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Abstract
Güvenç, S., John, V. & Türk, A.: Phytogeographical analysis of the lichens and lichenicolous
fungi of Turkey. — Borziana 1: 87-108. 2020.
The aim of the paper is to evaluate the diversity of all known lichenized and lichenicolous fungi
of the Turkish provinces, their similarities being calculated and to determine their distribution
in the geographic and phytogeographic regions of Turkey. The records of lichenized fungi in "A
Checklist of the Lichens of Turkey" were evaluated, together with new country and province
records from 2015 to 2020. A total of 1765 lichenized fungi were evaluated from the 81
provinces. The geographical regions of Turkey were divided into three main groups according
to the similarity in species diversity (1) Aegean, Mediterranean and Marmara, (2) Central,
Eastern and Southeastern Anatolia, and (3) the Black Sea region. The phytogeographical
regions of Turkey were divided into two main groups (1) Euro-Siberian and Mediterranean and
(2) Irano-Turanian. The very heterogeneous intensity so far of the research on lichens in the different provinces of Turkey causes only a weak correlation of the distribution of lichens with the
geographic and phytogeographic regions.
Key words: biodiversity, checklist, distribution, lichen biota, phytogeography.

Introduction
Turkey is rich in biodiversity, endemics and floristic hotspots of three phytogeographic
regions. While the flora of higher plants is well documentated (Eken & al. 2006; Güner &
Ekim 2012; Güner 2014; Dönmez & Yerli 2019), literature on lichens in Turkey so far is scattered in 762 papers. Lichenology in Turkey began with field trips by foreign lichenologists in
the second half of the 20th century, and studies on its lichen flora by Turkish scientists started
in the 1980s (John 2007a). A first regional checklist of lichens was limited to the
Mediterranean region (John 1996) and listed 459 infrageneric taxa from 128 genera, and 2012
the number of lichenicolous fungi of Turkey gradually increased to 177 (Halıcı & al. 2012).
Up to 2015, 682 studies had been published (John & Türk 2017), and 1887 taxa (1849 species
and 38 subspecies or varieties) consisting of 1679 lichens and 208 lichenicolous fungi were
listed in the checklist of lichens of Turkey. This first comprehensive summary in Turkish language unfortunately does not contain any statistics on the number of species in the provinces.
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This will be made up for here. In the five-year period (2015-2020), 707 additional lichens and
lichenicolous fungi have been recorded for 30 provinces (John & al. 2020). Merging the data
from these two compilations, here an overview over the number of species in the 81 provinces
is presented. It should be further tested whether the provinces (administrative units) are usefull
as mapping units to characterise geographical or phytogeographical regions.
Materials and Methods
Biodiversity, Climate and Topography of the study area
Turkey is divided into 81 provinces and seven geographical regions, namely, Aegean,
Marmara, Black Sea, Eastern Anatolia, Southeastern Anatolia, Mediterranean, and Central
Anatolia (FAO 2018). Each of the regions have unique climatic and ecological features
which can change sharply over very short distances.
Anatolia consists of an inner high plateau bordered by west-to-east mountain ranges along
the north and south coasts. The southern mountain range (Taurus) at the west is close to the
Mediterranean coast and continues north-eastward as the Anti-Taurus. Central Anatolia is a
high plateau at an elevation between 800 and 1,000 m. In the north of Anatolia, mountain
ranges are higher and closer to the sea towards the east, allowing a narrow, green and fertile belt
along the Black Sea coast. An elevation of some mountain ranges in the Black Sea Region is
rise to over 3,000 m. Eastern Anatolia region is rugged land with high elevations, a more severe
climate, and greater precipitation than on the Central Anatolia. The average elevation of the
peaks is greater than 2,000 m. Ağrı mountain (5,172 m) which is the highest point of Turkey is
in this area. Eastern Anatolia is the largest region of Turkey with 21% of the total area of the
country. Southeastern Anatolia is much lower and flatter than Eastern Anatolia, an elevation is
falling from 800 m in the north to 400 m at the Syrian border.
The climate of Turkey is divided with several major climate types. The subtropical steppe
climate is found in the middle part of the Central Anatolia Region, and the Van-Iğdır district
over the most-eastern part of the Eastern Anatolia Region. The temperate (rainy or humid) climate without a dry season is predominantly found in the Black Sea Region with the exception
of the western sub-region. The Mediterranean climate with a dry summer season is found in
Marmara, Aegean, Mediterranean and Southeastern Anatolia Regions, and the western and
southern parts of the Central Anatolia Region. The cold snowy forest climate with a dry summer is found over a relatively large zone including the middle-northern parts of the Central and
Eastern Anatolia Regions of Turkey. The cold snowy forest climate with humid in all seasons
is found over relatively small areas in the northern parts of the Central Anatolia Region. In addition, it is found at the vicinities of Erzurum-Kars provinces in the northern parts of Eastern
Anatolia region of Turkey. The mean annual temperatures varies widely throughout the country
influenced by elevation, topography, and orientation about maritime or continental conditions.
Throughout the year, highest temperatures are recorded in July and August. Average temperature during these two months is 27 °C on Mediterranean and Aegean coasts and 22 - 24 °C on
the Marmara and Black Sea coasts. The mean annual temperature is 18 - 20 °C on the south
coast (Mediterranean region) of Turkey, and is falls to 14 - 15 °C on the west coast (Aegean).
The mean annual temperature is varies between 4 to 18 °C depending on the elevation in the
interior parts of Turkey (FAO 2018).
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Turkey is situated at the junction of three of the world’s phytogeographical regions: EuroSiberian, Mediterranean, and Irano-Turanian. Mediterranean elements are dominant in the
Mediterranean and Aegean regions and the southern parts of the Marmara region. The EuroSiberian element is comprised of the mountainous forest in Black Sea and the northern of
Marmara regions of Turkey. The Irano-Turanian element includes the steppes of Central,
Eastern and Southeastern Anatolia. Turkey’s temperate forests consist of coniferous (60.8%
of total forested area) and broad-leaved deciduous (39.2%) forests and cover 27.3% of the
country. Coniferous forests around the Mediterranean (Pinus brutia, Pinus nigra, Abies cilicica, Cedrus libani) range from sea level to 2,000 m, while Black Sea region conifers (Pinus
sylvestris, Fagus orientalis, Abies nordmanniana) are found primarily between 1000 and
1200 m. Broad-leaved deciduous forests consist of Castanea, Carpinus, Tilia, Alnus, and
Acer species, and prevail at lower elevations. Steppes covering 27% of Turkey are particularly dominant in an arc from central to southeastern Anatolia with 20–60 mm annual rainfall
(Şekercioğlu & al. 2011). Due to Turkey’s position as a bridge between Europa and Asia continents has a different climatic and geographical features. Therefore, it has a rich biodiversity
with forest, mountain, and steppe, wetland, coastal and marine ecosystems and different
forms and combinations thereof. Turkey is one of the world’s richest countries with regard
to diversity of plant species. The number of known native vascular plant species is more than
11,000 and endemic taxa is 3,649 (Güner & al. 2016).
The lichens published in John & Türk (2017) and John & al. (2020) provide the basis
for the evaluation, in all 16,173 lichen records. The records of the lichens have been studied for their correlation with specific provinces of the geographical and phytogeographical
regions. The assessed provinces in the geographical regions of Turkey are given in Table
1 and attribution of provinces to geographical regions are mapped in Fig. 1. Similarly, the
assessed provinces in the phytogeographical regions are given in Table 2 and the attribution of provinces to phytogeographical regions are mapped in Fig. 2.

Fig. 1. Attribution of provinces to geographical regions. Map: V. John, original.
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Table 1. The geographical regions of the provinces in Turkey (FAO 2018).

*HRJUDSKLF
5HJLRQV
$HJHDQ5HJLRQ
%ODFN6HD5HJLRQ

&HQWUDO$QDWROLD
(DVWHUQ$QDWROLD
0DUPDUD5HJLRQ
0HGLWHUUDQHDQ
6RXWKHDVWHUQ
$QDWROLD

&RGH1XPEHUVDQGQDPHVRIWKH3URYLQFHV
 $I\RQNDUDKLVDU  $\GÕQ  'HQL]OL  ø]PLU 
.WDK\D0DQLVD0X÷OD8úDN
 $PDV\D  $UWYLQ  %DUWÕQ  %D\EXUW  %ROX 
dRUXP']FH*LUHVXQ*PúKDQH.DUDEN
.DVWDPRQX2UGX5L]H6DPVXQ6LQRS7RNDW
7UDE]RQ=RQJXOGDN
$NVDUD\$QNDUDdDQNÕUÕ(VNLúHKLU.DUDPDQ
.D\VHUL.ÕUÕNNDOH.ÕUúHKLU.RQ\D1HYúHKLU
1L÷GH6LYDV<R]JDW
 $÷UÕ  $UGDKDQ  %LQJ|O  %LWOLV  (OD]Õ÷ 
(U]LQFDQ  (U]XUXP  +DNNkUL  ,÷GÕU  .DUV 
0DODW\D0Xú7XQFHOL9DQ
 %DOÕNHVLU  %LOHFLN  %XUVD  dDQDNNDOH  (GLUQH
 øVWDQEXO  .ÕUNODUHOL  .RFDHOL  6DNDU\D 
7HNLUGD÷<DORYD
 $GDQD  $QWDO\D  %XUGXU  +DWD\  ,VSDUWD 
.DKUDPDQPDUDú0HUVLQ2VPDQL\H
 $GÕ\DPDQ  %DWPDQ  'L\DUEDNÕU  *D]LDQWHS 
.LOLV0DUGLQ6LLUWùDQOÕXUIDùÕUQDN

Table 2. The assessed provinces in the phytogeographical regions of Turkey (FAO 2018).

3K\WRJHRJUDSKLF
5HJLRQV
(XUR6LEHULDQ
&ROFKLF 
(XUR6LEHULDQ
(X[LQH 

,UDQR7XUDQLDQ

0HGLWHUUDQHDQ

3URYLQFHV
$UWYLQ*LUHVXQ5L]H7UDE]RQ
$PDV\D %DUWÕQ %ROX %XUVD ']FH (GLUQH .DUDEN
.DVWDPRQX .ÕUNODUHOL .RFDHOL 2UGX 6DNDU\D 6DPVXQ 6LQRS
7HNLUGD÷7RNDW<DORYD=RQJXOGDN
$GÕ\DPDQ $I\RQNDUDKLVDU $÷UÕ $NVDUD\ $QNDUD $UGDKDQ
%DWPDQ %D\EXUW %LOHFLN %LQJ|O %LWOLV dDQNÕUÕ dRUXP
'L\DUEDNÕU (OD]Õ÷ (U]LQFDQ (U]XUXP (VNLúHKLU *D]LDQWHS
*PúKDQH +DNNkUL,÷GÕU.DUDPDQ.DUV.D\VHUL .ÕUÕNNDOH
.ÕUúHKLU .LOLV .RQ\D .WDK\D 0DODW\D 0DUGLQ 0Xú
1HYúHKLU 1L÷GH 6LLUW 6LYDV ùDQOÕXUID ùÕUQDN 7XQFHOL 8úDN
9DQ<R]JDW
$GDQD $QWDO\D $\GÕQ %DOÕNHVLU %XUGXU dDQDNNDOH 'HQL]OL
+DWD\ ,VSDUWD øVWDQEXO ø]PLU 0DQLVD 0HUVLQ 0X÷OD
.DKUDPDQPDUDú2VPDQL\H
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Fig. 2. Attribution of the provinces to phytogeographical regions.

Statistical Analyses
Standard statistical analyses were conducted (Statistics 23, SPSS, IBM, Armonk, New
York, United States). Ward’s Hierarchical Clustering Method with Squared Euclidean
Distance was used to obtain dendrograms of similarities based on the nearest-neighbor
chain algorithm and lichen diversity. To determine mean differences of geographic and phytogeographic regions of Turkey, Two-Way ANOVA with Tukey’s HSD (honestly significant
difference) test, as single-step multiple comparison procedure and statistical test was used.
Correlations between Shannon-Wiener-Index (Hs, the symbol for the extent of heterogeneity in a group of s species) for diversity values in the geographical and phytogeographical
regions, as well as the axes, were assessed using the Pearson correlation coefficient (2tailed). Here, Shannon-Wiener index (species diversity value, MSDV) was used as the
diversity in the provinces. The data matrix based on the presence and absence of the species
in the provinces (1765 species × 81 province) was used for the statistical evaluation in the
CANOCO program ver. 4.5. Ordination diagrams of the geographical and phytogeographical regions were obtained by using the indirect linear model with Principal Component
Analysis (PCA) in CANOCO (Ter Braak & Smilauer 2002). Indicator species analysis was
conducted with TWINSPAN for Windows Version 2.3 (Hill & Smilauer 2005).
Results
The provinces with the highest number of lichen taxa are Trabzon (607) and Bursa
(606), followed by Giresun (597), Kayseri (482), Eskişehir (464), Antalya (431) and
Isparta (410) (Table 3). Clearly, the presence of local researchers specializing in lichens in
these provinces, except for Isparta, is closely related to these results.
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Table 3. Number of lichenicolous and lichenized fungi in the provinces of Turkey.

7RWDO

/LFKHQLFRORXV

/LFKHQL]HG

7RWDO

6KDQQRQ'LYHUVLW\

$GDQD
$GÕ\DPDQ
$I\RQNDUDKLVDU
$÷UÕ
$NVDUD\
$PDV\D
$QNDUD
$QWDO\D
$UGDKDQ
$UWYLQ
$\GÕQ
%DOÕNHVLU
%DUWÕQ
%DWPDQ
%D\EXUW
%LOHFLN
%LQJ|O
%LWOLV
%ROX
%XUGXU
%XUVD
dDQDNNDOH
dDQNÕUÕ
dRUXP
'HQL]OL
'L\DUEDNÕU
']FH
(GLUQH
(OD]Õ÷
(U]LQFDQ
(U]XUXP
(VNLúHKLU
*D]LDQWHS
*LUHVXQ
*PúKDQH
+DNNkUL
+DWD\
,÷GÕU

/LFKHQL]HG

3URYLQFH

5HFRUGVLQ
-RKQ DO  
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Table 3. continued.

÷
,VSDUWD
øVWDQEXO
ø]PLU
.DKUDPDQPDUDú
.DUDEN
.DUDPDQ
.DUV
.DVWDPRQX
.D\VHUL
.ÕUÕNNDOH
.ÕUNODUHOL
.ÕUúHKLU
.LOLV
.RFDHOL
.RQ\D
.WDK\D
0DODW\D
0DQLVD
0DUGLQ
0HUVLQ
0X÷OD
0Xú
1HYúHKLU
1L÷GH
2UGX
2VPDQL\H
5L]H
6DNDU\D
6DPVXQ
6LLUW
6LQRS
6LYDV
ùDQOÕXUID
ùÕUQDN
7HNLUGD÷
7RNDW
7UDE]RQ
7XQFHOL
8úDN
9DQ
<DORYD
<R]JDW
=RQJXOGDN
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Climatic variables (atmospheric humidity, temperature and precipitation) are among the
most important factors controlling the distribution of lichens in a region (Hauck 2011).
There is a close relationship between lichen diversity and climatic characteristics of the
provinces. Aydın, İzmir and Muğla provinces which are close to each other and have similar climatic characteristics (Atalay & al. 2014) are located side by side in Fig. 3. The situation is the same for Balıkesir, Çanakkale and Istanbul provinces on the coastal part of
the Marmara Sea. Bursa, Giresun and Trabzon with the highest lichen diversity value and
similar climatic characteristics are in the same group. Antalya with high lichen diversity is
in a different group due to the effects of coastal Mediterranean climate.
The most common species of Turkey is Protoparmeliopsis muralis (Schreb.) M.Choisy
in 74 of 81 provinces. It is followed by Candelariella aurella (Hoffm.) Zahlbr., C. vitellina
(Hoffm.) Müll. Arg., Athallia holocarpa (Hoffm.) Arup, Frödén & Søchting, Circinaria
calcarea (L.) A. Nordin, Savić & Tibell, Rhizocarpon geminatum Körb. and Myriolecis
crenulata (Ach.) Śliwa, Zhao Xin & Lumbsch, respectively (Table 4).
Alectoria sarmentosa (Ach.) Ach., with a cool-temperate to boreal-montane distribution, is very sensitive to air pollution and forest management (Nimis 2016). It was found
only in the Black Sea and the Marmara geographic regions of Turkey. Aspicilia desertorum (Kremp.) Mereschk., a xeric subtropical lichen growing on hard, more or less calciferous rocks and dolomite (Nimis 2016), is mostly found in Eastern and Central
Anatolia geographic regions, while Circinaria esculenta (Pall.) Sohrabi is in Eastern and
Southeastern Anatolia.
Physcia adscendens H.Olivier, Physcia aipolia (Ehrh. ex Humb.) Fürnr. and Xanthoria
parietina (L.) Th.Fr. are more common in the Aegean, Mediterranean and Marmara regions
than in other regions. Physconia grisea (Lam.) Poelt and Physconia distorta (With.)
J.R.Laundon are most frequent in Marmara region. Candelariella xanthostigma (Pers. ex
Ach.) Lettau and Phaeophyscia nigricans (Flörke) Moberg are common species in Aegean
and Marmara geographic regions. The cities with the highest population density, industrialization and agricultural activity are in the Marmara, Aegean and Mediterranean regions.
The forests composed of Fagus orientalis, Castanea sativa, Abies bornmuelleriana,
Abies nordmanniana, Rhododendron ponticum and R. flavum are dominant in the Black

Fig. 3. Dendrogram of similarities of provinces based on lichen diversity.
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%ODFN6HD

7RWDOQXPEHURI
SURYLQFH






1XPEHURISURYLQFHV
Protoparmeliopsis muralis





Candelariella aurella





Candelariella vitellina





Circinaria calcarea





Rhizocarpon geminatum





Athallia holocarpa





Myriolecis crenulata





Phaeophyscia nigricans





Phylliscium demangeonii





Caloplaca cerina





Circinaria caesiocinerea





Lobothallia praeradiosa





Lecidella carpathica





Circinaria contorta





Xanthoria parietina





Xanthoparmelia pulla





Physcia adscendens





Verrucaria nigrescens





Tephromela atra





Aspicilia cinerea





Blastenia crenularia





Acarospora cervina





Xanthocarpia lactea





Lecanora chlarotera





Xanthoria elegans





Pyrenodesmia erodens





Lecidella asema





Diplotomma epipolium





Squamarina cartilaginea





1XPEHUVLQGLFDWHGWKHQXPEHURISURYLQFHZKHUHWKHVSHFLHVDUHIRXQG

0DUPDUD

&HQWUDO$QDWROLD

6RXWKHDVWHUQ
$QDWROLD

$HJHDQ

(DVWHUQ$QDWROLD

7KHJHRJUDSKLFUHJLRQVRI7XUNH\

0HGLWHUUDQHDQ

Table 4. The most common species in the geographical regions of Turkey.
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Sea region (Akman 1995). A mainly temperate lichen requiring humid conditions (Nimis
2016) such as Alyxoria varia (Pers.) Ertz & Tehler, Arthonia radiata (Pers.) Ach., Bryoria
capillaris (Ach.) Brodo & D. Hawksw., Lecanora intumescens (Rebent.) Rabenh.,
Lepraria elobata Tønsberg and Nephroma laevigatum Ach. have a wide distribution in the
Euro-Siberian phytogeographic region. Rinodina septentrionalis Malme which has a subarctic-subalpine to boreal-montane distribution and found on shrubs in open situations,
especially common on Rhododendron (Nimis 2016) is a common species in the EuroSiberian phytogeographic region of Turkey (Table 5).
Bagliettoa calciseda (DC.) Gueidan & Cl.Roux, B. parmigera (J.Steiner) Vězda &
Poelt, Caloplaca haematites (Chaub. ex St.-Amans) Zwackh and Xanthoria calcicola
Oxner, mainly Mediterranean to mild-temperate species, have a widely distribution in the
Mediterranean phytogeographic region of Turkey.
Aspicilia desertorum (Kremp.) Mereschk., Calogaya biatorina (A.Massal.) Arup,
Frödén & Søchting, C. decipiens (Arnold) Arup, Frödén & Søchting, C. lobulata (Flörke)
Arup, Frödén & Søchting, Circinaria esculenta (Pall.) Sohrabi, Rhizocarpon viridiatrum
(Wulfen) Körb., Rhizoplaca chrysoleuca (Sm.) Zopf and Rinodina beccariana Bagl. are
most frequent in areas with a dry - continental and subcontinental climate in the IranoTuranian phytogeographic region of Turkey.
The dendrograms of similarities based on lichen diversity of provinces using Ward’s
Hierarchical Clustering method with Squared Euclidean Distance were obtained. Here, all
of 81 provinces were evaluated. Provinces were divided into two main groups according
to the similarity in species diversity (Fig. 3). Generally, group A consists of the provinces
in the Irano-Turanian phytogeographical region, while group B includes the provinces in
Euro-Siberian and Mediterranean phytogeographical regions. Group A was divided into
two subgroups (I - II). Group I (red in Fig. 4) consists of Ağrı, Amasya, Bartın, Batman,
Bingöl, Bitlis, Diyarbakır, Düzce, Hakkâri, Kahramanmaraş, Karaman, Kars, Kırıkkale,
Kilis, Mardin, Muş, Siirt, Şırnak and Van provinces; mean species diversity value (MSDV)
= 3.40 ± 0.80. Group II (dark green in Fig. 4) consists of Adıyaman, Aksaray, Ankara,
Bayburt, Çorum, Elazığ, Erzincan, Gaziantep, Kırşehir, Malatya, Nevşehir, Sivas,
Şanlıurfa, Tunceli, Uşak and Yozgat provinces; MSDV = 5.06 ± 0.29. On the other hand,
Group B was divided into six subgroups (III-VIII). Group III (dark blue in Fig. 4) consists
of Ardahan, Artvin, Erzurum, Gümüşhane, Iğdır and Rize provinces; MSDV = 5.61 ± 0.21.
Group IV (light blue in Fig. 4) is Aydın, Çankırı, Edirne, İzmir, Kırklareli, Kocaeli, Mersin,
Muğla, Osmaniye, Samsun, Tekirdağ, Tokat and Yalova provinces; MSDV = 4.88 ± 0.41;
Group V (violet in Fig. 4) is Balıkesir, Bilecik, Bolu, Çanakkale, Hatay, İstanbul, Karabük,
Kastamonu, Kütahya, Ordu, Sakarya, Sinop and Zonguldak provinces; MSDV =
5.57±0.26; Group VI (orange in Fig. 4) is Adana, Afyonkarahisar, Denizli, Eskişehir,
Isparta and Manisa; MSDV = 5.81 ± 0.19; Group VII (yellow in Fig. 4) is Antalya, Burdur,
Kayseri, Konya and Niğde provinces; MSDV = 5.88 ± 0.20; Group VIII (light green in Fig.
4) consists of Bursa, Giresun and Trabzon provinces, MSDV = 6.38 ± 0.01 (Fig. 4).
Similarities of the provinces based on dendrogram analysis are weakly supporting the
grouping in Fig. 2 and not statistically significant.
The PCA results based on lichen diversity of the provinces in the geographical regions
of Turkey are shown in Fig. 5; the first two axes represent 23.5% of the total variance. The
first axis is associated with the shannon diversity values in the provinces of Turkey and the
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Table 5. Some common species of the phytogeographical regions of Turkey.

7KHSK\WRJHRJUDSKLFUHJLRQV
7RWDOQXPEHURISURYLQFHV
Acrocordia gemmata
Alyxoria varia
Arthonia radiata
Aspicilia desertorum
Bagliettoa calciseda
Bagliettoa marmorea
Bagliettoa parmigera
Bagliettoa parmigerella
Bryoria capillaris
Buellia griseovirens
Calogaya biatorina
Calogaya decipiens
Calogaya lobulata
Calogaya persica
Caloplaca haematites
Caloplaca stillicidiorum
Caloplaca teicholyta
Candelariella coralliza
Cetraria islandica
Circinaria esculenta
Circinaria fruticulosa
Enchylium polycarpon
Enchylium tenax
Flavoparmelia caperata
Gallowayella fulva
Glypholecia scabra
Gyalolechia bracteata
Gyalolechia desertorum
Hafellia disciformis
Heteroplacidium compactum
Immersaria athroocarpa
Lathagrium cristatum
Lecanora argopholis
Lecanora bicincta
Lecanora intumescens

(XUR6LEHULDQ ,UDQR7XUDQLDQ 0HGLWHUUDQHDQ
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Table 5. continued.

Lecanora poliophaea


Lecanora sulphurea


Lecidea albofuscescens


Lecidea fuliginosa


Lecidella asema


Lobarina scrobiculata


Lobothallia farinosa


Polyblastia dermatodes


Polycauliona candelaria


Polysporina pusilla


Protoparmeliopsis achariana


Protoparmeliopsis bolcana


Psora cerebriformis


Rhizocarpon viridiatrum


Rhizoplaca chrysoleuca


Rinodina beccariana


Rinodina bischoffii


Tuckermannopsis chlorophylla


Umbilicaria cylindrica


Umbilicaria decussata


1XPEHUVLQGLFDWHGWKHQXPEHURISURYLQFHZKHUHWKHVSHFLHVDUHIRXQG

Fig. 4. Similarities of the provinces based on dendrogram analysis.
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Fig. 5. PCA ordination diagram of geographical regions based on lichenized fungi in 81 provinces.
The numbers indicate the codes of the provinces given in Table 3.

second axis is associated with both geographical and phytogeographical regions of Turkey
(Table 6). The provinces with small lichen diversity value are the left of axis 1 and those
with the largest diversities are to the right. Generally, Eastern, Southeastern Anatolia and
Central Anatolia regions are to be found on the upper left side of axis 2 and the Aegean
and Mediterranean regions were on the upper right side of axis 2; on the other hand, the
Black Sea and Marmara regions of Turkey are located on the lower side of axis 2. The most
different geographical region in terms of lichen diversity was southeast Anatolia; this
region was similar to the eastern and central Anatolian (Table 7).
The PCA results based on lichen diversity of the provinces in the phytogeographical
regions of Turkey are shown in Fig. 6. Irano-Turanian phytogeographical region is located
on the upper side of axis 1 and the Euro-Siberian and Mediterranean are on the lower side
of axis 1. The Irano-Turanian phytogeographical region was significantly different from
the colchic sector of the Euro-Siberian and Mediterranean (Table 8).
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Table 6. Correlations between mean species diversity value of the geographic and phytogeographic
regions, and axes.
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Fig. 6. PCA ordination diagram of phytogeographical regions based on lichenized fungi in 81
provinces. The numbers indicate the traffic codes of the provinces and are given in Table 3.
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Table 8. Differences in mean species diversity value of phytogeographical regions of Turkey determined with Tukey’s HSD test.
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The geographical regions of Turkey were also divided into three main groups according to similarities in species diversity (Fig. 7): (1) Aegean, Mediterranean and
Marmara, (2) Central, Eastern, and Southeastern Anatolia geographical regions and (3)
the Black sea region.
The geographical regions of Turkey were divided into two groups at the first level.
Peltigera neopolydactyla (Gyeln.) Gyeln. and Phaeophyscia rubropulchra (Degel.)
Moberg were the indicator species of the Black sea region, and for the other geographical
regions Diplotomma epipolium (Ach.) Arnold, Phylliscum demangeonii (Moug. & Mont.)
Nyl., Psora decipiens (Hedw.) Hoffm. and Sarcogyne regularis Körb. At the second level,
Aegean, Mediterranean and Marmara geographic regions were separated from the Central,
Eastern, and Southeastern Anatolia geographical regions. Indicator species for the first
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Fig. 7. Dendrogram of the geographical (A) and phytogeographical (B) regions of Turkey based on
lichenized fungi.

group are Cladonia coniocraea (Flörke) Spreng, Cl. convoluta (Lam. ) Anders, Evernia
prunastri (L.) Ach., Flavoparmelia caperata (L.) Hale, Lobaria linita (Ach.) Rabenh.,
Lepra albescens (Huds.) Hafellner, Pertusaria paramerae A. Crespo & Vezda,
Placynthium nigrum (Huds.) Gray and Ramalina carpatica Körb. Indicator species for
Central, Eastern, and Southeastern Anatolia geographical regions are Aspicilia desertorum (Kremp.) Mereschk., A. intermutans (Nyl.) Arnold, Lecanora poliophaea
(Eahlenb.) Ach., Lecidea albofuscescens Nyl., Lobarina scrobiculata (Scop.) Nyl. ex
Cromb., Rhizocarpon viridiatrum (Wulfen) Körb., Rhizoplaca chrysoleuca (Sm.) Zopf
and Rinodina beccariana Bagl.
The phytogeographical regions of Turkey were divided into two main groups (1) EuroSiberian and Mediterranean phytogeographical regions and (2) Irano-Turanian. Cladonia
coniocraea (Flörke) Spreng., Cl. convoluta (Lam.) Anders., Cl. fimbriata (L.) Fr., Cl. foliacea (Huds.) Willd., Evernia prunastri (L.) Ach., Flavoparmelia caperata (L.) Hale,
Lobaria linita (Ach.) Rabenh., Lepra albescens (Huds.) Hafellner, Placynthium nigrum
(Huds.) Gray and Ramalina carpatica Körb. are indicator species of the Euro-Siberian and
Mediterranean phytogeographical regions. Differentiating species for Irano-Turanian are
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Aspicilia desertorum (Kremp.) Flagey, Aspicilia intermutans (Nyl.) Arnold, Lecanora
poliophaea (Wahlenb.) Ach., Lecidea albofuscescens Nyl. and Lobarina scrobiculata
(Scop.) Nyl. ex Cromb.
Of 16,173 items of data analysed, 26.7% were recorded from the Black Sea region and
15.8% from the Marmara region. The least records were from the southeast Anatolia region
with 3.9% (Fig. 8). On the other hand, the largest number of lichens occurred in the phytogeographic regions of Irano-Turanian (41.5%); this was followed by Euro-Siberian
(31.4%) and Mediterranean regions (27.1%) (Fig. 9). 141 taxa were found only in the
colchic part of the Euro-Siberian phytogeographic region, while 100 taxa were found in
the Euxine part. The number of taxa which only occurred in the Irano Turanian phytogeographic region was 197, and 173 in the Mediterranean. 483 taxa were recorded in all phytogeographic regions of Turkey.
Discussion
The number of species known from Turkey in 1995 was about 800, and this number was
estimated to be c. 3000 (John & Nimis 1998). Recently, a total of 1887 taxa consisting of
208 lichenicolous and 1679 lichenized fungi has been listed by John & Türk (2017) and an
additional 92 taxa by John & al. (2020). We consider it realistic that with the c. 2000
species currently known, only about ⅔ of the species occurring in Turkey have been
recorded. Many regions are still unexplored, e. g. the provinces of Karaman (11 species),
Kilis (8), Muş (10) and Şırnak (11). They urgently are in need of intensive field work.

Fig. 8. Percentages of taxa in geographical regions of Turkey.
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Fig. 9. Percentages of taxa in the phytogeographical regions of Turkey.

Many “Mediterranean” lichens are distributed far beyond the Mediterranean region of
Turkey, some of them extending throughout the Mediterranean, Irano-Turanian and EuroSiberian phytogeographic regions. Pseudevernia furfuracea (L.) Zopf and Tuckermannopsis
chlorophylla (Willd.) Hale as acidophytic lichens (Wolseley & al. 2006) are common species
in black pine forests in Aegean and Mediterranean regions of Turkey (Sevgi & al. 2019).
Hypocenomyce scalaris (Ach.) M. Choisy which is a species living on acidic tree bark was
found in the oldest cedar trees in Mediterranean forests (Sevgi & al. 2019). This species is
especially common in Mediterranean and Aegean regions under the influence of
Mediterranean climate of Turkey. Calicioid lichens are indicator species of the age classes of
trees. They are more common on old trees than on young trees (Sevgi & al. 2019). Calicium
spp., especially Calicium glaucellum Ach., is common in the Aegean region while
Chaenotheca spp. are more frequent in the Black Sea region. Alectoria sarmentosa, Bryoria
fuscescens, Calicium salicinum, Chaenotheca chrysocephala, Chrysothrix candelaris,
Cyphelium inquinans, Evernia prunastri, Graphina ruiziana, Lecanora chlarotera, L. pallida, Lobaria pulmonaria, Ochrolechia parella, Opegrapha atra, Parmelia saxatilis, P. submontana, P. sulcata, Pertusaria hemisphaerica, Pseudevernia furfuracea, Ramalina farinacea, R. thrausta, Schismatomma graphidioides, Usnea florida, U. fulvoreagens and U.
subfloridana were found on fir and pine trees in the mixed forest at the vicinity of Bolu
province in the Black Sea region (Sevgi & al. 2016). Similarly, some of these species were
found widely in Uludağ fir trees (Öztürk & Güvenç 2010). Recently, variations of the epiphytic and non-epiphytic lichen diversity in Mediterranean maquis and arborescent matorral
habitats have been studied. Species richness and frequency of northern localities of
Mediterranean maquis and arborescent matorral habitats were found to be significantly high-
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er and community composition of northern localities was found to be much different than
other localities (Tufan Çetin 2019). Of countries neighbouring Turkey, the lichen diversity of
Greece is the best known, the checklist of lichenicolous and lichenized fungi containing 1296
species (Abbott 2009), 993 of which are also present in Turkey. Amadiya and Rowanduz districts of Iraq which are bordered to the north by Hakkâri and Şırnak provinces of Turkey are
r
poorly investigated with only 47 species
(Almola & al. 2017), 41 of which are recorded also
from Turkey. The lichen biota of Turkey cover a large percentage of the lichen biota of
Armenia (59.6%), Bulgaria (75.2%), Iran (74.9%) and Syria (75.9%) (Table 9). Such correspondences are a consequence of the more extensive lists of the better studied provinces. The
difference in the number of shared species with countries in the east of Turkey (Armenia,
Georgia) might be caused by the poor exploration of the eastern Turkish provinces.
When we compare the species number of lichens in mapping units of similar size in
Turkey and abroad, we can find obvious differences. Here we focus on a few examples from
France, Germany and Italy, countries relatively well studied for their lichen inventory.
One of the smallest Turkish provinces, Düzce (2,492 km2) is comparable with the tiny
German Federal state of the Saarland (2,571 km2) resulting in 29 versus 501 taxa (John
2020a); and the small province of Aydın (8,116 km2) with 206 species is comparable with
Umbria, Italy (8,456 km2) with 556 species (Nimis 2016) or Aveyron, France (8,735 km2)
922 species (Roux & et coll. 2020).
Medium sized provinces like Mersin (16,010 km2) 116 species correspond to
r
Thüringen, Germany (16,202 km2) 1,440 species
(Meinunger 2019) and Antalya (20,177
km2) 432 species as Van (20,921 km2) 111 species correspond to Rheinland-Pfalz,
Germany (19,858 km2) 1,014 species (John 2020b).
Ankara (25,632 km2) 216 species versus Piemonte, Italy (25,399 km2) 1,296 species
(Nimis 2016) and Mecklenburg-Vorpommern, Germany (23,295 km2) 650 species
(Litterski & Schiefelbein 2017) documents that even outside Turkey the species density is

Table 9. The number of lichen taxa of countries neighbouring Turkey compared with those taxa also
found in Turkey.
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variable in ecologicaly different areas as shown here with the mountain area of Piemonte
and the planar country of Mecklenburg-Vorpommern.
The difference between the large province of Konya (40,838 km2) 360 species versus
Baden-Württemberg, Germany (35,748 km2) 1,485 species (Wirth 2008) is evident.
In contrast to these examples the number of species in the best explored provinces of
Turkey like Trabzon (4,628 km2) 605 species versus Molise, Italy (4,437 km2) 490 species
(Nimis 2016) or Loire, France (4,437 km2) 406 species (Roux & et coll. 2020) and Bursa
(10,813 km2) 607 species versus Marche, Italy (9,694 km2) 542 species (Nimis 2016) or
Gironde, France (9,975 km2) 453 species (Roux et coll. 2020) show higher numbers in Turkey.
Conclusions
The provinces with the highest number of lichen taxa (Bursa, Trabzon, Giresun,
Kayseri, Eskişehir- and Antalya) are characterised by a high diversity in geography, geology and climate, connected with research hub. In order to achieve a more realistic assessment of the linkage of lichen occurrence with specific provinces and their habitats, a more
uniform survey of the entire territory of Turkey must be reached. For this purpose, a medium intensity of the processing status is sufficient (Sauer 1974).
While the current data set allows for an evaluation of the species range of each province,
it only partially reflects the geographic and phytogeographic regions used as a basis. For
some regions, the results fit quite well into the postulated distribution, while others look
like they are scattered or disjunct. As provinces, the areas studied vary considerably in size
and intensity of research, and some are ecologically rather heterogeneous, a uniform grid
system might be tested (John 1996b).
Some indicator species are known as widespread and common. As they are rarely
recorded in Turkey they here figure as differntiating taxa, like Aspicilia intermutans,
Cladonia coniocraea, Diplotomma epipolium, Evernia prunastri, Flavoparmelia caperata, Lepra albescens, Placynthium nigrum, Psora decipiens and Sarcogyne regularis,
whereas other species are extremely rare, so Pertusaria paramerae, Lecanora poliophaea,
Lecidea albofuscescens and Rinodina beccariana. A more consistent and comprehensive
data set will certainly cause some changes.
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