
and GH II sockeye and WNH coho contributions to the common property fisheries were 
included, the percent of production value harvested by PWSAC for cost recovery would be 
below 36%. 
 

Table 1.–Production values for PWSAC hatcheries during the period 2000-2005. 

Hatchery Species Common 
Property 

Cost 
Recovery Total 

% of Production 
Value Harvested 

for Cost 
Recovery 

Armin F. Koernig Pink $8,674,170 $6,602,241 $15,276,411 43 

Cannery Creek Pink $8,010,369 $5,094,857 $13,105,226 39 

Wally Noerenberg Pink $9,019,378 $10,453,825 $19,473,203 54 

Wally Noerenberg Chum $22,363,013 $15,115,001 $37,478,014 40 

Main Bay Sockeye $24,609,576 $3,513,955 $28,123,531 12 

Total  $72,676,506 $40,779,879 $113,456,385 36 

-continued- 
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Appendix A7.–PWSAC review of marking problems. 
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Appendix A8.–2005 straying memo to PWSAC. 

  

ALASKA DEPARTMENT OF 

FISH AND GAME 

 COMMERCIAL FISHERIES DIVISION 

MEMORANDUM 
TO:  Steve Moffitt  
        PWS/CR Area Research Biologist 

DATE: November 22, 2004 
 

FROM:  Richard Merizon 
              PWS/CR Research Biologist 
 

SUBJECT:  PWS chum salmon straying study, 2004 

 
This memo provides a review of the results of our chum salmon straying work completed in 2004.  This 
memo is a draft of the study results.  Prior to publication, this document will have to go through ADF&G 
peer review.  
 
INTRODUCTION 
 
The Prince William Sound Aquaculture Corporation (PWSAC) operates the Wally Noerenberg Hatchery 
(WNH) on southern Esther Island in northwestern Prince William Sound (PWS; Figure 1).  All PWSAC 
chum salmon Oncorhynchus keta broodstock are collected and reared at this facility.   Juvenile chum 
salmon are released onsite at WNH and at two remote release locations: 1.) in Port Chalmers on north 
Montague Island (~55 water miles distant) and 2.) at the Armin F. Koernig (AFK) Hatchery on Evans 
Island in the Southwestern District (~60 miles distant; Figure 1).  Since 1995, PWSAC has released ~72 
million juvenile chum salmon at the WNH facility and ~23 million at Port Chalmers each year (ADF&G 
2004).  The five-year average total run estimate indicates these broodstock releases yield ~3.1 million 
adult chum salmon at WNH and ~800 thousand at Port Chalmers each year (Gray et al. 2003).  In 1997 
and 1998 small releases (~4 million juveniles) occurred at AFK.  These releases produced returns 
averaging ~200,000 adult chum salmon.  The last returns from releases in 1997 and 1998 occurred in 
2003.  In the spring of 2003, PWSAC began releasing ~15 million juvenile chum salmon at AFK with a 
five year fish transport permit (FTP). 
 
Broodstock for PWSAC’s chum salmon enhancement program was collected from Wells River and 
Beartrap Creek.  Wells River in Wells Bay provided approximately three quarters of the parent 
broodstock and Beartrap Creek at the northeast end of Port Gravina provided the remainder.  Broodstock 
was first collected at Wells River in 1989 (ADF&G 2004).  Currently there are no means to separate the 
two stocks during broodstock collection at WNH.  

-continued- 
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The Alaska Department of Fish and Game (ADF&G) 
operates a full picket weir at Eshamy River to 
enumerate adult sockeye salmon O. nerka.  In 2002 the 
weir crew began counting a higher number of chum 
salmon than historically observed and collected 
otoliths to determine stock of origin.  The majority (68 
of 74) of the chum salmon sampled were of hatchery 
origin (10 - AFK, 10 - Port Chalmers, and 48 - WNH).  
Chum salmon otoliths collected at Eshamy River weir 
in 2003 provided similar results; most (66 of 76) were 
of hatchery origin (15 – Port Chalmers, 51 – WNH). 
 
Figure 1. Location of chum salmon releases in Prince 
William Sound. 
 

Eshamy River weir is ~28 water miles from WNH, ~39 water miles from AFK, and ~53 water miles from 
Port Chalmers (Figure 1).  In 2001, ADF&G personnel collected otoliths from 33 chum salmon in 
Gumboat Creek in Eshamy Bay and the majority (29 of 33) were of hatchery origin (21 – AFK, 1 – Port 
Chalmers, 7 – WNH). 
 
In March 2002 ADF&G began a review of chum salmon escapement goals for PWS in preparation for the 
Board of Fisheries meeting.  These analyses showed that aerial estimates of chum salmon escapements 
increased considerably in chum salmon remote release areas (Table 1).  Annual escapement estimates in 
the Montague District increased from an average of 357 chum salmon (n = 12 years) prior to hatchery 
remote releases to an average of 14,353 (n = 8 years) during years when hatchery chum salmon returns 
were occurring (Bue et al 2002).  In the Southwestern District there was a similar pattern of increased 
escapement during years of hatchery returns (Table 1).  The largest annual escapement estimates to the 
Southwestern District since 1984 occurred during years when hatchery chum salmon were returning to 
AFK hatchery (11,690 in 1989; 11,440 in 2000; and 12,373 in 2003).  The 1984 – 2003 average 
escapement in the Southwestern District excluding 1989, 2000, and 2003 was 2,596 (n = 17 years).   
 
ADF&G became concerned about straying of PWSAC chum salmon as a result of the escapement goal 
analysis in 2002, otolith samples collected at remote locations in PWS from 2001 to 2003, and work 
completed by Joyce and Evans (unpublished data), Joyce and Evans (1999), and Joyce et al. (unpublished 
data).  These studies  suggested hatchery pink salmon O. gorbuscha strays comprised a high proportion of 
the escapements in streams near western PWS hatcheries.  Therefore, in July 2004 ADF&G began 
identifying streams in northwestern PWS with a significant abundance of chum salmon (>250 fish).  In 
August 2004, ADF&G collected otoliths from streams in the Eastern (1), Northern (7), Unakwik (1), 
Coghill (2), Northwestern (3), and Eshamy Districts (1; Figure 2).    

-continued-
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Table 1.–Total hatchery origin chum salmon releases and estimated total run by release location, and 
estimated escapement by district, 1984–2004. 

Coghill Dist. SW District Montague Dist.
    Wally Noerenberg Wildstock     Armin F. Koernig Wildstock       Port Chalmers Wildstock

Year: Release: a Run b Escapement e Release: a Run c Escapement e Release: a Run d Escapement e

1984 19,690 7,654,292 20 0
1985 12,466,732 22,140 10,944,308 620 0
1986 15,172,261 13,140 2,039,750 NA 1,890 0
1987 36,478,818 378,094 24,510 NA 1,690 0
1988 68,388,803 456,992 39,240 NA 2,350 500
1989 79,845,649 400,343 22,680 NA 11,690 0
1990 47,495,780 441,282 26,020 NA 80 1,050
1991 76,834,313 166,119 6,070 NA 2,800 925
1992 98,044,672 378,826 10,003 2,940 783
1993 108,026,724 1,205,844 8,430 1,300 30
1994 82,029,558 1,044,469 14,176 2,225 18,078,640 0
1995 72,254,939 724,086 11,596 2,250 24,211,065 1,000
1996 79,543,524 1,802,517 19,669 2,231 22,771,006 0 5,216
1997 69,963,572 1,680,225 3,101 8,524,584 800 17,272,475 185,400 4,000
1998 77,838,928 1,039,049 22,764 10,121,106 1,602 22,105,799 204,536 10,690
1999 75,020,785 2,126,498 5,057 8,268 2,393 24,273,399 638,932 8,725
2000 76,306,351 3,350,040 20,488 419,133 11,440 23,995,577 992,253 66,202
2001 57,712,566 2,126,398 13,388 219,799 5,187 18,403,759 442,317 10,408
2002 75,341,899 5,237,624 7,430 54,464 3,985 25,913,467 1,071,478 565
2003 59,454,741 2,787,662 19,729 15,656,521 12,373 23,555,057 890,248 9,015
2004 NA NA NA NA NA NA ~326,000 NA

Count: 19 17 20 6 4 20 10 8 20
5-yr.Ave. 68,767,268 3,125,644 13,218 15,656,521 175,416 7,076 23,228,252 807,046 18,983

Minimum: 12,466,732 166,119 3,101 2,039,750 8,268 20 17,272,475 0 0
Maximum: 108,026,724 5,237,624 39,240 15,656,521 419,133 12,373 25,913,467 1,071,478 66,202

a    Data taken from the ADF&G Tag lab website (www.tagotoweb.adfg.state.k.us).
b  Total run estimates are calculated as: total Coghill and Eshamy commercial CPF harvests (DGN, PS, and SGN), hatchery cost recovery and brood harvest minus the
     estimated "wild" contribution for Coghill (145,543) and Eshamy Districts (6,164) (these "wild" estimates were calculated as the average commercial harvest prior
     to hatchery influence, 1970 - 1986).  There is a high degree of uncertainty in these estimates.
c  Total run estimates are calculated as: all chum salmon caught in subdistrict 61 and 62.  There is a high degree of uncertainty in these estimates.
d  Total run estimates are calculated as total CPF harvest in the Montague District, assuming zero wildstock chum salmon are harvested. 
e  Chum salmon escapement estimates are based on observations from weekly aerial surveys and calculated using area under the curve with 17.5 days stream life.

 
 

STUDY AREA 

 

Chum salmon otoliths were recovered in the northern and northwestern bays and fjords of PWS (Figure 
2) and one tributary of the Rude River in Nelson Bay.  Historically, the selected streams have had modest 
chum salmon escapements (>250 chum salmon).  However, in 2004 hatchery and wild stock chum 
salmon runs were weak Sound-wide.  All streams sampled were away from the straight line migration 
corridor from the Gulf of Alaska to WNH (McCurdy 1984, Templin et al. 1996; Figure 2). 

-continued- 
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Port Chalmers Remote 
Release – 55 miles from 
WNH 

Coghill River 
Weir 

Wally Noerenberg 
Hatchery 

Figure 2.–Chum salmon otolith recovery locations in northwestern Prince William Sound (PWS), 2004.  
Stream mouths are marked with a solid black dot.  This map does not include one tributary of the 
Rude River  where three chum salmon otoliths were collected.  

 
METHODS 
 
In 2004 otoliths were collected from chum salmon escapements by ADF&G personnel in established field 
camps and by ADF&G personnel that flew to remote streams.  Crews at sockeye salmon weir camps 
collected otoliths from adult chum salmon in nearby streams.  Weirs on Eshamy and Coghill Rivers were 
operated by the ADF&G Division of Commercial Fisheries (Figure 2).  The weir at Billy’s Hole Creek in 
Long Bay was operated by ADF&G Sport Fish Division (Figure 2). The Coghill River weir crew 
collected chum salmon otoliths from the Coghill River about 1.5 miles upstream of the mouth.  The 
Billy’s Hole Creek weir crew collected chum salmon otoliths in streams of Long Bay (Table 2).  There 
were insufficient numbers of chum salmon in Eshamy River or nearby streams for sampling in 2004.  

 
Remote sampling locations were selected based on adequate escapement (>250 chum salmon) 
documented by aerial surveys.  On 12 August, four ADF&G personnel were flown by Cordova Air in a 
De Havilland Beaver to Wells River, Cedar, Jonah, and Siwash Creeks in northern PWS (Table 2; Figure 
2).  On 20 August, five ADF&G personnel were flown to Mill, Swanson, Park, and Halferty Creeks in 
western PWS (Table 2; Figure 2).   

-continued- 

 68



Appendix A8.–Page 5 of 10. 

Each crew was equipped with a grab stick, first-aid kit, shotgun, and a complete otolith sampling kit.  
Crews of two or three people were transferred to successive streams. The otolith collection goal was 96 
otoliths from each stream.   Most samples were collected from carcasses; however, 20 live chum salmon 
were collected in Siwash Creek using a grab stick.  Because few carcasses were available in most streams 
on 20 August, a full otolith sample was collected only from Mill Creek (Table 2).  On 6 August, chum 
otoliths were collected (n = 3) from a tributary of the Rude River (221-10-10160-2011) in Nelson Bay. 
 

Table 2.–Stream names and location of remote chum salmon otolith recovery in 2004.   

            District Stat Stream Date Nr. otoliths
Nr. Name Area Number Bay Name Sampled collected

222 Northern 20 12340 Wells Bay Wells River 8/12 96
222 Northern 20 12290 Cedar Bay Cedar Creek 8/12 96
222 Northern 20 12640 Siwash Bay Siwash Creek 8/12 92
222 Northern 50 12580 Jonah Bay Jonah Creek 8/12 96
222 Northern 10 12157 Long Bay W. Long Bay 8/7 48
222 Northern 10 12140 Long Bay E. Long Bay 8/6 86
222 Northern 10 12170 Long Bay "Hotsprings" Ck. 8/7 48
222 Northern 10 12130 Long Bay "Bear" Ck. 8/7 8
223 Coghill 10 14210 Bettles Bay Mills Creek 8/20 96
223 Coghill 10 14320 Pigot Bay Swanson Creek 8/20 30
223 Coghill 30 13220 Port Wells Coghill River 6/5-7/15/04 6
224 Northwestern 10 14540 Cochrane Bay Halferty Creek 8/20 29
224 Northwestern 10 14580 Cochrane Bay Park Creek 8/20 46
221 Eastern 10 10160-2011Nelson Bay Rude River trib #1 8/6 3

Total: 780

 
 

RESULTS 
 
Hatchery origin chum salmon were found in 11 of 14 sampled streams (Table 3).  All otoliths    (n = 3) 
recovered from the unnamed Nelson Bay stream were of hatchery origin (1 from WNH, 2 from Port 
Chalmers).  Over 30% of the sampled otoliths were of hatchery origin in Siwash Creek, East Long Bay 
Creek, and Coghill River; however, the sample size in Coghill River was small (6 otoliths).  Over 15% of 
the observed strays in East Long Bay Creek and Coghill River were released at Port Chalmers.   Port 
Chalmers is ~57 water miles from East Long Bay Creek and 79 water miles from Coghill River 
(Appendix A-1). 
 
The 2004 Commercial Common Property Fishery (CPF) harvested hatchery origin chum salmon in areas 
outside of the straight line migration corridors to either WNH or Port Chalmers.  Approximately 5,000 
chum salmon released at Port Chalmers were harvested in the Eshamy District during periods 4, 5, 7, and 
8.  In the Coghill District, more than 12,000 chum salmon released at Port Chalmers were harvested 
during periods 5 and 9.  The Eshamy and Coghill Districts are ~45 and 49 water miles from the release 
site at Port Chalmers.  In the Montague District, Port Chalmers Subdistrict, ~1,700 WNH origin chum 
salmon were harvested during period 6 from 5 to 11 July.   
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Table 3.–Stock of origin and stream distance from release facility, 2004. 

S t re a m E st im a te d  P e rc e n ta g e T O T A L D is ta nc e  fro m  (m i.)   b

N a m e E sc a p e m e n t   a W ild H a tc h e ry W N H P t .  C ha lm H a tc he ry W N H P t .  C h a lm

W e lls  R iv e r 1 8 ,9 6 9 9 7 .9 % 2 .1 % 2 .1 % 0 .0 % 3 9 8 3 0 5 6
C e d a r  C re e k 2 ,5 0 0 9 9 .0 % 1 .0 % 1 .0 % 0 .0 % 2 5 2 8 5 4
S iw a sh  C re e k 2 ,8 5 2 6 4 .1 % 3 5 .9 % 2 6 .1 % 9 .8 % 1 ,0 2 4 2 9 5 6
Jo n a h  C re e k 4 ,0 0 0 9 7 .9 % 2 .1 % 2 .1 % 0 .0 % 8 4 3 3 5 8
W . L o n g  B a y N A 8 9 .6 % 1 0 .4 % 4 .1 % 6 .3 % N A 3 8 5 7
E . L o n g  B a y 1 ,4 4 9 6 8 .6 % 3 1 .4 % 1 2 .8 % 1 8 .6 % 4 5 5 3 7 5 7
"H o tsp r in g s"  C k . 4 1 7 1 0 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 3 6 5 4
"B e a r"  C k . 4 ,0 0 0 8 7 .5 % 1 2 .5 % 1 2 .5 % 0 .0 % 5 0 0 3 5 5 4
M ills  C re e k 1 ,2 4 5 1 0 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 1 7 6 7
S w a nso n  C re e k 1 ,8 0 0 9 6 .7 % 3 .3 % 3 .3 % 0 .0 % 5 9 1 1 6 3
C o g h ill R iv e r 5 ,0 0 0 6 6 .7 % 3 3 .3 % 1 6 .7 % 1 6 .7 % 1 ,6 6 5 2 7 7 9
H a lfe r ty  C re e k 3 ,4 6 1 1 0 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 1 3 6 4
P a rk  C re e k 3 ,4 5 2 8 7 .0 % 1 3 .0 % 1 0 .9 % 2 .2 % 4 4 9 1 8 6 8
N e lso n  B a y 5 0 0 .0 % 1 0 0 % 3 3 .0 % 6 7 .0 % 5 0 9 0 7 2

T o ta l: 4 9 ,1 9 5 4 ,7 0 9

a   E s ca p em en t e s tim a tes  a re  b a s ed  on  A rea  U n d er  th e  C u rve  (A U C ) fo r a ll s trea m s  excep t N e ls on  B a y (R u d e  R ive r tr ib  # 1 ) is  b a s ed  on  
   p ea k  cou n t from  ob s e rva tion s  on  6  A u g u s t, 2 0 0 4 .
b   D is ta n ce  w a s  m ea s u red  a s  th e  s h o rte s t d is ta n ce  ove r w a ter  in  m ile s .  S o ftw a re  u s ed  to  m ea s u re  th e  d is ta n ce  w a s  T O P O  
   ve rs ion  3 .2 .0 , p rod u ced  b y N a tion a l G eog ra p h ic  2 0 0 2 .  
 
DISCUSSION 

 
This study adds to the increasing documentation of hatchery strays in PWS escapements (Joyce and 
Evans 1999; Sharp et al. 1993; Joyce and Evans unpublished data).  ADF&G and PWSAC should address 
issues related to hatchery strays outlined by the Sound Science Review Team in 1999. The “seven initial 
questions” posed by the Science Review Team are all related to one question: Do hatchery fish have 
negative impacts on wild stocks?    

 
The information from this study and the previous work by Sharp et al. (1993) and Joyce and Evans (1999) 
suggest 1) PWS hatchery pink and chum salmon may stray at high rates into streams, and 2) the 
department has been overestimating the escapement of wild pink and chum salmon in PWS.  This study 
documented chum salmon strays from PWS hatcheries and remote releases comprising up to ~36% of the 
sampled otoliths in streams with sample sizes > 90 otoliths (Table 3). Chum salmon strays from WNH 
releases were documented in streams as far as 90 water miles from their release site and strays from Port 
Chalmers releases were documented ~79 water miles from their release site.   The department has 
assumed that all salmon counted during aerial surveys are wild stocks.  Commercial fisheries 
management of wild pink and chum salmon stocks is based on the assumption that the average 
productivity of these stocks is known (fixed escapement goal policy).  Stream escapements with high 
proportions of hatchery fish have an unknown productivity.  If hatchery stocks do successfully spawn in 
wild systems, this may result in altered run timing and reduced genetic fitness of existing wild stocks 
(MacKey et al. 2001).  
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These samples were collected (6, 12, and 20 August) near the end of the run timing of the WNH cost 
recovery and broodstock harvests (5-year average mean harvest date of 23 June; ADF&G unpublished 
data).  Therefore, these data may under estimate the contribution of hatchery origin chum salmon to the 
sampled streams.  Also, 2004 had poor wild stock escapements and hatchery runs of chum salmon.  In 
2004, approximately 2.5 million chum salmon (hatchery and wild stock total run) returned to PWS.  Total 
hatchery runs (Coghill District CPF, WNH hatchery cost recovery, WNH broodstock escapement and 
Montague District CPF harvest combined) fell 2.1 million short of the 4.1 million chum salmon preseason 
forecast (PWSAC 2004).   Approximately 214 thousand chum salmon escaped into PWS index streams 
(ADF&G unpublished data), and this is within the PWS sustainable escapement goal range of 100,000 to 
249,000 (Bue et al. 2002). The chum salmon remote release at Port Chalmers had a poor run in 2004 (326 
thousand fish harvest versus a preseason forecast of 997 thousand).  The relatively large percentages of 
Port Chalmers origin chum salmon in Eastern, Northern and Coghill District stream samples (67% in 
Rude River tributary, 18.6% in East Long Bay, 16.7% in Coghill River) are surprising given the low total 
run estimate. 

 
Another question posed by these data is how does straying affect the PWS Management and Salmon 
Enhancement Allocation Plan (5 AAC 24.370)?  There are now data that suggest the drift gillnet fleet 
may be harvesting chum salmon in the Coghill District that are allocated for the purse seine fleet in the 
Montague District.   

 
Given the relatively high percentages and broad spatial distribution of chum salmon strays in 2004, a year 
with relatively low chum salmon abundance, a more complete straying study appears warranted. 
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16.7% WNH 

16.7% Port Chalmers 

12.5% WNH 

12.8% WNH 

18.6% Port Chalmers

6.3% Port Chalmers 

26.1% WNH 

9.8% Port Chalmers Wally Noerenberg  

Hatchery 

Port Chalmers Origin 

WNH Origin 
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Appendix A-1.–Relative proportion of hatchery origin chum salmon stock by stream and release 
location, 2004. Only streams with >5% hatchery origin are shown except contributions from the Rude 
River tributary (221-10-10160-2011).  An additional four streams had hatchery chum salmon represent 
<5% of the total escapement. 
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DEPARTMENT OF FISH AND GAME 

 

COMMERCIAL FISHERIES DIVISION  

 

Frank Murkowski, GOVERNOR 

 

 
P.O. BOX 699 

CORDOVA, AK   99574 

PHONE: (907) 424-3212 

FAX: (907) 424-3235 

 

M E M O R A N D U M 
  

TO:   Dave Regianni, General Manager 
   Prince William Sound Aquaculture Corporation, Cordova 
   
FROM:  Rick Merizon, Research Biologist  
   CFD, Region II, Cordova 
 
THRU:  Dan Gray, Regional Management Biologist 
   CFD, Region II, Anchorage 
 
DATE:  13 March 2006 
 
SUBJECT: Summary of the 2005 hatchery chum salmon straying study 
 

 

Enclosed please find the preliminary results for the 2005 hatchery chum salmon straying study completed 
in Prince William Sound.  This study documented significant straying of PWSAC hatchery chum salmon 
in the majority of the sampled streams.  Fourteen of the seventeen sampled streams had a hatchery chum 
salmon straying rate greater than 2%, (PWS/CR Phase 3 Comprehensive Salmon Plan 1994).  Thirty five 
streams were initially selected based on a historical peak abundance of >1,000 chum salmon (aerial 
surveys).  Of the 35 streams that met the original abundance criteria, streams were selected for sampling 
based on 2005 inseason, weekly aerial survey abundance estimates.  We attempted to visit all streams 
twice during peak chum salmon abundance and collect a sample (n = 96 pairs) of otoliths.  However, 
because of low abundance or inclement weather, several of the streams were visited only once or a full 
sample was not collected.  Therefore, several streams have sample sizes that are lower than our goal 
(Table 1). 
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Table 1.–Hatchery chum salmon straying rates throughout select streams in Prince William Sound, 
2005. 

Stream Overall 2004
Name W HN PC W ild Total W NH PC Rate Rate W NH PC
Beartrap Creek 0 0 373 373 0.0% 0.0% 0.0% NA 120 90
Eshamy River 213 9 5 227 93.8% 4.0% 97.8% NA 40 50
Koppen Creek 3 0 220 223 1.3% 0.0% 1.3% NA 120 90
Hartney Creek 2 6 210 218 0.9% 2.8% 3.7% NA 130 80
Constantine Creek 0 1 191 192 0.0% 0.5% 0.5% NA 100 40
Long Creek 8 9 175 192 4.2% 4.7% 8.9% 10.4% 50 90
Olsen Creek 1 2 189 192 0.5% 1.0% 1.6% NA 110 80
W ells River 5 0 187 192 2.6% 0.0% 2.6% 2.1% 50 90
Nuchek Creek 6 2 160 168 3.6% 1.2% 4.8% NA 100 40
Siwash Creek 93 9 61 163 57.1% 5.5% 62.6% 35.9% 30 80
M ill Creek 19 2 127 148 12.8% 1.4% 14.2% 0.0% 20 100
Indian Creek 1 2 94 97 1.0% 2.1% 3.1% NA 80 90
Coghill River 53 4 1 58 91.4% 6.9% 98.3% 33.3% 30 100
Swanson Creek 13 2 26 41 31.7% 4.9% 36.6% 3.3% 20 90
W . Finger Creek 1 1 29 31 3.2% 3.2% 6.5% NA 30 80
Paulson Creek 5 1 18 24 20.8% 4.2% 25.0% NA 20 80
Sunny River 3 1 14 18 16.7% 5.6% 22.2% NA 100 90
Robinson Falls Ck 0 0 13 13 0.0% 0.0% 0.0% NA 130 100
Humpback Creek 3 2 7 12 25.0% 16.7% 41.7% NA 130 90
Halferty Creek 0 0 9 9 0.0% 0.0% 0.0% 0.0% 20 80

Facility Specific
Sample Size Straying Rate Distance (km)

 
 
ADF&G is completing a literature review and ADF&G Fisheries Data Series report.  The issues being 
examined include, straying rate as it relates to 1) distance from the release facility, 2) size of the 
estimated total escapement, and 3) temporal patterns, as well as examining differences between the 
intertidal and upstream zones, sexes, ages, and egg retention between wild and hatchery chum 
salmon.  We anticipate a draft report by late-March that will be ready for peer review and publication. 
ADF&G is planning additional work for the 2006 season.  Local staff will duplicate sampling efforts 
similar to those in 2005 as well as possibly collect genetic tissue samples from select streams 
throughout PWS.  Genetic samples would be paired with otolith collections for stock of origin 
determination.  Samples would also be used to examine the feasibility of identifying the potential 
influence on existing wild stock chum salmon from the WNH brood stock.  These data would be 
examined at the ADF&G Anchorage Genetics Lab. 
These data document a significant hatchery chum salmon straying issue in PWS.  However, provided 
there is an opportunity for open discussion and a review of existing rearing and release strategies 
ADF&G is confident these issues can be appropriately handled.  The ADF&G welcomes a 
cooperative effort during the 2006 season.  It is in the best interest of both ADF&G and PWSAC to 
promote healthy and sustainable hatchery and wild stock salmon in PWS. 
 
cc. 
Steve Moffitt, 
Bert Lewis, 
Glenn Hollowell, 
Dan Gray, 
Jeff Regnart, 
Jim Seeb  
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ALASKA DEPARTMENT OF FISH AND GAME 

 COMMERCIAL FISHERIES  DIVISION 

MEMORANDUM 
 

To:  Dave Reggiani, General Manager, Prince William Sound Aquaculture Corporation 
 
Through: Jeff Regnart, Regional Supervisor, CF, Region II, Anchorage  
 
From: Bert Lewis, Area Management Biologist, CF, Region II, Cordova 
 
Date: March 7, 2006 
 
Subject: PWSAC Permit Alteration Request for Crosswind Lake release numbers 
 
PWSAC has submitted a Permit Alteration Request (PAR) for the Regional Planning Team (RPT) to 
consider at the annual spring meeting. The PAR seeks to increase the Crosswind Lake sockeye salmon fry 
stocking capacity from 7.6 million to 10 million. The PAR was originally considered at the 15 April 2005 
RPT. At the 2005 meeting, the department stated that prior to consideration of any alteration to the 
current stocking plan the department needs the following information; 1) a review of at least 2 years 
(2005 and 2006) of complete otolith analysis data, including commercial, personal use, and subsistence 
harvests (less than required by the BMP), 2) limnology data from all lakes for all years and timely 
delivery of future limnology data (per the BMP), and 3) no net increase in annual returns beyond 300,000 
fish (per the BMP). The department supports the PAR in concept, but requires the otolith contributions 
and limnology data to make an informed decision. The department agreed that an early 2006 RPT 
meeting would be scheduled if the data was provided to the department with sufficient time for review. 
An early date was agreed to so that, if the PAR was approved, PWSAC could implement the changes 
prior to stocking Crosswind Lake in 2006. 
 
In November 2005, per that agreement, an early RPT was scheduled for 24 January 2006. PWSAC 
assured the department the limnology data would be available prior to the meeting.  The otolith 
contributions were completed in 2005 with funding from PWSAC and the department. However, the 
meeting was canceled because PWSAC did not provide the limnology data. The department still does not 
have the limnology data from all lakes for all years as was agreed to at the spring 2005 RPT meeting. The 
PAR cannot be considered an action item for the 2006 RPT agenda until the conditions of the agreement 
are met. 
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The department wishes to provide PWSAC every opportunity to have this PAR considered at the 2006 
RPT meeting. If the limnology data are provided with sufficient time for department review, the PAR 
may be considered at the RPT meeting. As discussed, the department considers sufficient review time to 
be 4 weeks. The RPT meeting is currently scheduled for 18 April. 
 
The department also encourages PWSAC to address the lack of compliance with several permit 
requirements. PWSAC has been out of compliance with the permit requirement of timely delivery of 
limnology data for 6 years, despite repeated requests for the data. PWSAC has also never completed the 
smolt out-migration monitoring permit requirement on Paxson Lake as outlined in the BMP. As outlined 
in Dr. Tom Quinn’s analysis of Crosswind and Summit lakes data for PWSAC, smolt size and abundance 
data may provide information useful to evaluate stocking levels. The Crosswind Lake permitted stocking 
level of 7.6 million fry has been exceeded in 4 of the last 5 years.  The delivery of otoliths from 
broodstock escapements as outlined in cooperative agreements has also been problematic. These ongoing 
problems interfere with the effective operation of PWSAC and impair the relationship between PWSAC 
and the department. The department hesitates to consider any PAR associated with the Gulkana Hatchery 
operations as long as these problems continue. 
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DEPARTMENT OF FISH AND GAME 

 
    DIVISION OF COMMERCIAL FISHERIES       

 

 

FRANK  MURKOWSKI, 
GOVERNOR 

 

P.0. BOX  669 

CORDOVA, ALASKA 99574 

PHONE: (907) 424-3212 

FAX: (907) 424-3235 

1 July 2004 

 
To:    Dave Reggiani 
  General Manager 

Prince William Sound Aquaculture Corporation 
 
Through: Jeff Regnart 
  Regional Supervisor 
  CF, Region II 
  Anchorage  
 
From:    Dan Ashe 
  PWS / Copper River Area Management Biologist 
  CF, Region II 
  Cordova 
   
Date:    January 20, 2005 
 
Subject: Comments concerning PWSAC Permit Alteration Request for Gulkana Hatchery 

 
PWSAC submitted two Permit Alteration Requests (PAR’s) for the Regional Planning Team to consider 
in the spring of 2005. These PAR’s specifically request: 1) To increase the permitted stocking capacity of 
Gulkana Hatchery sockeye salmon fry into Crosswind Lake from 7.6 million to 10 million annually, and 
2) Allow a permitted capacity of 1.2 million Chinook salmon eggs at the Gulkana II Hatchery with an 
intent of re-initiating broodstock development of Chinook salmon from the Gulkana River. This memo 
addresses each PAR separately. 
 

Increase of Stocking Capacity of the Gulkana Hatchery Sockeye Salmon Fry into Crosswind Lake 
from 7.6 million to 10 million Annually 

Background Information 
 
A more detailed account of the Gulkana Hatchery Complex may be found in the Gulkana Hatchery Basic 
Management Plan (BMP). The Gulkana Hatchery Complex consists of two sockeye salmon incubation 
facilities (Gulkana I and II) located above Paxson Lake on the east fork of the Gulkana River. ADF&G 
initiated operations at this facility in 1973 and operated the hatchery complex until PWSAC assumed  
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operation in 1993 under contract with the state of Alaska. Since hatchery operations and sockeye salmon 
fry releases began at the two hatchery sites, two remote release sites have since been included as part of 
the hatchery release program – Summit and Crosswind Lakes. Summit Lake is located upstream of 
Paxson Lake and sockeye salmon fry were first released into this system in 1980. Crosswind Lake is 
located along the west fork of the Gulkana River and the first sockeye salmon fry were released into this 
system in 1985. Crosswind Lake was added as a regular release site in 1988.  
 
The current permitted green sockeye salmon egg take is 35 million for Gulkana I (since 1988) and 1.75 
million for Gulkana II. 
 
The current Gulkana Hatchery BMP permits the following sockeye salmon fry releases: 
 
Release Location Maximum Fry Release 

Paxson Lake (Gulkana I on-site release) 10 million 

Summit Lake 5 million (an additional 1 million may be released if egg 
to fry survivals are better than expected) 

Crosswind Lake 7.6 million 

Gulkana II (on-site release) 1.31 million 

 
The accepted program goal of the Gulkana Hatchery Facility (BMP section 2.2) “is to provide an annual 
average return of 300,000 adult sockeye salmon without jeopardizing delta and upriver wild stock 
escapements. Hatchery production will contribute to all common property fisheries including commercial, 
personal use, subsistence, and sport”.  
 
As the Gulkana Hatchery program expanded there was growing concern over the department’s ability to 
achieve wild stock escapement goals. The Gulkana Hatchery Policy Paper (Brady et al. 1990) was 
produced when the hatchery run was estimated as 250,000 and 300,000 adults. The policy paper as well 
as the current BMP identifies evaluation projects that would enable the department to better achieve 
wildstock escapement goals for both upriver and delta components of the Copper River sockeye salmon 
run. These projects focus on escapement enumeration, AWL sampling, stock identification, nursery lake 
evaluations, and data analysis. Since 1990 enhanced sockeye salmon runs have averaged above the 
prescribed 250,000 to 300,000 goal of returning adults, with a 10-year (1995-2004) average estimated run 
of 382,700 enhanced sockeye salmon adults. These large hatchery runs continue to complicate harvest 
management of the Copper River District even though wild sockeye salmon runs have also increased.  
 
The primary recommendation of both the Gulkana Hatchery Policy Paper and the Gulkana Hatchery BMP 
was that production would not be increased until an adequate evaluation program was in place to address 
management concerns. All enhanced sockeye salmon fry since brood year 1999 have been otolith marked 
using strontium chloride. The BMP calls for two complete brood years to have returned that have had 
successful otolith marks applied as fry before consideration of adjusting stocking levels to achieve the 
target production of 300,000 adults. The first brood year return of otolith marked enhanced sockeye 
salmon fry was 2004. This reevaluation was anticipated at the time of the adoption of the current BMP to 
occur prior to the spring 2006 Regional Planning Team meeting. 
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Management Concerns Over Increasing Crosswind Lake Sockeye Salmon Stocking Rates  
 
Managing sockeye salmon escapement for the Copper River Delta is complicated by large returns of 
enhanced fish with similar run timing. The Gulkana Hatchery Policy Paper identifies five assumptions 
that must be met to successfully achieve escapement goals for both upriver and delta sockeye stocks 
returning to the Copper River Drainage. These assumptions are: 

1. Abundance forecast of upriver and hatchery stocks are accurate. 
2. Forecast of run timing for upriver and hatchery stocks is accurate. 
3. Annual upriver exploitation rate is the same for all stocks and allows adequate delta run 

escapement. 
4. Juvenile and marine survival rates are equal for wild and hatchery stocks. 
5. Proportion of wild and hatchery stocks is accurately assessed during the season. 

 
Forecast accuracy for Copper River sockeye salmon returns is highly variable. Since 1993, the first year 
of full returns of enhanced sockeye salmon at the current egg take capacity, forecast error has averaged 
25% within the actual estimated run with a range of -0.7 % to 46.9%. The poorest correlations of forecast 
to actual run strength have been consistently in years of high estimated hatchery returns. The table below 
provides the forecasted run of sockeye salmon returning to the Copper River, the estimated actual run, the 
forecasted return of enhanced sockeye salmon, and the estimated actual return of enhanced sockeye 
salmon from 1993-2004. 
 

Year Total Run 
Forecast 

Estimated Actual 
Run 

Enhanced Run 
Forecast 

Estimated Actual 
Enhanced Run 

Percent 
Accuracy of 

Total Forecast 
vs. Actual Run 

1993 1,624,500 2,315,789 221,000 97,250 29.9% 

1994 1,349,100 1,989,958 235,000 69,750 32.2% 

1995 1,650,100 1,972,079 315,000 65,640 16.3% 

1996 2,050,000 3,341,895 307,000 121,000 38.7% 

1997 2,234,000 4,210,084 250,300 403,300 46.9% 

1998 2,740,000 2,338,532 410,000 671,125 -17.2% 

1999 2,233,651 2,696,056 649,500 1,036,000 17.2% 

2000 2,097,000 1,628,073 890,000 478,575 -28.8% 

2001 1,464,736 2,261,559 553,500 307,875 35.2% 

2002 1,617,151 2,175,059 420,000 425,400 25.7% 

2003 2,016,409 2,002,862 350,000 241,400 -0.7% 

2004 1,640,952 1,822,563 111,000 77,150 10.0% 
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The assumption of accurate forecasting is important when the surplus component of the sonar goal is 
calculated. Enhanced sockeye salmon returning to Gulkana Hatchery or its remote release sites are mixed 
with wild stocks, making it impossible to target enhanced fish exclusively in any of the Copper River 
fisheries. To ensure that wild stocks are not over exploited a hatchery surplus component is part of the 
sonar goal. The surplus component is not intended or used to satisfy any fishery allocation goals. The 
surplus component is intended to ensure hatchery fish are exploited at the same rate as wild fish. In years 
that the enhanced sockeye run is less than forecasted the surplus component is higher than needed 
subtracting from surplus salmon that could have been available to commercial common property harvest. 
In years that the enhanced sockeye run is more than forecasted the surplus component is lower than 
needed exposing wild stocks to potential over exploitation rates by all fisheries. 
 
Enhanced sockeye salmon are present throughout the run. Based on coded wire tag and marked otolith 
recoveries in the commercial fishery indicate the majority of enhanced sockeye salmon peak in abundance 
from late June to mid July.  
 
The department is concerned over the exploitation rates of enhanced sockeye. The delta and upriver run 
follows the same run timing as that of the enhanced sockeye salmon run. The delta and late upriver 
sockeye salmon run is less robust than that of the upriver enhanced sockeye salmon run; therefore it 
cannot withstand the same harvest pressure that enhanced upriver stocks can withstand. With large 
abundances of enhanced sockeye salmon mixed with wild stocks it is imperative that accurate 
assumptions of exploitation rates be made. The assumption that exploitation rates are known becomes a 
greater concern when enhanced sockeye returns are more than forecasted. Both the Gulkana Hatchery 
Policy Paper and the BMP recommend an enhanced sockeye salmon run of 250,000 to 300,000 fish. This 
recommended threshold is to help manage for delta sockeye escapement goals that would be difficult to 
achieve with large abundances of enhanced sockeye in the fishery. 
 
Currently the department assumes all Copper River fisheries have the same exploitation rate on wild and 
enhanced stocks. This assumption is flawed; however the only reliable available data to assign any 
exploitation rate assumptions comes from the commercial fishery. PWSAC advocates that the failure to 
achieve adequate brood stock from Paxson Lake is the result of over harvest in the upriver fisheries. Less 
than adequate returns to Paxson Lake despite adequate escapement past the Miles Lake sonar may very 
well indicate a higher than assumed exploitation rate occurring in the upriver fisheries that is not being 
accounted for in the sonar escapement goal (assuming forecasts are accurate to begin with). If this is 
indeed the situation a higher surplus component is needed annually for the sonar escapement goal. 
Evaluation studies to examine otoliths from upriver harvest and determine exploitation rates must be 
undertaken before an increase in stocking levels could be considered.  
 
PWSAC has not achieved brood stock requirements from Paxson Lake for the past four years. Again, 
PWSAC advocates the reason for these shortfalls is due to over harvest occurring in the upriver fisheries. 
The department has reason to believe that other factors are at play to account for the less than desirable 
returns to Paxson and Summit Lakes. The department in collaboration with PWSAC evaluated 
limnological conditions in Paxson, Summit, and Crosswind Lakes until 2000 when PWSAC withdrew 
from the cooperative agreement and assumed this responsibility individually. The last available 
limnological assessment by the department reported some disturbing trends. In short the 
macrozooplankton biomass for both Summit and Paxson Lakes are very low given the current stocking 
levels with strong evidence of over grazing occurring. The limnology memo is attached for a more 
detailed review of the concerns that current stocking rates may be higher than optimal, resulting in poor 
fry to smolt survival. The BMP which is an addendum to PWSAC’s Gulkana Hatchery Permit specifies 
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that PWSAC fund limnology evaluations and provide the department all data and findings in a timely 
manner. The department has requested PWSAC’s limnology data and findings repeatedly for three years 
with no compliance to date.     
 
In essence there remain many questions surrounding Gulkana Hatchery enhanced sockeye salmon. The 
BMP calls for two brood year returns of 100% otolith marked enhanced fish and corresponding 
evaluations to account for exploitation rate, survival rates, and development of techniques to sample and 
examine otoliths. 2004 was the first brood year of marked enhanced sockeye salmon to return.  
 
Area staff is strongly opposed to this proposal. This proposal violates the intent of the Policy for the 
Management of Sustainable Salmon Fisheries as well as the Gulkana Hatchery Complex Policy to not 
compromise wild stock management precision for increased harvests. PWSAC has failed to comply with 
its current BMP to provide limnological data and findings. PWSAC has failed to conduct necessary 
evaluation projects pertaining to its release of enhanced sockeye salmon. There is uncertainty in upriver 
exploitation rates and any increased production can exacerbate an already difficult goal of maintaining a 
sustainable fishery. 
 
Allow a permitted capacity of 1.2 million Chinook salmon eggs at the Gulkana II Hatchery with an 

intent of re-initiating broodstock development of Chinook salmon from the Gulkana River 
 
Background Information 
 
The background information provided is a summary of documents produced by James Brady, Ken 
Roberson, Craig Whitmore, and Paul Krasnowski.  
 
The Gulkana Hatchery Chinook program was originally proposed in 1986 and 1987. A report “Gulkana 
Hatchery Complex Development Proposal” was drafted by Ken Roberson in February 1987, outlining a 
long range development plan for both sockeye and Chinook salmon at the Gulkana Hatchery complex. 
The proposal outlined a four phase development plan, with each phase lasting approximately 5 years. 
Proposed production levels for Chinook were referenced at 250,000 eggs in Phase I and were to expand to 
2.5 million by Phase III. The objectives during Phase I were; 1) evaluate Chinook salmon egg take, 
incubation, and rearing techniques; 2) evaluate potential in unutilized lakes; 3) development of a brood 
source.  
 
An FTP was approved to take up to 60,000 Chinook salmon eggs from the Gulkana River for incubation 
at the hatchery and release at Monsoon Lake and later amended in 1989 to be effective through 1993. 
Review of the project by ADF&G in 1991 concluded the management risk and associated evaluation 
monitoring costs were not feasible to continue. 
 
Management Concerns Over Enhanced Chinook Salmon in the Copper River 
 
There is limited Chinook salmon brood stock source available at the Gulkana II Hatchery site. Genetic 
policy requirements will need to be satisfied for this matter. 
 
The Chinook salmon enhancement endeavors caused much strife within the department. Ultimately when 
the project was canceled the department who was responsible for the Gulkana Hatchery Complex at the 
time had failed to produce a Basic Management Plan for the project and failed to properly evaluate 
releases. 
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The concerns of the early 1990’s are similar to those of today regarding enhancement of Chinook salmon 
in the Copper River Drainage. 
 
The department is mandated to manage for a Chinook salmon spawning escapement of 24,000 or greater. 
At present the department has no means to assess Chinook salmon escapement inseason. In order to 
properly manage any mixed wild and enhanced fishery the five assumptions cited above will need to be 
satisfied. The department and the Native Village of Eyak have monitored spawning distribution, run 
timing, and inriver escapement for the past five years. Major stock components of Chinook salmon have 
distinct run timing characteristics, however there is temporal overlap of them all. The department has 
actively managed the commercial fishery to provide Chinook salmon escapement opportunity since the 
adoption of the Copper River Chinook Salmon Management Plan in 1996. Achievement of Chinook 
salmon escapement goals is at best moderate given the estimates and shortfalls of the monitoring projects. 
 
As with enhanced sockeye salmon, enhanced Chinook salmon could only be harvested at the same 
exploitation rate as that of wild stocks. The Native Village of Eyak has just recently within the past one to 
two years begun to provide inriver escapement estimates that could be judged as reliable.   
 
The commercial fishery Chinook salmon harvest is 75% complete by June 1, with the commercial fishing 
season commencing in mid May. Assuming any enhanced Chinook salmon are released, they would 
likely be done so with chemically marked otoliths, as is the case with enhanced sockeye salmon releases. 
It takes the department an average of ten days to ship sampled otoliths and to have them read with 
reported results. The time delay in reading otloliths to determine the enhanced contribution in a given 
harvest precludes any proactive management of the Chinook salmon fishery with enhanced contributions. 
To ensure exploitation rates of wild stocks are not jeopardized due to an abundance of enhanced fish 
makes prescriptive precautionary management practices a requirement as is the case with enhanced 
sockeye salmon and the surplus component of the sonar goal.  
 
Area staff is strongly opposed to this proposal. This proposal violates the intent of the Policy for the 
Management of Sustainable Salmon Fisheries as well as the Gulkana Hatchery Complex Policy to not 
compromise wild stock management precision for increased harvests. 
 
 
ATTACHMENT 
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STATE OF ALASKA           Department of Fish and Game 

          
M E M O R A N D U M   Division of Commercial Fisheries 
                 
          43961 Kalifornsky Beach Rd. 
          Soldotna, AK  99669 
          Phone: 262-9368;  Fax: 262-4709 
 
FROM:  Jim A. Edmundson 

Fishery Biologist                                    DATE:  10 March 2000                                   Central 
Region Limnology 

               Soldotna 
 
      TO:  Ellen Simpson                                 SUBJECT:  Evaluation of         
               Fishery Biologist                                                  Gulkana sockeye                    
               Central Region                                                      enhancement project. 
               Anchorage                                                                   
 
In response to your request, Central Region Limnology (CRL) has reviewed the limnological and 
fisheries data relative to the ongoing sockeye fry stocking programs conducted by Prince William Sound 
Aquaculture Corporation (PWSAC) at Summit, Crosswind, and Paxson Lakes.   At issue is (1) the poorer 
than expected fry-to-smolt survival (FSS) in Summit Lake, (2) the recent (1999) increase in the number of 
holdovers (age-2 smolt) from Crosswind Lake, (3) the contribution of adult carcasses to the nutrient status 
of Crosswind Lake, (4) the lack of a juvenile sockeye assessment (smolt enumeration) program at Paxson 
Lake, and (5) continued limnological monitoring of all three lakes.  In addition to these concerns, we have 
made specific recommendations concerning the stocking levels in all three lakes.     
 
As to Summit Lake, of the 10 million fry that were stocked in 1998, only 100,000 smolt out migrated in 
the spring of 1999 (Figure 1).  Due consideration must be given to the possibility that the apparent poor 
FSS (1%) for the 1997 brood-year fry may be accounted for by the production of a large number of age-0 
sockeye which out migrated in the summer or fall of 1998.  However, migratory activity of smolt was not 
monitored later in that year (1998) so the number of age-0 smolt produced, if any, is uncertain.  Although 
smolts typically do not out migrate this late in the growing season, a few lakes in south-central Alaska 
that have been stocked with sockeye fry produce(d) significant numbers of age-0 smolt (e.g., Chelatna 
Lake, Bear Lake, and presumably Solf Lake).   It has been suggested (PWSAC) that the relatively short 
growing season in Summit Lake would preclude sufficient fry growth necessary to achieve a threshold 
size (~2 g) in order to smolt.  However, age-1 smolts from Summit Lake average nearly 6 g in mass 
(Figure 1) and it seems doubtful that much accessory growth of fry is put on over winter.  Thus, it seems 
quite plausible that despite only a 4-5 month open water period, fry could grow to threshold size and 
leave the lake prior to freeze up.   
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On the other hand, the idea of a large number of age-0 smolt being produced seems to be somewhat at 
odds with the general notion that, in years of high stocking densities and reduced growth (smaller sizes); 
achieving threshold size for smoltification would require a longer lake residence, not a reduced one.  It 
seems to us that it is more likely that a large number of stocked fry remained in Summit Lake for an 
additional (second) winter.  However, populations of age-2 smolt have not comprised a large proportion 
of the out migration in past years when stocking levels were also around 10 million.  If there is a 
significant number of holdovers in the lake, this may be indicative of a reduced rearing capacity brought 
about by the cumulative effects on the forage base from the past 5 years of stocking relatively high 
numbers of fry (>8 million).  The smolt enumeration project proposed by PWSAC this year (2000) which 
if continued during the adult weir operation, should resolve the issue of a possible shift in the age 
structure of smolt.   
 
PWSAC also suggested (see memorandum 23 July 1999 from Nate Callis) the possibility of 
underestimating the abundance of the 1999 smolt out migration in Summit Lake.  However, they 
documented that the smolt sampling began only about a week later than usual (due to ice cover) and there 
were no smolt observed near the outlet of the lake before the net was installed.  In addition, the mesh size 
used was apparently small enough to prevent smolt from passing through the net.  Assuming this is all 
true, and we have no reason to believe otherwise, we agree that the low smolt count for Summit Lake in 
1999 was not the result of some sort of major sampling error. 
 
In our previous letter of 26 June 1998 to Gary Martinek (PWSAC) regarding Summit Lake, we stated our 
(CRL) concern over the stocking of 10 million fry in the spring of 1998 because the mean standing stock 
of macrozooplankton the previous year (1997) was the lowest measured in 16 years.  That is, we believed 
that continued heavy grazing by sockeye juveniles could trap the zooplankton biomass at low levels.  
Such a severe or persistent perturbation of the zooplankton community (forage base) could be difficult to 
undo even with lower stocking densities thereby resulting in poor FSS.  Our analysis was based on 
several measured zooplankton responses (e.g., density, biomass, and species composition) to different 
levels of stocked fry.  Rather than re-hash those discussions and analyses here we refer you to that letter.  
Simply put, crustacean zooplankton densities, biomass, and FSS in Summit Lake were negatively (and 
significantly) related to the number of stocked fry.   
 
Herein, we have again attempted to model the inverse relationship between stocking level and 
macrozooplankton biomass inclusive of the 1998 data (Figure 2) using linear regression.  The coefficient 
of the slope is significant (r2=0.25; P=0.035) though we agree that there is a large amount of unaccounted 
for variation surrounding the regression line (Figure 3).   Nonetheless, this is evidence of cropping.  In 
addition, the zooplankton biomass density in 1998 remained very low (199 mg m-2) being nearly identical 
to that of 1997 (187 mg m-2).  Because of high fry loading and heavy grazing pressure in 1997, 
zooplankton recruitment (i.e., a lack of ovigerous cyclopoids) may have been low enough to limit food 
availability for the fry stocked in 1998.  Indeed, although the smolt abundance estimate for 1998 (which 
reared in the lake in 1997) revealed reasonably good FSS (i.e., 10%), only about 100,000 smolt (>99% 
age-1) left the lake in the spring of 1999 (having reared in the lake in 1998) resulting in a dismal FSS (i.e., 
1%).  In Summit Lake, FSS tends to decrease (r2 = 0.37; P=0.07) with increasing stocking level (Figure 
4) suggesting a density dependent mechanism is at work.  There has also been a noticeable trend or 
change in the species composition of the zooplankton community in Summit Lake.   In particular, 
populations of Cyclops, once the dominant plankter, have continually declined over the past 5 years.   
Prior to 1995, Cyclops represented >70% of the total macrozoplankton biomass, whereas in 1998 Cyclops  
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biomass composed only 15% of the total macrozooplankton biomass (Figure 5).  In the absence of change 
in trophic status, a re-structuring of the zooplankton community in terms of species composition is 
another indication of intense grazing pressure.  Taken together, these data support the idea that the 
abundance of zooplankton for young sockeye, particularly in years when sockeye populations are large, 
may become an important limiting factor relative to fry growth and survival in Summit Lake.  
 
In comparing the limnological and smolt data for Summit Lake with Crosswind Lake, the lower FSS for 
the former system is readily apparent (Table 1).   On average, FSS is half that in Summit Lake (7%) 
compared to Crosswind Lake (14%) and this has raised questions by PWSAC concerning this difference 
in mortality schedules and size at age of smolt. We believe that this can be explained, at least in part, by 
the stocking density (fry per surface area) relative to the amount of plankton food supplies available to 
each young salmon in the two lakes.  In particular, the stocking density in Summit Lake (0.46 fry m-2) is 
twice as much as in Crosswind Lake (0.23 fry m-2) and the long-term average zooplankton biomass is 
approximately half as much in the former (537 mg m-2) compared to the latter (1,080 mg m-2).   
 
We have constructed a rough and approximate comparison of the feeding capacity of Summit, Crosswind, 
and Paxson lakes by calculating the amount of food available, represented as the mean standing stock of 
macrozooplankton, per individual (stocked) fry (Table 2).  It is obvious that there is a great deal more 
plankton food available to each sockeye fry in Crosswind Lake (4.8 g fry-1) compared to either Summit 
Lake (1.7 g fry-1) or Paxson Lake (1.8 g fry-1).  When data for Summit and Crosswind lakes are 
considered together, there is a significant (r2=0.44; P=0.004) positive relationship between food supply 
and FSS (Figure 6).  With a greater quantity of food available, growth of sockeye juveniles is more rapid 
as evidenced by larger smolt sizes for Crosswind Lake (Figure 7) than in Summit Lake (Figure 1).  
Therefore, we disagree that there was some “catastrophic” environmental event, which caused the 
dramatic decrease in smolt production in Summit Lake.  Instead, we believe it is more likely that there 
were significant losses occurring during the release and distribution of hatchery fry coupled with an 
inadequacy of plankton food supplies relative to the fry density.   Thus, based on our analysis we 
recommend reducing the stocking level in Summit Lake from 10 million to 5 million fry.  The stocking 
level of 5 million fry is consistent with our earlier (1997 and 1998) recommendations (4-6 million) to 
PWSAC.  Furthermore, there is a lack of information on smolt production from Paxson Lake, at least 
since PWSAC has run the enhancement program, despite three decades of stocking (Figure 8).  
Nonetheless, the stocking density (0.77 fry m-2) averages nearly twice that of Summit Lake and more than 
three times that of Crosswind Lake.  In addition, the food supply in Paxson Lake is nearly that of Summit 
Lake, i.e. very low (Table 2).  Hence, unless smolt data are collected and information on FSS is obtained 
from this system, which may alter our interpretation of the data presented here, we recommend that the 
stocking level in Paxson Lake also be lowered from the current 12 million to 6 million fry.  
 
Regarding the smolt outmigration for Crosswind Lake in 1999, there was a slight increase in the 
proportion of age-2 smolt, which caused some concern for PWSAC about the lake’s carrying capacity.  
However, the small percentage (1.1%) of the total out migration attributed to age-2 smolt is not alarming 
to us.  In addition, the mean annual zooplankton standing stock for the past 7 years has been relatively 
consistent and robust (Table 2) rather than in any obvious decline.  At this point in time and assuming 
there is a continued desire to stock, we are not recommending any change in stocking level for Crosswind 
Lake.  Nonetheless, PWSAC suggested that the “20%” increase in the number of holdovers might 
indicate a smaller rearing capacity, and as such, there may be a need to increase the productivity of the 
system through carcass-derived nutrient loading, i.e. provide larger escapements into Crosswind Lake. 

-continued-

 87



Appendix A11.–Page 10 of 11. 

This does not seem to be a valid argument because if there is concern over a reduction in the lake’s 
rearing capacity, then the correct action would be to lower the stocking level, not increase fry recruitment.  
It is also our understanding that there was some concern by lake residents (the human kind) over nutrients 
and water quality in terms of aesthetics (rotting carcasses, algal blooms, unwanted bears, etc.) stemming 
from too much nitrogen and phosphorus. 
 
Although we have historical water quality and nutrient information for Crosswind Lake prior to 1992, no 
data on nitrogen and phosphorus levels are available since then, so it is difficult to assess the recent 
contribution of carcass-derived nutrients to water column phosphorus and nitrogen.  Moreover, we lack 
the necessary hydrological data to compute reasonably accurate nutrient inputs and outputs from various 
sources.  Nonetheless, we can make some inferences about the potential nutrient contribution from 
salmon carcasses.  For example, since 1992, when adult sockeye from the Gulkana enhancement program 
first entered Crosswind Lake, the sockeye escapement (less the number of spawners sold for cost 
recovery) averaged 40,000 (range 6,400 to 99,291).  Assuming each adult sockeye liberates 
approximately 8 g of phosphorus (P) into the water column and using the averaged escapement, the 
estimated potential P-loading from spawners is about 8 mg P m-2 yr-1 (or 320 kg). However, the 
theoretical change in total-P concentration in the lake from the instantaneous release of nutrients from 320 
kg equates to only about 0.5 μg L-1.  A 2-3 μg L-1 change in P concentration (given that P is the limiting 
nutrient) is necessary to stimulate productivity (measured as chlorophyll) in clear lakes.  Crosswind Lake 
is not a clear lake, but is a stainy (highly colored) system having reduced light penetration (shallower 
photic depth), which limits photosynthesis.  Thus, a measurable increase in nutrient concentration, 
primary production, and rearing capacity from an input of say as many as 80,000 carcasses rather than 
40,000 is dubious and we see no justifiable reason based on the nutrient argument for increasing the 
escapement into Crosswind Lake.  If there is genuine concern over trophic status of Crosswind Lake in 
relation to aesthetic values, then we are highly in favor of resuming a water-quality monitoring program 
to include the collection of environmental, water chemistry, nutrient, and chlorophyll samples in 
conjunction with the ongoing zooplankton-sampling program.   
Finally, it has been brought to our attention that PWSAC may be considering an alternative laboratory for 
processing future limnological samples. To date, the cooperative agreement between ADF&G and 
PWSAC for FY 2000 has not been signed by PWSAC and we have not received any samples from the 
1999 field season from Summit, Crosswind or Paxson lakes although we assume samples have been 
collected.  Given that PWSAC is a private entity, we suspect this is all well and good.  However, if 
ADF&G (CRL) is to continue evaluating the Gulkana sockeye enhancement project in terms of 
appropriate stocking levels to prevent overgrazing and attendant long-term impacts on the forage base for 
juvenile sockeye salmon, assessing changes in water quality, and addressing regional management 
concerns of hatchery versus wild sockeye stocks, then we strongly urge PWSAC to continue to utilize the 
 
technical services of CRL.  Otherwise, failure to use the standardized field and laboratory procedures that 
we have developed and applied statewide for more than two decades will make it much more difficult to 
compare future aspects of freshwater production with historical data.  This will compromise our 
(ADF&G) ability to assess the effects of stocking and ensure a reasonably and biologically sound sockeye 
enhancement program. 
 
In summary, CRL recommends the following:  (1) reduce the stocking level in Summit Lake from 10 
million to 5 million sockeye fry in order to take foraging pressure off of the zooplankton community and 
improve FSS, (2) reduce the stocking level in Paxson Lake from 12 million to 6 million sockeye fry to  
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better balance fry densities with available forage and implement a smolt enumeration program, 
(3) maintain the current stocking level (10 million) at Crosswind Lake and conduct a synoptic 
survey this summer to obtain information on current nutrient and water quality conditions, (4) 
continue the environmental and zooplankton sampling programs at all three lakes, and (5) 
modify the fish transport permit (FTP) to reflect the revised recommendations for stocking.  If 
you have any questions or require further information on Summit, Crosswind, and Paxson lakes, 
please feel fee to contact CRL any time. 
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STATE OF ALASKA           Department of Fish and Game 
          
M E M O R A N D U M   Division of Commercial Fisheries 
                 
          43961 Kalifornsky Beach Rd. 
          Soldotna, AK  99669 
          Phone: 262-9368;  Fax: 262-4709 
 

FROM:  Jim A. Edmundson 
Fishery Biologist                                    DATE:  10 March 2000                                   Central 
Region Limnology 

               Soldotna 
 

      TO:  Ellen Simpson                                 SUBJECT:  Evaluation of         
               Fishery Biologist                                                  Gulkana sockeye                    
               Central Region                                                      enhancement project. 
               Anchorage                                                                   
 
In response to your request, Central Region Limnology (CRL) has reviewed the limnological and 
fisheries data relative to the ongoing sockeye fry stocking programs conducted by Prince William Sound 
Aquaculture Corporation (PWSAC) at Summit, Crosswind, and Paxson Lakes.   At issue is (1) the poorer 
than expected fry-to-smolt survival (FSS) in Summit Lake, (2) the recent (1999) increase in the number of 
holdovers (age-2 smolt) from Crosswind Lake, (3) the contribution of adult carcasses to the nutrient status 
of Crosswind Lake, (4) the lack of a juvenile sockeye assessment (smolt enumeration) program at Paxson 
Lake, and (5) continued limnological monitoring of all three lakes.  In addition to these concerns, we have 
made specific recommendations concerning the stocking levels in all three lakes.     
 
As to Summit Lake, of the 10 million fry that were stocked in 1998, only 100,000 smolt outmigrated in 
the spring of 1999 (Figure 1).  Due consideration must be given to the possibility that the apparent poor 
FSS (1%) for the 1997 brood-year fry may be accounted for by the production of a large number of age-0 
sockeye which outmigrated in the summer or fall of 1998.  However, migratory activity of smolt was not 
monitored later in that year (1998) so the number of age-0 smolt produced, if any, is uncertain.  Although 
smolts typically do not outmigrate this late in the growing season, a few lakes in south-central Alaska that 
have been stocked with sockeye fry produce(d) significant numbers of age-0 smolt (e.g., Chelatna Lake, 
Bear Lake, and presumably Solf Lake).   It has been suggested (PWSAC) that the relatively short growing 
season in Summit Lake would preclude sufficient fry growth necessary to achieve a threshold size (~2 g) 
in order to smolt.  However, age-1 smolts from Summit Lake average nearly 6 g in mass (Figure 1) and it 
seems doubtful that much accessory growth of fry is put on over winter.  Thus, it seems quite plausible 
that despite only a 4-5 month open water period, fry could grow to threshold size and leave the lake prior 
to freeze up.   
 
On the other hand, the idea of a large number of age-0 smolt being produced seems to be somewhat at 
odds with the general notion that, in years of high stocking densities and reduced growth (smaller sizes), 
achieving threshold size for smoltification would require a longer lake residence, not a reduced one.  It 
seems to us that it is more likely that a large number of stocked fry remained in Summit Lake for an 
additional (second) winter.  However, populations of age-2 smolt have not comprised a large proportion 
of the outmigration in past years when stocking levels were also around 10 million.  If there is a 
significant number of holdovers in the lake, this may be indicative of a reduced rearing capacity brought 
about by the cumulative effects on the forage base from the past 5 years of stocking relatively high 
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numbers of fry (>8 million).  The smolt enumeration project proposed by PWSAC this year (2000) which 
if continued during the adult weir operation, should resolve the issue of a possible shift in the age 
structure of smolt.   
 
PWSAC also suggested (see memorandum 23 July 1999 from Nate Callis) the possibility of 
underestimating the abundance of the 1999 smolt outmigration in Summit Lake.  However, they 
documented that the smolt sampling began only about a week later than usual (due to ice cover) and there 
were no smolt observed near the outlet of the lake before the net was installed.  In addition, the mesh size 
used was apparently small enough to prevent smolt from passing through the net.  Assuming this is all 
true, and we have no reason to believe otherwise, we agree that the low smolt count for Summit Lake in 
1999 was not the result of some sort of major sampling error. 
 
In our previous letter of 26 June 1998 to Gary Martinek (PWSAC) regarding Summit Lake, we stated our 
(CRL) concern over the stocking of 10 million fry in the spring of 1998 because the mean standing stock 
of macrozooplankton the previous year (1997) was the lowest measured in 16 years.  That is, we believed 
that continued heavy grazing by sockeye juveniles could trap the zooplankton biomass at low levels.  
Such a severe or persistent perturbation of the zooplankton community (forage base) could be difficult to 
undo even with lower stocking densities thereby resulting in poor FSS.  Our analysis was based on 
several measured zooplankton responses (e.g., density, biomass, and species composition) to different 
levels of stocked fry.  Rather than re-hash those discussions and analyses here we refer you to that letter.  
Simply put, crustacean zooplankton densities, biomass, and FSS in Summit Lake were negatively (and 
significantly) related to the number of stocked fry.   
 
Herein, we have again attempted to model the inverse relationship between stocking level and 
macrozooplankton biomass inclusive of the 1998 data (Figure 2) using linear regression.  The coefficient 
of the slope is significant (r2=0.25; P=0.035) though we agree that there is a large amount of unaccounted 
for variation surrounding the regression line (Figure 3).   Nonetheless, this is evidence of cropping.  In 
addition, the zooplankton biomass density in 1998 remained very low (199 mg m-2) being nearly identical 
to that of 1997 (187 mg m-2).  Because of high fry loading and heavy grazing pressure in 1997, 
zooplankton recruitment (i.e., a lack of ovigerous cyclopoids) may have been low  enough to limit food 
availability for the fry stocked in 1998.  Indeed, although the smolt abundance estimate for 1998 (which 
reared in the lake in 1997) revealed reasonably good FSS (i.e., 10%), only about 100,000 smolt (>99% 
age-1) left the lake in the spring of 1999 (having reared in the lake in 1998) resulting in a dismal FSS (i.e., 
1%).  In Summit Lake, FSS tends to decrease (r2 = 0.37; P=0.07) with increasing stocking level (Figure 
4) suggesting a density dependent mechanism is at work.  There has also been a noticeable trend or 
change in the species composition of the zooplankton community in Summit Lake.   In particular, 
populations of Cyclops, once the dominant plankter, have continually declined over the past 5 years.   
Prior to 1995, Cyclops represented >70% of the total macrozoplankton biomass, whereas in 1998 Cyclops 
biomass composed only 15% of the total macrozooplankton biomass (Figure 5).  In the absence of change 
in trophic status, a re-structuring of the zooplankton community in terms of species composition is 
another indication of intense grazing pressure.  Taken together, these data support the idea that the 
abundance of zooplankton for young sockeye, particularly in years when sockeye populations are large, 
may become an important limiting factor relative to fry growth and survival in Summit Lake.  
 
In comparing the limnological and smolt data for Summit Lake with Crosswind Lake, the lower FSS for 
the former system is readily apparent (Table 1).   On average, FSS is half that in Summit Lake (7%) 
compared to Crosswind Lake (14%) and this has raised questions by PWSAC concerning this difference 
in mortality schedules and size at age of smolt. We believe that this can be explained, at least in part, by 
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the stocking density (fry per surface area) relative to the amount of plankton food supplies available to 
each young salmon in the two lakes.  In particular, the stocking density in Summit Lake (0.46 fry m-2) is 
twice as much as in Crosswind Lake (0.23 fry m-2) and the long-term average zooplankton biomass is 
approximately half as much in the former (537 mg m-2) compared to the latter (1,080 mg m-2).   
 
We have constructed a rough and approximate comparison of the feeding capacity of Summit, Crosswind, 
and Paxson lakes by calculating the amount of food available, represented as the mean standing stock of 
macrozooplankton, per individual (stocked) fry (Table 2).  It is obvious that there is a great deal more 
plankton food available to each sockeye fry in Crosswind Lake (4.8 g fry-1) compared to either Summit 
Lake (1.7 g fry-1) or Paxson Lake (1.8 g fry-1).  When data for Summit and Crosswind lakes are 
considered together, there is a significant (r2=0.44; P=0.004) positive relationship between food supply 
and FSS (Figure 6).  With a greater quantity of food available, growth of sockeye juveniles is more rapid 
as evidenced by larger smolt sizes for Crosswind Lake (Figure 7) than in Summit Lake (Figure 1).  
Therefore, we disagree that there was some “catastrophic” environmental event, which caused the 
dramatic decrease in smolt production in Summit Lake.  Instead, we believe it is more likely that there 
were significant losses occurring during the release and distribution of hatchery fry coupled with an 
inadequacy of plankton food supplies relative to the fry density.   Thus, based on our analysis we 
recommend reducing the stocking level in Summit Lake from 10 million to 5 million fry.  The stocking 
level of 5 million fry is consistent with our earlier (1997 and 1998) recommendations (4-6 million) to 
PWSAC.  Furthermore, there is a lack of information on smolt production from Paxson Lake, at least 
since PWSAC has run the enhancement program, despite three decades of stocking (Figure 8).  
Nonetheless, the stocking density (0.77 fry m-2) averages nearly twice that of Summit Lake and more than 
three times that of Crosswind Lake.  In addition, the food supply in Paxson Lake is nearly that of Summit 
Lake, i.e. very low (Table 2).  Hence, unless smolt data are collected and information on FSS are obtained 
from this system, which may alter our interpretation of the data presented here, we recommend that the 
stocking level in Paxson Lake also be lowered from the current 12 million to 6 million fry.  
 
Regarding the smolt outmigration for Crosswind Lake in 1999, there was a slight increase in the 
proportion of age-2 smolt, which caused some concern for PWSAC about the lake’s carrying capacity.  
However, the small percentage (1.1% ) of the total outmigration attributed to age-2 smolt is not alarming 
to us.  In addition, the mean annual zooplankton standing stock for the past 7 years has been relatively 
consistent and robust (Table 2) rather than in any obvious decline.  At this point in time and assuming 
there is a continued desire to stock, we are not recommending any change in stocking level for Crosswind 
Lake.  Nonetheless, PWSAC suggested that the “20%” increase in the number of holdovers might 
indicate a smaller rearing capacity, and as such, there may be a need to increase the productivity of the 
system through carcass-derived nutrient loading, i.e. provide larger escapements into Crosswind Lake.  
This does not seem to be a valid argument because if there is concern over a reduction in the lake’s 
rearing capacity, then the correct action would be to lower the stocking level, not increase fry recruitment.  
It is also our understanding that there was some concern by lake residents (the human kind) over nutrients 
and water quality in terms of aesthetics (rotting carcasses, algal blooms, unwanted bears, etc.) stemming 
from too much nitrogen and phosphorus. 
 
Although we have historical water quality and nutrient information for Crosswind Lake prior to 1992, no 
data on nitrogen and phosphorus levels are available since then, so it is difficult to assess the recent 
contribution of carcass-derived nutrients to water column phosphorus and nitrogen.  Moreover, we lack 
the necessary hydrological data to compute reasonably accurate nutrient inputs and outputs from various 
sources.  Nonetheless, we can make some inferences about the potential nutrient contribution from 
salmon carcasses.  For example, since 1992, when adult sockeye from the Gulkana enhancement program 
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first entered Crosswind Lake, the sockeye escapement (less the number of spawners sold for cost 
recovery) averaged 40,000 (range 6,400 to 99,291).  Assuming each adult sockeye liberates 
approximately 8 g of phosphorus (P) into the water column and using the averaged escapement, the 
estimated potential P-loading from spawners is about 8 mg P m-2 yr-1 (or 320 kg). However, the 
theoretical change in total-P concentration in the lake from the instantaneous release of nutrients from 320 
kg equates to only about 0.5 μg L-1.  A 2-3 μg L-1 change in P concentration (given that P is the limiting 
nutrient) is necessary to stimulate productivity (measured as chlorophyll) in clear lakes.  Crosswind Lake 
is not a clear lake, but is a stainy (highly colored) system having reduced light penetration (shallower 
photic depth), which limits photosynthesis.  Thus, a measurable increase in nutrient concentration, 
primary production, and rearing capacity from an input of say as many as 80,000 carcasses rather than 
40,000 is dubious and we see no justifiable reason based on the nutrient argument for increasing the 
escapement into Crosswind Lake.  If there is genuine concern over trophic status of Crosswind Lake in 
relation to aesthetic values, then we are highly in favor of resuming a water-quality monitoring program 
to include the collection of environmental, water chemistry, nutrient, and chlorophyll samples in 
conjunction with the ongoing zooplankton-sampling program.   
Finally, it has been brought to our attention that PWSAC may be considering an alternative laboratory for 
processing future limnological samples. To date, the cooperative agreement between ADF&G and 
PWSAC for FY 2000 has not been signed by PWSAC and we have not received any samples from the 
1999 field season from Summit, Crosswind or Paxson lakes although we assume samples have been 
collected.  Given that PWSAC is a private entity, we suspect this is all well and good.  However, if 
ADF&G (CRL) is to continue evaluating the Gulkana sockeye enhancement project in terms of 
appropriate stocking levels to prevent overgrazing and attendant long-term impacts on the forage base for 
juvenile sockeye salmon, assessing changes in water quality, and addressing regional management 
concerns of hatchery versus wild sockeye stocks, then we strongly urge PWSAC to continue to utilize the 
technical services of CRL.  Otherwise, failure to use the standardized field and laboratory procedures that 
we have developed and applied statewide for more than two decades will make it much more difficult to 
compare future aspects of freshwater production with historical data.  This will compromise our 
(ADF&G) ability to assess the effects of stocking and ensure a reasonably and biologically sound sockeye 
enhancement program. 
 
In summary, CRL recommends the following:  (1) reduce the stocking level in Summit Lake from 10 
million to 5 million sockeye fry in order to take foraging pressure off of the zooplankton community and 
improve FSS, (2) reduce the stocking level in Paxson Lake from 12 million to 6 million sockeye fry to 
better balance fry densities with available forage and implement a smolt enumeration program, (3) 
maintain the current stocking level (10 million) at Crosswind Lake and conduct a synoptic survey this 
summer to obtain information on current nutrient and water quality conditions, (4) continue the 
environmental and zooplankton sampling programs at all three lakes, and (5) modify the fish transport 
permit (FTP) to reflect the revised recommendations for stocking.  If you have any questions or require 
further information on Summit, Crosswind, and Paxson lakes, please feel fee to contact CRL any time.  
  
cc: 
Sharp, D. 
Joyce, T. 
Willette, T. 
Bue, B. 
Regnart, J. 
Fried, S. 
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Appendix A14.–Gulkana Zooplankton data from Paxson, Summit, and Crosswind lakes. 

Mean Seasonal Zooplankton Biomass (mg * m-2) 

Year Paxson Summit Crosswind 

1992 0.0 0.7 1.2

1993 0.0 0.8 0.8

1994 0.0 0.6 1.2

1995 1.3 0.6 0.8

1996 26.0 11.0 54.7

1997 18.2 3.2 49.0

1998 27.5 3.4 37.2

1999 23.8 4.3 45.7

2000 12.0 8.3 46.0

2001 20.9 12.6 39.5

2002 28.5 13.9 45.6

2003 30.4 6.8 48.0

2004 20.7 9.5 39.4

Average 23.1 8.1 45.0

    

Available Forage (g * fry-1) 

Year Paxson Summit Crosswind 

1992  0.1 0.2

1993  0.3 0.2

1994  0.1 0.1

1995 0.1 0.1 0.1

1996 1.9 1.3 5.6

1997 1.6 0.3 4.7

1998 2.2 0.4 3.5

1999 2.3 0.5 4.6

2000 1.1 2.5 5.5

2001 2.7 2.5 7.1

2002 2.4 2.4 5.6

2003 2.7 1.0 5.7

2004 1.7 1.4 4.7

10 year average 2.2 1.2 5.4
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Appendix A15.–Gulkana Hatchery sockeye fry stocking numbers by lake. 

Release Year 
Gulkana (I&II) 
(Paxson Lake)a Summit Lakeb Crosswind Lakec Totald 

1974 79,691   79,691 
1975 785,110   785,110 
1976 627,080   627,080 
1977 514,922   514,922 
1978 477,219   477,219 
1979 940,974   940,974 
1980 1,105,397   1,105,397 
1981 3,368,642 1,340,660  4,709,302 
1982 5,985,270 1,860,491  7,845,761 
1983 5,470,056 2,047,947  7,518,003 
1984 6,162,450 4,312,628  10,475,078 
1985 9,261,785 4,741,759  14,003,544 
1986 8,586,509 8,451,782 1,287,042 18,325,333 
1987 9,905,907 14,999,085  24,904,992 
1988 6,204,332 12,491,926 2,487,396 21,183,654 
1989 10,105,238 12,026,642 3,130,373 25,262,253 
1990 13,288,695 12,004,491 4,906,005 30,199,191 
1991 10,522,819 6,455,011 5,469,759 22,447,589 
1992 10,553,621 7,048,536 5,420,351 23,022,508 
1993 5,295,017 2,651,542 4,495,966 12,442,525 
1994 9,405,449 7,637,009 9,144,382 26,186,840 
1995 10,317,116 7,418,311 9,973,600 27,709,027 
1996 13,900,000 8,400,148 9,732,911 28,850,917 
1997 11,589,845 10,162,655 10,512,299 32,264,799 
1998 12,286,366 8,987,213 10,516,107 31,789,686 
1999 10,198,541 9,191,217 9,984,392 29,374,150 
2000 10,705,795 3,300,504 8,331,080 22,337,379 
2001 7,870,334 493,516 5,585,665 13,949,515 
2002 11,922,685 5,805,231 8,174,754 25,902,670 
2003 11,284,330 6,599,519 8,360,966 26,244,815 
2004 12,408,512 6,574,962 8,359,115 27,342,589 
2005 1,874,585  NA 3,703,295  5,577,880  

10 year average 10,404,099 6,612,774 8,326,058 24,363,440 
a Maximum permitted number of fry to be released annually at Paxson Lake and Gulkana II on site is 11.31 

million. 
b Maximum permitted number of fry to be released annually at Summit Lake is 6 million. 
c Maximum permitted number of fry to be released annually at Crosswind Lake was 7.6 million 2000-2005. 
d Maximum permitted total number of fry to be released by Gulkana I & II hatcheries at all locations is 24.91 

million. 
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Appendix A17.–Summary of Broodstock Survival Rates and Common Property Commercial Harvest 
Contributions. 
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Appendix A21.–PWSAC Action Plan, February 2007. 

February 7, 2007 
 
Denby Lloyd 
Acting Commissioner 
Alaska Department of Fish and Game 
PO Box 25526 
Juneau, Alaska 99802 
 
RE:  Action Plan to address non-compliance issues 
 

Dear Mr. Lloyd, 

 

Thank you for meeting with me and members of PWSAC’s executive committee on January 11, 
2007.  We felt the meeting was productive and helpful in attaining a better understanding of the 
difference in points of view surrounding each of the issues referenced in the December 1, 2006 
letter from Commissioner Campbell.  

The enclosed document was developed to address your request for an action plan that 
summarizes our discussion and agreements.  The ADF&G summary statements are from Patricia 
Nelson’s January 10, 2007 memorandum, which was provided during our meeting.  

PWSAC sincerely hopes that you and the Department of Fish and Game will find that this action 
plan accurately summarizes our respective points of view as well as the resolution that we all 
agreed upon at our meeting. 

I believe that many, if not all, of these issues might have been avoided by better and more regular 
communication between our two organizations.  For our part, PWSAC is willing to work harder 
to maintain regular communications and a free exchange of information with ADF&G.  
Although better communication will not necessarily prevent all disagreements, it will have the 
benefit of bringing them out in the open more quickly, which will allow quicker resolution.  To 
that end, we would propose that the more regular face-to-face contacts be initiated.  Ideas we 
think might work would be attendance by ADF&G at our monthly Executive Committee 
meetings, attendance at key committee and general board meetings, and bi-weekly meetings 
during the fishery management season. 

Sincerely, 

 

David Reggiani 

General Manager 
-continued-

 180



Appendix A21.–Page 2 of 12. 

PWSAC/ADF&G Action Plan 
to Address Issues Brought Forward in Department’s Internal Review 

 
 

I. “PWSAC has failed to comply with permitted stocking levels … [at] Crosswind and 
Summit Lakes” 

 

ADF&G Summary Statement 

The PNP Permit for PWSAC to operate the Gulkana Hatchery was signed into effect on July 5, 
2000.  The PNP permit stipulates that the maximum number of fry for release at each project 
location (Crosswind Lake, Summit Lake, and Paxson Lake) are to be listed in the Basic 
Management Plan (BMP) [5 AAC 40.820.(b)].  Section 2.3 of the BMP contains a table of the 
maximum fry release numbers for each of the 3 lakes.  Any number of fry released in excess of 
the maximum number listed in the BMP is above what is permitted and is a violation. 

 

PWSAC Summary Statement    

In 1993, PWSAC entered into an agreement with the ADF&G Fisheries Rehabilitation, 
Enhancement, and Development (FRED) Division to fund and operate the State-owned Gulkana 
Hatchery to continue its sockeye salmon enhancement project established in 1973.  This project 
contributes approximately 300,000 sockeye salmon annually to the commercial, subsistence, 
personal use, and sport fisheries within the Copper River drainage.   

 

During PWSAC’s operational history, PWSAC has followed and has been within the long-
standing established ADF&G FRED Division standard of ±10% of the annual targeted and 
permitted amount.  The current Hatchery Manager (with 26 years at the hatchery) and two of our 
Fish Culturists were ADF&G FRED Division employees until 1993 when PWSAC began to 
operate the facility. This standard was implemented by the Division to provide for the annual 
variation in observed green egg to fry survival rates which can be significant with sockeye 
salmon culture.   

 

It is important to understand and recognize that PWSAC reported the nursery lake fry stocking 
numbers to the ADF&G within the Gulkana Hatchery Annual Reports for each of the stocking 
years in question.  These reports are reviewed and accepted by ADF&G prior to approval of the 
subsequent year’s Annual Management Plan.  Concerns regarding these stocking levels were 
first brought to our attention by a letter from Mr. Farrington, dated April 4, 2006, approximately 
four years after the initial noncompliance allegation.   

-continued- 
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Agreed Upon Resolution 

The ADF&G clearly articulated its current expectation that the Gulkana Hatchery fry release 
permitted numbers should be viewed as “not to exceed” levels rather than as a release target 
amount with an associated range. 

 

PWSAC acknowledges ADF&G’s expectation and will, for future fry releases into the nursery 
lakes, interpret these permitted fry release numbers as “not to exceed” levels.  PWSAC will 
release fry up to the permitted number and destroy any fry produced above the permitted release 
number.    

II. “PWSAC has failed to comply with minimum survival standards in the hatchery … 
broodstock to egg-take mortality” 

 

ADF&G Summary Statement 

If the department employs the broodstock numbers provided by PWSAC to calculate survival 
from captured broodstock to egg take, then they do not meet the 70% minimum standard [5 AAC 
40.860.(c)].  According to the broodstock numbers provided in past annual reports and still 
advanced by PWSAC, 4 of 5 hatcheries operated by PWSAC; the Armin F. Koernig Hatchery, 
Cannery Creek Hatchery, Main Bay Hatchery, and Wally Noerenberg Hatchery; do not meet the 
minimum standard for survival rate. 

 

PWSAC Summary Statement 

PWSAC believes that this issue is not solely a matter of survival rates, but also a definitional and 
reporting issue.  During the past couple of years, PWSAC and the ADF&G have interpreted the 
definition of “broodstock” differently. PWSAC’s definition, combined with the ADF&G 
reporting requirements, leads to a misleading survival rate calculation.   

 
The ADF&G hatchery Annual Report form states that excess males, holding mortalities, and 
broodstock with unviable gametes be listed within the “excess” or “other” categories rather than 
within the broodstock category.  PWSAC is reluctant to use the term “excess” when it comes to 
describing a portion of its enhanced salmon production since it can limit our options when 
working with the department to utilize fish remaining in our SHA’s following the completion of 
the common property harvests.   

 
The definition PWSAC believes is more suitable to the realities of hatchery operations that 
“broodstock” means the segment of the returning adults collected for the purposes of 
perpetuating the hatchery production objectives.  More specifically, broodstock is comprised of 
spawners, green/over-ripe spawners, pre-spawn mortality, and any other unused portions (i.e. 
surplus males).  If this definition is used, PWSAC’s survival rates consistently exceed the 70% 
percent minimum. 
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Occasions where unharvested fish remain in front of the hatchery at the end of the commercial 
fishery further complicate this issue.  These fish have been considered surplus hatchery 
broodstock by PWSAC and the ADF&G Fishery Management Biologists in the past, much like a 
wild stock fishery may have surplus escapement.  These events are outside of the hatchery 
operators’ control and are driven by fishery management practices, fishery markets, and in some 
cases harvesters (e.g. strikes). 

 

Agreed Upon Resolution 

The parties agreed that broodstock circumstances differ by year and by hatchery and that the 
ADF&G would consider modifying the broodstock terminology within the categories of the 
hatchery Annual Report form at the upcoming ADF&G and hatchery operators meeting to gain 
additional input from other hatchery operators.  PWSAC will abide by the final decision reached 
on this issue. 

 

The parties also acknowledged that the needs of the hatchery operator, the ADF&G, and 
potentially, the issue raised by the O’Callaghan Decision would have to be considered as we 
develop new and workable definitions related to broodstock.   

 

The parties also agreed that PWSAC would revise and submit to ADF&G broodstock summaries 
for purposes of calculating survival from captured broodstock to egg-take for years 1996 – 2006 
(see attached). 

 

 

III. “PWSAC has failed to comply with permit stipulations to provide data … Gulkana 
Hatchery nursery lake limnology” 

 

ADF&G Statement Summary 

The PNP permit for PWSAC to operate the Gulkana Hatchery (signed July 5, 2000) stipulates 
that nursery lake evaluation be performed on each of the three project locations; Crosswind 
Lake, Summit Lake, and Paxson Lake.  The nursery lake evaluations are to include specific 
limnology sampling with data and findings to be provided to the department.  Recent agreement 
has been reached regarding the limnology data for Crosswind Lake, and this has allowed a 
permit alteration for increasing the stocking level of Crosswind Lake, signed into effect on May 
1, 2006.  However, the PNP permit requires limnology data from Summit Lake and Paxson Lake 
as well.  From 2000 to 2005, PWSAC refused to provide the data for both Summit Lake and 
Paxson Lake.  Had these data been available to the department on an annual basis as required, 
the department may have modified stocking levels in these lakes. 
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PWSAC Statement Summary 

This category represents a past disagreement with a long history that has subsequently been 
addressed and corrected.  In our view, it is not appropriate to take action against PWSAC based 
on a dispute that has been resolved.  

 

The May 1, 2006 Permit Alteration increasing the Crosswind Lake stocking level includes the 
stipulation that PWSAC is to collect and provide zooplankton data to the ADF&G by March 1 of 
each following year for all three nursery lakes.   

 

It is PWSAC’s understanding that this issue has been worked through with the ADF&G staff and 
that we are in full compliance with the permit stipulation.  We do not understand why this issue 
is mentioned in the Farrington memorandum. 

 

Agreed Upon Resolution 

Both ADF&G and PWSAC agreed that this issue has been resolved and that PWSAC is in 
compliance.  

 

IV. “PWSAC has potentially broken the law by conducting cost recovery harvest outside of a 
designated Special Harvest Area without authority granted from the department via 
emergency order” 

 

ADF&G Statement Summary 

While the concept of conducting a cost recovery test fishery within Falls Bay during the 2004 
season was discussed on several occasions, it is not, and has never been department procedure to 
issue a blanket emergency order for conducting cost recovery outside of hatchery special harvest 
areas.  Established practice is for the hatchery to request an EO and to provide specific dates and 
locations of operation.  The department then issues an EO specific to the request.  Typically, this 
is done by email or telephone call and the EO is issued the same day.  PWSAC had no reason to 
assume this situation would be handled differently than any other. 

 

PWSAC Statement Summary 

This accusation apparently arises from an event in July 2004 in which PWSAC’s contracted cost 
recovery vessel made two purse seine sets within a bay adjacent to the Main Bay Hatchery, as 
noted in the ADF&G Internal Review document.   
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The concept of conducting a test cost recovery fishery within Falls Bay during the 2004 season 
was thoroughly discussed during four separate preseason planning meetings with the ADF&G 
staff and the ADF&G staff clearly indicated that this innovation to our cost recovery program 
was necessary and to be encouraged.  As a result of these extensive discussions, PWSAC 
believed it was authorized to fish in Falls Bay as a Special Harvest Area (SHA), although it was 
later determined that no Emergency Order providing this authorization was ever issued.   

 

A PWSAC contract seiner made two blind purse seine sets within Falls Bay on July 8, 2004 to 
establish whether there were sufficient fish in the area to support cost recovery operations.  Each 
set yielded approximately 100 fish.  All fish were released unharmed since there was an 
insignificant volume for cost recovery purposes.  PWSAC had the intention and ample time to 
notify ADF&G upon any harvest to ensure the catch was sampled, as discussed preseason and, in 
fact, provided verbal notification to the Area Management Biologist 24 hours later.   

 

This was a single incident, based on a misunderstanding, with no adverse consequences to the 
fishery.  After receipt of the July 9, 2004 email from Mr. Ashe, PWSAC did not make any other 
sets.  Since then, PWSAC has insisted upon receiving copies from ADF&G of each Emergency 
Order regarding the SHAs and established practices have been clarified and adhered to. 

 

Agreed Upon Resolution 

PWSAC will notify ADF&G when it needs to expand the hatchery SHA and obtain written 
authorization prior to conducting cost recovery operations. 

 

V. “PWSAC has failed to comply with permit stipulations to fund a project to monitor for 
hatchery straying” 

 

ADF&G Statement Summary 

The March 17, 1994, alteration to the PNP permit for Wally Noerenberg Hatchery includes a 
condition for PWSAC to develop and fund a departmentally approved evaluation program.  The 
cover letter to the alteration provides further clarification that the evaluation program include test 
fishing, coded wire tagging and subsequent tag recovery, analysis of straying from the release site 
into surrounding streams, and a management synthesis of the results of aerial and ground surveys.  
A cooperative agreement between PWSAC and the department was signed into effect on March 
11, 1994, with provisions that both parties share in the conduct of the evaluation program.  There 
was little actual cooperative work performed and the Cooperative Agreement expired December 
31, 2001.  The May 21, 2003, alteration to the PNP permit to WNH reference that all other 
conditions of the original PNP permit remain, as well as subsequent alterations (including the 
straying project).  Near that point in time, the department approached PWSAC to engage in another 
cooperative agreement for further evaluation of straying.  It was anticipated that PWSAC could  
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fulfill its obligation for the straying evaluation by expanding its ongoing program to sample 
otoliths from the commercial harvest, a technology superior to the coded wire tags in the 1994 
permit.  PWSAC refused to participate, and the department unilaterally implemented the straying 
evaluation.  The department has conducted its own evaluation in 2004, 2005, and 2006. 

 

When the PNP permit was altered in 1994 to include a condition for evaluation, the department 
showed good faith in allowing a potential project to be permitted and proceed, despite the 
reservations over legitimate concerns it had. 

 

PWSAC Statement Summary 

The Cooperative Agreement 94-060 between PWSAC and ADF&G established a program to 
evaluate the effect of the Port Chalmers chum salmon remote release on PWS fisheries and wild 
salmon.  The agreement established a Port Chalmers Evaluation Review Committee (PCERC) 
composed of PWSAC staff, the ADF&G Principal Geneticist, Regional Hatchery Manager, Area 
Resource Development Biologist, Area Management Biologist, Area Research Project Leader, 
and a Cordova Fish & Wildlife Protection Officer.  The effective period of the Cooperative 
Agreement was March 11, 1994 through December 31, 2001.  As such, this cooperative 
agreement expired nearly five years ago. 

 

The agreement outlined that the PCERC was to meet each year in late autumn to prepare a 
written report outlining the committee’s evaluation of the Port Chalmers remote release, and 
recommend modifications to the evaluation program if necessary.  Final drafts of annual progress 
reports were to be completed by January 15 of each year.  For projects recommend by the 
committee for implementation the following year, detailed project descriptions, including 
budgets and funding responsibilities, were to be included in the annual progress report.  The 
agreement outlined that the Area Resource Development Biologist was responsible for 
completing the annual progress reports in cooperation with other committee members. 

 

PWSAC is unaware of any annual progress reports.  Copies were requested from Mr. Farrington 
on December 12, 2006.  The straying studies contained within the evaluation plan were to be 
completed in 1998 and 1999.   

 

PWSAC does have knowledge, however, that chum and pink salmon straying evaluations were 
conducted cooperatively by ADF&G staff, PWSAC staff, and PWSAC Board members; and that 
PWSAC provided a portion of the funding for air taxi travel to the sampling sites in 1998 and 
1999.   
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In addition, PWSAC provided ADF&G funds to recover coded wire tags and otoliths from 1997-
2001.  Joyce and Riffe (1998) reported that some of the commercial chum salmon harvests were 
scanned for coded wire tags in 1997 in the Northern and Eastern Districts looking for straying 
Port Chalmers chum salmon.  The logic was that Port Chalmers tag codes in the commercial 
catch in these districts would indicate a potential for straying.  Only one Port Chalmers tag code 
was found.  Stream surveys were not conducted after the commercial fishery tag examination, as 
the likelihood of finding a coded wire tagged chum salmon in a stream was considered extremely 
remote.   

 
It should also be noted, that since 1996, PWSAC has funded over $931,000 to the ADF&G 
evaluation programs through cooperative agreements.  PWSAC has confirmed with the ADF&G 
Accounts Receivable Unit that there are no outstanding balances related to the cooperative 
agreement 94-060 (Attachment 18).  With that, PWSAC is confident that it complied with and 
fulfilled its responsibilities under the 1994 WNH Permit Alteration and cooperative agreement 
94-060. 

 
PWSAC believes that it is unreasonable for ADF&G to rely on very general, boilerplate permit 
stipulations as a basis for a “violation,” particularly in circumstances such as these, where a 
specific agreement with specific obligations was entered into between PWSAC and ADF&G and 
concluded.  If the Department expects an aquaculture association to take particular initiatives to 
comply with its permit, ADF&G should clearly communicate those expectations, especially 
where joint action between ADF&G and the hatchery operator is necessary. 

 
Agreed Upon Resolution 

ADF&G believes that hatchery operators and the department should continue to investigate the 
effects of hatchery salmon releases on wild stock salmon populations and that the joint 
PWSAC/ADF&G effort in Prince William Sound will be the vanguard of studies eventually 
required of hatchery operators around the state.  ADF&G explained that Prince William Sound 
was the logical starting place, since a comprehensive thermal otolith mark application and 
recovery program is already in place.  ADF&G and PWSAC agreed to work cooperatively to 
design a straying evaluation study plan.   

 
VI. General problems identified in the department internal review. 
 
ADF&G Statement Summary 

The performance of the salmon hatcheries operated by PWSAC is affected not only by the 
permit non-compliance problems but the other problems as well.  The executive summary of the 
department internal review identifies these as ‘general problems’, and list the problems as: cost 
recovery shortfalls, large-scale straying, excessive broodstock collection for roe-stripping, 
inadequate reporting of roe sales, otolith marking failures, erratic management 
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recommendations, lack of good faith negotiations, difficulties fulfilling cooperative agreements, 
failure to report hatchery operation problems, inadequate structure of the Board of Directors, and 
lack of individual corporate officer accountability.  In aggregate, the problems create a large 
negative impact.  PWSAC needs to respond to the Commissioner regarding all of the general 
problems, and provide explanation on how the specific conduct or activities relate to a successful 
hatchery program. 

 

PWSAC Statement Summary  

The items listed under the category of ‘general problems’ are derived from supposition, are not 
supported by the facts, and are opinion-based.  Several of the listed items are related and 
therefore grouped together. 

 

Cost recovery shortfalls, management recommendations 
The ADF&G expectations of the hatchery operator regarding these issues remain elusive.  The 
hatchery operator has an obligation to make commercial fishery management recommendations 
to the ADF&G regarding the enhanced returns to the hatchery.  It is not unusual that, on 
occasion, the ADF&G and the hatchery operator may have professional differences of opinion 
and not agree upon a specific fishery management course of action.  Moreover, as professionals, 
we should appreciate the value of differing opinions and lively discussion as vital component, 
rather than a shortcoming in our collaborative endeavors.  In the final analysis, however, it is 
clearly outlined in regulation that the ADF&G is responsible for managing the hatchery specific 
Subdistricts to achieve the corporation’s escapement goal (broodstock and cost recovery) [5 
AAC 24.368 (a)].   

 

Large-scale straying 
It is well documented in the scientific literature that pink and chum salmon, both wild and of 
hatchery origin, exhibit significant rates of straying during their final migratory life stages.  In a 
general sense, these behavioral traits were well understood and anticipated during the 
development of the salmon hatchery program in Alaska.  The extent to which PWSAC salmon 
stray in Prince William Sound as well any effects on wild stocks remain unknown, and cannot be 
discerned from the reconnaissance level studies conducted thus far.  It is our expectation that 
expanded understanding of the effects of hatchery salmon releases on the wild salmon stocks will 
come from the development of a comprehensive straying evaluation study plan and the requisite 
science-based investigations that follow. 
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Excessive broodstock collection for roe-stripping 
As previously stated, occasions where unharvested fish remain in front of the hatchery at the end 
of the commercial fishery complicate the broodstock classification issue.  These fish have been 
considered surplus hatchery broodstock by PWSAC and the ADF&G Fishery Management 
Biologists in the past, much like a wild stock fishery may have surplus escapement.  These 
events are outside of the hatchery operator’s control, driven by fishery management practices, 
fishery markets, and in some cases harvesters (e.g. strikes).  Broodstock collection is not precise.  
PWSAC has never intentionally collected too many brood fish for the purpose of roe-stripping.   

 
Inadequate reporting of roe sales  
The number of fish, pounds of roe sold, price per pound received, and total dollars received for 
each species of salmon has been consistently reported each year to the ADF&G within the 
hatchery Annual Reports. 

 
According to a letter received from ADF&G’s Seafood Industry Coordinator, dated January 17, 
2006, PWSAC is not required to write ADF&G fish tickets for roe removal.   

 
Otolith marking failures, failure to report hatchery operation problems 
This issue refers to the Wally Noerenberg Hatchery (WNH) chum salmon thermal otolith 
marking program.  It is fundamentally an audit and reporting issue and not one of marking 
failure, as the internal review incorrectly implies.  All of the WNH chum salmon have been 
released with the ADF&G designated thermal otolith mark.  However, fish marked with specific 
release location designations have been occasionally released in other locations. 

 
The process of thermal otolith marking occurs at the hatchery while the fish are at the eye egg 
stage of development within the incubators.  Hatchery operational issues during outmigration 
complicate the tracking and accounting of the different otolith marks compared to the coded wire 
tagging process.  Many other hatchery operators have worked around these issues by applying 
only one mark for all release locations.  PWSAC has attempted to establish differential otolith 
marks for each of its chum salmon release sites.  

 
Recently, PWSAC has strengthened its hatchery tracking and reporting controls to more 
accurately estimate the number of fry released by mark and by release location.  This will 
provide for better estimates of the anticipated proportion of marks by release location during the 
recovery process.  This was completed in response to an in-house operational audit to investigate 
an unexpected amount of chum salmon reported to be harvested in the 2003 Coghill District 
commercial fishery with the mark intended for the Port Chalmers release.  The operational audit 
identified weaknesses and inconsistencies in the hatchery’s tracking and reporting controls.  In 
some instances, no records were available.  However, where errors were identified, corrected 
report forms were submitted to the ADF&G Otolith Mark Lab. 
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Lack of good faith negotiations 
PWSAC has always acted in good faith and professionally during its negotiations and 
development of planning documents with the ADF&G.  It has been a standard practice during the 
last 10 years of starting the AMP drafting process with a clean document (without track changes 
turned on) updated from the previous year’s approved version.  PWSAC followed that practice in 
good faith, with no intent to deceive.  This accusation is one of perception that could be 
addressed with more open communications and more frequent face-to-face interactions.  
Telephone calls can help to prevent these types of misunderstandings. 

 

Difficulties fulfilling cooperative agreements 
This is somewhat overstated and seems to be linked to an instance where the Gulkana Hatchery 
staff missed a detail in the cooperative agreement due to a confusing outline of tasks for each 
party.  PWSAC has not had difficulties in fulfilling its cooperative agreement responsibilities 
and, given our record of mutual accomplishment through PWSAC/ADF&G cooperative 
agreements, we should not characterize the occasional breakdown in communications as 
representative of our past and potential working relationship. 

 

Inadequate structure of the Board of Directors, Lack of individual corporate officer 
accountability 
PWSAC is not certain that it fully understands this particular criticism.   It is correct that 
PWSAC has a large general board. Consistent with AS 16.10.380 and its Articles of 
Incorporation, for over 30 years the general board has included representatives of the various 
commercial gear groups in Area E, processors, municipalities, subsistence, personal use, and 
sport fishing user groups.  One benefit of this arrangement is that it promotes understanding of 
PWSAC’s activities and encourages involvement and buy-in to PWSAC’s mission across a 
broad spectrum of the community.  The general board is responsible for setting broad, overall 
policies, hiring the General Manager, and electing the members of the Executive Committee. 
One drawback is that a 45 member general board is too large and too geographically diverse to 
effectively oversee PWSAC’s day to day work, which is delegated to the Executive Committee 
and several other very active committees. 

 

Responsibility for execution of the general board’s and Executive Committee’s policies is the 
responsibility of the General Manager.  He is the responsible corporate officer who should be the 
primary point of contact for ADF&G in most instances.  On significant issues, such as the 
present dispute, it is appropriate for the Executive Committee to participate.  The Chairman of 
the Board is the responsible corporate officer who has been elected to speak on behalf of the 
general board and Executive Committee.  As with any corporate organization, individual board 
members are not authorized to represent PWSAC in dealings with the ADF&G. 
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PWSAC will concede that its organizational structure has both strengths and weaknesses.  As 
your report notes, we commissioned the Foraker Group to help us analyze possible reforms, 
which we are now considering.  There are several different points of view within the 
corporation.  With respect, we believe that potential modification of PWSAC's corporate 
structure is an issue for which PWSAC itself is responsible. 

 

Agreed upon Resolution 

We agree that better communications between the organizations would help to strengthen the 
working relationship between PWSAC and ADF&G.  Both parties also emphasized that the 
General Manager would speak for the Corporation and that the Chairman would speak for the 
Board of Directors.   

 

Attachments: 

PWSAC Pink Salmon Broodstock Summary 

PWSAC Chum and Sockeye Salmon Broodstock Summary 

 

Reference: 

Joyce, T., and Riffe, R. 1998. Summary of Pacific Salmon Coded Wire Tag and Thermal Mark 
Application and Recovery, Prince William Sound, 1997.  Alaska Department of Fish and Game. 
Regional Information Report. 
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Appendix A22.–Department letter and Action Plan, March 2007. 
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Appendix A23.–Memo of noncompliance with Action Plan, January 2008. 
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