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Summary 

The objective of this project was to estimate the stock composition of adult fall run Chinook 

salmon in the lower Deschutes River (RM 0 to 161) to determine the proportion of strays and 

dip-ins.  Results from previous radio telemetry studies suggest up to 24% of fish marked during 

first event sampling do not remain in the Deschutes River to spawn. We utilized genetic stock 

identification techniques to determine the origin of fish collected in 2006 (n = 73) and 2007 (n = 

59).  Unknown mixtures were genotyped with 13 microsatellite loci and stock estimates were 

determined with a genetic baseline consisting of lower Columbia River Tule, mid/upper 

Columbia River fall, Snake River fall, Deschutes River summer/fall, and Deschutes River spring 

runs. Simulations with known samples from the baseline indicated an average of 91% accuracy.  

As expected, none of the unknown origin samples were spring Chinook salmon and only a slight 

proportion were Tules (approximately 2% annually).  However, the mixtures had very high 

proportions of mid/upper Columbia River (2006 = 46%; 2007 = 45%) and Snake River (2006= 

28%; 2007 = 20%) fish, the remainder originated from the Deschutes River summer/fall run 

(2006 = 23%; 2007 = 34%).  Results suggest a large number of upriver bright fall Chinook 

salmon may either stray or dip-in the Deschutes River during migration. 
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Introduction 

Accurate population estimates are essential to fall Chinook management in the Deschutes Basin.  

Higher than expected rates of out-of-basin fall Chinook entering the Deschutes River may 

unduly influence the accuracy of these estimates.  Recent advances in genetic stock identification 

(GSI) analysis makes verification of straying possible which may lead to more accurate 

escapement estimates. 

 

Deschutes River fall Chinook 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 upriver bright fall Chinook salmon (URB). Since 2001, the Confederated Tribes 

of Warm Springs Reservation of Oregon (CTWSRO) has generated a whole river adult 

escapement estimate.   Chapman’s modification of the Petersen mark-recapture estimate 

methodology is used from Sherars Falls (Rkm 70) to Pelton Dam (Rkm 161), the uppermost 

extent of spawning distribution.  Redd counts combined with the population estimate in this 

reach provide an estimate of spawners per redd.  Spawner per redd estimates from Rkm 70 to 

161 are then applied to redd counts in the lower reach below Sherars Falls.  The combined 

estimates in both reaches provide an estimate of total adult escapement in the Deschutes River.   

  

For United States Chinook Technical Committee to the Pacific Salmon Commission escapement 

indicator stocks, estimates must be within + 30% of the true value {U.S. Chinook Technical 

Committee, 1997 #1226}.  The existing method of estimating adult fall Chinook salmon 

escapement in the Deschutes River has been within 20% of a whole river mark-recapture 

escapement estimate during three out of the last six years.  However, it is apparent adult fall 

Chinook escapement estimates generated from the existing methodology are unreliable in years 

when redd counting conditions are poor (Brun et al. 2006).   Further, mark-recapture estimates 

may be overinflated due to marking out-of-basin Chinook entering the Deschutes River. 

 

Results from a continuing radio telemetry study implemented by the University of Idaho 

suggests up to 24% of fish marked during first event sampling do not remain in the Deschutes 

River to spawn (Naughton et al. 2008).  This presents a significant upward bias to the mark-

recapture estimates.  Managers are interested in determining if these fish are truly strays or if 

handling stress from gillnetting to capture fish for marking alters the behavior of Deschutes 

River origin fall Chinook salmon. 

 

In this study, we analyzed tissue collected from adult fall Chinook salmon throughout run years 

2006 and 2007.  Genetic stock identification techniques were used to determine the stock origin 

and proportion of adult fall Chinook salmon by stock reporting group marked for the escapement 

estimate. 

Study Area 

 

The lower Deschutes River Subbasin (hydrologic unit code 1707306) is located in north-central 

Oregon, flowing northerly from Pelton-Round Butte Hydroelectric Project at Rkm 161 to its 

confluence with the Columbia River (Figure 1).  The lower Deschutes River drains 

approximately 6,993 km
2
, with 1,223 km of perennial streams and 2,317 km of intermittent 
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streams.  Most of headwaters within the basin are located on the eastern slope of the Cascade 

Mountain Range. 

 

Majority of west side tributaries to the lower Deschutes are spring-fed with stable base flows 

except during snowmelt.  However, White River enters the Deschutes River at Rkm 74.9 and is 

glacially fed.  During periods of inclement weather, large amounts of glacial flour can be 

transported via White River and decrease visibility for periods ranging from an afternoon to 

several days in the Deschutes River.  Eastside tributaries drain the Ochoco Mountains, with flow 

dominated by precipitation runoff.  Winter high flows are a result of rain-on-snow events and 

low levels of precipitation during summer months result in intermittent flows (O’Connor et al. 

2003). 

 

A series of hydroelectric dams begin at Rkm 161.  Currently no fish passage is available at these 

facilities; therefore, fall Chinook distribution is prematurely terminated.   

 

 

Figure 1.  Map of the lower Deschutes River Subbasin, Oregon. 
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Methods 
Samples 

 

Adult Chinook were captured late summer through early fall in 2006 (9 August - 22 October) 

and 2007 (13 August – 22 October) using a gillnet at Rkm32 (Brun et al. 2006).  The gill net was 

fished from 05:00 - 10:00 and 17:00 - 23:00, seven days per week.  The net was scanned every 

five minutes with a 1,000 watt halogen lamp, night and early morning hours.  Captured fall 

Chinook salmon were immediately removed from the net and placed in a partially submerged 

sling inside a 190 L holding container.  A submersible water pump was used to revive lethargic 

fish by forcing water over their gills. 

 

Tissue samples from adult Chinook (adipose clipped or not) were taken from the caudal fin and 

preserved in non-denatured ethanol in 2006 (n = 94) and 2007 (n = 63).  Deoxyribonucleic acid 

(DNA) was extracted from 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. 

 

Table 1.   Standardized microsatellite loci genotyped for Chinook salmon (Seeb et al. 2007). 

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 

The proportional stock compositions of mixture samples were estimated using a likelihood 

model (Kalinowski et al. 2007).  Allocations to individual baseline populations were summed to 

estimate contributions of regional stock groups.  Precisions of stock composition estimates were 

estimated by bootstrapping  baseline and mixture data (100 times) as implemented by ONCOR 

(Kalinowski et al. 2007).  Simulations were repeated independently with 100% composition of 

the each of the 10 baseline populations.  In each simulation, 200 multilocus genotypes were 

drawn from the baseline (sampling with replacement assuming random mating and independent 

assortment of loci) and stock composition of the mixture was estimated from the average of 100 

replicates, given 100% as the parametric value.  Population baseline data were compiled from a 

multi-laboratory standardized Chinook salmon database (Seeb et al. 2007) and included five 

reporting groups: lower Columbia River Tule (Spring Creek Hatchery Tules), mid/upper 

Columbia River fall run (Hanford Reach, Priest Rapids Hatchery, Wells Hatchery, Methow 

River summer run), Snake River fall run (Lyons Ferry Hatchery, Clearwater River fall run, Nez 

Perce Tribal Hatchery), Deschutes River summer/fall run (upper Deschutes River summer/fall 

run), and Deschutes River spring run (Shitike Creek spring run) stocks.   Stock composition 

estimates for unknown samples collected from lower Deschutes River were also estimated from 

ONCOR. 

Results 

Genotypes for 13 microsatellite DNA loci were scored for 132 Chinook salmon collected in the 

lower Deschutes River in 2006 and 2007.  Stock composition estimates are provided in Figure 2, 

and as expected, none of the unknown origin samples were spring Chinook salmon and only 

slight proportion of Tules (approximately 2% annually). However, the mixtures had very high 

proportions of mid/upper Columbia River (2006 = 46%; 2007 = 45%) and Snake River (2006= 

28%; 2007 = 20%) fish, with the remaining fish originating from the Deschutes River 

summer/fall run (2006 = 23%; 2007 = 34%). 

 

Simulations with known samples from the baseline indicated an overall average accuracy of 

nearly 91% for GSI estimates as shown in Table 2.  Of the samples collected from each year, a 

portion did not yield high quality DNA (21 from 2006; 4 from 2007) and thus had incomplete 

genotypes and were dropped from analysis.  This left a remaining sample size of 73 (two were 

adipose clipped) in 2006 and 59 (six were adipose clipped) in 2007 for analysis. 
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Table 2.  Results of 100% simulations of each baseline population representing reporting 

groups (bold). 

Reporting Group & Baseline Population Average ST DEV (95% CI) 

L. Columbia Tule    

 Spring Cr. Hat. (tule)  0.9989 0.0022 (0.9915, 1.0000) 

Deschutes sum/fall    

 upper Deschutes (sum/fall) 0.9061 0.0300 (0.8469, 0.9653) 

mid/upper Columbia sum/fall    

 Hanford Reach (fall) 0.8452 0.0408 (0.7650, 0.9149) 

 Priest Rapids Hatchery (fall) 0.9166 0.0305 (0.8438, 0.9654) 

 Wells Hatchery (summer) 0.9695 0.0181 (0.9264, 0.9989) 

 Methow River (summer) 0.9806 0.0145 (0.9493, 1.0000) 

Snake River fall    

 Lyons Ferry Hat. (fall) 0.8543 0.0338 (0.7818, 0.9156) 

 Clearwater R. (fall) 0.7718 0.0412 (0.6993, 0.8449) 

 Nez Perce Tribal Hat. (fall) 0.8548 0.0351 (0.7926, 0.9217) 

Deschutes spring    

  Shitike Cr. (spring) 1.0000 0.0004 (1.0000, 1.0000) 

OVERALL AVERAGE 0.9098   
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Figure 2.   Stock composition estimates for fall Chinook collected in the lower Deschutes 

River in 2006 and 2007. 
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Discussion 
 

High proportions of mid/upper Columbia River (2006 = 46%; 2007 = 45%) and Snake River 

(2006= 28%; 2007 n = 20%) Chinook salmon in the mixture analysis suggest a large number of 

URB may either stray or dip-in the Deschutes River during migration.  Stray rates into the 

Deschutes River from out-of-basin Chinook stocks are unknown.   However, they comprised a 

significant proportion of fall Chinook sampled in the lower Deschutes River.  Describing stock 

composition of salmon in lower Columbia River tributaries is a recent advancement made 

possible through a newly developed microsatellite DNA dataset (Seeb et al. 2007) and GSI 

(Milner et al. 1985, but see Teel et al. accepted).  These advancements may alter long-held 

assumptions about habitat use and migratory behavior of salmon. 

 

Straying is a natural part of life history for Chinook (Healy 1991).  It is thought to be important 

for maintaining stock genetic diversity and colonization of new habitat (Milner and Bailey 1989).  

This may occur as a response to disturbance (Leider 1989).  Stray rates have not been broadly 

reported, particularly for naturally produced stocks (Quinn 1993) but appear to vary greatly 

among rivers.  Short-term use of non-natal tributaries by adult Chinook radio tagged at 

Bonneville Dam was found to be common; 18% of all radio-tagged salmon were recorded inside 

lower Columbia River tributaries before reaching John Day Dam and 9% used tributaries for 

more than 12 hours (Goniea et al. 2006).  Quinn et al. (1991) found fall Chinook salmon that 

originated from five hatcheries in the lower Columbia River had an average straying rate of 17%.  

Stray rates ranged among rivers with the greatest straying rates in the Cowlitz River at 27.5% 

(Quinn et al. 1991).  In British Columbia, straying rates were comparatively low ranging (0 to 

17.3%) for displacement-reared (fish reared/released away from home drainage) fish and 0.3 to 

2.1% for non-displacement reared Chinook (Candy and Beacham 2000). 

 

Patterns of straying can vary by age, among rivers and by distance to home stream.  Pascual et al. 

(1995) found older fish had a greater tendency to stray than younger fish.  However, a study in 

Alaska suggested straying may be highest for younger, smaller fish; particularly males seeking 

uncontested females in other streams (Hard and Heard 1999).  In British Columbia, stray 

Chinook salmon returned near home streams (48% of stray migrants were recovered within 

30km of release site) and strays were recovered in equal numbers downstream and upstream 

from the home drainage (49% vs 51%) (Candy and Beacham 2000). 

 

Previous studies demonstrate that straying rates of Chinook salmon in the Columbia River 

increase exponentially as water temperature (mean weekly temperature at Bonneville) in the 

main stem increases (Goniea et al. 2006).  Goniea et al. (2006) suggests actively migrating 

salmon in the Columbia River select for optimal temperatures.  Radio-tagged Chinook exhibited 

thermoregulatory behavior during upstream migration by entering cool-water tributaries, 

particularly when main stem temperatures exceeded 20ºC (Goniea et al. 2006).  Apparent 

threshold temperature for fall Chinook is between 20ºC and 21ºC, above which many fish seek 

refuge or reduce migration activity (Goniea et al. 2006).  

 

Most Chinook sampled during this study had intact adipose fins (71 out of 73 in 2006, 53 out of 

59 in 2007) and are presumed wild.  But, some proportion of sampled fish with intact adipose 

fins may be of hatchery origin since not all hatcheries clip all fish.  It has been known since the 
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1920s, homing performance of salmon can be disrupted by transplanting Chinook salmon to a 

non-natal site (Rich and Holmes 1928).  Candy et al. (2000) found Chinook salmon reared and/or 

released away from their home drainage were two to five times more likely to stray than those 

with natal rearing and release production.  However, since few Chinook salmon sampled in this 

study were known to have originated from a hatchery, it appears that wild fish from mid/upper 

Columbia River and Snake River stocks strayed into the Deschutes River. 

 

Straying can result in introgression between wild and hatchery stocks.  This is a concern for 

conservation and management, potentially reducing genetic differences among populations that 

are essential for their fitness (Hindar et al. 1991).  It is unknown whether out-of-basin stocks 

entering the Deschutes River spawn in river or not.  Since most strays appeared to be wild, 

introgression among wild Chinook from different stocks may raise new questions for 

conservation and management.  It is likely many out-of-basin Chinook do not remain to spawn.  

Between 2005 and 2007 24% of 131 adult Chinook salmon radio-tagged in the lower Deschutes 

River left the system prior to spawning (Naughton et al. 2008).  To further elucidate whether out-

of-basin Chinook are successfully spawning in the Deschutes River, a study to determine stock 

origin of Chinook carcasses collected after successfully spawning is currently underway (J. 

Graham, CTWSRO, pers. comm.). 

 

The high proportion of out-of-basin fall Chinook salmon in the lower Deschutes River (at Rkm 

32) raises questions about the accuracy of mark-recapture population estimates.  Currently a 

mark-recapture study at Rkm 70 is combined with aerial redd counts to develop a fish per redd 

ratio.  This ratio is extrapolated by the number of redds downstream giving an estimate of the run 

to the river.  However, it is currently unknown whether out-of-basin Chinook are present where 

marking occurs (Rkm 70).  If out-of-basin Chinook that enter the Deschutes are marked for 

population estimation and leave the system, the escapement estimate will be upwardly biased.  In 

order to assure an accurate population estimate, it is essential to investigate whether Chinook 

marked for the escapement estimate leave the basin.  The carcass survey should provide insight 

whether strays and what proportion of strays spawn below and above Sherars Falls.  If successful 

spawning is detected, the mark-recapture protocol will require review so adjustments can be 

made which accounts for strays that leave the system. 
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