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Abstract: Distribution of epiphytic bryophyte species was studied in Woodland Key Habitats (WKH) and in managed forest
stands in the North-East Latvia (district Gulbene). In total, 32 epiphytic bryophyte species were found in six WKH stands.
Five endangered/threatened bryophyte species (Anomodon longifolius, Homalia trichomanoides, Jamesoniella autumnalis, Lejeunea
cavifolia, Neckera pennata), that are listed in the Red Data Book of Latvia were recorded. The relation between the total and
endangered/threatened epiphytic bryophyte species richness and composition with substrate factors (phorophyte species,
diameter at breast height (DBH), shading, and tree bark pH) was studied. The most important factors regarding epiphytic
bryophyte species cover, composition and richness were found to be tree species, DBH, bark pH and forest shading. WKH
indicator species richness showed significant relationship only with tree species. Tree species was one of the most important
factors explaining epiphytic species distribution.
INTRODUCTION
The concept of woodland key habitat (WKH) has
become an essential instrument in the biodiversity-orientated forest management in Northern
Europe. This concept embraces the need to conserve the biodiversity of multi-functional forest
landscapes by preserving small habitat patches
that are considered to be particularly valuable
(Timonen, 2010). Some WKHs in Latvia are protected. Protected forest areas in Latvia currently
constitute 13.6% of all forest territory. The total
forest cover in Gulbene district is 95564.9 ha;
3484.05 ha of them are protected forests and
5.4% of them are WKHs (Anonymous, 2003).
The dense network of Latvian WKHs (ca. 20 per
1000 ha) consists of fairly large (mean area >
2 ha) WKHs (Laita et al., 2010). Approximately
50% of forests in Latvia belong to the state and
other 50% are private forests. WKH inventory
has been made only in state forests, but data
about forest habitat quality, bryophyte and other
species distribution in private owner forests is
lacking (Anonymous, 2003).
It has been suggested that forest integrity
might be one of conservation endpoints that
integrates desirable characteristics such as
biodiversity, stand structure and continuity.
Epiphytic bryophytes in forest ecosystems are
widely used as indicators to determine forest
continuity and naturalness (Ek et al., 2002;
Mežaka et al., 2010).

Phorophyte species, tree bark chemistry and
structure, diameter at breast height (DBH) and
exposure of tree stems are important factors that
influence epiphytic bryophytes (Szövényi et al.,
2004; Mežaka et al., 2008; Strazdiņa, 2010). The
area and age of WKH have an impact on the existence of red-listed and WKH indicator species
existence (Gustafsson et al., 2004). As compared
to conifers, the cover of epiphytic bryophytes is
much higher on deciduous tree species, such
as Fraxinus excelsior, Acer platanoides, Ulmus
glabra, Tilia cordata, Alnus incana and Populus
tremula (Snäll et al., 2004).
Tree bark pH is an important factor that
determines epiphyte distribution (Barkman,
1958; Weibull, 2001; Znotiņa, 2003). Bark pH
differs among tree species and coniferous trees
have a lower pH than deciduous trees (Smith,
1982). The composition of epiphytic species
on tree stems also varies in relation to relative
humidity, light intensity and bark properties
(Smith, 1982; Bambe, 2002).
The objectives of the present study are:
1) to characterize and compare epiphytic
bryophyte species composition in natural
and managed forests in North-East Latvia,
2) identify the most important variables shaping
the epiphytic bryophyte richness and composition in Gulbene district.
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MATERIALS AND METHODS
Study area
Epiphytic bryophytes were studied in different forest stands located in Gulbene district
(North-East Latvia), namely Dūres mežs Nature
Reserve, Kadājs Nature Reserve, Krapas gārša
Nature Reserve, Pededzes lejtece Nature Reserve,
Sitas un Pededzes paliene Nature Reserve and
Zepu mežs Nature Reserve. Study comparing
managed and WKH forest stands was carried
out in Krapas gārša Nature Reserve. The sites
were selected based on the WKH inventory data
(Ek et al., 2002; Anonymous, 2003). The mean
annual precipitation in Gulbene is 600 mm,
average temperature in January is -7 oC and in
July +16.4 oC (Āboltiņš, 1995).
Sampling design
The collection of bryophytes took place from
2010 to 2012 in 19 sampling plots in six forest types located randomly across the research
area. In total 17 sample plots in six WKHs and
two sample plots in managed forests (adjacent
to four years old coppices) were studied. Two
sample plots in managed mixed coniferous–
deciduous forests were compared with two
WKH forest sample plots of the same type. The
size of sampling plot was 20×20 m. Epiphytic
bryophytes were recorded up to 1.5 m height
on 117 individual trees (with minimal DBH of
0.05 m) of 15 tree species: Populus tremula (32
trees), Betula pendula (26 trees), Picea abies
(18 trees), Alnus glutinosa (15 trees), Fraxinus
excelsior (eight trees), Tilia cordata (six trees),
Acer platanoides (five trees), Sorbus aucuparia
(three trees), Sallix caprea (three trees), Frangula
alnus (two trees), Ulmus laevis (two trees), Ulmus
glabra (two trees), Alnus incana (two trees),
Quercus robur (two trees), Pynus sylvestris (one
tree). Research sites were selected based on
WKH inventory data and personal observations.
Bryophyte species that were not identified in
the field were collected for identification in the
laboratory. For the identification of liverworts
the works of Smith (1996) and Āboliņa (2001)
and for identification of mosses those of Ignatov
& Ignatova (2003; 2004) were used.
Tree species, diameter at breast height, bark
pH, and height of continuous bryophyte cover
on all exposures (N, W, S, and E) of tree stems
were recorded. Tree bark pH was measured in

samples that contained bryophytes on tree stem
and in samples that did not contain any bryophytes, for comparison. Samples were taken at
1.3 m height from the stem side on which bryophytes dominated (mostly N and NW exposure).
Tree bark pH was determined in the laboratory
using methods developed by Kermit & Gauslaa
(2001). Bryophyte and lichen remnants were
removed from tree bark to avoid their influence
on pH value and samples of tree bark were cut.
Each sample weighted approximately 0.5 g.
Bark samples were shaken in a 20-ml 1 M KCl
solution for 1 h and pH was determined with a
pH-meter. All samples of one tree species were
measured together (e.g. one bark pH measurement for 26 Betula pendula samples).
Shading in forest stand was defined as tree
crown cover percentage in relation to a sample
plot area (Eichorn et al., 2006). Four shading
groups were recorded: 1) forest stand with tree
crown cover over 70% (shade), 2) forest stand
with tree crown cover 60–69% (semi-shade),
3) forest stand with tree crown cover 43–59%
(semi light), 4) forest stand with tree crown cover
21–42% (light).
Data analysis
Univariate Generalized linear model (GLM) with
Poisson family in R 2.8.1 package was used to
determine significant factors (tree species, DBH,
exposure and tree bark pH) affecting the total
epiphytic species cover, total species richness
and epiphytic WKH indicator species richness.
Thirty-two bryophyte species and 117 trees were
included in the GLM analysis.
Tree bark pH (154 samples) was analysed
using Analysis of variance for testing treatment
(with/without bryophyte cover) and tree species
influence, also for testing tree species influence
on bryophyte species richness. Analysis were
done with R version 2.8.1. Differences in pH
among tree species were not analysed due to
the small number of tree replications.
Canonical Correspondence Analysis (CCA) in
Canoco 4.5 for Windows was used to examine
the relationship between environmental parameters (tree species, DBH, shading, exposure and
tree bark pH) and bryophyte species composition
(Lepš & Šmilauer 2003). Tree species and other
factors were analysed separately in two CCA ordinations for decreasing noise, and their effects
were compared. CCA ordination was applied to
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24 bryophyte species and 127 trees. Bryophyte
and tree species with one or two occurrences
were removed from the CCA analysis.
RESULTS

Number of bryophyte species

In total 32 epiphytic bryophyte species (25 mosses and 7 liverworts) were found on 117 trees
from 15 species (Table 1). The most common
bryophyte species were Hypnum cupressiforme
(30 records on trees), Homalia trichomanoides
(21 records), Neckera pennata (20 records) and
Radula complanata (19 records). Five bryophyte
species (Anomodon longifolius, Homalia trichomanoides, Jamesoniella autumnalis, Lejeunea
cavifolia, Neckera pennata) listed in the Red Data
Book of Latvia were found. The highest mean
bryophyte richness (Fig. 1) was found on Betula
pendula (4.2±2.1), Populus tremula (3.2±1.4),
Alnus glutinosa (2.6±0.98) and Picea abies
(2.4±0.84). No significant differences (p>0.05)
were found in bryophyte species richness among
these tree species.
In GLM analysis (Table 2) interaction effect
of tree species (seven tree species, p<0.01), bark
pH DBH, and forest shading were important
factors for total epiphytic bryophyte cover. Total
species richness did not show any significant relation with single factors that had been studied.
WKH indicator species cover depended only on
tree species (six tree species, p<0.05).

Epiphytic bryophyte species composition and
richness highly depended on bark pH, exposure
(N, NW, S) and forest shading (Fig. 2, Fig. 3).
Therefore we interpret the first CCA axis as tree
bark pH. Species on the right side of the CCA
ordination (e.g. Radula complanata, Anomodon
longifolius, Homalia trichomanoides, Lejeunea
cavifolia, Neckera pennata) preferred higher pH.
Acidic bryophyte species on the left side of the
ordination (e.g. Dicranum montanum, Ptilidium
pulcherrimum, Jamesoniella autumnalis) were
most often found on trees with the lowest pH
like Betula pendula. The second CCA axis we
interpreted as height on tree or epiphyte preference to substrate. For instance, Eurhynchium
angustirete, Dicranum scoparium are facultative
epiphytes, while Orthotrichum speciosum is an
obligate epiphyte.
Bark pH value varied among tree species
(Fig. 4). The highest mean pH (6.13) was found
on Ulmus laevis and the lowest (3.53) on Betula
pendula. Treatment (with and without bryophytes) had significant effect on bark pH (Table
3). Significant differences (p<0.05) in bark pH
with moss cover were found according to Tukey’s
test between the tree species pairs Acer platanoides and Betula pendula, Picea abies; between
Alnus glutinosa and Fraxinus excelsior, Populus
tremula, Tilia cordata, B. pendula, Salix caprea,
Sorbus aucupria; between B. pendula and F.
excelsior, P. tremula, T. cordata, S. caprea, S.

6
5
4
3
2
1
0
Betupend
(26)

Poputrem
(32)

Alnuglut (15)

Picabies
(18)

Tillcord (6) Fraxexce (8)

Sorbaucu
(3)

Sallcapr (3) Acerplat (5)

Tree species (number of trees)

Fig. 1. Mean epiphytic bryophyte species richness on different tree species. Abbreviations: Acerplat
– Acer platanoides, Alnuglut – Alnus glutinosa, Betupend – Betula pendula, Fraxexce – Fraxinus
excelsior, Picabies – Picea abies, Poputrem – Populus tremula, Sallcapr – Salix caprea, Sorbaucu
– Sorbus aucuparia, Tilcord – Tilia cordata.
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Table 1. Occurrence of epiphytic bryophyte species on tree species and forest type. * – WKH
indicator species; liverworts in bold. Forest type abbreviations after Table 4.

MC/DF; S/MSWF;BAWF

1

MC/DF; S/MSWF
MC/DF; S/MSWF;BAWF;DF

1
3
2

7
4
3

1
2
5

MC/DF; S/MSWF;BAWF

2

MC/DF

1

2
1

1
1

3
8

3

2
1

MC/DF; S/MSWF;BAWF
MC/DF; S/MSWF;DF;AF

1

S/MSWF
MC/DF; S/MSWF;BAWF
MC/DF; S/MSWF;DF;BAWF

1

S/MSWF;BAWF

1
1
2
5
2

3
6
3

MC/DF; S/MSWF

1
2
3

MC/DF; S/MSWF;BAWF

1

MC/DF; S/MSWF

3
1

1
1

MC/DF; S/MSWF;BAWF

1
1
2

MC/DF; S/MSWF;BAWF

1

MC/DF; S/MSWF
S/MSWF
DF

MC/DF; S/MSWF;BAWF
MC/DF; S/MSWF
MC/DF; S/MSWF;BAWF

Sorbus aucuparia (3)

Salix caprea (3)

2
1

1

2

2

1

1

2

1

1

4
1
1
1
1

11
2
6
5
2
1
4

2

2

1

1
1
6
3
2

2

1

1

1
1

1

1

1
4

MC/DF; S/MSWF
MC/DF

2
8

1
1

1
1

MC/DF; S/MSWF
MC/DF; S/MSWF;BAWF

1

1
1

1

1

S/MSWF
MC/DF; S/MSWF;DF;AF

Quercus robur (2)

1
1
1
4
4
1
2
10

1

1

1

MC/DF

Ulmus laevis (2)

2

Ulmus gabra (2)

1
1

1

Tilia cordata (6)

1

1
3
2

Populus tremula (32)

Pinus sylvestris (1)

1

Picea abies (18)

2

Fraxinus excelsior (8)

Frangula alnus (2)

1

MC/DF; DF;;BAWF
MC/DF; S/MSWF;BAWF

Alnus incana (2)

MC/DF; S/MSWF;BAWF

Betula pendula (26)

Amblystegium serpens
Anomodon longifolius*
Brachythecium oedipodium
Brachythecium rutabulum
Campylium chrysophyllum
Dicranum montanum
Dicranum scoparium
Eurhynchium angustirete
Fissidens adianthoides
Fissidens taxifolius
Homalia trichomanoides*
Homalothecium sericeum
Hylocomium splendens
Hypnum cupressiforme
Jamesoniella autumnalis*
Lejeunea cavifolia*
Lepidozia reptans
Neckera pennata*
Orthotrichum speciosum
Plagiochila asplenioides
Plagiochila porelloides
Plagiomnium affine
Plagiomnium cuspidatum
Plagiothecium laetum
Platygyrium repens
Pleurozium schreberi
Pseudoleskeella nervosa
Ptilidium pulcherrimum
Pylaisia polyantha
Radula complanata
Sanionia uncinata
Thuidium delicatulum

Tree species (number of trees)
Alnus glutinosa (15)

Forest type

Acer platanoides (5)

Bryophyte species

1
1

2
2
4

2
1

3
5
2

2

1
1
1

1
1

1

1
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Table 2. Influence of variables on epiphytic
bryophyte cover, GLM analysis. GLM models in
bold. Betula pendula was used as a reference
tree. Only significant factors (p<0.05) included.
Variables
Estimate df
Bryophyte cover
Tree species+DBH+pH+shading
Intercept
3.72
Tree species
9
Acer platanoides
1.20
Alnus glutinosa
0.55
Fraxinus excelsior
0.92
Populus tremula
0.64
Tilia cordata
1.37
Ulmus glabra
1.68
Ulmus laevis
-1.43
DBH
0.02 1
pH
-0.39 1
Forest shading
0.12 1
WKH indicator species cover
Tree species
14
Intercept
-2.12
Acer platanoides
1.61
Fraxinus excelsior
1.83
Populus tremula
1.70
Sorbus aucuparia
2.12
Tilia cordata
1.71
Ulmus glabra
2.81

Z value

p

0.00024

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.04871
0.53156
0.00955
0.00591
0.02476
0.00023
0.21649

0.00024
0.04871
0.00955
0.00591
0.00941
0.02476
0.00023

<0.01
<0.01
0.04
<0.01
<0.01
<0.01
0.02
<0.01

Table 3. ��������������������������������������
Analysis of variance regarding the influence of tree species (14) and treatment (with/
without moss cover) on bark pH value (N=28)

Influence
Treatment
Tree species
Treatment*tree species

F value
146.97
822.90
46.86

df
27
13

p
<0.01
<0.02
<0.03

aucuparia; between P. abies and F. excelsior,
P. tremula, T. cordata, S. caprea, S. aucuparia;
between T. cordata and P. tremula. Significant
differences (p<0.05) in bark pH without moss
cover were found among all tree species pairs
combinations.
Highest bryophyte species richness was recorded in semi-shade deciduous forests and in

Fig. 2. CCA ordination of tree species and
bryophyte species. Alnuglut – Alnus glutinosa,
Betupend – Betula pendula, Piceaabi – Picea
abies. Amblser – Amblystegium serpens, Anomlon – Anomodon longifolius, Brachoe – Brachythecium oedipodium, Brachru – Brachythecium
rutabulum, Dicmont – Dicranum montanum,
Dicscop – Dicranum scoparium, Eurhang –
Eurhynchium angustirete, Fisstax – Fissidens
taxifolius, Homatri – Homalia trichomanoides,
Hylospl – Hylocomium splendens, Hypcupp –
Hypnum cupressiforme, Jamesau – Jamesoniella
autumnalis, Lejcav – Lejeunea cavifolia, Neckpen – Neckera pennata, Orthspe – Orthotrichum
speciosum, Plagioa – Plagiochila asplenioides,
Plagiop – Plagiochila porelloides, Plagiol – Plagiothecium laetum, Pleursc – Pleurozium schreberi,
Ptilipu – Ptilidium pulcherrimum, Pylaisp – Pylaisia polyantha, Radcomp – Radula complanata,
Sani unc – Sanionia uncinata, Thuidde – Thuidium delicatulum.

shade mixed coniferous-deciduous forests, but
less bryophyte richness was found in semi-light
black alder wetland forest and in light forest
stands next to the coppice (Table 4, Fig. 3).
In WKH stands 19 bryophyte species were
found and three of them were WKH indicator
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Fig. 3. CCA ordination of bryophyte
species and environmental factors.
Species abbreviations after Fig. 2.
Environmental variables are marked
as arrows and uppercase text labels.
pH – pH value of tree bark, N – north
exposure, S – south exposure, NW –
north-west exposure, shade1 – high
shading level with tree crown cover
over 70%, shade4 – low shading level
with tree crown cover 21–42%.

Tree species (number of trees)
pH with moss cover

pH without moss cover

Fig. 4. Mean bark pH value among tree species. Abbreviations: Acerplat – Acer platanoides, Alnuglut – Alnus glutinosa, Alnuinca – Alnus incana, Betupend – Betula pendula, Fraxexce – Fraxinus
excelsior, Frangaln – Frangula alnus, Picabies – Picea abies, Poputrem – Populus tremula, Querrobu
– Quercus robur, Sallcapr – Salix caprea, Sorbaucu – Sorbus aucuparia, Tilcord – Tilia cordata,
Ulmuglab – Ulmus glabra, Ulmulaev – Ulmus laevis.

81

Table 4. Characteristics of studied territories
Study area

Forest type/shading

Dūres mežs
Nature Reserve

1) Mixed coniferous-deciduous
forest (MC/DF), shade, (one
sample plot)
2) Aspen forest (AF), semishade (one sample plot)

11

0.36

Betula pendula, Picea abies,
Populus tremula

76

2.6

14

0.57

Populus tremula, Sorbus
aucuparia

90

2.4

1) Spruce and mixed spruce
wetland forest(S/MSWF), semi
light, (one sample plot)
2) Black alder wetland forest
(BAWF) semi light, (one sample plot)

13

0.26

Betula pendula, Picea abies

85

2.6

9

0.29

Alnus glutinosa, Betula pendula,
Picea abies

85

1.7

1) Broad-leaved forests (BLF),
semi-shade, (two sample plots)

8

0.42

103

2.1

2) Black alder wetland forests
(BAWF), semi light, (two
sample plots)
3) Mixed coniferous-deciduous
forests (MC/DF) (five sample
plots in WKH-shade, and
2 sample plots in managed
stands-light)

17

0.38

Acer platanoides, Alnus
glutinosa, Fraxinus excelsior,
Populus tremula, Tilia cordata.
Ulmus glabra
Alnus glutinosa, Betula pendula,
Fraxinus excelsior, Picea abies

96

3.9

20

0.31

Acer platanoides, Alnus
glutinosa, Betula pendula,
Fraxinus excelsior, Picea abies,
Populus tremula, Quercus robur,
Sorbus aucuparia, Tilia cordata,
Ulmus glabra

73

5.9

Pededzes lejtece 1) Deciduous forests (DF),
Nature Reserve semi-shade, (one sample plot)
2) Mixed coniferous-deciduous
forests (MC/DF), shade (one
sample plot)

7

0.43

65

1.3

8

0.25

Populus tremula, Quercus robur,
Ulmus glabra, Fraxinus excelsior
Alnus incana, Acer platanoides,
Betula pendula, Pinus sylvestris,
Populus tremula, Ulmus laevis

60

0.8

Sitas un Pededzes paliene
Nature Reserve

Deciduous forest (DF), semishade, (one sample plot)

9

0.18

Alnus glutinosa, Betula pendula,
Frangula alnus, Salix caprea

40

1.3

Zepu mežs
Nature Reserve

Deciduous forest (DF), semishade, (one sample plot)

12

0.34

Betula pendula, Populus
tremula, Tilia cordata

72

1.8

Kadājs Nature
Reserve

Krapas gārša
Nature Reserve

Number
of bryophyte
species

species. In managed forest 13 bryophyte species
were found, among them two were WKH indicator species. In WKH forest stands bryophytes
species mostly from late succession stages were
found (Anomodon longifolius, Neckera pennata).
In managed forest stands species from earlier succesion stages (Amblystegium serpens,
Brachythecium oedipodium and B.rutabulum)
and species with wide ecological amplitude
(Hypnum cupressiforme, Radula complanata)
were more common.

Mean Tree species
DBH
(m)

Forest
stand
age

Forest
stand
area
(ha)

DISCUSSION
In the present study Hypnum cupressiforme,
Homalia trichomanoides, Neckera pennata and
Radula complanata were the most widespread
bryophyte species. Radula complanata is one of
the most frequent epiphytic bryophyte species
in Central Sweden (Hazell et al., 1998). Homalia
trichomanoides was the most common indicator
species in the WKH inventory data in Latvia and
Neckera pennata was also frequently found in
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the WKH inventory (Anonymous, 2003). There
is, however, a need to update the information of
bryophyte species in the Latvian Red Data Book
with data from the recent studies, including this
one. For example, Anomodon longifolius has not
been previously recorded in North-East Latvia.
Significant relation was found between tree
species, bark pH, DBH, shading, exposure and
bryophyte species distribution. WKH indicator
species richness showed significant relationship
only with tree species. Tree species was one of
the most important factors explaining epiphytic
species distribution. The highest number of epiphytic bryophyte species was found on Populus
tremula, as had been the case in several other
studies in Nordic countries (Hazell et al. 1998;
Snäll et al. 2004) and Latvia (Mežaka et al.,
2012). Relatively high bryophyte species richness was commonly found on Betula pendula. In
other studies, Betula pendula is not described as
having high epiphytic species diversity (Szövényi
et al., 2004). However, in our study Betula pendula was one of the most sampled tree species
which could at least partly explain this trend.
Present study indicated significant bark pH
difference with and without bryophytes. Tree
bark pH was higher mostly under moss cover
and more acidic without moss cover. On some
tree species (Alnus incana, Betula pendula, Picea
abies, Populus tremula, Ulmus laevis) the bark
was more acidic under bryophytes. In present
study tree bark pH is probably affected by peaty
soils decreasing pH in black alder wetland forests, spruce and mixed spruce forest as noted
also by Darell & Cronberg (2011). The assessment of greater number of trees is necessary
to get more objective results of bark pH value
changes. Also, pH measurements for all individual bark samples are needed.
Managed forest stands had a lower number
of epiphytic bryophyte species (13) than WKHs
(19). This small difference in species richness
and also presence of WKH indicator species in
managed forest stand next to four years old
coppice showed that disturbance did not cause
immediate changes in epiphytic bryophyte
species richness and community composition.
However, epiphyte monitoring is necessary to
see the temporal changes. In managed aspen
and birch forest in Estonia the same amount
of structures (dead wood, course woody debris,
windfalls and windbreaks) was found as in
protected forest area which corresponded to

the definition of natural forests (Lõhmus et al.,
2006). According to another study (Vellak &
Paal, 1999) more than twenty bryophyte species
sensitive to human activity were found only in
unmanaged forests. In Sweden higher bryophyte
species richness was found in natural forest
stands, but dominant bryophyte species and
structures were the same as in managed forests
(Gustafsson & Hallingbäck, 1988).
The present study contributes to the
knowledge of epiphytic bryophyte distribution
and ecology in WKHs and managed forests in
North-East Latvia. However, further research
on different habitat management influences on
epiphytic bryophyte distribution and vitality
among different forest types is necessary.
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