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a. Abstract

Adult anadromous salmonids (Oncorhynchus spp.), through excretion, gamete deposition, and carcass decomposition, transport significant amounts of marine-derived nutrients (MDN) to the freshwater ecosystem.  Such nutrient input to streams is a fundamental aspect of salmonid ecology and is important to the productivity of waters in which salmon spawn.  However, the decline of salmon populations in the Pacific Northwest has dramatically reduced the availability of carcasses in many tributaries of the Columbia and Snake rivers.  Diminished inputs of MDN can depress stream ecosystem productivity and lead to a cascade of deleterious effects such as decreased juvenile salmonid size, reduced over-winter and marine survival, and declines of returning adults.  We propose to compare the effects and efficacy of nutrient enhancement via carcass decomposition and artificial fertilizer media on the productivity of the flora and fauna in selected Columbia River basin tributaries.  A primary focus will be to assess the influence of these two nutrient enhancement techniques on measures of anadromous (or resident) fish production, including growth and survival.  This research will involve identification and selection of treatment and control streams, collection and analysis of pre-enhancement baseline data on a variety of factors related to stream and fish production, and finally the stocking of carcasses and fertilizer media into streams and monitoring and evaluation of the response of stream and fish productivity.  This research is innovative in that it: (1) addresses a topic (i.e., nutrient enhancement) that is currently not part of the FWP research program; (2) compares the efficacy of two types of nutrient enhancement media; (3) will focus primarily on measures of fish production to detect treatment effects; and (4) will address some outstanding questions regarding the use of carcasses for nutrient enhancement programs, e.g. the possibility of disease transmission.  Our results should add new information to the growing body of evidence assessing the importance of MDN to salmonid production and will establish a solid foundation towards implementing nutrient enrichment as a long-term management program designed to help reverse the decline of Pacific Northwest salmonid populations. 

b. Technical and/or scientific background

Historically, the Columbia River basin was one of the largest producers of wild anadromous salmonids in the world.  Today, however, wild salmon populations in the Pacific Northwest have declined to alarmingly low numbers.  In the Columbia River basin, one contributing factor (among several) may be a lack of marine-derived nutrients (MDN)--via salmon carcasses--being transported to tributary streams where adults spawn and juveniles rear.  Increasing evidence indicates that the nutrients contained in salmon carcasses can have profound effects on stream productivity and concomitant fish production.  For example, several studies have shown that decomposing fish carcasses can increase nitrogen and phosphorus concentrations in streams which, in turn, increase algal biomass and primary and secondary production (Richey et al. 1975; Kline et al. 1990; Schuldt and Hershey 1995; Bilby et al. 1996).  Such changes in stream productivity can ultimately lead to substantial increases in fish production (Michael 1995; Bilby et al. 1996; Larkin and Slaney 1997; Bilby et al. 1998).  Furthermore, because many streams in the Pacific Northwest have low productivity, only modest inputs of nutrients may be necessary to increase trophic productivity (Schuldt and Hershey 1995; Larkin and Slaney 1997).  In short, MDN may be essential for maintaining the productivity of nursery and rearing areas for future generations of salmon (Schuldt and Hershey 1995; Kline et al. 1990; Larkin and Slaney 1997).

Today, nutrients are being added to many streams in the Pacific Northwest by using either adult salmon carcasses from hatcheries or artificial fertilizer media in the form of pellets or briquettes (mainly inorganic nitrogen and phosphorus).  The advantages of using salmon carcasses for nutrient enhancement in streams include: (1) they offer a full suite of nutrients; (2) they offer a direct source of food to aquatic (and terrestrial) fauna through ingestion of flesh and other carcass products; (3) they provide a relatively rapid incorporation of nutrients into the food chain; (4) they have a relatively slow rate of decay; and (5) they are a product that is simply more “natural”.  However, the use of salmon carcasses in streams for nutrient enhancement also has several disadvantages, including: (1) the possibility of transmission of disease organisms; (2) the possibility of producing poor water quality if carcass stocking densities are too high; (3) there may be a limited availability during times of poor hatchery returns; (4) there may be a limited ability of streams to retain carcasses due to habitat alteration; and (5) the logistical constraints of transporting large numbers of carcasses to remote areas of a stream.  Artificial fertilizer pellets have been used successfully in British Columbia streams to enhance stream and fish productivity (Johnston et al. 1990; Ashley and Slaney 1997; McCubbing and Ward 2000).  Further, the Washington Department of Fish and Wildlife and Bio-Oregon, Inc., are currently working on development of nutrient briquettes that would be made from fish meal and more closely resemble the chemical and nutrient-release characteristics of salmon carcasses.  The advantages of using artificial media for nutrient enhancement in streams include: (1) they are potentially pathogen free; (2) they may mimic the natural nutrient characteristics of salmon carcasses; (3) they are relatively easy to transport and handle; and (4) they have  a potentially more stable availability.  The disadvantages of this technique would include: (1) fertilizers may not have some nutrients necessary for healthy fish production; (2) the product may not offer the benefit of direct feeding by aquatic and terrestrial fauna; (3) the possibility of reductions in water quality due to high stocking rates; and (4) there may be difficulty in controlling the rate of decay and nutrient release.  Clearly, the comparative advantages and disadvantages of these two techniques require study if nutrient enhancement of streams in the Columbia River basin is going to play a role in salmon recovery efforts. 

In addition to documenting the relative efficacy of nutrient enhancement via carcasses or artificial media, several questions remain regarding the utility of this technique.  For example, little is known about the importance of spring chinook salmon (Oncorhynchus tshawytscha) or steelhead (O. mykiss) carcasses to stream community productivity.  To date, most work has been done using either coho (O. kisutch), pink (O. gorbuscha), or sockeye (O. nerka) salmon, which may not be valid surrogates for unstudied species.  Also, most research to date on MDN in the Pacific Northwest has been done on streams west of the Cascade Mountains.  Carcasses have been placed in streams west of the Cascades, but no extensive research on MDN has been conducted on streams east of the Cascades (or in the Columbia River Gorge), despite east-side habitat and community differences that could influence the importance of MDN to stream productivity.  Few studies have addressed the importance of MDN at the watershed or basin level, thus precluding a detailed knowledge of the utility of nutrient enhancement on a larger scale.  Also, more research is needed on the influence of MDN to many aspects of anadromous fish production, including growth, population densities and biomass, age structure, physiological health and smoltification, and ultimately survival and adult returns.  Further, little is known about the effects of nutrient enhancement on other stream fishes, particularly those that may be in decline, such as Pacific lamprey (Lampetra tridentata).  Finally, little is known about potential disease issues related to the introduction of carcasses into streams.  Although we understand the potential importance of MDN to different trophic levels of a stream community, our research will focus on the responses of fish production to MDN because of logistic and budgetary constraints and our belief that fish production responses are probably of primary importance to fishery managers. We hope our proposed research will at least partially address some of the previously mentioned questions regarding the efficacy of nutrient enhancement to increase salmonid production.    


Nutrients derived from decomposing carcasses are a fundamental aspect of salmonid and stream ecology and should be an integral component of research and management activities to meet the habitat goals, policies, and objectives of the NPPC Fish and Wildlife Program (FWP).  Although the importance of nutrient enrichment may vary from stream-to-stream due to a variety of factors, this technique has the potential to be a relatively low-cost, long-term program to help increase salmonid production.  Furthermore, the oligotrophic nature of many streams in the basin suggests that nutrient enrichment will likely be a necessary component of proposed or ongoing restoration and supplementation programs.  The possibility of using artificial media that may be as efficacious as salmon carcasses offers an intriguing idea that needs to be tested.  


Given the condition of salmonid habitat and production in the Columbia River basin, the time is now to provide some focus on the potential benefits and risks of nutrient enrichment as a management technique to help reverse the decline of salmonid resources.  Ideally, this would involve more than one effort within the FWP.  The states of Washington and Oregon have ongoing efforts at stream nutrient enrichment via carcass introductions, which have received considerable public support and involvement, but no research or monitoring.  Ongoing efforts in Canada suggest that direct application of artificial chemical media may be a good substitute, especially if carcasses are scarce or their use is not feasible.  Despite the ongoing efforts to add carcasses to streams, scant research has been conducted in the Columbia River basin to address the efficacy of these efforts and to evaluate when and where this technique is most likely to produce the desired effect.

c. Rationale and significance to Regional Programs

This proposed project should be an essential component of Section 7 of the NWPPC Fish and Wildlife Program (FWP), entitled “Coordinated salmon production and habitat”.  This project clearly seeks to improve and maintain the quality and productivity of salmonid habitat on a watershed basis as stated in Section 7.  Furthermore, this project has at its core the use of coordinated, cooperative, and comprehensive efforts by federal, state, tribal, and private parties to undertake activities associated with this work.  The FWP states that such efforts are not only needed, but are also the best approach to watershed restoration and habitat improvement projects.  This project specifically addresses the habitat goal of the FWP (7.6A), to “protect and improve habitat conditions to ensure compatibility with the biological needs of salmon, steelhead, and other fish and wildlife species”.  This project addresses the specific objective (7.6A.2) of improving the productivity of salmon and steelhead habitat critical to the recovery of weak and other stocks.  We believe this project is highly relevant to all the habitat policies of the FWP (7.6B) in that this work will: be cooperative in nature (7.6B.1 and 7.6.B.2), address areas of low to medium productivity (7.6.B.3), maximize the desired result per dollar spent and have a high probability of success (7.6.B.4), and encourage, involve, and promote public involvement and education (7.6.B.6).  Finally, from a watershed management perspective, this research should coordinate well with other watershed improvement efforts and seeks to use a natural healing mechanism to help improve habitat quality and restore normative conditions.  As previously mentioned, nutrients derived from decomposing salmon carcasses are a fundamental aspect of salmonid and stream ecology.  

This research is consistent with the habitat goals of the NMFS Biological Opinion and would support the goals of salmonid recovery of tribal, federal, and state agencies.  Further, this research deals with issues directly studied by the Plan for Analyzing and Testing Hypotheses (PATH) working group.  This group conducted numerous modeling exercises showing the potential benefit of nutrient enhancement to salmonid rearing streams.  Although our proposed project focuses on the influence of nutrient enhancement to anadromous fish production, our results could have important implications and would be consistent the needs of other species in peril, such as bull trout (Salvelinus confluentus) and Pacific lamprey. 

We recognize that there are several ongoing efforts that are introducing carcasses to streams throughout the Pacific Northwest, and we see no need to simply propose to expand these efforts in the Columbia River basin.  Because of the success of carcass introductions and artificial fertilizers for nutrient enhancement, we do see a need for a comprehensive and systematic research effort to compare the efficacy of these two techniques.  Results from our proposed project will help guide future efforts by helping to define when and where the addition of carcasses or other nutrient enrichment media will have the highest chance of success and will have the lowest chance of producing adverse effects.

Although the importance of marine-derived nutrients to stream and salmonid productivity may be self-evident to those familiar with general principles of aquatic and salmonid ecology, we offer the following quote from Larkin and Slaney (1997) as timely advice for justifying nutrient enhancement work in the Columbia basin: “Without a broad-based, integrated strategy of renewal by intensifying research on nutrient-salmon interdependence, habitat protection efforts, extensive restoration and mitigation of impacted fish habitat, and risk-averse fisheries exploitation, we are confronted with unsustainability and continued decline of weaker stocks of coastal wild anadromous salmonids...”.  Furthermore, the recent and upcoming meetings on MDN (e.g., the Western Division of the American Fisheries Society special symposium on MDN in Anchorage during October 1998 and the upcoming International Conference on Restoring Nutrients to Salmonid Ecosystems) and the extensive media coverage and community support that nutrient enrichment of streams has received illustrates the importance of this concept to the region’s lay and scientific communities.  Clearly, the time is now for research on MDN to become an integral part of Columbia River basin anadromous salmonid management 

d. Relationships to other projects 

We are unaware of any projects in the FWP that are currently addressing nutrient enhancement.  We are aware of other proposals addressing nutrient enhancement being submitted to this program and will cooperate fully with any other similar efforts that may be implemented in the basin.  Our project should be relevant to others undertaking habitat enhancement or salmonid restoration or supplementation work in the basin.  During development of this proposal over the last three years, we have contacted numerous other agencies to tell them about this project and have received favorable responses.  These agencies included the Washington Department of Fish and Wildlife, the Oregon Department of Fish and Wildlife, the National Marine Fisheries Service, the U.S. Forest Service, and the Confederated Tribes of the Umatilla Indian Reservation.  The existence of data from past and ongoing projects will influence our choice of study sites.  For example, we have a high degree of interest in the fish monitoring data from the Wind River Ecosystem Restoration project (no. 9154).  We will forge cooperative working relationships with private, state, tribal, and federal entities to maximize the efficiency of our efforts.  Use of long term, baseline data sets will help us decipher treatment effects against the background of natural variation.  

e. Proposal objectives, tasks and methods

Objectives
 

Objective 1.  Identify and select streams for use in nutrient enhancement research.

(This objective involves no rigorous hypothesis testing)

Products: criteria for site selection; list of study sites.

Objective 2.  Document the productivity of selected streams prior to nutrient enhancement.  Factors to be examined could include, but would not be limited to, such factors as estimating nutrient cycling (i.e., status of marine-derived isotopes of C and N), fish growth, densities, and selected aspects of fish physiology and health. 

(This objective also involves no rigorous hypothesis testing, but serves to collect baseline data prior to nutrient enhancement)


Products: annual progress report or publication on the trophic status of our study sites.

Objective 3.  Compare the influence of introducing adult salmonid carcasses and artificial fertilizer media on stream and fish productivity in selected streams.


Null hypothesis: “There is no difference in quantity of marine-derived isotopes of C and N in selected flora and fauna between streams that have been nutrient enhanced and those that have not”.


Null hypothesis: “There is no difference in selected aspects of fish production and physiology between streams stocked with carcasses or artificial fertilizer media and those without”.


Null hypothesis: “There are no deleterious aspects of nutrient enhancement to streams such as disease or deterioration of water quality”.

Products: final report of research and research publications dealing with the efficacy of nutrient enhancement to help restore the productivity of salmon populations. 


Tasks and Methods
 

Objective 1.  Identify and select streams for use in nutrient enhancement research.

To address objective 1, a list of candidate study streams will be developed using historical information, data from ongoing projects in the Columbia River basin, and through contacts with state, tribal, and federal fishery biologists.  A list of criteria will be developed to assess the adequacy of candidate streams for our proposed research.  Criteria for stream selection will encompass a variety of factors including, but not limited to, accessibility, availability of historical data, fish species composition (both resident and anadromous), surrounding watershed characteristics (e.g., geology, climate, and land use practices), stream gradient, discharge patterns, stream-channel complexity, the status of any ongoing salmonid reintroduction or rehabilitation efforts, and any socio-political concerns.  Although we would prefer to use  streams that currently support some juvenile anadromous salmonid production, we realize that because of ESA constraints work on such streams may not be feasible.  Therefore, if necessary, we feel our hypotheses can be tested using resident salmonids (e.g., rainbow or brook trout) as surrogates for anadromous fish.  Streams that appear promising based on our criteria will be visited in the field prior to final selection.  We plan on selecting three streams from a single watershed.  This will allow us to pursue an experimental design where one stream would receive nutrient enhancement via salmon carcasses, another would receive a form of artificial fertilizer media, and a third stream would not receive nutrient enhancement.  We hope to conduct this work in at least two different watersheds.  As of this writing, we are seriously considering streams in the Wind River, Little White Salmon River, and White Salmon River watersheds.  These streams have particular appeal because: (1) one of us (P.J.C.) has ongoing studies in the Wind River basin with 5 years of baseline data; (2) one of us (R.R.) has similar recent experience with outplanting juvenile anadromous salmonids in the Little White Salmon River; (3) the upper Little White Salmon River and tributaries are above a natural barrier to anadromous fish which would allow us to use either resident fish or outplantings of anadromous fish to conduct our study; (4) working in systems such as the Little White Salmon or White Salmon River basins would free us from most of the constraints regarding ESA issues; and (5) these basins are near hatcheries where there should be an adequate supply of salmon carcasses.  Other basins that have potential for this work include the Grande Ronde River, Warm Springs River, and the Hood River.  Ultimately, the number of watersheds selected will depend on logistical and budgetary constraints and input from other federal, state, and tribal agencies.  

Objective 2.  Document the productivity of selected streams prior to nutrient enhancement.

Our preferred experimental design to address objective 2 will require the use of three streams within a watershed with similar biological, geomorphological, and physicochemical features.  As a secondary design, we could use upstream (control) and downstream (treatment) study reaches within the same stream (or paired streams) separated by natural barriers.  The aims of this objective are to thoroughly assess the following characteristics of our study streams: (1) the status of selected habitat variables; (2) the stable isotope ratios of 13C and 15N in selected flora and fauna; and (3) numerous variables associated with fish production and condition.  The theoretical idea underlying this objective is to document the structure and function of our streams before we undertake nutrient enhancement.  If there are existing data on the characteristics of our streams or fish production, we will incorporate them into our baseline data collection.  Our plan is to collect this data during the spring and summer prior to nutrient enhancement, which would occur in the fall.

To characterize the habitat of our research streams, we will conduct intensive habitat surveys of the entire stream length.  Data obtained from habitat surveys will include habitat types (e.g., pools, glides, and riffles), stream gradient, amount of large woody debris, pool frequency, amount of fish cover, stream substrate types, channel type, hillslope condition and vegetation, riparian condition and vegetation, and affecting anthropogenic and natural disturbances.  We will use GIS or other mapping tools to determine size of watershed and topographical descriptors such as elevation, geology, and hillslope gradients.  We will place thermographs at multiple locations to record annual and diel temperature profiles within each stream and will also collect basic information on water chemistry, such as dissolved oxygen levels, pH, and total alkalinity.  As we mentioned earlier, we already have much of this information for streams in the Wind River basin.

Stable isotope ratios in selected flora and fauna will be assessed in several stream locations using methods similar to those described by Kline et al. (1990) and Bilby et al. (1996).  Briefly, samples of riparian vegetation, aquatic vegetation (i.e., periphyton), aquatic macroinvertebrates, and fish and other fauna (e.g., salamanders) will be collected from selected locations at each stream for isotope analysis.  In the field, riparian foliage will be removed using forceps and placed in plastic bags.  Epilithic organic matter will be scraped from aquatic substrates, collected in steel pans, and stored in glass vials with stream water.  Aquatic invertebrates will be collected by disturbing the streambed upstream of a Surber sampler and placing the contents in a plastic bag with stream water. Fish, both anadromous and resident (and perhaps amphibians), will be collected by electrofishing, sacrificed, and placed in plastic bags with distilled water.  All samples collected from the field will be kept on ice until transported back to our laboratory.  At our laboratory, all samples will be frozen at –20(C until they can be processed for isotope analysis.  For processing, samples will be thawed, freeze dried, ground to a fine powder using a laboratory mill, and stored over silica gel desiccant in tin capsules.  Invertebrates will be sorted by trophic categories (e.g., grazers, shredders, collector-gatherers, and predators).  We will use about 5.0 mg of sample for analysis and will pool samples (macroinvertebrates and vegetation only) if necessary.  All fish will be analyzed separately.  The powdered samples will be sent to an outside contractor to conduct the isotope ratio analyses (probably the Duke University Phytotron Laboratory, which has been used successfully by R.R. for stable isotope studies in the Elwha River basin).  The analyses basically involve combusting the samples to generate CO2 and N2 gases and measuring the isotope ratios in the evolved gases with mass spectrometry.  At each location, we will attempt to obtain a sample size of 10 for the 2-3 most dominant species from each taxa or group.  Descriptive statistics will be calculated for each location for all taxa.  Data from all locations within a stream will be pooled and we will compare values between treatment and control streams using one-way analysis of variance (ANOVA) followed by an appropriate multiple comparisons procedure if the null hypothesis of equal means is rejected.   

We will estimate species composition, size, growth rates, relative abundance, and condition of fish in control and treatment streams.  We will use the habitat unit information from our habitat surveys (described above) and a stratified systematic approach modified from Hankin and Reeves (1988) to estimate fish population attributes.  Fish population size, density and biomass will be estimated for selected stream sections using snorkeling or electrofishing.  We will snorkel a systematic sample of habitat units within the strata of habitat types (e.g., 1-in-5 pools; 1-in-10 riffles, etc.) to identify and count fish by species and age groups.  We will calibrate our snorkel estimates primarily by electrofishing using a ratio method following guidelines of Dolloff et al. (1993).  Besides calibrating our snorkel estimates, electrofishing will be used in selected habitat units to assess species composition, fish condition and food habits (described below), and to obtain more detailed information on length, weight, and age.  For electrofishing, habitat units chosen for sampling will be blocked off with nets to insure no movement into or out of the unit during sampling.  A backpack electrofisher will be used to conduct two or more passes under the removal-depletion methodology (Zippin 1956; Bohlin et al. 1982; White et al. 1982).  The field guides of Connolly (1996) will be used to insure that a pre-determined level of precision for the population estimate is achieved (generally, coefficient of variation no greater than 25%) within each sampling unit for each salmonid species and age group (expected: 2-3 age groups).  These methods have been chosen to specifically insure maximum conservancy in the number of units sampled by electrofishing and in the number of electrofishing passes conducted, which lessen the chance that individual fish will be exposed to potentially harmful effects of electroshocking. 

All captured fish will be lightly anesthetized in tricaine methanesulfonate (MS-222), weighed and measured, and returned back to the stream.  We will sacrifice a small subsample of fish (in addition to fish sampled for isotope analysis) to obtain tissues for an assessment of fish health.  Tissues to be sampled will include liver, muscle, and gills.  Physiological factors to be examined will include liver glycogen levels, lipid levels, the activity of certain enzymes associated with intermediary metabolism, RNA/DNA ratios (a sensitive indicator of instantaneous growth rates), and gill Na+, K+-ATPase levels in salmonids.  Tissues from these same fish will be used for a complete disease profile to determine the pathogen loads of fish prior to nutrient enhancement and as part of an ongoing wild fish health survey.  Fish tissues will be examined for selected bacterial, viral, and parasitic pathogens, including, but not limited to, Renibacterium salmoninarum (the causative agent of bacterial kidney disease), infectious hematopoietic necrosis virus, and Myxobolis cerebralis (the causative agent of whirling disease).  To our knowledge, no studies have linked nutrient enrichment to the physiological condition of juvenile salmonids, despite well reported findings linking physiology with successful migration and smolt transformation.  Physiological measures of fish health and smoltification were included in our proposal to examine the possible influences of increased nutrient levels on the condition of juvenile salmonids beyond that normally seen by just examining growth as a response variable.  For another subsample of our fish, we will assess their food habits to determine the relative importance of autochthonous and allochthonous food sources in their diets.  This will also allow us to examine potential pathways for marine-derived nutrient uptake (i.e., directly through consumption of eggs and carcass flesh, or indirectly through the ingestion of aquatic invertebrates) by fish in the treatment streams after carcass introduction.  Stomach contents will be obtained from a subsample (by species and age group) of collected fishes.  We will use a non-lethal gastric lavage procedure for obtaining stomach contents.  Food habits data will be expressed as the ratio of dry weight of food consumed (food items will be categorized into one of several major groups) per wet gram of predator following the methods of Bilby et al. (1998).

In addition to the in situ population attributes just described, we will PIT tag all individuals greater than 80 mm in length up to a total of 500 individuals per stream.  This will allow us to document over-winter survival and movement of fish in treatment and control streams using a combination of PIT tags and smolt traps.  Placement and use of the smolt traps and analysis of survival and growth data will be described under Objective 3. 

Objective 3.  Document the effects of introducing adult salmonid carcasses and artificial fertilizer media on stream and fish productivity in selected streams.

After collection of baseline data, we will introduce carcasses of adult salmonids into one of our treatment streams and artificial fertilizer media into a second stream.  A third stream will serve as a negative control and will receive no nutrient enhancement.  Carcass introductions will comply with any existing state and federal requirements or guidelines regarding disease issues, water quality standards, and other concerns (e.g., Washington State Department of Fish and Wildlife Protocols and Guidelines for distributing salmonid carcasses to enhance stream productivity in Washington State).  We anticipate using carcasses of either adult spring chinook salmon O. tshawytscha, coho salmon O. kisutch, or steelhead O. mykiss for placement into treatment streams.  Densities of introduced carcasses will approximate historical spawner escapements for the study streams.  If escapement data are unavailable for the treatment streams, carcass loadings will be based on spawner densities from similar streams in the region.  Recent evidence from Bilby et al. (presentation at the 1998 Western Division American Fisheries Society meeting) suggest that carcass densities should be about 200 per kilometer of stream.  We will place carcasses in our treatment streams in the early fall to reflect the seasonal timing of past nutrient contributions from naturally spawning fish.

Adult salmon carcasses will be obtained from state, federal, or tribal hatcheries from within the same basin as the treatment streams.  Carcasses may have to be frozen in order to assure an adequate seasonal supply and will be from a health certified population.  In an ongoing study, one of us (S.K.G.) is exploring methods to minimize pathogen loads of carcasses to be used for nutrient enhancement.  If possible we will attempt to mimic naturally occurring sex ratios of introduced carcasses.  We will also try to distribute some intact (unspawned) female salmon carcasses, since Bilby et al. (1998) found that salmon eggs are consumed preferentially to salmon flesh by juvenile salmonids when available.  Salmon carcasses will be weighed and measured for length before distribution.  Many streams may have lost the ability to retain carcasses (Cederholm et al. 1989) due to loss of channel complexity resulting from human disturbances.  For this reason we may have to tether or anchor carcasses in place to assure their retention within the study stream.  

For streams that receive artificial fertilizer media, we are considering using one of two types.  First, we may use pellets or small briquettes made primarily of inorganic nitrogen and phosphorus.  Such media have been used successfully by researchers in British Columbia to help restore runs of anadromous salmonids in numerous streams (see Ashley and Slaney 1997 for case studies).  This type of media generally serves to increase primary productivity (e.g., increase algal production) of the stream which in turn leads to increases in insect and fish production.  To date, the results of using such media have been dramatic.  A second choice is a new product being developed by Bio-Oregon, Inc., that will be a briquette made of salmon meal.  These briquettes, which are being called carcass analogs, will more closely resemble the chemical and nutrient composition of a salmon carcass.  The choice of which media to use will be made after discussions with fishery managers and researchers and will probably be guided by regulatory constraints (e.g., there may be regulations against stocking streams with inorganic fertilizer pellets).  If we use the fertilizer pellets, we will probably stock our treatment streams with them during late spring or summer since they take several months to dissolve.  We will attempt to scatter the pellets in a stream from the mouth to a point upstream where access becomes difficult and spawning of adults and rearing of juvenile salmonids is not likely.  The stocking rate (i.e., kilograms of pellets per kilometer of stream) will be determined after discussions with our British Columbia colleagues and environmental regulatory agencies.  Excellent guidelines for fertilizing streams with inorganic nutrients are available in Ashley and Larkin (1997).  If we use carcass analogs, we plan on stocking them in our treatment streams in early fall.  Currently, the rate of decay of these carcass analogs is still under study by Bio-Oregon, but they have assured us that the rate of decay will be similar to an actual salmon carcass (personal communication with Bruce Buckmaster and Dennis Rolie of Bio-Oregon).  We will place carcass analogs in a stream in a manner similar to placing actual carcasses—i.e., in areas with spawning and rearing habitat and at densities that simulate historical escapement.  

After nutrient enhancement, we will sample our streams every two weeks for nutrient cycling and the fish population attributes described above.  Specifically, this will involve documenting and tracking MDN levels in the flora and fauna, and the size and condition of fish in our streams following methods outlined in Objective 2.  In addition, we will quantify the movements, growth, and over-winter survival of fish using a combination of three methods: (1) sampling fish emigrating from our streams the following spring with screw (or other) type smolt traps at appropriate locations downstream of our test streams; (2) sampling fish in our streams in the spring after nutrient enhancement for length-frequency distributions; and (3) sampling fish in the summer after nutrient enhancement to estimate population size.  During the spring outmigration, all fish captured in the smolt traps will be measured, aged from a scale sample, and interrogated for PIT tags.  We will operate these traps as long as water conditions allow, with an emphasis on having them in place during anticipated periods of emigration for the species under study.  We will estimate the efficiency of these traps by releasing marked fish above the trap sites at selected intervals during the period of trap operation.  These intervals of time will be determined by numbers of fish passing and changes in flow conditions.  Data from the smolt traps and in-stream fish samples will be used to assess changes in fish size and condition, migration timing, age at migration, and over-winter survival between fish from treatment and control streams.  To determine over-winter survival of fish too small to PIT tag, we will graph length-frequency distributions of fish sampled before and after winter.  To determine if size-selective mortality occurred over the winter, we will construct quantile-quantile plots and evaluate the slopes of linear regression lines following guidelines of Post and Evans (1989).  This involves calculating the fork-length values associated with the 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 99th percentiles of the length-frequency distributions of a pre-winter sample and post-winter sample to serve as values for the x-and y-axes, respectively, for these quantile-quantile plots.  Data from PIT tag interrogations will be used to track individual growth and also to estimate survival.  Survival of fish from each stream will be determined from the ratio of the total number of fish tagged to the sum of the extrapolated number of tagged fish that did (captured in our smolt traps) and did not (captured during our summer population samples) emigrate.
We wish to point out our reasons for using changes in juvenile fish population attributes, rather than adult returns, as indicators of a treatment effect in our study.  First, a larger body size of juvenile salmonids increases their survival over winter and when they enter sea water (Ward and Slaney 1988; Holtby et al. 1990; Quinn and Peterson 1996).  Second, juvenile salmonids in good physiological condition (e.g., high lipid and gill ATPase levels and low pathogen loads) will be more likely to successfully migrate and complete the process of smoltification.  Finally, the use of adult returns to assess a treatment effect, at least for the time being, is very difficult given the typically low smolt-to-adult ratios of Pacific Northwest streams and the multitude of uncontrollable factors that can influence adult returns (e.g., ocean conditions).  Again, we would like to reiterate that conducting this work in streams with some anadromous fish production may not be feasible due to reasons we discussed previously.  If we work in streams where the focus is on resident fish production, we feel strongly that resident salmonids would be good surrogates for testing the hypotheses posed by this project (specifically comparing the relative efficacy of two different nutrient enhancement techniques).

Anticipated schedule

Stream selection
Feb. 2001 – Apr. 2001

Pre-enhancement data collection
May 2001 – Aug. 2001

Nutrient enhancement
Sept. 2001

Post-nutrient enhancement data collection
Sept. 2001 – Aug. 2002

Final analysis, write-up, and recommendations
Sept. 2002 – Dec. 2002

Budget Update

The budget we provided in the first part of this proposal form describes the funding needed for the time period from about Feb. 2001 to the end of Sept. 2001.  This level of funding is not sufficient to complete this research; it only describes funding needed for about 8 months of FY01.  After Sept. 2001, we anticipate the duration of the research to go until Dec. 2002.  The estimated budget for the period Oct. 2001 to Dec. 2002 is $345,417.  This brings the total cost of this project up to $581,687.

f. Facilities and equipment

We anticipate that all of the work for this project will be based from the USGS Columbia River Research Laboratory (CRRL) and the USFWS Lower Columbia River Fish Health Center.    These laboratories, which have a long history of conducting research throughout the basin, have  fully equipped wet laboratories as well as several dry laboratories for conducting physiological assays.  The CRRL  is also well equipped with most of the state of the art equipment necessary to conduct a wide array of field work.  We are fully capable of working in a variety of field situations, from large reservoirs to small streams.  Our offices are well supplied with the modern equipment and analysis software necessary to complete this research.  In short, our laboratories already have much of the equipment and technology necessary to complete this research.

There are some special or high-cost items that may need to be purchased or rented for this project.  We may need a backpack electrofisher and a snowmobile to access some sites late in the season.  We also anticipate a need for smolt traps.  If we work in two watersheds, we expect the need for 2-4 smolt traps to sample our six streams.  Our first choice would be to borrow traps from around the region and we will make every attempt to do so.  If we cannot borrow smolt traps, we may have to purchase up to four traps. 
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Section 4. Key personnel

The names, titles, hours, and duties of key personnel are:

Matthew G. Mesa, Research Fishery Biologist, U.S. Geological Survey, 1,040 h.  Duties: project oversight, analysis of physiological data, write up of reports or publications.

Patrick J. Connolly, Research Fishery Biologist, U.S. Geological Survey, 1,040 h.  Duties: project oversight, field work coordinator, analysis of field data, and write up of reports or publications. 

Susan K. Gutenberger, Supervisory Microbiologist, U.S. Fish and Wildlife Service, 520 h.  Duties: collection and analysis of fish health data, write up of reports and publications.

Reginald R. Reisenbichler, Fishery Biologist, U.S. Geological Survey, 520 h.  Duties: analysis of stable isotope data, write up of reports and publications.

Resume for Matthew G. Mesa
Experience
1991-Present
Research Fishery Biologist, U.S. Geological Survey, Biological Resources Division, Columbia River Research Laboratory, Cook, WA

Current responsibilities:  Team leader on research projects addressing the effects of thermal stress on juvenile salmonids and evaluating the swimming performance and physiology of Pacific lamprey and adult salmonids

1989-1991
Fishery Biologist, U.S. Fish and Wildlife Service, Seattle-NFRC, Columbia River Field Station, Cook, WA

1986-1989
Fishery Biologist/CEA Appointee, Seattle-NFRC, Oregon Cooperative Fisheries Research Unit, Oregon State University, Corvallis, OR

1984-1986
Fishery Biologist, U.S. Fish and Wildlife Service, Seattle-NFRC, Columbia River Field Station, Cook, WA 

Education:  
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Degree and Date Received
Oregon State Univ.





Ph.D, Fisheries Science, 1999

Oregon State Univ.





M.S., Fisheries Science, 1989

California Polytechnic State Univ. 

B.S., Nat. Res. Mgt., 1984

at San Luis Obispo

Expertise:  My areas of expertise include predator-prey interactions in fishes, fish behavior and performance, and general and stress physiology of fishes

Publications and Reports (five representative)

Mesa, M.G. and C.B. Schreck.  1989.  Electrofishing mark-recapture and depletion methodologies evoke behavioral and physiological changes in cutthroat trout.  Transactions of the American Fisheries Society 118:644-658. 

Mesa, M.G.  1991.  Variation in feeding, aggression, and position choice between hatchery and wild cutthroat trout in an artificial stream.  Transactions of the American Fisheries Society 120:723-727.

Mesa, M.G.  1994.  Effects of multiple acute stressors on the predator avoidance ability and physiology of juvenile chinook salmon.  Transactions of the American Fisheries Society 123:786-793.

Mesa, M.G., T.P. Poe, D.M. Gadomski, and J.H. Petersen.  1994.  Are all prey created equal?  A review and synthesis of differential predation on prey in substandard condition.  Journal of Fish Biology 45 (Supplement A):81-96.  

Mesa, M.G., T.P. Poe, A.G. Maule, and C.B. Schreck.  1998.  Vulnerability to predation and physiological stress responses in juvenile chinook salmon experimentally infected with Renibacterium salmoninarum.  Canadian Journal of Fisheries and Aquatic Sciences 55:1599-1606.  

Resume for Patrick J. Connolly

Experience
1997-Present
Research Fishery Biologist, U.S. Geological Survey, Biological Resources Division, Columbia River Research Laboratory, Cook, WA.

Current responsibilities:  Team leader on a research project to determine survival of summer steelhead over their first winter in the Wind River subbasin (WA).

1994-1997
Consultant to Wind River Restoration Team, WA.

1990-1996
Research Assistant, Oregon State University, Corvallis.

1988-1991
Fish Biologist--Subbasin Planner, Oregon Dept. Fish & Wildlife, Corvallis.

1987-1988
Fish Biologist--Research, Oregon Dept. Fish & Wildlife, Columbia River Research, Clackamas, OR.

1985-1987
Fish Biologist, Beak Consultants Inc., Portland, OR.

1984-1985
Fishery Biologist, U.S. Fish and Wildlife Service, National Fisheries Research Center, Columbia River Field Station, Cook, WA. 

1983

Fish Habitat Surveyor, Idaho Transportation Dept., Coeur d’Alene, ID.

Education:



School





Degree and Date Received
Oregon State Univ., Corvallis

Ph.D.  Fisheries Science, 1996

Univ. of Idaho, Moscow

M.S.   Zoology, 1983

Centre College of Kentucky, Danville
B.S.  Biology, 1977

Expertise:  The primary areas of my expertise include stream fish ecology and population dynamics.  I have contributed to numerous studies involving anadromous and resident salmonids as well as non-salmonids of the Pacific Northwest.

Publications and Reports (five most relevant)
Connolly, P.J. and J.D. Hall.  In press.  Biomass of coastal cutthroat trout in unlogged and previously clearcut basins in the central coast range of Oregon.  Trans. Am. Fish. Soc.

Connolly, P.J.  1997.  Influence of stream characteristics and age-class interactions on populations of coastal cutthroat trout.  Pages 173-174 in J.D. Hall, P.A. Bisson, and R.E. Gresswell, editors.  Sea-run cutthroat trout: biology, management, and future conservation.  Oregon Chapter, Am. Fish. Soc., Corvallis.

Connolly, P.J.  1996.  Resident cutthroat trout in the central Coast Range of Oregon:  logging effects, habitat associations, and sampling protocols.  Doctoral thesis, Oregon State University, Corvallis. 

Connolly, P.J.  1995.  Wind River steelhead restoration project: with special emphasis on the Trout Creek Basin.  Prepared for: Col. River Res. Lab., NBS, Cook, WA. 

Connolly, P.J. et al. 1992.  Fish management plan for the Middle Fork Willamette Subbasin.  Oregon Dept. Fish and Wildlife, Portland. 

Resume for Susan K. Gutenberger
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1996 - Present  Supervisory Microbiologist/ Project Leader for the U.S. Fish and Wildlife Service,  Lower Columbia River Fish Health Center, Underwood, WA.

Current responsibilities:  Supervise studies, personnel, and operations of a fish health diagnostic laboratory serving seven hatcheries and the Abernathy Fish Technology Center.  Direct field and lab operations for wild fish health surveys in Washington and Oregon. 

1993 - 1996
Post-doctoral position and private consultant, Oregon Cooperative Fisheries Research Unit, Oregon State University, Corvallis, OR . 

1987 - 1993
Research Assistant, Oregon State University, Corvallis, OR.

1985 - 1986
Research Biologist-technician, Oregon Regional Primate Center, Aloha, OR.

1983 - 1985
Fishery biologist, U.S. Fish and Wildlife Service, National Fisheries Research  Center, Columbia River field Station, Cook, WA.

1976 - 1983
Research Biologist-Technician, Dept. Veterinary Science, University of Idaho,  Moscow.

Education
School







Degree and Date Received
Oregon State University, Corvallis  


Ph.D.  Microbiology, 1993

University of Idaho, Moscow, 


M.S.    Veterinary Science, 1983

University of Idaho, Moscow, 


B.S.     Microbiology, Zoology, 1976

Expertise:   Research and diagnostics of fish disease in hatchery and wild fish. Work includes studies on infectious pathology, physiology, immunology, and pharmacology as well as involvement in day-to-day operations of hatcheries and the fisheries of the Columbia Basin.  

Publications and Reports (five most relevant)
Gutenberger, S.K., and K. Lujan.  1999 and 2000.  Accomplishment reports, 1998 and 1999, National Wild Fish Health Survey, Lower Columbia River Fish Health Center.  Prepared for:  U.S. Fish and Wildlife Service, Washington office.   

Bowker, J., S.K. Gutenberger, M. Peters Swihart, D. Erdahl, and D.Dysart.  1999.  A clinical field trial to evaluate the efficacy of 10 and 14 d administration of oxytetracycline medicated feed to control mortality caused by cold water disease in young coho salmon.  Submitted to FDA for drug approval process.

Gutenberger, S.K., J.R. Duimstra, J.S. Rohovec, and J.L. Fryer.  1997.  Intracellular survival of Renibacterium salmoninarum in trout mononuclear phagocytes.  Dis. Aquat. Org.  28:93-106.  

Schreck, C.B. and S.K. Gutenberger. 1996.  Effects of balloon tags on physiological indices and swimming performance of chinook salmon juveniles.  Consultation report for private company.

Gutenberger, S.K.  1993.  Phylogeny and intracellular survival of Renibacterium salmoninarum.  Ph.D. dissertation, Oregon State University.  
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