Genetic Evaluation of Chinook Salmon Supplementation in Idaho Rivers

Project 200725000
ISRP Comment:  Provide evidence of discussion and coordination with ongoing efforts in the Basin.

Response:  The ISS program is coordinating with other programs in the basin to both streamline sampling effort and to build sampling designs that allow individual samples to be used by more than one program.  Sampling effort would be combined with both IDFG and NPT programs to eliminate the need for additional personnel to collect genetic tissue or operate weirs or screw traps.  All samples collected for analysis of the East Fork Salmon River population would be collected by personnel from the IDFG Chinook Salmon Captive Rearing Program (Project 199700100).  Samples collected on Lolo and Newsome creeks will be provided through cooperative agreements with the NPTH (Project 198335003).  
Idaho Fish and Game is coordinating with multiple agencies to complete a standardized Chinook salmon baseline to be used for analysis of population level questions in the Snake River Basin.  The Genetic Evaluation Program's sample collection will assist these programs in providing genotyped samples and tissues for areas and time periods not sampled by the other programs.  The genetic baseline will be used to estimate stock specific estimates of catch in mixed stock fisheries (ocean and in-river, Pacific Salmon Commission Projects) and escapement over Bonneville Dam (Pacific Coastal Salmon Recovery Fund project and CRITFC) and Lower Granite Dam (IDFG and USFWS project) of these populations. Specifically funded BPA projects we are coordinating with include the Idaho Natural Production Monitoring and Evaluation Project (199107300) and Genetic Monitoring of Snake River Chinook Salmon and Steelhead (198909600); also the Pacific Salmon Commission funded Genetic Analysis of Pacific Salmonids (GAPS) consortium to standardize a Chinook salmon genetics baseline.  

ISRP Comment:  Are the proposed streams sites the best place to do this parentage analysis? Please include in response why these sites were chosen and what advantages they have over other sites?

Response:  The ISS study was not originally designed to implement parentage analysis.  As such, tissue sampling effort has been insufficient to retroactively pursue parentage analyses in most of the study streams. The following will identify ISS streams for which existing infrastructure will allow the routine capture and sampling of a minimum of 50% of the total adult escapement, as well as the routine capture of a representative sample of juvenile emigrants.  

Selection of candidate streams for parentage analysis was based on the following considerations:

1) existing infrastructure (screw traps and adult weirs) 

2) adult capture efficiencies of 50% or greater

3) straying rates of non-ISS Chinook salmon

4) sample sizes for migrating adults and juveniles

Streams containing existing screw traps and weirs were first considered for inclusion since juvenile and adult sampling could be achieved with existing infrastructure. Adult weirs also enable researchers to manage adult escapement in ISS study reaches, and effectively enumerate and sample candidate parents. All streams proposed for this analysis currently have functioning screw traps and adult weirs (proposal Table 3). 

The Pahsimeroi River and upper Salmon River (above Sawtooth Hatchery) were selected because the ISS program already has sufficient juvenile and adult DNA samples to conduct both parentage and mating behavior analyses from brood year 2002 to the present.  They also represent the only locations where we will have more than two years of samples from supplementation fish.  These locations also have efficient weirs that will enable tightly controlled comparisons of the reproductive contribution of natural and supplementation adults. 
Table 3.
Study streams selected for DNA parentage analysis along with ISS treatment category, weir efficiency, and average rate of general production (GP) hatchery strays observed in annual carcass surveys. 
	Stream
	Category
	Weir efficiency (%)
	GP stray rate
	Sub-basin

	Pahsimeroi R. 
	T
	100
	0
	Salmon

	Upper Salmon R.
	T
	100
	0
	Salmon

	South Fork Salmon R.
	T
	74
	0.31
	Salmon

	East Fork Salmon R.
	P
	100
	0
	Salmon

	Newsome Cr.
	T
	97
	0.44
	Clearwater

	Lolo Cr.
	T
	75
	0.44
	Clearwater



The South Fork Salmon River and East Fork Salmon River provide unique and dissimilar opportunities not available at other ISS study sites in the Salmon River sub-basin.  The South Fork Salmon River has a less efficient weir than either the Sawtooth or Pahsimeroi River weirs, which allows a number of general production hatchery adults to escape to the spawning grounds.  Along with this, our carcass collection in this stream is sufficient to collect genetic material from enough carcasses to make valid mating and contribution estimates for adults from all three origin types in this system.  The East Fork Salmon River has not received an ISS juvenile release since 1995, and only received one-third of the total number of juveniles prescribed for release (Lutch et al. 2003).  This stream therefore represents an opportunity to evaluate the reproductive contribution of individuals in a system that is approximately two salmon generations past a minimal supplementation effort.  Another fact that makes the East Fork Salmon River an attractive candidate is that the Chinook Salmon Captive Rearing Program (Project 199700100) will operate the weir, collect the samples, and analyze them as part of their ongoing program until it sunsets.  

Lolo and Newsome creeks provide opportunities in the Clearwater River similar to those in the South Fork Salmon River.  The advantage of these streams is that NTPH management protocols allow for a number of general production hatchery fish to be passed over the weirs.  This practice will allow us to estimate both mating behavior and reproductive contribution of adults from all three origin types with a relatively small juvenile sample.  

Genetic evaluation of these Clearwater River basin populations will also provide insight into the genetic effects of supplementation on reintroduced populations.  The importance of this type of evaluation was recognized in the Report of the Supplementation Monitoring and Evaluation Workshop (Galbreath et al. 2006) where hypothesized gains in productivity could be monitored as ill-adapted hatchery stocks re-naturalize to the stream system as an alternate method of assessing the long-term effects of supplementation on the fitness of natural stocks.
ISRP Comment:  See programmatic comment and provide clear evidence that there is a regional statistical design for this work taking advantage of economies of scale for collection and testing of samples.

Response:  We agree with the ISRP that there is a need for a regional statistical facility to evaluate program designs, and if such a facility were established we would take advantage of its expertise.  However, the ISS program (Project 198909800) and the Redfish Lake Sockeye Captive Broodstock project (Program 199107200) have both completed smaller scale investigations using protocols almost identical to the ones proposed here.  The ISS program (Leth 2005) was successful in meeting its objectives of identifying parentage, reproductive contribution, assortative mating with reasonable statistical certainty, and the sockeye program (Willard 2005) provided proof-of-concept support even in instances of very closely related individuals.  

We believe this proposal does not produce a redundancy of effort because the ISS is a long-term evaluation of supplementation effects.  Our design includes internal controls, and to include other projects in the analyses, we would lose that control.  Additionally, the sample sizes we propose here represent results obtained using a sample size estimator based on weir efficiency and the expected proportions of adults of various origins (see Lutch et al. 2005).  
ISRP Comment:  include more details of the methods for genetic testing and collection. The Lutch report previously reviewed by the ISRP describes some of the methods, but the methods need to be summarized in the current proposal.

Response:  The sampling requirements for parentage analysis are somewhat dependent on the statistical model used. In general, parentage analyses operate by either assigning an individual (a juvenile or adult) to a parent or parents in the previous generation (e.g., PARENTE; Cercueil et al. 2002), or by excluding potential parents sampled in the previous generation (e.g., CERVUS; Marshall et al. 1998). With both assignment and exclusion tests, an investigator can attempt to identify both parents giving rise to a sampled individual (a “triplet”) or default to finding only a single parent (maternal or paternal). Regardless of the type(s) of parentage analyses employed, the probability of correctly identifying the parent(s) or correctly excluding potential parent(s) for a given sampled individual increases as the proportion of candidate adults sampled in the previous generation increases and, to a lesser extent, as the number of polymorphic loci assayed increases. In other words, if all of the adults contributing gametes to a given brood year are sampled, the probability of identifying the adults that gave rise to progeny from that brood year increases, and likewise, the risk of erroneously identifying/excluding a parental pair decreases. 
We foresee two primary questions that can be addressed by parentage analyses within the framework of the ISS study:

1.
What is the relative reproductive success (measured as proportional juvenile production and returning adults) of natural origin adults, ISS supplementation origin adults, and GP hatchery stray adults?
2.
Do adults of different origins spawn with one another in the proportions expected under the assumption of random mating?
The distribution and number of adult tissue samples necessary to answer question one is relatively straightforward. Researchers should attempt to sample every adult entering a targeted stream. Ideally, adults will be sampled at weirs and marked in a manner that indicates that a tissue sample has been collected (e.g., an operculum punch could provide the necessary mark and could be preserved for DNA extraction). In cases where weirs are less than 100% effective, carcasses lacking an operculum punch (those adults not sampled at the weir) could be sampled during carcass surveys. The combination of adult tissue samples collected at weirs and from carcasses would provide a number of “candidate” parents that could be matched to or excluded from progeny (either juveniles or adults) arising from that brood year. Continuous sampling of adults over time will allow adults to be matched to candidate parents from previous years and/or will allow candidate parents to be excluded as true parents of sampled adults. 

The distribution and number of juvenile samples necessary to answer question one is dependent on 1) the proportion of adults sampled in the previous generation (as discussed previously); 2) the number of origin categories of those adults (natural, ISS supplementation, and GP hatchery stray); and 3) the relative efficiency of juvenile and adult sampling based on the origin category of candidate adults. In general, juvenile sampling should occur at a rate that will reasonably ensure that progeny of each origin category of candidate parents are sampled. To calculate a minimum juvenile sampling size, we make two simplifying assumptions: 1) progeny of natural origin, ISS supplementation origin, GP hatchery stray, and all possible cross types are sampled with the same efficiency (i.e., there are no differences in behavior among origin and cross types that result in differential vulnerability to sampling methods such as rotary screw traps); and 2) reproductive success among all origin and cross types is equivalent (this assumption will be tested in the next step). For the purposes of determining reproductive success, we will concentrate on paternal or maternal identification rather than identification of “triplets.” Using single-parent matches will allow us to draw conclusions regarding relative reproductive success even in streams where adult sampling efficiency is low (i.e., those locations where identification of triplets would be difficult due to a large number of unsampled adults).

In a stream where all adults can be sampled, employing the previous assumptions allows us to use the binomial distribution to calculate a minimum sample size. For example, if 75% of the adults passed above the weir are natural origin, 20% are ISS supplementation origin, and 5% are GP hatchery strays, we would expect 75% of sampled juveniles to be assigned to a natural origin parent, 20% to an ISS parent, and 5% to a GP hatchery stray parent. This is by necessity a hypothetical example, because in the ISS study all GP hatchery strays trapped are denied access to natural spawning areas. If the weir did permit all adults to be sampled, no GP hatchery stray adults would be allowed to pass. However, it is instructive to consider a case of allowable straying past a perfect weir to illustrate the best case example from a sampling perspective. Obviously, in this example, where the hypothetical stray rate is low, random events dictate that a fairly large sample of juveniles may be required to ensure that at least one juvenile from smallest group (GP hatchery strays in this case) is sampled. For reasons discussed later, we wish to ensure with a reasonable probability that at least five individuals of the least common category are sampled. This sample can be calculated as follows:
n = the number of juvenile samples,
p = the probability of sampling a juvenile of GP hatchery stray origin,
q = the probability of sampling a juvenile of either natural or ISS origin,
np = the long-run average number of GP hatchery stray origin juveniles expected to occur in a sample of size n,

[image: image1.wmf]q

p

n

*

*

 = the standard error of the mean np, and
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Using this methodology, we find that 99 out of 100 juvenile samples of 336 individuals will contain at least five GP hatchery stray origin juveniles, assuming that they are present in the population at the expected rate of 5%.
The previous example assumed that all adults passing into a targeted tributary could be sampled. In the more realistic case where 5% of the spawners are GP hatchery strays because adult sampling efficiency is less than 100%, the number of juvenile samples necessary to estimate the relative reproductive success of GP hatchery strays increases. This is because some of the sampled juveniles will likely be the result of spawning by unsampled adults. In locations where adult sampling devices (e.g., weirs) are less than 100% efficient, a mark-recapture (or alternative method) must be used to determine the proportion of the adult population sampled. For example, if 200 adults are sampled and mark-recapture estimates indicate that 50% of the total adult return was not sampled, we will be unable to determine the parentage of approximately 50% of the sampled juveniles. So, to continue with the example shown above, if we require a minimum of 336 juveniles to be assigned, our sample size must at least double to ensure that we maintain the ability to assign 336 juveniles to an adult of known origin. In fact, the number of juvenile samples required more than doubles due to chance. In this case, to ensure that at least 50% of the juveniles sampled can be assigned to a sampled parent, we again employ the binomial distribution and 99% prediction interval. In this case, 99 out of 100 juvenile samples of 710 individuals will include at least 336 juveniles that can be assigned to a parent sampled in the previous generation.

Testing the Assumption of Equal Reproductive Success
X2 Contingency Table TC "X2 Contingency Table" \f C \l "4" —If adult and juvenile sampling effort follows the guidelines previously established, we can assume with very high confidence that the juvenile sample includes tissues of all origin and cross-types within a targeted tributary (i.e., there is a very low probability that “rare” individuals—general production origin juveniles in this example—would be excluded by chance from juvenile samples). In addition, if the a priori assumption that adults experience equivalent reproductive success regardless of origin holds true, we have maintained a high probability of sampling at least five individuals from the least common class (GP hatchery stray adults in this case). Therefore, we can employ a simple χ2-test to determine if the proportion of sampled juveniles matches expectations based on the proportion of natural, ISS, and GP hatchery stray origin adults passed above the weir in the previous generation. Following the example above, if reproductive success were equivalent among adults of all origin types, 75% of the sampled progeny would be assigned to a natural origin parent, 20% to an ISS parent, 5% to GP hatchery strays, and 50% to unknown (unsampled) parents. To test the null hypothesis that reproductive success is equivalent, we will employ a simple χ2-test contingency table as follows (Table 5.6):

HO: P1=P2=P3=P4; the proportion of juveniles assigned to each parental category is equivalent to the proportion of adults enumerated in that category. 

Table 5.6.
Chi-square contingency table populated by hypothetical data representing expected values under the assumption of equivalent reproductive success between natural, Idaho Supplementation Studies (ISS) supplementation, hatchery general production (GP), and unknown origin adult Chinook salmon.

	
	Natural
	ISS
	GP
	Unknown
	Total

	Adult
	75
	20
	5
	100
	200

	Juvenile
	266
	71
	18
	355
	710

	Total
	341
	91
	23
	455
	910


Using the hypothetical data from Table 4.6, we achieve a P-value of 0.999; hence, we fail to reject the null hypothesis. In this case, the observed proportion of juveniles in each category precisely matches expectations under the assumption of equivalent reproductive success. Alternatively, Table 5.7 contains hypothetical data illustrating nonequivalent reproductive success. In the case of Table 5.7, the P-value is 0.0002; hence, we reject the null hypothesis of equivalent reproductive success among adult classes.

Dunnett’s Test TC "Dunnett’s Test" \f C \l "4" —If the null hypothesis is rejected, a two-tailed Dunnett test will be employed to determine if the reproductive success of ISS, GP hatchery strays, and unknown adults differ from the reproductive success of natural origin adults.

It is possible that one or all of the alternative hypotheses will be accepted. For example, we could find that all other origin types exhibit lesser reproductive success compared to natural origin adults. The two-tailed Dunnett test is also sensitive to departures in which alternative origin types exhibit higher reproductive success compared to natural origin adults. In the case of the hypothetical data in Table 5.7, we find that the reproductive success of GP hatchery strays and unknown adults is less than natural origin adults; however, we fail to reject the null hypothesis that natural origin adults have greater reproductive success than do ISS origin adults. In this situation, it is informative to view the change in proportions from the adult to juvenile generation (Table 5.8).

Table 5.7.
Chi-square contingency table populated by hypothetical data representing unequal reproductive success between naturally produced, Idaho Supplementation Studies (ISS) supplementation, hatchery general production (GP) hatchery strays, and unknown origin adult Chinook salmon. 

	
	Natural
	ISS
	GP
	Unknown
	Total

	Adult
	75
	20
	5
	100
	200

	Juvenile
	380
	100
	3
	300
	783

	Total
	455
	120
	8
	400
	983


As we can see from the change in proportions from the adult to juvenile generation, both natural and ISS origin adults produced a greater proportion of the total offspring than expected under the assumption of equivalent reproductive success. Although natural origin adults produced proportionately more sampled offspring than did ISS origin adults, the difference is not statistically significant. Alternatively, both GP hatchery strays and unknown origin adults produced fewer offspring than expected under the assumption of equivalent reproductive success.

Table 5.8.
Change in proportions from the adult to juvenile generation in the hypothetical reproductive success dataset comparing natural origin adults to ISS supplementation, general production (GP) hatchery stray, and unknown origin adults.

	
	Natural
	ISS
	GP
	Unknown

	Proportion Adult
	0.38
	0.10
	0.03
	0.50

	Proportion Juvenile
	0.49
	0.13
	0.004
	0.38


Power TC "Power" \f C \l "4" —Failure to reject the null hypothesis of equivalent reproductive success among origin types does not indicate that the null hypothesis is in fact true. We intend to use a simple power analysis (Zar 1999) to calculate power, the probability rejecting the null hypothesis when it is false. Following Equation 24.64:
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 (Zar 1999), the power to detect a change in proportion from the adult to juvenile generation in our previous example is (Table 5.9):
Table 5.9.
Power to detect a change in hypothetical proportional reproductive success dataset comparing natural, ISS supplementation, general production (GP) hatchery stray and unknown origin adult Chinook salmon. 

	
	Natural
	ISS
	GP
	Unknown

	Power
	0.80
	0.17
	0.74
	0.85


Of primary interest in this case is the relatively low power associated with the change in proportion of the ISS class. While we failed to reject the null hypothesis that natural and ISS origin adults experienced equivalent reproductive success, the relatively low power associated with the ISS class would indicate that it is inappropriate to assume that reproductive success is indeed equal. In this case, the small difference between adult and juvenile proportions within the ISS class (0.10 versus 0.13) is the primary contributor to the lack of statistical power. Typically, increasing sample sizes can increase power; however, due to the small difference in initial and final proportions, increasing the juvenile sample size ten-fold increases power to only 0.18. So, despite failing to reject the null hypothesis of equivalent reproductive success between natural and ISS origin adults, we have not proven that reproductive success is in fact equal. The only means to address this question is to accumulate multiple years of data to see if the relationship holds true.

Binomial Likelihood TC "Binomial Likelihood" \f C \l "4" —In addition to computing the power analysis, it may be useful to visualize the distribution of probabilities associated with alternative results. To do so, we will employ the binomial likelihood function:
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For example, if 20% of the adults sampled in generation one were ISS hatchery origin fish, and reproductive success was equivalent among all origin and cross types, we would expect 20% of the progeny sampled in generation two to be assigned to an ISS adult. Using the binomial likelihood function, a distribution of probabilities can be generated. The observed result can be compared to this distribution to evaluate how closely the observed data match expectations. For example, if only 5% of the sampled progeny are assigned to ISS origin adults, it would suggest that the hypothesis of equivalent reproductive success is unlikely to be true (Figure 5.1). In fact, the probability of such a result is only 0.000015, compared to 0.099 for the expected value of 20%.
Assortative Mating
Aside from the goal of determining relative reproductive success of adult classes, it will be important to determine whether adults spawn with one another randomly or, alternatively, maintain some degree of reproductive isolation based on origin type (assortative mating). If ISS and natural origin adults do not spawn together, rather than increasing the size of a targeted spawning aggregate, supplementation could create two coexisting but isolated spawning aggregates.
Directly testing the assumption of random mating is more difficult than testing for equivalency in reproductive success, because it requires the identification of triplets (mother and father matches for a given juvenile sample). Given this requirement, direct tests of random mating likely will be successful only in locations where nearly all adults can be sampled (e.g., the Upper Salmon and Pahsimeroi rivers). For illustrative purposes, we present two hypothetical examples of sample sizes required and minimum cost estimates to run these samples. The first example is a situation where there is a weir in place that is less than 100% effective (we assume 50%). This would be a reasonable representation for implementing an assortative mating analysis in the South Fork Salmon River. The second is an example of what we would expect if implementing an assortative mating program on the Pahsimeroi or Upper Salmon rivers; a “best case scenario.”
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Figure 5.1.
Comparison of an observed value to a binomial probability distribution constructed assuming equivalent reproductive success of all origin and cross types. 
Statistical Analysis of Parentage Data: Testing the Assumption of Random Mating
Determining Expected Cross Proportions TC "Determining Expected Cross Proportions" \f C \l "4" —The first step in directly testing for deviations from random mating is determining the expected proportions of cross types within progeny (either juvenile or adult). For the purposes of the first example, we expect four classes of adults: natural, ISS, GP hatchery strays, and unknown origin (adults not sampled). Within each class of adults, it is possible to have males and females, yielding eight possible classes. From these eight possible classes, we can expect 16 possible cross-types among the progeny (Table 5.10). For the purposes of maintaining a reasonable sample size within each category, these cross types can be collapsed into eight categories (Table 5.11). For the second example, we expect three classes of adults: natural, ISS, and unknown origin. Because the weir in this example is fish-proof, the unknown category in this example represents precocial males (i.e., there are no unknown females). Precocial males will be assumed present at 5% of the natural population. Again, males and females are present in each class (except unknown), yielding six possible cross-types (Table 5.12), which can be collapsed into five categories (Table 5.13). 

Table 5.10.
Potential juvenile cross-types possible in Idaho Supplementation Study (ISS) study streams given the four possible origins of the potential parents in streams with weirs that are 50% effective. General production hatchery stray adults are designated (GP). Adults of “unknown” origin are those that escaped past the weir without being sampled and are of either natural, ISS, or GP origin.

	
	Natural Male
	ISS Male
	GP Male
	Unknown Male

	Natural Female
	NxN
	NxISS
	NxGP
	NxU

	ISS Female
	ISSxN
	ISSxISS
	ISSxGP
	ISSxU

	GP Female
	GPxN
	GPxISS
	GPxGP
	GPxU

	Unknown Female
	UxN
	UxISS
	UxGP
	UxU


The expected proportion of sampled progeny falling into each cross-type can be calculated by multiplying the proportion of male adults of a given class to the proportion of female adults of a given class. We will assume equal sex ratios in all classes for simplicity and illustration. For the first example, given a sample of 200 natural origin adults, 100 ISS origin adults, 50 GP origin adults, and 200 unknown adults, we expect 13% of the sampled progeny to result from matings between natural origin adults (Table 5.14). In the second example, we again have a sample of 200 natural origin adults, 100 ISS origin adults, and 15 unknown (precocial) males. In this case, we expect approximately 40% of the sampled juveniles to be from natural x natural crosses (Table 5.15). 

Table 5.11.
Collapsed potential juvenile cross-types possible in Idaho Supplementation Study (ISS) study streams given the four possible origins of the potential parents in streams with weirs that are 50% effective. General production hatchery stray adults are designated (GP). Adults of “unknown” origin are those that escaped past the weir without being sampled and are of either natural, ISS, or GP origin.
	Collapsed Cross-Types

	Natural x Natural

	Natural x ISS

	Natural x GP

	ISS x ISS

	ISS x GP

	GP x GP

	Natural x Unknown

	ISS x Unknown

	GP x Unknown

	Unknown x Unknown


Table 5.12.
Potential juvenile cross-types in the Pahsimeroi River and Upper Salmon River given the possible origins of the potential parents. Unknown males represent precocials that would not be sampled under the current design.

	
	Natural Male
	ISS Male
	Unknown Male

	Natural Female
	N x N
	N x ISS
	N x U

	ISS Female
	I x N
	I x I
	I x U


Table 5.13.
Collapsed cross-type juvenile categories possible in the Pahsimeroi River and Upper Salmon River given the possible origins of the potential parents. Unknown males represent precocials that would not be sampled under the current design.

	Collapsed Cross-Types

	Natural x Natural

	Natural x ISS

	ISS x ISS

	Natural x Unknown

	ISS x Unknown


Table 5.14.
Expected cross proportions in Idaho Supplementation Study (ISS) study streams given the four possible origins of the potential parents in streams with weirs that are 50% effective. General production hatchery stray adults are designated (GP). Adults of “unknown” origin are those that escaped past the weir without being sampled and are of either natural, ISS, or GP origin.

	
	Natural Male
	ISS Male
	GP Male
	Unknown Male

	Natural Female
	0.132
	0.066
	0.033
	0.132

	ISS Female
	0.066
	0.033
	0.017
	0.066

	GP Female
	0.033
	0.016
	0.008
	0.033

	Unknown Female
	0.132
	0.066
	0.033
	0.132


Table 5.15.
Expected cross proportions in the Pahsimeroi and Upper Salmon rivers given the possible origins of the potential parents. Unknown males represent precocials that would not be sampled under the current design.

	
	Natural Male
	ISS Male
	Unknown Male

	Natural Female
	0.404
	0.202
	0.061

	ISS Female
	0.202
	0.101
	0.030


Sample Size Requirements—As the number of categories of expected cross-types increases, the expected proportions of progeny within each cross-type decreases and sample size requirements become prohibitive. In the first example above, only eight out of 1,000 sampled progeny would be expected to result from a mating between two GP hatchery stray adults (Table 5.14). Probabilistically, ensuring that even one GPxGP progeny would be recorded would require a minimum of 1,318 juvenile samples (assuming equal reproductive success among adult classes). Therefore, directly testing for assortative mating will be restricted to only the most common cross-types (natural and ISS origin adults in this example). To expect to get at least five ISS x ISS juveniles in 99 out of 100 samples would require a collection of 1,222 juveniles (adjusted somewhat based on 50% weir efficiency and 50% carcass collection for an effective 75% adult sampling efficiency). The estimated cost to process this number of samples (given a per sample cost of $60) would be $73,320. However, this is a conservative estimate since it assumes we only collect the minimum number of juveniles, all samples amplify, and we have no genotyping error. Even after restricting classes, several years of data may be required to obtain reasonable statistical power.

Sampling under our best-case scenario would be much more cost effective and likely would result in reasonable statistical power sooner. (To expect to get at least five ISS x ISS juveniles in 99 out of 100 samples would require a collection of 351 juveniles.) The estimated cost to process this number of samples (given a per sample cost of $60) would be $21,060. Again, this is a conservative estimate since it assumes we only collect the minimum number of juveniles, all samples amplify, and we have no genotyping error. 

Testing for Deviation from Expected Cross Proportions TC "Testing for Deviation from Expected Cross Proportions" \f C \l "4" —Once the expected proportions of progeny cross-types are calculated and the number of cross-types to be tested is restricted, testing for deviation among cross-types will follow the same procedures outlined for testing relative reproductive success. In this example, excluding rare cross-types containing GP hatchery stray adults and those crosses containing parents of unknown origin, we would use a two-sided χ2–test to evaluate the following null hypothesis:

HO: The proportion of natural x natural, natural x ISS, and ISS x ISS progeny is equivalent to the proportion of natural and ISS adults sampled in the previous generation. 

Rejection of the null hypothesis would suggest that mating was not random or that one of the parental classes suffered lower relative reproductive success. We can exclude (or compensate for) the latter explanation using the relative reproductive success values calculated by the analyses outlined in the previous section. For example, if we know from previous tests of relative reproductive success that ISS adults demonstrate only 50% of the reproductive success of natural origin adults, we would adjust expected values to represent actualized expectations. 

Power TC "Power" \f C \l "4" —Failure to reject the null hypothesis of random mating between origin types does not indicate that the null hypothesis is in fact true. As with tests of equal reproductive success, we will use a simple power analysis (equation 24.64, Zar 1999) to determine the probability of rejecting the null hypothesis when it is, in fact, false.

ISRP Comment:  If selected for funding, this project should be demonstrated and funded in phases; e.g., this project can be allocated funding based on demonstration of the ability to perform the parentage analysis, and expanded to genotype the full suite of individuals as justified by evidence that the uncertainties can be resolved. 

Response:  While we agree with the ISRP that it is reasonable for funding be tied to a demonstrated ability to do the work proposed, we suggest that the ISRP has failed to recognize that IDFG has already demonstrated its ability to perform the parentage analysis on sockeye salmon (Willard 2005) and Chinook salmon (Leth 2005).  
It is unclear what “uncertainties” the ISRP is referring to.  If the ISRP chooses to define this vague criticism by citing specific examples we will address their concern(s) at that time.
ISRP Comment:  The project has yet to identify a lab to genotype the fish. At this time a lead geneticist is not identified.  
Response:  Not specifying a particular laboratory was deliberate.  As indicated (proposal Table 5), all of the 12 facilities identified have completed the necessary standardization procedures to assure comparable results when assaying the suite of microsatellite loci proposed.  To select a single laboratory at this time could prevent us from utilizing laboratories with time to run samples or those with the lower per sample charges.  If this proposal is funded we will contract with any combination of these laboratories on an annual basis based on time availability and per sample charges.  
We do not feel it is appropriate to name a lead geneticist at this time.  When this proposal is funded we will contact regional geneticists and make a determination at that time.  Additionally, since we will be genotyping on the standardized CTC suite of microsatellite loci a lead geneticist is not necessary to identify appropriate genetic markers, but we do recognize the importance of regular coordination with regional geneticists to keep abreast of technological advancements, particularly in SNiP technology.
Table 5.
Name and location of genetics laboratories in the Pacific Northwest that have completed the requirements for standardization for the analysis of Chinook Technical Committee (CTC) suite of microsatellite loci for Chinook salmon.
	“Standardized” genetic Laboratories
	Location

	Northwest Fisheries Science Center
	Seattle, Washington

	Oregon State University
	Newport, Oregon

	Canadian Department of Fisheries and Oceans
	Nanaimo, BC

	Southwest Fisheries Science Center
	Santa Cruz, California

	Columbia River Inter-Tribal Fish Commission
	Hagerman, Idaho

	University of Idaho
	Moscow, Idaho

	Idaho Department of Fish and Game
	Eagle, Idaho

	Alaska Department of Fish and Game
	Anchorage, Alaska

	Alaska Fisheries Science Center
	Juneau, Alaska

	Washington Department of Fish and Wildlife
	Olympia, Washington

	US Fish and Wildlife Service
	Abernathy, Washington

	US Fish and Wildlife Service
	Anchorage, Alaska


ISRP Comment:  The percentage of funding for the genetic work appears higher than in other similar proposal. Provide additional justification for the anticipated costs per specimen and for equipment. If the budget includes sot [sic] of equipment, what opportunities exist for reducing costs by subcontracting to other labs?

Response:  The percentage of the budget earmarked for genetic work is likely higher in this proposal than in many others because the samples are being collected through cooperative agreements with other programs (i.e., little personnel expense), and we are sub-contracting the analyses, which frees us from the necessity of purchasing big ticket equipment items (e.g., sequencers or robots). 

Naturally, the actual number of samples this program would need to run each year will vary somewhat through natural variation in return strength, but based on average to slightly better than average returns (highest likely cost scenario) we expect to require approximately 11,150 samples to be analyzed.  Additionally, we have a backlog of approximately 11,150 samples from the Pahsimeroi and upper Salmon Rivers that will need to be analyzed for spawn years 2003 – 2005 (Pahsimeroi) and 2002 – 2005 (upper Salmon).  Costs savings can not reasonably be expected to occur through sub-contracts considering approximately 90% of the total amount requested is already for sub-contracts.  A preliminary annual budget is below.  This budget includes all backlogged samples.  However, time and funds will likely not be available to complete all these samples in one year, and will require completing this backlog over several years.
	Personnel
	Salary
	Months
	Total

	Mgt. Oversight (IDFG)
	4200
	1
	$4,200

	Mgt. Oversight (NPT)
	8000
	1
	$8,850

	Biologist (NPT)
	7675
	3
	$23,025

	Biologist (IDFG)
	3350
	3
	$10,050

	Sr. Tech
	2300
	12
	$27,600

	Database Tech
	2750
	6
	$16,500

	Admin Support
	2100
	1
	$2,100

	Total
	
	
	$92,325

	
	
	
	

	Operating
	
	
	Cost

	Sampling equipment
	
	
	$3,500

	Computer (mid)
	
	
	$600

	Computer (high)
	
	
	$800

	Vehicle
	
	
	$3,000

	Office Lease (2)
	
	
	$5,000

	Travel
	
	
	$1,000

	Total
	
	
	$13,900

	
	
	
	

	Subtotal  (Personnel & Operating)
	
	
	$106,225

	Overhead
	
	27%
	$28,681

	
	
	
	

	
	Samples
	Cost
	Total

	Subcontracts (annual)
	11150
	65
	$724,750

	Subcontracts (backlog)
	11139
	65
	$724,035

	Grand Total
	
	
	$1,583,691
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