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Ecosystem effects of anadromous fish declines in Idaho. 

Section 3. Project description

a. Abstract

Salmon declines are traditionally viewed in terms of species extinction and diminishing supply for sport and commercial fishing.  Therefore, salmon recovery focus has been on production hatcheries, mainstem migration, and harvest constraints.  These efforts have largely ignored the role of salmon in the ecosystems where they hatch, rear, spawn, and die.  This project is innovative because it quantifies and uses a model to predict the nutrient and mineral contributions of salmon in Idaho over time and within aquatic and terrestrial food webs.  This project explores net N transfer from aquatic to terrestrial systems by quantifying and modeling the abundance of nitrogen isotopes.  The effects of  marine-derived nutrients are measured by sampling six watersheds that have been subjected to temporally different anadromous fish barriers and measuring nitrogen isotopes in conifers, deer and elk antlers, and riparian vegetation.  The effects of marine-derived nutrients across the terrestrial and aquatic interface will be quantified using the occurrence of 15N in selected primary producers (algae) and consumers (grazers and fish), prior and subsequent to reintroduction of salmon and steelhead kelts and eggs in a blocked watershed. Translation of the conceptual model of N dynamics into the statistically testable model will provide a framework by which N isotope signatures can be interpreted across a variety of ecosystems. Modeling with the parameterized NIFTE model will offer ecosystem effect outcomes under present and future salmon management actions in Idaho.
b. Technical and/or scientific background

In Idaho, anadromous fish were once found in more than 60% of the state (IDFG 1992). 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 1996) and greater than 80% of all returning fish are now of hatchery origin (ISR 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).  This is a nutrient deficit of 5-7 million kilograms of marine-derived nutrients per year in areas where anadromous fish were historically abundant.  

The historical abundance of salmon and the implications of their ongoing decline have most commonly focused on 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 may 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) in Idaho is the focus of our project.  The fact that salmon have played a key role in Idaho ecosystems for thousands of years and that they are now functionally missing from a large portion of their former range has long-term ecological implications for Idaho's fish and wildlife and their habitats.  
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 foodweb 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, Wilson 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).  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.   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. 1989).  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. 1998a and b, Bilby et al. 1996). Cole and Rapp 1981 reported nitrogen is a limiting nutrient for tree growth in many ecosystems.  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 and 2) excretion of surplus nutrients from salmon ingested by terrestrial and avian predators and scavengers.  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).  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 herbivores, such as deer and elk.  Nutrient-poor vegetation derived from Idaho Batholith soils could affect terrestrial wildlife population dynamics (Fielder 1986).  Marine biogenic N may be especially important in central Idaho 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, elk recruitment in central 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 such as elk and deer.

Our project proposes using recent advances in “stable isotope” technology.  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 isotopes 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 this project 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 and plants with and without access to salmon nitrogen, we can calculate how much of the plant nitrogen budget comes from salmon.  Similarly, we can compare the ratio of 80Se/76Se (Johnson et al. 2000) in pre and post anadromous watersheds in elk and deer antlers to determine the level of marine input of this important trace mineral.  Because isotope enrichments are retained in such tissues as tree rings, elk and deer antlers, and living aquatic and terrestrial species; we can examine living tissues and tissues that are hundreds or even thousands of years old.  This allows us to determine the current and historical ecological significance of salmon in Idaho.

A model that quantifies changes in N isotopes through terrestrial ecosystem compartments has been developed to explain the patterns of N isotopes in vegetation (Hobbie et al. 1999).  The model, Nitrogen Isotope Fluxes in Terrestrial Ecosystems, (NIFTE ) simulates the major fractionation of N isotopes and predicts isotopic signatures of different plant species and soil pools through time.  By translating a conceptual model of N dynamics into a statistically testable model, NIFTE provides a framework by which N isotope signatures can be interpreted across a variety of ecosystems and, potentially, management scenarios.  Development and adaptation of the NIFTE may offer insights into  isotope patterns and future outcomes under present and future management practices in the aquatic/terrestrial interface.

Expected Results:
A better understanding of the effects of anadromous fish runs on plant and animal communities at different trophic levels to permit more comprehensive assessment of ecosystem-level effects of declining anadromous fish runs.  Defined desirable endpoints of ecosystem restoration.  This project quantifies these effects temporally and trophically.  

By comparing current and historical isotope and mineral ratios in woody vegetation, we will determine to what extent salmon runs have contributed to ecosystem processes through time.  By sampling current and historical elk and deer antlers identified by origin in time and place, we will quantify the extent that Idaho's terrestrial species at high trophic levels benefit from salmonid nutrients. 

Using the application of salmon carcasses in watersheds that formerly supported anadromous fish, we will quantify salmon nutrient affects and vectors at low trophic levels in aquatic ecosystems.    Comparisons of 15N and 80Se isotopes in invertebrates and vertebrate aquatic species before and after treatment will demonstrate nutrient flow and identify vectors at low, medium, and high trophic levels. 

Project data will parameterize a N model to help in determining marine-derived N contributions and their patterns in Idaho.  Sensitivity analysis of the NIFTE model will provide insights on the contribution of salmon nutrients in Idaho ecosystems.  Modeling will help predict the potential effects of salmon restoration and recovery alternatives on Idaho ecosystems.

c. Rationale and Significance to Regional Programs

Chinook salmon, steelhead, sockeye salmon and bull trout are all federally protected under the Endangered Species Act and present within the proposed study areas.  This project will provide a broad statewide perspective on the influence of anadromous fish to Idaho's terrestrial, vegetative, and aquatic ecosystems.  The project will demonstrate and quantify, by experiment at the watershed scale, the dispersal of salmon nutrients in these affected ecosystems.  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 basinwide scale. 

The Northwest Power Planning Council's Multispecies 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.  

This project's ecological perspective on salmon abundance and function relates directly to recovery in Idaho and the Columbia River basin.  The single species approach to salmon recovery has focused on salmon and steelhead, as they are available for harvest, and can be replaced through hatchery programs, and on the effects of hydropower on their abundance and mainstem migration.   This project helps address an ecosystem and multispecies approach to salmon recovery related to salmon and steelhead adult abundance and escapement necessary to fulfill their ecological role as it affects other terrestrial and aquatic species in watersheds where they hatch, rear, spawn and die.  

d. Relationships to other projects 

The project will be implemented in coordination with the U.S. Forest Service including the Clearwater, Nez Perce, Salmon, Payette, and Boise national forests and the Sawtooth National Recreation area.  The Idaho Department of Fish and Game will assist with the collection of elk and deer antlers at check stations and through media and public contacts.  Vegetative sampling in the 6 "treated" subbasin study areas will be done in coordination with Idaho Department of Fish and Game fisheries, enforcement, and wildlife surveys in the study areas.

The experimental portion of the project will be conducted in the North Fork of the Clearwater River basin.  Salmon carcass distribution will be in coordination with the Clearwater National Forest.  Sampling of aquatic and terrestrial vertebrates and invertebrates will be under the Idaho Department of Fish and Game's collection permits.  Work will be done in conjunction with the North Fork of the Clearwater Bull Trout Ecology study, Clearwater National Forest Stream Inventories, and Idaho Department of Fish and Game annual instream fish surveys.

Salmon carcasses will be collected from the Dworshak National Fish Hatchery and the Idaho Department of Fish and Game Clearwater Anadromous Hatchery.  

We will work with private organizations (e.g., Pope and Young, Boone and Crockett, Rocky Mountain Elk Foundation), Idaho Fish and Game wildlife managers and check stations, and local sportsmen groups to identify and locate suitable samples of current and historic elk and deer antlers and mounts.

In 1997, The Idaho Department of Fish and Game embarked on a large scale, long term research effort to identify and understand the factors that affect elk recruitment.  Elk population declines in central Idaho appear related to recruitment declines over the past decade  (Gratson and Zager 1997). This project is focusing on predation, pregnancy rates, and condition of cow elk.  The latter is directly related to habitat quality and the nutritional ecology of elk (Cook 2000).  There is concern that habitat quality has declined over the last several decades with declining fire frequency, stagnating habitats, and loss of marine-derived nutrients. The proposed investigation of the role of marine-derived nutrients in Idaho will provide important insights for the elk research effort in relation to the functioning of Idaho's terrestrial ecosystems.

e. Proposal objectives, assumptions, and products

Hypothesis: That salmon and steelhead contribute measurable quantities of nitrogen to the aquatic and terrestrial ecosystems of Idaho.

Objective 1.  Following reintroduction of salmon kelts and eggs over a 3-year period, quantify the contribution of nitrogen within the aquatic food chain in an Idaho batholith watershed that historically supported anadromous fish .

Assumptions: This project will describe the relatively unexplored quantitative relationships between marine-derived N inputs and aquatic productivity.  Historically the focus on nitrogen supply and dynamics has been limited to terrestrial systems with little consideration for interactions and exchange of N pools within the aquatic  ecosystem.  Since exploration of net N transfer within aquatic systems has been enhanced by examining the natural abundance of nitrogen isotopes, we assume reintroduction of marine-derived N in the form of  salmonids kelts and eggs will result in immediate incorporation by various aquatic primary producers and consumers.

Products: Quantified levels of 15N within various trophic levels of the aquatic food web for treated and control study areas.  Differentiation of N source levels with the aquatic ecosystem.
Objective 2.0 Using conifer foliar collections across ecosystem gradients and manipulative experiments, model the contribution of salmonids to N in conifers in several Idaho batholith watersheds that historically supported anadromous fish.

Assumptions: Nitrogen (N) is a limiting nutrient for tree growth in many ecosystems (Cole and Rapp 1981).  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 (Henderson et.al. 1978).  Conifer trees respond to N limitations with increased N retention, primarily in the foliage (Pugnaire and Cahpin 1993).  Nitrogen availability is reduced in central Idahoby water and temperature limitations to mineralization and low abundance of nitrogen fixing species.  It is assumed that with the combination of reduced  N availability and increased retention the historic contribution from anadromous salmonids will be detectable.  A recent survey of conifer foliage along rivers and streams in the interior west revealed N isotopic patterns that warrant further exploration.  Foliar isotopic signatures indicate enrichment in 15N in the vicinity of salmonid-bearing aquatic systems (Figure 1).  We do not find such a pattern above waterfalls that represent a permanent barrier to salmonid migration.  While the pattern associated with enrichment is evident, it is not sufficient to quantify N inputs from salmonids in these riparian forests.  While the results of Figure 1 indicate enrichment in the Selway and Lostine systems, the relative enrichment in 15N ratios in the Selway ecosystem (2.0 to –2.0) is much greater compared to the Lostine system (-1.0 to –5.0).  Before interpreting these results in terms of N input, ecosystem processes that influence 15N ratios must be better understood.  It is the assumption of this project that  modeling 15N fractionation across an environmental gradient is necessary to quantify N inputs from salmonids.

Interpretation of stable isotope results has been limited by a lack of understanding of the complex array of ecosystem processes that influence fractionation of N isotopes and the way these processes change across ecosystems.  For example, N source (ie N-fixation vs mineralization), fractionation during uptake (i.e. mycorrhizal vs non-mycorrhizal), and translocation within the subject tree can influence isotopic signatures.  In addition N availability and source (Hobbie et al. 1999) can influence the relative importance of these factors.  Therefore  models are essential tools for improving understanding of N dynamics across and ecosystem gradient and will be most important for examining net N flow between the aquatic and terrestrial systems.

A model that quantifies N isotopes through terrestrial ecosystem compartments has been developed to explain the patterns of N isotopes in vegetation along a successional gradient (Hobbie et al. 1999).  The model, NIFTE, (Nitrogen Isotope Fluxes in Terrestrial Ecosystems) simulates the major fractionation of N isotopes and predicts isotopic signatures of different plant species and soil pools through time.  By translating a conceptual model of N dynamics into a statistically testable model, NIFTE provides a framework by which N isotope signatures can be interpreted across a variety of ecosystems and, potentially, management scenarios.  Adaptation of NIFTE may offer insight into current isotope patterns and future outcomes under present and future management practices in the aquatic/terrestrial interface.

Using the extended NIFTE model we will explore how N isotopic signatures are influenced by N source (i.e. N-fixation, mineralization, and organic N), fractionation during uptake (i.e. mycorrhizal vs non-mycorrhizal), and translocation within the tree.  We will parameterize the NIFTE model for central Idaho and, within the complex array of ecosystem processes that influence N isotope fraction, test the level of salmon derived N required to predict the isotopic signatures in riparian conifers.  

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.  By examining and modeling a significant number of riparian areas, we hope to provide a framework by which foliar N isotope signatures can be interpreted across a variety of ecosystems and, potentially, management scenarios.  Adaptation of NIFTE may offer insight into current isotope patterns and future outcomes under present and future management practices in the aquatic/terrestrial interface.
Objective 3.0  Using abundance of 15N through time, quantify the contribution of salmonids to N in conifers, elk and deer in several Idaho batholith watersheds that historically supported anadromous fish.

Assumptions: Sampling watersheds with uninterrupted but declining salmon and steelhead runs will ensure that any observed, temporal changes in blocked watersheds can be interpreted relative to dam construction and are not due to more general ecosystem or world-wide changes. 

The methods of this study are expected to overcome a major problem of all previous studies (Bilby et al. 1996, Ben-David et al. 1998, Hilderbrand et al. 1999b, and Helfield and Naiman 2000).  Although the earlier authors had “reference” or “control” (salmon-absent) samples for comparison, none of those samples were collected from the same location as the experimental or salmon-enhanced samples.  The various “control” samples were either from another watershed or from sites well removed from the salmon-enhanced samples (i.e., 1000+ m from the stream or above waterfalls or other obstructions that blocked salmon migration).  Because of this, all authors discuss the possibility that differences between salmon-enhanced and salmon-absent samples could be due to a dozen other possibilities (e.g., differences in tree rooting depth, soil water and oxygen conditions, light availability, soil exchange capacity, or the occurrence of nitrogen-fixers in understory vegetation). In the current study, both the control and test samples will be from the same site.

Samples of elk and deer antlers from decades past will be difficult to obtain.  In addition to working in coordination with sportsmen's groups, private organizations, and the Idaho Department of Fish and Game; we will use a web site and links to cooperators web sites to solicit participation from hunters who may have elk and deer antlers of interest.  Hilderbrand et al. (1996) was able to obtain meaningful results from similar investigations with about 10 samples/stratum.  We believe this approach is feasible to sample the proposed basins.

Mineral concentrations should mirror changes in 15N isotope ratios.  However, the major complicating factor regarding mineral concentrations is that many of the minerals (e.g., phosphorus, sulfur, or sodium) are highly mobile and are reabsorbed during the sapwood-heartwood transformation (Cutter and Guyette 1993).  Thus, many elements are likely to have the same concentration before and after dam construction even though their availability limits tree growth.  While this is also true of nitrogen, our measures do not depend on quantifying the absolute concentration of nitrogen, but of the ratios of its atomic forms which are unaffected by the sapwood-heartwood transformation.  Because some elements (e.g., iron, molybdenum, or nickel) are minimally mobile, we may be able to use those or other elements as markers to quantify the overall process of mineral transfer from salmon to plants.  Similarly, the historical differences in minimally mobile minerals in the cores should reflect current differences in the mineral concentrations of even highly mobile minerals of the foliage of trees growing along the sampled watersheds.

The hypothesis is that nitrogen is relatively volatile as it moves through the foodweb, so deer and other consumers feeding on streamside vegetation move the nitrogen signature into more distant areas.
Products: Samples of coniferwood, elk, and deer antlers stratified by time and basin.  Analysis and report of 15N occurrence in samples with implications on the effects and distribution of marine nutrients in relation to Idaho's conifer and elk and deer populations. The salmon signature in the sapwood of these old trees (i.e., recently produced wood) is expected to be a small fraction of the values from older wood.  By examining a significant number of streams and watersheds, we hope to use the tree ring and antler signatures to basically draw a map of the distribution of marine-nutrient input into Idaho over time.  Similarly, by comparing the sapwood signatures from watersheds that have been without salmon for varying times, we hope to plot the temporal decay of salmon-nitrogen in terrestrial ecosystems.

f. Tasks and Methods

Task 1.1 Seed  5-6th code watersheds with salmon and steelhead kelts and eggs.

Place a minimum of 200 (depending on availability) adult Chinook salmon carcasses within the first kilometer downstream of Little Weitas Creek during years 1, 2, and 3 of the project. The locations of salmon carcass seeding will be at 1 km, 2 km, and 3 km downstream of Little Weitas Creek.  Location in the control area will be 1 km, 2 km, and 3 km upstream of Little Weitas Creek. Placement should occur during the normal spawning time, August-September.

In the event live chinook salmon are available, a weir to prevent upstream migration will be constructed at the mouth of Little Weitas Creek and the main Weitas.  The control areas will be the main Weitas Creek above the weir and Little Weitas Creek.  If only Chinook salmon carcasses are available then a weir may not be necessary.

Task 1.2 Measure the occurrence of 15N in selected aquatic resident species including primary producers (algae) and consumers (grazers and fish), prior to and post reintroduction of salmon and steelhead kelts and eggs.

Invertebrate samples will be collected by disturbing the streambed upstream of a 200-micron mesh net.  The locations of sampling within the treatment area will be at 1 km, 2 km, and 3 km downstream of Little Weitas Creek.  Location in the control area will be 1 km, 2 km, and 3 km upstream of Little Weitas Creek.  At these locations invertebrates will be collected from the first riffle, run and pool downstream.  Invertebrates will be sorted by genus in the laboratory.  At each sampling location, invertebrates representing four trophic levels; shredders which ingest large organic matter (Plecoptera); grazers which scrape organic material from hard surfaces (Ephemeroptera); collector-gathers which filter small organic matter particles from the water column (Pelecypoda); and predators which prey on other invertebrates (Decapoda).  Fish species to be collected include one herbivorous (longnose dace), one omnivorous (mountain whitefish) and one predatory (rainbow trout).  The fish will be collected by electroshocking at each of the same sites noted for invertebrate collection.   Both invertebrate and fish will be collected in April-May and again in October-November.

Age 1-3 rainbow trout and mountain whitefish will be sampled by electroshocking a minimum of 30 individuals from each age class and species in both the treatment and control sections.  Size and growth rates will by monitored.  The standard weight and length will be measured for each fish captured. .  For isotope analysis of fish, a sample of dorsal muscle tissue will be collected and prepared for analysis as described by Bilby (1995)

Isotope ratio analyses will be conducted at the University of Idaho following protocols described by Bilby (1995). Samples are to be ground to a 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 composite groups of invertebrates and reported by tropic level and location of sampling.

As part of the kelt and egg placement outlined in objective 1, we will conduct a manipulative experiment to assist in parameterizing the NIFTE model (Objective 2).  We will measure foliar N isotope changes in planted Douglas-fir seedlings with and without direct application of fish fertilization.  At each site, 20 seedlings will be planted approximately 1000 meters above the site of carcass placement.  Half of the seedlings will receive the direct soil application of a fish “slurry” made of salmon carcasses and distilled water.  The remaining seedlings will receive and equal amount of distilled water.  This experimental design will be repeated immediately downstream from the carcass input.  Fertilization with the fish slurry will be done 3 times per year, spring, summer and fall repeated annually over a 3 year period.  Foliage will be collected and monitored for N isotope concentration prior to planting and each fall.  

Task 2.1 Sample foliage from bankside, floodplain, and upslope conifers and evaluate for 15N  in selected watersheds (Table 1).

To look at the relative importance of salmon to N abundance in riparian and adjacent upslope forests we will collect foliage from living 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.  Sites will be chosen to represent a range of current and historical salmonid abundance in addition to the sites outlined in objective 1.

Task 2.2 Parameterize the NIFTE model for central Idaho using Bayesian Synthesis on existing sources of data.

Bayesian Synthesis has been used successfully for the paramerterization of complex ecosystem models from measurements (Green et al 1999).  In addition to published values in the literature for biological fixation of N2, foliar translocation, ammonification nitrification, microbe uptake, plant uptake and transamination we will incorporate data from Objecitves 1 and 3.

Task 2.3 Compare model predictions against conifer foliage N isotope data from sites spanning the range of marine-derived inputs.

We will parameterize the NIFTE model using the data on N isotope signatures collected in task 2.1.  Modeling will test and help identify the ecosystem processes that influence N isotope fraction and test the level of salmon derived N required to predict the isotopic signatures in aquatic, terrestrial and riparian vegetation and at different trophic levels.  We will define how N isotopic signatures are influenced by N source (i.e. N-fixation, mineralization, and organic N), fractionation during uptake (i.e. mycorrhizal vs. non-mycorrhizal), and translocation within anadromous ecosystems.

Predictions from the adapted NIFTE model will be compared against measurements at each sample site, and the model predictions and the residuals will be analyzed in an analysis of variance (ANOVA) framework.
Task 2.4 Test model outputs with manipulative experiments.

As part of the kelt and egg placement outlined in objective 1, we will measure foliar N isotope changes in planted Douglas-fir seedlings with and without direct application of fish fertilization.  At each placement site, 20 seedlings will be planted approximately 1000 meters above the site of carcass placement.  Half of the seedlings will receive the direct soil application of a fish “slurry” made of salmon carcasses and distilled water.  The remaining seedlings will receive and equal amount of distilled water.  This experimental design will be repeated immediately downstream from the carcass input.  Fertilization with the fish slurry will be done 3 times per year, spring, summer and fall repeated annually over a 3 year period.  Foliage will be collected and monitored for N isotope concentration prior to planting and each fall.  

Tasks
3.1 Measure the abundance of  15N occurring in elk and deer antlers orginating from selected watersheds.

To investigate the importance of marine-derived nitrogen to ungulate populations and possibly establish a link between anadromous fish and terrestrial vertebrates, we will collect samples of bone and/or antler from elk and deer harvested during pre and post-development in each selected watershed (Table 1).  The samples will represent animals harvested when anadromous fish were abundant and when they were not.  Samples of antler will be scraped from each antler identified by origin in time and place.   Samples will be analyzed for N and mineral content at the stable isotope and WSU diagnostic labs.  We will solicit cooperation of Idaho sportsmen to obtain the necessary samples from the areas of interest.  Efforts will focus on obtaining a minimum of 10 samples per study area from both pre and post-anadromous fish time periods. 

Task 3.2 Measure the abundance of 15N occurring in conifer trees in selected watersheds (Table 1).

To look at the historical importance of salmon to conifer growth, we will collect cores from living Douglas fir, ponderosa pine, cottonwood, and spruce trees that are older than the dams or barriers in each study area.  At each sampling site, 1500 m transects will be run perpendicular to the stream.  Each “ancient” tree encountered will be cored twice and species and distance from the stream recorded.  When the cores are returned to the lab, the rings will be counted and 5 samples analyzed for tree-ring width, nitrogen content and isotope ratios (Cutter and Guyette 1993, Poulson et al. 1995).  Two of the samples will be pre-dam or barrier and 3 will be post-dam or barrier.  Wood from the same years in the second core will be analyzed for its mineral content.  Thus, each tree will provide a chronological record of its growth, nitrogen isotope content, and mineral concentrations.  From the above record of tree growth and nitrogen source, we can determine the historical importance of salmon to the tree’s nitrogen budget prior to and after dam or barrier construction.  If salmon were important sources of nitrogen, we should see a reduction in growth and 15N isotope ratios.  Depending upon how rapidly nitrogen is lost from the ecosystem after dam construction and the loss of salmon, post-dam or barrier growth rates and isotope ratios could either show a gradual decline over decades or be at a reduced, constant level.  Current foliage from each cored tree will also be collected for 15N and mineral analyses for comparison to samples from different "treatment areas" or watersheds where anadromous fish were blocked at different times or not at all to further quantify the importance of salmon.

f. 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.

Tree ring aging and measuring will be done in Dr. Robbins lab.
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Time Schedule:

Task 1.1 Place a minimum of 200 (depending on availability) adult Chinook salmon carcasses within the first kilometer downstream of treatment watershed every late summer for 3 years beginning in 2002.

Task 1.2 We expect a single summer/fall field season required to develop baseline nutrient and mineral levels in the treatment and control watersheds. We expect that 2 summer/fall field seasons will be required to sample the treated and control watersheds for mineral changes after salmon carcass placement.   Isotope and mineral analyses will occur during the fall/winter of each  year following sampling.   The final 6 months will be used to prepare all publications and reports.  Estimated completion time is spring 2003.

Task 2.1 through 2.4 We will use the data collected in tasks 1.1-2.1 and 1.2 to populate the model with Idaho data on salmon nutrient flow.  Task 2.1 will begin immediately and take 4 months. Task 2.2 and 2.3 will begin early in 2001  and last 10 months.  Task 2.4 will begin with baseline data collection and planting Spring 2001 and last for 3 years.  Final data input, modeling, sensitivity testing, and report writing will take the last 8 months of the project.  Estimated completion time is spring 2004.

Task 3.1 Historical deer and elk antlers will be sampled as available year round beginning 2001 and through 2003.  Current deer and elk antlers identified by watershed origin will be sampled in coordination with Idaho hunting seasons and check stations during years 2001, 2002, and 2003.

Task 3.2 Each of the 6 watershed study areas will be sampled by coring conifer trees during spring, summer, and fall 2001 and 2002.  More remote areas such as the Selway and Salmon Rivers will be sampled in coordination with IDFG and USFS field operations between 2001-2003.

Section 4. Key personnel

Investigators:  

Principal Investigator: Gregg Servheen, Wildlife Program Coordinator, Idaho Department of Fish and Game, P.O. Box 25 Boise, ID  83805

Co-investigators:

Dr. Tim Cochnauer, Regional Fisheries Manager, Idaho Department of Fish and Game, 1540 Warner Ave, Lewiston, ID  83501

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

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

Dr. Andrew Robinson, Assistant Professor, Department of Forest Mensuration, University of Idaho, Moscow, ID

Dr. Pete Zager, Principal Research Biologist, Idaho Department of Fish and Game, 1540 Warner Ave, Lewiston, ID  83501
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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, C.T.

  Robbins, and R. Michener.  1999. Trophic relations of brown and black bears in several


  western North American ecosystems.  J. Wildl. Manage. 63:921-929. 

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 terrestral ecosystem.  Oecologia 121:546-550.
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Gregg Servheen
P.O. box 25

Boise, ID  83501

208-334-2595

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 

Program leader 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 all 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. 

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., Kie, J., Bender, L., Servheen, G., and Nyberg, H.  (submitted). Efffects of 
ecosystem management alternatives on elk, mule deer, and white-tailed deer in the Interior

Columbia River Basin, U.S.A., J. of Forest Ecology and Management.

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.
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Peter Zager

Idaho Department of Fish and Game

1540 Warner Avenue

Lewiston, ID 83501-5699

(208) 799-5010 

e-mail: pzager@idfg.state.id.us

Education:

Ph.D. in Plant Ecology/Forestry/Wildlife Biology.  University of Montana, Missoula.  1980.

M.A. in Biology.  Western Michigan University, Kalamazoo.  1976.

B.S. in Biology.  Western Michigan University, Kalamazoo.  1973.

Current position and duties:

Principal Wildlife Research Biologist, Idaho Department of Fish and Game, Lewiston.

I am currently co-principal investigator on a large scale, long term elk recruitment investigation in north central Idaho.  Research focuses on survival and cause-specific mortality of elk calves; pregnancy rates, age structure, and condition of cows; and habitat influences on elk populations.  As part of this work, I oversee a M.S. student investigating statewide patterns in elk population dynamics as they are related to habitat and environmental features such as geology, precipitation, and primary productivity.  I also supervised a M.S. student that investigated the nutritional ecology of elk.  Her work was directed at (1) understanding the relationship between elk nutrition and reproduction and (2) testing and validating techniques to assess the physical condition of elk.  

Sample of publications:

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

Gratson, M.G., J.W. Unsworth, P. Zager, and L. Kuck.  1993.  Initial experiences with adaptive resource management for determining appropriate antlerless elk harvest rates in Idaho.  N. Amer. Wildl. Nat. Resource. Conf 58:610-619.

Pauley, G., J.W. Peek, and P. Zager.  1993.  Predicting white-tailed deer habitat use in northern Idaho.  J. Wildl. Manage. 57:904-913.

Secord, M., P. Zager, and D. Pletscher.  1999  The influence of temporal and spatial factors on clearcut use by white-tailed deer in northern Idaho.  West. J. Appl. For. 14:177-182.

Skovlin, J., P. Zager, and B. Johnson.  200-.  Habitat requirements and evaluations.  in J. W. Thomas and D. Toweill (eds.).  Elk of North America: ecology and management.  2nd ed.  Stackpole Books, Harrisburg, Pa.  (in press).

Warren, C.D., J. M. Peek, G.L. Servheen, and P. Zager. 1996.  Habitat use and movements of translocated caribou Idaho and British Columbia. Conserv. Biol. 10:547-553.
Wielgus, R.B., F.L. Bunnell, W.L. Wakkinen, and P. Zager.  1994.  Population dynamics of Selkirk Mountains grizzly bears.  J. Wildl. Manage. 58:266-272.

Zager. P., L.S. Mills, W. Wakkinen, and D. Tallmon.  1995.  Woodland caribou -- a conservation dilemma.  Endangered Species UPDATE.  12:1-4.
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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)

Manter , D., Bond B.J., Kavanagh K.L, Rosso P, and G. Filip  (2000) Timing and Mechanism of 

Impact of the Swiss Needle Cast Fungus, Phaeocryptopus gaeumannii, on Douglas-fir Needle Gas Exchange and Rubisco Activation.  New Phytologist, In Press.

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.

ANDREW PETER ROBINSON

Assistant Professor of Forest Mensuration

Department of Forest Resources

University of Idaho

Moscow, Idaho 83844-1133

Phone: (208) 885-7952,      Fax: (208) 885-6226

Email: andrewr@uidaho.edu, Web: www.uidaho.edu/~andrewr/
EDUCATION:
Ph.D.    Forestry, 1998, University of Minnesota

M.Sc.   Forestry, 1997, University of Minnesota

M.Sc.   Statistics, 1997, University of Minnesota

B.Sc. (Hons)   Statistics, 1987, University of Melbourne, Australia

PROFESSIONAL EXPERIENCE:
1998-present, Assistant Professor, Department of Forest Resources, University of Idaho.  Research in forest mensuration, sampling, and modeling

1994-98, Graduate Research Assistant, Department of Forest Resources, University of Minnesota.  Research in forest mensuration, sampling, and modeling.

1993-94, Lecturer (Assistant Professor), Department of Forestry, Australian National University.  Research in forest biometrics.  Statistical Consulting: statistical support to graduate and honors students.

1992-94, Sub-dean, Department of Forestry, Australian National University.  Student counseling and advising, course advice, student representation.

1991-93, Tutor/Senior Tutor, Department of Forestry, Australian National University.  Statistical Consulting: statistical support to post-graduate and honors students.

AREAS OF SPECIALIZATION:
Statistics, forest growth modeling, forest biometrics, forest inventory, sampling theory, forest measurements.

SELECTED PUBLICATIONS:
1. Robinson, A. P., and A. R. Ek.  2000.  The consequences of hierarchy for modeling in forest ecosystems.  In review, Canadian Journal of Forest Research.

2. Robinson, A.P. D.C. Hamlin, and S.E. Fairweather.  1999.  Improving forest inventories: three ways to incorporate auxiliary information. Journal of Forestry 97(12): 38-42.

3. Robinson, A.P., and T.E. Burk. 1998.  Sequential sampling of normal and non-normal populations. Canadian Journal of Forest Research 28(5): 660-664.

4. Robinson, A.P., T.G. Gregoire, and H.T. Valentine.  1997.  Cut-off importance sampling of bole volume. Silva Fennica 31(2): 153-160.

5. Ek, A.R., A.P. Robinson, P.R. Radtke, and D.K. Walters.  1997.  Development and testing of regeneration imputation models for forests in Minnesota. Forest Ecology and Management 94(1-3): 129-140.

6. Er, K.B.H., A.P. Robinson, and C R. Tidemann.  1995.  Importance of sampling duration and strip width in use of the fixed‑width strip transect method for estimation of bird abundance and species diversity. Corella 19: 109-114.

7. Robinson, A.P. and G.B. Wood.  1994.  Individual tree volume estimation: a new look at new systems. Journal of Forestry 92(12): 25‑29.

8. Claridge, A.W., A.P. Robinson, M.T. Tanton, and R.B. Cunningham.  1993.  Seasonal production of hypogeal fungal sporocarps in a mixed‑species eucalypti forest stand in south‑eastern Australia. Australian Journal of Botany 41: 145‑67.
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Tim Cochnauer, PhD

Idaho Department of Fish and Game

Clearwater Region

1540 Warner

Lewiston, ID  83501

Phone:  208-799-5010

FAX:  208-799-5012

e-mail:  tcochnau@idfg.state.id.us
Position:  Regional Fish Manager, Idaho Department of Fish and Game, Clearwater Region, Lewiston, ID  83501

Education:  Doctorate in Fishery Resources, 1983, University of Idaho, Moscow, ID

   
MS in Zoology, 1973,  University of Oklahoma, Norman, OK


BS in Zoology, 1967, University of Oklahoma, Norman, OK

Current responsibilities:


As regional fish manager, the project manager has responsibility for both anadromous and resident fish populations and fisheries within the Clearwater Region of north central Idaho.  The area encompasses the entire Clearwater River drainage, the Snake River drainage upstream to Hells Canyon Dam, the Palouse River drainage, and the Salmon River drainage (north side) from its mouth upstream to Horse Creek (rkm 300).  The IDFG Clearwater Region has a staff of four fishery scientists conducting a variety of activities including data collection, creel census, fish management decisions, establishing and implementing fishing seasons, etc., throughout the region.  The staff has responsibility for the FWP funded Idaho Supplementation Study and Natural Production Monitoring and Evaluation projects within the region.

I have over twenty-five years experience with Idaho Department of Fish and Game working in fish research, fish management  and the hatchery system.  Experience includes radio-tagging and monitoring a variety of fish species found in Idaho;  marking and monitoring chinook salmon and steelhead trout juveniles and adults during the rearing, spawning and migratory phases of their lives; and, the use of a variety of techniques for capturing different life history phases of different species of fish.  These techniques have including, electroshocking, netting, angling, rotary screen traps, weirs, and seining.

Publications:


Cochnauer, T., E. Schriever, and J. Brostrom. 1993.  River and Stream Investigations.    F-71-R-17.  Federal Aid in Sport Fish Restoration. Idaho Department of Fish and Game.


Cochnauer, T., E. Schriever, and J. Brostrom. 1994.  River and Stream Investigations.    F-71-R-18.  Federal Aid in Sport Fish Restoration. Idaho Department of Fish and Game.


Cochnauer, T., E. Schriever, and J. Brostrom. 1995.  River and Stream Investigations.    F-71-R-19.  Federal Aid in Sport Fish Restoration. Idaho Department of Fish and Game.


Cochnauer, T., E. Schriever, and J. Brostrom. 1996.  River and Stream Investigations.    F-71-R-20.  Federal Aid in Sport Fish Restoration. Idaho Department of Fish and Game.


Cochnauer, T., E. Schriever, and J. Brostrom. 1997.  River and Stream Investigations.    F-71-R-21.  Federal Aid in Sport Fish Restoration. Idaho Department of Fish and Game.


Cochnauer, T., E. Schriever, and J. Brostrom. 1998.  River and Stream Investigations.    F-71-R-22.  Federal Aid in Sport Fish Restoration. Idaho Department of Fish and Game.

Table 1.  Study area watersheds for determining the importance of salmon to conifer, elk, and deer nitrogen budgets over time in relation to anadromous fish barriers.

Study Areas


Fish Barrier
Basins and Watersheds within the Study Area

Mid-Snake 
Swan Falls Dam constructed in 1906
Snake River up to Shoshone Falls

Bruneau River basin

Sailor Creek watershed

Boise River
Barber Dam constructed in 1906
Boise River basin

Payette River
Black Canyon Dam constructed in 1923
Payette River basin 

North Fork Clearwater River
Lewiston Dam constructed in 1927 and removed in 1973,

Dworshak Dam constructed in 1969
North Fork Clearwater River basin

Selway River
Lewiston Dam constructed in 1927 and removed in 1973
Lochsa River basin 

Selway River basin



Salmon River
Free flowing
Lemhi River basin

Salmon River basin

Rapid River basin

Little Salmon River basin

South Fork Salmon River
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Figure 1.  Relationship between conifer foliage N isotope ratio and proximity to anadromous salmon-bearing rivers and streams and non-anadromous salmon bearing streams.  Graph A is the Lostine River in Oregon and Graph B the Selway River in Idaho.  At each sample site, transects were run perpendicular to the mainstem river, a tributary below a waterfall and above a waterfall that blocked salmon migration.  Sun-grown foliage was sampled from several conifer trees immediately adjacent to the river/stream, within the flood plain (if available), upslope areas immediately adjacent to the floodplain and areas 50-100M from the floodplain.  Increasing del 15N values indicate enrichment with 15N.  Bars represent standard deviation of the data.
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