
 
Research Summary 

 
 

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 in response to recreational 
angling, and fish that mature and spawn 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 as well as the 2013-
2014 seasons.  This will also help inform managers of the contribution to the fisheries from 
off-station releases of winter steelhead.  Our expectation is that off station releases of winter 
steelhead will increase return to the creel while minimizing impacts on wild populations. 
 
We have assisted with developing management recommendations to begin off-station smolt 
releases in the Alsea to improve angler catch rates.  This study will assess the performance 
of hatchery released fish prior to and after those releases return.  Similar management 
actions have taken place in the Nehalem River. 
 

2. Winter Steelhead Harvest Vulnerability (2013-2017) 
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 as brood 
stock 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 is scheduled to start in the winter 
of 2013-2014 with first marked smolt releases in 2015.  The goal of this project is to increase 
angler 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 Fish Biologists in the 
Clackamas and ODFW Fish Division in Salem concerning the management of recreational 
angling for summer hatchery steelhead in a river system with native winter steelhead. 
Returning hatchery summer adults are recycled in the lower Clackamas River to provide 
increased 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 found that reproductively sterilized 
hatchery fish remained in the river, stayed farther downstream than intact fish following their 
release, and that they were caught in the same numbers as intact (control) fish. We have used 
these findings as the basis for developing alternative techniques to produce reproductively 
sterile hatchery fish that can be used to support angling harvest. The results of the study are 
available in the M. Sc. thesis of Eva Schemmel, and in a series of papers that she is 
publishing with her collaborators in the primary scientific literature. 

 
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, as well as Mid-Coast District Fish Biologists, 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 in those fish before they could be spawned in hatcheries.  
OHRC held fish in varying densities, tank types and treatment regimes to investigate the best 
holding practices.  We determined the best holding practices that allowed us to hold wild 
broodstock until they became mature and could be used in breeding programs. 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 outbreak and reduce stress.   

 
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 have also carried out behavioral 
observations of triploid fish in the experimental stream channels at the OHRC during 
spawning interactions with intact (control, diploid) fish. We determined that triploid females 
do not become sexually mature, so not show any indication of spawning activity and do not 
interact with control fish. Some triploid males do not show any indications of sexual 
maturation, but a significant proportion of triploid males develop sexually dimorphic 



morphological characters, behave aggressively towards control males and attempt to spawn 
with control females. They can significantly disrupt the spawning behavior of control fish, 
even though they are not capable of fertilizing any eggs. 
 
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 have 
also worked with Wizard Falls to develop a recommendation for Brook Trout triploidy 
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. The technology is being promoted from several sources, and 
proponents suggest that it could replace conventional production hatchery techniques. 
However, little is known about the effects of MAI on the survival or fitness of fish and about 
the comparative costs and benefits compared to conventional hatchery production techniques. 
The goal of this study was 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.  However, we also identified very significant 
concerns with this procedure, including some deficiencies in equipment design and function 
that resulted in the manufacturer changing production methodology. Furthermore, we learned 
that the primary benefits of MAI are limited to early incubation of developing embryos. As 
soon as fish hatch, they must be removed from the MAI and placed in more conventional 
production facilities. 
 
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)).  The MAI technique does allow for more precise control of water 
temperature during early development of embryos, including more precise control of short-
term temperature changes required for otolith marking. We have reared fish under controlled 
MAI procedures, and then sampled otoliths from those fish to determine if we can measure 
corresponding changes in otolith microstructure that would identify hatchery-reared fish. 
This study involves extensive collaboration with Drs. Jessica Miller (OSU) and Yongwen 



Gao (Makah Tribal Fisheries) to sample and analyze otolith structure and microchemistry. 
Those studies of the otoliths are ongoing, and will produce reports that will follow our earlier 
publications on microstructure and microchemistry of otoliths to discriminate between 
hatchery and wild salmonids. 
 
The results of this study will be an important contribution to ODFW management 
procedures, since the requirement for mass marking of all hatchery salmon places 
significant demands on management. Hatchery fish can only be marked after they are 
large enough for fin clipping, coded wire tagging or some other active marking procedure. 
Passive otolith marking, especially if it can be applied to very young fish, would avoid the 
cost and inconvenience of the other techniques. At present, if thermal marking of otoliths 
is used in Oregon hatcheries the resulting otoliths must be recovered and processed by 
commercial agents in Washington State or elsewhere, at a significant cost (about $15 per 
fish). 
 

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. Dr. May and collaborators carried out controlled 
studies at the OHRC in the experimental stream channels and in small hatchery troughs and 
tanks to address this research question. Fertilized eggs were buried in spawning substrate that 
was formulated to contain specified amounts of sediment of desired particle sizes. They 
monitored the survival and emergence of fish from their experiments. Their results will be 
used by everyone who is required to measure, monitor or regulate sediment in salmon 
streams. Their results are among the best controlled studies of the relationship between 
sediment and salmon spawning. 
 

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 
individual survival.  Typically estimates of freshwater survival are based on rotary screw 
(smolt) traps located some distance upstream from the ocean. Those estimates are assumed to 
represent freshwater survival and production. Estimates of returning adults from each cohort 
assign all subsequent mortality (after smolt trap numbers) to “ocean” mortality, as part of life 
history monitoring programs. 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.  We also took detailed measurements from 



each tagged fish, including genetic tissue samples, estimates of parasites, gill ATPase and 
body morphology and coloration (from digital photos). 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. We discovered that 
about 90% of smolts sampled at smolt traps reached the upper estuary region of each river. 
However, on average only about 50% of smolts survived to the ocean. The immediate 
implication of this finding is that avian and/or mammalian predators in the estuary region 
may be the cause of this mortality. We also learned that most smolts are female, that survival 
for male smolts is much lower than for female smolts. We are still analyzing for effects of 
size, shape, age and physiology on survival of individual smolts. 
 
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. Our results on the characters 
of individual smolts will be important for management decisions on production of both 
wild and hatchery smolts. 
 

10. Survey of genes that are differentially expressed between hatchery and wild 
steelhead (2009-on going)  

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.  This is often described as 
domestication selection. 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. This research has been 
the subject of PhD D. graduate programs of Camille Leblanc and Neil Thompson.  
 

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 was a major part of the PhD D. research by Camille Leblanc. Her thesis and a 
series of scientific manuscripts are available already. She followed 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 saltwater preferences of these fish to 
determine if these early environmental differences influence the age of smolting or the 
probability of freshwater residence. It is known that female salmon from hatchery stocks 
have smaller eggs than wild females, so that might account for a number of the life history 
differences between hatchery and wild salmon. Camille’s research showed that those egg size 
differences can occur in the first generation of hatchery rearing, suggesting that 
environmental effects early in development can be modified to eliminate such differences. 
 



12. Effects of Rearing Conditions on Sexual Differentiation and Development (2009-
on going) 

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. We have already learned that rearing fish 
at normal (ambient river) water temperatures, or at temperatures lower than ambient do not 
produce sex change in any fish. However, fish reared at temperatures only slightly higher 
than ambient cause some genetic females to develop as functional males. We know that 
elevated temperatures might occur as a result of climate change, and salmon and steelhead 
reared in hatcheries are often subjected to altered temperature conditions to regulate the 
timing of their development or to produce thermal marks on their otoliths. 
 
More research is needed; however we informed production hatcheries to use caution when 
heating or chilling embryos due to the risk of altered sexual development. 
 

13. Evaluation of Mate Choice Selection in Coho salmon (2013-on going) 
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 two groups 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. 
 

19.  Development, behavior and survivorship of triploid summer steelhead (2013-on 
going) 

The goal of this project is to investigate the effects of pressure induced triploidy on the 
development, behavior, survival and adult return rate of South Santiam stock summer 
steelhead (Oncorhynchus mykiss).  Results from this study will inform on the feasibility of 
induced triploidy as a management tool to reduce the genetic risks from hatchery summer 
steelhead to native fish species.  The objectives of this study are to:  1) Measure triploid 
induction rates for two pressure treatments applied to fertilized summer steelhead eggs, 2) 
Compare juvenile growth, survivorship and outmigration success of triploid steelhead with 
diploid controls, and 3) Compare the adult return rate of triploid summer steelhead with that 
of diploid controls. 

 
20. Development of wild fish surrogates for Upper Willamette River salmonids 

(2012-on going) 
The goal of this project is to assess the potential to use targeted rearing techniques to produce 
juvenile Chinook salmon, Oncorhynchus tshawytscha, from hatchery stocks that exhibit 
desired phenotypes of naturally-reared fish. This project also provides an opportunity to 
understand the factors that drive the expression of early life history phenotypes, essential 
information necessary to achieve recovery goals for these species. This project is not intended 
to reform conventional hatchery protocols or to replace naturally-reared Upper Willamette 
River Chinook salmon.  This project has two main objectives: 1) coordinate with RM&E 
principal investigators to provide wild fish surrogates for RM&E studies, and 2) conduct 
experimental research to determine factors contributing to the expression of diverse early life 
history phenotypes by Upper Willamette River salmonids. The results of experimental 
research completed under the second objective will provide necessary information to guide 
propagation procedures for producing wild fish surrogates that exhibit targeted phenotypes as 
determined under the first objective, thus optimizing performance of surrogate fish. 

 
We have provided juvenile Chinook salmon as wild fish surrogates for RM&E researchers 
for juvenile fish passage studies in the North Santiam and McKenzie Rivers and are 
scheduled to provide wild fish surrogates over the next year for studies in the same rivers 
and Fall Creek.  We are currently evaluating the effects of temperature, rearing density, 
diet formulation, and substrate type on the development of juveniles by assessing growth 
patterns, body condition, morphology, proximate and fatty acid composition, and behavior.   

 



21. Fish Mucus: A new tissue for rapid determination of diet switching in fishes using 
stable isotope analysis (2006-2010) 

Stable isotope analysis of diet-switching by fishes often is hampered by slow turnover rates of 
the tissues analyzed (usually muscle or fins).  Such has been our experience in studying diet-
switching by juvenile coho (Oncorhynchus kisutch) to marine-derived nutrient sources in 
streams during, and following, periods of adult spawning.  We examined epidermal mucus as 
a potentially faster turnover “tissue” that might provide a more rapid assessment of diet 
switching.  In a controlled hatchery experiment we switched the diet of juvenile steelhead 
(Oncorhynchus mykiss) from a vegetation-based feed with low �13C and �15N to a fish-meal 
based diet with higher delta values.  We found mucus to provide a significantly more rapid 
response to diet switching than muscle tissue, even for growing juvenile fish.  Mucus may 
provide a rapid turnover “tissue” for analysis of diet (or habitat) – switching by fish.  It has 
the additional advantage that it may be sampled non-lethally in some fish thus avoiding 
problems in studying threatened or endangered species.  Results are available in paper 
published in the primary scientific literature. The study received an annual EPA research 
award. 
 

22. Passive Otolith “marking” 
Use of stable isotopes to passively mark hatchery salmon and steelhead, and to identify 
unmarked hatchery fish or identify the watershed origin of wild and hatchery fish (Yongwen 
Gao) – stable isotopes of carbon identify differences in diet (either natural diets of wild fish 
vs commercial diets in hatchery fish, or differences between different diets in hatchery fish 

 
23. Responses of steelhead and rainbow trout to temperature changes  

A Japanese collaborating scientist, Arimune Munakata, has shown that small decreases in 
water temperature (< 1 Co) can initiate downstream movement of steelhead, but have no effect 
on rainbow trout. Adult steelhead can produce either steelhead or rainbow trout offspring, as 
can rainbow trout. Residual steelhead would probably be identified as rainbow trout in some 
systems. We know from genetic studies by Michael Blouin and collaborators that residual 
steelhead (stream resident fish, mostly males) contribute significantly to differential 
reproductive success of hatchery and wild steelhead. 


