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ABSTRACT. Life-history characteristics, size structure, and relative composition of hatchery-reared
and wild-produced steelhead Oncorhynchus mykiss in the Carp River, Michigan, were examined to deter-
mine if population attributes were similar between origins. Quantitative scale analyses were used to
determine the origin and life-history attributes of adult fish captured during their spring spawning migra-
tion from 1995–1998. Hatchery males and females comprised 40% and 23%, respectively, of the spawn-
ing migration, while wild males and females comprised 19% and 18%, respectively. Male and female
hatchery steelhead had shorter stream-residence durations (1 year) than wild fish (2 years). Both genders
of hatchery individuals also reached reproductive maturity at younger ages (males, 3 years; females, 4
years) than wild fish (5 years). The number of years between repeat-spawning events was the same (1
year), irrespective of gender or origin. However, the number of fish captured during repeat-spawning
events differed between origins (hatchery males: 42%; wild males: 9%; hatchery females: 23%; and wild
females: 26%). The median number of years in lake residence prior to maiden spawning did not differ
between hatchery and wild fish (males, 2 years; females, 3 years). Median length-at-age estimates dif-
fered between hatchery and wild male steelhead at age 4 (66 cm and 58 cm, respectively), while the
median length-at-age for all other age classes did not differ, irrespective of gender and origin. Our
results suggest that differences in life-history characteristics exist between hatchery-reared and wild-pro-
duced Carp River steelhead, and that system-specific management objectives should be considered prior
to the initiation of stocking efforts.

INDEX WORDS: Carp River, Lake Huron, life history, Oncorhynchus mykiss, potamodromous, scale
analysis.

INTRODUCTION

Steelhead Oncorhynchus mykiss, the potamodro-
mous (i.e., migratory) life-history variant of the
rainbow trout, were introduced throughout the Lau-
rentian Great Lakes in the late 1800s (MacCrimmon
and Gots 1972, Seelbach 1987). Over the past cen-
tury, this species has established naturally-repro-
ducing populations in all five Great Lakes (Biette et
al. 1981, Seelbach 1993). Steelhead have become
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an important and intensely-managed sport fish
throughout the region, supporting a popular recre-
ational fishery (Kocik and Jones 1999). To enhance
and sustain naturalized populations, state fisheries
management agencies utilize hatchery-stocking pro-
grams. Fish are stocked into Great Lakes tributaries
as smolts, with the intent that these individuals will
emigrate to the lakes proper shortly after release
and return to their tributary of introduction to
spawn as adults. 

Despite its importance as a recreational species,
knowledge regarding the life-history attributes and
relative contribution of hatchery-reared and natu-
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rally-produced (hereafter referred to as hatchery
and wild, respectively) steelhead in the Great Lakes
is limited (Seelbach and Whelan 1988, Seelbach
1993). Stocking programs are evaluated based on
the number of introduced fish that survive and re-
turn to the river in which they were stocked as
adults (Ward and Slaney 1990), their occurrence in
the creel, and the degree to which stocked fish re-
semble the behavior, growth, and life history of
wild individuals. The Great Lakes Fishery Commis-
sion (GLFC) has recommended that management
practices should be focused on the production of
naturally sustainable fisheries and the preservation
of wild stocks (GLFC 1992), and that hatchery-
stocking programs used to maintain such fisheries
should be tailored to avoid erosion of wild-stock in-
tegrity (Harbeck 1999). Because the characteristics
of wild populations are a result of local environ-
mental pressures and genetics, the characteristics of
hatchery fish should resemble those of the wild
population in order for stocking efforts to be suc-
cessful (Steward and Bjornn 1990, Harbeck 1999).
Therefore, information regarding life-history char-
acteristics of hatchery and wild fish are vital for the
optimal management of steelhead within a given
system (i.e., enhancement or protection of wild
populations versus supplementation with hatchery
fish), and for the development of scientifically-
sound Great Lakes management policies (Seelbach
and Whelan 1988). 

In recent years, considerable attention has been
focused on the potential effects of hatchery steel-
head on wild populations of this species. Artificial
selection pressures in the hatchery may result in the
stocking of fish that are different from wild individ-
uals, rendering them less fit than wild conspecifics
with which they may interact or spawn (Campton et
al. 1991). Numerous studies have also examined
differences in the physical attributes, behavior, and
genetic contributions of wild and hatchery steelhead
(Reisenbichler and McIntyre 1977; Chilcote et al.
1986; Leider et al. 1986, 1990; Seelbach and Whe-
lan 1988; Campton et al. 1991; Seelbach and Miller
1993; McMichael et al. 1999, 2000). However, dif-
ferences in life-history traits between hatchery and
wild fish have received little attention. Leider et al.
(1986) observed fewer age categories, younger
ages-at-reproductive maturity, and a lower inci-
dence of repeat spawners for hatchery steelhead rel-
ative to wild fish in the Kalama River, Washington.
Harbeck (1999) reported shorter stream-residence
durations and fewer repeat-spawning hatchery fish
compared to wild individuals in the Betsie River,

Michigan. In addition, other studies have reported
that hatchery steelhead may fail to become migra-
tory due to inappropriate sizes at stocking (i.e., too
large or too small) and precocious sexual develop-
ment, thereby contributing little to the spawning
population and fishery (Wagner et al. 1963, Slaney
and Harrower 1981, Rempel et al. 1984, Ward and
Slaney 1990). 

The objective of this study was to compare the
life-history attributes, size structure, and relative
composition of hatchery and wild adult steelhead in
the Carp River, Michigan, during the 1995 -1998
spring spawning migration. Quantified scale analy-
ses were used to determine life-history traits and
capture rates to compare relative compositions of
each origin type and gender. Our null hypothesis
was that there were no significant differences be-
tween hatchery and wild fish of either gender for
each life-history characteristic examined.

STUDY SITE

The Carp River, a fourth-order tributary of north-
ern Lake Huron, is located within Chippewa and
Mackinaw counties in the Upper Peninsula of
Michigan. From its origin at Trout Lake, the river
flows 58-km southeast, draining an area of approxi-
mately 45,000 ha. The Carp River is shallow and
wide, with a mean water depth and wetted width of
0.5 m and 15 m, respectively, and exhibits a highly
dynamic flow regime with seasonal fluctuations in
discharge ranging from 4 to 40 m3/s over an aver-
age gradient of 6 m/km. Bottom substrates are com-
prised primarily of sand, although long stretches of
the river contain cobble and gravel. The channel
morphology is highly unstable, which can be attrib-
uted to the extensive sand bedload caused by tim-
ber-harvest practices in the early 1900s (Klingler
1997). 

The Carp River is managed as a trout stream by
the Michigan Department of Natural Resources
(MDNR) as self-sustaining populations of native
brook trout Salvelinus fontinalis and naturalized
brown trout Salmo trutta exist in this system. Over
the past decade, efforts have been undertaken by
the MDNR and the USDA Forest Service to im-
prove salmonid habitat through re-establishment of
a deeper, narrower channel that is more representa-
tive of the system prior to historical timber harvest
(S. Scott, MDNR, unpublished data). A steelhead
stocking program was initiated in 1980 by the
MDNR to improve angling opportunities in the
Carp River. Since 1980, a total of 211,674 Michigan
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winter-strain steelhead smolts have been stocked in
the system approximately 150 m upstream from the
river mouth (Table 1).

METHODS

Two passive gear types were used to capture
adult steelhead from the Carp River during spring
spawning migrations that occurred from March
through June 1995–1998. Four fyke nets (1.2-m
wide × 1.2-m high square frame and 15-m wings;
2.0-cm stretch mesh) and one trap net (1.8-m wide
× 1.8-m high mouth and 45-m lead; 6.4-cm stretch
mesh) were set parallel to the river current, with the
mouth of each net oriented in a downstream direc-
tion to capture steelhead migrating upriver.  Nets
were deployed immediately downstream of known
spawning sites, which were located 0.3 km, 1.9 km,
and 4.5 km upstream from the river mouth at Lake
Huron. Fyke nets were set at water depths ranging
from 0.5 to 1.0 m on gravel substrates (water-
velocity range, 0.3–1.0 m/s), while the trap net was
set at water depths ranging from 1.0 to 1.25 m on
sand substrates (water-velocity range, 0.1–0.5 m/s).
Paired sets were used when water depth was greater
than 1.25 m to increase the percentage of the stream

sampled and to improve capture rates. All nets were
checked daily during each annual sampling period. 

All captured steelhead were measured for total
length (TL) to the nearest 1 cm, gender was
recorded, and scale samples were collected poste-
rior to the dorsal fin and anterior to the anal fin
above the lateral line (Scarnecchia 1979, Knudsen
and Davis 1985). Fish were not anesthetized during
processing. Gender for each individual was as-
signed based on the presence of milt or eggs, which
was determined by exerting light pressure to the ab-
domen of the fish. All fish were marked with a seri-
ally-coded, T-bar anchor tag (Floy Tag, Seattle,
Washington) to prevent resampling of the same in-
dividual. Steelhead were released 200 m upstream
of their capture location to prevent recapture in the
same net. 

In the laboratory, scales were separated, cleaned
of debris and mucus, and retained for age and life-
history analyses if there were no signs of damage or
regeneration. In the event that scales collected from
a fish did not meet these requirements, the individ-
ual was omitted from further analyses. Impressions
of four scales from each steelhead were made on
cellulose acetate slides using a roller press and ex-
amined at 100× magnification using a microfiche
projector. Two readers analyzed each scale sample
independently. Discrepancies between readers led
to re-analysis of the scale sample in question until
agreement was reached. 

Characteristics of the circuli and annuli, as de-
scribed by Edinger (1987), were used to estimate
age and life-history traits. Age was recorded as
“stream years.lake years,” and an “s” noted the oc-
currence of a spawning event (Shapovalov and Taft
1954, Withler 1966, Seelbach 1993). A stream year
was defined as a year of life in which an individual
resided in the stream environment, while a lake
year was defined as a year spent in the Great Lakes
following emigration from the stream. Scale analy-
ses and resulting life-history notations for hatchery
and wild fish were handled identically. We ac-
knowledged that the first stream-residence year for
hatchery individuals was spent in the hatchery envi-
ronment during the interpretation of the results.
Smolt checks were used to determine the age at
which an individual emigrated to the lake environ-
ment, while spawning checks were used to
determine the age-at-reproductive maturity, lake-
residence years prior to maiden spawning (i.e., the
first spawning event experienced by an individual),
and the number of years between repeat-spawning
events. We assumed that the first year an individual

TABLE 1. Date of stocking, number stocked,
and mean length of hatchery-reared steelhead
released in the Carp River, Michigan, 1980–1998. 

Date Number Mean 
stocked stocked length (cm)

June 1980 10,000 10.6
June 1981 10,000 12.0
June 1982 10,003 8.2
May 1983 10,000 10.5
May 1984 7,000 13.2
April 1985 10,000 14.6
May 1986 20,000 16.9
April 1987 15,000 18.5
May 1988 11,500 16.7
May 1989 10,900 19.7
May 1990 9,610 17.5
May 1991 9,600 18.2
May 1992 10,000 18.9
May 1993 10,574 17.4
June 1994 16,650 16.5
May 1995 10,250 18.5
May 1996 9,180 18.5
June 1996 2,340 19.3
May 1997 9,840 16.2
May 1998 9,200 19.4
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spawned was the age at which it reached reproduc-
tive maturity, and that spawning was to occur dur-
ing the year of capture. 

Fish origin (hatchery or wild) was derived from
ratio 23, which was defined by Seelbach and Whe-
lan (1988) as the ratio between the width of the five
intercircular spaces immediately prior to formation
of the first annulus (scale-band 2) to that of the five
intercircular spaces immediately after that annulus
(scale-band 3). Fish were considered to be of hatch-
ery origin if the calculated ratio was greater than
0.7, while fish were designated as wild origin with
a ratio less than that value (Seelbach and Whelan
1988). 

Steelhead were classified based on origin (hatch-
ery or wild) and gender (male or female). Data from
all 4 years of the study were pooled to increase
sample sizes and statistical power. To detect differ-
ences between origins for each life-history charac-
teristic, data were analyzed using a Wilcoxon
two-sample test for each gender. For length-at-age
analyses, individuals were further categorized based
on their age-at-capture and each cohort was tested
independently. Analysis of the spawning migration
composition (hatchery, wild; male, female) was ac-
complished using a chi-square goodness-of-fit test.
A Kolmogorov-Smirnov test was used to compare
the length-frequency distributions of hatchery and

wild fish of each gender (Zar 1999). All statistical
analyses were conducted at an α = 0.05 level of sig-
nificance.   

RESULTS

A total of 220 steelhead was captured during the
4-year study period. Hatchery males and females
accounted for 40% and 23%, respectively, of the
total spawning run composition, while wild males
and females comprised 19% and 18%, respectively
(Table 2). Gender ratios (male:female) for hatchery
and wild fish (1.7:1 and 1.3:1, respectively) were
not significantly different (χ2 = 2.59, P = 0.11). 

Hatchery steelhead, regardless of gender, exhib-
ited a shorter stream-residence duration than 
wild fish (males, W = 4,252, P < 0.001; females, 
W = 2,492, P < 0.001; Table 3). Eighty-six percent
of hatchery males left the stream after 1 year of res-
idence, whereas 81% of wild males left the stream
after 2 years (range, 1 to 3 years). For females, 77%
of the hatchery steelhead left the stream after 1
year, compared to 13% for wild fish (range, 1 to 2
years). 

The number of lake-residence years prior to
maiden spawning events did not differ for either
gender of steelhead (males, W = 2,906, P = 0.99;
females, W = 1,669, P = 0.09; Fig. 1). For males,

TABLE 2. Percent composition (numbers) of adult steelhead captured dur-
ing spring spawning migrations in the Carp River, Michigan, 1995–1998.

Fish origin

Hatchery Wild Hatchery Wild Total 
Sampling year male male female female captured

1995 54 (40) 18 (13) 18 (13) 10 (8) 74
1996 34 (26) 26 (20) 15 (11) 25 (19) 76
1997 14 (4) 10 (3) 43 (13) 33 (10) 30
1998 43 (17) 15 (6) 35 (14) 7 (3) 40

Total 40 (87) 19 (42) 23 (51) 18 (40) 220

TABLE 3. Percent composition (numbers) based on stream-residence dura-
tion of adult steelhead captured during spring spawning migrations in the
Carp River, Michigan, 1995–1998.

Fish origin

Hatchery Wild Hatchery Wild Total 
Stream years male male female female number

1 86 (75) 17 (7) 77 (39) 13 (5) 126
2 13 (12) 81 (34) 23 (12) 87 (35) 93
3 0 (0) 2 (1) 0 (0) 0 (0) 1
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37% and 34%, respectively, of the hatchery and
wild fish captured during the spawning migration
returned to spawn after 2 years of lake residence,
while 34% and 37% of hatchery and wild males, re-
spectively, returned to spawn after 3 years (range, 1
to 5 years). Of females, 45% of the hatchery fish
captured returned to spawn after 3 years of lake res-
idence, while 73% of wild fish returned after 3
years (range, 1 to 4 years). 

The number of years between repeat-spawning
events was not significantly different between
hatchery and wild steelhead for either gender
(males, W = 83.5, P = 0.21; females, W = 165.0, P
= 0.83; Table 4). Fish captured during their second
or third spawning event typically spawned again in
consecutive years. For males, 86% of hatchery and
50% of wild repeat-spawning fish captured during
the spring spawning migration spawned in consecu-
tive years (range, 1 to 3 years), while the same was

observed for 83% and 71% of hatchery and wild
females, respectively (range, 1 to 2 years). The
number of individuals captured during a repeat-
spawning event was significantly different between
hatchery and wild fish (χ2 = 7.19, P = 0.007; Table
4). Hatchery males comprised 42%, wild males 9%,
hatchery females 23%, and wild females 26% of
fish captured during a repeat-spawning event. Dur-
ing spawning migrations, 24% and 14% of hatchery
males and females, respectively, and 24% and 38%
of wild males and females, respectively, were cap-
tured during a repeat spawning event. 

Age-at-reproductive maturity was significantly
different between hatchery and wild steelhead
(males, W = 3,577, P < 0.001; females, W = 2,146,
P = 0.015; Fig. 2). For males, 37% of hatchery fish
reached reproductive maturity at age 3, while 33%
of wild males reached reproductive maturity at age
5 (range, 2–7 years).  Hatchery females also

TABLE 4. Percent composition (numbers) of repeat spawning steelhead
based on the number of years between spawning events in the Carp River,
Michigan, 1995–1998.

Fish origin

Years between Hatchery Wild Hatchery Wild Total 
spawning events male male female female number

1 86 (19) 50 (3) 83 (10) 71 (10) 42
2 9 (2) 50 (3) 17 (2) 29 (4) 11
3 5 (1) 0 (0) 0 (0) 0 (0) 1

FIG. 1. Number of lake-residence years prior to
maiden spawning events for hatchery and wild
male and female steelhead captured during spring
spawning migrations in the Carp River, Michigan,
1995–1998.

FIG. 2. Age-at-reproductive maturity of hatch-
ery and wild male and female steelhead captured
during spring spawning migrations in the Carp
River, Michigan, 1995–1998.
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reached reproductive maturity at a younger age,
with 43% reaching reproductive maturity at age 4,
while a majority of wild females (55%) reached re-
productive maturity at age 5 (range, 3–6 years).

Hatchery male steelhead at age 4 had a signifi-
cantly-greater length-at-age than wild fish (W =121,
P = 0.005; Fig. 3). The median value of male hatch-
ery fish at age 4 was 9.2 cm larger than their wild
counterparts. All other age classes of hatchery and
wild fish, irrespective of gender, did not differ signif-
icantly in length (all W ≥ 11, all P ≥ 0.08). Neither
hatchery nor wild male or female fish were consis-
tently larger throughout the age ranges observed in
annual spawning returns. Length-frequency distribu-
tions of hatchery and wild fish were not significantly
different for either gender (males, Z = 0.85, P = 0.47;
females, Z = 0.72, P = 0.67; Fig. 4).

DISCUSSION

Since the age at which salmonids smolt is af-
fected by their growth rate (Hoar 1976, Randall et
al. 1987, Peven et al. 1994), the shorter stream-resi-
dence duration observed for stocked steelhead in
the Carp River could be attributed to enhanced
growth conditions maintained in the hatchery.
Steelhead within a cohort which reach a minimum
size of approximately 15 to 16 cm during the first
year of life typically smolt, while smaller individu-
als will remain in the river for additional periods of
time (Wagner et al. 1963, Wallis 1968, Chrisp and
Bjornn 1978). Since juvenile steelhead are stocked
in the Carp River at a mean length of 16.1 cm, the 1
year of stream residence observed for hatchery indi-
viduals is actually the year spent in the hatchery
prior to stocking. Wagner (1968) suggested that an
ideal stocking program involves rapid imprinting

FIG. 3. Median length-at-total age estimates for
hatchery and wild male and female steelhead cap-
tured during spring spawning migrations in the
Carp River, Michigan, 1995–1998. Error bars
indicate 25th and 75th percentiles.

FIG. 4. Length-frequency distributions for
hatchery and wild male and female steelhead cap-
tured during spring spawning migrations in the
Carp River, Michigan, 1995–1998.
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and emigration shortly after introduction. Wallis
(1968) and Chrisp and Bjornn (1978) reported that
hatchery fish are typically subjected to high mortal-
ity when individuals remain in the river for ex-
tended periods of time after stocking due to
competition with wild individuals. The results of
this study suggest a majority of hatchery fish leave
the system shortly after stocking. 

Among other Great Lakes populations, Thomp-
son and Ferreri (2002) found that based on scale
analyses, greater than 98% of male and female
adult steelhead captured during the spawning run
spent 1 year in stream residence in three Lake Erie
tributaries with populations dominated by hatchery
fish stocked as smolts. Conversely, Seelbach (1993)
found that 77% of wild steelhead resided in the
stream for 2 years in the Little Manistee River,
Michigan. Harbeck (1999), examining the life-his-
tory characteristics of hatchery and wild steelhead
in the Betsie River, Michigan, found that nearly all
hatchery fish left the stream after 1 year of resi-
dence, while most wild individuals smolted after 2
years. Studies by Kwain (1971) and Stauffer (1972)
reported similar results in other Great Lakes tribu-
taries. The results of these studies indicate that
stream-residence durations observed for hatchery
and wild steelhead in the Carp River are similar to
other Great Lakes populations. 

The different ages-at-reproductive maturity ob-
served between hatchery and wild steelhead may be
due to the shorter stream-residence durations ob-
served for hatchery individuals. The larger size and
earlier emigration of hatchery smolts may result in
continued enhanced growth in the lake and increase
the probability of returning to the river to spawn at
a younger age. Wagner (1967) and Ward et al.
(1989) identified inverse relationships between
smolt length and age-at-maturity for hatchery and
wild steelhead. In addition, studies of Pacific coast
populations have shown that smolts stocked at a
large size (> 45 g) had greater survival rates than
smaller individuals, resulting in a higher rate of re-
turn (Larson and Ward 1955, Wagner 1967, Royal
1972, Tipping 1991). Seelbach (1987) reported that
large (mean length = 20 cm) steelhead stocked in
the Little Manistee River, Michigan, had a higher
rate of smolting relative to smaller (mean length =
19 cm or less) hatchery individuals. These results
suggest that stocking of larger hatchery fish reduces
interactions with wild individuals, improves sur-
vival, and produces adults which return to spawn at
a younger age. As a result, these relationships may
necessitate the stocking of larger individuals when

primary management objectives are to increase
population size and returns to the creel of hatchery
fish. 

Although a difference in length-at-age was ob-
served for age-4 hatchery and wild male steelhead,
neither origin nor gender had a consistently larger
length at a given age. Harbeck (1999) reported no
significant differences in length between hatchery
and wild steelhead. Leider et al. (1986) reported
that hatchery fish were significantly longer than
wild cohorts after 1 year in the ocean, while hatch-
ery fish were significantly shorter than wild fish
when returning to spawn after 2 or 3 years. The au-
thors also noted that significant inter-year varia-
tions in fish length existed for all but one age
category of wild fish. Mackey et al. (2001) reported
that wild female steelhead were larger than hatch-
ery females, although wild fish had greater varia-
tion in length than those of hatchery origin. Our
results are in agreement with these studies, suggest-
ing that individual growth rates are highly variable
among steelhead, particuliarly following emigration
to the lake or ocean. However, the gender-specific
length-frequency distributions observed in our
study are similar to those reported by Harbeck
(1999) and Thompson and Ferreri (2002), suggest-
ing that the size structure of steelhead in the Carp
River is comparable to that of other steelhead popu-
lations in the Great Lakes. 

Our observation that most repeat-spawning steel-
head in the Carp River spawned in consecutive
years is similar to that of other Great Lakes popula-
tions (Seelbach 1993, Thompson and Ferreri 2002).
However, the greater abundance of hatchery males
captured during repeat-spawning events observed in
the Carp River contradicts the results of similar
studies. Harbeck (1999) reported that 18% of wild
and 10% of hatchery steelhead were captured dur-
ing repeat-spawning events, and that the incidence
of repeat spawning was more prevalent among fe-
males than males. Rosentreter (1977) and Leider et
al. (1986) reported lower numbers of hatchery
steelhead captured during repeat-spawning events
when compared to wild fish. Cederholm (1984) ob-
served that hatchery steelhead began their spawning
migrations earlier in the year than wild fish, in-
creasing the likelihood of experiencing adverse en-
vironmental conditions (i.e., freshets and high
turbidity). As a result, these fish exhibited lower
survival relative to wild fish. The greater abun-
dance of hatchery males relative to wild males cap-
tured during our study may account for the greater
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number of those individuals observed during re-
peat-spawning events.

The abundance of hatchery steelhead in the an-
nual spawning migrations increased the returning
adult stock by 214% in the Carp River. Although
the potential does exist for hatchery fish to con-
tribute to spawning, the reproductive success of
hatchery fish has been shown to be much lower
than wild steelhead in other systems. Leider et al.
(1990) reported lower survival of offspring pro-
duced from hatchery steelhead, suggesting that
long-term artificial selection and domestication in
broodstock fish may cause differential mortality be-
tween offspring of hatchery and wild individuals.
Chilcote et al. (1986) reported that the reproductive
success of hatchery steelhead was substantially less
than that of wild fish. These results suggest that in-
creasing the size of the spawning stock with hatch-
ery fish may not result in a greater reproductive
output. Future studies should be undertaken to de-
termine if wild spawning stocks of steelhead in
Great Lakes tributaries enhanced with hatchery fish
produce greater numbers of offspring with similar
survival rates.   

The stocking of steelhead in the Carp River has
increased adult returns with hatchery fish that are
similar to the wild stock in both size and abun-
dance. However, differences exist in the life-history
traits of hatchery and wild fish. Since many of these
characteristics are affected by the size-at-stocking
of hatchery individuals, heritability, or a combina-
tion of these factors, the life-history characteristics
of wild fish may be altered when interbreeding oc-
curs with hatchery steelhead (Ricker 1972, Ayerst
1977, Crawford 1979, Garrison and Rosentreter
1980, Gall et al. 1988, Tipping 1991). Differences
in life-history attributes may also negatively affect
the growth and survival of naturally-produced juve-
niles, as well as the spawning success of wild adults
(Chilcote et al. 1986, Woodward and Strange 1987,
Campton et al. 1991, Gresswell 1997, McMichael et
al. 1999). If management objectives are to increase
angling opportunities or population abundance, the
stocking of hatchery steelhead may be a useful ap-
proach. However, objectives based on conserving
wild steelhead populations through maintenance
stocking may fail to preserve the life-history traits
of wild fish. As a result, steelhead hatchery prac-
tices should minimize utilization of fish with attrib-
utes which are different from wild fish. To retain
these life-history characteristics, the creation of a
system-specific broodstock with life-history traits
that resemble wild fish may be necessary (Chilcote

et al. 1986, Leider et al. 1986). To minimize differ-
ences in early life-history traits, the earlier release
of hatchery fish may minimize artificial selection
pressures and differential growth rates. However,
the survival of hatchery fish released at a smaller
size may be significantly lower. Therefore, manage-
ment objectives for steelhead populations should be
addressed before considering the stocking of hatch-
ery-reared fish. 
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