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A B S T R A C T

Semi-open oak-rich forests may support many species adapted to large trees and coarse woody debris.

Currently many oak-rich forests in northern Europe have more or less closed canopies due to lack of

natural and cultural disturbances. In these forests, conservation oriented partial harvesting of biofuel

may restore a desired forest structure and light regime that potentially may favour many species that

have declined during the last century. We quantified effects of such cutting on lichens and bryophytes

living on dead wood in southern Sweden, using a design with paired cutting and control plots (each 1 ha)

in 15 forests. In each plot we surveyed the same five logs and three stumps before and after harvest (25%

of the tree basal area removed). The epixylic species composition shifted towards a flora typical for dryer

dead wood. The mean species number of lichens per stump increased (clear effect) and the mean number

of bryophytes per stump decreased (nearly significantly) due to harvesting. The species composition, but

not species richness, on logs was affected. No increases or decreases in species of conservation concern

could be detected. Since the overall negative effects were weak, we suggest that partial harvesting of

dense oak forests is compatible with maintenance of the diversity of lichens and bryophytes on dead

wood. However, the amount of such forest harvested needs to be carefully assessed in relation to

demands of other taxa.

� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Oak-rich temperate deciduous woodlands in Europe mainly
remain as remnants too small to harbour natural disturbance
regimes such as flooding, fire and grazing by large mammals. In a
natural state, mature oak-rich forests are assumed to have had a
semi-open structure, for instance due to browsing and grazing by
European bison, aurochs and other ungulates (Svenning, 2002;
Vera, 2002). Semi-open oak (Quercus spp.) forests have been
suggested to support a higher number of organisms adapted to old
trees and coarse woody debris (CWD) than does a closed forest
(Nilsson et al., 2005). In historical times in Europe semi-open oak
forests were maintained by grazing by domestic animals (Nilsson
et al., 2005), but now many remnants are dense forest due to
ceased grazing and secondary succession (Nilsson et al., 2005).
Until recently, non-intervention dominated as a management goal
for many European forest reserves, but forestry and conservation
agencies increasingly recommend that forest owners clear
vegetation around large oaks to favour biodiversity (Alexander
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et al., 1996; Hultengren, 1999). In North America, similar problems
occur (Spector and Putz, 2006) and management for oak savannah
is currently being studied (Brudvig and Asbjornsen, 2007).
Presumably, cutting for light will favour many species, but
succession in the stands may create new conservation values
(see e.g., Nordén et al., 2004a).

Decaying wood is an important part of a natural forest
ecosystem (Maser and Trappe, 1984; Harmon et al., 1986;
Samuelsson et al., 1994; Siitonen, 2001; Nilsson et al., 2005)
and may support a high proportion of the total bryophyte diversity
(Ódor and Standovár, 2001; Rambo, 2001). Many epixylic (i.e.,
wood-inhabiting) bryophyte species have declined substantially
because of intensive forestry in coniferous, aspen and beech forests
(Lesica et al., 1991; Crites and Dale, 1998; Rambo and Muir, 1998b;
Vellak and Paal, 1999; Ódor and Standovár, 2001; Rambo, 2001;
Dynesius and Hylander, 2007). We are not aware of such studies of
naturally semi-open forest types, for example oak forest or
woodland. Decreased amount of dead wood and dryer micro-
climate are probably two main factors involved in declines of
epixylic bryophytes, but few studies have separated these two
causes. While decreasing amount and quality of dead wood should
disfavour epixylic species in all forest types, the response of the
wood-inhabiting species to changed microclimate may be more
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complex. In naturally closed-canopy forests with shade-tolerant
tree species such as spruce and beech, many bryophyte species
living on dead wood seem to be sensitive to cutting (Söderström,
1988a; Lesica et al., 1991; Rambo and Muir, 1998b; Ódor and
Standovár, 2001). In forest types that are naturally semi-open (e.g.,
oak forests) species may be adapted to relatively dry and sunny
conditions (Rose, 1992), and therefore would benefit from partial
cutting. Epixylic lichens are poorly studied compared to bryo-
phytes with respect to cutting, and possibly have a higher
tolerance to microclimatic changes (see Söderström, 1988a; Lesica
et al., 1991; Crites and Dale, 1998).

Previous studies of short-term and long-term effects of forest
cutting on epixylic cryptogams were mainly restricted to
comparisons of cut and uncut plots after harvest and many of
the studies included only one or a few study sites (Gustafsson
and Hallingbäck, 1988; Söderström, 1988a; Andersson and
Hytteborn, 1991; Lesica et al., 1991; Crites and Dale, 1998;
Rambo and Muir, 1998a,b; Vellak and Paal, 1999; Åström et al.,
2005), but see Bradbury (2006) and Dynesius and Hylander
(2007). None of these authors studied oak-rich forests. In this
study, we evaluated effects of cutting in a comprehensive and
statistically rigorous approach by a well-replicated field
experiment where we can separate the effect of cutting from
the effect of amount dead wood present in the forest (i.e., our
stands had the same amount dead wood before cutting and we
sampled the same pieces of wood after cutting). In the year 2000
we started a long-term partial harvesting experiment in oak-rich
temperate forests in Sweden evaluating its effects on seven
different organism groups (Götmark et al., 2005; Franc, 2007).
The cutting treatment is considered a conservation management
alternative, as many large trees and coarse woody debris are
retained, while smaller and intermediate-size trees are removed
for use as biofuel. The income from biofuel harvesting may
motivate forest owners to conduct this type of conservation
management, which in turn may lead to large-scale implemen-
tation of it. In this paper, we assessed early effects of this type of
cutting on epixylic lichens and bryophytes. We addressed four
specific questions: (1) Does partial cutting of dense oak forests
affect species richness and composition of epixylic lichens,
mosses, and liverworts on logs and stumps? (2) Is colonisation/
Fig. 1. Study design. The map of southern Sweden and the st
extinction of epixylic species affected? (3) Is the rate of natural
succession of epixylic species affected? (4) Are old-growth
Indicator or Red Data Book species affected?

2. Methods

2.1. Study area

We studied 15 forest sites located in the hemiboreal zone in
southern Sweden (Fig. 1); a transition zone between the boreal
forest in northern Europe and the temperate (nemoral) forest in
middle Europe (Esseen et al., 1997; Nilsson, 1997). The study
stands are former oak woodland pastures or meadows abandoned
about 30–70 years ago, characterized by large oaks in a matrix of
other deciduous/coniferous trees of thinner dimensions. The mean
tree coverage in the stands has increased from an average of 53%
about 50 years ago to 84% at about year 2002, according to aerial
photographs. The current average proportion of oaks (Quercus

robur L./Quercus petraea (Matt.) Liebl.) was 50% (range 13–86%,
n = 15 study sites) of the basal area at breast height. Corresponding
means for other deciduous trees and shrubs were 36% (13–65%)
and for coniferous trees 14% (0–48%). The most common trees in
addition to oaks were Norway spruce (Picea abies (L.) H. Karst.),
birches (Betula pubescens Ehrh./Betula pendula Roth.) (pooled), ash
(Fraxinus excelsior L.), and aspen (Populus tremula L.). The oldest
oaks at each site were about 150–250 years old. Q. robur was more
common than Q. petraea (not quantified). The forest communities
were oligotrophic oak forest or mesotrophic mixed deciduous
forest (Diekmann, 1994). The mean volume of coarse woody debris
(logs �10 cm and stumps/snags �20 cm in diameter) before
cutting was 12 m3/ha (range 4–34 m3/ha; based on Nordén et al.
(2004b)).

The study sites lie 5–230 m above sea level. The mean annual
precipitation ranges from about 400 mm at the eastern coastal
sites to about 1000 mm at the western sites and the mean annual
temperature varies between 5 8C and 8 8C (Raab and Vedin, 1995).
The study sites are nature reserves (n = 6) or woodland key habitats
(WKHs, n = 9), situated mainly on mesic moraine soils, and have a
rather level surface. Such sites are valuable for forest biodiversity
conservation (see Götmark and Thorell, 2003).
udy sites situated at least 20 km apart from each other.



Table 1
Canopy openness and basal area of living trees, from measurements in 2002 (before

partial cut) and 2003 (after partial cut, n = 15 stands)

Plot Mean S.D. Minimum Maximum

Con Canopy openness beforea 14 4 9 26

Exp Canopy openness beforea 14 5 8 23

Exp Canopy openness after

(change in canopy openness)a

33 (+137%) 9 22 57

Con Basal area before (m2/ha)b 29 4 17 34

Exp Basal area before (m2/ha)b 29 4 23 34

Exp Basal area removed

(% of basal area before)b

25% 8% 9% 40%

a Measured as %sky visible in photographs of the canopy from ground.
b Trees �5 cm at breast height.
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2.2. Experimental design

The study was based on (1) widely spaced forest stands, at least
20 km apart from each other, (2) good replication (15 study
stands), and (3) studies of stands with experimental and control
plots before and after treatment. This design is statistically strong
for evaluation of effects at a landscape or regional scale though
rarely used, but see Dynesius and Hylander (2007). In each of the
15 stands, we delimited one experimental and one control plot
(each covering 1 ha, 100 m � 100 m or 83 m � 120 m), which we
surveyed before and after the partial cut. The mean distance
between the plot edges at a site was 50 m (range 10–250 m).
Differences in shape and distance were deemed acceptable
because we preferred to choose 1-ha plots with as similar features
as possible to one another within a study site (for example, brooks
and associated swamp forest, young forest and forest with too few
oaks were avoided).

The overall goal of the partial cut was to favour old oaks, oak
regeneration and other old deciduous trees (Götmark, 2007).
Therefore, careful cutting (thinning) was conducted by removing
conifers (almost all) and other deciduous trees of intermediate size
(also some oaks of intermediate size). Although more trees were
cut near large oaks, the cut trees were distributed fairly evenly
across plots. The proportion of basal area (trees�5 cm diameter at
breast height, 1.3 m) harvested was on average 25% (Table 1).
About 50–90% of the understory trees of small dimensions (0.5–
5 cm) were cut and harvested—a higher proportion in stands with
plenty of small stems (this wood fraction is often used for biofuel).
Tops and branches of larger trees were usually left in the plots, to
create some new deadwood. All trees (>5 cm) that were to be cut
were marked in the summer of 2002. Protocols and detailed
instructions were then sent to landowners and forestry entrepre-
neurs, who cut and harvested the 15 experimental plots between
October 2002 and March 2003. Cutting was done without heavy
machinery, except at two locations, where also a harvester was
used for spruce cutting. At all sites, cut stems were taken from the
plots by forwarders (relatively heavy machines) that destroyed a
few of the study logs. The control plots have non-intervention as
management goal, since this is the most common way of
conserving forest habitats of high conservation value.

Based on photographs of the canopy (eight digital photographs
per study plot, at the same positions before and after harvest), the
proportion of visible sky more than doubled after harvest (Table 1).
The increase in light was relatively patchy (e.g., around old oaks or
where spruces were cut).

2.3. Species surveys

The focus of this study is on forest stands rather than individual
pieces of woody debris. Epixylic species richness and composition
may differ among different tree species (McAlister, 1995;
Heilmann-Clausen et al., 2005; Mills and Macdonald, 2005) and
different dimensions of the CWD (Söderström, 1988b; Ódor et al.,
2006). Since we have analyzed the same CWD units before and
after cutting (five logs and three stumps in each 1 ha plot), we did
not include separate studies of these patterns. CWD units were
selected to represent the largest and most species rich units in
intermediate stage of decay. Oaks were preferred, but when
unavailable we located CWD units of other tree species in such a
way that similar tree species were preferred within each pair of
experimental and control plots. When several similar CWD units
were available, we made a random selection. After the partial cut,
80% (194) of the marked logs were found with 100% reliability and
only these were used in further analyses. All CWD units could not
be reliably detected due lost tags and destruction during cutting.

The diameter of logs was 10–70 cm (median 20 cm) in the
experimental plots and 10–90 cm (median 20 cm) in the control
plots. The diameter of stumps was 10–90 cm (median 40 cm) in the
experimental plots and 20–80 cm (median 40 cm) in the control
plots. One hundred and eight (56%) CWD units were Q. robur/Q.

petraea, 19 (10%) were B. pendula Roth/B. pubescens Ehrh., 19 (10%)
P. abies (L.) H. Karst., 10 (5%) Tilia cordata Mill., 8 (4%) Salix caprea L.,
7 (4%) each of P. tremula L., Alnus glutinosa, and Sorbus aucuparia L.,
and 1–3 each of F. excelsior, Malus sylvestris (L.) Mill, Prunus avium

(L.) L. and Crataegus spp. We recorded all species of lichens, mosses
and liverworts on each CWD unit. The pre-cutting inventory was
conducted in September–November 2000, and the post-cutting
inventory was performed in October 2004.

The nomenclature follows Santesson et al. (2004) for lichens,
Hill et al. (2006) for mosses and Hallingbäck et al. (2006) for
liverworts. Some species that were common but often poorly
developed and thereby not easily identified in the field were
treated collectively. Species in the genus Cladonia were noted as
Cladonia spp., except some easily identified species: Cladonia

caespiticia, Cladonia coniocraea, Cladonia digitata, Cladonia para-

sitica, and Cladonia rangiferina. Several species in the genus Micarea

(except M. prasina and M. adnata) were called Micarea spp.;
Placynthiella dasaea and P. icmalea were pooled; Trapeliopsis

granulosa and T. flexuosa were pooled; Plagiothecium curvifolium

and P. denticulatum were pooled. Species in the genus Pertusaria

and Thuidium were treated at the genus level (i.e., Pertusaria spp.
and Thuidium spp.).

The decomposition of wood may be slower in a dryer
microclimate after a partial cut, and therefore the species
composition may change at a slower rate. In that case more
species dependent on early successional stages may be found in the
cut plots compared to control plots. To measure this potential
effect, each species was grouped, if possible, in one of two groups
according to their preference for successional stage of dead wood:
(1) predominantly epiphytic species (i.e., species mainly living on
bark or on both wood and bark) and (2) true epixylic species (i.e.,
species that rarely are found on substrates other than dead wood).
Remaining species were treated as generalist species, defined by
their occurrence on at least two of four substrate types (bark,
wood, soil, stone). The strict soil/wood-preferring species were too
few to be tested as a late successional category separately. Species
pooled at the genus level were not included in any group. The
grouping was based on species lists compiled by Hallingbäck
(1995, 1996), and unpublished data on occurrence of bryophytes
and lichens on stone and ground from the same study plots.

To assess the effect of partial cutting on species of particular
conservation concern, we pooled the number of species indicating
high forest conservation value (Swedish Woodland Key Habitat
Inventory; Norén et al. (2002)) and Red Data Book species
(nationally listed according to criteria developed by the World
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Conservation Union, IUCN, see Gärdenfors (2005)), and tested this
subset of species separately.

2.4. Analyses

The mean number of species per CWD unit was calculated for
each cutting and control plot, before and after cutting. Logs and
stumps were analyzed separately, since the epixylic species
diversity and composition on these may differ (Söderström,
1993; Mills and Macdonald, 2005). For each plot the proportional
change in species number C1 was calculated as: C1 = (e � d)/d,
where d denotes the mean species number per CWD unit before
cutting and e denotes the mean species number per CWD unit after
the partial cut. The measure ‘‘colonisation of species’’ denotes the
number of species for each CWD unit that was present after the
partial cut, but not before the partial cut (always n = 15 plots).
‘‘Extinction of species’’ refers to the number of species for each
CWD unit that was present before the partial cut, but not after, as a
proportion of the species present before cutting. Mean values were
calculated for each plot before analysis. One site was excluded
from the stump analysis, because stumps were absent from that
plot. Sites were also excluded for organism groups that were not
present in both experimental and control plots before the partial
cut. Permutation tests for paired replicates (Siegel and Castellan
(1988); exact test in SPSS 12.0.1) were used to test if the changes in
species numbers, colonisations and extinctions between experi-
mental and control plots differed.

To relate the changes in species diversity, colonisations and
extinctions to the natural turnover of species, we calculated
turnover of species in both cut and control plots. The turnover t

(the proportion of species eliminated or replaced from before to
after the partial cut) was calculated as t = (b + c)/(S1 + S2), where b

is the number of species present only before cutting, c is the
number of species present only after cutting, S1 is the total number
of species before cutting, and S2 is the total number of species after
cutting (Brown and Kodric-Brown, 1977). Firstly, the turnover t

was calculated for each CWD unit, and secondly, a mean for all
CWD units was calculated for each study plot, separately for logs
and stumps. The turnover for CWD units without species in a
certain category was set to zero. Paired permutation tests were
used to test if the mean turnover for logs and stumps, respectively,
differed between experimental and control plots.

To illustrate changes in species composition of lichens and
bryophytes due to cutting, we used correspondence analysis (CA;
Table 2
Species number per coarse woody debris (CWD) unit before partial cutting in oak-

rich forests

CWD

type

Organism

group

Plot

typea

nb Species number/CWD unit before cutting

Mean � std Minimum Maximum

Log Lichens Exp 15 2.4 � 1.3 0.6 6.0

Log Lichens Con 15 2.3 � 1.3 0.5 4.8

Log Mosses Exp 15 3.2 � 1.7 1.3 7.0

Log Mosses Con 15 3.0 � 1.4 0.7 4.8

Log Liverworts Exp 14 1.6 � 1.1 0.3 4.0

Log Liverworts Con 14 1.4 � 0.6 0.5 2.4

Stump Lichens Exp 14 2.2 � 1.0 0.5 5.0

Stump Lichens Con 14 2.4 � 1.2 1.0 5.5

Stump Mosses Exp 14 2.5 � 1.5 0.3 5.0

Stump Mosses Con 14 2.5 � 1.4 0.7 5.5

Stump Liverworts Exp 10 1.3 � 0.9 0.3 3.0

Stump Liverworts Con 10 0.9 � 0.6 0.3 2.0

a Exp = experimental plot with partial cut, con = control plot (no treatment).
b Number of study sites (only sites with the organism group present in both

experimental and control plots before cutting; each n consists of up to five logs and

up to three stumps, respectively).
CANOCO 4.5; ter Braak and Šmilauer, 2002). Separate tests were
carried out for logs and stumps. The data for logs consisted of 113
species as rows and 60 surveys as columns (15 sites, two plots
visited twice). The data for stumps consisted of 69 species (species
identified to genus level omitted) and 52 surveys (13 sites). The
frequencies were expressed as proportion (%) of logs or stumps
with a certain species. We used the default options in the program
and tested for changes along the first two axes separately. A change
in axis-values from before to after cutting was calculated for each
study plot and tested with a paired permutation test (experimental
versus control plots) with n as the number of study sites.

For a complementary evaluation of the effect of cutting on
species diversity, we calculated changes where common and rare
species had equal weight. Only species that occurred or were
lacking in both plot types at a site before cutting were included.
The ‘change’ for each species could have been: increase, unaffected,
or decrease; outcomes for lichens, mosses and liverworts were
compared between experimental and control plots. We used sign
Fig. 2. Relative change in species number per coarse woody debris (CWD) unit from

before to after partial cutting in oak-rich forests. The change is shown separately for

(a) logs (n = 15 study sites) and (b) stumps (n = 14 study sites) in experimental (exp)

and control (con) plots. The boxes show 25–75% quartile range, the line shows the

median and the whiskers the minimum and maximum values.



Fig. 3. (a) Change in species composition of lichens and bryophytes on logs (multivariate analysis CA, sample scores). The arrows show the change from before partial cutting

(year 2000) to after partial cutting (year 2004). The grey arrows show the changes in experimental plots and the black arrows the changes in control plots. Each number

denotes a study site, see Fig. 1. (b) Change in species composition of lichens and bryophytes on logs (multivariate analysis CA, species scores). Grey labels denote lichens, black

H. Paltto et al. / Forest Ecology and Management 256 (2008) 536–547540
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test to test if the proportion of increases and decreases differed
from 0.5 (Daniel, 1995).

Throughout the paper, tests with p-values�0.050 are treated as
significant, but all p-values �0.200 are reported since the number
of sites is relatively low (n = 9–15) and the risk of accepting false
null-hypotheses is relatively high (Daniel, 1995). The measure of
variation is standard deviation (S.D.) throughout the paper.

3. Results

3.1. Species and species groups

In total we found 54 lichen, 60 moss and 17 liverwort species
(see Appendix A). Forty percent of the lichen specimens consisted
of Cladonia coniocraea, Cladonia sp., and Lepraria incana. The mosses
Hypnum cupressiforme, Dicranum scoparium and Dicranum mon-

tanum accounted for 47% of all moss specimens. The two most
common liverworts Lophocolea heterophylla and Ptilidium pulcher-

rimum accounted for 60% of all specimens within this group.
Fourteen species were Indicator species (four lichens, seven
mosses, three liverworts). Four species were Red Data Book
species (three lichens, one liverwort). Twenty-nine were pre-
dominantly epiphytic species (25 lichens, two mosses, two
liverworts), 17 were true epixylic species (seven lichens, five
mosses, five liverworts), 68 were generalist species (17 lichens, 41
mosses, 10 liverworts) and the seven taxa consisting of pooled
species were not categorized (five lichens, two mosses).

3.2. Species richness and turnover on logs and stumps

Before the partial cut we found on average 2.4 species of lichens
per log, 2.3 lichens per stump, 3.1 mosses per log, 2.5 mosses per
stump, 1.5 liverworts per log and 1.1 liverworts per stump
(Table 2).

The species turnover t (the proportion of species eliminated or
replaced from before to after the partial cut) was 40 � 10% per log in
the experimental plots and 44 � 12% per log in the control plots
(mean � S.D., n = 15 study sites); the species turnover on stumps was
45 � 15% per stump in the experimental plots and 42 � 17% in the
control plots (n = 14). The values did not differ significantly between
experimental and control plots.

After the partial cut the number of lichen species per stump
increased more in the experimental plots (+76%) than in the
control plots (+26%; paired permutation test; p = 0.028; Fig. 2b).
The change in species number of lichens on logs, mosses on logs,
mosses on stumps, liverworts on logs, and liverworts on stumps
(Fig. 2a and b) did not differ significantly between experimental
(exp) and control (con) plots, but the relative decrease for
bryophytes (mosses and liverworts pooled) on stumps due to
cutting was nearly significant (exp: +7%; con: +46%; p = 0.058).

After the partial cut the colonisation rate of lichen species on
stumps was higher in experimental (2.5 new species/CWD) than in
control plots (1.5 new species/CWD; paired permutation test;
n = 14; p = 0.006). The colonisation rate of mosses (n = 14) and
liverwort (n = 10) species on stumps; and lichens (n = 15), mosses
(n = 15) and liverwort (n = 14) species on logs did not differ
significantly between the two plot types. The pooled number of
colonisations of mosses and liverworts was nearly significantly
higher in the control plots (exp: 2.0 new species/CWD; con: 2.5
new species/CWD; n = 14; p = 0.078). The difference in proportion
of extinctions was non-significant for the six tested species
labels denote mosses and black bold labels denote liverworts. See Appendix A for abbrevia

of the species name). Note that figures a and b illustrate the same analysis, for samples (st

two axes therefore corresponds to one another.
categories (extinctions of lichens on logs: exp: 52% of the initial
species number per log; con: 40%; n = 15; p = 0.193).

For all study sites pooled, numerous species were favoured/
unaffected/disfavoured by the experimental cutting: lichens: 16
species increased, seven were unaffected, eight decreased (sign
test; p = 0.152); mosses: 21 increased, one was unaffected, 18
decreased; liverworts: four increased, two were unaffected, five
decreased.

3.3. Species composition on logs and stumps

The species composition in experimental and control plots,
before and after cutting are shown in Fig. 3a and b. A major
humidity gradient is found from the lower part of the diagram with
more humid study sites (study sites 1–3, 6, 7, 9; mainly located in
south-west Sweden, Fig. 1) to the upper part of the diagram with
drier study sites (study sites 13–15; mainly located in south-east
Sweden). The two study sites in the upper right corner are very dry
sites on calcareous ground (14 and 15; situated on the island
Öland).

From before to after partial cut, the change in species
composition on logs, along axis 2 in CA, differed between
experimental and control plots (paired permutation test;
p = 0.048; n = 15). The species composition did not change in the
experimental plots, while the direction of change was towards a
more bryophyte-rich vegetation in the control plots (the change in
the control plots was negative along axis 2 as shown in Fig. 3a and
b). The change in species composition along axis 1 did not differ
between the plot types. No changes were detected for stumps
(n = 13 study sites). The first axis in CA for logs explained 7.7% of
the variation in the data, and the second axis an additional 7.1%.
Corresponding data for stumps were 10% for the first axis and an
additional 6.5% for the second axis.

3.4. Successional groups and generalists

Before the partial cut the mean number of predominantly
epiphytic species per CWD unit was 0.94 � 0.78 in the experimental
plots and 0.93 � 0.56 in the control plots, the number of true epixylic
species was 0.83 � 0.55 (exp) and 0.67 � 0.33 (con), and the number
of generalists was 4.1 � 1.4 (exp) versus 3.8 � 1.0 (con). The
proportional change in numbers after cutting did not differ
significantly between experimental and control plots, as tested for
the three categories of species: the predominantly epiphytic species
increased with 4 � 77% in experimental plots and showed no change
(0 � 104%) in the control plots (n = 15 study sites); the true epixylic
species decreased with 47 � 28% in experimental plots and with
25 � 55% in control plots (n = 13); the generalist species increased
with 28 � 37% in experimental plots and with 31 � 39% in the control
plots (n = 15).

The proportion of extinctions of generalist species was higher for
experimental than for control plots (exp: 43� 16%; con: 16 � 13%;
n = 15, paired permutation test; p < 0.001; Fig. 4). The number of
colonisations for the three tested groups and the proportion of
extinctions for predominantly epiphytic species and true epixylic
species did not differ between experimental and control plots: the
average number of colonisations per CWD unit of predominantly
epiphytic species was 0.64� 0.74 in experimental plots and
0.44� 0.42 in control plots (n = 15); the number of colonisations of
true epixylic species was 0.18� 0.19 in experimental plots and
0.29� 0.30 in control plots (p = 0.195; n = 15); the number of
tions (each consisting of the first four letters of the genus name and three first letters

udy sites) and species, respectively. The positions of species and study sites along the



Fig. 4. Extinctions of species on coarse woody debris after partial cutting in oak-rich

forests. The extinctions (proportion of species present before but not after cutting of

the total number of species present before cutting) of species are shown separately

for epiphytic, epixylic and generalist species in experimental (exp) and control

(con) plots (n = 15, stumps and logs not separated). The boxes show 25–75% quartile

range, the line shows the median and the whiskers the minimum and maximum

values.
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colonisations of generalist species was 2.9� 1.3 in experimental plots
and 2.8 � 1.1 in control plots (n = 15); the proportion of extinctions of
predominantly epiphytic species was 67� 33% in the experimental
plots and 70 � 28% in the control plots (n = 15; Fig. 4); the proportion of
extinctions of true epixylic species was 73� 24% in the experimental
plots and 73� 26% in the control plots (n = 13; Fig. 4).

3.5. Indicator and Red Data Book species

The most common Indicator species in the study were the
bryophytes Nowellia curvifolia and Herzogiella seligeri: both were
found on more than 10 CWD units. All other Indicator/Red Data
Book species were found on less than five CWD units. The mean
number of Indicator and Red Data Book species before cutting was
0.43 � 0.35 per CWD unit in experimental plots and 0.39 � 0.24 in
control plots. The change in species number for these groups due to
the partial cut did not differ between experimental and control plots
(exp: �29 � 55% and con: �26 � 72%; n = 10 study sites). No
differences were found in species colonisations (n = 15) and extinc-
tions (n = 9) for the two plot types.

4. Discussion and conclusions

Few experimental evaluations of partial cutting have been
performed for epixylic species, and even fewer separated the effect
of cutting from the effect of confounding factors at site level such as
quality and amount of dead wood. The present study design, based
on surveys of exactly the same pieces of dead wood before and after
cutting in paired experimental and control plots, allows drawing
such robust conclusions about pure effects of cutting. Our short-
term experiment in mixed oak forests shows that epixylic species
composition shifts towards a flora typical for dry dead wood (more
lichens, less bryophytes) in comparison with control plots. Since the
overall negative effects were weak, the partial cut seems to be less
harmful for the epixylic flora than clear-cutting. Few, if any, studies
have compared short-term effects on epixylic species on clear-cuts
versus partial cuts directly but comparisons of managed forest
(former clear-cuts) and old-growth forest show significant negative
long-term effects of clear-cutting (Söderström, 1988a; Lesica et al.,
1991; Rambo and Muir, 1998b; Ódor and Standovár, 2001).
However, none of these studies could separate the effect of the
changes in microclimatic conditions from the changes in the amount
of dead wood after clear-cutting, as in our study.

4.1. Bryophytes and lichens on logs and stumps

After the partial cut the relative number of epixylic lichens per
stump increased and the number of epixylic bryophytes on stumps
tended to decrease (nearly significantly, p = 0.058). There are few,
if any, studies of early effects of cutting on epixylic species, or
studies that separate stumps from logs. Söderström (1988a) found
a pattern resembling the results of our study. More epixylic lichens
and fewer bryophytes were found on logs/stumps in a managed
compared to an old-growth boreal conifer forest (stumps were
more frequent in the managed forest). Both lichen and bryophyte
numbers tended to be higher in old-growth compared to mature
stands for aspen mixedwood forests (Crites and Dale, 1998) and for
oak forests (Humphrey et al., 2002). In Canada, bryophytes and
particularly liverworts seemed to be more species rich on logs in
moist compared to dry habitats (Muhle and LeBlanc, 1975; not
statistically evaluated). Many studies of substrates other than dead
wood indicate that lichens are common in dry habitats compared
to bryophytes that are relatively more abundant in moist habitats
(Pharo and Beattie, 1997). The reason why lichens are often more
common than bryophytes in early successional decay stages
(Söderström, 1988b; Crites and Dale, 1998) may be due to the
tolerance of lichens to the lower water content of the substrate in
early compared to late successional stages.

The establishment phase of epixylic species seems to be more
sensitive to changes in microclimate following a partial cut,
compared to later life stages, since the colonisation of both lichens
(clearly significantly) and bryophytes (nearly significantly) was
affected by the partial cut while the proportion of extinctions was
not. Lichen establishment was favoured by the more dry and sunny
microclimate following the partial cut, while the opposite was true
for bryophytes. Wiklund and Rydin (2004) showed that high water
availability in dead wood is important for spore germination of a
true epixylic bryophyte, which seems to be in accordance with our
results for epixylic bryophytes.

The number of liverwort species was not significantly affected
by the partial cut. This is in contrast to other studies showing that
liverworts are sensitive to desiccation or forestry operations
(Clausen, 1964; Muhle and LeBlanc, 1975; Gustafsson and
Hallingbäck, 1988; Söderström, 1988a; Lesica et al., 1991; Rambo
and Muir, 1998b; Vellak and Paal, 1999; Ódor and Standovár, 2001;
Rambo, 2001; Åström et al., 2005). Our stands were semi-open in
historical time, and the liverwort flora may, due to a historically
drier microclimate in comparison with other types of forests, never
have been diverse or included species tolerant to desiccation. The
lack of effect of cutting on liverworts in the present study may also
arise from the weaker effect of partial cutting than clear-cutting.
The lack of significant effect for stumps may also arise from the
relatively small sample size (n = 10 sites).

We found no effect of cutting on species numbers of lichens and
bryophytes on logs. The logs in this study are probably dryer as
substrates compared to stumps since the logs are thinner, and
these may or may not have contact with the forest floor while
stumps always are in contact with the forest floor. Therefore, the
change in microclimate due to the partial cut, and thus changes in
species numbers, may be smaller on logs compared to stumps.
In addition, the logs are larger units than stumps, which may result
in proportionally smaller changes in species numbers.
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The partial cut had a significant, but weak, relative effect on
overall species composition of logs, while no such effect was found
for stumps. The species composition on logs in experimental plots
did not change, while the direction of change in the control plots
was towards a bryophyte-rich species composition typical of
moister environments. It seems that the partial cut can halt the
natural change of species composition that arise after ceased
grazing and closure of forest canopies. The heterogeneity of the
cutting may be a reason for the minor effect on species
composition: the change in light conditions of individual CWD
units apparently varied from mild to relatively drastic.

The temporal turnover of epixylic species per log or stump was
high, 40–45% during the 4-year study period, in both experimental
and control plots. The high species turnover may be a result of
natural succession on decaying substrates and/or a highly dynamic
species community that may be driven by varying weather
conditions. We suggest that the species community is highly
dynamic because the degree of decay did not change much during
the 4 years between the inventories. In other words, the high
turnover rate in control plots may depend on varying weather
conditions between the two time points of surveys, while the high
turnover rate in experimental plots may depend on both different
weather conditions and cutting. The latter two effects in
combination might explain why the turnover rate of species in
the experimental plots happens to be of the same magnitude as in
the control plots. As far we are aware, no comparable results
according to turnover rates have been presented earlier for epixylic
species.

4.2. Successional groups and generalists

Species composition of epixylic lichens and bryophytes changes
during the succession as logs decay (Jovet and Jovet, 1944;
McCullough, 1948; Raschendorfer, 1949; Muhle and LeBlanc,
1975; Harmon et al., 1986; Andersson and Hytteborn, 1991; Crites
and Dale, 1998; Kruys et al., 1999; Ódor and van Hees, 2004; Mills
and Macdonald, 2005). The successional pattern, on a certain tree
species at a certain decay stage, may be influenced by the moisture
level of the microhabitat (McCullough, 1948; Raschendorfer, 1949;
Muhle and LeBlanc, 1975). Cutting in a forest potentially alters the
successional trajectory of epixylic species. However, in the present
study the numbers of predominantly epiphytic species, true
epixylic species or generalists were not affected by the partial cut.
The reason for this may be a lack of response or a non-significant
and non-important effect due to the fact that the cutting is partial.
It is possible that an effect is weak or absent if measured on the
forest stand level as in this study, while individual CWD units may
respond clearly but differently depending on the type of substrate
(e.g., tree species, decay stage, diameter).

Somewhat surprisingly, the proportion of extinctions of
generalist species significantly increased due to the partial cut.
But the change in the total numbers was not affected since the
background level of extinctions (in control plots) was much lower
for generalist species than for the other two groups (see Fig. 4). A
closer look at the species list (see Appendix A) reveals that the
group of generalists is dominated by bryophytes for which the
mean magnitude of change per individual species is a decrease of
52% in contrast to the generalist lichen species that increased with
by 16% (only species with changes calculated in the Appendix A are
included in these figures). As shown earlier, epixylic bryophytes
tend to decrease (nearly significantly) due to the partial cut, and
the figures above indicate that generalist species of bryophytes on
dead wood are particularly sensitive to cutting.

4.3. Indicator and Red Data Book species

The pooled number of Indicator and Red Data Book species did
not change due to the partial cut, but note that they declined in
both experimental and control plots, and the changes were similar
for both plot types. The reasons for this finding may be an actual
decrease due to the partial cut, and due to the gradually increasing
shadiness in the control plots. We have no evidence for increase in
shadiness during the study, but some species may decline with a
time lag after a process of secondary succession. Other possibilities
are pure inter-annual variation in population sizes related to
climate, or a general decrease following habitat loss in the
surrounding landscape.

4.4. Conclusions and implications

Our short-term experiment with partial cutting in mixed oak
forests shows that the epixylic species composition shifts towards
a flora typical for dry dead wood (more lichens, less bryophytes).
Since we found a positive short-term response for lichens, and the
overall negative effects were weak, we suggest that partial
harvesting of dense oak forests is compatible with maintenance
of the diversity of lichens and bryophytes on retained dead wood.
Many other species groups, such as saproxylic and herbivorous
beetles (Franc, 2007), vascular plants (Götmark et al., 2005), and
forest floor bryophytes (unpublished data) presumably gain from
such a treatment, while other groups, such as wood-inhabiting
ascomycetes (Nordén et al., 2008) and mycetophilids (Økland et al.,
in press), are unaffected. Hence, we recommend partial cutting as a
management alternative in oak-rich forests in southern Sweden,
but not in all such forests, since at least two species groups, wood-
inhabiting basidiomycetes (Nordén et al., 2008) and terrestrial
molluscs (unpublished data, F. Götmark), are disfavoured by
increased canopy openness. Finally, our results and recommenda-
tions are based on short-term evaluations, and it is important to
study long-term effects of partial cutting in oak-rich forests.
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companies Holmen Skog, and Sveaskog. We gratefully acknowl-
edge the foundations of M.C. Cronstedt, L. Hierta, W. and M.
Lundgren for financial support. The study was a part of a project
studying oak forests and biodiversity, financed by the Swedish
Energy Agency, the Swedish Research Council (VR) and the
Research Council for Agricultural Sciences and Spatial Planning
(FORMAS).



Appendix A

Number of coarse woody debris units (of 96 in experimental plots and 98 in control plots) occupied by a species before and after partial

cutting in oak-rich forests (the 15 study sites pooled).

Species Indicator speciesa Red Data Book speciesb Exp 2000 Exp 2004 Control 2000 Control 2004 Net effect (%)c

Predominantly epiphytic species

Lichens

Arthonia spadicea T 1 0 2 0 0

Calicium salicinum 1 0 1 0 0

Chaenotheca trichialis 0 0 1 0

Dimerella pineti 5 1 9 3 S13

Evernia prunastri 2 1 0 3

Gyalideopsis anastomosans 1 0 0 0

Hypocenomyce scalaris 8 5 5 2 23

Hypogymnia physodes 11 14 15 12 47

Imshaugia aleurites 3 2 2 1 17

Micarea adnata EN 2 0 0 0

Mycobilimbia epixanthoides 0 0 1 0

Mycoblastus fucatus 1 0 0 0

Parmelia sulcata 5 12 4 7 65

Parmeliopsis ambigua 3 7 3 4 100

Parmeliopsis hyperopta 1 5 2 3 350

Platismatia glauca 4 10 6 5 167

Pseudosagedia aenea 0 0 1 0

Ramalina farinacea 0 1 0 2 S
Ramalina fastigiata 1 0 0 0

Ropalospora viridis 1 0 0 0

Sclerophora pallida T 1 0 0 0

Scoliciosporum chlorococcum 0 0 1 0

Usnea filipendula 1 0 0 0

Usnea subfloridana 0 1 0 2 S
Vulpicida pinastri 2 3 4 1 125

Mosses

Platygyrium repens 1 7 3 5 533

Ulota crispa T 0 0 3 0

Liverworts

Frullania dilatata 0 0 1 0

Ptilidium pulcherrimum 33 31 23 19 11

True epixylic species

Lichens

Absconditella delutula VU 1 0 0 0

Absconditella lignicola 1 0 1 0 0

Chaenotheca brachypoda 0 0 0 1 S
Chaenotheca brunneola 2 0 0 0

Chaenotheca xyloxena 1 0 0 0

Cladonia parasitica T NT 1 1 1 1 0

Lecidea botryosa T 0 1 1 0

Mosses

Aulacomnium androgynum 8 6 3 3 S25

Buxbaumia viridis T 0 0 2 1

Herzogiella seligeri T 7 3 5 8 S117

Plagiothecium laetum 15 1 13 0 7

Tetraphis pellucida 19 21 14 22 S47

Liverworts

Anastrophyllum hellerianum T NT 0 0 1 1

Blepharostoma trichophyllum 1 0 0 0

Cephalozia catenulata 5 0 2 0 0

Cephalozia lunulifolia 0 0 2 0

Nowellia curvifolia T 16 9 13 11 S28

Generalist species

Lichens

Bacidina arnoldiana 0 0 1 0

Biatora vernalis 0 0 1 0

Calicium glaucellum 1 0 1 0 0

Cetraria islandica 1 1 0 0

Chaenotheca furfuracea 1 1 1 0 100

Chaenothecopsis pusilla 1 0 1 0 0

Cladonia caespiticia 0 0 1 0

Cladonia coniocraea 38 56 31 38 25

Cladonia digitata 17 25 21 22 42

Cladonia rangiferina 0 4 1 1

Lepraria incana 17 43 19 41 37
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Appendix A (Continued )

Species Indicator speciesa Red Data Book speciesb Exp 2000 Exp 2004 Control 2000 Control 2004 Net effect (%)c

Melanelia fuliginosa 1 0 1 0 0

Micarea prasina 17 23 16 29 �46

Peltigera canina 3 2 1 0 67

Peltigera degenii 1 0 0 0

Peltigera praetextata 2 2 2 4 �100

Placynthiella uliginosa 0 0 1 0

Mosses

Amblystegium serpens 7 2 6 1 12

Antitrichia curtipendula � 0 0 0 2 �
Atrichum undulatum 0 1 0 5 �
Brachytheciastrum velutinum 0 3 0 2 +

Brachythecium rutabulum 3 3 2 9 �350

Brachythecium salebrosum 12 5 16 9 �15

Bryum moravicum 2 1 1 0 50

Ceratodon purpureus 0 0 0 1 �
Dicranum flagellare 0 0 0 1 �
Dicranum fuscescens 16 8 11 0 50

Dicranum majus 2 2 1 3 �200

Dicranum montanum 21 31 22 26 29

Dicranum polysetum 1 0 1 0 0

Dicranum scoparium 45 72 47 67 17

Ditrichum heteromallum 1 0 0 0

Eurhynchium angustirete 0 1 0 0 +

Homalia trichomanoides � 0 1 0 0 +

Homalothecium sericeum � 0 1 4 4

Hylocomium splendens 11 15 7 20 �149

Hypnum cupressiforme 60 75 63 85 �10

Isothecium alopecuroides 0 1 4 2

Isothecium myosuroides 0 0 0 1 �
Mnium hornum 6 12 8 8 100

Neckera complanata 0 1 0 0 +

Paraleucobryum longifolium 0 1 0 0 +

Plagiomnium affine 5 0 3 6 �200

Plagiomnium cuspidatum 0 1 0 0 +

Plagiomnium undulatum 0 2 1 2

Pleurozium schreberi 14 20 12 11 51

Polytrichastrum formosum 0 6 0 7 �
Polytrichum commune 0 2 0 1 +

Polytrichum juniperinum 0 1 0 0 +

Ptilium crista-castrensis 2 3 0 1

Rhizomnium punctatum 3 5 1 5 �333

Rhodobryum roseum 1 1 0 0

Rhytidiadelphus loreus � 3 3 0 0

Rhytidiadelphus squarrosus 0 0 0 3 �
Rhytidiadelphus triquetrus 6 4 3 8 �200

Sanionia uncinata 0 4 0 2 +

Sciuro-hypnum oedipodium 2 4 4 1 175

Sciuro-hypnum reflexum 9 9 11 7 36

Liverworts

Barbilophozia barbata 1 0 1 2 �200

Frullania tamarisci � 1 0 0 0

Lepidozia reptans 9 7 2 7 �272

Lophocolea heterophylla 39 32 26 30 �33

Lophozia longidens 16 0 8 0 0

Metzgeria furcata 2 0 10 6 �60

Plagiochila asplenioides ssp. porelloides 2 4 2 2 100

Radula complanata 1 1 2 1 50

Scapania nemorea 1 0 0 1

Pooled species

Lichens

Cladonia sp. 29 48 24 47 �30

Micarea sp. 10 24 6 12 40

Pertusaria sp. 1 0 5 3 �60

Placynthiella dasaea/icmalea 7 16 9 6 162

Trapeliopsis flexuosa/granulosa 17 32 17 22 59

Mosses

Plagiothecium curvifolium/denticulatum 3 15 7 19 229

Thuidium sp. 3 4 3 4 0

a Indicator species are listed according to the Swedish Key Habitat inventory (Norén et al., 2002).
b The Swedish Red Data Book species follow Gärdenfors (2005): EN = endangered, VU = vulnerable, NT = near threatened.
c The relative net effect (the difference in proportional change in experimental and control plots) of the partial cut is calculated only for species either present in both

experimental and control plot before the partial cut, or absent from both plot types before cutting.
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