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Title
:
Evaluate the effects of nutrient supplementation on periphyton, macroinvertebrates, and juvenile sturgeon in the Kootenai River 

Section 3. Project description

a. Abstract

The Kootenai River in Idaho and Montana has experienced post-development, cultural denutrification during the past century, due in part to impoundment by Libby Dam, extensive river diking (elimination of thousands of hectares of productive seasonally submerged floodplain habitat), and channelization. This research evaluates and documents effects of experimentally controlled addition of nitrogen and phosphorous on primary, secondary, and tertiary productivity in Kootenai River water to determine the river's current ultraoligotrophic status can be remedied (by nutrient additions).  Experimental design of this research involves controlled, replicated mesocosm experiments detailed in subsequent sections of this proposal.  

This research is new and innovative for five reasons:  1)  It represents the first project to evaluate nutrient assimilation and productivity in the Kootenai River across  multiple trophic levels in three geomorphologically distinct river reaches. 2) It represents the first project to quantify nutrient channeling through assemblages of Kootenai River taxa, in a controlled and replicated fashion, within experimental apparatus in the Kootenai River water column, using Kootenay River water.  3) Past mesocosm experiments only investigated responses of primary and secondary producers. Thus, assimilation of primary and secondary production into tertiary trophic levels was always inferred.  Our research introduces a  tertiary consumer  (juvenile Kootenai River white sturgeon) into the mesocosm units.  With this innovative experimental design, growth response of white sturgeon in a replicated series of N, P, and N:P ratio treatments is directly measured, rather than inferred.  Experimental control units allow empirical quantification of white sturgeon growth in the treatment units. 4) Unlike some past mesocosm studies, our research will reproduce (in the experimental units) the same thermal, substrate, and incident light conditions used by juvenile white sturgeon in Kootenai River benthic habitats.  5) This research helps evaluate the appropriateness of future in-river nutrification experiments, as part of a comprehensive adaptive approach to Kootenai River ecosystem management.

b. Technical and/or scientific background

During the past few decades the controlled addition of limiting nutrients to artificially nutrient-impoverished ecosystems has proven to be a very effective ecological restoration tool.  Numerous empirical studies have reported that nutrient addition programs significantly increased salmonid production in oligotrophic lakes and streams in British Columbia and Alaska (Stockner et al. 2000; Ashley et al. 1999; Johnston et al. 1999; Korman et al. 1999; Kyle et al. 1997; Ashley et al. 1997; Stockner and MacIssac 1996; Korman et al. 1990; Stockner 1987; Hyatt and Stockner 1985). Properly administered nutrient addition into culturally de-nutrified water bodies should be viewed as restoration of ecosystem function and productivity, rather than being perceived as a form of pollution (Stockner et al. 2000). Implementation of aquatic nutrification programs requires considerable understanding of limnological knowledge, and a better understanding of how N:P ratios and other micro and macro components promote production of algal species, specifically those which provide a forage base for higher trophic level consumers (Stockner et al. 2000).

The Kootenai River in Idaho and Montana, and the Kootenay River and Kootenay Lake in British Columbia, have experienced several major perturbations during the past century.  These changes included river diking, channelization, and impoundment (Libby and Duncan dams) (Anders et al. 2000; PWIR 1999; Ashley et al. 1997; Anders and Richards 1996; Ashley and Thompson 1993).  Considerable historic data support the hypothesis that declines in native kokanee, white sturgeon, whitefish, burbot and rainbow trout populations resulted from decreasing system productivity (Anders et al. 2000; Duke et al 1999; USFWS 1999; Ashley et al. 1997; Paragamian 1994; Crozier and Duncan 1985; Daley et al. 1981).  Additional causal factors of decline are also recognized (Anders at al. 2000; Anders and Richards 1996).  Documented declines in system productivity, species biomass and abundance, and human development (habitat degradation) in the Kootenai River ecosystem are temporally correlated.  Nutrient inputs to the Kootenai system were retained behind impoundments, and lost due to isolation of thousands of hectares of natural floodplain habitat following diking of the lower Kootenai River (Anders et al. 2000; PWIR 1999; Ashley et al. 1997; Anders and Richards 1996; Woods 1982; Daley et al. 1981).  Typical of unaltered large river-floodplain ecosystems, the Kootenai River was historically characterized by seasonal flooding that promoted the exchange of nutrients and organismal diversity among a mosaic of habitats, reported to enhance biological productivity (Anders et al. 2000; Anders and Richards 1996; Bayley 1995; Junk et al. 1989).  Nutrient levels in the Kootenai system are documented to have fallen below historical levels (Ashley et al. 1997, 1994).

In response to cultural de-nutrification of the Kootenai system, nutrients were added to Kootenay Lake as part of a large fertilization experiment beginning in 1992 to restore declining kokanee salmon populations and to conserve trophy Gerrard rainbow trout that prey upon the kokanee (Ashley et al. 1997; 1994; 1993).  Due to the unexpectedly immediate and consistent success of this program, nutrient additions have continued annually since 1992 (K. Ashley, J. Hammond, BCMELP personal communication 1999). Nutrient addition into Kootenay Lake was implemented with the intention of replacing the nutrients trapped behind dams and lost due to isolation of the river's extensive historic floodplain habitats (Ashley et al. 1997). Acoustic surveys suggested average kokanee densities of approximately 225, 300, 900 and 660 fish per hectare among the post-fertilization years of 1992, 93, 94 and 95 respectively (Ashley et al. 1997).  These same authors reported that since 1992, kokanee distributions became less uniform throughout Kootenay Lake, with higher concentrations of fish in areas receiving nutrient additions. Following fertilization, kokanee densities in the lake increased up to seven times pre-fertilization levels, and equally substantial increases were noted in kokanee spawner escapement estimates during the same time period (Ashley et al. 1997). 

Because Kootenay Lake receives the vast majority of its hydraulic input from the Kootenai River, the same negative post-development symptoms, already successfully addressed by the ongoing Kootenay Lake nutrification program, are mirrored in the Kootenai River.  To date, no evaluation of restorative ecology experiments has occurred for the Kootenai River.  However, ecosystem metabolism and nutrient dynamics in the Kootenai River were empirically measured in relation to impoundment and flow enhancement for fisheries for several years during the mid-1990's (Snyder and Minshall, 1996, 1995, 1994).  Nutrient enhancement is now being considered by fisheries managers in the Kootenai River sub-basin as possible mitigation for cultural de-nutrification, with important input from academic and independent consulting scientists.

We submit this proposal because implementation of aquatic nutrification programs requires understanding of local limnological conditions and how N:P ratios and related mechanisms promote algal, invertebrate, and fish production.  To assess feasibility of nutrification as a potential ecosystem rehabilitation measure, we propose to analyze the effects of nitrogen and phosphorous additions on primary and secondary production, and on juvenile Kootenai River white sturgeon in controlled, replicated mesocosm experiments (Oliver 1998).  This research will provide baseline data to determine if large-scale fertilization can benefit the Kootenai River ecosystem as it successfully has in downstream Kootenay Lake. 

c. Rationale and significance to Regional Programs

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

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

This proposed mesocosm project directly addresses the Fish and Wildlife Program’s system-wide goal (NWPPC 1994) and vision (NWPPC 2000) by: 1) providing baseline data to evaluate the feasibility and appropriateness of future large-scale nutrient addition to Kootenai River ecosystem and 2) providing scientifically rigorous methodology applicable for determining if other ecosystems potentially require rehabilitation following cultural denutrification.  This mesocosm project also directly addresses the Columbia River Basin Fish and Wildlife Program (NWPPC 1994 as amended in 1995) Section 10.8B.22 that calls for the KTOI to “evaluate the biological feasibility of restoring system productivity; identify effects of hydropower operations on aquatic biota and fish assemblages; and to develop, test, and analyze solutions to ecosystem problems caused by factors currently limiting productivity, such as nutrient limitation and hydropower effects”.  This mesocosm project evaluates and documents the potential for primary, secondary, and tertiary productivity enhancement through the use of a series of controlled, replicated mesocosm experiment.  Section 10.4B.5 of the NWPPC Fish and Wildlife Program also calls for an assessment of factors, such as limited food resources, that may be contributing to the lack of Kootenai River white sturgeon recruitment.  One of the tasks associated with this project is to assess the correlation of nutrient supplementation with growth and condition of larval sturgeon in an in situ setting. 

This mesocosm project also directly addresses several crucial recovery measures listed in the USFWS Recovery Plan for White Sturgeon in the Kootenai River (USFWS 1999).  USFWS recovery measure 3.33 and task 3.331 call for “investigations of biological productivity and an assessment of the necessity of increasing nutrients in the Kootenai River”.  The Recovery Plan (USFWS 1999) reported that changes in nutrient availability have affected the food chain for the fish community, the prey base for many species including white sturgeon, growth rates, and possibly survival of larval fish.  

Proposed mesocosm research also directly addresses the fish and wildlife goal in the Kootenai Subbasin, identified by fish and wildlife managers in the Kootenai River Subbasin Summary (KRSS 2000 prepared for NWPPC).  This goal is:“to rehabilitate and protect the abundance, productivity, and diversity of biological communities and habitats within the subbasin.”  Objective 15 in the regulated mainstem section of the summary calls for the assessment of “a large-scale, controlled nutrient addition experiment downstream of Montana by 2004”.  This project directly addresses, evaluates, and documents the assessment of limiting factors related to nutrients and Objective 15 by implementing a mesocosm analysis within three biologically, and geomorphologically representative reaches of the Kootenai River in Montana and Idaho. 

The primary objectives of this proposed mesocosm project are synonymous with the Multi-Year Implementation Plan (MYIP) because they both evaluate “healthy ecosystems which preserve functional links among biota to ensure the continued persistence, health, and diversity of all species including game fish species, nongame fish species, and other organisms (RFM-CBFWA 1997).

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

Finally, our proposed mesocosm research and goals support mandates from provincial and federal fisheries and environmental management and regulatory agencies in British Columbia, Canada, where a majority of the Kootenai River Basin is located.  Because much of the theoretical and empirical science, and logistical knowledge supporting mesocosm research was developed in British Columbia, and because the Kootenai River is an international waterway, our integrated project design provides maximum benefit from international coordination.



d. Relationships to other projects 

Information obtained from this new and innovative project will have far reaching consequences concerning future management and research within the Kootenai River sub-basin. The decline and virtual collapse of all major game-fish stocks within the ecosystem during the last three decades is a major concern for agencies involved with management of the Kootenai River and concerned citizens. 

The overall goal for collaborative agencies and groups within the Kootenai River basin is to rehabilitate and protect the abundance, productivity and diversity of biological communities and habitats (KRSS 2000).  The objectives of collaborative projects within the basin are intended to address primary limiting factors. This mesocosm project is directly related to the overall goal and objectives of agencies and groups working in the Kootenai River basin. 

The Montana Department of Fish, Wildlife and Parks (MDFWP) in collaboration with the Tribes of Montana and Idaho, Idaho Department of Fish and Game (IDFG), and British Columbia, Canada, is implementing watershed-based enhancement and fish recovery actions to mitigate the losses caused by hydropower in the lower Kootenai subbasin (BPA project #199101903).  The Focus Watershed Coordination Project for the Kootenai River watershed fosters ‘grass-roots’ public involvement and interagency cooperation for habitat restoration to offset deleterious effects to the Kootenai River watershed.  IDFG is determining the status and limiting factors for the Kootenai River white sturgeon, burbot, whitefish, bull trout and redband rainbow trout stocks in the Kootenai River and effects of water fluctuations and ecosystem changes on these stocks (BPA project #8806500).  The Kootenai Tribe of Idaho is implementing the conservation aquaculture program to prevent extinction, preserve the existing gene pool and begin rebuilding age class structure of the endangered white sturgeon in the Kootenai River (BPA project #8806400).  The implementation of this program also includes a monitoring and evaluation component to evaluate the success of the program, as well as a research component to test hypotheses concerning factors limiting the recruitment of wild white sturgeon.  The KTOI is also performing assessments, data analysis, and research in order to identify best management strategies to enhance aquatic biota in the Kootenai River ecosystem to recover native species assemblages across multiple trophic levels (BPA project #9404900).  An important aspect of the ecosystem project is the formation of a multi-agency team to develop and guide ecosystem restoration, research and management.  The proposed mesocosm project is directly related to the goals and objectives of this multi-agency team.  The KTOI, Idaho Department of Environmental Quality and the Kootenai River Network are also performing tasks and developing strategies to evaluate aquatic habitat quality and quantity in the basin.  The outcome of the proposed mesocosm project will directly affect the efforts by collaborative agencies to achieve the objectives of the aforementioned projects.

e. Proposal objectives, tasks and methods

Objectives
 

(I) Project Objective--Overall: 

Assess the feasibility of a large-scale, controlled, nutrient-addition experiment downstream of Montana by 2004 (KRSS 2000)


(II) Project Objectives—Specific

1.  Evaluate and compare primary and secondary productivity responses in fertilized and unfertilized Kootenai River waters flowing through a mesocosm.

2. Evaluate and compare primary and secondary productivity responses between mesocosms located in 3 geomorphically differing Kootenai River reaches.
3. Evaluate tertiary productivity responses in fertilized and unfertilized Kootenai River waters flowing through a mesocosm.


Tasks and Methods
 

Several basic methods for some of the tasks used in this proposed nutrient bioassay have previously been developed and applied elsewhere (Oliver 1998). Responses to nutrient manipulation using trough bioassay or the mesocosm concept have also been assessed in other systems.  However, they have not been applied in the Kootenai River system. These methods will be applied in new and innovative ways in order to determine the response of the Kootenai River ecosystem to incremental increases in nutrient concentration (in varying ratios), above background levels. Upon completion of these tasks, the results will be used to assess the feasibility of in-river fertilization as a means to rehabilitating a degraded aquatic ecosystem. Mesocosms will be assembled and operated according to methods cited in section 3f.

Task 1a.  Measure chlorophyll a concentration
The concentration of photosynthetic pigments is used extensively to estimate phytoplankton biomass (Marker et al. 1980) as a measure of aquatic primary productivity by phytoplankton species.  All green plants contain cholorophyll a, but other pigments that occur in phytoplankton include chlorophylls b and c, xanthophylls, phycobilins and carotenes.  The presence or absence of the different pigments is associated with different algal species; therefore, because different algal species have varying levels of nutrients, pigment measurements can also be used as an indicator of nutrient availability in an aquatic system (Clescari et al. 1998).  For this task, chlorophyll production will be measured within mesocosm treatments in order to test differences in nitrogen and phosphorus treatment effects on chlorophyll production.

Styrofoam substrates will be used for periphyton colonization sites in the mesocosm treatments (Oliver 1998). Weekly core samples will be collected from each treatment, placed in vials, wrapped in aluminum foil, and held frozen in a dark environment until extraction with 90% acetone can be performed. Spectrophotometric analysis of chlorophylls will be conducted according to methods cited by Clescari et al 1998.  The amount of pigment per unit surface area of sample (mg chlorophyll a/m2) will be measured by multiplying the concentration of chlorophyll a by the volume of extract and dividing by the area of substrate (Clescari et al. 1998).  Chlorophyll a levels will be adjusted to allow for passive settlement. 

Task 1b.  Measure periphyton biomass
The productivity of periphyton communities is a function of water quality, substrate, and seasonal patterns in temperature and solar illumination. Productivity may be estimated from temporal changes in biomass (standing crop) or from the rate of oxygen evolution or carbon uptake (Clescari et al. 1998).  The biomass accumulation rate of organic matter on artificial substrates by attachment, growth and reproduction of colonizing organisms has been used widely to estimate the productivity of streams and reservoirs (King and Ball 1966). For this task, periphyton biomass will be measured within mesocosm treatments in order to test potential differences in nitrogen and phosphorus treatment effects on periphyton productivity (Oliver 1998).

In order to measure biomass, several replicate clean substrates will be exposed to the individual treatments within each mesocosm.  After one month, accumulated material will be scraped from the slides and material will be ashed according to methods cited by Clescari et al. 1998.  Biomass (measured as ash-free dry weight) and the amount of pigment per unit surfaced area will be used to calculate the Autotrophic Index (AI) as a measurement of the trophic nature of the periphyton communities within treatments (Clescari et al. 1998). Ash-free dry weight, time of exposure and substrate surface area will also be used to determine net productivity within the treatments (Clescari et al. 1998). Changes in ash-free weight per unit area from one collection period to the next will be used to measure net loss or net production between sampling periods and seasons and to develop a picture of time-course chlorophyll a levels.  The affect of flow variation within treatments will be considered when determining net productivity by looking at the flow by treatment interaction (Oliver 1998).  

Task 1c.  Identify and enumerate periphyton taxa
Quantitative methods will be used to organize and interpret periphyton data in order to test algal taxa response to different nitrogen and phosphorus concentrations and ratios within treatments. Cell counts per unit area of substrate, species composition, and diversity of periphyton collected from glass slides will be used to determine taxonomic richness within treatments (Oliver 1998).   Taxa will be grouped as blue-greens (Cyanophyceae), green algae (Chlorophyceae), diatoms (Bacillariophyceae) or flagellates (Chrysophyceae, Euglenophyceae, Pyrrophyceae and Cryptophyceae). Differences in taxonomic richness will be compared for monthly intervals.

Task 1d.  Measure macroinvertebrate biomass
Macroinvertebrate biomass will be assessed in two manners: (1) A removable rock-basket invertebrate sampler; and, (2) removing all organic debris (and thus all macroinvertebrates) from the each trough (treatment and controls) at the end of the biologically productive season. The rock-basket samplers will be removed from each trough twice during the productive season (at approximately the mid and end points) and all macroinvertebrates removed. Both methods  require sorting of macroinvertebrates from organic and inorganic debris. Aquatic invertebrates will be stored in glass vials and preserved in 70% ethanol. In the lab, macroinvertebrates will be oven-dried at 60 ( C for 24 hours; dry mass for each sample will be determined using a Cahn Microbalance sensitive to 1 (g (APHA 1998). 

Task 1e.  Identify macroinvertebrate taxa

A separate rock-basket (independent from biomass samples) will be placed in each trough and will be removed at the middle and end of the biologically productive season (approximately early August and the middle of October). Invertebrates will be sorted from debris, stored in glass vials, and preserved with 70% ethanol. Samples will be shipped to EcoAnalysts, Inc. for identification and enumeration. 

Task 1f.  Identify macroinvertebrate feeding guilds

After macroinvertebrates have been identified to either species or genus, a determination of functional feeding groups (i.e. herbivores, detritivores, omnivores, predators, etc.) will be made. Ecological software (based on functional determinations by Merritt and Cummins 1996) will be used to determine functional feeding group status of the macroinvertebrate communities inhabiting treatment and control troughs.

Task 1g.  Compare control to treatments for all tasks above (1a. —1f.)
Periphyton and macroinvertebrate biomass, species composition, and chlorophyll a concentration will be directly compared between troughs administered with differing concentrations and ratios of nitrogen and phosphorous treatment, and troughs receiving no nutrient additions (controls).

Task 2a.  Compare results of tasks identified in 1a. -1f. between strategically located mesocosms
Periphyton and macroinvertebrate biomass, taxa composition, and chlorophyll a concentration will be directly compared among in-stream mesocosms strategically located at three geomorphically different locations in the Kootenai River sub-basin, which represent potential differences in in-river productivity (research to date indicates higher in-river productivity at sites immediately below Libby Dam, MT which steadily decline in a downstream direction towards Bonners Ferry, ID (Synder and Minshall 1996)). 

Task 2b. Compare growth and body size of dominant macroinvertebrate taxa between 

treatments and control mesocosm channels, and, between mesocosms

The most common invertebrate taxa will be selected from treatment and control troughs for body sizes comparisons. For the insect Orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies) head capsule width will be measured (mm) to detect growth differences, while body length will be used for chironimids and other dipterans (length is a better indicator of growth than head capsule width within this Order) (Oliver 1998). Additionally, growth comparisons will be made among the inverts within the three mesocosms.

Task 3a. Evaluate growth, condition and survival of juvenile white sturgeon held in  mesocosms with ambient (control) and fortified nutrient (treatment) environments.
Growth, length (TL, FL, mm), weight (g) and survival data for all juvenile white sturgeon in the replicated treatments and control groups will be collected.  Length-weight parameters for all mesocosm replicates (treatments and controls) will be estimated with linear regressions on loge-transformed observations of length and weight (DeVore et al. 1999).  Relationships between and among treatment and control replicates will be compared with 95% confidence regions (DeVore et al. 1999; Neter et al. 1985).  Condition factor for all individuals in replicated treatment and control groups will be calculated using a Fulton-type Condition factor (K= W/L X 100; Nielsen and Johnson 1983), and a standard weight equation modified for white sturgeon (W= 2.735 E-6.L3.232; Beamesderfer et al. 1995; Beamesderfer 1993).  We recognize that Beamesderfer's (1993) standard weight equation was developed for white sturgeon of larger body size than fish used in the mesocosms.  However, this proposed research provides the opportunity to produce comparative empirical parameter values from juveniles whose condition factor in other systems has not been estimated. Statistical comparisons of relative weight among and between replicated treatment and control groups will involve an analysis of variance (ANOVA), and Tukey's pairwise comparisons (SAS Institute 1998).   Finite survival rate (Nt/N0) will be estimated for all replicate groups (Nt/N0  = Number of individuals per replicate at end of experimental period/Number of individuals alive at start of time period; Krebs 1989).
Task 3b. Comparative analysis of juvenile white sturgeon growth and condition among 

replicated mesocosm groups and comparable empirical white sturgeon data from other large rivers in the Columbia Basin. 

Growth and condition data from juvenile (<YOY) Kootenai River white sturgeon will be compared with analogous white sturgeon data from other systems throughout the Columbia Basin.  Currently, no published empirical < YOY white sturgeon growth and condition field data exist from the Columbia Basin.  However, field crews from the USGS (Columbia River Research Lab, Cook, WA) have collected empirical white sturgeon length and weight data from several lower-Columbia River impoundments for nearly a decade.  These data are available for analytical comparisons and the development of specific length-weight relationships currently absent in the literature for < YOY sturgeon (Mike Parsley, pers. comm. 2000, USGS, BRD, Cook WA.).

3e.1   Monitoring and Evaluation

Results from the proposed in-stream mesocosm study will supplement the large-scale analysis currently being performed cooperatively by KTOI and IDFG through the Kootenai River Ecosystem Improvement Project (9404900).  The Ecosystem Improvement Project’s main purpose has been to identify the most influential limiting factors affecting the biological health of the Kootenai River.  Through modeling efforts and basic research and analysis, nutrient limitation has been identified as a major limiting factor affecting the biological development/potential in the Idaho portion of the Kootenai River.  The International Kootenai River Ecosystem Recovery Team recommended actions in 1999 that included collection of baseline data (covering all major trophic levels) in designated monitoring sites within the drainage.  The monitoring and evaluation work has been implemented in 2000 and, by augmenting the baseline information with the data from the in-stream mesocosm study, an informed scientific decision concerning the implementation of a large-scale in river fertilization experiment can be made by Spring 2003.  Following experimental implementation of ecosystem improvement measures, biological response to the measures will be monitored to document success, failure, or unexpected outcomes of the treatment.

f. Facilities and equipment

All in situ mesocosm field-research will be based out of the Kootenai Tribe Fish and Wildlife Headquarters in Bonners Ferry, ID. The KTOI will provide necessary support (labor, technical advise) and major equipment (boats, trucks,). Sample analyses (i.e. chlorophyll a, algal taxonomy and cell counts) and data input, management, and analyses will be conducted at KTOI offices and the University of Idaho (UI) limnology laboratory (spectrophotometer, compound microscopes, etc.). UI resources will be available and used through a graduate student partnership (Genevieve Hoyle, MS candidate, and Dr. C. Michael Falter, Major Professor).  

A mesocosm (“middle-universe”) is a continuous-flow, instream device used to test differences in nitrogen and phosphorus treatment effects (and also ambient, non-fertilized waters) upon primary, secondary, and tertiary (not tested previously; innovative to this project) productivity (Oliver 1998).  A total of 16 flow-through Plexiglas troughs (18 cm x 2.4 m each) will be arranged near the river surface on an aluminum frame, which in turn is buoyed by 2 large pontoons. Each trough is bolted to the frame and equipped with a set of baffles at the influent end (upstream) to balance flow characteristics and ensure mixing of nutrients, which are pumped from a small, closed reservoir on the side of the mesocosm raft. Each trough will be fitted with a clear, Plexiglas lid to prevent the escape of emergent insects and a fine nylon mesh net at the water intake to prohibit immigration or emigration. A stabilizing leg in each corner of the mesocosm will facilitate leveling and maintain a constant, even flow through the troughs.

Pre-screened, clean, even-sized (3-5 cm) gravels will be added to each trough to simulate a natural stream-river bed. Fine materials (sand and silts) will be avoided to maximize attachment sites for periphyton and to provide maximum interstitial space for macroinvertebrates. A small raised Plexiglas platform (15 x 15 cm) is located near the effluent end of each trough and will provide an attachment site for periphyton tiles (either Styrofoam, glass slides, or clay). The periphyton platform is continuous with the gravel bed (but not covered), and provides a horizontal plane from which periphyton biomass can be sampled. Insect drift nets are also attached at the effluent end of each trough to intercept daily insect drift and emergent adult insects. The body of the net is conical in shape (diameter about 30 cm) and constructed of 100 (m Nitex cloth. A side-screened collection bottle will be fastened to the downstream end of each net to facilitate insect removal.    

Nutrients administered to the mesocosm troughs will be reagent grade ammonium nitrate (NH4NO3) and potassium dihydrogen phosphate (KH2PO4) both in liquid form. A chemical reservoir on the side of each mesocosm will hold the nutrients (separately) and a Technicon autoanalyzer pump will deliver nitrogen and phosphorous solution (via 1.3 mm microbore tubing) to the influent end of each trough where it will drip into the river water, pass through the baffle (for mixing), and enter the prepared trough. Calculations for nutrient stock solutions will be based on trough dilution rates (trough flow and drip rate) and the percentages of N and P (by atomic weight) for each chemical fertilizer. Stock solutions will be prepared every ten days over the duration of the experiment and incorporate differences in ambient trough flow (mainly velocity) relative to river discharge.

The apparatus will be held in the main channel of the Kootenai River by four 3 cm steel cables attached to concrete bridge abutments at three locations in the sub-basin. Mesocosm locations will be spatially separated to maximize differences in landscape, geology, and water quality parameters between Libby Dam, MT and Kootenay Lake, B.C.        

Additionally, EcoAnalysts, Inc., of Moscow, Idaho, facilities will be used in a sub-contractor capacity for macroinvertebrate analyses. EcoAnalysts, Inc. is a long-established and reputable biological consulting firm with a well-educated and experienced staff who are especially well versed in Pacific Northwest algal and macroinvertebrate taxonomy. They conducted a joint macroinvertebrate study with KTOI (Lester and Hopkins 1995), and are currently analyzing invertebrate and algal samples collected from the Kootenai River during 2000.
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Section 4. Key personnel

The mesocosm project will incorporate a growing collective wealth of scientific resources available for designing, implementing, and evaluating a nutrient addition experiment in the Kootenai River sub-basin. Key collaborating researchers, collectively providing decades of professional experience, have been solicited, and are available, to contribute to this research (largely as technical oversight; see cost-sharing section) to ensure that the project implements the best available science in the most cost-effective manner.

The following personnel have agreed (at various levels of involvement) to participate in this project and are listed in descending order of participation (i.e. those listed first will have the greatest level of participation) starting on the next page.
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One year leave with the Department of Zoology, University of Adelaide, South Australia, 1977-1978
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My relevant research interests include accurate empirical documentation of post-development aquatic ecosystem function, and development, implementation, and evaluation of innovative restorative ecology experiments.  My direct involvement  in Kootenai River ecosystem research began in 1989, with a telemetry study (MS. Thesis) of endemic Kootenai River white sturgeon.  Since that time I have been thinking, researching, and writing about how post-development changes in the Kootenai River ecosystem have altered it's ecology.  Since then I have also been proposing and evaluating means to rehabilitate the system, in the field, and in annual reports, peer-reviewed scientific publications, and Federal Endangered Species Recovery Plans (Kootenai River white sturgeon). I designed and helped implement the first ecosystem-based assessment of the Kootenai River (BPA 94-49), and enthusiastically continue to pursue new and innovative approaches to Kootenai River ecosystem rehabilitation.
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· Research Associate, University of Idaho, Center for Salmonid and Freshwater Species at Risk

       Aquaculture Research Institute, ID. (1/99-Present).

· Independent Fisheries Consultant (1/99-Present).

· Doctoral Research Assistant, University of Idaho, Aquaculture Research Institute, Fish Genetics Lab, Moscow,  ID. (7/96-12/98).

· Fishery Biologist/Administrator, Kootenai Tribe of Idaho, PO. Box 1269, Bonners Ferry, 

      ID. (2/93-7/96).

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

      Cook WA. (8/90 - 2/93).

Relevant Publications

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

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

· S. Duke, P. Anders,  G. Ennis, R. Hallock, S. Ireland, J. Laufle, R. Lauzier, L. Lockard, B. Marotz, V. Paragamian, and R. Westerhof. 1999. White Sturgeon: Kootenai River Population. Recovery Plan. Prepared by Region 1, U.S. Fish and Wildlife Service, Portland OR. USA.

· Anders, P. and D. Richards. 1996. Implications of Ecosystem Collapse on White Sturgeon (Acipenser transmontanus) in the Kootenai River, Idaho, Montana, and British Columbia. In: Proceedings of the International Congress on the Biology of Fishes, San Francisco State University, CA. July 14-18, 1996. pp. 27-40.

· Anders, P.J. 1995, 1994, 1993. Natural Spawning of White Sturgeon in the Kootenai River. In: Kootenai River White Sturgeon Studies. Annual Report of Research, 1995, 1994, 1993. Report A. Bonneville Power Administration Project No. 88-64.
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University of British Columbia, Department of Oceanography, M.Sc. 1989

McGill University, Department of Biology, B.Sc. 1984

Relevant Research interests and Accomplishments

My research interests involve the application of quantitative techniques to resource management. The majority of my work focuses on fish population dynamics, with an emphasis on modelling and experimental design in regulated rivers.  I have worked on a variety of aquatic food base and fisheries modelling studies throughout North America. I am currently completing a mesocosm study quantifying the effects of fluctuating lake levels and inundated vegetation on periphyton and benthic invertebrate growth and response. I have a good familiarity with the Kootenai River and Kootenay Lake systems through my involvement in recent adaptive management modeling exercises.

Employment 
1993 – Present: President/Systems Ecologist, Ecometric Research Inc. 

Analysis of environmental and fisheries data; development of computer simulation models for resource management; experimental design for environmental monitoring; fisheries stock assessment; and development of decision support system software.

Relevant Publications

Walters, C.J. and J. Korman. 2000. Linking recruitment to trophic factors: revisiting the Beverton-Holt recruitment model from a life history and multispecies perspective.  Rev. Fish. Biol. Fisheries. Vol 9: 1-16.

Walters, C.J. and J. Korman. 1999. Cross-scale modeling of riparian ecosystem responses to hydrologic management. Ecosystems 2:411-421.

Walters, C.J. and J. Korman. 1999. Linking recruitment to trophic factors: revisiting the Beverton-Holt recruitment model from a life history and multispecies perspective.  Rev. Fish. Biol. Fisheries. Vol 9: 1-16.

Korman, J. and P.S. Higgins. 1997. Utility of escapement time series data for monitoring the response of salmon populations to habitat alteration. Can. J. Fish. Aquat. Sci. 54:2058-2097.

Korman, J., C.J. Perrin, and R.C. Wiegand. 1990. The feasibility of fertilization of Kootenay Lake, North Arm. Limnotek Research and Development Inc. Prepared for B.C. Ministry of Environment, 108 pp.

Korman, J, and C.J. Walters. 1999. Summary of the Kootenai River Adaptive Environmental Assessment Modeling Exercise. Report prepared for Kootenai Tribe of Idaho.

�PAGE \# "'Page: '#'�'"  ��Enter project title from Part 1


�PAGE \# "'Page: '#'�'"  ��Describe the project and work to be accomplished. Specifically, describe how the proposal is innovative. Please limit to 300 words.


�PAGE \# "'Page: '#'�'"  ��Clearly identify the problem your innovative project addresses. Describe the background, history, and location of the problem. Include a scientific literature review that covers the most significant previous work history related to the project, including work of key project personnel on any past or current work similar to the proposal. The purpose of the literature review is to place the proposed research in the larger context of what work has been done, what is known, and what remains to be known. All references should be concisely summarized, cited, and listed in section g below


�PAGE \# "'Page: '#'�'"  ��Describe why your innovative project is needed. Specifically, describe the relation of your proposed project both to regional management objectives and to the goals and objectives of the � HYPERLINK "http://www.nwppc.org/ftpfish.htm#I1" ��1994 Fish and Wildlife Program�, � HYPERLINK "http://www.nwr.noaa.gov/1habcon/habweb/biops.htm" ��NMFS Biological Opinion�, or other plans. Make a convincing case for how the proposed work will further goals of the fish and wildlife program. Relate project objectives and hypotheses as specifically as possible to the fish and wildlife program objectives and measures or to other plans. Show how the proposed work is a logical component of an overall conceptual framework


�PAGE \# "'Page: '#'�'"  ��Describe why your innovative project is needed. Specifically, describe the relation of your proposed project both to regional management objectives and to the goals and objectives of the � HYPERLINK "http://www.nwppc.org/ftpfish.htm#I1" ��1994 Fish and Wildlife Program�, � HYPERLINK "http://www.nwr.noaa.gov/1habcon/habweb/biops.htm" ��NMFS Biological Opinion�, or other plans. Make a convincing case for how the proposed work will further goals of the fish and wildlife program. Relate project objectives and hypotheses as specifically as possible to the fish and wildlife program objectives and measures or to other plans. Show how the proposed work is a logical component of an overall conceptual framework


�PAGE \# "'Page: '#'�'"  ��Describe the relationships and links between your project and other relevant projects in progress in the Columbia Basin and elsewhere. Put your project into the context of other work funded under the fish and wildlife program. Indicate how your proposed project relates to, complements or includes collaborative efforts with other proposed or existing projects, specifically those in your watershed, subbasin and province. If the proposed project requires or includes collaboration with other agencies, organizations or scientists, or any special permitting to accomplish the work, such arrangements should be fully explained. If the relationship with other proposals is unknown or is in conflict with another project, note this and explain why.


�PAGE \# "'Page: '#'�'"  ��e. Proposal objectives, tasks and methods


Present your project’s objectives, tasks, and methods to implement the tasks (use and expand upon the objectives and tasks from the Budget Tables in Part 1, Section 2). Present these in a numbered list; outline and link by objective, task, and method; and group appropriately to avoid redundancy.


�PAGE \# "'Page: '#'�'"  ��List the ultimate goals, visions, or long-term desires for your project (e.g., increase harvest, restore or maintain or protect a certain population, maintain species diversity, etc) and match these with regional management objectives and strategies. In addition, provide objectives that are measurable in biological terms (e.g., harvest rates at 1 fish/angler/day annually, number of redd counts, population targets) and have a time element (e.g., accomplish by August 2002). Research proposals must concisely state the hypotheses and assumptions necessary to test these. Non-research projects must also state their objectives. In addition to the broad goals and biologically measurable objectives of your project, clearly identify any products (reports, structures, etc.) that would result from your efforts, but be sure to describe the purpose that the products are intended to meet


�PAGE \# "'Page: '#'�'"  ��Under each objective, list the tasks and methods that will be used to meet the objective. Describe how the project is to be carried out based on sound scientific principles (this is applicable to all types of projects). Include scope, approach, and detailed methodology. Indicate how the innovative techniques and methods will further the understanding of fish and wildlife ecology, correct a specific problem in the basin, or broaden and better define the spectrum of management options. Concisely summarize the methods here in enough detail to satisfy peer review and cite references


�PAGE \# "'Page: '#'�'"  ��All major facilities and equipment to be used in the project should be described in sufficient detail to show adequacy for the job. For example, the proposal should indicate whether there are suitable (based on contemporary standards) field equipment, vehicles, laboratory and office space and equipment, life support systems for organisms, and computers. Any special or high-cost equipment to be purchased with project funds should be identified and justified. This section should be no longer than a few paragraphs.


�PAGE \# "'Page: '#'�'"  ��If you have key technical documents specifically related to your project that are cited and summarized in the proposal form, you may submit these as background reference material for the peer reviewers. These documents may include project master plans, monitoring and evaluation plans, watershed assessments, and peer-reviewed articles generated from the project. Please note that the ISRP and CBFWA will evaluate your project based on the proposal, so all critical information needs to be provided in the proposal. Simply referencing another document will not suffice. It is not necessary to send in cited material, but if you do, please note it in the right hand column of the reference table. If your document is available on the web (e.g. through BPA) please provide the web address. If not on the web, but you have an electronic copy please provide it by email or disc. If only available in hard copy send that. Send all materials to the same address you send the proposal form.


�PAGE \# "'Page: '#'�'"  ��Include names, titles, FTE/hours, and one-page resumes for key personnel (i.e. principal investigators, project managers, key subcontractors), and describe their duties on the project. Emphasize qualifications for the proposed work. Resumes should include name, degrees earned (with school and date), certification status, current employer, current responsibilities, list of recent previous employment, a paragraph describing expertise, and up to five recent or especially relevant publications or job completions.





21

