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COMPARATIVE BEHAVIOR OF THE PROGENY OF HATCHERY

AND WILD STEELHEAD TROUT (SALMO GAIRDNERI)

INTRODUCTION

Management programs for steelhead trout (Salmo gairdneri) include

increasingly larger commitments to the artificial propagation of

juveniles in hatcheries. The hatchery steelhead trout that return to

spawn in the wild may have reduced fitness compared to wild steelhead

trout (Reisenbichler, 1976). This conclusion is based on the assump-

tion that the environment imposed on these fish by the hatchery creates

a new complex of selective forces to which the fish must adapt. If the

progeny of hatchery steelhead trout are selected against in the wild,

then large numbers of hatchery steelhead trout spawning in the wild

may cause the natural production of streams to decline.

Modifications in behavior may be responsible for the low survival

of hatchery salmonids In streams (Vincent, 1960, Fenderson et al, 1968,

Moyle, 1969). The objective of this thesis was to determine whether

inherited differences in behavior, critical to the survival of salmonids

in the wild, exist between the progeny of hatchery and wild steelhead

trout. The hatchery environment may select for, or retain behavioral

phenotypes that would have an advantage in a hatchery, but be hindered

in the wild. Emergence timing, aggression, and shelter seeking

behavior may be affected by the hatchery environment.

The use of wire baskets or trays for the incubation of eggs

removes the selective advantage of an optimum emergence time that is



critical to the survival of alevins in the wild. If alevins emerge

from the gravel prematurely, they may have difficulty establishing and

defending a feeding station. If the alevins emerge late they may

absorb their yolk while still in the gravel and starve.

In streams, young salmonids establish and defend territories

either over or near cover. Feeding is done either within the boundar-

ies of the territory or by short excursions into more exposed areas

with a rapid return to the home territory. When the fish is frightened

it hides under the available cover and returns to its territory when

the disturbance if over. The density of fish that can occupy an area

in a stream is at least partially regulated by territorial behavior

(Allen, 1969). In streams, agonistic behavior is adapted for the

acquisition and defense of the territory, but in hatcheries the high

density of fish and the interinIttant broadcast feeding discourage the

formation of terrItories. This may allow fish with the extremes of

agonistic behavior to survive in a hatchery and may suppress the

mutual repulsion of salmonids that is responsible for territorial

boundaries in streams. Hatchery feeding methods may result in a

selective advantage for fish that feed on the water surface. This was

defined as a "surface response" by Vincent (1960). In streams,

steelhead trout feed near the bottom, mostly on invertebrate drift

(Fraser, 1968). The lack of cover In hatcheries may result in a

selective advantage for fish that are less wary than wild fish or have

a modified shelter seeking behavior. Because of the potential for

inherited differences in behavior, experiments were designed to
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compare the timing of emergence, distribution and feeding behavior

after emergence, utilization of the habitat, agonistic behavior, and

shelter seeking behavior of the offspring of adult hatchery and wild

steelhead trout.
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METHODS AND MATERIALS

To eliminate environmental factors that could cause behavioral

differences between experimental groups of hatchery and wild. steel-.

head trout, I raised both groups at equal densities in outdoor raceways

with equal amounts of cover and flow. Whenever possible, the experi-

ments were done on mixed groups of hatchery and wild fish. When this

was not possible the experimental environment was held constant until

both groups were tested. Both the hatchery and wild groups that were

compared in an experiment originated from the same river system.

Hatchery fish were defined as the progeny of adult steelhead trout

that were produced in a hatchery. Wild steelhead trout were defined

as the progeny of adults that had been reared in the wild.

Emergence, Feeding and Growth

Gametes were obtained from eight hatchery (three male and five

female) and eight wild (three male and five female) winter steelhead

trout from the Alsea River for studies of embryo survival, timing of

emergence, and growth. Hatchery and wild fish were distinguished by

examination of their scales. Wild fish had narrowly spaced circuli

and two freshwater annulI. Hatchery fish had widely spaced circuli

and a single poorly defined freshwater annulus. To create the

maximum genetic variation in the hatchery and wild populations, I used

factorial matings, The eggs from each female were separated into three

lots. One portion of the eggs from each of the females was then

fertilized with sperm from each of the males of that group. The
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fertilized eggs were transported to laboratory facilities near Corvallis,

Oregon.

Experiments to compare embryo survival and emergence time of

hatchery and wild alevins were conducted with three plexiglass aquariums,

each of which was divided into two compartments, O.6m x O.6m x 5.1 cm.

Water was supplied to each compartment through a 1.27 cm P.V.C. pipe

running along the bottom of each tank. Six small holes were drilled

along the upper edge of the pipe to ensure an even flow of water

through the gravel. Graded gravel, 1.6 to 2.5 cm in diameter was put

into the tank and excavated to an approximate depth of 30 cm in its

center. The sides and exposed edges of the tank were covered with two

layers of 0.4 mm black polyethelene to prevent light from reaching the

eggs. Alternate layers of eggs and gravel were then deposited into the

depression. Each tank had one compartment with 750 hatchery eggs and

one compartment with 750 wild eggs. The remainder of the eggs were put

into incubator trays.

The fry produced in the artificial redds began to emerge 55 days

after fertilization. The numbers of emerging fry were recorded each

day until emergence was completed. As the alevins emerged, any

abnormality in the 9mount or condition of residual yolk was noted.

One hundred each of the emerging fry from hatchery and wild

parents were removed from the experimental apparatus and put into

separate compartments of a plexiglass tank to observe their responses

upon initiation of feeding. They were offered dry starter mash twice

daily. Observations of the distributions of fish from the two groups



in the tank and their willingness to accept food were made and noted

for 15 mm periods following the introduction of food.

Growth rates of the two test groups were determined for fry

produced in the incubator trays. Five hundred hatchery alevins were

marked with an upper caudal clip and 500 wild alevins were marked with

a lower caudal clip. Two hundred and fifty alevins from each group

were placed into two 0.91 in circular fiberglass tanks and fed twice

daily until they would no longer accept food. Twenty-five fish from

each group were weighed to estimate the initial weight of the hatchery

and wild populations. Two and 4 weeks later, 25 fish from each group

in each tank were weighed. The instantaneous growth rate of the

hatchery and wild fish from each of the two tanks was calculated:

where:

G.R. = in w2 - in

At

G.R. = growth rate
w1 = mean weight at time one
w2 = mean weight at time two

and At = the change in time.

Agonistic Behavior, Habitat Utilization and Shelter Seeking Behavior

Gametes were obtained from 20 hatchery (10 male and 10 female) and

20 wild (10 male and 10 female) summer steelhead trout by personnel of

the Oregon Department of Fish and Wildlife at Cole Rivers Hatchery on

the Rogue River for three studies (Table 1) of agonistic behavior and

habitat utilization.



Table 1. Numbers, treatments
study agonistic beh
artificial stream.

Experiment Marks

Hatchery Wild

1 adipose none

7

and marks of fish used in experiments to
avior and habitat utilization with an

Type of
Cover Number of Fish Replicates

Hatchery Wild

overhead 5 5 1

2 brands brands underwater 5 5 2

3 brands brands none 5 5 2

Factorial matings again were used to maximize the genetic variation of

the hatchery and wild experimental groups. After having been reared at

Cole Rivers Hatchery for 2 mo, the fry were transported to laboratory

facilities near Corvallis, Oregon.

The experiments were done with an artificial stream channel (Fig. 1).

The tank was 2.73 x 0.91 m, with an observation window in one side. A

blind was constructed adjacent to the glass to minimize disturbances

caused by the observer. Graded O,.5 to 2.5 cm gravel was put inside of

the tank and contoured to simulate a pool 50 cm deep (Fig. 2A). The

contour of the pool was such that the water depth decreased to 2.5 cm

at the downstream end where it flowed into a fish trap.

In Experiment 1, five hatchery fish received an adipose clip,

therefore, the groups, but not the individuals within either group

could be distinguished. The mean length of the hatchery fish was

56.8 mm, se. 1.02 mm. The mean length of the wild fish was 56.6 mm,

s.c. 1.17 mm. Overhead cover was provided by placing two 0.68 m wide
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Fig. 1. An artificial stream channel used for the study of the
behavior of juvenile steelhead trout.
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pieces of plywood 2.5 cm above alternate sections of the tank, which

divided it into four equal sized sections, two covered and two uncovered

(Fig. 2B). The numbers of hatchery and wild fish under and away from

cover at the beginning of each of 16, 15 mm observation periods were

recorded.

Aggressive displays recorded included lateral threats, frontal

displays, wig-wag displays, nipping, and chasing, as defined by Hartman

(1965). The winner and loser of each aggressive encounter was recorded.

Only encounters that resulted in a clear victory for a fish were

recorded. If the same two fish had a continuous series of aggressive

encounters, it was recorded as a single event. In the first experiment

only the total number of victories and losses for each group, hatchery

or wild, were recorded.

The distribution of the fish in the stream channel was compared

by identifying three sections of various depths in the stream channel

(Fig. 2D). Section 1, depth, 0-23 cm, was the upper half of the tank

near the window. Section 2, depth 23-50 cm, was the lower half of the

tank near the window. Section 3, depth 0-23 cm, was the area of the

tank away from the window. The number of hatchery and wild fish in

each section at the beginning of each observation period was recorded

and compared.

In Experiment 2, five hatchery and five wild fish were distinguished

with cold brands cRaleigh et al, 1973) made by dipping differently

shaped silver brands into a dry ice and acetone mixture, removing the

excess acetone from the brands, and touching both sides of the lower
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caudal area of each fish for approximately 0.5 sec with one of the

brands. The mean length of the hatchery fish was 5.57 mm, s.e. 1.55 mm.

The mean length of the wild fish was 56.7 mm, s.e. 1.10 mm. Two

replicate groups of hatchery and wild fish were tested in this experi-

ment. Underwater cover was provided by placing two structures made by

slanting two slabs of concrete together in the shape of an inverted "V".

The dimensions of each structure was approximately 15 cm x 25 cm x 10 cm

(Fig. 3). One V-structure was placed in the front half of the tank, the

other structure was placed in the rear half of the tank (Fig. 2C). Each

fish was observed indIvidually for 6, 15 mm observation periods. The

position relative to cover where each fish spent most of its time during

an observation period was recorded.

The numbers of aggressive encounters of each fish in each replicate

that occurred during 6, 15 mm periods were recorded. Both participants

of each encounter and the outcome of the encounter were noted. The

total number of wins and losses for each fish was then calculated.

To analyze the distribution of the hatchery and wild fish in the

artificial stream channel the same sections were identified as in

Experiment 1. The sections where each fish spent most of its time

during an observation period were recorded. The total number of

hatchery and wild fish in each of the three sections was then calcu-

lated for each observation period.

Experiment 3 was designed to determine if fish from either group

tended to become dominant before fish from. the other group became

dominant. Two replicate groups of five hatchery and five wild fish



Fig. 3. The underwater structures that were used in the artificial
stream tank.
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were observed. In the first and second replicate fish that measured

88.0 mm, se. 0.5 mm, and 95.0 mm, s.e. 0.5 mm, respectively, were

weighed and branded. All observations In this experiment were made

"blind", i.e. the observer was not informed about the origin of the

fish until after the completion of the experiment. Nipping rates were

used to identify the dominant fish. The numbers of aggressive

encounters won and lost by each fish were recorded. The fish with the

highest ratio of wins to losses was assumed to be the dominant fish.

When two fish had similar ratios, the interactions between them were

examined to establish which fish was dominant. Once a dominant fish

was identified, all the fish were removed from the tank, weighed and

measured. Then all the fish except the dominant fish were placed into

the channel and observed until another dominant fish was identified.

Again all the fish were removed from the channel, weighed and measured.

This procedure was repeated until only two fish remained in the channel.

To compare the shelter seeking behavior of hatchery and wild

steelhead trout, groups of fish were stressed by handling and then

exposed to an unfamiliar environment with a choice of cover. The fish

were raised in 0.91 m fiberglass tanks that were covered with trans-

lucent fiberglass tops. Twenty fish were randomly netted and transferred

into a bucket that contained approximately 4 1 of water. The observation

tank was 1.8 m in diameter. The depth of the water in the tank was 30

cm. There was no current in the tank. The tank was illuminated by

three 40 watt fluorescent lights hung 1.8 m above the surface of the

water. One-fourth of the surface area of the water in the tank was
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covered with styrofoam. Groups of 20 fish, hatchery or wild, were

taken from the holding tank and placed into the observation tank. A

35 mm camera placed 1.8 m above the tank was used to take photographs

of the fish every S mm for 1 h. The fish were then removed, the water

in the tank was changed, and 20 fish from the other group were trans-

ferred into the observation tank. This procedure was repeated for 10

groups of hatchery and 10 groups of wild fish.
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RESULTS AND INTERPRETATION

Emergence, Feeding and Growth

A higher percentage of wild alevins (21%) emerged from the artificial

redds than hatchery alevins (16%) (Fig. 4). This difference was

highly significant. (X2 = 16.00, d.f. 2, p < 0.005). The cumulative

frequencies of the hatchery and wild alevins that emerged (Fig. 5)

were compared with a Kolmogrov-Smirnov two sample test (Siegel, 1956).

The wild alevins emerged earlier than the hatchery alevins in each

tank, this difference was significant only at the p = 0.11 level.

Most of the alevins of both the hatchery and the wild populations

emerged with small, amounts of residual yolk.

When the alevins were transferred to plexiglass rearing tanks,

approximately 30 percent of the alevins of both the hatchery and

wild populations swam near the surface of the water in the tank and

70 percent of the alevins swam near the gravel at the bottom of the

tank. About 2 weeks were required before both groups of alevins would

take the food offered by the experimenter. Aggressive interactions

during and after the feeding periods were infrequent. No differences

were observed between the choice of positions in the tank or the

feeding behavior of the two populations. When disturbed during the day

by sudden hand movements near the tank or by sudden flashes of light

during periods of darkness, the alevins from both groups immediately

swam to the bottom of the tank and remained irotionless near the gravel.

Mason (1965) referred to this behavior as the formation of a "fright
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huddle". When attempts were made to remove the alevins from the tanks

with nets, many of them swam into the interstices of the gravel. No

differences in the reactions of the two populations to these disturb-

ances were noted.

By the end of the 4 week experiment the average weights of the

hatchery fish in tank 1 and 2 were 1.13 g, s.e. .05 g, and 0.88 g,

s.e. .04 g, respectively, and the average weights of the wild fish in

tank 1 and 2 were 1.00 g, s.e. .04 g and 0.80 g, s.e. .03 g. The

differences between the mean weights of fish in tanks 1 and 2 were

significant at p = 0.058 and 0.078, respectively. It appears from

inspection of the differences between the mean weights and instantaneous

growth rates of the hatchery and wild populations through time that the

hatchery fish were growing faster than the wild fish (Table 2 and 3).

Table 2. The mean weights (g) of the hatchery and wild fry used in
the growth experiments, n = 25 fish.

Tank 1 Tank 2

Time Differ- Differ-
(w) Hatchery Wild ence t Hatchery Wild ence t

0 0.198 0.188 0.010 1.159 0.198 0.188 0.010 1.159

2 0.349 0.344 0.005 0.310 0.366 0.342 0.025 1.41

4 1.130 1.000 0.130 2.004 0.897 0.800 0.097 1.83
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Table 3. The instantaneous growth rates of the hatchery and wild fry
used in the growth experiments.

Tank 1 Tank 2

Time (w) Hatchery Wild Difference Hatchery Wild Difference

0-2 0.0405 0.0432 -0.0027 0.0440 0.0429 +0.0011

2-4 0.0844 0.0763 0.0081 0.0639 0.0607 +0.0032

Agonistic Behavior, Habitat Utilization and Shelter Seeking Behavior

The hatchery and wild fish utilized overhead cover to the same

extent (Table 4, exp. 1). Hatchery fish were more attracted to the under-

water structures than the wild fish (Table 4, exp. 2). Although I did

not quantify movement in Experiment 1 the wild fish appeared to swim

longer distances and utilize a larger portion of the tank than hatchery

fish.

There was no tendency for either group of fish to maintain posi-

tions near the water surface in either Experiment 1 or Experiment 2.

There was a significant difference between the numbers of fish observed

in the three sections in Experiment 2 (Table 5), caused by the absence

of wild fish in section 3 and the presence of a small but consistent

number of hatchery fish in that section.

In both Experiment 1 and 2, hatchery fish won 55 percent of their

aggressive encounters, while wild fish won only 45 percent of their

aggressive encounters. In both Experiments these differences were

highly significant (Table 6). In Experiment 1 the data indicated that

wild fish were involved in more total encounters than hatchery fish,
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411 and 307, respectively. The difference between these values was

highly significant (X2 15.06, d.f. 1, p < 0.005). In Experiment 2

hatchery fish won 59 percent (198) of the encounters that occurred

between hatchery and wild fish. Wild fish won 41 percent (139) of the

encounters. These values were significantly different (X2 = 10.32,

d.f. 1, p < 0.005), which indicates that hatchery fish were more

successful than wild fish in aggressive encounters. This may have been

the result of hatchery fish becoming dominant in the first two experi-

ments, but an examination of the encounters with the dominant fish

indicates that another factor was involved. In Experiment 2 all the

fish established and defended territories. Kalleberg (1958) defined a

territory as any defended area of a stream. The dominant fish estab-

lished their territory in the most preferred area of the channel, in

this case, the upstream portion of the channel. Most of the encounters

Table 4. The total number of observations of hatchery and wild fish
under and away from cover during experiments with the
artificial stream channel.

Experiment 1 Hatchery Wild Total

Under cover 39 35 74

Away from cover 41 45 86

Total 80 80 X2 = 0.40

Experiment 2 Hathy Wild Total

Under cover 55 42 97

Away from cover 5 18 23

Total 60 60 X2
909a

asignificant at P 'z 0.005.
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Table 5. The total number of observations of hatchery and wild fish
in each of the three sections of the artificial stream
channel.

Experiment 1 Section I SectiOn II Section III Total

Hatchery 26 31 13 70

Wild 24 38 8 70

Total 50 69 21 X2 = 1.98

Experiment 2 Section I Section II Section III Total

Hatchery 12 60 8 80

Wild 10 69 1 80

Total 22 129 9 X2
610a

a.
Significant at p < 0.025.

Table 6. The total number of aggressive interactions won and the total
number of aggressive interactions lost by the hatchery and
wild fish during experiments with the artificial stream
channel.

Experiment I Hatchery Wild Total

Wins 172 187 359

Losses 135 224 359

Total 307 411
779a

Experiment 2 Hatchery Wild Total

Wins 312 280 592

Losses 253 339 592

Total 565 619

asignificant at p < 0.01.

bSignificant at p < 0.005.
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by the dominant fish occurred when another fish would approach the

dominant fish. Of the 182 encounters recorded for the dominant fish in

Experiment 2, 130 were against wild fish and only 52 were against

hatchery fish. These data Indicate that the wild fish were swimming

into the area defended by the dominant fish more often than were the

hatchery fish, and conversely, the hatchery fish were spending more

time in their home territory than were the wild fish. The wild fish

may have been trying to establish larger territories than the dominant

fish would allow.

In Experiment 3 neither group tended to become dominant before

the other group became dominant. In 16 of the 18 trials, the largest

fish in the tank became dominant, The exceptions were one hatchery and

one wild fish that became dominant in the presence of a larger fish.

When hatchery fish became dominant they maintained positions immediately

in front of the subordinate fish in seven of nine trials. When wild

fish became dominant they maintained positions higher on the riffle,

farther away from the subordinate fish, and facing the opposite direc-

tion of the subordinate fish in seven of nine trials. This difference

in positioning may' have been caused by a differential preference of

the two groups for cover, current, or a difference in food availability

of the two positions. If the difference in positioning was caused by

a larger minimum distance requirement between the wild dominant and the

subordinate fish than between the hatchery dominant and the subordinate

fish, the wild dominant fish may have had larger territory require-

ments than the hatchery dominant fish.
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To compare the shelter seeking behavior of the hatchery and wild

steelhead trout, groups of fish were stressed by handling and then

exposed to an unfamiliar environment with a choice of cover. The

initial response of the hatchery and wild fish was to hide under the

cover (Fig. 6A). Usually within 15 mm a few fish would swim into the

uncovered areas of the tank (Fig. 6B). By the end of the hour, fish

were swimming throughout the uncovered areas (Fig. 6C). Both hatchery

and wild fish showed a preference for the covered areas throughout the

experiment. The hatchery fish were recorded away from cover 33.4 per-

cent of the time, while the wild fish were recorded away from cover

38.5 percent of the time. This difference was highly significant

(Table 7), and suggests genetic modification in the shelter seeking

hehavior of the hatchery population.

Table 7. The total number of observations of hatchery and wild fish
under and away from cover during experiments testing the
reactions of fish to an unfamiliar environment.

Under cover Away from cover Total

Hatchery 803 1597 2400

Wild 924 1476 2400

Total 1727 3073

a. .

Sigiiificant at p < 0.005,
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Fig. 6. Response of fry to an unfamiliar environment. Initially all
the fry in the tank swaiii under cover 1A). Within 15 mm a

few would swim into the uncovered area (B). By the end of
the hour fish swam throughout the uncovered areas (C).
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DISCUSSION

The hatchery population was more aggressive than the wild popula-

tion and may have had smaller territory requirements. The increase in

the aggressiveness of hatchery fish may waste their energy and inter-

fere with their normal feeding opportunities, as well as limit the

feeding opportunities of the less aggressive wild fish. Because most

retreats following aggressive encounters were downstream, the smaller

territory requirements of hatchery fish may result in displacement of

wild fish downstream. Reisenbichler (1976) noted that significantly

higher numbers of wild steelhead trout were displaced downstream than

hatchery fish in streams during the spring. Hartman (1965) found that

this was the most aggressively active period of the year for steelhead

trout. If displacement is to less favorable habitat, it could result

in a smaller size and lower survival for wild fish (Kalleberg, 1958,

Chapman, 1962, LeCren, 1965). If the total number of fish able to

establish territories in a section of a stream was increased by the

decrease in the territory requirements of hatchery fish, the result

may be a reduction in growth. Jenkins (1969) and Chapman (1966)

stated that territoriality in stream dwelling salmonids may be a

strategy to minimize direct competition for food, and the size of

the territory may have been adapted to maximize the production of a

stream.

Because the amount of cover In a stream may limit the density of

salmonids in streams (Chapman, 1966), the increase in the atraction

to cover by hatchery fish may decrease the number of fish a stream
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could sustain. The increase in the attraction to cover by hatchery

fish also may result in a decrease in feeding opportunities and growth.

Besides making it more difficult to defend a territory, a decrease in

the size of steelhead may keep them from reaching the minimum size for

parr-smolt transformation (Wagner, 1968). If the minimum size is not

reached during the proper season it may result in the fish spending an

additional winter in the freshwater environment.

The hatchery population had significantly higher mortality in the

gravel of artificial redds than the wild population. Reisenbichler

(1976) noted that the survival of wild embryos was significantly higher

than the survival of hatchery embryos in streams. If hatchery adults

compete with wild adults for spawning space in streams, this may decrease

the total number of alevins that emerge from the gravel. Lower survival

of alevins may or may not decrease the production of smolts in a stream,

depending on the magnitude of the decrease and the conditions of the

stream. The density dependent mortality that occurs in nature tends to

produce a stable number of juveniles regardless of the number of alevins

that emerge from the gravel (Chapman, 1962, LeCren, 1965, Allen, 1969).

In streams that receive large amounts of sediment from dams, logging,

or mining, where the mortality of alevins in the gravel is high, any

decrease in embryo survival could affect the natural production of

smolts.

Although the results were not conclusive, there was a tendency for

hatchery alevins to emerge from the gravel later than wild alevins.

Late emergence may increase the mortality of hatchery steelhead alevins,

S



for in coho salmon (Oncorhynchus kisutch), those that emerged first

from the gravel were larger, had better survival and occupied better

areas of the stream than those that emerged subsequently (Mason and

Chapman, 1965).

Because of the importance of size to the survival of fish in

streams the growth rates of hatchery and wild fish were compared.

Although the difference was small, hatchery fish may have been growing

faster than the wild fish. A small size advantage, if realized in a

stream, may result in higher survival (LeCren, 1966, Kalleberg, 1958,

Mason and Chapman, 1965). Differences in growth rates between hatchery

and wild steelhead trout that occur in a hatchery may not be realized

in a stream, however, Reisenbichier (1976) found that hatchery

steelhead trout grew significantly faster than wild fish in hatchery

ponds, but when fish from the same crosses were stocked in streams,

their growth was similar. Vincent (1960) presented similar results for

hatchery and wild brook trout.

It is not clear what the combined effects of the changes in

behavior of hatchery steelhead trout would have on the natural produc-

tion of steelhead trout in streams. Because of the large amount of

interbreeding that occurs between hatchery and wild steelhead trout in

streams and in hatcheries the results of this thesis are a conservative

estimate of the potential effect of hatcheries on the wild steelhead

population. In studies of the offspring of crosses from hatchery x

hatchery, hatchery x wild, and wild x wild steelhead trout in three

Oregon streams, Reisenbichler (1976) found that wild steelhead trout



survived better than hatchery steelhead trout, but their growth was

similar.

The genetic changes that occurred in the hatchery-reared steelhead

trout included having more cover utilization and being more stationary

than wild steelhead trout. These genetic changes in the behavior of

the hatchery steelhead trout may represent genetic compensation for the

environmental changes in their behavior caused by the hatchery. This

explanation is based on the assumption that there is an optimum pheno-

type, P (opt), that has a selective advantage in the wild, and this

would be the same phenotype regardless of whether it was of hatchery or

wild origin. The expression of a behavioral phenotype is influenced by

the genetic make-up of the population and the selective pressures of

the environment. This can be represented symbolically as: P = G +

where P represents the phenotypic expression of a behavioral character-

istic, G represents the genetic component, and E represents the selec-

tive pressures of the environment. If the selective pressures acting

on a population are constant, a certain portion of the original popula-

tion, an optimum genotype, G (opt), would have a selective advantage.

When these genotypes recombine, new genotypes would be formed, thus

maintaining genetic variation in the population. Considering a

behavioral character, this variation is assumed to be normally distrib-

uted. If the environment remains constant the same genotype, G (opt),

would have a selective advantage in the next generation. Changes in

either the genetic make-up of the population or the selective pressures

of the environment could change the behavior of a population (Vincent,

1960, Male, 1966, Moyle, 1969).
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Exposure to a hatchery environment may condition hatchery-reared

steelhead trout to be less attracted to cover than steelhead trout

raised in the wild. Male (1966), Vincent (1960), and Moyle (1969)

noted this change in the behavior of other hatchery-reared salmonids.

Because the hatchery environment conditions fish to be less attracted

to cover than when they are raised in the wild, the genotypes that

would have had optimum cover utilization when raised in the wild, may

have less than optimum cover utilization when released from a hatchery:

+ G (opt) = P (opt) where E represents the effects on behavior of

the hatchery environment, G (opt) represents the wild genotype, the

genotype best suited for survival in the wild, and P (optY represents

a phenotype with less than optimum cover utilization. The resulting

phenotypes with less than optimum cover utilization might be selected

against when they are released into streams, possibly by increased

susceptibility to predation. Even though the hatchery environment

conditions fish to have less cover utilization than does the wild

environment, the selective pressures experienced while the fish are

in the hatchery are low, therefore most of the genetic variation in

the hatchery population may be retained until after they are released

into streams. After release, only those hatchery-reared steelhead

trout that can compensate for the hatchery conditioning would survive:

P (opt) = G (opt) + E where 1 Copt) represents the phenotype that will

survive in the wild, G (opt)+ represents some hatchery genotype with

more cover utilization than a wild genotype, and E represents the

effects on behavior of the hatchery environment. This genetic
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compensation by the hatchery population would be expected to be in the

form of a hatchery genotype, G (opt), with more cover utilization than

the wild genotype, G (opt). The results of this thesis suggest that

this explanation could be responsible for some of the genetic changes

that occurred in the hatchery population.

Through modifications in rearing environments, phenotypic changes

associated with artificial propagation of steelhead trout may be mini-

mized. The development of artificial nursery systems may economically

combine the desirable features of a stream with the productive capacity

of a hatchery. Mundie (1974) suggested the use of stream channels con-

structed to simulate a meandering riffle-pool environment. He felt

that by optimizing factors such as temperature, cover, winter habitat,

and the amount of natural food, the production of these nursery

channels could approach that of a hatchery. Steelhead trout released

from artificial rearing channels may have less of a genetic impact on

the wild population than hatchery-reared steelhead trout.
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