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Abstract The amount of large and old trees has decreased in the boreal forests during the

last centuries of forestry. Such trees are important habitats for epiphytic lichens and there is

a growing concern for lichen species that are associated with large and old trees. However,

only little is known about the relative importance of tree size versus age as determinants of

lichen diversity. Here we have determined the size, age and growth rate of 157 Norway

spruce trees and recorded the occurrence of epiphytic lichen species on their branches and

lower stems. The study includes crustose lichens and was done in two old-growth forests in

SE Norway. Tree age and tree size were the parameters that explained the largest part of

epiphytic lichen diversity. Only the growth rate of the most recent time period, i.e. 1984–

2004, showed a statistically significant relationship to diversity. There was no indication of

a stabilising species number with increasing tree age. Slow-growing and old trees were,

however, mainly of importance to the lichen species growing on stems, and this set of

species were in general adversely affected by a large amount of branches. The opposite

was the case for the species that were confined to branches as their diversity increased

when the amount of branches increased. Our study adds empirical data to support the

importance of large and old trees as bearers of biodiversity in boreal forests. Site pres-

ervation and patch retention of groups of old and large trees is recommended as measures

to maintain epiphytic lichen diversity.
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Introduction

Epiphytic lichens are sensitive to forestry and the interest and concern for this biodiversity

component have grown steadily during the last two decades. Diversity patterns for epi-

phytic lichen have been described on different spatial scales ranging from the single tree

scale (Kruys and Jonsson 1997), via the forest stand- and landscape scales (Jovan and

McCune 2004; Dettki and Esseen 1998), up to the regional scale (Halonen et al. 1991;

McCune et al. 1997). Which factors that best explains diversity patterns is scale-dependent.

On large spatial scales, i.e. from the landscape scale and upwards, it has recently been

shown that lichen diversity is correlated with climate, pollution and geographically related

variables such as latitude and elevation (Will-Wolf et al. 2006). On finer spatial scales,

forest stand variables such as stand age and tree species composition become more

important (Holien 1998; Hyvärinen et al. 1992; Will-Wolf et al. 2006; Neitlich and

McCune 1997). On the scale of the single tree, variables like tree species, branch quality,

bark texture, tree size and tree age have been shown to significantly explain variation in

epiphytic species composition and diversity (Holien 1997; Kuusinen 1996; Gauslaa et al.

1998; Löbel et al. 2006; Fritz et al. 2009).

Trees can be considered as discrete ecological units with fixed borders surrounded by a

different environment (Southwood and Kennedy 1983). From species-area relationships it

is expected that large trees have more species than small trees. Epiphyte diversity is also

influenced by temporal processes like tree ageing. Several studies have examined the

importance of tree age in relation to epiphytic lichen diversity (Hilmo and Såstad 2001;

Hyvärinen et al. 1992; Kuusinen 1996; Johansson et al. 2007). Tree age may affect

diversity in various ways. If time needed for colonisation is a limiting factor, the number of

lichen species would increase with tree age (Flores-Palacios and Garcı́a-Franco 2006). It is

also possible that the physical and chemical quality of the trees changes through time and

that an old tree provides a different substrate than the young tree.

As trees get older they often grow larger. When a tree reaches the age of maturity the

growth normally decreases (Thomas 1996; Koch et al. 2004). Tree size and tree growth

rate might thus often represent confounded variables with tree age, complicating the

interpretation of their individual effects on epiphytic lichens. This study aims to explore

the relationship between tree age, tree size, growth rate and epiphytic lichen diversity. In

addition we wanted to study the basic patterns of epiphytic lichen diversity at a tree scale.

To do this we studied trees differing in age within old-growth forests where tree size and

tree age had been found to be uncorrelated. Such a situation offers unique possibilities to

separate effects of tree size and tree age.

Some studies indicate that lichen growth forms respond in specific ways to various

environmental impacts (Berryman and McCune 2006; Gauslaa et al. 2007; Hilmo 1994;

Hyvärinen et al. 1992; Kivisto and Kuusinen 2000). In addition tree branches and the

stems, might represent two distinct habitats with different species composition (Holien

1997) and the two respective epiphytic assemblages may respond differently to the tree

characteristics. Our study has therefore two main aims. First, to examine the relationship

between lichen diversity patterns and tree characteristics for different lichen growth forms.

Second, to investigate if the lichen assemblages on stems and on branches show different

relationships between diversity and tree characteristics. As regard lichen growth form, we

have given the crustose lichens special attention because they are much less known than

spectacular foliose macro lichens such as, e.g. Lobaria pulmonaria (see Gauslaa et al.

2006; Coxson and Stevenson 2007).
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An overall aim is to discuss the implications of our results in a forest management

perspective. The amount of old trees in the boreal forests has decreased during the last

centuries of forestry. New forestry practices now often involve efforts to compensate for

the adverse effects of the on-going removing of old trees from the forest. Green tree

retention or patch retention are management practices frequently used in the boreal forest

landscape, ensuring that the forest has a mixture of old and young trees as well as pro-

viding the possibilities for such trees to die and decay supporting additional species

dependent on decaying wood (Junninen et al. 2007; Nascimbene et al. 2008). Several

studies indicate that a number of epiphytic lichen species can survive on retained trees

(Hazell and Gustafsson 1999; Lõhmus et al. 2006; Peck 1997). The survival success seem

to vary between functional groups of lichens (Peck 1997). Lõhmus et al. (2006) recom-

mend that tree species, tree size and bark texture should be considered for green tree

retention to be successful. Our study aims at giving further information about useful tree

characteristics to look for when selecting trees or patches for retention as a preservation

measure for epiphytic lichens in boreal forests.

Methods

Study area

The study area, located in Siljan, Telemark county, SE Norway (59�220N9�450E, 500–

600 m a.s.l.), comprised of two sites, (Årum and Kapteinstjern) approximately 15 km

apart. Both sites were located in a forest landscape dominated by Picea abies with scat-

tered Betula pubescens and Pinus sylvestris. The ground vegetation was dominated by

Vaccinium myrtillus, Pleurozium schreberi, Hylocomium splendens, Polytrichum commune
and Sphagnum girgensohnii. Plants like Vaccinium vitis-idaea, Calluna vulgaris, Cornus
suecica, Avenella flexuosa and Oxalis acetosella were also abundant.

There have been no logging activities in the study sites the last approximately 100 years

and Molinari et al. (2005) gives detailed information about the long-term Holocene forest

history of the study area. The present forest was mainly multi-layered with even-layered

forest in smaller areas and with varying tree density. In the study sites, the number of trees

larger than 5 cm diameter in breast height (dbh) ranged from 265 to 750 trees per hectare,

and the average tree age was 153 ± 65 years (±1 SD). The youngest trees were sprouts

and the oldest tree identified was 450 years old. The largest tree was 63 cm dbh and the

average tree size was 21 ± 14 cm dbh (±1 SD). The average basal area was

24.1 m2 ha-1and varied from 6.8 to 31.7 m2 ha-1 throughout the study area. There was no

correlation between tree size and tree age (Table 2).

Sampling design and recording of lichens

Four circular 2,000 m2 plots were placed in each of the two sites that had an area of

approximately 200 ha, respectively. The distance between the plots were ca. 500–1,000 m

in each site. In each plot 19 P. abies trees [15 cm in diameter at breast height were

selected. Thirteen trees were selected at random and six trees were selected to represent the

oldest ones. Six plots were randomly selected and two plots at Kapteinstjern were selected

due to the presence of the lichen Usnea longissima, which is a spectacular alectorioid

species that is very rare in NW Europe and red-listed all over its European distribution

range (see Esseen et al. 1981; Kålås et al. 2006; Tønsberg et al. 1996). At present, Usnea
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longissima is restricted to these two plots within the study area and the plots were selected

to generate information about host tree characteristics and associated lichen diversity for a

lichen of special concern. All the trees with Usnea longissima were included, i.e. one and

seven trees per plot, respectively.

Lichens were recorded in 2004 and 2005 on stem and branches separately up to ca. 2 m.

Each tree was examined for 30–60 min, depending on the amount of branches. Epiphytic

diversity was recorded as total number of lichens per tree as well as per set of branches per

tree and stem, respectively. In a strict sense, our recordings are a measure of species

richness since abundance was not recorded. For simplicity, however, the term diversity is

used throughout the paper. Difficult specimens were collected and examined by micros-

copy and subjected to spot tests and or/TLC analyses in the lab to identify secondary

compound assisting the species identification. Voucher specimens are available by request

to Ulf Arup. The nomenclature follows Santesson et al. (2004). Red-listed species follows

the Norwegian Red List (Kålås et al. 2006). The classification of old-growth species is

based partly upon the experience of Ulf Arup and partly upon literature (Hallingbäck 1995;

Tibell 1999).

Lichens were grouped in the following life form groups: foliose, alectorioid, crustose

and squamulose lichens.

Tree characteristics

Tree size was assessed by measuring the stem diameter at breast height (dbh, 1.3 m above

ground). The amount of branches examined for lichens on each tree was rated visually

according to a 3-degree scale, i.e. low, medium and high, which corresponds roughly to

1–3, 4–8 and[8 branches, respectively. The rating was done separately for dead and living

branches and was not solely based on the number of branches, (e.g. if a tree had few but

large branches it was assigned to ‘‘high’’, and to ‘‘low’’ if the branches were many but

small).

Trees were cored with an increment borer 20–50 cm above ground. The height above

ground for each coring position was measured in the field and site-specific data on tree

growth rate was used to calculate the numbers of years needed to reach a given coring

position. These years were then added to the number years found by counting tree rings

from the increment core to obtain the actual tree age. Tree-rings were counted and mea-

sured with an Addo micrometer (precision of 0.01 mm). To determine the age of trees in

which increment cores failed to reach the pith, we estimated the length of the missing

radius by matching the curvature of the inner rings to concentric circles drawn on a clear

plastic sheet. The mean ring width of the 10 innermost rings of the cores with piths of each

plot was used to estimate the number of rings in the missing radius (for further details on

tree rings see Schweingruber 1988).

The average tree ring width per year of each tree for the 100-year period 1904–2004

was used as one measure of tree growth. In addition the average ring width was computed

for two shorter periods, 1954–2004 and 1984–2004, respectively. The different time

periods were tested as predictors in statistical analyses with lichen species number as

response variable.

Analyses and statistical methods

Forest structure and history for the last century were alike for the two sites and data from

the sites were combined in the analyses and presentation of results. To illustrate the
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difference in epiphytic lichen diversity between old and young trees, a sample-based

rarefaction curve (Gotelli and Colwell 2001) was made by repeating the re-sampling of

trees 1,000 times selecting the appropriate number of trees from one of two pools. The first

pool consists of relatively young trees (\200 years) and the second pool consists of old

trees (C200 years). In addition a rarefaction curve was made based on all trees.

Regression analyses were performed to investigate the relationship between epiphytic

lichen diversity and tree characteristics. Since the response variable is counts (number of

species) we evaluated Generalised Linear Model (GLM) assuming Poisson distribution of

the response variable against a model assuming a normal distribution. We found no

indication of heteroscedasticity and that the model assuming normal distribution performed

equally well as the GLM with Poisson distribution when inspecting diagnostic plots that

were produce by use of the open access R statistical package (standardized residuals versus

fitted values, see http://www.r-project.org/). We therefore used Ordinary Least Square

(OLS) regression assuming a normal distribution for all regression analyses performed.

We first performed simple regressions relating each tree characteristic to lichen

diversity. The variance between plots was accounted for by adding a factorial variable

indicating plot identity before testing the tree characteristic variables. Reported R2 values

were found after accounting for plot identity, i.e. R2 = 1-(residual error after accounting

for both plot identity and tree characteristic)/(residual error after accounting for plot

identity). We also performed a multiple regression for each lichen growth form and a

forward selection using Akaikes Information Criterion (Hastie et al. 2001) to select an

optimal model explaining diversity for each lichen growth form.

A randomization test was used to check if species occurred on branches, stems, or both

substrates combined more often than should be expected by chance. For each species we

randomly assigned the species to one of the three groups (branches, stem, both) as many

times as the trees the species were found on. For each randomization for each species the

maximum number of occurrence in the three groups were counted and compared to the

maximum number of occurrence in the observed data set. The randomizations were

repeated 999 times and a P-value derived (Manly 1997).

Results

Lichen species diversity

In total 108 lichen species were recorded on P. abies. Twenty of the species were squa-

mulose (Cladonia), eight alectorioid, 14 foliose and 66 crustose species (Appendix

Table 6). Only green-algal lichens were found in the study plots. The average number of

species per tree was 24 species, total range 12–41. The distribution of species occurrences

was highly skewed (Fig. 1). Fifty-seven of the species occurred only on 10 trees or less.

Only 19 species occurred on more than 100 of the 157 registered trees. Hypogymnia
physodes was the only lichen that occurred on all study trees.

The rarefaction curve based on trees showed that 50% of the sampled trees supported

approximately 90% of all recorded lichens (Fig. 2). The cumulative species number

increased rapidly up to the point where about 30% of the trees were included. The curve

then increased more slowly, but it never stabilised. Comparing the accumulation of species

on young trees (\200 years) with the accumulation of species on old trees ([200 years)

showed that the number of species on old trees increased faster than on young trees. When

inspecting the 95% confidence interval of the difference between the two rarefaction
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curves, the confidence interval contained zero difference up to 67 of 76 trees. With higher

number of trees the confidence interval becomes very narrow because almost all trees were

included in the rarefaction. We therefore conclude that there is an indication that trees

older than 200 years have a steeper accumulation curve for species than trees younger than

200 years, but this difference is not statistically significant.

The analyses of habitat preference showed that 58 of the species occurred mainly on

either stem or branches (Table 1). Only 8 species were more frequent than expected on
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Fig. 2 Sample-based rarefaction
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trees and increase in lichen
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represents trees [200 years old,
lower line trees \200 years old.
The line in between represents all
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Table 1 The number of species which are more frequent than expected according to deviation from random
expectations P \ 0.05

Lichen group Branches Stems Both stems and branches

Crustose 16 14 3

Foliose 8 0 4

Alectorioid 6 0 1

Squamulose 0 13 0

Total 31 27 8

The table is a summary of the randomisation analyses done on the individual species and shows data for
stems, branches, and both stems and branches on individual trees
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both stems and branches on the same tree. The remaining 43 species showed no specific

preferences or had too few recordings to allow detection of statistically significant trends.

For more information about each species see Appendix Table 6.

The correlation between number of species growing on branches and species growing

on stems was positive, but weak (r = 0.264; n = 157; P \ 0.01). A tree with many species

on the branches would thus not necessarily have many species on the stem and vice versa.

Moreover, the correlation between total number of species and number of species on

branches were considerably higher (r = 0.857; n = 157; P \ 0.01 than the correlation

between total number of species and species on stems (r = 0.653; n = 157; P \ 0.01)

mainly because of the higher number of species on branches compared to stems.

Red-listed species and ‘‘old growth species’’

There were recorded five red-listed species (Biatora fallax, Chaenothecopsis viridialba,
Alectoria sarmentosa, Bryoria nadvornikiana and Usnea longissima) and six additional

species commonly associated with old growth forest (Arthonia leucopella, Hypocenomyce
friesii, Lecidea albofuscencens, Microcalicium disseminatum, Ochrolechia alboflavescens
and Hypogymnia vittata). The endangered U. longissima was recorded on eight trees in the

research area. Since two research plots were located to include U. longissima, the fre-

quency of U. longissima is a pure artifact. However, U. longissima was not observed in any

other location within the study area. Trees with U. longissima were large and old. Their

diameter in breast height was 36.4 ± 6.8 cm (mean ± 1 SD) (compared to a mean of

21 cm for all trees in the study area) and their age was 233 ± 75 years (mean ± 1 SD)

(compared to a mean of 153 years for the study area). All U. longissima trees had many

branches on the lower stem. The number of lichen species per U. longissima tree was

34.6 ± 3.8 (mean ± 1 SD), which was far higher than the mean for the total study area (21

species). Biatora fallax, characterised as vulnerable, was recorded on two trees. These two

trees were 277 and 447 years old. The red-listed species Alectoria sarmentosa (near

threatened) was recorded on 108 trees. Most red-listed and old-growth species were

crustose or alectorioid species. Hypogymnia vittata was the only foliose lichen. Ochrole-
chia alboflavescens was the most frequent old-growth species with 14 recordings. The

number of red-listed and old growth species per tree was positively correlated (r = 0.54,

P \ 0.001) with the total number of species per tree (after subtracting the red-listed and

old-growth species from the total).

Trees

The age of the trees selected for lichen sampling was 204 ± 68 years (mean ± 1 SD)

with a median of 197 years. The youngest tree was 53 years and the oldest was 447 years

old. The diameter (dbh) of the trees was 32 ± 11 cm (mean ± 1 SD), the smallest

measured tree was 15 cm and the biggest 63 cm. The tree ring width per year of the 20

last years was 0.89 ± 0.68 mm (mean ± 1 SD). There was no correlation between tree

age and tree size measured as dbh (Table 2). Growth rate was negatively correlated with

age in all three studied time intervals (Table 2). The correlation between growth rate and

dbh increased with the length of the time period used to calculate the growth rate, with no

significant relationship for the last 20 years period. The number of living or dead bran-

ches showed no significant relationships with the other variables used to predict lichen

diversity (Table 2).
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Lichen species diversity in relation to tree age, tree size and growth rate

All measured tree variables were significant predictors for the total species diversity when

tested one by one in simple linear regressions (Table 3). Tree age and tree size were the

parameters that explained the largest part of the variation (Fig. 3 and Table 3). Only the

growth rate of the most recent time period, i.e. 1984–2004, showed a statistically signif-

icant relationship to lichen diversity and is therefore the only growth rate presented in the

results. In the multiple regression model all predictors of epiphytic lichen diversity except

growth rate turned out significant (R2 = 0.33; n = 157). The model selection procedure

for the red-listed and old-growth species resulted in a model containing dbh, growth rate

and living branches (R2 = 0.08; n = 157) but, when each variable was tested one by one

only the variable living branches was significant (Table 3).

Habitat; branches and stems

The epiphytic communities on stems and on branches, respectively, were associated with

different variables (Table 4). The number of branches (both living and dead) was the only

important single factor for the lichen diversity on branches. When all predictors were

tested combined in a multiple regression, tree age became significant in addition to the

amount of branches (R2 = 0.29; n = 157). For the lichen diversity on stems, all predictors

except the amount of dead branches were significant when tested one by one. Tree age

alone explained nearly 19% of the variation in species number (Table 4). An increasing

amount of living branches on the stem reduced the number of lichens on the stem. When all

Table 2 Pearson correlation coefficients for tree variables

Age Dbh Amount of
living branches

Amount of
dead branches

Growth rate
20 years

Growth rate
50 years

Dbh 0.09

Liv. branches -0.02 -0.14

Dead branches 0.07 0.02 -0.06

Growth rate 20 years 20.52 0.07 -0.02 -0.12

Growth rate 50 years 20.54 0.21 0.01 -0.11 0.87

Growth rate 100 years 20.42 0.53 -0.06 -0.01 0.58 0.80

Numbers in bold denote P \ 0.05, n = 157

Table 3 Simple linear regressions between species numbers (total and sum of red-listed and old-growth
species) and studied tree variables

Factor All species Red-listed and old growth species

R2 P R2 P

Age 0.11 \0.001 – –

Dbh 0.12 \0.001 – –

Living branches 0.04 0.010 0.03 0.029

Dead branches 0.06 0.002 – –

Growth rate (20 years) 0.06a 0.004 – –

a Negative relationship
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predictors were combined in the model selection procedure, growth rate was the only

variable that was not included in the model for the number of species growing on the stem

(R2 = 0.31; n = 157).

Growth form

The studied growth forms of lichens responded differently to measured variables. The total

number of crustose and squamulose lichen species increased with tree age (Table 5). The

diversity of crustose lichens showed the strongest relationship with tree age, whereas

squamulose lichens responded most significantly with stem diameter. Neither foliose nor

alectorioid lichens showed any relationship with tree age, and no or weak correlation with

tree size. All lichen groups except squamulose species showed positive relationships with

the amount of branches. Growth rate was negatively correlated with species diversity of

Fig. 3 Scatter plots of epiphytic lichen species per tree versus diameter at breast height and tree age. The
fitted line is made on species number directly without accounting for plot identity. R-squared = 0.045
(F = 7.3, P = 0.008) for diameter at breast height and R-squared = 0.143 (F = 25.8, P = \0.001)

Table 4 Simple linear regressions

Factor Lichens growing on branches Lichens growing on stems

R2 P R2 P

Age – – 0.19 \0.001

Dbh – – 0.15 \0.001

Living branches 0.18 \0.001 0.06a \0.002

Dead branches 0.05 0.006 – –

Growth rate (20 years) – – 0.11a \0.001

Response variable is number of species recorded on the stem or branches of a tree. Species recorded on both
stem and branches were included in both groups
a Negative relationship
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foliose and squamulose species. The best multiple model was found for the most species

rich group, crustose lichens; the weakest model for the small group of alectoiroid lichens.

Discussion

Epiphytic lichen diversity

Most species found in our study had low incidence rate as more than 50% were recorded on

only ten trees or less and only nine species occurred on more than 100 of the trees. The

sample-based rarefaction curve showed that a rather large number of the species could be

found by sampling fewer trees. Still, the curve did not cease to increase and further

sampling effort would most probably have contributed more species. This shows that a

large number of trees are needed to support the epiphytic lichen diversity on P. abies.

There was also a tendency for trees older than 200 years to show a faster increase in

species number than trees younger than 200 years. This difference was however not sta-

tistically significant. To our knowledge, not many attempts in constructing cumulative

species-area curves for epiphytic lichens have been made, there is however one other study

reporting species/area curves that indicate that 90% of the species could be found in 50%

of the area (Holien 1998).

Tree age and growth rate are important

Old trees had more species than young trees. The relationship between tree age and species

diversity was highly significant. Inspection of the scatterplots showed that there was no

indication of the species number stabilising with increasing tree age, and no quadratic term

could be significantly added to the model. On the other hand, there was a large variation in

the dataset not explained by tree age, blurring the relationship between tree age and species

number. The positive relationship between lichen diversity and tree age supports the ideas

that either time for colonisation or age-dependent changes in substratum qualities, or

possibly a combination of both, might be crucial for epiphytic lichen diversity. Several

studies suggest that many lichens are slow colonisers (Armstrong 1987; Dettki et al. 2000;

Sillett et al. 2000; Hilmo and Såstad 2001). If time was the limiting factor we would expect

Table 5 Simple linear regressions and model selection by AIC

Factor Foliose lichens Alectorioid lichens Crustose lichens Squamulose lichens

R2 P R2 P R2 P R2 P

Age – – – – 0.14 \0.001a 0.07 0.002

Dbh – – 0.03 0.038a 0.10 \0.001a 0.13 \0.001a

Living branches 0.07 0.001a 0.04 0.021a 0.07 0.002a 0.04b 0.013

Dead branches 0.08 \0.001a 0.04 0.011a – –a 0.03 0.037a

Growth rate 0.05b 0.011a – – – – 0.04b 0.017

Full model 0.22 0.11 0.29 0.19

The P-values and R2 refer to simple regressions, except for the last row showing the multiple model
a Denotes variables included in the full model. The R2 for the full model is given in the last row of the table
b Negative relationship
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older trees to have more species on both branches and stems. We see only small positive

effects of age on species growing on branches. On the other hand, by studying epiphytic

lichen species on branches, Hilmo (1994) found that tree age could explain a large part of

the variation in species composition. Tree age was far more successful in explaining the

number of species growing on stems than on branches in our study. The substratum

qualities of the stem of the old tree might become more suitable to a larger number of

species by time (Fritz et al. 2008). Bark stability might be one such quality that is changing

with the age of the tree. Bark stability is normally linked to tree growth rate, on a slow

growing tree the bark is expected to be more stable, and in this study tree age and growth

rate were negatively correlated. There was a significant negative relationship between

diversity of species mainly growing on stems and tree growth rate. In fact, the number of

foliose lichens also showed a negative relationship to growth rate. This might support the

idea of bark stability as an important quality of old or slow growing trees. The different

growth forms followed a similar pattern as species growing on stems and branches in

general; the number of squamulose and crustose species was significantly related to tree

age and growth rate, and for foliose and alectorioid species the amount of branches was the

most important factor.

Tree size and amount of branches are also important

Tree size explained approximately the same amount of variation in species number as tree

age. There are several other studies looking at the relationships between tree size and

epiphytic diversity patterns (Flores-Palacios and Garcı́a-Franco 2006; Holien 1997;

Hyvärinen et al. 1992; Löbel et al. 2006) One of the problems with these studies is that tree

size and tree age are mostly positively correlated, which might blur the interpretation of the

separate effects of tree size and tree age. Tree size and tree age are uncorrelated in this

study and can thus be studied separately. There could be several possible explanations for

the observed positive relationship between tree size and number of species. Testing area-

effects per se was beyond the scope of this study and we could thus only discuss possible

effects of area on the epiphytic lichen diversity. The most obvious explanation might be

that by sampling lichens from a larger area, more individuals are sampled and the prob-

ability for sampling more species increases. The observed relationship might then just be a

result of the sampling method. The theories of island biogeography and habitat diversity

are among the most widely discussed and recognized in ecology (Cox and Moore 1993;

Huston 1994). In island biogeography theory it is assumed that populations on large islands

are larger than on small islands, and therefore less likely to go extinct (MacArthur and

Wilson 1963). By increasing the sample area the number of habitat types with their

associated species might also increase (Huston 1994). Another aspect of size is that the

bigger the interception area, the greater the probability that it will be encountered by a

potential colonist.

Tree size explained nothing of the variation in species number of species growing on

branches. The significant effect was mainly on species growing on the stem. In a study

looking at the relationship between epiphytic lichen diversity and tree size of broad leaved

trees there were no relationship between tree size and number of epiphytic lichens (Löbel

et al. 2006). Holien (1997), on the other hand, found that the number of stem base lichen

species was positively correlated with tree size in Norway spruce. He also found that there

was no relationship between branch species and tree size, which is in agreement with our

results.
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An aspect of branches is that they impact on the light availability inside the tree crown.

There was a negative relationship between lichens growing on the stem and amount of

branches. The positive correlation between the number of lichens growing on stems and

lichens growing on branches was weak, indicating that what was positive for one group

was not necessarily positive for the other. The interpretation of light availability in relation

to the size of the tree crown is, however, not straightforward. A tree with a large lower

crown will usually be growing in a rather open spot, and trees with few branches might be

standing in a dense cluster with other trees. A large crown might also function as a barrier

to diaspores of stem species and might thus have a negative impact on the diversity of the

tree stem.

The only significant variables explaining alectorioid lichen diversity were amount of

branches and tree size. However, alectorioid lichens are more abundant in the upper

canopy than in the lower (Lyon et al. 2000) and we recorded only eight alectorioid species

that tended to be either very frequent or very rare, which makes the results vulnerable to

random events.

Red-listed species and old-growth species

It was unexpected that we did not find a significant relationship between tree age and the

number of red-listed lichens and lichen species supposed to be indicative for old forests.

Tree size, amount of branches and growth rate turned out significant in the full model, but

when the variables were analysed one by one, only the amount of living branches was

significant. The most frequent red-listed and old-growth species were species mainly found

on branches and this probably affected the outcome of the analyses. The naturally low

number of red-listed and old-growth species and the low number of occurrences would also

possibly affect the outcome of the statistical analyses (see also Hottola and Siitonen 2008).

With a larger sample of red-listed and old-growth species the results may have given

different results. The mean tree age was also quite high in this study, 204 years, if more

young trees had been included in the study, the effect of age on species diversity might

have been more pronounced, see (Fritz et al. 2008, 2009). Two of the research plots were

laid out to encompass the species Usnea longissima, but the number of recorded trees with

the species was not sufficient to make conclusions on the host tree characteristics. There

was, however, a positive correlation between red-listed and old-growth species and the

total lichen species diversity which might indicate that some trees were more favourable

than others, either with regards to the habitat that the trees offered or as a result of the

history of the trees and their surroundings. In this context it should also be noted that there

is much conjecture as regard species supposed to be indicative for old forest stand con-

tinuity. For example, when examining the long-term disturbance dynamics in species rich

spruce forest in Sweden, Ohlson et al. (1997) found no relationship between the diversity

of epiphytic lichens and the continuity of a forest stand.

Conclusions and implications for management

The richest diversity of epiphytic lichens was found on old, large and slow-growing trees

with many branches. Interestingly, there was no indication of a stabilising species number

with increasing tree age, which is a solid argument for the importance of old trees as bearer

of biodiversity in boreal forests. Slow-growing and old trees were, however, mainly of

importance to the lichen species growing on stems, and this set of species were in general
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adversely affected by a large amount of branches. The opposite was the case for the species

that were confined to branches as their diversity increased when the amount of branches

increased. Taken together, this indicates that there is no single and straight-forward rela-

tionship between epiphytic lichen diversity and host tree characteristics.

This study clearly shows the importance of old and large trees as bearers of biodiversity

in boreal forests. When transforming our results into forest management practices, the first

recommendation is to preserve sites with old trees and species-rich lichen communities.

The second recommendation is to care for old and large trees in general and make sure that

the oldest trees of a forest stand are not being cut. We suggest that old and large trees

should be retained in patches in order to be a functionally effective conservation measure.

Secondly, trees with many branches should also be left as retention trees. To benefit the

species growing on stems, slow growing trees with few branches should be included as

retention trees as well. Moreover, trees with large crowns are rare in the managed forest

and we recommend that foresters should adjust their practices to incorporate more slow

growing trees and trees with large crowns in the managed forests.
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Appendix

See Table 6.

Table 6 Recorded species and the corresponding frequency of species occurrences

Species and lichen group Frequency Records
on branches

Records
on stems

Habitat
preferences

Crustose

Arthonia leucopellaeaa 1 1 0 ns

Arthonia mediella 6 5 1 ns

Biatora chrysantha 11 0 11 s

Biatora efflorescens 30 24 9 br

Biatora fallaxb 2 0 2 ns

Biatora helvola 3 2 2 ns

Biatora sp. 2 2 0 ns

Biatora vacciniicola 2 2 0 ns

Buellia griseovirens 1 1 0 ns

Calicium glaucellum 4 1 3 ns

Calicium viride 1 1 0 ns

Chaenotheca chrysocephala 92 8 88 s

Chaenotheca ferruginea 5 1 5 ns

Chaenotheca furfuracea 3 0 3 ns

Chaenotheca stemonea 13 0 13 s

Chaenotheca trichialis 31 1 30 s
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Table 6 continued

Species and lichen group Frequency Records
on branches

Records
on stems

Habitat
preferences

Chaenothecopsis consociata 29 1 28 s

Chaenothecopsis viridialbab 1 0 1 ns

Chaenothecopsis viridireagens 1 0 1 ns

Dimerella pineti 8 0 8 s

Fuscidea pusilla 33 32 1 br

Haematomma ochroleucum 1 0 1 ns

Hypocenomyce friesiia 8 1 7 s

Hypocenomyce scalaris 14 2 13 s

Japewia subaurifera 141 99 117 bo

Japewia tornoënsis 2 2 1 ns

Lecanactis abietina 0 0 0 ns

Lecanora anopta 3 0 3 br

Lecanora cadubriae 11 11 0 br

Lecanora pulicaris 40 40 0 ns

Lecanora sp. 2 1 1 ns

Lecanora symmicta 2 2 0 ns

Lecidea albofuscescensa 1 0 1 s

Lecidea nylanderi 77 28 67 br

Lecidea pullata 94 84 21 br

Lecidea turgidula 13 13 0 ns

Lecidella subviridis 1 1 0 ns

Lepraria elobata 8 2 6 s

Lepraria incana 2 2 0 ns

Lepraria jackii 154 116 154 bo

Lepraria rigidula 1 0 1 ns

Loxospora elatina 103 36 93 s

Micarea denigrata 1 1 0 ns

Micarea nitschkeana 4 0 4 s

Micarea prasina 105 68 81 ns

Microcalicium disseminatuma 1 0 1 ns

Muellerella lichenicola? 1 1 0 ns

Mycobilimbia epixanthoides 1 0 1 ns

Mycoblastus affinis 3 3 1 ns

Mycoblastus alpinus 6 1 5 s

Mycoblastus fucatus 64 62 3 br

Mycoblastus sanguinarius 151 144 142 bo

Ochrolechia alboflavescensa 14 11 4 br

Ochrolechia androgyna 119 109 54 br

Ochrolechia microstictoides 119 103 47 br

Ochrolechia pallescens 4 4 0 br

Ochrolechia szatalensis 4 4 0 br

Pertusaria amara 25 20 7 br

Pertusaria borealis 48 46 6 ns
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Table 6 continued

Species and lichen group Frequency Records
on branches

Records
on stems

Habitat
preferences

Pertusaria ophthalmiza 1 1 0 br

Pycnora leucococca 5 4 1 ns

Pycnora sorophora 10 4 7 ns

Pyrrhospora cf. quernea 7 1 6 s

Scoliciosporum chlorococcum 18 17 1 br

Skyttea gregaria 16 16 0 br

Trapeliopsis pseudogranulosa 6 2 4 ns

Foliose

Cetraria sepincola 2 2 0 ns

Hypogymnia farinacea 61 50 32 br

Hypogymnia physodes 157 149 157 bo

Hypogymnia tubulosa 56 56 1 br

Hypogymnia vittataa 2 0 2 ns

Imshaugia aleurites 25 24 1 br

Parmelia saxatilis 100 99 11 br

Parmelia sulcata 37 34 3 br

Parmeliopsis ambigua 152 134 150 bo

Parmeliopsis hyperopta 152 95 149 bo

Platismatia glauca 150 144 130 bo

Pseudevernia furfuracea 141 139 19 br

Tuckermanopsis chlorophylla 93 93 7 br

Vulpicida pinastri 104 98 22 br

Alectorioid

Alectoria sarmentosab 109 108 9 br

Bryoria capillaris 21 20 4 br

Bryoria implexa 119 115 32 br

Bryoria nadvornikianab 41 40 5 br

Bryoria sp. 4 4 0 br

Usnea diplotypus 1 1 0 ns

Usnea filipendula 133 124 74 bo

Usnea longissimab 8 8 0 br

Usnea subfloridana 14 12 2 br

Squamulose

Cladonia bacillariformis 8 0 8 s

Cladonia carneola 6 0 6 s

Cladonia cenotea 78 2 77 s

Cladonia chlorophaea 2 0 2 ns

Cladonia coccifera 1 0 1 ns

Cladonia coniocraea 122 18 121 s

Cladonia cryptochlorophaea 7 0 7 s

Cladonia cyanipes 2 0 2 ns

Cladonia digitata 109 4 109 s

Cladonia fimbriata 7 1 6 s
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