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1. Adult Winter Steelhead Radio Telemetry (2011-present) 

Within an adult population there may be several behavioral phenotypes, including 

fish that migrate rapidly vs slowly, fish that are aggressive vs. passive, and fish that 

mature in the lower river vs. the upper river. To determine whether current 

broodstock collection techniques bias the contribution of a subset of phenotypes 

towards future generations we must understand the variation in behavioral phenotypes 

within the Alsea Basin. The use of this information will depend on management 

preferences for minimizing selection relative to wild traits, or maximizing selection 

relative to desirable traits for a fishery.  This project was conducted in the Alsea and 

Nehalem Rivers in winter of 2011-12 and will be repeated in the Nehalem in 2012-

13.  This will also help inform contribution to the fisheries of off-station releases of 

winter steelhead.  Our hope is that off station releases of winter steelhead will 

increase return to the creel while minimizing impacts on wild populations. 

 

We have assisted with management recommendations to begin off-station smolt 

releases in the Alsea to improve catch rates.  This study will assess the performance 

prior to and after those releases return. 

 

2. Winter Steelhead Harvest Vulnerability (2012-2017) 

There is increasing interest in knowing if our “Wild Broodstock Programs” on the 

coast produce a better steelhead for the fishery.  Does using angler caught wild fish 

produce a greater return to the creel?  The two basic research questions we’re posing 

are:  (1)Are returning adult F-1 steelhead (from wild broodstock) caught by anglers in 

the Alsea River more likely to have come from wild parents caught by anglers than 

from wild parents taken in traps? (2) Would it be possible to select for increased 

angler vulnerability in returning adult steelhead in the Alsea River.  This project will 

likely start in the winter of 2012-13 with marked smolt releases in 2014.  The goal of 

this project is to increase catch rates on hatchery steelhead programs. 

 

3. Behavior of Reproductively Sterile Steelhead (Oncorhynchus mykiss) in 

the Clackamas River (2007-2008) 

This project was initiated in response to a request from ODFW – Clackamas and 

ODFW – Salem concerning the management of recreational angling for summer 

hatchery steelhead in a river system with native winter steelhead. Returning hatchery 

adults are recycled in the lower Clackamas River to provide recreational angling 

opportunities. Only wild winter adults are passed above the barrier dam to spawn in 

the upstream area that is closed to angling. We tested the research and management 

question as to the behavior of reproductively sterile hatchery adults, compared to 

control (intact) hatchery adults in the lower Clackamas River. We tagged and tracked 

reproductively sterilized and control hatchery adult steelhead with radio telemetry. 



This allowed us to determine their movements, habitat selection and response to 

angling. We held a sample of control and sterilized adults in captivity to monitor their 

reproductive (steroid) hormones over their spawning season. 

 

We produced procedures for surgical sterilization of adult steelhead and have 

explored other non-surgical techniques. 

 

4. Holding and treatment of Wild Broodstock (2006-2008) 

OHRC staff worked with Alsea Hatchery to improve adult steelhead holding 

conditions and survival.  Survival of wild angler and trap caught adults for the Alsea 

and Siletz Wild Broodstock programs had been an issue and mortality rates were very 

high.  OHRC held fish in varying densities, tank types and treatment regimes to 

investigate the best holding practices.  OHRC made recommendations to Alsea 

Hatchery that have drastically improved survival of wild steelhead for these two 

programs. 

 

We made recommendations to Alsea Hatchery (and other facilities) regarding 

holding and handling adult steelhead.  We recommend holding adult steelhead in 

deep circular tanks rather than shallow troughs.  We also recommended flow 

through prophylactic treatments rather than static bath treatments to prevent 

fungus outbreaks.   

 

5. Pressure shock induction of triploid rainbow trout. (2006-present) 

The use of sexually sterile fish such as triploid rainbow trout (trout with an extra set 

of chromosomes) has many applications in fish management. Oregon Hatchery 

Research Center (OHRC) researchers have developed methods for inducing high 

triploid rates (100 percent) and higher egg survival rates in Oregon’s hatchery trout 

stocks. These findings have been incorporated into the production of triploid trout at 

ODFW hatcheries.  OHRC has partnered with Roaring River, Oak Springs, Fall River 

and Wizard Fall Fish Hatcheries on triploid trout induction projects on both Rainbow 

and Brook Trout. 

 

We made recommendations and a “recipe” regarding the most effective way to 

produce triploid Rainbow Trout.  This “recipe” has been utilized at 3 other 

hatcheries.  We are currently working with Wizard Falls to develop a 

recommendation for Brook Trout induction. 

 

6. Evaluation of Moist Air Incubation as an alternative to traditional heath 

trays (2011) 

Moist Air incubators (MAI) offer many advantages over traditional heath trays, 

including reduced water use, better control of temperature, lower likelihood of 

disease outbreaks, and reduction of chemical use. However, little is known about the 

effects of MAI on the survival or fitness of fish. The goal of this study is to 

investigate whether MAI affects early development and determine whether incubation 

density has an effect on survival in MAI.  The study will also determine differences in 

species influence by testing the incubating of steelhead, Chinook, and Rainbow Trout 



eggs.  We found an increase in survival of steelhead eggs in the MAI as compared to 

traditional Heath incubation.   

 

Due to purchase cost and other downfalls to the MAI, we made recommendations 

to Fish Propagation to use the MAI only were necessary, and not to implement 

statewide.   

 

7. Evaluation of the Moist Air Incubation as a technique to mark fish 

otoliths (2011-present) 

Currently, nearly all otolith marking endeavors on salmon, mark fish between the 

eyed-egg and fry stages (Volk 1999).  There is little to no published data on “pre-eyed 

stage” otolith marking.  Due to the limitations of the MAI, “post-eyed stage” marking 

can be quite difficult and eye and hatch stress checks can make otoliths difficult to 

read.  Also, if hatching occurs while embryos are in the MAI, 100% loss will occur 

within 1-2 days (Oregon Hatchery Research Center unpublished data).  There has 

been little research done to determine how early otolith marking can begin (either 

measuring daily temperature units or days post fertilization (dpf)).   

 

8. The influence of sediment deposition on the emergence success of juvenile 

steelhead (2009-2011) 

Natural erosion and floods, as well as land use practices, can lead to increased 

sedimentation in streams and rivers. When this sedimentation settles on steelhead and 

salmon spawning areas it can cause significant mortality among the eggs nesting 

there. This study will help establish a quantitative relationship between sediment 

deposition and the productivity of naturally reproducing steelhead.  Researchers will 

use the experimental stream channels at OHRC to vary the depth and composition of 

sediment overlying incubating eggs and measure the impacts.  Fishery managers can 

use this information to monitor habitat quality, set environmental standards to protect 

spawning populations and help create or restore spawning habitat for wild 

populations. 

 

9. Migration, physiology and behavior of coastal steelhead in Oregon (2008-

2010) 

Mortality of both hatchery and wild smolts can be substantial, 40 to 60 percent, as 

they move downstream but we have very limited understanding of the factors that 

influence their survival.  This is a study of the physiology, behavior and ecology of 

steelhead smolts in the Alsea River and Nehalem River basins. Researchers implanted 

small ultrasonic transmitter tags into juvenile steelhead smolts as they began their 

downstream migration to the ocean. Using a series of fixed receivers along the river 

and estuary they recorded the passage of individual tagged fish.  The results of this 

study have provided basic ecological information on the life history, ecology, 

physiology and behavior of Pacific salmon in this poorly understood stage of their life 

history. 

 



Follow-up work from this project includes cormorant hazing in many coastal 

systems.  We recommend follow-up research to determine the effectiveness of 

hazing as well as developing alternative release strategies to improve survival.  

 

10. Survey of genes that are differentially expressed between hatchery and 

wild steelhead (2009-2010) 

Scientists have determined that there are significant differences in the expression of 

the genetic code between hatchery and wild steelhead. The overall goal of this study 

is to begin to determine what makes hatchery and wild fish different. It is possible 

that certain hatchery practices are inadvertently selecting for certain characteristics.  

If so, it may be possible to modify the hatchery environment to reduce these selection 

pressures.  Scientists will try to determine if juvenile fish reared under identical 

environments but with different parentage, wild versus first generation hatchery 

parents, have different growth rates, degrees of territoriality and survival. Second, 

researchers will conduct a thorough genetic analysis of a group of young fish of 

different genetic backgrounds raised under identical environmental conditions. 

 

11. Non-genetic maternal effects on growth and smolt migration (2008-2010) 

Some of the differences between hatchery and wild salmon and trout result from 

genetic differences, but environmental influences during hatchery rearing might also 

be important. This study follows the development of individual steelhead, from both 

wild and hatchery parents, reared under controlled conditions at OHRC. Differences 

in egg size of embryos lead to differences in early growth rate and behavior of 

juveniles. Researchers are testing the salt water preferences of these fish to determine 

if these early environmental differences influence the age of smolting or the 

probability of freshwater residence. 

 

12. Effects of Rearing Conditions on Sexual Differentiation and Development 

(2009-present) 

Under normal circumstances the sex of individual salmon and steelhead is determined 

genetically, but the environmental temperature can affect the sexual development of 

many fish species. The sex ratio of salmon populations can affect their productivity, 

and the behavior of individual fish is very different for males and females. This 

collaboration among scientists from Oregon, Hawaii and Canada will determine if 

rearing temperatures above or below normal change the sex of individual fish. Studies 

of the brain and eyes of these fish will determine if the early rearing conditions make 

the fish less able to adjust to natural conditions when they are stocked from 

hatcheries. 

 

More research is needed; however we informed production hatcheries to use 

caution when heating or chilling embryos due to the risk of altered sexual develop. 

 

13. Evaluation of Mate Choice Selection in coho salmon (2013-____) 

There is evidence that salmon use many factors including behavior to select their 

mates during their return and spawning in fresh water.  The research will evaluate 

mate choice and multiple histo-compatibility (MHC).  We will evaluate responses to 



disease resistance and immunity from artificial “random” matings and “informed” 

(using MHC) matings.  OSU is currently seeking funding for this experiment.   

 

14. Evaluation of salmon response to natal stream imprinting and magnetic 

fields (2012-2015) 

Recent studies suggest salmon use the earth’s magnetic field as well as early 

imprinting to aid in homing to their natal stream.  This Oregon Sea Grant funded 

project will determine if and how salmon respond to the earth’s magnetic field and 

changes to that field.  Scientists will also determine how early fry imprint to their natal 

stream and the level of preference they exhibit.   

 

15. Rearing Density and Domestication Selection (2012-2013) 

There is interest in knowing if rearing density at hatcheries can or will affect 

reproductive      fitness and cause domestication selection.  A few research questions 

are: 

 To determine if a fitness tradeoff exists where families who perform well in 

high densities perform poorly in low densities.  

 To determine if differences in performance between families are larger at high 

density (i.e. does the opportunity for selection increase with density).  

 To determine if behavior is a mechanism by which domestication selection is 

acting.  

If we find evidence that high densities are creating fitness tradeoffs and domestication 

selection is more powerful at high densities then we have identified a source of fitness 

loss in steelhead that can be remedied. Hatchery fish are also more aggressive than 

wild fish and we will test if domestication is selecting for increased aggression during 

captive rearing. This work has the potential to influence the way that state, national 

and tribal groups produce hatchery steelhead to restore threatened or endangered wild 

stocks throughout the Pacific Northwest. 

 

16. Saltwater Transfer Diet (2008-2009)   

The purpose of this project was to analyze the differences in a small group of winter 

steelhead (Oncorhynchus mykiss) being fed two different diets.  The study involved 

sampling fish at two week intervals, to monitor any physiological and morphological 

changes.  These fish were also placed into simulated streams at the end of the10 week 

feeding regimen in order to observe out migration behavior.   Both the growth and out 

migration rates in the test and control groups were very similar, suggesting that future 

research is needed to fully understand the effects of these new salt water preparation 

diets. 

 

We recommended that production hatcheries only use Transfer Diets where there is 

a genuine need.  There is no evidence that this will enhance smoltificaiton or smolt 

performance in most cases. 

 

 

 



17. The contribution of triploid rainbow trout to harvest in an intensive, 

closed fishery (2008-2009) 

Studies suggest that the processes used to induce sterility in fish alter the behavior, 

physiology, and subsequent performance of these fish. We evaluated the effect of 

triploidy on angler success in an intensive trout fishery.  We stocked equal numbers of 

diploid and triploid trout in Thissel Pond, near OHRC, on Free Fishing Weekend in 

2008 and 2009.  A multi-day creel was performed and we examined the catch rates of 

each group.  For both years, there was no significant difference between the catch 

rates for diploid and triploid Rainbow Trout. 

 

We recommended to hatcheries and production managers that triploid trout produce 

no visible/obvious improvement to harvest rates when stocked as catchable fish.  

Evidence from other research suggests that triploids stocked as fingerling 

(specifically in high lakes) exhibit lower survival than diploid trout. 

 

18. Reproductive behavior and breeding success of jack and adult male 

Chinook salmon (2008-2009) 

Hatchery programs used to supplement natural salmon populations may cause 

unintended genetic changes that can occur as a result of broodstock management 

practices.  This project will produce guidance for incorporating jack Chinook salmon 

males into spawning matrices for hatchery programs that aim to maintain natural 

population characteristics.  An important component of the project is to identify 

relationships between the proportions of jack and adult males in breeding populations 

and their relative breeding success.  Varying numbers of jack and adult males are 

introduced into the four stream channels at the Oregon Hatchery Research Center and 

allowed to compete for the opportunity to spawn with a fixed number of females.  The 

study is being conducted over two years and will produce data on the reproductive 

behavior and breeding success (determined by DNA pedigree analyses) of eight 

separate breeding groups.  The breeding success of the smaller jack males and the 

older and larger adult males will be used to recommend the proportion of jack males 

that should be spawned by hatchery programs.  The study will provide managers the 

first empirically derived estimates of jack male breeding success for Chinook salmon 

that they can consider along with other factors to determine spawning protocols in a 

given year.  

 

NOAA Fisheries Staff is currently developing management recommendations 

regarding the use of jacks in hatchery production of Chinook salmon. 

 


