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Abstract: We compared structure and composition at forest edges created by wildfire and clear-cutting in black spruce
(Picea mariana (Mill.) BSP) dominated boreal forest in northwestern Quebec. Forest structure and plant species com-
position were sampled along transects perpendicular to eight 3- to 4-year-old fire edges and eight 2- to 5-year-old cut
edges. Significance of edge influence was assessed by comparing mean values at different distances from the edge to
the range of variation in interior forest. The influence of clearcut edges was minimal, generally extending only 5 m
from the edge, and included greater log density and different species composition, compared with interior forest. At
fire edges, prominent responses to edge creation included increased snag density and lower moss cover, compared with
interior forest, extending up to 40 m into the forest. This initial structural change was likely due to partial burning ex-
tending into the forest. Overall, fire edges had more snags and a different species composition than cut edges. Our hy-
pothesis that edge influence is more extensive at fire edges than at cut edges was supported for overstory and
understory structure, but not for species composition. We suggest that there is a need for management to consider the
cumulative effect of the loss of fire edges on the landscape.

Résumé : Nous avons comparé la structure et la composition des bordures de feu et de coupe dans la forêt Boréale du
Nord-Ouest du Québec dominée par l’épinette noire (Picea mariana (Mill.) BSP). La structure et la composition ont
été échantillonnées le long de transects perpendiculaires à huit bordures de feu de 3 à 4 ans et à huit bordures de cou-
pes totales de 2 à 5 ans. L’influence de la bordure a été évaluée en comparant les valeurs moyennes aux différentes
distances de la bordure à l’étendue de la variation à l’intérieur de la forêt. L’influence de la bordure des coupes totales
était minimale, s’étendant généralement jusqu’à seulement 5 m de la bordure. Ces changements comprenaient une aug-
mentation de la densité des arbres morts au sol et une composition en espèces différente de celle observée à l’intérieur
de la forêt. Aux bordures de feux, une densité accrue des chicots et une diminution de la couverture de mousses, com-
parativement à l’intérieur de la forêt, s’étendaient jusqu’à 40 m en forêt. Ces changements structuraux étaient probable-
ment dus au brûlage partiel qui s’est étendu dans la forêt. De façon générale, les bordures de feu avaient plus de
chicots et une composition différente d’espèces comparativement aux bordures de coupes. Notre hypothèse voulant que
l’influence de la bordure soit plus grande pour les bordures de feu comparativement aux bordures de coupe est sup-
portée pour la structure des étages supérieur et inférieur de la canopé mais non pour la composition des espèces.
Puisque l’influence des bordures de coupe est limitée dans la pessière noire boréale, les aménagistes forestiers de-
vraient davantage tenir compte des effets cumulatifs de la perte d’hétérogéneité structurale des bordures issues de feu
dans les paysages aménagés.
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Introduction

An increased amount of edge habitat is recognized as an
important consequence of fragmentation from agricultural
development or forest harvesting. In the boreal forest, how-
ever, edges are also created from frequent fire disturbance.
These natural edges could provide important habitat and
have a prominent role in landscape-level processes. Yet, in-
vestigations of the structure and composition at natural for-
est edges, particularly fire edges, are limited. In the boreal

forest, recent advances have been made in developing forest
management strategies that are based on our understanding
of patterns and processes that occur under natural dis-
turbances (e.g., Gauthier et al. 2004). These strategies in-
volve combining clear-cutting, partial cutting, and selective
harvesting treatments in different proportions based on the
disturbance regime in the region to emulate structural de-
velopment following fire and to minimize the loss of old-
growth habitat. Some emphasis has been also placed on the
spatial arrangement of harvest treatments by using simula-
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tion models to examine landscape pattern dynamics linked
to timber harvesting strategies (Franklin and Forman 1987;
Wallin et al. 1994). However, these are coarse-scale strate-
gies that cannot address the fine-scale patterns of cutblock–
forest boundaries. The extent to which cut edges maintain
the structural attributes of fire edges could be an important
concern for biodiversity in the boreal forest landscape,
where harvesting is becoming the prevalent disturbance.
There may also be negative edge effects associated with
harvesting for the remaining forested stands. Data on the
structure and composition of fire and cut edges are needed
before we can determine the management needs regarding
cutblock–forest boundaries.

The influence of anthropogenically created edges on vege-
tation has been well documented in temperate forests in the
United States (Ranney et al. 1981; Matlack 1993, Chen et al.
1992) and in tropical rain forests (Laurance et al. 1998), but
has only recently been explicitly studied in subboreal (Bur-
ton 2002) and boreal forests (Esseen 1994; Harper and Mac-
donald 2002a; Rheault et al. 2003). Edge influence at cut
edges is not as extensive or dramatic in the boreal forest as it
is in other landscapes (Harper and Macdonald 2002a), per-
haps because the boreal forest is a disturbance-adapted eco-
system with many inherent edges and has a relatively open,
shorter canopy. Well-documented edge influence on canopy
structure at cut edges includes structural damage to live and
dead trees from increased wind (DeWalle 1983; Ferreira and
Laurance 1997; Laurance et al. 1998; Baker and Dillon
2000) and the subsequent production of coarse woody mate-
rial (Chen et al. 1992; Esseen 1994; Burton 2002). Although
these effects from exposure to wind are also expected at fire
edges, they may be moderated by the presence of snags in
the adjacent burned area. Remnant trees and snags from the
fire may also reduce effects from increased light. At cut
edges, greater productivity from increased light can be mani-
fested as increased growth of shrubs (Matlack 1993), devel-
opment of a herbaceous understory (Ranney et al. 1981),
invasion of non-native plants (Brothers and Spingarn 1992),
or regeneration and growth of trees (Chen et al. 1992; Baker
and Dillon 2000; Harper and Macdonald 2002a). Responses
of individual species to edge influence may also differ be-
tween the two edge types; microhabitats following fire and
clear-cutting vary in terms of forest floor disturbance
(Nguyen-Xuan et al. 2000), soil characteristics, moisture,
and nutrient availability (McRae et al. 2001).

Natural edges have been less well studied than anthro-
pogenically created edges. At a landscape scale, boundary
complexity has been found to be greater for fires than for
human-influenced fragmented landscapes (Turner 1989;
Mladenoff et al. 1993). Spatial complexity at edges might
also be present at a smaller scale, which would extend the
zone of edge influence at fire boundaries. Because of inher-
ent variability in the processes leading to edge formation,
gradients at natural edges are expected to be more gradual
than the sharper gradients found at clearcut edges. For exam-
ple, edge influence extended farther at lakeshore forest
edges, which form as a result of an edaphic gradient, than at
cut edges (Harper and Macdonald 2001, 2002a).

We assessed and compared the structure, composition, and
extent of edge influence at young cut and fire edges in black
spruce (Picea mariana (Mill.) BSP) boreal forest, an ecosys-

tem where edge effects on vegetation have not been previ-
ously documented. We had two objectives: (1) to compare
structure and composition between fire and cut edges, and
(2) to test the hypothesis that edge influence is weaker, but
more extensive, at fire edges than at cut edges.

Study area
We sampled sites at the edges of fires and cutblocks in

black spruce boreal forest, in the northwestern part of the
Abitibi region in Quebec (49°62′ to 49°87′N, 79°00′ to
79 50° ′W; Fig. 1). The study area is part of the Lake
Matagami Lowland ecoregion (Saucier et al. 1998) in the
northern Clay Belt, a broad physiographic unit characterized
by lacustrine deposits from the proglacial lakes Barlow and
Objibway (Vincent and Hardy 1977). The topography is rel-
atively flat, and elevation is ca. 300 m above sea level. Soils
are predominantly organic, with clay deposits and some till
(Gauthier et al. 2000). According to a nearby weather station
in La Sarre, Quebec (48°46′N, 79°06′W; Environment Can-
ada 1993), mean annual temperature is 0.8 °C, annual pre-
cipitation is 856 mm, and there are 64 frost-free days. The
forest mosaic in our study area is part of the P. mariana –
moss bioclimatic domain (Saucier et al. 1998). Picea
mariana is dominant in stands of all ages on clay and or-
ganic sites and in older stands on sand sites (Harper et al.
2002). Other tree species include jack pine (Pinus banksiana
Lamb.), balsam fir (Abies balsamea (L.) Mill.), paper birch
(Betula papyrifera Marsh.), trembling aspen (Populus tremu-
loides Michx.), balsam poplar (Populus balsamifera L.), and
tamarack (Larix laricina (Du Roi) Koch). The region is
characterized by large crown fires that kill most of the trees
and aboveground vegetation (Bergeron et al. 2002). Forest
harvesting in the area is done by “careful logging” of all
trees larger than 9 cm DBH. Advanced regeneration and
soils are protected by using machinery in parallel trails that
cover no more than 30% of the harvested area (Harvey and
Brais 2002). No pesticides, thinning, or field preparation
was used before or after harvesting. Most of the recent fires
that were easily accessible were partially or entirely salvage
cut.

Methods

We established transects perpendicular to eight 3- to
4-year-old fire edges and eight 2- to 5-year-old clearcut
edges (Table 1). Transects were at least 100 m away from
other transects, corners of clearcuts, major forest openings,
and any salvage-cut burned areas. Because we required sites
with no salvage cutting, availability was very limited, and
we could not control for orientation of the edges. Thus, edge
aspects spanned a range of orientations for both fire and cut
edges (Table 1). All edges were created in forests dominated
by P. mariana (at least 85% of trees) on clay to organic
soils. Although stand ages differed between forest stands
next to fire edges and those next to cut edges, canopy cover
and height were similar amongst the two sets of forest stands
(means of 45% cover and 12 m height for both sets).

For each transect, we located plots at various distances
from both sides of the edge to cover the full extent of the
edge. Plots (20 m × 5 m, length parallel to the forest edge)
were centred at the following distances along each transect:
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–50, –15, –5, 0, 5, 10, 20, 40, 60, 100, 150, and 200 m from
the edge into the adjacent forest; plots with negative signs
were located on the disturbance side of the edge. The plot at
0 m straddled the forest edge, which was located at the edge
of the continuous forest canopy; in this ecosystem, fire
edges were distinct and easy to delineate. On one transect,
the plot at 60 m was moved to 80 m to avoid a creek. We
used data collected at 100, 150, and 200 m to characterize
interior forest. Two shrub subplots (2 m × 2 m) and four
herb subplots (0.5 m × 0.5 m) were established systemati-
cally along the major axis of every plot (shrub and herb sub-
plots at either end of the 20 m × 5 m plot, and herb subplots
3 m from either side of the centre).

Sampling was conducted between June and August 2000.
Trees (>5 cm DBH) and snags (standing dead trees >5 cm
DBH and >50 cm tall) were tallied in the 20 m × 5 m plots
and were classified as dominant, codominant, intermediate,
or suppressed (Côté 2000). Decay stage was evaluated for all
snags (classes 1–5; Thomas et al. 1979), and we also noted
the presence of a major broken top (diameter at the break
>5 cm). We tallied the number of logs (downed coarse
woody material) intersecting the major axis of the plot
(>5 cm diameter at the intersection point), and we evaluated
decay stage (classes 1–5; Maser et al. 1979). Canopy cover
was measured at the centre of each plot using a convex
spherical densiometer facing both directions of the transect.
Height of the tallest tree was measured in the 60 m plots.

Within the shrub subplots, we estimated the cover for
each shrub species (>50 cm tall) and for all shrub species

combined, and we counted the number of P. mariana seed-
lings (<1 m tall) and P. mariana saplings established from
layering (<1 m tall). Cover of all species of herbs, common
mosses, macrolichens, and dwarf woody plants (<50 cm)
was visually estimated within the herb subplots to the near-
est 1% up to 5%, and to the nearest 10% thereafter. Nomen-
clature follows Marie-Victorin (1995). The proportion of
ground covered by burned organic matter was also estimated
within the herb subplots, but only for six of the eight fire
edge transects. Diversity was calculated separately for
shrubs, herbs, mosses, and lichens using the Shannon Index;
calculations were made using cover values at the subplot
level and then averaged for each plot.

We assessed edge influence at both cut and fire edges for
the following categories of response variables: overstory
structure (canopy cover, and tree, snag, and log densities),
understory structure (cover of shrubs, herbs, moss, and li-
chens), regeneration (P. mariana layer and seedling densi-
ties), understory diversity (for shrubs, herbs, moss, and
lichens), and cover of individual species (shrubs, herbs,
moss, and lichens). For each response variable, we calcu-
lated both the magnitude of edge influence (MEI) and the
distance of edge influence (DEI). MEI is a measure of the
strength of edge influence, which we calculated as
(K. Harper and E. Macdonald, unpublished)

[1] MEI i i= − +( )/( )x x x xd d

where xd is the mean of a variable at distance d from the
edge, and xi is the mean of a variable in interior forest (dis-
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Fig. 1. Map showing the location of the study area (inset) and the approximate locations of the cut and fire edge transects (as numbers
and letters, respectively, Table 1). The transect “cut 8’ is not on the map; it is located approximately 75 km east of the other transects.
In the large map, light and dark shaded areas represent recent fires and cutblocks, respectively, where the transects were located. The
border of the large fire is more complex than illustrated; therefore some of the fire edge transects that appear to be in the fire are actu-
ally adjacent to continuous forest.



tances 100, 150, and 200 m from the edge). Using this for-
mula, MEI varies between –1 and 1, with positive values in-
dicating positive responses to edge influence (values greater
at the edge than in interior forest) and negative values indi-
cating negative responses (values lower at the edge than in
interior forest); a result of zero means there is no edge influ-
ence.

To quantify DEI, we used the critical values approach
(Harper and Macdonald 2001, 2002b), in which mean values
of response variables at different distances from the edge are
compared with critical values of interior forest conditions
derived by resampling values from interior forest (see be-
low), using the critical values program (Harper and Macdon-
ald 2002b) in Visual Basic, Microsoft Excel 97 (Microsoft
Corporation 1997). The critical values approach differs from
a standard randomization test in that only values from inte-
rior forest are resampled and used to create a distribution of
means (rather than actual values). This was done to obtain a
range of variation of average interior forest conditions with
which to compare edge influence, making it comparable to
other methods of measuring DEI (e.g., Chen et al. 1992;
Laurance et al. 1998). The critical values approach also in-
corporates blocking while resampling interior values to stan-
dardize variation among transects. These modifications to a
standard randomization test may lead to an underestimation
of the variance and greater type I error. Therefore, we also
calculated DEI by comparing mean treatment values (at dif-
ferent distances from the edge) to a 95% confidence interval
of interior forest values, as in Laurance et al. (1998). This
method verified our results of significant DEI (with one ex-
ception, see Table 3) and sometimes resulted in greater DEI

than the critical values approach, which proved to be more
conservative at estimating DEI with our data.

Following the critical values approach for each variable at
each edge type, we determined whether mean values near
the edge were significantly different than those found in in-
terior forest using the following steps:
(1) “Interior forest” plots or subplots were selected from

each of the eight transects. For trees, canopy cover,
snags, and logs, one plot (100, 150, or 200 m position)
was randomly selected from each transect (n = 8). Two
or four subplots (2 of 6 (shrub) or 4 of 12 (herb) total
subplots at 100, 150, and 200 m) were randomly se-
lected from each transect for variables measured in the
shrub or herb subplots (n = 16 or 24, respectively, for
shrub or herb variables).

(2) The mean of the values from the plots or subplots se-
lected in step 1 was calculated.

(3) These first two steps were repeated for a total of 5000
permutations.

(4) Critical values were the 2.5 and the 97.5 percentiles of
the 5000 permuted means (two-tailed test, α = 0.05). For
each edge type, mean values at different distances from
the forest edge were considered to be significant if they
fell outside the critical values for the corresponding in-
terior forest.

(5) Distance of edge influence was defined as the set of two
or more consecutive distances that had values signifi-
cantly different from the values in interior forest.

We compared MEI and DEI to determine whether fire
edges had a more gradual gradient with lower MEI but
greater DEI, as compared with cut edges (objective 2).
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Forest stand characteristics 60 m from
the edge

Type of edge and
transect

Year of
fire or cut

Size of fire or
cutblock (ha)

Edge
orientationa (°)

Ageb

(years)
Canopy
cover (%)

Height of the
tallest tree (m)

Fire edge
A 1996 10 345 175 61 15
B 1996 10 90 175 61 13
C 1997 21 476 79 na 48 10
D 1997 21 476 355 na 43 na
E 1997 21 476 95 na 40 14
F 1997 21 476 110 114 52 10
G 1997 21 476 120 114 22 8
H 1997 21 476 270 na 29 11

Cut edge
1 1998 32 30 275 69 11
2 1995 40 70 125 54 17
3 1997 15 160 275 38 10
4 1998 32 88 275 24 10
5 1997 85 230 225 46 12
6 1998 77 345 275 28 10
7 1998 77 348 275 36 8
8 1997 18 na 80 66 17

Note: na, data are lost or not available.
aFacing from the edge towards the forest.
bData are from a fire reconstruction map (Bergeron et al. 2001).

Table 1. Site and edge characteristics of forest stands, edges, and adjacent areas disturbed by fire or forest harvest-
ing in black spruce boreal forest in northwestern Quebec.



To compare forest structure and composition between fire
and cut edges (objective 1), we determined the DEI over
which there was a significant difference in response vari-
ables between the two edge types using a modification of the
critical values approach (Harper and Macdonald 2002b). For
each variable, we determined whether the difference in val-
ues between the two edge types, at different distances from
the edge, was significant using differences in interior forest
conditions corresponding to each edge type as the control,
using the following steps:
(1) Interior forest plots or subplots were randomly selected

from each of the eight cut edge transects and from each
of the eight fire edge transects as per step 1 described in
the previous paragraph.

(2) The t value was calculated between the two sets of val-
ues (interior forest at cut edge transects versus interior
forest at fire edge transects).

(3) These first two steps were repeated for a total of 5000
permutations.

(4) The 5000 permuted t values were used to develop a t
distribution and establish the critical values for the inte-
rior forest (2.5 and the 97.5 percentiles, two-tailed test,
α = 0.05). The t statistics were calculated for each re-
sponse variable at each distance from the forest edge for
fire versus cut edges and then compared with these criti-
cal values. By comparing differences at the edge to dif-
ferences between the interior forest conditions near each
edge type, this approach controls for regional variation
that is not due to edge influence, and thus it is more ap-
propriate than a standard t test.

(5) The distance of edge influence within which there were
significant differences between the two edge types was
determined as the set of two or more consecutive dis-
tances with t statistics that fell outside the critical values
from the t distribution of randomized data from the inte-
rior forest.

This paper presents the first use of this analysis and the
first analysis to compare edge influence at two different
edge types.

Results

Cut edges
Overstory structure was altered at clearcut edges in black

spruce boreal forest compared with interior forest (Table 2),
but the overall distance of edge influence (DEI) was only
5 m into the forest (Table 3, Fig. 2a). Cut edges had lower
canopy cover and snag density, and greater log density than
interior forest; tree density was only significantly lower
within the clearcut (Table 2). The magnitude of edge influ-
ence (MEI) was strongest for changes in deadwood abun-
dance (snag and log density) compared with other structural
elements (Table 3), especially logs in decay class 1 (MEI =
0.91, results not shown).

Total cover of shrubs and moss was lower at the edge than
in the interior forest (Table 2). Lower moss cover and higher
lichen cover were also found farther into the forest (DEI =
40–60 and 25–60 m, respectively). There was no significant
edge influence on herb cover (Table 3). Overall, DEI for
understory structure generally extended only 5 m, but there
were some responses farther into the forest as well (25–

60 m, Fig. 2b). MEI values for understory structure were
generally low (Table 3).

Greater regeneration of P. mariana seedlings and reduced
P. mariana layer density occurred only on the clearcut side
of the edge (Tables 2 and 3, Fig. 2c). There was very little
regeneration of other species (results not shown).

There was no significant influence on the diversity of
shrubs, moss, or lichens, but herb diversity was higher at 5
to 25 m into the forest than in interior forest (Tables 2 and 3,
Fig. 2d).

At cut edges, cover of understory species exhibited signif-
icant responses to edge influence up to 60 m into the forest
(Table 3, Fig. 2c). Four of the eight common shrub species
were negatively affected by harvesting in the clearcut and at
the edge (Cassandra calyculata (L.) D. Don., Kalmia an-
gustifolia L., Kalmia polifolia Wang., Ledum groenlandicum
Retzius.), but DEI only extended 5 m (Table 3, Fig. 2e).
Cassandra calyculata and Kalmia polifolia had relatively
high MEIs, although Kalmia polifolia was found in low
abundance even in interior forest (Table 2). Herbs were both
positively (Equisetum spp., Gaultheria hispidula (L.) T. &
G.) and negatively (Carex spp., Rubus chamaemorus L.,
Smilacina trifolia (L.) Desf.) affected by edge influence (Ta-
ble 3). Carex spp., however, were found in significantly
greater abundance in the clearcut than in the interior forest
(Tables 2 and 3). Significant edge influence for Equisetum
spp. only began at 5 m into the forest (Table 3). Other spe-
cies had high MEIs, but their DEIs were not significant (Ta-
ble 3) at either cut or fire edges because of high variability
in interior forest and very low abundance at the edge. The
proportion of herbs affected by edge influence remained
above one-third up to 15 m into the forest and then de-
creased gradually (Fig. 2f ). No herbs were abundant, even in
interior forest (mostly <2% cover, Table 2). Although most
moss species were affected by harvesting in the clearcut, the
proportion with significant edge influence dropped to less
than one-third right at the edge (Fig. 2g). Moss species were
negatively affected by edge influence and had variable DEIs
(Dicranum spp., Hylocomnium splendens (Hedw.) B.S.G.,
Pleurozium schreberi (Brid.) Mitt., Ptilium crista-castrensis
(Hedw.) De Not., Sphagnum spp.) (Table 3). One lichen
(Cladina rangiferina (L.) Nyl.) was positively affected by
edge influence, although only on the forest side of the edge
(Table 3, Fig. 2h). Of the three understory taxa with mean
cover in interior forest greater than 10% (Ledum groen-
landicum, Pleurozium schreberi, Sphagnum spp.) (Table 2),
all were negatively affected by edge influence, with DEIs up
to 5 m on either side of the edge (Table 3).

Fire edges
One of the most prominent responses to edge influence at

fire edges in black spruce forest was a greater abundance of
snags compared with interior forest; MEI was very high and
DEI extended up to 40 m (Tables 2 and 3, Fig. 3a). Edge in-
fluence on snag density was limited to suppressed, unbroken
snags in decay class 1 (results not shown). Canopy structural
change was evident as lower canopy cover and lower tree
density, which extended up to 5 and 15 m, respectively (Ta-
bles 2 and 3). The density of dominant trees had a stronger
MEI (–0.35) than the density of trees in other canopy posi-
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Cut edges Fire edges

Response variable Cut (–50 m) Edge (0 m)
Interior forest
(critical values) Fire (–50 m) Edge (0 m)

Interior forest
(critical values)

Overstory structure
Canopy cover (%) 8 (5) 29 (4) 47–62 17 (1) 34 (4) 51–62
Tree density (no./ha) 250 (180) 1840 (290) 1800–2660 120 (130) 1120 (170) 1510–2160
Snag density (no./ha) 90 (50) 50 (20) 120–380 1710 (400) 1200 (230) 50–220
Log density (no./20 m) 7.1 (1.0) 7.4 (1.3) 1.2–2.8 3.6 (1.0) 2.8 (1.0) 1.6–3.6

Understory structure
Shrub cover (%) 16.4 (3.4) 19.3 (3.7) 27.6–41.9 23.7 (4.0) 38.1 (2.2) 20.9–32.5
Herb cover (%) 8.7 (2.2) 5.0 (0.8) 5.5–9.9 4.4 (1.0) 7.0 (0.9) 5.3–8.9
Moss cover (%) 35.0 (4.1) 75.7 (4.2) 82.8–92.2 20.7 (5.1) 51.6 (5.2) 73.8–83.8
Lichen cover (%) 3.8 (1.6) 7.4 (2.3) 4.2–11.9 0.0 (0.0) 3.9 (1.9) 5.3–12.3

Regeneration
Picea mariana seedling density (no./m2) 1.5 (0.6) 0.4 (0.2) 0.02–0.4 2.2 (0.9) 0.6 (0.4) 0.1–1.0
Picea mariana layer density (no./m2) 2.1 (1.7) 7.6 (1.5) 7.2–12.6 0.8 (0.8) 3.5 (1.4) 4.7–9.0

Understory diversity (Shannon index)
Shrub diversity 0.7 (0.1) 0.9 (0.1) 0.8–1.0 0.9 (0.1) 0.9 (0.1) 0.8–1.0
Herb diversity 0.6 (0.1) 0.7 (0.1) 0.7–1.0 0.6 (0.1) 0.8 (0.1) 0.8–1.0
Moss diversity 0.5 (0.1) 0.5 (0.1) 0.4–0.6 0.3 (0.1) 0.4 (0.05) 0.4–0.6
Lichen diversity 0.2 (0.1) 0.2 (0.05) 0.1–0.2 0.0 (0.0) 0.1 (0.04) 0.2–0.3

Cover of common shrub species (%)
Alnus rugosa 4.3 (2.7) 3.1 (2.0) 0.1–6.9 0.9 (0.7) 2.8 (1.4) 0.6–5.0
Cassandra calyculata 0.2 (0.2) 0.8 (0.3) 3.1–8.2 6.9 (2.2) 4.8 (1.3) 1.9–6.9
Kalmia angustifolia 0.6 (0.2) 1.8 (0.5) 2.0–6.0 0.4 (0.2) 1.1 (0.4) 0.8–2.2
Kalmia polifolia 0.0 (0.0) 0.0 (0.0) 0.2–0.9 0.2 (0.1) 0.1 (0.1) 0.1–0.7
Ledum groenlandicum 6.4 (2.1) 10.8 (2.1) 13.8–22.2 10.8 (2.2) 25.0 (3.4) 10.5–19.9
Salix spp. 0.6 (0.6) 0.1 (0.1) 0.0–0.8 0.4 (0.3) 0.7 (0.6) 0.0–0.7
Vaccinium angustifolium 2.1 (1.3) 0.2 (0.1) 0.1–0.9 1.6 (0.7) 1.5 (0.7) 0.3–2.3
Vaccinium myrtilloides 4.2 (1.0) 3.1 (0.7) 2.1–3.9 2.3 (0.7) 4.4 (1.0) 1.6–3.8

Cover of common herb species (%)
Carex spp. 1.2 (0.5) 0.1 (0.1) 0.2–0.7 0.1 (0.1) 0.3 (0.1) 0.2–0.7
Coptis groenlandica 0.03 (0.03) 0.0 (0.0) 0.03–0.3 0.0 (0.0) 0.03 (0.03) 0.03–0.2
Equisetum spp. 1.4 (0.4) 1.1 (0.4) 0.4–1.2 3.0 (1.0) 2.7 (0.6) 0.7–2.2
Gaultheria hispidula 1.6 (0.3) 1.6 (0.4) 0.6–1.3 0.2 (0.1) 2.2 (0.4) 1.2–3.8
Linnaea borealis 0.03 (0.03) 0.03 (0.03) 0.0–0.2 0.0 (0.0) 0.0 (0.0) 0.0–0.1
Petasites palmatus 0.1 (0.1) 0.1 (0.1) 0.0–1.2 0.2 (0.1) 0.1 (0.1) 0.0–0.2
Rubus chamaemorus 0.1 (0.8) 0.4 (0.2) 0.9–2.7 0.8 (0.2) 0.6 (0.2) 0.5–1.2
Smilacina trifolia 0.2 (0.1) 0.4 (0.1) 1.2–2.9 0.4 (0.2) 0.5 (0.2) 0.3–1.6
Vaccinium oxycoccos 0.3 (0.1) 0.4 (0.1) 0.4–0.8 0.5 (0.1) 0.9 (0.2) 0.7–1.2

Cover of common moss species (%)
Dicranum spp. 0.1 (0.04) 0.0 (0.0) 0.1–0.9 0.2 (0.2) 0.1 (0.04) 0.4–2.5
Hylocomnium splendens 0.1 (0.1) 0.0 (0.0) 0.0–0.5 0.0 (0.0) 0.0 (0.0) 0.0–0.5
Pleurozium schreberi 10.2 (1.8) 24.8 (4.8) 17.7–30.9 0.2 (0.1) 5.4 (1.4) 11.6–22.0
Polytrichum spp. 0.1 (0.1) 0.03 (0.03) 0.0–1.1 1.6 (0.5) 0.5 (0.2) 0.1–0.2
Ptilidium spp. 1.4 (1.0) 2.6 (1.3) 1.1–6.3 0.0 (0.0) 1.6 (1.3) 1.5–5.2
Ptilium crista-castrensis 0.03 (0.03) 1.4 (0.9) 0.3–5.9 0.0 (0.0) 0.1 (0.1) 0.0–0.2
Sphagnum spp. 22.2 (4.3) 41.6 (6.1) 43.0–60.3 16.2 (5.0) 43.0 (5.3) 49.5–63.6

Cover of common lichen species (%)
Cladina mitis 0.2 (0.1) 0.03 (0.03) 0.03–2.1 0.0 (0.0) 1.6 (1.1) 0.0–1.1
Cladina rangiferina 3.2 (1.6) 7.2 (2.3) 3.0–10.3 0.0 (0.0) 2.1 (1.1) 4.2–9.8
Cladonia spp. 0.4 (0.2) 0.5 (0.1) 0.3–0.8 0.03 (0.03) 0.2 (0.1) 0.4–1.1

Note: Means (standard error) are given for the plots in the disturbed area (–50 m from the edge) and at the edge (0 m). Critical values derived from
resampling values in plots at 100, 150, and 200 m from the edge are given to quantify the range of variation in interior forest found near the treatment
(fire or cut edges). Sample size is n = 8 transects; see methods for details.

Table 2. Summary of results in the disturbed area, at the edge, and in the adjacent interior forest for different response variables.
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Cut edges Fire edges Comparison

Response variable MEI DEI (m) MEI DEI (m)

Values higher
at fire (F) or
cut (C) edges DEI (m)

Overstory structure
Canopy cover –0.22 –50 to 0 –0.11 –50 to 5 C –50 to 0
Tree density –0.10 –50 to –5 –0.24 –50 to 15 ns ns
Snag density –0.65 –50 to 0 0.81 –50 to 40 F –50 to 60
Log density 0.57 –50 to 5 0.02 ns C –50 to 0

Understory structure
Shrub cover –0.28 –50 to 5 0.18 0 to 5 F –50 to 5
Herb cover –0.21 ns –0.01 –50 to –15 C –50 to –15
Moss cover –0.08 –50 to 5,

40 to 60
–0.21 –50 to 40 ns ns

Lichen cover –0.03 –50 to –15 (–),
25 to 60 (+)

–0.38 –50 to 0 C –50 to 0

Regeneration
Picea mariana seedling density 0.38 –50 to –5 0.11 ns ns ns
Picea mariana layer density –0.07 –50 to –5 –0.32 –50 to 5 ns ns

Understory diversity
Shrub diversity 0.00 ns 0.02 ns ns ns
Herb diversity 0.03 5 to 25 –0.09 –50 to –5 C –50 to –15
Moss diversity 0.05 ns –0.42 –50 to –15 C –50 to 15,

40 to 60
Lichen diversity –0.07 ns –0.03 –50 to 0,

15 to 60
C 25 to 40

Cover of common shrub species
Alnus rugosa 0.07 ns 0.06 ns C –50 to –15
Cassandra calyculata –0.76 –50 to 5 0.06 ns F –5 to 5
Kalmia angustifolia –0.35 –50 to 0 –0.12 ns ns ns
Kalmia polifolia –1.00 –50 to 5 –0.73 ns F 0 to 5
Ledum groenlandicum –0.25 –50 to 0 0.25 0 to 5,

25 to 40
F –50 to 5

Salix spp. –0.7 ns 0.47 ns F 15 to 25
Vaccinium angustifolium –0.31 ns 0.11 ns ns ns
Vaccinium myrtilloides 0.02 ns 0.25 40 to 60 ns ns

Cover of common herb species
Carex spp. –0.65 –50 to –5 (+),

0 to 5 (–)
–0.22 ns ns ns

Coptis groenlandica –1.00 ns –0.50 –50 to –5 C 25 to 40
Equisetum spp. 0.19 5 to 15 0.30 –50 to 0 F –50 to 0
Gaultheria hispidula 0.26 –50 to 40 –0.04 –50 to –5 C –50 to –5,

5 to 15
Linnaea borealis –0.50 ns –1.00 ns ns ns
Petasites palmatus –0.70 ns 0.20 ns C 5 to 15
Rubus chamaemorus –0.63 –50 to –15 –0.15 ns F –50 to 5
Smilacina trifolia –0.67 –50 to 25 –0.26 ns F –5 to 0
Vaccinium oxycoccos –0.14 ns –0.02 –50 to –15 ns ns

Cover of common moss species
Dicranum spp. –1.00 –50 to 5,

25 to 60a
–0.74 ns F –50 to 0

Hylocomnium splendens –1.00 25 to 40 –1.00 ns ns ns
Pleurozium schreberi 0.01 –50 to –5 (–) –0.51 –50 to 0 C –50 to –15,

0 to 5

Table 3. Magnitude of edge influence (MEI) and distance of edge influence (DEI) for different response variables at
cut and fire edges, as well as DEI for significant differences between fire and cut edges.



tions (results not shown). There was no significant edge in-
fluence on log density. Overall, edge influence on overstory
structure extended up to 40 m into the forest from fire edges
(Fig. 2a).

Structural change in the understory was also apparent at
fire edges as lower cover of herbs, moss, and lichens, and
greater shrub cover, compared with interior forest, with
varying DEI (Tables 2 and 3). The trend of increasing moss
cover along the edge-to-interior gradient mirrored a trend of
decreasing cover of burned organic matter (DEI = 0 to 40 m)
(Figs. 3b and 3c). Overall DEI for understory structure ex-
tended 40 m (Fig. 2b).

Significant regeneration of P. mariana seedlings had not
yet occurred at the edge or within the burned area (Tables 2
and 3). There was reduced density of P. mariana saplings es-
tablished from layering, with a DEI of 5 m (Tables 2 and 3,
Fig. 2c).

Edge influence on diversity was generally negative and
was mostly restricted to the burned area, except for lichen
diversity (Table 3, Fig. 2d).

In terms of individual understory species, there was sig-
nificant positive edge influence for two shrubs (Ledum
groenlandicum, Vaccinium myrtilloides Michx.), which had
significantly greater cover on the forest side of the edge but
not in the disturbed area, compared with interior forest (Ta-
ble 3, Fig. 2e). Three common herbs (Coptis groenlandica
(Oeder) Fern., Gaultheria hispidula, Vaccinium oxycoc-
cos L.) had significantly less cover in the burned area than in
interior forest (Table 3, Fig. 2f). Equisetum spp. were more
abundant in the burned area and right at the edge (Tables 2
and 3). Three moss species (Ptilidium spp., Pleurozium
schreberi, Sphagnum spp.) were negatively affected by edge
influence and had varying DEIs (Table 3), while Polytrichum
spp. had significantly greater cover at the edge and in the
burned area than in interior forest (Tables 2 and 3). Overall,
edge influence affected almost half of the moss species right
at the edge; this proportion decreased gradually to zero at
40 m into the forest (Fig. 2g). At fire edges, DEI was most

extensive for Sphagnum spp. compared with other individual
species (–50 to 25 m; Table 3). Negative edge influence ex-
tended from the burned area up to the edge for two of the
three lichen species (Cladina rangiferina, Cladonia spp.)
(Table 3, Fig. 2h).

Comparison between edge types
In general, the gradient across the edge was more gradual

at fire edges than at cut edges; for example, there was an
abrupt change in canopy cover at cut edges, but not at fire
edges (Fig. 4). In terms of DEI, greater proportions of vari-
ables for both overstory and understory structure had signifi-
cant DEI on the forest side of fire edges than on the forest
side of cut edges (Figs. 2a and 2b). Regeneration was more
affected by edge influence (greater percentage of variables
with significant DEI) on the disturbance side of the edge for
cut edges, but DEI extended further for fire edges (Fig. 2c).
For understory diversity, DEI also extended further at fire
edges, and a greater proportion of variables were affected
(Fig. 2d). Overall, fewer understory species were affected by
edge influence on the forest side of fire edges than on the
forest side of cut edges, except for shrubs, which had more
extensive DEIs at fire edges (Figs. 2e–2h).

For overstory structure, understory structure, and regener-
ation, the absolute value of MEI was greater (stronger MEI)
at cut edges than at fire edges for half the variables (Ta-
ble 3). MEI was stronger for three of the four diversity indi-
ces at fire edges, although values were generally low
(Table 3). A majority of all common shrub and herb species
had stronger MEIs at cut edges than at fire edges (Table 3).
The absolute value of MEI was greater at fire edges than at
cut edges for about half of the moss species and two of three
lichen species (Table 3).

Direct comparisons between cut and fire edges using the
modified critical values approach revealed that significant
differences in structure between cut and fire edges were gen-
erally restricted to the disturbed area and did not extend be-
yond the edge into the forest (e.g., canopy cover, log density,
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Cut edges Fire edges Comparison

Response variable MEI DEI (m) MEI DEI (m)

Values higher
at fire (F) or
cut (C) edges DEI (m)

Polytrichum spp. –0.85 ns 0.55 –50 to 5 F –5 to 0
Ptilidium spp. –0.16 ns –0.32 –50 to –5 C –50 to –15
Ptilium crista-castrensis –0.33 –50 to –15 0.26 ns ns ns
Sphagnum spp. –0.11 –50 to 5 –0.14 –50 to 25 C –50 to –5

Cover of common lichen species
Cladina mitis –0.93 ns 0.57 ns ns ns
Cladina rangiferina 0.05 25 to 60 –0.53 –50 to 0 C –50 to 0,

25 to 60
Cladonia spp. –0.09 ns –0.54 –50 to 0 C –50 to –15

Note: In most instances, a negative MEI means negative edge influence (lower value at the edge compared with the interior), and
a positive MEI means positive edge influence (greater value at the edge compared with the interior) within the DEI; exceptions are
noted in parentheses. For DEI, negative values refer to distances within the disturbed area; significant results are reported even
where DEI is limited to the disturbed area, since it indicates whether the values in the disturbed area are significantly different from
those in interior forest. Only common species (>10% frequency for at least one type of edge) are included. Calculations of MEI and
DEI are based on sample sizes of n = 8 transects; see methods for details.

aDEI was only –50 to 5 m when compared with a 95% CI of interior forest values (see methods).

Table 3 (concluded).
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Fig. 2. Percentage of response variables with significant distance of edge influence for different categories at both cut and fire edges.
See Table 2 for a list of response variables in each category. Significant distance of edge influence was considered as the set of two or
more consecutive distances with values significantly different from interior forest (see methods).



herb and lichen cover; Table 3). The most notable exception
was greater snag density at fire edges, which extended from
the disturbed area up to 60 m into the forest (Table 3). Other
differences on the forest side of the edge included lower
density of dominant trees 15 to 40 m from fire edges (not
shown), greater shrub cover at fire edges, and greater moss
and lichen diversity at cut edges (Table 3). However, moss

and lichen diversity were not significantly affected by edge
influence at cut edges (Table 3). Several shrub species (Cas-
sandra calyculata, Kalmia polifolia, Ledum groenlandicum,
Salix spp.), a few herb species (Equisetum spp., Rubus
chamaemorus, Smilacina trifolia), and a couple of moss spe-
cies (Dicranum spp., Polytrichum spp.) had significantly
greater abundance on the forest side of fire edges than on the
forest side of cut edges (Table 3). All of these were posi-
tively affected by edge influence at fire edges, except
Equisetum spp. and Polytrichum spp., which were negatively
affected by edge influence at cut edges (Table 3). Species
that had greater cover on the forest side of cut edges than on
the forest side of fire edges included herbs (Coptis groen-
landica, Gaultheria hispidula, Petasites palmatus (Ait.)
Gray.), one moss (Pleurozium schreberi), and one lichen
(Cladina rangiferina) (Table 3). Of these, Gaultheria hispi-
dula and Cladina rangiferina were positively affected by
edge influence at cut edges (Table 3).

Discussion

Cut edges
Black spruce forest appears to be relatively unaffected by

edge creation associated with forest harvesting, at least in
the first few years. Edge influence at cut edges was much
less extensive in black spruce boreal forest (overall DEI =
ca. 5 m) than in subboreal (40–120 m, Burton 2002), tem-
perate (16–137 m, Chen et al. 1992), and tropical (85–
335 m, Laurance et al. 1998; 40–100 m, Mesquita et al.
1999) forests. For example, changes in overstory structure
usually extend much farther into the forest than we observed
at black spruce edges (e.g., Chen et al. 1992; Laurance et al.
1998; Burton 2002). Such structural changes are generally
attributed to windthrow following edge creation. However,
in the first few years following harvest, edge influence on
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Fig. 3. Mean values along the edge-to-interior gradient at fire
edges for (a) snag density, (b) moss cover, and (c) cover of
burned organic matter. Solid circles represent rates that were sig-
nificantly less than those in interior forest (plots 100–200 m
from the edge). Data points that were not significantly different
from interior forest have no symbols. Bars represent ±1 SE; n =
8 plots for Figs. 3a and 3b; n = 6 plots for Fig. 3c.

Fig. 4. Mean canopy cover along the edge-to-interior gradient at
cut and fire edges. Symbols (solid and open for cut and fire
edges, respectively) represent rates that were significantly less
than those in interior forest (plots 100–200 m from the edge).
Data points that were not significantly different from interior for-
est have no symbols. Bars represent ±1 SE; n = 8 plots.



overstory structure at cut edges in black spruce forest was
likely due primarily to disturbance in the harvested area. For
example, the greater abundance of logs likely included logs
left by harvesting activity that fell within the 0 and 5 m
plots. Likewise, reduced canopy cover was probably the re-
sult of densiometer measurements that included the lack of a
canopy over the cutblock. The lack of significant edge influ-
ence on tree density and lower snag density at the edge sug-
gest that tree mortality, especially due to causes other than
uprooting, was unlikely. In black spruce forest, trees are
more likely to be windfirm, since they are accustomed to
growing in open conditions (Harper et al. 2002), and are
therefore less likely to be affected by increased wind at the
edge. The forest stands in which we sampled were relatively
old and, therefore, open with a discontinuous canopy
(Harper et al. 2002); edge influence might be more extensive
in younger, closed-canopy black spruce stands. Results for
structure were similar at 5-year-old edges in aspen-
dominated boreal forest in Alberta: snag density and density
of dominant trees were also significantly lower right at the
edge than in interior forest (with DEIs of up to 20 and 0 m,
respectively, Harper and Macdonald 2002a). Tree mortality
was abundant after isolation of forest fragments of up to
1 ha in Norway spruce (Picea abies (L.) Karst.) boreal forest
in Sweden (Esseen 1994), but this may have been related to
combined edge effects from different edges within the small
fragments (Malcolm 1994). Although there appeared to be
no effects of increased wind on structure at cut edges in our
study, edge influence related to wind did affect the abun-
dance of epiphytic lichens up to 50 m in both black spruce
forest in Quebec (Rheault et al. 2003) and Norway spruce
forest in Sweden (Esseen and Renhorn 1998).

Tree recruitment from seeds or vegetative regeneration is
common at recently created edges (Chen et al. 1992; Sizer
and Tanner 1999; Baker and Dillon 2000; Oosterhoorn and
Kappelle 2000; Burton 2002; Harper and Macdonald
2002a), but had not yet occurred on the forest side of the
edge in black spruce boreal forest. The lack of regeneration
was likely due to the persistent Sphagnum layer, which hin-
ders seedling establishment (Boudreault et al. 2002).

With regard to understory structure, our findings of lower
moss cover and higher lichen cover farther into the forest are
difficult to interpret but could indicate complex nonmonotonic
responses to edge influence. Alternatively, greater lichen
cover probably existed before the disturbance, since exten-
sive lichen growth is unlikely in the first few years following
edge creation. Lower shrub cover, which was also found fol-
lowing edge creation at cut edges in aspen-dominated boreal
forest (Harper and Macdonald 2002a), may have been due to
damage from harvesting equipment, or changes in microcli-
mate or soil conditions at the edge.

Although edge influence on structure did not extend very
far into the forest, DEI for some understory species was
greater than DEI for structure variables. In general, however,
edge influence for understory composition was not that ex-
tensive, possibly because of the open canopy of black spruce
forest (Harper et al. 2002). The conical growth form of black
spruce and sparse canopy cover allows the penetration of
light to the understory even in interior forest. Therefore,
when an edge is created, the effect of increased light may
not penetrate very far. DEI was especially limited for shrub

species. These woody species may take more time to re-
spond to edge influence and may only have been negatively
affected by damage from harvesting equipment. Species
with a greater DEI included herb, moss, and lichen species,
which may be able to respond more rapidly to changes in
light or moisture near the edge. Edge influence on moss spe-
cies was always negative. Moss species that prefer high light
conditions may not have had time to respond to edge influ-
ence or may already have been adapted to high light condi-
tions before the edge was created. There were changes in
ground level species composition further into the forest
where Cladina rangiferina, which prefers high light condi-
tions (Brodo et al. 2001), was positively affected by edge in-
fluence, and shade-tolerant Hylocomnium splendens (Foster
1985) was negatively affected by edge influence.

Fire edges
The initial structural change at fire edges is likely due to

partial burning extending into the forest. Burned organic
matter extended up to 40 m from the edge, the same DEI as
for increased snag density, lower density of dominant trees,
and lower moss cover. Thus, partial disturbance, rather than
increased light and wind at the edge, may be an important
factor influencing DEI at fire edges. This partial disturbance
could also result in a spatially complex fire boundary at a
small scale, as has been found at a larger scale (Turner 1989;
Mladenoff et al. 1993); however, more research is needed to
determine the spatial configuration of fire edges at a small
scale.

There was little evidence of edge influence beyond the ef-
fects of partial burning. A possible exception is greater
shrub cover, specifically Ledum groenlandicum and Vac-
cinium myrtilloides, at the edge, which could be due to re-
lease growth from increased light at the edge, or greater
moisture or nutrient availability following the fire. Alterna-
tively, greater cover of Ledum groenlandicum and Vaccinium
spp. may have resulted from increased regeneration from
rhizomes following light fire (Viereck 1983; Nguyen-Xuan
et al. 2000). Regeneration of the dominant tree species, a
common edge effect (Chen et al. 1992; Sizer and Tanner
1999; Baker and Dillon 2000; Oosterhoorn and Kappelle
2000; Burton 2002; Harper and Macdonald 2002a), had oc-
curred in the burned area, but edge influence was not signifi-
cant. Regeneration of P. mariana after fire is common (e.g.,
Viereck 1983; Nguyen-Xuan et al. 2000).

In general, distance of edge influence was greatest for re-
sponse variables that were most directly affected by burning
(e.g., burning of the ground moss layer, snags created by the
fires). Edge influence did not extend as far for other vari-
ables, e.g., the cover of individual species. For these species,
the variation due to edge effects was greater than the inher-
ent variability in interior forest either within the burned area
or very near the edge. Many common ground cover moss and
lichen species were likely destroyed by partial burning
(Ptilidium spp., Pleurozium schreberi, Sphagnum spp., Cladina
rangiferina, Cladonia spp.). These species, with the exception
of Cladonia spp., are classified as “avoiders”, which establish
in late-successional forest conditions (Nguyen-Xuan et al.
2000); therefore, they had not yet reestablished in the burned
areas. The only ground layer and herb taxa positively affected
by edge influence (Polytrichum and Equisetum spp.) probably
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survived burning and resprouted from rhizoids (Viereck 1983)
in the burned areas on both sides of the edge. Polytrichum
spp. is classified as an “invader”, which is a short-lived, eas-
ily dispersed pioneer (Nguyen-Xuan et al. 2000), and had a
positive edge influence by invading recently exposed burned
areas. The three common herbs (Coptis groenlandica,
Gaultheria hispidula, Vaccinium oxycoccos) that were nega-
tively affected by edge influence responded only in the
burned area and may have been directly affected by severe
burning or indirectly affected by greater light, moisture, or
nutrient availability in the disturbed area. Gaultheria
hispidula is another avoider species and is negatively af-
fected by wildfire (Nguyen-Xuan et al. 2000).

Comparison between edge types: can cut edges emulate
fire edges?

Major differences exist between fire and cut edges; nota-
bly, fire edges were wider with more extensive structural
change, more snags, and a different species composition
than cut edges. It is important to note that these differences
are only for vegetation and do not include other edge effects
such as those for wildlife, and they only consider the first
few years following edge creation. We introduced a new
analysis to address our first objective that statistically com-
pares responses at two different edge types. This direct com-
parison showed that the most extensive significant difference
was greater density of snags at fire edges, but there were
also differences in shrub cover, lichen diversity, and species
composition. Shrub cover may have been damaged by har-
vesting equipment near cut edges and may have benefited
from increased nutrient availability following fire in the ad-
jacent burned area. Several individual shrub species showed
similar results, particularly Ledum groelandicum, a promi-
nent shrub, although Ledum groelandicum was common on
20-year-old burned and harvested sites in black spruce forest
(Nguyen-Xuan et al. 2000). Results from herb species were
mixed and likely reflected differences in light, moisture, and
nutrient availability between burned and harvested areas and
at the edges. Many of the common moss and lichen species
were more abundant in the harvested areas than in burned ar-
eas, probably since fire removes more of the duff layer
(Nguyen-Xuan et al. 2000). For most of these late-
successional ground cover species (Nguyen-Xuan et al.
2000), the significant differences did not extend beyond the
edge. Taxa with greater cover in burned areas and at the
edge included shade-intolerant, short-lived Polytrichum
spp. that invaded disturbed areas; Polytrichum spp. were also
more abundant in 20-year-old burned areas than in harvested
areas (Nguyen-Xuan et al. 2000). Dicranum spp. also had
greater cover in burned areas in our study, but are considered
late-successional species and were more abundant in 20-
year-old cut areas than in 20-year-old burned areas in black
spruce forest (Nguyen-Xuan et al. 2000). Lichen diversity
and cover at fire edges may have been decreased by partial
burning, as compared with cut edges where there was no sig-
nificant reduction in lichen cover right at the edge.

Our results support the hypothesis that edge influence is
more extensive at fire edges than at cut edges for structure
(but not composition). For many overstory and understory
structure variables, DEI extended further into the forest at
fire edges than at cut edges. However, more species were af-

fected by edge influence with greater DEIs at cut edge. The
hypothesis that edge influence is weaker at fire edges was
not supported by our results; the number of variables with
stronger MEI was just as great at fire edges as at cut edges.
Therefore, it appears that for forest structure, the edge-to-
interior gradient is just as strong at fire edges and extends
further (because of partial burning) than at cut edges. De-
spite this strong, extensive edge-to-interior gradient for
structure, fewer species are affected by edge influence at fire
edges. A more gradual edge-to-interior gradient at fire edges
may maintain microclimatic conditions that are more similar
to those in the interior forest, thus affecting fewer understory
species.

In black spruce boreal forest, edge effects do not penetrate
very far into the forest in the first few years following edge
creation. Therefore, the impact of edge influence on the re-
maining forest stands in a fragmented landscape may not be
as much of a concern as in other forested ecosystems.
Rather, a potentially important threat to biodiversity from
forest management may be the loss of natural forest-fire
edges on the landscape, with possible long-term effects for
biodiversity. Currently, cut edges are structurally and com-
positionally different than fire edges. Can cut edges emulate
fire edges? We think that the answer is yes, and no. Some of
the structural features of natural forest edges may be emu-
lated by harvest boundaries that are “feathered” or are par-
tially cut to create wider edges that mimic the effects of
partial burning. Research is needed to assess this possibility
before such practises are added to management strategies
such as those suggested by Gauthier et al. (2004). However,
it is doubtful that cut edges will ever be able to emulate the
high abundance of snags, one of the key characteristics of
fire edges. The 40 m wide zone of a mixture of snags and
live trees may provide important habitat for organisms that
require both structural elements in close proximity, and it
may facilitate interactions among species (Fagan et al.
1999). More research is needed on the functional role of this
structural complexity at fire edges and whether it is an im-
portant component of fire-dominated landscapes for bio-
diversity. Since forest management is unlikely to completely
emulate fire edges, fire edges should be conserved by reduc-
ing salvage logging at edges of fires. Conserving some fire
edges and managing cut edges to better emulate the structure
of fire edges will help maintain a unique and potentially im-
portant component of fire-dominated boreal landscapes.
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