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Oaks (Quercus robur) can reach a considerable age, which makes them an important 
substrate for many epiphytic lichens, including several red-listed species. We studied 
the importance of tree size and other environmental factors for the occurrence of six 
epiphytic lichens at two sites, in southeastern Sweden, differing in quality as judged by 
tree size distribution and number of old trees. The effects of tree circumference, light 
availability, trunk inclination and site were analysed. Results showed that different 
lichen species responded differently to these factors, but, overall, tree size was most 
important for lichen occurrence. Five species showed a positive relation to tree size, 
but the 50% probability of occurrence was reached at different tree sizes among these 
species and there were also site differences. This study shows that the maintenance of 
old trees is crucial for several lichen species, which highlights the importance of long-
term management plans.
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Introduction

Old growth deciduous forests have declined all 
over Europe to only a fraction of their original 
extents (Hannah et al. 1995) and old trees have 
become scarce. Old trees have also declined in 
wooded pastures due to changing land use and 
management. This has had a negative effect on 
several species groups associated with old trees 
and today these species groups only exist in 
remnant populations (Harding & Rose 1986). 

One such group is epiphytic lichens associated 
with old oaks (Quercus robur). Today, only a 
few extensive areas with oak are left and one of 
them is situated in Östergötland, in southeastern 
Sweden. Even though the number of oaks has 
declined also here, the province is still consid-
ered to be one of the most important oak areas in 
northern Europe (Ek & Johannesson 2005).

Oaks change as they age and a good example 
of this is the bark structure, going from being 
smooth on young trees to very rough with deep 
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fissures on old ones. With increasing age, the 
chemical properties, hardness and water-holding 
capacity of the bark changes (Barkman 1958, 
Pedersen 1980). These changes are involved 
in causing a characteristic succession of the 
epiphytic lichens on an aging oak. Young oaks 
are dominated by common, easily-established 
generalist species, but with increasing age, the 
lichen flora change towards more oak-specific 
species (Rydberg 1997). The oak is an important 
substrate for epiphytic lichens with, e.g., over 
300 species being recorded on oak in England 
(Rose 1974) and about 260 species in Sweden 
(Arup 1997). Due to the scarcity of old oaks and 
their rapid decline during the 19th century (Nik-
lasson et al. 2002, Eliasson & Nilsson 2002), a 
large number of old-oak specialist are red-listed 
in Sweden (Gärdenfors 2005). In the province 
of Östergötland, 23 red-listed, oak-associated 
lichen species have been reported and several 
of these lichens have a large proportion of the 
total Swedish population, or even European, in 
Östergötland (Ek et al. 2001).

Many studies have shown the importance 
of tree size and/or number of old trees for the 
occurrence of specific lichen species (Gustafsson 
et al. 1992, Johansson & Ehrlén 2003, Ranius 
et al. 2008), the total density of lichen biomass 
(Esseen et al. 1996) and overall species richness 
(Kantvilas & Jarman 2004). However, models 
predicting specific tree sizes for different lichen 
species’ occurrence and how these models differ 
over sites of different quality (e.g. the density of 
potential dispersal sources) seem to be lacking. 
Knowledge about how tree size, as an easily 
obtainable proxy for age, and other factors affect 
occurrence of different lichen species could give 
information about how an oak stand should be 
planned and managed to maintain populations of 
sensitive and demanding lichen species.

The aim of this study was to describe the tree 
size preferences of six epiphytic lichens, known 
to represent different stages of the succession of 
lichens on oak, and to investigate how the occur-
rence of these species are related to different 
environmental factors. The six species were also 
selected to represent different levels of abun-
dance; from two common and widespread spe-
cies to more rare ones, including three that are 
red-listed in several countries in northern Europe 

one of which is red-listed in Sweden. Models 
for predicting occurrence in relation to tree size 
were created and two sites differing in quality 
(tree size distribution) were compared.

Material and methods

Study sites

The two study sites are situated in the province 
of Östergötland, southeastern Sweden. Both sites 
are nature reserves representing parts of the 
oak district of Östergötland, an area with many 
oak stands and old trees. The sites were chosen 
to be as similar as possible except for tree size 
composition and number of old trees (Fig. 1 and 
Table 1), an attribute of quality expected to be 
important.

Skolhagen in Brokind (58°12´N, 15°39´E) is 
a wooded pasture with deciduous trees character-
ized by widely-spaced old oaks. The area has a 
long continuity of oaks and today it has a high 
proportion of old trees. Tindrafältet in Tinnerö 
(58°22´N, 15°36´E) has been used as pasture or 
meadow at least since the 1600s. The area has a 
long continuity of deciduous trees where oak is 
the dominating species. Today, the area has a large 
proportion of young oaks. The spatial distribu-
tions of trees for both sites are given in Fig. 2.

Fig. 1. Tree size distribution at the two studied sites; 
Brokind (N = 400) and Tinnerö (458).
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Field work

The field work was conducted between May and 
September in 2006. Six epiphytic lichen species, 
differing in abundance and known, from field 
experience, to represent different stages of the 
succession of lichens on oak, were chosen: Cali-
cium adspersum, Chaenotheca phaeocephala, 
Chrysothrix candelaris, Cliostomum corrugatum, 
Evernia prunastri and Parmelia sulcata (Table 2).

The occurrence of the six species were 
recorded for all oaks with circumference > 17 
cm at breast height (CBH), within a delimited 
area at both sites (Table 1 and Fig. 2).

Lichens occurrence was examined from the 
end of the bryophyte border, at the base of the 
trunk, and 150 cm upwards. Circumference was 
measured at breast height, CBH, (130 cm) using 
a measuring tape. The time spent searching for 
lichens on each oak followed a function, based 
on data from a pilot study testing the time needed 
for finding different lichen species on trees of dif-
ferent sizes. The time (t) needed was dependent 
on the CBH of the tree: t = 0.0307CBH. Hence, 
more time was spent on larger oaks because of 
their larger trunk area. The smallest trees, CBH 
< 70 cm, did not follow the equation because the 
minimum time spent was set to 2 minutes. Some-

Table 1. The proportion of trees with occurrence of the studied lichen species and site information. Numbers in 
parentheses indicate standard deviation and range.

 Brokind Tinnerö

Number of trees 4000000 4580000
Parmelia sulcata 88.5% 95.4%
Evernia prunastri 98.8% 73.8%
Chrysothrix candelaris 88.5% 19.4%
Chaenotheca phaeocephala 58.0% 15.9%
Calicium adspersum 68.3% 14.2%
Cliostomum corrugatum 14.0% 03.9%
Tree circumference (cm) 202.8 (93.11; 17.0–558.0) 90.3 (67.26; 20.0–355.0)
Light availability (%) 32.5 (5.87; 15.0–55.0) 32.6 (7.68; 15.0–60.0)
Trunk inclination (°) 4.7 (4.71; 0–24.0) 5.6 (5.62; 0–51.0)
Approximate study area (ha) 12.0% 06.0%
Trees ha–1 33.0% 76.0%
Trees > 150 cm ha–1 26.0% 14.0%

Fig. 2. The spatial distribution of oaks at the study sites. Scales are in metres.
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times more time had to be spent to ensure correct 
species’ identification of difficult specimens, but 
the total search time remained unaffected.

Fissure depth was measured by putting a 
metallic ruler into the fissure, at breast height, 
and reading it against a straight object held over 
the fissure. This was made in all four cardinal 
points and a mean value was calculated per tree.

The inclination of the trunk was measured 
by attaching a 100-cm-long string, on the side 
of the tree where the lean was largest, at an 
approximate height of 150 cm. At the other end 
of the string, the distance at right angle in to the 
trunk was measured with a ruler. The lean angle 
was then calculated: arcsine ¥ (distance to trunk/
length of string).

Light availability was based upon a visual 
assessment of the proportion clear sky that 
lighted up the trunk. The area used was in the 

shape of 1/6 of a sphere, going from E to W, with 
S as midpoint, where the vertical angle (60° from 
the horizon) is largest. The area considered was 
first divided into two parts (S to W and S to E) 
and a mean value calculated based upon the sub-
jective estimates from each part.

Data analyses

Effects of CBH, light, inclination of the trunk 
and site on each species’ occurrence were ana-
lysed with a generalized linear model (GLM); 
binomial distribution, logit link function (logistic 
regression), using R 2.6.2 (R development core 
team 2008). Because E. prunastri occurred on 
99% of the trees in Brokind (Table 1), this case 
was excluded from analyses. Furthermore, the 
effect of CBH was also analysed separately, and 

Table 2. Details of the studied lichen species.

Species Habitat Rareness and distribution Reference

Parmelia sulcata Mostly on bark, but common and widespread Brodo et al. 2001,
 also on wood and  Hallingbäck 1995,
 mossy rocks, in both  Dahl & Krog 1973
 sun and shade
Evernia prunastri Growing on all kinds of common and widespread Brodo et al. 2001,
 trees in both sun and  Hallingbäck 1995,
 shade  Dahl & Krog 1973
Chrysothrix Mostly on rough bark Quite common. Arup 1997,
candelaris of oak and other Widely distributed Brodo et al. 2001,
 deciduous trees but also in old forests Hallingbäck 1995
 on spruce. Prefer
 shaded bark
Chaenotheca Mostly on old oaks but Scattered distribution all over Tibell 1978, Hultengren
phaeocephala also occasionally on a Sweden, locally common in 1995, Nitare 2000, Kålås
 few other deciduous the southeastern parts. et al. 2006, Rassi et al.
 trees and rarely also on Indicator of trees of high 2001, Woods & coppins
 pine. Often on sun conservation value in Sweden. 2003, Ludwig &
 exposed parts of the Red-listed in Norway, Finland, Schnittler 1996
 trunk england and Germany
Calicium Mostly on old oaks but Follows the distribution of oak Tibell 1977, Nitare
adspersum also occasionally on a in Sweden. Indicator species 2000, Kålås et al. 2006,
 few other deciduous for oaks that often have other Rassi et al. 2001, Woods
 trees. Often on the rare lichen species in Sweden. & coppins 2003,
 north side but avoiding Red-listed in Norway, Finland, Ludwig & Schnittler 1996
 moist substrates england and Germany
Cliostomum Mainly on old oaks but Occurs mainly in southeastern Gärdenfors 2005,
corrugatum also rarely on other Sweden and is very rare Hultengren 1995, Kålås
 deciduous trees with outside the range of oak. Also et al. 2006, Ludwig &
 rough bark. Prefers sun spread in europe. Red-listed in Schnittler 1996, Nitare
 exposure Sweden, Denmark, Norway, 2000, Rassi et al. 2001,
  Finland, england and Germany Woods & coppins 2003
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the predicted values with prediction bands were 
plotted using STATISTICA 7.0 StatSoft Inc. 
(2004). Calculations of CBH needed for 50% 
probability (P50) of lichen occurrence was made 
using an approach similar to that often used in 
toxicology when modelling dose response rela-
tionships and predicting the LD50 (lethal dose 
50; Kerr & Meador 1996).

Results

Altogether 858 trees were included in the analy-
sis (400 in Brokind and 458 in Tinnerö). The 
mean CBH was distinctly higher in Brokind than 
in Tinnerö (Fig. 1 and Table 1). In Tinnerö, the 
mean tree inclination was higher (F1,856 = 7.762, 
p = 0.005), but the light availability did not differ 
between sites (Table 1). The area of Tinnerö was 
approximately half of that of Brokind and thereby 
the number of trees per hectare was higher in Tin-
nerö. In contrast, the number of large trees, (CBH 

> 150 cm) was higher in Brokind (Table 1). The 
number of trees with occurrences of the differ-
ent lichen species is shown in Table 1; four of 
the species, C. adspersum, C. phaeocephala, C. 
candelaris and C. corrugatum were much more 
frequent at Brokind than at Tinnerö.

Effects of environmental variables

Occurrence of lichens were related to tree size, 
local environmental factors and site (Brokind 
or Tinnerö), and the effects differed between 
species (Table 3). Tree size (CBH) had a signifi-
cant effect on all species (Table 3) and was, for 
at least four species, by far the most important 
factor and for one of these the only factor of sig-
nificant importance in the GLM (Table 3).

For one species, E. prunastri, light condi-
tion and inclination had a significant effect: 
positive and negative, respectively. Site was of 
significant importance for all species except C. 

Table 3. Likelihood ratios and p values from species-wise analyses using four explanatory variables, and a binomial 
response variable (occurrence of the species).

 circumference at breast Site1 Light Tree inclination
 height (cBH)

P. sulcata
 p 0.041 0.034 0.928 0.937
 Likelihood ratio 4.17 4.48 0.01 0.01
 Relationship – + (Tinnerö)
E. prunastri
 p 0.014  < 0.001 0.010
 Likelihood ratio 5.99  18.21 6.70
 Relationship +  + –
C. candelaris
 p < 0.001 < 0.001 0.090 0.873
 Likelihood ratio 538.39 60.65 2.87 0.03
 Relationship + – (Tinnerö)
C. phaeocephala
 p < 0.001 0.543 0.651 0.380
 Likelihood ratio 384.85 0.15 0.20 0.77
 Relationship +
C. adspersum
 p < 0.001 0.003 0.646 0.083
 Likelihood ratio 278.95 8.79 0.21 3.08
 Relationship + – (Tinnerö)  –
C. corrugatum
 p < 0.001 0.034 0.182 0.215
 Likelihood ratio 228.57 4.5 1.53 1.78
 Relationship + + (Tinnerö)

1 Not evaluated for E. prunastri where only data from one site was included.
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phaeocephala. Fissure depth was not included in 
the model because of the strong correlation with 
CBH (R2 = 0.90, n = 858).

Tree size preferences

To describe the relationship of lichen occurrence 
and CBH, models (GLM, binomial distribution 
and logit link function) were created for each 
species. One species, C. phaeocephala, did not 
display a site difference (Table 3), which is why 
the graph for this species is based on data from 
both sites together (Fig. 3d and Table 4). For 
remaining species, data from the two sites were 
analysed separately (Fig. 3 and Table 4).

Five species had a positive relationship with 
an increasing CBH (Table 3). Of these, Evernia 
prunastri was the one found, to a large extent, on 
smaller trees. For the remaining four species, the 
probability of occurrence increased on smaller 
trees for C. candelaris as compared with that on 
the others, and this species also had the lowest 
P50 (and steepest slope). Chrysothrix candelaris 
was also found on smaller trees in Brokind and 
the confidence intervals of P50 are clearly sepa-
rated when comparing the two sites (Fig. 3c and 
Table 4).

Calicium adspersum was also found on trees 
with smaller CBH in Brokind and furthermore 
had a flatter slope at this site, but the P50 esti-
mates were relatively similar at the two sites 
(Table 4). Chaenotheca phaeocephala (Fig. 3d) 
had quite similar tree size preferences as C. 
adspersum (Fig. 3e), especially when comparing 
the results from Brokind for the latter. Cliosto-
mum corrugatum had the highest P50 values for 
occurrence (Table 4) and showed a tendency 
to occur on slightly smaller trees in Tinnerö 
(Table 3 and Fig. 3f). Parmelia sulcata was most 
frequently present on small trees and the only 
species showing a negative relationship with 
increasing CBH (Fig. 3).

Discussion

There are numerous factors affecting the occur-
rence of lichens (Barkman 1958). In this study, 
effects of tree size, light availability, bark fissure 
depth, inclination of the trunk and site quality 
were investigated and these factors were indeed 
shown to affect the occurrence of six lichen spe-
cies differently. The most important factor over-
all was tree size and, as expected, the shape of 
the relationship differed between species.

Table 4. coefficients (b1 and b2) describing the logistic curve  and the cBH (cm) giving a 50% 
probability of lichen occurrence (P50) with 95% confidence interval.

 N b1 Se b2 Se P50
1 95% cI p

P. sulcata
 Brokind 354 –2.56 0.375 0.00246 0.001554 – – 0.113
 Tinnerö 437 –3.46 0.385 0.00429 0.002834 – – 0.130
E. prunastri
 Tinnerö 338 –0.544 0.183 –0.00586 0.001907 – – 0.002
C. candelaris
 Brokind 354 5.32 0.878 –0.0543 0.007101 098 085–108 < 0.001
 Tinnerö 89 9.82 1.206 –0.0666 0.008375 147 140–156 < 0.001
C. phaeocephala
 Both sites 305 5.48 0.381 –0.0311 0.002168 176 170–184 < 0.001
C. adspersum
 Brokind 237 2.34 0.373 –0.0143 0.001946 163 145–179 < 0.001
 Tinnerö 65 7.37 0.783 –0.0410 0.004664 180 169–193 < 0.001
C. corrugatum
 Brokind 56 7.72 0.818 –0.0242 0.003103 319 299–347 < 0.001
 Tinnerö 18 9.24 1.466 –0.0346 0.006261 267 247–303 < 0.001

1 Not calculated for P. sulcata and E. prunastri, as that would extrapolate outside the range of cBH measurements.
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e f

d

Fig. 3. Probability, with 95% prediction bands, of lichen occurrence by circumference at breast height (cBH) 
according to the models presented in Table 4. a: Parmelia sulcata, b: Evernia prunastri, c: Chrysothrix candelaris, 
d: Chaenotheca phaeocephala, e: Calicium adspersum, f: Cliostomum corrugatum. Solid lines represents Brokind 
and dashed Tinnerö. For C. phaeocephala there was no significant site difference, so the dashed line in d indicates 
a model based on data from both sites.

Tree size preferences

All species had a significant relationship (one 

negative and five positive) with increasing tree 
size. Several studies have revealed a positive 
relationship between tree size and the occurrence 
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of individual epiphyte species (e.g. Uliczka & 
Angelstam 1999, Gu et al. 2001) but there are 
also reports of a negative relationship (Hedenås 
& Ericson 2000). The positive relation between 
habitat patch size and species occurrence is well 
established, as large patches are likely to harbour 
large populations, which are less extinction-prone 
(metapopulation theory: Hanski 1999). However, 
results from a study of an epiphytic moss indi-
cates that extinctions of epiphytes on standing 
trees may be rare (Snäll et al. 2005) and thereby 
the occurrence of a species will depend more on 
the mechanisms behind its colonisation prob-
ability. Tree size was shown to explain very little 
of the variation in recent colonisations according 
to Snäll et al. (2003) who instead, in line with 
Rose (1992) and Gu et al. (2001), stress the 
importance of time (age) under which the tree has 
been exposed to lichen dispersal. In the present 
study we could not separate the effect of size 
and age, as the latter was not estimated. Never-
theless, we want to stress the complexity of the 
issue, beyond the dichotomy of age versus size. 
For example, bark properties change, structurally 
and chemically (Barkman 1958, Rydberg 1997) 
as trees age, affecting the microclimate (Peder-
sen 1980, Ranius et al. 2008) and lichen prop-
agule survival (Armstrong 1990). Furthermore, 
the lichens themselves also affect each other and 
the substrate they live on. Competition and facili-
tation have been suggested to affect the lichen 
community over time, involving a change from 
“ruderal” to a more competitive species pool 
(Rogers 1988). This may explain why “ruderal”, 
early colonisers can show a negative relation-
ship to tree age: they lack success in competition 
and decrease when the tree ages. In our study, 
only one species, P. sulcata, showed a nega-
tive relationship which, even if it is weak, cor-
roborates previous reports for this species (Harris 
1971, Pedersen 1980). It should be remembered 
that early-successional species not present on the 
lower parts of the trunk may still persist higher up 
on the trunk (Hedenås & Ericson 2000).

In conservation biology, it is useful to be able 
to make predictions of species’ occurrence from 
environmental factors. Thus, knowledge about 
the time (or size) when different lichen species 
start to colonise the oak could give information 
about how stands should be managed and what 

time frame the management plans have to con-
sider. In the present study, we used tree size as 
a simple proxy for tree age, making the models 
more user friendly, as age of large trees is dif-
ficult to estimate (e.g. Rozas 2003).

This study showed that the probability of 
occurrence of C. adspersum, C. candelaris, C. 
corrugatum and C. phaeocephala increased with 
tree size. As the tree size increases, the first spe-
cies to appear of these four was C. candelaris 
with a P50 value of 98 cm for Brokind and 147 cm 
for Tinnerö (Table 4). As tree size increases fur-
ther, the probability of finding C. adspersum and 
C. phaeocephala increased, both with P50 values 
between 163 and 180 cm for occurrence. For 
the most demanding species, C. corrugatum, the 
oak had to reach a considerable size, CBH > 300 
cm, before the probability of occurrence reached 
50%. Tree coring made in Brokind has shown 
that a tree in this size class is probably over 200 
years old (calculated from Ranius et al. 2009).

The different curves (Fig. 3) could give infor-
mation about how specific the tree size prefer-
ences are. A steep slope as in the case of C. can-
delaris (Fig. 3c), may indicate a threshold in tree 
size (or age) that must be passed, because a small 
change in tree size, seems to make establishment 
of this species possible.

Effects of light and inclination

The majority of lichens found on oak are consid-
ered light-demanding (Rose 1974), e.g. C. phae-
ocephala and C. corrugatum (Hultengren 1995). 
Even so, the light availability did not have a 
significant effect on most species in the current 
study, except for E. prunastri showing a positive 
relationship to increasing light availability. It is 
worth noting, however, that the light availability 
did not differ much within or between the study 
sites (Table 1). So we cannot rule out light as 
an important factor under other conditions, e.g. 
overgrowth of formerly open oak stands.

The inclination of the trunk is often neglected 
in studies of epiphyte occurrence. In this study, 
the increased inclination was shown to have 
a negative effect on E. prunastri occurrence. 
Snäll et al. (2005) showed that strongly leaning 
trees were less likely to become colonised by a 
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bryophyte species. Leaning trunks may develop 
a clear differentiation in moisture condition and 
bark chemistry between the upper and lower 
sides as a tree ages (Barkman 1958), which most 
likely cause the lichen distribution to differ from 
non-leaning trunks. One possible reason for the 
negative correlation in this study is that leaning 
trees may contain smaller areas of suitable habi-
tat than straight-grown trees.

Site quality

Several lichen species are dependent on large 
and old trees to be able to colonise and seem to 
need certain substrate properties (as discussed 
above). In addition, the overall stand quality 
might also be important. In this study, overall 
stand age and the number of large trees was used 
as a measure of quality, with Brokind then being 
the higher-quality area.

The results (Table 3) showed that for four 
out of five species, site was of significant impor-
tance. For most species, the site differences were 
small (similar curves and P50 values). However, 
for at least C. candelaris the site difference was 
clear and the probability of occurrence increased 
on smaller trees in Brokind than Tinnerö. This 
could be interpreted in relation to the number of 
dispersal sources (old trees), which was higher 
in Brokind (Table 2), increasing the load of dis-
persal propagules. Either, more dispersal leads to 
higher probability of establishment under sub-
optimal conditions, or the probability of empty 
optimal sites decrease (or a combination of 
both). The number of potential dispersal sources 
(old trees) per hectare was higher in Brokind 
(Table 2), which also decrease the dispersal dis-
tances and enhance the connectivity between 
sources and suitable patches. Several studies 
have suggested that epiphytes are restricted in 
their dispersal ability (e.g. Dettki et al. 2000, Sil-
lett et al. 2000, Walser et al. 2001) and that the 
occurrence (Johansson & Ehrlén 2003, Snäll et 
al. 2004) and colonisation probability (Snäll et 
al. 2005) increase with increasing connectivity.

For two species, there was no or only small 
site differences (C. phaeocephala and C. cor-
rugatum). Hence, it seems that there are no local 
dispersal limitations in the area of lower quality. 

Occurrence of old trees seemed to be the “only” 
factor that affects the presence of these species. 
This may indicate that the models for these spe-
cies have a good transferability between sites, at 
least to areas of similar productivity. For species 
with larger site differences, site-specific models 
might be needed for well-founded manage-
ment guidelines. It should also be noted that the 
models based on tree size may differ even more 
at sites with slower tree growth. Results from Ek 
et al. (1995) indicate that the species considered 
in our study may appear on smaller, more slowly 
growing oaks living on south-exposed precipices 
in Sweden.

Conservation implications

Old oaks are one of the most important trees for 
red-listed lichens in Sweden but detailed knowl-
edge of habitat demands have been lacking. This 
study has indicated thresholds in tree sizes for 
occurrence of several lichen species. The studied 
red-listed C. corrugatum was shown to require 
trees of about 200 years of age for a high prob-
ability of occurrence. Several other red-listed 
oak lichens are known to prefer even older oaks 
(Ranius et al. 2008). To conserve species with 
this kind of habitat demands, long-term manage-
ment plans considering time frames of several 
hundred years (Drobyshev et al. 2008). The con-
servation management is further complicated by 
the restriction of old oaks to semi-natural habi-
tats. Oak recruitment in these habitats is depend-
ent on an optimal balance between sufficient 
light availability and sufficient protection against 
grazing cattle (Bakker et al. 2004). A manage-
ment plan should have to consider the age struc-
ture where trees of different sizes, without age 
gaps, have to be present for long-term supply of 
old oaks. The density of old trees within a stand 
also seems to be important for some species, 
because the number of sources and a shorter dis-
tance to suitable trees increase the probability of 
other trees to become colonised.

Acknowledgements

We thank Stiftelsen Oscar och Lili Lamms Minne for finan-



ANN. BOT. FeNNIcI Vol. 46 • Tree and site quality preferences of six epiphytic lichens growing on oaks 505

cial support, and the land owners Henric Falkenberg of Bro-
kinds gods and the municipality of Linköping who allowed 
us work on their properties. Tord Snäll, B. G. Jonsson and 
anonymous referees are thanked for giving valuable com-
ments on the manuscript.

References

Armstrong, R. A. 1990: Dispersal, establishment and survival 
of soredia and fragments of the lichen, Hypogymnia 
physodes (L.) Nyl. — New Phytologist 114: 239–245.

Arup, U. 1997: Lavar i olika miljöer. — In: Arup, U., Ekman, 
S., Kärnefelt, I. & Mattsson, J. E. (eds.), Skyddsvärda 
lavar i sydvästra Sverige: 62–91. SBF-förlaget, Lund, 
Sweden.

Bakker, E. S., Olff, H., Vandenberghe, C., De Maeyer, K., 
Smit, R., Gleichman, J. M. & Vera, F. M. V. 2004: Eco-
logical anachronisms in the recruitment of temperate 
light-demanding tree species in wooded pastures. — 
Journal of Applied Ecology 41: 571–582.

Barkman, J. J. 1958: Phytosociology and ecology of crypto-
gamic epiphytes. — Van Gorcum, Assen.

Brodo, I. M., Sharoff, S. D. & Sharoff, S. 2001: Lichens of 
North America. — Yale University Press, New Haven.

Dahl, E. & Krog, H. 1973: Macrolichens of Denmark, Fin-
land, Norway and Sweden. — Universitetsforlaget, Oslo 
& Esselte Studium, Stockholm.

Dettki, H., Klintberg, P. & Esseen, P. A. 2000: Are epiphytic 
lichens in young forests limited by local dispersal? — 
Ecoscience 7: 317–325.

Drobyshev, I., Niklasson, M., Linderson, H., Sonesson, 
K., Karlsson, M., Nilsson, M. G. & Lanner, J. 2008: 
Lifespan and mortality of old oaks: combining empiri-
cal and modelling approaches to support their manage-
ment in Southern Sweden. — Annals of Forest Science 
65(article 401): 1–12.

Ek, T. & Johannesson, J. 2005: Multi-purpose management 
of oak habitats. Examples of best practice from the 
county of Östergötland, Sweden. — Report 2005:16, 
County Administration Board of Östergötland.

Ek, T., Wadstein, M. & Johannesson, J. 1995: What is the 
origin of the lichen flora of old oaks? — Svensk Bota-
nisk Tidskrift 89: 335–343. [In Swedish with English 
abstract].

Ek, T., Wadstein, M., Hagström, M. & Franzén, M. 2001: 
Rare lichens in Östergötland, Sweden 2000. Nationally 
and regionally red listed species. — Report 2001:1, 
County Administration Board of Östergötland. [In 
Swedish with English summary].

Eliasson, P. & Nilsson, S. G. 2002: ‘You should hate young 
oaks and young noblemen’: The environmental history 
of oaks in eighteenth- and nineteenth-century Sweden. 
— Environmental History 7: 659–677.

Esseen, P. A., Renhorn, K. E. & Pettersson, R. B. 1996: Epi-
phytic lichen biomass in managed and old-growth boreal 
forests: Effects of branch quality. — Ecological Applica-
tions 6: 228–238.

Gärdenfors, U. 2005: The 2005 Red list of Swedish species. 

— ArtDatabanken, Uppsala, Sweden. [In Swedish with 
English abstract].

Gu, W. D., Kuusinen, M., Konttinen, T. & Hanski, I. 2001: 
Spatial pattern in the occurrence of the lichen Lobaria 
pulmonaria in managed and virgin boreal forests. — 
Ecography 24: 139–150.

Gustafsson, L., Fiskesjö, A., Ingelög, T., Pettersson, B. & 
Thor, G. 1992: Factors of importance to some lichen 
species of deciduous broad-leaved woods in southern 
Sweden. — Lichenologist 24: 255–266.

Hallingbäck, T. 1995: Ekologisk katalog över lavar (The 
lichens of Sweden and their ecology). — Artdatabanken, 
Uppsala, Sweden.

Hannah, L., Carr, J. L. & Lankerani, A. 1995: Human dis-
turbance and natural habitat: a biome level analysis of 
a global data set. — Biodiversity and Conservation 4: 
128–155.

Hanski, I. 1999: Metapopulation ecology. — Oxford Univer-
sity Press, New York.

Harding, P. T. & Rose, F. 1986: Pasture-woodlands in 
lowland Britain. A review of their importance for wild-
life conservation. — Institute of Terrestrial Ecology, 
Huntingdon.

Harris, G. P. 1971: The ecology of corticolous lichens: 1. The 
zonation on oak and birch in south Devon. — Journal of 
Ecology 59: 431–439.

Hedenås, H. & Ericson, L. 2000: Epiphytic macrolichens 
as conservation indicators: successional sequence in 
Populus tremula stands. — Biological Conservation 93: 
43–53.

Hultengren, S. 1995: The lichen flora on a giant oak in 
Västergötland, W Sweden. — Svensk Botanisk Tidskrift 
89: 165–170. [In Swedish and with English abstract].

Johansson, P. & Ehrlén, J. 2003: Influence of habitat quantity, 
quality and isolation on the distribution and abundance 
of two epiphytic lichens. — Journal of Ecology 91: 
213–221.

Kålås, J. A., Viken, Å. & Bakken, T. 2006: 2006 Norwegian 
Red List. — Artsdatabanken, Norway. [In Norwegian 
with with English abstract].

Kantvilas, G. & Jarman, S. J. 2004: Lichens and bryophytes 
on Eucalyptus obliqua in Tasmania: management impli-
cations in production forests. — Biological Conserva-
tion 117: 359–373.

Kerr, D. R. & Meador, J. P. 1996: Modelling dose response 
using generalized linear models. — Environmental Toxi-
cology and Chemistry 15: 395–401.

Ludwig, G. & Schnittler, M. 1996: Rote Liste gefährdeter 
Pflanzen Deutschlands. — Bundesamt für Naturschutz, 
Bonn.

Niklasson, M., Lindbladh, M. & Björkman, L. 2002: A long-
term record of Quercus decline, logging and fires in a 
southern Swedish Fagus–Picea forest. — Journal of 
Vegetation Science 13: 765–774.

Nitare, J. 2000: Indicator species for assessing the nature 
conservation value of woodland sites: a flora of selected 
cryptogams. — Skogsstyrelsen, Jönköping, Sweden. [In 
Swedish with English summary].

Pedersen, I. 1980: Epiphytic lichen vegetation in an old oak 
wood, Kaas Skov. — Botanisk Tidsskrift 75: 105–120.



506 Johansson et al. • ANN. BOT. FeNNIcI Vol. 46

R Development Core Team 2008: R: a language and envi-
ronment for statistical computing. — R Foundation for 
Statistical Computing, Vienna.

Ranius, T., Johansson, P., Berg, N. & Niklasson, M. 2008: 
The influence of tree age and microhabitat quality on the 
occurrence of crustose lichens associated with old oaks. 
— Journal of Vegetation Science 19: 653–662.

Ranius, T., Niklasson, M. & Berg, N. 2009: A comparison of 
methods for estimating the age of hollow oaks. — Eco-
science 16: 167–174.

Rassi, P., Alanen, A., Kanerva, T. & Mannerkoski, I. 2001: 
The red list of Finnish species. — Ministry of the Envi-
ronment & Finnish Environment Institute, Helsinki. [In 
Finnish with with English abstract].

Rogers, R. W. 1988: Succession and survival strategies in 
lichen populations on a palm trunk. — Journal of Ecol-
ogy 76: 759–776.

Rose, F. 1974: The epiphytes of oak. — In: Morris, M. G. & 
Perring, F. H. (eds.), The British oak. Its history and nat-
ural history: 250–273. E.W. Classey, Ltd., Farringdon.

Rose, F. 1992: Temperate forest management. Its effect on 
bryophyte and lichen floras and habitats. — In: Bates, 
J. W. & Farmer, A. M. (eds.), Bryophytes and lichens in 
a changing environment: 211–233. Oxford University 
Press, Oxford.

Rozas, V. 2003: Tree age estimates in Fagus sylvatica and 
Quercus robur: testing previous and improved methods. 
— Plant Ecology 167: 193–212.

Rydberg, H. 1997: Caliciales lichens on old oaks in Söder-
manland, Sweden. — Svensk Botanisk Tidskrift 91: 
39–57. [In Swedish with English abstract].

Sillett, S. C., McCune, B., Peck, J. E., Rambo, T. R. 
& Ruchty, A. 2000: Dispersal limitations of epiphytic 

lichens result in species dependent on old-growth for-
ests. — Ecological Applications 10: 789–799.

Snäll, T., Ribeiro, P. J. Jr. & Rydin, H. 2003: Spatial occur-
rence and colonisations in patch-tracking metapopula-
tions: local conditions versus dispersal. — Oikos 103: 
566–578.

Snäll, T., Hagström, A., Rudolphi, J. & Rydin, H. 2004: 
Distribution pattern of the epiphyte Neckera pennata 
on three spatial scales — importance of past landscape 
structure, connectivity and local conditions. — Ecogra-
phy 27: 757–766.

Snäll, T., Ehrlén, J. & Rydin, H. 2005: Colonization-extinc-
tion dynamics of an epiphyte metapopulation in a 
dynamic landscape. — Ecology 86: 106–115.

StatSoft Inc. 2004: STATISTICA (data analysis software 
system), ver. 7. — www.statsoft.com.

Tibell, L. 1977: The lichen order Caliciales in Sweden. Intro-
duction and the genus Calicium. — Svensk Botanisk Tid-
skrift 71: 239–259. [In Swedish with English abstract].

Tibell, L. 1978: The lichen order Caliciales in Sweden. The 
genera Chaenotheca and Coniocybe. — Svensk Bota-
nisk Tidskrift 72: 171–188. [In Swedish with English 
abstract].

Uliczka, H. & Angelstam, P. 1999: Occurrence of epiphytic 
macrolichens in relation to tree species and age in man-
aged boreal forest. — Ecography 22: 396–405.

Walser, J., Zoller, S., Büchler, U. & Scheidegger, C. 2001: 
Species-specific detection of Lobaria pulmonaria 
(lichenized ascomycete) diaspores in litter samples 
trapped in snow cover. — Molecular Ecology 10: 2129–
2138.

Woods, R. G. & Coppins, B. J. 2003: A conservation evalua-
tion of British lichens. — British Lichen Society, London.

This article is also available in pdf format at http://www.annbot.net


