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a. Abstract 
The NMFS Manchester Spring Chinook Broodstock Project (199606700) provides the marine rearing component for ongoing captive broodstock safety-net efforts for ESA-listed stocks of spring/summer chinook salmon from the Grande Ronde River Basin in Oregon and the Salmon River Basin in Idaho.  The Oregon (Project 199604400) and Idaho (Project 199700100) components of these cooperative captive broodstock projects were recently reauthorized through Blue Mountain and the Mountain Snake Province review processes.  Continuation of the marine rearing component at Manchester is vital to the overall success of the cooperative projects.  Marine rearing is thought to be a crucial factor in maintaining anadromous traits in Pacific salmon cultured in captive broodstock programs.  Each year IDFG and ODFW source eggs and parr from the Salmon River and Grande Ronde River Basins for use in these captive broodstock programs.  At smolting, 50%+ of the fish are transferred to Manchester, where they are reared in a specially constructed protective culture facility in tanks supplied with filtered and sterilized seawater.  Maturing fish are returned to freshwater captive broodstock facilities in respective States.  The rearing of spring/summer chinook salmon captive broodstocks for the Oregon and Idaho projects has been conducted at Manchester since 1996.  Survival to adult has ranged from 58-86%.  Male age-2 precocity has ranged from about 1-7% for Idaho stocks and 4-9% for Oregon stocks.  Male age-3 jack production has ranged from about 3-22% for Idaho stocks and 13-31% for Oregon stocks.  Age-4 maturity has ranged from 24-44% in Idaho stocks and 23-30% in Oregon stocks.  Overall, a total of 5,860 smolts have been received from the Oregon and Idaho projects and 2,212 adults returned to the respective states.  The Manchester Spring Chinook Broodstock Project is aiding the NWPPC in meeting many of its goals and objectives for anadromous salmonids and fulfills several RPA’s of the 2000 FCRPS Biological opinion.

b. Technical and/or scientific background
Snake River spring/summer chinook salmon (Oncorhynchus tshawytscha) are listed as threatened under the U.S. Endangered Species Act (ESA) (Matthews and Waples 1991).  In spring 1995, the Idaho Department of Fish and Game (IDFG) and the Oregon Department of Fish and Wildlife (ODFW) initiated captive broodstocks as part of conservation efforts for ESA-listed stocks of Snake River spring/summer chinook salmon.  Oregon’s Snake River spring/summer chinook salmon captive broodstock program focuses on three stocks captured as juveniles from the Grande Ronde River Basin:  the upper Grande Ronde River, Catherine Creek, and the Lostine River.  Idaho’s Snake River program includes three stocks captured as juveniles from the Salmon River Basin:  the Lemhi River, East Fork Salmon River, and West Fork Yankee Fork.  The majority of captive fish from each stock were to be grown to maturity in freshwater at the ODFW Bonneville Hatchery (under BPA Project 199604400) and the IDFG Eagle Hatchery (under BPA Project 199700100).  However, the IDFG and ODFW requested that a portion of most groups also be reared in protective culture in seawater.

In August 1996, NMFS began a BPA funded project (Project 9606700) to rear Snake River spring/summer chinook salmon captive broodstocks in seawater at the NMFS Manchester Marine Experimental Station.  These programs are authorized by NMFS ESA Section 10 Propagation Permits for rearing of Idaho (Permit 972) and Oregon (Permit 973) stocks of ESA-listed Snake River spring/summer chinook salmon.  The current proposal is for continuation of the NMFS Manchester Spring Chinook Captive Broodstock Project (Project 9606700) to support Oregon and Idaho captive broodstock projects (Projects 199604400 and 199700100) recently reauthorized through the Mountain Snake and Blue Mountain Province review processes.  

Implementation and refinement of captive broodstocks for the recovery of Snake River spring/summer chinook salmon were identified as priorities in the previous NWPPC Columbia Basin Fish and Wildlife Program (7.4D.1, 7.4D.2:  CBFWP 1994) and the NMFS proposed Recovery Plan for Snake River salmon (4.1b, 4.1c:  Schmitten et al. 1995; Chapter 7-P. 102 &104-106:  Schmitten et al. 1997).  Restoration mandates by the ESA are focused on natural populations and the ecosystems upon which they depend.  Nevertheless, the ESA recognizes that conservation of listed species may be facilitated by artificial means while factors impeding population recovery are rectified (Hard et al. 1992).  Frequently, restoration of severely depleted populations will be hindered for lack of suitable numbers of juveniles for effective supplementation (i.e., release of hatchery-propagated fish to increase natural production), even if factors impeding recovery could be corrected (Flagg et al. 1995a).  For restoration of these populations to occur in a timely fashion, the full reproductive potential of Pacific salmon must be harnessed in the short-term to produce large numbers of juveniles.  Often the only reasonable avenue to build populations quickly enough to avoid extinction will be through captive broodstock technology (Flagg and Mahnken 1995).

Captive propagation of animals to maximize their survival and reproductive potential has won acceptance in endangered species restoration (Gipps 1991, Johnson and Jensen 1991, DeBlieu 1993, Olney et al. 1994, Flagg and Mahnken 1995).  In the past, over 105 species of mammals, 40 species of birds, 12 species of reptiles, 29 species of fish, and 14 species of invertebrates were being maintained or enhanced through forms of captive breeding (CBSG 1991).  These efforts range from establishment of free-roaming breeding colonies on localized preserves to full-term captive rearing (Gipps 1991, Johnson and Jensen 1991, DeBlieu 1993, Olney et al. 1994, Flagg et al. 1995b).  Full-term rearing of captive broodstocks maximizes potential production of juveniles for enhancement.  The relatively short generation time of Pacific salmon and their potential to produce large numbers of offspring make them suitable for captive broodstock rearing.  Survival advantages offered through protective culture can be significant.  Theoretically, survival of fish reared in protective captive broodstock culture can exceed wild survival by 100-to-1,000 fold (Flagg et al. 1995b).  The substantial survival advantage for captive-reared fish provides potential to produce large numbers of juveniles to amplify the natural population during the second generation.

Even though captive broodstock theory is promising, artificial propagation and captive broodstock technologies are not without risks.  There are limited data regarding the effects of broodstock manipulations (e.g., sourcing, mating, rearing, feeding, and release strategies) on the health, physiology, or genetic stability of the population, or, most importantly, on reproductive performance (Flagg and Mahnken 1995).  The potential hazards of using captive culture (inbreeding, genetic drift, domestication, selection, behavioral conditioning, and exposure to disease) and the negative interactions of hatchery and wild fish have been well documented (Hynes et al. 1981, Krueger et al. 1981, Kincaid 1983, Allendorf and Ryman 1987, Kapunscinski and Jacobson 1987, Waples 1991).  However, waiting for restoration of natural production is often a more dangerous risk because the entire population is threatened.  The continued decline in population size risks additional loss of genetic variability and possible extinction of the population (Kincaid 1993).

Two captive broodstock approaches are being applied to salmon recovery in the Pacific Northwest.  One strategy involves capturing wild prespawning adults, fertilized eggs, or juveniles from their native habitats, and rearing the populations to maturity in hatcheries.  The first or second generation offspring are then stocked into ancestral lakes or streams at one or more juvenile life stages (e.g., fry, parr, smolt).  Another strategy involves rearing the broodstock in captivity to adulthood, then releasing the adults back into their natal habitats to spawn naturally.  Both strategies require extended culture to adulthood.

Captive broodstock survival to adulthood can vary from low to high.  In the past, broodstock survival has ranged from 0-90% (Flagg et al. 1995b).  The major disease problem noted in most captive broodstock programs has been bacterial kidney disease, caused by Renibacterium salmoninarum.  Disease problems can be reduced considerably when fish are cultured in water with low concentrations of pathogens (e.g., fresh well water or filtered and sterilized seawater) rather than in seawater net-pens (Flagg et al. 1995b).  Using optimum culture techniques (e.g., pathogen free water and low density culture), fishery managers can currently anticipate survivals of 50-80% in captive broodstocks (Schiewe et al. 1997).

The dramatic difference between the natural environments experienced by wild Pacific salmon and the artificial environments experienced by captively-reared fish appears to create a number of differences in their relative reproductive potential.  In general, captively-reared Pacific salmon appear less reproductively fit than their wild cohorts.  The size and age of maturity of captively-reared adults are generally less than wild cohorts (Flagg et al. 1995b, Schiewe et al. 1997).  Part of this size discrepancy can be attributed to early maturity of captively-reared fish.  However, even in cases where age at maturity of captively-reared fish mimicked wild fish, their size was generally 20-50% less than wild stock (Flagg et al. 1995b, Schiewe et al. 1997).  Average viability of eggs from captively-reared spawners (30-70%) is also commonly lower than the 75-95% viability of similar strains of hatchery-spawned wild fish (Flagg et al. 1995b, Schiewe et al. 1997).  Behavioral studies indicate that captively-reared Pacific salmon released to spawn in streams may also have lower breeding success than commingling wild coho salmon (Berejikian et al. 1997).

The reasons for the generally poorer reproductive performance of artificially propagated captively-reared fish compared to ocean ranched and wild cohorts are not well understood.  Most captive broodstock programs use spawners collected from the wild population.  Therefore, it seems intuitive that much of the poor performance, at least in first-generation offspring, can be attributed to the effects of artificial culture environments.  However, the effects of genetic change in the captively-reared populations as a basis for reduced spawner size, egg viability, and reproductive behavior remain a possibility.  Ongoing research being conducted under BPA Project 9305600 to refine captive broodstock technology should provide methodologies to improve broodstock performance in the future.  

Although in many cases, viability of captive broodstocks have not entirely met expectations, they still are fulfilling most supplementation goals.  For instance, a captive broodstock has been developed to aid recovery of ESA-listed endangered Redfish Lake (Idaho) sockeye salmon (Flagg et. al. 1995a).  Between 1991 and 1998, a total of only 16 wild sockeye salmon adults have returned to Redfish Lake; all have been captured and spawned for captive broodstocking purposes.  Anadromous adults from the captive broodstock program began returning to Redfish Lake in 1999, and continued returning in 2000 and 2001.  A total of 290 adults were trapped in those 3 years, with the majority being released to spawn naturally in the lake, and a small genetically important number spawned and put back into the captive brood program.  NMFS captive broodstock efforts for this endangered species (BPA Project 9204000) has resulted in over 800,000 viable eggs produced and returned to Idaho for use in recovery efforts; a direct amplification of over 175 times the endangered species gametes taken into protective culture (T.A. Flagg, NMFS, unpubl. data).

Captive broodstock technology for salmonids appears sufficiently advanced to allow carefully planned programs to proceed.  Viability of captively-reared spawners may be less than wild fish.  Nevertheless, captive broodstock programs have the potential to provide the amplification necessary to both reduce extinction risk and begin recovery measures for depleted stocks.  It is clear that captive broodstocks cannot be a substitute for restoring fish in the habitat.  However, it appears unrealistic to rely solely on habitat improvements and harvest restrictions to affect recovery, especially when populations have reached critically low numbers.  For severely depleted populations, captive broodstocks will often be the only method to rebuild numbers quickly enough to reduce inbreeding or avoid extinction.

Maintaining Pacific salmon in seawater from smoltification until initiation of maturation associated with freshwater reentry is a preferred captive broodstocking strategy for anadromous salmonids.  This provides the fish with the natural environmental condition they are physiologically adapted to and minimizes the opportunity for unintentional domestic selection to work against their anadromous traits (Hard et al. 1992).  This need for marine rearing resulted in a request by IDFG and ODFW for the Northwest Fisheries Science Center (NWFSC) to rear at least some of each states captive broodstock fish in seawater at the NWFSC Manchester Research Station.

A new captive broodstock facility was constructed at the Manchester Research Station to fulfill this regional need for the marine rearing of anadromous salmonids.  The facility is housed in a large building to protect the fish.  The building has tanks to rear 20 separate groups from the smolt to maturing adult stage.  The captive broodstock facility’s seawater is filtered and UV disinfected to minimize the risk of pathogens being introduced to the captive broodstock populations from Puget Sound.  This combination of onshore tanks and seawater sanitation eliminates most of the mortality associated with conventional net pen rearing of Pacific salmon.  The effluent from the captive broodstock facility is treated with ozone.  A disease diagnostic laboratory at the Station ensures optimal fish health care.  At present, there is no other similarly equipped marine captive rearing facility in the Pacific Northwest.

c. Rationale and significance to Regional Programs
The marine rearing of ESA listed chinook salmon captive broodstocks at the Manchester Research Station fulfills a number of Regional goals for the restoration of Columbia River Basin salmon stocks.  The use of captive broodstocks as an artificial propagation tool to aid in the recovery of anadromous runs of Snake River chinook salmon is an action called for by many objectives and goals of the NWPPC’s Salmon Subbasin Summary (Mountain Snake Province), Grande Ronde Subbasin Summary (Blue Mountain Province), Artificial Propogation Summary for the Mainstem/Systemwide Province, and the 2000 Columbia Basin Fish and Wildlife Program.  The creation and maintenance of these captive broodstocks for ESA listed stocks is a required Reasonable and Prudent Alternative (RPA 175, 176, 177) action called for by the 2000 NMFS Biological Opinion.  The NMFS Recovery Plan for Snake River Salmon also calls for the use of captive broodstocks as a tool to restore ESA listed chinook salmon stocks (Schmitten et al. 1995, 4.1a and 4.1b).  

The Manchester Captive Broodstock project aids the NWPPC in meeting several of its 2000 Columbia Basin Fish and Wildlife Program objectives.  The Manchester Captive Broodstock program assists the NWPPC in meeting its overarching objective of “recovery of fish and wildlife affected by the development and operation of the hydrosystem that are listed under the Endangered Species Act.”  The captive broodstock program accomplishes this by providing many more fish for recovery than the natural environment, with its high mortality rates, can produce.  The Manchester Captive Broodstock program also assists the NWPPC in meeting its biological performance objective for anadromous fish losses of “ Restore the widest possible set of healthy naturally reproducing populations of salmon and steelhead in each relevant province by 2012”.  This assistance is provided by the Manchester program providing marine rearing for six populations of chinook salmon that are used in speeding the rebuilding of runs in both the Mountain Snake and Blue Mountain Provinces.

In the Mainstem/Systemwide Province Review, the Manchester Chinook Captive Broodstock Program provides a platform for both asking and answering questions associated with the future needs of this Province’s Artificial Propagation Summary.  Clearly, the chinook captive broodstocks reared at Manchester are the primary reason some captive broodstock questions have been generated in the Summary.  For example, the captive broodstock rearing at Manchester has led researchers to ask “what is the best time of seawater entry for fish reared in captive broodstock programs”.  In addition, to providing the need to answer questions the Manchester captive broodstocks are a resource agencies are using to answer important questions associated with the Summary’s future needs.  For example, ODFW compares the performance of their marine (Manchester) and freshwater (Bonneville) reared captive broodstocks to determine which environment produces the best quality fish for restoration.  They are a key component in cooperative research NMFS, IDFG, ODFW, Nez Perce, and Confederated Umatilla tribes are conducting to answer the Summary’s critical biological question 5 “Can invasive husbandry technologies such as captive broodstock by used to retain population uniqueness and aid in recovery of stocks on the verge of extinction?”.   These agencies are comparing the performance of  the ODFW captive broodstock and IDFG captive rearing approaches to determine which offers the most promise for the restoration of ESA listed chinook salmon stocks.

The depressed status of Snake River spring/summer chinook salmon population numbers is described in Section 4.1.1.a. of the Salmon Subbasin Summary (NPPC 2000a).  The Manchester Chinook Salmon Captive Broodstock is a key component of IDFG’s Captive Rearing Project for Salmon River Chinook Salmon.  Section 4.5.1 identifies the Captive Rearing Project for Salmon River Chinook Salmon as one of two artificial production programs in place in the Salmon Subbasin addressing recovery goals through the use of conservation hatchery practices.  Program goals and objectives are also consistent with existing plans, policies and guidelines presented in Section 5.1.of the Subbasin Summary as developed by Bonneville Power Administration (Section 5.1.1.a.), the National Marine Fisheries Service (Section 5.1.1.b.), the Nez Perce Tribe (Section 5.1.2.a.), the Shoshone-Bannock Tribes (Section 5.1.2.b.) and the Idaho Department of Fish and Game (Section 5.1.3.a.). 

The Manchester Chinook Captive Broodstocks are an artificial propagation tool that will aid agencies in meeting the goals and objectives outlined in the Grand Ronde Subbasin Summary.  The depressed status of chinook salmon population numbers in the Grande Ronde subbasin is clearly described in Subbasin Summary (NPPC 2000a).  The principal goal of the Confederated Tribes of the Umatilla: "to protect, enhance and restore wild and natural populations of spring and fall chinook…", is directly compatible with the primary chinook captive rearing program goal. Tribal management Objectives 1 and 2, and Strategy 6 (“continue the use of artificial production for supplementation or reintroduction”) are consistent with the common goals of the Nez Perce and Confederated Tribes, and ODFW- “to achieve restored annual returns of to meet recovery goals and allow for resumption of tribal and sport harvest”.  The ODFW has comprehensively outlined a series of objectives and strategies for recovery and fish production specific to the Grande Ronde subbasin.  Three Objectives specifically related to the use of captive broodstocks and their progeny for restoration and recovery purposes are: 

· Objective 1: to “achieve sufficient spawner numbers ….by restoring and maintaining natural spawning populations, to allow delisting”; 

· Objective 3: “maintain artificial production programs for spring chinook salmon, using locally adapted broodstocks…”;

· Objective 13: “Develop facilities and operations to improve safety and productivity of the hatchery environment for captive and conventional chinook programs”.

The most important aspect of the Manchester Captive Broodstock Program is providing safety net captive broodstock rearing for chinook salmon populations as identified in the 2000 NMFS Biological Opinion.  The Salmon River’s Lemhi, East Fork, and East Fork-Yankee Fork stocks that are reared to maturity in seawater at Manchester have been identified as a required action by RPA 175.  The Oregon Grand Ronde stocks reared in the marine captive broodstock program at Manchester have been identified as a required action under RPA 176.  The facility also can provide safety net rearing opportunities for ESA listed stock to be identified under RPA 178.  The captive broodstock reared at Manchester provide for adult fish used to evaluate the reproductive success of hatchery fish compared to wild fish under RPA 182.

d. Relationships to other projects 
The chinook salmon in the marine captive broodstock program at the Manchester Research Station are utilized in several Mountain Snake and Blue Mountain Province projects.  IDFG uses Manchester produced adults in the Mountain Snake Province to evaluate the effectiveness of adult reintroduction strategies and to recover their ESA listed Salmon River chinook stocks (Mountain Snake Project 199700100, Idaho’s Captive Rearing Project for Salmon River Chinook Salmon).  The Shoshone-Bannock Tribes also use eggs generated by the Manchester Captive Broodstock fish in an egg box program designed to recover Salmon River chinook stocks listed under ESA (Mountain Snake Project 198909803, Salmon Supplementation Studies in Idaho-Shoshone-Bannock Tribes).  

In the Blue Mountain Province, adults produced at Manchester are spawned by ODFW at their Bonneville Captive Broodstock Facility to generate juvenile fish that are released back into their native habitat as acclimated smolts (Blue Mountain Project 199801001, The Oregon Grande Ronde Basin Spring Chinook Captive Broodstock Program).  This ODFW project compares the performance of Manchester-produced fish to that of companion freshwater captive broodstock reared at its Bonneville Facility to determine the effect of rearing environment on captive broodstock fish quality.  The chinook captive broodstock adults generated at Manchester for Oregon also support the Nez Perce Tribe’s Captive Broodstock Artificial Propagation Project (Blue Mountain Project 199801006) and Confederated Tribes of the Umatilla’s Facility Operation and Maintenance and Monitoring and Evaluation for Grande Ronde Spring Chinook Salmon and Summer Steelhead Project (Blue Mountain Project 199800703).  The progeny of the captive broodstock fish reared at Manchester are used by these two projects in acclimation releases into the Grande Ronde River Basin to restore ESA listed chinook salmon stocks.  The Manchester Chinook Salmon Captive Broodstock Project is currently the only regional captive broodstock facility capable of providing these other BPA projects with the marine rearing required for ESA listed stocks.

NMFS coordinates captive broodstock efforts for BPA Project 199606700 through the BPA chaired Snake River Chinook Salmon Captive Propagation Technical Oversight Committee (CSCPTOC).  Membership on the CSCPTOC includes NMFS, BPA, IDFG, ODFW, U.S. Fish and Wildlife Service (USFWS) Lower Snake River Compensation Office, WDFW,  Shoshone-Bannock and Nez Perce Tribes, and other state and federal agencies and private groups interested in spring/summer chinook salmon restoration in the Snake River basin areas of Idaho and Oregon.
e. Project history (for ongoing projects) 

SUMMARY OF MAJOR RESULTS ACHIEVED

In August 1996, NMFS began Project 199606700) to rear Snake River spring/summer chinook salmon captive broodstocks in seawater at the NMFS Manchester Research Station.  During 1997-2000, facilities modifications were undertaken at Manchester to provide high quality marine rearing for these ESA-listed fish.  This included construction of a building housing a total of twenty 6.1-m diameter fiberglass rearing tanks, upgrade of the Manchester seawater delivery system to a total capacity of 4,165 lpm (1,100 gpm), and installation of an ozone depuration system.

Between 1996 and 2001, NMFS has captively-reared many groups of Snake River spring/summer chinook salmon from Idaho and Oregon (Flagg et al. 1997, 1998; McAuley et al. 2000).  Maturity of these fish in captivity between fall 1996 and 2001 has resulted in more than 2,212 prespawning adults being returned to Idaho and Oregon for use in their restoration efforts (Tables 1 and 2).  In upcoming years, the cooperative NMFS/IDFG/ODFW broodstock program should continue to provide large numbers of animals for use in recovery efforts.  NMFS feels that continuation of this cooperative captive broodstock programs is imperative to the recovery of Snake River spring/summer chinook salmon.

	Table 1. Results for Idaho spring/summer chinook salmon captive broodstock reared in seawater at Manchester Research Station, 1996-2002.

	
	
	Age at maturity
	

	Brood year/Stocka
	Smolts (n)
	Age-2 (n)
	Age-3 (n)
	Ages-4,5,6 (n)
	% Survival

	94 Lemhi NP
	75
	4
	2
	42
	64.0

	94 WFYF NP
	87
	1
	17
	28
	52.9

	94 EFSR NP
	75
	4
	17
	28
	65.3

	95 Lemhi NP
	69
	2
	14
	38
	78.3

	96 Lemhi NP
	110
	0
	12
	34
	41.8

	96 WFYF NP
	60
	8
	0
	2
	16.7

	96 EFSR NP
	5
	0
	0
	0
	0.0

	97 Lemhi NP
	102
	10
	18
	10
	78.4

	97 WFYF NP
	165
	18
	16
	33
	64.2

	98 Lemhi NP
	158
	12
	25
	41
	77.2

	98 WFYF NP
	193
	25
	35
	55
	80.3

	98 EFSR NP
	145
	11
	18
	23
	57.9

	98 EFSR SN
	229
	--
	9
	7
	15.3

	99 Lemhi NE
	210
	18
	35
	--
	57.1

	99 WFYF SN
	242
	13
	68
	--
	74.0

	99 EFSR NE
	113
	22
	14
	--
	50.4

	99 EFSR SN
	65
	6
	9
	--
	72.3

	00 WFYF NE
	203
	--
	--
	--
	99.4

	00 EFSR NE
	379
	--
	--
	--
	100.0

	a NP (natural parr) and NE (eyed-eggs) from wild source; SN (safety net) from hatchery spawning; Lemhi, WFYF (West Fork Yankee Fork), and EFSR (East Fork) Salmon rivers.


	Table 2. Results for Oregon spring/summer chinook salmon captive broodstock reared in seawater at Manchester Research Station, 1996-2002. 

	
	
	Age at maturity
	

	Brood year/Stocka
	Smolts (n)
	Age-2 (n)
	Age-3 (n)
	Ages-4,5,6 (n)
	% Survival

	94 CC
	167
	15
	38
	82
	80.8

	94 LR
	160
	5
	20
	65
	56.3

	95 CC
	156
	6
	24
	47
	49.4

	95 LR
	149
	6
	46
	50
	68.5

	96 CC
	165
	2
	35
	61
	58.8

	96 LR
	164
	8
	39
	40
	51.8

	96 GR
	165
	0
	45
	0
	80.0

	97 CC
	158
	7
	36
	101
	94.9

	97 LR
	161
	16
	25
	40
	50.3

	97 GR
	167
	13
	49
	75
	82.6

	98 CC
	162
	6
	51
	46
	93.8

	98 LR
	159
	34
	32
	40
	87.4

	98 GR
	164
	2
	55
	6
	50.0

	99 CC
	166
	8
	61
	--
	98.2

	99 LR
	162
	19
	52
	--
	98.8

	00 CC
	250
	
	
	
	

	00 LR
	250
	
	
	
	

	00 GR
	250
	
	
	
	

	a CC, LR, and GR refer to rearing groups sourced as wild parr from Catherine Creek, Lostine, and Grande Ronde rivers respectively. 
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ADAPTIVE MANAGEMENT IMPLICATIONS

The Manchester Spring Chinook Broodstock Project provides a safety net for six Snake River spring/summer chinook salmon stocks.  For severely depleted populations, captive broodstocks will often be the only method to rebuild numbers quickly enough to reduce inbreeding or avoid extinction.  The research component of these captive broodstock programs being carried out by IDFG and ODFW is providing valuable guidance on the best ways for managers to utilize captive broodstocks to restore self-sustaining natural runs.

When the Manchester Spring Chinook Broodstock Project project was initiated, captive culture of chinook salmon was a relatively new field.  Because of this, the Chinook Salmon Captive Propagation Technical Oversight Committee (CSCPTOC) was organized to provide a forum of peer review and discussion of all activities and propagation protocols associated with this program.  Participants in the CSCPTOC include IDFG, BPA, NMFS, ODFW, Shoshone-Bannock and Nez Perce Tribes, University of Idaho, U.S. Fish and Wildlife Service, and WDFW.  The committee meets at least six times each year.  This allows for an adaptive management approach to all phases of the program and ultimately improves program success as new and better information becomes available.

NMFS and its cooperators on the chinook captive rearing program (ODFW and IDFG) have played the lead role in developing program methodologies, especially with respect to fish culture techniques.  From the inception of the program, project personnel and regional fish culture experts have participated in workshops and planning sessions that have lead to the development of culture protocols in place today.  Adaptively managed through the CSCPTOC process, culture practices remain flexible to achieve maximum program success.  Routine protocols including; diet and rations, rearing densities, chemical therapeutant treatments, sample counts, marking and tagging, and frequency of handling are constantly reviewed to maintain consistency between culture locations and achieve the best program results.
YEARS UNDERWAY

Seven

PAST COSTS

FY 1996 - $481,400

FY 1997 - $501,000

FY 1998 - $391,000

FY 1999 - $ 449,800

FY 2000 - $ 487,000

FY 2001 - $550,000

FY 2002 - $569,00

f. Proposal objectives, tasks and methods
Objective 1.  Conduct marine rearing portion of captive broodstock program for endangered Snake River spring/summer chinook salmon stocks.

Task a.  Conduct marine rearing of Snake River spring/summer chinook salmon captive broodstocks

Manchester Spring Chinook Broodstock Project fish are reared in circular tanks supplied with filtered and ultraviolet light (UV) treated seawater at the NMFS Manchester Research Station near Manchester, Washington. The station is located on Clam Bay, a small bay adjoining the central basin of Puget Sound.  The annual seawater temperature at the site normally ranges between 7 and 14°C, and salinity ranges between 26 and 29 ppt.  A 250-m pier, made available to the station by the Environmental Protection Agency Region X Laboratory, provides access to 50-hp centrifugal pumps that supply about 4,165 LPM (1,100 gpm) of seawater through a 700-m long pipeline to the station’s land-based facilities.  Back-up 50-hp pumps are available in case of primary pump failure.  An alarm system monitors the pumps and electrical supply and is tied to an automatic dialer system linked to pagers and home telephones.  Redundant emergency generators are automatically serially activated in the event of a power failure.

Fish rearing for the Manchester Spring Chinook Broodstock Project at the Station is conducted in two buildings (12 and 13).  A 400-m2 area in Building 12 contains six 4.1-m diameter circular tan fiberglass tanks and four 3.7-m diameter circular gray fiberglass tanks.  A 1,280-m2 building (Building 13) houses 20 6.1-m diameter circular gray fiberglass tanks.  Portions of both buildings are used for the project.  The seawater supplied to these tanks is processed to prevent naturally occurring pathogens from entering the rearing tanks.  The processing consists of filtering through primary sand filters that eliminate all organic and inorganic material larger than 20 microns in diameter and secondary cartridge filters that screen out all material larger than 5 microns in diameter.  The water then passes through a UV system to inactivate remaining organic material.  Sensors monitor water flow and pressure through the seawater filtration system.

Before entering fish rearing tanks, the processed seawater is passed through degassing columns to remove excess nitrogen and to boost dissolved oxygen levels.  In addition, the tanks are directly supplied with oxygen to maintain life support in the event of an interruption in water flow.  Rearing temperatures are maintained at or below 13o C with combinations of ambient and chilled water.  The station complies with Washington Department Fish and Wildlife (WDFW) quarantine certification standards by depurating all effluent from the captive broodstock rearing areas with ozone.

Fish are reared using standard fish culture practices and approved therapeutics (for an overview of standard methods see Leitritz and Lewis 1976, Piper et al. 1982, FRED 1983, Rinne et al. 1986, Shreck et al. 1995, and Pennell and Barton 1996).  However, because captive broodstock husbandry for wild stocks is a new concept, the program generally uses those practices that maximize fish quality and survival, rather than the number or size of fish produced as in traditional enhancement or commercial farming programs.  All fish culture practices at the Manchester Research Station conform to the husbandry requirements detailed in ESA Section 10 Propagation Permits for rearing of Idaho (Permit 972) and Oregon (Permit 973) stocks of ESA-listed Snake River spring/summer chinook salmon.

Both rearing and loading density are maintained on the lower end of the scale to provide the best rearing environment possible.  Generally, juvenile-to-adult rearing density in the tanks are maintained at under 8 kg/m3 (0.5 lbs/ft3) during most of the culture period; however, fish density may range to 15 kg/m3 (1.0 lbs/ft3) at maturity.  Loading densities normally range from 0.29 kg/Lpm (2.5 lb/gpm) to 0.84 kg/Lpm (7 lbs/gpm).

All tanks used for chinook captive broodstock rearing are completely covered with a taut 2.5 x 2.5 cm or smaller mesh nylon netting to prevent fish from jumping out.  The energy absorbing properties of the nylon mesh minimizes injuries that can occur to fish when they leap against it.  In addition to the mesh, half of each tank is covered with solid black fabric to provide a covered refuge area fish can move under when disturbed.

Fish are fed a commercially prepared dry brood diet (e.g., Moore-Clark).  The daily ration ranges from 0.4 to 2.7% per day depending on estimated fish size and water temperature (Iwama 1996).  Pellet size is determined from a chart provided by the manufacturer that is based on current guidelines for commercial aquaculture (Moore-Clark 1997).  If necessary, pellet size is adjusted from the chart recommendation to ensure the smallest fish in the population can feed. Fish are fed by point source automatic feeders (Allan feeders or belt feeders).  Each day, prior to loading the feeders, a small portion of the day’s ration is broadcast over the surface to observe the fish’s feeding response.  The Allen feeders are programmed to disperse feed about 8 to 12 times a day during daylight hours.  The feeding frequency is varied with both day length and fish size.  The belt feeders, which are only used for a short period with newly arriving smolts, disperse feed continuously over a 5-hour period.

A mild current (< 35 cm/sec) is generated in the rearing tanks by their circular shape, center drain, and a subsurface water jet inlet.  This current primarily provides a self-cleaning action and only a very slight exercise potential.  At least once a week, bottom material that is not swept out of the tank by the current is removed by brushing.

In May-June 1996-2002, IDFG and ODFW transferred groups of 1994-, 1995-, 1996-, 1997-, 1998-, 1999, and 2000-brood Snake River spring/summer chinook salmon smolts to Manchester for rearing to adult (Table 3).  NMFS anticipates receiving similar groups of 2001-brood fish from Idaho and Oregon in spring 2003.  Similar transfer and rearing activities are planned for subsequent year-classes of fish.

IDFG and ODFW typically transfer fish to Manchester as smolts in the spring of their second year of life.  The first transfers from ODFW are sentinels (10 fish) to determine the readiness of the population for seawater transition.  If these sentinels survive and begin to feed, the remainder of the fish are transferred; if not, another 10 sentinels are sent.  The main group of smolts are transitioned to seawater in 4-m diameter circular tanks in Building 12.  The first step in this transitioning process is to add pathogen-free freshwater to each tank.  The next step is to introduce the smolts to the tanks and then gradually introduce full strength Puget Sound marine water until all the freshwater has been displaced (an 8-12 h process).  The postsmolts are generally held in these tanks through the summer before being transferred to the 6-m diameter circular tanks in Building 13.  Transfers of fish to Building 13 begin when tanks become available after earlier year classes mature and are moved off station.

Every effort is made to maintain the fish on low levels of natural lighting following the natural photoperiod.  Both Building 12 and 13 have relatively small windows or translucent panels allowing a small percentage of ambient light to enter the building.  In Building 13, additional lighting is provided by halogen lights that are automatically controlled to natural photoperiod.  These lights have a 30-minute ramp up (sunrise) and ramp down (sunset) feature.  This ramping process reduces the number of fish-wall collisions by avoiding the startle response associated with lights being instantaneously turned on at full intensity.  In Building 12, additional lighting is provided by incandescent lights that are switched on and off as needed.

In general, the fish are handled with extreme care and kept in water to the maximum extent possible during transport and processing procedures.  The transfer of ESA-listed fish is done with a sanctuary net or fish transfer tube that holds water during transfer to prevent the added stress of an out-of-water transfer.  Additionally, the tank’s center standpipe holds at least 15 cm of water depth in the tank when the external standpipe is pulled; this minimizes the chance of fish being accidentally dewatered during tank cleaning operations.

In order to minimize the impact of handling stress, the Idaho stocks are not routinely sampled at Manchester.  The length (nearest 1 mm) and weight (nearest 1 g) of Oregon stocks is sampled four times a year by a team of NMFS, ODFW, and Nez Perce and Umatilla tribal personnel.  Occasionally, the Idaho stocks are subsampled to assess fish size for determining proper feed size and ration.

Inter-site transportation of juvenile or adult fish is done in a manner to emphasize fish health and safety.  All transportation occur in insulated containers and temperature is not be allowed to rise more than 2 degrees C.  The transport containers are supplied with a continuous oxygen supply that maintains dissolved oxygen at full saturation.  The oxygen reservoir contain at least twice the oxygen needed to make the entire trip.  The containers are loaded at no more than 0.06 kg/L (0.5 lbs/gallon).  Additionally, drivers are equipped with cell phones, and have backup personnel ready to respond in event of equipment failure.

The captive broodstock fish are reared in seawater until they begin to show signs of maturation.  Fish culturists conduct maturation checks on fish in all groups suspected of having ripening adults.  Maturation is currently determined by changes in skin sheen, skin coloration, and body morphology.  In the spring of 2002, efforts were made to determine if ultrasound scanning can be used to determine maturation status of fish earlier in the year.  Preliminary results are very encouraging.  All fish determined to be maturing in seawater are transferred to freshwater facilities in either Idaho or Oregon as soon as possible.  A large number of maturing adult fish from 1994- through 1999-year classes have already been returned to Idaho and Oregon for use in recovery efforts for these stocks (Table 3).

Observable indices of fish health are checked daily by examining feeding response, external condition, and behavior of fish in each tank as initial indicators of developing problems.  In particular, fish culturists observe for signs of lethargy, spiral swimming, side swimming, jumping, flashing, unusual respiratory activity, body surface abnormalities, and unusual coloration.  Presence of any of these behaviors or conditions is immediately reported to the fish health staff.  The presence of moribund fish is reported to fish health staff for blood and parasite sampling.  A fish pathologist routinely monitors captive broodstock mortalities to determine cause of death.  When a treatable pathogen is either detected or suspected, a veterinarian, in consultation with IDFG or ODFW fish health staff, prescribes appropriate prophylactic and therapeutic drugs to control the problem.  Select mortalities are appropriately preserved for pathology, genetic, and other analyses.  Specimens that are not vital to analysis are disposed of in a manner consistent with ESA permits.

NMFS provides daily staffing at the facility for protective culture of these fish, with constant electronic security and facilities monitoring.  Staffing during some weekends and holidays may be covered by drop-in site inspections.  These inspections involve inspecting the facilities, loading feeders, and the mandatory daily backflushing of the filtration system.  Electronic security and facilities monitoring will be provided at all times.  NMFS is coordinating the details of rearing parameters for these fish with ODFW and IDFG through the CSCPTOC and CCBPTOT process.

Objective 2:  Upgrade Seawater Delivery System

Task a.  Install pipeline and upgrade water processing and pumping system

The current seawater delivery system at Manchester must be modified to meet its original designed delivery goal of 1,500+ gpm (5,679+ lpm).  Prior to the chinook captive broodstock program being initiated at the Manchester Research Station, 350 gpm (1,325 lpm) of processed seawater could be delivered to the Station’s onshore rearing faclities.  In 1995, extensive modifications were made to the seawater delivery system with the goal of delivering an additional 1,150 gpm (4,354 lpm) of processed seawater to the new chinook salmon captive broodstock rearing facility.  However, the seawater delivery system has never met the designed production of 1,500 gpm (5,679 lpm).  The system will currently only reliably deliver 1,100 gpm (4,165 lpm).  In recent years, this shortfall has begun to handicap the marine rearing component of the chinook captive broodstock program.

This shortfall of processed seawater must be eliminated as ODFW and IDFG proposals (Projects 199604400 and 199700100) recently reauthorized through the Mountain Snake and Blue Mountain Province review process call for increasing the number of smolts transfered to Manchester for marine rearing.  Historically, ODFW aand IDFG transferred 75-150 fish/stock to Manchester for seawater rearing.  However, beginning in 2002, the number of fish from each stock reared in seawater has been increased dramatically to meet program goals.  In spring 2002, the Manchester facility received up to 379 smolts/stock from Idaho and 250 smolts/stock from Oregon.    

In addition to enabling the facility to reach designed captive broodstock rearing capacity, an increase in processed seawater would be used to improve rearing conditions by reducing loading densities below the current 7 lbs/gpm criteria.  A recent literature review (Maynard unpublished) indicates reducing maximum loading density criteria to 5 lbs/gpm or less might improve captive broodstock quality.  The facility modifications described in this task are consistent with language contained in RPA  177 of the 2000 FCRPS Biological Opinion.

The principal modification to be made to the seawater delivery system will involve the installation of a larger diameter pipeline that NMFS purchased in 2000.  The pipeline will be connected to the pumps at the pipe tree near the end of the EPA pier.  The pipe will be welded together and then laid across the bottom of Clam Bay from the pier to the shoreline at the Station.  The pipe will be buried underground from the shoreline to the water processing area in Building 12 where it will be connected into the current seawater processing plant.  Additional work under this task will include upgrading the water distribution plumbing from the pumps to the pipe tree on the pier, installing required water processing equipment, and upgrading pumping and associated electrical equipment as needed to meet requested fish rearing demands.
g. Facilities and equipment
The Manchester Research Station is located on nine hectares of land surplused from the U.S. Navy to NMFS in the late 1960s.  The station’s main building (Building 1) contains three laboratories, ten offices, and a conference room.  Adjoining the main building is a disease laboratory (Building 6) containing a pathology lab, a bioassay lab, and two offices.  A land-based seawater captive broodstock rearing complex houses four offices, wet and dry labs, and 400 m2 of floor space for fish rearing tanks in one building (Building 12), and 1,280 m2 in another (Building 13).

A major advantage of the site is the excellent seawater quality.  Clam Bay is a major tidal mixing zone between Sinclair and Dyes Inlets to the west and waters of central Puget Sound to the east.  Annual seawater temperature at the site normally ranges 7-13°C and salinity ranges 26-29 ppt.  The high quality seawater environment, combined with a 250-m pier made available to the station by the EPA Region X Laboratory, make the Manchester Research Station an excellent site for experimentation/culture of a variety of finfish and shellfish.

A 700-m-long pipeline from the end of the pier reliably supplies up to 4,165 lpm (1,100 gpm) of pumped seawater to the Station’s land-based facilities.  Water is pumped via 50-hp vertical drive centrifugal pumps.  The system is outfitted with back-up 50-hp pumps in case of primary pump failure.  An alarm system monitors the pumps and electrical supply and is tied into an automatic dialer system linked to pagers and home and office telephones.  Redundant emergency generators are automatically serially activated in the event of a power failure.

The 400-m2 seawater laboratory contains six tan colored 4.1-m circular tanks inside the building and four gray colored 3.7-m fiberglass tanks in the adjoining fenced area outside the building.  The 1,280-m2 facility houses 20 gray colored 6.1-m diameter circular fiberglass tanks.  Tanks in both facilities are used for the project.  In addition to these circular tanks, a number of portable circular tanks ranging in size from 0.8 to 2.3 m can be quickly set up for temporary fish holding.

The seawater supplied to these tanks is processed to ensure quality.  Filtering consists of primary sand filters containing number 20-grade sand; this filters out all organic and inorganic material more than 20 microns in diameter.  Water exiting the sand filters immediately enters a secondary cartridge filter system capable of filtering out all material more than 5 microns in diameter.  The water then passes through UV-sterilizers to inactivate remaining organic material. Flow and pressure sensors monitor flow through the seawater filtration/disinfection system.

The processed seawater is passed through packed column degassers to strip out any potential excess nitrogen and to boost dissolved oxygen levels.  In addition, oxygen is continuously supplied to all rearing containers to both boost ambient dissolved oxygen levels to saturation and provide an emergency oxygen supply in the event of an unanticipated water flow interruption.

Prior to delivery to Building 13, water can be shunted through a chiller capable of reducing the temperature of a 1,135 Lpm water supply by 5 degrees centigrade.  Each rearing tank in Building 13 can be supplied with both ambient and chilled water through separate lines so that water temperature can be adjusted as needed.  In most circumstances, water temperature will never be dropped more than 2 degrees centigrade below ambient.  This will prevent an excessive temperature rise impacting fish health in the rare event of chiller failure.

The Manchester Research Station complies with Washington state quarantine certification standards by injecting ozone into all seawater exiting captive broodstock rearing areas.  This enables fish from whirling disease-positive areas in the states of Idaho and Oregon to be moved in to the facility.
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McAuley, W. C.  1981b.  DOMSEA coho broodstock program-update. In T. Nosh (editor), Salmonid broodstock maturation, p.65-66.  Proceedings of the salmonid broodstock maturation workshop. University of Washington Sea Grant Pub. WSG-WO-80-1.

Flagg, T. A., and W. C. McAuley.  1993.  Redfish Lake sockeye salmon captive broodstock rearing and research, 1991-1993. Report to Bonneville Power Administration, Contract DE-A179-92BP41841.

Flagg, T. A., W. C. McAuley, M. R. Wastel, D. A. Frost, and C. V.  W. Mahnken.  1996.  Redfish Lake sockeye salmon captive broodstock rearing and research, 1994.  Report to Bonneville Power Administration, Contract DE-AI79 92BP41841, 98 p.

Flagg, T. A., W. C. McAuley, M. R. Wastel, D. A. Frost, C. V. W. Mahnken, and J. C. Gislason.  1998.  Redfish Lake Sockeye Salmon Captive Broodstock Program, NMFS. Proceedings of the 48th Annual Northwest Fish Culture Conference, Glenden Beach, Oregon, p. 127-135.
CURRICULUM VITAE--Michael R. Wastel
Education:  A.S. Fisheries - Peninsula College, 1977.

Training:  Business College Computer Classes 1987, 1989.  U.S. Fish & Wildlife Service Fish Disease Course, 1990.

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


Position:  Fisheries Biological Technician, NMFS employee since 1992.

Present assignment:   Provide technician support for NMFS Manchester Marine Experimental Station captive broodstock programs for recovery of ESA-listed endangered Redfish Lake sockeye salmon and threatened Snake River spring/summer chinook.  Lead contact for construction of captive broodstock research facilities for freshwater and seawater rearing at Manchester.  Responsible for aspect of life cycle culture including feed rations, disease detection and control, detailed record database, and spawning.

Previous work experience/expertise:  1991-1992--Fisheries Technician, Steelhead Stock Assessment Program, Washington Department Fish and Wildlife, Olympia, Washington.  Responsible for the collection of data on steelhead life histories for 22 Washington State rivers, all tributaries of the Columbia River.  1980-1991--Hatchery Manager, Fisheries Research Division, Domsea Farms Inc. Gorst Creek Hatchery, Gorst, Washington.  Supervised and participated in all phases of hatchery operations.  Responsible for all fish rearing activities.  Worked on both production and broodstock programs.  Supervised six employees.  Assigned work schedules.  Formulated fiscal budget.  Produced monthly reports.  Maintained hatchery systems including; wells, pumps, generators and alarm system.  Expanded and upgraded hatchery incubation.  Installed additional tanks.  Assisted in the formation of coho salmon broodstock program which produced fish with superior growth and survival rates.  As the offspring of fish from the broodstock program outperformed all other hatchery fish, the program expanded and became a major part of my responsibilities.

Mr. Wastel has participated in a number of captive broodstock projects for Pacific salmon.  He has co-authored articles on fisheries and captive broodstocks, including:

Hymer, J., R. Pettit, M. Wastel, P. Hahn, and K. Hatch.  1992.  Stock Summary reports for Columbia River Anadromous Salmonids, Volume 3.  BPA,  Division of Fish and Wildlife,  Project No. 88-108.
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Flagg, T. A., W. C. McAuley, M. R. Wastel, D. A. Frost, C. V. W. Mahnken, and J. C. Gislason.  1998.  Redfish Lake Sockeye Salmon Captive Broodstock Program, NMFS. Proceedings of the 48th Annual Northwest Fish Culture Conference, Glenden Beach, Oregon, p. 127-135.
CURRICULUM VITAE--Lee W. Harrell

Education:
· B.S. (Animal Husbandry).  University of  Florida, Gainesville, FL.  1960.

· D.V.M. (Veterinary Medicine).  Auburn University, Auburn, AL.  1964.

· M.S. (Fisheries Biology).  University of  Washington, Seattle, WA.  1973.

Professional Certifications:  Certified Fish Pathologist (AFS) #35; Washington State Veterinary practice license # 653; Florida State Veterinary license # 857.

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

Position:  Fisheries Research Biologist/Veterinarian, NMFS employee since 1973.

Present assignment: Manager of Fish Health projects, Manchester Experimental Station.  Duties include fish disease diagnosis and treatment; conducting research on freshwater and marine diseases of salmonids; and involvement in broodstock restoration  methods.  Pathologist representative, Pacific Northwest Fish Health Protection Committee. Consulting Veterinarian, Washington State Department of Fisheries and Wildlife.

Previous research/expertise:  Included:  research associated with all phases of salmonid fish health and disease diagnosis and treatment; development of freshwater and seawater net-pen aquaculture husbandry; development of captive broodstock techniques for Atlantic and Pacific salmon.  Dr. Harrell has authored or co-authored a number of articles on captive broodstocks and fish health, including:

Harrell, L. W., C. V. W. Mahnken, T. A. Flagg, E. F. Prentice, F. W. Waknitz, J. L. Mighell, and A. J. Novotny.  1984.  Status of the NMFS/USFWS Atlantic salmon brood-stock program (Summer 1984).  Annual report of research (to NMFS/NER). 16 p. (Available from Northwest Fisheries Science Center, 2725 Montlake Boulevard East, Seattle, Washington  98112.)

Harrell, L. W., T. A. Flagg, and F. W. Waknitz.  1987.  Snake River Fall Chinook Salmon Broodstock Program, 1981-1986.  Final report to Bonneville Power Administration.  24 p.  (Available from Northwest Fisheries Science Center, 2725 Montlake Boulevard East, Seattle, Washington  98112.)

R. A. Elston, L. W. Harrell, and M. T. Wilkinson.  1986.  Isolation and in vitro characteristics of chinook salmon Oncorhynchus tshawytscha rosette agent. Aquaculture 56:1-21.

R. A. Elston, M. L. Kent, and L. W. Harrell.  1987.  An intranuclear microsporidium associated with acute anemia in the chinook salmon, Oncorhynchus tshawytscha.  J. Protozool. 34(3):274 277.

Harrell, Lee W.  1995.  Fish health aspects of broodstock restoration, pp. 5-1 - 5-14.  In T. A. Flagg and C. V. W. Mahnken (eds.), An assessment of captive broodstock technology for Pacific salmon.  Report to Bonneville Power Administration, Contract DE-AI79 93BP55064.  (Available from Northwest Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA 98112.)
CURRICULUM VITAE—William Thomas Fairgrieve

Education:
Doctor of Philosophy, Food Science/Fisheries (1992). University of Washington, Seattle, Washington.

Master of Science, Fisheries/Aquaculture (1983). University of Idaho, Moscow, Idaho. 

Bachelor of Science, Fisheries (1974). Humboldt State University, Arcata, California.

Associate of Arts, Fisheries and Game Management (1972). Fullerton College, Fullerton, California.

Employer:  Pacific States Marine Fisheries Commission

Position:  Fisheries Research Biologist

Present assignment: Responsible for design and implementation of rearing strategies for Endangered Species Act (ESA) listed captive sockeye and chinook salmon broodstocks, and for conducting research on critical aspects of feeds, nutrition, and husbandry which affect growth, health, and reproduction.
Previous research/expertise: Dr. Fairgrieve is an internationally recognized authority on salmonid nutrition and propagation. During the past 25 years, he has conducted research on the nutritional physiology of fish, growth and survival enhancing diets for juvenile and adult anadromous trout and salmon, development of novel feed ingredients, feeding methodology, and the effects of diet on the reproductive potential of captive broodstocks. Dr. Fairgrieve has served as a private consultant and a technical expert to a variety of domestic and international corporations and development agencies in the areas of feed ingredient development and testing, feed formulation and manufacture, facility design and operation, and commercial freshwater and marine aquaculture projects. He has extensive experience conducting feasibility studies for fish culture projects, developing education and technical training programs, and in aquaculture business management. 

Work conducted by Dr. Fairgrieve and his co-investigators have resulted in over 10 peer reviewed journal articles and book chapters, numerous technical reports on aspects of fish nutrition and culture, program development documents for international development agencies, and proprietary research reports.  He has presented technical and scientific information at several international and domestic conferences and symposia, including lectures on fish culture techniques, fish feeds and nutrition, and the role of captive salmonid broodstocks in endangered species restoration programs. In addition to his research duties, Dr. Fairgrieve also coordinates data collection, analysis, and reporting on the captive rearing program for ESA-listed chinook and sockeye salmon programs.  Dr. Fairgrieve has authored or coauthored a number of articles on captive broodstocks or hatchery rearing practices and technologies, including:

Alcorn, S., A. Murray, R.J. Pascho, W.T.Fairgrieve, and K.D. Shearer. In review. Effect of a feed additive containing fish processing by-product hydrolysate on the nonspecific immune functions of juvenile coho salmon (Oncorhynchus kisutch). (prepared for Journal of Fish Disease).

Berejikian, B.A., W.T. Fairgrieve, P. Swanson, and A. LaRae. In review. Effects of current velocity and body composition of captively reared chinook salmon. (prepared for Canadian Journal of Fisheries and Aquatic Sciences). 

Dong, F.M., F.T. Barrows, J.D. Erickson, W.T. Fairgrieve, I.P. Forster, N.F. Haard, R.W. Hardy, D.A. Higgs, B.A. Rasco, J.S. Rohovec, and C.E. Smith. 1992. The nutritive value of alternative protein sources in the diets of cultured salmonids. Proceedings, 20th UJNR Symposium on Aquaculture Nutrition.

Fairgrieve, W.T., M.S. Meyers, R.W. Hardy, and F.M. Dong. 1994. Gastric abnormalities in rainbow trout (Oncorhynchus mykiss) fed amine-supplemented diets of gizzard-erosion positive fish meal. Aquaculture 127: 219-232.

Flagg, T. A., and Nash, C. E (editors).  1999.  A conceptual framework for conservation hatchery strategies for Pacific salmonids.  U.S. Dept, Commer.  NOAA Tech. Memo. NMFS-NWFSC-38, 54 p. (W.T. Fairgrieve, one of 12 contributing authors). 

Hardy, R.W., T. Masumoto, W.T. Fairgrieve, and R.R. Stickney. 1989. The effects of dietary lipid source on muscle and egg fatty acid composition and reproductive performance of coho salmon (Onchorhynchus kisutch). Proceedings of the Third International Symposium on Feeding and Nutrition in Fish. Aug. 28-Sept. 1, 1989. Toba, Japan, pp. 347-355.
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