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Mainstem Subbasin Program Description

Purpose of Program

The Northwest Power Planning Council (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 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." Consistent with these themes, on a Columbia Basin scale, white sturgeon
Acipenser transmontanus constitute an economically, ecologically, recreationally, and
culturally valuable resource (Anders and Powell 1999).

The White Sturgeon Program seeks to ensure healthy populations of white
sturgeon so that harvest opportunities for tribal and recreational fishers are sustained. To
accomplish this, white sturgeon stocks in already productive areas will need to be
intensively managed to maintain production, while depressed stocks in other areas will
need to be rebuilt through a variety of measures. This program will address requirements
for management of existing fisheries, research to determine factors limiting production in
depressed stocks, and implementation of management activities resulting from research on
methods to rebuild depressed stocks. Monitoring of stocks and evaluation of
management actions are critical components of this program.

Background

Development of the Columbia River basin hydropower system has severely impacted
populations of white sturgeon upstream from Bonneville Dam. The white sturgeon
population in the Columbia River downstream from Bonneville Dam supports one of the
most productive recreational and commercial sturgeon fisheries in the world (Craig and
Hacker 1940; McCabe and Tracy 1994); however, populations impounded in Bonneville,
The Dalles, and John Day reservoirs can support only limited recreational and tribal
fisheries and are more vulnerable to over-fishing than the un-impounded population
(Beamesderfer et al. 1995). Sturgeon populations upstream from McNary Dam can
support only limited harvest or catch-and-release recreational fisheries. Fishing for white
sturgeon has been prohibited upstream from Grand Coulee Dam, including all Canadian
waters of the Columbia River. The white sturgeon population in the Kootenai River was
listed as endangered in 1994 under the U. S. Endangered Species Act (USFWS 1994) and
a recovery plan was completed in 1999 (USFWS 1999).

Extensive development of hydropower dams throughout the Columbia River Basin
during the past century has severely fragmented free-flowing, large river habitats
(National Research Council 1996) occupied by white sturgeon. Anadromous white
sturgeon historically made migrations throughout the Columbia and Snake rivers for
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spawning and feeding, but are currently unable to use existing dam fishways for upstream
passage (North et al. 1993). One important result of such river fragmentation for white
sturgeon is the creation of a series of relatively isolated sub-populations (Jager et al. 2000;
Secor et al. In press). This is especially critical for a migratory species like white
sturgeon, where fragmentation by dams may artificially impose exclusively downstream
gene flow. Altered seasonal river discharge and thermal regimes resulting from
impoundment and dam operations may also alter migration, limit habitat availability, or
affect timing, location or success of reproduction (Auer 1996; Cooke et al., In Press; Jager
et al. In Press; Secor et al. In press; Holderman et al. submitted). Presence of dams and
impoundments also severely restrict movements of two principal food sources for white
sturgeon: eulachon Thaleichthys pacificus and Pacific lamprey Lampetra tridentata.

In addition to the effects of dams themselves, operation of the hydropower system
has resulted in decreased productivity of many white sturgeon populations. Flow regimes
have been altered and water depths increased, which have resulted in reduced water
velocities over extensive areas (Parsley and Beckman 1994). In the Columbia River,
white sturgeon spawning and egg incubation usually occur from April through July in the
swiftest water available (Parsley et al. 1993), and the amount of spawning habitat for
white sturgeon increases as discharge increases (Parsley and Beckman 1994).
Hydropower production has reduced spring and summer discharges (Ebel et al. 1989),
decreasing the amount of spawning habitat. During years of reduced river runoff, the lack
of high-quality spawning habitat in impounded reaches may preclude successful
reproduction by white sturgeon. As a result, many impounded white sturgeon
populations are not as productive as they once were, and some populations in upper
reaches of the Columbia River basin may already be facing extirpation.

In addition to poor spawning conditions, white sturgeon often experience year-
class failures because of poor recruitment to young of the year in mainstem reservoirs
(Parsley and Beckman 1994; Anders et al. In Press; Parsley et al. In Press). Although
recent population estimates in John Day and The Dalles reservoirs (Ward 1998; Ward
1999) are higher than previous estimates (Beamesderfer et al. 1995), larval and juvenile
fish have remained relatively scarce (Anders et al. In Press; Parsley et al. In Press).

Though hydroelectric development has reduced the availability of spawning
habitat, it has increased the area physically suitable for young of the year and juvenile
white sturgeon in impounded reaches (Parsley and Beckman 1994). Impoundment has
increased water depths upstream from the dams; thus, because young sturgeon use the
deeper water, the physical rearing habitat has increased. Spawning failures and low
numbers of recruits to young of the year when spawning is successful have resulted in
relatively few fish occupying this available habitat.

Concern about the effects of the hydropower system on white sturgeon led to a
White Sturgeon Research Needs workshop in 1983 (Fickeisen et al. 1984), and eventually
to the project now titled White Sturgeon Mitigation and Restoration in the Columbia and
Snake Rivers in 1986. Overall goals of the program are to implement and evaluate
measures to protect and restore white sturgeon populations and to mitigate for effects of
the hydropower system on white sturgeon production in the Columbia and Snake rivers.
Project 199902200, Assessing Genetic Variation Among Columbia Basin White Sturgeon
Populations, is a preliminary step towards addressing critical uncertainties regarding
fragmentation and isolation of white sturgeon populations. Comprehensive genetic
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research involving biparentally-inherited nuclear markers at an appropriate geographic
scale will be required to characterize white sturgeon population structure and its
underlying formative mechanisms. Such data can then be used to assess population-level
effects of fragmentation on white sturgeon population structure, viability, and persistence.

Research Monitoring and Evaluation

Research, monitoring, and evaluation are important components of the Mainstem/
Systemwide Sturgeon Program. Research under the program supports sturgeon work at
the geographic province level by developing and providing methods, techniques, and
protocols for sampling and stock assessment. Research under this program will address
uncertainties best approached from a broad perspective, such as contaminant effects on
reproduction, passage, and the role of supplementation as an adaptive management tool.
Research findings will have applicability at the geographic province level.

Monitoring under this program will provide information critical to the continuance
of harvest opportunities by providing periodic updates on stock status. Monitoring at the
mainstem/systemwide level should focus on issues such as geographic differences in
population characteristics (growth, fecundity, etc.) so that monitoring at the province level
has some criteria for comparison. Evaluation of management activities (some of which
will result from new research) derived from research findings is crucial to determining
effectiveness of approaches to maintain viable populations and rebuild depressed
populations.

The need for further research is illustrated by the many gaps that still exist in the
knowledge of factors influencing productivity of white sturgeon populations in the
Columbia River. For example, water pollution may contribute to the poor reproductive
success of white sturgeon in impoundments. The longevity, feeding habits, and delayed
reproductive maturation of white sturgeon increases the exposure of individuals to
persistent bio-accumulative pollutants such as PCBs, chlorinated pesticides, and
chlorinated dioxins and furans that have been detected in environmental samples from the
Columbia River (Foster et al. 1999, McCarthy and Gale 1999, US EPA 1992). These
chemicals have been shown to adversely affect reproduction and development but the
concentrations causing adverse effects in sturgeon are unknown. In addition, other types
of water pollution, such as endocrine disrupting chemicals, have been shown to affect
aquatic species in other river systems. Sources for these chemicals are in the Columbia
Basin but have not been measured.

Scope of Program

Current program activities specifically affect white sturgeon in the Columbia River
downstream from Priest Rapids Dam, and in the Snake River downstream from Lower
Granite Dam. Project 198605000, White Sturgeon Mitigation and Restoration in the
Columbia and Snake Rivers, includes work to mitigate for losses due to the hydropower
system, evaluate the effects of mitigation actions, and investigate the potential of
additional mitigation activities. Benefits may extend in the Columbia River upstream to
Chief Joseph Dam if artificial propagation is used to restore populations in mid-Columbia
River reservoirs suffering from extremely low productivity.

Work is very well coordinated with ongoing sturgeon projects in other areas of the
basin. Project 198806400, Kootenai River White Sturgeon Studies and Conservation
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Aquaculture; Project 198806500, Kootenai River Fisheries Investigations; Project
199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations in the
Snake River Between Lower Granite and Hells Canyon Dams, and Project 199502700,
Assess Limiting Factors of the Lake Roosevelt White Sturgeon Population are all designed
to complete research needed to restore sturgeon populations outside the geographic scope
of this project; therefore, these projects are all complementary.

All white sturgeon projects in the Columbia River Basin will benefit from the results of
Project 199902200, Assessing Genetic Variation Among Columbia Basin White Sturgeon
Populations. Effective conservation and management strategies for endemic fish
populations require functional knowledge of historical and contemporary population
structure of the managed species. Genetic techniques can generate valuable information
concerning such structure, and provide a standardized, reproducible means of evaluation
to complement ongoing biological and ecological investigation. Mitochondrial DNA
(mtDNA) regions possess genetic markers that can provide information about historical
population genetic structure and contemporary patterns of gene flow within and among
areas, or populations (Avise 1994). The use of recently developed hyper-variable nuclear
DNA markers is needed to enhance the picture of white sturgeon population structure, and
its underlying mechanisms in the Columbia basin.

Geographic distribution and relatedness among white sturgeon mtDNA lineages
can provide important insight into current and historical population structure, and
mechanisms responsible for such structure. Such insight is currently incomplete, but
remains crucial for successful white sturgeon conservation and management. Research
using allozyme analyses (Bartley et al. 1985; Setter and Brannon 1992) and mtDNA
sequencing (Brown et al. 1992) from a relatively limited number of samples and sampling
locations suggested differences in white sturgeon allele and haplotype frequencies across
geography.

The potential geographic scope for activities within the White Sturgeon Program
should not be limited to that of current activities. Although certain activities have
geographic constraints, such as limiting assessment activities that provide information for
harvest management to only those areas where harvest currently occurs, the overall
program should provide information that will be useful at various scales, including the
geographic province level.

Accomplishments/Results

Project Histories

White Sturgeon Mitigation and Restoration in the Columbia and Snake
Rivers

Project 198605000 began in 1986, based partly on findings and recommendations from
the White Sturgeon Research Needs Workshop held in 1983 (Fickeisen et al. 1984). From
1986-88 methodologies were developed for habitat mapping and modeling, capture gears
for various life stages, and marking and aging techniques. By 1992, results/findings
included (1) dams limit movements of white sturgeon and have functionally isolated
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populations in mainstem Columbia River reservoirs; (2) population dynamics of white
sturgeon are unique in each reservoir; (3) population productivity is 10-100 times higher
downstream from Bonneville Dam than in Bonneville, The Dalles, or John Day reservoirs;
(4) reduced flows and subsequent poor recruitment are the key factor limiting white
sturgeon productivity in impoundments; (5) reservoirs provide large areas of suitable
habitat for juvenile and adult white sturgeon, but compensatory population responses may
reduce productivity if carrying capacity is exceeded;and (6) over-fishing had occurred in
the three lowermost reservoirs of the Columbia. Appropriate exploitation rates under the
reduced productivity resulting from the development and operation of the hydrosystem
were described. By 1997, project accomplishments included (1) demonstration of
increased abundance of white sturgeon in The Dalles and John Day reservoirs, which was
attributable to intensive harvest management and reduced exploitation; (2) white sturgeon
transplanted to The Dalles Reservoir demonstrated excellent survival and growth one and
two years later; (3) completion of initial population estimates for white sturgeon in
McNary, Ice Harbor, Little Goose, and Lower Monumental reservoirs, and the Hanford
Reach.

Further accomplishments by 1998 included (1) development of habitat maps and
flow-habitat models for the Columbia River up to Priest Rapids Dam; (2) completion of
index sampling to develop initial descriptions of white sturgeon populations in Rock
Island Reservoir, Lake Rufus Woods, and Lake Roosevelt; (3) documentation of presence
of species-specific viral pathogens in wild Columbia River white sturgeon; (4)
development of two indices of relative abundance for age-0 white sturgeon; (5)
determination that white sturgeon larvae are susceptible to gas bubble trauma in
laboratory experiments; and (6) determination that hydropeaking at The Dalles Dam
displaces white sturgeon eggs and larvae from incubation areas.

Accomplishments since 1998 include progress in evaluating the feasibility of using
hatchery-reared white sturgeon to supplement depressed populations. The first research-
level release of hatchery-reared fish into the Columbia River will occur in 2002. The
experimental release program will eventually include evaluation of the survival of three
age groups of white sturgeon. The Kootenai River White Sturgeon Conservation
Aquaculture Program (BPA 198806400) has been operating since the early 1990’s and to
date has accounted for virtually all of that population’s production since then (Anders
1998; Duke et al. 1999).

Another recent accomplishment is the development of a discriminant function
analysis model to predict white sturgeon sex and stage of maturity using blood plasma
indicators, sex steroids and calcium, and fork length. Approximately 80% of the fish were
correctly classified into two groups of sex (female or male) or four groups of sex and
stage of maturity (immature female, immature male, maturing female, maturing male).
Though error does exist in the classification of sex and stage of maturity of white sturgeon
using blood plasma indicators, the technique currently has significant advantages over the
more invasive biopsy method. Work is also proceeding on development of a non-invasive
test to discriminate sex and stage of maturity in white sturgeon using mucus and/or urine.
Preliminary results suggest that the development of such a test may be possible. In
addition to these promising techniques, incorporation of molecular genetic approaches to
white sturgeon sex identification is paramount.
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Ongoing activities include (1) continued transplants of juvenile white sturgeon to
The Dalles and John Day reservoirs, (2) continued periodic monitoring of population
status in Bonneville, The Dalles, and John Day Reservoirs, and (3) continued monitoring
of the relative abundance for age-0 white sturgeon. Effects of transplanting juvenile white
sturgeon will be assessed in 2002. Although abundance of white sturgeon in reservoirs
remains higher than prior to intensive harvest management and reduced exploitation,
results indicate that regular monitoring is required to preclude over-exploitation. Annual
monitoring of age-0 white sturgeon is required to develop a long-term database to evaluate
relationships between hydropower system operations and recruitment to age 0 and older.

White Sturgeon Genetics

Results of two independent genetic analyses (protein electrophoresis) (Bartley et al. 1985;
Setter and Brannon 1992) suggested that white sturgeon heterozygosity varied
considerably across geography. The mean percentage of 29 polymorphic loci surveyed
was lowest in the Kootenai River population (27.6%) compared with white sturgeon from
the Snake (31.0%) and the mid-Columbia (44.8%) rivers, and Lake Roosevelt (55.2%,
Setter and Brannon 1992). Kootenai River white sturgeon are believed to be a post-
glacially isolated population of ancestral Columbia River stock; no unique alleles were
found in Kootenai River fish relative to downstream populations (Setter and Brannon
1992). Setter and Brannon (1992) suggested that due to lower diversity and genetic
distance estimates separating white sturgeon in the Kootenai system from other areas, the
Kootenai River population constituted a stock within a species.

Most recently, Anders and Powell (in Prep) sequenced a hyper-variable 453 bp.
segment of the A. transmontanus mitochondrial control region to: 1) characterize
mitochondrial sequence diversity and divergence, population structure, and phylogenetic
assemblages from a major portion of the species’ geographic range; 2) quantify gene flow
within and among major rivers across this range; and 3) assess whether population
structure was best explained by isolation by distance, stepping stone, or by continent-
island models of dispersal and gene flow, or alternative models. White sturgeon samples
(n=260) were collected from 20 fish at 13 locations from six major rivers in western North
America (Columbia, Snake, Kootenai, Fraser, Nechako, and Sacramento). Concordant
results (AMOVA, Monte Carlo Xz, NCA, PHYLIP, PAUP, REAP, linear regression)
including high Fst and Nm values revealed that expansive gene flow over hundreds to
thousands of kilometers best explained observed population structure. Observed
population structure likely resulted from a potential mosaic of range expansions and
contractions in conjunction with geographically and temporally variable gene flow over
evolutionary time. Anders and Powell (in Prep) presented and discussed the “expansive
gene flow model” (EGF) to explain observed population structure of white sturgeon in
western North America. The EGF model was also strongly supported by independent
empirical white sturgeon genetic, dispersal, life history, and reproductive data. from the
Columbia and Fraser Rivers.
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Adaptive Management Implications

White Sturgeon Mitigation and Restoration in the Columbia and Snake
Rivers

Work to evaluate and mitigate the effects of the hydropower system on white sturgeon has
been systematic, comprehensive, and beneficial. Efforts began with Project 198301200,
White Sturgeon Workshop, which resulted in establishing research needs for white
sturgeon. Project 198331600, Columbia River White Sturgeon Study, focused on the
responses of young sturgeon to changes in temperature and flow, and addressed the
potential for artificial propagation. Project 198506400, Develop Work Plan for Sturgeon
Research, was the final step before funding of the comprehensive Project 198605000,
Status and Habitat Requirements of White Sturgeon Populations in the Columbia River
Downstream from McNary Dam. This project is now titled White Sturgeon Mitigation
and Restoration in the Columbia and Snake rivers. Work from 1986-92 concentrated on
determining the status and habitat requirements of white sturgeon in the Columbia River.
Conclusions from this work led to recommendations for further work including (1)
intensify management of fisheries for impounded populations, (2) evaluate whether
augmented river discharge improves spawning and recruitment, (3) evaluate mitigation
actions for impounded populations such as transplanting juvenile white sturgeon from
below Bonneville Dam to The Dalles and John Day reservoirs, (4) investigate levels of
contaminants in sturgeon tissue and constraints on population productivity, (5) quantify
habitat available and evaluate constraints on enhancement, and (6) further refine and
evaluate hatchery technology.

Management of and further research on white sturgeon in the lower Columbia and
Snake rivers since 1992 has been based on these recommendations. Intensive
management of fisheries in Bonneville, The Dalles, and John Day reservoirs is ongoing,
as are annual transplants of up to 8,000 juvenile fish from below Bonneville Dam to The
Dalles and John Day reservoirs. Response of populations to these activities is monitored.
In addition, work to refine and evaluate hatchery technology has begun. Hatchery-reared
white sturgeons will be released into Rock Island Reservoir at various ages, and survival
will be compared among release (age) groups. Finally, general and specific operations of
the hydropower system to enhance physical habitat conditions for white sturgeon have
been identified. Success of spawning and survival of larval white sturgeon are monitored
each year through sampling for age 0 fish in Bonneville, The Dalles, John Day, McNary,
Lower Monumental, and Little Goose reservoirs.

Findings from the project will continue to be used in future management decisions.
If artificial propagation is used in the future to supplement depleted populations of white
sturgeon, results from hatchery release experiments will be used to determine the best age-
at-release. Future decisions regarding harvest management of white sturgeon in the lower
Columbia River will rely on continued population assessments. Information collected on
white sturgeon recruitment may play a role in decisions regarding future operation of the
hydropower system.

White Sturgeon Genetics

White sturgeon projects in the Columbia River Basin will benefit from the results of
Project 199902200, Assessing Genetic Variation Among Columbia Basin White Sturgeon
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Populations. Effective conservation and management strategies for endemic fish
populations require functional knowledge of historical and contemporary population
structure of the managed species. Genetic techniques can generate valuable information
concerning such structure, and provide a standardized, reproducible means of evaluation
to complement ongoing biological and ecological investigation. Geographic distribution
and relatedness among white sturgeon mtDNA haplotypes provide important insight into
current and historical population structure, and mechanisms responsible for such structure.
Such insight is currently incomplete, but remains crucial for successful white sturgeon
conservation and management.

Benefits to Fish and Wildlife

The White Sturgeon Program will contribute to the Northwest Power Planning Council’s
Fish and Wildlife Program vision of 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. More specifically, the White Sturgeon Program addresses Fish and Wildlife
Program objectives for biological performance related to resident fish losses: (1)
complete assessments of resident fish losses throughout the basin resulting from the
hydrosystem, expressed in terms of the various critical population characteristics of key
resident fish species, (2) maintain and restore healthy ecosystems and watersheds, which
preserve functional links among ecosystem elements to ensure continued persistence,
health and diversity of all species including game fish species, non-game fish species, and
other organisms, (3) protect and expand habitat and ecosystem functions as the means to
significantly increase abundance, productivity, and life history diversity of resident fish, at
least to extent they have been negatively affected by hydrosystem, development and
operations; and (4) achieve population characteristics of these species within 100 years
that, while fluctuating due to natural variability, represent on average full mitigation for
losses of resident fish.

The Fish and Wildlife Program also calls for the continuation of existing measures
until subbasin plans are adopted, the measure has been specifically repealed, or three years
have elapsed, whichever comes first. Therefore, measures from the 1994 Fish and
Wildlife Program addressing white sturgeon are still in effect.

White Sturgeon Mitigation and Restoration in the Columbia and Snake
Rivers

Measure 10.4A calls for the study and evaluation of sturgeon populations: “The Council
believes that studies and evaluations should be undertaken and completed quickly, and on-
the-ground projects identified and completed as soon as possible to address the needs of
this species. In addition, these studies should be coordinated to avoid redundant work and
to increase the potential for learning.” Measure 10.4A.2 further states that "Specific
recommendations for the protection, mitigation, and enhancement of sturgeon may be
submitted to the Council upon completion of these studies.”

Work to address Measure 10.4A.2 (determine the impact of the hydrosystem on
sturgeon) is nearly completed. Work to address Measure 10.4A.3 (evaluate potential
means of rebuilding sturgeon populations between Bonneville Dam and the mouth of the
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Snake River) is also nearly complete. Measure 10.4A.8 (development of an experimental
white sturgeon facility for research on contaminants, reproduction, and genetics) is
underway. Results will eventually address Measures 10.4A.2 (potential for artificial
propagation), and 10.4A.3 (rebuilding sturgeon populations).

In addition to the Fish and Wildlife Program, recently completed subbasin
summaries have recognized the need for white sturgeon protection and restoration. The
list of fish and wildlife needs in the Columbia Plateau subbasin summary included (1)
determine the hydropower system operation program that will maximize the productivity
of white sturgeon in reservoirs while also supporting salmonid recovery in the Columbia
River Basin, (2) determine appropriate stocks and mechanisms for supplementing white
sturgeon populations in reservoirs, (3) develop both short term and long-term strategies
for white sturgeon supplementation, and (4) develop, implement, and evaluate a
management plan for white sturgeon in Columbia River reservoirs. Fish and wildlife
needs from the Columbia Gorge subbasin summary included: investigate upstream
passage for white sturgeon at Bonneville and The Dalles dams. Fish management needs
listed in the Lower Columbia River subbasin summary included: assess the effects of
transporting white sturgeon from the unimpounded lower Columbia River upstream to
The Dalles and John Day reservoirs, including an accurate assessment of sub-legal, legal,
over-legal, and broodstock populations.

White Sturgeon Genetics

Because genetic vigor or integrity is most often positively correlated to population size
(demographic vigor), white sturgeon mitigation and restoration must include increasing
the size of depressed sturgeon populations, and maintaining currently viable populations
through recruitment, represented by all genetic components of the population. However,
many Basin white sturgeon populations are plagued by limited or failed recruitment,
usually due to several interacting and often un-quantified factors (Miller et al. 1995;
Anders et al. In Press; Parsley et al. In Press). Such data gaps confound restoration in real
time. Thus, successful white sturgeon mitigation and restoration should be based on
determining and understanding the causes of demographic and subsequent genetic decay
at relevant population-specific, and Basin-wide scales.

Regardless of specific causes of individual sturgeon population decline, all white
sturgeon populations in the Columbia River basin require at least periodic recruitment for
short-term sustainability and persistence. Reliable recruitment at longer time scales is also
important to long-term population viability and persistence from demographic and genetic
perspectives (Jager et al. 2001). Therefore, mitigation in the form of maintenance or
reestablishment of sturgeon recruitment is critical (Gross et al., In Press) because genetic
viability is positively correlated with population size, and demographic and genetic
integrity, which are all in part recruitment-dependent. Sturgeon recruitment can result
from natural or artificial production, or perhaps some carefully designed and implemented
combination of both. Therefore, approaches to maximize the numbers of contributing
breeders should be carefully evaluated, consistent with the goal of maintaining the
proportional contributions of familial genetic characteristics to the subsequent generation
used for restoration.
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Program Funding to Date

Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and
Snake Rivers, began in 1986 primarily as a research effort. Research findings have lead to
management recommendations, many of which have been implemented. Current funding
includes a few remaining research tasks, implementation of management activities that are
made necessary by the impact of the hydropower system on white sturgeon, and
evaluation of those management activities. Funding history for the project is summarized

in Table 1.

Project 199902200, Assessing Genetic Variation Among Columbia Basin White
Sturgeon Populations, became a project separate from 19860500 in 1999. Funding history
since then has been: FY 1999: $137,763; FY 2000: $135,823; and FY 2001: $136,043.

Table 1. Funding history for Project 19860500, White Sturgeon Mitigation and
Restoration in the Columbia and Snake Rivers.

Cumulative
Fiscal year Approved budget Carry over funds  New funds funds

1986 $400,044 $0 $400,044 $400,044
1987 $1,256,403 $0 $1,256,403 $1,656,477
1988 No new funds
1989 $1,167,071 $120,000 $1,047,071 $2,703,518
1990 $1,177,143 $50,000 $1,127,143 $3,830,661
1991 $1,203,176 $0 $1,203,176 $5,033,837
1992 $681,200 $0 $681,200 $5,715,037
1993 $819,500 $0 $819,500 $6,534,537
1994 $1,489,302 $0 $1,489,302 $8,023,839
1995 $2,065,723 $69,800 $1,995,923 $10,019,762
1996 $2,454,200 $267,104 $2,187,096 $12,206,858
1997 $2,127,743 $75,686 $2,051,057 $14,257,915
1998 $2,023,562 $0 $2,023,562 $16,281,477
1999 $1,964,528 $650,000 $1,314,528 $17,596,005
2000 $1,934,266 $600,000 $1,334,266 $18,930,271
2001 $2,010,872 $400,000 $1,610,872 $20,541,143
2002 $1,907,980 $0 $1,907,980 $22,449,123

Reports and Technical Papers

Reports

Anders, P., and M. Powell. 2001. Assessing genetic variation among Columbia Basin
white sturgeon. Final Report to the Bonneville Power Administration. Project 99-
22. Portland, OR. In Prep.

Anders, P., C. Gelok, and M. Powell. 2001. Population structure and mitochondrial DNA
diversity of North American white sturgeon (Acipenser transmontanus). /n:
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Proceedings of the Idaho Chapter of the American Fisheries Society, 2001 Annual
Meeting. Boise, Idaho. February 22-24.

Anders, P., C. Gelok, and M. Powell. 2000a. Assessing genetic variation among Columbia
Basin white sturgeon. 2000 Annual Report to the Bonneville Power
Administration. Project 99-22. Portland, OR.

Anders, P., C. Gelok, and M. Powell. 2000b. An initial genetic evaluation of broodstock
selection for the Kootenai River White Sturgeon Conservation Aquaculture
Program. In: Kootenai River Fisheries Studies. Kootenai Tribe of Idaho. 2000
Annual Report to the Bonneville Power Administration. Project No. 88-64.
Portland OR.

Anders, P., and M. Powell. 1999. Assessing genetic variation among Columbia Basin
white sturgeon. 1999 Annual Report to the Bonneville Power Administration.
Project 99-22. Portland, OR.

Anders, P. J, and M. S. Powell. 1999. Phylogeographic distribution of white sturgeon
mtDNA haplotypes in the Columbia River Basin: Preliminary results. In:
Proceedings of the Western Division of the American Fisheries Society, Annual
Meeting. Moscow, ID, July 12-14, 1999.

Anders, P. J, and M. S. Powell. 1999. Conservation aquaculture: Theory behind the
practice. In: Proceedings of the Western Division of the American Fisheries
Society, Annual Meeting. Moscow, ID., July 12-14, 1999.

Anders, P. J. 1999. Conservation aquaculture: Theory behind the practice. In: Proceedings
of the Oregon Chapter of the American Fisheries Society. 33rd Annual Meeting,
Sunriver, Oregon. February 10-12, 1999. Pg. 8.

Anders, P. J. 1998/1999. Conservation genetics meets aquaculture: A merger for the new
millennium. Idaho Aquaculture News. Winter 98/99.

Anders, P. J. 1998. Conservation: Another benefit of aquaculture. Idaho Aquaculture
News. Winter 1998.

Anders, P., and M. Powell. 1998. Comprehensive management and conservation of
Columbia Basin white sturgeon (Acipenser transmontanus): A zoogeographic
approach. In: Proceedings of Ecosystem Based Management in the Upper
Columbia River Basin: An International Conference and Workshop. Castlegar,
British Columbia, Canada. April 27-30, 1998. Pp. 53-54.

Beamesderfer, R. C. and A. A. Nigro. 1993 . Status and habitat requirements of the white
sturgeon populations in the Columbia River downstream from McNary Dam:
Final Report to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.

Beamesderfer, R. C. and A. A. Nigro. 1993. Effects of mitigative measures on
productivity of white sturgeon populations in the Columbia River downstream
from McNary Dam, and Determine the Status and Habitat Requirements of White
Sturgeon Populations in the Columbia and Snake Rivers Upstream From McNary
Dam. Annual Report (April 1992 — March 1993) to Bonneville Power
Administration, Contract No. DE-A179-86BP63584.
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Beiningen, K. B. 1995. Effects of mitigative measures on productivity of white sturgeon
populations in the Columbia River downstream from McNary Dam, and
Determine the Status and Habitat Requirements of White Sturgeon Populations in
the Columbia and Snake Rivers Upstream From McNary Dam. Annual Report
(April 1993 — March 1994) to Bonneville Power Administration, Contract No. DE-
A179-86BP63584.

Beiningen, K. B. 1996. Effects of mitigative measures on productivity of white sturgeon
populations in the Columbia River downstream from McNary Dam, and
Determine the Status and Habitat Requirements of White Sturgeon Populations in
the Columbia and Snake Rivers Upstream From McNary Dam. Annual Report
(April 1994 — March 1995) to Bonneville Power Administration, Contract No. DE-
A179-86BP63584.Nigro. A. A. 1987. Status and habitat requirements of white
sturgeon populations in the Columbia River downstream from McNary Dam.
Annual Report (July 1986 - March 1987) to Bonneville Power Administration,
Contract No. DE-A179-86BP63584.

Nigro. A. A. 1988. Status and habitat requirements of white sturgeon populations in the
Columbia River downstream from McNary Dam. Annual Report (July 1987 -
March 1988) to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.

Nigro. A. A. 1989. Status and habitat requirements of white sturgeon populations in the
Columbia River downstream from McNary Dam. Annual Report (April 1988 -
March 1989) to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.

Nigro. A. A. 1990. Status and habitat requirements of white sturgeon populations in the
Columbia River downstream from McNary Dam. Annual Report (April 1989 -
March 1990) to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.

Nigro. A. A. 1991. Status and habitat requirements of white sturgeon populations in the
Columbia River downstream from McNary Dam. Annual Report (April 1990 -
March 1991) to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.

Rien, T. A., and K. B. Beiningen. 1997. Effects of mitigative measures on productivity
of white sturgeon populations in the Columbia River downstream from McNary
Dam, and Determine the Status and Habitat Requirements of White Sturgeon
Populations in the Columbia and Snake Rivers Upstream From McNary Dam.
Annual Report (April 1995 — March 1996) to Bonneville Power Administration,
Contract No. DE-A179-86BP63584.

Ward, D. L. 1998. Effects of mitigative measures on productivity of white sturgeon
populations in the Columbia River downstream from McNary Dam, and Detrmine
the Status and Habitat Requirements of White Sturgeon Populations in the
Columbia and Snake Rivers Upstream From McNary Dam. Annual Report (April
1996 — March 1997) to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.
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Ward, D. L. 1999. Effects of mitigative measures on productivity of white sturgeon
populations in the Columbia River downstream from McNary Dam, and Detrmine
the Status and Habitat Requirements of White Sturgeon Populations in the
Columbia and Snake Rivers Upstream From McNary Dam. Annual Report (April
1997 — March 1998) to Bonneville Power Administration, Contract No. DE-A179-
86BP63584.

Ward, D. L. 2000. White Sturgeon Mitigation and Restoration in the Columbia and
Snake Rivers Upstream from Bonneville Dam. Annual Report (April 1998—March
1999) to Bonneville Power Administration, Contract No. DE-A179-86BP63584.

Ward, D. L. 2001. White Sturgeon Mitigation and Restoration in the Columbia and
Snake Rivers Upstream from Bonneville Dam. Annual Report (April 1999—March
2000) to Bonneville Power Administration, Contract No. DE-A179-86BP63584.

Peer Review Articles

Anders, P. 1997. The need for objective assessment of conservation aquaculture.
Fisheries, Vol. 22(5):46.

Anders, P. J. 2000. Ancient fish need modern protection. Fisheries. Vol. 25 (9):30.
Anders, P. J. 1999. Pursue integrated fisheries management. Fisheries Vol. 24 (11):36.

Anders, P.J. Conservation aquaculture and endangered species: Can objective science
prevail over risk anxiety? 1998. Fisheries Vol. 23(11): 28-31.

Anders, P. J., C. Gelok., and M. S. Powell. 2001. Genetic population structure of white
sturgeon Acipenser transmontanus, in western North America based on
mitochondrial DNA sequence analysis. In: Proceedings of the 4™ International
Symposium on Sturgeon, Oshkosh, WI. July 8-13,2001.

Anders, P., and M. Powell. Population structure and mitochondrial DNA diversity of
North American white sturgeon (Acipenser transmontanus): An empirical
expansive gene flow model. In Preparation for Molecular Ecology.

Bayer, J. M. and T.D. Counihan. 2001. Length changes in white sturgeon larvae preserved
in ethanol or formaldehyde. Collection Forum 15(1-2): 57-64.

Beamesderfer, R. C. 1991. MOCPOP 2.0: A flexible system for simulation of age-
structured populations and stock related functions. Oregon Department of Fish
and Wildlife Information Report 91-4.

Beamesderfer, R. C. 1993. A standard weight (Ws) equation for white sturgeon.
California Fish and Game 79(2):63-69.

Beamesderfer, R. C. P., T. A. Rien, and A. A. Nigro. 1995. Dynamics and potential
production of white sturgeon populations in three Columbia River reservoirs
Transactions of the American Fisheries Society 124:857-872.

Counihan, T. D., and C. N. Frost. 1999. Influence of externally attached transmitters on
the swimming performance of juvenile white sturgeon. Transactions of the
American Fisheries Society 128:965-970.
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Counihan, T. D., A. I. Miller, M. G. Mesa, and M. J. Parsley. 1998. The effects of
dissolved gas supersaturation on white sturgeon larvae. Transactions of the
American Fisheries Society 127:316-322.

Counihan, T. D., A. I. Miller, and M. J. Parsley. 1999. Indexing the relative abundance
of age-0 white sturgeon in an impoundment of the lower Columbia River from

highly skewed trawling data. North American Journal of Fisheries Management
19:520-529.

Counihan, T. D., and M. J. Parsley. Provisionally accepted. Effects of hydropower
peaking dam operations on white sturgeon eggs and larvae in the Columbia River.
North American Journal of Fisheries Management.

Counihan, T. D, J. D.DeVore, and M. J.Parsley. Provisionally accepted. The effect of
river discharge and water temperature on the year-class strength of Columbia
River white stugeon. Transactions of the American Fisheries Society.

DeVore, J. D., B. W. James, C. A. Tracy, and D. A. Hale. 1995. Dynamics and potential
production of white sturgeon in the Columbia River downstream from Bonneville
Dam. Transactions of the American Fisheries Society 124:845-856.

Elliott J. C. and R. C. Beamesderfer. 1990. Comparison of efficiency and selectivity of
three gears used to sample white sturgeon in a Columbia River reservoir.
California Fish and Game 76(3):174-180.

Ireland, S. C., P.J. Anders, and J. T. Siple. In Press. Conservation aquaculture: An
adaptive approach to prevent extinction of an endangered white sturgeon
population (Acipenser transmontanus). In: W. VanWinkle, P. Anders, D. Dixon,
and D. Secor, eds. Biology, Management and Protection of North American
Sturgeons. American Fisheries Society Press

McCabe, G. T., Jr. 1993. Prevalence of the parasite Cystoopsis acipenseri (Nematoda) in
juvenile white sturgeons in the lower Columbia River. Journal of Aquatic Animal
Health 5(4):313-316.

McCabe, G. T., Jr. and L. G. Beckman. 1990. Use of an artificial substrate to collect
white sturgeon eggs. California Fish and Game 76(4):248-250.

McCabe, G. T., Jr., R. L. Emmett, and S. A. Hinton. 1993. Feeding ecology of juvenile
white sturgeon (Acipenser transmontanus) in the Lower Columbia River.
Northwest Science 67(3):170-180.

McCabe, G. T., Jr. and C. A. Tracy 1994. Spawning and early life history of white
sturgeon, Acipenser transmontanus, in the lower Columbia River. Fishery
Bulletin 92:760-772.

Miller, A. 1., and L. G. Beckman. 1996. First record of predation on white sturgeon eggs
by sympatric fishes. Transactions of the American Fisheries Society 125:338-340.

Muir, W. D., G. T. McCabe Jr., M. J. Parsley, and S. A. Hinton. 2000. Diet of
first-feeding larval and young-of-the-year white sturgeon in the Lower Columbia
River. Northwest Science 74(1):25-33.
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North, J. A., R. C. Beamesderfer, and T. A. Rien. 1993. Distribution and movements of
white sturgeon in three lower Columbia River reservoirs. Northwest Science
67(2):105-111.

Parsley, M. J., and L. G. Beckman. 1994. White sturgeon spawning and rearing habitat in
the Lower Columbia River. North American Journal of Fisheries Management
14:812-827.

Parsley, M. J., L. G. Beckman, and G. T. McCabe, Jr. 1993. Spawning and rearing
habitat use by white sturgeons in the Columbia River downstream from McNary
Dam. Transactions of the American Fisheries Society 122(2):217-227.

Parsley, M. J. and K. K. Kappenman. 2000. White sturgeon spawning areas in the lower
Snake River. Northwest Science 74:192-201.

Parsley, M. J., P. J. Anders. A. I. Miller, L. G. Beckman, and G. T McCabe Jr. In Press.
Recovery of white sturgeon populations through natural production:
Understanding the influence of abiotic and biotic factors on spawning and
subsequent recruitment. /n: W. VanWinkle, P. Anders, D. Dixon, and D. Secor,
eds. Biology, Management and Protection of North American Sturgeons.
American Fisheries Society Press.

Rien, T. A., and R. C. Beamesderfer. 1994. Accuracy and precision in age estimates of

white sturgeon from pectoral fin rays. Transactions of the American Fisheries
Society 123(2):255-265.

Rien, T. A., R. C. P. Beamesderfer, and C. A. Foster. 1994. Retention, recognition, and

effects on survival of several tags and marks on white sturgeon. California Fish
and Game 80(4):161-170.

Rien, T. A., and J. A. North. /n Press. White sturgeon transplants within the Columbia
River. In: W. VanWinkle, P. Anders, D. Dixon, and D. Secor, eds. Biology,
Management and Protection of North American Sturgeons. American Fisheries
Society Press.

Warren, J. J. and L. G. Beckman. 1993. Fishway use by white sturgeon to bypass
mainstem Columbia River dams. U.S. Fish and Wildlife Service Sea Grant
Extension Project, Columbia River Series WSG-AG 93-02.

Relationship to Regional Programs

In addition to the Fish and Wildlife Program, actions to protect and restore populations
and mitigate for effects of the hydrosystem on productivity of white sturgeon have been
called for in the “Columbia River Fish Management Plan” (US v. Oregon), in the “Multi-
Year Implementation Plan” of the CBFWA, and in “Wy-Kan-Ush-Mi Wa-Kish-Wit” (the
anadromous fish restoration plan of the Nez Perce, Umatilla, Warm Springs and Yakama
tribes). Recommended actions from earlier work are described in “A Review of
Alternatives for the Restoration and Management of White Sturgeon Populations and
Fisheries in the Columbia River Between Bonneville and McNary Dams (Zone 6)”
(DeVore et al. 1998). These recommendations are being implemented and assessed Basin
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White Sturgeon under this project as specific measures that can protect and restore
populations and mitigate for effects of the hydropower system on productivity of white
sturgeon in the three-pool area between Bonneville and McNary dams.

The White Sturgeon Program addresses goals of the "White Sturgeon Research Program
Implementation Plan" developed by BPA in cooperation with state and federal fishery
agencies, tribes, universities, and the private sector, and approved by the Northwest Power
Planning Council in 1985. The earlier phases of white sturgeon research focused on high
priority information needs conducted in high priority areas, as designated in this plan.

The Program also addresses research priorities described in the White Sturgeon
Management Framework completed by the Pacific States Marine Fisheries Commission in
1992.

Although this Program concentrates on white sturgeon projects in the lower
Columbia and Snake rivers, work is well coordinated with ongoing sturgeon projects in
other areas of the basin. Project 198806400, Kootenai River White Sturgeon Studies and
Conservation Aquaculture; Project 198806500, Kootenai River Fisheries Investigations;
Project 199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations
in the Snake River Between Lower Granite and Hells Canyon Dams, and Project
199502700, Assess Limiting Factors of the Lake Roosevelt White Sturgeon Population are
all designed to study and restore sturgeon populations outside the geographic scope of this
project; therefore, these projects are all complementary.

All white sturgeon projects in the Columbia River Basin will benefit from the
work of Project 199902200, Assessing Genetic Variation Among Columbia Populations.
Results from this project will provide guidelines for the transportation of juvenile sturgeon
from the area downstream from Bonneville Dam to upstream reservoirs. Results should
also provide guidelines for the release of artificially propagated juveniles and the
monitoring and evaluation of their effects on recipient wild populations.

In addition to ensuring that all white sturgeon work in the Columbia River basin is
coordinated and complimentary, sturgeon workers regularly organize a comprehensive
meeting to discuss issues and share findings. In December 1997, the Oregon Department
of Fish and Wildlife organized a meeting consisting of (1) a white sturgeon genetics
roundtable, and (2) a white sturgeon summit meeting. In 2000, the Nez Perce Tribe
organized and hosted a white sturgeon research coordination meeting. Such periodic
regional meetings are expected to occur in the future, with consideration given to
producing formal proceedings to foster effective regional information sharing.

The White Sturgeon Program also addresses goals and priorities specified in the
Action Agencies (BPA, USACE, USBR) Five-year Implementation Plan for anadromous
and resident fish. Goal 1 of the Implementation Plan is to “avoid jeopardy and assist in
meeting recovery standards for Columbia Basin salmon, steelhead, bull trout, sturgeon,
and other aquatic species that are affected by the FCRPS.” Furthermore, the
Implementation Plan states that, “our goal is to achieve the greatest gains in survival, as
quickly as possible while acknowledging that unlimited resources are not available to the
Action Agencies. For example, actions that can be quickly implemented, can be
accomplished with available resources, and provide a significant and measurable survival
benefit would be implemented first.”

Goal 3 of the Implementation Plan is to “Assure tribal fishing rights and provide
non-tribal fishing opportunities.” Protection and restoration of white sturgeon populations
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to facilitate tribal and non-tribal fisheries are critical components of the White sturgeon
Program.

The White Sturgeon Program also addresses Goal 4 of the Implementation Plan,
which is to balance other needs in the Columbia River basin. The Implementation Plan
seeks to ensure that (1) salmon, steelhead, sturgeon, and bull trout conservation measures
are integrated with the NWPPC Fish and Wildlife Program and balanced with the needs of
other native fish and wildlife species, (2) salmon, steelhead, sturgeon, and bull trout
conservation measures are balanced with human needs, including FCRPS project
purposes, and (3) resources important to maintaining the traditional culture of basin tribes
are preserved.

Relationship of Program to USFWS/NMFS Biological Opinion
-- RPAs

Although white sturgeon throughout most of the Columbia River basin are not listed
under the Endangered Species Act, findings from the White Sturgeon Program will be
helpful in the recovery of listed Kootenai white sturgeon. For example, the status of white
sturgeon in the lower Columbia River allows for greater, although prudent, levels of
hatchery experimentation, particularly in areas that evaluate the efficacy of different
release sizes and densities. Findings may be particularly useful to the recovery of
Kootenai River white sturgeon. Results from genetics work may also benefit listed white
sturgeon.

Future Needs

The consequences to white sturgeon are severe if Program needs are not addressed.
Without intensive management and supporting research where needed, current levels of
harvest cannot be maintained, and potential future increases will be precluded. Production
of white sturgeon in most reservoirs will remain extremely limited, and abundance of
severely depressed populations will continue to decline from critically low levels.
Production will be limited by operation of the hydrosystem, and abundance will remain
low if depressed reservoir populations are not supplemented. White sturgeon are a species
of historic commercial, recreational, and tribal importance, and loss of these populations is
significant and unacceptable. Closure of fisheries would likely result in litigation;
therefore, annual funding is essential to maintain and increase current harvest levels.

Project Recommendations

White Sturgeon Mitigation and Restoration in the Columbia and Snake
Rivers

The consequences to white sturgeon are severe if project 198605000 is not continued.
Without intensive management, current levels of harvest cannot be maintained, and
potential future increases will be precluded. Production of white sturgeon in most
reservoirs will remain extremely limited, and abundance of severely depressed
populations will remain critically low. Production will be limited by operation of the
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hydropower system, and abundance will remain low because depressed reservoir
populations will not be supplemented. White sturgeon is a species of historic commercial,
recreational, and tribal importance, and loss of these populations is significant and
unacceptable. Closure of fisheries would likely result in litigation; therefore, annual
funding is essential to maintain and increase current harvest levels.

White Sturgeon Genetics

Success of all population and evolutionary processes is ultimately dependent on
populations’ underlying genetic integrity. Thus, research contributing to the
understanding of white sturgeon population genetics, with resolution and sample
representation appropriate for local and regional management and conservation is crucial
for the species’ viability and persistence. Determination of desired population genetic
condition for currently fragmented groups of white sturgeon within the Columbia Basin,
comparison of such conditions with those existing, and innovative research and
management strategies to improve the latter stand to provide great benefit to the species,
and to the ecological communities in which they exist.

Higher resolution white sturgeon nuclear DNA (nDNA) genetic research is needed
to provide more informative and comprehensive evaluation of the species at the Basin
scale. A three-year white sturgeon genetics study is being completed (Anders and Powell,
In prep). The first 2 years of this study involved strictly mitochondrial DNA. When this
research was proposed (1998), no primers were available or developed to perform genetic
analysis of nuclear microsatellite regions (nDNA) in octaploid (§N) white sturgeon. By
the third year of this research, primers were available. However, one year’s data analysis
has proved inadequate to comprehensively address white sturgeon genetic diversity,
variation, and population structure with high-resolution bi-parentally inherited nDNA
markers. Such resolution is required for: 1) informed decisions regarding local and
regional conservation and management issues of wild populations; 2) genetic monitoring
of increasingly abundant progeny from conservation aquaculture programs; 3) providing
tools to evaluate effects of these progeny on various population genetic parameters in
wild, recipient Basin white sturgeon populations. To address these and other relevant
issues of applied white sturgeon population genetics, more representative microsatellite
analysis, and the development of single nucleotide polymorphisms (SNP’s) are urgently
needed.

Needed Future Actions
Maturation Status Model

Sustainable harvest levels of white sturgeon in the Columbia River are based on
population models and fecundity estimates (Beamesderfer and Rieman 1988;
Beamesderfer et al. 1995; DeVore et al. 1995). A key element of these models is
spawning frequency, which is currently unknown for the populations of sturgeon in the
Columbia River basin. A preliminary discriminant function model developed at OSU
suggests that female white sturgeon may be distinguished by stage of maturity (pre-
vitellogenic, early vitellogenic, mid-vitellogenic, and migratory nucleus) using plasma
testosterone, estradiol, and 11-ketotestosterone. The development of this model and a
similar model for male sturgeon would be extremely useful to management agencies: if
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sturgeon can be distinguished by stage of maturity and time to spawning, fisheries
managers may accurately estimate spawning frequency and the percentage of the
population that will spawn in any given year, thus allowing for the calibration of the
current population models. To increase the predictive value and sensitivity of the
preliminary discriminant function model for females and develop such a model for males,
a larger number of paired gonad and blood samples from maturing sturgeon at various
stages of development must be collected and analyzed. In addition, knowledge of the
maturation cycle is required (e.g. the length of time required for vitellogenesis) which can
be gained through measuring gonadal development in the marked oversize fish below
Bonneville Dam. Collection of a larger data set (paired gonad and blood samples) from
oversize fish will also increase the sensitivity and accuracy of the current sex and stage of
maturity model that includes all size classes of sturgeon (Webb et al. in press).
Understanding the white sturgeon maturation cycle and further development of the models
to accurately predict individual fish maturational status will assist Bonneville Power
Administration in the creation of a critical tool for assessing the impact of hydropower
system development and operation on white sturgeon, and for monitoring future
mitigation and management activities on sustainability of sturgeon populations in the
Columbia River basin.

White Sturgeon Passage

From population genetics and demographic perspectives, historical (pre-dam) levels of
white sturgeon gene flow have been greatly reduced and altered by impoundment of the
Basin (NRC 1996; Anders and Powell In Prep), making mitigation for artificially reduced
gene flow paramount. Studies should be done to develop fishway design criteria for white
sturgeon to complement ongoing efforts to develop criteria for Pacific lamprey. It is not
surprising that white sturgeon seldom ascend the existing fishways at the dams because
they were designed for salmonids. Although little is known about white sturgeon
swimming performance, research on other sturgeons has demonstrated that the swimming
abilities of sturgeons are substantially different from those of salmonids. In general,
sturgeons are poorer swimmers, particularly at burst swimming speeds. Sturgeons also
generate greater drag than salmonids while swimming and have a less efficient tail,
resulting in greater energy expenditure while swimming in higher velocity areas typical of
fishways.

Adult and juvenile white sturgeon are capable of moving downstream through
dams, although their route of passage is unknown. 97% of tagged sturgeons recaptured in
a different reservoir than where they were tagged in had moved downstream through one
or more dams versus upstream. It is unknown if fish pass through spill gates or turbines.
Navigation locks at dams may provide another possible passage route (upstream and
downstream) for fish, but use of navigation locks by white sturgeon has not been
confirmed.

Objectives of a project to develop fishway design criteria for white sturgeon should

include:

1 Identify ways to enhance access to fishways or reduce delay by describing the
distribution and movements of white sturgeon in dam fishways and in adjacent areas
including fish ladder entrances and exits, navigation locks, and immediate tailrace and
forebay areas.
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2. Determine if fallback occurs for fish that ascend fishways.

3. Relate swim performance of white sturgeon to fishway design to provide criteria that
can be used in designing fishways.

Adaptive Management of White Sturgeon

Develop an adaptive management tool to answer the question: “What combination of
supplementation, broodstock management, and harvest policies lead to improved viability
of white sturgeon in all river sections?” This could be done by expanding an existing
population viability analysis model that has been developed for the middle Snake River
through the combined efforts of Idaho Power, the Electric Power Research Institute, and
Oak Ridge National Laboratory. The expanded analysis should include white sturgeon
populations in the lower Snake River and in the Columbia River reservoirs.

The goal would be to integrate information on white sturgeon population status
and genetic diversity with information on habitat availability for the isolated populations
to quantify the costs and benefits of alternative adaptive strategies. Information on white
sturgeon population size structure, age composition, population estimates, and habitat data
from a larger number of river segments should permit the development of relationships
relating individual growth and maturation to temperature and habitat availability.

Work needs to be done to address the question: “How can population monitoring
information be used to design adaptive policies for supplementation and harvest
management that will enable Columbia River Basin white sturgeon populations to thrive?”
Expanding the application of an existing population viability model and addressing these
two objectives could find the answer to this question:

Objective 1. Integrate basin-wide information on white sturgeon habitat, growth and status
for use in a Population Viability Analysis model.

Objective 2. Use the model to design adaptive policies (e.g., supplementation and harvest
management) that raise long-term population densities of white sturgeon in
the Columbia River basin.

Meeting these objectives would also answer several corollary questions:

1. To what extent can longitudinal differences in maturation and growth of female white
sturgeon in the Columbia and Snake Rivers be explained by variables that summarize
water temperature on an annual basis?

2. What levels of downstream and upstream migration do the regional genetic analysis
and the model indicate?

3. How significant are each of the three risks associated with supplementation and under
what conditions are they of concern?

4. What types of population monitoring data and what time intervals for monitoring are
needed to provide policy makers with feedback?

Evaluate the Effect of Chemical Contaminants on White Sturgeon
Productivity

Recent studies have collected one of the largest data sets on white sturgeon for
organochlorines and reproductive physiology. However, several questions need to be
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addressed concerning the effects of environmental contaminants on the reproductive
physiology of white sturgeon in the Columbia River and the influence of the hydroelectric
system on chemical concentrations in sediments, water, and tissue.

The work to date has centered on reproductively immature white sturgeon
collected from the commercial harvest. This was an appropriate method for initial data
collection but information is necessary on older reproductively cycling white sturgeon in
order to fully assess the potential effects of these environmental contaminants on sturgeon
at all phases of reproductive development. Work similar to that conducted on the
reproductively immature sturgeon should be conducted on larger reproductively maturing
sturgeon. Data collection should continue with the reproductively immature white
sturgeon to expand the list of potential contaminant effects and to assist in directing areas
of inquiry for reproductively mature sturgeon. Studies of mature and immature sturgeon
should evaluate contaminant concentrations in tissues important for reproduction and
development of sturgeon. Biological endpoints should be measured in these and other
tissues important for reproduction and development to assess reproductive status and
effects of environmental contaminants on reproductive physiology.

More information is needed on the potential effects of contaminants on sturgeon
energetics. There is evidence from other river systems that endocrine disrupting
chemicals could be interacting with micronutrients and energetics to affect growth,
reproduction, and development. The results to date show correlative evidence linking
environmental contaminants and condition factor but additional information on a possible
mechanism is needed. Such studies will provide information for determining if
environmental contaminants are causing reduced condition factor in sturgeon from some
locations or if other factors are playing a primary role. An area of little understanding is
the role of ocean access has on micronutrient uptake and the importance for growth,
reproduction, and development.

Data need to be collected on the concentrations of environmental contaminants in
sediments and water from the Columbia River basin and their relation to tissue
concentrations in sturgeon. The effect of the hydroelectric system on the fate and
transport of these chemicals needs to be understood to be able to address the role of
hydroelectric system on accumulation of these chemicals by sturgeon.

The following is a detailed summary of recent studies:

A cooperative study was initiated between Oregon Department of Environmental Quality,
Oregon State University, Pacific University, and U.S. Geological Survey Biological
Resources Division investigating the occurrence of chlorinated pesticides and PCBs and
their effect on reproductive physiology in white sturgeon. Samples from sturgeon were
collected from tissues and analyzed for chlorinated pesticides and PCBs as well as
physiological, molecular, and biochemical measures of reproductive physiology.
Specifically, chlorinated pesticides and PCBs were measured in samples from white
sturgeon gonads in 1996; livers in 1997; and livers, gonads, and cheeks in 2000 and 2001.
Biological endpoint samples were collected for plasma reproductive steroids in 1996,
1997, 2000, and 2001; condition factor and liver enzymes in 1997, 2000, and 2001; and
plasma triacylglycerides and free fatty acids in 2000 and 2001. Gonad histology was
performed for all years.
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The chlorinated pesticide DDT and its metabolites DDE and DDD were frequently
detected in livers and gonads of reproductively immature Columbia River white sturgeon
with concentrations for DDE>DDD>DDT. Organochlorine concentrations varied between
tissues with gonad>liver>cheek. Data from 1996 indicated higher levels of DDE in
gonads of fish from The Dalles Pool but the 1997 data showed no differences between
Columbia River locations (Foster et al. 2001a, Foster et al. 2001b). Organochlorine data
for year 2000 collected samples show higher levels in gonads of fish from Bonneville
Pool (Feist et al. 2001).

Plasma testosterone and 11-ketotestosterone were negatively correlated with DDE
in reproductively immature males (Foster et al. 2001a) suggesting a potential connection
between impaired reproduction and contaminant body burden. Preliminary data indicates
that a cytochrome P450 involved in steroid metabolism may be induced by DDE and
could be a mechanism for plasma androgen reductions. This cytochrome P450 could also
be involved in the metabolism of reproductive maturation factors. Hepatic EROD
activity, an indicator of another cytochrome P450, was elevated in sturgeon from
Bonneville and The Dalles pools but was not correlated with chlorinated pesticides or
PCBs indicating exposure of sturgeon to other Ah-receptor agonists, such as PAHs,
chlorinated dioxins, or chlorinated furans.

Condition factor for fish from Bonneville pool was lower than those from other
locations and triacylglycerides were lower in fish from Bonneville Pool (Feist et al. 2001).
Condition factor was negatively correlated with total liver PCBs. Many factors could be
affecting condition factor but Ah-receptor agonists have been shown to adversely affect
energetics.

Vitellogenin, the egg yolk protein precursor, is naturally expressed in vitellogenic
females but has been shown to occur in males and nonvitellogenic females exposed to
xenoestrogens. Some plasma samples from males and reproductively immature females
had elevated levels of plasma vitellogenin indicating exposure to estrogenic chemicals.
Gonad histology showed some fish with intersex gonads and others with striated muscle
intrusion (Feist et al. 2001). The occurrence of this type of gonad histology may indicate
exposure and effect from environmental contaminants.

These data indicate contaminant effects on plasma androgen concentrations and
the induction of liver enzymes. Contaminants may also be involved with reduced
condition factor and altered gonad development. The contribution of contaminant stress
to the poor reproductive success of Columbia River white sturgeon is unknown, but
remains a distinct possibility, and may represent another component added to other factors
such as nutritional status and habitat quality that are working together to decrease the
reproductive success of white sturgeon in the Columbia River above Bonneville Dam.
Thus, understanding the relative contribution of contaminant stress to white sturgeon
reproduction will provide important information for white sturgeon management and
restoration efforts in the Columbia River Basin.

Understanding the Influence of Abiotic and Biotic Factors on Spawning and
Subsequent Recruitment

Recovery or maintenance of white sturgeon populations through natural production in
perturbed river systems such as the Columbia River Basin requires adequate knowledge of
the abiotic and biotic factors that influence spawning and cause mortality of embryonic,
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larval, and juvenile life stages. Although it is known that the year-class strength of white
sturgeon is determined within 2-3 months after spawning, little is known about specific
causes of mortality to early life stages during this period. Initial spawning success is
critical in the development of a strong year-class, and maximized recruitment may be
dependent upon water temperature and the availability of optimal in-river habitat.
Analyses have shown that increased river discharge combined with suitable water
temperatures during spawning, egg incubation, yolk-sac larvae dispersal, and first
exogenous feeding result in greater recruitment. However, little is known about the
importance of other variables that influence year class strength, such as food availability
or losses due to predation. Two recent papers provide insight into pre- and post-spawning
recruitment failure mechanisms (Anders et al. In Press; Parsley et al. In Press).

The Columbia River and its watershed have been drastically altered by human
activities that undoubtedly have influenced population size and recruitment success of
many fish species including white sturgeon. Construction and operation of hydroelectric
dams, agriculture, logging, mining, stream channelization, flood control operations, water
pollution, and harvest histories have allowed some native and introduced fish species to
flourish, while other native species have declined. Fish adapted to riverine conditions,
such as white sturgeon, have suffered most. In general, current population trends and sizes
can be characterized as stable at a relatively high population size in the lower Columbia
River, stable or variable at low to moderate population sizes in middle reaches, and stable
at extremely low to negligible population sizes in upper reaches of the basin.

Some areas where population productivity is high experience inter-annual
variations in recruitment, while other areas have low recruitment that precludes harvest
opportunities, and some areas have had a virtual lack of recruitment for several decades.
The latter case led to listing the Kootenai River population of white sturgeon as an
endangered species by the U.S. Fish and Wildlife Service in 1994 under the Endangered
Species Act. Fishery management responses to declines in white sturgeon populations
have generally been to protect spawning stocks by restricting harvest through minimum
and maximum size limits, imposing daily and annual harvest limits, and closing seasons
and areas. This management approach of protecting spawning stock to maintain
production has been relatively successful in the lower Columbia River as evidenced by the
maintenance of harvest opportunities. However, populations are still declining in other
areas of the Columbia River Basin despite decades of restrictions on harvest that have
included catch and release fishing only or complete elimination of fishing for white
sturgeon. Thus, environmental effects on stock-recruitment relations for white sturgeon
differ among areas and among years within areas, further confounding management
efforts.

Effective management of self-sustaining white sturgeon populations or recovery of
declining populations through natural production will be achieved only through an
understanding of the factors affecting reproduction and early life history. A major source
of uncertainty in fisheries management and a central problem of fishery science is a lack
of understanding of recruitment variability. The causes of variability or failure in
recruitment of white sturgeon to age-0 among areas or among years within an area are
largely unknown. Once the dynamics of the recruitment process are better known,
defensible decisions can be made to implement a variety of alternatives ranging from
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regulating harvest to altering hydropower system operations or constructing artificial
spawning areas to benefit natural production in white sturgeon populations.

Carrying Capacities of Reservoirs

Information is needed on how hydropower system development and operation has affected
availability of food (quality and quantity) for white sturgeon. Food availability and
carrying capacity may vary in each Columbia and Snake river reservoir. Efforts to
recover populations through harvest management and supplementation will fail if the
biological environment resulting from hydropower system construction and operation will
not sustain the additional production desired.

Questions to be addressed through mainstem/systemwide research include:

1. Does the current environment provide nutritionally suitable forage in a timely
manner and in adequate amounts to sustain production or allow additional
production? How do prey quantities and types vary throughout the system?

a. Are foods currently consumed by larval, juvenile, and adult white sturgeon
meeting their nutritional needs? For instance, introduced Corbicula spp.
are consumed in large quantities, but do these provide the essential
nutrients and meet the caloric needs of white sturgeon?

b. Altered thermal regimes due to hydropower system operation may have
increased metabolic needs for white sturgeon during winter. What are the
metabolic requirements of various sizes of white sturgeon? Do the
reservoir environments provide adequate forage during all seasons?

2. Do introduced biota (most of which have benefited from hydropower system
operation) compete for space or food with white sturgeon? Is the potential
production that could be realized for white sturgeon instead going into other
organisms?

3. Is there intra-specific competition for food? If food is limiting, will stocking or
other measures to increase juvenile abundance influence growth rates of adults,
and thus offset any gains in productivity?

Genetic Contribution of Individual White Sturgeon

Information regarding the degree of genetic contribution made to the next generation by
individual broodstock females and males in a given spawning season for a given reservoir
is urgently required. Management staff from both states and tribes continually stresses the
need for maximum broodstock escapement to maximize recruitment for population and
fisheries stability over the long-term. This strategy is consistent with conservation
programs that seek to maximize the expansion of depressed or declining stocks in order to
decrease risks associated with demographic and environmental stochasticity. Stock
assessment surveys do not estimate the numbers of broodstock sized sturgeon in any one
pool due to the lack of recruitment of these fish to the sampling gear. Using a re-designed
sampling procedure to assess the numbers of broodstock will likely be too expensive and
still may not give precise information. Additionally, the handling of these fish via a
concentrated population assessment effort could result in increased mortality rates of these
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fish. Recent advancements in molecular techniques and technology may provide useful
alternatives. Genetic investigations could address broodstock contribution and numbers
issue by non-lethal tissue sampling of young of year sturgeon during the regularly
scheduled monitoring that is already in place.

Specifically, a pelvic or anal fin section could be collected from each young of
year sturgeon collected during the regular monitoring process. All samples would be
stored in a lysis buffer solution that is non-toxic and has long term storage capability and
requires a fairly small sample (~2 paper hole sized punches). Analysis is straight-forward,
mechanized and is fairly inexpensive (max. cost of $40/sample). When a sufficient
amount of samples have been collected (~ 100 or more for all pools sampled), the analysis
could be conducted and a plot of the different parental contributions could be produced.
Given the high degree of variability between water years this proposal would have a fairly
long time span (e.g. 10-20 years) and would be viewed as an additional long-term
monitoring tool to estimate both instantaneous and overall effective population size of
populations with managed fisheries. Additionally it would provide useful information on
the numbers and time necessary to enhance or restore depressed populations in the upper
Columbia River reservoirs.

The uniqueness of this proposed approach is that there are essentially no additional
costs except for laboratory analysis and genetic interpretation. Field supplies are very
inexpensive and the procedure is minimally invasive to the fish. A standardized long-term
monitoring process is already in place and will likely continue for some time to come.
This program will not answer all of the questions related to broodstock abundance and egg
per recruit contributions, but it will certainly start answering questions regarding effective
population size and genetic contributions. Similar programs of this nature are already
underway for Redfish Lake sockeye and Salmon River Chinook salmon (Powell and Faler
2001).

Develop a Comprehensive Integrated White Sturgeon Management Plan

Currently, reference to white sturgeon “populations” is simply a convenient way to
describe groups of fish in particular geographic areas. Although biological, genetic, and
ecological data needed to accurately define white sturgeon populations and putative
population structure are being collected and analyzed, critical uncertainties remain.
Ongoing white sturgeon genetic research is providing much needed information about
white sturgeon population structure (Anders and Powell 1999; Anders et al. 2000a, b;
Anders and Powell, In Prep.). These data, along with extensive data and information
collected, analyzed, and published by ongoing BPA 86-50 cooperators (see above citation
lists) form the basis for a much needed Plan. The proposed mechanism to organize and
prioritize existing information and critical uncertainties is a comprehensive, integrated
Columbia Basin White Sturgeon Conservation and management Plan.

Because white sturgeon research, management, and recovery activities have
proliferated in the Columbia Basin, the need has never been greater for a cooperative,
multi-agency Plan. This approach and supporting rationale for the Plan are consistent with
the fact that as a species, white sturgeon functionally exist at the Columbia Basin scale.
Thus, white sturgeon management and required underlying research at considerably
smaller geographic scales appears inadequate to successfully conserve and manage
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Columbia Basin white sturgeon at the relevant Basin-wide (species) scale, as mandated by
the NWPPC’s Fish and Wildlife Program (NWPPC 1994; 2000).

In addition to white sturgeon population genetic data (Anders and Powell 1999; Anders et
al. 2000a, b; Anders and Powell, In Prep.), empirical movement and migration data have
confirmed the species’ ability to migrate in excess of 2,500 km within, between, and
among major river systems of western North America (Rien and Beiningen 1997; DeVore
et al. 1999). Although white sturgeon migrations involve the marine environment, all
sturgeons spawn exclusively in freshwater (Bemis and Kynard 1997). Unfortunately,
extensive development of hydropower dams throughout the Columbia River Basin during
the past century has severely fragmented free-flowing, large river habitats (National
Research Council 1996) occupied by white sturgeon. One important result of such river
fragmentation for white sturgeon is the creation of a series of relatively isolated sub-
populations (Secor et al. In press; Jager et al. 2000;). This is especially critical for a
migratory species like white sturgeon, where fragmentation by dams may artificially
impose exclusively downstream gene flow, creating fragmented sub-populations. Such a
scenario may likely jeopardize or eliminate functional mechanisms of population and
evolutionary biology responsible for long-term viability and persistence. Altered seasonal
river discharge and thermal regimes resulting from impoundment and dam operations can
also alter migration and limit availability of spawning, rearing, feeding and migratory
habitats (Auer 1996; Cooke et al., In Press; Jager et al. In Press; Secor et al. In press).
Furthermore, various reservoirs within the Basin may currently lack suitable habitat for
successful completion of all lifestages. Due to such post-impoundment limitation,
organized, Basin-wide biological information to facilitate management and conservation,
in the form of the Plan, is recommended. Such an approach would provide information
needed to assess, monitor, and evaluate population restoration options for Basin white
sturgeon.

Such a plan is also recommended to address and prioritize the diverse set of
research and management needs for white sturgeon, which vary considerably across the
Columbia Basin. This array of research and management needs results largely from spatial
variability of white sturgeon status across the Basin, as briefly summarized: Miller et al.
(1995) and Parsley et al. (In Press) described white sturgeon population sizes and trends as
high and generally stable in the lower Columbia River, low to moderate, and relatively
stable in the middle reaches, and low to negligible in upper reaches of the Basin, where
population trends were either unknown or generally declining. The Kootenai population,
occupying British Columbia, Idaho, and historically Montana waters of the upper
Columbia River Basin was federally listed as endangered under the US Endangered
Species Act in 1994 (USFWS 1994). Proactive research and management to be provided
and implemented under the Plan are proposed as a preferred alternative to subsequent
listings.

The development of such a comprehensive plan is predicated on the need to
gather, evaluate, integrate, and make available all white sturgeon biological, ecological,
and genetic data from the Columbia Basin. Therefore, it is recommended that prior to the
Plan’s development, a comprehensive document representing the “State of the Science for
Columbia Basin White Sturgeon” be produced. First, this document would provide a
comprehensive summary white sturgeon biological, ecological, and genetic information
from the Basin. In doing so, this document should: 1) identify and prioritize, by specific
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location, white sturgeon research, management and conservation needs throughout the
Basin; 2) identify and prioritize data gaps, also by specific location, that need to be
addressed for successful management and conservation, and 3) facilitate innovative,
science-based solutions to management and conservation issues which transcend agency
boundaries. Secondly, it should provide all Columbia Basin white sturgeon researchers,
managers, regulatory personnel, and scientific reviewers with a comprehensive, accessible
source of white sturgeon biological, ecological, and genetic information and techniques.
This provision would allow definition and incorporation of the “best available science”
concerning white sturgeon research, management and legal status definition into all
planning, review, implementation and evaluation activities.

Finally, several additional issues warrant future attention in the Council’s Program
regarding Columbia Basin white sturgeon: 1) Incorporation of biological, ecological,
demographic, and genetic data into population viability and persistence models to help
prioritize white sturgeon research, management and conservation activities, and evaluate
their probabilities of success, and cost-effectiveness. 2) Provide opportunities to develop
and evaluate artificial white sturgeon spawning habitats in conjunction with Russian
sturgeon researchers and their proven techniques. Such techniques have been successfully
employed for decades to restore natural sturgeon production in Russian rivers where
access to historical sturgeon spawning habitat has eliminated, or habitats have been
severely degraded (Personal communication, D. Pavlov, Russian Academy of Sciences,
Moscow, Russia). This is particularly relevant to upriver Basin populations (Duke et al.
1999; USFWS 1999; Holderman et al., submitted).

White Sturgeon Fish Health Needs

The White Sturgeon Iridovirus (WSIV) has been documented from sturgeon in the
Kootenai River, the Snake River, and the mainstem of the Columbia River. Since
presence of this virus has been recorded from very few sites in the basin, its full
geographical range within the basin is not known. The virus can cause mortalities as high
as 95% among juvenile sturgeon (age 0+) raised in hatcheries. Knowledge is lacking
about its impact upon juvenile sturgeon in the wild. Presence of this pathogen in the wild
may explain some of the recruitment failure in mainstem pools on the Columbia River.
This pathogen may present a serious problem for future propagation of sturgeon for
restoration and mitigation programs. Very little is known about the transmission of this
pathogen, either horizontally within the hatchery environs or vertically from parent to
offspring during spawning.

Broodstock for propagation projects are drawn almost exclusively from fish
captured in the wild. These fish are not screened for the presence of WSIV at the time of
spawning and as a result there have been severe outbreaks of WSIV among progeny. A
rapid and sensitive screening test is needed to provide appropriate risk assessment
capabilities for white sturgeon propagation projects. Research is also desperately needed
in areas of disease treatment and management in order to minimize the impact of potential
outbreaks during propagation procedures.
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White Sturgeon Supplementation Plan

Currently managers involved in the white sturgeon program are focusing on a strategy that
uses natural production, intensive harvest management and in river supplementation of
white sturgeon from below Bonneville Reservoir to rebuild depressed populations in John
Day, The Dalles and Bonneville reservoirs. The goal of this management strategy is to
rebuild the populations in these reservoirs while allowing a commercial and sport harvest,
with the ultimate goal of stabilizing the population, and possibly increasing the level of
production of each reservior in the future. These management activities are being
evaluated and the success of each strategy and it’s potential future as a strategy will be
determined as time and data accumulation allows. Population surveys are currently being
conducted that will evaluate the success of restricted harvest management and in river
supplementation with much of this information becoming available in 2003.

Meanwhile, there is a need to develop a plan that would investigate the use of
hatchery supplementation to rebuild white sturgeon populations in Lower Columbia River
reservoirs, should current management activities prove unsuccessful at reaching the goal
of rebuilding the populations in these reservoirs. Such a plan would investigate and
address the potential of using wild white sturgeon broodstock to spawn and produce
offspring that would be hatchery reared and used to rebuild wild populations, supplement
current harvest levels, and/or potentially increase future harvest levels. The initial stages
of this plan would allow for the use of hatchery reared white sturgeon to be released in
reservoirs above Bonneville Dam for supplementation research evaluation, proceeding
much as the current in river supplementation project in use now. The development of this
plan would investigate other white sturgeon hatchery supplementation programs and
facilities and determine their applicability to the Lower Columbia River populations. It
would also investigate and identify possible tribal, state, and federal partnerships and
potential locations for developing a hatchery facility should the need for such a facility be
determined.
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