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SUMMARY 

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

Chinook salmon (Oncorhynchus tshawytscha) is impeded by two dams; Foster and Green Peter. 

To sustain natural productivity of salmon in above-dam habitat, trap-and-transport operations are 

used to facilitate salmon dispersal above Foster Dam.  

Implementation of genetic parentage analysis has been used to reconstruct a pedigree for salmon 

released above Foster Dam since 2007, though trap-and-transport operations began in 1996. 

Information from this pedigree has allowed management to evaluate the population productivity 

of spring Chinook salmon on the South Santiam for three cohort years (2007 - 2009). Here, we 

extend the genetic pedigree reported in O’Malley et al. (2014, 2015) by assigning the 2015 adult 

returns to salmon previously reintroduced above Foster or sampled as carcasses in below-dam 

habitat. This updated pedigree is then used to determine replacement rates for the 2010 cohort 

and provide fitness estimates for salmon sampled during 2010 - 2012. 

Of the 677 salmon successfully genotyped from 2015, only 20% (138 / 677) were progeny of 

previously sampled salmon (2010 - 2012). Among the 138 assigned progeny, 89% (123 / 138) 

were identified as adult offspring of salmon previously reintroduced above Foster (2010 - 2012), 

with the remaining 11% (15 / 138) assigned to salmon sampled as carcasses below the dam 

(2011 - 2012). The age structure of progeny revealed a predominance of age-4 adult returns; i.e. 

assigned to parents from 2011, with few age-5 progeny; i.e. assigned to parents from 2010.  

The cohort replacement rates for salmon reintroduced in 2010 was 0.07 and 0.06, as estimated 

from female- and male-only replacement, respectively. These estimates indicate that only 6 - 7% 

of the salmon reintroduced in 2010 were replaced through offspring recruitment. Moreover, total 

lifetime fitness (TLF) estimates for salmon reintroduced above the dam in 2010 were low, 

averaging only 0.13 ± 0.51 offspring. The effective number of breeders detected among 

reintroduced salmon in 2010 was 174.7 individuals (95% C.I.  = 140.2 - 228.5), well below the 

census size of the 700 reintroduced salmon considered in our analysis. 
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INTRODUCTION 

South Santiam River spring Chinook salmon (Oncorhynchus tshawytscha) are part of the Upper 

Willamette River (UWR) evolutionarily significant unit (ESU), which is currently listed as 

“threatened” under the U.S. Endangered Species Act (NMFS 2008). Barriers to up- and 

downstream-dispersal are major contributors to the decline of UWR spring Chinook salmon.  

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). Beginning in 1996, the Oregon Department of Fish and Wildlife initiated the release 

of hatchery-origin (HOR; adipose fin removed) fish into habitat located above Foster Dam. Since 

2009, ODFW has used trap-and-transport operations to facilitate dispersal of solely natural-

origin (NOR; adipose fin intact) salmon into habitats above Foster Dam (O’Malley et al. 2014, 

2015).  

In previous investigations, genetic parentage analysis was used to estimate the proportion of 

NOR salmon recruiting to the Foster Dam fish trap that were progeny of previously reintroduced 

salmon (O’Malley et al. 2014, 2015). From these assignments, cohort replacement rate (CRR) 

and total lifetime fitness (TLF) estimates were determined for salmon released above Foster Dam 

during 2007 -2009.  The table below summarizes the number and origin of salmon released 

above Foster Dam, number of individuals genotyped, and the female CRR in 2007, 2008, and 

2009 (see O’Malley et al. 2014, 2015 for detailed results).   

 

Year Releases (NOR/HOR) Male Genotypes Female Genotypes Female CRR 

2007 18/385 127 125 0.96 

2008 163/527 441 218 1.16 

2009 434/0 254 158 1.55 
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In this report, we build upon previous results by using parentage assignments to identify the 

number and proportion of 2015 adult returns that are age-3 (2012), age-4 (2011), and age-5 

(2010) progeny. These assignments are used to estimate replacement rates and TLF of salmon 

reintroduced above Foster Dam during 2010, the second year that entirely unmarked (presumed 

NOR) salmon were released into above-dam habitat. Fisheries managers are especially interested 

in quantifying NOR recruitment attributable to the 2010 brood year, when a flood event is 

thought to have scoured much of the spawning and juvenile rearing habitat for spring Chinook 

salmon above Foster Dam. Thus, a complete TLF estimate will provide a full understanding of 

the influence a stochastic environmental impact had on reintroduction program efficacy.  

Preliminary fitness estimates are also provided for salmon reintroduced above Foster Dam in 

2011 ( i.e. based on age-3 and age-4 progeny only) and for salmon reintroduced above Foster in 

2012 ( i.e. based upon age-3 progeny only). As in previous years, we use tissue samples collected 

from carcasses to estimate the extent to which salmon reintroductions contributed to recruitment 

on the South Santiam River below Foster Dam. Furthermore, fitness estimates are determined for 

salmon sampled as carcasses below Foster Dam in 2011 (based on age-3, age-4 progeny only) 

and 2012 (based on age-3 progeny only).  
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OBJECTIVES 

1. Determine the number and proportion of NOR 2015 adult returns that are progeny of 

salmon reintroduced above Foster Dam (2010 - 2012), or sampled as carcasses below the 

dam (2011 - 2012). Use this information to estimate the age structure of 2015 adult 

returns. 

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

spawner” (Botsford and Brittnacher 1998) for spring Chinook salmon reintroduced above 

Foster Dam in 2010. 

3. Estimate the effective number of breeders (Nb) for salmon reintroduced above Foster Dam 

in 2010. 

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

Foster Dam in 2010 and the fitness of salmon released in 2011 (based on age-3 and age-4 

progeny only) and in 2012 (based on age-3 progeny only). 

5. Evaluate the effect of release date, release location, and sex on the fitness of spring 

Chinook salmon reintroduced above Foster Dam in 2010, 2011, and 2012.  

6. Estimate the fitness of NOR salmon sampled as carcasses below Foster Dam in 2011 

(based on age-3 and age-4 progeny only) and 2012 (based on age-3 progeny only).  

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, 

Willamette basin-wide), and RPA 9.3 (monitoring the effectiveness of fish passage facilities and 

strategies at Project dams). 
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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). This 38m-high dam impounds ~0.035 km3 of 

water in Foster Reservoir. Dam operations began in 1968, which coincided with the initiation of 

the spring Chinook salmon hatchery program on the South Santiam River.  

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

Tissue samples have been collected from salmon prior to release above Foster Dam since 2007. 

Since 2009, only unmarked (presumed NOR salmon) have been reintroduced above Foster Dam. 

Three release locations are currently in use: Calkins Park, Gordon Road, and River Bend (Figure 

1), with reintroduction operations typically beginning in early May or June and running to late-

September / early-October.  It is important to note that a new fish collection facility became 

operational in 2014 and experienced a few years of poor adult collection.  As a result, lower 

collection rates in 2014 and 2015 might have resulted in fewer adults entering the trap and 

instead spawning below the dam. 

Carcasses above and below Foster Dam 

Carcass samples were used to evaluate the relative contribution of the reintroduction program to 

recruitment below the dam and to improve estimates of fitness for reintroduced salmon. In the 

fall of 2015, tissue and otolith samples were collected from unmarked salmon carcasses 

recovered from the South Santiam River above and below Foster Dam during spawning ground 

surveys. Three sections of river were surveyed for carcasses below Foster Dam: Foster Dam to 

Pleasant Valley (4.5 mi), Pleasant Valley to Waterloo (10.5 mi), and Lebanon to Mouth (18 mi) 

(see map in Sharpe et al. 2015).  Otoliths were examined by Washington Department of Fish and 

Wildlife for hatchery-induced thermal marks, which allow estimation of the percent unmarked 

HOR salmon recruiting back to the river.  

Tissue samples collected from carcasses above Foster Dam should be duplicates of those 

collected from live salmon during trap-and-transport operations. However, to help recover 

individuals that were not sampled during reintroduction (due to human error or poor genotyping 
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rate), unique above-dam genotypes were retained for inclusion in parentage analysis.  

 

 

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 Trap-and-transport facility 

and below and above dam as carcasses in 2015. 

 

1 Number includes 15 tissue-samples from holding pond mortalities 
2 Unmarked HOR individuals identified using thermal marks on otoliths 

 

Genetic parentage analysis 

Chinook salmon were genotyped at 11 microsatellite loci, as in O’Malley et al. (2014, 2015). 

Among samples collected from the trap-and-haul facility, we were able to genotype 99% (625 / 

631) of the salmon (Table 1). While DNA degrades rapidly post-mortem in salmon (Copeland et 

al. 2009), we were able to successfully genotype 74% (144 / 194) of the individuals sampled as 

carcasses above and below Foster Dam (Table 1). 

As reported in O’Malley et al. (2014, 2015), the 11 microsatellite loci were highly polymorphic 

(Table A2). Previous results from analyses conducted in GENEPOP (Version 4.2; Raymond and 

Rousset 1995) indicated that allele frequencies for salmon sampled during 2007 - 2014 

conformed to Hardy-Weinberg Proportions (HWP). Similarly in 2015, most loci conformed to 

HWP (Table A2). Individuals with genotypes at < 7 loci were excluded, a threshold determined 

based on the sequential cumulative non-exclusion probabilities observed among loci (O’Malley 

et al. 2015a). Multi-locus genotypes were then compared among individuals to identify salmon 

that could have been sampled more than once (i.e. duplicate genotypes) using GENALEX 

(Version 6.5; Peakall and Smouse 2012). Genotypes that were identical at all loci were assumed 

to represent a single individual and these duplicate genotypes were removed from subsequent 

analysis. Genotypes that matched all but one locus were also removed, as the probability of 

observing a near-identical multilocus genotype at 10 of the microsatellite loci was very low (P = 

3.7 X 10-18). While duplicate samples could be due to sampling error (e.g. fish tissue sampled 

twice on the same day) they could also be indicative of fallbacks (i.e. reintroduced fish that 

Location 
Tissue 

samples 

DNA 

samples 

# Genotyped 

< 7 markers 

Unmarked 

HOR2 
# Duplicates  Total 

Trap-and-transport 6311 628 3 14 24 587 

Above-Foster 68 62 3 14 34 11 

Below-Foster 126 91 6 4 2 79 
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spilled over the dam). Therefore, sampling dates were examined to identify duplicates that were 

tissue sampled on different days and thus represent fallbacks. 

To estimate the number of salmon returning to the South Santiam River in 2015 that were 

progeny of previously sampled salmon, we compared the genotypes of progeny to the genotypes 

of possible parents. The putative parents of 2015 salmon returns included those reintroduced 

above the dam (2010 - 2012), or sampled as carcasses below Foster (2011 - 2012; for assignment 

details see Figure 2). As outlined in O’Malley et al. (2014), 2011 was the first year that tissue 

samples were collected from carcasses. 

Familial relationships were first reconstructed within the maximum-likelihood framework of the 

parentage assignment program CERVUS (Version 3.07; Kalinowski et al. 2007). Parent(s) - 

offspring assignments were made using a strict 95% confidence criterion, using a minimum of 

seven loci and a maximum of one mismatch between parent - offspring pairs (maximum of two 

mismatches for trios). Parentage assignments from CERVUS were then verified using the 

combined PLS - FL algorithm implemented in COLONY (Version 2.061; Jones and Wang 2010). 

COLONY was run using the following parameters: medium run length, polygamous male and 

female setting, allele dropout, and an error rate of 1% per locus. 
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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 

three, four, or five. Therefore, salmon that returned to the South Santiam River during 2013-2015 

are possible progeny of salmon reintroduced above Foster Dam during 2010. The age 

distribution of adult salmon in the South Santiam River is based on unpublished scale age data 

provided by C. Sharpe (ODFW).  
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Fitness of reintroduced salmon  

Fitness was estimated for salmon reintroduced above Foster Dam in 2010, 2011, and 2012. We 

estimated the total lifetime fitness (TLF) of salmon reintroduced above Foster Dam in 2010 from 

the number of age-3, age-4, and age-5 progeny. Preliminary fitness estimates for salmon 

reintroduced above Foster Dam in 2011 was based on age-3 and age-4 progeny only. Preliminary 

fitness estimates for salmon reintroduced above Foster Dam in 2012 was based on age-3 progeny 

only (Figure 2).  

 

Predictors of fitness 

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

release date ~ sex on the TLF of reintroduced salmon using a Generalized Linear Model (GLM; 

Poisson distribution, log link function). The interaction between release date ~ release location 

was not examined as only one location was typically used per date.  

GLMs were also used to examine the influence of sex and release date on preliminary fitness 

estimates for salmon released above Foster Dam in 2011 and 2012. The factor release location 

was not included in the 2011 model because it was not recorded for this year (Table 2). All 

Poisson GLMs included a correction for overdispersion in the fitness estimates and models were 

run using a critical value of α = 0.05 in JMP PRO (Version 12.01; SAS Institute Inc., Cary, NC). 

 

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. The sex ratio of salmon reintroduced above Foster Dam in 

2010 was male biased (2 : 1, male : female). As population productivity, particularly under male-

skewed sex ratios, 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 2010. We also calculated a male-only CRR, based on the 
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number of male progeny produced by male salmon reintroduced in 2010.  

 

Effective number of breeders 

We estimated the effective number of breeders (Nb) among reintroduced salmon in 2010 using 

the linkage disequilibrium (LD) method, as implemented in the program NEESTIMATOR (Version 

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).  

 

Fitness of NOR carcass samples 

The fitness of salmon that were sampled as carcasses below Foster Dam were also examined by 

determining the number of NOR adult progeny identified in subsequent return years (2014 - 

2015). As sampling of carcasses for genetic analyses did not begin until 2011, preliminary fitness 

estimates are provided for salmon carcasses collected during 2011 (based upon age-3 and age-4 

progeny only) and for salmon carcasses collected during 2012 (based upon age-3 progeny only; 

Figure 2).  
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RESULTS 

Insights from duplicate genotypes and otoliths 

Among the samples collected from live salmon during reintroduction operations, there were 24 

redundant genetic profiles. For 17 of the 24 duplicates, samples were collected on different days 

and on average 69 ± 42 days apart (range: 13 - 121 days), suggesting that they were fallbacks 

reintroduced above the dam a second (or third) time. Only one of the 17 fallbacks assigned to a 

previously reintroduced salmon. Four duplicate genotypes were missing information on their 

release date, so we were unable to determine if these were indicative of fallbacks or sampling 

error.  

We genotyped 59 samples collected from carcasses above Foster Dam (Table 1). In total, 48 of 

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

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

to reintroduced individuals, and ultimately, 14 unmarked reintroduced salmon were excluded 

from the parentage analysis because they were determined to be HOR salmon. Based upon these 

associations, 29% (14 / 48) of the otolith-sampled duplicates represented unmarked HOR salmon 

that were reintroduced above Foster. For carcasses sampled below Foster Dam, two duplicates 

were excluded from the parentage analysis as otolith marks indicated they were HOR salmon 

(Table 1). 

 

Parentage assignments and inferred age at return 

Results from genetic parentage analysis revealed that 20% (138 / 677) of the NOR adult 

offspring assigned to previously sampled salmon (Table 2). Among the 138 assigned progeny, 

83% (123 / 138) were identified as adult offspring of salmon previously reintroduced above 

Foster (2010 - 2012), with the remaining 16% (15 / 138) assigned to salmon sampled as 

carcasses below the dam (2011 - 2012; Table 2). 

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

2), most individuals identified as progeny of reintroduced salmon returned at age-4 (i.e. assigned 

to parents reintroduced in 2011; 94 / 123 or 76%) or age-3 (i.e. assigned to salmon reintroduced 



13 

 

or sampled as carcasses in 2012; 36 / 123 or 29%). Only 6% (8 / 123) were age-5 (i.e. assigned 

to salmon reintroduced in 2010; Table 2). This finding provides further support of a 2010 brood 

year failure.   

 

Fitness of reintroduced spring Chinook salmon 

We observed low variation in TLF for salmon reintroduced above Foster Dam in 2010 (0 - 3 

offspring per male and 0 - 5 offspring per female; Table 3), relative to previous years of our 

study (O’Malley et al. 2014, 2015). On average, female TLF was higher than that of males in 

2010 (Tables 3 - 4).  Overall, only 9% (63 / 700) of salmon reintroduced above the dam in 2010 

produced at least one adult return to the South Santiam River during 2013 - 2015. 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 in 2010 (Table 4). Moreover, release 

location was not associated with the TLF of salmon reintroduced in 2010. 

Our preliminary estimates of fitness for salmon reintroduced above Foster Dam in 2011 were 

low (Table 3). Based on age-3 and age-4 offspring returns, male and female salmon that were 

reintroduced in 2011 respectively produced a maximum of nine and eleven progeny that survived 

to adulthood and included in our sample (Table 3). Only 7% (90 / 1 202) of reintroduced 

individuals produced progeny that were detected in subsequent years. We did not detect an 

association between sex and the fitness of salmon reintroduced above the dam in 2011 (Table 4). 

Yet, we did discover a significant effect of release date on fitness for 2011, with salmon 

reintroduced later showing higher fitness than those released earlier.  

For 2012, fitness estimates for salmon reintroduced above Foster Dam were again low (Table 3), 

with no significant predictors of fitness identified in the GLM. However, given the number of 

low or zero fitness observations, it is likely that we have insufficient power to test for these 

associations. 
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Cohort replacement rate  

A total of 17 females recruiting to the South Santiam River during 2013 - 2015 assigned as 

progeny of the 233 females genotyped and released above the dam in 2010, resulting in a female-

only CRR of 0.07. A total of 28 males recruiting to the South Santiam River during 2013 - 2015 

assigned as progeny of the 467 males genotyped and released above the dam in 2010, resulting in 

a male-only CRR of 0.06. 

 

Effective number of breeders 

The estimated number of breeders (Nb) for the 2010 cohort was 174.7 (95% C.I. = 140.2 - 228.5). 

This estimated value is substantially higher than the number of reintroduced salmon that 

produced one or more adult progeny (N = 63) in 2010. The ratio of Nb to the census size (N) of 

the reintroduced cohort was 0.25 (174.7 / 700), which is slightly lower than that calculated for 

2009 (Nb / N = 0.30).   

 

Fitness of NOR carcass samples 

Overall, preliminary fitness estimates for carcasses sampled below Foster Dam in 2011 and 2012 

averaged 0.24 (± 0.65 SD, range = 0 - 4) and 0.08 (± 0.35 SD, range = 0 - 2) offspring, 

respectively. For carcass samples collected during 2011, males (mean = 0.29 ± 0.60 SD) had 

higher fitness estimates than female (mean = 0.20 ± 0.42 SD) salmon, with 17% (11 / 66) of the 

salmon sampled below Foster Dam producing one or more progeny. For carcass samples 

collected during 2012, based upon age-3 progeny, both males and females had a mean fitness of 

0.08 (range = 0 - 2).
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Table 2. Summary of 2015 adult offspring assigned to Chinook salmon reintroduced above Foster Dam (2010 - 2012), or carcasses 

collected below Foster (2011 - 2012), on the South Santiam River. Indicated are the total number of adult offspring and parents 

considered in the pedigree analysis (N), categorized by: Sample type (Reintroduced or Carcass), Sample location (Reintroduced 

Above-dam, Carcass Above or Below Foster Dam). Listed are the number of progeny assigned to: a parental pair (P), a Female (F) or 

Male (M) parent only. 

*Total number of individuals successfully genotyped after accounting for duplicate sampling and unmarked HOR fish identified from otolith thermal marks

O
ff

sp
ri

n
g

 

Parents 

  2010  2011  2012 

Assigned (%) 
Sample type 

 
Reintroduced 

(N = 700) 

Reintroduced  

(N = 1 202) 

Carcass 

(N = 66) 

Reintroduced 

(N = 992) 

Carcass 

(N = 47) 

        Sample location *N P F M P F M P F M P F M P F M 

Reintroduced                  

            Above-dam 587 5 1 1 54 15 10 - 5 4 20 2 10 - - 2 129/ 587 (22%) 

Carcass                  

Above-dam 11 - - - - 2 - - - - - - - - - - 2 / 11 (18%) 

Below-dam 79 - - - 2 1 - 1 - 1 - - - - 2 - 7 / 79 (9%) 

Total 677 5 1 1 56 18 10 1 5 5 20 2 10 0 2 2 138 / 677 (20%) 
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Table 3. Fitness estimates for spring Chinook salmon reintroduced above Foster Dam (2010 - 

2012), or collected as carcasses below Foster (2011 - 2012), on the South Santiam River. See 

Figure 2 for an overview of assignment approach. Indicated are the cohort year (and the age 

classes considered), Sample type (Reintroduced or Carcass), Sex (M = Male; F = Female), 

number of reintroduced or carcass samples evaluated (N), and the mean, standard deviation (SD), 

and range (min - max) of fitness values observed for each year.  

 

Cohort year Sample type Sex N Mean SD Range 

2010 (age-3, age-4, age-5 progeny) 

 Reintroduced 
M 

F 

467 

233 

0.10 

0.19 

0.43 

0.63 

0 - 3 

0 - 5 

2011 (age-3, age-4 progeny) 

 
   

Reintroduced 

M 

F 

676 

526 

0.13 

0.16 

0.66 

0.81 

0 - 9 

0 - 11 

  Carcass 
M 

F 

27 

39 

0.29 

0.20 

0.60 

0.69 

0 - 2 

0 - 4 

2012 (age-3 progeny) 

 Reintroduced 
M 

F 

574 

418 

0.06 

0.05 

0.24 

0.25 

0 - 2 

0 - 1 

     Carcass 
M 

F 

23 

24 

0.08 

0.08 

0.28 

0.40 

0 - 1 

0 - 2 
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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. 

Individual models were run for each brood year (2010 - 2012). The hypothesis that each model 

factor’s effect on fitness is zero was tested with the chi-square (χ2) 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, the reference parameter is indicated in parentheses.  

Year (age classes considered) χ2 (df) β P 

2010 (age-3, age-4, age-5 progeny) Model 11.19 (4)  0.024 

 sex [Female] 5.754 (1) 0.24 0.016 

 release date 2.005 (1) - 0.156 

 
release location 

[River Bend] 
0.006 (2) - 0.996 

 Calkins - - 1.000 

 Gordon - - 0.870 

2011 (age-3, age-4 progeny) Model 6.356 (2) - 0.041 

 sex [Female] 2.462 (1) - 0.116 

 release date 4.696 (1) 2.8×10-8 0.030 

2012 (age-3 progeny) Model 2.235 (4) - 0.692 

 sex [Female] 0.000 (1) - 1.000 

 release date 0.136 (1) - 0.731 

 
release location 

[River Bend] 
1.283 (2) - 0.526 

 Calkins - - 0.325 

 Gordon - - 0.956 
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DISCUSSION 

Our major findings are: 

1. In 2015, 20% (138 / 677) of salmon returns assigned as progeny of salmon previously 

reintroduced or sampled as carcasses below Foster Dam. Overall, the number assigned in 

our pedigree was notably lower than the previous year of investigation (2014) wherein 

44% (171 / 390) of salmon returns assigned as progeny of previously sampled salmon 

(O’Malley et al. 2015).  Given that a large number of salmon spawned below Foster Dam 

in 2010 and 2011, it is possible that the unassigned NOR adult returns were progeny of 

these adult salmon.  

2. In contrast with the expected age distribution of adult returns in the South Santiam River, 

the 2015 cohort exhibited a deficit of age-5 returns; i.e. progeny of 2010 parents. This 

finding provides additional support of a catastrophic above-dam 2010 brood year failure 

associated with a high-water event. 

3. Total lifetime fitness for salmon reintroduced in 2010 averaged 0.13 offspring, with only 

9% (63 / 700) of reintroduced salmon producing at least one adult return to the South 

Santiam River during 2013 - 2015.  Given that the Foster fish trap was less efficient in 

2014 and 2015, it is possible that NOR adult offspring of salmon previously reintroduced 

above Foster Dam were unsampled and spawned below the dam. 

4. There was a significant relationship between total lifetime fitness and sex in 2010, and a 

significant effect of release date on fitness for 2012. No association was observed 

between fitness and sex or release date for salmon reintroduced above Foster Dam in 

2011. 

5. The cohort replacement rate, our index of population productivity, for reintroduced 

salmon in 2010 was 0.07 and 0.06 as estimated from female- and male-only replacement, 

respectively.  
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6. The Nb of the 2010 cohort was 174.7 (95% C.I. = 140.2 - 228.5), leading to an Nb / N ratio 

(174.7 / 700) of 0.25.  

7. Overall, preliminary fitness estimates for carcasses sampled below Foster Dam in 2011 

and 2012 averaged 0.24 (± 0.65 SD, range = 0 - 4) and 0.08 (± 0.35 SD, range = 0 - 2) 

offspring, respectively. 

Parentage of salmon reintroduced above Foster Dam in 2015 

Compared to previous recruitment to the Foster Dam fish trap (reported in O’Malley et al. 2014, 

2015), the 2015 NOR returns exhibited a high percentage of unassigned salmon (80%).  Given 

that a large number of salmon spawned below Foster Dam in 2010 and 2011, it is possible that 

the unassigned NOR adult returns were progeny of these adult salmon. Moreover, in contrast to 

the expected age class structure of spring Chinook salmon on the South Santiam, 6% of the 2015 

returns consisted of age-5 progeny, opposed to the expected 29% within this sub-basin. These 

findings provide further support that spring Chinook salmon production above Foster Dam was 

severely impacted by a flood event. Indeed, total lifetime fitness estimates of salmon 

reintroduced above Foster Dam in 2010 were low with only 9% of reintroduced salmon 

producing adult offspring that were detected during 2012 - 2015. This is in contrast to the 38 - 

61% of reintroduced salmon that produced one or more offspring during 2007 - 2009 (O’Malley 

et al. 2014, 2015).  It is also important to note that the Foster fish trap was less efficient in 2014 

and 2015, likely resulting in lower sampling rate of adult progeny of previously reintroduced 

salmon. 

Examination of otolith data indicate that, as in previous years, unmarked HOR fish were released 

above the dam in 2015. While we removed any individuals from our pedigree analysis that were 

identified as unmarked HOR salmon, not all reintroduced salmon were evaluated for otolith 

marks that would allow us to identify every HOR sample. Thus, it is possible that some 

proportion of the unassigned salmon in the 2015 adult returns were unmarked HOR salmon that 

returned to the Foster Dam fish trap. However, it is highly unlikely that the reintroduction of 

unmarked HOR salmon can fully account for the low assignment rate in 2015. Instead, it is more 

likely that most of the unassigned salmon were NOR progeny of salmon that spawned below the 

dam. 
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Release date and location influence on spring Chinook salmon fitness 

We found no effect of release date or release location on the TLF of salmon released above the 

dam in 2010. This is in contrast to our findings in 2007 and 2008 (but not 2009) wherein a 

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

al. 2014, 2015). In 2007 and 2008, predominantly HOR salmon were released above the dam, 

whereas in 2009 and 2010 only unmarked salmon were released. It is possible that NOR salmon 

are less vulnerable to pre-spawn mortality (PSM) than HOR fish following reintroduction.  

Estimates of PSM for salmon reintroduced above Foster Dam in 2007, 2008, 2009, and 2010 

were: 0.07, 0.06, 0.08, and 0.05 respectively.  While only unmarked salmon have been 

reintroduced above Foster Dam since 2009, a proportion are unmarked HOR salmon.  Additional 

data are needed to determine if NOR salmon are less vulnerable to PSM. 

Productivity of reintroduced salmon 

By assigning 2015 adult returns, we were able to extend the genetic pedigree (O’Malley et al.  

2014, 2015) and calculate a cohort replacement rate (CRR) for salmon reintroduced above Foster 

Dam in 2010. When calculated for female- or male-only salmon, our CRR estimates ranged from 

0.06 - 0.07, indicating that only 6 - 7% of the salmon reintroduced in 2010 were replaced through 

offspring recruitment. This replacement estimate is markedly lower than observed in previous 

years, which ranged from 0.96 - 1.56 when considering female progeny only (Figure A1).  

As multiple studies have shown that wild-born salmonids achieve greater fitness in the wild than 

hatchery-reared fish (Araki et al. 2008; Anderson et al. 2013; Milot et al. 2013; Christie et al. 

2014), it is possible that reintroduced NOR salmon achieved greater reproductive success and/or 

their offspring survived better to maturity than reintroduced HOR salmon. While an increase in 

female CRR estimates positively correlates with the shift from outplanting HOR salmon to 

reintroducing NOR salmon above Foster Dam, this trend terminates with the 2010 NOR cohort 

(Figure A1). However, the reduction in female CRR for the 2010 brood year is likely due to the 

flood event, which may have mitigated any benefit conferred through reintroducing only NOR 

salmon (opposed to HOR salmon) into above-dam habitat. Additional years of study will be 
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required to disentangle environment (e.g. flood events) from origin effects on the productivity of 

salmon reintroduced above Foster Dam.  Again, reduced efficiency of the Foster fish trap in 

2014 and 2015 likely contributed to downwardly biased fitness estimates for previously 

reintroduced salmon.  Additional years of pedigree analysis are needed to test this hypothesis and 

determine if modifications to the trap or operations at Foster Dam have resulted in increased 

sampling of adult progeny of previously reintroduced salmon. 

In summary, a low proportion of age-5 salmon, minimal fitness / replacement estimates, and a 

reduced number of effective breeders relative to the census size all provide support for a 

catastrophic brood-year failure in 2010. Investigation beyond the 2010 cohort is needed to 

evaluate the demographic viability of NOR salmon reintroductions occurring above Foster Dam 

under more typical conditions.
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APPENDIX  

 

Figure A1. Female only cohort replacement rates (CRR) reported for spring Chinook salmon 

released above Foster Dam during 2007 - 2010. The solid horizontal line represents a female 

CRR of one, signifying that the cohort has been replaced through female adult recruitment. Next 

to each CRR value is the number of female natural- (NOR) and hatchery-origin (HOR) salmon 

successfully genotyped and released above Foster.  
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Table A1. Summary of spring Chinook salmon releases above Foster Dam, by date and location, 

on the South Santiam River, Oregon in 2015.  

Release Date Release Location Salmon Released 

*Unknown *Unknown 11 

27-Apr River Bend 1 

1-May River Bend 14 

4-May River Bend 14 

7-May River Bend 4 

12-May River Bend 32 

13-May River Bend 33 

15-May River Bend 19 

19-May River Bend 8 

22-May River Bend 20 

26-May River Bend 14 

29-May River Bend 19 

2-Jun River Bend 29 

4-Jun River Bend 39 

5-Jun River Bend 19 

9-Jun Calkins 29 

12-Jun Gordon 13 

16-Jun Gordon 11 

19-Jun Gordon 34 

23-Jun Gordon 40 

26-Jun Gordon 8 

26-Jun Gordon 12 

30-Jun Gordon 18 

10-Jul *Unknown 11 

17-Jul *Unknown 6 

21-Jul *Unknown 1 

28-Jul *Unknown 10 

4-Aug *Unknown 7 

11-Aug River Bend 19 

18-Aug *Unknown 10 

25-Aug *Unknown 5 

1-Sep Gordon 29 

8-Sep Gordon 33 

11-Sep *Unknown 14 

16-Sep *Unknown 12 

22-Sep Gordon 18 

 Total 616 
*Data not available or unrecorded 
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Table A2. Summary of genetic variation observed in spring Chinook salmon released above 

Foster Dam or sampled as carcasses below the dam in 2015. 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. With the exception of Ots311, loci showed no evidence of 

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

heterozygote deficit (P < 0.05, *) of Ots311 is suggestive of the presence of null alleles.  

 

 Locus K HO HE 

Ots201 22 0.896 0.9 

Ots209 48 0.928 0.951 

Ots409 54 0.942 0.951 

Ots515 15 0.848 0.866 

Ots208 38 0.935 0.947 

Ots211 23 0.909 0.915 

Ots249 31 0.938 0.945 

Ots253b 26 0.902 0.919 

Ots212 20 0.894 0.904 

Ots215 33 0.949 0.946 

Ots311* 50 0.943 0.958 


