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Synopsis

We used underwater observation to determine diel habitat partitioning between bullSataeljnus confluentys

and cutthroat troutDncorhynchus clarkiduring fall and winter (0.1-8:%) in two Rocky Mountain streams that
differed in habitat availability. The majority>( 70%) of both species emerged from concealment cover at night,
though bull charr exhibited a greater tendency for nocturnal behavior than cutthroat trout. Differences in day and
night counts were most pronounced at temperatsr&C, when very few fish of either species were observed in

the water column during the day, but both species were common at night. Both species used concealment cover
of large woody debris and boulder substrate crevices in deep pools during the day. At night, fish emerged from
cover and habitat use shifted to shallow water with low cover. Microhabitat partitioning among species and size
classes occurred at night, cutthroat trout moving into shallower, faster water that was farther from cover compared
to bull charr. Smaller fish of both species occupied focal positions in slower, shallower water closer to the substrate
than larger fish. Large, mixed-species aggregations also were common in beaver ponds both day and night. High
variation in diel and site-specific winter habitat use suggests the need for caution in developing habitat suitability
criteria for salmonids based solely on daytime observations or on observations from a few sites. Our results support
the need to incorporate nocturnal habitat use and partitioning in studies of salmonid ecology.

Introduction large woody debris, and submerged vegetation (Cunjak
1988, McMahon & Hartman 1989, Contor & Griffith
Stream-dwelling salmonids undergo two prominent 1995, Thurow 1997).
behavioral changes, migration and concealment, in  Adoption of strong concealment behavior at low
response to declining temperatures and photoperiod attemperature led to the view that salmonids are
the onset of winter (Cunjak 1996). Fall migration to largely dormant during the winter. However, concealed
overwintering areas, ranging from 1 to> 60 km, has salmonids undergo a third behavioral shift, that of
been observed in salmonids occupying a broad range ofemergence from cover after sunset to feed in the water
winter habitats (e.g., Brown & Mackay 1995, Cunjak column (Campbell & Neuner 1985, Fraser et al. 1993,
1996, Jakober et al. 1998). Following fall migration, Heggenes et al. 1993, Contor & Griffith 1995), even
salmonids in small streams become strongly photoneg- at temperatures near@© (Thurow 1997). Heggenes
ative and ‘vanish from view’ during daytime (Rimmer et al. (1993), for example, counted five brown trout,
et al. 1983), entering cover of substrate crevices, Salmo truttain a Norwegian stream during winter days
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compared to 753 during winter nights. Diurnal conceal- Study area
ment and nocturnal emergence from cover during win-
ter has now been widely documented among salmonids,We conducted our study in two tributaries to the
including Atlantic salmonSalmo salaCunjak 1988, Bitterroot River in western Montana that differ in habi-
Fraser et al. 1993, Valdimarsson et al. 1998), brown tat availability and typify the range of stream habitat
trout (Griffith & Smith 1993, Heggenes et al. 1993), where both species co-occur. Meadow Creek is a high
bull charr,Salvelinus confluentu@axter & McPhall elevation (mean 1818 m), third-order tributary to the
1997, Thurow 1997, Bonneau & Scarnecchia 1998), East Fork of the Bitterroot River near Sula, Montana.
cutthroat trout@ncorhynchus clarkiGriffith & Smith Wetted width averages 2—-3 m at base flovB(®° s?),
1993, Bonneau & Scarnecchia 1998), coho salmon, and average gradient is 2.1% (Jakober 1995). Large
O. kisutch(Bradford et al. 1995), and rainbow trout, woody debris (LWD> 10cm in diameter ané- 3m
O. mykis§Campbell & Neuner 1985, Contor & Griffith  in length) is abundant (116 pieces 106%p and sub-
1995). strate is primarily gravel and cobble with few boulders
Despite the prevalence of nocturnal activity among (23 pieces 100 rt). Pools and beaver ponds are com-
salmonids during winter, much remains to be learned mon (36% and 40% of surface area, respectively). The
about this unusual behavior. Little is known about how stream is almost entirely covered with surface ice from
such factors as fish size, species interactions, and habi-early November through late March but anchor and
tat availability influence diel behavior and habitat use. frazil ice are rare. Daly Creek, located 33 km north of
Intra- and interspecific interactions may be more severe Meadow Creek, is a moderate-sized (5—-7 m wide; dis-
in winter because of more restricted habitat require- charge 0.7 rhs™?), fourth-order tributary, with an aver-
ments (Cunjak & Power 1986, Heggenes et al. 1993). age gradient of 4.1%, and a mean elevation of 1424 m.
Differences in day and night habitat use have impor- Fast water habitats (riffles and glides) were the pre-
tant implications to assessing fish response to habitatdominant habitat type (77% of surface area), and LWD
manipulation (Bradford et al. 1995). was about 50% less abundant than Meadow Creek (67
Native bull charr and cutthroat trout co-occur in pieces 100 m'). Beaver ponds were absent, and sub-
Rocky Mountain streams that differ markedly in habitat strate was primarily boulders (250 pieces 100)yand
availability and winter severity (Jakober et al. 1998). cobble. Surface ice fluctuates markedly during the win-
High elevation streams are characterized by diverse terin response to frequent freezing and thawing events,
substrate, abundant large woody debris (LWD), and and anchor and frazil ice are common. In both streams,
nearly complete surface ice cover from October to slimy sculpin,Cottus cognatusvas the only other fish
March. Midelevation streams are characterized by fluc- species present.
tuating surface and subsurfaceice, less LWD, and abun-
dant boulder/cobble substrate. In summer, bull charr
and cutthroat trout are both diurnal and nocturnal, and Materials and methods
show little evidence of diel habitat shifts (Thurow &
Schill 1996, Bonneau & Scarnecchia 1998). Like other Diel activity and habitat use were determined using
salmonids that evolved sympatrically, they appear to snorkeling observations in a 2 km study section estab-
avoid direct competition for food or habitat by par- lished in each stream. Study sections were established
titioning available resources: bull charr are primarily near the lower elevational limit of bull charr distri-
benthic foragers whereas cutthroat trout occupy mid- bution where both species were common and rep-
water positions and feed on surface drift (Nakano et al. resentative habitat types were available. Fish counts
1992, Bonneau & Scarnecchia 1998). Both species occurred over two fall-winter periods (September to
become largely nocturnal during winter (Thurow 1997, March, 1992-1993 and 1993-1994). A total of 12
Bonneau & Scarnecchia 1998), but information on counts (9 day, 3 night, 60 h of observations) were made
habitat partitioning and timing of diel habitat shifts in Meadow Creek, and 21 counts (10 day, 11 night, 85h
at low temperatures, particularly among different size of observations) were made in Daly Creek. Day counts
classes, is limited. Our objective was to examine how were conducted between 9:30 and 16:00 h and night
habitat availability, temperature, fish size, and habitat counts between 19:30 and 4:00 h (1 h after sunsetto 1 h
partitioning influences diel habitat use by these two before sunrise). Complete ice cover prevented counts
co-occurring species. in Meadow Creek beyond early winter, but surface
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ice cover in Daly Creek was less extensive and more we measured depth, bottom (5 cm from substrate) and

variable, and surveys were made from early fall to
midwinter.

Study sections were divided into habitat types, as
modified from the classification of Bisson et al. (1988),
as riffle, glide, pool formed by LWD, pool formed by
boulders, pocket water (small pools formed by boulders
within riffles or glides), beaver pond, and pool lacking
cover of LWD or boulders. We randomly selected 41
habitat units in Meadow Creek and 29 habitats in Daly
Creek for underwater surveying. The number of sites
selected was chosen to obtain a minimum of five repli-

mean column velocity, and dominant cover, yield-
ing 1500 to 2000 measurements per stream. Habitat
availability was estimated in September 1993 for both
streams. We assumed availability was the same for both
years since base flows were similar.

Accuracy of day and night snorkeling was assessed
by comparing underwater counts with electrofish-
ing removal estimates. Randomly selected habitat
units, representing one of each type (excluding beaver
ponds), were sampled in October 1993 in each stream.
Block nets were positioned at each end of a habi-

cates of each habitat type and to sample approximatelytat unit, and day snorkel counts were followed by a

equal areas of stream (Meadow Creek 2621 nt;
Daly Creek= 2975 n%; ca. 25% of available habitat).

2-pass removal using a backpack electrofisher. Night
counts were made within 5d of electrofishing removal

We observed fish by entering the downstream end of estimates.

a habitat unit and moving slowly upstream in a zigzag

To compare habitat partitioning and day and night

fashion. Because of strong concealment behavior by microhabitat use between species and size classes, we
fish during our surveys, we used a diving light both used multifactor analysis of variance (ANOVA) and
day and night to carefully search areas beneath LWD, Tukey's multiple comparison test (Zar 1984). Data
streambanks, rocks, and ice ledges. The majority of were pooled across year and stream since initial anal-
fish could be approached within 1m and exhibited yses of microhabitat use revealed little differences
low fright response to the light. Upon encountering among these factors. Nonnormal microhabitat data
a fish, we marked focal positions with numbered and were transformed (lag-+1)) to meet ANOVA assump-
painted stones, determined fish species, size categorytions, but means reported in the text and figures are
and dominant cover type, and estimated focal point from pretransformed data. Chi-square goodness-of-fit
elevation above the streambed. Data were relayed totests and Bonferroni confidence intervals (Byers et al.
an assistant on the bank. Size categories were 50-100,1984) were used to compare cover use with avail-
101-200 mm, and- 200 mm total length, which cor-  ability. Cover use was analyzed separately for each
responded to young-of-the-year, juvenile, and adult stream because of differences in habitat availability.
age-classes. Snorkelers estimated size of dummy fishSimple linear correlation (Zar 1984) was used to exam-
underwaterto insure accuracy 85% after practice) of  ine associations between diel behavior and tempera-
fish size estimation. Dominant cover (cover type within ture. Significance of tests was determined at 0.05
50 cm of focal position) was classified as none, cobble level.
(diameter 64—256 mm), boulder (diamete256 mm),
LWD, undercut bank, submerged aquatic vegetation,
and surface ice. Groups of 5 fish in close proximity
to each other were classified as aggregations (Cunjak &
Power 1986). Focal positions for aggregations were Diel behavior
determined as the mean of measurements at the ante-
rior, posterior, and center of the group. Following sur- We observed 764 solitary bull charr, 2527 cutthroat
vey completion, total depth, distance to nearest cover, trout, and 192 single- and mixed-species aggrega-
and water velocity were measured at each marked focaltions in the two study streams during the two fall-
point using an electromagnetic current meter, wad- winter periods. Both bull charr and cutthroat trout
ing rod, and meter stick. Water temperatures during were largely nocturnal at temperatures ranging from
the study were measured every 4.8 h with electronic 0.1-8.3C (Figure 1). Bull charr exhibited a signif-
thermographs. icantly greater tendency for nocturnal behavior than
Microhabitat availability was measured at ten cutthroat trout (2 = 77.2, p< 0.001). Overall, 84%
equally spaced points along transects set at 2.4 m inter-of bull charr and 70% cutthroat trout were observed
vals within each habitat unit sampled. At each point, at night. In both species, the proportion of nocturnal

Results
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activity increased significantly{ 0.001) with decreas- Water temperature (C)

ing fish size.
Comparisons of electrofishing estimates with day Figure 2 Relationship between mean daily water temperature

and night counts provided further confirmation of and day and night density (bull charr and cutthroat trout com-

emergence of bull charr and cutthroat trout from con- bined) in study streams.

cealment cover at night. Of the 37 bull charr and 104

cutthroat trout estimated by electrofishing, 2 (5.4%)

bull charrand 34 (32.7%) cutthroat trout were observed bull charr and cutthroat trout showed a positive linear

during day counts, and 24 (64.9%) and 101 (97.1%), association (g 0.01) with temperature (Figure 2), and

respectively, observed at night. nearly all fish were concealed3°C. In contrast, night-
Water temperature influenced diurnal but not noc- time counts remained similar and did not change sig-

turnal behavior. In both streams, daytime counts of nificantly over the range of 0.228 (p> 0.11).
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Habitat use Marked habitat shifts occurred in conjunction with
changes in focal position from day to night. In Daly
Focal positions occupied by bull charr and cutthroat Creek, bull charr and cutthroat trout used pools with
trout differed by species, size class, and diel period cover of boulders or LWD during the day (Figure 4).
(Table 1). We observed very few fish during the day at Pool habitats with cover remained important at night,
temperaturesc 7°C except in beaver ponds. The few but both species shifted to greater use of riffles and
bull charr we did observe in habitats other than beaver glides. In Meadow Creek, bull charr and cutthroat trout
ponds occupied deep (40t 1.6 SE cm), slow (B + were most abundant in beaver ponds and in pools with
0.2 cm st)waterin or near the substrate§2: 0.3 cm) LWD both day and night, but also shifted to use of
(Figure 3). At night, bull charr were observed in sig- glides and pools with low cover at night.
nificantly (p < 0.003) shallower (3® + 0.5cm) and Bull charr and cutthroat trout generally occu-
slower (51 £+ 0.2cms?) water but remained on or  pied similar cover types but preferences varied with
near (1.4cm) the substrate. Cutthroat trout were also availability (Figure 5). Both species were closely
observed in shallower and slower water at night, but associated with cover during the day 75%) but
occupied focal positions higher inthe water columnand decreased cover use at night. In Daly Creek, bull
farther away from cover than bull charr 0.02). We charr and cutthroat trout preferred boulder and LWD
estimated about 25% of cutthroat trout occupied focal cover both day and night, despite LWD comprising a
positions in the water column at night and the remain- small proportion of available habitat. In lower-gradient
der rested on the substrate; all bull charr were observedMeadow Creek, where undercut banks were com-
resting on the substrate at night. mon and boulder and cobble substrate relatively rare,
Small fish « 100 mm) of both species occupied cutthroat trout preferred LWD and undercut banks dur-
positions in slower, shallower water and were closer ing the day and night. Both species were observed rest-
to the substrate and cover than larger fish both day ing on submerged vegetation at night in beaver ponds
and night (Figure 3). Bull charr and cutthroat trout of and glides, a cover type not used during the day and
the same size class generally had high overlap of focal not available in Daly Creek.
positions during the day (p 0.17 for 9 of 12 size class
by microhabitat use comparisons), but little overlap in
focal positions at night (p< 0.01 for 9 of 12 com-
parisons). The most marked difference in microhabi-
tat use between species and size classes occurred it ©otal of 59% of cutthroat trout and 16% of bull

focal point depth; cutthroat trout occupied focal depths Cha” were obsgrved in aggregqtions gluring fall 'and
~ 50% shallower than bull charr at night. winter. Aggregations were comprised primarily of fish
< 200 mm whereas larger fish of both species were

more solitary {2 tests, p< 0.001) particularly among

Table 1 Three-way ANOVA for the effects of species, size class, PUll charr (Figure _6)- _ _
and diel period (day vs. night) on microhabitat use of juvenile Mean aggregation size was about twice as large dur-

Aggregations

bull trout and cutthroat trout. ing the day than at night (27.0 vs. 13.9=t3.8, p <
Variable Source of = df p 0.001). Aggregations were considerably larger (22.8
variation vs. 7.3 fish aggregatiot) and more numerous (11.8
Focal depth Species 29358 1 < 0,001 vs. 2.4 aggregations coun}in Meadow Creek, which
Size class 1009 2 <0001 had larger pool area and less large substrate than Daly
Diel period  1000.00 1 < 0.001 Creek. Largest aggregations were observed in Meadow
Focal elevation Species 29378 1 < 0.001 Creek beaver ponds, where mixed-species aggregations
Size class 6586 2 < 0.001 aslarge as 120 trout were observed. Unlike the decrease
Diel period 37728 1 <0.001 in daytime counts of solitary trout at low tempera-
Distance to cover ~ Species 797 1 005 ture (Figure 2), aggregation size increased both day
Size class 9.64 2 <0.001 (r =092, N= 8; p < 0.001) and night (r= 0.98,
Diel period 2115 1 <0001 N = 4; p = 0.03) as temperature declined. Daytime
Focal velocity Species 347 1 .0b aggregation size varied from Bot 4.5 fish at 78°C
Size class 57.28 2 <0001 to 7324 16.1 at 06°C, and nighttime aggregation size

Diel period 3345 1 <0001 from 161 + 3.1 fish at 61°C to 37.3 + 7.9 at Q1°C.
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Figure 3 Focal positions (meatt SE) occupied by different size classes of bull charr and cutthroat trout during day and night. Significant
(p < 0.05) differences in focal position between bull charr and cutthroat trout of the same size class indicated by asterisk, and between
day and night by the same species and size class indicated by ‘t'.

Aggregations occupied significantly (pz 0.01) streams, consistent with previous observations of
deeper water 5 60cm) than solitary fish both day stream salmonids at low temperature (Campbell &
and night (Figure 7), occurring in the deepest sec- Neuner 1985, Fraser et al. 1993, Contor & Griffith
tions of beaver ponds and other deep pools with 1995, Thurow 1997). Differences in day and night
slow (< 5cms?) current velocity. Aggregations also  counts were most pronounced at temperaturesC,
showed significant diel microhabitat differences. Dur- when very few fish were observed in the water col-
ing the day, aggregations occupied midwater locations umn or on the substrate during the day, but large
(focal point elevation, 1D+ 0.9) in beaver pondsand numbers were seen at night. In contrast, during sum-
near LWD in other pool types. At night, aggregations mer at temperatures 10°C, bull charr and cutthroat
exhibited a similar habitat shift as did solitary fish, mov- trout have been observed in about equal numbers both
ing significantly (p < 0.01) closer to the substrate and day and night (Thurow & Schill 1996, Bonneau &
farther away from cover. Scarnecchia 1998). Declining temperature appeared
to trigger decreased diurnal activity as we found a
significant positive relationship between temperature
and diurnal activity in both streams. At night, how-
ever, we observed similar numbers of bull charr and
cutthroat trout over a wide range of temperatures
(0.2 to 8C, Figure 2). These results are consistent

Discussion

The majority of bull charr and cutthroat trout were
nocturnal during fall and winter in our two study
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Note differences in scale of y-axis.

Bonneau & Scarnecchia 1998). Bull charr are better
with observations that diel shifts at low temperature are able to feed in low light than cutthroat trout (Schutz &
caused by increased daytime concealment rather thanNorthcote 1972), which could explain their greater ten-
an increase in nocturnal activity (Fraser et al. 1993, dency for nocturnal behavior.

1995, Heggenes et al. 1993, Valdimarsson et al. 1997). Daytime predation risk has been suggested as the
Increased daytime concealment is also accompa-dominant factor influencing these marked seasonal
nied by a switch to nocturnal foraging during win- shifts in diel behavior (Fraser et al. 1993, 1995,
ter (Fraser et al. 1993, 1995, Riehle & Griffith 1993, Metcalfe etal. 1999). Because of a substantially dimin-
Contor & Griffith 1995, Metcalfe et al. 1999). During ished predator avoidance capacity at low temperature
summer at warmer temperatures, cutthroat trout and (Graham et al. 1996), salmonids face considerable
other salmonids are typically observed resting on the predation pressure from diurnally active, endothermic
substrate at night and feeding predominantly occurs terrestrial and avian predators during fall and winter
during diurnal and crepuscular periods (Fraser et al. (Dolloff 1993, Metcalfe et al. 1999). In our study, the
1993, 1995, Riehle & Griffith 1993). Although we greater nocturnal activity of smaller size classes during
did not quantify feeding in our study, we commonly winter, and the increase in concealment and in the size
observed cutthroat trout at night occupying focal posi- and number of aggregations during the day as tem-
tionsin the water column and capturing drifting insects. perature declined, lend support to the predation risk
The benthic orientation of bull charr made defini- hypothesis.
tive feeding observations difficult, but nocturnal feed-  Aggregation was another conspicuous response
ing has been documented elsewhere (Thurow 1997,to low temperature. Winter aggregation is common
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Figure 7. Day and night focal positions (meain SE) occupied

by aggregated bull charr and cutthroat trout. Horizontal lines indi-
cate means of available water depths and bottom and water col-
umn velocities. Significanty( < 0.05) diel differences in focal
position shown by asterisk.

preferred concealment cover of substrate crevices and
LWD (Cunjak & Power 1986, Brown & Mackay 1995,
Cunjak 1996). The preponderance in aggregations of
individuals too large £ 250 mm) to conceal in cover
interstices is considered further support of the habi-
tat limitation idea (Heggenes et al. 1993, Brown &
Mackay 1995). However, we observed an opposite pat-
tern that suggests aggregation is not solely due to lim-
ited concealment habitat: high aggregation85%)

in Meadow Creek where pools and LWD were abun-
dant and habitat exclusion due to subsurface ice for-
mation was rare (Jakober et al. 1998); low aggregation
(< 15%) in Daly Creek where substrate crevices were
abundant but pools were limited and ice exclusion com-
mon; and a preponderance of smaller size@00 mm)
individuals in aggregations in both streams. Moreover,
we found considerable diel changes in aggregation for-
mation among the two study streams. For example, in
Meadow Creek beaver ponds the formation of large
aggregations during the day and the breakdown into
smaller, more numerous aggregations at night, paral-
lels the diel changes in fish schools Helfman (1993)
reported in response to changing predation pressure
with varying light levels. The dynamic seasonal and
diel changes in aggregation suggests this behavior is
a complex response to both habitat availability and
predation risk. Examination of survival differences
between aggregated fish and concealed solitary fish
would help determine the relative fithess of these alter-
native overwintering styles (e.g., Brown & Hartman
1988).

In summer, daytime intraspecific habitat partition-
ing by fish size is common among stream dwelling
salmonids as aresult of size-related differences in feed-
ing efficiency and predation risk (Baltz et al. 1991,
Maki-Petiys etal. 1997). Interspecific habitat partition-
ing is also common as a result of interactive or selective
partitioning of available resources (Dolloff & Reeves
1990, Baltz etal. 1991). Decreased daytime habitat par-
titioning during winter has been attributed to reduced
aggression and energetic demands and similar require-
ments for concealment cover with declining tempera-
ture (Cunjak & Power 1986, Baltz etal. 1991). We also
found a high degree of intraspecific and interspecific
overlap in daytime microhabitat use between bull charr
and cutthroat trout, as did Bonneau & Scarnecchia
(1998), but we did observe clear evidence of intraspe-

among salmonids and other stream fishes, and iscific and interspecific habitat partitioning during win-

hypothesized to be a result of a relaxation of ter-
ritoriality coupled with a ‘squeezing effect’ from
ice exclusion or limited availability of pools and of

ter nights. At night, both species moved away from
cover into faster, shallower water, but cutthroat trout
occurred farther from cover than bull charr and, in



both species, smaller fish occupied focal positions in
slower, shallower water that were closer to the sub-
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McMahon & Hartman 1989, Brown & Mackay 1995,
Cunjak 1996, Thurow 1997). Nighttime observations

strate than larger fish. Bonneau & Scarnecchia (1998) revealed that other habitat features are important as

also observed microhabitat partitioning between juve-
nile cutthroat trout and bull charr on winter nights; a
new finding of our study was evidence for microhabitat
partitioning among size classes.

Nighttime winter habitat partitioning by bull charr
and cutthroat trout mirrored the spatial habitat par-
titioning by these two species during summer days.
Nakano et al. (1992) and Bonneau & Scarnecchia
(1998) observed that cutthroat trout and bull charr dif-
fer in focal point depth, use of overhead cover, and
feeding mode. During summer days, cutthroat trout are
exclusively drift or surface feeders, occupying midwa-
ter positions away from cover, whereas bull charr are
primarily benthic foragers, positioned on or near the
substrate in close proximity to cover. Whether winter
habitat partitioning is interactive or selective (Dolloff &

well. At night we observed both species using habitat
types (low cover, faster water habitats of runs and rif-
fles) and cover types (small patches of aquatic vegeta-
tion) that were not used during the day. Moreover, we
found considerable site-specific differences in winter
habitat use (see also Cunjak & Power 1986, Brown &
Mackay 1995). Beaver ponds, a habitat type lacking in
Daly Creek, formed a critical winter habitat component
in Meadow Creek, where 70% of fish were counted

in five beaver ponds comprising 30% of the area sam-
pled. Beaver ponds are important overwintering sites
for salmonids occupying widely varying winter condi-
tions (Chisholm et al. 1987, Brown & Hartman 1988),
and further investigation of their value as winter habi-
tat for fishes is needed (Cunjak 1996). The seven-fold
difference in abundance we observed among the five

Reeves 1990) could not be determined by our obser- Meadow Creek beaver ponds (Jakober 1995) suggests

vational study. However, the degree of difference in

that examination of factors affecting their suitability

feeding mode and microhabitat selection between the as winter habitat would be a fruitful avenue for future

two species suggests such partitioning is likely a
result of selection for mechanisms for co-existence
(Nakano etal. 1992). Dolloff & Reeves (1990) provided
experimental evidence that habitat partitioning by nat-
urally sympatric juvenile Dolly VardenS. malma

and coho salmon, species behaviorally and morpho-

logically similar to bull charr and cutthroat trout,
respectively, was due to innate differences in habitat
preferences.

Our study was limited by the inability to locate a
significant proportion of concealed fish during day-
time underwater surveys. Daytime microhabitat mea-

research.

High diel and site-specific variation in winter habi-
tat use calls for caution in developing habitat suit-
ability criteria for salmonids based solely on daytime
observations or from a few sites (Campbell & Neuner
1985, Bradford et al. 1995), and supports the recom-
mendation that maintenance or enhancement of habi-
tat complexity is vital to winter habitat management
(Cunjak 1996). Reduction of LWD and deep pools,
sedimentation of large substrate, and other habitat
simplification processes will decrease winter carrying
capacity (Hillman et al. 1987, McMahon & Hartman

surements were therefore mostly based on the small1989), and increase susceptibility of overwintering

proportion « 25%) of fish that were unconcealed, a
potential source of bias. Using electrofishingakit

Petiys et al. (1997) found evidence of size-related
habitat partitioning among juvenile Atlantic salmon.
Thurow (1997) also found a relationship between fish

salmonids to winter disturbances such as flooding and
icing, which may be exacerbated by land management
activities (Erman etal. 1988, Reeves etal. 1993, Cunjak
1996). For example, bull charr are rarer in catchments
with a high level of land use disturbance (Rieman et al.

size and home stone size among concealed juvenile1997) and lacking LWD or pools (Rich 1996).
bull charr. Results of these studies suggest that more Principles of stream fish ecology have largely been
detailed measurements of concealed fish may alsoderived from studies conducted during summer days.

reveal evidence for intra- and interspecific habitat par-
titioning among salmonids during winter days.

While studies of winter behavior and habitat use
have been a focus of much research in recent years

Both species used a diverse array of habitats dur- (Cunjak 1996), nocturnal activity of stream fishes

ing fall and winter. Our results substantiate previ-
ous work on the critical importance of pools, large

remains largely unexplored (Metcalfe et al. 1999).
Pronounced nocturnal activity and habitat partition-

woody debris, unembedded large substrate, and undering among species and size-classes documented in
cut banks as daytime concealment cover for over- ours and other recent studies conducted during both
wintering salmonids (e.g., Cunjak & Power 1986, winter and summer (e.g., Fraser et al. 1995, Reebs
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et al. 1995, Gries et al. 1997, Bonneau & Scarnecchia Olson, R.G. White & R.H. Hamre (ed.) Symposium on Small
1998), suggest that nocturnal behavior and habitat use Hydropower and Fisheries, Amer. Fish. Soc., Western Div.,

patterns likely influence the abundance and distribu-
tion of stream fishes to a larger degree than currently
appreciated.

Acknowledgements

Major funding for this study was provided by the
U.S. Forest Service Rocky Mountain Research Station,
Boise, Idaho. M. Jakober received additional financial
assistance from Trout Unlimited’s Lee Wulff Memorial

Scholarship. We thank R. Swanson, R. Torquemada,

and especially C. Clancy for assistance in initiating
the study and for much-appreciated logistical support.
We thank M. Beck, D. Hoth, L. Javorsky, R. Jakober,
D. Lockman, G. O’Hara, C. Rich, and M. Weldon for
field assistance, and C. Kaya and A. Munro for helpful
reviews of the manuscript.

References cited

Baltz, D.M., B. Vondracek, L.R. Brown & P.B. Moyle. 1991.
Seasonal changes in microhabitat selection by rainbow trout in
a small stream. Trans. Amer. Fish. Soc. 120: 166-176.

Baxter, J.S. & J.D. McPhail. 1997. Diel microhabitat preferences
of juvenile bull trout in an artificial stream channel. N. Amer.
J. Fish. Manage. 17: 975-980.

Bisson, P.A., K. Sullivan & J.L. Nielsen. 1988. Channel
hydraulics, habitat use, and body form of juvenile coho salmon,
steelhead, and cutthroat trout in streams. Trans. Amer. Fish.
Soc. 117: 262-273.

Bonneau, J.L. & D.L. Scarnecchia. 1998. Seasonal and diel
changes in habitat use by juvenile bull troafvelinus
confluentuy and cutthroat trout@ncorhynchus clarkiin a
mountain stream. Can. J. Zool. 76: 783-790.

Bradford, M.J., G.C. Taylor, J.A. Allan & P.S. Higgins. 1995. An
experimental study of the stranding of juvenile coho salmon
and rainbow trout during rapid flow decreases under winter
conditions. N. Amer. J. Fish. Manage. 15: 473-479.

Brown, R.S. & W.C. Mackay. 1995. Fall and winter movements
and habitat use by cutthroat trout in the Ram River, Alberta.
Trans. Amer. Fish. Soc. 124: 873-885.

Brown, T.G. & G.F. Hartman. 1988. Contribution of seasonally-
flooded lands and minor tributaries to the production of coho
salmon in Carnation Creek, British Columbia. Trans. Amer.
Fish. Soc. 117: 546-551.

Byers, C.R., R.K. Steinhorst & P.R. Krausman. 1984. Clarifica-
tion of a technique for analysis of utilization-availability data.
J. Wildl. Manage. 48: 1050-1053.

Campbell, R.F. & J.H. Neuner. 1985. Seasonal and diurnal
shifts in habitat utilized by resident rainbow trout in Western
Washington Cascade mountain streams. pp. 39h48&.W.

Denver.

Chisholm, .M., W.A. Hubert & T.A. Wesche. 1987. Winter
stream conditions and use of habitat by brook trout in high-
elevation streams. Trans. Amer. Fish. Soc. 116: 176-184.

Contor, C.R. & J.S. Griffith. 1995. Nocturnal emergence of juve-
nile rainbow trout from winter concealment relative to light
intensity. Hydrobiologia 299: 179-183.

Cunjak, R.A. 1988. Behaviour and microhabitat of young Atlantic
salmon Galmo salay during winter. Can. J. Fish. Aquat. Sci.
45: 2156-2160.

Cunjak, R.A. 1996. Winter habitat of selected stream fishes and
potential impacts from land-use activity. Can. J. Fish. Aquat.
Sci. 53(suppl. 1): 267-282.

Cunjak, R.A. & G. Power. 1986. Winter habitat utilization by
stream resident brook trousélvelinus fontinalisand brown
trout (Salmo trutta. Can. J. Fish. Aquat. Sci. 43: 1970-1981.

Dolloff, C.A. 1993. Predation by river otterkiftra canadensis
on juvenile coho salmonQncorhynchus kisutghand dolly
varden Balvelinus malmgin Southeast Alaska. Can. J. Fish.
Aguat. Sci. 52: 312-315.

Dolloff, C.A. & G.H. Reeves. 1990. Microhabitat partitioning
among stream-dwelling juvenile coho salm@ncorhynchus
kisutch and dolly vardenSalvelinus malmaCan. J. Fish.
Aquat. Sci. 47: 2297-2306.

Erman, D.C., E.D. Andrews & M. Yoder-Williams. 1988. Effects
of winter floods on fishes in the Sierra Nevada. Can. J. Fish.
Aguat. Sci. 45: 2195-2200.

Fraser, N.H.C., N.B. Metcalfe & J.E. Thorpe. 1993. Temperature-
dependent switch between diurnal and nocturnal foraging in
salmon. Proc. Royal Soc. London 252: 135-139.

Fraser, N.H.C., J. Heggenes, N.B. Metcalfe & J.E. Thorpe. 1995.
Low summer temperatures cause juvenile Atlantic salmon to
become nocturnal. Can. J. Zool. 73: 446-451.

Graham, W.D., J.E. Thorpe & N.B Metcalfe. 1996. Seasonal cur-
rent holding performance of juvenile Atlantic salmon in rela-
tion to temperature and smolting. Can. J. Fish. Aquat. Sci.
53: 80-86.

Gries, G., K.G. Whalen, F. Juanes & D.L. Parrish. 1997. Noctur-
nal activity of juvenile Atlantic salmonSalmo salay in late
summer: evidence of diel activity partitioning. Can. J. Fish.
Aquat. Sci. 54: 1408-1413.

Griffith, J.S. & R.W. Smith. 1993. Use of winter concealment
cover by juvenile cutthroat and brown trout in the South
Fork of the Snake River, Idaho. N. Amer. J. Fish. Manage.
13: 823-830.

Heggenes, J., O.M. Krog, O.R. Lindas, J.G. Dokk & T. Bremnes.
1993. Homeostatic behavioural responses in a changing envi-
ronment: brown trout$almo truttgd become nocturnal during
winter. J. Anim. Ecol. 62: 295-308.

Helfman, G.S. 1993. Fish behaviour by day, night and twilight.
pp. 479-512In: T.J. Pitcher (ed.) Behaviour of Teleost Fishes,
2nd edition, Chapman and Hall, London.

Hillman, T.W., J.S. Griffith & W.S. Platts. 1987. Summer and
winter habitat selection by juvenile chinook salmon in a
highly sedimented Idaho stream. Trans. Amer. Fish. Soc.
116: 185-195.



89

Jakober, M.J. 1995. Autumn and winter movement and habi-  western Montana. M.S. Thesis. Montana State University,
tat use of resident bull trout and westslope -cutthroat Bozeman. 53 pp.
trout in Montana. M.S. Thesis, Montana State University, Riehle, M.D. & J.S. Griffith. 1993. Changes in the habitat use and
Bozeman. 110 pp. feeding chronology of juvenile rainbow troudticorhynchus
Jakober, M.J., T.E. McMahon, R.F. Thurow & C.G. Clancy. mykis$ in fall and the onset of winter in Silver Creek, Idaho.
1998. Role of stream ice on fall and winter movements Can. J. Fish. Aquat. Sci. 50: 2119-2128.
and habitat use by bull trout and cutthroat trout in Mon- Rieman, B.E., D.C. Lee & R.F. Thurow. 1997. Distribution, sta-
tana headwater streams. Trans. Amer. Fish. Soc. 127: tus, and likely future trends of bull trout within the Columbia

223-235. River and Klamath River basins. N. Amer. J. Fish. Manage.
Maki-Petys, A., T. Muotka, A. Huusko, P. Tikkanen & P. Kreivi. 17:1111-1125.

1997. Seasonal changes in habitat use and preference by juve-Rimmer, D.M., U. Paim & R.L. Saunders. 1983. Autumnal habitat

nile brown trout,Salmo truttain a northern boreal river. Can. shift of juvenile Atlantic salmon&almo salayin a small river.

J. Fish. Aquat. Sci. 54: 520-530. Can. J. Fish. Aquat. Sci. 40: 671-680.

McMahon, T.E. & G.F. Hartman. 1989. Influence of cover com- Schutz, D.C. & T.G. Northcote. 1972. An experimental study
plexity and current velocity on winter habitat use by juvenile of feeding behavior and interaction of coastal cutthroat trout

coho salmon@ncorhynchus kisutghCan. J. Fish. Aquat. Sci. (Salmo clarki clarkj and dolly varden $alvelinus malma
46: 1551-1557. J. Fish. Res. Board Can. 29: 555-565.

Metcalfe, N.B., N.H.C. Fraser & M.D. Burns. 1999. Food avail- Thurow, R.F. 1997. Habitat utilization and diel behavior of juve-
ability and the nocturnal vs. diurnal foraging trade-off in juve- nile bull trout Salvelinus confluentysit the onset of winter.
nile salmon. J. Anim. Ecol. 68: 371-381. Ecol. Fresh. Fish 6: 1-7.

Nakano, S., K.D. Fausch, T. Furukawa-Tanaka, K. Maekawa & Thurow, R.F. & D.J. Schill. 1996. Comparison of day snorkel-
H. Kawanabe. 1992. Resource utilization by bull char and cut-  ing, night snorkeling, and electrofishing to estimate bull trout
throat trout in a mountain stream in Montana, U.S.A. Japan. J.  abundance and size structure in a second-order Idaho stream.
Ichthyol. 39: 211-217. N. Amer. J. Fish. Manage. 16: 314-323.

Reeves, G.H., F.H. Everest & J.R. Sedell. 1993. Diversity of Valdimarsson, S.K. & N.B. Metcalfe. 1998. Shelter selection in
juvenile anadromous salmonid assemblages in coastal Oregon juvenile Atlantic salmon; or why do salmon seek shelter in
basins with different levels of timber harvest. Trans. Amer. winter? J. Fish Biol. 52: 42—-49.

Fish. Soc. 122: 309-317. Valdimarsson, S.K., N.B. Metcalfe, J.E. Thorpe &
Reebs, S.G., L. Boudreau, P. Hardie & R.A. Cunjak. 1995. Diel F.A. Huntingford. 1997. Seasonal changes in sheltering: effect
activity patterns of lake chubs and other fishes in a temperate  of light and temperature on diel activity in juvenile salmon.

stream. Can. J. Zool. 73: 1221-1227. Anim. Behav. 54: 1405-1412.

Rich, C.F. Jr. 1996. Influence of abiotic and biotic factors Zar, J.H. 1984. Biostatistical analysis. Prentice-Hall, Englewood

on occurrence of resident bull trout in fragmented habitats,  Cliffs. 718 pp.



