CANKIRI
KARATEKIN
UNIVERSITY

Cilt / Volume: 6
Sayi/ Number: 2

Kasim / November 2020
e- ISSN: 2458-8474 Online

ANATOLIAN
BRYOLOGY




Kapak fotografi / Cover photo

o

Grimmia anodon

Tortula vlassovii
Palamocladium euchloron
Pterygoneurum ovatum

by Dr. Tiilay EZER
by Dr. Recep KARA
by Dr. Nevzat BATAN
by Dr. Tiilay EZER



CANKIRI KARATEKIN UNIVERSITY
CANKIRI KARATEKIN UNIVERSITESI

ANATOLIAN BRYOLOGY
ANADOLU BRIYOLOJI DERGISI

Cilt / Volume: 6 Say1/ Number: 2 Kasim / November 2020

e-1SSN: 2458-8474

CANKIRI 2020



ANATOLIAN BRYOLOGY

Cilt/ Volume: 6 Say1 / Number: 2 Kasim / November 2020

Imtiyaz Sahibi = Grantee
Yaz Isleri Miidiirii = Editor-in-Chief
Prof. Dr. Hasan AYRANCI
Dr. Serhat URSAVAS
Rektor = Rector

Yayin idare Merkezi = Publication Administration Center

Cankir1 Karatekin Universitesi, Orman Fakiiltesi, Orman Miihendisligi Boliimii, Yeni Mah.
Bademlik Cad. 18200 Cankir1 / TURKIYE

Tel.: +90 376 212 27 57 / 3261; Faks: +90 376 213 6983
E-posta: serhatursavas@gmail.com, anatolianbryology@gmail.com

Internet sitesi = Website: http://dergipark.gov.tr/anatolianbryology

Editor = Editor-in Chief Editor = Editor
Dr. Serhat URSAVAS Dr. Tamer KECELI (TURKIYE)
(TURKIYE) Dr. Marko SABOVLIEVIC (SERBIA)

Yayin Kurulu = Editorial Board

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

. Bernard GOFFINET University of Connecticut USA

. Gokhan ABAY University of Recep Tayyip Erdogan TURKIYE

. Giray UYAR Ankara Haci Bayram Veli University TURKIYE

. Joan SILVA State University of Paraiba BRAZIL

. Rayna NATCHEVA Bulgarian Academy of Sciences BULGARIA
. Ryszard OCHYRA Polish Academy of Sciences POLAND

. Turan OZDEMIR Karadeniz Teknik University TURKIYE

. William R. BUCK New York Botanical Garden USA

Dil Editorii = Language Editor
Dr. Arda OZEN
Dr. Ustiiner BIRBEN

Sekretarya = Secretary
Research Assistant: Simge CIZGEN




ANATOLIAN BRYOLOGY

Damsma Kurulu = Advisory Board

Dr. Adnan ERDAG Adnan Menderes Universitesi TURKIYE
Dr. Barbaros CETIN Dokuz Eyliil Universitesi TURKIYE
Dr. Bernard GOFFINET University of Connecticut USA
Dr. Gokhan ABAY Recep Tayyip Erdogan Universitesi TURKIYE
Dr. Giiray UYAR Ankara Hac1 Bayram Veli Universitesi TURKIYE
Dr. Hatice OZENOGLU Adnan Menderes Universitesi TURKIYE
Dr. Isa GOKLER Dokuz Eyliil Universitesi TURKIYE
Dr. Joan SILVA State University of Paraiba BRAZIL
Dr. Mesut KIRMACI Adnan Menderes Universitesi TURKIYE
Dr. Mevliit ALATAS Munzur Universitesi TURKIYE
Dr. Muhammet OREN Zonguldak Biilent Ecevit Universitesi TURKIYE
Dr. Nevzat BATAN Karadeniz Teknik Universitesi TURKIYE
Dr. Rayna NATCHEVA Bulgarian Academy of Sciences BULGARIA
Dr. Ryszard OCHYRA Polish Academy of Sciences POLAND
Dr. Si HE Missouri Botanical Garden USA
Dr. Sushil Kumar SINGH Botanical Survey of India INDIA
Dr. Turan OZDEMIR Karadeniz Teknik Universitesi TURKIYE
Dr. Tiilay EZER Nigde Omer Halisdemir Universitesi TURKIYE
Dr. William R. BUCK New York Botanical Garden USA

Bu dergide oOne siiriilen fikirler makale yazar(lar)ina aittir. Anatolian Bryology’de yer alan yazilar,
Yayin Kurulu’ndan izin almaksizin bagka yerde yayinlanamaz.

Cankir1 Karatekin Universitesi, Orman Fakiiltesinin bir dergisi olan Anatolian Bryology yilda iki
kez (Kasim-Haziran) yayilanan Uluslararast Hakemli bir dergidir.

Dergide  yaymnlanan  makalelere:  http://dergipark.gov.tr/anatolianbryology  adresinden
ulasabilirsiniz.

© 2020 Tum haklar1 saklidir.

The articles in Anatolian Bryology present their author’s own opinions. Publication of any article
in the journal is not allowed without permission of the Editorial Board.

As a journal of Faculty of Forestry in Cankir1 Karatekin University, Anatolian Bryology is an
international refereed journal that is published twice a year (November — June).

This journal is available online at http://dergipark.gov.tr/anatolianbryology

© 2020 All rights reserved.




Contents = I¢indekiler

Research Article / Arastirma Makalesi

70.  Epiphytic Bryophyte Flora of Liquidambar orientalis Forests
Liquidambar orientalis Ormanlarinin Epifitik Briyofit Florasi
Ugur CATAK, Mesut KIRMACI
78. The Bryophyte Flora of Dogu Kiire Mountains
Dogu Kiire Daglar: Briyofit Florasi
Muhammet OREN, Serhat URSAVAS
97. Contributions to The Moss Flora of Mus and Hakkari Provinces in Turkey
Tiirkiye 'nin Mus ve Hakkari Illerinin Karayosunu Florasina Katkilar
Giiray UYAR, Murat UNAL, Ibrahim DEMIR
105. Evaluation of fungicidal potential of some moss extracts on phytopathogenic fungus “Fusarium
solani”
Bazi Karayosunu ekstraktlarinin  fitopatojenik mantar “Fusarium solani” iizerindeki mantar
oldiiriicii potansiyelinin degerlendirilmesi
Roghaieh ASADBOLAND, AliReza IRANBAKHSH, MohammadReza ESLAHI, Saeed
SHIRZADIAN
112.  Antimicrobial Properties and Chemical Composition of the Essential Oil of Leucobryum
glaucum (Leucobryaceae)
Leucobryum glaucum (Leucobryaceae)'un Ucucu Yaguun Kimyasal Bilegsimi ve Antimikrobiyal
Ozellikleri
Gonca CELIK
119. A New Inhibitor Approach to the Corrosion of Mild Steel in Acidic Solution with Long-Term
Impedance Tests: A New Application Area for Hypnum cupressiforme (Bryophyta)
Uzun Siireli Impedans Testleri ile Asidik Cozeltideki Yumusak Celigin Korozyonuna Yeni Bir
Inhibitor Yaklagimi: Hypnum cupressiforme (Bryophyta) icin Yeni Bir Uygulama Alani
Demet OZKIR, Tiilay EZER
Review Article / Derleme Makalesi
129. Bryophytes as the Potential Source of Antioxidant
Potansiyel Antioksidan Kaynagi Olarak Briyofitler
Hiiseyin TURKER, Bengii TURKYILMAZ UNAL
Research Note / Arastirma Notlart
138.  Notes on Rediscovery of Tortula vlassovii (Laz.) Ros & Herrnst in Turkey

Tiirkiye 'de Tortula viassovii (Laz.) Ros & Herrnst 'nin Yeniden Kegfi Uzerine Notlar
Recep KARA, Seda SERIN, Hatice TASPINAR

ABSTRACTED / INDEXED / ARCHIVED

Thomson Reuters/Clarivate Analytics (Biological Abstracts and BIOSIS Previews), DOAJ, EBSCO, TR
Dizin, Tiirkiye Atif Dizini, CrossRef, Google Scholar, ResearchBib, DRJI, Scientific Indexing Services,

International Scientific Indexing, CiteFactor, ASOS Index, SOBIAD.



https://scholar.google.com.tr/citations?user=U37TuDQAAAAJ&hl=tr&authuser=1
https://www.sindexs.org/JournalList.aspx?ID=3933
http://asosindex.com/anatolian-bryology-h20165.html

Vi

HAKEMLER = REVIEWERS
Dr. Adnan ERDAG Aydin (TURKEY)
Dr. Bengii TURKYILMAZ UNAL Nigde (TURKEY)
Dr. Ergin Murat ALTUNER Kastamonu (TURKEY)
Dr. Gokhan ABAY Rize (TURKEY)
Dr. Giiray UYAR Ankara (TURKEY)
Dr. Hatice OZENOGLU Aydin (TURKEY)
Dr. Hiiseyin ERATA Canakkale (TURKEY)
Dr. Kerem CANLI izmir (TURKEY)
Dr. Marko SABOVLJEVIC Belgrad (SERBIA)
Dr. Mevliit ALATAS Elazig (TURKEY)
Dr. Mesut KIRMACI Aydin (TURKEY)
Dr. Muhammed ALTUN Cankir1 (TURKEY)
Dr. Muhammet OREN Zonguldak (TURKEY)
Dr. Nevzat BATAN Trabzon (TURKEY)
Dr. Ozcan SIMSEK Canakkale (TURKEY)
Dr. Recep KARA Nevsehir (TURKEY)
Dr. Tamer KECELI Cankir1 (TURKEY)
Dr. Tiilay EZER Nigde (TURKEY)
Dr. Turan OZDEMIR Tarabzon (TURKEY)
Dr. Yavuz SURME Nigde (TURKEY)




Anatolian Bryology
Anadolu Briyoloji Dergisi
Research Article
e-I1SSN:2458-8474 Online

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

DOI: 10.26672/anatolianbryology.715769

Epiphytic Bryophyte Flora of Liquidambar orientalis Forests
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Abstract

Liquidambar orientalis forests which are very important for Turkey and the world continue to exist in its
unique habitat. In the present study, epiphytic bryophyte flora of L. orientalis, naturally spreads in
Turkey, was investigated between the years of 2016-2019. A total of 27 localities were visited and 433
envelope plant samples were taken. As a result of identifications, in total 49 bryophytes (48 moss, 1
liverwort) were determined. These taxa were taken from the base, trunk and branches of the trees and
presented as a table format. And also, Orthotrichum philibertii and Zygodon catarinoi has been given as
the second distributional locality for Turkey. We believe that this study will contribute to the bryophyte
flora of Turkey and the preservation of Liquidambar orientalis forests.

Keywords: Bryophyte flora of Turkey, Riparian Forests, Sweetgum, Zygodon catarinoi, Epiphytic.

Liquidambar orientalis Ormanlarimin Epifitik Briyofit Florasi

Oz

Tiirkiye ve diinya igin ¢ok oOnemli olan Liquidambar orientalis ormanlari, kendine 6zgii yasam
alanlarinda varliklarimi siirdiirmektedir. Bu ¢alismada, Tiirkiye'de dogal olarak yayilan L. orientalis'in
epifitik briyofit floras1 2016-2019 yillar1 arasinda arastirilmigtir. Toplam 27 lokalite ziyaret edilmis ve
433 zarf bitki 6rnegi alinmistir. Teshislerin sonucunda, toplamda 49 karayosunu (48 yaprakli karayosunu,
1 cigerotu) kaydedilmistir. Bu taksonlar agaglarin taban, govde ve yan dallarindan alinmis olup, tablo
formatinda sunulmustur. Ayrica, Orthotrichum philibertii ve Zygodon catarinoi Tiirkiye’den ikinci kayit
olarak tespit edilmistir. Calismanin Tirkiye karayosunlar1 florasina ve Liquidambar orientalis
ormanlarinin korunmasina katki saglayacagi kanisindayiz.

Anahtar kelimeler: Tiirkiye Karayosunlari Florasi, Kiy1 Ormanlari, Sigla, Zygodon catarinoi, Epifitik
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1. Introduction

In recent years, the concept of biodiversity has
not only been limited to the scientific
environment, but has become an important part
of our lives. Plants are an important part of
biodiversity. Today, there are more than 391.000
plant species in the world (Kew Gardens, 2016).
Epiphytic bryophytes constitute a part of this
diversity. Rainforests are the most diverse
regions of this group of plants that use almost
any substrate from deserts to tundras and
especially choose moist and shady places. For
example, only about 800 epiphytic taxa have
been identified from the Amazon basin (Oliveira
and Steege, 2013). There can be up to 67
epiphytic bryophytes in a single tree (Gradstein
et al.,1990).

26% of Turkey's territory is covered by forests.
90% of these areas are old-growth forests. These
areas home to 560 tree taxa in total, is extremely
important to the preservation of biodiversity
(Tirkiye Orman Varhg: Kitabi, 2015). One of
the most important of these taxa is undoubtedly
Ligquidambar orientalis which is a relict and
narrowly distributed species.

Epiphytes are organisms that use a plant as a
substrate and survive without nutrients and water
from its host (Barkman, 1958). These develop on
the trunk and branches of the tree. The variety
and density of epiphytic bryophytes are under the
influence of the tree's chemistry and
environmental  factors  (Barkman  1958;
Vanderpoorten et al., 2004). Especially the trunk
and branches of old sweetgum trees provide an
environment where epiphyte bryophytes can
survive.

In recent years, studies on epiphytic bryophytes
in the world have been increasing. (Cornelissen
and Steege, 1989; Montfoort and Ek, 1989;
Burgaz et al., 1994; Lara and Mazimpaka, 1998;
Moe and Botnen, 2000, Draper et al., 2003,
2005, 2006; Gonzalez-Mancebo et al, 2003,
2004; Garcia et al., 2005; Leon-Vargas et al.,

2006; Pereira Alvarenga and Porto, 2007;
Mazimpaka et al., 2009; Medina et al., 2010;
Sim-Sim, 2011; Odor, 2013; Oliveira and Steege,
2013; Campos and Steege, 2015). There are
some studies on the subject in Turkey (Ezer et
al., 2009, 2010, 2017, 2019; Ezer and Kara,
2013; Alatas and Batan 2015, Kirmaci and
Agcagil, 2018; Alatas et al., 2018, 20193, b).

The present study was aimed to investigate the
diversity of epiphytic bryophytes living on
Liquidambar orientalis (sweetgum, amber tree)
trees.

2. Material and Method

The specimens were collected from the parts of
trunks of L. orientalis during field studies. The
collected bryophyte specimens were stored in
prepared envelopes. The heights, sampled tree
parts (B: base, T: trunk and Br: branch) were
noted on these envelopes with collector number
(UUR: Ugur Catak). The samples brought to the
laboratory were dried by opening the envelopes
under shade conditions. Locality information
(GPS, ecology, etc.) was also noted and taxa and
their repetitions on the trees were recorded. Here,
the height of the base of the tree up to 20 cm has
been accepted and above 20 cm has been
evaluated as the trunk part. Samples that were re-
wetted for diagnosis were examined under the
microscope after performing the necessary
dissection  procedures under the stereo
microscope and the naming procedure was
carried out using the relevant flora books and
revision studies. The names of taxa were checked
according to the checklist prepared by Ros et al.
(2013). The Orthotrichaceae family was arranged
(Lara et al., 2016). And also the validity of all
taxa was checked from the Tropicos database.
Diagnosed samples were stored in Aydin Adnan
Menderes University herbarium (AYDN).

2.1. Study Area

It has unique floristic habitats and is spread only
in South West Anatolia and Rhodes Island in the
world (Kurt and Ketenoglu, 2008).



Sweetgum forests
province

Figure 1. Liquidambar orientalis' s distribution area in Turkey (Google earth, 01.03.2020)

in Turkey's southwestern

show the following distribution:

Antalya, Aydin, Burdur, Denizli, Isparta and
Mugla. The localities visited in these provinces
are listed below.

2.1.1. Localities:

1.

Antalya, Serik, Gebiz, Pinargézii, Pinargozii
Stream, Kopriilii Canyon, confluence region
of Gebe Stream and Sinni Stream N 37° 16’
32” E 030° 59’ 47,9” 498 m. 10.09.2016.
UUR1-15

. Mugla, Milas, Selimiye, Kandak Village N

37° 26> 16,17 E 027° 39’
28.09.2016. UUR16-75

583” 8 m.

. Mugla, Ula, Gokova, Gokee, Ferek River N

37° 00’ 65,07 E 0,28° 22° 01,6 10 m.
28.09.2016. UUR76-124

. Mugla, Ula, Kizilyaka N 37° 00’ 16,2” E 028°

27°97,0” 21 m. 28.09.2016. UUR125-147

. Mugla, Koycegiz, Dogiisbelen N 36° 59’

43,7 E 028° 38’ 24,9” 21 m. 28.09.2016.
UUR148-154

. Mugla, Koycegiz, Toparlar N 36° 59 49,0” E

028° 38 81,17 13 m. 29.09.2016. UUR 155-
164

. Mugla, Koycegiz Center, Kdycegiz Lakeside,

Hamitkdy, Kulak Hacilar State Forest and
Giilpmar State Forest N 36° 57 90,3” E 028°
40’ 62,0” 11 m. 29.09.2016. UUR 165-172

. Mugla, K6ycegiz, Yangi and Zeytinalan N 36°

552 97,27 E 028° 43’ 95,1” 8 m. 29.09. 2016.
UUR 173-229

. Mugla, Ortaca, Okgular-Sarisu Kavakarasi N

36° 50° 27,57 E 028° 40°
29.09.2016. UUR 230-246

14,7 9 m.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Denizli, Acipayam, Golciik Series, Alct
Region, Akdere N 37° 11” 33” E 29° 14’ 30”
803 m. 05.11.2017. UUR 247-281
Mugla, Koycegiz, Agla, Kargicak N 36° 59°
30” E 28° 42’ 17” 82 m. 06.11.2017. UUR
282-285
Mugla, Kdycegiz, Yuvarlakcay Series N 36°
55 30” E 28° 49° 40” 162 m. 06.11.2017.
UUR 286-292
Mugla, Dalaman Center, Forest Management
N 36° 47° 427 E 28° 49 49,3” 14 m.
06.11.2017. UUR 293-298
Mugla, Dalaman, Tersakan N 36° 45° 74” E
28° 52° 46” 208 m. 06.11.2017. UUR 299-
307
Mugla, Dalaman, Serefler, Karaaga¢ N 36°
48> 31”7 E 28° 53° 24” 38 m. 06.11.2017.
UUR 308-313
Mugla, Dalaman, Elcik N 36° 52° 39” E 28°
57’ 34”233 m. 06.11.2017. UUR 314-320
Mugla, Marmaris — Dat¢a road N 36° 50° 56”
E 28°12° 287 112 m. 22.12.2018. UUR 321-
335
Mugla, Marmaris — Adakdy road N 36° 49’
56” E 28° 18’ 58” 49 m. 22.12.2018. UUR
336-340
Mugla, Marmaris — Adakdy N 36° 52° 35”7 E
28° 34° 077 110 m. 22.12.2018. UUR 341-
353
Mugla, Marmaris National Park N 36° 52’
07” E 28° 30’ 43” 60 m. 22.12.2018. UUR
354-384

Mugla, Marmaris Meri¢- Beldi wastewater
treatment facility, Ismail river N 36° 51° 24”
E 28° 17’ 42” 45 m. 29.12.2018. UUR 385-
394
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22. Mugla, Marmaris igmeler N 36° 49> 54” E
28°19’ 00”20 m. 29.12.2018. UUR 395-402

23. Burdur, Kargi village, Sweetgum Forest
Nature Conservation Park N 37° 21’ 42” E
30° 50’ 01” 260 m. 15.06.2019. UUR 402-
410

24. Burdur, Melli region, Saricay N 37° 20’
42,69” E 30° 48’ 10,46” 200 m. 15.06.2019.
UUR 411-416

25. Burdur, Melli region N 37° 20° 39” E 30° 47’
597225 m. 15.06.2019. UUR 417-421

26. Isparta, Siitgiiler, Candir N 37° 26° 59” E 30°
54’ 127290 m. 16.06.2019. UUR 422-429

27. Aydm, Umurlu N 37° 52° 21” E 27° 56° 15”
130 m. 18.06.2019. UUR 430-433

28. Aydin, Cine, Cine Dam reserv area N 37° 29’
22” E 28° 08’ 477 180 m. 18.05.1999

3. Results and Discussion

During the present study, 7 field studies were
carried out and a total of 27 different localities
were visited. Finally, 433 packages of bryophyte
samples were taken from the base, trunk, and
branches of trees. After identification studies, 49

bryophyte taxa were determined belonging to, 13
families and 31 genus. Among these, only one
taxa of liverworts were found, no taxa were
identified belonging to hornworts. The richest
families were listed as Orthotrichaceae,
Pottiaceae and Brachythceae respectively. In two
previous studies carried out in Liquidambar
orientalis forests, O. sprucei was firstly recorded
on the sweetgum trees in Cine Valley/Aydin
from Turkey (Erdag and Kiirschner, 2000). This
area is sunken under Cine dam reservoir and
there are no sweetgum trees around. Also,
Lejeunea cavifolia (Ehrh.) Lindb. recorded in a
phytosociological study recorded by Kiirschner
et al.. Although these taxa could not be collected
during the present study, we added them to the
list with the collector's name (Kiirschner et
al.1998; Erdag, 2000) because of recorded from
sweetgum forests.

The floristic list was given in Table 1 (B: base,
T: trunk, Br: branch), locality (Loc: locality), and
collection numbers of the trees (UUR: Ugur
Catak collection numbers).

Table 1. Floristic list

Taxon Loc. B T | Br UUR
2,3, 4,6, 8,10, 12,
Frullania dilatata (L.) Dumort. 15, 16, 17, 19, 20, X 149
21, 24, 25, 26
Kiirschner

Lejeunea cavifolia (Ehrh.) Lindb. X etal.,

1998
Grimmia lisae De Not. 3,5 X X 92
G. pulvinata (Hedw.) Sm. 2,10,19,20,21,22 | X X 247
Fissidens arnoldii R. Ruthe 8, 20 X X 377
F. taxifolius Hedw. 20,21 X 393
Bartramia aprica Miill. Hal. 3 X 88
Dialytrichia mucronata (Brid.) Broth. 5512616 17,23, 24, X X 403
Nogopterium gracile (Hedw.) Croshy &
W R. Buck. 2,3,8,20,26 X 427
Syntrichia laevipila Brid. 2,8,9,10,14 X 230
S. montana Nees. 10, 17 X 325
S. princeps (De Not.) Mitt. 4,27 X 141
S. virescens (De Not.) Ochyra. 1,4,9,27 X 430
Tortella humilis (Hedw.) Jenn. 17 X 322

. 3, 8, 10, 19, 20, 21,

T. tortuosa (Hedw.) Limpr. 24, 25, 26 X | X 90
Tortula inermis (Brid.) Mont. 9 X 243
T. schimperi M.J. Cano, O. Werner & J. 14 X 300
Guerra.
Bryum sp. Hedw. 32 7,810, 12, 13, X 351
Rosulabryum capillare (Hedw.) J. R. 3,18 X 336
Spence.
Cryphaea heteromalla (Hedw.) D. Mohr 26 X 423
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Lewinskya affinis (Schrad ex. Brid.) F. Lara,

Garilleti & Goffinet. 1,22,25 X 6
L. rupestris (Schleich ex. Schwigr.) F. Lara, 117 X 5
Garilleti & Goffinet. '
L. speciosa (Nees) F. Lara, Garilleti & 12,27 X 15
Goffinet.
L. sjmata (Hedw.) F. Lara, Garilleti & 1,23, 24. 25, 26 X 405
Goffinet
Orthotrichum anomalum Hedw. 9,10, 12, 27 X 281
0. diaphanum Brid. oy L 15, 17,19, 20, X 359
O. pallens Bruch ex Brid. 17 X 331
O. patens Bruch ex Brid. 4,18 X 141
O. philibertii Venturi. 18 X 339
O. pulchellum Brunt. 56,7,8,9 10 X 150
O. pumilum Sw. ex anon. 9,22 X 402
O. scanicum Gronvall. 12,19 X 292
O. stellatum Brid. 17, 20, 22 X 329
. Erdag,
O. sprucei Mont. 28 X 2000
O. tenellum Bruch ex Brid. 17,18, 20, 23 X 328
O. vittii Lara, Garilleti & Mazimpaka. 9,13,17, 20 X 357
Pulvigera lyellii (Hook. & Taylor) Plasek,
Sawicki & Ochyra. 10,23 X 255
Ulota crispa (Hedw.) Brid. 15 X 312
Zygc_)don_catarmm C. Garcia, F. Lara, Sérgio 19, 20, 21, 22 X 361
& Sim-Sim.
1, 2,5 8,9 10, 12,
Z. rupestris Schimp. ex Lorentz. 19, 20, 21, 22, 23, X 370
24, 25, 26
Habrodon perpusillus (De Not.) Lindb. 10, 19, 20 X 380
Brachytheciastrum  velutinum  (Hedw.) 8, 10 X 218
Ignatov & Huttunen.
Homalothecium sericeum (Hedw.) Schimp. 17213 SO 132 14,16, X 269
Rhynchostegiella litorea (De Not.) Limpr. 8 X 203
Scleropodium  cespitans  (Wilson  ex
Miill.Hal.) L.F. Koch. 3,81517 X 309
Scorpiurium  circinatum  (Bruch) M.
Fleisch.& Loeske. 2,17,18 X 338
1! 21 31 4! 5! 61 71 81
9,10, 11, 12, 13, 14,
S. sendtneri (Schimp.) M. Fleisch. 15, 16, 17, 18, 20, X 407
21, 22, 23, 24, 25,
26, 27
1,2, 3, 4,7, 8, 10,
Leucodon sciuroides (Hedw.) Schwagr. ;(1) ;i ;g ;; ;?1 X 426
25, 26, 27
2,3,4,56,7,8,09,
Hypnum cupressiforme Hedw. 14, 17, 19, 20, 21, X 67
23, 24, 25, 26
H. (?upre55|forme var. resupinatum (Taylor) 8,9 26 X 208
Schimp.
Leptodon smithii (Hedw.) F. Weber & D. 2,17, 21, 25 X 389

Mohr.
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Sweetgum trees maintain  their existence
especially in habitats where streams and high
ground water. Causing the debris residues
brought up by rising waters especially in spring,
to accumulate at the bottom parts. This
accumulation has created a suitable living
environment for bryophytes. Taxa determined
from the base of the trees; Grimmia lisae, G.
pulvinata, Fissidens arnoldii, Dialytrichia
mucronata, Tortella inclinata (R. Hedw.) Limpr.,

Fontinalis antipyretica Hedw., Habrodon
perpusillus,  Brachytheciastrum  velutinum,
Rhynchostegiella litorea (De Not.) Limpr., R.
tenella,  Scorpiurium  sendtneri,  Hypnum
cupressiforme.  Amoung them, Fontinalis

antipyretica, Tortella inclinata and
Rhynchostegiella tenella are not known as
epiphytic. They probably had the chance to live
because of the soil accumulated at the base of the
trees. For this reason, these taxa are not listed.

Orthotrichaceae is the richest bryophyte family
in Turkey and represented with 50 taxa (Erdag
and Kiirschner, 2017; Kirmaci and Agcagil,
2018). Among these records, O. philibertii was
recently recorded from Dilek Peninsula and
Biiyiik Menderes Delta National Park (Aydin)
(Kirmaci and Agcagil, 2016), and was given as
the second distribution locality in our study.
Another interesting record of the genus
Orthotrichum is O. stellatum. This taxon was
firstly reported from Trabzon / Turkey by Lara et
al. in 2010. And secondly was collected from
Samanli mountains (Sakarya, Kocaeli, Yalova,
Bursa) by Gozcii et al. in 2019. And in our study
is given as the third record from Turkey. There is
a long distance between the three localities,
suggesting that this taxon may be in different
parts of Anatolia. O. scanicum which is on the
many European country red list was recorded
from two different localities in study area
(Hodgetts, 2015). It has been found on different
parts of Turkey (Erdag and Kiirschner, 2017;
Gozcii et al., 2019). Zygodon catarinoi, which is
in the family of Orthotrichaceae, was recorded
for the first time from the sweetgum forests in
Turkey (Vigalando et al., 2012). In the present
study, it was found in 4 different localities
around Marmaris where the first record was
made. This shows that the taxon has a wide
spread in the narrow region.

Taxa determined from our research area are quite
high compared to some recent studies on
epiphytic bryophytes (Alatas et al., 2016, 2018,
2019a, b; Ezer et al., 2009). Among the main
reasons for this is the high humidity in which is
the main requirement of the bryophytes in the

sweetgum forests. Another factor in terms of
epiphytic bryophytes is that tree bark is in a way
that enables the bryophytes to hold. Because the
bryophytes can not hold on the smooth tree bark.
Indeed, no bryophytes were seen on young tree
trunks with a smooth bark surface in this study.
Scorpiurio  sendtneri-Zygodontetum  vulgaris
Walther 1975, Leptodonto smithii-
Leucodontetum sciuroidis Privitera & Puglisi
1997 and Scorpiurio sendtneri-Zygodontetum
vulgaris cinclidotesum mucronati Kiirschner
1998 are the most common epiphytic association.

Liguidambar orientalis forests have an important
position both with their distinctive habitat,
contribution to human life for a considerable
long time and living in limited areas during the
evolutionary process. Habitat of this plant is
protected with several protection statuses.
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Oz
Bu calisma, Tiirkiye’nin kuzeyinde Kastamonu, Sinop ve Samsun illeri siirlarinda uzanan Dogu Kiire
Daglar’nin briyofit ¢esitliligi hakkinda bilgi sunmaktadir. Aragtirma alanina 2014-2016 yillar1 arasinda
yapilan 7 arazi ¢aligmasinda 244 lokaliteden 1600 briyofit 6rnegi toplanmistir. Toplanan 6rneklerin teshis
edilmesi sonucunda 310 tiir/tiiraltt briyofit taksonu (2 boynuzotu, 58 cigerotu, 250 karayosunu) tespit
edilmistir. Bu taksonlardan 4 tanesi A2 karesi, 44 tanesi ise A3 karesinden burada ilk defa rapor
edilmektedir.

Anahtar kelimeler: Briyofit, Flora, Dogu Kiire Daglar1, Kastamonu, Sinop, Samsun.

The Bryophyte Flora of Dogu Kiire Mountains

Abstract
This study presents about bryophyte diversity of Dogu Kiire Mountains knowledge, which is located in the
northern part of Turkey and borders of Kastamonu, Sinop, and Samsun provinces. Seven field trips were
organized to the research area between 2014 to 2016 and one thousand six hundred bryophyte samples
collected from 244 localities. With the identification of these specimens, 310 specific/subspecific bryophyte
taxa were found (2 hornwort, 58 liverwort, and 250 mosses). Of them, 4 bryophyte taxa for A2, and 44
bryophyte taxa for A3 are newly reported here.

Keywords: Bryophyte, Flora, Dogu Kiire Mountains, Kastamonu, Sinop, Samsun.

1. Giris

Briyofit kelimesi karasal bitkiler igerisinde iletim
demeti tasimayan ve yasamlarinda sporofitin
bagimli oldugu gametofit sathasnin baskin oldugu
3 bitki grubunu (boynuzotlari, cigerotlar1 ve
karayosunlari) ifade etmek i¢in kullanilmaktadir.
Bu bitkiler tizerine Tiirkiye’de yapilan ilk
caligmalar 1800°lii yillara dayanmaktadir. Ilk
kayittan giinimiize briyofloristik g¢aligmalara
bakildiginda, bu alanda iki Onemli ddnem
goriilmektedir.  Bunlardan  birincisi ~ Tiirk
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uzmanlarin yetismeye basladigi 1980°li yillar,
ikincisi ise bu uzmanlar gozetiminde yetigen
yiiksek lisans ve doktora Ogrencileri ile 2000’1i
yillardan sonra briyofitler konusunda ¢alisanlarin
sayisinin  artmasidir. Yapilan bu caligmalarin
say1s1 giiniimiizde 550’nin tizerindedir ve bilinen
tir sayist yaklagik olarak 1000 civarindadir
(Erdag ve Kiirschner, 20174, b). Bu ¢alismalarin
artmasinda ¢aligmalarin  yiriitilmesine maddi
olanak saglayan proje desteklerinin de Onemi
biiyiiktir.

To cite this article: Oren M. Ursavas S. 2020. The Bryophyte Flora of Dogu Kiire Mountains. Anatolian Bryology.

6:2, 78-96.
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Kiire Daglar1 batida Bartin ili sinirlarindan icerisinde yer almaktadir (Sekil 1). Henderson
baglayip doguda Bafra (Samsun)’a kadar (1961) kareleme sistemine goére Dogu Kiire
uzanmaktadir. Kastamonu ve Bartin smuirlar Daglari’nin nerede ise tamami A3 karesinde yer
icerisinde kalan Kiire Daglar1 Milli Parki ve alirken, batida kalan az bir kismi A2 karesi
Tampon zonunu iceren Bat1 Kiire Daglar1, Oren icerisinde yer almaktadir. Alanimn en yiiksek
ve ark. (2010; 2012) tarafindan ¢alisgilmigtir. Dag noktast Yaraligdpz Dagi (2019 m)’dir. Diger
sirasinin dogu kesiminde belirli bolgelerle sinirh onemli yiikseltiler ise Goyniik Dagi (1804 m) ve
alanlarda yapilan c¢alismalar ile alandan 27 Zindan Dag1 (1730 m)’dur.
cigerotu ve 168 karayosunu tiirii bilinmektedir
(Akpinar, 1992; Cetin ve Uyar, 1997; Tiryaki, Dogu Kiire Daglar1 boyunca Oseyanik iklim ve
1997; Cetin, 1999; Uyar ve Cetin, 2006; Kegeli ve Akdeniz ikliminin farkli tipleri goriilmektedir.
Cetin, 2006). Bu c¢alisma ile bu biitini Kiy1 kesimlerden icerilere dogru gidildik¢e yagis
tamamlamak ve Dogu Kiire Daglariin briyofit miktart ve nem azalmaktadir. Yilik ortalama
cesitliligini ortaya ¢ikarmak amaglanmstir. sicakliklarin aylara gore dagolimi -1 ile 23,1 °C
arasinda degismektedir (Akman, 1999). Dogu
Aragtirma alanina yakin bolgelerde son donemde Kiire Daglari jeolojik olarak Pontidler grubunda
yapilan ¢alismalar ve bu c¢aligmalardaki bulgular yer almaktadir. Bu grup Karbonifer yasta
da bolgenin briyofloristik agidan 6nemini ortaya Hersiniyen ve Permo-Triyas yasta Kimmerid
koymaktadir (Canl ve Cetin, 2014; Ozdemir ve temelli bir muntikadir. Formasyon Orta-Alt
Batan, 2016; Soylemez ve ark., 2017; Caligkan ve Jura’da yaygim olarak konglomera, kumtasi ve
ark., 2019). seylden, Orta-Ust Jura ve Alt-Kretase’de ise
denizel kiregtaglarindan olusmaktadir (URL 1).
1.1 Arastirma alaninin tanmitimi Alanda yaygin toprak tipleri kahverengi orman
Aragtirma alam1 olan Dogu Kiire Daglari, topraklari, podzolik topraklar, kestane rengi
Tiirkiye’nin kuzeyinde batida Cide’den baslayip topraklar, aliivyal topraklardir (URL 2, URL 3;
Bafra sinirlarina kadar uzanan bir dag sirasi olup Yavuz, 2017).

Kastamonu, Sinop ve Samsun ili sinirlar
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Sekil 1. Dogu Kiire Daglar1 ve Henderson (1961) kareleme sitemi haritasi.

Aragtirma alan1 fitocografik olarak Avrupa Carpinus betulus L., C. orientalis Mill., Castanea
Sibirya bolgesine girmektedir. Alanda step, maki, sativa Mill., Fagus orientalis Lipsky, Ostrya
orman, ¢ayirlar, tarim alanlari gibi farkl habitatlar carpinifolia Scop., Platanus orientalis L., Prunus
bulunmaktadir. Bolgede yaygin olan aga¢ ve laurocerasus L., Pinus brutia Ten., P. nigra J.F.
calilar: Abies nordmanniana subsp. equi-trojani Arnold, P. sylvestris L., Populus tremula L.

(Asch. & Sint. ex Boiss.) Coode & Cullen, Quercus sp. L., Rhododendron luteum Sweet,
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Rhododendron ponticum L. Salix alba L. dur.
Daha az yaygin olan odunlu taksonlar ise Arbutus
andrachne L., A. unedo L., Acer campestre L., A.
platanoides L., Alnus glutinosa (L.) Gaertn.,
Corylus avellana L., C. colurna L., Cotinus
coggygria Scop., Cornus mas L., C. sanguinea L.,
Crataegus monogyna Jacq., Erica arborea L., llex
colchica Pojark., Juniperus communis var.
saxatilis Pall., Laurus nobilis L., Pyracantha
coccinea M. Roem., Phillyrea latifolia L., Pinus
pinea L., Rosa canina L., Salix caprea L.,
Sambucus nigra L., Taxus baccata L., Ulmus
minor Mill., U. glabra Huds.’dir (Atalay, 1994;
Akman, 1995).

2. Materyal ve Metot

Kastamonu, Sinop ve Samsun ili smirlar
icerisinde yer alan Dogu Kiire Daglar1 2014-2016
yillar1 arasinda yilin farkli dénemlerinde yapilan
7 arazi caligmasinda, ¢esitli habitat ve yiikseltileri
igerecek sekilde 244 6rnekleme noktasindan 1600
briyofit  Ornegi  toplanmustir.  Laboratuvar
sartlarinda kurutulan 6rneklerin stereo mikroskop
altinda dis  gorlinliglerine  bakilmis, 151k
mikroskobunda inceleme igin  preparatlar
hazirlanmistir. Orneklerin teshisinde temel olarak
Britanya floralar1 ve Giiney Bati1 Asya Bryofitleri
teshis anahtarindan yararlanilmistir (Paton, 1999;
Smith, 2004; Kiirschner ve Frey, 2020). Ayrica
cesitli flora, revizyon ve monograflarda teshiste
kullanilmistir.

Bitki listesinin olusturulmasinda ve
sinonimlik/gecerli isimlerin takibinde Hodgetts
ve ark. (2020) olusturduklar1  Avrupa,
Makoronezya ve Kibris ig¢in olusturduklar
kontrol listesi kullanilmistir. Kare kayitlarinin
tespitinde ve tiirlerin dagilimlarinin kontroliinde
ise ilgili literatiirler taranmugtir (Ozenoglu Kiremit
ve Kegeli, 2009; Hazer, 2010; Oren ve ark., 2012;
Canli ve Cetin, 2014; Ozdemir ve Batan, 2016;
Soéylemez ve ark., 2017; Caliskan ve ark. 2019;
Can Gozcii ve ark., 2019; Uyar ve ark., 2020).
Bitki listesinde kare kayitlarmi gostermek igin;
A2 karesi igin yeni olan taksonlarin basina siyah
kare (m), A3 karesi i¢in yeni yeni olanlara ise
yildiz (*) isareti konulmustur.

Bitki listesinde tiir/tlir alti taksonlar toplanma
lokaliteleri, habitat ve susbstrat bilgileri ile
birlikte verilmistir. Listeyi uzatmamak i¢in her bir
takson i¢in sadece bir 6rnege ait toplama numarasi
verilmistir. Ornekler Zonguldak Biilent Ecevit
Universitesi Briyofit Herbaryumunda (ZNG)
muhafaza edilmektedir.

2.1 Lokalite listesi

Calisilan lokalitelerde hakim olan aga¢ ve ¢al
tirleri istasyon listesinde kisaltmalart ile
yazilmistir. Bu kisaltmalar; AA  (Arbutus
andrachne L.), AC (Acer campestre L.), AG
(Alnus glutinosa (L.) Gaertn.), ANE (Abies
nordmanniana subsp. equi-trojani (Asch. & Sint.
ex Boiss.) Coode & Cullen), AP (Acer
platanoides L.), Asp (Acer sp. L.), AU (Arbutus
unedo L.), Bsp (Berberis sp. L.), CA (Corylus
avellana L.), CB (Carpinus betulus L.), CC
(Cotinus coggygria Scop.), CCo (Corylus colurna
L.), CM (Cornus mas L.), CMo (Crataegus
monogyna Jacg.), CO (Carpinus orientalis Mill.),
CS (Castanea sativa Mill.), CSa (Cornus
sanguinea L.), Csp (Crataegus sp. L.), EA (Erica
arborea L.), FO (Fagus orientalis Lipsky), IC
(llex colchica Pojark.), JCS (Juniperus communis
var. saxatilis Pall.), Jsp (Juniperus sp. L.), LN
(Laurus nobilis L.), OC (Ostrya carpinifolia
Scop.), PB (Pinus brutia Ten.), PC (Pyracantha
coccinea M. Roem.), PL (Prunus laurocerasus
L.), PLat (Phillyrea latifolia L.), PN (Pinus nigra
J.F. Arnold), PO (Platanus orientalis L.), PP
(Pinus pinea L.), PS (Pinus sylvestris L.), Psp
(Populus sp. L.), PT (Populus tremula L.), Qsp
(Quercus sp. L.), RC (Rosa canina L.), RL
(Rhododendron luteum Sweet), RP
(Rhododendron ponticum L.), SA (Salix alba L.),
SC (Salix caprea L.), SN (Sambucus nigra L.),
Sosp (Sorbus sp. L.), Ssp (Salix sp. L.), TB (Taxus
baccata L.), UM (Ulmus minor Mill.), Usp
(Ulmus sp. L.) seklindedir.

1. Sinop, Tiirkeli, Zindan Dagi, Haciagag
Yaylasi civari, K 41°45'31.5" D 035°18'51.1",
ANE, TB, CB, PL, 1385 m, 12.09.14.

2. Sinop, Tirkeli, Haciaga¢ yaylas;, N
41°44'54.8" E 035°19'01.3", ANE, 1580 m,
12.09.14.

3. Sinop, Tirkeli, Haciaga¢ Yaylasi, N
41°44'43.7" E 034°18'42.7", ANE, Jsp,
Cayirlik alan, 1670 m, 12.09.14.

4, Kastamonu, Handni, N 41°43'39.6" E
034°1921.3", PS, 1540 m, 12.09.14.

5. Kastamonu, Hanoénii, Meri¢ Yaylasi, N
41°42'48.0" E 034°21'49.6", Acik alan ve PS,
ANE, 12.09.14.

6. Kastamonu, Hanénii, N 41°43'322" E
034°23'18.6", FO, ANE, 1565 m, 12.09.14.

7. Sinop, Ayancik, Aktepe, N 41°44'55.0” E
034°26'02.0", FO, ANE, 1700 m, 12.09.14.

8. Sinop, Ayancik, N 41°51'154" E
034°29'34.4", PO, CO, AG, PL, 255 m,
13.09.14.

9. Sinop, Ayancik, Zindan Cay1, N 41°50'31.8"
E 034°27'27.0", AG, CB, 365 m, 13.09.14.
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10. Sinop, Ayancik, Zindan Cay1, N 41°49' 24.3"
E 034°27'00.7", CA, CB, PO, FO, 415 m,
13.09.14.

11.Sinop, Ayancik, N  41°4729.3" E
034°29'17.1" FO, CS, ANE, PL, 850 m,
13.09.14.

12.Sinop, Ayancik, N  41°47'02.9” E
034°29'16.9", FO, 930 m, 13.09.14.
13.Sinop, Ayancik, N  41°45'452" E

034°26'23.0", FO, ANE, IC, 1180 m,
13.09.14.

14.Sinop, Ayancik, N  41°45'40.2" E
034°27'39.3", FO, ANE, IC, SN, 1265 m,
13.09.14.

15. Sinop, Ayancik, Kigla Dagi, N 41°46'32.2" E
034°26'56.1", FO, ANE, PL, 890 m, 13.09.14.

16.Sinop, Ayancik, N  41°44'579" E
034°3923.0", FO, ANE, 1090 m, 14.09.14.

17.Sinop, Boyabat, Dagkdy, N 41°40'08.8" E
034°38'09.2", PN, Qsp, 1165 m, 14.09.14.

18. Kastamonu, Catalzeytin, Kayadibi Koyt, N
41°55'14.0" E 034°10'49.6", FO, ANE, Qsp,
Sosp, 554 m, 13.10.14.

19.Kastamonu, Catalzeytin, N 41°57'18.0" E
034°11'41.3", PB, AA, LN, 68 m, 13.04.14.

20.Kastamonu, Catalzeytin, N 41°57'03.1" E
034°1123.2", AG, PO, Ssp, 30 m, 13.10.14.

21.Kastamonu, Catalzeytin, N 41°56'11.9" E
034°13'08.1", AG, PO, SA, Psp, 30 m,
14.10.14.

22.Kastamonu, Catalzeytin, N 41°54'36.2" E
034°13'52.2", PO, CB, AG, 115 m, 14.10.14.

23.Kastamonu, Catalzeytin, N 41°52'42.0" E
034°15'02.5", UM, CB, AC, RC, 375 m,
14.10.14.

24.Kastamonu, Catalzeytin, N 41°52'11.5" E
034°13'30.1", Qsp, Jsp, 625 m, 14.10.14.

25.Kastamonu, Catalzeytin, N 41°51'37.4" E
034°12'39.0", ANE, Qsp, 825 m, 14.10.14.

26.Kastamonu, Catalzeytin, N 41°50'52.4" E
034°11'56.5", FO, CB, Qsp, 910 m, 14.10.14.

27.Kastamonu, Catalzeytin, N 41°5024.5" E
034°11'40.4", FO, CB, PL IC, CA, 830 m,
14.10.14.

28. Kastamonu, Catalzeytin, N 41°50'37.5" E
034°15'21.8", PN, Qsp, CB, 613 m, 14.10.14.

29.Kastamonu, Catalzeytin, N 41°53'24.8" E
034°13"23.7", Qsp, PO, CB, 400 m, 15.10.14.

30.Kastamonu, Catalzeytin, N 41°52'27.2" E
034°11'22.5", PN, FO, CB, PT, Qsp, AC, 680
m, 15.10.14.

31.Kastamonu, Catalzeytin, N 41°53'44.9" E
034°11'05.8", ANE, FO, CB, PL, IC, 300 m,
15.10.14.

32.Kastamonu, Catalzeytin, N 41°53'25.3" E
034°10'52.7", CB, AG, FO, CA, 230 m,
15.10.14.

33.Kastamonu, Bozkurt, N 41°5427.6" E
034°09'06.3", FO, 780 m, 15.10.14.

34.Kastamonu, Bozkurt, N 41°52'324" E
034°0524.5", Cayirlik alan, RC, 1040,
15.10.14.

35.Kastamonu, Bozkurt, N 41°54'16.8" E
034°06'06.8", ANE, FO, 890 m, 15.10.14.

36.Kastamonu, Bozkurt, N 41°57'08.4" E
034°01'12.8", Qsp, CS, AG, FO, AA, 270 m,
15.10.14.

37.Kastamonu, Abana, N 41°58'51.9" E
034°02'47.3", LN, PLat, Sosp, 10 m, 15.10.14.

38.Kastamonu, Catalzeytin, N 41°57'57.3" E
034°07'52.9", AG, PO, PL, 210 m, 16.10.14.

39.Kastamonu, Abana, N 41°58'45.1" E
034°03'43.4", PB, AA, AU, PO, 23 m,
16.10.14.

40.Kastamonu, Bozkurt, N 41°58'18.6" E
033°58720.5", AG, PO, 25 m, 16.10.14.

41, Kastamonu, Bozkurt, N 41°56'49.6" E
033°5727.9", EA, CB, AA, 200 m, 16.10.14.

42 Kastamonu, Bozkurt, N 41°5526.9" E
033°58'06.6", CB, Qsp, PS, RP, 610 m,
16.10.14.

43.Kastamonu, Bozkurt, N 41°5420.6" E
033°56'53.5", PS, ANE, FO, 1005 m,
16.10.14.

44, Kastamonu, Bozkurt, N 41°52'42.8" E
033°57'36.5", PS, EA, Qsp, 1050 m, 16.10.14.

45, Kastamonu, Bozkurt, N 41°51'30.5" E
033°56'10.5", FO, CB, PL, IC, 984 m,
16.10.14.

46.Kastamonu, Devrekani, N 41°49'56.5" E
033°55'30.5", FO, CS, ANE, 1294 m,
16.10.14.

47.Kastamonu, Bozkurt, N 41°4926.5" E
033°56'35.5", PS, ANE, Jsp, 1500 m,
16.10.14.

48.Kastamonu, Inebolu, N 41°48'56.5" E
033°52'48.5", ANE, 1284 m, 16.10.14.

49. Kastamonu, Bozkurt, Yaraligoz Dagi, N
41°4526.9" E 034°06'22.2", JCS, ANE,
cayirlik alan, 1716 m, 17.10.14.

50. Kastamonu, Bozkurt, Yaraligdz Dagi, N
41°4529.0" E 034°06'55.4", JCS, 1900 m,
17.10.14.

51.Kastamonu, Bozkurt, Yaraligbz Dagi, N
41°45'35.1" E 034°07'34.2", JCS, 1955 m,
17.10.14.

52.Kastamonu, Bozkurt, Yaraligoz Dagi, N
41°45'53.0" E 034°07'53.2", ANE, 1595 m,
17.10.14.

53.Kastamonu, Bozkurt, N 41°46'09.8" E
034°06'36.2", ANE, 1384 m, 17.10.14.

54. Kastamonu, Catalzeytin, Koru Yaylasi, N
41°46'49.6" E 034°08'38.6", JCS, ANE,
cayirlik alan, 1556 m, 17.10.14.
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55.Kastamonu, Bozkurt, N 41°46'49.6" E
034°08'38.6", JCS, ANE, PS, 1563 m,
17.10.14.

56.Kastamonu, Devrekani, N 41°35'09.0"
033°52'05.0", Step, Ssp, SA, Psp, 1132
18.10.14.

57.Kastamonu, Devrekani, N 41°38'35.5"
033°55'37.8", Step, Cayirlik Alan, 1120
18.10.14.

58. Kastamonu, Devrekani, N 41°41'02.2"
033°48'50.3", Step, 1122 m, 18.10.14.
59.Kastamonu, Seydiler, N 41°40'45.1"
033°42'35.9", PS, 1113 m, 18.10.14.

60. Kastamonu, Seydiler, N 41°3620.5" E
033°46'02.5", SA, 1056 m, 18.10.14.

B m

B m

eyl

eyl

61.Sinop, Boyabat, N  41°27'53.1" E
034°45'46.7", 440 m, 06.04.15.
62.Sinop, Duragan, N 41°25'05.2" E

034°04'05.3", Csp, PB, Jsp, Bsp, 270 m,
07.04.15.

63.Sinop, Duragan, N  41°22'344" E
035°08'13.2", PB, Qsp, CO, 278 m, 07.04.15.

64.Sinop, Duragan, N  41°2032.3" E
035°09'17.4", PB, 580 m, 07.04.15.
65.Sinop, Duragan, N  41°19'522" E

035°15'38,7", Cayirlik alan, 781 m, 07.04.15.

66.Sinop, Duragan, N  41°21'52.8" E
035°09'16.3", Qsp, CO, 602 m, 07.04.15.
67.Sinop, Duragan, N 41°22'41.6" E

035°1020.8", Cayir ve tarim alani, 534 m,
07.04.15.

68.Sinop, Duragan, N 41°21'52.5" E
035°13'36.7", vadi, 573 m, 07.04.15.
69.Sinop, Duragan, N  41°22'20.0" E

035°16'11.9", PB, Jsp, 1022 m, 07.04.15.

70. Sinop, Duragan, Tekir Yaylasi, N 41°21'16.9"
E 035°17'44.7", Caywrlik alan, 926 m,
07.04.15.

71.Sinop, Duragan, N  41°23'59.2" E
035°13'01.7", Qsp, Cayirlik alan, 604 m,
07.04.15.

72.Sinop, Duragan, N  41°1840.9" E
035°11'55.2", PB, 199 m, 08.04.15.
73.Sinop, Duragan, N  41°15'59.1" E

035°15'13.4", Cayrrlik alan, 244 m, 08.04.15.

74.Sinop, Duragan, N  41°1628.5" E
035°17'59.3", Su kenari, 628 m, 08.04.15.
75.Sinop, Duragan, N  41°17'47.8" E

035°18'34.1", Qsp, 935 m, 08.04.15.
76.Sinop, Duragan, N 41°19'00.8" E

035°20'46.9", PN, 895 m, 08.04.15.
77.Sinop, Duragan, N  41°1841.1" E

035°26"22.5", Cayrrlik alan, 193 m, 08.04.15.
78.Samsun, Alagam, N 41°21'10.6" E

035°29'47.2", PN, Qsp, 738 m, 08.04.15.
79.Samsun, Alagam, N 41°23'08.3" E

035°29'15.0", Cayrrlik alan, 947 m, 08.04.15.

80.Sinop, Duragan, N 41°25'12.0" E
035°22727.8", Cayirlik alan, 1327 m, 08.04.15.

81.Sinop, Duragan, N 41°27'41.6" E
035°02'56.9", Cayir, PB, Qsp, 556 m,
09.04.15.

82.Sinop, Duragan, N 41°30'17.5" E
035°02'58.0", PN, CB, Qsp, 1204 m, 09.04.15.
83.Sinop, Duragan, N 41°30'01.4" E
034°59'31.5", Qsp, Jsp, 585 m, 09.04.15.
84.Sinop, Boyabat, N  41°29'05.5" E
034°53'59.6", PB, Jsp, 300 m, 09.04.15.
85.Sinop, Boyabat, N  41°3129.6" E
034°52'00.5", Cayirlik alan, 410 m, 09.04.15.
86.Sinop, Boyabat, N  41°33'48.1" E
034°51'09.6", Qsp, 541 m, 09.04.15.
87.Sinop, Boyabat, N  41°34'01.1" E
034°47'32.9", Cayirlik alan, 425 m, 09.04.15.
88.Sinop, Boyabat, N  41°3226.2" E

034°4426.7", Cayirlik alan, 320 m, 09.04.15.
89.Sinop, Boyabat, N  41°34'374" E

034°41'05.5", Cayirlik alan, 360 m, 09.04.15.
90.Sinop, Boyabat, N  41°38'54.7" E

034°3729.8", Jsp, 488 m, 10.04.15.

91.Kastamonu, Hanoéni, N 41°39'04.1" E
034°33'56.2", PB, Qsp, Jsp, 540 m, 10.04.15.

92.Kastamonu, Hanénii, N 41°38'37.9" E
034°30'45.8", PB, CB, 505 m, 10.04.15.

93.Kastamonu, Hanénii, N 41°39'20.0" E
034°28'02.2", Cayir, Quercus sp., L. CB, 520
m, 10.04.15.

94. Kastamonu, Hanonii, N 41°41'35.0" E
034°26'52.3", PN, Qsp, CB, CM, 937 m,
10.04.15.

95. Kastamonu, Hanoénii, N 41°39'49.3" E
034°25'27.9", Qsp, Jsp, 682 m, 10.04.15.

96.Kastamonu, Hanénii, N 41°4025.0" E
034°22'39.6", Qsp, CB, Jsp, 697 m, 10.04.15.

97.Kastamonu, Hanonii, PN, FO, N 41°41'45.4"
E 034°20'13.8", 886 m, 10.04.15.

98.Kastamonu, Taskoprii, N 41°36'56.2" E
034°18"20.4", Qsp, Jsp, 590 m, 10.04.15.

99. Kastamonu, Taskoprii, N 41°38'38.1" E
034°15'23.3", dere kenari, 726 m, 11.04.15.
100. Kastamonu, Tagkoprii, N 41°42'13.4" E

034°15'39.5", dere kenar1, 958 m, 11.04.15.

101. Kastamonu, Taskdprii, N 41°43'05.1" E

034°15'35.0", PB, CB, 1175 m, 11.04.15.
102. Kastamonu, Tagkopri, N 41°4324.7" E
034°11'19.7", PS, PN, ANE, Qsp, 1258 m,
11.04.15.
103. Kastamonu, Tagkopri, N 41°41'54.2" E
034°11'11.3", ANE, PS, 1436 m, 11.04.15.
104. Kastamonu, Taskdprii, N 41°39'50.12" E
034°09'10.4", PS, Qsp, 1285 m, 11.04.15.
105. Kastamonu, Taskdpri, N 41°3842.7" E
034°10'41.8", 1141 m, PN, PS, Qsp,
11.04.15.
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106.
107.
108.

109.

110.

111.

112,

113.

114.

115.

116.

117.

118.
119.

120.

121.

122.

123.

124,

125.
126.

127.

Kastamonu, Taskopri, N 41°36'05.1" E
034°18'48.2", PN, Qsp, 659 m,

Kastamonu, Taskoprii, N 41°34'153" E
034°1226.2", Jsp, 661 m, 11.04.15.
Kastamonu, Taskoprii, N 41°33'53.2" E
034°08'46.1", Tarim alani1, 736 m, 11.04.15.
Samsun, Alacam, Bengii Yaylasi, N
41°25'33.3" E 035°29'49.7", Sulak Cayirlik
Alan ve ANE, FO, PS, RL 1220 m, 23.07.15.

Samsun, Alagam, N 41°25'12.5" E
035°3321.6", FO, ANE, PS, 1165 m,
23.07.15.

Samsun, Alagam, Dirtmen Tepe, N

41°26'49.1" E 035°28'48.4", Alpin bolge PS,
1640 m, 23.07.15.

Samsun, Alagam, N 41°26'44.8" E
035°26'13.6", Step, Mera, 1643 m, 23.07.15.

Samsun, Alagam, N 41°28'02.0" E
035°29'37.7", ANE, FO, RL, 1145 m,
23.07.15.

Samsun, Alagam, N 41°2837.8" E

035°34'06.0", FO, CB, PS, 939 m, 23.07.15.

Samsun, Alagam, N 41°30'01.2" E
035°33'27.8", ANE, FO, PL, 720 m,
23.07.15.

Samsun, Alagam, N 41°31'35.8" E
035°36'37.2", FO, CB, Qsp, 734 m,
23.07.15.

Samsun, Alagam, N 41°34'28.5" E
035°35'51.9", Qsp, CO, LN, 375 m,
23.07.15.

Samsun, Alagam, N 41°3534.1" E
035°34'49.3", PO, AG, 75 m, 23.07.15.
Samsun, Yakakent, N 41°36'57.1" E
035°27'45.7", PO, CO, 90 m, 24.07.15.
Samsun, Yakakent, N 41°34'32.6" E
035°25'52.5", CB, Qsp, AG, 270 m,
24.07.15.

Samsun, Yakakent, Uzunkiz Yaylasi, N
41°32'44.8" E 035°21'08.5", ANE, PS, 1235
m, 24.07.15.

Samsun, Yakakent, N 41°3128.5" E
035°2229.3", ANE, PS, RL, PL, 1100 m,
24.07.15.

Samsun, Yakakent, N 41°3044.5" E
035°23'35.1", ANE, RL, FO, 1170 m,
24.07.15.

Samsun, Yakakent, N 41°28'36.8" E

035°23'40.3", N 41°28'36.8" E
035°23'40.3", ANE, 1260 m, 24.07.15.

Samsun, Yakakent, N 41°28'04.6" E
035°22'39.6", Step, 1270 m, 24.07.15.
Sinop, Dikmen, N 41°33'49.4" E

035°1010.6", CO, Qsp, 630 m, 24.07.15.

Sinop, Duragan, N 41°26'50.7" E
035°22'41.7", ANE, CB, FO, 994 m,
24.07.15.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Sinop, Duragan, N 41°25262" E
035°20'04.2", ANE, 1220 m, 24.07.15.
Sinop, Duragan, N 41°2826.2" E
035°19'03.7", ANE, FO, PS, 1163 m,
24.07.15.

Sinop, Dikmen, N 41°30'13.9" E
035°18'20.4", CM, CA, CO, 640 m,
24.07.15.

Sinop, Dikmen, N 41°32'04.3" E
035°17'55.9", Qsp., CO, 535 m, 24.07.15.
Sinop, Dikmen, N 41°31'504" E
035°09'01.8", ANE, CB, 895 m, 25.07.15.
Sinop, Duragan, N 41°3047.5" E

035°07'35.2", ANE, FO, 1140 m, 25.07.15.
Sinop, Duragan, N 41°30'10.4" E
035°09'25.5", ANE, FO, 1290 m, 25.07.15.
Sinop, Duragan yolu kenar1, N 41°30'12.9"
E 035°02'09.5", PN, 1200 m, 25.07.15.
Sinop, Duragan, N 41°3129.6" E
035°05'14.0", PS, 1140 m, 25.07.15.

Sinop, Dikmen-Duragan  yolu, N
41°3425.2" E 035°11'06.6", PB, CO, Qsp,
CC, CM, 500 m, 25.07.15.

Sinop, Dikmen, N 41°36'11.9" E
035°12'18.2", PB, CO, PLat, 397 m,
25.07.15.

Sinop, Dikmen, N 41°35'49.2" E

035°15'13.3", PB, CO, PLat, CA, 275 m,
25.07.15.

Sinop, Dikmen, N 41°34'31.9" E
035°18'32.4", ANE, PN, 805 m, 25.07.15.
Samsun, Yakakent, N 41°35'353" E

035°20125.6", ANE, PN CB, OC, 630 m,
25.07.15.

Samsun, Yakakent, N 41°36'39.31" E
035°22'17.00", Qsp, CO, Jsp, 705 m,
25.07.15.

Sinop, Dikmen, N 41°3829.18" E

035°22'30.81", Usp, OC, LN, PL, 270 m,
25.07.15.

Samsun, Yakakent, N 41°39'36.9" E
035°26'18.1", PB, PO, CO, 35 m, 25.07.15.
Sinop, Gerze, N  41°47'06.6" E
035°0923.9", PN, OC, Qsp, CSa, 490 m,
13.10.15.

Sinop, Gerze, N  41°44'36.0" E
035°0826.8", PO, OC, Qsp, 270 m,
13.10.15.

Sinop, Gerze, N  41°44'36.0" E

035°08'26.8", PO, SA, 350 m, 13.10.15.
Sinop, Gerze, N 41°41'18.5" E
035°09'16.5", CB, AC, 770 m, 13.10.15.

Sinop,  Gerze, N  41°40'50.0" E
035°09'48.8", ANE, 880 m, 13.10.15.
Sinop,  Gerze, N 41°37'53.4" E
035°06'56.8", CB, ANE, 975 m, 13.10.15.
Sinop, Gerze, N 41°36'45.1" E

035°04'37.4", ANE, 930 m, 13.10.15.
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152,

153.

154.

155.

156.

157.

158.

159.
160.
161.
162.
163.

164.

165.

166.

167.

168.

169.

170.

171.
172.
173.

174.

Sinop, Gerze, Uzundéz Yaylas;, N
41°35'38.8" E 035°03'59.4", Step, 1167 m,
13.10.15.
Sinop, Boyabat, N 41°34'38.9" E
034°59'58.3", Kayalik alan Jsp, 1300 m,
13.10.15.

Sinop, Boyabat, N 41°34'16.3" E
034°58'39.5", CO, AC, Bsp, 950 m,
13.10.15.
Sinop, Gerze, N  41°31'05.8" E
034°57'32.9", Qsp, PB, CMo 390 m,
13.10.15.

Sinop, N 41°54'19.03" E 035°02'25.6", CO,
CB, Qsp, 60 m, 13.10.15.

Sinop, Gerze, N 41°5020.8 " E
035°04'46.8", Qsp, Tarim alani, 250 m,
14.10.15.

Sinop, Boyabat yolu, N 41°47'18.2 " E

035°57'46.2", CO, Qsp, OC, 640 m,
14.10.15.
Sinop, Gerze, N 41°45045 " E

035°57'46.2", ANE, 1065 m, 14.10.15.
Sinop, Gerze, N 41°43'02.4" E 034°53'39.6",
ANE, 1300 m, 14.10.15.

Sinop, Gerze, N 41°39'31.2" E 034°52'19.2",
FO, ANE, 1110 m, 14.10.15.

Sinop, Gerze, N 41°42'56.7" E 034°5120.8",
SA, 860 m, 14.10.15.

Sinop, Erfelek, N 41°4538.8 " E
034°50'56.8", ANE, FO, 950 m, 14.10.15.
Sinop, Erfelek, N 41°48'04.6 " E
034°53'37.5", Qsp, PN, PT, OC, 730 m,
14.10.15.

Sinop, Erfelek, N 41°5029.7 "E
034°56'48.3", PO, SA, AG, 305 m, 14.10.15.
Sinop, Erfelek, N 41°50229 " E

034°46'45.4", PO, FO, CB, CA, 405 m,
15.10.15.

Sinop, Erfelek, N 41°47'49.8" E
034°47'34.6", CO, CB, 770 m, 15.10.15.
Sinop, Erfelek, N  41°48'07.9" E
034°49'10.5", CB, PS, ANE, 870 m,
15.10.15.

Sinop, Erfelek, N  41°49'04.1" E

034°50'58.1", CB, CA, CSa, FO, 700 m,
15.10.15.

Sinop, Erfelek, N  41°50'07.9" E
034°52'46.6", CB, FO, PS, Qsp, 630 m,
15.10.15.

Sinop, Gerze, N 41°50'36.4" E 034°56"23.8",
Qsp, PN, Jsp, 400 m, 15.10.15.

Sinop, N 41°47'56.6" E 035°01'01.3", PN,
Qsp, PP, 380 m, 15.10.15.

Kastamonu, Catalzeytin, N 41°49'28.3" E
034°14'17.2", FO, CB, SA, 420 m, 16.10.15.
Kastamonu, Catalzeytin, Koru Yaylasi, N
41°48'34.5" E 034°16'45.2", FO, CB, ANE,
930 m, 16.10.15.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Kastamonu, Catalzeytin, Koru Yaylasi, N
41°46'34.9" E 034°14'05.9", ANE, 1480 m,
16.10.15.

Kastamonu, Catalzeytin, Koru yaylasi, N
41°4527.3" E 034°13'51.3", Acik alan,
cayir, Jsp, 1485 m, 16.10.15.

Kastamonu, Catalzeytin, N 41°46'18.2" E
034°12'13.6", ANE, Sulak alan, 1590 m,
16.10.15.

Kastamonu, Catalzeytin, N 41°46'19.9" E
034°09'04.4", ANE, FO, 1326 m, 16.10.15.

Sinop, Tirkeli, N  41°5527.9" E
034°16'37.9", CB, PN, PS, 360 m, 17.10.15.
Sinop, Tirkeli, N  41°54'06.9" E
034°18'45.4", CS, FO, CB, 620 m, 17.10.15.
Sinop, Tirkeli, N  41°5320.0" E
034°20'53.1", Qsp, CSa, CB, 530 m,
17.10.15.

Sinop, Tirkeli, N 41°52'16.7" E

034°21'15.0", CS, CB, PO, 265 m, 17.10.15.
Sinop,  Tiirkeli, N  41°49'45.6" E
034°20'40.6", CB, CS, FO, PT, 580 m,
17.10.15.

Sinop, Tirkeli, N 41°47'07.8" E
034°20'44.7", FO, ANE, PT, 1050 m,
17.10.15.

Sinop, Tirkeli, N 41°4436.6" E
034°19'01.2", ANE, 1600 m, 17.10.15.
Sinop, Tirkeli, N  41°4527.3" E

034°17'10.6", ANE, FO, 1340 m, 17.10.15.

Sinop,  Tiirkeli, N  41°46'23.5" E
034°19'54.7", CB, OC, CCo, 1170 m,
17.10.15.

Sinop,  Tiirkeli, N  41°4836.4" E

034°20'07.5", Qsp, CB, FO, RL, 895 m,
17.10.15.

Sinop, Tirkeli, N  41°49'59.0" E
034°21'01.6", CB, CS, SC, AG, 565 m,
17.10.15.

Sinop, Tirkeli, N  41°54'01.9" E
034°21'43.5", PO, CB, SC, 185 m, 18.10.15.

Sinop, Tirkeli, N  41°45'31.5" E
034°20'54.5", PB, PO, 80 m, 18.10.15.
Sinop, Ayancik, N 41°56'32.9" E

034°48'12.8", CS, CSa, CA, EA, 150 m,
19.04.16.

Sinop, Ayancik, N 41°5524.0" E
034°45'49.6", Qsp, CB, CM, 170 m,
19.04.16.

Sinop, Ayancik, N 41°55'13.7" E
034°4023.2", PO, CB, CM, 90 m, 19.04.16.
Sinop, Ayancik, N 41°54'42.1" E

034°3726.3", PO, CO, AG, CM, RL, 300 m,
19.04.16.
Sinop, Ayancik, N 41°5628.5 E
034°35'13.1", CO, LN, EA, Qsp, 30 m,
19.04.16.
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197.

198.

199.

200.

201.

202.

203.
204,
205.

206.

207.

208.
209.

210.

211

212.

213.

214,
215.

216.

217.

218.

Sinop, Ayancik, N 41°55'47.5" E
034°34'10.3", CB, FO, CS, RL, RP, EA, 250
m, 20.04.16.

Sinop, Ayancik, N 41°56'03.1" E
034°33'32.6", CB, FO, Qsp, EA, CSa, RL,
350 m, 20.04.16.

Sinop, Ayancik, N 41°57243" E
034°29'24.5", AG, CB, FO, LN, Qsp, AU,
175 m, 20.04.16.

Sinop, Ayancik, N 41°50'30.0" E
034°37'18.0", PO, CB, CM, 240 m,
20.04.16.

Sinop, Ayancik, N 41°52'39.6" E

034°37'10.2", PO, CB, Qsp, SA, PC, 163 m,
20.04.16.
Sinop, Ayancik, N 41°53'02.6" E
034°28'34.3", CB, FO, CS, RP, 265 m,
21.04.16.

Sinop, Ayancik, N 41°52'51.4" E
034°30'49.2", FO, RP, 385 m, 21.04.16.

Sinop, Ayancik, N 41°51'14.9" E
034°29'31.7", PO, CB, 230 m, 21.04.16.

Sinop, Ayancik, N 41°51'19.5" E
034°30'14.2", PO, AG, CB, 200 m, 21.06.16.
Sinop, Ayancik, N 41°5136.7" E

034°33'44.1", CB, CO, Qsp, Jsp, PN, PS,
385m, 21.04.16.

Sinop, Ayancik, N 41°52'55.7" E
034°35'31.5", CB, CO, PN, Qsp, AC, 190 m,
21.04.16.

Sinop, Ayancik, N 41°47'448" E
034°39'40.4", CB, FO, RL, 780 m, 21.04.16.
Sinop, Ayancik, N 41°44'579" E

034°39'23.0", FO, ANE, 1090 m, 21.04.16.
Sinop,  Ayancik-Boyabat  arasi, N
41°43'14.4" E 034°3826.9", ANE, FO, PT,
1080 m, 21.04.16.

Sinop, Ayancik, Akgdl, N 41°41'50.2" E
034°35'38.3", ANE, 1025 m, 21.04.16.
Sinop, Ayancik, Inalti Magarasi, N
41°43'55.7" E 034°34'08.9", CB, AC, AP,
1120 m, 21.04.16.

Sinop, Ayancik, N 41°53'39.2" E
034°58'09.1", CB, FO, CS, AG, 226 m,
22.04.16.

Sinop, Ayancik, N 41°53'13.4" E
034°56'37.5", FO, Qsp, 290 m, 22.04.16.
Sinop, Erfelek, N 41°52'59.4" E
034°51'30.3", CB, CS, 270 m, 22.04.16.
Sinop, Erfelek, N  41°53'28.1" E
034°48'15.7", FO, Qsp, CS, 530 m,
22.04.16.

Sinop, Ayancik, N 41°51'44.7" E
034°44'04.4", FO, 650 m, 22.04.16.

Sinop, Ayancik, N 41°52'08.7" E

034°41'06.2", PO, EA, AA, PLat, 470 m,
22.04.16.

219.

220.

221.

222.

223.

224,

225,

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

Sinop, Ayancik, N 41°52'479" E
034°38'04.1", PO, CB, 210 m, 22.04.16.
Sinop, Erfelek, N 41°54'33" E 034°57'10",
Qsp, CB, Sosp, EA, AA, PLat, 153 m,
22.04.16.

Sinop, Erfelek, N 41°54'0.5" E 034°54'26",
Qsp, FO, CS, 271 m, 22.06.16.

Sinop, Erfelek, N 41°53'19" E 034°51'10",
CS, FO, CB, CSa, 437 m, 22.06.16.

Sinop, Ayancik, N 41°52'00" E 034°45'26",
FO, CB, PS, 635 m, 22.06.16.

Sinop, Ayancik, N 41°52'06" E 034°41'33",
FO, CB, Qsp, EA, Sosp, PN, 531 m,
22.06.16.

Sinop, Ayancik, N 41°51'55" E 034°34'49",
CB, PS, 485 m, 22.06.16.

Kastamonu, Bozkurt, N 41°52'51" E
034°00'40", FO, Qsp, PS, CS, 910 m,
22.06.16.

Kastamonu, Bozkurt, N 41°51'49" E
034°00'20", ANE, CS, 985 m, 22.06.16.
Kastamonu, Bozkurt, N 41°5023" E
033°58'58", Asp, ANE, Sosp, 1513 m,
22.06.16.

Kastamonu, Bozkurt, N 41°50'30" E
033°59'19", TB, ANE, LN, 1550 m,
22.06.16.

Kastamonu, Bozkurt, N 41°5026" E
033°57'04", Cayirlik alan, JCS, 1700 m,
22.06.16.

Kastamonu, Bozkurt, N 41°49'44" E
033°59'54", FO, Qsp, CO, CA, 1275 m,

22.06.16.

Kastamonu, Devrekani, N 41°47'50" E
033°56'37", FO, Qsp, CB, 1085 m, 22.06.16.
Kastamonu, Devrekani, N 41°49'00" E

033°5421", Qsp, ANE, PS, 1400 m,
22.06.16.
Kastamonu, Bozkurt, N 41°52'06" E

034°03'38", AG, PS, Qsp, EA, PN, 433 m,
23.06.16.

Kastamonu, Bozkurt, N 41°50'51" E
034°05'01", FO, PO, RP, PS, PN, 1090 m,
23.06.16.

Kastamonu, Bozkurt, N 41°48'39" E
034°04'31", ANE, PT, PS, CA, 1420 m,
23.06.16.

Kastamonu, Bozkurt, N 41°47'14" E
034°06"25", ANE, CB, 1250 m, 23.06.16.
Kastamonu, Catalzeytin, Koru Yaylasi, N
41°4721" E 034°09'55", ANE, PS, AP, 1655
m, 23.06.16.

Kastamonu, Catalzeytin, N 41°49'07" E
034°11'02", ANE, FO, 1460 m, 23.06.16.
Kastamonu, Catalzeytin, N 41°53'03" E
034°12723", CO, Qsp, 625 m, 23.06.16.
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241. Kastamonu, Catalzeytin, N 41°54'15" E
034°12726", CO, PN, FO, Qsp, 300 m,
23.06.16.

242. Kastamonu, Catalzeytin, N 41°55'41" E
034°12'40", FO, PN, AG, CB, 250 m,
23.06.16.

243. Kastamonu, Bozkurt, N 41°46'59" E
034°0526", ANE, FO, CB, 1277 m,
24.06.16.

244, Kastamonu, Devrekani, N 41°45'40" E
034°02'36", ANE, PS, 1370 m, 24.06.16.

3. Bulgular
3.1 Bitki Listesi
ANTHOCEROTOPHYTA Stotler & Crand.
Stotl.
ANTHOCEROTALES Limpr.
Anthocerotaceae Dumort.
Anthoceros punctatus L. — Lok. 18, 42, 90, nemli
toprak iizeri, OREN 603/14.
NOTOTHYLADALES Hyvonen & Piippo
Notothyladaceae Miill. Frib. ex Prosk.
Phaeoceros laevis (L.) Prosk. — Lok. 197, nemli
toprak iizeri, OREN 142/16.
MARCHANTIOPHYTA Stotler & Crand.
Stotl.
JUNGERMANNIOPSIDA Stotler & Crand.
Stotl.
JUNGERMANNIALES H. Klinggr.
Anastrophyllaceae L.S6derstr., De Roo & Hedd.
Barbilophozia barbata (Schmidel ex Schreb.)
Loeske — Lok. 76,99, 137, 152, kaya ve toprak
tizeri, OREN 251/15.
*B. hatcheri (A.Evans) Loeske — Lok. 3, 95, 100,
102, 176, kaya ve toprak iizeri, OREN 706/15.
Cephaloziaceae Mig.
*Cephalozia bicuspidata (L.) Dumort. — Lok. 91,
toprak iizeri, OREN 203/15.
*Fuscocephaloziopsis lunulifolia (Dumort.) Vana
& L.Soderstr. — Lok. 1, 185, 228, ¢iiriiyen
kiitiik iizeri, OREN 482/15.
*Nowellia curvifolia (Dicks.) Mitt — Lok.129,
giiriiyen kiitiik iizeri, OREN 375/15.
Cephaloziellaceae Douin
Cephaloziella divaricata (Sm.) Schiffn.— Lok. 99,
129, nemli toprak ve kiitiik iizeri, OREN
301/15.
C. rubella (Nees) Warnst. — Lok. 42, on soil,
OREN 324/14.
Lophoziaceae Cavers
Lophozia ventricosa (Dicks.) Dumort. — Lok. 1,
185, 228, 238, 244, ¢iiriiyen kiitik {lizeri,
OREN 198/16.
Scapaniaceae Mig.
Diplophyllum albicans (L.) Dumort. — Lok. 42,
45, 184, kumlu toprak ve kaya iizeri, OREN
638/14.

Scapania aequiloba (Schwégr.) Dumort. — Lok.
10, 49, 187, kaya iizeri, OREN 784/14.

*S. irrigua (Nees) Nees — Lok. 76, kaya iizeri,
OREN 250/15.

S. nemorea (L.) Grolle — Lok. 115, torpak {izeri,
OREN 575/15.

*mS. umbrosa (Schrad.) Dumort — Lok. 2, 42,
taneli toprak ve kaya iizeri, OREN 754/14.

S. undulata (L.) Dumort. — Lok. 228, 1slak toprak
iizeri, OREN 220/16.

Calypogeiaceae Arnell

Calypogeia fissa (L.) Raddi — Lok. 31, 35, 42,
116, 213, 227, 235, yol yamaci hemli toprak
tizeri, OREN 593/14.

Jungermanniaceae Rchb.

Jungermannia atrovirens Dumort. — Lok. 2, yol
yamact toprak iizeri, OREN 755/14.

*Liochlaena lanceolata Nees (=Syn:
Jungermannia leiantha Grolle) — Lok. 6, su
kenart 1slak kiitiik tizeri, OREN 750/14.

*Mesoptychia bantriensis (Hook.) L.Soderstr. &
Vana — Lok. 238, slak kaya {izeri, OREN
227]/16.

*M. collaris (Nees) L.Soderstr. & Vana (Syn:
Leiocolea alpestris (Schleich. ex F. Weber)
Isov.) — Lok. 27, islak kaya iizeri, OREN
823/14.

M. turbinata (Raddi) L.Soderstr. & Vana — Lok.
22, 91, 95, 100, toprak ve kaya iizeri, OREN
263/15.

Solenostomataceae Stotler & Crand.-Stotl.

Solenostoma gracillimum (Sm.) R.M.Schust. —
Lok. 42, 227, 235, yol yamact nemli toprak
tizeri, OREN 171/16.

Southbyaceae Vana, Crand.-Stotl., Stotler &
D.G.Long

Southbya tophacea (Spruce) Spruce — Lok. 8, 10,
193, 221, kalkerli toprak ve kaya iizeri, OREN
395/14.

Blepharostomataceae W.Frey & M.Stech

Blepharostoma trichophyllum (L.) Dumort. —
Lok. 14, 185,238, ciiriiyen kiitiik iizeri, OREN
613/15.

Lepidoziaceae Limpr.

*mLepidozia reptans (L.) Dumort. — Lok. 1, 129,
228, 238, ¢iirtiyen kiitiik tizeri, OREN 779/14.

Lophocoleaceae Vanden Berghen

*Chiloscyphus polyanthos (L.) Corda — Lok. 2,
177, 228, dere kenar1 kaya ve toprak lizeri,
OREN OREN 749/14.

Lophocolea bidentata (L.) Dumort. — Lok. 2, 15,
18, 30, 43, 115, 140, 183, 192, 202, 227, 241,
neli toprak, kaya ve kiitiik iizeri, OREN
547/14.

L. heterophylla (Schrad.) Dumort. — Lok. 27, 110,
227, 228, 244, kiitiik ve toprak tiizeri, OREN
47/16.
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L. minor Nees — Lok. 31, 44, 63, 97, 102, 139,
148, 232, toprak ve kiitiik iizeri, OREN
630/15.

Plagiochilaceae Miill. Frib.

Pedinophyllum interruptum (Nees) Kaal. — Lok.
27, 110, 238, dere kenar1 kaya iizeri, OREN
359/14.

Plagiochila asplenioides (L. emend. Taylor)
Dumort. — Lok. 22, 105, 166, 175, 205, kaya
ve toprak iizeri, OREN 684/15.

P. porelloides (Torr. ex Nees) Lindenb. — Lok. 18,
22, 31, 41, 72, 100, 143, 176, kaya ve agag
tizeri, OREN 348/14.

PORELLALES Schljakov

Frullaniaceae Lorch

Frullania dilatata (L.) Dumort. — Lok. 22, 26, 30,
75, 91, 105, 116, 137, 156, 171, 203, 222, 225,
240, agac ve kaya iizeri, OREN 828/14.

F. tamarisci (L.) Dumort — Lok. 139, 142, 206,
agac, kaya ve toprak iizeri, OREN 859/15.

Lejeuneaceae Cavers

Cololejeunea calcarea (Lib.) Steph. — Lok. 205,
kalkerli kaya iizeri, OREN 141/16.

*C. rossettiana (C.Massal.) Schiffn. — Lok. 115,
gblgeli kaya iizeri, OREN 553/15.

Lejeunea cavifolia (Ehrh.) Lindb. — Lok. 18, 105,
128, 198, 242, kaya ve agac iizeri, OREN
201/15.

Porellaceae Cavers

Porella arboris-vitae (With.) Grolle — Lok. 8, 32,
166, 204, kaya iizeri, OREN 664/15.

P. platyphylla (L.) Pfeiff. — Lok. 12, 23, 32, 45,
51, 63, 91, 93, 99, 101, 124, 127, 130, 137,
198, 200, 203, 223, agag, kaya ve toprak iizeri,
OREN 211/15.

Radulaceae Miill.Frib.

Radula complanata (L.) Dumort. — Lok. 29, 63,
123, 215, 222, 231, 242, agag ve kaya iizeri,
OREN 239/16.

R. lindenbergiana Gottsche ex C.Hartm. — Lok. 8,
242, toprak ve kaya iizeri, OREN 751/14.

PTILIDIALES Schljakov
Ptilidiaceae H.Klinggr.
Ptilidium pulcherrimum (Weber) Vain. — Lok. 6,
giiriiyen kiitiik iizeri, OREN 774/14.

METZGERIALES Chalaud

Aneuraceae H.Klinggr.

*Aneura pinguis (L.) Dumort. — Lok. 9, 22, 42,
76, 90, 91, 94, 96, 150, 167, 193, 1slak kiitiik,
kalkerli kaya ve toprak iizeri, OREN 256/15.

*Riccardia chamedryfolia (With.) Grolle — Lok.
10, 31, 42, 182, nemli toprak iizeri, OREN
314/14.

*R. multifida (L.) Gray — Lok. 183, nemli kiitiik
iizeri, OREN 381/15.

*R. palmata (Hedw.) Carruth. — Lok. 185, 228,
1slak kiitiik tizeri, OREN 379/15.

Metzgeriaceae H.Klinggr.

Metzgeria conjugata Lindb. — Lok. 10, 32, 42, 94,
115, 174, nemli kaya ve toprak iizeri, OREN
766/14.

M. furcata (L.) Corda — Lok. 8, 18, 27, 32, 139,
202, 208, 236, agac, kiitik ve kaya fizeri,
OREN 77/16.

FOSSOMBRONIALES Schljakov
Fossombroniaceae Hazsl.
Fossombronia angulosa (Dicks.) Raddi — Lok. 41,
toprak iizeri, OREN 645/14.

PELLIALES He-Nygrén

Pelliaceae H.Klinggr.

Apopellia endiviifolia (Dicks.) Nebel & D.Quandt
(Syn: Pellia endiviifolia (Dicks.) Dumort) —
Lok. 8, 20, 21, 22, 36, 64, 74, 76, 94, 100, 194,
221, 228, dere ve su kenari 1slak toprak ve
kaya iizeri, OREN 45/16.

MARCHANTIOPSIDA Gonquist, Takht &
W.Zimm.
BLASIALES Stotler & Crand.-Stotl.
Blasiaceae H.Klinggr.
Blasia pusilla L. — Lok. 42, yol yamac1 nemli ve
kumlu toprak iizeri, OREN 631/14.

LUNULARIALES H.Klinggr.
Lunulariaceae H.Klinggr.
Lunularia cruciata (L.) Dumort. ex Lindb. — Lok.
10, 11, 27, 32, 40, 74, 166, 173, nemli kaya ve
toprak, OREN 353/15.

MARCHANTIALES Limpr.

Aytoniaceae Cavers

Reboulia hemisphaerica (L.) Raddi — Lok. 41,51,
62, 196, golgeli kaya catlaklari ve toprak
tizeri, OREN 634/14.

Conocephalaceae Miill.Frib. ex Grolle

Conocephalum conicum (L.) Dumort. — Lok. 8,
27, 42, 102, 161, 166, 183, 195, 238, dere
kenar1 1slak kaya ve toprak iizeri, OREN
114/16.

Corsiniaceae Engl.

*Corsinia coriandrina (Spreng.) Lindb. — Lok.
219, golgeli nemli toprak iizeri, OREN
137/16.

Marchantiaceae Lindl.

Marchantia polymorpha L. subsp. montivagans
Bischl. & Boissel. — Lok. 174, 177, 228, 243,
1slak toprak iizeri, OREN 470/15.

M. polymorpha L. subsp. polymorpha — Lok. 42,
45, 177, 1slak toprak tizeri, OREN 642/14.

Ricciaceae Rchb.
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Riccia gougetiana Durieu & Mont. — Lok. 56, 58,
acik alan toprak iizeri, OREN 633/14.

*R. sorocarpa Bisch. — Lok. 24, 49, 51, agik alan
toprak iizeri, OREN 327/14.

BRYOPHYTA Schimp.
TETRAPHIDOPSIDA Goffinet & W.R.Buck
TETRAPHIDALES M.Fleisch.

Tetraphidaceae Schimp.
Tetraphis pellucida Hedw. — Lok. 1, 238, ¢iiriiyen
kiitiik {izeri, OREN 49/16.

POLYTRICHOPSIDA Doweld
POLYTRICHALES M.Fleisch.

Polytrichaceae Schwigr.

Atrichum undulatum (Hedw.) P.Beauv. — Lok. 6,
35, 42, 102, 110, 235, toprak iizeri, Ursavas
2069.

Pogonatum aloides (Hedw.) P.Beauv. — Lok. 14,
42,44, 52, 220, 235, yol yamaci toprak iizeri,
Ursavas 1586.

P. urnigerum (Hedw.) P.Beauv. — Lok. 2, 12, 14,
26, 42,51, 55,102, 210, 238, 239, toprak, kaya
ve kiitiik tizeri, OREN 804/14.

*Polytrichastrum alpinum (Hedw.) G.L.Sm. -
Lok. 174, toprak iizeri, OREN 384/15.

Polytrichum formosum Hedw. — Lok. 31, 48, 52,
132, toprak tizeri, Ursavas 1917.

P. juniperinum Hedw. — Lok. 5, 47, 49, 56, 103,
104, 121, 152, 229, toprak ve kaya iizeri,
Ursavas 1919.

P. piliferum Hedw. — Lok. 42, 47, 53, 55, 95, 99,
179, 232, toprak ve kaya iizeri, OREN 326/14.

BRYOPSIDA Pax
BUXBAUMIALES M.Fleisch.
Buxbaumiaceae Schimp.
*Buxbaumia viridis (Moug. ex Lam. & DC.) Brid.
ex Moug. & Nest. — Lok. 129, 184, 185, 227,
229, ¢iiriiyen kiitiik iizeri, OREN 323/15.

DIPHYSCIALES M.Fleisch.
Diphysciaceae M.Fleisch.
Diphyscium foliosum (Hedw.) D.Mohr — Lok.
174, 223, yol kenar1 ve yamaci toprak iizeri,
OREN 138/16.

TIMMIALES Ochyra
Timmiaceae Schimp.
*Timmia bavarica Hessl. — Lok. 51, toprak ve
kaya iizeri, OREN 551/14.

ENCALYPTALES Dixon
Encalyptaceae Schimp.
Encalypta rhaptocarpa Schwigr. — Lok. 56,
toprak tizeri, Ursavas 1529.

E. streptocarpa Hedw. — Lok. 15, 17, 24, 49, 56,
57, 65, 68, 138, 154, 212, 238, toprak ve kaya
tizeri, Ursavas 1527.

E. vulgaris Hedw. — Lok. 24, 49, 56, 90, 101, 155,
toprak ve kaya iizeri, OREN 333/14.

FUNARIALES M.Fleisch.
Funariaceae Schwigr.
Funaria hygrometrica Hedw. — Lok. 20, 56, 66,
86, 95, 106, 182, 193, 200, toprak iizeri,
OREN 861/15.

DICRANALES H.Philib. ex M.Fleisch.

Distichiaceae Schimp.

Distichum capillaceum (Hedw.) Bruch & Schimp.
— Lok. 49, 51, 100, kaya catlaklar1 iizeri,
Ursavas 1617.

Hymenolomataceae Ignatov & Fedosov

Hymenoloma crispulum (Hedw.) Ochyra — Lok.
22, kaya tizeri, OREN 734/14.

Flexitrichaceae Ignatov & Fedosov

Flexitrichum flexicaule (Schwigr.) Ignatov &
Fedosov ~ (Syn:  Ditrichum  flexicaule
(Schwigr.) Hampe) — Lok. 49, 50, 57, 62, 64,
238, kaya tizeri, Ursavas 1916.

Aongstroemiaceae De Not.

Dichodontium pellucidum (Hedw.) Schimp. —
Lok. 8, 27, 53, 228, dere ve su kenar1 kaya
tizeri, OREN 211/16.

Dicranellaceae M.Stech

Dicranella heteromalla (Hedw.) Schimp. — Lok.
174, toprak iizeri, OREN 526/15.

D. howei Renauld & Cardot — Lok. 30, 190, yol
kenar1 toprak iizeri, OREN 824/14.

D. varia (Hedw.) Schimp. — Lok. 20, 27, 122,
torpak iizeri, Ursavas 1608.

Fissidentaceae Schimp.

Fissidens bryoides Hedw. — Lok. 17, kaya
yariklari {izeri, Ursavas 1554.

F. crassipes Wilson ex Bruch & Schimp. subsp.
warnstorfii (M.Fleisch.) Brugg.-Nann. — Lok.
38, 40, 146, dere i¢i kaya tlizeri, OREN 413/14.

F. dubius P.Beauv. — Lok. 1, 2, 8, 39, 45, 47, 62,
92,136, 187,205, gdlgeli kaya ve toprak tizeri,
OREN 101/16.

F. gracilifolius Brugg.-Nann. & Nyholm — Lok.
16, toprak tizeri, Ursavas 1555.

*F. pusillus (Wilson) Milde — Loc. 8, on rocks,
OREN 768/14.

F. taxifolius Hedw. (Syn: Fissidens taxifolius ssp.
pallidicaulis (Mitt.) Monk.) — Lok. 6, 8, 16,
21, 22, 25, 27, 31, 33, 38, 53, 97, 129, 143,
180, 202, 215, 220, 224, 234, 242, toprak ve
kaya catlagi lizeri, Ursavas 2093.

F. viridulus (Sw.) Wahlenb. — Lok. 6, 36, 137,
168, 225, toprak iizeri, OREN 192/16.

Dicranaceae Schimp.
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Dicranum scoparium Hedw. — Lok. 1, 16, 24, 41,
42,47, 48, 49, 63, 65, 69, 76, 83, 92, 114, 135,
151, 168, 174, 176, 233, 244, toprak, kaya,
agac ve kiitiik tizeri, Ursavas 1891.

D. tauricum Sapjegin—Loc. 2, 4, 48, 97,102, 121,
134, 175, 228, ciiriiyen kiitiik iizeri, OREN
812/14.

Ditrichaceae Limpr.

*Ceratodon conicus (Hampe) Lindb. — Lok. 49,
toprak iizeri, Ursavas 1593.

C. purpureus (Hedw.) Brid. — Lok. 17, 30, 38, 42,
47, 56, 72, 99, 103, 105, 111, 125, 135, 141,
179, 229, toprak ve kaya lizeri, Ursavag 1590.

Ditrichum heteromallum (Hedw.) E.Britton —
Lok. 239, toprak ortiilii kaya iizeri, OREN
66/16.

*D. pusillum (Hedw.) Hampe — Lok. 112, 239,
toprak iizeri, OREN 221/16.

Pleuridium acuminatum Lindb. — Lok. 222,
toprak iizeri, OREN 223/16.

P. subulatum (Hedw.) Rabenh. — Lok. 103, toprak
iizeri, Ursavas 2020.

Trichodon cylindricus (Hedw.) Schimp. — Lok.
111, toprak tizeri, Ursavag 1995.

Pottiaceae Schimp.

Barbula unguiculata Hedw. — Lok. 16, 18, 20, 36,
37, 46, 61, 67, 70, 73, 79, 81, 94, 109, 148,
160, 172, 182, toprak ve kaya catlag: tizeri,
Ursavas 2182.

*Crossidium squamiferum var. pottioideum (De
Not.) Monk. — Lok. 72, 218, kaya iizeri,
Ursavas 2192.

Dialytrichia mucronata (Brid.) Broth. — Lok. 120,
234, dere kenar1 kaya tizeri, OREN 853/15.
Didymodon acutus (Brid.) K.Saito — Lok. 19, 56,

57, 234, toprak ve kaya iizeri, OREN 889/15.

D. insulanus (De Not.) M.O.Hill — Lok. 39, toprak
tizeri, OREN 508/14.

D. luridus Hornsch. — Lok. 38, 64, 77, 84, 119,
137, 145, 170, toprak ve kaya iizeri, OREN
310/15.

D. nicholsonii Culm. — Lok. 99, 137, dere kenar1
1slak kaya iizeri, Ursavas 2070.

D. rigidulus Hedw. — Lok. 234, kaya iizeri, OREN
216/16.

D. tophaceus (Brid.) Lisa — Lok. 83, 91, toprak ve
kaya iizeri, OREN 267/15.

D. vinealis (Brid.) R.H.Zander — Lok. 20, 27, 38,
61, toprak tizeri, Ursavas 1865

*Ephemerum recurvifolium (Dicks.) Boulay —
Lok. 88, toprak iizeri, OREN 171/15.

Eucladium verticillatum (With.) Bruch & Schimp.
—Lok. 8,22, 64,234, 1slak kalkerli kaya iizeri,
Ursavag 2044.

Gymnostomum aeruginosum Sm. — Lok. 100,
kalkerli kaya iizeri, OREN 177/15.

*G. viridulum Brid. — Lok. 95, kalkerli kaya iizeri,
Ursavas 2014.

*Microbryum curvicollum (Hedw.) R.H.Zander —
Lok. 84, 85, 87, 93, toprak tizeri, Ursavas
1874,

*M. starckeanum (Hedw.) R.H.Zander — Lok. 72,
toprak iizeri, OREN 274/15.

Pseudocrossidium hornschuchianum  (Schultz)
R.H.Zander — Lok. 63, 84, toprak ve kaya
iizeri, OREN 592/15.

Pterygoneurum ovatum (Hedw.) Dixon — Lok. 50,
56, 57, 95, toprak ve kaya iizeri, OREN
340/14.

*P. subsessile (Brid.) Jur. — Lok. 86, toprak tizeri,
Ursavas 2049.

Streblotrichum convolutum (Hedw.) P.Beauv.
var. convolutum (Syn: Barbula convoluta
Hedw. var. convoluta) — Lok. 21, 34, 37, 66,
84, toprak iizeri, Ursavas 1614.

S. convolutum  (Hedw.) P.Beauv. var.
commutatum (Jur.) J.J.Amann (Syn: Barbula
convoluta Hedw. var. sardoa Schimp.) — Lok.
18, toprak iizeri, OREN 580/14.

Syntrichia calcicola J.J.Amann — Lok. 37, 57,
toprak ve kaya iizeri, OREN 455/14.

*S. caninervis Mitt. var. gypsophila (J.J.Amann
ex G.Roth) Ochyra — Lok. 61, toprak lzeri,
OREN 646/15.

S. norvegica F.Weber — Lok. 176, kaya iizeri,
OREN 701/15.

S. princeps (De Not.) Mitt. — Lok. 29, 72, 76, kaya
ve agag lzeri, Ursavas 2165.

S. ruraliformis (Besch.) Mans. (Syn: S. ruralis
(Hedw.) F.Weber & D.Mohr var. ruraliformis
(Besch.) Delogne) — Lok. 92, toprak iizeri,
Ursavag 2166.

S. ruralis (Hedw.) F.Weber & D.Mohr — Lok. 16,
23, 24, 26, 46, 48, 49, 56, 57, 60, 79, 82, 92,
125, 131, 229, kaya, toprak, aga¢ ve kiitik
tizeri, Ursavas 1636

S. virescens (De Not.) Ochyra — Lok. 60, 81, 98,
142, agag ve kaya tizeri, Ursavas 1637.

Tortella humilis (Hedw.) Jenn. — Lok. 91, toprak
tizeri, Ursavas 2065.

T. inclinata (R.Hedw.) Limpr. — Lok. 58, toprak
tizeri, Ursavas 1630.

T. squarrosa (Brid.) Limpr. — Lok. 19, 23, 41, 62,
84, 86, 89, 90, 99, 106, 155, 172, toprak ve
kaya tizeri, Ursavas 2053.

T. tortuosa (Hedw.) Limpr. — Lok. 26, 49, 51, 58,
125, 126, 135, 136, 138, 150, 153, 243, toprak
ve kaya iizeri, OREN 585/14.

Tortula acaulon (With.) R.H.Zander var. acaulon
- Lok. 50, 57, 64, 65, 71, 77, 81, 103, 108,
toprak iizeri, OREN 315/15.

*aT. acaulon (With.) R.H.Zander var. pilifera
(Hedw.) R.H.Zander — Lok. 50, 56, 57, 64,
toprak iizeri, OREN 342/14.

*T. caucasica Broth. — Lok. 35, toprak iizeri,
OREN 470/14.
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*T. hoppeana (Schultz) Ochyra — Lok. 3, toprak
tizeri, OREN 357/14.

T. inermis (Brid.) Mont. (Syn: Syntrichia inermis
(Brid.) Bruch) — Lok. 62, 83, 131, toprak ve
kaya tizeri, Ursavas 2081.

T. lindbergii Broth. (Syn: Pottia lanceolata
(Hedw.) Mill. Hal.,, Tortula lanceola
R.H.Zander) — Lok. 56, 62, 64, 68, 72, 76, 88,
98, toprak tizeri, Ursavas 2060.

T. muralis Hedw. var. aestiva Hedw. — Lok. 74,
kaya tizeri, Ursavas 2169.

T. muralis Hedw. var. muralis — Lok. 11, 22, 24,
28, 34, 37, 38, 60, 61, 64, 74, 82, 102, 118,
240, kaya, beton ve toprak iizeri, OREN
761/14.

*T. protobryoides R.H.Zander — Lok. 71, 83, 105,
106, toprak tizeri, Ursavag 2057.

T. schimperi M.J.Cano, O.Werner & J.Guerra —
Lok. 13, 26, 42, 44, 232, toprak iizeri, OREN
783/14.

T. subulata Hedw. — Lok. 13, 16, 35, 45, 47, 50,
54, 60, 91, 113, 129, 184, 208, 223, 231,
toprak, kaya, dip kiitiik tizeri, Ursavag 1642.

*T. truncata (Hedw.) Mitt. — Lok. 176, toprak
tizeri, OREN 386/15.

Trichostomum brachydontium Bruch — Lok. 41,
toprak ve kaya iizeri, OREN 574/14.

T. crispulum Bruch — Lok. 8, 143, 157, 169, 191,
kaya ve toprak iizeri, OREN 557/15.

Weissia brachycarpa (Nees & Hornsch.) Jur. —
Lok. 17, 62, toprak tizeri, Ursavas 1589.

W. condensa (Voit) Lindb. — Lok. 142, toprak
tizeri, OREN 891/15.

W. controversa Hedw. — Lok. 54, 63, 86, 103,
toprak iizeri, Ursavas 1588.

W. longifolia Mitt. — Lok. 79, 87, 103, toprak
tizeri, OREN 306/15.

GRIMMIALES M.Fleisch.
Seligeriaceae Schimp.
Blindiadelphus recurvatus (Hedw.) Fedosov &
Ignatov (Syn: Seligeria recurvata (Hedw.)
Bruch & Schimp.) — Lok. 16, 22, 129, 234,
nemli ve golgeli kaya tizeri, Ursavas 1524.
*Seligeria pusilla (Hedw.) Bruch & Schimp. —
Lok. 27, nemli ve gélgeli kaya iizeri, OREN
339/14.
Grimmiaceae Arn.
*Grimmia anodon Bruch & Schimp. — Lok. 50,
57, 130, kaya iizeri, Ursavas 1645.

. hartmanii Schimp. — Lok. 6, 231, kaya lizeri,
OREN 355/14.

. laevigata (Brid.) Brid. — Lok. 62, 72, 75, 96,
98, 111, kaya iizeri, OREN 467/15.

. montana Bruch & Schimp. — Lok. 99, kaya
tizeri, Ursavas 2134.

. muehlenbeckii Schimp. — Lok. 6, kaya fizeri,
OREN 356/14.

® O O O

G. orbicularis Bruch ex Wilson — Lok. 49, 61,
kaya iizeri, Ursavas 2135.

G. ovalis (Hedw.) Lindb. — Lok. 17, 50, 55, 57,
58, 111, kaya iizeri, Ursavas 1646.

G. pulvinata (Hedw.) Sm. — Lok. 17, 23, 26, 29,
34,41, 56, 57,59, 60, 75, 79, 80, 82, 102, 104,
107, 112, 125, 138, 152, 240, kaya ve beton
iizeri, Ursavag 1647.

G. tergestina Tomm. ex Bruch & Schimp. — Lok.
57, kaya iizeri, OREN 506/14.

G. trichophylla Grev. — Lok. 16, 41, 46, kaya
iizeri, Ursavas 1648.

Racomitrium affine (F.Weber & D.Mohr) Lindb.
— Lok. 42, 52, 178, 236, kaya ve toprak tizeri,
OREN 645/15.

R. canescens (Hedw.) Brid. — Lok. 24, 35, 47, 81,
121, kaya ve toprak iizeri, Ursavas 1657.

R. elongatum Ehrh. ex Frisvoll — Lok. 3, 35, 43,
44,110, 159, 175, 233, kaya ve toprak {izeri,
OREN 715/16.

mR. ericoides Brid. — Lok. 42, toprak iizeri,
Ursavas 1656.

Schistidium apocarpum (Hedw.) Bruch &
Schimp. — Lok. 8, 16, 17, 24, 45, 50, 51, 53,
64, 67, 78, 94, 95, 122, 236, kaya flzeri,
Ursavas 1651.

S. atrofuscum (Schimp.) Limpr. — Lok. 65, kaya
tizeri, OREN 195/15.

S. confertum (Funck) Bruch & Schimp. — Lok. 32,
46, 47, 49, 75, 111, 135, 136, kaya lzeri,
Ursavas 1909.

S. crassipilum H.H.Blom — Lok. 15, 50, 96, 129,
240, kaya tizeri, OREN 799/14.

HEDWIGIALES Ochyra
Hedwigiaceae Schimp.
Hedwigia ciliata (Hedw.) P.Beauv. — Lok. 62, 72,
75, 99, kaya iizeri, OREN 172/15.

BARTRAMIALES D.Quandt, N.E.Bell &
Stech

Bartramiaceae Schwigr.

Bartramia halleriana Hedw. — Lok. 174, 178,
228, kaya yariklari iizeri, OREN 546/15.

B. ithyphylla Brid. — Lok. 6, 52, 55, kaya yariklar
tizeri, OREN 775/14

B. pomiformis Hedw. — Lok. 105, 237, 238, kaya
yariklari tizeri, Ursavasg 2006.

Philonotis caespitosa Jur. — Lok. 97, su igi toprak
tizeri, OREN 176/15.

P. calcarea (Bruch & Schimp.) Schimp. — Lok.
109, 238, su ici torpak ve kaya tizeri, Ursavas
2091.

P. capillaris Lindb. — Lok. 42, su i¢i torpak iizeir,
Ursavas 1584.

P. fontana (Hedw.) Brid. — Lok. 42, 46, 132, 150,
230, su igi toprak ve kaya iizeri, OREN
663/15.
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P. marchica (Hedw.) Brid. — Lok. 120, su i¢i kaya
tizeri, Ursavas 2008.

P. seriata Mitt. — Lok. 64, 112, 189, 230, su i¢i
toprak iizeri, OREN 532/15.

P. tomentella Molendo — Lok. 42, su i¢i toprak
tizeri, Ursavas 1585.

BRYALES Limpr.

Bryaceae Schwégr.

Bryum argenteum Hedw. — Lok. 7, 16, 20, 21, 23,
49,58,72,81, 95,98, 111, 223, toprak ve kaya
iizeri, Ursavas 1564.

B. dichotomum Hedw. — Lok. 83, toprak {izeri,
OREN 566/15.

Imbribryum alpinum (Huds. ex With.) N.Pedersen
—Lok. 42, 44,54,56,99, 101, 103, 150, toprak
ve kaya catlaklari iizeri, OREN 699/14.

Ptychostomum capillare (Hedw.) Holyoak &
N.Pedersen — Lok. 6, 19, 32, 39, 41, 45, 69, 72,
117,122, 123, 138, 145, toprak, kaya ve kiitiik
tizeri, OREN 705/14.

P. creberrimum (Taylor) J.R.Spence &
H.P.Ramsay — Lok. 30, kaya {izeri, Ursavas
1567.

P. donianum (Grev.) Holyoak & N.Pedersen —
Lok. 42, dere kenar1 kaya iizeri, OREN
726/14.

P. imbricatulum (Mill.Hal.) Holyoak &
N.Pedersen — Lok. 17, 49, 108, 157, toprak
tizeri, Ursavas 1569.

P. moravicum (Podp.) Ros & Mazimpaka — Lok.
59, 60, 111, 147, 149, 231, 236, toprak, kaya
ve kiitiik tizeri, OREN 828/15.

P. pallescens (Schleich. ex Schwigr.) J.R.Spence
(Syn: P. boreale (F.Weber & D.Mohr) Ochyra
& Bedn.-Ochyra) — Lok. 38, 103, toprak lizeri,
Ursavas 2106.

P. pseudotriquetrum (Hedw.) J.R.Spence &
H.P.Ramsay — Lok. 78, 97, 109, 126, 185, 211,
228, sulak alanlarda toprak tizeri, Ursavas
2005.

*Rhodobryum ontariense (Kindb.) Kindb. — Lok.
166, 174, 177, 211, toprak ve kaya iizeri,
OREN 503/15.

R.roseum (Hedw.) Limpr. — Lok. 1, 22, 51, 228,
toprak iizeri, OREN 654/14.

Mniaceae Schwagr.

Mnium hornum Hedw. — Lok. 51, kaya {izeri,
OREN 572/14.

M. marginatum (Dicks.) P.Beauv. — Lok. 49, kaya
iizeri, Ursavas 1544.

M. spinosum (Voit) Schwigr. — Lok. 51, 55, 175,
toprak iizeri, Ursavas 1543.

M. spinulosum Bruch & Schimp. — Lok. 238,
giirliyen kiitiik iizeri, OREN 67/16.

M. stellare Hedw. — Lok. 11, 32, 45, 51, 105, 109,
110, 113, 149, 167, 243, kaya ve toprak iizeri,
OREN 456/14.

M. thomsonii Schimp. — Lok. 27, 51, 186, kaya ve
toprak iizeri, Ursavas 1881.

Plagiomnium affine (Blandow ex Funck) T.J.Kop.
— Lok. 21, 32, 35, 47, 49, 51, 64, 86, 141,
toprak ve kaya iizeri, Ursavas 1540.

P. cuspidatum (Hedw.) T.J.Kop. — Lok. 122,
toprak tiizeri, Ursavas 2097.

P. elatum (Bruch & Schimp.) T.J.Kop. — Lok. 20,
123, toprak tizeri, Ursavag 2017.

P. rostratum (Schrad.) T.J.Kop. — Lok. 27, 82,
150, 187, toprak ve kaya iizeri, OREN 560/14.

P. undulatum (Hedw.) T.J.Kop. — Lok. 16, 22, 32,
64, 99, 110, 137, 148, 156, 213, 243, torpak,
kaya ve kok iizeri, OREN 326/15.

Pohlia cruda (Hedw.) Lindb. — Lok. 51, 100, 129,
228,237, toprak ve kaya iizeri, OREN 281/15.

P. melanodon (Brid.) A.J.Shaw — Lok. 21, 60, 91,
toprak tizeri, Ursavas 2101.

P. nutans (Hedw.) Lindb. — Lok. 49, 50, 51, kaya
ve agag iizeri, OREN 714/14.

P. wahlenbergii (F.Weber & D. Mohr)
A.L.Andrews var. calcarea (Warnst.)
E.F.Warb. — Lok. 11, 113, kalkerli kaya ve
torpak iizeir, Ursavas 2045.

P. wahlenbergii (F.Weber &  D.Mohr)
A.L.Andrews var. wahlenbergii — Lok. 27, 46,
162, 1slak toprak ve kaya iizeri, OREN 786/15.

Rhizomnium punctatum (Hedw.) T.J.Kop. — Lok.
32,45,175, 180, 210, 228, 243, orman i¢i dere
kenar1 kaya, toprak ve kiitiik iizeri, OREN
118/16.

ORTHOTRICHALES Dixon

Orthotrichaceae Arn.

Codonaoblepharon forsteri (Dicks.) Goffinet (Syn:
Zygodon forsteri (Dicks.) Mitt.) — Lok. 25, dip
kiitiigii iizeri, OREN 331/14.

Lewinskya affinis (Schrad. ex Brid.) F.Lara,
Garilleti & Goffinet — Lok. 14, 16, 21, 23, 30,
32, 33, 47, 59, 60, 62, 63, 75, 83, 91, 94, 97,
98, 125, 156, 240, agagc iizeri, Ursavas 1621.

L. rupestris (Schleich. ex Schwigr.) F.Lara,
Garilleti & Goffinet— Lok. 17, 45, 50, 99, 100,
105, 136, 236, kaya tizeri, Ursavas 1624.

L. speciosa (Nees) F.Lara, Garilleti & Goffinet —
Lok. 14, 16, 65, 70, 75, 79, 97, 100, 223, agag
tizeri, OREN 160/15.

L. striata (Hedw.) F.Lara, Garilleti & Goffinet —
Loc. 7,8, 14, 23,24, 30, 32, 63, 64, 75, 76, 91,
110, 237, 243, agag tizeri, Ursavas 1890.

Nyholmiella obtusifolia (Brid.) Holmen &
E.Warncke — Loc. 29, 60, agac iizeri, OREN
729/14.

Orthotrichum anomalum Hedw. — Lok. 23, 29, 49,
57, 59, 95, 117, 158, 231, 234, kaya iizeri,
OREN 461/14.

O. cupulatum Brid. — Lok. 53, 119, kaya iizeri,
OREN 523/14.
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O. diaphanum Brid. — Lok. 29, 56, 68, 88, 98, aga¢
tizeri, Ursavas 2025.

O. pumilum Sw. ex anon. — Lok. 56, 75, 165, 223,
agag lizeri, Ursavas 2024.

*Q. schimperi Hammar — Lok. 23, agac lizeri,
OREN 468/14.

O. stramineum Hornsch. ex Brid. — Lok. 7, aga¢
tizeri, OREN 786/14.

Pulvigera lyellii (Hook. & Taylor) Plasek,
Sawicki & Ochyra — Lok. 4, 7, 32, 33, 76, 98,
237, agag iizeri, OREN 809/14.

Ulota crispa (Hedw.) Brid. — Lok. 8, aga¢ dali
tizeri, OREN 415/14.

Zygodon rupestris Schimp. ex Lorentz — Lok. 218,
on tree trunks, OREN 229/16.

HYPNALES W.R.Buck & Vitt

Fontinalaceae Schimp.

Fontinalis antipyretica Hedw. — Lok. 61, 99, dere
i¢i kaya iizeri, OREN 778/15.

Plagiotheciaceae M.Fleisch.

Herzogiella seligeri (Brid.) Z.lwats. — Lok. 25,
49, 110, 129, 141, 159, 211, 227, giiriiyen
kiitiik tizeri, Ursavas 1854.

Plagiothecium cavifolium (Brid.) Z.lwats. — Lok.
2, 42, 138, 228, toprak, kiitiik ve kaya iizeri,
Ursavas 2124.

P. curvifolium Schlieph. ex Limpr. — Lok. 42, 234,
ciiriiyen kiitiik ve toprak iizeri, OREN 477/14.

P. denticulatum (Hedw.) Schimp. — Lok. 2, 6, 47,
50, 109, 175, agg tabani, ¢iiriiyen kiiriik ve
toprak iizeri, OREN 792/14.

P. nemorale (Mitt.) A.Jaeger — Lok. 35, toprak
tizeri, OREN 319/14.

P. succulentum (Wilson) Lindb. — Loc. 110, 115,
toprak {izeri, Ursavas 2121.

Pseudotaxiphyllum elegans (Brid.) Z.lwats. —
Lok. 235, yol yamaci nemli toprak tizeri,
OREN 219/16.

Pterigynandraceae Schimp.

Heterocladium heteropterum (Brid.) Schimp. —
Lok. 228, golgeli kaya iizeri, OREN 222/16.

Pterigynandrum filiforme Hedw. — Lok. 1, 4, 16,
26, 32, 33, 45, 47, 82, 95, 122, 133, 164, 209,
212,217, 224, 229, 231, agag, kaya ve kiitiik
iizeri, OREN 803/14.

Climaciaceae Kindb.

Climacium dendroides (Hedw.) F.Weber &
D.Mohr — Lok. 3, 176, 177, toprak iizeri,
OREN 756/14.

Amblystegiaceae G. Roth.

Amblystegium serpens (Hedw.) Schimp. — Lok.
16, 60, 96, 117, toprak, kaya ve aga¢ kokii
iizeri, OREN 524/14.

Campyliadelphus chrysophyllus (Brid.)
R.S.Chopra — Lok. 8, 19, 22, 28, 109, 137,
149, 195, 223, 241, toprak ve kaya iizeri,
OREN 416/14.

Campylium protensum (Brid.) Kindb. — Lok. 27,
kaya iizeri, OREN 700/14.

Drepanocladus aduncus (Hedw.) Warn — Lok.
160, kiigiik golet toprak iizeri, OREN 628/15.

Cratoneuron filicinum (Hedw.) Spruce — Lok. 46,
97, 102, 109, 137, 146, 162, 189, 201, 231,
234, sulak alan toprak ve kaya tizeri, Ursavas
1550.

Hygrohypnum luridum (Hedw.) Jenn. — Lok. 8,
21, 97, 99, 100, 118, 120, 150, 194, 199, dere
kenar kaya iizeri, OREN 391/14.

Palustriella commutata (Hedw.) Ochyra — Lok.
100, 109, 161, 204, su kenar1 kaya ve toprak
lizeri, Ursavas 2050.

P. falcata (Brid.) Hedends — Lok. 238, su kenari
kaya iizeri, OREN 217/16.

Pseudoamblystegium subtile (Hedw.) Vanderp. &
Hedenis — Lok. 16, 18, 222, kaya ve agag koki
tizeri, OREN 738/14.

Scorpidiaceae Ignatov & Ignatova

Sanionia uncinata (Hedw.) Loeske — Lok. 1, 48,
49, 51, 228, 230, orman i¢i toprak ve ¢iirilyen
kiitiik iizeri, Ursavag 1851.

Pseudoleskeaceae Schimp.

Lescuraea incurvata (Hedw.) E.Lawton — Lok.
49, 51, 230, 238, kaya iizeri, Ursavas 1571.
*L. mutabilis (Brid.) Lindb. ex I.Hagen — Lok. 50,

agac iizeri, OREN 718/14.

L. plicata (Schleich. ex F.Weber & D.Mohr)
Broth. — Lok. 44, 49, toprak iizeri, OREN
444/14.

Pseudoleskeellaceae Ignatov & Ignatova

Pseudoleskeella catenulata (Brid. ex Schrad.)
Kindb. — Lok. 49, 51, 57, 100, 187, 209, kaya
tizeri, OREN 549/14.

P. nervosa (Brid.) Nyholm — Lok. 51, agag¢ tizeri,
OREN 411/14.

Thuidiaceae Schimp.

Abietinella abietina (Hedw.) M.Fleisch. var.
abietina — Lok. 16, 23, 28, 51, 59, 62, 86, 99,
131, 181, 206, 225, 229, toprak ve kaya iizeri,
Ursavas 1575.

A. abietina (Hedw.) M.Fleisch. var. hystricosa
(Mitt.) Sakurai — Lok. 24, toprak iizeri, OREN
605/14.

Thuidium assimile (Mitt.) A.Jaeger — Lok. 26,
toprak iizeri, OREN 566/14.

T. delicatulum (Hedw.) Schimp. — Lok. 8, 16, 18,
25, 28, 30, 50, 83, 107, 113, 122, 137, 140,
148, 235, toprak, kaya ve kiitiik iizeri, Ursavas
1574.

T. recognitum (Hedw.) Lindb. — Lok. 24, 83,
toprak tizeri, Ursavas 1572.

T. tamariscinum (Hedw.) Schimp. — Lok. 22, 27,
204, 205, 227, 238, toprak, kaya ve agag kokii
tizeri, OREN 624/14.

Brachytheciaceae G.Roth.
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Brachytheciastrum salicinum (Schimp.)
J.D.Orgaz, M.J.Cano & J.Guerra (Syn: B.
velutinum (Hedw.) Ignatov & Huttunen var.
salicinum (Schimp.) Ochyra & Zarnowiec) —
Lok. 70, agag iizeri, OREN 590/15.

B. velutinum (Hedw.) Ignatov & Huttunen — Lok.
27, 31, 35, 48, 52, 78, 102, 141, 242, Kiitiik,
kaya ve toprak tizeri, Ursavas 1533.

Brachythecium albicans (Hedw.) Schimp. — Loc.
35, 46, 54, 55, 56, 71, 80, 91, 102, 122, 170,
229, toprak iizeri, OREN 591/15.

B. glareosum (Bruch ex Spruce) Schimp. — Loc.
26, 28, 29, 42, 47, 51, toprak ve kaya iizeri,
Ursavas 1837.

B. rivulare Schimp. — Lok. 16, 70, 228, 243, su
kenari kaya ve toprak iizeri, OREN 235/15.

B. rutabulum (Hedw.) Schimp. — Lok. 19, 25, 60,
116, 162, 173, 216, kaya ve toprak iizeri,
OREN 783/15.

*B. tommasinii (Sendtn. ex Boulay) Ignatov &
Huttunen — Lok. 117, 223, toprak iizeri,
OREN 830/15.

Cirriphyllum crassinervium (Taylor) Loeske &
M.Fleisch. — Lok. 22, 27, 38, 147, 198, dere
kenari kaya iizeri, OREN 550/14.

Eurhynchiastrum pulchellum (Hedw.) Ignatov &
Huttunen — Lok. 56, 105, 163, toprak tizeri,
OREN 451/14

Eurhynchium angustirete (Broth.) T.J.Kop. —
Lok. 228, 238, toprak iizeri, OREN 52/16.

E. striatum (Hedw.) Schimp. — Lok. 11, 21, 27,
39, 167, 179, 194, 197, kaya ve toprak iizeri,
Ursavas 1846.

Homalothecium lutescens (Hedw.) H.Rob. — Lok.
22,23, 29, 51, 79, 81, 93, 97, 110, 126, 138,
144, 172, 201, 203, 225, 244, kaya, torpak ve
agag kokii tizeri, Ursavas 1602.

H. philippeanum (Spruce) Schimp. — Lok. 212,
kaya iizeri, OREN 236/16.

H. sericeum (Hedw.) Schimp. — Lok. 8, 21, 49, 56,
61, 72, 97, 100, 111, 130, 137, 200, 220, 226,
242, kaya, toprak ve agagc iizeri, Ursavas 1961.

Kindbergia praelonga (Hedw.) Ochyra — Loc. 41,
toprak iizeri, Ursavas 1549.

Microeurhynchium pumilum (Wilson) Ignatov &
Vanderp. — Lok. 16, 18, 31, toprak iizeri,
Ursavag 1545.

Oxyrrhynchium hians (Hedw.) Loeske — Lok. 16,
19,21, 71,137,143, 171, 173, 180, 190, 211,
kaya, toprak ve aga¢ kokii iizeri, OREN
887/15.

O. speciosum (Brid.) Warnst. — Lok. 18, 23,
toprak ve kaya iizeri, Ursavas 1547.

Palamocladium euchloron (Mill.Hal.) Wijk &
Margad. — Lok. 8, 22, 32, 38, 109, 204, 219,
gdlgeli kayalar ve toprak iizeri, OREN 392/14.

Plasteurhynchium striatulum (Spruce) M.Fleisch.
— Lok. 28, 82, 139, kaya tizeri, Ursavas 1959.

Pseudoscleropodium purum (Hedw.) M.Fleisch. —
Lok. 8, 15, 19, 28, 41, 59, 69, 92, 114, 124,
128, 129, 135, 144, 178, 179, 181, 207, 241,
toprak iizeri, OREN 507/15.

*Rhynchostegiella teneriffae (Mont.) Dirkse &
Bouman — Lok. 36, 38, nemli ve 1slak kaya
tizeri, OREN 711/14.

Rhynchostegium megapolitanum (Blandow ex
F.Weber & D.Mohr) Schimp. — Lok. 23, 77,
tas ve toprak iizeri, Ursavas 1831.

R. riparioides (Hedw.) Cardot — Loc. 21, 31, 32,
61,96,99, 132,150,201, 228, 234, dere yatag1
kaya iizeri, OREN 135/16.

Sciuro-hypnum flotowianum (Sendtn.) Ignatov &
Huttunen — Lok. 142, kaya iizeri, OREN
602/15.

S. populeum (Hedw.) Ignatov & Huttunen — Lok.
35, 173, kaya ve toprak iizeri, OREN 671/15.

Scleropodium touretii (Brid.) L.F.Koch — Lok. 41,
197, 214, kaya ve toprak iizeri, OREN 112/16.

Hypnaceae Schimp.

Hypnum andoi A.J.E.Sm. — Lok. 21, 122, agac
tabani tizeri, OREN 506/15.

H. cupressiforme Hedw. var. cupressiforme —
Loc. 8, 16, 18, 24, 28, 31, 35, 43, 55, 64, 72,
86, 98, 114, 127, 128, 138, 163, 168, 217, 222,
225, kaya, toprak, aga¢, kok ve kiitiik tizeri,
OREN 578/15.

H. cupressiforme Hedw. var. lacunosum Brid. —
Lok. 17,19, 35,41, 48, 61, 62, 76, 82, 99, 100,
109, 118, 131, 170, 172, 188, 203, 206, kaya
ve toprak iizeri, Ursavas 1861.

H. jutlandicum Holmen & E.Warncke — Lok. 141,
152, 178, toprak ve ciiriiyen kiitiik iizeri,
OREN 529/15.

H. resupinatum Taylor (Syn: H. cupressiforme
Hedw. var. resupinatum (Taylor) Schimp.) —
Loc. 16, 24, 62, 72, aga¢ ve kaya iizeri,
Ursavas 1842.

Pylaisiaceae Schimp.

Buckia vaucheri (Lesq.) D.Rios, M.T.Gallego &
J.Guerra (Syn: Hypnum vaucheri Lesq.) —
Lok. 16, 50, 51, 57, 131, kaya ve toprak iizeri,
OREN 343/14.

Calliergonella cuspidata (Hedw.) Loeske — Lok.
8, 22, 56, 76, 102, 222, su ici toprak iizeri,
Ursavag 1551.

Homomallium incurvatum (Schrad. ex Brid.)
Loeske — Lok. 26, 122, kaya tzeri, Ursavas
1519.

Hylocomiaceae M. Fleisch.

Hylocomiadelphus triquetrus (Hedw.) Ochyra &
Stebel (Syn: Rhytidiadelphus triquetrus
(Hedw.) Warnst.) — Lok. 2, 47, 48, 51, 102,
105, 109, 151, 178, 211, 230, 233, 237, toprak
tizeri, OREN 597/15.
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Hylocomium splendens (Hedw.) Schimp. — Lok.
51, 92, 102, 138, 151, 230, toprak ve kaya
tizeri, Ursavas 1960.

Loeskeobryum brevirostre (Brid.) M.Fleisch. —
Lok. 2, 205, toprak iizeri, OREN 789/14.

Pleurozium schreberi (Willd. ex Brid.) Mitt. —
Lok. 44, 47, 49, 227, 233, toprak iizeri, OREN
10/06.

Rhytidiadelphus squarrosus (Hedw.) Warnst. —
Lok. 2, 135, toprak ve kaya iizeri, Ursavas
2151.

R. subpinnatus (Lindb.) T.J.Kop. — Lok. 177, 228,
toprak iizeri, OREN 834/15.

Entodontaceae Kindb.

Entodon concinnus (De Not.) Paris — Lok. 137,
toprak iizeri, OREN 704/15.

Leucodontaceae Schimp.

Leucodon immersus Lindb. — Lok. 45, 166, 200,
223, agac iizeri, OREN 385/15.

L. sciuroides (Hedw.) Schwigr. — Lok. 23, 30, 45,
60, 62, 72, 75, 147, 153, 164, 188, 218, 226,
agac ve kaya tizeri, Ursavas 1853.

Antitrichiaceae Ignatov & Ignatova

Antitrichia curtipendula (Hedw.) Brid. — Lok.
105, 122, 133, 210, agag, kiitiik ve kaya iizeri,
OREN 166/15.

Neckeraceae Schimp.

Alleniella besseri (Lobarz.) S.Olsson, Enroth &
D.Quandt — Lok. 72, 91, kaya ve agag tizeri,
OREN 312/15.

A. complanata (Hedw.) S.Olsson, Enroth &
D.Quandt — Lok. 8, 21, 22, 27, 76, 122, 137,
agac iizeri, OREN 232/15.

Exsertotheca crispa (Hedw.) S.Olsson, Enroth &
D.Quandt — Lok. 8, 32, 139, 166, 173, 182,
204, golgeli kaya ve agac iizeri, OREN
886/15.

*Neckera pumila Hedw. — Lok. 133, ¢iiriiyen
kiitiik tizeri, OREN 519/15.

Pseudanomodon attenuatus (Hedw.) Ignatov &
Fedosov (Syn: Anomodon attenuatus (Hedw.)
Huebener) — Lok. 9, 15, 32, 110, kaya ve agac
tizeri, OREN 847/15.

Thamnobryum alopecurum (Hedw.) Gangulee —
Lok. 8, 27, 115, 210, dere yatag: kaya iizeri,
Ursavas 1849.

Lembophyllaceae Broth.

Isothecium alopecuroides (Lam. ex Dubois) Isov.
- Lok. 6, 13, 25, 27, 33, 38, 129, 184, 216,
225,226,235, 238, kaya, agac tabani ve toprak
tizeri, OREN 770/14.

Myuriaceae M.Fleisch

Ctenidium molluscum (Hedw.) Mitt. — Lok. 8, 19,
27, 30, 49, 69, 144, 169, 176, 184, 195, 217,
238, 244, kaya ve toprak iizeri, OREN 429/14.

Anomodontaceae Kindb.

Anomodon longifolius (Schleich. ex Brid.) Hartm.
— Lok. 115, kaya iizeri, OREN 316/15.

A. viticulosus (Hedw.) Hook. & Taylor — Lok. 13,
18,22, 31, 32,75, 94, 212, kaya ve agag iizeri,
Ursavag 1966.

4. Tartisma ve Sonug

Calisma alanindan toplanan yaklagik 1600
briyofit oOrneginin teshis edilmesi sonucunda
boynuzotlarindan 2 familya ve 2 cinse ait 2 tiir;
cigerotlarindan 29 familya ve 38 cinse ait 58
tiir/tiiralts takson tespit edilmistir.
Karayosunlarindan ise 43 familya ve 116 cinse ait
250 tiir/tiiralt  takson saptanmistir. Alandan
bulunan toplam tiir/tiiralt1 briyofit sayisi ise
310°dur.

Icerdikleri takson sayisi acisindan en biiyiik
familyalar karayosunlarindan Pottiaceae (50),
Brachytneciaceae (27), Grimmiaceae (18),
Mniaceae (17) ve Orthotrichaceae (15) iken
cigerotlarindan Scapaniaceae (6),
Jungermanniaceae (5), Lophocoleaceae (4) ve
Aneuraceac  (4) seklinde  siralanmaktadir.
Karayosunlarindan 17, cigerotlarindan 14 ve
boynuzotlarindan 2 familya tek tiir ile temsil
edilmektedir. Cinslerin igerdikleri tiir/tiiralt1
takson sayilarina bakildiginda karayosunlarinda
cesitlilik acisindan ilk iki sirayr 12 takson ile
Tortula, 10 takson ile Grimmia alirken, bunlar1 7
takson ile Didymodon, Fissidens, Philonotis,
Ptychostomum ve Syntrichia takip etmektedir.
Cigerotlar1 cinslerine bakildiginda Scapania 5 tiir
ile ilk swrada yer alirken bunu 3 tir ile
Mesoptychia, Lophocolea ve Riccardia takip
etmektedir.  Karayosunlarindan 66  cins,
cigerotlarindan 24 cins ve boynuzotlarindan 2
cins ise tek tiir/tiiralt: takson icermektedir.

Alandan tespit edilen taksonlardan 2 cigerotu:
Lepidozia reptans, Scapania umbrosa ve 2
karayosunu Racomitrium ericoides, Tortula
acaulon var. pilifera, Henderson (1961) kareleme
sisteminde A2 karesi i¢in yenidir. Cigerotlarindan
18 tanesi: Corsinia coriandrina, Riccia
sorocarpa, Aneura  pinguis, Riccardia
chamedryfolia, Riccardia multifida, Riccardia
palmata, Cololejeunea rossettiana, Lepidozia
reptans, Chiloscyphus polyanthos, Cephalozia
bicuspidata, Fuscocephaloziopsis lunulifolia,
Nowellia curvifolia, Barbilophozia hatcheri,
Scapania irrigua, Scapania umbrosa,
Mesoptychia bantriensis, Mesoptychia collaris,
Liochlaena lanceolata ve karayosunlarindan 26
tanesi: Polytrichastrum alpinum, Buxbaumia
viridis, Timmia bavarica, Grimmia anodon,
Seligeria pusilla, Fissidens pusillus, Ceratodon
conicus, Ditrichum  pusillum,  Crossidium
squamiferum var. pottioideum, Ephemerum
recurvifolium, Gymnostomum viridulum,
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Microbryum curvicollum, Microbryum
starckeanum, Pterygoneurum subsessile,
Syntrichia caninervis var. gypsophila, Tortula
acaulon var. pilifera, Tortula caucasica, Tortula
hoppeana, Tortula protobryoides, Tortula
truncata, Rhodobryum ontariense, Orthotrichum
schimperi, Lescuraea mutabilis, Brachythecium
tommasinii, Rhynchostegiella teneriffae, Neckera
pumila olmak iizere toplamda 44 tiir/tiiralt1 takson
A3 karesi i¢cin yenidir.

Kardeniz  Bolgesinde yer alan  6nemli
siradaglardan biri olan ve Kiire Daglar1 Milli
Parki ve tampon bolgesini igeren bati kesimi daha
onceden briyofloristik acidan ¢alhigilan Kiire
Daglarinin bu c¢alisma ile dogu kesimi de
incelenerek onemli bir dag sirasmin briyofit
floras1 ortaya c¢ikarilmistir. Floristik listede
belirtilen lokalite, habitat ve substrat bilgileri ile
birlikte verildiginden tiirlerin dagilim, tehlike
kategorileri ve ekolojilerine ©6nemli katkilar
saglayacaktir. Ayrica detayl lokalite bilgilerinin,
floristik ¢aligmalar diginda briyofitlerle ¢alisacak
olan aragtirmacilara bir klavuz olarak yardimci
olacagi diisiiniilmektedir.

Tesekkiir: Bu ¢alisma TUBITAK tarafindan
1147149 numarali proje ile desteklenmistir.
Desteklerinden dolay1 TUBITAK a tesekkiir
ederiz.

Not: Calisma sozli bildiri olarak 19-23 Haziran
2018 tarihlerinde Kastamonu’da diizenlenen
International Ecology 2018 Symposium’da
sunulmus ve 6zet metin olarak kongre kitabinda
yer almstir.
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Oz

Bu calismanin amaci; Oncelikle Mus ve Hakkari illerinin karayosunu floralarina ve ayrica Tiirkiye
karayosunu florasma katki saglamaktir. Karayosunu 6rnekleri 2019 yili Nisan, Temmuz ve Eyliil aylar1
icerisinde Tiirkiye'nin giineydogu bolgesindeki Hakkari ilinin Cukurca ve Derecik il¢elerinden, ayrica
Tiirkiye'nin dogu bolgesindeki Musg ilinin Varto ve Merkez ilgelerinden toplanmistir. Topladigimiz
karayosunu orneklerinin teshis edilmesi sonucu, Henderson’un Tiirkiye Kareleme Sistemi’ne gére B9
(Mus) karesi i¢in 3 ve C15 (Hakkari) karesi i¢in ise 9 taksonun yeni kare kaydi oldugu tespit edilmistir.
Bununla birlikte, floristik listedeki tim taksonlar, onlarla ilgili biitiin literatiirlerin gdzden gegirilmesi
sonucu belirlenen, Tiirkiye dagilimlar1 ve Avrupa i¢in IUCN kategorileri, yasam formlar1 ve bazi ekolojik
ozelliklerine (nemlilik, 151k ve asidite) ait bilgilerle birlikte sunulmustur.

Anahtar kelimeler: Karayosunu, Flora, Kare kaydi, Hakkari, Mus, Tirkiye.

Contributions to The Moss Flora of Mus and Hakkari Provinces in Turkey

Abstract

This study firstly aims to contribute to the moss flora of Hakkari and Mus provinces and also, moss flora
of Turkey. The moss samples were collected from Cukurca and Derecik districts of Hakkari province in
Turkey's south-eastern region, furthermore from Varto and Central districts of Mus province in Turkey's
east region in April, July and September the year of 2019. As a result of the identification of these moss
specimens, 3 specific taxa have been regarded as the new records for square B9 (Mus) and 9 moss taxa for
C15 (Hakkari) according to the grid-square system of Henderson. Moreover, in the floristic list all taxa,
with their Turkey distributions, which are determined by reviewing the related all literature, and IUCN
categories in European and also life forms, ecological characteristics (humidity, light, acidity) belong to
these taxa have been given with the floristic list.

Keywords: Moss, Flora, Grid-square record, Hakkari, Mus, Turkey.
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1. Giris

Briyofitler, karasal bitkiler igerisinde hayat
dongiilerinde gametofitin hakim oldugu tek bitki
grubudur (Goffinet ve Shaw, 2009). Dabhasi,
ekolojik toleranslart tohumlu bitkilerden oldukga
farklidir ve onlarin gelisemedikleri kuru agag
kabuklar1 ve ¢iplak kaya yiizeyleri gibi substratlar
tizerinde de gelisebilirler. Bununla birlikte,
briyofitler bulunduklar1 ortamin 6zelliklerini
degistirerek, tohumlu bitkilerin gelisebilecekleri
yeni habitatlar da olustururlar. Bu 6zelliklerinden
dolay1 likenlerle birlikte primer siiksesyonda
onciil bitkiler olarak rol almaktadirlar (Glime,
2009). Ulkemizde de simdiye kadar yapilan
briyofloristik ¢alismalar sonucunda yaklasik 1030
(£191 cigerotu, £835 karayosunu, £4 boynuzsu
cigerotu) briyofit taksonun varligi ortaya
cikartilmis olmasmma  ragmen, ozellikle
Tiirkiye’'nin =~ dogu  ve giineydogusunda
calisilmamis alanlarin ¢oklugu nedeniyle, Tiirkiye
briyofit florasi halen yazilamamistir (Uyar ve
Cetin, 2004; Kiirschner ve Erdag, 2005; Ozenoglu
Kiremit ve Kegeli, 2009; Erdag ve Kiirschner,
2017). Bu ¢aligmanin amaci; biyolojik c¢esitlilik
acisindan ilkemizin ve diinyanin &nemli
alanlarindan olan Hakkari ve Mus illerinin
karayosunu floralarina katk1 saglamaktir. Simdiye
kadar ¢alisma alanina yakin bolgelerden birkag
briyofloristik ¢alisma yapilmis olsa da, bizim
calisma alanimizdan daha Once yabanci
arastirmacilarin diginda Ornek toplayan yerli
aragtirmacinin  olmamast bizi bu bdlgede
caligmaya tesvik etmistir (Henderson, 1961;
Henderson ve Prentice, 1969; Crundwell ve
Nyholm, 1979).

1.1. Cahsma alam

Ulkemizin giineydogu kesiminde Irak ve iran’la
simir komsusu olan Hakkari ili floristik olarak
[ran-Turan bitki cografyas1 bolgesine girmektedir.
Ayrica bu alan Iran-Anadolu biyolojik gesitlilik
sicak noktasi i¢indedir. Alanda daglarin birbirine
oldukga yakin olmasindan dolay1, derin vadiler ve
kayalik alanlar ¢ok miktarda yer almaktadir.
Ornegin; Hakkari ili sinirlar1 igerisinde yer alan
Derecik ilgesinin deniz seviyesinden yiiksekligi
759 metre iken, Cilo Sat Gollerinin en yiiksek
noktas1 4135 metredir. Dolayisi ile il bazinda en
diisiik ve en yiiksek noktalar arasinda 3500 metre
gibi devasa bir yiikseklik farki ortaya ¢tkmaktadir.
Bu kisa mesafelerde olusan yiikselti fark:i ile
birlikte bolgede habitat gesitliligi artmakta ve
dolayistyla bolgede tiir zenginliginde de bir artis
yasanmaktadir. Ayni durum vadi tabanlarindan
daglarin  zirvelerine dogru ¢ikildikca da
goriilebilmektedir. Bununla birlikte, bolgede
daglarin dik yamaglari, aginim ve siipiirme sonucu
coraklagmig iken egimin azaldigi yamaglar,

orman, calilik veya cayirlarla ortiiliidiir. Dogal
orman sinirt 1800-2000 metreye kadardir. 2000-
3000 metreler arasi zengin cayirlik alanlardir.
3000 metreden sonra ise dogal bitki Ortiisii
ortadan Kkalkar. Seyrek olarak vadi boylarinda ve
ozellikle daglarin kuzey yamaglarinda basta mese
topluluklart olmak iizere ardig, hus, kavak, sogiit,
disbudak gibi dogal seyrek agaglari harig tutarsak,
genellikle ilin dogu, bat1 ve kuzey kesimlerinde
hakim bitki toplulugu antropojen steptir. Ancak
bolgenin giiney kesimlerinde yer alan ve oldukga
genis bir alam1 kaplayan Toroslar’in belirli
bolgelerinde daglar arasina sikismig dar seritler
halinde sicaklik istegi yilksek meseler ve
ardiglardan olusan kuru orman kalintilarina
rastlamak mimkiindiir (Giinal, 2013). Hakkari
yoresinin  genel olarak iklim &zelliklerine
bakildiginda ise; Dogu Anadolu’nun siddetli
karasal ikliminin biitiin bilesenlerinin goriildiigii
bir yore oldugu ve bu bilesenlerin iklim
elemanlarina yansidigr goriilmektedir. Bolgenin
dogusuna ve kuzeydogusuna dogru gidildikce
karasalligin siddeti artmasina karsilik,
glineydogusuna gidildiginde bu etki 6zellikle de
alcak kesimlerde tedrici olarak azalmaktadir.
Bolgenin denizlerden uzakhgi, yiikseltisinin
fazlalig1 ve bunun yaninda yaz ve kis devrelerinde
farkli hava kiitlelerinin tesiri altinda kalmasi gibi
sebeplerden dolayi, bolgede kislar ¢ok uzun
siddetli ve karli, yaz mevsimi ise ¢ok kisa ve
oldukca sicak  gegmektedir.  Hakkari’nin
ikliminde, enlem, baki ve topografya sartlariyla
iligkili ~ olarak, kisa mesafelerde Onemli
degisiklikler de gdze carpar. ilde genis alanlari
kaplayan daglar, yiiksek platolar ve bunlarin
arasinda uzanan depresyonlar, kisa mesafelerde
birbirlerinden ayrilmaktadir. Bu arizali rolyef ve
yiikselti farkindan kaynaklanan yerel iklim tipleri
ortaya ¢ikmustir. Ilin son 57 yilin aylara gore
sicaklik ortalamasina bakildiginda, Temmuz ay1
ortalamasinin 24,8°C (en yiiksek); Ocak ay1
ortalamasinin da -4,6°C (en diisiik) oldugu
goriilmektedir. Ayrica yillik yagis miktari ise 600-
1500 mm arasinda kalmaktadir. Yagisin en fazla
oldugu ay Nisan (126,9 mm) ay1 iken, en diisiik
oldugu aylar ise Mart (120,3 mm) ve Subat (105,1
mm) aylaridir (URL1).

Calismamizin diger 6rnek toplanan lokalitesi ise
Mus ilidir. Ulkemizin Dogu Anadolu Bélgesinde
yer alan Mus ilinin, konumu itibariyle Erzurum,
Agr1, Bitlis, Bingol, Diyarbakir ve Batman illeri
ile smurlart bulunmaktadir. Bolge floristik olarak
Iran-Turan bitki cografyasi bolgesine girmektedir.
Ayrica alan Iran-Anadolu biyolojik gesitlilik sicak
noktasi igindedir. Alan ilin ortasinda yer alan ve
Mus Ovasi adini alan, bir plato ile karakteristiktir.
Bu platonun kuzeyinde ve giiney kisimlarinda
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daglik alanlar bulunmaktadir. Mus ilinin zeminini
olusturan ova ve platolar 1200-1700 metreler
arasinda degisen yiikseltilere sahiptir. Dolayisi ile
il bazinda en diisiik ve en yliksek noktalar arasinda
1750 metre gibi yiikseklik farki ortaya
¢ikmaktadir. Mus Ovasinin zengin antropojenik
step formasyonunun baslica tiirleri; geven
(Astagalus sp.), coban yastig1 (Acantholimon sp.),
kekik (Thymus sp.), yavsan otu (Artemisia sp.),
kilig otu (Stipa sp.), cakir dikeni (Gundelia
tournerforti), ¢orek otu (Nigella sativa), gelincik
(Papaver sp.), tggil (Trifolium sp.), adagayi
(Salvia sp.), sigir kuyrugu (Verbascum sp.),
tizerlik otu (Peganum harmala), brom otu
(Bromus sp.), sorgu¢ otu (Stipa sp.), ucgiil
(Trifolium sp.), deve dikeni (Alhagi pseydalhagi),
baldiran (Conium maculatum), yonca (Medicago
sp.), kanarya otu (Senecio vernalis), sarmagik
(Convolvulus cantabricus), baga (Plantago
sp.)’dir. Bu tiirler yagislt devrede geliserek ¢igek
acar, yagiglarin sona erdigi kurak devrede
kuruyarak tohumlarini sagarlar (Giinal, 2013).

Dogu Anadolu karasal ikliminin egemen oldugu
Mus ilinde, kislar soguk ve kar yagish, yazlar
tliman ve az yagishdir. Yillik ortalama sicaklik
9,7°C, en soguk ay Ocak, en sicak ay Temmuzdur.
Yagis yoniinden kis aylarinda Akdeniz, yaz
aylarinda Dogu Anadolu ikliminin etkileri
goriiliir. Merkez’de yillik ortalama yagis miktar1
886,7 mm olup, bu degerle Mus ili yar1 nemli
bolge icinde kalmaktadir. En ¢ok yagis Ocak ve
Subat, en az yagis Temmuz ve Agustos aylarinda
diiser. Mus ilinde son 54 yilin, aylara gore en
diistik (minimum) sicakligi -34,4 °C ile Subat
ayinda, en yliksek sicaklik 41,6 °C olarak Agustos
ayinda goriillmiistiir (URL2).

2. Materyal ve Metot

Arazi ¢aligmalarimiz bolgede vejetasyonun yeni
uyandigt 2019 yilinin Nisan ayindan baslayarak,
Temmuz ve Eylil aylar igerisinde devam
etmigtir. Aragtirma materyalleri Tirkiye'nin
gilineydogu bolgesindeki Hakkari ilinin Cukurca
ve Derecik ilgelerinden ve ayrica Tirkiye'nin
dogu bolgesindeki Mus ilinin Varto ve Merkez
ilgelerinden toplanmistir (Tablo 1).

Tablo 1. Lokalitelere ait veriler (LN: Lokalite Numarast)

L.N.  Sehir/ilceler Lokaliteler

Hakkari- Semdinli ile
Derecik arasi

2 Hakkari/Derecik

Selale Dinlenme
Tesisleri
Derecik ilgesine
giderken 19.km
Susam kavurma ocagi
gevresi
Samanl kdyii ile
Derik koyti arast
Umurlu Kdyiiniin

[N

3 Hakkari/ Cukurca
4 Hakkari/Derecik

5 Hakkari/Derecik

Glineyi
Kumkry1 koyt ile
® ITENVE Derik kolii arast
Ucevler kdyiine dogru,
7 Mus/Merkez Kurtik Dag1 Yolu,

Tiinel Yakinlar

Ornekleme noktalarinin segiminde vejetasyon
tipleri, deniz seviyesinden yiikseklik, su ile olan
iliskileri, habitatin baskis1 gibi ekolojik dzellikler
etkili olmustur. Toplanan karayosunu ornekleri
elde heniiz yazili bir Tiirkiye Briyofit Florasi
olmadig1 i¢in, Orneklerin teshislerinde temel
olarak; Ingiltere-irlanda floras1 (Smith, 2004) ve
diger Avrupa iilkelerine ait floralar (Nyholm,
1986, 1989, 1993, 1998; Hedenis, 1992; Pedrotti,
2001, 2006; Casas ve ark., 2006; Guerra ve ark.,
2006; Brugués ve ark., 2007; Frey ve ark., 1995)
kullanilmistir. Bu floralarin yani sira bazen
Grimmia cinsi (Greven, 2003; Munoz, 1998), ve

Yiikseklik .
(metre) GPS Kaydi Tarih

1165 37°16'38"N  44°30'77"E  04.04.2019
1013 37°06'76"N  44°24'09"E  06.04.2019
1513 37°18'12"N  43°41'5S6"E  03.09.2019
883 37°034'70"N 44°24'62"E  05.04.2019
1112 37°04'39"N  44°19'16"E  06.04.2019
1501 39°02'56"N  41°43'58"E  11.09.2019
2259 38°41'49"N  41°26'29"E  22.07.2019
Pottiaceae  familyast (Zander, 1993) i¢in

olusturulan revizyon ve monograflardan da
yararlanilmistir. Avrupa flora ve revizyonlar ile
teshisinde giicliik cekilen 6rneklerde ise Israil ve
yakin bolgeleri (Heyn ve Herrnstadt, 2004)
briyofit florasi1 da kullanilmastir.

Tiirkiye Karayosunlart Florasi icin yeni kayit
durum degerlendirmeleri i¢in ise Tirkiye
karayosunlarinim kontrol listesi (Uyar ve Cetin,
2004), Tiirkiye Briyofitlerinin referans listesi
(Kiirschner ve Erdag, 2005), Akdeniz bdlgesi
tilkelerinin karayosunlar1 kontrol listesi (Ros ve
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ark., 2013), Tirkiye Bitkilerinin Listesi
(Karayosunlart) (Erdag ve Kiirschner, 2017) ve
Tiirkiye briyofitleri i¢in yayinlanmis yeni kayitlar
gozden gegirilerek karar verilmistir. Kesin teshisi
yapilan oOrnekler 12,5 cm ebadinda zarflar
icerisinde muhafaza edilmek suretiyle Herbaryum

ornegi haline getirilip, UYAR’m briyofit
koleksiyonunda  (Ankara-Polatli))  muhafaza
edilmektedir.  Henderson (1961)  Tirkiye

Kareleme Sistemi’ne gore aragtirma alani Mus ili
icin B9 ve Hakkari ili igin C15 kareleri igerisinde
yer almaktadir (Sekil 1).

Bulamk

HAKKARi - Yiiksckova

Semdinli

Cukurca

Derecik

Sekil 1. Henderson (1961) kareleme sistemi ve ¢alisma alaninin haritasi

Teshisleri yapilan 6rneklerin kare kayit durumlari
B9 karesi igin Alatag ve ark., (2014); Alatas ve
Batan (2015; 2017); Alatas ve Ursavas (2019)
calismalari, C15 karesi igin ise Hazer (2010)
calismalarindan yararlanilmigtir. Teshis edilen
taksonlarin sistematik olarak diizenlenmesinde
Goffinet ve Shaw (2009), gegerli isim ve sinonim
durumlarinin tespitinde ise Ros vd. (2013) dikkate
almmugtir. Bitki listesinde, taksonlarin
Tiirkiye’deki dagilimlarinin  yani sira, hayat
formlari, yasam stratejileri ve toplandiklar
ortamin nemlilik durumu, 151k ve asiditesi gibi
ekolojik &zellikleri de belirtilmistir. Orneklerin
toplandiklar1 ortamin nemlilik durumu, 151k ve
asiditesi gibi ekolojik Ozelliklerinin tespitinde
arazi gozlemlerinin yani sira Dierfien (2001)’den
yararlanilmistir. Teshis edilen taksonlarin hayat
formlari, Hill vd.’ye (2007), yasam stratejileri ise
During (1979), Frey ve Kiirschner (1991) ve
Dierfen’e (2001) gore belirlenmistir. Ayrica
Listede B9 karesi i¢in yeni olan kayitlar tek
yildizla (*) ve C15 karesi igin yeni kayit olanlar
ise art1 (+) ile isaretlenmistir.

3. Bulgular

Topladigimiz karayosunu Orneklerinin teshis
edilmesi  sonucu, Henderson’un  Tiirkiye
Kareleme Sistemi’ne goére Syntrichia virescens
(De Not.) Ochyra, Ptychostomum pallens (Sw.)
J.R.Spence ve Pseudephemerum nitidum (Hedw.)
Loeske tiirleri B9 (Mus) karesi igin ve ayrica
Grimmia dissimulata E.Maier, Pterygoneurum
ovatum (Hedw.) Dixon, Syntrichia virescens (De
Not.) Ochyra, Tortella inclinata (R.Hedw.)
Limpr, Tortula subulata (Hedw.) Schimp, Bryum
argenteum Hedw., Ptychostomum elegans (Nees
in Brid) Holyoak, Ptychostomum capillare
(Hedw.) Holyoak & N. Pedersen ve Philonotis
calcarea (Bruch & Schimp.) Schimp. tiirlerinin de
C15 (Hakkari) karesi igin yeni kare kayd1 oldugu
tespit edilmistir.  Bununla birlikte, floristik
listedeki tiim taksonlar, onlarla ilgili biitiin
literatlirlerin ~ gbzden  gegirilmesi  sonucu
belirlenen, Tiirkiye dagilimlart ve Avrupa igin
IUCN kategorileri, yasam formlar1 ve bazi
ekolojik 6zelliklerine (asidite, nemlilik ve 151k) ait
bilgilerle birlikte sunulmustur (Dierfen, 2001;
Hazer, 2010; Alatas ve ark., 2014; Alatas ve
Batan, 2015; 2017; Alatas ve Ursavas, 2019;
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Ursavas ve ark., 2020; Hodgetts ve Lockhart,
2020).

Floristik Liste:

BRYOPHYTA Schimp.

Funariaceae Schwagr.

Funaria hygrometrica Hedw. - Lokasyon: 4;
Quercus sp. ormani, orman kenari, tas tzeri,
AHBV 3902, Ekolojisi: Subnétrofit; higrofit;
sciofit, Hayat formu: Obek, Yasam stratejisi:
Kagici, Tirkiye dagilimi: Al, A2, A3, A4, A5,
B6, B7, B8, B10, Cl11, C12, C13, C14, C15,
Avrupa i¢in tehlike kategorisi: LC.

Grimmiaceae Arn.

+Grimmia dissimulata E.Maier - Lokasyon: 2;
Quercus sp. ormani, yol kenari, tag tizeri, AHBV
3900, Ekolojisi: Subnétrofit, kserofit, fotofit,
Hayat formu: Yastik, Yasam stratejisi: Kolonist,
Tiirkiye dagilimi: Al, A2, A4, A5, B7, C11, C13,
Avrupa i¢in tehlike kategorisi: LC.

Ditrichaceae Limpr.

*Pseudephemerum nitidum (Hedw.) Loeske -
Lokasyon: 7; step vejetasyonu, ¢cesme kenari, tas
tizeri, AHBV 3909, Ekolojisi: Asidofit, higrofit,
sciofit, Hayat formu: Dagmik turf, Yasam
stratejisi: Tek yillik mekik, Tiirkiye dagilimi: Al,
Avrupa i¢in tehlike kategorisi: LC.

Pottiaceae Schimp.

+Pterygoneurum ovatum (Hedw.) Dixon -
Lokasyon: 1; Quercus sp. ormani, yol kenart, tag
tizeri, AHBV 3898, Ekolojisi: Bazifit; kserofit;
fotofit, Hayat formu: Dagmik turf, Yasam
stratejisi: Kolonist, Tirkiye dagilimi: Al, A3, A4,
A5, B6, B7, B8, B9, B10, C11, C12, C13, C14,
Avrupa i¢in tehlike kategorisi: LC.

+*Syntrichia virescens (De Not.) Ochyra-
Lokasyon: 1, 5, 6; Quercus sp. ormani igerisinden,
tas tzeri, AHBV 3904, Ekolojisi: Subnétrofit;
kserofit; fotofit, Hayat formu: Turf, Yasam
stratejisi: Kolonist, Tirkiye dagilimi: Al, A2, A4,
B6, B7, C11, C13, Avrupa igin tehlike kategorisi:
LC.

+Tortella inclinata (R.Hedw.) Limpr -Lokasyon:
2; Quercus sp. ormant, yol kenari, tag iizeri, AHBV
3905, Ekolojisi: Bazifit; kserofit; fotofit, Hayat
formu: Obek, Yasam stratejisi: Kolonist, Tiirkiye
dagilimi: A2, A3, A4, B6, C11, C12, C13, Avrupa
i¢in tehlike kategorisi: LC.

Tortula muralis Hedw. -Lokasyon: 1; Quercus
sp. Ormanmi kenar1 tas iizeri, AHBV 3899,
Ekolojisi: Subnétrofit; mezofit; fotofit, Hayat
formu: Turf, Yasam stratejisi: Kolonist, Tiirkiye
dagilimi: A1, A2, A3, A4, B6, B7, B8, B9, B10,
C11, C12, C13, C14, C15, Avrupa igin tehlike
kategorisi: LC.

+Tortula subulata (Hedw.) Schimp. -Lokasyon:
4; Quercus sp. ormant kenari taglik alan, tag tizeri,
AHBV 3903, Ekolojisi: Subnétrofit; kserofit;
sciofit, Hayat formu: Obek, Yasam stratejisi:
Kolonist, Tirkiye dagilimi: Al, A2, A3, A4, B6,
B7, B8, Cl11, C12, C13, Avrupa igin tehlike
kategorisi: LC.

Bryaceae Schwigr.

+Bryum argenteum Hedw. -Lokasyon: 4;
Quercus sp. ormant, yol kenari, tag iizeri, AHBV
3906, Ekolojisi: Subnétrofit, mezofit, fotofit,
Hayat formu: Turf, Yasam stratejisi: Kolonist,
Tiirkiye dagilimi: Al, A2, A3, A4, A5, B6, B7,
B8, B9, B10, C11, C12, C13, C14, Avrupa igin
tehlike kategorisi: LC.

+Ptychostomum elegans (Nees in Brid) Holyoak
-Lokasyon: 3; Su kanali i¢i, tas tizeri, AHBV 3901,
Ekolojisi: Subnétrofit, mezofit, fotofit, Hayat
formu: Turf, Yasam stratejisi: Kolonist, Tiirkiye
dagilimi: Al, A2, A3, A4, B6, B8, C11, C12,
Avrupa i¢in tehlike kategorisi: LC.

+ Ptychostomum capillare (Hedw.) Holyoak &
N. Pedersen -Lokasyon: 1; Quercus sp. ormant,
orman kenari, tag tizeri, AHBV 3908, Ekolojisi:
Subnétrofit, mezofit, sciofit, Hayat formu: Turf,
Yasam stratejisi: Kolonist, Tiirkiye dagilimi: Al,
A2, A3, A4, A5, B6, B7, B8, B9, B10, C11, C12,
C13, Avrupa igin tehlike kategorisi: LC.
Ptychostomum imbricatulum (Miill. Hal.)
Holyoak & N. Pedersen - Lokasyon: 7; step
vejetasyonu, ¢esme kenari, tas tizeri, AHBV 3982,
Ekolojisi: Subnétrofit, mezofit, fotofit, Hayat
formu: Turf, Yasam stratejisi: Kolonist, Tiirkiye
dagilimi: A1, A2, A3, A4, B6, B7, BS, B9, B10,
C11, C12, C13, C14, C15, Avrupa igin tehlike
kategorisi: LC.

*Ptychostomum pallens (Sw.) J.R.Spence -
Lokasyon: 7; step vejetasyonu, ¢esme kenari, tas
tizeri, AHBV 3910, Ekolojisi: Asidofit, higrofit,
sciofit, Hayat formu: Turf, Yasam stratejisi:
Kolonist, Tiirkiye dagilimi: Al, A2, A3, A4, B6,
B10, C11, C12, C13, Avrupa i¢in tehlike
kategorisi: LC.

Bartramiaceae Schwigr.

+Philonotis calcarea (Bruch & Schimp.) Schimp.
-Lokasyon: 3; su kanali i¢i, tas tizeri, AHBV 3911,
Ekolojisi: Bazifit, higrofit, fotofit, Hayat formu:
Turf, Yasam stratejisi: Uzun yasamli mekik,
Tirkiye dagilmi: Al, A2, A3, A4, AS, B6, B7,
B9, B10, C11, C12, C13, Avrupa igin tehlike
kategorisi: NT.

Orthotrichaceae Arn.

Orthotrichum cupulatum Hoffm. ex Brid. var.
cupulatum -Lokasyon: 2; Quercus sp. Ormani
kenar1, kaya {izeri, AHBV 3897, Ekolojisi:
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Subnétrofit; mezofit; fotofit, Hayat formu: Turf,
Yasam stratejisi: Kolonist, Tiirkiye dagilimi: Al,
A2, A5, B6, B7, B8, B9, B10, C11, C12, C13,
C14, C15, Avrupa i¢in tehlike kategorisi: LC.

4. Tartisma ve Sonug

Aragtirma materyalleri 2019 yilimin Nisan,
Temmuz ve Eyliil aylari icerisinde, Hakkari ilinin
Cukurca ve Derecik ve Mus ilinin Varto ve
Merkez ilgelerinden toplamda 7 lokaliteden
toplanmistir.  Caligma  alanindaki  briyofit
taksonlarinin biiyilk bir bolimiiniin turf hayat
formu ve kolonist yagam stratejisi gostermesi
bdlgenin genel itibariyle karasal bir iklime sahip
olmasi ile ilgilidir. Ayrica arazi calismalari
esnasinda edinilen izlenimlere gore alandaki
hakim vejetasyon antropojenik step olmakla
birlikte bolgenin giiney kesimlerinde Toroslarin
uzantilarinda daglar arasmna sikismis kiigiik
topluluklar halinde mese ve ardi¢ agaglarindan
olusan orman kalintilarina da rastlamak
miimkiindiir. Bu dar habitatlardan toplanan
orneklerden Pseudephemerum nitidum Romonya
icin nesli tehlike altinda (EN) kategorisinde,
Estonya icin ise kolay zarar gorebilir (VU)
kategorisinde smiflandirilmigtir. Ayrica, simdiye
kadar bu tlrlin Tirkiye’den yalmzca Al
karesinden kaydi1 bilinmekteydi. Bu galigma ile ilk
kez B9 karesinden de kaydi verilmis oldu.
Pterygoneurum ovatum Irlanda igin bdlgesel yok
olmus (RE) kategorisinde iken, Izlanda, Biiyiik
Britanya ve Slovenya i¢in nesli tehlike altinda
(EN) kategorisinde, Isvigre, Sirbistan icin ise
kolay =zarar gorebilir (VU) Kkategorisinde,
Hollanda igin nesli kritik tehlikede (CR)
kategorisinde ve ayrica Almanya ve Liiksenburg
icin ise (NT) tehlikeye yakin kategoride
smiflandirilmigtir. Bununla birlikte, Philonotis
calcarea Liiksenburg i¢in nesli kritik tehlikede
(CR) kategorisinde, Finlandiya, Kanarya Adalari,
Almanya igin nesli tehlike altinda (EN), Isveg,
Andorra, Sicilya ve Hollanda igin ise (NT)
tehlikeye yakin kategoride smiflandiriimustir.
Ptychostomum pallens Kanarya Adalar igin nesli
tehlike altinda (EN) kategorisinde, Macaristan
icin kolay zarar gorebilir (VU) kategorisinde,
Andorra i¢in ise (NT) tehlikeye yakin kategoride
siniflandirilmugtir. Syntrichia virescens Norveg ve
Bulgaristan i¢in kolay zarar gorebilir (VU)
kategorisinde, Polonya i¢in ise (R) nadir
kategorisinde siniflandirilmigtir. Tortula subulata
Hollanda ve Maderia icin kolay zarar gorebilir
(VU) kategorisinde smiflandirilmistir. Tortella
inclinata, Biilyiikk Britanya igin nesli tehlike
altinda (EN) kategorisinde, Portekiz i¢in kolay
zarar gorebilir (VU) kategorisinde iken,
Finlandiya, Liiksenburg, Romanya, Hollanda ve
Norveg icin (NT) tehlikeye yakin kategoride

siniflandirilmistir. Grimmia dissimulata Irlanda
ve Liiksenburg icin kolay zarar gorebilir (VU)
kategorisinde siniflandirilmigtir.  (Hodgetts ve
Lockhart, 2020). Bu verilerden de agikg¢a
anlagilacagi {izere, arastirma bolgesi bircok
degerli karayosunu tiirii i¢in Onemli habitatlar
bulundurmaktadir. Bu verilerin 1s1ginda bizler,
alanda briyofitler iizerine floristik arastirmalarin
daha da artmasi ve detaylandirilmasi gerektigini
diistiniiyoruz.
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Abstract
Mosses are a group of non-vascular plants containing sources of secondary metabolites with anti-cancer, anti-
microbial, and antifungal properties. This study aimed to evaluate the antifungal potential of the different
extracts (ethanolic, methanolic and acetonic extracts) of mosses, collected from Iran against the
phytopathogenic fungi Fusarium solani (IRAN 11C), by the twofold serial dilution method. The used extract
concentrations percentage were: 100, 50, 25, 12.5, 6.25 and 3.125%. The results indicated that, by increasing
the concentration of extracts, the antifungal activities also increased, and the radial growth of test fungi was
reduced. Ethanolic extracts in particular showed the best antifungal activities with significant inhibition on the
growth of test fungi at the highest and lowest concentrations.
Keywords: Mosses, Extract, Antifungal effects, Minimum inhibitory concentration.

Baz1 Karayosunu Ekstraktlarinin Fitopatojenik Mantar “Fusarium Solani”
Uzerindeki Mantar Oldiiriicii Potansiyelinin Degerlendirilmesi

Oz

Karayosunlari, anti-kanser, anti-mikrobiyal ve antifungal 6zelliklere sahip ikincil metabolizma kaynaklar
igeren bir grup vaskiiler olmayan bitkidir. Bu ¢aligmanin amaci, Iran'dan toplanan karayosunlarmin farkli
ekstraktlarin (etanolik, metanolik ve asetonik ekstreler) antifungal potansiyelini, fitopatojenik mantarlar
Fusarium solani'ye (IRAN 11C), Hastaliga yol agan ve bugdaym kok ciiriimesine karsi degerlendirmekti. Iki
katli seri seyreltme yonteminde kullanilan ekstre konsantrasyonlar yiizdesi: %100, 50, 25, 12.5, 6.25, 3.125
idi. Sonugclar, ekstraktlarin konsantrasyonunu arttirarak antifungal aktivitelerin de arttigini ve test mantarlarinin
radyal bilyiimesinin azaldigim gosterdi. Ozellikle etanolik ekstraktlar, en yiiksek ve en diisiik
konsantrasyonlarda test mantarlarinin bilyiimesinde 6nemli bir inhibisyon ile en iyi antifungal aktiviteyi
gosterdi.

Anahtar kelimeler: Karayosunlari, Ekstrakt, Antifungal etkiler, Minimum inhibit6r konsantrasyonu.
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1. Introduction

Bryophytes are the largest group of land plants after
the Angiosperms and are placed between algae and
ferns (Asakawa, 2007). This group comprises three
categories: Bryophyta (mosses), Marchantiophyta
(liverworts), and Anthocerophyta (hornworts)
varies between 15000 and 20000 species known in
the world (Goffinet and Shaw, 2009). The small size
and biomass of these plants have made them ignored
for extensive uses. The most important properties
that helped the bryophytes to maintain their position
in today’s flora, is their content of bioactive
compositions. They are used for pharmaceutical,
horticultural, household purposes (Glime and
Saxena, 1991). Due to the growing concern about
the infection increase caused by antibiotic-resistant
microorganisms, attention to these plants with
antimicrobial activity has become increasingly
important in recent years. The antimicrobial activity
of various bryophytes was studied in detail by
Banerjee (2001). Deora et al. (2007) studied three
bryophytes such Plagiochasma articulatum
Kashyap, Anthoceros longii Steph., Fissiden
bryoides Hedw. for their antibiotic effect on
Agrobacterium tumifacians.

Shirzadian et al. (2009) investigated different
extracts of 23 species of bryophytes including 21
species of mosses and two species of liverworts on
seven pathogenic fungi and observed that, ethanolic
extract of six species of mosses namely Grimmia
pulvinata (Hedw.) Smith, Philontis marchica
(Hedw.) Brid., Drepanocladus aduncus (Hedw.)
Warnst., Bryum pallens (Brid.) Sw., Haplocladium
sp., Plagimnium rugicum, and two species of
liverworts, namely Pellia epiphylla (L.) Corda and

Dumortiera hirsuta (Sw.) Nees had the most
spectrum of antifungal effects.

Alam (2013) examined the effects of the ethanol,
methanol, and chloroform extracts of Hyophila
rosea Williams against three fungal species,
namely, Aspergillus flavus, Alternaria alternate,
and Phytophthora infestans, and observed that, all
the three extracts showed significant inhibition
against tested microorganism in comparison with
the commercial fungicide Bifonazol.

Deora and Suhalka (2016) also evaluated the
fungicidal potential of moss Philonotis revolute
Bosch. & Lac. against a fungus Helminthosporium
turcicum.

The main purpose of the present study is to evaluate
the antifungal effects of ethanolic, methanolic and
acetonic extracts of some mosses from Khuzestan
province of Iran and determine their minimum
inhibitory ~ concentration  (MIC) on  the
phytopathogenic fungus Fusarium solani (Mart.)
Sacc.

2. Materials and Methods

2.1. Plant material

Samples of regarding plants were collected from
their locations [Chelo Andica and Sheyvand
(Khouzestan, Iran)] in spring (2018) and identified
by the help of some taxonomic monographs such
Smith (2004) and Kiirschner (2006, 2007, 2008)
(Table 1). After collection of the plant samples, they
were kept in the refrigerator (+4 °C) and processed
to obtain their extracts.

Table 1. List of collected samples of mosses along with their related data

No. Taxa Locality Coordinates | Altitude (m)
1 Cinclidotus fontinaloides Chelo, Andika 4968 70E 600
' 324047 N
2 Cinclidotus riparius. Chelo, Andika gg gg 1(7) II\E] 600
3 Oxyrrhynchium hians Sheyvand waterfall, 1zeh g? %2 g; E 550
4 Oxystegus tenuirostris Chelo, Andika gg 23 Zg E 600
5 Palustriella commutata Sheyvand waterfall, 1zeh g(l) 31,2 33:; II\E] 550
6 Platyhypnidium riparioides Sheyvand waterfall, I1zeh g? ?1)2 g; E 550
7 Syntrichia ruralis Sheyvand waterfall, 1zeh g? ?1)2 g; E 550
8 Tortula muralis Sheyvand waterfall, 1zeh g(l) ;g 33:; II\E] 550
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2.2. Preparation of the extract

Moss specimens were transferred to the lab and
washed with water to remove soil particles. One
gram of plant material per repetition was finely
ground with a pestle and mortar. The extract was
prepared using 10 ml of ethanol 96 % (Merck),
methanol 80 % (Merck), and acetone 80 % (Merck).
The suspensions were kept in a refrigerator for 24
hours and then centrifuged (2500 rpm, 30 min)
(Banerjee and Sen, 1979) These extracts were used
as 100 per cent crude extract, then serially diluted
by distilled water to provide different
concentrations from 100 — 3.125 %.

2.3. Test organism

The pure culture of test fungi Fusarium solani
(Mart.) Sacc (IRAN 11C) was obtained from the
Department of Pathology, Iranian Research
Institute of Plant Protection, Agricultural Research
Education and Extension Organization (AREEQ),
Tehran, Iran.

2.4. Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration (MIC) of
the moss extracts was examined on Potato Dextrose
Agar (PDA). The used extract concentrations (100,
50, 25, 12.5, 6.25 and 3.125 %) were added to PDA
(at 45 °C) and then the resulting media were poured
in petri dishes (8 cm in diameter). Ethanol 96 %,
methanol 80 %and acetone 80 % were added to the
medium in control plates. Then, inoculum discs (5
mm in diameter) from seven days growing cultures
of F. solani placed in the middle of petri plates
containing PDA and extracts. Each treatment was
examined on three plates as repetition which were
incubated in 27 °C. After seven days (when the
fungus overgrows on control plates), the radial
growth of F. solani was recorded for each plate. The
percentage of fungal growth inhibition was
calculated as in Pandey formula (Pandey et al.,
1982).

Growth inhibition % = [(growth in control — growth
in sample)/growth in control] x 100

The values reported for MIC were the lowest
concentrations of extracts on which the fungus grew
a little after seven days.

2.5. Statistical analysis

The data of the two parameters (concentration and
moss extract) were statistically analyzed using SAS
9.2 program with Completely Randomized Block
(CRB). Inhibition of radial growth was examined
using analysis of variance (ANOVA) and the means
were compared by Duncan test.

3. Findings

Different doses (100, 50, 25, 12.5, 6.25 and 3.125
%) of the extracts from eight mosses were tested
against F. solani to determine their antifungal
activity in vitro tests (Figures 1-2). The results of
analysis of variance showed that all tested extracts
caused inhibition in the growth of fungi.
Furthermore, the data analysis revealed the
differences between the extracts and dosages, and
their interaction was significant (p<0.01). The
results indicated that, by increasing the
concentration of extracts, the antifungal activities
also increase (Tables 2-3). The comparison of
means showed that, maximum inhibition of F.
solani growth was found at the highest doses which
were followed by other concentrations 50, 25, 12.5,
6.25, and 3.125 % of the moss extracts, as compared
to control, showed the least inhibition on fungus
growth. The ethanolic extract of Oxystegus
tenuirostris at highest dose (100%) was the most
effective in decreasing fungus growth (49.66 %)
followed by acetonic extract of Syntrichia ruralis
(32.66 %), methanolic extract of Tortula muralis
(30.33 %) and ethanolic extract of Cinclidotus
riparius (29.66 %). The growth inhibition of O.
tenuirostris varies from 49.66 to 8 % in various
concentrations. The lowest effect of inhibitory
fungus growth at highest concentration (100 %) is
related to Oxyrrhynchium hians (10.33 %). In the
lowest concentration (3.125 %) of various extracts,
the maximum inhibition of fungus growth was
obtained by Cinclidotus fontinaloides (10.33 %)
and O. tenuirostris (8 %). Among methanolic and
acetonic extracts, T. muralis and S. ruralis, indicate
the highest effect on the tested fungus respectively
30.33 % and 32.66 % in high concentration (100
%). The MIC for all the extracts against the
microorganisms in the study was in the range of
3.125 % to 6.25 % except for S. ruralis which was
0.25 %.
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Figure 1. Mycelium growth of F. solani on PDA in
the control (a), 100 (b), 50 (c), 25 (d), 12.5 (e), 6.25
(f), 3.125 (g) percent concentration of ethanolic
extract of Cinclidotus riparius.

Figure 2. Mycelium growth of F. solani on PDA in
the control (a), 100 (b), 50 (c), 25 (d), 12.5 (e), 6.25
(f), 3.125 (g) percent concentration of ethanolic
extract of Oxystegus tenuirostris.

Table 2. ANOVA table for the effect of different concentrations of moss extracts on inhibition of F. solani

growth.
Source DF Sum of Squares Mean Squares  F value Pr>F
Extract 9 3633.646181 403.738465 131386  <.0001
Concentration 5 7887.647569 1577.529514 5133.66  <.0001
Extract * Concentration 45 3203.585069 71.19.779 231.67 <.0001
Error 120 36.87500 0.30729
Total 179 14761.75382
cv 4.997171
Table 3. Percent of inhibition growth of F. solani by different concentrations of moss extracts on PDA and
MIC.
Concentration %

Extract Mosses 100% | 50% | 25% | 125% | 6.25% | 3.1250% | Vi€

Cinclidotus | ) o5t | 10334 | 10.33¢c | 10.33b | 10.33a | 10.33a | 3.125%

fontinaloides

Cinclidotus | g 56 | 24054 | 20.33a | 14.66a | 10.33a | 4.66bcd | 3.125%

. riparius
Ethanolic OXVStequs
ySlegus 49.66a | 24.66a | 20.33a | 14.66a | 10.33a | 8.00ab | 3.125%

tenuirostris

Palustriella 1466f | 10.33d | 66d4. | 466d | 466¢c | 0.00d | 6.25%

commutate
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Platyhypnidium | o) 54 | 1466b | 10.33¢ | 5.00¢d | 5.00bc | 5.00bc | 3.125%
riparioides
Cinclidotus 20.66¢ | 14.33b | 14.33b | 10.33b | 10.33a | 3.33cd | 3.125%
riparius
Methanolic Oxyrmgggh'“m 10.33g | 04.66¢ | 4.66d | 4.66d | 4.66c | 4.66bcd | 3.125%
Tortula 30.33¢c | 14.66b | 10.00c | 466d | 4.66c | 4.66bcd | 3.125%
muralis
Cinclidotus 1566 f | 10.66d | 5.66d | 5.66c | 566b | 566bc | 3.125%
. riparius
Acetonic Syntrichia
yruralis 32.66b | 12.66¢ | 5.33d | 0.00e | 0.00d | 000d | 25%

*Within each column having the same letters are not significantly different (Duncan p< 0.01).

4. Results and Discussion

The observations showed that, ethanolic extract was
more effective on fungus growth. This finding was
similar to the one obtained Deora and Guhil (2014).
They assessed the antifungal potential of moss
Bryum argentium and B. cellulare in various
concentrations from 10-100 % against the
phytopathogenic fungi Curvularia lunata, the
causal organism of leaf spot of Zea mays. They
reported that, the ethanolic extract of B. argentium
had a strong antifungal activity with significant
inhibition on the growth of Curvularia lunata. They
also found that, the radial growth and fresh weight
of test fungi was significantly decreased in response
to all concentrations ranging between 10-100 %.

Veljic et al. (2008) showed that, the methanol
extract of P. commutata possessed an acceptable
antifungal activity with a MIC 2.5-5.0 mg/ml
against Aspergillus niger, A. ochraceus, A.
versicolor, A. flavus, Penicillium funiculosum,
Trichoderma viride, and Candida albicans.

Latinovic et al. (2019) evaluated antifungal activity
of C. fontinaloides in three dosages 5 puL, 10 pL and
15 pL to suppress mycelial growth of certain fungal
plant pathogens Botryosphaeria dothidea and
Calosphaeria sp. and indicated that extract of C.
fontinaloides exhibited no inhibitory activity no
matter the dosage applied. Also, in the present
study, ethanolic extract of C. fontinaloides showed
no significant different inhibition to different
concentrations.

Colak et al. (2011) used four different extracts (ethyl
alcohol, methyl alcohol, chloroform and acetone) of
P. riparioides, Leucodon sciuroides, Hypnum
cupressiforme, Homalothecium sericeum, and
Anomodon viticulosus aganist eight bacterial and

fungal strains. They observed that, ethanol extracts
of P. riparioides had inhibition effect against
Saccharomyces cerevisiae.

Tedela et al. (2014) looked into the antimicrobial
effects of acetonic, ethanolic, methanolic and
hexanic extracts of Calymperes erosum and Bryum
coronatum at the concentrations of 0.625, 1.25, 2.50
and 5.00 mg/ml against 20 clinically important
bacteria pathogens. The MIC of the extracts of C.
erosum were between <0.625 and >5.0 mg/ml. They
also reported that, ethanolic extract had relatively
higher activity among the extracts following acetone
and Bryum coronatum extracts. Alam et al. (2011)
investigated the fungi toxicity and growth inhibition
of the aqueous extract of Dumortiera hirsuta in 13
concentrations  (50-700 ppm) against seven
postharvest phytopathogens and found that spore
germination of all phytopathogens completely
inhibited by the Dumortiera extract within the
ranging between 400-550 ppm concentrations.

In this study acetonic extract of S. ruralis had the
lowest antifungal activity with a MIC 25 %. The
literature data about the antimicrobial effects of
some mosses are negligible and need more attention.
Elibol et al. (2011) indicated that, acetonic extract
of S. ruralis had not antifungal effect against
Saccharomyces cerevisiae.

The above-mentioned study indicates that, although
all tested concentrations may have a deterrent effect,
the lowest tested concentration does not necessarily
mean the minimum inhibitory concentration and
upward intermediate concentrations often have a
more acceptable inhibitory effect. The bryophyte
extracts made ready in various solvents were
effective in the reduction of the fungal growth as
they possess different secondary metabolites that
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acting as antifungal agents. The activity of various
solvent extracts was in the order of
ethanolic>methanolic>acetonic as the bioactive
compounds are more soluble in organic solvents.

The possible reason behind this might be the
multitudinous solubility of various plant metabolites
in different solvents, in which the differential
antifungal activity was observed. The manner of
action of these plant extracts probably include some
cellular modifications (e.g. destruction of cytoplasm
and malformations in cell wall structure) and finally
affects all over growth of hyphae and subsequent
mycelia (Sharma, 2008).

Numerous environmental troubles are resulted in the
intensive use of commercial fungicides in
agriculture, whereas the natural plant-derived
products for agriculture have less impact on the
environment. These findings can conform the
infrastructure for latter research to plan an
optimized preparation of moss extracts to further
evaluation them against a wider range of fungal
strains. The possible antifungal components can be
extracted at mass scale by using the advanced
techniques (e.g. tissue culture) so that they can be
eco-friendly used for controlling of phytopathogens.
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Abstract

In this study, a detailed study of the essential oil from Leucobryum glaucum (Hedw.) Angstr. was
evaluated by gas chromatography/flame ionization detector (GC/FID) and gas chromatography/mass
spectrometry (GC/MS) methods as well as screened for antibacterial activities of the essential oil and
solvent extracts (n-hexane and methanol). According to the results, a total of 47 compounds were
detected, among which thujopsadiene (35.5%) and S-curcumene (25.4%) were the main components. In
the second part of this study, the essential oil and solvent extracts were tested for its antimicrobial activity
against 9 microorganisms with minimal-inhibitory-concentration (MIC) values in the range 61-4235 pg /
mL.

Keywords: Leucobryum glaucum, Essential oil, Solvent extract, GC-FID/MS, Antimicrobial activity

Leucobryum glaucum (Leucobryaceae)'un U¢ucu Yagimin Kimyasal Bilesimi ve
Antimikrobiyal Ozellikleri

Oz
Bu c¢alismada, Leucobryum glaucum (Hedw.) Angstr.'nin ugucu yagmin detayll c¢alismasi gaz
kromatografisi/ alev iyonlastirma dedektorii (GC/FID) ve gaz kromatografisi/ kiitle spektrometresi ile
degerlendirildi hem de ugucu yag ve ¢oziicii ekstraktlarimin (n-hekzan ve metanol) antimikrobiyal
aktivitesi incelendi. Sonuglara goére, thujopsadien (%35,5) ve p-curcumen (%25,4) baslica bilesenler
olmak tiizere toplamda 47 bilesik belirlendi. Caligmanin ikinci kisminda ise ugucu yag ve ¢Oziicii
ekstraktlarinin antimiktobiyal aktivitesi 9 mikroorganizmaya karsi minimum-inhibisyon-konsantrasyonu
(MIK) degerleri 61-4235 pg / mL araliginda test edildi.

Anahtar kelimeler: Leucobryum glaucum, Ugucu yag, Coziicii ekstrakti, GC-FID/MS, Antimikrobiyal
aktivite

* Corresponding author: mavi_gnc@hotmail.com

© 2020 All rights reserved / Tiim haklar: saklidur.

To cite this article: Celik G. 2020. Antimicrobial Properties and Chemical Composition of the Essential Oil of
Leucobrium glaucum (Leucobryaceae). Anatolian Bryology. 6:2, 112-118.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.



mailto:mavi_gnc@hotmail.com
https://orcid.org/0000-0002-4634-3354

Celik G. 2020. Anatolian Bryol.........................

1. Introduction

Bryophytes, which are separated into three
classes: Bryophyta (mosses), Marchantiophyta or
Hepaticae (liverworts), and Anthocerotophyta
(hornworts), consist of 25,000 species of mosses
(Bryophyta) in the wide-spread in almost every
part of our world (Saritas et al., 2001; Pannequin
etal., 2017).

The species of Leucobryum glaucum (Hedw.)
Angstr. related to the Leucobryaceae family
(Bryophytes). The mosses of the genus
Leucobryum is represented by 2 taxa, in Turkey.
Many species from Bryophytes were used in folk
medicine for various purposes in the world. In
fact, besides its use as pharmacological activities,
and for its antibacterial, antitumor, antiseptic,
anticoagulant,  insect  antifeedant,  nerve
protecting, and cytotoxic qualities, providing at
the same time (Boyom et al., 2003; Li and Zhao,
2009; Tosun et al., 2015). Additionally, previous
studies have reported that the members of
mosses have rich content including terpenoids,
phenolics, glycosides, fatty acids, and the same
rare aromatic compounds (Zeinsmeister and
Mues, 1987; Zeinsmeister, et al., 1991; Jockovic
et al., 2008; Sabovljevi¢ et al., 2009; Sabovljevi¢
et al., 2010). Recent phytochemical researches
revealed that the dominant chemical essential oil
components of mosses were aldehydes, terpenes,
and aliphatic and aromatic compounds (Ugiincii
et al., 2010; Cansu et al., 2013; Tosun et al.,
2014). In contrast studies on the volatile
composition and essential oil of mosses are still
incompletely known (Tosun et al., 2015;
Valarezo et al., 2018).

Our study represents the first and significant
addition to solve the importance of the chemical
composition of essential oil and antimicrobial
activities of essential oil and solvent extracts in
mosses in Turkey. Due to this, this paper aimed
to identify the essential oil composition of L.
glaucum and essential oil and solvent extracts (n-
hexane and methanol) antimicrobial activities
were investigated.

2. Material and Method

2.1. Sample collection

L. glaucum was collected from Ordu-Turkey
(altitude: 1560-1700 m) in September 2013. The
mosses were identifications immediately after
collection. Voucher specimen diagnosed (Uyar
and Cetin, 2004; Fedosov and Ignatova, 2009;) by
Assoc. Prof. Dr. Nevzat BATAN and deposited in
the Herbarium of the Department of Biology
(KTUB: 1609), Faculty of Science, Karadeniz
Technical University, Turkey. Plant material

cleaned to remove any residual compost, dried
under the shadow, and stored in an air-tight
container until use and grounded before use.

2.2. Isolation of essential oil

The essential oil of L. glaucum was obtained from
the air-dried above the ground part of the moss (85
g) by hydrodistillation in a Clevenger-type
apparatus with a cooling bath (-15 °C) system (3
h) [yields: 0.05% (w/w)]. The obtained oils were
dissolved in HPLC grade n-hexane (0.5 mL), dried
over anhydrous sodium sulfate and stored at 4 C
in a sealed brown vial. Two pL of the essential oil
was directly injected into the GC-FID/MS
instrument.

2.3. Solvent (hexane and methanol) extracts
Air-dried grounded whole part of L. glaucum (10
g, each) extracted with n-hexane and methanol to
give 0.035 g and 0.675 g extracts, respectively.

2.4. Gas Chromatography-Mass Spectrometry
(GC-FID/MS)

GC analysis performed wusing a gas
chromatography device (Shimadzu GC 2010
Plus, Kyoto, Japan) attached to a mass selective
detector (Shimadzu QP2010 Ultra, Kyoto, Japan)
according to the previously described method
(Renda et al., 2016). The separation was carried
out using a Restek Rxi-5MS capillary column
(Bellefonte, PA, USA) 60 m length, 0.25 mm i.d.
and a 0.25 pm phase thickness in split mode. The
carrier gas was helium (99.99%) at a constant
flow rate of 1 mL/min. Detection was
implemented in electronic impact mode (EI);
ionization voltage was fixed at 70 eV, scan mode
(40-450 m/z) was used for mass acquisition.

Volatile compounds were compared to their
retention index (RIs) (relative to C¢-Cso n-alkane
standards) for identification (Adams, 2004).
Mass spectral data were compared to those held
in the FFNSC1.2 and W9N11 library of mass
spectra (Bicchi et al., 2008; Kahriman et al.,
2011; Ozgeng et al., 2017). The sample was
analyzed and the mean reported.

2.5. Antimicrobial activity

All tested microorganisms were obtained from
the Refik Saydam Hifzissihha Institute (Ankara,
Turkey). These were Escherichia coli (ATCC
25922), Yersinia pseudotuberculosis (ATCC
911), Pseudomonas aeruginosa (ATCC 43288),
Staphylococcus  aureus  (ATCC  25923),
Enterococcus faecalis (ATCC 29212), Bacillus
cereus (709 Roma), Mycobacterium smegmatis
(ATCC 607), Candida albicans (ATCC 60193),
Candida  tropicalis (ATCC  13803) and
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Saccharomyces cerevisiae (RSKK 251). The
essential oil was dissolved in n-hexane (84.700
pg/mL) and solvent extracts were dissolved in
dimethyl-sulphoxide  (99.0%) (DMSO) to
prepare extract solution within the range of
19.700-150.200 pg/mL. The screening results are
shown in Table 2.

2.6. Agar dilution MIC assay

The antimicrobial effects of the essential oil, n-
hexane, and methanol extracts were tested
quantitatively in respective broth media by using
the agar well diffusion method, and the minimal
inhibition concentration (MIC) values (pg/mL)
were examined and used in our previous work
(Ahmad et al., 1998; Villanova, 1999; Tosun et
al., 2014). The antibacterial and antifungal
assays were performed in Mueller-Hinton broth
(MH) (Difco, Detroit, MI) at pH 7.3 and buffered
Yeast Nitrogen Base (Difco, Detroit, MI) at pH
7.0, respectively. The microdilution test plates
were incubated for 18-24 h at 35 “C. Brain Heart
Infusion broth (BHI) (Difco, Detriot, MI) was
used for M. smegmatis, and incubated for 48-72
h at 35 "C (Wood et al., 2003). The MIC was
defined as the lowest concentration that showed
no growth. Ampicillin (10,000 pg/mL),
streptomycin (10.000 pg/mL), and fluconazole
(2.000 pg/mL) were used as a standard
antibacterial and antifungal drug, respectively.
Dimethyl-sulfoxide (DMSO) with a dilution of
1:10 was used as solvent control.

3. Results and Discussion

3.1. Chemical composition

The essential oil L. glaucum (aerial parts) was
obtained by hydrodistillation producing a yellow
colored essential oil in the range of 0.05% (w/w).
The combination of the essential oil of L.
glaucum was identified by GC-FID and GC-MS
and the components were determined by the
association of their linear retention indices rates
(against Cs-C3p n-alkanes on Restek Rxi-5MS
capillary column) and mass spectra under
identical experimental conditions (Table 1)
(Ugiincii et al., 2010; Kahriman et al., 2011;
Cansu et al., 2013; Tosun et al., 2015; Renda et
al., 2016; Ozgeng et al., 2017). The chemical
components of the essential oil were grouped
into nine classes, which were terpene/terpenoids

(monoterpene hydrocarbon, oxygenated
monoterpene,  sesquiterpene  hydrocarbons,
oxygenated sesquiterpenes), aliphatic

hydrocarbons, aldehydes, ketones, alcohols, and
other in Table 1. The chemical profile explained
that essential oil contained 47 specific
constituents, which accounted for 98.6% of the
total amount. L. glaucum essential oil was

included 1 monoterpene hydrocarbon (0.1%), 1
oxygenated monoterpene (0.1%), 15
sesquiterpene hydrocarbons (73.6%), and 9
oxygenated sesquiterpenes  (19.5%). These
chemical class variations of the mosses could be
connected to the climatic conditions and
environmental agents for example, ecospecies,
location, season, soil properties, age of the plant,
and extraction techniques (Tosun et al., 2015).

Looking at the consequences of the essential oil
of L. glaucum, four of the most abundant
components of this moss were thujopsadiene (31;
35.5%), p-curcumene (36; 25.4%), cedrol (43;
7.6%) and cis-isolongifolene (44; 5.0%). The
chemical components of the essential oil of L.
glaucum presented in this study were parallel and
different following previous reports (Cansu et al.,
2013; Sim-Sim et al., 2017; Valarezo, et al.,
2018). For example, it was reported that essential
oils of the mosses, was rich in monoterpene
hydrocarbons (a- and pS-pinene, camphene, p-
cymene, myrecene, limonene, a-terpinene, and
camphor) and aldehydes (n-heptanal, n-octanal,
n-nonanal, 2(E)4(E)-decadienal, 2(E),4(2)-
decadienal, n-tetradecanal, benzaldehyde, and
benzene acetaldehyde) with high percentages
(Shaw and Goffinet, 2000; Adams, 2004;
Ozdemir et al., 2009; Tosun et al., 2014).
Similarly, Ucgiincii et al. presented of the
essential oils of mosses Tortula muralis Hedw.,
Homalothecium lutescens (Hedw.) H. Rob.,
Hypnum cupressiforme Hedw. and Pohlia nutans
(Hedw.) Lindb. from Turkey were rich in
aliphatic and aromatic aldehydes: n-heptanal, n-
nonanal, 2(E),4(E)-decadienal, benzaldehyde,
phenylacetaldehyde, aliphatic alcohols: n-
octanol, 1-octen-3-ol, and hydrocarbons: C12-
C18, saturated, mono- and di- unsaturated
(Ugiincii et al., 2010). In the essential oil of
mosses species from Ecuador, ninety-four
constituents  were identified, the major
components were epizonarene (8.7%) and a-
selinene (6.7%) in the oil of Breutelia tomentosa,
f-selinene (13.5%) and a-selinene (10.5%) in the
oil of Leptodontium viticulosoides, selina-3,11-
dien-6-a-ol (19.7%) and curcuphenol (10.6%) in
the oil of Macromitrium perreflexum, epi-a-
muurulol (15.1%) and a-cadinol (12.5%) in the
oil of Campylopus richardii, a-cadinol (36.8%)
and o-santalene (8.4%) in the oil of Rhacocarpus
purpurascens, and phytol (21.7%) and valerenol
(10.1%) in the oil of Thuidium peruvianum
(Valarezo et al.,, 2018). Our results are in
agreement which reported that aldehydes (3.8%),
among which hexanal (1; 1.2%) were the
important constituent in the essential oils of L.
glaucum. In contrast to the previously reported,
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our analysis of the essential oil of L. glaucum in dominant class (Ozdemir et al., 2009; Ugiincii et
Turkey found that sesquiterpene hydrocarbons al., 2010; Cansu et al., 2013; Tosun et al., 2014;
and oxygenated sesquiterpenes were the Tosun et al., 2015).

Table 1. Essential oil compounds identified from L. glaucum.

A
No Compounds Area®(%) Exp.RI? Ident.LRI
1 Hexanal 1.2 817 802
2 Heptan-2-one 0.1 900 892
4 Heptanal 0.2 909 902
5 2(E)-Heptenal 0.1 962 959
6 1-Octene-3-ol 0.2 982 979
7 3-Octanone 0.1 990 984
8 2-Amylfuran 0.3 996 991
9 Octanal 0.2 1006 999
10 o-Terpinene 0.1 1010 1017
11 Benzene acetaldehyde 0.1 1050 1042
12 2(E)-Octenal 0.1 1062 1055
13 Octanol 0.2 1071 1068
14 Nonanal 1.2 1106 1101
15 2(E)-Nonenal 0.1 1163 1162
16 Decanal 0.1 1208 1202
17 2(E)-Decenal 0.1 1265 1264
18 2(E),4(2)-Decadienal 0.1 1298 1293
19 Tridecane® 0.1 1300 1300
20 Undecanal 0.1 1310 1307
21 2(E),4(E)-Decadienal 0.2 1321 1317
22 Bicycloelemene 16 1348 1333
23 Eugenol 0.1 1361 1359
24 S-Bourbonene 0.2 1390 1388
25 Tetradecane® 0.5 1403 1400
26 Longifolene 0.2 1411 1408
27 (E)-Caryophyllene 0.4 1422 1419
28 S-Ylangene 3.7 1429 1421
29 S-Copaene 0.1 1436 1432
30 y-Elemene 1.4 1440 1437
31 Thujopsadiene 355 1472 1468
32 y-Gurjunene 1.0 1481 1477
33 S-Selinene 0.6 1493 1490
34 Valencene 1.6 1499 1496
35 (E)-p-Guaiene 1.6 1508 1503
36 S-Curcumene 25.4 1522 1516
37 Selina-3,7(11)-diene 0.1 1550 1547
38 Germacrene B 0.2 1563 1561
39 Ledol 0.3 1573 1569
40 Spathulenol 0.5 1579 1578
41 Caryophyllene oxide 3.8 1589 1583
42 Viridiflorol 0.5 1602 1593
43 Cedrol 7.6 1609 1601
44 cis-Isolongifolene 5.0 1617 1613
45 S-Eudesmol 1.4 1643 1651
46 Valerianol 0.1 1666 1658
47 Longifolol 0.3 1718 1715
Constituents
Monoterpene hydrocarbon 0.1
Oxygenated monoterpene 0.1

Sesquiterpene hydrocarbons 73.6
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Oxygenated sesquiterpenes 19.5
Aliphatic hydrocarbons 0.6
Aldehydes 3.8
Ketones 0.2
Alcohols 0.4
Other 0.3
Total 98.6

2RI calculated from retention times relative to those of n-alkanes (Ce-Cso) on the same methyl silicone capillary

column.
bPercentages obtained by FID peak-area normalization.
CIdentified by authentic samples.
A: Leucobryum glaucum

3.2. Antimicrobial activity

The antimicrobial activities of the essential oil
and solvent extracts (n-hexane and methanol) of
L. glaucum were examined using minimal-
inhibitory-concentration (MIC) values with
different microorganisms (strains of bacteria,
yeast, and fungi), which are listed in Table 2
(Barry et al., 1999; Woods et al., 2003; Tosun et
al.,, 2015). All analyzed examples moderate to
low antibacterial activity against all ten
microorganisms with the MIC values varied from
61 pg/mL to 4235 pg/mL. Table 2 shows that,
essential oil and solvent extracts (n-hexane and
methanol) from L. glaucum no antimicrobial
activities against Gram-negative  bacteria
(Escherichia coli, Yersinia pseudotuberculosis,

and Pseudomonas aeruginosa). In general,
Staphylococcus aureus, Enterococcus faecalis,

Bacillus cereus, Mycobacterium
smegmatis, Candida albicans, and
Saccharomyces  cerevisiae  (Gram-positive

bacteria, acido-resistant mycobacterium, and
yeast-like fungi) were selective microorganisms
to the essential oil and solvent extracts (n-hexane
and methanol) of L. glaucum. In addition, if
compared to that of all studied samples, the
hexane extract of L. glaucum exhibited good
antibacterial activity (61-985 upg/mL). The
highest bioactivity was detected against
Mycobacterium smegmatis with MIC values (61-
405 pg/mL).

Table 2. Screening for the antimicrobial activity of the essential oil and solvent extracts of L. glaucum.

Stock Sol. | Microorganisms and minimal inhibition concentration (MIC, ug/mL)
Samples pg/mL Ec Yp Pa Li Sa Bc Ms Ca Sc
Essential oil  84.700 - - - - 4235 2117 405 4235 4235
Methanol ext. 150.200 - - - - 938 469 117 469 234
Hexaneext.  19.700 - - - - 123 61 61 985 985
Amp. 10 10 18 >128 10 10 35 15
Strep. 10 4
Flu 5 <8 <8

Ec: Escherichia coli (ATCC 25922), Yp: Yersinia pseudotuberculosis (ATCC 911), Pa: Pseudomonas

aeruginosa (ATCC
faecalis (ATCC 29212),
Roma), Ms: Mycobacterium

27853), Sa: Staphylococcus
Li: Listeria monocytogenes (ATCC 43251), Bc: Bacillus cereus (709
smegmatis (ATCC607), Ca: Candida

aureus (ATCC  25923), Ef:  Enterococcus

albicans (ATCC

60193), Sc: Saccharomyces cerevisiae (RSKK 251), Amp.: Ampicillin, Strep.: Streptomycin, Flu.:

Fluconazole, —: no activity of test concentrations.
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Abstract

The most important aspect of this study is that the effect of Hypnum cupressiforme Hedw. which is a
bryophyte species as a “green inhibitor” on the corrosion behavior of mild steel in 1.0 M HCI solution at
298 K is being examined for the first time. The inhibitory effect of moss extract was investigated applying
the electrochemical impedance spectroscopy (EIS) technique. Nyquist diagrams were performed by EIS to
examine the variation of the different concentrations of the extract with some immersion-time parameters.
Also, the surface charge of the metal in terms of the inhibition mechanism was determined by the EIS
technique and as a result, it was found that the protonated inhibitor molecules were adsorbed directly onto
the metal surface. The surface morphology studies of working electrodes were performed using field
emission scanning electron microscope (FESEM) and optical metal microscopy techniques.
Electrochemical tests and surface analysis studies support each other.

Keywords: Bryophyte, Hypnum cupressiforme, Green inhibitor, Acidic corrosion, EIS.

Uzun Siireli Impedans Testleri ile Asidik Cozeltideki Yumusak Celigin Korozyonuna Yeni Bir
Inhibitér Yaklasimi: Hypnum cupressiforme (Bryophyta) i¢in Yeni Bir Uygulama Alam

Oz

Bu ¢aligmanin en 6nemli yonii, 298 K’de 1,0 M HCl ¢6zeltisindeki yumusak ¢eligin korozyon davranisina,
bir briyofit tiiri olan Hypnum cupressiforme Hedw. nin “yesil inhibitor” olarak etkisinin ilk kez inceleniyor
olmasidir. Karayosunu ekstraktinin inhibitor etkisi, elektrokimyasal impedans spektroskopisi (EIS) teknigi
uygulanarak arastirilmistir. Ekstrakt’in farkli derisimlerinin bazi zaman parametreleriyle degisimini
incelemek amaciyla, EIS ile Nyquist diyagramlari olusturulmustur. Ayrica, EIS teknigi ile metalin
inhibisyon mekanizmasi agisindan yiizey yiikii belirlenmis ve bunun sonucunda, protonlanmis inhibitor
molekiillerinin dogrudan metal yiizeyine adsorplandigi bulunmustur. Calisma elektrotlarmin yiizey
morfoloji incelemeleri alan emisyonlu taramali elektron mikroskobu (FESEM) ve optik metal mikroskobu
teknikleri kullanilarak gergeklestirilmistir. Elektrokimyasal deneylerle, yiizey analizi ¢aligmalar1 birbirini
destekler niteliktedir.

Anahtar kelimeler: Briyofit, Hypnum cupressiforme, Yesil inhibitor, Asidik korozyon, EIS.
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1. Introduction

Metallic materials undergo structural degradation
called “corrosion” as a result of their interaction
both electrochemically and chemically with their
environment (Allaoui et al., 2017; Fang et al.,
2019). Corrosion is a phenomenon that harms life
from industry until it reaches homes (Xu et al.,
2013). Since corrosion cannot be virtually
eliminated in industrial and many areas, inhibiting
and deceleration of corrosion have been their
central focuses. In acidic solutions, the
application of inhibitors is one of the most
common and most influential methods used to
protect metals against corrosion. Different
organic compounds containing heteroatoms in
their structure were synthesized and used as
inhibitors on various metal surfaces (Emregiil and
Hayvali, 2006; Ozkir and Cifcibas1, 2017; Ozkar,
2018, 2019). Also, synthetic organic and
inorganic inhibitors are also used to prevent
corrosion, but their utilization is restricted due to
their toxic effects on the environment. For this
reason, the trend towards environmentally
friendly corrosion inhibitors called “green” is the
majority instead of using toxic and harmful
chemicals in recent years (Abakedi et al., 2016;
Dar, 2011; Oguzie, 2008; Singh et al., 2016).

As a “green” word, it is a branch of technology
and science that uses environmentally friendly
chemicals and reduces the application of
environmentally hazardous materials. Recently,
scientists working in the field of corrosion science
have drawn attention to the green synthesis of
organic inhibitors using techniques such as the
ultrasound and microwave method (Aljuhani et
al., 2018; Ameta et al., 2015). Besides, different
plant extracts (Abdel-Gaber et al., 2006;
Alibakhshi et al., 2018) attract researchers for the
development of green corrosion inhibitors. Plants
are unique assets that turn solar energy into a
source of life through photosynthesis.
Photosynthesis is a phenomenon that cleans the
water, soil and air in the environment (Sheldon,
2016). It is also the raw material of many fruits
and vegetables that we use in our daily lives. The
use of corrosion inhibitors obtained from plant
extracts among all green compounds is important
because it is harmless to human health and is of
interest for to low environmental toxicity. If we
compare the synthetic corrosion inhibitors with
the corrosion inhibitors obtained from the plant
extract, those obtained from the plant extract are
less costly and obtaining is shorter and easier than
the inhibitors obtained by synthesizing (Mo et al.,
2016; Fang et al., 2019).

To use plant-derived compounds as corrosion
inhibitors, it is first necessary to understand the
mechanisms to reduce the corrosion rate.
Aromatic compounds generally found in their
structure have high inhibitory properties and
electrochemical activity. The mechanisms of
action of plants as corrosion inhibitors are
generally as follows: They perform their functions
either by adsorbing molecules and ions on the
metallic material or by reducing the reaction rate
in the cathodic/anodic region or by increasing the
electrical resistance of the metal surface (Dar,
2011; Houbairi et al., 2013; Al-Senani, 2016).

Bryophytes, the ancestors of land plants, are
spread all over the world from the equator to the
poles. The first bryophytes which are probably
liverworts most likely appeared in the Ordovician
period, about 450 million years ago (Delwiche
and Cooper, 2015) and today they have could
been still able to survive. Despite its primitive
structures, bryophytes have many adaptive
features for adaptation to terrestrial life. One of
these adaptive features is the biosynthesis of
secondary metabolites which are enormously
diverse in the bryophytes against environmental
stress (biotic or abiotic). The secondary
metabolites of the bryophytes such as terpenoids,
phenolic compounds, alkaloids are a defense
against the competition, microbial attack and,
insect or animal predation. Moreover, these
metabolites are also important in UV protection,
drought tolerance, and freezing survival (Xie and
Lou, 2009).

Several studies have reported the successful use
of plant extracts containing secondary metabolites
as green corrosion inhibitors to inhibit the
corrosion of metals in an acidic and alkaline
environment (Rani and Basu, 2012; EI Quariachi
et al., 2010; Abiola et al., 2007; Okafor et al.,
2005; El-Etre, 2003; Ebenso and Ekpe, 1996). In
these studies, higher vascular plants were used as
plant material. In this context, no published
studies on bryophytes which are non-vascular
earliest land plants have been encountered as plant
material. Therefore, the present study aimed to
indicate the usability of bryophytes as green
inhibitors against corrosion and revealing their
anti-corrosion effects.

The present study is especially important for the
first time by testing a corrosion inhibitor of
cosmopolitan moss species Hypnum
cupressiforme in Turkey. For this purpose, it was
aimed to investigate the effect of moss extract as
an inhibitor on the corrosion of mild steel in 1.0
M HCI solution. It is focused to find out by
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calculating some thermodynamic parameters with
which the adsorption isotherm that this green
inhibitor is adsorbed on the mild steel surface by
electrochemical tests at different concentrations.
As a result of all these studies, it has been
discussed that the environmentally friendly
extract, which is not harmful and toxic, is an
application-oriented and highly  effective
inhibitor.

2. Materials and Methods

2.1. Plant material

The plant material was collected from Adana-
Aladag, Bagpinar highplateau, 1014 m, 37°33" N,
35°24' E, on rock in July 2019 and identified
using relevant literature (Smith, 2004; Cortini
Pedrotti, 2006).

2.2. Preparation of extract solutions

Distilled water and HCI with analytical grade
were used in all test solutions prepared for
application in electrochemical experiments. The
moss specimens were firstly cleaned from the
grounded parts of its roots. Later, H.
cupressiforme specimens were dried to prepare
the stock solution of moss extract in an oven for
approximately 2 h at 80 °C and the moss
specimens were powdered in a pestle. Powdered 7
g of the moss specimens were weighed and 250
mL distilled water was added and refluxed for 24
h. The refluxed solution was filtered and the
extracted one was light yellow colored (Figure 1).

Figure 1. Filtered and evaporated moss extract

The concentration of the stock moss solution
studied was 0.202% (w/v). Other concentrations
were prepared by dilution of the stock solution.
The concentration of the stock solution was
determined by evaporation of 50 mL of the moss
solution and weighed the residue.
Electrochemical measurements were performed
in 1.0 M HCI solution to provide electrolyte
medium.

2.3. Electrodes and electrochemical tests

Mild steel with the following percentage
composition (wt.%) such as 0.08400% C,
0.01100% P, 0.06030% Cr, 0.00222% Nb,
0.07890% Ni, 0.01100% V, 0.01040% Mo,
0.21700% Cu, 0.01900% S, 0.40900% Mn,
0.01620% Sn, 0.10200% Si, 0.00198% Co and
98.977% Fe was used as the working electrode.
The electrodes were inserted in a cylindrical mold
containing polyester and the surface area 0.5024
cm? of electrodes were exposed to the aggressive
medium. The surfaces of the working electrodes
were polished with 150 and 600 grids of abrasive
paper before each electrochemical test. The
electrodes’ surfaces were cleaned with acetone
and distilled water and allowed to dry at ambient
temperature. Three conventional electrode
techniques were used for all electrochemical
experiments. The first of them is mild steel was
used as the working electrode mentioned above.
The second one, the counter electrode is a
platinum plate with a surface area of 1.0 cm?, and
the third one is AgQ/AgCl as the reference
electrode. All potentials granted in this study are
given by a reference electrode.

Electrochemical impedance spectroscopy tests
were performed using a computer-controlled CHI
660B model electrochemical analyser. These tests
were realized in 1.0 M HCI solution in without
and with different moss extract concentrations.
Before all electrochemical measurements, the
working electrodes were immersed in the working
solution for 1 h in order to stabilize the system for
the open circuit potential (Ecorr). EIS
measurements were conducted on the Ecorr at a
frequency range of 10°to 5x10° Hz with 5 mV
amplitude applied to the system. One, 48 and 120
h measurements were realized to examine long-
term EIS experiments. Surface images were taken
120 h of duration in aggressive solution (1.0 M
HCI) with and without moss extract using metal
microscope (digital camera integrated
OLYMPUS BX-51 model) and FE-SEM (Zeiss
GeminiSEM 500 with computer controlled)
techniques. The surface analyses were only
performed in a 1.0 M HCI solution containing
without and with 0.05% (w/v) moss extract for
each surface measurement. The potential of zero
charge (Epzc) of mild steel was found by using EIS
method. The values of the polarization resistance
(Rp) at open circuit potential were enrolled at +
0.200 V (Ag/AgCl) ranges and the R, values
recorded against their potential values were
plotted as a graph. The all electrochemical
experiments were conducted at 298 K.
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3. Results and Discussion

3.1. EIS test results

EIS is one of the most common and practical
techniques used to investigate the protective effect
of inhibitor molecules on metal (Siirme and
Giirten, 2009; Siirme et al., 2011). The most
important reason for choosing this method is that
it does not disrupt the metal / solution interface in
time-based tests. Inhibitor concentrations studied
in 1.0 M HCI solution are 0.001%, 0.005%,
0.01%, 0.025% and 0.05% (wi/v), respectively.
The experimental data of the Nyquist diagrams
obtained from the electrochemical analyser were

enrolled as “txt” files and the equivalent circuit of
the system was formed from these data by using
Zview?2 software. Proposed equivalent electrical
circuits (Figure 2) and Nyquist diagrams formed
of the mild steel electrodes in hydrochloric acid
solution and all concentrations of the moss extract
have been indicated for 1 h, 48 h and 120 h
exposure times in Figure 3. Figure 2 shows two
types of equivalent circuit models. The first is the
equivalent circuit used for the 1.0 M HCI solution
in Figure 2a. The other is the circuit model valid
for all inhibitor solutions (Figure 2b).

Ro
e
Rs Ret Rd RL

(@)

Figure 2. Proposed equivalent circuits for blank (a) and inhibited (b) solutions

The main difference between the two is the
presence of film resistance (Rf) caused by
adsorption in inhibited solutions. On the other
hand, only for the blank solution are inductive
resistance (R.) and inductance (L). All these
equivalent circuits describe the corrosion process,
and especially the adsorption process in inhibited
solutions. The polarization resistance (Rp) in the
equivalent circuit valid for the 1.0 M HCI solution
is responsible for the charge transfer resistance
(Re) together with the diffuse layer resistance
(Rq). However, during the adsorption process of
the moss extract to the metal surface, the
polarization resistance includes the sum of the
film resistance (Ry) and the pore resistance (Rpor).
When pore resistance is referred to here, all types
should come to mind from the resistance of the
accumulated species (Ra) originating from
corrosion products on the metal surface to the
charge transfer (Re) and diffuse layer resistance
(Rq). While the inhibitor adsorbs to a mild steel
surface, the contribution of these species is
inevitable.
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Figure 3. Nyquist plots for mild steel in 1.0 M
HCI in the absence and presence of different moss
extract concentrations after 1, 48 and 120 h
immersion times
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It is clear that from Figure 3 by adding moss
extract to 1.0 M HCI solution leads to increase
resistance owing to the adsorption of bryophyte
molecules to the mild steel surface (Ozkir et al.,
2012). It is indicated that the charge transfer

process occurring at the metal/solution interface is
delayed with the contribution of the moss and that
it is caused by the protective feature of this
inhibitor. The impedance parameters related to the
adsorption process are also presented in Table 1.

Table 1. The related impedance parameters obtained from fitting results for mild steel 1.0 M HCI solution
with and without containing the moss extract at different exposure time.

Time Rs CPE
(Q Rp RL L n
Sy | cmy @OM) @WFem?d n @om) (H) (%)
1lh
Blank 1.2 72 110 0.94 8 4 -
0.001 1.2 334 101 0.80 - - 784
0.005 1.2 344 91 0.86 - - 791
0.010 1.0 456 80 0.86 - - 84.2
0.025 1.2 510 69 0.86 - - 859
0.050 1.0 640 55 0.81 - - 888
48h
Blank 1.1 5 10123 0.94 0.7 1 -
0.001 0.8 240 1037 0.74 - - 979
0.005 0.9 258 523 0.76 - - 981
0.010 1.1 296 301 0.75 - - 983
0.025 1.1 396 107 0.77 - - 987
0.050 1.1 522 67 0.79 - - 99.0
120 h
Blank 1.4 4 36520 0.89 0.4 0.3 -
0.001 1.2 40 5681 0.74 - - 90.0
0.005 1.0 56 3395 0.74 - - 929
0.010 1.2 83 1713 0.72 - - 952
0.025 1.2 155 514 0.77 - - 974
0.050 1.1 170 211 0.75 - - 977

The protective effect of this moss extract is
determined by calculating the percent inhibition
efficiency (%) values for each concentration of
the inhibitor at each immersion time. The 5%
values were calculated with the following
equation (Ozkir, 2019b):

R —R
17 (%) = (%]XIOO )

p

where #% is the percent inhibition efficiency
value, R, and R, are in inhibited and uninhibited
polarization resistance values, respectively.
Depending on immersion times in acidic solutions
with and without inhibitor, deviations from the
semicircles are observed in the EIS curves. The
frequency scattering becomes more evident as the
immersion times increase (especially at the end of
120 h). Frequency dispersion is also caused by the
increment in surface roughness due to prolonged
exposure to an acidic solution. In Figure 3, as the
concentration rises at each immersion time, R,
values enhanced accordingly. The inhibitor

protects the mild steel surface at the highest
concentration (0.05%) with an 89% effect after a
1-hour immersion time. This is a very good and
high result for green inhibitors. As a result,
Nyquist diagrams in the moss extract solutions
progress in depressed cycles at low and high
frequencies. The high frequency loop is
responsible for R¢: and Rg, the low one is control
of Ry and Ra (Figure 2). According to EIS
diagrams of Figure 3, the resistance values of both
hydrochloric acid solution and solutions
containing the moss extract decrease as the
immersion times increase. In other words, the
capacitive loop diameters of Nyquist curves are
getting smaller.

It can be seemed clearly from both Figure 3 and
Table 1 that the surfaces of mild steels immersed
for 48 h in acidic solutions containing moss
extract, have reached a more stable state than the
first hour measurements. This means that the
inhibitor molecules are adsorbed tightly on the
mild steel surface and have a protective effect. It
can also be easily understood from the fact that the
inhibition efficiency values in Table 1 are above
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98% at the end of 48 h. Also, at the end of this
period, it can be said that the best inhibition of the
mild steel surface is achieved at an optimum
concentration as 99.0%. Even at the end of the
120-hour exposure period, the protection effect is
still above 90%. The durability of the inhibitor is
quite good even after this time. This high
inhibition effect results from secondary
metabolites known to contain molecules such as
phenolic compounds, nitrogenous compounds and
terpenes, the main source of which is bryophyte.
It can be said that this high effect is caused
primarily by the aromatic ring and the n-electrons
in this ring, which are particularly present in
phenolic and nitrogenous compounds. There is
also an orientation towards the Fe surface from
heteroatoms such as oxygen and nitrogen in
phenolic compounds and nitrogenous compounds,
and unshared electron pairs in these heteroatoms.
In this case, it can be interpreted that it closes the
surface like a cover and performs corrosion
inhibition. As a result, considering all the
immersion times of the inhibitor, extremely
successful results were achieved with EIS
completely.

CPE is the Constant Phase Element value. CPE
values progressively attenuated as concentration
increased during all immersion times. This
diminish in CPE values is due to the reduction in
local dielectric constant or increase of double
layer thickness (Obot and Obi-Egbedi, 2011). “n”
value is the roughness coefficient of the metal
surface. As seen in Table 1 in particular, as the

inhibitor was added to the acidic solution, the “n”
values were smaller than the uninhibited solution.
As the inhibitor molecules are added to the
hydrochloride acid solution, the “n” values will
gradually get smaller, since the adsorption of
these molecules on the mild steel surface will
increase (Charitha and Rao, 2018).

In general, adsorption of an inhibitor molecule of
organic origin on a metal surface can be explained
as follows in the corrosion process; when these
molecules begin to move towards the metal in the
acidic solution, they gradually undergo a
replacement process with other ions and water
molecules previously adsorbed in the medium. In
this process, the more adsorption and the more
inhibition efficiency will be.

3.2. The surface charge of mild steel

The adsorption of organic molecules to the metal
surface primarily depends on the chemical
structure of that molecule. It also depends on
parameters such as the type and charge of the
metal. The charge of the metal surface can be
determined by comparing the open circuit
potential (Ecorr) Of the metal with the zero-charge
potential (Ep) (Prathibha et al., 2017). To
determine the surface charge of the mild steel
electrode, EIS measurements of different
potentials were made in 1.0 M HCI solution
containing 0.05% (w/v) moss extract and the R,
values measured were plotted against the potential
in Figure 4. The measured potential range is +
0.200 V (Ag/AgCl).

800 -

700 -

Eon= - 0.515 V/

Epze= - 0.510 V

-0,720 -0,670 -0,620  -0,570

-0,520 -0,470  -0,420 -0,370 -0,320
E vs Ag/AgCI (V)

Figure 4. E-R, graph in acidic solution containing 0.05% (w/v) moss extract of mild steel electrode at 298
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The surface charge of the metal can be interpreted
by comparing the positions of Ecor and Epsc
against each other in Fig. 4. The maximum point
in the curve obtained indicates Ep.c. Referring to
Figure 4, the Egrr value (-0.515 V) of the mild
steel electrode under measuring conditions is
more negative than the Ep; value (-0.510 V). This
result shows that the surface of the mild steel
electrode is negative under these conditions.
According to this result, it can be interpreted that
the protonated inhibitor molecules are adsorbed
directly to the metal surface or adsorption of
cations to the metal surface (Fit6z et al., 2018).
Thus, the protective layer formed on the metal
surface contributes to the inhibition mechanism

3% i e 1’ QN
steels by optical mi

When Figures 5(a) and 6(a) are examined, it is
observed that the mild steel electrodes, which are
kept in an acidic solution for 120 h, are highly

]

When the images in the inhibited solutions in
Figure 5(b) and 6(b) are examined, it is seen that
it is extremely smooth and more uniform
compared to the images in the uninhibited ones. It
is clearly observed that the pits are reduced in
number and the deep cavities are filled to a
considerable extent. It can be concluded that the

Fiure 6. Surface images of the mild steels by FESEM after 120 h at 298 K

by inhibiting the direct interaction of the metal
with the chloride solution (Sin et al., 2017; Wang
etal., 2018).

3.3. The surface morphologies of mild steel
electrodes

FESEM and optical microscope surface analyzes
were carried out in 1.0 M HCI with and without
moss extract at an optimum concentration at 298
K and an immersion time of 120 h, providing a
detailed understanding of corrosion morphology.
Optical microscope (Ozkir and Kayakirilmaz,
2020) and FESEM at 200 times magnification
(Saraswat et al., 2020) images were evaluated in
Figure 5 and Figure 6, respectively.

Se

‘,‘ l & \:A"’
WETRER B T

croscopy after 120 h at 298 K

affected by corrosion and deep pits are formed on
the surface of the electrode.

surface images are another distinguishing
indicator that the inhibitor studied is very well
protected in the acidic solution of the mild steel
electrode.

4. Conclusions
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This study is quite important for a moss species
Hypnum cupressiforme the first application of
green inhibitor in Turkey. In the long term, EIS
moss extract tests provided a good inhibition by
adsorbing the mild steel surface very well with
decreasing CPE values in response to increasing
Rp values. It even showed 98% inhibition at the
highest concentration after 120 h of immersion. It
is concluded that protonated inhibitor molecules
are adsorbed directly to mild steel because the
surface charge of the metal is negative. Finally,
the optical microscope and FESEM images are
highly ~ compatible  with  electrochemical
measurements. Surface morphologies clearly
showed that the pits in the acidic solution are
closed as the inhibitor is added to the medium
during the corrosion process.

The anti-corrosion effect of organic substances
such as tannins, alkaloids, amino acids and
organic dyes of plant origin is important for
industry and the environment, as they are
biodegradable and free of toxic compounds.
Although several studies have been conducted on
green corrosion inhibitor using the plant extracts,
there is need for more study on this subject. In
particular, further studies should be conducted on
the use of bryophytes, which form an extremely
rich source of bioactive molecules such as
terpenoids and aromatic compounds, as a new
green inhibitor to protect metals against corrosion.
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Oz

Insanhigin varolusundan bu yana tibbi ve aromatik bitkiler Snemli yere sahip olmustur. Son yillarda dogala
yonelisle birlikte hastaliklara karsi korunmada ve tedavide sekonder bilesik igerikleri yiiksek olan tibbi ve
aromatik bitkilerin kullanimi artmistir. Hastaliklarin temel nedenlerinden biri olan oksidatif stres, serbest
radikaller ve antioksidanlar arasindaki dengesizlikten kaynaklanmaktadir. Istenmeyen bu durum ile
miicadele etmede organizmalar endojen ya da ekzojen kaynakli antioksidanlara ihtiyag duymaktadir.
Giiniimiizde dejeneratif hastaliklarla miicadelede etkili olan dogal antioksidanlarin aragtirilmasi zorunluluk
haline gelmistir. Vaskiiler bitkilerin dogal antioksidan kaynagi olduklar1 iyi bilinmesine ragmen diger bitki
gruplari 6zellikle de briyofitler hakkinda ¢ok az veri bulunmaktadir. Briyofitler en eski kara bitkileri olarak
sekonder metabolitlerce zengin, abiyotik ve biyotik streslere karsi adaptasyon yetenekleri yiiksek
bitkilerdir. Briyofitlerin zengin antioksidan kaynagi olduklar1 ve kullanimlarmin artmasi gerektigi
diigiiniilmektedir.

Anahtar kelimeler: Antioksidan, Fitokimyasal, Karayosunu, Reaktif Oksijen Tiirleri, Sekonder Metabolit,

Bryophytes as the Potential Source of Antioxidant

Abstract

Medicinal and aromatic plants have had an important place since the existence of humanity. In recent years,
the use of medicinal and aromatic plants with high secondary compound content in the protection and
treatment of diseases has increased with the orientation towards nature. Oxidative stress, which is one of
the main causes of diseases, is due to the imbalance between free radicals and antioxidants. To combat this
unwanted condition, organisms need endogenous or exogenous antioxidants. Today, it has become
imperative to investigate natural antioxidants that are effective in combating degenerative diseases.
Although it is well known that vascular plants are a natural antioxidant source, there is very little data about
other plant groups, especially bryophytes. The bryophytes are the oldest land plants, rich in secondary
metabolites, with high adaptability to abiotic and biotic stresses. It is thought that bryophytes are rich
sources of antioxidants and their usage should increase.

Keywords: Antioxidant, Phytochemical, Moss, Reactive Oxygen Species, Secondary Metabolite.
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1. Giris

Bir veya daha fazla eslestirilmemis elektrona
sahip olan serbest radikaller cesitli kimyasal
gruplardan olusabilmektedir ve genellikle yiiksek
oranda reaktiftirler. Reaktif oksijen tiirleri (ROS),
canli bir hiicrede biyolojik elektron tagima sistemi
(fotosentetik,  mitokondriyal, = mikrozomal),
enzimler ve biyomolekiiller (ksantin oksidaz,
siklooksijenaz, lipoksijenaz vb.) dahil olmak
tizere cesitli metabolik yolaklarda kendiliginden
tiretilmektedir (Chandna ve ark., 2012).

Oksidasyon iglemi substratlarin 1s18a ve isiya
maruz kaldigr oksijen bakimindan zengin
herhangi bir ortamda meydana gelebilmektedir.
Bu islemlerin timiine yiiksek oranda reaktif
oksijen radikalleri aracilik etmektedir. Oksijen,
metabolik faaliyetler icin gerekli enerji iiretimi
sirasinda Serbest oksijen radikalinin iiretilmesiyle
sonuglanan  substrat  oksidasyonunda  rol
oynamaktadir. Siiperoksit radikalleri, hidrojen
peroksit ve serbest hidroksil radikalleri gibi ¢esitli
ROS’lar yiiksek derecede toksik, mutajenik ve
reaktif ozelliklere sahip olduklari icin hiicrelere
zarar verebilmektedir. ROS’lar ve antioksidanlar
arasinda ciddi bir dengesizlik durumu s6z konusu
oldugunda oksidatif stres olusabilmektedir
(Ersahin ve ark., 2013). Bu dengesizligin
istesinden gelmek icin canlilarin endojen ya da
ekzojen kaynakli antioksidanlara ihtiyact vardir
(Gahtori ve Chaturvedi, 2019).

Bitkiler kisitli hareket kabiliyetlerinden dolay1
biyotik (bdcek zarari, bakteri ve mantarlar) ve
abiyotik (kuraklik, tuzluluk, su basmasi, asiri
soguk ve sicakliklar, radyasyon ve toksik
metaller) streslere daha fazla maruz kaldiklar
icin, hiicresel i¢ dengenin (homeostasi)
bozulmasi takiben daha fazla ROS iiretiminin
meydana geldigi ifade edilmistir (Srivastava ve
Dubey 2011).

Briyofitler, yaprakli karayosunlari (Bryophyta),
cigerotlar1 (Marchantiophyta) ve boynuzlu
cigerotlarint (Anthocerotophyta) kapsayan ve
bitki biyogesitliliginin ikinci biiylik grubunu
olusturan en eski kara bitkileridir (Erdag ve
Kiirschner, 2017). Diinya genelinde takson sayis1
yaklasik 20000-25000 (~ 12700-13373 yaprakli
karayosunu, ~7266-9000 cigerotu, ~221-225
boynuzlu cigerotu) arasinda olup bunlarin
yaklagitk 1000 kadar tiyesi iilkemizde temsil
edilmektedir (Christenhusz ve Byng, 2016; Erdag
ve Kiirschner, 2017; Ezer, 2017). Briyofitlerin
yaklagik 3000 taksonunun tibbi agidan Oneme
sahip olduklar1 belirtilmistir (Saroya, 2011).

Briyofitlerin, bocek/hayvan predasyonu, UV
radyasyon, asirt sicaklik ve mikrobiyal ayrigma
gibi bircok stresle miicadele etmek igin ¢esitli
sekonder metabolitler Girettigi bilinmektedir (Xie
ve Lou, 2009). Bu bitkilerin birgok tiiri gesitli
biyolojik aktiviteler gostermekte, sekonder
bilesikler bakimindan sira dis1 bir rezervuara
sahip olmalarindan dolay1 antikanser, antitiimér,
antifungal,  antibakteriyel ve antioksidan
ozellikleriyle 6n plana ¢ikmaktadir (Bhattarai ve
ark., 2009; Gaurav ve ark., 2018; Provenzano ve
ark., 2019). Karayosunlarinin antioksidan
kapasitesinin bazi yiiksek yapili bitkilerden daha
fazla oldugu bilinmektedir (Aslanbaba ve ark.,
2017).

Briyofitlerin  yiiksek seviyedeki antioksidan
icerikleri gelecekte tip, kozmetik ve gida
sektorlerinde  dogal bir kaynak  olarak
kullanilabilir. Bu derlemede ilkel yapilarina
ragmen ¢evresel streslere karsi kendilerini iyi
derecede koruyabilen briyofitlerin antioksidan
kaynag1 olma potansiyelleri irdelenecektir.

2. Reaktif Oksijen Tiirleri

Serbest radikaller canlilarda oksijen (reaktif
oksijen tiirleri-ROS) ve azottan (reaktif azot
tiirleri-RNS) cesitli endojen sistemler araciligiyla
ya da farkli stres kosullarina maruz kalma yoluyla
tiretilirler (Rasheed ve Azzez, 2019).

Reaktif oksijen tiirleri (ROS) terimi genel olarak
biitiin oksijen merkezli radikalleri belirtmekle
birlikte, tekli (singlet) oksijen, siiperoksit,
hidrojen peroksit, hidroksil, hipoklordz asit,
hidroperoksit gibi kimyasal olarak reaktif
fonksiyonel gruplar1 igeren bilesikleri ifade
etmede kullanilmaktadir (Giri ve ark., 1999).

Ultraviyole 151k, iyonlastirici radyasyonlar,
kirleticiler, toksinler ve patojenler gibi streslerden
ya da antioksidan yetersizliginden kaynakli ROS
iretimi sonucunda oksidatif stres ortaya
cikabilmektedir. Yiiksek seviyede ROS olusumu
ve diisiik seviyede antioksidan hiicrede serbest
radikal molekiillerin birikimiyle oksidatif stresi
tesvik etmektedir (O’Brien ve ark., 2012).

Asirt ROS iiretiminin ve uzaklastirilamamasinin
cesitli metabolik faaliyetlerin aksamasina ve
biyolojik makromolekiillerin hasar gormesine
neden oldugu ifade edilmistir (Chopra ve
Wallace, 1998; Habtemariam, 2019). Hiicre
oksidatif stres durumunda oldugunda lipid
peroksidasyonu, proteinlerin oksidasyonu, DNA
hasari, enzim inhibisyonu ve programlanmis
hiicre Olimiiniin aktivasyonu ile apoptozis
meydana gelebilmektedir (Mishra ve Dubey,
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2011). Kisacas1 oksidatif stres ¢ok sayida
hastaligin  gelismesine  aracilik  etmektedir
(Habtemariam, 2019).

Bitkilerde ¢oklu redoks ve/veya ROS
sinyallerinin diizenlenmesi metabolik yolaklarda
yiiksek derecede koordinasyon ve denge
gerektirmektedir (Nobushiro ve ark., 2012).
ROS’un zararl etkilerinin giderilmesi antioksidan
savunma sistemi ile saglanmaktadir (Sharma ve
ark., 2012; Kataria ve ark., 2019).

3. Antioksidanlar

Antioksidan savunma sistemi enzimatik ve
enzimatik olmayan antioksidanlardan meydana
gelmektedir. Enzimatik antioksidan savunma
sistemi siiperoksit dismutaz (SOD), katalaz
(CAT), guaiacol peroksidaz (GPX) ve glutatyon
rediiktaz (GR) iken, askorbat (ASA), glutatyon
(GSH), karotenoidler, tokoferoller, polifenoller,
antioksidan kofaktorler, organosiilfiir bilesikler,
vitaminler ve mineraller hiicre igerisinde
potansiyel nonenzimatik antioksidanlar olarak
gorev yapmaktadirlar (Gahtori ve Chaturvedi,
2019).

Hurnell (2003) ise besin maddelerindeki
enzimatik olmayan antioksidanlarin, antioksidan
mineraller, antioksidan vitaminler ve cesitli
fitokimyasallar oldugunu bildirmistir.
Antioksidan mineraller, antioksidan enzimlerin
kofaktorii olan selenyum, bakir, demir vb.
minerallerdir. ~ Antioksidan  vitaminlere C
vitamini, E vitamini ve B vitamini 6rnek olarak
gosterilebilir. Vitamin ve mineral olmayan
fenolik bilesikler fitokimyasallar olarak ifade
edilmektedir.  Flavanoidler, Kkatesinler ve
karotenoidler bu grupta yer almaktadir.

Antioksidanlarin, aerobik solunum sirasinda
iiretilen ROS’a kars1 viicut savunma sisteminde
¢ok dnemli role sahip olduklar diisiiniilmektedir.
ROS ve antioksidan savunma sistemi arasindaki
dengesizlik  oksidasyon  yiikiinii  artirarak
karbonhidratlar, proteinler ve yaglar gibi
makromolekiillerin hasarlanmasina, dolayisiyla
viicutta ¢esitli hastaliklarin ortaya ¢ikmasina
neden olur (Rasheed ve Azeez, 2019). Enzimatik
ve enzimatik olmayan antioksidanlar bu
hasarlanmalarin ortadan kaldirilmasit ya da en
azindan hafifletilmesini saglar. Antioksidanlarin
¢esitli hastaliklar ve Ozellikle kansere karsi
alternatif, tamamlayic1 ve dogal bir ilag olarak
kullanilmasi diinyanin bazi boélgelerinde oldukga
yaygindir (Savaroglu ve ark., 2011).

Son zamanlarda yapilan caligmalar,
briyofitlerdeki oksidatif streslerin giderilmesinde

asir1 antioksidan aktivitenin stirdiiriildiigiinii ve
gevresel strese karsi toleransin bu sekilde
arttirilldigini kanitlamistir (Gahtori ve Chaturvedi,
2019).

4. Simdiye Kadar Gerceklestirilen
Cahsmalara Gore Antioksidan igerigine Sahip
Briyofit Tiirleri

Karasal ekosistemlerin temel bilesenlerinden olan
briyofitler oksidatif stresle basa ¢ikmak igin
enzimatik  ve/veya  enzimatik  olmayan
antioksidanlar vb. i¢ savunma mekanizmalari
gelistirmiglerdir. Sekonder metabolitlerce zengin
olan bu bitkiler biiyiik terapotik potansiyele sahip
biyoaktif bilesiklerin kaynagidirlar (Yayintas ve
Irkin, 2018). Giinimiizde briyofitler {izerine
terapotik arastirmalar hizla artsa da terapotik
kimyasi ¢oziilenlerin say1s1 %10’u
gecmemektedir (Asakawa, 2004). Bircok bilim
insan1 antioksidan potansiyele sahip briyofit
tirlerini arastirmislardir (Chobot ve ark., 2006;
Bhattarai ve ark., 2009; Dey ve De, 2012; Pejin ve
ark., 2013).

Sanionia uncinata (Hedw.) Loeske
Amblystegiaceae familyasina ait olup Antarktika
Deniz kiyillarinda en ¢ok yayilisa sahip
karayosunlarindan biridir (Pizarro ve ark., 2019).
Bu bélgede bulunan bitkiler yasamlari boyunca
sifirm altindaki sicakliklar, verimsiz topraklar,
siddetli riizgarlar ve kuraklik gibi abiyotik stres
faktorlerine maruz  kalmaktadir.  Sanionia
uncinata’nin antioksidan aktivitesi, siiperoksit
siiplirme aktivitesi, ABTS katyon siipiirme
aktivitesi ve DPPH serbest radikal siipiirme
aktivitesi ile indirgeyici giicii analiz edilerek
degerlendirilmistir. 0,1 mg Sanionia uncinata
ekstraktinin indirgeyici giicii 31,9 ng/mL, DPPH
serbest radikal siipiirme, siiperoksit siipiirme ve
ABTS katyon siipiirme aktiviteleri sirastyla 356
pg/mL, 466,2 ug/mL ve 181,3 pg/mL olarak
tespit edilmisti. Bu sonuglar, Sanionia
uncinata’nin  dogal  antioksidan  kaynagi
olabilecegini, tip ve kozmetik alanlarinda
kullanilabilecegini gdstermistir.

Ayni bolgeden temin edilen Polytrichastrum
alpinum  (Hedw.) G.L. Sm. iki ¢esit
benzonaptoksanton (ohioensins F ve G) izole
edilmigtir. P. alpinum’un yiiksek antioksidan
etkiye sahip oldugu saptanmis, ayri ayri izole
edilen iki etken maddenin tiim bitki ekstraktinin
oldugu gruptan iki kat daha fazla antioksidan
aktivite gosterdigi ifade edilmistir (Bhattarai ve
ark., 2009).

Pejin ve ark (2013) Bryum moravicum
(Ptychostomum moravicum (Podp.) Ros &
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Mazimpaka)’un ~ antioksidan  potansiyelini
incelemislerdir. ~ Arastirmada  tiirlin ~ sulu
ekstraktinin antioksidan kapasitesi, ABTS katyon
stipiirme aktivitesi ve toplam fenolik igerigi analiz
edilerek degerlendirilmistir. Tiriin antioksidan
aktivitesi 84,56 pg (askorbik aside gore
hesaplanmistir) ve 356,44 pg (ferulik aside gore
hesaplanmigtir) olarak saptanmustir. Calisma B.
moravicum’un tibbi agidan faydali antioksidan
kaynaklar ihtiva ettigini ortaya koymustur.

Plagiochasma appendiculatum Lehm. &
Lindenb. Hindistan'in farkli bolgelerinde genis
yayihisa sahip tiirlerdendir. Kangra vadisindeki
Gaddi kabilesi tarafindan cilt hastaliklarinin
tedavisinde macun seklinde kullanilmaktadir
(Kumar ve ark., 2000). Singh ve ark (2006)
yapmis olduklari bir ¢aligmada yara iyilegsmesinin
patogenezinde serbest radikallerin de rol
olabilecegini diigiinmiisler ve P.
appendiculatum’un  antioksidan  aktivitesini
arastirmiglardir. Bu tiirtin lipit peroksidasyonunu
inhibe ederek SOD ve CAT aktivitelerini
arttirdigimi bulmuslardir. Enzimlerdeki artis P.
appendiculatum’un  giigli  bir  antioksidan
aktiviteye sahip oldugunu gostermektedir. Ayrica
caligmada yara iyilestirme Kkapasitesinin gigli
radikal siipliriicii aktiviteye bagli olabilecegi ifade
edilmistir. Benzer sekilde Marchantia paleacea
var. diptera (Nees & Mont.) S. Hatt.’nin da
onemli derecede SOD aktivitesinin oldugu
belirtilmistir (Tanaka ve ark., 1998).

Model organizma olarak siganlarm kullanildigi
bir ¢aligmada, kalp kasi hiicrelerinde uyarilmisg
oksidatif ~ stres  sonucu  olusan lipid
peroksidasyonunu inhibe edici olarak
Rhodobryum roseum (Hedw.) Limpr. ekstraklari
kullanilmstir. Yiiksek antioksidan 6zellige sahip
olan tiirtin oksidatif hasarin sebep oldugu zararl
etkilerin giderilmesine aracilik ettigi saptanmigtir
(Hu ve ark., 2009).

Rajan ve Murugan (2010) gergeklestirmis
olduklar1 ¢aligmada Pallavicinia lyelli (Hook.)
Gray’nin ¢esitli Stres kosullarinda hiicreyi
korumada gorevli enzimlerden biri olan askorbat
peroksidaz (APX)’1 yiiksek oranda ihtiva ettigini
belirtmiglerdir. ~ Ayrica,  Brachytheciastrum
velutinum (Hedw.) Ignatov &Huttunen ve
Marchantia polymorpha L. tirleri de hidrojen
peroksitin zararli etkilerinin giderilmesinde rol
alan APX’i yiksek miktarda igermektedir
(Paciolla ve Tommasi, 2003). Mishra ve ark.
(2014) Marchantia polymorpha'nin metanol ve
etilasetat ekstraktlarinin antioksidan o6zellige
sahip oldugunu, briyofitlerin antioksidan kaynagi

olarak bircok yeni ilacin {iretiminde yer
alabilecegini ifade etmislerdir.

Calyptothecium ramosii Broth., Gymnostomum
recurvirostum Hedw., Hypnum plumiforme
Wilson, Leucobryum skaler Miill.Hal. or.
M.Fleisch., Meteoriopsis reclinata (Miill.Hal.)
M.Fleisch., Mitthyridium undulatum (Dozy &
Molk.) H.Rob. ve Pelekium boniamum (Besch)

tiirlerinin antioksidan potansiyellerinin
incelendigi  bir ¢aligmada  Gymnostomum
recurvirostum,  Pelekium  boniamum  ve

Calyptothecium ramosii’nin serbest radikallere
kars1 son derece diisiik yar1 maksimum inhibitor
potansiyel sergiledigi goriilmiistiir (Carranza ve
ark., 2019). Elde edilen veriler Gymnostomum
recurvirostum,  Pelekium  boniamum  ve
Calyptothecium ramosii 'min yar1 maksimum
inhibitdr  konsantrasyonlarinin  diger  tibbi
bitkilerin degerlerinden daha iyi oldugunu ifade
eden Pourmorad ve ark., (2006)’nin ¢alismasrtyla
uyumludur.

Manoj (2012) Plagiochilla beddomei Steph.,
Leucobryum bowringii Mitt. ve Octoblepharum
albidum Hedw. 'un antioksidan ve antibakteriyel
ozelliklerini arastirdig1 doktora tez galigmasinda
bu  briyofitlerin  metanol  ekstraktlarinin
antioksidan  Ozelliklere  sahip  oldugunu
bildirmigtir. Manoj ve Murugan (2012)
Plagiochilla beddomei ’nin antioksidan ve
antimikrobiyal aktivitesini belirlemek amaciyla
DPPH, ferrik indirgeyici antioksidan giic ve
hidroksil radikal siipiiriicii aktivite yontemlerini
kullanmuslardir. Calisma sonucunda Plagiochilla
beddomei’nin yilksek seviyede antioksidan
aktiviteye sahip oldugunu, yiiksek oranda
flavonoid ve fenolik bilesikler igerdigini ifade
etmislerdir.

Yaygin etnomedikal kullanima sahip Leucobryum
bowringii Mitt. ve Dicranum scoparium Hedw.,
epifitik karayosunlarinin fitokimyasal
bilesimlerinin ve antioksidan potansiyellerinin
belirlendigi ¢caligmada Leucobryum bowringii’nin
Dicranum scoparium’dan daha fazla antioksidan
potansiyel gosterdigi saptanmustir. Her iki 6rnegin
etanol ve metanol ekstraktlarinin antioksidan
aktivitesinin fenolik ve flavonoid igeriginden,
kloroform ekstraktlarmimn antioksidan
aktivitesinin terpenoidlerden kaynaklanabilecegi
bildirilmistir (Mitra ve ark., 2019).

Dogal habitatt Sili olan Sphagnum magellanicum
Brid.’un antioksidan igerigi incelendiginde benzer
sekilde yiiksek miktarda fenolik madde ihtiva
ettigi ve dolayisiyla antioksidan aktivite
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gosterdigi tespit edilmistir (Montenegro ve ark.,
2009).

Ertirk ve ark. (2015) dogal yasam alanlar
arasinda Tiirkiye’nin de bulundugu bazi briyofit
tirlerinin toplam fenolik madde miktar1 ve
potansiyel antioksidan durumlarini tespit etmek
amactyla yaptiklar1 ¢aligmada Homalothecium
sericeum (Hedw.) Schimp. ve Eurhynchium
striatulum (Plasteurhynchium striatulum (Spruce)
M. Fleisch.) tiirlerinin en yiiksek aktiviteye sahip
oldugunu saptamislardir.

Tonguc Yayintas ve ark. (2017) Tiirkiye’nin farkli
lokalitelerinden topladiklart Oxystegus
tenuirostris (Hooker & Taylor) A. Smith,
Eurhynchium striatum (Schreb. ex Hedw.)
Schimp ve Rhynchostegium murale (Hedw.)
Schimp. tiirlerinin antioksidan kapasitelerini
inceledikleri  ¢alismalarinda bu ¢ tiiriin
ekstraktlarinin  kolaylikla ulagilabilecek dogal
antioksidan  kaynaklar1  olduklarin1  ifade
etmiglerdir.

Canakkale Ida dagindan toplanan Marchantia
polymorpha L., Polytrichum juniperinum Hedw.,
Grimmia pulvinata (Hedw.) Sm., Hedwigia
ciliata (Hedw.) P. Beauv., Thamnobryum
alopecurum (Hedw.) Nieuwl. Ex Gangulee,
Plagiomnium undulatum (Hedw.) T.J. Kop,
Antitrichia curtipendula (Timmex Hedw.) Brid.,
Thuidium tamariscinum  (Hedw.)  Schimp.,
Hypnum  cupressiforme  Hedw.,  Neckera
complanata (Hedw.) Huebener ve Isothecium
myurum Brid. briyofit tiirlerinin antioksidan
igeriklerinin  arastirildigi  bir ¢alismada ise
Marchantia polymorpha, Hypnum cupressiforme
ve Neckera complanata’nin yiiksek ekstraksiyon
verimi ve antioksidan aktiviteye sahip olduklar
belirtilmistir (Yayintas ve ark., 2019) .

Thuidium tamariscinum (Hedw.) Schimp. ve
Platyhypnidium riparioides (Hedw.) Dixon
tirlerinden elde edilen ekstraktlarin antioksidan
etki gosterdikleri ve bu etkinin briyofitlerin
yapisinda  bulunan  fenolik  bilesiklerden
kaynaklanabilecegi ifade edilmistir (Aslanbaba ve
ark., 2017).

Gergeklestirilen ¢alismalarda briyofitlerin fenolik
bilesikler, flavonoidler, saponinler, tanenler ve
glikozitler gibi degerli biyoaktif maddeleri ihtiva
ettikleri saptanmugtir. Marchantia linearis Lehm.
& Lindenb.'in hiicre siispansiyon kiiltiirlerinden
ekstrakte edilen flavonoidlerin kolon kanseri
hiicre hatlarina kars1 tedavi edici 0Ozelligi
belirlenmistir (Krishnan ve Murugan, 2013).

Arastirmalar genellikle cigerotlarmin toplam
flavonoid miktarlarinin yaprakli
karayosunlarindan daha yiiksek oldugunu
bildirmektedir. Cigerotlarmin ~ antioksidan
kapasitelerinin vaskiiler bitkilerinkine daha yakin
oldugu da bilinmektedir. Akrokarp karayosunlari

pleurokarp  karayosunlarindan, disik 151k
seviyelerinde biiyliyenler ~ tam giineste
biiytliyenlerden, epifitik olanlar suda

yasayanlardan, diisikk enlemlerde yasayanlar
yiiksek enlemlerde bulunanlardan daha yiiksek
flavonoid igerigine sahiptir (Wang ve ark., 2017).

Sharma ve ark (2015)’min yaptig1 ¢alismada
guaiacol peroksidaz ve CAT aktivitesi Pellia
appendiculatum (Plagiochasma appendiculatum
Lehm. & Lindenb.)’da Pellia endiviifolia (Dicks.)
Dumort.’dan  daha  yiiksekken, siiperoksit
dismutaz aktivitesi, askorbik asit, prolin,
glutatyon ve toplam fenoller Pellia endiviifolia ‘da
daha fazla olarak saptanmustir. Onemli bir kirlilik
belirteci olan  Pseudoscleropodium  purum
(Hedw.) M. Fleisch.'"da da glutatyon yiiksek
seviyede bulunan bir antioksidan olarak tespit
edilmistir (Varela ve ark., 2018).

Briyofitlerden izole edilen terpenoidlerin ve
aromatik  bilesiklerin  biyoaktif  o6zellikleri
nedeniyle antibakteriyel ve antifungal aktivite
gosterdikleri bilinmektedir (Greeshma ve ark.,
2017; Greeshma ve Murugan, 2018). Thuidium
tamariscinum (Hedw.) Schimp. {izerinde yapilan
bir aragtirmada ilgili briyofitin fazla miktarda
terpenoid igerdigi belirtilmis, T. tamariscinum’un
yiiksek antioksidan 06zellige sahip olmasinin
icerdigi terpenoidle iliskili oldugu ifade edilmistir
(Mohandas ve Kumaraswamy, 2018). Lunularia
cruciata (L.) Dumort. ex Lindb.’nin asetonlu
ekstraktlarmin  da  flavonoid ve seskiterpen
igerikleri belirlenmis, bunlarin ¢esitli saglik
sorunlarinin tedavisinde kullanilabilecegi
diistiniilmistiir (Ielpo ve ark., 1998).

Briyofitlerin  antioksidan  aktivitesi  diger
bitkilerde oldugu gibi cesitli stres faktorlerinden
etkilenebilmektedir. Yapilan bir ¢aligmada
Leptodictyum riparium (Hedw.) Warnst.’a bazi
abiyotik (agir metal, sicaklik ve tuzluluk) stres
faktorleri uygulandiginda antioksidan
aktivitesinde artis meydana geldigi saptanmistir
(Basile ve ark., 2011).

Orneklendirdigimiz ~ bitkiler ~ diginda  da
antioksidan potansiyele sahip bir¢ok briyofit
bulunmaktadir (Mukhopadhyay ve ark., 2013;
Vats ve Alam, 2013; Oyedapo ve ark., 2015).

In vitro kosullarda cgesitli elisitorler kullanilarak
briyofitlerin sekonder metabolitlerini arttirmaya
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yonelik ¢aligmalar mevcuttur (Becker, 20009;
Milosevi¢ ve ark., 2017). Son yillarda ozellikle
yiiksek antioksidan igerige sahip bazi briyofitlerin
in vitro kogullarda iiretimi giindeme gelmistir.
Hazer ve ark (2019) Thamnobryum alopecurum
(Hedw.) Gangulee’u in vitro kosullarda iretmis,
bu briyofit tiiriiniin zengin fenolik igerigiyle
onemli antioksidan kapasiteye sahip oldugunu
bildirmistir.

5. Tartisma ve Sonug

Briyofitlerin antioksidan kapasitelerine ait bazi
bulgular bu derlemede O6zetlenmistir. Bitkisel
kaynakli dogal antioksidanlar gida, kozmetik, tip
vb. endiistrilerde sentetik antioksidanlar yerine
alternatif olugturabilmektedir. Dogal
antioksidanlar kolay erisilebilirlik, diisiik maliyet
ve vyan etkilerinin bulunmamasi/az olmasi
nedenleriyle tercih edilmektedir. Birgok bitki
tirinde dogal olarak bulunan antioksidanlar
ROS’larin  zararli etkilerinin  giderilmesinde
onemli rol oynamaktadir. Dogal antioksidan
kaynagi olarak geleneksel tipta kullanilan
Angiospermler 6n planda olmasma ragmen,
giinlimiizde farkll bitki kaynaklari
arastirilmaktadir. Yiiksek adaptasyon yetenegi
gosteren ve zengin sekonder metabolit igerikleri
olan briyofitler giiglii antioksidan kaynaklari
olarak tip, kozmetik, gida basta olmak iizere
cesitli endiistri alanlarinda kullanim potansiyeline
sahiptirler. Antioksidan igeriklerinin tespiti ile
bunlarin elde edilmesi ve arttirilmasina yonelik
daha kapsamli ve biiyiik oOlgekli c¢aligmalara
ihtiya¢ duyulmaktadir.
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Oz
Tortula vlassovii diinya biyocesitligi agisindan korunmasi gereken énemli karayosunu tiirlerinden biridir.
Bu tiir; Tiirkiye Florasinda simdiye kadar yalnizca bir lokaliteden bilinmekteydi. Bu karayosunu Tiirkiye
briyoflorasinda yaklagik yarim asirdir kayipti. Bu ¢aligmada bu tiir Tiirkiye’den ikinci kez toplanmis, mikro
dijital fotograflari ¢ekilmis ve tanitimi yapilmigtir. Bu makalenin amaci, diinyada nesli tehlike altinda olan
ve taksonomik durumu hala tartigilan Tortula vlassovii’nin Tiirkiye’deki durumunu ortaya ¢ikarmaktir.

Anahtar kelimeler: Briyoflora, Kirmiz1 liste, Tortula vlassovii, Tirkiye.

Notes on Rediscovery of Tortula vlassovii (Laz.) Ros & Herrnst in Turkey

Abstract
Tortula vlassovii is one of the most important moss species that should be protected in terms of world
biodiversity. So far, this species was known from only one locality in the bryophyte flora of Turkey. This
moss species has lost nearly half a century in Turkey Bryoflora. In this study, it was collected for the second
time and micro digital photographs were taken and introduced. The purpose of this article is endangered in
the world and taxonomic status is still debated, Tortula vlassovii reveal the situation in Turkey.

Keyword: Bryoflora, Red list, Tortula vlassovii, Turkey.

1. Giris mikro dijital fotograflar1  ¢ekilmistir. Bu

Tiirkiye Florasi’nda yalnizca bir lokaliteden
bilinen Tortula vlassovii (Laz.) Ros & Herrnst.
Akdeniz Bolgesi i¢in hazirlanan kontrol listesinde
Tiirkiye’den kaydi siipheli olarak belirtilmektedir
(Ros ve ark., 2013). Bulundugu iilkelerde ¢ok dar
yayilish olan bu tiir IJUCN koruma kriterlerine
gore nesli tehlikede (EN) olarak
degerlendirilmektedir (Sergio ve Cano, 2019). Bu
tir tilkemizden 48 yil sonra ilk defa farkli bir
lokaliteden bu g¢alisma ile toplanmis ve detayl

* Corresponding author: recepkara@nevsehir.edu.tr
© 2020 All rights reserved / Tiim haklar: saklidur.

calismanin amaci, taksonomik durumu tartigmali
olan ve biyogesitlilik acgisindan korunmasi
gereken T. vlassovii tiriiniin iilkemizde daha iyi
taninmasini saglamaktir.

2. Materyal ve Metot

Tortula vlassovii tiiriine ait 6rnekler Nevsehir—
Nevsehir Hac1 Bektas Veli Universitesi Kampiis
alanindan 2020 yilinda yapilan arazi ¢alismalar1
sirasinda bahge topragi iizerinden toplanmistir

To cite this article: Kara R. Serin S. Taspinar H. 2020. Notes on Rediscovery of Tortula vlassovii (Laz.) Ros & Herrnst

in Turkei. Anatolian Bryology. 6:2, 138-142.
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(38° 40" 28" K - 34° 44' 36"D, 1120 m). Tiiriin
morfolojik  6zellikleri, mikroskobik  dijital
fotograflarindan ve Ros ve Herrnstadt (2010)’dan
yararlanilarak agiklanmistir. Tiriin iilkemizdeki
lokalite kayitlari, son ¢ikan kontrol (Uyar ve
Cetin, 2004; Kiirschner ve Erdag 2005; Hazer,
2010; Erdag ve Kiirschner, 2017) listelerinden
takip edilmis ve koruma statiisii, diinyadaki
dagilimi, morfolojisi ile ilgili bilgilerine de
deginilmistir. Toplanan Ornekler herbaryum
materyali haline getirildikten sonra Nevsehir Hact
Bektas Veli Universitesi herbaryumunda S.S.004
toplayici numarasi ile muhafaza altina alinmigtr.

3. Bulgular

Tortula vlassovii, Tiirkiye’den ilk kez Elsa Cecilia
Nyhom (1911-2002) tarafindan 30 Mart 1972
tarihinde Burdur ilinden (Sewden’s Virtual
Herbarium-B56713) Phascum vlassovii Laz.
olarak toplanmistir (URL1). Nadir bulunan bu tiir
gecen 48 yil boyunca iilkemizde tekrardan
bulunamamis bu yiizden kontrol listelerinde
Tiirkiye’den stipheli kayit olarak
degerlendirilmistir (Ros ve ark., 2013). Bu tiir dik
veya kiiglik, daginik yamalar olarak biyiiyen, 2
mm'den daha kisa boylu kii¢iik bireylerden olusur.
Olgun yapraklar a¢ik yesil ile sarimsi yesildir ve
yaklagtk 1 mm uzunlugunda, ovat-mizrak
seklindedir. Genellikle yapragin apeksi sivri
sekilde igbiikeydir. Kosta (midrib) soluk
kahverengidir. Genellikle apeksi tabandan daha
genistir ve turuncu bir mukro ile disart uzanir.
Kosta iist yiizeyi sige seklinde ve papilloz hiicreler
ile siislenmistir. Bitki monoiktir yani her bireyde
hem erkek hem de disi iireme yapilart bulunur.
Spor iireten sporofitler, kig sonlarinda ve
ilkbaharda olgunlasir ve yapraklar igerisine
gomiiliidiir. Kapsiiliin @stiinde kiigiik bir apikulus
bulunur. Neredeyse kiiresel kapsiiller bir kapakla
acilmaz. Sporlar kapsiil duvar1 yaz aylarinda
yirtildikga dagilmaktadir. Spor boyutlart 18-25
um arasinda degisir. Bu tiir morfolojik olarak
kapaksiz kiire sekilli kapsiilii ve kostamin karin
yiizeyinde sise sekilli hiicrelerin bulunmasu ile ¢ok
kolayca taninmaktadwr (Sekil 1). Bitki 6rneklerini
topladigimiz loklite dogal olmayan sekonder
stikseyonun basladig1 antropojenik baski altindaki
bir habitat igerisinde yer almaktadir. Tortula
vlassovii bulundugu habitat tipi Cichorium
intybus L. Convolvulus arvensis L, Malva
neglecta Wallr. Plantago major L. Echium
italicum L. ve Papaver rhoeas L. gibi otsu bitkiler
tarafindan istila edilen ¢imenlik bir alan olarak
tanimlanabilir. Bu habitat ierisinde 1 m? ‘lik dar
bir alanda dagilis gosteren Tortula vlassovii,
Pterygoneurum ovatum (Hedw.) Dix. ve Funaria
hygrometrica Hedw. ile birlikte bulunmaktadir.
Diinyadaki dagilimina gore nadir tir olarak

degerlendirilen (Sekil 2) Tortula vlassovii’nin
sadece Tiirkiye, Ispanya, Almanya, Ukrayna,
Ermenistan, Rusya, Kanada ve Amerika’da kaydi
bulunmaktadir (Ros ve Herrnstadt, 2010; British
Columbia Bryophyte Recovery Team, 2009).

4. Tartisma ve Sonug

Bu ¢alisma sonucunda, Tortula vlassovii tiiriiniin
iilkemizdeki ikinci lokalite kaydi verilerek
diinyadaki kontrol listelerine gdre kaydi siipheli
konumdan kurtarilmigtir. Bilim diinyasina 1938
yilinda Phascum vlassovii Laz., olarak tanitilan
bu tiiriin taksonomik durumu konunun uzmanlari
tarafindan hala tartisilmaktadir. Bu uzmanlardan
Zander (1993) tarafindan bu tiir Microbryum cinsi
icinde M. vlassovii (Laz.) R.H. Zander olarak
kabul edilirken, Ros ve Herrnstadt (2010)
tarafindan Tortula cinsi i¢inde T. vlassovii (Laz.)
Ros & Herrnst. olarak kabul edilmektedir.
Internet ortaminda  yaymlanan bazi  veri
tabanlarinda bu tiir i¢in P. vlassovii ismi %47,4
orantyla kabul gériirken M. vlassovii ismi %52,6
orantyla daha c¢ok kabul gormektedir. Ayrica T.
vlassovii, M. vlassovii’nin basionimi olarak
gosterilmektedir (URL2.). Biz de buldugumuz bu
ornegin sporlarinin papilloz olmamast ve spor
morfolojisinin  Tortula cinsine benzemesinden
dolay1 Ros ve Herrnstadt (2010) gibi Tortula
vlassovii (Laz.) Ros & Herrnst. olarak
degerlendirdik. Bu tiiriin, Avrupa’nin Kirmizi
Karayosunlart Listesindeki durumu goéz oOniine
alindiginda (Hoddgetts ve ark. 2019) iilkemizde
de EN kategorisinde tehlike altinda bir tiir olarak
korunmas: gerektigini diisiiniiyoruz.

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

Not: Bu makale Nevsehir Hact Bektas Veli
Universitesi  Fen  Bilimleri  Enstitiisiinde
yiiriitiilmekte olan “Gdreme Milli Parki Briyofit
Floras1” adl1 yiiksek lisans tezinin bir parcasidir.
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Sekil 1. Tortula vlassovii ‘nin mikroskobik goriintiisii



Sekil 2. Tortula vlassovii ‘nin Diinyadaki dagilis1 British Columbia Bryophyte Recovery Team 2009’ dan
degistirilerek.



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 %, y, 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 (N1SO). 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.

Acknowledgements and/or disclaimers, if any
Names of funding organizations should be written in full.

References
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 Ursavas (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: (Kegeli et al., 2004a, 2004b). References should be listed in the
text chronologically, separated by semicolons: (Abay, 2000; Kegeli 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.

Ursavas S. Cetin B. 2012. Seligeria donniana (Sm.) Mill. Hal. (Seligeriaceae) 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):

URLL1. 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, p, , 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.

Charts must be prepared in 2 dimensions unless required by the data used. Charts unnecessarily prepared
in 3 dimensions are not accepted.


http://www.tropicos.org/Name/35147246

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.

Correspondence Address

Manuscripts can only be submitted through our online system. Other correspondence may be directed to:
E-mail: anatolianbryology@gmail.com, serhatursavas@gmail.com

or Dr. Serhat URSAVAS Cankir1 Karatekin University, Faculty of Forestry, Department of Forest
engineering, Department of Forest Botany, Anatolian Bryology. 18200 Cankirt/ TURKEY
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Anatolian Briyoloji Dergisinin Kapsami

Anadolu Briyoloji Dergisi, karayosunu, cigerotlari ve boynuzsu cigerotlar ile ilgili degisik alanlarda
yapilan, morfolojik, mikroskobik yapilari, biyolojik gesitlilik, koruma, biyoteknoloji, ¢evre diizenleme,
tehlike altindaki tiirler, tehlike altindaki habitatlari, sistematik, vejetasyon, ekoloji, biyocografya, genetik
ve tlim briyofitler arasindaki iliskileri konu alan orijinal makaleleri yayinlar. Tanimlayici ya da deneysel
ve sonuglar1 net olarak belirlenmis deneysel ¢aligmalar kabul edilir. Makale yazim dili Tiirkge veya
Ingilizcedir. Yayimlanmak iizere gonderilen yazi orijinal, daha &nce hicbir yerde yaymlanmamis olmali
veya islem goriiyor olmamalidir. Yaymlanma yeri Tiirkiye’dir. Bu dergi yilda iki say1 yayinlanir, erigime
acik ve iicretsizdir.

Dergi yazim kurallarina uymayan veya derginin kapsami disindaki konulardan olusan makaleler hakem
degerlendirme siirecine girmeden reddedilir. Her makale i¢in, gerekli kurallara gére doldurulmus ve yazar
veya yazarlarin hepsi tarafindan imzalanmig olan Telif Hakki Devir Formu, makale yaymlanmadan 6nce
dergi editoriine gonderilmelidir. Dergiye gonderilecek makaleler ve siireg ile ilgili her tiirlii yazigmalar,
dogrudan internet ortaminda elektronik posta ile yapilmalidir. Dergi tiim milletlerdeki arastirmacilara
aciktir. Makalelerin agagidaki sekilleri dikkate alinacaktir.

1. Arastirma makaleleri: Briyofitlerin ¢esitli alanlarindaki 0zgiin arastirma makaleleri
degerlendirilecektir.

2. Arastirma notlari: Bunlar morfolojik, anatomik, sitolojik, kimyasal bir ¢alisma ya da arastirma
notlar iizerinde 6n bilgiler ve briyofit tiirlerinin diger 6zellikleri gibi makaleler yer alir.

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

4. Editore Mektuplar: Bunlar; Anadolu Briyoloji Dergisinin yayin politikalarina iligkin, goriisleri,
yorumlari igerir. Yazilar bir dergi sayfasini gegmez.

Yazar Rehberi
Makalenin hazirlanmasi

Stil ve bicim: Makale cift satir araligi 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 igin; Bir dil editdriine veya
akic1 bir sekilde Ingilizceyi konusabilen bir meslektasindan yardim almalar tavsiye edilir. Kullanilan
kelimelerde argo olmaksizin 6z Ingilizce kullanilmalidir. Uzun ciimle ve edilgen yapilardan kagmilmalidir.
Eserin bilgisayar programi kullanilarak imla ve dilbilgisi kurallarmma uygun olup olmadigi kontrol
edilmelidir. Makalenin tamami Ingilizce (Amerikan) yazim kurali ile tutarli olmalidir.

Semboller, birimler ve kisaltmalar: Genel olarak dergi kurallari, Yazarlar i¢in CSE Kilavuzu, Editor ve
Yonetim Kurulu, VA, ABD. ve Yayincilar i¢in vb. bilimsel stil ve format kullanilmalidir. Eger X, u, n, or
v gibi semboller kullanilacaksa Word semboller meniisii kullanilarak eklenmelidir. Derece sembolleri (°),
klavye iizerindeki o veya 0 kullanilarak degil semboller meniisii kullanilarak olusturulmalidir. Carpma
sembolleri (%), harfi degil x sembolii kullanilmahdir. 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 6nceki ¢alismada”...) rakam olarak verilmelidir. Liitfen tiim ayrintilar igin
yukaridaki yazim kilavuzunu inceleyiniz. Tiim aciklamalar ve kisaltmalar ilk gectigi yerde belirtilmelidir.
Latince olan baz1 terimler 6rnegin: 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 olmas1
gerekir.



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

Anatolian Bryology dergisine sunulan ¢alismalarin benzerlik oran1 %20'nin (Tiir listesi ve kaynakea haric)
altinda olmalidir.

Etik Kurallar ve Sorumluluklar

Derginin editorliigii ve yayinlanma siiregleri, Bilim Editorleri Konseyi (CSE), Yayin Etigi Komitesi
(COPE), Avrupa Bilim Editorleri Birligi (EASE) ve Ulusal Bilgi Standartlar1 Orgiitii'niin kurallarma uygun
olarak sekillendirilmistir (NISO). Anatolian Bryology Dergisi Bilimsel Yayincilikta Seffaflik ve Etik
Kurallar ilkelerine uygun bir sekilde yayin 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 kuraklik stresine
tepkisi: antioksidan savunma sisteminin rolil). Tiim yazarlarin tam isimleri (Ad1 Soyadi1 tam harflerle), tim
yazarlarin bagl olduklar1 birim (Universite, Fakiilte, Béliim, Sehir, Ulke) ve sorumlu yazar i¢in acikca
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 i¢in 3-10 anahtar kelime veriniz ve baglik ile ayni 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, Tiirkiye Bilim Terimleri arasindan
secilmelidir. Bu konuda: http://www.bilimterimleri.com adresinden yararlanilabilir.

1. Giris

Calismanin olgusunu savunmaniz, sadece arka planda yapilan ¢aligmalar1 6zetlemeniz gerekir. Sonug ve
bulgular gibi kisimlar1 igermemelidir. Caligilan konunuz yorumu olmamali fakat sorun net bir sekilde ele
almarak 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 ¢alisma 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 boliimiindeki
tablolar burada yeniden verilmemelidir. Son paragrafta ¢aligmanin ana sonuglarina vurgu yapmak gerekir.

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

Kaynaklar

Metin igerisinde kaynak belirtme, yazar veya yazarlarin soyadlari (virgiil) makalenin yayinlandig1 tarih
verilmelidir. Ornek: (Ursavas, 2014) veya (Ursavas ve Kegeli, 2014). Eger atif ciimle baginda verilecekse
sadece tarih parantez igerisinde verilmelidir. Ornek: “Ursavas (2012)’ye gore...”. Ug ve daha fazla
yazarlarin atiflar igin; ilk yazarin soyadi ve devaminda ve ark., (italik degil) kullanilir. Ornek: (Abay ve
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ark., 2002). Ayni yazarmn ayni yil igerisinde birden fazla kaynagi varsa, litfen yilsonuna a, b, ¢, gibi harf
ekleyin: (Kegeli ve ark., 2002a, 2002b). Kaynaklar kronolojik olarak siralanip kaynaklar noktali virgiil ile
ayrilmahdir: (Abay, 2000; Kegeli ve ark., 2003; Ursavas ve Oren, 2012). Web sitesi atiflar1 (URL1, URL2,
...) olmalidir. Kisisel iletisim ile yayinlanmamis herhangi bir veriyi kaynak olarak kullanmayin ancak metin
igerisinde (parantez igerisinde) verilebilir. Ingilizce dili disinda yayinlanan bir makaleniz varsa makalenin
Ingilizce bashgi verilmeli, parantez icerisinde (Tiirkge makale, 6zet Ingilizce) gibi bir agiklama ile
belirtilmelidir. Eger yaymlanan makalenin ingilizce bir baslig1 yoksa sadece orijinal baslik verilmeli geviri
yapilmamalidir. Kaynaklar numaralandirilmadan metnin sonunda alfabetik olarak listelenmig olmalidir.
Makalenin yazarlarinin 10 ve asagist timii verilmelidir, 10 yazardan fazla makalelerde ilk 10 yazar verilip
geri kalan yazarlar i¢in ve ark., yazilmalidir. Makalede kaynaklar listesinde verilen yazarlarin adlar
yazilislariin ve yayin yillarinin makale igerisindeki metin ile ayni olup olmadiginin dikkatlice kontroliinii
yapmiz. Kaynaklara agagidaki formatta yazilmalidir: (Liitfen harf ve noktalamaya dikkat edelim):

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

Ursavas 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 (Basih degilse):

URLZ1. 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:
Tiim 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 olmali1 (Or: Tablo 1, Sekil 1) tiim makaledeki tablo ve sekiller
birden fazla ise hepsi sirastyla numaralandirilmalidir. Bagliklar ciimle halinde yazilmali (Or: Ornegin
mikroskobik goriintiisii.). Sekil ve tablolarda Times New Roman yazi tipi kullanilmalidir. Eger X, p, n, ya
da v gibi semboller kullanilacaksa Word Semboller meniisii kullanilarak eklenmelidir.

Metin igerisindeki tiim sekil ve tablolarda atiflar ardigik 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 ¢oziiniirligii 118 piksel/cm den az ve 16 cm genisliginden fazla olmamalidir. Resimler 1200
dpi ¢oziiniirliikkte taranmis ve jpeg veya tiff formatinda olmalidir.

Grafikler ve semalar 0.5 ve 1 nokta arasinda ki bir ¢izgi agirhig 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.

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 se¢enegi kullanarak *.ai veya *.pdf
seklinde kaydedilmesi gerekir. Eger kullandiginiz program farkli kaydet segenegi yoksa sekil kopyalanip
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diizeltilebilir bos bir Microsoft Word belgesine yapistirilmasi gerekir. Bir fotograf veya resim dosyast (
jpeg, tiff veya eps) olmadigi siirece grafikler veya temalar kopyala yapistir yapilmamalidir.

Tablo ve sekiller, ana baglik 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’lin "Tablo Olustur" 6zelligini kullanin. Liitfen bilgileri ¢ogaltmayimiz zaten
sekiller igerisinde sunulmustur.

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

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