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Title
:  Evaluate and compare the effects of nutrient supplementation from carcasses and fertilizer on fish (anadromous and resident) growth and survival and on lower trophic levels.

Section 3. Project description

a. Abstract

Low population numbers of recent years has resulted in few adult salmon returning to spawn, die and eventually decompose, a process that contributes nutrients derived from the ocean back into the freshwater rearing environment. This proposal evaluates nutrient supplementation as a strategy to jump start fish growth and compliment other management objectives (e.g., habitat restoration, hydrosystem improvements) until adult numbers have reached levels sufficient for natural nutrient processes. To date, no studies have evaluated and compared the relative contribution of the alternative pathways of energy transfer in salmon freshwater ecosystems (e.g., carcasses as fish food, as invertebrate food, or as nutrients which stimulate primary production).  In addition, no studies have addressed potential differences in uptake and trophic transfer of inorganic nutrients (fertilizer or nutrient blocks) versus decomposing salmon carcasses.  The relative differences between the two may be extremely important as inorganic fertilizers allow managers to avoid using carcasses, which can carry disease; however, if the carcasses act as a significant direct food source for rearing fishes, the inorganic nutrients may be less effective.   This study proposes to evaluate and compare the different pathways of nutrient uptake from decomposing carcasses and inorganic fertilizer using a controlled experimental design in the South Fork Salmon River Sub-basin.  Under the proposed study design, one stream would receive inorganic fertilizer, one stream would receive adult carcasses, and one stream would act as a control or reference stream.  Nutrients and carcasses would be added in amounts relative to the historical (pre 1970’s) levels observed in each stream.  Stable isotope analyses coupled with fish stomach analyses and parr and smolt growth and survival data will be used to evaluate the effectiveness of the two kinds of nutrient enhancement and the relative importance of carcasses as food for both anadromous and resident fishes.

b. Technical and/or scientific background

The depressed status of Snake River stocks of spring/summer chinook and the recent listings of many salmon stocks in the Columbia Basin have led to analytical evaluations and management advice aimed at recovery of these stocks.  Much of the work done so far has centered around the effects of the hydrosystem and the potential for recovery and minimizing extinction if four dams on the Lower Snake River are breached, relative to a no-breach option.  While most analyses indicate that dam breach is the best option for recovery from a biological perspective, considerable debate has focused on the degree of survival benefit to be gained from habitat improvement in the freshwater spawning and rearing stage.  One component of habitat is the natural productivity of the stream environment.  Because so few spawners currently return to spawn, die and decompose, survival and growth in the freshwater rearing stage may be limited by the lack of marine derived nutrients historically provided by decomposing carcasses.  These carcasses provide nutrients (nitrogen and phosphorus) derived from the ocean back to the freshwater rearing environment, where they stimulate production at lower trophic levels (algae and invertebrates) and indirectly provide food for rearing salmon parr and smolts and for resident fishes.  In addition, the decomposing carcasses may also act directly as an important food source for parr and smolts.  The loss of this important nutrient source may thus limit parr and smolt growth and survival both in the freshwater rearing stage and across the life cycle to adult spawners. 

The role nutrients in food web dynamics and determining fish growth and survival has been evaluated both for inorganic nutrients (nitrogen and phosphorus) and for nutrients released from decaying salmon carcasses.  Bottom-up effects of nutrient limitation on community structure have been described empirically in both lakes (McQueen et al. 1986; Liebold 1989; McQueen 1990) and streams (Petersen et al. 1993; Van Nieuwenhuyse and Jones 1996). Nutrient release from fishes (excretion and decomposition) has been identified as a top-down effect of fish nutrients on aquatic ecosystems (Northcote 1988).  In addition, the effects of nutrient enhancement on higher trophic level organisms like invertebrates and fish have been evaluated experimentally in enclosures and laboratory experiments as well as in whole lake experiments (Stockner 1979, Carpenter and Kitchell 1992; DeMelo et al. 1992; Matson and Hunter 1992; Paul et al. 1995).  To date, most whole lake fertilization experiments have been done primarily in salmon spawning lakes in an effort to compensate for marine derived nutrients that are no longer being contributed from decomposing carcasses or simply to increase the productivity of nutrient poor lake rearing environments (Stockner 1981; Stockner and Hyatt 1984; Kyle et al. 1997; Budy 1996, Budy et al. 1998; Budy et al., In review). 

Lake fertilization has also been evaluated as a recovery tool for increasing the growth a survival of endangered salmon.  In 1994 and 1995, Budy and Luecke performed fertilization experiments in large mesocosms in a sockeye lake, Redfish Lake in the Sawtooth mountain range using resident kokanee to measure a fish response.  These experiments showed that fertilization substantially increased chlorophyll a (150%), phytoplankton biovolume (75%), primary productivity (250%) and zooplankton biomass (200%).  In addition, fish growth increased moderately and water transparency declined less than 15% compared to controls.  Based on these experiments, Redfish Lake was experimentally fertilized in 1995 to evaluate the effectiveness nutrient supplementation in increasing zooplankton food resources for endangered sockeye salmon (Budy 1996; Budy et al., In review).  Lake fertilization more than doubled primary production and phytoplankton biovolume and increased total zooplankton biomass by 85% and Daphnia biomass by 350% over values observed in previous years.  Water transparency and chlorophyll concentration were unaffected by the nutrient enrichment; however, enrichment did appear to shift the phytoplankton community structure towards domination by small, fast-growing cyanophytes (Synechoccus) and zooplankton community structure towards a greater portion of large-bodied cladocerans.  Size frequency distributions of juvenile salmon indicated a significant shift toward larger sized fish in 1995 under fertilization compared to other years.  These results are meaningful from a recovery standpoint because freshwater survival and survival from smolts to adults is determined, in part, by fish growth and body size (Ward and Slaney 1988; Holtby et al. 1990; Quinn and Peterson 1996).  

In addition to evaluating the effects of nutrient enhancement on fish growth, our research group has focussed on understanding the mechanisms of energy pathways and nutrient recycling in oligotrophic lakes and streams.  In Snake River watersheds we have examined the relative importance of nutrient limitation in epilimnetic versus metalimnetic regions of lakes (Wurtsbaugh et al. In press).  Additions of fertilizers and 15N (as a tracer) to different depth strata in lakes indicated that algal growth increases when nutrients are added even down to depths of 15 m.  Zooplankton, however do not always increase production at these deeper depth strata because of low temperatures and poor food quality.  This break in the transfer of energy up the food chain reduces the ability of salmonid fishes to respond to some types of lake fertilization regimes.  Results from experimentation and simulation modeling indicates that diel vertical migration of zooplankton moves substantial amounts of nutrients from deep waters to the shallow epilimnion where these nutrients fuel algal growth, zooplankton production, and ultimately fish growth (Brindza and Luecke, In prep).  These lake manipulation studies also demonstrate how nutrient recycling processes in lakes influence the outflow stream reaches.  Deep-water nutrients in lakes can be brought to surface waters by either zooplankton migration or advection such that primary production in streams is enhanced over downstream reaches not influenced by a lake outflow (Burkart and Luecke 2000).  These mechanistic studies allow us to better understand the impacts of natural or man-induced additions of nutrients to these oligotrophic systems dominated by salmonid fishes.

The recent development of stable isotope evaluations has provided a robust method for measuring the contribution of marine derived nitrogen from returning semelparous salmon.  Stable isotopes occur in heavy and light forms (e.g., 15N and 14N) on earth in fixed proportions, whereas the ratio of 15N and 14N varies among specific pools in the environment, providing distinct isotope signatures from each pool (Petersen and Fry 1987).  Primary producers have distinct isotopic signatures based on the uptake of inorganic nitrogen (15N vs. 14N) and fractionation, or an alteration in the ratio of heavy to light isotopes (McClelland, Valiela, and Michener 1997).  These signatures and fractionation at each trophic level allow the use of stable isotope ratios in describing the major flows of organic matter within and among food webs, different feeding strategies, and in monitoring inputs to watersheds from natural and anthropogenic sources (Fry 1999).  

In Alaskan streams and rivers, isotope analyses have demonstrated that salmon carcasses are a significant source of nitrogen for anadromous and resident fishes (Kline et al. 1990; 1993). Similarly, results of coring analyses of lakes in the Salmon River watershed indicated that prior to 1800 a substantial fraction of the nitrogen fueling lake productivity derived from marine sources.  Finney et al (1999) indicated that the marine signal of 15N was higher in sediments prior to 1800 and suggests that historically 30-50% of the nitrogen in these lakes derived from anadromous fish. Exploitation and impacts to anadromous fish in the Salmon River during the last 100 years has almost eliminated this source of nitrogen from the watershed, likely reducing the anadromous production potential of these systems.  Nutrient processes in rivers can be more complex however, given the flushing and open nature of the river environment.  Nevertheless, stream fertilization experiments have been attempted in streams with varying results.  

In addition to studies on Snake River watersheds, C. Luecke has recently joined the Toolik Lake Long-Term Ecological Research program in arctic Alaska.  At this site, fertilization of lakes and streams have increased production of salmonid fishes in systems with no anadromous fishes.   Petersen et al. (1993) evaluated the biological responses of a tundra river to artificial fertilization.  Phosphorous fertilization changed biological processes at all trophic levels increasing algal biomass and productivity, increasing grazing insects, and strongly increasing the growth of both young of the year and adult grayling.  And while stable isostope tracers indicated that the observed increases in insect and fish growth could be attributed to the increased production of algae, the primary production response was modified in later years by increased insect grazing and invertebrate community changes.  In a study of the effects of fertilization of arctic lakes, nitrogen and phosphorus increased lake trout production by 200% (O’Brien et al 1992).  In these arctic lakes and streams the increases in fish production occurred because of substantial enhancement of the benthic energy pathways.  In both cases enhancement of epilithon (attached algae and bacteria) production resulted in increases of benthic invertebrate food for the salmonid fishes.  We are just beginning to investigate the relative impacts of fertilization on benthic and pelagic food web pathways by adding stable isotopes of nitrogen and carbon in combination with experimental fertilizations.  We are examining the effects of lake nutrient cycling on stream productivity and stream processing on lake productivity in an experimental 15N enrichment of a small watershed.  These investigations follow from the a study of nutrient cycling using natural abundances of 15N in stream organisms in a third order stream in Utah (Luecke, unpublished data).

Similar to the arctic stream fertilizations, Bilby et al. (1998) observed an increase in the density of young coho salmon and steelhead when salmon carcasses were added to two small streams in Washington.  Stable isotope analysis again demonstrated an increase in the proportion of marine derived nitrogen in the muscle tissue of the coho and steelhead.  Bilby et al. (1998) also observed that the stomach contents of fish in streams where carcasses were added consisted largely of  salmon eggs and carcass flesh, indicating that salmon carcasses may stimulate fish growth directly by providing a food source.  In contrast, in a major sockeye lake in Alaska, Kline et al. (1993) observed that resident scuplin were the only fish with a significant portion of their diet consisting of salmon eggs.  For Bilby’s carcass introduction, because biological responses at lower trophic levels were not monitored, it is difficult to evaluate the relative importance of the indirect effects of marine derived nitrogen on lower trophic levels that fish feed on versus the direct effect of the carcasses utilized as a food source.   In addition, the confounding affects from fish density at upper trophic levels can mask or dampen the effects of fertilization on fish growth and survival (Deegan et al.  1997).  

There are three possible pathways for nitrogen to pass from decomposing carcasses up to juvenile fish: 1) directly through fish feeding on carcasses and eggs, 2) indirectly through invertebrates scavenging carcasses, which are then eaten by fish, and 3) again indirectly, through the uptake of nutrients by algae, which are grazed on by invertebrates, which are eaten by fish.  To date, no studies have evaluated and compared the relative contribution of these three alternative pathways of energy transfer in salmon freshwater ecosystems.  In addition, no studies have addressed potential differences in uptake and trophic transfer of inorganic nutrients (fertilizer) as compared to decomposing salmon carcasses.  The relative differences between the two may be extremely important as inorganic fertilizers allow managers to avoid using carcasses, which can carry various diseases.  In addition, inorganic fertilizer is easy to apply, does not require rearing fish in a hatchery (reduced cost overall), and can be added when stream temperatures are warmest for maximum effect.  However, if the carcasses act as a significant direct food source for rearing salmon and steelhead as well as resident fish, the inorganic nutrients from fertilizers or nutrient blocks may be less effective.  The effectiveness of both carcasses and inorganic fertilizer will also be determined, in part, by stream discharge and temperature, geology, and natural stream productivity. 

This study proposes to evaluate and compare the three different pathways of nutrient uptake from decomposing carcasses and inorganic fertilizer using a controlled experimental design in the South Fork Salmon River Sub-basin.  Under the proposed study design, one stream would receive inorganic fertilizer, one stream would receive adult carcasses, and one stream would act as a control or reference stream.  Nutrients and carcasses would be added in amounts equivalent to the inputs from historical (pre 1970’s) numbers of returning spawners observed in each stream.  Stable isotope analyses coupled with fish stomach analyses and parr and smolt data will be used to evaluate the effectiveness of the two kinds of nutrient enhancement and the relative importance of carcasses as food for both anadromous and resident fishes. Anadromous and resident fish growth and survival will be used to evaluate whether the increased nutrient input is beneficial for recovery of endangered fish.  Although this experimental design is not replicated, it is a controlled experiment and will provide substantial insight into the effects of fertilization.  Our results can be compared to both a control stream receiving no fertilization and results from previous years in which no artificial fertilization occurred.  The lack of replication will be partially compensated for by the inclusion of 10 sampling sites along each of the stream treatments (2 above, 8 below).  We have chosen these sites such that the effects of fertilization with either the inorganic nutrients or salmon carcasses will diminish over study lengths.  The inclusion of upstream sampling sites where no fertilization will occur will augment our ability to statistically demonstrate the effects of these two fertilization regimes.

We are proposing the South Fork as a potential study site based on the availability of three large streams within one sub-basin and considerable past data on smolt and parr survival, spawners and recruits, and habitat quality and degradation.  In addition, the weir and adult supplementation program at McCall Hatchery would suggest that a carcass supplementation in the South Fork would be feasible with little fear of disease (Herrig, USFWS, pers. comm.).  However, it is important to note that the study design is flexible and requires only three streams within relatively close proximity and similar climate, topography, and natural productivity.  Differences in natural productivity and nutrient levels among sub-basins will be addressed though nutrient sampling in this sub-basin and other sub-basins.  This sample design, coupled with stable isotope analyses, will allow us to evaluate the relative uptake of marine derived nitrogen from carcasses versus inorganic fertilizer and to compare the three possible pathways of energy transfer to juvenile salmon: carcasses and eggs as food, carcasses and eggs eaten by invertebrates eaten by juvenile salmon, and fertilization of algae, grazed on by invertebrates, eaten by juvenile salmon.     

The streams proposed for this study are located in the South Fork Sub-basin of the Salmon River, which is located in central Idaho on public land.  Endangered summer chinook spawn and rear in at least four streams or reaches of the South Fork and there are some B-run steelhead, and endangered bull trout and cutthroat are resident species in these streams.  Two of the South Fork stream spawning and rearing reaches, Poverty Flat and Johnson Creek are PATH and NMFS index stocks used to evaluate recovery options and population status for the aggregate run of Snake River spring/summer chinook (Plan for Analyzing and Testing Hypotheses (PATH) 1997).  In addition, the NMFS BRWG identified three other significant breeding units in this sub-basin (Biological requirements Work Group (BRWG) 1994).  Consequently, considerable data and quantitative analyses exist for these stocks including spawners and recruit measurements and run-reconstruction, parr density monitoring data (IDFG), smolt PIT tag and survival studies (PATH 1997, PATH 2000).  The South Fork of the Salmon River is 160 km long and is located in mountainous Idaho batholith.  Land management and habitat quality are well documented for the South Fork Sub-basin with past impacts including road construction, logging, and grazing (USFS 1987, PATH 1997).  The South Fork is managed largely for natural salmon and steelhead production; however the McCall Hatchery was developed as part of the Lower Snake River Compensation Plan to mitigate for hydrosystem impacts on these stocks.  Currently adults are collected for hatchery broodstock at a weir 115 km from the mouth of South Fork and smolts are released above the weir.

c. Rationale and significance to Regional Programs

There is a need to evaluate the effects of nutrient supplementation on salmon growth and survival as part of the recovery objectives for endangered Snake River spring chinook salmon.  Analyses have demonstrated that even if all possible improvements are made to the hydrosystem and migration corridor in the lower Snake and Columbia rivers, survival will have to be increased further to ensure the survival and recovery of these stocks (PATH, NMFS Cumulative Risk Initiative, NMFS Hydro Biological Opinion 1999).  These analyses have also demonstrated that improvements in survival in the early estuary and ocean phase and in the freshwater spawning and rearing stage have a high likelihood of increasing survival.  And while habitat restoration and protection will likely yield some increases in juvenile growth and survival, some stocks spawn and rear in near pristine habitat with little room for improvement.  In addition, even in good habitat, the low population numbers of recent years has resulted in few adults returning to spawn, die and eventually decompose, a process that contributes nutrients derived from the ocean back into the freshwater rearing environment.  These nutrients then act as an important source of  nitrogen and phosphorus, stimulating primary and secondary production and ultimately anadromous and resident fish growth and survival.  Nutrient supplementation has been suggested as a strategy to jump start fish growth and compliment other management objectives (e.g., habitat restoration, hydrosystem improvements) until adult numbers have reached levels sufficient for natural nutrient processes.  

Our proposed evaluation of nutrient supplementation from carcasses relative to inorganic fertilizers also relates directly to regional management objectives. The federal All H paper identified a list of essential outcomes for habitat efforts, both federal and non-federal, aimed at endangered salmon and steelhead recovery.  These objectives include managing the watershed health in a manner consistent with the needs of the species (Federal Caucus June 2000).  Similarly, the Federal All H paper, Research, Monitoring, and Evaluation proposal section, identifies questions of “population regulation (including both observational and experimental studies)” as a goal for the monitoring and evaluation program associated with the 1999 Hydro Biological Opinion (Federal Caucus 2000).  This plan provides detailed requests for evaluations of the “aquatic ecosystem structure/dynamics that determine salmonid population processes as indicated by the primary productivity of salmonid supporting streams/reaches”.  Salmon and steelhead survival and population levels in the freshwater rearing stage are determined, in part, by the productivity of the stream.  In addition, poor growth and condition in the parr or smolt stage can affect survival across the rest of the life cycle to adults.  Until sufficient numbers of adults are returning to spawn naturally, wild and supplemented smolts may require nutrient enhancement in order to ensure adequate growth and survival.  This proposal evaluates and compares the role of carcasses and inorganic nutrients (fertilizer) in food web dynamics and in determining juvenile salmon and trout growth and survival. In addition this proposal will identify the importance of carcasses as a direct food source for rearing salmon and resident fish (see below). If anadromous salmon are currently limited by stream productivity reductions resulting from the decline in returning spawners, then resident bull trout (also listed under ESA) and cutthroat trout will be affected.      

The proposed study relates to regional management objectives as the Salmon River is the second largest sub-basin in the Columbia River drainage (CBFWA) and identified by the Federal All H paper as a “Priority Sub-basin”.  These are sub-basins “anchored by federal land, where productivity would be significantly increased if problems related to water diversions (flows, passage and screening) were addressed” (Federal Caucus 2000).  We have suggested the South Fork of the Salmon River as our study site with the Lemhi sub-basin as a back up if there are permitting problems or over-lap with other projects in the South Fork (as discussed above, our proposal is flexible to study site).  The NWPPC Fish and Wildlife program identifies Johnson Creek and the South Fork of the Salmon as “planned” and “on-going” sites for supplementation respectively.  In addition, the NWPPC Fish and Wildlife program has identified improving egg-to-smolt survival, improving juvenile rearing survival, and increasing stream and lake productivity as sub-basin management objectives.  Our proposal will evaluate carcass introductions and nutrient supplementation as strategies for meeting these objectives and compare the relative effectiveness of each approach.     

The need for nutrient enhancement and a comprehensive understanding of the pathways and mechanisms of energy transfer may become especially important as recovery plans call for increasing levels of supplementation and carcass introductions.  Many sub-basin plans currently include supplementing key areas with smolts when few adults returned and spawned previously (CBFWA Sub-Basin Plan 2000).  This activity has the potential for increasing the nutrient export out of the sub-basins (through out-migrating supplemented smolts) with no or little compensating input of nutrients from decomposing adults carcasses.  In addition, Oregon Department of Fish and Wildlife (ODFW) has plans to immediately begin carcass introductions from ODFW hatcheries to salmon spawning grounds (ODFW 2000).  The project cites “wide support from local organizations and the Oregon Plan” and includes plans to add thousands of salmon and steelhead carcasses this fall.  Although the project plans to do some monitoring after carcass placement, understanding the pathways of energy transfer and nutrient uptake will require a controlled experiment.   Our proposal will compliment these carcass additions and provide necessary information for understanding the biological relationships that determine the effectiveness of this management strategy. 

Stream fertilization was also identified and evaluated as part of the PATH analysis of experimental management actions aimed at reducing key uncertainties and recovering stocks (PATH 2000).  In that analysis and scoping report, the PATH forum recommended carcass introductions or stream fertilization as an experimental management action that may compensate for the decline in the number of returning spawners and the associated reduction in nutrients.  That report showed a higher parr-to-smolt survival rate estimated from PIT tag data for the Lemhi river, a river with higher levels of natural productivity, relative to other streams.   They also highlighted the importance of carcasses as a direct food source in addition to contributing dissolved nutrients and recommended starting cautiously with 2-3 sites.  Their analysis further indicated that if sufficient numbers of fish were PIT tagged and if parr density was known (see related projects below), there would be a sufficient probability of detecting an increase in survival under most controlled experimental designs. 

Further, in addition to benefits and information gained for anadromous fishes, our proposal will provide information about pathways of energy transfer and the relationship between marine derived nutrients and stream productivity and fish growth for resident species.  The NWPPC sub-basin plan indicates that there has been no directed fish research on resident species in this sub-basin.  However, resident fish are limited by many of the same factors that limit anadromous fish in freshwater environments, and it is likely that benefits in growth and survival from carcasses and nutrients that are experienced by juvenile salmon would also be experienced by resident fish.  If anadromous salmon are currently limited by stream productivity reductions resulting from the decline in returning spawners, then resident bull trout (also listed under ESA) and cutthroat trout are likely limited too.  Our proposal will address the uptake and pathways of energy transfer for resident fish in addition to anadromous fish thereby addressing several goals of the Resident Fish Annual Implementation Work Plan (CBFWA 1997).  For example, the fourth goal identified in this plan is to maintain and restore healthy ecosystems which preserve functional links among biota (e.g., nutrients and returning adult spawners and their link to stream productivity and resident fish growth and survival).

From a management perspective, our proposal will also provide important information about the relative benefits of nutrient enhancement using inorganic fertilizer as compared to carcass additions.  Carcass additions require adult fish which were reared in a hatchery, released, and caught again, a labor intensive and expensive activity.  In addition, the process of adding the carcasses to a stream or spawning reach in a manner consistent with the natural distribution of salmon carcasses is labor intensive and potentially very difficult given logistics associated with stream access, discharge, and weather in these mountainous areas with few roads.  On the other hand, inorganic fertilizer is easy to apply, avoids and threats of disease, and can be adjusted to match natural flow cycles and discharge.  However, inorganic fertilizer does not supply the direct food source that carcasses and eggs may contribute.  Our proposed study would provide an experiment evaluation of the relative benefits of the two alternatives with consideration of the logistics and practical limitations of each.  In addition, our proposed study would be done at the sub-basin scale, the scale that NMFS and the NWPPC F&W program have identified as the scale for future management activities.

d. Relationships to other projects  

Our proposed stream fertilization proposal relates to supplementation studies planned on on-going in the Salmon River sub-basin.  As identified by the NWPPC, BPA studies evaluating the usefulness of supplementation as a recovery/restoration measure for depressed stocks of salmon and steelhead include:  Idaho Supplementation Studies, Salmon Supplementation Studies in Idaho Rivers and Steelhead Supplementation Studies in Idaho Rivers Projects (IDFG, NPT, SBT, USFWS).  The Johnson Creek Artificial Propogation Enhancement project is being developed to increase adult returns, and the Shoshone-Bannock Tribes Sockeye Salmon Programs are evaluating enhancement of sockeye rearing lakes. As discussed above, growth and condition in the parr or smolt stage can affect survival across the rest of the life cycle to adults.  Depending on the productivity if the stream and the number of adults that return to spawn (currently very low), wild and supplemented smolts may require nutrient enhancement in order to ensure adequate growth and survival.  Our proposal evaluates the effectiveness of carcass introductions relative to inorganic fertilizer for increasing stream productivity and juvenile salmon growth and survival and is complementary to other fertilization proposals that propose using either inorganic fertilizer (blocks or liquid) or carcasses.  

Our proposed study also relates to other projects aimed at understanding growth and survival of  salmon and steelhead parr and smolts.  PIT tags are being used to evaluate survival from the parr to smolt stage as well as for smolt-to-adult survival (SAR’s).  Idaho Supplementation Studies, Salmon Supplementation Studies, and Steelhead Supplementation Studies in Idaho Rivers Projects (IDFG, NPT, SBT, USFWS) all supply PIT tagged fish for these evaluations.  Johnson Creek , the Secesh River, and the South Fork mainstem sites were PIT tagged in three, six, and seven of the last seven years respectively.  This information provides ongoing and background information on survival from parr to smolts at Lower Granite dam.  In addition, Idaho Fish and Game collect parr density data for these streams as part of the General Parr Monitoring project (BPA Project 83-7 and 91-73) where a number of sections per stream are sampled repeatedly each year to track density trends over time.  If those studies continue, our study will utilize both the PIT tag and parr density information to evaluate juvenile fish survival and growth.

e. Proposal objectives, tasks and methods

Objectives
 

The overall goal of our project is to evaluate and compare the relative effectiveness of increased nutrients, historically provided by decomposing spawner carcasses, as a management strategy aimed at increasing the growth and survival of endangered salmon.  Our first objective is to evaluate and compare the relative effects of carcass introductions and inorganic fertilizer on juvenile salmon growth and survival.  While inorganic fertilizer may be more feasible and effective, it does not supply a direct food source for rearing salmon and resident fish.  Our second objective is to track and understand the relative importance of the alternative pathways of energy transfer from carcasses or fertilizer to higher trophic levels.  There are three possible pathways for nitrogen to pass from decomposing carcasses up to juvenile fish: 1) directly through fish feeding on carcasses and eggs, 2) indirectly through invertebrates scavenging carcasses, which are then eaten by fish, and 3) again indirectly, through the uptake of nutrients by algae, which are grazed on by invertebrates, which are eaten by fish.

To meet these objectives, we will measure the effects of both types of nutrient enhancement (carcass introductions and fertilizer) through differences in fish growth (weight and length) and survival compared to control fish.  Isotopic evaluations will allow us to determine if the marine derived nutrient from carcasses and inorganic fertilizer are taken up by juvenile salmon and to what degree.  Isotopic evaluations and stomach analyses will demonstrate how important carcass and eggs are as a direct food source for juvenile salmon and aid in evaluating the relative effectiveness of the two nutrient enhancement strategies (e.g., inorganic fertilizer provides no direct food source). 

In our experimental design of adding 3672 kg of nitrogen and 367 kg of phosphorus to one stream reach and 5000 salmon carcasses to a second reach, we will analyze the movement of these added nutrients by following tracer amounts of 15N through the food webs.  In the inorganic fertilizer treatment we will add a small amount of 15N enriched 10% by atom to the fertilizer mixture.  The 15N will amount to 0.3% of the nitrogen in this stream.  The natural elevation of 15N in salmon carcasses typical of marine nitrogen will serve as the tracer for the carcass addition treatments.  In both of these treatments we will measure the amount of this tracer 15N in the organisms that dominate the food webs, so that we can identify where and how much of the added nutrients supplemented production processes.  This methodology has been well established for understanding food web interactions in other systems (Kline et al. 1990, 1993, Peterson et al. 1993, Tank et al. 1999) and will allow us to measure both rates of nutrient cycling and rates of energy transfer from one trophic level to the next.  Tasks associated with each objective and the methods we propose to use for each are described below.  Data analysis will begin immediately after samples are taken and will continue through the duration of the project.

This study will follow one brood of spawners, emerging fry, and out-migrating smolts from the fall of 2001 to the spring of 2003 with the majority of the study being completed by fall of 2002.  No further funding will be required to complete the project and present the data.  Our project will result in a semi-final and final report to BPA, and associated publications in peer reviewed journals, which document our findings.  In addition, we propose to schedule a presentation of project findings for interested managers from  NWPPC, BPA, CBFWA in fall of 2002.  Our findings and reports will allow managers to evaluate the effectiveness of nutrient enhancement strategies for future recovery planning for endangered salmon and steelhead. These objectives match regional plans: Federal Caucus June 2000 = managing the watershed health in a manner consistent with the needs of the species, Federal All H paper, Research, Monitoring, and Evaluation proposal section = requests answers to questions of “population regulation (including both observational and experimental studies)” as a goal for the monitoring and evaluation program associated with the 1999 Hydro Biological Opinion (Federal Caucus 2000).  This plan provides detailed requests for evaluations of the “aquatic ecosystem structure/dynamics that determine salmonid population processes as indicated by the primary productivity of salmonid supporting streams/reaches”.  The study design reflects feasibility and logistical constraints that managers would face if they were to initiate a nutrient enhancement project but is also a controlled and innovative experiment.


Tasks and Methods

Objective 1. Evaluate and compare the effects of carcass introductions and inorganic fertilizer on juvenile fish growth and survival.

Task a.  Carcass additions.  

Salmon or steelhead carcasses will be added to the upper section of South Fork of the Salmon River, in the upper 4 km of the Poverty Flat spawning area.  Approximately 5000 carcasses will added to reflect the upper range of spawners historically (pre-70s) found in that index area (PATH 1997). Carcasses will be tethered to rebar stakes at a density of ~ 0.6 kg/m2 in the upper stretch of spawning habitat in September –October of 2001.  Samples will be taken from two stations above the carcass addition area and eight stations reaching to 1 km below the carcass addition site.  Samples sites will be spaced at 500 m and 100 m above the carcass addition, mid-carcass addition, and 100, 250, 500, 750, 1 km, 2km and 3 km downstream of the carcass treatment site. There should be no risk to any species other than the lethal fish samples removed for further fish analyses.  Carcasses will be checked for disease before adding them to streams, and adults are already collected and supplemented from the South Fork broodstock program at McCall Hatchery, suggesting that there will be little trouble obtaining “clean” carcasses (Herrig, USFWS, pers. comm.).   

Task b.  Fertilizer additions  

Inorganic nutrients will be added as 3672 kg of nitrogen (NH4NO3), with 0.3% of it as 10% 15N enriched and 367 kg of phosphorus added as NaPO4.  This enriched nitrogen additions will provide a delta 15N value of 50.  This addition of inorganic nutrients will be similar to that present in 5000 salmon carcasses assuming that a large salmon weighs up to 30 kg, has 20% dry mass, and nitrogen concentrations of 12% of dry mass.  Peterson et al. added ratio of N:P of 10:1 by mass and successfully stimulated stream production of grayling.  Our nutrient enrichments are less than those of Peterson (about 40% of their volumetric increase), but greater than the nutrient equivalents in the recent numbers of salmon returning.  Our addition of 5000 salmon carcasses to 4 km of stream is equivalent to 0.6 kg of dry salmon mass per m2.   This concentration is similar to the 0.59 carcass kg per m2 used by Bilby for coho and steelhead and reflects the historical range of summer chinook carcasses observed in this area (PATH 1997). Our nutrient additions are also within the range of additions that have been demonstrated elsewhere to enhance fish production.  Nutrient additions may require a permit from the Department of Water Quality.

Task c.  Fish Analyses

Thirty juvenile parr and smolts will be collected in June, August , October of 2002 and in May of 2003 from three sites in each treatment stream by seining and/or electroshocking.  When possible, fish sampling will coincide with IDFG parr density sampling.  Resident fish will be collected on the same dates, but from only one site in each treatment stream.  Both salmonid and resident fish samples will be analyzed for stable isotope ratios (described below under Objective 2), diet analyses, and measured for length and weight, and fish condition.  Isotope ratios will be used to evaluate and track the contribution of marine derived nitrogen from carcasses and/or inorganic fertilizer additions (see discussion in section b above).   Length and weight measurements will be used to evaluate fish growth.  Stomach contents will be analyzed by major groups of food items (e.g., salmon carcass and eggs, insects separated by functional group where possible, and other).   Fish sampling will require a Section 10 permit from NMFS for sampling any endangered species (salmon, steelhead, or bull trout) and permission from IDFG.  If  there are less than 10 redds the proceeding fall, IDFG will not allow parr or smolt sampling. However, biologists currently estimate that this will not be a restriction (S. Kiefer, IDFG, pers. comm.).  If the ‘less than 10 redd restriction’ were to occur, we would use resident fish as surrogates for endangered salmon and steelhead. For fish samples, we have chosen a sample size of 30 as it is the smallest sample size which will allow us to statistically detect and effect without removing large numbers of endangered salmon and steelhead.  Isotope ratio analyses have extraordinarily small error bars (2%, Petersen and Fry 1987) and a maximum of thirty fish should provide a robust evaluation of the transfer of marine derived nutrients.  

Objective 2.  Investigate the mechanisms of energy flow and nutrient cycling in stream ecosystems receiving fertilization with inorganic nutrients and salmon carcasses

Task a. Nutrient uptake by epilithon (algae and bacteria).

To estimate rates of nutrient cycling in the three stream reaches, we will measure the ratio of 14N/15N in epilithon samples over time and space.  Ten sampling sites will be established along each stream reach.  Two of the sites will be above the location of nutrient addition (500 m and 100 m above), and eight sites will be located downstream from the additions at 100, 250, 500, 750, 1 km, 2km and 3 km.  Triplicate samples will be collected at each site during October and November of 2001, March, June, July, August, September, October and November of 2002 and May of 2003.   The increase in the ratio of 15N to 14N over time will allow us to estimate the time it takes the stream nutrient cycling regime to reach equilibrium.  After equilibrium is reached, the decay of 15N in epilithon samples downstream from the site of nutrient addition will provide estimates of rates of nitrogen cycling, lengths of nitrogen spirals, and overall rates of retention.  The rates will be measured from the location of the fertilizer dripper for inorganic nitrogen and from the end of the salmon carcass addition segment.

Task b.  Energy transfer to the insect community and fish.

To estimate rates of energy transfer among food web components, we will measure the ratio of nitrogen stable isotopes in the dominant organisms in the food web.  The ratio of these stable isotopes will be made by collecting epilithon, and the dominant herbivores, collectors, and predatory insects in each stream.  Triplicate samples will be collected at each of the sampling sites defined for epilithon.  Dominant taxa in each functional group will be defined as any species that accounts for 10% of the biomass of that functional group (herbivore, collector, or predator).  Total invertebrate samples will be collected for total identification, counts and biomass at each site three times over the duration of the study.  In addition, insects from dominant taxa will be collected from all ten sites seven times over the duration of the study (same months as outlined above for epilithon samples), separated into species, and dried at 60 degrees C for 24 hours.  Up to 30 individuals of each fish species will be sampled within each stream reach to estimate the ratio of nitrogen stable isotopes.  Both resident and anadromous fish samples will be collected as described under Objective 1, task c above.  These samples will be processed for individual fish by drying muscle tissue at 60 degrees C for 24 hours, grinding the resultant tissue into a fine powder, and encapsulating the samples in tin containers.  One mg of each dried sample will be analyzed for total nitrogen content and nitrogen isotopic composition using an ANCA-SL elemental analyzer which produces clean gas samples for a 20-20 or GEO series isotope ratio mass spectrometer.  

An n-member mixing model (Tank et al. 1999) will be used to estimate the trophic level of each taxa.  Trophic levels will be based on an increment of +3 delta units for predators feeding on a given prey type.  The proportion of 15N to 14N in a sample compared to this isotopic ratio in potential prey will allow us to estimate the contribution of each food type to the species of interest.  The contribution of these food types will be used to scale the production estimates for the anadromous fish to estimate both the proportion of production deriving from different food resources (e.g., carcasses and insects).  Comparison of the stable isotopic ratios of nitrogen for anadromous fish from each treatment stream will allow us to determine the degree to which anadromous salmonid production derived from the added stream nutrients.

Task c.  Comparative analysis of nutrient levels.

Nitrogen and phosphorous concentrations will be evaluated before and after carcass and fertilizer additions as well as in the control stream.  Water samples will be collected at one site above treatments and two sites below, before the carcass experiment begins in October of 2001, and then two more times during the carcass and fertilizer addition experiments.  Nitrogen and phosphorous concentrations will be compared among treatments.  In addition, we will compare our observed nutrient levels to those observed for other sub-basins (DEQ database) to evaluate differences in inherent levels of productivity and in order to put our results in perspective.  Much higher or lower levels of total nitrogen added may be required to observe the same response in other streams, or other streams may not be nutrient limited.  These data and comparison will allow us to address differing natural levels of stream productivity and how those differences may affect the management conclusions of our study.  

f. Facilities and equipment

Principle investigators (P.I.s) and research technicians are all housed at Utah State University, Department of Fish and Wildlife and Utah Cooperative Fish and Wildlife Unit, Logan Utah, 84322-5210.  Both P.I.s have fully equipped wet labs which meet all contemporary standards (Chris Leucke – Limnology Lab, Phaedra Budy -- Fish Ecology Lab).  All required equipment for performing the proposed research is available within the means of these two labs and University facilities, and staff will be qualified and trained university employees.  Equipment covered in will include: ovens, microscopes, and tools for preparing isotope samples, flurometer and spectrometer for nutrient and chlorophyll analyses, image analysis system for evaluating invertebrate samples and fish stomach analyses etc…  Isotope samples will be analyzed on the mass spectrometer by the Isotope Laboratory of John Stark at Utah State University, Biology Department.  Trucks, travel trailers, and snow mobiles will be supplied by the two P.I.s and the Utah Cooperative Fish and Wildlife Unit.  
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