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As the ISRP duly noted in their review the goal of this project is to monitor the status of bull trout in the lower Deschutes Subbasin (downstream of Pelton-Round Butte Hydroelectric Complex). The results of this project will be used to assess the trend of bull trout populations towards achieving recovery goals identified in the USFWS Bull Trout Recovery Plan.  Objectives in this proposal address monitoring key recovery criteria that must be met to recover Deschutes bull trout populations. The criteria include:

1.)
Estimated annual average abundance of spawning adult bull trout in the Deschutes Recovery Unit is at least 1,200 with at least 400 adults spawning in the Warm Springs River and Shitike Creek, and 800 in the Metolius River Basin. 

2.) Adult bull trout exhibit stable or increasing trends in abundance in the recovery unit; based on a minimum of 10 years of monitoring data (USFWS, 2004).
Information sharing with bull trout projects out of central Oregon is noticeably absent.  
Although not clearly stated in the proposal data generated from this project has been shared with other interested parties outside of the Deschutes subbasin. Oregon State DEQ has utilized water temperature data from this project to formulate state-wide water quality standards for bull trout. 
Results from this project are presented annually at Salvelinus confluentus Curiosity Society (ScCS) meetings.  The society is composed of bull trout researchers in the U.S. and Canada.  Projects are critiqued and information is exchanged at annual meetings in order to coordinate and strengthen ongoing bull trout research.  
We have presented results from this project at two Oregon Chapter AFS meetings (1999 and 2004). We will present summary results from 1998-2006 work at the 2007 annual chapter meeting. 

Results from this project are annually reviewed by the CBFWA Resident Fish Committee, of which we are active participants. 
Although they have analyses sections under their objectives, they do not indicate in even a general way what methods they will use or how they will analyze data (even for data already collected by them).
Below is a summary of the methods that will be used to analyze project data for the objectives that are recommended for funding by the Oregon State review team (OSPIT). As new analytical tools become available we will use them to interpret project data.
Objective A.  Monitor abundance and population trends of bull trout in the lower Deschutes Subbasin.

Data from 1999-2009 juvenile relative abundance and redd count surveys in the Warm Springs R. and Shitike Cr. will be analyzed to determine population trends. In order to determine the power to detect population trends, an analysis of variance, based on a model suggested by Urquhart et al. (1998), will be used to identify components of variance associated with year, observation site, measurement error, and any interactions. The results will be used to estimate the power to detect trends within the data and to determine the number of years required to detect a trend of a specified magnitude with a given power.  The basic trend analysis will be a linear regression of the response on sample year.  The response may be the actual observation or an appropriate linearizing transformation, e.g., the log of the observation.  Explanatory co-variates will be incorporated into the linear model.  The co-variates have the potential of reducing the magnitude of the year effect and substantially increasing the power to detect trends.  
The data from snorkel surveys will be used to complete a model developed by Don Stevens, OSU- Department of Statistics, to predict juvenile bull trout relative abundance in a 2.4 km reach of the Warm Springs River from four index reaches.
Survey data will be entered into a linear model of the form:
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where y is the 2.4 km density, and the Xi  are the index reach densities.  There are potentially 8 predictors (4 index reaches with bull and brook trout densities for each reach) plus an intercept for a total of 9 possible parameters.  The appropriateness of the model will be judged by the Akaike's Information Criterion (AIC) (Akaike 1973).  This model, fit to the 1999-2005 data, has a residual standard error of 0.537 on 2 degrees of freedom, a multiple r-squared of 0.9746, and an adjusted r-squared of 0.9237.  

The results using 1999-2005 data indicate that the model is relatively stable, however, there are only 2 degrees of freedom in the estimated variance, leading to large uncertainties in prediction.  The three additional years of data will be used to validate the model before the fitted model is used for routine prediction of the status of the entire 2.4 km reach (refer to response to question 4 below).
Adult Weir Counts:

Videotapes from the weirs in Warm Springs and Shitike Creek will be reviewed in the office using FishTick software created by Salmonsoft to collect bull trout data.  Adult fish will be identified to species; total lengths estimated; direction of movement noted and date/time recorded. 

Descriptive statistics will be used to determine median passage dates. The annual data will be combined with 2003 – 2006 data to generate a histogram of abundance trends. The variance in annual counts will be determined. The results will be used to determine if adult bull trout escapement in both streams is trending towards numeric recovery goal of 400 adults (USFWS, 2004). 

Due to a reduced budget recommendation from the Oregon State review team (OSPIT) Objectives B “Determine migratory patterns and habitat use of bull trout in the Warm Springs River” and C “Determine the risk introduced brook trout pose to bull trout in Warm Springs R. and Shitike Cr.” have been removed from this proposal.                                                                   

1.  The basis for asserting that the Warm Springs River and Shitike Creek populations of bull trout warrant delineation as a separate core areas.  The observation that the Warm Springs River and Shitike Creek are genetically unique from one another is not particularly informative. Using microsatellites, almost every semi-isolated population will be unique to the extent that significant allele frequency differences exist.  The critical elements to estimate are migration and gene flow between the populations, so this can be incorporated into viability analyses.

Referring to the Warm Springs River and Shitike Creek populations as being “genetically unique” from each other and the three populations present in the Metolius Basin, upstream of Pelton dam requires clarification and context.  Spruell and Allendorf (1997) and Spruell et al. (2003) used four polymorphic microsatellite loci to describe the genetic structure of Pacific Northwest bull trout populations. The results from the five Deschutes populations revealed that Warm Spring and Shitike Creek bull trout populations were “distinct genetic units” from the three Metolius basin populations. Warm Springs and Shitike Creek bull trout occupy positions equidistant from each other and the Metolius populations based upon an UPGMA dendogram (Spruell et al. 2003)
While these results may indicate historical genetic differences among the basin’s populations the construction of the Pelton-Round Butte Hydroelectric complex during the 1960s isolated Warm Springs and Shitike Creek bull trout from those in the Metolius. This may have prevented gene flow among the basin’s bull trout populations resulting in random genetic drift.  

However it may be the case that bull trout do not stray within the basin. Recent weir count data from the Warm Springs River indicates that a large proportion of the adult population resides entirely within the Warm Springs subbasin. Immigrating adult bull trout have been enumerated near the mouth of the Warm Springs River, at the Warm Springs National Fish Hatchery weir, since 1998. Beginning during 2004 we have installed and successfully operated a weir equipped with videography equipment at the downstream bounds of bull trout spawning habitat in the Warm Springs River to enumerate spawning adults. Over 80% of the spawning adults are not detected at the WSNFH weir.  Table 1 displays the discrepancy in weir counts.  
Table 1. Number of immigrating adult bull trout enumerated at the Warm Springs National Fish Hatchery (WSNFH) weir and a weir immediately downstream of the spawning grounds in the Warm Springs River 2004-2005.

	
	WSNFH Weir
	Spawning Ground Weir

	2004
	26
	113

	2005
	33
	167


The data from the two weirs in the Warm Springs River provides some evidence that the Warm Springs River bull trout population may exhibit a predominantly resident life history and perhaps reproductive isolation. These observations provide some support to results of Spruell et al’s nuclear DNA analysis. 
 In Objective B of the original proposal we proposed to track the movements of juveniles through adulthood using PIT tags and radio telemetry to determine the proportion of Warm Springs River bull trout that exhibit resident and fluvial life history patterns. Additionally the results of this objective would have provided information on whether or not fluvial bull trout migrate into Shitike Cr. with the potential of gene flow among the two populations. Unfortunately this objective has been removed due to lack of funds. We will seek other funding opportunities to implement this objective.
If Warm Springs River bull trout exhibit a predominantly resident life history the strategies for recovering this population will require re-evaluation. The draft USFWS Bull Trout Recovery Plan recommends re-connecting the Warm Springs and Shitike Cr. populations with the Metolius population as the primary recovery action. It is likely that potential to reconnect the Warm Springs / Shitike Creek populations with those in the Metolius will happen when fish passage is restored around the Petlon-Round Butte Hydroelectric complex beginning in 2009 as per Pelton-Round Butte Relicensing  Settlement Agreement (Ratliff et al. 2001). However the assumption that bull trout will freely stray among natal streams in the lower Deschutes subbasin once passage is restored is untested.  
 2.  What is meant by "relative juvenile abundance and adult escapement indicate that Shitike Ck is robust while the Warm Springs R. population is less healthy than believed"?  What is the size of the two populations?  What data is used to arrive at the former conclusion?

Juvenile relative density counts and adult bull trout enumeration through weirs in Warm Springs and Shitike Cr. are used to determine the population sizes. 

Juvenile bull trout relative abundance surveys have been conducted in Warm Springs and Shitike Creek annually since 1999. In the Warm Springs River juvenile bull trout are enumerated in a 2.4 km reach by night snorkeling. This accounts for approximately 66% of the known available juvenile rearing habitat in this stream. In Shitike Cr. juvenile bull trout are counted during night snorkel surveys within nine index reaches located each rkm along the 12.8 km long juvenile rearing habitat. 

Age I-III juveniles are counted. Age 0 fish are tallied when observed but were not included in the relative density estimates due to difficulty in enumerating this age class by night snorkeling.  The length and average bankful width of each habitat unit is measured prior to fish enumeration.  The surface area (m2) of each habitat unit within each survey reach is calculated by multiplying its length by the average bankfull. 
Juvenile bull counts are divided by the surface area for each habitat unit to determine the juvenile density for each habitat unit. The relative densities observed in each habitat unit surveyed within each stream are averaged to determine the relative density of juvenile bull trout in each stream.
Juvenile bull trout densities are in the Warm Springs R. are far less than those observed in Shitike Cr. and the Metolius River tributaries. We included Metolius River tributary data collected using similar survey protocols for comparison purposes. The bull trout population in the Metolius River is the most robust within the Deschutes subbasin (NWPPC, 2005).  
Table 2. Relative densities (fish /100 m2) of juvenile bull trout (Age I-III) in Warm Springs River, Shitike Creek and Metolius tributaries ( Brush, Jack, Canyon, Roaring Creeks), 1999-2005).
	
	Warm Springs
	Shitike
	Metolius Tributaries

	1999
	0.5
	2.5
	3.0

	2000
	0.6
	3.2
	-

	2001
	0.4
	3.4
	2.8

	2002
	0.3
	2.9
	3.6

	2003
	0.8
	3.8
	4.3

	2004
	0.8
	4.5
	5.1

	2005
	0.8
	4.0
	-

	Mean:
	0.6
	3.5
	3.8


As illustrated in table 2 juvenile bull trout densities in the Warm Springs River are much lower than observed in Shitike Cr. and Metolius tributaries. Juvenile bull trout in Shitike Cr. are present in similar densities to those in the Metolius tributaries. 
Although fish weirs have been used to monitor adult bull trout escapement in Shitike and Warm Springs River since 1999 a complete census in both streams was not achieved until 2004. In Shitike Cr., a picket weir located at Rkm 1.0 has been operated seasonally since 1999 to census immigrating bull trout, summer steelhead and spring Chinook salmon. Prior to 2004, a live box was used exclusively to capture immigrating adults. Trapping operations ceased when water temperatures reached 17oC.  This generally occurred by mid-May resulting in an incomplete count of immigrating adults.  During 2004 USFWS personnel installed underwater videography equipment on the weir for use when the live box operations were ceased. This has resulted in a more complete count of adult bull trout since the majority of immigration generally occurs after live box operations are discontinued due to rising water temperatures. In the Warm Springs River, as mentioned above, adult bull trout entering the spawning grounds have been enumerated successfully using underwater videography equipment since 2004.
Table 3. Numbers of adult bull trout immigrants recorded at weirs in Warm Springs and Shitike Cr., 2004-2005.
	
	2004
	2005

	Shitike Creek
	209
	238

	Warm Springs River
	113
	103


Adult bull trout escapement in Shitike Cr. during 2004-2005 has been double that recorded in the Warm Springs R.  However the annual combined number of spawning adults from both streams is less than the 400 adults identified by the USFWS as a recovery goal (USFWS, 2004).
3. A short summary of the extent of bull and brook trout introgression - hybridization beyond the F1 is needed.  Evaluating hybridization is not the same thing as "Determining the level of genetic threat brook trout pose to the persistence of sympatric bull trout in these two streams."  Sponsors need to identify how they are going to measure the level of threat based on the identification of hybrid individuals. How do you decide individual fish are likely hybrids?  Are there other lab methods besides allozymes and PINES?  No microsatellites or single copy RFLPs similar to those used to evaluate O. clarki and O. mykiss hybridization? If the allozymes could be eliminated fin tissue could be used for the analysis and broader sampling could be used.  Ten fish per year does not provide a lot of data to draw inferences from.

Due to a reduced budget recommendation from the Oregon State review team (OSPIT) this objective “Determine the risk introduced brook trout pose to bull trout in Warm Springs R. and Shitike Cr.”(Objective C) has been removed from this proposal
We did misstate the objective as duly noted. Our goal was to determine the extent of introgressive hybridization between bull and brook trout in Warm Springs and Shitike Cr. We hoped to do this through analyzing suspected hybrids collected in the field using a combination of allozymes and PINEs. 
During 1999 and 2004 fin clips from a total of 120 bull trout were randomly collected within the zone of sympatry with brook trout in the Warm Springs R. (Rkm 57-59) and Shitike Cr. (Rkm 35-40). The samples did not contain suspected hybrids. The samples were sent to the Wild Trout and Salmon Genetics Laboratory, University of Montana, for electrophoretic analysis.  The Paired Interspersed Nuclear DNA Element-PCR (PINE-PCR) method was used to determine genetic characteristics at 7 diagnostic markers (Spruell et al. 2000).  This method produces DNA fragments that can be used to distinguish bull trout from brook trout. The results from the PINE-PCR tests strongly suggest the Warm Springs R. and Shitike Cr. samples are 100% genetically pure bull trout with 0% evidence of hybridization.  Base upon the results of the PINE-PCR analysis hybridization does not appear to be wide-spread in either stream. 

However field survey crews routinely observe small numbers of suspected bull X brook trout hybrids during juvenile bull trout snorkel surveys annually in Shitike Cr. and more recently in the Warm Spring River.  Suspected hybrids are identified by vermiculations on the dorsal fin and spotting on the adipose fin.  During 2003 a suspected adult hybrid was identified during a snorkel survey in Shitike Cr. 
While extensive introgressive hybridization between bull trout and brook trout has not been detected in either stream it cannot be ruled out that the suspected hybrids we have observed are F1.  Kanda et al. (2002) examined suspected hybrids from five streams in Montana. They found that about three quarters of the hybrids were F1 males. However they also found that the remainder of the samples were back crosses to parental species but some were produced from crosses between hybrids (F2s). Their results indicate that some F1 hybrids can successfully reproduce. Despite these findings Kanda et al. describe the lack of evidence of “hybrid swarms” throughout their range and suggest that some mechanisms must prevent this from occurring. Possible explanations are 1.) Reduced fitness of F1 and post F1 hybrids due to reduced fertility because of inter-specific differences in chromosome numbers; and 2.) the rarity of F1 females. 
Of concern to the tribes is the reproductive effort bull trout may expend reproducing with brook trout, hybrids or back crosses. Given the relatively small population in Warm Springs River wasted reproductive effort may limit the population’s ability expand towards recovery goals. Additionally the brook trout population in Mill Creek will need to be addressed if bull trout are to be re-introduced into this tributary of the Warm Springs River as identified in the recovery plan.  Identifying the origin of suspected hybrids will provide crucial information for managers to decide if brook trout eradication is a prudent course of action in Warm Springs and Shitike Cr. If post- F1 hybrids are present managers may consider removal of these fish along with brook trout to avoid further decline of the bull trout populations due to wasted reproductive effort. 
In Objective C we proposed collect up to ten suspected hybrids per year.  This sample size is based upon average number of suspected hybrids observed annually in both Warm Springs and Shitike Cr.  Both allozyme and PINE-PCR genetic testing would be performed.  The results will be analyzed to determine if the observed hybrids are truly hybrids.  If the results are negative then we can assume that hybridization is of reduced threat to the two populations based upon the results of random testing that occurred 1999 and 2004.  If the results are positive the samples will be further analyzed to determine if they are first generation (F1), back crosses or later than first generation (F2) hybrids.  The proportion of each type of hybrid and their sex will be determined.  Due to the lack of available funds for this objective we will collect and archive tissue samples from suspected hybrids, when encountered, for future analysis. 
4.  Provide the reasoning that more data is needed to complete the task of evaluating the census model for bull trout abundance.  Has the model been peer reviewed?

The model was developed from census counts of a 2.4 km reach and juvenile bull and brook trout densities for four 100m index reaches for the years 1999-2005.  With 7 years of data, and 8 potential explanatory variables (bull and brook trout densities on each of 4 index reaches), there are not enough degrees of freedom to examine all potential models.  The AIC is a criteria that balances model saturation (number of parameters versus degrees of freedom) to achieve the most informative model.  Using the AIC, the model that was selected was 

Ypred = 4.0459   - 0.9783*BL13   +    0.9747*BL14   +   0.6496*BL15   - 0.9135*BK15

where 


Ypred is the predicted value of the census count on the 2.4km reach,


BLij is the bull trout density on index reach ij, 


BKij is the brook trout density on index reach ij.  

A limited model validation was carried out by dropping 1 year of data, fitting to the remaining 6 years, and then predicting the omitted year.  The validation exercise indicated reasonable model stability; however, the strength of that conclusion is severely constrained by the limited amount of data.  Collecting an additional 2 (or preferably 3) years of data would provide the ability to assess the predictive ability of the model using statistically independent data.  The census counts for the additional years would be predicted using the current estimates of the coefficients, and the discrepancy between observed and predicted census would give an estimate of the predictive precision.  The model would be re-fit using all years of data, and the 2 or 3 years of additional data would give an error estimate with at least twice as many degrees of freedom.
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