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ANADOLU BRiYOLOJi TOPLULUGU...

EDIiTORDEN...

Degerli Briyologlar,

Dergimizin iiciincii cildinin, ilk sayisim1 yayinhyor olmaktan ve sizlerle bu vesile ile yeniden bulusmaktan

dolay1 biiyiik bir seving ve mutluluk duyuyorum.

Dergimizin bu sayisinda ilk defa “Anadolu Briyoloji Toplulugu”nun logosuyla karsimzdayiz. Logomuz,
briyofit ¢izimleri kullanilarak, Tiirk Bayraginda da yer alan Ay ve Yildiz motiflerine benzetilmistir. Tiirk
Bayraginin rengi kan kirmmzisidir ve sehitlerin dékiilen kanlarin temsil etmektedir. Gece yaris1 bu

kanlarin iizerine yansiyan hilal bicimindeki Ay ve bir Yildizla beraber Tiirk Bayraginin goriintiisii olusur.

Tiirkiye Cinclidotus sp. cinsi diinyanin i¢in gen merkezi konumundadir. Tiirkiye'de ii¢ adet Cinclidotus sp.
tiirii endemik olarak bulunmaktadir. Bu tiirler; Cinclidotus bistratosus Kiirschner & Liibenau-Nestle,
Cinclidotus vardaranus Erdag & Kiirschner ve Cinclidotus asumaniae Ursavas & Cetin dir. Logo iizerinde
yer alan, benimde kaydim verdigim iki adet Cinclidotus asumaniae tiiriine ait cizim yer almaktadir. Bu

cizimler Tiirk Bayragindaki Hilali temsil etmektedirler.

Logoda yer alan diger ¢izim ise Riccia beyrichiana Hampe ex Lehm tiiriine aittir ve Tiirk Bayragindaki
Yildizi  temsil etmektedir. Tiiriin ¢izimi Dr. Hatice OZENOGLU KIiREMIT tarafindan
gerceklestirilmistir. Bu tiir ayn1 zamanda Tiirkiye ve Giiney Bati Asya kitasi icin nadir ve hassas bir

cigerotu taksonudur.

Tiirk Briyoloji Toplulugunun kurulus tarihi olarak; Tiirkiye’de iki yilda bir gerceklestirilen ve on
dokuzuncusu 23-27 Haziran 2008 tarihinde, Karadeniz Teknik Universitesinde Trabzon'da
gerceklestirmis olan 19. Ulusal Biyoloji Kongresinin tarihi kabul edilmistir. Bu kongre, Tiirkiye’deki
Briyoloji alaminda calisan arastirmacilarin biiyiik bir cogunlugunun katihmiyla gerceklesmis olup bu

tarih Tiirk Briyology Toplulugunun kurulus tarihi olarak kabul eilmistir.

Bize destek verip katkida bulunan herkese buradan sonsuz tesekkiirlerimi iletiyorum. Siz degerli
meslektaglarim, istek ve onerilerinizi ile birlikte, dergimize yapacagimmz her tiirlii katkiya agk

oldugumuzu belirtir, dergimizin bir sonraki sayisinda goriisiinceye kadar esenlikler dilerim.

Saygilarimla...
Dr. Serhat URSAVAS
Editor.



ANATOLIAN BRYOLOGYCAL SOCIETY...

FROM THE EDITOR...

Respected Bryologists,

I am delighted and pleased for publishing the first issue of the third edition of our journal and by this

means meeting you again.

For the first time in this issue, you are welcomed with the logo of ""Anatolian Bryological Society'. Our
logo, using bryophytes drawings, has been linked to the crescent and star motifs located in the Turkish
Flag. Color of the Turkish flag is red and it represents the blood of the martyrs, hence, a reflection of the
Moon in the shape of Crescent and a Star appearing in blood at midnight, led to the creation of Turkish

Flag.

Turkey is accepted as the world’s genetic center for the genus Cinclidotus sp., and three other types of
these taxa are also endemically located in Turkey. These species are; Cinclidotus bistratosus Kiirschner &
Liibenau-Nestle, Cinclidotus vardaranus Erdag & Kiirschner and Cinclidotus asumaniae Ursavas & Cetin.
Two drowings of Cinclidotus asumaniae, registered by me, on the logo symbolize the Crescent on the
Turkish Flag.

The other drawing in the logo belongs to Riccia beyrichiana Hampe ex Lehm and represents the Star on
the Turkish Flag. The drawing of the taxon was carried out by Dr. Hatice OZENOGLU KiREMIT. At the

same time this type is a rare and delicate liverwort taxa for Turkey and Southwest Asia.

The date of 19th National Biology Congress that took place at Karadeniz Technical University, Trabzon
on June 23-27, 2008 was accepted as the establishment date of Turkish Bryological Society. The congress
has been held every two years with the participation of a large majority of researchers working in the field
of Bryology in Turkey.

I would like to extend my gratitude to everyone who has contributed and support us. Esteemed colleagues,
I am also glad to say that all kinds of contributions along with your wishes and suggestions related to the

journal will appreciated. I wish you peace of mind by the next issue of our journal.

Best regards...
Dr. Serhat URSAVAS
Editor.
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Abstract

A check-list of the bryophytes of Giresun province is provided in this study. A total of 252 taxa have
been recorded including of 235 taxa (consisting 105 genera) of mosses and 17 taxa (consisting 15
genera) of liverworts. The moss genera including the largest number of taxa are Grimmia (11),
Didymodon (9), Ptychostomum (8), Brachythecium (6), Bryum (6), Dicranum (6), Schistidium (6),
Sphagnum (6), Syntrichia (6), Orthotrichum (6), Mnium (5), Plagiomnium (5), Racomitrium (5) and
Tortella (5). Besides, Lophocolea (2) and Pellia (2) are the richest in species number in liverworts.
The checklist is given in alphabetical order.

Key Words: Bryophytes, Checklist, Giresun, Turkey

Giresun ili Briyofit Kontrol Listesi, Kuzeydogu Tiirkiye
Oz

Bu ¢alismada Giresun ili briyofit listesi olusturulmustur. Liste, 235 karayosunu taksonu (105 cinse ait)
ve 17 cigerotu taksonu (15 cinse ait) olmak tizere toplam 252 takson i¢ermektedir. En fazla takson
iceren yaprakli karayosunu cinsleri, Grimmia (11), Didymodon (9), Ptychostomum (8), Brachythecium
(6), Bryum (6), Dicranum (6), Schistidium (6), Sphagnum (6), Syntrichia (6), Orthotrichum (6), Mnium
(5), Plagiomnium (5), Racomitrium (5) ve Tortella (5) dir. Bunun yaninda Lophocolea (2) ve Pellia
(2) ise en fazla takson sayisina sahip cigerotu cinsleridir. Liste alfabetik siraya gore verilmistir.

Anahtar Kelimeler: Briyofitler, Kontrol listesi, Giresun, Tirkiye

* Corresponding author: ozdemirturan@gmail.com
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1. Introduction

Bryofloristic studies have been initiated by
foreign  researchers  (Tchihatcheff, 1860;
Juratzka and Milde, 1870; Wettstein, 1889;
Barbey, 1890; Schiffner, 1896, 1897; Fritsch,
1900; Schiffner, 1903, 1908; Penther and
Zederbauer, 1905; Bornmiiller, 1908, 19009;
Czeczott, 1939; Henderson and Muirhead,
1955; Henderson, 1957, 1958, 1961a, b, 1964,
1969; Jovet-Ast, 1957; Walther, 1967, 1970;
Henderson and Prentice 1969) in Turkey. After
a long time, in the 1980s, local bryologists
started to work on bryophyte diversity. In 1986,
a list of recent liverworts and mosses (143 taxa)
was compiled by Gokler, 1986; Cetin,1988a,
1988b to compile liverworts studies made up to
that date. After that, the studies that have been
increasing rapidly continued. Uyar and Cetin
have published the current checklist of mosses
of Turkey (Uyar and Cetin, 2004). Then,
Kirschner and Erdag (2005) published an
explanatory reference list for the Turkish
Bryophytes, along with synonyms of the
species according to the latest literature
(Kirschner and Erdag, 2005). Therefore,
Ozenoglu Kiremit and Kegeli (2009) listed the
liverworts and hornworts of Turkey. The latest
information about Turkish mosses was cited
within the study of Ros et al (2013). There are
some local checklists based on Turkish
Bryophytes (Abay et al., 2009, 2010; Sahin et
al., 2009 a,b, Ursavas and Abay, 2009;
Ozdemir, 2009; Ursavas et al., 2010; Kegeli et
al., 2011 and Abay et al 2016). The first records
of bryophytes from Giresun province was given
by Handel-Mazzetti (1909). After that date, the
main works began in the 1990s. These are the
important studies carried out in Giresun
province (Handel-Mazzetti, 1909; Unal, 1973;
Ozdemir and Baydar, 1997; Ozdemir, 1999;
Ozdemir, 2001 a,b; Ozdemir and Koz, 2005;
Ozdemir and Koz, 2006; Ozdemir and Koz,
2007; Ozdemir and Batan, 2008; Ozdemir,
2008; Kirmaci and Kiirschner, 2013).

The number of species lists for individual
provinces is limited (Abay, 2014). However,
data of regional level are the most important for
biodiversity studies and conservation (Abay,
2016). Thus, in this paper we compile all data
on bryophyte taxa occurring in Giresun
province, aiming to fill one the gaps in our
knowledge of Bryophytes.

Giresun province, which is located in the
Eastern Black Sea Region of Turkey, lies
between 37° 50' and 39° 12' eastern longitudes
and 40° 07" and 41° 08' northern latitudes.
Trabzon and Giimiishane in the east of the
province, Ordu in the west, Sivas and Erzincan
in the south, and Sivas in the southwest, and the
north is surrounded by the Black Sea. The
Black Sea coast is warm and rainy. According
to the average of long-term observations, the
annual average temperature in the city center is
14,2 °C. The coldest month (February) the
average temperature is 6,9 °C. The warmest
month is August and the average is 22,3 °C.
The most precipitation is in October and
November, and the lowest in May and June.
Monthly value at maximum rainfall exceeds
140 mm per month, while minimum rainfall
does not fall below 60 mm per month. The
average number of rainy days is 184. Natural
vegetation varies depending on climatic
characteristics and elevation. There are
differences between the two parts of the
province in the distribution of the natural plant
cover as it is in the climate conditions. The
slopes behind the coastal plains in the northern
part of the province are covered with hazelnut
gardens up to 800 m. Towards higher, forests of
Alnus glutinosa Lam, Castanea sativa Mill.,
Carpinus betulus Mill., Quercus pontica C.
Koch and Fagus orientalis Lipsky, and after
1600 meters Abies nordmanniana  (Stev.)
Spach, Picea orientalis (L.) Link. and Pinus
sylvestris L. are found. The forest cover ends at
2000 meters. Higher areas are covered with
alpine meadows., Mostly arid forests and steppe
plants are predominant in Coruh-Kelkit Valley
located in the south of the Giresun Mountains.
25 % of the province's arable land consists of
agriculture, 34% forest and shrubland, 18%
meadow and pasture, and 25 % non-agricultural
land (Giresun Cevre Durum Raporu, 2015).

1.2. New records

Two species of mosses were reported as new
records for Turkey; Tortella inflexa (Bruch)
Broth. (in 2001) and Rhytidiadelphus loreus
(Hedw.) Warnst. (in 2008) by Ozdemir (2001,
2008) after Handel-Mazzetti (1909). Also,
Sphagnum  capillifolium  (Ehrh.)  Hedw.,
Sphagnum centrale C.E.O. Jensen (in 26
August 2011) and Sphagnum compactum Lam.
& DC. (in 17 July 2012) were found as a
second time from Turkey by Kirmaci and
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Kirschner (2013) after Turkish square system
gave by Henderson (1961).

2. Materials And Methods

This checklist was been created by bringing
together the taxonomic studies, carried out in
Giresun province from 1909 to the present.
These studies are Handel-Mazzetti, 1909; Unal,
1973; Ozdemir and Baydar, 1997; Ozdemir,
1999; Ozdemir, 2001 a,b; Ozdemir and Koz,
2005; Ozdemir and Koz, 2006; Ozdemir and
Koz, 2007; Ozdemir and Batan, 2008; Ozdemir,
2008; Kiurmaci and Kiirschner, 2013). on
bryophytes in Giresun province between 1907
and 2017. The valid names and synonyms of
the taxa were based on Ros et al., (2007 2013
for mosses and liverworts. It also benefited
from publications such as; (Uyar and Cetin,
2004; Kiirschner and Erdag, 2005; Ozenoglu
Kiremit and Kegeli, 2009) However, for valid
names of some taxa, Hodgetts (2015) was used.
On the other hand, In present studies, first
records (*) and second records (**) for Turkey
from the province of Giresun are shown. And
the localities of these taxa are presented in the
annotations.

3. Results

Bryophytes are represented in the checklist by
120 genera, and 252 taxa of infrageneric level
(245 species, 7 varieties), that equals 25.81 %
of the total moss flora of Turkey. The checklist
includes 17 taxa of liverworts and 235 mosses.
The largest number of liverwort species was
found in the genera Lophocolea (2) and Pellia
(2) and other liverwort genera contain one
taxon. Grimmia with 11 taxa is the richest
genus in the mosses. Some other rich genera are
Didymodon (9), Ptychostomum (8),
Brachythecium (6), Bryum (6), Dicranum (6),
Schistidium (6), Sphagnum (6), Syntrichia (6),
Orthotrichum (6), Mnium (5), Plagiomnium (5),
Racomitrium (5), and Tortella (5)..Two species,
Rhytidiadelphus loreus and Tortella inflexa,
were recorded first time and three species of
Sphagnum genus (Sphagnum capillifolium,
Sphagnum centrale and Sphagnum compactum)
also second time for bryophyte Flora of Turkey.
Explanations about these taxa are given in the
Annotations.

3.1. Alphabetical List of Bryophytes
HEPATICOPHYTA (LIVERWORTYS)
Bazzania trilobata (L.) Gray

Calypogeia muelleriana (Schiffn.) Miill. Frib.

Conocephalum conicum (L.) Dumort.
Fossombronia pusilla (L.) Nees
Frullania tamarisci (L.) Dumort.
Lejeunea cavifolia (Ehrh.) Lindb.
Lophocolea bidentata (L.) Dumort.
L. heterophylla (Schrad.) Dumort.
Lunularia cruciata (L.) Lindb.
Marchantia polymorpha L.
Metzgeria furcata (L.) Dumort.
Pellia endiviifolia (Dicks.) Dumort.
P. epiphylla (L.) Corda

Plagiochila porelloides (Torrey ex Nees)
Lindenb.

Porella platyphylla (L.) Pfeiff.
Reboulia hemisphaerica (L.) Raddi
Scapania undulata (L.) Dumort.

BRYOPHYTA (MOSSES)

Abietinella abietina (Hedw.) M. Fleisch.
Alleniella complanata (Hedw.) S. Olsson,
Enroth & D. Quandt

Amblystegium serpens (Hedw.) Schimp.
Andreaea pygmaea Cardot.

Anoectangium aestivum (Hedw.) Mitt.
Anomobryum concinnatum (Spruce) Lindb.
Anomodon attenuatus (Hedw.) Huebener
A. viticulosus (Hedw.) Hook. & Taylor
Atrichum undulatum (Hedw.) P. Beauv.
Barbula convoluta Hedw.

B. unguiculata Hedw.

Bartramia pomiformis Hedw.
Brachythecium albicans (Hedw.) Schimp.
B. glareosum (Bruch ex Spruce) Schimp.
B. mildeanum (Schimp.) Schimp. ex Milde
B. rivulare Schimp.

B. rutabulum (Hedw.) Schimp.

B. salebrosum (Hoffm. ex F. Weber & D.
Mohr) Schimp.

Bryoerythrophyllum recurvirostrum (Hedw.)
P.C. Chen

Bryum argenteum Hedw.

B. creberrinum Tayl.

B. dichotomum Hedw.

B. elegans Nees

B. gemmiparum De Not.

B. radiculosum Brid.

Calliergonella cuspidata (Hedw.) Loeske
C. lindbergii (Mitt.) Hedenis

Campylium protensum (Brid.) Kindb.
Campylopus atrovirens De Not.

C. fragilis (Brid.) Bruch & Schimp.

C. pilifer Brid.

Cirriphyllum crassinervium (Taylor) Loeske &
M. Fleisch.

C. piliferum (Hedw.) Grout
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Climacium dendroides (Hedwig) Weber & D.
Mohr

Cratoneuron filicinum (Hedw.) Spruce
Ctenidium molluscum (Hedw.) Mitt. D. Mohr:
Dichodontium flavescens (Dicks. ex With.)
Lindb.

Dicranella heteromalla (Hedw.) Schimp.

D. varia (Hedw.) Schimp.

Dicranum fuscescens Sm.

D. majus Turner

D. montanum Hedw.

D. scoparium Hedw.

D. tauricum Sapjegin

Didymodon acutus (Brid.) K. Saito

D. asperifolius (Mitt.) H.A. Crum, Steere &
L.E. Anderson

D. fallax (Hedw.) R.H. Zander

D. ferrugineus (Schimp. ex Besch.) M. O. Hill
D. luridus Hornsch.

D. rigidulus Hedw.

D. spadiceus (Mitt.) Limpr.

D.tophaceus (Brid.) Lisa

D. vinealis (Brid.) R.H. Zander

Diphyscium foliosum (Hedw.) D. Mohr
Distichum inclinatum (Hedw.) Bruch. &
Schimp.

Ditrichum heteromallum (Hedw.) E. Britton
Drepanocladus aduncus (Hedw.) Warnst.
Encalypta alpina Sm.

E. contorta Hoppe ex Lindb.

E. streptocarpa Hedw.

E. vulgaris Hedw.

Epipterygium tozeri (Grev.) Lindb.
Eurhynchiastrum pulchellum (Hedw.) Ignatov
& Huttunen

Eurhynchium striatum (Hedw.) Schimp.
Exsertotheca crispa (Hedw.) S. Olsson, Enroth
& D. Quandt

Fissidens adianthoides Hedw.

F. dubius P. Beauv.

Fontinalis antipyretica Hedw.

F. hypnoides C. Hartm.

Funaria hygrometrica Hedw.

Grimmia alpestris (F. Weber & D. Mohr)
Schleich.

. decipiens (Schultz) Lindb.

. donniana Sm. ex Spruce

. elongata Kaulf.

. hartmannii Schimp.

. laevigata (Brid.) Brid.

. ovalis (Hedw.) Lindb.

. pulvinata (Hedw.) Sm.

. pulvinata var. longipila Schimp.

. tergestina Tomm. ex Bruch & Schimp.

. trichophylla Grev.

OOOOOOLHOLOOOO

Gymnostomum aeruginosum Sm.

G. calcareum Nees & Hornsch.

Habrodon perpusillus (De Not.) Lindb.
Hedwigia ciliata (Hedw.) P. Beauv.

Homalia trichomanoides (Hedw.) Schimp.
Homalothecium lutescens (Hedw.) H. Rob.
H. philippeanum (Spruce) Schimp.

H. sericeum (Hedw.) Schimp.

Hookeria lucens (Hedw.) Sm.
Hygroamblystegium tenax (Hedw.) Jenn.
H.varium (Hedw.) Monk.

Hygrohypnum palustre var. subsphaericarpon
(Schleich. ex Brid.) Loeske

H. smithii (Sw.) Broth.

Hylocomiastrum pyrenaicum (Spruce) M.
Fleisch.

Hylocomium splendens (Hedw.) Schimp.
Hyocomium armoricum (Brid.) Wijk &
Margad.

Hypnum cupressiforme var. cupressiforme
Hedw.

H. cupressiforme var. lacunosum Brid.

H. cupressiforme var. resupinatum (Taylor)
Schimp.

H. revolutum (Mitt.) Lindb.

Imbribryum alpinum (Huds. ex With.) N.
Pedersen

I. mildeanum (Jur.) J.R. Spence

Isothecium alopecuroides (Lam. ex Dubois)
Isov.

I. myosuroides Brid.

Kindbergia praelonga (Hedw.) Ochyra
Leptodictyum riparium (Hedw.) Warnst.
Lescuraea incurvata (Hedw.) E. Lawton

L. mutabilis (Brid.) Lindb. ex I. Hagen
Leucobryum albidum (P. Beauv.) Lindb.

L. glaucum (Hedw.) Angstr.

Leucodon immersus Lindb.

L. sciuroides (Hedw.) Schwagr.
Loeskeobryum brevirostre (Brid.) M. Fleisch.
Merceya acutiuscula (Lindb. ex Broth.) Broth.
Microbryum curvicollum (Hedw.) R.H. Zander
Mnium hornum Hedw.

M.marginatum (Dicks. ex With.) P. Beauv.
M. orthorrhynchium auct.

M. spinosum (Voit) Schwégr.

M. stellare Hedw.

Nogopterium gracile (Hedw.) Crosby & W.R.
Buck

Orthothecium strictum Lorentz L.E. Anderson
O. affine Schrad. ex Brid.

O. diaphanum Brid.

O. lyellii Hook & Taylor

O. rupestre Schleich. ex Schwagr.

O. stramineum Hornsch. ex Brid.
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O. striatum Hedw.

Oxyrrhynchium hians (Hedw.) Loeske

O. speciosum (Brid.) Warnst.

Oxystegus tenuirostris (Hook. & Taylor) A.J.E.
Sm.

Palustriella commutata (Hedw.) Ochyra

P. decipiens (De Not.) Ochyra
Paraleptodontium recurvifolium (Taylor) D.G.
Long

Paraleucobryum longifolium (Ehrh. ex Hedw.)
Loeske

P. sauteri (Bruch & Schimp.) Loeske
Philonotis calcarea (Bruch & Schimp.)
Schimp.

P. capillaris Lindb.

P. fontana (Hedw.) Brid.

P. seriata Mitt.

P. tomentella Molendo

Plagiomnium affine (Blandow ex Funck) T.J.
Kop.

P. cuspidatum (Hedw.) T.J. Kop.

P. elatum (Bruch & Schimp.) T.J. Kop.

P. ellipticum (Brid.) T.J. Kop.

P. undulatum (Hedw.) T.J. Kop.
Plagiothecium cavifolium (Brid.) Z. Iwats.
P. denticulatum (Hedw.) Schimp.

P. succulentum (Wilson) Lindb.

P. undulatum (Hedw.) Schimp.
Plasteurhynchium striatulum (Spruce) M.
Fleisch.

Platygyrium repens (Brid.) Schimp.
Pleurozium schreberi (Willd. ex Brid.) Mitt.
Pogonatum aloides (Hedw.) P. Beauv.

P. nanum (Hedw.) Beauv.

P. urnigerum (Hedw.) P. Beauv.

Pohlia elongata Hedw.

P. ludwigii (Spreng. ex Schwigr.) Broth.
Polytrichum commune Hedw.

P. formosum Hedw.

P. juniperinum Hedw.

P. longisetum Sw. ex Brid.

Pseudoleskeella nervosa (Brid.) Nyholm
Pseudoscleropodium purum (Hedw.) M.
Fleisch.

Ptilium crista-castrensis (Hedw.) De Not.
Ptychostomum archangelicum (Bruch &
Schimp.) J.R. Spence

P. boreale (F. Weber & D. Mohr) Ochyra &
Bednarek-Ochyra

P. capillare (Hedw.) Holyoak & N. Pedersen
P. moravicum (Podp.) Ros & Mazimpaka

P. pallens (Sw.) J.R. Spence

P. pseudotriquetrum (Hedw.) J.R. Spence &
H.P. Ramsay

P. pseudotriquetrum var. bimum (Schreb.)
Holyoak & N. Pedersen

P. torquescens (Bruch & Schimp.) Ros &
Mazimpaka

Racomitrium aquaticum (Brid. ex Schrad.)
Brid.

R. canescens (Hedw.) Brid.

R. ellipticum (Turner) Bruch & Schimp.

R. heterostichum (Hedw.) Brid.

R. lanuginosum (Hedw:.) Brid.

Rhizomnium punctatum (Hedw.) T.J. Kop.
Rhodobryum roseum (Hedw.) Limpr.
Rhynchostegiella tenella (Dicks.) Limpr.
Rhynchostegium confertum (Dicks.) Schimp.
R. murale (Hedw.) Schimp.

R. riparioides (Hedw.) Cardot.

R. rotundifolium (Scop. ex Brid.) Schimp.
Rhytidiadelphus loreus (Hedw.) Warnst. [1] (*)
R. squarrosus (Hedw.) Warnst.

R. triquetrus (Hedw.) Warnst.

Sanionia uncinata (Hedw.) Loeske
Schistidium apocarpum (Hedw.) Bruch &
Schimp.

S. confertum (Funck) Bruch & Schimp.

S. flaccidum (De Not.) Ochyra

S. platyphyllum (Mitt.) H. Perss.

S. rivulare (Brid.) Podp

S. trichodon (Brid.) Poelt

Sciuro-hypnum plumosum (Hedw.) Ignatov &
Huttunen

S. populeum (Hedw.) Ignatov & Huttunen
S. reflexum (Starke) Ignatov & Huttunen
Scleropodium tourettii (Brid.) L.F. Koch
Scorpidium revolvens (Sw. ex anon.) Rubers
Scorpiurium circinatum (Bruch) M. Fleisch. &
Loeske

Seligeria pusilla (Hedw.) Bruch & Schimp.
S. recurvata (Hedw.) Bruch & Schimp.
Sematophyllum demissum (Wilson) Mitt.
Sphagnum auriculatum Schimp

S. capillifolium (Ehrh.) Hedw. [2] (**)

S. centrale C.E.O. Jensen [3] (*)

S. compactum Lam. & DC. [4] (**)

S. girgensohnii Russow

S. warnstorfii Russow

Stereodon arcuatus Lindb.

Syntrichia montana Nees

S. norvegica F. Weber

S. princeps (De Not.) Mitt.

S. ruralis (Hedw.) F. Weber & D. Mohr

S. ruralis var. ruraliformis (Besch.) Delogne
S. virescens (De Not.) Ochyra

Tetradontium brownianum (Dicks.) Schwégr.
Thamnobryum alopecurum (Hedw.) Gangulee
Thuidium delicatulum (Hedw.) Schimp.
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T. tamariscinum (Hedw.) Schimp.
Tomentypnum nitens (Hedw.) Loeske
Tortella fragilis (Hook. & Wilson) Limpr.
T. inclinata (R. Hedw.) Limpr.

T. inflexa (Bruch) Broth. [5] (*)

T. squarrosa (Brid.) Limpr.

T. tortuosa (Hedw.) Limpr.

Tortula caucasica Broth

T. hoppeana (Schultz) Ochyra

T. muralis Hedw.

T. subulata Hedw.

Trichostomum crispulum Bruch
Ulota crispa (Hedw.) Brid.

4. Annotations

[1] This species was recorded by Ozdemir in
2006 from Giresun province of Turkey, Dereli
district, Kiimbet High Plateau, 40° 32' 30" N,
38°28'45" E, 950 m, on soil in Picea orientalis
forest, 08.08.2006 (Ozdemir, 2008).

[2] This species was recorded firt time by
Handel-Mazzetti in 1909 in Giresun province:
Ezeli district, Kizil Ali High Plateau, 1300 m,
under Rhododendren, July 1907 (Handel-
Mazzetti, 1909). After a long time, the taxa was
recorded second time in Giresun province:
Tirebolu district, Yesilpmar village,
40°54'39.8"N; 38°53'49.5"E, 300 m, on acidic
wet soil bank, 26 August 2011 (Kirmaci and
Kiirschner, 2013).

[3] This species was first time recorded from
Turkey by Abay et al. (2009) in Rize province:
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Bu ¢alismada 2016 yilinin Mart ve Haziran aylar1 arasinda KTU (Trabzon) Kanuni Kampiisiiniin
briyofit floras1 arastirilmistir. Calisma alanindan toplanan yaklasik 300 briyofit 6rneginin teshis
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1.Giris

Ulkemizdeki flora c¢aligmalarmin biiyiik bir
kismu Tohumlu bitkiler ile ilgilidir. ‘‘Flora of
Turkey and Aegean Islands’” (Davis, 1965-
1988; Giiner vd., 2000) adli eserde Tiirkiye
egreltileri ve Tohumlu Bitkileri’nin Floralar1 11
cilt halinde yazilmis olmasina ragmen iilkemiz
briyofitleri ile ilgili flora ¢alismalar1 heniiz
tamamlanamamistir. Ancak, son yillarda tiim
diinyada oldugu gibi Tirkiye’de de briyofitler
lizerine yapilan detayli arazi c¢aligmalar
neticesinde ¢ok sayida dnemli ve kayda deger
briyofit kayitlari tespit edilmistir (Kesim ve
Ursavas, 2015; Alatas ve Uyar, 2015; Oren vd.,
2015; Alatas vd., 2015; Batan vd., 2015; Ezer
vd., 2015; Alatas ve Batan, 2015, 2016;
Kirmaci ve Erdag, 2016; Ozgelik vd., 2016;
Batan vd., 2016).

Son yillarda yapilan bu ¢aligmalar artarak
devam etse de heniiz Tiirkiye briyofit florasinin
tam olarak ortaya ¢ikarmak i¢in yeterli degildir.
Tirkiye briyofit florasinin tamamlanabilmesi
icin bu konu ile ilgili daha ¢ok ve detayl
caligmalara ihtiyag vardir.

1.1. Calisma Alami: Trabzon, Ortahisar ilgesi
siirlart igerisinde yer alan KTU Kanuni

Kampiisii Henderson (1961) kareleme sistemine
gore A4 karesinde olup, Euro-Siberian
fitocografik bolgenin Kolsik (Colchic) alt
kesiminde yer almaktadir (Davis, 1965; Ansin
ve Ozkan, 1986). Calisma alan1 olarak segilen
KTU Kanuni Kampiisii, Trabzon-Rize devlet
karayolunun giineyinde 1105 m*lik alana
sahiptir (Sekil 1). Bu alanin dogusuna Trabzon,
batisinda Kalkinma mahallesi, Kkuzeyinde
Karadeniz, giineyinde KTU Tip Fakiiltesi ve
dogusunda konaklar ile sinirlidir (Coskungelebi,
1995).

Trabzon ili, deniz etkisinde 1liman iklim tipi
hiikiim stirmekte olup, yazlar genellikle orta
sicaklikta, kislar ise 1lik ve yagisli gegcmektedir.
Kafkas Daglar1 Trabzon’u giineyden ¢epegevre
sararak kuzeybatinin soguk riizgarlarina karsi
kapatir. Ayrica Sibirya’nin soguk havasi ile
Kuzey Dogu Anadolu platolarinda soguyan
havanin bdélgeye girmesini engelleyen bir
bariyer gorevi goriir. Ortalama  yagis
miktarlarina aylik olarak bakildigi zaman
Agustos ve Kasim aylarmin kurak gectigi
goriilmektedir (Trabzon il Cevre Durum
Raporu, 2015).
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Sekil 1. Arastirma alanini i¢eren Trabzon ili haritasi
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Calisilan alanda; yillik ortalama sicaklik 15,4°C,
yillik ortalama yagis miktar1 1016,5 mm dir. En
soguk ayin ortalama sicaklik degeri 8'C, en
sicak aymn ortalama sicaklik degeri 24 "C’dir
(Trabzon il Cevre Durum Raporu, 2015).

KTU Kanuni kampiisii karadeniz iklimi etkisi
altinda olup orman vejetasyonu hakimdir.
Calisilan alan igerisinde bulunan aga¢ ve
agacciklar, Acer campestre L., A. glabrum
Torr., Aesculus hippocastanum L., Betula nigra
L., Celtis orientalis L., Cupressus arizonica
Greene., C. sempervirens L., Cotinus coggygria
(Scop.), Fraxinus americana L., F. texensis
(A.Gray) Sarg., F. ornus L., Elaeagnus
rhamnoides (L.) A.Nelson, Ginkgo biloba L.,
llex latifolia Thunb., Koelreuteria paniculata
Laxm., Liriodendron tulipifera L., Picea
pungens Engelm., Pinus pinea L., P. sylvestris
L., P. strobus L., Quercus macrocarpa Michx.,
Q. nigra L., Q. rubra L., Robinia pseudoacaia
L., Sophora japonica L., Syringa vulgaris L.,

Tablol. Lokalitelere ait veriler.

Tamarix tetrandra Pallas ex Bieb., Taxodium
distichum (L) Rich.,, Taxus baccata
L.(Bayramoglu, 2016).

2. Materyal ve Yontem

Briyofit ornekleri, 2016 yilinin Mart-Haziran
aylarmnda farkli vejetasyon dénemlerinde KTU
Kanuni Kampiisiinden 10 farkli lokaliteden
toplanmigtir  (Tablo 1). Toplanan Briyofit
orneklerinin teshis edilmesinde cesitli flora
eserlerinden faydalanilmistir (Nyholm, 1981,
1986, 1989, 1993, 1998; Lewinsky, 1993;
Blom, 1995; Paton, 1999; Pedrotti, 2001, 2006;
Greven, 2003; Heyn ve Herrnstadt 2004; Smith,
2004; Frey vd. 2006; Guerra vd. 2006;
Kiirschner ve Frey 2011). Bitki listesinin
hazirlanmasinda gegerli isim ve sinonim
durumlarinin tespitinde Ros vd. (2013) dikkate
almmustir. Teshis edilen taksonlar Karadeniz
Teknik Universitesi, Fen Fakiiltesi, Biyoloji
Boliimiindeki ~ briyofit  herbaryumun  da
muhafaza edilmektedir.

Lokalite No Yiikseklik (m) Tarih GPS Kaydi

1 96 28.03.2016 40°59'40,56"N, 39°46'05,20"E

2 101 28.03.2016 40'59'41,26"N, 39°46'13,75"E

3 112 10.04.2016 40'59'38,69"N, 39°46'16,59"E

4 111 10.04.2016 40'59'31,72"N, 39°46'23,06"E

5 62 02.05.2016 40'59'37,35"N, 39'46'37,04"E

6 51 02.05.2016 40'59'45,06"N, 39°46'32,63"E

7 55 21.05.2016 40'59'53,70"N, 39°46'21,53"E

8 66 21.05.2016 40'59'48,73"N, 39°45'59,64"E

9 45 08.06.2016 40'59'52,36"N, 39'45'53,27"E

10 61 08.06.2016 40'59'50,75"N, 39°46'04,00"E
3. Bulgular ovalis, Didymodon vinealis, Ptychostomum
KTU Kanuni Kampiisii'niin briyofit florasimi pseudotriquetrum Entodon concinnus.
degerlendirilmeye  yonelik bu ¢aligmada Anthoceros punctatus ve  Conocephalum
belirlenen 10 farkli lokaliteden toplanan conicum.

yaklasik 300 briyofit 6rneginin teshis edilmesi
sonucunda, 102 takson tespit edilmistir. Bunlar
igerisinde yaprakli karayosunlari, 18 familya ve
48 cinse ait 94 takson; cigerotlar1 5 familya ve 5
cinse ait 7 takson ve boynuzotlari tek familya 1
cins ve 1 takson ile temsil edilmektedir (Tablo
2). Alanda bulunan en yaygmn tirler;
Brachythecium albicans, Kindbergia
praelonga, Oxyrrhynchium hians, Scorpiurium
circinatum, Orthotrichum diaphanum, Grimmia

Teshis edilen taksonlardan 23 tanesi Trabzon ili
i¢in yeni kayittir ve bu taksonlar tablo 2. de (*)
ile belirtilmistir (Gokler, 1998; Papp, 2004;
Uyar ve Cetin, 2004; Erdag ve Kiirschner,
2005; Townsend, 2005; Ozenoglu Kiremit ve
Kecgeli, 2009; Lara vd. 2010; Batan ve Ozdemir,
2011; Kirmaci1 vd. 2012; Batan vd., 2013;
Kirmaci ve Kiirschner, 2013; Batan ve
Ozdemir, 2013).
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Tablo 2. Florostik liste.

Boynuzotu
Familya Cins Takson Subsrat Istasyon
g‘zmg&e rotaceae Anthoceros L. Anthoceros punctatus L. Toprak tizeri 1,3,4,6,7,9,10
Cigerotlari
Familya Cins Takson Subsrat Istasyon
Conocephalaceae . Conocephalum conicum ..
Miill. Frib. Ex Grolle Conocephalum Hill. (L) Underw. Toprak tizeri 1,2,45,7,9
Marchantlaceae Marchantia Lindl. Marchantia polymorpha Kaya ve 248
Lindl. L. toprak iizeri
Jubula hutchinsiae
Jubul.aceae Jubula Dumort. (Hook.) Dumort. subsp. I}lem.ll kaya 135
H.Klinggr. javanica Konstant. & tizeri
Vilnet
Pellia endiviifolia (Dicks.) | Nemli kaya ve
. L 2,589
Pelliaceae H. . . Dumort. toprak {izeri
Klinggr. Pellia Raddi . Nemli kaya
P. epiphylla (L.) Corda . 1,34
uzeri
. Metzgeria conjugata .
I\K/Iﬁ:]zgerrlaceae H. Metzgeria Raddi Lindb. Kaya lizeri 2,45
gar. M. furcata (L.) Dumort. Agag lizeri 13
Yaprakh Karayosunlari
Familya Cins Takson Subsrat Istasyon
Polytrichaceae - Atrichum undulatum .
Schwagr. Atrichum P.Beauv. (Hedw.) P. Beauv. Toprak iizeri 3,5,8
Funariaceae Funaria Hedw. Funaria hygrometrica Kaya v? . 26,7
Schwagr. Hedw toprak tizeri
Grimmia alpestris
(F.Weber & D.Mohr) Kaya tizeri 1,45
Schleich.
*
G._anodon Bruch & Kaya iizeri 14.6
Schimp.
*G. dissimulata E.Maier Kaya iizeri 1,39
*@G. donniana Sm. Kaya iizeri 2,5,8
. G. elatior Bruch ex Bals.- N
Grimmia Hedw. Criv. & De Not. Kaya iizeri 3,5,10
*G. elongata Kaulf. Kaya iizeri 1,79
Grimmiaceae Arn. *G. ovalis (Hedw.) Lindb. | Kaya iizeri 3,4,6,8,9,10
. Kaya ve
G. pulvinata (Hedw.) Sm. toprak iizeri 2,5
*G. tergestina Tomm. ex N
Bruch & Schimp. Kaya tizerl 37
. Kaya ve
G. trichophylla Grev. toprak iizeri 238
Schistidium apocarpum . .
- (Hedw.) Bruch & Schimp. Toprak izeri S7
Schistidium Bruch & . confertum (Funck)
Schimp. Bruch & Schimp. Toprak iizeri 6,8,9
Rhabdoweisiaceae . S *Dicranoweisia cirrata e
Limpr. Dicranoweisia Milde. (Hedw.) Lindb. Agagc lizeri 34,8
Ceratodon Brid. Ceratodon purpureus Kaya ve 259
I . (Hedw.) Brid. toprak {izeri
Ditrichaceae Limpr. —
Pleuridium Rabenh Pleuridium subulatum Toprak iizeri 1,4
' (Hedw.) Rabenh. '
Dicranella heteromalla .
Dicranaceae Schim Dicranella (Miill. (Hedw.) Schimp. Toprak iizeri 2,31
- Hal.) Schimp. *D. rufescens (With.) Islak toprak 19
Schimp. lizeri '




Erata et al. 2017. Anatolian Bryol. 3(1): 9-18

Fissidentaceae Fissidens Hedw Fissidens taxifolius Hedw. | Toprak iizeri 2,45
Schimp. ' F. bryoides Hedw. Toprak iizeri 4,7
Barbula Hedw. Barbula unguiculata Toprak tizeri 3,6,8
Hedw.
Bryoerythrophyllum
Bryoerythrophyllum erecCuréLréJ:trum (Hedw.) Kaya tizeri 1,2,10
P.C.Chen. *B. rubrum (Jur.) P.C. Kaya ve
o 3,5
Chen toprak iizeri
D. insulanus (De Not.) Kaya ve 134
M.O. Hill toprak iizeri "
D. luridus Hornsch. Toprak iizeri 2,5
Didymodon Hedw. D. tophaceus (Brid.) Lisa Kaya ve 1,5,6
toprak iizeri
T -
e @9 o 1429
*Gymnostomum
Pottiaceae Schimp gyﬂgﬁ]ss'tgt?um e calcareum Nees & ll,lSZIZIl'(l toprak 2,3
' Hornsch.
Syntrichia ruralis var.
Syntrichia Brid. ruralis (Hedw.) F.Weber Toprak iizeri 3,4,7
& D.Mohr
. Pleurochaete squarrosa .
Pleurochaete Lindb. (Brid.) Lindb. a Kaya tizeri 2,4
Tortella tortuosa (Hedw.) .
Tortella (Miill.Hal.) Limpr. Toprak izeri 124
Limpr. T. nitida (Lindb.) Broth. Toprak iizeri 3
T. muralis Hedw. var. N
Tortula Hedw. muralis Kaya tizerl 2,56
T. caucasica Broth. Toprak iizeri 3,5
. Trichostomum -
Trichostomum Bruch brachydontium Bruch Toprak iizeri 1,39
Weissia Hedw. Weissia controversa Toprak iizeri 5,7
Hedw.
*Lewinskya rupestris
Lewinskya F.Lara, (Schleich. Ex Schwigr.) Kaya ve aga¢ 6.8
Garilleti & Goffinet F.Lara, Garilleti & iizeri '
Orthotrichaceae Arn. Gofflne_t -
Orthotrichum diaphanum L
. Brid. Agag lizeri 2,5,6,8,9
Orthotrichum Hedw. -
. Kaya} ve agac¢ 124
O. pallens Bruch ex Brid. | {izeri -
Bryum argenteum Hedw. Kaya ve 2,8,10
Bryum Hedw. . toprak tizeri
*B. dichotomum Hedw. Toprak tizeri 1,3,4
B. schleicheri DC. Toprak tlizeri 2,8
Ptychostomum boreale (F.
Weber & D. Mohr) Kaya ve 13
Ochyra & Bednarek- toprak tizeri '
Bryaceae Schwagr. Ochyra
P. capillare (Hedw.) Kaya ve
Holyoak & N. Pedersen toprak {izeri 59
Ptychostomum -
Hornsch P. donianum (Grev.) Toprak iizeri 2,3
' Holyoak & N.Pedersen '
*P. imbricatulum (Miill. Kaya ve
Hal.) Holyoak & N. o 4
toprak iizeri
Pedersen
*P. moravicum (Podp.) Kaya ve 139

Ros & Mazimpaka

toprak tizeri
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P. pseudotriquetrum
(Hedw.) J.R. Spence &

Islak kaya ve

H.P. Ramsay var. toprak tizeri 2,357,10
pseudotriquetrum
P. rubens (Mitt.) Holyoak ..
& N. Pedersen Toprak tizeri 15
Plagiomnium cuspidatum | Nemli toprak 2810
(Hedw.) T.J.Kop. lizeri "
P. ellipticum (Brid.) Nemli toprak
. 1,3,7
T.J.Kop. lizeri
P. elatum (Bruch & Nemli toprak 256
Plagiomnium Schimp.) T.J.Kop. lizeri ™
Mniaceae Schwagr. g P. medium (Bruch & Nemli toprak
T.J.Kop. . . 1,24
Schimp.) T.J.Kop. lizeri
*P. rostratum (Schrad.) .
T.3.Kop. Toprak iizeri 2,79
P. undulatum (Hedw.) .
T.3.Kop. Toprak iizeri 1,3,8
. . Rhizomnium punctatum
Cinclidiaceae Kindb. Rhizomnium (Broth.) (Bruch & Schimp.) Toprak tizeri 2,5,6
T.J.Kop.
T.J.Kop.
- . Abietinella abietina var. .
N . Abietinella Miill.Hal. hystricosa (Mitt.) Sakurai. Toprak tlizeri 1,3
Thuidiaceae Schimp. — L=
Thuidium Schimp. | [nuidium tamariscinum | o woei | 29
' (Hedw.) Schimp. '
Amblystegium Amblystegium serpens Islak toprak 158
Schimp. (Hedw.) Schimp. tizeri "
Hygroamblystegium tenax | Islak kaya
. 2,7
. . (Hedw.) Jenn. iizeri
Amblystegiaceae Hygroamblystegium - -
Kindb Loeske H. varium var. humile (P. Islak kaya
' Beauv.) Vanderp. & iizeri 5,6
Hedenis
. Pseudoamblystegium
Pseudoamblysteglqm subtile (Hedw.) Vanderp. | Agag iizeri 5,8,9
Vanderp. & Hedenés -
& Hedends
Leucodontaceae Leucodon sciuroides S
Schimp. Leucodon Schwaegr. (Hedw.) Schwiigr. Agag lizeri 1,2,3
. Brachytheciastrum
Brachytheciastrum velutinum (Hedw.) Kaya iizeri 1,3,8
Ignatov & Huttunen
Ignatov & Huttunen
Brachythecium albicans .
(Hedw.) Schimp. Toprak iizeri 1,2,5,6,9
*B. campestre (Miill.Hal.) W
Brachythecium Schimp. Toprak-iizeri 24,5
Schimp. B. mildeanum (Schimp.) Kaya ve 134
Schimp. Ex Milde toprak tizeri i
B. rutabulum (Hedw.) .
Brachytheciaceae Schimp. Kaya lizeri 3.7.9
Schimp. Cirriphyllum
Cirriphyllum Grout crassinervium (Taylor) Agag tizeri 1,28
Loeske & M. Fleisch.
Eurhynchium Eurhynchium striatum N
Schimp. (Hedw.) Schimp. Toprak iizeri 24
Eurhynchiastrum Eurhynchiastrum
y pulchellum (Hedw.) Toprak tizeri 1,7
Ignatov & Huttunen
Ignatov & Huttunen
Homalothecium lutescens Kava iizeri 238
Homalothecium (Hedw.) H.Rob. Y >
Schimp. H. sericeum (Hedw.) Toprak iizeri 1,24
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Schimp.

Kindbergia praelonga

Kindbergia Ochyra (Hedw.) Ochyra Toprak tlizeri 1,3457
. . Microeurhynchium
oo, | pumiu (son) o | K25 |7
g P. & Vanderp. p
Oxyrrhynchium hians ..
(Hedw.) Loeske Toprak tizeri 2,3,5,8,10
Oxyrrhynchium *0. schleicheri (R.Hedw.) N
(Schimp.) Warnst. Roll Toprak iizeri 2:5
O. speciosum (Brid.) Kaya ve agag
. 7 6,9
Warnst. iizeri
. Palamocladium Palamocladium euchloron
Brachytheciaceae " (Miill.Hal.) Wijk & Kaya iizeri 12,3
Rhynchostegiella *Rhynchostegiella tenella | Islak toprak 58
(Schimp.) Limpr. (Dicks.) Limpr. iizeri '
. *Rhynchostegium
Rhy_nchosteglum confertum (Dicks.) Kaya tizeri 1,28
Schimp. -
Schimp.
Sciuro-hypnum
Sciuro-hvonum flotowianum (Sendtn.) Kaya tizeri 59
P Ignatov & Huttunen
Hampe
S. plumosum (Hedw.) Kaya ve 146
Ignatov & Huttunen toprak iizeri T
Scorpiurium circinatum
Scorpiurium Schimp. | (Bruch) M.Fleisch. & Toprak tizeri 1,345,8
Loeske
Calliergonella Calliergonella cuspidata .
Loeske (Hedw.) Loeske Toprak {izeri 48,10
Hypnum cupressﬁorme Kaya iizeri 256
var. cupressiforme Hedw.
H. cupressiforme var. Aac iizeri 3
Hypnaceae Schimp. lacunosum Brid. £ac
Hypnum Hedw. *H. jutlandicum Holmen .
& E.Warncke Toprak lizeri 2,4
*H. revolutum (Mitt.) o
Lindb. Agac iizeri 15
H. vaucheri Lesqg. Toprak iizeri 3,7
*Entodon concinnus (De Nemli toprak 124910
Entodontaceae Entodon Miill. Hal Not.) Paris tizeri R
Kindb. ' ' E. schleicheri (Schimp.) Nemli toprak 45
Demet. lizeri '

4. Tartisma ve Sonug

KTU Kanuni Kampiisii’niin biyofit florasmni
incelemeye yonelik bu ¢alisma neticesinde 102
takson tespit edilmistir. Bunlar igerisinde
yaprakli karayosunlari, 18 familya ve 48 cinse
ait 94 takson; cigerotlart 5 familya ve 5 cinse ait
7 takson ve boynuzotlari tek familya 1 cins ve 1
takson ile temsil edilmektedir. Alanda
belirlenen yaprakli karayosunlarinin yaklasik %
63’4 akrokarp, % 37’si ise pleurokarptir.
Cogunlugu mezofit karakterli akrokarp tiirlerin
fazlaligi; alanin Euro-Siberian fitocografik
bolgesi igerisinde yer almasi, alanda orman

vejetasyonunun hakim olmasi, Yagishh ve 1lik
Karadeniz biyoiklim katinin etkisi altinda
kalmasindan kaynaklanmaktadir. Alanda en
yaygin olarak gbzlemlenen tiirler;
Brachythecium albicans, Kindbergia
praelonga, Oxyrrhynchium hians, Scorpiurium
circinatum, Orthotrichum diaphanum, Grimmia

ovalis, Didymodon vinealis, Ptychostomum
pseudotriquetrum Entodon concinnus.
Anthoceros punctatus ve  Conocephalum
conicum.
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Arastirma alaninda yaprakli karayosunu i¢in en
fazla  tirle temsil edilen  familyalar;
Brachytheciaceae 21 (% 22.34), Pottiaceae 17
(% 18.09), Grimmiaceae 12 (%12.77),
Bryaceae 10 (% 10.63), Mniaceae 6 (% 6.38),
Hypnaceae 6 (% 6.38) olup, bu familyalar
alandaki toplam takson sayisinin % 76.59’unu
olusturmaktadir. Geri kalan 12 familya ise
toplam  takson saymmn % = 23.41’ini
olusturmaktadir  (Tablo  2).  Cigerotlari
bakimdan en fazla tiirle temsil edilen familyalar
ise Metzgeriaceae ve Pelliaceae (Tablo 2).
Boynuzotlar1 ise tek familya ile temsil
edilmektedir (Tablo 2).

Calisma sonucunda tespit edilen 94 yaprakl
karayosunu taksonundan 23 tanesi Trabzon ili
icin yeni kayittir. Bu taksonlar; Brachythecium
campestre (Miill.Hal.) Schimp.,
Bryoerythrophyllum rubrum (Jur.) P.C. Chen.,
Bryum  dichotomum Hedw., Dicranella
rufescens (With.) Schimp., Dicranoweisia
cirrata (Hedw.) Lindb., Didymodon vinealis
(Brid.) R.H.Zander., Entodon concinnus (De

Schimp.,G. dissimulata E.Maier., G. donniana
Sm., G. tergestina Tomm. ex Bruch & Schimp.,
G. ovalis (Hedw.) Lindb., G. elongata Kaulf.,
Gymnostomum calcareum Nees & Hornsch.,
Hypnum jutlandicum Holmen & E.Warncke.,
H. revolutum (Mitt.) Lindb., Lewinskya
rupestris (Schleich. Ex Schwigr.) F.Lara,
Garilleti &  Goffinet.,  Oxyrrhynchium
schleicheri (R.Hedw.) Ro6ll., Plagiomnium
rostratum (Schrad.) T.J.Kop., Ptychostomum
imbricatulum (Miill. Hal.) Holyoak & N.
Pedersen., P. moravicum (Podp.) Ros &
Mazimpaka., Rhynchostegiella tenella (Dicks.)
Limpr., Rhynchostegium confertum (Dicks.)
Schimp (Gokler, 1998; Papp, 2004; Uyar ve
Cetin, 2004; Erdag ve Kiirschner, 2005;
Townsend, 2005; Ozenoglu Kiremit ve Kegeli,
2009; Lara vd. 2010; Batan ve Ozdemir, 2011;
Kirmaci vd. 2012; Batan vd., 2013; Kirmac1 ve
Kiirschner, 2013; Batan ve Ozdemir, 2013).

Sonug olarak, briyofit florasi arastirilmamig
olan KTU Kanuni Kampiisii’niin briyofit listesi
ilk kez bu calisma ile ¢ikarilarak Tiirkiye

Not.) Paris., Grimmia anodon Bruch & Briyofit Florasina katki saglanmustir.
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Abstract

This investigation presents the last position of liverworts of Usak province. Plant specimens were
collected from study areas between period of April 2007 and December 2011. As a result of
identification studies, 19 liverworts species have been reported from this plant group belonging to the
Marchantiophyta division. All of them are determined for the first time from Usak province.

Key words: Liverworts, Flora, Usak, Turkey.

Usak ili Cigerotlar1 Florasina Katkilar
Oz

Bu ¢alismada cigerotlarinin Usak [li’ndeki son durumu arastirilmistir. Bitki 6rnekleri Nisan 2007 ile
Aralik 2011 tarihleri arasindaki donemde arastirma bolgelerinden toplanmistir. Tayin islemleri
sonucunda, Marchantiophyta boliimiine bagli olan bu bitki grubundan 19 cigerotu tiirii rapor edilmis
bulunmaktadir. Daha énce bdyle bir ¢alisma olmadigindan, bu tiirlerin tamami Usak ili icin ilk kez
belirlenmis durumdadir.
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1. Introduction

Usak is a province located in the western part of
Turkey, bordered by Denizli to the south,
Kitahya to the north, Manisa to the west, and
Afyonkarahisar to the east (Figure 1). The
climate of Usak Province is Mediterrancan-
alpine and semidry terrestrial type. The annual
average temperature is 12.3 °C and the annual
rainfall is about 540 mm. (UCDR, 2011). The
investigated area is a natural habitat for a
number of trees and dominant forest plants,
such as Pinus brutia Ten., P. nigra J.F. Arnold,
Juniperus excelsa M. Bieb., J. oxycedrus L., J.
foetidissima Willd., Quercus coccifera L., Q.

ilex L. and Platanus orientalis L. (UCDR,
2011). In the present study, many liverwort
samples were collected from different localities
of Usak that had not been studied before.

2. Materials and Methods

The specimens of this study were collected
from different localities within Usak Province
between 2007 and 2011 (Figure 1). The field
studies were conducted mostly in autumn and
spring, since during these periods the climatic
conditions are most suitable for these plants.
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Figure 1. Map of the study area.

Specimens were thoroughly cleaned with water
so as to remove the mud and see the color
clearly, which is an important feature in their
identification. The material was brought to the
laboratory in small polyethylene bags and
separated into two groups. These were then put
into special herbarium envelopes without
pressing. One group was left in the light, in a
room with no air current while the other was

these specimens were left fresh, for a study of
their morphological and anatomical features.
Determination of distributional areas (on the
world and grid-squares of Turkey) and
identification characteristics was carried out
with the help of Henderson and Prentice
(1969), Watson (1981), Smith (1996), Grolle
and Long (2000), Soderstrom et al. (2002),
Kiirschner and Erdag (2005), Ozenoglu Kiremit
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and Kegeli (2009) and some other relevant
literature of Walther (1967; 1970), Crundwell
and Nyholm (1979), Gékler and Oztiirk (1991;
1994), Gokler (1992; 2015) and Gokler and
Ozenoglu (1999) conducted in the Aegean
region of Turkey. The plant list is shown
accordance with the system described by
Goffinet, Buck and Shaw (2009). All the
specimens were deposited in the Department of
Biology, Faculty of Science, Dokuz Eyliil
University.

3. Result and Discussion

Marchantiophyta
Marchantiopsida

Targioniaceae
1. Targionia hypophylla L.

Banaz, Giirlek village, in pine forest on the
rock, Gokler US, 24.04.2008.

Esme, Giillii town, Kavaklidere district, on the
rock, Gokler U16, 30.10.2010.

Ulubey, Avgan town, on the rock and bank of
the Banaz stream, Gokler U27, 31.10.2010.

Distribution: Turkey (A1, A2, B6, B7, C11,
C12, C13), Mediterranean Countries and
Canada.

Aytoniaceae
2. Plagiochasma rupestre (R. et G. Forst.)
Steph.

Esme, Giillii town, Kavaklidere district, on the
rock, Gokler U17, 30.10.2010.

Distribution: Turkey (A2, A4, B6, B7, C11, C
12), Mediterranean Countries and Russia.

3. Reboulia hemisphaerica (L.) Raddi

Esme, Giillii town, Kavaklidere district, on the
wet rock, Gokler U18, 30.10.2010.

Ulubey, Avgan town, on the rock and bank of
the Banaz stream, Gokler U28, 31.10.2010.

Distribution: Turkey (Al, A2, A4, B6, B7, B8,
Cl11, C12, C13), a cosmopolitan species all
around the world.

Conocephalaceae
4. Conocephalum conicum (L.) Underw.

Banaz, Hamambogazi district, on the wet stones
and banks of stream, Gokler U6,
24.04.2008.

Banaz, Evrendede picnic area, near the stream
bank, Gokler U13, 21.11.2008.

Usak, Giire town, on the stream banks and
humid rocks around the thermal spring, Gokler
U15, 18.11.20009.

Distribution: Turkey (A1, A2, A3, A4, A5, B6,
B8, C11, C12), Europe and North America.

Lunulariaceae
5. Lunularia cruciata (L.) Lindb.

Sivasli-Usak roadside, on the damp rocks and
earth, Gokler U1, 03.04.2007.

Ulubey, entrance of Dumanli village, on the
stream banks, Gokler U2, 03.04.2007.

Distribution: Turkey (A1, A2, A3, A4, A5,
B6, B7, B9, C11, C12), Europe, Mediterranean
Countries and Australia.

Metzgeriaceae
6. Metzgeria conjugata Lindb.

Ulubey, Avgan town, on bank of the Banaz
stream, Gokler U29, 31.10.2010.

Karahalli, Karbasan town, around the earth of
stream, Gokler U36, 05.06.2011.

Distribution: Turkey (Al, A2, A3, A4, A5,
B6, B7, C11, C13), Europe, Asia, South Africa,
North America, Brazil and New Zeland.

7. M. furcata (L.) Dum.

Ulubey, entrance of Dumanli village, on the
stream banks, Gokler U3, 03.04.2007.

Karahalli, Karbasan town, around the earth of
stream, Gokler U37, 05.06.2011.

Distribution: Turkey (Al. A2, A3, A4, A5, B6,
B7, Cl11, C12, C13), Europe, Asia, North
America, Japan, Australia and New Zeland.



Gokler. 2017. Anatolian Bryol. 3(1): 19-24................

Jungermanniopsida
Pelliaceae
8. Pellia endiviifolia (Dicks.) Dum.

Usak, around Subagi Park, on the damp rocks
and earth, Gokler U51, 06.06.2011.

Distribution: Turkey (Al. A2, A3, A4, A5, B6,
B7, B9, C11, C12), Europe, Caucasia,
Mediterranean Countries, Japan, Korea, China,
North America.

9. P. epiphylla (L.) Corda

Banaz, Hamambogaz1 district, on the wet
stream banks, Gokler U7, 24. 04. 2008.

Usak, around Subasi Park, on the damp rocks
and earth, Gokler U53, 06.06.2011.

Distribution: Turkey (A1, A2, A3, A4, A5, B6,
C11), Europe, North Africa, Asia and North
America.

Fossombroniaceae
10. Fossombronia pusilla (L.) Nees

Sivasli, entrance of Selgikler village, on the wet
earth, Gokler U54, 06.06.2011.

Banaz, around Ahatkdy, on the stream bank,
Gokler U101, 22.11.2011.

Distribution: Turkey (A1, A2, A3, A4, B6,
Cl11, C12), Europe, Mediterranean Countries,
North and South Africa, North America and
Chile.

Lophocoleaceae
11. Lophocolea bidentata (L.) Dum

Banaz, Evrendede picnic area, near the stream
bank, Gokler U14, 21.11.2008,

Distribution: Turkey (A1, A2, A3, A4, A5, B6,
B7, C11, C12), Europe, Asia, Africa, North
America, Cuba and New Zeland.

12. L. heterophylla (Schrad.) Dum.

Banaz-Afyon road, 9 km, on the bank of
stream, Gokler U121, 23.11.2011.

Distribution: Turkey (A1, A2, A3, A4, A5, B6,
B7), Europe, Russia, Japan, India, Tunisia and
North America.

Scapaniaceae
13. Scapania undulata (L.)Dum.

Banaz, Hamambogazi district, on the roots and
trunks of Platanus orientalis L., Gokler U18,
18.11.20009.

Distribution: Turkey (Al, A2, A4, B6, C11),
Europe and North America.

Radulaceae
14. Radula complanata (L.) Dum.

Banaz, Evrendede picnic area, near the stream
bank, on the tree trunks, Gokler U123,
23.11.2011.

Distribution: Turkey (A1, A2, A3, A4, A5, B6,
B7, C11, C12, C13), Europe, North Africa,
Asia and North America.

Porellaceae
15. Porella baueri (Schiffn.) C. Jens.

Usak, Giire town, on the humid rocks around
the thermal spring, Gokler U132, 14.12.2011.

Distribution: Turkey (B6, B7, C11), Europe.
16. P. cordaeana (Hiib.) Moore

Usak, around Subas1 Park, on the damp rocks,
Gokler U53, 06.06.2011.

Karahalli, Karbasan town entrance, on the
humid rock and trunk of Platanus orientalis L.,
Gokler U40, 05.06.2011.

Distribution: Turkey (Al, A2, A3, A4, B6, B7,
Cl11, C12, C13), Europe, Asia, Africa and
America.

17. P. platyphylla (L.) Pfeiff.

Karahalli, Karbasan town entrance, on the
humid rock and trunk of Platanus orientalis L.,
Gokler U42, 05.06.2011.

Banaz-Afyon road, 9 km, on the damp rock of
stream bed, Gokler U124, 23.11.2011.
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Distribution: Turkey (A1, A2, A3, A4, A5, B6,
B7, B8, Cl1, Cl12, C13), Europe,
Mediterranean Countries, North Africa and
North America.

Frullaniaceae
18. Frullania dilatata (L.) Dum.

Esme, Tokmak village, on the trunks of
Quercus coccifera L., Gokler U20, 30.10.2010.

Banaz, around Ahatkdy, on the tree trunks,
Gokler U123, 22.11.2011.

Distribution: Turkey (A1, A2, A3, A4, A5, B6,
Cl1, C12, C13), Europe, Asia and North

19 species of liverworts (9 thalloid and 10
leafy) belonging to 13  families of
Marchantiopsida (Hepaticopsida) were
collected during the present investigation. All
of them had not been reported before in this

area. 19 taxa (Targionia hypophylla,
Plagiochasma rupestre, Reboulia
hemisphaerica, =~ Conocephalum  conicum,

Lunularia cruciata, Metzgeria conjugata, M.
furcata, Pellia endiviifolia, P. epiphylla,
Fossombronia pusilla, Lophocolea bidentata,.
L. Heterophylla, Scapania undulata, Radula
complanata, Porella baueri, P. cordaeana, P.
platyphylla, Frullania dilatata and Lejeunea
cavifolia) are reported for the first time from
Usak province.

Africa.

Turkey is well known with its rich vascular
plants flora and high endemism rate. Like seed
plants, bryophytes have a great potential in
terms of biodiversity. | believe that Turkish
liverworts flora can be enriched only through
detailed studies on the unexplored or limited
researched provinces and regions of the
country.

Lejeuneaceae

19. Lejeunea cavifolia (Ehrh.) Lindb.

Ulubey, Avgan town, on the humid rock of the
Banaz stream, Gokler U32, 31.10.2010.

Distribution: Turkey (Al, A2, A3, A4, B6, B7,
C11), Europe, Asia, North Africa and North
America.
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Oz

Bu calismada, Pottiaceae familyasinin, Syntrichia cinsine ait Syntrichia ruralis (Hedw.) F. Weber &
D. Mohr. ve Syntrichia montana Nees. taksonlarinin indirgenmis glutatyon (GSH) ve yiikseltgenmis
glutatyon (GSSG) miktarlari, Yiiksek Performansli Sivi Kromatografisi (HPLC) ile belirlenmistir.
Syntrichia ruralis ve Syntrichia montana taksonlarinin GSH, GSSG miktarlarinin sirasi ile 81.90 +
5.68 ng/g, 25.28 + 2.28 pg/g ile 13.04 = 1.74 pg/g, 5.68 + 1.02 pg/g oldugu tespit edilmistir. Bu
miktarlar; Syntrichia ruralis taksonun icerdigi Glutatyon (GSH, GSSG) miktarlarinin, Syntrichia
montana taksonundan fazla oldugu ve her iki yaprakli karayosunu taksonunda Glutatyon agisindan iyi
bir kaynak oldugunu gostermistir. Bu 6zelliklerinden dolay1 bu yaprakli karayosunlarinin antioksidan
ozellikte bitkiler olduklar1 goriilmektedir.

Anahtar Kelimeler: Briyofit, Syntrichia ruralis, Syntrichia montana, Glutatyon, HPLC.

Comparing of Glutathione Ingredients of Syntrichia ruralis and Syntrichia montana (Pottiaceae)
Taxa

Abstract

In this study, Reduced Glutathione (GSH) and Oxidized Glutathione (GSSG) levels of Syntrichia
ruralis (Hedw.) F. Weber & D. Mohr. and Syntrichia montana Nees. taxa belongs to Syntrichia type
of Pottiaceae family have determined with High-performance Liquid Chromatography (HPLC). It has
determined that GSH level is 81.90 + 5.68 ug/g, 25.28 + 2.28 ug/g and GSSG level is 13.04 + 1.74
ug/g, 5.68 + 1.02 ug/g of Syntrichia ruralis and Syntrichia montana taxa. These amounts have shown
that Glutathione (GSH, GSSG) level included in Syntrichia ruralis taxon is more than Syntrichia
montana taxon and both of bryophytes-leaved taxa are a good source with regard to Glutathione. It has
seen that these bryophytes -leaved are antioxidant featured plants.

Keywords: Bryophyte, Syntrichia ruralis, Syntrichia montana, Glutathione, HPLC.
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1. Giris

Glutatyon (y-glutamilsistein glisin),
organizmada tiyol grubu iceren, diisiik molekiil
agirlikli 6nemli bir tripeptiddir (Nelson ve Cox,
2000; Shibata vd., 2003). DNA ve protein
sentezleri, enzim aktivitelerinin diizenlenmesi,
hiicre i¢i ve dis1 transportlar gibi hiicresel
fonksiyonlari1 disinda baslica antioksidan olarak
hiicre savunmasinda da 6nemli rolii vardir
(Meister, 1983; Meister ve Anderson, 1983;
Deneke ve Fanburg, 1989). Hiicre i¢i ortamin
en onemli antioksidan molekiilii olan rediikte

glutatyonun (GSH), antioksidan savunma
sisteminde gorev almaktan bagka
ksenobiyotiklerin zehirlestirilmesi,
aminoasitlerin transportu, proteinlerdeki

siilfidril gruplarinin rediikte halde tutulmasi,
bazi enzimatik reaksiyonlarda koenzim gorevi
gormesi gibi bircok fizyolojik fonksiyonu
vardir (Arrick ve Nathan, 1984; Esterbauer vd.,
1992; Onat vd., 2002).

Glutatyonun; Rediikte glutatyon (GSH) ve
Okside glutatyon (GSSG) olmak {izere birbirine
doniistimli.  iki formu vardir. Glutatyon
peroksidaz enzimi tarafindan katalizlenen
reaksiyonla rediikte formdaki glutatyon (GSH)
hidrojen peroksit veya lipit peroksitlerle
reaksiyona girerek bu molekiillerin
detoksifikasyonunda yer alirken kendisi bagka
bir glutatyon molekiiliiyle disiilfit kopriisii
olugturarak okside glutatyon (GSSG) formuna
doniisiir. Hiicre iginde serbest radikallerin
detoksifikasyonunun siirdiiriilmesi igin okside
glutatyonun rediikte formuna geri doniigmesi
gerekir. NADPH’1n kullanildig1 bir reaksiyonla
tekrar glutatyon rediiktaz enzimi ile tekrar
rediikte glutatyon formuna c¢evrilir (Akkus,
1995; Onat vd., 2002). Ayrica, bitkiler,
hayvanlar ve mikroorganizmalarda bulunan

2GSH+ H202

GSH-Px

GSH, ayn1 zamanda en bol bulunan intraselliiler
tiyoldiir (Kidd, 1997).

Yine Glutatyon, bitkilerde &zellikle oksidatif
strese karsi rolii olan en 6nemli metabolitlerden
birisidir. Bitki dokularinda baslica sitozol,
endoplazmik retikulum, vakuol, mitokondri,
kloroplast, peroksizom gibi biitiin hiicre
kisimlarinda yer aldiklart  gdzlenmistir
(Jimenez vd., 1998; Rausch ve Wachter, 2005).

Briyofitler ise kuzey ve gliney yamaglarda, hem
tllman hem de tropikal bolgelerin ¢cok nemli
iklimlerinde  vejetasyonun  bir  pargasini
olustururlar. Orman ekosisteminde toprak
iizerinde hali seklinde, parlak ve yesil renkte,
genis turbalik alanlarda, timsek ve cukurlar
icinde, yesil kahverengi ve kirmizi renkte
bulunurlar. Bununla birlikte dogada tas iizeri,
kaya {izeri, tamamen su igerisinde ve su
icerisindeki kaya iizerinde bulunabilecegi gibi,
Ol ve canli agaclarin govdeleri ve dallarinda,
yar1 saprofit olarak ciiriimekte olan organik
maddeler lizerinde ve nemin ¢ok az oldugu
kurak alanlarda yasayabilirler (Abay ve Kamer,
2010).

Ulkemizde briyofitler ile ilgili olan ¢alismalar
genellikle briyofloristik amagli olup glutatyon
(GSH ve GSSG) igerikleri ile ilgili bu giine
kadar herhangi bir caligma yapilmamis olup
yapilan bu ¢alisma bir ilktir. Yapilan bu ¢alisma
ile ince ogitilmiis yaprakli karayosunu
taksonlarmin Indirgenmis glutatyon (GSH) ve
Yikseltgenmis glutatyon (GSSG) miktarlar
belirlenerek, hem iki taksonun
karsilagtirllmasinin ~ yapilmast hem de bu
konuda ileride yapilacak diger caligmalara
temel olusturulmasi amag¢lanmustir.

2H,0 + GSSG

+ +
NADPH+H — NADP

2H,0 + GSSG

GSH-Rd

2GSH



Coteli et al. 2017. Anatolian Bryol. 3(1): 25-30. . ..ot et

2. Materyal ve Metod
2.1 Materyal ruralis (Hedw.) F. Weber & D. Mohr. ve

Bu caligmada materyal olarak, Elazig ili Baskil Syntrichia montana Nees. taksonlar1
ilgesinden toplanan Pottiaceae kullanilmistir (Sekil 1,2)
familyasinin, Syntrichia cinsine ait Syntrichia

~

o o\ _ X T
Sekil 2. Syntrichia montana’nin dogal ortamdaki goriintisii.
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2.2 Metod

Materyallerdeki GSH ve GSSG miktarlarinin
tayini i¢in; karayosunu bitki oOrneklerinden
yaklasik 0,5 gram tartilarak polietilen tiiplere
alindi. Her bir tiip iizerine 1 mL 0,5 M HCIO,4
ilave edilerek karistirlldi. Daha sonra bu
orneklere 4 mL saf su ilave edilerek tekrar
karigtirlldt ve 4500 rpm de 10 dakika
santrifiijlenip asiltt  partikiiller —c¢oktiirtildii.
Orneklerdeki GSH ve GSSG miktarlarmi
belirlemek igin santrifiijlenen siiziintiiniin {ist
kismindan 20 pL alinarak HPLC’ye enjekte
edildi. HPLC’de NUCLEODUR 100-5 C-8
kolonu ve hareketli faz olarak da ¢oziiciisii %
0,1 H3PO4 olan 50 mM’lik NaClOs ¢ozeltisi
kullanildi. Hareketli fazin akis hizi: 0,6 mL/dk
ayarlanarak 215 nm’de GSH ve GSSG tayin
edildi (Dawes ve Dawes, 2000).

Numune analizleri CE 1100 Series Merck
Hitachi UV Detector L-4000 tipi HPLC
(Yiksek Performansli Sivi  Kromatografi)
cihaziyla yapildi. Calismada kullanilan tim
kimyasallar  analitik saflikta olup tiim
analizlerde bidistile su kullanilmistir. Numune
miktarlarinin hesaplamalarinda GSH ve GSSG
standart grafiklerinden faydalanilmistir. Ayrica
analizler ii¢ farkli 6rnek tizerinden paralel
yiirtitiilmis ve verilerin aritmetik ortalamasi ile
standart sapmasi hesaplanmustir.

3. Bulgular

Syntrichia ruralis ve Syntrichia montana takson
orneklerindeki glutatyon miktarlarn HPLC
cihaziyla 6lgiiliip, elde edilen sonuglar Tablo 1
ve Sekil 3’de gosterilmistir.

Tablol. Syntrichia ruralis ve Syntrichia montana taksonlarinin glutatyon miktarlari

Materyalin adi GSH (ng/g) GSSG (ng/g)
Syntrichia ruralis 81.90 £ 5.68 2528 +£2.28
Syntrichia montana 13.04 £ 1.74 5.68+1.02

100

lutatyon (ng/g)

G

BGSH BGSSG

Syntrichia ruralis

Syntrichia montana

Sekil 3. Syntrichia ruralis ve Syntrichia montana taksonlarinin glutatyon miktarlart
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4. Tartisma ve Sonug

Bitkilerle tedavi yontemi insanlik tarihi kadar
eskidir ve tarih boyunca nesillerden nesillere
aktarillan deneyim ve tedavi yoOntemlerinden
olusturmaktadir (Oztiirk ve Ozgelik, 1991).
Tirk halkinin ¢ogunlugunun kirsal bolgelerde
yasamasindan dolayi, insanlar yabani bitkilerle
yakindan ilgilenmektedir. Bu bitkiler gida,
baharat, boyar madde veya hastaliklarin
tedavisinde  kullamilmaktadir.  Yenilebilen
yabani bitkilerin besin igerigi acisindan,
ozellikle vitamin, mineral ve protein igerigi
acisindan oldukea zengin olduklart bildirilmistir
(Ytcel ve Tunay, 2002; Yiicel vd., 2011).

Ozellikle  briyofitler ~en  eski  kara
bitkilerindendir. Briyofitlerin savunma
mekanizmalarinda  antimikrobiyal  aktivite

ozelligi olan ve sekonder metabolitler denilen
kimyasal bariyerler rol oynamaktadir. Yapilan
arastirmalarda; Atrichum, Dicranum, Mnium,
Polytrichum ve Sphagnum gibi bazi yaprakli
karayosunu cinslerinin antimikrobiyal
aktiviteye sahip olduklar1 bildirilmistir. Bazi
briyofit tiirlerinin ise antibakteriyel, antifungal,
antiviral aktiviteleri de bilinmektedir (Glime ve
Saxena, 1990; Basile vd., 1999; Elibol, 2010;
Uyar vd, 2016). Ayrica  yaprakh
karayosunlarinin igeriklerinde antimikrobiyal
etkiye neden olan aromatik Dbilesikler,
terpenoitler ve yag asitleri  bulundugu
bildirilmistir. Disk  difiizyon  yontemi
kullanilarak bazi karayosunu tiirlerinin etanol
ve metanol ekstrelerinin Salmonella,
Escherichia coli, Pseudomanas aureginosa,
Staphylococcus aureus, Bacillus  cereus,
Candida albicans ve Saccharomyces cerevisiae
mikroorganizmalarima kargt  antimikrobiyal
aktiviteleri oldugu da goriilmiistiir (Ocalan,
2012).

Yapilan bu caligmalara ragmen, yaptigimiz
literatiir arastirmalar1 sonucunda, briyofitlerde

Kaynaklar

Glutatyon analizini igeren herhangi bir
caligmaya rastlanilmamistir. Bu ¢aligmada kaya
tizerinden alinan Syntrichia ruralis ve toprak
iizerinden  alman  Syntrichia ~ montana
taksonlarindaki Glutatyon miktarlart HPLC
cihazi ile dl¢lilmistiir. Sirasiyla GSH ve GSSG
miktarlarinin 81.90 + 5.68 ug/g, 25.28 + 2.28
ug/g ile 13.04 = 1.74 pg/g, 5.68 = 1.02 uglg
oldugu belirlenmistir (Tablo 1; Sekil 3). Bu
miktarlara gore, Syntrichia ruralis’ in glutatyon
miktarlarimin Syntrichia montana taksonundan
cok fazla oldugu gorilmiistiir. Genel olarak
bitkiler yasamlari boyunca tuzluluk, kuraklik,
kirlilik, sicak, soguk gibi benzer bir¢ok faktorle
karsilasir ve normal biiylimeleri, gelisimleri
olumsuz yonde etkilenir. Bitkilerde bu
kosullarda meydana gelen degisiklikler stres
olarak tamimlanir. Kaya {izerinde toplanan
yaprakli karayosununun yiiksek glutatyon
miktarlarinin, yaprakli karayosununun yasadigi
ortamdaki stresi ile ilgili yani briyofitlerin
yasamasi i¢in gerekli olan nem kosullarindan
uzak olmasi ile agiklanabilir.

Sonug olarak; Syntrichia ruralis ve Syntrichia
montana taksonlarinin glutatyon miktarlari
bakimindan zengin ve antioksidan o&zellikte
bitkiler olduklar1 soéylenebilir. Bu yaprakli
karayosunu taksonlarindaki farkliliklar; yetisme
ortamlari, iklim kosullari, nem kosullari, rakim
farkliliklart ve yasadiklari stres faktorleri gibi
cevresel faktorler ile aciklanabilir. Ayrica
yapilan bu ¢aligmanin, bitki literatiiriine katkilar
saglayarak, ileride briyofitlerin yapisinda
bulunan biyoaktif bilesiklerin aydinlatilmasinin
saglanacagi diger caligmalara temel
olusturacagi kanaatindeyiz.

Not: Calismamizin 6zeti, XIII. Uluslararasi
Katiliml1 Ekoloji ve Cevre Kongresi, UKECEK
2017’ye gonderilmistir.
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Abstract

The paper presents information about the phytochemical analysis, antiproliferative and cytotoxic
activities of Rhytidiadelphus triquetrus and Tortella tortuosa extracts. The cytotoxic activities of some
extracts shows highest antiproliferative activities were detected with Lactate Dehydrogenase Leakage
Assay. Sixteen components obtained from hexane extracts were determined by GC/MS. Palmitic acid
was identified as the main component. The phenolic components of the other extracts were determined
by HPLC-TOF/MS. 4-hydroxy benzoic acid, salicylic acid, gallic acid, caffeic acid, and gensitic acid
were detected as the main components in all extracts. The hexane, chloroform, ethyl acetate extracts of
studied mosses and the EtOAc and hexane extracts of RT showed statistically significant
antiproliferative activities.
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1. Introduction

Bryophytes are placed taxonomically between
algae and pteridophytes and are represented by
24,000 taxa in the world (Asakawa et al., 2013).
They are generally small plants and grow on
different substrata such as soils, rocks, trees etc.
(Schofield, 2001). Mosses exhibit different
morphological variation with respect to
liverworts and hornworts. Moss branching
pattern is referred to as acrocarpous and
pleurocarpous (Vanderpoorten and Goffinet,
2009). The acrocarpous moss Tortella tortuosa
(Hedw.) Limpr. (TT) belonging to the family
Pottiaceae is mainly found in Europe as far
north as Svalbard and in Turkey, Cyprus,
Caucasus, North and East Asia, Madeira, the
Canary Islands, Algeria, Morocco, North
America, Greenland, Peru, and Tierra del
Fuego. Its length is between 1-8 cm and grows
on rocks, in rock crevices, soil in turf, in flushes
(Smith, 2004). TT was investigated earlier for
its antifungal and antibacterial effects (Elibol et
al., 2013) and antimicrobial activity (Savaroglu
et al., 2011). The pleurocarpous moss
Rhytidiadelphus triquetrus (Hedw.) Warnst.
(RT) belonging to the family Hylocomiaceae is
mainly distributed in Europe north to northern
Fennoscandia, Faeroes, Iceland, Caucasus,
Turkey, Asia, Central Africa, Madeira, and
North America. RT is up to 20 cm long, and
grows in basic to acidic habitats (Smith, 2004).
The seasonal variation in  flavonoid
concentration (Brinkmeier, et al., 1999) and
characterization of chemical composition
(Klavina et al., 2012) of RT was performed
previously.

Detailed chemical studies on many bryophyte
taxa have increasingly appeared since the 1960s
(Schofield, 2001). In recent years, the presence
of a large number of compounds showing
biological activity in some bryophytes has been
introduced to science world (Asakawa et al.,
2013). Different steroids, fatty acids and some
organic compounds (terpenoids, flavonoids,
lignins, antibiotics, lipids, sterols, etc.) were
obtained as the potentially significant chemical
compounds from bryophytes (Sabovljevi¢ et al.,
2001). The wvarious Dbiologically active
substances of bryophytes exhibit antimicrobial,
antifungal,  antitumor,  anticancer,  and
insecticidal activities (Asakawa, 2007; Uciincii
etal., 2010).

To our knowledge, this is the first report on the
detailed chemical characterization,
antiproliferative and cytotoxic activities of RT
and TT extracts from Turkish material. In this
study, we determined the phytochemical
analysis, antiproliferative and cytotoxic effects
of the extracts obtained from the
aforementioned mosses. As a part of ongoing
natural product researches, our results showed
that the hexane and ethyl acetate extracts of RT
and TT have high antiproliferative activities
against C6 glioma cells and human cervical
carcinoma  (HelLa) cells at  higher
concentrations. Also, the results have potential
use of these natural products for cancer and
tumor treatments.

2 Materials and methods

2.1 Chemicals

The solvents for extraction were obtained from
Merck. The chemicals wused for the
antiproliferative and cytotoxic activities were
provided from Roche. Hexane, chloroform,
ethyl acetate, methanol, water, water/ethyl
acetate and water/n-butanol extracts of the
materials were prepared from non-polar to polar
solvent systems.

Fatty acids and other phenolic compounds were
analysed by GC-MS. Antiproliferative activities
of all extracts were determined using the BrdU
ELISA method against HeLa and C6 cells.

2.2 Plant Materials

The mosses RT and TT were collected from
soil in year 2013. RT was gathered at an
altitude of 1689 m, latitude 40° 49" 734" N,
longitude 33° 46’ 634" E. The woodland
habitats were dominated by Pinus sylvestris L.
and Juniperus communis L. var. saxatilis Pall.
stand. TT was also collected from soil in the
similar locality, at an altitude of 1679 m,
latitude 40° 49’ 695" N, longitude 33° 46’ 779"
E. After the species identification, the materials
were dried at room temperature (25 °C) in the
shade and crushed with liquid nitrogen.

2.3 Extraction Procedure

The whole plants of RT (7454 g) and TT
(297.34 g) were extracted with increasing
polarity of hexane, chloroform (CHCIs), ethyl
acetate (EtOAc), and methanol (MeOH) and
using maceration method at 25 °C for a week.
The extracts were filtered and concentrated in a
rotary evaporator and refluxed with water for
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the residues. The water extracts were filtered,
extracted with EtOAc (5x 300 mL; W-EtOAC)
and n-butanol (BuOH; 5x 300 mL; W-BuOH)
and evaporated (Demirtas et al., 2013).

2.4 Esterification Procedure of the Hexane
Extracts

The each RT and TT hexane extracts were
taken as 11 mg and 1 molar of KOH/methanol
solution (5 mL) were added to the samples. The
resulting mixtures were vigorously mixed by
vortex. The mixtures were added into 3 mL of
hexane and vortexed. 1 mL hexane phases were
taken and diluted with 7 mL hexane and
analyzed by GC-MS (Demirtas and Sahin,
2013).

2.5 Gas Chromatography (GC)

Fatty acids analyzed by GC-MS (Agilent
Technologies 7890A model GC system, 5975C
inert MSD with Triple-Axis Detector) using
BPX-20 capillary column (30 mx 0.25 mm,
0.25 pum film thickness; 5% phenyl
polysilphenyl IN-siloxane), 70 eV ionization
voltage, and FID detector. Oven temperature
was between 50 and 120 °C at 5 °C/min and 120
-240 °C at 10 °C/min and hold for 5 minutes.
1.0 uL of diluted extracts 300:1 were injected in
the split mode. The injector and detector
temperatures were adjusted to 220 °C and 290
°C, respectively. Helium was used as a carrier
gas and the flow rate 1 mL/min and the samples
were determined with 1/1000 dilutions
(Demirtas and Sahin, 2013).

26 Gas Chromatography [/ Mass
Spectrometry (GC/MS)

GC/MS analysis was performed by gas
chromatography mass spectrometer using BPX-
20 column with autosampler and column (30m
x 0.25mm x 0.25um film). GC/MS detection
system was used for electron ionization
(ionization energy 70 eV). Helium was used as
a carrier gas with the flow rate of 1.3 mL/min
and diluted to 1/1000 (Demirtas and Sahin,
2013).

2.7 The Analyzed Phenolic Standards

The phenolic content of chloroform, ethyl
acetate, methanol, water, water/ethyl acetate
and water/n-butanol extracts were performed by
HPLC-TOF/MS.  The  qualitative  and
quantitative analysis of some phenolics were
investigated and found as gallic acid, gentisic
acid, catechin, 4-hydroxybenzoic  acid,

protocatechuic acid, caffeic acid, 4-hydroxy
benzaldehyde, rutin, p-coumaric acid, ferulic
acid, apigenin-7-glycoside, naringenin,
kaempferol, rosmarinic acid, salicylic acid,
quercetin, ellagic acid, resveratrol, and
chlorogenic acid (Eser et al., 2016).

2.8 HPLC-TOF/MS Analysis

The phenolic contents were determined with
HPLC System Agilent Technologies 1260
Infinity 6210 Time of Flight (TOF) LC/MS
detector and Agilent Poroshell 120 EC-18 (2.7
mm, 4.0 X 50 mm) column individually. Mobile
phase A and B were used with ultrapure water
0.1% formic acid and acetonitrile, respectively.
The flow rate was 0.4 mL/min, the column
temperature was 35 °C, and the injection
volume also 5uL. Solvent program was as
follows: 0 min 10% B; 0-1 min 10% B; 1-10
min 80% B; 10-19 min 80% B; 19-19.10
minutes 10% B; and 19.10-29.1 min 10% B.
The retention times of standard compounds and
m/z values were used to determine the
components of the extracts. MS-TOF device
was in negative ionization mode; the gas
temperature was 325 °C, gas flow 11.0 L/min,
and the nebulizer was also 45 psi (Eser et al.,
2016).

2.9 Preparation of Stock Solutions of
Extraction

Sample solutions were prepared in dimethyl
sulfoxide (20 mg/mL) and diluted with
Dulbecco's modified eagle’s medium. The
volume of dimethyl sulfoxide is below 0.1% in
all experiments. The samples were filtered
using 0.22 micron sterile filters and stored at -
20 °C (Demirtas et al., 2017).

2.10 Cell Culture and Antiproliferative
Activities

Human cervix carcinoma (HelLa) and rat brain
tumor (C6) cells were used for antiproliferative
activity tests. The cells were treated in
Dulbecco's modified eagle’s medium (DMEM,
Sigma), supplied with 10% (v/v) fetal bovine
serum (Sigma, Germany) and PenStrep solution
(Sigma, Germany) in a 5% CO; humidified
atmosphere at 37 °C. The proliferation assays
were carried out in 96-well microplate
(COSTAR, Corning, USA) at a density of
3x10* cells in per well and incubated in 5%
COg, at 37 °C for 24 hours. 5-Fluorouracil (5-
FU) was used as positive control. The extracts
were determined on 100, 75, 50, 40, 30, 20, 10,
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and 5 mg/mL concentrations and all operations
performed in a laminar flow. Cell proliferation
assay was determined according to the
manufacturer's  protocol by BrdU Cell
Proliferation ELISA  (Roche, Germany)
(Demirtas et al., 2009; Demirtas and Sahin,
2013; Karakus et al., 2013; Sahin Yaglioglu et
al., 2013). All tests were repeated three times
with three replications. Measurements were
measured in  ELISA reader (Chromate,
Microplate Reader P4300 Series, USA) at 450
nm. The inhibition of cell proliferation was
calculated as follows: (1- Abs treatments /Abs
control) x100.

2.11 Lactate Dehydrogenase (LDH) Leakage
Assay

Cytotoxic activities of the samples were tested
using the manufacturer's procedures Cell LDH
Cytotoxicity Assay (Roche 04744926001,
Germany). C6 cells were used for cytotoxic
activity tests. The cells were amplified in
DMEM, supplied with 10% (v/v) fetal bovine
serum and PenStrep solution in a 5% CO;
humidified atmosphere at 37 °C. The
cytotoxicity assay was carried out in 96-well
microplate cells at a density of 5x10° cells in
per well and incubated in 5% CO,, at 37 °C for
24 hours. 5-FU was used as a positive control.
The tests were repeated three times with three
replications. The absorbance of the samples was
measured in ELISA reader at 492 nm and the
cytotoxicity values calculated using the
following formula:

Cytotoxicity (%) = (experimental value - low
control) / (high control-low control) x 100

2.12 Statistical Analysis

In vitro assay results are the mean of nine
values (+ SD). Differences between the groups
were assessed using by one-way analysis of
variance (ANOVA) (p <0.01) and the
differences between the administration groups
were analyzed by multiple comparison test
(Duncan).

2.13 Calculation of ICso and 1C7s Values

ICso and ICss values of the extracts and 5-FU
were calculated by ED50 Plus v1.0 software
(Vargas, 2000).

3. Results and discussion

3.1 Extractions

The amounts and yields of RT and TT extracts
are given in Table 1. The extracts were obtained
using the hexane, chloroform, ethyl acetate,
methanol, water, water/ethyl acetate, and
water/n-butanol. The highest yield was obtained
with methanol and the lowest vyield of
water/ethyl acetate for RT, and water and
water/ethyl acetate for TT, respectively. The
highest amount was obtained from water/n-
butanol and the lowest from ethyl acetate for
RT, and water/n-butanol and hexane for TT,
respectively. The highest yield (4.05%) was
obtained from methanol extract for RT in
comparison with other solvents and plant.

Table 1. The amounts and yields of RT and TT extracts.

TT
Extracts Amount (g) Yield (%) Amount (g) Yield (%)
Hexane 0.70 0.92 0.45 0.15
CHCI; 2.26 3.03 5.88 1.97
EtOAC 0.24 0.32 0.53 0.18
MeOH 3.02 4.05 3.66 1.23
Water 2.38 3.56 10.99 3.84
W/EtOAC 98.90 0.13 160.00 0.053
W/BUOH 581.00 0.77 618.30 0.207

3.2 GC-MS Analysis

RT and TT hexane extracts were identified as
eight components for RT and fifteen for TT by
GC-MS (Table 2). Arachidic acid (25.39%) was
obtained as main component in RT with
linolenic acid (20.70%), arachidonic acid

(17.60%), 4,7,7-trimethylbicyclo [3.3.0] octan-
2-one (14.67%) and palmitic acid (13.15%).
However, the main component for TT was
linolenic acid (52.97%) and other components
obtained as linoleic acid (8.53%), palmitic acid
(5.52%) (Table 2, Scheme 1).
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Table 2. GC-MS analysis results of RT and TT mosses.

% Area
No RT Isomer Compound names
RT TT
Saturated fatty acids
1 30.357 C16:0 Palmitic acid 13.15 5.52
2 31.026 C16:0 Palmitic acid, isopropyl ester 2.34 1.02
3 35.724 C18:0 Stearic acid 1.74 0.71
4 40.199 C20:0 Arachidic acid 25.39 0.40
Total 42.62 7.65
Mono unsaturated fatty acids
5 36.228 C18:1 Oleic acid 2.77
6 36.250 C18:1 7-Octadecenoic acid 2.70
7 36.388 C18:1 11- Octadecenoic acid 441 0.56
Total 441 6.03
Polyunsaturated fatty acids
8 37.286 C18:2 Linoleic acid 8.53
9 38.883 C18:3 Linolenic acid 20.70 52.97
10 41.995 C20:2 11,13-Eicosadienoic acid 0.94
11 43.443 C20:4 Arachidonic acid, ethyl ester 4.48
12 43.466 C20:4 Arachidonic acid 17.60 3.97
13 45.423 C20:5 5,8,11,14,17-Eicosapentaenoic acid (EPA) 4.19
(omega 3)
Total 38.30 75.08
Other compounds
14 25.459 1-Octadecene 0.77
15 31.278 1-Heptadecene 1.18
16 39.970 4,7,7-Trimethylbicyclo[3.3.0]octan-2-one 14.67
Total 14.67 1.95
General Total 100.00 98.80
(0]
Palmitic Acid
(@)
N\/\/\/\/\/\/\A)J\OH
Arachidic acid
(0]
= = = OH
Linolenic acid
o}
- - OH
Linoleic acid
OH 0o
Arachidonic acid 4,7,7-Trimethylbicyclo[3.3.0]octan-2-one

Scheme 1. The main components of RT and TT hexane extract.
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Arachidic acid provides for producing of
detergents,  photographic  materials and
lubricants (Patil and Chavan, 2012). Alpha-
linolenic and linoleic acids which cannot be
synthesized by the human body (Burr et al.,
1930) are known to be essential fatty acids for
humans (Burr et al., 1930; Whitney and Rolfes,
2008). Arachidonic acid is abundant in the
brain, muscle, and liver (Smith et al., 2011).
The fatty acid has an important role in the
regulation of signaling enzymes, and can also
act as a vasodilator (Baynes and Dominiczak,
2005). Palmitic acid is mainly used to produce
soaps with high saponification value, cosmetics,
and release agents (Bwali, et al., 2013).

TT hexane extract exhibited linolenic acid as
the main component and showed significantly
antiproliferative activity at 64.06% inhibition
against C6 cells. (Narisawa et al. (1991) found
that the linolenic acid has an anti-tumor

promoting effect. Their study results showed
that a diet with 12% perilla oil rich in a-
linolenic  acid inhibited colon  tumor
development in rats.

3.3 HPLC-TOF/MS Analysis

Phenolic acids and their analogs have broad
biological activities and some phenolic acids
play an important role in preventing cancer
(Clifford, 2000). The salicylic acid from the
choloroform, 4-hydroxybenzoic acid from the
ethyl acetate and methanol, gallic acid from
water, 4-hydroxybenzoic acid from the water-

ethyl acetate, gentisic acid and 4-
hydroxybenzoic acid from the water/n-butanol
extracts were determined as the main

components of RT (Table 3, Scheme 2). The
EtOAc extracts of RT was found the higher
antiproliferative activity against C6 cells than
even 5-FU (ICs: 27.60).

Table 3. The phenolic components and amount of RT and TT extracts (mg phenolic compound/100 g

dried plant).

Phenolic components MeOH EtOAc CHCls Water WI/EtOAC Water/BuOH

RT TT RT TT RT TT RT TT RT TT RT TT
Gallic Acid - - 0.07 - - - 1.09 080 012 0.02 0.02 0.04
Gentisic Acid 1.06 0.29 0.08 0.05 - - - - 1.17 064 0.07 0.09
Catechin - - - - - - - - - - - -
4-Hydroxybenzoic
Acid 236 020 0.72 0.10 - - - - 496 135 0.07 -
Protocatechuic Acid - - 0.04 - - - - - 0.08 0.02 - 0.01
Caffeic Acid 059 0.08 0.04 0.01 - 013 - - 0.12 001 001 0.02
4-Hydroxy
Benzaldehyde - - 001 o0.03 - 008 - - 0.13  0.03 - -
Rutin 0.09 0.02 0.01 - - - - - - - - 0.003
p-Coumaric Acid - - 0.02 - - - - - - 0.02 - -
Ferulic Acid 015 - 0.03 0.004 - - - - 0.04 0.02 - -
Apigenin-7-
Glucoside - - - - - - - - - - - -
Naringenin 0.13 - 0.02 0.006 - 002 - - 0.01 0.001 - -
Kaempferol - - - - - - - - - - - -
Rosmarinic Acid 0.17 - - - - - - - 0.02 - - -
Salicylic Acid 0.10 0.03 0.01 0.004 0.16 0.05 - - - 0.10 - 0.01
Quercetin - - - - - - - - 1.12 - - -
Chlorogenic Acid - - - - - - - - 0.02 - - 0.03
Ellagic Acid - - - 0.02 - - - - 0.01 - - -
Resveratrol - - - - - - - - 0.01  0.003 - -
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@) OH O- _OH
O~__OH
OH
HO OH
OH OH
Salicylic acid 4-hydroxybenzoic acid Gallic acid
O~__OH
@)
DMOH
HO HO
Gentisic acid Caffeic acid Quercetin

Scheme 2. The main phenolic components of RT and TT extract.

The caffeic acid from the chloroform, 4-
hydroxybenzoic acid from the ethyl acetate and
water/ethyl acetate, gentisic acid from methanol
and water/n-butanol, and gallic acid from water
extracts were determined as the main
components of TT (Table 3, Scheme 2). The
gallic acid was determined as the main
component of TT and RT water extracts.
According to literature, gallic acid was
determined to significantly inhibit to human
cancer cells of esophageal cancer cells (Faried
et al., 2007).

3.4 Antiproliferative and
Activities

The antiproliferative activities of TT and RT
solvent extracts were determined against HeLa
cell lines and compared with 5-fluorouracil (5-
FU) as used standard (Figures. 1A-B and 2A-
B). The antiproliferative activities were
exhibited as very low activity at all doses with
dose-dependent increases exception of hexane,
chloroform and ethyl acetate extracts of RT as
seen in Figure 2A. The EtOAc and hexane
extracts of RT exhibited the highest activities at
100, 75, 50 and 40 pg/mL concentrations and

Cytotoxicity

only the EtOAc extract at 30 pg/mL. The
methanol extract exhibited the lowest activity at
all concentrations (Figure 2A).
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Figure 1. The antiproliferative activity of Tortella tortuosa organic solvent (A) and water (B) extracts

against HelLa cells (* p <0.01.).
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Figure 2. The antiproliferative activity of Rhytidiadelphus triquetrus organic solvent (A) and water (B)

extracts against HelLa cells (* p <0.01.).
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The solvent extract (antiproliferative) activities
of TT and RT were determined against C6 cell
lines compared with 5-FU (Figures 3A-B and
4A-B). The highest activities were obtained
from hexane and EtOAc extracts at higher
concentrations of 100, 75, 50 mg/mL and
lowest activities obtained from methanol
extract for all doses of RT as seen in Figure
4A. The highest HelLa cell activity was

similarly obtained for the C6 cell lines at the
same solvent extracts, hexane and EtOAc. Also
the lowest cell activities were obtained from
the same solvent extract of methanol for both
C6 and HelLa. Similar lower activities were
also observed for all water and mixture of
water extracts as seen in Figures 1B, 2B, 3B
and 4B.

against C6 cell mHexane WCHCI3 BEtOAc BMeOH [05-FU
100 +
80 - ] ]
X
§ 60 -
S 40
Z 20 -
£
0 7 T T T T T T T q 1
-20 -
100 75 50 40 30 20 10 5
A Concentration (ng/mL)
against C6 cell EWater ®W/BuOH BW/EtOAc  O5-FU
100 -
80 - ] ] ]
X
E\O, 60 -
§
2 20 -
E O T T T |. T T |- T |- T |-. T 1
o | i i T T
100 75 50 40 30 20 10 5
B Concentration (ng/mL)
Figure 3. The antiproliferative activity of Tortella tortuosa organic solvent (A) and water (B) extracts

against C6 cells (* p <0.01.).
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Figure 4. The antiproliferative activity of Rhytidiadelphus triquetrus organic solvent (A) and water (B)
extracts against C6 cells (* p <0.01.).

The ICso and 1Cs values of all the extracts are fluorouracil exception of W/EtOAc extract
given in Table 4. The results showed the lower obtained from TT as seen in Table 5.
toxicities of the extracts compared with 5-

Table 4. The ICso and 1Cys values of all the extracts against HeL a cell.

Sample T RT
P ICs0 (ng/mL) 1C7s (ng/mL) 1Cs0 (ng/mL) 1C7s (ng/mL)

Hexane 33.26 57.26 17.04 48.16
Cloroform 94.62 104.31 57.08 81.61
EtOAC 55.60 72.82 * 31.49
MeOH 138.60 122.20 112.33 120.19
Water 70.76 85.17 80.75 97.94
WI/EtOAC 59.53 76.74 65.01 124.05
W/BUOH 139.22 139.93 * *

*values could not be determined.
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Table 5. Cytotoxicity percentages of the effective extracts.

Sample Cytotoxicity (%) *
TT Hexane 7
RT Hexane 7
TT Chloroform 20
RT Chloroform 16
TT EtOAC 23
RT EtOACc 16
TT W/EtOAC 37

* All tests were done three times and triplicate (p<0.01).

4. Conclusion

The phytochemical contents and their
antiproliferative activities of TT and RT were
examined and responsible compounds found as
unsaturated fatty acids like linoleic, linolenic
and arachidonic. The hexane and ethyl acetate
extracts of RT showed high antiproliferative
activities against C6 and HelLa cell lines at
higher concentrations. The extracts except for
W/EtOAC were also found to be less toxic than
the 5-FU used as a standard. The highest
activities and lowest cytotoxicities were
obtained from hexane extracts of RT and TT.
These results may be used for continuing
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studies of anticancer drugs in future.

References

Asakawa, Y., 2007. Biologically active compounds from bryophytes. Pure Appl. Chem. 79, 557-580.

Asakawa, Y., Ludwiczuk, A., Nagashima, F., 2013. Phytochemical and biological studies of
bryophytes. Phytochemistry 91, 52-80.

Baynes, J.W., Dominiczak, M.H., 2005. Medical Biochemistry 2ed. Elsevier Mosby.

Brinkmeier, E., Hahn, H., Seeger, T., Geiger, H., Zinsmeister, H.D., 1999. Seasonal variation in
flavonoid concentrations of mosses. Biochem. Syst. Ecol. 27, 427-435.

Burr, G.O., Burr, M.M., Miller, E., 1930. On the nature and role of the fatty acids essential in
nutrition. J. Biol. Chem. 86, 587-621.

Bwai, M.D., Adedirin, O., Akanji, F.T., Muhammad, K.J., Ildoko, O., Useh, M.U., 2013.
Physicochemical properties, fatty acids profiles and antioxidant properties of seed oil of
breadfruit (Treculia africana). Int. J. Res. Pharm. Sci. 3, 44-54.

Clifford, M.N., 2000. Chlorogenic acids and other cinnamates - nature, occurrence, dietary burden,
absorption and metabolism. J. Sci. Food Agr. 80, 1033-1043.

Demirtas, 1., Erenler, R., EImastas, M., Goktasoglu, A., 2013. Studies on the antioxi-dant potential of
flavones of Allium vineale isolated from its water-soluble fraction. Food Chem. 136, 34—40.

Demirtas, |., Sahin, A., 2013. Bioactive volatile content of the stem and root of Centaurea
carduiformis DC. subsp. carduiformis var. carduiformis. E-J. Chem. 2013, 1-6.

Demirtas, 1., Sahin, A., Ayhan, B., Tekin, S., Telci, I., 2009. Antiproliferative effects of the
methanolic extracts of Sideritis libanotica Labill. subsp linearis. Rec. Nat. Prod. 3, 104-1009.
Demirtas, I., Tufekci, AR., Sahin Yaglioglu, Elmastas, M., 2017. Studies on the antioxidant and
antiproliferative potentials of Cirsium arvense subsp. vestitum. J. Food. Biochem. 41, 1-10.
Elibol, B., Ezer, T., Kara, R., Celik, G.Y., Colak, E., 2013. Antifungal and antibacterial effects of

some acrocarpic mosses. Afr. J. Biotechnol. 10, 986-989.

Eser, F., Sahin Yaglioglu, A., Dolarslan, M., Aktas E., Onal, A., 2016. Dyeing, fastness, and
cytotoxic properties, and phenolic constituents of Anthemis tinctoria var. tinctoria (Asteraceae).
J. Tex. |. DOI: 10.1080/00405000.2016.1257348.



Yaglioglu et al. 2017. Anatolian Bryol. 3(1): 31-42. ... ot 42

Faried, A., Kurnia, D., Faried, L.S., Usman, N., Miyazaki, T., Kato, H., Kuwano, H., 2007. Anticancer
effects of gallic acid isolated from Indonesian herbal medicine, Phaleria macrocarpa (Scheff.)
Boerl, on human cancer cell lines. Int. J. Oncol. 30, 605-613.

Karakus, G., Akin Polat, Z., Sahin Yaglioglu, A., Karahan, M., Yenidunya, A.F., 2013. Synthesis,
characterization, and assessment of cytotoxic, antiproliferative, and antiangiogenic effects of a
novel procainamide hydrochloride-poly(maleic anhydride-co-styrene) conjugate. J. Biomater.
Sci. Polym. Ed. 24, 1260-1276.

Klavina, L., Bikovens, O., Steinberga, 1., Maksimova, V., Eglite, L., 2012. Characterization of
chemical composition of some bryophytes common in Latvia. Environ. and Exp. Biol. 10, 27-
34,

Narisawa, T., Takahashi, M., Kotanagi, H., Kusaka, H., Yamazaki, Y., Koyama, H., Fukaura, Y.,
Nishizawa, Y., Kotsugai, M., Isoda, Y., et al., 1991. Inhibitory effect of dietary perilla oil rich in
the n-3 polyunsaturated fatty acid alpha-linolenic acid on colon carcinogenesis in rats. Jpn. J.
Cancer Res. 82, 1089-1096.

Patil, P.D., Chavan, N.S., 2012. Potential testing of fatty acids from mangrove Aegiceras corniculatum
(L) Blanco. Int. J. Pharm. Pharm. Sci. 4, 569-571.

Sabovljevi¢, M., Bijelovi¢, A., Grubisi¢, D., 2001. Bryophytes as a potential source of medicinal
compounds. Lek. Sirov. 21, 17-29.

Sahin Yaglioglu, A., Akdulum, B., Erenler, R., Demirtas, 1., Telci, I, Tekin, S., 2013.
Antiproliferative activity of pentadeca-(8E, 13Z) dien-11-yn-2-one and (E)-1, 8-pentadecadiene
from Echinacea pallida (Nutt.) Nutt. roots. Med. Chem. Res. 22, 2946-2953.

Savaroglu, F., llhan, S., Filik-Iscen, C., 2011. An evaluation of the antimicrobial activity of some
Turkish mosses. J. Med. Plants. Res. 5, 3286-3292.

Schofield, W.B., 2001. Introduction to Bryology. The Blackburn Press, New Jersey.

Smith, AJ.E., 2004. The Moss Flora of Britain and Ireland, 2 ed. Cambridge University Press,
Cambridge.

Smith, G.I., Atherton, P., Reeds, D.N., Mohammed, B.S., Rankin, D., Rennie, M.J., Mittendorfer, B.,
2011. Omega-3 polyunsaturated fatty acids augment the muscle protein anabolic response to
hyperinsulinaemia-hyperaminoacidaemia in healthy young and middle-aged men and women.
Clin. Sci. 121, 267-278.

Ucgiincii, O., Cansu, T.B., Ozdemir, T., Karaoglu, S.A., Yayli, N., 2010. Chemical composition and
antimicrobial activity of the essential oils of mosses (Tortula muralis Hedw., Homalothecium
lutescens (Hedw.) H. Rob., Hypnum cupressiforme Hedw., and Pohlia nutans (Hedw.) Lindb.)
from Turkey. Turk. J. Chem. 34, 825-834.

Vanderpoorten, A., Goffinet, B., 2009. Introduction to Bryophytes. Cambridge University Press New
York.

Vargas, M.H., 2000. IC50 ve IC75 values ED50 plus v1.0 programs. Instituto Nacional de
Enfermedades Respiratorias.

Whitney, E., Rolfes, S.R., 2008. Understanding Nutrition, 11 ed. Thomson Wadsworth, California, p.
154.



Anatolian Bryology
Anadolu Briyoloji Dergisi
Research Article
ISSN:2149-5920 Print
e-ISSN:2458-8474 Online

http://dergipark.gov.tr/anatolianbryology

Yetgin et al. 2017. Anatolian Bryol. 3(1): 43-47

Pterigynandrum filiforme Hedw. Tiiriiniin Antimikrobiyal Aktivitesinin Belirlenmesi
*Ali YETGIN!, Merve SENTURAN?, Atakan BENEK?, Ebru EFE? Kerem CANLI®
Yzmir Yiiksek Teknoloji Enstitiisii, Miihendislik ve Fen Bilimleri Enstitiisii, Biyoteknoloji Boliimii Urla/lzmir

2 Dokuz Eyliil Universitesi,"Buca Egitim Fakiiltesi, Biyoloji Ogretmenligi Boliimii Buca/lzmir
8 Dokuz Eyliil Universitesi, Fen Fakiiltesi, Biyoloji Bolimii Buca/lzmir

Received: 15.05.2017 Revised: 30.05.2017 Accepted: 04.06.2017

Oz

Pterigynandrum filiforme Hedw. Orta Avrupa ve Anadolu’nun daglik alanlarinda orman altlarinda
yasayan bir karayosunu tiirlidiir. Yayilis alan1 genis oldugu i¢in bulunmasi kolaydir. Antimikrobiyal
caligmalarin amaci diinya iizerinde enfeksiyon hastaliklarina sebep olan mikroorganizmalarin
etkilerini yok edebilen maddelerin bulunmasidir. Yapilan antimikrobiyal aktivite c¢alismasiyla P.
filiforme’nin 17 bakteri ve 1 maya tiirii izerindeki etkisi analiz edildi. Etanol ekstraksiyon yontemi ile
0.27 ve 0.93 mg ornekler hazirlandi ve disk difiizyon yontemi ile genis spektrumlu antimikrobiyal
analizi yapildi. P. filiforme karayosununun antimikrobiyal potansiyeli konusunda literatiirde herhangi
bir arastirma bulunmamaktadir. P. filiforme ornekleri ile galigilan bakterilerde antimikrobiyal etki
belirlenmistir. Bunlar gram pozitif bakteriler olan S. aureus, B. subtilis, L. monocytogenes ve E.
faecalis; gram negatif bakteriler olan K. pneumoniae ve S. enteritidis olmaktadir.

Anahtar kelimeler: Pterigynandrum filiforme, briyofit, antimikrobiyal aktivite, etanol ekstrakt, disk
difiizyon yontemi.

Determination of Antimicrobial Activity of Pterigynandrum filiforme Hedw.
Abstract

Pterigynandrum filiforme Hedw. is a moss species living in the forests of Central Europe and
Anatolia. It is a wide spreading moss. The aim of the antimicrobial studies are discovering new
substances which reduce effects of infectious. The antimicrobial activity effect of P. filiforme against
17 bacteria and 1 fungus species was analyzed in this study. 0.27 and 0.93 mg samples were prepared
by ethanol extraction method and wide spectrum antimicrobial analysis was performed by disk
diffusion method. There is no research in the literature regarding the antimicrobial potential of P.
filiforme. Antimicrobial activity was determined in the bacteria treated with P. filiforme samples.
These include gram-positive bacteria S. aureus, B. subtilis, L. monocytogenes and E. faecalis; gram-
negative bacteria K. pneumoniae and S. enteritidis.

Key words: Pterigynandrum filiforme, bryophyte, antimicrobial activity, ethanol extract, disk
diffusion method.
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1. Giris

Kullanilan maddelerin in vitro etkinligini
belirlemek amaciyla mikroorganizmalara karsi
denenmesi  igin  antimikrobiyal  aktivite
calismalar1 gergeklestirilir. Bu calismalarin
kolay uygulanabiliyor olmasi ve diigiik maliyet
gerektirmesi nedeniyle antibiyotik
duyarliligmin  saptanmasinda yaygin olarak
kullanilmaktadir (Canli 2016c¢).

Diinya geneline baktigimizda enfeksiyon
kaynakli Oliimlerin artiyor olmasit gereken
calismalarin ¢ok ge¢ kalinmadan yapilmasi
gerektigini gosterir. Ozellikle tropikal iilkelerde
gerceklesen  Oliimlerin  yaklasik  yarisinin
enfeksiyon  kaynakli  olmasi  durumun
boyutunun daha da iyi anlagilabilmesi adina
onemlidir. Sadece E. coli ve Salmonella suslari
her yil Afrika’da 300.000 civart ¢ocukta
enfeksiyon kaynakli 6lime sebep olmaktadir
(Akbar ve Anal, 2011). Amerika Birlesik
Devletleri’'nde 1981 ve 1992 yillarinda yapilan
arastirmalar1  karsilastirdigimizda, enfeksiyona
bagl 6limler 5. Siradan %58 artisla 3. siraya
yikselmistir (lwu, 1999; Karou, 2007). Bu
durum enfeksiyon hastaliklarinin 6nlenmesi ve
tedavisinde yeni stratejiler gelistirmeyi zorunlu
kilmistir (Erdogan ve Everest, 2013).

Antibiyotik direnci olan bakterilerin hizla
yayginlagmasi ve kullanilan tiim antibiyotiklere
karsi  mikroorganizmalarin  hizla  direng
gelistirmesi diinya ¢apinda bilim insanlarmin bu
konu hakkinda c¢alismalarini  arttirmasini
gerektirmektedir. Ayrica enfeksiyon tedavisinde
coklu antibiyotik direncine karsi basari orani

gittikce azalmaktadir. Bundan dolayr tibbi
bitkilerin antibiyotik gelistirmek ve ilaglara
alternatif olarak kullanilmasi 6nemini korumaya
devam etmektedir.

Tek antibiyotikle o6ldiiriilemeyen
mikroorganizmalarin ~ direngliligine  kars1
bitkilerde bulunan ¢ok sayida maddenin sinerjik
etkisi kullanilarak daha etkin bir tedavi elde
edildigi bildirilmistir (Shanthi ve ark., 2010;
Mohd Nazri ve ark., 2011). Bunun sonucunda,
bitkilerden  elde  edilen  antimikrobiyal
ajanlarmin etkilerinin arastirilmasi,
arastirmacilarin bu konu hakkinda
odaklanmalarin1 saglamigtir (Dash ve ark.,
2011).

Cok wuzun yillardir, bazi yaralarin ve
hastaliklarin ~ tedavisinde  karayosunlarinin
kullanilmasi, tiirlerinin antimikrobiyal aktivite
analizini; ilgili maddelerinin belirlenmesini ve
saflagtirmasini; ilag tasarimlarinda
kullanilmasini énemli hale getirir (Canli, 2015).
Antimikrobiyal etkisi analiz edilmek i¢in
kullamilan ~ P.  filiforme tlrliiniin  etanol
ekstraktlar1 17 bakteri ve 1 maya tiiriine karsi
test edilmistir.

2.Materyal ve Metot

2.1. Briyofit Ornegi

P. filiforme O6rnegi 2011 yilinda Amasya
Akdag’da  bulunan = Boraboy  goliiniin
kenarindan toplanmistir (Sekil 1). Sahit 6rnek
Dokuz  Eylil  Universitesi  biinyesinde
saklanmaktadir.

Sekil 1. Pterigynandrum filiforme 'nin dogal ortamdaki goriiniisi.
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2.2. Ekstraksiyon yontemi

P. filiforme karayosunu O&rnekleri toplanip
kurutuldu ve ogiitiicti ile pargalanarak kiigiik
parcalar haline getirildi. Toz haline gelen
numuneler saf etanol (Sigma-Aldrich) iginde
140 ppm'de oda sicakliginda 2 giin calkalandi
(Altuner ve ark., 2013). Bundan sonra,
Whatman No.l filtre kagidiyla buharlastirma
balonlarina stiziildi. Filtratlar 45°C'de bir doner
buharlastirici (Buchi R3) ile buharlastirildi
(Canli  ve ark., 2016a). Son olarak,
karayosunundan kalan tortunun agirligi 6l¢iiliip
tekrardan etanol emdirildi ve 0.27 ve 0.93 mg
ornek hazirlandi.

2.3. Mikroorganizmalar

P. filiforme'nin antimikrobiyal etkisini analiz
etmek i¢in genis bir gram pozitif bakteri, gram
negatif bakteri ve maya seg¢ildi. Bu nedenle, 17
bakteri ve 1 maya tirii kullanilmis ve bu
mikroorganizmalar Nutrient Agar (BD Difco,
ABD) iizerinde zenginlestirildi. Kullanilan
suslarin 11’i standart bakteri ve 1’i standart
maya susudur. Bes tanesi standart gram pozitif
bakterilerdir ve bunlar Bacillus subtilis DSMZ
1971, Enterecoccus faecalis ATCC 29212,
Listeria  monocytogenes  ATCC 7644,
Staphylococcus aureus ATCC 25923 ve
Staphylococcus  epidermidis DSMZ 20044
turleridir. Digerleri standart gram negatif
bakterileridir ve bunlar Enterobacter aerogenes
ATCC 13048, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa DSMZ 50071,
Pseudomonas fluorescens P1, Salmonella
enteritidis ATCC 13075 ve Salmonella
typhimurium  SL1344 tiirleridir.  Candida
albicans DSMZ 1386 olan 1 standart maya tiirii
vardir.  Ayrica,  Ankara  Universitesi
Mikrobiyoloji Laboratuvari'ndan yiyeceklerden
izole edilen 6 adet standart dis1 bakteri ¢alisildi.
Bunlardan  {i¢ii,  Enterococcus  durans,
Enterecoccus faecium ve Listeria innocua olan
gram pozitif bakterilerdir. Digerleri, Klebsiella
pneumoniae, Salmonella infantis ve Salmonella
kentucky olan gram negatif bakterilerdir.

2.4. inokulum hazirlama

Tim bakteri tird, 37 © C'de 24 saat, ancak C.
albicans, 27 ° C'de 48 saat inkiibe edildi (Canli
ve ark., 2016b). Bakteriler igin yaklasik 108

cfu.mL? ve C. albicans i¢in 107 cfu.mL? iceren
inokiilasyonu standartlagtirmak i¢in her bakteri
ve maya steril % 0.9 NaCl ¢ozeltisi (serum
fizyolojik)  soliisyonuna  agilanarak 0.5
McFarland standardina  getirilmis  bakteri
ornekleri ile ¢alisma gergeklestirildi (Altuner ve
ark., 2014).

2.5. Antimikrobiyal aktivite testi

Etanol ekstraktinin antimikrobiyal etkinlik
Andrews (2003) tarafindan tarif edildigi sekilde
disk difiizyon testi ile gerceklestirildi.
Oncelikle, Mueller Hinton Agar (BD Difco,
ABD) 4.0 mm + 0.5 mm'lik bir derinlige
ulasmak i¢in 90 mm steril Petri kabina
dokiillmustiir. 20 ve 70 uL ekstrakt 6 mm Oxoid
Antimikrobiyal Duyarlilik Test Disklerine
yiiklendi. Sonuglara miidahale edebilecek kalan
etanolii ucurmak icin diskler gece boyunca
steril kosullar altinda 30° C'de kurumaya
birakildi. Bundan sonra, steril serum fizyolojige
inokiile edilmis hazir mikroorganizmalar petri
kaplarmin  ylizeyini tamamen kaplayacak
sekilde ekim yapildi. Bu diskler oda
sicakliginda aseptik kosullar altinda 5 dakika
boyunca kurumaya birakildi (Canli ve ark.,
2015). Daha sonra diskler yiizeye yerlestirilerek
bakteriler inkiibe edildikten sonra inhibisyon
zonu ¢aplart mm cinsinden 6l¢iiliip kaydedildi.

2.6. Kontroller
Bos steril diskler ve ekstraksiyon solventi
(etanol) negatif kontrol olarak kullanild:.

2.7. Istatistik

Istatistiksel analiz, p = 0.05 olan tek yonlii
varyans analizi olan non-parametrik bir yontem
olan Kruskal-Wallis kullanilarak yapildu.

3. Tartisma Ve Sonug

P. filiforme etanol ekstraktinin 17 bakteri ve 1
maya tiiriine kars1 yapilan aragtirma sonucunda
Tablo 1 de goriildiigii gibi 6 bakteri {izerinde
etki saptandi. S. aureus (10 mm), B. subtilis (8
mm), L. monocytogenes (8 mm) ve E. faecalis
(7 mm) gram pozitif bakterileridir ve kullanilan
karayosunu ekstraktinin karst hassas olduklari
belirlendi. Gram negatif bakterilerden K.
pneumoniae (7 mm) ve S. enteritidis (7 mm)
tiirlerinde etki goriildii.
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Tablo 1. P. filiforme i¢in disk difiizyon testi sonuglari (mm cinsinden inhibisyon zonlar1).
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S. aureus hastane enfeksiyonlarina yol agan en
onemli patojendir ve yogun bakim tnitelerinde
olmak iizere metisiline direngli S.
aureus (MRSA) enfeksiyonlar1 giderek artan
oranlarda rapor edilmektedir (Richards ve ark.,
1999). Yapilan baz1 ¢alismalarda, yogun bakim
iinitelerinden izole edilen S. aureus izolatlarinin
yaklagik %80'inin metisiline direngli oldugu
saptandi (Ippolito, 2010).

Uyar ve ark. (2016) tarafindan gergeklestirilen
calismada T. alopecurum karayosunu tiiriiniin S.
aureus bakterisine karsi olusturmus oldugu zon
8 mm’dir. Aym c¢alismada C. cuspidata
karayosunu tiiriintin de S. aureus bakterisine
kars1 gosterdigi zon 7 mm’dir. P. filiforme nin
S. aureus tiirii bakteriye karst olusturdugu zon
10 mm’dir. Bu nedenle P. filiforme’ nin bu sus
tizerindeki  etkisi  diger  ¢alisma  ile
karsilastirildiginda oldukea yiiksek bulundu.

Kaynaklar

P. filiforme nin, L. monocytogenes’e Karsi en
yiiksek dozajda 8 mm zon olusturdugu goriildii.
L. monocytogenes antibiyotik direnci igin
giinimiizde ¢ok Onemsenmese de siirekli ve
yavag bir direng gelistirme mekanizmasinin
oldugu tespit edilmis olup gelecekte hastane
enfeksiyonlari acisindan biiytik risk
olusturacagi tahmin edilmektedir (Conter ve
ark., 2009). P. filiforme 'nin, L.
monocytogenes’e karsi saptanan antimikrobiyal
etkisi bu nedenle ayr1 bir 5nem tagimaktadir.

Calismanin sonucunda elde edilen etkilerin

daha fazla madde miktar ile
gergeklestirildiginde  daha  biiyiikk  etkiler
olugabilecegi tahmin edilmektedir.  Aktif

bilesiklerin farmakokinetik goriiniisiine bagh
olan etki mekanizmasini ve antibiyotik
etkilesimlerini belirlemek i¢in daha fazla
arastirmaya ihtiya¢ duyulmaktadir.
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Anatolian Briyoloji Dergisinin Kapsam

Anadolu Briyoloji Dergisi, karayosunu, cigerotlari ve boynuzsu cigerotlar1 ile ilgili degisik alanlarda yapilan,
morfolojik, mikroskobik yapilari, biyolojik ¢esitlilik, koruma, biyoteknoloji, ¢evre diizenleme, tehlike altindaki
tirler, tehlike altindaki habitatlar1, sistematik, vejetasyon, ekoloji, biyocografya, genetik ve tiim briyofitler
arasindaki iliskileri konu alan orijinal makaleleri yaymlar. Tanimlayict ya da deneysel ve sonuclari net olarak
belirlenmis deneysel ¢alismalar kabul edilir. Makale yazim dili Tiirk¢e veya Ingilizcedir. Yaymlanmak {izere
gonderilen yazi orijinal, daha once higbir yerde yayinlanmamis olmali veya islem goriiyor olmamalidir.
Yayinlanma yeri Tiirkiye’dir. Bu dergi yilda iki say1 yayinlanir, erisime agik ve iicretsizdir.

Dergi yazim kurallarina uymayan veya derginin kapsami digindaki konulardan olusan makaleler hakem
degerlendirme siirecine girmeden reddedilir. Her makale igin, gerekli kurallara gére doldurulmus ve yazar veya
yazarlarin hepsi tarafindan imzalanmis olan Telif Hakki Devir Formu, makale yayinlanmadan &nce dergi
editoriine gonderilmelidir. Dergiye gonderilecek makaleler ve siireg ile ilgili her tiirlii yazigmalar, dogrudan
internet ortaminda elektronik posta ile yapilmalidir. Dergi tiim milletlerdeki arastirmacilara agiktir. Makalelerin
asagidaki sekilleri dikkate alinacaktir.

1. Arastirma makaleleri: Briyofitlerin g¢esitli alanlarindaki o6zglin  aragtirma  makaleleri
degerlendirilecektir.

2. Arastirma notlari: Bunlar morfolojik, anatomik, sitolojik, kimyasal bir ¢aligma ya da arastirma notlari
lizerinde On bilgiler ve briyofit tiirlerinin diger 6zellikleri gibi makaleler yer alir.

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

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

Yazar Rehberi
Makalenin hazirlanmasi

Stil ve bicim: Makale ¢ift satir aralig1 ve sayfanin her tarafindan 3 ¢cm kenar boslugu birakilarak Times New
Roman formatinda yazilmalidir. Makalelerin her sayfasi baslik, kaynaklar, tablolar, vb. numaralandirilmalidir.
Makalelerin her sayfasi, satir numarasi 1 ile baslamak kaydiyla numaralandirilir. Makaleler Ingilizce veya
Tiirkge yazilabilir. Anadili Ingilizce olmayan yazarlar igin; Bir dil editdriine veya akici bir sekilde Ingilizceyi
konusabilen bir meslektagindan yardim almalar tavsiye edilir. Kullanilan kelimelerde argo olmaksizin 6z
Ingilizce kullanilmalhdir. Uzun ciimle ve edilgen yapilardan kagmilmalidir. Eserin bilgisayar programi
kullanilarak imla ve dilbilgisi kurallarina uygun olup olmadig1 kontrol edilmelidir. Makalenin tamami Ingilizce
(Amerikan) yazim kural1 ile tutarli olmalidir.

Semboller, birimler ve kisaltmalar: Genel olarak dergi kurallari, Yazarlar i¢cin CSE Kilavuzu, Editor ve
Yonetim Kurulu, VA, ABD. ve Yayincilar i¢in vb. bilimsel stil ve format kullanilmalidir. Eger x, p, n, or v gibi
semboller kullanilacaksa Word semboller meniisii kullanilarak eklenmelidir. Derece sembolleri (°), klavye
tizerindeki o veya 0 kullanilarak degil semboller meniisii kullanilarak olusturulmalidir. Carpma sembolleri (%),
harfi degil x sembolii kullanilmalidir. Alansal ifadeler say1 ve birimler arasma (Or. 3 kg), yine aym sekilde
numara ve matematik sembolleri (+, -, X, =, <>) arasina konulmalidir fakat sayr ve yiizde sembolleri
kullanilacaksa Ingilizce makalelerde rakamdan sonra yiizde isareti (Or. 45%) konulmalidir. Genellikle tiim
sayilar (6r. “2 onceki caligmada”...) rakam olarak verilmelidir. Liitfen tiim ayrintilar i¢in yukaridaki yazim
kilavuzumu inceleyiniz. Tiim agiklamalar ve kisaltmalar ilk gectigi yerde belirtilmelidir. Latince olan bazi
terimler drnegin: et al., in vitro ya da in situ Latince yazilmamalidir.

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

Bashk ve iletisim bilgileri: Makalenin baslig1 tiim metni dzetler 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 rolii). Tiim yazarlarin tam isimleri (Ad1 Soyadi tam harflerle), tiim yazarlarin
bagh olduklar1 birim (Universite, Fakiilte, Boliim, Sehir, Ulke) ve sorumlu yazar i¢in agik¢a belirtilmis e-mail
adresi.



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

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

Giris:

Calismanin olgusunu savunmaniz, sadece arka planda yapilan ¢aligmalari 6zetlemeniz gerekir. Sonug ve bulgular
gibi kisimlart icermemelidir. Calisilan konunuz yorumu olmamali fakat sorun net bir sekilde ele alinarak
belirtilmedir.

Materyal ve Metot:

Materyal ve kullanilan analitik ve istatistiksel islemler hakkinda kisa ama net bilgi veriniz. Bu boliim miimkiin
oldugunca acik olmal1 yapilan caligmalar tekrarlanmamali. Yapilan ¢alisma ile alakali marka isimleri, sirketin
yerleri, belirtilen tiim ekipman, alet, kimyasallar, vb. verilmelidir.

Tartisma ve Sonug¢

Sonu¢ 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 calismanin ana sonuglarina vurgu yapmak gerekir.

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

Kaynaklar

Metin icerisinde kaynak belirtme, yazar veya yazarlarin soyadlari (virgiil) makalenin yayinlandigi tarih
verilmelidir. Ornek: (Ursavas, 2014) veya (Ursavas and Kegeli 2014). Eger atif ciimle basinda verilecekse sadece
tarih parantez icerisinde verilmelidir. Ornek: “Ursavas (2012)’ye gore...”. Ug ve daha fazla yazarlarin atiflari
i¢in; ilk yazarin soyad1 ve devaminda at al. (italik degil) kullanilir. Ornek: (Abay et al., 2002). Aym yazarin ayni
yil i¢erisinde birden fazla kaynagi varsa, liitfen yilsonuna a, b, c, gibi harf ekleyin: (Kegeli et al., 2002a, 2002b).
Kaynaklar kronolojik olarak siralanip kaynaklar noktali virgiil ile ayrilmalidir: (Abay, 2000; Kegeli et al., 2003;
Ursavas and Oren, 2012). Web sitesi atiflar1 (URL1, URL2, ...) olmahdir. Kisisel iletisim ile yaymlanmamis
herhangi bir veriyi kaynak olarak kullanmayin ancak metin icerisinde (parantez icerisinde) verilebilir. Ingilizce
dili disinda yayinlanan bir makaleniz varsa makalenin Ingilizce bashgi verilmeli, parantez igerisinde (Tiirkge
makale, dzet Ingilizce) gibi bir aciklama ile belirtilmelidir. Eger yayinlanan makalenin Ingilizce bir bashg
yoksa sadece orijinal baglik verilmeli ¢eviri yapilmamalidir. Kaynaklar numaralandirilmadan metnin sonunda
alfabetik olarak listelenmis olmalidir. Makalenin yazarlarimin 10 ve agagist tiimii verilmelidir, 10 yazardan fazla
makalelerde ilk 10 yazar verilip geri kalan yazarlar igin at al., yazilmalidir. Makalede kaynaklar listesinde
verilen yazarlarin adlar1 yaziliglarinin ve yayin yillarinin makale icerisindeki metin ile ayni olup olmadiginin
dikkatlice kontroliinii yapiniz. Kaynaklara asagidaki formatta yazilmalidir: (Liitfen harf ve noktalamaya dikkat
edelim):

Dergi makaleleri: Dergi basliklar1 kisaltma yapilmadan agik¢a yazilmalidir.
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 (Basihi degilse):
URLL1. Missouri Botanical Garden. Website: http://www.tropicos.org/Project/IPCN [Erisim tarihi: giin.ay.y1l].
URL2. Missouri Botanical Garden. Website: http://www.tropicos.org/Name/35147246 [Erisim tarihi:

glin.ay.y1l].



http://www.tropicos.org/Project/IPCN
http://www.tropicos.org/Name/35147246

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

Tiim tablo ve Sekiller bir baslik veya lejant1 olmali (Or: Tablo 1, Sekil 1) tiim makaledeki tablo ve sekiller
birden fazla ise hepsi sirastyla numaralandiriimalidir. Bashklar ciimle halinde yazilmali (Or: Ornegin
mikroskobik goriintiisii.). Sekil ve tablolarda Times New Roman yaz1 tipi kullanilmalidir. Eger x, pu, 1, yada v
gibi semboller kullanilacaksa Word Semboller meniisii kullanilarak eklenmelidir.

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

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

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

Kullanilan verilerin gerekli olmadig: siirece 2 boyutlu grafikler kabul edilir. Gereksiz yere 3 boyutlu hazirlanmis
grafikler kabul edilmez.

Grafikler, temalar, ¢izimler veya rakamlar degistirilebilir bir formatta sunulmali biz basim asamasinda eger
onlar1 degistirmemiz gerekirse iizerinde degisiklik yapilabilmelidir.

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

Tablo ve sekiller, ana baslik dahil, stitun bagliklar1 ve dipnotlar 16 x 20 cm ge¢cmemeli ve genisligi 8 cm den
kiiglik olmamalidir. Olusturulan sekmesiz veya sekmeli, ¢izilen ¢izgiler veya bosluklardaki biitiin tablolar igin
litfen Word’iin "Tablo Olustur" 6zelligini kullanin. Liitfen bilgileri ¢ogaltmayiniz zaten sekiller igerisinde
sunulmustur.

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

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

Veya

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