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Abstract 
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 
outmigration behavior.   Both the growth and outmigration 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.  This study was designed to specifically test the diet and 
was designed following the recommendations of the feed manufacturer.  This study was not 
designed to test basic questions about smolt physiology, only to test the effect of the commercial 
diet on the study fish. 
 
 

Introduction 
The purpose of this research was to evaluate the ability to use current NaCl enriched diets, 
developed for use in commercial aquaculture, to assure the osmoregulatory side of smoltification 
and to induce out-migratory smolt behavior.  The goal would be to reduce the footprint that 
hatcheries and the juveniles they release have on natural freshwater streams in Oregon.  The 
concept of adding salt to juvenile salmonid feed is not a new one, and it has been shown in a 
previous study involving Arctic charr, (Salvelinus alpinus L).   In this study from Norway, two 
groups of one year old fish were fed a 1.5% or 9.5% NaCl diet for 6 weeks.  At the end of the 
experiment, the group fed the 9.5% diet had gill ATPase activity which was several times higher 
than the 1.5% group, and subsequently, also displayed a significantly higher recapture rate 
(Staurnes 2000.)  Although this study does not prove that this type of diet is 100% effective, it 
does suggest that further research is needed.  Upon the successful development of such a feed, 
fish hatcheries here in the Pacific NW would gain a valuable tool, which would give them 
increased control over release time and out-migrating behavior of juveniles.   
 
In addition to an overall increase in fitness and survival, there are many potential physiological, 
morphological, and behavioral benefits as well.  Fitness, as described by Gross (1987) is “the 
lifetime summation of an individual’s probability of surviving to reproduce at any age, 
multiplied by its fecundity (male or female) and breeding success at that age.”  Another 
important aspect is the fishes external characteristics which are vital at this stage as their 
coloration is what enables them to elude natural predators.  It has been estimated that predatory 
fishes consume as many as 16.4 million smolts per year in the thirteen reservoirs and the reach 
from Bonneville Dam to the estuary that make up the entire main stem of the Snake and 
Columbia River system (Quinn 2005.)  Behavior is also an integral part of smoltification.  
Preparing fish to out migrate as soon as they are released from a hatchery is important for many 
reasons.  The reduced amount of time these hatchery fish spend in freshwater is not only 
beneficial to them due to their reduced exposure to predators, but also to their wild relatives.  
The sooner hatchery fish make it to the ocean, the less time will be spent in direct competition 
with wild fish for both habitat and food in their natal streams.  This could potentially also reduce 
predation by hatchery out-migrants on naturally produced wild salmonid fry.  These scenarios 
apply to coastal hatcheries, but could impact even more so those hatcheries located further 
inland.  These aspects correlate directly with the Oregon Hatchery Research Center (OHRC) 
mission, to develop approaches to manage hatchery fish that conserve and protect native fish. 
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This study was designed to specifically test the diet and was designed following the 
recommendations of the feed manufacturer.  This study was not designed to test basic questions 
about smolt physiology, only to test the effect of the commercial diet on the study fish. 
 
 

Methods 
For this experiment 600 winter steelhead were obtained from the Alsea hatchery.  These fish 
were 033 Siletz stock.  These fish were transported approximately 15 miles to the Oregon 
Hatchery Research Center (OHRC) from Alsea hatchery three weeks prior to the start of the 
study and were fed the control diet.  The experiment began on February 1 2008.  The test feed 
BioTransfer, a salt water preparation feed, and the control feed was Bio-Olympic Fry.  These two 
diets have a very similar composition as can be seen in Table 1 and were ideal for use for 
comparison in this experiment. 

 
Table 1.  Feed composition 

 Protein 
Min. 

Oil  
Min. 

Moisture 
Max. 

Fiber 
Max. 

Ash  
Max 

DE 
MJ/kg 

BioTransfer 50% 20% 8.5% 1.0% 13% 18.9 
Bio-
Olympic 

50% 20% 8.5% 1.0% 13% 18.8 
 

 
The BioTransfer diet contains elevated levels of dietary salts as well as added betaine, beta-
glucans and nucleotides.  The exact levels of these additives are proprietary and could not be 
obtained from the manufacturer.  The total duration of this project was from February 1st 2008 
through April 21st 2008.   
 
On February 1st all 600 of the fish  were marked with passive integrated transponder tags (P.I.T 
tags) and a beginning weight (g) and fork length (mm) was taken.  This fish were administered 
an anesthetic dose of MS 222 during this handling process.  These 600 fish were then randomly 
distributed between 6 outdoor circulars, resulting in 6 tanks containing 100 fish each.  These 
tanks were maintained at a volume of 246.4 liters per tank for the majority of the experiment and 
had an inflow of 18.9 liters per minute, resulting in a turnover time of 13.0 minutes.  This 
provided triplicate control and test groups and helped to eliminate any potential variations due to 
tank effect.   
 
These fish were held in their respective tanks for a period of 10 weeks and fed separate diets.  In 
an effort to maintain similar conditions between groups, all 6 tanks were fed the same amount of 
feed every week at approximately the same time each day.   

 
24 hour saltwater challenges 

Saltwater challenges were conducted using a commercially available product called Instant 
Ocean®.  This product is designed for use in saltwater aquariums and is frequently used in 
research; its purpose is to simulate the ocean environment.  A complete listing of the exact 
composition of this product can be found in the Aquaculture Desk Reference, Creswell (1993.)  
These challenges were conducted to attempt to determine how well the fish could tolerate 
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seawater. Each batch of this simulated seawater was mixed at a ratio of 0.6804 kilograms to 
18.925 liters of water from Fall Creek.  These trials were bath treatments because it was the only 
way to maintain proper salinity concentrations.  Consequently, air stones were required during 
these times to maintain proper dissolved oxygen (D.O.) levels.   

 
 

Gill ATPase Analysis 
Gill ATPase samples were taken from 5 randomly selected fish per tank, for a total of 30 fish 
sampled bi-weekly.  Fish were euthanized the fish in a lethal dose of MS222 and gill Na+, K+-
ATPase activity was determined using the microassay method of McCormick (1993). 4–6 
filaments of the first left gill arch just above the septum were dissected out from the anesthetized 
fish, placed in 100 μL of SEI buffer (250 mM sucrose, 10 mM EDTA, 50 mM imidazole, pH 
7.3) on ice, and immediately frozen on dry ice, and stored at −80 C. For the assay the gill 
filaments were rapidly thawed, and homogenized in 150 μL of SEI buffer with 0.1% deoxycholic 
acid on ice using an Argos pellet mixer (Argos Technologies, Elgin, IL). Homogenized tissue 
was centrifuged at 4 C and 5,000 g for 30 sec in a GS-15R centrifuge (Beckman Coulter, 
Fullerton, CA). The supernatants obtained after centrifugation were placed in a new centrifuge 
tube to avert mixing by insoluble material, and added 10 μL each to four wells of a 96-well 
microplate on ice. 200 μL assay mixture with and another 200 μL without 0.5 mM ouabain at 25 
C was added to separate wells of supernant. The enzyme activity was defined as the difference 
between the oxidation rate of NADH to NAD in the presence and the absence of ouabain at 25 C, 
and expressed as μmol ADP · mg protein−1 · h−1. Absorbance was measured at a wavelength of 
340 nm for 10 min using a Spectra Max 190 microplate reader (Molecular Devices, Menlo Park, 
CA). Total protein in the supertanant was determined by a bicinchoninic acid protein assay 
(Pierce, Rockford, IL). 

 
 

Simulated Stream Migration 
The OHRC has four replicate simulated streams.  On April 11 2008, the tenth week feeding 
period ended, and all of the remaining fish were removed from their tanks and evenly distributed 
(approximately 150 fish each) into two of the simulated streams.  Because the fish were all PIT 
tagged we were able to mix control and experimental fish into the same simulated stream, 
approximately 75 from each group per streams.  
 
The fish were in the simulated streams for a total of 11 days and they were not fed during this 
time.  Migrating fish were collecting daily in an out-migrant collection box.  Fork length and 
weight measurements, were taken at this time, as well as gill ATPase samples.   

 
 

Body Shape Analysis 
All of the fish sampled for gill ATPase analysis also had a digital photograph taken.  These 
pictures were then analyzed by a computer based shape recognition program to determine if there 
was any difference in body shape development between the two feed groups.  Specifically, the 
goal of this was to detect any elongation of the caudal peduncle area which is a characteristic of 
smoltification.   
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Sodium Chloride Analysis 

To track the sodium chloride levels of these fish, they were immediately taken into the OHRC 
lab following the 24 hr treatment and placed in a lethal dose of MS222 prior to sampling.  This 
sampling process involved scanning for P.I.T tags and taking weight and fork length 
measurements.  After this growth data was gathered, the tails were cut on these fish and blood 
samples were taken and spun in a centrifuge to obtain plasma for the sodium chloride analysis.  
A total of 165 plasma samples were collected throughout this experiment.  These samples were 
sent to Oregon State University (OSU.) and are being stored for future analysis. 
 
 

Results 
Fish Growth 

Both groups of fish performed well on their separate diets and there was not a significant 
difference in growth between the two groups.  This was determined with a 95% confidence 
interval T-test using the week 6 sampling length and weight figures.   

 
 

ATPase Analysis 
Gill Na+, K+-ATPase activity was not affected by dietary NaCl (P>0.05, Fig. 1). A sharp increase 
in gill Na+, K+-ATPase activity occurred on 11 April in control group (P<0.01). Gill Na+, K+-
ATPase activity increased slightly on 28 March in the treatment group, but no further change in 
the enzyme activity was observed. After transfer to simulated stream, gill Na+, K+-ATPase 
activities were overall higher than those during the feeding period, and did not differ between the 
control and treatment group, regardless of whether they migrated or not from the stream (P>0.05, 
Fig. 2). 
 
The gill Na+, K+-ATPase activity of steelhead fed the control diet was low between 1 February 
and 28 March but increased significantly on 11 April. An increase in the enzyme activity of 
steelhead around April has been reported by Sheridan et al. (1983) and Bradley and Rourke 
(1988) to be associated with the parr-smolt transformation. In the present study, dietary NaCl did 
not stimulate gill Na+, K+-ATPase activity of steelhead. These results appear contrary to results 
of others where feeding supplementary NaCl strongly stimulated the enzyme activity in a 
number of salmonids, including Atlantic salmon parr (Salmo salar, Duston, 1993), Arctic charr 
(Salvelinus alpinus, Staurnes and Finstad, 2000), and rainbow trout (Oncorhynchus mykiss, 
Ventrella et al., 2001). Pelletier and Besner (1992) reported that the dietary salt did not modify 
level of ATPase activity in brook trout (S. fontinalis), but the fish fed salt diet displayed a higher 
survival rate in the hyperosmotic environment than fish fed the control diet. One possible 
explanation regarding the lack of apparent effect of dietary NaCl on the parr-smolt 
transformation of our fish could be attributed to the cessation of feeding of the supplementary 
NaCl after 6 weeks. This may have allowed the control fish time to “catch up” in development. 
Fish of previous studies were fed salt-enriched diet through the entire smolting period. Duston 
(1993) fed Atlantic salmon parr in freshwater supplementary NaCl for 24 days and parr in 
seawater control diet for 29 days thereafter. He reported that from the end of the freshwater 
phase to 8 days after transfer to seawater the gill Na+, K+-ATPase activity of group fed NaCl diet 
was significantly higher than of control group, but after 17 days in seawater there were no 
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significant differences in enzyme activity between the two groups. These changes of the Na+, K+-
ATPase activity of fish fed NaCl diet during the experiment period are similar to result of the 
treatment group of this study which displayed a slight increase of the enzyme activity on 28 
March and no change on 11 April. The lack of difference between the test groups in our 
experiment may also be attributable to the 4 week delay in testing the fish in the streams; the fish 
may have had sufficient time to become similar developmentally. Further studies are needed to 
examine effect of dietary NaCl on smoltification of steelhead at different times and durations. 

 
 

 
Fig. 1. Gill Na+, K+-ATPase activity of steelhead fed either control or NaCl diet during 10 week 
feeding period. Values are given as means ± SE of three replicate groups (n = 5). 
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Fig. 2. Gill Na+, K+-ATPase activity of steelhead fed either control or NaCl diet and liberated 
into two simulated streams at the end of the 10 week feeding. Bars represent either fish that 
migrated (migrant) downstream and out of the streams or did not migrate (non outmigrant). 
Values are given as means ± SE of three replicate groups. 
 

Body Shape Analysis 
The morphological data for the feed study was analyzed using a specialized software program.  
A nested MANCOVA, with Centroid size as covariant was used for data analysis.  There was a 
significant effect of the centroid size.  That means that the morphology of the fishes changed as 
they grew.  There were effects of sampling date, the morphology of the fish is different as they 
get older. There were however no effects of the treatment, that is the two feed types had no 
effects on the morphology and the interaction of treatment and sampling date was not significant.  
 
A principal component analysis was used to see if different treatment and sampling dates would 
separate in multivariate space.  Each axis explained relatively little of the morphological variance 
and no axis was significantly different between the two treatment groups.   
 

 
Outmigration 

During the 10 day period in which the approximately 300 remaining fish were in the simulated 
streams, there were a total of 126 migrants that were collected.  Out of these 126 fish, 12 fish 
were missing their pit tags and it could not be determined which group they originated from.  Of 
the remaining 114 migrants, 58 of the out-migrating fish were from the test group that was fed 
the BioTransfer for the first 6 weeks and the Bio-Olympic for 4 weeks.  The remaining 56 of the 
fish were from the control group that was fed the Bio-Olympic for the entire 10 weeks.  A graph 
displaying all outmigration behavior can be observed in Figure 1.   
 

Figure 1.  Simulated Stream Out-migrant’s 
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Discussion 
Based on a T-test at the 95% confidence interval, there was not a significant difference in 

the lengths or weights of these two populations at the beginning of this experiment.  Overall this 
project went very well, the fish were healthy throughout the entire experiment and there were no 
major complications.   

  There are multiple reasons why these two groups performed so similarly.  One 
potential reason is that this research was conducted after the fish had already begun the 
smoltification process, and so the diet would have had little impact.  Another possible reason 
could be that the test group was fed the BioTransfer for 6 weeks and then was fed the control 
feed for the final 4 weeks before the migration trials.  This delay in placing the fish in the 
simulated streams after being fed the BioTransfer may have reduced the effectiveness of the test 
feed, which is meant to be fed just prior to release.   
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