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Abstract: The logging of mature tree stands, where part of the forest is clear-cut, results in the
formation of an ecotone complex (EC) consisting of the forest (F), a transition from forest to a clear-cut
site under canopy cover (forest edge—FE), a transition from forest to a clear-cut site outside of canopy
cover (clear-cutting edge—CE), and the clear-cut site per se (C). Ground vegetation descriptions
(percentage cover of dominants and height of subshrubs) were carried out on the sampling subplots
along the transects running from spruce forest into the clear-cut site. We studied the effects of the time
since logging and some microhabitat factors (aspect, coniferous and deciduous regeneration, downed
deadwood, microrelief, and the abundance of subshrubs, grasses, and forbs) on the abundance of
the main ground vegetation dominants of the bilberry-type spruce stands and the clear-cut sites:
Vaccinium myrtillus, V. vitis-idaea, Deschampsia flexuosa, and Epilobium angustifolium, in different EC
zones. The factor found to have the greatest modifying effect on the abundance of all the species in
the CE and C zones was the time since clear-cutting. The clear-cutting pioneer species Deschampsia
flexuosa and Epilobium angustifolium preferred open areas in the clear-cut site, whereas the abundance
of V. myrtillus and V. vitis-idaea positively correlated with the amount of coniferous and deciduous
regeneration. Some factors (downed deadwood, microrelief, coniferous regeneration) were found to
act similarly on subshrubs both under the tree canopy (F and FE) and in clear-cut microhabitats (CE
and C). The shoot height of subshrubs as well as its percentage cover varied depending on the time
since clear-cutting and the microhabitat conditions.

Keywords: forest edge; edge effect; boreal forest; bilberry spruce forest

1. Introduction

The more-than-half-century of industrial-scope timber harvesting has resulted in a
complex mosaic of coniferous and deciduous forests of varying age in the European North
of Russia.

The microclimate in the harvested areas is significantly altered, with the consequential
transformation of the plant communities in the sites. These sharp changes occur during the
first several years after logging [1–3]. In the following years, as the tree layer regenerates,
usually with a prevalence of deciduous species, the ground vegetation develops through a
few more succession stages and regains its original state only several decades later.

The microclimate change, however, also extends beyond the actual clear-cut site to the
forest strip along the clear-cutting edge [4–7]. A finding in boreal coniferous forests is that
solar irradiation, air humidity and temperature changed the most significantly, with the
closest approximation to the background conditions under the forest canopy, at a distance
of some 8 m from the clear-cutting edge into the forest [8,9].

Forests 2023, 14, 2125. https://doi.org/10.3390/f14112125 https://www.mdpi.com/journal/forests

https://doi.org/10.3390/f14112125
https://doi.org/10.3390/f14112125
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/forests
https://www.mdpi.com
https://orcid.org/0000-0001-6475-8396
https://orcid.org/0000-0002-2611-8942
https://doi.org/10.3390/f14112125
https://www.mdpi.com/journal/forests
https://www.mdpi.com/article/10.3390/f14112125?type=check_update&version=1


Forests 2023, 14, 2125 2 of 16

The forest left intact also has a significant effect on the adjoining clear-cut strip, where
the microclimate remains less different from the canopy-covered area. As a result, the
ground vegetation in this strip is not so profoundly transformed and recovers sooner.

The above features of the microclimate and development of vegetation communities
along the clear-cutting/forest interface are reason to speak of an ecotone complex (EC),
which is a transition from typical forest vegetation communities to communities of cutover
sites. This transitional area is some 16 m wide (8 m into the contacting communities on
each side of the forest/clear-cutting interface).

The changes taking place in the transitional area are of both theoretical and practical
interest. Ecotones are places of concentration of some bird and mammal species [10–13]; they
may contain greater resources of economically valuable ground vegetation species [14,15].
Our aim here was to study the abundance of the ground vegetation dominants (Vaccinium
myrtillus, V. vitis-idaea, Epilobium angustifolium, Deschampsia flexuosa) and to identify the
principal microhabitat factors influencing these species in the ecotone between forest and
clear-cut site in the first post-logging decade.

2. Materials and Methods
2.1. Study Area

The surveys were carried out in the Arkhangelsk Region, Russia (64.4◦ N, 41.8◦ E) in
2014–2017. The territory belongs to the boreal biome. The mean annual air temperature
(averaged over the past 10 years) in the study area is +2.8 ◦C, and the mean annual
precipitation is 660 mm. The coldest month is January (−11.7 ◦C); the warmest month is
July (+17.2 ◦C). The snow-covered period lasts from early November to late April, and the
duration of the growing season is 150 days—from mid-May through September (Weather
Archive in Kholmogory (www.rp5.ru, accessed on 16.09.2022)). The most widespread forest
in the study area is the bilberry spruce (Picea abies (L.) H.Karst.) type of forest, and small
Sphagnum pine (Pinus sylvestris L.) stands and haircap-moss spruce stands also occur.
Much of the spruce forests have been logged down and areas of secondary mixed forest
dominated by aspen (Populus tremula L.) and birch (Betula pubescens Ehrh.) are common.

2.2. Data Collection

Surveys were carried out in the adjoining communities of a bilberry-type spruce forest
and a wavy hair-grass-dominated clear-cut site (2 to 10 years after clear-cutting) constituting
an ecotone complex (EC) (Figure 1a). Characteristics of the spruce stands and clear-cuts
were given in our previous publication [16]. Based on the results of previous studies [16,17],
we assumed the transitional zone to be 8 m wide on each side of the forest/clear-cutting
interface. The ground vegetation was studied in 40–50 m long transects running from
inside the forest into the clear-cut site (20–25 m into each of the forest and the clear-cut
site). The transects were located at a distance of at least 5 m from each other. Thus, the
transects for studying forest community characteristics were conventionally divided into
EC zones of varying extents: F (forest)—12–17 m, FE (forest edge)—8 m, CE (clear-cutting
edge)—8 m, C (clear-cut site)—12–17 m. The transects were broken down into 50 × 50 cm
sampling subplots for estimating the percentage covers of plant species in the moss–lichen
and herb–subshrub layers and the average height of bilberry and cowberry shoots. Ground
vegetation descriptions were produced in the same transects in the 2nd, 3rd, 4th, and 5th
years after clear-cutting in one of the sampling sites, and 5 and 10 years after clear-cutting
in the other sampling site. The analysis included data from 34 transects and 2942 sampling
subplots (983 in each of the F and C zone, 488 in each of the FE and CE zones).
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resented in equal numbers. Pielou’s index is a variant of the Shannon index [18]: H/logN, 
where H is the Shannon index and N is the number of species. 
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Figure 1. The ecotone complex example and examples of microhabitat factors: (a)—“bilberry-type
spruce forest—5-year-old clear-cut site” EC; (b)—downed deadwood; (c)—forbs (Trientalis europaea
L.) and subshrubs (Vaccinium vitis-idaea L.) in the ground vegetation; (d)—coniferous regeneration
(Picea abies (L.) H.Karst.).

2.3. Data Analysis

The species composition of vascular plants was determined for each EC zone. The
vascular-species dominance structure in different EC zones was estimated using Pielou’s
evenness index, which takes values from 0 to 1, where 1 means that all species are repre-
sented in equal numbers. Pielou’s index is a variant of the Shannon index [18]: H/logN,
where H is the Shannon index and N is the number of species.

The effect of different factors on the percentage cover of major ground vegetation
dominants (bilberry Vaccinium myrtillus L.; cowberry V. vitis-idaea L.; wavy hair-grass
Deschampsia flexuosa (L.) Trin.; fireweed Epilobium angustifolium L.) and on the height of
subshrubs (V. myrtillus, V. vitis-idaea) in different EC zones was studied using analysis of
variance (Kruskal–Wallis test). The Kruskal–Wallis test was followed up by Dunn’s test to
identify which groups were different.

The following factors were selected for the study: time since clear-cutting (2, 3, 4, 5, and
10 years after logging), forest edge aspect (north-, east-, south-, and west-facing), microrelief
(flat site, microelevation occupying within 30% of the sampling subplot, microelevation
occupying over 30% of the subplot, microdepression), plant litter (absent, less than 30%,
more than 30%), coniferous and deciduous regeneration (absent, under-canopy advance
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regeneration in less than 30% of the subplot, under-canopy regeneration in more than 30%
of the subplot), fresh and overgrown downed deadwood (absent, less than 30%, more than
30%), and the abundance of subshrubs, grasses, and forbs (absent, less than 30%, more than
30%). Examples of some microhabitat conditions are shown in Figure 1b–d.

3. Results

A total of 29 vascular plant species were found in the ground vegetation of all the
sampling sites. The number of plant species in clear-cut communities (C) and in mature
bilberry-type spruce stands (F) was nearly the same (Table 1). The average number of
species per sampling subplot was also approximately the same in these highest-contrast
EC zones.

Table 1. Characteristics of the herb–subshrub layer in the EC (averaged data).

EC Zone Total Number of
Vascular Plants

Mean Number of Vascular
Plant Species Per Subplot Pielou’s Index

Percentage Shares of Plant Groups in the Herb–Subshrub Layer

Subshrubs Grasses Forbs

F 10.7 ± 0.4 a 4.9 ± 0.1 a 0.48 ± 0.01 a 88.2 ± 1.4 a 1.6 ± 0.2 a 10.2 ± 1.4 ab

FE 7.4 ± 0.4 b 3.8 ± 0.2 b 0.49 ± 0.02 a 91.7 ± 1.4 a 1.4 ± 0.5 a 6.9 ± 1.2 a

CE 8.7 ± 0.4 c 4.6 ± 0.2 a 0.54 ± 0.02 b 77.4 ± 2.6 b 10.0 ± 1.8 b 12.6 ± 1.8 b

C 10.6 ± 0.5 a 4.7 ± 0.2 a 0.64 ± 0.02 c 48.5 ± 3.1 c 26.4 ± 2.8 c 25.0 ± 2.8 c

Note: letters indicate differences (p < 0.05) between means in different EC zones (based on the Kruskal–Wallis test,
and post hoc pairwise comparison Dunn’s test).

Pielou’s evenness index was applied to study the species dominance structure in the
herb–subshrub layer. The values of this index in the forest (F) and transitional zones were
relatively low because the ground vegetation was dominated by two subshrub species—
bilberry and cowberry. The clear-cut site (C) had higher values of this index owing to a
greater diversity of microenvironments, where different plant species can prevail. Overall,
the species composition varied little among EC zones and only the contributions of species
to the ground vegetation were different.

All the vascular plant species fall into three groups: subshrubs, grasses, and forbs. The
F and FE zones were dominated by subshrubs, while the share of grasses and forbs was
minor. In the CE zone, the share of grasses and forbs was higher than in the forest. In the
clear-cut site, subshrubs generally retained the dominant position in the ground vegetation
but grasses and forbs were also abundant (Table 1).

The results of the analysis of variance for the effect of the time since clear-cutting and
microhabitat conditions on the ground vegetation dominants in different EC zones are
given in Table 2.

Bilberry and cowberry are the main subshrub species in north-boreal spruce forests. These
two species dominate the ground vegetation in the surveyed bilberry-type spruce stands, their
percentage covers estimated at an average of 20%–25% and 10%–20%, respectively.

The analysis of variance performed for each EC zone showed that the factor of time
since the disturbance had no significant effect on the abundance of bilberry in zones F and
FE, i.e., the species’ percentage cover in these EC zones underwent no significant change
throughout the monitoring period (Table 2). In the first years after tree-stand removal,
the abundance of bilberry and its average height decreased sharply in the clear-cut site
compared to the original forest community (Table 3). As the overstory canopy formed in
the clear-cut site, the percentage cover and height of bilberry shoots increased, but even
10 years after clear-cutting, these parameters remained significantly lower than in the forest
community adjoining the clear-cut site (Table 3).
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Table 2. Analysis of variance results for the effect of different factors on the abundance of ground vegetation dominants and subshrub height across EC zones.

Zone of the Ecotone Complex
F—Forest FE—Forest Edge CE—Clear-Cutting Edge C—Clear-Cut Site

χ2 df p-Value χ2 df p-Value χ2 df p-Value χ2 df p-Value

Bilberry percentage cover
time since

logging 5.14 4 0.27 8.74 4 0.07 33.24 4 <0.001 15.86 4 0.003

aspect 50.98 3 <0.001 29.03 3 <0.001 46.18 3 <0.001 * 14.85 3 0.002
microrelief 12.45 3 0.006 9.97 3 0.02 4.41 3 0.224 3.64 3 0.30
coniferous

regeneration 13.57 2 0.001 6.26 2 0.04 34.27 2 <0.001 67.00 2 <0.001

deciduous
regeneration 17.26 2 <0.001 0.92 2 0.63 1.93 2 0.384 * 27.53 2 <0.001

overgrown
downed

deadwood
3.769 2 0.15 14.25 2 <0.001 0.16 2 0.924 4.07 2 0.13

fresh downed
deadwood 13.42 2 0.001 37.71 2 <0.001 3.97 2 0.14 1.54 2 0.46

plant litter 7.06 2 0.03 16.02 1 <0.001 * 34.20 2 <0.001 * 63.02 2 <0.001
PC of

subshrubs - - - -

PC of grasses * 8.63 1 0.003 * 11.63 1 <0.001 * 7.97 2 0.02 0.58 2 0.75
PC of forbs 0.64 2 0.72 11.02 2 0.004 31.67 2 <0.001 3.55 2 0.17

Cowberry percentage cover
time since

logging 54.60 4 <0.001 41.76 4 <0.001 61.50 4 <0.001 99.39 4 <0.001

aspect 11.04 3 0.01 28.27 3 <0.001 32.66 3 <0.001 204.00 3 <0.001
microrelief 20.21 3 <0.001 2.45 3 0.48 16.13 3 0.001 44.58 3 <0.001
coniferous

regeneration 3.37 2 0.18 1.03 2 0.59 0.39 2 0.82 13.99 2 <0.001

deciduous
regeneration 2.28 2 0.3185 0.09 2 0.95 0.90 2 0.64 2.34 2 0.31

overgrown
downed

deadwood
0.89 2 0.64 0.22 2 0.89 0.16 2 0.92 0.76 2 0.68

fresh downed
deadwood 12.75 2 0.002 2.78 2 0.25 5.81 2 0.054 8.08 2 0.02

plant litter 6.88 2 0.03 0.15 1 0.69 29.48 2 <0.001 135.35 2 <0.001
PC of

subshrubs - - - -

PC of grasses 2.59 1 0.11 0.71 1 0.39 21.06 2 <0.001 26.94 2 <0.001
PC of forbs 18.54 2 <0.001 19.62 2 <0.001 8.09 2 0.02 1.72 2 0.42

Wavy hair-grass percentage cover
time since

logging * 72.27 4 <0.001 * 33.58 4 <0.001 36.73 4 <0.001 144.04 4 <0.001

aspect * 54.70 3 <0.001 * 76.29 3 <0.001 5.33 3 0.15 119.77 3 <0.001
microrelief 5.28 3 0.15 2.31 3 0.51 3.66 3 0.30 6.58 3 0.09
coniferous

regeneration 2.64 2 0.26 * 6.39 2 0.04 18.63 2 <0.001 4.51 2 0.10
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Table 2. Cont.

Zone of the Ecotone Complex
F—Forest FE—Forest Edge CE—Clear-Cutting Edge C—Clear-Cut Site

χ2 df p-Value χ2 df p-Value χ2 df p-Value χ2 df p-Value

deciduous
regeneration 2.02 2 0.36 2.42 2 0.29 0.52 2 0.77 3.19 2 0.20

overgrown
downed

deadwood
1.09 2 0.57 * 8.33 2 0.02 4.73 2 0.09 2.91 2 0.23

fresh downed
deadwood * 27.59 2 <0.001 * 30.65 2 <0.001 13.35 2 0.001 12.15 2 0.002

plant litter * 34.13 2 <0.001 * 35.47 1 <0.001 6.85 2 0.03 84.57 2 <0.001
PC of

subshrubs 4.66 2 0.09 0.67 2 0.71 * 22.81 2 <0.001 44.30 2 <0.001

PC of grasses - - - -
PC of forbs 0.32 2 0.85 * 13.00 2 0.002 14.53 2 <0.001 3.28 2 0.19

Fireweed percentage cover
time since

logging * 11.72 4 0.02 ** * 31.67 4 <0.001 109.21 4 <0.001

aspect 5.90 3 0.11 * 8.76 3 0.03 60.75 3 <0.001
microrelief 6.39 3 0.09 4.83 3 0.18 22.51 3 <0.001
coniferous

regeneration 0.60 2 0.74 6.0 2 0.05 20.86 2 <0.001

deciduous
regeneration 0.16 2 0.92 0.79 2 0.67 1.81 2 0.40

overgrown
downed

deadwood
0.25 2 0.87 0.61 2 0.74 * 11.99 2 0.002

fresh downed
deadwood 0.17 2 0.91 7.20 2 0.03 4.63 2 0.09

plant litter 1.06 2 0.58 5.46 2 0.06 * 11.61 2 0.003
PC of

subshrubs 0.30 2 0.85 3.84 2 0.14 10.62 2 0.005

PC of grasses 1.49 1 0.22 * 15.62 2 <0.001 * 20.12 2 <0.001
PC of forbs - - -

Average height of bilberry shoots
time since

logging 22.72 3 <0.001 36.61 3 <0.001 8.72 3 0.03 33.71 3 <0.001

aspect 67.97 3 <0.001 32.39 3 <0.001 80.97 3 <0.001 2.92 3 0.40
microrelief 3.89 3 0.27 7.49 3 0.06 1.69 3 0.64 8.16 3 0.04
coniferous

regeneration 0.12 2 0.94 0.21 2 0.89 27.63 2 <0.001 11.11 2 0.004

deciduous
regeneration 15.16 2 <0.001 5.67 2 0.06 11.64 2 0.003 26.59 2 <0.001

overgrown
downed

deadwood
5.43 2 0.06 1.85 2 0.39 5.83 2 0.05 1.17 2 0.55

fresh downed
deadwood 1.13 2 0.56 7.87 2 0.02 3.31 2 0.19 1.74 2 0.42
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Table 2. Cont.

Zone of the Ecotone Complex
F—Forest FE—Forest Edge CE—Clear-Cutting Edge C—Clear-Cut Site

χ2 df p-Value χ2 df p-Value χ2 df p-Value χ2 df p-Value

plant litter 14.07 2 <0.001 1.55 1 0.46 4.66 2 0.09 2.70 2 0.26
PC of

subshrubs 98.32 1 <0.001 29.89 1 <0.001 9.64 2 0.002 41.78 2 <0.001

PC of grasses 3.31 1 0.07 5.09 1 0.02 10.44 2 0.005 32.09 2 <0.001
PC of forbs 13.23 2 0.001 2.20 2 0.33 20.64 2 <0.001 2.28 2 0.32

Average height of cowberry shoots
time since

logging 146.56 3 <0.001 99.46 3 <0.001 33.69 3 <0.001 140.26 3 <0.001

aspect 110.20 3 <0.001 37.28 3 <0.001 91.90 3 <0.001 18.71 3 <0.001
microrelief 1.01 3 0.79 9.57 3 0.02 1.45 3 0.69 13.67 3 0.003
coniferous

regeneration 1.59 2 0.45 6.62 2 0.04 23.99 2 <0.001 28.78 2 <0.001

deciduous
regeneration 8.10 2 0.02 2.81 2 0.24 11.68 2 0.003 34.59 2 <0.001

overgrown
downed

deadwood
1.60 2 0.45 5.11 2 0.08 1.55 2 0.46 1.24 2 0.54

fresh downed
deadwood 20.06 2 <0.001 1.32 2 0.52 1.31 2 0.52 8.66 2 0.01

plant litter 51.12 2 <0.001 0.50 1 0.78 9.36 2 0.009 6.48 2 0.04
PC of

subshrubs 31.31 1 <0.001 24.71 1 <0.001 28.64 2 <0.001 79.72 2 <0.001

PC of grasses 0.01 1 0.93 5.55 1 0.02 3.87 2 0.14 7.06 2 0.03
PC of forbs 5.52 2 0.06 8.77 2 0.01 14.28 2 <0.001 30.63 2 <0.001

Note: p-values below 0.05 are in bold type; * within the percentage cover (PC) visual estimation error; ** fireweed not found in this EC zone.
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Table 3. Mean percentage cover and shoot height of bilberry in the ecotone complex at different times
after clear-cutting.

EC Zone

Time Since Clear-Cutting

2 Years
(M)

3 Years
(M)

4 Years
(M)

5 Years
(M) 5 Years 10 Years

Percentage cover of bilberry:

F 19.3 ± 1.0 a

(100%)
20.1 ± 1.6 a

(100%)
19.2 ± 1.4 a

(100%)
23.3 ± 1.4 a

(100%)
21.7 ± 1.3 a

(100%)
22.4 ± 1.4 a

(100%)

FE
12.0 ± 1.2

b

(62%)

12.7 ± 1.7
b

(63%)

11.7 ± 1.4
b

(61%)

17.1 ± 1.6
b

(73%)

9.5 ± 1.3 b

(44%)

16.6 ± 1.7
b

(74%)

CE 6.3 ± 0.8 c

(33%)
7.2 ± 1.2 c

(36%)
6.7 ± 1.0 c

(35%)
8.3 ± 1.0 c

(36%)
8.2 ± 1.1 b

(38%)

14.1 ± 1.4
b

(63%)

C 2.6 ± 0.4 d

(13%)
3.6 ± 0.6 c

(18%)
4.2 ± 0.7 c

(22%)
5.1 ± 0.6 c

(22%)
3.1 ± 0.4 c

(14%)
6.8 ± 0.8 c

(30%)

Height of bilberry shoots:

F – * 17.8 ± 0.4 a

(100%)
15.6 ± 0.4 a

(100%)
14.8 ± 0.3 a

(100%)
16.7 ± 0.3 a

(100%)
17.1 ± 0.4 a

(100%)

FE –
15.4 ± 0.6

b

(86%)

14.0 ± 0.4
b

(76%)

12.1 ± 0.5
b

(82%)

12.5 ± 0.3
b

(75%)

14.1 ± 0.4
b

(82%)

CE – 11.9 ± 0.6 c

(67%)
10.4 ± 0.5 c

(67%)
10.0 ± 0.4 c

(68%)

12.7 ± 0.5
b

(76%)

12.4 ± 0.4 c

(75%)

C – 8.8 ± 0.4 d

(49%)
9.2 ± 0.3 c

(59%)
8.7 ± 0.2 d

(59%)
9.6 ± 0.3 c

(57%)
11.7 ± 0.5 c

(68%)
Note: indicating mean and standard error of the mean; percentages in parenthesis are the levels relative to the
forest zone. Letter “M” in years since logging indicates the same monitoring sites re-sampled (between 2 and
5 years after clear-cutting). Letter indexes refer to significant differences (p < 0.05) in the parameter among EC
zones (Kruskal–Wallis test, post hoc pairwise comparison Dunn’s test). * No data.

The abundance and height of bilberry in zone C were always confidently lower than
in zone F. These parameters in the transitional zones (FE and CE) were, in all variants,
confidently lower than in zone F and were higher or equal to those of zone C (Table 3). The
reduction in shoot height from forest towards clear-cut site in bilberry was accompanied by
a decline in its percentage cover.

The aspect had an effect on bilberry abundance in all EC zones. Bilberry percentage
cover on average was the highest in north-facing sites and the lowest in east- and/or
south-facing sites.

The microrelief mattered for bilberry abundance only under the tree canopy (F and FE).
Bilberry abundance was lower in the sampling subplots with inhomogeneous microrelief.

Bilberry percentage cover was augmented by the presence of coniferous regeneration
in all EC zones with an especially pronounced effect in CE and C. Deciduous regenera-
tion had an effect only in zone F, where a slight amount of such regeneration promoted
bilberry abundance.

The presence of overgrown as well as fresh (non-overgrown) downed deadwood in
canopy-covered zones (F and FE) negatively affected bilberry abundance. The abundance
of this subshrub generally negatively correlated with the amount of plant litter.

The presence of forbs had an effect only in transitional zones of the EC. Bilberry
abundance was the highest where the percentage cover of forbs was quite low.

Bilberry shoot height was influenced by the time since clear-cutting in all EC zones.
This is probably explained by the fact that the time series includes different sampling sites
within the study area. While we see that the species percentage cover in zone F shows no
significant variation among different bilberry spruce forest communities, the height of the
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subshrub on the other hand is a functional trait that is apparently strongly influenced by
the site conditions.

The response of bilberry shoot height to the aspect was more pronounced than in the
case of the percentage cover, but the patterns were the same.

In subplots with both coniferous and deciduous regeneration in different EC zones,
bilberry shoots were higher on average than in subplots lacking tree regeneration.

The relationship between bilberry height and the percentage cover of all subshrubs is
consistently positive. Grasses growing in subplots in zones CE and C negatively affect the
height of this subshrub. A limited abundance of forbs (within 30%) has a positive effect on
bilberry shoot height in different EC zones.

Cowberry percentage cover in zone F varied notably among different bilberry-type
spruce F zones. Cowberry abundance in clear-cut sites in the first 2–3 years after the harvest
was lower than in the forest, then its percentage cover increased to the same level as in the
forest but declined again 10 years after clear-cutting (Table 4). Cowberry abundance in
transitional zones was higher than in zones F and C. Conversely to the percentage cover,
the height of the subshrub decreased in the transitional area from the forest towards the
clear-cut site.

Table 4. Mean percentage cover and shoot height of cowberry in the ecotone complex at different
times after clear-cutting.

EC Zone

Time Since Clear-Cutting

2 Years
(M)

3 Years
(M)

4 Years
(M)

5 Years
(M) 5 Years 10 Years

Percentage cover of cowberry:

F 14.1 ± 0.7 a

(100%)
19.7 ± 1.3 a

(100%)
25.1 ± 1.3 a

(100%)
27.4 ± 1.4 a

(100%)
13.4 ± 0.8 a

(100%)
21.4 ± 1.1 a

(100%)

FE
17.3 ± 1.1

b

(123%)

24.8 ± 2.1
b

(126%)

32.4 ± 1.9
b

(129%)

31.7 ± 2.0
ab

(116%)

16.5 ± 1.1
b

(123%)

24.7 ± 1.9 a

(115%)

CE
16.0 ± 1.3

ab

(113%)

29.6 ± 2.6
b

(150%)

35.8 ± 2.4
b

(143%)

34.2 ± 2.6
b

(125%)

14.1 ± 1.3
ab

(105%)

14.3 ± 1.3
b

(67%)

C 8.0 ± 0.7 c

(57%)
15.2 ± 1.2 c

(77%)
24.3 ± 1.5 a

(97%)
26.5 ± 1.5 a

(97%)
10.9 ± 0.6 c

(81%)

12.9 ± 1.0
b

(60%)

Height of cowberry shoots:

F – * 14.9 ± 0.3 a

(100%)
13.3 ± 0.3 a

(100%)
12.3 ± 0.3 a

(100%)
12.1 ± 0.2 a

(100%)
16.1 ± 0.3 a

(100%)

FE – 14.1 ± 0.4 a

(95%)

12.2 ± 0.4
b

(92%)

10.5 ± 0.4
b

(85%)

9.6 ± 0.2 b

(79%)

13.2 ± 0.4
b

(82%)

CE –
11.1 ± 0.6

b

(74%)

9.6 ± 0.4 c

(72%)
8.5 ± 0.3 c

(69%)
8.7 ± 0.3 c

(72%)
10.6 ± 0.4 c

(66%)

C – 8.2 ± 0.3 c

(55%)
8.8 ± 0.2 c

(66%)
8.4 ± 0.3 c

(68%)
6.7 ± 0.1 d

(55%)
11.0 ± 0.3 c

(68%)
Note: notations as in Table 3.

The factors that proved to be important for cowberry abundance were the aspect and
the microrelief. The lowest percentage covers of the species were found in north-facing
subplots in different EC zones. Subplots containing microelevations featured confidently
higher cowberry abundances.

The presence of coniferous regeneration promoted the species’ abundance only in
zone C. Richness in non-overgrown downed deadwood in zone F, on the contrary, was
associated with a reduction in the percentage cover of cowberry.
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The effect of the plant litter was the greatest in zones CE and C—cowberry abundance
was lower in litter-rich sites.

The effects of grasses and forbs varied. A limited contribution of grasses to the ground
vegetation cover (within 30%) in zones CE and C promoted the abundance of cowberry
compared to the subplots that lacked grasses or featured their higher abundance. The effect
of forbs on cowberry abundance appeared in zones F and FE, where the percentage cover
of the subshrub was the highest in the total absence of forbs.

The shoot height of cowberry as well as its percentage cover varied depending on the
time since clear-cutting in each of the four EC zones.

The aspect also proved to be an important factor for the height of the subshrub in each
EC zone. The highest values of the parameter were found in north-facing subplots and the
lowest values in south-facing ones.

Subplot shading by coniferous or deciduous advance regeneration in zones CE and C
was associated with taller cowberry shoots, as opposed to a lower average shoot height in
open locations.

In zone F, high amounts of non-overgrown downed deadwood correlated with low
average cowberry shoot height. Within the same zone, the subshrub was confidently taller
in subplots rich in plant litter (more than 30%) compared to the subplots where litter
covered less than 30%.

A positive correlation in all EC zones was detected between cowberry shoot height
and the abundance of subshrubs. Also, cowberry tended to be taller in subplots containing
forbs. In zone C, the average height of cowberry shoots decreased where grasses were more
abundant.

The average percentage cover of wavy hair-grass, Deschampsia flexuosa, in all sampling
sites in the forest section of the EC remained stable, not exceeding 2%, while its frequency
of occurrence was quite high (30%–70%). The abundance of D. flexuosa and other grasses
in the transitional zone was low. In the clear-cut site, hair-grass abundance grew slightly
already in the second year after tree stand removal. The percentage cover of the species
reached a maximum in 5-year-old clear-cut sites (Figure 2). By the time of canopy closure
10 years after logging, its abundance declined notably.
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The factors found to be significant for the percentage cover of wavy hair-grass in zones
CE and/or C were the presence of non-overgrown downed deadwood, and the abundance
of subshrubs and forbs.

The presence of non-overgrown downed deadwood proved to negatively correlate
with wavy hair-grass abundance in the sampling subplots. Hair-grass abundance was
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the highest where the percentage cover of subshrubs was relatively low. Wavy hair-grass
percentage cover tended to increase with a rise in the abundance of forbs.

Fireweed, Epilobium angustifolium, was rare in the forest section of the transects—its
percentage cover there was within 1%. Zone FE totally lacked this species. The abundance
and occurrence of fireweed in zone CE were very low (Figure 3).

Forests 2023, 14, x FOR PEER REVIEW 9 of 15 
 

 

The average percentage cover of wavy hair-grass, Deschampsia flexuosa, in all sam-
pling sites in the forest section of the EC remained stable, not exceeding 2%, while its 
frequency of occurrence was quite high (30%–70%). The abundance of D. flexuosa and 
other grasses in the transitional zone was low. In the clear-cut site, hair-grass abundance 
grew slightly already in the second year after tree stand removal. The percentage cover of 
the species reached a maximum in 5-year-old clear-cut sites (Figure 2). By the time of 
canopy closure 10 years after logging, its abundance declined notably. 

 
Figure 2. Deschampsia flexuosa percentage cover (%) trends. Notations for ecotone complex zones: 
F—forest, FE—forest edge, CE—clear-cutting edge, C—clear-cut site; M—the same monitoring 
sites re-sampled (between 2 and 5 years after clear-cutting). 

The factors found to be significant for the percentage cover of wavy hair-grass in 
zones CE and/or C were the presence of non-overgrown downed deadwood, and the 
abundance of subshrubs and forbs. 

The presence of non-overgrown downed deadwood proved to negatively correlate 
with wavy hair-grass abundance in the sampling subplots. Hair-grass abundance was the 
highest where the percentage cover of subshrubs was relatively low. Wavy hair-grass 
percentage cover tended to increase with a rise in the abundance of forbs. 

Fireweed, Epilobium angustifolium, was rare in the forest section of the transects—its 
percentage cover there was within 1%. Zone FE totally lacked this species. The abun-
dance and occurrence of fireweed in zone CE were very low (Figure 3). 

 
Figure 3. Epilobium angustifolium percentage cover (%) trends. Notations for ecotone complex zones:
F—forest, FE—forest edge, CE—clear-cutting edge, C—clear-cut site; M—the same monitoring sites
re-sampled (between 2 and 5 years after clear-cutting).

The occurrence and percentage cover of fireweed were notably higher in the clear-
cut site (zone C) compared to other EC zones. The abundance of this species peaked in
4-5-year-old clear-cut sites and declined sharply 10 years after clear-cutting.

The lowest values of fireweed parameters were found in zone C in east-facing subplots.
Microelevations, the presence of non-overgrown downed deadwood, and the absence of
subshrubs in the subplots had a positive effect of the abundance of this species. The
presence of coniferous regeneration negatively affected the percentage cover of fireweed.

4. Discussion

Each of the selected habitat factors produced an effect on the percentage cover and/or
shoot height of the main ground vegetation dominants in the ecotone between bilberry-type
spruce forest and sites clear-cut at different times in the past (2 to 10 years before). To
interpret the effects of the factors in different EC zones correctly, we need to understand
the differences between the zones. In our previous publications, we characterized the ECs
in terms of tree regeneration amounts and microclimate parameters (irradiance and surface
air temperature) [8,16].

Zone F is the original undisturbed forest community with low solar irradiance, gentler
daily air temperature fluctuations, a limited amount of coniferous regeneration, and scarce
deciduous regeneration. The ground vegetation dominants in this zone are subshrubs
(chiefly bilberry and cowberry); the plant litter mainly consists of coniferous needles,
bark, and twigs. Zone C lacks a closed tree canopy, the consequences being a sharp rise
in insolation, the augmentation of daily air temperature fluctuations, a change in the
dominants of the ground vegetation (grasses and some forbs begin to prevail) and the
regeneration and understory layer (share of deciduous species increases significantly), and
an overall increase in tree regeneration amounts. Zone C has litter dominated by leaves
shed by deciduous regeneration and herbaceous plants, and is rich in deadwood consisting
of coarse logging debris and trees uprooted after stand removal. The microclimate and
plant community parameters of zones FE and CE generally have values intermediate
between those of F and C.
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As demonstrated above, the number of vascular plant species is nearly equal in
zones F and C but the ground vegetation dominants change (Table 1). Where zone F
is vastly dominated by two species—bilberry and cowberry—the ground vegetation of
individual subplots in zone C can be dominated by virtually any species (Trientalis europaea
L., Maianthemum bifolium (L.) F.W. Schmidt, Linnaea borealis L., etc.). The diversity of
conditions across EC zones can be illustrated by an ordination plot mapping the variation
of subplots by percentage covers of vascular plant species in the factor space (Figure 4).
Clearly, zone C stands out for the highest variation along the two axes.
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Bilberry abundance in zones F and FE did not change over time after clear-cutting
and was generally at about the same level (20% and 10%–15%, respectively) in all the
sampled forest sites (Table 3). A limited presence of coniferous and deciduous regeneration
promoted the percentage cover of bilberry. The presumable reasons are the rise in soil
productivity due to leaf litterfall [19] and the shade tolerance of bilberry, which can live
in low light [20,21]. A negative factor for bilberry abundance in these two zones was
the presence of downed deadwood, apparently because it occupied the space otherwise
available to the subshrub.

The EC sections where the tree stand had been removed (CE and C) experienced a
sharp reduction in bilberry abundance in the first years after clear-cutting. A reduction in
the percentage cover, current-year increment, and number of shoots in bilberry in clear-
cut sites in boreal forests has been reported by other researchers as well [22–24]. The
principal reason for a sharp decline in bilberry abundance in zones C and CE is the increase
in insolation after tree-stand removal. Bilberry leaves get sunburned and shoots wither
following a sharp rise in transpiration [25]. Shading of any sort, e.g., under regenerating
spruce plants or by a fallen trunk or a stump, is beneficial for the subshrub’s survival. It
also helps to withstand the spring and early-summer frosts to which bilberry is highly
sensitive [25]. In our studies, the presence of coniferous regeneration was found in all
zones, but especially in C and CE, in positive correlation with bilberry abundance. Another
positive factor for bilberry abundance was the temporal remoteness of clear-cutting, which
implied a gradual increase in the amount of coniferous and deciduous regeneration, its
height growth and, hence, greater shading of the field layer and smaller fluctuations of
daily air temperatures.

Bilberry height positively correlated with its percentage cover and both these parame-
ters were mostly influenced by the same factors.

The strongly negative response of bilberry and the moderately positive response of
cowberry to tree stand removal in coniferous forests have been corroborated by other
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researchers [23,26]. Changes in cowberry abundance in a recently clear-cut site were
similar to those for bilberry. However, as cowberry is ecologically a heliophyte [27] and
physiologically better adapted than bilberry to relatively high insolation, its recovery was
faster than in bilberry [28]. Cowberry abundance peaked in the 3rd–5th post-logging years
but declined notably 10 years after logging (Table 4), apparently due to the regeneration-
and understory layer forming in the surveyed clear-cut sites [16]. Abundant plant litter
and grasses in zones CE and C reduced the percentage cover of cowberry. Litter reportedly
inhibits the emergence of new cowberry shoots [29]. It is known that, as they form a dense
turf, rhizomatous grasses also hinder the emergence of other ground vegetation species
and tree seedlings [30,31]. In canopy-covered EC zones (F and FE) cowberry abundance
negatively correlated with the percentage cover of forbs.

Cowberry abundance in different EC zones was found to be consistently higher on
microelevations (overgrown stumps, tree-base mounds, overgrown tree roots projecting
above land surface, etc.) compared to other microrelief features [32,33].

Cowberry height positively correlates with its percentage cover, so many factors
influence the two parameters similarly. This is true for the microrelief in zone C, availability
of coniferous and deciduous regeneration and abundance of grasses and plant litter in
different EC zones, and availability of non-overgrown downed deadwood in zone F.

Time since clear-cutting is the main factor for wavy hair-grass abundance in CE and
C. The species’ abundance grew sharply in these EC zones in the first years after logging,
reached a maximum in the 4th–5th post-logging years, and then declined. Such a pattern
for coenosis-scale populations of grasses, namely D. flexuosa, after logging in spruce stands
conforms to published data [34–36]. Generally speaking, a rise in the abundance of grasses
after logging is a characteristic feature of spruce forest regeneration successions [2,37].

The presence of non-overgrown downed deadwood and richness in plant litter were
found to reduce the percentage cover of wavy hair-grass. Apparently, downed deadwood
and dense litter hinder the vegetative spread of this rhizomatous grass and the emergence
of new shoots [38,39].

High amounts of coniferous regeneration, as well as the high percentage cover of
subshrubs in zones CE or C, correlate with a low abundance of wavy hair-grass. This corre-
lation is due to the competition arising between elements of the original forest vegetation
(coniferous regeneration and subshrubs) and wavy hair-grass, as a species that spreads out
rapidly after tree stand removal [40].

Fireweed is a common species in spruce and pine forests [41]. Owing to the long-range
transport of seeds by wind and to vegetative spread, it quickly colonizes the spaces vacated
after logging, windthrow, or a mild forest fire [2,14,42].

In felled sites, fireweed settles in open areas, such as a skid road consisting of fresh
logging residues, where the ground vegetation has been totally destroyed and there is no
tree advance regeneration or understory. This fact explains the negative relationship be-
tween the abundance of fireweed and advance regeneration. In our studies, the abundance
of this species reached a maximum 3-5 years after clear-cutting. In the sites clear-cut 10
years before, where the tree layer was forming, its percentage cover decreased. This finding
agrees with published data on felled sites in the study area [34].

The negative correlation found between fireweed and subshrubs is likely explained by
the different microhabitat choices of these plants. The ordination plot (Figure 5) demon-
strates that the subplots with high abundances of fireweed and of subshrub species are
spaced apart in the factor space (Figure 5). In felled sites, fireweed is usually localized in
logging residue piling areas, where subshrubs cannot grow.
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5. Conclusions

Our studies revealed the patterns of change in the abundance of the main ground
vegetation dominants in the ecotone between bilberry-type spruce forests and clear-cut
sites depending on various factors. The factor found to have the greatest modifying effect
on the abundance of all the species was the time since clear-cutting.

In the first post-logging years, zones FE, CE, and C experienced a gradual decline in
bilberry abundance and a reduction in the average height of the subshrub compared to the
original forest. As the overstory was forming in the cutover site, bilberry abundance started
recovering but remained below the level inside the forest even ten years after clear-cutting.
Cowberry, on the other hand, featured a higher abundance in the FE zone versus the F zone
throughout the study period. The highest percentage covers compared to the forest were
found in CE and C in the 5th year after clear-cutting.

The percentage covers of wavy hair-grass and fireweed in canopy-covered habitats (F
and FE) remained very low (1%–2%) throughout the study period. The percentage covers
of these species in the transitional zone on the clear-cut side (CE) increased but were still
several times lower than in the clear-cut site (C). In the CE and C zones, the percentage
covers of these species reached a maximum 4–5 years after stand removal, while 10 years
after clear-cutting, their abundance decreased notably.

Richness in plant litter reduced the abundance of cowberry and wavy hair-grass in
zones CE and C. Coniferous and deciduous advance regeneration in CE and C promoted the
abundance of bilberry but reduced the percentage covers of wavy hair-grass and fireweed.
The presence of downed deadwood was associated with lower hair-grass abundance, while
the availability of microelevations contributed to cowberry growth.

The abundance of fireweed and wavy hair-grass negatively correlated with the per-
centage cover of the subshrubs in zones CE and C, revealing the different ecological and



Forests 2023, 14, 2125 15 of 16

phytocoenotic characteristics of these four forest species exhibited in response to the abrupt
change in the habitat after clear-cutting.
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