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Abstract.—Movement forms an important part of salmonid life histories, and although previous
studies have largely concluded that the majority of stream-dwelling salmonids are sedentary, the
paradigm of restricted movement has been questioned by recent findings. We conducted a 3-year
study to examine the seasonal movement patterns of rainbow trout Oncorhynchus mykiss in three
small, lake-headed streams situated in north-central British Columbia and to determine whether
movement was related to environmental conditions. Two of the three streams were subjected to
streamside clear-cut logging during the second year. The trout in our study streams generally
remained sedentary during the summer, autumn, and winter seasons for a period of approximately
1–2 years before undertaking long-range (.372–607-m) movements during springtime. These
springtime long-range movements were most closely linked to stream discharge, as they generally
ceased with the onset of summer low flows (,10–20 L/s), but they did not resume in the autumn
despite increasing flows. Links between movement patterns and stream temperature were less clear,
as long-range movements occurred over a wide range (0–308C) of temperatures. The predominant
direction of long-range movements was lakeward. All three streams supported relatively large
populations of resident trout during the summer and autumn months; densities of 0.4–1.0 trout/
m2 were primarily associated with age-0 to age-2 fish. Our data provide insights into how the
movement patterns and life history strategies of stream-dwelling rainbow trout are intertwined, as
well as how the timing of sampling efforts may be an important factor when assessing whether
stream-dwelling fish are sedentary or mobile.

The movement patterns of stream-dwelling fish
(e.g., whether they remain sedentary or move long
distances as well as the timing of any long-range
movements) can be an important consideration
when examining their life history strategies. Al-
though there may be advantages to remaining sed-
entary (such as reduced energetic expenditures re-
quired to move, establish new territories, or adapt
to new environments), long-range movements in
stream fishes may be favored if habitat suitability
and an abundance of food offset the costs of mov-
ing (Northcote 1992). Movement to more suitable
habitat may also accompany the onset of changing
environmental conditions (e.g., discharge, tem-
perature, or photoperiod; Northcote 1962; Bilby
and Bisson 1987; Heggenes and Traaen 1988;
Baltz et al. 1991; Hilderbrand and Kershner 2000),
an increase in fish size and territory (Northcote
1992), or population density (Minns 1995). The
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importance and timing of environmental cues in
promoting movement remain largely unknown and
presumably vary from stream to stream (Bilby and
Bisson 1987).

In a review of the literature investigating wheth-
er stream-dwelling fish remain sedentary or move
long distances, Gowan et al. (1994) found that the
majority of studies concluded that stream fishes
were largely sedentary and had relatively small
home ranges (i.e., the area over which an animal
normally travels; Gerking 1959). However, the
paradigm of limited movement has been ques-
tioned by recent studies that have shown long-
range movements to be a potentially common be-
havior exhibited by stream-dwelling trout (e.g.,
see Meyers et al. 1992; Riley et al. 1992, Gowan
et al. 1994; Young 1994; Gowan and Fausch 1996;
Smithson and Johnston 1999). Furthermore, a re-
examination of older studies by Gowan et al.
(1994) has shown that experimental bias may have
favored previous conclusions that stream fishes
were sedentary. For example, although marked fish
in many older studies were often recaptured in
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close proximity to their original capture sites, the
large proportion of fish that were never recaptured
suggests that long-range movements were possi-
ble. The controversy surrounding restricted versus
long-range movements in stream fishes appears to
have settled on the acceptance that both types of
behavior are exhibited within any given population
(although the proportion of these behaviours varies
considerably), that individual fish can switch be-
haviors, and that the combination of these behav-
iors is presumably adaptive where conditions are
changeable and often unpredictable (Northcote
1992; Gowan et al. 1994). The high mobility of
brook trout Salvelinus fontinalis observed by Riley
et al. (1992), Gowan et al. (1994), and Gowan and
Fausch (1996), and which partly formed the basis
for questioning the restricted movement paradigm,
may also be a species-specific behavior not com-
mon in other salmonids (Rodriguez 2002).

Small streams (both headwater and lake-headed)
are numerous in the boreal and subboreal temper-
ate region of north-central British Columbia, Can-
ada (Farley 1979). Although nonanadromous rain-
bow trout Oncorhynchus mykiss are an abundant
and common species, relatively little is known
about their movement patterns in fluvial environ-
ments, particularly in lake-headed systems. The
main objectives of this study were to determine
(1) the seasonal movement patterns of nonanad-
romous rainbow trout in small, lake-headed
streams in this region and (2) if movement was
related to environmental conditions (e.g., dis-
charge and temperature).

Methods

Study site description.—Rainbow trout move-
ment patterns were assessed in three small, lake-
headed streams (118/16, 118/48, and Hip) located
within the subboreal spruce biogeoclimatic zone
of north-central British Columbia (Figure 1; Farley
1979). This region is dominated by glaciolacus-
trine and sandy glaciofluvial soils and has an av-
erage annual precipitation of approximately 50 cm
falling primarily as snow between November and
March, and rain between April and October (Mac-
donald et al. 1992). The three streams lie within
the Nation River drainage system and were
matched as closely as possible with respect to their
physical characteristics (Table 1). They were small
(,2 m bank-full width) and low gradient (,4%),
having channel morphologies consisting primarily
of pool riffle sequences. The stream study sections,
ranging in length from 372 to 607 m (Table 1),
comprised an upstream (US) and a downstream

(DS) boundary where fish traps were installed and
where water quality measurements were taken.
Each stream was also headed by, and flowed into,
either a small (,20 ha), relatively shallow lake or
swamp; streams 118/16 and 118/48 flowed into the
same downstream swamp complex (Figure 1; Ta-
ble 1). No tributaries were encountered within the
study sections of all three streams, and the dis-
tances from the study boundaries to the lakes or
swamps ranged from 60 to 1400 m (Table 1). No
obvious barriers to fish migration were detected
within the study sections, or between the study
boundaries and the US and DS lentic water bodies.
The riparian zones of all three streams (defined
here as a zone extending 30 m perpendicular to
each bank; British Columbia Ministry of Forests
and British Columbia Ministry of Environment
1995) were dominated by lodgepole pine Pinus
contorta and spruce Picea spp.; occasional stands
of subalpine fir Abies lasiocarpa and a heavy de-
ciduous undergrowth composed primarily of alder
Alnus spp. and willow Salix spp. were also present.
The most common and most abundant fish species
in all three streams was rainbow trout, and this
was the only fish species captured in stream Hip
and its headwater lake (Tyerman 1999a). Small
numbers of suckers Catostomus spp. and lake chub
Couesius plumbeus were captured in streams 118/
48 and 118/16. Fish species captured in the head-
water lakes of these two streams comprised rain-
bow trout (6% and 20% of the total numbers cap-
tured for streams 118/48 and 118/16, respectively),
lake chub (82% and 45%) and suckers (12% and
34%; Tyerman 1999b; Pillipow 1996). Point es-
timates of summertime dissolved oxygen levels
and total nitrogen-to-phosphorus ratios in the sur-
face waters of the headwater lakes of all three
streams exceeded 8 mg/L and 35:1, respectively,
and the lake at the head of stream Hip was the
only one that did not stratify (Pillipow 1996; Tyer-
man 1999a, 1999b).

The study was initiated in late August and early
September 1997. Stream Hip remained forested for
the duration of the study (until early September
1999), whereas streamside clear-cut logging was
conducted around streams 118/16 and 118/48 in
February 1998. Timber harvesting within the ri-
parian zones of streams 118/16 and 118/48 con-
sisted of clear-cut logging that removed only ma-
ture commercial timber (.15 cm diameter at breast
height [DBH] for lodgepole pine and .20 cm DBH
for spruce and subalpine fir). The majority of non-
commercial and deciduous timber was thus left
standing within the riparian zones to continue pro-
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FIGURE 1.—Map showing the general location and details of the three case study streams in British Columbia,
Canada. The areas harvested around streams 118/16 and 118/48, along with the upstream (US) and downstream
(DS) lakes and swamp complexes, are shown. Dots along the streams indicate the US and DS sampling sites where
water quality (temperature, dissolved oxygen, discharge, and turbidity) measurements were made and where the
fish traps were installed to monitor rainbow trout movement patterns.

TABLE 1.—Physical characteristics for streams 118/16, 118/48, and Hip and their adjoining lakes and swamp com-
plexes. Upstream and downstream sites are denoted by US and DS, respectively. Numbers in parentheses beside values
for stream and hillside gradients, bank-full widths, and channel depths represent standard errors; numbers beside US
lake mean depths represent maximum depths. Mean and maximum depths for the DS lake and swamps were not
available.

Stream 118/16 Stream 118/48 Stream Hip

Stream gradient (%) 1.8 (0.2) 1.9 (0.2) 3.1 (0.2)
Hillside gradient (%) 19.8 (1.6) 26.7 (4.1) 32.7 (4.2)
Bank-full width (m) 1.7 (0.1) 1.7 (0.2) 1.0 (0.1)
Channel depth (cm) 29.5 (2.1) 35.2 (4.1) 26.7 (4.6)
Aspect SE SW N
Length of study section (m) 372 607 430
Distance from US site to lake or swamp (m) 60 200 450
US lake (L) or swamp (S) area (ha) 13.1 (L)a 15.3 (L)a 3.6 (S)
US lake mean depth (m) 3.1 (8.7)a 2.5 (5.5)a —
Distance from DS site to lake or swamp (m) 1,400 265 250
DS lake (L) or swamp (S) area (ha) 8.8 (S) 8.8 (S) 1.7 (L)

a Data for lakes heading streams 118/16 and 118/48 are from Pillipow (1996) and Tyerman (1999b), respectively.
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viding shade and future recruitment of large or-
ganic debris (LOD). By comparison, the remaining
cutblock areas (40 ha for stream 118/16 and 36 ha
for stream 118/48) were completely clear-cut (Fig-
ure 1). For streams 118/16 and 118/48, the US and
DS sites were at the uppermost and lowermost
edges of the cutblock boundaries, respectively. All
harvesting machinery was kept a minimum of 5
m from the streambanks in order to protect stream-
bank integrity and to minimize erosion, and no
instream LOD was deliberately removed. Road
construction into these two cutblocks began in Oc-
tober 1997, a single bridge being installed across
each stream to act as a crossing point. Streambanks
around the bridge crossings were armoured with
riprap, and all road construction was completed by
early December 1997.

Stream physical characteristics and water qual-
ity measurements.—Following the methods out-
lined in Ralph (1990), five measurements each of
stream and hillside gradient, bank-full width,
channel depth, and the amount of stream shading
provided by the riparian vegetation (reported in
terms of percent canopy cover) were taken at equi-
distant locations along each study reach and av-
eraged. Canopy cover was measured with a hand-
held densiometer immediately above the stream
surface during the month of August at the same
locations along the study reaches for both pre-
(1997) and postlogging (1998–1999) periods.

Water quality data (stream temperature, dis-
charge, dissolved oxygen [DO], and turbidity)
were collected from each stream in order to relate
rainbow trout movement patterns to environmental
conditions. Automated temperature loggers (tem-
perature range,258C to 358C; resolution, 0.28C;
Vemco, Inc.) were installed in August 1997 at the
US and DS study boundaries of each stream to
record hourly stream temperatures, but for the sake
of clarity only temperature patterns from the US
sites (which were unaffected by logging) are pre-
sented here. Temperatures at the US sites were
chosen because they were warmer during the sum-
mer months when compared with DS temperatures
(even after logging had taken place), and because
postlogging summertime temperature changes at
the DS sites were relatively modest (less than
;18C). A full description of the temperature pat-
terns from 1997 to 1999 at both sites for all three
streams is provided in Mellina et al. (2002).

The remaining water quality measurements
(stream discharge, turbidity, and DO) were taken
at the DS study boundaries during site visits that
occurred (on average) once every 2–3 d from Au-

gust and September to December 1997, from May
to November 1998, and from May and June to
September 1999. To estimate stream discharge, a
staff gauge was installed in each stream and a read-
ing was taken during each site visit. Periodic dis-
charge estimates were obtained following the
methods outlined by Ralph (1990), and a rating
curve was constructed from which staff readings
were converted into flow estimates (Gore 1996).
To estimate stream sediment concentrations, tur-
bidity was measured in nephelometric turbidity
units (NTU) during each site visit with a Solomat
520c hand-held water quality monitor (Solomat,
Norwalk, Connecticut). Water samples were col-
lected when turbidity readings between visits var-
ied by approximately 50 NTU, and these were
stored at 48C in opaque containers and analyzed
for total nonfilterable residue according to the
methods outlined in APHA et al. (1981). All non-
filterable residues were assumed to represent sus-
pended sediments from our streams, and this pro-
cedure allowed us to construct a calibration curve
to convert NTU readings to sediment concentra-
tions (mg/L). Lastly, a single DO measurement
was taken during each site visit using a YSI Model
55 DO meter equipped with automatic temperature
compensation (YSI, Inc., Yellow Springs, Ohio).

Rainbow trout seasonal movement patterns.—To
monitor rainbow trout movement patterns, two-
way fish traps similar in design to those used by
Gowan and Fausch (1996) were installed at the US
and DS study boundaries of each stream. Panels
constructed of mesh with 0.4-cm-diameter holes
were placed on either side of the traps to allow
the free passage of water while restricting fish
movement. The traps and panels were placed so
that the entire stream width was blocked and pas-
sage was only possible through the trap openings.
Trap openings were 2.5 cm wide and faced up-
stream and downstream to allow us to determine
the direction in which trout were moving. The traps
were first installed in late August (stream 118/16)
and early September (streams 118/48 and Hip)
1997, and again in May and June during the years
1998 and 1999 when streamflows permitted their
installation and operation. The traps were removed
in late November and early December for the years
1997–1998 (when ice and snow made their oper-
ation impossible), and in September 1999. The US
and DS traps were checked for trout on the same
days that water quality data were collected.

During each site visit, rainbow trout that were
captured in the two-way traps were anesthetized
with tricaine methanesulfonate (MS-222), mea-
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sured (fork length), and weighed. All captured fish
were either tagged with a passive integrated tran-
sponder (PIT) tag or had a specific fin partially
clipped to identify the capture site and direction
of movement. Fish were allowed to recover for
approximately 1 h and then released in the direc-
tion they were moving when captured. It was not
possible to assess diurnal movement patterns be-
cause no attempt was made to consistently check
the traps at specific times of the day. Furthermore,
we were unable to assess movements between Jan-
uary and May of 1998 and 1999 because the two-
way traps became inoperable during the winter
months and were removed.

To estimate the numbers of rainbow trout resid-
ing within the stream study boundaries during the
summer months, a single-pass electroshocking sur-
vey was conducted in each of the three streams
during late August and early September 1997–
1999 using a backpack electroshocker. Stream con-
ductivities ranged from 175 to 200 mS/cm, and we
were able to keep the voltage relatively low (350–
500 V) to minimize injury to fish. Streamwide
multipass electroshocking was avoided in order to
reduce possible injury to any fish missed during
the first pass and to reduce the possibility of elec-
troshocking-induced movements (Mitton and
McDonald 1994; Nordwall 1999). However, some
stream sections were subjected to two-pass elec-
troshocking during 1999 in order to assess the ef-
ficiency of our sampling effort, and because the
same team of operators conducted the summertime
surveys in all years we assumed that catchability
remained constant. Trout captured during these
surveys were measured (fork length), weighed,
PIT tagged or fin clipped if previously unmarked,
and returned to the habitats in which they were
captured. Otoliths from a small number of trout
were retained for later age determinations follow-
ing the methods outlined in Chilton and Beamish
(1982).

Our PIT tag and fin-clipping data allowed us to
classify rainbow trout appearing at the boundary
traps into several different categories: (1) those
that were captured at one study boundary and re-
captured later at the second boundary (i.e., fish
moving through the study sections); (2) those that
were recaptured repeatedly at a same boundary
(i.e., trout whose home ranges presumably includ-
ed the study boundaries); (3) those that were al-
ready tagged when captured during the summer-
time electroshocking surveys (i.e., fish that had
moved into the study sections and remained within
the boundaries); and (4) those that were captured

only once at a study boundary. Because the pri-
mary objective of this study was to examine the
seasonal movement patterns of stream-dwelling
trout, we used the home range distances of pre-
vious studies (Table 2 in Gowan et al. 1994) as a
guide in determining when fish were sedentary and
when they undertook long-range movements. Of
the 37 studies reviewed by Gowan et al. (1994),
31 reported home ranges of salmonid fishes that
were less than 350 m, and their respective authors
classified these fish as being sedentary. Because
our stream study sections ranged in length from
372 to 607 m (Table 1), those fish that remained
within our stream study sections were classified as
being sedentary (throughout this paper we use the
terms ‘‘sedentary’’ and ‘‘resident’’ interchange-
ably). Resident trout whose home ranges included
the study boundaries where the traps were placed
would be expected to reappear at the same bound-
ary, and we therefore classified those fish that were
recaptured repeatedly at the same boundary as res-
idents. By contrast, trout that were captured at one
boundary and subsequently recaptured at the sec-
ond boundary (i.e., moving through the study sec-
tion) were classified as long-range movers. How-
ever, because the traps were installed during spring
at a time when trout were already moving, and
because of the disparate times that the upstream
and downstream traps were installed within the
same streams, all long-range movers could not be
captured at both study boundaries. Therefore, once
we had accounted for trout exhibiting the first three
movement types listed above, for each year all
remaining trout that were only captured once at
the two-way traps were also classified as long-
range movers.

Winter sampling.—In addition to the above sam-
pling schedule, limited fieldwork was also under-
taken in March 1998 and February 1999 to deter-
mine whether rainbow trout were present in our
study streams during the winter months. A baited
minnow trap (mesh size, 0.5 cm; opening, 2.5 cm)
was placed for approximately 48 h in each of three
to seven pools located within the study sections
of the three streams to assess the presence or ab-
sence of fish. The number of traps we could place
was limited because the amount of snow and ice
covering the streams made sampling difficult, and
because low-flow conditions resulted in only a lim-
ited number of pools where traps could be sub-
merged. Trapped fish were measured (fork length),
weighed, and any fin clip or PIT tag noted before
returning them to the pool in which they were
captured.
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TABLE 2.—Seasonal numbers of rainbow trout captured in the traps installed at the upstream (US) and downstream
(DS) boundaries from the three study streams during the years 1997–1999. Total numbers of captured trout are grouped
according to year, season (SP 5 spring; SU 5 summer; AU 5 autumn), site, and direction of movement. Data are
further grouped into trout captured at both study boundaries moving in a particular direction (i.e., those exhibiting long-
range US and DS movements) and those repeatedly recaptured at the same boundary (representing residents whose
home ranges included the study boundary) for each year and season as well as trout that were previously tagged during
the summer electroshocking surveys. For each year, the difference between the total number of trout captured in the
traps and the number in the above three categories represent trout that were only captured once at a single boundary,
and these were assumed to also represent long-range movers. The number of resident trout captured within the study
sections during the annual summertime electroshocking surveys is also included, the numbers in parentheses representing
streamwide abundance estimates scaled up to take into account the results from two-pass electrofishing conducted on
selected stream reaches in 1999 (see text for details).

Stream Year Season

Total number of trout
captured at traps

US site

US DS

DS site

US DS

Number
of trout
captured
at both
bound-
aries

moving
US

Number
of trout
captured
at both
bound-
aries

moving
DS

Number
of trout

repeatedly
captured

at DS
boundary

Number
of trout

repeatedly
captured

at US
boundary

Number of
previously

tagged
trout

during
summer
survey

Number
of trout

only
captured
once at a
boundary

Number
of

summer
residents

118/16 1997 SU 46 2 69 11 2 0 5 1 22 217 349 (415)
AU 14 72 40 6 4 3 0 6

1998 SP 691 2 865 117 412 1 122 2 89 1,128 230 (275)
SU 14 1 28 5 4 0 5 0
AU 13 0 24 10 5 0 2 0

1999 SP 118 6 211 34 27 1 29 1 108 291 508 (605)
SU 28 4 57 30 12 0 17 2

118/48 1997 SU 0 0 7 4 0 0 0 0 4 21 804 (946)
AU 10 0 2 2 0 0 0 0

1998 SP 419 122 477 280 116 39 50 36 62 1,033 566 (666)
SU 24 4 16 11 23 0 2 0
AU 5 0 2 2 1 0 0 0

1999 SP 45 41 34 14 3 4 5 3 102 96 1,082 (1,273)
SU 37 10 14 21 2 0 1 0

Hip 1997 SU 7 2 1 3 0 0 0 0 6 11 303 (340)
AU 0 3 0 1 0 0 0 0

1998 SP 4 77 16 28 1 32 3 4 67 73 287 (322)
SU 16 18 15 16 2 2 2 8
AU 1 0 0 3 0 0 0 0

1999 SP 4 16 0 3 0 0 0 2 79 299 375 (421)
SU 5 125 8 229 1 5 1 3

Data analysis.—Rainbow trout movement and
water quality data were separated into the follow-
ing four seasons distinguished primarily on the
basis of stream discharge and temperature: spring
(April 1–June 30), summer (July 1–September 30),
autumn (October 1–December 31), and winter
(January 1–March 30). Using stream-specific sea-
sonal movement data pooled across all 3 years,
chi-square tests were used to determine if trout
moved preferentially upstream or downstream dur-
ing each of the spring, summer, and autumn sea-
sons. Postspring movement rates (i.e., the number
of fish moving per day during the summer and
autumn seasons) were compared prior to and fol-
lowing logging using Kruskal–Wallis one-way
analysis of variance (ANOVA). Because of the dis-
parity in the times during which monitoring began
and ended across streams and years, we limited

our postspring movement analyses to those dates
for which we had complete pre- and postlogging
data. This resulted in only data from 1997 (pre-
logging) and 1998 (postlogging) being used and
included the following dates: August 21–Novem-
ber 17 (stream 118/16), September 3–November
17 (stream 118/48), and September 8–November
18 (stream Hip).

Results

Seasonal Water Quality Patterns and Stream
Canopy Cover Levels

Upstream maximum temperatures and DS dis-
charges followed similar seasonal patterns in all
three streams during 1997–1999 (Figures 2–4).
Spring was characterized by the highest flows rel-
ative to other seasons (due to snowmelt-dominated
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FIGURE 2.—Stream abiotic and rainbow trout movement patterns for stream 118/48 during the years 1997–1999.
Panel (a) shows upstream (US) maximum (max.) temperatures and downstream (DS) discharge, and panels (b) and
(c) show directional trout movement patterns for US and DS sites, respectively. Only temperature was continuously
recorded, whereas the remaining data were collected during each site visit. Data format is month/day, and corre-
sponding years are shown above panel (a). A logarithmic scale was used on some axes to improve clarity.

freshets) and a pattern of rapidly increasing tem-
perature. Summer was characterized by relatively
low and stable flows as well as relatively high
maximum temperatures, whereas autumn was
characterized by increasing flows (as a result of
autumn rains) and declining temperatures. During
the winter months (March 1998 and February
1999), all three streams were almost completely
covered by snow and stream temperatures re-
mained relatively stable at approximately 08C. Al-
though no flow data were available during these
months, water depths in the pools in which min-
now traps were placed were comparable to sum-
mertime depths, and flows were presumably sim-
ilar between these two seasons. Overall, the water
quality data suggest that the spring and summer
months of 1998 were the warmest of all 3 years

(Figures 2–4). The lowest stream discharges were
also observed during the summer of 1998: flows
as low as 0.2 L/s were recorded in stream 118/48,
and average spring flows in all three streams were
approximately two to four times higher in 1999
when compared with those in 1998. Stream 118/
16 was the warmest stream; US maximum spring
and summer temperatures exceeded 238C in all 3
years. By contrast, stream Hip was the coldest
stream and also exhibited the highest summertime
flows (Figures 2–4).

In August 1997, all three streams were relatively
well shaded by the adjacent riparian canopy; the av-
erage canopy cover for streams 118/16, 118/48, and
Hip was 87.7, 86.4, and 71.5%, respectively. During
the summer of 1998, levels were reduced to 41.6%
and 43.6% in streams 118/16 and 118/48, respec-
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FIGURE 3.—Stream abiotic and rainbow trout movement patterns for stream 118/16 during the years 1997–1999;
see Figure 2 for additional details.

tively, as a result of streamside timber harvesting,
and levels remained relatively low (51.1% and
48.6%, respectively) during the summer of 1999.
By contrast, average summertime canopy cover
levels in stream Hip were 62.9% and 68.0% during
1998 and 1999, respectively. Dissolved oxygen
levels in all streams, which did not fall below 6.2
mg/L in the 3 years during which our sampling
took place, remained relatively stable throughout
the spring and summer, and increased with in-
creasing flows and declining temperatures in the
autumn (Figure 5). Downstream suspended sedi-
ment concentrations were relatively low (,5 mg/L)
in all three streams during August and September
1997, and tended to increase with autumn rain
events. However, road construction during October
and November 1997 across streams 118/16 and
118/48, combined with heavy rains, resulted in
increased sedimentation as levels reached 50 mg/L
in stream 118/48 (Figure 5). Concentrations de-

creased once the streambanks at the bridge cross-
ing points were armored with riprap. While sus-
pended sediment concentrations remained rela-
tively low during all subsequent seasons, there was
the occasional summertime rise in streams 118/16
and Hip during 1998 and 1999 (Figure 5). Lastly,
no substantial changes in summer and autumn DS
discharge and DO patterns were evident after
streamside logging had taken place around streams
118/16 and 118/48.

Trout Seasonal Movement Patterns

The two-way traps installed at the US and DS
study boundaries successfully captured rainbow
trout ranging in size from 2 to 30 cm fork length
(Figures 6–8). This size range compares favorably
with those of the rainbow trout captured in the
headwater lakes (which ranged from 11.2 to 28.2
cm for stream 118/48, 9.3–32.1 cm for stream 118/
16, and 19.4–29.8 cm for stream Hip; Pillipow
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FIGURE 4.—Stream abiotic and rainbow trout movement patterns for stream Hip during the years 1997–1999;
see Figure 2 for additional details.

1996; Tyerman 1999a, 1999b), and suggests no
size-classes were excluded from our traps. The
largest proportion of trout captured at the bound-
ary traps comprised those exhibiting long-range
movements; percentages ranged from 68% to 88%
for stream 118/16, 49–89% for stream 118/48, and
57–78% for stream Hip (Table 2). The remaining
trout captured at the traps were classified as res-
idents and comprised those whose home ranges
presumably included the study boundaries, as well
as those that were already tagged when the sum-
mertime electroshocking surveys were conducted.
The frequency of trout movements (represented by
the numbers of trout captured at the traps per day)
appeared to exhibit seasonal patterns (Figures 2–
4). Trout movements were most numerous during
the spring and early summer seasons, the largest
numbers of movers being captured during the
spring of 1998 in all three streams (up to 1,675
trout in stream 118/16; Table 2). By contrast,
movements were relatively restricted during the

summer, autumn, and early winter months, and this
pattern may be linked to environmental conditions.
For example, the cessation of spring movements
generally coincided with the onset of summertime
low flows in all three streams (,10–20 L/s; Fig-
ures 2–4), sporadic movements continuing into the
summer and autumn seasons. Although flows in-
creased during the autumn seasons, no correspond-
ing increase in long-range movements was ob-
served on the scale seen during the spring seasons.
This was particularly evident in streams 118/48
and Hip during 1998, when mean autumn flows
(which approximated those recorded during the
spring) were accompanied by an almost total lack
of trout appearing at the study boundary traps.
Links between trout movement and stream tem-
perature were less clear: the occurrence of spring-
time movements occurred over a wide range of
temperatures (0–308C), as did their general ces-
sation during the summer and autumn months (0–
288C; Figures 2–4). Trout movement also did not
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FIGURE 5.—Stream dissolved oxygen and suspended sediment concentrations for streams (a) 118/48, (b) 118/
16, and (c) Hip during the years 1997–1999. Date format is month/day, and corresponding years are shown above
panel (a).

appear to be stimulated by decreasing DO levels,
or by the increased sedimentation caused by road
construction during the autumn of 1997 in streams
118/16 and 118/48.

Using pooled data from 1997 to 1999, we found
that there were significantly more upstream than
downstream movements during the spring, sum-
mer, and autumn seasons in stream 118/48 (chi-
square: P , 0.003; Figures 2, 6). A similar pattern
was found in stream 118/16 during the spring and
summer months (chi-square, P , 0.001), although
no direction was favored during autumn (chi-
square: P 5 0.82; Figures 3, 7). By contrast, down-
stream movements were favored in stream Hip
(chi-square: P , 0.03) in all three seasons (Figures
4, 8). No significant differences were detected in
the frequency of summer and autumn long-range
movements prior to (1997) and following (1998)
streamside logging in stream 118/48 (Kruskall–

Wallis ANOVA: P . 0.17). Similarly, no signif-
icant differences (Kruskall–Wallis ANOVA: P .
0.14) were found during the corresponding seasons
in stream Hip. However, there were significantly
more movements in stream 118/16 during the pre-
logging summer and autumn seasons when com-
pared with the corresponding postlogging seasons
(Kruskall–Wallis ANOVA: P , 0.04).

Summer and Winter Residency Patterns

Electroshocking surveys conducted in late Au-
gust and early September of each year revealed
that between 230 and 1,082 rainbow trout (rep-
resenting minimum densities of 0.4–1.0 fish/m2)
were resident within the study boundaries of the
three streams during the summer and autumn sea-
sons (Table 2). The assumption of residency is
supported by the relatively limited numbers of
movers appearing at the two-way traps during
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FIGURE 6.—Yearly size-frequency distributions of rainbow trout making seasonal upstream (white bars) and
downstream (black bars) movements as well as for summertime residents (gray bars) in stream 118/48 during the
years 1997–1999. Data represent all trout that were captured at the two-way traps installed at the study boundaries
(movers) and during the summertime electroshocking surveys (residents). Axis scales were kept constant within
seasons to enable direct comparisons to be made. The following dates correspond to the identified seasons: spring
(April 1–June 30), summer (July 1–September 30), and autumn (October 1–December 31).

these two seasons. In 1999, the average percent-
ages of fish captured during the first pass of our
two-pass electroshocking on selected stream
reaches were 84, 85, and 89% for streams 118/16,
118/48, and Hip, respectively, and these capture
efficiencies allowed us to better scale the relative
catch to true summertime resident abundance (Ta-
ble 2). Streamwide summer resident densities in
all three streams appeared to be lower in 1998 than
in 1997 but increased in 1999 to levels that were
greater than what was recorded during the pre-
harvest summer. In 1998, the ratio of springtime
long-range movers to summertime residents was
approximately 6:1 in stream 118/16, approximate-
ly 2:1 in stream 118/48, and approximately 1:6 in
stream Hip, whereas the ratios of summertime res-
idents to summer and autumn long-range movers
were approximately 3:1, 9:1, and 4:1, respectively.

Lastly, minnow trapping conducted during the
winter months revealed that trout were present
(and presumably overwintering) in these streams,
and that 17–63% of captured fish were previously
tagged or fin-clipped.

Trout Size Distributions

The size-frequency distributions of the summer-
time resident populations allowed us to classify
the rainbow trout that were captured in our three
study streams into two main size-classes and the
corresponding age-classes: young of the year (age
0), which ranged in size from 2 to 6 cm, and age
1 and older (hereafter, age 11), which ranged in
size from 6 to 17 cm. Because spawning had
ceased by the time the electroshocking surveys
were conducted in August and September of each
year, all trout larger than 17 cm fork length (the



1032 MELLINA ET AL.

FIGURE 7.—Yearly size-frequency distributions of rainbow trout making seasonal upstream (white bars) and
downstream (black bars) movements as well as for summertime residents (gray bars) in stream 118/16 during the
years 1997–1999; see Figure 6 for additional details.

size limit in the summertime resident populations)
were assumed to represent spring spawners. The
majority of trout (mean, 88%; range, 79–100%)
captured at the boundary traps during springtime
in all three streams were between 6 and 12 cm;
relatively few spawners (0–83) and age-0 trout (0–
59) were observed (Figures 5–7). Similarly, an av-
erage of 90% (range, 50–100%) of trout captured
at the traps during the summer and autumn months
were between 2 and 12 cm, as were an average of
99% (range, 97–100%) of the summertime resi-
dents. Mean fork lengths of fish captured in min-
now traps during the winter months averaged 7.7
cm (range, 4.8–11.1 cm) for stream 118/16, 6.5
cm (range, 5.1–10.0 cm) for stream 118/48, and
7.9 cm (range, 5.1–10.5 cm) for stream Hip. Last-
ly, the otolith data indicated that trout ranging in
length from 2 to 12 cm ranged in age from age 0
to age 2.

Discussion

The general seasonal movement patterns exhib-
ited by stream-dwelling rainbow trout in our three
study streams consisted of a relatively large, spring
lakeward dispersal followed by mainly restricted
movements throughout the summer, autumn, and
(presumably) winter seasons. The predominantly
lakeward movements in all three streams (up-
stream for streams 118/16 and 118/48, and down-
stream for stream Hip), combined with the rela-
tively short distances from the lakes to the nearest
study boundary (60–250 m), further suggests that
the streams were being used by the movers to gain
access to the lakes. Furthermore, the observed
spring lakeward dispersal by trout in our streams
may represent true migrations (i.e., regularly oc-
curring, directed movements that alternate be-
tween two or more well-separated habitats and that
involve a large fraction of the population; North-
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FIGURE 8.—Yearly size-frequency distributions of rainbow trout making seasonal upstream (white bars) and
downstream (black bars) movers as well as for summertime residents (gray bars) in stream Hip during the years
1997–1999; see Figure 6 for additional details.

cote 1992). Northcote (1962) similarly reported
that the movements of juvenile rainbow trout in-
habiting outlet streams in the southern interior of
British Columbia were predominantly in a lake-
ward direction and that they occurred primarily
during the spring and early summer seasons. How-
ever, in marked contrast to the present study,
Northcote (1962) found that juvenile trout contin-
ued their lakeward movements until late August
and early September; this may reflect regional dif-
ferences between the two studies. Hilderbrand and
Kershner (2000) also reported similar patterns
from a headwater stream in Idaho and Utah, and
found that the frequency of cutthroat trout O. clar-
kii long-range movements (.300 m) was greatest
in July and early August, that these ceased almost
entirely by early September, and that the majority
of trout moved in an upstream direction. Lastly,
our observed seasonal movement patterns are in
agreement with Rodriguez (2002), who concluded

that restricted movement was largely favored in
stream salmonids during nonmigratory periods.

Of the stream physical characteristics we mon-
itored, long-range movements appeared most
closely linked to discharge patterns, as these gen-
erally ceased with the onset of summer low flows.
Bjornn (1971) similarly suggested that rainbow
trout in Idaho streams may use low flows as an
environmental cue to halt movement. Although not
as easily discernible, temperature may also have
played a role in the seasonal movement patterns
we observed. For example, Northcote (1962)
found that upstream migrations of juvenile rain-
bow trout in outlet streams increased when tem-
peratures exceeded 158C, and speculated that rapid
changes in temperature (such as those recorded
during the spring seasons in our study streams)
might induce lakeward movements. Wightman
(1982) also speculated that upstream springtime
migrations of rainbow trout inhabiting outlet
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streams appeared to be stimulated by the breakup
of ice on headwater lakes and by increasing tem-
peratures. Although our inability to begin moni-
toring before mid-May precluded the detection of
a temperature or discharge threshold (if they exist)
that may have initiated spring movements, it is
reasonable to suggest that stream temperature may
be one of the factors that initiated the trout lake-
ward spring dispersal in our streams, and that the
onset of low flows may have signaled the end of
these movements. Increasing temperatures may
also have stimulated spawners to enter the stream
outlets from adjoining lakes (Hartman et al. 1962;
Northcote 1969), and the appearance of spawners
within the study boundaries of all our streams by
the time the two-way traps were in place suggests
that spawning activities began prior to the month
of May.

The seasonal long-range movement patterns,
coupled to relatively high densities of summertime
residents, suggest that both movers and sedentary
fish coexisted within the rainbow trout populations
found in our three study streams, and these results
are in agreement with the findings reported in other
movement studies (e.g., Northcote 1962; Heggenes
et al. 1991; Freeman 1995; Smithson and Johnston
1999; Hilderbrand and Kershner 2000). However,
despite the convenience of categorizing fish into
two behavioral groups (movers or residents), in-
dividual fish may switch behaviors, allowing them
to adapt to variable environmental conditions
(Harcup et al. 1984; Gowan et al. 1994; Hilder-
brand and Kershner 2000). The possible reasons
for moving from, or remaining sedentary in, these
small streams are varied as there are a number of
potential advantages in displaying either behavior.
Long-range movers are able to locate new and un-
exploited habitats (thereby gaining additional re-
sources), or may escape from unfavorable or in-
adequate environmental conditions (Naslund
1990; Northcote 1992). For example, movement
to lentic environments may be favored because,
when compared with small streams, lakes often
provide greater thermal stability as well as greater
resources (food and habitat) necessary for the sur-
vival of larger fish. These factors may have been
partly responsible for the trout lakeward spring
dispersal observed in our study streams. Alterna-
tively, residency may be favored because of the
energetic costs involved in moving, in establishing
new territories, in adapting physiologically to new
environments, and in dealing with new predators,
parasites, or diseases (Northcote 1992). Further-
more, food abundance has been shown to override

habitat in determining the abundance and micro-
habitat distribution of trout during summer (Wilz-
bach 1985; Wilzbach and Hall 1985), whereas suit-
able physical habitat (low velocity areas to mini-
mize energy expenditure, instream cover, sufficient
oxygen) has been cited as overriding food avail-
ability in winter for certain salmonids (Baltz et al.
1991; Brown and Mackay 1995; Cunjak 1996).
Therefore, the resident trout in our streams may
not have needed to conduct long-range movements
during the postspring seasons because the habitat
requirements for survival (e.g., oxygen, flow, cov-
er, and presumably food) were present.

Residency in stream-dwelling fish may also be
favored because long-range movements to larger
water bodies can involve risks, particularly for
small fish. Small trout are likely more vulnerable
to predation than larger fish and may need to attain
a certain size threshold to increase their chances
of survival before migrating to larger water bodies
(where the probability of encountering predators
may increase). For example, Wightman (1982) es-
timated that the optimum size for lake survival in
juvenile stream-dwelling rainbow trout inhabiting
tributaries of Carp Lake, British Columbia, was 8–
9 cm, which is in agreement with the size range
of the majority of spring long-range movers in our
streams. Our size distribution and movement data
therefore suggest that the general life history strat-
egy of rainbow trout inhabiting our study streams
involves remaining sedentary in the streams for a
period of 1–2 years, followed by a springtime lake-
ward dispersal once a certain size has been
reached, when temperatures are increasing, and
when flows are high. The presence of larger fish
in the summertime resident populations suggests
that some trout may remain sedentary for a few
more years before moving, or that they may spend
their entire lives in these streams.

It may be argued that some of our sampling
techniques (e.g., implanting PIT tags and electro-
shocking) altered the natural movement behaviors
of the rainbow trout in our study streams and con-
sequently biased our results. However, Prentice et
al. (1990) showed that PIT tags did not adversely
affect the growth, survival, respiratory rate, sta-
mina, or tailbeat frequency of juvenile salmonids,
and Swanberg and Geist (1997) reported that PIT
tags did not affect social interactions among rain-
bow trout. Furthermore, although Nordwall (1999)
found that movements of brown trout Salmo trutta
increased following electroshocking, its sparing
use at relatively low voltages during our study,
combined with the relative lack of long-range



1035RAINBOW TROUT SEASONAL MOVEMENT PATTERNS

summertime movements prior to and following our
surveys, lead us to conclude that our electroshock-
ing efforts did not substantially affect the move-
ment patterns we observed.

The placement of two-way traps at both US and
DS study boundaries in our streams also allowed
us to address certain aspects of the restricted
movement paradigm. We agree with the suggestion
made by Gowan et al. (1994) that experimental
bias in many of the previous studies that examined
fish movement could have favored the conclusion
that most stream-dwelling fish are sedentary. How-
ever, echoing the conclusion reached by Hilder-
brand and Kershner (2000), we would add that the
season in which sampling is conducted is also an
important consideration. For example, had we lim-
ited our sampling efforts to the summer and au-
tumn months, we too would have concluded that
most rainbow trout in our streams were sedentary.
Furthermore, Gowan et al. (1994) suggest that the
large number of marked fish that were not recap-
tured in previous studies imply that long-range
movements out of the study sections were possible.
Our experimental design (comprising study sec-
tions bounded by two-way traps) largely reduces
this uncertainty, and we suggest that nonrecaptured
fish in our streams either died or were missed dur-
ing our electroshocking surveys.

The streamside logging conducted around
stream 118/48 did not appear to cause substantial
changes in rainbow trout long-range summer and
autumn movement patterns as movements re-
mained relatively limited both prior to and follow-
ing harvesting. By contrast, the reduction in the
frequency of long-range movements observed dur-
ing the postlogging summer and autumn months
in stream 118/16 may have been due to possible
postlogging increases in primary and secondary
production that have been reported in previous
studies (e.g., Murphy and Hall 1981; Fausch and
Northcote 1992; Connolly and Hall 1999). These
increases may have stimulated trout into remaining
within the logged-stream sections. While our anal-
yses allowed for a comparison of one season of
pre- and postlogging movement data, we do not
consider them a reliable statistical evaluation of
the effects of logging on trout movement patterns
given the limited data that were available.

In conclusion, the movement and water quality
data presented above provide insights into how the
movement patterns and life history strategies of
stream-dwelling rainbow trout are intertwined.
The data suggest that trout inhabiting our lake-
headed study streams in north-central British Co-

lumbia generally remain relatively sedentary dur-
ing the summer, autumn, and winter seasons for a
period of approximately 1–2 years before under-
taking long-range, lakeward dispersals during
springtime. The frequency of long-range move-
ments appeared most closely linked to discharge
patterns as these tended to cease with the onset of
summer low flows. In addition, we also show that
the season during which sampling is conducted is
an important consideration when assessing wheth-
er stream-dwelling fish are sedentary or if they
move long distances. Because movement behav-
iours can be plastic, future research should perhaps
not focus on the movers-versus-residents dichot-
omy but rather concentrate on elucidating the
mechanisms that determine the frequency and ex-
tent of fish movements (Gowan et al. 1994). These
mechanisms may also have important management
applications given that juvenile rainbow trout gen-
erally remained sedentary in our study streams
during the summer months despite environmental
conditions that might be considered adverse. For
example, US maximum temperatures in stream
118/16 reached almost 288C during the summer of
1998, a level approaching the lethal limit for this
species (Jobling 1981). Similarly, flows at the DS
site were between 2 and 3 L/s during August 1998,
resulting in a diminishment of available habitat
and cover and increasing the potential for preda-
tion (Northcote 1992). Therefore, knowledge of
the environmental factors or thresholds that influ-
ence movement can lead to the development of
timber harvesting guidelines to ensure that the
movement patterns of stream-dwelling fish are not
adversely affected. Because of the potential dif-
ferences in flow and temperature regimes (which
may stimulate or halt movements) between head-
water and lake-headed streams, as well as between
coastal and temperate regions, future research is
also encouraged to examine if the timing and mag-
nitude of the seasonal movement patterns pre-
sented here are evident in headwater systems and
in different geoclimatic regions.
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