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Abstract
Coastal cutthroat trout (O. clarki clarki) rear in small, headwater streams
that may be particularly susceptible to impacts from land-use activities such as
logging. Headwater populations of coastal cutthroat trout were trapped from 1997
to 2002 to investigate: (i) the effects of second-growth logging on trout densities
and summer body condition over summer and winter months; (ii) the influence of
physical habitat characteristics on summer trout densities; and (iii) the
characteristics of winter trout movement within different habitat conditions.
Trout mean summer densities in logged streams showed no decline following
harvest, nor were there any large changes evident to physical habitat. However,
among years, mean summer trout densities were higher in streams with deeper
pools. Though summer trout densities remained unchanged in logged streams,
trout densities in control streams declined. This suggests that trout may actually
have benefited from logging, potentially due to enhanced levels of primary
productivity arising from the removal of riparian canopy. Winter trout densities
were similar to summer values, indicating that these headwater streams provided
suitable conditions for trout populations year-round. Low flows during late
summer, which reduce pool depth, may be more limiting to age 1 and older
cutthroat trout found in coastal headwater streams than winter high-flow events.
Increases in stream temperatures following logging activities were not associated
with enhanced summer body conditions of trout, largely because minor
temperature effects of logging (average increases of 1-2° C) were offset by a
colder-than-average post-logging period. Winter movement (average 2-7 habitat

units or 21-40 m) was found to be a common behaviour of coastal cutthroat trout
in headwater streams and did not seem to be mediated by dominance hierarchies,
influenced by riparian forest condition, or confer a growth advantage/
disadvantage for trout. Winter movement, however, was somewhat limited and
may be a reflection of the need for trout to seek deeper pool habitats that provide
cover and refuge from high-discharge events. Land-use management practices
that protect existing pools and facilitate the processes that create pools may ensure
the continued persistence of coastal cutthroat trout populations in headwater
streams of southwestern British Columbia.
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Preface: Density, body condition, and movement of coastal
cutthroat trout (Oncorhynchus

clarki clarki) in logged and

forested headwater streams of southwestern British Columbia

Coastal cutthroat trout (O. clarki clarki) are native salmonids of the
Pacific Northwest, ranging north to Prince William Sound, Alaska and south to
the Eel River, California (Trotter et al. 1997). Coastal cutthroat trout populations
are either migratory (sea- or lake-going) or non-migratory (resident within
freshwater streams and lakes), but individuals with different life-history forms
may coexist (Northcote 1992; Trotter et al. 1997). Though widespread
throughout their range, the status of most coastal cutthroat trout populations is
largely unknown or thought to be in decline (Slaney et al. 1996; Johnson et al.
1999). Relatively little is known of their behaviour (i.e., movements) and specific
habitat requirements during critical periods, i.e., winter (Cunjak 1996; Hall 1997).
Coastal cutthroat trout show a preference for small streams, pools and
slow-moving water with large woody debris (LWD) and root wads, but they may
use faster-moving habitats (riffles, glides) at an early age or in competition with
other salmonids (Bisson et al. 1988; Fausch and Northcote 1992; Trotter 1997;
Rosenfeld et al. 2000; Rosenfeld and Boss 2001). This preference for small
streams makes coastal cutthroat trout particularly susceptible to habitat losses.
Most small streams are overlooked in logging management plans in British
Columbia, which give more protections to larger streams (Young 2000; Rosenfeld
2002; Lee et al. 2004).

Reasons for declines of coastal cutthroat trout include over-fishing,
introduction of hatchery fish, and habitat losses associated with agriculture,
urbanization, and forestry (Slaney et al. 1996; Johnson et al. 1999). Forestry
practices, such as clear-cutting to the stream bank, have been shown to reduce the
abundance of coastal cutthroat trout by reducing stream habitat and altering
stream conditions (Moring and Lantz 1975; Murphy et al. 1986; Hicks et al. 1991).
Losses of L W D , associated with clear-cutting to the stream bank, decrease the
amount of physical structure needed to stabilize stream banks and to provide
refuge from predators and winter high-flow events (Bilby and Bisson 1998).
Removal of riparian trees can elevate stream temperatures to lethal levels, and
reduce the amount of dissolved oxygen available to trout within the stream
(Beschta et al. 1987). Excessive sedimentation associated with forestry-related
activities can also reduce the availability of preferential habitat (deep pools) by
infilling pools and spawning areas with fine sediments (Moring and Lantz 1975;
Hicks et al. 1991), which may ultimately reduce trout and egg survival.
Conservation and management of coastal cutthroat trout populations are
dependent on understanding how alterations to habitat affect the productivity and
behaviour of these populations to land-use activities such as forestry. Previous
studies in old-growth forests have found that the trout productivity (biomass) in a
stream was initially higher after a clear-cut, but productivity began to decline as
the canopy reestablished (Murphy and Hall 1981; Murphy et al. 1981; Hawkins et
al. 1983; Connolly and Hall 1999). Losses of L W D from the removal of all
timber near the stream and/ or within the stream may further degrade headwater

stream habitats. The productivity of coastal cutthroat trout populations over
multiple disturbance events is little understood, so the study of trout population
response to second-growth logging provides a good basis for examining the
response of multiple perturbations. Most prior studies have investigated oldgrowth logging effects.
Losses of L W D from logging and subsequent decline in pool-formation
may beparticularly difficult on headwater populations of coastal cutthroat trout
that largely over-winter in these areas. Previous studies on this species have
observed that trout may move to off-channel habitats to seek cover and refuge in
areas of slow-moving water (Cederholm and Scarlett 1981). Headwater streams,
by their nature, have less off-channel habitat and are often less influenced by
L W D than those found in higher-order, lower-gradient streams. Within logged
streams, the response of headwater trout populations to winter high-flow events
has received little attention. This emphasizes the need to better understand the
mechanisms of trout movement, i.e., why do trout move? And what are specific
habitat needs of these individuals when food resources and stream temperatures
are thought to be minimal?
The main focus of my research was to determine whether logging affected
the productivity (density, body condition) and behaviour (movement) of
headwater populations of coastal cutthroat trout in southwestern British Columbia.
Specifically, I addressed the following questions:

1.) W i l l second-growth logging influence the productivity (density, body
condition) and habitat of headwater populations of coastal cutthroat trout?

2) Are there specific physical stream conditions that may influence or
limit the productivity of these headwater populations of coastal cutthroat
trout?

3.) What are the characteristics of winter movement of coastal cutthroat
trout, and are there specific physical stream conditions in headwater
streams that influence these movements?

Potential mechanisms that may answer these questions will be addressed
in more detail in the subsequent chapters. In chapter 1,1 will outline the gaps in
our understanding on the response of cutthroat trout to logging second-growth
forests (i.e., would the response be the same as that observed following logging of
old-growth forests?) and develop a study design that will address the specific
questions 1 and 2 (above). In chapter 2,1 will discuss the brief literature on
winter movements of coastal cutthroat trout and develop a study design that will
address question 3 (above). The two chapters are connected conceptually by the
importance of habitat features to coastal cutthroat trout, and the potential response
of coastal cutthroat trout to forestry-related habitat alteration.
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Chapter 1: Effects of logging second-growth forests on headwater
populations of coastal cutthroat trout (Oncorhynchus clarki clarki)

in southwestern British Columbia.

Introduction
Previous studies in the Pacific Northwest have found both positive and
negative responses of salmonids to logging (Hicks et al. 1991). Canopy removal
can stimulate primary and secondary production by increasing solar radiation
(Murphy et al. 1981; Hawkins et al. 1983; Bilby and Bisson 1992). Abundance
and growth of salmonids can be enhanced by warmer stream temperatures (if
streams are relatively cool to begin with) and increased primary production
(Murphy et al. 1981; Hawkins et al. 1983; Beschta et al. 1987; Holtby 1988; Bilby
and Bisson 1992). Feeding efficiencies may also be improved with increased
light levels (Wilzbach et. al. 1986). However, the benefits of logging may be
negated if habitat is degraded by excessive sedimentation, stream temperatures
are elevated to lethal levels, and large woody debris is lost (Moring and Lantz
1975; Hartman et al. 1987; Hicks et al. 1991). Fine sediments from stream bank
erosion can infiltrate spawning beds and reduce egg survival (Moring and Lantz
1975; Hartman et al. 1987). Even i f not acutely lethal, high stream temperatures
can reduce the available rearing habitat, impede movements, increase
susceptibility to diseases, and influence competitive encounters (Beschta et al.
1987). Losses of large woody debris (LWD) from harvest activities can also

reduce the amount of cover and habitat (pools) available for stream-dwelling
salmonids (Bilby and Bisson 1998).
Coastal cutthroat trout (O. clarki clarki), like other salmonids, have at
times responded positively to logging (Murphy et al. 1981; Murphy and Hall 1981;
Hawkins et al. 1983; Bisson and Sedell 1984). Murphy et al. (1981) and Murphy
and Hall (1981) found higher total biomasses and mean weights of age 1 and
older cutthroat trout in clear-cut streams than in old-growth and second-growth
streams in the Oregon Cascades, and associated the differences to increased levels
of light, primary productivity, and invertebrate production due to the removal of
over-story canopy. Bisson and Sedell (1984) also found higher cutthroat trout
biomasses in clear-cut rather than in old-growth streams in western Washington,
although the outcomes were attributed largely to the increased number of aged 0
individuals in clear-cut streams and not necessarily older-aged individuals.
Other studies have found negative or neutral responses of cutthroat trout to
logging (Moring and Lantz 1975; Osborn 1980; Martin et al 1981; Bilby and
Bisson 1992; Murphy et al. 1996). In a fifteen-year study of cutthroat trout,
Moring and Lantz (1975) found that the abundance of trout smolts leaving clearcut streams in the Oregon Coast Range declined to one-third their pre-harvest
values, largely because of fine sediment accumulation at spawning bed sites.
Bilby and Bisson (1992) found no significant differences in the summer and
autumn biomasses and densities of trout in clear-cut versus old-growth streams in
the Deschutes River drainage of Washington State. Murphy et al. (1996) also
found no differences in the summer density of age 1 and older trout in clear-cut
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streams and old-growth streams in south-eastern Alaska, while winter densities of
trout were significantly lower in clear-cuts than in old-growth streams. The
authors suggested that the loss of winter habitat (undercut banks) and increased
sediment from logging activities may nullify any summer gains associated with
productivity and food abundance.
A l l previously mentioned studies examined old-growth forests; none
examined harvests of second-growth forests. Second-growth forests may respond
more dramatically to logging, since light is usually lower in second-growth forests
than old-growth. Second-growth forests are typically characterized by denser,
more even-aged stands, whose dense canopies exclude much sunlight from the
ground level. Low light levels at the stream surface can lead to lower primary and
secondary productivities. During the first twenty years after removing a riparian
canopy, greater light levels may increase primary and secondary productivities
within a stream, but as the canopy closes again due to forest regeneration, light
levels can fall below those found in old-growth forests, leading to declines in
production (Murphy and Hall 1981). In addition, L W D from second-growth
forests that are recruited into stream beds are often unstable and insufficient to
form pools (Andrus et al. 1988).
While there are a number of studies regarding the effects of "old growth"
harvests on salmonids, the responses of salmonids to second-growth harvests are
less understood, especially i f the rotation may be too short (<80 years) to allow
habitat conditions such as shading, L W D recruitment, and pool formation to
sufficiently recover (Reeves et al. 1995). Young et al. (1999) reported that
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cutthroat trout density and in-stream habitat conditions (stream temperature, L W D
abundance, and pool percentage) recovered within twenty-five years after clearcut logging along a small, second-growth stream in British Columbia.
Generalizations of this study for other salmonids are difficult, since this study
included habitat enhancements ten years after logging (19 log structures, 15 alder
blocks thinned), and more importantly, it lacked experimental control streams or
pre-harvest data. A study that has proper controls and before-after data can more
fully assess the impacts of second-growth harvests on salmonids, particularly as
more western North American forests are approaching their second rotation.
The objectives of my study were to determine whether resident, coastal
cutthroat trout are influenced by second-growth logging, and whether changes in
physical stream conditions could explain differences in these populations. The
study of resident (non-anadromous) populations of cutthroat trout was ideal,
because it examines the effects of habitat change on populations that often
complete their entire life-cycles in their natal stream.
If responses of cutthroat trout to second-growth harvests are similar to oldgrowth harvests, the removal of riparian canopy should increase stream
temperatures and stimulate primary and secondary productivities, while reducing
other in-stream habitat conditions (decreases in L W D and pool abundance, etc.).
Given that cutthroat trout populations have been shown to respond both positively
and negatively to logging old-growth forests, I present standard null hypotheses
(i.e., logging will have no effect on trout response).
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Specifically, I tested whether logging second-growth forests: (i) affected
the summer densities of trout; (ii) influenced winter trout densities relative to
summer densities in the years following logging; (iii) affected the summer body
condition of trout; and (iv) influenced winter body condition of trout relative to
summer condition in the years following logging; and (v) influenced physical
stream conditions (gradient, canopy cover, fine sediment accumulation, pool and
L W D abundance, etc.). In addition, I also tested whether summer trout densities
could be explained by specific changes in physical stream conditions and/or
stream temperatures independent of the logging treatments.

Study sites
M y study was located in the University of British Columbia's Malcolm
Knapp Research Forest (MKRF), near Maple Ridge, British Columbia (122° 34'
W, 49° 16' N). The M K R F lies in the Coastal Western Hemlock (CWH)
biogeoclimatic zone, where the dominant forest species were Douglas-fir
(Pseudotsuga menziesii), western red cedar (Thuja plicata), and western hemlock
(Tsuga heterophylla).

The climate was maritime and characterized by dry, warm

summers and wet, cool winters. Soils were shallow and composed of glacial till
and some glacio-marine deposits (Feller and Kimmins 1979).
Four 1 and 2
st

nd

order streams with resident populations of coastal

cutthroat trout were selected for my study: East Creek, Spring Creek, and Streams
" A " and " C " . Streams had either riffle-pool or step-pool morphologies
(Montgomery and Buffington 1996) with southerly aspects. Among streams,
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bankfull widths ranged from 3-4 meters, and gradients 4-6 %. Refer to Table 1.1
for specific physical characteristics.
Low densities (< 0.05 m "') of coho salmon (O. kisutch) were found in the
lower section of Stream " C " in the summers and winters of 2000 and 2001, and
were thought to be of hatchery origin (Scott Barrett, Habitat Protection Officer,
British Columbia Ministry of Water, Land, and Air Protection, pers. comm.).
Coho salmon were never captured in Stream " C " in any other year or any other
stream for the extent of the study. No other fish species was found in the study
streams throughout the course of the study.
The forests surrounding the study streams were logged by railway in
1925-31, and naturally regenerated after a major fire in 1931 (Feller and Sanders
1999). Roughly 75 m of the upper sections of Streams " A " and " C " were logged
in 1994 with approximately 30-40 m buffers (Kiffney et al. 2003). The forests
adjacent to streams " A " and " C " were experimentally clear-cut in autumn 1998
with a 0-m and 10-m buffer, respectively. Logging debris and slash were left in
place, and logs were felled and yarded away from the stream consistent with
standard provincial logging practices at the time. Substantial blow-down
occurred in Stream " C " in the winter following logging (1998-99), effectively
reducing its buffer width from 10 m. Given the high degree of light penetration to
the surface of Stream " C " , it was combined with Stream " A " and considered
"logged" for the purposes of this study. East Creek and Spring Creek were left as
controls.
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Methods
Trout sampling

Cutthroat trout were sampled from May through August (1997-2002) and
from December through January (1998-2002) with roe-baited minnow traps.
Trout were sampled twice each summer and once each winter. Control streams
were sampled in the first week of October 1998, when water levels were
sufficiently high to sample trout with minnow traps. Minnow traps avoid the
long-term lethal effects often associated with electroshock surveys (Dwyer et al.
2001), but their use is an ineffective sampling technique for young-of-the-year
(YOY) and fish larger than 150 mm (Bloom 1976).
Captured trout were anaesthetized with tricaine methanesulfonate (MS222), weighed to the nearest 0.1 g, and fork length was measured to the nearest
mm. Trout were released at their original trap location once they had recovered
from the effects of the anaesthesia. The same sections were trapped throughout
the study with boundaries adjusted slightly each year in response to changes with
in-stream conditions (pool depth). Attempts were made to place similar numbers
of traps in streams each year to approximate equal trapping efforts. The trapping
boundaries for Streams " A " and " C " were expanded in the summer prior to
logging (1998), and were consistently trapped thereafter.

Habitat assessments

Habitat assessments were conducted in June of 1997 (pre-harvest) on each
stream and again in June of 2002 (post-harvest) to determine whether significant
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physical changes had occurred following harvest. Habitat surveys classified each
habitat unit (e.g., pools, riffles, glides, cascades, and steps) based on substrate
type, hydraulic characteristics, and stream gradient following the methods of
Moore et al. (1997). The average length, width, and depth were measured with a
transect tape and measuring stick. Gradient was measured with a hand-held
clinometer and two leveling stakes. Substrate composition was visually estimated
as the percentage cover of fines (<2 mm), gravel (2-64 mm), cobble (64-256 mm),
boulder (>256 mm), and bedrock. Canopy cover was measured with a clinometer
as the degrees above horizontal to the top of the riparian vegetation or land form
on the right and left banks. The totals of all L W D pieces (dead wood greater than
2 m long and 10 cm in diameter) were tallied within each habitat unit. Undercut
bank percentages were estimated from the total length of undercutting as a portion
of total bank lengths.

Data analysis
Summer densities (number of trout trapped • m of stream trapped) of age
1

1 and older cutthroat trout in two clear-cut streams and two control streams were
compared two years (1997, 1998) before and three years (2000-2002) after
harvest with an analysis of variance ( A N O V A : G L M ) , using a before and after
control impact (BACI) design. The model included the main effects of treatment
(logged, control), impact years (before, after), and the interaction of these effects.
A significant treatment*year interaction could indicate a significant impact on
trout density i f harvested streams responded differently than control streams in the
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years before and after logging (Underwood 1992). Significant treatment effects
were analyzed with Tukey's least-square means multiple comparisons test.
Summer densities of age 1 and older cutthroat trout were also compared
among years (1997, 1998, 2000-2002), sites (A, C, East, Spring), and the
interaction of these main effects with an A N O V A (GLM) to compare trout
densities separately across years and sites. Significant differences in a B A C I
(above) may be more readily understood with the direct comparisons among sites
and years. Significant treatment effects were analyzed with Tukey's least-square
means multiple comparisons test.
Young-of-the-year (YOY, < 65 mm) trout were excluded from the density
analyses, since emergence dates were different among streams and years, and
individuals could not be reliably captured with minnow traps. Trout were
assumed to be Y O Y , the first age class determined from length frequency
distributions, if their fork lengths were less than or equal to 65 mm. Summer
trout densities were based on stream length rather than stream area (square
meters), since habitat surveys were not undertaken consistently with trapping
efforts (stream area not known for each year trapping year).
Trout densities (number of trout trapped • m"') of age 1 and older trout
were also compared across treatments (logged, control), seasons (summer, winter),
and the interaction of these effects with A N O V A (GLM). This model tested
whether trout densities in logged streams were different from control streams in
winters and summers following logging. Significant effects (if any) were
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analyzed for differences with Tukey's least square means multiple comparisons
test.
Summer length-weight regressions for trout were compared among
treatments (logged, control), impact years (before, after), and the interaction of
these main effects with an analysis of covariance ( A N C O V A ; G L M ) to determine
whether body condition, or weights per length, differed in the years following
harvest. Winter length-weight regressions for trout were also compared among
treatments (logged, control), seasons (summer, winter), and the interaction of
these main effects with an A N C O V A to determine whether trout condition in the
logged streams were different from control streams in the winters and summers
following logging. Interaction terms were removed from the model if regression
lines were parallel (P-value higher than 0.05). Significant effects were analyzed
with Tukey's least-square means multiple comparisons test.
Given that trout densities may also have an effect on trout body conditions,
mean trout densities and the least square means for trout body conditions found
for each year and site were tested with a Pearson's correlation coefficient to
assess the strength of the association between trout density and trout body
condition.
To determine whether habitat conditions of harvested streams were
affected by logging, bankfull width and mean pool depth were separately analysed
with A N O V A tests using sites and years (1997, 2002) as main effects. Canopy
cover, percentage fine sediments, and percentage undercut banks for each stream
were compared across years within sites using two-sample t-tests. This approach
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was used because variances of these habitat measures were heteroscedastic among
sites.
Multiple, stepwise regression was used to test whether habitat (gradient,
mean bankfull width, mean pool depth, canopy cover, percentage substrates,
number of pools and L W D pieces), mean stream temperature at trapping, or a
combination of these variables could explain the variation in summer densities of
trout in 1997 and 2002. The model first computed the F-statistic and P-value for
each predictor variable, with all other variables held constant. If the P-value for
any variable was greater than alpha (0.05), the variable with the largest P-value
was removed from the model. Similarly, i f the P-value for any variable was
smaller than or equal to alpha (P < 0.05), the smallest P-value variable was added
to the model. The regression equation was then calculated with the values
removed (or added), and the significance of the model was then reassessed. The
procedure continued until the removal or addition of variables resulted in a model
with an insignificant p-value (>0.05).
A l l variables were examined for normality with a Ryan-Joiner test (similar
to a Shapiro-Wilke's test), and variances were tested for homogeneity with
Bartlett's and Levene's tests. Where appropriate, data were logio (x+1) or arcsine
transformed to conform to the assumptions of normality and homogeneity of
variance. A l l statistical tests were performed in Minitab (2002), and statistical
significance was set at a = 0.05.

- 19-

Results
Trout densities
A total 2289 individual cutthroat trout were captured in summers 19972002, with 1788 (78%) of these found to be age 1 and older from lengthfrequency distributions. Summer densities averaged 0.14 (0.01 SE) m" among all
1

streams sampled, and ranged from 0.07 to 0.34 m

(Appendix 1.1). Mean

summer trout densities were significantly different across treatment streams in the
years before and after harvest ( A N O V A , treatment* year,

3

6 = 5.28, P = 0.03;

Figure 1.1) with lower densities in the control streams and higher densities in
logged streams following harvests.
Mean summer densities of trout in logged streams fluctuated from 1997 to
2002, but were not associated with harvest activities when compared across sites
and years ( A N O V A , site*year, Fi ,20 = 2.05, P = 0.08, see Figure 1.2). Trout
2

densities were significantly different among years ( A N O V A , year, F o = 3.06, P
4>2

= 0.04) with higher trout densities in 1997 than in 2000 (Tukey, P = 0.03). No
significant differences were observed among sites ( A N O V A , site, F 3 o = 2.44, P
>2

= 0.10).
One thousand and sixty-one trout were captured in winters 1998-2002,,
with 806 (76%) of these individuals found to be age 1 and older. Mean winter
density of trout among streams was 0.14 (0.01 SE) m" with a range of 0.08 to
1

0.27 m" (Appendix 1.2), an outcome similar to summer values ( A N O V A , seasons,
1

Fi, 29 0.03, P = 0.86). Mean trout densities in the logged streams were not
=

statistically different from the control streams across seasons ( A N O V A ,
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treatment*seasons, Fi 29 - 0.40, P = 0.54; Figure 1.3). Mean trout densities were
;

also not statistically different across treatments ( A N O V A , treatment, T\,29 = 0.40,
P = 0.54).

Trout body condition

Mean summer body condition of trout in the logged streams was not
significantly different than the control streams following harvests ( A N C O V A ,
treatment*year, Fi oo = 0.22, P = 0.64; Figure 1.4). Mean summer body
j7

condition of trout was heavier per length in the logged streams than the control
streams ( A N C O V A , treatment, Fi, i = 11.15, P = 0.001; Tukey P < 0.05), and
7 0

summer trout condition was heavier per length before verses after harvests
( A N C O V A , year, Fi, oi = 18.04, P < 0.001; Tukey, P < 0.05).
7

Mean winter trout condition was significantly different across treatments
and seasons ( A N C O V A , treatment*season, Fi 28 = 9.36, P < 0.01; Figure 1.5)
>8

with heavier weights per length for trout in the control streams than in the logged
streams in the winters following harvests.
Summer and winter body conditions of trout were not significantly
correlated with summer and winter trout densities among years (Pearson
correlation coefficients, 0.34 and 0.89 for summer and winter, or P = 0.16 and P =
0.73, respectively).
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Habitat conditions

Stream habitat conditions were largely unchanged as a result of harvest
activities, with the exception of canopy cover in Streams " A " and " C " , and
number of L W D pieces in Stream " C " . Mean canopy cover was substantially
reduced from 1997 to 2002 for Streams " A " and " C " , while increases in canopy
were observed in the control streams, East and Spring Creeks (Table 1.2). The
number of L W D pieces in " A " was nearly identical in 1997 and 2002 (85 vs. 81
pieces • 100 m "'), but increased in " C " (52 pieces • 100 m

in 1997 vs. 89 in

2002) and the control streams, East Creek (71 vs. 96) and Spring Creek (68 vs.
116 pieces • 100 m "'). Stream " C " experienced wind-throw in the winter
following logging (1998), as did East Creek in the winter of 2001. In both
streams, the majority of L W D pieces fell across both stream banks without
touching water, therefore having little direct influence on the stream channel.
Bankfull widths were not associated with harvest activities ( A N O V A , site*year,
F3,35

= 0.70, P = 0.56), and were similar among years ( A N O V A , years, F i

0.00, P = 0.97) and sites ( A N O V A , sites,

F ,35
3

;3 5

=

= 2.08, P = 0.12). Mean

percentages of undercut banks were increased in all streams from 1997 to 2002 (P
< 0.01). Similarly, mean percentages of fine sediments were reduced in both of
the logged streams (Table 1.2). Stream " A " had fine sediment means that
dropped from 31% in 1997 to 21% in 2002 (P = 0.02), while Stream " C " means
declined from 52% in 1997 to 36% in 2002 (P < 0.01). The percentage of fine
sediments found in East Creek during the 2002 survey had declined from its 1997
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mean of 44% (vs. 27%, P = 0.01), but no change was observed in the other
control stream, Spring Creek (49% vs. 49%, P = 0.96).
Mean pool depths differed across years ( A N O V A , years, F igg = 56.11, P
] ;

< 0.001) and sites ( A N O V A , sites, Fi, 8 = 19.65, P < 0.001), but were not
! 8

associated with harvest activities ( A N O V A , sites*years, F3 igg = 2.33, P — 0.08).
)

Mean pool depths were shallower in 2002 than 1997 (Tukey, P < 0.001), and
shallower in " A " , " C " , and East Creek than Spring Creek (Tukey, P < 0.001).
The abundance of pools was identical in " A " (8 pools • 100 m" ), " C " (11 pools •
1

100 rn'), and East Creek (5 pools • 100 m" ) in 1997 to 2002, and largely
1

unchanged in Spring Creek (12 vs. 10 pools • 100 m" ) between years.
1

Interestingly, the wind-throw experienced in " C " and East Creek increased the
number of L W D pieces that fell across the active stream channel, but had little
influence on the numbers of pools created, since these new L W D recruits were
suspended above the stream bed.

Modeling summer densities

Mean pool depth was the single best predictor of mean summer trout
density (Stepwise Regression, P = 0.04, R (adj) = 0.46), with higher trout
densities found in streams with deeper pool depths (Figure 1.6). The regression
equation for this relationship is: Logio (mean trout density +1) = -0.0009 + 0.0673
* Logio (mean pool depth +1).
Mean pool depth and mean percentage of gravel substrates were the best
two variable predictors of mean summer trout density (Stepwise regression, P =
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0.01, R (adj) = 0.77). Higher mean pool depths and percentage of gravel
2

substrates were associated with higher mean summer trout densities with the
equation: Logio (mean trout density +1) = -1.86 + 1.19 * Logio (mean pool depth
+ 1) + 0.387 (mean percentage gravel substrates).
A l l other measured habitat variables within the trapping period (mean
gradient, mean bankfull width, mean canopy cover, percentage of different
substrate sizes, pool and L W D numbers, and mean stream temperature) were not
found to be significantly related to mean summer trout densities in 1997 and 2002.

Discussion
Few previous studies have focused on the direct impacts of second-growth
forest harvests on coastal cutthroat trout, and considered summer-winter
comparisons in trout responses, particularly in headwater streams in the Pacific
Northwest. Young et al. (1999) examined the response of coastal cutthroat trout
to second-growth harvests, but findings were tempered by a lack of pre-treatment
data and replication, which hindered efforts to draw a direct causal link between
logging and trout response. M y study attempts to remedy these shortcomings by
use of a replicated, B A C I experimental design, although replication was limited.
The logged streams (0-m and 10-m buffer) were treated as replicates, although
differences among treatments may have occurred which would not have been
detected in my study. Ideally, a fully-replicated B A C I would have included clearcut streams with or without buffers to more appropriately detect differences
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among particular treatment types. The ability to detect differences, if they
occurred, may have been reduced by treating logged streams as replicates.
Comparisons with Young et al. (1999) and this study are somewhat
tempered by differences in logging practices. Their stream area was clear-cut and
scarified, and all in-stream L W D were removed. They found lower summer trout
densities, relative to an upstream control section, and concluded that age 1 and
older trout may have been depressed in the initial years following logging from
high summer stream temperatures (daily average 20-30° C from June to
September) and fine sediment in spawning gravel, although sediment loads were
never quantified. In my study, summer trout densities in clear-cut streams were
similar to those in control streams after logging, perhaps in part because logged
streams were never scarified, and stream temperatures never reached an average
daily temperature in excess of 20° C throughout the course of the study—a level
considerably below the lethal limit of 23° C for cutthroat trout (Beschta et al.
1987). In addition, the logged streams in my study were not found to have
increased fine sediment loads, possibly attributable to in-stream L W D retention.
Winfield (2002), by contrast, found increases in fine pool sediments in Stream
" A " directly after harvest activities (1999), though his results may only reflect
sediment runoff from the construction of a bridge rather than logging alone.
In some cases, the short-term responses of trout populations to logging
have been neutral in both old-growth (Moring and Lantz 1975; Osborn 1980;
Martin 1981) and second-growth forests (my study; Young et al. 1999),
particularly when logging operations retain L W D . In contrast, the removal of
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L W D has been associated with declines in cutthroat trout populations (Fausch and
Northcote 1982; Lestelle and Cederholm 1984; Connolly and Hall 1999), since
L W D stabilizes stream banks and maintains both the habitat complexity and the
capacity of streams to store sediments and organic matter (Bilby and Bisson 1998).
The removal of L W D may have particularly negative effects for over-wintering
salmonids (Johnson et al 1986; Murphy et al. 1986; Bilby and Bisson 1987;
Thedinga et al. 1989), since L W D provides cover and refuge from high-winter
storm events (Bustard and Narver 1975). Unlike other studies in old-growth
forests, summer and winter densities of age 1 and older trout in my study were not
reduced following clear-cutting, where careful logging operations were conducted
(retention of L W D , felling away from the stream bank). Since L W D pieces were
not removed following logging, they may have maintained stream bank stability
and undercut bank cover, perhaps contributing to the maintenance of trout
populations at similar levels before and after logging. The similar winter trout
densities of logged streams with summer values further suggest that these areas
provide suitable protection from high winter flows and/or adequate spawning
habitat.
Stream studies that have observed deleterious summer responses of
cutthroat trout to old-growth harvests have often found large responses to change
in stream temperatures, dissolved oxygen concentrations, and habitat associated
with increases in sedimentation (Moring and Lantz 1975). In Stream " A " (no
buffer), mean maximum daily stream temperatures for July and August were 5° C
higher than the control (reference) stream, East Creek, in the years following
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logging (Gomi et al., in press). The mean maximum daily temperature of stream
" C " (10-m buffer) increased by 4° C following logging, primarily with a large
temperature increase observed in 2001, which corresponded with low stream
flows that summer (Gomi et al., in press). In contrast, maximum stream
temperatures in an old-growth clear-cut in the Oregon Coast range increased 12°
C in the summer following slash-burning (Moring and Lantz 1975), and remained
an average of 6° C higher than an un-logged reference stream four years
following logging (Johnson and Jones 2000).
Dissolved oxygen levels also remained unchanged in both Streams " A "
and " C " following logging (Michael Feller, Forest Sciences, U B C , pers. comm.),
in contrast with Moring and Lantz (1975), where dissolved oxygen levels were so
low that coho salmon placed in live boxes died after less than 40 minutes in their
logged and slash-burned stream. With the exception of previously discussed
findings from Winfield (2002), percentages of fine sediments in my logged
streams ("A" and "C") also declined following harvest activities, in contrast with
Moring and Lantz (1975). High-gradient streams, found in the M K R F , are
generally less susceptible to sediment accumulation, simply because sediments
are often washed downstream to lower-gradient reaches (Murphy et al. 1981;
Murphy and Hall 1981).
Cutthroat trout within logged streams in my study may have directly
benefited from logging, relative to trout in the control streams. Mean summer
trout densities in the logged streams did not decline in post-years like those
observed in the control streams during the same period. Other studies have found
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positive cutthroat trout responses following old-growth harvest, primarily from
enhanced levels of productivity from the removal of canopy (Murphy et al. 1981;
Hawkins et al. 1983; Bisson and Sedell 1984). In a parallel study by Kiffhey et al.
(2003) in the M K R F , periphyton biomass and Chironomidae (predominantly
Orthocladiinae) abundance were higher in streams " A " and " C " than the control
streams in the year following logging. Assigning a benefit, however, for trout in
logged streams is problematic, given that summer trout densities were not
statistically different from their pre-harvest levels. The observed treatment effect
in before-and-after comparisons of logged and control streams were also driven
by unusually high summer densities of trout in the control streams in 1997; the
removal of 1997 values caused the interaction to disappear. Regardless, the
significance observed in this before-after summer analysis is consistent with
previous studies that support the prediction that trout may initially benefit from
logging.
There was no significant difference in summer body condition of trout in
logged streams versus those in the control streams in post-harvest years. These
findings are in contrast with many other old-growth logging studies that have
found higher mean weights of stream-resident salmonids in logged streams with
minor increases in stream temperatures (Scrivener and Anderson 1984; Johnson et
al. 1986; Hartman et al. 1987; Thedinga et al. 1989). Minor increases (2-3° C) in
spring stream temperatures from the removal of riparian canopy have been shown
to accelerate the development of coho salmon embryos in redds, and increase the
growth potential of fry by prolonging their growing season (Hartman et al. 1987;
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Holtby 1988). A similar response has been assumed for coastal cutthroat trout
(Aho 1976; Osborn 1980). Mean daily summer stream temperatures in Stream
" A " increased 1.5 ° C from May to June and 2° C from July and August after
logging (Gomi et al., in press), the former occurring at a time when trout Y O Y
were emerging in the study streams. Temperature changes in Stream " C " (10-m
buffer) were less dramatic than in Stream " A " , with negligible increases in May to
June and mean daily increases of 1 ° C for July and August following logging
(Gomi et al., in press). However, mean stream temperatures in all study streams
were, on average, 2-3° C lower in the post-harvest years (1999-2003) than in the
pre-harvest years (1997-1998) which corresponded with a central shift in the
Pacific Decadal Oscillation index (PDO) from positive to negative values from
1998 to 1999 (Gomi et al., in press). Therefore, the increased 1-2° C treatment
effect observed in spring and summer mean daily temperature in the logged
streams following logging were probably offset by a reduction of 2-3° C caused
by a cooler climatic period. In other words, the modest increase in the logged
streams during post-harvest years might have been more pronounced had the
index remained the same.
Mean body condition of trout was heavier per length in the logged streams
than the control streams in the summer months before and after logging,
potentially due to inherently warmer stream temperatures and/ or positive
influences of stream temperatures on invertebrate production. Kiffney and
colleagues (2003) also noted that Chironomidae abundance was positively
influenced by maximum stream temperatures in similar study streams in the
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M K R F , and Chironomidae is a known prey for coastal cutthroat trout (Lowry
1966; Glova 1984; Moore and Gregory 1988). Trout in the logged streams may
have benefited from minor increases in stream temperatures and invertebrates
production in summer. These presumed benefits to trout in logged streams,
however, may have disappeared by winter from those observed in the control
streams. Increases in invertebrate production have not always transferred into
higher growth rates for trout, especially in combination with changes in physical
stream conditions (i.e., sediment load) due to high discharge events in winter or
riparian timber harvests (Shaw and Richardson 2001). Stream temperatures in the
logged streams also may have been above the optimal range for salmonids growth
(10-15° C; Beschta et al. 1987) during late summer, when invertebrates drift
could be reduced during minimal stream flows. However, the direct cause of the
observed differences in body condition of trout between seasons is difficult to
determine, since the metabolic responses of trout to stream flows, sediment pulses,
and invertebrate drift were not measured in my study.
Pool depth was found to be the single best predictor of summer densities
of cutthroat trout in my study of headwater streams. Rosenfeld et al. (2000) found
a significant positive relationship between the densities of large (>110 mm)
cutthroat trout and both the numbers of L W D pieces per meter and the percentage
of pools in coastal British Columbia. They speculated that the loss of poolforming mechanisms (LWD) and reduced pool depth may lead to higher trout
mortality from predation or elevated temperatures in watersheds that experience
severe periods of drought (summer months). Headwater streams in the M K R F
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frequently experienced late-summer, low-flow conditions during my study, when
the only available rearing areas were disconnected, isolated pool habitats.
Shallow pool depth may limit larger trout by increasing predation risk and
reducing net energy intake (Harvey and Stewart 1991; Rosenfeld and Boss 2001).
Coastal cutthroat trout may be adapted to some of the conditions associated with
headwater streams, such as earlier sexual maturity at smaller body sizes
(Northcote 1992), but pool depth probably limits the number and size of
individuals that can be maintained in a population. Pool depth was not shown to
be adversely affected by the harvest treatments undertaken at M K R F , probably
explaining why coastal cutthroat trout densities were not reduced in my study.
Recognition should, however, be made that this was a short-term study,
and other effects of logging might not appear until years later. L W D , for example,
can break down and move out of the stream in time, and there may be insufficient
recruitment in clear-cuts despite initial L W D retention. The decline of L W D
recruits may also reduce the number and depth of pools and alter the sorting of
stream sediments needed to maintain spawning beds. Recovery of the two logged
streams (no buffer and 10-m buffer) may be on different trajectories, with greater
L W D recruitment available to the 10-m buffer. Natural revegetation of the
riparian zone following logging will gradually increase the amount of summer
shade, which should reduce stream productivities and may diminish the trout
densities as the riparian canopy closes. Logging may have short-term positive
benefits on trout populations (increased stream productivity and trout densities),
but logged streams may also dry up more quickly than forested streams (many of
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these headwater streams are ephemeral). This characteristic of intermittent flow
may be one of the greatest controlling factors on trout populations in headwater
streams of coastal British Columbia. Future research efforts might focus on the
population response of headwater populations of cutthroat trout under variable
hydrological conditions.
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Table 1.1 Physical stream characteristics with harvest treatments within the
Malcolm Knapp Research Forest, British Columbia.

Watershed
area (ha)*

6

Elevation
range
(m)*
110-225

63

Watershed
logged
(%)*
21

3.1 (0.3)

4

110-285

89

21

Control

4.0 (0.3)

4

295-455

44

0

Control

4.4 (0.5)

4

135-500

35

0

Gradient
(%)*

No buffer

Mean bankfull width
(m) (SE)
3.5 (0.3)

C

10-m buffer

East
Spring

Stream

Treatment

A

* Gradients (%), elevation ranges (m), watershed area (ha), and watershed logged
(%) taken from Kiffney et al. (2003).
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Figure

1.1

Least square means for the summer density (± 1 SE) of trout caught

before (1997, 1998) and after logging (2000-2002) at the Malcolm Knapp
Research Forest, British Columbia. Values were transformed with a logio (x+1)
transformation.
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Figure 1.2 Least square means for the summer density (± 1 SE) of trout caught
each year before (1997, 1998) and after (2000, 2001, and 2002) logging at the
Malcolm Knapp Research Forest, British Columbia. Values were transformed
with a logio (x+1) transformation.
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Figure 1.3 Least square means for the density (± 1 SE) of trout caught in
treatment streams (logged, control) and seasons (summer, winters) following
logging at the Malcolm Knapp Research Forest, British Columbia. Values were
transformed with a logio (x+1) transformation.
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Figure 1.4 Least square means for summer body condition (± 1 SE) of trout
caught in treatment streams (logged, control) and impact years (before, after) at
the Malcolm Knapp Research Forest, British Columbia. Values were transformed
with a logio (x+1) transformation.

-45-

0.98

0.88 A

1

1

Summer

Winter
Season

F i g u r e 1.5 Least square m e a n s for b o d y c o n d i t i o n ( ± 1 S E ) o f trout caught i n
treatment streams ( l o g g e d , control) a n d seasons ( s u m m e r , w i n t e r ) f o l l o w i n g
l o g g i n g (2000-2002) at the M a l c o l m K n a p p R e s e a r c h Forest, B r i t i s h C o l u m b i a .
V a l u e s w e r e transformed w i t h a logio (x + 1) transformation.
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Table 1 . 2 Means (± 1 SE) and results from two sample t-tests for 1997 (preharvest) and 2002 (post-harvest) habitat conditions in the Malcolm Knapp
Research Forest, British Columbia. Streams are analyzed separately between
years.

Habitat conditions by
streams

Mean 1997
(± 1 SE, N)

Mean 2002
(± 1 SE, N)

T

P

85.4 (0.8, 69)
3.00 (0.5, 324)
30.6 (2.8, 69)

39.4(1.2, 48)
17.1 (1.2, 251)
21.2 (2.7, 50)

33.0
10.74
2.42

O.001
<0.001
0.02

86.6 (0.5,126)
3.20 (0.7, 125)
59.7 (2.7, 127)

73.2 (1.9, 68)
17.8 (1.9, 103)
36.1 (2.3, 104)

6.92
7.25
6.64

O.001
<0.001
O.001

68.5 (1.3,34)
3.53 (1.0, 34)
44.3 (5.0, 34)

90.9(1.3,23)
13.7(2.6, 23)
27.3 (4.1,24)

12.3
3.66
2.64

O.001
O.01
0.01

82.5(1.7, 19)
0.05 (0.5, 19)
48.7 (5.0, 19)

92.4(1.3,20)
13.5(3.4, 20)
49.0(3.6, 20)

4.7
3.91
0.05

<0.001
<0.01
0.96

A (0-m buffer)

Canopy cover (deg)
Undercut banks (%)
Fine sediments (%)
C(10-m

buffer)

Canopy cover (deg)
Undercut banks (%)
Fine sediments (%)
East Creek

(control)

Canopy cover (deg)
Undercut banks (%)
Fine sediments (%)
Spring Creek

(control)

Canopy cover (deg)
Undercut banks (%)
Fine sediments (%)
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Figure 1 . 6 Scatter plot for the 1997 and 2002 mean pool depths and summer
densities of trout caught at the Malcolm Knapp Research Forest, British Columbia.
Values were transformed with a logio (x+1) transformation. Dots are identified by
year.
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Chapter 2: Influence of habitat on winter movement and growth
of headwater populations of coastal cutthroat trout
(Oncorhynchus

clarki clarki) in southwestern British Columbia.

Introduction
Movement rate of territorial animals is assumed to be influenced by
habitat quality (Winker et al. 1995). Animals that maintain territory in higher
quality habitat are predicted to move less over time than those in marginal, lower
quality habitat, presumably because more movement is required to fulfill the same
set of needs (food, refuge) under poor environmental conditions than under more
optimal circumstances. Reduced movement, consequently, should confer higher
growth rates and presumably higher survival rates, since less energy is expended
in acquiring resources.
Many studies of stream-resident salmonids support this idea (Tschaplinski
and Hartman 1983; Heggenes et al. 1991; Mathews 1996; Belanger and
Rodriguez 2002). Salmonids have been shown to move less from areas of highquality habitat than areas of low-quality habitat. Mathews (1996) reported that
radio-tagged California golden trout (O. mykiss aquabonita) moved longer
distances in a degraded, cattle-grazed area than in a non-grazed area.
Tschaplinski and Hartman (1983) found that logged streams with deep pools,
undercut banks, and logjams maintained higher numbers of juvenile coho salmon
(O. kisutch) after freshets than logged streams where similar habitat features were
absent. Salmonids have been shown, however, to move for a number of reasons:
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reproduction (Young 1996; Hilderbrand and Kershner 2000), competitive
avoidance (Glova 1986; Rosenfeld and Boss 2001), changes in stream flows and
temperatures (Bjornn 1971; Cederholm and Scarlett 1981), changes in population
sizes (Bilby and Bisson 1987), and dwindling food resources (Wilzbach 1985;
Gowan and Fausch 1996). Habitat's relative importance to movement may differ
among salmonid species, geography, age or size class, and seasons.
While food resources may be more limiting for many salmonids in
summer (Boss and Richardson 2002),. sui table habitat is thought to be the primary
factor regulating stream-resident salmonids in winter (Chapman 1966; Cunjak
1996). Metabolic demands usually lessen with decreasing water temperatures,
effectively reducing the time spent feeding and defending territories. Storm
events and high discharge rates in winter may force individuals to seek refuge
(low-water velocities, cover) simply to minimize energy expenditure (Cunjak and
Powers 1986). Maintaining suitable habitat in winter should, hypothetically,
lower movement rates of salmonids and correspond with greater body mass (or
less decline in mass) when compared to salmonids in less-suitable habitat.
The patterns and causes of winter movements of stream-resident coastal
cutthroat trout (O. clarki clarki) are poorly understood. Heggenes et al. (1991)
argued that cutthroat trout in a small, coastal stream in British Columbia moved
infrequently, and trout moved from shallow to deep-pool habitats with cover (e.g.
woody debris, large substrates, broken water surface, etc.). They discovered that
the majority of the population remained stationary, but fish that stayed in place
were thought to be "dominant", forcing "sub-dominant" individuals to seek low-
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quality habitats. Harvey et al. (1999) found that radio-tagged cutthroat trout in a
northwestern California stream moved shorter distances in pools with large
woody debris (LWD) than "simple" pools (no LWD) during fall and winter
months. Due to low overall movements in simple habitats during floods, however,
the authors concluded that trout were not limited by L W D . Instead, other
elements (large boulders, small woody debris cover) may have provided highquality habitats for trout in simple pools, but boulders were rare in the study reach.
Roberge (2000) found that coastal cutthroat trout in south-central British
Columbia were associated with either L W D or boulder cover in winter, depending
on the relative availability of these covers types. In an earlier study, Harvey
(1998) was also unable to show any difference in growth rates of the same
population of cutthroat trout in pools with or without L W D . Harvey wrote that
water depth and surface turbulence may have provided adequate cover for trout in
simple pools, or trout may have commonly used other nearby areas. No reference
is made to the habitat type or structural complexity of these nearby areas.
Headwater populations of coastal cutthroat trout are often found in high
gradient stream reaches with less L W D than commonly found in lower reaches,
since the amount and distribution of woody debris is strongly influenced by
channel size (Bilby and Bisson 1998). Habitat elements like large boulders may
provide protection for trout in areas that are wood-deficient. Bustard and Narver
(1975) found that juvenile coho salmon and cutthroat trout used overhanging bank
and "rubble" cover in controlled winter experiments in a small tributary of
Carnation Creek on Vancouver Island. Understanding the influence of different
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habitat types on the winter movement and growth of resident coastal cutthroat
trout may provide insights into how alterations in habitat may affect the
productivity of headwater populations following land-use practices like logging.
I examined whether: (i) movement (defined in methods section) was a
common behaviour among headwater populations of coastal cutthroat trout; (ii)
movement represented a behaviour of sub-dominant individuals, in other words,
are movement patterns related to trout size; (iii) movement conferred an
advantage (or disadvantage) to the growth of trout; and (iv) movement and growth
were associated with the quality of specific stream habitats. If movement is a
common behaviour among individuals in a population, a high percentage of trout
should have moved between repeated capture efforts. If movement represents a
behaviour of sub-dominant trout within a population, these individuals should
move over longer distances than dominant individuals. Since size often confers
dominance in stream salmonids (Glova 1986; Kahler et al. 2001), larger-bodied
trout should move less than smaller individuals of the same species due to
competitive exclusion in better habitats. Similarly, salmonids that are in better
condition (i.e., heavier per unit length) should maintain a territorial advantage
over those in poorer condition, requiring less movement. If greater range of
movement is in response to poor-quality habitat or competitive exclusion,
individuals that move presumably expend more energy and should have lower
growth rates than individuals that do not move. Finally, i f movement is in
response to habitat quality, individuals should move more often from poor-quality
habitat to high-quality habitat.
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Study Sites
Three 2

nd

order streams in close proximity within the Malcolm Knapp

Research Forest (49°16'N, 122° 34'W), British Columbia, Canada, were selected
because they contained a range of channel types, gradients, riparian forest
conditions, and had populations of resident, coastal cutthroat trout. The channel
morphology for Stream " A " was classified as step-pool/ cascade (Montgomery
and Buffington 1998), and had an average gradient of 5.4% (0.9 SE) with a mean
bankfull width of 3.3 m (0.4 SE). Stream " C " was also classified as step-pool,
having an average gradient of 1.8% (0.4 SE) and mean bankfull width of 3.1 m
(0.4 SE). Upper Blaney Creek was classified as riffle-pool, with an average
gradient of 1.4 % (0.6 SE) and mean bankfull width of 4.0 m (0.1 SE).
Having a maritime climate, winters are characterized as wet with little or
no snow pack. Stream data loggers recorded temperatures ranging from 1.8° to
16.8° C. for Stream A , 3.8° to 14.9° C. for Stream C, and 1.5° to 22.5° C. for
Blaney Creek for the period of October 4, 2002 through February ,14, 2003.
The M K R F is located in the Coastal Western Hemlock (CWH)
biogeoclimatic zone. The dominant forest species in this zone were Douglas-fir
(Pseudotsuga menziesii), western red cedar (Thuja plicata), and western hemlock
(Tsuga heterophylla). The forests surrounding Streams A and C, previously
composed of 70-year-old second-growth conifers, were logged in September
through December 1998, leaving 0-m and 10-m forest buffers, respectively.
Upper Blaney Creek was a mixed (deciduous-coniferous), second-growth forest
of approximately 40 years of age.
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Methods
Habitat assessments

Full habitat surveys of Blaney Creek and Streams A and C were conducted
in December 2002 and January 2003. Survey methods followed Moore et al.
(1997). Habitat units (pools, glides, riffles, rapids, and cascades) were
categorized based on substrate type, hydraulic characteristics, and stream gradient.
The average length, width, and depth were measured with a transect tape and
measuring stick to the nearest 0.1 m. Percent gradient was measured with a handheld clinometer and two leveling stakes. Substrate composition was visually
estimated as the percentage cover of fines (<2 mm), gravel (2-64 mm), cobble
(64-256 mm), boulder (>256 mm), and bedrock. Canopy cover was measured
with a clinometer as the degrees above horizontal to the top of the riparian
vegetation or land form on the right and left banks. The number, diameter (m),
and placement of all L W D pieces were tallied within each habitat unit.
Percentage of undercut banks was estimated from the total length of undercutting
as a portion of total bank lengths. The downstream boundary of each habitat unit
was marked with flagging tape for reference to trapping locations.

T r o u t trapping and P I T tagging

Cutthroat trout were captured in roe-baited minnow traps twice every two
months (October 4-11, December 5-12, 2002, and February 5-14, 2003), with a
week between monthly trappings. Upper Blaney Creek was only sampled once in
December because of a high-flow event, and was later sampled on January 16,

-54-

2003. Traps were placed approximately 5 meters apart along the length of the
stream and marked with flagging tape. The habitat unit and longitudinal distance
from consecutive trap locations were recorded. Traps were set in the same
locations for each trapping session, with each trap baited with a perforated, 35mm film canister. Traps were left overnight and retrieved the following morning.
After their removal from traps, trout were anesthetized with tricaine
methanesulfonate (MS-222), weighed, and measured for fork length. Trout > age
1 (fork length > 7.5 cm) received passive integrated transponder (PIT) tags (if untagged) and were released at their original trap location, once they had regained
consciousness. No negative effects were observed from tagging trout, confirming
previous studies (Harvey 1998). Subsequent recaptures were conducted in a
similar manner to determine the movement and growth of individually marked
trout related to habitat features.

Data Analysis
The movements of trout (distance traveled longitudinally) between
consecutive weekly and monthly trapping efforts were calculated as: (i) the net
habitat units and net distance in meters moved between the first and last capture in
either an upstream (+) or downstream (-) direction; and (ii) total habitat units and
total distance moved in meters throughout the study. Net movement provided a
picture of the directional movement of trout, while total movement provided an
estimate of cumulative movement for each trout throughout the study. For
example, an individual that moved 5 m up between captures 1 and 2 and 5 m
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down for capture 3 would have moved a net distance of 0 m and a total distance
of 10 m. The distance moved by fish is a more common measure of dispersal (see
Rodriguez 2002 for review), though Kahler et al. (2001) argued that the number
of habitat units a trout traverses may have more ecological meaning when studies
compare streams with different channel types, sizes, and gradients. I included
both measurements for comparison with these other studies.
To understand whether winter movement was a common behaviour among
trout, I classified trout as two kinds of "movers". If they moved one or more total
habitat units, these individuals were considered "habitat movers", in the manner
of Kahler et al. (2001). If they moved 20 m or more in total distance, thought to
be the lower limit of restricted movement (Rodriguez 2002), I categorized them as
"distance movers". Trout that did not fit these criteria were classified as "nonmovers". These categories are not exclusive (one individual can be both a habitat
mover and a distance mover). Trout that did not fit these criteria were classified
as "non-movers".
I tested whether the total habitat units moved and the total distance moved
were related with the initial fork length of each trout with linear regression. I
also compared the length-weight regressions of movers with non-movers with
analysis of covariance ( A N C O V A ; G L M ) to determine whether movers were in
poorer condition than non-movers.
I compared the mean total number of habitat units moved for each
recaptured trout with an analysis of variance ( A N O V A ; G L M ) using streams as
the main effect. Tukey's multiple comparisons tests were used for post-hoc tests
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to determine whether differences in movement patterns were associated with
channel types. Multiple-stepwise regression was used to examine the total habitat
units moved in relation to habitat characteristics (habitat width, habitat depth,
canopy cover, gradient, substrate, L W D volume). Significant relationships
between the dependent variable (total habitat units moved by trout) and
independent variables (habitat features) triggered further analyses with A N O V A
comparing the average habitat units moved by "movers" and "non-movers" for
each habitat feature.
The specific growth rates (p. days" ) for recaptured trout were calculated
1

from Fausch(1984),
p = (In W, - In W )l1
0

where W\ is the final weight (g), Wo is the initial weight, and t is the time (days)
between the final and initial captures. Mean specific growth rates for trout were
compared with A N O V A by stream and movement classification (movers vs. nonmovers). Multiple-stepwise regression was also used to examine the specific
growth rates of trout in relation to habitat characteristics (habitat width, habitat
depth, canopy cover, gradient, substrate, L W D volume).
A l l variables were examined for normality with a Ryan-Joiner test, and
variances were tested for homogeneity with Bartlett's and Levene's tests. Data
were logio (x+1) or arcsine transformed to conform to the assumptions of
normality and homogeneity of variance. Trout movements were independent of
one another, since the total habitat units moved per individual represented
cumulative movements for each trout over the entire study period. A l l statistical
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tests were analyzed in Minitab (2002). A standard a = 0.05 was used to indicate
statistical significance (rejection of the null hypothesis if P-value < 0.05).

Results
A total of 365 trout were tagged in the winter 2002-3. In Blaney Creek,
134 trout were tagged and 38 (28%) were recaptured. In Stream " A " , 98
individuals were tagged and 42 (43%) recaptured. 133 trout were tagged in
Stream C with 56 (42%) of individuals recaptured. The mean initial length of
trout recaptured was significantly longer than trout not recaptured ( A N O V A , F i

;

,29 = 7.78, P = 0.01), with mean fork lengths of 10.62 cm (0.26 SE) and 9.60 (0.25
SE), respectively. Although, the initial body condition of trout was similar
between trout recaptured and those not recaptured ( A N C O V A ,

Fi 28
;

=

0.43, P =

0.51). Results from subsequent statistical analyses are based on these recaptured
individuals.
Winter movement was found to be a common behaviour among trout.
Thirty seven percent (14 out of 38) in Blaney Creek, 57.1% (24 out of 42) in
Stream A , and 57.1% (32 out of 56) in Stream C were classified as "habitat
movers". Thirty-four percent (13 out of 38) of the recaptured trout from Blaney
Creek, 38.1 % (16 out of 42) for Stream A , and 25 % (14 out of 56) for Stream C
were classified as "distance movers". In total, 51.4% of the trout moved at least
one habitat unit and 31.6% moved at least 20 meters from their initial capture
location.
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Movement of trout in all streams was generally downstream, with negative
mean values found for net habitat units and distance moved by trout in each
stream, though variation was high among individuals. The mean net habitat units
moved by trout in Blaney Creek was -1.9 (1.1 SE), ranging between -26 and 4; 0.1 (2.1 SE) in Stream A with a range of-63 to 30; and - 3.6 (2.2 SE) in Stream C
with a range of -71 to 37 (Figures 2.1- 2.3, respectively). The mean net distance
moved by trout in Blaney Creek was -29.7 m (13.5 SE) with a range of -283.9 to
45.1 m; -0.45 m (8.6 SE) in Stream A with a range of-219.1 to 139.3 m; and -9.7
m (5.6 SE) in Stream C with a range of-198.6 to 107.6 m (Figures 2.4-2.6,
respectively).
Mean total habitat units moved by trout were similar across streams
( A N O V A , F , 6 6 = 1 -40, P = 0.25). The mean total habitat units that trout moved
2

in Blaney Creek was 2.65 (1.1 SE) with a range of 0 to 28; 7.0 (1.8 SE) in Stream
A with a range of 0 to 63; and 7.3 (1.9 SE) in Stream C with a range of 0 to 71
(Figures 2.1- 2.3, respectively).
The mean total distance moved was not statistically different across
streams ( A N O V A , F 8 6 - 2.19, P = 0.12). Trout moved an average total distance
2 ;

o f 4 0 m i n Blaney Creek (13.2 SE) witharange ofOto 293m; 31.2m (7.3 SE) in
Steam A with a range of 0 to 219.1 m; and 21.6 m (5.3 SE) in Stream C with a
range of 0 to 198.6 m (Figures 2.4-2.6, respectively). Distance moved by most
recaptured trout was within a single habitat unit (compare 0 m bars in Figures 2.42.6 with 0 bars in Figures 2.1-2.3).
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The initial fork lengths of trout differed among streams ( A N O V A ,

F2,135

= 1.40, P = 0.005). Trout were longer in Blaney Creek (105 mm, 0.03 SE) than in
Stream A (89 mm, 0.03 SE; Tukey, P < 0.01), but not statistically different in
other among-stream comparisons (Tukey, P > 0.05). Initial lengths of trout were
positively correlated with total habitats moved (Regression, Fi, 33 = 6.02, P = 0.02,
R (adjf = 0.08; Figure 2.7), but not for the total distance moved (Regression, F i

;

54 = 3.47, P = 0.07) in Stream C. Significant relationships were not found in
Stream A and Blaney Creek for initial trout lengths versus total habitats moved
(Regression, F

] > 4 0

= 0.07, P = 0.79 and F i

> 3 5

= 2.89, P = 0.10, respectively) or

total distance moved (Regression, F 1 4 0 = 0.05, P = 0.83 and F 1 3 6 = 2.54, P = 0.12,
respectively).
The initial body condition of trout was similar between habitat movers and
non-movers ( A N C O V A , F i , 132 = 1.08, P = 0.30) and distance movers and nonmovers ( A N C O V A , Fi, 132 = 0.00, P = 0.96). However, the initial body condition
of trout differed among streams ( A N C O V A , F2, 134 = 3.36, P = 0.04), with trout in
Blaney Creek having heavier weights per length than those found in Streams A or
C.
Mean specific growth rates for trout were similar across sites ( A N O V A , F2,
106 = 2.14, P = 0.12), and slightly reduced for trout with longer initial fork lengths
(Regression, F ,

;1 0 6

= 23.6, P< 0.001, R (adjf = 0.17; Figure 2.8). Habitat movers

did not grow more than non-movers ( A N O V A , F i , 107 = 0.11, P — 0.74), nor did
distance movers grow more than non-movers ( A N O V A , Fi, 107 = 0.77, P = 0.38).
There was no statistical relationship between growth and total habitat units moved
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nor total distance moved (Regression, Fi, 106 = 2.32, P = 0.13 and Fi, 107 = 2.30, P
= 0.13, respectively), nor were there any habitat variables (unit width, unit area,
slope, shade, sediment types, percentage undercut banks, L W D volumes, etc.) that
predicted specific growth rates of trout in stepwise linear regression analyses.
Habitat depth, the only significant predictor, was negatively correlated
with total habitats moved (Step-wise multiple regression, P < 0.01, R (adj) =
0.07), with trout moving greater distances over the course of the winter from
shallower habitats than trout in deeper habitats. The average habitat depth of
moving trout was shallower than the habitat depth of non-moving trout ( A N O V A ,
Fi, 132 = 5.24, P = 0.02; Figure 2.9), 0.26 m vs. 0.32 m, respectively. No other
habitat variable predicted the total habitats moved or total distance moved for
trout.

Discussion
Movement was found to be a common behaviour among coastal cutthroat
trout in headwater streams of M K R F , a finding supported by other winter studies
for coastal cutthroat trout (Harvey 1998; Boss 1999; Harvey et al. 1999; Roberge
2000) and other stream-resident salmonids (Chisholm et al. 1987; Brown and
Mackay 1995; Cunjak 1996; Jakober et al. 1998). Recaptured trout in this study
moved an average of 2 to 7 total habitat units (or 21 to 40 m) over the course of
the winter, but these movements should be considered as conservative estimates,
since more than half of the tagged trout were never recaptured. Many of these
trout may have perished, been displaced, remained in the study area evading
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capture, or, more likely, may have simply moved out of the study area. If these
individuals were recaptured or tracked with radio-telemetry outside the study area,
the average total distances moved by trout would ultimately be higher than the
estimates found in this study (see "restricted movement paradigm" in Gowen et al.
1994; Gowen and Fausch 1996). It is interesting to note, however, that Boss
(1999) studied a similar local population of resident cutthroat trout and found that
the majority of pit-tagged trout moved less than 6 habitat units from their initial
capture locations, and movements were not out of the range observed from radiotagged trout in her study. Roberge (2000) found that the majority of pit-tagged
cutthroat trout moved less than 25 m from their initial capture location, and radiotracked trout had home ranges of less than 50 meters. Harvey et al. (1999)
observed that radio-tracked cutthroat trout moved an average of 32 to 90 m away
from their initial capture location, depending on the cover complexity of wood in
their capture location. These studies generally found similar average rates of
movement in stream-resident coastal cutthroat trout, regardless of their sampling
design.
In contrast, winter studies of interior populations of cutthroat trout (O.
clarki lewisi or bouvieri) have demonstrated movements over kilometers to reach
over-wintering ponds with warm, groundwater inputs (Brown and Mackay 1995;
Harper and Farag 2004) or beaver ponds (Jakober et al. 1998), similar to other
salmonid studies (Chisholm et al. 1987; Cunjak 1996). Movement rates of
salmonids may depend on the particular species, season, habitat availability, and
life history form of the species studied (Rodriguez 2002). Rodriguez (2002)
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modeled 27 populations of stream salmonids and discovered that the median
movements of the majority of these populations were within 20-50 m of their
home sections, previously classified as "restricted movements". A few species
such as brook trout, however, were considered "highly mobile" in his study, with
median displacements exceeding 300 m. Winter conditions in temperate coastal
regions are often less severe than those found in the interior regions of southern
Canada and the northern contiguous United States, so coastal populations of trout
may not have to move over such extended distances to find suitable habitat during
the winter. Headwater populations in high-gradient streams may have also
evolved with smaller body sizes to allow them to find sufficient habitat and
concealment within smaller home ranges than larger-bodied salmonids found in
lower reaches (Northcote 1992).
Cutthroat trout tended to move downstream or were displaced downstream
in my study, though large variations among individuals were observed. Previous
studies have found both similar (Jakober et al. 1998; partially, Roberge 2000) and
conflicting (Cederholm and Scarlett 1981; Harvey 1998; Harvey et al. 1999;
Hilderbrand and Kershner 2000) results with these findings. Jakober et al. (1998)
found that westslope cutthroat trout moved downstream to over-winter in deep
pools and beaver ponds. Roberge (2000) found no significant pattern in the
direction of winter movement of PIT-tagged trout, but found that larger-bodied
trout (> 120 mm) tended to move downstream in autumn. She noted that this
finding was the opposite of what one would have expected, since larger-bodied
trout should have been returning upstream from the ocean at this time, and she '
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speculated that they may have been moving downstream in search of deeper water.
Hilderbrand and Kershner (2000) were unable to determine a directional winter
movement of radio-tagged Bonneville cutthroat trout, while Harvey et al. (1999)
and Harvey (1998) found similar up- and down-stream movements of radio- and
PIT-tagged trout from simple and complex pools during fall and winter.
Cederholm and Scarlett (1981) found that cutthroat trout generally moved
upstream into tributary ponds after fall and winter freshets, although the authors
admitted their sampling design may have underestimated downstream movements
of individuals from a smaller upstream tributary.
Movements of coastal cutthroat trout in my study did not seem to follow a
predictable direction, an understandable conclusion given the high variability of
directional movements found in this study and the large body of contradictory
findings noted in previous studies. Movement may be case-specific, with the net
direction of trout conforming to local environmental conditions during the
sampling period or the location of preferable habitat which may vary between
streams.
Size-dominance hierarchies did not seem to be the primary reason for trout
dispersal in my study. Although the initial fork lengths of trout were found to be
different across streams, trout lengths were not negatively related to the total
distance or total number of habitat units moved by trout, as one would expect
from dominance hierarchies. Similarly, body conditions of trout were different
across streams but not between non-movers and habitat movers or distance
movers. This supports findings that competitive encounters amongst salmonids
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diminish in winter as stream temperatures drop (Cunjak and Power 1986; Glova
1986; Jakober et al. 1998), with the exception of Gregory and Griffith (1996).
Glova (1986) found that when stream temperatures fell below 3° C, juvenile coho
salmon and coastal cutthroat trout cohabitated in pool habitats with overhead
cover, but segregated into pools and riffles at temperatures at and above 5° C.
Cunjak and Power (1986) also found that resident brook trout (Salvelinus
fontinalis) and brown trout (Salmo trutta) aggregated in winter, and that
gregarious behaviour appeared to increase as water temperature decreased.
Similar aggregations were found for bull trout (Salvelinus confluentus) and
cutthroat trout (O. clarki lewisi) in a study by Jakober et al. (1998).
A significant positive relationship, however, was found for the initial fork
length of trout in Stream C and the total distance moved over winter. Heggenes et
al. (1991) also found a similar relationship with trout length and distance moved,
and hypothesized that a proportion of the population was anadromous and moving
to and from spawning areas. Coastal cutthroat trout are known to spawn between
December and May, depending on latitude, with northern populations spawning
later in the year (Trotter 1989). Many trout in Stream C appeared to be gravid in
the month of February, which may indicate that some of the long-distance movers
may be moving to spawning grounds at that time. One gravid female with a fork
length of 21.5 cm and weight of 88.4 g (atypically large values for these streams)
was captured on February 6 and recaptured one week later, having moved 14
habitat units (40 m upstream) between captures. She was the largest trout ever
captured in this stream, and she was likely moving up to spawn.
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Boss (1999) and Roberge (2000) both found no relationship between body
size and movement of cutthroat trout in winter, nor were movers in poorer
condition than non-movers. Competition for food may be more seasonally
dependent, occurring more often in summers when stream temperatures and
metabolic rates are higher (Cunjak 1996). Riley et al. (1992) and Gowan and
Fausch (1996) found that "immigrant" brook trout that moved into enhanced
sections of streams in northern Colorado were smaller and in poorer condition
than residents, suggesting that trout moved to find food and/or avoid competition
in summer. Movement may also be size-dependent, with larger trout in better
condition moving as habitat decreases in suitability (Kahler et al. 2001), while
smaller trout in poorer condition may be moving because of displacement (Riley
et al. 1992; Gowen and Fasch 1996). Smaller trout may have been displaced or
perished more readily than large-bodied trout given fork lengths of trout not
recaptured were shorter than fork lengths of trout recaptured. However, sizemediated differences in movement, based on the similar weight-length regression
slopes of age 1 and older trout among movers and non-movers, were not observed
in my study. Smaller bodied trout (i.e., Y O Y ) were also not efficiently trapped.
In the present study, winter movement was neither shown to confer an
advantage or disadvantage on the growth rates of cutthroat trout. Individuals both
lost and gained weight in each of the streams studied, although trout generally had
positive growth rates over the course of winter. Boss (1999) also found that some
coastal cutthroat trout lost weight in winter, and that growth was minimal in
November through January. Cutthroat trout growth in three coastal Oregon
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streams was lowest in October and November, while members of the oldest age
class lost weight in November and December (Lowry 1966). M y study also
suggests that winter growth may be reduced for older age classes of trout, given
that growth rates were negatively related to the fork length of trout captured over
winter. Reduced growth rates in older aged trout may be due to maturation, or
reduction of overall growth rates with age.
Harvey (1998) found that cutthroat trout growth in November through
May was related to the location of capture (growth rates were higher downstream),
and may have been more closely related to differences in temperature and
secondary productivity than habitat characteristics (LWD). Chisholm et al. (1987)
wrote that elevation was the primary independent variable influencing winter
stream conditions, affecting snow and ice accumulation on small, high-elevation
streams in Wyoming. Stream temperatures in my study area were not taken in
elevation gradients of each stream, but a thin layer of ice covering the upper
reaches of Blaney Creek in January may help to explain why many trout moved.
Jakober et al. (1998) found that cutthroat trout and bull trout made extensive
movements in mid-winter where frequent freezing and thawing led to variable
surface ice cover.
In summer, stream temperatures and food abundance are thought to
influence emigration rates of cutthroat trout (Wilzbach 1985), though similar
studies in coastal headwater streams have found no such differences in emigration
rates (Boss and Richardson 2002). Winter studies of stream-resident salmonids
have generally found that low water temperatures (i.e., 2-4° C.) minimize
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metabolic activity, causing negligible growth rates, and possibly making access to
food a low priority for many fish (Cunjak 1996). Suitable physical habitat
features are believed to be the primary factor regulating stream-resident fish
populations in winter, since they can provide protection from adverse conditions
(winter freshets, ice cover), and predators (Cunjak 1996). In the present study,
coastal cutthroat trout movements seemed to be influenced by habitat depth.
Trout moved more from shallower habitats, and trout that resided in deep habitats
moved little. These findings agree with other winter studies on cutthroat trout
(Heggenes et al. 1991; Jakober et al. 1998; Dare et al. 2002; Harper and Farag
2004) and other stream-resident salmonids (Cunjak and Power 1986; Cunjak
1996), supporting the idea that movement may be a selection for high-quality
habitat. Coastal cutthroat trout are known to be strongly associated with pool
volume and depth in summer and winter (Bisson et al. 1988; Fausch and
Northcote 1992; Lonzarich and Quinn 1995; Rosenfeld and Boss 2001; see
chapter 1), which provide both cover and refuge from low and high flows
seasonally. Habitat depth has also been shown to influence fish size and survival,
with shallower pools losing more fish to predation than deeper pools (Harvey and
Stewart 1991; Lonzarich and Quinn 1995).
Cutthroat trout movement in this study did not seem to be influenced by
riparian canopy condition (stand age, buffer widths), large substrate types
(boulders) or L W D cover, the latter in contrast with Harvey et al. (1999). Trout
are known to be associated with L W D (Fausch and Northcote 1992; Heggenes et
al. 1992; Young 1996), which can act as primary agents for forming pools in
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riffle-pool and step-pool channels in the Pacific Northwest (Bilby and Bisson
1998). Any direct influence of debris on trout movement, however, may be
difficult to determine in field settings alone. Lonzarich and Quinn (1995) found
in experimental trials with varying depth and structure (conifer saplings) that
depth, and not structure, appeared to be the most important factor determining
distributions of age 1 and older coastal cutthroat trout. Cunjak (1996) speculated
that large-bodied, adult fish generally overwinter in deep pools which provide the
requisite cover, because many streams are probably deficient in suitably-sized
substrate cover. The same may be said for L W D . Either way, this study was
unable to associate trout movement with L W D , large substrate cover, or riparian
canopy cover.
This study of coastal cutthroat trout in headwater streams partially
supports the idea put forth by Cunjak (1996), as habitat (deep pools) may have
influenced winter movements and ultimately minimized energy expenditure,
although energy expenditure was never measured directly. Trout in my study
moved more from shallow habitats to deeper habitats. Management practices that
alter the quality or depth of stream habitat (pools), such as riparian logging and
stream cleaning, often displace salmonids from stream reaches (Tschaplinski and
Hartman 1983; Lestelle and Cederholm 1984; Bilby and Bisson 1987). Lestelle
and Cederholm (1984) found that the over-winter capacity of small streams for
coastal cutthroat trout was reduced by the removal of L W D and subsequent loss
of pool habitats. Such reductions in stream carrying capacities for these trout
populations, which are already in low numbers, may have future and potentially
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irreversible ramifications for the viability of these populations. Movement
beyond a residential stream reach (spawning) helps maintain genetic variability
within a local population of trout, reducing the likelihood of extirpation
(Hilderbrand 2003). However, the high level of unexplained variability in winter
trout movements observed in this study illustrates the remaining uncertainty in my
understanding of these headwater trout populations. Deep pools may have been a
preferred habitat for many of the recaptured trout, but individuals not recaptured
may have found other equally valuable but different habitats outside the range of
my trapping efforts. Headwater populations of trout may also be generalists that
occupy multiple, intermediate habitats between deep and shallow depths that may
change over different discharge events. Movement may then be an innate
behaviour of headwater populations seeking new and changing habitats within a
highly variable environment.
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Figure 2.6 Frequency of net and total distance moved (m) by recaptured trout in
Stream C(n = 56), Malcolm Knapp Research Forest, during winter 2002-2003.
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Figure 2.7 Scatter plot for the initial fork length (cm) of trout captured and their
total habitat units moved within the Malcolm Knapp Research Forest, during
winter 2002-2003. Both axis were logio (x+1) transformed.
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Figure 2.8 Scatter plot for the initial fork lengths of trout captured and their
specific growth rates found within the Malcolm Knapp Research Forest, during
winter 2002-2003. Initial fork lengths of trout were logio (x+1) transformed.
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Figure 2.9 Mean initial habitat depths (± 1 SE) for trout habitat "movers" and
"non-movers" captured within the Malcolm Knapp Research Forest, during winter
2002-2003. The initial habitat depths were logio (x+1) transformed.
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Appendix 1.1 Mean summer densities (± 1SE) of age 1 and older trout caught
by stream and year from two trapping efforts in the Malcolm Knapp Research
Forest, British Columbia.

Stream
A

C

East

Spring

Capture
length (m)

Density at first
capture (m~')

Density at second
capture (m )

Mean density
( m " ' ) ( ± 1SE)

1997

358

0.12

0.08

0.10(0.02)

1998

389

0.11

0.05

0.08 (0.03)

1999

389

0.09

0.08

0.09 (0.01)

2000

389

0.06

0.14

0.10(0.04)

2001

389

0.17

0.14

0.16(0.01)

2002

378

0.07

0.06

0.07 (0.01)

1997

497

0.09

0.13

0.11 (0.03)

1998

507

0.17

0.10

0.14(0.04)

1999

507

0.18

0.11

0.14(0.05)

2000

507

0.14

0.10

0.12(0.02)

2001

507

0.17

0.11

0.14(0.03)

2002

526

0.23

0.12

0.18(0.08)

1997

131

0.31

0.17

0.24 (0.07)

1998

131

0.19

0.07

0.13(0.06)

1999

131

0.18

0.17

0.18(0.01)

2000

131

0.10

0.11

0.10(0.004)

2001

131

0.08

0.05

0.07 (0.02)

2002

131

0.20

0.11

0.16(0.04)

1997

153

0.37

0.31

0.34 (0.03)

1998

153

0.14

0.08

0.11 (0.03)

2000

153

0.05

0.11

0.08 (0.03)

2001

153

0.26

0.08

0.17(0.09)

2002

153

0.10

0.21

0.15(0.06)

Year

_1
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A p p e n d i x 1.2 Winter densities of age 1 and older trout caught by stream and
year from a single trapping effort at the Malcolm Knapp Research Forest, British
Columbia. Spring Creek was not sampled in winter 1998.

Stream

Year

Capture length (m)

Density (m ')

A

1998

389

0.10

1999

389

0.18

2000

389

0.12

2001

389

0.14

2002

389

0.08

1998

507

0.12

1999

507

0.27

2000

507

0.16

2001

507

0.16

2002

507

0.14

1998

131

0.12

1999

131

0.11

2000

131

0.12

2001

131

0.11

2002

131

0.12

1998

153

n/a

1999

153

0.14

2000

153

0.10

2001

153

0.18

2002

153

0.10

C

East

Spring

-88-

