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Abstract.—Effects of length and condition factor on
emigration rates of hatchery-reared smolts of winter
steelhead (Oncorhynchus mykiss) stocked 4.7 km up-
stream of a permanent fish trap were examined. For three
releases. an average of 19.8% of fish did not emigrate
past the trap. Fish with fork lengths of 190 mm or more
and condition factors (K = 105 [weight, g])/{length,
mm|3) of 0.90-0.99 generaily migrated at higher rates
than other fish.

The influence of smolt length on adult survival
of hatchery steelhead (Oncorhynchus mykiss) has
been previously investigated (Larson and Ward
1955; Wagner et al. 1963; Wagner 1967, 1968;
Royal 1972). Hatcheries in Washington State gen-
erally target smolts for release at lengths that cor-
respond with weights of 60-114 g. Dawley et al.
(1985) sampled steelhead smolts in the lower Co-
lumbia River that had been released upriver and
found that the mean length of recovered fish was
frequently greater than the mean length at release,
indicating that successful migration was influ-
enced by length or that growth occurred en route.

However, little research has been done on the
influence of condition factor (K = 105 [weight, g}/
[length, mm)3) on postrelease smolt emigration.
Ewing et al. (1984) examined hatchery smolts al-
lowed to migrate volitionally from hatchery race-
ways and found that nonmigrant fish had higher
K-values than migrants. Fessler and Wagner
(1969) reported that lipid levels and condition fac-
tors of hatchery steelhead decreased during spring
migration and increased thereafter among fish re-
tained in a hatchery. Tipping and Blankenship
(1993) found no effect of condition factor on adult
returns from actively migrating smolts of sea-run
cutthroat trout (O. clarki).

The Pacific coast-wide hatchery steelhead pro-
gram is large; 24.6 million winter and summer
steelhead smolts were released annually from 1978
to 1987 (Light 1989). In an attempt to improve
returns, we examined the effects of length and con-

dition factor on the emigration rates of hatchery
winter steelhead smolts.

Methods

Winter steelhead juveniles at the South Tacoma
Hatchery (a Puget Sound, Washington, stock)
whose adipose fins had been excised were tagged
in late April of three years: 951 fish in 1991, 1,271
in 1992, and 1,270 in 1993. Fish were anesthetized
in a solution of MS-222 (tricaine), weighed (g) on
a Ohaus C300-M electronic scale, and measured
for fork length (mm). Each smolt was then tagged
with a syringe-loaded, 2.5-mm X 0.9-mm, three-
digit, alphanumeric visible implant (VI) tag in the
left postocular eyelid tissue by a procedure similar
to that of Blankenship and Tipping (1993). Pre-
cocious (sexually mature) males, identified by
darkened skin color and presence of sperm, were
excluded from this experiment.

After they were tagged, the fish were held for
about 24 h without food. Then they were trans-
ported for about 1.5 h in an oxygenated 1,500-L
tank and released in Snow Creek about 4.7 km
upstream of a permanent fish trap. Snow Creek is
a small stream flowing directly into saltwater via
Discovery Bay and the Strait of Juan de Fuca; the
100% efficient trap was just above tidewater (Loch
et al. 1988). From 1978 through 1993, wild steel-
head production from Snow Creek averaged 1,381
smolts (Johnson and Cooper 1993); from 1978 to
1992, their mean length was 165 mm and their
mean K-value was 0.91 (Johnson and Cooper
1992). Snow Creek is closed to fishing all year.

In Washington, hatchery steelhead smolts are
typically released between April 15 and May 15;
release dates in this study were April 26, 1991,
April 30, 1992, and April 29, 1993. Smolts were
captured at the trap and anesthetized, and their tag
numbers were identified. The trap was operated
through June.

Hatchery fish without a VI tag were differen-
tiated from wild fish by their larger size, eroded
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TABLE |.—Emigration rates by fork length for hatchery
steelhead smolts released in Snow Creek, Washington.

Smolt Percent emigration (number tagged)

length

(mm) 1991 1992 1993 Mean
146-169  56.0 (109) 68.8 (32) 62.5(16) 624
170-179  62.8 (102) 79.8 (109) 70.8 (48) 701
180-189  71.6(148) 85.7 (244) 75.7 (169) 77.7
190-199  §1.0(189) 86.1 (381) 84.5310) 83.9
200-209  79.2 (183) 85.7 (280) 78.8 (359) 81.2
210-219  80.0(115) 90.2 (102) 824 (245 84.2
2220 78.1 (105)  95.1(123) 82.9(123) 85.4
Overall 73.9(951) 86.2 (1,271 80.4 (1.270) 80.2

fins, and excised adipose fin. Hatchery smolts cap-
tured that did not have VI tags were measured, and
these lengths were used in determining emigration
rates. However, weights for these fish were not
recorded, resulting in fewer recoveries for con-
dition factors than for length evaluations.

The Kolmogorov-Smirnov two-sample test
(Statgraphics version 2.1) was used to determine
if the distributions of fish length or K-factor dif-
fered between released fish and migrants. The hy-
pothesis of equal cumulative distributions was re-
jected at a = 0.05.

Results

For 1991, 1992, and 1993, 73.9%, 86.2%, and
80.4% of released steelhead smolts successfully
migrated to the trap (Table 1). Over the three years,
44.5-54.7% of recaptured fish were caught within
3 d and 73.1-82.6% were captured within 7 d after
release.

In each of the three years, the cumulative length
distributions of fish at release and at capture dif-
fered significantly (P < 0.004); larger fish made
up a greater proportion of the migrant population.
However, the length advantage was not as pro-
nounced among larger smolts; 190-199-mm
smolts averaged 83.9% emigration and still larger
fish averaged 83.6% (Table 1).

The cumulative condition factor distributions of
fish at release and at capture were not significantly
different in any year. However, emigration rates
tended to decrease as K increased; fish with K-val-
ues of 0.90-0.94 had 81.8% emigration, whereas
those with K-values of 1.15 or greater had only
66.6% emigration (Table 2). An average 81.7% of
fish with K-values of 0.90-0.99 emigrated com-
pared with 70.3% of fish with K-values above 1.0.
In general, larger migrant and nonmigrant fish had
lower K-values (Table 3).

In July 1991, Snow Creek was electrofished with
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TaBLE 2.—Emigration rates by condition factor (X)? for
hatchery steelhead smolts released in Snow Creek, Wash-
ington.

Percent emigration (number tagged)

K 1991 1992 1993 Mean
=<0.89 70.6 (34) 81.348) 82.7 (404) 78.2
0.90-0.94 80.4 (92) 89.1(192) 75.9(394) 81.8
0.95-0.99 76.1(230) 904 (417 78.1 (31 81.5
1.00-1.04 71.8(262) 80.2(373) 77.3(119) 76.4
1.05-1.09 68.8 (205)  76.1(163) 66.7 (30) 70.5
1.10-1.13 68.1 (91) 72.9 (48) 62.5(8) 67.8
=1.15 64.9 (3N 60.0 (30) 75.0(4) 66.6
Overall 72.3(951)  83.6(1.271) 784(1.270) 78.1

3K = 10%weight, gM(Jength, mm)*.

two Smith-Root type VII backpack shockers from
the release site downstream to the trap in an at-
tempt to locate VI-tagged fish. Only one fish was
found; its length had increased from 203 mm at
release to 218 mm at capture, and its K-value had
decreased from 1.12 to 1.06.

One fish from the 1991 release was recovered
at the trap in spring 1992. The fish had grown from
178 mm at release to 228 mm, and its K-value had
declined from 1.08 to 0.89. No other fish were
captured at the trap a year after release.

In 1991, about 95% of emigrants had migrated
by May 19. Smolts emigrating after May 19 in
1992 (2.1% of smolts) and 1993 (1.6%) were mea-
sured and weighed to monitor changes in length
and condition. In 1992, mean length increased
from 193 mm at release to 200 mm at recovery (N
= 23) while mean K decreased from 1.06 to 0.95.
In 1993, mean length increased from 194 mm at
release to 212 mm at capture (N = 16) while mean
K decreased from 0.98 to 0.92 (N = 7).

From time of tagging until recapture at the trap,

TasLE 3.—Mean condition factors (K)* by fork length
for hatchery steelhead migrants and nonmigrants released
in Snow Creek. Washington.

1991 1992 1993

Smolt

length Mi-  Non- Mi-  Non- Mi-  Non-

(mm} grants migrants  grants migrants  grants migrams
146-159  1.05 1.09 1.02 1.01 1.01
160-169 1.04 1.03 1.02 1.05 094 093
170-179  1.05 1.04 1.01 1.02 094 095
180-189 1.0l 1.03 1.01 1.02 092 095
190-199 102 1.01 0.99 1.00 093 095
200-209 1.0l 1.03 0.98 1.04 091 0.92
210-219 1.0 1.00 098 1.02 0.91 0.92
=220 1.01 1.01 098 1.00 092 091
Mean 1.02 1.03 099 1.02 092 093

4 K = 105(weight, g)/(length, mm)3.
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VI tag loss was 1.6% in 1991, 2.6% in 1992, and
2.0% in 1993.

Discussion

For optimum emigration rates, our results sug-
gest that steelhead smolt lengths should be at least
190 mm and that K-values should be in the range
0.90-0.99. However, to account for a normal
length distribution in a population, mean length at
release should exceed 190 mm. Longer steelhead
smolts also appear to have higher survival rates in
salt water (Ward and Slaney 1988; Ward et al.
1989).

Conversely, excessively large smolts are costly
to produce and may not provide commensurate
returns. Although adult survival data were not
gathered, our study indicated that once the 190-
mm threshold was attained. greater size conferred
no clear emigration advantage. Tipping (1986)
found that hatchery sea-run cutthroat survival was
not enhanced for smolts longer than 220 mm.

The lower rate of migration by shorter fish and
by those with high K-values probably indicated
that these fish were not physiologically ready to
migrate, as reported by Fessler and Wagner (1969)
and Folmar and Dickoff (1981). Hatchery smolts
emigrating in Snow Creek after May 19 had de-
layed their departures until their lengths had in-
creased and their K-values had decreased. Delays
in emigration may lead to increases in mortality.
and if fish do not migrate in the year they are
planted, few survive to the following year: Ward
and Slaney (1990) also noted this outcome for
hatchery steelhead in the Keogh River, British Co-
lumbia.

Losses of hatchery steelhead smolts prior to
ocean entry appear to be substantial and may be
common. Our smolt losses averaged 19.8% over
4.7 km of stream. Ward and Slaney (1990) reported
42.0-42.7% losses of smolts over 10 km of a small
river, and McMichael et al. (1992) estimated a 36%
loss over 11 km and a 98% loss over 241 km of
a large river. Although the source of smolt mor-
tality in Snow Creek was uncertain, it likely oc-
curred by the end of June.

Additional work is needed to determine if tar-
geting certain K-values will increase survival of
hatchery steelhead smolts. In the interim, a target
K range of 0.90-0.99 may maintain or increase
overall emigration rates and may reduce feed costs.
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