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A B S T R A C T

We investigated the effects of habitat patch size and connectivity on cryptogam richness on

288 calcareous boulders. The studied boulders were found to be a particularly suitable

‘metacommunity model system’ and allowed comparison of species richness among cryp-

togams with differing substrate specificity, life history and red list status. The dependence

of species richness on boulder surface area was modelled using Arrhenius power model,

and contrasts were analysed between connected and isolated boulders. Species richness

was clearly related to boulder size, but the rates of increase of species richness with

increasing boulder area (z-values) were highly variable among species groups. Highest

value of z (1.17) was found for species with large propagules, and values around 0.5 were

obtained for calciphilous and regionally red-listed species and z = 0.42 for perennials.

The lowest value of z (0.27) occurred in calcicolous species while for all species, colonists,

and species with small propagules the values were 0.3–0.4. The richness of all species was

11% higher on connected than isolated boulders, while connected boulders had 31% more

of both calcicolous and regionally red-listed species and 19% more of colonists. The result

suggests that in the investigated system that boulder size is a crucial determinant of cryp-

togam richness, and their spatial configuration in terms of connectivity may further con-

tribute to cryptogam richness. The latter result lends support to the importance of

metacommunity processes for the maintenance of cryptogam richness.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The effects of habitat patch size and the spatial distribution of

habitat patches have been regarded as important in conserva-

tion biology (Fahrig and Merriam, 1994), and the inclusion of

these measures in ecological research can give more applica-

ble management or conservation recommendations (Kareiva,

1990; Tilman and Kareiva, 1997). An important step in this re-

search has been the development of metapopulation theory

forming the core for many model based approaches (Hanski,

1999). These approaches best apply to systems where popula-

tions are spatially subdivided into local populations and
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where migration among the local populations affect local

dynamics, with a possibility of a local extinction (Hanski

and Simberloff, 1997). A key prediction from metapopulation

theory (Hanski, 1991; Söderström and Herben, 1997) is that

increasing connectivity [or decreasing degree of isolation]

among habitat patches increases colonization probability,

and therefore connected patches should contain more spe-

cies than isolated ones. Moreover, increasing habitat patch

or population size decreases the extinction probability, and

contributes to species richness in local communities. There-

fore, connectivity and patch size can be expected to have

measurable effects on species richness of isolated local com-
.

ffects of habitat connectivity on cryptogam richness ..., Biol.

mailto:risto.virtanen@oulu.fi


2 B I O L O G I C A L C O N S E R V A T I O N x x x ( 2 0 0 6 ) x x x – x x x

ARTICLE IN PRESS
munities (richness of the metacommunity; Hanski and Gilpin,

1991; Ovaskainen and Hanski, 2003).

The effects of habitat size and connectivity on species

richness have been known for long, and particularly since

the formulation of the dynamic theory of island biogeography

(MacArthur and Wilson, 1963; see also Rosenzweig, 1995).

These processes have been investigated in various subdivided

systems (e.g. Quinn and Harrison, 1988), and their conse-

quences for local species richness are discussed in many re-

cent studies on isolated rock boulders (e.g. Kimmerer and

Driscoll, 2000; Hunter, 2003; Weibull and Rydin, 2005). While

there is some evidence that habitat size has significant effects

on species richness on cryptogams growing on rock boulders

(Weibull and Rydin, 2005), the effect of connectivity on local

richness is poorly known (but see Kimmerer and Driscoll,

2000).

We sampled species data from a erratic boulder system

filling most of the assumptions of a metacommunity: boul-

ders form discrete habitat patches being occupied or unoccu-

pied by several individual species. There can be local

extinctions and colonizations, and species are potentially

limited by dispersal. The system comprises specifically of cal-

careous boulders suitable for specialized calcicolous epilithic

cryptogams, and these are virtually exclusively dependent on

the presence of boulders (not growing in the matrix area). Our

approach is to model species richness on each boulder (rich-

ness of metacommunity on a particular patch) in relation to

boulder area and connectivity. We found it fruitful to test

how richness of species groups differing ecological require-

ments and life histories because they will likely have strong

effects (Söderström and Herben, 1997; Leibold et al., 2004).

We also wanted to see whether regionally red-listed species

and non-vulnerable (‘‘least concern’’) species have different

relation to habitat size and connectivity.

2. Material and methods

2.1. Study system

We sampled cryptogam species on calcareous boulders dis-

tributed in boreal forest and mire landscape in Kiiminki

(Obo, Central Finland, Kaakinen and Kukko-oja, 1981). The

studied boulder formation is a result of the latest glaciation

that distributed dolomite rock boulders as a 14 km long and

3 km wide strip over an area of siliceous bedrock. The rock

boulders emerged from the Baltic Sea c. 4000–5000 y ago fol-

lowing isostatic uplift (Eronen, 1990). In total, 288 boulders

were surveyed. The boulders were mapped at an accuracy of

1 m using a GPS (global positioning system). The survey was

thorough enough for us to be confident that most boulders

were found. For each boulder we recorded width, length and

height of boulders. The surface area of the boulder (A) was de-

fined as A = lw + 2lh + 2wh, where l = length, h = height and

w = width. The occurrences of cryptogams exclusive or pref-

erential to calcareous boulders were recorded. The focal pool

of species included bryophytes (42 taxa), lichens (8) and ferns

(1) (Appendix). We assigned the studied 51 species into cate-

gories depending on their substrate preference (Hallingbäck,

1996; Dierßen, 2001), life history (Dierßen, 2001; During,

1979, 1992), propagule size (various literature sources), and re-
Please cite this article in press as: Virtanen, R., Oksanen, J., The
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gional red list status (Ulvinen et al., 2002), strictly following

these publications. Pioneer colonists were assigned into ‘col-

onists’, and perennials, competitive perennials, stress toler-

ant perennials and long-lived shuttle species were assigned

into ‘perennials’ based on their dominant life history strategy

(see Dierßen, 2001). Species with propagule diameter <20 lm

were assigned into ‘small propagule species’ and species with

propagules (spore or gemmae) >20 lm assigned into ‘large

propagule species’ (see During, 1992; Moberg and Holmåsen,

1990). The propagule size of the moss Pseudoleskeella papillosa

was unknown. Altogether, 22 of the taxa (43%) were regarded

as regionally threatened (RT) or near threatened (NT) in the

middle boreal Ostrobottnia subarea (Ulvinen et al., 2002).

The remaining species were assessed as non-threatened

‘‘least concern’’ (LC) taxa.

2.2. Data analysis and modelling

We used generalized linear modelling to analyse the effects of

the boulder area and connectivity on cryptogam species rich-

ness (all species or a subset of species). In all models boulder

area and connectivity were used as explanatory variables and

species richness (number of taxa) was the response variable.

We examined only the main effects and no interaction terms

were used in the models. In the modelling we used the follow-

ing Arrhenius type power function to examine the relation-

ship between expected species richness (E(S)) and boulder

area (A):

EðSÞ ¼ kAz
;

where k and z are estimated model parameters. The fitting

was made using log link and Poisson error and log-trans-

formed area so that the fitted model was log(E(S)) = logk + z logA.

Connectivity was treated as categorical variable taking two

levels ‘‘connected’’ and ‘‘non-connected’’ boulders. This solu-

tion was motivated by need to make simple contrast to see

how the degree of connectivity affects species richness. We

estimated connectivity (Ci, gamma) using one of the com-

monly used measures

Ci ¼
X

j

expð�adijÞAj;

where a is the inverse of average dispersal distance (Hanski,

1999, p. 83, Eq. (5.5); see also Lindborg and Eriksson, 2004;

Verheyen et al., 2004) and dij is distance between boulders.

This connectivity measure describes the overall connectivity

among rock boulders. We estimated a values separately for

a representative set of species (21 taxa) using non-linear opti-

mization and using only those boulders where the species

was present (Hanski, 1999, Eq. (5.11)). The estimates of a var-

ied among species, and we selected a = 0.8 (1/a meaning aver-

age dispersal distance 1.25 km) which was typical of species

showing some degree of spatial aggregation, and this value

was used to estimate C in the present data. The observed C

values had a bimodal density distribution (not shown), and

this supported the division of boulders into isolated and con-

nected ones. The threshold value was obtained from a density

plot of C values and this showed a discontinuity at values

smaller or greater than 60. The exact value of a was not crit-

ical since it only was used for dividing data into connected
effects of habitat connectivity on cryptogam richness ..., Biol.
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and non-connected categories, and other values would pro-

duce nearly identical classification.

3. Results

The species richness of cryptogams growing on calcareous

boulders clearly increased with boulder area (log(A)) (Figs. 1

and 2, Table 1) and the fitted Arrhenius power model of the

species–area relationship yielded a wide range of exponents

(z) from 0.27 to 1.17. The inclusion of connectivity had signif-

icant effects in most cases, and the inclusion of both log(A)

and connectivity in the models caused a reduction 45–71%

in deviance. This shows that boulder area and connectivity

explain a relatively large proportion of the variation in crypto-

gam richness. The correlation between connectivity and boul-

der area was negative though weak (correlation coefficient

�0.133, p = 0.07 after Welch’s t-test). The exponents of the

power equation were variable among species groups. The

maximum value (z = 1.17) was found for species with large

propagules and the shape of the fitted power regression lines

differed remarkably from other cases. Relatively large z-val-

ues of ca. 0.5 were found for calciphilous and regionally red-

listed species. The lowest value of z occurred in calcicolous

species (0.27), while for all species, colonists, species with

small propagules the z-values ranged from 0.3 to 0.4. A rela-

tively high value 0.42 was obtained for perennials.

The contrasts made between isolated and connected boul-

ders showed that connected boulders have higher species

richness, but the strength of connectivity depends on the spe-

cies group (Figs. 1 and 2, Table 1). Connectivity had highly sig-

nificant effect on richness of calcicolous species and

regionally red-listed species. Connected boulders had 31%

more of both calcicolous and regionally red-listed species.

Cryptogam richness of all species, colonists, species with
Fig. 1 – The species–area relationship for cryptogam species

on connected and isolated boulders. The fitted lines after

Arrhenius power model. The 95% confidence intervals

indicated. The confidence limits for connected sites are

shown in grey and for more isolated sites by lines. For

parameter estimates and their significance, see Table 1.

Please cite this article in press as: Virtanen, R., Oksanen, J., The e
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small propagules species was also higher on connected boul-

ders. There were 11% more cryptogams on connected than

isolated boulders, and there were 19% more colonists and

9.5% more species with small propagules on connected

boulders. There was no significant effect of connectivity on

calciphilous, perennial or species with large propagules. How-

ever, calciphilous species were the only group were isolated

boulders tended to have higher richness than connected

ones.

4. Discussion

Although the questions about the effects of habitat patch size

and spatial configuration have been regarded as important in

conservation biology (Fahrig and Merriam, 1994; Fahrig, 2003),

their effects on species richness are difficult to demonstrate.

A reason for this is that in many natural systems, these

effects are confounded by environmental heterogeneity and

temporal stochasticity. These factors may override effects of

metapopulation dynamics and thus the chances to detect

the effects of area or connectivity on species richness remain

low (Désilets and Houle, 2005; Kubešová and Chytrý, 2005;

Pharo et al., 2005; see also Leibold et al., 2004). In many cases,

inferences about metapopulation processes can be made in

experimental model systems where at least some of the con-

founding effects have been minimized (Gilbert et al., 1998;

Gonzalez et al., 1998), or in systems where long term data

are available (Lindborg and Eriksson, 2004; Verheyen et al.,

2004; Helm et al., 2006). Alternatively, one can examine these

in natural model systems, such as rock boulders, where most

of the necessary assumptions of metacommunities are ful-

filled (Armesto and Contreras, 1981). In boulder systems, hab-

itat patches are discrete, relatively permanent and dispersal

occurs among habitat patches. The boulder system studied

by us is also fairly ‘‘closed’’, because it results from a discrete

geological formation with definable boundaries. In addition,

we have been able to conduct fairly complete survey of spe-

cies occurrences and their habitat patches.

Our primary aim was to find out the effects of spatial

arrangement (isolation) and boulder area on cryptogam rich-

ness on boulders. We applied modelling to identify parameter

estimates for their effects. The area effects were always

strong and this suggests that boulder area is one of the pri-

mary factors determining species richness. This finding

agrees well with most other relevant studies from insular sys-

tems (e.g. Rosenzweig, 1995), and also suggests that boulder

size is important for species richness. This agrees with find-

ings of Weibull and Rydin (2005) who found significant boul-

der area effects on bryophyte richness, and Kubešová and

Chytrý (2005) who found positive effect of cliff area on bryo-

phyte richness. Haig et al. (2000) found no effects of cliff area

on bryophyte richness and only weak effects on lichen rich-

ness, and they attributed this to the stability of the habitats

and proposed that even smallest cliffs in their system are able

to support most of the species in the area. This obviously con-

trasts with the boulder system studied by us where smallest

boulders have only a few species, probably owing to high

extinction rates. Kimmerer and Driscoll (2000) attributed the

lack of species–area relationship in their study system to dis-

persal from multiple source populations and from matrix
ffects of habitat connectivity on cryptogam richness ..., Biol.



Fig. 2 – The species–area relationship for different groups of cryptogam species on connected and isolated boulders. The fitted

lines and their 95% confidence intervals after Arrhenius power model. The confidence limits for connected sites are shown in

grey and for more isolated sites by lines. For parameter estimates and their significance, see Table 1.
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area (see also Cook et al., 2002). We only included species

being largely restricted to calcareous boulders and excluded

matrix species, e.g. species of forest floors, in the analyses.
Please cite this article in press as: Virtanen, R., Oksanen, J., The
Conserv. (2006), doi:10.1016/j.biocon.2006.10.013
The area effects on cryptogams richness in the boulder

metacommunity system was very clear and the rates of in-

crease (parameter z) values tended to be high (z = 0.39 for all
effects of habitat connectivity on cryptogam richness ..., Biol.



Table 1 – Parameter estimates from generalized linear models

Response variable Explanatory
variable

Parameter
estimate

Standard
error

z-Value
(t-value)

p-Value Null
deviance

Residual
deviance

Change of
deviance %

Species richness (all) Intercept 0.879 0.091 9.712 <0.0001

Boulder area (z) 0.394 0.026 15.303 <0.0001

Connectivity 0.111 0.044 2.531 0.011 437.7 198.6 45.4

Calciphilous Intercept �0.112 0.131 �0.856 0.057

Boulder area (z) 0.521 0.037 14.077 <0.0001

Connectivity �0.037 0.060 �0.617 0.537 391.0 180.7 46.2

Calcicolous Intercept 0.446 0.126 3.541 0.0004

Boulder area (z) 0.273 0.036 7.605 <0.0001

Connectivity 0.268 0.064 4.176 <0.0001 238.5 170.0 71.3

Colonists Intercept 0.0007 0.146 0.005 0.996

Boulder area (z) 0.351 0.042 8.439 <0.0001

Connectivity 0.178 0.0720 2.472 0.0134 217.6 143.5 65.9

Perennials Intercept 0.344 0.115 2.976 0.003

Boulder area (z) 0.422 0.033 12.832 <0.0001

Connectivity 0.07 0.055 1.278 0.2 348.6 180.1 51.7

Propagules small Intercept 0.999 0.093 10.73 <0.0001

Boulder area (z) 0.334 0.027 12.494 <0.0001

Connectivity 0.09 0.046 1.994 0.046 343.0 184.2 53.7

Propagules large Intercept �4.396 0.381 �11.536 <0.0001

Boulder area 1.17 0.099 11.78 <0.0001

Connectivity 0.305 0.159 1.913 0.056 395.4 245.54 62.1

Least Concern Intercept 0.778 0.102 7.663 <0.0001

Boulder area (z) 0.357 0.029 12.277 <0.0001

Connectivity 0.066 0.049 1.346 0.178 300.0 146.3 48.8

Regionally red-listed Intercept �1.176 0.2 �5.884 <0.0001

Boulder area (z) 0.528 0.056 9.507 <0.0001

Connectivity 0.273 0.096 2.841 0.0045 332.7 237.3 71.3

Species richness modeled as function of boulder area and connectivity. Connectivity treated as categorical variable (connected or not con-

nected, see Section 2 for details).

B I O L O G I C A L C O N S E R V A T I O N x x x ( 2 0 0 6 ) x x x – x x x 5

ARTICLE IN PRESS
species). It may be that such high values are typical to true

metacommunity systems where extinction risk is high and

dispersal limitation strong (Hanski, 1999). The z-values found

by us tended to be higher than those reported from crypto-

gams occupying forest islands (Berglund and Jonsson, 2001).

The latter authors found variability in z-values among differ-

ent species groups. This is supported by our data and this im-

plies that species extinction and colonization dynamics can

be highly affected by biological characteristics of species (Sö-

derström and Herben, 1997; Jonsson and Esséen, 1998; Bergl-

und and Jonsson, 2001). Berglund and Jonsson (2001) found

that red-listed or rare species had comparatively high z-val-

ues. This trend prevails also in our study system. The excep-

tion is that for some cases z-values exceed unity (1.17 in

species with large propagules). Such an extreme value obvi-

ously results from the species–area relationship distribution

conforming not solely to extinction–colonization dynamics.

Indeed, a possible reason for the high z-value can be that

there is a threshold of minimal boulder size for the occur-

rence of species with large propagules, and their richness de-

pends non-linearly on boulder size. The z-value was also high

for regionally red-listed species (mostly rare species with

large propagules) being of the same order of magnitude as

the values reported by Berglund and Jonsson (2001). Overall,

our results demonstrate that boulder size is a good predictor

of species richness, and in this system its effect is not

strongly confounded by degree of isolation (low correlation

between boulder area and connectivity).
Please cite this article in press as: Virtanen, R., Oksanen, J., The e
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Our analyses seem to demonstrate a rather clear positive

effect of connectivity on cryptogam richness. Connected

boulders had higher overall species richness of cryptogams

than isolated ones, and this can be attributed to dispersal lim-

itation. The effects of connectivity have been demonstrated

only in very few boulder systems (Kimmerer and Driscoll,

2000), and in cliff systems these effects are often unclear (Ku-

bešová and Chytrý, 2005) as well as in epiphytes (Löbel et al.,

2006). In the Kiiminki system, the effect of confounding fac-

tors is relatively small and therefore the detection of connec-

tivity is possible. An interesting feature of the present

analyses is that the effects of connectivity seem to depend

on species group. The richness of calcicoles was clearly in-

creased by connectivity whereas no such effect was found

in calciphilous species. It seems possible that the latter group

of species may gain immigrants from source populations in

the surroundings. Some calciphilous species, such as Ambly-

stegium serpens, Brachythecium erythrorhizon and Homalia tricho-

manoides, are known to occur on non-dolomitic schistose

boulders occurring in the study area. Connectivity effects

were also linked to life history characteristics of the focal spe-

cies group. Based on some earlier studies we could have

expected that the effects of connectivity are low in species

with high dispersal ability, i.e. colonist species (Strong and

Levin, 1975). Contrary to this expectation, connectivity had

stronger impact on richness of colonists than of perennial

species. This is also supported by comparison of species with

small propagules (mostly colonists) and those with large
ffects of habitat connectivity on cryptogam richness ..., Biol.
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propagules (usually perennials). This can be due to the fact

that dispersal limitation among most cryptogam species in

this system is strong. In perennials, dispersal limitation

may be strong or even stronger than in colonists, but their

longevity or some other life history traits (establishment,

competitive ability) may reduce the effects of connectivity.

Our results agree with Johansson and Ehrlén (2003) who

found that spatial configuration affects species distributions,

but from the evidence from Kiiminki system we can infer that

species life history and dispersal traits may have predictive

value.

It seems that largest boulders are important for mainte-

nance of high cryptogam richness and are of high priority in

conservation planning and management. However, it also evi-

dent that spatial configuration has clear effects on the rich-

ness of ecologically specialized, colonists species, and even
Appendix

Cryptogam species of the dolomitic rock boulders (n = 288) of

Taxon Substrate after

Dierssen

Substrate after

Hallingbäck

Su

Abietinella abietina Neutral Neutral C

Amblystegium serpens Neutral Neutral C

Anomodon longifolius Basic Neutral C

Anomodon viticulosus Neutral Neutral C

Barbula convoluta Neutral Neutral C

Brachythecium erythrorhizon Neutral Neutral C

Brachythecium glareosum Neutral Basic C

Bryoerythrophyllum

recurvirostre

Neutral Neutral C

Bryum flaccidum Subneutral Subneutral C

Camphylophyllum calcareum Basic Basic C

Campyliadelphus

chrysophyllus

Neutral Neutral C

Dicranum brevifolium Subneutral Subneutral C

Distichium capillaceum Subneutral Subneutral C

Ditrichum flexicaule Basic Basic C

Encalypta rhaptocarpa Basic Neutral C

Encalypta streptocarpa Basic Basic C

Eurhynchium pulchellum Subneutral subneutral C

Homalia trichomanoides Subneutral Subneutral C

Homalothecium sericeum Basic Neutral C

Hypnum recurvatum Basic Basic C

Isopterygiopsis pulchella Subneutral Subneutral C

Leicolea heterocolpos Neutral Neutral C

Myurella julacea Neutral Subneutral C

Neckera complanata Neutral Neutral C

Neckera crispa Neutral Neutral C

Orthotrichum alpestre Subneutral Basic C

Plagiochila porelloides Subneutral Subneutral C

Plagiomnium rostratum Basic Basic C

Plagiopus oederiana Basic Neutral C

Platydictya jungermannioides Basic Basic C

Porella platyphylla Neutral Subneutral C

Pseudoleskeella papillosa Subneutral Subneutral C

Please cite this article in press as: Virtanen, R., Oksanen, J., The
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on regionally red-listed species. For maintenance of high

cryptogam richness, one needs to consider insular boulder

networks as a metacommunity instead of focusing on single

boulders. Increased losses of local populations (e.g. owing to

deterioration of environmental conditions in the boulder sur-

roundings) may affect the species persistence in the entire

boulder system.

Acknowledgements
We thank M. Ohenoja and T. Ulvinen for useful information in

the initial phase of the cryptogam inventory, I. Hanski for ad-

vice in adopting metapopulation approach, and A. Eskelinen

for assistance in field work. The Finnish Ministry of Environ-

ment supported field work financially.
Kiiminki schist area and their characteristics.

bstrate own

judgement

Life

history

Propagule

size (lm)

Regional

red-list status

Frequency

alciphilous p 14 LC 3

alciphilous p 13 LC 14

alcicolous p 17 RT 80

alciphilous p 16.5 RT 50

alciphilous c 8 LC 18

alciphilous p 17 LC 34

alcicolous pc 16.5 RT 60

alciphilous c 15.5 LC 5

alciphilous c 12.5 LC 110

alcicolous p 13 RT 6

alciphilous p 14 RT 15

alciphilous pc 20 RT 1

alciphilous cp 18.5 LC 143

alcicolous c 10 LC 222

alcicolous l 42 RT 1

alcicolous p 10.5 LC 248

alciphilous ps 13 LC 184

alciphilous ps 16 LC 12

alcicolous p 16.5 RT 6

alcicolous p 13.5 RT 210

alciphilous ps 12 LC 9

alciphilous p 23 LC 30

alcicolous c 10 RT 2

alciphilous p 22 LC 31

alciphilous l 27 RT 4

alciphilous c 11.5 RT 2

alciphilous ps 16 LC 73

alcicolous pc 25 RT 1

alcicolous l 21.5 RT 3

alcicolous ps 14 RT 15

alciphilous ps 42.5 RT 1

alciphilous ps RT 2

effects of habitat connectivity on cryptogam richness ..., Biol.



Appendix - continued

Taxon Substrate after

Dierssen

Substrate after

Hallingbäck

Substrate own

judgement

Life

history

Propagule

size (lm)

Regional

red-list status

Frequency

Pseudoleskeella nervosa Neutral Neutral Calciphilous ps 15 LC 68

Scapania calcicola Basic Basic Calcicolous cp 33 RT 9

Scapania gymnostomophila Basic Basic Calcicolous c 26 RT 49

Schistidium boreale Subneutral Basic Calciphilous c 11 LC 39

Schistidium papillosum Subneutral Neutral Calciphilous c 11.5 LC 230

Schistidium pulchrum Neutral Neutral Calciphilous c 11.5 LC 3

Seligeria diversifolia Basic Basic Calcicolous c 10 RT 2

Syntrichia ruralis Subneutral Subneutral Calciphilous c 11 LC 21

Timmia austriaca Subneutral Subneutral Calcicolous pc 15 RT 3

Tortella tortuosa Basic Basic Calcicolous ps 11 LC 213

Cystopteris fragilis Neutral Neutral Calciphilous l 44 LC 35

Acarospora glaucocarpa Basic Basic Calcicolous cp 5 LC 58

Caloplaca spp. Calciphilous c 8.5 LC 2

Cladonia pocillum Calciphilous ps 5 LC 25

Cladonia symphycarpa Calciphilous ps 5 LC 33

Collema fuscovirens Calcicolous ps 10 LC 4

Gyalecta ulmi Calcicolous ps 21 RT 2

Peltigera lepidophora Calciphilous s 25 LC 8

Solorina saccata Calcicolous l 46 LC 8
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