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Abstract: Stream temperature impacts resulting from forest harvesting in riparian areas have been documented in a
number of locations in North America. As part of the Stuart–Takla Fisheries–Forestry Interaction Project, we have
investigated the influence of three variable-retention riparian harvesting prescriptions on temperatures in first-order
streams in the interior sub-boreal forests of northern British Columbia. Prescriptions were designed to represent a range
of possible harvesting options outlined by the Forest Practices Code of B.C., or associated best management practice
guidelines. Five years after the completion of harvesting treatments, temperatures remained four to six degrees warmer,
and diurnal temperature variation remained higher than in the control streams regardless of treatment. Initially, the
high-retention treatment acted to mitigate the temperature effects of the harvesting, but 3 successive years of windthrow
was antecedent to reduced canopy density and equivalent temperature impacts. We speculate that late autumn reversals
in the impacts of forest harvesting also occur. Temperature impacts in this study remained within the tolerance limits
of local biota. However, even modest temperature changes could alter insect production, egg incubation, fish rearing,
migration timing, and susceptibility to disease, and the effects of large changes to daily temperature range are not well
understood.

Résumé : Les impacts de la récolte forestière en milieu riverain sur la température des ruisseaux ont été documentés à
plusieurs endroits en Amérique du Nord. Dans le cadre du projet Stuart–Takla sur les interactions pêcheries–foresterie,
nous avons étudié l’influence de trois prescriptions de récolte riveraine avec rétention variable sur la température de
ruisseaux de premier ordre dans des forêts sub-boréales de l’intérieur du Nord de la Colombie-Britannique. Les pres-
criptions furent conçues pour couvrir la gamme des options possibles de récolte selon le code des pratiques forestières
de la Colombie-Britannique ou les lignes directrices concernant les bonnes pratiques forestières qui en découlent. Cinq
ans après la fin des travaux de récolte, la température est demeurée quatre à six degrés plus chaude et la variation de
la température diurne est restée plus élevée que dans les ruisseaux témoins peu importe le traitement. Initialement, le
traitement avec rétention élevée a pu atténuer les effets de la récolte sur la température, mais 3 ans successives de cha-
blis ont été le prélude d’une réduction de la densité du couvert et d’impacts équivalents sur la température. Nous spé-
culons que des inversions des impacts de la récolte forestières pourraient aussi se produire en fin d’automne. Dans
cette étude, les impacts sur la température sont demeurés à l’intérieur des limites de tolérance du système biotique lo-
cal. Toutefois, des changements de température, même modestes, peuvent affecter la production d’insectes, l’incubation
des œufs, l’élevage des alevins, la période de migration et la susceptibilité aux maladies; et les effets d’importantes va-
riations de la température quotidienne ne sont pas bien connus.

[Traduit par la Rédaction] Macdonald et al. 1382

Introduction

The proliferation of riparian zone management regulations
in the Pacific Northwest of North America (Young 2000) is
a testimony to both the ecological uniqueness of riparian for-
ests and their importance as a link between terrestrial and

aquatic ecosystems (Gregory et al. 1991). Among the many
stream characteristics influenced by riparian forests, stream
temperature dynamics is one of the most extensively studied
and is intuitively one of the most appropriate to model (ini-
tially by Brown 1970). Riparian canopy closure has an influ-
ence on the amount of direct solar radiation reaching the
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stream surface, a process frequently cited as being most im-
portant in controlling temperatures of small forested streams
(e.g., Beschta et al. 1987). Riparian vegetation affects both
short- and long-wave radiative exchange processes as well
as wind and microclimate conditions above the stream,
which all contribute to net heat exchange in small streams.

Despite the importance of managing riparian canopy clo-
sure to protect stream temperature, other factors are influen-
tial and may limit our ability to use streamside riparian
reserves to mitigate the effects of forest harvesting on stream
temperature (Rashin and Graber 1992; Brosofske et al.
1997). Strong correlations between soil temperature and
temperatures in the adjacent stream in harvested and unhar-
vested systems suggest that groundwater advection from
slopes (Brosofske et al. 1997) or heat conduction from
stream substrates (Johnson and Jones 2000) also influence
stream temperatures. Groundwater inputs following harvest-
ing have been hypothesized to produce a detectable stream
temperature increase in summer and winter (Hewlett and
Fortson 1982; Hartman and Scrivener 1990) or summer de-
creases (Mellina et al. 2002) depending on the relative tem-
perature of the sources of water.

Riparian zone management along small streams in the in-
terior of British Columbia relies, to a large degree, on forest
management rather than forest reserve. The Forest Practices
Code of B.C. (FPC) legislation specifies riparian manage-
ment area (RMA) widths of 20 and 30 m for streams with
bank-full widths of less than 3 m without fish, and streams
less than 1.5 m with fish, respectively (B.C. Ministry of For-
ests 1995). Harvesting within the RMA follows best man-
agement practice objectives that can be met through a
variety of variable-retention prescriptions. In practice, man-
agement prescriptions ranging from merely retaining under-
story vegetation to the retention of most merchantable
vegetation within the RMA are acceptable within the FPC’s
guidelines. The degree of merchantable tree retention is
based largely on the maintenance of a windfirm buffer be-
tween the forestry operation and the stream to protect
aquatic and wildlife attributes. The potential for windthrow
to negate the initial benefits sought through riparian manage-
ment is well recognised (Salo and Cederholm 1981; Mitchell
1998). These flexible guidelines are subject to interpretation,
and there is debate as to the degree of protection afforded
both aquatic and forest ecosystems.

This paper reports on investigations of temperatures in
small headwater streams in the northern interior of British
Columbia before and after forest harvesting following differ-
ent variable-retention riparian prescriptions allowed under
the FPC and its best management practice guidelines. While
the temperature impacts associated with forest harvesting are
well documented, there is no clear guidance regarding the
design of riparian management areas or tests of the effective-
ness of variable-retention strategies at mitigating tempera-
ture impacts on small streams. Daily mean temperature and
temperature range were collected during all seasons for 5
years following harvest to examine both the degree of short-
term impact persistence and the seasonal nature of the im-
pact. To the best of our knowledge, there is little documenta-
tion of the impact to stream temperature during the cooler
days of autumn, particularly from interior systems, when the

absence of streamside vegetation allows increased radiation
loss to the atmosphere (Macdonald et al. 1998).

Materials and methods

Study area
This research is a component of the Stuart–Takla

Fisheries–Forestry Interaction Project, a multidisciplinary
research program established to investigate forestry treat-
ments in six watersheds near Takla Lake (Macdonald et al.
1992; Macdonald 1994) (Fig. 1). The study area is in the
Hogem Range of the Omineca Mountains at the northern
end of the Sub-Boreal Spruce biogeoclimatic zone
(Engelmann Spruce Subalpine Fir zone at high elevations) in
the northern-most drainage of the Fraser River basin (Farley
1979). Average annual precipitation in the experimental wa-
tersheds is 500 mm, with 160–280 mm falling as snow. Peak
discharge is largely controlled by spring snowmelt in late
April to early June, depending on the year, and the elevation
and aspect of the watershed. Lowest flows occur during win-
ter. Ice usually covers the streams in November, and the
growing season is short compared with that of coastal zones
in B.C. Forest harvesting has not occurred previously in the
study location; a forest fire in the late 1800s was the most
recent disturbance (D. Roy, Canfor, Fort St. James, personal
communication).

Eight first-order streams were included in this study: two
in the Gluskie Creek watershed (G5, G7) and six in the
Baptiste Creek watershed (B1–B6) (Table 1; Figs. 1, 2a, and
2b). Bank-full widths ranged from 0.6 to 3.2 m with gradi-
ents of 3–30%. The Baptiste streams had north, northwest,
and west aspects, whereas the Gluskie streams had south and
southwest aspects at average elevations of 900–980 m. Cut-
blocks in each watershed contained one or more of the study
streams. Five harvested streams were compared with three
nearby control streams outside the cutblock boundaries to
assess the ability of low-, high-, and patch-retention tech-
niques to maintain preharvest stream temperatures. Riparian
prescriptions were as follows: (1) low-retention — removal
of all merchantable timber (>15 or >20 cm diameter at breast
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Fig. 1. Stuart–Takla Fisheries–Forestry Interaction Project study
area showing the experimental watersheds. The headwater small
stream study cutblocks are denoted with circles in the Baptiste
and Gluskie watersheds.
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height (DBH) for pine or spruce–balsam, respectively)
within 20 m of the stream; (2) high-retention — removal of
large merchantable timber >30 cm DBH within 20–30 m of
the stream; and (3) patch cut — a high-retention along the
lower 60% of the stream and removal of all riparian vegeta-
tion in the upper 40% of the watershed. Having a 5-m
machine-exclusion zone along the stream banks and falling
and yarding trees away from the streams maintained most ri-
parian understorey vegetation, with the exception of the up-
per portion of B2 (patch treatment) and along G5 (low-
retention). The two 60-ha cutblocks in the Baptiste water-
shed were harvested in the winter of 1996, and the 147-ha
cutblock in the Gluskie watershed was harvested during the
summer of 1997 (Figs. 1, 2a, and 2b) under contract from
Canadian Forest Products Ltd. (CANFOR) using feller–
bunchers and skidders.

Stream temperatures were recorded hourly throughout the
year using Vemco dataloggers at sites above and below
cutblock boundaries on each treatment stream (B1–B3 and

B5) and above any anthropogenic activities in the three con-
trol streams (Figs. 2a and 2b). Inconsistencies in the data
caused us to discard the above-cutblock data from B1, B2,
and a portion of B3. Recording began 18 and 27 months
prior to harvesting in the Baptiste and Gluskie watersheds,
respectively, and continues to the present day, providing 5
years of postharvest data for this paper. Temperature logger
precision was ±0.2°C. To ensure a continuous record, we
visited datalogger sites periodically throughout the year, but
data was lost during two periods at G5, a site where accessi-
bility was a problem particularly in the winter. A weather
station located in the headwaters of Kynoch Creek within
the Stuart–Takla experimental area provided daily air tem-
perature readings.

Annual estimates of canopy cover provided by riparian
vegetation were measured adjacent to the stream channel in
control (B4) and treatment watersheds (B3, B5) using a
handheld densiometer following established methods
(Lemmon 1956). Measurements at breast height were made
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Stream
Riparian
treatment

RMA
width (m) Aspect

Bank-full
width (m)

Elevation
(m)

Length through
cutblock (m)

Gradient
(degrees)

Watershed
size (ha)

% watershed
harvested

B4 Control — NW 0.9 980 — 30 48 —
G7 Control — S 1.4 900 — 3 269 —
B6 Control — NW 3.2 900 — 5 210 —
B1 High-retention 30 W 2.8 980 375 11 313 6
B3 High-retention 20 NW 0.6 980 550 26 43 38
B5 Low-retention 20 N 1.4 980 800 7 150 40
G5 Low-retention 20 SE 1.6 900 185 3 25 90
B2 Patch 20 NW 1.0 980 810 (250+560)a 12 18 89

Note: —, not applicable.
a250 m of clearcut and 560 m of high-retention riparian treatment.

Table 1. Physical and treatment properties of the study streams.

Fig. 2. Small stream study sites in the (a) Gluskie and (b) Baptiste watersheds. Thick lines denote watercourses, thin lines denote
cutblocks, broken lines denote roads, and circles denote sampling stations. Streams G7 (Gluskie) and B6 (Baptiste) are not shown.
Cutblock sizes in hectares are noted within the cutblocks.
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Fig. 3. Weekly stream maximum, minimum, and average temperatures for selected study streams. Lines join average values collected
on consecutive days with missing values identified by gaps. Circles denote weekly maxima; dashes denote weekly minima. Shaded
blocks indicate the time of forest harvest. Note the expanded temperature scale for the G5 plot.
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Fig. 4. Differences between measured and predicted weekly average stream temperatures. Measured values are only plotted if they are
outside the 95% limits predicted from the preharvest–control stream relationship (r2 for all >0.97). Data points are calculated as mea-
sured value minus predicted value. G5 data gaps are due to datalogger failures. Circles denote times when autumn temperatures were
lower than predicted. Shaded blocks indicate the time of forest harvest. Note the expanded temperature scale for the G5 plot.

I:\cjfr\cjfr3308\X03-015.vp
June 26, 2003 12:06:53 PM

Color profile: Generic CMYK printer profile
Composite  Default screen



periodically during summer months when deciduous vegeta-
tion was foliated. The loss of stream shade associated with
each treatment was based on comparison with two control
sites, since pretreatment data were sparse.

Analysis methods
Daily mean temperatures and daily ranges were computed

from the hourly values. Weekly mean temperature differ-
ences between the treatment streams and the matching inde-
pendent control stream were calculated to eliminate the
influence of interannual climate variation on stream temper-
ature. This was the response variable in all statistical analy-
ses after weekly rather than daily mean deviations were
calculated in an attempt to reduce the degree of auto-
correlation associated with time-series data. The experiment
was designed to be analysed using a three-factor repeated
measures ANOVA with the factors being stream treatment,
pre- or post-harvesting, and year. A fourth factor, month,
was nested within harvest to avoid the confounding influ-
ence of season. Interaction among the major factors (α =
0.05) provided the test of hypotheses pertaining to the effec-
tiveness of riparian retention treatments at preventing
harvest-induced temperature responses. A general linear
model approach was adopted to allow for analysis of unbal-
anced data (particularly G5). After examining the thermo-
graphs from all of the treatment watersheds, we found no
evidence that temperatures were returning to normal in the 5
years following harvest and, therefore, were able to simplify
the statistical analysis by removing the year factor. Streams
with the largest temperature difference between pre- and (or)
post-harvesting were removed sequentially from the design
and the interaction effect re-examined (ANOVA) to create an
a posteriori comparison of stream treatments. A Bonferroni
technique was used to control the increased probability of
making a type I error when performing multiple significance
tests (Sokal and Rohlf 2000).

Temperature relationships between treatment streams and
the appropriate control were calculated using preharvest data.
These data were used to estimate stream temperature in the
postharvest period if harvesting had not occurred. Post-
harvest temperatures from each creek that were outside of

the preharvest prediction (95% prediction limits) were plot-
ted to illustrate the results of the hypothesis tests from the
ANOVA.

Results

Water temperatures in the study area typically remained
near zero for nearly half the year following ice cover in No-
vember (Fig. 3). Temperatures increased during spring thaw
in April, were warmest in midsummer, and dropped precipi-
tously in late summer as day length and air temperature de-
clined. Daily temperature varied little in the winter, but daily
range increased with increasing temperature in the spring
(Fig. 3).

Summer stream temperatures clearly increased following
forest harvesting particularly when little riparian vegetation
was retained beside the stream (Figs. 3 and 4 — low- and
patch-retention; Table 2 — interaction P < 0.05). Streams
that had summer maximum mean weekly temperatures of
8°C before harvesting had maximum temperatures near
12°C or more following harvesting. They increased by
nearly 6°C above preharvest levels in August in G5, a stream
with a southeasterly aspect and where the least amount of
understory vegetation survived the harvesting activities (Fig. 4).
Cumulative temperatures during the summer months follow-
ing harvest increased between 50 and 200 degree-days (°C)
at the high- and low-retention sites, respectively, and were
dependent on the length of time (years) following harvest
(Fig. 5). Cumulative temperatures in the control locations
(B5Hi and B4) differed very little through the study period.
Cumulative degree plots are not available for the Gluskie
watershed because of an incomplete data set (Fig. 4).

Temperature impact trends associated with the high-
retention treatment are more difficult to interpret. The largest
stream in the study, B1, had the widest RMA width, a
deeply incised channel, and less stream length adjacent to
the cutblock than most of the other streams (Table 1), and as
a result, showed only small deviations from preharvest
predictions (Fig. 4). The influence of this treatment was sta-
tistically insignificant after sequential removal of riparian
treatments that had larger effects and were responsible for
the significant interaction (Fig. 6). Conversely, the high-
retention treatment adjacent to B3 provided modest tempera-
ture protection relative to the two low-retention treatments in
the first year postharvest (Fig. 4 — <1°C increase vs. 2–4 oC
increase). However, the mitigative effect of the additional
canopy cover provided by the B3 high-retention treatment
declined in following years coincidentally with a series of
windthrow events (Fig. 7). Initially, the B3 high-retention
treatment preserved approximately half of the original can-
opy cover and nearly twice that of the low-retention treat-
ment. Widespread windthrow in the winters of 1997, 1998,
and 1999 along the road right-of-ways and in at least one of
the high-retention RMAs in the Baptiste watershed reduced
canopy density to below 10%. Temperature differences from
preharvesting predictions rose in three of the streams with
riparian treatments in the first 3 years following harvest,
showing no evidence of postharvest recovery (Figs. 4 and
6 — B2, B3, and B5). Cumulative temperature tended to in-
crease following harvest particularly in B3, in association
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Source df
Adjusted
mean square F P

Streama 5 103.549 118.61 0.000
Harvestb 1 48.449 55.49 0.000
Stream × harvest 5 9.558 10.95 0.000
Month(harvest) 22 31.291 35.84 0.000
Error 1847 0.873 — —
Total 1880 — — —

Note: Figure 6 shows the least square mean results of the sequential
ANOVA. The temperature difference between treatments and their
respective control streams was the response variable. df, degrees of
freedom; —, not applicable.

aB1, B2, B3, B5, B5Hi, or G7.
bPre-or post-harvest.

Table 2. ANOVA results showing the first of five sequential
ANOVA used to determine whether postharvesting interaction oc-
curred between the treatment and control streams and the among
the treatment streams.
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with successive windthrow events and increased solar expo-
sure to the stream (Fig. 5).

Daily stream temperature range in summer nearly doubled
following forest harvesting, particularly when little riparian
vegetation was retained beside the stream. Daily ranges of
1.0–1.3°C before harvesting became 2.0–3.0°C following
harvesting (Fig. 3). Temperature range responded to riparian
management in a manner similar to temperature; greater
temperature ranges occurred in low-retention and patch
treatments than the high-retention or control treatment loca-
tions (Fig. 8). The greatest daily ranges occurred in G5 in
the summer, providing more evidence that watersheds facing
the equator and losing much of their riparian understory veg-
etation are more susceptible to temperature impacts related
to forest harvesting. However, the lower gradient of the G5
relative to the other treatment streams confounds this inter-
pretation.

In late autumn of 1997 and 2000, lower temperatures than
predicted were observed occasionally in three of the treat-
ment watersheds (Fig. 4 — denoted by circles). This is the
period of the year immediately before the streams are inun-
dated with ice, and the greatest discrepancy occurs between
higher stream temperatures and lower daily mean air temper-
atures (Fig. 9). Partial- or full-canopy removal likely allows
loss of longwave radiation to the atmosphere, which, in con-

junction with low autumn air temperatures, promotes energy
transfer away from the stream.

Temperatures taken above the cutblock on B5 (Fig. 4 —
B5Hi) deviated from temperatures predicted from the pre-
harvesting relationship with B4. Since neither of these sites
was exposed to harvesting, this relationship provides some
insight into the appropriateness of using B4 as a control.
Negative deviations occurred in association with earlier
snowmelt in B4, which was located approximately 100 m
lower in elevation than B5Hi. Positive deviations in the late
spring were likely caused by drainage from a logging road
right-of-way that was initially thought to be an adequate dis-
tance from the B5Hi control site. These deviations, whether
positive or negative, were generally less than 1°C, well
within the magnitude of harvesting-related impacts recorded
in the treatment streams.

Discussion

Recommendations made by Cormack (1949) regarding the
management of stream temperature through the retention of
riparian vegetation have not changed during half a century of
fisheries and (or) forestry research. Since Cormack sug-
gested retaining a 20-m wide strip of riparian vegetation on
stream banks, many investigations have identified the provi-
sion of shade as the single most valuable means to reduce
forestry-induced stream temperature impacts. In response to
an increased understanding of ecological processes in for-
ested landscapes, riparian management has become a central
theme of most land management legislation and forestry
guidelines in North America (Young 2000). Riparian reten-
tion also implies reduced harvest and profit and, in the face
of increasingly limited forest resources, has led efforts to
find a compromise between ecological and economic values.
Variable riparian retention is one such compromise.

As a means to manage stream temperature in sub-boreal
forests, variable-retention shows some promise. Temperature
increases of 1 or 2°C adjacent to windfirm high-retention
treatments in this study were less than effects reported in the
literature for many conventionally treated small streams.
Mean daily temperature increases of 7–8°C in the summer
(Brown and Krygier 1970; Holtby and Newcombe 1982;
Johnson and Jones 2000) in temperate, rain-dominated water-
sheds in B.C. and Oregon are comparable with the 6°C
increase noted in this study (G5) when little riparian vegeta-
tion is retained. In a study conducted in a sub-boreal forest
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Fig. 5. Cumulative temperature difference following harvesting relative to the control stream (B4) for the period May to September.
Values were standardized to pretreatment data.

Fig. 6. Temperature least square mean differences among treat-
ments and between post- and pre-harvest periods (ANOVA inter-
action term) calculated sequentially with repeated ANOVA.
Brackets group results where no difference was detected (α =
0.05 following a Bonferroni correction). B5Hi is a second refer-
ence site located upstream of the harvesting on B5.
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setting not far from our research watersheds (Brownlee et al.
1988), daily average temperature increases of only 1–3°C
were detected following clearcut harvest, but daily maxi-
mum temperatures increased by up to 9°C. This is much
greater than the increase in the daily temperature ranges in
all of the watersheds in this study, with the exception of G5.

Differences in the type of variable-retention treatments
and in geographic, climatic, and stream characteristics unique
to each location may explain the wide range of temperature
responses reported in the literature. Rashin and Graber
(1992) found that riparian reserve treatments of up to 75%
of the original levels of shade in Washington were unable to
meet local temperature targets. In another Washington study,
riparian reserve width was uncorrelated to stream tempera-
ture (Brosofske et al. 1997). A 6 m wide riparian strip in
Georgia that reduced stream shade by 50% (Hewlett and
Fortson 1982) and “sparse strips” of trees left on the south
side of a stream in Oregon (Harr and Fredriksen 1988) al-
lowed increases in maximum temperature of 11 and 3°C,
respectively. Our study demonstrates that greater retention
correlates positively with thermal protection. However, other
factors such as watershed aspect (the greatest impacts in this
study occurred in the only watershed with a southerly as-
pect) and terrain characteristics need to be considered.
Deeply incised channels (e.g., B1) are shaded by their prox-
imity to steep hillslopes, a factor that likely impedes accessi-
bility to the RMA and promotes greater streamside retention.

Windthrow was shown to have a large thermal influence
in this study. Additional riparian loss of overstory vegetation
during the first 3 years of the study left both the high- and
low-retention watersheds (and likely the patch-retention wa-
tershed) with greater exposure to solar radiation and thermal
impacts of a similar magnitude. Many factors influence
windthrow, including soil depth, tree species, topography,
etc. (Steinblums et al. 1984; Mitchell 1998), and as a result,
the incident rate is highly variable (e.g., Grizzel and Wolff
1998). The forest edges along roads, cutblocks, and riparian
strips are particularly vulnerable to windthrow (Ruel 2000).
Based on local experience, foresters had predicted some loss
of the riparian buffers in this study and raised questions re-
garding the value of leaving merchantable trees that were

likely to quickly blow over. Salo and Cederholm (1981)
suggest that windthrown riparian buffers may have the unde-
sirable effect of decreasing bank stability and producing un-
naturally large amounts of sediment and woody debris.
However, annual surveys of our study streams showed little
evidence of decreased bank stability as a result of upturned
rootwads, and unnatural sediment sources were restricted to
a log landing and a few temporary road crossings. Surveys
of many other B.C. watersheds have detected few major
instream impacts, aside from loss of shade, as a result of
windthrow in harvested stream reaches with riparian reten-
tion (Tripp 1995; Chatwin et al. 2001). Of greater concern
may be the unwillingness of the forest industry to allow
fallen trees to remain in RMAs in favour of salvage logging.
Return visits to cutblocks prolong the period of exposure to
all forestry-related activities, and removal of trees that have
fallen in the stream channel may negate the original machine
exclusion and fall and yard away principles that are the in-
tent of most RMAs. This issue and the need for improved
methods to predict and reduce windthrow in riparian re-
serves deserve more research attention.

The loss of canopy cover to windthrow had the additional
effect of masking any possible thermal recovery in the first 5
years following harvesting in our study, despite a recovery in
the understory vegetation and additional foliation on conifer-
ous vegetation that was left beside the streams based on
qualitative observations. A trend to an increase rather than a
decline in the temperatures in the first 3 years following har-
vest may have shown the first signs of reversing direction in
year 4 in association with a slight increase in canopy den-
sity. Most studies relevant to thermal recovery, although
based in temperate forests, predict substantial return to pre-
harvest levels within 5–7 years of harvest (e.g., Brown and
Krygier 1970; Feller 1981; Harr and Fredriksen 1988).
These recovery predictions assume the rapid return of bank-
side understory vegetation, because canopy shade provided
by second-growth forests will require 10–20 years (or longer
at higher elevations) in temperate forests (Beschta et al.
1987). Regrowth of understory vegetation and temperature
recovery may be delayed when stream banks have been dis-
turbed (Feller 1981). Bank disturbance and exposed bedrock

© 2003 NRC Canada

1378 Can. J. For. Res. Vol. 33, 2003

Fig. 7. Average summer canopy density measurements following harvest in the Baptiste watershed. A decline in density with time, par-
ticularly at the high-retention site (B3), is attributed to windthrow. Error bars are 95% confidence limits.
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Fig. 8. Difference from the predicted weekly average temperature range when the measured value is outside of the prediction limits of
the pretreatment relationship. Plots for each creek are calculated as measured value minus predicted value. Shaded blocks indicate the
time of forest harvest. Note the expanded temperature scale for the G5 plot.
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associated with debris flows may explain the comparatively
long thermal recovery period of 15 years in H.J. Andrews
Experimental Forest (Johnson and Jones 2000).

In the absence of comparable research from northern sub-
boreal forests and assuming slower growth rates of both
under- and over-story vegetation, we can speculate that
stream temperatures in this study would require greater re-
covery periods than those in southern temperate forests.
However, this hypothesis may be too simplistic, because
stream sensitivity to heating and the spatial or temporal per-
sistence of the impact will also depend on the source of
streamwater (Mellina et al. 2002). Small first-order streams
originate directly from groundwater and (or) surface
wetlands and have different characteristics than larger sys-
tems downstream (Vannote et al. 1980). Temperature trans-
fer processes associated with the amount of canopy density
adjacent to small streams may be less influential than energy
exchange with stream substrate and groundwater intrusion
(Brosofske et al. 1997; Johnson and Jones 2000). Effective
management of small sub-boreal streams requires more in-
formation on the relative influence of these physical pro-
cesses.

Harvest-induced impacts on stream temperature during the
winter are expected to be less than those during the summer.
Days are shorter, solar angles are reduced, and in colder, bo-
real, and sub-boreal settings, ice covers the streams for a
large portion of the year. Following harvesting, stream tem-
peratures in coastal regions either changed very little
(Alaska — Meehan et al. 1969) or increased by less than
1°C in association with changes in groundwater tempera-
tures and levels (Carnation Creek, B.C. — Hartman and
Scrivener 1990). Feller’s (1981) findings from coastal sys-
tems in B.C. were variable, but most detectable temperature
impacts were positive. In northern interior environments,
forest harvesting may have the opposite effect in cooler rela-
tive to warmer months of the year as autumn and (or) winter
stream temperatures are depressed (Macdonald et al. 1998;
Shrimpton et al. 2000). Similar observations were made in
Pennsylvania (Lynch et al. 1984). These results are attrib-
uted to radiant and (or) conductive loss of energy from the
stream to the atmosphere as a result of the loss of the insu-
lating qualities associated with riparian vegetation (Ander-
son 1973; Macdonald et al. 1998). This scenario is more
likely to occur in years and in regions where mean daily air
temperature declines rapidly relative to water temperature in

the autumn and will likely cease once snow and ice bridge
the stream.

One may ask if large amounts of riparian vegetation reten-
tion are required beside small streams, particularly if wind-
throw susceptibility can be demonstrated. Modest increases
in winter temperatures are thought to have a positive influ-
ence on the development and the subsequent rearing of juve-
nile coho salmon (Holtby 1988; Thedinga et al. 1989). Small
temperature increases throughout the year could be benefi-
cial in many coldwater streams provided they remain within
the tolerance limits of local biota. Most of the summer tem-
peratures observed during this study were unlikely to be le-
thal or even sublethal to salmonids because temperatures
that directly cause death generally exceed 24°C regardless of
exposure duration (reviewed by Sullivan et al. 2000). In fact,
temperatures in our small streams did not exceed similar
measurements from higher order, unharvested systems down-
stream (J.S. Macdonald, unpublished data). However, as poi-
kliotherms, fish are highly sensitive to temperature (Neill et
al. 1972) and can detect changes between 0.05 and 0.1°C
(Murray and McPhail 1988). Modest changes in thermal re-
gimes may alter migration timing (Macdonald et al. 1998) or
disease susceptibility (Groberg et al. 1978) and will influ-
ence cohort structure of fish populations (Holtby 1988;
Thedinga et al. 1989), with unknown consequences to the
survival of the unique stocks known to inhabit these streams.
Lower water temperatures in autumn and winter may have
negative consequences, such as reduced production periods,
water levels, and habitat area; earlier ice cover; and possible
ice penetration to the streambed (Macdonald et al. 1998).
Consideration must also be given to the influence of in-
creased daily temperature range as well as absolute tempera-
ture. Existing literature offer mixed reports regarding biotic
response to temperature fluctuations (Thomas et al. 1986;
Campbell et al. 1997). In some situations, benefits from
higher temperatures may be tempered by reductions in large
organic debris, destabilization of stream banks, or increased
levels of ultraviolet radiation associated with riparian loss
(Bothwell et al. 1994).
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