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Abstract

We studied species richness, composition and coverage of the bryophyte layer in young deciduous forest plantations
on abandoned agricultural lands in relation to overstory tree species (hybrid aspen or silver birch), land use history (crop
field or grassland), site preparation method (whole-area ploughing or strip tillage), and soil properties (moisture, pH,
concentrations of N, P and K). The aim of these plantations is to produce pulpwood and energy-wood under the principles
of short-rotation forestry. The area under forest plantations is increasing in the region; however their impact on
biodiversity is still scantily studied. Previous studies on understory vegetation have focused more often on vascular
plants and less frequently on bryophytes. For this experiment, a total of 248 vegetation plots (2 m x 2 m) were
established within 62 long-term experimental plots (size 0.1 ha). Thirty eight bryophyte species were found in total,
with an average of 1.86 £ 0.11 species per vegetation plot and 4.02 + 0.26 per experimental plot. The mean coverage
of the bryophyte layer was 11.54 £ 2.14%. As expected, typical bryophytes were light-demanding perennials. According
to substrate preference the majority of species were either epigeic or generalist. Positive correlation was observed between
soil pH and coverage of the bryophyte layer. The impact of land use history and site preparation method on species
composition was still evident, since the number of short-living bryophytes was higher in former fields and whole-area
ploughed sites. Bryophyte species richness was not affected by overstory tree species in young plantations. Obviously
during the further management of plantations the emergence of new substrata e.g. stem bark of bigger trees, leaning

stems, branch litter and cutting residues should add diversity to the bryophyte vegetation.

Key words: abandoned agricultural lands, bryophytes, floristic diversity, hybrid aspen, plantation forestry, silver

birch

Introduction

The establishment of forest plantations is consid-
ered to be an alternative land-use for abandoned ag-
ricultural areas in Central and Northern Europe (Make-
schin 1999, Weih 2004, Tullus et al. 2012). In commer-
cial forest plantations the production of timber and
bioenergy is of primary concern, nevertheless the im-
plications for biodiversity (including floristic diversi-
ty) can not be neglected (Carnus et al. 2006, Stephens
and Wagner 2007, Brockerhoff et al. 2008, Baum et al.
2009, Bremer and Farley 2010). Studies analysing the
understory vegetation of forest plantations on former
agricultural land have concentrated mainly on vascu-
lar plant species diversity (e.g. Heilmann et al. 1995,
Weih et al. 2003). Bryophytes have received less at-
tention; usually they have been analysed together
with vascular plants (e.g. Gustafsson 1988 for decid-

uous plantations and Brakenhielm 1977, Hill and Jones
1978, Newmaster et al. 2006, Buscardo et al. 2008 for
coniferous plantations and French et al. 2008 for de-
ciduous as well as coniferous plantations).

This means that more attention should be paid to
bryophytes, since in northern forests bryophytes are
dominating constituents of the forest floor vegetation
(Newmaster et al. 2006). Moreover, earlier studies
(e.g. Herben 1987, Ingerpuu et al. 1998, 2001, 2003,
Hokkanen 2006) have indicated that bryophytes and
vascular plants may respond differently to environmen-
tal factors.

As a rule, bryophyte species richness and diver-
sity increase with the availability of substrata where
bryophytes can occur, e.g. ground, bark of living trees,
decaying wood and stones (Ingerpuu 2002, Pharo and
Beattie 2002, Zechmeister et al. 2003). Most of these
structures, except the ground, are represented in very
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small quantities or are absent on abandoned agricul-
tural lands where forest plantations have recently been
established and where big stones have been removed
from the topsoil during previous land use. The bryo-
phyte layer is also affected by soil moisture conditions
(Proctor 2008). Although bryophytes receive nutrients
mainly from precipitation (including leachates from tree
canopies and plant leaves), the nutritional properties
and pH of the substratum can also be important (Bates
2008). In a study conducted in Pyrenean Pinus syl-
vestris forests, Pausas (1994) found that moss species
richness was the highest at intermediate moisture lev-
els and was positively related to soil pH. Correspond-
ence between high soil pH and bryophyte species rich-
ness has been observed in several studies in boreal
areas (Virtanen et al. 2000, Lobel et al. 2006).

Our previous study on vascular plants in young
hybrid aspen plantations on former agricultural land
in Estonia (Soo et al. 2009a) showed that soil-related
variables (soil moisture properties, pH and nutrient
stocks of the soil humus layer) significantly affected
understory vegetation of vascular plants, and that
species composition was related to previous land use
and site preparation method. Short-living ruderals were
typical species on former fields and in the case of the
more intensive site preparation method (whole-area
ploughed sites). At the same time, species richness of
vascular plants was higher in plantations where the
less intensive site preparation method (strip tillage)
had been used. Although we provided a short over-
view of bryophyte species in this study, we did not
analyse the bryophyte layer and its associations with
environmental characteristics.

The species richness of vascular plants in the
understory of young hybrid aspen and silver birch
plantations on former agricultural land was similar (Soo
et al 2009b). In the case of bryophytes, several stud-
ies have demonstrated the connection between bryo-
phyte species richness and canopy species, which is
explained mainly by the differences in throughfall and
litter quality (Weibull 2001, Weibull and Rydin 2005).
In terms of crown architecture, young hybrid aspen
and silver birch trees have some differences. Birch has
sympodial branching type (Hynynen et al. 2010) and
a tendency to produce sylleptic shoots, resulting in a
uniformly dense crown. Aspen has monopodial branch-
ing and strong apical control (Remphery and Pearn
2003), which means that leader shoots grow much fast-
er and the emergence and growth of lateral shoots is
suppressed. As a result, crowns of young aspen trees
are sparser and their light transmittance is higher. Some
differences have also been observed regarding litter
decomposition rate and chemistry between Betula and
Populus spp. (Moore et al. 2006, Parsons et al. 2008).

The aim of the current study was to describe the
formation of the bryophyte layer in young deciduous
forest plantations, to provide ecological characteriza-
tion of bryophyte species common to such sites, and
to investigate which environmental factors have influ-
enced the bryophyte layer. Soil-related variables (mois-
ture, pH and nutrient concentrations of the humus
layer), previous land use, site preparation method and
overstory characteristics (tree species and stand ba-
sal area) were included as possible factors explaining
variation in bryophyte species richness and coverage.

The following hypotheses were formulated:

i) Among typical bryophytes in the understory of
young unclosed forest plantations the proportion of
light-demanding open community species is high and
the proportion of shade-tolerant forest species is low;

i1) The proportion of bryophytes that prefer dead-
wood and logs as substrata is low in young forest
plantations;

iii) The number of short-living bryophyte species
is higher in sites with more intensive cultivation his-
tory (former fields and in whole-area ploughed areas)
than in sites with less intensive cultivation history
(former grasslands and in strip tilled sites).

Material and methods

Study area

The study was carried out in 7- to 9-yr-old silver
birch (Betula pendula Roth) and hybrid aspen (Pop-
ulus tremula L. x P. tremuloides Michx) plantations
that had been established in 1999 and 2000 on aban-
doned agricultural land in the continental part of Es-
tonia, with an exception of one silver birch plantation
situated on Hiiumaa island (Fig. 1). These stands are
aimed at the production of pulp- and energy-wood. The
predicted rotation period is 20-30 years for hybrid
aspen and 30-40 years for silver birch; during the ro-
tation period one to three thinnings are planned. In
the studied young plantations no thinnings had yet
been carried out. The mean annual temperature near
the studied plantations during a decade before the
study was 6.1 = 0.86 °C; mean annual precipitation was
630 + 30.5 mm and the mean precipitation during the
growing season (April-October) was 409 + 31.1 mm
(Tullus et al. 2010).

Altogether 24 hybrid aspen and 11 silver birch
plantations were included in the study (Fig. 1). One
plantation refers here to one real estate property. In
these plantations a network of 62 long-term experimen-
tal plots (each 0.1 ha) for studying and monitoring the
growth dynamics of birch and aspen at various site
conditions had previously been created (Jogiste et al.
2003, Tullus et al. 2007). All silver birch plantations
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Figure 1. Locations of the studied plantations

were one ha in size and in each of them one experi-
mental plot had been created. The size of hybrid as-
pen plantations varied from 0.7 to 32 ha. One experi-
mental plot had been established in ten hybrid aspen
plantations with uniform site properties. 14 larger hy-
brid aspen plantations consisted of smaller stands or
parts with different soil type and land use history; in
those plantations two to five experimental plots had
been established. Each plot was located in homoge-
neous part (based on microrelief and soil type) of the
respective plantation or part of the plantation.

Data collection

In total 248 permanent vegetation plots (each 2 x
2 m in size, 4 in each experimental plot) were established
for the characterization of vascular plant and bryophyte
species cover. Four vegetation plots were distributed
systematically across each 0.1 ha experimental plot with
two vegetation plots in both sides from the experimen-
tal plot centre. The results from vascular plant diversi-
ty analyses have been published elsewhere (Soo et al.
2009a, 2009b). As the part of the current study, the list
of bryophyte species was compiled and species rich-
ness and total percentage cover of the bryophyte lay-
er in each vegetation plot was estimated. Bryophytes
were not found on the stems of young trees. Bryophytes
not identified in the field were taken to the laboratory
for further investigation under a microscope. In a few
cases the specimen were juvenile and not fully devel-
oped and were identified on a genera level. The nomen-
clature follows the keybook of Estonian bryophytes
(Ingerpuu and Vellak 1998).

The relations between bryophyte diversity and
several site characteristics were studied. The planta-

tions were grouped according to tree species, previ-
ous agricultural land use and site preparation method
used before planting (Table 1). Stand basal area (BA,
m? ha™!) was estimated in each 0.1 ha experimental plot
as the cross-sectional area (over the bark) at breast
height in order to characterize the impact of the tree
layer (Table 2).

Species richness (S ) and coverage (C, ) of the
understory vascular plant layer, estimated in earlier stud-
ies (Soo et al. 2009a, 2009b), were used to investigate
relations between vascular plant and bryophyte layers.

In order to determine pH, ., total N, available P
and available K in the soil humus horizon (Table 2),
soil samples were taken from the centre of each veg-
etation plot (n = 248). The total N in soil samples was
determined by the Kjeldahl procedure. To analyse
available P and K in the soil, Mehlich 3 extracant was

Table 1. The distribution of the studied deciduous forest
plantations according to overstory tree species, previous
agricultural land use and mechanical site preparation method

Planted tree Previous Site Experimental Vegetation
species land use preparation plots (size 0.1 plots (2x 2m)
method ha)

Hybridaspen  Cropfield  Whole-area 13 52
ploughing

Strip tillage 15 60

Grassland  Whole-area 5 20
ploughing

Strip tillage 18 72

Silver birch Cropfield  Whole-area 6 24
ploughing

Grassland Whole-area 5 20
ploughing

Total 62 248

Table 2. Stand characteristics and properties of the soil hu-
mus horizon (mean + standard error, range in brackets) in
the studied experimental plots (» = 62) and significance of
the differences between two plantation types according to
t-test

Variable All Hybrid aspen  Silver birch t-stat p-value
plantations plantations plantations (two-tailed)

Stand density, 1227 + 62 1043 + 27 2078 + 164 -11.011  <0.001

trees ha™ (640-3070)  (640-1540)  (1340-3070)

Stand basal 188+0.23 140+ 0.17 4.09+0.73 -5.385 <0.001

area, m*ha’' (0.02-7.29) (0.02-5.33) (0.49-7.29)

pHka 5.7+0.10 58+0.11 5.6+0.30 0.524 0.602
(4.0-7.3) (4.1-7.3) (4.0-7.3)

Total N, % 0.18+0.02 0.18+0.03 0.16 +0.02 0.366 0.716
(0.07-1.36) (0.07-1.36)  (0.10-0.29)

Extractable P, 84 +8.6 81+7.7 100 + 33.7 -0.843 0.403

mg kg (8-403) (8-291) (19-403)

Extractable K, 133 £9.9 128 +10.5 155 + 27 -1.072 0.288

mg kg" (29-495) (43-459) (29-331)

Moisture® 1.6+0.11 16+0.11 1.5+0.31 0.603 0.549
(0-3) (0-3) (0-3)

2soil moisture classes: 0 — excessively well-drained automorphic,
1 — automorphic, 2 — semi-hydromorphic, 3 — hydromorphic
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used. The soil pH in IM KCI suspensions was meas-
ured in the ratio 10 g : 25 ml. Analyses were performed
by the Laboratory of Agrochemistry of the Agricul-
tural Research Centre in Saku [/http://pmk.agri.ee]. The
experimental areas were grouped according to soil
moisture conditions, based on earlier studies (Vares
et al. 2003, Tullus et al. 2007, 2010).

Data analysis

Light value index was assigned to bryophyte spe-
cies according to Diill (1991). Based on the system of
bryophyte life strategies (During 1992), the studied
species were classified into the following categories:
species with a life span of a few years (pioneer colo-
nists, colonists, short-lived shuttle) and species with
a life span of many years (competitive perennials,
perennials, stress tolerant perennials, long-lived shut-
tle) according to DierfBen (2001). Habitat and substrate
preference of bryophyte species was determined based
on Ingerpuu et al. (1994) and Ulvinen et al. (2002).
Arithmetic mean species richness (Sbryo) and coverage
(Cbryo) of the bryophyte layer were estimated for all
experimental plots on the basis of vegetation plot level
measures of these variables. In addition, total species
richness (STbryo) of the experimental plot, number of
species with a life span of a few years (ST, ) and
number of species with a life span of many years
(STlong) were estimated on the basis of all species found
within 4 vegetation plots. Experimental plot-level meas-
ures of the analysed traits were used in further statis-
tical processing of the data.

Pearson correlation coefficients were computed
between experimental plot-level measures of bryophyte
and habitat variables with STATISTICA 7 (StatSoft,
Inc. 2004). The effect of tree layer species, land use
history, and site preparation method on bryophyte traits
was analysed with Student’s ¢-test. Both one-tailed and
two-tailed results are reported. One-way ANOVA was
used to test the significance of differences in means
of Sbryo , STbryo, and Cbryo between soil moisture groups.
Fisher LSD multiple comparison test was applied to
determine the significant differences after one-way
ANOVA. Normality of the analysed variables was
checked with the Shapiro-Wilk’s and Kolmogorov-
Smirnov test; if necessary, log- or square root-trans-
formation of the variables was used. The mean values
are followed by =+ standard error in the text. Level of
significance = 0.05 was applied in all cases.

Results

Species composition
Altogether 38 bryophyte species (Appendix) and
eight taxa identified on the genera level (Bryum spp,

Brachythecium sp, Riccia sp, Dicranella sp) were
found in 221 vegetation plots; in 27 vegetation plots
the bryophyte layer was absent. 34 species and eight
taxa were found in hybrid aspen plantations and 17
species in silver birch plantations. All observed bry-
ophyte species were common; no rare species were
found. The majority of the species were light-demand-
ing species (the most frequent values of light index
varied between 6 and 8) (Fig. 2).

22
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Figure 2. Distribu-
tion of bryophyte
species according to
light index

ON SO

On the basis of typical habitats, 16 species were
species that usually grow in forests, 17 species were
species that in addition to forests also grow in grass-
lands and/or fields, and five species were typical open
community species. On the basis of substrate prefer-
ence the majority of the species were either epigeic
or generalists, growing on a variety of different sub-
strata, including usually the ground (Appendix). An
epixylic species Lophocolea heterophylla can be sin-
gled out as an exception.

As hypothesized, ST was significantly higher
in plantations established on former fields and in the
case of whole-area ploughed sites (one-tailed p-val-
ues in Table 3). The species with a life span of a few
years (e.g. colonists: Bryum caespiticum and Cerato-
don purpureus and pioneer colonists: Eurhynchium
hians and Brachythecium salebrosum ), which ap-
peared more frequently in former fields than in former
grasslands were also more frequent in plantations
where whole-area ploughing had been applied. STlong
did not differ between sites with different land use
history and site preparation method.

Species richness and coverage and factors affect-
ing them

Sbryo (vegetation plot mean bryophyte species rich-
ness) varied from 0 to 6 (arithmetic mean = 1.86 = 0.11,
the most frequent value = 2, Fig. 3a) and STbryc (total
bryophyte species richness within experimental plot)
from 0 to 8 per experimental plot (arithmetic mean =
4.02 + 0.26, the most frequent value = 3). STbryo was
generally two times higher than Sbryo, following the
linear relationship: STbryo =0.39 +1.958, (r=0.87,p <
0.001). The experimental plot mean Cbryo (coverage of
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the bryophyte layer) was 11.54 + 2.14% (range: 0-75%).
On 75% of the vegetation plots with an existing bry-
ophyte layer, Cbryo was below 10 % (Fig. 3b). On 12 %
of the plots, Cbryo exceeded 30%.
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Figure 3. Distribution of vegetation plots with existing bry-
ophyte layer according to a) species richness (Siryo) and
b) coverage (C, ) of the bryophyte layer

bryo-

Based on two-tailed results of the t-test, there
were no significant differences in S, , ST,  and C,
between plantation groups according to overstory tree
species, previous land use or site preparation method
(Table 3). C,,, was higher in excessively well-drained
soils (Fig. 4). Excessively well-drained soils in the
studied plantations were usually stony soils on cal-
careous parent material (Leptosols and Calcaric Cam-
bisols) (Vares et al. 2003, Tullus et al. 2007, 2010). Soryo
and ST, did not differ between soil moisture groups.

Pair-wise correlations between bryophyte and
habitat variables indicated the significance of soil pH
for C,,,,; both measures of bryophyte species richness

were positively correlated with C__(Table 4).

bryo

70 E)

b b
b a a
1 0 L 4
0 | |
EWA A SH H

Soil drainage

Figure 4. Comparison of Cbryo in different soil moisture
groups, EWA — excessively well-drained automorphic soils,
A — automorphic soils, SH — semi-hydromorphic soils, H —
hydromorphic soils. Letters denote significant differences in
group means of ln(Cbryo) according to Fisher LSD test, whisk-
ers denote standard error

Table 3. Experimental plot mean and total species richness
(Sbryn and Swao), number of long-living (STlong) and short-
living (ST, ) species and coverage (wao) of bryophytes in
the studied plantation groups according to overstory tree

species, previous land use and site preparation method

Tree layer Hybrid aspen  Silver birch tstat  p-value
species: one-  two
tailed tailed
Sbryo 1.84+0.11 1.93 +041 -0.294 0.385 0.769
SThyo 398+0.26 4.18+0.84 -0.298 0.384 0.767
STiong 2.65+0.23 3.09+0.74 -0.774 0.233 0.466
STshort 1.29+0.18 1.09+0.21 0518 0.303 0.606
Coryo (%) 11.71+243 10.73+456 0174 0.431 0.862
Previous land Crop field Grassland t-stat p-value
use: one-  two
tailed tailed
Sbryo 2.05+0.16 1.62+0.16 1.898  0.032 0.063
SToryo 4.26+0.34 3.71+0.39 1.068 0.145 0.289
STiong 2.71+0.32 275+0.35 -0.095 0.463 0.925
STshort 1.53+0.22 0.93+0.18 2.061  0.022 0.044
Coryo (%) 11.65+£2.64 11.40+3.54 0.057 0478 0.955
Site preparation ~ Whole-area Strip tillage t-stat p-value
method: ploughing one-  two
tailed tailed
Sbryo 1.86+0.19 1.86+0.14 0.026  0.490 0.979
SThyo 3.97+0.41 4.06+0.32 -0.183 0.428 0.855
STiong 241+0.38 3.00+0.28 -1.277  0.103 0.206
STshort 1.55+0.25 1.00+0.16 1.887  0.032 0.064
Coryo (%) 11.00 £2.76 12.00+3.25 -0.233 0.409 0.817

Table 4. Simple correlations between experimental plot
(n = 62) level measures of bryophyte-, vascular plant layer-,
overstory- and soil characteristics

Sbryo STbryo In(wao)
r p r o r o
Sbyo 100 - 087 <0.001 065 <0.001
SToro 087 <0.001 1.00 - 0.53 <0.001
Svasc 019 0142 021 0100 013 0299
sqrt( Cuasc) 003 0817 008 0539 008 0545
In(Tree density) 0.09 0547 008 0535 -0.01 0.984
sqiPlantaton ) o7 0577 042 0339 007 0604
basal area)
Soil pH 023 0075 013 0305 0.33 0.008
In(Soil N) 001 0991 -001 0965 012 0.347
In(Soil P) 015 0238 012 0355 009 0.494
In(Soil K) 018 0168 013 0303 023 0.076

Discussion and conclusions

In the studied plantations the formation of the
bryophyte layer was still in the preliminary phase, with
low percentage coverage and no bryophyte layer on
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11% of the vegetation plots. One of the factors inhib-
iting the formation of the bryophyte layer was proba-
bly a thick litter layer (formed mainly by field layer
species). Low cover values of the bryophyte layer
were also observed in hybrid poplar plantations in NE
Germany (Zerbe 2003).

As we hypothesized, the proportion of light-de-
manding species typical of open communities was high
(the most frequent values of light indices 6-8, Fig. 2).
In Estonian forests growing in Aegopodium and Oxa-
lis forest site types, species associated with half-shade
habitats dominated (value of light indices 4-5) (Vellak
and Paal, 1999). We may predict the likely coloniza-
tion of new shade-tolerant bryophyte species during
the next 10-20 years preceding the planned clearcut.
As the majority of the plantations are situated near
mature forests, the availability of propagules of for-
est species should be good.

The average Sbryo and Cbryo did not differ between
plantation groups according to former land use or site
preparation method (Table 3). Thus the bryophyte
vegetation of the studied young deciduous stands did
not show similar response to site preparation as did
vascular plant cover of young hybrid aspen planta-
tions, where higher species richness was observed in
less disturbed (strip tilled) sites (Soo et al. 2009a).
Overstory tree species had no significant effect on the
average Sbryo and C, . However, the distribution of
vegetation plots according to Cbryo indicated the
slightly higher share of plots with Cbryo ranging from
10 to 30% in silver birch plantations, although Cbryo
was below 10% in the majority of plots in both plan-
tation types (Fig. 3b). This could be partly due to the
almost two times higher number of trees ha! and con-
sequently larger stand basal area (BA) in silver birch
plantations (Table 2). At the same time there existed
no significant relations between stand density or BA
and Sbryo or Cbryo (Table 4). Nevertheless, a higher
number of trees could provide more favourable con-
ditions for the bryophyte layer by suppressing com-
petition with the vascular plant layer. In young plan-
tations such developments were in the preliminary
phase and were thus difficult to validate with statisti-
cal methods.

Soil pH was positively correlated with C,_ , be-
ing significantly higher in the soils that have devel—
oped on calcareous parent material. S, vo showed a
positive trend (p = 0.08) with pH. Soils Wlth high pH
level are represented in the northern and north-west-
ern parts of Estonia, where soils have developed on
stony calcareous till on Ordovician and Silurian lime-
stone. These soils are usually dry and had higher Cbryo
compared to more humid sites (Fig. 4). Soil pH has been
found to be a significant variable affecting the distri-

bution of bryophytes on grassland also in other stud-
ies in the temperate zone (Virtanen et al. 2000, Lébel
et al. 2006). The relation between bryophyte richness
and soil pH in the mentioned studies was linear or
curvilinear depending on the pH range. In our study,
the soil pH range (4.0-7.3, Table 2) did not include
extremely acid or alkaline soils. Calcareous soils have
been less favourable for the fast growth of trees in
the studied plantations due to their high stoniness and
small water holding capacity (Tullus et al. 2010). Ex-
cept the above-mentioned higher Cbryo in excessively
well-drained soils, there were no other differences in
bryophyte traits between soil moisture groups (Fig. 4).
A possible explanation is that the moisture regime of
wet soils had been improved with drainage during
previous agricultural land use and thus the differenc-
es in actual moisture conditions between these groups
could be smaller than expected from their hydromor-
phological classification.

The strong cover-richness relation (Table 4) has
been observed also in previous studies with bryo-
phytes (DOkland 1994, Aude and Ejrnas 2005). Bryo-
phyte cover of abandoned agricultural lands may thus
be used to predict bryophyte richness and site qual-
ity for bryophytes.

Sbryo was relatively low: on average two species
per vegetation plot and four species per experimental
plot (based on four vegetation plots). Bryophyte rich-
ness is associated with the diversity of available sub-
strata (Ingerpuu 2002, Pharo and Beattie 2002). In our
study the majority of the bryophyte species were gen-
eralists growing on a variety of substrata, or epigeics
growing on soil (Appendix). Substrata such as the bark
of large tree trunks, decaying wood and bare rocks
were missing in young forest plantations on aban-
doned agricultural land. In a study conducted in Es-
tonian broad-leaved forests, plot (size 1 m?) mean Sbryo
was six, whereas only 42% of all bryophyte species
were found on the soil (Ingerpuu et al. 2003). The
importance of deadwood and logs as substrata for
enhancing bryophyte diversity is emphasized in sev-
eral studies conducted in boreal forests (Gustafsson
and Hallingbick 1988, Ferris et al. 2000). During the
management of plantations, the increasing diameter of
tree stems and the emergence of stumps after harvest
will offer new habitats for bryophytes. As small-dimen-
sional timber is nowadays valued as energy wood (e.g.
Di Fulvio et al. 2011), the share of felling residues left
on site after thinnings and final harvests could be
rather low. Leaving less-valuable residues on site or
keeping some retention trees after harvest would prob-
ably be beneficial for bryophyte diversity in planta-
tion forestry systems, providing habitats for epixylic
and epiphytic species.
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The impact of land use history and site prepara-
tion method was still visible in the species composi-
tion, as ST was higher in former fields and in whole
area ploughed sites, as we had hypothesized based
on the results from the study with vascular plants
(Table 3). Further succession should result in a high-
er impact of the tree layer on the understory, which
was insignificant in 7-9-year-old plantations. Further
monitoring is needed to clarify whether differences in
the bryophyte layer under different overstory tree
species will occur. Differences in litter decomposition
rate and quality between birch and aspen (Moore et
al. 2006, Parsons et al. 2008) could be one factor caus-
ing changes in the understory vegetation layer. Prob-
ably in the studied young plantations the litter quan-
tities were too small to have a detectable effect on
bryophytes. We can expect an increase in richness and
abundance of epiphytic bryophytes when plantations
are older. According to the study performed in Finn-
ish old-growth forests (Kuusinen 1996), the epiphyte
flora on Betula pendula was rather poor while the
epiphyte flora on Populus tremula was unique and
characterized by the occurrence of rather specialized
species. At the same time it is not known whether
hybrid aspen can provide similar habitats for bryo-
phytes as native aspen. The predicted felling age of
hybrid aspen is less than 30 years (Tullus et al. 2012),
whereas the high diversity of organisms living in as-
sociation with aspens is observed in old trees.
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MOXOBOH IMOKPOB B MOJIOABIX JUCTBEHHBIX IIJIAHTAIIASAX

T. Tyaaye, A. Tysuye, 3. Poocanycrs u X. Tynye

Pestome

HW3yqanocs BHmoBOE pa3sHO0Opasue, BUIOBOH COCTaB U MPOEKTHBHOE MOKPHITHE MOXOBOTO ITOKPOBA B MOJIOABIX TUIAHTAIIUSIX
JIMCTBEHHBIX MTOPOJ U3 Oepe3sl noBucioit (Betula pendula Roth) u Tononst rubpunsoro (Populus tremula L. x P. tremuloides Michx)
Ha MPEXHUX CETbCKOXO3AHCTBEHHBIX 3eMJISIX B CBA3U C MCTOPHEN HCIIONB30BaHMSA 3eMiM (ObIBIIEE MOJie WM JIYT), METOIOM
MO/TOTOBKH 3eMJIH (TTaXOTHAs 3eMJIs WM HacaXAeHHe B GOpO3/bl) M C MapaMeTpaMu IMOYBHI (BIaXHOCTh, pH, conepxanue
anemenToB N, P 1 K). Lenbio co3manmst Takux IIaHTaIMi SBISIeTCs: HOTPEOHOCTH OOMBIIOTO KOJIMYECTBA APEBECHHEI JUTsI Oy MasKHOM
¥ SHEPTeTHYE CTKOH MPOMBIIIICHHOCTH 32 KOPOTKUH IIPOMEXYTOK BpeMeHH. [1ommans Takux HacayKICHHI yBEIMINBACTCS BO BCEM
pErroHe, HO UX BIMSHHE Ha OHOJIOrHye cKoe pa3HooOpasue 10 CUX Mop c1abo usydeHo. [Ipexxaue uccaenoBaHus B OCHOBHOM ObLIH
HAaIpaBlIeHbl HAa U3y4YE€HHE BUIOBOTO COCTABA COCYUCTBIX PACTEHUI U B MEHBIIEH Mepe Kacaauch MXOB. M3ydeH MOXOBOH spyc Ha
248 npoOHBIX ToMmaaKax (2 M X 2 M), pa3MelIeHHbIX Ha 62 MOCTOSIHHBIX yyacTkax (twromaznsto 0,1 ra). Ha npoOHBIX miomankax
HaiiieHo 38 BHUIOB MXOB, cpefiHoe MX umcio coctaBuwio 1.86 + 0.11 na ormensHbIX miomaakax u 4.02 £ 0.26 Ha NOCTOSIHHBIX
yugactkax. CpeHee POEKTHOE MOKPHITHE MOXOBOTO spyca — 11.54 + 2.14%. TunuaHBIME MXaMH SBIISIOTCS MHOTOJIETHHE
CBETOJIIOOMBBIC BU/bI. BOJIBIIMHCTBO BUIOB ObUIM 3MH(HUTHBIC MM T€HEPAIUCTHI, HEUMEIOLINE NPEANOYTeHU CyOcTpaTa.
HesHaunTenpHasi MO3UTUBHAS KOPPEJIALMS ONpenesieHa MeXy peakieil MoUBbl U MPOEKTHBHBIM MOKPBITHEM MOXOBOIO spyca.
BrraBiieHO 3aMeTHOE BIMsSHHE UCTOPUH MCIOJIb30BAaHUSA 3€MIIM U €€ MOJrOTOBKH Ha BUAOBON COCTaB MXOB TaK KaK YHUCIIO
KPaTKOBO3PACTHIX MXOB OKA3aJI0Ch BBIIIE Ha OBIBIINX ITOJIIX U MAaXOTHBIX 3eMJIIX. BimsiHue 1peBecHOro sipyca Ha YHCIIO MXOB OBLIO
HE3HAYNUTENBHBIM. [10 BCelt BepOATHOCTH, B TEUCHHE JaJIbHEHIIIET0 yXofa 3a INTAHTAIMSIMH BO3PACTET KOIMYECTBO Pa3INIHBIX
CyOCTpaToB 11 MXOB, H3-3a UETO YBEIMUIMBAETCS M PA3HOOOPA3He UX BHIOB.

KuroueBbie ciioBa: TMPEKHUEC CEJTbCKOXO3SIICTBEHHBIE 3C€MJIM, MXH, (l)J'IOpI/ICTI/I‘IeCKOC pa3H006pa31/1e, TOIIOJIb FI/I6pI/IZ[HI)II71,
JICCHad I1aHTalius, 6epe3a IIoBUcCIas.

Appendix. The list of bryophyte species in the analysed Bryophyte species Share of Habitat Substrate Life
vegetation plots, share of plots where the given species plots, % preference _ sirategy
was present from all analysed vegetation plots, habitat Eurhynchium hians 399  forest, (grassland, field)  generalist cp
and substrate preferences and life strategy categories Brachythecium rutabulum 181 forest generalist pe
L . . . B. salebrosum 16.5 forest generalist cp
(eplgelc - sp.ecws gronlng on the grO}lnd, g_enerahSt - Eurhynchium praelongum 141 forest, abandoned field  generalist p
species growing on various substrata, including usually Plagomnium cuspidatum 105  forest generalist pc
the ground, epixylic — species growing on decaying wood, Brachythecium albicans 10.1 forest, grassland generalist p
¢ — colonists, cp — pioneer colonists, s — short-lived shut- B.rivulare 7.7 forest generalist pe
. L. . B. velutinum 7.7 forest generalist p
tle, p — perennials, pc — competitive perennials, ps — B. mildeanum 7.3 forest, grassland epigeic p
stress tolerant perennials, / — long-lived shuttle) B. oedipodium 6.0  forest generalist pc
Calliergonella cuspidata 6.0 forest, grassland epigeic pc
Rhytidiadelphus squamosus 4.4 grassland epigeic pc
Brachythecium 3.6 forest generalist p
erythrorrhizon
Cirriphyllum piliferum 36 forest, grassland generalist pc
Ceratodon pumpureus 3.2 grassland, field generalist
Amblystegium riparium 2.8 forest, grassland, banks generalist p
of water bodies
Atrichum undulatum 24 forest, grassland, field epigeic s
Plagiomnium ellipticum 24 forest, grassland epigeic pc
Bryum caespiticum 2.0 grassland generalist c
Lophocolea heterophylla 1.6 forest epixylic cp
Amblystegium serpens 1.2 forest generalist p
Campylium chrysophyllum 1.2 forest, grassland generalist p
Barbula convoluta 0.8 forest, grassland, epigeic c
abandoned field
Brachythecium reflexum 0.8 forest generalist ps
Plagiomnium medium 0.8 forest epigeic pc
Thuidium delicatulum 0.8 forest, grassland generalist p
Atrichum tenellum 0.4 forest, fallow epigeic s
B. starkei 0.4 forest generalist ps
Calliergon cordifolium 0.4 forest, banks of water epigeic pc
bodies
Campylium stellatum 0.4 grassland, swamp, mire  epigeic pc
Climacium dendrides 04 forest epigeic pc
Eurhynchium pulchellum 0.4 forest generalist ps
Hylocomium splendens 04 forest, (alvar grassland)  epigeic pc
Plagiothecium laetum 0.4 forest generalist ps
Pleurozium schreberi 0.4 forest, (alvar grassland) epigeic pc
Polytrichum juniperinum 0.4 forest, grassland generalist ps, pc
Preissia quadrata 0.4 grassland epigeic |
Rhytidiadelphus triquetrus 0.4 forest epigeic pc
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