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Abstract. Various studies have been conducted on the factors affecting the spatial distribution of terricolous
lichen species at regional and landscape scales, yet not on small-scales. In our study, the distribution of
lichens was obtained by objective classification and spatial analysis of RGB camera images taken from two
different heights by an unmanned aerial vehicle at a reforested area of 1575 m?. Black pine and cypress are
species that have been introduced, while the, native species are oak and mock privet. The total area covered
by Cladonia rangiformis Hoffm., (26.17 m?) in the study area was 5 times higher than that covered by the
Cladonia foliacea (Huds.) Willd. (5.01 m?). These species were found to be located mostly to the north and
sometimes at the east of the tree species. C. rangiformis was found under the crown projection area of
cypress; however, no such result has been found for black pine, mock privet, and oak. Therefore, tree
species affect the distribution of terricolous lichen species. The patch sizes of both of these lichen species
fit the power law distribution and demonstrate inhomogeneous spatial distribution in the area.
C. rangiformis and C. foliacea patch size classes generally clustered at short distance (2-2.5 meters) and
demonstrated regular distribution beyond this distance.

Keywords: directional interaction, inhomogeneous distribution, patch-size distribution, unmanned aerial
vehicles, Cladonia

Introduction

Lichens can grow on human-made materials such as fences, tombstones, walls, surfaces
of wooden or concrete buildings, just as they can on many natural substrates (Aptroot and
James, 2002). The classification of lichens is sometimes based on these substrates; hence
the lichens examined in this study are named terricolous lichens since they are located on
the ground (Purvis et al., 1992).

The saxicolous lichens on rocks can affect the soil formation process both physically
and chemically by weathering the rocks with the acids they produce (Chen et al., 2000;
Adamo et al., 2002; Sevgi and Makineci, 2005). Similarly, terricolous lichens contribute
to soil formation by changing the physical and chemical properties of the soil by covering
it and releasing lichen acids (Asta et al., 2001; Maestre et al., 2011; Gypser et al., 2015;
Jackson, 2015). For instance, the terricolous lichens Cladonia rangiformis Hoffm., and
Peltigera neckeri Hepp ex Miill. affect soil mineralization and bacteria growth with the
secondary metabolites they produce (Akpinar et al., 2009).

Some studies have been carried out on biological soil crusts (biocrust), including
terricolous lichens (Eldridge, 1996, 1999; Martinez et al., 2006; Ochoa-Hueso and
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Manrique, 2011; Ochoa-Hueso et al., 2011, 2017; Pietrasiak et al., 2011; Concostrina-
Zubiri etal., 2014, 2018; Gypser et al., 2015). Terricolous lichen cover is positively related
to organic carbon, nitrogen, and aggregate stability in soil (Rai and Upreti, 2014).
Terricolous lichens take place in different habitats as an important component of the
ecosystem and are an indicator of habitat heterogeneity (Will-Wolf et al., 2002a). Besides
general distribution in arid, semi-arid ecosystems or cold climate conditions (Eldridge,
1996; Zouaoui et al., 2014), terricolous lichens also prefer the gaps in shrublands and
forests in Mediterranean ecosystems (Loppi et al., 2004; Ochoa-Hueso et al., 2011).

Terricolous lichen species require comparatively longer time for dispersal and
establishment in the ecosystem (Zouaoui et al., 2014). Elevation and soil type are the
leading factors affecting the occurrence of terricolous lichens in large areas (Will-Wolf et
al., 2002b; Bowker et al., 2006; Zouaoui et al., 2014). It is also stated that gypsiferous soil
is also rich in terms of the diversity of terricolous lichen (Concostrina-Zubiri et al., 2014).
In a study conducted in arid and semi-arid ecosystem in Australia, the presence and
diversity of terricolous lichen species contributing to the soil crusts is explained through
landscape types with non-calcareous soils (Eldridge, 1996). A positive relationship exists
between soil pH, Fe, Ca and spatial distribution of lichens and mosses forming soil crusts
in the gaps of kermes oak scrubs in semi-arid Spain has been determined (Ochoa-Hueso
et al., 2011). The species diversity of terricolous lichen communities of Northern Italy
grasslands depends on soil pH, light, and humidity requirements of lichen species (Gheza
et al., 2016). Especially some terricolous lichens (Cladonia spp.) are limited by light
compared to mosses (Tilk et al., 2018).

Unlike studies on factors affecting regional and landscape-level distribution of
terricolous lichens, (Pietrasiak et al., 2011; Nelson et al., 2013; Concostrina-Zubiri et al.,
2018) there are limited papers on understanding their spatial distribution in small-scale. In
the steppe of south-eastern Spain, the microsite created by Stipa tenacissima L. may alter
the small-scale spatial pattern of Cladonia convoluta (Lam.) Anders and Squamarina
cartilaginea (With.) P. James (Maestre, 2003).

Remote sensing data has been used for determining lichens and biocrusts on a regional
scale at deserts and arid areas (Chen, 2005), badlands (Rodriguez-Caballero, 2014), and
drylands (Panigada, 2019). RGB, NIR, and hyperspectral images acquired using terrestrial
and aerial photography, which are lately often used in other ecology studies, have also
been used in lichen studies (Hinchliffe, 2017). However, to the best of our knowledge, this
study represents the first application of aerial images in lichen studies at small-scale.

In this study, determining the spatial distribution of terricolous lichens on a small-scale
with the RGB images captured by an unmanned aerial vehicle at a reforested degraded
forest area was aimed. According to the hypothesis of this study lichen species are
expected to a) be distributed inhomogeneously, b) cluster in the area, c) attract each other
interspecifically. Lichen size classes are anticipated to fit power law distribution.
Determining the effects of tree species, distance from trees, and azimuth of lichen patches
cluster centroids on the spatial distribution of terricolous lichens are other objectives of
the study.

Materials and methods
Study area

The study area is located in Degirmenkdy (Istanbul), northwest Turkey (latitude;
41° 08> 11” and longitude; 28° 03’ 30”) at an altitude of 200 m a.s.l., and the distance
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from the sea is 9 km. Mean annual precipitation is 509 mm, and mean annual temperature
is 16°C. Presence of summer drought and drops in precipitation in winter show that
mediterranean climate is dominant in the area. In 1983, the degraded forest area was
reforested with mainly black pine, and cypress trees were planted as road buffer zone.
While black pine (Pinus nigra J. F. Arnold) and cypress (Cupressus sempervirens L.) are
species planted into the field, native species are oaks (Quercus spp.) and mock privet
(Phillyrea latifolia L.). Some of the cypress species in the area were cut in 2018 (20 trees)
and 2013-2014 (32 trees).

The study area is 1575 m? and has a near flat topographic structure (Figure 1). In the
study area there are 12 black pines, 102 cypresses, 44 oaks, and 29 mock privets (Table 1).
Black pine is present only along the east side of the area. Among the reforestation species,
blackpine has mean height 7.58 m and cypress has 7.56 m, while among the natural
species oak has mean height 2.42 m and mock privet 1.70 m. Mean crown projection
areas of the trees were 12.01 m? for black pine, 5.68 m? for cypress, 4.46 m? for oak, and
3.55 m? for mock privet (Table 1).

025 5 75 om | 0 05 1 15 2m
N T N N
Figure 1. a) Orthophoto produced from aerial photographs taken from 12 meters height, b)
aerial photographs taken from 3-5 meters height, c) classified raster map of lichen species
(white pixels: C. foliacea, green pixels: C. rangiformis)

When the branching structure of the trees is analyzed, it is seen that (except few
individuals) black pine and cypress do not ramify down to the breech of the trees; whereas
oak and mock privet branch down to the bottom of the trees. Crown base height for black
pine is 2.83 m and 0.97 m for cypress on average.
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Table 1. Summary statistics of crown projection area, height, and distance to nearest neighbor
of plants in the study area

variable species n Mean Std. Deviation | Minimum | Maximum sum
mock privet| 29 3.55 2.22 0.97 9.68 105.66
Crown | plack pine | 12 12.01 5.4 5.95 21.87 145.32
projection
(m?) oaks 44 4.46 4.24 0.53 25 188.5
cypress 102 5.68 3.98 0.31 22.81 568.56
mock privet| 29 1.7 0.69 0.5 3
) black pine 12 7.58 0.63 6.5 8.5
height (m)
oaks 44 242 1.07 0.5 5
cypress 102 7.56 1.73 1 12
mock privet| 29 341 2.17 0.93 7.84
nearest | plack pine | 12 4.75 7.02 2.17 27.01
neighbor
distance (m) oaks 44 2.87 1.21 1.33 6.74
cypress 102 2.44 0.8 0.97 5.51

Species data

Three species of terricolous lichens; Cladonia foliacea (Huds.) Willd. (Syn.: Cladonia
convoluta (Lam.) Anders), Cladonia furcata (Huds.) Schrad. subsp. furcata and Cladonia
rangiformis Hoffm. were collected from the study area in March 2019. The lichen
specimens were treated with a chemical spot test and identified with a stereomicroscope
(Nikon SMZ445) according to the keys of references (Hodgetts, 1992; Purvis et al., 1992;
Nimis and Martellos, 2004; Eversham, 2015; AFL, 2019; British lichens, 2019; Irish
lichens, 2019). Nomenclature of the species mainly follows the Index Fungorum (2019)
and MycoBank Database (2019).

Thallus of C. foliacea is fruticose when with podetia, but mostly squamulose greenish
grey, forming compact mats (Nimis and Martellos, 2004), squamules 4-10 mm x 1-3 mm
(Hodgetts, 1992). Thallus of C. rangiformis is fruticose, greenish grey to whitish grey,
shrubby, (1-3 mm long and broad), forming tuft, (Nimis and Martellos, 2004), podetia
20-60 mm tall (Hodgetts, 1992; Nimis and Martellos, 2004). Thallus of C. furcata subsp.
furcata is fruticose, podetia 20-70 mm tall, forming irregular tufts (Hodgetts, 1992).

C. foliacea was easily noticed in the aerial photos since it has a quite bright color. It
was not possible to distinguish C. furcata subsp. furcata which is mixed with the
predominant species in the study area, C. rangiformis, in the aerial photos, therefore these
two species were considered together, and their mention in the text as C. rangiformis
should be considered as C. rangiformis (+C. furcata).

The crown projection of the trees and the shrubs present at the survey area were
digitized using the orthophoto generated by aerial photographs taken from 12 m height
and the centroids of crown projections were regarded as trees (or shrubs) position
coordinates. Minimum enclosing circles surrounding the crown projection were produced
and accepted as crown projection (Figure 2) and the radius and areas of these circles were
calculated (Table 1). The plant species were identified, their height and crown base height
were measured in the field.
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Figure 2. Distribution of trees, shrubs, and lichens in the survey area. No or very few lichens
were detected in the red hatched areas
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Data collection and preparation for analysis

In regional, landscape, ecosystem and small-scale terricolous lichen studies, data were
collected through sampling based surveying in the field such as transect based sampling
(Pietrasiak et al., 2011; Bowker et al., 2013), random sampling (Maestre, 2003;
Concostrina-Zubiri, 2018; Gutiérrez et al., 2018) or systematic sampling in the field
(Ochoa-Hueso et al., 2011; Tilk et al., 2018). In our study, data regarding the lichen
population in the study area was collected total count by aerial survey using one of the
advanced technology’s opportunities, “unmanned aecrial vehicle-UAV” with the
12 megapixel resolution RGB camera in March 2019. With this goal in mind, the two-step
aerial survey was conducted. First, an orthophoto of the survey area was produced using
the photogrammetric method (Open Drone Map, 2019) with images captured from 12 m
above the ground through an autonomous aerial photography covering the entire survey
area (Figure la). It has been detected that the spatial resolution of these images
(ca. 5 mm) was insufficient in distinguishing lichens. Thereupon new aerial images of
lichens with a higher spatial resolution (<=2 mm) were obtained by manual flight of an
unmanned aerial vehicle between trees at a height of approximately 3-5 meters above
ground.

Since sizes of lichen individuals are rather small, it is very arduous to distinguish them
individually in aerial photographs. As a result, lichen patches formed by individual
lichens getting together were used as the material in this study. To objectively determine
the boundaries of lichen patches from images obtained from a 3-5 meters height,
“Trainable Weka Segmentation” (Arganda-Carreras et al., 2017) method was used. 188
aerial photographs were classified in this method, and so objectively determined lichen
patches’ boundaries were saved as raster data. RGB images captured from 3-5 meters
height and the classified raster data (Figure 1b,c) were transformed into geo-registered
raster data through georectification with the help of the orthomosaic map of the survey
area. These geo-registered raster maps were first converted to vector data and then merged
to obtain the boundaries of lichen patches as vector maps. The area corresponding to each
lichen patch was calculated (C. rangiformis n= 25025, C. foliacea n= 5598 polygon) and
these areas were used to create patch size classes (Table 2). In order to use the lichen
patches in analysis, their polygon centroids were obtained. In order to investigate the
relationships between the lichen patches and trees, lichen patch centroids were clustered.

Table 2. Total area and number of lichen patches

size class / species Cladonia rangiformis (cm?) Cladonia foliacea (cm?)
VSLP 6.48 (n=18003) 2.09 (n=4226)
SLP 46834.83 (n=4900) 9671.67 (n=1011)
MLP 38617.97 (n=1258) 6823.80 (n=230)
LLP 53010.72 (n=636) 8759.78 (n=101)
DLP 123216.02 (n=228) 24916.91(n=30)
Totals of size classes 261679.54 (n=25025) 50172.16 (n=5598)
Totals 311851.70 (n=30623)

Lichen patch centroids were clustered using density-based spatial clustering of
applications with noise (DBSCAN) algorithm (Ester et al., 1996). In this process, lichen
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patch clusters (hereafter LPC) were generated with a minimum of 5 neighbors in each
cluster and a maximum distance of 0.25 meters between LPCs.

Trees and shrubs at a distance below 4 meters to the centers of LPCs were selected.
The distances and azimuth values between the center of LPCs and the position of trees
and shrubs were calculated (Figure 3).

Figure 3. Hublines for the calculation of azimuth and distance between centers of LPC and
position of trees and shrubs; a) C. rangiformis b) C. foliacea

Statistical Analysis

Since the studied objects were represented areally as lichen patches and the aerial
survey was conducted over the entire area, analyses were conducted using a two-tiered
approach: a cluster of lichen patches and whole lichen patches. In order to fulfill this
objective, the relationships between LPC centers and surrounding trees and shrubs were
investigated with circular statistics methods. Whether whole lichen patches fit the
power-law distribution was tested and their distribution was inspected using spatial point
pattern analyses.

In order to be able to evaluate differences between lichen patches based on their sizes,
both lichen patches were sorted into 4 size classes as: Small lichen Patch (SLP)
(5-20 cm?), Middle Lichen Patch (MLP) (20-50 cm?), Large Lichen Patch (LLP)
(50-150 cm?), Dead Lichen Patch (DLP) (> 150 cm?). Patches covering areas less than
5cm? (Very Small Lichen Patch) were not used in analyses in order to minimize
classification and geometrical accuracy errors.

For analyses regarding the distribution of LPC centers around trees (or shrubs), the
circular package (Agostinelli and Lund, 2017) of the R software was employed (R Core
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Team, 2018). To test whether whole community lichen patches fit power-law distribution
(Kefi, 2007; Bowker et al., 2013, 2014) the “poweRlaw” package of the R software
(Gillespie, 2015) was used. For the spatial point pattern analysis, firstly whether the lichen
distribution is homogeneous was tested with quadrattest (Wang et al., 2010) and it was
determined that the distribution is not homogeneous. Therefore the mentioned analyses
were conducted inhomogeneously over the entire area (the word inhomogenous is
synonymous with the word heterogeneous, but since the word inhomogeneous is used in
spatstat package, this word was preferred in our study). The univariate pair correlation
function g(r) was employed in order to determine the spatial pattern of the C. rangiformis
and C. foliacea, (Stoyan and Stoyan, 1994; Wiegand and Moloney, 2014) under a
inhomogeneous Poisson null model. To detect spatial relationships between lichen pathes
in different size classes, and between lichen pathes and trees/shrubs, the bivariate pair
correlation functioning gi2(r) was used. For spatial point pattern analyses, the “spatstat”
package (Baddeley et al., 2015) of the R software was used.

In the followed methodological approach (Figure 4) all spatial analyses were
performed with Quantum GIS (Quantum GIS Development Team, 2019) and “weka
trainable segmentation” FIJI (Schindelin et al., 2012), and all statistical analyses were
performed using R (R Core Team, 2018) software.

e / /’/ /
,/ Orthophoto produced fro[ri images taken above /

( images captured by uav| ‘ 3-4 meters ——» Trainable segmentation of images
\_ 12 meter above terrain \ 9 above terrain \

l y
Mapping trees/shrubs crown cover Vectorization of raster images €— Georectication of images
| . |
point layer produced from Merge vector layers —»Upload area of each lichen polygon‘

centroid of crown cover ! :

. /Clustered point layer ¢ péint layer produced from /
by dbscan > “centroid of lichen polygops'

v

Calculate azimut and distance J Extract cluster centroid and
between lichen cluster centroids upload number, area of

and trees/shrubs position each lichen polygons

\J

SPP Analysis

Figure 4. Workflow of the methodological approach followed in the study
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Results
Cover area of trees (or shrubs) and lichens

In the study area, the crown projection area of black pine, cypress, oak, and mock
privets were calculated to be 145.32 m?, 568.56 m? 188.50 m? and 105.66 m?
respectively and the gap area was calculated to be 684.55 m2. Since the crown projections
were intertwined, the total coverage area resulted to be 184 m? more than the exact area
of the study area.

The total area covered by the C. rangiformis (+C. furcata) in the study area was 5
times higher than that of the C. foliacea (Table 2). The total area covered by the lichen
species is 31.19 m? which lies over 2% of the area. When the total area covered by lichen
species were analyzed according to their size classes, 25025 lichen patches in
C. rangiformis, 5598 lichen patches in C. foliacea, and 30623 lichen patches in total were
determined (Table 2). For both lichen species, the highest lichen patch number was seen
in VSLP; however, this size class’ total cover is very low (Table 2). Among the size
classes, DLP was the one with the highest total area, and it was measured 5 times higher
for C. rangiformis than that for C. foliacea on average (Table 2).

Cluster of lichen patches analysis
Directional distribution of LPC centers around trees (or shrubs)

For the directional analyses of the lichen patch clusters, SLP, MLP, LLP, and DLP
were utilized. In consequence of the conducted clustering process 199 clusters for
C. rangiformis (Figure 3a), and 49 clusters for C. foliacea (Figure 3b) were determined.
The average size of C. rangiformis patches was 37.27 cm?, and the average size of
C. foliacea patches was 36.57 cm?. The average distance of lichen patches to cluster
centers was 0.74 m for C. rangiformis, whereas it was 0.41 m for C. foliacea.

When the mean directions of trees and stumps closer than 4 m to LPC centers are
considered, C. rangiformis LPC centers are located at the north of mock privet, east of
oaks, and northeast of stumps (Figure 5). C. rangiformis LPC centers are located at the
north of cypresses until 2.5 m distance, whereas at around 3-3.5 m they are at the
northwest (Figure 5). Even though C. foliacea interaction with trees and shrubs is more
erratic, its LPC’s are located approximately towards the north of cypress and oak
(Figure 5).

The amount of trees around C. rangiformis LPC centers are higher than those around
C. foliacea LPC centers (Figure 5). The number of trees sorted from high to low at all
distances from C. raniformis LPC centers are; cypress, stumps, oak, and mock privet
(Figure 5). Also, while until 2 m stump and cypress individuals amounts are close, after
2 m, cypress amount is ahead (Figure 5). For C. foliacea cluster centers, the same ranking
Is: cypress, mock privet, stumps, and oak (Figure 5).

Whole lichen patches analysis
Power-law distribution analysis of lichen patches

The fact that lichen patch sizes differ between 0.5 mm? and 2.20 m? encouraged testing
the aptitude of power-law distribution. According to the results of the hypothesis test, the
logarithmic values of the number of C. rangiformis (p-value=0.38) and C. foliacea
(p-value=0.44), and their patch-sizes fit power-law distribution (Figure 6). It was
observed that while the more abundant ones with small lichen patch-sizes fit the
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power-law distribution better, the ones with big patch-size are relatively further from
power-law distribution (Figure 6).
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Figure 5. Directional interaction based on distance and mean azimuth between the cluster of
lichen patches and trees and shrubs. White circles show the distance from LPC centers, black-
filled circles show plant cumulative count
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Figure 6. Cumulative distributions of lichen patches for a) C. rangiformis, b) C. foliacea,
shown with logarithmic scales

Univariate point patterns analysis of lichens patches

According to the results of univariate point pattern analyses, C. rangiformis and
C. foliacea show significant clustering in short distance (Figure 7a,b). g(r) values of
C. foliacea resulted to be higher than the values of C. rangiformis. Clustering distance
was observed to be same for C. rangiformis (r<2.5m) as C. foliacea (r< 2.5 m) (Figure 7).
When the two species are together, similar clustering was observed in short distance
(r<2.5 m) (Figure 7c). Besides this, both species demonstrate significant regular
distribution after short distance clustering (r>2.5 m).
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The patterns created by all size classes of the species, both separately and together,
univariate point pattern analyses done according to size classes gave similar results
(Figure 8). According to the results of univariate analyses conducted considering size
classes, random distribution was observed after 1-1.5 meters for C. foliacea at LLP and
DLP, and after 5 and 6 meters at DLP for C. rangiformis (Figure 8).
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Figure 8. Univariate point patterns analyses of C. rangiformis based on size class; a) SLP, b)
MLP, ¢) LLP, d)DLP and Univariate point patterns analyses of C. foliacea based on size class
e) SLP, f) MLP, g) LLP, h)DLP using inhomogeneous pair-correlation function. ginhom(r) =
green line; gray areas indicate boundaries of the simulation envelope constructed from 99
simulations of an inhomogeneous Poisson process with inhomogeneity given by kernel
smoothed intensity function from a point pattern

Bivariate point pattern analysis of lichen patches size classes

SLP of C. rangiformis is attracted by other size classes of lichen patches in short
distance (r<2 m); however, after this distance (r>2 m), repulsion is observed (Figure 9).
A similar situation exists between MLP and LLP, between MLP and DLP, and between
LLP and DLP (Figure 9).
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Figure 9. Bivariate point pattern analysis of C. rangiformis based on a) SLP to MLP, b) SLP to
LLP, ¢) SLP to DLP, d) MLP to LLP, €) MLP to DLP, f)LLP to DLP using inhomogeneous
cross-type pair-correlation function ginom(r) = green line; gray areas indicate boundaries of
the simulation envelope constructed from 99 simulations of an inhomogeneous Poisson process
with inhomogeneity given by kernel smoothed intensity function from a point pattern

SLP of C. foliacea species is attracted by MLP and LLP in short distance (r<2 m), but
after this distance (r>2 m), repulsion is observed. MLP is again attracted by LLP at short
distance (r<2 m) (Figure 10). Other bivariate analyses were conducted, but since the DLP
had n=30 and as a consequence the resulting envelopes were highly irregular, it was not
evaluated.

Between C. rangiformis and C. foliacea, attraction is observed in short distance (r<1.5 m),
however after this distance, repulsion is observed (Figure 11).

Bivariate point pattern analysis of lichen patches and trees/shrubs

It was determined that both lichen species are repulsed by the cypress (Figure 12).
Other bivariate analyses were performed, but since n values were very low and therefore
the resulting envelopes were irregular they were not evaluated.
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patches using inhomogeneous cross-type pair-correlation function. ginom(r) = green line; gray
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areas indicate boundaries of the simulation envelope constructed from 99 simulations of an
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Discussion

Factors affecting the distribution of the important genus of terricolous lichens
Cladonia have been studied for a long time (Yarranton, 1975). Cladonia generally can
grow on soil, but can also be found in other substrates such as bark, rotting wood, dune
system and among moss (Bowker et al., 2006; Osyczka, 2006; Gheza et al., 2016; Tilk et
al., 2018; Sevgi et al., 2019). We contributed by investigating the spatial distribution of
the species C. foliacea and C. rangiformis (+C. furcata) and their interactions with
tree/shrub species. The complicated relationships based on direction and distance
between the studied objects were investigated with an aerial survey. These relationships
can also be investigated with different re/sampling methods and/or new studies could be
done, because the area of such size (1575 m?) captured aerially is 17500 times the size of
the 30 cm x 30 cm (0.09 m?) sample areas which are widely used in lichen studies. Hence
just as different research can be done by resampling this permanent research area,
temporal monitoring studies can also be conducted.

In afforestation areas in the Mediterranean region, new species brought into the area
through planting and the presence of dominated natural species in the environment affects
the distribution of terricolous lichens (Loppi et al., 2004; Concostrina-Zubiri et al., 2018).
Similarly, in our study species brought into the area and natural species affected the
distribution of terricolous lichens in small-scale. In the spatial clustering of two
terricolous lichen species, 199 clusters for C. rangiformis (Figure 3), and 49 clusters for
C. foliacea were found. Based on these results, C. rangiformis has a higher number of the
lichen patches that has joined in size classes and their spatial distribution in small-scale
is high. Another evidence that shows this effect more clearly is the mean direction of LPC
centers with respect to trees (Figure 5). LPC centers are inclined to be on specific sides
of tree species even at various distances (Figure 5). This inclination is more apparent for
the C. rangiformis. Both species’ cluster centers interacted ‘by distance’ most with

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):3557-3576.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1802_35573576
© 2020, ALOKI Kft., Budapest, Hungary



Sevgi et al.: Small-scale spatial patterns of two terricolous lichens in a conifer plantation
- 3572 -

cypress, then with other species (Figure 5). Oaks and mock privet being fewer in number
and them gathering together at specific parts of the area may have made cypress’ effects
on lichens more obvious compared to other species. Results obtained for the
C. rangiformis supports previous studies (Loppi et al., 2004).

When the distance from LPC centers at which trees were located was investigated, it
has been found that lichen species were found under the crown projection area of cypress;
however, no such result has been found for mock privet and oak. While the branching
until bottom of oak and mock privet individuals block lights from passing through, the
fact that branching begins at 97 cm on average and the branching angle is greater may
have allowed more light to pass through the crown. As a result, while lichens with low
shade tolerance were not able to disperse beneath the canopy of mock privet and oak, they
were able to disperse beneath the canopy of some cypress individuals (Eldridge, 1999).
These results are in line with studies which have revealed the negative effects of oak on
Cladonia species’ distribution (Ochoa-Hueso et al., 2011; Goldberg and Heine, 2014).
Distribution of Cladonia species in open microsites is affected by trees (Crittenden,
1999). Another factor which augments this effect is forest litter (Eldridge, 1999).
Although in our study forest litter-related evaluations were not conducted, the dense
amounts of forest litter often produced by oak may have contributed in hindering lichens
to enter beneath the crown projection area. In our study, besides this effect of oak, it has
been determined that there are nearly no lichens in the region where oak is present with
mock privet (non-lichen area in the left of Figure 2).

Power-law distribution is being utilized successfully in vegetation studies (Kefi et al.,
2007) and explains the relationship between epiphytic lichen species diversity and tree
diameter (Buckley, 2011). Bowker et al. (2013, 2014) stated that analysis of the patch-
size distributions of biological biosoil crusts including terricolous lichens fit power-law
distribution. Our study validated that terricolous lichen species’ patch sizes directly
demonstrate power-law distribution, which is in line with our expectations.

It is thought that the inhomogeneity of lichen distribution arises from the distribution
of the trees and shrubs in the area, which proves our hypothesis to be true. It is considered
that the intensity and distribution of pine, oak, and mock privet species in the area causes
this. It is possible to perform the point pattern analysis of an irregular area by excluding
these regions; however, in that case, the reasons behind in-homogeneous distribution and
the actual distribution patterns of the lichens would not have been revealed, therefore this
method was not preferred.

Considering all lichen size classes together, the occurrence of clustering at short
distance (2-2.5 meters) and regular distribution beyond this distance is thought to be
related to both the distance among trees in the afforestation area (the average distance of
all trees; 1.91 m, the average distance among cypress; 2.44 m) and the fact that lichens
form large colonies in the gaps of forest/shrublands by colonization. The highness of the
g(r) value of C. foliacea results from its clustering in only specific regions of the area.
Both Cladonia species demonstrating clustering and not distributing randomly goes along
with Maestre’s (2003) results. However, the random distribution of C. foliacea and
C. rangiformis’ large size classes, discovered through the univariate analyses conducted
based on size classes, may indicate that they initially disperse randomly in the region. The
existence of a positive or negative correlation between lichen patch size classes were
investigated using bivariate analyses. According to the results, small size classes in both
lichen species show a positive correlation with large size classes at short distance (r<2 m);
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however, after this distance (r>2 m) a negative correlation was observed. This may be
due to the effects of colonization, competition for space and nutrition.

The relationship between C. rangiformis and C. foliacea which is positive at short
distance (r<0.5 m), is negative after this distance. The investigation of the bivariate
relationship between lichens and trees revealed significant repulsion from cypress trees.

Conclusions

This study has shown that aerial photography can be used for determining the spatial
distribution of terricolous lichen species. Captured photographs will allow for comparison
with photos taken at a later time period, which will in turn contribute to understanding
the spatial distribution of terricolous lichen species over long periods of time. Futher
studies should take into consideraiton of spatial modelling of environmental factors (i.e.,
tree height, crown width, shade, microtopography, soil properties) affecting the spatial
distribution of lichens. Also, the effect of herbaceous plants between trees on the spatial
distribution of terricolous lichens should be made clear.
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