IDFG Responses to ISRP Comments

Project ID: 199107200

Redfish Lake Sockeye Salmon Captive Broodstock Program

The following are the Idaho Department of Fish and Game (IDFG) responses to comments posted by the Independent Scientific Review Panel (ISRP) after their review of project proposals submitted for FY02 funding.  The ISRP comments are provided (in italics) for clarity, and the IDFG responses follow.  

All projects to preclude extinction of Stanley Basin sockeye salmon should be subjected to review by “outside experts.”

The reviewers acknowledge the existing technical oversight committee process but state concerns that this process views the suite of cooperative efforts as a series of “funded projects” that need to be “forged into a recovery strategy.”  The reviewers should be made aware that the technical oversight committee frequently solicits the opinions of experts outside the immediate funding circle of the program.  In fact, a concerted effort has been made to invite regional experts with relevant information to share.  For example, the following scientists have provided information to the program through the technical oversight committee process: Drs. Robin Waples, Steven Kalinowsky, Paul Moran, Carl Shearer, Jeff Hard, Brian Beckman, Walt Dickhoff, and Penny Swanson with the NMFS Northwest Fisheries Science Center; Drs. Ernie Brannon, Kirk Steinhorst, and Ron Hardy with the University of Idaho; Dr. John Stockner (retired) from the Canada Department of Fisheries and Oceans; and Dr. Bruce Finney with the University of Alaska.  The fields of conservation biology, genetics, statistics, fish physiology, fish culture, fish nutrition, limnology, and paleolimnology are well represented here.  Specific issues addressed during information exchange sessions have included discussions on: improving fish culture practices and protocols, reducing asynchronous spawn timing, improving gamete quality, developing desirable broodstock spawning designs, developing optimal release strategies, improving smolt quality, optimizing nursery lake conditions, developing better diets, and improving monitoring evaluations.  As such, we believe we have sought the advise of outside experts and will continue to do so as new questions arise.  The reviewers should also be made aware that an ongoing effort is being made to stay abreast of set backs/progress that take place in related captive intervention efforts taking place in the region and in other locations of the United States, Canada, and Europe.  Nevertheless, we are interested in any recommendations the reviewers might have on this matter.  

An independent review could attempt to answer several questions including the following.  Is it now possible to depend on Sawtooth Hatchery to supplement production from the associated lakes?  Does the captive broodstock program remain a critical part of the program?  After several years, attempts to increase survival of sockeye salmon via lake fertilization cannot provide convincing evidence that fertilization should continue; should it continue?  Both sockeye and kokanee salmon from remote locations have, in the past, been stocked in Stanley Basin lakes.  How strong is supporting evidence that Stanley Lake Basin sockeye salmon still exist?

While we acknowledge the recommendation of the reviewers, we believe the first question raised as an example of the utility of an outside review team is best addressed by immediate project cooperators at the technical oversight committee level.  Incorporating input from associated experts, the immediate project team is most familiar with the advantages the IDFG Sawtooth Hatchery offers to the program.  Currently, the Sawtooth Hatchery is utilized for production rearing and adult trapping.  It’s proximity to the study area offers a unique opportunity not afforded by fish culture facilities located outside of the study area.  Evaluations are currently underway to explore the utility of the Sawtooth Hatchery for the production of a direct release smolt component to the program.  In 2001, approximately 40,000 fish have been dedicated to this effort.  All fish are uniquely fin-clipped and CWT-tagged and will be released at two locations in 2002 along with smolt release groups reared at the Oregon Department of Fish and Wildlife’s Bonneville Fish Hatchery.  Barring rearing space limitations, we intend to duplicate this release in 2003 and 2004.  As we continue to identify successful release strategies and prioritize them, we expect to return an increasing number of anadromous adults to the program.  It remains quite feasible that anadromous adults will play an increasing role in the development of future broodstocks and partially offset the need to generate all broodstock spawners in the hatchery program.  

This relates to the reviewers second question as to whether the captive broodstock program remains a critical part of the program.  If adult returns increase to the point where adequate “rack returns” exist to support hatchery spawning and adult supplementation objectives, could the captive element be reduced in scope or phased out?  It remains somewhat unfortunate that primary judgment on the success of the sockeye salmon captive broodstock program continues to be based on the number of adults the program returns to Idaho.  While this outcome is indeed desirable, the reviewers need to recognize that the hatchery conservation element of the program is actively involved with the maintenance of population genetic diversity through the use of cryopreserved milt and the development of prudent spawning designs that avoid inbreeding.  The use of cryopreserved milt and the development of annual spawning designs undergoes review by conservation geneticists from NMFS and the University of Idaho.  Working cooperatively, IDFG, NMFS and the University of Idaho craft annual spawning designs that maximize existing population genetic diversity.  Using factorial spawning plans, existing population genetic diversity is distributed over a wide number of individual subfamilies to minimize the risk associated with the loss of unique genetic diversity.  Considering the restricted nature of the founding element of the captive population, this work remains essential.  As anadromous adult returns increase, they will play an increasing role in the development of annual spawning designs.  However, captive adults should continue to be produced annually to avoid anticipated bottlenecks and inbreeding risk.  Maintaining a captive component provides an additional measure of safety related to fish health issues.

Questions related to the continuation of the whole-lake lake fertilization program should be addressed by the Shoshone-Bannock Tribes.

The final question in the opening general paragraph addresses the reviewers concern over past introductions of “out-of-basin” sockeye salmon and kokanee and whether there is evidence to support the assumption that Stanley Lake Basin sockeye salmon still exist.  

In 1990 and 1991, NMFS Northwest Fisheries Science Center staff conducted a thorough status review of Snake River sockeye salmon.  Information generated during this process led to the listing decision under the Endangered Species Act of 1973.  This information is presented in NOAA Technical Memorandum NMFS-F/NWC 195.  

The IDFG has records of kokanee plants into Stanley Basin lakes each decade beginning in the 1920s and continuing into the 1980s.  Sources of many of the kokanee plants are unknown, but known sources include Anderson Ranch Reservoir, Idaho; Lake Pend Oreille, Idaho; and Flathead Lake, Montana. Sockeye salmon fry from Babine Lake, British Columbia, were introduced into Alturas and Stanley Lakes (not Redfish Lake) in 1980-83.  

At the outset of the captive broodstock program in 1991, concern regarding the genetic identity of Redfish Lake outmigrants collected for broodstock purposes existed.  Subsequent analysis of mortalities identified large frequency differences between outmigrant smolts and resident kokanee (Waples et al. 1997).

Waples et al. (1997) concluded that stock transfers have had no genetic effects on the Snake River ESU.  All genetic evidence for successful stock transfers of O. nerka found in the Stanley Basin lakes involve only kokanee.  Waples et al. (1997) found no evidence that stock transfers of kokanee into Redfish and Alturas lakes have had a substantial genetic impact on extant populations.  In addition, genetic data collected in their study support the conclusion that Babine lake sockeye salmon fry plants in Alturas and Stanley lakes were unsuccessful.  In contrast, data for Pettit Lake showed a strong genetic affinity with the late-spawning kokanee populations introduced from northern Idaho.  Presumably, the current population in Pettit Lake is derived from northern Idaho kokanee obtained from Anderson Ranch Reservoir planted in the lake in 1968.

Currently, Redfish Lake kokanee spawn in Fishhook Creek in August, whereas anadromous and residual sockeye spawn on lake shoal gravel in October.  As such, resident kokanee and listed anadromous and residual sockeye salmon remain reproductively isolated (both temporally and spatially).  

Research conducted  by the University of Idaho support the findings of Waples et al. (1997).  Powell and Faler (submitted) concluded that no evidence exists to support the premise that Babine Lake sockeye salmon introductions were successful.

The program helped to return 257 adult fish to the Stanley Basin in 2000, and many of which were a result of the multi-agency program.  Similar results were not realized in 2001.  Given the success of other anadromous salmonids in 2001, to what do the sponsors attribute the poor showing of this program?

In 1993, eight wild, anadromous adults (two females and six males) returned to the Stanley Basin.  At that time, program sponsors for IDFG and NMFS were developing protocols associated with the hatchery element of the program.  One such protocol involved determining the number of progeny to retain at NMFS and IDFG hatcheries to become future spawners.  This decision was difficult as only one spawn year (1991) had been completed to date (note: 1 female and three male anadromous sockeye returned to the Stanley Basin in 1991.  All fish were incorporated in the broodstock program.  Limited spawning occurred in 1992 as only one anadromous male returned to Idaho).  Little information on in-hatchery survival and fish quality at the F1 adult stage existed.  To offset this uncertainty, a greater number of progeny (than are presently held) were retained from 1993 spawning events.  Subsequent hatchery survival for brood year 1993 fish was excellent and a larger than anticipated cohort of adults matured in 1996.  Greater numbers of spawners led to greater numbers of eyed eggs and progeny and numbers of progeny exceeded the rearing capacity of NMFS and IDFG facilities.  Cooperatively, IDFG and NMFS identified rearing space at the Oregon Department of Fish and Wildlife’s Bonneville Fish Hatchery to accommodate surplus juveniles.  Because program sponsors felt that nursery rearing habitat was being seeded to capacity with in-lake release strategies, the Bonneville Hatchery production was dedicated to a smolt program.  

Following the 1993 production of F1 progeny, program sponsors retained fewer eggs at IDFG and NMFS hatcheries.  To remind the reviewers, technical oversight committee cooperators had no indication that the Bonneville program would be successful.  In fact, smolt releases were not prioritized due to concerns that imprinting and homing challenges would limit the success of this release option.  The reviewers should also note that smolt releases had been carried out in 1995 and 1996.  Small by comparison (approximately 15,000 fish), smolt releases had failed to return adults. 

In 1998, brood year 1996 fish reared at the Bonneville Fish Hatchery were released at two locations in the Stanley Basin (43,033 to the upper Salmon River and 24,365 to Redfish Lake Creek).  The Bonneville Hatchery smolt release represented one component of the 1998 outmigration.  All strategies considered, an estimated 143,000 smolts emigrated from the Stanley Basin in 1998.  All Bonneville Fish Hatchery smolts were uniquely fin-clipped and CWT-tagged.  In addition, 2,000 smolts were PIT-tagged.  Adult returns from this release group occurred in 1999 (seven age-three jacks), 2000 (190 age-four adults), and 2001 (two age-five adults).  For all adult return years, 199 sockeye salmon returned from a release of 67,398 Bonneville Hatchery smolts.  This equates to a smolt-to-adult return rate of 0.29%.  As a reminder, 190 of the 257 adults that returned in 2000 were generated from this release option.  Ten of the remaining 67 anadromous adults were generated from natural release options (eyed-egg plants and pre-spawn adult releases) that occurred in 1998.  The remaining 57 adults were generated from Eagle and Sawtooth hatchery pre-smolt and smolt releases.  Smolt-to-adult return rates (SAR) for these two components of the 2000 adult return were estimated at 0.33% (natural release options) and 0.08% (Idaho-reared pre-smolt and smolt releases).

For comparison, the 26 adult sockeye that returned to the Stanley Basin in 2001 were generated from 49,879 1999 outmigrants.  Four of the 2001 adults were generated from natural release options in Redfish Lake.  The remaining 22 adults were generated from Eagle and Sawtooth hatchery pre-smolt and smolt releases.  Smolt-to-adult return rates for these two components of the 2001 adult return were estimated at 0.14% and 0.05%, respectively.  

All said, the primary reason fewer adults returned to Idaho in 2001 stemmed from the fact that project sponsors had adopted a more conservative (risk averse) approach to developing annual in-hatchery broodstock size.  The primary reasons this approach was adopted stemmed from concerns related to lake carrying capacity and uncertainties related to the effectiveness of the smolt release strategy.  As such, approximately 49,000 outmigrants left the Stanley Basin in 1999 compared to approximately 143,000 in 1998.  The reviewers should note that Eagle and Sawtooth hatchery pre-smolt and smolt release groups performed comparably in both years (0.08% SAR in 2000 compared to 0.05% SAR in 2001).  These release strategies contributed 22% and 85% of the adult returns in 2000 and 2001, respectively.

To address concerns over the effectiveness of smolt releases, project sponsors worked cooperatively with NMFS Northwest Fisheries Science Center staff to develop a work plan for a new research position that would address imprinting and homing in sockeye salmon (little published literature exists on the physiology of imprinting in this species).  In 2000, this position was filled and work has commenced.  The outcome of this research will help project sponsors prioritize future rearing and release plans.  In the near term, project sponsors and technical oversight committee cooperators agreed to investigate whether the observed success of the 1998 Bonneville smolt program could be repeated.  In 2000, 100,000 eyed-eggs from IDFG and NMFS spawning events were dedicated to the Bonneville smolt program.  This experiment is expected to continue through 2004.  At the same time, traditional eyed-egg, pre-smolt and adult releases have not been abandoned.  The program continues to follow a spread-the-risk approach to developing annual release plans.

Direct release of juveniles to the lake seems to produce best results.  Are other salmonids stocked in the lake?  If so, what are the densities of these fish in fall compared to summer?

Hatchery-produced rainbow trout are stocked at low levels in Alturas and Pettit lakes.  No trout stocking has occurred in Redfish Lake since 1992.  Bull trout, and northern pikeminnow are present in all sockeye nursery lakes.  Brook trout and westslope cutthroat trout also occur in Stanley Basin sockeye lakes but exist at relatively low levels of abundance.

The IDFG and the Shoshone-Bannock Tribes have been investigating rainbow trout – O. nerka competition dynamics since 1995.  Annual efforts occur primarily in Pettit Lake and involve periodic gill net sampling (horizontal and vertical) to investigate over winter survival in planted rainbow trout, rainbow trout piscivory on O. nerka, interspecific competition for food resources, and spatial distribution of both species.  These data (presented in IDFG annual permit reports to NMFS and in SBT annual reports to BPA) have consistently indicated that: 1) over winter survival in hatchery rainbow trout is minimal, 2) direct piscivory is negligible or completely absent, 3) Hatchery rainbow trout and O. nerka select different food items, and 4) hatchery rainbow trout and O. nerka occupy different niches in sockeye nursery lakes.

Northern pikeminnow and bull trout represent a significant predation risk to sockeye and kokanee.  During summer and fall time windows when juvenile sockeye salmon are being released to nursery lakes, both species are present.  Pikeminnow are typically spring spawners and generally select lake shoal gravel for spawning.  Bull trout are adfluvial and utilize lake tributaries and Salmon River tributaries for spawning.  Bull trout migrations associated with spawning have not commenced when summer pre-smolts are introduced to lakes.  Spawning is complete by the second week of September and post-spawn adults have returned to nursery lakes when fall pre-smolt planting takes place.  

As such, it would seem that juvenile sockeye are subjected to similar predation risk during summer and fall release times.  To offset some degree of predation risk, project cooperators adopted a mid-lake approach to releasing juvenile sockeye salmon in 1995.  Predation risk from rainbow trout is generally eliminated by this action as rainbow trout occupy littoral habitat.  Mid-lake releases might  also eliminate some predation risk by bull trout and northern pikeminnow.

The current line of thought regarding differential over winter survival observed between summer and fall direct release groups relates to fish condition going into winter.  The relationship between body fat and over winter survival is reviewed in our response to the following question.

You reported a difference in body fat between fish reared at different hatcheries.  Are these differences associated with fish released at different locations and times?  It appears that best results were from matings at Big Beef Creek that were transferred as eyed-eggs to Bonneville for rearing and then to Stanley Basin for release.  What is the suspected reason for that result?

Initial investigations of juvenile fish condition and body fat levels indicate that all fish share relatively high condition and fat levels at release, regardless of rearing location or release strategy.  Pre-smolt release groups spend one to two winters in nursery lakes while smolt release groups head immediately downstream (no lake residency time).  Adult return results are mixed but suggest that fall pre-smolt release groups over winter, out-migrate, and return adults more successfully than summer pre-smolt release groups.  Smolt release groups have also experience mixed results with respect to generating adult returns.  To date, only the 1998 and 1999 smolt release groups have successfully returned anadromous adults.

Limited diet analysis from mid-water trawl samples suggests that hatchery pre-smolts may have difficulty converting from hatchery diets to natural diets.  Stomach contents collected from hatchery pre-smolts approximately three weeks after liberation suggested that hatchery fish were not adequately feeding.  In addition, prey items collected from hatchery pre-smolts were not typically found in the stomachs of resident O. nerka.  Considering the fact that summer pre-smolts experience longer nursery lake residency time than fall pre-smolts it’s plausible to assume that fall release groups have a survival advantage.  Summer release groups are planted during a period of time when lake temperatures are at their maximum.  Metabolism and gut evacuation time are accelerated during these conditions.  If summer pre-smolt release groups are not converting to a natural diet, it stands to reason that they enter winter at a disadvantage.  Fall pre-smolt release groups are planted when temperature conditions are considerably more favorable and may enter winter in better condition.  If this line of thought is correct, smolt release groups should be best equipped to survive the rigors of outmigration.  An additional variable that most likely contributed to the return of adults produced from the Bonneville Hatchery release was fish size.  Investigators have realized for some time that larger outmigrants survive outmigration better than smaller outmigrants and generate stronger adult returns.  The reviewers should note that the average weight of Bonneville smolts released in 1998 was approximately 60 g.  In comparison, juvenile sockeye salmon planted to lakes as pre-smolts typically emigrate at approximately 9 g to 15 g.  Smolt weight for fish reared at the IDFG Sawtooth Hatchery is approximately 25 g.

Technical oversight committee cooperators are using this information to prioritize release options.  Fish quality assessments will continue as part or our standard pre-liberation sampling program.  During brood years when ample eggs and fish are available, several release scenarios will be utilized.  However, when eggs and fish are limited, fall pre-smolt and smolt release options will be prioritized.  In addition, natural release options (e.g., pre-spawn adult releases) will continue to receive prioritization.  The reviewers should note that natural release options returned adults at higher SAR levels in 2000 and 2001 than pre-smolt or smolt release strategies.

Is there some chance that you are overstocking Redfish Lake?  How does dominance of age-0 fish explain the low biomass estimate?

Annually, the Shoshone-Bannock Tribes, and Dr. John Stockner (Canada Department of Fisheries and Oceans, retired) develop annual estimates of lake carrying capacity.  Information collected annually by the IDFG (O. nerka population data) and the Tribe (O. nerka population and limnology data) contribute to the development of these estimates.  At the technical oversight committee level, carrying capacity estimates are discussed and stocking recommendations are formulated.  Traditionally, Redfish Lake has been treated more conservatively than Alturas or Pettit Lakes.  In most years, hatchery-produced sockeye salmon have been planted in Redfish Lake up to approximately 50% of the predicted lake carrying capacity.  

Dominance of age-0 fish (detected by mid-water trawl and/or hydroacoustic methods) typically results in the generation of comparatively low total lake O. nerka biomass estimates.  Fish abundance and density estimates are insensitive to age-class dominance.  For example, in any one year, Redfish Lake may have an estimated O. nerka population of 50,000 fish with a corresponding density of 80 fish/ha.  If these estimates are not segregated by age-class, it could appear that population structure is stable.  Population and density estimates remain the same regardless of whether all fish are age-0 or not.  However, the biomass estimate changes markedly depending on the age-class structure represented.  If age-0 fish make up 100% of the total O. nerka population, the corresponding biomass estimate will be approximately 0.08 kg/ha.  If all fish in the population are age-2, the resulting biomass estimate will be approximately 2.0 kg/ha, and so on.  

What is the numeric goal for each population?  What are the criteria for delisting?  
What are the benchmarks for either claiming success or failure of the project?

Good questions!  To answer the last question first – success should be measured in terms of meeting program objectives and goals.  Our near-term goal of avoiding population extinction and maintaining genetic diversity is being met but there is still room for improvement.  Our long-term goal of recovery and restored treaty and sport fishing opportunities remains at large.  Within the hatchery element of the program, we have been successful at developing rearing protocols to successfully rear sockeye through maturation entirely on freshwater.  Custom diets have been developed to improve fish and gamete quality and our egg survival to the eyed-stage of development is improving.  Fish survival through maturation is high and our program of disease management has been very effective.

In 1999, the first program-produced anadromous adults returned to the Stanley Basin.  Year 2001 marks the third consecutive year hatchery-produced anadromous adults have returned to Idaho.  More adults returned in 2001 than in the entire decade of the 90s and one would have to go all the way back to the early 1970s to observe adult return numbers greater than what we observed in 2000.  In the near term, we remain optimistic that, as adult return numbers grow, an increasing number of anadromous fish will be incorporated in annual spawning designs.  However, the utility of maintaining unique, non-related broodstocks in the hatchery remains an integral, long-term component of the program.  Hatchery broodstock efforts also operate as an additional measure of safety with respect to disease management.  To date, we have been fortunate to not observe viral pathogens in returning anadromous adults.  This may not be the case indefinitely.

Field monitoring and evaluation efforts have played a critical role in the development of information used to guide the reintroduction of hatchery-produced sockeye salmon.  Comparative survival information (release strategy comparisons) weigh heavily on the development of annual release plans.

While the program has enjoyed success, forged new ground, and made considerable progress, we need to remain aware of conditions that would indicate that program objectives are not being met or that the program has out-lived its utility.  The captive element of the program will benefit the region as long as managers and policy makers see utility in maintaining Snake River sockeye salmon in the hatchery setting.  As environmental bottlenecks persist, the hatchery element can “carry” the population for an undetermined period of time.  To date, the captive element has not been responsible for reducing productivity in this population.  The reviewers should note that adult sockeye SAR information generated from hatchery-produced returns is comparable to or greater than SAR data generated from wild outmigrants and adult returns in the 1990s.  Nevertheless, project sponsors need to be aware of the warning signs associated with any reduction in the effectiveness of the program.  

Unfortunately, great improvements in migratory and ocean survival need to occur before we can take a “hands off” approach to managing Snake River sockeye salmon.  This relates to the reviewers first two questions.  Most experts would agree that healthy populations are characterized by adequate abundance (perhaps addressed through some minimum effective population size), desirable levels of genetic diversity, the ability to adapt to changing environmental conditions and persist over time, and the ability to increase population strength during favorable environmental conditions.  In addition to these rather intuitive criteria, the Endangered Species Act requires that recovery plans be generated for listed species and include delisting criteria.  While no final Snake River salmon recovery plan exists, two drafts have been produced.  The first draft included delisting criteria for sockeye salmon.  The numerical escapement goal for Snake River sockeye salmon was an eight-year (two generation) geometric mean of at least 1,000 natural spawners returning annually to Redfish lake and 500 natural spawners in each of two other Snake River Basin lakes.  These criteria were assembled quickly and overlooked certain important facts.  The first being historical abundance.  No estimates of historical sockeye abundance were available at the time these criteria were developed.  This information would provide a benchmark of the capability of each recovery lake to support recovery efforts.  Work is currently underway (University of Alaska and Shoshone-Bannock Tribes) to develop historical abundance estimates using paleolimnology methods.  Preliminary findings for Redfish Lake suggest that between 20,000 and 30,000 anadromous sockeye salmon returned to Redfish Lake alone (pre human intervention).  Conversely, Pettit Lake may not have been accessible to anadromous adults annually due to low stream flows in the outlet.  When the Snake River Salmon Recovery Team developed delisting criteria, this important fact was probably not considered.  Delisting goals also do not link criteria to any measure of genetic fitness.

The process of developing numeric delisting goals needs to be revisited.  Any effort to do so should consider the points we have raised, in addition to others.   
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