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Outline

 General Introduction

 Assess ing field methods  in 
remote wilderness  settings

 Spatial and temporal 
dis tributions  of spawners  in 
the Wenaha River

 Conclus ion



Supplementation 
Efforts

 Grande Ronde & Imnaha River subbas ins

 Spring Chinook Salmon

 Lookingglass  Hatchery – 5 s tocks

 Conservation based program 

 Local, integrated broods tock*

 Release ~1.4 million smolts  annually

 Wenaha River

Lookingglass 
Fish Hatchery
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The Wenaha River
 Wild and Scenic River in the Wenaha - Tucannon Wilderness

 Endemic population of spring Chinook Salmon
 ~250 -  750 annual spawners
 "wild fish sanctuary“

 Annual spawning ground surveys  (redds  & carcasses)
 Logis tically difficult
 Small sample s izes
 Comparative baseline

 Hatchery s trays
 proportion of hatchery origin spawners  (pHOS)

 Allowable threshold of 5%
 Ecological and genetic impacts  on the natural 

population USFS 1922
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Genetic Monitoring of  Threatened 
Chinook Salmon Populations: Estimating 
Introgression of  Nonnative Hatchery 
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Timothy Springs TH

Troy

Elk Flats TH

Indian Camp TH

North Fork*

South Fork

Butte Ck*

Wenaha River

Cross Canyon TH
Hoodoo TH

Legend
 Access Point

 Walking Survey

 Kayak Survey

 Horse Packing

 PIT Antennas

Intens ive Surveys
Standard redd & carcass  -  increased frequency
4 temporary PIT antennas  ins talled
Pre- spawn snorkel surveys  (2024 only)
Detailed live adult observations  – GPS wpt, Sex, Origin
Additional walking surveys  

Modified Standard Surveys*

Additional Foot 
Survey
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Against all odds… 
we got the data



Reporting Estimates

Standard

Redd based spawner abundance

3.2 fish per redd

Proportion of hatchery origin 
spawners  (pHOS)

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
𝐻𝐻

𝐻𝐻 + 𝑊𝑊

Intens ive

Redd- based spawner abundance

PIT tag- based spawner abundance

pHOS 

PIT tag derived

AD clip origin vs  Parentage Based Tagging 

(PBT) origin 

Weighted pHOS…
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PIT Tag-Based Estimates

 Huggins  Closed Capture Model
 Site Efficiency

 Detections  at three s ites

 Determinis tic Expans ion
 Abundance 

 Tagging rate per tag group

 Variance of abundance
 Delta method

2025 Only!
 NOSA = 611  (SE = 28)
 HOSA = 78
 Total Spawner Abundance  = 689
 pHOS = 11.3% 

Standard ODFW Method

Abundance = 522
pHOS = 18.9%
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Weighted Proportion of  Hatchery Origin Spawners
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∗

𝑊𝑊𝑖𝑖,𝑡𝑡
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pHOS≈pHOSw pHOS > pHOSw
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Weighted Proportion of  Hatchery Origin Spawners

What are the effects  
of different spatial 
and temporal 
scales?

How to identify an 
informative scale 
for the Wenaha 
River?
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Assumptions of  pHOSw
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Raw data is  unbiased
H & W counts  are 

proportional to relative 
abundance

Es timate is  only as  
refined as  the data 

allows
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Proportion of observations by data type for 2024 & 2025

Do we “trus t” the 
carcass  data?



Weighted 
Proportion of  
Hatchery 
Origin 
Spawners

 Spatial Grouping – ODFW 
Groups

 Time Periods  – Weekly or 
None (spatial only)

16Temporal Cons ideration: average active spawn timing las ts  7 – 15 days  (Baxter 1991; Bowerman et al. 2017)



Comparison of natural carcasses to section based 
pHOSit values for 2024 & 2025 (ODFW – Eco sections)
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pHOS.it
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Model Description ~ Bayesian Hierarchal Model

pHOS.subunit[x] pHOS.subunit[y] pHOS.subunit[z]

pHOS.global

is. hatch i ~dbern pHOS. prop i

logit pHOS. prop i = pHOS. subunit subunit. index i
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Bayesian Crossed Random 
Effects Model

 Hierarchal logis tic regress ion 
with eco.odfw reaches

 Random effects  for Year and 
Section 

 Pooling across  years  to help 
inform years  with small 
sample s izes

 Flexible for section within and 
across  years

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝.𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦. 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦. 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖[𝑦𝑦] + 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜. 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜. 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑘𝑘

Posterior means of the probability of hatchery origin with 95% credible intervals (1994 – 2025)

Production goals for Lookingglass 
stock increases by 100,000 smolts



Conclusions
Carcass  recoveries  can be further optimized but s tandard survey is  currently well timed

Additional walking surveys  can help reach sample s ize goals

PIT tag data may provide independent es timates  of abundance and pHOS if replicated and refined
Maintenance of antenna s ites  difficult and success  rate is  highly variable
Expans ion of hatchery tags  needs  improvement and is  more complicated than natural origin 

expans ion

Hatchery and natural origin Chinook Salmon occupy the same areas  of the spawning grounds  at the same 
time
 Incorporating sex and age of spawners  will improve the es timate further (Falcy 2026)

Bayes ian modeling + his torically relevant eco informed river sections  is  informative and conservative 
 Incorporate brood year to account for autocorrelation
New covariates  (run s ize, program changes) should be explored
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Fish Behaviorscapes Lab 

Questions?

Contact Me:   emily.m.treadway@odfw.oregon.gov 26

Thank You!

mailto:emily.m.treadway@odfw.oregon.gov


Adult Chinook Salmon

2024
 1 -  Los tine Stock
 1 -  Lookingglass  Stock
 1 -  Yakima Sockeye???

2025
 5 – Lookingglass  Stock (Hat)
 1 – Lookingglass  Creek (Nat)
 1 – Imnaha Stock (Hat)
 1 – Round Butte Stock (Hat)
 1 – Little White Salmon Stock (Hat)
 2 – Unknown Stock (Hat)

2024
 101 -  redds
 101 -  live adults
 30 -  carcasses
 31 -  PIT tags

2025
 163 -  redds
 246 -  live adults
 40 -  carcasses
 89 -  PIT tags

Adult 
Chinook 
Salmon

Observed 
Strays



Historical Comparison of pHOS and pHOSw from 1994 - 2025

Dashed line represents 5% 
allowable threshold

Numbers above points = total carcasses
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Models Used
pHOS.Global Dis tribution Model Name Model Levels pHOSw Method

Uninformative Prior Eco.Big Global, Big pHOSbig

Eco.Mid Global, Mid pHOSmid

Eco.Small Global, Small pHOSsmall

Eco.ODFW Global, ODFW pHOSodfw

Informative Prior Eco.Big.Prior Global, Big pHOSbig

Eco.Mid.Prior Global, Mid pHOSmid

Eco.Small.Prior Global, Small pHOSsmall

Eco.ODFW.Prior Global, ODFW pHOSodfw

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ~ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (−10, 10)

𝜎𝜎. 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ~ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(2)

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔.𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔.𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ~ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎, 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏)
𝜎𝜎. 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ~ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(2)
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Model Comparison

Leave One Out Information Criteria 
(LOOIC)
Within a s ingle year, all eight models  

ranked
Expected Log Predictive Dens ity shown

No clear winner
But, models  with limiting priors  were 

ranked higher

Midprior2024 underperformed
Relatively high σ by comparison
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Posterior means with 95% credible intervals and calculated estimates of pHOSw
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Posterior Mean

 Credible Interval

 pHOSw Estimate
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58 Bighorn Sheep

23 Bears

13 Elk

13 Rattlesnakes

11 Otters  & Minks

7 Mountain Goats

3 Sasquatch

1 Moose



Year Mark Site
Adult

Hatchery Natural Unknown

2024

Bonneville Dam - - 2

Lower Granite Dam - 28 -

Grand Ronde Smolt Trap - 1 -

2025

Bonneville Dam - - 3

Lower Granite Dam 2 77 -

Grand Ronde Smolt Trap - 3 -

Lookingglass  Creek - 1 -

Lookingglass  Hatchery –Lookingglass  Stock 1 - -

Lookingglass  Hatchery – Imnaha Stock 1 - -

South Fork Walla Walla River 1 - -



Year Mark Site
Juveniles

Hatchery Natural

2024

Lookingglass  Creek - 1

Lookingglass  Hatchery – Catherine Creek Stock 19 -

Lookingglass  Hatchery – Grande Ronde Stock 5 -

Lookingglass  Hatchery –Lookingglass  Stock 3 -

2025

Grande Ronde River - 1

Los tine River - 2

Lookingglass  Hatchery – Catherine Creek Stock 45 -

Lookingglass  Hatchery – Grande Ronde Stock 3 -

Lookingglass  Hatchery –Los tine Stock 4 -



Spatial Breaks Temporal Breaks           
None Monthly Bi- Weekly Weekly Daily

Uniform

None pHOS pHOSmonth pHOSbiweek pHOSweek pHOSday

25 km pHOS25 pHOS25 -  month pHOS25 -  biweek pHOS25 -  week pHOS25 -  day

12.5 km pHOS12 pHOS 12 -  month pHOS12 -  biweek pHOS12 -  week pHOS12 -  day

6.25 km pHOS6 pHOS6 -  month pHOS6 -  biweek pHOS6 -  week pHOS6 -  day

3.125 km pHOS3 pHOS3 -  month pHOS3 -  biweek pHOS3 -  week pHOS3-  day

Eco 
Informed

Eco.Big pHOSbig pHOSbig -  month pHOSbig -  biweek pHOSbig -  week pHOSbig -  day

Eco.Mid pHOSmid pHOSmid -  month pHOSmid -  biweek pHOSmid -  week pHOSmid -  day

Eco.Small pHOSsmall pHOSsmall-  month pHOSsmall -  biweek pHOSsmall -  week pHOSsmall-  day

Eco.odfw pHOSodfw - - pHOSodfw -  week -
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