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Bu dergide one siiriilen fikirler makale yazar(lar)ina aittir. Anatolian Bryology’de yer alan yazilar, Yayin

Kurulu’ndan izin almaksizin bagka yerde yaymlanamaz.

Cankir1 Karatekin Universitesi, Orman Fakiiltesinin bir dergisi olan Anatolian Bryology yilda iki kez

(Kasim-Haziran) yaymlanan Uluslararasi Hakemli bir dergidir.

Dergide yayinlanan makalelere: https://dergipark.org.tr/tr/pub/anatolianbryology adresinden ulasabilirsiniz.

The articles in Anatolian Bryology present their author’s own opinions. Publication of any article in the

journal is not allowed without permission of the Editorial Board.

As a journal of Faculty of Forestry in Cankir1 Karatekin University, Anatolian Bryology is aninternational

refereed journal that is published twice a year (November — June).

This journal is available online at https://dergipark.org.tr/tr/pub/anatolianbryology
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Abstract
In this study, we present Gigaspermum mouretii, a rare taxon recorded for the second time from Tirkiye.
A detailed description of the species is given and presented with anatomical and morphological drawings.
The map also displays its distribution areas in the Mediterranean countries.

Keywords: Bryophytes, Flora, Bafa Lake, Metamorphic rocks

Nadir bir karayosunu taksonu olan Gigaspermum mouretii Corb.'nin (Gigaspermaceae)
Tiirkiye'den ikinci kaydi
Oz
Bu calismada, nadir bir takson olan ve Tiirkiye'den ikinci kez kaydedilen Gigaspermum mouretii

sunulmaktadir. Tiiriin ayrintili bir tanimi verilmis ve anatomik ve morfolojik ¢izimlerle sunulmustur.
Ayrica, Akdeniz iilkelerindeki dagilim alanlar1 haritada gosterilmistir.

Anahtar kelimeler: Karayosunlari, Flora, Bafa Golii, Metamorfik kayaclar
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1. Introduction

The family Gigaspermaceae consists of six genera
represented by limited taxa (three are monotypic),
the majority of which occur in the Southern
Hemisphere (Laura and Cerda, 2015). Among
them the genus Gigaspermum Lindb. 1is
represented by two taxa, G. repens (Hook.) Lindb.
and G. mouretii Corb. (Crosby et al., 2000). The
subject of this study, G. mouretii has been defined
by Corbiere (1913) from Morocco. It is mainly
restricted to the Mediterranean Basin and known
from Balearic Island, Canary Island, Scilly, Spain,
Crete, Cyprus, Morocco, Algeria, Isracl and
Tiirkiye (Hodgetts and Lockhart, 2020). Specimen
was firstly recorded from Hatay/Tiirkiye and given
without any photos and drawings by Tongug
Yaymtas (Tongug¢ Yayintas, 2009).

In the present study, the detailed description,
ecology and distribution of the G. mouretii, which
is recorded for the second time from Tiirkiye, are
given together with drawings.

o< Y

ALIGR
Figure 1. Distribution map

.| [ =

of G. mouretii on Tiirkiye ll first collected locality,

2. Material and Methods

2.1 Study area

Samples were collected from the southwestern
edge of Bafa Lake (Figure 1). The lake is a natural
barrier lake formed by the alluviums carried by the
Biiyiik Menderes River in the west of Tirkiye.
Located on the borders of Mugla and Aydin
provinces, the lake is also the largest lake in
western Anatolia. The study area is under the
influence of the Mediterranean climate and the
natural formation manifests itself as degraded
magquis. Since the edge of the lake has been used
as a settlement for many years, it is under serious
anthropogenic pressure. Especially olives stand out
as the most striking agricultural product.

Bafa Lake

Kapikir
AYDIN

Golyaka Karah'a)yn

Rinarcik

B*’!?a.\ B

».10 km

second collected

locality.

2.2. Specimen examined

Gigaspermum mouretii Corb.

Revue Bryologique 40: 10. 1913.

Turkey: Mugla Province, Bafa Lake, Golyaka
Village: 37° 22' 51" N, 34° 30' 40" E, on soil bank,
slope 70%, direction west, 20 m a.s.l., 04 March
2024, leg. and det. M. KIRMACI, H.
OZENOGLU, M. E. DEMIR and G. ASLAN.

The research material was collected from the area
and identified wusing the relevant literature

(Carratello and Aleffi, 1998; Guerra et al., 2010;
Kiirschner and Erdag, 2023). The plant was made
to herbarium material and preserved in Aydin
Adnan Menderes Herbarium (AYDN 4050).

Ecology: G. mouretii was collected from
calcareous soils on the west-facing slopes. The
bottom cover of the area, where Olea europaea L.
and Quercus coccifera L. trees are sparsely found,
is herbaceous formations Lupinus L. sp., Anemone
coronaria L., Asphodelus  aestivus  Brot.,
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Matricaria L., Erodium L'Hér. and some crops
belonging to gramine. It grows dense grey-green
tufts and is associated with Lunularia cruciata (L.)
Dumort. ex Lindb., Fossombronia Raddi spp.,
Southbya nigrella (De Not.) Henriq., Bryum
Hedw. sp., Didymodon acutus (Brid.) K. Saito,
Timmiella barbuloides (Brid.) Monk., Tortella
squarrosa (Brid.) Limpr. and Trichostomum
crispulum Bruch. The large size of the spores
suggests that they should survive for several years,
indicating that the species is adapted to living in
unstable habitats.

3. Results and Discussion

Description of the Turkish specimens: Plants
light green to yellowish-white, to 1 cm. Stem
rhizomatous, branches erect (0,4-1 cm). Leaves
sparse on the lower part of the branches and
crowded on the upper part, concave, orbicular-
obovate, 0.8-1.2 x 1-1,6 mm; apex with hyaline
apiculus, 300-500 pm long, margin slighly
crenulat. Perichaetial leaves larger than the
vegetative ones, hyaline, greenish at the base,
elongate-triangular, longly acuminate and strongly
concave, extending 3 mm long, enclosing whole

capsule. Upper and middle cells irregularly
rhomboidal, hexagonal, square or shortly
rectangular, 15-25 x 25-50 pm; basal cells

rectangular with smooth walls 25-35 x 30-75 pm.
Nerve absent, some with a double layer of cells in
the central part, like a rudimentary nerve. Capsule
is sessile, gymnostomous, wide, urn 0.9-1.2 x 1-
1.3 mm., seta short, up to 0.6 mm long, operculum
conic. Spores polyhedric, smooth, large up to 120
pum (Figure 2).

As stated, Gigaspermum mouretii was firstly
recorded from Tirkiye in 2009 (Tongug¢ Yayintas,
2009). When we look at the distributions around
the countries neighboring the Mediterranean given
in this study, it is seen that they overlap with the
European distributions (Balearic Islands, Canary
Islands, Crete, Cyprus, Greece, Sicily, Spain)
given by Hodgetts and Lockhart (2020). In the
intervening 15 years, there has been no addition to

the distribution area of the species, at least in the
Mediterranean and its surroundings (Figure 3). The
western and southern parts of Tiirkiye are under
the influence of the Mediterranean climate. The
distance between the first collection locality of the
species and the second is 750 km as the crow flies.
This shows us that the taxon can be found in
different  localities ~where at least the
Mediterranean climate is seen (Figure 3). The fact
that Gigaspermum is represented by very few taxa
suggests that the genus is not productive and is an
old taxon. Its distribution areas also support this
prediction.

It was reported that no samples with sporophytes
were found in the first record (Tongug Yayintas,
2009). In the current record, samples contain a
high proportion of sporophytes. No results were
obtained from the correspondence with the
researchers who made the first record on the
subject. Therefore, the first record could not be
compared with the second one. In order to conduct
floristic studies healthily, it is extremely important
that herbarium records are regular and accessible.

G. mouretii was most recently assessed for The
IUCN Red List of Threatened Species in 2018
(Sergio, 2019). In this list, it was evaluated as NT
(Near Threatened) under criteria B2b (iii). It would
not be right to comment on the Red List category
of a taxon known from only two locations in our
country. Therefore, remaining in the DD (Data
deficient) category for now is considered
appropriate. Scientists ~ agree  that  the
Mediterranean and its surrounding areas will be
among the first to be affected by climate change
due to the warming of the weather and drought,
and that even species such as Pottiaceac members
and G. mouretii will be affected (Hodgetts et al.,
2019). In countries like Tiirkiye where the
bryoflora is not yet fully known, it will not be
possible to know to what extent global warming
has affected species. Therefore, floristic studies
should be completed as soon as possible in order to
start protection efforts for endangered species.
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Figure 2. Gigaspermum mouretii; a) mature plant, b) sporophyte, c) perichaetial leaf, d) leaf, e) spores, f)
median cells, g) cross section of leaf, h) basal cells
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Figure 3. The distribution area of the Gigaspermum mouretii in the Mediterranean and its surroundings.
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(Yellow Triangle: Old records; Red Triangle: New record).

Declarations

Authors’ contributions

GA, MED, HO, and MK have designed the study
and collected the data. GA, MED, HO, and MK
collected moss samples from the field. HO, and
MK have performed laboratory of the study. HO,
and MK has written manuscript; HO, and MK
have reviewed and edited manuscript. All authors
have read and approved the final manuscript.

Funding

The second record was collected during the
education project on Bryophytes supported by the
Scientific and Technological Research Council of
Turkey (TUBITAK 2237-A, App. No:
1129B372300735). And, some of this research's
data were taken from a project supported by ADU-
BAP (Adnan Menderes University Rectorate
Scientific Research Projects Commission) within
the scope of project number EGF-14001.

Conflict of interest
The authors have no competing interests to declare
regarding the content of this article.

Ethics approval and consent to participate

This research did not involve human or animal
subjects and therefore does not require ethical
approval.

References

Carratello A. Aleffi M. 1998. Gigaspermum
mouretii Corb. (Gigaspermaceae, Musci),
A New Species From Italy. Acta Botanica
Malacitana. 23: 203-207.

Corbiere L. 1913. Contribution a la flore
bryologique du Maroc d'aprés les récoltes

du Lieutenant Mouret. Rey. Bryol. 40:1, 7-
16.

Crosby M.R. Magill R.E. Allen B. and He S. 2000.
A checklist of the mosses. St. Louis
Missouri Botanical Garden, 320 p.

Guerra J. Brugués M. Cano M. J. and Cros R. M.
2010. Flora Briofitica Ibérica Vol IV.
Spain.

Hodgetts N. Calix M. Englefield E. Fettes N.
Garcia Criado M. Patin L. Nieto A.
Bergamini A. Bisang 1. Baisheva E. et al.
2019. A miniature world in decline:
European Red List of Mosses, Liverworts
and Hornworts. Brussels, Belgium: ITUCN.

Hodgetts N. Lockhart N. 2020. Checklist and
country status of European bryophytes —
update 2020. Irish Wildlife Manuals, No.
123. National Parks and Wildlife Service,
Department of Culture, Heritage and the
Gaeltacht, Ireland.

Kiirschner H. Erdag A. 2023. Tirkiye
Karayosunlari Floras1 — Bryophyte Flora of
Tiirkiye. Hiperyayin, Istanbul.

Laura C.Z. Cerda 1. G. 2015. Confirmed presence
of Gigaspermum repens Hook. Lindb. in
the New World, Journal of Bryology, 37:2,
147-149.

Tongug Yayintas O. 2009. Gigaspermum mouretii
Corb. (Gigaspermaceae, Musci), new to the
moss flora of Turkey. Cryptogamie,
Bryologie. 30:3,415-418.

Sergio C. 2019.Gigaspermum mouretii (Europe

assessment). The IUCN Red List of
Threatened Species 2019:
e.T84374283A87725511.Accessed on 03
February 2025.



Cakir Sahilli Y. Alatas M. 2025. Anatolian Bryol....... ..o 6

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

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

DOI: 10.26672/anatolianbryology.1633304

Karsilastirmah Bir Fitokimyasal Calisma
Yeliz CAKIR SAHILLI'®, Meviiit ALATAS?®*

L2 Munzur Universitesi, Tunceli Meslek Yiiksekokulu, Tunceli, TURKIYE

Received: 04 February 2025 Revised: 27 February 2025 Accepted: 14 May 2025

Oz

Briyofitler, ¢esitli terapdtik ve nutrasotik uygulamalara sahip genis bir ikincil metabolit yelpazesi
sentezleyen bitkilerdir. Bu ¢alismada, Brachythecium rutabulum (Hedw.) Schimp. (Bryophyta) ve
Barbilophozia barbata (Schmidel ex Schreb.) Loeske (Marchantiophyta) tiirlerinin biyoaktif bilesikleri ve
antioksidan potansiyelleri incelenmistir. Analizler sonucunda, B. rutabulum'un toplam fenolik (TPC),
toplam flavonoid (TFC), askorbik asit, ferrik indirgeme antioksidan giici (FRAP) ve deoksiriboz
bozunma aktivitesi (DDA) acisindan daha yiiksek degerlere sahip oldugu, B. barbata'nmn ise karotenoid
icerigi ve nitrik oksit stipirme aktivitesi (NOSA) bakimindan daha yiiksek antioksidan potansiyel
gosterdigi belirlenmistir. Bulgular, bu briyofit tiirlerinin giicli antioksidan ajanlar olabilecegini
gostermektedir. Ozellikle ilag, kozmetik ve gida endiistrilerinde bu tiirlerin biyoaktif bilesiklerinin
potansiyel kullanimi daha ayrintili aragtirmalarla desteklenmelidir.

Anahtar kelimeler: Briyofit, Fitokimya, Antioksidan Aktivite, Ikincil Metabolitler, Fenolik Bilesikler

A Comparative Phytochemical Study

Abstract

Bryophytes are plants that synthesize a wide range of secondary metabolites that have various therapeutic
and nutraceutical applications. In this study, bioactive compounds and antioxidant potentials of
Brachythecium rutabulum (Hedw.) Schimp. (Bryophyta) and Barbilophozia barbata (Schmidel ex
Schreb.) Loeske (Marchantiophyta) species were investigated. As a result of the analyses, it was
determined that B. rutabulum had higher values in terms of total phenolic content (TPC), total flavonoid
content (TFC), ascorbic acid, ferric reducing antioxidant power (FRAP), and deoxyribose degradation
activity (DDA), while B. barbata showed higher antioxidant potential in terms of carotenoid content and
nitric oxide scavenging activity (NOSA). The findings indicate that these bryophyte species may be
strong antioxidant agents. The potential use of bioactive compounds of these species, especially in the
pharmaceutical, cosmetic, and food industries, should be supported by further detailed research.

Keywords: Bryophyte, Phytochemistry, Antioxidant Activity, Secondary Metabolites, Phenolic
Compounds
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1. Giris

Briyofitler, diinya ¢apinda yaygin olarak dagilmis
ancak hala yetersiz arastirilmig bir bitki grubudur.
Tiir sayilarimin yaklagik 22.000-25.000 arasinda
oldugu tahmin edilmektedir (Frahm, 2004;
Asakawa ve Ludwiczuk, 2013). Son taksonomik
calismalarda {i¢ ayr1 boliime ayrilmig (Bryophyta,
Marchantiophyta ve Anthocerotophyta) olan
briyofitler, ¢ok c¢esitli ve homojen olmayan bir
bitki grubudur (Glime, 2007; Shaw ve ark., 2011).
Briyofitler nadiren insan ilgisinin konusu
olmustur. Bunun baglica nedeni, diisiik kalorifik

degerleri ve zayif organoleptik o6zellikleri
nedeniyle bir gida kaynagi olarak
kullanilmamalaridir  (Klavina ve ark., 2015).

Ancak, briyofitler gelistikleri bitki topluluklarina
(Wolski ve Kruk, 2020) veya iizerinde biiytidiikleri
substratlara (Vanderpoorten ve ark., 2004; Fudali
ve Wolski, 2015) gore vyiiksek biyoindikatif
degerleri nedeniyle ekolojik arastirmalarda ¢ok sik
kullanilmaktadirlar. Ayrica bazi tiirleri, bitki ve
orman ckosistemleri dogallifinin  olaganiistii
gostergeleri olarak da kabul edilir (Klama ve ark.,
1999; Klama, 2002).

Briyofitlerin tipta kullanimima olan ilgi, yalnizca
son birka¢ on yila dayansa da (Asakawa ve ark.,
1990; Zinsmeister ve ark., 1991), bu bitkiler
cogunlukla Asya iilkelerinde ylizyillardir dogal
ilag olarak kullanilmaktadirlar (Bodade ve ark.,
2008). I. Diinya Savast sirasinda yaralilarin
pansuman ve tedavilerinde cerrahi sargt bezi
olarak da kullanilmislardir (Abay, 2006; Saxena ve
Harinder, 2004). Son on yilda, briyofitlerin
vaskiiler bitkilere benzer sekilde yiiksek biyolojik
aktivite  gosteren bircok kimyasal bilesik
iiretmelerinin kesfi nedeniyle bu bitkilere olan ilgi
onemli oOlgiide artmigtir (Shaw ve ark., 2011;
Asakawa ve ark., 1990; Hanif ve ark., 2014,
Kadam ve Akurdi, 2016). Briyofitlerin dokulariyla
ilgili ¢ok sayida c¢alisma, yapilarinda polisiklik
aromatik bilesiklerle birlikte hidrokarbonlarin ve
aromatik bilesiklerin (6rn. bibenziller) varligim
belgelemigtir. Bunlarin yani sira galismalarda,
flavonlar (6rn. apigenin, luteolin), flavonoller (6rn.
kaempferol), izoflavonlar ve diger hidroksi
flavonoidler dahil olmak tizere flavonoidler;
lipofilik mono-, seski- ve diterpenoidler dahil
olmak iizere terpenoidler; glikozitler, {iglii ve
tetraoksijenlenmis kumarinlerin glikozitleri, orobol
glikozitler, lipitler, yag asitleri ve diger ugucu
bilesenler gibi ¢esitli organik bilesik gruplar1 da
tanimlanmistir (Ichikawa ve ark., 1983; Aslanbaba
ve ark., 2017). Bu tanimlamalarla birlikte, bir dizi
briyofit igin iyi ifade edilmis antibakteriyel,

antifungal, antiviral aktiviteler gdsterilmistir.
Kanser hiicreleri, antiplatelet, antitrombin,
vazopressin antagonisti, kardiyotonik, alerjik,

timor etkili, bocek oldiiriicii, yumusgakca 6ldiiriicii,
bitki biiyiime diizenleyici, noroprotektif aktiviteler
acisindan sitotoksisiteleri ve ayrica bir dizi
biyokimyasal olarak 6nemli enzimi inhibe etme
yetenekleri de birgok ¢alismada dogrulanmustir.

Briyofitler ayrica antioksidan ve UV fotokoruyucu
Ozellikler ~de  sergiler.  Flavonoidler  ve
hidroksisinnamik asitler de dahil olmak {izere
fenolik icerik nedeniyle, dokularina niifuz eden
zararlt UV radyasyonunun dogrudan ve dolayli
etkilerini azaltabilirler (Frahm, 2004; Klavina ve
ark., 2015; Hanif ve ark., 2014; Kadam ve Akurdi,
2016; Asakawa, 2007; Chobot ve ark., 2008).
Briyofitler ve ozleri; cilt hastaliklar1 ve cilt ile
iligkili sorunlar, solunum sistemi ve
kardiyovaskiiler sistem hastaliklar1 tedavilerinde
de uygulanmiglardir. Yine bazi briyofit tiirleri
ayrica ates diisiiriicli ve idrar soktiiriicii 6zelliklere
sahip olup hepatit, kiriklar, bademcik iltihabi,
nevrasteni ve viral hastaliklar1 tedavi etmek igin
kullanilmislardir (Frahm, 2004; Singh ve ark.,
2006; Asakawa ve Ludwiczuk, 2013).

Son yillarda, briyofitlerin biyolojik olarak aktif
maddelerin potansiyel kaynagi olarak kullanimi
lizerine  yiriitilen  caligmalar,  ¢ogunlukla
cigerotlar1 olmak iizere, karayosunlart ve boynuzlu
cigerotu tiirleri iizerinde gerceklestirilmektedir
(Asakawa ve Ludwiczuk, 2013). Yapilan son
caligmalarda, briyofitlerden izole edilen bir¢cok
bilesik yiiksek biyolojik aktivite gostermistir
(Krzaczkowski ve ark., 2009; Cheng ve ark., 2012,
Sahilli ve Alatas, 2024). Bununla birlikte, 3.000
briyofitin tibbi degere sahip oldugu bildirilmesine
ragmen, yalnizca birkagi tibbi kullanim igin
gelistirilmistir ~ (Kandpal ve ark., 2016).
Briyofitlerin tibbi goriiniirligiinii  artirmak ve
icerik zenginligini ortaya ¢ikarmak i¢in yapilan bu
calismada, Brachythecium rutabulum (Hedw.)
Schimp ve Barbilophozia barbata (Schmidel ex
Schreb.) Loeske tiirlerinin, biyoaktif bilesikleri ve
antioksidan kapasiteleri arastirilmistir.

2. Materyaller ve Metodlar
2.1. Bitki materyali ve ekstraksiyon islemi

Aragtirma  materyalleri, Henderson (1961)
kareleme sistemine gore Tiirkiye’de A4-AS
kareleri igerisinde bulunan Karcal Daglari

(Artvin)’'ndan toplanmstir. Ozellikle nemli ve
gblgeli ormanlik alanlar ile nehir kenarlarindaki;
kiitiikler, toprak ve kayalar {iizerinde yayilis
gosteren (Smith, 1996; Smith, 2004) bu tiirlerden;
Brachythecium  rutabulum  (Hedw.)  Schimp.
cliriyen aga¢ kiitiigii izeri (1. lokalite),
Barbilophozia barbata (Schmidel ex Schreb.)
Loeske. ise kaya (2. lokalite) {izerinden alinmigtir
(Tablo 1).
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Tablo 1. Lokalite bilgileri
Lokalite No | Yiikseklik (m) Tarih GPS Kaydi Lokalite
1 1550 29.05.2022 | (37T) 0744667D, 4579143K Cermik Balc1 Yaylast Arast
2 846 27.05.2022 | (37T) 0735981D, 4569823K Bakirkdy
Ekstraksiyon islemi i¢in iyice yikanan Ornekler, buharlastirildi. Kalint1 450 nm'de
kurutulup ve ince toz haline getirilmistir. Her bir ~ spektrofotometrik tahmin igin etanol iginde

ornek (1 g) havan ve havaneli kullanilarak % 95
metanol ile homojenize edilmis ve 48 saat boyunca
orbital calkalayicida tutulmustur. Daha sonra, her
bir ekstrakt 10000 rpm'de 20 dakika santrifiij
edilmistir. Bu islemi takiben her bir Ornegin
stipernatant1 toplanmig ve daha sonra kullanilmak
iizere 4 °C'de saklanmustir.

2.2. Toplam fenolik icerik

Toplam fenolik icerik (TPC) Vats (2016)
tarafindan tarif edildigi sekilde degerlendirilmistir.
Metanolik ekstrakt (0,125 ml) ayn1 miktarda Folin-
Ciocalteu reaktifi ile karistirilmigtir. Daha sonra
sodyum karbonat (%7) eklenmis ve reaksiyon
karigimi distile su ile seyreltilmistir. Test tiipleri
daha sonra 90 dakika inkiibe edilmis ve absorbans
760 nm'de kaydedilmistir. Sonug, mg Gallik asit
esdegeri GAE/g numunenin kuru agirligi olarak
ifade edilmistir.

2.3. Toplam flavonoid icerigi

Toplam flavonoid igerigi (TFC) aliiminyum kloriir
yontemine gore belirlenmistir (Vats, 2016). Bitki
ekstraktina sirayla etanol (%95), aliiminyum kloriir
(%10), potasyum asetat (1 M) ve damitilmis su
eklenmistir. Reaksiyon karisimi oda sicakliginda
30 dakika inkiibe edilmis ve 415 nm'de absorbans
almmustir. Sonug, Quercetin esdegerleri olarak mg
QE/g numunenin kuru agirhigi cinsinden ifade
edilmigtir.

2.4. Askorbik asit icerigi

Kurutulmusg ve ince toz haline getirilmis 6rnekler
10 ml ekstraksiyon ¢6zeltisinde (1,39 N asetik asit
icinde %3 metafosforik asit) 5 dakika boyunca
maserasyona tabi tutulmustur. Daha sonra,
cozeltiler santrifiijlenmis ve her bir tiipteki
siipernatantlar, belirgin bir pembe renk 5
dakikadan daha uzun siire devam edene kadar
indofenol ¢ozeltisine kars1 ayr1 ayri titre edilmis ve
kor ile karsilastirilmistir. Askorbik asit igerigi
AOAC yonteminde tarif edildigi sekilde
hesaplanmistir (AOAC, 1990).

2.5. Karotenoid icerigi

Metanolik bitki ekstrakti bir ayirma hunisinde
petrol ile karistirilmistir. Eter tabakasi toplandi ve
vakumda buharlagtirildi. Kalint1 etanolde ¢6ziildii
ve % 60 sulu KOH ile karigtirilldi ve bir gece
bekletildi. Ayrica, esit miktarda su ilave edildi ve
petrol eteri ile iki kez bolindii. Faz toplandi ve

¢oziildi. Karotenoid igerigi de de Carvalho ve ark.
(2012) tarafindan 6nerildigi sekilde hesaplanmistir.

2.6. Ferrik indirgeyici/antioksidan gii¢ deneyi

Ferrik indirgeyici/antioksidan giic (FRAP) testi
Vats ve Guptanmn (2017) yontemine gore
gerceklestirilmistir. Frap reaktifi 20 ml asetat
tamponu (300 mM; pH3.6), 2,5 ml TPTZ (40 mM
HCI icinde 10 mM 2, 4, 6-tripiridilstriazin) ve 2,5
ml  FeCl;.6H,O karistirilarak  hazirlanmagtir.
Ayrica, 50 pl ekstrakt 1,5 ml FRAP reaktifi ile
karigtirildi. Absorbans 5 dakika sonra 593 nm'de
Olgiildi. Kalibrasyon i¢in bilinen Fe (II)
konsantrasyonunun sulu ¢6zeltisi kullanilmistir.

2.7. Nitrik oksit siipiirme (temizleme) deneyi
Nitrik oksit temizleme deneyi (NOSA) Badami ve
ark. (2003) tarafindan  Onerildigi  sekilde
belirlenmigtir. Sodyum nitroprussid (10 mM) 0,5
ml fosfat tampon salin (1 M; pH 7,4) i¢inde 0,5 ml
ekstrakt ile karistirtlmistir. Karigim 25 °C'de 150
dakika boyunca inkiibe edildi. Reaksiyon
karisimina (0,5 ml) siilfanilik asit reaktifi (1 ml) ve
ardindan %0,1 naftil etilendiamin dihidrokloriir (1
ml) eklenmis ve oda sicakliginda 30 dakika inkiibe
edilmistir. Absorbans 540 nm'de Olglilmistiir.
Nitrik oksit radikal siiplirme aktivitesi hesaplanmig
ve IC50 (ng/ml) olarak ifade edilmistir.

2.8. Deoksiriboz bozunma aktivitesi

Deoksiriboz ~ parcalanma  aktivitesi (DDA)
Halliwell ve ark. (1987) tarafindan Onerilen
yontemle belirlenmistir. 100 pL 2-deoksi-2-riboz
(28 mM), 200 ul EDTA (1,04 mM) ve FeCl; (200
uM) ¢ozeltisi (1:1 v/v) ve 100 pul H,O, (1 mM) ve
100 pl askorbik asit (1 mM), test numunesinin
cesitli  konsantrasyonlarmin potasyum fosfat
tamponundaki (50 mM; pH=7,4) 500 pL c¢ozeltisi
ile karistirnlmistir. Reaksiyon karisgimi 1 saat
boyunca 37 °C'de tutulmustur. Ayrica, 1 ml TBA
(%1) ve 1 ml TCA (%2,8) test tiiplerine eklenmis
ve 20 dakika boyunca 100 °C'de inkiibe edilmistir.
Son olarak absorbans, deoksiriboz ve tampon
iceren bir kore karsi 532 nm'de Olglilmistiir.
Sonuglar IC50 (ug/ml) olarak ifade edilmistir.

2.9. istatistiksel analiz

Bu c¢alismada her bir dl¢iim, iic bagimsiz tekrar
halinde gergeklestirilmis olup, veriler ortalama +
standart sapma (SD) seklinde sunulmustur.
Istatistiksel analizler, veriler arasindaki farklarin
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anlamliligini belirlemek
gergeklestirilmistir. Oncelikle,
homojenligi varsayimi altinda
farkliliklarin  degerlendirilmesi igin tek yonli
varyans analizi (One-Way ANOVA)
uygulanmigtir. Anlamli fark saptanan parametreler
icin ikili karsilagtirmalar bagimsiz 6rneklem t-testi
ile yapilmistir. Tiim analizler IBM SPSS Statistics
21.0 yazilmi kullanilarak  gergeklestirilmis,
anlamlilik diizeyi p < 0.05 olarak kabul edilmistir.

amaciyla
varyans
gruplar arasi

3. Sonuclar ve Tartisma

3.1. TPC ve TFC

Fenolik bilesiklerin  antioksidan  potansiyeli
ndrodejeneratif, peptik iilser, diyabet, inflamasyon,
kanser, kardiyak bozukluklar ve yaglanma gibi ¢ok
gesitli  hastaliklara karst iyi  bir  sekilde
arastirilmistir. Fenoliklerin insan sagligi iizerindeki
cesitli etkileri temel olarak serbest radikalleri
temizleme, redoks aktif metal iyonlarini selatlama,
gen ckspresyonunu diizenleme ve sinyal iletim
yollarini modiile etme yeteneklerine
baglanmaktadir (Soobrattee ve ark., 2005). Mevcut
arastirmada, B.rutabulum™un TCP degeri 14.02 mg
GAE/g kuru agirlik ve B. barbata’nim ise 10.96 mg
GAE/g kuru agirlik olarak gozlenmistir (Tablo 2).
Chobot ve arkadaslar1 (2006) Dicranum scoparium
Hedw.'da oldukga diisiik bir TCP seviyesi (%3,8)
bildirmistir. Ayrica, test edilen diger karayosunlari,
mevcut ¢aligmadaki bitkilere kiyasla daha az TPC
icerigine sahipti. Ptychostomum capillare (Hedw.)
Holyoak & N. Pedersen bitkisinde TCP 23.26
mg/g olarak bulunmustur (Onbasli ve Yuvali,
2021). B.rutabulum, B. barbata TFC degerleri ise
sirastyla  0.92-046 mg QE/g KA araliginda
bulunmugtur ~ (Tablo  2). Bazi  raporlar
karayosunlarinda mevcut c¢alismaya kiyasla daha
yiiksek (Wang ve ark., 2017) ve digerleri daha
disiik TFC (Karim ve ark., 2014) bildirilmistir.

3.2. Askorbik asit ve karotenoid icerikleri
Askorbik asit icerigi B.rutabulum ‘da 16.02 ng/g,
B. barbata 'da ise 11 ng/g gézlenmistir (Tablo 2).
Onbasli ve Yuvali (2021) P. capillare'de 1.87
pg/ml askorbik asit bildirmistir. Ptychostomum
moravicum (Podp.) Ros & Mazimpaka yosununda
askorbik asit igerigi mg ekstrakt bagina 84,56 ng
olarak degerlendirilmistir (Pejin ve ark., 2013).
Askorbik asit temel bir vitamindir ve bu nedenle
disaridan takviyesi kacinilmaz hale gelir. Aymi
zamanda birgok enzim i¢in kofaktdr gorevi goriir
ve kolajen sentezinde, karacigerdeki
detoksifikasyon siirecinde dnemli bir rol oynar ve
bagisiklik sistemini tetikler. Serbest radikalleri
notralize etmede etkilidir ve E vitaminini yeniden
tiretir, boylece singlet (tekli) oksijen ve peroksil
radikalini temizler (Percival, 1998). Dahasi,
askorbik asit diferansiyel gen ifadesini etkileyerek
DNA ve proteinlerin oksidasyon aracili hasarmi
onlemeye yardimcr olur (Granger ve Eck).
COVID-19'un yonetiminde C vitamininin olasi
kullanimi1 da bildirilmistir (Quiles ve ark., 2020).

Karotenoid igerigi B.rutabulum ve B. barbata 'da
sirastyla 2.86 ve 6.34 pg/g KA olarak tespit
edilmistir (Tablo 2). Fontinalis antipyretica Hedw.
bitkisinde karotenoid igerigi 2,2 mg/g olarak

bulunmustur (de Carvalho ve ark., 2019).
Karotenoidlerin A vitamininden daha 1iyi
antioksidanlar oldugu bildirilmistir.

Kardiyovaskiiler ve norolojik bozukluklar, kanser
ve gozle ilgili bozukluklar gibi hastaliklarin
onlenmesinde oldukga etkilidirler (Rao ve Rao,
2007). Tekli oksijenin en etkili temizleyicilerinden
biri olan karotenoidler, DNA, protein ve lipitleri
reaktif oksijen tiirlerinin olumsuz etkilerinden
korur (Edge ve ark., 1997; Vats ve Gupta, 2017).

Tablo 2. B. rutabulum, B. barbata tiirlerindeki ¢esitli fitometabolitlerin miktarlari (a TPC ve TFC degerleri mg/g +
SD cinsinden ortalama deger, b Askorbik asit ve karotenoid igerigi degerleri ise ortalama deger pg/g + SD olarak

verilmistir)
Briyofitler TCP? TFC? Askorbik asit? Karotenoid®
B. rutabulum 14.02+0.51 0.92+0.07 16.02+0.22 2.86+0.26
B. barbata 10.96+ 0.32 0.46+0.02 11£0.42 6.34+0.05
3.3. Antioksidan testleri Hyvonen ve  Pogonatum  cirratum  subsp.

B.rutabulum' da FRAP degeri 680 uM, B. barbata
'‘da 236 uM gozlenmistir (Tablo 3). Manoj ve
Murugan (2012) Psychotria beddomei Deb &
M.G.Gangop. ekstraktinin FRAP degerini 496,8 +
0,26 umol FeSO4/g kuru agirhk olarak
bildirmistir. Bes karayosununun FRAP degeri
(Sphagnum  cuspidatum  subsp.  subrecurvum
(Warnst.) A. Eddy, Sphagnum cuspidatulum Mill.
Hal., Sphagnum junghuhnianum Dozy & Molk,
Pogonatum cirratum subsp. fuscatum (Mitt.)

macrophyllum (Dozy & Molk.) Hyvonen 5.63-
13.74 mM araliginda bulunmustur (Karim ve ark.,
2014). FRAP degerleri, ekstrakttaki biyoaktiflerin
ferrik iyonlari etkili bir sekilde azalttigini ortaya
koymaktadir. Dolayisiyla, bu bilesikler serbest
radikallerin kararli TUriinlere doniistiirilmesine
yardimer olacak ve ayni zamanda serbest radikaller
tarafindan baslatilan zincirleme reaksiyonlari
engelleyecek potansiyel antioksidanlar olarak
hizmet edebilir (Mitra, 2020).
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Tablo 3. B. rutabulum ve B. barbata tiirlerinin antioksidan potansiyelleri (Degerler ortalama =+ SD olarak verilmistir).

Briyofitler NOSA (ng/ml) DDA (ng/ml) FRAP (uM)
B. rutabulum 276+5.51 1306+3.12 680+15.35
B. barbata 988+5.21 1082+2.74 236+18.34

B. rutabulum 'da NOSA 1C50: 276 pg/ml ve B.
barbata 'da 1C50: 988 pg/ml (Tablo 3)
gozlenmistir. NOSA'da nitrit iyonlar: nitrik oksitin
oksijen ile reaksiyonu sonucu olusur (Badami ve
ark., 2003). NO o6nemli bir sinyal molekiiliidiir,
ancak asir1 Uretimi inflamasyon ve kanser gibi
hastaliklarin olusumunda rol oynar (Ricciardolo ve
ark., 2004). Ayrica, NO'nun siiperoksit anyonu ile
reaksiyonu peroksinitrit {iretir ve bu da doku
sistemleri lizerinde kotii etkiye sahiptir (Halliwell,
1997). B. rutabulum 'da DDA antioksidan
potansiyel IC50: sirasiyla 1306 pg/ml ve B.
barbata 'da 1C50: sirasiyla 1082 pg/m (Tablo 3)
olarak gdzlenmistir. B. rutabulum daha az
antioksidan potansiyel gostermistir. Hidroksil
radikalleri belirli proteinlerdeki disiilfit baglarim
azaltarak genel yapilarini olumsuz yonde etkiler.
Bu durum kanser, norolojik hastaliklar gibi ¢esitli
hastaliklarin patojenitesini etkiler (Lipinski, 2011).
Askorbik asidin hidroksil radikallerini inhibe ettigi
bildirilmistir (Noda ve ark., 1997).

Mevcut  arastirmada  kullanilan  metanolik
ekstraktin flavonoidler, askorbat, pigmentler ve
fenolik asitler gibi icerdigi bilinmektedir (Vats,
2016). Bu diisiik molekiil agirlikli antioksidanlar
serbest radikallerin potansiyel temizleyicileridir,
reaktif oksijen tiirlerinin (ROS) olumsuz etkisini
notralize eder ve dolayli olarak metalleri
selatlayarak  oksidatif stresi Onler. Ayrica,
enzimatik antioksidanlarin aksine, kii¢iikk boyutlu
olan disiik molekiil agirlikli antioksidanlar,
hedeflerinin yakininda olmak igin hiicre zarindan
gecebilir. Flavonoidlerin antioksidan potansiyeli
temel olarak serbest radikalleri stabilize etmeye
yardimct olan aromatik hidroksil grubu ve C-H
bagindan kaynaklanmaktadir. Ayrica, flavonoidler

gecis metal iyonlarm1  selatlayabilir  ve
lipoksigenaz reaksiyonunun ilerlemesini
engelleyebilir  (Ross ve  Kasum, 2002).

Karotenoidler bir dizi konjuge cift baga sahip bir
polien omurgasina sahiptir. Bu karakteristik
ozellik, tekli molekiiler oksijen ve peroksil
radikallerini temizlemede yardimet olan
antioksidan potansiyeli kazandirir (Young ve
Lowe, 2018). Askorbik asit, lipid radikaline bir
elektron vererek hidrojen peroksit kaynakli lipid
peroksidasyonunu onler. Ayrica, hiicre
membranlarinda E  vitamininin yenilenmesine
yardimer olur ve oksidan kaynakli sitotoksisiteyi
onler (Yen ve ark., 2002).

Sonug olarak, TCP, TFC, Askorbik asit, FRAP ve
DDA antioksidan potansiyel acisindan
B.rutabulum’un Karotenoid ve NOSA antioksidan
potansiyel acisindan ise B. barbata’nin yiiksek
miktarda  oldugu  gorilmdstiir. Biyoaktif
bilesiklerin miktar1 ve antioksidan kapasite
degerleri, bu c¢alismada kullanilan briyofitlerin
antioksidan ajan olarak Onemli bir potansiyele
sahip oldugunu gostermistir. Ancak elde edilen bu
sonuglar, ozellikle ilag, kozmetik ve gida
endiistrilerinde kullanilabilecek biyoaktif
bilesiklerin daha fazla arastirtlmasi gerektigini de
vurgulamaktadir.

Deklarasyon
Yazar Kkatkilari: Fikir/Kavram, MA, YCS;
Tasarim ve dizayn, YCS, MA; Denetleme

danismanlik, MA, YCS; Kaynaklar, YCS, MA;
Malzemeler, MA, YCS; Ver toplama ve/veya
isleme, MA, YCS; Analiz ve/veya yorum, YCS,
MA; Literatiir taramasi, YCS, MA; Yazim
asamast, YCS, MA; Elestirel inceleme, MA, YCS.

Cikar catismasi: Yazarlarin bu yazinin igerigiyle
ilgili olarak beyan edecekleri hi¢bir rekabet ¢ikari
yoktur.

Finansman: Yazarlar, bu yazmin hazirlanmasi
sirasinda herhangi bir fon, hibe veya bagka bir
destek alinmadigimi beyan ederler.

Etik onay: Bu arastirma, insan veya hayvan
deneklerini i¢ermemektedir ve bu nedenle etik
onay gerektirmemektedir.
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Abstract

In this study, the moss flora of Koramaz Valley in Central Anatolia (Kayseri) was investigated. As a result
of the identification of 611 moss specimens collected from the valley, a total of 93 taxa belonging to 14
families and 35 genera were determined. Among them, Tortula lingulata is recorded the second time in
Tiirkiye, while 6 taxa are new for the B8 grid square. While Pottiaceae was the richest family in the study
area with 35 taxa, Grimmiaceae ranked second with 12 taxa, and Brachytheciaceae ranked third with 11
taxa. The largest genera in the Koramaz Valley were Syntrichia (11 taxa) and Didymodon (10 taxa).
Amblystegium serpens, Syntrichia virescens, and Tortula brevissima are the most common species in the
valley.

Keywords: Central Anatolia, Mosses, Valley, Tirkiye.

Orta Anadolu’daki Koramaz Vadisi’nin (Kayseri) karayosunu florasi
Oz

Bu ¢alismada, Orta Anadolu'daki (Kayseri) Koramaz Vadisi’nin karayosunu florasi aragtirilmistir. Vadiden
toplanan 611 karayosunu Orneginin teshis ¢alismalari sonucunda 14 familya ve 35 cinse ait toplam 93
takson tespit edilmistir. Bunlar arasinda Tortula lingulata Tiirkiye’de ikinci kez kaydedilirken, 6 takson B8
grid karesi i¢in yenidir. Pottiaceae 35 takson ile caligma alanindaki en zengin familya olurken, Grimmiaceae
12 takson ile ikinci ve Brachytheciaceae 11 takson ile tiglincii sirada yer almistir. Koramaz Vadisi’ndeki en
biiyiik cinsler Syntrichia (11 takson) ve Didymodon (10 takson) olmustur. Amblystegium serpens, Syntrichia
virescens ve Tortula brevissima vadideki en yaygin tiirlerdir.

Anahtar kelimeler: Orta Anadolu, Karayosunlari, Vadi, Tiirkiye.
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1. Introduction

The bryophytes are land plants forming the second
group of the plant kingdom with about 15.000-
25.000 species. Within the sub-kingdom
Bryobiotina, it is divided into three division as
Anthocerotophyta (hornworts), Marchantiophyta
(liverworts) and Bryophyta (mosses). These plants,
which are an integral part of ecosystems on earth,
can grow on many substrates such as soil, rock
surfaces, living or dead logs and tree trunks
(Goffinet and Shaw, 2009; Glime, 2017). Due to
their primitive structures, ecological factors such as
shade, moisture and temperature directly affect the
survival of these plants (Bahuguna et al., 2013).

Tiirkiye is located at the intersection of three
different phytogeographic regions (Mediterranean,
Euro-Siberian and Irano-Turanian) and harbours
elements of all three phytogeographic regions. This
situation has brought phytodiversity. Due to its
geographical location, Tiirkiye has also served as a
natural bridge between Asia and Europe for many
species (Aktlirk and Giiney, 2021).

The bryo-floristic studies carried out so far have
shown that Tiirkiye is very rich in terms of bryo-
diversity, although there are many areas that have
not yet been studied. With the floristic studies
carried out in recent years, the total number of taxa
of bryophytes in Tiirkiye has increased to +1289
(£1056 mosses, £229 liverworts and +4 hornworts)
(Ozenoglu and Kirmaci, 2022; Erata et al., 2023;
Ezer et al., 2024; Batan et al., 2024; Ezer et al.,
2025).

Further floristic studies are expected to reveal even
greater bryological diversity in Tiirkiye. To date,
only the macrofungi of Koramaz Valley, which was
added to UNESCO's Tentative List of Cultural
Heritage Sites on 14 April 2020, have been studied
(All1, 2021; URL1) No bryo-floristic study has been
carried out on the mosses in the valley. Therefore,
the present study aims to reveal the moss flora of
Koramaz Valley in the Central Anatolia and to
contribute to the Turkish bryoflora.

2. Material and Methods

2.1. Study area

The Koramaz Valley is located within the borders of
Melikgazi district of Kayseri in Central Anatolia
and the longest valley after IThlara Valley in the
Central Anatolia Region, was formed as a result of
a 12 km long earthquake fracture curving from east
to west (Yazlik, 2019). The altitude at the
westernmost part of the valley is 1165 meters, and
at the easternmost end it is 1500 meters. The
Koramaz Valley is located within the Irano-

Turanian Phytogeographic Region and is within the
B8 grid-square in the grid system adopted by
Henderson (1961) for Turkish bryophytes (Fig. 1).

Large areas of Kayseri are covered by volcanic units
of the Neogene and in the east of the area the
Neogene Pliocene units consist of limestone, clay
and marl. The most common soil type in Koramaz
Valley is brown soil. Colivial soils are found around
Subasi and Kiigiik Biirlingiiz villages, while red
brown soils are observed in the northeast of the area
(Uzunhisarcikli and Vural, 2004).

According to the results of 37 years of observations
of Kayseri meteorological station, the average
annual precipitation is 390.5 mm and the annual
average temperature is 10.7°C. The study area has a
cold semi-arid Mediterranean climate (Akman,
1999).

Koramaz Valley has a milder climate than its
surroundings thanks to the Koramaz Stream that
flows through it. For this reason, tree species such
as Salix alba L., Platanus orientalis L., Elaeagnus
angustifolia L., Crataegus monogyna Jacq., Juglans
regia L. and Populus thevestina Dode as well as
shrub forms such as Rosa canina L., Rubus sanctus
Schreb. and especially Viburnum opulus L. are
dominant on the valley floor and slopes.
Herbaceous species include Ranunculus repens L.,
Mentha longifolia (L.) L. Trifolium repens L. In the
areas outside the valley, steppe vegetation is
dominant and Adonis aestivalis L., Astragalus
lycius Boiss., Astragalus densifolius Lam.,
Onobrychis armena Boiss., Carduus nutans L. and
Verbascum  cheiranthifolium  var.  asperulum
(Boiss.) Murb. are the main species.

2.2. Data source

The bryophyte specimens were collected from
various substrates during the land studies between
October 2022-September 2023 (Table 1). The
collected specimens from the Koramaz Valley were
identified using various flora, revision and
monograph studies (Zander, 1993; Greven, 2003;
Munoz, 1999; Cortini Pedrotti, 2001, 2006; Smith,
2004; Guerra et al., 2006; Guerra and Cros, 2007,
Kiirschner and Frey, 2020).

The voucher specimens are stored in the Herbarium
of Nigde Omer Halisdemir University and the
nomenclatural arrangement in the floristic list
follows Hodgetts et al. (2020). New records for B8
are indicated with an asterisk (*) and second record
for Tiirkiye is two asterisks (**) in the floristic list
(Table 2).
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Figure 1. Henderson’s (1961) grid-system and location of the Koramaz alley (Changed from Google Earth).

o Y oo 3 A el 7,
Figure 2. Vegetation types in the Koramaz Valley (Photos: T. Ezer).
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Table 1. Locality details (L.N.: locality numbers)

L.N. Locality-GPS coordinete-Date Altitude (m)
1 |Agirnas Village, Mosque garden, 38°48'54"N / 35°43'8"E, 14-15.10.2022 1318
) IHacetpinar1 place, 38°4823"N / 35°43'22"E, 14.10.2022, 19.11.2022, 12.05.2023, 20- 1323

22.07.2023, 14-16.09.2023
3 |Agirnas Wedge Gardens, 38°48'44"N / 35°43'5"E, 14-15.10.2022, 19.11.2022 1289
4 |Agirnas Village, 38°48'47"N / 35°43'00"E, 14.10.2022, 15.12.2022, 02.02.2023 1309
5 |Agirnas Underground City, 38°48'49"N / 35°42'57"E, 14-16.10.2022, 19.11.2022 1304
6 |Agirnas Village, Bezirhane, 38°48'58"N / 35°43'11"E, 14.10.2022 1324
7 |Agirnas Village, Agios Prokopios Church, 38°49'2"N / 35°43'12"E, 14-15.10.2022 1343
8 |Agirnas Village, 38°48'41"N / 35°43'6"E, 14-15.10.2022, 19.11.2022 1311
9 |Agirnas Village, side of Koramaz Stream, 38°48'48"N / 35°42'57"E, 15-16.10.2022 1334
10 |Agirnas Village, Cumhuriyet Square, 38°49'2"N / 35°43'7"E, 16.10.2022, 19.11.2022 1322
IKiiciik Briingiiz Village, side of Koramaz Stream, 38°48'8"N / 35°43'46"E, 15.10.2022,
11 1327
19.11.2022
12 [Kiiciik Briingiiz Village, Wedge Gardens, 38°48'8"N / 35°43'46"E, 19.11.2022 1317
13 [Kiiciik Briingiiz Village, within the underground city, 38°48'46"N / 35°42'58"E, 20.11.2022 1310
14 [Vekse Village road, 38°48'12"N / 35°40'24"E, 20.11.2022, 15.12.2022 1224
15 [Vekse Village, 38°48'17"N / 35°4023"E, 20.11.2022, 12.12.2022, 02.02.2022, 10.05.2023 1191
16 [Turan Village, 38°48'11"N /35°42'3"E, 20.11.2022, 12.12.2022, 10.05.2023 1278
17 |Mangur place, Wedge Gardens, 38°48'12"N / 35°41'4"E, 20.11.2022 1220
18 |[Mangur place, side of Koramaz Stream, 38°48'28"N / 35°40'47"E, 12-13.12.2022 1212
19 [Mangur place, 38°48'16"N / 35°40'37"E, 12-15.12.2022, 11.05.2022, 16.09.2023 1254
20 |Bagpmar Village, 38°48'39"N / 35°39'18"E, 14-15.12.2022 1150
21 |Between the Vekse and Bagpinar Village, 38°48'35"N /35°39'51"E, 15.12.2022 1161
Side of Koramaz Stream, between the Vekse and Bagpinar Village, 38°48'34"N /35°39'55"E,
22 15.12.2022 1141
Kiigiik Briingiiz Village, 38°47'38"N / 35°43'59"E, 15.12.2022, 10.05.2023, 21-22.07.2023,
23 1359
15.09.2023
Between the Agmas and Turan Village, 38°48'53"N / 35°42'18"E, 03-04.02.2023, 14-
24 1284
15.09.2023
IBetween the Aginas and Turan Village, Wedge Gardens, 38°48'50"N / 35°42'42"E, 04-
25 1280
05.02.2023
IBetween the Agimas and Turan Village, side of Koramaz Stream, 38°48'49"N / 35°42'48"E,
26 1308
05.02.2023
27 |Agirnas entrance gate, 38°48'S0"N / 35°42'55"E, 05.02.2023, 20-22.07.2023, 16.09.2023 1308
28 [Slopes of Koramaz Vallaey, 38°48'2"N / 35°45'3"E, 05.02.2023 1404

3. Results and Discussions

As a result of the identification of 611 moss specimens
collected from the Koramaz Valley, 35 genera belonging

Among them, six species are new records for the B8 grid-

(Table 2).

to 14 families and a total of 93 taxa were determined.

Table 2. Bryofloristic list. L.N.: locality number, t: tree, s: soil, r: rock, rs: thin layer of soil covering rocks.

square, and one species is second record for Tiirkiye

Families L.N. Taxa Substrates
t | S | r | s
BRYOPHYTA (MOSSES)
19,23 *Encalypta streptocarpa Hedw. + |+ |+
Encalyptaceae 16,23 E. vunglZis Hoow, T+ |+
Funariaceae 1,2,4,5,10 Funaria hygrometrica Hedw. + |+ |+
Fissidentaceae 15 Fissidens exilis Hedw. +
2,23,27 Crossidium squamiferum (Viv.) Jur. + |+ |+
3,5,8,15,16,24,27 Didymodon acutus (Brid.) K.Saito + |+ |+
5 *D. bistratosus Hébr. & R.B.Pierrot +
4,5,8,14,15,16 D. cordatus Jur. + |+ |+
) 15,24,27 D. fallax (Hedw.) R.H.Zander + |+
Pottiaceae 16,23 D. insulanus (De Not.) M.O.Hill +
18,19 D. luridus Hornsch. +
2,3,5,15,16,19,25 D. nicholsonii Culm. + |+ |+
3,9,16 D. rigidulus Hedw. + |+
2,5,11,20,24,25 D. tophaceus (Brid.) Lisa + |+
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2,3,4,5,10,11,15,21,24,252| D. vinealis (Brid.) R.H.Zander + |+ |+
7
17 Microbryum davallianum (Sm.) R.H.Zander. +
19,24,28 Pseudocrossidium revolutum (Brid.) R.H. Zander +
2,23,27,28 Pterygoneurum ovatum (Hedw.) Dixon +
15 Syntrichia caninervis Mitt. var. caninervis +
S. caninervis var. gypsophila (J.J.Arnrnan ex G.Roth)
23 +
Ochyra
23 S. caninervis var. pseudodesertorum (Vondracek) .
M.T.Gallego
23,24 S. handelii (Schiffn.) S.Agnew & Vondr. + |+
3,26 *S. laevipila Brid. +
20,23 S. latifolia (Bruch ex Hartm.) Huebener + +
23 S. montana Nees +
15,17,20 S. norvegica F.Weber + |+
2,15,24 S. princeps (De Not.) Mitt. + |+
2,15,19,23,24,27 S. ruralis (Hedw.) F.Weber & D.Mohr + |+
4,5,7,8,10,15,16,18,19,21,2] S. virescens (De Not.) Ochyra + |+ |+
2,23,24
4,16,19,20 Tortula atrovirens (Sm.) Lindb. + |+
1,2,3,4,5,15,16,17,18,19,20 T. brevissima Schiffn. + |+
,21,22,23,24,25,27,28
2,5,16,19,23,24,27 T. inermis (Brid.) Mont. + |+
20 **T. lingulata Lindb. +
1,4,14,19 T. muralis Hedw. +
2,4,16,18,24,26,27,28 T. subulata Hedw. + |+ |+
20 *Eucladium verticillatum (With.) Bruch & Schimp. +
24 Gymnostomum aeruginosum Sm. +
15,19,20 G. calcareum Nees & Hornsch. +
28 G. viridulum Brid.
8,19,23 Grimmia anodon Bruch & Schimp. +
24 G. capillata De Not. +
15 G. funalis (Schwigr.) Bruch & Schimp. +
2,3,16,19,24 G. laevigata (Brid.) Brid. +
2,515 G. orbicularis Bruch ex Wilson +
Grimmiaceae 2,15,19,24 G. ovalis (Hedw.) Lindb. +
4,15,23 G. plagiopoda Hedw. +
2,4,5,15,18,24,25 G. pulvinata (Hedw.) Sm. +
2,8 G. reflexidens Miill.Hal. +
23 Schistidium atrofuscum (Schimp.) Limpr. +
23 S. flaccidum (De Not.) Ochyra +
2,28 S. platyphyllum (Mitt.) H.Perss. +
1,2,4,7,15,18,19,20,23,24 | Bryum argenteum Hedw. + |+
2,16,19,23,24,25 B. dichotomum Hedw. +
18 Imbribryum mildeanum (Jur.) J.R.Spence +
2,24 Ptychostomum compactum Hornsch. + |+
Bryaceae 1,2,7,15,16,19,23 P. imbricatulum (Miill.Hal.) Holyoak & N.Pedersen + |+
1,2,5,6,7,15,16,18,19,23,24 P. inclinatum (Sw. ex Brid.) J.R.Spence + |+
27,28
16 P. moravicum (Podp.) Ros & Mazimpaka +
15 P. pallens (Sw. ex anon.) J.R.Spence +
Mniaceae 14,15 *Pohlia melanodon (Brid.) A.J.Shaw
19 Lewinskya rupestris (Schleich. ex Schwigr.) F.Lara, n n
Garilleti & Goffinet
14,2427 Orthotrichum anomalum Hedw. +
2,19,27 O. cupulatum Brid. + +
. 24 O. bistratosum (Schiffn.) Guerra +
Orthotrichaceae 18,19,24 O. diaphanum ]grid. : +
4,17,19,27 O. pallens Bruch ex Brid. +
19 O. pumilum Sw. ex anon. +
19,24,27 O. tenellum Bruch ex Brid. +
23 O. urnigerum Myrin +
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Pulvigera Iyellii (Hook. & Taylor) Plasek, Sawicki &
27 +
Ochyra
19 Cratoneuron filicinum (Hedw.) Spruce +
4’5’9’15’123”12%”12%”20’21’23’ Amblystegium serpens (Hedw.) Schimp. + + |+
24 Campyliadelphus chrysophyllus (Brid.) R.S.Chopra + |+
Amblystegiaceae 24 *Campylophyllopsis calcarea (Crundw. & Nyholm) .
Ochyra
19,24 Hygroamblystegium fluviatile (Hedw.) Loeske +
24,27 H. tenax (Hedw.) Jenn. +
4,24 H. varium (Hedw.) Monk. + |+
Pseudoleskeellaceac 2,24,27 Pseudoleskeella catenulata (Brid. ex Schrad.) Kindb. + +
1,2,27 P. tectorum (Funck ex Brid.) Kindb. ex Broth. + |+
15 Rhynchostegiella curviseta (Brid.) Limpr. + |+
15 R. litorea (De Not.) Limpr. +
20 Scleropodium cespitans (Wilson ex Mull.Hal.) .
L.F.Koch
24 Brachythecium capillaceum (F.Weber & D.Mohr) .
Giacom.
24 B. mildeanum (Schimp.) Schimp. + |+
Brachytheciaceae 24,27 B. rutabulum (Hedw.) Schimp. +
3 B. salebrosum (Hoffm. ex F.Weber & D.Mohr) n
Schimp
2,3,15,25,27 Homalothecium lutescens (Hedw.) H. Rob. + + |+
2’4’5’15’16’12%’23’24’25’27’ H. philippeanum (Spruce) Schimp. + + |+
4,15,19,23,24,27 H. sericeum (Hedw.) Schimp. + + |+
23,24 Oxyrrhynchium hians (Hedw.) Loeske + |+
Hypnaceae 16 Hypnum cupressiforme Hedw. +
Leucodontaceae 24,27 Leucodon sciuroides (Hedw.) Schwigr. + +
Lembophyllaceae 27 Isothecium alopecuroides (Lam. ex Dubois) Isov. +

The most species-rich families of bryoflora in the
Koramaz Valley were Pottiaceae with 35 taxa,
Grimmiaceae with 12 taxa and Bryaceae with 11
taxa. These three families constitute 62.3% of all
families (Fig. 3). The Pottiaceae, the dominant
family of areas under the influence of the
Mediterranean climate, is a large group consist of
mostly drought-resistant species. Members of the
Pottiaceae are particularly strongly adapted to the
harsh conditions of the characteristic Mediterranean
climate with a long dry period (Ros et al., 2013;
Keskin and Ezer, 2024). Considering that the
Koramaz Valley has a cold semi-arid Mediterranean
climate, the dominance of Pottiaceae is an expected
result.  Another  xerophytic  family, the
Grimmiaceae, is co-dominant in the valley with
twelve species. The acrocarpous members of the
family were widespread especially on the rocky
slopes in the south of the valley. The pleurocorpous
moss family Brachytheciaceae is relatively
common in the Koramaz Valley with the eleven
species. This is due to the presence of mesic habitats

on the valley floor, which have more humid
microclimatic conditions than the slopes.

The most commonly encountered genera in the
study area were Syntrichia Brid. and Didymodon
Hedw. (Table 2). The Syntrichia is one of the most
numerous and complex genera of Pottiaceae, a
family of mosses characterised by harsh
environmental conditions and has a worldwide
distribution in almost all terrestrial ecosystems
(Jauregui-Lazo et al. 2023). Considering the harsh
living conditions of the Central Anatolian steppes
where the Koramaz Valley is located, it is usual for
this xerophytic acrocarpous genus to be dominant.
Another member of the family, the cosmopolitan
Didymodon, occurs in temperate, mountainous and
drought regions on the earth (Kou et al., 2020). The
species diversity of the members of these two
genera in the study area has led to the dominance of
Pottiaceae.
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Figure 3. Percentage distribution of families.

In Koramaz Valley, 75.3% of the taxa identified are
acrocarpous mosses. The predominance of
acrocarpous mosses is not surprising considering
the general vegetation of the region, which is
steppe. Pleurocarpous mosses, which are more
sensitive to drought, were represented with 24.7%.
Pleurocarpous mosses were distributed on relatively
moist rocks and moist soils at the floors of the
Koramaz Valley.

As a result of this study, Tortula lingulata was
recorded from Tiirkiye for the second time and
presented as a full text paper at the
EurosianBiochem 2023 conference (Culha and
Ezer, 2023). Encalypta streptocarpa, Didymodon
bistratosus,  Syntrichia laevipila, Eucladium
verticillatum, Pohlia melanodon and
Campylophyllopsis calcarea were determined as
new records for B8 grid-square. These findings
underline the floristic significance of the Koramaz
Valley and highlight the need for continued
exploration in other understudied regions of Central
Anatolia. The present paper has revealed the moss
flora of Koramaz Valley and will contribute to the
bryophyte flora of Tiirkiye.
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Abstract

Boraboy Lake, located in Amasya province, lies within square A3, according to the Henderson grid system.
As aresult of studies done around the lake in 2024, researchers found 17 liverwort species from 11 different
families in the division Marchantiophyta among the 237 samples they collected. Fourteen species represent
new records for the Amasya province, and Plagiochasma rupestre (J.R. Forst. & G.Forst.) Steph. is a new
record for square A3. Additionally, Jungermannia atrovirens Dumort., Mesoptychia turbinata (Raddi) L.
Soderstr. & Vana, Bazzania trilobata (L.) Gray, and Chiloscyphus polyanthos (L.) Corda were recorded
from square A3 for the second time. Of the specimens, three are thalloid and fourteen are leafy in form.
Keywords: Marchantiophyta, Liverwort, Amasya, Boraboy Lake, Flora

Boraboy Golii (Amasya) Cigerotu Florasi

Oz

Amasya ilinde yer alan Boraboy Golii, Henderson kareleme sistemine gore A3 Kkaresi igerisinde
bulunmaktadir. 2024 yilinda g6l g¢evresinde yiiriitiilen arazi ¢alismalari sonucunda, Marchantiophyta
subesine ait 11 farkli familyadan toplam 17 cigerotu (liverwort) tiirii, toplanan 237 6rnek arasinda teshis
edilmistir. Bu tiirlerden 14’34 Amasya ili i¢in yeni kayittir. Ayrica Plagiochasma rupestre (J.R.Forst. &
G.Forst.) Steph. tiirii A3 karesi i¢in yeni bir kayittir. Jungermannia atrovirens Dumort., Mesoptychia
turbinata (Raddi) L.Soderstr. & Vana, Bazzania trilobata (L.) Gray ve Chiloscyphus polyanthos (L.) Corda
tiirleri ise A3 karesinden ikinci kez kaydedilmistir. Orneklerin iicii tallus (yass1 govdeli), on dordii ise
yaprakli formdadir.

Anahtar kelimeler: Marchantiophyta, Cigerotlari, Amasya, Boraboy Golii, Flora
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1. Introduction

The study area, Boraboy Lake, is located in the
Amasya province within the Central Black Sea
Region of Turkey. The lake is situated at an
elevation of 800 meters, approximately 15 km from
the Tasova district. Formed as a landslide-dammed
lake—a common type in the Black Sea Region—it
has a maximum depth of about 20 meters. Due to its
clear waters, it is also locally known as “Aynali
Gol” (Mirror Lake) (Dogu et al., 1994). Due to its
geographical features, the area has a harsher climate
compared to other provinces in the Black Sea
Region. Its proximity to the Anatolian Diagonal and
its location at the intersection of the Irano-Turanian
and Euro-Siberian phytogeographical regions
classify it within the so-called Xeric-Euxinic belt.
As aresult, the region is remarkably rich in terms of
floristic diversity. It is referred to in this way
because it harbors both elements of the Central
Anatolian steppe and Euxinic forest/shrub
vegetation (Cansaran et al., 2010). The forest
vegetation consists of mixed forests dominated by
species such as Pinus brutia L. (Turkish Pine),
Pinus sylvestris L. (Scots Pine), Fagus orientalis
Lipsky (Oriental Beech), Acer platanoides L.
(Norway Maple), Carpinus betulus L. (European
Hornbeam), Pyrus communis L. (Wild Pear),
Quercus pubescens (Downy Oak), and Quercus
cerris (Turkey Oak) (Alatas et al., 2017).

The study area is located within the square A3
according to Henderson's (1961) grid system
(Figure 2). Photographs of the area are also
provided at Figure 1. Liverworts, which are
classified among non-vascular land plants, are
represented by approximately 5.000 taxa
worldwide. The species Marchantia polymorpha L.
and, mentioned in Wettstein (1889) “Beitrdge zur
Flora des Orients” (“Contributions to the Flora of
the East”), is the first recorded liverwort species for
Turkey. Following this initial record, foreign
researchers conducted botanical expeditions in
various regions of Turkey and documented 132
species. Since the 1980s, field studies carried out by
Turkish researchers have led to numerous
investigations focusing on the division Hepaticae.
The first liverwort species recorded by a Turkish
researcher was Pellia neesiana (Gottsche) Limpr.,
reported by Gokler et al. (1984). To date, the
number of liverwort species recorded in Turkey has
reached 210 (Erdag &Kiirschner, 2024). The only
previous liverwort study conducted at Boraboy
Lake focused on epiphytic species around the lake
(Alatas et al., 2017). The aim of our study is to
conduct a detailed investigation and documentation
of the liverwort flora in and around Boraboy Lake,
located within square A3, which is part of Amasya
province and known for its rich bryophyte diversity.

Figue—l Boraboy Lake land:

cape photos
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2. Material and Method

The specimens used in this study were collected
from square A3 (Henderson, 1961) during a field
expedition conducted in October 2024. GPS
coordinates of the study area are also provided
(Figure 2). Liverworts were collected in November,
when environmental conditions are most favorable
for their growth. Considering the importance of
natural coloration in species identification,
photographs were taken from multiple angles
during fieldwork. Additionally, images reflecting
the geological and sociological features of the area
were also included. For each collected specimen,
GPS coordinates, collection date, and altitude were
recorded in the field notebook (Table 1). In order to
preserve the structural integrity of the specimens,
they were collected in sealed plastic bags and stored
with ice packs during fields. For thalloid specimens,
broad-surfaced scraping tools were used to facilitate

removal from the substrate, while fine-tipped
forceps were employed to carefully detach leafy
specimens from their epiphytic surfaces (Yicel et
al., 2024). During the laboratory phase, priority was
given to the identification of thalloid specimens in
order to prevent potential structural degradation.
Leafy specimens were dried using a drying oven
and subsequently transferred into temporary storage
envelopes. In order to determine the distribution of
the specimens both globally and within Tirkiye
according to the Henderson Grid System
(Henderson, 1961), as well as to identify diagnostic
characteristics, fundamental European floras and
various floristic publications were consulted
(Watson, 1981; Smith, 1996; Paton, 1999; Atherton
et al.,, 2010; Kiirschner & Erdag, 2020; Glime,
2009). The species list was organized according to
the classification system proposed by Hodgetts et
al. (2020).
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Table 1. Taxa identification codes, GPS records and habitat characteristics

HKA1 GPS: 40°48'9.06"K/ 36° 9'12.87"D
- Habitat: Detected on the floor of deciduous forests.
HKA2 GPS: 40°48'10.81"K/ 36° 9'9.41"D - 40°48'9.99"K/ 36° 9'21.99"D
- Habitat: Detected as epiphyte on tree trunks and dead bark.
HKA3 GPS: 40°48'16.69"K/ 36° 9'22.97"D
- Habitat: Detected on the floor of deciduous forests.
HKA4 GPS: 40°48'10.03"K/ 36° 9'15.64"D
- Habitat: Detected on calcimorphic soil.
HKAS GPS: 40°48'8.66"K/ 36° 9'19.84"D - 40°48'12.04"K/ 36° 9'26.76"D
- Habitat: Detected on the floor of deciduous forests.
HKAG GPS: 40°48'10.03"K/ 36° 9'15.64"D
- Habitat: Detected on wet rocky ground.
HKA7 GPS: 40°48'10.25"K/ 36° 9'4.00"D
- Habitat: Detected on the floor of deciduous forests.
HKAS GPS: 40°48'8.36"K/ 36° 9'17.39"D - 40°48'11.43"K/ 36° 9'24.71"D
- Habitat: Detected as epiphyte on tree trunks and dead bark.
HKA9 GPS: 40°48'9.63"K/ 36° 9'10.37"D
- Habitat: Detected on siliceous rocky ground.
HKA1L0 GPS: 40°48'9.67"K/ 36° 9'1.54"D - 40°48'8.11"K/ 36° 9'14.18"D
Habitat: Detected on the floor of deciduous forests.
HKAI1 GPS: 40°48'10.43"K/ 36° 9'7.18"D - 40°48'10.81"K/ 36° 9'9.41"D
Habitat: Detected as epiphyte on tree trunks and dead bark.
HKA12 GPS: 40°48'10.81"K/ 36° 9'9.41"D - 40°48'11.43"K/ 36° 9'24.71"D
Habitat: Detected as epiphyte on tree trunk and dead bark.
HKAI3 GPS: 40°48'8.11"K/ 36° 9'14.18"D - 40°48'9.99"K/ 36° 921.99"D
Habitat: Detected as epiphyte on dead bark and dead leaves.
HKA14 GPS: 40°48'17.99"K/ 36° 9'17.44"D
Habitat: Detected on the floor of deciduous forests.
HKAIS GPS: 40°48'17.16"K/ 36° 9'12.55"D
Habitat: Detected on the floor of deciduous forests.
HKALG GPS: 40°48'8.36"K/ 36° 9'17.39"D
Habitat: Detected on the floor of deciduous forests.
GPS: 40°48'17.00"K/ 36° 9'7.49"D
HKAL7 Habitat: Detected in a rocky grotto.
3. Findings - Plagiochila asplenioides (L.) Dumort. +
[Single asterisk (*): Second record from square HKA7
A3] Porellales Schljakov
[Double asterisk (**): New record for square A3] Frullaniaceae Lorch
[Plus sign (+): New record for Amasya province] - Frullania dilatata (L.) Dumort. (HKAS8)
- Frullania tamarisci (L.) Dumort. +
MARCHANTIOPHYTA (HKA9)
JUNGERMANNIOPSIDA Porellaceae Cavers
Jungermanniales H.Klinggr. - Porella cordaeana (Huebener) Moore +
Scapaniaceae Mig. HKA10
- Scapania irrigua (Nees) Nees + (HKAT1) - Porella platyphylla (L.) Pfeiff. (HKA11)
- Scapania undulata (L.) Dumort. + Radulaceae Miill.Frib.
(HKA2) - Radula complanata (L.) Dumort.
Jungermanniaceae Rchb. (HKA12)

- Jungermannia atrovirens Dumort. */+
(HKA3)
- Mesoptychia turbinata (Raddi)
L.Séderstr. & Vana */+ (HKA4)
Lepidoziaceae Limpr.
- Bazzania trilobata (L.) Gray */+ (HKAS)
Lophocoleaceae Vanden Berghen
- Chiloscyphus polyanthos (L.) Corda */+

(HKA6)
Plagiochilaceae Miill.Frib

- Radula lindenbergiana Gottsche ex
C.Hartm. + (HKA13)
Ptilidiales Schljakov
Ptilidiaceae H.Klinggr.
- Ptilidium pulcherrimum (Weber) Vain. +
HKA14
Metzgeriales Chalaud
Metzgeriaceae H.Klinggr.
- Metzgeria conjugata Lindb. + (HKA1S)
- Metzgeria furcata (L.) Corda + (HKA16)
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MARCHANTIOPSIDA CRONQUIST,
TAKHT. & W.ZIMM.

Marchantiales Limpr.

Aytoniaceae Cavers

Plagiochasma rupestre (J.R Forst. & G.Forst.)

Steph. **/+ (HKA17)

4. Discussion and Conclusion

As a result of the identification of specimens
collected during the fieldwork, 17 liverwort species
belonging to 11 families within the division
Marchantiophyta were identified. Among these, 3
species exhibit thalloid form, while 14 species
display leafy morphology.

The species Plagiochasma rupestre is reported here
as a new record for square A3. The species
Jungermannia atrovirens, Mesoptychia
turbinata, Bazzania trilobata and Chiloscyphus
polyanthos have been recorded for the second time
within square A3. The following species are
recorded for the first time from Amasya
province: Scapania irrigua, Scapania
undulata, Jungermannia  atrovirens, Mesoptychia
turbinata, Bazzania trilobata, Chiloscyphus
polyanthos, Plagiochila asplenioides, Frullania
tamarisci, Porella cordaeana, Radula
lindenbergiana, Ptilidium pulcherrimum,
Metzgeria  conjugata, Metzgeria  furcata and
Plagiochasma rupestre.

Square A3 is located within the Black Sea Region
and encompasses highly suitable habitat conditions
for bryophytes. Compared to coastal provinces,
Amasya has a relatively drier climate, which has
resulted in fewer cryptogamic studies being
conducted in the area. Our study has revealed that
Amasya province possesses a remarkably rich
diversity of liverworts. It is anticipated that
future liverwort research in the
province will contribute new data and insights to
the field.
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Oz

Bu calisma, Tiirkiye’nin en 6nemli sit alanlarindan biri olan Nemrut Hoyligli’niin karayosunu florasini
icermektedir. 2022-2024 yillar1 arasinda farkli mevsimlerde gidilen arkeolojik sit alanindan 504
karayosunu 6rnegi toplanmigtir. Ciplak bazaltik kaya, duvar ve toprak {izeri gibi farkli substratlardan
toplanan 6rneklerin teshisi sonucunda 50 karayosunu taksonu (17 cins ve 7 familya) tespit edilmistir. Bu
taksonlardan 38 tanesi Adiyaman ili i¢in yenidir. Nemrut Hoyiigii arkeolojik sit alaninda bulunan
karayosunlarinin ¢ogunlugu alanin makro iklimiyle uyumlu olarak kserofitik karakterlidir. Bu ¢aligma
gelecek nesillere aktarilmasi gereken kiiltlirel mirasa sahip korunan bir alanin biyolojik ¢esitliligi ile ilgili
oldugu i¢in 6nemlidir.

Anahtar kelimeler: Bryoflora, Diinya Mirasi, Nemrut Hoyiigii, Arkeolojik Sit Alani, Tiirkiye

Moss Flora of Nemrut Mound (Adiyaman/Tiirkiye)

Abstract

This study includes the moss flora of Nemrut Mound, one of the most important protected areas of
Turkey. 504 moss samples were collected from the archaeological site visited in different seasons between
2022 and 2024. As a result of the identification of samples collected from different substrates, such as
bare basaltic rock, walls, and soil, 50 moss taxa (17 genera and 7 families) were identified. 38 of the
identified taxa are new to Adiyaman province. The majority of the mosses found in the Nemrut Mound
archaeological site are xerophytic in character, compatible with the macroclimate of the area. This study
is important because it is related to the biodiversity of a protected area with cultural heritage that needs to
be transferred to future generations.

Keywords: Bryoflora, World Heritage, Nemrut Mound, Archaeological Site, Tiirkiye
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1.Giris

Arkeolojik éneme sahip anitlar, {izerlerinde kolonize
olan ve asit salgilayan kiicik mikroorganizmalar
(bakteriler, algler, likenler ve briyofitler) tarafindan
zamanla tahrip edilmektedir. Ancak bu tahribat
kiiltiirel mirasimiz olan tarihi eserlere zarar vermekle
birlikte kayalardaki siiksesyonu baglatan briyofitler
icin de uygun mikrohabitatlar olusturmaktadir (Ezer
ve ark., 2008; Verma ve ark., 2014; Cekilmez ve ark.,
2017). Arkeolojik alanlarin agaclar, algler, mantarlar,
likenler, bakteriler, briyofitler ve pteridofitler igin
uygun habitat olusturdugu pek c¢ok bilim adami
tarafindan bildirilmistir (Caneva ve Altieri, 1988;
Ortega-Calvo ve ark., 1994; Caneva ve Galotta, 1994,
Gorbushina ve ark., 2004; Barberousse ve ark., 20006).

Briyofitler, bitkiler arasinda ilk karaya g¢ikan, eseyli
iremek i¢in suya veya hayvanlara ihtiya¢ duyan ve
bir¢ok ekolojik parametreyi belirlemek i¢in indikator
olarak kullanilan kara bitkileridir (Keller ve
Frederickson, 1952; Watt, 2010; Cronberg ve ark.,
2006). Bu damarsiz bitki grubu, gametofitlerin
bliylimesiyle kolonilesir. Koloniler yastik, kisa ¢im,
uzun ¢im, dendroid, yelpaze, paspas, sarkik, kuyruk ve
atki gibi farkli yasam formlarinda sekillenebilirler
(Verma ve Srivastava, 2008). Briyofitler yan
tomurcuklar, protonema, gemma ve sporlar ile
gelisirler. Tarihi yapilarin  duvarlarimi  zamanla
kaplayarak yagmur suyu tahliye sistemlerini
tikayabilirler. Bu tikanma ile olusan organik birikim
briyofitlerin bu tip habitatlarda kolayca biiylimesini
kolaylagtirir.  Bunlarin  6zelikle rizoid sistemleri
duvarlara zarar verir ve tuglalarin igindeki ve
arasindaki catlaklara yavagga girerek biyolojik
asinmaya neden olurlar (Verma ve ark., 2014).

Medeniyetlerin ~ besigi  olan  Tirkiye‘de  eski
medeniyetlere ait ¢ok fazla kalint1 habitat
bulunmaktadir. Tiirkiye ve Yunanistan'm Dogu

Akdeniz kiyilarindaki bu habitatlarin  bulundugu
arkeolojik ve tarihi alanlar1 iyi arastirilmistir. Bu
alanlar igerisinde Diinya Mirast Alanlari, arkeolojik
alanlar, kaleler, hisarlar, kuleler, kopriiler, nekropoller
ve kalintilar gibi alanlar bir¢ok c¢aligmaya konu
olmustur. Caligma yapilan 464 tarihi alanin igerisinden
Tiirkiye’ye ait 30 arkeolojik alan ve Yunanistan’a ait
105 arkeolojik alan tespit edilmistir (Zengin, 2023).
Gecgmiste yerlesim alant olarak kullanilmis ancak
glinlimiizde {izerinde ve/veya yakin c¢evresinde
yasantinin bulunmadigi kirsal arkeolojik yerlesimler
‘terkedilmis larsal arkeolojik yerlesimler’, lizerinde
ve/veya yakin c¢evresinde yasantinin devam ettigi

yerlesimler ise ‘yasayan kirsal arkeolojik yerlesimler’

olarak tanimlanmistir. Kargali (Zakzuk) Yerlesimi,
Kegli Tepesi, Asridag Magaras1 ve Karahantepe, sit
alanlar1 bu tip terkedilmis kirsal arkeolojik
yerlesimlerdir. Bununla birlikte Biiyiilk Senemmagara
Antik Kenti, Sogmatar Antik Kenti ve Suayip Antik
Sehri de giiniimiizde de kirsal yasantinin devam ettigi
yasayan kirsal arkeolojik yerlesimlerdir (Ciftci ve
Cebe, 2025).

Tiirkiye arkeolojik sit alanlart agisindan diinyanin
say1l iilkelerinden biri olmasina ragmen, bu alanlarin
briyofit florasi ile ilgili bolgesel ve ulusal diizeyde ¢ok
az ¢alisma yapilmistir. Bu ¢alisma gelecekte iilkemizin
farklt bolgelerindeki arkeolojik alanlarda yapilacak
olan benzer c¢aligmalara Ornek teskil edecegi icin
onemlidir.

2. Materyal ve Metot

2.1. Arastirma alam

Giineydogu Anadolu Bolgesi'nde Adiyaman ilinde yer
alan Nemrut Dag1 Hoyiigi, ulasilmasi oldukca zor bir
cografyada, son derece zorlu bir topografya iizerine
kurulmus muhtesem bir yapidir. Kahta ilgesine baglh
Karadut koyli smurlari igerisinde yer almakta olup
(Sekil 1) Tirkiye’nin 11 UNESCO Diinya Mirasi
Alani’ndan biridir. Anitin 1987 yilinda UNESCO
Diinya Miras Listesi’ne alinmasi, alanin maddi kiiltiir
degerinin  yam1  swra  Kommagene — Kralligi
Donemi’ndeki baglamsal simgesel anlam degerinden
kaynaklanmaktadir (Somuncu ve ark., 2009; Sahin
Gilighan 2011). Kommagene Krali I. Antiochos adina
mezar olarak insa edilen kiilt alan1, 2.6 hektarlik bir
alan1 kaplamakta ve yaklasik 2000 y1il énce 2.206 m
yiikseklikteki  Nemrut Dagi'nin  tepesine insa
edilmistir. Nemrut Dag Hoyigi orta diizeyde
korunmus olarak giiniimiize ulasmig bir yapidir ve
kire¢ tagindan yapilmis heykeller zamanla ¢oziinmekte
ve kirilmaktadir (Topal ve ark., 2015).

2.2. Arastirma alanin iklimi

Adiyaman ili yart kurak iklim bdlgesinde yer
almaktadir. Yazlar ¢ok sicak ve kurak, kiglar ise soguk
ve kar yagishdir. 1963-2024 yillart arasinda en yakin
meteoroloji istasyonlarindan alinan verilere goére en
disiik (-14,4°C) ve en yiiksek (45,3°C) sicakliklar
sirastyla Ocak ve Temmuz aylarinda kaydedilmistir.
Yillik toplam yagis miktar1 714,8 kg/m? olup, yagish
giin sayis1 sirastyla 87,5' tir (URL 1; Sekil 2).

2.3. Metot

2022-2024 yillar1 arasinda Nemrut Hoyiigii arkeolojik
sit alant ve en yakin c¢evresindeki duvar
kalintilarindan,  toprak  ylizeyinden ve agag
govdelerinden karayosunu Ornekleri toplanmistir.
Toplanan Ornekler, toplama numaras1 verilerek
standart toplama zarflarinda konulmustur. Nemrut
Hoyiigii karayosunlarmin adlandirmasi yapilirken
Kiirschner (2006 ve 2007) ve Kiirschner ve Erdag
(2023) vyayinlarinda yer alan teshis anahtarlan
kullanilmistir. Flora listesi hazirlanirken taksonlarin
taksonomik durumlari Hodgetts ve ark. (2020) gore;
yeni kayit durumlart ise Kiirschner ve Erdag (2021)
gore diizenlenmistir. Flora listesi alfabetik siraya gore
hazirlanmistir. Teshisi yapilan karayosunu ornekleri
Nevsehir Haci Bektas Veli Universitesi
Herbaryumunda saklanmaktadir. Bu ¢alisma Nevsehir
Hac1 Bektas Veli Universitesi Fen Bilimleri Enstitiisii
tarafindan doktora tezi olarak kabul edilen “Nemrut
Dag1 (Adiyaman)’nin Karayosunu Floras1” adli tezin
verileri kullanilarak hazirlanmuistir.
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Sekil 1. Calisma alani haritasi (Topal ve ark., 2015)
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Sekil 2. Adiyaman ili 1963-2024 yillarini kapsayan ortalama sicaklik ve aylik toplam yagis miktar: ortalamasi (URL 1)
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3. Bulgular
Duvar kalintilar1 ve ¢evresinde, toprak yilizeyinde ve
agac govdelerinde kendiliginden gelisen

karayosunlarinin toplam sayist 17 cins ve 7 familyaya
ait 52 taksondur. Caligma alaninin karayosunu florasi
arkeolojik kalintilarda ¢ogunlukla bazaltik duvar

kalintilarint tercih etme egilimindedir (Tablo 1).
Arkeolojik duvar kalintilarinda bulunan gozenekli
yiizeyli bazalt malzemeler, dogrudan giines 151gmna ve
rliizgara maruz kalan kurak alanlarda briyofitler icin
uygun barmak olarak ¢ok farkli yagam alanlari
saglamaktadir.

Tablo 1. Nemrut Hoyiigii Karayosun Takson Listesi

Familyalar Taksonlar Hayat Formu Yasam Stratejisi
Brachytheciaceae  Brachythecium albicans (Hedw.) Schimp. Sagak Kalici
Homalothecium aureum (Spruce) H.Rob. Sacak Cok yillik kalici
H. philippeanum (Spruce) Schimp. Sagak Kalici
H. sericeum (Hedw.) Schimp. Piiriizlii Hali Kalici
Bryaceae Bryum argenteum Hedw. Turf Kolonist
B. dichotomum Hedw. Turf Kolonist
Ptychostomum capillare (Hedw.) Holyoak & N.Pedersen ~ Turf Kolonist
P. compactum Hornsch. Turf Kolonist
P. imbricatulum (Miill.Hal.) Holyoak & N.Pedersen Turf Kolonist
P. inclinatum (Sw. ex Brid.) J.R.Spence Turf Kolonist
P. kunzei (Hornsch.) J.R. Spence Turf Kolonist
Ditrichaceae Ceratodon conicus (Hampe) Lindb. Turf Tek yillik mekik
Encalyptaceae Encalypta vulgaris Hedw. Obek Uzun yasamli mekik
E. pilifera Funck Turf Uzun dmiirlii ggebe
Grimmiaceae Grimmia anodon Bruch & Schimp. Yastik Cok yillik mekik
G. crinita Brid. Yastik Cok yillik mekik
G. crinitoleucophaea Cardot Yastik Cok yillik mekik
G. pulvinata (Hedw.) Sm. Yastik Kolonist
Schistidium atrofisscum (Schimp.) Limpr. Yastik Cok yillik mekik
S. flaccidum (De Not.) Ochyra Yastik Cok yillik mekik
S. marginale H.H.Blom, Bedn.-Ochyra & Ochyra Yastik Cok yillik mekik
S. platyphyllum (Mitt.) H.Perss. Yogun yastik  Cok yillik mekik
Orthotrichaceae  Orthotrichum anomalum Hedw. Yastik Kolonist
O. cupulatum Brid. Yastik Kolonist
O. pellucidum Lindb. Yastik Cok yillik kalici
Pottiaceae Barbula unguiculata Hedw. Turf Kolonist
Chenia leptophylla (Miill.Hal.) R.H.Zander Gevsek dbek Kolonist
Didymodon spadiceus (Mitt.) Limpr. Turf Kolonist
Microbryum floerkeanum (F.Weber & D.Mohr) Schimp.  Daginik turf Tek yillik mekik
Pterygoneurum ovatum (Hedw.) Dixon Gevsek dbek Stres toleransgi
Syntrichia calcicola J.J.Amann Turf Kolonist
S. caninervis Mitt. Yogun yastik  Ekstrem stres toleransgi
S. latifolia (Bruch ex Hartm.) Huebener Turf Kolonist
S. montana Nees Yastik Stres toleransgi
S. norvegica F.Weber Turf Stres toleransgi
S. papillosissima (Copp.) Loeske Yastik Stres toleransgi
S. princeps (De Not.) Mitt. Yastik Stres toleransgi
S. handelii (Schiffn.) S.Agnew & Vondr. Yastik Stres toleransgi
S. ruralis (Hedw.) F.Weber & D.Mohr var. ruralis Turf Kolonist
S. ruraliformis (Besch.) Mans. Turf Kolonist
S. virescens (De Not.) Ochyra Turf Kolonist
Tortella commutata Kockinger & Hedenis Turf Stres toleransc1
T. tortuosa (Hedw.) Limpr Obek Strese toleransl kalici
Tortula acaulon (With.) R.H. Zander Turf Tek yillik mekik
T. galilaea (Herrnst. & Heyn) Ezer & R.H. Zander Yastik Stres toleransgi
T. inermis (Brid.) Mont. Turf Kolonist
T. muralis Hedw. Turf Kolonist
T. protobryoides R.H.Zander Yastik Stres toleransc1
T. revolvens (Schimp.) G.Roth Yastik Stres toleransc1
T. subulata Hedw. Obek Kolonist

4. Tartisma ve Sonug

Arkeolojik kalintilar, briyofitler i¢in uygun olabilecek
birgok farkli yasam alam1 saglamasmna ragmen
diinyada arkeolojik alanlarin briyofit floras1 hakkinda
¢ok az bilgi bulunmaktadir. Assam'daki (Hindistan)

Talatal Ghar'in iinlii arkeolojik alanindan Asterella,
Marchantia, ve Plagiochasma cinslerine ait cigerotu;
Physcomitrium, Funaria ve Fissidens cinslerine ait
karayosunu ornekleri rapor edilmistir (Verma ve ark.,
2014). Ulkemizde bu konuda yapilan en onemli
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calisma Tilmen Hoyiik (Kilis) arkeolojik alanindaki
calismadir. Bu c¢aligmada bazaltik kaya kalintilart
igerisinde Reboulia, Targionia, Lunularia,
Didymodon, Grimmia, Fabronia ve Tortula cinslerine
dahil 7 cigerotu ve 38 karayosunu olmak iizere
toplamda 45 briyofit taksonu tespit edilmistir (Ezer ve
ark., 2008). Ulkemizdeki bu konudaki diger bir
calisma ise Aydin ve c¢evresindeki arkeolojik alanlarda
yapilan caligmadir. Bu calismada Gnays kayaclari
iizerinde 28 familya ve 60 cinse ait 130 briyofit
taksonu tespit edilmistir (Cekilmez ve ark., 2017). Bu
caligmalara gore bizim ¢aligmamiz Tilmen Hoyiik’de
gergeklestirilen ¢alisma ile benzer  ozellikler
tagimaktadir.

Bu calismada oldugu gibi bizim g¢alismamizda da
Pottiaceae, familyas1 tiir agisindan en zengin
familyadir (Tablo 2). Pottiaceae familyasinda en ¢ok
tir iceren cinslar sirastya Syntrichia (11 takson)
Tortula (7 takson) ve Tortella (2 takson) cinsleridir.
Grimmiaceae familyas: ikinci zengin familya olup,
¢aligma alaninda 6zellikle kurak kosullar altinda duvar
kalintilarinda yaygin olarak bulunur. Bu familyaya
dahil Grimmia cinsine ait 4 tiir ve Schistidium cinsine
ait 4 tir bulunmustur. Bryum cinsine ait 2 tlir ve
Ptychostomum cinsine ait 5 tirle temsil edilen
Bryaceae familyasi, Nemrut Dagi arkeolojik
alanindaki duvar kalintilarinin ve toprak yiizeylerinin
bazaltik materyallerinde bol miktarda bulunan ve
yaygin olan bir diger karayosun ailesidir. Teshis edilen
taksonlar igerisinde Syntrichia princeps, arkeolojik
alanin hemen hemen her kosesinde bulunmakta olup,
duvar kalintilari, aga¢ govdeleri ve toprak
ylizeylerinden yayilis gosterebilen en yaygin tiirdiir.

Tablo 2. Caligma sahasindaki en zengin ilk dort
briyofit ailesi

Toplam Takson
Familyalar Takson Sayisina Gore Takson
Yiizdesi
Pottiaceae 25 50
Grimmiaceae 8 16
Bryaceae 7 14
Brachytheciaceae 4 8
Toplam 44 88

Briyofit topluluklar ile ilgili gesitli calismalar, yagam
formlar1 ile yasam alanini etkileyen ekolojik faktorler
arasinda giiglii bir baglant1 oldugunu gostermektedir
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(Magdefrau, 1982; Kiirschner ve Parolly, 1999;
Kiirschner ve ark., 1998;). Nemrut Dagi'nin

briyoflorasindaki bitki taksonlarmin yasam bigimi
Akdeniz bolgesinin tipik kurak iklim kosullarini
yansitmaktadir. Calisma sahasindaki bryoflorasinda en
cok temsil edilen yasam formlar: turf (%42) ve yastik
(%34)’tir. Turf ve yastik yagam formlari, kserofitik ve
fotofitik  kosullar altinda Dbiiyliyen akrokarpik
briyofitleri kapsar (Kiirschner, 2004). Calisma
alaninda yogun yastik, daginik turf, gevsek dbek ve
plirtizlii hali gibi diger yasam formlar1 ¢ok diisiik oran
ve bollukta temsil edilmektedir (Tablo 3).

Tablo 3. Nemrut Hoyligiiniin briyoflorasindaki hayat
formlariin yiizdesi
Hayat Formlarmin Yiizdesi

Hayat
Formlan
Turf

Yastik

Sagak

Obek

Yogun yastik
Daginik turf
Gevsek obek
Piiriizli hali

W B

2
4

[NSIF SN (S B e e

Nemrut Hoyiigii bryoflorasint olusturan 17 cins
ierisinde  Syntrichia  (%22), Tortula (%14),
Ptychostomum (%10) ve Grimmia (%8) en ¢ok takson
iceren ilk dort cinsi olusturur. Diger cinsler ise
Barbula, Brachythecium, Bryum, Ceratodon, Chenia,
Didymodon, Encalypta, Homalothecium, Microbryum,
Orthotrichum,  Pterygoneurum,  Schistidium  ve
Tortella’dir (Sekil 3).

Sekil 3'te verilen cins siralamasi ile birlikte alandaki
hakim hayat formu (%42) kolonist, (%20) stres
tolerans¢t ve (%14) ¢ok yillik mekik seklindedir.
Diger hayat formlar: ise kalici, tek yillik mekik, ¢ok
yillik kalici, uzun yasamli mekik, uzun Omiirlii
gogebe, stres toleransgi ¢ok yillik mekik, ekstrem stres
tolerans¢1 ve stres toleransgt kalici’dir. Bu hayat
formlar1 c¢aligma alanmin makro ikliminin bir
yansimasidir (Sekil 4).

Nemrut Hoyiigi, Tirkiye'nin Giineydogu Akdeniz
kesiminde yer alan arkeolojik alanlardan bir olup
briyolojik  olarak iyi  bilinmeyen ve halen
arastirilmakta olan cografi bir bolgede yer almaktadir.
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Sekil 3. Arastirma alan1 bryoflorasina ait cins oranlar1 (%)
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Sekil 4. Arastirma alan1 bryoflorasina ait yasam stratejisi oranlari
Deklarasyon Etik onay: Bu arastirma, insan veya hayvan

Yazar katkilar: Fikir/Kavram, EU, RK; Tasarim ve
dizayn, EU, RK; Denetleme danigmanlik, RK;
Kaynaklar, EU, RK; Malzemeler, EU, RK; Veri
toplama ve/veya isleme, EU, RK; Analiz ve/veya
yorum, EU, RK; Literatiir taramasi, EU, RK; Yazim
asamasi, EU, RK; Elestirel inceleme, RK.

Cikar catismasi: Yazarlarin bu yazinin igerigiyle ilgili
olarak beyan edecekleri hi¢bir rekabet ¢ikar1 yoktur.

Finansman: Yazarlar, bu yazinin hazirlanmasi
sirasinda herhangi bir fon, hibe veya bagka bir destek
alinmadigini beyan ederler.

deneklerini icermemektedir ve bu nedenle etik onay
gerektirmemektedir.
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Oz

Karayosunlari, vaskiiler bitkilerle karsilastirildiginda genis alanlara dagilim gostermeleri, yapilarinin bu bitkilere
kiyasla az geligsmis olmasi sebebiyle biyomonitdr olarak siklikla tercih edilmektedir. Bu ¢aligmada, 52 lokaliteden
toplanan Hypnum cupressiforme Hedw. ve 22 lokaliteden toplanan Pseudoscleropodium purum (Hedw.) M.Fleisch.
kullanilarak, Kocaeli ilinin atmosferik polisiklik aromatik hidrokarbon (PAH) ve iz elementlerin konsantrasyon
degerleri arastirilmistir. Bu tiirlerdeki iz elementlerin analizleri indiiktif eslesmis plazma-kiitle spektrometresi (ICP-
MS), PAH analizleri ise yiiksek performansl sivi kromatografisi (HPLC) ile yapilmistir. Calisma sonucunda ortalama
PAH konsantrasyon degeri 193.84 ng/g olarak tespit edilmis olup, sirastyla fenantren (60.98 ng/g) ve benzo[k]florenten
(22.60 ng/g) en yiiksek degere sahip iki bilesik olmustur. iz element analiz sonuglarinda ise 4639.87 pg/g ile aliiminyum
en yiiksek degere sahipken, 0.3 pg/g ile kadmiyum en diigiik birikim gosteren agir metal olmustur. Konsantrasyon
degerlerinin biiyiikten kii¢iige Al>Fe>Zn>Cu>Cr>Pb>Ni>V>Sn>Co>Mo>As>Sb>Hg>Cd olacak sekilde siralandig1
tespit edilmistir. Pearson korelasyon analizi (SPSS Version 19.0) ile iz elementler ve PAH’lar arasindaki iliskiler
incelenmis ve ikisi arasinda anlamli iliski oldugu belirlenmistir. H. cupressiforme ve P. purum Orneklerinin birikim
konsantrasyonlart ¢ testi ile karsilastirilmistir. ¢ testi analizi sonucunda iki tiir arasinda benz[a]antrasen ve benzo[a]piren
hari¢ diger parametreler igin istatistiksel olarak anlamli fark oldugu H. cupressiforme’nin daha fazla birikim yaptigi
tespit edilmistir.

Anahtar kelimeler: Biyolojik izleme, Kocaeli, karayosunu, iz elementler, polisiklik aromatik hidrokarbonlar

Determination of Atmospheric Polycyclic Aromatic Hydrocarbons and Trace Element Levels Using
Moss Biomonitoring: A Case Study of Kocaeli

Abstract

Mosses are frequently preferred as biomonitors due to their distribution over wide areas and their underdeveloped
structure compared to vascular plants. In this study, the concentration values of atmospheric polycyclic aromatic
hydrocarbons (PAHs) and trace elements in Kocaeli province were investigated using Hypnum cupressiforme Hedw.
collected from 52 localities and Pseudoscleropodium purum (Hedw.) M.Fleisch. collected from 22 localities. The
analysis of trace elements in these species was carried out by inductively coupled plasma-mass spectrometry (ICP-MS),
and PAH analyses were carried out by high-performance liquid chromatography (HPLC). As a result of the study, the
average PAH concentration value was determined to be 193.84 ng/g, and the two compounds with the highest values
were phenanthrene (60.98 ng/g) and benzo[k]fluorene (22.60 ng/g), respectively. In the trace element analysis results,
aluminum had the highest value with 4639.87 pg/g, while cadmium was the heavy metal with the lowest accumulation
with 0.3 pg/g. It was determined that the concentration values were ranked from largest to smallest as
Al>Fe>Zn>Cu>Cr>Pb>Ni>V>Sn>Co>Mo>As>Sb>Hg>Cd. The relationships between tracers and PAHs were
examined using Pearson correlation analysis (SPSS Version 19.0), and it was determined that a significant relationship
existed between the two. We compared the accumulation concentrations of H. cupressiforme and P. purum samples
using a t-test. As a result of the t-test analysis, it was determined that there was a statistically significant difference
between the two species for all parameters except benz[a]anthracene and benzo[a]pyrene, and H. cupressiforme
accumulated more.

Keywords: Biomonitoring, Kocaeli, moss, trace elements, polycyclic aromatic hydrocarbons
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1. Giris

Bir organizmayr veya organizma grubunu
cevreleyen kosullari ifade eden ”Cevre” kelimesi,
ozellikle organizmanin biiylyilip gelismesi ve
hayatta kalabilmesi igin dis faktorlerin gesitliligi
olarak tanimlanmaktadir. Kara, su ve atmosferik
olusumlarin yani sira hayvanlari, bitkileri ve
abiyotik unsurlar1 da kapsamaktadir. Son yillarda
iklim degisikligi ve c¢esitli bircok faktorler ile
birlikte hava kirliliginin glinlimiizde oldukca
yiksek seviyelere ulastigi goriilmektedir. Bu
durum insanlar ve ekosistem i¢in 6nemli bir ¢evre
sorunu olmaktadir (Salo ve ark., 2016; Macedo-
Miranda ve ark., 2024). Ozellikle kentlesme ve
sanayinin artmasiyla birlikte agir metal ve PAH
emisyonlar1 giin gectikge kayda deger bir artig
gostermektedir. Endiistriyel {iretim, enerji tiretimi,
evsel 1sinma, ulasim ve metalurji gibi sektorler
araciligiyla her yil atmosfere agir metal ve
PAH’larin yayilmasi gelecek zamanlar igin birer
tehdit olusturmaktadir (Aizezi ve ark., 2025).

Insan ve cevre sagligini etkileyen hava kirliliginin
izlenmesi son yillarda artig géstermistir. Bu amagla
yapilacak arastirmalar i¢in farkli yOntemler
gelistirilmektedir. Bunlar arasinda yer alan
biyolojik izleme yonteminde (biomonitoring)
kirleticilerin ¢ok iyi biriktirici olduklart bilindigi
icin karayosunu, liken ve diger biyoindikator
organizmalar siklikla kullanilmaktadir (Demkova
ve ark. 2017). Ornegin, su mercimegi (Lemma
minor L.), tarimsal ve evsel atik sulardan besinleri
ve agir metalleri geri kazanmak icin tercih edilen
onemli tiirlerden biridir (Radic ve ark., 2011;
Rezania ve ark., 2016). Ozellikle briyofitler
(karayosunlari, boynuzotlart ve  cigerotlari),
enstriimantal 6l¢iimlerle elde edilemeyen farkli agir
metaller arasindaki etkilesimler ve canli sistemler
tizerindeki etkiler hakkinda &nemli bilgiler
saglamaktadir. Bu bitkiler, diinyada pek ¢ok farkli
dogal alanlarda bulunabildikleri gibi, endiistriyel ve
kentsel alanlarda da rahatlikla
bulunabilmektedirler. Vaskiiler doku igermeyen
ayrica gelismis bir kutikula, gercek kok, govde ve
yapraklari bulunmayan ilkel karasal bitkilerdir.
Hayatta kalmalar1 i¢in gereken besinleri tim
ylizeylerini kullanarak kendilerini ¢evreleyen sudan
kargilamaktadir.

Bu ve bunun gibi daha birgok 6zelliklerinden dolay1
hava kirliligi calismalarinda biyomonitor olarak
tercih edilmektedir. 1971 yilinda Goodman ve
Roberts tarafindan tanitilan "torba teknigi" 6zellikle
kentsel alanlarda hava kirliligini test etmede
kullanilan yontemlerden biri haline gelmistir
(Goodman ve Roberts, 1971; Arndt ve Planer-
Friedrich, 2018). Bunun haricinde, bu ¢aligmada da
tercih edilen diger yaygin bir yontem ise yerel

ornekleme yontemidir (Uyar ve ark., 2007, 2008,
2009; Cabuk ve ark., 2014; Oren ve ark., 2021). Bu
tiirler atmosferik kirleticilerin belirlenmesinde ve
takip edilmesinde gostergeleri iyi sonug¢ veren
canlilar olarak kullanilmaktadir (Oishi, 2022;
Gomez-Ensastegui ve ark., 2025). Briyofitler,

sadece atmosferik kirliligin izlenmesi
calismalarinda  degil, ayn1  zamanda su
ortamlarindaki  kirliliginin  izlenmesinde de

kullanilmaktadirlar. Ayrica kirlenmis toprak ve
sudan kursun, ¢inko, bakir, krom, kadmiyum ve
demir gibi agir metalleri biriktirebilme kabiliyetleri
nedeniyle yiiksek fitoremediasyon potansiyeli
gostermektedirler (Molnar ve ark., 2024; Gezahegn
ve ark., 2024).

Periyodik tabloda gecis elementleri arasinda yer
alan agir metaller, yer kabugunda dogal olarak
bulunabilirken, insan faaliyetleri sonucunda zararl
seviyelere kadar ulasabilmektedirler. Sanayinin
gelismesi ile birlikte; artan fabrikalar, madenci ve
sanayi atiklari, kanalizasyon desarj1, kentsel akis ve
toprak erozyonu kirlilik sebeplerinin basinda yer
almaktadir. Kursun, berilyum ve civa gibi bazi
metaller tehlikeli kabul edilirken, mangan ve
kadmiyum gibi metaller ise potansiyel tehlike
sinifinda yer almaktadirlar. Bakir, arsenik, kursun,
kadmiyum, ¢inko, krom ve nikel gibi agir metaller
atik sularda ¢ogunlukla tespit edilen agir metaller
arasinda yer almakta olup ve insan saglig1 ve gevre
icin tehdit olusturmaktadir (Rice ve ark., 2014;
Jomova ve ark., 2025; Behrooz ve ark., 2025). Bu
nedenle agir metaller, c¢evresel ve ekolojik
aragtirmalarda onemli bir konu haline gelmistir
(Macklin ve ark., 2023). Ayn1 zamanda eritme
tesisleri, pestisit iretimi ve kimya endiistrisi,
petrokimya tesisleri ve dokiimhaneler gibi pek ¢ok
tesis araciligiyla da insanlar bu metallere maruz
kalmaktadir (Mitra ve ark., 2022). Agir metal
kirliliginin  toprak kalitesi, su kalitesi, gida
giivenligi, insan saglig1 ve biyolojik ¢esitlilik gibi
alanlarda ciddi tehdit olusturasi sonucu toprak agir
metal kirliligi ciddi ¢evre sorunlarindan biri
olmustur (Han ve ark.,, 2025). Aynmi zamanda
havada fazla birikim gdstermeleri sonucunda
insanlar ve diger canlilar tarafindan solunmasi

durumunda solunum yolu ve kardiyolojik
hastaliklar ile kansere kadar gidebilen ciddi
rahatsizliklara neden  olmaktadirlar. Bu

kirleticilerin toksisitesi giderek artis gostererek tiim
organizmalar i¢in endise kaynagi olusturmaktadir
(Mitra ve ark., 2022; Jomova ve ark., 2025).

Polisiklik Aromatik Hidrokarbonlar (PAH), iki
veya daha fazla benzen halkasina sahiptir ve
organik maddelerin tam yanmamasi sonucu ortaya
¢ikan bilesik grubudur (Xu ve ark., 2024; Suresh ve
ark., 2025). Dogal kaynakli olarak orman yanginlari
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ve volkanik patlamalar, insan kaynakli olarak ise
motorlu tasitlar ve sanayi kaynakli yollarla ortaya
cikmaktadirlar. Toksik ve kalict olduklarindan
dolay1 ¢evresel izleme c¢aligmalarinda 6nemli olup
takipleri yapilmaktadir. Amerikan Cevre Koruma
Ajanst (EPA), 16 PAH bilesigini 06ncelikli
kirleticiler listesine almistir (Keith, 2015; Montano
ve ark., 2025; Dhara ve ark., 2025). Bu
maddelerDNA ile etkilesime girerek mutajenik ve
kanserojen etki gosterebilmektedir. Insanlarin
birincil yollardan PAH’lara maruziyeti sigara
kullanimi, kirli ortam havasinin solunmasi ve
kirlenmis olan gidalarin tiiketilmesidir. Yapilan
calismalarda analiz yontemleri arasinda HPLC-FL,
GC-MS, HPLC-UV ve GC-FID gibi kromatografik
yontemler yer almaktadir (Barbosa ve ark., 2023).
Zonguldak merkez ve Eregli ilgesinde Hypnum
cupressiforme tirinde HPLC-UV kullanilarak
yapilan calismada PAH degisimleri incelenmistir.
Calisma sonucunda toplam PAH konsantrasyon
degerleri Zonguldak merkezde 78.1-1693.5 ng/g,
Eregli ilgesinde ise 15.2-275.1 ng/g olarak tespit
edilmistir (Cabuk ve ark., 2014). Zonguldak’ta
termik santrallerin oldugu Catalagzi bolgesinde
yapilan ¢aligmada ise 53.7-1707.9 ng/g araliginda
tespit edilmistir (Oren ve ark., 2021).

Diger bir caligmada ise iki yaygin tiir olan
Hylocomium splendens (Hedw.) Schimp. ve
Pleurozium schreberi (Brid.) Mitt. hava izleme
calismalar1 i¢in tercih edilmektedir. Ayrica son
yapilan  calismalardan  birinde  Isothecium
stoloniferum (Brid.) Grout da yaygim kullanilan
tiirlerden birisi olmustur (Cowden ve Aherne,
2019). Toksik elementler arasinda yer alan
Kadmiyum (Cd), Krom (Cr), Nikel (Ni), Arsenik
(As), Kobalt (Co), Bakir (Cu), Cinko (Zn), Civa
(Hg) ve Kursun (Pb) gibi elementler onemli
kirleticiler arasinda yer almaktadir. Dolaylt
yollardan besin zincirine kadar ulasabilmektedir.
Hypnum  cupressiforme ile Dbirlikte  Bryum
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argenteum, Pottia truncata, Dicranella heteromalla
ve Marchantia polymorpha tiirlerinde yiiksek
konsantrasyonlarda Cr, Cd ve Zn birikim yaptig1
bildirilmistir (Singh ve ark. 2020; Zinicovscaia ve
ark., 2021; Batan ve ark., 2012, 2021; Cigekliyurt
ve Yayntas, 2022). Uyar ve arkadaslar tarafindan
H. cuppressiforme ve P. purum tiirleri ile yapilan
farkli bir ¢aligmada ise yedi elementin kirlilik
degerleri belirlenmis ve agir metal birikim oranlari
yiiksek olandan diistik olana olacak sekilde (Fe, Pb,
Cr, Ni, Cu, Co, As) siralanmistir (Uyar ve ark.,
2008).

Birinci yazarin yiiksek lisans tezinden diretilmis
olan bu ¢alismada, Kocaeli ilinde iz elementlerin ve
PAH’larin atmosferik birikim degerleri, belirlenen
iki farkli karayosunu tiirii H. cupressiforme ve P.
purum kullanilarak arastirma yapilmigtir. Caligma
sonucunda elde edilen veriler istatistiksel olarak
degerlendirilmistir.

2. Materyal ve Metot

2.1 Arastirma alam

Bu calisma, iilkemizin énemli gegis yolu iizerinde
bulunan, limanlar, havalimani, son yillarda artan
sanayilesme ile birlikte devlet demiryollari, D100
karayolu ve TEM otoyolunu barindiran Kocaeli
ilinde yapilmistir. Kocaeli ili bolge olarak Marmara
Bolgesi’nde yer almaktadir (Sekil 1-). Izmit
Korfezi’nin  kuzeyindeki biiyiik bir alanda
konumlanan il, giineyden kuzeye dogru egimli
yapida olup az engebeli bir alana sahiptir. Ayrica
Tirkiye’nin niifus yogunlugu en fazla olan ili
Istanbul’a yakinhigi, liman1 ve farkli ulasim
imkanlarina sahip oldugu i¢in dnemli bir cazibe
merkezi olmustur. TUIK 2024 verilerine gére il
niifusu 2.130.006 kisi olarak kayda ge¢cmistir (URL
1). Tim bu onemli 6zelliklerinden dolay:r ildeki
niifus artmistir. Niifustaki bu artis da kirliligin
artmasina sebep olmustur.

Sekil 1. Kocaeli il haritas1 ve Kocaeli ilinden bir goriiniim.
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Ilin iklimi kiy1 kesimlerde 1liman, daglk ve ic
kesimlerde ise daha serttir. Bu yoniiyle ilin,
Karadeniz ve Akdeniz iklimleri arasinda bir gegis
iklimine sahip oldugu sdylenebilir (Oztiirk ve ark.,
2017).

2.2. Ornekleme noktalar

Yagisin olmadigi, 2016 yili Mayis ve Haziran
aylarinda yapilan arazi ¢caligmalarinda ilin 52 farkli
istasyonundan Hypnum cupressiforme Ornekleri

Google Haritalar programi kullanilarak arazi
calismasindan Once Ornek toplanacak noktalar
belirlenmistir. Arazi ¢aligmasi sirasinda kaydedilen
veriler Tablo 1’de yer almaktadir. Belirlenen bu
noktalara ulasabilmek icin oncelikle o bolgeye ait
haritalardan ve daha sonra GPS (Garmin Oregon
550) cihazindan yararlanilmistir. Calisma sirasinda
orneklerin istasyon numaralari, rakimi, koordinat
bilgileri ve toplanma tarihleri arazi defteri ve
etiketler tizerine not edilmistir.

toplanmistir.  Ayrica belirlenen 52 istasyonun
22’sinden bu tiirin yaninda farkli tlirlerin = Araziden 52 istasyonun her birinden H.
birikimlerini  de  karsilastirmak  amaciyla  cupressiforme (Sekil 3A) oOrnekleri toplanmis,
Pseudoscleropodium — purum ~ Srmekleri  de  ayrica bulunan 22 noktadan H. cupressiforme
toplanmistir.  Ornekleme noktalar1 Sekil 2.’de  6rneklerinin yaninda P. purum (Sekil 3B) 6rnekleri
gosterilmistir. de alimarak toplam da 74 karayosunu Ornegi
toplanmuistir.
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Sekil 2. Kocaeli 6rnekleme bélgesin;ie arazi ¢aligmasi yapilan istasyon noktalar1 (URL 2).

Tablo 1. Ornekleme noktalarina ait lokalite bilgileri.

ist. Koordinat | Rakim | ist. | Koordinat | Rakim | ist. | Koordinat | Rakim
No (K/D) (m) | No (K/D) (m) | No (KD) (m)

1 40.77345 45 m 19 40.87098 240 m 37 40.88503 490 m
30.10391 29.43057 29.68531

2 40.78108 60 m 20 40.85957 195 m 38 40.85381 485 m
30.04696 29.45886 29.67201

3 40.80471 150 m 21 40.83874 130 m 39 40.88522 300 m
30.03387 29.46636 29.58549

4 40.79223 290 m 22 40.82550 210 m 40 40.89761 290 m
29.92572 29.43220 29.55142

5 40.78989 330 m 23 40.77378 67 m 41 40.89781 213 m
29,84687 29.46194 29.51459

6 40.81684 483 m 24 40.77519 60 m 42 40.86640 367 m
29.83392 29.42288 29.97029

7 40.83316 460 m 25 40.81052 250 m 43 40.91895 300 m
29.82959 29.40645 29.89586

8 40.81588 460 m 26 40.81572 60 m 44 4091714 288 m
29.75612 29.36160 29.76933

9 40.82400 460 m 27 40.83498 425 m 45 40.80873 170 m
29.68531 29.91336 29.96230

10 40.79777 500 m 28 40.88860 330 m 46 40.85291 340 m
29.66154 29.97413 29.76564

11 40.80331 380 m 29 40.94321 320 m 47 40.86640 310 m
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29.63403 29.95611 29.57691

12 40.78775 155m 30 40.94296 315m 48 40.81121 460 m
29.56489 29.83577 29.70632

13 40.80796 285 m 31 40.85627 450 m 49 40.81341 290 m
29.55957 29.85603 29.59795

14 40.80211 40 m 32 40.87756 370 m 50 40.83925 325m
29.53476 29.80736 29.63695

15 40.77705 150 m 33 40.92337 260 m 51 40.78241 130 m
29.56200 29.74205 29.71110

16 40.83738 225 m 34 40.92320 390 m 52 40.78526 130 m
29.53717 29.64316 29.48236

17 40.84589 150 m 35 40.89719 360 m
29.50610 29.64316

18 40.87821 240 m 36 40.89863 360 m
29.46601 29.73676

<

Sekil 3. A) Hypnum cupressiforme, B) Pseuéscleropodium purum

Arazi calismasi tamamlandiktan sonra her iki
tirinde uygun kosullarda plastik torbalarda
saklanip laboratuvara getirilmesi saglanmistir.

2.3. Orneklerin analizler icin hazirlanmasi
Laboratuvara getirilen ornekler toprak, tas, toz,
farkli bitki kisimlart gibi yabanci maddelerden
armdirilarak, laboratuvar kosullarinda
kurutulmustur. Kurutulduktan sonra PAH ve iz
element analizlerinin yapilabilmesi i¢in drneklerin
yesil kisimlart &giitme cihazi ile o6gutiilerek
analizler yapilana kadar +4 °C’ de sogutucuda
saklanmustir.

2.4. PAH analizi

Tiirlerin PAH ekstraksiyonlar1 ve kromatografik
analizlerinin yapilmasi literatiirde yer alan yonteme
gore tamamlanmistir (Cabuk ve ark., 2014).
Ogiitiilerek hazirlanan 6rneklerden 3’er g tartilarak
500 mL’lik erlenlere almmistir. Daha sonra
PAH’lar ultrasonik  banyo i¢in 200 mL
diklorometan ile 30 dakika ekstrakte edilip organik
faza alimmistir. Bu faz vakum altinda 1 mL kadar
kalincaya kadar ucgurulma iglemi uygulanmistir.
Ekstraksiyon esnasinda PAH’larla birlikte organik
¢oziiciye gegmesi muhtemel farkli organik
maddelerin Onlenmesi i¢in kromatografik analiz

yapilmadan ©Once kolon kromatografisi teknigi
kullanilmigtir. Cam kolonun dip kismimna cam
pamugu yerlestirildikten sonra iizerine hava
kabarcig1 olusturmayacak sekilde 2 g silika jel
doldurulmustur. Sabit fazin sartlandirilmasi igin
kolondan 30 mL n-pentan:diklorometan (DCM)
gegirilerek kullanima uygun hale getirilmistir. Daha
sonra ugurma islemi tamamlanmis, 1 mL’lik kisim
kolona yiiklenmis ve PAH’lar 20 mL n-pentan:
DCM (1:1) ¢oziici karisimi ile geri kazanim
saglanmstir.

Vakum altinda PAH’lar1 igceren organik faz yaklasik
1 mL kalincaya kadar ugurulmustur. Islem sonunda
kalan ¢oziicii, azot gazi (N,) altinda kuruluk
saglanana kadar ugurulmustur (Akyliz ve Cabuk,
2009). Tim ornekler analizler tamamlanana kadar
+4°C’ de sogutucuda muhafaza edilmistir.

2.5. iz element analizi

iz element analizleri i¢in uygun ortam sartlarinda
saklanan karayosunu orneklerine analiz dncesinde
mikrodalga ile ¢oziinilirlestirme islemi yapilmistir.
Bu islem igin &rnekler mikrodalganin kuru ve temiz
teflon pargcalama haznelerine konulmustur. Daha
sonra Ornekler iizerine 2 mL hidrojen peroksit
(H20,) ve 7 mL nitrik asit (konsantre HNO3) ilave
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edilerek  parcalama islemi tamamlanmustir.
Pargalanan ornekler deiyonize su ile 10 mL’ye
seyreltilmistir. ~ Zonguldak  Biilent  Ecevit
Universitesi, Bilim ve Teknoloji Uygulama ve
Aragtirma Merkezi’nde (ARTMER) &rneklerin iz
element analizleri yapilmistir.  Karayosunu
orneklerindeki eser element (Al, As, Mo, Co, V, Cu,
Fe, Zn, Cd, Sn, Hg, Pb, Cr, Ni, Sb) birikimlerinin
Ol¢timii i¢in ICP-MS-Perkin Elmer NexION 300D
cihazi tercih edilmistir. Kalibrasyon isleminde liken
referans materyali BCR 482 tercih edilmistir.

2.6. Istatistik
Calisma sonuglarinin istatiksel analizinde SPSS 19
paket programindan yararlanilmistir ve sonuglarin

kargilagtirilmasinda ise korelasyon analizi, #-testi
yapilmistir.

3. Tartisma ve Sonug

Calisma alanindan 52 noktadan toplanan H.
cupresiforme tiriine ait iz element birikim
degerlerine ait veriler Tablo 2 ve Tablo 3’de
verilmigtir. Sonuglar incelendiginde ortalama
birikim miktarlar1 en yiiksek 4639.87 pg/gile Al, en
az birikim ise 0.36 pg/g ile Cd’a ait oldugu
bulunmustur. Analizleri yapilan iz elementlerin
ortalama brikim degerlerine goére bir siralama
yapildiginda miktarlari; Al, Fe, Zn, Cu, Cr, Pb, Ni,
V, Sn, Co, Mo, As, Sb, Hg, Cd seklindedir.

Tablo 2. H. cupressiforme 6rnegindeki agir metal birikimlerine ait istatistiksel veriler.

ppm Ortalama=+

(mg/kg kuru N Standart sapma | Medyan Minimum Maksimu

agirhk) m

Al 52 4639.87+3214.23 | 3766.32 1090.22 16980.59
As 52 0.84+0.93 0.45 0.12 5.21
Co 52 2.04+1.40 1.58 0.30 6.19
Cu 52 18.90+£19.50 14.01 4.05 136.20
Zn 52 56.01+56.51 28.20 10.39 281.22
Mo 52 0.96+0.63 0.84 0.23 3.88
Cd 52 0.36+0.29 0.28 0.11 1.87
Sn 52 2.19+1.43 1.74 0.02 6.11
Hg 52 0.42+0.43 0.26 0.10 2.12
Pb 52 13.18+10.36 9.40 2.64 44.30
Cr 52 17.09+12.54 13.00 3.83 61.78
Fe 52 3379.7742097.01 | 2912.17 127.29 9029.18
Ni 52 9.27+5.98 7.31 3.20 29.88
\Y 52 8.79+7.83 6.03 1.67 35.34
Sb 52 0.51+0.88 0.31 0.08 6.50

Tablo 3. H. cupressiforme drneklerinde agir metal birikim degerleri arasindaki korelasyon katsayilari.

Al As Co Cu Zn Mo Cd Sn Hg Pb Cr Fe Ni \4 Sb
Al 1.00
As 0.76" 1.00
Co 0.73" | 0.65" 1.00
Cu 0.57" | 043" | 0.67" 1.00
Zn 048" | 045" | 045" | 076" 1.00
Mo 0.66” | 0.44™ | 0.79™ | 0.89” [ 0.59" 1.00
Cd 0457 | 033" | 053" | 0.50” [ 0.63” | 0.55" 1.00
Sn -0.04 | -0.11 -0.12 [ -0.16 | -0.31" | 0.07 -0.11 1.00
Hg -0.11 -0.09 0.03 -0.13 [ -020 [ -0.09 [ -0.09 | -0.30 1.00
Pb 0.65" | 058" | 075 | 077 | 0.70"™ [ 0.81™ [ 0.75" | -0.18 -0.11 1.00
Cr 0.78" | 0.69™ | 0.75™ | 0.74™ [ 0.61™ | 0.85™ | 0.58™ | 0.12 -0.23 | 075" 1.00
Fe 0.61" | 0577 | 0.64™ | 050 [ 033" | 0.61™ | 0577 | 0.12 -0.12 | 0.63" [ 0.75™ 1.00
Ni 0.71" 1 073" | 0.677 | 0.60™ [ 0.57" | 0.67" | 0.51™ | 0.16 -0.18 | 0.58™ [ 0.88™ [ 0.68" 1.00
Vv 0.77" | 0.85™ | 0.64™ | 042 [ 0457 | 052" | 0577 | 072 -0.15 | 0.61™ [ 0.81™ [ 0.73” | 0.89" 1.00
Sb 0457 1 0377 | 0577 | 093 [ 0.63” | 0.80" | 038" | -0.08 | -005 [ 0.60" [ 0.62" | 040" | 0.56" | 0.34" 1.00

iz elementlerin birbiriyle iliskili olanlar1 yildiz (*)
isaretiyle gosterilmistir. Sn ve Hg metalleri harig
diger metallerin kendi aralarinda pozitif bir iligki
oldugu goriilmektedir. Kalayin sadece Hg ve Zn,
Civanin ise sadece Sn ile aralarinda istatiksel olarak
negatif yonde bir iliski bulunmustur (Tablo 3).
Aralarinda pozitif korelasyon olan elementlerin,
birlikte hareket ettigi ve benzer kirletici
kaynaklardan geliyor olabilecegi sdylenebilir.

Analizler sonucunda H. cupressiforme igin PAH
bilesikleri arasinda PHE (60.98 ng/g), BkF (22.60
ng/g), FLT (18.18 ng/g) degerleri en yiiksek
bilesiklerdir iken ANT (3.47 ng/g), BaP (4.13 ng/g),
IcdP (7.32) degerleri en disiik bilesiklerdir.
Sonuglar incelendiginde, PAH degerlerine ait ait
standart sapma degerlerinin aritmetik ortalama
degerlerinden diisiik oldugu gozlenmistir. Ortanca
ve aritmetik ortalama degerleri birbirine yakin
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oldugunda, PAH degerleri
ilinde belirlenen 52 noktadan
cupressiforme  Orneklerindeki
konsantrasyonu ortalamamasinin
oldugu Tablo 4.’te verilmistir.

normal
gostermektedir (Akyiiz ve Cabuk, 2009). Kocaeli
toplanan H.
toplam
193.94 ng/g

dagilim

PAH

Korelasyon analizi

sonuglarina gore Kocaeli
orneklerindeki birikim degerleri agisindan PAH
bilesikleri

arasinda kuvvetli iligkiler (p<0.01)

benzer olabilecegini gostermektedir.

Tablo 4. H. cupressiforme drnegindeki PAH konsantrasyonlarina ait istatistiksel veriler.

PAH Ortalama + - .
(ng/g kuru agirhk) N Standart sapma Medyan | Minimum Maksimum
PHE 52 60.98+38.22 51.23 12.91 188.53
ANT 52 3.47+£5.52 1.78 0.34 33.25
PYR 52 13.66+9.67 11.80 3.57 62.82
FLT 52 18.18+16.27 14.85 3.45 111.97
BaA 52 9.45+8.81 7.68 1.58 61.19
CHY 52 10.46+7.44 8.99 1.91 35.55
BbF 52 16.81+14.30 12.48 4.90 86.45
BkF 52 22.60+17.31 16.04 5.90 102.54
BaP 50 4.1342.93 343 1.13 18.47
DahA 52 13.08+9.86 10.25 4.26 57.55
IcdP 44 7.32+6.97 4.77 1.24 35.62
BghiP 52 15.98+11.56 11.52 3.14 51.06
>PAH 52 193.94+110.58 167.88 67.15 724.21

Tablo 5. H. cupressiforme drneklerindeki PAH’lar arasi korelasyon katsayilari.

goriilmektedir (Tablo 5). Sonuglar yorumlandigimda
ise ortaya cikan bu iligkiler kirletici kaynaklarinin

PHE | ANT | PYR | FLT BaA | CHY | BbF BKF BaP | DahA | IcdP | BghiP | TPAH
PHE 1.00
ANT 043" 1.00
PYR 035" | 035" 1.00
FLT 0.38" [ 0.43™ | 0.86" 1.00
BaA 0.28" | 0477 | 073" | 0.78" 1.00
CHY 0.27" 0.18 | 048" [ 0.65™ | 0.56™ | 1.00
BbF 031" | 042™ | 070" | 0.72™ | 078" | 0.51™ 1.00
BKF 0.30" | 038" | 0.62” | 0.63™ | 072" | 042" | 091" 1.00
BaP 0.26 0.22 0.29" | 035 023 | 057" | 049" | 046" 1.00
DahA | 029 | 039" | 0.46” | 0.50™ | 0.46™ | 0.52™ | 0.66™ | 0.53" | 0.75" 1.00
IcdP 0.30° | 033" | 050" | 0.54™ | 0.56" | 0.45™ | 0.67" | 0.63™ | 0.39" | 0.68" 1.00
BghiP | 035" | 034" | 043™ | 048" | 057" | 0.40™ | 0.75™ | 0.73" | 0.42” | 0.64™ | 0.85" | 1.000
TPAH | 0.68” | 056" | 0.76™ | 0.81™ [ 077" | 0.62" | 0.86™ | 0.81™ | 0.54™ | 0.70™ | 0.73" | 0.76"

Avrupa’da karayosunlart ile yapilan calismalarda
kentsel ve endiistriyel alanlarda, kirsala gére PAH
konsantrasyonlarinin ~ daha  yiksek  ¢iktigi
bulunmustur (Holoubek ve ark.,. 2000; Viskari,
2000; Orlinski, 2002; Otvés ve ark., 2004;
Galuszka, 2007; Migaszewski et al. 2009,). PAH
konsantrayonlar1 ¢alisilan bolgelere gore farklilik
gostermektedir. Bunun nedeni ¢alisma yapilan
alanlarm iklimsel 6zelliklerinin, cografik yapisinin,
tasit yogunlugunun, endiistriyel faaliyetlerin farkli
olmasindan kaynaklanmaktadir.

Arazide 22 noktadan birlikte toplanan H.
cupressiforme ve P. purum tiirlerinin birikim
degerleri  karsilastirildiginda Al ve  Fe
elementlerinin birikimlerinin her iki tiir i¢inde ilk
iki siray1 aldigi goriilmektedir (Tablo 6). Kalay
disindaki elementlerin ortalama birikim degerleri
acgisindan tiirler arasinda istatiksel olarak anlamli
fark oldugu gorilmektedir (p<0.01). Agir metal
degerleri incelendiginde H. cupressiforme tiiriinde

en fazla birikim yapan aliminyum 4421.78 pg/g
olurken ikinci sirada 3145.74 pg/g ile demir yer
almaktadir. iki tiir birbiriyle karsilastirildiginda ise
H. cupressiforme de birikimlerin daha yiiksek
oldugu sdylenebilir. H. cupressiforme en diigiik
konsantrasyona sahip kadmiyumu 0.27 pg/g olarak
biriktirirken, P. purum ise civay1 0.05 ug/g olarak
biinyesinde biriktirmistir.

Kocaeli ilinde 2012 yilinda biyomonitor liken tiirii
kullanilarak yapilan ¢alismada bolgedeki agir metal
birikim  degerleri  aragtinlmistir.  Calismada
Kadmiyum, Mangan, Krom, Bakir, Nikel, Kursun
ve Cinko elementlerinin atmosferik birikim
degerleri ¢alisilmistir. Dilovasi ilgesinin en yogun
kirlilige sahip alan oldugu goriilmistiir. Cinko (Zn)
degeri 967.33 ppm olarak bulunmustur. Ayrica Pb
ve Cd degerleri, temiz alanlara gore 3-5.8 kat farkli
Olctilmustlr. Bu bolgedeki sanayinin yogunlugu,
kirliligin sebebi olarak gosterilmistir (Demiray ve
ark., 2012). iki tiiriin 22 noktadan alinarak elde
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edilen PAH konsantrasyonlarina ait degerler Tablo
7’de verilmistir. Ortalama TPAH konsantrasyonlari
H. cupressiforme’de 175.12 iken P. purum’da 91.17
olarak  bulunmustur.  Analiz  edilen PAH
bilesiklerinin ortalamalarinin BaA ve BaP harig

diger bilesikler agisindan istatiksel olarak farkli
oldugu  bulunmustur  (p<0.05) ve H.
cupressiforme’nin PAH bilesiklerini daha yiiksek
oranda biriktirdigi goriilmektedir.

Tablo 6. Iki tiiriin agir metal birikim degerlerinin karsilastirilmasi

H. cupressiforme (ng/g) P. purum (ng/g)
N Ortalama Sasgfna Deger arahigi Ortalama S:[t)(rlr.la Deger arahg t testi
Al | 22 4421.78 3361.52 | 1306.7-16980.5 794.34 792.65 136.59-3310.46 4.81%*
As | 22 0.62 0.74 0.13-3.61 0.1 0.12 0-0.63 3.21%*
Co | 22 1.85 1.41 0.3-5.14 0.33 0.29 0.007-1.26 4.86**
Cu | 22 13.55 9.24 4.05-42.76 3.72 1.75 1.08-7.35 4.78%*
Zn_ | 22 38.3 34.16 11.12-124.34 11.48 7.73 0.07-27.53 3.51%*
Mo | 22 0.81 0.47 0.23-2.19 0.32 0.15 0.18-0.88 4.54**
Cd | 22 0.27 0.16 0.12-0.87 0.12 0.09 0.02-0.43 3.80%*
Sn_| 22 2.2 1.49 0.02-6.11 1.94 0.98 0.8-4.18 0.66
Hg | 22 0.49 0.49 0.1-1.56 0.05 0.02 0.03-0.11 4.15%*
Ph | 22 9.17 7.63 2.64-39.61 2.36 1.39 0.66-6.88 4.01**
Cr | 22 13.98 10.2 3.83-47 4.82 4.05 1.61-20.82 3.82%%*
Fe | 22 3145.74 2089.78 | 127.29-8404.13 693.88 664.45 136.69-2978.79 5.12%*
Ni | 22 7.77 4.28 3.2-19.81 2.85 1.91 1.27-9.01 4.81%*
vV 22 6.8 5.79 1.67-25.3 1.51 1.29 0.27-5.03 4.09%*
Sbh | 22 0.32 0.19 0.08-0.72 0.07 0.03 0.01-0.14 5.85%*
Tablo 7. iki tiiriin PAH konsantrasyon degerlerinin karsilastirilmast.
H. cupressiforme (ng/g) P. purum (ng/g)

N | Ortalama Sflt)(lll;a Deger arahg1 | Ortalama | Std. Sapma | Deger arahigi | t testi

PHE 22 54.48 30.71 1589-153.22 2941 18.68 9.26-97.72 3.19%
ANT 22 2.39 1.81 0.34-8.27 1.2 1.23 0.17-5.72 2.50%*
PYR 22 13.7 6.8 3.57-25.24 6.64 6.6 1.45-28.82 3.27%
FLT 22 16.36 8.43 3.65-30.13 10.2 10.79 2.55-51.14 2.01%*
BaA 22 8.28 3.85 1.58-14.27 4.61 2 2.03-9.95 3.88
CHY 22 8.91 4.03 1.91-15.63 6.97 3.84 1.35-15.09 1.59%
BbF 22 15.96 8.85 5.11-41.99 6.93 4.93 1.17-20.11 4.08*
BkF 22 20.31 10.21 8.03-47.58 9.04 5.6 1.84-19.58 4.43%*
BaP 21 4.04 2.05 1.36-9.13 1.53 0.5 0.96-3.21 5.08
DahA 19 12.49 7.72 5.32-36.87 7.86 52 3.95-24.21 1.76*
IcdP 22 6.4 6.74 2.01-35.62 4.19 3.9 1.12-13.01 1.29*
BghiP 22 13.69 7.97 3.14-42.5 8.2 7.82 1.69-40.08 2.25%
TPAH 22 175.12 66.71 67.66-331.36 91.17 55.04 23.05-256.75 | 4.44*

* Korelasyon 0.05 diizeyinde anlamli.
Tayvan’da yapilan bir c¢alismada toplam PAH  kaynak olarak motorlu araglar ve endiistri

miktarinin fazla ¢ikmasinin en Snemli etkenleri
arasinda o Dbolgede ara¢ trafiginin yogunlugu
oldugu belirtilmistir (Fang ve ark., 2004). izmir’de
yapilan diger bir arastirmada ise kirsal ve kentsel
alanlardan 6rnekleme yapilarak on dort PAH tiirii
incelenmis ve BaA(BaA+CHY) orani1 0.35’ten daha
diisiik bulunmus ve sebebi trafikten kaynakli yogun
emisyon olarak verilmistir (Demircioglu ve ark.,
2011). Hong ve arkadaglarinin ¢aligmasinda her
mevsimde dort farkli bolgeden Srnekler toplanmis
ve 15 PAH’1n analizi yapilmistir. Bunlar arasinda
en fazla kis mevsiminde 32.6 ng/m? olarak birikim
yapildig1 gézlenmistir. Fenantren, piren, floranten
ve krisen her mevsimde birikimleri gozlenirken,

emisyonlarinin neden oldugu gosterilmistir (Hong
ve ark., 2007).

Calisma  sonuglarmma  gore  toplam  PAH
konsantrasyonlart 300 ng/g’dan biiyiikk olan
noktalar sanayilesmenin yogun oldugu Dilovasi
bolgesinde yer alirken, 100 ng/g’dan kiiciik olan
noktalar ise kirsal ya da kirsala yakin olan sanayinin
ve niifusun az oldugu bdlgelerde bulunmaktadir.
Agir metallerin birikimlerinde de benzer sonuglar
goriilmektedir. Kocaeli drneklerinde PAH ve agir
metal bilesiklerinin aralarinda yiiksek korelasyon
olmas1 kaynaklarinin benzer oldugunu
gostermektedir. Bu sonuglar alanda biyomonitor
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likenler kullanilarak yapilan ¢alismanin sonuglari
ortismekte  olup  atmosferik  kirleticilerin
birikimlerinin yiiksek oldugu bdlge Dilovasi olarak
tespit edilmistir (Demiray ve ark., 2012).
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Abstract

Phytochemical studies show that mosses can produce a range of bioactive chemicals that enhance defense mechanisms
and ecological resilience. This study aims to investigate the phytochemical constituents and pharmacological potential
of Brachythecium glareosum (Bruch ex Spruce) Schimp. to understand their bioactive potential and to stimulate future
research into bryophyte-derived natural products. It also aims to be one of the first studies on B. glareosum in terms of
phytochemicals and bioactivity. HPLC analysis revealed the presence of several phenolic compounds in the extract of
B. glareosum. The study revealed the in silico antifungal potential of some phenolic compounds. It has been calculated
that 2,5-Dihydroxybenzoic acid and 3,4-Dihydroxybenzoic acid compounds will inhibit Cytochrome P450 14Alpha-
Sterol Demethylase (Cyp51) of Mycobacterium tuberculosis at the micromolar level. The study suggests that using
more advanced methods to analyze B. glareosum could help find more useful compounds that can be used for treatment.
Further biological assays are warranted to validate the antifungal activity indicated by in silico predictions.
Keywords: Bryophyte, Phytochemistry, Antifungal Activity, Phenolic Compounds, /n Silico

Brachythecium glareosum (Bruch ex Spruce) Schimp. tiiriiniin fitokimyasal profillemesi ve in silico
destekli antifungal potansiyelinin 6n degerlendirmesi

Oz

Bu calisma, Brachythecium glareosum (Bruch ex Spruce) Schimp.'un fitokimyasal bilesenlerini ve farmakolojik
potansiyelini arastirmay1, biyoaktif potansiyellerini anlamay1 ve briyofit tiirevi dogal iriinlerle ilgili gelecekteki
arastirmalar1 tesvik etmeyi amaglamaktadir. Ayrica, fitokimyasal ve biyoaktivite agisindan B. glareosum tizerine
yapilan ilk ¢alismalardan biri olmay1 hedeflemektedir. HPLC analizi, B. glareosum 6ziitiiniin baz1 fenolik bilesiklerinin
tespitini ortaya koymustur. Bazi fenolik bilesiklerin in silico antifungal potansiyeli ortaya c¢ikarilmistir. 2,5-
Dihidroksibenzoik asit ve 3,4-Dihidroksibenzoik asit bilesiklerinin, Mycobacterium tuberculosis'in Sitokrom P450
14Alfa-Sterol Demetilaz'in1 (Cyp51) mikromolar diizeyde inhibe ettigi hesaplanmustir. Bu ¢alisma, B. glareosum'un
fenolik profilinin daha genis analitik tekniklerle genisletilmesinin terap6tik agidan dnemli ek biyoaktif bilesikleri ortaya
cikarabilecegini one siirmektedir. In siliko tahminlerle belirtilen antifungal aktiviteyi dogrulamak icin daha fazla
biyolojik analiz yapilmasi gerekmektedir.

Anahtar kelimeler: Briyofit, Fitokimyasal, Antifungal Aktivite, Fenolik Bilesikler, In Silico
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1. Introduction

Bryophytes are a widely distributed and poorly
studied group of plants worldwide, with an
estimated number of 22,000-25,000 species
(Asakawa and Ludwiczuk, 2013; Frahm, 2004). It
is a moss belonging to the Bryophyta division,
Bryopsida class, Hypnales order, Brachytheciaceae
family. It is one of the 13 taxa of the Brachythecium
genus in our country (Kiirschner and Erdag, 2021;
Kiirschner and Frey, 2011).

Bryophytes, including mosses, liverworts, and
hornworts, are early land plants with remarkable
biochemical diversity despite their relatively simple
morphology. The genus Brachythecium (family:
Brachytheciaceae) constitutes a prevalent and
taxonomically diverse group among mosses
(Ignatov and Huttunen, 2002). Species in this genus
are increasingly being studied not just for their
ecological services, but also for their potential and
unique secondary metabolites. Some phytochemical
investigations indicate that mosses can produce a
range of bioactive chemicals, including phenolics,
terpenoids, fatty acids, and sterols, which enhance
their defensive mechanisms and ecological
flexibility (Asakawa, 2007; Frahm, 2004).

Although the medical use of bryophytes seems to
have been around for a few decades, these plants
have been used as natural medicines for centuries,
mostly in Asian countries (Asakawa, Tori, Masuya,
and Frahm, 1990; Bodade, Borkar, Saiful, and
Khobragade, 2008; Zinsmeister, Becker, and
Eicher, 1991). Despite limited research,
Brachythecium species have demonstrated potential
antibacterial, antioxidant, and anti-inflammatory
properties in preliminary screenings. In particular,
Brachythecium  rutabulum  extracts  exhibit
inhibitory activity against prevalent bacterial and
fungal pathogens, indicating their potential
application in natural antimicrobial formulations. A
study on methanolic extracts of 15 mosses showed
that among the extracts Brachythecium populeum
and Brachythecium rutabulum exhibit noteworthy
antimicrobial potential, demonstrating inhibitory
activity against bacteria including Bacillus subtilis,
Bacillus cereus, Escherichia coli, Pseudomonas
aeruginosa, and Staphylococcus aureus, as well as
fungi such as Aspergillus flavus, Candida albicans,
and Trichophyton rubrum (Kabadere, Birgi, Vatan-
Oztopeu, Iscen, and Ilhan, 2021; Singh, Rawat, and
Govindarajan, 2007). Furthermore, these extracts
exhibit cytotoxic effects on human carcinoma cell
lines and possess notable antioxidant properties
(Ahmed et al., 2017; Klavina et al., 2015;
Smolinska-Kondla et al., 2022). A comparative
investigation on Brachythecium populeum revealed
that the antioxidant activity (DPPH and ABTS) and

the total polyphenol and flavonoid levels of the
ethanol extract exceeded the values of the water
extract by more than threefold. Furthermore, the
MTT assay indicated that neither extract exhibited
cytotoxicity. The anti-inflammatory potential of the
ethanol extract was assessed by measuring the
suppression of nitric oxide and inflammatory
cytokine production (Park and Lee, 2023).

The pharmacological properties of Brachythecium
species are highly relevant to their secondary
metabolite composition. It has been reported that
compounds such as flavonoids, triterpenoids and
aromatic acids identified in different moss species
have free radical scavenging, cell proliferation
inhibitory and enzyme inhibitory properties (Rios
and Recio, 2005). The lipid and sterol content of
mosses contributes to their structural integrity and
interactions with biological membranes, suggesting
that these substances may exhibit cytotoxic or
protective effects in pharmaceutical applications
(Klavina et al., 2015). The LC-HRESIMS analysis
of the methanolic extract performed by Elkhateeb
and Daba revealed that Brachythecium velutinum
included flavonoids (hyperoside, robinetin, and
scutellarein) and terpenes (bufotalin, dantaxusin A,
moreollic  acid, taxuspines B and C,
dihydroisomorellin, etc.). Additionally,
Brachythecium rutabulum was found to contain
sterigmatocystin (a xanthene molecule) and
propinquanin B (a polyketide), both recognized for
their cytotoxic properties, along with taxuspines B
and C and schisantherin I. Furthermore in another
study the HPLC results indicated that the phenolic
acid content of the immature capsule extract of
Brachythecium rutabulum comprised gallic acid,
vanillic acid, and caffeic acid, whereas the shoot
extract contained gallic acid and trans-cinnamic
acid. Following the hydrolysis of the extracts, a
significant quantity of ferulic acid was identified
(Davidson, Harborne, and Longton, 1989;
Elkhateeb and Daba, 2020).

This study presents a preliminary phytochemical
screening of B. glareosum, aiming to identify key
phenolic compounds and assess their potential
antifungal interactions through computational
docking analyses. To our knowledge, this is the first
such study on this species.

2. Materials and Methods

2.1. Plant material and extraction process

The powdered plant was macerated with 70%
ethanol for 3 days by rotating on a rotavapor for 1
hour. After filtering, it was evaporated to dryness on
arotavapor. The yield of the extract was determined
as 8.50%. The research materials were collected
from Amcabey Alabalik Surrounding, Ulukisla



Cambay Z. Uslu H. Ozdemir Bayciar K. Goktas B. Giingdren M. Alatas M. 2025. Anatolian Bryol............. 46

(Nigde), located in the C13 (Figure 1). Square in
Turkey according to the Henderson (Henderson,
1961) grid system. B. glareosum; It is a taxon that
spreads in dry basic soils, rocks, coasts, grasses and
open forest areas, and loves semi-arid and semi-

neutral shade environments (Dierssen, 2001; Smith,
2004) (Table 1). The bryophyte specimen (B.
glareosum) used in the study is preserved in the
bryophyte collection of ALATAS (Tunceli) with
the Herbarium number ALT 4632.
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Figure 1. According to the Turkish grid system, the locality where the bryophyte sample was taken

Table 1. Locality information

Locality Altitude (m) Date GPS Record
Amcabey Alabalik Surroundings, 34°41'28.80"E,
Ulukisla, Nigde (Green Dot) 1216 13.09.2024 37°28'47.27"N

2.2. Phenolic content

HPLC grade methanol was purchased from J.T.
Baker, Acetonitrile was purchased from Isolab and
all other chemicals were purchased from Merck.
8.5mg (425 mg/ml) of the aboveground parts of B.
glareosum was taken and closed in an airtight
bottle. Alliance €2695 HPLC device and CI18
(250x4.56mm.5p) column were used to determine
the phenolic compounds of the aboveground parts
of B. glareosum. Phosphoric acid (pH 2) and
Methanol (90): Acetonitrile (10) were used as
mobile phases. The flow rate was set as 0.8 ml/min.
The wavelength was determined as 280 nm and a
Diode arrray detector was used. The injection
volume was 20 pL and the temperature was 30°C.
The results were taken with the Empower 3 program
(Pirisi, Cabras, Cao, Migliorini, and Muggelli,
2000; Veneziani et al., 2018).

2.3. Molecular docking

The compounds detected in the phenolic
components of B. glareosum were plotted to get
SMILES from PubChem
(https://pubchem.ncbi.nlm.nih.gov).  The two

substances found in the highest amounts in the
extract were identified and the molecular docking
process was applied to these substances. Energy

minimization of two components were performed
with the ChemOffice software. To evaluate 1EA1-
antifungal activity, molecular docking studies were
performed using the standard procedure to
determine the binding modes and docking scores of
the two compounds detected in B. glareosum
extract two phenolic components at the active sites
ofthe 1EA1 (Podust, Poulos, and Waterman, 2001).
The macromolecule crystal structures was retrieved
from the Protein Data  Bank  server
(https://www.rcsb.org/, accessed 23 May 2025) and
optimized with Schrédinger Maestro (Maestro,
2024). Molecular docking was performed with both
Autodock and Autodock Vina programs (Eberhardt,
Santos-Martins, Tillack, and Forli, 2021; Huey,
Morris, Olson, and Goodsell, 2007). Since we had
previously worked with this macromolecule for
1EAI1, Fluconazole (Pdb ID: TPF) was re-docked
into the target site of the macromolecule to validate
the docking program and the RMSD value was
found to be appropriate (<1) (Unver, Uslu, Gurhan,
and Goktas, 2024).

3. Results and Discussion

3.1. Phenolic content

According to the results of the applied HPLC
analysis, 7 phenolic components were determined
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B. glareosum extract (Table 2). Two of these
compounds were detected at very high
concentrations compared to the others. 3,4-
Dihydroxybenzoic acid was found at 16.897 ppm
and 2,5-Dihydroxybenzoic acid was found at 6.848
ppm. Other compounds obtained were detected in
the range of 2.335 ppm to 0.094 ppm (Table 2).

3.2. Molecular docking

The active binding sites of the macromolecule (Pdb
ID: 1EA1) have been previously determined in the
protein data bank (Podust et al., 2001). Docking
studies were performed to see the interaction modes

of the two phenolic compounds detected at the
highest concentration in the B. glareosum extract
with the active site of the macromolecule. Binding
types and associated residues were generated in
detail by Maestro Software (Table 3, Figure 2-5).
Some residues previously identified as important
for the interaction Mycobacterium tuberculosis in
complex with fluconazole were described in detail
in our previous study (Goktas et al., 2024; Unver et
al., 2024). The interaction modes with 1EA1 for
2,5-Dihydroxybenzoic acid and 3,4-
Dihydroxybenzoic acid were visualized in 2D and
3D with the Maestro program (Maestro, 2024).

Table 2. Chemical compositions of the phenolic components of B. glareosum extract.

No Compound Chemical Structure ppm R?
0O
1 4-Hydroxybenzoic acid /O)J\ OH 0.681 0.999800
HO
OH O
. L OH
2 2,5-Dihydroxybenzoic acid 6.848 0.999979
OH
0]
. . HO
3 3,4-Dihydroxybenzoic acid OH 16.897 0.997677
HO
)
HO
4 Caffeic acid :©/\)J\OH 0346 | 0.999713
HO
)
N _0
5 Vanillic acid OH 2.335 0.999671
HO
(0]
0]
- OH
6 Syringic acid 1.266 0.983057
HO
0]
O
- AN
7 p-Qumaric acid OH 0.094 0.999736
HO
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Table 3. Molecular docking scores and estimated inhibition constants of Chemical compositions of
phenolic components of B. glareosum extract and 1EAI.

Vina
Autodock Results Results
Compounds Estimated Best Best
Inhibition Docking Docking
Constant, Ki Score Score
2,5-Dihydroxybenzoic acid 88.91 uM -5.53 6.2
3,4-Dihydroxybenzoic acid 82.84 uM -5.57 -6.3
uM: micromolar, Docking Score: Estimated Free Energy of Binding (kcal/mol)
GLY
PHE
396
83
VAL -~ LEU
395 ALA "~~ PHE 100
256 255
cYs
394
GLN
72
HIS
259
ALA
400 —
PHE THR wG )
387 260 96 /
a 3
[ 320 LEU
\\:IGO \ LEU _/ 324
o 321
MET
79
Figure 2. 2D interaction diagram with 1EA1 for 2,5-Dihydroxybenzoic acid.
,'//’_\ \’\

ALA 256

THR 260

Figure 3. 3D interaction diagram with 1EA1 for 2,5-Dihydroxybenzoic acid.
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Figure 4. 2D interaction diagram with 1EA1 for 3,4-Dihydroxybenzoic acid.

GLY 257

Figure 5. 3D interaction diagram with 1EA1 for 3,4-Dihydroxybenzoic acid.
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In conclusion, this study was carried out to reveal
the in silico antifungal potential of phenolic
components of B. glareosum extract. HPLC
analysis revealed the detection of some phenolic
compounds. Molecular docking study revealed
dock scores and interacting residues. Compounds
2,5-Dihydroxybenzoic acid and 3,4-
Dihydroxybenzoic acid were computationally
found to inhibit Mycobacterium Tuberculosis
Cytochrome P450 14Alpha-Sterol Demethylase
(Cyp51) at micromolar levels. Although molecular
dock scores were good with 1EA1 selected for
antifungal activity study, it was determined that no
interaction such as hydrogen bonding, pi interaction
was observed when the relevant images were
examined. If the phenolic content determination can
be expanded in terms of the number of compounds,
antifungal activity research can be improved
in this respect.

In conclusion, this study, in which some phenolic
contents of B. glareosum were determined and its
antifungal activity was investigated in silico, will
constitute a resource for other studies to be
conducted in the future.
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Abstract

This study aims to investigate the phenolic compounds and pharmacological potential of Grimmia ovalis
(Hedw.) Lindb. to understand their bioactive potential and to pioneer future research. It also aims to be one
of'the first studies on G. ovalis's in silico bioactivity. HPLC analysis revealed the detection of some phenolic
compounds in G. ovalis extract. The study revealed the in silico antimicrobial potential of some phenolic
compounds. We calculated that compounds of 2,5-dihydroxybenzoic acid and caffeic acid would inhibit
Staphylococcus aureus UDP-N-acetylenolpyruvylglucosamine reductase (MurB) at micromolar levels. We
concluded that they interacted with residues crucial for antimicrobial activity on the mentioned
macromolecule.

Keywords: Bryophyte, Grimmiaceae, Antimicrobial Activity, Phenolic Compounds, Molecular Docking

Grimmia ovalis (Hedw.) Lindb. Tiiriiniin Bazi1 Fenolik Bilesiklerinin Belirlenmesi ve
Molekiiler Yerlestirme Teknigi ile Antimikrobiyal Aktivitesinin Arastirilmasi

Oz

Bu calisma, Grimmia ovalis (Hedw.) Lindb.'in fenolik bilesenlerini ve farmakolojik potansiyelini
arastirmay1, biyoaktif potansiyellerini anlamay1 ve gelecekteki arastirmalara 6ncii olmay1 amaglamaktadir.
Bununla beraber in silico biyoaktivite agisindan G. ovalis iizerine yapilan ilk ¢alismalardan biri olmay1
hedeflemektedir. HPLC analizi, G. ovalis dziitiiniin bazi fenolik bilesiklerinin tespitini ortaya koymustur.
Bazi fenolik bilesiklerin in silico antimikrobiyal potansiyeli ortaya ¢ikarilmistir. 2,5-Dihidroksibenzoik asit
ve Kafeik asit bilesiklerinin, Staphylococcus aureus UDP-N-asetilenolpiruvil glukozamin rediiktaz (MurB)
iizerinde mikromolar diizeyde inhibisyon yapacagi hesaplanmistir. Bahsi gecen makromolekiil iizerinde
antimikrobiyal aktivite i¢in 6nemli olan kalintilar ile etkilesime girdigi sonucuna varilmaistir.

Anahtar kelimeler: Briyofit, Antimikrobiyal Aktivite, Fenolik Bilesikler, Molekiiler Doklama.
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1. Introduction

Bryophytes, or non-vascular plants, comprise a
substantial and varied category that includes
mosses, liverworts, and hornworts, and inhabit
numerous ecological niches in terrestrial
environments. The genus Grimmia, part of the
family Grimmiaceae, is a significant ecological
group of mosses, predominantly located on rocks
and arid surfaces in temperate and hilly areas.
However, despite their prevalence in ecosystems,
studies on the phytochemical contents and
pharmacological potential of Grimmia species are
quite limited (Delgadillo Moya, 2015; Glime, 2007,
Hardman, 2007).

Bryophytes have recently garnered significant
scientific interest due to their unique secondary
metabolites and  resilience to  extreme
environmental conditions. The displayed features
indicate a promising source of bioactive compounds
with therapeutic applications (Asakawa and
Ludwiczuk, 2018; Rios and Recio, 2005). Research
focused on the Grimmia genus remains limited.

Initial research indicates that certain Grimmia
species, including Grimmia pilifera, exhibit
significant antibacterial and antioxidant properties,
potentially attributable to the presence of
flavonoids, diterpenes, and other phenolic
chemicals (Barwant and Tripathi, 2023; Elibol et
al., 2011; Peters et al., 2018). In addition, some
species of this genus are considered to have the
potential to be a source in the formulation of
antibacterial drugs.

The aim of this study is to obtain information on the
in silico antimicrobial activity of phenolic
compounds obtained from the extract of G. ovalis.
Furthermore, to our knowledge, this study is
intended to be one of the first studies on the
phytochemical and bioactivity of G. ovalis. This
will help us understand how it can be used in
pharmacology and open the door to future uses in
natural product drug discovery.

2. Materials and Methods

2.1. Plant material and extraction process

The powdered plant was macerated with 70%
ethanol for 3 days by rotating on a rotavapor for 1h.
After filtering, it was evaporated to dryness on a
rotavapor. The yield of the extract was determined
as 6.15%.

The research materials were collected from Dolin
Surroundings (Nigde), located in the C13 (Figure
1). Square in Turkey according to the Henderson
(Henderson, 1961) grid system. It is a moss
belonging to the Bryophyta division, Bryopsida
class, Grimmiales order, Grimmiaceae family. It is
one of the 33 taxa of the Grimmia genus in our
country (Kiirschner and Frey, 2011). G. ovalis is a
taxon that generally spreads cosmopolitanly on
rocks and loves semi-neutral, arid and
open environments (Table 1). The bryophyte
specimen (G. ovalis) used in the study is preserved
in the bryophyte collection of ALATAS (Tunceli)
with the Herbarium number ALT 4620.
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Figure 1. According to the Turkish grid system, the locality where the Grimmia sample was taken

Table 1. Locality information

Locality Altitude (m)

Date GPS Record

Dolin Surroundings, Nigde (Red Dot) | 1690

14.09.2024 34°43'6.37"E, 37°53'40"N
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2.2. Phenolic content

HPLC grade methanol was purchased from J.T.
Baker, Acetonitrile was purchased from Isolab and
all other chemicals were purchased from Merck. 8.0
mg (399.75 mg/ml) of the aboveground parts of G.
ovalis was taken and closed in an airtight bottle.
Alliance ¢2695 HPLC and C18 column (250 x
4.56mm. 5n) was used to determine the phenolic
compounds of the aboveground parts of G. ovalis.
Phosphoric acid (pH 2) and Methanol:Acetonitrile
(90:10) were used as mobile phases. The flow rate
was set as 0.8 ml/min. The wavelength was
determined as 280 nm and photodiode array (PDA)
detector was used. The injection volume was 20 pL
and the temperature was 30°C. The results were
obtained with the Empower 3 program (Pirisi,
Cabras, Cao, Migliorini, and Muggelli, 2000;
Veneziani et al., 2018).

2.3. Molecular docking

The compounds detected in the phenolic
components of G. ovalis were plotted to get
SMILES from PubChem
(https://pubchem.ncbi.nlm.nih.gov).  The  two

substances found in the highest amounts (2,5-
Dihydroxybenzoic acid and Caffeic acid) in the
extract were identified and the molecular docking
process was applied to these substances. Energy
minimization of two components were performed
with the ChemOffice software. To evaluate 1HSK-
antimicrobial activity, molecular docking studies
were performed using the standard procedure to
determine the binding modes and docking scores of
the two compounds detected in G. ovalis extract two
phenolic components at the active sites of the IHSK
(Benson et al., 2001). The macromolecule crystal
structures was retrieved from the Protein Data Bank
server (https://www.rcsb.org/, accessed 20 May
2025) and optimized with Schrodinger Maestro
(Maestro, 2024). Molecular docking was performed
with both Autodock and Vina softwares (Eberhardt,
Santos-Martins, Tillack, and Forli, 2021; Huey,
Morris, Olson, and Goodsell, 2007). Since we had
previously worked with this macromolecule for
1HSK, FAD was re-docked into the target site of the
macromolecule to validate the docking program and
the RMSD value was found to be appropriate (<2)
(Unver, Uslu, Gurhan, and Goktas, 2024).

3. Results and Discussion

3.1. Phenolic content

According to the results of the applied HPLC
analysis, 6 phenolic components were determined
G. ovalis extract (Table 2). Two of these
compounds were detected at very high

concentrations compared to the others. 2,5-
Dihydroxybenzoic acid was found at 1.219 ppm
and Caffeic acid was found at 0.492 ppm and. Other
compounds obtained were detected in the range of
0.251 ppm to 0.030 ppm.

3.2. Molecular docking

The active binding sites of the macromolecule (Pdb
ID: 1HSK) have been previously determined in the
protein data bank (Benson et al., 2001). Docking
studies were performed to see the interaction modes
of the two phenolic compounds (2,5-
Dihydroxybenzoic acid and Caffeic acid) detected
at the highest concentration in the G. ovalis extract
with the active site of the macromolecule. Binding
types and associated aminoacids were generated in
detail by Maestro Software (Table 3-4, Figure 2-5).
Some residues previously identified as important
for the interaction Staphylococcus aureus UDP-N-
acetylenolpyruvylglucosamine reductase (MurB)
were described in detail in previous study (Benson
et al.,, 2001; Unver et al.,, 2024). In the receptor,
waters around the previously identified active site
FAD (10A) were left and all other water molecules
were removed. The regular spacing of the grid
boxes was determined to be 0.375 A centered on
FAD (40x40x40 A%). The interaction modes with
1HSK for 2,5-Dihydroxybenzoic acid and Caffeic
acid were visualized in 2D and 3D with the Maestro
program.

In conclusion, this study was carried out to reveal
the in silico antimicrobial potential of phenolic
components of G. ovalis extract. HPLC analysis
revealed the detection of some phenolic
compounds. Molecular docking study revealed
dock scores and interacting residues. Molecular
docking scores were good with 1HSK, which was
selected for the antimicrobial activity study. In
addition, some of the interactions observed and
reported to be important between 1HSK and the
cofactor (FAD) in previous studies were also
observed in the two phenolic compounds we
obtained and used in molecular docking studies.
These interactions were hydrogen bonding with
ASNS80 and GLY 146 for 2,5-Dihydroxbenzoic acid,
and hydrogen bonding with TYR77, ASN80 and
SER143 for Cafteic acid.

Consequently, this study, in which some phenolic
contents of G. ovalis were determined and its
antimicrobial activity was investigated by
molecular docking technique, will constitute a
resource for such studies on bryophytes in the
future.
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Table 2. Chemical compositions of the phenolic components of G. ovalis extract.

No Compound Chemical Structure ppm R?
1 2,5-Dihydroxybenzoic acid OH O 1.219 0.999979
©)LOH
OH
2 3,4-Dihydroxybenzoic acid (0] 0.251 0.997677
HO
Ty
HO
3 Caffeic acid (0] 0.492 0.999713
HO
HO
4 Vanillic acid (0] 0.161 0.999671
o
HO
5 Syringic acid 0 0.071 0.983057
o
- OH
HO
_0
6 p-Qumaric acid (0] 0.03 0.999736
/@/\)J\OH
HO

Table 3. Molecular docking scores and estimated inhibition constants of Chemical compositions of

phenolic components of G. ovalis and 1HSK.

Autodock Results Vina Results
Compounds Estimated Best Best
Inhibition Docking Docking
Constant, Ki Score Score
2,5- Dihydroxybenzoic acid 24.63 uM -6.29 -6.8
Caffeic acid 5.94 uyM -7.13 -7.5

uM: micromolar, Docking Score: Estimated Free Energy of Binding (kcal/mol)

Table 4. Interacting residues and interaction types of two phenolic components of G. ovalis with IHSK.

Autodock Results
Compounds
Interacting Residues  Interaction Types
2,5- Dihydroxybenzoic acid élsé\{lﬁ) 6 E§S£2222 ggﬁg
SER143 Hydrogen Bond
TYR77 Hydrogen Bond
Caffeic acid ASNSO0 Hydrogen Bond

SER143 Hydrogen Bond
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Figure 2. 2D interaction diagram with 1HSK for 2,5-Dihydroxbenzoic acid (Purple arrow: H-Bonds).

N

Figure 3. 3D interaction diagram with 1HSK for 2,5-Dihydroxbenzoic acid.
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Figure 4. 2D interaction diagram with 1HSK for Caffeic acid (Purple arrow: H-Bonds).

Figure 5. 3D interaction diagram with 1HSK for Caffeic acid.



Cambay Z. Uslu H. Goktas B. Ozdemir Bayciar K. Titkenmez Emre U. Alatas M. 2025. Anatolian Bryol...... 58

Declaration

Author contributions: Concept, ZC; Conception
and design, ZC, MA, HU; Supervision consultancy,
MA; Resources, BG, KOB, UTE; Materials, MA,
ZC, UTE; Data collection and/or processing, ZC,
KOB, BG; Analysis and/or interpretation, ZC, HU,
BG; Literature search, ZC, KOB, MA; Writing
stage, ZC; Critical review, MA, ZC.

Conflict of interest: The authors have no
competing interest to declare regarding the content
of this article.

Funding: The authors declare that no funding,
grant or other support was received during the
preparation of this article.

Ethical approval: This research did not involve
human or animal subjects and therefore does not
require ethical approval.

References

Asakawa Y. Ludwiczuk A. 2018. Chemical
Constituents of Bryophytes: Structures and
Biological Activity. J Nat Prod. 81:3, 641-
660. doi:10.1021/acs.jnatprod.6b01046.

Barwant M.  Tripathi S. 2023. Research in
Mycology Series-II (Issue June). Blue Duck
Publications. Srinagar.

Benson T. E. Harris M. S. Choi G. H. Cialdella J. I.
Herberg J. T. Martin J. P. Baldwin E. T.
2001. A Structural Variation for MurB: X-
ray Crystal Structure of Staphylococcus
aureus UDP-N-
Acetylenolpyruvylglucosamine Reductase
(MurB). Biochemistry. 40:8, 2340-2350.
doi:10.1021/bi002162d.

Delgadillo Moya C. 2015. Grimmia (Grimmiaceae,
Bryophyta) in the Neotropics. Ciudad
Universitaria, Delegacion Coyoacan.

Eberhardt J. Santos-Martins D. Tillack A. F. Forli
S. 2021. AutoDock Vina 1.2. 0: New
docking methods, expanded force field, and
python bindings. Journal of chemical
information and modeling. 61:8, 3891-3898.

Elibol B. Ezer T. Kara R. Celik G. Y. Colak E.
2011. Antifungal and Antibacterial effects of
some Acrocarpic Mosses. African Journal of
Biotechnology. 10:6, 986-989.

Glime J. 2007. Bryophyte ecology. Volume 1:

Physiological ecology. Michigan
Technological ~ University and  the
International Association of Bryologists. In:
Houghton.

Hardman A. 2007. Terrestrial lichen and bryophyte
communities of the Blue Mountains in
Northeast Oregon.

Henderson D. M. 1961. Contribution to the
bryophyte flora of Turkey. Notes from the
Royal Botanic Garden Edinburgh. 10, 279-
301.

Huey R. Morris G. M. Olson A. J. Goodsell D. S.
2007. A semiempirical free energy force
field with charge-based desolvation. Journal
of computational chemistry. 28:6, 1145-
1152.

Kiirschner H. Frey W. 2011. Liverworts, mosses

and hornworts of southwest Asia
(Marchantiophyta, Bryophyta,
Anthocerotophyta). Nova  Hedwigia.

Beihefte, Beih. 139.

Maestro S. 2024. Schrodinger Release 2024-3:
LLC, New York, NY.

Peters K. Gorzolka K. Bruelheide H. Neumann S.
2018. Seasonal variation of secondary
metabolites in nine different bryophytes.
Ecology and Evolution. 8:17, 9105-9117.

Pirisi F. M. Cabras P. Cao C. F. Migliorini M.
Muggelli M. 2000. Phenolic compounds in
virgin olive oil. 2. Reappraisal of the
extraction, HPLC separation, and
quantification procedures. Journal of
agricultural and food chemistry. 48:4, 1191-
1196.

Rios J.-L. Recio M. C. 2005. Medicinal plants and
antimicrobial activity. Journal of
ethnopharmacology, 100:1-2, 80-84.

Unver T. Uslu H. Gurhan I. Goktas B. 2024.
Screening of phenolic components and
antimicrobial properties of Iris persica L.
subsp. persica extracts by in vitro and in
silico methods. Food Science & Nutrition.
12:9, 6578-6594.

Veneziani G. Esposto S. Taticchi A. Urbani S.
Selvaggini R. Sordini B. Servili M. 2018.
Characterization of phenolic and volatile
composition of extra virgin olive oil
extracted from six Italian cultivars using a
cooling treatment of olive paste. LWT. 87:
523-528.


https://www.schweizerbart.de/publications/list/series/nova_suppl
https://www.schweizerbart.de/publications/list/series/nova_suppl

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

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

DOI: 10.26672/anatolianbryology.1707180

Ankara, Bolu ve Eskisehir Briyofit Floralarina Katkilar

Giiray UYARI@*, Muhammet OREN®

!Ankara Hacit Bayram Veli Universitesi, Polatli Fen Edebiyat Fakiiltesi, Biyoloji Boliimii, Polatl-Ankara,
) TURKIYE o
2Zonguldak Biilent Ecevit Universitesi, Fen Fakiiltesi, Biyoloji Béliimii, Zonguldak, TURKIYE

Received: 27 May 2025 Revised: 20 June 2025 Accepted: 23 June 2025

Ozet

Bu caligmada, Ankara’nin kuzeybati ilgeleri Beypazari, Giidiil, Nallthan, Bolu’nun Kibriscik ilgesi ve
Eskisehir’in Mihaliggik Ilgesinin briyofit floras: arastirilmistir. Arastirma bolgesi, I¢ Anadolu bdlgesinde
Ankara’nin kuzey batisinda ve batisinda step vejetasyonu ile orman vejetasyonlart arasinda bir gegis
kusaginda bulunmakta olup, Henderson’un Tiirkiye Kareleme sistemine gore de A2 ve B7 kareleri
igerisinde yer almaktadir. Sahip oldugu iklimsel 6zellikleri ve kendine has topografik yapisi sayesinde
floristik agidan oldukg¢a zengin olan bu bdlgenin, simdiye kadar briyofloristik yapisinin aydinlatilmasi
icin detayli bir ¢aligma yapilmamistir. Bu eksikligi gidermek amaciyla 2022 yilinin Mayis ve Ekim
aylarinda arastirma alaninin 38 farkli lokalitesinden yaklasik 800 briyofit 6rnegi toplanmistir. Toplanan
orneklerin degerlendirilmesi sonucunda, bolgeden cigerotlarindan 12 familya ve 12 cinse ait 20 takson ve
karayosunlarindan ise 31 familya ve 71 cinse ait 166 takson olmak iizere, toplamda 186 tiir ve tiir alti
diizeyde bulunan briyofit taksonu tespit edilmigtir. Bu taksonlardan, Ptychostomum cyclophyllum
(Schwigr.) J.R.Spence bu ¢alisma ile Tiirkiye’den ikinci kez rapor edilmistir. Ayrica 14 takson A2 karesi,
9 takson ise B7 karesi i¢in yeni kayittir.

Anahtar kelimeler: Karayosunlari, cigerotlar, flora, Tiirkiye

Contribution to the Bryophyte Flora of Ankara, Bolu and Eskisehir

Abstract

In this study, the bryophyte flora of the northwestern districts (Beypazari, Giidiil, and Nallthan) of
Ankara, the Kibriscik district of Bolu, and the Mihalig¢ik district of Eskisehir were investigated. The
research region is located in a transition zone between steppe vegetation and forest vegetation in the
northwest and west of Ankara in the Central Anatolia region, and according to the Henderson grid
system, the region is located within the A2 and B7 squares. Until now, detailed study has not been carried
out to find out the bryofloristic composition of this region, which is very rich in floristic terms thanks to
its climatic characteristics and unique topographical structure. To compensate for this gap, approximately
800 bryophyte samples were collected from 38 different localities of the research area in May and
October 2022. As a result of the examination of these specimens, including 20 liverwort taxa belonging to
12 families and 12 genera and 166 moss taxa belonging to 31 families and 71 genera, a total of 186
species and subspecies-level bryophyte taxa were identified from the region. Among them, Ptychostomum
cyclophyllum (Schwégr.) J.R.Spence was reported for the second time in Tiirkiye. Additionally, we
recorded 14 new taxa in the A2 square and 9 new taxa in the B7 square.

Keywords: Mosses, liverworts, flora, Tiirkiye
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1. Giris

Tiirkiye'nin florasi, daglar, ormanlar, bozkirlar ve
kumullar gibi farkli habitatlar1 igermesi nedeniyle
oldukca ¢esitli ve zengindir. Ayrica, Tirkiye,
botanik ¢esitliligine katkida bulunan ti¢ farkli
fitocografik bolgenin kesisim noktasinda yer
almaktadir. Bu sebeplerden otiiri, Tiirkiye'nin
floras1 inanilmaz sayida endemik takson barindirir.
Tiirkiye'nin bitki yasami yalnizca ekolojik olarak
degil, ayn1 zamanda kiiltiirel ve ekonomik olarak
da Onemlidir. Simdiye kadar kiigiik ve c¢ok
gosterisli olmayan vejetatif yapilari nedeniyle,
cicekli bitkileri kadar deger gormese de briyofitler
de gosterigli bitkilerin yasadigi habitatlarda
yasarlar ve Tirkiye biyogesitliligine katkida
bulunurlar. Ayrica, genellikle bozulmus habitatlara
yerlesen ve ilk koloni olusturarak ekosistem
sagligina katkida bulunan ilk bitki grubudur.

Briyofitler, evrimlesen en eski kara
bitkilerindendir. Bu bitki grubu; karayosunlari,
cigerotlarim1 ve boynuz otlarini igeren ii¢ ana
boélimden olusur. Bu ¢alismanin amaci Ankara’nin
kuzeybat1 ilgeleri (Beypazari, Giidiil, Nallihan),
Bolu'nun  Kibriscik ilgesi ve  Eskigehir’in
Mihalggik ilgesinin  briyofit floralarina katki
saglamaktir. Bat1 Karadeniz ile I¢ Anadolu Bolgesi
arasinda ge¢is konumunda bulunan arastirma alani,
iklim 6zellikleri ve kendine 6zgii topografik yapisi
nedeniyle olduk¢a =zengin bir bitki Ortiisiine
sahiptir. Ayrica bir¢gok endemik ve nadir bitki
tirine de ev sahipligi yapmaktadir. Floristik
acidan olduk¢a zengin olan bu bolgede tohumlu
bitkiler konusunda ¢ok sayida c¢alisma yapilmis ve

boélgenin tohumlu bitki florast biiytik dl¢iide ortaya
¢ikarilmistir (Aksoy, 2009; Aydogdu, 1993; Cakair,
vd., 2015; Celik, 2013; Dogan-Giiner ve Duman,
2006; Ergin, 2010; Erik, vd., 1998; Giiner, 2000;
Karaman, 2004; Pazarcik¢i, 1998; Tarikahya-El¢i
ve Erik, 2005; Tirker, 1990; Yilmaz, 1996).
Ancak bu bolgede bugiine kadar briyofit florasi
konusunda herhangi bir ¢caligma yapilmamustir.

1.1 Arastirma alam

Calismaya konu olan briyofit o6rneklerinin
toplanma  noktalari; Ankara’nin  Beypazari,
Nallthan ve Giidiil, Eskisehir ilinin Mihaliggik ve
Bolu’nun Kibris¢ik ilgeleri sinirlart igerisindedir.
Ornekleme noktalarindan 12, 13 ve 14. noktalar,
Henderson (1961) kareleme sistemine gore B7
karesi igerisinde yer alirken diger noktalar A2
karesinde yer almaktadir (Sekil 1).

Arastirma bolgesinde Ust Miyosen-Paleosen yash
Kirmir formasyonu genis bir alan1 kaplamaktadir.
Bu formasyon yaygin olarak jips ve kil tagindan
olugsurken, kum tas1 ve kismen de c¢amur tasi
icermektedir. Sarryar civarida Ust miyosen yasl
kiregtaglar1 bulunmaktadir (Karadenizli, 1995).
Nallihan civarinda goriilen Paleosen yasli kayaglar,
bazalttan riyolite degisen igeriktedirler. Giidiil
ilcesinde Tersiyer volkanikleri ve Neojen gol
formasyonlart genis alanlar1 kaplamaktadir (URL
2). Alanin genelinde miyosen gdl serisinde jipsler
haricinde bazalt, andezit, obsidien, tif ve aglomera
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Sekil 1. Arastirma alaninin harita {izerindeki konumu ve Henderson (1961) karelemesi.
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Alanda step ekosisteminin hakim oldugu alanlarda
kahverengi bozkir topraklar1 genis yayilis
gostermektedir. Kuzey kesimlerde Karadeniz gegis
kusagini  olusturan ormanlik alanlarda ise
kahverengi orman topraklari, derelerin yavagladigi
diiz alanlarda aliivyonlu topraklar goriilmektedir.
Bunun haricinde gol formasyonlarinda kumlu,
kiregli ve killi topraklar hakimdir (URL 2, 3).

Caligma alan1  sinirlart  igerisinde yer alan
Beypazari, Nallthan ve Giidiil ilgelerinde Koppen
simiflandirmasina gore (Koppen, 1936), “kist 1lik,
yazt ¢ok sicak ve kurak iklim” olarak da
tanimlanan “Csa” tipi iklim goriilmektedir. Bu

Alanda rakimi genel olarak daha yiiksek olan
Mihaliggik (1325 m) ve Kibriscik (1090 m)
ilgelerinde ise yine Koppen’e gore “Csb” olarak
siniflandirilan bir iklim tipi goriilmektedir. “Kist
1lik, yazi 1lik ve kurak iklim” olarak da tanimlanan
bu tipte yazlar, “Csa” iklim tipine gore daha serin
geemektedir. Bu iki ilgenin yillik sicaklik
ortalamasi 8-10°C araligindadir. Mihaligcik ilgesi
yillik yagis miktar1 bakimindan diger ilgelerle
benzer bir ortalamaya sahipken (525 mm),
Kibriscik ilgesi 751 mm yagis ile alanin en nemli
bolgesidir. Calisma alani smurlart igerisinde yer
alan ilgelere ait 1991-2021 tarihleri arasindaki
verilerden yola ¢ikilarak hazirlanmis ombrotermik

ilgelerin genelinde yillik ortalama sicaklik 11-12°C  iklim  diyagramlart  Sekil-2’de  gériilmektedir
ve yillik toplam yagis 500-550 mm araligindadir.  (URL1).
a b ¢ d e f g a b c¢c d e f g
Beypazan 30 680 505 11.2 -0.2 22.6 Nallihan 30 625 539 11.9 0.6 22.9

s P& &S A O —r— 10
F o T FGgSHy @& F
B Y aZlg =—Sicaklik
a b c¢c de f g
Giidiil 30 720 513 12 0.3 23.5
40 80
38 70
30 60

BN Y af1g  —Sicaklhik

a b ¢

Kibriscik 30 1090 751 8.6 -2.1 19.1

WY afl5  w—Sicaklik

B Y aZ)5 =—S)caklik

a b c¢c d e f g

Mihaliggik 30 1325 525 110.3 -1 21.8

WY afiy  ==——Sicakhk

d e

f g

Sekil 2: Calisma alanin sinirlarina giren ilge merkezlerinin ombrotermik iklim diyagrami.
[a: meteoroloji istastonunun adi, b: gézlem yapilan yil sayisi, c: istasyonun deniz seviyesinden yiiksekligi, d: yillik
toplam yagis miktar1 (mm), e: yillik ortalama sicaklik (°C), f: en soguk ayin minimum sicaklik ortalamasi (°C), d: en

sicak aym maksimum sicaklik ortalamasi (°C).]
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Aragtirma  alaninda  tarim  alanlari,  step
vejetasyonu, kayalik vejetasyon, irili ufakl
akarsular, sulak alanlar ve ormanlar yer

almaktadir. Alanda baskin aga¢ ve ¢ali tiirleri
Abies nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, Pinus nigra
J.F.Arnold, Pinus sylvestris L., Populus tremula
L., Quercus pubescens Willd.,, Q. cerris L.,
Juniperus oxycedrus L., J. excelsa M.Bieb., J.
foetidissima Willd., Crataegus monogyna Jacq.
Paliurus  spina-christi Mill.,, Rosa canina L.,
Berberis crataegina DC., Prunus spinosa L.,
Pistacia atlantica Desf.,’dir. Dere kenarlarinda ise
Salix alba L., Populus nigra L., Populus tremula
L., Platanus orientalis L., Elaeagnus angustifolia
L. tiirlerine bazi1 noktalar da Alnus glutinosa (L.)
Gaertn. eslik etmektedir (Cakir ve ark., 2015;
Cimen ve Ekici, 2023; Tarikahya ve Erik, 2005)

2. Materyal ve Metot

Ankara, Bolu ve Eskisehir illeri sinirlar1 igerisinde
yer alan 38 noktadan 2022 yili Mayis ve Ekim
aylarinda briyofit &rnekleri toplanmistir. Ornek
noktalarmin  se¢iminde yiikselti, vejetasyon,
habitat ve substrat farkliliklarina dikkat edilmistir.
Ormekler bulunduklar1 substratlardan bir caki
yardimi ile alinarak etiket bilgileri ile birlikte
plastik torbalara konmustur. Arazi boyunca bu
torbalarda muhafaza edilen 6rnekler laboratuvara
getirilerek havadar ve golgeli bir ortamda
kurutulmustur. Orneklerin karakteristik 6zellikleri
stereo mikroskop ve 15tk  mikroskobunda
incelenerek teshisleri yapilmistir. Teshis i¢in ¢esitli
flora, revizyon ve monograflar gibi eserlerin
yaninda, briyofitler i¢in hazrilanan bolgesel teshis
anahtarlar1 kullanilmigtir (Blom, 1996; Brugués ve
ark., 2007; Brugués ve Guerra, 2015; Greven,
2003; Guerra ve ark., 2006, 2010, 2014, 2018;
Kiirschner ve Erdag, 2023; Lara ve ark., 2009;
Lewinsky, 1993; Paton, 1999; Pedrotti, 2001,
2006; Smith, 1996, 2004). Bitki listesinin
hazirlanmasinda ve gegerli isimlerin kullaniminda
Hodgetts ve ark. (2020)’larin eseri dikkate
alinmistir. Kare kayitlar, il listelerine eklemeler ve
tirlerin Tirkiye dagilimlarmin belirlenmesinde
ilgili literatiirden yararlanilmistir (Andz ve ark.,
2012; Canli ve ark., 2011; Cetin ve ark., 2002;
Dogan, 2007; Ezer, 2017; Ezer ve ark., 2021,
Kiirschner ve Erdag, 2021; Savaroglu ve Tokur,
2006; Uyar ve Cetin, 2001; Uyar ve ark., 2022;
Yiicel & Magill, 1997; Yiicel & Tokur, 1989;
Yiicel ve Ezer, 2017, 2018a, b).

Teshisleri tamamlanan 6rnekler Zonguldak Biilent
Ecevit Universitesi Briyoift Herbaryumu (ZNG) ve
UYAR’in  briyofit koleksiyonunda  (Polatli-
Ankara) muhafaza edimektedir.

2.1 Lokalite listesi

1.

10.

11.

12.

13.

14.

15.

16.

Ankara, Giidiil-Sorgun Yaylas1 yolu {izeri,
Yesiloz Vadisi, Cay Kenari, S. alba, P.
atlantica, P. nigra, A. glutinosa, 40°14'17.2"K
32°15'44.4"D, 693 m, 28.05.2022.

Ankara, Gidiil-Sorgun Yaylast yolu, Q.
pubescens, 40°17'08.3"K 32°16'14.3"D, 1111
m, 28.05.2022.

Ankara, Giidiil-Sorgun Yaylasi yolu, P. nigra,
J. oxycedrus, C monogyna, 40°1823.9"K
032°15'40.8"D 1498 m, 28.05.2022.

Ankara, Giidiil-Sorgun Yaylas1 yolu, A.
nordmanniana  subsp.  equi-trojani, P.
sylvestris,  P. tremula, J. excelsa,
40°18'42.1"K  032°15'19.7"D, 1536 m,
28.05.2022.

Ankara, Gidiil-Sorgun Yaylasi, Zirve agikligi,
P. nigra, P. sylvestris, A. nordmanniana
subsp. equi-trojani, J. excelsa, 40°18'30.6"K
032°15'04.8"D, 1568 m, 28.05.2022.

Ankara, Giidiil, Sorgun Yaylasi, dere kenart,
S. alba, P. nigra, 40°19'37.4"K 032°15'34.2"D
1224 m, 28.05.2022.

Ankara, Gudiil-Sorgun Yaylas1 Tabiat Parki,
g6l kenari, sulak alan, P. nigra, 40°19'46.7"K
032°13'04.1"D, 1258 m, 28.05.2022.

Ankara, Beypazari-Nallthan Yolu, Cayirhan
civari, Step vejetasyonu, 40°06'38.5"K
031°45'48.2"D, 618 m, 29.05.2022.

Ankara, Beypazari-Nallihan Yolu, Cayirhan

civari, kayalik alan, Step vejetasyonu,
40°06'06.5"K  031°45'48.2"D, 483 m,
29.05.2022.

Ankara, Nallihan Kus Cenneti Tabiat Parki,
sulak alan, 40°0628.1"K 031°36'08.0"D, 493
m, 29.05.2022.

Ankara, Nallthan Kus Cenneti civari, step
vejetasyonu, 40°06'07.8"K  031°35'11.2"D,
542 m, 29.05.2022.

Eskisehir, Mihaligcik, Giirleyik Selalesi, dere
kenar1, 39°59'30.9"K 031°2028.1"D, 736 m,
29.05.2022.

Eskisehir, Mihaligcik, Giirleyik Selalesi, dere
kenari, 39°59'17.1"K 031°2028.1"D, 736 m,
29.05.2022.

Eskisehir, Mihaligcik, Giirleyik Selalesi, dere
kenari, 39°5929.49"K 31°19'44.42"D, 750 m,
29.05.2022.

Eskisehir, Mihaliccikk — Beypazar1 yolu,
Sartyar Beldesi civar,, P. nigra, J.
Joetidissima, , 40°03'11.0"K 031°24'23.7"D,
469 m, 29.05.2022.

Eskisehir, Mihaligcik — Beypazar1 yolu,
Sartyar Baraji civari, nehir kiyisi,, P.
orientalis, 40°03'28.6"K 031°24'18.9"D, 393
m, 29.05.2022.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ankara, Nallithan, P. sylvestris, P. nigra, J.
excelsa, P. atlantica, 40°09'45.8"K
031°21'24.3"D, 656 m, 30.05.2022.

Ankara, Nallihan-Cayirhan  arasi,  step
vejetasyonu, 40°08'19.2"K  031°29'20.5"D,
606 m, 30.05.2022.

Ankara, Beypazari, Indzii Vadisi, dere kenari,
S. alba, P. nigra, Q. cerris, 40°16'07.0"K
031°54'47.9"D, 1050 m, 30.05.2022.

Ankara, Beypazari, Cokoren Yaylasi, Golet
kenari, P. sylvestris, P. nigra, 40°22'16.3"K
032°01'33.5"D, 1395 m, 30.05.2022.

Ankara, Beypazari, Saray Yaylasi, P.
sylvestris, J. oxycedrus L., 40°24'08.5"K
032°02'01.4"D, 1663 m, 30.05.2022.

Ankara, Beypazari, Karasar-Saray Yaylasi
arasi, dere kenari, kayalilk agik alan,
40°21'01.6"K  032°00'35.1"D, 1663 m,
30.05.2022.

Ankara, Giidiil, Sorgun Yaylasi, dere kenart,
S. - alba, Populus nigra, 40°19'39.2"K
032°15'36.1"D, 1229 m, 01.10.2022.

Ankara, Beypazari, Giidiil, Sorgun — Saray
Yaylas1 arasi, P. nigra, P. sylvestris, S. alba,
Populus nigra, 40°20'08.5"K 032°10'39.9"D,
1329 m, 01.10.2022.

Ankara, Beypazari, Kapakli Yaban Hayati
Gelistirme Sahasi, P. nigra, P. sylvestris,
40°19'46.9"K  032°08'48.2"D, 1431 m,
01.10.2022.

Ankara, Beypazari, Kapakli Yaban Hayati
Gelistirme Sahas1 civari, P. nigra, P.
sylvestris, A. nordmanniana subsp. equi-
trojani, 40°21'03.0"K 032°05'59.7"D, 1570 m,
01.10.2022.

Ankara, Beypazari, Kapakli YHGS-Saray
Yaylas1 arasi, P. nigra, P. sylvestris, A.
nordmanniana subsp. equi-trojani, P. tremula,

40°21'48.0"K  032°07'07.2"D, 1630 m,
01.10.2022.
Ankara, Beypazari, Kapakli YHGS-Saray

Yaylasi arasi, Kindirilali Diizii, P. nigra, P.
sylvestris, sulak sazlik alan, 40°21'58.7"K
032°08'20.6"D, 1670 m, 01.10.2022.

Ankara, Beypazari, Kapakli YHGS-Saray
Yaylas1 arasi, P. sylvestris, A. nordmanniana
subsp. equi-trojani, sulak sazlik alan,
40°23'49.4"K  032°07'42.9"D, 1713 m,
01.10.2022.

Ankara, Beypazari, Saray Yaylasi, P. nigra, P.
sylvestris, A. nordmanniana subsp. equi-
trojani, 40°24'02.3"K 032°02'50.9"D, 1706 m,
01.10.2022.

Ankara, Beypazari-Kibriscik arasi, Kerbanlar
Koyl civar, S. alba, P. tremula, Q.
pubescens, C. monogyna, 40°17'19.8"K
031°56'05.3"D, 1543 m, 02.10.2022.

32. Ankara, Beypazari-Kibriscik arasi, Burgaz
Gegidi  civar,, step vejetasyonu, E.
angustifolia, C. monogyna, 40°20'02.1"K
031°56'38.0"D, 1657 m, 02.10.2022.

33. Ankara, Beypazari-Kibriscik arasi, Bolu il
Sinir1, Usakli G6l Yaylasi civari, golet kenart
sulak alan, 40°20'47.1"K 031°55'46.5"D, 1552
m, 02.10.2022.

34. Bolu, Kibriscik, Karacadren Koyii civari,
Cuma Deresi kopriisti, dere kenari, S. alba,
Populus nigra, 40°24'17.3"K 031°55'14.5"D,
1028 m, 02.10.2022.

35. Bolu, Kibriscik-Karagar arasi, Alemdar Koyii
civari, yol kenari, Q. cerris, S. alba, Populus
nigra, 40°24'19.3"K 031°56'01.3"D, 1054 m,
02.10.2022.

36. Bolu, Kibriscik civari, yol kenari, agik kayalik
alan, Q. cerris, 40°24'14.2"K 031°52'08.9"D,
1141 m, 02.10.2022.

37. Bolu, Kibriscik-Karasar arasi, P. nigra, Q.

cerris, J. oxycedrus, C. monogyna,
40°22'18.1"K  031°55'03.2"D, 1308 m,
02.10.2022.

38. Bolu, Kibriscik, Karagdl Tabiat Parki, P.
nigra, C. monogyna, P. tremula, 40°21229.5"K
031°55'53.4"D, 1472 m, 02.10.2022.

3. Bulgular

Arastirma alanindan toplanan briyofit rneklerinin
teshisi sonucunda Marchantiophyta boliimiinden
12 familya ve 12 cinse ait 20, Bryophyta
bolimiinden 31 familya ve 71 cinse ait 166
tiir/tiiralt1 takson tespit edilmistir. Bu taksonlar
sistematik hiyerarsiye uygun olarak altta liste
halinde verilmistir. Listede kare kayitlar1 ve il igin
kayitlar cesitli isaretlerle gosterilmistir. Ankara
icin (*), Bolu i¢in (%), Eskisehir i¢in (#), A2
karesi i¢in (¢) ve B7 karesi igin yeni olanlar (+)
isareti ile gosterilmistir.

Briyofloristik Liste

MARCHANTIOPHYTA
JUNGERMANNIOPSIDA Stotler & Crand.-
Stotl.

Jungermanniales H.Klinggr.

Anastrophyllaceae L.Sdderstr., De Roo & Hedd.
Barbilophozia hatcheri (A.Evans) Loeske — Lok.
26, 27; orman alt1 kaya ve toprak iizeri,
ZNG10280.

Barbilophozia lycopodioides (Wallr.) Loeske —
Lok. 26; orman alt1 kaya tizeri, ZNG10252.
Cephaloziellaceae Douin

Cephaloziella divaricata (Sm.) Schiffn. — Lok. 21,
24; nemli toprak ve diger briyofitlerin {izerinden,
ZNG10284.

Lophoziaceae Cavers

O*Lophoziopsis excisa (Dicks.) Konstant. &
Vilnet (=Lophozia excisa (Dicks.) Dumort.) — Lok.
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20, 26; kaya yarg toprak ve kaya {izeri,
ZNG10020.

Jungermanniaceae Rchb.

*Mesoptychia badensis (Gottsche ex Rabenh.)
L.Soderstr. & Vana (=Leiocolea badensis
(Gottsche ex Rabenh.) Schiffn.) — Lok. 27; yol
kenart toprak iizeri, ZNG10089.

#*Mesoptychia turbinata (Raddi) L.Soderstr. &
Vana (=Leiocolea turbinata (Raddi) H.Buch) —
Lok. 12, 13, 27; nemli kaya ve toprak {izeri,
ZNG10057.

Lophocoleaceae Vanden Berghen

Lophocolea bidentata (L.) Dumort. — Lok. 24;
orman alti nemli toprak ve kaya tizeri, ZNG10277.
Lophocolea heterophylla (Schrad.) Dumort. —
Lok. 20; golet kenari kaya tizeri, AHBV4255.
Lophocolea minor Nees — Lok. 20, 27; orman alt1
toprak {izeri, ZNG10088.

Plagiochilaceae Miill.Frib.

*Plagiochila porelloides (Torr. ex Nees) Lindenb.
— Lok. 26; dere kenari kaya iizeri, ZNG10201.
Porellaceae Cavers

Porella cordaeana (Huebener) Moore — Lok. 3, 4,
21; orman alt1 kaya tlizeri, ZNG10161.

Porella platyphylla (L.) Pfeiff. — Lok. 20, 26, 29;
orman alt1 kaya tlizeri, ZNG10216.

Radulaceae Miill.Frib.

Radula complanata (L.) Dumort. — Lok. 3, 27; tas
ve kaya lizeri, ZNG10065.

Pelliales He-Nygrén

Pelliaceae H.Klinggr.

# Apopellia endiviifolia (Dicks.) Nebel &
D.Quandt (=Pellia endiviifolia (Dicks.) Dumort.) —

Lok. 12; dere kenar1 kaya ve toprak {izeri,
AHBV4129.

MARCHANTIOPSIDA Cronquist, Takht. &
W.Zimm.

Lunulariales H.Klinggr.

Lunulariaceae H.Klinggr.

# Lunularia cruciata (L.) Dumort. ex Lindb. —
Lok. 13; dere kenar kaya tizeri, AHBV4259.
Marchantiales Limpr.

Marchantiaceae Lindl.

Marchantia polymorpha L. — Lok. 6, 20, 24; su
kenart1 toprak ve kaya tizeri, ZNG10237.
Ricciaceae Rchb.

O*Riccia canaliculata Hoffm. — Lok. 21, 28; yayla
dere kenari toprak ve torf tizeri, ZNG10279.
O*Riccia fluitans L. — Lok. 28; yayla dere kenari
toprak iizeri, ZNG10273.

*Riccia gougetiana Durieu & Mont. — Lok. 21;
yayla cayirlik alan toprak tizeri, AHBV4270.

Riccia sorocarpa Bisch. — Lok. 2, 32; toprak iizeri,
ZNG10094

BRYOPHYTA Schimp.

POLYTRICHOPSIDA Doweld

Polytrichales M.Fleisch.

Polytrichaceae Schwigr.

Polytrichum juniperinum Hedw. — Lok. 4, 5, 21,
25, 27; toprak tizeri, ZNG10047.

BRYOPSIDA Pax

Encalyptales Dixon

Encalyptaceae Schimp.

Encalypta vulgaris Hedw. — Lok. 1, 11, 12; kaya
catlagi toprak lizeri, ZNG10106.

*Encalypta ciliata Hedw. — Lok. 27; toprak iizeri,
ZNG10413.

Funariales M.Fleisch.

Funariaceae Schwigr.

Funaria hygrometrica Hedw. — Lok. 3, 4, 8, 12,
21; kaya catlag1 ve toprak iizeri, AHBV 4242.
Dicranales H.Philib ex M.Fleisch.
Hymenolomataceae Ignatov & Fedosov
Hymenoloma crispulum (Hedw.) Ochyra (=
Dicranoweisia crispula (Hedw.) Milde) — Lok. 4,
5, 25, 20, 26, 27; ciirliyen kiitiik ve kaya iizeri,
ZNG10043.

Flexitrichaceae Ignatov & Fedosov

Flexitrichum flexicaule (Schwigr.) Ignatov &
Fedosov — Lok. 15; toprak iizeri, ZNG10407.
Dicranellaceae M.Stech

Dicranella varia (Hedw.) Schimp. — Lok. 12; dere
kenari tas lizeri, AHBV4100.

Fissidentaceae Schimp.

+#Fissidens crassipes var. warnstorfii
(M.Fleisch.) Brugg.- Nann. — Lok. 12; dere igi
kalkerli kaya tlizeri, AHBV 4248.

Dicranaceae Schimp.

Dicranum scoparium Hedw. — Lok. 4, 5, 24, 26,
37, 38; kaya ve toprak iizeri, ZNG10004.
Dicranum tauricum Sapjegin — Lok. 25, 27, 29;
cliriyen kiitiik tizeri, ZNG10040.

Ditrichaceae Limpr.

Ceratodon conicus (Hampe) Lindb. — Lok. 3, 7,
32; toprak tizeri, ZNGI10112.

Ceratodon purpureus (Hedw.) Brid. — Lok. 2, 3,
4,5,7,21, 25,26, 29, 30, 35, 37, 38; toprak iizeri,
ZNG10024.

Trichodon cylindricus (Hedw.) Schimp. — Lok.
27; toprak iizeri, ZNG10087.

Pottiaceae Schimp.

Barbula unguiculata Hedw. — Lok. 31; toprak
tizeri, ZNG10410.

#Crossidium squamiferum var. pottioideum (De
Not.) Monk. — Lok. 1, 9, 12; kaya ve toprak iizeri,
ZNG10127.

Didymodon acutus (Brid.) K.Saito — Lok. 8, 9, 10,
11; kaya ve toprak iizeri, AHBV 4105.
+#Didymodon australasiae (Hook. & Grev.)
R.H.Zander — Lok. 12, 22; dere kenar1 tas iizeri,
AHBYV 4246.

Didymodon insulanus (De Not.) M.O.Hill — Lok.
12, 25; dere kenar1 kaya iizeri, ZNG10048.
Didymodon luridus Hornsch. — Lok. 9; sulak
cayirlik alan kaya tizeri, ZNG10151.
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#Didymodon tophaceus (Brid.) Lisa — Lok.12, 13;
dere ici kalkerli kaya iizeri, AHBV 4206.
Didymodon vinealis (Brid.) R.H.Zander — Lok. 1,
9, 10, 11; kaya ve toprak tizeri, ZNG10103.

0% Gyroweisia reflexa (Brid.) Schimp. — Lok. 34;
nemli golgeli kaya iizeri, ZNG10409
+#Hydrogonium bolleanum (Miill.Hal.) A.Jaeger
(= Barbula bolleana (Miill.Hal.) Broth.) — Lok. 12;
dere kenari 1slak kalkerli kaya iizeri, ZNG10395.
Pseudocrossidium hornschuchianum (Schultz)
R.H.Zander — Lok. 9; kaya ylizeyini Orten toprak
tizeri, AHBV4282.

Pterygoneurum ovatum (Hedw.) Dixon — Lok. 18;
toprak {izeri, ZNG10190.

Syntrichia calcicola J.J. Amann — Lok. 9; kaya
tizeri, AHBV 4208.

Syntrichia laevipila Brid. — Lok. 2; aga¢ koki
tizeri, ZNG10236.

*Syntrichia latifolia (Bruch ex Hartm.) Huebener
— Lok. 1; dere kenart sogit agact iizeri,
ZNG10146.

*Syntrichia minor (Bizot) M.T.Gallego, J.Guerra,
M.J.Cano, Ros & Sanchez-Moya — Lok. 2; 19;
agac kabugu iizeri, ZNG10110.

Syntrichia norvegica F.Weber — Lok. 4, 29; toprak
ve kaya iizeri, ZNG10222.

Syntrichia princeps (De Not.) Mitt. — Lok. 1,2;
kaya ve aga kiitiigii lizeri, ZNG10133.

Syntrichia ruraliformis (Besch.) Mans — Lok. 3,
10, 20, 22, 31, 37; toprak tizeri, ZNG10175.
Syntrichia ruralis (Hedw.) F.Weber & D.Mohr 2,
3,4,5,8, 25,26, 36; toprak tizeri, ZNG10015.
Syntrichia subpapillosissima (Bizot & R.B.Pierrot
ex W.A Kramer) M.T.Gallego & J.Guerra — Lok.
1; agag kiitligii izeri, ZNG10141.

Syntrichia virescens (De Not.) Ochyra — Lok. 2,
31; agac kabugu tizeri, ZNG10404.

Tortula acaulon (With.) R.H.Zander — Lok. 3, 9,
11; toprak tizeri, ZNG10118.

Tortula lindbergii Broth. — Lok. 8; toprak tizeri,
ZNGI10174.

Tortula muralis Hedw. — Lok. 1; tas {izeri,
ZNG10124.
*Tortula protobryoides R.H.Zander =

Protobryum  bryoides (Dicks.) J.Guerra &
M.J.Cano) — Lok. 10, 17; acik alan toprak iizeri,
ZNG10183.

Tortula schimperi M.J.Cano, O.Werer &
J.Guerra — Lok. 4; toprak iizeri, ZNG10157.
Tortula subulata Hedw. — Lok. 1, 3, 4, 5, 20, 24,
29; kaya ve toprak tizeri, ZNG10032.

Eucladium verticillatum (With.) Bruch & Schimp.
— Lok. 12; dere kenar1 kalkerli kaya ve toprak
tizeri, AHBV4135.

#Gymnostomum aeruginosum Sm. — Lok. 12;
dere kenar kalkerli kaya tizeri, AHBV4160.
Gymnostomum calcareum Nees & Hornsch. —
Lok. 1, 13; dere kenar1 kalkerli kaya {izeri,

AHBV 4231.

Gymnostomum viridulum Brid. -
kalkerli kay tizeri, AHBV4141.

Tortella flavovirens (Bruch) Broth. — Lok. 8;
toprak tizeri, AHBV 4088.

Tortella squarrosa (Brid.) Limpr. — Lok. 1, 18, 21,
22; kaya tizeri, ZNG10102.

Trichostomum crispulum Bruch — Lok. 12; kaya
ylizeyini Orten toprak tizeri, ZNG10166.

Weissia brachycarpa (Nees & Hornsch.) Jur. —
Lok. 14; topak tizeri, AHBV 4214.

*Weissia condensa (Voit) Lindb. — Lok. 17;
toprak tlizeri, ZNG10414.

Weissia controversa Hedw. — Lok.
tizeri, ZNG10402.

Grimmiales M.Fleisch.
Grimmiaceae Arn.

*Racomitrium affine (F.Weber & D.Mohr) Lindb.
— Lok. 24; kaya iizeri, ZNG10200.

*Racomitrium elongatum Ehrh. ex Frisvoll — Lok.
21; toprak iizeri, AHBV 4073.

Grimmia anodon Bruch & Schimp. — Lok. 1, 3, &;
kaya iizeri, ZNG10176.

O*Grimmia incurva Schwigr. — Lok. 2, 8, 25; dere
kenar1 kaya tizeri, ZNG10022.

Grimmia laevigata (Brid.) Brid. — Lok. 1, 9; kaya
tizeri, ZNG10104.

Grimmia montana Bruch & Schimp. — Lok. 3, 20,
25, 26; kaya tizeri, ZNG10041.

*Grimmia muehlenbeckii Schimp. — Lok. 25;
kaya iizeri, ZNG10028.

Grimmia lisae De Not. — Lok. 19; kaya iizeri,
AHBV 4084.

Grimmia nutans Bruch — Lok. 2, 10, 22; kaya
iizeri, ZNG10053.

Grimmia ovalis (Hedw.) Lindb. — Lok. 1, 2, 3, 22,
25, 26, 31, 35, 36; kaya lizeri, ZNG10010.
O*Grimmia plagiopodia Hedw. — Lok. 1; kaya
tizeri, ZNG10162.

Grimmia pulvinata (Hedw.) Sm — Lok. 1, 2, 5, 8,
9, 10, 24, 25, 37, kaya tizeri, ZNG10054.
Schistidium apocarpum (Hedw.) Bruch &
Schimp. — Lok. 5, 36; kaya tizeri, AHBV 4053.
Schistidium brunnescens Limpr. — Lok. 26; dere
kenar1 kaya tizeri, ZNG10204.

Schistidium crassipilum H.H.Blom — Lok. 3; kaya
lizeri, ZNG10295.

Schistidium elegantulum H.H.Blom — Lok. 5;
kaya tizeri, AHBV 4057.

Schistidium rivulare (Brid.) Podp. — Lok. 12, 25,
26, 29; dere kenari kaya tizeri, ZNG10009.
Bartramiales D.Quandt, N.E.Bell & M.Stech
Bartramiaceae Schwigr.

Bartramia ithyphylla Brid. — Lok. 5, 26, 27;
orman kenari kaya ve toprak tizeri, ZNG10026.
Philonotis caespitosa Jur. — Lok. 1, 3,7, 21, 25; su
kenart toprak ve tas iizeri, ZNG10084.

Lok. 13;

5; toprak
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Philonotis calcarea (Bruch & Schimp.) Schimp —
Lok. 12; dere kenarn kalkerli kaya {izeri,
AHBV4343.

*Philonotis capillaris Lindb. — Lok. 20, 27; su
kenart toprak iizeri, ZNG10085.

Philonotis fontana (Hedw.) Brid. — Lok. 21, 29;
su kenar1 kaya lizeri, ZNG10247.

*Philonotis seriata Mitt. — Lok. 6, 21; su kenari
kaya ve toprak tlizeri, AHBV 4092.

Splachnales Ochyra

Meesiaceae Schimp.

O*Leptobryum pyriforme (Hedw.) Wilson — Lok.
30; dere kenar1 toprak iizeri, ZNG10256.

Bryales Limpr.

Bryaceae Schwigr.

Bryum argenteum Hedw. — Lok. 1, 21, 36; kaya
ve toprak iizeri, ZNG10101.

Bryum dichotomum Hedw. — Lok. 1, 6, 17, 23;
kaya catlag1 ve toprak iizeri, ZNG10098.

Bryum ruderale Crundw. & Nyholm — Lok. 2;
toprak tlizeri, AHBV 4218.

O*Bryum violaceum Crundw. & Nyholm - Lok.
24; nemli toprak iizeri, ZNG10003.

Imbribryum alpinum (Huds. ex With.) N.Pedersen
— Lok. 3, 6, 21, 23, 29, 30, 32, 33; su kenar1 kaya
ve toprak, toprak {izeri, ZNG10001

Imbribryum mildeanum (Jur.) J.R.Spence — Lok.
19; gayirlik alan toprak iizeri, ZNG10408.
O*Imbribryum muehlenbeckii (Bruch & Schimp.)
N.Pedersen — Lok. 23; dere kenar1 toprak iizeri,
ZNGI10251.

*Ptychostomum bornholmense (Wink.& R.Ruthe)
Holyoak & N.Pedersen — Lok. 5; toprak iizeri,
AHBYV 4069.

Ptychostomum capillare (Hedw.) Holyoak &
N.Pedersen — Lok. 1, 5, 10, 15, 33, 37, 38; agac
kokii, toprak ve kaya tlizeri, ZNG10164.
Ptychostomum creberrimum (Toylar) J.R.Spence
& H.P.Ramsay — Lok. 7; tas tizeri, AHBV 4043.

O* Ptychostomum cyclophyllum (Schwiégr.)
J.R.Spence — Lok. 28; yayla sulak cayirlik-sazlik
alan torf ve toprak {izeri; ZNG10415.
Ptychostomum elegans (Nees) D.Bell & Holyoak
—Lok. 7, 9; toprak tizeri, ZNG10406.
Ptychostomum funkii (Schwigr.) J.R.Spence —
Lok. 1; kaya ¢atlag1 toprak tlizeri, ZNG10100.
Ptychostomum imbricatulum (Miill.Hal.) Holyoak
& N.Pedersen — Lok. 3, 4, 5, 7, 8, 18, 38, toprak
lizeri, ZNG10144.

Ptychostomum moravicum (Podp.) Ros &
Mazimpaka — Lok. 25, 26, 29, 31; kaya catlag1 ve
toprak tizeri, ZNG10000.

Ptychostomum pallens (Sw. ex anon.) J.R.Spence
— Lok. 25, 28; su kenar1 toprak ve agac kiitiigi
tizeri, ZNG10241.

Ptychostomum pallescens (Schleich. ex Schwigr.)
J.R.Spence — Lok. 23; dere kenar1 tas fiizeri,
ZNG10012.
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Ptychostomum pseudotriquetrum (Hedw.)
JR.Spence & H.P.Ramsay ex Holyoak &

N.Pedersen — Lok. 12, 15, 29, 30; su kenar1 kaya
ve toprak iizeri, ZNG10258.

* Ptychostomum turbinatum (Hedw.) J.R.Spence —
Lok. 3; toprak ve tas tlizeri, AHBV4342.

Mniaceae Schwigr.

Pohlia cruda (Hedw.) Lindb. — Lok. 5, 20, 26;
dere kenari kaya ve toprak tizeri, ZNG10069.
*Pohlia elongata Hedw. — Lok. 24; dere kenar1
cliriyen kiitiik ve toprak iizeri, ZNG10042.
*Pohlia melanodon (Brid.) A.J.Shaw — Lok. 24;
toprak tizeri, ZNG10205.

Pohlia nutans (Hedw.) Lindb. — Lok. 24; kaya
yarigi toprak {izeri, ZNG10212.

+#Pohlia wahlenbergii (F.Weber & D.Mohr)
A.L.Andrews var. wahlenbergii — Lok. 6, 13, 20,
38; su kenar1 toprak tizeri, ZNG10401.

+*#Pohlia wahlenbergii var. calcarea (Warnst.)
E.F.Warb. — Lok. 12, 24; su kenar1 kaya ve toprak
izeri, ZNG10115.

*Mnium spinulosum Bruch & Schimp. — Lok. 27;
toprak tizeri, ZNG10097.

Plagiomnium affine (Blandow ex Funck) T.J.Kop
— Lok. 6, 29; orman alt1 nemli toprak ve tas tlizeri,
ZNG10263.

Orthotrichales Dixon

Orthotrichaceae Arn.

Lewinskya affinis (Schrad. ex Brid.) F.Lara,
Garilleti & Goffinet — Lok. 22, 24, 31, 35; aga¢
tizeri, ZNG10006.

Lewinskya laevigata  (J.E.Zetterst.) F.Lara,
Garilleti & Goffinet — Lok. 25, 26; dere kenari
kaya iizeri, ZNG10052.

Lewinskya rupestris (Schleich. ex Schwigr.)
F.Lara, Garilleti & Goffinet — Lok. 1, 2, 14, 19, 22,
23, 25, 26, 32, 35; kaya lizeri, ZNG10017.
Lewinskya sordida (Sull. & Lesq. in Austin)
F.Lara, Garilleti & Goffinet — Lok. 22; agag
kabugu tizeri, ZNG10056.

Lewinskya speciosa (Nees) F.Lara, Garilleti &
Goffinet — Lok. 22. aga¢ kabugu iizeri, ZNG10007.
Lewinskya striata (Hedw.) F.Lara, Garilleti &
Goffinet — Lok. 2, 22; agag lizeri, ZNG10136.
Nyholmiella obtusifolia (Brid.) Holmen &
E.Warncke — Lok. 19; sogiit ve kavak agac iizeri,
ZNGI10111.

Orthotrichum anomalum Hedw. — Lok. 1, 2, 19,
22; kaya ve agag¢ kokii tizeri, ZNG10109.
*Orthotrichum bistratosum (Schiffn.) Guerra —
Lok. 25; dere kenar1 kaya tizeri, ZNG10225.
Orthotrichum cupulatum Hoffm. ex Brid. var.
cupulatum — Lok. 22; dere kenar1 kaya iizeri,
ZNG10138.

Orthotrichum cupulatum var. riparium Huebener
— Lok. 22; dere kenari kaya tizeri, ZNG10137.
Orthotrichum diaphanum Brid. — Lok. 2, 18; aga¢
kabugu tizeri, ZNG10171.
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Orthotrichum pumilum Sw. ex anon. — Lok. 1, 2,
19, 31, 35, 37; agag tizeri, ZNG10170.
O*Orthotrichum rivulare Turner. — Lok. 31; kaya
tizeri, AHBV4310.

*Orthotrichum schimperi Hammar — Lok. 2; aga¢
lizeri, ZNG10244.

O*Orthotrichum sprucei Mont. — Lok. 2, 25; dere
kenari kaya iizeri, ZNG10125.

Pulvigera lyellii (Hook. & Taylor) Plasek, Sawicki
& Ochyra — Lok. 2; agag tizeri, ZNG10122.
Aulacomniales N.E.Bell, A.ENewton &
D.Quandt

Aulacomniaceae Schimp.

Aulacomnium androgynum (Hedw.) Schwigr. —
Lok. 20, 24; toprak, kaya catlagi ve ¢iiriiyen kiitiik
tizeri, ZNG10014.

Hypnales W.R.Buck & Vitt

Fontinalaceae Schimp.

Fontinalis antipyretica Hedw. — Lok. 6, 7, 12, 21,
24,25, 26, 28, 29; dere i¢i kaya tizeri, ZNG10016.
Plagiotheciaceae M.Fleisch.

Plagiothecium denticulatum (Hedw.) Schimp. —
Lok. 26; orman altt kaya yarngi toprak iizeri,
ZNG10018.

+#Plagiothecium nemorale (Mitt.) A.Jaeger —
Lok. 12; dere kenari kaya tizeri, AHBV4159.
Fabroniaceae Schimp.

O*Fabronia pusilla Raddi — Lok. 1; kaya tzeri,
ZNG10394.

Pterigynandraceae Schimp.

Pterigynandrum filiforme Hedw. — Lok. 2, 3, 20,
24, 26; kaya ve agag kokii iizeri, ZNG10019
Amblystegiaceae G.Roth

Amblystegium serpens (Hedw.) Schimp. — Lok.
31, 38; toprak ve tag tizeri, ZNG10400.
Cratoneuron filicinum (Hedw.) Spruce — Lok. 12,
13, 22; dere kenari kaya tizeri, AHBV4237.
Palustriella commutata (Hedw.) Ochyra — Lok.
12; dere kenar1 kalkerli kaya tlizeri, ZNG10259.
Campyliadelphus chrysophyllus (Brid.)
R.S.Chopra — Lok. 28; yayla sulak alan toprak
tizeri, ZNG10240.

Drepanocladus aduncus (Hedw.) Warnst — Lok.
6, 12, 20, 21, 26, 28; su kenar1 kaya ve toprak
tizeri, ZNG10064.

+#Hygroamblystegium fluviatile (Hedw.) Loeske
— Lok.12; dere i¢i kaya ilizeri, AHBV4351.

* Hygroamblystegium humile (P.Beauv.)
Vanderp., Goffinet & Hedenéds — Lok. 1, 12; dere
kenar1 toprak ve kaya tizeri, AHBV 4253.
Leptodictyum riparium (Hedw.) Warnst — Lok. 1,
6, 13, 24; su kenan kaya, toprak ve agac koki
tizeri, ZNG10254

Pseudoamblystegium subtile (Hedw.) Vanderp. &
Hedenis — Lok. 19; tag tizeri, ZNG10181.
Scorpidiaceae Ignatov & Ignatova

Sanionia uncinata (Hedw.) Loeske — Lok. 20, 27;
orman alt1 toprak ve kaya lizeri, ZNG10005

Pseudoleskeaceae Schimp.

Lescuraea incurvata (Hedw.) E.Lawton — Lok. 4,
5, 20, 27; kaya ve toprak ilizeri, ZNG10193.
Brachytheciaceae Schimp.

Eurhynchium striatum (Hedw.) Schimp. — Lok.
16, 20, 22; kaya lizeri, AHBV 4336.
*Pseudoscleropodium purum (Hedw.) M.Fleisch.
— Lok. 4, toprak tizeri, AHBV 4335.
+#Rhynchostegium confertum (Dicks.) Schimp. —
Lok. 12; dere kenar1 kaya tizeri, AHBV4146.
Rhynchostegium riparioides (Hedw.) Cardot —
Lok. 12, 22; dere i¢i kaya tizeri, AHBV 4234.
Scorpiurium circinatum (Bruch) M.Fleiseh. &
Loeske — Lok. 20; kaya tizeri, AHBV 4050.
Oxyrrhynchium hians (Hedw.) Loeske — Lok.13;
dere kenari toprak tlizeri, AHBV 4249.
*Oxyrrhynchium schleicheri (R.Hedw.) Roll —
Lok. 12; topak tizeri, AHBV 4244.
Brachytheciastrum salicinum (Schimp.)
J.D.Orgaz, M.J.Cano & J.Guerra — Lok. 2, 3, 4, 5,
24, 27; orman alt1 kaya, toprak ve agag¢ iizeri,
ZNG10034.

Brachytheciastrum velutinum (Hedw.) Ignatov &
Huttunen — Lok. 34; agag tlizeri, ZNG10411
Brachytecium albicans (Hedw.) Schimp — Lok. 3,
19, 22, 24, 26, 27, 31; toprak tizeri, ZNG10061.
Brachythecium glareosum (Bruch ex Spruce)
Schimp. — Lok. 3,4, 5, 6, 16, 21, 25, 27; orman alt1
kaya ve toprak iizeri, ZNG10062

Brachythecium mildeanum (Schimp.) Schimp. —
Lok. 6, 34; su kenar1 tag ve c¢iirliyen kiitiik {izeri,
ZNG10412

Brachythecium rivulare Schimp. — Lok. 6, 12, 15,
19, 22, 24, 25, 28, 29, 38; su kenar1 tag ve toprak
izeri, ZNG10269

Brachythecium salebrosum (Hoffm. ex F.Weber
& D.Mohr) Schimp. — Lok. 6, 20; tas ve toprak
uzeri, AHBV 4098.

* Brachythecium tommasinii (Sendtn. ex Boulay)
Ignatov & Huttunen — Lok. 20; toprak iizeri,
ZNG10403

Eurhynchiastrum diversifolium (Schimp.)
J.Guerra — Lok. 5, 20, 24, 25, 26, 27; toprak, kaya
ve agac kokil tizeri, ZNG10071

Homalothecium aureum (Spruce) H.Rob — Lok.
2; kaya tizeri, AHBV4306.

Homalothecium lutescens (Hedw.) H. Rob. — Lok.
5,22; AHBV 4068.

Homalothecium philippeanum (Spruce) Schimp.
— Lok. 3, 24, 25; kaya lizeri, ZNG10021.
Homalothecium sericeum (Hedw.) Schimp. —
Lok. 1, 2, 10, 16, 22, 25; kaya ve agac iizeri,
ZNG10049.

Kindbergia praelonga (Hedw.) Ochyra — Lok. 27,
agac kokii tizeri, ZNG10208

Hypnaceae Schimp.

Hypnum cupressiforme Hedw. var. cupressiforme
—Lok. 20, 23, 25; kaya ve toprak iizeri, ZNG10044
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Hypnum cupressiforme var. lacunosum Brid. —
Lok. 1, 2, 5, 20, 24, 25; kaya, toprak ve aga¢ koki
tizeri, ZNG10073.

O*Hypnum  cupressiforme var. subjulaceum
Molendo — Lok. 2; kaya lizeri, ZNG10135.
Hypnum resupinatum Taylor — Lok. 24; tas {izeri,
ZNG10036.

Pylaisiadelphaceae Goffinet & W.R.Buck
*Platygyrium repens (Brid.) Schimp. — Lok. 34;
kaya tizeri, ZNG10405.

Pylaisiaceae Schimp.

Calliergonella cuspidata (Hedw.) Loeske — Lok.
6, 28, 38; su kenar1 toprak iizeri, ZNG10239.
Leucodontaceae Schimp.

Leucodon sciuroides (Hedw.) Schwigr. — Lok. 1;
kaya tizeri, ZNG10132

Lembophyllaceae Broth.

*Isothecium alopecuroides (Lam. ex Dubois)
Isov. — Lok. 26; orman alt1 kaya tizeri, ZNG10013
Anomodontaceae Kindb.

+#Anomodon viticulosus (Hedw.) Hook. & Taylor
— Lok. 12; dere kenar1 kaya tizeri, AHBV4132.

4. Sonuclar ve Tartisma

Calisma alanina yapilan arazi ¢aligmalar sirasinda
toplanan yaklagik 800 briyofit 6rneginin teshis
edilmesi sonucunda 43 familya ve 83 cinse ait 186
tir ve tiir alti takson tespit edilmistir. Bu
taksonlardan P. cyclophyllum Tiirkiye’den ikinci
kez kaydedilmistir.

P. cyclophyllum’un ilk kaydi Artvin ili Borcka
ilcesi, Karcal Daglarindan verilmistir (Erata ve
ark., 2023). Bu tir yuvarlagimsi yapraklar1 ve
bazen yaprak koltuklarinda {retilen ipliksi
gemmalar ile diger yakin tiirlerden ayrilmaktadir
(Hofmann ve Schréder 2017; Holyoak, 2021).
Tiirilin ilk kaydinda gemmalardan bahsedilmemistir
(Sekil 3). Fakat bizim 6rnegimizde bol miktarda
bulunmaktadir. Ornek Ankara ili Beypazari
ilgesinde Kindirali Diizii’nde yer alan sulak sazlik
bir alandan organik materyaller ve toprak
iizerinden diger briyofitlerle karisgtk olarak
toplanmustir. Yakininda bulunan tiirler;
Calliergonella cuspidata, Campyliadelphus
chrysophyllus, Drepanocladus aduncus,
Ptychostomum pallens, Riccia canaliculata’dir.

& N =

Sekil 3. Ptychostomum cyclophyllum; a- habit, b- yaprak, c- yaprak ortasi hiicreleri, d- yaprak kenar

hiicreleri, e- axillar gemmalar.
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Tiirkiye dagilimlart acisindan  dikkate deger
tirlerde alandan tespit edilmistir. Bu tiirler
arasinda Riccia canaliculata (?, Konya), R. fluitans
(Sakarya, Izmir, Aydm), Syntrichia minor
(Karabiik, Ardahan, Mugla), Grimmia incurva
(Nigde, Isparta), Bryum violaceum (Van, Nigde),
Imbribryum  muehlenbeckii  (Aydm, Mugla,
Antalya, Hatay), Ptychostomum bornholmense
(Bolu, Yalova, Eskisehir, Kirklareli),
Orthotrichum  sprucei (Sivas, FElazig, Nigde,
Aydm) yer almaktadir (Kiirschner ve Erdag, 2021).

Aragtirma alanina giren iller ve kare kayitlar1 da
calismada tespit edilmistir. Lophoziopsis excisa,
Mesoptychia badensis, M. turbinata, Plagiochila
porelloides, Riccia canaliculata, R. fluitans, R.
gougetiana, Encalypta ciliata, Syntrichia latifolia,
S. minor, Tortula protobryoides, Weissia
condensa, Racomitrium  affine, Racomitrium
elongatum, Grimmia incurva, G. muehlenbeckii,
G. plagiopodia, Philonotis capillaris, P. seriata,
Leptobryum  pyriforme,  Bryum  violaceum,
Imbribryum muehlenbeckii, Ptychostomum
bornholmense, P. cyclophyllum, P. turbinatum,
Pohlia  elongata, P. melanodon,  Pohlia
wahlenbergii var. calcarea, Mnium spinulosum,
Orthotrichum  bistratosum,  O. rivulare, O.
schimperi, O. sprucei, Fabronia pusilla,
Hygroamblystegium humile, Oyrrhynchium
schleicheri, Pseudoscleropodium purum,
Brachythecium tommasinii, Hypnum
cupressiforme var. subjulaceum, Platygyrium
repens, Isothecium alopecuroides taksonlari
Ankara ili i¢in yenidir. Gyroweisia reflexa ise
Bolu ili igin yenidir. Bu tiirler arasindan
Lophoziopsis excisa, Riccia canaliculata, R.
fluitans, Gyroweisia reflexa, Grimmia incurva, G.

plagiopodia,  Leptobryum  pyriforme,  Bryum
violaceum, Imbribryum muehlenbeckii,
Ptychostomum cyclophyllum, Orthotrichum

rivulare, O. sprucei, Fabronia pusilla ve Hypnum
cupressiforme var. subjulaceum taksonlari ayni
zamanda A2  karesinden de ilk kez
kaydedilmektedir (Aridz ve ark., 2012; Canli ve
ark., 2011; Cetin ve ark., 2002; Dogan, 2007; Ezer,
2017; Ezer ve ark., 2021; Kiirschner ve Erdag,
2021, Uyar ve Cetin, 2001; Uyar ve ark., 2022)

Mesoptychia turbinata, Apopellia endiviifolia,
Lunularia cruciata, Crossidium squamiferum var.
pottioideum, D.  tophaceus,  Gymnostomum
aeruginosum tirleri Eskisehir ili i¢in yeni iken;
Fissidens crassipes var. warnstorfii, Didymodon
australasiae, Hydrogonium bolleanum, Pohlia
wahlenbergii var. wahlenbergii, P. wahlenbergii
var. calcarea, Plagiothecium nemorale,
Hygroamblystegium  fluviatile, Rhynchostegium
confertum, Anomodon viticulosus taksonlar1 da
hem Eskisehir hem de B7 karesi i¢in yenidir

(Kiirschner ve Erdag, 2021; Savaroglu ve Tokur,
2006; Yiicel ve Magill, 1997; Yiicel ve Tokur,
1989; Yiicel ve Ezer, 2017, 2018a, b).

Cigerotlar alanda 12 familya ve 12 cinse ait 20 tiir
ile temsil edilmektedir. Bu tiirlerin familyalara
gore dagilimma bakildiginda Ricciaceae 4,
Lophocoleaceae 3 tiir,  Anastrophyllaceae,
Porellaceae ve Jungermanniaceae ise 2 tiir ile
temsil edilirken diger familyalarda bir tiir ile temsil
edilmektedir. En ¢ok tiir igeren iki cins ise 4 tiir ile
Riccia ve 3 tir ile Lophocolea’dir. Alanda
Boynuzotlarina ait 6rnek bulunmamastir.

Karayosunlar1 31 familya ve 71 cinse ait tiir/tiir alti
kategoride toplam 166 takson ile temsil
edilmektedir. Bunlarin familyalara gére dagilimina
bakildiginda; en yiiksek takson igeren familyalar
Pottiaceae (38), Brachytheciaceae (21), Bryaceae
(19), Grimmiaceae (17), Orthotrichaceae (17) olup,
digerlerinin temsiliyet orani 10’un altindadir. 18
familya ise 1 takson igermektedir. En zengin
cinsler ise; Ptychostomum (12), Syntrichia (10),
Grimmia (10), Orthotrichum (9), Lewinskya (6),
Didymon  (6), Tortula (6), Pohlia (6),
Brachythecium (6), Schistidium (5), Philonotis
(5)’dur.

Aragtirma alaninda agik alanlarda en gok rastlanan
tirler; Ceratodon purpureus, Didymodon vinealis,
Syntrichia  ruraliformis, S. ruralis, Grimmia
anodon, G. montana, G. ovalis, G. pulvinata,
Bryum dichotomum, Ptychostomum capillare, P.
imbricatulum, Lewinskya rupestris, Orthotrichum
anomalum, Brachytecium albicans,
Eurhynchiastrum  diversifolium’dur.  Ormanlik
alanlarda Dicranum scoparium, Tortula subulata,
Bartramia ithyphylla, Ptychostomum moravicum,
Orthotrichum pumilum, Pterigynandrum filiforme,
Lescuraea incurvata, Brachytheciastrum
salicinum, Brachythecium glareosum,
Homalothecium  philippeanum, H. sericeum,
Hypnum cupressiforme var. lacunosum’dur. Dere
ve su kenarlarinda ise; Schistidium rivulare,

Philonotis  caespitosa, Imbribryum  alpinum,
Fontinalis antipyretica, Leptodictyum riparium,
Brachythecium rivulare, Calliergonella

cuspidata’drr.

Bu calisma ile Ankara, Eskisehir ve Bolu illerinin,
A2 ve B7 karelerinin briyofit listeleri i¢in yeni
eklemeler yapilmistir. Ayrica tiirlerin Tiirkiye
dagilimlarina katkilar saglanmistir.

Deklarasyon

Yazar katkilart: Fikir/Kavram, GU, MO; Tasarim
ve dizayn, GU, MO; Denetleme danismanlik, GU,
MO; Kaynaklar, GU, MO; Malzemeler, GU, MO;
Ver toplama ve/veya isleme, GU, MO; Analiz
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Ve/nveya yorum, GU, MO; Li‘ggratﬁr taramasi, GU,
MO; Yazim asamasi, GU, MO; Elestirel inceleme,
GU, MO.

Cikar catismasi: Yazarlarin bu yazinin igerigiyle
ilgili olarak beyan edecekleri hicbir rekabet ¢ikar
yoktur.

Finansman: Yazarlar, bu yazinin hazirlanmasi
sirasinda herhangi bir fon, hibe veya baska bir
destek alinmadigini beyan ederler.

Etik onay: Bu arastirma, insan veya hayvan
deneklerini i¢cermemektedir ve bu nedenle etik
onay gerektirmemektedir.
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Abstract

This study evaluated the antibacterial and antifungal activities in ethanol, methanol, acetone, chloroform, hexane,
ethyl acetate and isopropanol extracts of moss species; Scleropodium touretii (Brid.) L.F.Koch, Hypnum
cupressiforme Hedw. var. lacunosum Brid. and Brachythecium glareosum (Bruch ex Spruce) Schimp., which was
collected from the Zonguldak province of Turkey against 10 different microorganisms, including 4 gram-positive
bacteria, 4 gram-negative bacteria and 2 yeast fungi species. Different fractions of the mosses were screened using
the disc diffusion (qualitative), the agar-well diffusion method, and the minimum inhibitory concentration (MIC)
methods. Inhibition of bacterial growth was compared with that of ciprofloxacin, eritromicin, penicillin and also, for
fungal growth flukanozol-B as positive control and solvents and distilled water as negative control. The tests were
performed in triplicate for each microorganism evaluated. The final results were presented as the arithmetic averages.
The results showed that the most effective solvents were methanol and acetone, while hexane had the lowest
antimicrobial activity. When evaluated in terms of microorganisms; Enterococcus faecalis, Escherichia coli,
Staphylococcus aureus and Bacillus subtilis showed the highest sensitivity to moss extracts. However, Pseudomonas
aeruginosa and Candida albicans strains were found to be resistant to these extracts. In addition, among the moss
species, H. cupressiforme var. lacunosum was determined to be the most effective species in terms of the number of
affected microorganisms. These findings indicate the potential of mosses for the development of antimicrobial and
antifungal agents. This study provides a basis for the investigation of alternative therapeutic agents that can be
obtained from natural plant sources and paves the way for further studies in this field.

Keywords: Moss, Disk diffusion test, Agar well diffusion method, Minimum inhibitory concentration (MIC) test.

Bazi Karayosunu Tiirlerinin (Scleropodium touretii (Brid.) L.F.Koch, Hypnum cupressiforme Hedw.
var. lacunosum Brid., Brachythecium glareosum (Bruch ex Spruce) Schimp.) Antimikrobiyal ve
Antifungal Aktivitelerinin Arastirilmasi

Oz
Bu c¢alismada, Tirkiye'nin Zonguldak ilinden toplanan Scleropodium touretii (Brid.) L.F.Koch, Hypnum
cupressiforme Hedw. var. lacunosum Brid. ve Brachythecium glareosum (Bruch ex Spruce) Schimp. karayosunu
tiirlerinin etanol, metanol, aseton, kloroform, hekzan, etil asetat ve izopropanol &ziitlerindeki antibakteriyel ve
antifungal aktiviteler, 4 gram-pozitif bakteri, 4 gram-negatif bakteri ve 2 maya mantar tiirii olmak tizere 10 farkli
mikroorganizmaya karsi degerlendirilmistir. Karayosunlarinin farkli fraksiyonlari disk difiizyon (kalitatif), agar-kuyu
difiizyon ydntemi ve minimum inhibitér konsantrasyon (MIK) yéntemleri kullanilarak tarandi. Bakteriyel biiyiimenin
inhibisyonu siprofloksasin, eritromisin, penisilin antibiyotik diskleri ve ayrica fungal biiylime igin pozitif kontrol
olarak flukanozol-B antifungal diskleri ve negatif kontrol olarak da ¢dziiciiler ve damitilmis su ile karsilastirtldi.
Degerlendirilen her mikroorganizma igin testler iiglii olarak gergeklestirildi. Sonuglar aritmetik ortalamalar alinarak
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sunuldu. Caligmadan elde edilen sonuglar en etkili ¢dziiciilerin metanol ve aseton oldugunu, en diisiik antimikrobiyal
aktiviteye sahip olanin ise hekzan oldugunu gosterdi. Mikroorganizmalar agisindan ise; Enterococcus faecalis,
Escherichia coli, Staphylococcus aureus ve Bacillus subtilis’in galisilan karayosunu oziitlerine en yiiksek duyarliligt
oldugu goriildii. Ancak Pseudomonas aeruginosa ve Candida albicans suslarinn ise bu oziitlere karsi direngli oldugu
bulundu. Ayrica galisilan karayosunu tiirleri arasinda H. cupressiforme var. lacunosum'un etkilenen mikroorganizma
say1st agisindan en etkili 6ziite sahip oldugu belirlendi. Bu bulgular bize karayosunlarin antimikrobiyal ve antifungal
ajanlarin gelistirilmesinde potansiyelini gostermektedir. Bu ¢alisma, dogal bitki kaynaklarindan elde edilebilecek
alternatif terapdtik ajanlarin arastirilmasi igin bir temel saglamakta ve bu alanda daha ileri ¢alismalara zemin

hazirlamaktadir.

Anahtar kelimeler: Karayosunlari, Disk difiizyon testi, Agar kuyucuk difiizyon metodu, Minimum inhibitor

konsantrasyon (MiK) testi.

1. Introduction

The fight against rapidly increasing epidemics
worldwide is becoming more difficult as time goes
by. Fungi, bacteria and other pathogenic
microorganisms cause many problems for both
humans and other living things used in animal and
agricultural production. Therefore, in recent years,
the use of plants, particularly medicinal and
aromatic species, has increased in the search for
bioactive substances that can be used to control
diseases caused by microorganisms. Although
many synthetic drugs have been produced with the
developing technology in this fight process, after a
certain point, these are not enough and bacteria
become resistant to antibiotics over time, leading
scientists to search for new antimicrobial and
antifungal substances. In this context, bryophytes,
which have been used as medicinal plants in
traditional medicine for centuries due to the
chemical components they contain throughout
history, are remarkable in the search for new
antimicrobial and antifungal substances. In fact, in
many scientific studies conducted since the 1960s,
it has been determined that bryophytes contain
hundreds of new compounds, including many
aromatics and terpenoids, and that these
compounds exhibit various activities such as
antimicrobial, antifungal, cytotoxic, antitumor and
insecticidal properties that can be wused in
agricultural and medical processes (Asakawa,
2007; Ugiincii et al., 2010; Pant 1998; Saxena and
Harinder, 2004). Therefore, in this study, we
wanted to investigate the antimicrobial and
antifungal activities of the extractions obtained
from some species of mosses, on which no active
substance was studied. The presence of such a
variety of secondary metabolites in this plant
group has resulted in their evolutionary success in
surviving against fluctuating climatic conditions.
Today, bryophytes are the oldest known small
non-vascular terrestrial plants that constitute the
largest part of the plant kingdom after angiosperms
(Shaw and Renzaglia, 2004). They are also

classified as seedless plants because they
reproduce by spores instead of seeds, or as
cryptogams because their gamete-producing
structures are hidden. The small size of these
plants means they produce less biomass, which
makes them less known to most people (Harris,
2008). Evolutionarily, they are between algae and
vascular plants (Smith, 2004). It is estimated that
there are approximately 15,000-20,000 bryophyte
species on Earth, with more than 1,000 genera, and
they are the most primitive living plants (Smith,
2004). Systematically, bryophytes are studied
under the sub-kingdom Bryobiotina in the plant
kingdom, divided into 3 sections. These are;
liverworts (Marchantiophyta), hornworts
(Anthocerotophyta) and mosses (Bryophyta)
(Kiirschner and Frey, 2011). Bryophytes, which
have an important place in terms of biodiversity,
can be found on various substrates such as soil,
rocks and trees, usually in moist and shady places.

2. Materials and Methods

2.1 Collection and identification of moss species
Moss samples were collected in April 2024 from
six different stations within the Kozlu, Devrek, and
Catalagz: districts of the Zonguldak province. The
samples were identified by Prof. Dr. Giiray UYAR.
The moss species selected for this study were
Brachythecium glareosum (Bruch ex Spruce)
Schimp. and Scleropodium touretii (Brid.) LF
Koch. and Hypnum cupressiforme var. lacunosum
Brid. The location details of these samples are
presented in Table 1.

2.2. Used microorganisms

A total of 10 different microorganisms were
selected for evaluating the antimicrobial and
antifungal activities of the extracts obtained in the
experimental study. This selection comprised 4
gram-negative bacterial species, 4 gram-positive
bacterial species, and 2 fungal species, as detailed
in Table 2.
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Table 1. Location information of collected moss species

St;t(:m Altitude | Coordinates Vegetation and Location
1 47 m 41°29'352"N | Catalagz1 district in Zonguldak province, mixed leafy forest (Fagus
) 031°52'49.2"E | orientalis Lipsky. and Carpinus betulus L.) roadside on rocks
2 30 m 41°30'00.2"N | Catalagz1 district in Zonguldak province, mixed forest edge, open area
) 31°53'56.8"E | next to dam reservoir.
3 88 m 41°30'31.3"N | Muslu district in Zonguldak province, roadside slopes.
) 31°57'19.2"E
342m | 41°23'38.7"N | Degirmenagzi region of Kozlu district in Zonguldak province, close to
4. 031°42'44.5"E | roadside on the way to hospital, mixed leafy forest (Fagus orientalis
Lipsky. and Carpinus betulus L.)
5 504m | 41°08'02.7"N | Devrek district of Zonguldak province, Beldibi mixed leafy forest
) 032°01'37.6"E | (Fagus orientalis Lipsky. and Carpinus betulus L.)
6 450 m | 41°23'28.2"N | Roadside slopes in urban forest of Zonguldak province
) 031°50'44.7"E
Table 2. Information on the strains of the used microorganisms
Family Species of used microorganisms Laboratory from which it was supplied
Pseudomonadaceae Pseudomonas aeruginosa ATCC 27853 | Gazi University, .Facult.y o.f Dentistry,
Department of Medical Microbiology
Enterobacter aerogenes ATCC 13048 Gazi University, Faculty of Dentistry,
Enterobacteriaceae Klebsiella pneumoniae MTCC 109 Department of Medical Microbiology
Escherichia coli ATCC 35218
Enterococcaceae Enterococcus faecalis ATCC 29212 Gazi University, Faculty of Dentistry,
Department of Medical Microbiology
Staphylococcus aureus ATCC 25923 Gazi University, Faculty of Dentistry,
Staphylococcaceae - Department of h/}lledical Minobiology i
Bacillaccae Bacillus subtilis ATCC 6633 Gazi University, .F acult_y o_f Dentistry,
Department of Medical Microbiology
Streptococcus pyogenes ATCC 12344 Gazi University, Faculty of Dentistry,
Streptococcaceae g e Department of 1\/}I/edical Mi}c/robiology v
Saccharomycetaceac Candida albicans ATCC 10231 Gazi University, Faculty of Dentistry,
Saccharomyces cerevisiae ATCC 9763 Department of Medical Microbiology

2.3 Extraction Process

Following the removal of foreign substances, the
mosses collected from various stations were
subjected to a series of treatments. Initially, they
were washed with distilled water and dried on
blotting paper. The mosses were then ground into a
powder using a laboratory blender. The resulting
powder was transferred to 5-g zip-lock bags and
placed in volumetric flasks. Subsequently, 250 ml
of different solvents (methyl alcohol, ethyl alcohol,
acetone, chloroform, ethyl acetate, hexane, and
isopropanol) were added to the flasks. The mouths
of the flasks were sealed with Parafilm, and the
samples were left at room temperature for one day.
The temperature was adjusted to a value close to
the boiling point of the solvent in each solution,
and a magnetic stirrer was added. The extraction
process was then carried out in a Soxhlet system
by stirring the samples for 6 hours. The resulting
extracts were collected using a filter paper and a
funnel, and the solvents were separated from the
extracts. The extracts were then placed in a rotary
evaporator device for concentration. In this
process, the solvents were evaporated under
vacuum, low temperature, and pressure conditions

until 2-4 ml of the extract remained. Once the
desired volume was reached, the extracts were
transferred to 2.0 ml capacity Eppendorf tubes
using sterile pipettes (Simsek, 2012).

2.4. Determination of the antimicrobial and
antifungal activities of the mosses

The study employed disk diffusion, agar well
diffusion, and minimum inhibitory concentration
(MIC) tests to assess the antimicrobial and
antifungal properties of three distinct moss
samples against a range of microorganisms. These
methods facilitated the measurement and
comparison of the efficacy of the moss extracts.

2.5. Disk diffusion and agar well method
The antimicrobial susceptibility of eight bacterial

species, including  Staphylococcus  aureus,
Enterococcus faecalis, Bacillus subtilis,
Streptococcus pyogenes, Pseudomonas

aeruginosa, Enterobacter aerogenes, Klebsiella
pneumoniae, and Escherichia coli, was evaluated
using Mueller-Hilton Agar (MHA) medium for
disk diffusion and agar well diffusion tests.
Mueller-Hinton Broth (MHB) was employed as
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the liquid medium in the minimum inhibitory
concentration (MIC) tests for these bacteria. In
contrast, Sabouraud Dextrose Agar (SDA) was
utilized for the disk diffusion and agar well
diffusion tests of Candida albicans and
Saccharomyces cerevisiae yeasts, while Sabouraud
Dextrose Broth (SDB) liquid medium was used to
determine the MIC values. To prepare the MHA
medium, 38 grams of the medium was dissolved in
1 liter of distilled water. The medium was
subsequently sterilized by autoclaving at 121
degrees Celsius for 15 minutes. The prepared
medium was then poured into Petri dishes and
allowed to harden at room temperature before
being used for microbiological testing (Balouiri et
al., 2016).

2.7. Minimum inhibitory concentration (MIC)
method

Standardization of the microorganisms and
inoculation was performed in accordance with the
0.5 McFarland standard. A suspension of the
microorganisms was prepared by taking a small
amount of the sample into a test tube using a
sterile loop and mixing it. The turbidity of the
suspension was measured and compared to the 0.5
McFarland standard turbidity, as described by
Senol et al. (2007) and Andrews (2001). A sample
of the microorganism solution that met the 0.5
McFarland standard was then taken using a sterile
swab stick and spread evenly across the medium in
petri dishes in three different directions. Following
inoculation, 6 mm sterile empty disks were placed
at equal intervals in the medium using tweezers
and impregnated with 20 pL of extract for the disk
diffusion test. Four disks were used in each 90-mm
sterile plastic petri dish. The disks were left to dry
for 24 hours to allow the extracts to evaporate and
dry, as recommended by Altuner (2008). For the
agar well diffusion method, 5-6 mm diameter

wells were opened in the solidified medium using
sterile pipette tips at equal intervals. Duplicate
samples of each extract were added to the wells in
a volume of 60 pL. The prepared petri dishes were
then incubated in an oven at 37°C for 18-24 hours
to provide suitable conditions for the growth of
microorganisms. After incubation, the petri dishes
were removed from the oven and the diameter of
the growth was measured using a ruler from one
end to the other, as described by Altuner (2008).

2.6. Standardization of the microorganisms and
inoculation

The positive control of the study consisted of
antibiotic disks containing Penicillin (P10),
Gentamicin  (CN10), Tobramycin (TOB10),
Erythromycin (E15), Tetracycline (TE30) and
Ciprofloxacin (CIPS) for bacteria and fluconazole
disks for fungi. These disks served as an effective
positive control because of their sensitivity to
antibiotics. Conversely, the negative control of the
experiment involved the use of ethyl alcohol,
methyl alcohol, hexane, chloroform, ethyl acetate,
acetone and isopropanol solvents.

3. Findings

3.1. Zone diameter tables

The zone diameters obtained from the disk
diffusion, agar well, and minimum inhibition
methods are presented in the tables below.

The zone diameters of the B. glareosum extract
obtained via the disk diffusion method on the
studied microorganisms are presented in
millimetres. As shown in Table 3, the plant extracts
prepared in the chloroform solution exhibited a
greater effect on the E. coli (11 mm), E. faecalis
(12 mm), B. subtilis (10 mm), and E. aerogenes
(10 mm) strains than the solvents.

Table 3 Disk diffusion results of B. glareosum extracts prepared using different filters for various
microorganisms, highlighting the antimicrobial efficacy of the extracts against a range of pathogens.

B.glareosum S.pyogenes |S.aureus |E.faecalis |B.subtilis |K.p onia |E.aerog P. ginosa |E.coli |C.albicans |S.cerevisiae
1-1.methanol 9 6 6 7 6 6 6 6 6 12
methanol 6 8 10 8 7 9 8 9 10 12
1-2.ethanol 10 10 10 10 9 9 10 9 10 10
ethanol 10 9 10 8 8 15 18 10 20 15
1-3.chloroform 6 10 12 10 9 10 12 11 6 6
chiloroform 7 10 10 8 10 7 13 10 12 12
1-d.aseton 6 9 9 8 6 6 6 7 6 4
aseton 10 7 10 8 9 11 9 10 15 13
1-5.isopropanol 10 11 11 10 11 12 8 1" 12 9
isopropanol 12 11 14 18 14 14 14 18 14 8
1-6.etil asetat 7 8 8 8 12 7 7 8 7 8
etil asetat 6 8 8 7 12 1 11 8 7 7
1-7.hexane 14 6 6 6 6 6 6 6 6 6
hexane 6 6 6 6 6 6 6 6 6 6
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Table 4. Agar Well Diffusion results of B. glareosum extracts prepared with different wells for various

microorganisms
B.glareosum S.pyogenes |S.aureus | E.faecalis | B.subtilis | K.p E.aerog P.aerogi E.coli | C.albicans | S.cerevisiae
1-1 (methanol) 14 6 6 7 6 6 6 6 6 12
methanol 10 9 10 8 7 9 8 12 12 12
1-2(ethanol) 10 8 10 11 12 9 10 9 10 10
ethanol 12 8 9 7 12 15 18 10 20 15
1-3(chloroform) 6 10 15 10 9 8 12 12 6 6
chloroform 9 9 7 6 10 6 13 7 12 12
1-4(aseton) 6 8 9 8 6 6 6 7 6 4
aseton 10 10 10 8 9 11 9 10 15 13
1-5isopropanol) 10 M 1 10 1 12 8 16 12 9
isopropanol 12 10 14 10 14 14 14 10 14 8
1-6(etil asetat) 7 10 8 6 12 7 7 10 7 8
etil asetat 12 7 11 6 12 11 11 10 12 7
1-7(hexane) 6 6 6 6 6 6 6 6 6
hexane 10 6 6 6 6 6 6 6 6

Table 5. MIC values of B. glareosum extracts prepared with different reagents for various microorganisms

B.glareosum | S.pyogenes | S.aureus | E.faecalis | B.subtilis | K.pneumonia | E.aerogenes | P.aeroginosa |E.coli | C.albicans | S.cerevisiae
1-1.methanol 1,25

methanol 2,5 1,25 2,5 2,5
1-2.ethanol 1,25 2,5

ethanol 2,5 1,25 1,25 2,5 0,625
1-3.chloroform 1,25
chloroform 2,5 2,5 2,5 2,5 2,5 1,25
1-4.aseton

aseton 2,5

1-

isopropanol 1,25 0,625| 1,25
1-6.etil asetat 1,25 1,25

etil asetat 2,5 2,5 1,25 2,5
1-7.hexane 1,25

hexane

The zone diameters obtained using the agar well
diffusion method for the B. glareosum extract on
the studied microorganisms are presented in
millimetres. As indicated in Table 4, the plant
extract dissolved in the isopropanol solution
exhibited greater activity than the solvent against
E. coli (16 mm), S. aureus (11 mm), and S.
cerevisiae (9 mm) strains.

The ethanolic extract of B. glareosum species
exhibited antibacterial activity against S. aureus
and K. pneumoniae strains at concentrations of
1.25 pul/ml and 2.5 pl/ml, respectively. Notably, the
solvent ethanol also demonstrated comparable
inhibition values against these microorganisms.

Table 6 presents the zone diameters in millimeters
obtained via the disk diffusion method of S.

touretii extract on the investigated
microorganisms. Notably, the plant extract
prepared in methanol solution yielded a

significantly wider inhibition zone diameter on the

E. aerogenes (11 mm) strain compared to the
solvent.

Table 7 presents the zone diameters obtained via
the agar well diffusion method for the studied
microorganisms treated with the S. touretii extract.
Notably, the plant extract dissolved in ethanol
exhibited greater efficacy than the solvent alone
against S. aureus (9 mm), E. faecalis (10 mm), and
B. subtilis (8 mm) strains.

Examination of Table 8 revealed that the ethanolic
and chloroform extracts exhibited inhibitory
effects on bacterial growth at a concentration of
1.25 pl/ml in the K. pneumoniae strain.
Conversely, the effectiveness of the ethanol and
chloroform solvents was observed at a
concentration of 2.5 ul/ml, indicating that the plant
extracts are capable of inhibiting bacterial growth
at lower concentrations than the respective
solvents.
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Table 6 The disk diffusion results of S. touretii extracts prepared using different filters for various microorganisms.

S.touretii S.pyogenes (S.aureus |E.faecalis |B.subtilis ([K.pneumonia |E.aerogenes |P.aeroginosa |E.coli |C.albicans |S.cerevisiae
2-1 (methanol) 8 6 6 6 6 M 6 8 6 10
methanol 9 8 10 8 7 9 8 9 10 12
2-2 (ethanol) 9 9 10 8 10 10 11 9 10 12
ethanol 10 9 10 8 8 15 18 10 20 15
2-3 (chloroform) 9 8 10 8 12 6 14 9 9 7
chloroform 10 10 10 8 10 7 13 10 12 12
2-4 (aseton) 7 6 7 6 6 6 6 7 7 6
aseton 10 7 10 8 9 " 9 10 15 13
2-5 (isopropanol) 8 8 9 9 9 10 9 8 12 10
isopropanol 18 1 14 18 14 14 14 18 14 8
2-6 (etil asetat) 8 8 10 7 10 6 8 8 7 12
etil asetat 8 8 8 7 12 12 11 8 7 7
2-7 (hexane) 6 6 6 7 6 6 6 6 6 6
hexane 6 6 6 6 6 6 6 6 6 6

Table 7. Agar Well Diffusion results of S. touretii extracts prepared with different reagents for various

microorganisms
S.touretii S.pyogenes |S.aureus |E.faecalis |B.subtilis |K.pneumonia |E.aerogenes |P.aeroginosa |E.coli |C.albicans |S.cerevisiae
2-1(methanol) 8 6 6 6 6 7 6 8 6 10
methanol 10 9 10 8 7 9 8 12 12 12
2-2(ethanol) 9 9 10 8 10 10 11 9 10 12
ethanol 12 8 9 7 12 15 18 10 20 15
2-3(chloroform) 8 8 10 8 10 6 14 9 9 7
chloroform 9 9 7 6 10 6 13 7 12 12
2-4(aseton) 7 6 7 6 6 6 6 7 7 6
aseton 10 10 10 8 9 11 9 10 15 13
2-5(isopropanol) 8 8 9 9 9 10 9 8 12 10
isopropanol 18 10 14 10 14 14 14 10 14 8
2-6(etil asetat) 8 8 17 7 10 6 8 10 7 12
etil asetat 12 7 1" 6 12 12 11 10 12 7
2-7(hexane) 6 6 6 7 6 6 6 6 6 6
hexane 10 6 6 6 6 6 6 6 6 6

Table 8. The minimum inhibitory concentration (MIC) values of S. fouretii extracts prepared with different reagents
against various microorganisms.

S touretii S.pyogenes |(S.aureus |E.faecalis (B.subtilis |K.pneumonia |E.aerogenes |P.aeroginosa |E.coli |C.albicans |S.cerevisiae
2-1 (methanol)

methanol 2,5 1,25 2,50 25
2-2 (ethanol) 1,25

ethanol 2,5 1,25 1,25 2,5 0,63

2-3 (chloroform) 2,5 1,25

chloroform 2,5 2,5 2,5 2,5 2,5 1,25

2-4 (aseton)

aseton 2,5

2-5 (isopropanol)

isopropanol 1,25 0,63 1,25
2-6 (etil asetat)

etil asetat 1,25 2,5 2,5 1,25 2,5
2-7 (hexane)

hexane
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Table 9. Disk Diffusion results of H. cupressiforme var. lacunosum extracts prepared with different filters for various

microorganisms
H. cupressiforme |S.pyogenes (S.aureus |E.faecalis |B.subtilis |K.pneumonia |E.aerogenes |P.aeroginosa |E.coli |C.albicans |S.cerevisiae
3-1 methanol 7 6 6 6 6 6 6 6 6 6
methanol 6 8 10 8 7 9 8 9 10 12
3-2 ethanol 1 11 10 9 8 10 10 10 12 12
ethanol 10 9 10 8 8 5 18 10 20 15
3-3 chloroform 7 10 1 8 8 14 8 9 8 8
chloroform 7 10 10 8 10 7 13 10 12 12
3-4 aseton 7 10 10 9 7 9 7 9 7 10
aseton 10 7 10 8 9 1" 9 10 15 13
3-5 isopropanol 12 10 10 10 8 1 14 10 12 6
isopropanol 12 11 14 18 14 14 14 18 14 8
3-6 etil asetat 6 10 11 1 10 8 7 11 10 6
etil asetat 12 7 11 6 12 12 11 10 12 7
3-7(hexane) 6 6 14 12 6 6 6 6 6 6
hexane 10 6 6 6 6 6 6 6 6 6

Table 10. Agar Well Diffusion results of H. cupressiforme var. lacunosum extracts prepared with different reagents for
various microorganisms

H. cupressiforme S.pyogenes |S.aureus |E.faecalis | B.subtilis |K.pneumonia | E.aerogenes | P.aeroginosa |E.coli | C.albicans | S.cerevisiae
3-1(methanol) 7 6 6 6 6 6 6 6 6 6
methanol 10 9 10 8 7 9 8 12 12 12
3-2(ethanol) 11 9 10 9 8 10 10 10 12 12
ethanol 12 8 9 7 8 5 18 10 20 15
3-3(chloroform) 7 10 11 8 8 14 8 9 8 8
chloroform 9 9 7 6 10 6 13 7 12 12
3-4(aseton) 7 9 10 9 7 9 7 9 7 10
aseton 10 10 10 8 9 1M 9 10 15 13
3-5(isopropanol) 12 10 10 10 8 1 14 10 12 6
isopropanol 12 10 14 10 14 14 14 10 14 8
3-6(etil asetat) 6 8 12 6 10 8 7 14 7 6
etil asetat 12 7 1" 6 12 12 1" 10 12 7
3-7(hexane) 6 6 14 12 6 6 6 6 6 6
hexane 10 6 6 6 6 6 6 6 6 6

Table 9 presents the zone diameters obtained via
the disk diffusion method for the extract of H.
cupressiforme var. lacunosum on the investigated
microorganisms. The efficacy of the plant extract
prepared in ethanolic solution was found to be
greater than that of the solvent in S. aureus (11
mm), B. subtilis (9 mm), E. aerogenes (10 mm)
and S. pyogenes (11 mm) strains.

Table 10 presents the zone diameters of the H.
cupressiforme var. lacunosum extract obtained via
the agar well diffusion method on the investigated
microorganisms. The results indicate that the

antimicrobial activity of the plant extract prepared
in an ethanolic solution was more pronounced
against S. aureus (9 mm), E. faecalis (10 mm), B.
subtilis (9 mm) and E. aerogenes (10 mm) strains
compared to the solvents used.

Data from Table 11 indicate that bacterial growth
was observed at a concentration of 1.25 pl/ml in
both the plant extract and ethanol solvent in the S.
aureus strain, suggesting that the antimicrobial
activity of ethanol is comparable to that of the
plant extract.



Uyar G. Kocas S. Aslan N. Vural G. Balaban Zor M. 2025. Anatolian Bryol................cooooiiiiiiii, 79

Table 11. MIC values of H. cupressiforme var. lacunosum extracts prepared with different reagents for various

microorganisms
H. cupressiforme S.pyogenes |S.aureus |E.f: B.subtilis |K.p E.aerogenes | P.aeroginosa |E.coli | C.albicans | S.cerevisiae
3-1(methanol) 7 6 6 6 6 6 6 6 6 6
methanol 10 9 10 8 7 9 8 12 12 12
3-2(ethanol) 11 9 10 9 8 10 10 10 12 12
ethanol 12 8 9 7 8 5 18 10 20 15
3-3(chloroform) 7 10 1 8 8 14 8 9 8 8
chloroform 9 9 7 6 10 6 13 7 12 12
3-4(aseton) 7 9 10 9 7 9 9 7 10
aseton 10 10 10 8 9 11 10 15 13
3-5(isopropanol) 12 10 10 10 8 1 14 10 12 6
isopropanol 12 10 14 10 14 14 14 10 14 8
3-6(etil asetat) 6 8 12 6 10 8 7 14 7 6
etil asetat 12 7 11 6 12 12 1" 10 12 7
3-7(hexane) 6 6 14 12 6 6 6 6 6 6
hexane 10 6 6 6 6 6 6 6 6 6

3.2. Statistical calculations of zone diameters
Statistical calculations of the zone diameters were
conducted with three replications. The obtained
data were subjected to statistical analysis, which
included the Kruskal-Wallis Variance test, Mann—
Whitney U test, and Pearson Chi-square analysis.

The difference between the median values of the
data belonging to three parallel groups was
analysed with the Kruskal-Wallis test. As a result
of the analysis, no significant difference was
observed between the mean ranks (p>0.081). This
result shows that the repetitions between the

parallel groups are close to each other and the test
results are compatible with each other (Table 12).

The Kruskal-Wallis test, as presented in Table 13,
was conducted to determine whether variations in
extract diameters were influenced by plant species.
The analysis revealed a statistically significant
difference between the plants (p < 0.05).
Examination of the rank averages indicated that H.
cupressiforme var. lacunosum exhibited the highest
activity, whereas S. touretii displayed the lowest
activity. These results demonstrate that the
activities of the tested plants differed significantly
and were dependent on the plant species.

Table 12. Repeat results of experiments

Parallel N Average Rank sd Chi-square p
Extract Diameter 1. Parallel 420 623,37
2. Parallel 420 615,51 2 5,019 0,081
3. Parallel 420 622,61
p<0,05
Table 13. Results of extract diameters according to mosses species
Mosses N Rank Avg. | sd | Chi-square p
. B. glareosum 420 637
Extract Diameter "= i 420 585,03 2 11,758 | 0,003
H. cupressiforme var. lacunosum | 420 669,48
p<0,05
Table 14. Results of extract diameters according to solvent types
Solvent Type N Rank Avg. sd Chi-square p
Methanol 180 372,44
Ethanol 180 918,82
Extract diameter Chloroform 180 761,63
Acetone 180 465,86 6 524,388 0,00
Isopropanol 180 912,66
Etil Aseton 180 671,55
Hekzan 180 310,55

p<0,05
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Analysis of data from seven different solvents

using the Kruskal-Wallis test revealed a
statistically significant difference between the
solvents at a p-value of less than 0.05.

Examination of Table 14 indicates that the mean
ranks of the solvents show ethanol (918.82) and
isopropanol (912.66) to exhibit the highest activity,
whereas hexane (310.55) demonstrated the lowest
activity. These results highlight the significance of
the solvent type on mosses and demonstrate the
variability in activity among different solvents.

A comparison of the susceptibilities of gram-
positive bacteria, gram-negative bacteria, and
fungi was conducted using the Kruskal-Wallis test.
The results indicated no statistically significant
difference between the groups. Examination of the
ranked means revealed that gram-positive bacteria
exhibited slightly higher values than the other
groups, although this difference was not
statistically significant.

The sensitivity of 10 distinct microorganisms was
assessed using the Kruskal-Wallis test, which
revealed a statistically significant difference
among the microorganisms. Examination of the

pyogenes, E. aerogenes, and P. aeruginosa display
low activity.

The sensitivity difference between gram-positive
and gram-negative bacteria was investigated using
the Mann—Whitney U test. The mean rank for
gram-positive bacteria was determined to be
521.62, while that for gram-negative bacteria was
487.38, as per the results presented in Table 17.
Although the obtained p-value of 0.059 exceeded
the 0.05 significance threshold, gram-positive
bacteria exhibited a greater tendency toward
sensitivity.

The antimicrobial activity status of the plant
species in Table 18 was classified as "effective"
and "not effective" and comparedwith theo
observed and expected numbers. A Pearson chi-
square value of 6.230 was obtained using the chi-
square test, and the corresponding significance
level was calculated as p=0.044. This outcome
indicates a statistically significant difference
between the groups at a significance level of
p<0.05. Notably, B. glarecosum and H.
cupressiforme var. lacunosum exhibited higher
"effective" status values than expected, whereas S.

rank averages presented in Table 16 indicates that  fouretii showed a lower "effective" status than
E. faecalis exhibits the highest activity, whereas S.  anticipated.
Table 15. Results of extract diameters according to the type of strain prepared
Sus N Sira Ort. sd Ki-kare p
G Pozitif 504 656,03
Ekstrakt ¢ap ' eoati 504 614,11 2 4,229 0,121
Mantar 252 612,2
p<0,05
Table 16. Results of extract diameters according to microorganism type
Microorganism Type N Rank Avg. sd Chi-square p
S. pyogenes 126 591,31
S. aureus 126 634,65
E. faecalis 126 774,15
B. subtilis 126 624,03
Extract diameter | K. pneumonia 126 609
A. erogenes 126 591,91 ? 26,821 0,001
P. aeroginosa 126 591,89
E. coli 126 663,66
C. albicons 126 603.,4
S. cerevisiae 126 621,01
p<0,05
Table 17. Results of extract diameters according to gram positive and gram negative species.
Groups N Rank Avg. Mann Whitney Z Value p
Gram Positive 504 521.62
Gram Negative 504 487.38 118.382 -1.886 0,059
p<0,05
Table 18. Impact status results according to moss type.
Effect Status Mosses N Chi-Square sd p
B. glareosum 313
No Effect S. touretii 342
H. cupressiforme 320
B. glareosum 107 6,23 2 0,044
Yes Effect S. touretii 78
H. cupressiforme var. lacunosum 100

p<0,05
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Table 19. Effect status results according to solvent type

Solvent Type No Effect Yes Effect N Chi-Square sd p

Methanol 167 13

Ethanol 125 55

Chloroform 110 70

Acetone 166 14 180 110,667 6 0,00
Isopropanol 160 20

Etil Aseton 121 59

Hekzan 26 154

p<0,05

The efficacy of the seven distinct solvents was
evaluated using the Pearson Chi-Square test. As a
result of this analysis, a statistically significant
relationship was established between the solvent
types and their antimicrobial effects. Notably,
hexane emerged as the most effective solvent
within the "effect" group, implying that it may

exhibit  enhanced antimicrobial properties
compared to other solvents against specific
microorganisms.

The study involved the evaluation of three distinct
moss species (B. glareosum, S. ftouretii, H.
cupressiforme var. lacunosum) and seven different
solvent extracts (methanol, ethanol, acetone,
chloroform, hexane, ethyl acetate, and
isopropanol) against a panel of 10 microorganisms.
This panel consisted of 4 gram-positive bacteria, 4
gram-negative bacteria, and 2 fungi, specifically:
Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 25923, Bacillus
subtilis ATCC 6633, Streptococcus pyogenes
ATCC 12344, Pseudomonas aeruginosa ATCC
27853, Enterobacter aerogenes ATCC 13048,
Klebsiella pneumoniae MTCC 109, Escherichia
coli ATCC 35218, Candida albicans ATCC 10231,
and Saccharomyces cerevisiae ATCC 9337. The
antimicrobial and antifungal effects of these
extracts were assessed.

This study conducted a comprehensive analysis of
the activity levels against microorganisms and the
impact of the solvents employed. The primary
objective was to explore the potential therapeutic
applications of bryophytes with the aim of
addressing the growing issue of antimicrobial and
antifungal drug resistance. The research findings
revealed substantial variations between the
solvents used and the types of microorganisms
present.

Moss extracts typically demonstrated enhanced
antimicrobial activity against gram-positive
bacteria. Specifically, B. glareosum extracts
displayed notable efficacy against gram-positive
bacteria. Among the solvents employed, hexane
extract yielded the highest level of inhibition,
whereas methanol, acetone, and isopropanol were
found to be ineffective. Furthermore, no
antimicrobial or antifungal activity was observed

against Pseudomonas aeruginosa and Candida
albicans strains.

S. touretii extracts showed strong antimicrobial
and antifungal activity, especially against
Enterococcus faecalis, Bacillus subtilis and
Saccharomyces cerevisiae. However, they were
ineffective against other microorganisms. The
highest activity in this species was observed in the
ethyl acetate extract, while methanol, ethanol,
acetone and chloroform did not show any effect.

Extracts of H. cupressiforme var. lacunosum
exhibited antimicrobial activity against
Staphylococcus  aureus,  Bacillus  subtilis,

Enterobacter aerogenes, Enterococcus faecalis and
Escherichia  coli  strains.  Conversely, no
antimicrobial activity was observed against
Streptococcus pyogenes, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Candida
albicans and Saccharomyces cerevisiae. Notably,
hexane and chloroform solvents yielded the
highest antimicrobial activity, whereas methanol
and isopropanol exhibited lower activity.

The results showed that ethanol and isopropanol
were the most effective solvents, while methanol,
acetone and hexane had the lowest antimicrobial

activity.  When evaluated in terms of
microorganisms, Enterococcus faecalis,
Escherichia coli, Staphylococcus aureus and

Bacillus subtilis showed the highest sensitivity to
the moss extracts. Pseudomonas aeruginosa and
Candida albicans strains were found to be resistant
to the extracts.

At the microorganism level, Pseudomonas
aeruginosa and Candida albicans strains exhibited
resistance to moss extracts, whereas
Staphylococcus  aureus,  Bacillus  subtilis,
Enterococcus  faecalis, and Escherichia coli
demonstrated the highest sensitivity to these
extracts.

The solvent diameters were ranked in the
following order: ethanol > isopropanol >
chloroform > ethyl acetate > acetone > methanol >
hexane, as indicated by the statistical analysis
results. The plant species exhibiting the highest
activity were H. cupressiforme var. lacunosum,
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Brachythecium glareosum, and S. touretii, in
descending order of activity. In terms of
microorganisms, the highest activity was observed
in E. faecalis, followed by E. coli, B. subtilis, S.
cerevisiae, K. pneumoniae, C. albicans, E.
aerogenes, P. aeruginosa, and S. pyogenes.

A comparative analysis of microorganism species
based on their diameters revealed that fungi
exhibited greater resistance than gram-negative
bacteria, which in turn demonstrated greater
resistance than gram-positive bacteria. The
antimicrobial efficacy of the plant extract was
found to be lower in instances where the solvent
diameters exceeded the diameter of the plant
extract.

This investigation demonstrated that bryophytes
exhibit substantial antimicrobial and antifungal
properties  against certain  microorganisms,
suggesting their potential as sources in drug
development processes. The findings indicate that
these plants can serve as a natural alternative in
pharmaceutical and medical applications and may
also inform further research in this area.

Observations have been made that extracts derived
from mosses possess potential as natural
antimicrobial ~and  antifungal agents in
pharmaceutical development. Consequently, it is
considered essential to establish suitable methods
for large-scale industrial applications and to
investigate the use of these extracts within the
pharmaceutical, agricultural, and food industries.
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quality and standard terminology. Scientific keywords in the article should be selected from Turkey Science
Terms. In this regard: http://www.bilimterimleri.com can be used.

1. Introduction

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

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

3. Findings
Station information and plant list etc.

4. Results and Discussion

The same data or information given in a Table must not be repeated in a Figure and vice versa. It is not
acceptable to repeat extensively the numbers from Tables in the text or to give lengthy explanations of
Tables or Figures. Statements from the Introduction and Finding sections should not be repeated here. The
final paragraph should highlight the main conclusions of the study.

Acknowledgements and/or disclaimers, if any
Names of funding organizations should be written in full.

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

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

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

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

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

Web sites (no print version):

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

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

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

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

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

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

Graphs and diagrams must be drawn with a line weight between 0.5 and 1 point. Graphs and diagrams with
a line weight of less than 0.5 point or more than 1 point are not accepted. Scanned or photocopied graphs
and diagrams are not accepted.

Charts must be prepared in 2 dimensions unless required by the data used. Charts unnecessarily prepared
in 3 dimensions are not accepted.
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Figures that are charts, diagrams, or drawings must be submitted in a modifiable format, i.e. our graphics
personnel should be able to modify them. Therefore, if the program with which the figure is drawn has a
“save as” option, it must be saved as *.ai or *.pdf. If the “save as” option does not include these extensions,
the figure must be copied and pasted into a blank Microsoft Word document as an editable object. It must
not be pasted as an image file (tiff, jpeg, or eps) unless it is a photograph.

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

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

Correspondence Address

Manuscripts can only be submitted through our online system. Other correspondence may be directed to:
E-mail: anatolianbryology@gmail.com, serhatursavas@gmail.com

or Dr. Serhat URSAVAS Cankir1 Karatekin University, Faculty of Forestry, Department of Forest
engineering, Department of Forest Botany, Anatolian Bryology. 18200 Cankirt/ TURKEY
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Anatolian Briyoloji Dergisinin Kapsami

Anadolu Briyoloji Dergisi, karayosunu, cigerotlart ve boynuzsu cigerotlar: ile ilgili degisik alanlarda
yapilan, morfolojik, mikroskobik yapilari, biyolojik gesitlilik, koruma, biyoteknoloji, ¢evre diizenleme,
tehlike altindaki tiirler, tehlike altindaki habitatlari, sistematik, vejetasyon, ekoloji, biyocografya, genetik
ve tlim briyofitler arasindaki iliskileri konu alan orijinal makaleleri yayinlar. Tanimlayici ya da deneysel
ve sonuglar1 net olarak belirlenmis deneysel ¢aligmalar kabul edilir. Makale yazim dili Tiirkge veya
Ingilizcedir. Yayimlanmak iizere gonderilen yazi orijinal, daha &nce hicbir yerde yaymlanmamis olmali
veya islem goriiyor olmamalidir. Yaymlanma yeri Tiirkiye’dir. Bu dergi yilda iki say1 yayinlanir, erigime
acik ve iicretsizdir.

Dergi yazim kurallarina uymayan veya derginin kapsami disindaki konulardan olugan makaleler hakem
degerlendirme siirecine girmeden reddedilir. Her makale i¢in, gerekli kurallara gére doldurulmus ve yazar
veya yazarlarin hepsi tarafindan imzalanmis olan Telif Hakki Devir Formu, makale yaymlanmadan 6nce
dergi editoriine gonderilmelidir. Dergiye gonderilecek makaleler ve siireg ile ilgili her tiirlii yazigmalar,
dogrudan internet ortaminda elektronik posta ile yapilmalidir. Dergi tiim milletlerdeki arastirmacilara
aciktir. Makalelerin agagidaki sekilleri dikkate alinacaktir.

1. Arastirma makaleleri: Briyofitlerin ¢esitli alanlarindaki 06zgilin arastirma makaleleri
degerlendirilecektir.

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

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

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

Yazar Rehberi
Makalenin hazirlanmasi

Stil ve bicim: Makale cift satir aralig1 ve sayfanin her tarafindan 3 cm kenar boslugu birakilarak Times
New Roman formatinda yazilmalidir. Makalelerin her sayfast baslik, kaynaklar, tablolar, vb.
numaralandirilmalidir. Makalelerin her sayfasi, satir numarast 1 ile baglamak kaydiyla numaralandirilir.
Makaleler ingilizce veya Tiirkce yazilabilir. Anadili ingilizce olmayan yazarlar igin; Bir dil editdriine veya
akic1 bir sekilde Ingilizceyi konusabilen bir meslektasindan yardim almalar tavsiye edilir. Kullanilan
kelimelerde argo olmaksizin 6z ingilizce kullanilmalidir. Uzun ciimle ve edilgen yapilardan kaginilmalidir.
Eserin bilgisayar programi kullanilarak imla ve dilbilgisi kurallarmma uygun olup olmadigi kontrol
edilmelidir. Makalenin tamami Ingilizce (Amerikan) yazim kurali ile tutarli olmalidir.

Semboller, birimler ve kisaltmalar: Genel olarak dergi kurallari, Yazarlar i¢in CSE Kilavuzu, Editor ve
Yonetim Kurulu, VA, ABD. ve Yayincilar i¢in vb. bilimsel stil ve format kullanilmalidir. Eger X, u, n, or
v gibi semboller kullanilacaksa Word semboller meniisii kullanilarak eklenmelidir. Derece sembolleri (°),
klavye iizerindeki o veya 0 kullanilarak degil semboller meniisii kullanilarak olusturulmalidir. Carpma
sembolleri (%), harfi degil x sembolii kullanilmahdir. Alansal ifadeler say1 ve birimler arasma (Or. 3 kg),
yine ayni sekilde numara ve matematik sembolleri (+, -, X, =, <,>) arasina konulmalidir fakat say1 ve yiizde
sembolleri kullanilacaksa Ingilizce makalelerde rakamdan sonra yiizde isareti (Or. 45%) konulmalidir.
Genellikle tiim sayilar (6r. “2 0nceki ¢aligmada”...) rakam olarak verilmelidir. Liitfen tiim ayrintilar i¢in
yukaridaki yazim kilavuzunu inceleyiniz. Tiim aciklamalar ve kisaltmalar ilk gectigi yerde belirtilmelidir.
Latince olan baz1 terimler 6rnegin: et al., in vitro ya da in situ Latince yazilmamalidir.

Makale icerigi: Arastirma makalelerini su boliimlere ayrilmasi tavsiye edilir: Ana boliimler (1. Giris, 2.
Materyal ve Metot, 3. Bulgular, 4. Tartisma ve Sonug vb.) ve alt boliimler 1.1., 1.2., vb. numarali olmas1
gerekir.



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

Anatolian Bryology dergisine sunulan ¢alismalarin benzerlik oran1 %20'nin (Tiir listesi ve kaynakga harig)
altinda olmalidir.

Etik Kurallar ve Sorumluluklar

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

Bashk ve iletisim bilgileri: Makalenin baslig1 tiim metni 6zetler nitelikte olmalidir (Or: Kurakeil bir bitki
olan Syntrichia caninervis var. gypsophila (J.J. Amann ex G. Roth) Ochyra’nin tuz ve kuraklik stresine
tepkisi: antioksidan savunma sisteminin rolil). Tiim yazarlarin tam isimleri (Ad1 Soyadi tam harflerle), tim
yazarlarin bagl olduklar1 birim (Universite, Fakiilte, Béliim, Sehir, Ulke) ve sorumlu yazar i¢in acikca
belirtilmis e-mail adresi.

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

Anahtar kelimeler:

Erisim ve indekslemeleri etkinlestirmek i¢in 3-10 anahtar kelime veriniz ve baglik ile ayni olmamasina
dikkat ediniz. Kisaltma kullanmayiniz.

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

1. Giris

Calismanin olgusunu savunmaniz, sadece arka planda yapilan ¢aligmalar1 6zetlemeniz gerekir. Sonug ve
bulgular gibi kisimlar1 igermemelidir. Caligilan konunuz yorumu olmamali fakat sorun net bir sekilde ele
almarak belirtilmedir.

2. Materyal ve Metot

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

3. Bulgular
Istasyon bilgileri, bitki listesi, vb.

4. Tartisma ve Sonug¢

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

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

Kaynaklar

Metin igerisinde kaynak belirtme, yazar veya yazarlarin soyadlar: (virgiil) makalenin yaymlandig: tarih
verilmelidir. Ornek: (Ursavas, 2014) veya (Ursavas ve Kegeli, 2014). Eger atif ciimle baginda verilecekse
sadece tarih parantez igerisinde verilmelidir. Ornek: “Ursavas (2012)’ye gore...”. Ug ve daha fazla
yazarlarin atiflari igin; ilk yazarm soyadi ve devaminda ve ark., (italik degil) kullanilir. Ornek: (Abay ve
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ark., 2002). Ayni yazarin ayni y1l igerisinde birden fazla kaynag varsa, liitfen yilsonuna a, b, ¢, gibi harf
ekleyin: (Kegeli ve ark., 2002a, 2002b). Kaynaklar kronolojik olarak siralanip kaynaklar noktal virgiil ile
ayrilmahdir: (Abay, 2000; Kegeli ve ark., 2003; Ursavas ve Oren, 2012). Web sitesi atiflar1 (URL1, URL2,
...) olmalidir. Kisisel iletisim ile yayinlanmamis herhangi bir veriyi kaynak olarak kullanmayin ancak metin
igerisinde (parantez igerisinde) verilebilir. Ingilizce dili disinda yayinlanan bir makaleniz varsa makalenin
Ingilizce bashgi verilmeli, parantez icerisinde (Tiirkge makale, 6zet Ingilizce) gibi bir agiklama ile
belirtilmelidir. Eger yayinlanan makalenin Ingilizce bir bashig1 yoksa sadece orijinal bashk verilmeli ¢eviri
yapilmamalidir. Kaynaklar numaralandirilmadan metnin sonunda alfabetik olarak listelenmig olmalidir.
Makalenin yazarlarinin 10 ve asagist timii verilmelidir, 10 yazardan fazla makalelerde ilk 10 yazar verilip
geri kalan yazarlar icin ve ark., yazilmalidir. Makalede kaynaklar listesinde verilen yazarlarm adlar
yazilislariin ve yayin yillarinin makale igerisindeki metin ile ayni olup olmadiginin dikkatlice kontroliinii
yapmiz. Kaynaklara agagidaki formatta yazilmalidir: (Liitfen harf ve noktalamaya dikkat edelim):

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

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

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

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

Web sitesi (Basih degilse):

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

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

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

Tiim tablo ve Sekiller bir baslik veya lejant1 olmali1 (Or: Tablo 1, Sekil 1) tiim makaledeki tablo ve sekiller
birden fazla ise hepsi sirastyla numaralandirilmalidir. Bagliklar ciimle halinde yazilmali (Or: Ornegin
mikroskobik goriintiisii.). Sekil ve tablolarda Times New Roman yazi tipi kullanilmalidir. Eger x, p, 1, ya
da v gibi semboller kullanilacaksa Word Semboller meniisii kullanilarak eklenmelidir.

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

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

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

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

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

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

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

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

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

veya

Dr. Serhat URSAVAS Cankir1 Karatekin Universitesi, Orman Fakiiltesi, Orman Miihendisligi Béliimii,
Orman Botanigi Anabilim Dali, Anadolo Briyoloji Dergisi 18200 Cankiri/TURKIYE
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The second locality record of Gigaspermum mouretii Corb. (Gigaspermaceae), a rare bryophyte taxon, from Tiirkiye
Nadir bir karayosunu taksonu olan Gigaspermum mouretii Corb.'nin (Gigaspermaceae) Tiirkiye'den ikinci kaydi
Gozde ASLAN, Mithat Evrim DEMIR, Hatice OZENOGLU, Mesut KIRMACI

A Comparative Phytochemical Study
Karsilagtirmall Bir Fito.kimyasal Calisma
Yeliz CAKIR SAHILLI, Mevliit ALATAS

The moss flora of Koramaz Valley in the Central Anatolia (Kayseri)
Orta Anadolu daki Koramaz Vadisi 'nin (Kayseri) karayosunu florasi
Harun CULHA, Tiilay EZER

The Liverwort Flora of the Boraboy Lake (Amasya)
Boraboy Golii (Amasya) Cigerotu Florasi
Kamil Mert YUCEL, Hanife TARIM, Isa GOKLER, Neslihan KARAVIN
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Emrah URLU, Recep KARA

Determination of Atmospheric Polycyclic Aromatic Hydrocarbons and Trace Element Levels Using Moss Biomonitoring: A Case
Study of Kocaeli

Biyomonitor Karayosunlart Kullamlarak Atmosferik Polisiklik Aromatik Hidrokarbonlarim ve Iz Elementlerin Birikimlerinin
Belirlenmesi: Kocaeli Ornegi

Giilsiim KOCAK, Muhammet OREN, Hasan CABUK

Phytochemical profiling of Brachythecium glareosum (Bruch ex Spruce) Schimp. and preliminary in silico assessment of antifungal
potential
Brachythecium glareosum (Bruch ex Spruce) Schimp. tiirtiniin fitokimyasal profillemesi ve in silico destekli antifungal potansiyelinin on

degerlendirmesi | )
Zafer Cambay, Harun USLU, Kevser OZDEMIR BAYCINAR, Biinyamin GOKTAS, Muhammed GUNGOREN, Mevliit ALATAS

Detection of some phenolic content of Grimmia ovalis (Hedw.) Lindb. and investigation of its antimicrobial activity with molecular
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