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-$5,000Field camp setup (weatherport, heater, etc.) from NSEDC
· $20,000 in 2 riverboats and motors from NSEDC

· $12,250 in salary and benefits of ADF&G FB IV (2.0 months / 40 days)
· $3,750 in salary and benefits of ADF&G FB II / programmer – 0.75 months for mapping

· $12,000 in salary of NSEDC lead / Fish Biologist -  2.0 months (40 days)

Study Location:
Fish River watershed, including major tributaries.
Abstract:

Habitat-based production models allow estimates of salmon production to be developed from known characteristics of the habitat.  Such production estimates can be especially useful in Norton Sound, which has no biological escapement goals for coho salmon, and limited understanding of the relationship between habitat and production.  We will test the hypothesis that coho salmon smolt (and subsequent adult) production can be predicted from indicators of watershed size, among watersheds with contrasting habitat quantity and type, by testing models that appear effective in one watershed (Nome River) in two sub-drainages with differing habitat on another (the Fish River).  If transferable, it increases the confidence that production models can be rapidly and inexpensively generated on a range of 3rd through 5th -order watersheds throughout the region, yielding biologically-based estimates of the requisite adult spawners.  Our testing will entail capture and marking juvenile salmon to estimate abundance, providing a value-added research platform to address other high priority needs stated in the RFP.  We will mark and tag juvenile salmon with methods that allow computation of freshwater survival during downstream migration, and subsequent marine survival.  Our field validation of habitat use predictions will allow assessment of some of the abiotic and biotic variables driving the abundance and distribution of juvenile salmon (especially Chinook and coho) in AYK watersheds.  The empirical sampling to test the models will also generate hard data useful to current issues on the Fish River, where there are concerns over a lack of enough adult coho to satisfy demands for harvest and escapement.  Smolt production and marine survival data will allow adult spawner returns to be estimated, which can then be compared to historic returns to assess the likelihood of underescapement and the potential for harvest demand to exceed supply.                      
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I.  INTRODUCTION 

Overview of proposed work

This project will allow application of a habitat-based model on two watersheds with high contrast, representing a range of watershed types used by coho salmon (Oncorhynchus kisutch) in Norton Sound and the larger AYK region.  Data are already being collected in 2007 and 2008 on the Nome River, a relatively small, high-relief river. Pairing the Nome River concurrently with a larger, lower-relief river will allow two divergent systems to be compared while effects such as marine regimes and local climates are common to both, helping to isolate differences due to freshwater habitats.  This second river should be the Fish (Figure 1) because it provides the needed watershed contrast, will be a reasonable surrogate for other tributaries in the Yukon and Kuskokwim drainages, and has current concerns about coho salmon production that this project will help address.

The study on the Fish River will test the hypothesis that habitat-based models suitable for the Nome River can effectively predict coho salmon production among watersheds with moderately different habitat types – e.g., that elements of the size of the watershed exert enough influence over production to override internal differences in habitat types.  The study will conduct additional field tests to help explain departures from this hypothesis, along with alternative reasons for the observed decline in Fish River coho salmon abundance.  In this way, we will 1) examine the transferability of a habitat model to two divergent watersheds (thereby evaluating the inherent transferability throughout the region), 2) test other factors that may explain recent observed declines in local coho salmon populations, and 3) generate concurrent population data from two proximal populations, thereby learning how much interpopulation variability there is among things like smolt age, migration timing, and marine survival.  All of these will address pressing questions about Fish River coho, establish baselines for the watershed, address questions about ecological relationships, and indicate whether habitat relationships are strong enough to be applied across watersheds with different quantities and types of habitat.  Successful transfer of habitat relationships will allow adult production to be estimated from remote data, and thus be used for habitat-based escapement goals.
Background and history of the problem

There are currently no biological escapement goals (BEGs) for coho and Chinook salmon in Norton Sound watersheds (Brannian et al. 2006).  Recent progress in the nearby Nome River indicates habitat-based models developed in other regions of North America appear capable of accurately predicting a range of smolts that can be produced by the Nome River.  When inserted into a life cycle model, this quantity of smolts accurately predicted the average number of adults that returned to the Nome River over the next 5 years.  If such relationships hold true in other Norton Sound Rivers, it may be possible to use habitat to predict smolts, then use the smolt estimate to compute the number of adult that should be allowed to escape to the watershed (e.g., Nickelson 1998; Bocking and Peacock 2005).  However, this relationship should be tested across divergent systems with differences in habitat to account for watershed diversity within Norton Sound.  
Coho returns collapsed in most area drainages in 2003 (e.g., Table 1).  The Fish River was slower to rebound, which led to worries that an increase in harvest pressure was not sustainable.  Such increases are believed to be from subsistence fishers from outside the watershed and from recreational anglers, with access facilitated by a road system to the upper drainage of the watershed.  Overall, there is a fear that production may not be able to keep up with demand, more so than for other rivers in Norton Sound.  
Our approach, and the scientific background and literature

Our overarching hypothesis is that production has a relatively consistent relationship with habitat, and that the same relationships that appear accurate on the Nome River will also apply to the Fish River.  If so, we should be able to estimate the amount of habitat in the drainage (Figure 1), then predict the number of smolts it should produce.  This smolt number can be inserted into a life cycle model (Nemeth et al. 2007) to compute the number of adults needed to seed the habitat with smolts.  Concurrently, we will examine three things to help explain any departure from this expected relationship.

a) Differences in vegetation, gradient, ice cover.
b) Differences in marine survival.
c) Elevated predation rates from northern pike (Esox lucius).
Incorporating freshwater rearing habitat into escapement goals holds promise for coho salmon because of the consistent, documented relationship between freshwater habitat and coho abundance.  Empirical data indicate that coho smolt abundance is poorly correlated with parent spawner abundance; instead, it is most likely a function of freshwater rearing habitat quantity and quality, and can be modeled based on a relatively simple set of stream characteristics (Bradford et al. 1997). As a result, habitat-based escapement goals are being discussed and used outside of western Alaska (e.g., Bocking and Peacock 2005).  If habitat affects Norton Sound coho salmon to the same degree as in other places, an approach that uses habitat estimates to generate adult escapement ranges may be a cost-effective way to determine escapement goals for Norton Sound coho salmon.  Progress has been made towards this in the Nome River; funding this project would yield a paired study, covering watersheds that differ in habitat type and drainage area, thereby examining the transferability of these models.  If the estimates agree between rivers, it would be relatively easy and cheap to estimate potential production throughout the rest of Norton Sound using features from a topographic map.  If the estimates do not agree, the results from the Fish River will provide stand-alone benefits to fisheries management and ecology in this system.

The smolt abundance work will also serve as a research platform for tagging smolts to estimate marine survival, which will serve two important purposes.  First, it will give a second, independent estimate of smolt production from the year before.  This backup estimate is useful as it will help estimate how much bias we have using the two-site method (described in Methods section, below).  Second, it tells us where the mortality between generations is happening (freshwater or marine).  Such partitioning is useful to our study; it will also provide a concurrent comparison to survival estimates from the nearby Nome River, thus informing us as to the level of variation among proximal rivers in Norton Sound.

	Table 1.  Adult coho salmon escapements to three rivers in northern Norton Sound.  Empty cells are those that either predate the counting project, or indicate years in which project operation did no effectively count coho.  Note the declines in all rivers in 2003. Data from Kent 2007 and Menard and Kent 2007.

	Year
	Niukluk River
	Nome River
	Kwiniuk River.

	
	
	
	

	1995
	4173
	
	

	1996
	12781
	
	

	1997
	3994
	
	

	1998
	NA
	
	

	1999
	4260
	
	

	2000
	11382
	
	

	2001
	3468
	2418
	9532

	2002
	7391
	3418
	6459

	2003
	1282
	548
	5490

	2004
	2064
	2283
	11240

	2005
	2727
	5848
	12950

	2006
	11169
	8500
	22341

	2007
	3500
	2400
	9429

	Mean from 2004-2007
	4865
	4758
	13990

	Mean of all years
	5683
	3631
	11063


II.  PROJECT DESIGN  

A.  Objectives and Project Design .  
Our overarching hypothesis to test is: Coho salmon smolt (and subsequent adult) production can be predicted from indicators of watershed size, among watersheds with contrasting habitat quantity and type.
1. Project Objectives: 

1. Predict, then verify, coho smolt production from two sub-drainages with contrasting habitat in the Fish River watershed;

2. Estimate the number of adult salmon needed to produce both the predicted and the observed numbers of smolts

3. Evaluate 3 potential factors likely to explain the departures from expected within the Fish River, and between the Fish and Nome rivers
a) Estimate smolt survival while migrating through known pike habitat in the lower Fish River;
b) Compare marine survival between coho salmon from the Nome and Fish rivers;
c) Compare differences among drainages (Nome, Niukluk, upper Fish rivers) in winter habitat loss due to freezing, in forest cover, and in mainstem gradient.

2.  Justification:    

This project will address and/or provide data for two questions of special concern in the AYK SSI’s 2008 RFP, and four high-priority hypotheses, as follows:

Question of special concern #1:  Are there adequate indicator stocks for understanding and predicting fish abundance, and evaluating and setting escapement goals?  Incorporating the Fish River into this model will indicate whether different indicators are needed for different systems – and if so, the Fish can then be used for larger, forested rivers in Norton Sound, and similar-size tributaries in other regions.  

Question of special concern #2: What are the abiotic and biotic variables driving the abundance and distribution of smolts and juvenile salmon in AYK watersheds? The project will address this question by measuring coho smolt abundance in relation to habitat, and by examining production in relation to differences in summer habitat, differences in winter habitat, differences in the presence of a known predator, and with respect to marine survival.  

High priority hypothesis 8: Escapement goal setting to ensure sustainable fisheries can best be accomplished by using stock-recruitment models in combination with life-history and habitat-based modeling; and, High priority hypothesis 2: Spawning escapement and subsequent egg deposition are important determinants of the abundance of the next generation of salmon. The study will provide a time series of juvenile production, thereby indicating whether juvenile populations fluctuate in response to adult abundance (Hypothesis 8).  The measurements of smolt production will help determine whether adult run size is better correlated with size of parent year class or smolt cohort (Hypothesis 2).

High priority hypothesis 10: A combination of demographic and ecosystem variables affects the variability of salmon returns in the AYK region. This project will establish baseline data that can be used for describing future change in the watershed.  These data can be used by other scientists who currently propose to use high-resolution imagery to identify the effects of ecosystem components on coho distribution.  

High priority hypothesis 1: Marine survival of salmon is more affected by variability in ocean temperature and environmental variables than by variability in marine fishing mortality. The project would supply the empirical marine survival data needed to examine such variability.  

Importance and anticipated benefits of each objective:

Objective 1 (Predict, then verify, coho smolt production from two sub-drainages with contrasting habitat in the Fish River watershed).  This objective is important because it will yield stock-specific estimates of fish production, while evaluating whether relationships in the Nome River system are useful predictors in another watershed with differing habitat.  The two main subdrainages of the Fish River are the Niukluk and upper Fish rivers.  Both have approximately 4 to 5 times the length of habitat that the Nome does; the Niukluk is more similar to the Nome in gradient and forest cover, whereas the upper Fish is more similar to lower-gradient, forested streams in Norton Sound.  The benefits of this will be:

· Estimates of juvenile production in both the Niukluk and the upper Fish River drainage in 2009 and 2010.

· Evaluation of the ability to transfer habitat-based models among streams in Norton Sound, for the purpose of developing habitat-based escapement goals for multiple, unmonitored rivers in the region.

Objective 2 (Estimate the number of adult salmon needed to produce both the predicted and the observed numbers of smolts).  This objective is important because the Fish River is the only one in the area in which coho returns have not rebounded to levels preceding a region-wide decline in 2003 (Table 1).  This lack of observed production is of special concern because of increased pressure from subsistence fishers from outside the watershed and from recreational anglers, with access facilitated by a road system to the upper drainage of the watershed.  The benefits of this are that we will generate an independent estimate of the number of adults that can be supported by the habitat in each of the Niukluk and upper Fish River drainage, thereby indicating whether observed escapements represent an apparent depressed abundance. 

Objectives 3a, 3b, 3c (Estimate smolt survival while migrating through known pike habitat in the lower Fish River; Compare marine survival between coho salmon from the Nome and Fish rivers; Compare differences among drainages (Nome, Niukluk, upper Fish rivers) in winter ice cover, vegetation, and gradient).  These objectives are important because they represent three potential explanations for why we might see differences between predicted vs. expected production, either between the Nome and Fish drainages, or between the two main branches of the Fish (the Niukluk and upper Fish rivers).  In addition to helping explain our results, each of these will provide stand-alone benefits:

· Estimates of migration time and survival rates through the potential predation corridor of pike on the lower Fish River.  This will indicate whether smolts from the upper drainage incur high mortality before even reaching the sea, which has been proposed as a reason for suppressed production of Fish River coho salmon.
· Concurrent marine survival estimates for multiple years in two proximal drainages (the Nome and Fish rivers).  Coupling the marine survival estimate from the Fish River with an assessment of freshwater production will help indicate whether reduced Fish River production is due to marine or freshwater problems.  Making it concurrent with the Nome River estimates would add the component of spatial variability, which would have value throughout the region.

· Estimates of winter ice distribution and extent in potential juvenile coho habitat.  This will indicate whether there are differences in the extent and severity of ice among rivers, and whether this difference occurs in areas predicted to be juvenile rearing habitat.  If so, it will help indicate whether some drainages have inherently low production due to a lack of overwinter habitat.     
3. Project Impacts/Outcomes/Evaluation of Project Objectives: 

Objective 1
Project impact

Primary impact will be 1) Stand-alone estimates of smolt production in each of the two main sub drainages of the Fish River in 2009 and 2010, 2) Identification of stream reaches that are likely rearing habitat, based on known relationships from other studies (e.g., Figure 2), and 3) Evaluation of the transferability of habitat relationships among Nome River sub drainages.

Performance measures and metrics

Three different estimates of smolt production will be reported, with means and confidence intervals explicitly stated.  The model inputs for all estimates will be described in all annual reports.

The predicted smolt estimates will be ground-truthed with actual estimates of production from mark-recapture studies over two years.  The agreement of the observed and expected will be described and discussed.  Assumptions and any violations of the mark-recapture methods will be stated.

The predicted distribution of smolts within the drainage will be evaluated by ground-truthing a subsample of streams.  The accuracy of this sampling will be quantified, and any departures from expected will be discussed.   
Objective 2
Project impact

The number of adults needed to produce the smolt estimates will yield the first habitat-based estimates of adult escapement capacity in the drainage.

Performance measures and metrics

The range of spawners needed to seed the habitat in the life cycle model will be reported.  This will be compared quantitatively with the number observed at the Niukluk tower since 1995, and calculated by ADFG from mark recapture studies (Todd and Balland 2006).  Differences between expected and observed will be quantified and discussed in terms of the relative certainty of different components of the life cycle model.

Objectives 3a, 3b, and 3c

Project impact

In total, these three will help explain differences between expected and observed smolt production per km of habitat in the two sub-drainages.  Individually, they will also provide the following stand-alone products:

· Estimates of migration survival through a 20-km stretch of the lower river;
· Documentation of predation/no predation by pike on coho salmon; 

· Estimates of marine survival of coho salmon from the Nome River, and estimates of spatial variability based on comparisons of survival from the Nome River
· Identification of major habitat features on the Nome, Niukluk, and upper Fish River that may explain any observed differences in production
Performance measures and metrics

· Confidence intervals of all survival estimates through the lower river;

· Reporting of the proportion of pike that feed on coho salmon, along with stomach fullness of those pike, and size structure of the documented predators;

· Confidence intervals of all estimates of marine survival, with qualitative assessment of the strengths and weaknesses of the mark recapture methods;

4. Methods: 
Objective 1 -  Predict, then verify, coho smolt production from two sub-drainages with contrasting habitat in the Fish River watershed. This part of the project will test the hypothesis that measures of habitat quantity – filtered for gradient and stream size – can predict the range of smolts actually produced from a drainage.
Prediction and verification of useable rearing habitat

The expected distribution of coho rearing habitat within the Fish River will be estimated from topographical maps.  To be considered potential coho rearing habitat, stream reaches will be required to be 2nd order or higher (Strahler 1957), have gradients less than 8%, and be no more than 2 branches off the mainstem Fish River, following the methods of Bocking and Peacock (2005).  Sampling on the Nome and North River for 2 summers showed that these criteria effectively identified coho salmon rearing reaches (Nemeth et al 2004).  Total kilometers of stream (including mainstem and tributaries) meeting model criteria will then be calculated using digital topographic maps (scale=1:63,360) and ArcView 3.1 (ESRI, Redlands CA).    

Representative 2nd, and 3rd –order tributary streams will then be identified and targeted for sampling (minnow traps and electrofishing, as appropriate) in August 2008 to ground-truth assumptions about coho distribution.   These results will be used adjust the map-based estimates of available coho habitat.  
Estimates of coho smolt production under varying scenarios of production per habitat unit.  

Once the available coho rearing habitat is quantified and ground-truthed, three models will be used to predict coho salmon smolt abundance from the entire watershed, and from each of the two major branches.  These models will be based on habitat relationships that appear accurate on the Nome River (Nemeth et al. 2007), and were developed over 40 years on 113 streams in southeast Alaska, British Columbia, Oregon, and Washington (Bocking and Peacock 2005).  Model 1 will estimate smolt production based on the log-linear relationship between stream length and smolt production derived from this 113-stream dataset.  Model 2 will estimate smolt production based on the median smolt production per km from the 113-stream dataset.  Model 3 will estimate smolt production based on the 25% quartile for the 113-stream data set, i.e., the subset of streams observed to have unusually low smolt production over many years.      
Empirical estimates of coho salmon smolt abundance – sample sizes
This estimate will be tested using a mark-recapture study to measure actual smolt production in 2009 and 2010.  The review comments on our pre-proposal asked that we justify juvenile sample sizes.  To do so, we have created an initial map of the Niukluk drainage (Figure 2) that estimates 364 km of stream rearing habitat in streams 3rd order and higher.  Based on Model 2 developed for the Nome River (and before filtering for stream gradient and branching), this would yield a mean smolt estimate of 461,000 (95% CI = 316,000 – 748,000; Nemeth et al. 2004).  

Based on experience in the Nome River, one sampling crew can handle and mark approximately 30,000 to 40,000 smolts from 2 nets, if other duties are limited.  If the Niukluk and upper Fish each produce roughly 461,000 smolts (920,000 total), a mark group of 40,000 would represent 4% of the smolt production.   In the Nome River, half of this mark rate (2%) resulted in a confidence interval of +/- 10% (Williams et al 2006a).  Thus, it seems realistic that the crew can capture, handle, and mark the number of coho needed to produce a population estimate with good (~10%) precision.

Smolt capture - locations, timing, and gear
Juvenile coho salmon will be captured and marked at two sites in the upper drainage, just upstream of the confluences of the Niukluk and upper Fish rivers.  These sites, A1 and A2 (Figure 1), will yield a separate population estimate for each drainage.  Fish will be captured and marked from early June through July, covering the period of peak emigration on the Nome River (Williams et al. 2006a).  It is likely that 2008 will be a pilot year to verify the best sites for 2009 and 2010.  Gear will be fyke nets, shown to be effective even during ice-out for catching suitable numbers of outmigrating smolts in the Nome River (Williams et al. 2006a).  Fish from each drainage will be marked with separate temporary fin clips (upper and lower caudal fins).      

Smolts will be recaptured low in the Fish River at Site B, near the village of White Mountain (Figure 1).  Sampling will be conducted during the same time, using a rotary screw trap.  All coho captured at Site B will be tagged with coded wire tags (CTW).  CTWs can be placed upon arrival in 2008, making this site immediately useful even if the upstream sites are in a pilot year.  A third site downstream, Site C, will be used for the survival study.   

All sampling gear will be operated for 24 hrs a day, 6 days per week during the operation dates, using 1 crew for Sites A1 and A2, and another for Sites B and C (Figure 1).  Gear will be checked twice daily, at approximately 12 hour intervals.  At each check, the number of juvenile coho captured will be recorded and subsampled for length, scales, and weight.  All scales were sent to Birkenhead Scale Analysis (Lone Butte, B.C.) for aging.  Smolts will separated from pre-smolts using a combination of age, length, and visual evidence of smolting (Williams et al. 2006a).
Calculation of smolt abundance
All coho captured at Site B will be screened for the clips applied at Sites A1 and A2.  Abundance of coho salmon from sites A1 and A2 will be calculated according to the Peterson estimator with Chapman’s correction for bias (Ricker 1975), per notation in Carlson et al. (1998).
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Total smolt abundance is
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All fish captured at Site B will be given a final mark (temporary caudal hole punch) to prevent duplicate counts.  This final mark will also serve as the mark needed for Site C (as part of downstream survival estimate). 
Objective 2 - Estimate the number of adult salmon needed to produce both the predicted and the observed numbers of smolts.  This part of the project will test the hypothesis that the number of adult spawners needed to seed the habitat can be back-calculated from smolt production (either observed or predicted).  
The number of adult coho salmon needed to produce the range of smolts predicted by each Models 1, 2, and 3 (above) will be estimated in a life cycle model, with parameters of fecundity, egg deposition, and the survival rates from egg to fry and from fry to smolt (e.g., Nickelson and Lawson 1998).  Survival estimates from egg to fry (7.6%) and fry to smolt (19.8%) were taken from Bradford (1995).  Fecundity will be set at 5,335 eggs per female, based empirical data from the Unalakleet River coho population (Nemeth et al 2004).  Egg deposition by spawning females will be considered to be 100%, an unrealistically high number chosen because there are no data to help indicate actual egg deposition rates.  This will yield three ranges of adult spawner estimates for both the Niukluk and upper Fish Rivers, with means and confidence intervals.  These ranges will then be compared to returns to the Niukluk River from 1995 through 2007.     

Objective 3a - Estimate potential pike predation on coho smolts migrating through known pike habitat in the lower Fish River.  This part of the project will test the hypothesis that coho smolts suffer unusually high predation while traveling through pike habitat in the lower Fish River.  
The overall approach will be to verify pike presence and predation on coho through a study corridor, then calculate the survival of coho salmon.  This survival will generate a maximum potential mortality due to pike, which can then be used in assessments of the overall effects of pike on coho salmon in the drainage.  Rutz (1999) found that 59% of pike feeding in the Susitna River had coho salmon in their stomachs; if pike in the Fish River feed on coho at similar rates, it could account for a measurable decrease in smolt production per km of habitat in the watershed.  
Smolt survival
To test this hypothesis, we will use the same fish marked for the population estimates in the Niukluk and upper Fish rivers.  The proposed methodology is derived from those used annually to estimate smolt survival through hydropower projects in the Columbia and Snake rivers (e.g., Skalski et al., 1998; originally developed by Burnham et al., 1987).  LGL has conducted many such survival studies in the Mid-Columbia River (e.g., English and Labelle, 1999; English et al. 2001; Robichaud et al. 2003a, b).

Fish will be captured and marked, and released at sites A1, A2, and B.  Each will get a separate mark – upper caudal, lower caudal, and an adipose fin clip (at Site B, as part of coded wire tagging).  All these fish will be recaptured downstream at Site C, just downstream of site B.  Two parameters will be estimated from the mark and recapture efforts: the proportion of fish marked at A that survive and are detected at C (SAC); and the proportion of fish marked at B that survive and are detected at C (SBC).  

Conceptually, the survival estimation works as follows:  Fish released at site A will be recaptured at site C if they survive capture, handling, release, movement between point A and B, movement between point B and C, and if they encounter and are entrained in capture gear at C.  Fish released at site B will be recaptured at site C if all of the above conditions apply, except that they do not move from point A to B.  Thus, if all else is equal between release groups (capture, handling and release survival; recapture probability at C; and survival from B to C are the same for both groups), then the fish released at B act as a control group for those released at A (the only difference between them is the fact that one group moved from A to B and the other did not), hence the survival from A to B can be calculated as the ratio:
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Pike predation
The presence of pike between the upper (Sites A1 and A2) and lower (Site B) parts of the study will be verified with hoop nets and gill nets (Scanlon 2006).  A subsample of 100 pike will be retained for stomach contents analysis, using methods described in Nemeth et al (2003).  
Objective 3b - Compare marine survival between coho salmon from the Nome and Fish rivers.  This part of the project will test the hypothesis that coho salmon from the Fish River incur high marine mortality, either in absolute terms or relative to the Nome River.  
To do this, juvenile coho captured at Site B will be marked with coded wire tags in 2008, 2009, and 2010.  Adults returning from 2009 through 2011 will then be captured and examined for tags to estimate the marine survival.  A power analysis will be used to determine the number of adults to examine for high precision.  The review comments on our pre-proposal asked that we justify adult sample sizes.  If smolt production in the watershed is approximately 920,000 fish (see Objective 1 methods, above), and a field crew in the lower river can capture and implant between 30,000 and 50,000 fish with coded wire tags (reasonable based on Nome River work: Williams et al 2006b), then we would need to recapture and examine between 1,215 and 2,069 adult spawners returning the next year to yield a power suitable of management (alpha=.55, A= .25, D = 69.9; Robson and Regier 1964).  If the Niukluk tower indexes 40% of the run (Todd and Balland 2006), the average return to the Fish River watershed has been 14,206 (Niukluk mean = 5,683 fish, Table 1).  Our sample requirements (1,215 to 2,069 adults) would be from 9% to 15% of the run, depending on how many tags we placed in juveniles.  In the Nome River, we examined approximately 10% of the run in part-time sampling (Williams et al. 2006b).
Salmon capture and tagging 

Juvenile coho salmon will be coded wire tagged and released, using tagging and anesthesia methods described in Williams et al (2006b).  The adipose fin will be clipped to distinguish tagged fish upon return as adults.  During each tagging event, a sample of coho will retained overnight for evaluation of tag retention and tagging-associated mortality.  The greatest number of coded wire tags were implanted in those fish thought to be smolts, based on size (>80 mm), age (Figures 2 and 3), and appearance.  Tag retention rates were calculated using a binomial proportion (Carlon and Hasbrouck 1993), to arrive at an estimate of the total number of live, tagged smolts released.   

Marine survival estimate 

Adult coho salmon returning to the lower Fish River will be captured with beach seines and examined for adipose fin clips and CWTs.  Marine survival will be calculated using that proportion of coho that were tagged with CWTs in 2008, 2009, and 2010 and returning the next year (Baxter and Stephens 2005).  The total number of tagged fish returning as adults each year will be estimated as:

Nm = (m2/M2) * N^R 
(2)

Where Nm is the total number of adults returning to the watershed with tags, M2 is the number of adults examined for tags, m2 is the number of adults in which tags were detected, and N^R  is the total return of adults that year (including inriver harvest).  Total adult return will be calculated from the Niukluk River count tower, with an expansion to account for the rest of the drainage.  The proportion varied from 36% in 2005 to 41% in 2006, based on work by ADF&G (Todd and Balland 2006; Todd, unpublished data).  
Marine survival will then be calculated by dividing the estimated number of adults returning with tags by the number of smolts originally tagged:

S2 = Nm / n1
(3)
Objective 3c - Compare differences among drainages (Nome, Niukluk, upper Fish rivers) in overwinter stream habitat.  This part of the project will test the hypothesis that overwinter habitat quantity may affect smolt production.  Such assessments have not been done in Norton Sound.  As a preliminary step, we will fly the Nome, Fish, and Niukluk rivers in the winter of 2008/9 and again in 2009/2010 to map areas of open or partially open water.  This will be a qualitative assessment designed to answer initial questions about the role of habitat loss due to winter freezing on coho production – though coarse, it will be designed to detect obvious differences that are large enough to be evidenced through large departures in our model.  In the fall of 2009, we will then place temperature recorders in areas that appeared to have thawed habitat through the winter of 2008/2009.      
5.  Results / Deliverable Products:  
· Annual reports in 2008, 2009, and 2010, a final report in 2011, and peer-reviewed paper as warranted;

· Recommendations for escapement goals on the Fish River and the Niukluk tributary;

· Presentation at two fisheries meetings, and electronic copies of data.  
Results from each year of research will be presented in an annual report by the end of March of the next year. Results from the final year of research (i.e., 2010) will be presented in a final project report by the end of April 2011; the final report will also include comparisons of each year of research.
 In addition to the project reports described above, we will satisfy all of the AYK SSI reporting requirements, including semi-annual performance reports, annual performance metrics report, and a Final Project Report consistent with AYK SSI’s reporting format. Depending on study results, we will evaluate possible contributions to the scientific community and determine the importance of publishing the study results in a peer-reviewed journal. If the results prove to have regional significance, the Alaska Fishery Research Bulletin would be an appropriate forum to publish the study findings. If the study has broader implications, there are countless forums that may be appropriate for publication. 
 6.  Milestones/Project Timelines: 
· Objective 1. Predict, then verify, coho smolt production from two sub-drainages with contrasting habitat in the Fish River watershed.  1st year estimate to be met by December 2009.  2nd year estimate to be met by December 2010.
·  Objective 2.  Estimate the number of adult salmon needed to produce both the predicted and the observed numbers of smolts.  1st year estimate to be met by September 2008.  To be adapted again in December 2009 and 2010, after completion of annual smolt abundance estimates. 
· Objective 3.  Evaluate 3 potential factors likely to explain the departures from expected within the Fish River, and between the Fish and Nome rivers.
a) Estimate smolt survival while migrating through known pike habitat in the lower Fish River.  1st year to be met by December 2009; 2nd year to be met by December 2010.
b) Compare marine survival between coho salmon from the Nome and Fish rivers.  Annual estimates produced in December 2009 and 2010.
c) Compare differences among drainages (Nome, Niukluk, upper Fish rivers) in winter habitat loss due to freezing.  Annual estimates to be met in May of 2009 and 2010.  
Table 2. 
Project schedule for critical components of the study.
	Using State Fiscal Calendar
	Year 1:  08-09
	Year 2: 09-10
	Year 3: 10-11

	TASKS
	May-Jun
	Jul-Dec
	Jan-Jun
	Jul-Dec
	Jan-Jun
	Jul- Dec
	Jan-Jun

	Start up


	May 1
	
	
	
	
	
	

	Data analysis – habitat quantity estimates and models
	May – June
	
	
	
	
	
	

	Data Collection (Smolt abundance and freshwater migration survival)


	
	Pilot study in June

	
	June -Aug


	
	June -Aug


	

	Data collection (Smolt CWT tagging for marine survival)
	
	Tagging, June – July
	
	Tagging, June – July
	
	Tagging, June – July
	

	Data collection (adult cwt recovery)
	
	
	
	August-September
	
	August-September
	

	Data collection – habitat variables
	
	July – August
	Winter ice mapping
	
	Winter ice mapping
	
	

	Data collection (winter ice distribution)
	
	
	March
	
	March
	
	March

	Data Entry


	
	June - October
	
	June - October
	
	June – October
	

	Analysis


	
	Oct – Dec
	
	Oct - Dec
	
	Oct – Dec
	

	Report Writing
	
	Jul

(Progress Report)
	Jan (Progress Report)
	Jul

(Progress Report)
	Jan (Progress Report)
	Jul

(Progress Report)
	Jan (Progress Report)

	Submission of Draft Final Product for peer review 
	
	
	
	
	
	
	January 30, 2011



	Submission of Revised Final Product
	
	
	
	
	
	
	April 30, 2011


7.  Performance Ability and Administrative Expertise:
The Norton Sound Economic Development Corporation (NSEDC) is a community-driven organization which includes 15 sub-regional communities of varying size throughout the Norton Sound region. NSEDC’s mission is to participate in and encourage the clean harvest of all Bering Sea fisheries and to promote and provide economic development through education, employment, training and financial assistance to member communities and Western Alaska, while protecting subsistence resources. NSEDC has been heavily involved with salmon rehabilitation and enhancement throughout the region since 1992 and is thoroughly familiar with logistical, management, and administrative processes necessary for successful fisheries projects in Norton Sound. NSEDC will work with LGL Alaska Research Associates, Inc in all phases of the project to combine the strengths of the two organizations. LGL is an international environmental consulting firm that has collaborated with numerous regional groups on fishery and harvest projects over the last 30 years. LGL’s recent work with coho salmon habitat and production includes the development of habitat-based production models developed for the Pacific Science Advisory Review Committee (PSARC; Bocking and Peacock 2005). LGL’s senior fisheries biologists have been at the forefront of coho salmon production studies, and are thoroughly familiar with the methods and literature needed to complete this project.  LGL Alaska and NSEDC have collaborated on fisheries research project in Norton Sound for 5 years, including a project on the Nome that shares many methods to the one proposed here. 

Mr. Charlie Lean (NSEDC) will serve as administrative manager and co-PI for this project. Mr. Lean has a degree in Fisheries from the University of Alaska-Fairbanks, and currently manages multiple salmon projects as a Fishery Biologist for NSEDC. Mr. Lean worked extensively with fisheries throughout the region in his prior capacity as Area Manager for ADF&G; he has worked and lived in the Norton Sound region for over 40 years and brings a tremendous amount of administrative expertise and local fisheries knowledge to this project.

 
Mr. Matt Nemeth, M. S., (LGL) will serve as technical lead and co-PI for this project, and will share responsibility for the technical and scientific aspects, including data analysis and the final written report. He has been involved with LGL and NSEDC’s coho salmon work on the Nome River since its inception.  He has conducted numerous salmonid habitat and fish distribution studies, and is familiar with all the capture and marking strategies described here. 


Mr. Eric Volk, M. Sc., (ADF&G), will serve as a study co-author on the project.  Mr. Volk is the Regional Research Supervisor for the ADF&G, and will oversee all ADF&G contributions and staff support on the project; he will also assist with data analysis and reporting.
Dr. David Robichaud (LGL) will serve as a study co-author on the project.  Dr. Robichaud will lead the design and analysis of the freshwater survival portion of the study (Objective 3a), and share responsibility for final written reports.  He has a strong background the use of mark-recapture methods to estimate survival of juvenile salmon, including the last 6 years on the Columbia River (English et al. 2001; Robichaud et al. 2003).  
8.  Coordination and Collaboration with Other Efforts:
This project will be coordinated with up to three concurrent project on the Niukluk and Nome Rivers, while factoring in results from a recently-completed study of coho abundance and distribution on the Fish River (Todd and Balland 2006).  

The project will coordinate with the ongoing research on the Nome River by NSEDC and LGL, by collecting data and analyzing results as similarly as possible to maximize the comparative value of concurrent studies on the two rivers.  The features measured in Objective 3C have not been included in prior Nome River research; they will be added to Nome River studies in the future as part of the plan to maximize comparisons between the two systems.  

The project will coordinate with the counting tower on the Niukluk River, using adult numbers from the tower, screening their seine catches for coded wire tag returns, and using the tower crew’s field camp as a base.  The use of the base will offer financial and logistical savings.  The screening for tags by the seine crew will provide more samples for the marine survival mark rates, while also testing for differences in mark rate between the main river (near White Mountain) and the Niukluk River.  

The project will factor in recent work by Todd and Balland (2006), who estimated the proportion of the adult coho run indexed by the Niukluk tower, and identified general spawning areas.  We will use the Niukluk River indices in our marine survival calculations, and the adult distributions to assist with our habitat use models.          
The project will also coordinate with the work proposed on the Nome River by Burnett et al., who intend to quantify the effects of individual habitat variables on abundance for different age classes of juvenile salmon.  If Burnett’s work is funded, we will coordinate with them to add as many of their variables as possible to our own habitat assessments, further increasing the comparisons between the two systems.  Such variables will primarily be landscape-level features that can be estimated from maps, thereby adding no field time to our Fish River work; in effect, we will be the first team to test the tools that Burnett et al, develop for the Nome River.     
B.  Capacity Building 
This project will develop capacity within local Norton Sound communities and among ADF&G staff.  NSEDC will be the lead administrative group for the project, and will be involved in all aspects from development of objectives to authorship on final written materials.  Field technicians for both the juvenile and adult work will be hired by NSEDC and trained by NSEDC and LGL biologists; a similar project on the Nome River has provided experience for multiple local hires, six of whom were repeat hires on the project in 2007.  
NSEDC has consulted with the village of Council and White Mountain, both of which are NSEDC member villages. The project leaders have consulted extensively with a complementary proposal also being submitted to study coho in Norton Sound (Burnett et al.), and one of the investigators (M. Nemeth) will participate in both projects to maximize coherence between the two projects.  

III.  Budget

The proposed budget is an overall reduction from the budget in the pre-proposal (submitted April 2007), with the 2 major differences being the addition of a 2nd field camp to allow to separate estimates from the two different subdrainages while at the same time making logistics more simple, and the subtraction of the radio telemetry portion with adult salmon.  Budget detail is in XL worksheet, summarized as follows:
A.  Project Costs: 

· 100 - Personnel (including Fringe Benefits): 
Personnel costs will be for the following:

· Technicians that will perform field work throughout the project.  These will be hired by NSEDC, and are not yet able to be identified by name.  The estimated daily rate for these individuals is $225.  These technicians will be responsible for installing gear, collecting data, maintaining field equipment, and so forth.  Total charge for the different technicians over the course of the project is estimated to be $27000, $23600, $40500, and $38250.

· An ADF&G employee that will be asked to assist with the project on a part-time basis.  These 2 people are not yet identified.  One will be a Fisheries Biologist hired to work in the Nome area sometime in the next 12 months or so.  His or her role will be to assist with the field portion part-time, then assist with analysis and reporting.  This person will commit 3 months, as a cost of $21,000, over the course of the project.  This is a part of the capacity building portion of the project. 

· 200 - Travel: Travel costs will be for contract personnel to get to Nome, and for project leaders to communicate project results at scientific or management meetings.   Costs are based on an estimated $600 round trip from Nome to Anchorage.  Flights are estimated as:

· FY2008: 2 flights for contractors and gear to be flown to Nome from Anchorage to mobilize the project and begin data collection.  Cost = $1,200.

· FY2009: 2 contractor flights in the summer to sample juveniles; 2 contractor flights in the fall to sample adults;  2 flights for project leaders from Anchorage or Nome to attend planning meetings and/or communicate results to management or science meetings (these flights could be moved to other years, as warranted; for example, to the final year if the required AYK SSI meeting is not in Anchorage).  Cost = $3,600.

· FY2010:  2 contractor flights to conduct juvenile sampling in the summer; 2 contractor flights to sample adults in the fall.  

· 300 - Contractual:  
Contractual costs consist of either specialists whose skills and experience are necessary for the project, or the rental of facilities/transportation needed to conduct portions of the project.  Cost estimates are based on 4 years worth of experience conducting similar research projects in the region.

· Fish scales will need to be analyzed to describe ages of fish sampled.  Estimated total cost will be $6,125;

· Survey flights will be needed over the study area, using a local charter business.  Estimated total cost will be $1,200.

· Diet samples from pike stomachs will need to be sorted and identified to document predation on coho salmon.  Estimated total cost will be $5,000.

· A vehicle will need to be rented during juvenile sampling field season for the upstream field camp and crew, and for project mobilization.  Estimated total cost will be $13,750.

· Hotels in Nome will need to be rented briefly each year for contractor personnel during the shoulder season of the field work, and for all personnel during planning meetings and conferences.  Estimated total cost will be $3,420.

· Contract scientists from LGL Alaska will be retained as the technical leads for the project, and will responsible for project design, operational planning, data management, QA/QC, and analysis and reporting.  This is a major part of the capacity building on this project.  Estimated total cost will be $249,360.

· A house or apartment in Nome will be leased as a residence/office during the field season to provide a cheap alternative to hotels for all contract personnel.  This cost will be shared evenly through 2009 with a project already underway.  Estimated total cost will be $4,500.
· Miscellaneous communication and shipping expenses will be needed while underway with the field camp.  These include phone/internet communication/courier, etc.  Total estimated cost will be $4,500.

· 400 - Supplies:  

Supplies consist of field gear, food, and data collection/processing. 

· Groceries for all project staff while performing field work.  Total estimated cost will be $$19,800.

· A balance (for weighing fish) for both field camps, plus a 3rd for concurrent use outside of camp, and a 4th as a backup for the 1st three.  Total estimated cost will be $2,000.

· A field kit for applying CWTs.  Total estimated cost will be $900.

· A coded wire tag scanner, rented at a cost of $4980 per field season.  Total estimated cost will be $14,940.

· Boat supplies and professional maintenance over life of project.  Total estimated cost will be $5,250.

· Parts repair and replacement for the crew trap to catch coho.  Total estimated cost will be $2,000.

· Misc supplies for the “office” run out of the field camps and for other field sampling  – write in rain paper, markers, paper, notebooks, etc.  Total estimated cost will be $2,250.

· Up to 4 fyke nets used to catch fish, one at each site, plus a backup for when repairs are needed.  Total estimated cost will be $5,000.

· Miscelleneous sampling supplies such as meters, collection bottles, preservative, gloves, counters, etc.  Total estimated cost will be $6,000.

· Waders for the crews.  Total estimated cost will be $1,800.

· Miscellaneous equipment such as maps, field camp gear, etc.  Total estimated cost will be $3,000.

· 500 - Equipment:  
· A rotary screw trap, used as the primary capture device in the lower river.  Total estimated cost will be $15,000.

· Coded wire tags, which are needed for the marine survival estimates, and might be purchased in large enough blocks to qualify as equipment, or might be spread our (and thus be under supplies).  Total estimated cost will be $9,810.

· 600 - Indirect Costs: 

Neither ADF&G nor NSEDC are charging indirect costs for this project

· Funds other than AYKSSI / Matching Funds: None
 B. Federal Proposing Agencies:  None
C.  Matching Funds / Partner Contributions 
Total matching funds will be from ADF&G and from NSEDC, as follows:

· $5,000Field camp setup (weatherport, heater, etc.) from NSEDC

· $20,000 in 2 riverboats and motors from NSEDC

· $12,250 in salary and benefits of ADF&G FB IV (2.0 months / 40 days)

· $3,750 in salary and benefits of ADF&G FB II / programmer – 0.75 months for mapping

· $12,000 in salary of NSEDC lead / Fish Biologist -  2.0 months (40 days)
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Figure 1.  Fish River watershed, showing location with Norton Sound and the major sub-drainages for which coho smolt abundance will be estimated.  Letters show approximate locations of sampling sites described in proposal text.
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Figure 2.  Close-up of the Niukluk portion of the Fish River watershed, with stream orders indicated.  Stream segments will be classified by order, gradient, and branch class to estimate total amount of rearing habitat available to coho salmon.
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Mr. Lean has over 25 years of professional experience with fisheries in Norton Sound, and is familiar with all the tributaries, and populations proposed for study.  He has authored and contributed to multiple agency reports and presentations on behalf of his employers.  Most have related to the management of salmon, herring and red king crab fisheries.  
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Mr. Nemeth will serve as co-PI for this project and will share responsibility for the technical and scientific aspects, the data analysis, and the final written report. He has been involved with studies of habitat-based production in Norton Sound since 2003.  He is familiar with all the methods needed for this project, and has employed them elsewhere in Norton Sound.  
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