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Responses to ISRP comments for Project 21024, Evaluate Hatchery Reform Principles
In August 2000, the National Marine Fisheries Service (NMFS), Northwest Fisheries Science Center (NWFSC), Resource Enhancement and Utilization Technologies Division (REUT) proposed a new project (Project 21024, Evaluate Hatchery Reform Principles) for consideration for FY2001 funding under the Columbia Gorge Province review process.  The proposal is to conduct elements of hatchery reform protocol research at the USFWS Carson National Fish Hatchery.  Recently, the Independent Scientific Review Panel (ISRP) completed its preliminary review of Fiscal Year 2001 project proposals.  The following comments by NMFS address ISRP questions and comments regarding Project 21024.

1) Reviewers expressed uncertainty regarding aspects of project design and power analysis through statements such as:

“The uncertainty about the project design and the power analysis precludes us from currently recommending funds for this proposal”,

“The design of the intended ‘experiment’ needs to be clarified, as the presentation of the experimental design during the site visit was quite different than that described in the proposal”,

“Interactions were dropped (a mistake we think) and the power analysis was not completely explained”

“The proposal (but not the presentation!) described a 2X2 treatment experimental design that seems appropriate to examine the treatment effects of bottom substrate and predator avoidance”, and

“The methods do not describe where detections are to occur”.

Response:  A problem in project description may have arisen due to limited presentation time during the site visit.  As described in the proposal, experimental evaluations would focus on various aspects of hatchery reform protocols through a 2X2 treatment experimental design.  Interactions of main effects will also be investigated.  For example, Objective #1 would test the following null hypotheses:

H01:  Enriched rearing habitat has no effect on postrelease survival of spring (stream-type) chinook salmon

H02:  Anti-predator conditioning has no effect on the postrelease survival of spring chinook salmon, and

H03:  There is no interaction of the effects of enriched rearing habitat and anti-predator conditioning on postrelease survival of spring chinook salmon.

For these tests an equal number (e.g., 24,000) of 0-age spring chinook salmon would be stocked into 16 similar sized raceways, cultured to yearling smolts, and the following fish culture protocols (treatments) applied:


1)  Conventional habitat and no anti-predator conditioning (n = 4 raceways)


2)  Conventional habitat and anti-predator conditioning (n = 4 raceways)


3)  Enriched habitat and no anti-predator conditioning (n = 4 raceways)


4)  Enriched habitat and anti-predator conditioning (n = 4 raceways)

Postrelease survival data would be analyzed by factorial ANOVA with habitat (fixed effect), anti predator conditioning (fixed effect) and their interactions as the main effects.  Data would be blocked by release year (random effect; 4 release years).  The ANOVA table below shows planned statistical analysis of postrelease survival for Objective 1.  The analysis assumes block (year) by treatment interactions to be equal.

Main Effect
Df
F-Test

Habitat (H)
1
MS(H)/MSE

Predator Conitioning (P)
1
MS(P)/MSE

Year (Y)
3
MS(Y)/MSE

Habitat x predator conditioning (HxP)
1
MS(HP)/MSE

Residual Error (E)
57


A power analysis was conducted to estimate the relative percent differences (d) in survival among the treatments that could be detected with 80% power ((1 -ß)*100) at ∂ = 0.05.  Coded wire tag data from the Carson Hatchery (1992 and 1993) was used to estimate mean smolt-to-adult (SAR) survival rate, which was 0.31%.  Background error variance = 0.006 among raceways.  Assuming historic SAR’s, then d = 20% for interaction terms (n = 4), and d = 15% for main effects (n = 8) if releases were to be conducted over 4 years.  These analyses apply to the experiments conducted under both Objective 1 and Objective 2.

Postrelease survival evaluations would be conducted at both the juvenile and adult stage.  The postrelease survival of treatment groups would be determined by PIT tagging 1,500 fish per treatment, releasing them from the hatchery, and then evaluating survival to downstream PIT-tag interrogation sites both within the Wind River system (e.g., at WDFW traps) and at Bonneville Dam.  PIT-tag recovery data would be used to compare the migration speed of fish in each rearing treatment.  All fish in each raceway would be coded-wire tagged so that their smolt-to-adult postrelease survival can be evaluated.  Investigators would utilize the coded-wire tag database to determine the number of fish from each treatment recovered in the fishery, at the hatchery, and on the spawning grounds.

2)  Reviewers expressed concern about the need to isolate NATURES effects and determine interaction effects through comments such as:

“Elements of NATUREs haven’t been studied in designs that isolate effects and interactions”,

“To date, NATUREs has been a potpourri of gravel bottom, Christmas trees, arbitrarily chosen culture densities, diets, etc.”,

“None of the rest of it has been tested in isolation or interaction with other elements”, and

“So the design here is to test the potpourri. We still won't know which element is significant”

Response:  The reviewers have made some excellent points with regard to study design, particularly as it applies to isolating treatment elements.  The original proposed experimental design included substrate, cover, structure, predator conditioning, and growth rate modulation, and only a few of these would be looked at for interactions. However, because of the limitation in the number of raceways at the Carson NFH we cannot look at all elements and their interactions in a single study.  With the reviewer’s criticisms in mind, we propose to modify the work to concentrate on evaluation of NATURES elements and forgo for the time being evaluation of growth rate modulation.

The modified study would focus on the following elements: 

1) Conventional (no added variables)

2) Predator conditioning only

3) Substrate only

4) Structure and substrate

5) Substrate, cover, and structure

6) Substrate, cover, structure, and predator conditioning

Comparing the characteristics of fish reared in these six environments will aid in determining how each NATURES component effects postrelease behavior and survival.  If the ISRP approves the treatment modification, the experimental design and analysis would be modified in the following way.  Each of the variables would be modeled as different levels in a single factor ANOVA (see below).  The power analysis described in response to Question 1 would apply to the “new” experimental design.  There would be 80% power to detect a 20% difference in postrelease survival among the six treatments.

Main Effect
Df
F-Test

Rearing treatment (R)
5
MS(R)MSE

Year (Y)
3
MS(Y)MSE

Rearing treatment x year (RY)
15
MS(RY)MSE

Residual error (E)
72


The rationale for these treatments is that the various elements may provide differing adaptive advantages.  Substrate should maximize the development of cryptic coloration.  Cover should aid fright response.  The presence of structure (Christmas trees) should provide fish the opportunity to learn to use refugia and use underwater structure to facilitate natural territorial behavior.  Predator conditioning should teach fish to avoid predators.  The proposed design provides the best opportunity to isolate the effects of each element.  It would also allow for a cost/benefit analysis for most elements of a NATURES habitat.

We would monitor the physiology of smolt development of the two extreme groups; conventional and substrate, cover, structure, and predator conditioning.  Two raceways of each treatment will be sampled once per month in January and February, and then every two weeks until release of smolts (mid April).  Fish will be weighed and measured, gill samples will be taken for ATPase activity determination.  Blood sample will be taken for measurement of insulin-like growth factor-I.  The degree of gonad development will be assessed to determine rates of early male maturation.  General fish health and smolt appearance based on morphology will be assessed.

The six treatment groups would be replicated in four raceways to yield a total of 24 raceways.  This new study design would utilize the same number of raceways and associated infrastructure at the Carson NFH as the original proposal and would result in little or no cost savings.  Growth modulation elements were chosen to be dropped because NATURES enriched habitat variables are currently being proposed or used in many projects within the Columbia River Basin (e.g., Nez Perce Tribal hatchery) whereas growth modulation is still at a more basic science development stage.  We believe the “new” study design is most responsive to regional needs to test Hatchery Reform protocols at hatchery scale prior to implementation.

3)  Reviewers questioned whether Carson NFH was the best place to conduct the proposed studies through statements such as:

“One of the reviewers questioned whether Carson Hatchery is the best situation to test the NATUREs theory; perhaps the new Nez Perce tribal hatchery, under construction, will be a more appropriate facility”.

Response:  A major goal of hatchery reform is development of culture methods that can be retrofitted to existing hatcheries with stocks that may be the product of generations of domestication as well as directed selection.  Because of its long propagation history, the Carson NFH spring chinook stock should serve as a reasonable model for the majority of Columbia River Basin hatchery spring chinook stocks.  The proposed Nez Perce hatchery as currently designed does not have replicated vessels at rearing sites and thus does not provide the same experimentation potential for the proposed Hatchery Reform studies as the Carson NFH.

4) Reviewers expressed concerns regarding integration with other NMFS investigators and publications through comments like:

“A long history of this project is described. Why has there been so little peer review of primary results?”,

“Most publications seem to be reviews of the good ideas of NATUREs, not publications of results”,

“Why isn’t this group involved with Beckman and his colleagues who have published pertinent results on growth patterns and SARs? Why aren’t they part of this study's design team?”

Response:  Dr. Walton Dickhoff is the Program manager for NMFS NWFSC researchers investigating fish physiology/endocrinology, fish nutrition and fish health/microbiology.  Brian Beckman is a member of Dr. Dickhoff’s program.  They, and Dr. Don Larsen, designed both the growth modulation and smolt quality sampling portions of the proposed studies.  Dr. Dickhoff made the proposal presentation at the site visit and is a co-investigator on the proposed study.  His name and CV were inadvertently left off the proposal when it was submitted.  His CV is attached for review.

We recognize the need to increase publications on NATURES and related topics and currently are working on several manuscripts.  However, a number of papers have already been published by NMFS on aspects of Hatchery reform protocols (e.g., NATURES and growth modulation).  These are listed below and include articles on both concept reviews and basic science evaluations.

Publications
Beckman, B.R., Dickhoff, W.W., Zaugg, W.S., Sharpe, C., Hirtzel, S., Schrock, R., Larsen,  D.A., Ewing, R.D., Palmisano, A., Schreck, C.B., and Mahnken C.V.W.  (1999).  Growth, smoltification, and smolt-to-adult return of spring chinook salmon (Oncorhynchus tshawytscha) from hatcheries on the Deschutes River, Oregon. Trans. of the Am. Fish. Soc. 128: 1125-1150.

Beckman, B.R., Larsen, D.A, Lee Pawlak, B., and Dickhoff, W.W. (1998).  The relationship of fish size and growth to migratory tendencies of Spring chinook salmon (Oncorhynchus tshawytscha) smolts.  N. Am. J. of Fish. Mgmt. 18:537-546.

Beckman, B.R., D.A. Larsen, C. Sharpe, B. Lee-Pawlak, C.B. Schreck, and W.W. Dickhoff.  2000.  Physiological status of naturally reared juvenile spring chinook salmon in the Yakima River: Seasonal dynamics and changes associated with smolting.  Trans. Am. Fish. Soc.  129:727-753.

Berejikian, B. A., E. P. Tezak, A. LaRae, T. A. Flagg, and E. Kummerow, and C. V. W. Mahnken.  2000.  Social dominance, growth and habitat use of age-0 steelhead (Oncorhynchus mykiss) grown in enriched and conventional hatchery rearing environments Can. J. Fish. Aquat. Sci. 57: 628-636.
Berejikian, B. A., R. J. F. Smith, E. P. Tezak, S. L. Schroder, and C. M. Knudsen.  1999.  Chemical alarm signals and complex hatchery rearing habitats affect anti-predator behaviour and survival of chinook salmon (Oncorhynchus tshawytscha) juveniles.  Can. J. Fish. Aquat. Sci. 56: 830-838.

Flagg, T. A., D. J. Maynard, and C.V.W. Mahnken.  2000.  Conservation hatcheries.  Encyclopedia of Aquaculture, J. Wiley and Sons, p.174-176.

Flagg, T.A. and C.E. Nash (editors).  1999.  A conceptual framework for conservation hatchery strategies for Pacific salmonids.  U.S. Dep. Commer., NOAA Tech. Memo. NMFS‑NWFSC‑38, 48 p.

Maynard, D. J., T. A. Flagg, C.V.W. Mahnken, and S. L. Schroder.  1996.  Natural rearing technologies for increasing postrelease survival of hatchery-reared salmon.  Bull. Natl. Res. Inst. Aquacult., Suppl. 2:71-77.

Maynard, D. J., G. C. McDowell, E. P. Tezak, and T. A. Flagg.  1996.  Effects of diets supplemented with live-food on the foraging behavior of cultured fall chinook salmon.  Prog. Fish-Cult. 58:188-192.

Maynard, D. J., T. A. Flagg, and C. V. W. Mahnken.  1995.  A review of innovative culture strategies for enhancing the post-release survival of anadromous salmonids.  Am. Fish. Soc. Symp. 15:307-314.

Conference/Workshop Proceedings

Berejikian, B. A., E. P. Tezak, T. A. Flagg, R. J. Smith, S. L. Schroder, and C. M. Knudsen.  1998.  Chemical alarm signaling in chinook salmon smolts:  An opportunity for anti‑predator conditioning,  P. 63‑67.  In  R. Z. Smith (editor), Proceedings of the 48th Annual Pacific Northwest Fish Culture Conference, Gleneden Beach, OR, December 1997.

Maynard, D. J., A. LaRae, G. C. McDowell, G. A. Snell, T. A. Flagg, and C. V. W. Mahnken.  1998.  Predator avoidance training can increase post‑release survival of chinook salmon, P. 59‑62.  In  R. Z. Smith (editor), Proceedings of the 48th Annual Pacific Northwest Fish Culture Conference, Gleneden Beach, OR, December 1997.

Maynard, D. J., E. P. Tezak, M. Crewson, D. A. Frost, T. A. Flagg, S. L. Schroder, C. Johnson, and C. V. W. Mahnken.  1998.  Seminatural raceway habitat increases chinook salmon post‑release survival, P. 81‑91.  In  R. Z. Smith (editor), Proceedings of the 48th Annual Pacific Northwest Fish Culture Conference, Gleneden Beach, OR, December 1997.

Maynard, D. J., T. A. Flagg, S. L. Schroder, and C. V. W. Mahnken.  1998.  Natural rearing enhancement system technology for salmon culture, P. 45-50.  In E. L. Brannon and W. C. Kinsel (editors), Proceedings of the Columbia River anadromous salmonid rehabilitation and passage symposium, Moscow, ID, June 1995.

Maynard, D., T. Flagg, C. Mahnken, C. Johnson, B. Smith, and R. Iwamoto.  2000.  Seminatural raceway environments as a tool for increasing the postrelease survival of chinook salmon released from conservation hatcheries.  Proceedings of Aquaculture America 2000, New Orleans, LA, P. 212 (abstract).

5) Reviewers questioned effects of NATURES strategies through comments such as:

“Apparently, the only benefit has been darker coloration's protection immediately (hours) after release in clear streams where birds are present”

Response:  Demonstrated benefits of studies involving NATURES habitat include 1) increase in instream post-release survival of chinook salmon, 2) darker body coloration in chinook salmon, 3) increased competitive ability in steelhead (not tested in chinook), and 4) reduced fin erosion in steelhead (not observed in chinook).  The reviewers are correct, for the most part, that it is unknown which elements of the NATURE’s environment contribute to these attributes.  However, authors of these studies have reasonably hypothesized the following:  1) The combination of underwater feeders and submerged structure promote the development of increased competitive ability and reduce fin erosion in steelhead (see Berejikian et al. 2000); 2) gravel substrates contribute to the development of darker body coloration in chinook salmon (Maynard et al. 1996, 1998); and 3) darker body coloration reduces vulnerability to predators after release (Maynard et al. 1996, 1998), although this has not been proven empirically.  However, it is most likely that the improvement in postrelease survival demonstrated in most, but not all (Berejikian et al. 1999) studies, is caused by a combination of the variables that make up the “NATURES” habitat.

6) Reviewers expressed concern for evaluation standards and expectations through statements such as:

“The basin should consider what evaluation standard should be applied to these comparative studies.  For example, past studies have examined survival for a short period or migration distance downstream.  However, the ultimate measure of success must be the return rate of adults”,

“Modest increases in juvenile survival won’t be a major gain in the Basin unless they lead to substantially greater increases in SARs … (e.g., a 25% increase in a 1% SAR is still only 1.25%; not enough to resolve our problems)”, and

“Before any major changes in procedures are endorsed, we need to be realistic about our expectations from these tools.”

Response:  NMFS agrees that the ultimate measure of success must be the return rate of adults.  A major benefit of conducting the proposed Hatchery Reform research at the Carson NFH is that experimental groups of fish will have replication and the SARs necessary to statistically evaluate variables.  We too believe we must be realistic about our expectations.  There is no one “silver bullet” that will by it self restore the Region’s anadromous salmonid resources.  The most likely scenario is that recovery will be accomplished by threading together many “modest increases” in survival. 

7) Reviewers expressed confidence that the proposed investigation of NATURES variables would provide benefit for the region’s resources through comments such as:

“It will be most interesting to see if those trends continue with a larger scale study and to try to quantify any survival advantage of multiple factors and their interactions”,

“There is a lot of interest in the region to determine if NATUREs is a viable tool”,

“Despite the concerns expressed above, this research proposal addresses timely and important questions central to hatchery reform in the Columbia River Basin”,

“The efficacy of hatchery reform and the potential for reform that exists in many older production facilities are critical questions in the basin”, and

“The sponsor’s commitment to rigorous research and their willingness to seek peer-review scrutiny of this work is commendable.”

Response:  NMFS believes development and testing of Hatchery Reform protocols is vital to aiding recovery of ESA-listed stocks of salmonids in the Columbia River Basin.

Attachment I

Curriculm Vitae--  Dr. Walton W. Dickhoff

Education:

Ph.D., Physiology, University of California, Berkeley, CA, 1975

A.B., Biological Sciences, University of California, Berkeley, CA, 1970.

Employer:  National Marine Fisheries Service, Northwest Fisheries Science Center, Resource Enhancement & Utilization Technology Division.

Position:  Program Manager, Integrative Fish Biology, NMFS employee since 1986.

Present assignment:  Program manager for teams of researchers investigating fish physiology/endocrinology, fish nutrition and fish health/microbiology.  Projects focus on basic biology of fish as it applies to development and reform of conservation and production hatcheries.  Principal investigator on study of physiology of wild and hatchery salmon.  

Previous research/expertise:  Dr. Dickhoff’s research has focused on the physiology and endocrinology of fish growth, development and reproduction.  A primary emphasis of his work has been on the parr-to-smolt transformation of juvenile salmon.  He has been conducting research on public salmon hatcheries since 1976.  He has published over 115 papers in the peer-reviewed scientific literature.  He has taught 12 different courses in physiology at the undergraduate and graduate levels in the Department of Zoology and School of Aquatic and Fishery Sciences, University of Washington, where he has been Professor of Fisheries (WOT) since 1987.  He has chaired the Division of Comparative Endocrinology of the Society of Integrative and Comparative Biology (SICB), and is the U.S. representative serving on the International Federation of Comparative Endocrinology Societies.  
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