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Small scale pattern of bryophyte communities is one of the remarkable sources of diver-
sity in species-poor boreal forests. By means of correlation and general linear model
approaches, the relationships between bryophyte vegetation and upper layers, as well as
the response of ground and field layer species to several environmental factors, was ana-
lyzed in a boreal spruce forest in South-East Estonia. Of the studied factors, the strongest
influence on the diversity and spatial distribution of ground and field layer species was
found for ‘distance from nearest tree’. Species from different layers react differently to the
proximity of trees. Species richness of bryophytes is higher further from trees, whereas
more vascular plant species prefer to grow in the vicinity of tree trunks. For bryophyte
species richness, the pH of the decay horizon is also important; fewer bryophyte species
occur in more acid conditions.
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1 Introduction

According to numerous authors (e.g. Greig-
Smith 1979, Pielou 1984, Legendre & Fortin
1989), organisms are distributed in nature nei-
ther uniformly nor randomly. As a rule they are
aggregated as patches or are distributed continu-
ously, depending on habitat conditions. Due to the
universal character of this phenomenon, investi-
gation of the heterogeneity of populations and

communities on various spatio-temporal scales is
one of the central questions in plant ecology and
plays a crucial role in many ecological theories
(Legendre et al. 1985, Addicott et al. 1987) and in
the maintenance of species diversity (Mladenoff
1994, Frisvoll and Prestg 1997 etc.).

In boreal forests, bryophytes are important
structural components of ground vegetation as
well as of the whole community (Lai Roi and
Stringer 1976, Longton 1984, (Jkland 1994,
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Esseen et al. 1996). It has been demonstrated that
the spatial aggregation of species in communities
represents habitat partitioning corresponding to
microhabitat heterogeneity (Whittaker and Levin
1977, Greig-Smith 1979, 1983, Beatty 1984,
Legendre and Fortin, 1989, Slack 1990, Frego and
Carleton 1995, Gillet and Gallandat 1996). Sev-
eral authors have affirmed that in forests, besides
the factors of the abiotic environment, the compo-
sition and structure of the undergrowth vegetation
depends mainly on the tree layer above it, which
determines directly or indirectly the conditions
for the field and ground layers (Abolin 1974,
Kotov 1983, Beatty 1984, Hytteborn et al. 1987,
Gustafsson and Hallinback 1988, During and Ver-
schuren 1988, Jonsson and Esseen 1990, Saetre
1999). As already stated by Cajander (1926), trees
modify to a great extent the light conditions and
water and nutrient availability for the understorey,
and affect the composition, abundance and spatial
distribution of species in the forest understorey.
In that way, the plants of the ground and field
layers are influenced by the same microenviron-
ment conditions, but, as argued by Scott (1971),
Herben (1987), and Slack (1990), due to their
specific anatomy, bryophytes react to changes of
the microenvironment more rapidly than vascular
plants. Studies in grassland communities, where
big trees are sparse or missing, have also shown
that vascular plants and bryophytes react differ-
ently to changes in habitat conditions (Herben
1987, Ingerpuu et al. 1998). How bryophytes and
vascular plants share the space in forests, has been
discussed only briefly (e.g. Aude and Lawesson
1998, Saetre 1999).

In studies of plant-environment relationships,
or mutual dependency between different layers
of the plant community, it is very important
to consider also the spatial scale used for data
collection, since the character of these relations
may change crucially at different scales (Stowe
and Wade 1979, Greig-Smith 1979, McCune and
Antos 1981, Hanski 1983, Maslov 1989, Reed et
al. 1993). In the current study we analyse the rela-
tionships between field and ground layer species
and the environment on a decimeter scale.

In the current study our basic object of inves-
tigation is the bryophyte vegetation in a typical
boreal forest and its relationship with the upper
layers and some other environmental factors. The

study is addressed at the two main questions:
1) how are bryophytes and vascular plants cor-
related in forest floor vegetation and, 2) how does
ground and field layer structure react to different
environmental factors, particularly to the spatial
pattern of trees in the same forest community.

2 Material and Methods
2.1 Study Area

The study was carried out in the southeastern
part of Estonia, in the landscape reserve of the
Ahja river valley, near the village of Valgemetsa
(58°08’N, 26°59’E). Phytogeographically this
area belongs to the East-Baltic subprovince,
where moderately humid boreal forest is typical.
Mean annual temperature in winter is —7.0°C and
in summer 17.5°C; there are about 200 rainy days
per year, most of them occur in the springtime
(Laasimer 1965). According to Moen (1999) the
area is located in the indifferent oceanic-continen-
tal section of the boreonemoral vegetation zone.

An Oxalis-Vaccinium myrtillus site type spruce
forest (Paal 1997), representing a species-poor
community with simple structure and abundant
ground layer, was chosen for the analysis. The
dominating trees of Picea abies are about 100
years old. Some trees of Pinus sylvestris also
occur in the tree layer; composition of the tree
layer is 9 parts Picea abies and 1 part Pinus syl-
vestris. The diameter at breast height of all trees
occurring in the studied forest was at least 24
cm. The canopy coverage is approximately 70%.
Natural regeneration is scattered, consisting only
of Picea abies. The shrub layer is represented by
very sparsely growing Sorbus aucuparia, Fran-
gula alnus and Salix cinerea.

2.2 Data Collection and Analyses

The data was collected in September 1996. To
avoid the biasing of data due to topographical
heterogeneity, a homogenous area without obvi-
ous variation in microtopography was chosen. A
rectangular grid for 500 plots of 20 x 20 cm was
placed down on the ground. In every plot the total
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cover of bryophytes and vascular plants, and then
the cover of each species, was estimated accord-
ing to the scale 0.1, 1, 2, 3, 5, 7, 10, 15, 20, 25,
30, ..., 100 % (Suominen 1969). The tree juve-
niles, that occurred in plots were included in the
field layer. The nanotopographical form (height
interval up to 1 dm) was visually evaluated and
classified as a concavity, plain, or a hump. The
distance from the centre of every plot to the
nearest tree trunk was measured in centimetres.
From the centre of each plot, the thickness of
the decay horizon was measured. Samples of the
decay horizon were taken for the estimation of
pH in the laboratory. All samples were air-dried
and weighed. Before measuring, the soil samples
were mixed with 2.5 times their own weight of
distilled water, according to @Jkland and Eilertsen
(1996). pH was measured with the pH/C°-meter
E6121A.

Since field and ground layer species form and
modify the environment in their surrounding,
some plant-related factors such as the number of
vascular plant and bryophyte species in a sample
plot, and the total cover of vascular plants and
bryophytes in a sample plot were treated as addi-
tional environmental factors in data processing.

The frequency and mean cover for all species
registered in studied plots were calculated. Cor-
relation between cover values of bryophyte and
vascular plant species was evaluated on the basis
of Spearman’s rank correlation coefficients. The
general linear model (GLM) was used for analyz-
ing the significance of the environmental factors
on the ground and field layer species-richness
and on the cover values of the dominant spe-
cies. In that model, only plots with total cover
values greater than zero and species with a rela-
tive frequency greater than 20% were included.
To describe the effect of environmental factors
on species-richness in both considered layers,
cover values of the dominant species of the cor-
responding layer were also included. To approxi-
mate distribution to the normal, the cover values
were square root transformed before analysis.
The nanotopography was treated as a categori-
cal factor with three levels: 1) a concavity, 2) a
plain and 3) a hump. When nanotopography had
a significant effect on the cover values, the Tukey
HSD test was used to determine significant differ-
ences between group means. The distance from

nearest tree trunk, thickness of decay horizon, and
pH of decay horizon were treated as continuous
factors in the model. All statistical analyses were
performed using the statistical package Statistica
6.0 (StatSoft, Inc. 2001).

Nomenclature for bryophytes follows Inger-
puu et al. (1998), for vascular plants Leht et al.
(1999).

3 Results

In total, twelve bryophyte and thirteen vascular
plant species occurred in the ground and field
layers of the studied forest. Only one vascular
species (Vaccinium myrtillus) and three bryophyte
species (Hylocomium splendens, Pleurozium
schreberi and Ptilium crista-castrensis) had a
frequency of occurrence more than 70% (Table
1). Four bryophyte and four vascular plant species
occurred in less than five plots and were treated
as occasional species for this community.

Not one of bryophyte species cover values had a
significant correlation with the cover of the domi-
nating vascular plant species Vaccinium myrtillus
(Table 2). The cover of Pleurozium schreberi had
a weak but significant positive correlation with
the cover of Maianthemum bifolium and Oxalis
acetosella and a negative correlation with the
cover of Vaccinium vitis-idaea, while the cover
of Hylocomium splendens and Ptilium crista-
castrensis had just the opposite relation with
the cover of these vascular plant species. The
cover of Ptilium crista-castrensis, Aulacomnium
palustre and Brachythecium oedipodium was
weakly positively correlated with the cover of
young regrowth of Picea abies. The latter spe-
cies tended also to prefer the neighbourhood of
Vaccinium vitis-idaea.

According to the general linear model, dis-
tance from the nearest tree trunks had significant
effect both on the ground and field layer species-
richness (Table 3). Bryophyte species number
increased with distance from the tree trunks (Fig.
1), whereas the species number for vascular plants
was higher close to the trees (Fig. 2). Species-
richnesses of different layers also had opposite
regression parameter signs for the increase of total
cover of the corresponding layer — the number of
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Table 1. Relative frequency (Freq) of ground and field
layer species and their mean cover values (Cov)
in studied plots.

Species Abbreviation Freq (%) Cov (%)

BRYOPHYTES

Aulacomnium palustre Aul pal 14  0.01
Brachythecium oedipodium Bra oed 52 0.01
Dicranum polysetum Dicpol 410 0.6
Dicranum scoparium Dic sco 8.0 0.2
Hypnum cupressiforme Hypcup 0.2 0.0

Hylocomium splendens Hylspl 958 279
Lophocolea heterophylla  Lop het 04 001
Pleurozium schreberi Plesch  92.0 14.6
Ptilium crista-castrensis Pti cri 748 214
Rhizomnium punctatum  Rhi pun 04 001
Rhytidiadelphus triquetrus Rhy tri 12 0.01
Tetraphis pellucida Tet pal 0.6 0.01
Total cover 64.2
VASCULAR PLANTS

Deschampsia flexuosa Des fle 4.6 001
Luzula pilosa Luzpil  30.8 2.3
Maianthemum bifolium Mai bif  29.2 1.6
Melampyrum pratense Mel pra  28.6 0.7

Oxaace 19.8 0.6
Pic abi 12.8 2.6
Pte aqu 0.2 1.3
Rub sax 0.2 0.2

Oxalis acetosella
Picea abies
Pteridium aquilinum
Rubus saxatilis

Salix cinerea Sal cin 0.2 0.01
Sorbus aucuparia Sor auc 0.2 0.01
Trientalis europaea Tri eur 11.0 0.3
Vaccinium myrtillus Vac myr 76.4 14.8
Vaccinium vitis-idaea Vac vit 38.0 23
Total cover 19.6

Table 3. Influence of environmental factors to the field
and ground layer species richness according to gen-
eral linear model. E- model parameter estimates; F
— F-criterion. Notations for environmental factors:
pH — pH of decay horizon; Distance — distance to
the nearest tree; Nanotopography — nanotopogra-
phy with three levels: concavity, plain, and hump;
Thickness — thickness of decay horizon; Vas
cover — total cover of vascular plants in plot; Vas
no — number of vascular plant species in plot; Bry
cover — total cover of bryophytes in plot; Bry no
—no of bryophyte species in plot. Abbreviations of
species included into model are given in Table 1.
The values marked by * are considered significant
at the level p < 0.01.

Environmental factor Species richness

Field layer Ground layer
Est F Est F

pH 0.07  0.55 0.23 11.2%
Distance -0.005 110.6* 0.004  22.4%
Thickness 0.02 0.76 0.01 0.42
Nanotopography 8.55% 294  0.06

concavity 3.33 1.39

plain 341 1.41

hump 3.25 1.33
Vas cover 0.01 8.74%
Bry cover -0.29 27.4%
Vac myr -0.02 045
Ple sch 0.18 33.7*%
Hyl spl 0.21 54.5%
Pti cri 0.21 34.7*

Table 2. Spearman’s rank correlation coefficients between the cover values of bryophyte and vascular plant
species. Species’ name abbreviations as in Table 1. With * marked correlation coefficients are significant

atp<0.01.
Bryophyte Vascular plant species
species Des Mai Mel Luz Oxa Pic Tri Vac Vac
fle bif pra pil ace abi eur myr vit

Aulpal -0.02 -0.07 -0.07 -0.00 -0.05 0.20%* -0.04 -0.05 0.08
Braoed -0.05 -0.11 -0.04 -0.07 -0.07 0.15% -0.05 0.08 0.15%
Dic pol -0.06 —0.04 0.00 -0.01 -0.02 -0.03 0.02 0.00 0.03
Dicsco -0.06 0.03 0.05 -0.05 -0.03 0.00 0.03 0.09 -0.00
Hylspl -0.01 -0.12% 0.02 -0.05 -0.12% 0.02 -0.05 -0.01 0.12*
Ple sch 0.06 0.18* 0.00 0.05 0.14*  -0.01 0.10 -0.07 —-0.16*
Pti cri -0.02 —0.65% 0.09 -0.01 —0.50%* 0.16* —0.41%* -0.01 0.30%*
Rhy tri  -0.02 -0.07 -0.02 —-0.03 -0.00 0.06 -0.03 0.01 0.10
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Fig. 2. Effect of significant environmental factors on

vascular plants increased, but the species number
of bryophytes decreased. In the same model the
cover values of dominant bryophyte species had
a positive effect on bryophyte species-richness.
More bryophyte species occurred in plots where
the decay horizon had a higher pH value. The
pH of the decay horizon had no significant effect

the predicted values of field layer species richness.

on the vascular plant species-richness. Vascular
plants species richness was higher in the nan-
otopographically lower parts (Fig. 2). The same
tendency could be observed for bryophytes, but
for them the topographical effect was not sig-
nificant.
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Table 4. The effect of environmental factors to the cover values of dominant ground layer species according to
general linear model. Notations and abbreviations for species names, environmental factors are given in Table
1 and 3 respectively. Abbreviations for model parameter estimate and F-criterion as in Table 3.The values
marked by * are considered significant at the level p < 0.01.

Environmental

Bryophyte species

factor Hyl spl Ple sch Pti cri Dic pol
Est F Est Est Est F

pH 0.05 0.10 0.04 0.06 -0.24 2.65 0.09 1.67
Distance -0.001 0.12 -0.01 484.1%* 0.03 558.1% -0.001 16.9%
Thickness -0.08 3.57 -0.06 2.05 0.13 13.47* 0.02 1.53
Vas cover -0.01 2.01 -0.02 14.7%* -0.01 3.72 -0.001  0.25
Nanotop 7.72% 2.12 0.24 0.06

concavity 4.69 7.41 -1.49

plain 5.34 7.75 -1.57

hump 5.24 7.69 -1.58

Additional GLM modelling by species revealed
that distance from nearest tree had a significant
effect on the cover values of almost all dominant
ground (Table 4) and field layer species (Table
5). Cover of Ptilium crista-castrensis was higher
at a greater distance from trees, while cover of
Pleurozium schreberi and Dicranum polysetum
increased near tree trunks (Fig. 3). Cover of
Hylocomium splendens did not have a signifi-
cant relationship with the distance from trees.
Ptilium crista-castrensis grew better in plots with
a thicker decay horizon. At the same time, pH of
the decay horizon had no influence on the cover of
the considered bryophyte species. Of bryophytes,
only Hylocomium splendens was dependent on

nanotopography. According to the Tukey HSD
test, Hylocomium splendens was more abundant
on little humps compared to concavities.

Of vascular plants, the distance to the nearest
tree trunks had a significant negative effect on the
cover values of Vaccinium myrtillus and a posi-
tive effect on the cover values of Luzula pilosa
(Table 5). Cover of Vaccinium myrtillus depends
significantly also on nanotopography, having a
higher value on humps. The Tukey HSD test
recorded a significant difference in the cover
value in concavities and on humps.
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Table 5. The results of the effect of different environmental factors to the cover values of dominant field layer
species according to general linear model. Notations and abbreviations for species names and environmental
factors are given in Table 1 and 3 respectively. Abbreviations for model parameter estimate and F-criterion
as in Table 3. The values marked by * are considered significant at the level p < 0.01.

Environmental

Vascular plant species

factor Vac myr Vac vit Mai bif Mel pra Luz pil
Est F Est F Est F Est F Est F

pH -032 291 0.06 0.19 -0.17 141 -0.11 141 0.15 1.12
Distance -0.005 20.77* 0.001 0.78 -0.001  0.10 -0.001 5.22 0.002 10.32*
Thickness -0.02 0.20 0.03  0.77 -0.01 0.12 0.05 6.39 0.01 0.07
Nanotop 7.10%* 0.03 0.32 0.20 0.95

concavity 6.09 1.74 2.90 1.99 0.28

plain 5.81 1.70 3.00 1.95 0.27

hump 6.16 1.72 2.99 1.95 0.34

4 Discussion

The structure of vegetation is determined by the
synergetic effect of several biotic and abiotic
factors. The most evident result of the current
analysis is that, among the studied environmen-
tal parameters, the tree layer has the strongest
influence on the distribution of field and ground
layer species. This is in good accordance with the
well-known theory of ‘single-tree influence cir-
cles’ (Zinke 1962) or ‘phytogenic field’ (Uranov
1965, 1968), according to which all plant speci-
men, particularly big and dominating trees, affect
their closest surroundings and change the environ-
mental conditions there. Every tree has an influ-
ence circle approximately proportional to the size
of the crown projection on the soil surface; out-
side the crown projection the influence decreases
rather quickly. It has been shown that under the
crowns of trees amount and chemical composition
of throughfall, temperature, frost heaving, light
flux, and several soil chemical properties (Beatty
1984, Boettcher and Kalisz 1990), as well as soil
microbial biomass and activity (Saetre 1999) can
be rather different in comparison to gap areas.
Therefore, in boreal forests the influence circles of
trees may be superimposed on the environmental
pattern, and they can have privilege in the forming
of the understorey vegetation structure (Abolin
1974, Korchagin 1976, Beatty 1984, Boettcher
and Kalisz 1990). Obviously, this is true only in
the case of comparatively homogeneous micro-
topography. If the latter is more heterogenous,
rather remarkable differences can be discovered

between the ecological conditions of different
microsites, and these factors may prove to be
decisive for the formation of the horisontal pattern
of the undergrowth (e.g. Kuusipalo 1984, @kland
and Bendiksen 1985, Maslov 1989, @kland 1994,
Frego and Carleton 1995).

Our results indicate a rather strong influence of
the tree canopy on ground layer vegetation, which
is in good accordance with other related inves-
tigations (e.g. Havas and Kubin 1983, @kland
et al. 1999 etc.). Both the species-richness and
cover values of dominant species of the ground
and field layers are influenced by the vicinity of
trees. The number of vascular plant species is
higher near tree trunks, whereas more bryophyte
species occur farther from trees. The cover of the
majority of dominant bryophyte species is nega-
tively affected by the vicinity of trees. Of vascular
plants, only the cover of Vaccinium myrtillus is
significantly affected by trees. Phanerogams are
in general larger and better adapted to microen-
vironment variation, whereas bryophytes, due to
the absence of roots, a well developed vascular
system and cuticle, are more sensitive to environ-
ment alternations (Lee and LLa Roi 1979, Herben
1987). As shown in previous studies, the through-
fall of precipitation is the most important source
of moisture for bryophytes (Tamm 1953, Beier et
al, 1993, Weibull, 2000). Since the throughfall of
precipitation is higher near the crown perimeter,
this explains the higher cover values of bryo-
phytes at a greater distance from tree trunks.

Kotov (1982, 1983) has asserted that if the
structure of the tree layer essentially affects the
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spatial distribution of lower layers, the compo-
nents of those layers should be correlated. In other
words, if vascular plants and bryophytes respond
linearly to the same ecological factors, then spe-
cies of both groups are structured similarly and
are mutually well correlated (Herben 1987). As it
appears from our results, the correlation between
the cover of bryophyte and vascular plant species
is rather weak on a species level. Only Ptilium
crista-castrensis has a stronger relationship with
field layer species, while the absolute value of
correlation coefficients between other bryophytes
and vascular plants remains under 0.2 (Table 2).
Thus, we can conclude that on the decimetre
scale the patterns of the field- and bryophyte
layers do not coincide. The modest negative
effect of the total cover of vascular plants on
dominant bryophyte species can be explained by
the sharing of growth space. Competition between
vascular plants and bryophytes is considered less
important (Carleton 1990, @kland and Eilertsen
1996). For example, McCune and Antos (1981)
and Diekmann (1994) have shown that the differ-
ent layers of vegetation exploit, at least to some
extent, different complexes of ecological factors,
which can result in the observed unrelated pattern
of two layers. Qian et al. (1998) have argued that
the smaller size of bryophytes allows them access
to microhabitats which are not available to vas-
cular plants. Still, on a community scale, forest
stand classification based on bryophytes could
be in good concordance with the classification
established on the basis of vascular species (La
Roi 1967, La Roi and Stringer 1976).

Besides the effect of trees and total cover of
lower layers, the pH and thickness of the decay
horizon, or nanotopography could be important
in the formation of the richness and spatial pat-
tern of ground and field layer species. Although
Cox and Larson (1993) have argued that, due to
the narrow range of changes within a habitat, pH
does not have a significant effect on the vegeta-
tion composition on a community level, many
authors have considered soil reaction to be one of
the most important ecological factor influencing
the distribution of vascular and bryophyte species
(Robinson et al. 1989, Partel 2000, Virtanen et al.
2000). Our results show that the pH of the decay
horizon at the decimeter scale has a significant
effect on the bryophyte species richness: higher

10

pH increases the species number.

The contrasting effect of total cover of the
bryophyte layer and cover values of dominating
species on bryophyte species-richness became
evident from our results. Contrary to expecta-
tions, bryophyte species-richness is negatively
influenced by the total cover of bryophytes, and
positively, by cover of single dominant species.
Treating the cover of bryophytes as an indicator
of biomass, then, analogously to the biomass—
species—richness ‘hump-back’ curve relation
(Grime 1979), we could expect the decrease of
bryophyte species-richness with an increase in the
total cover of the ground layer. The cover of any
single species was not found to constitute as much
as half of the total cover (Table 1), and probably
the increase in abundance of a single species
promotes the species diversity of the layer. It has
been shown that different factors may cause lower
species-richness at higher cover levels, competi-
tion between species could be one of them (Grime
1979). Still, competition among bryophytes has
been considered unimportant (@kland 1994)
and it has been connected more with space than
with resources (e.g. During 1990). If the role of
competition is considered to be important in the
formation of the species-richness pattern, we can
speculate that, at a higher level of total cover,
competition between bryophytes may reduce
ground layer species richness. But, in order to
verify this statement, detailed investigation of
bryophyte competition is needed.

In conclusion, although distance to nearest
tree has a remarkable effect on the distribution
of ground and field layer species, others envi-
ronmental factors are also significant predictors
of the structure of the lower layers. Our results
showed that there are different rules for the forma-
tion of spatial patterns and structure in different
understorey layers in boreal forest. To maintain
also small-scale species-richness on the forest
floor, both plant-related, as well as different
environmental factors should be considered in
forest planning and management.
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