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ABSTRACT

./uvt'nilt' spring chinook salmon. Oncorhynchus tshawytscha. from Round Buttt' Hatcht'ry on tht' Deschutt's
Rivt'r. Oregon. wt'rt' relt'ast'd monthly into a 3.7 km fish laddt'r. Fish relt'ast'd into tht' laddt'r from February
to May migratt'd through tht' laddt'r in mid-May in both 1977 and 1978. Fish relt'ast'd aftt'r mid-May
migratt'd through tht' laddt'r within 2 wt't'ks after release. Tht' extt'nt ofmigration dt'creast'd progressivt'ly in
fish relt'ased aftt'r 15 Junt'. Tht' migration was prt'sumably photopt'riod dt'pt'ndt'nt. although tempt'rature
may have actt'd both as a relt'asing factor for migration and as a stimulus for growth. In the fish laddt'r. sizt' of
tht' fish remaint'd constant over a 3-week migration period. suggt'sting that largt'r fish migratt'd befort'
smallt'r fish. Artt'r a migration of 213 km. fish capturt'd allht' Dallt's Dam had Vt'ry largt' appart'nl growth
rail's. suggt'sting thai larger fish wt're faster migrants.

Maximum survival of juvenile salmonids after
release from hatcheries is dependent upon their
rapid migration to the sea (Raymond 1979). Delays in
this seaward migration may subject the juveniles to
starvation and stress which rapidly deplete their
numbers (Miller 1952, 1958). Residual hatchery
juveniles in a river often have an impact on wild
stocks of fish through piscivory (Sholes and Hallock
1979) and competition for food (Chapman 1966).
Rapid migration of hatchery juveniles ensures max
imum survival to adulthood with minimal interaction
with wild stocks.

Timing and duration of the physiological conditions
which result in migratory behavior are still relatively
unknown. Timing of seaward migration in juvenile
salmonids depends upon a number of environmental
factors, including photoperiod (Wagner 1974), tem
perature (Solomon 1978), water flow (Mains and
Smith 1964), and fish size (Wagner 1974). The
interrelationships between these are not well
understood. but the available data suggest that these
relationships may be complex. Hoar (1958) and
Baggerman (1960) have postulated that these
environmental factors act as "releasers" which, in
conjunction with a physiological readiness to
migrate. trigger overt migrational behavior.
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In most river systems. the relative influence of such
factors is estimated by extensive sampling programs
which use multivariate analysis of the data. Control
of environmental variables in such a system is not
possible. Furthermore. the size of many river sys
tems prevents an unbiased samplingofjuveniles dur
ing migration. It is difficult, therefore. to obtain
reliable estimates of the size of fish at migration. the
timing of migration, and the influence of the environ
ment on that timing.

In the present study, an unused fish ladderprovided
a relatively constant environment for migration of
juvenile spring chinook salmon, Oncorhynchus
tshawytscha. over a 3.7 km distance. Serial releases
of hatchery-reared juveniles into this system permit
ted an investigation of the timing of seaward migra
tion, the duration of the migration tendency of the
juveniles, and the relationship of several environ
mental variables to seaward migration.

METHODS

Study Area

The study area included the lower 175 km of the
Deschutes River, Oreg.. and the lower Columbia
River from its confluence with the Deschutes River to
the Dalles Dam (Fig. 1).

Rearing Conditions

Progeny from spring chinook salmon spawned l:t
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FIGURE I.-Map of the lower 175 km of the Deschutes River and its
confluence with the Columbia River. Numbers refer to kilometers
from the mouth of the Deschutes River.

Round Butte Hatchery (river kIn 175 from the
Columbia River) in 1976 and 1977 were used for
experiments in 1977 and 1978, respectively. Eggs
from 1976 brood fish were incubated in Heath4

ipcubators in 10°C spring water, and the resulting fry
were reared in raceways using the same water source.
Eggs from 1977 brood fish were divided into two
groups. One group was reared under conditions as
described above and referred to as "fast-reared".
The second group of eggs was incubated in Heath
incubators in spring water chilled to 5Q -6°C. The
resulting fry were transferred to raceways and reared
in 7°-8°C tail-race water from Round Butte Dam.
After 2 mo, the group was transferred to lOoC spring
water and reared there until release. This group was
referred to as "slow-reared" and was released in
March 1979 as yearlings.

'Reference to trade names does not imply endorsement by the
National Marine Fisheries Service. NOAA.
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In May and June, production lots of fast-reared
spring chinook juveniles were released into the
Deschutes River below Pelton Regulation Dam. At
this time, experimental groups were transferred to
oval fiber glass ponds supplied with lOoC spring wa
ter at 9.51/s. In May 1977, 5,600 fast-reared spring
chinook juveniles (average fork length 10.0 em) were
transferred to a fiber glass pond and reared there
through June 1978. In late March 1978, 2,500 fast
reared fish (average fork length 8.5 em) were
transferred to a fiber glass pond and reared there
through August.

All fish were reared under a natural photoperiod
and fed to repletion daily with Oregon Moist Pellet.

Seaward Migration

Migratory behavior of the spring chinook salmon
was assessed by the release and recapture of
hatchery-reared juveniles from two groups. Migra
tion tendency of the experimental groups was
assessed by monthly release of about 200 fish into
the upper end ofPelton ladder during 1977 and 1978
(Fig. 1). The ladder is 3.7 km long and is constructed
with concrete walls and bottom except for a 1.1 km
central section which is a natural stream channel. It is
supplied with water from Lake Simtustus (directly
above Pelton Dam) at a constant flow rate of 1,130
1/s. Maximum depth ofthe ladder is 2.1 m. The ladder
is closed by revolving screens at both the upper and
lower ends. A trap located at the lower end of the lad
der was used to capture migrants. Temperature of
the water at the lower end ofthe ladderwas measured
by a thermograph placed near the trap.

Fish from the various experimental groups were
identified upon recapture in the trap at the lower end
of the ladder by unique combinations of polystyrene
dye (Phinney et al. 1967) and fin clips. The trap was
checked 5 d a week during May and June and 2 d a
week during the remainder of the year. Fish captured
in the trap were considered migrants while those
remaining in the ladder following the date of peak
recapture were assumed to be residuals. Fork lengths
and marks of each migrant were recorded upon cap
ture. In January 1978, the ladder was drained and all
residual fish from the 1977 studies were removed
before the 1978 releases.
The second group of hatchery-reared fish used for

assessment ofmigration were production lots offast
reared juvenile chinook released into the Deschutes
River immediately below Pelton Regulation Dam
(river km 161). These fish were marked with coded
wire tags (Jefferts et a1. 1963). In 1977,62,000 fast
reared fish were released on 2 May and 73,000 fast-
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reared fish were released on 3 June. These fish
averaged 9.7 em and 11.2 em FL. respectively. On 31
May 1978, 121,000 fast-reared fish, which had been
graded according to fork length. were released in two
groups of95.000 and 26,000 fish to test the effects of
size on migration and survival to adulthood. These
fish averaged 10.9 and 11.8 em FL, respectively.
Downstream movement in both years was monitored
in the Columbia River at the Dalles Dam (52 km
downstream from the mouth of the Deschutes River)
by gatewell sampling conducted by the National
Marine Fisheries Service and the Oregon Depart
ment of Fish and Wildlife. Sampling was conducted
5 d a week throughout May and June. Juveniles
originating at Round Butte Hatchery were identified
by analysis of coded wire tags.

Apparent Growth Rates

Apparent growth rates in Pelton ladder and in the
Deschutes River were calculated from the size of the
juveniles released into the ladder or the river and the
size and time at which they were recaptured. Actual
growth rates could· not be measured, because selec
tive mortality of small fish or migration of larger ones
could not be estimated. Differences in fork lengths
were tested for significance at the 95% confidence
level using Student's t test.

RESULTS

Timing of Migration

Maximum migration of chinook salmon juveniles
released in February and March into Pelton ladder
occurred between mid-May and the first of June in
both 1977 and 1978. There was little migration in

these groups before or after this 4-wk period (Tables
1. 2). Fish released in April showed two peaks in
migration. A large percentage of the fish moved
through the ladder within 2 wk after release, while a
second peak of migration occurred during the last 2
wk ofMay. Fish released in early May also had a large
percent migration within 2 wk after release, but the
greatest percent migration occurred during the first 2.
wk in June. When chinook salmon juveniles were
released from June to November. most of the fish
moved t.hrough the ladder within 7 d after release.
The maximum percent migration within 7 dafter
release occurred in fish released in early June 1977
(Fig. 2) and in mid-.June 1978 (Fig. 3). Fish released
in August and at later times had reduced migration
and had a higher tendency to become residual
(Tables I, 2). Migration of slow-reared fish released
into Pelton ladder from May to August 1978 was less
than half that of fast-reared fish released at the same
time (Fig. 3B).

Daily migrations oftwo groups released in February
and March 1978 were compared with those from 8
May to 8 June. Movement of both groups was coin
cidental throughout this period (Fig. 4). suggesting
that environmental factors such as temperature
influenced migration tendency. Temperatures in the
ladder varied seasonally due to solar warming (Fig.
5). Maximum temperatures of 17°C were attained in
August 1977 and in .July and August 1978. Tem
peratures in both years exceeded 13°C by .June. sug
gesting a possible temperature threshold for
migration. While the relationship between migration
and temperature was very poor (correlation coeffi
cient, R2 = 0.074), there may have been a tendency
for peaks in seaward migration to occur 1-2 dafter
transient increases in temperature (Fig. 4).
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FIGllRE 2.-Percentage seaward migration within 7 d following
release for each group of fast· reared spring chinook salmon released
into Pelton ladder in 1977. Above each bar is the number of fish
released. Lengths are means of samples of 30 fish taken from the
population at the time of release.

FIGURE 3.-Percentage seaward migration within 7 d following
release for each group of spring chinook salmon released into Pelton
ladder in 1978. A) Fast-reared chinook salmon. B) Slow-reared
chinook salmon. Above each bar is the number of fish released.
Lengths are means ofsamples of30 fish taken from the population at
the time of release.
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TABLE i.-Percentage downstream migration for fast-reared spring chinook salmon released into the Pelton ladder in 1977.

Release date: 8 Mar. 31 Mar. 12 Apr. 2 May 11 May 3 June 14 June 12 July 9Aug. 9Sap,. 150cl. 16 Nov.
Capture X length (em): 7.2 8.5 9.1 9.7 10.2 11.2 12.0 13.4 14.9 16.8 18.0 19.1
dalBs n: 200 99 194 100 200 100 198 198 200 199 200 175

3/1-3/15 3.5
3116-3/31 1.0

411·4115 1.0 1.0 17.5
4/16-4/30 0.0 0.0 0.5

5/1·5/15 1.5 1.0 3.0 9.0 37.0
5/16·5/31 34.5 42.0 27.0 19.0 5.5

611-6/15 8.0 16.0 18.0 37.0 35.5 78.0 7.0
6/16·6/30 0.0 1.0 0.5 6.0 3.0 4.0 35.0

7/1·7/15 0.5 0.0 0.0 0.0 0.5 1.0 2.0 40.0
7/16·7/31 0.5 0.0 0.0 1.0 0.0 0.0 0.5 18.5

8/1·8/15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 26.0
8/16·8/31 0.0 0.0 0.5 0.0 0.0 1.0 1.0 0.5 7.5

9/1·9115 0.0 0.0 0.0 1.0 0.0 1.0 3.5 0.5 2.0 29.0
9/16-9/30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 3.0
10/1·10/15 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10/16-10/31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.5
11/1-11/15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

11/16·11/30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 2.5 5.0
12/1·12/15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.5 0.5

12/16·12/31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1/1·1/15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 1.5 1.0

Total percentage
migration 50.5 61.0 62.0 73.0 81.5 85.0 49.0 60.0 37.0 36.0 13.0 6.5

Percent
residuals 0.0 0.0 0.0 2.0 0.0 0.0 0.0 2.0 14.5 31.5 43.5 55.0

Total percentage
recovered 50.5 61.0 62.0 75.0 81.5 85.0 49.0 62.0 51.5 67.5 56.5 61.5

TABLE 2.-Percentage downstream migration over semimonthly intervals for fast-reared spring
chinook salmon released into the Pelton ladder in 1978.

Release dBle: 14 Feb. 15 Mar. 15 Ap•. 15 May 15 June 14 July 15Aug.
Capture X length (eml: 6.3 8.0 8.9 9.9 11.6 12.9 14.9

dates n: 1.000 199 198 192 96 192 200

2/15-2/28 0.1
3/1-3/15 0.0

3116·3/31 0.0 3.0
4/1·4/15 0.0 0.0

4/16·4/30 0.1 1.0 37.0
5/1-5115 17.3 8.0 2.5

5/16-5/31 64.8 62.8 32.8 41.7
611-6/15 3.8 8.5 12.0 33.8

6/16-6/30 1.7 0.0 1.0 3.1 77.0
711-7/15 0.5 0.0 0.0 0.0 0.0

7/16·7/31 1.3 1.0 0.0 0.0 2.0 55.0
8/1·8/15 0.0 0.0 0.0 0.0 0.0 0.5

8/16·8/31 0.7 0.0 0.0 0.5 1.0 0.5 54.5
9/1·9/15 2.2 0.5 0.0 2.5 1.0 2.5 5.0

Total percent migration 92.5 84.8 85.3 81.6 81.0 58.5 59.5

Recovery of Released Fish

In 1978. the greatest recovery of fish liberated into
Pelton ladder (92.5%) was from the large group of
1.000 fish released on 14 February (Table 2). From
81.0 to 85.3% of the fish released from 15 March
through 15 .June were recovered. Only 58.5 and
59.5% of the fish released on 14 July and 15 August,
respectively. were recovered in the trap as migrants.
Presumably the remainder were residuals in the
ladder.

In 1977, recovery ofboth migrants and nonmigrants
from all groups was lower than in 1978 (Table 1),

160

although the extent of migration of fish released near
the time of maximum migration tendency on 11 May
and 3 June was 81.5 and 85%, respectively. similar to
that observed for most release groups in 1978. Few
residual chinook salmon from releases before August
1977 were found when the ladder was drained in
January 1978. Nonmigrant fish were recaptured in
increasing numbers from releases from 12 July on.

Size and Growth Relationships

Growth rates of juvenile chinook salmon reared at
Round Butte Hatchery were 0.046 and 0.058 cm/d
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16 TABLE 3.-Apparent growth rates of juvenile chinook salmon re-
leased into Pelton ladder. 1977 and 1978.
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Release Average recapture Apparent growth
date date rate (em/d)

1977 3/S 5/24 0.078
4/12 6/1 0.081
5/2 5/28 0.124
5/11 6/4 0.120

Hatchery 0.048

1978 2/14 5/27 0.034
3/15 5/20 0.071
4/15 5/26 0.097
5/15 6/7 0.097

Hatchery 0.046

FIGURE 4.-Daily percent seaward migration from 8 May to 8 June
for groups released 14 February (solid circles) and 15 March (open
circles). Temperature (triangles) is the average daily temperature.

TABLF: 4.-Fork lengths ofjuvenile chinook salmon at time of release
into Pelton ladder and at time of recapture. 1977 and 1971l. Values
are means ± standard errors. Numher of samples is given in
parentheses.
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FIGURE 5.-Average monthly temperature in Pelton ladder
in 1977 (solid circles) and 1978 (open circles).

Date Mean fork length Date Mean fork length
of at release of al recapture

relas!;,e lem) recapture (em)

1978:
2/14 6.5±0.1 ( 60) 5/15-6/9 13.4±0.1 (245)
3/15 8.2±0.1 ( 30) 5/16·5/24 13.0±0.1 ( 81)
4/15 9.0±0.1 (100) 5/22·5/3' 13.0±0.2 I 42)
5/15 10.1±0.1 ( 29) 6/5·6/9 12.3±0.1 ( 54)
6/15 11.3±0.1 ( 301 6/16 11.9±0.1 ( 30)
7/14 13.7±0.1 I 301 7/17 13.2±0.2 ( 30)
8/15 15.1±0.3 I 301 8/16 15.5±0.4 ( 9)
9/15 17.1±0.3 I 281 9/18 17.2±0.2 I 301

1977
3/8 7.5±0.1 ( 30) 5/24 13.5±0.1 ( 25)
3/31 8.5±0.1 I 301 5/24-5/28 13.5±0.1 ( 26)
4/12 9.4±0.1 I 301 6/1 13.4±0.1 ( 261
5/2 9.7±0.1 I 301 5/28 12.9±0.1 ( 7)
5/11 9.9±0.1 I 291 5/12·6/4 11.7±0.1 I 611
6/3 11.2±0.1 I 30) 6/3 11.4±0.1 I 251
6/14 12.0±0.1 I 30) 6/17 12.3±0.1 I 30)
7/12 13.5±0.1 ( 60) 7/15 13.9±0.1 ( 281
8/9 15.1±0.2 ( 88) 8/15 16.1±0.2 I 20)
9/9 16.7±0.2 ( 881 9/9-9/13 16.8±0.2 I 42)
10/15 17.5±0.5 I 301 10/17 18.4±0.4 I 15)
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213 km (Table 6). This apparent growth rate is nearly
twice that of fish reared at Round Butte Hatchery.

TABLE 5.-Mean fork lengths of juvenile
spring chinook salmon recovered in 1978
after release into Pelton ladder on 14 Feb
ruary 1978. Values are means ± standard
errors. Number of samples is given in
parentheses.

for fast-reared fish in 1977 and 1978, respectively.
Slow-reared fish in 1978 grew at 0.043 cm/d.
Apparent growth rates offish placed in Pelton ladder
varied from 0.034 to 0.124 cmld (Table 3). These
apparent growth rates increased in later introduc
tions. reflecting the increasing water temperature of
the ladder (Fig. 5).

There was no evidence for differences in migration
timing by fish of different sizes. Fork lengths of fish
recaptured in the trap within a few days of release
were usually not significantly different (P > 0.05)
from those of fish at release (Table 4). However. fish
recaptured from the large group ofjuveniles released
on 14 February 1978 were similar over a 3-wkperiod
(Table 5). suggesting that faster growing fish were
migrating more rapidly that slower growing fish.

Apparent growth rates of marked spring chinook
juveniles released below Pelton Regulation Dam in
1977 were calculated from fork lengths ofrecaptured
fish at the Dalles Dam, after a migration distance of

Dale at
recovery

2/17
5/15
5/16
5/18
5/22
5/24
5/30
6/1
6/5
6/9

For" length (em)

6.7±0. 1 130)
12.B±0.1 130)
13.2±0.1 130)
13.1±0.1 (30)
13.4±0.1 (301
13.2±0.1 (301
13.9±0.1 (301
13.5±0.2 (191
13.B±0.1 121)
11.2±0.1 125)

161"
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TABI.E 6.-Fork lengths and apparent growth rates of juvenile
spring chinook aalmon recaptured at the Dalles Darn after release
into the Deschutes River. 1977. Fork lengths are means ± standard
errors for the number of samples shown in parentheses.

Determination of thl' migratory characteristics of
juvl'nile chinook salmon during smolting has bl'en
complicated by the variety of migratory behaviors
displayed by the juveniles. Some fry migratl' from
tributaries shortly after l'mergence from the gravl'l
(Rl'iml'rs 1973; Ewing et a1. 1980). but there is little
l'videncl' that the fry move into thl' estuary at that
timl' (Schluchter and Lichatowich 1977). In some
stocks. a general mOVl'ml'nt of fish through thl' river
occurs during the fall of the first yl'ar (Reimers 1973)
with a majority of thl' fish entering thl' ocean during
thl' fall of the first yl'ar (Reimers 1973: Schluchtl'r
and Lichatowich 1977; Buckman and Ewing 1982).
In othl'r stocks. sl'award movement occurs primarily
in thl' following spring when the fish are more than 1
yr old (Mains and Smith 1964: Diamond and Pribble
1978: Raymond 1979). Krcma and Raleigh (1970)
reportl'd migration of juvl'nill' chinook salmon into
Brownlt>t· Reservoir (Snake Rivl'r. Idaho) in fall and
spring for 2 consecutive years. The migration pattern
Sl'ems to dl'pend upon stock. size. and rearing con
ditions and may bl' highly variabll'. It is therefore
important in the culture of various stocks of juvl'nile
chinook salmon to determinl' the timing of maximum
migration tl'ndl'ncy.

In the pl't';.;ent study. the major migration of fish
rl'll'asl'd l'al'ly into Pelton ladder occurrl'd in mid
May. Fish from thl' saml' brood released into the
Deschutl's River at about this time were found to .
migrate 213 km to the Dalles Dam within 7 d, sug
gesting that thl' migrational bl'havior was seaward
dirl'ctl'd (Hart et a1. 1981). It is difficult to confirm in
thl' Dl'schutl's Rivl'r that thl' rl'll'asl' of fish into
Pl'lton lad&r 1 mo bl'forl' the timl' ofmaximal migra
tion tl'nds to increasl' thl' time during which the fish
will migratl'. Rl'lease of the fish 1 mo latl'r than the
time of maximal migration tends to decreasl' the time
for migration. It is important to notl' that it is not
nl'cessary to release the fish l'arly to insure that all

DISCUSSION

2 May release (9.7±O.1 em fork length)
5/27 11.6:1:0.2 (12)
6/3 12.2±0.1 (19)
6/7 12.2±0.1 (22)

. 6/6 12.2±0.1 (211
3 June release (11.2±O. 1 em fort. length)

6/7 11.9±0.1 (23)
6/8 11.8±0.1 (30)

migrate to Sl'a. Releases late in the migration period
were recovered to the same extent as those released
l'arlier. Migration tendency seems to be retained for
some timl'. eVl'n though the fish are not permitted to
begin migration. These rl'sults suggl'st that late re
leases hastl'n the seaward migration. thus removing
the populations of hatchl'ry fish quickly from the
river system and affording maximum protection to
the wild stocks.

Thosl' groups rl'll'ased later than .July Wl're recap
tured in the trap in dl'creasing numbers (Tables 1, 2).
In 1977. nonmigrant fish Wl'rl' recapturl'd in increas
ing numbl'rs from rell'ases after 12 .July (Tabll' 1).
This result indicates that thl' decrease in numbers of
fish recaptured at the trap was due to dl'creased
migration tendency and not due to increased mor
talities at the higher water temperatures.

A major advantage of utilizing a dosl'd systl'm such
as the Pl'lton ladder for studies of migration was that
fish populations and flows could be l'ffl'ctively con
trolll'd. Variabll's which remainl'd uncontrolll'd in
cluded photoperiod, lunar periodicity. temperature.
and food supply. Of these. photoperiod seems the
most important in stimulating sl'award migration.
Previous studil's utilizing a closed systl'm for study
ing sl'award migration of stl'elhead trout. 8almo
gail'dllai. (Zaugg and Wagner 1973; Wagner 1974)
and coho salmon, Ocol'hYllchlls kislItch, (Lorz and
McPherson 1976) also concludl'd that photoperiod
was an important factor affl'cting thl' timing of Sl'a
ward migration.

Lunar phasl' has bl'l'n suggl'sted to affect the onset
of migration. based on the correlation betwel'n peaks
in plasma thyroxinl' levl'ls and lunar phasl' (Grau et
a1. 1981). Assuming maximal migration occurred OIl
22 May in both 1977 and 1978, this date correspond-
l'd to the timl' ofa new moon in 1977 and that of a full
moon in 1978. These brief data do not support the
hypothl'sis that thl' migration is influenced by the
lunar phase.
Tl'mperature may have had a dual influence on

migration. Temperaturl' has been suggl'stl'd as a
releasing factor for salmon migration (Hoar 1958;
Baggerman 1960). but we Wl'rl' unabll' to show a
statistical relationship bl'twl'en daily migration and
average daily tl'mperaturl' (Fig. 4).
Temperature also serves to incrl'asl' growth rates in

salmonids in the presence of abundant food supplil's.
Wagner (1974) suggested that a critical sizl' was
requirl'd in steelhead if migration were to take placl'.
The importance of size on migration of spring
chinook salmon can be seen by comparing the extent
of migration of the slow- and fast-rl'ared fish in 1978
(Fig 3). The slow-rl'ared fish may have faill'd to mi-
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grate because they did not reach a critical size and/or
growth rate by the appropriate photoperiod. Migra
tion from Pelton ladder seemed to occur as fish
reached a particular size, since during a 3-wk period
of migration. there was no difference in average
fork length of the fish recaptured (Table 5). From
estimated growth rates (Table 3). fish at the end of
the migration period might be expected to be nearly 2
cm larger than those at the beginning;This influence
of size on migration could be best demonstrated in
fish recaptured at the Dalles Dam after a migration
distance of 213 km. Apparent growth rates were
much higher than that offish reared at Round Butte
Hatchery, suggesting that a selection for larger fish
occurs during the long migration distance.

A major concern in utilizing a closed system for
studying seaward migration is the importance of
aggressive behavior by resident fish toward newly
introduced fish. Chapman (1962) found that aggres
sive behavior of resident fish may be partly respon
sible for emigration of fish introduced into the
system. Aggressive behavior may have caused the
rapid movement immediately following release for
the March and April release groups in both 1977 and
1978. Further movement of these fish was not ob
served until May. Alternatively, migration in these
fish immediately after release may have been due to
disorientation of the fish upon release and a passive
drifting downstream with the current. Fish released
earliest into Pelton ladder migrated first in both 1977
and 1978.

The importance of determining appropriate times
for hatchery releases of spring chinook salmon in
order to obtain maximum seaward migration is de
monstrated by the short time during which maximum
migration occurred (Tables 1,2). In both 1977 and
1978 peak migration occurred within a period ofa few
weeks. Releases made on either side of this time
period exhibited decreased migratory activity. The
use of model systems. such as the Pelton ladder, to
determine when peak migration occurs can benefit
hatchery programs by suggesting sizes and times for
release of salmonids which maximize seaward mi
gration.
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