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Summary: 

 The objective of this project was to estimate genetic diversity of Deschutes River 

Chinook salmon above and below Sherars Falls.  Scale samples dating from 1987 to 2005 

(n = 730) were genotyped with 13 microsatellite loci to determine temporal genetic 

variation of Chinook salmon above Sherars Falls.  Additionally, 126 samples of Chinook 

salmon from three years (1999, 2001, 2002) below Sherars Falls were genotyped with the 

same microsatellite loci.  Estimates of genetic diversity such as allelic richness and 

unbiased heterozygosity were similar among collections above and below Sherars Falls.  

Temporal variation among years above Sherars Falls was low and not statistically 

significant in most comparisons.  However, allele frequencies among upper and lower 

river collections, and among temporal collections below Sherars Falls, were significantly 

different in most pairwise comparisons.  A neighbor-joining tree demonstrated close 

relationships among temporal collections as samples above the falls generally clustered 

together, with few exceptions.  However, one collection above the falls (1993) clustered 

most closely with one of the collections below the falls (1999), and another sample above 

the falls (1997) clustered tightly with an outgroup population from Hanford Reach.  The 

results suggest stable genetic variation above the falls with some gene flow from Chinook 

salmon below Sherars Falls. 
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Introduction 

 Deschutes River fall Chinook salmon provide an important subsistence fishery to 

the people of the Warm Springs Reservation. This stock is one of three escapement 

indicator stocks used by the Pacific Salmon Commission (PSC) to monitor the 

effectiveness of the U.S. – Canada Treaty on wild Columbia River up-river bright fall 

Chinook salmon.  Tribal and recreational harvest occurs primarily at Sherar’s Falls 

(Rkm 71).  

 

It is uncertain whether the fall Chinook salmon run is composed of one population 

spawning throughout the Deschutes River below Pelton re-regulating dam or if there 

are two populations, one spawning above and one below Sherars Falls.  Entry into the 

Deschutes River occurs from June through October.  Peak passage at Sherars Falls  

varies annually from late September through mid-October.  Prior to construction of a 

fish ladder at Sherars Falls in the 1920’s, summer and fall flows may have limited the 

distribution of fall Chinook salmon to the river below the falls. 

 

Beaty (1996) could not reach a definitive conclusion on the existence of two 

races.  Jonasson and Lindsay (1988) concluded that there was only one race of fall 

Chinook salmon.  Oregon’s Provisional Wild Fish Population List recognizes one race 

of fall Chinook salmon in the lower Deschutes River subbasin (ODFW 1996).  

However, recognizing the importance of the fishery at Sherars Falls and the biological 

diversity these fish are thought to represent, both the Confederated Tribes of the Warm 

Springs Reservation of Oregon (CTWSRO) and the Oregon Department of Fish and 
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Wildlife (ODFW) have established escapement goals for both the above and below falls 

component of the run.  

 

The existence of a summer Chinook salmon run has also been debated.  Galbreath 

(1966) reported that eight Chinook salmon tagged at Bonneville Dam between June 13 

and July 22, and considered summer Chinook salmon based on their run timing in the 

Columbia River, were recovered in the Deschutes River.  Beaty (1996) concluded that 

it is not strictly a fall stock in the Deschutes River.  Beaty hypothesized that it is either 

a melding of relatively discrete summer and fall stocks or a spatially and temporally 

compressed metapopulation of summer and fall running fish.  He concluded that a 

remnant of the summer run persists, although it is likely functionally lost. 

 

Jonasson and Lindsay (1988) also speculated that summer Chinook salmon 

existed in the Deschutes River, based on the number of fish that were caught in Pelton 

trap prior to September 1, excluding spring Chinook salmon, and the two peaks in run 

timing seen at Sherars Falls, July and September.  They concluded that there is no 

longer a distinction between the summer and fall races.  Neither the CTWSRO nor the 

ODFW currently manage for a summer run. 

 

 Since the late 1980’s the spawning distribution of fall Chinook salmon above and 

below the falls has significantly shifted. From 1977 through 1988 80% of redds counted 

were upstream of Sherar’s Falls.  From 1989 to present, an average of 72% of redds 

counted annually are below Sherar’s Falls. The spawning distribution prior to the 
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construction of a fish ladder at Sherar’s Falls during the 1920’s is unknown. It is the 

above Sherar’s Falls component of the run that provides harvest opportunities for the 

Tribes.  The reasons for the shift in distribution are unclear. However, hydro-electric 

development at Rkm 160, habitat degradation and over-harvest may be contributing 

factors.  

 

 Efforts are underway to restore fish passage and endemic fish runs upstream of 

the Pelton Round Butte hydroelectric complex. However the population dynamics of 

the below vs. above Sherar’s Falls components of this stock are not well understood. 

Additional information is needed to develop strategies to re-establish fall Chinook 

salmon in restored habitat upstream of the Pelton-Round Butte hydroelectric projects. 

 

 Genetic diversity is necessary to allow species to adapt to altered environments 

and maintain effective population size.  Reduction of genetic diversity may negatively 

impact native populations and damage long term recovery goals.  In this study, we 

evaluated temporal diversity of Chinook salmon over multiple generations in a 

population above Sherars Falls in the Deschutes River relative to the spawning aggregate 

below the falls.  Variance in temporal genetic diversity above the falls was estimated 

relative to Chinook salmon that spawn below the falls. 
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The specific objectives of this project were: 
 

A. Determine if there are significant differences in allele frequencies of Deschutes 
River fall Chinook salmon spawning above Sherar’s Falls versus those spawning in 
lower sections of the river.  
 

B. Determine if there is significant variation among early vs. late spawners among 
years and over multiple generations of adults spawning above Sherar’s Falls.  

 
 

Methods 

Samples 

Scale samples (n = 730) of adult Chinook salmon above Sherars Falls dating from 

1987 to 2005 and tissue samples of juvenile Chinook salmon below Sherars Falls (n = 

126; 1999, 2001, 2002) were included in this study.  DNA was extracted from scale and 

tissue samples, and the polymerase chain reaction (PCR) was utilized to amplify 13 

microsatellite loci (Table 1). Electrophoresis of fragments was used to detect 

fluorescently labeled PCR products.  Raw genotype data was converted to standardized 

alleles. 
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Table 1.   Standardized microsatellite loci genotyped for Chinook salmon (Seeb et al. in 
press). 
 

Locus 
Primer Sequence (5’→ 3’) 
F > Forward, R > Reverse  

Ots201b F- CAGGGCGTGACAATTATGC 
R- TGGACATCTGTGCGTTGC 

Ots208b F- GGATGAACTGCAGCTTGTTATG 
R- GGCAATCACATACTTCAACTTCC 

Ots211 F - TAGGTTACTGCTTCCGTCAATG 
R - GAGAGGTGGTAGGATTTGCAG 

Ots212 F- TCTTTCCCTGTTCTCGCTTC  
R- CCGATGAAGAGCAGAAGAGAC  

Ogo4 F- GTCGTCACTGGCATCAGCTA  
R- GAGTGGAGATGCAGCCAAAG  

Ogo2 F- ACATCGCACACCATAAGCAT  
R- GTTTCTTCGACTGTTTCCTCTGTGTTGAG  

Ots3M F- TGTCACTCACACTCTTTCAGGAG  
R- GAGAGTGCTGTCCAAAGGTGA  

Ots213 
F- CCCTACTCATGTCTCTATTTGGTG 
R- AGCCAAGGCATTTCTAAGTGAC 

Omm1080 
F- GAGACTGACACGGGTATTGA 
R- GTTATGTTGTCATGCCTAGGG  

Ssa408UOS F- AATGGATTACGGGTACGTTAGACA 
R- CTCTTGTGCAGGTTCTTCATCTGT   

Ots9 
F- ATCAGGGAAAGCTTTGGAGA  
R- CCCTCTGTTCACAGCTAGCA   

OtsG474 
F- TTAGCTTTGGACATTTTATCACAC  
R- CCAGAGCAGGGACCAGAAC   

Oki100 
F- CCAGCACTCTCACTATTT  
R- CCAGAGTAGTCATCTCTG   
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Statistical Analysis  

Due to the potential of unintentional sampling of spring Chinook salmon above 

Sherars Falls, assignment tests were completed to determine the lineage of each 

individual sampled above the falls.  Assignment tests calculate the probability that an 

individual's multi-locus genotype derives from alternative groups (species or populations) 

and assigns membership to the most likely group (Paetkau et al. 1995).  Three reference 

collections were used to represent spring, summer, and fall run Chinook salmon in the 

Deschutes River.  Self classification of reference collections were performed with the 

Bayesian method (Rannala and Mountain 1997) in GeneClass v.2.0 (Cornuet et al. 1999) 

with the leave-one-out option.  All individuals above Sherars Falls were treated as 

unknown samples and assigned to one of the three reference populations based on multi-

locus genotype.  Samples that assigned as stream-type (spring run to Shitike Creek) were 

removed from subsequent analyses. 

Deviation from Hardy-Weinberg equilibrium was evaluated at each locus and 

population using the Markov Chain Monte Carlo algorithm implemented in GENEPOP v. 

3.3 (Raymond and Rousset 1995).  Tests for linkage disequilibrium between all pairs of 

loci were also performed using simulated exact tests in GENEPOP.  Because multiple 

comparisons were involved, corrections were made against Type I error in both tests with 

the Bonferroni method (Rice 1989).   

To estimate genetic diversity of each collection, unbiased heterozygosity (HE), 

total number alleles (TA), allelic richness (average alleles per locus corrected for a 

sample size of 28), and private allelic richness (PAR) was estimated with HP-Rare v.4.1 

(Kalinowski 2005). 
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Pairwise genetic variance (temporal and geographic) was estimated from allele 

frequencies (FST; Weir and Cockerham, 1984) in GENEPOP.  Exact tests were performed 

in GENEPOP to determine significance of pairwise genetic variance.  Significance levels 

were adjusted for multiple tests with a modified version of the False Discovery Rate 

referred to as the B-Y FDR (Benjamini and Yuketieli 2001; Narum 2006). 

In order to infer the degree of relatedness between sample collections, pairwise 

genetic distances (Cavalli-Sforza and Edwards 1967) were calculated between all 

populations using POPULATIONS (Langella 2001).  Genetic chord distances were then 

used to construct a neighbor joining tree of sample populations with with bootstrap 

replicates over 1000 iterations. 

 

Results 

 Due to the potential of unintentional sampling of spring Chinook salmon above 

Sherars Falls, assignment tests were completed to determine the lineage of each 

individual collected above the falls (n = 730).  Classification of reference populations to 

either ocean- or stream-type Chinook salmon lineage was very accurate at 99.0% 

(399/403).  Of the 730 individuals collected above the falls and treated as unknowns, 14 

(1.9%) were assigned as stream-type (Shitike Creek spring Chinook salmon).  Since the 

objective of this study was evaluate genetic diversity of ocean-type (summer/fall run) 

Chinook salmon, these 14 individuals were removed from further estimates and statistical 

analyses. 

 Of 195 tests of Hardy-Weinberg equilibrium for each locus and population, only 2 

were statistically significant after Bonferroni correction for multiple tests (0.05 / 195 = 
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0.00026).  Neither of the two significant tests were observed within a single population or 

locus, and therefore are unlikely to influence other analyses.  Tests of linkage 

disequilibrium were also not statistically significant.  Estimates of genetic diversity by 

reporting unit (above and below Sherars Falls) were very similar (Table 2).  Since sample 

size was variable between reporting units (average of 56.7 and 37.8, above below the 

falls, respectively), estimates that correct for sample size were most appropriate for this 

study.  Estimates that corrected for sample size such as allelic richness, private allelic 

richness, and unbiased heterozygosity were nearly identical above and below the falls 

(Table 2).  The only significantly different estimate was total alleles, but that is due to the 

much larger number of samples above (n = 716) than below the falls (n = 126). 

 

 

 

Table 2.  Estimates of genetic diversity of Chinook salmon above and below Sherars 

Falls.  All estimates are averages over all temporal samples. 

 

  
 Above Sherars 

Falls Below Sherars Falls 
Samples per year 56.7 37.8 
Allelic Richness 21.9 22.0 
Private Allelic Richness 2.9 3.0 
Total Alleles 371 301 
Heterozygosity 0.875 0.868 
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 Pairwise estimates of genetic distance indicate the least average distance among 

collections above the falls (Fst = 0.02), the highest average distance among collections 

below the falls (Fst = 0.07), and intermediate distance between above and below falls 

collections (Fst = 0.04).  Allele frequencies of temporal collections above the falls were 

typically not significantly differentiated, but some exceptions occurred (Table 3).  

Temporal collections below the falls were significant, especially between the 1999 

collection and the other two collection years (2001 and 2002). 

A neighbor-joining tree (Figure 1) demonstrated close relationships among 

temporal collections as samples above the falls generally clustered together, with few 

exceptions.  However, one collection above the falls (1993) clustered most closely with 

one of the collections below the falls (1999), and another sample above the falls (1997) 

clustered tightly with an outgroup population from Hanford Reach with high bootstrap 

support (97%).  



Table 3. Pairwise Fst estimates among all temporal collections (two digit years) of Chinook salmon from the upper Deschutes River 

(UDR) and lower Deschutes River (LDR). 

 

  05UDR 02UDR 01UDR 00UDR 99UDR 98UDR 97UDR 96UDR 95UDR 94UDR 93UDR 87UDR 02LDR 01LDR 99LDR 
05UDR ---               
02UDR 0.004 ---              
01UDR -0.002 0.001 ---             
00UDR 0.001 0.001 -0.001 ---            
99UDR 0.005 0.002 0.004 0.005 ---           
98UDR 0.001 0.002 0.000 0.000 0.006 ---          
97UDR 0.003 0.010 0.001 0.002 0.011 0.005 ---         
96UDR 0.001 0.003 -0.001 0.000 0.004 0.002 0.002 ---        
95UDR 0.000 0.004 -0.001 0.002 0.005 0.002 0.002 0.000 ---       
94UDR 0.001 0.001 0.001 0.001 0.002 0.002 0.003 0.000 -0.001 ---      
93UDR 0.002 0.004 -0.001 0.000 0.005 0.001 0.001 0.000 0.000 -0.001 ---     
87UDR 0.003 0.003 0.001 0.003 0.006 0.004 0.007 0.002 0.003 0.004 0.003 ---    
02LDR 0.005 0.004 0.002 0.001 0.004 0.003 0.004 0.002 0.001 0.002 0.003 0.007 ---   
01LDR 0.008 0.007 0.008 0.006 0.007 0.008 0.014 0.007 0.008 0.008 0.010 0.010 0.008 ---  
99LDR 0.002 0.006 0.000 0.001 0.006 0.002 0.002 0.001 0.000 0.001 0.000 0.004 0.002 0.011 --- 

 



Figure 1.  Neighbor-joining dendrogram of Cavalli-Sforza and Edwards (1967) genetic 

distances for collections of Chinook salmon.  Three collections of spring run are 

indicated in parentheses and were used as outgroup populations in addition to a collection 

of fall run from Hanford Reach of the Columbia River.  Collections in the Deschutes 

River (DR) are abbreviated as either above (Up) or below (Low) Sherars Falls along with 

a two digit sample year.  Numbers at the nodes of branches indicate bootstrap support 

from 1000 iterations, and the scale of chord distance is shown in the lower left. 
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Discussion 

Results from this study indicate that genetic diversity and allele frequencies are 

fairly stable among temporal collections of Chinook salmon above Sherars Falls, and 

some gene flow occurs with the population below Sherars Falls.  The close relationship 

of populations above and below the falls, and the clustering patterns among specific 

collections, suggest that gene flow between the populations is variable and does not occur 

at a consistent rate on an annual basis.  Environmental factors (i.e., river flow) as well as 

run size may influence the level of annual gene flow.  Interestingly, strong clustering was 

observed with Hanford Reach and the upper Deschutes River collection from 1997 

(brood year 1993) indicating high gene flow from Hanford Reach strays (e.g., mid/upper 

Columbia stocks) above Sherars Falls. 

Larger estimates of genetic distance were observed among temporal collections 

below the falls than between upper and lower sites.  This suggests, particularly in 1999, 

that samples collected in the lower Deschutes River may represent some fish from above 

the falls or possibly another population in the Columbia River Basin. 

In general, collections above Sherars Falls were genetically more similar to one 

another than to collections below the falls.  However, many collections show fairly large 

amounts of gene flow among upper and lower sites.  Slight differentiation among sites 

may be partially due to summer and fall run timing, but more likely flows over Sherars 

Falls may limit migration in some years. 

 

Based upon the results of this study we suggest the following: 
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1.)   Interbreeding occurs with Chinook salmon above and below Sherars Falls and there 

was little genetic differentiation among these sites. However, significant temporal 

variation and potential for "dip-ins" in the lower Deschutes River would suggest that 

upriver fish would be most appropriate for passing above the Pelton-Round Butte 

hydroelectric complex if this management strategy is considered. This would reduce the 

potential of collecting "dip-in" adults and yet maintain a representative collection of the 

local stock with some natural strays included.  

 

2.  The lack of consistently significant differentiation among samples from above and 

below Sherars Falls suggests that there is not a genetically distinct summer run of 

Chinook salmon in the Deschutes River. However, the samples below the falls were 

juveniles whereas the samples above the falls were adults and the comparison is not 

entirely adequate to determine if the summer run is distinct from the fall run. Adult 

samples of fall Chinook salmon from lower Deschutes River will be genotyped in future 

studies and will better address this issue. The problem of potentially sampling upriver 

bound fish in the lower Deschutes River still exists though and may complicate analysis.  

 

3.)  The lack of significant temporal variation of samples collected above the falls over an 

18 year period indicates effective population size is reasonably stable in the Deschutes 

River and comparable with other ocean-type populations in the Columbia River Basin.  
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