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Abstract

In this study, we present a current list of syntaxa belonging to the bryophyte vegetation of Tiirkiye. This
checklist was compiled from the national and local literature, and includes all syntaxonomic units of
bryophyte vegetation that have been newly described or reported for Tiirkiye to date. To date, 56
associations and 29 sub-associations belonging to 21 alliances, 14 orders, and 9 classes have been
reported in Tiirkiye, bryosociologically. In addition, 26 phytosociological units were determined as
unknown status. In the present study, syntaxonomical units were grouped according to their habitat type
(aquatic, terrestrial, saxicolous, or epiphytic) and were given with their localities and synonyms.

Keywords: Bryophytes, Checklist, Phytosociology, Tiirkiye.

Giincellenen Tiirkiye Briyofit Vejetasyonu Kontrol Listesi
Oz

Bu ¢alismada, Tiirkiye briyofit vegetasyonuna ait sintaksonlarin bir listesi sunulmustur. Tiirkiye igin yeni
tanimlanan ve rapor edilen briyofit vejetasyonunun sintaksonomik birimlerinin giincel kontrol listesi,
ulusal ve yerel literatiirdeki verilerin derlenmesi sonucunda elde edilmistir. Bugiine kadar Tiirkiye’de
bryososyolojik olarak 21 alyans, 14 ordo ve 9 sinifa ait 56 birlik ve 29 alt birlik rapor edilmistir. Ayrica,
26 fitososyolojik birim de durumu bilinmeyen olarak belirlenmistir. Bu g¢aligmada, briyososyolojik
birimler sucul, karasal veya epifitik habitatlara gore gruplandirilmis olup lokaliteleri ve sinonimleri ile
birlikte verilmistir.

Anahtar Kelimeler: Briyofitler, Kontrol Listesi, Fitososyoloji, Tiirkiye.
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1. Introduction

The flora of Tiirkiye has exceptionally rich and
diverse due to different climate types (Terrestrial,
Oceanic and Mediterranean), geological and
geomorphological diversity, rich water resources
(sea, lake and stream), great height differences (sea
level - 5000 m) and a wide variety of habitat types
(Ozhatay vd., 2005). The most important reasons
for Tirkiye’s geographical, climatic, habitat and
ecosystem diversity is that it is located at the
intersection of the Mediterranean, Euro-Siberian
and Iran-Turanian  phytogeographic  regions
(Akman, 1995). The effect of these three different
phytogeographic regions led to the creation of
favorable conditions for the Mediterranean
elements in the south, the Euro-Siberian elements
in the north, and the Irano-Turanian elements in
the east (Davis, 1975). In our country, both
floristic and sociological studies on bryophytes
have increased rapidly in recent years. According
to recent studies and final checklists approximately
+1046 (£196 liverworts, =+846 mosses, =+4
hornworts) bryophyte taxa have been reported in
Tiirkiye (Erdag and Kiirschner, 2017, Batan et al.,
2019; Ursavas and Kegeli, 2019; Ursavas and Isin,
2019; Erata and Batan, 2020; Kiirschner and Frey
2020; Erata et al., 2021; Unan and Oren, 2021;
Unan et al., 2021; Ursavas et al., 2021; Kirmaci et
al., 2021; Ellis et al., 2021a,b,c; Abay et al., 2022;
Ozenoglu and Kirmaci, 2022).

However, bryofloristic studies and
bryosociological studies do not progress at the
same speed in Tirkiye. While the studies regarding
the bryophytes progress rapidly in terms of the
floristic aspect it does not progress at the same
speed in terms of vegetation. In the study of
Walther and Leblebici (1969), which is the first
biosociological study carried out in Tirkiye, on
moss vegetation in the Yamanlar Mountain-
Karagdl Region in the north of Izmir, a total of 20
associations  were  determined. = Walther’s
bryosociological studies in Tiirkiye continued with
the investigation of Liquidambar orientalis Mill.
forests in  Southwest Anatolia (Marmaris-
Koycegiz, Mugla) and the bryophyte vegetation of
the Nif Mountains (Izmir) (Walther, 1975, 1979).
After Walther’s studies, no bryosociological
studies were conducted in Tirkiye until 1991.
Since 1991, studies on bryophyte vegetation in
Tiirkiye have started again and many studies have
been carried out (Brullo et al., 1991; Kiirschner et
al., 1998, 2006, 2007, 2012; Kiirschner, 1999;
Kirschner and Parolly, 1999a,b; Kara, 2008; Ezer,
2008, 2017; Kiirschner and Erdag, 2008, 2009;
Diizenli et al., 2009; Kara et al., 2011; Alatas and
Batan, 2014, 2015; Alatas et al., 2015a, 2016,
2017; Alatas and Uyar, 2017; Can Gozcu et al.,

2018; Alatas et al, 2019ab,cde; 2021;
2022a,b,c,d; Kara and Taspinar, 2022; Ezer et al.,
2022a,b).

The first checklist for bryophyte vegetation in
Tirkiye was given in 1999 and the second
checklist in 2018. (Kiirschner and Parolly, 1999b;
Alatas, 2018). In recent years, the rapidly increase
in bryosociological studies in our country and the
determining of newly described and new recorded
syntaxonomic units have revealed the necessity of
renewing the bryophyte vegetation list. In this
context, the present study aims to review and bring
together all bryosociological studies in Tiirkiye in
order to update the current understanding of
Tiirkiye’s bryophyte vegetation.

This current checklist has been prepared by
compiling the results of bryophyte vegetation
studies carried out according to the Braun-
Blanquet (1964) methodology in Tirkiye between
1969-2022.

2. Materials and Methods

Syntaxonomic scheme of Turkish bryophyte
vegetation

The following syntaxonomic scheme applies
exclusively to the bryophyte vegetation of Tiirkiye.
All syntaxonomic units were revised according to
the International Code of Phytosociological
Nomenclature (Weber et al., 2000) and ordered
according to Von Hiibschmann (1986), Dierssen
(2001), Marstaller (2006), and Mucina et al.,
(2016). The headings of the syntaxa and
syntaxonomic categories are presented in
abbreviated form, i.e., All: Alliance, Ass.:
Association, Subass.: Subassociation, and Syn:
Synonym.

3. Results

Checklist

Agquatic and semi-aquatic communities

Class: Platyhypnidio-Fontinalietea antipyretica
Philippi 1956

Order: Hygrohypnetalia Krajina 1933

All.: Racomitrion acicularis von Krusenstjerna
1945

Ass. Madothecetum cordaeanae Philippi 1956
(Syn: Lunularia cruciata-Porella cordaeana ass.
Walther 1969)

[Yamanlar Mountain / Izmir
Leblebici, 1969)]

Order: Leptodictyetalia riparii Philippi 1956

All.: Platyhypnidion rusciformis Philippi 1956
Ass. Oxyrrhynchietum rusciformis Gams ex v.
Hiibscmann 1953

(Syn: Platyhypnidietum riparioides Gams 1927)

(Walther and
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[Yamanlar Mountain / Izmir
Leblebici, 1969)]

All.: Brachythecion rivularis Hertel 1974

Ass. Brachythecio rivularis-Hygrohypnetum luridi
Philippi 1965

(Syn: Brachythecietum
Walther 1969)
[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

All.: Fissidention rivularis Marstaller 1987

Ass.  Fissidenti  rivularis-Rhynchostegielletum
jacquinii Walther 1969

(Syn: Fissidentetum rivularis v. Hiilbscmann 1971)
[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

Ass. Fegatelletum conicae Smarda ex Jezek &
Vondracek 1962

(Syn: Conocephalum conicum-Mniobryum
delicatulum ass. Walther 1969)
[Yamanlar Mountain / Izmir
Leblebici, 1969)]

Associations of uncertain syntaxonomic rank and
position:

- Barbula sinuosa-Bryum alpinum ass. Walther
1969

[Yamanlar Mountain / Izmir
Leblebici, 1969)]

- Pellia endiviifolia-Hygroamblystegium tenax
ass. Walther 1969

[Yamanlar Mountain / Izmir
Leblebici, 1969)]

- Philonotetum caespitosae ass. Walther 1969
[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

Class: Montio Cardaminetea Br.-Bl. & Tx. ex
Klika & Hada¢ 1944

Order: Montio-Cardaminetalia Pawlowski 1928
All.: Cardamino-Montion Br.-Bl. 1925

- Palustriella commutata-Cratoneuron filicinum
community Kiirschner, Kirmac1 & Erdag 2015
[The high mountains of Turkey (Kiirschner et al.,
2015)]

- Bryum schleicheri community Kiirschner,
Kirmact & Erdag 2015

[The high mountains of Turkey (Kiirschner et al.,
2015)]

- Palustriella falcata community Kiirschner,
Kirmact & Erdag 2015

[The high mountains of Turkey (Kiirschner et al.,
2015)]

Saxicolous communities

Class: Racomitrietea heterostichi Neumayr 1971
Order: Grimmietalia commutatae Smarda &
Vanek in Smarda 1947

All.: Grimmion commutatae von Krusenstjerna
1945

Ass.  Grimmion
Krusenstjerna 1945

(Walther and

rivularis Herzog ex

(Walther and

(Walther and

(Walther and

commutato-campestris  von

[Yamanlar Mountain / Izmir (Grimmia laevigata-
Grimmia ovalis ass. Walther and Leblebici, 1969);
Besparmak Mountain / Mugla (Kiirschner and
Parolly,  1999b);  Phrygian  Highlands /
Afyonkarahisar-Kiitahya-Eskischir-Sakarya River
(Kiirschner and Erdag, 2009)]

Subass. - orthotrichetosum bistratosae Kiirschner
& Erdag 2009

Subass. - anacolietosum menziesii Kiirschner &
Erdag 2009

[Phrygian Highlands / Afyonkarahisar-Kiitahya-
Eskisehir-Sakarya River; Kula area / Manisa
(Kiirschner and Erdag, 2009)]

Class: Schistidietea apocarpi Jezek & Vondracek
1962

Order: Schistidietalia

Jezek & Vondracek 1962

All.: Grimmion tergestinae Smarda 1947
Ass. Orthotricho anomali-Grimmietum pulvinatae
Stodiek 1937

(Syn.: Tortuletum muralis
Waldh.1944, Grimmio pulvinate-
muralis v. Hiibscmann 1950)
[Yamanlar Mountain / Izmir (Grimmia pulvinata-
Tortula muralis ass. and Tortula intermedia -
Tortula calcicolens ass. Walther & Leblebici,

apocarpi

(Muraletum)
Tortuletum

1969)]

Associations of uncertain syntaxonomic rank and
position:

- Tortula inermis-Barbula cylindrica ass.
Walther 1969

[Yamanlar Mountain / Izmir (Walther and

Leblebici, 1969)]

- Trichostomum crispulum-Distichium
capillaceum ass. Walther 1969
[Yamanlar Mountain / Izmir
Leblebici, 1969)]

Class: Neckeretea complanatae Marstaller 1986
Order: Neckeretalia complanatae
Jezek & Vondracek 1962

All.: Plasteurhynchion meridionalis Guerra &
Varo 1981

Ass. Antitrichietum breidlerianae Walther 1969
Subass. - tortuletosum hirsutae Walther 1969
[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

Subass. - orthotrichetosum rupestris Walther 1969
[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

Ass.  Homalothecio  sericei-Neckeradelphetum
menziesii (Varo, Guerra & Gil 1977) Guerra &
Varo 1981

(Syn. Neckeretum menziesii Varo, Guerra & Gil
1977, nom. illeg., art. 31 ICPN, Weber et al.,
2000)

[Yamanlar Mountain-Spil Mountain / [zmir-
Manisa; Aydin Mountain / Aydin; Yilanh
Mountain / Mugla (Kiirschner and Erdag, 2008)]

(Walther and
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Terricolous communities

Class: Psoretea decipientis Mattick ex Follmann
1974

Order: Barbuletalia
Hiibscmann 1960

All.: Grimaldion fragrantis Smarda & Hada¢ in
Hada¢ & Smarda 1944

Ass.  Riccio  sorocarpae-Pseudocrossidietum
hornschuchiani Frey, Herrnstadt & Kiirschner
1990

[Dilek Peninsula National Park, Aydin Daglar1 /
Aydm (Kiirschner et al., 2007)]

All.: Tortellion flavovirentis Guerra ex Guerra &
Puche 1984

Ass. Tortello flavovirentis-Bryetum  dunensis
Guerra et Puche 1984

[Manavgat Area / Antalya (Brullo et al., 1991)]
All.: Mannion androgynae Ros & Guerra 1987
Ass. Riccio nigrellae-Oxymitretum paleaceae Ros
& Guerra 1987

[Besparmak Mountain / Mugla (Kirschner and
Parolly, 1999b); Dilek Peninsula National Park,
Aydm Daglart / Aydm (Kiirschner et al., 2007)]

unguiculatae von

Order:  Funarietalia  hygrometricae  von
Hiibschmann 1957
All.:  Phascion cuspidati Waldheim ex v.

Krusenstjerna 1945

Ass. Riccio sorocarpae-Funarietum fascicularis
Lecointe 1978

[Dilek Peninsula National Park, Aydin Daglar1 /
Aydin (Kiirschner et al., 2007)]

Ass.  Epipterygio  tozeri-Riccietum
Kiirschner & Parolly 1999

[Besparmak Mountain / Mugla (Kirschner and
Parolly, 1999)]

Class: Pleurochaeto squarrosae-Abietinelletea
abietinae Marstaller 2002

Order: Pleurochaeto squarrosae-Abietinelletalia
abietinae Marstaller 2002

All.: Homalothecio aurei-Pleurochaetion
squarrosae (Ros et Guerra 1987) Marst. 1993

Ass. Pleurochaeto squarrosae-Tortuletum ruralis
Brullo, Lo Giudice et Privitera 1991

[Karabiga Area/ Canakkale (Brullo et al., 1991)]
Subass. - campylietosum chrysophylli Brullo, Lo
Giudice & Privitera 1991 ex Marstaller 2006

(Syn: Pleurochaeto squarrosae-Tortuletum ruralis
Brullo, Lo Giudice et Privitera 1991

(subass. of -Campylium chrysophyllum nom. inval.
(Art. 3h) Brullo, Lo Giudice & Privitera 1991)
Subass.- rhynchostegietosum megapolitani Brullo,
Lo Giudice & Privitera 1991 ex Marstaller 2006
(Syn: Pleurochaeto squarrosae-Tortuletum ruralis
Brullo, Lo Giudice & Privitera 1991 subass. of -
Rhynchostegium megapolitanum nom. inval. (Art.
3h) Brullo, Lo Giudice & Privitera 1991)

Ass. Homalothecio aurei-Pleurochaetetum
squarrosae Ros & Guerra 1987

frostii

Subass. - bartramietosum strictae Kiirschner &
Parolly 1999

[Besparmak Mountain / Mugla (Kiirschner and
Parolly, 1999b)]

Associations and communities  of
syntaxonomic rank and position;

- Anthoceros punctatus-Oxyrhynchium hians
community Walther & Leblebici 1969

[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

- Fissidens viridulus-Rhynchostegiella curviseta
community Walther & Leblebici 1969

[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969)]

- Metzgeria furcata-Fabronia
Walther 1969

[Yamanlar Mountain / Izmir
Leblebici, 1969)]

- Targionia hypophylla-Funaria calcarea ass.
Walther 1969

[Yamanlar Mountain / Izmir
Leblebici, 1969)]

Epiphytic communities

Class: Cladonio digitatae-Lepidozietea reptantis
JeZek & Vondracek 1962

Order: Cladonio digitatae -
reptantis Jezek & Vondracek 1962
Alliance: Tetraphidion pellucidae
Krusenstjerna 1945

Ass.: Leucobryo-Tetraphidetum pellucidae Barkm.
1958

[Kamilet Valley / Artvin (Alatas et al., 2019)]
Order: Lophocoleetalia heterophyllae Barkman
1958

All.: Nowellion curvifoliae Philippi 1965

uncertain

pusilla  ass.

(Walther and

(Walther and

Lepidozietalia

von

Ass. Dicranetum taurici  Neumayr ex von
Hiibschmann 1978
(Syn.: Tetraphido pellucidae-Orthodicranetum

stricti Hébrard 1973)
[Abant Mountains / Bolu (Alatas and Uyar, 2017)]

Order:  Brachythecietalia  rutabulo-salebrosi
Marstaller 1987
All.:  Bryo capillaris-Brachythecion rutabuli

Lecointe 1975

Ass. Plagiothecietum neglecti Ricek 1968

(Syn.: Plagiothecio nemoralis-Brachythecietum
velutini Vadam 1990)

[Gobii village / Zonguldak (Alatas et al., 2015a)]
Order: Dicranetalia scoparii Barkman 1958

All.:  Dicrano  scoparii-Hypnion filiformis
Barkman 1958
Ass.  Dicrano  scoparii-Hypnetum  filiformis

Barkman 1958

[Ortimcek forests / Giimiigshane (Alatag and Batan,
2015)]
Subass. -sanionietosum uncinatae Grgic 1983

[Ortimcek forests / Giimiishane (Alatag and Batan,
2015)]
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Class: Neckeretea complanatae Marstaller 1986
Order: Neckeretalia complanatae Jezek &
Vondracek 1962

All.: Neckerion complanatae Smarda & Hadac ex
Klika 1948 nom. cons.

Ass.  Alleniello besseri - Palamocladietum
euchloronis Ezer, Alatas, Erata & Batan 2022
[Firtina Valley / Rize (Alatas et al., 2022d)]

Ass. Exsertotheco crispa - Allenielletum besseri
Alatas, Ezer, Batan & Erata 2022

[Firtina Valley / Rize (Alatas et al., 2022d)]
Subass. - leucodontetosum sciuroidis Batan, Ezer,
Erata & Alatag 2022

[Firtina Valley / Rize (Alatas et al., 2022d)]

Ass. Frullanio tamarisci-Neckeretum pumilae
Alatag, Ezer, Batan & Erata 2022

[Kiimbet Plateau / Giresun (Alatas et al., 2022¢)]
Subass. -isothecietosum alopecuroidis Alatas,
Ezer, Batan & Erata 2022

[Kiimbet Plateau / Giresun (Alatas et al., 2022¢)]
Ass. Anomodonto attenuati - Neckeretum crispae
Plam. 1982

[Kamilet Valley / Artvin (Alatas et al., 2019)]
Subass. -leucodontetosum sciuroidis Grgi¢ 1972
[Kamilet Valley / Artvin (Alatas et al., 2019)]

Ass. Alleniella besseri-Leucodontetum immersi
Ezer, Alatas & Batan 2021

[Altindere Valley Magka-Trabzon (Alatas et al.,
2021)]

Ass. Frullanio tamarisci - Exsertothecetum
crispae Pilous 1961 em. Gillet 1986

[Kamilet Valley / Artvin (Alatas et al., 2019)]

Ass. Brachythecietum populei Hagel ex Phil. 1972
[Ciftekoprii ve Karagol Tabiat Parki / Borgka-
Artvin (Alatas et al. 2019d); Altindere Valley
Magka-Trabzon (Alatas et al., 2021)]

Subass. -hypnetosum filiformis Ezer, Alatas &
Batan 2019

[Ciftekoprii ve Karagol Tabiat Parki / Borgka-
Artvin (Alatas et al., 2019d)]

Subass. -isothecietosum alopecuroidis Lauer 2002
[Altindere Valley Macgka-Trabzon (Alatas et al.,
2021)]

Ass. Plagiomnio undulati-Raduletum
lindbergianae Alatas, Ezer, Batan & Erata 2021
[Altindere Valley Magka-Trabzon (Alatag et al.,
2021)]

Subass. - leucodontetosum sciuroidis Alatas, Ezer,
Batan & Erata 2021

Ass. Pterigynandretum filiformis Hilitzer 1925
[Abant Mountains / Bolu (Alatas and Uyar, 2017);
Samanli Mountains / Sakarya-Kocaeli-Yalova-
Bursa (Can Gozcii et al., 2018); Akyazi District /
Sakarya (Alatas et al., 2019a)]

Subass. -leucodontetosum sciuroidis Grgi¢ 1983
[Akyaz1 District / Sakarya (Alatas et al., 2019a)]
Ass. Homalothecio sericei-Neckeretum besseri
Jezek & Vondracek 1962

[Altindere Valley Magka-Trabzon (Alatasg et al.,
2021)]

Ass. Homalothecio sericei-Porelletum
platyphyllae Storm. ex Duda 1951

[Abant Mountains / Bolu (Alatas and Uyar, 2017);
North Amanos Mountains / Hatay (Kara, 2008);
Samanli Mountains / Sakarya-Kocaeli-Yalova-
Bursa (Can Gozcii et al., 2018)]

Subass. -leucodontetosum sciuroidis Marstaller
1992

[Abant Mountains / Bolu (Alatag and Uyar, 2017);
North Amanos Mountains / Hatay (Kara, 2008);
Samanli Mountains / Sakarya-Kocaeli-Yalova-
Bursa (Can Gozcii et al., 2018)]

Ass. Anomodontetum attenuati (Barkman 1958)
Peciar 1965

[Amanos Mountains / Hatay (Kara et al. 2011);
South Amanos Mountains / Hatay (Ezer, 2008)]
Subass. -homalietosum trichomanoidis Peciar
1965

[South Amanos Mountains / Hatay (Ezer, 2008)]
Ass.  Anomodonto viticulosi-Leucodontetum
sciuroidis Wisniewski 1930

(Syn.: Anomodonto longifolii-l1sothecietum myuri
Lipmaa 1935 p.p, Neckeretum complanatae
Waldh. 1944, Neckero- Anomodonteum viticulosi
Szafran 1955, Neckeretum crispae PHIL. 1965,
Neckero  complanatae-Eurhynchietum  striatuli
Cor. Ped. 1988)

[North Amanos Mountains / Hatay (Dtizenli et al.,
2009); South Amanos Mountains / Hatay (Ezer,
2008); Beldibi and Babadag Forests / Devrek-
Zonguldak (Alatas et al., 2019¢); Akyaz1 District /
Sakarya (Alatas et al., 2019a)]
Subass. -palamocladietosum
Kiirschner & Diizenli 2009
[North Amanos Mountains / Hatay (Dtizenli et al.,
2009); South Amanos Mountains / Hatay (Ezer,
2008)]

Ass. Mnietum cuspidati Felf. 1941

[Altindere Valley Magka-Trabzon (Alatas et al.,
2021)]

Ass. Neckeretum crispae (Kaiser 1926) Herzog &
Hoffler 1944

(Syn.:  Anomodonto viticulosi-Leucodontetum
sciuroidis Wisniewski 1930)

[Beldibi and Babadag Forests / Devrek-Zonguldak
(Alatas et al., 2019c); South Amanos Mountains /
Hatay (Ezer, 2008)]

Ass. Neckero-Anomodontetum
(Wisniewski 1929) Philippi 1965
[Sakarya-Kocaeli-Yalova-Bursa (Can Gozcii et al.,

euchloronis

viticulosi

2018)]
Subass. -anomodontetosum viticulosi Marstaller
1980
Ass. Palamocladio euchloronis-Leucodontetum

immersi Kiirschner, Kirmaci & Parolly 2012
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[Pazar, Cayeli / Rize; Bor¢ka / Artvin; Ayancik /
Sinop; Dernekpazari, Of / Trabzon (Kiirschner et
al., 2012)]

Subass.  -neckeretosum
Kirmaci & Parolly 2012
[Firtina Valley, Pazar / Rize; Bor¢cka / Artvin
(Kiirschner et al., 2012)]

Ass.  Pseudoleskeello  nervosae-Leucodontetum
immersi Kiirschner, Kirmaci & Parolly 2012
[Kackar Mountains / Rize; Bor¢ka / Artvin;
Ayancik / Sinop; Dernekpazari, Of / Trabzon
(Kiirschner et al., 2012)]
Class: Frullanio
sciuroidis Mohan 1978
Order: Orthotrichetalia Hada¢ in Klika & Hada&
1944

All.: Ulotion crispae Barkman 1958

Ass. Ulotetum crispae Ochsn. 1928

[Kamilet Valley / Artvin (Alatas et al., 2019);
Kiimbet Plateau / Giresun (Alatas et al., 2022¢)]
Subass. -isothecietosum alopecuroidis Marst.
1985

[Kamilet Valley / Artvin (Alatas et al., 2019)]
Subass. -sanionietosum uncinatae Schliiss. 2001
[Kiimbet Plateau / Giresun (Alatas et al., 2022¢)]
AsS. Leskeello nervosae-Pterigynandretum
filiformis Phil. 1983

[Hidirnebi Plateau / Trabzon (Alatas et al., 2022b)]
Subass. - lewinskyetosum rupestris Ezer, Alatas,
Batan & Erata 2022

[Hidirnebi Plateau / Trabzon (Alatas et al., 2022b)]
Ass. Pseudoleskeello nervosae-Raduletum
lindbergianae Alatag, Ezer, Batan & Erata 2022
[Hidirnebi Plateau / Trabzon (Alatas et al., 2022b)]
Subass. -isothecietosum alopecuroidis Batan,
Ezer, Erata & Alatag 2022

[Hidirnebi Plateau / Trabzon (Alatas et al., 2022b)]
Ass. Lewinskyetum affinis Alatas & Uyar 2017
[Abant Mountains / Bolu (Alatas and Uyar, 2017);
Sakarya-Kocaeli-Yalova-Bursa (Can Gozcii et al.,
2018); Akyazi District / Sakarya (Alatas et al.,
2019a)]

Ass. Orthotrichetum lyellii Allorge ex Lecointe
1975

(Syn.: Tortulo-Orthotrichetum lyellii Walther 1979
nom. inval.)

[Nif Mountain / Izmir (Walther, 1979); Abant
Mountains / Bolu (Alatas and Uyar, 2017); North
Amanos Mountains / Hatay (Kara, 2008); Sakarya-
Kocaeli-Yalova-Bursa (Can Gozcii et al., 2018);
Akyazi District / Sakarya (Alatas et al., 2019a)]
Ass. Orthotrichetum pallentis Ochsner 1928
[Boraboy and Destek forests / Amasya (Alatas et
al., 2017); Akyaz District / Sakarya (Alatas et al.,
2019a)]

Subass. - Isothecietosum alopecuroidis Alatas,
Ezer, Uyar & Oren 2018

[Akyaz1 District / Sakarya (Alatas et al., 2019a)]

crispae  Kiirschner,

dilatatae-Leucodontetea

Ass.  Orthotrichetum  striati
Marstaller 1985

(Syn.: Orthotrichetum speciosi Barkman 1958)
[Quercus wvulcanica forests / Isparta-Konya
(Kiirschner et al., 2006); Abant Mountains / Bolu
(Alatas and Uyar, 2017); North Amanos
Mountains / Hatay (Kara, 2008); South Amanos
Mountains / Hatay (Ezer, 2008); Sakarya-Kocaeli-
Yalova-Bursa (Can Gozci et al., 2018); Boraboy
and Destek forests / Amasya (Alatas et al., 2017);
Akyazi District / Sakarya (Alatag et al., 2019a)]
Ass. Pylaisietum polyanthae Felfoldy 1941

[Gobii village / Zonguldak (Alatag et al., 2015a);
Fener area / Zonguldak (Alatas and Batan, 2014);
Ciftekoprii ve Karagdl Tabiat Parki / Borgka-
Artvin (Alatas et al., 2019b)]

Subass. -lophocoleetosum heterophyllae Kara,
Ezer & Alatas 2015

[Gobii village / Zonguldak (Alatas et al., 2015a)]
Ass.  Orthotricho  straminei-Pterigynandretum
filiformis Gillet 1986

[Beldibi and Babadag Forests / Devrek-Zonguldak
(Alatag et al., 2019c); Abant Mountains / Bolu
(Alatas and Uyar, 2017); Sakarya-Kocaeli-Yalova-
Bursa (Can Gozcii et al., 2018)]

All.: Syntrichion laevipilae Ochsner 1928

Ass. Syntrichietum laevipilae Ochsner 1928

(Syn.: Uloto phyllanthae-Tortuletum laevipilae
Barkman 1958)

[Sakarya-Kocaeli-Yalova-Bursa (Can Gozci et al.,
2018)]

Subass. -orthotrichetosum lyellii Duv. & Lecointe
1975

[Sakarya-Kocaeli-Yalova-Bursa (Can Gozcii et al.,
2018)]

Ass. Syntrichietum papillosae Jaeggli 1934

(Syn.: Orthotrichetum fallcis v. Krusenstjerna
1945, Syntrichietum laevipilae Ochsn. 1928,
Fabronietum pusillae Ochsn. 1936)

[Fener area / Zonguldak (Alatas and Batan, 2014)]
Ass. Orthotrichetum pumili (Jaggli 1934) von
Hiibschmann 1986

[Goreme National Park / Nevsehir (Kara and
Tagpmar, 2022); Firat University / Elazig (Alatas
et al., 2022a)]

All.: Fabronion pusillae (Barkman 1958) Gil &
Guerra 1981

Ass. Cryphaeetum arborae Barkman 1958

[Bucak Sweetgum Forest Nature Park and
Karacadren Dams / Burdur (Alatag et al., 2016)]
Subass. -orthotrichetosum diaphani Lecointe 1975
Ass.  Orthotricho  franzoniani-Antitrichietum
breidlerianae Walther 1969

(Syn.: Orthotricho Iyellii-Antitrichietum
californicae All. ex Varo et al. 1977)

[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969); Nif Mountain / Izmir (Walther,

(Gams  1927)
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1979); Yilanli Mountain / Mugla (Kiirschner,
1999)]

Ass. Scorpiurio sendtneri-Zygodontetum vulgaris
Walther 1975

[Marmaris-Koycegiz / Mugla (Walther, 1975;
Kiirschner et al., 1998); South Amanos Mountains
/ Hatay (Ezer, 2008)]
Ass.  Brachythecio
cirrate Walther 1969
(Syn.: Dicranoweisio cirratae-Brachythecietum
olympici Walther 1979, nom. invers. lllegit., cf.
Barkman et al., 1986, CPN Art. 29)

[Yamanlar Mountain / Izmir (Walther and
Leblebici, 1969); Nif Mountain / Izmir (Walther,
1979); Yilanli Mountain, Akyaka Area, Kiran
Mountain / Mugla; Honaz Mountain / Denizli
(Kiirschner, 1999)]
Ass.  Pterigynandro
speciosi Guerra 1982
[Abant Mountains / Bolu (Alatas and Uyar, 2017);
North Amanos Mountains / Hatay (Kara, 2008);
Sakarya-Kocaeli-Yalova-Bursa (Can Gozcii et al.,
2018)]

Ass. Leptodonto smithii-Leucodontetum sciuroidis
Privitera & Puglisi 1997

(Syn.: Leptodontetum smithii Jaggli 1933 nom.
inval.)

[Bucak Sweetgum Forest Nature Park and
Karacaéren Dams / Burdur (ALATAS et al. 2016);
North Amanos Mountains / Hatay (Kara, 2008);
South Amanos Mountains / Hatay (Ezer, 2008)]
Subass. -cinclidotetosum mucronati Kiirchner,
Tongug¢ & Yayintag 1998
Associations and communities
syntaxonomic rank and position:

- Rhynchostegiella var. litorea-
circinatum ass. Walther 1975

(Syn.: Scorpiurietum circinati Giacomini 1951)
[Marmaris-Koycegiz / Mugla (Walther, 1975)]

- Tortulo-Brachythecietum condensatae  ass.
Walther 1979

[Nif Mountain / Izmir (Walther, 1979)]

- Neckera complanata-Palamocladium
euchloron

[South Amanos Mountains / Hatay (Ezer, 2008)]

- Hypnum cupressiforme - Anomodon viticulosus
Ezer 2017

[Kadincik Valley / Mersin (Ezer, 2017)]
- Palamocladium  euchloron -
complanata Ezer 2017

[Kadincik Valley / Mersin (Ezer, 2017)]
- Porella platyphylla - Homalothecium sericeum
Ezer 2017

[Kadincik Valley / Mersin (Ezer, 2017)]

- Leucodon sciuroides - Anomodon viticulosus
Ezer 2017

[Kadincik Valley / Mersin (Ezer, 2017)]

olympici-Dicranoweisietum

filiformis-Orthotrichetum

of uncertain

Scorpiurium

Alleniella

- Leptodon smithii - Zygodon rupestris Ezer
2017

[Kadincik Valley / Mersin (Ezer, 2017)]

- Isothecium alopecuroides - Hypnum andoi
Ezer, Alatas, Batan, Erata 2022

[Kiimbet Plateau / Giresun (Ezer et al., 2022a)]

- Neckera pumila - Frullania tamarisci Ezer,
Alatag, Batan, Erata 2022

[Kiimbet Plateau / Giresun (Ezer et al., 2022a)]

- Neckera pumila - Hypnum andoi Ezer, Alatas,
Batan, Erata 2022

[Kiimbet Plateau / Giresun (Ezer et al., 2022a)]

- Exsertotheca crispa - Isothecium alopecuroides
Ezer, Alatas, Batan, Erata 2022

[Firtina Valley / Rize (Ezer et al., 2022b)]
- Alleniella complanata-Exsertotheca
Ezer, Alatas, Batan, Erata 2022

[Firtina Valley / Rize (Ezer et al., 2022b)]
- Alleniella besseri-Leucodon sciuroides Ezer,
Alatag, Batan, Erata 2022

[Firtina Valley / Rize (Ezer et al., 2022b)]

crispa

In  Tirkiye, 41 associations and 19 sub-
associations belonging to 19 alliances, 12 orders
and eight bryosociological classes were reported
by Alatas (2018). After this study, new and new
record briyo-sociological units were added in the
Turkish  bryophyte  vegetation  with  the
phytosociological studies carried out in Tiirkiye.

In conclusion, the present study containing the
updated checklist of Turkish bryophyte vegetation
noted that it included 56 associations and 29 sub-
associations belonging to 21 alliances, 14 orders,
and eight bryosociological classes. It also includes
26 phytosociological units which have unknown
status.

Note: We attribute this study to the 100th
anniversary of the founding of the Republic of
Tirkiye.
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Abstract

Bryophytes are the oldest terrestrial plants in the world, about 3.000 taxon are known to have medicinal
properties. Plagiochila asplenioides (L.) Dumort, which is one kind of bryophytes, was examined in this
study. We investigated the antimicrobial, antioxidant, fatty acid, mineral analysis, and some chemical
properties of the extracts obtained from the bryophyte. It was determined that the P. asplenioides extract
had a moderate effect in terms of antioxidant properties and total phenolic content. In terms of fatty acid
compositions, oleic and palmitic acid were found to be high. As a result of the mineral analysis, it has
been observed that it can accumulate high levels of potassium (K), calcium (Ca), iron (Fe) and aluminum
(Al). In addition, it was observed that the extracts obtained from P. asplenioides showed only a moderate
inhibitory effect against Escherichia coli and Salmonella typhimurium.

Keywords: Antioxidant, bryophyte, chemical analysis, mineral analysis, Plagiochila asplenioides.

Plagiochila asplenioides (L.) Dumort Ekstraktlarinin Antioksidan,
Antimikrobiyal ve Baz1 Kimyasal Bilesimi

Oz

Briyofitler diinyanin en eski karasal bitkileridir, yaklagik 3000 taksonun tibbi 6zellige sahip olduklar
bilinmektedir. Bu ¢alismada, bir briyofit tiirii olan Plagiochila asplenioides (L) Dumort incelenmistir. Bu
briyofitten elde edilen ekstraktlarin, antimikrobiyal, antioksidan, yag asitleri, mineral analilzeri ve bazi
kimyasal ozellikleri arastirilmistir. Antioksidan &zellikleri ve toplam fenolik icerigi bakimindan P.
asplenioides ekstraktlarmm 1limli bir etki gosterdigi tespit edilmistir. Yag asidi kompozisyonlart
bakimindan ise oleik ve palmitik asit yliksek oranda bulunmustur. Yapilan mineral analizleri sonucunda
yiiksek oranda potasyum (K), kalsiyum (Ca), demir (Fe) ve aliiminylim (Al) biriktirebildigi goriilmiistiir.
Ayrica P. asplenioides’den elde edilen ekstraktlarin sadece Escherichia coli ve Salmonella typhimurium
kars1 1liml1 bir inhibisyon etkisi gosterdigi gdzlemlenmistir.

Anahtar kelimeler: Antioksidan, briyofit, kimyasal analiz, mineral analiz, Plagiochila asplenioides.
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1.Introduction

From the evolution theory point of view,
bryophytes are considered among the oldest
terrestrial plants (probably the first true plants)
directly placed between algae and vascular plants
(Gofinet and Shaw, 2008; Glime, 2017).
Bryophytes, with more than 20.000 species, are
further divided into three main categories:
Bryophyta (mosses ~14.000 species),
Marchantiophyta (liverworts, ~6000 species) and
Anthocerotophyta (hornworts ~300 species) can be
found everywhere (except in the sea) in the world
(Glime, 2017). In this regard, bryophytes are very
important plant for forest ecosystem. Studies of
bryophyte chemistry has been very limited,
although its spread over such a wide geography on
the earth (Klavina et al., 2012). Klavina (2018)
reported that chemical analysis of only 2% of
known mosses and 6% of liverworts have been
realized (Klavina, 2018). According to some
researchers, this is because of the fact that
bryophytes are not appropriate in human nutrition
(Asakawa et al., 2013; Commisso et al., 2021).
Nevertheless some attention has been dedicated to
secondary metabolite research on bryophytes in
recent years, because they have been widely used
as medicinal plants in various parts of the world
(particularly in China) for various ilnesses
(Asakawa et al., 2013; Vollar et al., 2018). Some
researchers stated that nearly 3000 taxon of
bryophytes have been medicinal importance
(Tiirker and Unal, 2020; Manisara et al., 2021).

Around the world, especially in developed
countries as well as Turkey, there has been an
increasing in interest in high antioxidant plant
(Okan et al., 2019). Bryophytes contain valuable
seconder metabolite such as terpenoids, flavanoids
and bibenzyls (Marko et al., 2001). The main
benefit of these compounds is possess their
antioxidant properties. At first glance it is hard to
imagine antioxidant properties of  bryophytes
compared to higher plants, but if examining
deeper, it looks clear, bryophytes synthetize
unique compounds that have shown a wide range
of biological activities not only such as
antioxidant, antifungal, antimicrobial but also
antiviral, anticarcinogenic, muscle relaxing, anti-
obesity activities, insecticidal, neurotrophic and
cardiotonic (Cianciullo et al., 2022). Furthermore,
it is known that the antioxidant capacity of mosses
is higher than some higher plants (Tirker and
Unal, 2020). In bryophytes, highly unsaturated
fatty acids may also responsible role as an
antioxidant in the human body (Ichikawa et al.,
1983; Tedone et al., 2011).

As already mentioned, most of bryophyte species
are shown antioxidant activity as well as
antimicrobial  activity.  Studies show that
carbohydrate from mosses in bogs react with
undergo acidic and anaerobic condition. As a
consequence of this reaction creation antimicrobial
condition via Maillard and this is leads to
conservation of organic, fat, and aminoacids
containing materials (Klavina, 2018). Alcoholic
and the aqueous extract of around 150 different
species bryophyte containing flavonoids have been
reported to show antimicrobial effects against
various group of fungi as well as gram negative
and gram positive bacteria (Mishra et al., 2014).

In light of this information, the present study
focused on the antioxidant, antimicrobial, some
nutritional properties and chemical composition of
P. asplenioides which is a bryophyte species.
When the literature is examined, it is not find that
chemical composition, fatty acid, antioxidant and
antimicrobial study by P. asplenioides. Therefore
this study can be first study in this respect.

2. Materials and Methods

2.1. Plant Material

P. asplenioides was collected in the growing
season of 2022 in Trabzon. The plants were
identified and storage in the Herbarium at the
Department of Biology, Faculty of Science,
Karadeniz Technical University. It was carefully
cleaned and washed by using distilled water to
remove soil and other contaminants. Finally,
samples were dried at room temperature under the
shade.

2.2. Extraction process of the P. asplenioides
Approximately 2.5 g sample was added to 50 mL
99% methanol and homogenized in a blender for 5
minutes. The mixture was transferred to Falcon
tube. All tubes were continuously stirred with a
shaker (Heidolph Promax 2020, Schwabach,
Germany) at room temperature for 24 h. The
particles were then filtered with filter paper
(Whatman) and concentrated in a rotary evaporator
(IKA-Werke,Staufen, Germany) at 40 °C. The
residue was disolved in methanol to a known final
concentration and kept at 4 °C until.

2.3. Antioxidant activity analysis

UV-1800 (Shimadzu, Japan) spectrophotometer
was used to measure absorbances in all antioxidant
analysis.

2.3.1. Total antioxidant capacity (TAC)

The total antioxidant capacity (TAC) of P.
asplenioides extracts was spechtrophotometrically
determined by the phosphomlybdenum assay using
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the method described by literature (Prieto et al.,
1999). According to this method, added 2500 pL
deionized water in 500 pL extract. The solution
was mixed with 1000 uL phosphomolybdenum
reagent (28 mM monobasic sodiumphospate and
4mM Ammonium heptamolybdate tetrahydrate in
0.6 M sulphuric acid) in capped test tubes. The
mixture was vortex after that sample in capped test
tube was incubated for 90 min in a water bath 95
°C. The absorbance of 695 nm was measured after
incubation at room temperature. Ascorbic acid was
used as a standard substance.

2.3.2. Free radical scavenging activity (DPPH)
DPPH scavenging activity was measured
according to method described by Brand-Williams
et al., (1995). Extract solution (100 pL each) were
mixed with 3000 pL freshly prepared 10 mM
DPPH solution disolved in methanol. The mixture
was shaken and allowed to stand for 30 min in the
dark at room temperature for any reaction to take
place. The absorbance was read at 517 nm against
a control using a spectrophotometer. The same
concentration of extracts without DPPH was used
a blank. The values were shown as ascorbic acid
mg/kg

2.3.3. Ferric
(FRAP) assay
The FRAP assay was conducted as described by
literature (Benzie and Strain, 1996) For FRAP
activity assay of plant extract, fresh FRAP reagent
was made by adding 300 mM sodium acetate
buffer solution (pH: 3.6), 10 mM aqueous TPTZ
solutions in 40 mM HCI, and 20 mM aqueous
FeCl; solution in a ratio 10:1:1. In brief, 250 puL
extract solution was added on 2750 uL of freshly
prepared FRAP reagent. The mixture was
incubated at 37 °C for 15 min before using a
spectrophotometer. The absorbance was measured
at 593 nm against a control. Results were
expressed as mg FeSO,/ 100 g.

reducing/antioxidant  power

2.3.4. ABTS " assay protocol

The ABTS+ radical cation stock solution was
consisting of 7 mM aqueous ABTS and 2.45 mM
potassium persulfate solution (1/1, v/v) for 120
minute in a darkness at room temperature. Next, it
was diluted in methanol until an absorbance of
0.700 + 0.020 at 734 nm and room temperature to
obtain the ABTS+ working solution. The extract
(150 pL) and ABTS solution (2850 pL) mix were
vortexed and transferred to the spectrophotometer
cuvettes. The absorbance was read at 734 nm
against a control (Pellegrini et al., 2003). Trolox
standard curve to exptess the results as mg
Trolox/kg.

2.3.5. Total Phenolic Content (TPC)

Total phenolic contents of the plant extracts were
determined by Folin-Ciocalteu reagent (Kasangana
et al, 2015). Dry extracts (300 uL) were
solubilized with methanol and combined with 200
pL 2 N Folin-Ciocalteu reagents and 600 pL of
10% Na,CO;. The mixture was vortex and
incubated 120 min in darkness at room
temperature. After that, the absorbance of the
mixture was measured at 760 nm using a
spectrophotometer. Gallic acid was used to prepare
a calibration curve and results are expressed in
gallic acid equivalents (mg GAE/g dry extract).

2.4. Total Flavanoid Analysis

The TFC of P. asplenioides extract was evaluated
according to the method described by Fukumoto
and Mazza (2000) with some modifications.
Briefly, 500 pL extract was dissolved 3200 pL
methanol (% 30 v/v). 150 uL of 0.5 M NaNO, and
150 uL of 0.3 M AICI; were added to a test tube.
Also, 1 ml of 1 M NaOH was added after five
minutes on same test tube and incubated at room
temperature for 10 minutes. Then, the absorbance
was measured against a blank 506 nm. Results
were expressed as mg quercetin equivalents (QE)

per kg (mg QE/ g).

2.5. Determination of Mineral Analysis

Mineral contents of P. asplenioides was
determined by MP-AES. Prior to mineral analysis,
plant sample was digested in a closed microwave
digestion system (Milestone Start D model) using
appropriate solvent mixtures. For that purpose
0.500 g plant material was placed in Teflon
vessels, then 6 mL HNO; and 2 mL H,O, were
added into the vessels. The temperature was
increased gradually, starting from 50 °C and
increasing up to 200 °C. The mixture was left to
cool down and digested samples were transferred
to 100 mL volumetric flask. The volume of the
contents were made to 50 mL with distilled water.
It was prepared pg/ml solutions from 1000 ppm
solutions of Fe, Ca, Zn, Cd, Mg, Cu, Co, Ni, Al,
Mn, Pb, Cr, K metal ions. The sample was filtered
with 0.45 micron cellulose filter before mineral
determination. (NMKL 170 and NMKL 161).

2.6. Determintaion of total lipid, protein and
ash contents

For lipid content, five grams of ground sample
were placed in cellulose extraction catridge which
was chapped on with cotton wool. The catridge
was then put in the soxhlet chamber and this was
placed into thermostated water bath at 60 °C and
fitted to a tared distilation flask containing 100 mL
of n-Hexane and 2-3 boiling glass refulator. After
extraction 16 h, the largest part of solvent was
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released by rotary-evaporator. The residue was
transferred to a 103 °C oven. The sample was kept
until constant weight in oven. The amount of total
oil content was calculated as percantage accordint
to the formula.

Total Lipid Content (%):%1 x100

m: Mass of sample in gramme
m1:Mass of dry extract in gramme

Protein analysis realized according to Kjedahl
method. Briefly, homogeneous plant samples (1
gr) were placed in digestion tube. Added 7 ¢
catalyst and 20 mL H,SO, with 3 to 5 anti-
bumping glass bead. Also prepare a tube was
contained the above chemicals except plant sample
as blank. The digestion tube was placed in
digestor. Placed tube digested at about 200-250 °C
for 15 mins before. The digestor was run
temperature around 350-380 °C until solution is
light green (30-45 minutes for one plant sample).
Removed tube and leaved to stand until sample is
cooled after that added about 150-200 ml distilled
water. Digested sampels were transferred to
distillation apparatus. Added 75 mL 40% NaOH
into digested sample (1-2 pieces of zinc (Zn)
granules were placed to prevent explosions). 50
mL 2% boric acid into 500 mL flask with 5-6 drop
indicator were dispensed. Placed the flask under
the condenser, ensured that the condenser tip
immersed in the boric acid solution. Distillation
process was done until collected approximately
150 ml distillate about 10-20 mins. At the end of
distillation process, the blue-violet boric acid
solution turned green. The sample was titrated
with standard 0.1 N HCI.

For the ash content, sample was weighed about 2 g
into the porcelain cruvible, and then pre-burning
sample was kept at 550 °C in the ash oven. The
amount of ash content was calculated as
percantage

2.7. Determination of Fatty Acid Composition

Fatty acid composition was analysed by GC-MS.
Before the GC-MS, fatty acids were converted
methyl ester form according to TS EN 1SO 12966
method (TSE, 2014). Sample was weighed about
100 mg, added above 5 mL n-hexane and 2N KOH
with 100 puL methanol. Methyl esters were
analysed on a fused silica column (30 mm x 0.25
mm x 0.2 um) with helium as a carrier gas. The
temperature was started 50 °C for 1 min then it
was raised at 25 °C/min to 230 °C. Finally, the
temperature was held 230 °C for 7 min. The
injection volume was 1 ulL and split ratio 1:20.
The injection temperature was 250 °C. The

components were identified by comparison of their
mass spectra with charecteristic features obtained
with the NITS and Wiley Library spectral data
bank.

2.8. Determination of Antimicrobial Activity

To determine the antimicrobial activity of the
extracted P. asplenioides, a disk diffusion method
was used (Matuschek et al., 2014). For
antimicrobial activity analysis, different ten (10)
bacterial species and different three (3) yeast
species were used. All the test microorganisms
were obtained from Research and Application
Center of the Centreal Research Laboratory of
Gilimiishane University. For each assay 10 mL of
H,O was added over about 1 g extract and
suspended with stirring.Vigorous agitation was
performed to homogenize the suspension. Then, 20
pL of the extract water mixture was soaked on the
antimicrobial discs and placed in petri dishes in
which bacteria and yeasts were inoculated. For
antimicrobial activity, bacterial and yeast cultures
grown in Nutrient Broth (Merck, Germany) at
36°C in 24 hours and in Malt Extract Broth
(Merck, Germany) at 27°C in 48 hours were used,
respectively. After the incubation, the results of
antimicrobial activity analysis were determined by
measuring the transparent zones formed around the
discs.

3. Results

3.1. Antioxidant capacity

There are many methods of measuring the
antioxidant capacity in natural product. A single
method is usually insufficient when determining
antioxidant activity. Therefore, this capacity could
be evaluated by a variety of methods pertaining to
different mechanisms. In this study, FRAP, DPPH,
ABTS and TAC methods were used to investigate
antioxidant capacity of P. asplenioides
Antioxidant activity of the selected plant was
given Table 1. The DPPH radical scavenging
activity test is based on the degree of the
decolourization of the purple coloured solution.
DPPH values of extract was found 2285.49 mg
AA/kg. DPPH % inhibition rate of the selected
sample was determined as 58.98 %. FRAP values
of the sample was found 4729 mg FeSO,4/kg in this
study. If ABTS [2,2°-azinobis-(3-
ethylbenzothiazoline-6-sulfonate)] assay, which is
known as Trolox equivalent antioxidant capacity
(TEAC), is high wvalue, it means a greater
antioxidant potential of sample. ABTS value of
extract in our study was found as 3202 mg Trolox/
kg. ABTS % inhibition was found 24.10 %. Total
amount of the antioxidant (TAC) substance was
determined 655.59 mg AA/kg. TPC is generally
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used as an antioxidant test. According to Table 1 it
observed that the TPC value was found 430.67 mg
GAE/kg, while TFC value of extract was found
322.33 mg GU/kg. When the results of all

antioxidant analysis are examined, it can be sait
that P. asplenioides extract is moderately potential
antioxidant source.

Table 1. Antioxidant activity of the P. asplenioides

Sample TPC DPPH FRAP
mg GAE/kg mg AA/kg % inhibition mg FeSO, /kg
Plagiochila 430.67 +£1.88 285.49 +8.34 58.98 £1.68 4729.0 £4.09
asplenioides TAC ABTS TFC
mg AA/kg mg Trolox/ kg % inhibition mg GU/kg
655.59 £3.79 3202.38 £7.11 24.10 £0.83 322.33 £6.28

3.2. Mineral content

Mineral content of the plant is important of food
and diet. The mineral composition of P.
asplenioides extract was examined Table 2.
Mineral elements of extract were found in varying
proportions. According to result, Calcium (Ca) ion
was found to very high (130034.76 mg/kg), Crom

(Cr) ion (8.59 mg/kg) was found to very low
compared to other elements. Ni and Co ions were
detected below limit of quantification (LOQ).
Second most abundant ion of the P. asplenioides
extract was determined potassium (91613.15
mg/kg). It is obvious that P. asplenioides extract is
high mineral content.

Table 2. Mineral contents of the P. asplenioides

Sample Fe Ca Zn Cd Mg Cu Co
7414.06  130034.76  130.83 520.44 17.19
< <
o +41.12 +61.73 +11.19 LOQ +17.43 +1.33 LOQ
Plagiochila Ni Al Mn Pb Cr K
asplenioides 00 2010.77 97212 34950 . o 9161315
+56.87 +16.51  #81.12 o7 +267.98

Note: Results are presented as means minerals mg/kg

3.3. Protein, ash and total lipid contents

Protein, ash and total lipid contents of the selected
plant was given Table 3. Protein, ash and total
lipid contents were found 10.27 %, 33.83 % and

1.67 %, respectively. According to this results, P.
asplenioides had a high level of ash, moderate
level of protein and lower Ilevel of lipid.

Table 3. Total protein and ash content of P. asplenioides

Sample Total Protein (%)

Ash Content (%)

Total Lipid Content (%)

P. asplenioides 10.27 £0.32

33.83 £2.12 1.67 £0.03

3.4. Fatty acid composition

Fatty acid composition of extract from P.
asplenioides was presented in Table 4 and Figure
1. Result of the analysis was identified 9 fatty acid

compounds. Oleic acid was determined to be
major fatty acid (47.67 %). Palmitic acid was
detected as the second most abudant fatty acid in
this sample (38.93 %) (Fig. 1).
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Figure 1. GC-MS chromatograms of the fatty acid composition from P. asplenioides

Saturated fatty acids represented 49.59 % of total
fatty acids, with the palmitic (38.93 %) and stearic
acid (6.68 %) as the main acids. Total
monounsaturated acid was determined very near

Table 4. Fatty acid composition of P. asplenioides

Fatty acid Area (%)
Caprylic acid (C8:0) 0.52 £0.02
Capric acid (C10:0) 0.27 £0.06
Myristic acid (C14:0) 1.05£0.5
Palmitic acid (C16:0) 38.93£2.05
Stearic acid (C18:0) 6.68 +1.02
Arachidic acid (C20:0) 0.97 £0.04
Behenic acid (C22:0) 1.17 £0.07
> Saturated fatty acid 49.59
Oleic acid (C18:1) 42.67 £6.99
> Monounsaturated fatty acid 42.67
Linoleic acid (C18:2) 7.74 £0.19
> Polyunsaturated fatty acid 7.74

3.5. Antimicrobial activity of the P. asplenioides
Table 5 was presented the results of the
antimicrobial activity on the P. asplenioides
extract. It was assumed that there was a strong

Table 5. Antimicrobial activity results of the Plagiochila asplenioides

Bacteria sp. Sample Penicilin G(10 mg)

Aeromonas hydrophila ATCC 35654 - 34+0,01
Bacillus cereus ATCC 9634 - 30+0,01
Bacillus subtilis - 34+0,01
Enterococcus faecalis ATCC 29212 - 32+0,01
Escherichia coli ATCC 25922 4.38+0.01 34+0,01
Escherichia coli O157:H7 35150 - 3440,01
Listeria monocytogenes ATCC 7644 - 30+0,01
Salmonella typhimurium ATCC 23566 4,12+0,01 34+40,01
Shigella flexneri ATCC 12022 - 30+0,01
Staphylococcus aureus ATCC 25923 - 38+0,01
Yeast-Mould

Aspergillus flavus ATCC 46283 - 25+0,01
Candida albicans ATCC 10231 - 2240,01
Saccharomyces cerevisiae S288C - 14+0,01

value of saturated fatty acids, but polyunsaturated
fatty acid was lower than saturated acids in the P.
asplenioides.

effect when the P. asplenioides extract showed an
inhibition zone of > 20 mm, while this effect was
moderate when 12 < inhibition zone < 20 and
weak inhibition zone < 12 mm.
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Looking at Table 5, it showed activity against only
two bacteria (E. coli: ATCC 25922 and S.
typhimurium ATCC 23566) out of total 10
bacteria. Also, it was determined that extract
obtained from P. asplenioides was not effective
against Yeast-Mould. As shown in Table 5, the
best antimicrobial activity was obtained against E.
coli. Therefore, it can be said that plant extract are
weak effect against selected of Table 5
microorganism.

4. Discussion and Conclusion

When the literature is examined, it seen that
studies about bryophytes are very limited
(Sabovljevic et al., 2012). With the regard of the
antioxidant, antimicrobial and some chemical
compound of P. asplenioides, literature data was
not found, as well. Therefore, similar analysis of
different bryophte species were evaluated in this
section.

In the study of Gokbulut et al., (2012), it was
determined that methanol and ethyl acetate
extracts of Marchantia polymorpha L. was exhibit
moderate antioxidant activity in the analysis by
DPPH (0.4495 mg/mL for methanol and 0.2756
mg/mL for ethyl acetate) and ABTS (0.2441
mg/mL for methanol and 0.2126 mg/mL for ethyl
acetate) (Gokbulut et al., 2012). Hanif et al.,
(2014) examined the evaluation of two bryophytes
(Funaria hygrometrica Hedw. and Polytrichum
commune Hedw.) as a source of natural
antioxidant. In the study, they reported that the
DPPH analysis Funaria hygrometrica and
Polytrichum commune were found 94.7% and
94.4% respectively. Also, the authors reported that
the ABTS assay of Funaria hygrometrica and
Polytrichum commune were found 71.06 and 97.5
mM Trolox, respectively (Hanif et al., 2014). In
another study about total phenol, antibacterial and
antioxidant activity of four bryophyte species
(Plasteurhynchium striatum (Spruce) M. Fleisch,
Palamocladium euchloron (Bruch ex Miill. Hal.)
Wijk & Margad., Cratoneuron filicinum (Hedw.)
Spruce and Campyliadelphus chrysophylus (Brid.)
R.S. Chopra), it determined total phenolic content
values ranged from 0.027 to 0.00055 mg GAE/qg,
while DPPH values ranged from 65.11% to
51.94% (Oztiirk et al., 2021). Compared with this
study, our antioxidant and TPC value was found
generally higher.

The source of major elements are related with
natural processes, while presence of many trace
elements can be due to environmental pollution.
Pd and Cd are associated with directly
environmental pollution among the metal. In this

study, Pd and Cd were found low concentration,
but concentration of major elements and essential
trace element were found highest concentration.
According to Klavina et al., (2012) it means that
pollution that is connected with the trace elements
is low in regions were the bryophytes were
collected (Klavina et al., 2012).

Among all metabolites in bryophytes, lipids are
one of the most important metabolite. These
metabolites play important role such as energy
storage, membrane formation, cell signaling,
functioning and environmental adaptation (Christie
et al., 2012). In general, the total lipid content of
bryophytes ranges from 1 to 9.1 % of dry weight.
These values can change depending on the region
and growth condition (Dembitsky, 1993). In the
performed study total fat content of P.
asplenioides is similar of literature. Fatty acid
from healthy living bryophytes normally does not
accumulate in tissue (Liu et al., 2019). According
to literature, palmitic acid (16:0) and stearic acid
(18:0) are found most abundant fatty acid in
bryophytes, while lauric acid (12:0) and myristic
acid (14:0) are also found in a limited amount. In
addition, pentadecanoic acid (15:0) and margaric
acid (17:0) are found in trace amounts in some
bryophytes. In  particular, mono-  and
polyunsaturated fatty acid like oleic acid (18:1),
linoleic acid and a-linoleic acid are major
compounds among the fatty acid in all bryophytes
species (Prins, 1982). The literature’s about fatty
acids are largely in parallel with the performed this
study.

It is known that bryophyte species have
antimicrobial activity, also potential antimicrobial
activity of bryophytes vary from species to species
(Giil et al., 2023). Giil et al. (2023) reported that
ethyl acetate and hexane extracts of a bryophyte
species, Leucodon sciuroides (Hedw.) Schwigr,
have no effective antimicrobial activity using the
ADD method in their study, but methanol extract
from the bryophyte species have determined to
have antifungal potential against C. albicans
species (Giil et al., 2023). On the other hand Ilhan
et al. (2006) determined that acetone extracts of
Palustriella commutata (Hedw) Ochyra have more
effective antibacterial activities on Gram-negative
bacteria than the Gram-positive strains tested,
using the ADD method (llhan et al., 2006). Frahm
has also reported that aqueous extract of few
bryophytes have some inhibitory effect on the
growth of Escherichia coli as tested on plates
(Frahm and Kirchhoff, 2002). Similarly, in
performed study, methanol extract obtained from
P. asplenioides were found to have antimicrobial
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effects on E.coli and S.typhimurium one of the
Gram-negative bacteria tested.

In conclusions, phytochemical profile, antioxidant,
antimicrobial, fatty acid and mineral profile of P.
asplenioides were evaluated in this study. Our
findings reveal that P. asplenioides extract was
show moderate antioxidant activity, total phenolic
and flavonoid content. In this respect, P.
asplenioides may think as the potential source of
antioxidant. As a result of the GC-MS analysis
conducted on P. asplenioides extract for fatty
acids, our findings demonstrate that the dominant
compounds were oleic acid and palmitic acid.
Nevertheless mineral analysis results was showed
that P. asplenioides can accumulate large
quantities of certain elements such as Fe, Ca, Al
and K. From environmental point of view, this
plant may used as pollution indicator. Ash content,
total protein and lipid content of sample was
determined within the average range. In terms of
nutritional, P. asplenioides can say not suitable for
this. The extract obtained from the P. asplenioides
showed the weak activity against E. coli and S.
typhimurium. Finally, it was demonstrated the
phytochemical, antioxidant and antimicrobial
activities and these related data may encourage
new studies in the future. Result of this study may
valuable contribution in the literature as well
because of first study.
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Sciuro-hypnum glaciale (Brachytheciaceae, Bryophyta) Tiirkiye biyogesitliligi agisindan korunmasi
gereken 6nemli bir yaprakli karayosunu tiiriidiir. Bu tiir Tiirkiye Florasinda simdiye kadar yalnizca Dogu
Karadeniz Bolgesinde, Ordu ilinden bilinmekteydi. Bu ¢alisma ile Tiirkiye’de nadir olarak bulunan bu
taksonun Kapadokya Bolgesinden yeni bir lokalite kayd: verilerek Tiirkiye Florasina katki saglanmustir.
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An Important Record for the Moss Flora of Tiirkiye from Cappadocia
(Sciuro-hypnum glaciale (Schimp.) Ignatov & Huttunen)

Abstract
Sciuro-hypnum glaciale (Brachytheciaceae, Bryophyta) is an important moss species that should be
protected in terms of Tiirkiye's biodiversity. In the Flora of Tiirkiye, this species was only known in the
Eastern Black Sea Region, from the Ordu province. With this study, a new locality record of this rare

taxon in Tiirkiye was given from the Cappadocia Region, and contributed to the Flora of Tiirkiye.
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1. Giris

Tiirkiye’nin korunmakta olan bolgeleri; deniz
kiyisindan  Agri  Dagi’na, delta ovalardan
Karadeniz ormanlarina ve yaylalarina,

bozkirlardan g6l ve akarsu sistemlerine, derin
vadiler ve kanyonlardan buzullara  kadar
birbirinden giizel dogal ekosistemleri barindirir.
Bu bolgelerden biri olan Kapadokya Bdlgesi;
giniimiizde  kuzeyde  Kizilirmak,  doguda
Yesilhisar, giineyde Hasan ve Melendiz Daglari,
batida Aksaray ve kuzeybatida Kirsehir ile
simrlanmaktadir (Kasmer, 2011). Bu bolgeden
toplanan ve makaleye konu olan Sciuro-hypnum
glaciale’nin Oseyanik iklim disindaki bir alandan
da toplanmasi bu makaleyi 6nemli ve ilgi g¢ekici
kilmaktadir.

2. Materyal ve Metot

Siuro-hypnum  glaciale  taksonu  Nevsehir—
Kapadokya Goreme (Nevsehir) Milli Parkindan,
2020 yilinda yapilan arazi caligmalari sirasinda
toprak, kaya ve agac iizerlerinden toplanmistir.
Ornekler Leica EZ4 W 10450629 stereo ve Leica
ICC50 W 13613735 151tk mikroskoplari
kullanilarak incelenmis ve Orneklerin ayirt edici
karakterlerini iceren mikroskobik fotograflari
cekilerek teshisleri yapilmisgtir. Teshiste Herrnstadt
ve Heyn (2004) kaynagi kullanilmistir. Tiiriin
tilkemizdeki lokalite kayitlar, son ¢ikan
yayinlardan (Hazer, 2010; Ozdemir ve Batan,
2016; Erdag ve Kiirschner, 2017) takip edilmis ve
diinyadaki dagilimi harita iizerinde gosterilmistir
(Sekil 1). Ornekler &zel =zarflar igerisinde
herbaryum materyali haline getirildikten sonra
Nevsehir Haci  Bektas Veli  Universitesi
herbaryumunda muhafaza altina alinmstir.

Sekil 1. Sciuro-hypnum glaciale 'nin Akdeniz Bolgesindeki dagilisi, kirmizi ile gosterilen nokta bitkinin
yeni bulundugu lokaliteyi gostermektedir. Orgaz vd. (2011) den degistirilerek.

3. Bulgular
Sciuro-hypnum glaciale (Schimp.)
Ignatov&Huttunen,  Nevsehir, Kizil = Vadi-

25.07.2020-38° 39' 15" K 34° 51' 39" D-1170 m.
(Sekil 2).

Bu tiiriin siirgiinleri (2-6 cm uzunlugunda) ince
olup karmasik, diiz yamalar olusturur veya diger
karayosunlari ile karigir. Dallar; genis araliklidir
ve kuru olduklarinda karakteristik olarak i¢ce kivrik
olmalarma ragmen govdeden genis bir sekilde

yayilma egilimindedirler. Yapraklar; kiigiiktiir ve
kurudugunda gevsek bir sekilde diklesir, ancak

nemliyken yayilimcidir. Govde yapraklar
yaklagik 1,5 mm uzunlugundadir, alt kisimda
genigce liggendir, ucta aniden daralir ve

kurudugunda iplik benzeri goriinen uzun, ince bir
nokta ile biter. Yaprak tabam, belirgin sekilde
dekurrent (kanatli) degildir. Dal yapraklart daha
kiicik ve daha yumurta seklinde, daha kisa
ucludur. Kapsiilleri; yaygin degildir ve piiriizlii bir
setaya sahiptir (Herrnstadt ve Heyn, 2004). Kosta;
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yaprak ayasimin % 40-%70’i arasinda uzanir.
Habitat olarak kayalarda, kar yataklarinda ve
nadiren akarsularin  yakiindaki topraklarda,
genellikle yiiksek daglarda subalpin veya alpin
bolgesinde, 1600 ila 3000 m arasinda yetisir
(Orgaz vd., 2011). Diinya’da Asya, Avrupa, Kuzey

Amerika ve Giliney Amerika'da yayilis gosterirken,
Akdeniz ¢evresinde Andora, Fransa, Yunanistan,
Italya, Romanya, Slovenya ve Ispanya'da
bulunmaktadir.  Arnavutluk, Bulgaristan ve
Karadag’da ise siipheli konumdadir (Ros vd.,
2013; Hodgetts ve Lockhart, 2020).

Habit (Islak)

Yaprak Tabani

Dal Yapragi

Dallanma (Kuru)

Dallanma (Islak)

Yaprak Hiicreleri

Sekil 2. Bitkinin teshiste kullanilan karakterleri.



Kara R. Tagpinar H. Serin S. 2023. Anatolian Bryol.........

4. Tartisma ve Sonug

Sciuro-hypnum glaciale, yapraklarin st iiste
binmesi ile siirgiinlerin solucanimsi goriinmesi ile
orta boylu, zayif dallanma gosteren ve oval,
icbiikey, hafifce disli  kenarli,  dekurrent
olusturmayan yapraklar1 ile karakterize edilir.
Ancak tilkemizde Sciuro-hypnum curtum (Lindb.)
Ignatov. ile karistirilabilecek ¢ok degisken bir
tiurdiir, S. glaciale aniden sivri uglu bir tepeye
daralmis yapraklari, opak bir grup olusturan kalin
duvarli alar hiicreleri ve ¢ikintt yapmayan orta
damar ucu ile S. curtum’dan ayrilir. Tiirkiye’den
ilk kez Ozdemir ve Batan (2016) ve tarafindan
Ordu ilinde, iki farkli lokaliteden
(40°57°14"K/38°02°31"D ve 40°57°14"K/38°02°31"D)
kaydedilmistir (Sekil 1). Kiirschner ve Erdag,
Yakin ve Orta Dogu’daki briyofitlerin listesini
verdikleri ¢alismalariin 2. cildinde bu bitkiden
Tiirkiye i¢in siipheli kayit olarak bahsetmektedirler
(Kiirschner ve Erdag, 2021). Bu calisma ile
iilkemizden ikinci defa kaydedilen bu tiiriin
tilkemizdeki yayilist (iki il, ti¢ lokalite) ¢cok dardir.
Bu tiiriin fitocografik olarak Diinya’daki yayilis
alanlar1 da degerlendirildiginde (Orgaz vd., 2011)
biyolojik koruma kriterlerine gore iilkemiz florasi
icerisinde korunmasi gereken tiirlerden biri olarak
kabul edilebilir.

Tesekkiir: Bu calisma Tiirkiye Bilimsel ve
Teknolojik  Aragtirma Kurumu’nun 11972205
numarali projesi ile desteklenmistir.
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Oz

Dogu Anadolu Bolgesi ve liniversite kampiis alanlarinda ilk kez yapilan bu briyososyolojik ¢aligmada,
Firat Universitesi Merkez Kampiisiinde bulunan Ulmus minor agaclarmin epifitik briyofit vejetasyonu
aragtiritlmistir. 2021 yilinin farkli vejetasyon dénemlerinde, aga¢ govdelerinden alinan 6rneklik alanlarin,
klasik Braun-Blanquet metodu kullanilarak degerlendirilmesi sonucunda; Orthotrichetum pumili
Tiirkiye’den ikinci kez kaydedilmistir. Ayrica, 6rneklik alanlar igerisinde tespit edilen taksonlardan 3’i

B9 karesi ve Elazig ili i¢in yenidir. Tespit edilen sintakson, ekolojik ve floristik agidan analiz edilmistir.

Anahtar kelimeler: Briyofit, Kentsel, Vejetasyon, Firat Universitesi, Tiirkiye.

Notes on Epiphytic Bryophyte Community Orthotrichetum pumili in Urban Area
Abstract

This bryosociological study is the first to investigate the epiphytic bryophyte vegetation of Ulmus minor
trees in the Firat University Central Campus in the Eastern Anatolia Region. The study was conducted by
evaluating relevés taken from tree trunks in different vegetation seasons of 2021 using the classical
Braun-Blanquet method. The results of the study showed that Orthotrichetum pumili was determined as
the second record from Tiirkiye. In addition, 3 of the identified bryophyte taxa within the relevés are new
for B9 square and Elazig province. The syntaxon was analyzed in terms of ecological and floristic
aspects.
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1. Giris

Kentsel alanlar, birbirinden farkli birgok ekolojik
faktore sahiptir. Bu faktorlerden bitki ortiisii, kent
ekolojisini diizenleyen en Onemli unsurlardan
biridir. Bitki ortiisliniin karakteri, kent icindeki
dagilimi, boyutu gibi faktorler kentsel alanlardaki
makro ve mikro habitatlarin olusmasinda
onemlidir. Ozellikle genis toleranslarindan dolayi
kentsel alanlarin farkli mikrohabitatlarina iyi uyum
saglayan briyofitler diger otsu ve odunsu bitkilerle
birlikte sadece kentsel peyzaji diizenlemekle
kalmayip, havadaki nem oranini artirip, sicakligi
diigiirerek kent ikliminin diizenlenmesinde etkin
rol oynarlar (Baris, 2005).

Universitelerin  yerleske  alanlari,  6zellikle
uygulamalt bilimler ve biyolojik ¢esitlilik icin
dogal laboratuvar  Ozellikleri  tasimaktadir.
Ozellikle koklii ve yerlesik bir yapiya sahip
liniversitelerin kampiis alanlar1, her ne kadar insan
baskis1 altinda kalsa da biyolojik ¢esitliligin
korundugu alanlar olarak degerlendirilebilir (Ezer
ve ark., 2021). Bu baglamda Tiirkiye’deki kampiis
alanlarinin ~ briyofloristik  ¢esitliligini  ortaya
¢ikarmak igin birkac¢ floristik calisma yapilmis
(Alatas ve ark., 2011; Erata ve ark., 2017; Abay,
2018, Ezer ve ark., 2021) olmasma ragmen
briyososyoloji konusunda herhangi bir c¢alisma
yapilmamustir.

Dogu Anadolu Béolgesi ve diniversite kampiis
alanlarinda, ilk kez yapilan bu kentsel
briyososyolojik ¢alisma ile daha 6nce Goreme
Milli Parki’'ndan tespit edilen Orthotrichetum
pumili (Kara ve Taspinar, 2022) Tirkiye’den
ikinci kez kaydedilmistir.

1.1 Cahsma Alan

Henderson (1961) kareleme sistemine gore B9
karesi igerisinde yer alan Firat Universitesi
Kampiisii, il merkezinin bati boliimiinde yer
almakta olup yaklasik 6,2 km?’lik bir alam
kaplamaktadir  (Sekil 1, Ozulukale, 2010).
Yiikseltisi 1060 ile 1120 metreleri arasinda
degisen kampiis alani igerisinde, iiniversiteye ait
olmayan ve tel orgiilerle ¢evrili oldugu i¢in serbest
geciglere olanak saglamayan ormanlik bir arazinin
varligi (Sehit Polis Fethi Sekin Mesire Alani)
kampiisii ikiye bolmiistiir. Kampiisiin dogu kism
Rektorliik kampiisii, bati kismui ise Miihendislik
Fakiiltesi  boliimlerinin  yogunluk  kazandigi
Miihendislik kampiisii olarak adlandirilmustir. Bir
baglant1 yolu ile birbirine baglanan bu kampiis
alanlari,  kuzeyindeki = Harput  Platosu’nun
varligindan dolay1 kuzeydogu-giineybat1 yoniinde
yer almaktadir (Sekil 2, Arslan ve Sikoglu, 2015).

Kampiis Alani; agag, ¢ali ve otsu formda park ve
bahgelerde bulunan ve yetisen bir¢ok bitki tiiriinii
barindirmaktadir. Bu bitki tiirleri arasinda Pinus
nigra subsp. pallasiana (Lamb.) Holmboe belirgin
oranda baskindir. P. nigra’nin yani sira dogal bitki
ortiistine iliskin taksonlarin en 6nemlileri; Ulmus
minor Miller, Tilia tomentosa Moench, Populus
nigra L., Platanus orientalis L., Abies sp., Picea
orientalis (L.) Peterm, Robinia pseudoacacia L.,
Salix alba L. ve Cupressus sempervirens L.’dir.

Calisma alaninda yillik ortalama yagis miktar1 617
mm, yillik ortalama sicaklik ise 13,7 °C’dir. Yilin
en sicak ayr Agustos, en soguk ay1 ise Ocak’tir
(URL 1). Yillik yagis rejim tipi IKSY seklinde
olan alan, Yari-Kurak Alt Cok Soguk Akdeniz
Biyoikliminin Dogu Akdeniz 2. Yagis Rejim
Tipinin etkisi altinda kalmaktadir (Akman, 2011).
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Sekil 1. Henderson (1961) kareleme sistemi ve ¢aligma alaninin lokasyonu.
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Sekil 2. Firat Universitesi Merkez Kampiisii ve calisilan lokaliteler (Google Haritalar’dan degistirilerek).

2. Materyal ve Metot

alanlara ait briyofit oOrnekleri ve U. minor

Calismanin  materyalini, 2021 yilimin farkli  agaglarindan alina kabuk drnekleri olusturmaktadir
vejetasyon  dénemlerinde, Firat Universitesi (Tablo 1). Orneklik alanlarm secimleri ve
Merkez ~ Kampiisi’niin ~ farkli  lokalite ve  boyutlari, Braun-Blanquet (1964) metoduna goére
habitatlarinda bulunan  Ulmus minor Miller  yapilmis olup bolluk-ortiis gizelgesi i¢in ise Frey

agaclarnin taban (0-0,5m) ve orta (0,5-1m)
kisimlarindan alinmis 6rneklik alanlar, bu 6rneklik

ve Kiirschner’in (1991) briyofitler i¢in hazirladig
skala kullanilmistir (Tablo 2).

Tablo 1. Lokalitelere ait veriler.

Orneklik .. . -

Alanlarin Lokaliteler LUL TS Agag Tarih GPS Koordinatlari

Numarasi ) LR
1 1116 04.05.2021 | N 38°40'30" E 39°11'18"
2 1. Makine 1125 04.05.2021 | N 38°40'33" E 39°11'17"
3 Miihendisligi idari 1102 05.05.2021 | N 38°40'30" E 39°11'18"
4 Bina Girisi 1120 05.05.2021 | N 38°40'30" E 39°11'18"
5 1144 06.05.2021 | N 38°40'31" E 39°11'18"
6 1120 06.05.2021 | N 38°40'30" E 39°11'18"
7 2. Mithendislik Camii 1115 08.07.2021 | N 38°40'30" E 39°11'19"
8 Alt1 1121 08.07.2021 | N 38°40'30" E 39°11'19"
9 1120 09.07.2021 | N 38°40'30" E 39°11'18"
10 1122 Ulmus 09.07.2021 | N 38°40'32" E 39°11'24"
11 3. Makine 1128 minor 10.07.2021 | N 38°40'30" E 39°11"20"
12 Miihendisligi 1118 10.07.2021 | N 38°40'30" E 39°11'20"
13 Atolyeleri Yol Kenari 1120 16.09.2021 | N 38°4029" E 39°11"21"
14 1109 16.09.2021 | N 38°40'30" E 39°11"21"
15 1115 17.09.2021 | N 38°40'30" E 39°11"21"
16 4, Fen Bilimleri 1117 17.09.2021 | N 38°40'30" E 39°11'22"
17 Enstitiisti Karsis1 1105 18.09.2021 | N 38°4029" E 39°11"21"
18 1101 18.09.2021 | N 38°40'30" E 39°1127"
19 5. Makine 1116 18.09.2021 | N 38°40'30" E 39°11'17"
20 Muhendisligi 1121 18.09.2021 |N 38°40'30" E 39°11'17"

Laboratuvarlari Onii
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Tablo 2. Briyofitler i¢in Kullamlan Ortiis-Bolluk Cizelgesi

+ <%1 3 % 12,1-25,0
1 % 1,1-6,0 4 % 25,1-50,0
2 % 6,1-12,0 5 % 50,1-100

Orneklik alanlar klasik Braun-Blanquet (1964)
metoduna gore uygulanmig ve degerlendirilmistir.
Karakteristik tiirlere gore belirlenen sintaksonun
isimlendirilmesi ise Weber vd. (2000)’e gore
yapilmistir. Briyofit drneklerinin teshisinde cesitli
flora ve revizyon eserlerinden yararlanilmigtir
(Hedenis, 1992; Lewinsky, 1993; Zander, 1993;
Plasek ve ark., 2015; Smith, 2004; Lara ve ark.,
2016; Kiirschner ve Frey, 2020). Taksonlarin,
habitat egilimleri Draper ve ark. (2003)’e, ekolojik
Ozellikleri  ise  Dierssen  (2001)’e  gore
belirlenmistir.

Orneklik alan alman her bir agaca ait kabuk
ornekleri laboratuvar ortaminda oda sicakliginda
bir hafta bekletilerek kurutulmustur. Kabuk pH’lar1
Kricke (2002) tarafindan onerilen yonteme gore
belirlenmistir. Oncelikle kabuk iizerinde bulunan
briyofit ve liken kalintilari, pH degerini
etkilememesi i¢in uzaklagtinlmistir. Daha sonra
her bir aga¢ kabugu bilyali degirmen (PM-100)
kullanilarak 500 rpm’de 5 dk muamele edilmis ve
toz haline getirilmistir. Toz haline getirilen her
Ornekten 2 g tartilip 20 ml distile suda bir saat
calkalanip sonrasinda 24 saat bekletilmistir. 24
saatin sonunda siipernatant filtre kagidindan
stizillerek test tiiplerine alinmis ve pH metre
(Hanna HI 2211) kullanilarak pH degerleri
saptanmigtir.

3. Tartisma ve Sonug

Caligma alaninda, U. minor govdelerinden alinan
orneklik alanlarin, Braun-Blanquet metoduna gore
degerlendirilmesi ~ sonucunda;  Orthotrichetum
pumili (Jaggli 1934) von Hiibschmann 1986 birligi
Tirkiye’den ikinci kez kaydedilmistir. Bu
briyososyolojik ¢alisma, Dogu Anadolu Bolgesi ve
iniversite Kkampiis alanlar1 i¢in ilk olmasi
acisindan ozellikle onemli olup ayni zamanda
iilkemizde epifitik briyofit vejetasyonu konusunda
kabuk pH’larmin da dahil edildigi ilk g¢alisma
niteligindedir. ~ Birligi  olusturan tiirlerden
Orthotrichum pamiricum Plasek & Sawicki bu
caligma sirasinda Tiirkiye i¢in yeni kayit olarak
tespit edilmistir (Alatas vd., 2022). Ayrica, O.
pamiricum ile beraber O. diaphanum Brid ve O.
stramineum Hornsch. ex Brid tiirleri ise Henderson

(1961)’un Ulkemiz briyofitleri icin gecerli olan
kareleme sistemine gore B9 karesi ve Elazig ili
icin yenidir (Alatas ve Ursavas, 2021).

Orthotrichetum  pumili  (Jaggli
Hiibschmann 1986 (Tablo 3).

Birlik, calisma alammin 1101-1144 metreleri
arasinda yapilan 20 adet 6rneklik alanla temsil
edilmekte olup ¢aligma alani ve agag¢ govdelerinin
ozellikle kuzey yonlerinde yayilis gostermektedir.
Birligin genel ortiisi %80 ile %98 arasinda

1934) von

degisirken birligin bulundugu alandaki bitki
Ortistintin - kapaliligt %50 ile %70 arasinda
degismektedir. Tamami akrokarp

karayosunlarindan olusan birlikteki toplam tiir

sayist 11 olup orneklik alanlar igerisindeki
ortalama tir ise sayis1 ise 4-7 arasinda
degismektedir. Ortiis ylizdeleri ve akrokarp

taksonlarin varligi, alanin etkisi altinda oldugu
iklime bagl olarak kurak ve yar1 kurak habitatlara
sahip oldugunu gostermektedir.

Kserofit karakterli olan, birligin karakteristik tiirii
O. pumilum ve simf karakteristigi O. diaphanum
birlik icerisinde en yiiksek tekerriire sahip tiirler
olup oOrneklik alanlar igerisinde kaliciliklari
%100°diir. O. pumilum epifitik olarak agac
gbovdelerinde yayilis gosteren yari notral ve yari
goblge ortamlari tercih eden bir taksondur.

Sinhiyerarsik olarak Orthotrichetum pumili birligi,
genellikle aga¢ govdelerinde yayilis gosteren
holarktik ~ Frullanio  dilatatae-Leucodontetea
sciuroidis Mohan 1978 smifi, Orthotrichetalia
Hadac in Klika & Hadac 1944 ordosu ve bu
ordonun Syntrichion laevipilae Ochsner 1928
alyansinin  karakteristiklerini bulundurmasindan
dolayt bu smif, ordo ve alyansa bagli olarak
smiflandirilmistir (Tablo 3). Ekolojik 6zellikler
acisindan birlik igerisinde bulunan tiirlerin habitat
egilimlerine bakildiginda; epifitik (obligat epifit)
oran1 %55, epifitik-epilitik (fakiiltatif epifit) orani
ise %?27’dir. Genel olarak biitiin habitatlarda
yayilig gosteren taksonlarin orani ise %18 olarak
saptanmustir (Sekil 3). Bu oranlar, birligin epifitik
karakterde oldugunu gostermektedir.
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Tablo 3. Orthotrichetum pumili (Jaggli 1934) von Hiibschmann 1986

Orneklik Alan No 123|456 ] 7] 8[9f1w0]11]12]13]14]15]16]27]18]19]20
Yiikseklik (m) 1116 1125 1102 1120 1144 1120 1115 1121 1120 1122 1128 1118 1120 1109 1115 1117 1105 1101 1116 1121
Orneklik Alan Biiyiikliigii (dm®) 8 10 6 8 9 12 12 8 10 8 8 10 8 8 12 8 8 8 6 8
Agacin Tiirii Ulmus minor =
Agacin Cevresi (m) 15 13 12 12 10 14 14 16 10 10 14 12 11 12 18 13 1,8 10 14 15| E
Kabuk pH’1 747 794 724 722 782 771 7,88 783 7,59 7,72 7,96 7,68 818 816 7,67 7,73 7,39 6,690 7,09 7,91 | %
Alanin Yonii K K K K K K K K K K K K K K K K K K K K §
Orneklik Alanin Yonii K K K K K KD K K K K K K K K K K KD KB K K ”z
Ortiis (%) 70 70 70 70 70 60 60 60 5 50 50 50 60 70 70 70 60 70 70 50 |
Kapahlik (%) 83 90 92 88 9 94 90 98 87 93 88 92 98 80 8 90 83 8 95 90
Taban / Govde G G G G G T T T T T T T G G G G T G T G
Tiir Sayisi 4 7 6 5 7 5 5 6 5 5 4 5 5 4 4 5 4 4 6 5
Karakteristik ve ayirt edici tiirler

Orthotrichum pumilum Sw. ex anon. 1 2 1 2 2 1 2 2 1 2 1 2 2 1 2 2 2 1 1 1
Syntrichion laevipilae alyansinin karakteristik tiirleri

Syntrichia laevipila Brid. 3 3 3 3 2 . 3 3 3 . 3 3 3 3 3 3 4 3 3 3
Syntrichia virescens (De Not.) Ochyra. . . 2 . 1 . 1 . . 2 . 2 . : . 1 . . 1 2
Orthotrichetalia ordosu ve Frullanio dilatatae-Leucodontetea sciuroidis simifinin karakteristikleri

Orthotrichum diaphanum Brid. 4 4 4 4 4 5 4 5 5 5 5 4 4 4 4 4 4 4 4 4
Lewinskya speciosa (Nees) F. Lara, _ _ . _ . _ _ 1 _ . _ . 2 . _ . _ 1 _ 5

Garilleti & Goffinet.
Orthotrichum stramineum Hornsch. ex

Brid. 1 1 2
Orthotrichum pamiricum Plagek &
o 1 1
Sawicki.
Digerleri
Grimmia pulvinata (Hedw.) Sm. 2 . . . . 1 1 1 1 . 1 . 2 1 1 1 1
Bryum argenteum Hedw. . 1 : . 1 . . 1 1 1 . 1 . . . . . . .
Tortula subulata Hedw. . 1 . 2 . 2 . . . . . . . . . . . . 2

Tortula vahliana (Schultz) Mont. . : 2 : 2 1 . . . 3 . . . . . . . . 1
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Birligi olusturan iyelerin asidite isteklerine
Dierssen (2001)’e gore bakildiginda, baskin bir
oran ile (%82) subnétrofitik (pH= 5,7-7) tiirlerin
ilk sirada oldugu goriilmektedir. Ekosistemlerin
islevlerinde 6nemli roller oynayan epifitik
briyofitlerin epifitik habitattaki dagilimlar1 biiyiik
Olciide  substratlariin ~ Gzelliklerine  baglhidir
(Becker ve ark., 2019). Ozellikle aga¢ kabugu
pH"1, epifitik briyofit ve liken kompozisyonunun
dagilimin1 ve zenginligini etkileyen en onemli
degiskenlerden biridir (Mezaka ve ark., 2012).
Cesitli biyotik ve abiyotik faktorlerden etkilenen
kabuk pH’1 odunsu bitkiler arasinda tiire 6zgiidiir
(Kovaiova ve ark. 2022). Orneklik alan alinan
Ulmus minor agaglarinin kabuk pH degerlerine
bakildiginda 6,69 ile 8,18 arasinda degistigi
goriilmektedir. Birligi olusturan tiirlerin dagilimi
ile kabuk pH’1 degerleri arasinda anlamli bir sonug
elde edilememis olup bu durum tek porofit tiiriiniin
(U. minor) incelenmis olmasindan
kaynaklanmaktadir. Ancak ileride bu konuda
yapilacak ¢aligmalarda farkli porofit tiirlerinin de

arastirilmasiyla daha anlamli elde

edilecektir.

sonuglar

ise, kserofit karakterli
taksonlar %64, mezofit karakterli taksonlar
%36’lik oran ile temsil edilmektedir. Birlik
icerisinde  kserofit karakterli tiirlerin baskin
olmasmna karsin higrofitik karakterli tiirlerin
bulunmamasi ¢alisma alammm  kurak iklim
sartlarina  baglanabilir. Mezofitik taksonlarin
varhigi ise, c¢alisma alammin korunan alanlar
statlisiinde olmasi ve yapilan periyodik sulama
faaliyetlerinin gecici olarak sagladigi nem ile
aciklanabilir. Isik istekleri agisindan ise birlikteki
taksonlarin bityiik ¢ogunlugu fotofit karakterli olup
(%73) acik ve yar1 golge habitatlar1 tercih
etmektedirler. Bu veriler, birligin ekolojik
Ozellikler agisindan; mezo-kserofitik karakterli,
yar1 ndtral, acik ve yart golgeli alanlarda yayilis
gosteren bir birlik oldugunu gostermektedir (Sekil
3).
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Sekil 3. Birlik igerisindeki taksonlarin ekolojik tercihleri.

Aragtirma  alamindan  tespit edilen  birlik,
ilkemizde (Kara ve Taspmar, 2022) ve
Almanya’da Hiibschmann (1986) tarafindan

tespit edilen birlikler ile floristik kompozisyon ve

ekolojik  ozellikler ~ bakimindan  benzerlik
gostermekte olup Tirkiye’den ikinci kez
kaydedilmistir.

Tesekkiir

Agac kabuklarinin 6giitiilmesinde yardimci olan
Ogr. Gor. Siikrii Canpolat’a, kabuk pH’larmin
belirlenmesinde yardimci olan Dog. Dr. Yavuz
Siirme ve Ars. Gor. Gizem Kahve Yildirim’a
tesekkiir ederiz.

Kaynaklar
Abay G. 2018. The Bryophyte Flora of Recep
Tayyip Erdogan University, Zihni Derin

Campus (RizeTurkey). Anatolian Bryology.
4:2,72-18.

Akman Y. 2011. iklim ve Biyoiklim (Biyoiklim
Metodlar1 ve Tiirkiye Iklimleri). Palme
Yayincilik. Ankara.

Alatas M. Oren M. Uyar G. 2011. The bryophyte
flora in campus center of Zonguldak
Karaelmas University. Bartin Orman
Fakiiltesi Dergisi. 13:20, 51-58.

Alatag M. Ursavag S. 2021. The Bryophyte Check-
List For B9 Square of Turkey. Anatolian
Bryology. 7:1, 53-59.

Alatas M. Erata H. Batan N. Ezer T. 2022. New
national and regional bryophyte records,
69, 19. Orthotrichum pamiricum Plasek &
Sawicki Journal of Bryology, 44:1, 93.

Arslan H. Sikoglu E. 2015. Firat Universitesi
Kampiisii Ulasgim Ag’nin Incelenmesinde



Alatag M. Ezer T. Erata, H. Batan N. 2023. Anatolian Bryol

Mekan Dizim Analizi Yontemi. Tiirkiye

Kentsel Morfoloji Sempozyumu Bildiriler

Kitabi.  Tiirkiye  Kentsel = Morfoloji

Arastirma Ag1. Mersin.

M.E. 2005. Kent Planlamasi, Kent

Ekosistemi ve Agaglar. Planlama. 2005:4,

156-163.

Becker D. Dobson A. Klitgaard K. 2019. Bark
characteristics affect epiphytic bryophyte

Baris

cover across tree species. California
Ecology and Conservation Research.
Spring: 1-8.

Braun Blanquet J. 1964. Pflanzensoziologie

Grundziige der Vegetationskunde. 3. Aufl.
Springer. New York.

Dierssen K. 2001. Distribution, ecological
amplitude and phytosociological
characterization of European bryophytes.
Band 56. Bryophytorum Bibliotheca.
Stuttgart.

Draper |. Lara F. Albertos B. Garilleti R.
Mazimpaka V. 2003. The epiphytic
bryoflora of the Jbel Bouhalla (Rif,
Morocco), including a new variety of moss,
Orthotrichum speciosum var. Brevisetum.
Jornal of Bryology. 25: 271-280.

Erata H. Ozen O. Batan N. Ozdemir T. 2017.
Karadeniz Teknik Universitesi Kanuni
Kampiisii Briyofit Florasi. Anatolian
Bryology. 3:1, 9-18.

Ezer T. Akata I. Altuntag D. 2021. The Mosses of

Ankara University Besevler 10. Yil

Campus Area (Ankara-Turkey). Anatolian

Bryology. 7:1, 17-22.

W. Kirschner H. 1991. Crossidium

laevipilum Ther. Et.Trab. (Pottiaceae,

Musci), Ein Eigenstandiges, Morphologisch

Frey

und Standortdkologisch Deutlich
Unterscheidbares Taxon Der Saharo-
Arabischen  Florenregion.  Criptogamie

Bryol. 12: 441-450.

Hedenis L. 1992. Flora of Maderian Pleurocarpous
Mosses (Isobryales, Hypnobryales,
Hookeriales) Band 44. Bryophytorum
Bibliotheca. Stuttgart.

Henderson D.M. 1961. Contribution to the
Bryophyte Flora of Turkey: V. Notes from
Royal Botanic Garden Edinburgh. 23: 263-
278.

Hiibschmann Von A. 1986. Prodromus der
Moosgesclischaften Zentraluropas.
Bryophytorum Bibliotheca, 32. Berlin.

Kara R. Tagpmar H. 2022. Tiirkiye Igin Yeni Bir
Epifitik Briyofit Birligi: Orthotrichetum
pumili (Jaggli 1934) von Hiibschmann
1986. Anatolian Bryology. 8:1, 50-56.

Kovafova M. Pyszko P. Plasek, V. 2022. How
Does the pH of Tree Bark Change with the

Presence of the Epiphytic Bryophytes from
the Family Orthotrichaceae in the
Interaction with Trunk Inclination? Plants,
11, 63.

Kricke R. 2002. Measuring bark pH. In:
Monitoring  with  Lichens-Monitoring
Lichens (ed. Nimis PL, Scheidegger C,
Wolseley PA), pp. 333-336. Kluwer
Academic, Dordrecht.

Kiirschner H. Frey W. 2020. Liverworts, mosses
and hornworts of Southwest Asia
(Marchantiophyta, Anthoceratophyta,
Bryophyta). Nova Hedwigia. 149: 1-267.

Lara F. Garilleti R. Goffinet B. Draper I. Medina
R. Vigalondo B. Mazimpaka V. 2016.
Lewinskya, a new genus to accommodate
the phaneroporous and monoicous taxa of
Orthotrichum (Bryophyta,
Orthotrichaceae). Cryptogamie Bryologie.
37: 361-382.

Lewinsky J. 1993. A synopsis of the genus
Orthotrichum Hedw. (Musci,
Orthotrichaceae). Bryobrothera. 2, 1-59.

Mezaka A. Brimelis G. Piterans A. 2012. Tree and
stand-scale factors affecting richness and
composition of epiphytic bryophytes and
lichens in deciduous woodland key habitats.
Biodiversity Conservation. 21: 3221-3241.

Onyshchenko V.A. Virchenko V.M. 2020.
Epiphytic and  epixylic  bryophyte
communities of Holosiivskyi National
Nature Park. Ukrainian Botanical Journal.
77:1, 23-33.

Ozulukale S. 2010. Firat Universitesi (Elazig)
Kampiis Alanindaki Yeralti Suyu Kimyasi
ve Kalitesi. Firat Universitesi, Fen Bilimleri
Enstitiisii. Elaz1g.

Plasek V. Sawicki J. Ochyra R. Szczecinska M.
Kulik T. 2015. New taxonomical
arrangement of the traditionally conceived
genera Orthotrichum and Ulota
(Orthotrichaceae, Bryophyta). Acta Mus.
Siles. Sci. Natur. 64: 169-174.

Smith A.J.E. 2004. The Moss Flora of Britain and

Ireland. Cambridge Univ. Press.
Cambridge.
URL 1. Climate Data. 2021. Website:

https://tr.climate-
data.org/asya/tuerkiye/elaz%C4%B1g/elaz
%C4%B1g-276/. [Erisim: 20 Ekim 2021].

Weber HE. Moravec J. Theurillat JP. 2000.
International Code of Phytosociological
Nomenclature. Vegatation Scince. 3: 739-
768.

Zander R.H. 1993. Genera of The Pottiaceae:
Mosses of Harsh Enviroments. Bullettin of
the Buffalo Society of Naturel Sciences 32.
Newyork.


https://tr.climate-data.org/asya/tuerkiye/elaz%C4%B1g/elaz%C4%B1g-276/
https://tr.climate-data.org/asya/tuerkiye/elaz%C4%B1g/elaz%C4%B1g-276/
https://tr.climate-data.org/asya/tuerkiye/elaz%C4%B1g/elaz%C4%B1g-276/

Anatolian Bryology n
Anadolu Briyoloji LR
Dergisi
Research Article
e-1SSN:2458-8474
Online

http://dergipark.org.tr/tr/pub/anatolianbryology

DOI: 10.26672/anatolianbryology.1294493
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Oz

Nevsehir ili siurlan icerisinde “Kiigiik Kapadokya” olarak adlandirilan alanda yirmi civarinda vadi
vardir. Binlerce yilda tiif malzemenin su ile aginmasi ile olusan bu vadiler karasal iklim icerisinde
kendine has 6zel bir mikroklimaya sahiptir. Bu ¢alismada, Kapadokya Bolgesi (Nevsehir) icerisinde yer
alan Gomeda Vadisindeki epilitik briyofit vejetasyonu arastirilmigtir. Arazi ¢aligmalari esnasinda vadi
igerisindeki kayalar tizerinden 30 6rneklik alan belirlenmis ve bu 6rneklik alanlarin degerlendirilmesiyle
Lewinskya rupestris - Grimmia pulvinata, Grimmia crinita -Grimmia pulvinata ve Grimmia anadon —
Grimmia pulvinata olmak tizere ti¢ epilitik komiinite ve 30 karayosunu taksonu tespit edilmistir. Kayalar
tizerindeki orneklik alanlarinin niimerik analizleri i¢in PAST (Paleontological Statistics) programinda yer
alan CA (Cluster Analysis), CoA (Correspondance Analysis) ve PCA (Principal Component Analysis)
metotlart kullanilmistir. Calisma sonucunda komiinitelerin igerisindeki taksonlarin tekerriir sayisina gore
komiinitelerin bagli oldugu sinif, ordo ve alyansda tespit edilmistir. Ayrica komiinitelerin hayat formu ve
yasam stratejisi analizleri yapilarak epilitik substrat ve mikroiklimle iligkileri de aragtirtlmistir.

Anahtar kelimeler: Tiif, Karayosunu, Komiinite, CA, CoA, PCA, PAST.

Gomeda Valley (Cappadocia/Nevsehir) Epilitic Bryophyte Vegetation

Abstract

The area called “Little Cappadocia” within the borders of Nevsehir province is home to about twenty
valleys. These valleys, formed by the erosion of tuff material by water over thousands of years, have a
unique microclimate in the continental climate. This study investigated the epilithic bryophyte vegetation
in the Gomeda Valley, located in the Cappadocia Region (Nevsehir). During the field studies, 30 sample
areas were determined on the rocks in the valley. These sample areas were evaluated to identify three
epilithic communities: Lewinskya rupestris - Grimmia pulvinata, Grimmia crinitler - Grimmia
pulvinatler, and Grimmia anadon — Grimmia pulvinata. 30 moss taxa were also determined. The
numerical analysis of the sample areas on the rocks was performed using CA (Cluster Analysis), CoA
(Correspondence Analysis), and PCA (Principal Component Analysis) methods included in the PAST
(Paleontological Statistics) program. As a result of the study, the class, order, and alliance were
determined according to the number of repetitions of the taxa in the communities. Additionally, the life
form and life strategy of the communities were analyzed, and their relations with the epilithic substrate
and microclimate were investigated.

Keywords: Tuff, Moss, Community, CA, CoA, PCA, PAST.
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1. Giris

Bitki cografyasi agisindan kutuplardan tropiklere
kadar birgok iklim kusaginda genis bir yayilis
gosterebilen briyofitler, bulunduklar1 vejetasyon
icerisinde genel olarak kaya (epilitik), toprak
(epigeik) ve agac (epifitik) yiizeylerini substrat
olarak secgebilmektedirler (Kara ve Tagpinar,
2021). Epilitik veya saksikol terimleri dogrudan
kaya yiizeyinde yetisen briyofitleri tanimlanmak
icin kullanilmaktadir. Substrat olarak sadece
kayalar lizerinde yasayabilen bagka substratlarda
gelisemeyen  bitkiler i¢in  “obligat” terimi
kullanirken genig ekolojik toleranslarindan dolay1
cok cesitli substratlarda gelisen ve epilitik olarak
da bulunabilen bitkiler i¢in “fakiiltatif” terimi
kullanilmaktadir (Smith, 1982). Baz1 briyofitlerin
kaya habitatlar1 {izerinde koloni olusturmasi,
golge, nem miktari, ylizeyin diizliigii ve substratin
kimyas1 gibi 6zel ekolojik faktdrler tarafindan
belirlenmektedir (Jia ve ark., 2014; Kara ve ark.,
2009; Kiirschner ve Parolly, 1999). Epilitik
briyofit floralar1 igerisinde tiif substratlar diger
epilitik substratlara gore yiiksek erozyon sartlari
nedeniyle ¢ok zor ve 6zel habitatlardir.

Gomeda Vadisi yagmur, riizgar ve sel sularinin
tiflerden olusan ana malzemeyi asindirmasiyla
olusmus, 40 metreye kadar derinlesebilen
Kapadokya Bolgesindeki 6zel alanlardan biridir.
Kapadokya’y1 o6zel bir cografya yapan bu tiif
malzeme, Tersiyer doneminde (~ 60 MYO)
giineyde Toros Daglarimin kuzeyde Anadolu fayini
sikigtirmast ile aktiflesen Erciyes, Goélliidag ve
Hasan Dag1 volkanlari tarafindan olusturulmustur.
Bu yanardaglar Ust Miyosende baslayip Pliosen’e
kadar lav piskirtmiistiir. Bu piiskiirmeyle olusan
volkanik tozlar, Kapadokya Bolgesinde 100-150
metre kalimliginda bir tiif tabakasi olusturmustur.
Bu olusumlarin igerisinde tiiften bagka tiiffit,
ignimbirit tiif, lahar, volkan kiilii, kil, kumtasi,
marn aglomera ve bazalt gibi jeolojik kayaglar
bulunmaktadir. Bu kalin tiif tabakasi zamanla

bolgeden gegen Kizilirmak basgta olmak iizere,
vadilerin yamacindan inen seller ve riizgarlarin
etkisiyle degisime wugramis ve sel sularinin
asimdiramadig1 sert kayalar, diinyada esi benzeri
olmayan sapkali, konik gévdeli peribacalarint ve
vadileri olusturmustur. Herhangi bir bolgenin bir
kesimi {iizerinde, yasama sartlar1 birbirine
benzeyen bitkilerin bir arada toplanma sekline
“vejetasyon” denmektedir (Braun-Blanquet,1964).
Belirli bir alandaki vejetasyon temel sintasonomik
kategori  olan  “bitki  birligi”  {izerinden
tanimlanabilecegi gibi ordinasyon ydntemleri
kullanilarak topluluklar (komiiniteler) olarak da
tanimlanabilmektedir. Ulkemizde yaklasik yarim
asirdir devam eden briyososyolojik calismalarin
cogu klasik yontemlerle epifitik substratlarda
gerceklestirilmigtir. Son yillarda ise ¢aligmalar tiim
substratlar1 (epigeik, epifitik, epilitik) kapsayacak
sekilde ordinasyon yontemleri kullanilarak ve
topluluklar  tanimlanarak gergeklestirilmektedir
(Kara ve Tagpinar, 2022). Bu ¢alisma essiz jeolojik
ozellikleriyle diinya miras1 olan Kapadokya
Bolgesindeki kaya olusumlariyla iliskili olmast ve
yeni arastirma yontemleri icermesi nedeniyle 6nem
arz etmektedir.

2. Materyal ve Metot

Aragtirma materyalini, 2021-2022  yillarinda
vejetasyonun farkli donemlerinde yapilan arazi
caligmasinda toplanan epilitik 30 Orneklik alan
olusturmaktadir. Toplanan briyofit o6rnekleri,
onceden hazirlanmig olan standart toplama
zarflarina konulmustur. Bu 6zel zarflarin iizerine
bitkilerin habitati, toplama tarihi, GPS kaydi, deniz
seviyesinden yiiksekligi ve lokalite ile ilgili diger
bilgiler yazilmistir. Araziden toplanan ornekler
laboratuvara getirilip, kurutularak herbaryum
ornegi haline getirilmistir. Daha sonra klasik
yontemler ile teshis anahtarlar1 kullanilarak teshis
edilmigtir (Zander, 1993; Smith, 2004; Kiirschner
ve Frey, 2020). Orneklik alanlarin  GPS
koordinatlar1 Tablo 1°de gosterilmistir.

Tablo 1. Orneklik Alanlarin GPS koordinatlari.

GV01 38°34'26.77"K 34°52'22.98"D GV16 38°35'35.84"K 34°52'58.00"D
GV02 38°34'27.83"K 34°52'19.29"D Gv17 38°35'32.15"K 34°52'56.17"D
GV03 38°3429.12"K 34°52'22.54"D GV18 38°35'47.87"K 34°53'19.17"D
GV04 38°34'30.32"K 34°52'24.80"D GV19 38°35'49.49"K 34°53'19.06"D
GV05 38°34'31.23"K 34°52'22.88"D GV20 38°35'50.22"K 34°53'24.75"D
GV06 38°34'33.25"K 34°52'24.22"D GV21 38°34'47.44"K 34°52'25.83"D
GVO07 38°34'33.74"K 34°52'26.95"D GVv22 38°34'53.19"K 34°5227.71"D
GV08 38°34'37.95"K 34°5223.38"D GV23 38°35'0041"K 34°52'26.68"D
GV09 38°34'41.89"K 34°52'24.42"D GVv24 38°35'01.06"K 34°52'22.12"D
GV10 38°3424.78"K 34°5221.68"D GV25 38°35'02.55"K 34°52'17.99"D
GV11 38°35'45.17"K 34°53'03.35"D GV26 38°35'01.69"K 34°52'38.57"D
GV12 38°35'44.19"K 34°53'03.01"D Gva7 38°35'08.64"K 34°52'37.78"D
GV13 38°35'42.83"K 34°53'02.43"D GV28 38°35'13.78"K 34°52'43.61"D
GV14 38°35'41.06"K 34°53'01.97"D GV29 38°3521.36"K 34°52'49.50"D
GV15 38°35'36.74"K 34°52'57.56"D GV30 38°3526.93"K 34°52'52.77"D
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Takson listesi harf sirasmna gore, taksonlarin
giincel adlar1 ise son ¢ikan kontrol listesine
(Hodgetts ve ark., 2020) gore diizenlenmistir
(Tablo 2). Orneklik alanlarin segimleri, boyutlar:
Braun-Blanquet (1964) metoduna gore nlimerik
analizleri PAST (Paleontological Statistics)
programi igerisinde yer alan CA (Cluster
Analysis), CoA (Correspondance Analysis) ve

PCA (Principal Component Analysis) metotlariyla
yapilmigtir ~ (Kara  ve  Tagpmar,  2021).
Komiinitelerin sintaksonomik durumlar1 Julve
(2021)’e  gore diizenlenmistir. Komiiniteleri
olusturan taksonlarn, hayat formlar1 ve yasam
stratejileri Kiirschner ve ark. (1998) tarafindan
belirlenen kriterlere gore belirlenmistir (Tablo 3).

Tablo 2. Takson listesi

Familya Takson ismi HF YS  Habit
1 Brachytheciaceae  Brachytheciastrum collinum (Schleich. Ex Miill. Hal.) Ignatov & Huttunen  Mr  Ag Pleurokarp
2 Brachytheciaceae  Brachythecium capillaceum (F.Weber & D.Mohr) Giacom. Mr  Ap Pleurokarp
3 Bryaceae Bryum argenteum Hedw. Tf  Ba Akrokarp
4 Pottiaceae Ceratodon purpureus (Hedw.) Brid. Tf Ba Akrokarp
5 Dicranaceae Dicranella heteromalla (Hedw.) Schimp. sT Ap Akrokarp
6 Pottiaceae Didymodon acutus (Brid.) K. Saito Tf Ap Akrokarp
7 Pottiaceae Didymodon cordatus Jur. T Ap Akrokarp
8 Pottiaceae Didymodon fallax (Hedw.) R.H. Zander Tf  Ap Akrokarp
9 Pottiaceae Didymodon imbricatus C. Feng & J. Kou Tf  Ap Akrokarp
10 Pottiaceae Didymodon rigidulus Hedw. T Ap Akrokarp
11 Pottiaceae Didymodon vinealis (Brid.) R.H.Zander Tf Bv,g Akrokarp
12 Grimmiaceae Grimmia anodon Bruch & Schimp. Cu Ba Akrokarp
13 Grimmiaceae Grimmia crinita Brid. Cu Ba Akrokarp
14  Grimmiaceae Grimmia orbicularis Bruch ex Wilson Cu Ba Akrokarp
15 Grimmiaceae Grimmia ovalis (Hedw) Lindb. Cu Ba Akrokarp
16 Grimmiaceae Grimmia plagiopodia Hedw. Cu Ba Akrokarp
17  Grimmiaceae Grimmia pulvinata (Hedw.) Sm. Cu Ba Akrokarp
18  Grimmiaceae Grimmia tricophylla Grev Cu Ba Akrokarp
19 Grimmiaceae Homalothecium aureum (Spruce) H.Rob. We Ap Pleurokarp
20 Brachytheciaceae  Homalothecium philippeanum (Spruce) Schimp. We Ap Pleurokarp
21 Brachytheciaceae =~ Homalothecium sericeum (Hedw.) Schimp. We Ap Pleurokarp
22 Leucodontaceae Leucodoni mmersus Lindb. We Ag Pleurokarp
23 Orthotrichaceae Lewinskya rupestris (Schleich. Ex Schwigr.) F.Lara, Garilleti & Goffinet Cu Ba Akrokarp
24 Orthotrichaceae Orthotrichum pellucidum Lindb. Cu Ag Akrokarp
25 Bryaceae Ptychostomum capillare (Hedw.) Holyoak & N. Pedersen sT  Pv,g Akrokarp
26  Grimmiaceae Schistidum flaccidum (De Not.) Ochyra Cu Ba Akrokarp
27  Pottiaceae Tortula inermis (Brid.) Mont. Tf  Ba Akrokarp
28  Pottiaceae Tortula mucronifolia Schwaegr. sT Ba Akrokarp
29 Pottiaceae Tortula muralis Hedw. Tf  Ba Akrokarp
30 Pottiaceae Tortula subulata Hedw. sT Ba Akrokarp
Tablo 3. Hayat formu ve yasam stratejisi tablosu
Aciklamasi Kisaltma
Tek Talluslu Genis 6rt1'_iler o}usturan talluslu hali formlara gore daha kiigiik ortiiler olusturan, st
rozet seklindeki tek talluslar.
5 Dallanmanm smirl oldugu genelde dik olan govdelerin, gevsek veya siki bir
Turf . . . Tf
E sekilde diizenlenmesi.
£ Merkezi orjinli govdelerin olusturdugu, cesitli sekillerde yonlenen, kubbe
= | Yastik bicimindeki kolonil Cu
% 1¢1MINdeK1 Koloniler.
I Piiriizlii hali C.(.)k sayida dik durumda yan dallar olusturan siirgiinlerin siiriiniicii oldugu Mr
diizenlenmeler.
Sacak Gevsek sekilde i¢ ice gecen, genellikle fazlaca dallanan ortiiler. We
Tek yilhik mekik tiirler | Bir yillik 6mre sahip mekik tiirler Pc
'z . Eseyli ve eseysiz lireme giiciine sahip kolonistler Bv, g
g g;;l](e{'“'k e Pauciannual kolonistler Ba
5 Eseyli ve eseysiz lireme giicline sahip ¢ok yillik mekik tiirler Pv, g
E Yiiksek eseyli tireme giiciine sahip ¢ok yillik kalicilar Ag
E Cok yillik kalicilar Yiiksek eseysiz tireme giiciine sahip ¢ok yillik kalicilar Av
Orta derece veya diisiik eseyli ve eseysiz lireme giicline sahip ¢ok yillik kalicilar Ap

2.1. Arastirma Alam
Kapadokya’nin smirlarmi tarihte ilk kez Roma
antik déneminin iinlii cografyacis1 Strabon (MO

64-MS 24) cizmistir. Bu ¢izime gore gilineyde
Toroslardan baglayarak, kuzeyde Dogu Karadeniz
kiy1 seridi, batida Aksaray, doguda ise Malatya
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olacak sekilde genis bir alani1 Kapadokya olarak
sinirlandirilmigtir (Bulut, 2018). Giinliimiizde ise
Kapadokya bolgesi Aksaray, Nevsehir, Nigde,
Kirsehir ve Kayseri illerini kapsamaktadir. Bu sinir
igerisinde Avanos, Urgﬁp, Goreme, Ughisar ve
Ihlara c¢evresini kapsayan dar alan ‘Kayalik
Kapadokya Bolgesi’ olarak bilinmektedir ve
UNESCO’nun Diinya Miras1 listesinde yer

almaktadir (Kara ve Taspmar, 2021). Bu
caligmanin gergeklestirildigi ¢alisma alan1 Kayalik
Kapadokya Bolgesi igerisinde  kalmaktadir

(Sekill). Kapadokya Bolgesinde 20 civarinda
birbirinden farkli bitki ortlisiine ve mikroklimaya
sahip vadi bulunmaktadir. Bunlardan biri olan
arastirma alant Nevsehir ilinin giineydogusunda

olup; kislar soguk ve kar yagish olup, kar oOrtiisii
uzun siire yerde kalmaktadir. Bununla birlikte,
yazlar sicak ve kurak gegmekte, ilkbaharda ise
yagislar genellikle yagmur seklinde
gerceklesmektedir. Yillik ortalama yagis 272.2
mm ile 523.3 mm arasinda degismektedir
(Kasmer, 2011, URLI1, Grafik 1). Vadi igerisinde
debisi yaz aylarinda diisen siirekli akan bir dere
bulunmakta olup bu dere vadiyi yaz kis etrafina
gore daha nemli tutmakta ve 6zel bir mikroklima
alan1 olusturmaktadir. Ayrica vadi icerisinde dogal
habitat ozelligini gosteren ¢ok fazla lokalite
olmasina karsin eski yerlesim yeri olmasi
nedeniyle harabe habitat (ruin habitat) 6zelligi de
tagimaktadir. Vadi igerisinde dere kenarlarinda

Urgiip ilgesi, Mustafapasa koyii sinirlari igerisinde  vejetasyona titrek kavak ve sogiit agaglar
kalmaktadir. Alanda karasal iklim hiikiim siirmekte ~ hakimdir (Vural ve ark., 1996).
T ; T }7{‘; LA w&,“ {;/,‘u .?»;_:L." : Kocasinan™ (L¢E’\Q

3. Bulgular
Gomeda Vadisi
tuzerinden alman 30

icerisinde yer alan kayalar

adet Orneklik alanin
ordinasyon yontemiyle analiz edilmesi ile
Lewinskya rupestris — Grimmia pulvinata,
Grimmia crinita — Grimmia pulvinata ve Grimmia
anadon —Grimmia pulvinata, olmak {zere iig
epilitik komiinite ve 30 karayosunu taksonu tespit

\. N Vi g »"/ A f 2
" R, j'.‘ 2
‘ ﬁ«‘:tdxgwa*li G
e . Y
{ E o
2 =

edilmistir (Tablo 1., Tablo 2., Tablo 4., Tablo 5.,
ve Tablo 6.). L. rupestris - G. pulvinata komiinitesi
15 taksonla, 10 oOrneklik alanla, 1060-1170 m
arasindan; G. crinita-G. Pulvinata komiinitesi 15
taksonla, 10 Orneklik alanla, 1060-1210 m
arasindan; G. anadon - G. pulvinata komiinitesi 16
taksonla, 10 oOrneklik alanla, 1117-1200 m
arasindan; tanimlanmistir.
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Tablo 4. Lewinskya rupestris - Grimmi apulvinata komiinitesi

> . GV2 | GV2 | GV3 | GV2 | GV2 | GV2 | GV2 | GV2 | GV2 | GV2
Orneklik Alan No (GV) 9 3 0 4 5 8 2 6 7 1
Substrat K K K K K K K K K K
Lokalite GV GV GV GV | GV GV GV | GV GV GV
81;;]1gkllk Alan Bilyiikliigii 9 9 9 9 9 9 9 9 9 9
Yiikseklik (m) 1083 | 1060 | 1120 | 1130 | 1130 | 1170 | 1110 | 1190 | 1140 | 1130
LGBl G (e 5 c |vye|vye| 6|6 |Yec|Ye|ve| A | G .
Golge) Z 2
Nem (Islak -Nemli- K N N N N K K N N K z 2 g
Kurak) 15| &
Yon K | K [ K [ K[ K[ K[ KJ[K][K][K]|EZ|L|E
Egim (0-45-90) 0 45 >45 0 >45 <45 >45 >45 0 >45 gl S| =
Tiir sayisi 4 5 4 6 5 4 4 4 4 s | 2| 2| S
Grimmia pulvinata 1 1 1 1 1 1 1 1 1 1 10 | Cu| Ba
Lewinskya rupestris 1 1 1 1 1 1 1 1 1 1 10 | Cu| Ba
Tortula muralis . . 1 1 1 1 1 1 1 7 | sT | Ba
Didymodon fallax 1 1 1 . 3 | Tf| Ap
Tortula inermis 1 . . 1 2 | Tf | Ag
Didymodon rigidulus 1 1 2 | Tf| Ap
Grimmia trichophylla . 1 1 2 | Cu| Ba
Grimmia ovalis 1 . 1 | Cu| Ba
Ptychostomum capillare 1 . 1 | sT |Pvg
Homalothecium aureum . 1 1 | We| Ap
Leucodon immersus 1 . 1 | Mr| Ag
Brachythecium 1 1 | Mr| Ap
capillaceum
Bryum argenteum . 1 1 sT | Bvg
Didymodon vinealis 1 . 1 | Tf | Ap
Schistidium flaccidum 1 1 | Cu| Ba
Tablo 5. Grimmia crinita - Grimmia pulvinata komiinitesi

Orneklik Alan No (GV) GVO0 | GVO | GVO | GVO | GV1 | GVO | GVO | GVO | GVO | GVO

3 8 9 2 0 6 7 1 4 5
Substrat K K K K K K K K K K
Lokalite GV GV GV GV GV GV GV GV GV GV
Orneklik Alan Biiyiikliigii 9 9 9 9 9 9 9 9 9 9
(dm?)
Yiikseklik (m) 1110 | 1210 | 1110 | 1060 | 1070 | 1130 | 1120 | 1180 | 1120 | 1130
IsTk (Acik-Yar1 Golge- A YG A A A A A YG A A z z
Gilge) =l 5| &
Nem (Islak -Nemli-Kurak) | K N K N N K N N K K | 2| E| E
Yon KD K K K | cB G G G G K |1E|¢2 ?E’
Egim (0-45-90) >45 >45 >45 0 >45 0 >45 >45 >45 >45 2| ® B
Tiir sayisi 4 4 4 4 4 4 4 7 6 7 | 2| 8]
Grimmia pulvinata 1 1 1 1 1 1 1 1 1 1 10 | Cu [Ba
Grimmia crinita 1 1 1 1 1 1 1 1 1 1 10 | Cu |Ba
Tortula subulata 1 1 1 1 . 4 | Tf |Ag
Homalothecium sericeum 1 1 1 1 . . 4 |We |Ap
Ptychostomum capillare . . 1 1 1 3 | sT |Pvg
Tortula inermis 1 1 . . 2 | Tf |Ag
Tortula mucronifolia 1 1 . 2 | Tf |Ag
Orthotrichum pellucidum . . 1 1 2 |Cu |Ba
Homalothecium 1 1 2 |We |Ap
philippeanum
Didymodon rigidulus . 1 1 | Tf |Ap
Didymodon acutus 1 . 1 | Tf |Ap
Grimmia ovalis . 1 1 [Cu |Ba
Homalothecium aureum 1 . 1 |We |Ap
Didymodon cordatus 1 . 1 | Tf |Ap
Didymodonim bricata 1 1 |sT |Ap
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Tablo 6. Grimmia anadon - Grimmia pulvinata komiinitesi

Orneklik Alan No (GV) GVl | GV1 | GV2 | GV1 | GV1 | GV1 | GV1 | GV1 | GV1 | GV1

3 9 0 1 4 5 7 6 2 8
Substrat K K K K K K K K K K
Lokalite GV GV GV GV GV GV GV GV GV GV
Orneklik Alan Biiyiikliigii 9 9 9 9 9 9 9 9 9 9
(dm?)
Yiikseklik (m) 1117 | 1190 | 1200 | 1110 | 1170 | 1100 | 1200 | 1150 | 1135 | 1127
IsIk (Ac¢ik-Yar1 Golge- A G A YG GV A A YG YG A B ‘=
Golge) £l 5| T
Nem (Islak -Nemli-Kurak) N K K K N N K K K K S| E| E
Yon B K K K K K G K K K | 5|2 A
Egim (0-45-90) <45 >45 45 <45 <45 0 >45 >45 0 <45 _a:) § S
Tiir sayisi 6 4 4 4 4 4 4 4 4 4 Sl E| S
Grimmia pulvinata 1 1 1 1 1 1 1 1 1 1 10 [Cu | Ba
Grimmia anodon 1 1 1 1 1 1 1 1 1 1 10 [Cu | Ba
Tortula muralis 1 . 1 . . 2 sT | Ba
Tortula inermis . . 1 1 1 1 4 Tf | Ag
Tortula subulata 1 1 . 2 Tf | Ag
Ptychostomum capillare 1 1 sT | Pr,

g

Didymodon rigidulus 1 1 . 2 Tf | Ap
Homalothecium sericeum . . 1 1 [We | Ap
Homalothecium 1 1 2 |We | Ap
philippeanum
Didymodon acutus . 1 1 2 Tf | Ap
Leucodon immersus 1 . 1 [ Mr| Ag
Brachytheciastrum 1 1 (Mr | Ag
collinum
Ceratodon purpureus 1 . 1 sT | Ap
Dicranella heteromalla 0 1 1 Tf | Ag
Grimmia orbicularis 1 . 1 |[Cu| Ba
Grimmia plagipodia 1 1 |Cu| Ba

Komiinitelerin ayrimi igin CA (kiimeleme analizi),
Ward metodu, ayirict ve hakim tiirlerin
belirlenmesinde PCA (Temel bilesen analizi)
kullanilirken (Sekil 2 ve 3) ekolojik iliskiler igin
CoA (Uyum Analizi) grafigi kullanilmistir. Bu
grafige gore L. rupestris - G. pulvinata komiinitesi

III ve IV. Bolgede; G. crinita - G. pulvinata
komiinitesi I. ve II. Bolgede ve G. anadon - G.
pulvinata komiinitesi ise II. ve III. Bolgede
konumlanmustir. Ayrica bu grafikte ekolojik olarak
Akis 1 Nem, Akis 2 Isik faktorlerini temsil ettigi
belirlenmistir (Sekil 4).

Lewinskya rupestris-Grimmia pulvinata

§ 8
[ER]

L]

§ § §8 § & &5 §/18 8 8 8
o b b b b © bl 0 b b

UL

Gv10
GMOB
GvI7
Gyt
Gva
GVOS
Gv13
Gv1g

$ s %
o B8 0

§ 3 3 5 3
o o © b 0

Distance:

Sekil 2. CA (Kiimeleme Analizi) Ward Metoduna gore orneklik alanlarin dagilist
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Component 2
e

G}

“Gvo1

“Gvo4

'GYOS~ Grimmia_crinfta
- Gvos

0.

uRnata = T
4 . 0.8
malefhgsium pHRHENTR

‘evi VI3
V16

~cGigmia_anodon

Component 1

Sekil 3.

PCA (Temel Bilesenler Analizi) ayirici-hakim tiirler

Gvi1 ds 2 Lewinskya rupestris-Grimmia pulvinat:
B oW evi2 GW7 n
Il. Bélge Il Bélge
Gvin 061
GV14
GV06 0.34
0 -1‘.6 -‘I‘Z -UI.B M -0‘4 DIA 116
Gvos
-0 ﬁ 15 .g
Gvo7 :0
] >
0,64 w
l. Bélge ol E
GVl 1,24 . g
IV. Bolge
1,54
‘ovos
" Istk Artis Yoni
Axis 1

Sekil 4. Komiinitelerin CoA (Uyum Analizi) grafigi

4. Sonug¢ ve Tartisma

Epilitik habitatlar kormofitlerin yetismesi i¢in ¢ok
zor ortamlardir.  Ancak  briyofitler essiz
ekofizyolojik  Ozellikleri nedeniyle bu tip
habitatlarda likenler kadar olmasa da vaskiiler
bitkilere gore olduk¢a basarilidirlar (Kara ve ark.,
2009; Kiirschner ve Parolly, 1999). Briyofitlerin
kaya yiizeylerinde komiinite olugturmasi tipki
epifitik briyofitlerde oldugu gibi makroiklim
sartlarindan ziyade mikro habitat sartlariyla
kontrol edilmektedir (Hespanhol ve ark., 2011;
Kara ve Tagpmar, 2021). Bu komiiniteler

icerisindeki takson ¢esitliligi ise kuraklhiga ve
yiksek 151k siddetine  karsit  gelistirilen
adaptasyonlara baglidir (Mégdefrau, 1982; Proctor,
1982; Bates, 1998; Glime, 2007). Bu c¢alisma
diinyadaki ¢ok nadir jeolojik olusumlar olan, ¢ok
kurak mikro iklimin sartlarinin hiikim siirdiig,
kolay ¢ozlinen kaya¢ yapisindan dolayr yiiksek
mikro erozyonun oldugu, briyofitler i¢in dahi zor
habitatlar olan tif kaya yiizeyleri ile ilgilidir. Bu
calismada 30 karayosunu taksonu ve 3 epilitik
karayosunu komiinitesi belirlendi. Bu komiiniteler
1060-1210 metre yiikseklikleri arasindaki Gomeda
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vadisinde yayilis gostermekte olup en ¢ok kuzey
bakili ve nemli yiizeyleri tercih etmektedir.
Komiiniteleri olusturan 30 karayosununda 6’s1
pleurokarp 24’1 akrokarptir (Tablo 2). Epilitik
floray1 olusturan 7 familya igerisinde Pottiaceae
(%33), Grimmiaceae (%30) ve Brachytheciacea

(%17) en ¢ok takson igeren ilk ii¢ familyay1
olusturur (Grafik 4). Bu familya siralamasi ile
birlikte alandaki hakim hayat formu (%34, Cu) ve
hakim yasam stratejisi (%50, Ba) calisma alaninin
makro ikliminin bir yansimasidir (Sekil 5., 6., 7. ve
8.).

40 °C 100 mm
- g ee ~
20 -7 28ec 29°CT~_
- 25 °C 25 °C ~ N
_ - 51 °C o °c\\ 75 mm
20 °C >Z—17-°C ~
-~
o o ~
—’,11°c 13 °C 13 °C 12 °c =~
10 °C 50 mm
0 °C
25 mm
-10 °C I
-20 °C 0 mm
Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
Yagis — Ortalama ginlilk maksimum
— - Sicak giinler — Ortalama ginlilk minimum
— - Soguk geceler Riuizgar hizi
meteoblue

Sekil 5. Nevsehir ili ortalama yagis ve sicaklik degerleri (URL 1.)

5T
13%
Cu
We 34%
13%
Mr r
T%

33%

Pv.gBv, g
3%

Ap
34%

Ag
10%

Sekil 6. Genel hayat formu

Sekil 7.Genel yasam stratejisi
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Pottiaceae; 33%

Ortotrichaceae;
T

Leucodontaceae;
3%

-—-ﬂ Dicranaceae; 3%

Brachytheciaceae; 17%

Bryaceae; 7%

Grimmiaceae;
0%

Sekil 8. Epilitik florada familya oranlari

Calisma alanin dar bir vadi olmasi ve igerisinden
siirekli akan dere ge¢mesi karayosunlari i¢cin uygun
nem sartlar1 saglamaktadir. Ancak epilitik substrat
Ozellikleri ve makroiklimin kuraklik sartlart bu
nemden karayosunlarinin yeterince
faydalanmasina izin vermemektedir.  Epilitik
substratlar iizerinden belirlenen 30 orneklik alan
igerisinde tekerriirii en yiiksek taksonlar, Grimmia
pulvinata (30), Grimmia crinita (10), Grimmia
anodon (10), ve Lewinskya rupestris (10) seklinde
siralanmaktadir.  Bu  taksonlar obligat epilitik
olarak bilinmektedir, ancak c¢alisma alanindaki
kayalarin yumusak yapisindan dolayr genellikle
epigeik olan taksonlar da komiinitler igerisinde
sokulmaktadir. Sinhiyerarsik olarak, komiiniteler
onciil-akrokarp-epilitik ~ Schistidietea  apocarpi
Jezek & Vondratek 1962 simfi, Grimmietalia
anodontis Smarda & Vanek in Smarda 1947

ordosu ve bu ordonun Grimmion tergestinae
Smarda 1947 alyansi igerisinde siniflandirilmistir.
Lewinskya  rupestris Grimmia  pulvinata
komiinitesinde Cu (%55) hayat formu; Ba (%71)
yasam stratejisi (Sekil9 ve 10), Grmmi acrinita —
Grimmia pulvinata komiinitesinde Cu (%51) hayat
formu; Ba (%54) yasam stratejisi (Sekil 11 ve 12)
ve Grimmia anadon - Grimmia pulvinata
komiinitesinde Cu (%52) hayat formu; Ba (%57)
yasam stratejisi (Sekil 9 ve 10) hakimdir. Bu
durum ¢aligma alaninin bulundugu karasal iklimle
uyumludur. Bu komiiniteler ekolojik olarak
klimaks olmayan kurak iklimde yetisen ve
akrokarp hakimiyetli epilitik komiiniteler olarak
tanimlanmistir. Ayrica bu c¢alismada komiiniteleri
belirlemek igin kullanilan ordinasyon
yontemlerinin klasik yontemlerle alyans diizeyinde
uyumlu ¢alistig1 belirlenmistir.

We

2%

Mr

5% Cu
55%

Pv,gBv,g
2% 2%

Ag
7%

|

Sekil 9. Hayat formu

Sekil 10.Yasam stratejisi
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9%
16,{‘

Pv,g

3%

Ap
23%

Cu
51% Ba
54%
Ag
24% 20%
Sekil 11. Hayat formu Sekil 12.Yasam stratejisi
PV, E
10% 2%
Ap
7% 19%
52% Ba
57%
Ag
22%
26%

Sekil 13. Hayat formu

Tesekkiir: Bu c¢alisma Tirkiye Bilimsel ve
Teknolojik  Arastrma Kurumu’nun 1197205
numarali projesi ile desteklenmistir.

Not: Bu ¢alismadaki verilerin bir kismi Nevsehir
Haci Bektas Veli Universitesi Fen Bilimleri
Enstitiisince kabul edilen “Gomeda Vadisi
(Nevsehir) Briyofit Florasi” adli yiiksek lisans
tezinde de kullanilmustir.
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Abstract

This study investigated the in vitro antimicrobial and antioxidant activity of six mosses: Plagiomnium
medium (Bruch & Schimp.) T.J.Kop, Leptodon smithii (Hedw.) F.Weber & D.Mohr, Rhynchostegium
alopecuroides (Brid.) A.J.E.Sm., Nogopterium gracile (Hedw.) Crosby & W.R.Buck, Pylasia polyantha
(Hedw.) and Timmia bavarica (Hessl.). The antimicrobial activity of prepared moss ethanol extracts was
determined using the disk diffusion method against 20 strains. In addition, the antioxidant activities to
determine for studied mosses 2,2-diphenyl-1-picrylhydrazyl (DPPH) antioxidant capacity determination
method was used As a result of the antimicrobial activity test, all moss samples, except Rhynchostegium
alopecuroides (Brid.) AJ.E. Sm, were effective on multi-drug resistant and standard Staphylococcus
aureus strains, which is an important nosocomial infection. As a result of the antioxidant activity test, an
antioxidant effect was observed in all samples, and it was determined that the P. medium sample had the
highest effect with an ECs value of 6.0826 pg/mL.

Keywords: Antimicrobial activity, Antioxidant activity, Disk diffusion method, DPPH, Moss.

Bazi Karayosunlarimin Antimikrobiyal ve Antioksidan Aktiviteleri

Oz

Bu ¢alismada, Plagiomnium medium (Bruch & Schimp.) T.J.Kop, Leptodon smithii (Hedw.) F.Weber &
D.Mohr, Rhynchostegium alopecuroides(Brid.) A.J.E.Sm., Nogopterium gracile (Hedw.) Crosby &
W.R.Buck, Pylasia polyantha (Hedw.) ve Timmia bavarica (Hessl.)’nin in vitro antimikrobiyal ve
antioksidan aktiviteleri arastirilmigtir. Hazirlanan karayosunu etanol ekstraktlarimin antimikrobiyal
aktivitesi 20 susa kars1 disk difiizyon yontemi kullanilarak belirlenmistir. Ayrica galisilan karayosunlari
icin antioksidan aktiviteleri belirlemek amaciyla 2,2-difenil-1-pikrilhidrazil (DPPH) antioksidan kapasite
belirleme yontemi kullanilmigtir. Antimikrobiyal aktivite testi sonucunda énemli bir hastane enfeksiyonu
olan ¢oklu ilaca direngli ve standart Staphylococcus aureus suslarina Rhynchostegium alopecuroides
(Brid.) AJ.E.Sm hari¢ tim karayosunu ornekleri etki gostermistir. Antioksidan aktivite testi sonucunda
tim Orneklerde antioksidan etki gbzlenmis ve 6,0826 pg/mL ECsy degeri ile P. medium 6rneginin en
yiiksek etkiye sahip oldugu belirlenmistir.

Anahtar kelimeler: Antimikrobiyal aktivite, Antioksidan aktivite, Disk difiizyon y6ntemi, DPPH,
Karayosunu.
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1. Introduction

Various methods and drugs have been used to
combat diseases throughout history. The raw
materials of the drugs used in this ongoing struggle
are mostly natural products. Natural products used
as pharmaceutical raw materials are provided from
many different plant groups and one of these plant
groups is bryophytes (Benek et al., 2021).

The plants that make up the group called
bryophytes consist of mosses (Bryophyta),
liverworts (Marchantiophyta), and hornworts
(Anthocerotophyta). The bryophyte group is the
second largest plant group in the world after
angiosperms (Asakawa et al., 2013). Bryophytes
generally have a simple morphological structure
but show a great deal of chemical diversity in their
simple structures. It is thought that secondary
metabolites in their structures play an essential role
in the interaction of bryophytes with their
environment. The chemical richness due to their
secondary metabolites is necessary because they
do not have mechanical protection like vascular
plants (Whitehead et al., 2018; Chen et al., 2018).

It is known that bryophytes have various biological
activities due to the secondary metabolites they
contain (Krzaczkowski et al., 2009). In recent

years, there has been an increased interest in the
study of the medicinal properties possessed by
plants. For these reasons, bryophytes are important
candidates for new active pharmaceutical
compound research to be carried out (Onbasli and
Yuvali, 2021).

As a result of the studies carried out, it was
determined that there are approximately 1059
(204 liverwort, +851 moss, + 4 hornwort)
bryophyte taxa in our country (Kiirschner and
Frey, 2020; Ozen-Oztiirk et al., 2023). Our aim in
this study, P. medium, L. smithii, R. alopecuroides,
N. gracile, P. polyantha, and T. bavarica moss
samples' antimicrobial activity was investigated
against 20 strains. The moss samples' antioxidant
activities were determined using of DPPH method.

2. Material and Method

2.1 Moss Samples

The moss samples used in this study were
collected and identified by Assoc. Prof. Dr. Kerem
CANLI from Akdag Mountain, Amasya. Voucher
specimens were deposited for further reference in
Dokuz Eyliil University, Research and Application
Center for Fauna Flora (FAMER), izmir, Turkey.
Moss samples location information are given in
Table 1.

Table 1. Moss samples locality information

Altitude

Sample Coordinate (m) Habitat
$'j‘?<'ggm'“m medium (Bruch & Schimp.) N 40° 41.006" E 036° 3,902 872 Soil
Leptodon smithii (Hedw.) F.Weber & D.Mohr ~ N 40° 46.786" E 035°55,621" 2040 Trees
ihj’gcg(rﬁteg'”m alopecuroides(Brid.) N 40° 48.080" E 036° 7,876’ 1230 Rocks
Nogopterium gracile (Hedw.) Croshy & N 40° 45,227 E 035°36,509" 483 Rocks and
W.R.Buck Trees
Pylasia polyantha (Hedw.) N 40° 46.296" E 035°59,988" 1330 Trees
Timmia bavarica (Hessl.) N 40° 48.249" E 036° 9,532’ 1060 Rocks

2.2 Microorganisms

In this study, 9 standard strains, 5 multidrug
resistance (MDR) strains, 3 clinical isolated strains
and 3 food isolated strains were used to determine
the antimicrobial activities of mosses. Standart

strains; Enterococcus faecalis ATCC 29212,
Listeria monocytogenes ATCC 7644,
Staphylococcus aureus ATCC 25923,
Enterobacter aerogenes ATCC 13048,

Escherichia coli ATCC 25922, Pseudomonas
aeruginosa DSMZ 50071, Salmonella enteritidis
ATCC 13076, Acinetobacter baumannii CECT

9111 and Candida albicans DSMZ 1386.
Multidrug resistance (MDR) strains;
Staphylococcus  aureus MRSA,  Klebsiella
pneumoniae MDR, Escherichia coli,

Streptococcus pneumoniae and Proteus vulgaris.

Clinical isolated strains; Klebsiella pneumoniae,
Streptococcus mutans and Candida tropicalis.
Food isolated strains;  Listeria  innocua,
Enterococcus durans, and Salmonelle kentucky.

2.3 Microorganism Inoculum Preparation

All strains used in the study were standardized at
0.5 McFarland value in sterile 0.9% NaCl solution.
Bacteria were incubated at 37 °C for 24 hours, and
the only yeast strain Candida albicans (C.P.
Robin) used was incubated at 27 °C for 48 hours
solution (Canli et al., 2015).

2.4 Extraction Method

After all the moss samples were collected, they
were dried at room temperature, and the samples
were ground with a grinder until they turned into
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powder. The active ingredients were extracted by
shaking the powder samples in 200 mL of pure
ethyl alcohol (Sigma-Aldrich) at 130 rpm at room
temperature for 3 days. Afterwards the extraction
was complete, samples were filtered through
Whatman No. 1 filter paper into glass balloons.
The ethyl alcohol in balloons was evaporated with
a rotary evaporator (Buchi R3) at 35°C. After the
evaporation process was completed, the amount of
moss remaining in the glass balloon was
determined with a precision balance. After the
weighing process, moss extracts were prepared by
adding 99% pure ethyl alcohol to dissolve the dry
matter adhering to the surfaces in the balloon.
After the extract in the balloon was transferred to
the tubes, the glass balloon was weighed again and
the amount of extract contained in the moss
extracts was determined (Altuner et al., 2014).

2.5 Antimicrobial Activity Test

The antimicrobial activity of moss ethanol extracts
was determined using the disk diffusion method as
described by Andrews (Andrews, 2007). In the
first stage, all moss extracts were loaded to 6 mm
radius Oxoid Antimicrobial Susceptibility Test
Disks with 50-100-200 pL (containing P. medium
0.17 mg, 0.34 mg, 0.69 mg, L. smithii 0.11 mg,
0.23 mg, 0.46 mg, R. alopecuroides 0.13 mg, 0.26
mg, 0.53 mg, N. gracile 0.10 mg 0.21mg, 0.43 mg,
P. polyantha 0.09 mg, 0.19 mg, 0.38 mg, T.
bavarica 0.23 mg, 0.46 mg, 0.92 mg). The disks
were left to dry overnight at 30°C under sterile
conditions to evaporate residual ethyl alcohol,
which could alter the test results. Mueller Hinton
Agar (BD Difco, USA) was then poured into a
sterile 90 mm petri dish at a thickness of 4.0 mm +
0.5 mm. Microorganisms standardized at 0.5
MacFarland value in sterile NaCl solution were
inoculated into Petri dishes. After inoculation,
extract-loaded disks were placed on the
microorganism culture medium and incubated.
After the incubation period was completed, the
diameters of the inhibition zones around the disks
were measured in mm and recorded. In this study,
sterile blank disks used to load the extract were
used as negative controls. Gentamicin and
tobramycin antibiotics were used as positive
controls to compare the results obtained (Bozyel et
al. 2019).

The experiments were carried out in triplicate, and
the R Studio v 3.3.2 program was used to
statistically evaluate the difference between the
repetitions. The distribution of the data between
the groups was evaluated with the ANOVA test.
The difference between groups was considered
significant when the p-value was <0.05. On the

other hand, the Pearson correlation coefficient was
calculated to reveal whether the increased amount
of extract increased the effect (Core R Team,
2016).

2.6 Antioxidant activity test

The DPPH (2,2-diphenyl-1-picrylhydrazil) method
was used to determine the antioxidant activity of
moss extracts. This method is based on evaluating
the DPPH radical scavenging properties of the
antioxidant compounds of moss. To prepare the
DPPH solution to be used in the study, 3.9432 mg
DPPH was added to 50 mL of ethanol (Mensor et
al., 2001). The prepared DPPH mixture and plant
extracts were mixed in a 96-well plate and
incubated in the dark for 30 minutes at room
temperature. At the end of the incubation period, a
spectrophotometer (Biotek Microplate
Spectrophotometer, USA) was used to measure the
absorbance of the sample on the plate at 515 nm.
Ascorbic acid was used as a positive control in this
study (Turu et al., 2020).

3. Results

As a result of the antimicrobial activity research of
P. medium, L. smithii, R. alopecuroides, N.
gracile, P. polyantha, and T. bavarica ethanol
extracts against 20 strains, an effect on 9 strains
was determined as seen in graphics. P. medium
ethanol extract was effective against Enterobacter
aerogenes ATCC 13048 (7 mm) and
Staphylococcus aureus MRSA (11 mm) strains. L.
smithii ethanol extract created a zone of inhibition
against Escherichia coli ATCC 25922 (7 mm),
Proteus vulgaris (7 mm), and Staphylococcus
aureus MRSA (7 mm) strains. R. alopecuroides
ethanol extract was effective against Enterobacter
aerogenes ATCC 13048 (7 mm), Listeria
monocytogenes (7 mm), and Klebsiella
pneumoniae (7 mm) strains. N. gracile ethanol
extract was effective against Staphylococcus
aureus ATCC 25923 (11 mm), Salmonella
kentucky (7 mm), and Staphylococcus aureus
MRSA (14 mm) strains. P. polyantha ethanol
extract was effective against Enterobacter
aerogenes ATCC 13048 (7 mm), Staphylococcus
aureus ATCC 25923 (11 mm), and Staphylococcus
aureus MRSA (11 mm) strains. T. bavarica
ethanol extract created a zone of inhibition against
Enterococcus faecalis (7 mm), Staphylococcus
aureus ATCC 25923 (9 mm), and Staphylococcus
aureus MRSA (13 mm) strains.

The DPPH scavenging percentage results of
extracts and ascorbic acid in terms of their ECs
and ECqg values are given in Table 2.
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Table 2. Antioxidant test results

ECso ECqo
(ug/mL) (ng/mL)
P. medium 6.0826 10.2626
L. smithii 6.0869 9.2269
R. alopecuroides 7.5317 11.5917
N. gracile 10.5152 20.3592
P. polyantha 50.239 67.263
T. bavarica 40.202 58.222
Ascorbic acid 0.359 0.359

Plagiomnium medium (Bruch & Schimp.) T. J.
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Figure 2. Leptodon smithii (Hedw.) F.Weber & D.Mohr Disk Diffusion Results
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Figure 4. Nogopterium gracile (Hedw.) Crosby & W.R.Buck Disk Diffusion Results
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Figure 6. Timmia bavarica (Hessl.) Disk Diffusion Results

4. Discussion

According to the results of the disk diffusion test
performed, the most sensitive microorganisms to
the moss samples used are S. aureus ATCC 25923
affected by three different moss extracts at
different concentrations, and S. aureus MRSA

affected by four extracts. It was determined that all
of the investigated moss samples had antimicrobial
effects against at least two and at most three
strains. The P. medium sample showed activity
against two strains and was the least effective moss
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species. All of the other moss samples investigated
showed activity against all three strains.

In the study conducted by Vollar et al. (2018)
antimicrobial activities of Plagiomnium spp.
against the S. aureus ATCC 25923 strain were
determined. According to this study, the disk
diffusion results of P. affine, P. cuspidatum, and P.
undulatum were 0.00 mm, 10.7 mm, and 8.00 mm
respectively. The P. medium used in our study did
not show any antimicrobial effect against S. aureus
ATCC 25923. But it showed activity between 8.00
and 11.00 mm in 50 pL, 100 pL, and 200 pL
applications against S. aureus MRSA strain. The
antimicrobial activity knowledge of the species
belonging to the genus Plagiomnium has been
expanded with the present study carried out.

Uyar et al (2016) conducted a study in which
samples of Cinclidotus riparius (Host ex Brid.)
Arn., Calliergonella cuspidata (Hedw.) Loeske,
Thamnobryum alopecurum (Hedw.) Gangulee,
Leucobryum juniperoideum (Brid.) Miill. Hal., and
Cirriphyllum crassinervium (Taylor) Loeske & M.
fleish were extracted with four different solvents,
and their antimicrobial activities against 13
different strains were determined. According to the
results of the study, ethanol extracts of the moss
samples produced zones of inhibition ranging from
6 to 9 mm against the E. coli strain used in both
studies. However, in this study used moss samples
no antimicrobial activity was observed against the
E. coli strain.

The antimicrobial activity of Palustriella
commutata (Hedw.) Ochyra moss against eleven
bacteria, one yeast, and eight molds was
determined by Ilhan et al. (2006) using acetone
and methanol extracts prepared through the disk
diffusion method. In both studies, no results were
observed against the commonly used strain S.
aureus ATCC 25923, whereas the methanol
extract exhibited a 7 mm zone and the acetone
extract showed an 11 mm zone against the clinical
isolate K. pneumoniae. In this study, the ethanol
extract of N. gracile formed zones of 8-10-11 mm,
P. polyantha exhibited zones of 7-9-11 mm, and T.
bavarica showed zones of 7-9-10 mm against S.
aureus ATCC 25923. Both studies demonstrate
antimicrobial activity against S. aureus ATCC
25923, an important hospital infection, through
different moss species and solvent effects.

The ECsq value of 0.359072 ug/mL of ascorbic
acid used as a standard in this study was
determined. Compared to the standard, the moss
sample with the lowest antioxidant scavenging
activity was P. polyantha with an ECs, value of

50,239 pg/mL. The moss sample with the highest
antioxidant scavenging activity is the P. medium
sample with an ECs, value of 6.0826 pg/mL.

Ertiirk et al. (2015) conducted a study to determine
the antioxidant capacity of some mosses, such as,
Hypnum cupressiforme (Hedw.) ECsy 0.79+0.05
pg/mL, Homalothecium sericeum (Hedw.) ECsg
0.5240.06 pg/mL, Thuidium delicatulum (Hedw.)
ECs 0.87+0.06 pg/mL, Homalothecium lutescens
(Hedw.) ECsy 2.83+0.08 pg/mL, Homalothecium
nitens (Hedw.) ECsy 4.40+0 .09 pg/mL, Leucodon
sciuroides (Hedw.) ECg, 0.49+0.04 pg/mL,
Ctenidium molluscum (Hedw.) ECsy 1.96+0.07
pg/mL, Eurhynchium striatulum (Spruce) ECs
0,224+0.01 pg/mL. The lowest value obtained from
the samples used in this study was taken from P.
medium with an ECs value of 6.0826 pg/mL and
the highest value from P. polyantha with an ECsq
value of 50,239 pg/mL. All remaining results are
higher than the results of the study done by Ertiirk
et al. (2015) which means lower antioxidant
activity.

Carranza et al. (2019) investigated the antioxidant
activity of seven different moss species in the
Philippines. In the study, the lowest result was
found in Gymnostomum recurvirostrum (Hedw.)
species ECsy 0.236 mg/mL, and the highest result
in Hypnum plumiforme (Wilson) species ECsg
2.213 mg/mL. The P. medium sample used in this
study with the lowest effect had an ECs; value of
6.0826 pg/mL, it is close but higher than the
results obtained in the study by Carranza et al.

The antioxidant activity of the R alopecuroides
sample used in this study was previously
determined by Yayintas et al. (2019) using the
CERAC and CUPRAC methods. In this study, the
antimicrobial and antioxidant activities of the
remaining samples were demonstrated for the first
time. Further studies are required to determine
from which substances the antimicrobial and
antioxidant effects of mosses originate.
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Oz

Cevre kirliligi sorunu siddetini artirarak devam etmektedir. Bu nedenle biyoindikatdr organizmalar
kullanilarak atmosferik element seviyeleri belirlenmeye devam edilmeli ve kirlilik Slgiimleri diizenli
olarak yapilmalidir. Radyoaktif kirliligin artmasinin baslica nedenleri madencilik faaliyetleri, termik
santraller, baz istasyonlar1 ve fosil yakitlarin kaynak olarak tercih edildigi niikkleer santrallerdir. Cernobil
Niikleer Santral Kazasi’'nin ardindan biyoindikatorlerdeki radyoniiklid konsantrasyonlar1 iizerine
kapsaml arastirmalar baglamistir. Yavas biiylimeleri ile karakterize edilen karayosunlari, cevreden gelen
farkli radyoniiklidleri diger bitki Ortiisiinden ¢ok daha yiiksek derecede verimli bir gekilde
biriktirebilmektedir. Karayosunlari, biyomonitor ¢alismalarinda kullanilacak bir organizma igin gerekli
sartlarin ¢ogunu karsilamaktadir ve mevcut ¢alismalarda ¢evresel radyoaktivitenin izlenmesi igin siklikla
biyolojik gdstergeler olarak kullanilmaktadir.

Anahtar kelimeler: Briyofit, Karayosunu, Biyomonitdring, Biyoindikator, Gama
spektroskopisi, Radyoaktif kirlilik.

Using Mosses as Bioindicators in Environmental Radioactivity Studies

Abstract
The environmental pollution problem is intensifying. Therefore, atmospheric element levels should
continue to be determined using bioindicator organisms, and pollution measurements should be made
regularly. The main reasons for the increase in radioactive pollution are mining activities, thermal power
plants, base stations, and nuclear power plants that use fossil fuels. Extensive research on radionuclide
concentrations in bioindicators began after the Chernobyl Nuclear Power Plant accident. Moss is a good
bioindicator of environmental radioactivity because it has a slow growth rate and is able to accumulate
different radionuclides from the environment more efficiently than other vegetation. Moss meets most of
the requirements for an organism to be used in biomonitoring studies, and is often used in current studies.
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1. Giris

Cernobil niikleer felaketiyle birlikte dogaya biiyiik
miktarlarda radyoniiklid madde salinmigtir. Bu
maddeler giiniimiizde halen  bitkilerde ve
sedimentlerde tespit edilebilmektedirler.
Briyofitler (Karayosunlari) kokleri olmayan ilkel
kara bitkileridir, radyoniiklidler ve metaller de
dahil olmak {iizere ¢ok sayida kirletici maddeyi
biinyelerinde kolayca biriktirebilirler (Schmidt vd.
2023).

Karayosunlart  biyoizlemede kullanilacak bir
organizma i¢in  gerekli  sartlarin  ¢ogunu
kargilamaktadir. Tek hiicreli kalin yapraklari, kalin
hiicre duvarlar1 ve kiitikiillerinin olmamasi, iyon
degisimi yoluyla havadan ve biriken materyalden
eser eclementlerin etkili bir sekilde absorbe
edilmesini saglar (Brown ve Brown 1990,
Wolterbeek 2002).

Karayosunlar1 basit bir yapiya sahip Kara
bitkileridir. K&k  sistemi ve  yapraklarin
yiizeyindeki su geg¢irmez kiitikiil tabakasi yoktur.
Biiytime igin gerekli besinleri yagis veya kuru
birikim yoluyla dogrudan havadan alirlar. Diger
bitkilerle karsilagtirildiginda karayosunlart,
cevresel hava kirliliginin biyolojik bir indikator
olarak  kullanilmalar1  6zellikle  uygundur.
Karayosunlarin morfolojisi mevsimlerden
etkilenmez ve c¢esitli habitatlarda gelisebilirler
(kaya, toprak, agac su i¢i kaya vb.) bu nedenle
havadaki kirleticiler yi1l boyunca karayosunlarinda
birikebilirler (Harmens vd. 2010, Aleksiayenak vd.
2013, Wattanavatee vd. 2017).

Cevrede ¢ok sayida kirlenmeye yol agan faktoriin
varligl, tek bir kirleten tlriiyle ilgili yorum
yapmay1 zorlagtirmaktadir (Manning ve Feder
1980, Martin ~ ve  Coughtrey 1982, Puckett
1988, Wittig 1993). Biyomonitdrizasyon,
biyoindikatdr organizmada biriken o6zellikle agir
metallerin ve radyoaktif elementlerin bilesiminin,
birikim yollarinin, substratlarinin, yerel ya da lokal

olarak  dagilimlarini,  atmosferdeki  kirlilik
seviyelerinin  Olgiilmesinde  etkili  denetim
formlarinin takibinde karayosunlari da
incelenmektedir. (Freitas vd. 1999).

Briyofitler, bitki gruplari igerisinde ¢evresel

radyoaktivitenin incelenmesinde yaygin olarak
incelenilen materyallerdendir. Briyofitlerin,
radyoaktif materyalleri tutma kapasitesinin ytiksek
olmasi, cevresel radyoaktivitenin belirlenmesinde
biyoindikatdér tiir olarak  kullanililabililigini
gostermektedir. Karayosunlarindaki
radyoniiklidlerin ¢evre kirliliginin izlenmesi diinya
genelinde yayginlagirken, eski Yugoslavya'da bu
alandaki arastirmalar ihmal edilmistir. 1985 yilinda

(Cernobil kazasindan o6nce) Bosna Hersek'teki
avlanma alanlarinda  yosunlardaki Bics
radyoniiklid konsantrasyonlart 267,0 Bg/kg ve
508,0 Bg/kg (ortalama deger 429,0 Bg/kg)
arasindayken, 1987 yilinda (kazadan sonra) 858,0
Bg/kg ila 4604,0 Bg/kg (ortalama deger 2645,0
Bq/kg) arasindadir (Saracevi¢ vd. 1989).
Ulkemizde ise, Cernobil kazasmin ardindan
karayosunu, likenler, toprak, su gibi ornekler
tizerinde radyoaktif kirlilik sevilerini belirlemek
icin ¢aligmalar yapilmigtir (Saka 1997, Topguoglu
vd. 1995, Topguoglu vd. 2003a, Celik vd. 2009,
Belivermis 2009, Belivermis vd. 2010, Kaya vd.
2015, vb.) Bu derleme, global &lgekte
biyomonitéring konusundaki arastirmalarin durum
analizini icermektedir. Amacimiz, bu konuda
calisma yapan oOzellikle lisans ve yiiksek lisans
ogrencilerine bir Tiirkce altlik olugturmak bu konu
hakkinda yapilmis calismalari derlemektir. Bu
konuyla ilgili Tirk¢e yayin sayist diger
biyomonitdr yayinlara kiyasla daha azdir, Tiirkce
bir derlemenin bu  boslugu  dolduracag
disiiniilmektedir.

2. Materyal ve Yontemler

Radyoaktif kirliligin belirlenmesinde liken ve
karayosunlarmin  biyoindikatér  tir  olarak
kullanildigr  birgok calisma literatiire  dahil
edilmistir. Havadan beslenmeleri ve yapisal olarak
genis yiizey alanlari igermeleri avantajiyla,
dogrudan biinyelerine radyoniiklidleri
biriktirebilirler.
Briyofitlerin ~ (Karayosunlari/  Bryopsida ve
cigerotlary/ Marchantiopsida ve
Jungermanniopsida)  radyoaktiviteye  vaskiiler
bitkilere kiyasla daha direngli oldugu bilinmektedir
(Kryshev vd. 2005, Frahm vd. 1998) ve ¢ok daha
yiikksek miktarlarda radyoniiklidleri (Frahm vd.
1998, Papastefanou vd. 1989) absorbe etme
egilimindedir. Baz tiirlerin genis cografi dagilimi
nedeniyle, karayosunlari radyoizotoplarin
birikimini haritalamak i¢in de kullanilmistir (Smidt
vd. 2011).

Cevresel Radyoaktivite
Calismalarinda Biyoindikator olarak
Karayosunlar’nin  Kullanildigr  birgok ¢alisma
derlenerek hazirlanmigtir. Amacimiz, bu konuda
calisma yapan Ozellikle lisans ve yiiksek lisans
ogrencilerine bir Tiirkce altlik olugturmak bu konu
hakkinda yapilmis ¢alismalari derlemektir.

Bu, calisma

2.1 Materyal

Karayosunlarinda radyoizotoplarin yiiksek
birikimi, agirlikli olarak iki faktérden kaynaklanir;
karayosunlar1 oldukca kiicliktiir ve yaprakciklari
tek bir hiicre katmanindan olusur. Boylece ¢ok
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yiikksek bir yiizey-hacim oranma sahiptirler.
Ayrica, gametofit, damarli bitkilerde bulunan
gecirimsiz kiitikiilden yoksundurlar. Sporofit, spor
kapsiili ve sap1 bir kiitikiile sahip olabilir ancak
bitkinin biyokiitlesine ¢ok az katkida bulunur,
karayosunlarinin ylizeyi bu nedenle suyu ve
besinleri biitiin olarak emerek biinyesine alirlar.
Ote yandan, karayosunlarin kokleri yoktur, rizoit
denen kok benzeri yapilara sahiptirler ve ortama
tutunmay1 saglarlar ve ayni zamanda absorpsiyona
da katkida bulunabilirler. Baz1 ilkel Briyopsida
(Polytrichaceae), yiiksek bitkilere benzer damar
dokusu sergiler, ancak daha diisik tasima
kapasitesi vardir, Briyopsida'da vaskiiler doku
azalir ve islevsel degildir (Schmidt vd. 2023).

Bryofitler, evrim siirecinde algler ile egreltiler ve
tohumlu bitkilerin arasinda yer almaktadir. Yapilan

jeokimyasal analizler kriptosporlardaki spor
duvarmin, bilinen biitiin kara bitkilerinin spor
duvarlariyla ~ kimyasal  olarak  benzedigini
kanitlamigtir ~ (Steemans ~ 2010).  Molekiiler
analizlere gore briyofitler Bryobiotina
Subkingdomu altinda, Anthocerotophyta,

Marchantiophyta ve Bryophyta olmak {izere 3
kisimda incelenmektedir (Glime, 2013).

Cevresel radyoaktivite caligmalarinda en ¢ok
incelenen materyallerden olan briyofitler hem
radyoaktif kirlilik diizeyinin hem de ekosistemin
dogal fon diizeyinin tahmin ve tespiti igin
kullanilabilir. Atmosfere salinan 131|’ 134cs ve B'Cs

en oOnemli ve en tehlikeli radyoniiklidlerdir.
Cernobil kazasindan kisa bir siire sonra,
karayosunlart, likenler ve diger
biyoindikatdrlerdeki radyoniiklid

konsantrasyonlar1 iizerine kapsamli arastirmalar
baglamustir (Elstner vd. 1987, Papastefanou vd.
1989; Marovi¢c vd. 2008). Finlandiya'daki
karayosunlarinda 1986 yilinda (Ilus vd. 1987)
Y¥7Cs  radyoniiklid  konsantrasyonlar1  28000,0
Bq/kg iken, Bavyera’da 12370,0 Bg/kg, Miinih’te
30000,0 Bg/kg’dir (Elstner vd. 1987, Heinzl vd.
1988).Cernobil Niikleer Santral Kazasi’ndan sonra
karayosunlariyla biyomonitoér caligmalari Avrupa
genelinde kontamine olan bolgelerde
yaygilasmaya baslamistir. Ulkemizde de bu
konuyla ilgili ¢alismalar bulunmaktadir. Cernobil
niikleer santralindeki kaza (26.04.1986, Ukrayna)
20. yiizy1la damgasini vurmustur.

Koklerin olmamasi, esas olarak hava birikiminden
emilim saglar ve karayosunlarmin partikiilleri
yogunlastirdigi ve kuru ve 1slak birikimden
kimyasal tiirleri ¢6zdiigli gosterilmistir (Stainnes
1995). Radyoaktif elementlerin  yosunlarda
birikmesi ve uzaklastirilmas: da yagisla iliskilidir
(Taylor ve Witherspoon 1972, Krmar vd. 2009).

Adsorbe edilen elementlerin protoplastlara (Tyler
1990, Wells ve Brown 1990) ve yosunun yaslh
kisimlarindan daha gen¢ kisimlarina (Brown ve
Brown, 1990) tasindig1 goriilmektedir. Bu siireg
muhtemelen yagisa bagli daha fazla kaybi dnler.
Y¥'Cs'nin  ¢ogunun membran ve hiicre duvar
fraksiyonlarinda dagildigt goriilmektedir
(Dragovi¢ 2004). Ancak, agir metal birikimi i¢in
pleurokarp karayosunlarin kisa vadeli, akrokarp
karayosunlarin ise uzun vadeli birikimi yansittig
gosterildiginden, aragtirmalarda secilecek tiirlere
dikkat edilmelidir (Sabovljevié¢ vd., 2005).

Kuru agirhiklarinin @ 10-12  katt  su  tutabilme
kapasitesine sahip olan karayosunlar;; orman
ekosisteminde zeminin daha nemli kalmasini,
tohumlarin ¢imlenmesini, mineral depo edilmesini,
hayvanlara besin kaynagi olusturulmasini saglar,
ayni zamanda da erozyonu Onlemekte rol
oynamaktadir (Cetin 1988, Ursavas ve Oztiirk
2016).

2.2 Metot

2.2.1 Biyoindikator o6zellikler

Dogal yasam ortamlarim olumsuz etkileyen
etmenlere karsi, canli organizmalar uyaran olarak
yanit verir ve bu Ozelliklerin incelenmesinde ve
izlenmesinde biyoindikator tiirler kullanilarak
biyolojik ¢alismalar yapilmaktadir (Ellenberg
1991).

Canli organizmalardaki kirleticilerin belirlenmesi
caligmalarinda ("biyomonitoring" veya
"biyoendikasyon"), goriintiileyici organizmalar ve
aragtirma kapsamindaki unsurlar belirli 6zellikleri
icermelidir. Organizmanin bollugu, genis cografi
dagilimi, kolay tanimlanmasi ve Orneklenmesi,
mevsimsel degisikliklerin etkilemedigi, her daim
caligilabilirligi  biyoindikatér — gruplarmn  ortak
ozelliklerindendir.

Bir bolgedeki her bir biyoindikatér organizma
bireyi, o bolgedeki kirletenlere esit diizeyde maruz
kalmamaktadir. Iklim kosullar1, kirleten birikim ve
hareket diizeyini etkileyerek farkli alanlarin
kiyaslanmasi i¢in net sonuglar sunmamaktadir
(Freitas vd. 1999).

Biyomonitdring,  biyoindikatér ~ organizmada
biriken  elementlerin  niteligini,  birikimini,
kokenini, yerel ya da bolgeselligini inceleme
yontemidir. Diger yontemlere oranla daha pratik
ve ucuz olmasinin yan sira verisel anlamda daha
etkin ve daha genis alanlarin izlenmesini
saglayabildigi icin yayginlagan bir yontemdir
(Freitas vd. 1999).
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2.2.2 Radyoaktivite ve radyasyon

Periyodik cetvelde proton sayist 83’ ten biiyiik
olan elementler kararsiz bir yapiya sahiptirler ve
icerdikleri fazla enerjiden dolayr daha kiiciik
atomlara parcalanirlar. Bu pargalanma
kendiliginden olabildigi gibi bagka elementlerin
enerjisi ile de olabilmektedir. Pargalanma
esnasinda c¢ekirdekten parcalar ayrilir ve bu olaya
radyoaktif pargalanma denir. Cekirdekten enerji
yayilmasi ile de radyasyon olusur (Goriir 2006).

Yeryiiziindeki tiim canlilar yasam siireci boyunca
hem dogal (%87’si yerkabugundaki 2?Th, Z*U ve
bunlarin bozunma {irlinleri ve dogal radyoniklid
olan *K) hem de yapay radyasyona maruz
kalmaktadir (UNSCEAR 2000). 1895’¢ kadar
dogal radyasyon, ardindan X-isimlarmin kesfi ile
gelistirilen teknolojiler sebebiyle insanlar yapay
radyasyona da maruz kalmaya baglamistir. Niikleer

santral kazalari, silah denemeleri ile olusan
radyoaktif serpintiler birgok {ilke halkinin
kontaminasyonuna sebep olabilmektedir.

Iyonlastirici radyasyonla 1sinlanan kisilerde hasar
orani ciddi boyutlara ulasabilmekte ve bu
radyasyon diizeyi ancak detektorlerle
algilanabildiginden farkli dedeksiyon sistemlerinin
gelistirilmesi 6nemlidir (Knoll, 2000).

Dogal elementlerden c¢ok sayida yapay olarak
radyoaktif izotop tiretilmistir (*°Sr, **'Cs ve *3I).
Radyoaktif maddedeki doniisim hizi olan
aktivitenin birimi “becquerel”, sembolii “Bq”, bir
becquerel saniyede bir doniisime denk gelir
(TAEK 2009). *¥Cs (Sezyum-137) niikleer
faaliyetler sonucunda olusmus bir fisyon
tirtintidiir. Yar1 dmriiniin uzun olusu ve topraktaki
dikey ilerleyisinin yavas olusu bitkiler {izerinde
yapilan ¢aligmalarda yaygin olarak kullanilmasini
saglamaktadir (Belivermis 2009).

2.2.3 Ornek toplama ve analiz yontemlerinin

uygulanmasi

Dogal radyoaktivitenin ve fisyon friinlerinin
belirlenebilmesi  i¢in  yapilmasi  planlanan
caligmalarda oOncelikle amaca uygun ornekleme
bolgeleri  segilmekte, ardindan  Grneklerin
toplanmasi uygun analiz yontemlerinin
uygulanmast  siireci  gelismektedir.  Cevresel

kontaminasyonun kaynagi saptanarak, bdlgenin
durumu, mevsim sartlarina gore 6rnek toplama ve
dedeksiyon islemine hazirlik yapilmalidir (TAEK
2009).

Topraga yakin yiikseklikten alman
karayosunlarindaki ~ radyoniiklidlerin  aktivite
oranmin diisiik ¢ikmasi beklendiginden, agaglarin
ist kistmlarindan 6rnek almmalidir. Substrat
¢esidinin  radyoniiklidin  birikimindeki roliiniin

o6nemli olmadigi disiinlmektedir (Dragovi¢ vd.
2004). Arazi caligma alammmin belirlenmesinin
ardindan dogal ve yapay radyoniiklidlerin izlenme
amacina yonelik drnekler her zaman bulunabilmeli
ve Dbiitiini yansitacak sekilde segilmelidir (TAEK
2009).

2.2.4 Gama spektrometrik yontem

Gama spektrometresi radyoaktivite 6l¢limiiniin en
hassas, en hizli ve en pratik ydntemlerindendir.
Germanyum dedektorleri, dusiik seviyeli aktivite

(birkag Bg/kg) Olglimlerinde dahi
uygulanabilmektedir. Dogal fon (background)
radyasyonu yersel ve kozmik radyasyon

bilesenlerinden olusmaktadir (Knoll 2000). “K,
28, P2Th ve ® U dogal radyasyonun temel
kaynaklarindandir. Dedeksiyon sisteminin kalibre
edilmesi, ilgilenilen radyoniiklidlerin minimum
dedekte edilebilir  aktivitelerinin  her  bir
radyoniiklid i¢in belirlenmesinin ardindan 6rnegin
radyoniiklid aktivitesi nicel olarak
degerlendirilebilir (Knoll 2000). Gama
spektrometresinde Ornekler i¢in herhangi bir 6n
hazirlik yapilmazken, numuneler g¢esitli 6l¢im
kaplarinda, kursun zirhli  odacikli  sayim
geometrisinde, sayim veriminin arttirilabilecegi en
yakin konumda sayilmalidir. Sayim siiresi, 0rnegin
aktivitesine, Ol¢iim sistemindeki dogal diizey
sayimina, ilgilenilen radyoniiklide baglidir.

137 Cs ve ®Co gibi radyoaktif kaynaklarla dedektor
sisteminin  kalibrasyonunun kontrolii  diizenli
olarak yapilmalidir (ANSI 1978). Radyasyonun
enerjisiyle biriken yiikler on yiikseltgecte voltaj
sinyaline, = oradan  yiikseltgecte  sinyalleri
yiikselterek enerjinin ayrilmasini, sekillendirilen
sinyal ADC (analog dijital cevirici)’ye gelir ve
sayisal sisteme, MCA (¢ok kanall1 analizor)’da ise
sinyaller dijital hale doniigiir. MCA’da her kanalin
karsilik geldigi bir enerji bulunmakta ve sinyal
birikimleriyle de pik olusmaktadir, bu pikler
monitdrde spektrum olarak izlenir (Knoll 2000).

3. Bulgular
Karayosunu o6rnekleri kullanilarak radyoniiklid

diizeylerinin Olglimiiniin  yapildigi ¢alismalara
ornek verilecek olursa;

Tiirkiye’de  Cernobil  sonrasinda  liken ve
karayosunlart  ile  yapilan  biyomonitdring

caligmalarinda oOncelikle; aga¢ ve kayalardan,
yerden en az 1,5 m yiksekten ve yakin
biiyiikliikteki ~ orneklerin  alimiyla  toplanan
karayosunu ve likenler laboratuvarda deiyonize

suyla yikandiktan sonra etiivde (max. 85°C)
kurutularak HPGe dedektorlii gama
spektrometresinde radyoaktivite analizleri

yapilmistir.  Cernobil sonrasinda Tiirk Atom
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Enerjisi Kurumu tarafindan yapilan galismaya ait

kitap 2006 yilinda yayimlanmistir. Kitaptaki
verilere gore; 1992°de karayosunu Ornekleri
iizerinde yapilan OSlgimlerde ***Cs ve '¥'Cs

derisimi sirastyla 930Bq/kg ve 19320 Bq/kg olarak
Findikli’da saptanmustir. Rize bdlgesi 1992 yili
Olciimlerinde en disiikk radyoaktivite Kendirli
istasyonunda 60Bg/kg ***Cs ve 1330 Bg/kg *'Cs
olarak ol¢iilmiistiir. 1996’da Kars ve Igdir’dan
toplanan  orneklerde  en  yiksek  *¥'Cs
radyoaktivitesi 292Bq/kg ile Akgalar’ da
saptanmistir. 1999°da Emendere karayosunlarinda
49,6Bq/kg Bics radyoaktivite derisimi
bulunmustur. 2000 yili Trakya karayosunlarinda
yapilan ¢alismada **’Cs miktar1 ise 49Bq/kg olarak
bulunmustur (TAEK 2006).

Finlandiya'daki karayosunlarinda
(lus  vd.  1987)  Cs
konsantrasyonlari 28000 Bg/kg iken,
Bavyera’dal2370,0 Bg/kg, Miinih'te 30000,0
Bg/kg’dir (Elstner vd. 1987, Heinzl vd. 1988).
Cernobil Niikleer Santral kazasinin 1,5 yil
sonrasinda karayosunu ve likenlerdeki yiiksek
B3'Cs  aktivitesinin yiiksekligi, yari Omriiniin
biyoindikatorlerde daha wuzun oldugunu ifade
etmesi, bu canlilarin radyoniiklidleri yakalamalar1
ve biinyelerinde tutma 6zelliklerinden kaynaklanir
(Papastefanou vd. 1989).

1986 yilinda
radyoniiklid

Karayosunlar1 ve likenlerle Bati ve
Karadeniz Bolgesi’ndeki bazi agaclarin
yiizeylerinde 1990-1993 yillar1  arasinda
karayosunu ve 1987-1992 yillar1 arasinda liken
tirleriyle  *Cs  konsantrasyonlarimin  yari
Omiirlerinin tahmini izerine ¢alismalar yapilmustir.
Leucodon immersus Schwagrichen karayosunu
i¢in yar1 6mriin 10,9 ay, Xanthoria parietina (L.)
Th. Fr. likeni i¢in ise yart omriin 58,6 ay oldugu
tahmin edilmektedir (Topguoglu vd. 1995).

Dogu

Ordu 1li’nden toplanan liken ve karayosunu
numuneleri  HpGe  dedektoérii  kullanilarak
Ol¢iilmiistlir. Ordu’dan toplanan liken 6rneklerinin
Bics ve ¥Cs aktivite olgiimlerinde gore dogu
kesiminden batiya dogru radyasyon diizeylerinde
kirleticilerin ~ kayda  deger etkisi  oldugu
goriilmistir (Saka 1997).

Dogu Anadolu Bélgesi’nde, germanyum dedektor
sistemiyle, toprak iizerindeki karayosunu ve liken
biyoindikatérleriyle **Cs, **'Cs, U, *?Th, “K
aktiviteleri bulunmustur. Ayni bolgeden su
ornekleri alinarak toplam beta aktivite 6lglimii de
yapilmigtir. Bolge yakinindaki Medzamor Niikleer
Santrali’nden kaynakli radyoaktif kontaminasyon
olmadigt  yapilan Olglimlerle  belirlenmistir
(Topguoglu vd. 2003a).

Izmit Koérfezi’'nde 2006 (Aralik ay1) ve 2007
(Mart) arasinda 7 farkli istasyondan 16 (toprak,
liken, karayosunu) oOrnek toplanmustir. Yiizey
topragmm (0-20 cm) **'Cs aktivite diizeyinin
degerleri 1,414+0,17 Bq/kg (Kartepe) ve 27,6+1,4
Bqg/kg (Bahgecik)’dir. Topraktan transfer faktorii
karayosununda 0,26+0,12 Bg/kg ve 148,3+26,7
Ba/kg, likende ise 0,12+0,07 Ba/kg ve 2,83+0,46
Bqg/kg’dir (Erdurmus 2007).

Yavas biylimeleri ile karakterize edilen
karayosunlari, cevreden gelen farkli
radyoniiklidleri diger bitki ortiisiinden ¢ok daha
ylksek derecede verimli bir sekilde
biriktirebilmektedir. Sonu¢ olarak, karayosunlari
cesitli ekosistemlerdeki radyoaktif kirlenmenin
hassas biyogostergelerindendir. Fukusima Dai-ichi
niikleer santralindeki kazadan sonra havaya
salman radyoaktivite, atmosferik siireglerin ve
biyosferdeki madde tasimiminin bir pargast haline
gelmistir. (Marovic vd. 2008).

Dogu Karadeniz Bolgesi’nde karayosunu, liken, ve
toprak  numuneleri  toplanarak  germanyum
dedektoriinde analizleri yapilmustir. Likenlerde
B37Cs aktivitesi 29-879 Bq/kg iken ekolojik yari
omri ise 1,36-2,96 yil araliginda degismektedir.
Karayosunlarinda **” Cs spesifik aktivitesi 67-396
Ba/kg, toprakta ise 27-775 Bq/kg arasinda degisen
degerler almaktadir (Celik vd. 2009). Atmosferik
radyoniiklidlerin ~ tespitinde, Trakya’da agac
kabuklarinin  kullanilabilirligi  i¢in  inceleme
yapilarak *'Cs, 2%U, *?Th ve “K aktivite
konsantrasyonlari 6l¢iilmiistiir.

37Cs’nin ortalama aktiviteleri karayosunu, liken ve
toprakta sirasiyla 2,22 Bq/kg, 1,47 Bq/kg ve 32,7
Bg/kg’dir. Mese agacinda 2**Th aktivitesi 0,89
Ba/kg, “®U aktivitesi 0,84 Bg/kg, cam agacinda
ise 2°Th aktivitesi 4,03 Bq/kg, *®U aktivitesi 8,68
Bqg/kg’dir. Karayosunu ve liken biyoindikatorleri
icin mese ve cam agact kabuklarinin tutunma
ortaminin  yararli bir substrat olusturdugu
gozlemlenmistir (Belivermis vd. 2010).

2011°de Mugla (Yatagan), Soma (Manisa),
Seyitomer, Tuncgbilek (Kiitahya)‘ten karayosunu
ve liken tiirleri toplanarak *°Po ve °Pb 6lgiimleri
yapilmigtir. Bu ¢alismanin diger ¢aligmalardan
farki mesafe ile kontaminasyon arasindaki iligkinin
gozlemlenmesidir. Yatagan Termik Santrali’nin 7
km uzaginda yapilan analizlerde *°Po ve “‘°Pb
diizeylerinin artist gozlemlenmistir (Sert vd.
2011).

1986'daki Cernobil kazasindan sonra Ornekleme
alanindaki radyoaktif kirlenmenin boyutunu
gbzlemlemenin bir yolu olarak Slovakya ve Beyaz
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Rusya'dan alian karayosunu érneklerinde **'Cs ve
2%pp'yi incelemistir (Aleksiayenak vd. 2013).
Gumiighane’de yapilan c¢aligmalarda dogal ve
yapay radyoaktivite diizeylerini belirlemek icin
karayosunu ve toprak numuneleri HPGe dedektor
sisteminde analiz edilmistir.

3'Cs aktivitesi bazi numunelerde MDA’nin
altinda hesaplanmustir. **’Cs orami  Giimiighane
yakinindaki sehirler (Artvin, Rize ve Trabzon) ile
kiyaslandiginda daha diigiik aktivite oranindadir
(Kaya vd. 2015). Karayosunu ve liken
drneklerindeki *°Po, U ve U aktiviteleri Alfa
spektrometrik ~ yontem  ile  belirlenmistir.
Polonya’nin Sobieszewo Adasi’nda karayosunu ve
liken Grnekleri toplanmustir. 22U ve #%Po aktivite
diizeyleri tallus ¢esidine gore degismektedir
(Boryto vd. 2017).

Bati  Arktikte karayosunu ve liken Ornekleri
toplanarak ve %sr, 1137cs 20282y 234238
2394240y ve *Am’i degerlendirmistir (Cwanek vd.
2019).

4. Tartisma ve Sonu¢

Cernobil Niikleer Santral Kazasindan dnce yapilan
cevresel radyoaktivite ¢alismalariin yeterli sayida
olmamasi ve referans alinabilecek background
seviyelerinin bilinmemesi arastirmacilart  farkli
bolgelere yonlendirmektedir. Background
seviyesinin referans olmasinin yani sira radyoaktif
kontaminasyonun ardindan karayosunu, liken vd.
biyoindikatdr tiirlerle belirli periyotlarda yapilacak
analizler ¢evresel radyoaktivite ¢alismalari igin iyi
bir kaynak veri olusturur (Giirsu 2020). Ekolojik
etkiye neden olan bu kazalarda, organizmalarin
konsantre etme mekanizmalar1 sonucunda, yiiksek
miktarda radyoaktif ¢ekirdekleri biriktirmesi sz
konusudur. Bu etkinin biiyiikligi ve Onemi ise,
ekosistemin tipine bagli olarak degismektedir.

Cernobil Niikleer Santrali Kazasi’ndan sonra
diinyanin ¢esitli bolgelerinde ve lilke ¢apinda bazi
kritik bolgelerde olmak iizere radyoaktif kirliligin
tespiti i¢in ¢aligmalar yapilmustir.

Karayosunu tiirlerine analiz  edilen
radyoniiklidlerin aktivite konsantrasyonlar1
degismektedir, Cernobil  kazasindan  sonra
bdlgelerin homojen olmayan bir sekilde kontamine
olmasi, aym tire ait Orneklerin  farkli
lokasyonlardan toplanmasi, ayni tiirlin drnekleri
arasinda oldugu gibi aym karayosunundaki
radyosezyum  Kkonsantrasyonlarinin  farkliligi
yapilan  calismalarla  belirlenmigtir. ~ Yavas
bliyiimeleri ile karakterize edilen karayosunlari,
cevreden gelen farkli radyoniiklidleri diger bitki
ortiisiinden ¢ok daha yiiksek derecede verimli bir

gore

sekilde  biriktirebilmektedir.  Sonu¢  olarak,
karayosunlar1 ¢esitli ekosistemlerdeki radyoaktif
kirlenmenin hassas biyogdstergelerindendir.

Sanayi ve teknolojinin trettigi kimyevi atiklarin
sebep oldugu cevresel kirlilik seviyeleri
siddetlenerek artmaktadir. Bu nedenle atmosferik
kaynakli  element  diizeyleri  biyoindikator
organizmalar kullanilarak saptanmaya devam
edilmeli ve diizenli olarak kirlilik &lglimleri
yapilmalidir. ~ Radyoaktif  kirliligin  giderek
artmasinin ~ baglica  nedenleri;  madencilik
faaliyetleri, kaynak olarak fosil yakitlarin tercih
edildigi termik santraller, baz istasyonlari ve
niikleer santrallerdir. Radyoaktif kirliligi arttiran
Cernobil ve Fukusima’da meydana gelen santral
facialar yiiksek dozda radyasyonun yikici etkisini
g6z Oniine sermistir. Radyoaktif kirlilik kiiresel
ismmaya neden olmakta ve  kozmojenik
radyasyonun yeryiiziine inmesini arttirmaktadir.
Sonu¢ olarak; bilim, sanayi ve teknolojinin
gelismesinin beraberinde olugan g¢evre kirliliginin
kaynag insanogludur ve yine zarar1 kendine olan
bu siireci Onleyip ¢oziime kavusturacak da
kendisidir. Biyoindikator olarak karayosunlar: bu
konudaki ¢alismalarda kullanilabilir bir bitkisel
materyal olarak karsimiza ¢ikmaktadir.

Kaynaklar

Aleksiayenak Y.V. Frontasyeva M.V. Florek M.
Sykora I. Holy K. Masarik J. Brestakova L.
Jeskovsky M. Steinnes E. Faanhof A.
Ramatlhape, K.l. 2013. Distributions of
B7Cs and *°Pb in moss collected from
Belarus and Slovakia. J. Environ. Radioact.

117: 19-24.

ANSI. 1978. American National Standards
Institute, Calibration and Usage of
Germanium detectors for Measurement of
Gamma-ray Emission Rates of
Radionuclides, Rep. N42.14, ANSI, New
York.

Belivermis M. Kilic O. Cotuk Y. Topcuoglu S.
2009. Trakya Bolgesi’ nde Dogal ve Yapay
Radyoniiklitlerin Biyoindikator
Organizmalarla  Izlenmesi, X. Ulusal
Niikleer Bilimler ve Teknolojileri Kongresi,
6-9 Ekim, Istanbul Universitesi Fen
Fakiiltesi Biyoloji Boliimii, 187-194.

Belivermis M. Kilig O. Cotuk Y. Topcuoglu S.
Kalayci G. Pestereli D. 2010. The usability
of tree barks as long term biomonitors of
atmospheric ~ radionuclide  deposition,
Applied Radiation and Isotopes. 68: 2433—
2437.

Boryto A. Romanczyk G. Skwarzec B. 2017.
Lichens and mosses as polonium and
uranium biomonitors on Sobieszewo Island.



Giirsii G. Tasaltin N. 2023. Anatolian Bryol..................

Journal of Radioanalytical and Nuclear
Chemistry, 311:1.

Brown D.H. R.M. Brown. 1990. Reproducibility
of sampling for element analysis using
bryophytes. In: Element Concentration
Cadasters in Ecosystems (Eds. H. Lieth and
B. Markert). 55-62. VCH Publishers,
Weinheim.

Celik N. Cevik U. Celik A. Koz B. 2009. Natural
and artifical radioactivity measurements in
Eastern Black Sea region of Turkey,
Journal of Hazardous Materials, 162: 146-
153.

Cwanek A. Mietelski J.W. Okas E. Olech M.A.
Misiak R. 2019. Sources and variation of
isotopic ratio of airborne radionuclides in
Western Arctic lichens and mosses. J.
Chemosphere. 239: 124783.

Cetin B. 1988. Dilek Yarimadasi Milli Parki
Karayosunlart (Musci). (I). Doga Tiirk
Botanik Dergisi, 12:3, 207-214.

Dragovi¢ S. Nedi¢ O. Stankovi¢ S. G. Baci¢. 2004.
Radiocesium accumulation in mosses from
highlands of Serbia and Montenegro:
chemical and physiological aspects. J.
Environ. Radioact., 77: 381-388.

Ellenberg H. Arndt U. Bretthauer R. Ruthsatz B.
Steubing L. 1991. Biological Monitoring;
Signals from the Environment, Friaedr,
Vieureg and Sohn Verlagsgesellschaft mbit,
Braunschweig; pp. 318.

Elstner E.F. Fink R. Holl W. Lengfelder E. H.
Ziegler. 1987. Natural and Chernobyl-
caused radioactivity in mushrooms, mosses
and soil-samples of defined biotops in SW
Bavaria. Oecologia. 73: 553-558.

Erdurmus B. 2007. Izmit Kérfezi’nde *¥'Cs ve
%6 radyoniiklidlerinin seviyelerini ve
iiriinlere topraktan transfer faktorlerini
saptamak. Yiiksek Lisans Tezi, Kocaeli
Universitesi Fen Bilimleri Enstitiisii Fizik
Anabilim Dali, Kocaeli.

Frahm J.P. 1998. Moose Als Bioindikatoren;
Quelle & Meyer: Wieshaden, Germany,
187.

Freitas M.C. Reis M.A. Alves L.C. Wolterbeek,
H.T. 1999. Distribution in Portugal of Some
Pollutans in  Lichen Parmelia Sulcata.
Environmental Pollution, 106:2, 229-235.

Glime J.M. 2013. Bryophyte Ecology. Ebook
sponsored by Michigan Technological
University and the International Association
of Bryologists.

Goriir S. 2006. Cevresel Radyoaktivite ile Bu
Cevrede Yasayanlara Ait Dis
Orneklerindeki Radyoaktivite Arasindaki
Iliskinin Arastirilmasi. Yiiksek Lisans Tezi,

Cukurova Universitesi Fen Bilimleri
Enstitiisti Fizik Anabilim Dali, Adana.

Giirsu G. 2020. Ankara [li’nin Radyoaktif
Kirliliginin Liken Tiirleriyle Biyoizlenmesi.
Doktora Tezi, Ankara Universitesi Fen
Bilimleri Enstitiisii Biyoloji Anabilim Dali,
Ankara.

Harmens H. Norris, D.A. Steinnes E. Kubin E.
Piispanen J. Alber R. Aleksiayenak Y.
2010. Mosses as  biomonitors  of
atmospheric heavy metal deposition: spatial
patterns and temporal trends in Europe. J.
Environ. Pollut. 158: 3144-3156.

Heinzl J. Korscinek G. E. Nolte. 1988. Some
measurement on Chernobyl, Phys. Scr., 37,
314-316.

llus E. Sjoblom K.L. Aaltonen H. Klemola S. H.

Arvela. 1987. Monitoring of radioactivity in

the environs of Finnish Nuclear power

stations in 1986: Supplement 12 to annual
report STUK-A5S5. Report No. STUK-AG7.

S. Karabidak S.M. Cevik U. 2015.

Giimiishane 1li Cevresinde Toplanan

Toprak ve Karayosunu Orneklerinde Dogal

(**Ra, **’Th ve “K) ve Yapay (*'Cs)

Kaya

Radyoaktivite Konsantrasyonlarinin
Belirlenmesi. GUFBED/GUSTU, 5:1, 24-
33.

Knoll F.G. 2000. Radiation Detection and
Measurement Third Edition. Wiley, 816,
New York.

Krmar M. Radnovi¢ D. Mihailovi¢ D.T. Lali¢ B.
Slivka J.A. Bikit. 2009. Temporal

variations of 'Be, *°Pb and *¥'Cs in moss
samples over 14 month period. Appl.
Radiat. Isot. 67: 1139-1147.

Kryshev L.I. Sazykina T. Beresford N.A. 2005.
Effects on Wildlife. In  Chernobyl:
Catastrophe and Consequences, 1st ed.;
Smith, J.T. Beresford, N.A., Eds.; Springer:
Berlin, Germany. 267-287.

Manning W.J. Feder W.A. 1980. Biomonitoring
air pollutants with plants. Applied Science
Publishers, London.

Marovi¢ G. Frani¢ Z. Sencar J. Bituh T.O.
Vugrinec. 2008. Mosses and some
mushroom species as bioindicators of
radiocaesium  contamination and  risk
assessment. Coll Antropol. 32: 109-14.

Martin M.H. Coughtrey P.J. 1982. Biological
monitoring of heavy metal pollution.
Applied Science Publishers, London.

Papastefanou C. Manolopoulou M. Sawidis T.
1989. Lichens and mosses: Biological
monitors of radioactive fallout from the
Chernobyl reactor accident. J. Environ.
Radioact. 9: 199-207.



Giirsii G. Tasaltin N. 2023. Anatolian Bryol..................

Puckett K.J. 1988. Bryophytesand lichensas
monitorsofmetaldeposition,in T.H. I11 Nash
and V. Wirth (eds.), Lichens, Bryophytes
and Air Quality,
BibliothecaLichenologica30,
Cramer,Berlin, pp. 231-267.

Sabovljevi¢c M. Vukojevic V. Mihajlovi¢ N.
Drazié, G. Z. Vu¢ini¢. 2005. Determination
of heavy metal deposition in the county of
Obrenovac (Serbia) using mosses as
bioindicators. I: Aluminum (Al), arsenic
(As) and boron (B). Arch. Biol. Sci. 57:
205-212.

Saka A.Z. Cevik U. Bacaksiz E. Kopya A.l.
Tirasoglu E. 1997. Levels of cesium
radionuclides in lichens and mosses from
the province of Ordu in the Eastern Black

Sea area of Turkey. Journal of
Radioanalytical and Nuclear Chemistry,
222:1-2, 87-92.

Saracevi¢ L. Kljaji¢ R. Mihajl A.Z. Milosevic.
19809. Komparativni  prikaz ~ nivoa
radioaktivnosti liSaja i mahovine u
lovistima BiH prije i poslije havarije u
Cernobilju. XV Jugoslovenski simpozijum
za za$titu od zracenja, Pristina, 3-6.

Schmidt B. Kegler F. Steinhauser G. Chyzhevskyi
I. Dubchak S. Ivesic C. Koller Peroutka, M.
Laarouchi A. Adlassnig, W. 2023. Uptake
of Radionuclides by Bryophytes in the
Chornobyl Exclusion Zone. Toxics 2023,
11: 218.

Sert E. Ugur A. Ozden B. Sa. M.M. Camgéz B.
2011. Biomonitoring of *°Po and #°Pb
using lichens and mosses around coal-fired
power plants in Western Turkey. Journal of
Environmental Radioactivity, June
2011102:6, 535-542.

Smidt S. Bauer H. Fiirst A. Jandl R. Mutsch F.

Seidel C. Zechmeister H. 2011.
Schwermetalle und  Radionuklide in
Osterreichis  chen  Walddkosystemen.

Austrian J. For. Sci. 28: 251-278.

Stainnes E. 1995. A critical evaluation of the use
of naturally growing moss to monitor the
deposition of atmospheric metals. Sci. Total
Environ. 160: 243-249.

Steemans P. Lepot K. Marshall C.P. Javaux E.I.
2010. FTIR characterisation of the chemical
composition of Silurian cryptospores from

Gotland, Sweden. Review of Paleobotany
and Palynology.

TAEK. 2006. Tirkiye® de Cernobil Sonrasi
Radyasyon ve Radyoaktivite Olgiimleri 6:
89-90.

TAEK. 2009. Radyasyon, Insan ve Cevre 3-12.

Taylor F.G. Whitherspoon J.P. 1972. Retention of
simulated fall out particles by lichens and
mosses. Health Physics. 23: 867-869.

Tyler G. 1990. Bryophytes and heavy metals: a
literature review. Bot. J. Linn. Soc., 104:
231-253.

Topguoglu S. Van Dawen A.M. Giingor N. 1995.
The Natural Depuration Rate of *¥'Cs
Radionuclides in a Lichen and Moss
Species. J. Environ. Radioactivity, 29:2,
157-162.

Topcuoglu S. Karahan G. Giingér N. Kirbasoglu
C. 2003a. Natural and artificial
radioactivity in Emendere thermal spring
area in Western Anatolia. Journal of
Radioanalytical and Nuclear Chemistry,
256:3: 395- 398.

UNSCEAR. 2000. Report on Sources and Effects
of lonizing Radiation to the General
Assembly (2 Volumes), United Nations,
Vienna.

Ursavas S. Oztirk E. 2016. Cankirt Karatekin
Universitesi, Orman Fakiiltesi Arastirma ve
Uygulama Ormaminda  Oli  Agaclar
Uzerinde Tespit Edilen Karayosunlari.
Anatolian Bryology. 6: 1-27.

Wolterbeek B. 2002. Biomonitoring of trace
element air pollution: principles,
possibilities and perspectives. Environ.
Pollut. 120: 11-21.

Wattanavatee K. Krmar M. Bhongsuwan T. 2017.
A survey of natural terrestrial and airborne
radionuclides in moss samples from the
peninsular Thailand. J. Environ. Radioact.
177: 113-127.

Wells J.M. D.H. Brown. 1990. lonic control of
intracellular and extracellular Cd uptake by
the moss Rhytidiadelphus squarrosus
(Hedw.) Warnst.

Wittig R. 1993. General aspects of biomonitoring
heavy metals by plants, In: Plants as
biomonitors: Indicators for heavy metals in
the terrestrial environment. Markert, B.
(ed), VCH, pp. 3-27, Weinheim.



The Scope of Anatolian Bryology

Anatolian Bryology, related to mosses, liverworts and hornworts, publishes original research articles on
morphology, ultrastructure, diversity, distribution, conservation, threatened species and their habitats,
genetics, biotechnology, systematic, evolution phytogeography, ecology, environmental management, and
interrelationship among of the bryophytes.

Descriptive or experimental studies presenting clear research questions are accepted. The submitted paper
must be original and unpublished and not under consideration for publication elsewhere. Manuscripts in
English or in Turkish languages are welcome. Printed in Turkey. This journal is published two times a
year, open access, and free.

Articles that do not comply or with the rules of subjects outside the scope of the journal will be rejected
without peer review process. Each accepted article which fulfill the objective and scope of the journal,
required to submit author's copyright transfer form duly signed by all authors to the editor prior to
publication. All correspondences related to the publication process of the journal should be made by e-
mail in the Internet environment. Contribution is open to researchers of all nationalities.

1. Research articles: Original research in various fields of bryophyte will be evaluated as research
articles.

2. Research notes: These include articles such as preliminary notes on a study or manuscripts on
the morphological, anatomical, cytological, chemical, and other properties of bryophyte species.

3. Reviews: Reviews of recent developments, improvements, discoveries, and ideas in various
fields of bryophyte will be requested by the editor or advisory board.

4. Letters to the editor: These include opinions, comments relating to the publishing policy of the
Turkish Journal of Botany, news, and suggestions. Letters are not to exceed one journal page.

Author Guidelines
Preparation of Manuscript

Style and format: Manuscripts should be double-spaced with 3-cm margins on all sides of the page, in
Times New Roman font. Every page of the manuscript, including the title page, references, tables, etc.,
should be numbered. All copies of the manuscript should also have line numbers starting with 1 on each
consecutive page. Manuscripts must be written in English and in Turkish. Contributors who are not native
English speakers are strongly advised to ensure that a colleague fluent in the English language or a
professional language editor has reviewed their manuscript. Concise English without jargon should be
used. Repetitive use of long sentences and passive voice should be avoided. It is strongly recommended
that the text be run through computer spelling and grammar programs. Either British or American spelling
is acceptable but must be consistent throughout.

Symbols, units, and abbreviations: In general, the journal follows the conventions of Scientific Style
and Format, The CSE Manual for Authors, Editors, and Publishers, Council of Science Editors, Reston,
VA, USA (7" ed.). If symbols such as x, p, n, or v are used, they should be added using the Symbols
menu of Word. Degree symbols (°) must be used from the Symbol menu, not superscripted letter o or
number 0. Multiplication symbols must be used (%), not the letter x. Spaces must be inserted between
numbers and units (e.g., 3 kg) and between numbers and mathematical symbols (+, —, x, =, <, >), but not
between numbers and percent symbols (e.g., 45%). Please use Sl units. Generally, all numbers should be
given as numerals (e.g., “In 2 previous studies...”); please consult the above-mentioned style manual for
full details. All abbreviations and acronyms should be defined at first mention. Latin terms such as et al.,
in vitro, or in situ should not be italicized.

Manuscript content: Research articles should be divided into the following sections. Principal sections
should be numbered consecutively (1. Introduction, 2. Materials and Methods, 3. Findings, 4. Results and
Dicussion etc.) and subsections should be numbered 1.1., 1.2., etc.



Since January 1st, 2017, "Anatolian Bryology" uses the iThenticate screening service to verify the
authenticity of content submitted before publication. The iThenticate software checks submissions against
millions of published research papers, documents on the web and other relevant sources. Authors can also
use iThenticate to screen their work before submission by visiting http://www.ithenticate.com

The overall similarity index for submitted manuscript should be less than 20% (Except for taxa list and
bibliography). This journal has used iThenticate (Plagiarism Detection Software).

Ethical Rules and Responsibilities

The editorial and publication processes of the journal are shaped in accordance with the guidelines of) the
Council of Science Editors (CSE), the Committee on Publication Ethics (COPE), the European
Association of Science Editors (EASE), and National Information Standards Organization (NISO).
Anatolian Bryology conforms to the Principles of Transparency and Best Practice in Scholarly Publishing
(https://doaj.org/bestpractice).

Title and contact information
The first page should contain the full title in sentence case (e.g., The response of the xerophytic plant
Syntrichia caninervis var. gypsophila (J.J. Amann ex G. Roth) Ochyra to salt and drought stresses: the
role of the antioxidant defence system), the full names (last names fully capitalized) and affiliations of all
authors (Department, Faculty, University, City, Country), and the contact e-mail address for the clearly
identified corresponding author.

Abstract
The abstract should provide clear information about the research and the results obtained, and should not
exceed 200 words.

Keywords

Please provide 3-10 key words or phrases to enable retrieval and indexing. Acronyms should be avoided.
In order to establish a standard terminology in the keywords and to enable the researchers to access the
articles in an easy way, scientific articles should have the appropriate number of keywords in the
appropriate quality and standard terminology. Scientific keywords in the article should be selected from
Turkey Science Terms. In this regard: http://www.bilimterimleri.com can be used.

1. Introduction

This should argue the case for your study, outlining only essential background, and should not include the
findings or the conclusions. It should not be a review of the subject area, but should finish with a clear
statement of the question being addressed.

2. Materials and Methods
Please provide concise but complete information about the materials and the analytical and statistical
procedures used. This part should be as clear as possible to enable other scientists to repeat the research
presented. Brand names and company locations should be supplied for all mentioned equipment,
instruments, chemicals, etc.

3. Findings
Station information and plant list etc.

4. Results and Discussion

The same data or information given in a Table must not be repeated in a Figure and vice versa. It is not
acceptable to repeat extensively the numbers from Tables in the text or to give lengthy explanations of
Tables or Figures. Statements from the Introduction and Finding sections should not be repeated here.
The final paragraph should highlight the main conclusions of the study.
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References should be cited in the text by the last name(s) of the author(s) and year of publication with a
comma between them: for example, (Ursavas, 2014) or (Ursavas and Kegeli, 2012). If the citation is the
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subject of the sentence, only the date should be given in parentheses: “According to Ursavag (2012)...”
For citation of references with 3 or more authors, only the first author’s name followed by et al. (not
italicized) should be used: (Abay et al., 2002). If there is more than one reference in the same year for the
same author, please add the letters a, b, etc. to the year: (Keceli et al., 2004a, 2004b). References should
be listed in the text chronologically, separated by semicolons: (Abay, 2000; Keceli et al., 2003; Ursavas
and Oren, 2012). Website references should be (URL1, URL2, ...). Do not include personal
communications, unpublished data, or other unpublished materials as references, although such material
may be inserted (in parentheses) in the text. In the case of publications in languages other than English,
the published English title should be provided if one exists, with an annotation such as “(article in Turkish
with an abstract in English)”. If the publication was not published with an English title, provide the
original title only; do not provide a self-translation. References should be listed alphabetically at the end
of the text without numbering. All authors should be included in reference lists unless there are 10 or
more, in which case only the first 10 should be given, followed by ‘et al.”. The manuscript should be
checked carefully to ensure that the spellings of the authors’ names and the years are exactly the same in
the text as given in the reference list. References should be formatted as follows (please note the
punctuation and capitalization):

Journal articles: Short Journal titles should be written clearly, without abbreviation. Abbreviation can be
used in long journal titles.

Ursavag S. Cetin B. 2012. Seligeria donniana (Sm.) Miill. Hal. (Seligeriaceac) a new record to the
bryophyte flora of Turkey. Biological Diversity and Conservation. 5:2, 70-72.

Books
Smith A.J.E. 1990. The liverworts of Britain and Ireland. Cambridge University Press. London.

Chapters in books
Ursavas S. Cetin B. 2013. Contribution to the Moss Flora of Kizildag (Isparta) National Park in Turkey.
Current Progress in Biological Research. Silva-Opps M. Editor(s). Rijeka, Croatia. pp. 41-70.

Web sites (no print version):

URL1. Missouri Botanical Garden. 2016. Website: http://www.tropicos.org/Project/IPCN [Accessed: 00
Month 2008].

URL2. Missouri Botanical Garden. 2018. Website: http://www.tropicos.org/Name/35147246 [Accessed:
00 Month 2008].

Tables and Figures:
All illustrations (photographs, drawings, graphs, etc.), not including tables, must be labelled “Figure.”
Figures must be submitted both in the manuscript and as separate files.

All tables and figures must have a caption and/or legend and be numbered (e.g., Table 1, Figure 2), unless
there is only one table or figure, in which case it should be labelled “Table” or “Figure” with no
numbering. Captions must be written in sentence case (e.g., macroscopic appearance of the samples.).
The font used in the figures should be Times New Roman. If symbols such as x, y, n, or v are used, they
should be added using the Symbols menu of Word

All tables and figures must be numbered consecutively as they are referred to in the text. Please refer to
tables and figures with capitalization and unabbreviated (e.g., “As shown in Figure 2...”, and not “Fig. 2”
or “figure 2”). The tables and figures themselves should be given at the end of the text only, after the
references, not in the running text.

The resolution of images should not be less than 118 pixels/cm when width is set to 16 cm. Images must
be scanned at 1200 dpi resolution and submitted in jpeg. or tiff. format.

Graphs and diagrams must be drawn with a line weight between 0.5 and 1 point. Graphs and diagrams
with a line weight of less than 0.5 point or more than 1 point are not accepted. Scanned or photocopied
graphs and diagrams are not accepted.
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Charts must be prepared in 2 dimensions unless required by the data used. Charts unnecessarily prepared
in 3 dimensions are not accepted.

Figures that are charts, diagrams, or drawings must be submitted in a modifiable format, i.e. our graphics
personnel should be able to modify them. Therefore, if the program with which the figure is drawn has a
“save as” option, it must be saved as *.ai or *.pdf. If the “save as” option does not include these
extensions, the figure must be copied and pasted into a blank Microsoft Word document as an editable
object. It must not be pasted as an image file (tiff, jpeg, or eps) unless it is a photograph.

Tables and figures, including caption, title, column heads, and footnotes, must not exceed 16 x 20 cm and
should be no smaller than 8 cm in width. For all tables, please use Word’s “Create Table” feature, with no
tabbed text or tables created with spaces and drawn lines. Please do not duplicate information that is
already presented in the figures.

Tables must be clearly typed, each on a separate sheet, and double-spaced. Tables may be continued on
another sheet if necessary, but the dimensions stated above still apply.
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Anatolian Briyoloji Dergisinin Kapsam

Anadolu Briyoloji Dergisi, karayosunu, cigerotlari ve boynuzsu cigerotlar1 ile ilgili degisik alanlarda
yapilan, morfolojik, mikroskobik yapilari, biyolojik cesitlilik, koruma, biyoteknoloji, ¢evre diizenleme,
tehlike altindaki tiirler, tehlike altindaki habitatlari, sistematik, vejetasyon, ekoloji, biyocografya, genetik
ve tiim briyofitler arasindaki iliskileri konu alan orijinal makaleleri yaymlar. Tanimlayici ya da deneysel
ve sonuglart net olarak belirlenmis deneysel ¢aligmalar kabul edilir. Makale yazim dili Tiirk¢e veya
Ingilizcedir. Yayinlanmak iizere gonderilen yazi orijinal, daha 6nce higbir yerde yaymlanmamis olmal
veya islem goriiyor olmamalidir. Yayinlanma yeri Tiirkiye’dir. Bu dergi yilda iki say1 yayinlanir, erigsime
agik ve tcretsizdir.

Dergi yazim kurallarina uymayan veya derginin kapsami disindaki konulardan olugan makaleler hakem
degerlendirme siirecine girmeden reddedilir. Her makale i¢in, gerekli kurallara gore doldurulmus ve yazar
veya yazarlarin hepsi tarafindan imzalanmig olan Telif Hakki Devir Formu, makale yaymlanmadan once
dergi editdriine gonderilmelidir. Dergiye gonderilecek makaleler ve siireg ile ilgili her tiirlii yazigmalar,
dogrudan internet ortaminda elektronik posta ile yapilmalidir. Dergi tiim milletlerdeki arastirmacilara
aciktir. Makalelerin asagidaki sekilleri dikkate alinacaktir.

1. Arastirma makaleleri: Briyofitlerin ¢esitli alanlarindaki 06zgiin aragtirma makaleleri
degerlendirilecektir.

2. Arastirma notlari: Bunlar morfolojik, anatomik, sitolojik, kimyasal bir ¢caligma ya da aragtirma
notlar1 lizerinde 6n bilgiler ve briyofit tiirlerinin diger 6zellikleri gibi makaleler yer alir.

3. Yorumlar: Editor veya damigman kurulu tarafindan talep edilecek; briyofitler ile alakali gesitli
alanlardaki son ilerlemeler, gelismeler, kesifler yorumlar ve fikirlerdir.

4. Editore Mektuplar: Bunlar; Anadolu Briyoloji Dergisinin yayin politikalarina iliskin, goriisleri,
yorumlart igerir. Yazilar bir dergi sayfasini gecmez.

Yazar Rehberi
Makalenin hazirlanmasi

Stil ve bicim: Makale ¢ift satir aralig1 ve sayfanin her tarafindan 3 cm kenar boslugu birakilarak Times
New Roman formatinda yazilmalidir. Makalelerin her sayfast baslik, kaynaklar, tablolar, vb.
numaralandirilmalidir. Makalelerin her sayfasi, satir numarast 1 ile baglamak kaydiyla numaralandirilir.
Makaleler Ingilizce veya Tiirkce yazilabilir. Anadili Ingilizce olmayan yazarlar icin; Bir dil editriine
veya akict bir sekilde Ingilizceyi konusabilen bir meslektasindan yardim almalari tavsiye
edilir. Kullamlan kelimelerde argo olmaksizin 6z Ingilizce kullanilmalidir. Uzun ciimle ve edilgen
yapilardan kagimilmalidir. Eserin bilgisayar programi kullanilarak imla ve dilbilgisi kurallarma uygun
olup olmadigi kontrol edilmelidir. Makalenin tamami Ingilizce (Amerikan) yazim kural ile tutarl
olmalidr.

Semboller, birimler ve kisaltmalar: Genel olarak dergi kurallari, Yazarlar i¢cin CSE Kilavuzu, Editor ve
Yonetim Kurulu, VA, ABD. ve Yayncilar i¢in vb. bilimsel stil ve format kullanilmalidir. Eger X, p, 1, or
v gibi semboller kullanilacaksa Word semboller meniisii kullanilarak eklenmelidir. Derece sembolleri (°),
klavye iizerindeki o veya O kullanilarak degil semboller meniisii kullanilarak olusturulmalidir. Carpma
sembolleri (%), harfi degil x sembolii kullamImalidir. Alansal ifadeler say1 ve birimler arasina (Or. 3 kg),
yine ayni sekilde numara ve matematik sembolleri (+, -, X, =, <,>) arasina konulmalidir fakat say1 ve
yiizde sembolleri kullanilacaksa Ingilizce makalelerde rakamdan sonra yiizde isareti (Or. 45%)
konulmalidir. Genellikle tiim sayilar (6r. “2 dnceki ¢alismada™...) rakam olarak verilmelidir. Liitfen tiim
ayrintilar i¢in yukaridaki yazim kilavuzunu inceleyiniz. Tiim agiklamalar ve kisaltmalar ilk gegtigi yerde
belirtilmelidir. Latince olan baz1 terimler rnegin: et al., in vitro ya da in situ Latince yazilmamalidir.



Makale icerigi: Arastirma makalelerini su boliimlere ayrilmasi tavsiye edilir: Ana boliimler (1. Giris, 2.
Materyal ve Metot, 3. Bulgular, 4. Tartisma ve Sonug vb.) ve alt boliimler 1.1., 1.2., vb. numarali olmasi
gerekir.

01 Ocak 2017 tarihinden itibaren, dergimize gonderilen tiim makalelerin 6zglinliigiiniin tespit edilmesi
amaciyla iThenticate (intihali Engelleme) Yazilim’inda tarama hizmeti kullanilmaktadir. iThenticate
yazilimi aracilifi ile web {izerinde ve diger kaynaklar iizerinde yayinlanmis makale ve dokiimanlar
arasinda makale 6zgiinliik kontrolii yapilmaktadir. Yazarlar, http://www.ithenticate.com web adresini
ziyaret ederek makalelerini dergimize géndermeden 6nce 6zgiinlilk kontrolii yapabilirler.

Anatolian Bryology dergisine sunulan calismalarin benzerlik oran1 %20'nin (Tir listesi ve kaynakca
hari¢) altinda olmalidir.

Etik Kurallar ve Sorumluluklar

Derginin editorliigii ve yayinlanma siiregleri, Bilim Editorleri Konseyi (CSE), Yayin Etigi Komitesi
(COPE), Avrupa Bilim Editérleri Birligi (EASE) ve Ulusal Bilgi Standartlar1 Orgiitii'niin kurallarina
uygun olarak sekillendirilmistir (NISO). Anatolian Bryology Dergisi Bilimsel Yayincilikta Seffaflik ve
Etik Kurallar Ilkelerine uygun bir sekilde yaym yapmaktadir (https:/doaj.org/bestpractice).

Bashk ve iletisim bilgileri: Makalenin baslig1 tiim metni 6zetler nitelikte olmalidir (Or: Kurakeil bir
bitki olan Syntrichia caninervis var. gypsophila (J.J. Amann ex G. Roth) Ochyra’nin tuz ve kuraklk
stresine tepkisi: antioksidan savunma sisteminin rolii). Tiim yazarlarin tam isimleri (Adi Soyadi tam
harflerle), tiim yazarlarin bagl olduklar1 birim (Universite, Fakiilte, Béliim, Sehir, Ulke) ve sorumlu
yazar i¢in agikca belirtilmis e-mail adresi.

Oz:
Ozet elde edilen arastirma ve sonuglar1 hakkinda net bilgiler vermelidir ve 200 kelimeyi gegmemelidir.

Anahtar kelimeler:

Erisim ve indekslemeleri etkinlestirmek icin 3-10 anahtar kelime veriniz ve baslik ile ayn1 olmamasina
dikkat ediniz. Kisaltma kullanmayiniz.

Anahtar kelimelerde standart bir terminoloji olusturulmasi ve arastirmacilarin makalelere kolay bir sekilde
ulasabilmeleri icin, bilimsel makalelerde uygun sayida, uygun nitelikte ve standart terminolojide anahtar
kelimeler bulunmasi gereklidir. Bilimsel makalelerdeki anahtar kelimelerin, Ttirkiye Bilim Terimleri arasindan
secilmelidir. Bu konuda: http://www.bilimterimleri.com adresinden yararlanilabilir.

1. Giris

Caligmanin olgusunu savunmaniz, sadece arka planda yapilan ¢aligmalari 6zetlemeniz gerekir. Sonug ve
bulgular gibi kisimlar1 igermemelidir. Caligilan konunuz yorumu olmamali fakat sorun net bir sekilde ele
alinarak belirtilmedir.

2. Materyal ve Metot

Materyal ve kullanilan analitik ve istatistiksel islemler hakkinda kisa ama net bilgi veriniz. Bu bolim
miimkiin oldugunca agik olmali yapilan ¢alismalar tekrarlanmamali. Yapilan ¢aligma ile alakali marka
isimleri, sirketin yerleri, belirtilen tiim ekipman, alet, kimyasallar, vb. verilmelidir.

3. Bulgular
Istasyon bilgileri, bitki listesi, vb.

4. Tartisma ve Sonug¢

Sonug kisminda sekil veya tabloda verilen bilgiler oldugu gibi tekrar edilmemelidir. Tablo veya sekilleri
icerisinde yer alan verileri uzun uzadiya tekrarlamak kabul edilemez. Giris ve bulgular bdliimiindeki
tablolar burada yeniden verilmemelidir. Son paragrafta ¢alismanin ana sonuglaria vurgu yapmak gerekir.

Eger varsa: Tesekkiir ve/veya Feragatname vb.
Finansman kuruluslarinin isimleri tam olarak yazilmalidir.

Kaynaklar
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Metin igerisinde kaynak belirtme, yazar veya yazarlarin soyadlar: (virgiil) makalenin yayinlandig: tarih
verilmelidir. Ornek: (Ursavas, 2014) veya (Ursavas ve Kegeli, 2014). Eger atif ciimle basinda verilecekse
sadece tarih parantez igerisinde verilmelidir. Ornek: “Ursavas (2012)’ye gore...”. Ug ve daha fazla
yazarlarin atiflari igin; ilk yazarin soyad: ve devaminda ve ark., (italik degil) kullanilir. Ornek: (Abay ve
ark., 2002). Ayni yazarin aym yil igerisinde birden fazla kaynagi varsa, litfen yilsonuna a, b, c, gibi harf
ekleyin: (Kegeli ve ark., 2002a, 2002b). Kaynaklar kronolojik olarak siralanip kaynaklar noktali virgiil
ile ayrilmahidir: (Abay, 2000; Kegeli ve ark., 2003; Ursavas ve Oren, 2012). Web sitesi atiflar1 (URLI1,
URL2, ...) olmalidir. Kisisel iletisim ile yaymlanmamis herhangi bir veriyi kaynak olarak kullanmayin
ancak metin igerisinde (parantez igerisinde) verilebilir. Ingilizce dili disinda yayinlanan bir makaleniz
varsa makalenin Ingilizce bashg1 verilmeli, parantez igerisinde (Tiirkge makale, dzet Ingilizce) gibi bir
aciklama ile belirtilmelidir. Eger yayinlanan makalenin ingilizce bir baslig1 yoksa sadece orijinal baslik
verilmeli ¢eviri yapilmamalidir. Kaynaklar numaralandirilmadan metnin sonunda alfabetik olarak
listelenmis olmalidir. Makalenin yazarlarinin 10 ve asagist timi verilmelidir, 10 yazardan fazla
makalelerde ilk 10 yazar verilip geri kalan yazarlar igin ve ark., yazilmalidir. Makalede kaynaklar
listesinde verilen yazarlarin adlar1 yazilislarinin ve yayin yillarinin makale igerisindeki metin ile ayni olup
olmadiginin dikkatlice kontroliinii yapimiz. Kaynaklara asagidaki formatta yazilmalidir: (Liitfen harf ve
noktalamaya dikkat edelim):

Dergi isimleri: Kisa dergi isimleri kisaltma yapilmadan agik¢a yazilmalidir. Uzun dergi isimlerinde
kisaltma kullanilabilir.

Ursavag S. Cetin B. 2012. Seligeria donniana (Sm.) Miill. Hal. (Seligeriaceae) a new record to the
bryophyte flora of Turkey. Biological Diversity and Conservation. 5:2, 70-72.

Kitaplar:
Smith A.J.E. 1990. The liverworts of Britain and Ireland. Cambridge University Press. London.

Kitap boliimii
Ursavas S. Cetin B. 2013. Contribution to the Moss Flora of Kizildag (Isparta) National Park in Turkey.
Current Progress in Biological Research. Silva-Opps M. Editor(s). Rijeka, Croatia. pp. 41-70.

Web sitesi (Basili degilse):

URL1. Missouri Botanical Garden. 2016. Website: http://www.tropicos.org/Project/IPCN [Erisim: 00 Ay
2008].

URL2. Missouri Botanical Garden. 2018. Website: http://www.tropicos.org/Name/35147246 [Erisim: 00
Ay 2008].

Tablolar ve Sekiller:
Tim resimler (Fotograf, ¢izim, grafik vb.) tablolar hari¢ Sekil etiketi olmali. Sekiller hem makale
icersinde hem de ayr1 dosyalar olarak sunulmalidir.

Tiim tablo ve Sekiller bir baslik veya lejant1 olmali (Or: Tablo 1, Sekil 1) tiim makaledeki tablo ve
sekiller birden fazla ise hepsi sirasiyla numaralandirilmalidir. Basliklar ciimle halinde yazilmali (Or:
Ornegin mikroskobik goriintiisii.). Sekil ve tablolarda Times New Roman yaz tipi kullanilmalidir. Eger
X, W, M, ya da v gibi semboller kullanilacaksa Word Semboller meniisii kullanilarak eklenmelidir.

Metin igerisindeki tiim sekil ve tablolarda atiflar ardisik olarak numaralandirilmalidir. Tiim tablo ve
sekiller biiyiik harfle ve kisaltma kullanmadan kullanilmalidir (Or: Sekil 2, Tablo 3 gibi, sekil 2 veya Tab.
3 gibi degil). Tablo ve sekiller metin igerisindeki atiftan hemen sonra verilmelidir.

Resimlerin ¢6ziiniirliigii 118 piksel/cm den az ve 16 cm genisliginden fazla olmamalidir. Resimler 1200
dpi ¢6ziiniirliikte taranmis ve jpeg veya tiff formatinda olmalidir.

Grafikler ve semalar 0.5 ve 1 nokta arasinda ki bir ¢izgi agirligi ile ¢izilmelidir. Grafikler ve semalar 0.5
ten az veya 1 den fazla ise kabul edilmez. Taranmig haldeki grafikler ve semalar kabul edilmezler.

Kullanilan verilerin gerekli olmadig: siirece 2 boyutlu grafikler kabul edilir. Gereksiz yere 3 boyutlu
hazirlanmig grafikler kabul edilmez.
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Grafikler, temalar, ¢izimler veya rakamlar degistirilebilir bir formatta sunulmali biz basim asamasinda
eger onlar1 degistirmemiz gerekirse iizerinde degisiklik yapilabilmelidir.

Sekil ¢izilebilen hangi programi kullaniliyorsaniz kullanin farkli kaydet segenegi kullanarak *.ai veya
* pdf seklinde kaydedilmesi gerekir. Eger kullandigimiz program farkli kaydet secenegi yoksa sekil
kopyalanip diizeltilebilir bos bir Microsoft Word belgesine yapistirilmas: gerekir. Bir fotograf veya resim
dosyasi ( jpeg, tiff veya eps) olmadig siirece grafikler veya temalar kopyala yapistir yapilmamalidir.

Tablo ve sekiller, ana baslik dahil, siitun basliklar1 ve dipnotlar 16 x 20 cm gegmemeli ve genisligi 8 cm
den kiigiik olmamalidir. Olusturulan sekmesiz veya sekmeli, ¢izilen ¢izgiler veya bosluklardaki biitiin
tablolar i¢in liitfen Word’iin "Tablo Olustur" 6zelligini kullanin. Liitfen bilgileri ¢ogaltmayiniz zaten
sekiller igerisinde sunulmustur.

Tablolar agik¢a yazilmali ve her bir sayfada cift aralik kullanilmalidir. Tablolar gerekirse bir sonraki
sayfada devam edebilir ancak yukarida belirtilen boyutlar gecerli olmak kaydiyla.

Yazisma adresi:
Makaleler sadece ¢evrimigi sistem {lizerinden sunulabilir. Diger yazigmalara yonelik
E-mail: anatolianbryology@gmail.com, serhatursavas@gmail.com

veya

Dr. Serhat URSAVAS Cankir1 Karatekin Universitesi, Orman Fakiiltesi, Orman Miihendisligi Béliimii,
Orman Botanigi Anabilim Dali, Anadolo Briyoloji Dergisi 18200 Cankiri/TURKIYE
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