ISRP Response-Lake Roosevelt White Sturgeon Conservation Hatchery Project (Project # 2007-372-00)

ISRP Comment:  This proposal is to initiate a Three-Step Review for a sturgeon conservation hatchery for Lake Roosevelt in the upper Columbia River. An adequate justification for beginning a three-step review to construct a hatchery for white sturgeon for the upper Columbia River (Lake Roosevelt) is not presented. A more thorough presentation of the current population size, its rate of decline, and evidence that this can reasonably be replaced by artificial production is needed.
The proposal sponsors provide an adequate summary of the evidence that sturgeon larvae are only occasionally recruiting to a yearling age, and that in the long run, the population will become extirpated if the situation is not remedied.  However, a convincing argument that conservation aquaculture is needed is lacking, as is a suitable solution. The only rationale for the aquaculture project is a recovery plan that does not appear to be peer-reviewed, and the proposal only cites the plan, without providing insight into its contents. Sound justification for artificial production does not appear in an ISRP inspection of the plan. What is needed is compelling evidence that the population is small and old, and will not remain viable while the cause of the recruitment failure is addressed. There is stock assessment and distinct population segment work that needs to cited or completed.
The contents of the analysis for the Three-Step Review are not present, so they cannot be evaluated. Specifically, in work element 4 the sponsors state that, "We will include a Hatchery and Genetic Management Plan for any aspect of the conservation aquaculture program that is not currently addressed under the Upper Columbia White Sturgeon Recovery Plan." The assessments in the sturgeon recovery plan need to be available for ISRP review to evaluate the suitability of the artificial production program.
The Upper Columbia White Sturgeon Recovery Plan delineates reasonable actions believed necessary to protect and recover white sturgeon in the Upper Columbia River.  The plan was prepared as a cooperative effort among Canadian and U.S. Federal, Provincial and State agencies, Canadian and U.S. tribes and other stakeholders.  This group included a number of white sturgeon biologists, consultants and other professionals working in the Pacific Northwest.  These individuals represent considerable expertise in the field and we believe their contributions are valuable and should not be discounted.  The plan (UCWSRI 2002) and the Technical Appendices to the plan have been submitted in conjunction with this response.
A more thorough presentation of the current population size, its rate of decline, the spawning population, larval, egg and juvenile population assessments and justification for artificial production have been provided in the response to the ISRP comments on the Lake Roosevelt White Sturgeon Recovery Project (Project Number 1995-027-00) and has been duplicated here, in part, for convenience.
Stock status and life history assessment
To date we have conducted two springtime stock assessment surveys in the Roosevelt Reach.  The goal of these assessments was to update and improve upon the knowledge of stock status gained during a reservoir wide survey conducted in 1998 by DeVore et al. (2000).  Although determining the survival rate of the sturgeon in the Roosevelt Reach would allow for the development of population trajectories we believe there is greater value in using the stock assessment for addressing hypotheses related to the recruitment failure.  Assessing abundance, growth rate, condition factor, and size of females at maturity is important for evaluating the reproductive potential of a population.  Limited stock size, coupled with poor condition and growth rates, is hypothesized to limit recruitment in the upper Columbia population(s) (UCWSRI 2002, Devore et al. 2000).

We deployed 162 overnight setline sets in both 2004 and 2005 surveys in the upper 100 km portion of the Roosevelt reach between Rice and the international border.  Unlike the 1998 survey we did not sample the whole Roosevelt Reach (i.e. from Grand Coulee Dam to the international border) mainly due to limited manpower and funding.  However, during the 1998 survey, sturgeons were only captured in the upper third of the Reach and our sampling in 2004/2005 encompassed the area where 92% of sturgeons were captured in 1998.  Also, a previous telemetry study in the Roosevelt Reach indicated that sturgeons move into this area to overwinter (Brannon and Setter 1992).  Sampling during the 1998 survey was conducted during the summer months (most fish were captured in August) when fish distribution was likely at its greatest extent due to foraging related movements.  Thus, given these observations and the timeframe of our sampling (i.e. early spring when fish might be assumed to still be resident in overwintering habitat), we thought it reasonable that sturgeon would be concentrated within our study area and thereby provide us with a representative sample of the general population.

Setline catch totaled 210 and 97 sturgeons in 2004 and 2005, respectively.  The population size structure was similar between years and to that observed during the 1998 survey (i.e. dominated by larger size classes).  However, the length frequency distribution of the population when sampled in 2004/2005 was bimodal with a small cohort of juveniles (average FL=100cm) indicating a recent, albeit minor, recruitment event(s) (Figure 1).

A preliminary Petersen estimate of sturgeon abundance within the study area was calculated using 2005 recaptures of fish tagged during the 2004 survey (Table 1).  The Petersen method assumes a closed system and equal capture probabilities between marking and recapture events.  Violation of closed system assumptions was broadly assessed using movement data collected from sturgeons acoustic tagged in the Transboundary Reach since 2003 and tracked by an array of fixed station hydrophones distributed from Gifford upstream to HLK Dam in Canada (Figure 2).

Acoustic telemetry data collected from sturgeons tagged in the Roosevelt Reach (N=40) showed that fish ranged widely within the area during the summer months.  At the approach of winter (approximately October/November) most fish moved into overwintering habitat centered approximately around the Marcus area (Figure 3).   Seasonal changes in habitat use indicated by acoustic telemetry were mirrored in the catch distributions (based on CPUE, sturgeon catch per overnight set) observed in 2004/2005 (early spring surveys while fish were still resident in overwintering habitat) and 1998 (summer survey when fish distribution was more dispersed due to foraging related movements) (Figure 4).

Given these observations we suggest that the closed system assumptions of our abundance estimator may not be seriously violated and our estimate may therefore be relatively unbiased.  However, although possibly unbiased, the estimate is based on low numbers of recaptured fish (n=9) and thus its precision is quite low.  

Assuming our abundance estimate is reasonably accurate, broodstock sized sturgeon (i.e. fish >167 cm FL; Welch and Beamesderfer (1993)) are more abundant in the Roosevelt Reach study area than in any of the three mid-Columbia impoundments for which population assessments have been conducted since the late 1980’s.  Abundance estimates for fish >167 cm have not been reported to exceed 1,000 individuals in any of the mid-Columbia impoundments (North et al. 1999).

White sturgeon abundance in the Keenleyside Reach has been estimated at about 1,400 individuals based on mark-recapture sampling from 1990-2001 (Golder Associates Ltd 2002).  Estimates of abundance by size interval have not been reported but a substantial proportion of fish are likely > 167 cm since the length frequency of the catch is similar between the Keenleyside and Roosevelt reaches.  Thus, the combined number of broodstock sized sturgeons inhabiting the Keenleyside and Roosevelt Reaches (i.e. the Transboundary Reach) likely substantially exceeds that reported for downstream impoundments.  Despite this, the sturgeon populations of the mid-Columbia impoundments are able to support limited levels of exploitation through periodic recruitment events while the Transboundary Reach population has experienced almost total recruitment failure since the mid 1980’s.

While data suggest that broodstock fish in the Transboundary Reach as a whole are relatively abundant when compared to other isolated populations, it is possible that conditions in this area of the Columbia may not be conducive to a rapid reproductive cycle and may therefore limit reproductive potential (and hence recruitment) through limiting annual spawner abundance.  Indeed, Devore et al. (2000) found that the condition (mean Wr = 91%) of Roosevelt Reach sturgeon in 1998 was lower than any previously recorded for other Columbia River populations (Beamesderfer 1993).  Devore et al. (2000) attributed slow growth and poor condition to northerly location (i.e. reduced length of growing season, colder average water temperature) and to lack of food resources such as an anadromous forage base and the large seasonal drawdowns and low water retention times that tend to decrease densities of benthic invertebrates.

We calculated von Bertalanffly growth parameters from recapture data (i.e. age independent) obtained during our stock assessments.  Parameters suggested that growth rates of larger sturgeon are significantly less than previously calculated from length at age data for the Roosevelt Reach and for other areas of the Columbia River (Figure 5).  The comparison of direct estimates of growth in large fish between areas based on mark-recapture studies is difficult due to lack of available data; few large fish (the size of most fish resident in the Roosevelt Reach) are marked and recaptured during setline stock assessments in other areas of the Columbia.  However, the mean AGI calculated from recaptures in 2004 (3.0 cm yr-1; FLavg= 169.3 cm), is less than (approximately) 5.0 cm y-1 (FLavg > 137 cm) reported for the John Day reservoir by Kern et al. (2002).  Mean AGI is similar to 2.7 cm y-1 reported for Keenleyside reach population (Golder Associates Ltd 2002) and greater than 1.47 cm y-1 (FL 116-160 cm) and 0.57 cm y--1 (FL>160 cm) reported for the Kootenay River population (Paragamian and Beamesderfer 2003).  Growth data therefore suggest that physical conditions and forage may indeed inhibit reproductive potential as suggested by DeVore et al. (2000).  However, we found that mean population condition in 2004/2005 was good (mean Wr = 101%) indicating forage was not in limited supply.  Furthermore, in the context of the early spring sampling timeframe (i.e. immediately subsequent to overwintering prior to the initiation of foraging activity) these indices of condition may be considered particularly good.

During our stock assessments in 2004/2005 we surgically examined 147 sturgeons for sex and stage of maturity.  We found approximately 1:1 male/female ratio, that all females examined had reached reproductive maturity and the smallest mature female measured 156 cm FL.  For females  > 167 cm FL, 38 were vitellogenic and 16 were post vitellogenic.  Theoretically, the ratio of vitellogenic to post-vitellogenic females at the time of our surveys should provide an indication of the duration of the reproductive cycle and hence spawning periodicity.  Thus, our data suggest broodstock sized females inhabiting the Roosevelt Reach spawn on average once every 3-4 years.  This is a similar rate to that reported by Welch and Beamesderfer (1993) for sturgeon in the lower Columbia River impoundments.  Welch and Beamesderfer (1993) concluded that white sturgeon of the lower Columbia reservoirs were physiologically capable of spawning about every three years, with the spawning cycle consisting of a two-year period of oocyte development and a one-year resting period prior to re-initiation of gonadal development.  

By coupling our estimate of abundance with sex ratio and maturation data we derived a preliminary estimate of annual female spawner abundance of 181 (95 % CI: 97, 287) individuals.  In short, stock assessment work conducted to date suggests that recruitment failure in the Transboundary Reach population is likely not due to limited numbers of annual spawners.

We need to conduct additional stock assessment work to address the assumptions of our abundance estimate and allow derivation of survival estimates.  The assumption of equal catchability of all fish in the population, due to fish not being available for capture (i.e. dead or outside the study area), requires further evaluation via additional stock assessment in the lower two thirds of the Roosevelt Reach and continued acoustic telemetry work.  We have only applied radio and acoustic tags to fish captured in the upper third of the Roosevelt Reach and movement data collected to date may not be representative of fish that may occupy the lower two thirds of the Roosevelt Reach.  We suspect there is limited use of the lower two thirds of the Roosevelt Reach, however this needs to be tested in order to evaluate our mark-recapture estimates of abundance.  Thus, our proposal is to evaluate the assumption of limited use in the lower two thirds of the Roosevelt Reach by conducting adult stock assessment surveys in the lower and middle thirds in 2007 and 2008, respectively.  Under the assumption that we do not catch any sturgeon in the lower two thirds of the Roosevelt Reach we will continue our stock assessment in the upper third of the Reach on a three-year cycle.

We think we can get adequate adult stock assessment data to be used to monitor adult population status by conducting our standardized surveys in the upper third of the Roosevelt Reach every three years and focus more time and effort on evaluating other recruitment hypotheses.  We will be working with the BC researchers to conduct pooled analysis of mark-recapture data to ensure that we minimize violations of model assumptions and increase the precision of estimates by increasing the number of recaptures.

Table 1.  Petersen derived abundance estimate (M=207, C=97, R=9) for the white sturgeon population inhabiting the Roosevelt reach of the Columbia River.  The actual estimate is given in bold.  This estimate was then broken down into juvenile, sub-adult, and adult size classes according to the length frequency distribution of setline catch.

	
	All size classes
	80-109 cm FL (juvenile)
	110-166 cm FL

(sub-adult)
	>167 cm FL

(adult)

	+ 95% CI
	3,223
	266
	665
	2,293

	N*
	2,037
	168
	420
	1,449

	- 95% CI
	1,093
	90
	225
	777
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Figure 1.  Relative weight, length-weight relationship, and length frequency of white sturgeon caught with setlines in the Roosevelt Reach of the Columbia River, spring 2004.  Symbols in gray denote hatchery origin fish.  Note small peak around 100 cm FL that indicates a recent recruitment event(s).
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Figure 2.  The locations of fixed station acoustic telemetry receivers deployed in the Roosevelt Reach of the Columbia River.
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Figure 3.  Seasonal distribution and habitat use by sturgeons acoustic tagged in the Roosevelt Reach since 2003.  The upper plot shows the percentage of the acoustic tagged population (n=40) detected between May and October 2004 at fixed station acoustic receivers (Vemco VR2 units) deployed in the Transboundary Reach (displayed in downstream order left to right).  The lower plot gives the location of final signal detections for telemetered fish prior to cessation of movement at the onset of winter 2004 i.e. the plot represents the overwintering distribution of telemetered sturgeons.
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Figure 4.  White sturgeon distribution among sampling sections (arranged in downstream order left to right) for setline surveys conducted in the Roosevelt Reach in summer 1998 (black bars) and spring 2004 (gray bars) according to two indexes of relative abundance; CPUE (sturgeon catch per overnight set) and Ep (proportion of overnight sets where sturgeon catch > 0).
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Figure 5. Comparison of length at age von Bertalanffy growth curves calculated for Roosevelt Reach white sturgeon from recapture data with those calculated for other Columbia River populations based on age determinations.
Recent stock assessments in the Roosevelt Reach have detected a minor recruitment pulse that occurred in the mid-1990’s (Figure 1).  Difficulties related to aging sturgeons from fin spine sections have resulted in uncertainty over the exact ages of these fish.  However, it appears likely that this juvenile cohort is comprised of 1996/1997 year classes - years of high springtime river discharge in the Columbia basin.  Although this observation suggests that recruitment in the Transboundary Reach is related to increased flows (similar to the mid-Columbia impoundments), it should be noted that the relationship is probably quite weak since production from this recruitment event(s) was quite low according to our abundance estimates for this cohort.  Consequently, it appears that factors other than river discharge may be more important in limiting recruitment in the Transboundary Reach.

As discussed previously, stock assessment work in the Roosevelt Reach to date suggests that broodstock abundance is at least on par with and probably considerably greater than that of other impounded areas of the Columbia mainstem.  Additionally, sex ratios and maturity data suggest a relatively rapid reproductive cycle in females that should result in large numbers of spawners in any given year.  However, while substantial numbers of broodstock may be in pre-spawn condition annually, conditions must exist that cue spawning behavior and ovulation.

Based on our work so far, we believe such conditions occur on an annual basis during the spawning timeframe regardless of discharge, and that most females in pre-spawn condition actually spawn in the spring.  Evidence for these assertions come from the following observations: Firstly, sturgeons in pre-spawn condition outfitted with acoustic and radio tags in the Roosevelt Reach make movements during the spring characteristic of spawning migrations.  Twenty-six sturgeons (12 females and 14 males) made these migrations in 2004/2005.  Of these, six (23%) moved upstream to the known spawning area at Waneta, while the rest moved upstream to the Northport area where we have recently documented spawning (see below).  Thus, it appears that conditions suitable for cueing spawn migration behavior occur even in unremarkable flow years such as 2004 and 2005. Secondly, during our stock assessment activities we collected samples of gonad tissue from 40 reproductively mature females.  These samples were analyzed histologically and only one female was found to have possibly previously aborted a spawning cycle based on the presence of atretic bodies.  This compares with a rate of follicular atresia of 14% in females sampled from the lower Columbia river (Dr. M. Webb, Bozeman Fisheries Technology Center, pers. comm. 2006).  Therefore, this indicates that adult female white sturgeon inhabiting the Roosevelt Reach undergo a normal maturation cycle and that conditions in the Transboundary Reach during the spawning period cue fish in spawning condition to ovulate in most/all years.

RL&L (1994) identified several potential areas of white sturgeon spawning habitat in the Keenleyside Reach based upon habitat suitability curves defined by researchers in the mid-Columbia impoundments and the lower Columbia river below Bonneville Dam (Parsley and Beckman 1994).  Although suitable spawning habitat appeared available over a wide area, the only spawning area in the Keenleyside Reach documented to date is within the tailrace of Waneta Dam located at the confluence of the Columbia and Pend Oreille Rivers just upstream of the international border.  Attempts to detect spawning in other likely areas, such as in the tailraces of HLK and Brilliant Dams have failed (RL&L 1996).  Spawning has been documented at the Waneta location every year monitoring has been performed since 1993 (RL&L 1995, 1996, 1997, 2000). 

Based upon qualitative observations of the authors, conditions suitable for spawning exist in approximately the uppermost 15 RM of the Roosevelt Reach from approximately the Little Dalles upstream to the international border.  This area is characterized by high velocity flows (> 1.0 m s-1) during the spawning timeframe and substrates that range from cobble to bedrock.  The area between the Little Dalles and Deadman’s Eddy appears to contain the most suitable spawning habitat in that, in addition to high flows and coarse bottom substrates, this area experiences particularly turbulent water conditions that may be important in aiding the dispersal of eggs.  Additionally, this area has many eddy areas immediately adjacent to high flow areas that would provide suitable holding habitat for pre-spawn sturgeon waiting for conditions to cue ovulation.

Recently we identified spawning does indeed occur in this area of the Reach.  We documented spawning in the section of river near the town of Northport, WA approximately 10 RM downstream from the international border.  Spawning at this locality was inferred from movements of pre-spawn sturgeon outfitted with acoustic tags in 2004, and confirmed in 2005 and 2006 through collection of eggs on artificial substrates (Howell and McLellan in prep; WDFW, unpublished data).

Unlike the Kootenay River situation, physical conditions at both documented spawning areas in the Transboundary Reach appear suitable for successful egg incubation.  In 2004, Golder and Associates Ltd (2004) performed in situ incubation experiments with eggs captured at the Waneta spawning area and found high rates of survival through egg incubation and through to the stage of exogenous feeding in free-embryos.  Based on preliminary observations of spawning habitat variables at the Northport spawning area in 2004 and 2005, the majority of egg deposition occurs at water temperatures identified as optimal for white sturgeon egg development (Wang et al. 1985).  Substrates in the Northport spawning area are coarse (cobble) based on qualitative observations obtained from cursory underwater videography conducted in 2005.  As of writing, USGS and WDFW are collecting ACDP based water velocity profile data in the Northport spawning area.  Preliminary results show that water velocities during the spawning timeframe are well within the optimal range outlined by Parsley and Beckman (1994).

We have confirmed that eggs are incubating successfully via the capture of post-hatch life intervals up to early larval stage (i.e. just subsequent to the initiation of exogenous feeding) using D-ring style plankton nets in 2004, 2005, and 2006.  Free-embryos and early larvae have been collected at, and downstream of, the Northport spawning site in 2004, 2005, and 2006 (Howell and McLellan 2005; Howell and McLellan in prep; and WDFW, unpublished data). White sturgeon free embryos have also recently been collected just downstream of Waneta (international border) in 2006 although few were captured (WDFW, unpublished data).  Sampling efficiency is likely low downstream from the international border due to high water velocities and, consequently, low catches of free embryos and early larvae in this portion of the river are not indicative of production at the Waneta spawning area; however, survival rates of different life stages may be different at both spawning locations.  Plankton net sampling methodology is much improved in 2006 over previous years and greater numbers of free embryos and early larvae have been captured with relatively sparse sampling effort (approximately 250 individuals as of writing).  

Based on the results of our various studies over the last two years we feel that the root causes of recruitment failure in the Transboundary Reach differ from those of the mid-Columbia impoundments and the Kootenay River sturgeon populations.  In the mid-Columbia impoundments, recruitment appears driven primarily by river discharge conditions and the resulting extent of available spawning habitat.  On the Kootenay, substrate character appears to play a major role by limiting egg survival.  In the Transboundary Reach, by contrast, physical conditions optimal for cueing spawning activity (i.e. flows) and for successful incubation of eggs appear to occur annually.

Based on plankton net sampling performed to date we currently think that egg survival and free embryo production is quite high in most years.  Preliminary comparisons of plankton net catch data collected in our study area and in the lower Columbia River during studies in the late 1980’s and early 1990’s indicate CPUE’s (free embryo catch per 1000 m3) in the Roosevelt Reach are similar to those reported for below Bonneville Dam.  Exactly how comparable these data sets actually are will require further investigation.

Whatever the case, the relatively large numbers of early larvae captured with plankton nets suggest that survival to the initiation of exogenous feeding is quite high, and our data broadly suggest that the recruitment bottleneck for the Transboundary Reach population probably acts sometime subsequent to the initiation of exogenous feeding and prior to recruitment to YOY.

Plankton netting in the Roosevelt Reach to date has allowed some insight into the nature and extent of free embryo dispersal following hatch.  Brannon et al. (1985) and Kynard and Parker (2004) conducted laboratory studies to characterize ontogenetic behaviors of white sturgeon.  These authors found that upon hatching, white sturgeon free-embryos enter the water column and undergo a weak dispersal phase (0-5 days duration, Brannon et al. [1985]; 0-2 days duration Kynard and Parker [2004]).  The dispersal phase is followed by a hiding phase (approximately 7 days in duration) when free-embryos seek the substrate for places that provide cover while the yolk-sac is absorbed.  After yolk-sac absorption, larvae emerge from hiding and begin to search for food on the substrate.  If food is not present, larvae re-enter the water column, presumably to be displaced farther downstream in search of a suitable food source (Brannon et al. 1985). 

In our plankton net sampling, no dispersing free embryos have been captured further than approximately 20 RM downstream from the international border.  Additionally, we have captured early larvae (i.e. individuals emerging following the hiding phase to forage on the substrate) from approximately 10 – 30 RM downstream from the international border.  This indicates that the duration of the free embryo dispersal phase is limited.  Interestingly, Brannon et al. (1985) suggested that the duration of free-embryo dispersal is influenced by water velocity such that higher flows result in a reduced duration of dispersal.  Brannon et al. (1985) also noted that substrate composition may influence the settling response of free embryos such that coarser substrates provide more suitable cover for the hiding phase than fines.  High flow conditions and coarse substrates exist from the international border downstream a distance of approximately 20 RM during the spawning timeframe and, consequently, these conditions may stimulate dispersing free-embryos to seek cover relatively soon after hatch.  Captures of substantial numbers of early larvae (particularly in 2006) suggest that substrate conditions used for the hiding phase are suitable for free embryo survival.  The availability of suitable substrate for the hiding phase has been implicated as a potential factor limiting recruitment in the Roosevelt Reach particularly with regard to the impact of industrial slag originating from Canadian smelting operations.  Slag is hypothesized to be detrimental to free-embryos in the hiding phase survival due to the potential for mechanical injury as well as from the effects of exposure to high metal concentrations.

The onset of exogenous feeding constitutes a critical period of potentially high mortality (Parsley et al. 2002).  In a diet study in the Lower Columbia River, Muir et al. (2000) collected 64 larvae averaging 21 mm in length (i.e. a similar size and stage of development as the late free embryos/early larvae collected in our study) and found no evidence of larval starvation.  Of the 64 larvae examined by Muir et al. (2000), only one was found to have an empty stomach.  In contrast, no food items were found in any of the early larvae collected in the Roosevelt Reach to date.  This suggests that suitable forage could be limited for this life stage and would likely impact larval survival.  Interestingly, the area of the Roosevelt Reach where most free embryos appear to settle out and enter the hiding phase coincides with the area where we have found the lowest rates of growth and condition in hatchery origin juveniles during our fall gill netting assessments.  Furthermore, a limited examination of hatchery origin juvenile diet during fall gill netting activities in 2004 showed that taxonomic diversity in the diet of juveniles was lowest in this same area (Howell and McLellan 2005).  
However, it should be noted that early larvae collected by Muir et al. (2000) were captured with actively towed trawl gear while those collected in the Roosevelt Reach in 2004 were captured in passively fished plankton nets.  Since late free embryos/early larvae with empty stomachs would most likely be those dispersing downstream in search of suitable foraging habitat, these individuals are the most likely to be caught in stationary fishing gear i.e. may not be representative of the early larval population in general. 

Early larvae involved in extended searches for food could potentially experience an increased vulnerability to predation.  While a lack of suitable foraging habitat may potentially be a root cause of recruitment failure in the Transboundary Reach, the major proximate cause of larval mortality could possibly be predation.

With improved sampling techniques developed over the last two years and the development of statistically defensible study plans we intend to commence a more rigorous investigation of white sturgeon early life history in the Roosevelt Reach.  As outlined in our proposal we also intend to experiment with new sampling techniques to collect older larvae, determine habitat characteristics in areas occupied by early life stages, and determine food availability in areas where we find early larvae.

Similar to the Kootenai(y) population, contaminants may affect survival rates of Lake Roosevelt sturgeon.  According to the UCWSRI (2002):  

There are several sources of contaminants to the Upper Columbia River watershed in

British Columbia and the United States, including Cominco Ltd. at Trail, B.C., Celgar Pulp Company at Castlegar, B.C., municipal sewage treatment plants, abandoned mines, and tailing dumps. Many of these sources have made substantial effort to establish cleaner operating procedures within the last 25 years; however, a great deal of contaminant input occurred prior to these upgrades and potential effects to sturgeon are unknown. 

Cominco has been operating since 1906 (MacDonald Environmental Sciences Ltd. 1997). However, over the past 25 years, the industry has initiated a long-term program to modernize and expand its operations at the Trail plant. Some of the major improvements include an effluent treatment plant, zinc electrolyte stripper, mercury removal plant, drainage control system, heat exchanger, elimination of phosphate-based fertilizer plant, and a slag containment facility. These modernization projects have significantly reduced loading of metals to the Columbia River. Accidental discharges currently comprise the majority of contaminant inputs. Between January 1987 and January 1993, there were a total of 56 spills from Cominco Ltd., into the Upper Columbia River. These spills released multiple tons of compounds containing sulphuric and phosphoric acid, zinc (various forms), gypsum, mercury, copper sulphate, ammonia, coal dust, furnace and compressor oils, sodium bisulphite, phosphate, ammonium sulphate, arsenic, cadmium oxide, chlorine, lead, slag, oxide dust, and various undetermined solutions.

The UCWSRI has developed a contaminants sub-committee, which is examining the potential impacts of various contaminants to sturgeon production.  We cooperate with the contaminants sub-committee by providing biological samples as requested.  We have also been cooperating with US EPA contamination studies and have been approached by the US Fish and Wildlife Service about collaborating on a sturgeon contaminants study, funded by sources outside of this project.

Coutant (2004) developed a hypothesis that successful white sturgeon recruitment is linked to submerged riparian habitat.  He points out that riparian habitat is lacking in the Roosevelt area and has been severely altered in the Kootenai(y); however, he also indicates riparian habitat may have been naturally limited in the Roosevelt Reach.   This hypothesis merits consideration and it will be addressed as part of the UCWSRI habitat and geomorphology work currently being led by researchers in BC.  We are also beginning to and will continue to collect data needed to evaluate the riparian substrate hypothesis with regards to “7. Source of drifting larvae” (with artificial substrate and D-ring plankton net sampling for eggs, free embryos, and early larvae).

Artificial Production

The Upper Columbia White Sturgeon Conservation Aquaculture Program is not intended as a solution to the recruitment failure problem in the project area.  The program is solely intended to serve as a temporary measure to artificially increase recruitment and to maintain the demographic and genetic diversity of the Transboundary population (UCWSRI 2002).  Our project’s primary biological objective is to restore natural recruitment by white sturgeon in the Roosevelt Reach population and the goal of white sturgeon managers is to maintain the population at an abundance that ensures the wild genetic characteristics (diversity) is retained.  In order to maintain genetic diversity in the wild population a relatively large population size (number of spawners) is required, as well as adequate “recruitment of fish representing all of the genetic components of the population” (Secor et al. 2002).  

Many populations of white sturgeon, such as the Roosevelt population, experience consistent recruitment failures, “often due to several interacting and often unquantified factors” (Secor et al. 2002).  Periodic recruitment is necessary in all populations for short-term sustainability and persistence, while reliable recruitment is important for long-term demographic and genetic viability and sustainability (Jager 2001 and Jager et al. 2001 cited in Secor 2002).  So, it is important to restore and maintain recruitment to ensure that population abundance remains high enough to maintain genetic viability.

Recruitment can be increased either naturally or through supplementation (Secor et al. 2002).  Supplementation has been used to increase recruitment in The Dalles Reservoir (lower Columbia River) by stocking wild juvenile sturgeon captured below Bonneville Dam (Rien and North 2002).  Supplementation with hatchery reared yearling sturgeon has been used to increase recruitment in the Kootenai(y) River (Ireland et al. 2002; Paragamian et al. 2005).  Using elasticity analysis, Gross et al. (2002) found that the greatest potential for increasing population growth rate of white sturgeon occurs at the YOY life stage due to the naturally high mortality experienced with the first year of life.  The results of the elasticity analysis suggested that the use of carefully considered and closely monitored hatchery supplementation could be an effective tool for increasing population growth rate (Gross et al. 2002).

According to Ireland et al. (2002) and citations within, human development and resource exploitation have resulted in the degradation and loss of aquatic ecosystems and native fish populations.  Dam construction is considered a “cataclysmic event” that results in changes in the “river’s most important ecological processes” (Ireland et al. 2002 and citations within).  Dam construction and hydro-operations are likely a major cause of the recruitment failure in the Transboundary Reach population; however, the exact mechanisms are unknown (see previous discussion).  A suite of recruitment failure hypotheses has been developed for the Transboundary Reach population(s) (UCWSRI 2002).  The hypotheses include: 1) decreases in flows, 2) habitat degradation, 3) contamination effects, 4) predation, 6) food availability, and 5) stock size.  

Research has been initiated to address many of these hypotheses, by this project, as well as by other partners within the UCWSRI.  The UCWSRI Technical Working Group has recently established a subcommittee to address recruitment failure hypotheses and develop future study plans for testing them.  Many of the large in-river experiments that would be required to ultimately test these hypotheses will likely be highly controversial due to the financial costs and social impacts.  In order to gain stakeholder and public support for these experiments, justifications must be strong.  Developing strong justifications and garnering support will often require feasibility studies, preliminary experiments, and public outreach, all of which could take substantial amounts of time.  There is still the chance that large-scale corrective actions may not result in restoring recruitment.  A case in point is the restoration efforts on the Kootenai(y) River that have included flow manipulations that benefited sturgeon generally but did not restore recruitment (Paragamian et al. 2001) and now over a decade later recruitment failure is still a problem (Paragamian et al. 2005).  

Due to the likelihood that large-scale in-river restoration activities directed at recruitment failure in the Roosevelt project area will likely take a substantial amount of time in addition to the fact that there has been virtually no recruitment in approximately 30 years, we are concerned about the demographic and genetic health of the population. Since demographic and genetic health are related to recruitment, we think the carefully planned implementation of a temporary and experimental conservation aquaculture program has the potential to begin restoring demographic and genetic health to the population that will ultimately be lost over time as the wild population continues to decline.

We acknowledge there are risks associated with hatchery supplementation.  For example, handling females for spawning purposes may impact their future reproductive potential, potential ecological and genetic issues related to reduced performance, the effects of domestication and altered gene frequencies, altered behavior of hatchery fish, as well as unknown consequences regarding the interactions of wild and hatchery fish (Gross et al. 2002; Secor et al. 2002).  

Again, hatchery supplementation in the Roosevelt project area is considered a temporary measure.  However, a large component of the proposed project entails conducting annual assessments aimed at monitoring both natural recruitment and the performance of hatchery reared fish in addition to performing acoustic telemetry studies aimed at understanding juvenile behaviors.  These studies will facilitate the investigation of many of the concerns addressed above and conservation aquaculture activities will be accordingly adaptive.  If it is determined through our monitoring and evaluation efforts that conservation aquaculture measures are having multiple detrimental effects on the wild population then the program will be discontinued.  Additionally, since hatchery sturgeons are differentially marked from wild fish (i.e. those handled during research) and are individually PIT tagged a program of removal could easily be implemented (either through recreational angling or project efforts) if deemed necessary.

We also acknowledge that the program may fail and hatchery produced sturgeon may never contribute to increases in natural production, but at this point we believe it is in the best interest of the population to begin experimenting now.  The aquaculture activities will be conducted in accordance with the UCWSRI Conservation Aquaculture Breeding Plan in Technical Appendix 7.0 of the UCWSRI Recovery Plan (UCWSRI 2002).  The breeding plan was based on that developed for the Kootenai(y) population (UCWSRI 2002).

The theoretical goals of the UCWSRI Conservation Aquaculture Program (UCWSRI 2002), of which the interim aquaculture work proposed under this project is a component, are presented below.

Sturgeon recovery efforts will ideally produce a population trajectory like that depicted in Figure 6. Numbers were produced with a simple age-structure population demographic model using hypothetical hatchery and wild sturgeon recruitment rates with current data on abundance, growth, maturation, and adult survival. This exercise highlights the long term commitment required by this program. Projections optimistically assume that natural recruitment can be restored within 20 years. Hatchery releases cease when natural recruitment is restored. Because of the approximate 30 year age of full maturation, adult numbers are projected to decline to very low levels over the next 30 years even with the immediate release of hatchery-reared juveniles. After that, adult numbers build rapidly as hatchery sturgeon mature. Significant adult recruitment of naturally-spawned fish occurs after 50 years and hatchery releases are scaled back as natural numbers increase. A stable adult population is reached at about 50 years with naturally-produced adults comprising an increasing percentage of the total from 50-100 years. The next 5-20 years represent the most critical period in recovery of upper Columbia River sturgeon because of the current lack of juvenile and subadult fish and the corresponding decline in numbers of potential female spawners (Figure 7). The extended interval of low adult numbers will result in a very low population reproductive potential and much-reduced chances of being able to collect mature fish for spawning broodstock. Restoration of a stable sturgeon age distribution can be expected in approximately 40 to 50 years (Figure 8). The population will be dominated by juvenile sturgeon and subadult sturgeon in the intervening period.
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Figure 6.  Hypothetical future wild and hatchery sturgeon numbers in the transboundary recovery area (from UCWSRI 2002).
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Figure 7.  The hypothetical future reproduction potential of white sturgeon in the transboundary study area, assuming the success of the hatchery-based sturgeon recovery measures and restoration of natural production (from UCWSRI 2002).
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Figure 8.  The hypothetical changes in the age composition of the white sturgeon population in the transboundary study area, assuming the success of hatchery-based sturgeon recovery measures and the restoration of natural production (from UCWSRI 2002). 
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