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SUMMARY 

On the South Santiam River in Oregon, access to ~85% of historical spawning habitat for spring 

Chinook salmon is impeded by two dams; Foster and Green Peter. In recent years, “outplanting” 

of hatchery-origin salmon (HOR) and trap-and-transport operations for natural-origin salmon 

(NOR) have been implemented to facilitate salmon dispersal above Foster Dam. Here, we use 

previously reported genetic parentage assignments to age-3 (2012) and age-4 (2013) progeny 

(O’Malley et al. 2014), and new assignments to age-5 progeny (returns in 2014) to estimate the 

total lifetime fitness (TLF) of salmon reintroduced above Foster Dam during 2009, the first year 

that only unmarked (presumed NOR) salmon were reintroduced. We also estimate the overall 

productivity of reintroduced salmon in 2009 using the cohort replacement rate (CRR) metric and 

present updated fitness estimates for salmon reintroduced above Foster Dam during 2010 i.e. 

based on age-3 and age-4 year old progeny returns.  

In 2014, 44% (171/390) of salmon recruits to the Foster fish trap assigned as progeny of 

previously reintroduced salmon (169/171) or to parents sampled from the South Santiam River 

below the dam in 2011 (2/171). Our parentage assignments also indicated that 7% of adult 

salmon sampled as carcasses below the dam were progeny of reintroduced parents. Overall, the 

number of salmon assigned in our pedigree was lower than in previous years of investigation 

(2012 and 2013) wherein > 65% of salmon recruits assigned as progeny of reintroduced salmon. 

Moreover, in contrast to the expected predominance of age-4 salmon among recruits to the South 

Santiam River, most assigned salmon were age-5; i.e. assigned to parents from 2009. This 

finding supports speculation that an above-dam brood year failure occurred in 2010 as a result of 

a severe flood. Indeed, our fitness estimates for salmon reintroduced above the dam in 2010 were 

low; only 8% of reintroduced salmon in this year produced adult recruits.  

TLF estimates for salmon reintroduced above the dam in 2009 ranged from zero to 40 progeny 

and, on average, male and female salmon produced 2.37±5.13 and 3.58±5.62 offspring, 

respectively. Our assignments to salmon reintroduced in 2009 suggest that at least 48% produced 

adult recruits to the South Santiam River during 2012-2014. The CRR for reintroduced salmon in 

2009 was 1.56 and 1.55 as estimated from female-only and overall replacement, respectively. 

This estimate indicates that replacement of reintroduced salmon was exceeded by ~50% through 

offspring recruitment. It is important to note, however, that the effective number of breeders (Nb) 
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detected among reintroduced salmon in 2009 was 118.1 individuals (95% C.I.  = 112.6 – 124.0), 

in contrast to the census size of 412 reintroduced salmon considered in our pedigree analysis. It 

is likely that the highly skewed reproductive success of reintroduced salmon contributed to the 

small Nb (relative to census size). 

Given that our fitness estimates for salmon reintroduced above Foster Dam in 2010 are low, 

possibly due a severe above-dam flood event, it is likely that pedigree investigations beyond the 

2010 cohort will be required accurately document the demographic viability of NOR salmon 

reintroductions above Foster Dam under typical conditions. 
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INTRODUCTION 

South Santiam River spring Chinook salmon (Oncorhychus tshawytscha) are listed as 

“threatened” under the United States’ Endangered Species Act as part of the Upper Willamette 

River (UWR) evolutionarily significant unit (ESU). A major contributor to UWR spring Chinook 

salmon declines are barriers to up- and downstream dispersal. Indeed, access to ~85% of 

historical spawning habitat for spring Chinook salmon on the South Santiam River is impeded by 

two dams; Foster and Green Peter (ODFW and NMFS, 2011; Figure 1). In recent years, 

“outplanting” of hatchery-origin salmon (HOR) and trap-and-transport operations for natural-

origin salmon (NOR) have been implemented to facilitate salmon dispersal above Foster and 

other dams on Willamette River tributaries (O’Malley et al. 2014; Sard et al. 2015).  

In a previous investigation, we used genetic parentage analysis to estimate the proportion of 

NOR salmon recruitment to the Foster Dam fish trap that was attributable to reproduction by 

previously reintroduced salmon (O’Malley et al. 2014). From these assignments, we also 

estimated the total lifetime fitness (TLF) of salmon reintroduced above Foster Dam during 2007 

and 2008, which were predominantly HOR salmon outplants.  

In this report, we use parentage assignments to age-3 (2012) and 4 (2013) year old progeny, 

reported in O’Malley et al. (2014), and new assignments to age-5 progeny (returns in 2014) to 

estimate the TLF of salmon reintroduced above Foster Dam during 2009, the first year that only 

unmarked (presumed NOR) salmon were reintroduced. We also update our fitness estimate for 

salmon reintroduced above Foster Dam during 2010 i.e. based on age-3 and 4 year old progeny 

returns. Fisheries managers are interested in quantifying NOR recruitment attributable to the 

2010 brood year, as a flood event may have scoured much of the spawning/juvenile rearing 

habitat for spring Chinook salmon above Foster Dam in this year (Fred Monzyk, pers. comm.). 

Thus, this estimate will provide further insight into the influence of stochastic environmental 

impacts on reintroduction program efficacy.  

As in previous years, we also use tissue-samples collected from carcasses to estimate the extent 

to which salmon reintroductions contributed to adult recruitment to the South Santiam River 

below Foster Dam. In 2014, carcass samples may be particularly informative for estimating the 
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overall contribution of salmon reintroductions to recruitment, as a new trap-and-transport facility 

went into operation and had some difficulty with fish collection.  

Taken together, our study carries out the following objectives: 

1. Using genetic parentage assignments, estimate the number of adult Chinook salmon 

released above Foster Dam during 2014 that were progeny of previously reintroduced 

salmon.  

2. Using tissue samples collected from carcasses during 2014, estimate the extent to which 

reintroduced salmon contributed to adult recruitment to the South Santiam River below 

Foster Dam.   

3. Estimate cohort replacement rate (CRR), or “the number of future spawners produced by 

a spawner” (Botsford and Brittnacher 1998) for reintroduced salmon in 2009, an indicator 

of population productivity.  

4. Using patterns of multilocus microsatellite linkage disequilibrium found among progeny, 

estimate effective number of breeders (Nb) among reintroduced salmon in 2009. 

5. Estimate total lifetime fitness (TLF) of spring Chinook salmon reintroduced above the 

dam in 2009, and the fitness, based on age-3 and 4 year old offspring returns, of salmon 

reintroduced above the dam in 2010. 

6. Investigate the influence of release date and release location on the TLF/fitness of NOR 

salmon reintroduced above Foster Dam during 2009 and 2010. 

 

Our research also addresses the information needs of Reasonable and Prudent Alternative (RPA) 

9.5.1(4) of the Willamette Project Biological Opinion (NMFS 2008) in determining the fitness of 

hatchery fish in the wild, RPA 4.1 (restoration of productivity by outplanting Chinook salmon 

above dams), RPA 4.7 (increase the percent of outplanted adults that successfully spawn through 

development of new release locations), RPA 6.2.3 (continue adult Chinook salmon outplanting, 
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Willamette basin-wide), and RPA 9.3 (monitoring the effectiveness of fish passage facilities and 

strategies at Project dams). 

 

METHODS 

Study area 

Foster Dam is located on the South Santiam River, Oregon, at 

44° 24′ 59.45″ N, 122° 40′ 9.31″ W (Figure 1). The 38m-high dam impounds ~0.035 km
3
 of 

water in Foster Lake, the reservoir contained above the dam. Dam operations began in 1968, and 

at the same time, hatchery production of spring Chinook salmon was initiated on the South 

Santiam River. Nearly all HOR salmon produced by the South Santiam Hatchery are marked by 

adipose fin clip, though a small percentage of these fish either regenerate fins or go unmarked. 

HOR spring Chinook salmon outplanting above Foster Dam was initiated in the mid-1990s. 

Since 2009 only unmarked, presumed NOR salmon have been reintroduced above Foster. Tissue 

samples have been collected from reintroduced salmon since 2007.  

Three release locations on the South Santiam River above Foster Dam are currently in use: 

Calkins Park, Gordon Road, and Riverbend (Figure 1) and reintroduction operations typically 

begin in early May or June and run to late-September/early-October in each year. In 2014, a total 

of 410 unmarked salmon were released above Foster Dam (Tables 1, A1).  

 

Carcasses above and below Foster Dam 

In the fall of 2014, tissue and otolith samples were collected from unmarked (i.e. presumed 

NOR) salmon carcasses recovered from the South Santiam River below (N = 148) and above (N 

= 125) Foster Dam during spawning ground surveys. Otoliths were examined by Washington 

Department of Fish and Wildlife to detect hatchery-induced thermal marks, which allows for an 

estimation of the percent unmarked HOR salmon recruiting back to the river. Any HOR salmon 

identified among carcasses were excluded from our parentage analysis.  

Carcasses sampled below Foster Dam were used to evaluate the relative contribution of the 
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reintroduction program to recruitment below the dam and to improve estimates of fitness for 

reintroduced salmon. Samples collected from carcasses above Foster Dam were not included in 

the parentage analysis as they should be redundant to those collected from live salmon during 

trap-and-transport operations. However, the genetic profiles of above-dam carcasses were 

examined and compared to those of reintroduced salmon, as this allowed us to associate otolith 

data to reintroduced individuals.  

 

 

Figure 1. Location of Foster Dam on the South Santiam River, Oregon. Also indicated are the 

three locations used for spring Chinook salmon reintroductions on the South Santiam River; 

Calkins Park, River Bend, and Gordon Road. 
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Table 1. Summary of spring Chinook salmon sampled at the Foster fish trap and below- and 

above-dam as carcasses in 2014. 

Year N
 

Number genotyped 

(7+ loci) 

Number 

individuals
1
 

Unmarked 

HOR
2
  

Trap-and-transport 411 404 397 7
* 

Carcass Above Foster 125 104 104 9 

Carcass Below Foster 148 96 92 5 
 

1 
After accounting for individuals sampled multiply 

2 
Unmarked HOR individuals identified among salmon sampled as carcasses using thermal marks on otoliths 

*
Identified from above-dam carcass samples 

 

Genetic parentage analysis 

Chinook salmon were genotyped at 11 microsatellite loci, as in O’Malley et al. (2014). DNA 

degrades rapidly post-mortem in salmon (Copeland et al. 2009), but we were able to genotype a 

total of 200 individuals sampled as carcasses above and below-dam (Table 1). Most of the 

samples collected from live salmon were successfully genotyped (Table 1). 

As reported in O’Malley et al. (2014), the 11 microsatellite loci were highly polymorphic. 

Previous analyses conducted in Genepop v. 4.2 (Raymond and Rousset 1995) indicated that 

allele frequencies for salmon sampled during 2007-2013 conformed to Hardy-Weinberg 

proportions (HWP). Similarly in 2014, all loci conformed to HWP (Table A2). 

To estimate the number of salmon returning to the South Santiam River in 2014 that were 

progeny of previously reintroduced salmon, we compared the multilocus microsatellite 

genotypes of putative progeny to the genotypes of adults reintroduced above the dam during 

2009-2011 (putative parents), as indicated in Figure 2. Salmon sampled as carcasses below 

Foster Dam during 2011 were also included in the pedigree analysis as possible parents of 

2014’s salmon recruits. As outlined in O’Malley et al. (2014), 2011 was the first year that tissue 

samples were collected from carcasses. 

The genotype comparisons were conducted with maximum-likelihood parentage assignment 

program CERVUS (Kalinowski et al. 2007). Parentage assignments were made using a strict 

(95% confidence) assignment criterion. In addition, we used the PLS-FL likelihood algorithm 

implemented in COLONY v. 2.0 (Jones and Wang 2010) to construct kinship groups based on 



8 

 

putative offspring and parental genotypes and to confirm the parentage assignments from 

CERVUS. In COLONY, pedigrees were constructed using a long run length and the polygamous 

male and female setting. Allele dropout and general error rates were set to 1% each per locus. In 

the case of assignment incongruence between the programs, we inspected the putative parent-

offspring matches by hand to ensure that assignments conformed to Mendelian expectations and 

that parents and offspring mismatched at no more than one locus. 

 

Figure 2. Parentage assignments for spring Chinook salmon in the South Santiam River, Oregon. 

The majority of Chinook salmon in the South Santiam River (~99%) return to spawn at age 
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three, four, or five. Therefore, salmon that returned to the South Santiam River during 2012-2014 

are possible progeny of salmon reintroduced above Foster Dam during 2009. The age 

distribution of adult salmon in the South Santiam River is based on unpublished data provided by 

C. Sharpe (ODFW). 

 

Duplicate genotypes 

In GenAlEx (Peakall and Smouse 2012), we compared the genetic profiles of individuals 

sampled during trap-and-transport operations and individuals sampled as carcasses to identify 

any duplicate sampling that may have occurred in the field. Duplicate samples could also be 

indicative of fallbacks (i.e. reintroduced fish that spilled over the dam). Any redundant genotypes 

were removed from the parentage analysis.  

 

Fitness of reintroduced salmon  

We estimated the TLF of salmon reintroduced above Foster Dam during 2009 from the number 

of progeny identified among salmon recruits during 2012-2014. Parentage assignments to 

progeny that returned in 2012 and 2013 were previously reported in O’Malley et al. (2014). We 

estimated the fitness of salmon reintroduced above Foster Dam during 2010 from the number 

progeny identified among adult recruits during 2013 and 2014. We also calculated an estimate of 

fitness for salmon released above Foster Dam during 2011 from the number of three year old 

progeny identified among salmon recruits during 2014.  

 

Predictors of fitness 

We modeled the influence of sex, release date, release location, and the interaction between 

release date and sex on the TLF of reintroduced salmon using a generalized linear model (GLM; 

Poisson distribution, log link function). The interactions between release date and location were 

not examined because one location was typically used per date. We used a similar approach to 

examine factors influencing the fitness of salmon reintroduced above Foster Dam during 2010. 
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In both of our final models, we excluded the interaction term as it was not a significant predictor 

of variation in TLF/fitness.  

All Poisson GLMs included a correction for overdispersion in the fitness estimates. Models were 

run in JMP v. 12, using a critical value α = 0.05. Means are reported ± 1SD unless otherwise 

indicated. 

 

Cohort replacement rate (CRR) 

We estimated cohort replacement rate (CRR), or “the number of future spawners produced by a 

spawner” (Botsford and Brittnacher 1998), for salmon reintroduced above Foster Dam as an 

indicator of population productivity. Since population productivity may be constrained by the 

number of females in a population, we estimated CRR from the number of age-3, 4, and 5 year 

old female progeny produced by females reintroduced above Foster Dam in 2009. We also 

calculated an overall CRR which was equal to the total number of progeny produced by all 

reintroduced salmon in 2009.  

 

 

Effective number of breeders 

We estimated the effective number of breeders (Nb) among reintroduced salmon in 2009 using 

the linkage disequilibrium (LD) method, as implemented in the program NeEstimator v.2 

(Waples and Do 2008; Do et al. 2014). This method examines patterns of LD (nonrandom allelic 

associations across loci, which are indicative of common ancestry) among offspring of a given 

brood year. Nb was calculated using a minimum allele frequency of 0.02. We report our estimate 

± 95% confidence intervals, which was calculated using a jackknife re-sampling method (Waples 

and Do 2008).  
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RESULTS 

Insights from duplicate genotypes and otoliths 

Among the samples collected from live salmon during reintroduction operations in 2014, six 

pairs of individuals presented identical genetic profiles. For five of the six pairs of salmon, the 

samples were collected on different days and on average 64.4±25 days (range: 29-96 days) apart, 

suggesting that they were duplicate samples collected from fallbacks reintroduced above the dam 

a second time. We also identified two reintroduced individuals that shared identical genetic 

profiles with salmon sampled as carcasses below the dam. It is likely that these individuals were 

also fallbacks but were not reintroduced a second time. 

We genotyped 104 samples collected from carcasses above Foster Dam (Table 1). In total, 87 of 

these samples exhibited identical genetic profiles to samples collected from live salmon during 

reintroductions. We used these assignments to associate otolith data collected from carcasses to 

reintroduced individuals, and ultimately, seven unmarked reintroduced salmon were excluded 

from the parentage analysis because they were determined to be HOR salmon. For salmon 

sampled below Foster, five were excluded from the parentage analysis as otolith marks indicated 

they were HOR (Table 1). 

 

Parentage assignments and inferred age at return 

A total of 171/390 (44%) salmon reintroduced above Foster Dam during 2014 assigned as 

progeny of salmon released above the dam (n=169), or as progeny of salmon sampled as 

carcasses below the dam (n=2) in previous years (Table 2). There was a trend towards our 

assignment rate declining with reintroduction date, albeit the relationship was not significant 

(Linear regression; R
2
=0.004, F1,389 =2.66, p=0.103). Only 6 of the 87 (7%) samples collected 

from carcasses below Foster Dam assigned as progeny of reintroduced salmon (Table 2). 

In contrast to the expected age distribution of adult recruits in the South Santiam River (Figure 

2), most progeny of reintroduced salmon returned at age-5 (i.e. assigned to parents reintroduced 

in 2009; 119/177 or 67%). Only 18% (31/177) were age-4 (i.e. assigned to salmon reintroduced 

in 2010) and 15% (27/177) were age-3 (i.e. were progeny of salmon reintroduced or sampled as 
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carcasses in 2011; Table 2).  

 

Fitness of reintroduced spring Chinook salmon 

The TLF of salmon reintroduced above Foster Dam during 2009 was highly variable, ranging 

from 0-40 offspring per male and 0-28 offspring per female (Table 3). Overall, 48% (198/412) of 

salmon reintroduced above the dam in 2009 produced at least one adult recruit to the South 

Santiam River during 2012-2014. On average, female TLF was higher than that of males (Table 

3-4). In contrast to previous years that predominantly considered the TLF of HOR salmon, there 

was no relationship between release date and the TLF of reintroduced salmon (Table 4). 

Moreover, release location was not associated with the TLF of salmon reintroduced in 2009. 

Our estimates of fitness for salmon reintroduced above Foster Dam in 2010 were low (Table 3). 

Based on age-3 and 4 year old offspring returns, 2010’s reintroduced male and female salmon 

produced a maximum of three and four progeny, respectively (Table 3) and only 8% (58/700) of 

reintroduced individuals produced progeny. We did not detect an association between release 

date or location and the fitness of salmon reintroduced above the dam in 2010 (Table 4). 

However, given the many observations of low/zero fitness, it is likely that we have low power to 

test for such associations. 

 

Cohort replacement rate  

A total of 247 females recruiting to the South Santiam River during 2012-2014 assigned as 

progeny of the 158 females released above the dam in 2009, resulting in a female CRR of 1.56. 

Overall, the 412 reintroduced salmon considered by our parentage analysis produced 638 

progeny, resulting in an overall CRR of 1.55. 

 

Effective number of breeders 

Nb was estimated at 118.1 individuals (95% C.I.  = 112.6 – 124.0) among salmon reintroduced 

above Foster Dam during 2009.  
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Table 2. Unmarked spring Chinook salmon recruits to the South Santiam River that assigned as progeny of salmon reintroduced above 

Foster Dam during 2009-2011. Indicated are the number of progeny assigned to a parental pair, or to a male or female parent only 

from each brood year (2009-2011).  

  2009 2010 2011 2011 carcass Total 

assigned Progeny  N
* 

Pair Female Male Pair Female Male Pair Female Male Pair Female Male 

2014 reintroduced 390 98 10 9 15 5 11 12 4 5 0 0 2 171 

(44%) 

2014 below-dam 

carcass 

87 1 1 0 0 0 0 1 1 2 0 0 0 6 

(7%) 
*Total number of individuals genotyped after accounting for duplicate sampling and unmarked HOR fish identified from otolith thermal marks
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Table 3. Summary of fitness estimates for male and female spring Chinook salmon reintroduced 

above Foster Dam on the South Santiam River, Oregon. Indicated is a summary of the total 

lifetime fitness (TLF) of male and female salmon released above Foster Dam during 2009 as 

estimated from adult offspring recruitment to the Foster fish trap and the South Santiam River 

below the dam during 2012-2014. Estimates of fitness for salmon reintroduced above Foster 

Dam during 2010 and 2011 are also shown as are the total number of male and female salmon 

(N) – i.e. number of putative parents – considered by our estimates. 

   Adult offspring 

 Sex N Mean Median SD Min. Max. 

2009 TLF (age 3, 4, 

and 5 progeny) 

male 254 2.37 0 5.13 0 40 

female 158 3.58 1 5.62 0 28 

        

2010 Fitness (age 3 

and 4 progeny only) 

male 467 0.09 0 0.36 0 3 

female 233 0.16 0 0.53 0 4 

        

2011 Fitness (age 3 

progeny only) 

male 677 0.03 0 0.22 0 4 

female 526 0.04 0 0.28 0 5 
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Table 4. Results of generalized linear models examining the influence of sex, release date and release location on the fitness of spring 

Chinook salmon reintroduced above Foster Dam. For salmon reintroduced above Foster Dam during 2009, total lifetime fitness (TLF) 

was estimated from the number of adult progeny recruiting to the South Santiam River during 2012-2014. Fitness of salmon 

reintroduced above Foster Dam during 2010 was estimated from the number of age 3 and 4 progeny that recruited to the South 

Santiam River in 2013 and 2014, respectively. The hypothesis that each model factor’s effect on fitness is zero was tested with the chi-

square (χ
2
) statistic. P-values falling below the critical α (0.05) are in boldface. Estimates (β) of factor effects on fitness are indicated. 

For each discrete factor (e.g. sex, origin), the reference parameter is indicated in parentheses.  

 
2009 TLF   2010 Fitness 

 χ
2 

(df) β P    χ
2 

(df) β P 

Model 17.5 (4)  0.002   Model 4.6 (4)  0.333 

Sex [Male] 6.9 (1)  0.009   Sex [Male] 3.4 (1)  0.067 

Female  0.25 0.009   Female  0.26 0.067 

Date 2.6 (1) 1.11×10
-7 

0.104   Date 0.03 (1) -1.79×10
-8

 0.846 

Location [Gordon] 0.7 (2)  0.710   Location [Gordon] 0.07 (2)  0.963 

Calkins  0.10 0.594   Calkins  -0.04 0.856 

Riverbend  -0.24 0.416   Riverbend  -0.02 1.000 
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DISCUSSION 

Our major findings are: 

1. In 2014, 44% (171/390) of salmon recruits to the Foster fish trap assigned as progeny of 

previously reintroduced salmon (169/171) or were produced by parents spawning in the 

South Santiam River below the dam (2/171). Overall, the number of salmon assigned in 

our pedigree was lower than in previous years of investigation (2012 and 2013) wherein 

> 65% of salmon recruits assigned as progeny of reintroduced salmon (O’Malley et al. 

2014). 

2. In contrast to the expected predominance of age-4 salmon among recruits to the South 

Santiam River, most assigned salmon were age-5; i.e. assigned to parents from 2009. 

This finding is consistent with the hypothesis that a catastrophic flood caused an above-

dam brood year failure in 2010. 

3. Our fitness estimates for salmon reintroduced above the dam in 2010 were low, and only 

8% of salmon produced adult recruits. This finding is also suggestive of a brood year 

failure in 2010. 

4. Total lifetime fitness (TLF) estimates for salmon reintroduced above the dam in 2009 

ranged from zero to 40 progeny and, on average, male and female salmon produced 

2.37±5.13 and 3.58±5.62 offspring, respectively. Our assignments to reintroduced salmon 

in 2009 suggest that at least 48% produced adult recruits to the South Santiam River 

during 2012-2014. No relationship was observed between release date or location and the 

TLF/fitness of salmon reintroduced above the dam in 2009 or 2010.  

5. As was observed by O’Malley et al. (2014), the reintroduction program contributed to 

spring Chinook salmon recruitment below Foster Dam; 7% of below-dam recruits in 

2014 were produced above the dam. Interestingly, no salmon sampled as carcasses below 

the dam were progeny of salmon reintroduced above the dam in 2010, which further 

suggests poor above-dam production in this year.  
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6. The cohort replacement rate, our index of population productivity, for reintroduced 

salmon in 2009 was 1.56 and 1.55 as estimated from female-only and overall 

replacement, respectively.  

7. The effective number of breeders (Nb) detected among reintroduced salmon in 2009 was 

118.1 individuals (95% C.I.  = 112.6 – 124.0).  

 

Parentage of salmon reintroduced above Foster Dam in 2014 

Compared to previous analyses of salmon recruits to the Foster Dam fish trap (reported in 

O’Malley et al. 2014), our 2014 pedigree exhibited a high percentage of unassigned salmon 

(56%). Moreover, in contrast to the expected age class structure found among South Santiam 

salmon recruits, most assigned salmon were age-5, i.e. progeny of parents reintroduced above 

Foster Dam in 2009. These findings support the hypothesis that spring Chinook salmon 

production above Foster Dam was severely impacted by a late-season flood event that occurred 

on the South Santiam River in 2010 (F. Monzyk, pers. comm.). Indeed, estimates of fitness for 

salmon reintroduced above Foster Dam in 2010 are low and only 8% of reintroduced salmon 

produced adult recruits in 2013/2014. This is in contrast to the 38-61% of reintroduced salmon 

that produced progeny in 2007-2009 (Figure 3; O’Malley et al. 2014). 

ODFW’s otolith data indicate that, as in previous years, unmarked HOR fish were reintroduced 

above the dam in 2014. While we removed any individuals from our pedigree analysis that were 

identified as unmarked HOR salmon, not all reintroduced salmon were recovered as carcasses 

and evaluated for otolith marks. Thus, it is possible that ~10% of unassigned salmon in our 

pedigree are unmarked HOR salmon that returned to the Foster Dam fish trap. However, even 

assuming that 10% of unassigned individuals were unmarked HOR salmon, the percent 

unassigned NOR salmon in 2014 still exceeds that of previous years. The remaining unassigned 

salmon could be NOR progeny of salmon that spawned below the dam or strays from elsewhere 

in the UWR basin.  

There was a trend towards our parentage assignment rate declining with reintroduction date in 

2014, though the relationship was not significant. This pattern was also observed in our previous 
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study (O’Malley et al. 2014) and in a study conducted on the South Fork McKenzie River 

(Banks et al. 2014) and may be suggestive of increased late-season immigration to the Foster fish 

trap by salmon produced below Foster Dam, unmarked HOR salmon or strays from other rivers.  

 

Figure 3. Relationship between the number of salmon reintroduced above Foster Dam during 

2007-2010 and the percent of reintroduced individuals that produced adult progeny, as detected 

through genetic parentage analysis of NOR salmon recruits. Shown separately is the relationship 

between the total number of reintroduced salmon (grey points) and number of reintroduced 

female salmon (black points) and the percent of individuals that produced (i.e. were genetically 

assigned) adult recruits. 

 



19 

Productivity of reintroduced salmon 

Reintroduced salmon contributed to adult recruitment to the Foster fish trap, and to a lesser 

extent, below the dam in 2014. By incorporating our parentage assignments to 2014’s recruits 

with assignments to salmon recruits in previous years (see O’Malley et al. 2014), we were able to 

calculate a Cohort Replacement Rate (CRR) for salmon reintroduced above Foster Dam in 2009. 

When calculated for all salmon or for females only, our CRR was similar; ~1.5, indicating that 

replacement of reintroduced salmon was exceeded by ~50%. The replacement rate for the 2009 

cohort is the highest observed since parentage studies were initiated on the South Santiam River 

and also across UWR spring Chinook salmon reintroduction programs currently under 

investigation using genetic parentage analysis (Table 5).  

For salmon reintroduced above Foster Dam in 2007 and 2008, CRRs of  ~ 1 were achieved 

(Table 5). In 2009, only unmarked, presumed NOR salmon were released above Foster Dam, 

whereas in 2007 and 2008, reintroductions were predominantly HOR salmon. It is possible that 

reintroduced NOR salmon achieved greater reproductive success and/or their offspring survived 

better to maturity than reintroduced HOR salmon. Indeed, several studies in salmonids have 

shown that wild-born fish achieve greater fitness in the wild than hatchery fish (Araki et al. 

2008; Anderson et al. 2013; Milot et al. 2013). Additional years of study will be required to 

disentangle any confounding year from origin effects on the productivity of salmon 

reintroductions above Foster Dam. 

The census size (Nc) of reintroduced salmon in 2009 was 412, but our results indicate that the 

effective number of breeders was lower (Nb = 108), a result likely driven by the high variance in 

fitness achieved by reintroduced salmon. In past years, our Nb estimates were within a similar 

range (Nb = 100 in 2007, Nb = 138 in 2008), despite variable census sizes (2007: Nc =252; 2008: 

Nc =659). This may suggest that existing spawning habitat above Foster Dam is saturated above a 

given size, leading to a density-dependent effective number of breeders. Indeed, when comparing 

the proportion of reintroduced salmon that were successful at producing adult recruits to the 

South Santiam River across years, there appears to be a negative relationship between the Nc of 

reintroduced salmon and the percent of salmon producing progeny (Figure 3). 
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Table 5. Summary of cohort replacement rates (CRR) achieved from spring Chinook salmon reintroductions above Upper Willamette 

River dams, as determined from genetic pedigree evaluation. CRRs were calculated for females only and for all salmon reintroduced 

above dams on the North Santiam (Detroit and Big Cliff), South Santiam (Foster), and South Fork McKenzie (Cougar) rivers. Also 

presented are the male:female (M:F) sex ratios of salmon reintroduced above the dams in each year. CRRs for the South Fork (SF) 

McKenzie population were reported in (Banks et al. 2014), and for the South and North Santiam population in this report, O’Malley et 

al. (2014) and O’Malley et al. (2015). 

 

 

 

 

 

 

 

*The CRR for all salmon was not calculated for the 2007 release group due to incomplete sampling of reintroduced salmon

 Subbasin Male:Female Outplants* M:F Sex Ratio Female CRR All Salmon CRR 

North Santiam 2009 628 : 131 4.8 : 1 1.07 0.54 

     
SF McKenzie 2007 194 : 129 1.5 : 1 0.41 0.43 

SF McKenzie 2008 153 : 88 1.7 : 1 0.31 0.28 

     
South Santiam 2007 127 : 125 1 : 1 0.96 not calculated* 

South Santiam 2008 441 : 218 2 : 1 1.16 1.09 

South Santiam 2009 254 : 158 1.6 : 1 1.55 1.56 
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Release date and location influence on spring Chinook salmon fitness 

We found no evidence of release program (date or location) effects on the TLF of salmon 

released above the dam in 2009. This is in contrast to our findings in 2007 and 2008 wherein a 

positive, albeit weak, relationship between release date and fitness was observed (O’Malley et al. 

2014). In 2007 and 2008, predominantly HOR salmon were released above the dam, whereas in 

2009 only unmarked salmon were released. It is possible that NOR salmon are less vulnerable to 

pre-spawn mortality (PSM) than HOR fish following reintroduction; PSM was one of the 

explanations posited for the observed relationship between release date and fitness in 2007 and 

2008 (O’Malley et al. 2014). Moreover, our TLF estimates (mean and range in TLF) for salmon 

reintroduced above the dam in 2009 exceed those of HOR salmon released above the dam in 

2007 and 2008, which may be suggestive of an overall performance difference between HOR 

and NOR individuals. Environmental conditions experienced above the dam in 2009 may also 

have been more favorable for salmon reproduction and/or survival than in previous years. 

Additional years of study will be required to evaluate each of these hypotheses. Given that our 

fitness estimates for salmon reintroduced above Foster Dam in 2010 are consistent with the 

hypothesis of brood-year failure due to a stochastic environmental process (flood event), 

investigation beyond the 2010 cohort will be required to accurately document the demographic 

viability of NOR salmon reintroductions above Foster Dam under typical conditions. 
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APPENDIX  

Table A1: Summary of spring Chinook salmon releases above Foster Dam, by date, on the South 

Santiam River, Oregon in 2014.  

Release Date Salmon Released 

5/6/2014 8 

5/9/2014 3 

5/13/2014 1 

5/16/2014 1 

5/20/2014 7 

5/23/2014 6 

5/27/2014 9 

5/30/2014 12 

6/2/2014 7 

6/6/2014 25 

6/10/2014 48 

6/13/2014 19 

6/18/2014 10 

6/20/2014 4 

6/24/2014 4 

6/27/2014 3 

7/1/2014 2 

7/3/2014 9 

7/8/2014 18 

7/11/2014 24 

7/14/2014 31 

7/17/2014 8 

7/21/2014 20 

7/24/2014 10 

7/28/2014 8 

8/4/2014 6 

8/11/2014 7 

8/18/2014 12 

8/21/2014 11 

8/25/2014 8 

8/28/2014 11 

9/2/2014 15 

9/9/2014 24 

9/16/2014 7 

9/22/2014 5 
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Table A2. Summary of genetic variation observed in spring Chinook salmon released above 

Foster Dam on the South Santiam River or sampled as carcasses below the dam in 2014. The 

total number of alleles observed at each of 11 microsatellite loci (K) is indicated, as is the 

observed (HO) and expected heterozygosity (HE) per locus. None of the loci showed evidence of 

heterozygote deficit, following tests for Hardy-Weinberg proportions in Genepop. 

Locus K HO HE 

Ots201b 24 0.89 0.90 

Ots209 45 0.91 0.95 

Ots249 33 0.96 0.95 

Ots253b 25 0.84 0.87 

Ots215 32 0.91 0.94 

OtsG311 47 0.91 0.92 

OtsG409 53 0.93 0.95 

Ots211 21 0.88 0.92 

Ots208b 36 0.91 0.90 

Ots212 20 0.95 0.95 

Ots515 13 0.95 0.96 


