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ABSTRACT 

Integrated broodstocks (IB) have been developed to minimize genetic divergence 
between hatchery and recipient natural stocks. This project evaluates the implementation and 
effects of IB programs for Chinook Salmon (Oncorhynchus tshawytscha) populations associated 
with Sawtooth, Pahsimeroi, and McCall hatcheries that were initiated in 2010. Here we summarize 
information from their inception through 2017. Key monitoring questions addressed by this project 
include 1) proportionate natural influence (PNI) in these populations, 2) survival comparisons 
between IB and segregated stocks (SS), 3) expanding the spawning distribution IB adults, and 4) 
comparing the replacement rate of natural (NP) and IB spawners. In chapter one, we estimate 
PNI for fish spawning upstream of weirs using origin-specific marks for all fish and verify this 
estimate via parental based tagging (PBT). Estimates for composite populations (those spawning 
up- and downstream of weirs) are then estimated in a separate analysis based on mark. Estimated 
PNI for Chinook Salmon spawning upstream of weirs was consistently higher based on mark than 
with PBT. We failed to achieve PNI targets in most locations and years due to low NP returns. 
High proportions of SS spawning downstream of the weirs resulted in lower composite PNI for 
the Sawtooth and McCall populations than for the portions spawning upstream of weirs. In chapter 
two, we compare survival between IB and SS juveniles at Sawtooth to understand the effects of 
incorporating NP adults into broodstocks. Mean fertilization to ponding survival typically differed 
by less than 1% between groups. Survival differences from ponding to release ranged from zero 
to about 7%, and there was no pattern in the direction of differences. Annual smolt survival from 
Sawtooth to Lower Granite Dam was consistent between IB and SS production despite variation 
in survival among years. In chapter three, we use carcass recoveries upstream of the Sawtooth 
Hatchery weir to estimate the spawning distribution of IB and NP adults. We observed that IB 
adults spawn nearer the weir than NP adults. The median carcass recovery distance was 7.9 km 
and 13.6 km farther upstream of the weir for NP females than for IB females in 2016 and 2017, 
respectively. In chapter four, we use PBT to determine the female-to-female replacement rate in 
the three IB and NP stocks (F1). For BYs 2010–2012 the mean number of females returned to 
weirs from IB females relative to NP females was 7–24 to 1 at Sawtooth, 12–68 to 1 at McCall, 
and 2–4 to 1 at Pahsimeroi. This report assesses the ability of IB programs to meet 
supplementation objectives and monitor efforts to minimize divergence between the hatchery and 
natural stocks. 
 
 
Authors: 
 
David A. Venditti, Senior Fisheries Research Biologist 
Idaho Department of Fish and Game 
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Pacific States Marine Fisheries Commission 
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OVERVIEW 

There have been widespread declines in Pacific salmonid (Oncorhynchus spp.) 
abundance throughout their range in recent decades (Lichatowich 1999; McClure et al. 2013). In 
response, extensive hatchery programs were developed as a means to increase abundance and 
mitigate for lost harvest opportunities. Naturally-reproducing populations have remained 
depressed despite mitigation, and efforts have been undertaken to use hatchery production to 
augment or recover them. These efforts are commonly referred to as supplementation. However, 
debate remains on whether or not supplementation can increase natural-origin abundance. (ISAB 
2003). 

 
Supplementation can be implemented in a variety of ways, but all use hatchery production 

to increase the number of naturally spawning fish in target populations. Supplementation 
programs have been implemented throughout the Columbia River basin for several decades 
(ISAB 2003). Recently, integrated broodstock (IB) programs have been developed to minimize 
genetic divergence between hatchery donor stocks and recipient natural stocks. A properly 
integrated program is one where the natural environment drives the adaptation and fitness of a 
composite population of fish spawning in a hatchery and in the wild (HSRG 2009). This is 
hypothesized to minimize domestication selection in the hatchery and ecological risks to the 
natural population (HSRG 2009). Integrated broodstock programs may be used to increase 
abundance in natural populations (Sharma et al. 2006; Berejikian et al. 2008), provide harvest 
(Fast et al. 2015), minimize straying risks to wild populations (Mobrand et al. 2005), provide 
genetic repositories (Kline and Flagg 2014), and expand spawning into under-utilized habitats 
(Dittman et al. 2010; Venditti et al. 2018). 

 
Uncertainties remain in terms of the benefits and risks of IB programs. The number of 

natural-origin adult progeny produced by supplementation adults must exceed the number that 
would have been produced without hatchery intervention for supplementation to provide a 
conservation benefit. Supplementation assumes that the natural population is under carrying 
capacity and that no density dependent effects are operating, which may not be the case (see 
Walters et al. 2013). In addition, a number of genetic and demographic risks have been 
hypothesized (Goodman 2005; Oosterhout et al. 2005; Bowlby and Gibson 2011). Phenotypic 
differences in the hatchery broodstock could also arise from spawning natural-origin fish in the 
hatchery and affect maturation rates and ultimately hatchery production targets or harvest rates 
(Kostow 2004; Hayes et al. 2013). Differences between natural- and hatchery-origin fish may 
unintentionally arise from early rearing in a hatchery environment that reduces the subsequent 
fitness of the hatchery fish in the natural environment and therefore the overall contribution of 
hatchery fish when they spawn naturally (Ford 2002; Araki et al. 2008; Evans et al. 2016).  

 
The Idaho Department of Fish and Game (IDFG) currently maintains IB programs for 

Chinook Salmon at the Sawtooth Fish Hatchery (SFH), Pahsimeroi Fish Hatchery (PFH), and the 
McCall Fish Hatchery (MFH). All three hatcheries were originally constructed to mitigate for lost 
harvest opportunity due to hydropower construction on the Snake and Columbia rivers. The SFH 
is located on the upper Salmon River near the town of Stanley, Idaho, and all trapping, spawning, 
and rearing is conducted at one centralized facility. The PFH is located on the Pahsimeroi River 
near the town of Ellis, Idaho. Adults are trapped and spawned at a facility located near the mouth 
of the Pahsimeroi River, while fertilized eggs are incubated and juveniles are reared at a second 
facility approximately 18 km upstream. Adults for the MFH program are trapped and spawned at 
the South Fork Salmon River satellite facility near Warm Lake, Idaho. Fertilized eggs are 
incubated and juveniles reared at the main hatchery facility in McCall, Idaho. Beginning In 2010, 
a portion of the mitigation production (hereafter segregated stock or SS) from these hatcheries 
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along with naturally produced (NP) adults were used to establish the IB programs. During the first 
years of the program (2010–2012), IB crosses were SS females crossed with NP males to avoid 
compromising the evaluation phase of the Idaho Supplementation Studies (Venditti et al. 2015). 
After hatchery spawning, males were immediately passed upstream of the weir and allowed to 
spawn naturally. In 2013, NP and SS adults of both sexes were crossed in the IB. The IB began 
using only NP and IB adults in 2014 when females from the IB program began returning.  

 
All IB programs must incorporate and balance two major components 1) the proportion of 

natural-origin fish that are spawned in the broodstock (pNOB) and 2) the proportion of hatchery-
origin fish that are allowed to spawn naturally (pHOS). The goal of this project is to examine 
several aspects of these components and evaluate the ability of IB programs to maintain or 
increase naturally spawning populations. This project: 1) assesses the influence of NP Chinook 
Salmon (Oncorhynchus tshawytscha) incorporated into IBs on hatchery survival, productivity, and 
hatchery replacement rates (HRR); 2) evaluates the influence of IB spawners on naturally 
reproducing populations and natural replacement rates (NRR); and 3) attempts to alter spawning 
distribution into under-utilized habitat though targeted IB smolt releases near these areas. This 
project conducts critical uncertainty monitoring and evaluation in an empirical setting, as 
recommended by Waters et al. (2015). We work with other agencies and Idaho Fish and Game 
(IDFG) cooperators to collect the necessary data and address specific uncertainties related to 
hatchery effectiveness monitoring and evaluation (i.e., RPAs 63 and 64 in the Federal Columbia 
River Power System Biological Opinion, NOAA Fisheries 2008). This information will provide 
managers with a more complete picture of the benefits and risks of implementing IB programs, 
which may guide the implementation of future supplementation strategies in Idaho and elsewhere. 
The key monitoring questions addressed by this project are: 1) what is the proportionate natural 
influence (PNI) in the supplemented populations, 2) how does survival compare between IB and 
SS, 3) can we alter the spawning distribution of IB adults, and 4) what is the replacement rate of 
NP and IB spawners. Each monitoring question is addressed in a separate chapter below.  
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CHAPTER 1: PROPORTIONATE NATURAL INFLUENCE (PNI) 

INTRODUCTION 

Supplementation programs using an integrated broodstock (IB) are designed to allow the 
natural environment to be the primary driver of adaptation and fitness in the portions of the 
population spawning in the hatchery and naturally (HSRG 2009). To achieve this, the proportions 
of supplementation-origin and natural-origin fish must be measured and partitioned in the 
broodstock and natural spawning areas. Ford (2002) demonstrated how gene flow between the 
two could alter the fitness of the natural component, and this theory was adapted by the HSRG 
(2009) to develop the proportionate natural influence (PNI). For the natural environment to be the 
primary driver of fitness, the proportion of natural-origin (NP) fish in the broodstock (pNOB) must 
be greater than the proportion of supplementation fish spawning naturally (pHOS).  

 
The HSRG (2009) established long-term, mean PNI targets for supplemented populations 

with differing conservation objectives, and PNI is being used to guide supplementation programs 
throughout the Pacific Northwest (HSRG 2014). The portions of the upper Salmon River (USR) 
and South Fork Salmon River (SFSR) populations that spawn upstream of the weirs are currently 
managed for a mean PNI of 0.67. The Pahsimeroi River population is managed for a long-term, 
mean PNI of 0.80.  

 
Estimates of PNI for these locations should be straightforward, because adult capture 

probabilities at these weirs are high and the origin composition of fish spawned or passed should 
be easily determined based on differential marking of IB, NP, and segregated stock (SS; i.e., 
mitigation or general production) adults. However, several situations can arise where the 
observed tag/mark combination will not accurately reflect the fish’s true origin. Segregated smolts 
that do not receive an AD clip (i.e., mis-clips) will be classed as natural on return and IB fish that 
shed their CWT (or if the CWT is not detected) will also be classed as natural. It is not known how 
substantially these potential errors may affect PNI estimation, so we will test the accuracy of 
physical marks by verifying each fish’s origin with parental based tagging (PBT) and then 
recalculate PNI estimates for each population. The objective of this evaluation is to estimate PNI 
using both physical marks and PBT to determine if the long-term goals for these populations are 
being met. 

 
There is also a component of the USR and SFSR populations that spawn downstream of 

the weirs. The composition of adults spawning in these areas is uncontrolled, so PNI for this 
segment of the population may differ substantially from the segment spawning upstream of the 
weirs. We will use a four-population PNI calculator developed by NOAA Fisheries (Craig Busack 
NOAA Fisheries, personal communication) to estimate the PNI for the composite population 
(upstream and downstream components combined). This calculator combines the proportions of 
NP, IB, and SS adults spawning upstream and downstream of the weir and used in the integrated 
and segregated broodstocks into a single PNI estimate. Origin determination using PBT will not 
be possible for fish spawning downstream of weirs, so origin will be based on marks and tags 
from carcasses collected in these areas.  
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METHODS 

PNI Upstream of Weirs 

Origin identifying mark and tag information needed to estimate the PNI for the managed 
portion of the populations upstream of the weirs based on marks and tags were queried from the 
Fish Inventory System database (FINS; www.finsnet.org) or from the Progeny database housed 
at the Eagle Fish Genetics Laboratory. These databases link individual fish data to its DNA sample 
number used for origin verification and for adjusted PNI estimation described below. Hatchery 
personnel entered data and performed quality assurance/quality control (QA/QC).  

 
We used FINS to identify the number and origin of fish passed upstream of the weir for 

natural spawning and Progeny to identify those that were used in the integrated and segregated 
broodstocks. The FINS “Final Disposition” query identified those fish (and their associated DNA 
sample) that were passed for natural spawning and Progeny identified those used in broodstocks. 
Origin was determined for each fish based on marks and tags by filtering the data for the following 
combinations. Natural fish had an intact adipose fin and no CWT. Fish from the IB had an intact 
adipose fin and a CWT, and those with an adipose fin clip were from the SS. The number of 
individuals of each origin was divided by the total number of fish passed or spawned to calculate 
the proportion of each origin. Those values were entered into the general PNI approximation: 

 
PNI ≈ pNOB / (pNOB + pHOS). 

 
This formula does not make a distinction between IB fish and those from the SS, so these two 
origins were summed as necessary.  
 

We calculated the adjusted PNI by genotyping the DNA sample associated with each fish 
passed or spawned to determine its parental lineage using standard PBT methods (Steele et al. 
2013; Steele et al. 2018). All fish whose parents were identified had their origin verified or updated 
as necessary based on the known parental cross. Fish whose origins were not determined 
through PBT retained their mark/tag combination origin classification. After updating each fish’s 
origin, PNI was recalculated using the methods described above.  

Composite Population PNI and Escapement 

In the USR, the size and composition of the portion of the population spawning 
downstream of the weir was estimated through multiple spawning ground surveys (SGS). Project 
personnel conducted carcass surveys twice a week from the Sawtooth Hatchery weir to the mouth 
of Redfish Lake Creek. All carcasses encountered were processed using standard IDFG protocols 
(IDFG unpublished data). We recorded fork length, sex, percent spawned (for females), the 
presence of CWT and PIT tags, and presence of any other fin clips or marks. Additionally, all 
natural carcasses were sampled for DNA and up to 100 dorsal fins were collected. Redd counts 
were conducted by the Natural Production Monitoring and Evaluation program (NPM; Project 
Number 1991-073-00) on at least three occasions throughout the spawning period.  

 
Carcass and redd count data were entered into the IDFG SGS database and used to 

estimate the composition of fish spawning from the Sawtooth weir to Redfish Lake Creek for 
composite PNI and reach escapement estimates. The proportion of IB, NP, and SS adults 
spawning in this reach, based on marks and tags, was assumed equal to that in our carcass 
collections. We then entered these proportions along with the proportions of fish (based on marks 
and tags) used in the PNI upstream of weirs analysis into the NOAA Fisheries four-population 

http://finsnet.org/
http://finsnet.org/
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calculator to determine the PNI value for the composite population. To estimate escapement to 
this reach, we assumed that each female made one redd (Murdoch et al. 2009a; Neilson and 
Bradford 1983), and that redd counts would accurately reflect the number of females in the reach. 
The number of redds constructed by females of each origin could then be estimated from their 
proportions in carcass collections. Proportions were adjusted for observed prespawn mortality by 
subtracting the number of prespawn mortalities (females only) from the total number of female 
carcasses collected by origin. Finally, these estimates were expanded (1.82 fish/redd; 
Beamesderfer et al. 1997) and summed to estimate the total adult escapement downstream of 
the weir. 

 
The proportion and number of NP adults spawning in the downstream reach that 

originated in the upstream section from natural spawning adults is required for the four-population 
PNI calculator. The DNA samples collected from NP carcasses downstream of the weir will 
provide an estimate of this proportion. Until data are available to estimate this proportion, we will 
use an arbitrarily selected value of 1%. The proportion of natural adults spawning upstream of the 
weir that originated downstream is also required, but data were not available to estimate this 
directly, so we assume these two values are equal. 

 
Carcass and redd count data for Chinook Salmon spawning downstream of the SFSR weir 

were provided by Nez Perce tribal biologists. Redds were expanded to estimate the size of the 
spawning population, parsed to origin, and entered into the PNI calculator as described above. 

 
 

RESULTS 

PNI Upstream of Weirs 

Estimated PNI values between 2014 and 2017 for the portion of Chinook Salmon 
populations spawning upstream of weirs were consistently higher when based on marks 
compared to estimates using origin-corrected PBT information. Origin determination based on 
mark consistently overestimated the proportion of natural fish passed or spawned in the IB (Table 
1). Estimated PNI based on marks ranged from 0.26–0.52 at SFH, 0.48–0.86 at PFH, and 0.30–
0.86 at MFH. Estimated PNI based on origin-corrected PBT data ranged from 0.18–0.49 at SFH, 
0.36–0.75 at PFH, and 0.18–0.62 at MFH (Table 1).  

 
We did not achieve target PNI goals at any project during this reporting period when using 

the higher bar of genetic assignment (PBT) to estimate PNI. However, based on mark data, the 
PFH did achieve its target of a PNI of 0.81 from 2014–2016, and MFH achieved a PNI of 0.66 
versus its target of 0.67 in 2014 (Table 1). Long-term PNI means (2014–2017) at the three 
hatcheries are SFH 0.42 (mark) and 0.37 (PBT), PFH 0.76 (mark) and 0.61 (PBT), MFH 0.47 
(mark) and 0.38 (PBT). Natural-origin adult returns were insufficient to achieve targeted pNOB 
levels at all locations in all years, and this negatively affected our ability to achieve the PNI targets 
on annual or long-term timeframes.  

Composite Population PNI and Escapement 

Chinook Salmon carcasses were collected from spawning areas in the upper Salmon and 
South Fork Salmon rivers downstream of the SFH and MFH weirs. In the upper Salmon River, 
carcasses were collected twice weekly from August 22 to September 22, 2016 and August 14 to 
September 18, 2017. In 2016, we collected 655 carcasses including 77 IB, 253 NP, and 325 SS 
origin. In 2017, we collected 236 carcasses including 12 of IB, 59 NP, and 165 SS origin. 
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Carcasses collection information from 2014 and 2015 were queried from the IDFG SGS Database 
to provide a complete record of adult IB returns for this reach (Table 2). In the SFSR, 153 
carcasses were collected in 2016, including 27 IB, 50 NP, and 76 SS origin. In 2017, eight 
carcasses were collected, including one IB, four NP, and three SS. Data are again provided for 
years 2014–2015 to provide a complete record of adult IB returns (Table 2).  
 
 
Table 1. Estimated proportionate natural influence (PNI) values for Chinook Salmon 

populations spawning upstream of hatcheries with integrated broodstock 
programs. Estimates are calculated using origins determined by marks and by 
parental based tagging (PBT). Abbreviations include: IB = integrated; SS = 
segregated; pNOB = proportion natural-origin broodstock; pNOS = proportion 
natural-origin spawners; pHOS = proportion hatchery-origin spawners.  

 

Hatchery Year Method 
pNOB 

(IB) pNOS 
pHOS 
(IB) 

pHOS 
(SS) PNI 

Sawtooth 2017 Mark 0.286 0.202 0.147 0.651 0.26 
  PBT 0.200 0.092 0.162 0.746 0.18 
 2016 Mark 0.622 0.339 0.590 0.071 0.48 
   PBT 0.528 0.200 0.283 0.518 0.40 
 2015 Mark 0.667 0.386 0.388 0.225 0.52 
  PBT 0.667 0.304 0.358 0.338 0.49 
 2014 Mark 0.280 0.624 0.376 0.000 0.43 
   PBT 0.292 0.571 0.201 0.228 0.40 

Pahsimeroi 2017 Mark 0.657 0.277 0.335 0.388 0.48 
  PBT 0.457 0.170 0.332 0.498 0.36 
 2016 Mark 0.939 0.832 0.168 0.000 0.85 
   PBT 0.710 0.622 0.316 0.063 0.65 
 2015 Mark 0.968 0.811 0.189 0.000 0.84 
  PBT 0.813 0.593 0.345 0.062 0.67 
 2014 Mark 1.000 0.844 0.156 0.000 0.86 
   PBT 0.864 0.717 0.257 0.027 0.75 

McCall 2017 Mark 0.359 0.162 0.838 0.000 0.30 
  PBT 0.200 0.098 0.845 0.057 0.18 
 2016 Mark 0.682 0.233 0.767 0.000 0.48 
   PBT 0.540 0.155 0.791 0.054 0.39 
 2015 Mark 0.488 0.437 0.563 0.000 0.46 
  PBT 0.341 0.273 0.700 0.027 0.32 
 2014 Mark 0.923 0.528 0.472 0.000 0.66 

    PBT 0.868 0.460 0.520 0.020 0.62 
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Table 2. Number, origin (IB = integrated, NP = natural, and SS = segregated), and sex of 
adult Chinook Salmon carcasses collected from spawning areas in the upper 
Salmon (USR) and South Fork Salmon (SFSR) rivers downstream of the Sawtooth 
and McCall fish hatchery weirs 2014–2017.  

 
      Origin 
Population Year Sex IB NP SS Total 

USR 2017 Female 6 32 93 131 
  Male 6 27 72 105 
  Unknown 0 0 0 0 
  Total 12 59 165 236 
 2016 Female 53 148 216 417 
  Male 24 105 108 237 
  Unknown 0 0 1 1 
  Total 77 253 325 655 
 2015 Female 27 110 125 262 
  Male 17 158 257 432 
  Unknown 0 4 9 13 
  Total 44 272 391 707 
 2014 Female 12 77 43 132 
  Male 15 76 40 131 
  Unknown 2 27 9 38 
  Total 29 180 92 301 

SFSR 2017 Female 1 2 2 5 
  Male 0 2 1 3 
  Unknown 0 0 0 0 
  Total 1 4 3 8 
 2016 Female 16 27 43 86 
  Male 11 23 33 67 
  Unknown 0 0 0 0 
  Total 27 50 76 153 
 2015 Female 22 16 39 77 
  Male 24 18 27 69 
  Unknown 0 0 2 2 
  Total 46 34 68 148 
 2014 Female 8 59 13 80 
  Male 7 42 15 64 
  Unknown 0 0 1 1 

    Total 15 101 29 145 
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Composite PNI values for the USR and SFSR populations were lower than the target of 
>0.5 in all but one year. Composite PNI ranged from 0.07 to 0.26 in the USR and from 0.28 to 
0.66 in the SFSR. High proportions of SS spawning in these areas was the primary driver for low 
PNI values. PNI estimates upstream of both weirs were also consistently higher than composite 
PNI estimates (Table 1 and Table 3), although caution must be used when comparing the two 
due to the different methods used to estimate PNI (i.e., the general approximation and the NOAAF 
calculator). 
 
 
Table 3. Estimated proportionate natural influence (PNI) for composite Chinook Salmon 

populations in the upper Salmon (USR) and South Fork Salmon (SFSR) rivers. 
Estimates are derived from the proportion of natural-origin spawners (pNOS), and 
hatchery origin spawners (pHOS) from integrated (IB) and segregated (SS) origins 
determined by marks and tags from carcasses collected downstream of weirs. The 
pNOS that originated upstream (US) of the weirs but spawned downstream (DS) 
of the weirs is assumed to be 1%.  

 
    Downstream Segment   

Population Year 
pNOS 
(US) 

pNOS 
(DS) 

pHOS 
(IB) 

pHOS 
(SS) 

Population 
PNI 

USR 2017 0.01 0.24 0.05 0.70 0.07 
 2016 0.01 0.38 0.12 0.50 0.18 
 2015 0.01 0.37 0.06 0.55 0.13 
 2014 0.01 0.59 0.10 0.31 0.26 

SFSR 2017 0.01 0.49 0.13 0.38 0.28 
 2016 0.01 0.32 0.18 0.50 0.44 
 2015 0.01 0.22 0.31 0.46 0.44 

  2014 0.01 0.69 0.10 0.20 0.66 
 
 

Escapement estimates for the spawning reaches in the upper Salmon and South Fork 
Salmon rivers downstream of the SFH and MFH weirs indicate these areas support robust 
spawning populations. In the upper Salmon River, we estimated between 275 and 815 fish were 
present downstream of the weir, and in the SFSR, we estimated between 116 and 588 fish below 
the weir. Segregated stock adults were numerically the most abundant in both streams in all years 
except one in the upper Salmon (2015) and two (2014 and 2017) in the SFSR. Adults from the IB 
were the least abundant in all years and populations except 2017 in the SFSR when IB and SS 
escapement estimates were equal (Table 4).  
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Table 4. Selected population parameters for Chinook Salmon spawning in the upper 
Salmon (USR) and South Fork Salmon (SFSR) rivers downstream of hatchery 
weirs. Total redd counts are parsed into the number and proportion of redds 
(pRedds) constructed by females of integrated (IB), natural (NP), and segregated 
(SS) origin after adjusting for female prespawn mortality [PSM (F)]. Redds are 
expanded using Beamesderfer (1997) to estimate escapement by origin. The 
expanded escapement estimates were summed for total escapement. 

 

Population Year 
Total 

Redds Origin PSM (F) Redds pRedds Escapement 
USR 2017 151 IB 0.167 7 0.044 12 

   NP 0.063 40 0.265 73 
   SS 0.161 104 0.690 190 
   Total    275 
 2016 448 IB 0.019 61 0.135 110 
   NP 0.061 162 0.362 295 
   SS 0.106 225 0.503 410 
   Total    815 
 2015 342 IB 0.037 34 0.100 62 
   NP 0.000 145 0.423 263 
   SS 0.008 163 0.477 297 
   Total    622 
 2014 178 IB 0.000 17 0.094 30 
   NP 0.026 104 0.586 190 
   SS 0.047 57 0.320 104 
   Total    324 

SFSR 2017 64 IB 0.000 16 0.250 29 
   NP 0.000 32 0.500 58 
   SS 0.500 16 0.250 29 
   Total    116 
 2016 276 IB 0.125 49 0.177 89 
   NP 0.037 91 0.329 165 
   SS 0.093 136 0.494 248 
   Total    502 
 2015 246 IB 0.227 66 0.270 121 
   NP 0.000 62 0.254 114 
   SS 0.231 117 0.476 213 
   Total    448 
 2014 323 IB 0.875 6 0.018 11 
   NP 0.119 305 0.945 556 
   SS 0.846 12 0.036 21 

      Total     588 
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Female prespawn mortality in the upper Salmon population was lower than in the SFSR 
population during 2014–2017 for IB and SS females and approximately equal for NP females. We 
define prespawn mortality as the percentage of females that entered the spawning reach but died 
prior to egg deposition. In the upper Salmon, prespawn mean mortality was 5.6% (range 0–
16.7%) for IB females, 3.7% (range 0–6.3%) for NP females, and 8.0% (range 0.8–16.1%) for SS 
females. In the SFSR, mean prespawn mortality was 30.7% (range 0–87.5%) for IB females, 3.9% 
(range 0–11.8%) for NP females, and 41.7% (range 9.3–84.6%) for SS females. Prespawn 
mortality for IB females in both populations decreased annually during the 2014–2017 period. In 
SS origin females, prespawn mortality generally increased in the upper Salmon population and 
decreased in the SFSR population until 2017 (Table 4). However, few carcasses were collected 
in the SFSR in 2017 (Table 3) making inference questionable. 

 
 

DISCUSSION 

PNI Upstream of Weirs 

Mark based estimates of PNI will be higher than estimates using PBT corrected data, 
because mark errors predominantly overestimate the proportion of hatchery-origin fish (IB and 
SS). Segregated juveniles that are missed during adipose fin clipping and IB juveniles that shed 
their CWT (or the tag is not detected) are assumed to be natural-origin. Natural-origin adults with 
small or disfigured adipose fins were the only group that could be misidentified as segregated. 
During 2014–2016, we observed a substantial underrepresentation of IB fish (based on mark) at 
PFH and MFH (Table 1). In response, these facilities modified their CWT scanning protocols, 
which improved their CWT detection rate in 2017. However, missed adipose clips and shed (or 
undetected) CWTs still resulted in an overestimation of natural fish.  

 
Natural-origin returns during the reporting period were insufficient to meet pNOB and 

pNOS objectives. These small returns were largely responsible for the low PNI levels observed. 
Sliding scales incorporated into HGMPs for each facility dictate how natural-origin adults are 
distributed between the IB and natural spawning over a range of returns. During years of low 
returns, additional integrated or segregated adults may be passed above weirs or spawned in the 
IB. Until natural-origin returns increase to levels where pNOB and pNOS goals are met, PNI levels 
will remain low. 

Composite Population PNI and Escapement 

Composite population PNI was consistently lower than the target minimum. In the future, 
one of two things (or a combination of both) must occur to achieve this benchmark. Either the 
proportion of NP spawners must increase or the proportion of SS spawners must decrease. 
However, given the uncontrolled nature of the downstream spawning areas, little can be done to 
increase NP density and reducing SS adults would be difficult, expensive, and time consuming. 
Relatively few IB adults have been shown to spawn downstream of the weirs, so they have little 
effect on the composite PNI levels. However, if programs can be implemented to encourage IB 
fish to recruit to the weirs (e.g., see altering their spawning distribution; this report) they should 
be explored. 
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CHAPTER 2: LIFE CYCLE STOCK SURVIVAL COMPARISONS 

INTRODUCTION 

Many studies have examined the reproductive success of hatchery salmonids released to 
spawn in the natural environment (Knudsen et al. 2008; Fraser et al. 2010; Van Doornik et al. 
2010; Hess et al. 2012; Hayes et al. 2013; Christie et al. 2014; Fast 2015). In the hatchery, the 
general assumption has been that progeny of hatchery-origin parents perform better than progeny 
of natural-origin parents because the response of each group to selection is greatest in its own 
environment (Doyle et al. 1995, Christie et al. 2012). However, the effects of incorporating natural-
origin adults into hatchery broodstocks (i.e., integrated broodstocks, hereafter IB) and subsequent 
survival are not well documented. The effect of natural-origin adults on early male maturation 
(age-2 mini-jacking rates) is one aspect of IB programs that has been investigated. Larsen et al. 
(2004) and Harstad et al. (2014) found early male maturation in all hatchery programs evaluated, 
and these rates were typically higher in IB programs relative to their segregated stock (SS) 
counterparts.  

 
Our objective in this chapter is to provide a more complete understanding of the effects of 

incorporating natural-origin Chinook Salmon into hatchery broodstocks. To this end, we evaluate 
pre- and post-release survival metrics for IB fish relative to their SS counterparts.  

 
 

METHODS 

In-Hatchery Survival 

The life cycle evaluation follows in-hatchery survival of IB and SS groups at the Sawtooth 
Hatchery from fertilization through ponding and ponding to release. Data were provided by 
hatchery staff through the FINS database or through monthly hatchery inventory reports. 
Individual crosses were maintained as family units through ponding, which allows us to report 
overall survival for both groups and survival for different cross types within the IB. After ponding, 
we no longer had the ability to track survival of individual families (i.e., the effect of different cross 
types), so only overall survival rates are estimated.  

 
To estimate fertilization to ponding survival, spawning records (containing parental origin 

and green eggs produced) were combined with records of observed mortality within each family. 
Family records were then combined by stock (IB or SS). For each family, mortality was estimated 
over the rearing period as the number of mortalities divided by the number of green eggs fertilized. 
Stock specific (IB or SS) mortality was estimated as the weighted mean within family mortality for 
that brood year. Cross records within the IB also allowed us to estimate survival for different cross 
types. Here, we group crosses by maternal x paternal origin and estimated within family mortality 
as described previously. Mortality within a cross type was the weighted average of family mortality 
within each parental cross type.  

 
After ponding, IB and SS juveniles were maintained in separate raceways, which allowed 

us to track overall mortality in the two groups during this rearing period. Monthly inventories were 
provided by the SFH to track the starting number of fish in each raceway and the number of 
mortalities that were removed. Monthly mortality was estimated for each raceway by dividing the 
number of mortalities removed by the number present at the beginning of each month. Stock 
specific (IB or SS) mortality was estimated as the weighted average of the monthly within raceway 
mortalities.  
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Post-release Survival 

After release, we estimated survival from the SFH to Lower Granite Dam (LGR). Typically, 
1,000 juveniles in each of the IB and SS are PIT tagged by IDFG marking crews. The BY2015 IB 
smolt group was split in half, with each group receiving 1,000 PIT-tags. This allowed us to 
compare survival within the IB group from two release locations to LGR (Chapter 3, this report). 
For this evaluation, both BY2015 IB release groups were pooled for comparison to the SS. We 
queried PIT tag detections for each group at mainstem hydroelectric facilities on the Snake and 
Columbia rivers and estuary arrays from the PTAGIS database. Survival estimates and 
associated 95% CIs were calculated using the Survival Under Proportional Hazards (SURPH) 
model (Lady et al. 2013). Additionally, the survival of NP smolts tagged at the Natural Production 
Monitoring Program (Project Number 1991–073–00) rotary screw trap near the SFH weir are 
included for comparison. Between-group survival estimates are made by comparing 95% CIs for 
each group. 

 
 

RESULTS 

In Hatchery Survival 

Mean fertilization to ponding survival for BY2012–2017 at the SFH typically differed by 
less than one percent in the IB and SS, with two exceptions. For all years combined, survival in 
the IB ranged from 94.3% (BY2014) to 99.1% (BY2012) with a mean of 97.2%. In the SS, survival 
ranged from 96.2% (BY2017) to 99.4% (BY2012) with a mean of 98.3% (Table 5). However, in 
BY2014 and BY2015, survival in the SS was 4.7% and 2.8% higher, respectively (Table 5). No 
data were available for BY2010 and BY2011. 

 
 

Table 5. Survival of IB and SS stocks from fertilization to ponding and from ponding to 
release at the Sawtooth Fish Hatchery for brood years 2010–2017. Cells with ND 
indicate no data are available, and those with NE indicate estimates are pending.  

 
  Survival 

 Fertilization to pond Pond to release 
Brood year Integrated Segregated Integrated Segregated 

2017 96.9% 96.2% NE NE 
2016 98.9% 98.7% NE NE 
2015 94.8% 97.6% 92.0% 96.9% 
2014 94.3% 99.0% 89.9% 96.7% 
2013 99.0% 98.7% 97.9% 89.7% 
2012 99.1% 99.4% 96.7% 96.6% 
2011 ND ND 96.7% 96.7% 
2010 ND ND 98.1% 97.5% 
Mean 97.2% 98.3% 95.2% 95.7% 

 
 

Within the IB, mean survival from fertilization to ponding at the SFH was generally >95%, 
regardless of cross type. In two of the cases where survival was <90%, the cross type was 
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represented by a single family (Table 6). The IB x IB crosses in BY2014 (N = 25) and BY2015 (N 
= 5), achieved a mean survival of about 90%, which is lower than most other cross types, although 
in BY2017 (N = 12) survival of this cross type was 96.7% (Table 6). Overall, BY2015 appeared to 
have lower survival than the other brood years, but inspection of the weighted average of survival 
indicate that 2017 (94.9%), 2015 (94.3%), and 2014 (94.2%) were all similar. The weighted 
average survival for brood years 2016 and 2013 were both 98.4%.  

 
Ponding to release survival was high and similar between the IB and SS groups. Data for 

this comparison were available for BYs 2010–2015. Survival in the IB ranged from 89.9% 
(BY2014) to 98.1 (BY2010) with a mean of 95.2%. Survival in the SS group ranged from 89.7% 
(BY2013) to 97.5% (BY2010) and a mean of 95.7% (Table 5). Survival differences between the 
groups ranged from zero to approximately 7%, with no pattern to differences. Juveniles in the IB 
displayed higher survival in three of the six years, SS juveniles survived better in two years, and 
survival was equal in one (Table 5). 

 
 

Table 6. Mean egg survival relative to parental cross type in the Sawtooth Hatchery 
integrated broodstock program. Cross type represents parental origin (IB = 
integrated broodstock, NP = natural-origin, and SS = segregated stock) with the 
female (F) in the first position and male (M) in the second. 

 

Brood year 
Cross type 

(F x M) N 
Mean 

survival S.D. 
2017 IB x IB 12 96.7% 0.040 

 IB x NP 7 93.4% 0.121 
 IB x SS 1 72.9% N/A 
 NP x IB 3 96.9% 0.038 
 NP x NP 2 98.2% 0.011 

2016 IB x IB 1 99.6% N/A 
 IB x NP 16 99.2% 0.005 
 NP x IB 10 99.4% 0.005 
 NP x NP 11 96.1% 0.103 

2015 IB x IB 5 90.7% 0.189 
 IB x NP 9 93.1% 0.097 
 NP x IB 1 85.4% N/A 
 NP x NP 11 97.4% 0.0400 
 SS x NP 1 99.7% N/A 

2014 IB x IB 25 89.6% 0.154 
 IB x NP 18 97.2% 0.066 
 IB x SS 2 98.8% 0.0130 
 NP x IB 13 96.5% 0.055 
 NP x SS 2 99.8% 0.0004 
 SS x IB 1 99.9% N/A 
 SS x NP 1 99.8% N/A 

2013 NP x SS 20 97.6% 0.062 
 SS x NP 19 99.2% 0.005 
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Post-release Survival 

Smolt survival from the SFH to LGR varied annually. Survival in the IB and SS groups was 
similar within years and higher than for NP smolts. Survival for IB smolts ranged from 42.6% in 
BY2010 to 61.7% in BY2012, while SS survival ranged from 47.4% in BY2010 to 70.6% in 
BY2013. Survival in the NP groups ranged from 25.7% in BY2013 to 60.0% in BY2012, and was 
lower than the other two groups in every year except BY2010 (Table 7). Based on confidence 
intervals (CIs), IB and SS smolt survival to LGR did not differ in any year, and NP smolts did not 
differ from the other groups in BY2010 and BY2012. In BY2014 and BY2015, CIs for NP smolts 
overlapped the IB but not the SS, and in BY2011 and BY2013, CIs for NP smolts did not overlap 
either the IB or SS group (Table 7). 

 
 

Table 7. Estimated survival and upper (UCI) and lower (LCI) 95% confidence intervals for 
brood year (BY) 2010 to 2012 smolts of integrated broodstock (IB), segregated 
stock (SS), and natural (NP) origin from the Sawtooth Fish Hatchery to Lower 
Granite Dam. Integrated and segregated smolts were released at the hatchery, 
and natural smolts were tagged and released at a rotary screw trapa approximately 
0.63 km upstream of the weir. 

 
      Survival to Lower Granite Dam 

Population Origin BY Estimate S.E. 95% LCI 95% UCI 
Upper Salmon IB 2015 60.5% 0.035 54.2% 68.1% 

 SS 2015 60.7% 0.010 58.7% 62.8% 
 NP 2015 44.2% 0.048 36.3% 56.7% 

Upper Salmon IB 2014 61.1% 0.030 55.6% 67.5% 
  SS 2014 68.0% 0.007 66.8% 69.3% 
  NP 2014 52.9% 0.024 48.5% 57.9% 
Upper Salmon IB 2013 56.5% 0.082 43.5% 77.4% 

 SS 2013 70.6% 0.038 63.8% 78.8% 
 NP 2013 25.7% 0.039 19.7% 35.9% 

Upper Salmon IB 2012 61.7% 0.031 56.0% 68.3% 
  SS 2012 65.1% 0.008 63.5% 66.7% 
  NP 2012 60.0% 0.020 56.3% 64.2% 
Upper Salmon IB 2011 58.3% 0.038 51.7% 66.6% 

 SS 2011 57.1% 0.012 54.9% 59.5% 
 NP 2011 43.5% 0.024 39.3% 48.7% 

Upper Salmon IB 2010 42.6% 0.022 38.5% 47.4% 
  SS 2010 47.4% 0.008 46.0% 48.9% 
  NP 2010 49.2% 0.027 44.4% 55.0% 

 
a Data from Project Number 1991–073–00. 

 
 



16 

DISCUSSION 

Survival comparisons showed small differences between the IB and SS stocks and within 
the IB at the SFH. Overall, fertilization to ponding survival in the SS was about 1% higher than in 
the IB, but there was no consistent trend in which stock had higher annual survival. Ponding to 
release survival within the IB and SS groups were also virtually identical among the BYs analyzed. 
Based on these findings, we did not observe a clear indication of differences between the two 
groups within the hatchery across these BYs.  

 
A similar argument can be made for the effect of different cross types within the IB. 

However, we recommend avoiding IB x IB crosses when possible due to the relatively small 
number of fish incorporated into the IB and the lower BY2014–2015 egg to ponding survival.  

 
We observed a general trend in post-release survival (to LGR) in IB and SS smolts where 

the SS survived at a slightly higher rate than those from the IB. Both hatchery groups tended to 
have higher survival to LGR than NP smolts. It is unclear whether the trend between the IB and 
SS is real or an artifact of sample size. Approximately 19,000 smolts from the SS are PIT tagged 
annually at the SFH, while only about 1,000 IB smolts are PIT tagged (e.g., Sullivan et al. 2016). 
This increased SS sample size results in more precise estimates of post-release survival for the 
SS stock (Table 7). 
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CHAPTER 3: SPAWNING DISTRIBUTION UPSTREAM OF THE SAWTOOTH HATCHERY 
WEIR 

INTRODUCTION 

Chinook Salmon spawning distribution in the upper Salmon River and tributaries upstream 
of Sawtooth Hatchery (SFH) is numerically and spatially reduced relative to historical accounts. 
Evermann and Meek (1898) reported observing almost 1,000 Chinook Salmon in this area. More 
recently, IDFG trend redd counts from 1957–1978 averaged 650 redds in the upper Salmon river 
upstream of Redfish Lake Creek with an additional 89 redds in tributaries. However, from 1979–
2017 average redd counts declined to 174 in the main river and eight redds in tributaries (IDFG 
unpublished data). Recent redd surveys in this area indicate spawning density is highest near the 
SFH weir, and relatively evenly distributed at lower densities upstream to the mouth of Alturas 
Lake Creek.  
 

Hatchery supplementation using an integrated broodstock (IB) is currently being used to 
increase the natural spawning population above the SFH weir. Similar to a number of other 
investigations (Hoffnagle et al. 2008; Williamson et al. 2010; Cram et al. 2013) there is evidence 
that IB adults tend to spawn near their release site at the weir (this report), leaving high quality 
spawning habitat further upstream underutilized. When adults fail to pioneer beyond their release 
site, the high, localized spawning density can result in reduced population productivity due to redd 
superimposition, competition, and fish spawning in areas of poorer habitat (Williamson et al. 
2010). 

 
The goal of this evaluation is to determine whether releasing IB smolts near the upper 

extent of current spawning can alter the distribution of natural spawning upstream of the SFH weir 
in subsequent generations. Returning IB adults passed upstream of the weir should imprint and 
home to the vicinity of their release and spawn naturally. Subsequently, their progeny should also 
return to these areas in future generations (i.e., natural-origin spawning distribution would be 
altered two generations after the initial smolt release). This would produce two primary benefits. 
First, bringing additional production to underutilized areas should increase population stability 
(Probst et al. 2003; Thorson et al. 2014) and may increase juvenile and adult abundance in the 
stream while minimizing potential negative density dependent effects of additional spawners in 
core spawning areas near the weir (see Walters et al. 2013). Second, the number of IB adults 
spawning near the SFH weir should be reduced when juveniles imprint higher in the system. The 
distribution of carcasses, by origin, collected during the first six years (2016–2021) of this 
evaluation will provide a baseline spawning distribution. This evaluation will enter the response 
phase when adult females begin returning from upstream releases of IB smolts in 2021. 

 
Potential benefits from the change in release location could be compromised if juveniles 

released upstream survive poorly. We conducted a pilot study in 2017 to compare IB smolt 
survival to Lower Granite Dam for IB smolts released at the SFH weir (traditional site) and at the 
upstream location. Results from this paired release will determine whether to proceed with moving 
the IB release site upstream. 
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METHODS 

Carcass Collections 

We conducted carcass surveys annually during August and September in the upper 
Salmon River and tributaries upstream of the SFH weir to determine the spawning distribution of 
Chinook Salmon of IB, NP, and SS origins. The response to upstream releases on IB spawning 
distribution will be evaluated by comparing the median distance upstream of the weir between the 
baseline and response periods using a Mann-Whitney test, similar to Trojano et al. (2012).  

 
Biological data collected from carcasses followed standard IDFG SGS protocols. We 

recorded sex, FL, GPS location, percent spawned (for females), and the presence or absence of 
marks (e.g., fin clips and operculum punches) and/or tags (e.g., PIT and CWT) from all carcasses. 
Origin was determined from the mark/tag combination. Additionally, we collected DNA from 
carcasses without operculum punches, since these fish were not sampled at the weir. The ratio 
of un-punched to punched carcasses provides an estimate of weir efficiency and tissue samples 
will provide additional parentage information (see Chapter 4). All carcass data have been 
uploaded to the IDFG SGS Database.  

 
We collected carcasses using a combination of boat and ground surveys throughout the 

spawning period. Sawtooth hatchery staff cleared carcasses off the weir daily prior to processing 
by program personnel or personnel from the Natural Production Monitoring project (NPM; Project 
Number 1991–073–00). The section of the upper Salmon River from the SFH weir to the County 
Line Bridge (approximately 21 km) was surveyed by inflatable kayak twice a week between mid-
August and the end of September. Portions of the roadless 12.5 km river section between the 
County Line Bridge and the mouth of Beaver Creek were surveyed via ground counts. Surveyors 
walked upstream from the bridge or downstream from Beaver Creek as far as time allowed within 
a sampling day. We also walked the lower 3.2 km of Alturas Lake Creek (from the bridge on the 
Cabin Creek road to the mouth). Our goal was to conduct ground counts in these sections at least 
twice during the peak spawning period. Additional opportunistic carcass surveys may be 
conducted in the upper Salmon River or Alturas Lake Creek upstream of the previously described 
sections by program personnel as time allowed, or by other IDFG programs conducting index 
SGS surveys in these areas.  

 
Our first analysis was to estimate how effective our carcass collections were. All fish 

passed upstream of the SFH weir for natural spawning were marked with an operculum punch. 
We tallied the number of marked fish that were sampled by origin. Collection efficiency was 
estimated as the number of marked carcasses collected divided by the number of fish of each 
origin passed upstream of the SFH weir. Fish passage information was downloaded from the 
FINS database. We also report the number of unmarked carcasses sampled. The ratio of marked 
to unmarked carcasses represents weir efficiency.  

 
We then estimated the median distance (and spread in quartiles) upstream of the SFH 

weir that carcasses were collected by origin. We provide estimates for sexes combined and for 
females. Estimates for both sexes provide a measure of how well fish of different origins are 
distributed throughout the habitat. Estimates for females will be used to assess the effect of 
upstream releases once the program enters the response phase. The SFH weir was set at a 
distance equal to zero and a line along the thalweg proceeding upstream from this point was 
plotted for the Salmon River and tributaries using a geographical information system (GIS). A 
waypoint was recorded at each carcass and the distance to each carcass from the weir (i.e., zero) 
was measured as the distance along the thalweg where a perpendicular line passed through the 
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carcass waypoint. Distances up tributaries were computed using the same technique and 
summed with the distance from the tributary to the weir. Median distances (and spread) for the 
different groups were calculated and plotted.  

Juvenile Releases 

In February 2017, the raceway containing IB smolts at the SFH was divided in half prior 
to a paired release. One thousand smolts from each half of the raceway were PIT tagged (Prentice 
et al. 1990) approximately one month prior to release. Smolts from one-half of the raceway were 
released at the upstream location and smolts in the other half were directly released from the 
hatchery at the weir. We estimated the survival (+/- 95% confidence interval) of each group from 
release to Lower Granite Dam with a Cormack–Jolly–Seber model implemented by SURPH 
software (Lady et al. 2013) using data queried from the PIT Tag Information System (PTAGIS; 
www.ptagis.org). We assumed no survival difference between the two locations if the resulting 
confidence intervals overlapped.  

 
 

RESULTS 

Carcass Collections 

We conducted multiple carcass surveys from the SFH weir upstream to Beaver Creek in 
2016–2017 to determine the longitudinal distribution of spawners by origin. We surveyed the 
upper Salmon River from the weir to the County Line Bridge twice weekly. In 2016, we surveyed 
this reach between August 16 and September 22, and in 2017, we surveyed between August 15 
and September 13. In 2016, one surveyor walked upstream from the County Line Bridge 
approximately 4 km twice during the peak spawning period. In 2017, one surveyor walked 
upstream approximately 4 km on three occasions and another walked approximately 2 km 
downstream from the mouth of Beaver Creek once. Opportunistic surveys in the upper Salmon 
River in 2016 included ≈3.5 km from the bridge on the Pole Creek Road to Beaver Creek and 
≈1.6 km upstream from the second Highway 75 bridge (near the Forest Road 195 intersection). 
One opportunistic survey was conducted in 2017 from the Chemeketan Campground (near the 
headwaters) ≈1.6 km downstream. No carcasses were recovered in opportunistic surveys in 
either year. The lower portion of Alturas Lake Creek was surveyed twice in 2016 and three times 
in 2017 during the peak spawning period. In 2016, personnel from the Natural Production 
Monitoring project (Project Number 1991–073–00) sampled 24 carcasses from the upper Salmon 
River upstream of the SFH weir, and in 2017, they sampled two carcasses in Alturas Lake Creek. 

 
A total of 490 carcasses were collected upstream of the SFH weir in 2016 and 2017. The 

majority of carcasses were found in the Salmon River. Only one carcass in 2016 and nine 
carcasses in 2017 were recovered in Alturas Lake Creek. In 2016, we sampled 223 carcasses of 
which 217 were marked. Collection efficiency ranged from 45.5% for NP adults to 55.4% for IB 
adults. Overall collection efficiency was 51.4% (Table 8). In 2017, we sampled 267 carcasses of 
which 171 were marked. Collection efficiency ranged from 41.9% for NP adults to 61.0% for SS 
adults. Overall collection efficiency was 55.7%. Weir efficiency was higher in 2016 (97.3%) than 
in 2017 (63.7%) (Table 8). High water in 2017 delayed the installation of the SFH weir and 
escapement prior this date is likely responsible for the larger number of unmarked carcasses 
encountered relative to 2016 (Table 8).  

 
The relative distribution of carcasses (sexes combined) by origin upstream of the SFH 

weir were similar in 2016 and 2017. Carcasses from all three origins were collected throughout 

http://www.ptagis.org/
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the surveyed reaches, indicating that there is substantial overlap in their distribution. However, IB 
and SS carcasses were predominantly found closer to the weir than NP. In 2016, the median 
distance upstream from the weir was 4.3 km for NP (N = 69), 0.3 km for IB (N = 138), and 0.01 
km for SS (N = 16) carcasses (Figure 1). In 2017, the median collection distance upstream of the 
weir was 0.03 km for NP (N = 47), and 0 km for IB (N = 29) and SS (N = 191) carcasses (i.e., 
>50% were collected at the weir; Figure 2). Few carcasses were recovered in Alturas Lake Creek 
(2016, N = 1; 2017, N = 9), although one NP male was recovered upstream of Alturas Lake in 
2017.  
 
 
Table 8. The number of marked (M) and unmarked (U) carcasses, by sex (Unk. = 

undetermined) and origin, recovered upstream of the Sawtooth Hatchery weir 
2016–2017. Origins include integrated (IB), natural (NP), and segregated (SS). 
The sum of marked carcasses recovered divided by the total number released 
provides an estimate of collection efficiency (Eff.) overall and by origin.  

 
    Released Recovered     
  Female Male Female Male Unk. Sum   
Year Origin     M U M U M U M U Total Eff. 
2017 IB 18 27 5 1 18 5 0 0 23 6 29 0.511 

 NP 11 51 3 6 23 15 0 0 26 21 47 0.419 
 SS 100 100 57 19 63 50 2 0 122 69 191 0.610 
 Total 129 178 65 26 104 70 2 0 171 96 267 0.557 

2016 IB 140 109 75 0 63 0 0 0 138 0 138 0.554 
 NP 69 74 32 2 32 2 1 0 65 4 69 0.455 
 SS 15 15 3 0 11 2 0 0 14 2 16 0.467 

  Total 224 198 110 2 106 4 1 0 217 6 223 0.514 
 
 

The distribution of female carcasses showed more linear segregation in both years. 
Natural-origin females were distributed further upstream than their IB or SS counterparts in both 
years. In 2016, the median distance upstream of the weir for NP females (N = 34) was 9.6 km, 
while the median distance for IB females (N = 75) was 1.7 km. The median distance for NP 
females roughly corresponded to the 75th percentile for IB females (Figure 3). Only three SS 
female carcasses were collected, so they are not included in Figure 3. Two were collected within 
0.05 km of the weir and the third 5.08 km upstream. In 2017, the median distance NP female 
carcasses (N = 9) were recovered upstream of the weir was 15.1 km, while the median distances 
for IB (N = 6) and SS (N = 76) female carcasses were 1.5 km and 2.5 km, respectively. For NP 
females, their median recovery distance roughly corresponded to the 75th percentile of SS 
females, and their 25th percentile roughly corresponds to the 75th percentile for IB females and 
the median for SS females (Figure 4). However, due to low sample sizes for NP and IB carcasses, 
these data should be interpreted with caution. 
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Figure 1. Box-plot of the distance integrated- (IB), natural- (NP), and segregated-origin 

(SS) carcasses (sexes combined) were collected upstream of the Sawtooth 
Hatchery weir in 2016. 

 
 
 

 
 

Figure 2. Box-plot of the distance integrated- (IB), natural- (NP), and segregated-origin (SS) 
carcasses (sexes combined) were collected upstream of the Sawtooth Hatchery 
weir in 2017.  
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Figure 3. Box-plot of the distance female integrated- (IB) and natural-origin (NP) carcasses 
were collected upstream of the Sawtooth Hatchery weir in 2016. Information on 
segregated carcasses is not included due to small sample size (N = 3).  

 
 

 
 

Figure 4. Box-plot of the distance female integrated- (IB), natural- (NP), and segregated-
origin (SS) carcasses were collected upstream of the Sawtooth Hatchery weir in 
2017.  
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Juvenile Releases 

On March 29, 2017, IB smolts were released into the upper Salmon River. Those in the 
upstream release group were released at the County Line Bridge. Smolts were released into a 
laminar run approximately 0.5 m deep. Smolts in the weir release group were released directly 
from the raceway. Mortality of PIT-tagged fish in both groups had been monitored to adjust final 
release numbers for survival estimation (N = 998 upstream and N = 994 weir). 

 
Integrated broodstock smolts released at the two locations had similar passage timing 

through the hydrosystem and CIs overlapped for the estimated mean survival to Lower Granite 
Dam. A total of 704 unique PIT tags were detected at mainstem locations, including 353 and 351 
from the upstream and weir groups, respectively. The first fish from the upstream release site was 
detected at Lower Monumental Dam on April 9, 2017 and the first fish from the weir release group 
was detected at Lower Granite Dam on April 6, 2017. The final detection for a smolt from the 
upstream release was June 5, 2017 and for a smolt released at the weir May 26, 2017. Survival 
to Lower Granite Dam was 59.2% (95% CI, 50.8%–70.3%) for the upstream group and 61.2% 
(95% CI, 52.5%–72.2%) for smolts released at the weir (Figure 5). 

 
 

 
 

Figure 5. Estimated survival (+/- 95% confidence interval) to Lower Granite Dam for brood 
year 2015 integrated broodstock smolts released into the upper Salmon River at 
the Sawtooth Fish Hatchery weir and approximately 21 km upstream in 2017. 
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Figure 1. Box-plot of the distance integrated- (IB), natural- (NP), and segregated-origin 

(SS) carcasses (sexes combined) were collected upstream of the Sawtooth 
Hatchery weir in 2016. 

 
 
 

 
 

Figure 2. Box-plot of the distance integrated- (IB), natural- (NP), and segregated-origin (SS) 
carcasses (sexes combined) were collected upstream of the Sawtooth Hatchery 
weir in 2017.  
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Figure 3. Box-plot of the distance female integrated- (IB) and natural-origin (NP) carcasses 
were collected upstream of the Sawtooth Hatchery weir in 2016. Information on 
segregated carcasses is not included due to small sample size (N = 3).  

 
 

 
 

Figure 4. Box-plot of the distance female integrated- (IB), natural- (NP), and segregated-
origin (SS) carcasses were collected upstream of the Sawtooth Hatchery weir in 
2017.  
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DISCUSSION 

Carcass Collections 

The large amount of potential spawning habitat upstream of the SFH weir (59.1 km) 
requires balancing the competing needs of providing adequate spatial coverage with maximizing 
the number of carcasses collected. We focused our surveys primarily on areas with the highest 
spawning densities (i.e., core spawning areas) to maximize carcass collection. However, based 
on prior years of redd surveys and carcass collections, we also surveyed selected reaches outside 
of these core areas to provide additional spatial coverage in fringe habitats. Our overall carcass 
recovery rate of 53.2% combined with the recovery of carcasses in tributary streams both years 
indicates that our approach balances these competing needs effectively. We will continue to focus 
our surveys in this manner, and will remain flexible as to where we do carcass surveys outside of 
core areas if redd surveys indicate new spawning sites emerge.  

 
Conducting carcass surveys from inflatable kayaks proved to be an efficient addition to 

ground surveys, given the length of river surveyed. The section of river surveyed is generally open 
with little streamside vegetation, making carcasses that end up along the water line or in 
backwaters readily observable. One surprising observation was that carcasses lodged on the 
bottom of the main channel were also easily observed. This is likely due to the higher angle of 
observation relative to the water surface experienced by boat surveyors.  

 
Overall, our carcass collection efficiency was high in both years. Environmental conditions 

in 2016–2017 provide good bookends for efficiency estimation. In 2016, flows in the upper Salmon 
River were extremely low, while 2017 flows were substantially above normal. We averaged over 
50% collection efficiency in both years, which is almost double that reported elsewhere (Murdoch 
et al. 2009b; Murdoch et al. 2010). Our lowest recovery efficiency was for NP carcasses in both 
years. This may be due to NP females spawning further upstream in reaches we either cannot 
easily access or only survey infrequently. This underscores the importance of continued surveys 
upstream of the County Line Bridge and opportunistic surveys whenever and wherever possible.  

 
Our carcass collections indicate that there is longitudinal segregation, by origin, in the 

spawning distribution of Chinook Salmon upstream of the SFH weir. The median distance we 
observed IB females spawning above the weir was less than that of NP females. Murdoch et al. 
(2009b) found the mean distance female carcasses were recovered from their known redd 
location was 150 m. This longitudinal segregation may result in reduced efficacy of current 
supplementation efforts. This program could substantially alter the current spawning distribution 
assuming these trends continue and upstream releases of IB smolts have the desired effect. 
These changes would bring currently under-utilized areas into production and increase the 
potential for mixing between IB and NP adults. 

Juvenile Releases 

The results of our paired releases in 2017 prompted IDFG to proceed with plans to begin 
releasing IB smolts at the upstream location. This is a logical next step in the evolution of IB 
supplementation given that survival to Lower Granite Dam did not differ significantly between the 
two release sites and the propensity for IB females to spawn near their release site at the weir. If 
we demonstrate the ability to alter spawning distribution with targeted juvenile releases, it will 
benefit not only this program but also other programs that want to use supplementation to 
introduce fish into un- or under-utilized habitats (Venditti et al. 2018). 
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Originally, we planned to initiate upstream releases with brood year 2016 smolts in 2018. 
However, this group of fish began experiencing low levels of mortality due to bacterial kidney 
disease in the fall of 2017. Cold temperatures at this time precluded the use of medicated feed to 
combat the infection. To minimize additional mortality associated with loading and hauling these 
fish, we will postpone upstream releases until 2019.  
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CHAPTER 4: CONTRIBUTION OF INTEGRATED ADULTS TO THE NATURAL 
POPULATION OVER MULTIPLE GENERATIONS 

INTRODUCTION 

The supplementation efforts of the integrated broodstock (IB) program are intended to 
increase the number of naturally spawning adults. The program aims to achieve this by 
incorporating a portion of natural-origin adults into the supplementation broodstock and then 
allowing the adult progeny of these supplementation fish to spawn naturally. This approach could 
increase the number of natural-origin returns (and spawners) in subsequent generations. For this 
strategy to work two things must happen. First, natural-origin adults incorporated into the 
supplementation broodstock must, on average, return more adult progeny than those that spawn 
naturally. Second, the supplementation adults that are allowed to spawn naturally must return 
more adult progeny than would have been present if the original natural-origin adults had not been 
taken into the supplementation program. If successful, the boost in numbers of naturally spawning 
fish will be larger than what the natural-origin fish could have produced if they had not been 
incorporated into the IB.  

 
Several studies have compared reproductive success of hatchery-origin Chinook Salmon 

to natural-origin fish in the natural environment (Hess et al. 2012; Christie et al. 2014; Evans et 
al. 2016). However, none of the studies to date has examined the replacement rate of naturally 
spawning fish with IB supplementation parents to that of spawners with natural-origin parents. 
The question remains, is the natural production of offspring from an IB program sufficient to 
replace lost production of the natural-origin adults incorporated in the broodstock? This question 
was identified as a key critical uncertainty in evaluating the benefits of supplementation over a 
decade ago (ISAB 2003; Mobrand et al. 2005; Ford et. al. 2002), yet still has not been fully 
addressed. A definitive approach to address this question is to use genetic parentage analyses 
to compare the number of recruits per spawner from IB and NP adults in both environments 
through multiple generations.  

 
The IB program is specifically designed to address this issue. Three Chinook Salmon 

hatcheries in the Salmon River basin have efficient weirs to facilitate complete (or nearly 
complete) sampling of adults returning to the study areas upstream. Genetic analyses are also a 
part of the evaluation programs in these facilities. The populations under study follow the currently 
preferred management option of using dedicated supplementation stocks that are integrated with 
the natural populations at known levels (i.e., PNI). A conceptual diagram that depicts the stages 
of the supplementation program over time is available (Figure 6). Our objective for this chapter is 
to track the productivity of two parental lineages through two generations. Here we summarize 
the productivity of the parental lineages that spawned in SY2010, SY2011, and SY2012. 

 
 

METHODS  

For this evaluation period, the replacement rate based on genetic parentage assignments 
for IB and NP adults at three locations (SFSR, Sawtooth, and Pahsimeroi) was calculated for 
brood years 2010–2012 following the structure of Figure 6. Returning adults will provide 
information for multiple generations, but for this evaluation period, we summarize the replacement 
rates using the F1 offspring from the first female lineage (P1; Figure 6). Adult females contributing 
to the P1 generation were trapped at the weir and either spawned into the IB line (P1i; Figure 6) or 
passed above the weir for natural spawning (P1n). All adults brought into the IB broodstock were 
genetically sampled for parentage-based tagging (PBT), genetically tagging their progeny in order 
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to identify their female parent and brood year of origin (Steele et al. 2011, 2018). The F1 progeny 
resulting from the IB line received identifying tags (typically AD intact/CWT) to enable identification 
of these fish as IB origin when they returned as adults in subsequent generations. During these 
same years (2010–2012), DNA was also collected from all adults passed upstream of the weir, 
which allowed us to assign adult F1 returns from natural production to a mother and brood year 
using the same techniques. The F1 adults from the IB and NP lines returned to the weir 3–5 years 
later, and were genetically sampled to identify the individual’s genetic sex and for genetic 
assignment to its mother via PBT. From these adult samples we computed the number of recruits 
per female (R/F), mean number of recruits per female (mean R/F), number of female recruits per 
female (RF/F), and the mean number of female recruits per female (mean RF/F). The ratios of 
mean RF/F for the IB and NP lines provide an estimate of hatchery amplification achieved through 
the IB program. As the next generation (F2) of offspring return, we can compute the same metrics 
for this and subsequent generations. The natural replacement rates for brood years 2010–2012 
(in the absence of supplementation) can then be compared to years with IB supplementation.  

 
We extracted and genotyped DNA from tissue samples (fin clips) from adults and progeny 

following protocols in Steele et al. (2011, 2018). All samples were genotyped at a minimum of 96 
SNPs (Steele et al. 2011) and parentage analysis was conducted with the program SNPPIT 
(Anderson 2010). Parentage assignments were made using criteria of an LOD ≥14 and a 
maximum posterior probability relationship identifying a parent-offspring trio (C_Se_Se). Recruits 
per spawner from each brood year (e.g., BY2010–2012) were summarized from across the three 
return years associated with each respective brood year. In other words, recruits per spawner for 
BY2010 were summarized from adult offspring returning in 2013–2015.  

 
 

RESULTS 

Results of cumulative adult returns for IB and NP females were summarized for each of 
the three locations. At all facilities, females from the integrated programs on average returned 
more offspring and more female offspring across all brood years than did females that spawned 
naturally. The maximum number of offspring and female offspring returned to each facility was 
always from a female used in an integrated cross. Finally, a smaller proportion of females used 
in integrated crosses at each facility returned no offspring than females passed above the weirs 
to spawn naturally. 

Sawtooth  

The maximum number of offspring returned per female was 19 for an integrated cross and 
seven for a natural spawning female (Figure 7). The maximum number of female offspring 
returned per female was six for an integrated cross and three for a natural spawning female 
(Figure 8). The mean number of adult offspring that returned from females (R/F) used in integrated 
crosses ranged from 2.453 for BY2012 to 6.184 for BY2011 (Figure 9). The mean number of adult 
offspring that returned from natural-origin females (R/F) released above the weir ranged from 0.13 
for BY2012 to 1.097 for BY2010 (Figure 9). The mean number of adult female offspring that 
returned from females (RF/F) used in integrated crosses ranged from 1.226 from BY2012 to 2.289 
from BY2011 (Figure 9). The mean number of female offspring originating from natural-origin 
females (RF/F) passed above the weir ranged from 0.047 from BY2012 to 0.297 from BY2010 
(Figure 9). The hatchery amplification observed in the F1 generation (IB mean RF/F / NP mean 
RF/F) for BYs 2010–2012 were 7.3 to 1, 11.0 to 1, and 26.1 to 1, respectively (Figure 9). 
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Figure 6. Conceptual diagram depicting how the supplementation effect is tracked through 
time and how replacement rate between natural spawning (Stream) and the 
integrated broodstock (IB) can be compared. In this scenario, two natural-origin 
females (NP1) are trapped, and one is brought into an IB program, while the other 
is allowed to spawn naturally. They each produce some number of adult progeny 
(F1i or F1n) which are allowed to spawn naturally. In this scenario, a hatchery boost 
in the replacement rate of the IB lineage (F1i) is observed relative to the number of 
adults returning from the natural production in the stream. The actual 
supplementation effect is the relative number of F2 adult progeny in each lineage, 
and the number of natural progeny relative to the prior generation. 
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Figure 7. Frequency histograms of recruits per female from brood year 2010 (a.), 2011 (b.), 
and 2012 (c.) to the Sawtooth Hatchery weir. Left panels represents females 
spawned in the integrated broodstock (IB). The right panels represents females 
spawning naturally (NP) upstream of the weir. 
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Figure 8. Frequency histograms of female recruits per female from brood year 2010 (a.), 
2011 (b.), 2012 (c.) to the Sawtooth Hatchery weir. The left panels represent 
females spawned in the integrated broodstock (IB). The right panels represent 
females spawning naturally (NP) upstream of the weir. 
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Figure 9. Mean number of recruits per female from the Sawtooth Hatchery integrated 
broodstock (IB) program and the natural population (NP) in the upper Salmon River 
(upstream of the hatchery weir) summarized across three brood years (BY). All 
adult recruits (R/F) and female recruits only (RF/F) are presented. 

 
 

McCall 

The maximum number of offspring returned per female was 43 for an integrated cross and 
12 for a natural spawning female (Figure 10). The maximum number of female offspring returned 
per female was 27 for an integrated cross and four for a natural spawning female (Figure 11). The 
mean number of adult offspring that returned from females (R/F) used in integrated crosses 
ranged from 8.444 for BY2010 to 12.153 for BY2011 (Figure 12). The mean number of adult 
offspring that returned from natural origin females (R/F) released above the weir ranged from 
0.259 for BY2012 to 0.862 for BY2010 (Figure 12). The mean number of adult female offspring 
that returned from females (RF/F) used in integrated crosses ranged from 4.387 from BY2012 to 
6.778 from BY2011 (Figure 12). The mean number of female offspring originating from natural-
origin females (RF/F) passed above the weir ranged from 0.127 from BY2012 to 0.385 from 
BY2010 (Figure 12). The hatchery amplification observed in the F1 generation for BYs 2010–
2012 were 12.6 to 1, 45.2 to 1, and 34.5 to 1, respectively (Figure 12). 

 

0

1

2

3

4

5

6

7

BY10 IB BY10 NP BY11 IB BY11 NP BY12 IB BY12 NP

M
ea

n 
re

cr
ui

ts
 /

 fe
m

al
e

Brood year and source

R/F RF/F



32 

 
 

Figure 10. Frequency histograms of recruits per female from brood year 2010 (a.), 2011 (b.), 
2012 (c.) to the South Fork Salmon River weir. The left panels represent females 
spawned in the integrated broodstock (IB). The right panels represent females 
spawning naturally (NP) upstream of the weir. 
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Figure 11. Frequency histograms of female recruits per female from brood year 2010 (a.), 
2011 (b.), 2012 (c.) to the South Fork Salmon River weir. The left panels represent 
females spawned in the integrated broodstock (IB). The right panels represent 
females spawning naturally (NP) upstream of the weir. 
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Figure 121. Mean number of recruits per female from the McCall Hatchery integrated 
broodstock (IB) program and the natural population (NP) in the South Fork Salmon 
River (SFSR) upstream of the hatchery weir summarized across three brood years 
(BY). All adult recruits (R/F) and female recruits only (RF/F) are presented. 

 
 

Pahsimeroi 

The maximum number of offspring returned per female was 20 for an integrated cross and 
18 for a natural spawning female (Figure 13). The maximum number of female offspring returned 
per female was nine for an integrated cross and nine for a natural spawning female (Figure 14). 
The mean number of adult offspring that returned from females (R/F) used in integrated crosses 
ranged from 3.444 for BY2012 to 4.25 for BY2011 (Figure 15). The mean number of adult offspring 
that returned from natural origin females (R/F) released above the weir ranged from 1.175 for 
BY2012 to 2.0 for BY2010 (Figure 15). The mean number of adult female offspring that returned 
from females (RF/F) used in integrated crosses ranged from 1.205 from BY2011 to 2.056 from 
BY2012 (Figure 15). The mean number of female offspring originating from natural-origin females 
(RF/F) passed above the weir ranged from 0.535 from BY2011 to 1.0 from BY2010 (Figure 15). 
The hatchery amplification observed in the F1 generation for BYs 2010–2012 were 2.0 to 1, 2.3 
to 1, and 3.8 to 1, respectively (Figure 15). 
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Figure 13. Frequency histograms of recruits per female from brood year 2010 (a.), 2011 (b.), 
and 2012 (c.) to the Pahsimeroi Hatchery weir. The left panels represent females 
spawned in the integrated broodstock (IB). The right panels represent females 
spawning naturally (NP) upstream of the weir. 
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Figure 14.  Frequency histograms of female recruits per female from brood year 2010 (a.), 
2011 (b.), and 2012 (c.) to the Pahsimeroi Hatchery weir. The left panels represent 
females spawned in the integrated broodstock (IB). The right panels represent 
females spawning naturally (NP) upstream of the weir. 
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Figure 15. Mean number of recruits per female from the Pahsimeroi Hatchery integrated 
broodstock (IB) program and the natural population (NP) in the Pahsimeroi River 
upstream of the hatchery weir summarized across three brood years (BY). All adult 
recruits (R/F) and female recruits only (RF/F) are presented. 

 
 

DISCUSSION 

This evaluation period showed the productivity of IB parents was consistently higher than 
NP parents. This pattern is not surprising given the protective benefits of hatchery rearing in the 
early life stages. This effect can be observed in the shape of the frequency histograms that 
summarize recruits per spawner. The patterns for IB females consistently show a hatchery boost 
in which many females produce multiple offspring. In contrast, NP females always showed a 
pattern in which most females returned zero (0) adult offspring to the weir and a quick decline in 
the number of females that return more than a single adult offspring. The pattern of higher 
recruits/female for IB fish was consistent across all facilities and brood years.  

 
Both IB and NP females exhibited patterns in which some females returned large numbers 

of offspring. In the most extreme example, an IB female from McCall SY2010 returned 43 adult 
offspring. When comparisons are made between the maximum numbers of offspring produced by 
IB and NP females (Table 9), we see that the size of such “super families” is larger in the IB stocks 
than in natural-origin lineages. 

 
Even though natural-origin fish at SFSR produced equivalently sized “super families” in 

2010 and in 2011 (Table 9), this productivity was dwarfed by the overall abundance boost from 
the IB fish (Table 10). The abundance difference between IB and natural fish ranged from a 33-
fold difference in 2012 at the SFSR facility to a 2-fold difference in 2010 at Pahsimeroi. The 
abundance boost was largest for SFSR and smallest at Pahsimeroi for all three years. The 
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remained relatively constant. The abundance boost at each location is relative to the natural 
production at that site. A high boost at SFSR appears to be driven by low numbers of natural 
recruits per spawner while at Pahsimeroi natural production was higher and resulted in a smaller 
relative hatchery boost.  

 
 

Table 9. The maximum number of offspring returned by a single natural-origin (NP) and 
integrated (IB) female to the three hatchery weirs during three brood years. IB-
origin females consistently produced higher maximums than NP fish. 

 
 Brood year 

  2010 2011 2012 
Weir IB NP IB NP IB NP 

Sawtooth 12 7 19 6 12 3 
South Fork Salmon 30 12 43 5 31 2 
Pahsimeroi 15 14 20 18 12 6 

 
 
 
Table 10. Fold increases in mean abundance of IB-origin adult recruits compared to mean 

abundance of adult recruits from natural-origin fish spawning upstream of hatchery 
weirs. Values are calculated by dividing mean recruit per female (R/F) in the 
integrated program by the mean R/F for natural-origin females spawning upstream 
of the weirs. 

 

 Brood year 
Weir 2010 2011 2012 

Sawtooth 4.1 10.6 18.9 
South Fork Salmon  9.8 24.5 33.6 
Pahsimeroi 2.0 3.5 2.9 

 
 

It is possible that progeny from natural-origin production was not fully summarized. 
Natural-origin fish that do not recruit to the weir are not included in these estimates because they 
cannot be handled, sampled, and enumerated. However, this program attempted to account for 
this by sampling carcasses of natural origin fish that were found below the Sawtooth weir and 
examining carcass data from below the SFSR weir provided by the Nez Perce Tribe. At 
Pahsimeroi the weir is located near the mouth of the river and there is little opportunity for 
spawning below the weir. Integrated adults also drop out below the Sawtooth and McCall weirs, 
and we see no reason NP adults should display higher dropout rates than IB adults. 

 
We will continue to evaluate the rate at which natural production fish “short stop” the 

Sawtooth Hatchery weir. A low proportion receiving PBT assignments below the weir would 
suggest little drop out while a high proportion would suggest high drop out. At the SFSR facility 
this may also be used as a relative measure of population closure between the below-weir 
population of Poverty Flats and the above-weir population of Stolle Meadows.  

 
With the exception of Pahsimeroi, the measure of reproductive success for natural-origin 

females is quite low. In this evaluation, we used dual-parent assignment for parentage. Thus, if 
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one parent was missing from the dataset, such as an un-sampled precocial male, then any 
offspring arising from the precocial contribution will go undetected. Therefore, contribution by 
precocial males could be reducing the apparent reproductive success of natural females. The 
degree to which precocial contribution will boost the measure of natural production is unclear. 
Pahsimeroi is believed to have precocial contribution, but it also had the highest measures of 
natural production. In the future, single-parentage analysis may be used to assign any unassigned 
natural-origin fish sampled at the weir to a natural parent (likely a mother) that was passed above 
the weir. However, with the current marker panels single-parentage assignments are not feasible. 
Evaluations on the accuracy of single-parentage assignments using simulated data have revealed 
high rates of false assignments and non-assignments (T. Delomas, IDFG, unpublished data; J. 
Powell, IDFG, unpublished data).  

 
This evaluation period demonstrates an abundance boost in the F1 progeny of IB-origin 

parents. The most likely explanation for these patterns is hatchery amplification in the survival of 
a female’s progeny. It could be argued that these progeny experienced domestication selection 
during their rearing in the hatchery and will ultimately be less fit than their natural-origin 
counterparts when spawning naturally. However, any fitness reduction in the F1 IB-origin progeny 
will have to be greater than the abundance boost provided by hatchery rearing to result in a net 
reduction in the F2 natural-origin population.  
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