Project ID:
198806400

Title:  Kootenai River White Sturgeon Studies and Conservation Aquaculture

Section 9 of 10. Project description

a. Abstract 
The white sturgeon (Acipenser transmontanus Richardson) population in the Kootenai River was listed as endangered by the U.S. Fish and Wildlife Service on September 6, 1994, due to a virtual lack of recruitment since 1974.  The Kootenai River White Sturgeon Study and Conservation Aquaculture Project was initiated to preserve the genetic variability of the population, begin rebuilding natural age class structure, and prevent extinction, while measures are implemented to restore natural recruitment.  A breeding plan has been implemented to guide management in the systematic collection and spawning of wild adults before they are lost from the breeding population.  The implementation of the breeding plan includes measures to minimize potential detrimental effects of conventional stocking programs.  The objectives of the conservation aquaculture program are to produce 4-12 separate families per year and use preservation stocking criteria to produce 4 to 10 adults per family that survive to breeding age (20 years).  Monitoring and evaluation using genetic sampling, sonic tracking, gill-netting, and angling will assess genetic variability, survival, growth, movement, and habitat use of juveniles released into the Kootenai River.   Success of the project will be determined by:  1) an increase in the number of juvenile sturgeon in the Kootenai River drainage; 2) survival of hatchery fish to sexual maturity; 3) retention of wild sturgeon life history characteristics and genetics in the hatchery reared population; and 4) an understanding of the life history characteristics and factors limiting natural recruitment of sturgeon in the Kootenai River. This project also proposes to evaluate the feasibility of using conservation aquaculture techniques and reintroduction for other declining native fish species in the Kootenai River, as well as providing compensatory harvest opportunities for Tribal members at dispersed sites, while actions are implemented to benefit declining native fish stocks. 
b. Technical and/or scientific background
White sturgeon

The white sturgeon population in the Kootenai River was listed as endangered on September 6, 1994 (59 FR 45989) under the U. S. Endangered Species Act and a recovery plan was completed in 1999 (UWFWS 1999).  Recovery will be contingent upon re-establishing natural recruitment, minimizing additional loss of genetic variability to the population, and successfully mitigating biological and physical habitat changes caused by the construction and operation of Libby Dam and past pre-impoundment habitat degradation (Figure 1).  The overall recovery strategy for the white sturgeon in the Kootenai River takes a three-pronged approach (USFWS 1999). Priority 1 actions for immediate implementation include:  1) flow augmentation to enhance natural reproduction; 2) conservation aquaculture to prevent extinction; and 3) restoration of suitable habitat conditions to increase the chances of white sturgeon survival past the egg/larval stage.  

The population adapted to natural pre-development conditions of the Kootenai system, characterized by frequently large spring freshets, an extensive large-river-floodplain, and delta marshland habitats in the downstream portions of the river upstream from Kootenay Lake. The flood-pulse model of large river-floodplain ecosystems (Junk et al. 1989) suggests that the mosaic of such habitats, as historically present in the Kootenai River, were valuable sources of nutrients required for system productivity.  Modification of the Kootenai River by human activities including industrial and residential development, extractive land use practices, floodplain isolation by diking, and construction and operation of a hydropower dam drastically changed the river's natural thermograph and hydrograph (Partridge 1983; Anders 1991; Apperson and Anders 1991; Anders and Richards 1996; USFWS 1999; Duke et al. 1999; Anders et al. 2000). These changes also altered white sturgeon spawning, incubation and rearing habitats, changed community structure and species composition across trophic levels, and resulted in depressed biological system productivity (Anders et al. 2000; Anders and Richards 1996; Paragamian 1994; Snyder and Minshall 1996).  The Kootenai Subbasin Summary provides more detail about limiting factors and the condition of habitat (KRSS 2000).

There has been very little juvenile recruitment since 1974. The most recent population estimate of adult Kootenai River white sturgeon (sturgeon > 120 cm) indicated about 1,469 (95% C.I = 740 – 2,197) adult fish are present in the river and Kootenay Lake (Paragamian et al. 1996). The adult segment of the population was composed primarily of fish of the 1974 year-class and older. The estimated number of wild, juvenile white sturgeon was substantially lower, about 87 individuals (Paragamian et al. 1996). The lower number of juveniles is evidence of the diminutive or lost year-classes of fish. Adults spawned every year but one (1992) since flow augmentation experiments began (1991).  Natural spawning was confirmed by the collection of fertilized eggs by the Idaho Department of Fish and Game (IDFG Annual Reports; USFWS 1999). Unfortunately, even with improved flow conditions since the ESA listing, few naturally produced juvenile sturgeon have been found, despite implementation of a rigorous multiagency, international recovery and monitoring program.

The longevity of white sturgeon (up to 100 years), delayed maturation (approximately age 20-22 in females), and spawning periodicity (5 or more years in females in the Kootenai population) suggests that sturgeon populations can persist through extended periods of unsuitable spawning conditions.  This adaptation is particularly well suited to large, dynamic river systems where suitable conditions may depend on the right combinations of habitat, temperature, and flow which do not occur every year (Beamesderfer and Farr 1997).  However, a lapse in spawning of over 25 years is unprecedented in a sustainable natural white sturgeon population.  The robust white sturgeon population in the Columbia River downstream from Bonneville Dam spawns successfully every year (McCabe and Tracy 1992, DeVore et al. 1995).  However, this annual production of wild year classes may be an artifact of the provision of suitable spawning habitat condition during all years, in the tailrace of Bonneville Dam.  Sturgeon populations, which have been able to persist in Columbia and Snake River reaches fragmented by dam construction, typically recruit at least some juveniles during many or most years with periodic strong year classes when conditions are optimum.  Healthy sturgeon populations are characterized by age-frequency distributions that include large numbers and percentages of juvenile and sub adult fish.  Age and length distributions are stable and are skewed toward young fish.  The lower Columbia River white sturgeon population (downstream from Bonneville Dam) is composed of > 95% sexually immature fish and this population also sustains an annual harvest of 50,000 fish (DeVore et al. 1999). The age and length distributions of the Kootenai population are heavily skewed toward older fish and have been shifting to the right over time.  Approximately 90% are age 25 and older fish (Paragamian et al. 1995; BPA 1997).  Thus, the key to successful management of threatened and endangered populations must be to apply appropriate conservation measures that minimize risk and maximize benefit before their potential for success is overly compromised by small population size or reduced population viability (Anders 1998).  

The Kootenai Tribe of Idaho's White Sturgeon Conservation Culture Program began in 1990 as an experimental approach to answer questions concerning water quality, white sturgeon gamete viability, and feasibility of aquaculture as a component of recovery. Culture efforts documented successful egg fertilization, incubation, egg viability, and juvenile white sturgeon survival (Apperson and Anders 1991). In 1996, conservation aquaculture was identified by the White Sturgeon Recovery Team as a Priority 1 Action to preserve genetic variability, begin rebuilding age-class structure, and prevent extinction of white sturgeon in the Kootenai River while measures were identified and implemented to rehabilitate natural recruitment and production (USFWS 1999). Juvenile sturgeon (ages 1 and 2) have been released into the Kootenai River and subsequent monitoring results indicate that they are surviving.

Population structure (presented as length - or age-frequency histograms; results of annual recruitment frequency) will be used to assess future population status. Substantive changes in the severely right-skewed age-frequency histogram of the Kootenai white sturgeon population due to future recruitment will serve to demonstrate population health, along with population genetic data from a cooperative new research program from UI that investigates haplotype and genotype frequencies of white sturgeon throughout the Basin, including the Kootenai system.  For comparison, the lower Columbia River white sturgeon population (downstream from Bonneville Dam) is composed of  > 95% sexually immature fish; this population also sustains over 50,000 fish recreationally harvested annually (DeVore et al. 1999). Alternatively, the Kootenai population currently is composed of  > 90% age 25 and older fish (Paragamian et al. 1995; BPA 1997).  

Recovery actions are outlined in the recovery plan for the white sturgeon (USFWS 1999). Actions are coordinated and implemented by fisheries managers from federal, state, Tribal, and provincial agencies in the US and Canada. The recovery plan can be downloaded from: http://endangered.fws.gov/RECOVERY/RECPLANS/Index.htm
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Figure 1.  Kootenai River sub basin.

Burbot

Native burbot (Lota lota) in the Kootenai River in Idaho have been petitioned for ESA listing, are Red Listed in B. C., and are a designated species of Special Concern in Idaho. In Montana, however, burbot are considered common, although they are also listed there as a species of special concern. It is believed that at one time, the burbot fishery in Idaho produced many thousands of fish each winter. Tribal elders report that ling were extremely abundant in the Kootenai River in Idaho and were a main staple for the Tribe in the late winter/early spring months.  The Kootenai Tribe relied heavily upon this important subsistence fishery and tribal members were very adept at using weirs and traps.  Burbot also provided a valuable social, sport, and commercial fishery but the fishery collapsed soon after the completion of Libby Dam (Paragamian et al. 2000). Burbot were once very important to the anglers of Kootenay Lake, as well. Creel data from the West Arm of Kootenay Lake revealed that during some years, the harvest of burbot exceeded 26,000 fish (Paragamian et al. 2000). Just as in Idaho, the Canadian fishery collapsed soon after Libby Dam began operations. Genetic analyses have indicated that burbot in Idaho and B.C. are of the same genetic stock, while burbot in Montana constitute a different stock (Paragamian et al. 1999). 

An investigation initiated in 1993 was implemented by IDFG to assess burbot abundance, distribution, size, reproductive success, and movement, and to identify factors limiting burbot in the Kootenai River in Idaho and British Columbia. A total of only 17 burbot were caught in 1993 (CPUE of one burbot/33 net days) and 8 in 1994 (CPUE of one burbot/111 net days).  Only one burbot was captured between Bonners Ferry and the Montana border, with no evidence of reproduction in Idaho. Unspawned females have been caught (post spawn) that were reabsorbing eggs, as have males (one month post spawn) that were in various stages of gonadal maturity. Burbot sampling during the winter of 1993 through 1994 at the mouths of Kootenai River tributaries in Idaho occurred with anticipation of intercepting a spawning run of fish from Kootenay Lake or the lower Kootenai/y River, but no burbot were caught. Cooperative sampling in the British Columbia river reach suggested that burbot were only slightly more abundant in the lower river. Telemetry studies have shown that the population is transboundary (Paragamian 2000).  

Native burbot in the Idaho and Canadian portion of the Kootenai River drainage are at risk of becoming extinct (Paragamian 1996).   Overexploitation of burbot in Kootenay Lake and Kootenai River was a concern for fish managers when it became evident the fishery was at risk of failing.  Measures were taken to reduce exploitation by reduction in creel limits and fishery closures but none of these measures restored the fishery (Paragamian 2000).  Examples of stock rebound in overexploited burbot populations with fishery restrictions or closures have been documented, although habitat was generally intact in such cases (Paragamian et al. 2000).  IDFG has been monitoring the movement, habitat use, and spawning behavior of burbot since 1993 and has not found evidence of successful spawning or recruitment in Idaho.  Operation of Libby Dam for hydropower (including power peaking) and flood control during the winter months has resulted in more erratic flows that are up to 300% higher than pre-dam conditions and warmer winter water temperatures. In addition, Lake Koocanusa, the impoundment created by Libby Dam, acts as a nutrient sink and has reduced productivity of the river (Snyder and Minshall 1996; Richards 1996).  Potential threats to the population include: current winter flow management, power peaking, changes in river temperature, loss of slough and side-channel habitat from diking, nutrient loss, and spring lowering of Kootenay Lake (Paragamian et al. 2000; KRSS 2000).

In 1999, IDFG convened a burbot recovery team of scientists from agencies in the Kootenai/y drainage to identify and implement conservation strategies to help alleviate threats to the species (IDFG 1999).  Conservation strategies identified in the IDFG recovery plan for burbot include: ecosystem recovery, flow manipulation, spring management of Kootenay Lake levels, use of donor stocks, captive broodstock and culture.   As with white sturgeon, conservation aquaculture may play a positive role in the recovery of this species, while efforts to restore habitat conditions necessary for the survival and natural production of burbot continue.  This project will continue to work cooperatively with IDFG and BC MELP to develop and refine culture techniques for native burbot using wild native broodstock.   

Kokanee

Native kokanee salmon (Oncorhynchus nerka) runs in lower Kootenai River tributaries in Idaho have experienced dramatic population declines during the past several decades (Ashley and Thompson 1993; Partridge 1983). The kokanee that historically spawned in these tributaries inhabited the South Arm of Kootenay Lake in British Columbia. Native kokanee are considered an important prey item for white sturgeon and also provided an important fishery in the tributaries of the lower Kootenai River (Partridge 1983; Hammond, J., BC MELP, per. com. 2000). Kokanee runs into North Idaho tributaries of the Kootenai River that numbered into the thousands of fish as recently as the early 1980s have now become “functionally extinct” (Anders 1994; KTOI, unpublished data). Since 1996, visual observations and redd counts in five tributaries found no spawners returning to Trout, Smith, and Parker Creeks, while Long Canyon and Boundary Creeks had very few kokanee returns (Table 1 [Partridge 1983; KTOI unpublished data], Figure 2 [adapted from Partridge 1983]). 
Table 1. Estimated peak number of kokanee spawners for stream reaches in six tributaries to the Kootenai River in Idaho (N/S = not sampled).
Year
Boundary

Creek

(610 m)
Smith

Creek

(380 m)
Long Canyon Creek

(700 m)
Parker

Creek

(790 m)
Trout

Creek
Myrtle

Creek

1981
1,100
600
1,600
350
N/S
N/S

1993
0
N/S
12
64
0
0

1996
0
0
0
0
0
0

1997
0
0
3
0
0
N/S

1998
8
0
0
0
0
N/S

1999
38
0
0
0
0
N/S

2000
17
N/S
30
7
0
N/S
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Figure 2. Location of Idaho Kootenai River tributaries where visual observations and redd counts of kokanee were conducted (Partridge 1983).

Because the Kootenai River kokanee are spawning populations from the South Arm of Kootenay Lake, changed habitat conditions in the lake have altered the numbers of spawners in the river within Idaho and Montana. The construction of Duncan Dam on the Duncan River in 1967 and Libby Dam on the Kootenai River in 1972 resulted in reduced nutrient loading (primarily nitrogen and phosphorus) to Kootenay Lake followed by a decline in phytoplankton, zooplankton, and ultimately kokanee abundance (Ashley and Thompson 1993). Kokanee populations continued to decline throughout the 1980s, and by 1990 the South Arm stocks of kokanee had become virtually extinct (Richards 1996).   

In the late 1980s, a pattern of declining growth and numbers emerged for Kootenay Lake kokanee, bull trout, and rainbow trout. After intensive study, modeling, and a review of restoration options, B.C. Ministry of Environment initiated a large scale, experimental lake-fertilization project in Kootenay Lake in 1992 to address the reduction in productivity caused by the trapping of nutrients by Libby and Duncan Dam and additional impacts caused by increased summer flows for downstream salmon recovery. A significant increase in phytoplankton, zooplankton, and kokanee abundance in the North Arm of Kootenay Lake has been noted to date (Ashley et al 1999).

Limiting Factors (Kootenai River Subbasin Summary 2000)

The primary limiting factors in the regulated mainstem are listed below:

Regulated Mainstem

Primary Limiting Factors:

· Altered Hydrograph (fish and wildlife)

· Altered Thermal Regime (fish)

· Lower Spring Elevation of Kootenay Lake (fish)

· Lack of Recruitment (fish)

· Floodplain Alterations and Stream Morphology Changes (fish and wildlife)

· Water Pollution (fish)

· Nutrient Stripping (fish)

· Predation (fish)

· Fragmentation/Connectivity (fish and wildlife)

The Kootenai River Subbasin Summary provides a description of the limiting factors and more detail about the condition of habitat in relation to identified limiting factors.  Because we have proposed research dealing with the influence of contaminants on the health of fish communities, the following summary is provided for background:

White sturgeon are a long-lived, bottom feeding and relatively sedentary species.

Georgi (1993) noted that the chronic effects on wild sturgeon spawning in “chemically polluted” water and rearing over contaminated sediments, in combination with bioaccumulation of contaminants in the food chain, could possibly be reducing the successful reproduction and early-age recruitment to the Kootenai River white sturgeon population. Contaminants that are bioaccumulated and passed to progeny through ova or sperm can impact viability, survival, and development of naturally spawned sturgeon eggs (Adams 1990; Heath 1995).  The Kootenai River has indications of contamination by PCBs, organochlorine pesticides, dioxins, and certain metals. The endangered species biologists from the Columbia River basin are concerned that contaminants such as PCBs may be part of the cause of population declines of sturgeon.  Recent research indicates that Kootenai River water concentration of total iron, zinc, manganese, and the PCB Arochlor 1260 exceeded suggested environmental background levels (Kruse 2000). Zinc and PCB levels exceeded EPA freshwater quality criteria. Several metals, organochlorine pesticides, and the PCB Arochlor 1260 were found above laboratory detection limits in ova from adult female white sturgeon in the Kootenai River. Plasma steroid levels in adult female sturgeon showed a significant positive correlation with ovarian tissue concentrations of the PCB Arochlor 1260, zinc, DDT, and all organochlorine compounds combined, suggesting potential disruption of reproductive processes.  In an experiment designed to assess the effects of aquatic contaminants on sturgeon embryos, results suggest that contact with river-bottom sediment increases the exposure of incubating embryos to metal and organochlorine compounds (Kruse 2000). Increased exposure to copper and Arochlor 1260 significantly decreased survival and incubation time of white sturgeon embryos and could be a potentially significant additional stressor to the white sturgeon population, as well as other native species in the Kootenai drainage. 

Compensatory Harvest Needs

The Kootenai River has undergone the recent loss or decline of several once productive fisheries.  Habitat alteration resulting in lack of recruitment of white sturgeon, burbot, and other native fish has contributed to the current status for various endemic Kootenai River fish species:

· White sturgeon Acipenser transmontanus – endangered

· Burbot Lota lota– petitioned for listing (On 12/7/2000, American Wildlands and the Idaho Conservation League filed a 60-day notice of intent to sue the USFWS in federal court due to lack of response to the petition to list filed in February of 2000)

· Bull trout Salvelinus confluentus – threatened

· Westslope cutthroat Oncorhynchus clarki lewisi– petitioned for listing; abundance low

· South Arm Kokanee stock Oncorhynchus nerka– considered functionally extinct

· Inland redband trout Oncorhynchus mykiss gairdneri– abundance low; status unknown in Idaho

Currently, rainbow trout provide the most important fishery in Idaho portion of the Kootenai River.  However, densities of trout are low and it is not widely regarded as a good fishery (Fredricks and Hendricks 1997).  Partridge (1983) estimated catch rates of 0.06 trout/h in 1982-1983, and Paragamian (1995) reported catch rates of 0.03 trout /h over a similar period of time in 1993-1994.  In contrast, catch rates of at least 1.0 trout/h are typical of “quality” trout fisheries in other rivers throughout Idaho (IDFG 1996).  The long-term goal of the KTOI is to reestablish native fish assemblages that will support subsistence and recreational fisheries (KTOI 1999).  However, declining populations of native resident fish and the drastic alteration of habitats and ecosystem function has caused the KTOI to establish an interim compensation objective, while measures are implemented to reestablish native fish stocks and habitat. 

c. Rationale and significance to Regional Programs
This study meaningfully addresses research and management mandates of the Northwest Power Planning Council (NWPPC), the US Fish and Wildlife Service (USFWS), Regional Kootenai River Subbasin Summary planning activities (KRSS), the Columbia Basin Fish and Wildlife Authority's Multi-Year Implementation Plan (MYIP), and the Kootenai River Network (KRN).  This project also supports such mandates from provincial and federal fisheries and environmental management agencies in British Columbia, Canada, where a majority of the Kootenai River Basin is located. 

Northwest Power Planning Council Fish and Wildlife Program (1994/2000):  The NWPPC system-wide goal in the 1994 Columbia River Basin Fish and Wildlife Program is a healthy Columbia Basin: "one that supports both human settlement and the long-term sustainability of native fish and wildlife species in native habitats where possible, while recognizing that where impacts have irrevocably changed the ecosystem, we must protect and enhance the ecosystem that remains” (NWPPC 1994).  The overall vision in the NWPPC’s 2000 Draft Columbia Basin Fish and Wildlife Program (NWPPC 2000) is “a Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region.”  

This project specifically addresses the goals of the NWPPC FWP by the implementation of the following measures in the NWPPC FWP as adopted in 1995:

· 10.3B.11:  “In consultation with the Confederated Salish and Kootenai Tribes, the Montana Department of Fish, Wildlife, and Parks, the Kootenai Tribe of Idaho and other appropriate entities, fund the design, operation, and maintenance of mitigation projects in the Kootenai River system and Lake Koocanusa to supplement natural propagation of fish…”

· 10.4B.1:  “Operate and maintain a low-capital sturgeon hatchery on the Kootenai Indian Reservation.  With Bonneville, explore alternate ways to make effective use of the hatchery facility year-round.”

· 10.4B.2:  “Survey the Kootenai River downstream from Bonners Ferry, Idaho, to the Canadian border to:  1) evaluate the effectiveness of the hatchery, and 2) assess the impact of water-level fluctuations caused by Libby Dam on hatchery operations for outplanting of sturgeon in the Idaho portion of the Kootenai River.”

· 10.4B.5:  “As part of the Kootenai sturgeon recovery strategy the Kootenai Tribe of Idaho is to: 1) operate the Kootenai Tribal sturgeon hatchery and develop propagation methods to ensure healthy sturgeon are outplanted into the Kootenai River, 2) participate on the water budget team, and 3) conduct monitoring and evaluation to assess the effectiveness of these measures…”

· 10.6C:  “Fund efforts to restore sturgeon and burbot populations in the Kootenai River.  These populations are dependant on the productivity of fish habitats in the entire Kootenai River system including Kootenay River and Kootenay Lake in British Columbia.  Coordinate and share costs of this measure with Canadian fishery managers.”

· 2.2G.1: “The Council calls for the development, funding, and implementation of agreements between fish and wildlife managers on both sides of the U.S./Canada border that recognize the mutual benefit of protection mitigation and enhancement for transboundary species…” 

· 10.8B:  “Restore kokanee spawning habitat in Parker, Long Canyon, Smith, and Boundary Creeks, tributaries to the Kootenai River.  Explore various strategies including instream incubation of eggs and supplementation to enhance survival” 

USFWS Draft Biological Opinion for white sturgeon in the Kootenai River (July 27, 2000).  This project is listed as “necessary and appropriate” (in terms and conditions) to implement the reasonable and prudent measures #1 and #3 in the draft Biological Opinion consultation conducted by USFWS Regions 1 and 6 on July 27, 2000.  Specifically:

1g.  The action agencies shall design and conduct those studies necessary to determine the effects of Libby dam operations and other threats on sturgeon life history, and the causes of sturgeon mortality.

3a.  The action agencies shall continue to maintain the preservation stocking program operated by the Kootenai Tribe of Idaho, and associated rearing facilities operated by BC Ministry of Environment, Land, and Parks.  This program is described in the 1999 Sturgeon Recovery Plan and shall be operated until deemed unnecessary by the Service.

3b.  The action agencies shall maintain the current level of monitoring associated with all stages of natural recruitment and the preservation stocking program.

USFWS Kootenai River White Sturgeon Recovery Plan:  The KTOI conservation aquaculture program and associated monitoring and evaluation, and research on limiting factors are crucial elements of the Recovery Plan adopted in 1999 by the U. S. Fish and Wildlife Service.  Recovery actions include “Develop and implement a conservation aquaculture program to prevent the extinction of Kootenai River white sturgeon.  The conservation aquaculture program will include protocols on broodstock collection, gene pool preservation, propagation, juvenile rearing, fish health, and preservation stocking.”  Specific actions related to this objective include:

21. The conservation aquaculture program will follow policies and procedures of the Northwest Power Planning Council’s Columbia Basin Fish and Wildlife program and the service’s artificial propagation policy.

211. Obtain necessary local State, Tribe, Federal, and Canadian approval and permits for all conservation aquaculture activities.

22. Develop performance standards for KTOI hatchery facilities.

221. Determine water quality standards for KTOI hatchery.

222. Upgrade KTOI hatchery facility to meet aquaculture objectives.

223. Maintain Kootenay Sturgeon Hatchery as back-up facility.

224. Implement the conservation aquaculture program.

23. Implement genetic preservation guidelines for broodstock collection and mating designs.

231. Use adopted white sturgeon broodstock protocols.

232. Collect adequate numbers of male and female broodstock to maintain the genetic variability.

233. Annually evaluate the conservation aquaculture program.

24. Develop a release plan for Kootenai River white sturgeon.

241. Evaluate appropriate production goals.

242. Develop a fish health plan for hatcheries rearing white sturgeon.

243. Develop tagging protocol for hatchery reared white sturgeon.

244. Develop a policy for hatchery white sturgeon in excess of beneficial uses identified in recovery.

245. Evaluate the feasibility of establishing an experimental white sturgeon population outside of its current occupied range.

25. Release hatchery-reared white sturgeon into the Kootenai River basin.

251.
Adjust white sturgeon releases as necessary, to meet objectives of the Kincaid breeding plan.

26. Monitor ecological interactions between hatchery reared and wild white sturgeon.

261.  Determine factors limiting production (natural or hatchery) and habitat use patterns for each life history stage.

34. Evaluate the effects of contaminants on white sturgeon.

341. Compile existing information on contaminants in the Kootenai River.

342. Conduct contaminant bioassays to evaluate the effects of chemicals on white sturgeon.

Burbot

52. Determine status and distribution of burbot in the Kootenai River downstream of Kootenai Falls and Kootenay Lake.

521. Determine distribution and life history of burbot.

522. Determine secondary impacts from flow augmentation program on burbot.

563. Evaluate measures to reduce risk to native and resident sport fish below Libby Dam.

Kokanee

51. Conduct studies on kokanee downstream from Libby Dam.

511.  Collect abundance, distribution, and reproduction data for kokanee in the lower Kootenai River tributaries.

Other measures associated with the project are listed in the recovery plan for white sturgeon (USFWS 1999).

U.S. Fish and Wildlife Service Policy Regarding Controlled Propagation of Species Listed Under the Endangered Species Act (October 20, 2000): This project meets the USFWS policy and intent regarding propagation of endangered species. 

Columbia Basin Fish and Wildlife Authority Multi-Year Implementation Plan (1997): The goal of this plan is to promote the long-term viability of native fish in native habitats where possible. The following objectives have been listed in the RFM-MYIP for white sturgeon in the Kootenai River drainage:  1) Mitigate and compensate for the decline of white sturgeon in the Kootenai River drainage caused by the construction and operation of Libby Dam; 2) Preserve existing gene pool and re-establish natural age-class-structure of the population; 3) Restore recruitment produced by naturally-spawning adult sturgeon; 4) Restore this stock of sturgeon to a sufficient abundance and age distribution to allow for ceremonial, subsistence, and recreational harvest by tribal members and recreational harvest by sport anglers;  5) Restore viable native fish populations in historic spawning and rearing areas.  
Genetic Breeding Plan:  A plan to preserve the genetic variability of the wild stock (Kincaid 1993) regulates hatchery practices. The breeding plan guides management in the systematic collection and spawning of wild adults before they are lost from the breeding population and includes measures to minimize potential detrimental effects of conventional stocking programs.  This project has implemented the breeding plan and will update the plan as new information becomes available.

Subbasin Summary for the Kootenai Basin prepared for the Northwest Power Planning Council (2000):  This project addresses the fish and wildlife goal in the Kootenai Subbasin, identified by fish and wildlife managers in the Kootenai River Subbasin Summary (KRSS 2000 prepared for NWPPC).  This goal is to “rehabilitate and protect the abundance, productivity, and diversity of biological communities and habitats within the subbasin”.   The summary describes the status of fish and wildlife populations in the Kootenai Basin (including limiting factors), and provides a detailed listing of remedial actions necessary for fish, wildlife, and habitat rehabilitation. Specific objectives in the subbasin summary that are addressed by this project are:

Subbasin wide Objectives

· Objective 2   Rehabilitate to a self-sustaining condition populations of threatened, endangered, and other declining native species by 2020.  (white sturgeon, burbot)

· Objective 3   Replace locally extirpated species with genetically and behaviorally compatible populations  (burbot and kokanee)

Regulated Mainstem Objectives

· Objective 4   Assess the condition of Kootenai River fish spawning, incubation, and juvenile rearing habitat quality, and evaluate potential substrate improvement measures.

· Objective 11 Evaluate the effects of contaminants on Kootenai River biota by 2005.
This project implements objectives intended to address the decline in native fish species in the Kootenai drainage.  Many native species in the Idaho portion of the Kootenai River are on the brink.  Lack of recruitment of white sturgeon, burbot, and other native fish has contributed to the current status for various endemic Kootenai River fish species:

· White sturgeon – endangered

· Burbot – petitioned for listing (On 12/7/2000, American Wildlands and the Idaho Conservation League filed a 60-day notice of intent to sue the USFWS in federal court due to lack of response to the petition to list filed in February of 2000)

· Bull trout – threatened

· Westslope cutthroat – petitioned for listing; abundance low

· South Arm Kokanee stock – considered functionally extinct

· Inland redband trout – status unknown; abundance low

Kootenai River Network: This project’s goals and objectives are shared and supported by the Kootenai River Network (KRN).  KRN is an alliance of citizen’s groups, individuals, business and industry, and tribal and government water resource management agencies in Montana, Idaho and British Columbia.  Through cooperative efforts, the KRN is working to improve resource management practices and to restore water quality and aquatic resources in the Kootenai River basin (KRN 2000). 

NWPPC Artificial Production Review (Document 99-15)

This project’s use and proposed use of artificial production is consistent with the restoration and preservation/conservation uses and policies outlined in the Council’s review of artificial production: 

Restoration :  Artificial production has been proposed as a means to speed or "jump-start" recovery of natural populations, especially in order to achieve a harvestable population size. A restoration program assumes a population is reduced or eliminated by habitat degradation or other effects (e.g. overharvest), but that the problem has or is being corrected and the existing biological system is now or will soon be capable of sustaining natural production. The motivation for the facility is that society does not wish to wait for natural productivity to rebuild the population. An extreme case of a restoration production program is where the natural population has been eliminated, and fish are reintroduced by artificial production when the problem causing the extirpation is removed. A restoration program is a temporary measure that will be withdrawn once the natural population is rebuilt or a determination is made that restoration is not possible. 

Preservation/Conservation: In recent years, as numerous salmon and resident fish populations declined alarmingly, artificial production programs have been proposed to preserve the genetic resources of very small populations pending future rebuilding. This is recognized as an undesirable result of not identifying and addressing a situation with a population that should have been addressed at an earlier point in its decline with a less extreme approach for recovery. Populations that require preservation/ conservation face imminent demise or extirpation and, in most cases, are listed under the federal Endangered Species Act. In these situations, without immediate protection, the population will be extirpated, and the genetic resource lost. In certain situations, intervention in emergency situations may be desirable in the absence of a plan. In these situations, a plan for recovery must be developed and implemented immediately. 

Cooperative Management Agreement with Idaho Department of Fish and Wildlife, Montana Department of Fish, Wildlife, and Parks, and British Columbia Ministry of Environment, Land, and Parks: The KTOI and the State of Idaho operate in close collaboration to manage Kootenai River fishes including white sturgeon, monitor and evaluate the sturgeon conservation culture and preservation stocking program, monitor the wild white sturgeon population and research limiting factors, and to conduct other Kootenai River investigations.  For instance, the IDFG is conducting an evaluation of natural spawning of white sturgeon.  IDFG assists in broodstock collection each spring, as it coincides with the sampling to collect adults for sonic monitoring.  Monitoring of hatchery fish by the IDFG is augmented by KTOI crews using different gear types, sampling in areas not previously sampled, and sharing information.  BC MELP collects information and data from white sturgeon and burbot in Kootenay Lake. The KTOI, IDFG, BC MELP and MDFWP have a succsessful data sharing agreeement. All field data collected on white sturgeon are compiled in a single database coordinated by IDFG.  Data are compiled to provide the most accurate and current information concerning many crucial aspects of this project (e.g. broodstock collection, capture of wild sturgeon for sonic tracking, and locations of fish fitted with transmitters).  Monitoring and evaluation efforts are described in further detail in subsequent sections of this proposal.  
d. Relationships to other projects 
The KTOI conservation aquaculture and fisheries studies project represents one component of a group of interrelated projects that are addressing the goals and objectives identified by the agencies, the Tribe, and other groups involved in the subbasin summary for the Kootenai Basin.

USFWS Recovery Team

All recovery work is coordinated through the white sturgeon recovery team that includes members from the U.S. Fish and Wildlife Service (USFWS), Kootenai Tribe of Idaho (KTOI), Idaho Department of Fish and Game (IDFG), Montana Fish, Wildlife, and Parks (MFWP), University of Idaho (U of I), Army Corp of Engineers (ACOE), British Columbia Ministry of Environment, Land, and Parks (BC MELP), and Canada Department of Fisheries and Oceans (CDFO).  White sturgeon in the Kootenai drainage constitute a transboundary population, crossing interstate and international boundaries.  This project is a component of many different programs working concurrently on white sturgeon recovery and ecosystem rehabilitation.  Other relationships are summarized below.  

Cooperative Relationships with Agencies in the Kootenai Subbasin

The overall goal identified by agencies and groups within the Kootenai River basin is to rehabilitate and protect the abundance, productivity and diversity of biological communities and habitats (KRSS 2000).  The objectives of collaborative projects within the basin are intended to address primary limiting factors. This project is an important component to further address the goals of the agencies and groups working in the Kootenai River basin.  Relationships are outlined below:

The Montana Department of Fish, Wildlife and Parks (MDFWP) in collaboration with the Tribes of Montana and Idaho, Idaho Department of Fish and Game (IDFG), and British Columbia Ministry of Environment, Land, and Parks, is implementing watershed-based enhancement and fish recovery actions to mitigate the losses caused by hydropower in the Kootenai subbasin (BPA project #199500400).  The Focus Watershed Coordination Project for the Kootenai River watershed fosters ‘grass-roots’ public involvement and interagency cooperation for habitat restoration to offset deleterious effects to the Kootenai River watershed.  IDFG is determining the status and limiting factors for the Kootenai River white sturgeon, burbot, whitefish, bull trout and redband rainbow trout stocks in the Kootenai River and effects of water fluctuations and ecosystem changes on these stocks (BPA project #198806500).  The Kootenai Tribe of Idaho is implementing the conservation aquaculture program to prevent extinction, preserve the existing gene pool and begin rebuilding age class structure of the endangered white sturgeon in the Kootenai River (BPA project #198806400 – this proposal).  The project is a critical component of the overall recovery plan for the white sturgeon in the Kootenai River (USFWS 1999), and has provided the overwhelming majority of all white sturgeon production in the Kootenai River system since the program's inception in the early 1990's, as well as performing research on factors that may be limiting recruitment.  

The implementation of the program also includes a monitoring and evaluation component to evaluate the success of the program, as well as a research component to test hypotheses concerning factors limiting the recruitment of wild white sturgeon.  Conservation activities intended to benefit other native species are proposed as well.  The KTOI is also performing assessments, data analysis, and research in order to identify best management strategies to enhance aquatic biota in the Kootenai River ecosystem to recover native species assemblages across multiple trophic levels (BPA project #9404900).  An important aspect of the ecosystem project is the formation of a multi-agency team to develop and guide ecosystem restoration, research and management. This group, entitled the International Kootenai River Ecosystem Rehabilitation Team (IKRERT) is composed of participants from USFWS, BC MELP, IDFG, KTOI, MFWP, ACOE, BPA, U of I, ISU, UBC and others interested parties.  The KTOI, Idaho Department of Environmental Quality and the Kootenai River Network are also performing tasks and developing strategies to evaluate aquatic habitat quality and quantity in the basin.  The KTOI wildlife department has proposed to implement floodplain operational loss assessment, protection, mitigation, and rehabilitation on the lower Kootenai River watershed ecosystem. Collectively, these projects have begun to address the overall goal of the NPPC FWP and the Kootenai River Subbasin Summary to protect native fish in their native habitats.  A cooperative relationship exists between these projects, and resources are frequently shared to increase the cost-effectiveness of this large multifaceted recovery project. 

All white sturgeon field data are compiled in a single database coordinated by IDFG.  Data are compiled to provide the most accurate and current information concerning juvenile releases, broodstock collection, capture of wild sturgeon for sonic tracking, and locations of fish fitted with transmitters.   MFWP is compiling IFIM information for the lower Kootenai River that will be useful in determining habitat availability for white sturgeon and other native species in the drainage.    

The genetic analysis of archived samples of wild fish and hatchery progeny at University of Idaho requires collaboration with the Center for Salmonid and Freshwater Species at Risk and the Aquaculture Research Institute.  These entities contribute to continuing research originally proposed for FY99 by Drs. Madison Powell, Ernie Brannon and Don Campton concerning genetic diversity of white sturgeon stocks in the Columbia Basin (BPA Project 99-22).  We have also provided genetic samples to the USFWS forensics lab in Ashland, Oregon to assist in stock identification in the illegal trade of caviar and to the BCMELP for stock identification and comparisons of white sturgeon populations in the Columbia Basin in Canada.

Kathy Clemens and John Morrison (USFWS), Scott LaPatra (Clear Springs Research in Buhl, ID), Dr. Joseph Groff (UC Davis), Sally Goldes (BC MELP), and Dorothy Keiser (CDFO) have all been instrumental in designing a disease testing protocol for the release of hatchery reared white sturgeon.  They continue to design and conduct valuable research to better understand the biology and virology of white sturgeon iridovirus (WSIV).  Results of this research have been published in peer reviewed journal articles.  

The USGS Biological Research Division conducts white sturgeon research that is important to sturgeon managers (e.g predation studies, effects of dissolved gas super saturation) and we value their contributions to the field of white sturgeon management.   

In 1997, 1998, and 1999, we provided facilities and assistance to the USGS Biological Research Division (Cook, WA) for a research project to determine the timing of white sturgeon embryo development at different water temperatures.  The results of this research will be used to stage sturgeon eggs from the Kootenai River (and other systems) more accurately and will be reported for future use by other sturgeon biologists.  

In 1999, we provided facilities and support to a graduate student investigating the effects of heavy metals on incubation and hatching.  This information is being used to answer long-standing questions about the effects of water quality in the Kootenai River on hatching success.  

During FY97 and FY98, the USGS was a subcontractor to the IDFG Kootenai River Fisheries Investigations project (project 8806500). USGS measured the spatial distribution of river velocities using an acoustic Doppler current profiler and collected seismic profiles of the substrate during white sturgeon spawning near Bonners Ferry. During FY 2000 and FY2001, the USGS has been a subcontractor on this project (project 8806500), studying sediment transport in white sturgeon spawning habitat on the Kootenai River (project 20049).  The KTOI and USGS have submitted a new proposal for FY2002 to assess the feasibility for enhancing white sturgeon spawning substrate habitat, Kootenai R., ID.  The overall objectives of this project are to (1) use the latest technology to develop a high-resolution bathymetry map, and monitor sediment transport and bedform movement in sturgeon spawning habitat; (2) describe availability and movement of suspended and bedload sediment through white sturgeon spawning habitat, (3) create animation of bedform movement, (4) identify where habitat substrate is currently aggrading, degrading, or is stable, (5) design spawning habitat substrate improvement scenarios with aid of sediment transport models; and (6) assess the feasibility of spawning habitat substrate enhancement scenarios.

In 1994 and 2000, the KTOI staff taught BCMELP and BC Ministry of Fisheries (BC MF) staff field techniques for sex determination and staging of adult white sturgeon in Kootenay Lake.  KTOI project personnel assist with the fall sampling of adult sturgeon in Kootenay Lake to assess condition of post-spawning adults and frequency of egg resorption. KTOI staff will be assisting BCMELP and BCMF in 2001 with the implementation of an experimental white sturgeon artificial propagation program in the Upper Columbia in Canada.  Also, project leaders and staff responsible for sturgeon projects for the Nez Perce Tribe and CRITFC have traveled to the KTOI culture facility to learn spawning and rearing techniques for white sturgeon.

The BC MELP completed extensive sampling for adult sturgeon in Kootenay Lake between 1994 and 1997.  During that time, 98 white sturgeon were recaptured in Kootenay Lake.  Extensive tracking of sonic tagged fish was included in this work, and continued through 1999.  Recaptures and tracking demonstrated the importance of Kootenay Lake as critical habitat for adult white sturgeon.  Areas of high and medium use by white sturgeon included the Kootenay River delta near Creston, Duncan River delta at the north end of Kootenay Lake, Crawford Bay, and the Kootenay River.  In 1999, BCMELP work was adjusted to emphasize juvenile sampling.  Since that time, the BC program has developed a regular program of gill net sampling in the lower Kootenay River between the US-Canada border and the Kootenay River delta, as well as on delta itself.  The program contributes information to the IDFG/KTOI database and has documented a slow but detectable migration of hatchery progeny toward the lake.

BCMELP has also studied burbot on Kootenay Lake since 1997.  Burbot work is ongoing, and has included adult trapping and juvenile sampling throughout the lake, as well as sonic and radio tagging of adults.  Results to date suggest only small numbers of burbot remain in Kootenay Lake, largely at its northern end.  Additional study of burbot has been completed on Duncan Reservoir, which is connected by the Duncan River to the north end of Kootenay Lake.  Duncan Reservoir burbot are genetically indistinguishable from Kootenay Lake burbot, providing possible options for recovery efforts.  BC MELP is in the process of identifying spawning locations for these fish and determining if options are available for broodstock and/or transplant actions.  A further focus of BC efforts has been to develop appropriate methods of assessing burbot stock status, including safe techniques for trapping and retrieving this species from depth without causing decompression sickness.  

In January 2001, through a cooperative agreement between IDFG, USFWS, BC MELP, and KTOI, BC MELP will provide the KTOI with eggs and milt from the Duncan burbot stock, Kootenay Lake, British Columbia.  KTOI plans to develop and document culture techniques for burbot.  Conservation culture and reintroduction of native burbot have been proposed by the management agencies as potential actions to rehabilitate the burbot population in Idaho and the South Arm of Kootenay Lake.

In 1997-1999, through a cooperative agreement between IDFG, USFWS, BC MELP, and KTOI, BC MELP provided the KTOI with 100,000-500,000 eyed kokanee eggs from the North Arm stock of Kootenay Lake that were planted in three tributaries to the Kootenai River in Idaho.  BC MELP also provides technical assistance during the instream planting of eggs.  

The KTOI, as directed by USFWS and in accordance with Council Measure 2.2G.1, has forged a relationship with Canada concerning the provision of a back-up facility for the Kootenai River white sturgeon conservation aquaculture program.  Beginning in 1999, the BCMF has annually provided a “fail-safe” facility for the Kootenai River white sturgeon at the Kootenay Sturgeon Hatchery (KSH) near Fort Steele, B.C. at a relatively low cost. A contract that outlines the terms and conditions of the agreement (spawning, egg incubation, transfers, rearing, fish health management, marking, liberation, and general fish culture) is signed annually by both parties.  

National Resource Conservation Service (NRCS) frequently contacts KTOI concerning the wetlands reserve program, stream rehabilitation, and conservation easements in the Kootenai drainage.  We are involved in negotiations, and have discussed joint proposals and partnerships for conservation efforts within the Kootenai River drainage.   

Upper Columbia United Tribes (UCUT) annually provides a portion of funding each year for fish and wildlife research conducted by the KTOI.  The UCUT organization also provides technical support for certain aspects of the fisheries program. 

The USFWS (Region 1 – Spokane Field Station) initiated a project in 2000 as part of the Environmental Contaminants Program Off-refuge Investigations Sub-Activity called Assessment of the Organic and Inorganic Contaminants Affecting Native Fish Populations in the Kootenai River, Idaho, Montana.  This project was designed to investigate the potential pathway and/or bioaccumulation of identified contaminants to the resident fish populations of the Kootenai River.  Bioaccumulation of contaminants in food items is a potential "missing link" to understanding the problems associated with the decline of the fish species in the Kootenai River. To compliment efforts by the KTOI and IDFG in understanding the pathway of contaminants to fish in the Kootenai River system, this project addresses the accumulation of organic and inorganic contaminants in sediment pore water, phytoplankton, periphyton, non-game fish species and other food-chain organisms within the Kootenai River system.  Contaminant concentrations will be compared between collection sites and within reference sites to determine relationships with reproductive failures and decline of populations of sensitive and federally listed endangered fish species.  This project is a multi-phase project for which future objectives are dependant upon the outcome of preceding phases. Pending the outcome of preliminary phases of this investigation, several management actions may occur.  Depending on the concentrations of metals or other constituents detected during this study a reprioritization of threats and overall revision of the recovery strategy for the Kootenai River white sturgeon (or other ESA-listed species) may occur, or further investigation into potentially responsible parties may be initiated.  If results indicate that there are not toxic levels of environmental contaminants in the food base for white sturgeon in the Kootenai River then the recovery team can concentrate on other potential factors affecting white sturgeon recruitment.

Coordination with BPA funded white sturgeon projects

White sturgeon researchers and managers in the Columbia Basin generally meet on an annual or bi-annual basis to coordinate research efforts and share information.  The following is summary of recent and future meetings, symposiums and workshops: 

In February 2000, the Nez Perce Tribe hosted the White Sturgeon Research Coordination Conference in Clarkston, WA.  The conference was intended to: 1) provide a review and update of Columbia Basin sturgeon projects and 2) provide a forum for regional coordination among area researchers.  The conference and work sessions were well attended by sturgeon researchers in the Basin.  Work session topics included: Snake River stock assessment and management, Mid-Columbia River stock assessment and management, Upper-Columbia River/Lake Roosevelt investigations, consumptive fisheries, supplementation and hatchery practices, genetics, and YOY/juvenile collection techniques.  The participants of each work session first developed a topic goal.  This was followed by a round table discussion of issues specific to their topic. 

CBFWA, in cooperation with UC Davis, organized a Sturgeon Workshop and Conference in Sacramento, CA in September 2000 to further coordinate and share information concerning culture and research of white sturgeon.  Sessions included technical presentations on:  wild broodstock capture, tracking, nutritional requirements, genetic variation, cryopreservation of sperm, and population status and management.

Many sturgeon biologists from the Columbia Basin attended and presented information at the Sturgeon Symposium during the American Fisheries Society Annual Meeting in St. Louis, MO in August 2000 and many are planning on presenting at the 4th International Sturgeon Symposium in Oshkosh, WI in July 2001.  Over 250 sturgeon specialists from 20 countries are expected to attend the international conference and have a substantial impact on the future course of worldwide sturgeon research and management.  There will be an opportunity for worldwide exchange of information and knowledge on the biology, culture, and management of Acipenseriformes.

Permitting

All project work has been accomplished through the necessary permitting processes.  The Kootenai Tribe of Idaho has a USFWS permit issued under Section 10(a)(1)(A) of the Endangered Species Act (Permit number PRT-798744) and produces annual reports to USFWS concerning ESA activities.  BPA produced an EA for the conservation aquaculture project activities (Bonneville Power Administration. 1997. Kootenai River white sturgeon aquaculture project: environmental assessment. Bonneville Power Administration, DOE/EA-1169, Portland, OR).  All Kootenai Tribe of Idaho activities associated with the backup facility in British Columbia are permitted by a CITES permit issued by the USFWS Office of Management Authority (Permit number 00US011646/9). A USFWS wildlife inspector authorizes concurrent USFWS Form 3177 export/import permits at the time of shipment.  Each release of white sturgeon (preservation stocking) into the Kootenai River is cleared by USFWS through written communication (and necessary state and provincial permits are also obtained before transport or stocking).  IDFG fish transportation permits have been issued for all fish transport and releases.  Disease testing protocols have been developed and implemented to the satisfaction of all agencies and entities involved.  

e. Project history (for ongoing projects) 

The current program has developed from an experimental program initiated in 1988 in cooperation with IDFG to a Priority 1 Action listed in the Recovery Plan for white sturgeon in the Kootenai River (USFWS 1999).  The initial efforts were geared toward research of gamete viability and possible negative effects of exposure to water- and sediment-borne contaminants.  Experimental breeding of wild Kootenai River white sturgeon broodstock in 1990 resulted in the first successful artificial propagation of wild Kootenai River white sturgeon (Apperson and Anders 1991).  A low cost hatchery facility was built in Bonners Ferry to explore the feasibility of sturgeon aquaculture as a potential recovery component.  At that time, white sturgeon conservation aquaculture was at an early developmental stage in North America.  Progeny from wild Kootenai River broodstock were successfully produced in 1991, 1992, 1993, 1995, 1998, 1999, and 2000 (Ireland et al. 2000). 

A significant facility upgrade was completed in FY2000 to address hatchery needs consistent with use prescribed by the USFWS recovery plan (USFWS 1999). Phase I upgrades that have been completed to date at the existing Tribal facility include:  1) 3-phase power crossing and standby generation system; 2) new river intake piping system; 3) water treatment system with three submersible river intake pumps and two types of filtration followed by ultraviolet disinfection; 4) water temperature control system for incubation; 5) crew quarters and boat storage; 5) re-piping and concrete in the main hatchery; and 6) installation of a dock to carry wild broodstock from the boat to the hatchery.  
These upgrades bring the existing facility up to standard but there is still be a need to provide adequate rearing space for up to 12 families per year as the project becomes fully implemented.  Each family group must be reared separate from other family groups to ensure proper identification at outplanting (USFWS 1999) and also must be reared at low densities to prevent disease outbreak (LaPatra et al. 1994).  For this reason, we have received funding in FY2000 to begin preparing a master plan for a second facility located on Tribal land in the Kootenai River drainage to provide adequate rearing space for white sturgeon, as well as addressing potential needs for other declining native fish species.

The Kootenai Tribal conservation program has released 4,879 juvenile white sturgeon into the Kootenai River between 1992 and 2000 (age 1-2 years old) (IDFG database and annual reports; KTOI annual reports; Ireland et al. 2000) (Table 1) and approximately 139,000 larvae (age 3-12 days) in 2000 as an experiment to help determine the early life survival bottleneck (KTOI and IDFG progress reports 2000).  Through monitoring and evaluation of the hatchery releases, gillnetting juvenile white sturgeon in the Kootenai River captured a total of 669 juveniles from 1995 through the 2000 sampling season (includes multiple recapture events) in the Kootenai River in Idaho (IDFG database; IDFG and KTOI reports 1996-1999). A total of 14 hatchery produced juvenile white sturgeon have been captured in Kootenay Lake, British Columbia between 1999 and 2000 (BC MELP Progress Reports).  Annual growth of hatchery-reared juvenile white sturgeon released into the river and subsequently recaptured averaged 5.27 cm (FL)  (IDFG reports).  Relative weight, Wr, (Beamesderfer 1993) was calculated for 664 hatchery raised white sturgeon juveniles released into the Kootenai River between 1991-1999 and subsequently recaptured between 1995 and October 2000.  Mean relative weight, Wr, was 90.638 (S.D. 27.131) (IDFG unpublished data).  With five years of recapture data now collected, post-release survival rates for juveniles in the Kootenai River should be estimated during 2001.  
Table 1.  Summary of numbers released and recapture rates of hatchery produced white sturgeon juveniles released into the Kootenai River in Idaho and Montana between 1992-1999.  These numbers do not reflect the 173 juveniles recaptured during the 2000-sampling season or the 2,177 juvenile white sturgeon released into the Kootenai River in September – October of 2000 from the 1999-year class (length and weight data for the 1999 year class released in 2000, as well as recapture data from the 2000 sampling season have not been summarized yet).  Also not included in the table are the 139,000 3-12 day old larvae released in 2000 as part of an experiment to help determine the bottleneck to survival.

Year Class
Number Released
Mean Total Length (mm) (S.D.)
Mean Weight (g) (S.D.)
Release year
Percent (#) Recaptured a








1990
14
455
321
Summer 1992
25.2 (54) b

1991
200
255
64.4
Summer 1992
-

1992
91
-
-
Fall 1994
45 (41)

1995
1,076
229 (27)
47 (16)
Spring 1997
15 (295) c

1995
891
343 (43)
147 (61)
Fall 1997
-

1995
99
408 (70)
283.3 (136.8)
Summer 1998
6 (6)

1995
25
565 (71)
805.8 (276.4)
Summer 1999
<1 (2)

1998
306
261 (42)
79.5 (44.4)
Fall 1999
0

Total
2,702



14.7% (398)

a:   Percent recaptured during 1993-1999 sampling period for each release year (Excluding multiple recapture events). 

b:  Includes 1990 and 1991 year class.

c:  Includes 1997 spring and fall release.

Adaptive Approach to Conservation Culture

· Culture Techniques

Sturgeon culture techniques differ from those used for salmonids because of inherent differences in gonad development, spawning frequency, and sperm and egg structure, physiology, and biochemistry. Given the uniqueness of white sturgeon and the new concept of conservation aquaculture for a long-lived species, methodology has been adapted by networking with experts in the field, as well as using and refining techniques described in the Hatchery Manual for White Sturgeon (Conte et al. 1988).  KTOI culturists and hatchery staff are in regular contact with white sturgeon reproductive biologists and culture specialists at UC Davis to ensure correct application of relevant state-of-the art technology and techniques.  For example, surgical removal of eggs was used for 3 years until hand stripping of eggs proved to be a viable alternative (Table 2).  In comparison, Table 3 illustrates the mean number of eggs taken from domesticated broodstock at a commercial culture facility in Sacramento, CA (VanEenennaam et al. 1996).  Although mean egg take is lower by hand stripping than by caesarian surgery, egg take and egg to hatch survival rates are generally excellent, and usually meet the annual goals of the conservation culture program.  Hand-stripping of eggs greatly minimizes stress associated with Cesarean surgery and reduces the recovery period of post-spawning adult white sturgeon prior to release back into the wild.  

Table 2.  Number of females spawned, families produced, total and mean egg take, estimated larvae produced, and average egg-larval survival rate for wild white sturgeon and progeny produced at the Kootenai Tribal Culture Facility between 1990-2000.

Year
Number of Females Spawned*
Number of Families
Total and Mean # Eggs Taken 

(Range)
Estimated Larvae Produced
Average Egg-Larval Survival Rate








1990
1 (1)
1
60,000 a
1,100
1.8%

1991
1 (2)
1
68,536 a
14,000
20%

1992
1 (2)
3
141,984 a
22,700
16%

1993
1 (2)
2
86,326 b
18,100
21%

1994
0 (0)
0
0
0
0

1995
2 (2)
4
142,700 c
Mean-71,350

(70,875-71,825)
39,800
28%

1996
1 (2)
2
61,805 c
200
<1%

1997
3 (4)
5
201,480 c

Mean -67,160

(39,600-97,080)
60,600
30%

1998
3 (3)
6
216,526 c

Mean 72,175

(60,076-92450)
60,000
28%

1999
4 (5)
8
277,050 cd

Mean 69,262

(37,800-105,000)
174,500
63%

2000
6 (6)
11
306,085 cd
Mean-51, 014

(17,100-112,160)
223,500
73%



*(Number of females in hatchery in parentheses)

a:  eggs taken by caesarian section

b:  eggs taken by a combination of hand-stripping and caesarian section

c:  eggs taken by hand-stripping

d:  a portion of the eggs were incubated at the Kootenay Sturgeon Hatchery
Table 3. Spawning performance of domestic females ovulated in 1992-1995. Data are means and standard errors (Van Eenennaam et al. 1996)

Year

(N)
Body

Weight

(kg)
Age

(yrs)
Latency

(hr)
Egg 

Diameter

(mm)
Eggs

Removed

(#)
           Success

  Fert.                   Hatch

  (%)                    (%)

1992

(9)
33.6

2.9
10

0.4
22.9

2.5
3.39

0.18
104,712

10,866
  33.3                   13.9

  10.2                   6.2

1993

(18)
36.9

2.9
10

0.2
21.9

1.4
3.52

0.16
126,250

14,756
  50.0                   30.4

  8.0                     7.3

1994

(16)
40.2

3.4
10

0.5
22.6

0.8
3.44

0.18
128,738

12,070
  74.9                   31.7

  4.7                     6.4

1995

(29)
36.3

2.7
10

0.8
21.4

1.3
3.50

0.18
115,515

8,959
  73.5                    49.1

  5.3                      6.3

· Milt Collection and Storage

From 1990 through 1996, all potential male broodstock were brought to the hatchery, where sperm was extracted just before spawning.  Occasionally, river water temperatures in the hatchery have dropped several degrees and males that previously were milting no longer had milt available for spawning.  Rather than bring a large number of males to the hatchery in the hope that they will be synchronized with the females, in 1997 we began collecting milt from flowing males in the field, up to several days before fertilization.   We have found that sperm can be stored in gallon plastic bags in a cooler for up to a week prior to use, as long as oxygen is replaced in each bag at least 2 times per day.  A minimum water-activated motility period of 2 min, verified under a dissecting microscope, as well as a high ratio of activated to non-activated sperm, is required to designate viable sperm samples.

· Animal Health Management

In cooperation with pathologists from USFWS Dworshak Fish Health Lab and pathologists from Clear Springs Foods (Buhl, ID.), we have developed and implemented non-lethal sampling procedures for detecting an endemic sturgeon pathogen, White Sturgeon Iridovirus (WSIV).  This development now successfully permits the examination of recaptured hatchery released fish and wild white sturgeon adults. Prior to this development, natural prevalence was undetectable.  Prior to 1998, histological examination for WSIV required obtaining skin integument from the head, operculum, and from a section just below the lateral line.  We tested sampling methodology for non-lethal sampling on hatchery fish by taking non-lethal fin punches from the pectoral fin, operculum, and caudal fin, and then taking lethal samples (described above) from the same fish and comparing results.  The non-lethal method appeared to provide a more robust test of WSIV detection, allowing for testing of wild fish, recaptured hatchery released juveniles, and individual hatchery raised juveniles on a monthly basis to obtain baseline animal health information and further our understanding of WSIV (LaPatra et al. 1999).  This collaboration provides great realized and potential utility, and is directly applicable by others for similar issues throughout the geographical range of white sturgeon. 

Preservation Stocking

As stated by Kincaid (1993), “The standard concept of supplemental stocking is that large numbers of fish are reared to the fingerling or yearling stage, then planted on top a “natural” population to expand the production of that fishery. The goal of a supplemental stocking program is typically to expand the population or increase production of a fishery; little attention is given to preservation of the existing gene pool. The term “preservation stocking” is used here to indicate that preservation of genetic variability is the primary objective of the program’ as “slow” expansion of population is a secondary goal. Undesirable effects commonly associated with supplemental stocking occur when the hatchery product (1) competes with wild fish for food and rearing space, resulting in reduced survival of the wild fish; (2) competes with wild fish for spawning habitat, resulting in reduced reproduction of wild fish; and (3) interbreeds with wild fish; resulting in the introduction of hatchery-adapted genes, which dilute the genetic attributes and gene complexes that enhance “wild” survival, growth, and reproductive performance. This plan differs from “conventional” supplemental stocking in several ways. First, because the current broodstock has not reproduced successfully since 1974, there is no reproducing population of white in the Kootenai River to compete and interbreed with fish planted under this plan. Second, the number of fish planted will be small compared with conventional supplemental stocking programs. The number of fish planted per family will be equalized at a level designed to produce only 2-5 times broodstock replacement numbers.


The objective of the breeding plan is to preserve the existing gene pool; therefore, number of fish planted will represent equal numbers from all available families and will be only enough to produce 4-10 adults per family at maturity. As individual fish will be used as parents only once every 5 years, the likelihood of inbreeding in future generations will be reduced. Effects of preservation stocking, as outlined under this plan, do not pose a threat to the genetic stocking of the existing gene pool. Conversely, this plan offers an approach for preserving the genetic variability remaining in this seriously threatened, declining white sturgeon population.”

Past program investments

Table 4.  Past program investments and milestones.

PRIVATE
Year
Budget*
Milestones





1988
$117,653
Program initiated

1989
$156,104
Cooperative sampling with IDFG to capture wild white sturgeon adults

1990
$236,430
Artificial spawning of wild broodstock demonstrated gamete viability - Experimental breeding program initiated

1991
$150,000
Experimental hatchery completed

1992
$179,723
First releases of hatchery-spawned juveniles (from 1990 -1991 brood year)

1993
$649,573
Genetic breeding criteria completed, hand stripping of eggs proved successful

Monitoring program initiated in wild

1994
$378,553
Second experimental release of hatchery-spawned juveniles

1995
$952,387
First recaptures of hatchery-reared juveniles in river provided initial information about habitat use, movement, and growth of white sturgeon juveniles in the Kootenai River.

1996
$67,356
Disease testing protocols initiated

1997
$566,650
Non-lethal iridovirus test and field collection method for sperm developed

Loss of 1997 brood from equipment failure reinforced need for improvements; release of 1995 brood year

1998
$715,000
Began Phase I of facility and water supply upgrades 

1999
$1,263,692
“Fail-safe” rearing program initiated at BCMF Kootenay Hatchery

2000
$880,193
Phase I facility and water upgrades completed.  Spawned 17 adult sturgeon to produce 11 families.  Experimental release of larval (3-12 d) sturgeon.

2001
$1,128,568


2002
$1,230,000


























* USFWS recovery plan calls for conservation aquaculture program to continue until evidence is available to show that natural reproduction is yielding adequate recruits to sustain the genetic variability of the population.

Genetic Research

Potential concerns associated with artificial propagation, such as genetic hazards, domestication selection, disease outbreaks and transmission, and negative interactions between progeny from hatchery programs and wild fish have been well documented (Lande 1999; Shram and Piper 1995, and references therein).  More specifically, four types of genetic hazards may be associated with a conservation aquaculture program: extinction, loss of within-population genetic variability, domestication, and loss of population identity (Busack and Currens 1995).  This genetic evaluation project focuses on loss of within-population genetic variability, one of the most important genetic hazards associated with (conservation) aquaculture programs. 

The purpose of this study was to provide an initial genetic evaluation of broodstock selected by the Kootenai River Conservation White Sturgeon Aquaculture Program.  The use of empirical data generated by this study allowed an initial assessment of the above genetic concerns for this program.  Monte Carlo simulated X2 analysis (Roff and Bentzen 1989) was employed to test the following null hypothesis: Haplotype frequency distributions for the wild Kootenai River white sturgeon population and the broodstock sample groups were not significantly different (P < .05).

Five mtDNA length variants were observed among the 54 broodstock samples. The same five length variants were also observed among the 112 samples from the wild population Haplotype (length variant) frequency distributions of the wild population and broodstock sample groups were not significantly different (P < .05;  df=4, X2 matrix value = 0.87; X2 critical = 11.41).  Therefore, we failed to reject the null hypothesis (n=N) that haplotype frequencies of the wild (N) and broodstock (n) sample groups of Kootenai River white sturgeon were not significantly different.  Broodstock selection was sufficiently random such that statistical differences in haplotype frequencies of wild population and broodstock sample groups were non-significant  (i.e. the broodstock sample group provided a robust, random sample of the wild population, based on our analysis). This initial genetic evaluation of broodstock selection for the Kootenai River White Sturgeon Conservation Aquaculture Program suggested that based on mtDNA length variant frequency analysis, no haplotypes (length variants) were under- or over-represented in broodstock to date, relative to frequencies in the larger wild fish sample group (population).

Because the lack of statistically significant differences between haplotype frequency distributions of the broodstock and wild white sturgeon sample groups was due to sampling events, continued genetic monitoring is recommended.   Continued genetic monitoring is recommended because sampling events are also capable of producing significant differences in haplotype frequency distributions between these two groups in the future.

Contaminant Research

The following is a summary from Kruse (2000), who performed contaminant research funded by BPA through IDFG and in cooperation with KTOI:

“This study used biomarkers to evaluate the effects of environmental levels of organochlorine, organophosphate, organonitrate, and carbamate pesticides, polychlorinated biphenyls (PCBs) and metals in the aquatic system on Kootenai River white sturgeon, Acipenser transmontanus.  The biomarkers that were used include tissue residue analysis, plasma steroid production and egg size in adult sturgeon, survival and contaminant uptake during incubation in embryos, red blood cell chromosome content and variability, liver histology, tissue residue analysis and acetylcholinesterase inhibition in juvenile sturgeon.  Chemical residues were assessed in ovarian tissue from mature adult females, in whole-body tissue from juveniles, in incubated embryos, and in water and sediment samples from the lower river.  Contaminant residues in ovarian tissue and river-bottom sediment (collected between 1997 and 1999) were compared with residues detected in samples collected between 1989 and 1991. Incubating white sturgeon embryos were exposed to different rearing media (water, sediment and suspended solids collected directly from the Kootenai River) to determine mortality rate and uptake of environmental contaminants.  Blood samples were collected from adult and juvenile sturgeon to determine plasma steroid (testosterone, 11-ketotestosterone, and estradiol) levels, cholinesterase inhibition, and chromosomal DNA variability.  Results from chemical residue analysis indicated that copper, zinc, iron, and the PCB aroclor 1260 were at levels that could adversely affect sturgeon reproduction as well as other aquatic organisms and overall system productivity.  Zinc residues in recently collected sturgeon ovarian tissues were significantly hither (Mann-Whitney U test; P < 0.05) than in samples taken between 1989 and 1991.  Levels of copper, lead and the organochlorine pesticide DDE in ovarian tissues were not significantly different between sampling periods, indicating that bioavailability of these contaminants has neither increases nor decreased in the past 10 years.  Contaminant residue analysis of water indicates that levels of iron, zinc, manganese and the PCB Aroclor 1260 are at levels that exceed criteria for freshwater life.  Copper and zinc concentrations in sediments were not significantly different between earlier and later sampling periods.  As with the ovarian tissue, these results indicate that copper and zinc concentrations in river-bottom sediments have neither increased nor decreased within the past 10 years.  Plasma steroid concentrations in Kootenai River sturgeon were comparable to those reported for other species of sturgeon.  However, the significant negative correlations between testosterone production and bioaccumulated Aroclor 1260 (Spearman; r = -0.729, r = -0.820), total organochlorine compounds (Spearman; r = -0.753) and zinc (Spearman; r = -0.652) suggest the potential for feminization of males that have bioaccumulated these contaminants at levels similar to those found in females.  The significant positive correlation between the female hormone estradiol and DDT (Spearman; r = 0.893) also suggests potential feminization of male sturgeon or improperly induced vitellogenesis in female sturgeon that bioaccumulate DDT levels similar to those found in the ovarian tissue samples.  River-bottom sediments were found to be a significant source of metal and PCB exposure for incubating white sturgeon embryos.  Environmental levels of copper and PCB aroclor 1260 in the rearing media were associated with increased mortality (Spearman; r = 0.568) and decreased incubation time of sturgeon embryos.  Results from cholinesterase and DNA analyses in juveniles suggest that juvenile sturgeon could potentially experience inhibition of chloinesterase or increased mutation of DNA from low-level exposure to chromium, lead, aluminum and iron.  Liver histology results indicate low-level effects that could potentially result from contaminant exposure; however, further research on older fish is needed to assess long-term effects. The biomarkers used in this study indicate effects and are not a measure of definite cause. Therefore, it was concluded that embryonic, juvenile and adult life stages are potentially experiencing sub-lethal effects from contaminants in the Kootenai River.  In addition to other problems and habitat alterations in the system, these effects could be creating additional stress on the white sturgeon population.  In order to determine the extent of effects that contaminants may actually be having on the sturgeon, new research technology should be applied as it becomes available and monitoring should continue to develop trend data for contaminants over a longer time period.”

Burbot  

IDFG and BC MELP have been monitoring burbot in the Kootenai/y River and Kootenay Lake since 1993.  They also examined archived data for the Kootenay Lake and Kootenai River fisheries to document the collapse of the burbot fisheries since the formation of Lake Koocanusa and completion of Libby Dam in 1972.  The primary reasons for the decline in Kootenay Lake/ Kootenai River burbot populations are believed to be high winter flows during the traditional burbot spawning period and loss of nutrients to the impoundment created by Libby Dam (Paragamian et al. 2000).  Data from the literature and Paragamian (2000) have shown how these changes could seriously impair the life history processes of burbot.  Research and restoration efforts suggested by the authors include:  locating burbot spawning areas in the system; monitoring adults and their responses to changes in flow during the pre-spawn and spawning season; focusing on environmental factors that may affect early life history; restoration of productivity of the Kootenai River and the South Arm of Kootenay Lake; and use of donor stocks of similar genetic and life history traits to rehabilitate or refound the population (IDFG 1999; Paragamian et al. 2000).  IDFG and BC MELP project history concerning burbot research is further outlined in IDFG proposal 198806500, IDFG and BC MELP progress reports, and in the AFS publication Burbot Biology, Ecology, and Management (Paragamian and Willis 2000), 

Kokanee

KTOI has been collecting baseline abundance, distribution, and reproduction data for native kokanee in six lower tributaries of the Kootenai River for the past six years using redd counts and visual observation.  Habitat data has been collected on three streams to date.  KTOI will complete habitat surveys this year on three more streams and evaluate each stream for habitat restoration opportunities (through Project #199404900).   Since 1997, disease-free kokanee eggs (eyed) from the North Arm stock of Kootenay Lake in British Columbia have been used for reintroduction into three tributaries using instream incubation techniques.  All lower portions of the tributaries are on private land and KTOI has already built relationships with several landowners.  Some have expressed interest in a partners program to restore riparian areas and degraded stream banks.  Hatching success of eggs incubated instream was monitored using stainless steel hatching canisters (containing a known number of fertilized eggs) buried next to the artificial redd.  Hatching success ranged from 85-90% during 1997-1999.  Success of reintroductions will be determined by monitoring returns to the stream.  At the request of the ISRP, the kokanee surveys and reintroductions (funded through this project from 1993-1999) are no longer included as objectives of this project. The kokanee work is an important component of the Tribal Fisheries Program and continues through funding from a non BPA funding source.  Kokanee information is included in this proposal for project history purposes only.  Stream assessment and rehabilitation on Trout Creek has been proposed by KTOI to Bonneville Environmental Foundation this year.  At the request of the ISRP (project comments in FY2000), other stream assessment and rehabiliation work will be proposed through the KTOI ecosystem improvements project (199404900) and new KTOI projects.
Documents produced by this project are listed in Part 1- Section 2 (Past Accomplishments) of this proposal.

f. Proposal objectives, tasks and methods
Note: Objectives, tasks, and methods are numbered according to the numbering scheme in Sections 4-7 in Part 1 of this proposal, starting with Section 6,and then  7, 4, and 5 of Part 1 to represent a more natural flow of objectives, tasks, and methods for this particular project.

Section 6 of Part 1  Operations and Maintenance

Section 6/Objective 1.  Prevent extinction, preserve genetic variability, and restore demographic viability of the Kootenai River white sturgeon population through the propagation and rearing of up to twelve families per year from wild white sturgeon from the Kootenai River. (Recovery measure 2)

Section 6/Task 1a.  Collect and spawn wild broodstock following protocol outlined in breeding plan for white sturgeon (Kincaid 1993)  (Recovery measure 2.23).

Broodstock collection - All broodstock used in the Kootenai River Conservation Aquaculture program are captured from the native wild population by angling or set lining by the IDFG and KTOI. Male and female broodstock are captured from February through May in areas containing pre-spawning aggregations confirmed by ten years of ongoing telemetry (IDFG Annual Reports 1990-1998).  Annual collection of late vitellogenic females from these areas, and subsequent spawning of these fish in the hatchery suggested that fish spawning throughout the entire spawning season congregated simultaneously in the same areas. Thus, our broodstock sampling regime incorporates spawners from the duration of the spawning run.  For example, if "late" spawners are captured early in the season, they are held in the hatchery for a longer time period prior to final maturation and spawning than "early" spawning individuals captured at the same time.

To identify potential broodstock in the field, all captured fish are biopsied to determine sex and gonad maturation stage (Conte et al. 1988). A complete description of broodstock evaluation, gamete processing, and incubation of eggs is outlined in Conte et al. (1988).  This includes information concerning:  1) assay to determine spawning status of females and final oocyte maturation; 2) spawning induction of females including injection schedule for LHRHa, injection procedures, and observation of response; 3) milt and egg extraction overview including checking sperm viability, sperm dilution, egg fertilization, and egg de-adhesion; and 4) incubation of eggs and rearing of early life stages.

All fish collected are weighed and measured (mm, FL, TL), checked for recapture, and if not recaptured, marked with an individually numbered Floy tag and injected with a PIT tag.  Following sex determination and gonad development examination, potential broodstock are directly transferred from a water-filled stretcher to a waiting, oxygenated tank truck for immediate transfer to the hatchery. Transport from the river to the hatchery rarely exceeds one hour.  Upon identification in the wild, recaptured male and female broodstock are weighed, measured, and immediately released. Currently, all recaptured male and female broodstock that contributed to surviving progeny groups in the past are not used again in the program.  The breeding plan allows for spawning of previously used broodstock no less than every five years.   

Final gonadal maturation occurs in the Kootenai Tribal Hatchery, where potential broodstock are held separately or with one or two other fish of the same sex in covered circular fiberglass tanks (3 m diameter x 1.2 m deep).  All female broodstock are generally held separately before and after spawning.  Sturgeon broodstock are held in Kootenai River water pumped into the hatchery and fed live juvenile rainbow trout (Oncorhynchus mykiss) cultured at the Kootenai Tribal Hatchery from certified disease-free trout broodstock.  Conte (1988) suggests that wild-caught sturgeon do not feed actively in captivity.  However, we have observed that wild broodstock brought to the hatchery several months before breeding fed on a natural food source in captivity.  Precautions are taken to reduce stress of broodstock (and juveniles) held in the hatchery (e.g. adequate water flow, covered tanks, low lighting conditions in hatchery, minimal handling, and a quiet environment).

Spawning and rearing - Breeding matrices and protocols have been developed to maximize effective population number and minimize chances of future post-stocking inbreeding in the wild  (Kincaid 1993).  Eggs from all potential female broodstock held in the hatchery are evaluated to estimate timing of final maturation using methods described in Conte et al. 1988.  Germinal vesicle breakdown (GVDB, Conte et al. 1988) and Polarization index (PI) values (VanEenennaam et al. 1996) are calculated at least twice for at least 20 eggs from each female broodfish prior to spawning.  Selection criteria for female broodstock includes > 80% GVDB and PI values of < 0.10.  All selected female broodstock receive two doses of synthetic ovulatory (releasing) hormone LHRHa at 0.1mg/kg body weight: 1) an initial dose (10% of total calculated dose), and 2) a resolving dose (90% of total calculated dose) (Conte et al. 1988).   Males do not receive LHRHa injections, with the exception of two males that were experimentally injected during 1997.  From 1990 through 1996, all male broodstock were brought to the hatchery, where sperm was extracted.  During 1997 and subsequent years, all sperm samples have been collected from flowing males in the field, up to several days before fertilization.   A minimum water-activated motility period of 2 min, verified under a dissecting microscope, as well as a high ratio of activated to nonactivated sperm, is required to designate viable sperm samples.

Initially, (1990-1992) eggs were removed by Caesarian surgery (Conte et al. 1988).  In 1993 and in all subsequent years, eggs have been removed solely by hand stripping (Siple and Anders 1993) to minimize broodstock stress. Use of this hand-stripping technique also enables earlier release of post-spawned broodstock back into the river, and reduces the chance for disease or infection associated with complete post-surgery recovery, which can take up to several months.  Eggs are collected by hand stripping within 48 hours after the LHRHa resolving dose, after ovulation begins, characterized by several hundred adhesive eggs visible on the bottom of the spawning tank.  Eggs are fertilized, volumetrically quantified, de-adhered with Fuller’s Earth, and incubated in modified MacDonald hatching jars (Conte et al. 1988).
Section 6/Task 1b.  Incubate, hatch, and rear progeny at the Kootenai Tribal hatchery until ready for release.  (Recovery measure 2).
Each MacDonald jar receives 5,000 to 25,000 fertilized white sturgeon eggs.   Adequate water flows through the hatching jars are maintained to provide a gentle rolling of the eggs, allowing oxygen to reach all eggs in each jar (see HGMP 2000 for further description).  The hatchery uses up to 24 jars and up to 12 tanks to separate all families and half-sib families.  Eggs are incubated with filtered water from the Kootenai River held at approximately 13o C during incubation.  Eggs begin hatching at approximately 10 days post-fertilization; hatching is usually completed at approximately 14 days post-fertilization.  As eggs hatch, the emerged fry tend to move vertically and the water flow carries them to the top of the jar and over the lip, directly into the fiberglass fry collection tank (1.2 m x 0.56 m x 0.31m deep).  Eggshells are siphoned daily from the fry collection tanks to reduce the chance of undesirable fungal growth.  The incubation and hatching methodology is adapted from Conte et al. (1988).  

After completion of hatching, all fry within a family are transferred to a larger fiberglass rearing tank for larval and fingerling grow-out (2.1m x 0.56 m x 0.31m deep).  Larval and fingerling densities are maintained below 225 g of fish per cubic foot of water as a precaution against density-dependent, stress-induced disease outbreaks. All families and half-sib families are reared separately until release.  Fish held beyond age one are transferred to large circular fiberglass tanks (3 - 4.5 m in diameter), and reared in densities below 225-g/cubic foot of water. (see HGMP 2000 for further description of incubation, hatching and rearing)

Section 6/Task 1c.  Rear progeny in at least two separate facilities to prevent fish loss due to unforeseen circumstances.  (Recovery measure 2.22.223).

Starting in 1999, approximately 5,000 to 20,000 fertilized, disinfected eggs from up to five families are annually shipped to the British Columbia Ministry of Fisheries Kootenay Hatchery in Fort Steele, British Columbia as a “fail-safe” measure to minimize the risk of catastrophic loss. Generally, eggs from one family from each female are represented at the back-up facility.  Incubation, hatching and rearing methodologies are similar to the methodology used at the Kootenai Tribal Hatchery and are further described in the HGMP.  This action provides for back-up representation of one family per spawned female (up to five) but there is still a need for increased rearing space at the Kootenai Tribal Hatchery because up to 12 families may be produced in any given year.

Section 6/Task 1d.  Develop and implement experimental larval release strategies. (Recovery measure 2.25).

Experimental flows from Libby Dam to enhance white sturgeon spawning and rearing conditions have provided improved spawning conditions (as evidenced by hundreds of fertilized eggs collected each year by IDFG during experimental flow releases), but survival of fertilized eggs remains in question.  Sampling for wild white sturgeon larvae (fry) and fingerlings after apparent successful spawning has captured only one larval sturgeon, several fingerlings, and less than 25 juvenile wild white sturgeon during flow test years.  The lack of young wild white sturgeon suggests a survival “bottleneck” between the egg stage and first year of life.  In contrast, subsequent recapture of hatchery reared white sturgeon released at Ages 1 and 2 indicates juveniles can survive in the Kootenai River.  In addition, white sturgeon in the Kootenai River are spawning in a reach of river with habitat thought to be of poor quality compared to Columbia River standards for spawning and rearing.  The habitat is composed of sand substrate, slow current velocities, low water temperatures, and lacks large cobble substrate, turbidity, and side channel and slough habitat.  

In 2000, in cooperation with IDFG, USFWS, and BC MELP, KTOI released 139,000 3-12 day old sac fry in the spawning reach (rkm 236) to determine if fertilization to the fry stage is the life history bottleneck for white sturgeon.  The research developed by IDFG includes the following hypotheses:

H0:  Survival of hatchery produced fry released in the spawning reach is not significantly different than that of wild fry produced in the spawning reach.

Initial post release sampling included three depths and two locations using ½ m nets and D-rings.  After a 24 h sampling period, sampling was conducted 5 d per week (day and night intervals) using a previously established monitoring and evaluation sampling pattern (IDFG).  Sampling occurred at various depths, locations, and river habitats.  Sampling with experimental and ½ inch mesh gill nets during the years subsequent to the fry release may allow a measure of fry survival to the juvenile stage, as fish recruit to the sampling gear.  Because of the previous lack of recruitment of wild juvenile white sturgeon, it will be assumed that the capture of fish from the 2000 year class (year class origin can be identified by a pectoral fin clip) are of hatchery origin.

In 2001, in cooperation with IDFG, USFWS, and BC MELP, KTOI will release 3-12 day old sac fry upstream of the spawning reach in more suitable substrate to test the following hypothesis:

H0:  Survival of hatchery produced fry released over cobble substrate is not significantly different than that of wild fry produced in the spawning reach.

Further investigations using hatchery reared white sturgeon fry may be identified in 2002-2004 by the USFWS White Sturgeon Recovery Team.  

Section 6/Task 1e.  Retain family identities by keeping individual families separate during egg, larvae, YOY, and juvenile stages.  Mark juvenile white sturgeon with PIT tag and scute removal before release.   (Recovery measure 2.23)

Families of white sturgeon produced in the hatchery are incubated, hatched, and reared separately in order to mark each individual fish before release. The facility has been designed to provide flexibility for the culturing of small groups of different life stages.  Special precautions are taken to ensure absolute separation of families.  Each family is assigned a number and a color at spawning.  Each bowl of eggs (during de-adhesion), incubator, fry collection tank, and all subsequent rearing tanks are marked with the assigned color and number as families are moved into them. Prior to release, fish are measured (TL, FL, in mm), weighed (g), tagged with a PIT tag, and scutes are removed to denote year class in case of tag loss (e.g. the ninth left lateral and the eighth right lateral scutes were removed from juveniles from the 1998 year class). Due to current limitations of permanent tagging or marking technologies for juvenile white sturgeon, fish are PIT tagged and released at > 20g, since body mass appeared to be a better predictor of PIT tag retention than length or age.  In order to determine future post-stocking survival and potential genetic contribution to the next generation, family identification and year class are included in data records for each fish.  

Section 6/Task1f.  Release up to 1,000 white sturgeon juveniles per family into the Kootenai River following release protocol outlined in the breeding plan.  (Recovery measure 2.25)

The rationale for stocking 1,000 juveniles per family is as follows (Kincaid 1993):  “The recruitment goal for each family in this program is “enough fish to produce 4 to 10 adults at 20 years of age”.  This number will allow the broodstock population to expand slowly with a “natural” variability in family contribution to the succeeding generation.  The genetic contribution of each family is limited by the number of fish planted, and each broodfish will be limited by the number of times its gametes are used in captive matings. Variation in the number of progeny contributed to the next broodstock generation will occur naturally because of differential survival resulting from natural selection and random chance after the fish are stocked.  The difficulty in determining stocking numbers for each family is a lack of information on post-stocking survival of juvenile sturgeon from age 0 to 20.  This lack of information prevents calculation of optimal stocking rates based on age at stocking.  In addition, normal year-to-year environmental variation in precipitation, flooding, flow rates, temperature, predator populations, and food supply can create wide variation in annual and long-term survival.

A range of survival rates at successive life stages can be modeled, leading to very different optimum stocking rates (see Table 2 Kincaid 1993).  If fish are planted at Age 1+ and have annual survival rates of 50% the first year, 60% the second, 70% the third and 80% thereafter through the 18th year (Age 20), a 1,000 fish plant will yield 7 brood fish at Age 20 from that family (Case 5, Table 2).  Based on these assumptions, stocking 1,000 fish per family would produce 4-10 breeding adults desired in the next broodstock generation.  Until better information is developed, a target of 1,000 Age 1+ fish should be planted per family.”   

Survival rates from initial stockings are being calculated this year and resulting empirical survival rates will be used to adjust future stocking rates. However, we currently do not have available survival rates to Age 20.  Information gained from implementation of Section 7/Task 2d - Monitor and evaluate biological condition and related population dynamics of white sturgeon in the Kootenai River, as well as information gained about ecosystem productivity (KTOI Project 19944900 – Improve the Kootenai River Ecosystem) will also be incorporated into future decisions concerning stocking rates.  Transport and release strategies and methodologies are provided in detail in the HGMP.

Section 6/Task 1g.  Hatch and rear certified disease-free rainbow trout as bait and food for wild sturgeon broodstock held in the facility.

Approximately 50 certified disease free rainbow trout broodstock are maintained at the Tribal Hatchery to produce progeny that are used as bait for wild white sturgeon capture and food for wild white sturgeon held in the facility for spawning.  Trout are spawned in the fall using established salmonid spawning procedures.  Eggs are incubated in a half-stack Heath incubator and progeny are available for use the next year at the size of 6-8 inches.  Excess trout that are not used for sturgeon purposes are donated to the Lions Club for the annual kids fishing day or stocked in closed lake systems (through a cooperative agreement with IDFG) to provide fishing opportunities for the general public. Annual surplus fish numbers generally do not exceed 1,000 fish.

Section 6/Task 1h.  Implement information/education/outreach program.  (Recovery measure 4.45)

The Kootenai Tribal Hatchery staff provides over 200 tours annually to school groups, agency staff, and private citizens.  Information about white sturgeon and problems associated with changes in the habitat and environment is provided during the course of the tour. We plan to develop a brochure and build an informational kiosk outlining the program goals and objectives, as well as the plight of native species, associated habitat loss in the Kootenai drainage, and potential mitigative actions to augment the oral information provided to visitors.  A portable informational display will be assembled for use at the annual county fair, schools, and other appropriate locations.  A local videographer is compiling film clips of activities to be incorporated into a documentary about Tribal natural resource management.  Also, we plan to develop a natural resources page to be incorporated into the existing Kootenai Tribal website.  
Section 6/Objective 2.  Provide administrative and technical oversight of Kootenai Tribal Fisheries Program.

Section 6/Task 2a.  Participate in the NWPPC and CBFWA process to secure funding for fish mitigation due to the operation of Libby Dam. (Recovery measure 4.42)

Section 6/Task 2b.   Provide quarterly and annual reports to BPA.

Section 6/Objective 3.  Provide facilities and expertise to allow for additional recovery, research and training programs.

Numerous cooperative arrangements have been made to use the aquaculture facility for development or testing of research methods or to provide technical assistance to others involved in white sturgeon conservation in the Columbia Basin.  The tasks are described below: 

Section 6/Task 3a.  Provide space in the hatchery for the development of research methods for IDFG burbot and rainbow trout projects.

Section 6/Task 3b.  Provide technical assistance and training to others involved in white sturgeon conservation in the Columbia Basin.

SECTION 7 OF PART 1.  MONITORING AND EVALUATION

Section 7/ Objective 1.  Monitor, evaluate, and report  genetic variability and diversity of hatchery white sturgeon juveniles produced and wild broodstock spawned in the Kootenai Hatchery.  (Recovery measure 2.23)

The University of Idaho (Aquaculture Research Institute (ARI), Fish Genetics Lab, and most recently the Center for Salmonid and Freshwater Species at Risk) has been involved in addressing genetic issues concerning wild and hatchery populations and salmonids and white sturgeon since 1990.  Brannon and Setter (UI, ARI, 1990, 1992) performed the first genetic analysis of Kootenai River white sturgeon, employing protein allozyme techniques.  Results from this work were incorporated into the decision to list the Kootenai River white sturgeon population as endangered under the ESA in 1994.  The UI's Center for Salmonid and Freshwater Species at Risk at the ARI is currently independently involved in the second year of a three year white sturgeon genetics research project  ("Assessing Genetic Variability of Columbia Basin White sturgeon Populations", BPA 99-22). Because of their past and ongoing experience with white sturgeon genetics, and previous beneficial involvement between the KTOI and the UI's ARI, the KTOI chose to sub-contract the UI to design and implement a genetic monitoring program for the KTOI's White Sturgeon Conservation Aquaculture Program.

Section 7/Task 1a.  Optimize and use nuclear and mitochondrial DNA marker analyses (sequencing, RFLP's, and microsatellites) to document existing variability and diversity of wild broodstock and hatchery progeny.

A genetic monitoring program has been implemented to assess and potentially minimize genetic risks associated with this hatchery program. The success of the sturgeon hatchery program hinges on accurately representing the wild population's genetic diversity and variation in a subset of broodstock from that population.  Failures of other conservation aquaculture programs to restore wild populations may have resulted from under- or over-representing a subset of a wild populations' specific genotypes or haplotypes or from other selection pressures (Hindar et al. 1991; Waples 1991; Waples and Teel 1990).   Such failures may have occurred due to design oversight or logistical or economic constraints. 

MtDNA and nuclear DNA are being or will be analyzed, including but not limited to D-loop length variation screen (mtDNA) microsatellite analysis (nuclear DNA), and direct sequencing of mtDNA regions. Samples of wild fish are being taken to monitor possible haplotype frequency differences between hatchery and wild broodstock.  Genetic analyses of samples from wild broodstock, their progeny groups, and an ongoing but separate analysis of the wild population (BPA 99-22) all address potential genetic risks associated with this hatchery program.
Section 7/Task 1b.  Compare genetic variability and diversity of hatchery progeny and wild broodstock with that of the wild population to assess genetic representation in hatchery progeny.

White sturgeon possess a series of length variants in the control region of their mitochondrial genome that have been used to identify maternal lineage. This length variation arises as a consequence of a gain or loss of 1-5 perfectly repeated tandem 78-82 base-pair sequences  (Brown et al., 1996, 1992; Buroker et al., 1990).  Frequencies of these length variants were reported for 113 wild white sturgeon from the Kootenai system (Kootenai River n=66; Kootenay Lake n=47; Anders and Powell 1998). Length variant frequencies were subsequently determined for 54 wild broodstock brought to the Kootenai Hatchery from 1997 through 1999 (see Powell and Anders 1999 for DNA isolation and PCR protocols). A Monte Carlo simulation for chi-square tests that employed 1000 boot-strap resampling iterations (Roff and Bentzen 1989) was used to compare how length variant frequencies of the 113 wild fish differed from those of the 54 broodstock from the same wild (source) population. (Genetic typing of progeny groups is ongoing but incomplete and not reported here).  

Five mitochondrial control region length variants were observed among the 113 fish surveyed from the wild population in the Kootenai River and Kootenay Lake (see Table below).  All five length variants observed in the wild population were represented by the 54 broodstock brought to the Kootenai Hatchery.  Differences in haplotype frequencies of the wild population and the 54 fish used as broodstock in the Kootenai Hatchery were non-significant based on standard chi-square analysis (x2 = 1.64).  

mtDNA control region length variant frequency comparison between 113 wild Kootenai River white sturgeon and 54 Kootenai Hatchery broodstock from the same population.  Percent of samples having each length variant is indicated parenthetically.

Length variant
Wild population
Broodstock sample group

LV-01
54   (47.8)
26  (48.1)

LV-02
35   (31.0)
14  (25.9)

LV-03
11   (9.7)
6  (11.1)

LV-04
6   (5.3)
3  (5.6)

LV-05
7   (6.2)
5  (9.3)


Totals          113 (100)
54 (100)

Although not a comprehensive population assessment, our genetic analysis (mtDNA control region length variant analysis) provided a low-cost technique to monitor genetic diversity and variation of native broodstock relative to that of the wild (source) population.  Provision of this genetic information can provide hatchery managers, biologists, and geneticists with the opportunity, if necessary, to develop spawning matrices to reduce or eliminate unintended mating of highly related broodstock. Implementation of this analytical technique can also help mimic natural within-population genetic diversity and variation, and theoretically improve fitness of progeny groups.  

Section 7/Task 1c.  Provide annual report of results from genetic analyses, including hatchery management recommendations from annual completion of tasks 1a and 1b. 
Annual reports will be provided as a product of this subcontract, the first of which was provided to the KTOI during December 2000.  These subcontractor reports will be included in BPA 88-64 Project Annual Reports.  These reports provide information to hatchery and program mangers at the KTOI to help guide future hatchery activities to help minimize potential genetic risks associated with the program's operations.
Section 7/ Objective 2.  Monitor and evaluate survival, condition, growth, movement, and habitat use of hatchery reared juvenile white sturgeon released into the Kootenai River.  (Recovery measure 3.31)

Section 7/ Task 2a.  Sample juvenile white sturgeon to collect information pertaining to life history characteristics using gillnets, hoopnets, and angling.  (Recovery measure 3.31)

Monitoring Program - A monitoring program was implemented in 1993 to annually recapture post-release hatchery-reared white sturgeon and evaluate recruitment of wild juvenile white sturgeon in the Kootenai River, using experimental mesh gill nets, hoop nets, trawls, crawfish traps, and angling (Marcuson et al. 1995, IDFG Annual Reports 1996-1999, Kootenai Tribe of Idaho Annual Reports 1997-1999). Following the initial year of experimental sampling, small-mesh gillnets, trawls and hoopnets were implemented as the primary means of sampling. IDFG is the lead agency for the juvenile sampling (see IDFG proposal 198806500).  Mark-and-recapture techniques are used to estimate mean annual growth of post-release hatchery-reared white sturgeon in the Kootenai River (see this Section 7/2d). Post-stocking mortality is currently being estimated.  Pre and post monitoring plans for proposed slough and side channel reconnection projects will be developed if the projects are implemented.

Section 7/Task 2b.  Use sonic tracking studies to determine movement and habitat use of juvenile white sturgeon.  (Recovery measure 3.31)

An ultrasonic telemetry study was implemented in 1999 to determine juvenile white sturgeon habitat use in relation to river habitat type, depth, velocity, substrate and cover (Young and Scarnecchia 1999).  Results from this study indicate juvenile sturgeon may using velocity breaks created by sand dunes in the downstream reach of river below Bonners Ferry, possibly to conserve energy between times of foraging or as a method of feeding behavior.  McCabe et al. (1993) describes the diet of juvenile white sturgeon in the lower Columbia River and states that juveniles may be feeding in adjacent shallow waters areas, feeding on prey items in the water column, or may be very efficient at preying on selected food items even when the item is in lower abundance.  We plan to collect information about juvenile habitat use and selection in relation available habitat.  Also, monitoring of hatchery released sturgeon and habitat use in relation to proposed habitat improvements [Reconnection of Floodplain Slough Habitat to the Kootenai River (KTOI)] will be incorporated into the study plan when habitat improvements are implemented.

Section 7/Task 2c.  Contribute all data to cooperative IDFG database for use in numerous analyses.  (Recovery measure 3.31.313)

Data generated from adult and juvenile sampling and hatchery releases are contributed to a cooperative database maintained by IDFG.  

Section 7/Task 2d.  Monitor and evaluate biological condition and related population dynamics of white sturgeon in the Kootenai River.  (Recovery measure 2.26 and 3.31.314)

This task will be accomplished through subcontracts with S.P. Cramer and Associates, Inc. (Ray Beamesderfer) and University of Idaho’s Aquaculture Research Institute (Dr. Ernest L. Brannon and Paul Anders).  

· Estimate annual survival rate of each year class of marked white sturgeon released from the hatchery.  Compare estimated annual survival rates with normal ranges observed for other sturgeon populations and expectations from Kincaid breeding plan.

· Estimate condition factor (relative weight) by year for each cohort of marked white sturgeon released from the hatchery.  Estimate condition factor by year for Kootenai adult white sturgeon.  Compare condition factors of Kootenai juvenile hatchery sturgeon and wild adult sturgeon with condition factor for other juvenile and adult white sturgeon throughout the Columbia basin (Columbia, Snake River, and British Columbia stocks).

· Summarize information on annual growth increments and rates of each cohort of marked white sturgeon released from the hatchery.  Compare to typical growth increment and rate data for other white sturgeon stocks.

Evaluate the effects of alternative hatchery release strategies on the success of juvenile hatchery white sturgeon.

· Relate survival rate, condition factor, and growth to size at release, season of release, and family affiliation.

Use survival, growth, and condition estimates to project effects of hatchery stocking on future white sturgeon population size, biomass, and parentage, especially in relation to Kincaid breeding plan expectations.

· Design and implement a monitoring program to represent age and size-specific condition (K, relative weight, Wr) of white sturgeon cohorts released into the Kootenai River from the Kootenai Hatchery, and the wild component of the population. This portion of the task will be implemented by using data collected through the existing monitoring program.

· Use simple sturgeon population model with actual demographic information to project the trajectory and equilibrium hatchery and wild population numbers and biomass.  

· Use simple sturgeon population model to project the future genetic composition of the sturgeon population (in terms of the diversity of parents that contributed offspring). 

· Compare projected numbers, biomass, and parentage to Kincaid breeding plan expectations.

· Project effects of different stocking levels and family spawning strategies on future number, biomass, and parentage to be used as the basis for evaluating alternative hatchery strategies.  Explore effects of different carrying capacity and food availability assumptions.

Explore relationships and limitations of system productivity, food availability, and sturgeon carrying capacity.

· Compare indices of system productivity with survival, growth, and condition among different white sturgeon populations to determine if appropriate for identifying sturgeon carrying capacity in the Kootenai system.  Further information concerning system productivity and juvenile white sturgeon growth in response to controlled additions of N and P will be obtained from monitoring reference sites and proposed mesocosm studies in KTOI project 199404900 – Improve the Kootenai River Ecosystem.

· Design and implement laboratory experiments to establish baseline growth, condition, and behavioral response parameters of Kootenai River white sturgeon in a series of controlled and replicated fish density and food availability treatments. 

· Estimate food/trophic energy requirements necessary to support various sturgeon population numbers and biomass based on growth rates and simple bioenergetic relationships.

· Identify alternatives for estimating or evaluating the carrying capacity of the Kootenai system for sturgeon.

Section 7/Task 2e.  Monitor and evaluate juvenile and adult sturgeon and burbot in Kootenay Lake, BC  (Recovery measure 3.31.311 and 3.32.323).

This work will be accomplished through a subcontract with BC MELP

· Assessment of current juvenile sturgeon use in Kootenay Lake in Canada.

Use of the south end of Kootenay Lake by wild and hatchery reared juvenile sturgeon was confirmed during gill net sampling in 1999 and 2000 (BC MELP Annual Reports).  Densities of these fish are low but likely to increase significantly as more hatchery-reared fish disperse downstream and into the lake. At the same time, a diver (employee of RLL Environmental Services with extensive sturgeon experience) reported sighting a juvenile sturgeon in 1996 near Balfour, at the inlet to the west arm of Kootenay Lake.  Although one fish was sighted, it points to the possibility of more young sturgeon and suggests a need for additional survey work in Kootenay Lake.  Such sampling would supplement existing juvenile sampling efforts, which focus on the extreme south end of Kootenay Lake at the river delta near Creston.  Small mesh gill net sampling would be undertaken in areas of known adult sturgeon use such as the Duncan Delta, Crawford Bay, Balfour and fringes of the Kootenay River delta.  BC MELP also proposes to make use of underwater ROV video technology to provide systematic observations over large areas.  The latter work can be coordinated with similar plans to assess burbot stock status in some of the same areas.

· Assess current and potential juvenile sturgeon use in slough habitats on the Kootenay River in Canada.

Alteration of the Kootenai River through dyking and other flood control measures has reduced ecosystem productivity and the range of habitats available to juvenile white sturgeon.  One of the most significant losses has been in the form of lost shallow, off-channel habitat.  In the lower Columbia and Fraser systems, significant use of shallow (< 10 m) and/or off channel habitat occurs (Lane and Rosenau 1994; Kappenman et al. 1999).  Very good growth and survival of cultured YOY sturgeon in extremely shallow (<3 m), productive habitat has also been observed in studies at UC Davis (Ken Beer, Galt, CA, pers. comm.).  Such habitat is now nearly non-existent in the Kootenai system, except in portions of the river within Canada.  The Canadian portion of the river supports relatively intact networks of slough habitat, some of which remain connected to the river mainstem.  Other sloughs, within the Creston Valley Wildlife Management Area, have control structures to improve waterfowl survivals; these structures no longer allow fish entry passage from the river to off-channel habitats.  In both cases, opportunities for white sturgeon rearing exist.  Intensive small mesh gill net sampling is required to determine existing use of these habitats by juvenile sturgeon and other fish species.  This would be supplementary to existing juvenile sampling efforts, which focus on the river mainstem.  Over the long term, experimental stocking of these areas with larval or juvenile sturgeon could be undertaken, along with follow-up sampling.  Such a program would provide critical information on the potential value of such habitats to young sturgeon, and could provide important guidance for recovery efforts.  This information will augment proposed slough and side channel reconnection projects proposed by KTOI (proposal submitted as high priority action).

· Burbot trapping, tagging, and monitoring

BCMELP has studied burbot on Kootenay Lake since 1997.  Burbot work is ongoing, and includes adult trapping and juvenile sampling throughout the lake, as well as sonic and radio tagging of adults.  Results to date suggest only small numbers of burbot remain in Kootenay Lake, largely at its northern end (BC MELP Annual Reports 1998-1999).  Additional study of burbot has been completed on Duncan Reservoir, which is connected by the Duncan River to the north end of Kootenay Lake.  Duncan Reservoir burbot are genetically indistinguishable from Kootenay Lake burbot, providing possible options for recovery efforts.  BC MELP is in the process of identifying spawning locations for these fish and determining if options are available for broodstock and/or transplant actions.  A further focus of BC efforts has been to develop appropriate methods of assessing burbot stock status, including safe techniques for trapping and retrieving this species from depth without causing decompression sickness.  

Section 7/Objective 3.  Monitor and evaluate hatchery water quality  (Recovery measure 2.22)

Section 7/Task 3a.  Develop water quality standards for Tribal Hatchery (Recovery measure 2.22)

Water quality standards will be developed for incorporation into the HGMP using available datasets and water quality monitoring information (see task 3b)

Section 7/Task 3b. Collect and analyze monthly water samples at hatchery inlet and head tank.

As part of an ongoing water quality-monitoring program at the KTOI hatchery, monthly water samples are collected at the hatchery inlet (before filtration) and the head tank (after filtration).  Water quality monitoring is important to assess the effectiveness of the filtration and UV systems. Samples are collected in plastic bottles provided by Analytical Resources, Inc., Seattle, WA.  Water is collected from the top six inches of the surface by immersing the bottle in the water column.  The bottles and caps are rinsed with the sample water before taking the sample, with the exception of the metals and ammonia sample bottles.  These two sample bottles contain a preservative.  The metals sample is fixed with 5 ml of nitric acid, and the ammonia sample bottle is fixed with 2 ml of sulfuric acid.  The water samples are then packaged in coolers with ice and sent to the laboratory via a federal express priority overnight service.  

Lab analyses of conventional parameters include:  Alkalinity, total dissolved solids, total suspended solids, N-Ammonia, NO3 + NO2, and ortho-phosphorus.  Lab analyses for inorganics include:  Calcium, copper, magnesium, manganese, and zinc.  Other parameters monitored include temperature, dissolved oxygen, and bacteria.  Quality control analyses are also included in the monthly lab report.

Section 7/Objective 4.  Monitor and evaluate animal health of hatchery reared juvenile white sturgeon and wild white sturgeon broodstock held in the hatchery. (Recovery measure 2.24.242).

Section 7/Task 4a.  Perform routine disease testing analysis of broodstock gametes and tissue and juvenile white sturgeon tissue during rearing and prior to and after release. (Recovery measure 2.24.242)

Broodstock sampling - Ovarian fluid and male and female gamete samples are collected to test for viral pathogens at the time of spawning. Samples are placed in individually labeled 2 ml tubes and shipped on ice in coolers by Federal Express to the USFWS Dworshak Fish Health Lab at Ahsahka, ID for analysis.  Pectoral fin punches are taken from all broodstock and preserved in individually labeled cassettes in 10% buffered formalin solution.  Samples are shipped to Dr. Joseph Groff at UC Davis for histological analysis using standard techniques developed to detect the presence of sturgeon viral pathogens (e.g. WSIV and Herpes viruses 1 and 2).  

Juvenile sampling - At least thirty progeny from each brood year are annually tested for the presence of pathogens.  Disease testing includes parasitology, bacteriology, virology and histological examinations.  Disease testing results are reviewed by relevant state, provincial, federal and tribal management agencies. Generally, fish with no diagnostic disease symptoms and < 10% prevalence of endemic pathogens are approved for release. Non-lethal sampling (fin punches) of hatchery-released juvenile white sturgeon recaptured in the wild will enable us to track fish (or families) identified as asymptomatic carriers and compare performance (e.g. growth and condition) with individuals or families that were not identified as carriers (See LaPatra et al. 1999 for discussion of disease versus asymptomatic carrier state in white sturgeon). 

SECTION 4 OF PART 1 - PLANNING AND DESIGN

Section 4/Objective 1.  Establish an experimental white sturgeon population outside the current occupied range.

Section 4/Task 1a. Identify appropriate location in consultation with the recovery team and complete NEPA process.  (USFWS Recovery Measure 2.24.245)

When preserving any species, the probability of persistence increases dramatically if that species exists in several populations.  A non-essential experimental population established outside the current occupied range and within the Kootenai River basin could provide a long-term source of a gene pool (hatchery reared fish) that could be available to augment the existing population if mortality rates were greater than expected, or if a catastrophe occurred in the Kootenai river jeopardizing existence of the wild population.  In consultation with relevant managing entities, we plan to identify possible locations as potential sites to develop an experimental non-essential population of Kootenai River white sturgeon (e.g. Koocanusa or Duncan Reservoir). All appropriate permits and disclosure documentation would be provided.  In the event that the recovery team agrees upon a location, we plan to initiate and implement the scoping and permitting process.

Section 4/ Objective 2.  Implement planning process for second facility to be used for:  1)  additional rearing space for white sturgeon produced in the conservation aquaculture program and 2) restoration/preservation of declining native fish populations.
Additional rearing space for white sturgeon 

A significant facility upgrade was completed in FY2000 to address hatchery needs consistent with use prescribed by the USFWS recovery plan (1999). Phase I upgrades that have been completed to date at the existing Tribal facility include:  1) 3-phase power crossing and standby generation system; 2) new river intake piping system; 3) water treatment system with three submersible river intake pumps and two types of filtration followed by ultraviolet disinfection; 4) water temperature control system for incubation; 5) crew quarters and boat storage; 5) re-piping and concrete in the main hatchery; and 6) installation of a dock to carry wild broodstock from the boat to the hatchery.  
These upgrades bring the existing facility up to standard but there is still be a need to provide adequate rearing space for up to 12 families per year as the project becomes fully implemented.  Each family group must be reared separate from other family groups to ensure proper identification at outplanting (USFWS 1999) and also must be reared at low densities to prevent disease outbreak (LaPatra et al. 1994).  Presently, the existing facility can house approximately 8 families per year class to the age of 2.  The BCMF “back-up facility” in Canada provides space for up to five families per year class to the age of 2 (representing up to five female’s progeny).  The intention of the back-up facility is to provide replication of families represented in the Kootenai Tribal Facility in case of catastrophic loss at either facility.  Although the BCMF “back-up facility” provides an important function (and will contribute fish to the stocking goal when necessary), it does not provide additional rearing space that is necessary to represent up to 12 families per year class, as called for in the USFWS recovery plan (USFWS 1999).  For this reason, we have received funding in FY2000 to begin preparing a master plan for a second facility located on Tribal land in the Kootenai River drainage to provide adequate rearing space for white sturgeon.  

Restoration/preservation of declining native fish populations

In addition to providing adequate rearing space for white sturgeon, we propose the second facility be designed for restoration/preservation of other native fish in the Kootenai drainage.  The NWPPC Artificial Production Review Document 99-15 states, “A hatchery facility or program may serve more than one purpose. A particular facility may contain more than one population and operate for a different purpose for the different populations. For example, the Bonneville hatchery now serves as a mitigation and a preservation facility for different populations.”  

The knowledge and expertise gained by the management agencies responsible for implementing white sturgeon recovery actions can be used to implement the restoration/preservation of other native fish species in the Kootenai drainage.  

Specifically, the need for action relating to the declining burbot population in the Kootenai River has been identified as a priority by management agencies in the Kootenai drainage.   Because census and effective population sizes of Kootenai River burbot are very low, conservation culture could be implemented as one component of several restoration activities designed to provide for the survival of the burbot in the Kootenai/y River in Idaho and British Columbia.  

Based on a scientific foundation for ecologically sound fish and wildlife management developed as a part of the Multi-Species Framework process, and on a scientific assessment by the Scientific Review Team of how artificial production might fit within that ecological framework, the Council recommends 10 policies to guide use of artificial production: 

1. The purpose and use of artificial production must be considered in the context of the environment in which it is used. 
2. Artificial production remains experimental. Adaptive management practices that evaluate benefits and address scientific uncertainties are critical. 
3. Artificial production programs must recognize the regional and global environmental factors that constrain fish survival. 
4. Species diversity must be maintained to sustain populations in the face of environmental variation. 
5. Naturally spawning populations should be the model for artificially reared populations. 
6. Fish managers must specify the purpose of each artificial production program in the basin. 
7. Decisions about artificial production must be based on fish and wildlife goals, objectives and strategies at the subbasin and basin levels. 
8. Because artificial production poses risks, risk management strategies must be implemented. 
9. Production for harvest is a legitimate management objective of artificial production. But to minimize adverse impacts on naturally spawning populations, harvest rates and practices must be dictated by the need to sustain naturally spawning populations. 
10. Federal and other legal mandates and obligations for fish protection, mitigation, and enhancement must be fully addressed.
Section 4/Task 2a.  Complete Step 1 (master planning) of NWPPC 3 step review process and begin Step 2 (preliminary design).

In July 1997, Congress directed the NWPPC to conduct a review of all federally funded fish hatchery programs in the Columbia River Basin, with the assistance of the ISAB.  The purpose of the review was to provide recommendations for to Congress for a coordinated policy for future operation of hatcheries.  An interim review process (three-step review) for new production facilities was developed at the request of the ISRP to address concerns regarding sequencing of planning and implementation during the development of the Artificial Production Review.

We plan to complete Step 1 (master planning) in FY2002 by addressing the Policies of the Artificial Production Review listed above (Document 99-15) and elements listed in the program regarding master planning requirements and begin Step 2 (preliminary design). 

Section 4/Objective 3. Provide compensatory harvest opportunities for Tribal members while actions are implemented to benefit declining native fish stocks. 

Section 4/Task 3a.  Assess feasibility of developing a trout pond on Tribal land to provide compensatory harvest opportunities for Tribal members. 

Using the concept of providing compensatory harvest opportunities for Tribal members developed in the Coeur d’ Alene project “Implement Fisheries Enhancement Opportunities: Coeur d Alene Reservation” (BPA project 199004400) as a model, we plan to assess the feasibility of implementing a similar measure in the Kootenai basin.  The feasibility study will address site location, logistics and issues associated with implementing this measure. 

SECTION 5 CONSTRUCTION/IMPLEMENTATION/RESEARCH

Section 5/Objective 1.  Refine elements of white sturgeon conservation aquaculture program using research with direct management implications.  (Recovery measure 2.24)

Section 5/Task 1a.  Investigate cryopreservation techniques, as well as assessment of viability of sperm collected in the field for Kootenai River white sturgeon.

Cryopreservation of sperm from white sturgeon may represent a solution to the problem of asynchrony in spawning times between male and female broodstock.  If a female is ready to spawn and a ripe male is unavailable, the production from her eggs could be lost.  Sperm from a number of fish species has been succesfully cryopreserved.  In 2000, cryopreserved sperm from white sturgeon successfully fertilized eggs in several experimental treatments using sperm frozen in 0.5 mL semen straws, although results were not repeatable using 5 mL semen straws.  Dr. Joseph Cloud, University of Idaho, has worked with the KTOI for several years investigating the potential to cryopreserve sturgeon sperm.  
Cryopreservation of Sperm 
FY 2000

Based on the proportion of embryos that completed early development, the fertility of sperm from three different males frozen in 0.5 mL semen straws ranged from 54 to 62% (freezing solution contained 30 mM TRIS-HCl and 5 % methanol; cooling curve was as follows: 4o C to –18o C at -4.5 degrees/min, -18o C to –70o C at –18 degrees/min, plunge into liquid nitrogen). Since these results were positive and since freezing sturgeon milt in 0.5 mL straws will have limited application, a field trial was initiated at the Kootenai Tribal Hatchery in Bonners Ferry, ID. Milt collected from five males from the Kootenai River was shipped to the University of Idaho and cryopreserved using the method described above and stored in liquid nitrogen. The resultant milt was shipped frozen to Bonners Ferry and used to fertilize approximately 1000 eggs. The fertilized eggs were handled exactly as the controls (eggs fertilized with fresh milt); each batch of eggs was incubated in individual jars. None of the eggs of resultant treatment groups developed. 

FY2001/2002

Sturgeon milt will be derived from animals held at the University of California, Davis and at the tribal hatchery of the Kootenai Tribe of Idaho in Bonners Ferry. The milt will be shipped to the University of Idaho by overnight courier and frozen upon arrival. The sperm packaged in 5 mL straws will by frozen using the cooling curve that is presently being used for the half milliliter straws (a three step sequence from 4O C to –196O C: a cooling rate of –3.8O C/minute from 4O C to -17O C; -18O C/minute from -17O C to -70O C; plunged into liquid nitrogen to -196O C) and variations of this sequence. 

Sperm motility post-thaw will be used initially to identify the three most promising protocols. Since sperm is available earlier in the year from the animals in California, this part of the project will utilize the sperm shipped from the University of California at Davis. Each cooling curve treatment will be replicated three times using milt from different animals; differences between treatment groups will be determined by ANOVA followed by the use of a multiple range test. 

Sperm derived from the sturgeon from the Kootenai River and frozen in 5 mL straws using the three best cooling curves (see above) will be transported frozen to Bonners Ferry and used to fertilize eggs. In order to make the different treatment comparisons, 0.5 mL aliquots of thawed sperm from the five mL straws will be used to fertilize the eggs. Based on the highest fertilization and hatching rates from three females, the best cooling procedure will be identified. Using the procedure that produced the most fertile sperm, milt from three different males will be frozen, and stored in liquid nitrogen and assayed for post-thaw fertility.

Functional Competence and Genomic Integrity of Sturgeon Sperm under Varying Storage Conditions

The results of various handling conditions on functional competence of sturgeon sperm as measured by sperm motility or sperm fertility are well documented. What is not clear is whether different methods of handling and storing these sperm affect the genomic integrity. The specific questions that we would like to examine are: 

1. Are these sperm under oxidative stress

2. Can conditions that generate oxidative stress result in DNA damage of the sperm 

3. Can sperm that have DNA damage fertilize eggs (can this damage be passed on to the offspring) 

Additional funding for Dr. Cloud’s research has been provided by the Western Regional Aquaculture Center (USDA) for the project entitled “White Sturgeon Broodstock Management”. This research project is conducted in collaboration with Dr. Serge Doroshov, University of California, Davis; the amount of funding to the University of Idaho from 1997 to 2001from WRAC has equaled $111,890.

Section 5/Task 1b.  Develop and evaluate permanent tagging or marking technologies or techniques to identify larval, fingerling, and YOY white sturgeon to allow for early release.  (Recovery measure 2.24.243)

Permanent, reliable tagging technology for YOY white sturgeon is urgently needed for the conservation aquaculture program, as recommended in the Final Recovery Plan for the Kootenai River white sturgeon population (USFWS 1999). Currently, the white sturgeon conservation aquaculture program must rear fish for up to several years to reach a size large enough to ensure reliable retention of various marks or tags (PIT tag and scute removal) (USFWS 1999; Ireland 1997).  A successful marking system has been implemented for 1 to 2 year old fish (depending upon size at age) to provide positive individual identification for analysis of survival and growth, as well as family and year class affiliation and release and recapture sites.  A marking system for YOY white sturgeon juveniles to identify year class, family, and individual identity before release would allow for earlier release.  The ability to release captively reared offspring at ages younger than currently possible would allow natural selection to operate on stocked juveniles in the wild, and could reduce the possibility of domestication in the hatchery setting. (Busack and Currens 1995; NPPC APR 1999).  

Goals and Objectives

The goal of this project is to develop reliable permanent marking technologies or techniques for juvenile white sturgeon.

The objectives of this study are to:

1) Provide a comprehensive review and evaluation of new and existing fish marking techniques;

2) Recommend permanent marking techniques for juvenile white sturgeon;

3) Experimentally evaluate several of the most promising permanent marking techniques for juvenile white sturgeon.

Logistics

Faculty and staff of the University of Idaho’s Aquaculture Research Institute and Hagerman Fish Culture Experiment Station will direct research. The University’s Hagerman station provides excellent facilities for dependable long-term fish rearing and experimentation. The University of Idaho provides direct access to databases and libraries for comprehensive searches.

Study design:

Comprehensive literature review of new 

And existing fish marking technologies

▼

Perform comparative analysis to evaluate 

new and existing fish markings technologies

▼

Based on comparative analysis, recommend marking 

technologies and techniques best suited to

juvenile white sturgeon

▼

Prepare and publish report of findings, including 

experimental design and protocols for testing 

permanent marks on juvenile white sturgeon

▼

Conduct juvenile white sturgeon marking experiments

▼

Monitor and evaluate experimental

 treatment and control groups

▼

Publish experimental results, including 

recommended improvements of 

technologies and techniques

Section 5/ Objective 2.  Investigate factors limiting sturgeon recruitment using research with direct management implications.  (Recovery Measure 2 and 3)  
In order to provide a more complete picture about the effects of existing contaminants on the white sturgeon population, the contaminant study needs to incorporate research that address bioavailability, chemical and physical interactions, effects of specific individual compounds and environmental monitoring to determine contaminant trends within the aquatic system.  These topics can be addressed through research such as sediment residue and pore water analysis, laboratory-based toxicity studies, food-chain organism tissue residue analysis and dose-response analysis.  Techniques for measuring the effects of contaminants on aquatic species are continually evolving.  Many of the methods being developed are focused on determining sub lethal (rather than acute or chronic) effects during various life stages.  For example, researchers at the Columbia Environmental Research Center (CERC) in Columbia, Missouri, have developed fish egg injections techniques to allow the study of potential effects of contaminants on early embryonic development without the need to expose the adults to these contaminants.  These and other developed techniques allow studies on various life stages of a long-lived species, without the need for elaborate holding, containment, and rearing facilities.  When combined with in-situ research, methods such as these can become extremely useful tools for assessing the degree of impact that existing environmental contaminants are having on reproduction in the Kootenai River white sturgeon population.  

Ecosystems are complex, interdependent, dynamic systems.  In nearly every conceivable instance, they are subject to multiple stressors; therefore, even a single new (or old) stressor requires consideration of the potential for interactions to occur (Foran and Ferenc 1999).  Given that the Kootenai River system is already stressed by physical limiting factors (which are presently being researched), it is necessary to determine the probability of changes to the ecosystem that have evolved in relation to chemical stressors.  If contaminant studies and monitoring indicate significant effects of contaminants on reproduction, it may be necessary to carry out mitigation measures at or near loading sites in order to reduce chemical impacts on the aquatic system. If results indicate that there are not toxic levels of environmental contaminants in the Kootenai River system then researchers can concentrate on other potential factors affecting white sturgeon recruitment.  The following tasks are designed to empirically test and monitor the potential effects of and relationships between contaminants and reproduction in Kootenai River white sturgeon.
Section 5/Task 2a.  Determine mortality, growth, development, and deformity rates for sturgeon sac-fry reared under simulated river conditions and test  for metals and organochlorine pesticides in substrates (USFWS recovery measure 3.34.342)

Ho1:  Larval survival is not significatnly different among treatments

H02:  Growth of larvae is not significatnly different among treatments

H03:  Time to yolk sac absorption is not significantly different among treatments

H04:  Deformity rates are not significantly different among treatments

H05:  Growth rates are significantly correlated to abundance, diversity and biomass of macroivertebrates, plankton and periphyton in rearing media

Three rearing tanks will be set up in the hatchery to simulate in-river conditions by placement of sediment and woody debris.  These three experimental treatment tanks will be fed with unfiltered, unsterilized river water.  A fourth control treatment tank will not contain substrate and will be fed with filtered, UV sterilized river water (identical to hatchery rearing conditions).  Hatched larvae will be placed in tanks. Naturally occuring levels of plankton and macroinvertebrates in experimental treatment tanks will be monitored throughout the study.  As larvae absorb their yolk sacs and begin active feeding, treatments will receive different degrees of feed rations.  One experimental treatment will receive a full hatchery ration, a second treatment will receive half of the standard hatchery ration and the third experimental treatment will not receive any ration.  The larvae in this treatment will only be provided with naturally occurring feed in the water and substrate. The control treatment will receive full hatchery feed ration.  Rearing conditions, growth and mortality rates will be monitored over a 2-month period to determine survival and ability of larvae to convert to natural feed.  Subsamples of larvae will be collected at the beginning and end of the experiment in order to test for bioaccumulation of metal and organochlorine compounds.  Water and sediment will also be tested for metal and organochlorine compounds to determine the level of contamiant exposure.  Physiological parameters will be monitored in larvae to determine potential responses to stresses inherent to rearing conditions.  Stomachs from a subsample of larvae (from each treatment) will be analyzed for the presence of feed in their guts.

Section 5/Task 2b.  Conduct analysis of blood and sperm from male broodstock fish to: 1) determine contaminant levels of metal and organochlorine compounds contributed through sperm to offspring 2) determine level of vitellogenin production in male sturgeon 3) determine relationships between contaminant and vitellogenin levels, motility and DNA damage in sperm

H01:  Contaminant levels detected in sperm are not similar to those found to cause reproductive failure in other fish species

H02:  When compared to other populations of sturgeon and published literature,  vitellogenin levels in male sturgeon are not abnormally high

H03:  Plasma vitellogenin levels and contaminant levels in sperm are not correlated with survival rate of individual broodstock families

Sperm and blood plasma samples will be collected from wild broodstock male sturgeon used in conservation aquaculture.  Plasma samples will be shipped to Oregon State University for analysis of vitellogenin levels.  Sub samples of sperm will be frozen in certified vials and shipped to a certified laboratory for analysis of metal and organochlorine compounds.  An additional sub sample will be collected for motility and DNA analysis (see Section 5/Objective 1/Task 1a).  Percent motility and DNA integrity of each sperm sample will be assessed.  Contaminant levels in sperm will be correlated with vitellogenin levels, motility rate and a measure of DNA integrity to determine relationships between the factors.

Section 5/Task 2c. Conduct metal and organochlorine contaminant analysis of eggs from broodstock female sturgeon in order to determine the level of contaminants contributed through eggs to offspring.
H01:  Contaminant levels in eggs from broodstock females are not correlated with survival rate in broodstock families

H02: Contaminant levels in eggs from broodstock females are not comparable to those found to cause reproductive impacts on other fish species.

Hand-stripped eggs will be collected from broodstock female sturgeon, frozen in certified sample vials and shipped to a certified laboratory for analysis of metal and organochlorine compounds.  Number of eggs per milliliter will be determined for each fish.  Data will be combined with previously collected data in order to assess potential relationships between levels of bioaccumulated contaminants in eggs and egg size.

Section 5/Task 2d.  Correlate survival rate of broodstock families to total parental contributions of metal and organochlorine compounds contributed to offspring through sperm and eggs.

H01: Survival rates in broodstock families are not correlated with combined parental contributions of contaminants from individual broodstock male/female pairs.

Survival of individual broodstock families will be estimated and correlated to levels of metal and organochlorine compounds contributed to offspring through eggs and sperm.  Results will be used to determine potential effects of parentally contributed contaminants on survival of embryos and larvae.

Section 5/Task 2e.  Measure the effects of fungal and bacterial growth on incubating white sturgeon embryos.

H01:  Fungal and bacterial species associated with incubating white sturgeon embryos are not associated with lethal effects or development of embryos.

Fungal and bacterial species associated with incubating white sturgeon embryos collected in the Kootenai River will be identified.  In a controlled atmosphere, fertilized sturgeon eggs will be exposed to various levels of individual bacteria and fungus in order to determine the effects of fungi and bacteria in the Kootenai River system on white sturgeon egg and embryo survival. 

Section 5/Task 2f.  Measure and monitor the bioavailability of contaminants related to sediment, organic matter and food-base organisms in the Kootenai River (USFWS recovery measure 3.34.341)

H01: Contaminant levels detected in macroinvertebrates do not significantly correlate with levels detected in tissues collected from sediment pore water, non-game species, periphyton or plankton. 

H02:  Assess the relative sensitivity of sturgeons to PCBs, dioxin-like compounds, metals, organochlorine pesticides and their various compounds mixtures through early life-stage toxicity studies on sturgeon species.

Macroinvertebrates:

Drift nets, multiplate samplers, artificial substrate mats and a Ponar Dredge will be used to collect macroinvertebrates at six sampling sites within the lower Kootenai River. Passive samplers will be placed in the river in January and sampling will take place monthly between February and December.  Invertebrates will be collected and combined into two composites (Feb-July and Aug-Dec) for each sample site.  One additional sample of Hydrophychidae will be collected from upriver sites for metal analysis.  Samples will be frozen in certified glass jars and shipped to a certified lab for metal and organochlorine analysis. Data will be summarized for means and ranges of metal and organochlorine concentrations over the sampling area.  Results will be compared to additional data collected by the USFWS and with published literature to determine potential effects on macroinvertebrates and other food-chain organisms.

Periphyton and plankton:

Through this portion of the project, the KTOI will partner with it’s internal ecosystem project as well as ongoing USFWS projects assessing bioavailability of contaminants through plankton and periphyton.  Periphyton and plankton samples will be collected at 7 sites in the lower Kootenai River.  Sampling equipment will consist of plankton nets, terracotta tiles, glass slides and rocks.  Data will be summarized for means and ranges of metal and organochlorine concentrations over the sampling area.  Results will be compared to additional food chain and environmental contaminant data collected by the KTOI, USFWS and with published literature to determine potential contaminant effects on macroinvertebrates and other food-chain organisms.

Tissue residues in non-game species:
This project is designed around the USGS Biomonitoring of Environmental Status and Trends (BEST) Program for assessing exposure of fish to environmental contaminants.  Work will be conducted by the USFWS; however, the KTOI will provide technical support.  Data will be available for comparison and assessment along with other contaminant studies.

Laboratory studies:
In order to understand the relative sensitivity of white sturgeon to PCBs, dioxin-like compounds, organochlorine pesticides and metals, the Kootenai Tribe of Idaho will partner with the USGS Biological Research Division on laboratory-based toxicity studies with different life stages of sturgeon.  Clean eggs, embryos and larvae for early life stage tests will be supplied to the USGS research facility through UC Davis and potentially through the KTOI broodstock program.  Freshly fertilized eggs will be sent to the Columbia Environmental Research Center in Columbia, MO, for contaminant exposure of the eggs and rearing of the embryos and fry.  The eggs from the natural river environment or broodstock spawning (at the KTOI hatchery) will be used to understand the relative sensitivity of sturgeon to chemical stressors.  Hatchery eggs will be injected with chemicals to develop dose-response curves for individual chemicals or their mixtures.  White sturgeon eggs from the natural river environment or broodstock spawning will also be injected and reared under the same conditions as the hatchery-derived eggs.  Hatching success, swim-up success, developmental anomalies, growth of the fry, histology, and chemical-specific biomarkers will be monitored. Median values for these endpoints will be determined in hatchery-derived and environmentally derived sturgeon.  Control treatments will include shame-injected and uninjected eggs from each origin.

The relative sensitivity of early life stages of the sturgeon to the tested chemicals will be determined in these experiments.  The hatchery-derived eggs will serve as a low or contaminant-free source to understand the effects of chemicals on the sturgeon embryo and fry development by themselves.  These results will be compared with the success of uninjected embryos and fry from environmentally collected sturgeon eggs reared under the same conditions as the hatchery eggs.  Additionally, the injection of graded doses of chemicals into eggs of sturgeon collected from specific regions of the Kootenai River will provide information on the combined effects of multiple stressors on early life stage mortality.  The comparison of chemical induced effects on embryos and fry of sturgeon from the environment and the hatchery will help us understand the importance of chemicals on early life stages relative to effects that may be caused by other stressors.

Sediment pore water:

Foreign chemicals such as metal and organochlorine compounds can bind with organic particulate matter in an aquatic system.  Bound chemicals frequently settle to the bottom of the aquatic system, where the substrate sediments encompass them. The largest volume of the surface sediments is occupied by the fluid that is found in open spaces between the particles of sediment.  This fluid area is known as the interstitial fluid or sediment pore water (Rand 1995).  The interstitial water is where many benthic organisms spend a great deal of their life cycle.   Although free or dissolved (unbound) chemicals are more available for uptake by organisms, bound chemicals can also be actively consumed or passively taken up; thereby, bioaccumulating in an organism and potentially creating physiological complications in that organism or successive predator organisms. The early life history and bottom dwelling nature of white sturgeon make them vulnerable to exposure to sediment-associated contaminants.  In addition, the sturgeon feed on benthic organisms that have been feeding on sediment-associated organic matter and have been exposed to the interstitial pore waters.  Techniques for pore water analysis will be assessed and the most feasible method will be used to measure pore water contaminant levels in the Kootenai River. The KTOI will use USGS resources to research the feasibility of and best methods for sediment and pore water residue analysis.

Section 5/ Objective 3.  Evaluate the feasibility of developing burbot donor stock sources from Kootenay Lake/Duncan Reservoir for recovery of declining native burbot stocks in the lower Kootenai.

Section 5/Task 3a. Participate in developing burbot recovery measures.

In 1999, IDFG convened a burbot recovery team of scientists from agencies in the Kootenai/y drainage to identify and implement conservation strategies to help alleviate threats to the species (IDFG 1999).  Conservation strategies identified in the IDFG recovery plan for burbot include: ecosystem recovery, flow manipulation, spring management of Kootenay Lake levels, use of donor stocks, captive broodstock and culture.  BC MELP has obtained funding through the BC Habitat Conservation Trust Fund to further develop the plan with the most current information concerning burbot in the Kootenai/y River and Kootenay Lake, B.C.  Along with other co-managers, KTOI will contribute to the development of the plan.

Section 5/Task 3b.  In cooperation with BC Ministry of Fisheries and IDFG, capture mature burbot for use in developing culture techniques at the Kootenai Hatchery.

Burbot will be captured from the Duncan River at the north end of Kootenay Lake, BC and gametes (if possible) or adults will be transported to the Kootenai Tribal Hatchery to be used in developing culture techniques for this species. Burbot spawn in the winter or early spring, often under ice, and the spawning season is relatively short (2-3 weeks) and highly synchronized (McPhail and Paragamian 2000).  Burbot spawn at low temperatures (1-4 Co) and batch fecundity is enormous, and estimates of egg number vary from 6,300 to 3,477,699, depending upon body size (McPhail and Paragamian 2000).  Taylor and McPhail (2000) were able to obtain gametes from burbot captured at a trap on a tributary to Columbia Lake.  Fertilized eggs were transported to Vancouver, BC for research experiments to document egg incubation time and survival, as well as development and behavior of newly hatched larvae (Taylor and McPhail 2000).  We plan to use the information from their study to develop culture techniques for burbot at the Kootenai Tribal Facility, as culture may be used as one tool to prevent extinction of declining burbot while strategies are implemented to improve natural recruitment.  A memorandum of understanding between KTOI, IDFG, BC MELP, and USFWS will guide broodstock or gamete collection, transport, and protocols for culture.

         
g. Facilities and equipment
In response to the Council’s 1987 Columbia River Basin Fish and Wildlife Program, BPA funded the construction of the KTOI Experimental White Sturgeon Facility, which began operations in the spring of 1991.  The low-capital facility was originally constructed to determine whether artificial propagation was feasible based on existing water quality of the Kootenai River and whether gametes from wild sturgeon in the Kootenai River were viable.  Initial culture efforts have successfully fertilized, incubated, and hatched eggs in 1991, 1992, 1993, 1995, 1997, and 1998, 1999, and 2000.  The facility was considered experimental until 1996, when the draft recovery plan called for the implementation of the conservation aquaculture program (USFWS Draft Recovery Plan for White Sturgeon 1996).  The existing facility and equipment were inadequate to meet the new expectations of the conservation aquaculture program as stated in the final recovery plan (USFWS 1999) and the breeding plan to preserve genetic variability of the white sturgeon in the Kootenai River (Kincaid 1993).  A 1997 funding request was presented to NPPC and CBFWA for approval to bring the facility up to standard in order to provide adequate reliability (Phase I System Improvements – J-U-B Engineering Report 1997).  The funding request was approved in time to make the following improvements to the existing facility in 1998-1999:  1) Upgrade the water supply capacity; 2) Improve the water treatment system to assure acceptable water quality; 3) Improve reliability through equipment upgrades and redundancy; and 4) Improve facilities for maintenance and protection of equipment.

These upgrades bring the existing facility up to standard but there is still be a need to provide adequate rearing space for up to 12 families per year as the project becomes fully implemented.  Each family group must be reared separate from other family groups to ensure proper identification at outplanting (USFWS 1999) and also must be reared at low densities to prevent disease outbreak (LaPatra et al. 1994).  Presently, the existing facility can house approximately 8 families per year class to the age of 2.  The BCMF “back-up facility” in Canada provides space for up to five families per year class to the age of 2 (representing up to five female’s progeny).  The intention of the back-up facility is to provide replication of families represented in the Kootenai Tribal Facility in case of catastrophic loss at either facility.  Although the BCMF “back-up facility” provides an important function (and will contribute fish to the stocking goal when necessary), it does not provide additional rearing space that is necessary to represent up to 12 families per year class, as called for in the USFWS recovery plan (1999).  For this reason, we have received funding in FY2000 to begin preparing a master plan for a second facility located on Tribal land in the Kootenai River drainage to provide adequate rearing space for white sturgeon.

Other facilities include two rearing sheds (Rearing shed I: 6 - 20’ rearing tanks and Rearing shed II: 12 – 10’ rearing tanks), an office building, a small storage shed, a boat shed, and crew quarters.  Vehicles, boats, and office equipment are adequate for the current program needs.  Minor supplies and equipment are included in the project budget.  
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Susan C. Ireland   Fisheries Program Director 1 FTE  Kootenai Tribe of Idaho

Hired 9/96

B.S. Biology  May 1982.  University of Idaho.

M.S. Fish and Wildlife Management  November 1993.  Montana State University.

Position Description:  Serve as the Tribal Fisheries Program Director responsible for all aspects of the program including research and aquaculture.

Primary Duties:  1) Design, implement, and coordinate all aspects of the Fisheries Program; 2) Conduct, supervise, and participate in all aspects of the fisheries research and aquaculture activities; 3) Generate and submit all monthly and annual reports and budgets; 4) Serve as professional spokesperson for the Kootenai Tribe concerning fisheries issues in state, federal, local, and public arenas; 5) Serve as negotiator and liaison among regional, national, and Canadian fisheries agencies concerning all political and biological interagency agreements; 6) Keep Tribal Council informed on progress and status of all pertinent fisheries issues and program activities; 7) Assure adherence to Tribal procedures and guidelines by all Fisheries Program personnel.

Recent previous employment and participation in professional societies includes:

Fisheries Biologist  MSU Fisheries Coop Unit  Bozeman, MT  3 years

Fisheries Technician  University of Idaho and Montana Fish, Wildlife, and Parks 2 years

Graduate Student  Montana State University  2 years

American Fisheries Society Member  10 years

Land Management Committee Chairman  MT AFS  1.5 years

Experience has included many aspects of fisheries and habitat sampling, data collection and analysis, and interpreting and reporting results.  Native species have been my main career focus including work with white sturgeon in the Snake River and the Kootenai River, pallid sturgeon and shovelnose sturgeon in the upper Missouri River, and westslope cutthroat in tributaries throughout western Montana.  I have also participated other aspects of fisheries management including collection and organization of fisheries data for Montana River Information Systems, contacting fisheries biologists throughout the state to contribute to the database, reviewing and commenting on environmental assessments relating to fisheries habitat, and serving in volunteer positions in the Montana Chapter of AFS.

Recent Publications and Reports:

Duke, S., P. Anders, G. Ennis, R. Hallock, J. Hammond, S. Ireland, J. Laufle, L. Lockard, B. Marotz, V. Paragamian., and R. Westerhof.  1999.  Recovery Plan for Kootenai River White Sturgeon (Acipenser transmontanus).  Journal of Applied Ichthyology. (15): 157-163.

Ireland, S.C. and J.T. Siple.  2000.  Conservation Aquaculture of White Sturgeon (Acipenser transmontanus) from the Kootenai River, Idaho:  Establishing Standards to Evaluate Program Performance for a Long Lived Species.  Manuscript in prep for:  4th International Symposium on Sturgeon.  Oshkosh, WI, July 8-13, 2001

Ireland, S.C., P.J. Anders, and J. T. Siple.  2000.  Conservation Aquaculture: An Adaptive Approach to Prevent Extinction of an Endangered White Sturgeon Population (Acipenser transmontanus).  Manuscript in review for: Proceedings of the 130th Annual Meeting of the American Fisheries Society. St. Louis, MO., August 20-24, 2000.

Ireland, S.C. 2000.  Hatchery and Genetics Management Plan for the Kootenai River White Sturgeon Conservation Aquaculture Program.  Prepared for NWPPC Mountain Columbia Provincial Review.  Portland, OR

Ireland, S.C.  1997-1999.  Kootenai River White Sturgeon Studies and Conservation Aquaculture.  Annual Reports.  BPA Project No. 88-64.  Portland, Oregon

LaPatra, S.E., S.C. Ireland, J.M. Groff, K.M. Clemens, and J.T. Siple.  1999.  Adaptive disease management strategies for the endangered population of Kootenai River white sturgeon.  Fisheries 24(5): 6-13.

Shepard, B.B., S.C. Ireland, C.C. Downs, and R.G. White.  1998.  Population dynamics and demographics of westslope cutthroat trout Oncorhynchus clarki lewisi inhabiting isolated headwater tributaries of Montana.  Final Report to USDA, Forest Service, Rocky Mountain Research Station.  Contract INT-92682-RJVA.  Boise, Idaho.

John T. Siple  Hatchery Manager  1 FTE  Kootenai Tribe of Idaho

Position Description:  Serve as Tribal Hatchery Manager responsible for all aspects of the aquaculture component of the Fisheries Program.

Position Duties:  1) Supervise, oversee, and provide instructions for all aquaculture operations at the Kootenai Tribal hatchery including:  collection of wild broodstock, evaluation of potential spawners and stage of development, assay to determine final oocyte maturation, induction of spawning of females, injection schedule for LHRHa, observation of response, milt and egg extraction, checking sperm viability, sperm dilution, egg fertilization, egg de-adhesion, incubation of eggs, early life stages, feed initiation, animal health monitoring, and rearing to release;  2) document conditions during various life phases;  3) update hatchery operations manual;  4) Supervise 5 full-time fish culture technicians;  5)  provide and implement recommendations for improving efficiency and success at the hatchery;  6)  other duties as assigned by the Tribal Fisheries Program Director.

Experience and training includes:  

11 years field and hatchery work with Kootenai and Snake River white sturgeon.

33 total years of fish culture experience with Idaho Fish and Game and Kootenai Tribe of Idaho including spawning, rearing, and stocking of cutthroat trout, rainbow trout, steelhead, and kokanee.

Aquaculture course U of I

Coldwater Fish Culture Course

I worked for Idaho Fish and Game, mainly in fish culture, in various locations throughout the state for 29 years.  I now work for the Kootenai Tribe of Idaho and have been involved in the conservation aquaculture program for the white sturgeon at the Kootenai Tribal Hatchery since it began in 1991.  I correspond and collaborate with many other sturgeon culturists, biologists, and pathologists around the country to keep up with the latest developments in sturgeon culture and animal health management.




Fisheries Reports and Publications- White Sturgeon

Siple, J.T. and S.C. Ireland.  1996.  Kootenai River White Sturgeon Studies.  Annual Hatchery Report.  BPA Project No. 88-64

Siple, J.T. and P.J Anders. 1995.  Annual Kootenai Hatchery Report. In: Kootenai River White Sturgeon Studies. Annual Report B. BPA Project No. 88-64. 

Siple, J.T. and P.J Anders. 1994.  Annual Kootenai Hatchery Report. In: Kootenai River White Sturgeon Studies. Annual Report B. BPA Project No. 88-64. 

Siple, J.T. and P.J. Anders. 1993.  Annual Kootenai Hatchery Report. In: Kootenai River White Sturgeon Studies. Annual Report B. BPA Project No. 88-64. 

Siple, J.T. and G. Aitken. 1992.  Annual Kootenai Hatchery Report. In: Kootenai River White Sturgeon Studies. Annual Report.  BPA Project No. 88-65.

Siple, J.T. and G. Aitken. 1991.  Annual Kootenai Hatchery Report In: Kootenai River White Sturgeon Studies. Annual Report.  BPA Project No. 88-65.

Siple, J.T. and T.L. Patterson. 1991. Snake River Sturgeon Report. Information from 1988-1990.  Progress Report.  Idaho Department of Fish and Game.  Boise, Idaho.

Ireland, S.C. and J.T. Siple.  2000.  Conservation Aquaculture of White Sturgeon (Acipenser transmontanus) from the Kootenai River, Idaho:  Establishing Standards to Evaluate Program Performance for a Long Lived Species.  Manuscript in prep for:  4th International Symposium on Sturgeon.  Oshkosh, WI, July 8-13, 2001

Ireland, S.C., P.J. Anders, and J. T. Siple.  2000.  Conservation Aquaculture: An Adaptive Approach to Prevent Extinction of an Endangered White Sturgeon Population (Acipenser transmontanus).  Manuscript in review for: Proceedings of the 130th Annual Meeting of the American Fisheries Society. St. Louis, MO., August 20-24, 2000.

LaPatra, S.E., J.M. Groff, T.L. Patterson, W.D. Shewmaker, M. Casten, J. Siple, and A.K. Hauck.  1996.  Preliminary Evidence of Sturgeon Density and Other Stressors on Manifestation of White Sturgeon Iridovirus Disease.  Journal of Applied Aquaculture.  Vol. 6, No. 3 pp. 51-58.

LaPatra, S.E., S.C. Ireland, J.M. Groff, K.M. Clemens, and J.T. Siple.  1999.  Adaptive disease management strategies for the endangered population of Kootenai River white sturgeon.  Fisheries 24(5): 6-13.

RESUME
COLIN R. SPENCE, R.P. Bio

EDUCATION

B.Sc. - Biology, Simon Fraser University, 1984

Diploma - Fish, Wildlife and Recreation, B.C. Institute of Technology, 1976

EMPLOYMENT HISTORY
Period
Employer
Job Title
Supervisor

1998-present
B.C. Ministry of  Environment, Lands and Parks - Fish and Wildlife
Sturgeon/Burbot Biologist
Jay Hammond

1996-98
B.C. Ministry of  Environment, Lands and Parks - Fish and Wildlife
Inventory Biologist
Jay Hammond



1992-96
Columbia Basin Fish & Wildlife Compensation Program
Project Biologist
Jay Hammond

1988-92
B.C. Ministry of  Environment, Lands and Parks - Fish and Wildlife
Senior Fisheries Biologist
Bob Hooton

1985-88
B.C. Ministry of  Environment, Lands and Parks - Fish and Wildlife
Habitat Protection Biologist
Marty Beets

1985
Envirocon Pacific Ltd.
Project Biologist/ Manager
Ross Murray

Summers,

1983-84
Fisheries and Oceans Canada
Hatchery Technician
Russ Hilland

1976-82
B.C. Ministry of  Environment, Lands and Parks - Fish and Wildlife
Fisheries Technician
Jack Leggett



Summers,

1973-75
B.C. Forest Service
Forest Assistant
Various

Skills and Experience

Stock Assessment

· completed stock identification and stock assessment studies critical to the development of sport and commercial fisheries management plans;

· planned, implemented and reported on large-scale radio telemetry and mark-recapture projects;

· developed modeling to estimate commercial fishery impacts on Skeena River steelhead.

Habitat Protection, Assessment and Restoration

· coordinated fisheries and wildlife input with the Ministry of Forests and forest industry; represented the province in interagency forums aimed at resolving resource use conflicts;

· provided expert advice on the impacts of hydroelectric dam operations and other major issues relating to regionally important fish species and habitats;

· designed and implemented field studies for a salmon habitat and hatchery outplanting assessment involving the entire Thompson River drainage;

· managed fish habitat restoration projects, including identification of opportunities, development of plans, implementation and evaluation.

Hatchery Operations

· collected steelhead, chinook and chum broodstock; sorted/spawned fish, assisted in rearing and liberations in projects involving in excess of 7 million eggs;

· constructed and operated pilot hatchery to prove fish culture suitability of previously untested water source.

Sport Fishery Management

· coordinated development of regulations for non-tidal sport fisheries in Skeena region; this involved development of management plans and consultation with the public, angling guides and other agencies;

· assisted in the development of angling guide management plans for a variety of world-class sport fisheries in north-western British Columbia;

· represented government agencies in forums involving special interest groups, angling guides, First Nations, other government agencies and the media;

· managed several creel survey projects, analyzed the associated data and completed the required reports.

Data Systems

· planned and developed numerous regional data systems and assisted in developing provincial systems;

· co-ordinated development of GIS databases for storage and retrieval of fish inventory data;

· extensive familiarity with a wide range of software, including the full suite of MS Office 2000 products, Adobe Illustrator, CorelDraw, Corel PhotoPaint, ArcView, Windows 98, Windows NT.

Planning and Administration

· developed strategic and operational plans; planned and budgeted fish inventory, assessment, rehabilitation/enhancement and monitoring projects having a total annual budget exceeding $1 M;

· coordinated multi-agency committees responsible for setting program priorities and ensuring projects met appropriate technical/scientific standards;

· provided technical/administrative supervision for up to three staff, including development of work plans and performance reviews;

· tendered, awarded, monitored and managed fisheries contracts with a combined annual value in excess of $1 M.

REFERENCES
Jay Hammond, Regional Fisheries Biologist, Fisheries Branch, Ministry of Environment, Lands & Parks, Nelson, B.C. (250) 354-6344

Bob Hooton, Fisheries Biologist, Fisheries Branch, Ministry of Environment, Lands & Parks, Nanaimo, B.C. (250) 751-3109

Maureen DeHaan, Program Manager, Columbia Basin Fish and Wildlife Compensation Program, Nelson, B.C. (250) 352-6874

Gretchen Kruse

Subcontractor

Aquatic Biologist - Free Run Aquatic Research

214 E.Hayden Ave.

Hayden ID 83835

Education:

M.S. Degree in Fisheries Resources - University of Idaho, Moscow.  

December 2000

B.S. in Environmental Studies/Marine Biology obtained from Huxley College of Environmental Studies - Western Washington University, June 1990.

QUALIFICATIONS AND EXPERIENCE:
*Field, lab and supervisory experience, boat operation and equipment maintenance, data collection and analysis, computer skills, biostatistical analysis; fish and habitat sampling and surveys; environmental sampling

*Project design, coordination, management and supervision

*Technical writing experience (EIAs, grants, proposals, reports, publications, budgets)

*Public and interagency relations, presentation, education, regulation enforcement

*PADI certified SCUBA diver (open ocean, river and search and rescue)

*CPR and first aid certified

*Search and rescue training and experience

RELATED WORK EXPERIENCE:

Aquatic Biologist/Business owner: Free Run Aquatic Research.  Primary interests are in aquatic habitat and species issues related to altered ecosystems.  

Senior Fisheries Research Technician (8/92-2/00) and Fisheries Research Technician (11/90-8/92): Idaho Department of Fish and Game. Sturgeon and Steelhead/Salmon projects

Research Assistant I and II (1/88 - 6/90): Huxley College of Environmental Studies, Western Washington University
:
RECENT PUBLICATIONS AND REPORTS:

Paragamian, Vaughn, Gretchen Kruse and Virginia Wakkinen.  (Fiscal Years 1995-98). 
Kootenai River White Sturgeon Investigation.  Annual Progress Reports, Idaho Department of Fish and Game.  BPA Project No.  88-65.

1995.  Idaho Department of Fish and Game.  BPA Project No.  88-65.

Paragamian, V.L. and Gretchen Kruse.  1996.  Kootenai River White Sturgeon 


Acipenser transmontanus Spawning Characteristics and Habitat Selection Post 

Libby Dam.  In S. Doroshov, F. Binkowski, T. Thuemler and D. MacKinlay 

editors.  Culture and Management of Sturgeon and Paddlefish Symposium 

Proceedings.  International Congress on the Biology of Fishes.  San Francisco 


State University, California.

Kruse, Gretchen O.  2000.  The effects of contaminants on reproduction, embryo development and related physiological processes in Kootenai River White Sturgeon Acipenser transmontanus Richardson.  Masters Thesis.  University of Idaho, Moscow.

PAUL J. ANDERS

University of Idaho

Center for Salmonid and Freshwater

Species at Risk, Aquaculture Research Institute

Fish Genetics Lab, Moscow, ID

83844-2260, USA (208) 885-5830

FAX:
(208) 885-5968

email: PAnders@uidaho.edu
Independent Fisheries Consultant

523 N. Garfield St.

Moscow, ID. 83843 USA.

(208) 882-4072

email:janders@turbonet.com

Professional History:

I am a fisheries biologist, a university research associate, an independent fisheries consultant, and a doctoral student with 12 years of fisheries experience in the Columbia River Basin, US and Canada, and 17 years of experience in the fisheries profession. I have been involved in a wide array of fisheries and aquatic ecology research with the University of North Dakota, South Dakota Cooperative Fish and Wildlife Research Unit, the Idaho Department of Fish and Game, Eastern Washington University, U.S. Fish and Wildlife Service, the Kootenai Tribe of Idaho, and most recently the University of Idaho.
Education:

Ph.D. (Fisheries, Conservation genetics), University of Idaho, In progress.

M.S. Biology (Fisheries), Eastern Washington University, 1991

B.S. Natural Science, Saint Norbert College,  DePere, WI. 1983.

Work Experience:

· Research Associate, University of Idaho, Center for Salmonid and Freshwater Species at Risk

     Aquaculture Research Institute, Fish Genetics Lab, Moscow,  ID. (1/99-Present)

· Independent Fisheries Consultant (1/99-Present)

· Doctoral Research Assistant, University of Idaho, Aquaculture Research Institute, Fish 

      Genetics Lab, Moscow,  ID. (7/96-12/98)

· Fishery Biologist/Administrator, KTOI.PO. Box 1269, Bonners Ferry, ID. (2/93-7/96)

· Fishery Biologist (GS-9-482), U.S. Fish and Wildlife Service, Columbia River Field Station, 


  Cook WA. (8/90 - 2/93) 
Recent Fisheries Publications 

P. J. Anders. 2000. Ancient fish need modern protection. Fisheries.  Vol. 25 (9):30.

P. J. Anders,  D. L. Richards, and M.S. Powell. 2000. The First Endangered White Sturgeon Population (Acipenser transmontanus): Repercussions in an Altered Large River-floodplain Ecosystem).  In: Proceedings of  130th Annual Meeting of the American Fisheries Society.  August 20-24, 2000.  St. Louis MO. Pgs 8.1 - 8.32.

P. J. Anders, S. I. Ireland, and J. T. Siple. 2000. Conservation Aquaculture: An Adaptive Approach to Prevent Extinction of an Endangered White Sturgeon Population (Acipenser transmontanus).  In: Proceedings of  123rd Annual Meeting of the American Fisheries Society.  August 20-24, 2000.  St. Louis MO.  Pgs. 12.1 - 12.18.

P. Anders,  C. Gelok, and M. Powell. 2000. An initial genetic evaluation of broodstock selection for the Kootenai River White Sturgeon Conservation Aquaculture Program. Annual Report to the Bonneville Power Administration. Project 99-22.

P. J. Anders. 1999.  Pursue integrated fisheries management. Fisheries Vol. 24 (11):36

S. Duke, P. Anders,  G. Ennis, R. Hallock, J. Laufle, R. Lauzier, L. Lockard, B. Marotz, V. Paragamian, and R. Westerhof. 1999. Recovery Plan for Kootenai River White Sturgeon (Acipenser transmontanus). Journal of Applied Ichthyology, Vol. 15:157-163.

BIOGRAPHICAL SKETCH

NAME

Cloud, Joseph G.
POSITION TITLE

Professor of Zoology


EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing.  Include postdoctoral training.)

INSTITUTION AND LOCATION
DEGREE

(if applicable)
YEAR(s)
FIELD OF STUDY

West Virginia University
B.S.
1966
Physiol./Pre-Vet Medicine

University of Wisconsin-Madison
M.S.
1968
Reprod. Physiol./Endocrinol.

University of Wisconsin-Madison
Ph.D.
1974
Reprod. Physiol./Endocrinol.






Research/Professional Experience:  

August 1977 - present                         Professor/Associate Professor/Assistant Professor of

Zoology: University of Idaho

July 1983 - July 1984
   

Visiting Professor: University of Minnesota

October 1976 - August 1977
            Assistant Professor: Johns Hopkins University

October 1974 - October 1976
            Postdoctoral Fellow: Johns Hopkins University

September 1971 - October 1974         Research Assistant: University of Wisconsin-Madison

November 1968 - September 1971
Officer: U.S. Navy

July 1966 - November 1968
 
Research Assistant: University of Wisconsin-Madison

Publications: 

Bencic, D.C., R. L. Ingermann and J. G. Cloud. Does CO2 enhance short-term storage success of chinook salmon (Oncorhynchus tshawytscha) milt? Theriogenology  (in press) 

Nagler, J.J., J.G. Cloud, P.A. Wheeler, and G.H. Thorgaard. Testis transplantation in male rainbow trout (Oncorhynchus mykiss). Biology of Reproduction (in press)

Bencic, D.C., J. G. Cloud and R. L. Ingermann. Carbon dioxide reversibly inhibits sperm motility and fertilizing ability in steelhead trout  (Oncorhynchus mykiss). Fish Physiology and Biochemistry (in press)
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