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ABSTRACT: In the present study, epiphytic bryophyte vegetation of the Samanlı Mountains (northwest 
Turkey) was investigated on the basis of 191 relevés taken from the trunks of trees by the Braun-
Blanquet method between 2015 and 2016. Nine epiphytic bryophyte associations and three 
subassociations were determined as a result of this investigation. Among them, two associations 
and two subassociations, viz., Neckero - Anomodontetum viticulosi, Neckero - Anomodontetum 
viticulosi - anomodontetosum viticulosi, Syntrichietum laevipilae, and Syntrichietum laevipilae 
- orthotrichetosum lyellii, were recorded for the first time in Turkey. In addition, epiphytic 
bryophyte vegetation was classified and ordinated using multivariate analysis techniques such 
as two-way indicator species analysis and detrended correspondence analysis. Besides that, 
the life form and life strategies of the species within syntaxa were analysed. As a result, it is 
established that while perennial stayers with a high sexual reproductive effort were dominant 
within the epiphytic bryophyte vegetation comparatively, the most abundant life form was the 
mat rough type.

Keywords: association, bryophyte, epiphytic vegetation, life forms, life strategies, Samanlı Mountains, 
Turkey

INTRODUCTION

Although bryophytes are one of the most primitive and 
diversified groups of green terrestrial plants, they were 
not considered a priority group for study by Turkish bot-
anists until the late 1980s. However, bryophytes can sur-
vive under a wide variety of environmental conditions, 
such as growing forests, wetlands, dirt and rock habitats, 
etc. Moreover, they often form a significant part of eco-
systems in spite of their small size and simple structure. 
Unfortunately, regardless of the efforts of both native 
and foreign bryologists over the past 30 years, the bryo-

phyte flora and vegetation of Turkey are still incomplete-
ly known because not enough field studies have yet been 
performed in the southern and eastern parts of Turkey, 
or in many bryophyte-rich local areas in other regions of 
the country. One of these regions is that of the Saman-
lı Mountains, which were chosen as a study area in the 
Marmara region of Turkey. Even if this region seems to 
be the most studied area in Turkey according to the liter-
ature (Çetin 1999a, b; Papp & Sabovljevic 2003; Uyar 
& Ören 2005; Ören et al. 2007; Ursavaş et al. 2009; 
Tonguç Yayıntaş 2013), no detailed study of the bryo-
phyte flora or vegetation of the Samanlı Mountains has 
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been performed until now. Obviously, the bryophyte flo-
ra and vegetation of Turkey still need to be investigated 
in greater detail. In the future, increasing bryofloristic 
and bryosociological studies in Turkey will unquestion-
ably lead to the discovery of a number of new bryophyte 
records and associations.

The study area. The Samanlı Mountains, which extend 
from the western edge of the Armutlu Peninsula in Yal-
ova Province to Geyve Strait of Sakarya Province, are lo-
cated in northwest Turkey (Fig. 1). This mountain range 
is a transitional region between the humid mild climatic 
conditions of the Black Sea and Mediterranean climat-
ic conditions. Its situation is clarified by the presence of 
Mediterranean-originated vegetation elements in the 
given area, which is located in the Euxine part of the Eu-
ro-Siberian phytogeographic region. At the same time, 
the studied mountain range is especially covered with 
deciduous forests (e.g., beech, hornbeam, chestnut, oak, 
etc.) on its northern slopes, and by conifers and maquis 
vegetation on the southern slopes and in higher parts 
of the area. The mean annual temperature in the study 
area varies between 13.1 and 15.4°C. The highest month-
ly mean temperature is 29.4°C in July or August, and the 
lowest is 2.5°C in January. The average annual precipi-
tation varies between 480.5 and 801.3 mm. The amount 
of precipitation increases and temperatures decrease to-
ward the higher part of the mountains. According to bi-
oclimatic synthesis, the study area can therefore be said 
to have a semiarid and humid Mediterranean climate 
(Akman 1999; TSMS 2016).

MATERIALS AND METHODS

Our bryosociological analysis was carried out using the 
plant sociological method of Braun-Blanquet (1964). 

The study material consisted of 191 phytosociological 
relevés collected from selected tree trunks at different 
localities and habitats of the Samanlı Mountains on field 
trips during different growing seasons in 2015 - 2016 
(Table 1). Trees with different trunk cross-section are-
as (25, 50 or 100 dm2) were selected for the relevés ac-
cording to the minimal area concept and depending on 
composition of the bryoflora on the trunks. Relevés were 
established on the sampled trees, which were divided 
into two parts, namely the basal zone (10-99 cm above 
the ground) and the upper zone (100-200 cm). The cover 
of each taxon was estimated based on the following val-
ues: + (<1%), 1 (1-10%), 2 (10.1-25%), 3 (25.1-50%), 4 (50.1-
75%), and 5 (75.1-100%) (Frey & Kürschner 1991a). In 
the present study, the methods proposed by Marstaller 
(2006) and Weber et al. (2000) were primarily utilized 
for syntaxonomic arrangement. In addition, 191 relevés 
established using Braun-Blanquet’s method were ana-
lysed with the Community Analysis Software Package 
(version 5.0), which utilizes the DECORANA (detrended 
correspondence analysis) and TWINSPAN (two-way in-
dicator species analysis) methods (Hill 1979a, b). 

The life forms, life strategies, and habitat affinities 
of each taxon suggested by Hill et al. (2007), During 
(1979), Frey & Kürschner (1991b), and Draper et al. 
(2003) were taken into account for the synecological 
analysis. Furthermore, ecological characteristics of the 
taxa such as humidity, light, and acidity were assessed 
after conducting land observations in accordance with 
DierSSen (2001). Different published floras, mono-
graphs, and revisions (Nyholm 1981; HedenÄs 1992; 
Zander 1993; Paton 1999; Cortini Pedrotti 2001, 
2006; Heyn & Herrnstadt 2004; Smith 2004; Frey 
et al. 2006; Guerra & Cros 2007; Casas et al. 2009; 
Kürschner & Frey 2011; Plasek et al. 2015; Lara et 
al. 2016) were used to identify bryophyte specimens. The 
examined exsiccates were deposited in the private Uyar 
herbarium maintained by the Department of Biology, 
Polatlı Science and Arts Faculty of Gazi University. 

RESULTS AND DISCUSSION

In this study, nine epiphytic bryophyte associations and 
three subassociations were determined within a total of 
191 phytosociological relevés. Among them, the follow-
ing two associations and two subassociations, which 
are arranged in two community tables (Tables 2 and 3), 
are new in Turkey: Neckero - Anomodontetum viticulosi 
(Wiśniewski 1929) Philippi 1965, Neckero - Anomodonte-
tum viticulosi -anomodontetosum viticulosi Marst. 1980, 
Syntrichietum laevipilae Ochsn. 1928, and Syntrichietum 
laevipilae -orthotrichetosum lyellii Duv. ex Lec. 1975. Fur-
thermore, Pterigynandretum filiformis Hil. 1925, Ortho-
tricho straminei-Pterigynandretum filiformis Gillet 1986, 
and Lewinskyetum affinis Alataş & Uyar 2017 are here re-
corded for the second time in the country.These syntaxa 

Fig. 1. Study area and sampling localities.
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were previously recorded from the Abant Mountains of 
Turkey by Alataş & Uyar (2017).

All syntaxa are given below using Marstaller’s 
(2006) sequence. The floristic composition, ecological 
characteristics, and phytosociological aspects of only 
the syntaxa new for Turkey are discussed in detail so as 
to avoid repetition in the present paper. The other syn-
taxa are briefly mentioned. 
Class: Neckeretea complanatae Marst. 1986
Order: Neckeretalia complanatae Jez & Vondr. 1962
Alliance: Neckerion compalanatae Sm. & Had. ex Kl. 
1948
Association: Pterigynandretum filiformis Hil. 1925
Association: Homalothecio sericei - Porelletum platy-
phyllae Storm. ex Duda 1951
Subassociation: -leucodontetosum sciuroidis Marst. 
1992
Association: Neckero - Anomodontetum viticulosi 
(Wiśniewski 1929) Philippi 1965
Subassociation: -anomodontetosum viticulosi Marst. 
1980
Class: Frullanio dilatatae-Leucodontetea sciuroidis Mo-
han 1978 em. Marst.1985
Order: Orthotrichetalia Hadač in Klika et Hadač 1944
Alliance: Ulotion crispae Barkman 1958
Association: Orthotrichetum lyellii All. ex Lec. 1975
Association: Orthotrichetum striati (Gams 1927) Marst. 
1985
Association: Lewinskyetum affinis Alataş & Uyar 2017
Association: Orthotricho straminei - Pterigynandretum 
filiformis Gillet 1986
Association: Pterigynandro filiformis - Orthotrichetum 
speciosi Guerra 1982
Alliance: Syntrichion laevipilae Ochsner 1928
Association: Syntrichietum laevipilae Ochsn. 1928
Subassociation: -orthotrichetosum lyellii Duv. ex Lec. 1975 

Pterigynandretum filiformis HIL. 1925

Pterigynandretum filiformis was determined in 17 relevés 
in a deciduous forest where Fagus orientalis is dominant 
at altitudes ranging from 220 to 1375 m a.s.l.(above sea 
level) in the Samanlı Mountains. The association is dom-
inated by facultative epiphytes such as Pterigynandrum 
filiforme and Alleniella complanata. This association 
generally prefers shady, semi-arid, and humid environ-
ments in the study area. 

Homalothecio sericei - Porelletum platyphyllae Storm. 
ex Duda 1951 and -leucodontetosum sciuroidis Marst. 
1992
The association was determined in 18 relevés. It is mostly 
found on the base and middle parts of the trunk of Pla-
tanus orientalis in the study area. It was dominated by 
pleurocarpous moss species. The subassociation -leuco-
dontetosum sciuroidis was determined in 12 relevés in the 

western region at altitudes ranging from 130 to 1110 m 
a.s.l. in the study area. Fagus orientalis is the tree most 
preferred by the subassociation. These syntaxa were 
spread throughout shaded, semi-arid, and humid habitats 
in the study area. The association and the subassociation 
were previously recorded from the Amanos and Abant 
Mountains in Turkey (Kara 2008; Alataş & Uyar 2017).

Neckero - Anomodontetum viticulosi (Wiśniewski 
1929) Philippi 1965 and -anomodontetosum viticulosi 
Marst. 1980
The association was determined in nine relevés made 
at an altitude of 220 a.s.l. It was mostly found on the 
middle parts of large trunks of Platanus orientalis near a 
creek under humid, low–light, and acid-rich conditions 
in a deciduous forest. Plane trees usually have thick and 
cracked barks. The strongly competitive moss species 
Alleniella complanata and Anomodon viticulosus are 
noteworthy as being dominant on trunks of P. orienta-
lis. Moreover, both these species are diagnostic species 
of the association and facultative epiphytes. Due to the 
mesophytic and hygro-tolerant character of species of 
this association, it is possible to find it in both epiphytic 
and epilithic habitats in shady and semiarid environ-
ments.

The overall covering of the association varies between 
91 and 100% (Table 2). The average number of taxa in the 
association is six. In addition, the total number of taxa 
in the association is 21. Among them, six taxa are liver-
worts and 15 are mosses, 11 of which are pleurocarpous, 
the remaining four acrocarpous.

The subassociation was determined with seven relevés 
made at altitudes of between 220 and 450 m a.s.l. The 
overall covering of the subassociation varies between 
78 and 100% (Table 2). The average number of taxa is 
six. A total of 22 taxa were found in the subassociation. 
Among them, five taxa are liverworts and 17 are mosses, 
13 of which are pleurocarpous, while four are acrocar-
pous. The subassociation is mostly found on the lower 
base of Platanus orientalis trunks. The most character-
istic species of this subassociation is the hygro- tolerant 
Anomodon viticulosus. In addition, Exsertotheca crispa 
and the cortico-saxicolous liverwort Porella arboris-vi-
tae are notably dominant within the subassociation. It 
can therefore be said to be cortico-saxicolous, meso-hy-
grophitic, and widespread in more humid habitats than 
the association.

Ecologically, this association and subassociation can 
be classified as mountainous, cortico-saxicolous, hy-
grophytic, sciophytic, and acidophytic. They are char-
acterized by pleurocarpous mosses, which are generally 
widespread in shady and humid habitats. 

Analysis of life strategies, indicates that these syn-
taxa fall into one of three main categories, viz., colo-
nists (C), perennial shuttle species (PeS), and perennial 
stayers (PS) (Fig. 2, Table 4). In the case of Neckero - 
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Anomodontetum viticulosi, perennial stayers comprised 
66%, perennial shuttle species 29%, and colonists 5%. 
In that of -anomodontetosum viticulosi, the perennial 
stayers (Ag, Ap, Av) constituted 72%, perennial shuttle 
species (Pv, Pg, Pp) 23%, and colonists (Bv) 5%. Due to 
the dominance of perennial stayers and the presence 
of small numbers of colonists, it can be said that these 
syntaxa are close to the climax. The results of life form 
analysis show that rough mat (43%) was dominant and 
smooth mat (24%) was second in the association, while 
rough mat and smooth mat (24%) were co-dominant in 
the subassociation (Fig. 3, Table 4). The prevailing life 
form of the colonists were cushion and turf, whereas 
the dominant life forms of the perennial stayers were 
dendroid, fan, mat, and weft (Kürschner & Frey 
2012). Thus, general features of the study area and eco-
logical characteristics of the syntaxa are compatible.

According to the characteristic species, the association 
and subassociation new for Turkey occupy to the follow-
ing syntaxonomical hierarchical position: the Neckerion 
complanatae alliance of the Neckeretalia complanatae or-
der and Neckeretea complanatae class. 

Orthotrichetum lyellii All. ex Lec. 1975
The Orthotrichetum lyellii epiphytic association was de-
termined in 22 relevés in the northeast and southeast re-
gions at altitudes ranging from 130 to 1110 m a.s.l. in the 
Samanlı Mountains. Fagus orientalis, Carpinus betulus, 
and Quercus ilex were the phorophyte species preferred 
by the association. The association was dominated by 
xerophytic acrocarpous moss species. Although this as-
sociation generally shows xeric characteristics, it most-
ly spreads in shaded, semi-arid, and humid habitats in 
the study area. The association was previously recorded 
from the Nif, Amanos, and Abant Mountains of Turkey 
(Walther 1979; Kara 2008; Alataş & Uyar 2017).

Orthotrichetum striati (Gams 1927) Marst. 1985
Orthotrichetum striati was determined in 38 relevés usu-
ally taken in semi-arid habitats at altitudes ranging from 

273 to 1220 m a.s.l.. Quercus petraea was the phorophyte 
species preferred by the association in the study area. The 
association was previously recorded from the Amanos 
Mountains, Abant Mountains, and Quercus vulcanica 
Boiss. & Heldr. ex Kotschy forests of Turkey (Kürschner 
et al. 2006; Ezer 2008; Kara 2008; Alataş & Uyar 2017).

Lewinskyetum affinis Alataş & Uyar 2017
Lewinskyetum affinis was determined in 15 relevés most-
ly taken from trunks of Platanus orientalis and Alnus 
glutinosa in a deciduous forest and on the banks of a 
creek at altitudes ranging from 190 to 985 m a.s.l. The 
association generally prefers shady and humid environ-
ments in the area. It was first described from the Abant 
Mountains in Turkey (Alataş & Uyar 2017) and is here 
reported for the second time.

Orthotricho straminei - Pterigynandretum filiformis 
Gillet 1986
The association was determined in 10 relevés mostly 
taken from trunks of Fagus orientalis, which is usually 
widespread in humid and low-light habitats in southern 
regions of the study area at altitudes ranging from 595 to 
1375 m a.s.l. It was previously recorded from the Abant 
Mountains in Turkey (Alataş & Uyar 2017).

Pterigynandro filiformis - Orthotrichetum speciosi 
Guerra 1982
The association was determined in 13 relevés and found 
in shady and humid areas at altitudes ranging from 235 
to 1110 m a.s.l. in the study area. Fagus orientalis was 
the phorophyte species preferred by the association. The 
association was previously recorded from the Amanos 
and Abant Mountains in Turkey (Kara 2008; Alataş 
& Uyar 2017).

Syntrichietum laevipilae Ochsn. 1928 and -ortho-
trichetosum lyellii Duv. ex Lec. 1975
This association was identified as epiphytic in 10 relevés 
usually taken from urban habitats close to roads domi-

Fig. 2. Spectrum of life strategies of the syntaxa Neckero - 
Anomodontetum viticulosi and - anomodontetosum viticulosi.

Fig. 3. Spectrum of life forms of the syntaxa Neckero - Anomo-
dontetum viticulosi and - anomodontetosum viticulosi.
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L Localities Alt. (m) GPS Date

1 Plane tree way 80 40°38’28’’N; 29°13’41’’E 03.04.2015

2 Teşvikiye 130 40°36’41’’N; 29°04’18’’E 03.04.2015

3 City forest 450 40°35’17’’N; 29°01’35’’E 03.04.2015

4 Kapılıçınar 220 40°33’14’’N; 29°13’11’’E 04.04.2015

5 Kurtköy road 300 40°34’19’’N; 29°13’57’’E 04.04.2015

6 Kartepe 1200 40°39’31’’N; 30°05’56’’E 25.05.2015

7 Dumanlıkaya vicinity 650 40°40’10’’N; 30°07’21’’E 26.05.2015

8 SisliVadi vicinity I 900 40°39’25’’N; 30°07’09’’E 26.05.2015

9 SisliVadi vicinity II 950 40°39’24’’N; 30°07’25’’E 26.05.2015

10 Suadiye village 800 40°39’06’’N; 30°02’55’’E 26.05.2015

11 Pazarçayırı village 700 40°38’50’’N; 30°02’20’’E 26.05.2015

12 Karpuzdere 450 40°37’21’’N; 30°03’02’’E 26.05.2015

13 Erciova plateau road 985 40°33’16’’N; 30°00’17’’E 27.05.2015

14 Erciova plateau 1110 40°33’34’’N; 29°59’29’’E 27.05.2015

15 North of Inönü plateau 1060 40°34’07’’N; 30°00’14’’E 27.05.2015

16 Istanbulderestreet 129 40°40’32’’N; 30°14’49’’E 28.05.2015

17 Soğucak plateau 1075 40°36’21’’N; 30°11’27’’E 28.05.2015

18 İstanbuldere 360 40°38’33’’N; 30°13’59’’E 28.05.2015

19 Aygır creek 273 40°41’00’’N; 30°07’34’’E 6.09.2015

20 Yanık Creek vicinity 650 40°39’36’’N; 30°09’06’’E 6.09.2015

21 Kuzuyayla Nature Park 1375 40°38’48’’N; 30°07’01’’E 6.09.2015

22 Karaaslan camping area 190 40°38’22’’N; 29°56’15’’E 7.09.2015

23 South of Inönü plateau 1069 40°34’08’’N; 30°00’15’’E 8.09.2015

24 Sıcakdere 761 40°35’24’’N; 29°53’03’’E 9.09.2015

25 Servetiyecamii village 870 40°34’33’’N; 29°54’52’’E 9.09.2015

26 Kazandere vicinity 595 40°37’47’’N; 29°57’17’’E 9.09.2015

27 Eskiferhadiye village 850 40°36’50’’N; 29°50’58’’E 10.09.2015

28 Eriklidüzü 1050 40°35’32’’N; 29°48’47’’E 10.09.2015

29 Eriklitepe Nature Park 940 40°36’07’’N; 29°47’40’’E 10.09.2015

30 Betonbina location 1030 40°35’49’’N; 29°50’26’’E 10.09.2015

31 Paşa neighbourhood 775 40°32’29’’N; 29°51’59’’E 11.09.2015

32 Başdeğirmen location 235 40°38’33’’N; 29°36’18’’E 26.10.2015

33 Karadere vicinity 150 40°37’26’’N; 29°27’51’’E 27.10.2015

34 İlyasköy vicinity 285 40°36’52’’N; 29°26’44’’E 27.10.2015

35 Çukurköy vicinity 245 40°36’39’’N; 29°25’31’’E 27.10.2015

36 Ortaburun pond vicinity 405 40°36’44’’N; 29°07’27’’E 28.10.2015

37 Hasanbaba vicinity 270 40°37’12’’N; 29°07’25’’E 28.10.2015

Table 1. List of sampling localities (L: Locality number).
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nated by Platanus orientalis, occasionally in grassy areas 
of forests on northern, northwestern, and northeastern 
facades of the bottom part of trees, at altitudes rang-
ing from 80 to 985 m a.s.l. in the Samanlı Mountains, 
whereas the subassociation was represented with 13 
relevés taken from shaded and humid stems of Platanus 
orientalis and Fraxinus angustifolia at altitudes of be-
tween 150 and 800 m a.s.l. in the research area (Table 3).

The characteristic species of the association was 
Syntrichia laevipila, which was 100% permanent in the 
relevés, and the mesophyte taxon Pulvigera lyellii, which 
was the characteristic species of the subassociation and 
has the highest repetition rate, with a permanence ra-
tio of 100% in the relevés. Syntrichia laevipila is a spe-
cies that usually spreads on tree trunks and grows in 
semi-neutral environments under shady and humid 
conditions. For its part, Pulvigera lyellii is a species that 
grows in semi-neutral and semi-arid environments un-

der shady and humid conditions, sometimes in open 
areas. It usually spreads on tree trunks and occasion-
ally on rock surfaces. Ecological factors characteristic 
of the association were low-light, semi-dry, and humid 
sub-neutral conditions, whereas the subassociation pre-
fers acid-rich semi-neutral habitats that are more arid 
and open compared to those of the association. 

While overall coverage of the association varied be-
tween 75 and 97%, these figures were between 50 and 
90% for the subassociation. The closure rate of the envi-
ronment where the association exists varied between 20 
and 90%, whereas it ranged between 10 and 90% for the 
subassociation. The covering size of the relevés ranged 
from 25 to 100 dm2, and the number of taxa per relevé 
in both syntaxa varied from three to 10. Consequently, 
according to its ecological requirements, while the asso-
ciation can be classified as hygro-mesophytic, sciophyt-
ic, and subneutrophytic, the subassociation is hygro-xe-

38 Teşvikiye forest road I 753 40°34’33’’N; 29°02’57’’E 28.10.2015

39 Teşvikiye forest road II 495 40°36’35’’N; 29°06’51’’E 28.10.2015

40 Şahinyurdu vicinity 650 40°28’42’’N; 29°11’30’’E 30.10.2015

41 Şahinyurdu village way 525 40°29’38’’N; 29°12’27’’E 30.10.2015

42 Gemlik forest road I 600 40°30’58’’N; 29°08’49’’E 30.10.2015

43 Şahinyurdu village way 525 40°29’38’’N; 29°12’27’’E 30.10.2015

44 Gemlik forest road II 600 40°30’58’’N; 29°08’49’’E 30.10.2015

45 Kurtköy forest road I 471 40°33’04’’N; 29°13’42’’E 21.04.2016

46 Kurtköy forest road II 530 40°32’40’’N; 29°13’06’’E 21.04.2016

47 Taz Mountain foothills 460 40°32’13’’N; 28°54’07’’E 22.04.2016

48 Karacaali 361 40°30’20’’N; 29°03’09’’E 23.04.2016

49 Karacaali forest road 510 40°31’28’’N; 29°03’52’’E 23.04.2016

50 Haydariye forest road I 742 40°32’20’’N; 29°04’20’’E 23.04.2016

51 Haydariye forest road II 750 40°32’36’’N; 29°03’47’’E 23.04.2016

Fig. 4. Spectrum of life strategies of the syntaxa Syntrichietum 
laevipilae and - orthotrichetosum lyellii.

Fig. 5. Spectrum of life forms of the syntaxa Syntrichietum laevi-
pilae and - orthotrichetosum lyellii.
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Fig. 6. Dendrogram of communities obtained by TWINSPAN.

Fig. 7. Detrended correspondence analysis (DECORANA) ordination of 191 relevés.
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% % % %

Li
fe

 F
or

m

Mat rough 43 24 22 18 Mr

Mat smooth 24 24 13 4 Ms

Fan 9 9 0 0 Fa

Dendroid 9 14 0 0 De

Turf 0 9 13 13 Tf

Mat thalloid 5 5 0 4 Mt

Tuft 5 5 9 13 Tuft

Weft 5 10 4 0 We

Cushion 0 0 39 48 Cu

Li
fe

 S
tr

at
eg

y

Colonists

Pauciennial colonists 0 0 9 13 Ba

Colonists with high asexual reproductive effort 5 5 4 4 Bv

Colonists with high sexual and asexual reproductive effort 0 0 17 18 Bv,g

Perennial Shuttle

Perennial shuttle species with high asexual reproductive effort 14 9 4 9 Pv

Perennial shuttle species with high sexual reproductive effort 10 9 13 4 Pg

Perennial shuttle species with low sexual and asexual reproductive effort 5 5 9 0 Pp

Perennial Stayers

Perennial stayers with high asexual reproductive effort 9 29 9 9 Av

Perennial stayers with high sexual and asexual reproductive effort 0 0 4 4 Av,g

Perennial stayers with high sexual reproductive effort 38 24 22 35 Ag

Perennial stayers with low sexual and asexual reproductive effort 19 19 9 4 Ap

Table 4. Life form and life strategy of taxa within the syntaxa.

rophytic, sciophytic, and acidophytic-subneutrophytic. 
Both syntaxa were characterized by acrocarpous moss-
es, which were generally widespread in sunny and dry 
habitats. 

These syntaxa show three main categories of life 
strategies: colonists (C), perennial shuttle species (PeS), 
and perennial stayers (PS) (Fig. 4, Table 4). In the case 
of Syntrichietum laevipilae, perennial stayers represent 
44%, perennial shuttles 26%, and colonists 30%. In the 
case of -orthotrichetosum lyellii, on the other hand, per-
ennial stayers represent by 52%, perennial shuttle spe-

cies (Pv, Pg) 13%, and colonists (Ba, Bv, Bv,g) 35%. The 
perennial stayers, which are divided into four sub-cate-
gories (Ag, Ap, Av, Av,g), are dominant. To judge from 
these data, the syntaxa were progressing towards stabili-
ty; however, they did not reach the climax.

Analysis of life forms indicates that the cushion 
type was dominant, both in the association (39%) and 
in the subassociation (48%). Cushions were dominant in 
dry and xeric sites exposed to the sun in the study area, 
while rough mats were dominant at shady, humid, and 
mesic to hydric sites. The rough mat type was the second 
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most prevalent life form in both syntaxa (Fig. 5, Table 
4). Syntaxonomically, the association and the subassoci-
ation can be classified within the Syntrichion laevipilae 
alliance, Orthotrichetalia order, and Frullanio dilatatae 
- Leucodontetea sciuroidis class based on the existence of 
characteristics of the indicated class, order, and alliance 
in both syntaxa.

Analysis of epiphytic bryophyte vegetation by mul-
tivariate methods. Ordination techniques are widely 
used by ecologists to study the relationship between veg-
etation and the environment. The phytosociological data 
obtained from a total of 191 relevés, which were evalu-
ated in accordance with the Braun-Blanquet approach, 
were ordinated by detrended correspondance analysis 
(DCA) and classified using two-way indicator species 
analysis (TWINSPAN). 

TWINSPAN classification is a method widely used 
to analyse floristic data in plant ecology. It involves the 
sorting and arrangement of relevés or species in a hier-
archical fashion into groups or classes possessing cer-
tain common characteristics or attributes (Ahmad et al. 
2010). As a result of the conducted TWINSPAN analysis, 
epiphytic bryophyte vegetation was found to have nine 
groups at the third hierarchical level (Fig. 6). The TWIN-
SPAN analysis shows results similar to those inferred by 
the Braun-Blanquet classification. The relevés were di-
vided into arid and humid characters by TWINSPAN, 
which segregates communities of similar character into 
groups. Groups 5, 8, and 9 were classified within the 
class Neckereta complanatae, having a humid character, 
while groups 1, 2, 3, 4, 6, and 7 were classified within 
the class Frullanio dilatatae - Leucodontetea sciuroidis, 
having a xeric character. 

Detrended correspondence analysis (DCA) was ap-
plied to identify environmental gradients and define 
the distribution of vegetation. A total of nine epiphytic 
bryophyte communities were analysed for ordination by 
DCA in the study area. The proximity of relevés con-
stituting these groups is shown on the two-dimensional 
diagram of DECORANA according to the axis 1 and 2 
abscissa-ordinate system (Fig. 7). 

Ordination by means of DCA indicated a relation-
ship between the distribution of species in the epiphytic 
communities and habitat characteristics. The first DCA 
axis was interpreted as a moisture gradient (from humid 
to arid). Groups 1, 2, 3, 4, and 6 (which belong to the Ulo-
tion crispae alliance) and group 7 (which belongs to the 
Syntrichion laevipilae alliance) were dispersed according 
to the moisture gradient on axis 1. All of these groups 
belong to the Holarctic epiphytic class Frullanio dilata-
tae - Leucodontetea sciuroidis. Groups 5, 8, and 9 belong 
to the alliance Neckerion complanatae of the class Neck-
eretea complanatae, which has mesophytic communities 
that grow on tree trunks or basic rocks. The distribution 
of epiphytic communities on the second ordination axis 

is not yet clear, but it could be said that the groups were 
distributed according to a height gradient (from the low-
er base to the upper zones) on axis 2. 
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Epifitska vegetacija mahovina Samanlı planine u severozapadnom delu Turske je istraživana na osnovu 191 
snimka uzetih Braun-Blanquet metodom sa stabla drveća tokom 2015. i 2016. godine. Kao rezultat ovih 

istraživanja, utvrđeno je prisustvo 9 epifitskih asocijacija mahovina i 3 subasocijacije. Među njima, 2 asocijacije 
i 2 subasocijacije, Neckero - Anomodontetum viticulosi, Neckero - Anomodontetum viticulosi - anomodonteto-
sum viticulosi, Syntrichietum laevipilae, Syntrichietum laevipilae - orthotrichetosum lyellii, konstatovane su po 
prvi put na teritoriji Turske. Takođe, epifitska vegetacija mahovina je analizirana pomoću multivarijantskih 
analiza, a urađene su i analize životnih formi i životnih strategija vrsta unutar vegetacijskih jedinica. Kao rezu-
ltat, dok su dugoživeće višegodišnje jedinke sa visokim reproduktivnim potencijalom dominantne u epifitskoj 
vegetaciji mahovina, najčešća životna forma je gusta prostirka. 

Ključne reči: asocijacija, mahovine, epifitska vegetacija, životne forme, životne strategije, Samanlı planina, 
Turska

Epifitska vegetacija mahovina Samanlı planine 
(Sakarya-Kocaeli-Yalova-Bursa) u severozapadnoj 
Turskoj

Merve Can Gözcü, Güray Uyar, Mevlüt Alataş, Tülay Ezer i Muhammet Ören
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