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Survival of Rainbow Trout during Their First Winter in the
Henrys Fork of the Snake River, Idaho

R. W. SMITH AND J. S. GRIFFITH
Department of Biological Sciences. Idaho State University, Pocatello, Idaho 83209. USA

Abstract.—To evaluate their first-winter survival, wild rainbow trout Oncorhynchus mykiss (78-
169 mm total length) were placed in small wire-mesh cages at four sites along a thermal gradient
in the Henrys Fork of the Snake River in October 1989. Four cages at each site contained cobble
rock cover and four had no cover. Our hypotheses were that test fish would have better survival
if cover were available or if water temperatures were higher at the site, and that larger fish would
have better survival than the smaller fish of the test group. Survival ranged from 100% at a spring-
fed site to 63% at the coldest site. In the cages checked periodically, 95% of the mortality occurred
during early winter and no mortality occurred during late winter. Survival was 11-24% higher in
cages with cover than in those without cover; and was higher for larger fish than for smaller ones.
Fish smaller than 100 mm in October did not survive the winter. Water temperature in spaces
among cobble rock cover in the cages was 0.2-1.0°C higher throughout winter than in the overlying
water. Survival rates of the test fish in the colder sites were probably higher than those of free-
living wild fish in the study area because the cages protected test fish from predators and shifting
ice.

The winter ecology of stream-dwelling salmo-
nids is not well understood. Research to define the
aspects of the habitat that are critical to winter
survival is of great interest to fisheries biologists
(Marcus et al. 1990). Such information, coupled
with an understanding of "normal" mortality rates,
might identify new management options for fish
populations whose winter survival is suboptimal.

Recent observations by Campbell and Neuner
(1985), Cunjak and Power (1986), Contor (1989),
and Heggenes et al. (1993) suggest that juvenile
trout have winter habitat requirements and mor-
tality factors that differ substantially from those
of adult trout. Here we limit our analysis to sur-
vival during the first winter. We summarized pop-
ulation studies of wild salmonids in streams that
remained near 0°C for prolonged periods and were
not affected by winter floods (Needham et al. 1945;
McFadden 1961; Hunt 1969; Alexander 1979;
Bustard 1986; Everest etal. 1986; Seelbach 1987).
In combination, these studies incorporated a total
of 24 population estimates, and the overall aver-
age survival of the salmonids during their first
winter was 49.8% (SD = 18.0%).

Multiple-year studies for an individual popu-
lation indicated that survival rates vary greatly
among years. For brown trout Salmo truila in
Convict Creek, California, first-winter survival was
15-84% over four successive winters (Needham
et al. 1945). Survival of brook trout Salvelinus
fontinalis during their first winter in spring-fed
Lawrence Creek, Wisconsin, was 35-73% over 11
successive winters (Hunt 1969). In Carnation

Creek, a British Columbia stream subject to win-
ter floods, first-winter survival of coho salmon
Oncorhynchus kisutch ranged from 16 to 84% dur-
ing 1970-1987 (Holtby 1988; Hartman and Scriv-
ener 1990).

Such variability in survival among winters sug-
gests that a number of factors are causing mor-
tality. Previous studies (Hunt 1969; Seelbach 1987;
Holtby 1988) noted that survival rates appeared
to be independent of initial fish density. In this
study we evaluated cover availability, water tem-
perature, and fish size. Cover consisting of inter-
stitial spaces in cobble or boulder substrate (Hart-
man 1965; Chapman and Bjornn 1969) and woody
debris and undercut banks (Bustard and Narver
1975) is a key attribute of daytime winter habitat
for juvenile salmonids in stream environments.
When midday water temperatures drop below
about 8°C, juvenile salmonids commonly begin
moving deep into this cover (Chapman and Bjornn
1969), sometimes penetrating 15-30 cm beneath
the substrate surface (Everest 1969). We have re-
ferred to this behavior as concealment (Griffith
and Smith 1993). In winter, juvenile salmonids
are most abundant in areas with unembedded sub-
strate (Bjornn 1971; McMahon and Hartman
1989), especially where it occurrs along stream
margins (Contor 1989; Griffith and Smith 1993).
The addition of cobble clusters to sections of an
Idaho stream where cover was previously not
available resulted in an eightfold increase in the
number of juvenile chinook salmon Oncorhyn-
chus tshawytscha in those sections in winter (Hill-
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748 SMITH AND GRIFFITH

man et al. 1987). Although these and other studies
indicate that cover quality affects the distribution
and abundance of juvenile salmonids in winter,
direct observations of survival or mortality in spe-
cific cover types have not been made.

Low water temperature might influence winter
survival of juvenile salmonids. In Lawrence Creek,
Wisconsin, Hunt (1969) found a significant posi-
tive correlation over five winters between first-
winter survival of brook trout and the number of
hours in January during which water temperature
exceeded 4.5°C. A similar but nonsignificant trend
was noted between survival and the number of
hours above 4.5°C throughout the entire winter.
In the Little Manistee River, Michigan, second-
winter (but not first-winter) mortality of steelhead
Oncorhynchus rnykiss was significantly correlated
with the number of days during which minimum
air temperature was less than or equal to — 12°C
(Seelbach 1987).

For many nonsalmonid fishes, larger members
of a cohort survive their initial winter better than
do smaller individuals (Toneys and Coble 1979).
For salmonids, a size effect has been shown under
hatchery conditions by Lindroth (1965) and Pick-
ering and Pottinger (1988), but not by Toneys and
Coble (1980). Data from 11 winters indicated that
first-year survival of wild brook trout in Lawrence
Creek tended to increase with an increase in mean
fish length in late fall (Hunt 1969). Holtby (1988)
and Hartman and Scrivener (1990) noted a similar
pattern for juvenile coho salmon in Carnation
Creek, British Columbia, in 1970-1987.

The objective of this study was to assess sur-
vival of wild rainbow trout (nonanadromous O.
mykiss) during their first winter in cages along a
thermal gradient in the Henrys Fork of the Snake
River. We defined winter as the period during
which rainbow trout in the study area adopted
concealment behavior, which typically occurred
at water temperatures below 8°C (Contor 1989).
We tested the hypotheses that the test fish would
survive better during winter if cover was available
or if water temperatures were higher at the site,
and that larger fish would survive better than the
smaller members of the test group.

Study Area
A fourth-order reach of the Henrys Fork of the

Snake River, Fremont County, southeastern Ida-
ho, from immediately below the Island Park Dam
(44°25'N, 111°24'W) at a river elevation of 1,896
m and to 19.2 km downstream, was used as the
study reach. Discharge from the dam increased

from 5.5 to 10.4 m-^-s"1 during the study period,
October 1989 through March 1990 (USGS 1990-
1991), and was supplemented by a relatively con-
stant discharge of 6.0 m-^-s '1 from the Buffalo
River, which enters immediately below the dam.
Channel width was 60-105 m and gradient was
0.12-0.45%.

Study sites were located along the thermal gra-
dient that was created as water released from the
hypolimnion of Island Park Reservoir gradually
cooled. The Box Canyon site was approximately
1 km below Island Park Dam; no ice formed at
this site during the study period. At the Last
Chance site, 8 km below the Island Park Dam,
surface ice formed along the banks during a few
days in January and during much of February
1990. The Cold Springs site was 18.9 km below
the Island Park Dam in a spring-fed (approxi-
mately 0.3 m^-s" 1 ) pool along the river's edge.
No ice formed at the site. At the Harriman East
site, 19.2 km below the Island Park Dam, surface
ice as thick as 30 cm covered much of the site
during late December and most of January and
February.

Methods
Experimental Design

Eight cages holding wild rainbow trout were
placed in each of the four study sites. Because of
the potential for damage from drifting ice and de-
bris, cages in the Box Canyon, Last Chance, and
Harriman East study sites consisted of 5-mm-mesh
galvanized screen attached to a triangular angle-
iron frame; each side was 2 m long and 1 m deep,
and thus the area enclosed was 1.5 m2. Rectan-
gular cages of similar material were used at the
Cold Springs study site, which was not subject to
ice formation. The tops of all cages were covered
with a screen of 2.5-cm wire mesh to exclude pred-
ators. Because of the erodible nature of the fine
sand and silt substrate at the Harriman East site,
floors of galvanized wire mesh were added to those
cages. At the other study sites, the lower edges of
the cage sides were buried to a depth of 5-10 cm
in the substrate. To provide additional protection
from drifting ice and debris, deflectors (panels of
5 x 15-cm wire mesh held in place by steel fence
posts driven into the substrate) were placed per-
pendicular to the flow, 10 m above the Last Chance
and Harriman East cage sites.

Cages were placed along the stream margin at
locations where water velocity through them was
12-20 cm-s"1 , which is within the range used by
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juvenile rainbow trout at night in winter in the
study area in 1986-1987 (3-20 cm-s ': Contor
1989). Water depth in all cages was 33-43 cm at
the start of the study. One layer of 10-40-cm-
diameter cobble (following the classification of
Helm 1985) was placed in four randomly selected
cages at each site to provide cover. In addition,
1-3-cm-diameter gravel was placed to a depth of
4 cm in cages located in areas without a gravel
substrate. Debris was removed from the wire mesh
and water velocity was checked two to three times
per week, except at the Harriman East site while
it was ice covered.

Age-0 rainbow trout were obtained from the
Box Canyon and Last Chance study sites with
backpack and boat-mounted electrofishing gear.
Fish tested in the Box Canyon cages were obtained
from that site, and those placed in cages at the
other sites were caught at Last Chance. Fish were
weighed to the nearest 0.1 g and measured to the
nearest millimeter (all fish lengths are given as
total lengths). Also, distinguishing coloration, parr
marks, and other marks were noted to aid sub-
sequent recognition of individual fish. We placed
15 fish in each cage on 21 October 1989, when
midday water temperatures were approximately
6°C. The resulting density in each cage (10 fish-
m~2) was typical of the density we observed by
snorkeling at night adjacent to high-quality cover
in the study area during the winter of 1988-1989
(range, 4-14 fish-m 2; mean, 10.2; Smith 1992),
and was higher than the maximum of 8.6 fish-
m-2 observed there in 1986-1987 by Contor
(1989). Fish averaged 125 mm in length (range,
78-169 mm). Rainbow trout in this size range had
been identified as age 0 in studies done in previous
years at this reach (Angradi and Contor 1989). We
confirmed the age estimate by examining scales
from all fish larger than 150 mm. Fish were se-
lected for each cage-group so that there was no
significant difference in average length of fish
among sites (analysis of variance, ANOVA; P >
0.05) or between sets of cover and noncover cages
at each site (/-test; P > 0.05).

Fish survival was evaluated at the end of 7-week
intervals in early winter (8 December 1989), mid-
winter (26 January 1990), and late winter (16
March 1990). At the end of early winter and mid-
winter, fish from four of the eight cages at each
study site (from two cages containing concealment
cover and from two cages without cover) were
removed from the cages by a combination of dip
netting and electrofishing and used to assess sur-
vival. Fish were removed from all cages at the end

of late winter. We were able to identify each sur-
vivor and establish its initial (October) length and
weight. Following Cone (1989), we used analysis
of covariance (ANCOVA), Tukey's test, and the
/-test to compare the slopes and elevations of
length-weight regressions of test fish that died with
those of fish that survived the winter. The same
procedure was used for data on survivors: slopes
and elevations of length-weight regressions based
on October size data were compared with those
of regressions based on March size data.

Two cages in Box Canyon containing cover were
disturbed during early winter and some or all fish
escaped from them. Data from those cages were
not included in the analysis. Also, during the end
of early winter, water level at the Cold Springs site
fell enough to partly expose the rock in two of the
cover cages. As a result, water temperatures in
spaces in the rocks averaged 2-4°C lower than in
the other Cold Springs cages and 14 of the 30 fish
died during early winter. Fish from these two cag-
es were not used in data analysis. Because of these
missing data, we evaluated the effects of cover
availability and water temperature (site) on sur-
vival (arcsine-transformed data from the 28 in-
dividual cages) with an analysis of variance
(ANOVA) that nested cover within site.

We compared the length-weight relationships
of caged fish at Box Canyon on 8 December and
of caged fish at Last Chance on 16 March with
those of free-ranging fish captured at those sites
on those dates (group comparison /-test). Too few
free-ranging rainbow trout were caught at the Har-
riman East and Cold Springs sites to permit a sim-
ilar comparison there.

Monitoring of Temperatures
Temperatures were monitored with data loggers

(Campbell Scientific models CR-10 and 21X) and
thermocouples accurate to ±0.05°C at Box Can-
yon, Last Chance, and Harriman East. Each ther-
mocouple was calibrated against a National Bu-
reau of Standards reference thermometer at 0, 4,
and 8°C in a PolyScience series 730 recirculating-
water bath; data-logger program corrections were
made as required for each thermocouple. At the
conclusion of the study, each thermocouple was
rechecked against the reference; all had remained
in calibration. At the Box Canyon, Last Chance,
and Harriman East sites, temperatures in one ran-
domly selected cage were measured in the water
column a few meters outside the cage; in the water
column in the cage; and in the interstitial space
among the cobbles in the center of the cage, about
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TABLE 1.—Water temperatures (mean, and instanta-
neous minima and maxima) and maximum accumulated
thermal units (ATU) in cages at three sites on the Henrys
Fork of the Snake River, winter 1989-1990.

Variable Box Canyon Last Chance Ham man East

Water column
Temperature (°C)

Mean
Minimum
Maximum

ATU

4.4
3.1
5.4
730

2.2
0.0
7.5
591

0.8
-0.8

8.8
432

Interstitial space
Temperature (°Q

Mean
Minimum
Maximum

ATU

4.8
3.1
5.5
757

2.5
0.6
7.5
788

1.5
-0.4

8.8
467

3 cm above the natural substrate. Air temperature
was monitored at each data logger. Temperature
data were recorded every 60 s, and 60 consecutive
values were combined into an hourly average that
was stored by the data logger. Water column tem-
peratures in the cages were used in the analysis of
the effects of temperature on survival of the test
fish. Maximum accumulated temperature units
(ATUs) at Box Canyon, Last Chance, and Harri-
man East were calculated for the study period by
summing daily degrees above 0°C, based upon
daily maximum temperatures.

At Cold Springs, temperature was checked twice
daily, 2-3 d/week, with a handheld thermometer
(Miller and Weber, Inc., SURFACE-TEMP mod-
el, accurate to ±0.1°C) and occasionally with a
maximum-minimum thermometer. The ob-
served daily maxima ranged only from 6.6 to 7.1°C,
and we estimated ATUs based upon those values.

Results
Water Temperature

Mean water column temperatures within the
cages were the same as those outside the cages at
the Cold Springs site, but were significantly lower
(/-test, P < 0.01) in the cages than outside the
cages at Box Canyon (0.1 °C lower) and at Last
Chance and Harriman East (0.2°C lower). When
air temperature dropped to -28°C on 15-16 Feb-
ruary 1990, supercooled temperatures were re-
corded for several hours in cages at the two colder
sites (Table 1). Temperatures as low as -0.1°C
were concurrently recorded outside the cages at
Harriman East.

Mean water column temperatures in the cages
(6.5°C at the Cold Springs site, 4.4°C at Box Can-

yon, 2.2°C at Last Chance, and 0.8°C at Harriman
East) were significantly different from one another
(ANOVA; P < 0.01). Instantaneous-minimum
water column temperatures during the study were
3.1, 0, and -0.8°C at the latter three sites, and
these minima were all recorded in February. In-
stantaneous maxima were reached in March and
ranged from 5.4 to 8.8°C among the three sites
(Table 1). Maxima for December-February were
5.1,4.5, and 3.1°C at those sites. Maximum ATUs
for the water column were highest in the Cold
Springs (972), followed by Box Canyon (730), Last
Chance (591), and Harriman East (432).

Temperatures in interstitial spaces among cob-
bles were significantly higher (/-test; P < 0.01)
than water column temperatures both within and
outside the cages for the overall study period, and
this difference was greater at the colder sites (Table
1). In cages, mean interstitial space temperature
was 0.2-0.6°C higher than water column temper-
ature at any given time in January-March at Box
Canyon, 0.2-0.7°C higher at Last Chance, and 0.8-
1.0°C higher at Harriman East. Twenty spot mea-
surements at Cold Springs showed no difference
between interstitial space and water column tem-
peratures. Maximum ATUs in spaces among cob-
bles were 4% higher than water column ATUs at
Box Canyon, 33% higher at Last Chance, and 8%
higher at Harriman East (Table 1).

Survival of Rainbow Trout
In the four cages at each site that were checked

every 7 weeks, 95% of the 37 rainbow trout that
died did so during early winter, and the remaining
5% of the deaths occurred during midwinter (Fig-
ure 1). No mortality occurred during late winter.
At the end of the study, there was no significant
difference in survival between fish that had been
temporarily removed from cages at the end of ear-
ly winter and midwinter by electrofishing and dip-
netting and those that had not been disturbed (chi-
square; P > 0.05).

All fish at the Cold Springs site survived the
study (Table 2). Survival to the end of late winter
for all cages combined at the other sites was influ-
enced by water temperature, cover availability,
and fish size at the onset of winter. Survival dif-
fered significantly among sites (ANOVA; P <
0.0001) and was higher at warmer sites. For all
cages combined, winter survival was 81% at Box
Canyon, 82% at Last Chance, and 63% at Harri-
man East (Table 2). At the four sites, arcsine-
transformed percent survival was positively cor-
related with the number of ATUs in the water
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FIGURE 1.—Percent survival of rainbow trout in two cages containing cobble cover and two cages without cover

at each of three sites on the Henrys Fork of the Snake River, 1989-1990. Fish were placed in cages on 21 October
and checked for survival on the other dates given here.

column (r2 = 0.94) and in space among cobbles
(r2 = 0.86).

Overall (data from all four sites combined),
rainbow trout survival within a site was signifi-
cantly greater in cages with cover than in cages
without cover (ANOVA; P < 0.001). Survival of
test fish at Box Canyon, Last Chance, and Har-
riman East was 11-24% greater in cages with cov-
er (Table 2). Survival averaged 86% for fish in
cages with cover and 76% in cages without cover
(Table 2).

Combined data from cages with and without
cover at the three colder sites indicated that sur-
vival varied according to length of the fish at the
beginning of the study (Figure 2). None of the 20

rainbow trout survived that were smaller than 100
mm in October. Survival of 130-160-mm fish ex-
ceeded 90%. Of the four fish larger than 160 mm,
three (all in cages without cover at the coldest site)
died. Fish that were longer than the average of
125 mm for all test fish in October had signifi-
cantly higher survival through late winter than did
fish that were smaller than the average (combined
data from cover and no-cover cages; /-test; P <
0.05). Survival of the smaller fish (mean length,
104 mm) was 76% at Box Canyon, 76% at Last
Chance, and 48% at Harriman East. For the longer
fish (mean length, 133 mm), survival was 81, 82,
and 94% at these sites.

Among the three sites where mortality oc-

TABLE 2.—Survival from late fall to the end of late winter, 1989-1990, for 420 rainbow trout in cages containing
or not containing cobble cover at sites on the Henrys Fork of the Snake River.

All

Initial number in cages: Number (%) surviving at end in cages:
Study site

Cold springs
Box Canyon
Last Chance
Harriman East

With cover

30*
30a

60
60

Without cover

60
60
60
60

With cover

30(100)
29 (97)
54(90)
41 (68)

Without cover

60(100)
44(73)
44 (73)
34(57)

Overall

90(100)
73(81)
98 (82)
75 (63)

180 240 154(86) 182(76)
1 Excludes two cages that were disturbed or partly exposed.

336 (80)
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100-r
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Fish length, mm
FIGURE 2. —Percent survival from late fall to the end of late winter, 1989-1990, for rainbow trout, by 10-cm

total-length intervals, in cages at the Henrys Fork of the Snake River (all sites combined). Size-groups are indicated
by their midpoints. Sample sizes are given at the top of each bar.

curred, the October length-weight relationships of
fish that survived the winter were significantly dif-
ferent (ANCOVA; P < 0.001) in both slope and
elevation from those of fish that died. Within a
site, survivors were typically heavier per unit of
length than were those that died (Figure 3). Fish
that died at the colder sites were heavier per unit
length than those that died at the warmer sites.

The length-weight relationship of 39 free-rang-
ing rainbow trout collected in the river adjacent
to the Last Chance site on 8 December 1989 was
not significantly different (/-test; P > 0.05 for both
slope and elevation) from that of caged fish at the
same site on that date. There was also no signifi-
cant difference in the length-weight relationships
of 27 free-ranging fish collected at Box Canyon on
16 March 1990 and the caged fish at Box Canyon.

Discussion
Our results indicate that the early part of winter

was critical to the first-winter survival of caged
Henrys Fork rainbow trout. Nearly all mortality
occurred during the initial 7 weeks of this study,
and virtually all survivors of early winter survived
the remainder of winter, even though tempera-
tures then were coldest. These findings are con-

sistent with observations by Gardiner and Geddes
(1980), who noted that Atlantic salmon Salmo
salar lost weight particularly during the first half
of their first winter in a stream in England. A met-
abolic deficit hypothesis was developed by Cunjak
et al. (1987) and Cunjak and Power (1987), who
showed that during early winter, trout underwent
physiological changes that resulted in declining
body condition and depletion of lipid reserves.
Cunjak et al. (1987) hypothesized that brook trout
exposed to decreasing water temperatures expe-
rience a metabolic deficit that cannot be offset by
net energy intake and forces them to use lipid re-
serves to maintain metabolic functions. Depletion
of lipid reserves would lower body condition and
cause some mortality in early winter.

Mortality of Henrys Fork fish was greater at the
colder sites, as was expected from previous studies
that correlated survival over several years with
winter severity. Hunt (1969) found a significant
positive correlation over five winters between first-
winter survival of brook trout in Lawrence Creek,
Wisconsin, and the number of hours in January
during which water temperature exceeded 4.5°C.
Based on 3 years of data, second-winter mortality
of steelhead in the Little Manistee River, Michi-
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FIGURE 3.—Total lengths and weights, in October, of
rainbow trout that died (boxes and solid lines) and those

gan, was significantly correlated with the number
of days during which minimum air temperature
was less than or equal to - 12°C (Seelbach 1987).
No such correlation was noted by Seelbach for
first-winter mortality, however, and this inconsis-
tency emphasizes the complexities of the relation-
ships and the need for additional study. For ex-
ample, if early winter mortality is a widespread
occurrence, an index of the severity of early winter
should be a more effective predictor of survival
than indices like those of Hunt (1969) and Seel-
bach (1987), which are based on mid and late win-
ter temperatures.

The availability of cobble cover had a signifi-
cant effect on survival in our cages, and cages may
not have fully tested that effect. At Last Chance
and Harriman East, cages that contained no rock
accumulated loose, fine sediment in their corners.
Test fish were never visible in these cages during
the study, and we believe that some buried them-
selves in the sediment, perhaps increasing their
survival.

Streams such as the Henrys Fork that have the
type of cover that enables fish to conceal them-
selves during the day appear to provide several
winter survival benefits. Fish might avoid physi-
cal damage from the collapse of shelf ice and
stranding as anchor ice melts and water level drops
(Needham and Jones 1959), as well as predation
and the daytime expenditure of energy. This study
suggests that interstitial spaces also provide a ther-
mal benefit for fish. At the Henrys Fork sites, with
the exception of the Cold Springs site, which is
spring fed, temperatures in the interstices of cob-
ble introduced into cages followed the same pat-
tern as those in the water column, but were higher
than the water column temperatures. Similar dif-
ferences between stream and intragravel temper-
atures have been noted outside the cages in the
study area (R. W. Smith, unpublished data), in
streams in British Columbia and Alaska (Shep-
herd et al. 1986), and in streams in Michigan
(White etal. 1987).

Winter cover for juvenile salmonids has been
shown (e.g., Everest et al. 1986) to be limited in
quantity in some streams. Nickelson et al. (1992)
concluded that the production of wild coho salm-
on smolts in Oregon streams where spawning es-

that survived the winter (crosses and dashed lines) in
cages at three sites on the Henrys Fork of the Snake
River (r2 > 0.88 for each regression).
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capement was adequate was probably limited by
the availability of adequate winter habitat. Fur-
thermore, such habitat is vulnerable to sedimen-
tation and, in streams that are regulated or par-
tially dewatered, this habitat is also vulnerable to
low winter flows.

Rainbow trout entering their first winter in the
study area are typically larger than their counter-
parts in many streams and larger than members
of other salmonid species. Nevertheless, we found
that the smaller members of the cohort (fish < 125
mm long in October) had higher mortality than
did larger fish and those smaller than 100 mm did
not survive. Hunt (1969) noted, on the basis of
data from 11 winters, that first-winter survival of
brook trout in Lawrence Creek reflected their mean
length (r2 = 0.69). Holtby (1988) observed a sim-
ilar trend for Carnation Creek coho salmon (data
from 17 winters total; r2 = 0.83). Hunt (1969) saw
no indication that size-specific survival was a re-
sult of smaller fish being more vulnerable to pre-
dation.

The susceptibility of smaller members of a co-
hort to winter mortality may be due to their rel-
atively high weight-specific basal metabolism
(Shuter and Post 1990) and their apparent lack of
a correspondingly high capacity to store energy.
Mason (1976) found that the smaller members of
a coho salmon cohort in a Vancouver Island stream
lost 60-65% of their lipid reserves in the early and
middle portions of their first winter, whereas larg-
er fish lost only 20-25% of theirs.

Henrys Fork test fish that survived the winter
typically weighed more per unit of length in Oc-
tober than those that did not survive. We did not
analyze Fulton's condition factors (K) for the test
fish because of potential biases identified by Cone
(1989). However, for comparison with previous
studies, our test fish died if their late-fall K values
(105 x [mean weight, g]/[total length, mm]3) were
below 0.82 in the Harriman East site, below 0.79
at Last Chance, and below 0.77 at Box Canyon
(Smith 1992).

We believe that our study underestimated the
first-winter mortality of free-living rainbow trout
in the study portion of the Henrys Fork. The caged
test fish were protected from predators such as
common mergansers Mergus merganser and river
otters Lutra canadensis, which were observed
throughout the winter in the study area and may
be an important cause of winter mortality for small
trout (Alexander 1979; Bustard 1986). The cages
also protected fish from shifting ice, which may
be another major cause of winter mortality (Need-

ham and Jones 1959). On the other hand, fish
were prevented from moving to more favorable
habitat. From other observations (Contor 1989;
J. S. Griffith, unpublished data), we believe that
the cages containing cover represented quality
habitat that would have been occupied in the study
area throughout a typical winter. Free-living fish
would not have been expected to occupy habitat
similar to that in the cages without rock cover.

The cages might have increased mortality if they
excluded critical food resources that were avail-
able to unrestrained rainbow trout. Riehle and
Griffith (1993) found that rainbow trout fed on
invertebrates at night during their first winter at
water temperatures of 1-4°C in Silver Creek, Ida-
ho. Stomach flushing of other caged rainbow trout
at Box Canyon and Last Chance in October 1989
and February 1990 indicated that these fish were
feeding at night, primarily on emerging midges
(Chironomidae) (Smith 1992). Mean wet weights
of stomach contents averaged 1.3% of fish body
weight in October and 2.4% in February. Al-
though these values were not significantly different
from those offish collected outside the cages (Smith
1992) and were similar to the values of 0.8% found
in October and 2.1% in January at Silver Creek
by Riehle and Griffith (1993), we cannot eliminate
limited food availability as a possible source of
bias.

Our use of electrofishing to collect and period-
ically monitor test fish did not increase mortality.
All fish at the Cold Springs site survived repeated
electrofishing, and there was no significant differ-
ence in survival between groups of fish that had
been removed from and placed back into cages at
the end of early winter and midwinter and those
that had not been disturbed.

Our study was conducted during a winter that
was normal for the study area in terms of severity.
Results showed the importance of cover, water
temperature, and fish size as determinants of sur-
vival. Tests conducted over a wider variety of con-
ditions with larger enclosures, or in isolated stream
sections where fish are exposed to predators and
shifting ice, would more fully assess the effects of
cover and early-winter conditions.
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