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Introduction

The Unuk River, a large transboundary river located in southern Southeast Alaska, is one of eleven indicator streams used to track chinook salmon Oncorhynchus tshawytscha escapement in this region (Weller and McPherson 2003).  Monitoring of the Unuk River stock by the Alaska Department of Fish and Game (ADF&G) began with peak spawning survey counts in the mid 1970’s, and has since evolved into a full stock assessment program.  Brood years from 1982-1986 were tagged with coded wire tags (CWTs); and coded wire tagging of fall fingerling and spring smolt has continued since the fall of 1993 (Pahlke 1995).  An adult mark-recapture study was conducted in 1994 and has continued annually since 1997 (McPherson et al. 2003).  Biological data from these projects, as well as creel survey and port-sampling statistics combine to provide a robust time series of information that is utilized in the evaluation and management of Southeast Alaska salmon stocks.  An aspect important to healthy salmon stocks that has yet to be fully investigated in this process is the freshwater habitat availability that constrains these populations.  This subject is a growing area of interest, not only as it applies to greater understanding and protection of fish species, but as a potential tool for establishing management guidelines, such as harvest and escapement goals. Intensive stock assessment like that performed on the Unuk River is not often done.  Attempts to develop alternative escapement goal methods based on available spawning habitat have been made in places such as the Fraser River in British Columbia (Parken et al. 2002), where long-term fish production data is lacking.  The Unuk River has not only the stock assessment program, but in 2000, work began to join spatially documented freshwater habitat assessment with fish observation data.  This pairing of time series population data and spatially explicit spawning and rearing area information provides a reasonable opportunity to develop methodology for habitat-based approaches that can be compared and tested against traditional spawner-recruit methods.

Review of Current Research on Freshwater Habitat and Salmon Production

Many approaches of varying complexity have been taken in efforts to define and predict salmon spawning, and to a lesser extent, rearing habitat.  The most basic elements of spawning habitat preference are substrate size, water depth and water velocity (Bjornn and Reiser 1991).  Based on these factors, detailed and systematic methods such as the Physical Habitat Simulation system (PHABSIM) and Instream Flow Incremental Methodology (IFIM), have been attempted extensively on many artificially altered systems in the Pacific Northwest (Connor et al. 2001, Gallagher and Gard 1999, McHugh and Budy 2004, Shirvell 1989).  Success of these predictive models has ranged from grossly off the mark, to reasonably acceptable within limitations.  Inclusion of additional explanatory parameters is one tactic that can add greater predictive power to such models (Geist and Dauble 1998, Knapp and Preisler 1999).  Groundwater influence, for its effect upon water temperature and oxygen levels and hence site selection has been a particular area of focus (Power et al. 1999, Vronskiy 1972).  Consideration of these effects in spawning habitat models has been shown to strengthen and refine relationships defined by PHABSIM (Geist 1999).  However the level of detail required by micro-level measurements can be time and cost prohibitive.  Recent strategies to assess freshwater production potential have looked toward geomorphologic and empirical relationships as indicators.  Such schemes may integrate macro, meso and micro features to estimate spawning or rearing potential (Hanrahan et al. 2004, Sharma and Hilborn 2001).  Others have focused on only large-scale representations of watershed productivity and may utilize traditional stock-recruitment parameter estimates in the modeling process (Thompson and Lee 2002).  The advent of GIS and the ever increasing availability of spatial databases have opened up the door for the study of many interrelationships that were previously undetectable by any reasonable means.  Through such exploratory analysis, larger geomorphic features can be studied as indicative surrogates of significant small-scale features.  A stepwise hierarchical approach to assessing utilized area in respect to fish production is a potential means for sculpting a meaningful and achievable predictive model.

Study Area and Historical Research

The headwaters of the 3,885 km2 Unuk River drainage originate in a heavily glaciated area of northern British Columbia (fig. 1).  The lower 39 of the river’s 129 km length flow through Alaska, traversing the Misty Fjords National Monument and emptying into Burroughs Bay. The Unuk River typically ranks fourth or fifth in chinook salmon production for Southeast Alaska (McPherson et al. 2003).

Chinook salmon in this system are an exclusively “stream type” stock, and nearly all smolt exiting fresh water are yearlings (age –1.) fish from a single brood year.  Fingerling chinook rear primarily in main stem areas, and CWT studies indicate that the majority of juvenile rearing occurs in the U.S. portions of the river.  Radio telemetry studies conducted in 1994 showed approximately 85% of spawning occurring in the following six U.S. tributaries:  Cripple Creek, Gene’s Lake Creek, Eulachon River, Clear Creek, Kerr Creek, and Lake Creek, (Weller and McPherson 2003).  Timing for spawning ranges from early August in the upper tributaries to early September in the lower most tributaries (McPherson and Carlile 1997).

Stock Assessment 

Formal monitoring of Unuk River chinook salmon began in 1977, as part of a Southeast Alaska stock-rebuilding program (Hubbartt and Kissner 1987) (will track down earlier Kissner citation).  What began very simply as annual counts of observed spawners has continued and expanded to provide a comprehensive stock database.  As one of eleven transboundary indicator streams, the Unuk River contributes valuable data for management of Southeast chinook stocks through projects that now include coded wire tagging and returning adult marked-recapture studies in addition to the ongoing index counts (Weller and McPherson 2003).  At present, a long enough time series of data from the mark-recapture project exists to generate a biological escapement goal based on total escapement numbers.  In addition, these more precise estimates of total escapement from recent years can provide expansion factors for estimation of total escapement for years when index counts were the only measure of spawner abundance (Scott McPherson, pers. comm.).  Table 1 provides a summary of the projects associated with Unuk River stock assessment and the information that they provide.

Peak Survey Counts

Annual indices of escapement on the Unuk River are determined by summing the peak observer aerial and foot survey counts of large (( 660 mm MEF) spawners seen in the six major spawning tributaries.  Because they may be distinguished more confidently from other species (primarily chum and pink salmon spawning in the same tributaries), only large chinook are counted.  The age of large chinook on the Unuk River is generally 3-ocean age or older, and nearly all females are large. The highest single day index counts are expanded, based on a factor generated from comparisons to the marked recapture estimate of abundance, to estimate total escapement.  The current expansion factor is 5.0, based on coupled survey counts and mark recapture estimates

	Data Source/ Project
	Raw Data
	Contributions to Stock Assessment
	Years of Available Data

(Through 2003)

	A. Escapement Enumeration
	
	

	1)  Adult mark-recapture
	Sex, length and scale samples, spawning locations, presence of marks, retrieved coded wire tags
	Total spawner abundance by sex and age class; mean length at age; marked fraction by brood year for coded wire tag project; expansion factor for peak survey counts 


	8

(1994 and 1997-2003)
	

	2.)  Peak survey counts
	Peak counts of large chinook in eight tributaries, standardized by time and area
	Indices of escapement; longest time series indication of spawner abundance, and basis for estimation of total escapement from 1977-1996
	27

(1977-2003)
	

	B. Coded Wire Tagging (CWT)

	

	1) Freshwater Marking

2) Adult Recovery: 

  a) Escapement Sampling 

b) Harvest Sampling

  
	Juvenile trapping locations and counts, sub-samples of weight and length, number of fall fingerling recaptured during spring project

Sex, Length and scale samples, capture date, method and location, number sampled and number with adipose fin clips

 Age, length, capture date, method, location, number observed with adipose fin clips
	By Brood Year:

1. Estimation of abundance for smolt and fall fingerling

2. Estimation of over winter survival

3. Estimation of marine harvest and exploitation

4. Estimation of marine survival (smolt to adult return rate)

5. Incidental mortality

6. Scale-age verification

7. Mean size of smolt
	17

(1982-1986 & 1992-present)

	
	
	
	

	
	
	
	


of large fish from 1997-2001 and 2003.  Presently, the escapement goal for the Unuk River is an index survey count of 650-1,400 large spawners (McPherson and Carlile 1997).  If correct, this survey count goal would expand to approximately 3,250 to 7,000 total large fish.  There are 27 years of index counts on record through 2003.  Based on the consistency of the expansion factor in individual years 1997-2001 and 2003, we can estimate the total escapements for the years 1977-1996 by multiplying the survey counts by this expansion factor.

Mark-Recapture Experiment
The mark-recapture study, a two-event experiment, provides the most precise estimate of Unuk River chinook escapement.  Unlike the index counts, it also allows estimation of non-large spawners.  Fish are first captured by set gillnet on the lower river, and marked with a uniquely numbered tag. In event two, fish are captured on the spawning grounds using multiple methods, and examined for marks.  Small, medium and large fish are sampled at both events for age (scale collection), sex and length to provide estimates of these distributions in the escapement. (McPherson et al. 2003)  Scale aging analysis provides information needed to arrive at estimations of contributions by brood year (McPherson and Carlile 1997). Escapement estimates are added to catch data to get an estimate of total run size.  CWT recoveries in this experiment contribute to results necessary for estimating the marked fraction of juvenile fish by brood year.  Ultimately these data allow for total abundance and harvest estimates.

Coded Wire Tagging

Chinook salmon fall fingerling (October) and spring (March-April) smolt are tagged annually on the Unuk River.  Baited minnow traps are set throughout the main stem of the Unuk from just below Lava Falls to about mile three on the lower river.  The fish are transported back to the tagging camp where they are anesthetized, marked by an adipose fin clip, tagged in the snout with a binary coded wire, and released the following day.  Recovery of adult Unuk River CWTs occurs in sport and commercial fisheries as well as in the adult mark recapture project. Allocation of marked fractions of juveniles allows detailed dynamics of the stock structure to be enumerated.  Contributions by brood year in harvests are estimated, as well as over winter survival, smolt abundance, smolt to adult survival, and harvest distribution. With each year of returns, a more precise stock structure, and more refined spawner-recruit relationship, can be described.   Sixteen brood years have been coded wire tagged on the Unuk River at this time. 

Harvest Estimates

 Determination of percent harvests of a particular stock requires estimations of total run size, total harvest numbers, and total number harvested from the stock of interest.  Estimations of the marked fraction per brood year and location coded wire tagged, 
[image: image1.wmf]q
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j , are determined from the proportion of CWT tagged fish recovered among the total sampled (by age) during escapement.  This fraction provides the corresponding estimate of marine harvest.  Total harvest (N), is estimated from angler surveys and commercial fish tickets. A fraction representing number of coded wire tag recoveries from a given brood stock in the harvest sample, Mj , is obtained from catch and tag lab statistics.  Catch statistics provide numbers sampled and numbers missing adipose fins.  Tag lab statistics consist of decoded tag data and proportions of decodable tags among total adipose clip observations (accounting for tag loss, lost samples etc.). A CWT  model used for total estimated number of fish from brood j  harvested in stratum i from (Bernard 1992) as outlined in Pahlke (1995) is (subscripts added)
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Because both  Ni  and (ij  are estimated with error in the recreational fishery, a closed form solution must be used to estimate the variance of equation (1).  This is shown without subscripts as
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(2)

Where  
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 is estimated from a Monte Carlo simulation for an assumed binomial distribution as per Geiger (1990). The estimate of 
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 for this case was generated by boostrapping 6 categories of catch data following a protocol described by Bernard (1992). 
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 was estimated from angler surveys as recommended by Carlon and Vincent-Lang (1989) (Pahlke 1995). Note:  I am aware that more current notation exists for these analyses in Bernard and Clark (1996) which I have only just obtained.  I will elaborate on these in my next draft.

Fall Fingerling Abundance, Smolt Abundance and Over Winter Survival

Use of CWT codes unique to brood year and spring or fall marking in years when both occur allows for individual estimates of fingerling and smolt abundance, and consequently over winter survival. Abundance estimates corresponding to specific CWT codes are made by first determining the proportion of total examined adults to the number  of retrieved tags with the  tag code of interest in escapement samples;  and applying that proportion to the number of juveniles tagged with the same code.  It is assumed that distributions in the escapement are random and that coded wire tagged fish from the same brood stock have an equal chance of recapture. The statistical method used historically has been Chapman’s modification of the Peterson Estimate with a closed form solution for variance (Weller and McPherson 2002)
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Where n1 = number smolt tagged in a given brood year, n2 = total number sampled on spawning grounds during returns from the given brood year,  and m2  is the total number sampled in escapement and missing adipose fins during returns from the given brood year.
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Equation number three is a basic mark recapture estimate.  Fall fingerling tagging numbers are generally sufficiently large to provide a legitimate abundance estimate by this method.  However, spring tagging numbers are generally about one quarter the number tagged in the fall.  For brood years in which both fall fingerlings and spring smolt are coded wire tagged (not the case for years prior to 1993), a closed form solution for variance will not be appropriate, and bootstrapping will be required. In such years, pont estimates for over winter survival rate may be derived from the difference in the ratio of numbers of marked fall fingerling to marked spring smolt abundances versus the ratio seen in returns from that brood year. Techniques for using simulations of abundance and over winter survival to estimate variance are described in a 2004 report draft for Taku River coho salmon production, as are ratio estimators for stratified smolt abundance designed by Dave Bernard (Jones III et al. 2004).  These methods will be explored for use in analyses for this project.  

Smolt to Adult Survival

Return rate, or smolt-to-adult survival, can be determined using the smolt abundance estimates by brood year, and the sum of harvest and escapement (returns); i.e. Abudance by brood year in total returns/smolt abundance by brood year = return rate by brood year.   With adequate simulations of smolt abundance and over winter survival, a closed form estimate of variance for marine survival should be possible. 

Time Series Applications for Future Analyses

Given the above components available from our stock assessment data, and their varying time series availability, there are examples of analyses that could be done:

1)  Large spawner to smolt production encorporating brood years 1982-1986 and 1992-1999 (if we are to start analyses with this years returns)

2)  Large spawners to age –1.2 to age –1.5 adults production  for brood years 1977-1999.  Covariate analysis of marine survival could also be added to this relationship for years when we have such estimates for wild stock, or when there is hatchery data available that may be used in place of wild stock data.

Transboundary Sentinel Watershed Project

In 2000, the now former Habitat Division of the Alaska Department of Fish and Game began conducting spatially explicit documentation of the rearing and spawning habitat on the Unuk River (Frenette 2002).  The rearing habitat data consists of trapping area locations and their associated fish counts obtained during spring and fall juvenile coded wire tagging projects.  Using GIS, trapping polygons are drawn to represent trapped area. Additionally, low elevation digital photography (LEDP) has been done on the river in the spring of 2003 and 2004 in an effort to estimate the amount of late winter-early spring rearing habitat.  Spawning stream inventories detail habitat on a reach-based scale including, but not limited to assessment of average stream gradient, channel incision depth, bank full width, bank composition, channel pattern, dominant substrate, riparian vegetation, channel bed width, and tallies of large and “key” wood, and macro-pool counts (will make table to define habitat terms) (Frenette et al. 2004). Continuing under the Sport Fish Division, this group is endeavoring to review their findings and refine their methods and analyses.  A major project initiated by this group has been the development of a spatial database intended to be available for many users to input standard fish observations and associated habitat information. Their ongoing work provides accessibility to many potential model attributes that may be considered in the development of spawning habitat characterization and utilization models.

Preliminary Spawning Area Data Collection from August 2003 to Present

In anticipation of this study, considerable preparation and field-testing of methods were carried out during the summer of 2003.  In a cooperative effort between ADF&G and the United States Geological Study (USGS), water level gauges and crest gauges were installed on the Eulachon River and Lake, Clear, Gene’s and Cripple Creeks.  A continuous reading main stem gauge was installed prior to this.  Once correlated with the main river gauge by a sufficient number of discharge measurements at different flow stages, visual readings of the staff gauges can provide stream-specific information on flow in cubic feet per second.  The crest gauges, when successfully positioned, can provide after the fact flood stage information (peak flows) by the level of cork residue that high water displaces from a reservoir cup onto a reading stick.  Presently, there are gauges remaining at only three tributaries; Clear Creek, Gene’s Lake Creek and Cripple Creek.  Gauges from the other two sights were removed due to permitting issues with the United States Forest Service, and because they were ill positioned in areas where there was either tidal or main river backwatering influence.  It is hoped that continued efforts by ADF&G and USGS staff to obtain sufficient discharge measurements on the remaining tributaries will eventually provide usable stream flow data that can be tested in potential habitat utilization models.  
Later in the summer stream gradient surveys were conducted on Clear, Gene’s Lake, and Cripple Creeks.  The method employed was a “loop survey” using a stadia rod, survey level, hand compass, and range finder or measuring tape.  Essentially, gradient is estimated in progressive increments using distance and height above an established point to derive an angle (rise over run). Measurements were delimited by reach break or smaller increments when terrain or vegetation caused obstruction of view.  Surveys were completed through the extent of the spawning areas on Clear Creek.  Further work was done in early May of this year, but portions are still remaining to be finished on Gene’s Lake Creek and Cripple Creek. None of the other tributaries or the Eulachon River have been surveyed.

Two Hobo Water Temp Pro temperature loggers were installed on each of the same five creeks where the flow gauges were originally placed.  One logger was positioned to read water temperature in the streambed at or near the water gauge. The second logger was put nearby on the bank to record ambient temperature.  All were programmed to log hourly temperature readings. When these locations were visited in May of this year, only the water temperature loggers at Gene’s lake Creek and Cripple Creek were retrievable.  The Eulachon, Lake Creek, and Cripple Creek loggers were silted under and may or may not be able to be excavated later with lower water levels.  All the ambient temperature loggers were intact, with the exception of the Lake Creek unit, which had fallen into the water along with the staff gauge it was attached to.  Attempts will be made to replace or retrieve and reinstall the inaccessible loggers.  All accessible loggers were successfully downloaded and displayed hourly temperature readings from August of 2003 through early May 2004.  

From late July to late August of 2003, spawning area measurements and observations were recorded on at least two occasions at all six major spawning sub-basins, as well as once at Boundary Creek.  Each stream was surveyed through its extent of known historical spawning.  Waypoints were recorded at the downstream end of each continuous area where chinook spawning behavior was observed.  Limits of the spawning area were determined as the perimeter of similar stream habitat based on visual observation.  A length measurement was taken from the waypoint to the upper extent of the area.  A bottom and a top width of each area were recorded; and if the area was very irregular, a middle width was also taken.  The spawners in each area were counted and tallied as large, medium, or small fish, and as in active, or pre- or post-spawn condition based on visual estimation. In addition, fish sampling crews continued spatial documentation as initiated by the habitat division by taking waypoints of sampling areas and fish groupings observed during their foot survey counts.

Study Purpose

The purpose of this study will be to ground-test alternative methods to be used in setting an escapement goal for the Unuk River. A biological escapement goal (BEG) will first be developed from currently updated spawner-recruit data. This reference point will serve as the benchmark by which performance of alternatively derived goals is measured. Additionally, exploration of different components of several production curves may allow insight for examination of productivity and capacity relationships within different life stages.  These may be useful for looking into habitat constraints in freshwater habitat.  Alternative escapement goal methods will incorporate freshwater habitat features both in combination with stock assessment data and alone to estimate productive potential of the Unuk River system. Habitat information for this system is available on varying scales of detail.  As the intent of this study is to examine methods not only for meaningful results, but also feasibility of execution, approaches to model development will attempt to minimize fine scale data collection.  To the greatest extent possible, we will rely upon information provided by previously conducted stream habitat surveys, remote sensing, and hierarchical geomorphic relationships.  On the ground data collection specifically for this project will be focused on quantification and spatial documentation of spawning area and estimated level of utilization in numbers of spawners.  Past and present fish production data will be used where possible to estimate expected densities of spawners given different run sizes.  In some cases models used to predict habitat-productivity relationships demonstrated in other studies may be applied to the Unuk River and results tested against the BEG. 

Proposed New Methods 

Main Objectives
A)
Traditional (benchmark) escapement goal estimate:
Develop a biological escapement goal range of total spawners for the Unuk River stock of chinook salmon, based on the spawner-recruit relationship from data incorporating:

1)
Large spawners to smolt production

2)
Large spawners to adult production 

3) Large spawners to adult production with a covariate for marine survival  

An interim index escapement goal, based on the highest historical peak survey count, was set for the Unuk River in 1981. The goal was revised in 1997 using spawner-recruit analysis to set an index escapement range. A total escapement range could not be set because the expansion factor for survey counts was unknown at that time.  The spawning requirements and associated parameters were estimated using the Ricker Model: 






R = S( e –BS  




 (5)


Where:  R = Total returns 


 S = Number of large spawners



 ( = Estimate of number of returning adults from a given spawning adult



 ( = Capacity measure equivalent to the inverse of the number of spawners that produces the theoretical maximum return for the stock (Ricker 1975).  
Optimal escapement, as reflected by maximum productivity, is estimated through an iterative solution process with the first derivative of the above Ricker equation (5) is set equal to one:





1 = (1-(S)( exp(-(S)



            (6)

Spawners, representing total escapement, are approximated based on expansion factors applied to peak survey counts.  The number of spawners resulting in the maximum difference between spawners and recruits, or spawners producing maximum sustainable yield, is the reference point referred to as “Smsy”.  This is the standard biological escapement goal for salmon defined by the Alaska Department of Fish and Game in and Alaska Board of Fisheries (ADF&G/ABF 2000)
Adult returns are calculated from the sum of estimated escapement and fishing mortality, whether from landed harvests or incidental mortality.  Fishing mortality is estimated from coded wire tag recoveries in the harvest and the estimated incidental mortality.  For brood years when no coded wire tagging was done on the Unuk River, hatchery data from Unuk and Chickamin River brood stock might be used to estimate harvest mortality.  Incidental mortality is estimated from algorithms in the chinook model used by the Pacific Salmon Commission Chinook Technical Committee. 

A spawner recruit-relationship can also be expressed using smolt abundance to represent returns by brood year.  An advantage of this equation is that it that the variability in adult returns due to inconsistent ocean survival rates among brood years is removed.
The reasoning behind approaches 1 through 3 under Objective A is to compare model fit incorporating different data sets of varying detail and time series lengths.  The first approach can only encapsulate brood years whose offspring were coded wire tagged in the spring and/or the previous fall. The second relationship will utilize the longest continuous estimates of spawners based on the expanded index survey counts beginning from 1977-1996 and the mark-recapture estimates from 1997-2003. However, we do not have coded wire tagging data for years prior to 1982.  Thus, to use all the available years of index survey data, we do not have the ability to look at the spawner-to-smolt relationship. The third approach applies an estimate of marine survival to the spawner-adult relationship for the years when data is available to estimate this (coded wire tagging).  In addition to the Ricker model, other production curves such as the Beverton-Holt form may be explored.  The resulting SMSY goal range will replace the existing index survey goal.  This new range will represent the total number of large spawners as estimated in the annual mark-recapture project; whereas the existing survey goal is what is counted in peak surveys, and likely represents about 1/5th of the total.  The SMSY goal range will also serve as the benchmark against which alternative escapement goals will be evaluated.

B) Alternative approaches to defining escapement goals

Explore relationships between watershed characteristics, habitat measures and fish production data for potential use in refining the Unuk River escapement goal, as covariate in a traditional surplus production model or as independent models of spawning requirements.  A family of predictive models may include:

1. Watershed size accessible to chinook salmon (as per the model being developed by C. Parken/ Department of Fisheries and Oceans, Canada, Nanaimo, BC; for stream-type chinook salmon).

2. Watershed flow (at critical life stages in freshwater, including over winter flow and flood events).

3. Water temperature (at critical life stages in freshwater).

4. Stream gradient (main stem and primary tributaries that produce chinook salmon.

5. Spawning area (measured spawning area, miles of spawning tributaries, etc.) and spawning density.

6. Rearing area as measured in this study.

7. Smolt size.

8. Mean length at age of adults.

Data and/or analysis needed to explore development of the above models includes:

1. A close look at the radio telemetry study in 1994 (Pahlke et al. 1996) and past/present field observations will be needed to determine if the Unuk River drainage size of 3,885 km2 is the appropriate number to use for the Unuk River in the “Parken Model”.  For example, no chinook may have been tracked to the Blue River, which has a barrier falls at the confluence with the Unuk River main stem, and that portion of the watershed may be appropriate to discount for use in this type of model.

2. Watershed flow can affect freshwater survival.  Available mean flows by time strata should be calculated and explored.  However, if this time series is relatively short, it will be limited for predictive capabilities.  Potential for integrating data from a gauging station previously operated on the Canadian portion of the main Unuk River will be explored.

3. Water temperature data will be examined for the available time series historically and the work since 2003.  There are temperature records for daily work, from the spring, summer and fall work (recorded by hand daily) as well as the more recent data loggers.

4. Stream gradients of main stem and tributaries is being calculated and will be explored.  It may be that this parameter(s), like others in this class, may be needed from a variety of stream-type chinook systems, in order to be useful.

5. Chinook systems are either spawning limited or rearing limited, putting a cap on production of smolt (and adults).  I will estimate the spawning area for almost all known spawning areas in the Unuk River for chinook salmon in 2004 and 2005, continuing work that began in 2003; and I will estimate the densities of spawners from a combination of the measured area, the mark-recapture estimate and the survey count/spawning distribution data.  A stepwise procedure is outlined:

a. Document and measure all observed utilized spawning area for 2004 and 2005;

b. Record numbers of spawners per measured area (in each tributary and in total);

c. Calculate per unit length spawner densities within spawning reaches and in total, by large spawners and by females.  Calculate the same for the SMSY as estimated from the best traditional model, e.g., large spawners to smolt, large spawners to adult, etc.

d. Analyze densities in relation to habitat features, generate explanatory model to assign value to suitable habitat types in number of spawners.  Generate a percentage-of-total-length-use index for each tributary stream.

e. Estimate total area of like (suitable) habitat in Unuk system;

f. Generate an estimate of number spawner capacity based on above area and required area per spawner from the literature;

g. Generate an estimate of number spawner capacity based on total spawners per river kilometer (or river miles) from the literature, either as females or total;

h. Compare the latter estimate(s) to that mentioned in 5c above (SMSY  densities);

6. For rearing area, I will estimate the rearing area (in square kilometers of surface area) from LEDP taken in early spring to estimate the later winter/early spring surface area for rearing pre-smolt.  From the SMSY estimate from fish production, I will estimate the optimal number of smolt produced and the smolt/unit area of rearing habitat.  From past fall and spring trapping and CWT work, we know that virtually the entire rearing population in the Unuk River rears in the U.S. portion of the drainage and this area (up to Lava Falls or Boundary Creek or Cripple Creek) can be estimated from the photos and GIS mapping software.  Using literature estimates of smolt/unit area for stream-type chinook, I will calculate theoretical standards for the Unuk River and compare to the SMSY estimate of smolt density and optimal number of smolt at SMSY.  I will also look at the proportion of numbers of spawners in total and by females only to the total estimated rearing area as a potential indicator of habitat limitation or productivity.

7. Smolt size has been correlated to overall survival rate, and may also have reflect density dependent conditions.  Mean length of smolt (by brood year) will be compiled and used as a covariate in the spawner recruit series of large spawners to adults.  Mean weight data are also available, but not for all broods.

8. Similar to step number 7 above, and relating to ocean survival, mean length at age can be compiled by brood year for use as a covariate.  It is likely that age-1.1 male jacks will be the most informative, if at all.

Field Data Collection

Field data for this study will be collected during the summers of 2004 and 2005 from late July through the month of August, a major spawning sub-basin will be sampled every day, in its entirety when possible. If the entire stream cannot be covered through the extent of spawning on a single day, the same spot will be surveyed on consecutive days until finished.  Historical peak spawning time will be the prime factor considered in scheduling of assigned areas, but will be ground-truthed on site.  The goal will be a minimum of two complete surveys in each sub-basin, and more as time allows.  Attempts will also be made to survey Boundary Creek and Chum Creek, where a low percentage of spawning occurs (will note note actual estimate of percentages). Sampling of these smaller production areas will tighten up overall estimates of distribution, and provide additional data for habitat characterization models. Christie Hendrich will conduct surveys with the assistance of one other person.  

Spawner Enumeration and Characterization

The spawning area surveys will in most cases proceed from the mouth of the sub-basin through the upstream extent of spawning fish. Information from past foot and aerial counts will be utilized to determine reasonable stopping points.  On occasions when helicopter assistance is available, surveys will begin above the uppermost extent of spawning areas, and proceed downstream.  All distinct aggregations of chinook will be counted and tallied by visual interpretation of length as large (( 660 mm), medium (401-659 mm), or small ((400mm).  Further delineation will classify observed chinook as in a pre-spawning, active, or post spawning state. Each observation point with aggregated fish will be designated in the general habitat category of either pool or riffle.  If it is not a spawning area the location will be documented at its midpoint using a GPS unit. If the fish are aggregated in a spawning area, care will be taken to get distinct counts within measured units, and the procedure for these locations is described below.

Spawning area measurements

Using a laser range finder or a tape measure, length and width measurements to the nearest half meter will be taken of each distinct area where spawning is observed.  At the downstream boundary of the habitat unit containing spawners, GPS coordinates identified by an associated waypoint number will be recorded. A length measurement from this spot to the upstream limit of the habitat unit will be taken.  Within this length measurement, the lower and upper marks of the actual utilized area boundaries will be noted to provide a length measurement of the actual spawning limit.  Additionally, a width measurement at the top and bottom ends of both the habitat unit and the utilized area will be taken. There will occasionally be more than one distinct utilized area of spawning within a continuous habitat unit, and separate length and width measurements will be taken of each. These dimensions will be used to calculate the size of the utilized area within the habitat unit as well as the total habitat unit size.

Area Specific Habitat Evaluations

Gradient:  Gradient of spawning habitat units will be estimated using hand held Abney level, which is a device with a bubble level and telescopic lens, that functions similarly to a clinometer.  The approach is to establish a fixed mark on stick at which the Abney level reads a zero gradient when it is at a fixed height and both the level and the marked stick are on the same level ground.  A second stick will be carried upon which the Abney level can be set to reduce measurement error that can occur if the level is held free hand.  To measure the gradient of the length of a habitat unit, one person will hold the level at the downstream position, and the other person will position the marked stick upstream.  The reading in degrees is taken with while the Abney is re-focused on the upstream mark.  The attempt in these measurements will be to capture finer scale increments of gradient that may have been missed in the level loop surveys, and to provide some indication of this feature in the spots where loop surveys do not get done. 

Expected Results

Analysis of stock assessment to generate a biologically based total escapement goal should improve upon an already quite solid management plan for this stock.  Additionally, it should give investigation of the freshwater environment far more quantitative potential than would otherwise be possible.  Evaluation and quantification of habitat standards for use in chinook production models will be challenging.  Some protocols will be difficult to execute and some will fail.  Some will provide little application for predictions of productive capacity.  It may be difficult to define relationships whose explanatory power out-weighs potential measurement error or to improve upon the effectiveness of thorough stock assessment procedures.  However, the pitfalls described are part of the rational for taking advantage of the ground-truthing opportunity that exists here.  A review of data from the 2004 season may provide cues for further examination in 2005.  
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Figure 1. –Behm Canal area in Southeast Alaska (Weller and McPherson 2003)
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 Figure 2. –Unuk River area in Southeast Alaska, showing major tributaries, barriers to chinook salmon migration, and location of ADF&G research sites.  (Weller and McPherson 2003)
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Table 1- Unuk River Stock Assessment Data
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