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1. Synopsis
A continuation of a project previously funded by the Norton Sound Initiative (NSI) and the Arctic-Yukon-Kuskokwim Sustainable Salmon Initiative (AYKSSI) to examining the potential for habitat-based escapement goals for coho salmon within the Norton Sound region.  This project will provide a sixth consecutive coho salmon smolt production estimate for the Nome River, and provide a fourth estimate of marine survival for smolts from the Nome River.  Results of this study will be directly relevant to examinations of habitat-based escapement models, stock management, and marine vs. freshwater influences on survival of a highly utilized salmon stock in the AYK region.
2. Introduction 
Coho salmon were monitored in the Nome River from 2004 through 2009 to generate annual estimates of smolt abundance and marine survival and to collect basic biological information that could help explain annual variability in the smolt abundance and survival estimates.  The abundance estimates were developed to determine if smolt abundances were within the ranges predicted by habitat-based models developed for coho salmon in more southerly regions (Nemeth et al. 2004; 2009).  The marine survival estimates help to apportion survival of juvenile coho salmon into freshwater and marine stages, while providing the first estimates of coho salmon marine survival from the Norton Sound region of Alaska.  Biological information such as fish community composition, smolt body condition and age structure may also help explain interannual trends, such as years in which marine survival is relatively high or low.  This biological information can also be used as a baseline by which to compare population characteristics in future years.  The years 2004 through 2009 may have been particularly useful because of high variation in the escapement of the parent year classes of coho salmon smolts, and concurrent high variation of other salmon escapements, particularly pink salmon.  

Habitat-based models have been developed throughout much of the coho salmon’s range, and are usually based on a well-documented relationship between smolt production and the quantity and quality of available habitat for rearing (e.g., Nickelson 1998).  At the regional level, large-scale indicators such as the lineal kilometers or area of habitat available to rearing juveniles is associated with smolt production (Bradford et al. 1997).  At the local level (e.g., within a watershed), more specific features such as habitat type are useful predictors of smolt abundance (Sharma and Hilborn 2001).  In 2004, Nemeth et al. (2004; 2009) developed two models based on stream length to predict that the Nome River should produce from 72,000 to 182,000 smolts per year; this range was based on the 95% confidence intervals from two different relationships between stream length and smolt production demonstrated in other populations.  One major goal of this study since 2005 has been to estimate the abundance of smolts annually to determine whether the observed abundances fall within the range predicted by the models.  Indeed the smolt abundance estimates have been within this range in 2005, 2006, and 2007, though the estimates in 2008 and 2009 have been well below the lower limit of the predicted range.
An important reason to estimate the abundance of smolts is because of their strong influence on the eventual abundance of adult coho salmon (Bradford et al. 1997).  Fishery managers have used smolt abundance estimates, and some assumptions about fecundity and smolt survival, to manage adult harvest and escapement goals in such a way as to allow enough spawning adult salmon to return to produce a given level of smolt production (Bocking and Peacock 2005).  Smolt abundance is also used to predict the number of adults returning the following year, given assumptions about marine survival (Volkhardt et al. 2007).  Shaul et al. (2007) estimated that smolt abundance explained nearly as much of the variation in adult returns as marine survival did, across a variety of coho populations in Washington, British Columbia, and southeast Alaska.  Estimates of smolt abundance from the Nome River could possibly be used to calculate how much adult escapement is needed to maintain the 5-year average abundance of smolts, and to predict years in which the subsequent adult run is likely to be large or small (based on relative abundance of the smolt cohort).

The variable that links smolt production to adult return is survival at sea.  Estimates of marine survival are instrumental when attempting to project subsequent adult returns based upon smolt abundances.  Although marine survival rates have been determined for populations outside of Norton Sound, we know from other studies that such rates are heavily influenced by geography (Shaul et al. 2007) and are uncertain of their applicability to Norton Sound populations.  Estimates from the Nome River provide the first empirical data useful to our study population, while also providing the best indicator data to date for nearby populations in Norton Sound.  

Although smolt abundance is correlated with habitat quality and type, it can realistically be influenced by other variables such as climatic variability and density dependence.  Favorable overwinter temperatures, for example, could increase egg or fry survival and lead to an increase in smolt abundance.  A large increase in juvenile coho salmon prey populations could allow smolts to reach a larger size that may, in turn, affect marine survival.  We monitored age and size structure of coho salmon smolts each year, as well as the relative abundance of other fish in the system, to determine if these variables could help explain variations in smolt abundance or survival.  

Our initial studies in 2004 and 2005 showed that the age structure and run timing of juvenile coho salmon in the lower river could introduce uncertainty when evaluating actual smolt abundance against predicted smolt production from a habitat model (Williams et al. 2006; 2009).  Although most smolts appeared to migrate in a distinct pulse in June that was composed primarily of age-2 fish (fish that had spent 2 winters in freshwater), there were a number of additional juvenile coho present at the mouth of the river in July and August.  These late-season fish were younger than the peak-season smolts (e.g., mostly age-1 instead of age-2), but some of them were of an equivalent size and potentially capable of survival at sea.  Adult returns indicate that some age-1 smolts migrate to sea, but not whether these fish smolted during the peak of the outmigration or came from a late seaward migration of fish documented at the river mouth in July and August of 2004 and 2005.  This uncertainty could affect the total smolt population estimate by as much as 25% and hence our understanding of the relationship between actual smolt production and the production predicted by the habitat model.  The final goal of the project from 2006 through 2009 was to determine whether these late season fish found at the river mouth should be added to the smolt total for each year.

In summary, the study objectives from 2006 through 2009 were to estimate annual smolt abundance from the entire river, to estimate the subsequent marine survival of these smolts, to monitor biological and ecological factors that could influence abundance and survival, and to assess whether juvenile coho salmon observed at the river mouth in July and August should be included as part of the total smolt production when comparing with the production predicted by the habitat model.          

There are several reasons why the Nome River during the study period was particularly useful for addressing these objectives.  First, the Alaska Department of Fish and Game monitors adult salmon returns to the Nome River annually, allowing us to examine the relationships between smolt abundance and adult returns.  Second, such examinations are more useful when the data have high contrast, and our study years cover a period of relatively high contrast (based on criteria presented by Brannian et al. 2006) in the abundances of adult coho salmon returns, from 548 fish in 2003 (a record low) to 10,308 fish in 2006 (a record high).  If adult run size affects subsequent smolt abundances, progeny from these escapements would be expected to differ in abundance.  Conversely, if smolt abundance is influenced chiefly by habitat quantity, these contrasting escapements would result in little differences in smolt abundance.  Third, one factor that could also affect coho salmon abundance and marine survival is the influx of nutrients provided by pink salmon, either in the form of pink salmon carcasses, eggs, or fry.  Pink salmon abundances had high contrast during the study period (from over one million in 2004 to a low of 25,000 fish in 2007), increasing the ability to detect responses in juvenile coho salmon, such as larger body size in years when pink salmon fry are abundant than in years when pink salmon fry are scarce.  

3. AKSSF Goal
2A-3
4. Strategic Importance to Alaska
This project directly addresses the AKSSF Goal #2 (Stock Assessment) High Priority Information Needs under Objective 2A in that if habitat-based escapement models can be utilized within the Norton Sound region then numerous systems within the region that have poorly assessed stocks could be examined for escapements necessary for juvenile production.  Providing a cost effect, both monetarily and in time, way to establish escapement goals.  Additionally the methods can be applied to highly-utilized stocks to determine acceptable harvest levels based upon biological data.

Information Needs/Actions 2A-3 – develop, evaluate, and implement methods to estimate escapement, including develop cost-effective technologies to estimate a larger proportion of total escapements – is addressed in that the study design is such that upon calibration for the region the habitat-based escapement model should be transferable to other systems in the region.

AKSSF Goal #3 (Salmon Management) – is addressed in that habitat-based escapement models are designed to allow managers to determine escapement levels that will maintain a population to its fullest level, thereby allowing for harvest at a level that is biologically based .
Furthermore Information Need/Action 3A-2  – Collect and/or analyze data, and develop databases and models, for forecasting and other fishery management needs – is addressed through the smolt abundance estimate(s) combined with marine survival which provide a means for managers to forecast adult salmon returns with a greater degree of accuracy than with spawner-recruit modeling.
Furthermore, this work directly addresses four AYK SSI high-priorities, as follows: 

A.  Research framework:  salmon life cycle

1)  High priority hypothesis:  Marine survival of salmon is more affected by variability in ocean temperature and environmental variables than by variability in marine fishing mortality.  Environmental variables such as climate and ocean temperature are recorded in many parts of the range of Norton Sound coho salmon.  Modelers that use such data to compare the sources of mortality need to know whether the mortality is varying over time.  Our project will provide the only multi-year, empirical estimates of marine survival for coho north of the Yukon River, thereby allowing scientists to see how fluctuations in environmental conditions correlate with changes in coho marine survival. 

2)  High priority hypothesis:  Spawning escapement and subsequent egg deposition are important determinants of the abundance of the next generation of salmon.  This study addresses this issue by allowing scientists to determine whether increases in escapement are due to a bona fide increase in the number of juveniles produced, the body conditions of these juveniles, or some compensatory effect at sea.  If coho abundance is tightly determined by parent generation, we should have seen record returns in 2009 (from the 2005 parent class), however this was not the case (1,370 adult escapement).  By measuring outgoing smolt abundance in 2010, we will examine whether the record returns in 2006 translate into increased juvenile abundance or body condition. When these smolts return as adults in 2011, we will know how these smolt attributes translated into adult returns.  Without this juvenile evaluation step, scientists would not know whether a low, normal, or record run in 2011 was due to density-dependent effects on juvenile salmon hatched from the record parent escapement in 2006. 

B.  Research Framework:  synthesis and prediction 

1)  High priority hypothesis:  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.  This study has direct implications for determining escapement goals in Norton Sound drainages and will assist in answering the question of which escapement model or combination of models (habitat-based, spawner-recruit, etc.) will best assist regional managers.  Specifically, the study allows scientists to address whether spawning escapement and egg deposition are as important as habitat quantity (i.e., is production limited by habitat quantity or by the size of parent class?).  Estimating smolt abundance in 2010 is a critical element of this because of the steady increase in adult coho from 2003 through 2006. This project will allow us to compare juvenile production that results from 3 average spawner years (2001, 2002 and 2004), one record low year (2003), and one record high year (2006). If the 2006 year results in substantially more juvenile salmon that 2002-2004 did, it is evidence that future production may be driven more by parent escapement than by habitat limitations. 

2)  High priority hypothesis:  A combination of demographic and ecosystem variables affects the variability of salmon returns in the AYK region.  This study will provide the data that scientists need to assess whether ecosystem variables affect salmon production in freshwater.  Even as we measure juvenile production and examine it relative to both habitat quantity and adult spawner escapement, we are generating the only time series of freshwater production of coho salmon in the region.  As the climate changes and the habitat changes in response, this time series will serve as an important baseline to give scientists a much better perspective on whether, and how, coho production has changed in association with these environmental changes. 

The anticipated impacts of this project are:  1) an estimate of the total number of adult coho needed to seed the Nome River; and 2) an increased ability for researchers and managers to establish relationships between juvenile coho abundance, habitat availability, marine survival, and adult escapement in Norton Sound systems.  Additionally, these relationships can aid in defining ecological and environmental influences upon the region’s coho populations. ] 

V. Objectives 

1. Project Objectives 
1.  Estimate coho salmon smolt production in the Nome River in 2010, providing a sixth consecutive year of smolt abundance estimates, 
2. Tag coho salmon smolts with coded wire tags to estimate marine survival, 

3.  Utilize smolt production estimates to evaluate deviations from the habitat-based escapement model predictions.
VI. Methods
Study Area

The Nome River watershed is 4th order at 1:63,360 scale and is 51 km long, drains 420 km2, and empties into Norton Sound ~ 5 km east of the town of Nome (Figure 1).  The outlet is narrow and high energy, with an estimated mean discharge of 6.5 m3/s (Selkregg 1976, as reported by Webb and McLean 1991).  The Nome River in its current state is essentially a non-estuarine system entering directly into Norton Sound, with only sporadic mixing of fresh and marine waters in the lower river (Nemeth et al. 2005).  

Fish will be sampled at the same two sites used from 2004 through 2009 (Williams et al. 2006; 2009).  Site 1 is located 1.5 km upstream from Norton Sound.  Site 2 is located 0.5 km upstream from Norton Sound (about 200 m downstream of the road bridge over the Nome River).

Sampling gear

Site 1 will be fished with a single fyke net set perpendicular to the water current, ~1.5 km from the river mouth.  Fish moving downstream will be directed into the fyke net trap, which has a mouth opening that measures 1.7 m by 1.8m and is faced with 0.64 cm stretched mesh netting supported by a stainless steel frame (Christensen Net Works, Everson, WA).  Wings extend out from either side of the trap mouth to help funnel fish into the trap; one wing is made of 1.27 cm stretched mesh netting and extended 15 m to shore at an upstream angle of approximately 45(.  The second wing extended out into the thalweg of the river at a more acute angle; this wing is made of  1.27-cm Vexar©, measured 10.7 m long by 1.2 m high, with rebar supports placed approximately every 1 m to provide resistance against the current.  

A fyke net with two cod ends will be fished from the shoreline at Site 2, approximately 1.0 km downstream from Site 1.  The cod ends consist of traps of 1.27-cm stretched mesh netting, supported by stainless steel frames (1.7 m x 1.8 m).  A lead net of 2.5-cm knotless nylon mesh that is 2 m deep and 60 m long will run to the shoreline.  A single 15 m wing extends from the outside edge of each cod-end frame, at an angle approximately 45( to the lead net.  The entire assemblage will be installed with the lead running perpendicular from shore, following the configuration described by Gallaway et al. (1991).  The net will be operated and checked as described for Site 1.  Site 2 will fished at the same location with the same paired cod end fyke used in 2004 through 2009 (Williams et al. 2006; 2009).  All sampling gear will be operated for 24 hrs a day, 6 days per week from late May through July.
Water depth will be recorded daily at Site 1 and water temperature will be recorded continuously at Site 1 for the entire sampling season, using loggers from the Onset Computer Corporation (Pocasset, MA).  Temperatures will also be measured daily using a hand held bulb thermometer as a backup measure.

Fish capture and biosampling

Sites 1 and 2 will be checked twice daily, at approximately 12 hour intervals.  At each check, fish will be removed from the cod end traps and held in floating net pens for processing.  All fish captured will be identified and counted.  The number of juvenile coho salmon captured will be recorded and sub-samples taken for length (fork length), weight (grams), and age analyses (scale samples).  A random sample of 20 coho salmon will be taken daily for length measurements, from each sampling station.  Weight and scale samples will be collected weekly from 30 coho salmon, targeted across size classes.  All scales will be sent to Birkenhead Scale Analysis (Lone Butte, B.C.) for aging.  
Catch per unit effort (CPUE) will be calculated as the number of fish collected per 24 hours of fishing effort at a fyke net.  Fish CPUE, age, length, and weight will be used to analyze run timing, estimate age and length compositions, and evaluate fish body condition.  Total catches of all species will be used to calculate species diversity, richness, and evenness for the entire fish assemblage in the lower river (Pielou 1966; Elliott and Hewitt 1997). 

Run timing and biological characteristics of juvenile coho salmon

Juvenile coho salmon run timing will be reported using trends of CPUE over time, for all coho salmon combined, and for subsets of age and size.  Ages of juvenile coho salmon will be determined by reading the growth rings of the subset of randomly-selected coho salmon from which scales are taken.  Fish lengths will then separated into 5-cm increments, and the proportion of scale-aged fish that are age-0, -1, -2+ will be calculated for each size increment.  The proportion of ages in each length group will then be expanded to the larger random sample of fish from which length measurements (but not scales) were taken each day, and then further expanded to the rest of the unmeasured population caught in the net.  The age-length proportions will be calculated weekly to account for changes in size at age and the expansion to the unaged population will be done daily to account for changes in size structure in the migrating population.  

Travel times from Site 1 to Site 2 will be modeled as a Poisson distribution.  The lag time between the number of fish released and the number recaptured, as well as the recapture rate, will be adjusted to minimize the sum of square differences between the number of recoveries observed and the number predicted based on the Poisson travel time model.  

Body condition of coho salmon smolts will be examined to evaluate differences in growth among years.  Analysis of covariance (ANCOVA) will be used to compare differences in growth among years, using length as the covariate (Zar 1984).  The null hypothesis is that the slopes and intercepts are not significantly different among years.  A significant ANCOVA result would indicate that the slopes of the regressions are significantly different, after controlling for length that is, incremental weight gain differed among years, for a given change in length.  

Relative weight (Wr) of juvenile coho salmon will be used to provide a graphical index of body condition within a year or among length groups of fish.  Relative weight is based upon a standard body condition, which is the expected weight of a fish in good condition at a given length and is generally composed of regional data from multiple stream systems (Wege and Anderson 1978).  Because there was no pre-existing smolt weight-length standard available for Norton Sound, we will use data from within the Nome River (all years and fish lengths combined) and incorporate coho salmon smolt data collected in the Fish/Niukluk system in 2009 as the reference data set, and generate Wr from the pooled data.  

The relative weight for a healthy fish is assigned a value of 100.  Fish with relative weights ranging between 95 and 105 considered to be in good condition.  Fish with relative weights greater than 105 are considered to be in better condition, and fish below 95 are considered to be in poorer condition (Guy and Brown, 2007).  

The Wr index is calculated as

Wr = (W/Ws) * 100,

Where W is individual fish weight and Ws is a length-specific standard weight predicted from a weight-length regression developed to represent the body form of the species.
Abundance estimates of juvenile coho salmon

Marking and statistical analysis

Population abundance estimates of juvenile coho salmon will be calculated using a two-site mark-recapture method (Ricker 1975).  Based on size-at-age data from prior monitoring (Williams et al. 2006; 2009), only juvenile coho salmon greater than 60 mm in fork length will receive marks.  Smaller fish will be excluded due to greatly reduced observed travel between the sampling sites as well as 60 mm being the lower bounds of age-1 coho salmon.  Temporary caudal fin marks will be applied with toenail clippers and alternated weekly to allow for temporal stratification to account for changes in capture efficiency caused by fluctuations in river discharge or changes in fish behaviour.  All coho salmon captured at Site 2 will be checked for marks (i.e., the 2nd sampling event), absence or presence of which will subsequently be recorded.  Fish captured at Site 2 will be given an additional temporary caudal mark, or have their adipose fin removed (in conjunction with coded wire tagging), to identify them as a prior capture.  All recaptured fish will be measured for length.

Release and recapture groups will be apportioned into appropriate size classes based on the site-specific daily length-frequency distributions of randomly measured fish from the corresponding sample.  This apportionment into size classes allowes for examinations of size selectivity by the capture method at each location.  

Notation for stated variables in the mark-recapture models are as follows:

n1 = marks released in the first sample

n2 = fish checked for marks in the second sample

m2 = recaptures in the second sample
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The Chapmanized Pooled Petersen estimate (PPE) was calculated as
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The assumptions required for the mark-recapture estimate to be unbiased are as follows (Seber 1982):

1. Closed population (i.e., no mortality, emigration or recruitment between the marking and recapture sites),

2. Either the probability of capture is equal across all individuals at the time of capture (constant p1), or marked fish mixed uniformly with unmarked fish before the recapture event, or the second sample is a simple random sample, 

3. Trap efficiency is constant for the duration of the experiment

4. Marking does not affect catchability,

5. Marks are not lost,

6. All marks are recognized and reported.

These assumptions will be addressed as follows: 

Assumption 1 – closed population
There is recruitment within the system; therefore the population estimate is germane to the recapture site.  We assumed no mortality due to the marking process and no appreciable natural mortality between the marking and recapture sites.  Site 1 only samples a portion of the river, and smolts outmigrating outside of the fyke net essentially enter the analysis as recruitment; thus, our population estimate is germane to the recapture site (Site 2) and not to the marking site.  We also assume that all fish migrating past Site 1 also migrated past Site 2 (i.e. no residualization), but test for this by examining the recapture rates of different size and age classes. 

Assumption 2 – equal probability of capture 

To evaluate if p2 varied significantly with fish size, the Kolmogorov-Smirnov two sample test (KS test; Conover 1980) will be used.  The length frequency distribution of all fish marked during the first event (n1) will be compared with that of marked fish recaptured during the second event (m2).  If the length distributions is significantly different (as indicated by a significant D statistic; the maximum absolute difference between the cumulative distributions), then we use the size grouping corresponding to this statistic as the cutpoint for stratification.  That is, separate abundance estimates will be given for all fish smaller than or equal to the cutpoint and all fish greater than the cutpoint.  Using the location of the D statistic as the cutpoint ensures that the differences between the two length strata with respect to p2 will be maximized, and in so doing the most homogeneity within strata was also achieved.
Assumption 3 – constant catchability

Because of water fluctuation, the probability of capture at the marking site (p1) is unlikely to be constant through time.  Fluctuating water levels throughout the study period could also change the capture efficiency of the fyke net at the recovery site (p2), and thus will not be constant for all individuals.  Any observed changes in capture probabilities through time will be addressed by stratifying the catches (see Model Selection below).  

Assumptions 4, 5 & 6 – marking did not affect catchability, mark loss and identification
Fish marking and handling procedures are designed to minimize behavioral effects and mortality levels.  Fish will be handled similarly at both Site 1 and Site 2.  Short-term mortality will be assessed at Site 2 by regularly holding marked fish overnight, and was previously found to be minimal; thus, we assumeminimal effects from the similar handling of fish at Site 1.  
All fish will be handled and inspected individually at the recovery site to minimize any failure to recognize marks.  The caudal fin notch is particularly recognizable because of its location at the end of the fish’s body and the ability to see it from either above or below the fish.  There is nothing in the literature that estimates tissue regeneration from such a clip, but we assumed the tissue did not regenerate in the relatively short time needed for smolts to travel from Site 1 downstream to Site 2 (greatest travel time subsequently estimated at less than 10 days in all previous years).  

Model selection

Abundance estimates for coho salmon will be calculated using the software SPAS (Arnason et al. 1996).  One of two models fit with this software will be chosen to provide a mark-recapture estimate.  The two possible models are the PPE with Chapman’s corrections (Seber 1982) and the partially stratified Petersen (i.e., the maximum likelihood Darroch model [Darroch 1961]).  Schwarz and Taylor (1998) provide thorough descriptions of both models.  If Assumption 2 (i.e. equal probability of capture at Site 2) above is met then the PPE model will be chosen, which pools all of the data from the entire sampling season.  If Assumption 2 is not met, then the Darroch model will be used to partially stratify the data into groups with similar capture probabilities.

Initial temporal strata will be preset based on the dates fin clips are altered; however, further pooling to improve model fit could occur once recapture matrices are uploaded into SPAS.  Any pooling of rows will be guided by similar p1 values estimated for each cell, and columns will be pooled based on similar p2 values across cells.  The only pooling requirement is that the matrix either be square (number of tagging strata = number of recovery strata) or the number of recovery strata be greater than tagging strata in order for the estimate to be applicable to the recapture site (Schwarz and Taylor 1998).  If a non significant Chi-square test results from any of the following three tests (α = 0.05), then the PPE model will be chosen.  

Mixing test

	Tagging stratum
	Recovered
	Not seen again

	S1
	m2,S1,.
	n1- m2,S1,.

	S2
	m2,S2,.
	n1- m2,S2,.

	S3
	m2,S3,.
	n1- m2,S3,.

	S4
	m2,S4,.
	n1- m2,S4,.


Equal proportions test

	
	Recovery strata

	
	R1
	R2
	R3
	R4

	Marked
	m2,.,R1
	m2,.,R2
	m2,.,R3
	m2,.,R4

	Not marked
	u2,.,R1
	u2,.,R2
	u2,.,R3
	u2,.,R4


Equal movement test

	Tagging stratum
	Recovery strata
	Not seen again

	
	R1
	R2
	R3
	R4
	

	S1
	m2,S1,R1
	m2,S1,R2
	m2,S1,R3
	m2,S1,R4
	n1- m2,S1,.

	S2
	m2,S2, R1
	m2,S2, R2
	m2,S2, R3
	m2,S2, R4
	n1- m2,S2,.

	S3
	m2,S3, R1
	m2,S3, R2
	m2,S3, R3
	m2,S3, R4
	n1- m2,S3,.

	S4
	m2,S4, R1
	m2,S4, R2
	m2,S4, R3
	m2,S4, R4
	n1- m2,S4,.


Marine survival of coho salmon

Coded wire tagging

Coded wire tags will be injected into juvenile coho salmon captured at Site 1 and Site 2 that are greater than 80 mm, for the month of June.  Fish to be tagged will be anesthetized with clove oil and their adipose fin will be permanently removed.  A full-length, sequentially-numbered coded wire tag (CWT) will be injected into the snout of each fish, using a Northwest Marine Technologies® (NMT) Mark IV tag injector with the appropriate head molds.  Tagged fish will be then checked with a NMT quality control device to confirm the presence of a magnetized tag.  Tagged fish will be released at their capture point after recovering from anaesthesia.  During each tagging event (day) up to 200 coho will be kept overnight to evaluate tag retention and tagging mortality.  

The number of CWT fish used for marine survival estimates will be adjusted to reflect the number of fish that emigrated from the river and retained coded wire tags.  After the removal of tagging mortalities, short term tag retention, Th, will be calculated as:




[image: image4.png]












Where nh = the number of marked fish detained on day h that retained tags during the holding period, and nth = the number of marked fish detained on day h, corrected for tagging mortality (Carlon and Hasbrouck 1993).  Tag retention estimates (Tp) will be pooled, 
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to provide an overall estimate of tag retention, which is then multiplied with the total number of juvenile coho salmon tagged, to estimate the total number of viable tags released.  

Marine survival calculations
Marine survival will be calculated using the proportion of CWT coho salmon that returned as adults in 2011 and the number of CWT smolts released in 2010 per Baxter and Stephens (2005).  The total number of tagged fish returning as adults 2011 will be estimated by taking the CWT proportion of returning adults that are examined, and multiplying this proportion by the size of the entire run.  This total run includes escapement to the weir, plus estimated harvest in subsistence, recreational, and commercial fisheries.  Marine survival will then be calculated by dividing the estimated number of adults returning with CWTs by the number of smolts originally CWT marked.  Survival will be calculated both for smolt survival to total adult coho salmon return (escapement plus harvest) and for smolt survival to spawning ground escapement (upstream of the Nome River weir).  

VII. Benefits 

This project will benefit salmon, salmon fisheries, salmon fishers, and communities by allowing researchers to ascertain information regarding salmon in the area, leading to a better understanding of the resource, and thereby providing managers and user groups with additional tools to utilize for managing salmon populations in a sustainable manner.

VIII. Products, Milestones, and Timelines 

1.   Project Milestones
· Initial mobilization – May 2010
· Secure necessary fish collection permits, as appropriate – May 2010
· Field installation– May/June, 2010

· Juvenile coho data collection – June - July 2010

· Progress report – July 2010

· Progress report – January 2011

· Annual report – March 2011

· Examine adult salmon for CWT – funded by NSEDC - August – Sept 2011:

2. Project Communication

The project deliverables will consist of reports that will be distributed electronically and by hard copy. Data will be included as appendices in each annual report.  In addition the PI’s will make presentations at AYK SSI annual research forum, American Fisheries Society and/or state fisheries meetings, as appropriate (poster or oral presentation), and will publish research findings in a peer-reviewed journal.  
IX. Experience and Qualifications
Experience/Qualifications of Principal Investigator and Key Project Personnel
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 7 years, including this project on the Nome

.

Mr. Charlie Lean (NSEDC) will serve as administrative manager and 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. Ben Williams, M. S., (LGL) will serve as Project Manager 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. 
Sustainability
This project is supported by NSEDC who will be responsible for sampling adult coho salmon at the Nome River weir in 2011 for coded wire tags. They have the personnel, funding, and interest in the resource to continue examinations of the system.
X. Partners 

XI. Project Budget
Budget Narrative:

Line 100: Personnel

FY10: Charlie Lean (FR&D Director) – Project oversight – 5 Days @ $800/Day = $4,000. Three NSEDC Fish Tech 1.7 mo@ $5,810/mo = 29,631.
FY11: Charlie Lean (FR&D Director) – Project oversight – 5 Days @ $800/Day = $4,000.

Line 200: Travel

FY10: Ben Williams (LGL Fisheries Biologist), Justin Priest (LGL Fisheries Biologist) May 2010, ANC to OME flight for field work 2 flights@$650/flight = $1,300. Taxi 2@$25 = $50. Hotel in Nome 5 days at $145/day = 725. Meals 40@$45/day = $1,800. Transportation in Nome 10 days@$150/day = $1,500. Housing 1mo@$1,200/mo = $1,200.
FY11: Ben Williams (LGL Fisheries Biologist), Justin Priest (LGL Fisheries Biologist) ANC to OME flight for project presentation 2 flights@$650/flight = $1,300. Hotel in Nome 1 days at $145/day = 145. Meals 4@$45/day = $180

Line 300: Contractual

FY10: LGL Alaska scientists will be the technical leads for the project - responsible for project design, operational planning, data management, QA/QC, and analysis and reporting - $26,000.
Coded wire tag rental 2 months@$2,520/month = $5,040. QC device 2 months@415/month = $830, Repair kit 2 months @$200/month = $400. Shipping $100.
FY11: LGL Alaska scientists will be the technical leads for the project - responsible for project design, operational planning, data management, QA/QC, and analysis and reporting - $43,000.

Scale analysis 450 scales@$200 = $900. 

Line 400: Supplies

FY10: Sampling equipment supplies: $ 1,900 for fuel, boat maintenance, waders, Vexar, zipties, and rope.

Fish sampling supplies: $900 for a balance, clippers, anesthetic, clip board, datasheets, and notebooks. 
Line 500: Equipment 

N/A
Line 600: Indirect


N/A
2. Leveraging Non-AKSSF Resources
Total matching funds will be from NSEDC, as follows:

o $1,000 Field camp setup (tent, heater, etc.) from NSEDC

o $10,000 in 1 riverboats and motors from NSEDC

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

· Continued support of the project through tech time in 2011 to sample adult returns for coded wire tags.
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