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Abstract:

Year-to-year fluctuations in salmon run size cause difficulty for managers and fishermen trying to anticipate salmon returns and associated expenditures/income in the next fishing season.  Recent evidence from the successful Bristol Bay sockeye salmon fishery has shown that “biocomplexity” contributes to regional run stability via the portfolio effect.  In this fishery, regional runs are composed of multiple local populations with diverse life-history and physical characteristics adapted to their specific spawning localities.  Because of this high trait diversity over different spawning locations, each local population responds individually to annual variation in climate, weather, and local feeding/growing conditions.  Due to this diversity in response to changing conditions, in any one year some stocks respond favorably while other stocks diminish, but the overall run size remains relatively stable.  Because sockeye salmon are becoming more important to fisheries in the AYK region, our study seeks to determine whether the biocomplexity that contributes to run stability in Bristol Bay is also present in Kuskokwim drainage sockeye runs.  To this end we propose to measure biocomplexity in these sockeye runs by quantifying diversity in life-history, morphological (body shape), and genetic traits across different spawning aggregations.  We will then compare our results from the Kuskokwim to data that have already been collected from Bristol Bay to determine the extent to which sockeye salmon runs in the Kuskokwim can be expected to fluctuate annually at the regional scale, based on the biocomplexity principle.  We emphasize that in this proposal we are seeking funding to collect data from the AYK region only.
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I.  INTRODUCTION 

The overall objective of our proposed study is to quantify the biocomplexity contained within two sockeye salmon stocks in the Kuskokwim River drainage.  In the context of salmon fisheries, “biocomplexity” describes the degree to which regional stocks are subdivided into locally adapted populations that differ from neighboring populations in life-history and morphological traits.  When assessed at the regional scale, this diversity (described as ‘ecotypic’ due to the importance of environment on these traits) is increasingly recognized as an important component of the biology and management of fisheries around the globe (Hilborn et al. 2003).  
Biocomplexity/ecotypic diversity is particularly relevant to Pacific salmon, in which genetic, life history, and morphological diversity are structured hierarchically.  Groupings can be identified at the species range scale (e.g., regions delineated by common ancestry via recolonization from glacial refugia; Bernatchez and Wilson 1998), the regional scale (e.g., stocks, or aggregations of populations defined by biological and/or management criteria; Ricker 1972, Mundy and Mathiesen 1981), the local spawning population or deme scale (Policansky and Magnuson 1998), or even at a fine local scale (specific sites within spawning localities; Quinn et al. 1999).  Variation at these hierarchical levels results from processes acting at different spatial and temporal scales, including paleohistory (glaciation), climate regime shifts over century and decadal time scales (Mantua et al. 1997, Beamish et al. 1999), and the interaction between local environmental conditions and population genetic history (Hutchings 2003).  These processes, acting over multiple spatial and temporal scales, cause great difficulty for fishermen, managers, and fisheries biologists seeking to understand the causes and consequences of fluctuations in salmon abundances (McPhee et al., in review).  Yet accumulating evidence suggests that this very complexity may be an essential component of regional fishery stability over time.  
The best known example of the connection between ecotypic diversity and fishery stability comes from the sockeye salmon (Oncorhynchus nerka) fishery of Bristol Bay, Alaska.  Due to the diversity of spawning habitats available in this region and the different natural and sexual selective pressures imposed by these different environments, coupled with strong spawning site philopatry, sockeye salmon show remarkable, site-specific variation in a number of traits, including spawning morphology, timing of life history, and egg size (reviewed in Quinn 2005).  Because of these population-specific differences, each individual spawning population appears to respond differently to environmental change imposed by ocean conditions, regional and local weather patterns, and fishing pressure.  Yet, because of the high diversity in population characteristics and attendant responses to environmental factors, population size at the regional (aggregated-stock) scale remains relatively constant (Hilborn et al. 2003).  This constancy at the regional scale allows for a relatively predictable, resilient fishery (Table 1).  However, maintaining this resilience means conserving the local components of this complexity, such that weak stocks cannot be ignored today because they might become the strong stocks of tomorrow (Hilborn et al. 2003, Quinn, in review). 

Subsistence and commercial fishermen of the Arctic-Yukon-Kuskokwim (AYK) region have not enjoyed the stable (and often lucrative) conditions experienced in the Bristol Bay region.  Communities in the AYK region experienced economic hardship when salmon stocks inexplicably crashed during the period of 1997-2002 (AYK SSI 2006). The AYK region is vast, remote, and does not have the resources to support the kind of research effort that has been conducted in Bristol Bay.  Thus an important question regarding the future of AYK fisheries, which our proposal seeks to address, is how can we apply the lessons about biocomplexity learned in Bristol Bay to the AYK region?  
Table 1.  Expectations for year-to-year fluctuations in regional run size based on prior studies from Bristol Bay and two possible scenarios (low and high ecotypic variation) in Kuskokwim sockeye stocks.
	
	Bristol Bay
	Kuskokwim

	
	
	Scenario 1
	Scenario 2

	Ecotypic variation


	HIGH


	LOW
	HIGH

	Annual fluctuation in regional run size
	LOW
	HIGH
	LOW


The first step in making the link between biocomplexity in Bristol Bay versus that of AYK is quantifying the amount ecotypic diversity in AYK salmon stocks and determining whether this diversity is arrayed over space at a scale comparable to that of Bristol Bay.  It cannot be assumed that AYK salmon stocks are structured the same way as in Bristol Bay.  An obvious difference is that fisheries in the AYK region have traditionally been focused on chum and chinook salmon (O. keta and O. tshawytscha, respectively), and ecotypic variation is not as well characterized in these species (but see Gilk et al. 2007).  Sockeye salmon returns to the Kuskokwim River have increased dramatically since 2003 (Cannon 2007), suggesting that lessons learned from the Bristol Bay sockeye fishery are increasingly relevant to the AYK region as this fishery gains importance.
Stony River/Telaquana Lake has always been considered the major sockeye salmon producer in the Kuskokwim due to the presence of sockeye-rearing lakes at its headwaters.  However, results of a recent radiotelemetry study found that the majority of sockeye in the Kuskokwim appear to be headed to the upper Holitna River (S. Gilk, ADFG, pers. comm.).  In contrast to the lake-type sockeye predominant in Bristol Bay, these Holitna sockeye are thought to be river-type due to the lack of suitable lake rearing habitat in the Holitna system (Molyneaux and Brannian 2006).  River-type sockeye juveniles forego rearing in lake habitats to rear instead in rivers or migrate directly to sea (Wood 1995, 2007).  
River-type sockeye often possess greater genetic diversity and show less population structure over space compared to lake-type sockeye, where the nursery lake appears to be the fundamental unit of genetic population structure (Wood 1995, Gustafson and Winans 1999, Beacham et al. 2004).  These differences in genetic structure clearly have implications for the way ecotypic variation is expected to be distributed over space, suggesting that river-type sockeye salmon in the Kuskowkim should be more homogeneous than Bristol Bay lake-type sockeye.  Yet, our recent study of river-type sockeye salmon in the Kwethluk River, a tributary of the lower Kuskokwim with ca. 4000 adults returning annually based on weir counts, found strong genetic structure over small geographic distances (McPhee, Tappenback and Stanford, unpubl. data), suggesting that the potential for ecotypic differentiation in Kuskokwim sockeye is high.  It will be imperative to understand better the population structure of these Kuskokwim sockeye, both in terms of genetic and life history/morphological diversity, as all signs point towards sockeye becoming a more important component of local fisheries in the future.  Furthermore, as these populations continue to expand in the AYK region it will be important to quantify how they change over time, particularly in life-history traits such as spawning timing that contribute to reproductive isolation and genetic stock structure (Varnavskaya et al. 1994, Quinn et al. 2000).
The motivation of our proposed study is to determine to what extent we can apply the lessons about biocomplexity learned in Bristol Bay to sockeye in the Kuskokwim region.  To that end, we will quantify genetic and ecotypic (life-history, morphological) diversity in two sockeye systems within the Kuskokwim drainage:  upper Holitna River and Stony River/Telaquana Lake.  We will relate this population diversity to habitat complexity and geography (physical distance).  If we find ecotypic diversity arrayed over space in a manner quantitatively similar to that found in Bristol Bay, this would suggest that Kuskokwim sockeye abundances might be expected to remain relatively stable at the regional level, even while local population abundances fluctuate (the “portfolio effect,” Hilborn et al. 2003).  On the other hand, if our results demonstrate minimal ecotypic diversity over space, this would suggest that local Kuskokwim sockeye populations would be expected to respond to environmental change in a similar manner, resulting in strong year-to-year variation in regional abundances (Table 1).  This clearly has implications for how the growing sockeye fishery will be managed, based on the degree to which regional population abundance can be relied upon and adequately forecasted and the spatial scale at which salmon populations must be monitored.
We emphasize that while we are including Bristol Bay data in this proposal, we are not seeking funding for any new data collection efforts in Bristol Bay.  Comparing existing Bristol Bay data to our Kuskokwim drainage results will increase the robustness of our analysis at minimal cost to AYK SSI, because the larger data sets from Bristol Bay, collected over many years, will serve as a template against which the AYK data will be compared.
II.  PROJECT DESIGN  

A.  Objectives and Project Design 
1. Project Objectives:
The overall purpose of the study is to quantify biocomplexity (the spatial scale of genetic and ecotypic diversity) in sockeye salmon in the Kuskokwim drainage.  This will be accomplished with intensive field studies of sockeye salmon in the upper Holitna and Stony River/Telaquana Lake regions and by comparing our results to existing data from Bristol Bay sockeye populations.  Specifically, our objectives are:

1) to characterize ecotypic and neutral genetic diversity within and between sockeye spawning populations  in the upper Holitna and Stony River/Telaquana Lake regions 

2) To identify physical features of spawning habitat and to quantify environmental complexity within and between sockeye spawning locations in the upper Holitna and Telaquana 

Lake /Stony River regions

3) To compare ecotypic and genetic differentiation as a function of geographic distance and environmental complexity in the Kuskowkim drainage and Bristol Bay systems.

2. Justification:    
This study relates to the AYK SSI High Priority Hypothesis 10: “A combination of demographic and ecosystem variables affects the variability of salmon returns in the AYK region,” and to the 2008 AYK Question of Special Concern: “What is the relative contribution of different stocks within a watershed to the entire adult salmon run abundance?” 

The finer the scale at which local population characteristics match their environment, the more variable we expect individual population responses to environmental change to be. Thus, high ecotypic differentiation across Kuskokwim sockeye populations would predict that local stocks may fluctuate greatly in annual abundance while regional abundance might be expected to stay relatively stable (the “portfolio effect,” Hilborn et al. 2003). Less differentiation between spawning localities would predict that population responses to environmental variation are correlated, resulting in large annual variation in run size at the regional level but little between-stock variation within years. These findings have very different implications for how the growing sockeye fishery should be managed, based on expected variation in specific stocks’ contributions to overall run size and whether regional run size is expected to vary widely from year to year or to remain relatively stable. 

Objective #1) Quantifying how much ecotypic diversity exists within and between spawning aggregations, within and between regions in the Kuskokwim, is a necessary step in cataloguing the biocomplexity that exists in Kuskokwim sockeye and understanding how this biocomplexity may contribute to resilience in the fishery.  Second, identifying the population genetic structure underlying this ecotypic variation is crucial for understanding the amount of gene flow between spawning populations and thus the spatial scale at which these populations need to be managed. 

Objective #2) Determining what environmental variables characterize sockeye spawning habitats will allow us to understand the role that environmental complexity plays in supporting biocomplexity of sockeye salmon stocks.  Furthermore, by relating local sockeye spawning sites to landscape features identified by remote sensing, we will further our understanding of where sockeye salmon are expected to become more abundant within the entire Kuskokwim drainage.  While the freshwater environment of the AYK region is quite pristine at this time, gas exploration has been proposed for the Holitna River basin (Shelden and Linderman 2007, Appendix I1).  A mine has been proposed in the Bristol Bay drainage near Lake Clark National Park and Preserve, suggesting that similar mines could be proposed in the headwaters of the Stony River in the future.  Knowing more about the kinds of spawning environments used by sockeye salmon in this river will help to assess more accurately the potential impacts of proposed extraction activities on Holitna fisheries.

Objective #3) As explained in the Introduction, we cannot assume that ecotypic and genetic diversity are arrayed across the landscape of the Kuskokwim drainage in the same way observed in Bristol Bay.  Therefore, it is necessary to compare our results from Objective 1 to those already collected from Bristol Bay populations.  Furthermore, we must incorporate geographical distance into these comparisons to account for differences in physical distance between spawning localities.  This will allow us to quantify precisely the degree to which Kuskokwim sockeye exhibit the elements of biocomplexity that contribute to fishery resilience observed in Bristol Bay.
3. Project Impacts/Outcomes/Evaluation of Project Objectives: 
Sockeye salmon are becoming a more important component of subsistence and commercial fisheries in the Kuskokwim River basin, yet very little is know about their distribution and population structure.  This study will add upon previous work in the Holitna (Gilk, Molyneaux, Ruggerone, and colleagues) and in the Lake Telaquana region (National Park Service) to better describe the way that sockeye spawning aggregations are distributed throughout the upper Holitna and Stony River/Telaquana Lake regions.  Our study will provide spatially-explicit information about the location and timing of spawning aggregations within these regions.  More importantly, our project will delineate the scale at which ecotypic variation amongst these aggregations should be managed.
The results of all three objectives will be synthesized and submitted for publication in a peer-reviewed journal.  Thus our primary performance measure for all three objectives is publication in a high-profile fisheries journal such as Canadian Journal of Fisheries and Aquatic Sciences or Transactions of the American Fisheries Society.  In addition to disseminating our results through a peer-reviewed, public access format, we will also present results and analyses as they become available at annual presentations to the Kuskokwim interagency fisheries meeting.  Interactions with traditional council leaders (Sleetmute, Stony River, and Lime Village) will further connect our project to residents near the study areas.  During the project and following its conclusion we will report our findings at AYK SSI meetings to scientists, managers, fishermen, and AYK community members.  Presenting a straight-forward methodology for quantifying AYK salmon biocomplexity could facilitate a way to link fisheries management to local fishermen’s observations about differences in the physical traits between specific salmon populations and overall fluctuations in run abundance over time.
If funded, this project will provide training in fishery techniques, concepts, and analyses to a college intern from the Kuskokwim Native Association.  We hope this intern will contribute at a level warranting authorship on publications resulting from this project, and we will encourage development of independent research as time and budget allow.  Training the next generation of fishery biologists and ecologists is an important mission of our institutions, and this project will provide training to a young scientist with personal ties to the region.

After publication of our findings, we will strive to make our samples and data available to other researchers.  This project will provide a legacy of tissue for genetic analysis, otoliths for length-at-age and life history analysis, and a catalog of digital images of sockeye salmon for future measurement of morphological characteristics.  All of these samples will be linked to a spatially-explicit geographic information system (GIS) and will serve as a valuable resource for future research efforts in the area.

4. Methods: 
Objective #1: to characterize ecotypic and neutral genetic diversity within and between sockeye spawning populations  in the upper Holitna and Stony River/Telaquana Lake  regions 

Field sampling

For the upper Holitna, we will rely heavily on the results of Sara Gilk’s AYK-funded radio telemetry project (S. Gilk, ADFG, pers. comm.) to focus on areas most likely to support sockeye spawning aggregations.  We will also draw upon local knowledge, including consultation with employees of ADFG and the Kuskokwim Native Association and residents of Aniak and Sleetmute, to hone in on areas for sampling.  From mid-July to mid-August 2008, we will contract Dave Cannon (Aniak) to provide a jet boat, local knowledge, and field technician support.  We will base our field operations out of the Kogrukluk weir, located near the confluence of the Kogrukluk R., Chukowan R., and Shotgun Creek.  From this base we will conduct jet boat forays to locate spawning aggregations.  Their locations will be recorded using GPS and condition of fishes will be noted (number and condition of redds, degree of fin fraying and fungus cover).  When we locate a spawning aggregation that appears to be approximately at peak season, we will establish a camp and begin sampling the spawners and habitat (described below).  We aim to sample 4-5 aggregations during the season.

During September 2009 we will establish a field camp at Telaquana Lake (Lake Clark National Park and Preserve).  In collaboration with the National Park Service (including boat use and NPS employees/local experts Jerry and Jeannette Mills), we will visit approximately four spawning aggregations within Telaquana Lake region: the inlet and outlet creeks, beach spawning at the head of the lake, and Trail Creek downstream of the outlet.  These localities will be recorded with GPS and fish and habitat sampling will be conducted.

For all spawning aggregations at both sites, we will capture adult sockeye on the spawning grounds using small-mesh seines (stream and beach techniques), hand capture, and hook-and-line, depending on the habitat.  Much care will be taken to avoid stepping on redds.  We will aim to sample up to 100 individuals per aggregation.  Once captured, fishes will be held in ambient river/lake water (using a seine as a net pen) and we will process fishes on an individual basis.  Fishes will be anesthetized using clove oil (50 mg/L) to a point where they can be photographed for morphometrics.  From each fish we will measure mid-eye to hypural length (MEHP), mid-eye to tip of snout (SN), and body depth at insertion of the dorsal fin (after Blair et al. 1993). In addition, we will measure total length (TL) to allow for easy scaling of digital photos. We will obtain two digital photographs (one in ambient light, one with flash) from each fish for morphometric analysis following the methods of Zimmerman et al. (2006).  A small (~7x7 mm) piece of rayed fin will be clipped and stored in 95% ethanol for subsequent genotyping (described below).  We will collect a small sample of eggs (~40) from each female by applying gentle pressure to the abdomen.  Eggs will be placed directly in 5% buffered formalin (foregoing water-hardening before preservation) for subsequent measurement of mass (Fleming and Ng 1997, Quinn et al. 1995).  Fishes will be resuscitated completely in ambient water prior to release back to the spawning grounds.

Towards the end of the field season, we will revisit the spawning aggregations to collect otoliths from spawned-out sockeye.  While we will not be able to match these otoliths directly with the individuals we sampled for ecotypic and genetic diversity, we will record MEHP and sex for every carcass sampled, allowing reconstruction of the age-at-length distribution for each aggregation.  Otoliths will be read to determine age distribution (years in fresh, years in salt) of each spawning aggregation.  We will also obtain historical age-sex-length data where possible (for example, these data have been collected at Telaquana Lake, Dan Young, National Park Service, pers. comm.; similar data are collected at the Kogrukluk weir, although we will not likely be able to attribute these data to specific spawning aggregations upstream of the weir).

Genetic diversity

DNA will be extracted from ethanol-preserved fin clips as described in McPhee et al. (2007).  We will amplify genotypes at 16 microsatellite loci, including the 8 loci used by Habicht et al. (2004, 2007) in Bristol Bay populations to enable direct comparison of results.  We propose using a higher number of loci in order to increase our power to detect differences between spawning aggregations over small spatial scales.  Four multiplex groups of loci will be amplified using PCR and amplification products will be diluted, dried, and sent to the Murdock Sequencing Facility (The University of Montana) for fragment analysis on a 3130xl Genetic Analyzer (Applied Biosystems).  Genotypes will be scored using GeneMapper v. 3.7 (Applied Biosystems) and stored in an Access (Microsoft) database.

Genotypes will be checked for error (null alleles, stutter) using Micro-checker (Van Oosterhout et al. 2004).  Deviations from Hardy-Weinberg expected proportions and gametic equilibrium will be evaluated in GenePop (Raymond & Rousset 1995).  Genetic diversity will be quantified using expected heterozygosity (probability that two alleles drawn at random from the sample will be non-identical) and allelic richness (number of alleles per locus) adjusted for different sample sizes using rarefaction (HP-Rare, Kalinowski 2005).  Multi-locus FST (Weir & Cockerham 1984) will be calculated to quantify (and test for statistical significance) the degree of genetic differentiation between sample (= spawning aggregation) pairs.  Analysis of molecular variance (AMOVA, Excoffier et al. 1992) will be used to quantify the proportion of genetic variance that is distributed at hierarchical levels:  within populations, between populations within a region, and between regions (upper Holitna vs. Telaquana Lake). 

Ecotypic diversity

We will use the body length and depth measurements made in the field to quantify diversity in morphology within and between aggregations and regions.  Collecting these measurements in the field will allow for direct comparison to methods used to quantify morphology in spawning sockeye in previous studies (e.g., Blair et al. 1993, Hamon et al. 2000).  Formalin-preserved eggs will be patted dry on Kimwipes and weighed individually to the nearest milligram in the laboratory.  Measurements will take place within 3 months of collection (no difference in mass has been observed in salmon eggs measured seven days versus five months after preservation in 5% formalin; Fleming and Ng 1987).  Egg mass will be standardized allometrically to the mean female body size (MEHP) of each aggregation following the methods summarized in Quinn et al. (1995).

In addition to size data collected in the field, we will use the digital photographs to measure many different morphological traits thought to be of ecotypic importance in salmonids, including head length, length of the pelvic and pectoral fins, depth of the caudal peduncle, and eye diameter (e.g., Robinson and Parsons 2002, Keeley et al. 2005).  Digital photographs will be converted to a form suitable for geometric morphometric analysis using TPSDig (F. J. Rohlf, unpubl.).  The program IMP (Integrated Morphometrics Package; H. D. Sheets, unpubl.) will be used to automatically calculate and analyze morphologic traits from homologous landmarks placed on the digital images (Zelditch et al. 2004).  Figure 1 shows the landmarks we will use to make body measurements from digital photographs.
[image: image1.emf]
Figure 1.  Landmarks used in digitized morphometrics.  Measurements include 1-2, premaxilla length; 1-3, head length; 4-5, pectoral fin length; 6-7, pelvic fin length; 8-9, caudal peduncle depth; 10-11, body depth; 12-13, eye diameter.  From Keeley et al. (2005).
Because of strong sexual dimorphism in spawning salmon, males and females from each aggregation will be analyzed separately.  Each morphological trait will be standardized per the average MEHP of the sample, and means and variances will be calculated for each trait from each sex in each aggregation.  Hierarchical analysis of variance (ANOVA) will estimate the proportion of morphological variation that is distributed within aggregations, between aggregations within a region, and between regions.  We will apply hierarchical ANOVA to egg mass as well, including within-female variation as an additional variance component.

Objective #2:  To identify physical  features of spawning habitat and to quantify environmental complexity within and between sockeye spawning locations in the upper Holitna and Stony River/Telaquana Lake  regions

Stream-spawning localities

We will apply both remote sensing and on-the-ground measurements to characterizing the environmental characteristics for each spawning aggregation at the regional, local, and fine scales.  In partnership with the Salmonid Rivers Observatory Network project (SaRON, UM), we will assign metrics of physical complexity to the habitat of each spawning aggregation at several hierarchical scales.  Aggrading reaches, where hyporheic connectivity is maximized, provides suitable regions of upwelling and downwelling, providing well-oxygenated spawning substrate for developing salmonid embryos. In addition, these reaches support maximum bioproduction and biodiversity (Stanford et al. 2002, 2005).  As part of the SaRON project, methodology has been developed to categorize rivers based on their degree of channel complexity (eg., number of channel avulsions and returns), which indicates the proportion of the river that consists of these productive zones of hyporheic exchange.  We will classify sites of spawning aggregations according to this scheme at two hierarchical levels:  the primary stream in which the spawning aggregation occurs, and then at the second level down (consisting of the river to which the primary stream is tributary).  For spawning aggregations located in spring brooks we will consider the main channel to represent the primary stream.

At the spawning reach scale we will characterize hyporheic connectivity (locations of up- and down-welling, magnitude of flow across the hyporheic-surface interface) by installing a network of minipiezometers (Lee and Cherry 1978).  These instruments measure vertical hydraulic gradient (VHG), a dimensionless measure that is positive in upwelling sites and negative in downwelling sites (Dahm et al. 2006).  At each sampling site, we will measure the length and width of the channel encompassing the spawning aggregation, and will place minipiezometers at intervals the yield a network of 16 minipiezometers across the spawning reach (after Baxter and Hauer 2000).  We will replicate the piezometer network in adjacent reaches upstream and downstream of the spawning reach, allowing us to characterize hyporheic connectivity in reaches where sockeye spawn versus reaches where they do not.  All three piezometer networks will be installed at the same time and left in place overnight to allow water levels to equilibrate (Baxter et al. 2003).  Hyporheic complexity will be quantified as the variance in VHG measured across each network. We will also measure stream discharge with a flowtracker at the downstream end of the spawning reach to obtain a measure of stream size for comparison across sites.

We will characterize the spawning reach and adjacent up- and down-stream non-spawning reaches by temperature as well.  We will take point measurements adjacent to each minipiezometer on the day of sampling.  At the approximate center of each reach (spawning and adjacent reaches) we will deploy temperature data loggers (Vemco: AMIRIX Systems, Inc.) to obtain the annual temperature profile.  Mean, minimum, and maximum annual temperatures will be noted for each reach and we will also calculate temperature variation at the daily and monthly scales.  These temperature data, when coupled with habitat, life history, and genetic data, will indicate the degree to which environmental complexity contributes to variation in timing of reproduction and thus the establishment of population differentiation.
Sediment profiles will be quantified for spawning and adjacent reaches. We will conduct McNeil core sampling following methods in Quinn et al. (1995) to quantify the amount of sediment by size class.  From each reach we will collect sediment cores (15 cm in diameter x 30 cm deep).  These sediment samples will be sifted through nine sieves of increasingly finer mesh size: 38.1, 19.1, 13.33, 6.68, 3.33, 1.70, 0.83, 0.495, and 0.300 mm.  The proportion by mass of sediments in size classes 3.33 mm and smaller has been shown to correlate with survival-to-emergence in salmonid embryos (Quinn et al. 1995 and references therein) and so will be used as a metric for comparing substrate composition in spawning and non-spawning reaches within and between regions.  In low-turbidity reaches we will also conduct “photosieve” collections, where a 1x1m grid will be placed on the substrate and photographed for digital estimation of surface substrate composition by size.  Photosieves will be placed adjacent to every minipiezometer in the network, allowing us to quantify variation in surface substrate size within and between each spawning and adjacent reach.  The data reported by Quinn et al. (1995), augmented by subsequent collections from many other sockeye salmon populations in the Wood River and Iliamna Lake systems (Quinn, unpubl. data), will be available for comparative analysis.
Beach (lake)-spawning localities

Spawning habitats in lakes will not be directly comparable to stream-spawning sites.  At beach-spawning aggregations, we will collect surface temperature at day of sampling and will deploy temperature loggers at the center of the spawning aggregation and at the center of two areas adjacent (along the shoreline) to the spawning aggregation.  We will quantify mean, minimum, maximum, and variation in temperature as described in the stream sampling section.  Across the spawning reach, we will deploy a network of eight plaster of Paris cylinders that are used to measure surface and intragravel flow (Leonetti 1997).  The network will be replicated in two areas adjacent to the spawning aggregation.  While not directly comparable to measurements of VHG in stream reaches, this method will allow comparison between lake-spawning sites in different regions and to data collected in Bristol Bay populations at Lake Iliamna (Leonetti 1997; see Objective #3).

Physical complexity of lake habitats will be classified according to the SaRON complexity metrics for the river that the lake drains into (akin to the second hierarchical level quantified for stream-spawning aggregations).

Objective #3:  To compare ecotypic and genetic differentiation as a function of geographic distance and environmental complexity in the Kuskowkim drainage and Bristol Bay systems.

After measuring and quantifying genetic, ecotypic, and environmental diversity of sockeye spawning aggregations in the Kuskokwim system, we wish to be able to compare our results to previous studies conducted on Bristol Bay populations.  To this end, we will combine the data we have collected from the Kuskokwim system (upper Holitna River and Stony River/Telaquana Lake) with existing data from Bristol Bay (T. P. Quinn and colleagues, University of Washington).  We will extend our hierarchical analysis of variance to include Bristol Bay as another regional component of variation in genetic and ecotypic diversity.  We will also include environmental data where possible (e.g., temperature, channel complexity, beach intragravel flow rates).  

We will use principal components analysis (PCA) to array spawning aggregations along axes quantifying their similarity/divergence in 1) allele frequencies (genotypic data); 2) life-history/morphological similarity (ecotypic data), and 3) spawning habitat characteristics (environmental measures).  We will evaluate the correlations between PC axis values for ecotypic traits with values for 1) genotypic data and 2) environmental measures.  The relative strength of these correlations will inform whether ecotypic similarity is more a function of shared history (genetic similarity) or similar selective environments (environmental similarity).  These correlations will be evaluated with the pooled data set (Kuskowkim and Bristol Bay) but we will also analyze the two regions separately to determine whether the correlations differ between regions.

We will also analyze genetic and ecotypic similarity as a function of geographic distance between spawning aggregations for both Kuskokwim and Bristol Bay samples.  We will use a spatial autocorrelation technique (Moran’s I statistic; Moran 1950, Sokal and Oden 1978) that calculates a coefficient of correlation for a given trait (genotypes, morphological measurements) between sample pairs at varying distances apart, relative to the entire sample mean.  The minimum distance at which correlations become statistically indistinguishable from zero marks where geographic proximity ceases to suffice as an explanation for trait similarity.  Genetic similarity will be calculated using the multilocus correlation coefficient of Smouse and Peakall (1999) and correlation coefficients for other traits will be calculated relative to the distribution of trait values across all samples. We will conduct these analyses using both straight-line and river distances, as these represent two different processes of interest: population connectivity (river distance) and underlying geological similarity (straight-line distance).  If ecotypic and/or genetic differentiation is greater over smaller distances in Bristol Bay, then the correlograms (depicting correlation coefficients as a function of pairwise distance classes) will differ between the two regions, with correlations dropping from positive to zero at closer distances in Bristol Bay samples compared to Kuskokwim samples.

5. Results / Deliverable Products:  
Results of the project will be spatially-explicit (tied to a geographic information system), showing location and timing of sockeye salmon spawning in the upper Holitna and Stony River/Telaquana Lake regions.  Our results will include morphometric, egg-size, length-at-age, and genotypic data for each of the spawning aggregations we sample.  We will also produce habitat measurements (substrate, temperature, up- and down-welling) for spawning reaches and those reaches adjacent to spawning reaches.

Analysis of results will be reported to stakeholders as they become available, through (but not limited to) presentations at the Kuskowkim interagency fisheries meetings and at AYK SSI meetings along the way.  Our final results will be presented in their entirety to the AYK SSI.  We will also publish the results of our study in a peer-reviewed journal as we believe it will be of general interest and relevance to fisheries biologists.

Electronic versions of our data will be submitted to AYK SSI to be made available to interested parties following publication of our research.  In addition, we will provide access to the samples we collected, including tissue samples (genetics), otoliths, and digital photographs.

6. Milestones/Project Timelines: 
Objective 1. to characterize ecotypic and neutral genetic diversity within and between sockeye spawning populations 

Upper Holitna: to be completed by February 2009

Stony River/Telaquana Lake: to be completed by April 2010

Objective 2. to identify physical features of spawning habitat and to quantify environmental complexity within and between spawning locations.

Upper Holitna: to be completed by November 2008

Stony River/Telaquana Lake: to be completed by January 2010

Objective 3. to compare ecotypic and genetic differentiation as a function of geographic distance and environmental complexity in the Kuskokwim and Bristol Bay

To be completed by October 2010
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7. Performance Ability and Administrative Expertise:  
Dr. Megan McPhee is a research assistant professor at Flathead Lake Biological Station (The University of Montana).  She received her B. S. in Fisheries at the University of Washington.  She spent four summers working as a fisheries technician at the Fisheries Research Institute (FRI, UW) in the Wood River lakes system of Bristol Bay, where she learned the field methodology proposed in this study.  As part of her work at FRI she studied the reproductive behavior and morphology of female sockeye salmon (McPhee and Quinn 1998, Quinn and McPhee 1998).   During her doctoral and post-doctoral work she was trained in fisheries population genetics and has published papers on the phylogeography, population genetics, and life history of diverse fishes from multiple regions, including suckers (New Mexico), prochilodontids (Venezuela), and steelhead (Kamchatka).  Most recently she has served as an investigator on the Gordon and Betty Moore Foundation-funded Salmonid Rivers Observatory Network project (SaRON, FLBS) and has conducted sockeye salmon research on the Kwethluk River (Kuskokwim drainage).

Dr. Thomas Quinn is recognized in both hemispheres as an expert on the ecology and evolution of Pacific salmon.  He is a professor in the School of Aquatic and Fishery Sciences (University of Washington) and holds the H. Mason Keeler Professorship in Sports Fisheries Management. He is a principal investigator of the Alaska Salmon Program (formerly FRI), which focuses on research of sockeye salmon in Bristol Bay.  He has conducted extensive research on ecotypic variation of Pacific salmon, particularly sockeye salmon from Bristol Bay, and was instrumental in formulation of the concept of biocomplexity and fishery resilience (Hilborn et al. 2003, Quinn 2005, Quinn, in review).  He has authored or co-authored over 215 scientific articles on fisheries biology, ecology and evolution and recently published a book entitled ‘The Behavior and Ecology of Pacific Salmon and Trout’ (Quinn 2005).  He has mentored countless graduate and undergraduate students who have gone on to serve multiple roles in fisheries biology, management, and education.

Dr. Jack Stanford is the Bierman Professor and Director of the Flathead Lake Biological Station (The University of Montana).  He is a world authority on ecology of large rivers and was a pioneer in recognizing of the importance of hyporheic exhange for diversity and productivity in floodplains (Stanford and Gaufin 1974, Stanford and Ward 1988).  He and his colleagues at FLBS developed a conceptual model showing the importance of longitudinal (upstream-downstream), lateral (bank-channel), and vertical (hyporheic-surface) connectivity across entire river ecosystems (the Shifting Habitat Mosaic, Stanford et al. 2005). Jack has mentored countless undergraduate students in field ecology and numerous graduate students in river ecology.   He is currently the principal investigator on the Salmonid Rivers Observatory Network project (funded by the Gordon and Betty Moore Foundation) involving three nations (USA, Canada, Russia) and multiple agency, NGO, native/first-nation, and research partners.  This project applies the Shifting Habitat Mosaic to understanding the ecosystem processes that characterize pristine, salmon-producing rivers around the world and applies what is learned from these pristine rivers to the restoration of salmon rivers in the lower 48.  He is a past member of the board of the Wild Salmon Center and the Scientific and Technical Committee of AYK SSI.

Field Capabilities

All three principal investigators have extensive field experience in salmon biology and river ecology, including all of the methods outlined in this proposal.  In addition, all three have worked in remote sites in Alaska.  Of particular relevance to the AYK region, Jack Stanford has coordinated research on the Kwethluk and Aniak rivers as part of the SaRON project, including establishment of remote field camps and coordination of sampling float trips.  Megan McPhee has participated in this river ecology research and has conducted sockeye salmon research (adult sampling, tissue collections, population genetics) on the Kwethluk River.
Rather than reinventing the wheel, we will also make use of local knowledge when planning and executing our field sampling.  On the upper Holitna we will subcontract Dave Cannon who has extensive knowledge of the region, including jet boat operation and fisheries biology techniques.  On Telaquana Lake we will employ Jerry and Jeanette Mills, who have lived for many years at the ranger station at Telaquana Lake, have in-depth local knowledge, and possess formidable outdoors skills.

Research Facilities

The Freshwater Research Laboratory at Flathead Lake Biological Station will provide all of the infrastructure and instrumentation necessary to complete morphological data collection from digital photographs and to collect genotype data.  We have full capability to isolate DNA and amplify microsatellite genotypes at FLBS and will send PCR products to the Murdock Sequencing Facility at the University of Montana for capillary electrophoresis.  Megan McPhee has already optimized multiplex PCRs for the l6 loci to be used and has already generated genotype data from Kwethluk River sockeye (McPhee, Tappenback, and Stanford, unpubl. data).  FLBS also supports a remote-sensing/landscape ecology laboratory headed by Dr. John Kimball, who researches effects of global climate change on hydrological processes in boreal rivers (e.g., Kimball et al. 2004), and staffed by research associate Diane Whited, who has over 10 years of experience in remote sensing and landscape ecology (e.g., Whited et al. 2002, Whited et al. 2007).
Administrative Capabilities

Administrative and technical support will be based out of Flathead Lake Biological Station (FLBS).  Sue Gillespie is the Assistant Director of Operations at FLBS and will serve as the primary grant administrator.  She has over 20 years of experience managing multiple grants and research projects, including coordinating outreach meetings and field research with partners in Alaska, British Columbia, and Kamchatka (Russia).  She is assisted in budgeting and accounting by Judy Maseman.  We will also receive information technology support from Jeremy Nigon.  Joann Wallenburn, data management specialist, has written a computer program (SALMON) that we will use for automated data entry in the field.  All data collected in the project will be archived for long-term storage and future access by data management specialist Don Schenck.  Marie Kohler will provide editorial and bibliographic support.

8. Coordination and Collaboration with Other Efforts:  
This project will build upon previous research on sockeye in the upper Holitna basin, including projects funded by AYK SSI (e.g., Gilk, Molyneaux, and colleagues).  Although there is not any other sockeye salmon research proposed for the Holitna during our study period (D. Molyneaux, ADFG, pers. comm.), we imagine that research efforts will increase in the region as sockeye become more important to regional fisheries and intend to provide our data and samples to future research projects.  We will work closely with the SaRON project (Stanford, FLBS) by using techniques developed on that project to quantify salmon habitat by remote-sensing and ground-truthing.  Pending SaRON budget and time constraints, the protocol we describe in this proposal will also be replicated in the Kwethuk River by SaRON personnel, providing further robustness to our analysis.  In addition, our measures of spawning habitat variables and environmental complexity will be bolstered by application of the SaRON protocol to the upper Holitna in 2008 (funded by the SaRON project).  This project will complement our research efforts by measuring the linkages between river typology (derived from remote sensing), hyporheic connectivity, floodplain dynamism, and ecosystem processes related to salmon productivity (food web, marine derived nutrients, benthic food production).  These data will add substantially to our understanding of the link between habitat and ecotypic complexity in Kuskokwim River sockeye.

The impetus for the proposed study comes from decades of sockeye salmon research conducted at the FRI (University of Washington, now called the Alaska Salmon Program) field stations in the Wood River lakes system and Lake Iliamna.  Our partnership with University of Washington researchers will foster collaborative research bringing together knowledge acquired in both the Bristol Bay and Kuskokwim rivers.  We emphasize again that we are asking AYK SSI for money for data collection only in the Kuskokwim River.  However, we feel that the comparison of results from the Kuskokwim to those from Bristol Bay is crucial to a better understanding of the processes controlling salmon abundance across their range and will bring expertise and further research interest to this understudied region.
B.  Capacity Building 

During formulation of this proposal we have received valuable input and local knowledge from employees of the U. S. Fish and Wildlife Service (Dan Gilikin, Jeff Olsen), Alaska Department of Game and Fish (Doug Molyneaux and Sara Gilk), Kuskokwim Native Association (David Orabutt), and the National Park Service (Dan Young).  We will continue to interact with these individuals to the extent possible if the project is funded.
Due to the field-oriented portion of our data collection methods, we have ample opportunity to employ and consult with local residents on this project.  For the first year of sampling, we will hire a college intern through the Kuskokwim Native Association as a field technician on the project.  This student will be an integral part of our data collections and will learn standard field techniques in fisheries biology including fish sampling, DNA tissue collection, morphometrics, and measuring habitat variables.  We would like to keep this student involved in the data analysis and interpretation to the extent that he/she would like following the one month of employment.  In addition, we will encourage this student to seek out additional research questions that could be addressed while we are in the field or could form the basis for additional work in the future.
The Holitna and Stony Rivers pass through three native villages:  Sleetmute, Stony River, and Lime Village.  We have spoken with traditional council leaders of two of these three villages (Sleetmute and Stony River) and attempted to contact Lime Village (further attempts will be made if the project is funded).  Due to the mode of access to our two different sampling regions, we will most likely be able to visit Sleetmute to discuss our project next July if funded.  We will not be passing through Stony River and Lime Village en route to the Telaquana Lake site but will keep traditional council leaders abreast of our activities.  We also plan to present our ongoing work at the Kuskokwim interagency fisheries management meetings and AYK SSI meetings, allowing further collaborations with and suggestions from local fishermen and residents.
Consultations to date include:

 1) Dan Gilikin, U. S. Fish and Wildlife Service, Yukon-Delta National Wildlife Refuge

 2) Dr. Jeff Olsen, U. S. Fish and Wildlife Service, Conservation Genetics Laboratory

 3) Sara Gilk, Alaska Department of Game and Fish

 4) Doug Molyneaux, Alaska Department of Game and Fish

 5) David Orabutt, Kuskokwim Native Association

 6) Dan Young, National Park Service, Lake Clark National Park & Preserve

 7) Dave Cannon, private consultant, Aniak

 8) Pete Mellick, Sleetmute village traditional council

 9) Mary Willis, Stony River village traditional council

10) Dr. Jim Seeb, University of Washington

11) Dr. Fred Allendorf, The University of Montana

12) Dr. Kristina Ramstad, Victoria University of Wellington
C.  Matching Funds / Partner Contributions 
Although not formally supplied and accounted for on this project’s budget, Dr. Tom Quinn will provide substantial time and effort on analysis, interpretation, and writing of the results of this study.  His salary is paid by the University of Washington.
III.  Budget
See attached file “McPhee_AYKSSI_Budget2008.xls”
A. Project Costs:  
· 100 - Personnel (including Fringe Benefits):  
As lead investigator, Megan McPhee (MVM) will charge the most time to this project.  She will conduct the field preparation (ordering supplies, arranging travel), lead the fieldwork for both seasons, conduct the genetics and morphometric data collection, and lead the data analysis and writing efforts.  She will also be the primary spokesperson of the project, presenting results at AYK SSI meetings and Kuskokwim interagency fishery management meetings.  Time is budgeted as 96 hours for preparation before the first field season, 900 hours for each field season, including field work, genetics and morphometrics data collection, and concurrent data entry and analysis, and 160 hours post-data collection for final analysis, writing, and outreach.  Total cost (including fringe): $81,359.
Jack Stanford (JAS), as co-P.I. and principal liaison to the SaRON project, will devote time and effort in the field on the upper Holitna site during the first field season, overseeing habitat data collection and working to integrate SaRON data collection with the objectives of this project.  Total cost (including fringe) for 28 hours: $3,286 (the SaRON project will cover the rest of his time on the Holitna River).  
Diane Whited, remote sensing/landscape ecology specialist, will be employed to conduct the remote sensing habitat classification. She will spend 80 hours for each of the two data collection years for a total of $6,313 (including fringe).

Joanne Wallenburn, data management specialist, will adapt her existing data collection software SALMON to a new program tailored specifically for the data collection of this project.  She is budgeted for 16 hours prior to the first field season and for 8 hours each for the next two field seasons (adjustments and trouble-shooting).  Total cost (including fringe): $947.  Jeremy Nigon, information technology specialist, is budgeted for 12 and 8 hours for the two data collection years respectively, to provide computer systems support and data backup implementation.  Total cost (including fringe): $697.

For all UM employees (Flathead Lake Biological Station), salary was calculated based on existing per-hour research rates and incorporating standard UM yearly increases and fringe rates, which cover standard federal contributions (e.g., social security, Medicare) and benefits including health insurance, sick leave, and annual leave.

We also will employ a college intern through the Kuskokwim Native Association (identity yet to be determined) at the going rate of $3000 per month plus indirect costs.  The following field year we will employ Jerry and Jeannette Mills, who are currently volunteers at the Telaquana Lake Ranger Station (National Park Service).  We have agreed to compensate them for their time at the same rate we will pay the KNA college intern, for a total cost of $3,000 (no indirect; Dan Young, NPS, pers. comm.).
· 200 - Travel: 
Data collection and analysis:
The first trip associated with this project will be to Aniak for staging of the first field data collection effort in the upper Holitna.  Commercial roundtrip flights for Kalispell (FCA) to Anchorage (ANC) will be booked during FY08 for MVM and the FLBS volunteer.  Lodging for two nights in Anchorage and a rental car for three days will also be provided (and booked during FY08) to give these two personnel time to finalize field equipment/food purchases and to arrange air cargo of these goods to Aniak.  Total cost, FY08, $3,540.  The remainder of travel associated with the Holitna field trip is budgeted for FY09, including airfare for JAS to/from FCA-ANC, hotel accommodations in Anchorage for one night for JAS, and per diem for all three (MVM, JAS, FLBS volunteer) while in Anchorage and the village of Aniak (at $36 per day).   Lodging for MVM, JAS, and FLBS volunteer in Aniak (two nights total per person) will be at the KNA bunkhouse at $100 per night.  Lodging for the KNA college intern will be covered by KNA.  We will also charter 2-3 float plane trips from Aniak to Kogrukluk weir, to transport personnel and equipment that will not fit on the jet boat trip from Aniak to the weir (jet boat covered in contracted services).  Accommodations in Anchorage are also requested for MVM, JAS, and FLBS volunteer upon return from Aniak as it is not usually possible to complete travel from Aniak to FCA in one day.  MVM and the FLBS volunteer will also spend time in Anchorage arranging air cargo transport of field equipment and camping gear from Aniak to Iliamna via Anchorage.  Total travel for the Holitna trip (FY09): $11,297.
The second field trip will involve travel from Flathead Lake Biological Station to the FRI camp at Iliamna, from which we will stage our trips to Telaquana Lake.  We will book flights for MVM and FLBS volunteer to/from FCA-ANC.  We will charter ANC-Iliamna flights through Iliamna Air Taxi.  University of Washington will provide ground transportation and housing at their FRI Iliamna camp (no charge to AYK SSI). Ground transportation and lodging in Anchorage for MVM and the FLBS volunteer will also be requested coming and going FCA-ANC (one night each direction).  We will charter the Beaver from Iliamna Air Taxi to transport MVM + volunteer and field equipment/camping gear from Iliamna to Telaquana Lake, where we will meet the remaining two field technicians (NPS).  Total travel (FY10):  $15,200.
Two trips are budgeted for Tom Quinn to travel from Seattle to Flathead Lake Biological Station, including airfare SEA-FCA, lodging at FLBS, rental car, and per diem.  The purpose of these visits are to analyze data and work on writing up of final project.  Total cost (FY10): $960, (FY11): $1,015.

Outreach

MVM will travel to Anchorage during each year of data collection to report results and ongoing analyses to the Kuskokwim interagency fishery management meeting. Budgeted amount includes airfare, lodging in ANC, ground transport, and per diem.  Total cost (FY09): $1,800, (FY10); $1,800.  A final meeting to Anchorage will take place in FY11 when MVM will present final product to AYK SSI. Total cost: $1,800.

· 300 - Contractual:  
In FY09 we will contract Dave Cannon, from Aniak, to provide jet boat transport (including gas and maintenance) from Aniak to Kogrukluk weir and to field sites from Kogrukluk weir. We will also contract his services as a fishery biologist/field technician.  Total cost:  $18,000.
We will also contract the Murdock Laboratory Sequencing Facility to run our microsatellite PCR products on the 3130xl Genetic Analyzer at a cost of $1.20 per multiplex sample.  Total cost (FY09): $3,500, (FY10):  $3,500.

We will also contract an otolith reader (to be identified) to grind otoliths and score them for fresh- and salt-water ages.  Total cost (FY09): $5,000, (FY10): $5,000.

· 400 - Supplies:  
To collect field data it will be necessary to spend 2-3 days at each spawning aggregation.  We will be camping on gravel bars for most of the field season, as well as camping at Kogrukluk weir and Telaquana Lake when at base camp.  Therefore we need to purchase camping equipment (tents, pads, sleeping bags, stove, cooking equipment, safety equipment including satellite phone, etc.) for the crew.  Initial outlay for camping equipment will be $2,600 in FY08 (purchased before beginning of the FY09 field season).  Field equipment will include waders for crew, seines for capturing fish, calipers for measuring fish, a digital SLR for photographing fish, a water-proof laptop for recording data in the field, spare batteries, totes, Pelican case for camera, cryovials, Whirlpaks, ethanol, formalin, clove oil, write-in-rain paper labels and field journals.  Initial outlay (purchased in FY08 prior to FY09 field season):  $9,000.  FY08 will also incur communications and recruitment expenses for organizing field trip and recruiting the FLBS volunteer ($300).
During FY09 we will also spend $1,500 on food and propane (including transport) and the same amount again in FY10 for the Telaquana Lake trip.  It will cost approximately $3,000 for air cargo transport of camping and field equipment from ANC to ANI (beginning of Holitna trip), ANI-ANC (end of Holitna trip), and ANC-Iliamna for storage at UW Iliamna camp for next year’s use in Telaquana Lake (all spent in FY09).  We have budgeted $1,000 for camping equipment repair/replacement and $1,000 for field equipment repair/replacement for FY10.  We will spend $1,000 in air cargo/freight charges to get equipment from Iliamna back to Flathead Lake Biological Station (FCA).  We will also incur $500 per field season in communications charges, including satellite phone coverage during the field season.  For FY10 we ask for $1,020 paid directly to National Park Service for fuel and maintenance of their boat for operation at Telaquana Lake.
To collect microsatellite genotypes, we will need to purchase genotyping consumables including primers, tips and tubes, PCR plates, and Qiagen PCR multiplex mix.  The initial outlay (FY09) will be $3,500, followed by an additional $1,500 in FY10.

During the final year (analysis and writing), we request $300 (FY11) for communications (long distance, printing, publication costs).
· 500 - Equipment:   
We must purchase a Trimble hand-held global positioning system (GPS) unit.  Standard Garmin handheld units are too error-prone to allow accurate ground-truthing of remote sensing and adequate stream discharge mapping.  Furthermore, we need this unit to accurately find thermal data loggers deployed over a year’s time.  Total cost, $7,500.
· 600 - Indirect Costs:  
Indirect costs: UM uses an indirect rate of 41.5% on all direct costs including salaries, travel, supplies and contractual work up to $35,000.  The rate for the Kuskokwim Native Association (including college intern salary) is 17.39%.  The National Park Service imposes no indirect rate on the costs associated with this project (Dan Young, NPS, pers. comm.).  We have uploaded documentation from UM and KNA describing indirect costs.
· Funds other than AYKSSI / Matching Funds:   

Not applicable.
B. Federal Proposing Agencies:  
Not applicable.
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