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a. Abstract 
This program was initiated as a conservation measure in response to severely declining runs of chinook salmon in the Grande Ronde Basin.  Our goals are to prevent extinction of the three populations; provide a future basis to reverse the decline in stock abundance of Grande Ronde River chinook salmon; and develop methods that will ensure a high probability of population persistence well into the future once the causes of basin wide population declines have been addressed.  Associated objectives include: 1) to reduce the demographic risk associated with the decline of native wild chinook populations in the Lostine River (LR), upper Grande Ronde River (GR) and Catherine Creek (CC), 2) maintain genetic diversity of indigenous artificially propagated chinook populations, 3) maintain genetic diversity in wild chinook populations, 4) assess the effectiveness of captive broodstock for use in recovery of chinook salmon, and 5) determine most effective methodologies for captive broodstock programs.  A comprehensive monitoring and evaluation program is underway to assess the performance of freshwater and saltwater treatments and determine the success of achieving management objectives.

We have collected naturally-produced parr for six years (1995-2000) and plan to continue collecting juveniles on an annual basis.  These juveniles are reared to the smolt stage at Lookingglass Fish Hatchery (LFH).  Two-thirds of these smolts are transferred to Bonneville Fish Hatchery (BOH) and reared in freshwater and one-third to NMFS Manchester Marine Laboratory (MML) and reared in saltwater.  At maturity, saltwater adults are transported from MML to BOH where all fish are spawned.  Fish have been spawned in 1998, 1999 and 2000 and production is beginning to exceed expectations.  Embryos are transferred to the LSRCP program for eventual release into the natal streams of their parents.  Captive broodstock progeny are reared to the smolt stage at LFH and the first smolt release occurred in 2000.  The return of jacks in 2001 demonstrates smolt-to-adult survival and is an encouraging sign of success of the program.  When the program is at full production, a minimum of 150 adults should return to the river of parent origin, to ensure that threshold escapement levels are met. 
b. Technical and/or scientific background
The Grande Ronde basin once supported large runs of chinook salmon with estimated escapements in excess of 10,000 as recently as the late 1950’s.  Natural escapement declines in the Grande Ronde basin have paralleled those of other Snake River stocks.  Catherine Creek and Grande Ronde and Lostine rivers were historically three of the most productive populations in the Grande Ronde basin.  Escapement levels in these three rivers dropped to alarming low levels in 1994 and 1995.  Present escapement levels and recent trends indicate that Grande Ronde basin spring chinook are in imminent danger of extinction.  Progeny-to-parent ratios have been below 1.0 for the past eight completed broodyears.  We are presently in an emergency situation where dramatic and unprecedented efforts are needed to prevent extinction as well as preserve any future options for use of endemic stocks for artificial propagation programs.  The initial management plan under the LSRCP program called for hatchery supplementation of four chinook populations in the basin:  Catherine Creek, as well as Wallowa, Grande Ronde and Lostine rivers.  The Oregon Department of Fish and Wildlife, U. S. Fish and Wildlife Service and the Nez Perce Tribe decided to begin immediate development of broodstocks from local natural populations for genetic conservation and natural production enhancement.  This decision was a result of a number of factors including:  increased emphasis on natural production and endemic stock recovery; consultations and requirements resulting from listing of Grande Ronde chinook populations as endangered; our lack of success in using non-local hatchery stocks for supplementing Grande Ronde chinook populations; and preferred strategies for use of artificial propagation identified in the NMFS draft recovery plan.  It is early in the program but, below, we have provided a cursory examination of results to date.  Our results are promising, as we now have to consider how to deal with more fish than we expected, and we believe that this program will provide substantial new knowledge for the use of artificial propagation to enhance natural production.

Captive breeding programs have been used extensively in recovery efforts for fishes as well as other vertebrates.  Only recently has this type of propagation approach been attempted with Pacific salmon in the Northwest.  Similar broodstock programs are underway for a number of other listed salmonids including: Sacramento winter chinook, Redfish Lake sockeye, Salmon River spring chinook and White River and Dungeness chinook.  We have used the knowledge and experience gained in these other programs, the results of the captive broodstock comprehensive review conducted by Flagg and Mahnken (1995) and our six years of experience with this program to develop the culture, research, monitoring and evaluation protocols for this program.

Project success is dependent on achievement of adequate survival, growth, maturation, gamete viability, smolt-to-adult survival and reproductive success objectives. Recovery of these populations is dependent on improved juvenile and adult survival through mainstem reservoirs and dams.  Detailed assumptions used to develop the production program are described below:

1. We anticipate a 1:1 sex ratio at collection for each population.

2. Recent data suggest that 50% of the parr we collect are likely to survive to spawn (Smith and Wampler 1995.)  The 90% survival from parr to smolt at LFH during the first year of a program, 80% survival from smolt to three year adult for spring chinook in Washington’s Dungeness program (Witczak 1995) and 90% first year survival observed for juvenile Redfish Lake sockeye held at MML (C. Mahnken, NMFS, Seattle, personal communication) suggest it is unlikely we will need to collect more than 500 juveniles.  Thus, the model is based on a collection of 500 juveniles each year from 1995-2000.

3. We predict that approximately 6% of the females will mature at age 3, 78% at age 4 and 16% at age 5 and that 2% of the males will mature at age 2, 35% at age 3, 48% at age 4 and 15% at age 5 (adapted from Nielson and Geen 1986; Hankin et al. 1993; Burck 1994; Appleby and Keown 1995).

4. Based on the information reported in Flagg and Mahnken (1995), we expect fecundities to be approximately 1,200, 3,000, and 4,000 eggs for age 3, age 4 and age 5 females, respectively.

5. This production model assumed a 75% embryo viability (see Smith and Wampler 1995) and 80% viable embryo to smolt survival (unpublished data from the program at LFH).  In our 1995 permit application we use an estimate of 45% embryo viability.  More recent data suggests that 75% embryo viability might be reasonable to expect (Flagg and Mahnken 1995).  Higher than expected embryo viability and embryo-to-smolt survival may require a reduction in the number of juveniles that are collected in the future.

6. Typically, chinook reared at and released from LFH return at a 0.1% smolt-to-adult survival rate.

7. Data from previous programs at LFH suggests that 10%, 60% and 30% of the adults will return at ages 3, 4 and 5, respectively.

8. The estimates of maturation rates and survival are based on the history of production at LFH and additional studies cited above.

9. Based on recent modeling, 500 parr or less would be sufficient to produce the needed smolts.  Our goal for 1995-1998 was to collect 500 parr from each stream.  The number of parr collected should then be reassessed prior to the collection in 1999.  If the needed number of parr is reduced, the minimum number collected should be 300.  Any less will be difficult to manage as we split the populations between sites and strategies, and potentially could represent a lesser number of parents for the original stock.
c. Rationale and significance to Regional Programs
Captive broodstock projects for Snake River spring/summer chinook salmon are supported by recommendations in the Snake River Recovery Team's report (SRSRT 1994), NMFS draft recovery plan (NMFS 1995) and the Northwest Power Planning Council's Fish and Wildlife Program (NPPC 1994) and many objectives listed in the Grande Ronde Subbasin Summary.

This project addresses numerous objectives identified in the 1994 Fish and Wildlife Program including: 7.1B which addresses conservation of genetic diversity; 7.2 which identifies the need for improvement of existing hatchery production; 7.3B which directs implementation of high priority supplementation projects; 7.4A which specifies the need to evaluate and implement new production initiatives; and 7.4D which directs implementation of captive broodstock programs.  

NMFS draft recovery plan states "captive broodstock and supplementation programs should be initiated and/or continued for populations identified as being at imminent risk of extinction, facing severe inbreeding depression, or facing demographic risks".  The recovery plan also states, "considering the critical low abundance of the Grande Ronde spring/summer chinook salmon, impacts to listed fish should be avoided and LFH should be operated to prevent extinction of local populations.  Consequently, indigenous broodstock should be immediately transferred to LFH (natural fish collected in 1995), and production should be maximized to supplement natural populations."  Our goal is to help prevent extinction of the three populations and provide a future basis to reverse the decline in stock abundance and ensure a high probability of population persistence.

Use of non-local broodstock is inconsistent with sound conservation principles and, in 1996, an Independent Scientific Review Panel under U.S. v. Oregon Grande Ronde chinook salmon dispute resolution recommended development of local broodstocks.  This project is directed by the conceptual premise that identifies maintenance within and between population variations in genetic and life history characteristics as essential for long term fitness and persistence.  It is an integral part of the LSRCP in-kind and in-place mitigation program.

The Grande Ronde Subbasin Summary contains at least 36 objectives of agencies such as the U.S. Fish and Wildlife Service (and LSRCP), Nez Perce Tribe, Confederated Tribes of the Umatilla Indian Reservation and Oregon Department of Fish and Wildlife that support the captive broodstock project.  The pertinent objectives pertain to increasing spring chinook salmon populations in the Grande Ronde Basin, particularly Lostine River, upper Grande Ronde River and Catherine Creek, meeting tribal trust responsibilities, restoration recreational fisheries, maintaining the genetic integrity and diversity of these stocks and complying with the Endangered Species Act. 

The NMFS Biological Opinion (2001) concludes that the proposed actions by BPA, BoR and Corps are unlikely to sufficiently improve conditions for Snake River spring/summer chinook salmon and “are likely to jeopardize the continued existence of this ESU”.  NMFS states that “other measures for survival and recovery that affect other life stages are required to ensure a high likelihood of  survival and a moderate-to-high likelihood of recovery”.  The Grande Ronde Basin Captive Broodstock Program is designed to rapidly increase numbers of smolts and returning adults, while maintaining genetic diversity in the stocks.  This is a safety net program to maintain sufficient numbers of genetically diverse, locally adapted fish that can later be used to restore self-sustaining runs when habitat problems are resolved.  The Captive Broodstock Program addresses several Reasonable and Prudent Alternatives of the Biological Opinion.  The Captive Broodstock Program is the spring/summer chinook salmon safety net program for the Grande Ronde Basin called for by Hatchery RPA 176.  Much of the data needed for the Grande Ronde chinook salmon HGMP are provided by the Captive Broodstock Program and program personnel will assist in writing the HGMP's called for under Hatchery RPA 169.  Hatchery RPA 170 calls for modifications to hatcheries identified as necessary under the HGMP’s.  Some of these modifications will be made at facilities used by the Captive Broodstock Program.  Progeny of the Captive Broodstock Program will be used for evaluations of reproductive success of hatchery fish relative to wild fish called for under RME RPA 182.  Captive Broodstock progeny will also be used for studies to define downstream migration survival for transported and nontransported migrants and smolt-to-adult survival rates, as called for under RME RPA 1985
d. Relationships to other projects 
This captive broodstock project is one of the first such production projects in the Columbia Basin and is completely integrated with the LSRCP.  Embryos produced from spawned captive brood become a source for smolt production under the Grande Ronde Basin Chinook LSRCP.  Additionally, this captive broodstock project is a large scale adaptive management program that is evaluating three production strategies: a) accelerated presmolt rearing with post-smolt freshwater rearing, b) natural presmolt rearing with post-smolt freshwater rearing, and c) natural presmolt rearing with post-smolt seawater rearing.  A fourth strategy, accelerated presmolt rearing with post-smolt seawater rearing will be added with the collection of the 2000 cohort in August 2001.  The project is closely integrated with other hatchery, habitat and research projects in the Grande Ronde Basin. 

1)  Bonneville Hatchery Operations - (NMFS funding):  The captive broodstock production facility was completed at BOH in May 1998.  Management personnel at Bonneville will oversee the production program and we will share equipment and personnel with BOH.  All opportunities to maximize efficiency will be sought.

2)  Lower Snake River Compensation Plan Hatchery Operations and Evaluations:  The Captive Broodstock Program is completely integrated with the LSRCP Program.  LSRCP facilities and personnel are implementing the production, evaluations and fish health monitoring for the progeny of the Captive Broodstock Program.  Extensive sharing is occurring between the programs:  captive broodstock M & E is linked directly with the LSRCP evaluations through staffing and project implementation.  In addition, ongoing research under LSRCP will be providing information to assess the success of the Captive Broodstock Program.

3)  The Northwest Power Planning Council's Fish and Wildlife Program (NPPC 1994) calls for initiation of captive broodstocks and associated research, Measure 7.4.D.2 requests the Bonneville Power Administration to "fund captive brood stock demonstration projects identified under the coordinated habitat and production process."

4)  Captive broodstock and supplementation projects for Snake River spring/summer chinook salmon:  These projects are supported by Snake River Recovery Team recommendations (SRSRT, 1994) and NMFS (1995) draft recovery plan.  NMFS draft recovery plan states "captive broodstock and supplementation programs should be initiated and/or continued for populations identified as being at imminent risk of extinction, facing severe inbreeding depression, or facing demographic risks" and further states "considering the critical low abundance of Grande Ronde spring/summer chinook salmon, impacts to listed fish should be avoided and LFH should be operated to prevent extinction of local populations.  Consequently, indigenous broodstock should be immediately transferred to LFH (natural fish collected in 1995), and production should be maximized to supplement natural populations."

5)  Early life history of spring chinook salmon in the Grande Ronde Basin:  This project will provide data on migration and survival of hatchery and naturally produced fish that is essential for evaluating the success of the captive broodstock project.

6)  NMFS Manchester captive broodstock:  This program conducts the ocean rearing phase – seawater treatment for all three stocks.  It is an essential project component.

7) Chinook Salmon Captive propagation Technical Oversight Committee (TOC; Bonneville Power Administration):  We meet six times per year with the TOC (comprised of biologists from Oregon, Idaho, Washington, U.S. Fish and Wildlife Service, National Marine Fisheries Service, Shoshone-Bannock Tribe and University of Idaho).  The TOC allows us to coordinate with other researchers (as required under our ESA permit) and discuss the current status of captive broodstock programs in Idaho, Oregon and Washington.  Programs in Idaho and Washington have been designed differently and it is helpful to discuss problems and successes in this forum.

8) Protect And Enhance Anadromous Fish Habitat In Grande Ronde Basin Streams (ODFW):  This program develops and implements projects to protect, enhance and restore riparian and instream habitat for anadromous fishes.  Streams enhanced by this project may be colonized or stocked by chinook salmon produced by the Captive Broodstock program.

9) Grande Ronde Supplementation: Lostine River O&M and M&E (NPT):  Operate adult trapping and juvenile acclimation facilities and conduct monitoring and evaluation in the Lostine River to implement the Lostine component of the Grande Ronde Basin Endemic Spring Chinook Supplementation Program.  This is a collaborative effort with the ODFW Captive Broodstock Program.  The juvenile acclimation facility is used to release the progeny of the Captive Broodstock fish and the adult trap captures returning progeny.  The first cohort of Captive Broodstock progeny is returning as jacks in 2001.

10) Facility O&M And Program M&E For Grande Ronde Anadromous Salmonids (CTUIR):  The purpose of this project is to develop, implement and evaluate integrated conventional and captive brood hatchery programs to prevent extinction, and stabilize and restore anadromous threatened salmonid populations in-place, and in-kind in the upper Grande Ronde River and Catherine Creek.  This is a collaborative effort with the ODFW Captive Broodstock Program.  Acclimation sites and adult weirs are used for release and capture of Captive Broodstock progeny.

11) Artificial Production (ODFW, NPT and CTUIR):  The Captive Broodstock Program is designed to work with conventional hatchery programs in these streams.  Maximum numbers of hatchery fish (combined captive or conventional) have been established for these streams.  Each program is also designed to minimize the likelihood of domestication by allowing all progeny from fish spawned in captivity to spawn in the wild.

12) Grande Ronde Model Watershed:  This program brings relevant interests together to address watershed restoration and declining ESA listed anadromous fish populations in the Grande Ronde Basin.  Watersheds enhanced by this project may be colonized or stocked by chinook salmon produced by the Captive Broodstock program.

13) Northeast Oregon Hatcheries Planning and Implementation (ODFW):  This program incorporates both conventional and captive broodstock strategies and was developed to operate and maintain Lookingglass Hatchery and conduct monitoring and evaluation activities under the conventional broodstock strategy. The Captive Broodstock project is an integral element.

14) ODFW/CTUIR and USFS Habitat Restoration and Enhancement Projects:  Habitat restoration is critical to increasing the numbers of chinook salmon is these streams.  It is hoped that chinook salmon produced by the Captive Broodstock Program will utilize the restored habitat and increase the rate at which the populations grow.

15) NPT Captive Broodstock Artificial Propagation:  This is the collaborative effort with NPT assisting ODFW to implement a captive broodstock program on Lostine River.

16) Genetic Evaluation and Monitoring of Snake river Salmon and Steelhead:  The Captive Broodstock Program provides tissue samples for this program.

e. Project history (for ongoing projects) 

This captive broodstock project was initiated in the Grande Ronde basin in 1995.  Spring chinook juveniles were collected from Catherine Creek and the Lostine River from 1995–2000 (1994–1999 cohorts) and from the upper Grande Ronde River in 1995, 1997, 1998 and 1999 (no fish were found in 1996 or 2000).  Fish from 1995–2000 collections were reared at LFH until the smolt stage when they were transferred to facilities at BOH and MML.  We completed a comprehensive plan for the captive broodstock program and were issued a NMFS, ESA Section 10 permit in 1996.  This work was initially funded by the USFWS under LSRCP.  It was transferred to the FWP in FY1998 as Project 9801001.  FY98 funding was $418,500 and FY99 funding is $540,806.  A presentation on results to date was given at the meeting of the Oregon Chapter, American Fisheries Society in February 2001 and another is scheduled for the American Fisheries Society meeting in Phoenix, Arizona, in August 2001.  The following reports have been produced:

Comprehensive Plan for Grande Ronde Basin Spring Chinook Captive Broodstocks Section 10 Application (ODFW, 1995)

Section 10 ESA Permit Annual Reports (ODFW 1996; 1997; 1998; 1999; 2000)

Grande Ronde Captive Broodstock Annual Operations Plans (1995-2001)

Bonneville Power Administration Grande Ronde Basin Chinook Salmon Captive Broodstock Status Report (in preparation)

Major results achieved: 

Six cohorts (1994-1999) have been collected from Catherine Creek and Lostine River (Table 1).  Only four cohorts have been collected from Grande Ronde River (1994, 1996-1998) because of a lack of fish in the river in 1996 and 2000.  Bacterial kidney disease (BKD) is the largest single cause of mortality among the captive broodstock but has been greatly reduced by the use of an experimental BKD vaccine in the 1998 and 1999 (and future) cohorts.  Mortality due to operational (e.g., handling and jumpouts) and other causes are also decreasing as we gain more experience and some activities (e.g., saltwater tolerance tests) are no longer conducted.  Survival of the fish has been greater than anticipated and is continually improving.

Table 1.  Number of parr collected for the Captive Broodstock Program, number removed from the captive population due to spawning, bacterial kidney disease (BKD), other diseases, operational causes and other causes, and the number remaining in captivity for each cohort.



Causes of mortality


Cohort
Number

collected
Number spawned
BKD
Other Diseases
Operational causes
Other causes
Number remaining

1994
1107
617
149
22
98
221
0

1995
981
500
246
16
43
164
12

1996
1501
923
204
20
12
258
84

1997
1500
513
126
25
27
120
689

1998
1498
108
6
15
17
54
1298

1999
1003
0
0
0
9
10
984

Spawning has been conducted in 1998, 1999 and 2000 (Table 2).  In 1996 and 1997, males matured but there were no females with which to spawn them.  Therefore, their sperm was collected and cryopreserved for use when live males of the appropriate stock, treatment and cohort are unavailable.  In 1996, 89 males matured and 287 males matured in 1997.

Table 2.  Number of males and females that matured and the number of eggs produced for each year in which fish matured and the year and number of smolts released from each spawn.

Spawn year
Mature fish

Smolts


Males
Females
Number of eggs
Year released
Number released

1996
89
0
0
--
0

1997
287
0
0
--
0

1998
308
120
162,341
2000
74,374

1999
565
307
511,507
2001
272,226

2000
664
460
757,848
2002
554,624*

*estimated number of smolts that will be released in 2002.

In 1998, we spawned 120 females and collected sperm (used to fertilize eggs or were cryopreserved) from 308 males.  We collected 162,341 eggs, of which 93, 683 survived to the eyed stage (57.7% survival).  A total of 74,374  (45.8% survival) were released as smolts into the natal stream of their parents.  Age 3 fish are returning from this release in 2001.

The 1999 spawn was more successful.  We spawned 307 females and collected sperm from 565 males.  A total of 511,507 eggs were collected, of which 380,842 survived to the eyed stage (74.5% survival).  A total of 272,226  (53.2% egg-smolt survival and 79.4% eyed egg-smolt survival) were released as smolts into the natal stream of their parents.

The 2000 spawn continued the trend of increased production.  Since we were able to spawn fish from all age classes (3-6), the number of fish spawned in 2000 will probably be an accurate indication of the numbers that we can expect in the future, unless survival to adulthood changes.  We spawned 458 females and 589 males.  We collected 757,848 eggs, of which 599,615 survived to the eyed stage (79.1% survival and 71.5% eyed egg-smolt survival).  We are anticipating releasing approximately 554,624 smolts from this cohort.  Hatchery constraints, however, may cause us to release some of these and future cohorts at earlier stages into the natal streams of their parents or other suitable streams within the watershed.

Data Analyses

If we examine our data for the information regarding the assumptions that were made when designing this program, we find that our assumptions were fairly accurate.  We anticipated a 1:1 sex ratio and have seen 49.0% males and 51.0% females.

We assumed 90% survival from parr to smolt and that 50% of the parr we collect would survive to spawn.  We have seen 90.3% survival from parr to smolt and 56.4% survival from smolt to spawn.  BKD is the largest cause of mortality, causing at least 17.2% of the deaths (many of the deaths from unknown causes, 16.6%, are also likely to be due to BKD).  

We predicted that approximately 6% of the females will mature at age 3, 78% at age 4 and 16% at age 5 and that 2% of the males will mature at age 2, 35% at age 3, 48% at age 4 and 15% at age 5.  We found that 21.3% of the males matured at age 2, 65.0% at age 3, 12.8% at age 4 and 0.7% at age 5.   For females, 0.2% matured at age 3, 54.8% at age 4, 42.9% at age 5 and 2.1% at age 6.

We expected fecundities to be approximately 1,200, 3,000, and 4,000 eggs for ages 3, 4 and 5 females, respectively.  Mean fecundity at age has been 1348 for age 3 females, 1563 for age 4 females, 1589 for age 5 females and 1174 for age 6 females.


The production model assumed 75% embryo viability and 80% viable embryo to smolt survival.  We have had a mean survival rate of eggs to the eyed stage of 87.7% and mean eyed egg to smolt survival of 76.4%.  BKD has also been the largest source of mortality between hatching and smoltification.


We have released two cohorts of F1’s and have the first group (age 3 fish) returning in 2001.  Since we are only beginning to have F1 generation fish return to the streams, we can’t evaluate survival rates.  However, the return of jacks at a rate of approximately 0.1% in 2001 is an encouraging sign of success of the program.


We also planned on evaluating our collections of wild parr for this program, to determine if less fish could be collected and still maintain the program.  The results still are inconclusive at this stage.  The 1999 cohort of Catherine Creek and Grande Ronde River stocks have exceeded our goal of 150,000 smolts but the Lostine River stock did not.  The 2000 cohort appears that it will also exceed our goal in Catherine Creek and Grande Ronde River, but not Lostine River.  We have considered reducing the number of fish collected but, for now, have decided against it for several reasons.  While we have had success in two streams, we have been less successful in the third and are not yet confident that we can continue our successes.  Also, we are still experiencing heavy losses due to BKD and, while we have some promising treatment/prophylactic options, we are not confident that we have overcome this source of mortality.  Additionally, we were unable to capture any 1999 cohort Grande Ronde River parr, which will reduce our production for that stream in the future.  Lastly, there are streams within the basins of each source population that historically contained chinook salmon but no longer do.  Excess fish are planned for use to reintroduce chinook salmon into these streams.

f. Proposal objectives, tasks and methods
Objectives:

The long-term objectives of this captive broodstock program are:

1)
Reduce the demographic risks associated with the decline of native wild chinook salmon populations in Lostine and upper Grande Ronde rivers and Catherine Creek.

2)
Maintain genetic diversity of indigenous artificially propagated chinook salmon populations.

3)
Maintain genetic diversity of wild populations.

4)
Develop indigenous broodstocks for Grande Ronde chinook salmon hatchery program.

5)
Modify facilities at Bonneville and Lookingglass fish hatcheries to provide capability to implement captive broodstock programs.

6)
Assess captive broodstock program performance in achieving adult broodstock, smolt production, adult return goals and management objectives.

7)
Determine optimum program operational criteria to ensure success of achieving objectives.

8)
Assess the utility of captive broodstock programs for use in recovery of salmonids.

Tasks:

To achieve the above objectives, we will complete the following measurable tasks:

Operation and Maintenance

1)
Determine when fish are ready to be transferred to seawater.

2)
Collect brood juveniles from Catherine Creek, Lostine River and upper Grande Ronde River populations.

3)
Develop and implement complex matrix spawning protocols.

4)
Insure that an Annual Operations Plan is developed for the captive broodstock project.

5)
Analyze and summarize data and prepare and submit an annual report.
6)
Implement prophylactic erythromycin treatments for bacterial kidney disease under Investigational New Animal Drug (INAD) protocols.

7)
Implement therapeutic treatments as described in the Section 10 permit.

8)
Safely transport brood fish from LFH to BOH and MML following smoltification and from MML to BOH at maturity.

9)
Rear all brood fish at BOH and MML to maturity.

10)
Oversee and facilitate the spawning of all ripe 1995, 1996, 1997, and 1998 brood year fish.

11)
Rear F1 generations until they reach smoltification at LFH.

Monitoring and Evaluation

1)
Coordinate ESA permit activities and participate in captive broodstock planning and oversight.

2) Monitor the growth, development, and survival of the fish at LFH, BOH and MML.

3) Assess length, weight, and survival of all three stocks at MML and at BOH.

4) Mark all broodstock individuals in all three stocks with primary and secondary marks.

5)
Assess maturation and survival rates, fecundity, fertility and hatching rates of captive broodstock fish and their progeny.

6)
Monitor fish culture practices and fish handling for situations that may contribute to impaired fish health or exacerbate disease.

7) Determine etiology of captive broodstock morbidity and mortality.

8) Develop and maintain a database on the captive fish.

9) Assess returns of F1 generations to streams at maturity.

10)
Analyze and summarize data and prepare and submit an annual report.

Methods:

We collect naturally-produced juveniles, rear them to smolt stage at LFH, transport a portion of each stock and treatment to BOH and MML as smolts and rear them to maturity at those facilities.  Rearing fish at two facilities guards against catastrophic losses at one location and allows us to evaluate the effectiveness of saltwater and freshwater rearing.  Maturing adults at MML are transported to BOH, where all fish are spawned.  Eggs are incubated at Oxbow Fish Hatchery (OFH) to the eyed stage when they are transferred to Irrigon Fish Hatchery (IFH), where they hatch.  Fry are transported to LFH for rearing to the smolt stage.  Resulting F1 smolts are acclimated at and released into the stream of parental origin.  Other potential release strategies include outplanting of adults, eggs or parr produced in excess of smolt needs, directly into unseeded historic production areas within the Grande Ronde basin.  This project is operated under an adaptive management philosophy and relies extensively on continuous monitoring and evaluation results.  New knowledge is used when making future decisions and to adapt project approaches.



There are numerous uncertainties associated with salmonid captive broodstock projects (Flagg and Mahnken 1995).  There is a need to experimentally evaluate various aspects of rearing and spawning of captive salmonids.  However, each evaluation has varying degrees of risk to or impact on the population associated with an experiment.  Since we are working with endangered stocks of spring chinook salmon, we need to balance information needs with risks to the captive populations.  Thus, we evaluate aspects of captive rearing and breeding that address relatively important uncertainties, but will have minimal impact to the groups of fish being studied.  

The first evaluation we have underway is a comparison of fish reared exclusively in freshwater vs. a more natural regime of rearing in fresh water as juveniles, saltwater as adults and returned to fresh water for final maturation.  The second evaluation underway is a comparison of fish that, as juveniles, are raised at either a natural rate or an accelerated rate.  Growth rates are manipulated using water temperature and feeding levels.  Fish growing at a natural rate are reared in water temperatures ranging from 5-14(C that simulate the natural water temperature cycle.  Fish growing at an accelerated rate are reared in constant 14(C water.  Feeding is adjusted according to water temperature.  In each evaluation, we will compare the overall performance of captive fish and their progeny including, but not limited to, growth, survival, fecundity and fertility of captive broodstock fish and hatching, growth, survival, return rates and spawning success of captive brood progeny.  In addition, we will compare reproductive parameters between captive brood fish and wild fish collected for the conventional hatchery program (LSRCP) in each of these streams.

Beginning with the 1995 brood of captive fish, the two evaluations we are conducting have been accomplished by dividing each stock of captive fish into three groups (within each cohort; freshwater accelerated growth, freshwater natural growth and saltwater natural growth).  Thus, for any given brood, we have a total of nine groups of fish, each containing approximately 166 fish.  However, a fourth group, saltwater accelerated growth, will be added to the experimental design with the collection of the 2000 cohort in August 2001, which will reduce the number of fish per group to 125.  In this case, one half of the fish will be reared at each of MML and BOH, which will equalize rearing densities at each facility.  Currently, approximately two-thirds of the fish are reared in freshwater while the other third are reared in saltwater.  The freshwater natural growth group serves as a control for the other treatments.  Variables other than water salinity and juvenile growth rate are as similar between treatments as possible, e.g., all fish are reared under a simulated natural photoperiod and tank size and type are the same.  Cohorts are kept separate until maturation.  Fish from different cohorts within a treatment group are spawned together and spawning within a cohort is not done to eliminate the possibility of sibling crosses.  After spawning, F1-generation fish resulting from parents of specific treatment groups are kept separate from F1-generation fish resulting from parents of a different treatment group until marking.  F1 fish are reared to the smolt stage, then released into the natal stream of their parents and allowed to complete their life cycle, including spawning, in the wild.

The entire cycle, from captive broodstock collection to return of F1 fish spawning in the wild, should take approximately seven (5-11) years.  For example, fish collected in September 1995 may spawn at age 5 in September 1999 and the resulting progeny would be released as smolts in the spring of 2001 and may return to spawn in 2004 at the age of 5 years.  For the purpose of clarifying the terminology associated with the monitoring and evaluation plan, we have divided this cycle into four periods (Table 1).  The Captive Juvenile period begins at collection and ends once fish have been transferred, as smolts, to BOH or MML.  The captive juvenile period is composed of two shorter periods; pre-smolt growth and smoltification.  The Captive Adult period begins once fish have been transferred to BOH or MML and ends once fish have been spawned or die.  The captive adult period is composed of three shorter periods; post-smolt growth, maturation and spawning.  The F1-generation period begins once embryos from captive fish are formed and ends when fish from these embryos die.  The F1-generation period is composed of four shorter periods; incubation, juvenile rearing, smolt release and maturation.  The F2-generation period begins once embryos from F1-generation fish are formed and ends when fish from these embryos die.  The F2-generation period is composed of three shorter periods; pre-smolt, smolt and post-smolt.

Table 1.  Captive broodstock monitoring and evaluation periods and an example time frame.

Period

Example of approximate actual time period for fish (1994 cohort) maturing at age 4

Captive Juvenile 
September 1995 - June 1996


pre-smolt growth
September 1995 - April 1996


smoltification
April 1996 - June 96

Captive Adult
Jun 1996 – September 1998


post-smolt growth
June 1996 - June 1998


maturation
June 1998 - September 1998


spawning 
September 1998

F1-Generation
September 1998 - September 2002


incubation
September 1998 - February 1999


juvenile rearing
February 1999 - April 2000


smolt release
April 2000


adult return
June 2002 - September 2002

F2-Generation
September 2002 - September 2007


pre-smolt
September 2002 - Mar20 04


smolt
April 2004 - June 2004


post-smolt
June 2004 - September 2007

Each captive brood cycle begins when wild fish are collected from the field, approximately 12 months after eggs were fertilized.  Approximately one month after collection (13 months after fertilization), each fish is tagged with a Passive Integrated Transponder (PIT) tag.  Fish are anesthetized using 40-50 ppm MS-222 and PIT tags implanted manually using modified hypodermic syringes.  Syringes and needles are disinfected for 10 minutes in 70% ethanol prior to tagging.  Fish are allowed to recover in fresh water before being returned to their rearing trough.  PIT tags will allow us to identify individual fish during rearing and spawning.  To minimize stress around the smolt period, handling of the fish is minimized during April, May and June (19, 20 and 21 months after fertilization).  The exception to this is that fish are transported to either MML or BOH in May for post-smolt rearing.  Fish receive food during these three months, mortalities are removed from the rearing tanks, pathological treatments may be applied and tanks are cleaned periodically.  e measure fork length and weight of each fish at collection and calculate mean fork length, weight and condition factor.  During the captive juvenile period, we measure fork length and weight of a sample of fish at tagging in November and in January and at time of transfer to BOH or MML and record all mortalities.  We use these data to assess growth and condition of the captive fish and calculate the overall survival rate of the fish during this period.

Fish are transferred to MML for seawater rearing, in mid- to late-May, based on information from the literature, the time at which naturally-migrating Grande Ronde River fish leave the basin and reach Lower Granite Dam, the anticipated time they would reach the estuary, the results of seawater transfers from previous years and the performance of captive broodstock fish in salinity tolerance tests.  Ten sentinel fish are sent to MML 10 days prior to the planned transfer.  If these fish survive and begin to feed, then the remainder of the fish are transferred.  If not, another ten sentinels are sent.  When the fish are transported to MML, they are placed into 1.5 x 6.1 m circular tanks.  So that the fish may acclimate to full strength seawater gradually, they are placed into tanks containing freshwater and then saltwater is then introduced until it reaches full salinity.  Final conditions are 26-29 ppt salinity, ( 90% oxygen saturation and densities ( 24.3 kg/m3.


Fish to be reared at BOH are transported at the same time as those transferred to Manchester.  Once at BOH fish will be placed into approximately 1.5 x 6.1 m circular tanks filled with well water (0 ppt salinity, ( 90% oxygen saturation and ( 24.3 kg/m3) at temperatures similar to those at LFH and to those in the transportation vehicle.  With the exception of a freshwater environment, these fish are reared under conditions as similar as possible to those at MML (i.e., tank size, tank type, loading factors, feeding schedules, etc.). 


Post-smolt rearing consists of a period of growth and maturation.  When the population reaches a mean of approximately 250 mm fork length, approximately 24-26 months post-fertilization, visual implant (VI) tags are inserted into each fish.  The combination of PIT and VI tags allows us to insure that we are able to identify individual fish during rearing and spawning operations.  Otherwise, we minimize disturbances to the fish during post-smolt growth, with exceptions during feeding, removal of mortalities, cleaning of tanks, pathological treatments/prophylaxis and quarterly samples/inventories.  We measure fork length and weight of a sample of fish during VI-tagging approximately 23 months after fertilization and during regular samples and inventories that occur approximately quarterly.  All mortalities are recorded and examined for cause of death.  From these data we assess growth, condition and survival of the fish.


In mid-May, mid-July and mid-August, the fish are sorted to separate the maturing fish from immature fish.  Maturation of fish has been judged by gross morphological characteristics (e.g.., coloration, jaw development and body condition).  Ultrasound and near infrared spectroscopy (IR) are presently being evaluated as methods to determine the maturation status of fish in March, when they would enter fresh water if they were in the wild.  Preliminary results from the use of ultrasound appear promising while IR data are still being analyzed.  Use of these methods may allow us to conduct one maturity sort, instead of the current three, thus decreasing stress on the fish.  Additionally, these methods may also determine sex of the fish, which would allow us to better spawn the fish and maintain high genetic diversity of these stocks.

Maturing fish from MML are transported to BOH, where all mature fish are held in Tanner Creek water, so they can experience natural water temperature fluctuations, and held under a simulated natural photoperiod to help synchronize maturation.  Peak maturation has occurred during the months of September and October, somewhat later than natural spawning fish.  When fish become ripe they are spawned at BOH according to spawning matrices that are developed to spawn fish within stocks and treatments and prevent spawning within cohorts to avoid sibling crosses and maintain genetic diversity.  Eggs are stripped into a colander to remove ovarian fluid and are water-hardened in a 75 ppm Argentyne solution.  Since BKD is the largest cause of mortality in this program, eggs from females with gross BKD lesions are immediately culled to prevent horizontal transmission of this disease among the resulting progeny.  Kidney tissue samples are also taken from each female and eggs from females with high titers of BKD bacteria are later culled with consideration for the effect of culling on genetic diversity of the stock.  We measure fork length and weight for each fish during the maturity sort.  As spawning season approaches, we examine the degree of ripeness (size and firmness of the abdominal cavity) each week on all maturing fish and record mortalities and calculate the mortality rate during the maturation period.  During spawning, we record information concerning fecundity, fertility and health of the fish, as well as length and weight.  After the spawning season, we can use these data to assess whether information on the growth and condition of the fish at earlier life stages can be used to predict age or time of maturity and quality and quantity of gametes produced and the resulting offspring.


After fertilization, F1- generation embryos from a given female are incubated separately from embryos of other females at OFH.  Eyed embryos are transported to IFH for completion of incubation.  Embryos are kept distinguishable by female until they hatch and are placed in circular troughs, sometime around February, where they are reared in circular troughs following standard protocols.  They are transferred to LFH and placed into outdoor ponds around April.  We keep progeny from different treatments and BKD titers separate until tagging.  Progeny from each treatment group are tagged, to permit later identification, with fin marks and coded-wire tags during June and July.  A portion of the fish are also PIT-tagged.  At full program, approximately 60,000 fish are reared in each pond.  Fish are reared and sampled according to standard protocols at LFH and targeted for 44 fish/kg (22.7 g), or a mean fork length of 125 mm, at their release as yearling smolts.  We measure length and weight of hatchlings and throughout their presmolt growth period.  We calculate incubation, growth survival and food conversion rates for each group and compare between treatments.


In March, fish are hauled to acclimation facilities located within the area of their parent’s natal stream where wild fish spawn.  A proportionate number of fish from each evaluation group within a given stock are mixed together at the time of transportation.   Acclimation sites are supplied with ambient stream water and fish at these sites given supplemental feed.  In April, after a 20-30 day period of acclimation, fish are released into the stream, volitionally at first, with the remaining fish being forced out approximately 2 weeks later.  We conduct standard pre-release sampling on each pond of fish prior to their release a smolts, which includes measurements of length and weight, as well as sampling for health and disease.    We calculate and compare the fry-to-smolt survival rates between treatments.  As the fish are released, PIT tags are detected as they exit the acclimation ponds and at traps and dams below release sites.  From these data, we calculate and compare survival indices and migration timing of fish among captive, conventional and wild fish and in some instances, among different treatments.


We anticipate that these fish will mature from 1-4 years after they are released.  Some of these fish may be captured in fisheries while others will return to the Grande Ronde River basin.  Weirs are located  near the mouth of Lostine River, on Catherine Creek near the town of Union and on upper Grande Ronde River upstream of the town of La Grande. All returning adults will be allowed to spawn naturally, with some being collected at the weirs and released to spawn in unseeded habitat within their native basin.  Adult returns from the captive broodstock program will not be incorporated into any conventional adult collection supplementation program.  Data collection of adult returns will include the date of arrival for each fish captured at the weir, from which we will calculate and assess run-timing to the streams.  We will also conduct intensive spawning ground surveys (twice each week) on Lostine River, Catherine Creek and upper Grande Ronde River.  We will document spawning and sample carcasses recovered in each river, collecting the dorsal region of the head to recover coded-wire tags, examine the degree of spawning for females, measure the length of each fish and collect a scale sample for age determination.  We will also survey other streams in NE Oregon where spring/summer chinook spawn to look for captive brood fish that did not return to their ancestral stream.  From these data we will calculate and compare smolt-to-adult survival rates, age-at-return, spawning success, length at age by sex and time-at-return for each treatment group.


F1-generation fish that are allowed to spawn naturally may reproduce with other wild fish or other F1-generation fish.  The majority of the successful progeny produced from these matings are expected to migrate to the ocean as yearlings and return when they are 3, 4 and 5 years old.  We will monitor the production and life-history characteristics of the F2-generation fish by measuring the production of juveniles and smolts/redd and adult return rates and numbers.  Standard sampling will be conducted on pre-smolts to determine their relative abundance and to collect morphometric data and tissue for subsequent genetic analysis.  Some fish may also be tagged so their migratory behavior can be evaluated.  Juvenile migrant traps and weirs will be placed in Lostine and upper Grande Ronde rivers and Catherine Creek.  The production and timing of fish migrating to and from the ocean will be monitored.  During the pre-smolt period, we will estimate abundance at various index sites in each study stream and measure size of parr to calculate growth characteristics.  We will also collect tissue samples and measure bilateral meristic characteristics for genetic analysis.  Some fish will be PIT-tagged to monitor the juvenile migration timing.  At smoltification, we will estimate the number of juvenile migrants produced from each study stream, measure and weigh fish and collect scales from a sample of smolts to determine size and age at smoltification and monitor PIT tag recoveries at traps in the migratory corridor to calculate travel time.  As F2 generation adults return to the streams, we will record the time, number, age and sex of adults returning to weirs in the study streams and continue to conduct spawning ground surveys in each study stream to monitor redd production and fish:redd ratios.  At this time, we can also calculate and compare life history characteristics of each study population, which will be will be evaluated prior to, during and (potentially) after the captive broodstock program.

At all times, great care is exercised to minimize stress and any adverse impacts that monitoring may have on the fish.  When possible, all variables are associated with the tag code of an individual fish.  The monitoring aspect of this program is designed to allow us the ability to make comparisons in our experimental evaluations, to monitor the basic progress of the fish, to detect areas of concern that may need our immediate attention and to judge the adequacy of the benchmarks we have used to design the overall captive broodstock program (e.g., a 75% egg viability of the captive brood adults).  In general, along with the pathological sampling, we record the length, weight, maturity and gonadal status of all mortalities.

Fish Health


Several diseases may occur in the chinook salmon maintained in the Captive Broodstock Program, among them are:  bacterial kidney disease, erythrocytic inclusion body syndrome, bacterial cold water disease, enteric redmouth disease, bacterial gill disease, furunculosis, columnaris and infectious hematopoietic necrosis.  External fungus on the body or gills is always a threat and infestation by ectoparasites is possible.  The two most survival-threatening infections are judged to be BKD and external fungus.


Because there are no reliable non-lethal or non-invasive sampling techniques for any of the agents causing the infections or infestations listed above, monitoring of morbidity and mortality is critical.  Monitoring will provide the primary basis for the need for antibiotic or chemical treatments for diseases for which these therapies are appropriate.  Daily observations of the fish by hatchery personnel and periodic inspections by fish pathology personnel also help to identify conditions requiring treatment before clinical disease occurs.  While there are capabilities for invasive sampling for some disease agents, these pose a greater risk and stress than can be justified for routine monitoring purposes.


All 1998 and 1999 cohort fish were given an injection of an experimental BKD vaccine (Renogen) and future cohorts will, as well.  Preliminary data indicate a large reduction in BKD-caused mortality since use of the vaccine began.  If successful this vaccine should reduce BKD loss and the amount of handling that is associated with erythromycin injections or loss of growth associated with erythromycin feeding.  It may also aid in achieving growth separation between natural and accelerated growth regimes by reducing the need for medicated feed treatments.

g. Facilities and equipment
Lookingglass Hatchery

-   All permanent facilities, utilities and maintenance at Lookingglass Hatchery

-   Twelve Canadian troughs for juvenile rearing

-   Three chillers for water temperature control

-   PIT-tag stations with associated computer and software

-   Water temperature monitoring system including an integrated S.C.A.D.A. system

-   Laboratory facilities

-   Pathogen-free water supply

-   One diesel powered emergency electrical backup system

-   One vacuum system for cleaning captive brood troughs

Bonneville Hatchery
-   One 972 m2 captive broodstock building with office, storage, rearing and spawning facilities

-   Fifteen 20 foot diameter rearing tanks

-   Four 10 foot diameter rearing tanks

-   UV water purification system

-   Well water at 10o to 13oC
-   Equipment and storage facilities for cryopreserved sperm

-   Vehicles and containers for transporting water-hardened eggs to Oxbow Fish Hatchery

Fish Transport
-   Extra large (151 L) coolers for transporting collected parr

-   One pickup truck with a 757 L slip-in portable transport tank

-   One 1514 L portable transport tank mounted on a trailer

-   One 10,600 L fish liberation truck

-   All other transport-related supplies, communications equipment and associated equipment

maintenance for safely moving fish

Fish Research
-   Desk top and laptop computers and associated software for program tracking and report preparation

-   Electronic scales, PIT tag detectors, oxygen and temperature monitoring equipment

-   One Suburban for transport of personnel and equipment

-   One cargo trailer for transporting equipment to various collection and monitoring locations
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