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Abstract

This study aimed to explore the phytochemical constituents and antioxidant activity of methanol extracts from
Sphagnum divinum and Sphagnum girgensohnii. Screening methods were employed to identify the phytochemical
groups present in the methanol extracts of these two Sphagnum species, which have been relatively understudied for
their antioxidant potential. The antioxidant properties of the extracts were evaluated using in vitro DPPH, CUPRAC,
and phosphomolybdate assays. The experimental results revealed that the methanol extract of S. divinum exclusively
contained phenols and tannins, while the methanol extract of S. girgensohnii contained phenols, tannins, and
saponins. Alkaloids and flavonoids were not detected in either bryophyte. The methanol extracts of both S. divinum
and S. girgensohnii exhibited DPPH scavenging activity exceeding 50% at all tested concentrations. An increase in
DPPH scavenging ability was observed with increasing extract concentration. The DPPH scavenging activity of S.
divinum methanol extract was consistently higher than that of S. girgensohnii methanol extract across all tested
concentrations. These findings suggest that S. divinum and S. girgensohnii hold promise as potential sources of
antioxidant compounds.

Key words: Bryophytes, Peatland, CUPRAC assay, DPPH, Phosphomolybdate assay

Sphagnum divinum Flatberg & K. Hassel ve Sphagnum girgensohnii Russow
(Sphagnopsida)'nin Fitokimyasal Iceriklerinin ve Antioksidan Aktivitelerinin Belirlenmesi

Oz

Bu ¢aligmanin amaci, Sphagnum divinum ve S. girgensohnii'den elde edilen metanol ekstraktlarinin fitokimyasal
bilesenlerini ve antioksidan aktivitesini aragtirmaktir. Antioksidan igerigi ¢ok az calisilmig olan iki farkli Sphagnum
tirliniin metanol ekstraktindaki fitokimyasal aktif madde gruplari tarama yontemleri kullanilarak belirlenmis ve
antioksidan 6zellikleri in vitro DPPH deneyi, CUPRAC deneyi ve fosfomolibdat deneyi kullanilarak tespit edilmistir.
Deneylerden elde edilen sonuglara gore, S. divinum 'un metanol ekstraktinin sadece fenoller ve tanenler icerdigi, S.
girgensohnii 'nin metanol ekstraktinin ise fenoller, tanenler ve saponinler igerdigi, ancak her iki briyofitin de
alkaloidler ve flavonoidler igermedigi belirlenmistir. Deneysel sonuglar, S. divinum ve S.girgensohnii metanol
ekstraktlarinin test edilen tiim konsantrasyonlarda %50'den daha yiiksek DPPH siipiirme aktivitesine sahip oldugunu
gostermektedir. Ekstrakt konsantrasyonundaki artigla birlikte DPPH siiplirme kabiliyetinde artis oldugu
goézlemlenmistir. S. divinum metanol ekstraktinin DPPH siipiirme kabiliyeti, test edilen tiim konsantrasyonlarda S.
girgensohnii metanol ekstraktindan daha yiiksek bulunmustur. Calismanin sonuglari, S.divinum ve S. girgensohnii'nin
potansiyel antioksidan bilesik kaynaklar1 olabilecegini gostermektedir.

Anahtar kelimeler: Karayosunlari, Turbalik, CUPRAC Testi, DPPH, Fosfomolibdat testi
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1. Introduction

It is known that the antioxidant properties of plants
are effective in defense against oxidative
destruction in cells, in different diseases such as
cancer, vascular occlusion, and in protection
against the aging process. Especially the
development and utilization of natural antioxidant
species are among the important research topics
today. Although medicinal plants used in
traditional medicine are preferred as natural
antioxidant sources, it is a fact that new and
different sources with high natural antioxidant
capacity are needed today.

Approximately 1030 taxa in Tiirkiye represented
bryophytes, which make up the second largest
group of our plant biodiversity, according to 2015
data. According to the last updated bryophyte lists
(Erdag and Kiirschner 2017; Kiirschner and Frey
2020) and recent studies on bryophytes (Alatas
et al., 2019; Batan et al., 2019; Ellis et al., 2019,
2020, 2021; Ursavag and Isin 2019; Ursavas and
Kegeli 2019; Erata and Batan 2020; Erata et al.,
2020; Uygur et al., 2020; Unan et al., 2020; Abay
et al., 2020; Erata et al., 2021; Unan and Oren
2021; Ursavas et al., 2021; Kirmac et al., 2021,
2022; Ozenoglu and Kirmaci, 2022; Ozen-Oztiirk
et al., 2023) including the studies conducted in the
period from 1829 until the end of 2020, existing
flora has reached 1047 taxa (844 mosses, 199
liverworts and 4 hornworts).

It is known that bryophytes produce various
secondary metabolites to combat many stresses
such as insect/animal predation, UV radiation,
extreme temperature, and microbial
decomposition.  Secondary  metabolites  are
compounds that do not directly affect the basic
activities of plants but have primary metabolites
directly related to basic activities (Shaw and
Goffinet, 2000). Secondary metabolites have anti-
cancer, anti-tumor, anti-fungal, anti-bacterial, and
anti-oxidant activities and the anti-oxidant capacity
of bryophytes is higher than some higher-
structured plants (Xie and Lou, 2009). Because of
reasons such as the region of distribution, seasonal
changes, the amount of water and humidity to
which it is exposed, and the substances taken from
the environment, the secondary compounds in their
content may vary according to the species and may
show a rich diversity (Heinrichs et al., 2000).

Secondary metabolites are produced
biosynthetically from primary metabolites in
plants. Among the secondary compounds found in
the structure of bryophytes are aromatic
compounds, terpenoids, and fatty acids. Besides
terpenoids, aromatic compounds are the most

important type of secondary metabolite found in
bryophytes. ~ The most commonly observed
flavonoid species in bryophytes are flavone
aglycones and glycosides, flavonol aglycones and
glycosides, anthocyanins and derivatives, aurones,
biflavonoids,  flavanones,  dihydrochalcones,
dihydroflavonols, isoflavones, triflavones (Cowan,
1999., Dey and De, 2012). Also aromatic
compounds, terpenoids and fatty acids (Serin,
2007), aromatic compounds, benzoic and cinnamic
acid derivatives, phenolethers, alkylphenols,
phenylglycosides, bisbibenzyls, bishibenzyldimers,
stilbenes, phenanthrenes, naphthalenes,
acetophenones, lignans, coumarins, isocoumarins,
comestanes, and benzonaphthoxanthenones
(Heinrichs et al, 2000). These secondary
compounds in bryophytes stand out with their anti-
cancer, anti-tumor, anti-fungal, anti-bacterial and
anti-oxidant properties (Bhattarai et al., 2009;
Gaurav et al., 2018; Provenzano et al., 2019; Baser
Canoglu et al., 2019). There are many bryophytes
with antioxidant potential and it is known that the
antioxidant capacity of bryophytes is higher than
some highly structured plants (Mukhopadhyay et
al., 2013; Vats and Alam, 2013; Cansu et al., 2013;
Celik et al., 2014; Oyedapo et al., 2015; Aslanbaba
et al., 2017; Karaoglu et al., 2022; Karaoglu et al.,
2023; Celik et al., 2023). Studies conducted with
different species of bryophytes have revealed that
bryophytes can be used as sources of antioxidants
which are very useful in medical terms. Although
there are examples of studies showing that
flavonoids and phenolic compounds in the
composition of black algae can affect the
antioxidant activity of bryophytes, studies on this
subject are very new and not yet sufficient.

Sphagnum is commonly referred to as peat moss
because of its ecological significance in creating
peat and bog. There are very limited bogs created
by sphagnums in Tirkiye and all of these are
located in the north-eastern part of Tiirkiye (North-
Eastern Black Sea Region) (Kirmaci et al., 2019).
It represented the genus Sphagnum with 26 taxa in
Turkish bryophyte flora (Kirmaci et al., 2022). In
this study, two Sphagnum species, S. divinum and
S. girgensohnii, were studied from Tirkiye. S.
girgensohnii is more common than S. divinum
which has recently been given as a new record for
the country (Ellis et al., 2019).

Studies on bryophytes in our country are mostly
for bryofloristic purposes and studies on their
biological characteristics are very limited. In this
study, methanol extracts of two species belonging
to two different taxa of the genus Sphagnhum, of
which there are very few studies on the antioxidant
content, were got and the phytochemical active
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substance groups in these crude extracts were
investigated using screening methods. The
antioxidant properties of the extracts were
determined using in vitro antioxidant methods
such as free radical scavenging (DPPH assay),

reducing power (CUPRAC assay), and
phosphomolybdate assay.

2. Materials and methods

2.1. Chemicals

1,1-diphenyl-2-picryl-hydrazyl radical (DPPH),

Ascorbic acid, and methanol were purchased from
Sigma, Chem., Germany and CUPRAC assay kit
was purchased from BQC (Bioquochem) Redox
Technologies, Asturias, Spain.

2.2. Collection Localities

S. girgensohnii: Trabzon, Siirmene, Agagbasi
Yaylasi, 2000 m., N 40° 42> 24.;2">> E 0.;-40° 05"
40.-6"2,, Collection date: 08.09.2021, MKIR 8557
S. divinum: Rize, Kavrun Yaylasi, 2050m; N 40°°
53" 49..8"" E 41°° 07" 48..4"", Collection date:
09.09.2021, MKIR 8563

2.3. Preparation of methanol extracts from S.
divinum and S. girgensohnii

159 powdered S. divinum and S. girgensohnii
mosses were extracted with 500 mL methanol at
room temperature for 24-48h. After filtration, the
extracts were evaporated and yielded 0.3863 g and
0.8581g dried mass, respectively. The crude
extracts were kept at +4°C until the experimental
studies.

2.4 Preliminary phytochemical screening
Phytochemical analyses were carried out according
to Ravishankara (2002) and Dominguez (1973).
The details of the tests as are follows:

2.4.1 Detection of phenols

Methanol extracts prepared in ethanol were spotted
on a filter paper. A drop of phosphomolybdic acid
reagent was added to the spots and was exposed to
ammonia vapors. Blue coloration of the spots
indicates the presence of phenols.

2.4.2 Detection of tannins

To 2-3mL of methanolic extract, 10%alcoholic
ferric chloride solution was added. Dark blue or
greenish grey coloration of the solution indicates
the presence of tannins in the extracts.

2.4.3 Detection of alkaloids

A drop of extracts prepared i methanol was spotted
in a small piece of precoate TLC plate and the
plate was sprayed with Dragendorff’s reagent.
Orange coloration of the spot indicates the
presence of alkaloids.

2.4.5 Detection of flavonoids

To 2-3 ml of the extracts prepared in methanol, a
piece of magnesium ribbon and 1mL of
concentrated hydrochloric acid were added. Pink-
red or red coloration of the solution indicates the
presence of flavonoids.

2.4.6 Detection of saponins

10mg of the extracts were mixed with hot water
and the mixtures were shaken for 30s. The
formation of stable foam indicates the presence of
saponins.

2.5. Folin-Ciocalteu assay for total phenolic
content

Samples were analyzed spectrophotometrically for
contents of total phenolic by a Folin— Ciocalteu
colorimetric method (Singleton et al., 1999). 100
and 300pL of properly diluted extract solutions
were mixed with 1mL of FC reagent. The reagent
was pre-diluted, 10 times, with distilled water.
After standing for 3min at room temperature, 3mL
of (2 %w/v) sodium carbonate solution was added.
The solutions were mixed and allowed to stand for
2h at room temperature. Then, the absorbance was

measured at  760nm, using a UV
spectrophotometer (Shimadzu PharmaSpec
UV1700, Japan). A calibration curve was

prepared, using a standard solution of gallic acid
(20, 40, 60, 80 and 100mgmL-1). The results were
expressed as mg gallic acid per 100gram dry
MOoSSes.

2.6. Determination of Antioxidant Activity

2.6.1. DPPH free radical scavenging assay

The free radical scavenging activity of S. divinum
and S. girgensohnii methanol extracts were tested
for their ability to bleach the stable 1,1-diphenyl-2-
picryl-hydrazyl radical (DPPH) (Brand-Williams
et al.,1995). This test is based on the change in
purple color of DPPH solution to yellow by
antioxidant molecules, because of the scavenging
of stable free DPPH radicals, which from purple to
yellow measured at 517 nm (Blois, 1958). A
stronger yellow color shows a greater ability of the
extract to scavenge free DPPH radicals and
stronger antioxidant potential. One milliliter of 0.1
mM DPPH methanol solution was added to 3 ml of
5, 10, 20, 40, 60, 80, and 100pgmL-*concentrations
of methanol extracts. The mixtures were
vigorously shaken, then left at room temperature to
stand. Using a micro-plate reader (Elisa Reader,
Biotek Co, USA) the absorbance of the mixture
was measured at A = 517nm after 30min. 10 and
50ugmL? ascorbic acid, the commercially known
antioxidant was used as a positive control. We
performed all experiments in triplicate. We
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calculated the percentage of the DPPH free radical
using the following equation:

Where A, was the absorbance of the control and
A: was the absorbance in the presence of the
methanol extracts. We compared the actual
decrease in absorption induced by the test with the
positive controls.

DPPH Scavenging capacity (%) = [(A0 — A1)/A0]
x 100

2.6.2. Phosphomolybdate
antioxidant capacity)

The total antioxidant capacity (TAC) assay of
samples was carried out by  the
phosphomolybdenum method (Ghafoor and Choi,
2009). A 0.1mL aliquot of the extract (10, 20, 40,
60, 80, and 100pugmL?) solution was shaken with
1mL of reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate, and 4 mM ammonium
molybdate). The test tubes were covered with
aluminum foil and incubated in a water bath at
95 °C for 90 min. After the samples were cooled,
the absorbances were measured at 765nm. 10 and
50ugmL* ascorbic acid was used as standard. All
experiments were performed in triplicate. The total
antioxidant capacity (TAC) of the extracts was
estimated using the following formula:

Total antioxidant capacity (%) = [(Abs. of
control—Abs. of sample)/ (Abs. of control)] x100

assay (total

2.6.3. CUPRAC spectrophotometric assay of
total antioxidant capacity

The total antioxidant capacity of extracts was also
measured using the BQC CUPRAC assay Kit
(Asturias, Spain), based on the oxidation of the
copper  (Il)-neocuproine  (2,9-dimethyl-1,10-
phenanthroline) according to the manufacturer’s
protocol. A total of 40uL of the diluted extracts
was added to 200pL of the previously prepared
working solution. Trolox was used as standard in
experiments. The mixture was incubated at room
temperature for 30min, and the absorbance was
measured at 450nm using a plate reader (Elisa
Reader, Biotek Co, USA). Results were expressed
as mM of Trolox equivalents (TE mM).

2.7. Statistical Analysis

Each experiment was performed in three
replicates. Results were expressed as means £SD
and analyzed using One-way ANOVA (Analysis
of Variance) in the SPSS 25.0 (USA) software
package program. Level of significance was set at
p<0.05.

3. Results

3.1 Phytochemicals in extracts

The qualitative evaluation revealed the presence of
all phytochemical classes analyzed in the methanol
extract. However, only phenols and tannins were
found in the methanol extract of S. divinum and
only phenols, tannins, and saponins were found in
the methanol extract of S. girgensohnii, while

alkaloids and flavonoids were absent in the
methanol extract of both mosses (Table 1).
Table 1. Preliminary phytochemical screening of methanol extracts of S. divinum and S. girgensohnii
Taxa Phenols Tannins Alkaloids Flavonoids Saponins
S. divinum + + - - -
S. girgensohnii + + - - +

(+): present, (-): absent

3.2 Total phenolic content

The total phenolic contents of S. divinum and S.
girgensohnii methanol extracts were presented as
mg of GA/g in Table 2.

Table 2. Total phenolic content of S. divinum and
S. girgensohnii methanol extracts

Taxa mg phenolic/g extract £ SD
S. divinum 50.00 +4.33
S.girgensohnii 52.50 +2.50

Each value is the average of three analyses +
standard deviation

The total phenolic contents in extracts were
50.00+4.336 mg GAE/g in S. divinum methanol
extract, and 52.50£2.50 mg GAE/g in S.
girgensohnii methanol extract. Phenol

concentration in S. girgensohnii methanol extract
was found higher than in S. divinum methanol
extract. However, the difference is not statistically
significant.

3.3. Antioxidant activity

3.3.1. DPPH scavenging activity

The antioxidant potential of S. divinum and S.
girgensohnii methanol extracts was evaluated on
the basis of their ability to scavenge stable free
DPPH radicals. In the present study, the results of
the antioxidant potential of methanol extracts of S.
divinum and S. gingensohni obtained at different
concentrations (10-100 ugmL™) are given in Table
3. Experiment results show that all concentrations
of S. divinum and S. girgensohnii methanol
extracts have DPPH scavenging activity higher
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than 50%. We observed an increase in DPPH
scavenging ability with an increase in the
concentration of extracts. The DPPH scavenging

each concentration tested. 10pgmL™ concentration
and 50ugmL-! concentrations of ascorbic acid used
as standard in the experiment also showed 81.56%

ability of S. divinum methanol extract was higher and 82.79% DPPH scavenging activity,
than that of S. girgensohnii methanol extract at  respectively.
Table 3. Antioxidant activities of S. divinum and S. girgensohnii methanol extracts
Groups Concentrations DPPH scavenging | Total Antioxidant
activity (%=SD) capacity (%=SD)
Askorbik asit 10 pgmL™? 81.56+0.001* 36.16+0.013
50 pgmL? 82.79+0.001* 97.98+0.008*
10 pgmL? 65.16+0.003* 45.19+0.013
20 pgmL™? 69.67+0.002* 59.75+0.017%*
40 pgmlL?! 72.13+0.002* 61.58+0.035*
S. divinum 60 pgmlL! 72.95+0.003* 65.934+0.045*
80 pgmL! 77.05+0.002* 70.06+0.034*
100 pgmL™? 77.46+0.008* 78.79+0.014*
10 pgmL™? 61.07+0.004* 41.81+0.021
20 pgmL™? 64.75+0.002* 55.93+0.020*
40 pgmL™? 65.98+0.002* 83.40+0.025*
S. girgensohnii 60 pgmL? 67.62+0.002* 84.65+0.007*
80 pgmlL? 70.49+0.001* 85.48+0.039*
100 pgmL?! 70.49+0.019* 87.57+£0.020*

*p<0.05

3.3.2. Total antioxidant capacity (TAC)

The total antioxidant capacity results determined
by the phosphomolybdate assay are given in Table
3. According to the results, both methanol extracts
showed high total antioxidant capacity from
20pug mLt  concentration, which increased
depending on the concentration increase. The total
antioxidant capacity of S. girgensohnii methanol
extract was found to be higher than that of S.
divinum methanol extract, and the difference was
statistically significant (p<0.05). While 10pug mL?
concentration of ascorbic acid used as a standard in
the experiment showed 36.16 % total antioxidant
capacity, this value showed a significant increase
and reached 97.98% at 20ug mL™* concentration.

3.3.3. CUPRIC
Capacity

The total antioxidant capacity of S. divinum and S.
girgensohnii methanol extracts was also measured
using the BQC CUPRAC assay kit (Asturias,
Spain) based on the oxidation of copper (II)-
neocuproine  (2,9-dimethyl-1,10-phenanthroline)
according to the manufacturer's protocol. The
results of the CUPRAC method showed that the
methanol extracts of S. divinum and S.
girgensohnii had very low antioxidant activity
compared to Trolox, which was used as a standard
in the experiment (Table 4, Fig. 1-3).

lon Reducing Antioxidant

Tablo 4. Total antioxidant capacity of S. divinum
and S. girgensohnii methanol extracts measured by

CUPRAC assay
Taxa CUPRAC value (mM TR/g)
S. divinum 0.0008
S. girgensohnii 0.0003
Troloks (Standart) 1,000
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4. Discussion

It is known that oxidized free radicals cause
various degenerative diseases. Therefore, there is a
great need to search for effective natural
antioxidants to combat the onset of degenerative
diseases and aging. The phytochemical from got
from various parts of plants are the major source of
antioxidants. These phytochemicals play a role in
the defense mechanisms of plants and in
maintaining the redox balance in the body and
protection from various diseases (Kandpal et al.,
2016). In recent years, biologically active
ingredients of plant origin have become crucial as
highly promising, prophylactic, and restorative
measures to combat diseases caused by oxidative
stress. Although many studies have been carried
out on flowering plants related to the subject, there
are limited studies on cryptogams. Bryophytes,
which consist of the largest group of cryptogams
have not yet been much investigated, although they
have a non-woody structure and possess unigque
phytochemicals that provide a strong defense
mechanism for survival under a wide variety of
habitats.

Bryophytes are rich in phenols (flavonoids and
ibibenzyl derivatives), terpenoids, glucose, fatty
acids and some aromatic compounds. Moreover,
many of them have biological activity and contain
novel natural products or secondary compounds
that may provide great potential for bio-
pharmaceutical applications (Krishnaiah et al.,
2007; Vats and Alam, 2013; Cansu et al., 2013;
Celik et al., 2014; Aslanbaba et al., 2017; Gahtori
and Chaturvedi, 2020; Karaoglu et al., 2022;
Karaoglu et al, 2023; Celik et al., 2023).
Especially in Indian and Chinese medicine,
liverwort, which is included in bryophytes, is an
important natural product storehouse for the
treatment of hepatitis and skin diseases (Gokbulut
et al, 2012). Although mosses are more diverse
than liverworts, they have been relatively less
investigated in terms of medicinal usefulness.

Studies have shown that bryophytes are good
sources of phytochemicals, nutrients, mineral
elements, and cosmetics. Bryophytes produce
several of the secondary metabolites that empower
these delicate plants with powerful anti-oxidative
mechanisms to cope with biotic and abiotic
stresses (Xie and Lou, 2009; Dey and De, 2012).
Secondary metabolites protect plants against
oxidative stress, compensating for the absence of
any morphological and anatomical defence
mechanisms. Under unfavourable conditions,
reactive oxygen species react with important
cellular components such as proteins and lipids,
leading to disruption of cell structure and cell

damage. Antioxidant enzymes protect the cell
membrane and cell organelles against oxidative
stress caused by both internal and external adverse
conditions. It is thought that the high amount of
antioxidants found in liverworts and mosses can be
used as a future source of medicinal and cosmetic
properties (Aslanbaba et al., 2017). However,
research results on the biological properties of
mosses belonging to Sphagnum species are
limited. Therefore, in this study, qualitative
phytochemical screening, total phenolic content
(GAE/gm), antioxidant activity, and total
antioxidant capacity of methanol extracts from S.
divinum and S. girgensohnii were determined by
different methods.

Biologically active components found in crude
extracts of plants are known directly responsible
for different activities, such as anti-oxidant, anti-
microbial, anti-fungal, and anti-cancer. (Harborne,
1998., Beer et al., 2007., Hossain and Nagooru,
2011). All these secondary metabolites showed
antioxidant and antimicrobial properties through
different mechanisms (Hossain et al., 2011).

Previous investigations have shown that
bryophytes possess an exorbitant amount of
secondary metabolites such as terpenoids,
phenolics (flavonoids and bi-benzyl derivatives),
glycosides, fatty acids and some rare aromatic
compounds (Sabovljvic et al.,, 2019). In some
studies, it was reported that flavonoids were found
in methanol, ethanol, and petroleum ether extracts
got from bryophytes, but not in chloroform and
acetone extracts. Qualitative  phytochemical
evaluation in our study revealed phenols and
tannins in methanol extract of S. divinum and only
phenols, tannins and saponins in methanol extract
of S. girgensohnii. Alkaloids and flavonoids were
absent in methanol extract of both mosses (Table
1).

In the present investigation, the total phenolic
content was observed in S. divinum (50.00 mg
GAE/g) and S. gingensohnii (52.50 mg GAE/qg)
(Table 2). The methanolic extract of the studied
bryophytes showed a high total phenolic content.
Total phenolic content is an indicator of
antioxidant potential and phenolic compounds in
plants are thought to be responsible for free radical
scavenging activity. The phenolic concentration in
the methanol extract of S. girgensohnii was higher
than in the methanol extract of S. divinum.
However, the difference was not statistically
significant. Chobot et al. (2006); reported a very
low total phenolic content in the bryophyte D.
scoparium (3.8%). In a study by Karaoglu et al.
(2022); the antioxidant activity of methanol extract
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of D. scoparium was determined by DPPH free
radical scavenging method and the total flavonoid
and total phenolic content was calculated as
289.43ug/mL  and 133.98 mg/g, respectively
(DPPH; 38.98%). The researchers stated these data
were higher than those reported in previous studies
on the total phenolic content of D. scoparium
extracts (Salvaroglu et al., 2018; Bhadauriya et al.,
2018). They suggested that geographical and
environmental factors may have contributed to this
difference. Preliminary phytochemical screening
with the testreagentsfor the different extracts
(petroleum ether, acetone, methanol, chloroform,
and ethanol) of D. scoparium have been mentioned
along with total phenolic content (45.42mg/g GAE
at the concentration of 60pg/mL). In Bryum
capillare Hedw., the total phenolic content was
found to be 23.26 mg/g (Onbasli and Yuvali,
2021). Some reports show higher and lower total
phenolic content in mosses (Karim et al. 2014,
Onder et al., 2021). Bhattari et al. (2008) reported
that the extracts got from S. uncinata had high
antioxidant activity, free radical scavenging
activity, reducing power, superoxide radical
scavenging activity, and ABTS [2,2'-azino-bis (3-
ethylbenzthiazoline-6-sulfonic ~ acid)]  cation
scavenging activity. Another study on the extracts
of Polytrichastrum alpinum showed that the
extracts of the isolated compounds have a top level
of antioxidant activity (Bhattarai, et al, 2009).

The results of our study are in agreement with the
results obtained in other studies carried out on this
subject. A high total phenolic content was found in
the methanol extract of the bryophytes studied.
Good antioxidant potential is indicated by high
total phenolic content. Phenolic compounds in
plants are thought to be responsible for important
free radical scavenging activity. The polarity of the
solvent is an essential factor in enhancing phenolic
solubility (Naczk and Shahidi, 2006).

The DPPH radical assay is important because of its
reaction mechanisms. Quantitative responses are
altered by many environmental factors and the
radical site is highly hindered to be easily
accessible by complex molecules (Baliyan et al,
2022). Due to its stability and ease of use, this
assay is commonly used for rapid screening of
antioxidant capacity. In the present work, the
antioxidant activities of the extracts were evaluated
using the DPPH assay. In the present study, the
results of the antioxidant potential of the
methanolic extracts of S. divinum and S.
girgensohnii obtained at different concentrations
(10-100 pg mL™?) are given in Table 3. The results
of the experiments show that all concentrations of
the methanolic extracts of S.  divinum and

S.girgensohnii have a DPPH scavenging activity
higher than 50%. An increase in DPPH scavenging
ability was observed with increasing concentration
of the extracts. At each concentration tested, the
DPPH scavenging ability of S. divinum methanol
extract was higher than that of S. girgensohnii
methanol extract. The results obtained in this study
indicate that the S. divinum methanol extracts are
radical scavengers and can react with the DPPH
radical, which could be attributed to their electron
donating ability. The antioxidant activity results of
this research reveal that phenol and tannin in S.
divinum and S. girgensohnii methanol extracts, and
saponin compounds additionally found in S.
girgensohnii methanol extract have quite high
DPPH radical scavenging activity and total
antioxidant capacity, but no cupric ion reducing
activity. Pigment production is an important
criterion for increasing antioxidant capacity. Our
results support this state for S. divinum with dark
reddish burgundy color.

Plant phenolics are the main group of compounds
that act primarily as antioxidants or free radical
scavengers. Antioxidant activity is correlated with
total phenolic content. Therefore, it is a reasonable
practice to determine the total phenolic content in
herbal extracts. The results show that the total
phenolic content of methanol extracts of S.
divinum and S. girgensohnii is high. The radical
scavenging activity is correspondingly high.
However, phenolics alone do not determine
antioxidant activity. Extracts with high antioxidant
activity have high phenolic content (Kumbhare et
al, 2012). Previous studies have shown that there is
a significant linear relationship between the total
amount of phenolic compounds and antioxidant
activity in the foods and plant species analysed
(Karakaya et al., 1999; Ivanova et al., 2005). The
relationship between the structure of polyphenolic
compounds and their antioxidant activity has been
demonstrated. Monophenols are known to have
lower antioxidant activity than polyphenols
(Sanchez-Moreno et al, 1998). The results show
that there is a positive linear relationship between
the total phenolic content and the DPPH radical
scavenging activity and the total antioxidant
capacity of the S. divinum and S. girgensohnii
methanol extracts. The CUPRAC test results show
that the antioxidant compounds found in S.
divinum and S. girgensohnii methanol extracts do
not have a thiol group. On the other hand, phenolic
compounds (phenols, tannins and anthraquinones)
found in S. divinum and S. girgensohnii methanol
extracts can be an excellent source for radical
scavenging antioxidants, although they show very
low Cupric ion reducing activity.
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5. Conclusion

Tiirkiye has a significant history of folk medicine
and in recent years, researchers have conducted
many studies on traditional medicine and
medicinal plants in Tirkiye. Studies have shown
that bryophytes can be rich in secondary
metabolites such as alkaloids, flavonoids,
carbohydrates, terpenoids, tannins, and phenolic
substances and have antioxidant, anti-cancer, and
anti-microbial properties. Phytochemical analyses
and investigation of the biological properties of
bryophytes are important for the production of new
drugs to treat various diseases.

Previous studies and the results of our study show
that bryophytes have high antioxidant content and
are very promising in this respect. The results from
the present work provided a new framework for
the utilisation of the S. divinum and S. girgensohnii
as a natural source of bioactive agents, such as
antioxidants.
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0Oz

Bu calismada Izmir ili merkezi ve cevresinin Cigerotu florasinin son durumu arastirilmistir. Calisma alani
Henderson kareleme sistemine gére B6 karede yer almaktadir. Gergeklestirilen arazi ¢alismalarinda
Marchantiopsida (Hepaticae) sinifina bagh 17 familyaya ait 19 cigerotu tiiriine rastlanmigtir. Bunlardan 5
tanesinin (Sphaerocarpos texanus Austin, Lophocolea heterophylla (Schrad.) Dumort., Jungermannia
atrovirens Dumort., Cephaloziella hampeane (Nees) Schiffn. ve Lejeunea lamacerina (Steph.) Schiffn.)
[zmir ili i¢in yeni kayit 6zelligi tagidig1 anlagilmugtir.

Anahtar kelimeler: Cigerotu, Marchantiophyta, Hepaticae, izmir.

Contributions to the Liverwort (Marchantiophyta = Hepaticae) Flora of izmir Province
(Tiirkiye)

Abstract

A survey of the liverwort flora in Izmir city center and its surrounding areas was conducted. The research
site is located within the B6 square according to the Henderson grid system. During the field studies, 19
liverwort species belonging to 17 families of the class Marchantiopsida (Hepaticae) were encountered. 5 of
them (Sphaerocarpos texanus Austin, Lophocolea heterophylla (Schrad.) Dumort., Jungermannia
atrovirens Dumort., Cephaloziella hampeana (Nees) Schiffn. and Lejeunea lamacerina (Steph.) Schiffn.)
have been determined as new records for the province of izmir.
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1. Giris

Ege Bolgesinde bulunan izmir, Akdeniz iklim
tipine ve Akdeniz fitocografik bitki Ortiisiine
sahiptir. 11 smirlar1 igerisinde rakimlar1 birbirinden
farkli1 45 dag bulunan izmir, Henderson (1961)
Tiirkiye kareleme sistemine (Sekil 1) gore B6
karesinde yer almaktadir. Bolgenin iklimsel
kosullar1 genel olarak yazlari kurak ve sicak, kislar1
ise 1lik ve yagish olan ozellikleri ile yiikseklik, baki
ve egim gibi sartlarindan kaynakli bir¢ok alanda
lokal olarak cigerotlarma ev sahipligi yapmaktadir.

71

Gozlemlenen maki formasyonuna ait ¢ali ve agag
topluluklarinin  golgelenme yapmasi, ortamda
bulunan seclaleler, dere yataklar1 ve kiigiik
akarsularm nemlendirmesi sebebiyle diger briyofit
tirleri gibi cigerotlar1 da agag govdeleri ve suya
yakin kaya yiizeyleri gibi ortamlar1 habitat segerek
yagsamlarmi1  burada devam  ettirmektedirler.
Calismalarimizda titizlikle taranan habitatlar,
goblgelenmenin ¢ok olup nemin fazla oldugu alanlar
olmus ve toplanan oOrneklerin ¢ogu bu ozelligi
gosteren lokalitelerden rapor edilmistir.

;'- ( KARADENIZ
A a 4
,
B 6 8 ?
12 13 14
2 ,J"\__, TURKIYE .
. 4 AKDENirZ,r__? 100200 300 kom
H‘— 3‘{'& 34“ 38"‘ 41:! 6“

Sekil 1. Henderson (1961) Kareleme Sistemine Gore Izmir Ili Sirlart

2. Materyal ve Yontem

Calismamizda belirlenen cigerotu drnekleri Izmir il
merkezi ve c¢evresinde yer alan, Henderson’un
(1961) Tirkiye kareleme sistemine gore B6
karesinde bulunan ve ekolojik yonden uygun
sartlart tasiyan alanlardan toplanmistir. Cigerotu
ornekleri Subat 2022 — Mayis 2023 tarihleri
arasindaki uygun donemlerinde elde edilmistir.
Bitki lokaliteleri, tayinleri i¢in 6nem arz eden
renklerinin ayirt edilebilecek diizeyde temizlenerek
secilmis, stlerinde yer alan topraklarindan
arindinlmistir. Genis agizli spatula yardimi ile
toplanan &rnekler kilitli posetlere konulmus
ozellikle tallus yapili olanlarin  yapisinin
bozulmamasi admna termal c¢antalara muhafaza
edilerek laboratuvar ortamma getirilmistir. Yas
hallerinde tayin yapilmak iizere petri kaplar ile
uygun sicaklikta ve nemde muhafaza edilmistir.
Folyoz yapili ornekler, iizerine basing gelmeden
151k alan ve hava akimi olmayan yerde kurutularak
herbaryum zarflarinda muhafaza edilmistir.
Orneklerin tayini, diinya genelinde kullanilan
kaynak kitaplardan yapilirken (Watson,1981;

Smith, 1996, Crundwell ve Nyholm,1979; Grolle ve
Long 2000) taksonlarin yenilik durumu ilgili
makalelerden belirlenmistir (Henderson ve Prentice
1969, , , Soderstrom ve ark. ,(2002), Kiirschner ve
Erdag (2005), Ozenoglu Kiremit ve Kegeli (2009),
Walther (1967, 1970), ), Gékler ve Oztiirk (1991,
1994), Gokler (1992, 2015, 2017, 2018), Gokler ve
Ozenoglu (1999) ve Gokler, Yiicel ve Saritas
(2022) vyararlanilmigtir. Olusturulan bitki listesi,
Hodgetts ve ark. (2020) tarafindan hazirlanan
sisteme gore diizenlenmistir. Ornekleme listesinin
ardindan yakin bolge karsilastirmalar1 yapilmistir
(Tablo 1). Tium &rnekler tayin c¢aligmalarinin
gergeklestirildigi Dokuz ~ Eyliil  Universitesi
biinyesinde kurulan Fauna ve Flora Arastirma ve
Uygulama Merkezi’nde korunmaktadir.
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Tablo 1. Caligilan alana yakin il ve bolgelerde yapilan di
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er flora ¢alismalar ile karsilastirmasi.

) ) Sultan Daglar Kiitahya ili Usak ili
Izmir Ili Qigerotu Cigerotu Cigero.tu Cigerotlar:
MAKALE / TEZ | (Marchantiophyta) Florasi (Marchantiophyt
ADI Florasina Katkilar Uzerinde Bir a) Florasina Florasima
Katkilar
(2023) Arastirma Katkilar (2017)
(2022) (2018)
Toplam Takson 19 29 23 19
Sayisi
Familyalar Tk. S. % Tk. S. % Tk. S. % Tk. S. %
Sphaerocarpaceae 1 5 - - - - - -
Targioniaceae 1 5 1 4,54 1 4,34 1 5,26
Aytoniaceae 2 10 2 9,09 2 8,68 2 10,52
Conocephalaceae 1 5 1 4,54 1 4,34 1 5,26
Lunulariaceae 1 5 1 4,54 1 4,34 1 5,26
Ricciaceae 2 10 - - - - - -
Marchantiaceae 1 5 1 - 1 4,34 - -
Metzgeriaceae 1 5 2 9,09 2 8,68 2 10,52
Pelliaceae 1 5 1 4,54 1 4,34 2 10,52
Lophoziaceae 2 10 3 13,63 1 4,34 - -
Jungermanniaceae 1 5 - - - - - -
Cepholoziellaceae 1 5 - - - - - -
Fossombroniaceae 1 5 - - - - 1 5,26
Geocalycaceae - - 1 4,54 1 4,34 - -
Lophocoleaceae - - - - 2 8,68 2 10,52
Gymnomitriaceae - - 1 4,54 1 4,34 - -
Scapaniaceae - - 2 9,09 2 8,68 1 5,26
Radulaceae - - 2 9,09 2 8,68 1 5,26
Porellaceae 2 10 2 9,09 3 13,02 3 15,78
Frullaniaceae 1 5 1 4,54 1 4,34 1 5,26
Lejeuneaceae 1 5 1 4,54 1 4,34 1 5,26
Bulgular Frullaniaceae Lorch
Marchantiophyta 5. Frullania dilatata (L.) Dumort.

Cephaloziellaceae Douin

1. Cephaloziella hampeane (Nees) Schiffn.

Ex Loeske

[zmir, Menemen ilgesi — dereyatag: kenari, Saritas,
38°35'45.6"N 27°05'09.0"E
; 25.02.2023
[zmir, Karsiyaka ilgesi, Ornekkdy selale yakini,
Saritag, 38°30'31.8"N 27°07'44.8"E
; 28.02.2022

2. Jungermannia atrovirens Dumort.
[zmir, Karsiyaka ilgesi, Ornekkdy selale yakini,
Saritag, 38°30'31.8"N 27°07'44.8"E
; 28.02.2022
Lophoziaceae Cavers

3. Lophocolea bidentata (L.) Dumort.
[zmir, Karsiyaka ilgesi — dereyatag1 iizeri; Saritas,
38°30'29.7"N 27°07'47.1"E

; 20.03.2023
4. Lophocolea  heterophylla  (Schrad.)
Dumort.

Izmir, Buca ilgesi- Giirlek selalesi yani, Saritas,
38°21'32.8"N 27°18'49.8"E
; 26.04.2022

Izmir, Bornova ilgesi — yol iizeri derekenari ; Saritas
, 38°34'30.5"N 27°13'28.5"E
; 15.01.2023
Lejeuneaceae Cavers

6. Lejeunea lamacerina (Stephani) Schiffner
Izmir, Kemalpasa ilgesi / Nif dagi, golgelenmis
orman alti, Saritag, 38°25'19.8"N 27°21'00.8"E
; 8.09.2022
Porellaceae Cavers

7. Porella cordaeana (Huebener) Moore
Izmir, Bornova ilgesi — yol iizeri derekenari ; Saritas
, 38°34'30.5"N 27°13'28.5"E
; 15.01.2023

8. Porella platyphylla (L.) Pfeiff.
[zmir, Kemalpasa ilgesi / Nif dagi, golgelenmis
orman alti, Saritas, 38°25'19.8"N 27°21'00.8"E
; 8.09.2022
Metzgeriaceae H.Klinggr.

9. Metzgeria furcata L.
Izmir, Bornova ilgesi — yol iizeri derekenari ; Saritas
, 38°34'30.5"N 27°13'28.5"E
; 15.01.2023
Fossombroniaceae Hazsl.

10. Fassombronia pusilla (L.) Nees
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Izmir, Balgova ilgesi — yiiriiyiis yolu kenari; Saritas,
38°23'08.1"N 27°02'04.6"E
; 23.04.2022
Izmir, Buca ilgesi- Giirlek selalesi yami, Saritas,
38°21'32.8"N 27°18'49.8"E; 26.04.2022
Pelliaceae H.Klinggr.
11. Apopellia endiviifolia (Dicks.) Nebel &
D.Quandt
Izmir, Pmarbasi — kaynak kenarlari, Saritas,
38°29'46.4"N 27°14'10.9"E; 17.05.2022
Izmir, Kemalpasa ilgesi / Nif dagi, golgelenmis
orman alti, Saritag, 38°25'19.8"N 27°21'00.8"E
; 8.09.2022
Izmir, Karsiyaka ilgesi — dereyatag: iizeri; Saritas,
38°30"29.7"N 27°07'47.1"E ; 20.03.2023
Lunulariaceae H.Klinggr.
12. Lunularia cruciata (L.) Dumort. ex
Lindb.
Izmir, Karaburun ilgesi — tarihi ¢esme yani,dere
kenar1 , Saritas , 38°31'35.0"N 26°35'38.0"E
; 09.03.2022
Izmir, Buca ilgesi- Giirlek selalesi yani, Saritas,
38°21'32.8"N 27°18'49.8"E; 26.03.2022
Izmir, Balgova ilgesi — yiiriiyiis yolu kenari; Saritas,
38°23'08.1"N 27°02'04.6"E
; 23.04.2022
Izmir, Bornova ilgesi — yol iizeri derekenari ; Saritas
, 38°34'30.5"N 27°13'28.5"E
; 15.01.2023
[zmir, Karsiyaka ilgesi — Yamanlar Dag1 Karagol,
Saritag, 38°32'52.5"N 27°12'36.8"E
; 26.01
Aytoniaceae Cavers
13. Plagiochasma rupestre (J.R. Forst. et G.
Forst.) Steph.
Izmir, Buca ilgesi- Giirlek selalesi yami, Saritas,
38°21'32.8"N 27°18'49.8"E; 26.03.2022
Izmir, Balgova ilgesi — yiiriiyiis yolu kenari; Saritas,
38°23'08.1"N 27°02'04.6"E
; 23.04.2022
Izmir, Menderes ilgesi — Giimiildiir yolu nemli kaya
iistii, Saritas, 8°0828.1"N 27°0221.7"E
;09.10.2022
14. Reboulia hemisphaerica (L.) Raddi
Izmir, Buca ilgesi- Giirlek selalesi yami, Saritas,
38°21'32.8"N 27°18'49.8"E; 26.03.2022
[zmir, Balgova ilgesi — yiiriiyiis yolu kenari; Saritas,
38°23'08.1"N 27°02'04.6"E; 23.04.2022
Conocephalaceae Miill.Frib. ex Grolle
15. Conocephalum conicum (L.) Dumort.
Izmir, Karaburun ilgesi — tarihi ¢esme yani,dere
kenari , Saritas , 38°31'35.0"N 26°35'38.0"E
;09.03.2022
[zmir, Karsiyaka ilgesi — dereyatag1 iizeri; Saritas,
38°3029.7"N 27°07'47.1"E; 20.03.2023
Marchantiaceae Lindl.
16. Marchantia polymorpha L.
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Izmir, Bornova ilgesi — yol iizeri derekenari ; Saritas
, 38°34'30.5"N 27°13'28.5"E
; 15.01.2023
Ricciaceae Rchb.

17. Riccia gluca L.
Izmir, Buca ilgesi- Giirlek selalesi yani, Saritas,
38°21'32.8"N 27°18'49.8"E; 26.03.2022
Izmir, Menemen ilgesi — Mersinli deresi kenar,
Saritag 38°36'52.4"N 27°06'46.0"E
64;20.04.2023
Targioniaceae Dumort.

18. Targionia hypophylla L.
Izmir, Karaburun ilgesi — tarihi ¢esme yani,dere
kenar1 , Saritag , 38°31'35.0"N 26°35'38.0"E
; 09.03.2022
Izmir, Buca ilgesi- Giirlek selalesi yam, Saritas,
38°21'32.8"N 27°18'49.8"E; 26.03.2022
Izmir, Balgova ilgesi — yiiriiyiis yolu kenari; Saritas,
38°23'08.1"N 27°02'04.6"E
; 23.04.2022
Sphaerocarpaceae Heeg

19. Sphaerocarpos europaeus Lorb.
Izmir, Menemen ilgesi — dereyatag: kenari, Saritas,
38°35'45.6"N 27°05'09.0"E
; 25.02.2023

4. Tartisma Ve Sonu¢

Tiirkiye cigerotlar1 {izerine yapilan caligmalar
sonucunda gliniimiize kadar 173 tiir kayd1 yapilmis
bulunmaktadir. Alatas ve ark., (2023) tarafindan
diizenlenen giincel listede Izmir ili igin 6 tiir ciger
otu listelenmistir. Izmir il merkezi ve gevresinde
yapilan ve cigerotlarinin son durumunu belirlemek
amaciyla gerceklestirilen bu c¢alismada 17
familyaya ait 19 tiir rapor edilmistir. Bu tiirlerden 5
tanesinin  (Sphaerocarpos europaeus Lorb.,
Lophocolea heterophylla  (Schrad.) Dumort.,
Jungermannia atrovirens Dumort., Cephaloziella
hampeana (Nees) Schiffn. Ex Loeske ve Lejeunea
lamacerina (Steph.) Schiffn.) izmir ili igin ilk kez
toplandigi ve yeni kayit oOzelligi gosterdigi
belirlenmistir.

Bu c¢alisma ile yakin il ve Dbolgelerde
gerceklestirilen arastirmalar (Tablo 1)
karsilagtirildiginda, ¢aligma sonuglarinin benzerlik
tasidigi ve tiir sayilarmm 19 — 23 arasinda
bulundugu gozlenmektedir.

Ulkemizin flora gesitliligi yoniinden oldukga fazla
tiire ev sahipligi yaptig1 bilinmektedir. Verimlilik
bakimindan oldukga zengin olan toprak yapisi, nem
miktari, bitki Ortiisii, iklim kosullar1 ve batidan
doguya kademeli yiikselme gibi degerlerinden
kaynakli olarak bitki g¢esitliligi artmaktadir.
Tohumlu ve tohumsuz bitkiler yoniinden yiiksek
takson sayis1 ve endemik tiirleri ile dikkat ¢eken bu
floristik ¢esitlilik, oOnce tohumlu daha sonra
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tohumsuz bitkilerden olusan zengin taksonomik
diizeyi barindirmaktadir. Bu nedenle, Cigerotlari
acisindan uygun ekolojik kosullara sahip olan farkl
habitatlarda  yapilacak  benzer ¢alismalarla,
floramiza yeni takson katkilar1 saglanabilecegi
ongoriilmektedir.
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The Tiny Pleurocarpous Moss Platydictya jungermannioides (Brid.) H. A. Crum in
Tiirkiye

Tiilay EZER™*®, Ali KESKIND, Ahmet UYGUR*®, Harun CULHA2®, Ziileyha ASLAN?D,
Nevzat BATANSG® | Mevliit ALATASS®

INigde Omer Halisdemir University, Faculty of Architechture, Department of Landscape Architecture,
Nigde, TURKIYE
’Nigde Omer Halisdemir University, Faculty of Science, Department of Biology, Nigde, TURKIYE
3 Aksaray University, Faculty of Science, Department of Biology, Aksaray, TURKIYE
“Karadeniz Technical University, Faculty of Science, Department of Molecular Biology and Genetics,
Trabzon, TURKIYE
SMunzur University, Vocational School of Tunceli, Department of Plant and Animal Production, Tunceli,
TURKIYE

Received: 26 September 2023 Revised: 03 October 2023 Accepted: 04 October 2023

Abstract
In this study, Platydictya jungermannioides, a rare moss species, was recorded for the second time from
Tiirkiye and reported for the third time from Southwest Asia. The present study provides a detailed
description of the species, collected from the Bolkar Mountains, along with photographs. Additionally, the
ecology and distribution of Platydictya jungermannioides in Tiirkiye are discussed.

Keywords: Bolkar Mountains, Bryophytes, Moss, Pleurocarpous, Tiirkiye.

Tiirkiye’deki Kiiciik Pleurokarp Yaprakh Karayosunu Platydictya jungermannioides
(Brid.) H.A.Crum

Oz
Bu calismada, Platydictya jungermannioides Tiirkiye’den ikinci kez kaydedilmis olup Giineybati Asya’dan
da iigiincii kaydi rapor edilmistir. Bolkar Daglari’ndan toplanan tiiriin detayli tanimi fotograflarla birlikte

verilmis olup, ekolojisi ve Tiirkiye’deki yayilisi detayli olarak anlatilmistir.

Anahtar kelimeler: Bolkar Daglar1, Briyofitler, Karayosunu, Pleurokarp, Tiirkiye.
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1. Introduction

The bryophytes are land plants that constitute the
second most diverse group of the plant kingdom on
the earth (Goffinet and Shaw, 2009). The
pleurocarpous moss family Plagiotheciaceac which
have complanate-foliate shoots and leaves with a
short double costa, comprises nine genera according
to the recent classification (Herzogiella Broth.,
Isopterygiopsis Z.Iwats., Myurella Bruch &
Schimp., Orthothecium Schimp., Plagiothecium
Bruch & Schimp., Ortholimnobium Dixon,
Platydictya Berk., Pseudotaxiphyllum Z.Iwats., and
Struckia Miill.Hal.). (Huttunen et al., 2013;
Hodgetts et al., 2020). Among them, the genus
Platydictya Berk. is characterised by its small size
and filamentous appearance. Therefore, members of
the genus, consisting of three species (P.
Jungermannioides, P. minutissima (Sull. & Lesq.)
H.A. Crum, and P. densissima (Cardot.) H. Rob.),
are easily recognised. However, the classification of
Platydictya is still controversial (Ochyra 1999; Guo
et al, 2023). This genus was included in
Hypnaceae, Plagiotheciaceae and Amblystegiaceae
families respectively (Crum and Anderson, 1981;
Vitt, 1984; Huttunen et al., 2013; Crum and
Hedenis, 2014). According to Hodgetts et al.
(2020) Platydictya is included in Plagiotheciaceae.
In the present paper, Platydictya is classified within
the family Plagiotheciaceae according to the latest
literatures.

In Tirkiye, the previously existing species of
Platydictya were transferred to the genera

Pseudoamblystegium Vanderp. & Hedends and
Serpoleskea (Limpr.) Loeske. Therefore, the genus
was removed in the bryoflora. Then, with the
addition of P. jungermannioides from Ardahan by
Batan et al. (2017), it took its place in the Turkish
bryoflora again (Erdag and Kiirschner, 2018).
However, in the study of Batan et al. (2017) the
species is only given in the floristic list and detailed
information about the description, ecology and
distribution in Tiirkiye is not given. In this study,
the detailed description, ecology and distribution of
the P. jungermannioides, which is recorded for the
second time from Tiirkiye, are given together with
photographs and will contribute to the book titled
“Bryophyte Flora of Tiirkiye”, which is planned to
be written in the future.

2. Material and Methods

2.1. Study area

Bolkar Mountains are located at the intersection of
phytogeographic regions Mediterranean and Irano-
Turanian in Tiirkiye and forms the eastern parts of
the Central Taurus Mountains (Figure 1). The
highest point is Medetsiz (3524 m). Covering an
area of approximately 1290 km? the Bolkar
Mountains has quite a variety of habitats such as
mixed or pure forests of coniferous and broad-
leaved trees, steppe, lake, rivers and streams.
Microhabitats, especially in the alpine zone, show
great changes due to the interactions between soil
moisture, temperature and bedrock, which change
depending on the effects of the sun and wind (Atay
et al., 2009).
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Figure 1. Topographic map of the Bolkar Mountains
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The geological structure of the Bolkar Mountains
forms in large part permo-carboniferous limestones
(Unald1 and Kémiiscii, 2007). Most parts of the
study area are covered with steppe and rock
vegetation type. Maquis shrublands and conifer
forest which is typical vegetation of the
Mediterranean climate are seen in the south of the
study area (Kiirschner, 1984; Gemici, 1992). The
climatic diversity in the Bolkar Mountains is easily
distinguished. While, according to data from the
Mersin Meteorology Station (southern part of the
study area), it has low rainy-genial Mediterranean
climate, according to data from the Ulukisla
Meteorology Station (northern part of study area), it
has a semi-arid and cold Mediterranean climate
(Akman, 2011).

2.2. Data source

This study is based on specimens collected from the
Bolkar Mountains in June 2023 (Figure 1) and
currently stored in the special bryophyte collection
of Prof. Dr. Tiilay EZER and Nigde Omer
Halisdemir University Herbarium. Specimens were
identified using relevant literature (Ochyra 1999;
Smith 2004; Cortini-Pedrotti 2006; Crum and
Hedends, 2014; Liith 2019).

3. Results and Discussions

Platydictya jungermannioides (Brid.) H.A. Crum.
The Michigan Botanist 3(2): 60. 1964.

Basionym: Hypnum jungermannioides Brid.
Specimen examined: Tiirkiye: Central Anatolia:
Nigde: Bolkar Mountains, On the pathway between
Meydan Plateau and Karagoél Lake, on limestone
rock, alt. c. 2550 m, (37° 24' 30" N, 34° 33' 57" E),
Ezer 2453, 20 July 2023 (Herbarium of Nigde Omer
Halisdemir University).

Description of the Turkish specimens:
Plants very slender, delicate, soft, silky, light green
or yellowish green, glossy, in loosely caespitose
mats. Stems prostrate,  irregularly  branched.
Leaves minute, erect-spreading to somewhat
widely spreading, ovate-lanceolate or lanceolate,
sometimes slightly subsecund, 0.1-0.3 mm, margins
serrulate to sinuate, acuminate at apex. Costa

absent or indistinct. Basal leaf cells shortly
rectangular. Median leaf cells rhomboidal, 6-8 um
x 15-28 um. Alar cells slightly differentiated, few,
quadrate or rectangular. Axillar rhizeids purple-
brown, granular-papillose. Asexual propagules
clustered in leaf axils on stems and branches, 2-4-
cellular, smooth, elongate, obcuneate. Plants sterile,
sporophytes not seen at Turkish species (Figure 2).

Ecology and distribution: Platydictya
Jjungermannioides was growing on wet limestone
rock surface and crevices together with Pohlia
cruda (Hedw.) Lindb., Pseudoleskeella catenulata
(Brid. ex Schrad.) Kindb., Syntrichia norvegica
F.Weber, and Homalothecium philippeanum
(Spruce) Schimp. in Bolkar Mountains. P.
Jjungermannioides is easily recognized by its very
small size, ecostate leaves, asexual propagules and
axillary rhizoids. Especially axillary rhizoids
differentiate it from the other species
of Platydictya. P. jungermannioides is distributed in
the north of Europe, Svalbard, Iceland, the
Caucasus, North and South Asia, Greece, Japan,
North America, Greenland, Iraq and, Tirkiye
(Smith, 2004; Batan et al., 2017; Kiirschner and
Frey, 2020; Kiirschner and Erdag, 2021). Due to in
Tiirkiye, previously representative species of the
genus were transferred to genera such as
Pseudoamblystegium and Serpoleskea, the genus
Platydictya, which was removed from the flora
because it has re-entered the Turkish bryoflora with
the record given from Ardahan province. P
Jjungermannioides is included in the [IUCN Red List
Category (Europe) as Least Concern (LC)
(Hodgetts et al., 2019).

With this study, the second locality record of the
species from Tiirkiye and the third record from
Southwest Asia has been given, and it will
contribute to the bryophyte flora of Tiirkiye.
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Figure 2. a. Habitus, b. shoots, c. leaves, d. asexual propagules, e-f. axillary rhizoids
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Oz
Diinya mirast olarak kabul edilen Soganli Vadisi, Yesilhisar (Kayseri) ve Derinkuyu (Nevsehir) arasinda
yer almaktadir. Vadi, yaklagik olarak 25 km uzunlugunda 1-2 km genisliginde bir kanyona sahiptir. Soganl
Vadisi'nde giivercinlik, magara ve barmak gibi ilging kaya olusumlart da bulunmaktadir. 2022 ve 2023
yillarinda bu vadiden toplanan yaklasik 300 karayosunu 6rneginin degerlendirilmesi ile toplam 70 tiir ve
tiir alt1 seviyede bitki taksonu tespit edilmistir.
Anahtar kelimeler: Briyofitler, Kapadokya, Harabe Habitat, Diinya Mirasi, Tiirkiye

The Moss Flora of Soganh Valley (Kayseri)

Abstract

Soganli Valley, a UNESCO World Heritage Site, is located between Yesilhisar (Kayseri) and Derinkuyu
(Nevsehir). The valley features an impressive canyon that stretches approximately 25 kilometers in length
and 1-2 kilometers in width. Soganli Valley boasts intriguing rock formations, including pigeon houses,
caves, and shelters. A comprehensive evaluation of approximately 300 moss samples collected from Soganli
Valley between 2022 and 2023 revealed a remarkable diversity of plant life; a total of 70 species and
subspecies plant taxa were identified.

Keywords: Bryophytes, Cappadocia, Ruin Habitat, World Heritage, Tiirkiye

1.Giris tanimlanirken (Hodgets ve ark., 2020), Tiirkiye’den
Briyofitler bitkiler alemi igerisinde “iletim %853 karayosunu taksonu tanimlanmigtir (Erata ve
sistemleri, ger¢ek kok, yaprak ve govdeleri ark., 2023). Avrupa’da bulunan takson sayisi goz

olmayan c¢ok hiicreli, lignin icermeyen fotosentetik
kara bitkiler olarak tanimlanmaktadir (Whittaker,
1959). Bryobiotina alt alemi igerisinde cevresel
degisimlere ve kurakliga en dayanakli tiirler
Bryophyta (=Karayosunlar1) subesinde  yer
almaktadir (Glime, 2017). Bu subeyi olusturan
yaprakli karayosunlarinin, diinyada 12.000’den
fazla  tliri  oldugu  tahmin  edilmektedir
(Vanderpoorten ve Goffinet, 2009). Simdiye kadar
Avrupa’dan ve yakim alanlardan +£1539 takson
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ontine alindiginda hala Tirkiye’de bulunmast
gereken en az £500 takson vardir.

Biitiin bitkilerde oldugu gibi Briyofitlerin de bir
alandaki ¢esitliligini belirleyen maruz kaldiklar
ekolojik faktorlerdir (Vanderpoorten ve ark., 2004;
Soéderstrom ve During, 2005). Bu faktorlerin siddeti
ve ¢esitliligi ne kadar fazla olursa briyofit ¢esitliligi
de o kadar fazla olmaktadir (Shmida ve Wilson,
1985; Kara ve Tagpinar, 2021). Vadiler klimatolojik
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faktorler basta olmak iizere bir¢ok ekolojik faktdriin
ani olarak degisim gosterdigi briyofit ¢esitliligin de
fazla oldugu cografik alanlardir. S6zliikte vadi kara
kiitleleri arasinda kalmig veya asagiya ¢okmiis bir
cografik alan olarak tanimlanir. Vadiler; yer¢ekimi
ve buzullarin etkisiyle olusabilecegi gibi nehir ve
derelerin agindirmasiyla da olusabilir (URL 1).

Kapadokya bolgesinde 60 milyon yil dnce Erciyes,
Hasandagi ve Golliidag'n piskiirttiigii lav ve
kiillerin ~ olusturdugu  yumusak  tabakalarin
milyonlarca yil boyunca yagmur ve riizgar
tarafindan asindirilmasiyla ortaya ¢ikmis birgok
vadi bulunmaktadir (Kazanct ve Suludere, 2020;
Kara, 2023). Bu vadilerde dogal olarak olusmus
peri bacalari, antropojenik kokenli kiliseler,
manastirlar, evler gibi harabe habitatlarda
bulunmaktadir. Kapadokya'da yamag¢ egimleri 90
dereceyi bulan ¢ok sayida (Soganli, Cat, Zemi,
Gomeda, Thlara vb.) vadi bulunmaktadir ve hala
birgogunun briyofit floras1 bilinmemektedir (URL
2).

Bu calisma Dogal ve Kiiltiirel Miras Turizmi
yoniiyle degerli olan ve UNESCO tarafinda

korunacak alan olarak kabul edilen Soganl
Vadisi’nin karayosunu florasint igermesi ve
“Tirkiye Briyofit Florasma” katki saglamasi

nedeniyle 6nem arz etmektedir.

2.Materyal ve Metot

2.1.Arastirma Alam

Kapadokya bdlgesinin dogusuna, Kayseri il
merkezinin gilineybatisina konumlanan Soganl
Vadisi, Yesilhisar il¢cesine bagli bir mahallede yer
almaktadir. Yesilhisar merkeze 10 km uzaklikta
bulunan vadi, Akkdy Baraj Goli’'nden (1270 m)
baslayarak Bati ve Kuzeybat1 yoniinde gatallanir ve
Derbentbasit kdytine (1490 m) kadar uzanir.
Icerisinde Giizeldz ve Baskdy (eski) gibi yerlesim
yerlerini bulunduran vadi, toplamda 20 km
uzunlugunda genis bir kanyona oturur (Sekil 1).
Kayalara oyulmus 200’e yakim kilise ve manastir
kalintisin1 barindiran vadi inang turizmi agisindan
onemli ozellikler tasimaktadir. Bu kalintilarin en
tinliileri; Aziz Barbara (Tahtali), Karabas, Kubbeli
ve Yilanl kiliseleridir. Bu yapilarin disinda vadide
giivercinlik, magara, barmmak gibi ilging kaya
olusumlarina da rastlanmaktadir (URL 3). Giineye
bakan vadide yazlar1 sicak ve kurak, kiglar1 soguk
ve kar yagish gegen karasal iklim hiikiim
stirmektedir. Cografi olarak ¢ok ilgin¢ bir yapisi
olan Soganli Vadisi’nde bahgecilik basta olmak
iizere tarim faaliyetleri hala siirdiiriilmektedir. Bu
alanlar diginda vadinin dogal vejetasyonunu steptir.
Bu vejetasyon tipindeki baskin aga¢c ve ¢al
taksonlart  Juniperus oxycedrus L. subsp.
oxycedrus, Crataegus orientalis Pall. ex M.Bieb.

81

var. orientalis ,Cerasus prostrata (Labill.) Ser. var.
prostrata, Quercus infectoria Oliver subsp.
boissieri (Reut.) O.Schwarz, Populus tremula L.,
Betula pendula Roth, Berberis crataegina DC.,
Rosa foetida Herrm., Cotoneaster integerrimus
Medik. ve Salix alba L. dir. Ot taksonlari ise
Astragalus angustifolius Lam. subsp. pungens
(Willd.) Hayek, A. acicularis Bunge, Onobrychis
argaea Boiss. & Balansa, O. cornuta(L.) Desv.,
Acantholimon acerosum (Willd.) Boiss. var.
acerosum, Artemisia caucasica Willd., Achillea
kotschyi Boiss. subsp. kotschyi, Alkanna orientalis
(L.) Boiss. var. orientalis, Phlomis armeniaca
Willd., Festuca cappadocica (Hackel) Markgr.-
Dann., Stipa pulcherrima K.Koch subsp.
crassiculmis (P.Smirn.) Tzvelev, Alyssum minutum
Schitdl. ex DC., Draba cappadocica Boiss. &
Balansa, Dianthus zederbaueri Vierh., Minuartia
juniperina (L.) Maire & Petitm. ve Herniaria
argaea Boiss tir.

2.2.Materyal Metot

Vadinin karayosunlarinin adlandirmast yapilirken
Kiirschner (2006 ve 2007) tarafindan hazirlanan
teshis anahtarlar1 kullanilmistir.  Flora listesi
hazirlanirken taksonlarin taksonomik durumlari
Hodgetts ve ark. (2020) ve URL 4’c gore
diizenlenmigstir. Flora listesi alfabetik siraya gore
hazirlanmistir. Teshisi yapilan karayosunu 6rnekleri

Nevsehir Haci  Bektas Veli  Universitesi
Herbaryumunda saklanmaktadir. Bu ¢alisma
Nevsehir Hact Bektas Veli Universitesi Fen

Bilimleri Enstitiisi tarafindan yiiksek lisans tezi
olarak kabul edilen “Soganli Vadisi (Kayseri)
Briyofit Florasi” adli tezin verileri kullanilarak
hazirlanmastir.

3. Bulgular

Soganli Vadisi'nin karayosunu florasi ile ilgili
veriler 2022-2023 yillar arasinda belirli araliklarla
vadiye yaptigimiz seyahatlerden elde edilen
bulgulara dayanmaktadir. Bu ¢alisma kapsaminda
ilkbahar ve son baharda bes gezi diizenlenmistir.
Vadiden 1275-1505 metreler arasindan, 66 farkli
GPS noktasindan 300 karayosunu Ornegi
toplanmistir (Tablo 1). Bu arastirmada 2022 ve
2023 yilarn arasinda Soganli Vadisinden toplanan
300 karayosunu Orneginin teshis edilmesiyle, 11
familyaya ve 23 cinse bagli 70 karayosunu taksonu
tespit edilmistir (Tablo 2).
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Tablo 1. Karayosunu drneklerinin toplandigi lokalite ve substrat bilgileri

N° | Yiikseklik | GPS (K) GPS (D) Substrat | N° | Yiikseklik | GPS (K) GPS (D) Substrat
1 1406 m 38°24' 21.01" |[34°55 30.18" | Agac 34 | 1376 m 38°23 47.97" |34°56 01.85 | Kaya
2 1406 m 38°24 20.33° |34°55 31.19° |Kaya 35 [ 1377 m 38°23 47.96" |34°56 01.82" | Toprak
3 1406 m 38°24 2055 | 34°55 30.69° | Kaya 36 [ 1364 m 38°23 47.26° | 34°56 02.70° | Agag
4 1413 m 38°24 2366 |34°55 20.32° | Kaya 37 1392 m 38°23 43.13" |34°56 08.46 | Kaya
5 1420 m 38°24 2653 | 34°55 1243 | Kaya 38 [ 1376 m 38°23 41.09" |34°56 10.99° | Agac
6 1425 m 38°24 2712 34°55 07.44" Kaya 39 [1385m 38°23 42.10" |34°56 11.78" | Kaya
7 1426 m 38°24 36.21° | 34°55 14.46 | Kaya 40 | 1289 m 38°20 07.09" |35°00 27.09° | Kaya
8 1414 m 38°24 30.06° |34°55 1356 | Kaya 41 1287 m 38°20° 07.09" |35°00 27.10° | Kaya
9 1413 m 38°24 28.78" |34°55 15.02° | Kaya 42 | 1281 m 38°20 03.04" |35°00 27.40° | Kaya
10 | 1400 m 38°24 16.52° | 34°55 36.23° | Agac 43 1277 m 38°19 53.70" |35°00 35.90" | Agag
11 [ 1402 m 38°24 15.98" 34°55 39.34" Kaya 44 11270 m 38°19 45.60° |35°00 45.50° | Kaya
12 1398 m 38°24 13.60° | 34°55 46.44" | Toprak 45 | 1280 m 38°19 47.20" |35°00 44.00° | Kaya
13 [1397m 38°24 13.15° | 34°55 48.75 | Kaya 46 | 1280 m 38°19 47.00° |35°00 44.60° | Kaya
14 | 1405m 38°24 08.47° [34°55 52.52" | Toprak 47 11283 m 38°19° 45.00" |35°00 46.00" | Kaya
15 [1396m 38°24 04.96" |34°55 56.26° | Toprak 48 | 1267 m 38°20 19.90" |35°00 23.00° | Agac
16 [ 1396 m 38724 02.88" |34°55 56.79° | Toprak 49 |1505m 38°41 44.60° | 34°55 31.50" | Toprak
17 [1390m 38°23 40.39" |34°56 11.30° | Kaya 50 [ 1505 m 38°23 44.30" |34°55 32.10° | Kaya
18 [1390m 38°23 38.85 | 34°56 07.38" | Kaya 51 [1472m 38°23 42.50° | 34°55 38.50" | Toprak
19 [1394m 38723 37.84" | 34’56 04.08" | Toprak 52 | 1456 m 38°23 21.60° |34°56 12.30" | Toprak
20 [1391m 38°23 37.89" |34°56 02.73" | Toprak 53 | 1456 m 38°23 19.70" |34°56 12.90° | Kaya
21 1404 m 38723 39.84" |34°55 56.78" | Toprak 54 | 1456 m 38°23 19.10" |34°56 13.20° | Kaya
22 |1395m 38°23 40.57° | 34°55 54.70" | Toprak 55 | 1456 m 38°23 18.30° | 34°56 14.20" | Toprak
23 1404 m 38°23 40.78" | 34°55 52.74" | Kaya 56 | 1436 m 38°23 18.30" |34°56 15.40° | Kaya
24 11396 m 38723 41.22° |34°55 51.95 | Agac 57 1436 m 38°23 18.30° |34°56 17.80" | Toprak
25 1384 m 38°23 4158 |34°55 50.56 | Kaya 58 [1385m 38°23 20.88" |34°56 23.63° | Kaya
26 1393 m 38°23 42.37" | 34°55 54.14" | Kaya 59 [1385m 38°23 20.80" | 34°56 23.60" | Toprak
27 11388 m 38°23 43.65 | 34°55 58.62° | Agac 60 | 1387 m 38°23 19.50° |34°56 25.30° | Agac
28 1389 m 38723 44.83° | 34’56 01.61" | Agac 61 | 1387 m 38°23 18.39° |34°56 27.70" | Toprak
29 1383 m 38723 47.20" | 34°56° 03.65 | Agac 62 [1391m 38°23 17.00" | 34°56 30.20" | Toprak
30 |1365m 38°23 54.34" | 34°56 01.84" | Toprak 63 [ 1389 m 38°23 16.90" |34°56 30.80° | Kaya
31 |1380m 38°23 53.33° | 34°55 59.74" | Kaya 64 1390 m 38°23 16.80° |34°56 31.00° | Kaya
32 1374 m 38°23 51.93° |34°56 00.28" | Kaya 65 [1391m 38°23 1550° | 34°56 37.90" | Toprak
33 1384 m 38°23 51.40° |34°56 0047 | Kaya 66 | 1401 m 38°23 25.70" | 34°56 45.10° | Kaya
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Tablo 2: Karayosunu drneklerinin floristik listesi ve lokalite numaralari
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Floristik Liste

Lokalite Numarasi

1 | Amblystegium humile (P. Beauv.) Crundw. 13

2 | Amblystegium serpens (Hedw.) Schimp. 26, 60, 64

3 | Amblystegium varium (Hedw.) Monk. 12,30

4 | Bryum argenteum Hedw. 17,21 35, 39

5 | Bryum dichotomum Hedw. 7,9, 15,22, 41, 44, 46, 49, 57, 60, 63,

65

6 | Bryum klinggraeffii Schimp. 35

7 | Didymodon acutus (Brid) K. Saito 2,5,6,9,18, 23, 40 46, 47, 57, 60, 65

8 | Didymodon australasiae (Hook. & Grev.) R.H. Zander 44

9 | Didymodon cordatus (Jur.) 7

10 | Didymodon fallax (Hedw.) R.H. Zander 5,20, 37

11 | Didymodon rigidulus Hedw. 32, 50, 60, 65

12 | Didymodon spadiceus (Mitt.) Limpr 6

13 | Didymodon tophaceus (Brid.) Lisa 6

14 | Didymodon vinealis (Brid.) R.H. Zander 2,5, 6,19, 30, 37 40, 48, 58, 60, 63

15 | Ditrichum pusillum (Hedw.) Hampe 30,44

16 | Encalypta ciliata (Hedw.) 42

17 | Encalypta pilifera Funck 60, 62, 64, 65

18 | Encalypta spathulata Miill. Hal. 46

19 | Encalypta vulgaris Hedw 46, 50, 52, 54, 63

20 | Entosthodon muhlenbergii (Turner) Fife 24,35, 37

21 | Flexitrichum flexicaule (Schwigr.) Ignatov & Fedosov 45, 49, 53, 64

22 | Grimmia anodon Bruch & Schimp. 11, 40, 46, 48, 60, 63, 64

23 | Grimmia crinita Brid. 3,7,18, 33, 40, 41, 46, 58

24 | Grimmia crinitoleucophaea Cardot 41

25 | Grimmia laevigata (Brid.) Brid. 11, 25,41

26 | Grimmia longirostris Hook. 42

27 | Grimmia ovalis (Hedw.) Lindb. 4,6,25,47,55

28 | Grimmia pulvinata (Hedw.) Sm. 2,5,6,7,8,18, 23, 24, 31, 33,40, 41,

42, 48, 50, 56, 60, 63, 64, 66

29 | Homalothecium aureum (Spruce) H. Rob. 49

30 | Homalothecium lutescens (Hedw.) H. Rob. 64

31 | Homalothecium philippeanum (Spruce) Schimp. 53, 54

32 | Homalothecium sericeum (Hedw.) Schimp. 4,6,32,44, 45,47, 56, 63

33 | Hygroamblystegium varium (Hedw.) Monk. var. varium 12,30

34 | Leptobryum pyriforme (Hedw.) Wilson 6, 17

35 | Leptodictyum riparium (Hedw.) Warnst. 61

36 | Lewinskya affinis (Schrad. ex Brid.) F. Lara, Garilleti & 6, 29
Goffinet

37 | Lewinskya rupestris (Schleich. ex Schwigr.) F. Lara, Garilleti & | 3, 6, 23, 25, 27, 31, 41, 42, 47, 52, 54,
Goffinet 55, 56, 60, 64

38 | Lewinskya shawii (Wilson) F. Lara, Garilleti & Goffinet 31

39 | Orthotrichum anomalum Hedw. 25

40 | Orthotrichum bistratosum (Schiffn.) Guerra 42

41 | Orthotrichum cupulatum Brid. 41

42 | Orthotrichum diaphanum Brid. 60, 43

43 | Orthotrichum pumilum Sw. ex anon 1, 2, 10, 24, 27, 28, 29, 36, 48, 60

44 | Oxyrrhynchium hians (Hedw.) Loeske 52

45 | Pseudoamblystegium subtile (Hedw.) Vanderp. & Hedenés 61

46 | Pseudocrossidium hornschuchianum (Schultz) R.H. Zander 44

47 | Pterygoneurum ovatum (Hedw.) Dixon 12, 15, 45

48 | Ptychostomum imbricatulum (Miill. Hal.) Holyoak & N. 8, 12, 14, 17, 25, 34, 44, 62
Pedersen

49 | Ptychostomum inclinatum (Sw. ex Brid.) J.R. Spence 16, 20, 63

50 | Ptychostomum kunzei (Hornsch.) J.R. 39

51 | Ptychostomum pallens (Sw. ex anon.) J.R. Spence 59, 63

52 | Rhynchostegium murale (Hedw.) Schimp. 6

53 | Schistidium flaccidum (De not.) Ochyra 19, 25, 31, 54

54 | Syntrichia calcicola J.J. Amann 38

55 | Syntrichia caninervis Mitt. 44
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56 | Syntrichia handelii (Schiffn.) S. Agnew & Vondr. 64

57 | Syntrichia laevipila Brid. 6

58 | Syntrichia ruraliformis (Besch.) Mans. 3, 4,6, 20, 21, 33, 34, 45, 46, 49, 59, 60,
62, 63, 65

59 | Syntrichia ruralis (Hedw.) F. Weber & D. Mohr 1,4,6,7,19, 22, 31, 33, 41, 44, 47, 48,
52, 56, 59, 60

60 | Syntrichia sinensis (Miill. Hal.) Ochyra 60

61 | Syntrichia subpapillosissima (Bizot& R.B. Pierrot ex W.A. 44

Kramer) M.T. Gallego & J. Guerra

62 | Syntrichia virescens (De not.) Ochyra

4,8,9, 11,19, 24, 36, 39, 41, 42, 63

63 | Tortula acaulon var. schreberiana (Dicks.) R.H. Zander 35

64 | Tortula brevissima Schiffn. 40,51

65 | Tortula inermis (Brid.) Mont. 3,12, 14,21, 22, 34, 44, 45, 49, 57, 60,
63, 66

66 | Tortula mucronifolia Schwigr. 20

67 | Tortula muralis Hedw. subsp. muralis 2,5,13,52

68 | Tortula muralis subsp. muralis var. aestiva Hedw. 65, 66

69 | Tortula muralis subsp. obtusifolia (Schwigr.) Culm. 5,7,13, 17, 24, 34, 58, 60, 63

70 | Tortula subulata Hedw. 44,48, 50

4.Sonuc ve Tartisma

Takson sayisina gore calisma alaninda kurakeil
taksonlar ile karakterize edilen Pottiaceae (27
takson) familyasi ve Syntrichia (9 takson) cinsi
hakim durumdadir (Tablo 3).

Tablo 3. Takson sayilarin cinslere gore dagilimi

Familya Cins Adet
Amblystegiaceae Amblystegium
Bryaceae Bryum
Pottiaceae Didymodon
Ditrichaceae Ditrichum
Encalyptaceae Encalypta
Funariaceae Entosthodon
Flexitrichaceae Flexitrichum
Grimmiaceae Grimmia

Homalothecium
Hygroamblystegium

Brachytheciaceae
Amblystegiaceae

Meesiaceae Leptobryum
Amblystegiaceae Leptodictyum
Orthotrichaceae Lewinskya

Orthotrichum
Oxyrrhynchium
Pseudoamblystegium

Orthotrichaceae
Brachytheciaceae
Amblystegiaceae

o|o|R[k|b|RRk|Rr|low|k RPN RSk w|w

Pottiaceae Pseudocrossidium
Pottiaceae Pterygoneurum
Bryaceae Ptychostomum
Brachytheciaceae Rhynchostegium
Grimmiaceae Schistidium
Pottiaceae Syntrichia
Pottiaceae Tortula
Toplam 11 . 70
Fgmilya Toplam 23 Cins Takson

Floristik listedeki lokalite sayilarina gore vadide en
yaygin taksonlar ise sirasiyla Grimmia pulvinata
(20), Syntrichia ruralis (16), Lewinskya rupestris
(15) ve Syntrichia ruraliformis (15) tiirleridir. Bu
durum Kapadokya bdlgesi icerisinde daha once
yapilmis benzer caligmalar (Yaymtas ve Erdag,
1995; Bozdogan, 2012; Oren ve Kegeli, 2014, Kara,
2023) ve alanin iklim tipi ile uyumludur. Soganl
Vadisinin ~ karayosunu  florasim1  olusturan

taksonlarin toplanma sayisina gore sirasiyla Kaya
(36), Toprak (19) ve Agac (11) substratlarini tercih
ettikleri belirlenmistir. Karayosunlarmin karasal
iklimin hiikiim siirdiigii ve step vejetasyon tipinin
hakim oldugu habitatlarda vaskiiler bitkilerle ile
rekabetin olmadig1 substratlart (epilitik) daha fazla
tercih etmeleri dogaldir (Tablo 1).
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Oz

Bu ¢alismada, daha 6nce ¢alisilmamis bes farkli karayosunu tiirii (Gymnostomum aeruginosum Sm., Grimmia montana
Bruch & Schimp, Ptychostomum pseudotriquetrum (Hedw.) J.R.Spence & H.P.Ramsay, Hygroamblystegium humile
(P.Beauv.) Vanderp. & Hedenis, Brachythecium rivulare Schimp.) potansiyel antimikrobiyal ve antifungal 6zelliklerini
aragtirmak amactyla Ankara'nin kuzey-bat ilgelerinden (Beypazari, Giidiil, Nallihan) toplanmistir. Bu aragtirmada disk
difiizyon (DD) ve agar well diflizyon (AWD) yontemleri kullanilarak metanol, etanol, aseton ve kloroform ¢dziiciileri
ile elde edilen karayosunu ekstraktlarinin bir mantar olan Candida albicans ATCC 10231, gram-negatif bir bakteri olan
Escherichia coli ATCC 35218 ve gram-pozitif bir bakteri olan Staphylococcus aureus ATCC 25923 suglar1 izerindeki
antimikrobiyal ve antifungal etkileri arastirilmistir. Karayosunu oziitleri test edilen tiim mikroorganizmalara karst
antimikrobiyal 6zellikler géstermis olup, inhibisyon bolgeleri bakteriler igin 7,0 ila 14,0 mm ve maya i¢in 8,0 ila 13,0
mm arasinda degismektedir. Elde edilen sonuglara gore, Staphylococcus aureus ATCC 25923 susu, bes farkli
karayosunu tiiriinden elde edilen gesitli ekstraktlardan en ¢ok etkilenen mikroorganizma olarak bulunmustur. Bununla
birlikte, bu aragtirmanin 6nemli bir bulgusu, Grimmia montana Bruch & Schimp ve Gymnostomum aeruginosum’un
antimikrobiyal ve antifungal 6zellikleri bakimindan incelenen diger karayosunu tiirlerinden daha etkili oldugudur.
Ayrica, her iki karayosunu tiirli de ilgili alanlarda daha ileri arastirmalar yapmak i¢in umut verici bir potansiyel
sunmaktadir.

Anahtar kelimeler: Antimikrobiyal, antifungal, karayosunu, Ankara

Antimicrobial and Antifungal Activities of Some Mosses Collected from Beypazar, Giidiil and
Nallihan Districts of Ankara

Abstract

In this study, five previously unstudied different mosses (Gymnostomum aeruginosum Sm., Grimmia montana Bruch
& Schimp., Ptychostomum pseudotriquetrum (Hedw.) J.R.Spence & H.P.Ramsay, Hygroamblystegium humile
(P.Beauv.) Vanderp. & Hedenis, Brachythecium rivulare Schimp.) were gathered from the north-west districts of
Ankara (Beypazari, Giidiil, Nallihan) in order to investigate their potential antimicrobial and antifungal properties. In
this research, the antimicrobial activities of moss samples were examined by using the disc diffusion (DD) and agar
well diffusion (AWD) methods. This study investigated the antimicrobial and antifungal effects of moss extracts which
were obtained through methyl alcohol, ethyl alcohol, acetone, and chloroform solvents on Candida albicans ATCC
10231 (fungus), Escherichia coli ATCC 35218 (gram-negative bacterium), and Staphylococcus aureus ATCC 25923
(gram-positive bacterium) using the disc diffusion (DD), agar well diffusion (AWD) and minimum inhibitory
concentration (MIC) methods. The moss extracts have demonstrated antimicrobial properties against all
microorganisms tested, with inhibition zones ranging from 7.0 to 14.0 mm for bacteria and 8.0 to 13.0 mm for yeast.
Based on the results, the Staphylococcus aureus ATCC 25923 strain was the microorganism most affected by several
extracts from five different moss species. Furthermore, a significant finding of this research is that Grimmia montana
Bruch & Schimp and Gymnostomum aeruginosum are more efficient than other studied moss species concerning their
antimicrobial and antifungal properties. Additionally, both moss species present promising potential for further research
in related areas.
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1. Giris

Yiizyillar boyunca insanlar, yasamlarinin hemen
her alaninda  bitkilerden yararlanmiglardir.
Insanlarin tarih boyunca bitkilerden faydalandigi en
onemli alanlardan biri de hastaliklarla miicadele
olmustur. Bu bilgi birikimi tiim diinyada herkes
tarafindan kabul gormiis ve iizerinde Onemli
aragtirmalarin ~ yapildigi, ciddi  kaynaklarin
aktarildig1 etnobotanik bilim dalinin olusmasina
sebep olmugtur. Literatiirde briyofitlerin tibbi
kullanimlar1 hakkinda tohumlu bitkilerin tibbi
kullanimlarina gore daha az bilgi bulunmaktadir.
Bunun nedeni, briyofitlerin giiniimiizde daha az
tibbi kullanima sahip olmasi ve etnobotanik
alaninda c¢alisan arastirmacilarin  6nceliklerini
tohumlu bitkilere yoéneltmesidir. Tim bitkileri
kapsayan etnobotanik terimine ek olarak,
"Etnobryoloji" terimi 1957 yilinda briyolog Seville
Flowers tarafindan briyofitlerin tibbi kullanimlarimi
ifade etmek iizere ortaya atilmistir ve bugiin diinya
capinda  yaklagik 150  etnobriyolojik  tiir
listelenmistir (Harris, 2008; Uyar ve ark., 2016;
2023; Yetgin ve ark., 2017; Benek ve ark., 2022,
2023; Okan, 2023).

Icerdikleri  kimyasal  bilesikler ~ sayesinde
ylizyillardir geleneksel tip alaninda sifali bitkiler
olarak goriilen briyofitler ise; tarihsel siirecte
yaniklarim, kesiklerin ve deri hastaliklarinin
iyilesmesinde merhem ve sargi bezi olarak;
briyofitlerden ekstrakte edilen maddeler de bronsit
ve idrar yolu enfeksiyonu hastaliklarinin
tedavisinde ila¢ olarak kullanilagelmistir (Thieret,
1956). Diinya genelinde hizla artan niifus ve
sonrasinda ortaya ¢ikan salgin hastaliklarla
miicadele, edebilmek ic¢in bilim insanlart yeni
antibakteriyel, antioksidan, antikanser, antifungal,
antidepresan ve sitotoksik v.b. etkilere sahip
droglarin arastirilmasina yonelmislerdir.

Bu c¢aligmada, daha oOnce antimikrobiyal ve
antifungal bir ¢aligmaya konu olmamis bes
karayosunu tiiriiniin (Gymnostomum aeruginosum
Sm., Grimmia montana Bruch & Schimp.,
Ptychostomum pseudotriquetrum (Hedw.)
J.R.Spence & H.P.Ramsay, Hygroamblystegium
humile  (P.Beauv.) Vanderp. &  Hedenis,
Brachythecium rivulare Schimp.) metil alkol, etil
alkol, aseton ve kloroform c¢oziiciileri ile elde
ekstraktlar1 iizerinden, gram (-)’ leri temsilen
Escherichia coli ATCC 35218, gram (+) leri
temsilen Staphylococcus aureus ATCC 25923 ve
mantarlart temsilen Candida albicans ATCC 10231
suglar1 {izerinden antimikrobiyal ve antifungal
etkileri aragtirilmigtir.

2. Materyal ve Metot

2.1. Karayosunu Ornekleri

Karayosunu oOrnekleri, Ankara’nin Kuzeybati
ilgeleri olan Beypazari, Giidiil ve Nallithan’ dan
toplanmistir. Bu 6rnekler, Ankara Haci Bayram Veli
Universitesi Biyoloji Boliimii Botanik Anabilim
Dali ogretim {iiyesi Prof. Dr. Giiray UYAR
tarafindan teshis edilmistir. Teshisi yapilan
karayosunu tiirlerinin isimleri ve lokasyon bilgileri
Tablo 1°de verilmistir.

2.2. Ekstraksiyon yontemi

Tablo 1’de belirtilen lokasyonlardan toplanan
karayosunu ornekleri, laboratuvarda distile su ile
yikanip kurutularak, 6giitiiclide toz haline getirildi.
Toz orneklerin her biri 4 gr. olacak sekilde hassas
terazide tartilarak, 250 ml’lik esit miktarlardaki
metil alkol, etil alkol, kloroform ve aseton
coziiciileri icinde bir gece bekletilen numuneler,
soxhlet cihazt ile ¢Oziiciilerin  kaynama
sicakliklarinin  hemen altinda (Metanol: 63°C,
Etanol: 77°C, Aseton: 55°C, Kloroform: 60°C)
bitkiler ve c¢ozgenler magnetik karistirict ile
karistirilarak 6 saat boyunca ekstrakte edilmistir.
Metil alkol ve etil alkol ile yapilan ekstraksiyon
islemlerinden elde edilen ekstraktlardan 60 ml’lik
kisimlar1 doner buharlastiricinin cam balonuna
alimmis ve vakum altinda yaklagik 1,5-2,0 ml
ekstrakt kalincaya kadar ¢oziicililerin buharlagsmasi
saglanmigtir. Kaynama noktalart diisiik olan
kloroform ve aseton ¢6ziiciilerinde ise elde edilen
ekstraktlarm 60 ml’lik kisimlar1t ¢eker ocak
igerisinde bir gece bekletilerek ¢oziiciilerin yaklasik
1,5-2,0 ml hacime kadar buharlagmasi saglanmis ve
her bir 0ziit ependorf tiiplere aktarilarak
etiketlenmistir.

2.3. Mikroorganizmalar

Karayosunlarinin antimikrobiyal ve antifungal
aktivitesini aragtirmak amaciyla bu ¢aligmada gram
negatif bakterileri temsilen Escherichia coli ATCC
35218, gram pozitif bakterileri temsilen
Staphylococcus aureus ATCC 25923 ve maya
mantarlarim1 temsilen Candida albicans ATCC
10231 standart suslar1 kullanilmistir.

2.4. inokulum hazirlama

Deneyde kullanilan E. coli ve S. aureus bakteri
tiirleri 37 °C’ de 24 saat, maya tiirii C. albicans ise
27 °C’ de 48 saat inkiibe edilmistir (Canl1 ve ark.,
2016). Deneyde kullanilan tiim suslar, steril %0,9
NaCl ¢ozeltisi igerisinde 0,5 McFarland standardina
uygun hale getirilmistir (Altuner ve ark., 2014a).
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Tablo 1. Karayosunu tiirlerinin isimleri ve lokasyon bilgileri

Familya Karayosunu Tiirii Koordinat Rakim (m) Substrat
. Gymnostomum 40°14'17.2"N
Pottiaceae aeruginosum Sm. 32°15'444"E 693 Kum
Hygroamblystegium 01 A1 "
Amblystegiaceae | humile (P.Beauv.) 40 14,17'2,,N 693 Agac kokii
. 32°15'444"E
Vanderp. & Hedends
Ptychostomum
pseudotriquetrum 40°03'11.0"N
Bryaceae (Hedw.) J.R Spence & | 03192423.7"E 469 Toprak ve kaya
H.P.Ramsay
L Grimmia montana 40°22'16.3"N
Grimmiaceae Bruch & Schimp. 03290133 5" 1395 Kaya
. Brachythecium 40°21'01.6"N
Brachytheciaceac rivulare Schimp. 32°00'35.1"E 1265 Kaya

2.5. Antimikrobiyal aktivite testi

Ekstraktlar1 elde edilen 5 karayosunu tiiriiniin
antimikrobiyal ve antifungal aktivitesini tespit
etmek i¢in disk difiizyon ve agar well difiizyon testi
uygulanmis ayrica her bir 6rnek i¢in minimum
inhibisyon konsantrasyonu (MIK) degerlerine
bakilmigtir. Testleri uygulama asamasindan Once
bakteri tiirleri icin Mueller Hinton Agar, maya tiirii
icin ise Sabourand dekstroz agar hazirlanarak,
derinligi 4,0 £ 0,5 mm olacak sekilde steril petri
kaplarina kati besiyerleri dokiilmiistiir.

2.5.1. Disk difiizyon testi

G. aeruginosum ve G. montana tiirlerinden elde
edilen metanol, etanol, aseton, kloroform,
ekstraktlarmdan ve P. pseudotriquetrum, B.
rivulare ve H. humile tirlerinin metanol
ekstraktlarindan mikropipet ile 20 pl ekstrakt
almarak, 6 mm Bioanalyse Antimikrobiyal
Duyarlilik Test Disklerine yiiklenmistir (Andrews,
2003). Onceden hazirlanan kat1 besiyerlerinin tiim
ylizeyine test tiipiinden ekiivyon yardimiyla alinan
mikroorganizmalar  dagitilmigti.  Son  olarak
yiiklenmis olan diskler, ekimi yapilmis yilizeylere
yerlestirilerek 37 °C’ de 18-24 saat inkiibasyon igin
etiive  kaldirilmugtir.  Inkiibasyon  sonrasinda
inhibisyon zon ¢aplar1 mm tiiriinden en az 3 tekrarl
Olclilmiis ve  bu  Olglimlerin  ortalamasi
kaydedilmistir.

2.5.2 Agar well difiizyon testi

Agar well diflizyon igin besiyerlerine steril pipet
ucu ile 6 mm ¢apinda kuyucuklar agilmistir. Agilan
kuyucuklara, G. aeruginosum ve G. montana
tirlerinden elde edilen metanol, etanol, aseton,
kloroform ekstraktlarindan ve P. pseudotriquetrum,
B. rivulare, H. humile tirlerinin metanol

ekstraktlarindan mikropipet yardimiyla 60 ul kadar
ekstrakt  eklenmistir. ~ Sonraki  agamalarda
besiyerlerinin tiim ylizeyini kaplayacak sekilde
mikroorganizma ekimi yapilmis ve 37 °C’ de 18-24
saat inkiibe edilerek olusan inhibisyon zon ¢aplari
mm tiiriinden en az 3 tekrarli Olglilmiis ve bu
6l¢iimlerin ortalamasi kaydedilmistir.

2.5.3. Minimum
(MIK)
Mikroorganizmalarin {iremesini durduran en diisiik
konsantrasyon, MIK degeridir (Andrews, 2001).
Bu c¢alisgmada her bir 6rnek igin sivi diliisyon
metodu kullanilarak mikrodiliisyon seklinde MiK
uygulanmistir (Stimerkan ve Gokahmetoglu, 1998).
E. coli ve S. aureus’un MIK degerleri icin Mueller
Hinton Broth sivi besiyeri, C. albicans igin ise
sabouraud dextroz broth s1vi besiyeri kullanilmustir.
Steril mikroplakalar iizerinde her bir karayosunu
tiirii icin 5 kuyucuk belirlenmistir. ilk kuyucuga 100
pl kadar sadece ekstrakt konulmustur. Sonraki dort
kuyucugun her birine 100 pl sivi besiyeri
eklenmistir. Sadece ikinci kuyucuga sivi besiyerine
ilave 100 pl ekstrakt eklenmistir. Tkinci kuyucuktan
itibaren mikropipet yardimiyla mikrodiliisyon
yapilmigti. En son 5. kuyucuktan 100 pl disari
atilarak her kuyucukta 100 pl diliie ekstrakt kalmasi
saglanmistir. Her kuyucugun iizerine bakteri/maya
mantar1 slispansiyonundan mikropipetle 100 pl
mikroorganizma ilave edilmistir. Mikroorganizma
ireme etkinligini gozlemlemek igin 18-24 saat
kadar 37°C etiivde beklemistir. Inkiibasyondan
sonra iiremenin olmadigi/en az oldugu kuyucuklar
belirlenip not edilmistir. Bu asamalarin sonunda 2.
kuyucukta %50, 3. kuyucukta %25, 4. kuyucukta
%12,5, 5. kuyucukta %6,25, ekstrakt
konsantrasyonlar elde edilmistir (Sekil 1).

inhibisyon konsantrasyonu
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Sekil 1. Mikroplaka tizerinde her bir drnek i¢in sivi diliisyon metodunun uygulanist (100 pl= 0.1 ml). 2.
kuyucuktan itibaren kuyucuklarda kalan ekstraktin besiyerine orani (nl/ml) cinsinden hesap edilmistir.
Ekstrakt1 seyreltme sonucunda 2. kuyucukta; 0,1 ml besiyeri i¢inde 50 pl ekstrakt, 3. kuyucukta; 0,1 ml
besiyeri iginde 25 pl, 4. kuyucukta; 0,1 ml besiyeri i¢cinde 12,5 pl, 5.kuyucukta; 0,1 ml besiyeri i¢cinde 6.25

pl ekstrakt bulunmaktadir.

2.6 Negatif ve Pozitif Kontroller

Deneyin negatif kontrolii i¢in karayosunu tiirlerinin
kendi ¢oziiciileri olarak metanol, etanol, kloroform,
aseton ve saf su kullanilmistir. Deneyin pozitif
kontroliinde, antibiyotik olarak E. coli ve S. aureus
i¢in eritromisin, antifungal olarak C. albicans igin
ise flukanozol disk kullanilmigtir.

3. Tartisma ve Sonug

Bu calismada G. aeruginosum ve G. montana
tirlerinin metanol, etanol, aseton, kloroform
ekstraktlart ile B. rivulare, P. pseudotrigetrum, H.
humile tiirlerinin metanol ekstraktlar1 2 bakteri ile 1
maya tiirii lizerinde antimikrobiyal ve antifungal
aktivitelerinin arastirilmast yapilmigtir. Sonugta
bakteriler i¢in 7,0-14,0 mm, maya kiiltiiri i¢in 8,0-
13,0 mm arasinda degisen inhibisyon zonlariyla
tiim test mikroorganizmalarina karsi antimikrobiyal
ve antifungal aktiviteler belirlenmistir. E. coli
ATCC 35218 susuna kars1 G. montana karayosunu
tirtinlin metanol ekstrakti, disk difiizyon testine
gore 12 mm, ayni tiiriin etanol ve kloroform
ekstraktlar1 agar well diflizyon testine gore 14 mm
inhibisyon zon c¢ap1 ve 12,5 upl/ml minimum
inhibisyon konsantrasyonu degeri ile en yiiksek
antimikrobiyal aktiviteyi gostermistir. S. aureus
ATCC 25923 susuna karsi G. montana ve G.
aeruginosum tilirlerinin metanol ekstraktlari, disk

diftizyon testine gore 11 mm zon c¢api, G.
aeruginosum tiiriiniin etanol ekstrakti, agar well
difiizyon testine gdre 14 mm inhibisyon zon gap1 ve
minimum inhibisyon konsantrasyonuna
bakildiginda 12,5 pl/ml ile en yiiksek
antimikrobiyal aktiviteyi gostermistir. C. albicans
ATCC 10231 susuna karsi G. montana ve G.
aeruginosum tirlerinin etanol ekstraktlar1 disk
diftizyon testine goére 10 mm zon capi, G.
aeruginosum tiirinlin kloroform ekstrakt1 agar well
difiizyon testine gore 13 mm inhibisyon zon ¢ap1 ve
12,5 ul/ml konsantrasyon degeri ile en yiiksek
antifungal aktiviteyi gostermistir (Tablo 2).

Calisilan 6rneklerden Grimmia montana Bruch &
Schimp. ve Gymnostomum aeruginosum Sm. tiirleri
antimikrobiyal ve antifungal aktiviteleri agisindan
diger tiirlere gore daha etkili olmustur. Elde edilen
disk difiizyon testi ve agar well difiizyon testi
sonuglarma  gore, kullanllan  bes  farklh
karayosununun farkli ekstraktlarindan etkilenen en
duyarli mikroorganizma, S. aureus ATCC 25923
susu olurken, duyarlilikta ikinci swray1 C. albicans
ATCC 10231, iigiincii siray1 da E. coli ATCC 35218
suglar1 almigtir.
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Tablo 2. Karayosunun tiirlerinin disk difiizyon ve agar well testi sonuglari (mm cinsinden inhibisyon zon

caplari)
Mikroorganizmalar
E. coli ATCC S. aureus ATCC C. albicans ATCC
Briyofit Tiirleri Coziiciiler 35218 25923 10231
DD AWD DD AWD DD AWD
Metanol 7 0 11 7 9 11
G. aeruginosum Etanol 9 11 7 14 10 9
Aseton 0 12 0 11 0 9
Kloroform 0 11 7 12 8 13
Metanol 12 8 11 13 0 9
Etanol 9 14 10 10 10 10
G. montana Aseton 0 9 0 9 0 9
Kloroform 0 14 7 13 7 12
B. rivulare Metanol 7 7 8 8 9 0
P. pseudotrigetrum Metanol 0 0 8 7 8 0
H. humile Metanol 0 7 9 7 9 12

Pozitif kontrol sonucuna gore E. coli igin 12 mm, S.
aureus i¢in 29 mm zon ¢api Ol¢iiliirken, C. albicans
mantar tiri i¢in flukanozol antifungal standart
diskinin zon ¢apt 37 mm Ol¢iilmiistiir. Negatif
kontrol sonucuna gore ise genel itibariyle ¢oziiciiler,
mikroorganizmalar iizerinde etkili olmustur. Ancak
olusan kontrol zon ¢aplart ekstraktlarin neden
oldugu kadar biiyiik degildir.

Bu c¢alismadan elde edilen veriler, benzer bakteri,
¢oziici ve yontemi kullanan diger karayosunu
antimikrobiyal = c¢aligmalarindan elde edilen
sonuglarla kiyaslandiginda, 2011 yilinda Colak ve
arkadaslar1 tarafindan yapilan antimikrobiyal
calismaya gore E. coli ATCC 35218 susuna karsi
Anomodon viticulosus (Hedw.) Hook. & Taylor
tirtiniin metanol ekstrakti, disk difiizyon testi ile
7,8+0,4 mm zon ¢ap1 6l¢iilmiistiir. Buna gore ayni
bakteri susuna karsi bu c¢aligmada kullanilan G.
montana tirinin metanol ekstraktinin, A.
viticulosus tiirline gore ayni bakteri susuna karsi
daha etkili oldugu goriilmiistiir.

Tongu¢ Yayintas ve arkadaslarmin (2019) yaptigi
benzer calismada S. aureus ATCC 25923 susuna
karst Hypnum cupressiforme Hedw. tiiriiniin
metanol ekstrakti, agar well diflizyon yonteminde
zon ¢apt olusturmamistir. Bu calismada ise
kullanilan G. montana tiirtiiniin metanol ekstraktinin
aynt bakteri susuna karsi daha etkili oldugu
saptanmugtir.

C. albicans ATCC 10231 susuna kars1 bu ¢calismada
kullanilan G. montana ve G. aeruginosum tiirlerinin

etanol ekstraktlarin  benzer bir ¢alismada
kullanilan ve inhibisyon zonu olusturmayan
Calliergonella  cuspidata  (Hedw.)  Loeske,

Dicranum polysetum Sw. ex anon ve Hypnum
cupressiforme Hedw. tiirlerinin etanol
ekstraktlarindan daha etkili oldugu goriilmistiir
(Altuner ve ark., 2014b).

Daha fazla karayosunu 6rnegi toplayarak ekstrakte
edilen etken madde derisimini artirmak ve boylece
karayosunlarmin antimikrobiyal ve antifungal
Ozelliklerini yorumlamakta daha fazla veri elde
etmek miimkiindiir. Ayrica ekstraksiyon isleminde
kullandigimiz soxhlet ekstraksiyon yontemine
alternatif olarak kapali sistem mikrodalga
ekstraksiyon yontemi denenebilir. Boylece daha az
miktarda numune ve daha az hacimde ¢oziicii
kullanarak kisa siirede, daha hizli ve etkili bir sonug
elde edilebilir.

Bununla birlikte bu g¢alismanin bize gosterdigi
sonuglara gore calisilan Orneklerden Grimmia
montana Bruch & Schimp. ve Gymnostomum
aeruginosum Sm. tiirlerinin antimikrobiyal ve
antifungal aktiviteleri diger tiirlere gore daha fazla
oldugundan bu tiirlerdeki etken maddelerin detayli
analizlerle ortaya ¢ikarilmasi i¢in ileri ¢alismalarin
yapilabilecegi diistinilmiigtiir.
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Oz
Bu calismada, Tiirkiye’den daha 6nce kaydi verilmis olan Hookeria cinsine ait Hookeria acutifolia ve
Hookeria lucens tiirleri, herbaryum ornekleri {izerinden morfolojik olarak incelenmis ve karakteristik

ozellikleri resimlenmistir. Tiirlerin Tiirkiye’deki glincel durumu, dagilimi, teshis anahtar1 ve ekolojileri
detayli olarak sunulmustur.

Anahtar kelimeler: Hookeria, Hookeria acutifolia, Hookeria lucens, Tiirkiye.

Notes on the Species of Hookeria (Hookeriaceae) in Tiirkiye
Abstract
In this study, Hookeria acutifolia and Hookeria lucens species belonging to the genus Hookeria, which
have been previously recorded in Tiirkiye, were morphologically examined on herbarium specimens, and
their characteristic features were illustrated. The current status, distribution, identification key and

ecology of the species in Tiirkiye are presented in detail.

Keywords: Hookeria, Hookeria acutifolia, Hookeria lucens, Tiirkiye.
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1. Giris

Hookeria cinsi ilk olarak 1808 yilinda J. E. Smith
tarafindan H. lucens (Hedw.) J. E. Sm. (Smith,
1808; Hooker ve Greville, 1825) temel alinarak
olusturulmustur. Bu cins Hookeriaceae
familyasinin bir {iyesi olup, diinya c¢apinda
cogunlukla tropikal ve iliman bolgelerde dagilim
gosteren 10 (on) takson icermektedir (Lin ve Tan,
1995; Frey ve Stech, 2009). Hookeria cinsi
sarimst yesil bitki rengi, merkezi bir standin
varligi, yapragin orta damar olmaksizin komplanat
olmasi, yaprak hiicrelerinin biiylk olmasi, ag
benzeri bir izolasyon olusturmasi ve mitriform
kaliptra ile karakterize edilir (Tan ve Robinson,
1990; Juengprayoon ve ark., 2016).

Hodgetts ve ark. (2020)’ye gore Avrupa kitasindan
bilinen Hookeria tiirii sayis1 1 (H. lucens) dir.
Kiirschner ve Frey (2020)’ye gore Giiney Bati
Asya i¢in bilinen Hookeria cinsine ait tiir sayisi
2°dir (H. acutifolia ve H. lucens). Bu 2 tiiriin de
kayitlar1 Tiirkiye’den verilmistir. Tiirkiye’deki
Hookeria cinsine ait ilk kayit olan H. lucens
Handel-Mazetti  (1909) tarafindan Zonguldak
ilinden verilmistir. H. acutifolia taksonuna ait ilk
kayit ise Uyar ve Oren (2013) tarafindan
Trabzon’dan verilmistir.

Hookeria cinsine ait H. acutifolia ve H. lucens
tirlerinin  detayli tamimlar1, ekolojik istekleri
Tiirkiye genelindeki dagilimi ve tiirlerin igin teshis
anahtart verilmistir. Bu g¢alisma Tirkiye de ki
Hookeria tiirlerinin detayli dagilimlari, morfolojik
ve anatomik ayirt edici karakteristik 6zelliklerini
ve benzer ve farkliliklarinin detayli ele alindig ilk
revizyon ¢aligmasi niteligi tasimaktadir.

2. Materyal ve Metot

Bu ¢alisma, Tiirkiye’den daha 6nce kaydi verilmis
olan Hookeria cinsine ait H. acutifolia Hook. &
Grev. ve H. lucens (Hedw.) Sm. tiirlerinin Tiirkiye
dagilimi i¢in briyofloristik aragtirmalar ve kontrol
listelerinin detayli olarak incelenmesiyle elde
edilmistir  (Handel-Mazetti, 1909; Henderson,
1961; Abramova ve Abramov, 1979; Ozdemir ve
Cetin, 1999; Abay, 2004; Uyar ve Cetin, 2006;
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Ozdemir ve Koz, 2008; Uyar ve Oren, 2013; Batan
ve ark., 2014; Oren ve ark., 2015; Ozdemir ve
Batan, 2016; Batan ve ark., 2017, 2018; Erata ve
ark., 2018; Can Gozcii ve ark., 2019; Pisarenko ve
ark., 2020; Erata ve ark., 2020; Kiirschner ve
Erdag, 2020; Erata ve ark., 2021). Tiirlere ait
karakteristik  ozellikler, Karadeniz  Teknik
Universitesinde Biyoloji Boliimiindeki
Herbaryumda yer alan Orneklerde yapilan
morfolojik incelemeler sonucunda bu 6zelliklerinin
fotograf atagmanli mikroskopta fotograflanmasiyla
hazirlanmistir.

3. Sonug ve Tartisma

Hookeria acutifolia Hook. & Grev. (Sekil 1)
Bitkiler komplanat, soluk yesil renge sahiptir.
Govde yatik halde, 2 cm uzunluga sahip olup
govdenin ventral ylizeylerde seyrek, acik
kahverengi ya da seffaf ince rizoidler mevcuttur.
Yapraklar biraz seffaf, heteromorfik sekilde: dorsal
yapraklar  simetrik, lateral yapraklar hafif
asimetrik, yassilagmig, yumurtamsi ile genisce
muzrakst sekilde olup genis akut ugla sonlanir.
Yaprak kenarlar1 diiz olup, yaprak ug¢ kisimlarinda
siklikla dallanmamig filamentli rizoidlere sahiptir.
Yapraktaki laminal hiicreler £ homojen, biiyiik,
gevsek ve ellipsoidal veya altigen sekle sahiptir.
Yaprak kenar hiicreleri ise yaprak ortasi
hiicrelerden daha dar ve uzun sekilde ve tek sirali
olarak uzanir.

Ekoloji: H. acutifolia, nemli, gélgeli alanlarda,
dere kenarlarinda, ¢ogunlukla vadilerde, zeminde,
cliriyen kiitiiklerde ve humus kapli kayalarda
bulunur. Ayrica, genellikle kumtasi alanlarinda
goriiliir, kayalik habitatlarda ortaya ¢ikar (Uyar ve
Oren, 2013; Batan ve ark., 2014; Erata ve ark.,
2018; Erata ve ark., 2020; Pisarenko ve ark.,
2020).

Dagilim: Ordu (Kabadiiz), Giresun (Gorele),
Trabzon (Siirmene, Salpazari), (Sekil 3), (Uyar ve
Oren, 2013; Batan ve ark., 2014; Erata ve ark.,
2018; Erata ve ark., 2020; Kiirschner ve Erdag,
2020).
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Hookeria lucens (Hedw.) Sm. (Sekil 2).

Bitki parlak yesil renkte sahiptir. Siirgiinler yatik
sekilde, 6 cm uzunlugunda; govdeler seyrek
dallidir. Yapraklar heteromorfik, biraz seffaf,
komplanat, hafif gsekilde biiziilmis ve
kurudugunda dalgali, yumurtamsi, yaprak u¢ kismi

Sekil 1. Hookeria acutifolia: a) Genel génﬁm, b-c¢) Yaprak, d) Yaprakucu, - Ypr
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il SN

ak ortasi hiicreleri.

yuvarlak veya kiit seklinde. Yaprak kenarlar1 diiz
ve bant yoktur. Yaprakta orta damar yoktur.
Yaprak hiicreleri ¢ok biiyiik, yar1 saydam, diizensiz
altigen ila uzun altigen seklinde yaprak ortasinda,
yaprak kenar hiicreleri farklilasmamis veya biraz
daha dar sekildedir
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Sekil 2. Hookeria lucens: a) Genel goriiniim, b-c) Yarak, d) Yaprak kenar hiicreleri, e) Yaprak ortasi

hiicreleri.

Ekoloji: H. lucens, nemli, golgeli, kiregsiz
toprakta, hendek, dere ve nehir kenarlarinda,
ormanda, vadilerdeki ve yariklardaki gélgeli
toprak cikintilarinda, bazen kaya iizerinde ince bir
humus kaya ¢ikintilarinda bulunur (Dierfen, 2001;
Smith, 2004).

Dagilim: Kocaeli (Kartepe), Diizce, Zonguldak
(Eregli, Kozlu), Kastamonu, Ordu (Kabadiiz),
Giresun (Dereli, Tirebolu), Trabzon (Magka,
Caykara, Salpazar1), Rize (Findikli, ikizdere),
Artvin  (Murgul), Ardahan (Gole), (Sekil 3),
(Handel-Mazetti, 1909;  Henderson, 1961;
Abramova ve Abramov, 1979; Ozdemir ve Cetin,

1999; Abay, 2004; Uyar ve Cetin, 2006; Ozdemir
ve Koz, 2008; Oren ve ark., 2015; Ozdemir ve
Batan, 2016; Batan ve ark., 2017, 2018; Can
Gozei ve ark., 2019; Erata ve ark.,, 2020;
Kiirschner ve Erdag, 2020; Erata ve ark., 2021).

Hookeria anahtar:

1. Yapraklar biraz seffaf, heteromorfik sekilde,
yassilagmis, yumurtams: genis mizraksi seklinde
olup akut bir u¢la sonlanir. Yaprak u¢ kisimlarinda
siklikla dallanmamis filamentli rizoidlere sahiptir.
Yaprak ortasindaki hiicrelerden daha dar olan
kenar hiicrelerine
sahiptir.........ooovviiiiiiii H. acutifolia
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Yaprak biraz seffaf, heteromorfik sekilde,
yumurtamst sekilde ve obtus bir ugla sonlanir.
Yaprak ortasindaki hiicrelerle esit genislikte kenar

.96

hiicrelerine sahiptir. Yaprak kenarlar1 diiz ve bant
yoktur H. lutescens
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Sekil 3. Tirkiye’deki Hookeria tﬁrlerinin illere gore dagilimi

Kaynaklar

Abay G. 2004. The moss flora (Musci) of Kiyicak
village (Findikli-Rize). Ot Sistematik
Botanik Dergisi. 11:1, 149-162.

Abramova A.L. Abramov I.1. 1979. Species rare et
curiosae muscorum Mongoliae. 1l. Nov.
Sist. Nizsz. Rast. 16: 169-175.

Batan N. Ozcan O. Ozdemir T. 2014. New
Bryophyte Records from Turkey and
Southwest Asia. Telopea. 17: 337-346.

Batan N. Erata H. Ozen O. Ozdemir T. Alatas M.
2017. The Bryophyte Flora of Ardahan
Province (Turkey). Arctoa. 26: 187-197.

Batan N. Atamov V. Eksi S. Erata H. 2018.
Contrubition to the bryophyte flora of the
Ikizdere district (Rize, Turkey). Phytologia
Balcanica. 24:1, 9-15.

Can Gozcii M. Uyar G. Oren M. Ezer T. Alatas M.
2019. The Bryophyte Flora of The Samanli
Mountains (Sakarya, Kocaeli, Yalova,
Bursa) in North-West Turkey. Arctoa. 28:
58-74.

Dieren K. 2001. Distribution, ecological
amplitude and phytosociological
characterization of European bryophytes,
Bryophytorum Bibliotheca, Band 56, J.
Cramer, Berlin, Stuttgart.

Erata H. Batan N. Ozdemir T. 2018. The
Bryophyte Flora of Sis Mountain
(GiresunTrabzon,  Turkey).  Anatolian

Bryology. 4:1, 46-64.

Erata H. Batan N. Ozen O. Alatas M. 2020.
Contributions to the bryophyte flora of
Salpazart and Tonya districts (Trabzon,
Turkey). Phytologia Balcanica. 26:1, 71-79.

Erata H. Alatas M. Batan N. Ezer T. 2021.
Contributions to the Bryophyte Flora of
Altindere Valley (Trabzon, Turkey). Acta
Biologica Turcica. 34:4, 186-196.

Handel-Mazetti H.M. 1909. Ergebnisse einer
botanische Reise in des Pontische
Randgebirge in Sandchak Trapezunt. Ann.
Nathist. Hofmus. Wien 23: 124-212.

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

Hodgetts N.G. Soderstrom L. Blockeel T.L.
Caspari S. Ignatov M.S. Konstantinova
N.A. Lockhart N. Papp B. Schrock C.
SimSim M. ve ark. 2020. An annotated
checklist of bryophytes of Europe,
Macaronesia and Cyprus. Journal of
Bryology. 42:1, 1-116.

Hooker W.J. Greville R. K. 1825. On the genus
Hookeria of Smith, of the order Musci.
Edinburgh J. Sci. 2: 221-236.

Ireland R. 1982. Moss flora of Maritime
Provinces. Publication in Botany No: 13.
Ottova: National Museum of Natural
Sciences.

Juengprayoon W. Poopath M. Chantanaorrapint S.
2016. Hookeria acutifolia (Hookeriaceae,



Erata H. Batan N. 2023. ANGIOLIAN BUYOL... ... ... .coce ittt oot et et et et et e et e et e et e et e et e et e e e

Bryophyta), a Genus and Species new for
Thailand. Polish Botanical Journal. 61:2,
237-241.

Kiirschner H. Erdag A. 2020. Bryophyte Locality
Data from The Near and Middle East 1775-
2019. Hiperlink. Istanbul.

Lin P.-J. Tan B.C. 1995. Contribution to the
Bryoflora of China (12): A taxonomic
revision of Chinese Hookeriaceae (Musci).
Harvard Pap. Bot. 7: 25-68.

Oren M. Bozyaka S. Ozgelik A.D. Hazer Y. Uyar
G. 2015. Zonguldak ili Briyofit Florasina
Katkilar. Anatolian Bryology. 1:1, 34-41.

Ozdemir T. Cetin B. 1999. The Moss Flora of
Trabzon and Environs, Turk J Bot. 23: 391-
404,

Ozdemir T. Koz B. 2008. Contribution to the moss
flora of Dereli, Giresun District (Turkey).
Acta Botanica Hungarica. 50:1-2, 171-180.

Ozdemir T. Batan N. 2016. The bryophyte flora of
Ordu province (Turkey). Arctoa. 25: 144-
159.

Pisarenko O. Yu. Bakalin V.A. Ignatova E. A.
2020. Hookeria acutifolia (Hookeriaceae,
Bryophyta), a new species for themoss flora
of Russia. Botanica Pacifica. 9:1, 71-75.

Smith AJ. E. 1808. Characters of Hookeria, a new
genus of mosses, with descriptions of ten
species. Trans. Linn. Soc. London. 9: 275-
282.

Smith AJ.E. 2004. The moss flora of
Britain and Ireland. Cambridge, UK:
Cambridge University Press.

Tan B.C. Robinson H. 1990. A review of
Philippine Hookeriaceous taxa (Musci).
Smithsonian Contr. Bot. 75: 1-41.

Uyar G. Cetin B. 2006. Contribution to the Moss
Flora of Turkey: Western Black Sea Region
(Bolu, Kastamonu, Karabiik, Bartin and
Zonguldak). International  Journal of
Botany, 2:3, 229-241.

Uyar G. Oren M. 2013. Three remarkable new
moss records for South-West Asia from
northern Turkey. Turk J Bot. 37: 363-368.

97



Batan N. Erata H. 2023. Anatolian Bryol... ... ..........ccccociiiii oo i et et et e et e et e e e e e a0 9T

Anatolian Bryology
Anadolu Briyoloji
Dergisi

Review Article
e-1SSN:2458-8474
Online

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

DOI: 10.26672/anatolianbryology.1377477

Tiirkiye’deki Amphidium (Amphidiaceae) Tiirleri Uzerine Notlar

Nevzat BATAN'®, Hiiseyin ERATA>®

'Karadeniz Teknik Universitesi, Fen Fakiiltesi, Molekiiler Biyoloji ve Genetik Bélimii, Trabzon,
TURKIYE
2Giimiishane Universitesi, Kiirtiin Meslek Yiiksekokulu, Giimiishane, TURKIYE

Received: 17 October 2023 Revised: 23 October 2023 Accepted: 24 October 2023

Oz
Bu ¢alismada, Tiirkiye’den daha 6nce kaydi verilmis olan Amphidium cinsine ait Amphidium lapponicum
ve Amphidium mougeotii tiirleri herbaryum o6rnekleri {izerinden morfolojik olarak incelenmistir ve
resimlenmistir. Tiirlerin Tiirkiye’deki giincel durumu, detayli tanimn, tiirler igin teshis anahtari, ekolojisi
ve Tirkiye dagilimi detayli olarak verilmistir.

Anahtar kelimeler: Amphidiaceae, Amphidium lapponicum, Amphidium mougeotii, Tiirkiye.

Notes on the Species of Amphidium (Amphidiaceae) in Tiirkiye
Abstract
In this study, Amphidium lapponicum and Amphidium mougeotii species belonging to the genus
Amphidium, which have been previously recorded from Tiirkiye, were morphologically examined and
illustrated on herbarium specimens. The current status of the species in Tiirkiye, detailed description,

identification key for the species, ecology and distribution in Tiirkiye are given in detail.

Keyword: Amphidiaceae, Amphidium lapponicum, Amphidium mougeotii, Tiirkiye.
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1. Giris

Amphidium cinsine ait karayosunu tiirleri daglik
alanlarda ve alpin cayirlarda kayalik alanlarda
kaya tizerinde gelisen, genellikle yastik (cushion)
ya da dik ¢im (turf) hayat formuna sahiptir. Sahada
genellikle yapraklarinin diiz, mizrak sekli ve kuru
ortamda kivrilmig goriiniimii ile diger cinslerden
kolaylikla ayrilabilmektedir (Norris ve Koponen,
1999; Frey ve Stech, 2009).

Amphidium cinsi yapilan molekiiler filogenetik
caligmalar sonucunda Amphidiaceae M.Stech
familyas1 altina tek cins olarak yerlestirilmistir
(Cox ve ark., 2010; Stech ve ark., 2012; Fedosov
ve ark., 2016; Bonfim-Santos ve Stech, 2016; Sim-
Sim ve ark., 2017). Norris ve Koponen (1999),
Frahm ve ark. (2000), ve Sim-Sim ve ark.
(2017)’ye gore diinya genelinde 13 Amphidium
tiirii listelenmis ve yaymlanmustir.

Hodgetts ve ark. (2020)’ye gore Avrupa kitasindan
bilinen Amphidium tiirii sayis1 3 tir (Amphidium
lapponicum (Hedw.) Schimp., A. mougeotii
(Schimp.) Schimp. ve A. curvipes (Miill.Hal.)
Broth.). Buna karsin Tirkiye’den bilinen
Amphidium tiirii sayist ise 2 dir (Amphidium
lapponicum ve A. mougeotii (Batan ve Ozdemir,
2013; Kiirschner ve Frey, 2020; Kiirschner ve
Erdag, 2020).

Bu caligma, Tiirkiye’de kaydi verilen Amphidium
tirlerinin  detayli dagilimlari, morfolojik ve
anatomik ayirt edici karakteristik ozelliklerini ve
benzer ve farkliliklarimin  detayli  olarak
degerlendirildigi ilk revizyon ¢alismasidir.

2. Materyal ve Metot

Bu ¢alisma, Tiirkiye’den daha dnce kaydi verilmis
olan  Amphidium cinsine ait  Amphidium
lapponicum (Hedw.) Schimp., ve A. mougeotii
(Schimp.) Schimp. tiirleri igeren briyofloristik
arastirmalardan kayitlarin verildigi yer bilgileri ile
Tirkiye’deki yayilig alanlar1 bilgileri ve Karadeniz
Teknik Universitesinde Biyoloji Béliimiindeki
herbaryum o&rnekleri tizerinde yapilan morfolojik
incelemeler sonucunda karakteristik 6zelliklerinin
kamera atagcmanli mikroskoplarda
fotograflanmasiyla  hazirlanmigtir. ~ Amphidium
lapponicum ve Amphidium mougeotii tiirlerinin
Tiirkiye dagilimi ve lokalite bilgileri igin kontrol
listeleri ve daha 6nce yaymlanmis olan floristik
caligmalardan yararlamilmigtir  (Henderson ve
Muirhead, 1955; Henderson, 1961, 1964; Cetin ve
Yurdakulol, 1988; Goniilol ve Akarsu, 1994; Papp,
2004: Uyar ve Cetin, 2004, 2006; Kiirschner ve
Erdag, 2005; Ursavas ve Abay, 2009; Abay ve
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ark., 2009, 2016; Batan ve Ozdemir, 2013; Tonguc
Yayintas, 2014; Ozdemir ve Batan, 2016, 2017;
Erdag ve Kiirschner 2017; Kiirschner ve Erdag,
2020; Erata ve ark., 2021;).

Tiirlerin detayli deskripsiyonlari, ekolojik istekleri
ve teshis anahtarlar1 hazirlanirken ilgili flora
eserleri, revizyonlar  ve monograflardan
yararlanilmigtir  (Ireland, 1982; Dierfen, 2001;
Smith, 2004: Frey ve ark., 2006).

3. Tartisma ve Sonug¢

Amphidium lapponicum (Hedw.) Schimp., (Sekil
1).

Bitkiler 6bek formunda, koyu yesil, alt kismu
kirmizimsi renkte ve 0,5-3,5 cm. uzunlugundadir.
Govde yapraklari 2-3 mm. uzunlugunda, dilsi ve
mizrak seklindendir. Yapraklar kuru iken kivrik,
nemli iken kivrigiktir. Yapraklar dogrusal, serit
seklinde ve sivri ugludur. Yaprak kenarlart
yapragin alt kisminda kivrik, {ist kismanda ise
papilloz-krenulat’tir. Orta damar yaprak ucuna
yakin sonlanir. Yaprak bazal hiicreleri ince duvarl,
hiyalin, dikdortgen seklinde, yaprak tist kismindaki
hiicreler ise yuvarlak-altigen ve kuvvetli papilloz,
yaprak ortast hiicreleri 10-14 pm genisligindedir.
Seta kisa, 1,5-2,5 mm uzunlugunda ve kapsiiller
yapraklarin hemen {izerinde ortaya c¢ikar ve
yogundur, sporlar diz ve 8-12 pum
uzunlugundadir.

Ekoloji: Amphidium lapponicum, humuslu, silisli
veya kalkerli kayalarda, dag kayaliklarinda ve sarp
kayaliklarda kaya yariklarinda, bazen de vadilerde
dere kiyilarinda bulunur (Dierfen, 2001; Smith,
2004).

Dagilim: Amphidium lapponicum kaydi
Tirkiye’den tek lokaliteden Igdir ili, Agri dag:
39%46'09.32" K, 44°16'34.95" D, 2541 m. den
verilmistir (Sekil 2, Batan ve Ozdemir, 2013;
Kiirschner ve Erdag, 2020).
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Sekil 1. Amphidium lapponicum: A. Bitkinin genel goriiniimii, B. Yapraklar, C. Sporofit, D. Siirgiin, E.
Yaprak ucu, F. Yaprak dip kose hiicreleri (Bazal hiicreler), G. Yaprak ortasi hiicreleri, H. Yaprak

enine kesiti, I. Kaliptra.

Amphidium mougeotii (Schimp.) Schimp. (Sekil
3,4).

Bitkiler 6bek ve yastik formunda, sarims1 yesilden
koyu yesile kadar degisen renklerde, alt kismu
kahverengi renkte govdeler 5 cm uzunlugundadir.
Govde yapraklart 1,5-3 mm uzunlugunda, dogrusal
ve mizrak seklindendir. Yapraklar kivrik, nemli
iken esnek, dar dogrusal-mizrak seklinde ve sivri

ugludur. Yaprak kenarlar1 tabanda kivrik, yaprak
ucuna dogru hafif diglidir. Orta damar yaprak
ucuna yakin sonlanir. Bazal laminal hiicreler
sarimsi, duvarlart kalindir ve dikdortgen seklinde,
ustteki  hiicreler  yuvarlak-altigen ve hafif
papillozdur. Seta 2,2-3,5 mm uzunlugunda ve
kapsiil yapraklarin iizerinde ¢ikmigtir, spores 10—
12 pm uzunlugundadir.
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Sekil 3. Amphidium mougeotii: a. bitkinin genel goriinimii, b. Siirgiin, ¢, d, e. Yapraklar.
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Ekoloji: Amphidium mougeotii, nemli, silisli ve
asidik  kaya  yiizeylerinde, vadilerde ve
ormanlardaki kaya yariklarinda, dag ve kiy1
kayaliklarinda bulunur (Dierfen, 2001; Smith,
2004).

Dagihm: Ankara, Bolu (Yedigoller Milli parki),
Zonguldak, Samsun (Kocadag), Ordu (Ulubey),
Giresun (Alucra), Trabzon (Altindere Vadisi Milli
parki (Magka)), Rize (ikizdere, Ardesen, Pazar,
Hemsin, Ilica), Artvin (Murgul), Canakkale (Sekil
4; Henderson, 1961, 1964; Goniilol ve Akarsu,
1994; Papp, 2004: Uyar ve Cetin, 2004, 2006;
Kiirschner ve Erdag, 2005; Ursavas ve Abay,

Sekil 4. mphidium mougeotii: a. Yaprak dip kose hiicreleri (Bazal hiicreler), b. Yaprak ortas: hiicreleri,
c. Yaprak kenar hiicreleri (yaprak ortasi), d. Yaprak ucu, e, f. Yaprak enine kesiti.

2009; Tonguc Yayintas, 2014; Abay ve ark., 2016;
Ozdemir ve Batan, 2016, 2017; Erdag ve
Kiirschner, 2017; Erata ve ark., 2021).

Amphidium cinsine ait ayirim anahtari

1. Yapraklarin bazal hiicreleri ince duvarl, iist
hiicreler belirgin sekilde papilloz, kapsiiller kisa ve
yogun, yapraklarin hemen iizerinde ortaya
GIKAT. ..\t A. lapponicum
-Yapraklarin bazal hiicreleri kalin duvarli, {ist
hiicreler hafif sekilde papilloz, kapsiil ¢ok nadir
goriiliir, gelistiginde olduk¢a uzun ve belirgin
sekilde ortaya ¢ikar...................... A. mougeotii



Batan N. Erata H. 2023. ARGIOLIGN BIYOL... ... ... .c.c.co vt it i et et et e et et et e et e et e et et e e e

102

BULGARISTAN __
DN

= o
sinoP

0 =
KIRKLAREL BARTIN

ZONGULDAK, KASTAMONU
o

5 TEKIRDAG (_ISTANBUL / “

| Ay 96 — KARABUK
D0ZCE
° 3 .
SAKARYA sow® GANKIRI

MARMARADENIZI  +/ KOCAEL
& YALOVA

CORUM
°

P Q@
GANAKKALE ok N
BILECK ANKARA

BALIKESIR KIRIKALE-

0 o
ESKISEHIR YOZGAT
KUTAHYA

KIRSEHIR

" manisa AFYONKARAHISAR
° °

{ - USAK NEVSEHIR

T MR 2

PN

AKSARAY

"
° KoNvA i
AYDIN °

& \OISPARTA

BURDUR

o
DENEZLI

MUGLA
15 KARAMAN

EGE DiENIZI

ANTALYA
L

<

&a

& @ Amphidium mougeotii B Amphidium lapponicum
2 AKDENIZ P
‘:v;,TlgxfCL"

5 25 0 il =
n © GKRY

50 100 150 200
— — K

KARADENIZ

o
KAYSERI

3
MERSIN' {x0ANA

on: e
o /
A @ R/ Giresun o KaRs ¢
o ® (GomosHANE S
TOKAT ° P -’
° \YBURT, L
BAYBUR ERZURUM AGRI -\GI)I
o
o ERZINCAN,
SIVAS
TUNGELI
{ { [eincoL
o MUS
°
& ovaN
ELAZIG o 1
MALATYA | BITLiS /
> sIRT S
DIVABAKR BATMAN 0 o)
o o 3
ADIYAMAN o \
o o HAKKARI ki
SIRNAK e 7™ !
KAHRAMANMARAS ° &
9 SANLIURFA —— e ¥
OSMANIVE M >
° o \/
{ GAZIANTER, v
KKiLES B <
N o IRAK
SURIYE

GURCISTAN
) s
[l AAZE

~/ ~ ot
ARTVIN s

ARDAHAN

@ sasin \ ERMENISTAN ¢
)

TURKIYE MULKIi iDARE HARITASI

ISARETLER

) Bagkent |
Kisaltmalar o I merkezien B D
YUN. YUNANISTAN AZE AZERBAYCAN {

N.O.C. NAHCIVAN OZERK CUMHURIYETI G

Kaynaklar

Abay G. Uyar G. Keceli T. Cetin B. 2009.
Contributions to the bryoflora of the Kagkar
Mts (NE Anatolia, Turkey). Phytologia
Balcanica. 15:3, 317 —329.

Abay G. Batan N. Ozdemir T. 2016. Bryophyte
checklist of Rize, North-East Turkey.
Arctoa. 25: 386-392.

Batan N. Ozdemir T. 2013. New records for the
moss flora of Turkey and Southwest Asia.
Nova Hedwigia. 97:3-4, 437-440.

Bonfim Santos M. Stech M. 2016. Tackling
relationships and species circumscriptions
of Octoblepharum, an enigmatic genus of

haplolepideous mosses (Dicranidae,
Bryophyta). Systematics and Biodiversity.
14: 16-24.

Cox C.J. Goffinet B. Wickett N. J. Boles S.B.
Shaw AJ. 2010. Moss diversity: A
molecular phylogenetic analysis of genera.
Phytotaxa. 9: 175-195.

Cetin B. Yurdakulol E. 1988. Yedi Goller Milli
Parki’nin Karayosunu (Musci) Florasi.
Doga Tiirk Botanik Dergisi. 12:2, 128-146.

Dierfen K. 2001. Distribution, ecological
amplitude and phytosociological
characterization of European bryophytes,
Bryophytorum Bibliotheca, Band 56, J.
Cramer, Berlin, Stuttgart.

Erata H. Batan N. Abay G. Ozdemir T. 2021.
Anzer Vadisi ve Cevresinin Briyofit Florasi
(ikizdere, Rize). Anatolian Bryology. 7:2,
131-145.

Erdag A. Kiirschner H. 2017. List of Plants of
Turkey (Mosses), Nurtan Ambalaj ve

Sekil 2. Tirkiye’deki Amphidium tﬁrlerinin illere gore dagilimi

Matbaacilik  Sanayi Ticaret
Istanbul.

Fedosov V.E. Fedorova A.V. Fedosov A.E.
Ignatov M.S. 2016. Phylogenetic inference
and peristome evolution in haplolepideous
mosses, focusing on Pseudoditrichaceae
and Ditrichaceae s.I. Botanical Journal of
the Linnean Society. 181: 139-155.

Frahm J.P. Klocker T. Schmidt R. Schoter C.
2000. Revision der Gattung Amphidium
(Musci, Dicranaceae). Tropical Bryology
Research Reports. 18: 171-184.

Frey W. Frahm J.P. Fischer E. Lobin W. 2006. The
Liverworts, Mosses and Ferns of Europe.
Harley Books, Colchoster.

Frey W. Stech M. 2009. 5. Division Bryophyta
Schimp. (Musci, Mosses). In W. Frey (Ed.),
Syllabus of plant families. Part 3:
Bryophytes and seedless Vascular Plants
(pp. 116-257). Stuttgart:  Gebr€uder
Borntraeger.

Goniilol A. Akarsu G. 1994. Samsun il merkezi ve
cevresinin  karayosunu (musci) florasi.
Turkish Journal of Botany. 18: 193-200.

Henderson D.M. Muirhead C.W. 1955.
Contributions to the bryophyte flora of
Turkey. Notes from the Royal Botanic
Garden Edinburgh. 22: 29-43.

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

Henderson D.M. 1964. Contribution to the
Bryophyte Flora of Turkey: VI. Notes from
Royal Botanic Garden Edinburgh. 25: 279-
291.

ve AS.,


https://scialert.net/jhome.php?issn=1811-9700

Batan N. Erata H. 2023. ARGIOLIGN BIYOL... ... ... .c.c.co vt it i et et et e et et et e et e et e et et e e e

Hodgetts N.G. Soderstrom L. Blockeel T.L.
Caspari S. Ignatov M.S. Konstantinova
N.A. Lockhart N. Papp B. Schrock C.
SimSim M. ve ark. 2020. An annotated
checklist of bryophytes of Europe,
Macaronesia and Cyprus. Journal of
Bryology. 42:1, 1-116.

Ireland R. 1982. Moss flora of Maritime
Provinces. Publication in Botany No: 13.
Ottova: National Museum of Natural
Sciences.

Kiirschner H. Erdag A. 2005. Bryophytes of
Turkey: An Annotated Reference List of
the Species with Synonyms from the
Recent Literature and an Annotated List of
Turkish Bryological Literature,” Turkish
Journal of Botany. 29: 95-154.

Kiirschner H. Erdag A. 2020. Bryophyte Locality
Data from The Near and Middle East 1775-
2019. Hiperlink. Istanbul.

Kiirschner H. Frey W. 2020. Liverworts, mosses

and hornworts of Southwest Asia
(Marchantiophyta, Bryophyta,
Anthocerotophyta. Nova Hedwigia. 149: 1—
269.

Norris D.H. Koponen T. 1999. Bryophyte flora of
the Huon Peninsula, Papua New Guinea.

LXVIl. Amphidium (Rhabdoweisiaceae,
Musci). Annales. Botanici Fennici. 36:
265-269.

Ozdemir T. Batan N. 2016. The bryophyte flora of
Ordu province (Turkey). Arctoa. 25: 144—
159.

Ozdemir T. Batan N. 2017. The Bryophyte
Checklist of Trabzon Province of Turkey.
Arctoa. 26: 58-67.

Papp B. 2004. Contributions to the Bryophyte
Flora of the Pontic Mts, North Anatolia,
Turkey. Studia Botanica Hungarica, 35: 81-
89.

Sim-Sim M. Afonina O.M. Almeida T. Désamoré
A. Laenen B. Garcia C.A. Gonzalez-
Mancebo J.M. Stech M. 2017. Integrative
taxonomy reveals too extensive lumping
and a new species in the moss genus
Amphidium (Bryophyta), Systematics and
Biodiversity. 15:5, 451-463,

Smith A.J.E. 2004. The moss flora of Britain and
Ireland. Cambridge, UK: Cambridge
University Press.

Stech M. McDaniel S.F. Hernandez-Maqueda R.
Ros R.M. Werner O. Munoz J. Quandt D.
2012. Phylogeny of haplolepideous mosses
— challenges and perspectives. Journal of
Bryology. 34: 173-186.

Tongug¢ Yaymtas O. 2014. Contributions to the
Moss Flora of Western Turkey: Biga
Peninsula (Canakkale) and Thrace Region

103

of Turkey. Global Journal of Science
Frontier Research: C Biological Science.
14:3, 1-24.

Ursavags S. Abay G. 2009. Tirkiye’nin A2
karesinin karayosunlar1 (musci) kontrol
listesi. Bartin Orman Fakiiltesi Dergisi.
11:16, 33-43.

Uyar G. Cetin B. 2004. A new check-list of the
mosses of Turkey. Journal of Bryology. 26:
203-220.

Uyar G. Cetin B. 2006. Contribution to the Moss
Flora of Turkey: Western Black Sea Region
(Bolu, Kastamonu, Karabiik, Bartin and
Zonguldak). International Journal of
Botany, 2:3, 229-241.



The Scope of Anatolian Bryology

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

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

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

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

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

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

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

Author Guidelines
Preparation of Manuscript

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

Symbols, units, and abbreviations: In general, the journal follows the conventions of Scientific Style and
Format, The CSE Manual for Authors, Editors, and Publishers, Council of Science Editors, Reston, VA,
USA (7 ed.). If symbols such as %, y, 1, or v are used, they should be added using the Symbols menu of
Word. Degree symbols (°) must be used from the Symbol menu, not superscripted letter o or number 0.
Multiplication symbols must be used (%), not the letter x. Spaces must be inserted between numbers and
units (e.g., 3 kg) and between numbers and mathematical symbols (+, —, x, =, <, >), but not between
numbers and percent symbols (e.g., 45%). Please use Sl units. Generally, all numbers should be given as
numerals (e.g., “In 2 previous studies...”); please consult the above-mentioned style manual for full details.
All abbreviations and acronyms should be defined at first mention. Latin terms such as et al., in vitro, or in
situ should not be italicized.

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



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

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

Ethical Rules and Responsibilities

The editorial and publication processes of the journal are shaped in accordance with the guidelines of) the
Council of Science Editors (CSE), the Committee on Publication Ethics (COPE), the European Association
of Science Editors (EASE), and National Information Standards Organization (N1SO). Anatolian Bryology
conforms to the Principles of Transparency and Best Practice in Scholarly Publishing
(https://doaj.org/bestpractice).

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

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

Keywords

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

1. Introduction

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

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

3. Findings
Station information and plant list etc.

4. Results and Discussion

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

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

References
References should be cited in the text by the last name(s) of the author(s) and year of publication with a
comma between them: for example, (Ursavas, 2014) or (Ursavas and Kegeli, 2012). If the citation is the


http://www.councilscienceeditors.org/
http://publicationethics.org/
http://www.ease.org.uk/
http://www.niso.org/home/
https://doaj.org/bestpractice
http://www.bilimterimleri.com/

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

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

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

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

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

Web sites (no print version):

URLL1. Missouri Botanical Garden. 2016. Website: http://www.tropicos.org/Project/IPCN [Accessed: 00
Month 2008].

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

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

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

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

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

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

Charts must be prepared in 2 dimensions unless required by the data used. Charts unnecessarily prepared
in 3 dimensions are not accepted.


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

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

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

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



mailto:anatolianbryology@gmail.com
mailto:serhatursavas@gmail.com

Anatolian Briyoloji Dergisinin Kapsami

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

Dergi yazim kurallarina uymayan veya derginin kapsami disindaki konulardan 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 0zgiin 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 alakal gesitli
alanlardaki son ilerlemeler, gelismeler, kesifler yorumlar ve fikirlerdir.

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

Yazar Rehberi
Makalenin hazirlanmasi

Stil ve bicim: Makale cift satir araligi ve sayfanin her tarafindan 3 cm kenar boslugu birakilarak Times
New Roman formatinda yazilmalidir. Makalelerin her sayfast baslik, kaynaklar, tablolar, vb.
numaralandirilmalidir. Makalelerin her sayfasi, satir numarast 1 ile baglamak kaydiyla numaralandirilir.
Makaleler ingilizce veya Tiirkce yazilabilir. Anadili ingilizce olmayan yazarlar igin; Bir dil editdriine veya
akic1 bir sekilde Ingilizceyi konusabilen bir meslektasindan yardim almalari 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 Ozgiinlilk kontrolii yapilmaktadir. Yazarlar, http://www.ithenticate.com web adresini ziyaret
ederek makalelerini dergimize géndermeden dnce 6zgiinliik kontrolii yapabilirler.

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

Etik Kurallar ve Sorumluluklar

Derginin editorliigii ve yayinlanma siirecleri, Bilim Editorleri Konseyi (CSE), Yayin Etigi Komitesi
(COPE), Avrupa Bilim Editorleri Birligi (EASE) ve Ulusal Bilgi Standartlar1 Orgiitii'niin kurallara 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 ¢aligmanin ana sonuglarina vurgu yapmak gerekir.

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

Kaynaklar

Metin igerisinde kaynak belirtme, yazar veya yazarlarin 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 atiflar igin; ilk yazarin soyadi ve devaminda ve ark., (italik degil) kullanilir. Ornek: (Abay ve
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ark., 2002). Ayni yazarin ayni yil igerisinde birden fazla kaynag1 varsa, litfen yilsonuna a, b, ¢, gibi harf
ekleyin: (Kegeli ve ark., 2002a, 2002b). Kaynaklar kronolojik olarak siralanip kaynaklar noktali virgiil ile
ayrilmahdir: (Abay, 2000; Kegeli ve ark., 2003; Ursavas ve Oren, 2012). Web sitesi atiflar1 (URL1, URL2,
...) olmalidir. Kisisel iletisim ile yayinlanmamis herhangi bir veriyi kaynak olarak kullanmayin ancak metin
igerisinde (parantez igerisinde) verilebilir. Ingilizce dili disinda yayinlanan bir makaleniz varsa makalenin
Ingilizce bashgi verilmeli, parantez icerisinde (Tiirkge makale, 6zet Ingilizce) gibi bir agiklama ile
belirtilmelidir. Eger yaymlanan makalenin ingilizce bir baslig1 yoksa sadece orijinal baslik verilmeli geviri
yapilmamalidir. Kaynaklar numaralandirilmadan metnin sonunda alfabetik olarak listelenmig olmalidir.
Makalenin yazarlarinin 10 ve asagist timii verilmelidir, 10 yazardan fazla makalelerde ilk 10 yazar verilip
geri kalan yazarlar i¢in ve ark., yazilmalidir. Makalede kaynaklar listesinde verilen yazarlarin adlart
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):

URLZ1. Missouri Botanical Garden. 2016. Website: http://www.tropicos.org/Project/IPCN [Erisim: 00 Ay
2008].

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

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

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