Response to ISRP review comments on Project # 200505000 – Mitigation of marine-derived nutrient loss in the Boise-Payette-Weiser subbasin.

- ISRP - This is a basic research project with implications to similar high elevation headwater areas. 
The purpose of the project is to take management action to mitigate of nutrient loss related to anadromous fish loss in these subbasins.  The actual management action of applying fish carcasses, salmon analogs, or liquid nutrients to streams is a relatively simple and inexpensive action.  However, this mitigation action is intended to simulate the ecological effects historic runs of anadromous fish had on aquatic, terrestrial, and botanical systems in the study areas.  These subtle, systemic, and varied effects may be evidenced at numerous trophic levels in the study areas.   

Therefore, we have proposed monitoring the management action at the same levels as the effects it is intended to mitigate to provide information for broad scale nutrient mitigation actions in these nutrient deficient areas.
Because of its adaptive management design, the expense of the proposed management is in monitoring the effects of the management action.  This includes replication of treatments, comparison of applications, and comparison of treated and control untreated areas.   We believe this design will provide conclusive information on the efficacy of our approach in ecological, fiscal, and management terms after 3 years.  

-ISRP - Justification should be provided to demonstrate that this work is still needed in spite of other research recently published and currently underway in Columbia River Basin. Does this project address uncertainties or is it designed to try an approach that has already been tested elsewhere? Consideration of long-term management applications also should be included in a response. 
This project is an adaptive management approach to mitigate nutrient loss in relation to loss of anadromous fish due to federal hydropower system development in these subbasins.  The actual management action of applying fish carcasses, salmon analogs, or liquid nutrients to streams is a relatively simple and inexpensive management action that has been used elsewhere, including the Columbia basin.    However, because our management action is intended to simulate the ecological effects of lost historic runs of anadromous fish, we will monitor these actions at the aquatic, terrestrial, and botanical systems level to determine the efficacy of our the management actions and define the relative efficacies of nutrient migration in ecological, economic, and policy terms.  

This project utilizes methods that will allow comparisons to data collected in the Salmon Subbasin by BPA project number 2001-055-00, Assessment of Three Alternative Methods of Nutrient Enhancement (Salmon Carcass Analogs, Nutrient Pellets, and  Carcasses) on Biological Communities in Columbia River tributaries).  And the carcass analogs used in this project were developed by Bio-Oregon under BPA project number 2001-055-00, Influences of Stocking Salmon Carcass Analogs on Salmonids in Yakima River Tributaries.  
Other nutrients studies in the basin include:

The Kootenai mesocosm research study (Evaluate the effects of nutrient supplementation on benthic periphyton, macroinvertebrates, and juvenile sturgeon in the Kootenai River) is using a direct application of liquid inorganic nutrients using mesocosm for control of application/response along several reaches of a major river system using continual inorganic nutrient release over one growing season and the research also looks at nutrient effects through captive fish experiments.

The salmonid response study (Salmonid response to fertilization: an experimental evaluation of alternative methods of fertilization) looks at an aquatic mesocosm study in artificial stream channels on the Green river over just 6 weeks and evaluates 3 different types of fertilization (analogs, carcasses, inorganic pellets) on fish growth in several tributaries in the Salmon basin over 1 year.  Predicted responses from fertilization efforts will be modeled and a cost: benefit analysis done.

Based on our review of the above projects, we believe our project adds to ongoing work at the following levels.

1) Our study measures not only the effects treatments on several ecosystem components (e.g. terrestrial wildlife, vegetation, and aquatic ecology); but also compares treatments in these same respects.  This is extremely important if we desire to understand the full ecological effects of nutrient treatments and how to best mitigate them rather than just do fertilization for a direct aquatic effect.

2) Our study examines replicate management action effects over 3 years.  This provides time to measure for ecological response and we believe is more statistically robust than the above studies.  The pathways through which our nutrient management may have an effect may be both direct and indirect and therefore require longer to manifest themselves.  We also believe our management replications, 3 treatments over 3 years, and positive and negative controls compare favorably to the above studies that rely on a single season or year to measure only the direct effects of treatments.

3) Our project is implemented and monitored within the ecosystem where we desire a mitigating effect.  Different than some other studies, we do not propose to use artificial channels, planted fish, or confined feeding experiments.

4) Our project will be conducted in an area previously accessible to anadromous fish but that is now blocked.  The effect of this loss is hypothesized to been at an ecosystem wide level including on listed bull trout, resident fish and wildlife, and watershed vegetation.  We will be quantifying and comparing these ecosystem and mesocosm effects and pathways through our actions and monitoring and use this information to determine efficacy of further management actions. 
5) Our study looks at terrestrial and vegetative response to marine-derived nutrient treatments.  Neither of the above studies do this.  We believe if we were to eliminate the aquatic portion of our project to avoid overlap with the above projects, it would eliminate the important comparison of responses between the different management strategies we propose in the aquatic system. 

6)  N from terrestrial sources (i.e. leaves) can be 90% of the N inputs into

aquatic systems and as N becomes more limiting, N cycles within vegetation

tighten and potentially release less N to aquatic system.  The C:N ratio of conifer foliage measured in two watersheds in South Idaho on the North Fork of the Payette, were 46.9 + 1.19 (unpublished data, J. Marshall) compared to sites without salmon in Alaska of 39.21 + 2.01 and with salmon 32.73+32.73 (Helfield and Naiman 2001). The relatively high C:N ratios in conifer foliage indicate N is more limiting in the drier conifer forests of central Idaho.  

With addition of N from salmon carcasses, nutrients may cycle through the

terrestrial system quicker and be deposited more readily into the aquatic

system (i.e. the C:N ratio of the foliage may decline, making the foliage

more readily decomposed).  Therefore, our project’s replications and inclusion of the terrestrial system allows us to examine the entire ecosystem including interactions, thereby increasing the  interpretative power of our management results and monitoring.  It is important that our project is proposed in areas that are relatively nutrient poor (Idaho batholith) because addition of historical deposition rates of N over 3 years are more likely to be detected and increase the overall effect of nutrient treatments.

      7) 
In both of the above studies, there is no attempt to track nutrient pathways using stable isotopes.  While the studies may obtain some correlations based on  nutrient additions, they will  not understand  nutrient pathways and it would appear that attempts to apply results to other systems would be hampered by lack of understanding of this response.  This is especially true given the short time the projects are being conducted.  Our project recognizes the complex interaction of the N cycle and by measuring many of the pools and fluxes of N within and between the aquatic system (invertebrates, bio film, and fish) and terrestrial (birds, small mammals, plants etc.) over 3 years, we can use a budgeting or mass-balance approach in interrupting our results and determining the efficacy of our management approach. 

       8) 
Our study design proposes to treat streams based on an historic estimate of salmon abundance.  This level of nutrient input is different to the above studies, and along with replicates, subsequent monitoring, and an ecological interpretation; may provide a better evaluation of nutrient management. 

       9) 
Our study design accounts for the potential nutrient mitigating effect of land use (e.g. livestock grazing).  By choosing both positive (grazing) and negative (no grazing) controls, we will compare responses to nutrient treatments while accounting for a widespread land use that may have potentially significant nitrogen and phosphorus inputs effecting watershed ecosystems in the Columbia basin.  

Helfield J. and RJ Naiman,. 2001. Effects of salmon-derived nitrogen on riparian forest growth and implications for stream productivity.  Ecology 82(9). 2043-2409.

ISRP - A response is needed to provide additional information on the experimental design. The response should provide details that indicate appropriate sites are available and that the sample sizes are adequate for detecting meaningful differences between treatment and control sites, before and after treatments, and between treatment levels. Sponsors are requested to address not only statistical significance but also whether sufficient data will be available to detect meaningful biological effects. Also clarification is needed concerning whether baseline data would be collected for all variables of interest before treatments are applied.
Sample Sites-

Appropriate sample sites are available within the South and Middle Fork Payette River Drainages and the North and Middle Fork Boise River Drainages.  Bull trout are known to occur in all drainages.  Additionally, Chandler and Chapman (2001) estimated that 4,979 km of stream in the Boise subbasin and 3,945 km of stream in the Payette subbasin contained effective usable habitat for anadromous salmon and steelhead.  Final site selection will be made using GIS data on cattle grazing allotments, bull trout presence, accessibility, and historic salmon distribution.  
Statistical and Biological Significance

We propose to quantify the contribution of marine nitrogen within the aquatic and terrestrial vertebrate food chain and plants adjacent to and upslope of streams using stable isotope analysis using methods described by Kline et al. (1990) and Bilby et al. (1996).  Anadromous fish gain most of their body mass from marine organic material.  The C13 and N15 signatures in their carcasses are typically higher than those of freshwater organic material due to these stable isotopes that can be used trace the marine derived nutrients through freshwater and terrestrial ecosystems with mass-balance equations (Wipfli 2002).   The carcass analogs are made from Pacific whiting (Merluccius productus) which will also contain the marine isotope signature.  Anadromous fish have been blocked from these areas for almost 100 years so levels of marine derived nutrients in the control areas should be undetectable.  
We are assuming that by adding marine derived nutrients to the system through carcasses or carcass analogs that we will see responses in N15 similar to the following studies.  

Koyama et al. (2005) found significant differences in foliar N15 between historic salmon bearing streams and non-salmon bearing streams and identified a gradient of declining N15 levels from trees adjacent to salmon bearing streams moving upslope that did not occur in non-salmon bearing streams.  Wipfli (2003) found significant increases in body mass and fork length of young coho salmon in artificial channels enriched with salmon carcasses over non-enriched channels and increased growth of wild salmon and char over two months in a carcass enriched stream.  
Statistical analysis will be one-way ANOVA with multiple comparisons test.  A mixed effects may be applied to deal with covariates (drainage area, elevation, aspect etc.) during final analysis.
