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a. Abstract

This project mitigates marine-derived nutrient loss resulting from salmon extinction due to hydro project development in the Boise/Payette/Weiser subbasin.  Salmon analogs and salmon carcasses will be applied to selected watersheds based on bull trout distribution, batholith geology, grazing, and historic anadromous fish spawning.  Each treatment will be replicated in three watersheds.  Positive controls (cattle grazing present) and negative controls (no cattle grazing present) will also be replicated three times.  Aquatic, vegetative, and terrestrial food webs will be monitored using isotope and lipid analysis of sampled species.  Three years of treatments will be used to model the relative effectiveness and effects of analog and carcass mitigation. 
b. Technical and/or scientific background
In Idaho, anadromous fish were once found in more than 60% of the state. Prior to development, Idaho produced an estimated 39% of the total spring chinook, 45% of the total summer chinook, 5% of the fall chinook, and 55% of the total summer steelhead in the Columbia River basin (Mallet 1974).  These unique species, sockeye, and pacific lamprey hatch and rear in freshwater streams and migrate to and from the ocean, a distance of up to 900 miles. 

Wild anadromous fish abundance in Idaho is now approximately 1% of estimated predevelopment abundance (NRC 1999) and greater than 80% of all returning fish are now of hatchery origin (ISG 1999).   In contrast to wild stocks, hatchery fish are incubated and raised in hatcheries and for the most part, also return to hatcheries.  In the Pacific Northwest this means an estimated 20-40% fewer wild fish spawn in watersheds than did historically and only 5-7% of the marine-derived nutrients returned by spawning salmon are being delivered to streams (Gresh et al. 2000).  In the Columbia Basin, this is a nutrient deficit of 2-3 million kilograms of marine-derived nitrogen per year in areas where anadromous fish were historically abundant.  

The Snake River basin is estimated to have produced salmon runs of 1.4-2.2 million chinook and 150,000 sockeye.  Upstream of Bonneville, the Snake River is estimated to contain 79% of chinook available stream miles (IDFG 1985) in the Columbia basin.  Based on habitat miles, an estimated 87.5% of the spring-summer chinook in the Columbia River originated from the Snake River basin.  An estimated 650,000-1,030,000 adult chinook, 117,000 – 229,800 steelhead, and 14,400 – 57,400 sockeye were produced in the Snake River and its tributaries above what is now Hells Canyon dam.   

Anadromous fish were once historically abundant in the Boise-Payette-Weiser subbasin (Murray 1964; Webster 1978).  The Boise River once supported runs of chinook salmon and steelhead.  Fort Boise was a great fishing ground for the Bannocks and other bands of the Shoshone Tribe. Suckley (1860) reported spawning fish “seemed to almost fill the water in places suitable for that purpose.”  Creeks that were noted to historically support spawning salmon or steelhead in the Boise system included: Mores Creek and the Middle Fork of the Boise River.  The Boise River was blocked to anadromous fish runs beginning first with Barber dam in 1904 (with a functioning fish ladder), the New York Diversion dam in 1906, and Arrowrock dam in 1911-12.  

The Payette River also historically supported anadromous fish.  The outlet of Payette Lake was a favored camp of the Shoshone and Nez Perce tribes.  In decreasing importance to Indian fisheries, Payette watersheds included: Deadwood River, Deer Creek, South Fork of the Payette, Little Squaw Creek, Warm Springs Creek, Clear Creek, Canyon Creek, Silver Creek, Middle Fork of the Payette, and the mainstem Payette River.  The limit of upstream migration appeared to be 26 miles above the mouth of the South Fork. Commercial fishing for sockeye salmon in Payette Lake between 1870-1880 took up to 75,000 fish/year (Evermann 1896). Creeks that supported spawning salmon and steelhead in the Payette included: Squaw Creek, Gold Fork, Lake Fork, South Fork of the Payette, Harris Creek (Fry 1980), North Fork of the Payette, Shafer Creek, Harris Creek, Jackass Creek, and Porter Creek (Lyle 1975).  Steelhead are thought to have spawned in all creeks not blocked by natural barriers.  In the 1920s, Black Canyon dam blocked anadromous fish runs in the Payette River.    

The Weiser River anadromous fish runs also included chinook and steelhead.  Streams that are believed to have supported spawning of these species include: the upper main Weiser River, Little Weiser, West Fork of the Weiser, Middle Fork of the Weiser, Mann Creek, and the Wildhorse River. 

This historical abundance of salmon and the implications of their elimination in the Boise/Payette/Weiser subbasin are most commonly focused around the economic and recreational importance of salmon and salmon fishing and the decline of individual species.  The perception that salmon fulfill only the role defined by a fishery or as a species ignores the widespread, annual, and cumulative effects salmon have on aquatic and terrestrial productivity, species abundance and distribution, and biodiversity in Northwest ecosystems.  This keystone species nature of anadromous fish (Willson and Halupka 1995) is the focus of this project.  The fact that salmon have played a key role in Idaho ecosystems for thousands of years and that they have been eliminated from a large portion of their former range has long-term ecological implications for Idaho's fish and wildlife and their habitats in the Boise, Payette, and Weiser river basins.  
Recently, scientists began examining the ecological role of anadromous fish in supporting various predator and scavenger communities, fertilizing surrounding vegetation, and fertilizing and supporting the freshwater food web of their natal streams.

Specifically, there are an estimated 22 different species of wildlife that feed on salmon carcasses, salmon eggs, and salmon juveniles (Cederholm et al. 1989 and 1999; Willson and Halupka 1995).   Studies have also shown terrestrial and avian species behaviorally respond to salmon carcass availability (Ben-David 1997) and that reproductive success is positively correlated with the availability of spawning salmon (McClelland et al. 1982).  

Riparian and aquatic associated species may also either directly or indirectly benefit from salmon as a direct food source, salmon as a nutrient source, and increases in salmon-derived productivity within the watershed.  The presence of salmon carcasses increases aquatic macroinvertebrate biomass and taxonomic richness (Piorkowski 1995; Minakawa 1997; and Wipfli et al. 1998, 1999).  These increases can provide more food and indirect benefits to riparian dependent and insect-feeding wildlife.  The increased growth rates of juvenile resident and salmonid fish in watersheds with anadromous fish (Wood 1987) may also benefit avian and mammalian predators of these fish (Ben-David et al. 1997).   Populations of aquatic predators of salmon fry and eggs, such as bull trout, may also be impacted by declines in salmon and salmon-related nutrients through reduced growth rates, increased age of sexual maturity, declining spawning frequency, and declining abundance. 

While the importance of the enormous food resource represented by spawning salmon to aquatic, terrestrial, and avian predators and food chains can be easily visualized, the fertilization effect on the watershed and its vegetation has been far more difficult to quantify.   Uptake of marine biogenic N has been reported to play a significant role in the N cycle of streams with anadromous fish runs (Kline et al. 1990).  Organic matter, macroinvertebrates, riparian vegetation, and fish have been enriched through incorporation of nitrogen and carbon from spawning coho (Bilby et al. 1996). Marine-derived nitrogen also provides for fertilization of terrestrial vegetation (Ben-David et al. 1998; Bilby et al. 1996).  As N becomes more limiting, ecosystems respond through complex interactions among vegetation, bacterial, and mychorrhizal symbionts of vegetation, soil microbes, and soil environment, to retain the available N within the plant-soil system (Pugnaire and Chapin 1993).  In central Idaho, nitrogen availability is limited relative to coastal forests of Oregon and Washington by slow weathering of granitic parent material and reduced abundance of nitrogen fixing species (Henderson et al. 1978). 

Nutrients from salmon are delivered to the forests by many processes that include 1) decay of salmon carcasses that are removed from the stream but not totally consumed by predators and scavengers, 2) excretion of surplus nutrients from salmon ingested by terrestrial and avian predators and scavengers, and hyporheic exchange.  These combined processes provided 15.5 to 25% of the nitrogen found in riparian forests in Washington and Alaska (Bilby et al. 1996; Hilderbrand et al. 1999b; Helfield and Naiman 2000).  
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If one assumes that 10% of the salmon carcasses were washed up on shore or carried by mammals, approximately 3 kg per hectare per year of nitrogen was deposited on riparian forests and rangelands where salmon were abundant.  This is a significant amount of nitrogen in Idaho where N-fixation rates and N-deposition rates average 0.3 and 0.1 kg per hectare per year, respectively.  A recent survey of conifer foliage along rivers and streams in Central Idaho revealed N isotopic patterns warrant further exploration.  Foliar isotopic signatures indicate enrichment in 15N in the vicinity of salmonid-bearing aquatic systems (Figure 1).  We did not find this pattern above waterfalls that represent an historic barrier to salmonid migration (Kavanagh, personal observation).  
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In Alaska where brown bears were the primary conveyer of salmon nutrients from streams to forests, the forest fertilization effect extended 500 to 1000 m from the stream.  Brown bears consumed an average of 1400 kg of salmon/bear/year and excreted 37 kg of nitrogen/bear/year in the surrounding forests.  The density of bears in ecosystems with significant salmon runs was as much as 55 times greater than populations without access to salmon (Hilderbrand et al. 1999a).  Thus, salmon abundance and restoration affects virtually all aspects of an ecosystem, including the productivity of rivers and lakes, plants, herbivores, and predators. 

A logical extension of previous work is to investigate the importance of marine-derived nutrients to terrestrial vertebrates.  Nutrient-poor vegetation derived from Idaho Batholith soils could affect terrestrial wildlife population dynamics.  In the Boise-Payette-Weiser subbasin, the Idaho Batholith is predominant in the Boise-Mores Creek, Middle Fork Payette, North Fork Payette, North and Middle Fork Boise River, South Fork Boise River, and South Fork Payette River watersheds.  Marine biogenic N may be especially important where Batholith-derived soils are nutrient-poor and where concentrations of the trace mineral selenium are low (Robbins 1983).   Because Se may have an important effect on fertility and cell membrane oxidation in terrestrial vertebrates, species in Idaho may be affected by such nutrient-poor habitats.  Thus, the loss of salmon nutrients in some terrestrial ecosystems could be sufficient to affect the growth of riparian vegetation and the productivity of resident terrestrial species.

Our project proposes mitigating lost marine-derived nutrients through the use of salmon analogs (slow-release nutrient and salmon carcasses and using recent advances in “stable isotope” technology to monitor the effectiveness of nutrient flow through the food web.  Stable isotopes are rare forms of naturally-occurring elements (e.g., carbon, nitrogen, hydrogen) that randomly do not give off energy or particles (i.e., non-radioactive or stable).  These rare forms of elements occur naturally in concentrations of only a few atoms per 1000 atoms of the more common form.  However, stable isotope concentrations frequently differ between trophic levels, in marine versus terrestrial ecosystems, and with altitude or latitude.  Thus, they can be used as tracers to follow interactions between trophic levels or between marine and freshwater systems.  Important to monitoring the effect of these treatments is that 15N (common form being 14N) is 10 to 15 atoms richer in salmon than in the atmosphere.  When plants take up nitrogen that was most recently in salmon rather than from the atmosphere, the plant’s tissue is richer in 15N than it would normally be.  Using a ratio of 15N in salmon and the atmosphere, plants, aquatic, and terrestrial species with and without access to salmon nitrogen through treatment, we can calculate how much of the nitrogen budget comes from salmon.  This allows us to determine the current and historical ecological significance of salmon in Idaho and our ability to mitigate losses by direct application of nutrients in the form of salmon carcasses and/or salmon analogs.

c. Rationale and significance to Regional Programs

The project will demonstrate and quantify, by experiment at the watershed scale, the dispersal of salmon nutrients in watersheds where anadromous fish were previously abundant.  The need to mitigate the loss of marine-derived nutrients has been identified in the Boise-Payette-Weiser subbasin summary fish and wildlife needs section.

The objectives of this proposed project are identified in the following regional management plans; the 1994 Fish and Wildlife Program (FWP), 2000 FWP, NMFS Biological Opinion, the Columbia River Inter-Tribal Fish Commission (CRITFC) salmon restoration plan, and WY-KAN-USH-MI WA-KISH-WIT (Spirit of the Salmon) plan.

This proposal supports many of the goals outlined in Section 7 coordinated salmon production and habitat of the FWP.  We hypothesize that stream fertilization increase the productivity of resident fish habitats, resulting in greater survival and productivity, thus supporting section 7.6A.   We also hypothesize that it will support the biological needs of fish species, including bull trout and westslope cutthroat trout, a designated goal of the FWP.

Bull trout are all federally protected under the Endangered Species Act and are present within the proposed study areas.  This project will provide a perspective on the influence of anadromous fish to Idaho's terrestrial, vegetative, and aquatic ecosystems in a subbasin closed to anadromous fish since Barber dam was constructed in 1906.  This proposal relates to the following broad regional efforts.

Significant recovery efforts and responsibilities tied to these listed species affect the actions of the Federal Caucus including the National Marine Fisheries Service, the Army Corps of Engineers, the Bureau of Reclamation, the Bonneville Power Administration, the Environmental Protection Agency, the U.S. Fish and Wildlife Service, the Bureau of Land Management, and the U.S. Forest Service.  The approach of the federal caucus is to implement a multi-species recovery plan to meet ESA obligations.  This plan is outlined in the All-H paper (habitat, hatcheries, harvest, and hydropower) to address each life stage of ESA-listed fish.  The All-H paper links actions across ecosystems and life stages of salmon and steelhead to provide biological and ecological connectivity on a basin-wide scale. 

The Northwest Power Planning Council's Multi-species Framework is developing strategies and alternatives for recovering fish and wildlife and analyzing the biological effects of the alternatives.  The Framework characterizes and compares alternative futures for the Columbia River basin and the ecological effects of alternatives for managing and recovering fish and wildlife species in the Columbia basin.  

This project's ecological perspective on salmon abundance and function relates directly to the NWPPC Multi-species approach in the Columbia River basin.  This project addresses the ecosystem and multi-species approach to salmon losses and fish and wildlife mitigation necessary to reduce or replace the ecological effect on terrestrial and aquatic species in watersheds where anadromous fish hatching, rearing, and spawning has been lost.  

The federal government approved the Boise Project in 1905, implementation of which resulted in the loss of anadromous fish to this subbasin. Following authorization of the Boise Project, irrigation facilities were constructed in the Boise River subbasin and in the Payette River subbasin. Boise Project lands constructed and operated by the BOR include storage facilities at Anderson Ranch Dam and Reservoir, Arrowrock Dam and Reservoir, Deadwood Dam and Reservoir, Cascade Dam and Reservoir, and Deer Flat dams and Lake Lowell. Additionally, there are two diversion dams, three power plants, seven pumping plants, more than 2,000 miles of canals and laterals, and several hundred miles of drains. The Lucky Peak Project, constructed and operated by the USACE, consists of Lucky Peak Dam and Reservoir.  Table 1 summarizes hydroprojects that have impacted this subbasin.

d. Relationships to other projects 
Bio-Oregon has agreed to provide salmon analogs to the project at no cost. Furthermore, they have indicated they will work with project cooperators to adjust the nutrient contents of the analogs to meet our project needs.

The project will be implemented in coordination with the U.S. Forest Service, including the Payette and Boise National Forests.  The Idaho Department of Fish and Game (IDFG) will assist with the collection of aquatic and terrestrial species.  

Vegetative sampling in the treatment areas will be done in coordination with IDFG fisheries, enforcement, and wildlife surveys in the study areas and the Boise National Forest.

Salmon carcass and salmon analogs distribution will be done in coordination with IDFG, the Boise National Forest, and the Rocky Mountain Experiment Station.  

Sampling of aquatic and terrestrial vertebrates and invertebrates will be under the IDFG's collection permits.  

Work will be done in conjunction with the IDFG annual instream fish surveys.

Salmon carcasses will be collected from IDFG fish hatcheries and screened to reduce fish health risks.  

Bull trout distribution will be determined using StreamNet, Boise National Forest, and Rocky Mountain Experiment Station databases.

Aquatic sampling will follow IDFG stream survey protocols and species size, and abundance information will be transferred to IDFG research and management databases.

Based on the number of adult returns to the Snake River, steelhead and chinook salmon are released into the Boise River system to provide fishing opportunity to area fishermen.  Experimental design will include background information on the effects of these transplanted fish.  Transplanted fish numbers will be provided by IDFG.

Idaho Power Company has conducted an evaluation on the historical presence of anadromous fish above Hells Canyon dam as part of its efforts to relicense its projects on the Snake River.  We will solicit and use this information as it affects our study design and recommended mitigation, in cooperation with Idaho Power Company Company.

Dr. Kavanagh has an ongoing research project funded by the U.S. Forest Service to study nutrient dynamics in riparian conifer forests along Squaw Creek (a tributary of the South Fork of the Payette).  This study has both a similar focus, and the scheduling of treatments fit well with this project.  By using this site in our proposed study, both baseline data and nutrient impacts relating to fertilization and fire will be available. 
e. Project history 

NA

f. Proposal objectives, tasks and methods
Hypothesis: Salmon and steelhead contributed measurable and benefiting quantities of marine-derived nutrients to aquatic and terrestrial ecosystems in the Boise/Payette/Weiser subbasin.

Objective 1.  Delineate treatment and control areas within the Boise-Payette-Weiser subbasins.

Task 1.1 Define and delineate elements affecting selection of treatment sites, including known bull trout distribution, historical occurrence of anadromous fish spawning areas, batholith geology, and cattle-grazing allotments.

Task 1.2 Choose treatment and control sites.

Task 1.3 Complete necessary NEPA

Methods for Objective 1: There will be a total of 12 streams initially involved in the management experiment.  Treatment areas will be selected based primarily on overlap with bull trout, historical anadromous fish occurrence, batholith geology, and active cattle allotments.  Three carcass and three salmon analog stream treatments will be chosen based ideally on overlap of all these elements.  To measure the differing effects of nutrient dispersal and enrichment from cattle grazing, positive (cattle grazing) and negative (no cattle grazing) controls will be chosen based on overlap of bull trout presence, batholith geology, and historic anadromous fish presence.  This design insures ability to determine whether salmon analogs and salmon carcasses differ in their effect on aquatic and terrestrial systems, and whether or not cattle grazing and its associated nutrient and vegetative impacts affect nutrient uptake rates and pathways.

Objective 2.  Reintroduce marine-derived nutrients in selected watersheds using salmon kelts and eggs, and contrast this with salmon analogs additions, in each of three years.

Task 2.  Distribute salmon analogs and salmon kelts and eggs in each of 3 selected watersheds respectively over three years.

Methods for Objective 2: Place a minimum of 200 (depending on availability) adult salmon carcasses within streams and riparian zones within a defined reach  of previously anadromous spawning stream reaches during years 1, 2, and 3 of the project. Placement will occur during the normal spawning time--August-September.  

Place salmon analogs in streams and riparian zones within a defined reach of previously anadromous spawning streams during years 1, 2, and 3 of the project. Placement will occur during the normal spawning time, August-September.  We will work closely with Bio-Oregon, developer of the analogs, to examine the potential for using a product that may supply more phosphorus and calcium through modification during manufacturing.  

Objective 3.  Following reintroduction of nutrient salmon analogs and salmon kelts and eggs in each of three years, quantify and model the contribution of nitrogen within the terrestrial vertebrate food chain in treated and control areas.

Task 3.1. Capture selected vertebrate species including avian (dipper and kingfisher) and mammalian (mink, shrews, bats, small mammals) in treated and untreated watersheds.

Task 3.2. Measure the occurrence of 15N in captured species.

Task 3.3. Analyze and report on results.

Methods for Objective 3: We hypothesize that treatments will have an immediate impact on the carbon and nitrogen isotope signatures of birds or mammals feeding on the

carcasses.  For other species, we expect a delay in the appearance of salmon-derived isotopes as they become incorporated into the plant and insect components of the food web before being consumed by mammals and birds.  We will compare the isotope signature of foods before and after treatments to estimate the relative importance of salmon and their nutrients to bird and mammal diets.

Small mammals and birds living in the immediate area of the test streams will be captured live with mist nets and box traps, weighed, banded or marked with PIT tags, and blood-sampled.  Blood will be centrifuged and serum and red blood cells separated and frozen.  Serum as well as salmon and other major plant and animal food resources will be analyzed for stable isotope ratios to determine the contribution of nitrogen and carbon originating in either the salmon analogs or the salmon.  Video cameras will also be set up to monitor use of salmon by birds and mammals similar to the study of Cederholm et al. (1989).
Objective 4.0.  Following reintroduction of  salmon analogs, salmon kelts, and eggs in each of three years, quantify and model the contribution of nitrogen using conifer foliar samples.

Task 4.1 Sample foliage from bankside, adjacent upslope, and upslope mature/old-growth conifers and evaluate patterns of foliar 15N to assess historic inputs of marine-derived nitrogen.

Task 4.2  Determine if low level annual fertilization of conifer seedlings using salmon carcasses and salmon analogs has significant impacts on foliar nutrient levels. 

Task 4.3 Analyze and report on results.

Methods for Objective 4: To look at the relative importance of salmon to N abundance in riparian and adjacent upslope forests, we will collect foliage from older conifer trees.  At each sample site, transects will run perpendicular to the river.  Sun-grown foliage will be sampled from several conifer trees immediately adjacent to river, within the flood plain, upslope areas immediately adjacent to the floodplain and areas well above the floodplain.  The transect length will vary depending on floodplain width and hillslope.  The foliage will be refrigerated and returned to the lab for analysis of N isotopes and carbon: nitrogen ratio.  Sites will be chosen to represent a range of current and historical salmonid abundance in addition to the sites outlined in Objective 1.

In addition to surveying the current foliage we propose direct application of a slurry from carcasses and salmon analogs to seedlings in riparian forests along the streams/rivers in this study.  Fertilization will occur a level approximating input and timing from spawning salmon; 3 kg/ha/yr and 9kg/ha/yr applied directly to the soil adjacent to conifer seedlings.  Relative to operational levels of forest fertilization (200 kg/hectare once in a 90-year rotation), the fertilization levels proposed here are low on an annual basis but would be expected to have a significant cumulative impact over the life of a forest.  We are confident these low application levels should be detectable in young seedlings with a relatively small biomass.  At each non-cattle placement site, 45 seedlings will be located (planted if needed) approximately 1000 meters above the site of aquatic carcass/salmon analogs placement.  Twenty randomly chosen seedlings will receive enough direct soil application of carcass material ground with an equal amount of distilled water to equal 3 and 9 kg/ha/yr (10 each treatment). Twenty randomly-chosen seedlings will receive salmon analogs ground with an equal amount of distilled water to equal 3 and 9 kg/ha/yr and ten randomly-chosen controls will receive only distilled water.  

The 3 kg/ha/year was chosen as an approximation of fertilization levels from salmon carcasses using the following assumptions:  3.087 million kg N from returning salmon in the Columbia basin (Gresh et al. 2000), spread over 20,000 km of salmon-bearing stream in the Columbia system, is approximately 184 kg N /km of stream.  We assumed 10% are washed up/deposited on the riparian forest floor within a 30m by 1km or 3 hectare riparian region. (184kgN/km*.10)/3=6.1 kg/ha divide by 2 to represent deposition on both streambanks.  This estimate is approximately 3 kg N/ha/yr.  This level was then tripled to 9 kg/ha /yr to represent areas where carcasses were more concentrated, such as spawning areas and historic fishing sites.

The seedlings will be spaced far enough apart to limit “fertilization” from other treatments.  Fertilization will be done at the same time as carcass/salmon analogs treatment in the stream.  Following fertilization, we will measure percent foliar N, carbon:nitrogen ratios and foliar N isotope changes in conifer seedlings with and without direct application of fish fertilization.  Fertilization and foliar analysis will be done on an annual basis for three years.  

Products:  Analysis and report of 15N occurrence in conifer foliage samples with implications on the effects and distribution of marine nutrients in riparian areas and adjacent upslope forests.  In addition, by directly fertilizing conifer seedlings, we hope to provide a framework for making decisions concerning mitigation for loss of marine-derived nutrients to terrestrial ecosystems in the Boise/Payette/Weiser subbasin.

Objective 5.  Following reintroduction of salmon analogs, salmon kelts, and eggs in each of three years, quantify the contribution of nitrogen within the aquatic food chain.

Task 5.1 Sample selected food web components (biofilm, invertebrates, and fishes) in treated and control reaches.

Task 5.2 Measure biofilm mass, chlorophyll-a, invertebrate densities and mass, and fish densities and mass.

Task 5.3 Measure 13C and 15N in biofilm, invertebrates, and fishes.

Task 5.4 Analyze and report on results.

Methods for Objective 5:  Biofilm will be sampled from a known area on rock surfaces in study reaches.  Samples for mass estimates will be dried, weighed, ashed, and reweighed to determine ash-free-dry-mass.  Invertebrates will be sampled with a Hess sampler from riffles within the study reaches, placed in 70% EtOH, and sorted to genus in the laboratory.  Their mass will be determined as described for biofilm.  At each sampling location, invertebrates representing the two most universally common feeding guilds – shredders, grazers, collector-gathers or predators will be collected.  Fish species will include one herbivorous (longnose dace), one omnivorous (mountain whitefish) and one predator (rainbow trout).  Bull trout will be sampled when present.  Fish will be sampled by electroshocking a minimum of 30 individuals from all age classes and species in all treatments.  Length and weight will by recorded.  Fish will be collected from pools near each of the same sites noted for biofilm and invertebrates.  For isotope analysis (13C and 15N) of all components, whole body tissue samples will be prepared for analysis by freezing, and grinding the necessary amount of tissue needed for a sample (Kline et al. 1990; Bilby et al. 1996; Chaloner et al. In review).  All sampling will be done in April-May and October-November.  Three samples of every food web component will be taken from each site [4-6 sample components x 3 samples x 4 trts x 3 reps x 2-3 responses = 288-648 total samples per year].

Isotope analyses of 13C and 15N will be conducted at the University of Idaho following protocols described by Kline et al. (1990) and Bilby et al. (1996). Samples will be ground into powder and combusted to generate CO2 and N2 gas.  The ratios in the evolved gases will be measured with a mass spectrometer. Isotope analysis will be conducted on biofilm, composite groups of invertebrates, and fishes and reported accordingly.

Invertebrate and biofilm mass and chlor-a determinations and identification will be completed at the Pacific Northwest Research Station in Wenatchee, WA.

Assumptions: Since exploration of net carbon and nitrogen transfer within aquatic systems is expected to be enhanced, we believe reintroduction of marine-derived N in the form of analogs, and salmonid kelts and eggs will result in immediate incorporation by various aquatic primary producers and consumers, thus will show up as elevated isotope levels of C and N.  Nitrogen will get taken up following rapid release and mineralization from carcasses and analogs, and carbon taken up via direct consumption of tissue or eggs.  Density and biomass responses to treatments are expected to be rapid and long-lasting (through the year) for biofilm, invertebrates and fishes because of direct consumption of tissue and eggs, indirect uptake via food web pathways, and because of the slow-release nature of the carcasses and analogs.

Products: Quantified levels of 13C and 15N within various trophic levels of the aquatic food web for treated and control study areas.  Elevated densities and biomass of all trophic levels.

g. Facilities and equipment
Isotope analyses will be done in Stable Isotope Lab of Dr. John Marshall at

the University of Idaho.  

Sample drying, preparation, and grinding will take place in the lab, which is equipped with ovens, tables, and grinders in the Department of Forest Resources at the University of Idaho.  Samples will be loaded, weighed, and analyzed for isotopic composition in the adjacent physiological ecology lab.   Equipment there includes a Mettler microbalance for loading of samples, a Finnigan MAT delta plus mass spectrometer, a Carlo Erba CN 2400 elemental analyzer for nutrient analyses and continuous-flow operation of the mass spec, and a Finnigan MAT preconcentrator for concentration and separation of atmospheric trace gases, including CO2.

Mineral analyses will be done in the WSU/UI Animal Disease Diagnostic Lab.

Graduate student offices, computer support, and administrative support will be provided by Washington State University, the University of Idaho, the Pacific Northwest Research  Station, and the Rocky Mountain Experiment Station.

Field crew support will be provided by IDFG regional offices in Nampa and McCall.

h. References

Reference (include web address if available online)
Submitted

w/form (y/n)

Ben-David, M. 1997.  Timing of reproduction in wild mink: the influence of spawning pacific salmon. Can. J. of Zool. 75:376-382.
n

Ben-David, M., R.W. Flynn, and D.M. Schell.  1997.  Annual and seasonal changes in diets of martens: evidence from stable isotope analysis.  Oecologia 111:280-291.
n

Ben-David, M., T.A. Hanley, and D.M. Schell.  1998.  Fertilization of terrestrial vegetation by spawning pacific salmon:  the role of flooding and predator activity.  Oikos 83:47-55.
n

Ben-David, M., R. . Bowyer, L.K. Duffy, D.D. Roby, and D.M. Schell. Social behavior and ecosystem processes: river otter latrines and nutrient dynamics of terrestrial vegetation. Ecology 79:2567-2571.
n

Bilby, R.E., B.R. Fransen, and P.A. Bisson.  1996.  Incorporation of nitrogen and carbon from spawning coho salmon into the trophic system of small streams: evidence from stable isotopes.  Can. J. Fish Aquat. Sci. 53:164-173.
n

Cederholm, C.J., D.B. Houston, D.L. Cole, and W.L. Scarlett.  1989.  Fate of coho salmon (Oncorhynchus kisutch) carcasses in spawning streams.  Can. J. Fish Aquat. Sci.  42:1222-1225.
n

Cederholm, C.J., M.D. Kunze, T. Murota, and A. Sibatani.  Pacific Salmon Carcasses. October 1999.  American Fisheries Society. 24:10(6-13). Bethesa, MD.
n

Evermann, B. 1896. A preliminary report upon salmon investigations in Idaho in 1894. Bulletin U.S. Fish Commission Vol. XV, for 1895. Gov. Printing Office, Washington, D.C.
n

Fry, J. 1980. An oral history of John Fry as given by Mateo Osa. Oh 551, Idaho Oral History Center, Idaho State Historical Society, Boise, ID.


Gresh, T., J. Lichatowich, and P. Schoonmaker.  An Estimation of Historic and Current Levels of Salmon Production in the Northeast Pacific Ecosystem. January 2000.  American Fisheries Society.  25:1:15-21.  Bethesda, MD.
n

Helfield, J.M. and R.J. Naiman.  2000.  Fertilization of riparian vegetation by spawning salmon: Effects on tree growth and implications for system productivity.  Draft manuscript.
n

Henderson, G.S., W.T. Swank, J.B. Waide, and C.C. Grier 1978. Nitrogen budgets of Appalachian and Cascade region watersheds: A comparison.  For. Sci. 24, 385-397.
n

Hilderbrand, G.V., C.C. Schwartz, C.T. Robbins, M.E. Jacoby, T.A. Hanley, S.M. Arthur, and C. Servheen.  1999a.  Importance of meat, especially salmon, to body size, population productivity, and conservation of North American brown bears.  Can. J. Zool. 77:132-138.
n

Hilderbrand, G.V., T.A. Hanley, C.T. Robbins, and C.C. Schwartz.  1999b.  Role of brown bears (Ursus arctos) in the flow of marine nitrogen into a terrestrial ecosystem. Oecologia 121:546-550.
n

IDFG (Idaho Fish and Game Department). 1985. Idaho Anadromous fisheries management plan 1985-1990. Idaho Department of Fish and Game, Boise, ID. 104 p.
n

Independent Scientific Group (R.N. Williams, P.A. Bisson, D.L. Bottom, L.D. Calvin, C.C. Coutant, M.W. Erho, Jr., C.A. Frissel, J.A. Lichatowich, W.J. Liss, W.E. McConnaha, P.R. Mundy, J.A Stanford, R.R Whitney) March 1999.  Scientific Issues in the Restoration of Salmonid Fishes in the Columbia River. American Fisheries Society. 24(3) 10-21.  Bethesda, MD.
n

Kline, T.C., Jr., J.J. Goering, O.A. Mathisen, and P.H. Poe.  1990.  Recycling of elements transported upstream by runs of pacific salmon. I. (15N and (13C evidence from Sashin Creek, southeastern Alaska.  Can. J. Fish Aquat. Sci. 47:136-144.
n

Lyle, A. 1975. When salmon ran the Payette; interviews with some Emmett area pioneers. Idaho Wildlife Rev. 1975 (July): 3-16.
n

Mallet, J. 1974.  Inventory of salmon and steelhead resources, habitat, use of demands.  Idaho Department of Fish and Game, Project F-58-R-1, Boise.
n

McClelland, B.R., L.S. Young, D.S. Shea, P.T. McClelland, H.L. Allen, and E.B. Spettigue. 1982.  The bald eagle concentration in Glacier National Park I, Montana: origin, growth, and variation in numbers.  The Living Bird 19:133-155.
n

Minakawa, N. 1997.  The dynamics of aquatic insect communities associated with salmon spawning.  Ph.D dissertation.  University of Washington, Seattle.
n

Murray, T. 1964. Chinook and steelhead historic spawning grounds Shoshone Falls to Salmon River – Snake River drainage. Typed report, Boise, ID.
n

NRC (National Research Council).  1999.  Upstream: salmon and society in the Pacific Northwest.  Report of the Committee on Protection and Management of Pacific Northwest Anadromous Salmonids for the National Research Council of the National Academy of Sciences.  National Academy Press, Washington, DC.
n

Piorkorwski, R.J.  1995.  Ecological effects of spawning salmon on several south-central Alaskan streams.  Ph.D. dissertation.  University of Alaska, Fairbanks.
n

Pugnaire, F.I and F.S. Chapin 1993.  Controls over nutrient resorption from leaves of evergreen mediterranean species.  Ecology. 74(1) 124-129.
n

Robbins, C. T. 1983. Wildlife feeding and nutrition. Academic Press.  343 pp.
n

Suckley, G. 1860.  Report upon the fishes collected on the survey. In: Explorations and surveys to ascertain the most practicable and economical route for a railroad from the Mississippi River to the Pacific Ocean. Ex. Doc. No. 56, 36th Congress, 1st Session, House of Representatives. Vol. XII, Book II. Thomas Ford, Printer, Washington, D.C.
n

Webster, G. 1978.  Dry Creek rockshelter: cultural chronology in the western Snake River region of Idaho ca. 4150 B.P. – 1300 B.P. Tebiwa – Misc. Papers of the Idaho State University Museum of Natural History, Pocatello, ID.
n

Willson, M.F. and K.C. Halupka 1995.  Anadromous Fish as Keystone Species in Vertebrate Communities.  Conservation Biology.  9(3) 489-495.
n

Wipfli, M.S., J.P. Hudson, and J. Caouette. 1998.  Influence of salmon carcasses on stream productivity: response of biofilm and benthic macroinvertebrates in southeastern Alaska, U.S.A. Can. J. Fish. Aquat. Sci. 55:1,503-1,511.
n

Wipfli M. S., Hudson, J. P., Chaloner, D. T., and Caouette, J. P. 1999. Influence of salmon spawner densities on stream productivity in Southeast Alaska. Can. J. Fish. Aquat. Sci. 56: 1600-1611.
n

Wood, C.C. 1987. Predation of juvenile pacific salmon by the common merganser (Mergus merganser) on eastern Vancouver Island II: Predation during the seaward migration.  Can. J. Fish. Aquat. Sci. 44:941-949.
n

Section 10 of 10. Key personnel

Principal Investigators:

Dr. Kathleen Kavanagh, Assistant Professor, Department of Natural Resources, University of Idaho, Moscow, ID

Dr. Kavanagh’s expertise is on stable isotopes and plants.  She will be overseeing most of the work related to these components, including advising a graduate student, and will be consulting as well with the isotope portion of aquatic research.

Dr. Charles T. Robbins, Professor, Departments of Natural Resource Sciences and Zoology, Washington State University, Pullman, WA

Dr. Robbins expertise is the nutritional ecology of wild animals.  He will

be overseeing this part of as well as supervising a post-doc working on this

component.  He and his graduate students have been working during the past 7

years on the value of salmon to bears and riparian forests in Alaska and

Washington.

Dr. Mark S. Wipfli, Research Ecologist, Pacific Northwest Research Station, USDA Forest Service, Wenatchee, WA, 98801

Dr. Wipfli’s expertise and responsibilities is on the aquatic components.  He has been conducting research on MDN in Alaska streams for the past six years.

Gregg Servheen, Wildlife Program Coordinator, Idaho Department of Fish and Game, P.O. Box 25 Boise, ID  83707

Mr. Servheen is Wildlife Program Coordinator for the Idaho Department of Fish and Game and provides management oversight for the Department in wildlife habitat and ecosystem issues. He will facilitate coordination of the project. 
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CHARLES T. ROBBINS

ADDRESS:
 Department of Natural Resource Sciences and Zoology, Washington State University, 
Pullman, WA  99164-4220; phone-509-335-1119, email: ctrobbins@wsu.edu
EDUCATION:


Post-doctorate - Cornell University, 1973-1974

Ph.D., Wildlife Ecology - Cornell University, August 1973



M.S., Forest Zoology - Syracuse University, December 1970

B.S., Wildlife Biology - Colorado State University, March 1968

APPOINTMENT AND CURRENT RESEARCH:

Professor, Departments of Natural Resource Sciences and Zoology, Washington State University, 1974-present.  Responsibilities: 75% research, 25% teaching.   

Current research emphasis:  Bear/salmon/tree interactions, the role of bears in moving the marine-derived nutrients of salmon into terrestrial ecosystems, the importance of salmon to brown/grizzly bear conservation.

Dr. Robbins is an internationally recognized authority on the nutrition of wild animals.  In 1986, he established a large, captive bear research facility at Washington State University to examine nutritional limitations to grizzly bear conservation and management.  Most recently, he oversaw a PhD-graduate student project (Hilderbrand et al. publications below) documenting the importance of salmon to brown bears and terrestrial communities on the Kenai Peninsula, Alaska.  He currently has an MS student using the techniques of this proposed Idaho study to examine the historical roles of salmon on the Elwha, Solduc, and Quinault Rivers of Olympic National Park.

RECENT, RELEVANT PUBLICATIONS

Hilderbrand, G.V., C.C. Schwartz, C.T. Robbins, M.E. Jacoby, T.A. Hanley, S.M. Arthur, and C. Servheen.  1999.  Importance of meat, particularly salmon, to body size, population productivity and conservation of North American brown bears. Can. J. Zool. 77:132-138.

Jacoby, M.E., G.V. Hilderbrand, C. Servheen, C.C. Schwartz, S.M. Arthur, T.A. Hanley 

Hilderbrand, G.V., S.G. Jenkins, C.C. Schwartz, T.A. Hanley, and C.T. Robbins.  1999.  Effect of seasonal differences in dietary meat intake on changes in body mass and composition in wild and captive brown bears.  Can. J. Zool. 77:1623-1630.

Hilderbrand, G.V., T.A. Hanley, C.T. Robbins, and C.C. Schwartz.  1999.  Role of brown bears (Ursus arctos) in the flow of marine nitrogen into a terrestrial ecosystem.  Oecologia 121:546-550.

Kathleen L. Kavanagh

Assistant Professor

Department of Forest Resources

University of Idaho

Moscow, ID  83844-1133

Phone (208) 885-8876

Fax (208) 885-6226

email: katyk@uidaho.edu
Education 

Ph.D. 1993, Tree Physiology. Forest Science Department, Oregon State University, Corvallis OR. 

M.S. 1987, Silviculture. SUNY College of Environmental Science and Forestry, Syracuse, NY. 

B.S. 1977, Forest Management. SUNY York College of Environmental Science and Forestry,  Syracuse, NY

Current Research and collaborators

My appointment in the Department of Forest Resources includes developing a research program that contributes to understanding of inland west forest ecosystems and the integration of this knowledge into the development of better management practices.  Most recently, my involvement in providing scientific oversight to the Oregon Plan for Salmon and Watersheds increased focused my interests on riparian forests and their unique role in ecosystem structure and function.  It is evident that our understanding of the role riparian forests play in providing structural components (i.e. large wood) to aquatic systems is improving.  However, the role aquatic systems play in forest productivity is an area of research that needs further exploration.  

· Use of nitrogen isotopes to determine contribution of marine-derived nutrients to inland riparian forests.  K. Kavanagh.

· Influence of tree height and stand structure on canopy water flux.  K. Kavanagh, A. Robinson, P. Gessler and J. Marshall.

· Use of Leaf Specific Conductivity to Evaluate Density Management Zones for Mixed Species Uneven-Aged Management. K. Kavanagh.

· Nutritional imbalance as a predisposing factor in Swiss needle cast disease: An explanation of  increased vulnerability of DF stands to this normally endemic disease.  K. Kavanagh, C. Rose  R. Waring and D. Manter.

· Foliar diseases of conifers in Idaho.  G. Newcombe and K. Kavanagh.

Publications (last 5 yrs)

Anekonda,T.S., M.C. Lomas, W.T. Adams, and K. L. Kavanagh (2001) Genetic variation in drought hardiness of coastal Douglas-fir seedlings from British Columbia. submitted: Can J. For Resources

Manter , D., Bond B.J., Kavanagh K.L, Rosso P, and G. Filip  (2000) Timing and mechanism ofiImpact of the Swiss needle cast fungus, Phaeocryptopus gaeumannii, on Douglas-fir needle gas exchange and rubisco activation.  New Phytologist. 148:481-491.

Bond, B.J., and K.L. Kavanagh (1999) Stomatal behavior of four woody species in relation to leaf-specific hydraulic conductance and threshold water potential.  Tree Physiology, (19, 503-510).

Kavanagh, K.L., Bond B. J., Aitken S.N., Gartner B.L., and S.A. Knowe (1999) Root and shoot vulnerability to cavitation in four populations of Douglas-fir seedlings.  Tree Physiology, 19;31-37.

Kavanagh, K.L. and J. Zaerr (1997) Xylem cavitation and loss of hydraulic conductance in western hemlock seedling following planting.  Tree Physiology 17, 59-63.

Aitken, S.N., Kavanagh K.L. and B.J. Yoder (1995) Genetic variation in water-use efficiency in Douglas-fir as measured by 13C:12C ratios.  Forest Genetics 2(4) 199-206.

Recent Professional Presentations  * denotes invited.

Rose, C. Kavanagh K. and R. Waring. 2001. Nitrogen surplus in Douglas-fir forests: Consequences for susceptibility to and endemic foliar fungus.  .  Paper presented at the 86th Annual Ecological Society of America Meeting, Madison, WI.

Koyama A. Kavanagh K. and A Robinson. 2001. Evidence supporting the legacy of marine-derived nitrogen in riparian forests of Central Idaho.  Paper presented at the 86th Annual Ecological Society of America Meeting, Madison, WI.

Kavanagh, K*. Koyama, A. and A. Robinson. 2001. Nutrients on the salmon superhighway: Is it a two-way street?  Third North American Forest Ecology Workshop. Duluth, Minnesota

Kavanagh K*., Koyama A. and A. Robinson 2001. Movement of salmonid-derived nitrogen into riparian conifer forests of Central Idaho. Restoring Nutrients to Salmonid Ecosystems. American Fisheries Society.  Eugene, OR.

Manter D., Bond B.J., Kavanagh K.L., Rosso P.H. and G.M. Filip. 2000. Timing and mechanism of impact of the Swiss needle cast fungus, Phaeocryptopus gaeumannii, on Douglas-fir needle gas exchange and rubisco activation. Snowbird, Utah.

Rose C., Kavanagh K., Waring R. and D. Manter. 2000. Nutritional imbalance as a predisposing factor in Swiss needle cast disease: Part II. A mechanism to explain Douglas-fir susceptibility to an endemic fungus.  Paper presented at the Swiss Needle Cast Cooperative Annual Conference.  Corvallis, OR.
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Mark S. Wipfli

Research Ecologist, Aquatic and Land Interactions Research Program

Pacific Northwest Research Station, USDA Forest Service, Wenatchee, WA, 98801

Phone (509) 662-4315 ext. 224, Fax (509) 664-2742, Email: mwipfli@fs.fed.us
Education:

Ph.D. 
1992  
Aquatic Ecology and Environmental Toxicology, Michigan State University

M.Sc.
1987  
Entomology, University of Wisconsin-Madison

B.Sc.
1984  
Natural Science, University of Wisconsin-Madison

Employment:
2001 - present 
Research Ecologist, Pacific Northwest Research Station, Wenatchee, WA

1996 - 2001  
Research Ecologist, Pacific Northwest Research Station, Juneau, AK

1993 - 1995
Postdoctoral Research Assistant, Pacific Northwest Research Station, Juneau, AK 

Research Interest and Collaborators:

Research interests include understanding the ecological processes that govern freshwater and riparian productivity and community interactions.  Recent work has focused on understanding the role that marine nutrients play in freshwater food web productivity, and understanding the trophic linkages between fishless headwaters and downstream salmonid production.  Cooperators, on both internally and externally funded grants, include Richard W. Merritt (Michigan State University), J. David Allan (University of Michigan), Brendan Hicks (University of Waikato, New Zealand), Peggy Ostrom (Michigan State University), Gary A. Lamberti (University of Notre Dame), Mary F. Willson (University of Alaska, Fairbanks) and Pacific Northwest Research Station scientists Gordie Reeves, Pete Bisson, Paul Hennon, Robert Deal, Tom Hanley, Scott Gende, Toni De Santo, and others.

Relevant Publications:

Chaloner, D.T., K.M. Martin, M.S. Wipfli, P.H. Ostrom, G.A. Lamberti, and R.W. Merritt. xxxx. Marine-derived isotopes of carbon and nitrogen in stream food webs of Southeast Alaska. Canadian Journal of Fisheries and Aquatic Sciences. In review.

Wipfli, M.S., J.P. Hudson, J.P. Caouette, R.E. Heintz, and D.T. Chaloner. xxxx. Marine subsidies of freshwater food webs: salmon carcasses increase lipids and growth of stream salmonids. Canadian Journal of Fisheries and Aquatic Sciences. In revision.

Piccolo, J.J., and M.S. Wipfli. 2002. Does red alder (Alnus rubra) along headwater streams increase the export of invertebrates and detritus from headwaters to fish-bearing habitats in Southeast Alaska? Canadian Journal of Fisheries and Aquatic Sciences. Pending revision. 

Wipfli, M.S., and D.P. Gregovich. 2002. Export of invertebrates and detritus from fishless headwater streams in southeastern Alaska: implications for downstream salmonid production. Freshwater Biology. In press.

Chaloner, D.T., M.S. Wipfli, and J.P. Caouette. 2001. Mass loss and macroinvertebrate colonization of Pacific salmon carcasses in Southeast Alaska streams. Freshwater Biology. In press.

Wipfli, M.S., J.P. Hudson, D.T. Chaloner, and J.P. Caouette. 1999. Influence of salmon spawner densities on stream productivity in Southeast Alaska, USA. Canadian Journal of Fisheries and Aquatic Sciences. 56: 1600-1611.

Wipfli, M.S., J. Hudson, and J. Caouette. 1998. Influence of salmon carcasses on stream productivity: response of biofilm and benthic macroinvertebrates in southeastern Alaska, USA. Canadian Journal of Fisheries and Aquatic Sciences. 55: 1503-1511.

Wipfli, M.S. 1997. Terrestrial invertebrates as salmonid prey and nitrogen sources in streams: contrasting old-growth and young-growth riparian forests in southeastern Alaska, USA. Canadian Journal of Fisheries and Aquatic Sciences. 54: 1259-1269.
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Gregg Servheen
P.O. Box 25

Boise, ID  83501

208-334-3180

gservhee@idfg.state.id.us

Education 
B.Sc. in Fish and Wildlife Sciences - University of Massachusetts

M.S. in Fish and Wildlife Management - Texas A & M University

Professional Experience

Idaho Department of Fish and Game Wildlife Program Coordinator responsible for Department review, analysis, and comment on forest, highway, county, municipal, range land, and waterways development projects impacting fish and wildlife within the state of Idaho.  Responsible for coordination with state and federal agencies on fish and wildlife management, mitigation, and regulatory authorities.  Develop program direction for Department policy and legislation in statewide issues including outfitter management, forest management, interagency coordination, and watershed protection, strategic planning, and subbasin planning.

Writing and Publications

Servheen, G. and L.J. Lyon 1989. Habitat selection of Selkirk Mountain caribou. J. Wildl. Manage. 53:230-237.

Servheen, G., T. Cochnauer, J. Adams, B. Stotts, W. McLaughlin, and N. Sanyal. 1996. Development and implementation of an integrated process for improved fish and wildlife management. Wildl. Soc. Bull. 24:667-672.

Blair, S. and G. Servheen. 1995. A species conservation assessment and strategy for the white-headed woodpecker. U.S.D.A. Forest Service. Region 1, Missoula, Montana. 49pp. 

Compton, B. B., P. Zager, and G. Servheen. 1995. Survival and cause-specific mortality of woodland caribou. Wildl. Soc. Bull. 23:490-496.

Groves, C., T. Fredrick, G. Fredrick, E. Atkinson, M. Atkinson, J. Shepard, and G. Servheen.1997.  Density, distribution, and habitat of flammulated owls in Idaho.  Great Basin Naturalist 57: 116-123.

Lehmkuhl, J.F., J. Kie, L. Bender, G. Servheen, and H. Nyberg.  2001. Evaluating the effects of ecosystem management alternatives on elk, mule deer, and white-tailed deer in the Interior Columbia River Basin, U.S.A., Forest Ecology and Management. 153:89-104. 

Warren, C.D., J.M. Peek, G.L. Servheen, and P. Zager. 1995. Habitat use and movements of two ecotypes of translocated caribou in Idaho and British Columbia. Conservation Biology 10:547-553.
Table 1.  Hydro projects in the Boise-Payette-Weiser subbasin affecting anadromous and resident fish passage and watershed nutrient budgets.

Ownership and primary use of project.

Hydroproject
Subbasins and watersheds affected by the project.

Bureau of Reclamation

hydropower and irrigation
Deadwood Dam - 1931


South Fork of the Payette and Deadwood Rivers

Bureau of Reclamation

irrigation
Barber Dam - 1906
Boise River basin

Bureau of Reclamation

hydropower and irrigation
Black Canyon Dam - 1923
Payette River basin 

Bureau of Reclamation

irrigation and hydropower
Anderson Ranch - 1951
South Fork of the Boise River



Bureau of Reclamation

Irrigation


Deer Flats Dam - 1938
Lower Boise River

Bureau of Reclamation

Irrigation and hydropower
Boise Diversion Dam - 1910
Boise River

Bureau of Reclamation

hydropower
Kirby Dam - 1900
Middle Fork of the Boise River

Bureau of Reclamation

flood control and irrigation
Hubbard Dam - 19?
Boise River

Bureau of Reclamation

hydropower, recreation, irrigation
Cascade Dam - 1948
North Fork of the Payette River

U.S. Army Corps of Engineers 

irrigation, hydropower, recreation, flood control
Lucky Peak Dam - 1957
South and Middle Forks of the Boise River

Bureau of Reclamation

irrigation
Arrowrock Dam - 1915
South Fork of the Boise River
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Figure 1. Predicted del 15N values from a linear mixed-effects model.  This model was derived from conifer foliar samples collected from mature riparian forests along salmon and non-salmon bearing systems in Central Idaho.  B= bankside, AU=adjacent upslope and U=upslope.  Note higher del 15N (indicative of marine nutrient inputs) in foliage from bankside riparian conifers relative to upslope foliage and conifers along non-salmon bearing systems.  Lines are significantly different at p=0.5.  (Kavanagh and Koyama unpublished results).
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