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Abstract

Edge effects are increasingly impor-
tant in British Columbia forests, as
cutblocks become smaller and har-
vesting options with retention patches
are more commonly used. This note
summarizes edge effects for  ecosys-
tem variables, including microclimate,
soil chemistry, snow depth, wind-
throw, regeneration, vegetation, and
animals, at the Sicamous Creek Silvi-
cultural Systems project in a high-ele-
vation ESSF forest. Physical variables
such as soil temperatures and
snowmelt showed small edge effects
up to – m from forest–cutblock
edges. Effects on plants and animals
typically extended at most – m
from the edge, except for windthrow,
with effects more than  m into the
forest along some edges. Substantial
windthrow adjacent to large openings
may also lead to “edge creep,” where
edge effects extend into the forest over
time, affecting many ecological values.
Bryophytes and spruce grouse showed
increasing edge effects in the initial
post-harvest years. Because edge
effects from uncut forest did not
extend far into cut areas, small open-
ings (< ha) interspersed with narrow
leave strips or numerous small reten-
tion patches are likely most effective
for retaining “forest influence” through-
out a cutblock. Large retained patches
and wide corridors will still be impor-

tant at the landscape scale, but small
patches also have considerable conser-
vation value, provided that wind-
throw is managed.

Introduction

Edge effects describe the influence of
cutblocks on adjacent forest, and the
forest’s influence on an adjacent cut-
block. They are of growing importance
in British Columbia forestry, as the
move towards smaller opening sizes
will increase the amount of edge in
managed landscapes. For example,
halving the average size of openings
will produce about % more edge.
Will this affect silvicultural and con-
servation goals in the managed stands
and adjacent forest? Retention within
cutblocks, as wildlife tree patches or
as part of variable retention systems,
also raises questions about edge
effects. Will small retained patches
have the same ecological values as a
large area of uncut forest? What part
of the harvested area is influenced by
the retained forest patch? Additionally,
foresters have responsibilities to
maintain “interior” forest, away from
edge influences. However, what do
scientific results suggest as a distance
from the nearest cutblock where inte-
rior forest begins?

Most of the research that has gen-
erated concern about edge effects
comes from eastern North America.
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Edge studies there initially focussed on
positive effects for game species, such as
deer and ruffed grouse. Recently, nega-
tive effects on other wildlife species,
particularly migratory songbirds, have
been emphasized. Several bird species
avoid forest near edges, or suffer
increased nest predation and parasitism
near edges. Population declines in these
species have made edge effects a leading
conservation and management issue.
However, these eastern study areas are
typically small remnant woodlots com-
pletely surrounded by permanent, high-
ly altered agricultural land, in contrast
to successional stands in managed west-
ern forests. Extrapolating results of
eastern studies is therefore a dubious
basis for managing edge effects in
British Columbia forests.

Studies of edge effects in western
forests were reviewed by Kremsater and
Bunnell (). They found a few stud-
ies that detected microclimate effects up
to  m into forest adjacent to
clearcuts. However, edge effect distances
for most biological variables were less
than  m. Still, an edge effect distance
of  m means that all leave strip areas
in a three-pass system using -ha open-
ings would be affected by the openings.
Important questions become: ) What
is the magnitude of the edge effect? It
may be detectable at a considerable dis-
tance, but is it a significant effect or a
minor one? ) Foresters manage
numerous resources and ecosystem val-
ues—how are they all affected by edges?
) Do different opening sizes—particu-
larly smaller openings—produce the
same edge effects?

This extension note summarizes
studies of edge effects from the Sica-
mous Creek Silvicultural Systems site,
which help answer some of those ques-
tions for high-elevation, Engelmann
spruce – subalpine fir (ESSF) forest.
The Sicamous Creek trial is an opera-
tional-scale experiment comparing
large clearcuts and alternative harvest
treatments including smaller openings.

The project was set up to address
regeneration, water supply, biodiversity,
and other concerns of forest managers
and the public (Vyse ). Effects of
the harvest treatments and different
opening sizes have been summarized in
a previous extension note1.

The research site has an important
advantage for measuring edge effects:
harvested openings are systematically
located, and replicated. This avoids the
confounding effects of operational
cutblocks, where block edges often
correspond to natural edges, such as
different stand types or topographic
features. The forest at Sicamous Creek
rarely has large stand-replacing distur-
bances, so organisms may be more
sensitive to edge effects than in forests
with frequent natural disturbances. A
larger benefit of the Sicamous Creek
site is that it has brought together
many researchers from different disci-
plines. This note collates their results
on edge effects to identify common
patterns and relationships between
different variables, and to provide
integrated implications for managing
edges in ESSF forests.

Methods

Study site

The Sicamous Creek Silvicultural 
Systems site is located in the ESSF wet

cold northern Monashee (ESSFwc)
variant,  km southeast of Sicamous,
B.C. Elevations range from  m to
 m, with moderate slopes facing
mainly north to northwest. A snow-
pack generally persists for –

months, reaching .– m depth, with
only a brief period of warm summer
weather. Subalpine fir (Abies lasio-
carpa) and Engelmann spruce (Picea
engelmannii) dominate the stand,
which has had no major stand-replac-
ing disturbances for ~ years
(Parish et al. ). The canopy is
open and patchy, with gaps from
endemic bark beetle, and wind and
snow damage, and openings from
wetlands and rock outcrops.

Five harvest treatments were
applied to three -ha replicate units
at the Sicamous Creek site (Figure ):
) -ha clearcut with  ha of leave
strips, ) nine -ha openings with -
m leave strips, ) sixty-five .-ha
patch cuts with -m leave strips, )
uniform individual tree selection
() removing % of the trees
across the size distribution, plus skid
trails, and ) uncut controls. Includ-
ing skid trails, each of the four har-
vest treatments removed
approximately one-third of the trees,
representing the first pass of a three-
pass system.

  The Sicamous Creek Silvicultural Systems site.
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Sampling design and field methods

Table  summarizes the studies of
edge effects at the Sicamous Creek
site. Most studies used transects with
samples collected at fixed distances
from the clearcut–forest edge. Some
wildlife studies used observations
across the site, and compared use ver-
sus availability of forest at different
distances from edges. Individual stud-
ies sampled in the forest, the opening,
or both, depending on the nature of
the variable being measured. For
example, soil processes and tree
regeneration were sampled primarily
in the openings; forest-dwelling
wildlife and windthrow were meas-
ured in the forest only; microclimate,
plants, and snow studies used both. In
some studies, edge effects were meas-
ured only in the openings, but also
had reference values from the forest
(seedfall, fungi, fine roots). The inten-
sity of sampling across the edge var-
ied among studies, depending on the
logistics of sampling. In most studies,
sampling was more intensive near
edges than further away, because
changes with distance were expected
to be more pronounced near the
edge. Physical variables and vegeta-
tion were analyzed separately on
north-facing and south-facing edges,
while the orientations were combined
in some soils and wildlife studies due
to sampling limitations. In a few stud-
ies, east- and west-facing edges were
also measured, but east-west compar-
isons are not summarized here.Most
studies used the -ha clearcuts, with
some also examining the -ha and .-
ha openings. When more than one
size of opening was studied, results
from the largest size are presented in
the figures below. A few additional
studies (bark beetles, small mammals,
invertebrates) compared values at the
edge (– m) with values further into
the forest or opening.

The summary figures below present
the original data from the studies, or a

representative subset when data were
abundant, and a fitted edge effect curve.
The curves were fitted by hand to rep-
resent the main trends in the data, and
the original authors’ interpretations
about the magnitude and extent of the
edge effect.

Results

Physical variables

Mean, maximum, and minimum air
temperatures in August were typically
–°C higher in the clearcuts than in
the forest. The increased temperature
in the clearcut barely penetrated into
the uncut forest (Figure ). Air tem-
perature within the opening was
slightly lower within – m of the
adjacent forest. However, these edge
effects were very small compared to
daily fluctuations of air temperature.
Soil temperature at  cm depth

showed a different pattern from air
temperature (Figure ). Temperatures
were –°C higher in openings. On the
south side of the opening (north-fac-
ing), soil temperatures did not reach
levels typical of larger openings until
– m into the opening. On the
north side, soil temperatures showed a
small peak – m into the opening,
probably due to heat trapping by the
adjacent south-facing trees. Soil tem-
peratures remained higher up to  m
into the forest on the north side of the
opening. The same basic pattern was
seen at  cm and  cm depth,
although variation was greater at  cm.
These differences in soil temperature
in openings within – m of the edge
may be enough to influence growth of
regenerating trees and other vegeta-
tion, while the edge effect into the for-
est on the north edge could affect use
of the edge by forest species sensitive
to microclimate.



  Studies measuring edge effects at Sicamous Creek

Variable Opening(s) Forest/Opening Distances from edgea Ref.

Air temperature 10 ha Both 0,3,6,12,25,50,160 m 15

Wind speed 10 ha Opening 25,75,125 m 14

Diffuse light 1 ha Both many, from 0 to 50 m 17

Soil temperature (15 cm) 10 ha Both 0,7,14,28,56 m 12

Soil temperature (7 cm) 10 ha Both 0,3,6,12,25,50,160 m 15

Soil temperature (2 cm) 1 ha Both many, from 0 to 50 m 17

Forest floor moisture 1 ha Both many, from 0 to 50 m 17

Soil nitrate 10,1,0.1 ha Both many, from 0 to 50 m        17, 4

Soil chemistry 1 ha Both many, from 0 to 50 m 17

Snow depth 10,1,0.1 ha Both 0,6,12,24,48,72,96,120 m 6

Windthrow 10,1 ha Forest 0–10,20–30,>100 m 8

Snow damage 10,1 ha Forest 0–10,20–30,>100 m 9

Seedfall 10,1,0.1 ha Opening -15,0,1,30,60,90,160 m 19

Seedling growth 10,1 ha Opening 5,15,25,45,65,95,160 m 19

Fine roots 10 ha Opening -40,2,25,160 m 3

Ectomycorrhizal fungi 10 ha Opening -40,2,16,25,50,160 m 2

Vegetation cover layers 10 ha Both 0,7,14,28,56 m 1

Plant species 10 ha Both 0,7,14,28,56 m 1

Pine marten 10,1,0.1 ha Forest continuous 5

Spruce grouse 10,1,0.1 ha Forest continuous 7

Three-toed woodpeckers allb Forest continuous 10
a Distances apply to openings, forest, or both, as indicated. Negative values for studies in openings indicate 

reference point in the forest.
b Including roads and landings.



Diffuse light increased smoothly
into the opening, with values close to
maximum within  m of the edge
(Figure ). This pattern was expected
from basic geometry with a  m
canopy height in the adjacent forest.
Light levels were only slightly elevated
in the forest – m from the opening,
with somewhat higher levels on the
north edge, which experienced more
windthrow along the edge. Measure-
ments of diffuse light provide indica-
tions of available light for
photosynthesis, radiative cooling dur-
ing frosty nights in the growing season,
and “exposure” of forest-dwelling ani-
mals (such as pine marten) that prefer
overhead cover.

Forest floor moisture showed the
inverse pattern to soil temperature
(Figure ), with lowest values in the
opening, particularly within  m of
the north edge. This effect of the
opening drying the organic layer pen-
etrated about  m into the forest on
the north edge. Highest forest floor
moisture occurred within  m of the
south edge, in both the opening and
the adjacent forest. Due to shading,
snow persisted longer in spring along
this edge (Figure ). Mineral soil in
the top  cm was also drier in the

openings, but moisture in deeper soil
or in mineral soil across edges has not
been measured at Sicamous Creek.
The low and high moisture values near
the north and south edges, respectively,
could both be concerns for tree regener-
ation under some conditions if the
results apply throughout the rooting
zone, because saturated soils early in the
growing season and drought later can
both slow tree growth in the ESSF. Wind
speed showed the longest edge effect
into the openings, with speeds decreased
for over  m on the
sheltered (west) side of
the opening.

Snow depth was
about  cm greater in
the opening than in
the forest near the
time of peak accumu-
lation in winter
–. Snow was
less deep – m
from the north edge,
and deeper right at the
north edge, probably
due to drifting with
strong southerly winds
in the area. During a
period of rapid melt in
spring, there was little

or no snow in a narrow band – m
into the forest on the north (south-fac-
ing) edge, and greatest depths in the
shaded part of the opening – m
from the south edge. Snow depth was
also lower for up to  m into the
opening on the north side, probably
due to drifting during the winter and
greater melt from re-radiated heat
from the adjacent south-facing trees.
Date of melt (bare ground) was cor-
respondingly about  days earlier on
the north side of the opening than on



 

  Summer air and soil temperatures across edges.   Wind speed, diffuse light, and forest floor moisture 
across edges. Wind speed measured across west and 
east edges. (Maximum value is the maximum individual 
point recorded along the transect.)

  Snow depth at two seasons and date of snowmelt 
(right axis) across edges.



the south side or in the forest. Earlier
melt (compared to the forest) extend-
ed about  m into the forest on the
north side across the opening to about
 m from the south (shaded) edge.
From this point the melt date was
essentially unchanged from that in the
forest. Cutblocks of  ha showed the
same pattern and magnitude of edge
effects. However, snow depths in .-
ha openings and their leave strips were
more similar, and edge effects were
correspondingly less pronounced.

Soils and trees

Forest floor nitrate concentrations
were elevated in openings, and nitrate
was nearly absent in the forest (Figure
). This effect occurred – m into the
opening from both north and south
edges. Potassium declined in the
opening, but did so almost immedi-
ately, with only a very short edge effect
on the south side of the opening. Nei-
ther nutrient showed edge effects into
the forest. Other soil chemical proper-
ties did not show consistent differ-
ences between forest and clearcut, and
therefore showed no edge effects.

Species richness of ectomycorrhizal
fungi and biomass of fine roots were
much reduced in the opening, except

for relatively high levels at  m from
the forest edge (Figure ). This short
edge effect into the opening simply
represents the presence of roots from
the adjacent retained trees (Figure ).
Seedfall declined into the opening,
with a relatively small proportion of
seeds making it more than  m into
the opening (Figure ). However,
seedfall in the area was high enough
that some conifer seeds were found
well into the largest opening. The
same decline of seedfall was seen in -
ha openings. The centres of .-ha
openings showed some decline in
seedfall, but are only  m
from the forest edge on all
sides. Substrates suitable
for seed germination are
probably more limiting
than seedfall for natural
regeneration at the site,
except in the middle of
large openings. Litterfall
(not shown) likely followed
a similar pattern as seed-
fall, which could affect
nutrient levels, soil
processes, and food for
voles that feed on fallen
arboreal lichens.

Five-year growth of
operationally planted

spruce seedlings showed no edge
effect on the north edge, but reduced
height growth within  m of the
south (shaded) edge, probably due to
reduced light. Later snowmelt and
colder soils may also have con-
tributed. The same edge effect was
seen in -ha openings. Seedlings
planted across a nearby -m strip cut
grew fastest  and  m from the
north edge.

Windthrow in the  years after har-
vesting was very high in the first  m
of leave strips adjacent to the north
and east sides of large openings and

  Net soil nitrate and soil potassium across edges. 
(Maximum value is the maximum individual point 
recorded along the transect.)

  Damage to residual trees from wind and a 
heavy snow event.

  Species of ectomycorrhizal fungi, biomass of fine 
roots, conifer seedfall, and height growth of planted 
seedlings into openings. (Maximum value is the maxi-
mum individual point recorded along the transect.)





moderately high – m into the
leave strip. Windthrow was much
lower in leave strips on the south and
west sides of openings, and in forest
away from openings. Damage from a
particularly heavy snowfall in the
winter of – showed a differ-
ent pattern, with high levels in the
forest and a reduction near the edges
on both the south and north sides of
the opening. Snow may have blown
out of the canopies in these more
exposed positions, lessening the load
on the stems. Mortality from balsam
bark beetle did not differ between
trees near and away from the edge of
leave strips (Maclauchlan ).

Biological diversity

Results for vegetation cover layers and
individual plant species were analyzed
with a method that directly provides a
model of edge response for each
group. Examples are shown in Figure
. Most cover layers and individual
species showed differences between
cutblocks and leave strips, but either
no edge effect (abundance in plots at
the edge was midway between abun-
dances in clearcut and forest; e.g.,
herbs, Figure ) or a very short effect
where plots right at the edge were

similar to the clearcut, but plots  m
into the forest were similar to more
distant forest plots (e.g., shrubs,
“increaser” species [such as Sitka
valerian]; Figure ). Many species (not
shown) followed one of these two pat-
terns. Bryophytes, however, showed an
extensive negative edge effect in the
leave strip on the north side, extend-
ing to at least  m into the forest. No
effect was seen on the south edge. The
edge effect on the north side became
more pronounced between measure-
ments in  and . This pattern
likely reflects these species’ sensitivity
to desiccation from increased expo-
sure to light and heat, and additional
effects from extensive windthrow on
the north edge. Bryophytes were less
affected in 0.1-ha openings, and were
at similar levels in the controls and in
the narrow leave strips adjacent to
these small patch cuts (Lloyd et al.
). The pronounced edge effect
therefore does not appear to occur
beside small openings. Veratrum
(Indian hellebore) showed an increase
in the opening near the south edge
only (Figure ), perhaps reflecting the
observed increase in forest floor mois-
ture in that position (Figure ). Effects
on other species are described by
Brand and Lloyd ().

Shortly after harvest, spruce grouse
showed reduced winter use of forest
within  m of cutblocks (Figure ).
The same edge effect was seen adja-
cent to -, -, and .-ha openings.
Six years after harvest, the negative
edge effect around larger openings
increased to – m. The most likely
explanation is that foraging in tree
canopies near edges was reduced by
higher winds and other influences of
the opening, and this effect was
extended as windthrow thinned the
leave strip edges after harvest.

Pine marten avoided openings, but
showed increased winter foraging
activity near edges (Figure ). The
same preference for edges occurred
adjacent to all sizes of openings. This
preference may have been due to
increased structure on the ground
from windthrow and snag-falling,
allowing better access through the
snowpack. However, overall marten
abundances were highest in the con-
trol areas with no openings. Three-
toed woodpeckers showed a strong
preference for nesting and foraging
near edges, including cutblocks,
roads, and landings (Figure ). For
both marten and woodpeckers, the
preference for edges was strongest
within  m of the cutblock. Red-

  Plant response to forest–clearcut edges five years after 
harvest.

  Effects of adjacent openings on pine marten, 
spruce grouse, and three-toed woodpeckers 
(TTWO). Results have been standardized to equal
availability of all distance classes.





backed voles, a forest species, declined
to low abundances at the edge, as in
clearcuts, while common shrews had
the same abundance at the edge as in
the forest. Masked shrews were most
abundant at the forest–cutblock edge.
Communities of ground-dwelling
invertebrates within  m of the for-
est–cutblock edge were generally the
same as in the clearcut, which differed
from the forest. One exception was
plant-feeding groups, which reflected
herb cover with abundances on the
edge intermediate between clearcut
and forest. The extent of these edge
effects into the forest is unknown for
the invertebrates and small mammals.

Summary and Implications

Most of the variables studied at Sica-
mous Creek showed only very short
edge effect distances. Interior forest or
clearcut levels were reached within
– m of the cutblock edge. Some
physical variables showed detectable
edge effects up to – m from the
edge, but the magnitude of the effect
was slight enough to have no detectable
ecological effects at that distance. The
exception was windthrow adjacent to
larger openings ( and  ha), particu-
larly on the north and east sides.
Although the main edge effect of wind-
throw shortly after harvest was also
short, the amount of windthrow along
the edge was very high. This may lead
to “edge creep” if the windthrow edge
continues to move back into the leave
strip through time. As well as econom-
ic impacts on future harvest entries, a
continued loss of trees out from the
cutblock edge will affect microclimate,
snow dynamics, and forest-dwelling
organisms. Increasing edge effects for
bryophytes and spruce grouse may be
evidence of the ecological effects of
continuing windthrow around edges of
large openings. Ongoing monitoring of
windthrow is a priority at the Sicamous
Creek site, along with other variables
that may show increasing edge effects

through time.
A previous summary of studies at

Sicamous Creek suggested that -ha
openings are ecologically similar to -
ha clearcuts for many variables, but
that .-ha patch cuts are often differ-
ent. The short distance of edge effects
into openings supports this idea. Only
a small proportion of - and -ha
openings are influenced by the adja-
cent forest when the edge effect is 
m, but the majority of a .-ha open-
ing is within this edge distance. When
the goal of a silvicultural system is to
maintain “forest influence” in the
block—as in “variable retention” sys-
tems—Sicamous Creek results suggest
that smaller openings and smaller dis-
tances between retained patches than
those typically used would be most
appropriate. The rule-of-thumb of
using one to two tree heights (– m
in this forest) from the edge as the
zone of forest influence is not sup-
ported by most results at Sicamous
Creek. On the other hand, results
from Sicamous Creek show that rely-
ing on uniform partial cutting to
maintain forest influence can have
undesirable effects on some forest val-
ues (e.g., more windthrow and
reduced habitat value for some forest
species).

Use of smaller openings and short-
er distances between retained patches
implies smaller leave strips and patch-
es (to maintain a given cut rate over
an area). The short edge effects into
the leave strips for many variables at
Sicamous Creek show that small leave
strips and patches within harvest
blocks are likely to be useful for many
forest resources and ecosystem fea-
tures. In particular, a perceived need
for wide leave strips and large patch-
es—such as the Biodiversity Guide-
book’s definition of “interior” forest
as being – m from an edge, or
delineation of a few, very wide forest
ecosystem networks (s)—should
not drive managers to neglect small
openings and the ecological contribu-

tion of small leave strips or retained
patches. The windthrow concern with
narrow leave strips and small patches
can be reduced by thoughtful location
of retained trees in low-risk areas.
More importantly, windthrow studies
at Sicamous Creek found the least
wind damage in narrow leave strips
associated with small openings, and
lower snow damage. With the poten-
tial for “edge creep” from continuing
windthrow around larger openings,
and the short edge effects observed
here, small leave strips around small
openings may be an important tool
for retaining the residual stand and its
ecological values.

The Sicamous Creek study was not
designed to examine landscape-scale
effects of harvest patterns. These may
include spread of introduced species,
changes in natural disturbances, and
effects of hunting and other human
disturbance on large animals. Aesthet-
ic and recreational values associated
with “wilderness” also require areas a
long way from cutblocks, by defini-
tion. Maintaining these values
requires at least some large unman-
aged areas at the landscape scale.
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