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Abstract
As a result of bryological excursion to the Khizi region of Azerbaijan, Mnium thomsonii Schimp.,
Racomitrium microcarpon (Hedw.) Brid, Grimmia longirostris Hook., Plagiothecium succulentum (Wills.)
Lindb Tomentypnum nitens (Hedw.) Loeske and Sanionia uncinata Loeske are reported as new for
Azerbaijan. Illustrations, geographic distribution and comparisons with morphologically similar taxa are
given.
Key words: Biodiversity, Moss, New Records, Khizi, Azerbaijan

Azerbaycan'dan Yeni Karayosunu Kayitlari

Oz
Azerbaycan’in Khizi bolgesine yapilan briyolojik gezi sonucunda Mnium thomsonii Schimp., Racomitrium
microcarpon (Hedw.) Brid, Grimmia longirostris Hook., Plagiothecium succulentum (Wills.) Lindb
Tomentypnum nitens (Hedw.) Loeske ve Sanionia uncinata (Hedw.) Loeske Azerbaycan i¢in yeni takson
olarak tespit edilmistir. Resimler, cografi dagilim ve morfolojik olarak benzer taksonlarla karsilagtirmalari
verilmigtir.
Anahtar kelimeler: Biyogesitlilik, Karayosunu, Yeni Kayit, Khizi, Azerbaycan.

1. Introduction (Shevchenko, 2004). Mosses compose the largest

Bryophyte (Mosses, Liverworts and Hornworts) are
the most ancient and primitive plants. Mosses
occupy a special place in plant diversity and are of
great importance in water and soil ecosystems
despite being small organisms.

Bryophytes, especially mosses (Bryopyta) have a
worldwide distribution, constitute the main part of
biocoenosis and play the role of important part of
flora and indicator in the environmental pollution

* Corresponding author: huseyin__erata@hotmail.com
© 2021 All rights reserved / Tiim haklar: saklidur.

group of bryophytes. The study of plant cover of
any region as well as solution of issues with regards
to genesis and future development of flora are not
possible without considering the degree of
participation of mosses in various plant groups.
They are an integral part of the ecosystems and play
an important role in the formation of vegetation.
The comprehensive study of ecological properties
of mosses of a particular areas and possibilities of
application is important for the efficient use and

To cite this article: Mammadova A.V. Erata H. Atamov V. Batan N. 2021. New Moss Records from Azerbaijan.
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protection of vegetation. Mosses constitute an
integral part of the flora and participate actively in
the nutrient. Besides, mosses protect soil from
erosion by affecting its physical and chemical
properties and have a positive effect on the
regulation of the water balance and maintenance of
a certain amount of water (Bardunov, 1984; URL
1).

The bryophyte flora of Azerbaijan is little known.
Azerbaijan existing moss flora has reached 419 taxa
including the studies conducted in the period from

1846 until the end of 2020 (368 species, 33
varieties, 18 formas) (Weinmann, 1846; Brotherus,
1892; Ignatov and Afonina, 1992; Ignatov et al.,
2006; Gasimov and Novruzov, 2017).

Although investigations on systematical bryology
have been carried out in different regions of
Azerbaijan for this reason, the Khizi region has not
been investigated up to date. The Khizi region
where is study area is located in the Western of
Azerbaijan and at a distance of 70 km from Baku
(Figure 1).
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Figure 1. Map of Study area.

The district is located in a multi-hilly plateau
stretching from the southern slope of the Great
Caucasus range to the Samur-Davachi valley. Most
of the district is covered with forest. The district
joins the Caspian Sea in the East. The foothills of
the district have a 30 km boundary with the Caspian
Sea. Altiagaj which is one of the most beautiful,
most admired, and picturesque places of Azerbaijan
is located in the Khizi region. Khizi consists of

mountainous and foothills zones. The top of the
mountainous zone “Dubrar” (Two brothers) is
located at 2205 m a.s.l.. Dubrar (two brothers), the
summit zone of the mountains, is 2205 m above sea
level. Khizi is one of the great woodlands of
Azerbaijan (9931 ha, 6%). Its climate is mild, and
the weather is dry. The area has a rich bio-variety,
landscape and ecosystems (forests, forest-steppe,
steppe, grey mountains, subalpine and alpine
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ecosystems). Woody flora of the forest consists of
such trees and bushes as Quercus iberika Stev.,
Quercus macranthera F.et M., Carpinus orientalis
Mill., Fagus orientalis Lipsky, Fraxinus excelsior
L., Ulmus laevis Pall., Pyrus communis L., Acer
platanoides L., Juniperus communis L., Lonice
racapriofoliumL., Ligus trumvulgare L. There are
Pyrus salicifolia Pall., pomegranate, agkist-rodon
halys, tamarix bushes on the banks of the rivers.
Tree-bush species such as willow-leaved pear,
Crataegus oxyacantha L., Paliurus spina-christi
Mill, Cotoneaster racemiflora (Dsf.) Koch., Malva
alcea L., Berberis vulgaris L., Rosa cinnamomea L.
grow in mountainous sparse woods. Edge of rivers
consists of Punica granatum L., Rhamnus pallasii
Fisch. & C.A.Mey., Hippophae rhamnoides L.,
Lycium russian L. box-thorn (Prilipko, 1970;
Gadjiev, 1970).

2. Material and Methods

Bryophyte specimens were collected from different
localities in May and June, 2019 in Khizi region
(Azerbaijan). Bryophyte samples were examined
with stereomicroscope and light microscope. The
samples were identified by consulting keys
(Nyholm, 1993, 1998; Smith, 2004; Cortini-
Pedrotti, 2001, 2006; Frey et al., 2006; Brugués et
al., 2007; Atherton et al., 2010; Guerra et al., 2010,
2018; Brugués et al., 2015.). Collected samples
were stored in the personal collection at the Institute
of Botany, Azerbaijan National Academy of
Sciences, Baku, Azerbaijan and duplets of these
moss samples were stored at the Biology

Department, Faculty of Science, Karadeniz
Technical University, Turkey.

3. Results and Discussion

Mnium thomsonii Schimp. (Figure 2)

Specimens examined: Azerbaijan (Khizi region):
Gizilgazma village 1, 49°54'37"N, 19° 02'43"E,
1247 m.a. s. L.

Plant, dense, dark or pale green, up to 6 cm high.
Stems erect. Leaves incurved ovate to ovate-
lanceolate, margins plane and double spinose teeth
from middle to apex. Costa excurrent, cells of
leaves quadrate-hexagonal. M. thomsonii is similar
to Mnium marginatum (With.) P. Beauv., but differs
in having toothless on abaxial side at above and
costa reaching apex, excurrent. M. thomsonii grows
in crevices of rocks and on base-rich soil.

Racomitrium microcarpon (Hedw.) Brid. (Figure
3)

Specimens examined: Azerbaijan (Khizi region):
Gizilgazma village 2, 40° 52'78.8"N, 48°56'86.2"E,
1276 m.as. I.

Plant greenish to blackish and up to 4 cm. high.
Leave lanceolate. Costa extends to the apex. Cells
bistratose. Basal cells thick walled, Leaf margin
unistratose. hair point present and serrate. This
species is closely related to R. macounii, but R.
microcarpon is distinguished from R. macounii in
having bistratose or unistratose in two rows, and
hair point serrate. R. microcarpon grows on
siliceous rocks.

Grimmia longirostris Hook. (Figure 4)
Specimens examined: Azerbaijan (Khizi region):
Gizilgazma village 1, 40° 54'37"N, 19° 02'43.0"E,
1247 m.as. I.

Plant grey cushions, up to 1,5 cm high. Leaves
erect, ovate or lanceolate. Costa, strong at base,
extends to apex. Cells above rectangular to
quadrate, unistratose, at base 1-2-stratose. This
species is distinguished from other Grimmia species
in having the costa reniform with U-shaped adaxial
sinus in cross section. G. longilostris grows on
acidic or basic rocks.

Plagiothecium  succulentum Lindb.
(Figure 5)

Specimens examined: Azerbaijan (Khizi region):
Khalanj village, 40°54'37"N, E 19° 02'43.0"E, 733
m.a.s. L.

(Wills.)

Plant golden green, very glossy. Leaves weakly
asymmetric or symmetric. Leaf margins plane, apex
entirely. Costa double, extend to half of the leaves.
Alar cells are rectangular, cells of leaves linear-
rhomboidal.  This species is similar to
Plagiothecium nemorale (Mitt.) A. Jaeger, P.
succulentum is distinguished from P. nemorale in
having the overlapping leaf cells in transverse rows.
P.succulentum grows on wet soil in woods, on wet
rocks, and tree bases.

Tomentypnum nitens (Hedw.) Loeske (Figure 6)
Specimens examined: Azerbaijan (Khizi region):
Khalanj village, 40°54'37"N, E 19° 02'43.0"E, 733
m.a.s. |.

Plants robust, yellowish green, Stems erect or
tomentose with rhizoids. Leaves erect, lanceolate-
triangular, tapering. Costa ending below apex, up to
% of leaf. cells rounded-rectangular at base, linear-
vermicular at above. T. nites is close to T.
falcifolium, but different in having the leaves are
lanceolate-triangular.  Also, this species is
distinguished from Homalothecium species, in
having stems erect or tomentose with rhizoidsand
leaf margin entirely. T. nitens grows in calcareous
fens and wet fields.
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Sanionia uncinata (Hedw.) Loeske  (Figure 7)  rectangular, porose, cells above linear. S. uncinata

Specimens examined: Azerbaijan (Khizi region): is distinguished from S. orthothecioides, by

Altiagaj National Park, 40°54'37.0"N,  regularly pinnately branched, and margins plane or

19°02'43.0"E, 1300 m.a.s. 1. 40°54'37"N, rarely partly recurved. S. uncinata grows on rocks,
on wood, in moist turf.

Plant yellowish green and up to 10 cm high. Leaves
falcate, plicate. margins plane. Basal cells are

Figure 2. Mnium thomsonii: a) Habit, b) Leaf, c-d) Upper part of leaf, e) Leaf marginf) Mid-leaf cells
M. thomsonii grows in crevices of rocks and on base-rich soil.

Figure 3. Racomitrium microcarpon: a) Habit, b) Leaf, c) Hair point, ) Basal cells, e) Leaf cross section



Figure 4. Grimmia longirostris: a) Habit, b) Leaf, ¢) Hair pont, d) Basal cells, e) Mid-leaf cells, f) Leaf
Cross section.

?(r \
iy |
Figure 5. Plagiothecium succulentum: a) Habit, b) Leaf c) Leaf apex




Figure 7. Sanionia uncinata: a) Habit, b) Leaf, c) Leaf margin cels -
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Abstract
As a result of bryological researches in the Kiimbet High Plateau of Giresun province (Turkey), a total of 289
bryophyte taxa belonging to 131 genera and 64 families, of which are 50 liverworts and 239 mosses, were
determined from 40 different localities. Among them, Neckera pumila and Pseudephemerum nitidum new to A4
grid square and all bryophyte taxa are new for Kiimbet high plateau. Collected localities and substrata are presented
at bryofloristic list.

Key words: Biodiversity, Bryophyte, Flora, Kiimbet, Turkey.

Kiimbet Yaylas: Briyofit Florasi (Dereli, Tiirkiye)

Oz
Giresun ili Kiimbet Yaylasi'nda yapilan briyolojik arastirmalar sonucunda, 40 farkl: lokaliteden 64 familyaya ve
131 cinse ait, 50 cigerotu ve 239 yaprakli karayosunu olmak {izere toplam 289 briyofit taksonu tespit edilmistir.
Neckera pumila ve Pseudephemerum nitidum A4 karesi i¢in yenidir ve tiim briyofit taksonlar1 Kiimbet yaylast i¢in
yenidir. Toplanma lokaliteleri ve substratlar briyoflorostik listede verilmistir.

Anahtar kelimeler: Biyogesitlilik, Briyofit, Flora, Kiimbet, Tiirkiye

1. Introduction Mountains. The Giresun Mountains are very high and

Kiimbet Plateau, which is located within the borders of
Dereli district of Giresun province and it is surrounded
by Giresun to the north, Yaglidere and Kesap to the
east, Sebinkarahisar to the south, and Bulancak to the
west (Fig. 1).

The Giresun Mountains (e.g Kiimbet High Plateau)
belong to the East Black Sea Mountains and they are
situated in the north east of Turkey. Kiimbet High
Plateau is located in the northern part of the Giresun

* Corresponding author: nevzatbatan@gmail.com
© 2021 All rights reserved / Tiim haklar: saklidur.

near the Black Sea. From the summit of these
mountains, a lot of streams and rivers flow through
deep valleys into the Black Sea. Oceanic climate
prevails in the northern part of the Giresun Mountains.
The mild, damp oceanic climate with high and evenly
distributed rainfall makes bryodiversity very rich.
Kiimbet plateau, summers are warm and humid, and
winters are cool, snowy, and damp (Ansin, 1981; Sesli
et al., 2015; Erata et al., 2021).
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Figure 1. Map of the research area

Research area is covered mixed forest and the dominant
taxa in the main vegetation are Alnus glutinosa (L.)
Gaertn., Carpinus betulus L., C. orientalis Mill.,
Corylus avellana Thunb., Acer platanoides L., Tilia
rubra DC, llex colchica Pojk., Daphne pontica L.,
Castanea sativa Mill., Fagus orientalis Lipsky, Picea
orientalis (L.) Peterm., Pinus sylvestris L., Abies
nordmanniana (Stev.) Spach. subsp. nordmanniana,
Rhododendron luteum Sweet, R. ponticum L. Salix sp.,
Betula sp. and various Quercus (Angin, 1981; Sesli et
al., 2015; Erata et al., 2021).

2. Materials and Methods

The bryophyte samples were collected by authors in 40
different localities (Table 1) between 08 July 2019 and
30 August 2020 from Kiimbet high plateau in Turkey
(Fig. 1). The bryophyte samples were examined with
stereomicroscope and light microscope. Identifications
were determined by consulting various floras and keys
(Crum and Anderson, 1981; Nyholm, 1986, 1989,
1993, 1998; Lewinsky, 1993; Blom, 1996; Smith,
2004; Paton, 1999; Pedrotti, 2001, 2006; Greven, 2003;
Heyn and Herrnstadt, 2004; Frey et al., 2006; Guerra et
al., 2006; 2010; 2014; 2018; Brugués et al., 2007,
Kiirschner and Frey, 2011).
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Figure 2. Some ecosystem types from Kiimbet high plateau

Table 1. The collection localities.

. Altitude Sea
No Locality Level (m) Date
Kiimbet: Cimbirtlk Forest Management warehouse-1, 08.07.2019
! 40°35'28"N/38°26'59"E 1230-1260
2 Kiimbet: Upper part of Cimbirtlik Forest Management 1270-1350 08.07.2019
warehouse, 40°35'08" N /38°26'43"E
Kiimbet: Upper part of Yiicekdy, Southeastern hillside, .
3 40°34'56"N/38°26'54" E 1450-1420 08.07.2019
4 Kiimbet: Armutalan high plateau, 40°34'17"N/38°25'18"E 1430 09.07.2019
Kiimbet: Samayil high plateau,
5 40°35'41"N/38°24'59"E 1800-1850 09.07.2019
Kiimbet: Between Kiimbet center and Kesog high plateau, .
6 40°35'41"N/38°24'59"E 1780-1800 09.07.2019
7 Kiimbet: Aymag Hill, 40°34'04"N/38°25'41"E 1810-1850 09.07.2019
Kiimbet: Between Kiimbet Kiimbet center and S$ih high .
8 plateau, 2. Km, 40°33'20"N/38°28'28"E 1720-1730 09.07.2019
9 Kiimbet: Basoba high plateau, 40°31'48"N/38°29'01"E 2000-2050 10.07.2019
10 | Kiimbet: Cegeril high plateau, 40°33'35"N/38°29'20"E 1927 10.07.2019
Kiimbet: Kog¢ Kayasi Nature Park -1, .
11 40°34'58"N/38°29'02"E 2110-2130 10.07.2019
Kiimbet: Kog Kayasi Nature Park-2, .
12 40°33'50"N/38°28'47"E 1910-1950 10.07.2019
13 | Kiimbet: Kdyyeri high plateau, 40°3128"N/38°26"29"E 1620 11.07.2019
14 | Kiimbet: Homorlu high plateau, 40°32'49"N/38°26'14"E 1600 11.07.2019
15 | Kiimbet: Elemegi high plateau, 40°31'59"N/38°25'39"E 1910-1930 11.07.2019
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16 | Kiimbet: Uzundere village -1, 40°32'41"N/38°24'32"E 1610-1650 11.07.2019

17 | Kiimbet: Uzundere village -2, 40°32'54"N/38°21'52"E 1330 11.07.2019
Kiimbet: Road the Yesilvadi-Kiimbet -1,

18 40°34'59"N/38°24'50"E 1570 12.07.2019

19 | Kiimbet: Kiimbet village, 40°33'04"N/38°27'18"E 1610-1630 12.07.2019

20 | Kiimbet: Yagmurca high plateau, 40°32'15"N/38°28'21"E 1875 12.07.2019
Kiimbet: Road the Yesilvadi-Kiimbet -2,

21 40°34'36"N/38°24'60" E 1720 12.09.2019

22 | Kiimbet: G6g hill-1,40°34'49"N/38°30'22"E 2320 12.09.2019
Kiimbet: Ko¢ Kayasi Nature Park, inside the social facility,

23 40°34'12"N/38°28'49"E 1850 13.09.2019

24 | Kiimbet: Go6g hill-2, 40°34'50"N/38°3022"E 2370 13.09.2019
Kiimbet: Enter the Kuzu lake high plateau,

25 40°35'01"N/38°29'14"E 2080 13.09.2014

26 | Kiimbet: Sih high plateau -2, 40°31'45"N/38°29'07"E 1980 14.09.2019

27 | Kiimbet: Sih high plateau -3, 40°31'17"N/38°2929"E 2050 14.09.2019
Kiimbet: Cimbirthk Forest Management warehouse-2,

28 40°35'19"N/38°27' 4" E 1350 26.06.2020
Kiimbet: Eskioba high plateau,

29 40°36'05"N/38°25'07"E 1792 26.06.2020
Kiimbet: Sih high plateau exit, )

30 40°32'44"N/38°30'4]"E 1810-1850 27.06.2020
Kiimbet: Enter thr Gobel high plateau,

31 40°33'15"N/38°29'04"E 1830-1900 27.06.2020
Kiimbet: Erik stream high plateau,

32 40°30'53"N/38°26'48"E 1753 28.06.2020

33 | Kiimbet: Sirganl high plateau, 40°31228"N/38°25'17"E 1981 29.06.2020
Kiimbet: Upper part of Uzundere village,

34 40°33'52"N/38°2524"E 1820 30.06.2020
Kiimbet: Between Goruk high plateau and Giran high

35 | blateau, 40°34'38"N/38°24'52"E 1710 24.08.2020

36 Kiimbet: Tekke high plateau, 1820 25.08.2020
40°32'22"N/38°28'09"E
Kiimbet: Lower part of Sih high plateau,

37 40°32'52"N/38°2929"E 1750 26.08.2020
Kiimbet: Bascatak high plateau, )

38 40°30'21"N/38°26'56"E 1850-1880 27.08.2020
Kiimbet: Between Tekke high plateau and Yagmurca high

39 plateau, 40°33'02"N/38°27'08"E 1616 29.08.2020
Kiimbet: Road the Yesilvadi- Kiimbet -3,

40 40°35'12"N/38°24'1 1"E 1465 30.08.2020

Nomenclature of the species and synonym status were
evaluated by reviewing Hodgetts et al. (2020). The
situation of bryophyte taxa was appraised by reviewing
related literature for Giresun Province (Ozdemir and
Batan, 2017a; Erata et al., 2018). The status of
bryophyte taxa was evaluated by reviewing related
literature for the A4 square (Abay et al., 2016; Ozdemir
and Batan, 2017 a, b; Erata et al., 2018). Bryophyte
samples are deposited in the private herbarium of
Hiiseyin ERATA at the Bayrami¢ vocational school,
Canakkale Onsekiz Mart University (Canakkale),
Turkey.

3. Results and Discussion

3.1. Results

As a result of the study, 50 liverwort taxa (belonging to
21 families and 30 genera), 239 moss taxa (belonging

to 43 families and 101 genera) and a total of 289
bryophyte taxa (belonging to 64 families and 131
genera) were determined.

For each taxa, their localities and substrate were given
in the floristic list. Taxa for new Giresun province is
indicated with (#) bryofloristic list. Also new for A4
square is indicated with (+) in the bryofloristic list.

Bryofloristic list

Marchantiophyta

Anastrophyllaceae L.Soderstr., De Roo & Hedd.
Barbilophozia Loeske

Barbilophozia barbata (Schmidel ex Schreb.) Loeske —
Loc.: 11, 15, 25, 33; on rock, on soil.

B. hatcheri (A. Evans) Loeske — Loc.: 23; on rock.

#B. lycopodioides (Wallr.) Loeske — Loc.: 19; on rock.
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#B. sudetica (Nees ex Huebener) L.Soderstr., De Roo
& Hedd. (Syn: Lophozia sudetica (Nees ex Huebener)
Grolle) — Loc.: 13; on a dead tree trunk.

Gymnocolea (Dumort.) Dumort.

Gymnocolea inflata (Huds.) Dumort — Loc.: 12; on wet
soil.

Sphenolobus (Lindb.) Berggr.

Sphenolobus  minutus ~ (Schreb.) Berggr. (Syn:
Anastrophyllum minutum (Schreb.) Schust.) — Loc.: 11,
12; on soil.

Cephalozieaceae Mig.

Cephalozia (Dumort.) Dumort.

Cephalozia bicuspidata (L.) Dumort. — Loc.: 15, 16, 22,
26, 33, 39; on soil, on wet soil.

Cephaloziellaceae Douin

Cephaloziella (Spruce) Schiffn.

Cephaloziella divaricata (Sm.) Schiffn. — Loc.: 22; on
wet soil.

Lophoziaceae Cavers

Lophozia (Dumort.) Dumort.

#Lophozia ventricosa (Dicks.) Dumort. — Loc.: 11, 12,
39; on soil, on a dead tree trunk.

Lophoziopsis Konstant. & Vilnet

Lophoziopsis longidens (Lindb.) Konstant. & Vilnet
(Syn: Lophozia longidens (Lindb.) Macoun) — Loc.: 12,
26; on wet soil, on a dead tree trunk.

Tritomaria Loeske

#Tritomaria exsecta Schmidel ex. Schrad.) Loeske. —
Loc.: 6, 21, 29, 40; on dead tree trunk.

Trilophozia (RMSchuster) VA Bakalin

#Trilophozia quinquedentata (Huds.) Bakalin (Syn:
Tritomaria quinquedentata (Huds.) H. Buch.) — Loc.:
12; on a dead tree trunk.

Scapaniaceae Mig.

Diplophyllum (Dumort.) Dumort.

Diplophyllum albicans (L.) Dumort. — Loc.: 12; on wet
soil.

D. taxifolium (Wahlenb) Dumort — Loc.: 11, 12, 25, 29;
on wet soil.

Scapania (Dumort.) Dumort.

#Scapania aequiloba (Schwaagr.) Dumort. — Loc.: 11;
on wet soil.

S.irrigua (Ness) Ness — Loc.: 13, 18, 22, 23, 32, 35; on
wet soil.

#S. subalpina (Nees ex Lindenb.) Dumort. — Loc.: 13;
on wet soil.

S. undulata (L.) Dumort. — Loc.: 19, 36; on wet soil.
Schistochilopsis (N. Kitag.) Konst.

Schistochilopsis incisa (Schrad.) Konstant. (Syn:
Lophozia incisa (Schrad.) Dumort. — Loc.: 12, 35; on a
dead tree trunk

Calypogeiaceae Arnell

Calypogeia Raddi

Calypogeia fissa (L.) Raddi. — Loc.: 22; on wet soil.

C. muelleriana (Schiffn.) Miill. Frib. — Loc.: 22, 26; on
wet soil.

Jungermanniaceae Rchb.

Jungermannia L.

Jungermannia atrovirens Dumort. — Loc.: 6, 37; on wet
soil.

Solenostomataceae Stotler & Crand.-Stotl.
Solenostoma Mitt. emend. Zerov

Solenostoma gracillimum (Sm.) R.M.Schust. (Syn:
Jungermannia gracillima Sm.) — Loc.: 9, 26; on wet
soil.

#S. hyalinum (Lyell) Mitt. (Syn: Jungermannia hyalina
Lyell) — Loc.: 9, 11, 12; on wet soil.

S. sphaerocarpum (Hook.) Steph. Sp. Hepat (Syn:
Jungermannia sphaerocarpa Kanca.) — Loc.: 11, 12,
13, 22; on wet soil, on wet rock.
Blepharostomataceae W.Frey & M.Stech
Blepharostoma (Dumort. Emend. Lindb.) Dumort.
#Blepharostoma trichophyllum (L.) Dumort. — Loc.: 1,
3, 4,5, 6,8, 12, 29, 35, 40; on calcareous rock, on a
dead tree trunk.

Lepidoziaceae Limpr.

Lepidozia (Dumort.) Dumort.

#Lepidozia reptans (L.) Dumort. — Loc.: 3, 6, 40; on a
dead tree trunk.

Lophocoleaceae Vanden Berghen

Chiloscyphus Corda

Chiloscyphus pallescens (Ehrh. ex Hoffm.) Dumort. —
Loc.: 8; on wet soil.

C. polyanthos (L.) Corda — Loc.: 9, 12, 26, 28, 35; on
wet soil.

Lophocolea (Dumort.) Dumort.

Lophocolea bidentata (L.) Dumort. — Loc.: 3, 6, 10, 14,
15, 16, 18, 31, 33, 35; on wet soil, on rock, on a dead
tree trunk.

L. heterophylla (Schrad.) Dumort. — Loc.: 1, 3,4, 5, 7,
8, 10, 12, 16, 18, 22, 29, 31, 34, 35; on soil, on a dead
tree trunk.

L. minor Nees. — Loc.: 1, 7, 12, 16, 40; on soil, on a
dead tree trunk.

Plagiochilaceae Miill. Frib.

Pedinophyllum (Lindb.) Lindb.

Pedinophyllum interruptum (Nees) Kaal. — Loc.: 3, 6,
11, 12,13, 15, 16, 19, 20, 22, 24, 25, 26, 28, 31, 33, 35,
36, 38, 40; on wet soil, on wet rock.

Plagiochila (Dumort.) Dumort.

Plagiochila asplenioides (L. emend. Taylor) Dumort. —
Loc.: 1, 3, 6, 8, 10, 12, 13, 14, 15, 18, 19, 20, 22, 28,
29, 31, 32, 33, 35, 36, 39, 40; on soil, on rock, on a dead
tree trunk.

P. porelloides (Torrey ex Nees) Lindenb. — Loc.: 1, 2,
7,8,9,11,12, 18, 19, 20, 21, 25, 35, 36, 40; on soil, on
rock.

Myliaceae Schljakov

Mylia Gray

Mylia taylorii (Hook.) Gray. — Loc.: 12, 19, 22; on wet
soil.

Frullaniaceae Lorch

Frullania Raddi

Frullania dilatata (L.) Dumort. — Loc.: 1, 2, 7, 8, 36,
39; on rock, on tree bark.

F. tamarisci (L.) Dumort. — Loc.: 1, 3, 13, 17, 28, 29,
32, 38; on tree bark.

Porellaceae Cavers

Porella L.
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Porella cordaeana (Huebener) Moore — Loc.: 10, 31;
on rock, on tree bark.

P. platyphylla (L.) Pfeiff. — Loc.: 2, 3, 37, 39; on rock,
on tree bark.

Radulaceae Miill. Frib.

Radula Dumort.

Radula complanata (L.) Dumort. — Loc.: 1, 11, 19, 20,
29, 35, 36; on rock, on tree bark.

R. lindenbergiana Gottsche ex C. Hartm. — Loc.: 1, 6,
8, 10, 13, 15, 16, 22, 24, 29, 31, 33, 35.; on rock, on tree
bark.

Aneuraceae H. Klinggr.

Riccardia Gray

#Riccardia multifida (L.) Gray — Loc.: 14; on wet soil.
#R. palmata (Hedw.) Carruth. — Loc.: 8; on wet soil.
Metzgeriaceae H. Klinggr.

Metzgeria Raddi

Metzgeria conjugata Lindb. — Loc.: 8.; on soil.

M. furcata (L.) Dumort. — Loc.: 1; on rock.

Pelliaceae H. Klinggr

Pellia Raddi

Apopellia endiviifolia (Dicks.) Nebel & D.Quandt.
(Syn: Pellia endiviifolia (Dicks.) Dumort) — Loc.: 4, 5,
18, 28; on wet soil.

Pellia epiphylla (L.) Corda— Loc.: 1, 3, 5, 6, 10, 12, 19,
22, 23, 31, 36; on wet soil.

Conocephaleaceae Miill. Frib. Ex Grolle
Conocephalum Hill

Conocephalum conicum (L.) Dumort. — Loc.: 1, 2, 3, 6,
9,17, 21, 28, 39, 40; on wet rock and on wet
Marchantiaceae Lindl.

Marchantia L.

Marchantia polymorpha L. — Loc.: 6, 7, 10, 13, 16, 18,
19, 20, 29, 30, 31, 32, 35, 36, 37, 38; on wet soil.
Bryophyta

Sphagnaceae Dumort.

Sphagnum L.

Sphagnum auriculatum Schimp. — Loc.: 25, 26; on wet
soil in bog.

#S. fallax (H. Klinggr.) H. Klinggr. — Loc.: 26, 27; on
wet soil in bog.

S. inundatum Russow — Loc.: 26; on wet soil in bog.
#S. platyphyllum (Lindb. ex Braithw.) Warnst. — Loc.:
23, 25, 26; on wet soil in bog.

#S. squarrosum Crome — Loc.: 26; on wet soil in bog.
S. subsecundum Nees — Loc.: 26, 27; on wet soil in bog.
#S. teres (Schimp.) Angstr. — Loc.: 26; on wet soil in
bog.

Polytrichaceae Schwagr.

Atrichum P.Beauv.

#Atrichum tenellum (Rohling) Bruch & Schimper. —
Loc.: 4, 9; on soil.

A. undulatum (Hedw.) P. Beauv. — Loc.: 1, 2, 4,5, 6, 7,
9,13, 18, 21, 28, 29, 31, 35, 39, 40; on soil.
Pogonatum P.Beauv.

Pogonatum aloides (Hedw.) P. Beauv. — Loc.: 1, 7, 8,
10, 13, 16, 19, 20, 30, 31, 32, 35; on soil, on rock.

P. urnigerum (Hedw.) P.Beauv. — Loc.: 3, 4, 5, 9, 14,
17, 28; on soil, on rock.

Polytrichastrum Hedw.

#Polytrichastrum alpinum (Hedw.) G.L.Sm. — Loc.: 2,
7; on soil.

Polytrichum Hedw.

Polytrichum commune Hedw. — Loc.: 1,4, 8, 12, 13, 18,
26, 35; on soil.

P. formosum Hedw. — Loc.: 2, 3, 9, 12, 13, 14, 17, 19,
22, 26, 29, 32, 35, 36, 38, 39, 40; on soil, on rock.

P. juniperinum Hedw. — Loc.: 9, 10, 13, 15, 16, 23, 24,
29, 30, 31, 32, 33, 38; on soil, on rock.

P. piliferum Hedw. — Loc.: 9, 10, 11, 12, 13, 22, 24, 25,
31, 32; on soil, on rock.

Tetraphidaceae Schimp.

Tetraphis Hedw.

Tetraphis pellucida Hedw. — Loc.: 1, 3, 40; on a dead
tree trunk.

Encalyptaceae Schimp.

Encalypta Dixon

#Encalypta ciliata Hedw. — Loc.: 8, 14, 15, 33, 39; on
rock.

E. streptocarpa Hedw. — Loc.: 16, 17; on rock.

E. vulgaris Hedw. — Loc.: 8, 14; on rock.

Funariaceae Schwagr.

Funaria Hedw.

Funaria hygrometrica Hedw. — Loc.: 11, 18, 35; on
soil.

Hymenolomataceae Ignatov & Fedosov
Hymenoloma Dusén

Hymenoloma compactum (Schwégr.) Ochyra — Loc.:
17; on rock.

H. crispulum (Hedw.) Ochyra. — Loc.: 11, 15, 22, 25,
33; on soail, on rock.

Flexitrichaceae Ignatov & Fedosov

Flexitrichum Ignatov & Fedosov

#Flexitrichum flexicaule (Schwigr.) Ignatov &
Fedosov (Syn: Ditrichum flexicaule (Schwigr.)
Hampe) — Loc.: 11, 29, 30; on soil, on rock.

#F. gracile (Mitt.) Ignatov & Fedosov (Syn: Ditrichum
gracile (Mitt.) Kuntze.) — Loc.: 9, 14; on soil, on rock.
Leucobryaceae Schimp.

Dicranodontium Bruch & Schimp.

Dicranodontium denudatum (Brid.) E. Britton. — Loc.:
1, 3, 28; on a dead tree trunk.

Aongstroemiaceae De Not.

Dichodontium Schimp.

Dichodontium pellucidum (Hedw.) Schimp. — Loc.:1,
3,4,7,11, 12, 25, 28, 29, 39; on soil

Diobelonella Ochyra.

Diobelonella  palustris  (Dicks.) Ochyra (Syn:
Dichodontium palustre (Dicks.) M. Stech.) — Loc.: 5, 9,
22, 26; on soil.

Dicranellaceae M.Stech

Dicranella (Miill.Hal.) Schimp.

Dicranella heteromalla (Hedw.) Schimp. — Loc.: 1, 5,
7,13, 32; on soil.

#D. rufescens (Dicks.) Schimp. — Loc.: 26; on soil.
Fissidentaceae Schimp.

Fissidens Hedw.

Fissidens adianthoides Hedw. — Loc.: 8, 12, 22; on soil,
on the rock cracks.
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F. dubius P. Beauv. — Loc.: 2,9, 11, 25, 29; on wet soil,
on the rock cracks.

#F. taxifolius Hedw. — Loc.: 1, 3, 5, 6, 9, 29, 31, 37; on
soil, on the rock cracks.

Dicranaceae Schimp.

Dicranum Hedw.

Dicranum bonjeanii De Not. — Loc.: 1, 22; on soil.

D. majus Turner. — Loc.: 29; on soil.

D. polysetum Sw. ex anon. — Loc.: 34; on soil.

D. scoparium Hedw. — Loc.: 1, 2, 3,4,5,6, 7, 8,9, 11,
12, 13, 15, 18, 19, 23, 25, 29,

32, 33, 34, 35, 36, 38, 39; on soil, on rock, on a dead
tree trunk.

#D. spadiceum J.E.Zetterst. — Loc.:11, 15, 24, 25, 26;
on soil.

Rhabdoweisiaceae Limpr.

Cynodontium Bruch & Schimp.

Cynodontium jenneri (Schimp.) Stirt. — Loc.: 29; on
rock.

Dicranoweisia Milde.

Dicranoweisia cirrata (Hedw.) Lindb. — Loc.: 8, 12; on
soil.

Kiaeria I. Hagen

Kiaeria starkei (F. Weber & D. Mohr) I. Hagen — Loc.:
12; on soil.

Ditrichaceae Limpr.

Ceratodon Brid.

Ceratodon purpureus (Hedw.) Brid. — Loc.: 1, 2, 5, 6,
12, 13, 15, 16, 17, 21, 23, 29, 32, 38, 40; on soil; on
rock.

Pseudephemerum (Lindb.) I.Hagen
+Pseudephemerum nitidum (Hedw.) Loeske — Loc.: 9;
on wet soil.

Pottiaceae Schimp.

Anoectangium Schwagr.

Anoectangium aestivum (Hedw.) Mitt. — Loc.: 12, 16,
17, 38; on rock.

Bryoerythrophyllum P.C.Chen.

Bryoerythrophyllum recurvirostrum (Hedw.) P.C.
Chen. — Loc.: 11, 14, 17, 25, 38; on rock.
Chionoloma Dixon

Chionoloma tenuirostre (Hook. & Taylor) M.Alonso,
MJCano & JAJiménez (Syn: Oxystegus tenuirostris
(Hook. & Taylor) AJ.E.Sm.) — Loc.: 1, 4; on rock.
Didymodon Hedw.

Didymodon ferrugineus (Schimp. ex Besch.) M.O.Hill.
—Loc.: 1, 2; on soil, on rock.

D. luridus Hornsch. — Loc.: 38; on rock.

D. tophaceus (Brid.) Lisa. — Loc.: 1; on rock.

D. vinealis (Brid.) R.H.Zander— Loc.: 1; on rock.
Syntrichia Brid.

Syntrichia montana Nees — Loc.: 14, 30, 39; on soil, on
rock.

S. norvegica F.Weber — Loc.: 38; on rock.

S. ruraliformis (Besch.) Mans. (Syn: S. ruralis (Hedw.)
F.Weber & D.Mohr var. ruraliformis

(Besch.) Delogne) — Loc.: 16, 19, 20, 38; on soil, on
rock.

S. ruralis (Hedw.) F.Weber & D.Mohr — Loc.: 2, 10,
11, 13, 15, 19, 23, 25, 30, 31, 32, 33, 36; on soil, on
rock.

Syntrichia virescens (De Not.) Ochyra — Loc.: 17; on
rock.

Tortella (Miill.Hal.) Limpr.

Tortella fragilis (Hook. & Wilson) Limpr. — Loc.: 7; on
rock.

#T. humilis (Hedw.) Jenn. — Loc.: 28; on rock.

#T. nitida (Lindb.) Broth. — Loc.: 3, 6, 7, 11; on soil, on
rock.

T. tortuosa (Hedw.) Limpr. — Loc.: 1, 2, 4, 8, 10, 11,
12, 15, 16, 17, 22, 25, 28, 30, 31, 33, 37, 38, 39; on soil,
on rock.

Tortula Hedw.

Tortula marginata (Bruch & Schimp.) Spruce. — Loc.:
2, 6,10, 18, 31, 35, 39, 40; on soil, on rock.

#T. mucronifolia Schwigr — Loc.: 15, 17; on rock.

T. subulata Hedw. — Loc.: 1, 4,5, 7, 8, 11, 15, 25, 29,
30, 33, 38; on soil, on rock.

Weissia Hedw.

#Weissia brachycarpa (Nees & Hornsch.) Jur. — Loc.:
7; on soil.

W. controversa Hedw. — Loc.: 8, 11, 22, 25; on soil.
Saelaniaceae Ignatov & Fedosov

Saelania Lindb.

#Saelania glaucescens (Hedw.) Broth. — Loc.: 7, 11,
25; on rock.

Grimmiaceae Arn.

Grimmia Hedw.

#Grimmia anomala Hampe ex Schimp. — Loc.: 14; on
rock.

G. alpestris (Weber & Mohr) Schleicher. — Loc.: 13,
15, 17, 22, 24, 30, 32, 33, 38; on rock.

G. dissimulata E.Maier. — Loc.: 10, 24, 31; on rock.
#G. elatior Bruch ex Bals.-Criv. & De Not. — Loc.: 11,
25, 30; on rock.

G. elongata Kaulf. — Loc.: 24; on rock.

#G. funalis (Schwaegr.) Bruch & Schimp. — Loc.: 4, 11,
17, 25, 30, 38; on rock.

G. hartmannii Schimp. — Loc.: 2, 8, 10, 11, 12, 15, 16,
22,23, 24, 25, 30, 31, 33; on rock.

G. longirostris Hook. — Loc.: 11, 15, 25; on rock.

G. montana Bruch & Schimp. — Loc.: 9, 38; on rock.
G. muehlenbeckii Schimp. — Loc.: 38; on rock.

G. ovalis (Hedw.) Lindb. — Loc.: 13, 32; on rock.

G. pulvinata (Hedw.) Sm. — Loc.: 14; on rock.
Racomitrium Brid.

Racomitrium aciculare (Hedw.) Brid. — Loc.: 8; on
rock.

R. affine (F. Weber & D. Mohr) Lindb. — Loc.: 13, 32;
on rock.

R. aquaticum (Brid. ex Schrad.) Brid. — Loc.: 12; on
rock.

R. canescens (Hedw.) Brid. — Loc.: 11, 13, 15, 19, 20,
25, 32, 33, 36; on rock.

R. elongatum Ehrh. ex Frisvoll — Loc.: 9, 16, 19, 23, 29,
36, 40; on rock.

R. ericoides Brid. — Loc.: 2, 10, 16, 22, 24, 29, 31, 34;
on rock.
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R. sudeticum (Funck) Bruch & Schimp. — Loc.: 4, 19,
20, 36; on rock.

Schistidium Bruch & Schimp.

Schistidium apocarpum (Hedw.) Bruch & Schimp. —
Loc.: 2, 8, 19, 20, 28, 36; on rock.

S. confertum (Funck) Bruch & Schimp. — Loc.: 2, 10,
11, 17, 25, 31, 30, 38; on rock.

S. crassipilum H.H.Blom — Loc.: 2, 19; on rock.

#S. dupretii (Thér.) W.A.Weber — Loc.: 10, 31, 39; on
rock.

S. elegantulum H.H.Blom — Loc.: 13, 17, 32; on rock.
S. flaccidum H.H.Blom — Loc.: 11, 39; on rock.

#S. helveticum (Schkuhr) Deguchi — Loc.: 9; on rock.
S. papillosum Culm. — Loc.: 2, 4, 11, 14, 15, 16, 17, 25,
33; on rock.

S. platyphyllum (Mitt.) H.Perss. — Loc.: 14; on rock.

S. rivulare (Brid.) Podp. — Loc.: 11, 15, 19, 33; on rock.
S. trichodon (Brid.) Poelt — Loc.: 2, 9; on rock.
Hedwigiaceae Schimp.

Hedwigia P.Beauv.

Hedwigia ciliata (Hedw.) P.Beauv. var. ciliata — Loc.:
11, 13, 14, 15, 17, 25, 30, 32, 33; on rock.

H. emodica Hampe ex Miill.Hal. (Syn: H. ciliata var.
leucophaea Bruch & Schimp. — Loc.: 11, 23, 25, 38; on
rock.

Bartramiaceae Schwagr.

Bartramia Hedw.

Bartramia halleriana Hedw. — Loc.: 1, 8, 11, 14, 16,
19, 20, 25, 36, 39; on wet rock, on the rock cracks.

#B. ithyphylla Brid. — Loc.: 11, 12, 14, 15, 19, 20, 25,
30, 33, 36, 38, 39; on rock, on the rock cracks.

B. pomiformis Hedw — Loc.: 12; on the rock cracks.
Philonotis Brid.

Philonotis caespitosa Jur. — Loc.: 9, 13, 32; near
stream, on wet soil.

P. calcarea (Bruch & Schimp.) Schimp. — Loc.: 9, 10,
13, 29, 31, 32; near stream, on wet soil, on wet rock.
P. fontana (Hedw.) Brid. — Loc.: 1,5, 9, 13, 18, 19, 20,
22, 23, 28, 30, 32, 35, 36, 38; near stream, on wet soil,
on wet rock.

P. seriata Mitt. — Loc.: 9, 22; near stream, on wet soil.
P. tomentella Molendo — Loc.: 10, 31; near stream, on
wet soil, on wet rock.

Bryaceae Schwagr.

Bryum Hedw.

Bryum argenteum Hedw. — Loc.: 13, 14, 16, 38; on soil.
B. dichotomum Hedw. — Loc.: 11, 31; on soil.

B. gemmiparum De Not. — Loc.: 13; on soil.

B. schleicheri DC. - Loc.: 5, 9, 19, 20, 26, 30, 36; near
stream, on wet soil.

Imbribryum N.Pedersen

Imbribryum alpinum (Huds. ex With.) N. Pedersen —
Loc.: 2,7, 13, 16, 17, 32; on wet soil.

Ptychostomum Hornsch.

Ptychostomum capillare (Hedw.) Holyoak & N.
Pedersen. — Loc.: 22, 35; on soil.

P. creberrimum (Taylor) J.R. Spence & H.P. Ramsay
(Syn: Bryum creberrimum

Taylor) — Loc.: 2,9, 11, 12, 17; on soil.

P. donianum (Grev.) Holyoak & N. Pedersen. — Loc.;
18, 35; on soil.

P. elegans (Nees) D.Bell & Holyoak — Loc.: 1, 7, 19,
20, 21, 23, 36, 40; on soil.

P. imbricatulum (Miill. Hal.) Holyoak & N. Pedersen.
—Loc.: 6, 13, 17, 19, 24, 30, 31, 32, 36; on soil.

P. moravicum (Podp.) Ros & Mazimpaka. — Loc.: 1, 2,
6, 7,8, 12, 16, 19, 20, 34, 38, 39; on soil, on tree brak.
P. pallens (Sw.) J.R. Spence — Loc.: 7, 9; on soil.

#P. pallescens (Schleich. ex Schwigr.) J.R. Spence —
Loc.: 29, 38; on soil.

P. pseudotriquetrum var. bimum (Schreb.) Holyoak &
N. Pedersen — Loc.: 11, 19, 25, 30, 38, 39; near stream,
on wet soil.

P. pseudotriquetrum (Hedw.) J.R. Spence & H.P.
Ramsay var. pseudotriquetrum — Loc.: 5, 8, 9, 10, 11,
12,18, 19, 20, 22, 23, 25, 28, 29, 30, 31, 35, 36, 38, 39;
near stream, on wet soil.

P. torquescens (Bruch & Schimp.) Ros & Mazimpaka
—Loc.: 7; on soil.

#P. turbinatum (Hedw.) J.R.Spence.— Loc.: 9, 31; on
soil.

Rhodobryum (Schimp.) Limpr.

Rhodobryum ontariense (Kindb.) Kindb. — Loc.: 12; on
soil.

Mniaceae Schwagr.

Mnium Hedw.

Mnium hornum Hedw. — Loc.: 8; on wet soil.

M. lycopodioides Schwigr. — Loc.: 38.

M. spinosum (Voit) Schwagr. — Loc.: 4, 5, 6, 7, 8, 12,
13, 15, 16, 18, 19, 20, 21, 24, 29, 32, 33, 34, 35, 36, 39,
40; on wet soil, on a dead tree trunk.

M. spinulosum Bruch & Schimp. — Loc.: 16; on wet
soil.

M. stellare Hedw. — Loc.: 14; on wet soil.

M. thomsonii Schimp. — Loc.: 1, 3, 35, 39; on wet soil,
Plagiomnium T.J.Kop.

Plagiomnium affine (Blandow ex Funck) T.J.Kop. —
Loc.: 1,7, 8,13, 16, 29, 32; on soil, on wet soil.

P. cuspidatum (Hedw.) T.J.Kop. — Loc.: 1, 2; on soil.
P. elatum (Bruch & Schimp.) T.J. Kop. — Loc.: 13, 14,
18, 30, 32, 35; on soil.

P. ellipticum (Brid.) T.J.Kop. — Loc.: 10, 14, 16, 17, 31,
38, 39; on wet soil.

P. medium (Bruch & Schimp.) T.J.Kop. — Loc.: 6, 10,
18, 21, 29, 30, 31, 35, 38, 39, 40; on soil.

P. undulatum (Hedw.) T.J.Kop. — Loc.: 1, 4, 7, 8, 12,
13,18, 19, 20, 21, 28, 29, 30, 32, 35, 36, 39, 40; on soil,
on rock.

Pohlia Hedw.

Pohlia cruda (Hedw.) Lindb. — Loc.: 3, 9, 12, 14, 15,
16, 38, 39; on soil.

#P. melanodon (Brid.) A.J. Shaw — Loc.: 16, 39; on wet
soil.

P. nutans (Hedw.) Lindb. — Loc.: 12, 38; on wet soil.
P. wahlenbergii (F.Weber & D.Mohr) A.L.Andrews. —
Loc.: 1, 8, 12, 16; on wet soil.

Rhizomnium (Broth.) T.J.Kop.

Rhizomnium magnifolium (Horik.) T.J.Kop. — Loc.: 2,
3, 10, 22, 29, 31, 35; on wet soil.
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R. pseudopunctatum (Bruch & Schimp.) T.J. Kop. —
Loc.: 9, 26; on wet soil.

R. punctatum (Bruch & Schimp.) T.J.Kop. — Loc.: 1, 6,
7,8,9, 10, 16, 18, 19, 20, 21, 22, 29, 30, 31, 35, 36, 37,
39, 40; on wet soil, on a dead tree trunk..
Orthotrichaceae Arn.

Lewinskya F.Lara, Garilleti & Goffinet

Lewinskya affinis (Schrad. ex Brid.) F.Lara, Garilleti &
Goffinet — Loc.: 11, 16, 39; on tree bark.

L. rupestris (Schleich. Ex Schwigr.) F.Lara, Garilleti &
Goffinet. — Loc.: 4, 11, 13,

15, 25, 30, 32, 33; on rock, on tree bark.

L. speciosa (Nees) F.Lara, Garilleti & Goffinet. — Loc.:
3, 8, 13, 14, 32, 38, 39; on tree bark.

L. striata (Hedw.) F.Lara, Garilleti & Goffinet — Loc.:
16, 39; on tree bark.

Nyholmiella Holmen & E.Warncke
#Nyholmiella  obtusifolia  (Brid.)
E.Warncke. — Loc.: 16; on tree bark.
Orthotrichum Hedw.
#Orthotrichum alpestre Hornsch. Ex Bruch & Schimp.
—Loc.: 3, 13, 14, 17, 30, 39.

#0. anomalum Hedw. — Loc.: 38; on rock.

#0. tenellum Bruch ex Brid — Loc.: 17, 31; on rock.
Pulvigera Plasek, Sawicki & Ochyra

#Pulvigera lyellii (Hook. & Taylor) Plasek, Sawicki &
Ochyra — Loc.: 7; on tree bark.

Ulota D.Mohr

Ulota crispula Bruch. — Loc.: 1, 2, 3, 4, 8, 12, 16, 39;
on tree bark.

Fontinalaceae Schimp.

Fontinalis Hedw.

Fontinalis antipyretica Hedw. -
submerged.

Plagiotheciaceae (Broth.) M.Fleisch.
Herzogiella Broth.

#Herzogiella seligeri (Brid.) Z.lwats. — Loc.: 1, 4, 5, 6,
8, 18, 21, 34, 35, 40; on a dead tree trunk.
Plagiothecium Schimp.

Plagiothecium cavifolium (Brid.) Z. Iwats. — Loc.: 1,
12; on soil, on a dead tree trunk.

P. denticulatum (Hedw.) Schimp. — Loc.: 18, 35, 39; on
soil, on a dead tree trunk.

#P. latebricola Schimp. — Loc.: 16; on soil.

P. laetum Schimp. — Loc.: 2, 26; on soil.

P. succulentum (Wilson) Lindb. — Loc.: 2, 3, 6, 8, 12,
16, 21, 26, 38, 40; on soil.

Pterigynandraceae Schimp.

Pterigynandrum Hedw.

Pterigynandrum filiforme Hedw. — Loc.: 1, 2, 3,4, 5, 6,
8, 13, 15, 16, 18, 19, 20, 21, 29, 32, 33, 34, 35, 36, 38,
39, 40; on rock, on tree bark.

Climaciaceae Kindb.

Climacium F. Weber & D. Mohr.

Climacium dendroides (Hedw.) F. Weber & D. Mohr.
- Loc.: 6,9, 10, 12, 13, 14, 16, 18, 19, 20, 26, 29, 30,
31, 32, 35, 36, 37, 39; on wet soil.

Amblystegiaceae Kindb.

Campylium (Sull.) Mitt.

Holmen &

Loc.: 1, 23;

Campylium protensum (Brid.) Kindb. — Loc.: 9, 10, 11,
19, 20, 22, 23, 24, 25, 29, 30, 31, 35; on wet soil, on
wet rock.

Campylophyllopsis W.R. Buck

#Campylophyllopsis calcarea (Crundw. Ve Nyholm)
Ochyra (Syn: Campylophyllum alcareum (Mitt.)
Hedends.) — Loc.: 12, 22, 24; on wet soil.
Cratoneuron (Sull.) Spruce

Cratoneuron filicinum (Hedw.) Spruce. — Loc.: 1, 2, 4,
5, 10, 11, 17, 19, 20, 28, 29, 30, 31, 36; on wet soil, on
wet rock.

Drepanium (Schimp.) C.E.O.Jensen

Drepanium fastigiatum (Hampe) C.E.O.Jensen (Syn:
Hypnum recurvatum (Lindb. & Arnell) Kindb. — Loc.:
29; on rock.

Hygroamblystegium Loeske

#Hygroamblystegium fluviatile (Hedw.) Loeske — Loc.:
19, 20; near stream, on wet soil.

Hygrohypnum Lindb.

Hygrohypnum luridum (Hedw.) Jenn. — Loc.: 2; near
stream, on wet soil.

Palustriella Ochryra

Palustriella falcata (Brid.) Hedenés. — Loc.: 1, 12, 22,
24, 28, 29, 30; on wet soil.

Platyhypnum Loeske

Platyhypnum duriusculum (De Not.) Ochyra (Syn:
Hygrohypnum duriusculum (De Not.) D.W.Jamieson)
— Loc.: 11, 38; near stream, on wet soil.
Pseudoamblystegium Vanderp. & Hedenis
Pseudoamblystegium subtile (Hedw.) Vanderp. &
Hedends — Loc.: 3; on tree bark.

Scorpidiaceae Ignatov & Ignatova

Sanionia Loeske

Sanionia uncinata (Hedw.) Loeske. — Loc.: 1, 2, 3, 5,
6,7,8,9, 10, 12, 14, 18, 19, 21, 22, 24, 26, 29, 31, 35,
36, 37, 40; on soil, on a dead tree trunk.
Calliergonaceae Vanderp., Hedenis,
AJShaw

Warnstorfia Loeske

#Warnstorfia fluitans (Hedw.) Loeske — Loc.: 23; near
stream, on wet soil.

Pseudoleskeaceae Schimp.

Lescuraea Schimp.

Lescuraea incurvata (Hedw.) E. Lawton. — Loc.: 15,
19, 20, 22, 24, 30, 33, 38; on rock.

L. mutabilis (Brid.) Lindb. ex I. Hagen. — Loc.: 10, 12,
24, 31; on tree bark.

#L. plicata (Schleich. ex F. Weber & D. Mohr) Broth.
— Loc.: 15, 33; on soil.

Pseudoleskeellaceae Ignatov & Ignatova
Pseudoleskeella Kindb.

Pseudoleskeella nervosa (Brid.) Nyholm. — Loc.: 1, 2,
3,4,6,7,10,12, 14, 15, 16, 31, 33, 34, 38, 39; on tree
bark.

Thuidiaceae Schimp.

Abietinella Miill.Hal.

Abietinella abietina (Hedw.) M.Fleisch. var. abietina —
Loc.: 8, 14, 17, 23, 30, 31, 36; on soil, on rock.

ClCox &
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A. abietina (Hedw.) M.Fleisch. var. hystricosa (Mitt.)
Sakurai. — Loc.: 15, 16, 19, 20, 22, 26, 33, 38; on soil,
on rock.

Thuidium Schimp.

Thuidium assimile (Mitt.) A.Jaeger. — Loc.: 1, 2, 6, 10,
15, 16, 22, 26, 31, 33, 37, 39; on soil, on rock, on a dead
tree trunk.

T. delicatulum (Hedw.) Schimp. — Loc.: 9; on soil.

T. recognitum (Hedw.) Lindb. — Loc.: 19, 23; on soil.
T. tamariscinum (Hedw.) Schimp. — Loc.: 1, 2, 7, 12,
21, 28, 29, 31, 35, 40; on soil, on rock, on a dead tree
trunk.

Brachytheciaceae Schimp.

Brachytheciastrum Ignatov & Huttunen
Brachytheciastrum velutinum (Hedw.) Ignatov &
Huttunen. — Loc.: 1, 2, 3, 5, 8, 16, 19, 20, 21, 40; on
soil, on a dead tree trunk.

Brachythecium Schimp.

Brachythecium albicans (Hedw.) Schimp. — Loc.: 5, 6,
12,13, 14, 19, 20, 32, 34, 36; on soil.

B. campestre (Miill.Hal.) Schimp. — Loc.: 1; on soil.
#B. cirrosum (Schwagr.) Schimp — Loc.: 35; on soil

B. glareosum (Bruch ex Spruce) Schimp. — Loc.: 2; on
soil.

B. laetum (Brid.) Schimp. — Loc.: 1, 2, 4, 5, 16, 32; on
soil

B. mildeanum (Schimp.) Schimp. Ex Milde — Loc.: 2;
on soil.

B. rivulare Schimp. — Loc.: 1, 2, 3,5, 6, 9, 10, 11, 12,
13, 14,15, 18, 19, 20, 22, 24, 26, 28, 29, 30, 31, 32, 33,
35, 36, 37, 38, 39; near stream, on wet soil.

B. rutabulum (Hedw.) Schimp. — Loc.: 1, 9; near
stream, on wet soil.

B. salebrosum (Hoffm. ex F. Weber & D. Mohr)
Schimp. — Loc.: 2, 3; on soil.
Cirriphyllum Grout

Cirriphyllum crassinervium (Taylor)
M.Fleisch. — Loc.: 1, 2; on soil, on rock.
C. piliferum (Hedw.) Grout — Loc.: 12; on soil.
Eurhynchiastrum Ignatov & Huttunen
Eurhynchiastrum pulchellum (Hedw.)
Huttunen. — Loc.: 15, 38; on soil.
Eurhynchium Schimp.

Eurhynchium angustirete (Broth.) T.J.Kop. — Loc.: 1,
2,3,6,7,8,16, 18, 19, 20, 21, 28, 29, 35, 36, 40; on
soil.

E. striatum (Hedw.) Schimp. — Loc.: 6, 39; on soil.
Homalothecium Schimp.

Homalothecium lutescens (Hedw.) H.Rob. — Loc.: 15,
38; on soil, on rock, on a dead tree trunk.

H. philippeanum (Spruce) Schimp. — Loc.: 14, 30, 38;
on soil, on rock.

H. sericeum (Hedw.) Schimp. — Loc.: 14, 17; on soil,
on rock.

Kindbergia Ochyra

Kindbergia praelonga (Hedw.) Ochyra — Loc.: 2, 39;
on soil.

Oxyrrhynchium (Schimp.) Warnst.

Oxyrrhynchium hians (Hedw.) Loeske. — Loc.: 1, 3, 8;
on soil, on rock.

Loeske &

Ignatov &

O. speciosum (Brid.) Warnst. — Loc.: 12; on soil.
Plasteurhynchium M.Fleisch. ex Broth.
Plasteurhynchium striatulum (Spruce) M. Fleisch. —
Loc.: 10, 29, 31; on soil.

Pseudoscleropodium (Limpr.) M.Fleisch.
Pseudoscleropodium purum (Hedw.) M.Fleisch. —
Loc.: 11, 12; on soil.

Rhynchostegium Schimp.

Rhynchostegium riparioides (Hedw.) Cardo — Loc.: 2;
on wet rock.

R. megapolitanum (Blandow ex F.Weber & D.Mohr)
Schimp. — Loc.: 1; on soil.
Sciuro-hypnum Hampe

Sciuro-hypnum flotowianum (Sendtn.)
Huttunen — Loc.: 2; on soil.

S. populeum (Hedw.) Ignatov & Huttunen — Loc.: 17;
on rock.

Hypnaceae Schimp.

Hypnum Hedw.

Hypnum andoi AJ.E.Sm. — Loc.:1, 2, 16, 17, 28, 34,
39; on rock, on tree bark.

H. bambergeri Schimp. — Loc.: 1, 4, 5, 14, 31, 34; on
rock.

H. callichroum Brid. — Loc.: 8; on rock.

H. cupressiforme var. cupressiforme Hedw. — Loc.: 1,
2,4,5,6,7,8,13, 15, 16, 17, 18, 19, 20, 23, 28, 29, 32,
33, 35, 36, 39; on soil, on rock, on tree bark, on a dead
tree trunk.

H. cupressiforme var. filiforme Brid. — Loc.: 1, 3, 5, 6,
7,12, 16, 18, 29, 34; on soil, on tree bark.

H. cupressiforme var. lacunosum Brid. — Loc.: 1, 7, 10,
13, 14, 15, 23, 31, 32, 38; on soil, on rock.

#H. hamulosum Schimp. — Loc.: 5, 11, 14, 16, 29; on
soil.

H. jutlandicum Holmen & E.Warncke. — Loc.: 6, 16; on
soil, on a dead tree trunk.

H. resupinatum Taylor (Syn: Hypnum cupressiforme
var. resupinatum (Taylor) Schimp. — Loc.: 1, 2, 4, 6, 8,
11, 15, 16, 25, 28, 29, 33, 34, 39; on soil, on tree bark.
Pylaisiadelphaceae Goffinet & W.R.Buck
Platygyrium Schimp.

Platygyrium repens (Brid.) Schimp. — Loc.: 19, 20; on
rock, on soil.

Pylaisiaceae Schimp.

Buckia D.Rios, M.T.Gallego & J.Guerra

Buckia vaucheri (Lesg.) D.Rios, M.T.Gallego &
J.Guerra (Syn: Hypnum vaucheri Lesg.) — Loc.: 8; on
soil.

Calliergonella Loeske

Calliergonella cuspidata (Hedw.) Loeske. — Loc.: 1, 2,
9,10, 12, 13, 16, 19, 20, 22, 23, 29, 30, 31, 32, 36, 39;
near stream, on wet soil.

C. lindbergii (Mitt.) Hedenés. — Loc.: 1, 19, 35; on wet
soil.

Homomallium (Schimp.) Loeske

#Homomallium incurvatum (Schrad . ex Brid.) Loeske
—Loc.:10, 12, 19, 20, 31; on rock.

Pylaisia Schimp.

Pylaisia polyantha (Hedw.) Schimp. — Loc.: 1, 19, 20;
on tree bark.

Ignatov &
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Roaldia P.E.A.S.Camara & Carv.-Silva

Roaldia revoluta (Mitt) P.E.A.S.Cimara &
M.Carvalho-Silva (Syn: Hypnum revolutum (Mitt.)
Lindb. — Loc.: 1, 2, 8, 14, 16, 19, 20, 30, 34, 36, 39; on
rock

Hylocomiaceae M. Fleisch.

Hylocomiadelphus Ochyra & Stebel
Hylocomiadelphus triquetrus (Hedw.) Ochyra & Stebel
(Syn: Rhytidiadelphus triquetrus (Hedw.) Warnst.) —
Loc.: 7, 8,9, 11, 12, 16, 18, 22, 25, 29, 35, 39; on soil.
Hylocomium Schimp.

Hylocomium splendens (Hedw.) Schimp. — Loc.: 4, 7,
8,11, 12, 15, 17, 18, 19, 20, 21, 25, 29, 33, 35, 36, 39,
40; on soil, on rock.

Pleurozium Mitt.

Pleurozium schreberi (Brid.) Mitt. — Loc.: 4, 5, 8, 11,
18, 19, 20, 21, 22, 25, 34, 35, 36, 39, 40; on soil.
Rhytidiadelphus (Limpr.) Warnst.

Rhytidiadelphus squarrosus (Hedw.) Warnst. — Loc.:
29, 35; on soil.

R. subpinnatus (Lindb.) T.J. Kop. — Loc.: 19, 20, 26; on
soil.

Rhytidiaceae Broth.

Rhytidium (Sull.) Kindb.

Rhytidium rugosum (Ehrh. ex Hedw.) Kindb. — Loc.:
11, 13, 14, 15, 17, 25, 32, 33, 38; on soil, on rock.
Entodontaceae Kindb.

Entodon Miill. Hal.

Entodon concinnus (De Not.) Paris. — Loc.: 1, 2, 14, 15,
16, 17, 19, 20, 33, 36, 38; on soil.

Leucodontaceae Schimp.

Leucodon Schwagr.

Leucodon sciuroides (Hedw.) Schwagr. — Loc.: 1, 2, 3,
5, 6,12, 14,15, 16, 17, 29, 33, 34, 39; on rock, on tree
bark.

Neckeraceae Schimp.

Alleniella S.Olsson, Enroth & D.Quandt

Alleniella complanata (Hedw.) S.Olsson, Enroth &
D.Quandt. — Loc.: 1, 2, 3, 6, 12, 21, 29, 34, 40; on tree
bark.

Neckera Hedw.

+Neckera pumila Hedw. — Loc.: 7; on tree bark.
Thamnobryum Nieuwl.

Thamnobryum alopecurum (Hedw.) Gangulee. — Loc.:
8, 19, 20; on wet soil, on wet rock.

Pseudanomodon (Limpr.) Ignatov & Fedosov
Pseudanomodon attenuatus (Hedw.) Ignatov &
Fedosov (Syn: Anomodon attenuatus (Hedw.)
Huebener) — Loc.: 2, 28; on soil.

Lembophyllaceae Broth.

Isothecium Brid.

Isothecium alopecuroides (Lam. ex Dubois) Isov. —
Loc.: 1,2,3,4,5,7,8, 12, 15, 16, 18, 19, 20, 21, 23,
28, 29, 34, 35, 39, 40; on soil, on rock.

Myuriaceae M.Fleisch

Ctenidium (Schimp.) Mitt.

Ctenidium molluscum (Hedw.) Mitt. — Loc.:1, 7, 11, 12,
16, 22, 25, 28, 29; on soil, on rock.

Anomodontaceae Kindb.

Anomodon Hook. & Taylor

Anomodon rugelii (Miill. Hal.) Keissl. — Loc.: 1; on
soil.

A. viticulosus (Hedw.) Hook. & Taylor — Loc.: 2, 29;
on soil, on rock.

3.2. Discussion

Families with the highest number of species in the study
area are Grimmiaceae (30), Brachytheciaceae (27),
Pottiaceae (21), Mniaceae (19), Bryaceae (18),
Orthotrichaceae (10), Hypnaceae (9), Amblystegiaceae
(15), Polytrichaceae (9), Bartramiaceae (8),
Sphagnaceae (7), Scapaniaceae (7), Anastrophyllaceae
(6), Thuidiaceae (6), Pylaisiadelphaceae (6),
Hylocomiaceae (5), Plagiotheciaceae (5), Dicranaceae
(5), Lophocoleaceae (5), Neckeraceae (4),
Lophoziaceae 4), Solenostomataceae 3),
Plagiochilaceae (3), Encalyptaceae (3), Fissidentaceae
(3), Rhabdoweisiaceae (3), Pseudoleskeaceae (3),
respectively.

Grimmia (12), Schistidium (11), Brachythecium (9),
Hypnum (9), Racomitrium (7), Sphagnum (7), Mnium
(6), Plagiomnium (6), Dicranum (5), Syntrichia (5),
Philonotis (5) and Plagiothecium (5), Scapania (4),
Barbilophozia (4), Solenostoma (3) and Lophocolea (3)
are the most common genera in the study area.
Moreover the genus of Grimmia has the biggest
diversity among others genus (represented by 12
species, growing on rocks mostly in study area), second
common genus is Schistidium (represented by 11
species, mostly on rocks). The other common genera
are Brachythecium (9 members, mostly on rocks, soil,
bark of coniferous and deciduous trees), Hypnum (9
members, mostly on rocks, soil, bark of coniferous and
deciduous trees), Racomitrium (7 members, mostly on
rocks), Sphagnum (7 members, mostly submerged),
Mnium (6 members, mostly on wet soil), Plagiomnium
(6 members, mostly on wet soil), Dicranum (5
members, mostly on soil, rock, dead tree trunk),
Syntrichia (5 members, mostly on soil), Philonotis (5
members, mostly submerged ) and Plagiothecium (5
members, mostly on rocks, soil, bark of trees),
Scapania (4 members, mostly on rocks and soil),
Barbilophozia (4 members, mostly on rocks and soil),
Solenostoma and Lophocolea consisting of 3 members.

Rhynchostegium riparioides, Hypnum callichroum,
Sciuro-hypnum flotowianum, Rhynchostegium
riparioides, Oxyrrhynchium speciosum, Cirriphyllum
piliferum, Thuidium delicatulum, Warnstorfia fluitans,
Hygrohypnum luridum, Plagiothecium latebricola,
Nyholmiella  obtusifolia, Bryum  gemmiparum,
Bartramia  pomiformis,  Schistidium  helveticum,
Grimmia muehlenbeckii, Pseudephemerum nitidum,
Sphagnum inundatum, Calypogeia fissa, Diplophyllum
albicans, Cephaloziella divaricata, Gymnocolea
inflata, Barbilophozia hatcheri are very rare species in
the study area.
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Neckera pumila, Pseudephemerum nitidum new record
for A4 square, 52 taxa new for Giresun Province and all
taxa new for Kiimbet high plateau (Dereli district)
(Ozdemir and Batan, 2017b; Erata et al., 2018).

Barbilophozia lycopodioides, B. sudetica, Lophozia
ventricosa, Tritomaria  exsecta, Trilophozia
quinquedentata, Scapania aequiloba, S. subalpina,
Solenostoma hyalinum Blepharostoma trichophyllum,
Lepidozia reptans, Riccardia multifida, R. palmata,
Sphagnum fallax, S. platyphyllum, S. squarrosum, S.
teres, Atrichum tenellum, Polytrichastrum alpinum,
Encalypta ciliata, Flexitrichum flexicaule, F. gracile,
Dicranella rufescens, Fissidens taxifolius, Dicranum
spadiceum, Tortella humilis T. nitida, Tortula
mucronifolia,  Weissia  brachycarpa, Saelania
glaucescens, Grimmia anomala, G. elatior, G. funalis,
Schistidium  dupretii, S. helveticum, Bartramia
ithyphylla, Ptychostomum pallescens, P. turbinatum,
Pohlia melanodon, Nyholmiella  obtusifolia,
Orthotrichum alpestre, O. anomalum, O. tenellum,
Pulvigera lyellii, Herzogiella seligeri, Plagiothecium
latebricola, Campylophyllopsis calcarea,
Hygroamblystegium fluviatile, Warnstorfia fluitans,
Lescuraea plicata, Brachythecium cirrosum, Hypnum
hamulosum and Homomallium incurvatum are new to
Giresun Province (Ozdemir and Batan, 2017b; Erata et
al., 2018).

These are the some studies carried out in Giresun
province (Handel-Mazzetti, 1909; Unal, 1973;
Ozdemir and Baydar, 1997; Ozdemir, 1999; Ozdemir,
2001a, b; Ozdemir and Koz, 2005, 2006, 2007;
Ozdemir and Batan, 2008; Ozdemir, 2008; Kirmac1 and
Kiirschner, 2013; Erata et al., 2018). As a results of
these studies, in a total 367 bryophyte taxa have been
reported in Giresun province. The first bryofloristic
studies in the Dereli district of Giresun province was
carried out by Ozdemir and Koz (2007). In this study,
mosses of the area were investigated and 91 taxa were
determined in this study.

The present study 52 new bryophyte (40 mosses and 12
liverworts) taxa adds to the bryophyte flora of Giresun
province. This study has the highest number of species
that has been done in Giresun province so far. Finally,
the number of bryophyte taxa of Giresun province
reached 419 with the present paper.
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Abstract
Asterella saccata, which belongs to the Aytoniacaceae family, was added to the bryophyte flora of Turkey
for the first time. With this study, the number of genera represented in the family is increased to four with
Mannia, Plagiochasma and Reboulia. In addition, this study highlights the importance of investigating
poorly researched study areas such as Eastern Anatolia Region in terms of bryophytes so as to fully reveal
the flora of Turkish bryophytes.

Key words. Bryophyte, Mannia, Reboulia, Plagiochasma, Conservation, Red List

Tiirkiye'den yeni bir cins ve cigerotu (Aytoniaceae, Hepaticae) tiirii Asterella
saccata (Wahlenb.) A. Evans

Oz
Aytoniacaceae ailesine ait olan Asterella saccata, Tiirkiye karayosunlari florasina ilk kez eklenmistir. Bu
caligmayla, ailede temsil edilen cins sayis1 Mannia, Plagiochasma ve Reboulia ile birlikte dorde ¢ikmustir.
Ayrica, bu ¢alisma Tiirkiye karayosunlari florasinin tam olarak ortaya ¢ikarilmasi i¢in Dogu Anadolu
Bolgesi gibi karayosunlart agisindan nispeten az arastirtlmis alanlarin ¢alisilmasinin énemli oldugunu
gostermistir.

Anahtar kelimeler: Karayosunlari, Mannia, Reboulia, Plagiochasma, Koruma, Kirmiz: Liste

1. Introduction

The number of studies conducted on Turkish
bryophytes, which constitute an important part of
biodiversity, is increasing day by day. Up to now,
approximately 520 studies have been carried out
recording 974  species  (Bryophyta 775,
Marchantiophyta 194 and Anthocerotophyta 4)
from Turkey (Ozenoglu et al., 2016; 2019; Erdag

* Corresponding author: hozenoglu@adu.edu.tr
© 2021 All rights reserved / Tiim haklar: saklidur.

and Kiirschner, 2017; Unan et al., 2020; Ursavas et
al., 2020, Erata et al., 2021; Unan and Oren, 2021).
These floristic studies have, however, concentrated
on the Black Sea, Mediterranean, West Anatolia
and Southwest Anatolia regions. Records from
Eastern and Southeastern Anatolia are limited
(Schiffner, 1913; Papp, 2007; Alatas and Batan,
2016; Batan et al., 2013; 2017; Batan and Ozdemir,

To cite this article: Kirmact M. Armagan M. Ozenoglu H. 2021. Asterella saccata (Wahlenb.) A. Evans a new genus
and liverwort (Aytoniaceae, Hepaticae) species from Turkey. Anatolian Bryology. 7:2, 90-95.
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2013; 2016; Ozenoglu et al., 2019; Kiirschner and
Erdag, 2020).

The bryophyte records given from the Eastern
Anatolia Region, which includes the area where
new records have been determined, are individual
records by researchers visiting the Anatolia for
different reasons and not extensive studies aimed at
determining the flora of such areas. These records
are Lunularia cruciata (L.) Dumort. ex Lindb.,
Marchantia polymorpha var. alpestris (synonym
of Marchantia polymorpha
subsp. montivagans Bischl. & Boissel. - Dub.),
Apopellia endiviifolia (Dicks.) Nebel & D. Quandt
(synonym of Pellia endiviifolia (Dicks.) Dumort.)
and Riccia bifurca Hoffm. (Schiffner, 1913; Papp,
2007; Ozenoglu et al., 2019; Kiirschner and Erdag,
2020).

Asterella P. Beauv. is one of the largest genera of
the order Marchantiales. It includes 57 species
found worldwide (Soderstrom, 2016) with 15 taxa
occurring in Eurasia (Long, 2006), 4 taxa occurring
in Russia (Konstantinova et al., 2009) and 3 taxa in
Near and Middle East (Kiirschner and Erdag, 2020).

The Aytoniacaceae family is represented with 3
genera which are Mannia Opiz (3 taxa),
Plagiochasma Lehm. & Lindenb. (1 taxon) and
Reboulia Raddi (1 taxon) in Turkey. Asterella
elegans (Spreng.) Trevis., A. gracilis (F. Weber)
Underw. and A. lindenbergiana (Corda ex Nees)
Arnell have been recorded in our country (Ozenoglu
Kiremit and Kegeli, 2009). But, Asterella elegans
was recorded from grid-square C12 of Turkey by
Wettstein (1889) and Bornmiiller (1931); but Frey
et al. (1991) reported that this was a

misidentification and that this species was supposed
to be Mannia androgyna (L.) A. Evans. Likewise,
Kiirshner (1996) reported that A. lindenbergiana,
recorded from grid-square C11 of Turkey by Gokler
and Oztiirk (1991), was also a misidentification that
should have been identified as Corsinia coriandrina
(Spreng.) Lindb. (Ozenoglu Kiremit and Kegeli,
2009). The last one, Asterella gracilis was
transferred to Mannia genus, based on some
molecular studies on the phylogeny of the family
Aytoniaceae (Long et al., 2000; Schill et al., 2010;
Borovichev et al., 2015). For this reason, the
Asterella and Asterella saccata are new for Turkey.
With this study, the genus Asterella was added to
the Turkish bryophyte flora again.

2. Taxonomic Treatment
Asterella saccata (Wahlenb.) A. Evans, Contr. U.S.
Natl. Herb. 20: 276. 1920 (Fig. 2).

Synonyms: — Marchantia saccata Wahlenb., —

Fimbraria saccata (Wahlenb.) Nees, -
Hypenantron saccatum (Wahlenb.) Trevis, —
Marchantia fragrans Schleich., — Hypenantron

ciliatum Corda, — Marchantia umbonata Wallr., —
Fimbraria umbonata (Wallr) Wallr,, -
Hypenantron umbonatum (Wallr.) Trevis., -
Fimbraria fragrans Nees, — Hypenantron fragrans
Trevis., — Asterella fragrans Trevis.

Turkish name: Sakalli mantarbas

Locality: Bitlis, between Ahlat and Tatvan, N 38°
33" 55", E 42° 21’ 184", 1750 m. coll: M.
KIRMACI and M. ARMAGAN, Det: H.
OZENOGLU and M. KIRMACI. AYDN 4001 (Fig
1).
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Figure 1: Distribution of Asterella saccata
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Figure 2: Asterella saccata; 1- General view of A. saccata; 2- cross-section of lobe; 3 and 4- ventral scales;
5- carpocephalum; 6- epidermis and air chambers; 7- pore and epidermis cells cross-section of lobe; 8- pore

from above. Drawn by M.Kirmaci

Description (Fig 2):

Plant xeromorphous habit, non-aromatic; thalli
thick, leathery, 1-4 (5) mm wide, dichotomously
branched, segments oblong to lingulate; whitish
ventral scale appendages overtopping margins and
forming a conspicuous white tuft at thallus apex;
upper surface green to grayish-green; thallus
margins undulate, reddish to dark purplish, inrolled
in dry condition. Dorsal epidermis cells 22-26x10—

18 um; cell walls thickened; pores simple, slightly
raised above the epidermis, 18-30 um in diameter,
surrounded by 2(—3) concentric rings of 67 cells in
each, cell walls thin. Aerenchyma well-developed,
compact; air chambers narrow, 1(-2)-layered in the
middle of thallus. Parenchyma consisting of thin-
walled cells; with scattered oil-cells both in
aerenchyma and parenchyma tissue; oil-cells
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yellow-purple, 20-24 pm in diameter. Rhizoids
smooth and tubercular, hyaline, covering ventral
surface of midrib of thallus. Ventral scales
semicircular, with dark red-purple body with broad
hyaline curved median side; body 1300-2000 pm
long and 550-800 um wide; body cells 60—80 pm
long and 16-26 um wide, with numerous scattered
pale oil-cells; oil cells 20-30 pm in diameter;
appendage 1-2 per scale, hyaline; quickly tapering
above broad base; papillae absent.

Plant paroicous. Antheridia arising behind the
female receptacle, greenish to purplish, without
scales. Female receptacle arising in apical notch of
thallus. Archegonial scales at base numerous,
forming conspicuous dense cushion of hyaline
scales and a few at apex. Carpocephalum conical-
hemispheric, green to yellowish-green; disc convex,
2-4- lobed, each with a single sporophyte;
involucres margin free, with broad bluntly V-
shaped median incisures; pseudoperianth white,
compressed laterally when young and with strongly
connate apical part of lobes when mature, with free
margins recurved when dry. Spores yellow-brown,
globose, 90-100 um in diameter, on distal surface
with weak primary wavy lamellae with minute
reticulations. Elaters 2-spiral, yellowish, 150-200
pm long.

Asterella, Mannia, Plagiochasma and Reboulia
similar genus and all of them belongs to the
Aytoniaceae family, but Asterella differs strikingly
in its female gametophores, which have a cage-like
pseudoperianth surrounding each sporogonium,
borne within an involucre under the lobes of the
carpocephalum. Asterella saccata differs from
Mannia fragrans in not having fragrant thalli in
fresh conditions, thickened cell walls of dorsal
epidermis, margin of ventral scales without slime
papillae.

Study area and Ecology. The new record was
collected from the northern part of Van Lake which
is largest soda lake in the world, between Nemrut
Stratovolcano (2948 m) and Siiphan (4058), an
inactive volcanic mountain. The closest settlement
is Tatvan, which has a cold and temperate climate.
There is more rainfall in the winter than in the
summer. It can be called Dsa according to the
Koppen-Geiger  climate  classification.  The
temperature here averages 8.3 °C | 46.9 °F. In a
year, the rainfall is 839 mm | 33.0 inch. With an
average temperature of 22.0 °C | 71.6 °F, August is
the hottest month of the year. In January, the
average temperature is -4.3 °C, the lowest average
of the year. There is a dry period between June and
September (Anonym, 2021).

General vegetation is very poor and some steppe
plants such as Astragalus sp., Trifolium sp.,
Verbascum sp., Onopordum sp., Centaurea sp.,
Parietaria sp., Eryngium sp., Graminea sp. and
shrubs like Sorbus sp., Rhamnus sp., Frangula sp.,
Quercus sp., Cerasus sp., Cotoneaster sp., Salix sp.,
Crataegus sp., Rosa sp., and Rhus coriaria L. can
be infrequently seen around the area.

The northern part of the Lake Van is a relatively
young volcanic area and the bedrock formation is
basalt. While rocks such as basalt containing a small
amount of silica easily decompose, it provides
plenty of nutrients to the soil and the decomposed
soil is alkali in character. Calciphilous xerophyte,
growing in open to full sun places in South faced of
soil bank. Very poor bryophyte taxa are associated
with the new species and Dicranella heteromalla
(Hedw.) Schimp., Didymodon umbrosus (Miill.
Hal.) R.H. Zander, D. luridus Hornsch. ex Spreng.,
D. insulanus (De Not.) M.O. Hill, Weissia breutelii
Miill. Hal., and Bryum sp. are commonly seen moss
taxa in the collection area.

Distribution. Records of Asterella saccata in
Europe are from Austria, Switzerland, Czech
Republic, Slovakia, Italy, Makedonia, Montenegro,
Hungary, Germany, Spain, France, Romania,
Finland, Norway, Poland, Scandinavia, Sweden,
Iceland, Corsica, Greece; eastward to Russia and
China (Xinjing). Asterella saccata was known in
the Russia from European part, Siberia, Altay
Republic, Yakutia, Chukotka Autonomous District,
Kamchatka, Amur and Ukraine (Bory, 1832; Zerov,
1964; Soderstrom et al., 2002; Long, 2006; Ross et
al., 2007; Borovichev, 2015). This species has not
been recorded from Near and Middle East
(Kiirschner and Erdag, 2020).

Conservation status: The new record is known
from only one locality yet. In order to comment on
the redlist category of the species, it is necessary to
study all areas that it is likely to be found in. In this
sense, there are many areas that add to working in
Eastern Anatolia. For this reason, the redlist
category of the taxon was given as DD. It has been
listed as endangered (EN) on the European red list
(Hogetts et al., 2019).

3. Discussion

The family Aytoniaceae is represented with 3
genera, Reboulia, Mannia and Plagiochasma, in
Turkey. Among them, the Reboulia is the most
common; it is also recorded from Van and environs
too. The genus Asterella which was added to this
family with this study as a new genus raises the
represented number of the family to four. Asterella
differs from other Aytoniaceae members primarily
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in the presence of a pseudoperianth. When sterile,
Asterella recognition can be problematic as its
gametophytes show close resemblance to Mannia
species. Furthermore, Asterella species almost
always have a pungent fishy smell whereas the
odour of Mannia is aromatic. The hemispheric
female receptacles in Asterella are different from
the more star-like ones in Reboulia or the
subspherical ones in Plagiochasma. The female
receptacles in mid thallus also differentiate
Plagiochasma from Asterella.

The new taxon was collected during the project
entitled 'The Bryophyte Flora of Van Lake and
Environs'. Very few liverwort taxa were collected
during this study performed between 2018 and
2021. The main reasons for this are that there are
limited habitats and water sources that would allow
for the survival of liverworts, except for the south
and south-east of the study area. Additionally, rapid
evaporation due to low vegetation is another reason.
Lastly, although bryophytes have a suite of photo
protective strategies, high ultraviolet may affect
liverworts.

The study that recently described Orthotrichum
cupulatum var. fuscum (Venturi) Boulay as a new
record from the region (Ellis et al., 2021) and our
current study show the importance to investigate
poorly researched areas such as Eastern Anatolia in
terms of bryophytes so as to fully understand the
flora of Turkish bryophytes. It is obvious that
Turkish liverwort flora will be increased with more
detailed studies.

This study is also important in terms of adding a
new genus to our country's liverwort flora. We hope
that it will be useful for future bryophyte studies.
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Oz

Bu ¢alismada Goéreme Milli Parki igerisinde yayilis gosteren epifitik Karayosunlarinin substrat tercihleri
ordinasyon yontemleri kullanilarak arastirilmistir. Calismada istatistik hesaplamalar i¢in agik kaynak kodlu
PAST (PAleontological STatistics) programi kullanilmistir. Bu program ile biyolojik gesitlilik ve benzerlik
indeksleri hesaplanmis ve Temel Bilesen (PCA) ve Kiime (CA) analizleri yapilmigtir. Caligma sonucunda
on farkli agag¢ tiirii iizerinden kirk dokuz karayosunu taksonu belirlenmistir. Bu taksonlar arasinda
Lewinskya rupestris (Schleich. ex Schwiégr.) F.Lara, Garilleti & Goffinet. ve Syntrichia ruralis Weber &
D.Mobhr. alandaki en kozmopolit karayosunu tiirleri olarak degerlendirilirken, Populus alba L. ve Carpinus
orientalis Mill. briyolojik ¢esitliligi en yiiksek agag tiirleri olarak tespit edilmistir.

Anahtar kelimeler: Briyofit, Kapadokya, Kortikol, Kiime Analizi, PAST Programi, PCA, Tiirkiye
Substrate Preferences of Epiphytic Mosses in Goreme National Park (Nevsehir)

Abstracts

In this study, the substrate preferences of Epiphytic Mosses distributed in the Géreme National Park were
investigated using ordination methods. In the study, the open source PAST (PAleontological STatistics)
program was used for statistical calculations. With this program, biodiversity and similarity indices were
calculated and Principal Component and Cluster analysis were made. As a result of the study, fourty nine
moss taxa were determined on ten different tree species. When among these taxa, Lewinskya rupestris
(Schleich. ex Schwigr.) F.Lara, Garilleti & Goffinet.and Syntrichia ruralis Weber& D.Mohr. were found
to be the most cosmopolitan moss species in the study area, among tree species, Populus alba L. and
Carpinus orientalis Mill. were determined as the trees with the highest bryological diversity.

Key words: Bryophytes, Cappadocia, Coticolous, Cluster Analysis, PAST programme, PCA, Turkey

1. Giris

Fitocografik olarak kutuplardan tropiklere kadar iklim sartlarindan daha ¢ok, mikro iklim sartlarina
birgok iklim kusaginda genis bir yayilis baghdir (Kiirschner, 1999; Catak ve Kirmaci;
gosterebilen karayosunlari, bulunduklar: vejetasyon  2020; Batan ve ark., 2021). Mikro iklim
icerisinde genel olarak kaya (epilitik), toprak  kosullarmin yam sira agaglarin kabuk yapisi, besin
(epigaik) ve aga¢ (epifitik) yiizeylerini substrat maddeleri ve agaglardaki su akiglar1 gibi mikro
olarak secebilmektedir. Epifitik briyofitlerin  habitat sartlar1 da tiir zenginligini etkileyen dnemli
cesitliligi (zenginlik ve bolluk agisindan) makro  faktorler olabilir. Epifitik karayosunlarinin agag
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kabugunda yetismesini yetersiz 151k, yetersiz nem
ve yiiksek sicaklik engelleyebilir. Ote yandan,
konuk¢u bitki tiirlerinin 6zellikleri (aga¢ capi,
kabuk piiriizliliigii) muhtemelen kiigiik faktorler
olarak diisiiniilebilir. Ancak epifitik briyofitler
konusundaki daha oOnce yapilan c¢alismalar
(Séderstrom ve During, 2005; Leon-Vargas ve ark.,
2006; Herrera-Paniagua ve ark., 2017) ozellikle
agac tliriiniin ve agacin kabuk yapisinin epifitik
habitattaki briyofit dagilimin1 6nemli derecede
etkiledigini gostermistir. Ozellikle agac
kabugundaki ¢atlaklar ve kabuk pH’s1 agacin tiirline
bagli olarak degismekte olup, briyofitlerin
yerlesmesinde ve kolonizasyonunda en etkili olan
iki faktor olarak degerlendirilmektedir (Ezer ve
ark., 2013;). Substrat olarak sadece bitkilerin
iizerinde  yasayabilen, baska  substratlarda
gelisemeyen bitkiler icin “obligat epifit” terimi
kullanirken, genis ekolojik toleranslarindan dolay1
cok cesitli substratlarda gelisen ve epifitik olarak da
bulunabilen bitkiler i¢in “fakiiltatif epifit” terimi
kullanilmaktadir ~ (Dierssen.  2001). Ekolojik
toleransi az olan Orthotrichum lyellii W. J. Hooker
& T. Taylor gibi obligat epifitik briyofitler bazi
ekolojik faktorlerin tanimlanmasinda indikator
olarak kullanilmaktadir (Vanderpoorten ve ark.,
2004).

Tiirkiye’de epifitik briyofit florasi ile ilgili yapilan
caligmalar daha c¢ok nitel verilere dayali ekolojik
yorumlarin yapildigi ¢alismalardir. Bu makale
tilkemizde epifitik briyofloranin nitel verilerinin
ordinasyon yontemleriyle ve bilgisayar programlart

ile incelendigi ilk ¢alisma olmasi nedeniyle 6nem
arz etmektedir.

1.2. Arastirma Alani

Kapadokya Bolgesi Nevsehir, Aksaray, Nigde,
Kayseri ve Kirsehir illerinin kapladigi alandir.
Ancak daha dar bir alan olan kayalik Kapadokya
Bolgesi ise Uchisar, Urgﬁp, Avanos, GoOreme,
Derinkuyu, Kaymakli, Thlara ve ¢evresinden
ibarettir (URL 1). I¢ Anadolu’nun orta kisminda
bulunan Kapadokya bolgesi: (Nevsehir ili ve
Cevresi) fitocografik acidan iran Turan floristik
bolgesinin iginde kalir. Tiirkiye’nin topografik yap1
ve iklim oOzellikleri acisindan dogu ile bati, kuzey
ile giiney arasinda gegis oOzelligi gosteren I¢
Anadolu bélgesinin biiyiik bir bolimii Kizilirmak
havzasi tizerinde yer almaktadir. Bolge genelinde
karasal iklim hakimdir ancak yer yer Akdeniz iklim
Ozelliklerini gosteren lokal alanlar da vardir. Bu
iklimsel farkliliklar beklenenden daha farkli bitki
oOrtlistiniin ve ¢ok cesitli habitatlarin olugsmasina yol
acmaktadir. Kapadokya bolgesi 60 milyon yil 6nce
Erciyes, Hasandag1 ve Golliildag’in plskiirttiigii lav
ve kiillerin olusturdugu milyonlarca yil boyunca
yagmur ve riizgar tarafindan asindirilmasiyla ortaya
cikan bir bolgedir (Sekil 1.). Erozyon sonucu
olusmus olan tiif kaynakli, dogal olusumlar turizm
degeride arz eden peribacalarini olusturmaktadir
(URL 2). Kapadokya Bolgesi 1985 yilinda bu farkli
jeolojik &zellikleri nedeniyle milli park ilan edilerek
(Goreme Milli Parki) UNESCO Diinya Miras
Listesine alinmistir (URL 3).
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Sekll 1. Arastirma alanin konumu.
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2.Materyal ve Metod

2.1. Materyal

Arastirma materyalini, 2020 yilinda farkh
vejetasyon donemlerinde gergeklestirilen arazi
calismalarinda agaglar {izerinden toplanan epifitik
karayosunu ornekleri olusturmaktadir. Toplanan
karayosunu ornekleri ¢esitli flora ve revizyon
eserleri kullanilarak teshis edilmistir (Lewinsky,
1993; Zander, 1993; Smith, 2004; Kiirschner ve
Frey, 2020). Teshis edilen taksonlar Nevsehir Hac1

Bektas Veli Universitesi, Briyoloji Laboratuvarinda
aragtirmacilarin kisisel koleksiyonunda muhafaza
edilmektedir.

2.2 Epifitik Flora

Klasik flora yontemleri ile 22 farkli lokaliteden
(Sekil 2, Tablo 1.) toplamip teshis edilen
karayosunlar1 son c¢ikan kontrol listelerine
(Hodgetts ve ark., 2020) gore diizenlenerek Tablo 4
de listelenmistir.

Tablo 1. Lokalite tablosu

Lokalite No = Lokalite Ad1

1 Giivercinlik Vadisi
2 Zemi Vadisi

3 Zemi Vadisi

4 Baglidere Vadisi
5 Zemi Vadisi

6 Zemi Vadisi

7 Zemi Vadisi

8 Zemi Vadisi

9 Kizil Vadi

10 Kizil Vadi

11 Kizil Vadi

12 Devrent Vadisi
13 Giivercinlik Vadisi
14 Giivercinlik Vadisi
15 Giivercinlik Vadisi
16 Kermil Dag1

17 Zemi Vadisi

18 Zemi Vadisi

19 Aynali Kilise Vadisi
20 Aynali Kilise Vadisi
21 Uzengi Vadisi
22 Ortahisar Vadisi

Yiikseklik (m) Tarih
1200m
1262m
1130m
1060m
1380m
1360m
1320m
1290m
1170m
1070m
1120m
1230m
1240m
1220m
1190m
1410m
1250m
1210m
1200m
1160m
1100m
1110m

GPS Koordinatlar
383718K 344817D
383737K 344850D
383801 K 345017D
383944 K 344932D
383635 K 344838D
383636 K 344842D
383644 K 344859 D
383656 K 344922D
383915K 345139D
383903 K 345122D
383903 K 345313D
384034 K 345319D
383743 K 344844D
383749 K 344844D
383755 K 344902D
383624 K 344838D
383704 K 344924D
383715K 344946D
383810K 345108D
383811 K 345052D
383609 K 345353D
3836 15K 345352D

02.03.2020
30.05.2020
4.06.2020
9.06.2020
5.07.2020
15.07.2020
15.07.2020
15.07.2020
26.07.2020
26.07.2020
26.07.2020
11.08.2020
22.08.2020
22.08.2020
23.08.2020
11.10.2020
17.10.2020
17.10.2020
24.10.2020
24.10.2020
28.11.2020
28.11.2020
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2.3. Ekolojik Analizler

Ekolojik analizler i¢in oncelikli olarak caligma
alaninda  belirlenen epifitik taksonlarin tiir
kompozisyonu, cesitlilik indisleri ve benzerlik
indisleri PAST (PAleontological STatistics)
programu ile hesaplanmus ve grafikler ile gorsel hale
getirilmigtir (Hammer ve ark., 2001). Tir
kompozisyonu i¢in her bir aga¢ {iizerindeki tiir
zenginligi ve bolluk yiizde olarak hesaplanarak
tablolar halinde sunulmustur. Briyolojik ¢esitlilik
icin Shannon ve Weaver (H) ve Simpson (D)
indisleri kullanilmistir (Shannon and Weaver, 1949;
Simpson, 1949). Benzerlik analizleri igin Jaccard ve
SED (Squared Euclidean distance) indisleri
hesaplanarak kiimeleme grafikleri hazirlanmigtir

(Williams ve Lambert, 1966). Karayosunlarinin
agac tiirlerini tercihlerini gosterebilmek igin yine
PAST programinda calistirilabilen dolaylt gradyan
analizi yapan PCA (Temel Bilesen Analizi)
yontemi secilmigtir. Ordinasyon metodlarinin en
eskilerinden biri olan bu yontem habitat belirleme
calismalarinda ¢ok tercih edilen ve iki boyutlu
dagilim grafigi ¢izebilen bir yontemdir. PCA bitki
ortiisii verileri ve c¢evresel degiskenlerin ortak
degiskenleri gibi ¢ok karmagik ¢ok degiskenli
verileri de (Johnson ve Wicnern, 1982) boyutlulugu
azaltarak analiz edebilmektedir (Baguinon ve ark.,
2008). Tum istatistiki hesaplamalar Tablo 2 deki
veriler kullanilarak yapilmustir.

Tablo 2. Ekolojik analizler i¢in kullanilan veriler

Ce_lrp_ Crea_ |Hag_ Jug.l_ Moru_ Mesp_ |Popu_ |Prun_a |Robi_ [Salix_ Bolluk |Yogunluk
orie mono_lanau_lreai__lniar germ_|alba _lerm pseu__lalba
Amyl_serp 0 0 1 0 0 0 0 0 0 0 1 1
Brac_coll 1 0 1 0 0 0 0 0 0 0 2 1
Brac_mild 1 1 0 0 0 0 0 0 0 0 2 2
Brac_velu 1 0 0 1 0 0 0 0 0 0 2 2
Brac capi 2 0 0 1 0 0 0 0 0 0 8 2
Brac_glar 0 0 0 0 0 0 1 0 0 0 1 1
Bryu arge 1 0 0 0 0 0 0 0 0 0 1 1
Bryu_dich 0 0 0 0 0 0 1 0 0 0 1 1
Ptyc_kunz 1 0 0 0 0 0 0 0 0 0 1 1
Didy acut 1 0 0 1 1 0 0 0 0 0 3 3
Didy_imbr 0 0 0 0 0 0 1 0 0 0 1 1
Didy_rigi 0 0 0 0 0 0 1 0 1 0 2 2
Didy_sinu 0 0 0 0 0 0 0 0 1 0 1 1
Enca_pilif 0 0 0 0 0 0 1 0 0 0 1 1
Enca_vulg 0 0 0 0 0 0 1 1 0 0 2 2
Eurh_pulc 0 0 0 0 0 0 1 0 0 0 1 1
Grim_anod 0 0 0 0 0 0 1 1 0 0 2 2
Grim_crin 0 0 0 0 1 0 0 0 0 0 1 1
Grim_meri 0 0 0 0 0 0 0 1 0 0 1 1
Grim_pulv 0 0 0 1 1 1 1 1 0 0 5 5
Homa_aure 1 0 0 0 0 0 1 0 0 0 2 1
Homa_lute 0 0 0 0 0 0 0 1 0 0 1 1
Homa_phil 0 0 0 0 1 0 1 0 0 0 2 2
Homa_seri 1 0 0 0 0 0 1 0 0 0 2 2
Hygr_vari 0 0 0 1 0 0 0 0 1 0 2 2
Hypn cupr 0 0 0 1 0 0 0 0 0 0 1 1
Lewi_rupe 2 1 1 1 0 1 1 2 0 1 10 8
Lewi_affi 2 0 1 0 1 0 1 0 0 0 5 4
Orth_diap 0 0 0 1 0 0 0 0 0 0 1 1
Orth_macr 0 0 0 1 0 0 0 0 0 0 1 1
Orth_pall 0 0 0 0 0 1 1 0 0 0 2 2
Orth_pumi 1 0 1 2 0 0 1 2 0 1 8 6
Pter_ovat 0 0 0 0 0 0 0 0 0 1 1 1
Ptyc_capi 2 0 0 1 0 0 1 0 0 1 5 4
Ptyc_imbr 0 0 0 1 0 0 1 0 0 1 8 8
Ptyc_pall 2 0 1 2 0 0 1 1 1 0 8 6
Rhyn_tene 1 0 1 1 0 0 0 0 0 0 3 3
Synt_calc 0 0 0 1 0 0 0 0 0 0 1 1
Synt_ru form 1 0 0 1 0 0 0 1 0 1 4 4
Synt_rura 1 1 2 1 1 1 1 1 0 1 10 9
Synt_ vire 0 0 1 0 1 1 0 1 0 0 4 4
Tort_acau 1 0 0 0 0 0 0 0 0 0 1 1
Tort acau pii 0 0 0 0 0 0 0 0 0 1 1 1
Tort_cune 1 0 0 0 0 0 0 0 0 0 1 1
Tort_iner 1 0 0 0 0 0 1 0 0 1 3 2
Tort_mucr 1 0 1 1 0 0 0 0 0 0 3 3
Tort_mura 0 0 0 0 1 0 1 0 0 0 2 2
Tort_subu 0 0 0 0 0 1 0 0 0 1 2 2
Tort_vahl 1 0 0 0 0 0 0 0 0 0 1 1
Bolluk 27 3 11 20 8 6 22 13 4 10 124 0
Yogunluk 22 8 10 18 8 6 22 11 4 10 0 114
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2.4. Hayat Formu ve Yasam Stratejisi

Makale igerisinde kullanilan karayosunlarina ait

stratejileri During (1992) gore diizenlenmis olup
ilgili agiklamalar Tablo 3’de gosterilmistir.

hayat formlar1 Hill ve ark. (2007) gore ve yasam

Tablo 3. Hayat Formu ve Yasam Stratejisi agiklamasi

Kisaltma ingilizce Tiirkge Agiklama

Mr Mat, rough Purizli Hali Populasyonun ¢ok sayida dik durumda suriintct yan dallardan olustugu hayat formu

g

2 Tf Turf Turf Populasyonda dallanmanin sinirli oldugu genelde dik olan gévdelerden olusan hayat formu

5 Cu Cushion Yastik Populasyonun kubbe bigiminde oldugu merkezi gévdelerden olusan hayat formu

£ We Weft Sagak Populasyonun gevsek sekilde i¢ice gegen ¢ok fala daldan olustugu hayat formu
sT Solitary thalloid Tek Talluslu Populasyonun rozet seklindeki tek tek talluslarla genis bir 6rtii olusturdugu hayat formu
p Perennial cok yillik Cok sayida spor, ¢ok hafif, dusik treme cabasi

i © Colonists Koloniciler Birkag yillik potansiyel dmiir, sayisiz, gok hafif sporlar

% cp Pioneer colonists Oncii koloniciler Birkag yillik potansiyel dmir, sayisiz, ¢ok hafif sporlar, 6ncii koloniciler

& | Long-lived fugitive Uzun 6mirli gogebe Birkag yillik potansiyel 6miir, sporlar az ve biyiik

g., ps Perennial stress tolerant |Cok yillik strese toleransli [Birkag yillik potansiyel 6mdr, ok yillik strese toleransl

s s Short-lived fugitive Kisa omurlt gocebeler Birkag yillik potansiyel 6miir, sporlar az, buytik
a Annual fugitive Yillik gogebeler Potansiyel dmrii <1yil, sporlar az, biyik (> 20p), yiksek tireme gabasi

3. Bulgular Tablo 4’de listelenmistir. Flora g¢alismalarinda

3.1. Epifitik Flora

familya yiizdeleri, alanin iklimi ve kuraklik diizeyi

Goreme Milli Parki icerisinde yayilis gosteren 10
farkli agag tiirii tizerinden klasik flora yontemleri ile
toplanan ve teshis edilen 49 karayosunu taksonu
familyalari, hayat formlar1 ve yagam stratejileri ile

kserofitik

Tablo 4. Flora Listesi

karakterli

hakkinda bilgi vermektedir. Calisma alani igin
hazirlanan familya oranlar1 incelendiginde alanda
(kurakgil)
familyasinin hakim oldugu goriilmektedir (Sekil 3).

Pottiaceae

Familya Takson Ismi HF ] Y.S. Lokalite No
1]Amblystegiaceae Amblystegium serpens (Hedw.) Schimp. Mr p 21
2] Brachytheciaceae Brachytheciastrum collinum (Schleich. ex M ll. Hal.) Ignatov & Mr p 4,21
3| Brachytheciaceae Brachythecium mildeanum (Schimp.) Schimp. Mr p 6,22
4]Brachytheciaceae Brachytheciastrum velutinum (Hedw.) Ignatov & Huttunen Mr p 5,6
5|Brachytheciaceae Brachythecium capillaceum (F.Weber & D.M ohr) Giacom Mr p 4,6,17
6]Brachytheciaceae Brachythecium glareosum (Bruch ex Spruce) Schimp. Mr p 15
7|Bryaceae Bryum argenteum Hedw. Tf c 4
8| Bryaceae Bryum dichotomum Hedw. Tf cp 10
9|Bryaceae Ptychostomum kunzel (Hornsch.) J.R. Spence Tf c 6

10[Pottiaceae Didymodon acutus (Brid.) K. Saito Tf C 1,2,4,19
11]Pottiaceae Didymodon imbricatus C. Feng & J. Kou Tf c 16
12[Pottiaceae Didymodon rigidulus Hedw. Tf C 11,16
13]Pottiaceae Didymodon sinuous (Mitt.) Delogne. Tf c 11
14[Encalyptaceae Encalypta pilifera Funck Tf [ 16
15]Encaly ptaceae Encalypta vulgaris Hedwig Tf I 10,16
16[Brachytheciaceae Eurhynchiastrum pulchellum (Hedw.) Ignatov &Huttunen Mr ps 16
17]Grimmiaceae Grimmia anodon Bruch&Schimp. Cu ps 2,9
18] Grimmiaceae Grimmia crinita Brid. Cu C 19
19]Grimmiaceae Grimmia meridionalis (Mill.Hal.) E.M aier Cu © 14
20[Grimmiaceae Grimmia pulvinata (Hedw.)Sm. Cu C 3,6,7,9,12,14,18,19,20
21[Brachytheciaceae Homalothecium aureum (Spruce) H.Rob. We p 6,9,15
22| Brachytheciaceae Homalothecium Tutescens (Hedw.) Rob. We p 20
23[Brachytheciaceae Homalothecium philippeanum_(Spruce) Schimp. We p 16,19
24|Brachytheciaceae Homalothecium sericeum (Hedw.) Schimp. We p 3,5
25[Amblystegiaceae Hygroamblystegium varium (Hedw.) Mdnk. Mr p 5,11
26|Hypnaceae Hypnum cupressiforme Hedw. We ps 18
27[Orthotrichaceae Lewinskya rupestris (Schleich. ex Schwdgr.) F.Lara, Garilleti & Cu c 3,5,6,7,8,9,12,13,14,15,16,
28] Orthotrichaceae Lewinskya affinis (Schrad. ex Brid.) F.Lara, Garilleti & Goffinet Cu c 2,4,6,13,14,15
29]Orthotrichaceae Orthotrichum diaphanum Brid. Cu C 1
30]Orthotrichaceae Orthotrichum macrocephalum F.Lara Garilleti & Mazimpaka Cu c 6
31[Orthotrichaceae Orthotrichum pallens Bruch ex Brid. Cu cp 15,16
32|Orthotrichaceae Orthotrichum pumilum Sw. ex anon. Cu c 1,2,3,4,5,13,14,20
33]Pottiaceae Pterigoneurum ovatum (Hedw.) Dixon ST a 3
34|Bryaceae Ptychostomum capillare (Hedw.) Holyoak & N. Pedersen ST c 456,16
35| Bryaceae Ptychostomum imbricatulum (Mull.Hal.)Holy oak & Pedersen Tf c 10,16,21
36|Bryaceae Ptychostomum pallens (Sw.) J.R.Spence. Tf S 45,6,11,13,16,17
37| Brachytheciaceae Rhynchostegiella tenella (Dicks.) Limpr. We ps 59,13
38| Pottiaceae Syntrichia calcicola J.J.Amann Tf c 5
39[Pottiaceae Syntrichia ruraliformis (Besch.) Mans Tf C 6,9,17,21
40]|Pottiaceae Syntrichia ruralis (Hedw.) F.Weber & D.M ohr Tf c 1,3,4,7,8,9,10,12,14,16,17,
41]Pottiaceae Syntrichia virescens (De Not.) Ochyra Tf C 14,16,20,21
42|Pottiaceae Tortula acaulon (With.) R.H.Zander ST a 4
43]Pottiaceae Toriula acaulon (With.) R.H.Zander var. pilifera (Hedw.) ST a 3
44]Pottiaceae Tortula cuneifolia (Dicks.) Turner Tf c 5
45[Pottiaceae Tortula inermis (Brid.) Mont. Tf C 4,10,16,21
46]Pottiaceae Tortula mucronifolia Schwaegr. Tf c 5,6,8
47|Pottiaceae Tortula muralis Hedw. Tf C 16,19
48]|Pottiaceae Tortula subulata Hedw. ST C 4,16
49]Pottiaceae Tortula vahliana (Schultz) Mont. Tf C 6
Tablodaki Kisaltmalar: H.F. (Hayat Formu ), Y.S. (Yasam Stratejisi) , digerleri materyal metod kisminda verilmistir.
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Sekil 3. Caligma alanindak

3.2. Ekolojik Analiz

Goreme Milli Parkindaki Epifitik karayosunlarinin
cesitliligini ve substrat se¢imini belirlemek i¢in 36
farkli aga¢ govdesi iizerindeki karayosunlarinin
kompozisyonu, cesitlilik ve benzerlik indeksleri
hesaplanmigtir.  Biyolojik ¢esitlilik indeksleri
Whittaker (1960)’mn  belirledigi tanimlara gore
yaptlmigtir ve Ozellikle substratlar arasindaki
farkliliklar1 ortaya koymak igin B-gesitlilik indeksi
kullanilmistir. Karayosunlar1 genellikle belirli bir
substrata sadik olarak gelisirler ancak substratlarin

i taksonlara ait familya grafigi

ekolojik kosullar1 zamana bagli olarak degisebildigi
icin genellikle epilitik olan bir tiir cevresel kosullara
bagli olarak epifitik davramig gosterebilir. Bu
davranis makro iklim kosullarindan daha ¢ok
mikrohabitat sartlar1 tarafindan belirlenmektedir.
Aragtirma alanindaki 10 fakli tiire ait 36 agag
govdesindeki karayosunlarinin kompoziyonu yiizde
olarak hesaplandiginda 22 takson (27 bolluk) ile
Carpinus orientalis Mill. en fazla tiir igeren agag
tiirti olarak bulunmustur (Sekil 4-5).
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Sekil 5. Agaglardan toplanan karayosunu sayisi

Arastirma alanindaki tim tiir ¢esitliligi pratikte
gama gesitliligi olarak ifade edilmekle ve tiir
zenginligi, Shannon indeksi veya Simpson indeksi
gibi bir veya daha fazla gesitlilik indeksi tarafindan
belirlenmektedir (Lande, 1996). Bu indeksler ile

etkin tiir sayisina gore Onem dereceleri (esit
derecede bol olan tiirler) belirlenebilmektedir.
Calisma alaninda Shannon ve Simpson indekslerine
gore Populus alba L. en 6nemli agag tiirii olarak
belirlenmistir (Sekil 6-7).

Simpson_D
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1
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0
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Sekil 6. Agaglarin Simpson ¢esitlilik indeksi degerleri
Shannon_H
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Sekil 7. Agaglarin Shannon gesitlilik indeksi degerleri
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Goreme Milli Parkinda 22 lokalitede 36 adet agac
tizerinden 6rnek toplanmustir. Plantasyon olan bu 36
agag¢ icerisinde en fazla Juglans regia (7), Populus
alba (6), Carpinus orientalis (6) ve Prunus
aermanica (5) taksonlar1 bulunmaktadir (Sekil 8).

Caligma alaninda 22 lokalitede yayilis gosteren 10
farkli agac tiirli lizerinden 49 karayosunu taksonu
icerisinde Lewinskya rupestris (Schleich. ex
Schwigr.) F.Lara, Garilleti & Goffinet ve

Syntrichia ruralis Weber & D.Mohr. taksonlari 8
farkli  aga¢  tirii  lizerinde  bulunmustur.
Orthotrichum  pumilum Sw. ex anon. ve
Ptychostomum capillare (Hedw.) Holyoak & N.
Pedersen taksonlar1 ise 6 farkli agag tiirii tizerinde
tespit edilmistir. Bu ylizden c¢alisma alaninda
epifitik flora i¢in Lewinskya rupestris (Schleich. ex
Schwigr.) F.Lara, Garilleti & Goffinet. ve
Syntrichia ruralis Weber & D.Mohr. taksonlari
kozmopolitan olarak degerlendirilmistir (Sekil 9).

Mespilus germanica; 2

Morus alba; 2

Robinia pseudoacacia;
2

Elaeagnus
angustifolius; 1

Prunus aermenica ;
5

6

Crataegus monogina; 2

Carpinus orientalis;

Juglans regia; 7

Populus alba; 6

Salix alba; 3

Sekil 8. Caligma alanindaki agaglarin sayisinin taksonlara gore dagilist

M Carp_orie B Crea_mono m Elag_angu Jugl_regi B Moru_nigr
12
B Mear_germ H Popu_alba B Prun_aerm H Robi_pseu M Salix_alba
10
8
6
4
0IIIIIIIIIIIIII IIIII
> : < e
\s?'& 6\\\(’9& @‘% \{~ N *‘;f\ 40 “ ’b ‘50\ @ °Q b"bv\\@ oA \ Ko‘\ \e "&&4';’0
/o7 N2 X7 2 7
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o)*o“’ s

Sekil 9. Karayosunlarimin agag tiirlerine gore dagilist
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Arastirma alanindaki agag tiirlerinin briyolojik
cesitliliginin benzerligini tespit etmek i¢in Jaccard
ve SED (Squared Euclidean distance) indeksleri
hesaplanmis ve kiimeleme analizleri yapilmistir

(Tablo 5). Boylelikle agaglarin iizerindeki epifitik
karayosunu taksonlarinin kismi bollugu, paylasilan
taksonlar ve ayirict taksonlar  belirlenerek
kargilastirmalar yapilmustir (Sekil 10-11).

Tablo 5. Benzerlik indisleri tablosu

Euclidean Carp_orie Crea_mon(Elag_angulugl_regi Moru_nigiMesp_ger Popu_alba Prun_aerm Robi_pseu Salix_alba|
Carp_orie 0 5,6569 5,099 5 6,0828 6,0828 5,7446 5,831 6,0828 5,5678
Crea_mono 5,6569 0 3,1623 4,7958 3 2,2361 4,5826 3,7417 2,6458 3
Elag_angu 5,099 3,1623 0 4,3589 3,6056 3,3166 4,7958 3,7417 3,873 3,873
Jugl_regi 5 4,7958 4,3589 0 5,099 4,899 5,2915 4,3589 4,6904 4,4721
Moru_nigr 6,0828 3 3,6056 5,099 0 2,8284 4,4721 4,3589 3,4641 4
Mear_germ 6,0828 2,2361 3,3166 4,899 2,8284 0 4,4721 3,6056 3,1623 3,1623
Popu_alba 5,7446 4,5826 4,7958 5,2915 4,4721 4,4721 0 4,5826 4,6904 4,4721
Prun_aerm 5,831 3,7417 3,7417 4,3589 4,3589 3,6056 4,5826 0 4,3589 3,873
Robi_pseu 6,0828 2,6458 3,873 4,6904 3,4641 3,1623 4,6904 4,3589 0 3,7417
Salix_alba 5,5678 3 3,873 4,4721 4 3,1623 4,4721 3,873 3,7417 0
Jacard Carp_orie Crea_mon(Elag_angulJugl_regi Moru_nigiMesp_ger Popu_alba Prun_aerm Robi_pseu Salix_alba|
Carp_orie 1 0,13636 0,33333 0,37931 0,11111 0,076923 0,25714 0,17857 0,04 0,23077
Crea_mono 0,13636 1 0,18182 0,10526 0,1 0,28571 0,086957 0,16667 0 0,18182
Elag_angu 0,33333  0,18182 1 027273 0,2 0,23077 0,18519 0,3125 0,076923 0,17647
Jugl_regi 0,37931 0,10526 0,27273 1 0,13043 0,14286 0,21212 0,26087 0,1 0,27273
Moru_nigr 0,11111 0,1 0,2 0,13043 1 0,27273 0,2 0,1875 0 0,058824
Mear_germ 0,076923 0,28571 0,23077  0,14286 0,27273 1 0,16667 0,30769 0 0,23077
Popu_alba 0,25714 0,086957 0,18519 0,21212 0,2 0,16667 1 0,26923  0,083333 0,23077
Prun_aerm 0,17857  0,16667 0,3125 0,26087 0,1875 0,30769 0,26923 1 0,071429 0,23529
Robi_pseu 0,04 0 0,076923 0,1 0 0 0,083333  0,071429 1 0
Salix_alba 0,23077 0,18182 0,17647 0,27273 0,058824 0,23077 0,23077 0,23529 0 1
: ; ; : 3 : g : :
K g 5 § g 5 i 5
3 g E H g 3 5 g o 5
i3 a A (6] w a [} > 9] 2
0,96+
0,844
0,724
0,60
E 0,484
E
10}
0,36
0,244
| .
0,124
0,004

Sekil 10. Agaglarin briyolojik gesitliliginin Jaccard benzerlik indeksine gore kiimeleme analizi
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Sekil 11. Agaglarin briyolojik ¢esitliliginin SED benzerlik indeksine gore kiimeleme analizi

Karayosunlarinin ¢evre iliskilerinin nicel analizi
151k yogunlugu, hava sicakligi ve bagil nem gibi
karmasik  bir  dizi  faktdrden etkilendigi
bilinmektedir. Epifitik karayosunlarinda mikro
iklim  Ozellikleri karayosunu  topluluklarinin
cesitlilik ve tiir kompozisyonundaki farkliliklarin en

onemli nedenidir. Bu gosterebilmek i¢in ¢ok
degiskenli analitik ara¢ olan PCA kullanilmistir.
PCA ile iki boyutlu dagilim grafigi agac tiirlerine
gore cizilerek epifitik karayosunlarinin
smiflandirmasi yapilmstir (Sekil 12).

1,6
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Sekil 12. Agaclara gore karayosunlérmm dagilisin1 gosteren PCA grafigi.
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3.3. Hayat Formu ve Yasam Stratejisi

Flora c¢aligmalarinda familya yiizdeleri yaninda
hayat formu ve yasam stratejisi degerleri alanin
iklimi ve kuraklik diizeyi hakkinda bilgi

vermektedir. Calisma alami i¢in hazirlanan bu
grafikler incelendiginde alanda kserofitik karakterli
habitatlarin hakim oldugu goriilmektedir (Sekil 13).

Hayat Formu
sT
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21%
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Ya§am Stratejisi

ps % %

23%
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53%

Sekil 13. Hayat formu ve yasam stratejisi grafikleri

4. Tartisma ve Sonug

Ekolojide, alfa ¢esitliligin (a-gesitlilik) ve beta
cesitliligin  (B-gesitlilik) toplam1 olan gama
cesitliligi (y-gesitliligi), bir alandaki toplam tiir
cesitliligi olarak kabul edilir. Yerel olgekteki
alanlarda veya habitatlardaki ortalama tiir gesitliligi
(0) ve bu habitatlar arasindaki farkli tiirlerin
cesitliligi (B) ekolojik acidan oOnemli bilgiler
icermektedir (Whittaker, 1960). Calisma alaninda
36 (10 takson) aga¢ govdesi lizerinden 8 familyaya
ait 49 takson karayosunu ornegi bulunmustur
(Tablo 2). Bu taksonlar arasinda 5 tanesi obligat
epifit olarak belirlenmistir (Lewinskya affinis,
Orthotrichum diaphanum, O. macrocephalum, O.
pallens ve O. pumilum). Epifitik floranin %10’na
denk gelen bu say1 epifitik habitatlarin epiftik
karayosunlar1 agisindan olumsuz yonde degisim
oranini da temsil etmektedir. Calisma alanindaki 36
adet agac bireyi derin vadi iglerinde yayilis
gostermektedir (Tablo 1 ve Sekil 2) ve insanlar
tarafindan sonradan bahgecilik faaliyetleri sirasinda
yetistirilmis (plantasyon) agaclardir (Sekil ).
Epifitik habitatlarin = %90 oraninda bozulmus
olmasinin nedeni, c¢alisma alaninin korumasina
ragmen binlerce yildir antropojenik baski altinda
kalmasina baglanabilir. Ayrica Shannon ve
Simpson indekslerine gore (Sekil 6-7) Carpinus
orientalis, Juglans regia ve Populus alba
agaclarinda  gesitliligin  yiiksek ¢ikmast  ve
Lewinskya rupestris ve Syntrichia ruralis gibi
epilitik taksonlarin epifitik florada genis yayilisa
sahip olmasi (Sekil 9) sekonder siiksesyon sonrasi
olusan klimaksin da bozuldugunu géstermektedir.

Habitatlarin  farklilagmasit sonucu olugsan Beta
cesitlilik habitatlar arasindaki biyolojik ¢esitliligin

bir olgiisiidiir ve bolgesel diizeyde Gama ¢esitliligi
artirmaktadir (Whittaker, 1972; Magurran, 1988;
Mumby, 2001). Epifitik floradaki ¢esitliligin
farkliliklarini istatistiksel olarak gosterebilmek igin
Jaccard ve SED indeksleri hesaplanmig (Tablo 5) ve
kiimeleme analizleri yapilmistir (Sekil 10-11). Bu
analizlere gor Juglans regia, Populus alba ve
Carpinus orientalis agaglarinin benzer floraya sahip
oldugu belirlenmistir. Bunun nedeni her ii¢liniin de
genis govde capli ve yasl agaglar olmasina
baglanabilir.

Biyolojik ¢esitliligi hangi kuvvetlerin yarattig1 ve
stirdiirdiigii hakkinda birgok teori vardir. Bu
hipotezlerden bazilari, biyolojik gesitlilik ve habitat
cesitliligi arasindaki iligkileri anlamakla ilgilidir
(Shmida ve Wilson, 1985). Bu hipotezlerden biri
olan Habitat Heterojenligi hipotezi agaglar
tzerindeki ~ karayosunu  gesitliligini  kismen
aciklayabilir. Ancak, tiim giiclinii gosterebilmesi
i¢in siiksesyonun klimaks agamada olmasina ihtiyag
duyar. Ancak calisma alaninda da oldugu gibi
dogalligin1 kaybetmis cesitliligin yiiksek oldugu
alanlar i¢in “ekoton bolge hipotezi” daha dogru
sonuglar verebilir (Connell, 1978). Bitki ortiisi
gevre iligkilerinin nicel analizi igin epifitik
briyofitlerin dagilimlarinin, 151k yogunlugu, hava
sicakligt ve bagil nem gibi yiikseklik ile ilgili
karmasik  bir  dizi  faktdrden etkilendigi
bilinmektedir. Bu nedenle c¢aliyma alaninda
karayosunlarinin substrat olarak hangi agag tiirlerini
daha ¢ok tercih ettigini agiklamak i¢in ekoton bolge
hipotezi tercih edilmistir. Bunu nicel hale
getirebilmek icinde c¢ok degiskenli analitik arag
olan PCA kullanilmigtir (Sekil 12). Orijine obligat
epiftik tiirleri yaklastiracak sekilde aksisleri



Kara R. Tagpimar H. 2021. Anatolian Bryol...........

belirlenen PCA analizlerinde c¢aligma alaninda
karayosunlar1 151k ve aga¢ yasina bagl olarak
Juglans regia, Populus alba ve Carpinus orientalis
gibi aga¢ tirlerini daha ¢ok tercih ettikleri
gozlemlenmistir. Ayrica calisma alaninda ceviz
agacinin sayis1 giirgen ve kavak agacina gore daha
fazla olmasina ragmen (Sekil 8) giirgen ve kavak
agacindaki briyogesitlilik daha yiiksek cikmistir
(Sekil 6-7). Bu duruma ¢alisma alanindaki ceviz
agaclarinin daha geng olmalar ve daha piiriizsiiz
govde yapisina sahip olmalart neden olmustur.

Hem iklimsel hem de jeolojik 6zelliklerinden dolay1
Kapadokya bolgesinde yayilis gosteren epifitik
karayosunlart  6zel adaptasyonlara  sahiptir.
Arastirma alaninda o6zellikle Gomeda, Uzengi,
Giivercinlik Vadilerinde nemli habitatlar yer
almasina ragmen, alanin genelinde Ozellikle de
karasal acikliklar1 ve kayalik yamaclarda biiyiik
¢ogunlukla kurak habitatlar hakim durumdadir.
Karayosunlarinin epifitik habitatlardaki varligi
makro iklimden daha ¢ok mikro habitatin
ozeliklerine baglidir (Kiirschner, 1999). Ancak
genel flora igerisindeki karayosunlarinin hayat
formlari, yasam stratejileri ve familya oranlar
makro iklimin bir yansimasidir. Caligma alanindan

elde edilen sonuglar da bu teoriyi dogrular
niteliktedir.
Tesekkiir: Bu c¢alisma Tirkiye Bilimsel ve

Teknolojik  Aragtirma Kurumu’nun 11972205

numarali projesi ile desteklenmistir.

Not: Bu g¢aligma “Kapadokya-Goreme Milli
Parki’nin Briyofit Vejetasyonunun Arastirilmasi”
adl1 tezin bir par¢asini olusturmaktadir.
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Oz

Kolon kanseri neredeyse her yil bir milyondan fazla yeni tanilarin ortaya koyuldugu ve diinyada en sik rastlanan iigiincii
kanser tiiriidiir. Her yas grubunda goriilebildigi gibi kalitimsal kokenli degildir. Bu veriler g6z 6niine alindiginda
kanserin tedavisi i¢in yeni ilag kombinasyonlarinin aragtiritlmasi 6nemli bir ihtiyagtir. Bu ¢alismada, anti-kanser
aktivitesi bilinmeyen Syntrichia ruraliformis (Besch.) Mans., Hypnum andoi A.J.E.Sm, Platyhypnidium riparioides
Dixon karayosunu tiirlerinden elde edilen ekstraktlarmin HCT116 kolon kanser hiicre hatlarina karsi etkileri
degerlendirilmistir. Karayosunu tiirlerinin etil alkol ¢dziiclisiinde elde edilen ekstrelerinden, DMSO ile stok soliisyonlar
hazirlanarak, ¢esitli konsantrasyonlarda sitotoksite test (MTT) deneyleri yapilmistir. HCT116 serisinde bulunan tim
karayosunu tiirlerinin ICso degerlerine gore belirlenen dozlar ayni sekilde mezenkimal kok hiicrelere (MKH)
uygulanmustir. Ayrica, Fourier transform kizildtesi (FTIR) spektroskopisi ii¢ karayosununa maruz kalan kanser
hiicrelerini analiz etmek igin kullanilmistir. Sonug olarak, karayosunu tiirlerinin HCT116 kolorektal kanser hiicre
hattina kars1 yiiksek oranda antiproliferatif etki gosterdigi, bunun aksine MKH hiicrelerinde letal olmadig: tespit
edilmigtir. Ayrica, FTIR spektrumu ile elde edilen sonuglarin tim hiicre proliferasyonu verileriyle paralel seyrettigi
molekiiler diizeyde de belirlenmistir. Tiim sonuglarin 1s18inda bu karayosunu tiirlerinin, biyoaktif bilesenleri
belirlendigi takdirde, potansiyel kanser ilaci olma 6zelligine sahip oldugu diisiiniilmektedir.

Anahtar kelimeler: Briyofit, anti-proliferatif, kolorektal kanser, FTIR

Spectroscopic Investigation of the Effects of Syntrichia ruraliformis (Besch.) Mans., Hypnum andoi A.J.E.Sm.
and Platyhypnidium riparioides Dixon Ethanol Extracts on HCT116 Cell Viability

Abstract

Colon cancer is the third most common type of cancer in the world, with more than a million new diagnoses every year.
As can be seen in all age groups, it is not inherited. Considering these data, it is an important need to research new drug
combinations for the treatment of cancer. In this study, the effects of extracts obtained from Syntrichia ruraliformis
(Besch.) Mans., Hypnum andoi A.J.E.Sm, Platyhypnidium riparioides Dixon bryophyte species with unknown
anticancer activity against HCT116 colon cancer cell lines were evaluated. Cytotoxicity test (MTT) experiments were
performed at various concentrations by preparing stock solutions with DMSO from extracts of moss species obtained
in ethyl alcohol solvent. The doses determined according to the ICso values of all moss species in the HCT116 series
were applied to the mesenchymal stem cells (MSCs) in the same way. In addition, Fourier transform infrared (FTIR)
spectroscopy was used to analyze cancer cells exposed to three mosses. As a result, it was determined that moss species
showed a high antiproliferative effect against HCT116 colorectal cancer cell line, but on the contrary, it was not lethal
in MSC cells. In addition, it was determined at the molecular level that the results obtained with the FTIR spectrum
were parallel to the cell proliferation data. In the light of all the results, these Bryophyte species are considered to be
potential cancer drugs if their bioactive components are determined.

Key words Bryophyte, ant-proliferative, colorectal cancer, FTIR
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1. Giris

Kolorektal kanser (KRK), kadinlarda ve erkeklerde
benzer insidans oraniyla kiiresel olarak en yaygin
kanserlerden biridir. Genis bir morbidite ve
mortalite oraniyla diinya ¢apinda her yil, bir
milyondan fazla yeni KRK vakasi teshis
edilmektedir. Kolon kanseri ¢ogunlugu sporadik
olarak goriilmekle beraber kalitimsal mutasyon
belirlenmemistir.  Epitel hiicrelerde gergeklesen
genetik-epigenetik degisikliklerden kaynaklandig
gibi, timdér stroma iliskisinin ve tiimdriin
bulundugu mikrogevrenin, tiimére karsi meydana
gelen immiin yanitin, kolon kanseri patogenezinde
6nemli bir yer tuttugu da bilinmektedir (McLean ve
ark., 2011; Parizadeh ve ark., 2019).

Karayosunlar1  evrimsel olarak bakildiginda,
mantarlardan ve alglerden daha gelismis, cigekli
bitkilerden ve egreltilerden daha ilkel canlilardir.
Karasal bitki toplulugunun en biiyiik ikinci grubunu
olusturmaktadir. Ekosistemin &nemli bir pargasi
olan bryofitlerin, potansiyelini belirlemeye yonelik
calismalar  Tirkiye’de giderek  artmaktadir.
Gilineydogu Anadolu, briyofitler agisindan en ¢ok
arastirilan bolgeler arasinda olmasina ragmen, hala
briyofitler i¢in arastirilmasi gereken bircok alan
vardir (Mezaka ve Znotina, 2006; Mezaka ve ark.,
2008; Baser, 2016, Dikmen ve Kegeli, 2017; Erdag
ve Kiirschner, 2017; Kirmaci ve Agcagil, 2018).
Yapilarinda bulunan oligosakkaritler,
polisakkaritler, aminoasitler, yag asitleri, aromatik
ve fenolik bilesikler gibi kendine 6zgii kimyasal
bilesenleri sayesinde antikanser aktivesine sahip
olduklar1 bilinmektedir (Singh ve Srivastava, 2013).

Karayosunlarina ait birgok c¢alisma s6z konusu
olmakla birlikte, kanser tizerine etkileri hakkinda
arastirtlmasi gereken olduk¢a genis bir alan vardir.
Biyolojik olarak aktif kimyasallarin belirlenmesi
icin, Ulusal Kanser Enstitiisli’niin briyofit kayitlari
incelenmistir. Buna gore, 1977°de Maryland’den

bir yosun 6zii, KB (Oro-laringal Skuaméoz
Karsinoma)  hiicre  kiltiiriinde  sitotoksisite
gostermistir. Fakat 1980’e¢ kadar briyofitlerde

antitimor etkisi kesfedilememistir. Bu yiizden
1980-1981 yillar arasinda briyofitlerin toplanmasi,
taranmasi ve {lizerine ¢aligmalar yapilmasi daha da
artmustir (Spjut ve ark., 1986).

Yapilan bir briyofit tarama ¢aligmasinda 43 tiiriin
aktif oldugu, 75 tiiriin fareler igin toksik oldugu
antitimor ajanlar igin birgok tiiriin bulundugu tespit
edilmistir. Brachytheciaceae, Hypnaceae
familyalarimin  en fazla aktivite gosterdigi
gozlenmistir. En eski kara bitkileri olarak kabul
edilen briyofitler, farkli stres tiirlerine kars1
miicadele etmek i¢in bir dizi ikincil metabolit
sentezlerler. Bu fitokimyasallarin varligindan

dolay1 enfeksiyon, yipranma, radyasyon, sicaklik,
tuzluluk dalgalanmalari ile basa ¢ikabilirler (Dey ve
Mukherjee, 2015). Hem diinyada hem Tiirkiye’de
olduk¢a zengin floraya sahip karayosunlarinin
antikanser  calismalar1  yetersiz ~ kalmaktadir.
Dolayisiyla bu ¢alismada, Syntrichia ruraliformis,
Hypnum andoi ve Platyhypnidium riparioides tiirti
karayosunlarinin etil alkol ekstraktlarmin, HCT116
kolorektal kanser hiicre proliferasyonuna ve
molekiiler degisikliklere etkisinin spektroskopik
acidan incelenmesi hedeflenmistir.

2. Gereg¢ Ve Yontemler

2.1 Karayosunu Tiirleri Ekstraksiyonu
Calismada S. ruraliformis (K1), H. andoi (K2) ve P.
riparioides (K3) karayosunu tiirleri igin diger
¢oziicii maddelere kiyasla, diisiik sicaklikta vakum
altinda kolay buharlastirilabilmesi ve polaritesi goz
ontinde bulundurularak etil alkol ¢oziciisii
kullanilmistir.  Ekstraksiyon sirasinda her g
karayosunu havanda toz haline getirilmistir. 0,5 gr
karayosunu hassas terazide tartilarak tizerlerine 50
ml %99,9 saflikta etanol eklenmistir. 130 rpm’de
orbital calkalayicimin (WiseShake, Kore) iizerine
koyularak, bir hafta siireyle karistirilmaya
brrakilmustir. Stire sonunda ekstraktlar
calkalayicidan alinarak Whatman No:1 filtre
kagidindan siiziilmiis ve etil alkol ekstraktlarindan
doner buharlastiricida (Heidolph) vakum altinda
130-150 rpm, 40-45°C’de ¢oziici maddenin
uzaklastirilmasi saglanmstir (Yetgin ve ark. 2018).
Coziicinin buharlastigi balon igerisinde kalan
karayosunlar1 kazilarak ependorf bir tiip icine
almmuigtir.

2.2 Kolorektal Karsinoma Hiicre Serisinin
Hazirlanmasi

Calismada insan kolorektal karsinoma (ATCC)
hiicre hatlar1 olan HCT116 kullanilmigtir. Hiicreler
T75 kiiltiir kaplar1 icerisine alinarak iizerine %10
FBS ve %1 penisilin-streptomisin igeren DMEM
koyulmustur. 37°C, %5 CO: iceren inkiibatore
hiicrelerin  ¢ogalmasi ve farklilagmasi igin
kaldirlmustir.  Etil  alkol ekstraktlarinin ~ stok
¢ozeltileri DMSO (5mg/mL) ile hazirlmistir. Stok
¢ozeltiler istenilen konsantrasyonlarda besi yeri ile
seyreltilerek doz ayarlamasi yapilmistir. Ug
karayosunu tiirli igin belirlenen konsantrasyon
aralig1 Tablo 1°de gosterilmistir.

Tablo 1. K1, K2, K3 karayosunu tiirlerine
uygulanan doz konsantrasyonlari

Belirlenen
Karayosunu Tiirleri Konsantrasyon
(ng/mL)
K1, K2, K3 100/ 90/ 80/ 70/ 60/ 50
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T75 Xkiltir kaplart igerisindeki hiicreler %80
doluluga ulastiginda, hiicrelere farkli
konsantrasyonlarda etil alkol ¢oziiclisii ile
hazirlanmis K1, K2, K3 ekstreleri uygulanmistir.
Hiicrelerde meydana gelen sitotoksik etki MTT (3-
(4,5-dimetiltiyazol-2-il)-2,5-difeniltetrazolium
bromid) yontemi kullanilarak incelenmistir. Olusan
formazan ¢oziilerek 570 nm dalga boyunda
multimode mikroplaka (BioTek, ABD) okuyucuda
absorbanslari 6l¢iilmiistiir. Canlt hiicrelerin yiizdesi
hesaplanirken  Esitlik  1°de ki denklem
kullanilmigtir.  Yasayan  hiicreler% = )
Boyanmamus hiicreler / Y Hiicreler x 100

Her kuyucuk i¢in 1000 hiicre olacak sekilde 96’11k
kuyucuklar icerisine hiicre ekimi
gerceklestirilmigtir. Bu iglemin ardindan hazirlanan
karayosunu ekstrelerine ait dozlardan 10 pl alinarak
kuyucuklara uygulanmis ve 37°C, %5 CO; igeren
inkiibatérde 72 saat bekletilmistir. Siire sonunda
96’11 plaka igerisindeki her kuyucuga 10 pul MTT
reaktifi koyularak 4 saat 37°C, %5 CO; igeren
inkiibatorde bekletilmistir ve mikroplaka (BioTek,
ABD) okuyucuda 570 nm dalga boyunda
absorbanslar1  Ol¢iilmiistir. MTT analizlerinin
sonucunda  doz/cevap  egrileri  hazirlanarak,
bilesiklerin ICsp degeri (hiicrelerin  %50’sinin
biiyiimesini inhibe eden konsantrasyon) hesaplanip
bu parametreye gore ekstraktin etkinlikleri
karsilagtirilmistir. DMSO ve etil alkol negatif
kontrol olarak kullamilmigtir. Bu  kontroller,
hiicrenin  hayatta kalmasi iizerindeki etkiyi
belirlemek i¢in 96’11 plakalara ayr1 gruplar halinde
eklenmistir. Graphpad Prism 9.1.0 programi
kullanilarak bilesiklerin 1Csq degeri hesaplanmistir
ve bu parametreye gore ekstraktin etkinlikleri
karsilastirilmstir (Ozerkan ve ark. 2021).

2.3  Mezenkimal
Hazirlanmasi
Kullanilan hiicreler KU-HADYEK 2018-10 Etik

Kok Hiicre Serisinin

Kurul Izni ile hazirlanan MKH hattinin P6
agsamasindaki hiicreler olup, Kastamonu
Universitesi Deney Hayvanlari  Yerel Etik

Kurulu’nun 25.03.2021 tarihli 2 say1li toplantisinin
12 sayili karart ile kullanilmasi i¢in etik kurul onay1
gerekmedigi ayrica onaylanmustir.

%80 doluluga ulasan mezenkimal kok hiicrelere
(MKH) tripsinizasyon islemi uygulanarak her
kuyucuk i¢in 1000 hiicre olacak sekilde 96’lik
kuyucuklara hiicre ekimi gerceklestirilmistir.
Kuyucuklara %10 FBS ve %1 penisilin-
streptomisin iceren o-MEM eklendi. Hiicrelerin
yiizeye yapigmasi i¢in bir gece 37°C, %5 CO; ve
%90 nem iceren inkiibatorde bekletilmistir. Siire
sonunda her bir kuyucuktan 25 uL besiyeri

¢ekilerek, kuyucuklara hazirlanan karayosunu
ekstraktlarina ait dozlardan 25 pL eklenmistir.
Hiicreler  inkiibatore  kaldirilarak 72 saat
bekletilmistir. Siire sonunda kuyucuklardaki sivi
kistm tamamen ¢ekilerek 225 pL, penisilin-
streptomisin igeren o-MEM eklenmistir. Uzerine 25
pL MTT reaktifi eklenerek 4 saat 37°C, %5 CO;
iceren inkiibatdrde bekletilmistir. Siire sonunda
kuyucuklardaki sivi tamamen cekilerek atilmis ve
kuyucuklara 250 pL isopropil alkol koyularak
olusan formazan ¢6ziilmiistiir. Steril haldeki farkli
bir 96’lik plaka igerisine kontrol, drnek ve kor
¢ozeltilerinden 200 pL  koyularak multimode
mikroplaka (BioTek, ABD) okuyucuda 570 nm
dalga boyunda, kuyucuklarin absorbanslari
Ol¢tilmistir (Emin ve ark. 2020).

2.4 Istatiksel Analiz

Deneylerin sonuglar1 tek yonliit ANOVA tarafindan
Graphpad Prism 9.1.0 programi kullanilarak ¢oklu
karsilagtirma testi ile istatistiki yOnden analiz
edilmistir. Kontrol grubu ortalamasina kars1 diger
gruplarin ortalamalarinin karsilastiritlmas: Dunnett
testi ile gerceklestirilmistir. p<0,05 istatistiksel
olarak anlamli kabul edildi. Sonuglar ortalama =+
SEM olarak verilmistir.

2.5 FTIR Analizi icin Numune Hazirlanmasi
FTIR analizi sadece karayosunu tiirlerinin 6nceden
belirlenen 1Csy konsantrasyonlar1  kullanilarak
yapilmistir. igerisinde HCT116 kontrol grubu,
sisplatin uygulanmis HCT116 grubu ve K1, K2, K3
karayosunu  ekstreleri uygulanmig HCT116
hiicreleri bulunan 6’11 plaka 37°C, %5 CO; igeren
inkiibatorde 72 saat bekletilmistir. 72 saat sonunda
inkiilbe edilen hiicreler 3 kez PBS ile
santrifiijlenerek siipernatant kisim atilmis ve pellet
kismi DMEM ile ¢ozdirilmistir. Her bir
karayosunu i¢in ayr1 lamlar etiketlenerek hiicre
siispansiyonu lamlar iizerine yayilmig, lamlarin
kurumasi i¢in 24-48 saat c¢eker ocakta
bekletilmistir. Kuruyan lamlar iizerindeki 6rnekler
kazilarak ependorf tiipler igerisine alinarak ATR-
FTIR (BRUKER Alpha, Almanya) cihazi ile
analizleri yapilmistir (Guleken ve ark. 2021).

3. Bulgular

3.1 Hiicre Canlhihg1 Bulgular

Kullanilan karayosunu tiirlerinin dozlar1 Tablo 1°de
gosterilen aralikta segilerek, hiicre proliferasyonuna
etkileri belirlenip Sekil 1°de gosterilmistir. HCT116
hiicreleri ile kontrol grubu karsilagtirilmistir. Tim
karayosunu gruplarinda uygulanan
konsantrasyonlardan hangisinin hiicre canliligin
%50 inhibe ettigi belirlenmistir. Etil alkol ile
hazirlanmis K1, K2, K3 karayosunu ekstraktinin
kontrol  grubuna kiyasla, uygulanan tiim
konsantrasyonlarda HCT116 hiicreleri iizerinde,
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canliligl azaltici yonde etki ettigi gorilmistiir.
Ozellikle K1°de 70 pg/mL, K2’de 50 pg/mL ve
K3’de 50 ng/ml konsantrasyonlarda en iyi sonuglar
elde edilmistir. Kolorektal kanser hiicre serilerinde
bulunan ICsp degerlerine gore belirlenen dozlar ayni
sekilde =~ MKH’lere de uygulandi.  Tim
karayosunlarinin mezenkimal kdk hiicre canliligi

kiyaslandiginda o6zellikle K3 karayosunu tiirlinde
70 pg/mL  Kkonsantrasyonun etkili  oldugu
goriilmiistiir. Sonuglara gore elde edilen doz/cevap
egrileri ve ICsyp degerleri Sekil 2’de wverildi.
Sisplatinin  ICsp degeri yaklasik olarak 18,90
pM’dir. Etil alkol ile hazirlanmig K1, K2 ve K3
karayosunu tiirlerinin tgiiniin de sisplatin ile

tizerinde ¢ok Onemli bir etkisi olmadigi  hazirlananlara gore HCT116 iizerinde daha etkili
gozlenmigtir.  Sekil 1°de kontrol grubu ile  oldugu goriilmiistiir.
K1 K2
3k 3k 3k 3k 3k 3k %k *k
| 3k 3k 3k 3k | 3k >k 3k k
| 3k 3k 3k 3k | 3k 3k %k k
ok 3k %k 3k I 3k >k 3k k
3k 3k 3k 3k ok 3k %k *k
150 150
— *k %k *k %k - o ok ok ok
)20 o0
‘c_'% 100 — | § 100
] )
5 E \
2 504 2 50+
= ) ﬂ [
(She T T T A 0- T T T B
O ~Y ~S ~S ~S ~Y ~Ne N D QD QD
SR SO
NES ‘:QQ @Q ,\QQ' %QQ QQQ \QQQ NES %QQ' @Q ,\QQ %QQ QQQ\QQQ’
K3
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Kontrol K1 K2 K3

Sekil 1. 72 saat sonunda hiicre canlilig1 (%) MTT testi ile belirlenmistir. K1, K2 ve K3 ekstraksiyonu doza
bagh bir sekilde kolorektal kanser hiicre dizisi HCT116’da belirgin hiicre 6liimiinii indiiklemistir. Veriler,
her kosul igin ii¢ bagimsiz deneyden alinmistir. Kontrol grubuna gore uygulanan karayosunu dozlar
istatiksel olarak degerlendirilmistir (a-c). K1, K2 ve K3 tiirlerinde en etkili ICso dozlar1 belirlendikten sonra
mezenkimal kok hiicrelerine uygulanmis ve 72. Saatin sonundaki canlilik oranlari kontrol grubu ile
karsilagtirtlmigtir (d)  (**** p<0,0001; ***p<0,001; **p<0,01; *p<0,05)
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Sekil 2. Etil alkol ¢6ziiciisiiyle hazirlanmis olan K1, K2, K3 karayosunu ekstrelerinin ICso degerlerine ait
doz/cevap egrileri

3.2 Morfolojik Bulgular

HCT116 kontrol grubu koloni halinde yiizeye
yayilmis  olarak  goézlenmistir  (Sekil  3a).
Karayosunu uygulamalari sonucunda hiicrelerin
hacimlerinde bir artis tespit edilerek, hiicrelerin
bazilarinda igsi

sekil artig1 saptanmistir (Sekil 3 b, ¢). Baz
hiicrelerde ise biizillme ve yuvarlak morfoloji
belirlenmistir (Sekil 3d). Ayrica hiicreler arasi
baglantilarin azalarak kolonilesmelerin de azaldig1
izlenmigtir (Sekil 3).

Sekil 3. Karayosunu tiirleri uygulanmig HCT116 kanser hiicrelerinin morfolojik goriintiileri (biiyiitme
X100)

3.3 FTIR Bulgulan

Tiim ATR-FTIR spektrumlart oda sicakliginda
4000 ile 450 cm™? arasindaki spektral bolgede elde
edilmistir.  Bireysel hiicresel  bilesenlerdeki
niceliksel degisiklikleri analiz etmek igin, tek tek
bilesenlerin  belirli  bantlar i¢in  sogurma
yogunlugunun oranlart belirlenmistir. Spektral

normalizasyon, baseline diizeltmesi sonrast uygun
spektral araliktaki esit alan agisindan (lipidler igin
3300-2800 cm, proteinler i¢in 1800-1200 cm?,
niikkleik  asitler  igin 1200-900  cm?)
gerceklestirilmistir. Absorbans degerleri, titresim

tipine atanan ilgili dalga numaralarinda okunmustur
(Sekil 4).
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Sekil 4. Kontrol K1-K3 karayosunu ekstraktlari ve sisplatin uygulanmig HCT116 hiicrelerinden elde
edilen FTIR grafikleri

3274 cm¥de tespit edilen O-H simetrik germe
bandi piki i¢in K1 tiirdi, kontrol grubuna gére diisiik
bulunmustur. K2 ve K3 tiirleri uygulanmis HCT116
hiicrelerinde bu pik kontrol grubundan daha yiiksek
gozlenmistir. Bunun haricinde 2952 cm™®’de CH»
asimetrik germe piki, 2922 cm™’de asil zincirlerinin
CHy’sinin ~ asimetrik  gerilme  titresim  pik

degerlerinde kontrol grubuna gore diger gruplarda
genel olarak bir azalma goriilmiistiir. 2871 cm™’de
CHj; simetrik germe piki ve 2854 cm™’de CH:
simetrik piki tespit edilmistir. Bu piklerde kontrol
ve K3 karayosunu tiiriinde benzer pikler goriiliirken
diger gruplarda ise daha diisiik pik degerleri
goriilmektedir (Sekil 5).

3700 3600 3500 3400 3300

1,9
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0,9
2800
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Sekil 5. 3300-2800 cm aralig1 ayarlanmus lipit bolgesi karayosunu gruplarmin HCT116 hiicrelerine
uygulanmasi sonucu goriilen FTIR pik degerleri ve anlamlari

Tiim gruplarda 1635 cm™*’de Amid I, 1570 ve 1539
cmde Amid II, 1449 c¢cm™’de metil protein
gruplarmin asimetrik CH3 biikiilmesi, 1392 cm™’de
CH> asimetrik biikme, COO- gerilmesi (proteinler
ve yag asitleri) ve 1307 cm™’de Amid III pikleri

tespit edilmigtir. Amid | ve Amid Il piklerinde K2
tiri haricinde tiim piklerde belirgin azalma
mevcuttur. Amid I pikinde K3 grubunda yaklasik 5
cm¥’lik sola kayma séz konusudur. 1449 cm'
pikinde, kontrol, K2 ve sisplatin gruplari benzer
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ise kontrol ve K3 gruplarinda benzer pikler
saptanirken, diger gruplarda pik yogunluklarinda

pikler gosterirken, K1 ve K3 tiirlerinde gozle
belirgin azalma izlenmistir (Sekil 6).

goriiliir derecede piklerde azalma mevcuttur. 1392
cm?, 1307 cm™? ve 1241 cm Amid 111 piklerinde

23
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Sekil 6. 1800-1200 cm™ aralig1 ayarlanmis protein bolgesi karayosunu tiirlerinin HCT116 hiicrelerine
uygulanmasi sonucu goriilen FTIR pik degerleri ve anlamlari
hepsinde kontrol ve K3 karayosunu tiiriinde benzer
oranlar saptanirken; diger tiim gruplarda bu oran

azaldi (Sekil 7).

1072 cm¥’de niikleik asit bandinda, 1021 cm™*’de
RNA piki, 984 cm™’de fosfodiester bolgesinde ve
835 cm™’de DNA bolgesinde pikler belirlenmistir.
Tim pik yogunluklart incelendiginde bu bantlarin
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Sekil 7. 1200-900 cm'! aralig1 ayarlanmis niikleik asit bolgesi karayosunu gruplarmin HCT116 hiicrelerine

uygulanmasi sonucu goriilen FTIR pik degerleri ve anlamlart
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4. Tartisma ve Sonug

Briyofitler bilinen en eski kara bitkileri olmakla
birlikte faydalar1 insanlarin ¢ogu tarafindan
bilinmemektedir. Eczacilik urtinlerinde,
bahgecilikte, evsel kullanim, insaat, ilag sektoriinde
kullanilmakla birlikte ekolojik agidan da dnemli bir
yere sahiptirler (Saxena, 2004). Yapilarinda
bulunan terpenoidler, asetojenler, aromatik
bilesikler kimyasal savunmalarinda ve bariyer
gorevi gormede etkilidir (Asakawa ve Ludwiczuk,
2019). Karayosunlarina ait birgok caligma
olmasiyla birlikte, kanser tizerine etkileri hakkinda
arastirilmasi gereken oldukga genis bir alan vardir.

Yapilan  literatiir ~ taramasinda  Syntrichia
ruraliformis, Hypnum andoi ve Platyhypnidium
riparioides karayosunu tiirlerine ait antikanser

calismasina rastlanmamustir. Arastirmalarin
yetersizligi ve bryofitlerin biyoaktif bilesen
acisindan zenginligi bu caligmanin

gerceklestirilmesine sebep olmustur.

Bu tiirlerin  familyalarina ait ¢aligmalara
bakildiginda, 2021 yilinda tarafimizca yapilan bir
baska c¢alismada S. ruralis tirii HCT116 hiicre
proliferasyonunu azaltict etki gostermistir. 1Cso
degeri 24,26 pg/ml bulunmustur. Bu calisma da S.
ruraliformis  tiriiniin  ICsp’si  daha  diisiik
bulunmustur (Ozerkan ve ark. 2021). Baska bir
¢alismada, bir¢ok Briyofit tiirtiniin akut lenfoblastik
T 16semi hastasi dort yasindaki beyaz bir kizin
periferik kanindaki lenfosit T'nin Onciileri olarak
insan fibroblastlarindan olusan CCRF-CEM
hiicreleri ve CCRF-CEM hattindan elde edilmis, alt
klonlanmig ve kamptotesine direngli CEM/CI
hiicreleri tizerindeki sitotoksik etkileri
incelenmistir. Segilen tiirler arasinda Hypnaceae
familyasina ait Hypnum lindbergii Mitt. ve Hypnum
cupressiforme Hedw. tiirleri bu hiicreler tizerinde
sitotoksik etki gostermistir. [Cso degerleri sirastyla
490,78 (nug/mL) ve 397,96 (ug/mL) olarak
bulunmustur (Hawryt ve ark., 2018). Canakkale ida
dagindan toplanan Hypnum cupressiforme Hedw.
tiiriiniin metanol ektraktlart kiiclik hiicreli akciger
kanseri hiicreleri ve HeLa insan servikal kanser
hiicreleri iizerinde yiiksek oranda antiproliferatif
etkiye sebep olmustur (Yaymntas ve ark., 2019).
Ilgili ¢ahigmalara ait sonuglar karsilastirildiginda;
tarafimizca Kullanilan tiirlerin hiicre canliligini
azaltict yonde daha diisiik dozlarda daha fazla etkin
oldugu ifade edilebilir.

ATR-FTIR yontemi ile normal ve kanser
hiicrelerinde zar proteinleri ve lipidler arasindaki
farklar gosterilmekte, kanser hiicrelerine ilag
verildikten sonra apoptotik ve nekrotik 6liim tespit
edilmektedir (Gieroba ve ark., 2020; Dunkunthod
ve Chitsomboon, 2020; Serdiuk ve ark., 2020). Bu

calismada, ATR-FTIR kullanilarak  biryofit
uygulamasinin  kanser hiicrelerinde meydana
getirdigi protein, lipid ve niikleik asitlerdeki
degisimler incelenmigtir. Piklerin hiicre 6limiiyle
herhangi bir iligkisi olup olmadigini belirlemek i¢in
belirli piklerdeki degisikliklere bakilmustir.

Amid I ve amid II arasindaki absorbans degeri,
amid gruplarmin gerilme titresimleri, proteinlerdeki
yapisal degisiklikleri ifade etmek i¢in uygulanabilir
(Ishida ve Griffiths, 1993). Kontrol grubunda
(HCT116) amid | /amid II'nin ortalama degeri
yaklagik 1,014°tlir ve karayosunu ekstreleri
uygulanmis hiicrelerde bu oranda artig gézlenmistir.
RNA/DNA absorbans oranmin analizi ile niikleik
asit icerigindeki azalma belirlenebilir (Sahu ve ark.,
2008). Tiim karayosunu tiirlerinde kontrol grubuna
kiyasla RNA/DNA oraninda bir artis gozlenmistir.
K1 ve K2 tiirleri uygulanmig HCT116 hiicrelerinde
kontrol grubuna gére amid I/DNA oranindaki artis,
daha fazla kromatin yogunlasmasi ile saglanabilir.
Buna Kkarsilik, K3’de gozlenen ters egilim
muhtemelen DNA'nin ¢ift sarmalinin enzimler
yardimiyla agildigr yogun DNA replikasyonu ile
iliskilidir (Barth, 2007; Antonin ve Neumann,
2016). Yag asitlerinde bulunan CH, ve CHs
gruplarinin ~ simetrik  ve asimetrik  gerilme
titresimleri, 2800 ile 3000 cm™ arasindaki bolgede
bulunmaktadir. CH> sayisina gore CHs sayisinin
artmasi, apoptozis sirasinda lipid zincirlerinin
degisebilecegini gostermektedir. Apoptozis
sirasinda  CH2'nin  simetrik  ve  antisimetrik
gerilmesine atanan 2854 cm™ + 3 cmt ve 2952 cm'?
+ 4 cm?! bantlan her grupta farkh etki
gostermektedir. 2952 cm™ ve 2854 cm'de artan
lipid emilimi apoptoz ve nekroz igin ortak bir
belirteg  olabilir, Kl ve K2 karayosunu
ekstraklarinda tespit edilebilir. Ancak K3 ve
sisplatin uygulanmig gruplarda farkli sonuglar
ortaya ¢ikmistir. Dolayisiyla, CH2/CHs oranindaki
artis veya azalma net bir sonu¢ elde edilmesini
saglamayabilir (Gasparri ve Muzio, 2003). Protein /
lipid absorbans yogunlugu CH2/CHjs orani ile giiglii
bir sekilde iliskili olup (bu ¢alismada amid
I/lipidler), hiicre zar1 igindeki lipid ve protein
dagilimindaki sapmalar hakkinda ekstra bilgi
saglar. Amid I/lipid emme yoZunlugu oranlari
analiz edildiginde, tiim karayosunu ekstraklarinin
hiicre membranlarinda bozukluklara yol agtig1
saptanabilir. Hem metil (CHs), hem de metilen
(CH>) gruplarinin absorbansi incelendiginde amid
I/lipid oraninda bir azalma séz konusudur. Bu
durumun apoptoz ve nekroz sirasinda olabilecegini
diistindiirmektedir. Hem apoptozun, hem de
nekrozun ayni anda gergeklesmesi olasiligi
bulunmaktadir (Abdel-Rauf Ahmed ve ark., 2009).
Diizensiz yapidaki DNA'daki deoksiribozun iki
farkli C-O titresiminden kaynaklanan ~ 1020 cm™
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absorbans  yogunlugundaki  degisiklikler ile
apoptoz, nekrozdan ayirt edilmigtir.  Tim
karayosunu  ekstreleri  uygulanmis hiicre

gruplarinda kontrol grubuyla karsilastirildiginda ~
1021 cm ve 1072 cm'de niikleik asit bantlarinin
nispi yogunlugunda bir azalma oldugu tespit
edilmistir. Yapilan calismalar, azalmis DNA
absorbansinin  apoptoz ile iliskili oldugunu
bildirmistir. Bu, apoptotik DNA'nin daha az IR
radyasyonu absorbe etmesiyle agiklanabilir: Bu tip
hiicre 6liimii sirasinda DNA'nin yapisi bozulmasina
ragmen "seffaf" hale gelir. Bunun aksine, nekroz
sirasinda DNA bozulur, fakat konsantre edilmez
(tam olarak genisler), bu da onun daha fazla
kiz1l6tesi radyasyonu emmesini saglar. Sadece K3
grubundaki artisa bakildiginda, bu hiicrelerde
nekrozun oldugu sdylenebilir (Abdel-Rauf Ahmed
ve ark., 2009; Zelig, 2009).

S. ruraliformis, H. andoi ve P. riparioides
karayosunu tiirlerinin HCT116 kolorektal kanser
hiicre hattina kars1 yiiksek oranda antiproliferatif
etki gosterdigi tespit edilmistir. Deney asamasinda
karayosunu tiirlerinin  etkisinin  daha iyl
belirlenmesi i¢in pozitif kontrol grubu olarak,
Ozellikle kemoterapi tedavisinde etkili bir madde
olan sisplatin kullanilmis ve ii¢ karayosunu tiiriiniin
de ICso degerlerinin, sisplatinden bile daha diisiik
oldugu belirlenmistir. Bu durum tiim bu tiirlerin
sisplatinden daha diisiik dozlarda etkili oldugunu
gostermektedir. Ekstreleri hazirlarken kullanilan
etil alkol ¢oziiclisiiniin karayosunu tiirlerinin bu
etkilerini gostermesine katkida bulundugu ortaya
¢ikmistir. Bunun yani sira mezenkimal kok
hiicrelerine karsi tiim karayosunu tiirlerinin letal
etki gostermemesi ve hiicre bilylimesini olumsuz
etkilememesi bu tiirlerin saglikli hiicrelere zarar
vermediginin  gdstergesidir.  Ayrica, FTIR
spektrumu ile elde edilen sonuglarin tiim hiicre
canliligi verileriyle paralel seyrettigi molekiiler
diizeyde de belirlenmistir. Dolayisiyla bu tiirler,

biyoaktif  bilesenleri  belirlendigi  takdirde,
potansiyel kanser ilact olma 6zelligine sahiptirler.
Tim yapilan caligmalar g0z oniinde

bulunduruldugunda S. ruraliformis, H. andoi ve P.
riparioides karayosunu tiirlerinin farmakolojik
olarak yapilacak olan arastirmalara yardimci
olabilecegi diisliniilmektedir. Bununla birlikte
calismada kullanilan ii¢ farkli karayosunu tiiriiniin
biyoaktif bilesiklerinin tespit edilmesine yonelik ek
calismalara ihtiya¢ duyulmaktadir.

Tesekkiirler

Nuray Emin'e laboratuvarinda yer alan mezenkimal
kok hiicreleri paylastigi ve kisisel laboratuvar
kosullarim1 kullanmamiz1 sagladigr icin tesekkiir
ederiz.
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Abstract

In this study, the corrosion inhibition effect of Plagiochila porelloides (Torr. ex Nees) Lindenb. extract, a
Marchantiophyta species, on mild steel in hydrochloric acid solution at 298 K was investigated for the first time by
applying electrochemical impedance spectroscopy (EIS), linear polarization (LPR) and potentiodynamic polarization
techniques. Experiments were performed by immersing mild steel electrodes in acidic solutions containing different
concentrations of Plagiochila porelloides extract for 1 hour before each electrochemical measurement to equilibrate
with the aggressive solution. Liverwort extract showed a strong inhibitory effect as a result of 1 hour electrochemical
experiments, and as the extract concentration increased, the protective effect of mild steel in acidic solutions raised. In
addition, the surface images of the electrodes in 1.0 M HCI solutions with and without liverwort extract after 1-hour
exposure were examined by an optical microscope and it was shown that the metal surface in the inhibited extract
solution had a smoother appearance compared to the uninhibited metal surface. Electrochemical findings and surface
images support each other.

Key words: Marchantiophyta, Plagiochila porelloides, Green inhibitor, EIS, Optical microscope.

Asidik Cozeltide Yumusak Celik i¢cin Cevresel Olarak Siirdiiriilebilir Yeni Bir Yesil
Korozyon Inhibitorii Olarak Plagiochila porelloides (Marchantiophyta)’e Genel Bir Bakis

Oz

Bir Marchantiophyta tiirii olan Plagiochila porelloides (Torr. ex Nees) Lindenb. ekstraktinin 298 K’de hidroklorik asit
cozeltisindeki yumusak ¢eligin korozyonu iizerine inhibisyon etkisi, ilk kez bu ¢alismada elektrokimyasal impedans
spektroskopisi (EIS), lineer polarizasyon (LPR) ve potansiyodinamik polarizasyon yontemleri uygulanarak
arastirilmigtir. Deneyler, her elektrokimyasal dlgiimden 6nce yumusak ¢elik elektrotlarin agresif ¢ozelti ile dengeye
gelmesi igin 1 saat boyunca farkli konsantrasyonlarda Plagiochila porelloides 6ziitii igeren asidik ¢ozeltilere
daldirilmasiyla gergeklestirilmistir. Cigerotu 6ziitii 1 saatlik elektrokimyasal deneyler sonucunda, gii¢lii bir inhibitér
etki gostererek Oziit derisimi arttikga, asidik ¢ozeltilerdeki yumusak ¢eligi koruma etkisi artmistir. Ayrica, 1 saatlik
daldirma siiresi sonrasinda inhibitorlii ve inhibitdrsiiz 1,0 M HCI ¢ozeltilerine daldirilan elektrotlarin yiizey
morfolojileri optik mikroskopta incelenmis ve inhibitorlii ¢dzeltideki metal yiizeyinin inhibitorsiiz olan metal ylizeyine
gore daha diizgiin bir goriintitye sahip oldugu gosterilmistir. Elektrokimyasal bulgular ve yiizey goriintiileri birbirini
destekler niteliktedir.

Anahtar kelimeler: Marchantiophyta, Plagiochila porelloides, Yesil inhibitor, EIS, Optik mikroskop
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1. Introduction

Corrosion is a spontaneous process of metallic
destruction by the reaction of the metallic material
with its surrounding environment. It causes serious
damage to the main structure of the metal and this
is a global problem for many industries (Guruprasad
and Sachin, 2021; Chaubey et al., 2021). Corrosion
is a distressing process that can cause damage to an
industrial plant, causing it to shut down. For this
reason, it is tried to be prevented or slowed down by
using substances (inhibitors) that will prevent the
dissolution of metallic material, especially in an
aqueous medium such as acid, or in other words,
reduce the current density. There are many common
acidic media inhibitors. The most preferred among
these are organic compounds with aromatic rings
and heteroatoms such as N, S, P, O in the basic
skeleton chain. The addition of such substances to
the corrosive media is one of the most effective and
suitable methods to protect the metallic material
(Ozkir and Cifcibasi, 2017; Ozkir, 2018; Ozkir,
2019a; Ozkir, 2019b). On the other hand, since
these compounds can be both costly and toxic to the
environment, this has led many researchers to
examine natural products and therefore
environmentally  friendly  green inhibitors.
According to many research articles, it has been
stated that the extracts obtained from the leaves,
bark, seeds and roots of the plants exhibit effective
inhibition because they contain active organic
compounds such as alkaloids, flavonoids and
terpenoids which are called secondary metabolites
(Ozkir and Ezer, 2020; Zhang et al., 2020;
Salmasifar et al., 2021; Alrebh et al., 2021).

Secondary metabolites can effectively adsorb the
metal surface and therefore can be applied as
corrosion inhibitors without toxic effects due to
their structure. In fact, it can be said that the plant
extracts’ ability to act as corrosion inhibitors is
traditionally due to the presence of chemical
structures similar to those of previously known
organic molecules (Huang et al., 2016). In theory,
there is an electron transfer from the = electrons
present in the structure of phenolic compounds to
metals. When the metal receives the electron, it
becomes more stable and prevents corrosion attack
on the surface. Bryophytes, which are very rich in
secondary metabolites, are a group of plants that
reproduce by spores rather than flowers or seeds
(Cansu et al. 2013, 2014; Tosun et al. 2015). They
are usually found in a humid environment. Based on
its rich source of secondary metabolites, Hypnum
cupressiforme, a moss species, was applied for the
first time as a green inhibitor on the corrosion of
mild steel in the 1.0 M HCI solution. As a result of

the first research in this field and our country, it was
found that Hypnum cupressiforme extract
significantly prevents corrosion of mild steel (Ozkir
and Ezer, 2020).

Based on this idea, in this study, the effect of P.
porelloides, which is also rich in secondary
metabolites and a kind of liverwort, on the corrosion
of mild steel in acidic solution was studied for the
first time in Turkey. Liverworts, along with mosses
and hornworts, are classified by botanists as
bryophytes—non-flowering plants that lack vascular
tissue. They mostly live in moist soils such as
mosses, on rocks, soil, rock outcrops and tree bases.
Investigation of corrosion inhibitor effects for such
natural plants is a separate application area and
increases their diversity.

For this purpose, it was intended to analyse the
influence of the P. porelloides extract as an
inhibitor on the mild steel corrosion in hydrochloric
acid solution by three different electrochemical
tests with various concentrations. As result, it has
been discussed that the applicability of non-toxic
and environmentally friendly P. porelloides extract
as an effective inhibitor for industrial processes.

2. Materials and Methods

2.1. Plant material

The P. porelloides specimens were collected from
Sakarya-Karasu, 133 m, 41°03'45" N, 30°42'41" E,
on a rock in March 2018 and identified using
relevant literatures (Smith, 1996; Paton, 1999). The
image of a small part of P. porelloides in water
taken using a stereo microscope (digital camera
integrated OLYMPUS SZX7 model) is presented in
Figure 1.

2.2. Preparation of Plagiochila porelloides
extract solutions

Analytical reagent-grade hydrochloric acid (37%)
and distilled water were utilized for preparing all
extract solutions. The liverwort samples were first
cleaned of the soiled parts of the roots and dried at
80 °C for about 2 hours in an oven to prepare the
stock solution of the extract. The dried samples
were ground into powder in a pestle. 3 g of
powdered liverwort samples were weighed and
refluxed for 25 hours with the addition of sufficient
distilled water in a 250 mL reaction flask. The
liverwort extract was filtered after reflux treatment.
When filtration was complete, the colour of the
obtained extract was metallic copper (RGB value
for colour conversion is 108; 63; 30, respectively).
Figure 2 presents the preparation flow chart of
liverwort samples and stock solution.
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after filtration

5) P. porelloides extract 4) P. porelloides residue

after filtration

Figure 2. Preparation step of P. porelloides extract

The concentration of the stock liverwort solution
was determined as 0.115% (w/v) by evaporation of
10 mL of the extract and weighed the residue. Other
concentrations used in this study were prepared by

dilution from the stock liverwort solution and the
aggressive medium was provided with 1.0 M HCI
solution.
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2.3.  Electrochemical measurements and
electrodes

The corrosion measurements of P. porelloides
extract were obtained on the surface of mild steel
electrodes. The chemical composition (wt.%) of

working electrodes is given in Table 1. The working

electrodes were prepared by placing them in a
cylindrical mould containing a mixture of
polyester-accelerator-hardener. Electrodes with a
surface area of 0.5024 cm? were exposed to
hydrochloric acid solutions.

Table 1. The chemical composition of the working electrodes

Element % Element % Element %

©) 0.08400 (Si) 0.10200 (Mn) 0.40900
(P) 0.01100 (S) 0.01900 (Cr) 0.06030
(Mo) 0.01040 (Ni) 0.07890 (A Trace
(Co) 0.00198 (Cu) 0.21700 (Nb) 0.00222
(Ti) Trace V) 0.01100 (W) Trace
(Pb) Trace (Sn) 0.01620 (Sh) Trace
(Fe) Remain

Before each electrochemical test was applied, the
surfaces of the working electrodes were polished
with 150, 600, and 1000 grids of sandpapers,
respectively. The electrode surfaces were cleaned
with distilled water and acetone. The conventional
three electrode methods were utilized for three
electrochemical experiments. The first electrode is
mild steel and was used as the working electrode.
The second one, the counter electrode is a platinum
plate with a surface area of 1.0 cm?, and the third
one is AQ/AgCl as the reference electrode.
Electrochemical impedance spectroscopy (EIS),
linear  polarization resistance (LPR), and
potentiodynamic polarization (Tafel extrapolation
method) measurements were conducted using a
computer-controlled CHI 660B model
electrochemical analyser. These measurements
were performed in hydrochloric acid solution
without and with various P. porelloides extract
concentrations. Before all experiments, all working
electrodes were immersed in electrolyte solutions
for 1 hour to stabilize the corrosion process at open
circuit potential (Ecorr).

EIS tests were carried out at a frequency range of
10%to 5x10-3 Hz with 5 mV amplitude applied to the
corrosion process. LPR tests were performed at
potential ranges of £10 mV (Ag/AgCl) from the
corrosion potential with a scan rate of 0.1 mV s™.
Then, the polarization resistances ('Rp) were
calculated from the slope of this curve by drawing a
current versus potential plot. The potentiodynamic
polarization curves were created by first applying -

0.350 V from the corrosion potential to the cathodic
potentials, and then +0.350 V from the corrosion
potential to the anodic potentials, with a scanning
rate of 1.0 mV s. Corrosion current density values
(icorr) OF the system were calculated by the Tafel
extrapolation method from these curves.

Surface images of working electrodes were taken 1
h of duration in the electrolyte solution (1.0 M HCI)
with and without P. porelloides extract by using a
digital camera integrated OLYMPUS BX-51
(Centre Valley, PA, USA) model optical
microscope. Surface analyses were carried out only
in 1.0 M HCl solutions with and without the highest
concentration of P. porelloides  extract.
Experiments with three different techniques were
conducted at ambient temperature (298 K).

3. Results and Discussion

3.1. EIS and LPR measurement results

EIS measurements were performed to evaluate the
effect of various concentrations of P. porelloides
extract solutions on the corrosion inhibition of mild
steel. This method is a highly preferred corrosion
technique because it is sourced from alternative
current and does not distort the surface. The
evaluated results are presented in Figure 3 in the
form of Nyquist and Bode diagrams (Siirme and
Giirten, 2009; Ozkir, 2019c). As a result of the
concentrations tried in this study, it was decided that
the 6 most effective concentrations to be studied
were 0.0005%, 0.0010%, 0.0025%, 0.0050%,
0.0075% and 0.0100% (w/v) respectively.
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Figure 3. Nyquist and Bode plots of P. porelloides extract in 1.0 M HCI solution for 1h immersion at 298
K

EIS measurement data obtained by the experimental  uninhibited solutions (Fig. 4). Figure 4 presents two
method were processed using Zview?2 software and  types of equivalent circuit models. One is for the
the equivalent circuits of the corrosion system were  blank solution (a) and the other is for the system
created separately for both the inhibited and containing the extract solutions (b).



Ozkir D. 2021. Anatolian Bryol

(Charge transfer
resistance)

Rct Rd

RL

(Diffuse layer

(Solution resistance) resistance )

(Inductance)

(Constant Phase Element)

(a) Uninhibited system

Rp: Polarization resistance

( Inductive resistance)

(Solution resistance)

Rs

(Film resistance)

(b) Inhibited system

Figure 4. Proposed equivalent circuits for uninhibited (a) and all inhibited (b) solutions

According to Figure 4, the first difference between
the two systems is the presence of film resistance
(Rs), which is caused by adsorption in the presence
of an inhibitor. In addition, another difference is that
the equivalent circuit model valid for the inhibited
system does not include inductance (L) and
inductive resistance (Rp), which only exist in the
blank solution. Ultimately, these equivalent circuits
describe that liverwort extracts are adsorbed onto
the mild steel surface during the corrosion process.
While the polarization resistance (Rp) includes the
diffuse layer (Rq) and charge transfer (Rc)
resistances in the uninhibited system, it is
responsible for the sum of the film (Ry) and pore
(Rpor) resistances in all P. porelloides-containing
solutions. Pore resistance appears as a summary of
all the accumulated (R,) species, from the corrosion
products formed there, to the diffuse layer and
charge transfer, while the inhibitor is adsorbed on
the mild steel surface. Therefore, it can be clearly
said that all of these species contribute to the
inhibition of the corrosion system.

Figure 3 will better explain the events on the
surface. Looking at the Nyquist diagram, almost all
of them are depressed semicircles. The fact that the
semicircles are depressed explains the existence of
two time constants, both high and low-frequency
regions, as can be better understood from the Bode
diagram. In the blank solution, capacitive (high
frequency) and inductive (low frequency) loops are
more dominant. According to both the Bode plot in
Figure 3 and Figure 4a, the high-frequency region
defines the polarization resistance, which includes
the resistances of charge transfer and the diffuse
layer. On the other hand, the low-frequency
inductive loop represents the relaxation process. In
solutions containing liverwort extract, it behaves as
depressed capacitive loops in both low and high-
frequency regions. Here, charge transfer and diffuse
layer resistances are responsible for high frequency,
while film resistance and all species accumulated on
the surface are responsible for low frequency. The
calculated EIS and "LPR parameters are indicated
in Table 2 for 1 h immersion.

Table 2. EIS and LPR experiment parameters at 298 K

*

C (W/V %) Ecorr CPE Rs RL L Rp n *RP n
(VIAg/AGCI)  (uF cm?) @cm) @Qcm?) (H) @cm?) (%) (Qcm?) (%)

P. porelloides
Blank -0.474 110 0.94 1.2 8 4 72 - 71 -
0.0005 -0.539 100 0.90 0.1 243 704 228 689
0.0010 -0.533 95 0.88 0.2 - - 328 780 318 777
0.0025 -0.537 90 0.86 0.1 - - 392 816 394 82
0.0050 -0.528 75 0.86 0.1 - - 526 863 551 87.1
0.0075 -0.532 69 0.87 0.2 - - 546 868 561  87.3
0.0100 -0.525 60 0.87 0.2 - - 501 87.8 611  88.4

"Rpand “: Values determined by linear polarization resistance method.

Looking at the EIS values, the polarization
resistance (Rp) of the blank solution was 72 Q, but
this value gradually increased with the addition of
Plagiochila porelloides extract to the medium. The
highest R, value was obtained with 0.0100%
solution as 591 Q. Accordingly, the best inhibition
(n%) of mild steel in solution containing 1.0 M HCI
by EIS was also calculated as 87.8% at this

concentration. In this study, the effect of P.
porelloides extract on corrosion inhibition of mild
steel in acidic solution was discussed by
determining the percent inhibition efficiencies for
each concentration. #% and "% values in EIS and
LPR methods were calculated by the equation given
below (Li et al., 2021).



Ozkir D. 2021. Anatolian Bryol..........................

R;J _Rp
n(%)= — |x100 Q)
Rp
Where R, and R, and are in non-inhibited and
inhibited polarization resistance  values,

respectively and #% is the percent inhibition
efficiency value. CPE is the constant phase element
and indicates the double layer formed at the
interface between the metal and the solution. The n
value represents the surface inhomogeneity
coefficient. Both mentioned values were obtained
as a result of fitting the experimental data obtained
with EIS via Zview2 software. CPE values are
inversely proportional to inhibitor concentration
and R, values. In other words, the more liverwort
extract is adsorbed onto the mild steel surface, the
smaller the CPE will be. As can be clearly seen from
Table 2, as the inhibitor concentration enhanced, the
polarization resistance values raised accordingly,
whereas the CPE values diminished (Kumar and
Yadav, 2020). CPE values ranged from 110 pF cm
2 to 60 uF cm? with increasing concentration. The
decrease in the n values in Table 2 as the inhibitor
concentration in the process raises is another
indicator of the decrease in the surface roughness
(Ozkir et al., 2012; Charitha and Rao, 2018). The
solution resistance, Rs, also did not change too
much. Another important point is the corrosion
potential (Ecorr), Which is another determiner of
inhibition in the environment, which is called the
open circuit potential. While this value was -0.474
V in the blank solution, it shifted to more cathodic
potentials with P. porelloides extract added to the
solution.

The polarization resistance (‘Rp) and the inhibition
efficiency ("#%) values calculated from the linear
polarization plots are also shown in the far right
column of Table 2 for 1 himmersion. The "R, values
found by LPR and the "#% values calculated from
them are in great harmony with the findings
obtained by EIS, as can be clearly seen in Table 2.
It can be seen from Figure 3 and Table 2 that the
adsorption of liverwort molecules on the mild steel
surface is very evident with increasing resistance
values as the liverwort extract is added to the 1.0 M
hydrochloric acid solution. From this, it can be
deduced with a net inhibition result of 88% at the
optimum concentration that liverwort molecules
form a tight film on the mild steel surface and delay
the charge transfer that takes place at the interface.

The main reason for the high inhibition effect of P.
porelloides against mild steel in acidic solution can
be attributed to the fact that it is a bryophyte species
and the skeletal structure of the molecule contains
important m-electron donors such as various
phenolic compounds, terpenes, flavonoids, which
are basically considered secondary metabolites. At
this stage of the study, it can be interpreted that total
inhibition occurs with all of the secondary
metabolites in its structure. As a result, when the
EIS and LPR measurements of this green inhibitor
were taken into consideration after 1 h immersion,
highly compatible and successful results were
obtained.

3.2. Potentiodynamic polarization measurement
results

The most well-known other name of this
measurement is the Tafel extrapolation method,
which covers semi-logarithmic current-potential
curves. The aforementioned curves are indicated in
Figure 5. Data calculated from potentiodynamic
polarization curves for mild steel in 1.0 M
hydrochloric acid solution with and without P.
porelloides extract at 298 K are tabulated in Table
3. The inhibition efficiency (%) values calculated
by the Tafel extrapolation method were calculated
by means of the Equation (2) below (EI Tamany et
al., 2018):

1(%) = [M}doe )
corr

Where icorr and i'corr are blank and inhibited

corrosion current densities, respectively.

The adsorption of P. porelloides molecules on the
mild steel surface is affected by the increase in
concentration, as seen in Figure 5. Especially when
looking at the cathodic side, this is even more
evident, and the cathodic polarization curves also
decrease as the concentration increases. At the same
time, as can be clearly seen from Table 3, the
corrosion current density values (icorr) also diminish
with increasing concentration. Therefore, the
effectiveness of inhibition also rises. The cathodic
Tafel constant (-5:) values were also defined by
extrapolation of the potentiodynamic polarization
plots. While the -A; value was 108 mV dec? in the
blank solution, it did not show much change in the
solutions containing P. porelloides extract. The fact
that this value does not change much means that the
hydrogen evolution mechanism is not impressed by
P. porelloides (Zohdy et al., 2021).
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Figure 5. Potentiodynamic polarization plots for mild steel in 1.0 M HCI solution with and without P.
porelloides extract as a green corrosion inhibitor at 298 K

Table 3. Potentiodynamic polarization data calculated for mild steel in hydrochloric acid solution with
and without P. porelloides extract

P. porelloides extract concentration (w/v %)
(298 K) Blank 0.0005 0.0010 0.0025 0.0050  0.0075 0.0100
Ecorr -0.475 -0.534 -0.541 -0.536 -0.539 -0.530 -0.530
(VIAQ/AQCI)
b 108 96 100 100 98 98 102
(mV dec?)
feorr 265 73 62 43 37 35 25
(RA em?)
n - 72.4 76.6 83.8 86.0 86.8 90.6
(%)

While the Ecorr values of the potentiodynamic
polarization plots in Figure 5 were -0.475 V in the
blank solution, they shifted to more negative
(cathodic) potentials when the liverwort extract was
added to the medium. The maximum potential
change between blank and inhibitor-containing
solutions is 66 mV (Table 3). Since this potential
change (66 mV) is slightly lower than 85 mV, it can
be said that the behaviour of the inhibitor in this
electrolyte solution is close to the definition of a
mixed-type inhibitor on the mild steel surface (Feng
etal., 2021; Mao et al., 2021). The increment of the
concentration of P. porelloides extract in
hydrochloric acid solution attenuates the current
densities and thus the slopes of both the cathodic
and anodic polarization curves. However, the
decrease in current density in the cathodic region is
slightly more marked in solutions with inhibitors
than in the blank solution and the anodic region. For
this reason, P. porelloides extract acts as a cathodic

controlled mixed-type inhibitor on the corrosion of
mild steel in solution containing 1.0 M hydrochloric
acid (Nam et al, 2018). While mixed-type
inhibitors act on the metal surface, they play a role
in both anodic and cathodic reactions. These
inhibitors do not change the corrosion potential
much, but reduce the corrosion current (Rodrigues
etal., 2021).

When the results obtained with the three
electrochemical techniques for liverwort extract
were examined, the common point of inhibition
efficiency values of all three were found to be
compatible with each other in the six concentrations
studied. The distribution range of #% values was
calculated by EIS, LPR and potentiodynamic
polarization method as 70.4%-87.8%, 68.9%-
88.4%, and 72.4%-90.6%, respectively. The
harmony of the three methods is better illustrated
schematically in Figure 6.
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Figure 6. The schematic visual expression of three electrochemical corrosion measurement methods

3.3. The optical microscope results of working
electrodes

The influence of preventive P. porelloides as green
corrosion inhibitor adsorbed on mild steel in
hydrochloric acid solution after 1 h of duration was
viewed by using optical (metal) microscope method
as shown in Figure 7 (Ozkir and Kayakirilmaz,
2020; Abu-Baker et al., 2021; Ma et al., 2021).
Surface images were only performed for 0.0100%
(w/v) P. porelloides extract solutions with and

o

P! |(c) 0.01

f the working electrodes after 1 h at 298 K

without 1.0 M HCI. In this final stage of the study,
the  experimental  results  obtained by
electrochemical measurements are confirmed by
surface images taken with an optical microscope.
Figure 7(a) reveals the surface view of an untreated
bare mild steel electrode. This surface was only
sanded and polished before the image was taken. In
the surface image, the traces caused by the sanding
process are clearly visible.
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Figure 7(b) shows the surface view of the working
electrode immersed in 1.0 M hydrochloric acid
solution (blank) for 1 h. It is obvious that the surface
is highly affected and deformed by the aggressive
solution without inhibitors. In addition, it is seen
that very prominent deep cavities and pits are
formed on the surface and it has an extremely rough
structure.

When it comes to Fig. 7(c), it can be seen that it has
a very different appearance from Fig. 7(a) and 7(b).
At the same time, on the surface of the blank
solution in Fig.7(b), an almost completely smooth
surface appearance stands out, in contrast to the
very rough surface where the deep pits are closed.
This is among the very clear evidence that the P.
porelloides is adsorbed on the mild steel surface. It
can be said that the surface image of P. porelloides
in Figure 7(c) is extremely different from the other
two surface images, there is an interaction between
the metal and the green inhibitor, and this result
supports the three electrochemical methods applied.

4. Conclusions

This study is remarkable in that it can be a solution
to the phenomenon of corrosion, which cannot be
prevented all over the world and has become the
problem of most industries. In particular, it is an
important study in terms of its first application and
entry into the literature in terms of inhibiting the
corrosion of mild steel in the hydrochloric acid
solution of  Plagiochila  porelloides, a
Marchantiophyta species, both as a non-toxic and
completely green, nature-friendly inhibitor.

According to the results of the 1 h exposure
experiments performed by all three electrochemical
methods, it was observed that the P. porelloides
extract was very well adsorbed on the mild steel
surface and provided high inhibition even at its
lowest concentrations. From the EIS findings, it was
observed that as the concentration of the liverwort
extract increased, the polarization resistance values
increased and the CPE values decreased, thus the
inhibition effect increased. This is due to the
increment in the number of organic molecules
adsorbed on the metal surface as the inhibitor
concentration increases. The EIS diagrams obtained
in the inhibited solutions were in the form of a semi-
ellipse, unlike the blank solution. Inhibition
efficiency values calculated from EIS and LPR
findings, Ry, and "R, values increased at the same
rate as P. porelloides extract was added to the HCI
solution.

The electrochemical behaviour of mild steel was
examined by the potentiodynamic polarization
(Tafel extrapolation) method, and the fact that the

calculated -f: values did not change much in both
solutions with and without inhibitor showed that the
hydrogen formation mechanism was not affected by
P. porelloides. In addition, it was concluded that P.
porelloides behaved as a cathodic controlled mixed-
type inhibitor, since the enhancement in liverwort
concentration in the acidic solution diminished both
anodic and cathodic current density values more
dominantly in the cathodic side.

In order to analyse the effect of the inhibitor on the
metal/solution interface in detail, surface images
were taken, and it was observed that the surface
image in the blank solution was quite rough and had
large cavities compared to the image in the solution
containing  liverwort  extract. The three
electrochemical methods utilized as well as optical
microscope analysis results are highly compatible
with each other.
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Oz

Anzer vadisi ve ¢evresinin briyofit ¢esitliliginin ortaya ¢ikarilmasi amaciyla arastirma alanindan Haziran
ve Temmuz 2019 aylarinda 33 istasyondan briyofit drnekleri toplanmustir. Orneklerin incelenmesi
sonucunda, 69 familya ve 135 cinse ait 286 karayosunu ve 52 cigerotu taksonu olmak iizere toplamda 338
briyofit taksonu (tiir, alttiir ve varyete) tammlanmustir. Teshis edilenler arasindan Scapania obscura (Arn.
& Jens.) Schiffn., Sphagnum fimbriatum Wilson, Sphagnum papillosum Lindb., Dicranella staphylina
H.Whitehouse, ve Pohlia lescuriana (Sull.) Ochi, taksonlarimin Tiirkiye’den ikinci kez kayd: verilmistir.
Ayrica Rize'den ilk defa kaydi verilen briyofit taksonu sayisi 88 (9' u cigerotu, 79' u karayosunu)’dir.
Yapilan bu ¢alisma sonucunda Rize ili i¢in yeni olan 88 taksonun eklenmesi ile Rize ilinden tespit edilmis
olan briyofit taksonu sayis1 424 olmustur.

Anahtar kelimeler: Briyoflora, Cigerotlari, Karayosunlari, Tiirkiye

Bryophyte Flora of Anzer Valley and Its Surroundings (ikizdere, Rize)

Abstract

In order to reveal the bryophyte diversity of the Anzer valley and its surroundings, bryophyte samples were
collected from 33 stations in the research area between June and July 2019. As a result of the examination
of the samples, a total of 338 bryophyte taxa belonging to 135 genera and 69 families were identified and
from those 286 were mosses and 52 liverworts. Among the identified, Scapania obscura (Arn. & Jens.)
Schiffn., Sphagnum fimbriatum Wilson, Sphagnum papillosum Lindb., Dicranella staphylina
H.Whitehouse, and Pohlia lescuriana (Sull.) Ochi, are reported for the second time from Turkey. In
addition, a total of 88 bryophyte taxa (9 liverworts and 79 mosses) are new to for Rize province. As a result
of this study, with the addition of 88 new taxa for Rize province, the number of bryophyte taxa determined
from Rize province is 424.

Key words: Bryoflora, Liverworts, Mosses, Turkey

1.Giris Dogusunda Cayeli ve Camlihemsin ilgeleri yer
Arastirma alani olan Anzer Vadisi ve ¢evresi, Rize  almaktadir (Sekil 1). Arastirma alaninda 3
ili Tkizdere ilgesi smirlarinda yer almaktadir.  vejetasyon tipi bulunmaktadir. 200 ile 1900 m aras1
Batisinda Bayburt ve Trabzon, Giineyinde orman, 1900-2200 m arast subalpin, subalpin
Erzurum, Kuzeyinde Kalkandere ve Rize merkez  katindan 3100-3200 m ye kadar olan kisimlarda ise
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alpin  vejetasyon vardir. Dogu Karadeniz
Bolgesi’nin genelinde oldugu gibi Anzer vadisi ve
cevresinde de cok sayida derin vadiler ve bu
vadilerin igerisinden akan c¢ok sayida akarsu
mevcuttur. Bu derin vadilerde yer alan ¢ok sayidaki
akarsu bolgenin olduk¢a nemli olmasina neden
olmustur. Bu iklimsel 6zelliklerin dogal sonucu

olarak bolge ormanlarla kaphdir (Sekil 2). Ikizdere
ilgesi tipik okyanus iklimine sahiptir ve hemen
hemen kuraklik yagsanan mevsimi yoktur. Yillik
yagis 2254,4 mm, yillik ortalama sicaklik 14,3
°C'dir. En soguk ay 6 °C ile Ocak, en sicak 24 °C
ile Temmuz'dur (Ansin, 1981; Akman, 1999).

Rize (Merkez)

@ Golyayla
Ciftekopru

Sekil 2. Anzer Vadisi’nden bazi vejetasyon tipleri.
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Anzer vadisi Ikizdere ilgesinden baslar ve 3200
metreye kadar uzanir (Sekil 1). Yaklasik yedi ay
(Ekim-Mayis) karla kapli olan Anzer vadisinde
Ikizdere ilgesine gore kislar daha soguk, yazlar
yagisli ve serindir. Arastirma alaninin (Anzer
vadisi) hakim bitki Ortiisiine ait tipik bitki tiirleri
Rhododendron ponticum L., R. luteum Sweet.,
Ulmus glabra Mill., Alnus glutinosa subsp. barbata
(CA Mey.) Yalt., Buxus sempervirens L., Corylus
avellana L., llex colchica Pojk., Daphne pontica L.,
Fagus orientalis Lipsky, Picea orientalis (L.) Link.,
Laurus nobilis L., Castanea sativa Mill ., Carpinus
betulus L., C. orientalis Mill., Acer trautvetteri
Medw., A. cappadocicum Gled., A. platanoides L.,
A. campestre L., Tilia rubra subsp. caucasica
(Rupr.) V. Engler, Salix sp.’dir (Angin 1981).

b ™

Sekil 3. Ornek toplanan lbliteleinharita iizerindeki konumlari

2. Materyal ve Metot

2019 yili Haziran ve Temmuz aylarinda Anzer
Vadisi ve c¢evresinde briyofitlerin  yayilis
gosterebilecegi degisik habitatlar ve yetisme
ortamlar1 gezilerek 33 farkli lokaliteden yaklasik +
6000 briyofit 6rnegi toplanmistir. (Sekil 3; Tablo 1).
Toplanan briyofit ornekleri 151k mikroskobu ve
steromikroskop ile incelenmis ve ilgili flora,
revizyon ve monograflar kullanilarak teshis
edilmistir (Nyholm, 1986, 1989, 1993, 1998; Crum
ve Anderson, 1981; Paton, 1999; Smith, 1996,
2004; Hedenis, 1992; Cortini-Pedrotti 2001, 2006;
Guerra ve ark., 2006; Frey ve ark., 2006; Brugués
ve ark., 2007; Casas ve ark., 2009; Brugués ve
Guerra, 2015; Kiirschner ve Frey, 2020). Bitki
listesinin  olusturulmasinda ve briyofitlere ait
nomenklatiirel degisiklikler ve sinonimler igin
Hodgetts ve ark. (2020) takip edilmistir.

Tablo 1.Arastirma alanindan toplanan briyofit drneklerine ait lokalite bilgileri

Sira Tarih/ . . . -
No Rakim Lokalite/ GPS Koordinatlar Vejetasyon Tipi
10.06.2019 Yerelma Koyt girisi, cesme, | Picea orientalis (L.) Link., Fagus orientalis
1 1'05'0 m dere kenari Lipsky, Corylus avellena L., Alnus glutinosa
40°42'06.3"K, 40°35'85.9"D | (L.) Gaertner karigik orman
Picea orientalis (L.) Link, Fagus orientalis
2 10.06.2019 Derekoy girisi Lipsky, Alnus glutinosa (L.) Gaertner,
1180 m 40°43'42.8"K, 40°35'65.0"D | Castanea sativa Mill. Rubus sp. L. karigik

orman
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

10.06.2019
1100 m

10.06.2019
1181 m

10.06.2019
1030 m

11.06.2019
1714 m

11.06.2019
2100-2165
m

11.06.2019
1925 m

11.06.2019
1980 m
11.06.2019
2145 m

12.06.2019
2600 m

12.06.2019
2140 m

12.06.2019
2400 m

12.06.2019
1795-1900
m

12.06.2019
1563 m

13.06.2019
1868 m

13.06.2019
1317 m

13.06.2019
1757 m

13.06.2019
1842 m

13.06.2019
1564 m

14.06.2019
1550 m
14.06.2019
2450 m
14.06.2019
2300m

Derekoy girisi, selale mevkii
40°43'12.5"K, 40°35'73.9"D

Yerelma Koyt alt1, orman ici
40°42'24.6"K, 40°35'77.8"D

Derekoy, dere ici
40°42'77.5"K, 40°35'74.8"D

Cigekli kdy yolu
40°37'97.5"K, 40°31'97.6"D

Yukar1 Anzer Ballikoy
40°37'00.3"K, 40°30'92.7"D

Cicekli Koyii Yatak yaylas1
yol ayrimi
40°37'32.6"K, 40°32'45.2"D
Yatak yaylasi yolu
40°37'36.4"K, 40°32'56.0"D
Yukar1 Anzer Ballikdy-2
40°35'19.6"K, 40°31'00.3"D
Asagi Anzer koyl, yatak
yaylast
40°36'07.0"K, 40°32'58.9"D
Eskice Kdyii, yukart Haya
usti
40°37'05.8"K, 40°27'98.8"D
Asagi Anzer koyl, yatak
yaylasi-2
40°36'69.7"K, 40°32'88.8"D

Cataltepe Koyl
40°37'68.7"K, 40°29'74.7"D

Diktag tarihi kopriisii
40°38'40.4"K, 40°31'74.6"D

Ciftekoprii Koyii istii,
Ormanlik alan
40°36'88.8"K, 40°36'12.1"D
Kama Koyii dibi
40°39'73.2"K, 40°34'71.5"D
Ciftekoprii koyii-Mesekoy
arasi vadi i¢i
40°38'16.4"K, 40°35'74.0"D
Mesekoy
40°39'58.6"K, 40°35'53.0"D

Mesekoy alt
40°39'48.0"K, 40°34'86.6"D

Golyayla Koyii altt
40°39'61.9"K, 40°37'00.5"D
Golyayla(Kabahor) Yaylasi
40°37'89.8"K, 40°39'96.8"D

Golyayla(Kabahor) Yaylasi-2
40°37'97.4"K, 40°40'41.1"D

Fagus orientalis Lipsky., Alnus glutinosa (L.)
Gaertner, Castanea sativa Mill. Corylus
avellena L., karisik orman

Picea orientalis (L.) Link., Fagus orientalis
Lipsky, Rhododendron ponticum L., R. luetum
Sweet, Carpinus betulus L., Quercus robur L.
karisik orman

Picea orientalis (L.) Link., Fagus orientalis
Lipsky, Carpinus betulus L., Castanea sativa
Mill., karigik orman

Berberis vulgaris L., Corylus avellena L.,
Juniperus communis L., Populus tremula L.
karisik orman

Kayalik alan, dere kenari

Picea orientalis (L.) Link., saf orman

Picea orientalis (L.) Link., saf orman

Dere kenar1

Alpin ¢ayir

Picea orientalis (L.) Link., Alnus glutinosa (L.)
Gaertner, Karisik orman

Rhododendron
aucuparia L.

caucasicum Pall., Sorbus

Picea orientalis (L.) Link, Rhododendron
luteum Sweet

Picea orientalis (L.) Link., Populus tremula L.,
Corylus avellena L., Salix alba L. karigik
orman

Picea orientalis (L.) Link., saf orman

Picea orientalis (L.) Link., Alnus glutinosa (L.)
Gaertner, karisik orman

Picea orientalis (L.) Link., Alnus glutinosa (L.)
Gaertner, karisik orman

Picea orientalis (L.) Link., saf orman

Picea orientalis (L.) Link., Corylus avellena L.,
Carpinus betulus L., Quercus robur L., karisik
orman

Picea orientalis (L.) Link., Salix alba L.,
Corylus avellena L. karisik orman

Alpin ¢ayir

Alpin ¢ayir
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24 16.07.2019 Yatak Yaylasi-1

Alpin ¢ayir

2718 m 40°35'43.8"K, 40°32'91.7"D
16.07.2019 Cigekli Koyii tistii s . . .
25 1985 m 40°37'42.0"K. 40°32'88.6"D Dere i¢i, Picea orientalis (L.) Link., saf orman
17.07.2019 Arcahal
26 2640n—12590 40°30'90.9"K., 40°31'34.3"D Alpin ¢ayir, Rhododendron caucasicum Pall.,
17.07.2019 Anzer Dagi
27 3070 m 40°32/02.8"K, 40°30290.0"p  <ayalik alan
17.07.2019 Dipsiz Gol
28 2980n—12960 40°31'18"K, 40°3039"D Gol ve kayalik alan
LA Kosmer yaylast
29 2387r;12500 40°33'40.8"K. 40°30'93.8"D Alpin ¢ayir, dere igi
18.07.2019 Laphazali yaylasi
30 2393;12300 40°33'15.5"K. 40°30'65.3"D Alpin ¢ayir, dere igi
18.07.2019
Kiirdiin Yurdu yaylasi . ..
31 2400r;12430 40°34'30.8"K., 40°30'02.0"D Alpin ¢ayir, dere igi
18.07.2019 Ballikoy yaylas iistii .
32 2220 m 40°34'46.0"K, 40°30'45"D | Dereidl
33 19.07.2019 Garzavan Yaylast Kayalik alan, dere igi, Picea orientalis (L.)
2072 m 40°36'12.5"K, 40°36'04.9"D Link., saf orman

Floristik listede taksonlarin ait olduklar1 familyalar,
taksonlara ait gecerli Latince isimleri, otorler ile
birlikte alfabetik siraya gore verilmistir. Ayrica, her
bir takson i¢in Henderson (1961) kareleme
sistemine gore hangi karede yer aldigi, toplandigi
bolge adi, habitat, rakim, koordinat, toplama tarihi
verilmistir. Rize ili igin briyofit taksonlarinin
durumu ilgili literatiir taranarak degerlendirilmistir
(Abay ve ark., 2016; Abay, 2017, 2018; Batan ve
ark., 2018).

Teshisi yapilan briyofitler, zarflar igerisinde
muhafaza edilmek suretiyle herbaryum materyali
haline getirilmigtir. Bu materyaller; Recep Tayyip
Erdogan Universitesi, Miihendislik ve Mimarlik
Fakiiltesi, Peyzaj Mimarligi Bolimiinde Gokhan
ABAY ’n kisisel koleksiyonunda saklanmaktadir.

3. Bulgular

Calisma sonucunda 21 familya ve 30 cinse ait 52
cigerotu taksonu ve 48 familya ve 105 cinse ait 286
karayosunu taksonu olmak {iizere toplamda 69
familya ve 135 cinse ait 338 briyofit taksonu tespit
edilmistir.

3.1 Bitki listesi
Her takson i¢in toplanma lokaliteleri ve
substratlarinin ~ verildigi floristik listede;

Tirkiye'den ikinci kez kaydedilen taksonlar (*) ile,
Rize ili i¢in yeni olan taksonlar ise (#) ile
gosterilmistir.

Marchantiophyta
Anastrophyllaceae L.Soderstr., De Roo & Hedd.
Barbilophozia barbata (Schmidel ex Schreb.)
Loeske; — Lok.: A4 Rize: 8, 16, 33; Kaya iizeri.

B. hatcheri (A.Evans) Loeske, — Lok.: A4 Rize: 8,
9, 33 ; toprak tizeri, ¢lirimiis aga¢ kiitiigi tizeri

#B. lycopodioides (Wallr.) Loeske. — Lok.: A4 Rize:
24; toprak tizeri.

#Gymnocolea inflata (Huds.) Dumort. — Lok.: A4
Rize: 26; 1slak toprak iizeri.

Calypogeiaceae Arnell,

Calypogeia fissa (L.) Raddi. — Lok.: A4 Rize: 26;
1slak toprak iizeri.

Cephaloziaceae Mig.

Cephalozia bicuspidata (L.) Dumort. — Lok.: A4
Rize: 24, 26; toprak {izeri, 1slak toprak {izeri.
Fuscocephaloziopsis catenulata (Huebener) Vatfia
& L.Soderstr. — Lok.: A4 Rize: 29; toprak iizeri.
#F. lunulifolia (Dumort.) Vana & L.Soderstr. —
Lok.: A4 Rize: 13; toprak tizeri.
Cephaloziellaceae Douin

Cephaloziella divaricata (Sm.) Schiffn. — Lok.: A4
Rize: 24, 26, 33; toprak iizeri, 1slak toprak iizeri.
Conocephalaceae Miill.Frib. ex Grolle
Conocephalum conicum (L.) Dumort. — Lok.: A4
Rize: 1, 8, 11, 21, 30; 1slak toprak iizeri, 1slak kaya
iizeri.

Frullaniaceae Lorch

Frullania dilatata (L.) Dumort. — Lok.: A4 Rize: 1,
15; agag lizeri, kaya iizeri.
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F. tamarisci (L.) Dumort. — Lok.: A4 Rize: 1, 5, 17,
25; kaya tizeri.

Gymnomitriaceae H.Klinggr.

Marsupella emarginata (Ehrh.) Dumort. — Lok.: A4
Rize: 9; toprak tizeri.

Jungermanniaceae Rchb.

Jungermannia atrovirens Dumort. — Lok.: A4 Rize:
11, 26, 28, 29, 30; 1slak toprak iizeri

Mesoptychia bantriensis (Hook.) L.Soderstr. &
Vana. — Lok.: A4 Rize: 3; toprak {izeri.
Lejeuneaceae Cavers

Lejeunea cavifolia (Ehrh.) Lindb. — Lok.: A4 Rize:
3; 1slak toprak iizeri.

Lepidoziaceae Limpr.

Telaranea europaea J.J.Engel & G.L.Merr. — Lok.:
A4 Rize: 25; 1slak toprak tizeri

Lophocoleaceae Vanden Berghen

Chiloscyphus pallescens (Ehrh.) Dumort. — Lok.:
A4 Rize: 11, 16; toprak tizeri

C. polyanthos (L.) Corda. — Lok.: A4 Rize: 13, 24,
26, 28, 30; toprak iizeri, 1slak toprak iizeri.
Lophocolea bidentata (L.) Dumort. — Lok.: A4
Rize: 24; 1slak toprak lizeri.

L. heterophylla (Schrad.) Dumort. — Lok.: A4 Rize:
3, 13, 24; toprak iizeri, 1slak toprak iizeri.

L. minor Nees. — Lok.: A4 Rize: 8, 9, 10, 11, 13, 24;
toprak {iizeri, 1slak toprak iizeri.

Lophoziaceae Cavers

Lophozia ventricosa (Dicks.) Dumort. — Lok.: A4
Rize: 13, 16, 24, 26; toprak iizeri, 1slak toprak {izeri.
#Lophoziopsis excisa (Dicks.) Konstant. & Vilnet.
— Lok.: A4 Rize: 25; toprak iizeri.

#L. longidens (Lindb.) Konstant. & Vilnet. — Lok.:
A4 Rize: 11, 25; 1slak toprak tizeri.

Tritomaria exsecta (Schmidel) Schiffn. ex Loeske.
— Lok.: A4 Rize: 24; toprak {izeri.
Marchantiaceae Lindl.

Marchantia polymorpha L. — Lok.: A4 Rize: 10, 11,
14, 16, 18, 21, 22, 23, 24; 28, 30; 1slak toprak iizeri
Metzgeriaceae H.Klinggr.

Metzgeria conjugata Lindb. — Lok.: A4 Rize: 2, 3,
25; toprak iizeri, 1slak toprak {izeri.

M. furcata (L.) Corda. — Lok.: A4 Rize: 1, 25, 33;
toprak iizeri, kaya {izeri.

M. pubescens (Schrank) Raddi. — Lok.: A4 Rize: 1,
17; toprak iizeri, kaya iizeri.

Pelliaceae H.Klinggr.

Pellia epiphylla (L.) Corda. — Lok.: A4 Rize: 3, 11,
24, 28, 30; 1slak toprak {izeri

Plagiochilaceae Miill.Frib.

Pedinophyllum interruptum (Nees) Kaal. — Lok.:
A4 Rize: 3,9, 10, 13, 15, 21, 22, 28, 29, 30, 33; kaya
iizeri, 1slak toprak iizeri.

Plagiochila asplenioides (L.) Dumort. — Lok.: A4
Rize: 3, 4, 8, 9, 11, 15, 16, 17, 21, 22 27, 29, 33;
toprak {iizeri, kaya tlizeri.

P. porelloides (Torr. ex Nees) Lindenb. — Lok.: A4
Rize: 1,2,8,11, 15, 16, 25; toprak {izeri, kaya iizeri.

Porellaceae Cavers

#Porella cordaeana (Huebener) Moore. — Lok.: A4
Rize: 9, 15, 19, 20; toprak iizeri, kaya iizeri.

P. platyphylla (L.) Pfeiff. — Lok.: A4 Rize: 4, 17,
20, 33; agac tlizeri, kaya tlizeri

Radulaceae Miill.Frib.

Radula complanata (L.) Dumort. — Lok.: A4 Rize:
17; agag tizeri.

R. lindenbergiana Gottsche ex C.Hartm. — Lok.: A4
Rize: 1,5, 17,27, 28, 29, 30; kaya {izeri, aga¢ lizeri.
Scapaniaceae Mig.

Diplophyllum albicans (L.) Dumort. — Lok.: A4
Rize: 2; kaya lizeri.

D. taxifolium (Wahlenb.) Dumort. — Lok.: A4 Rize:
24; toprak iizeri.

Scapania aspera M.Bernet & Bernet. — Lok.: A4
Rize: 2; toprak iizeri.

S. compacta (Roth) Dumort. — Lok.: A4 Rize: 22;
1slak toprak tizeri

S. irrigua (Nees) Nees. — Lok.: A4 Rize: 11, 22, 24,
26, 28, 30, 33; toprak iizeri, 1slak toprak {izeri

S. nemorea (L.) Grolle. — Lok.: A4 Rize: 17; toprak
lizeri

*S. obscura (Arnell & C.E.O.Jensen) Schiffn. —
Lok.: A4 Rize: 24, 26; 1slak toprak tizeri.

S. subalpina (Nees ex Lindenb.) Dumort. — Lok.:
A4 Rize: 24, 26; toprak iizeri, 1slak toprak tizeri

S. undulata (L.) Dumort. — Lok.: A4 Rize: 1, 21, 27;
kaya iizeri, toprak tizeri.

Schistochilopsis incisa (Schrad.) Konstant. — Lok.:
A4 Rize: 13, 29; toprak iizeri,

Solenostomataceae Stotler & Crand.-Stotl.
Solenostoma gracillimum (Sm.) R.M.Schust. —
Lok.: A4 Rize: 26; 1slak toprak tizeri.

S. hyalinum (Lyell) Mitt. — Lok.: A4 Rize: 2; toprak
tizeri.

#S. sphaerocarpum (Hook.) Steph. — Lok.: A4 Rize:
25; 1slak toprak iizeri.
Southbyaceae Vana,
D.G.Long

#Southbya tophacea (Spruce) Spruce. — Lok.: A4
Rize: 26; 1slak toprak iizeri.

Crand.-Stotl., Stotler &

Bryophyta
Amblystegiaceae G.Roth
Camplyliadelphus chrysophyllus (Brid.)
R.S.Chopra. — Lok.: A4 Rize: 27; 1slak toprak tizeri
#Campylium bambergeri (Schimp.) Hedenés,
Schlesak & D.Quandt. — Lok.: A4 Rize: 21; kaya
tizeri
C. protensum (Brid.) Kindb. — Lok.: A4 Rize: 1, 3,
12, 16, 22, 24, 26, 28, 29, 30, 32; 1slak toprak tizeri
C. stellatum (Hedw.) Lange & C.E.O.Jensen. —
Lok.: A4 Rize: 18, 24, 27; 1slak kaya iizeri, 1slak
toprak iizeri
Cratoneuron filicinum (Hedw.) Spruce. — Lok.: A4
Rize: 1, 4, 11, 12, 24, 25, 28, 29, 30; 1slak toprak
iizeri
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#Hygroamblystegium tenax (Hedw.) Jenn. — Lok.:
A4 Rize: 3; 1slak toprak {izeri.

Hygrohypnum luridum (Hedw.) Jenn. — Lok.: A4
Rize: 17; 1slak toprak iizeri.

Palustriella commutata (Hedw.) Ochyra. — Lok.:
A4 Rize: 10, 29; 1slak toprak iizeri.

P. decipiens (De Not.) Ochyra. — Lok.: A4 Rize: 16,
22; 1slak toprak tizeri.

P. falcata (Brid.) Hedenis. — Lok.: A4 Rize: 11, 12,
18, 22,23, 24, 32; 1slak toprak iizeri.
#Platyhypnum duriusculum (De Not.) Ochyra. —
Lok.: A4 Rize: 24, 33; 1slak toprak {izeri.

#P. smithii (Sw.) Ochyra. — Lok.: A4 Rize: 27, 28,
30; 1slak toprak tizeri

Pseudoamblystegium subtile (Hedw.) Vanderp. &
Hedenis. — Lok.: A4 Rize: 16, 17, 20; aga¢ govdesi
iizeri.

Amphidiaceae M.Stech

Amphidium mougeotii (Schimp.) Schimp. — Lok.:
A4 Rize: 25; 1slak kaya tizeri

Anomodontaceae Kindb.

Anomodon viticulosus (Hedw.) Hook. & Taylor. —
Lok.: A4 Rize: 1, 5; toprak tizeri, kaya iizeri.
Antitrichiaceae Ignatov & Ignatova

Antitrichia curtipendula (Hedw.) Brid. — Lok.: A4
Rize: 1; Agac govdesi tizeri

Aongstroemiaceae De Not.

Dichodontium pellucidum (Hedw.) Schimp. — Lok.:
A4 Rize: 1, 2, 3, 4, 21; 1slak toprak iizeri
Diobelonella palustris (Dicks.) Ochyra. — Lok.: A4
Rize: 11, 22, 24, 25, 26, 28, 30; 1slak toprak iizeri
Aulacomniaceae Schimp.

Aulacomnium palustre (Hedw.) Schwigr. — Lok.:
A4 Rize: 24, 26; 1slak toprak {izeri

Bartramiaceae Schwigr

Bartramia halleriana Hedw. — Lok.: A4 Rize: 1, 2,
9, 15,16, 17,20, 21, 28, 30, 33; kaya iizeri

B. ithyphylla Brid. — Lok.: A4 Rize: 9, 10, 11, 13,
24, 29; kaya tlizeri

Philonotis caespitosa Jur. — Lok.: A4 Rize: 3, 26;
1slak toprak iizeri

P. calcarea (Bruch & Schimp.) Schimp. — Lok.: A4
Rize: 12; 1slak toprak tlizeri.

P. capillaris Lindb. — Lok.: A4 Rize: 28, 30; 1slak
toprak iizeri.

P. fontana (Hedw.) Brid. — Lok.: A4 Rize: 11, 14,
16, 18, 24, 31, 32, 33; 1slak toprak tizeri.

P. seriata Mitt. — Lok.: A4 Rize: 10, 19, 22, 29, 33;
1slak toprak iizeri

Brachytheciaceae Schimp.

Brachytheciastrum  collinum  (Schleich.  ex
Miill.Hal.) Ignatov & Huttunen. — Lok.: A4 Rize:
30; toprak iizeri.

B. velutinum (Hedw.) Ignatov & Huttunen. — Lok.:
A4 Rize: 9,13, 16, 19, 21, 29, 33; kaya lizeri, toprak
iizeri.

Brachythecium albicans (Hedw.) Schimp. — Lok.:
A4 Rize: 11, 14, 16, 21, 22, 24, 33; kaya iizeri,
toprak iizeri.

#B. campestre (Miill.Hal.) Schimp. — Lok.: A4
Rize: 11; toprak iizeri.

B. capillaceum (F.Weber & D.Mohr) Giacom. —
Lok.: A4 Rize: 12; 1slak toprak tizeri.

B. glareosum (Bruch ex Spruce) Schimp. — Lok.:
A4 Rize: 5; toprak iizeri.

B. mildeanum (Schimp.) Schimp. — Lok.: A4 Rize:
10, 12, 19, 27; toprak iizeri.

B. rivulare Schimp. — Lok.: A4 Rize: 3,7, 9, 14, 16,
18, 24, 28, 29, 30, 33; 1slak toprak {izeri

B. rutabulum (Hedw.) Schimp. — Lok.: A4 Rize: 1,
4,10, 11, 15, 17, 19, 21, 23, 24, 26, 27, 28, 30, 32;
1slak toprak iizeri.

B. salebrosum (Hoffm. ex F.Weber & D.Mohr)
Schimp. — Lok.: A4 Rize: 16; ¢iiriimiis aga¢ kiitiigii
iizeri.

#B. tommasinii (Sendtn. ex Boulay) Ignatov &
Huttunen. — Lok.: A4 Rize: 10; 1slak toprak iizeri
Eurhynchiastrum pulchellum (Hedw.) Ignatov &
Huttunen. — Lok.: A4 Rize: 9, 11, 17, 27; toprak
lizeri.

Eurhynchium angustirete (Broth.) T.J.Kop. — Lok.:
A4 Rize: 1,2, 8,9, 15, 17; toprak iizeri

E. striatum (Hedw.) Schimp. — Lok.: A4 Rize: 21;
kaya iizeri.

Homalothecium lutescens (Hedw.) H.Rob. — Lok.:
A4 Rize: 2, 10, 15, 17, 20 25, 33; kaya tlizeri.

#H. philippeanum (Spruce) Schimp. — Lok.: A4
Rize: 5, 8,9, 11, 14, 16, 17; kaya {izeri

H. sericeum (Hedw.) Schimp. — Lok.: A4 Rize: 1,
5, 15, 16, 20, 33; kaya tlizeri

Oxyrrhynchium hians (Hedw.) Loeske. — Lok.: A4
Rize: 21; 1slak toprak iizeri

Plasteurhynchium striatulum (Spruce) M.Fleisch. —
Lok.: A4 Rize: 1; toprak iizeri.

Rhynchostegiella tenella (Dicks.) Limpr. — Lok.:
A4 Rize: 9, 20; kaya iizeri.

Rhynchostegium confertum (Dicks.) Schimp. —
Lok.: A4 Rize: 22; toprak {izeri.

R. riparoides (Hedw.) Cardot. — Lok.: A4 Rize: 29;
1slak toprak tizeri.

#Sciuro-hypnum flotowianum (Sendtn.) Ignatov &
Huttunen. — Lok.: A4 Rize: 1, 5, 17; toprak {izeri.
#S. latifolium (Kindb.) Ignatov & Huttunen. — Lok.:
A4 Rize: 17; 1slak toprak tizeri

S. populeum (Hedw.) Ignatov & Huttunen. — Lok.:
A4 Rize: 1, 14, 15, 16, 17, 18, 19; kaya {izeri.

S. reflexum (Starke) Ignatov & Huttunen. — Lok.:
A4 Rize: 24; toprak lizeri.

Bryaceae Schwiégr

#Anomobryum concinnatum (Spruce) Lindb. —
Lok.: A4 Rize: 27, toprak tizeri.

Bryum argenteum Hedw. — Lok.: A4 Rize: 6, 12, 15,
33; toprak iizeri, kaya iizeri.
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#B. dichotomum Hedw. — Lok.: A4 Rize: 7, 10, 24,
29; kaya tizeri, toprak iizeri.

#Imbribryum alpinum (Huds. ex With.) N.Pedersen.
— Lok.: A4 Rize: 12, 13, 15, 22, 24, 25, 27, 31;
toprak iizeri.

I. mildeanum (Jur.) J.R.Spence. — Lok.: A4 Rize: 7.
12, 19, 22, 25, 27; toprak tizeri.

Ptychostomum capillare (Hedw.) Holyoak &
N.Pedersen. — Lok.: A4 Rize: 1, 20, 27; toprak lizeri
#P. compactum Hornsch. — Lok.: A4 Rize: 24, 29;
kaya tizeri

#P.  creberrimum (Taylor) J.R.Spence &
H.P.Ramsay. — Lok.: A4 Rize: 2, 8, 17, 21, 22, 29,
33; toprak iizeri

#P. donianum (Grev.) Holyoak & N.Pedersen. —
Lok.: A4 Rize: 11; 1slak kaya iizeri.

P. elegans (Nees) D.Bell & Holyoak. — Lok.: A4
Rize: 13, 15, 19, 24, 33; toprak {izeri

#P. funkii (Schwiagr.) J.R.Spence. — Lok.: A4 Rize:
28, 30; toprak tizeri

P. imbricatulum (Mill.Hal.) Holyoak &
N.Pedersen. — Lok.: A4 Rize: 7, 11, 22; kaya lizeri,
1slak toprak iizeri.

P. intermedium (Brid.) J.R.Spence. — Lok.: A4
Rize: 29; toprak iizeri.

P. moravicum (Podp.) Ros & Mazimpaka. — Lok.:
A4 Rize: 1, 4,5, 6,7, 8, 13, 16, 17, 20, 21; toprak
iizeri, kaya iizeri.

P. pallens (Sw. ex anon.) J.R.Spence. — Lok.: A4
Rize: 29, 33; toprak iizeri.

#P. pallescens (Schleich. ex Schwigr.) J.R.Spence.
— Lok.: A4 Rize: 3; toprak iizeri.

P.  pseudotriquetrum  (Hedw.)  J.R.Spence
&H.P.Ramsay ex Holyoak & N.Pedersen var.
pseudotriquetrum. — Lok.: A4 Rize: 1, 3,7, 11, 12,
14, 16, 18, 22, 24, 27, 28, 29, 30, 31, 33; 1slak kaya
iizeri, 1slak toprak tizeri.

#P. pseudotriquetrum var. bimum (Schreb.)
Holyoak & N.Pedersen. — Lok.: A4 Rize: 6, 7, 16,
22, 24; 1slak toprak iizeri.

#P. rubens (Mitt.) Holyoak & N.Pedersen. — Lok.:
A4 Rize: 16; 1slak toprak tizeri

P. schleicheri (DC.) J.R.Spence ex D.Bell &
Holyoak. — Lok.: A4 Rize: 11, 14, 19, 24; islak
toprak iizeri

#P. weigelii (Biehler) J.R.Spence. — Lok.: A4 Rize:
24; 1slak toprak tizeri.

Rhodobryum ontariense (Kindb.) Kindb. — Lok.: A4
Rize: 2, 4, 16, 23; toprak tlizeri.

Calliergonaceae Vanderp., Hedends, C.J.Cox &
A.J.Shaw

Sarmentypnum exannulatum (Schimp.) Hedends. —
Lok.: A4 Rize: 26; su i¢i.
Straminergon stramineum  (Dicks.
Hedenés. — Lok.: A4 Rize: 24; su i¢i.
#Warnstorfia fluitans (Hedw.) Loeske. — Lok.: A4
Rize: 26; su i¢i.

Climaciaceae Kindb.

ex Brid.)

Climacium dendroides (Hedw.) F.Weber &
D.Mohr. — Lok.: A4 Rize: 10, 11, 15, 18; 1slak
toprak iizeri.

Dicranaceae Schimp.

Dicranum bonjeanii De Not. — Lok.: A4 Rize: 10,
24, 26, 33; kaya iizeri, 1slak toprak iizeri

#D. brevifolium (Lindb.) Lindb. — Lok.: A4 Rize:
16; ciiriimiis agac iizeri.

#D. elongatum Schleich. ex Schwigr. — Lok.: A4
Rize: 11; kaya tlizeri.

D. flexicaule Brid. — Lok.: A4 Rize: 2, 8, 9, 11;
Ciriimiis agag kiitiigii lizeri, toprak tizeri

#D. leioneuron Kindb. — Lok.: A4 Rize: 24; 1slak
toprak tiizeri.

D. polysetum Sw. ex anon. — Lok.: A4 Rize: 8, 22,
29; 1slak toprak iizeri, toprak {izeri.

D. scoparium Hedw. — Lok.: A4 Rize: 1, 2, 4, 8, 9,
11, 13, 15, 17, 20, 24, 26, 33; ¢iiriimiis agag kiitigii
iizeri, toprak tizeri

#D. spadiceum J.E.Zetterst. — Lok.: A4 Rize: 10, 13,
24,27, 29; toprak iizeri, 1slak toprak iizeri
Dicranellaceae M.Stech

Dicranella heteromalla (Hedw.) Schimp. — Lok.:
A4 Rize: 2, 15, 26; toprak lizeri

*D. staphylina H.Whitehouse. — Lok.: A4 Rize: 33;
1slak toprak tizeri

#D. varia (Hedw.) Schimp. — Lok.: A4 Rize: 2, 13,
26; toprak iizeri, 1slak toprak tizeri.

Distichiaceae Schimp.

Distichium capillaceum (Hedw.) Bruch & Schimp.
— Lok.: A4 Rize: 10, 13, 25, 29; toprak tizeri
Ditrichaceae Limpr.

Ceratodon purpureus (Hedw.) Brid. — Lok.: A4
Rize: 3, 5, 8, 10, 14, 15, 18, 19, 22, 24, 28, 30, 33;
toprak tizeri

Ditrichum heteromallum (Hedw.) E.Britton. — Lok.:
A4 Rize: 3; toprak iizeri.

Encalyptaceae Schimp.

Encalypta ciliata Hedw. — Lok.: A4 Rize: 8, 9, 10,
15, 21; kaya catlagi i¢i, kaya tizeri.

#E. microstoma Bals.-Criv. & De Not. — Lok.: A4
Rize: 25; kaya ¢atlagindaki toprak tlizeri

E. streptocarpa Hedw. — Lok.: A4 Rize: 5, 6,17, 21,
25; kaya catlagindaki toprak iizeri, toprak iizeri,
kaya iizeri.

Entodontaceae Kindb.

Entodon concinnus (De Not.) Paris. — Lok.: A4
Rize: 4,5, 17, 20, 21, 25; toprak lizeri,
Fissidentaceae Schimp.

Fissidens adianthoides Hedw. — Lok.: A4 Rize: 1,
12; 1slak kaya {izeri, 1slak toprak iizeri.

F. bryoides Hedw. — Lok.: A4 Rize: 29; kaya
catlaklari iginde.

F. dubius P.Beauv. — Lok.: A4 Rize: 28, 30; 1slak
toprak iizeri.

Fontinalaceae Schimp.

Fontinalis antipyretica Hedw. — Lok.: A4 Rize: 22,
32; suigi.
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#F. squamosa Hedw. — Lok.: A4 Rize: 32; su igi.
Funariaceae Schwagr.

Funaria hygrometrica Hedw. — Lok.: A4 Rize: 18;
kaya iizeri.

Grimmiaceae Arn.

Grimmia alpestris (F.Weber & D.Mohr) Schleich.
— Lok.: A4 Rize: 10, 12, 22, 24, 25, 26, 29, 31, 33;
kaya iizeri.

#G. anodon Bruch & Schimp. — Lok.: A4 Rize: 13;
kaya tizeri.

#G. anomala Hampe ex Schimp. — Lok.: A4 Rize:
18, 24; kaya {izeri.

#G. caespiticia (Brid.) Jur. — Lok.: A4 Rize: 10;
kaya iizeri.

G. decipiens (Schultz) Lindb. — Lok.: A4 Rize: 22,
25; kaya tizeri.

#G. donniana Sm. — Lok.: A4 Rize: 18, 28, 30; kaya
iizeri

G. elatior Bruch ex Bals.-Criv. & De Not. — Lok.:
A4 Rize: 1,6, 10, 15, 17, kaya lizeri.

G. funalis (Schwigr.) Bruch & Schimp. — Lok.: A4
Rize: 8, 10, 20, 21, 25, 29, 33; kaya ilizeri.

G. hartmanii Schimp. — Lok.: A4 Rize: 1, 8, 10, 11,
16, 18, 22, 33; kaya lizeri

G. laevigata (Brid.) Brid. — Lok.: A4 Rize: 6; kaya
iizeri

#G. lisae De Not. — Lok.: A4 Rize: 10, 18; kaya
iizeri.

G. longirostris Hook. — Lok.: A4 Rize: 31; kaya
iizeri

G. montana Bruch & Schimp. — Lok.: A4 Rize: 6,
11, 13, 23; kaya iizeri.

#G. orbicularis Bruch ex Wilson. — Lok.: A4 Rize:
5, 27, kaya lizeri.

G. ovalis (Hedw.) Lindb. — Lok.: A4 Rize: 6, 10, 13,
15, 17, 18, 20, 24; kaya iizeri.

G. pulvinata (Hedw.) Sm. — Lok.: A4 Rize: 31; kaya
iizeri.

#G. unicolor Hook. — Lok.: A4 Rize: 27; kaya lizeri.
Racomitrium affine (F.Weber & D.Mohr) Lindb. —
Lok.: Ad Rize: 2, 26; kaya lizeri.

R. aquaticum (Brid. ex Schrad.) Brid. — Lok.: A4
Rize: 2, 3; kaya lzeri

R. canescens (Hedw.) Brid. — Lok.: A4 Rize: 1, 3,
4, 8, 14, 20, 24, 26; kaya iizeri

R. elongatum Ehrh. ex Frisvoll. — Lok.: A4 Rize: 4,
5, 33; kaya iizeri.

R. ericoides (Brid.) Brid. — Lok.: A4 Rize: 11, 13,
15, 16, 18, 21, 22, 23, 24, 25, 26; kaya iizeri.

R. macounii Kindb. — Lok.: A4 Rize: 1, 10, 16, 29;
kaya tizeri.

#R. sudeticum (Funck) Bruch & Schimp. — Lok.: A4
Rize: 2, 4, 16; kaya iizeri.

#Schistidium agassizii Sull. & Lesq. — Lok.: A4
Rize: 27; kaya iizeri.

S. apocarpum (Hedw.) Bruch & Schimp. — Lok.: A4
Rize: 3, 4, 5, 16, 21; kaya iizeri.

S. atrofuscum (Schimp.) Limpr. — Lok.: A4 Rize:
25, 29; kaya tizeri.

#S. brunnescens Limpr. subsp. brunnescens. — Lok.:
A4 Rize: 28, 30; kaya {izeri.

#S. brunnescens subsp. griseum (Nees & Hornsch.)
H.H.Blom. — Lok.: A4 Rize: 25; kaya tizeri.

S. confertum (Funck) Bruch & Schimp. — Lok.: A4
Rize: 5, 6, 10, 12, 14, 17, 18, 22, 23, 33; kaya {izeri.
#S. confusum H.H.Blom. — Lok.: A4 Rize: 5, 6, 10,
12, 14,17, 18, 22, 23, 33; kaya lizeri.

S. crassipilum H.H.Blom. — Lok.: A4 Rize: 33; kaya
tizeri.

#S. dupretii (Thér.) W.A.Weber. — Lok.: A4 Rize:
1, 13, 17, 24; kaya tizeri

#S. elegantulum H.H.Blom. — Lok.: A4 Rize: 1,
kaya iizeri.

S. flaccidum (De Not.) Ochyra. — Lok.: A4 Rize: 6;
kaya iizeri.

S. papillosum Culm. — Lok.: A4 Rize: 1, 3, 4, 6, 10,
12, 14, 15, 16, 17, 18, 20, 21, 26, 33; kaya iizeri.
#S. platyphyllum (Mitt.) H.Perssc — Lok.: A4 Rize:
22, 23; kaya tlizeri.

#S. rivulare (Brid.) Podp. — Lok.: A4 Rize: 7, 28,
29, 30; kaya tizeri

S. trichodon (Brid.) Poelt. — Lok.: A4 Rize: 18; kaya
iizeri.

Habrodontaceae Schimp.

Habrodon persupillus (De Not.) Lindb. — Lok.: A4
Rize: 9; aga¢ govdesi lizeri.

Hedwigiaceae Schimp.

Hedwigia ciliata (Hedw.) P.Beauv. — Lok.: A4
Rize: 1, 6, 12, 17, 21; kaya lzeri.

H. emodica Hampe ex Miill.Hal. — Lok.: A4 Rize:
6, 16, 18, 20, 24; kaya tizeri.

Hylocomiaceae M.Fleisch.

Hylocomiadelphus triquetrus (Hedw.) Ochyra &
Stebel. — Lok.: A4 Rize: 1, 2, 4,9, 11, 13, 15, 16,
17, 20, 21, 25, 33; toprak tizeri.

Hylocomium splendens (Hedw.) Schimp. — Lok.:
Ad Rize: 1,2,4,7,8,9, 13, 15, 16, 17, 20, 21, 25;
toprak iizeri.

Pleurozium schreberi (Willd. ex Brid.) Mitt. — Lok.:
A4 Rize: 2; toprak iizeri.

#Rhytidiadelphus subpinnatus (Lindb.) T.J.Kop. —
Lok.: A4 Rize: 24; 1slak toprak {izeri
Hymenolomataceae Ignatov & Fedosov
Hymenoloma crispulum (Hedw.) Ochyra. — Lok.:
A4 Rize: 7, 11, 24, 26, 29; kaya iizeri.

Hypnaceae Schimp.

Hypnum andoi A.J.E.Sm. — Lok.: A4 Rize: 5, 14,
15, 16, 17, 20, 21, 25; kaya iizeri.

H. cupressiforme Hedw. var. cupressiforme. — Lok.:
A4 Rize: 1,2,3,4,7,8,15, 16, 17, 18, 20, 21; kaya
iizeri, toprak {izeri, aga¢ govdesi lizeri.

H. cupressiforme var. filiforme Brid. — Lok.: A4
Rize: 1, 2, 8, 15, 17, 20; toprak iizeri, kaya iizeri,
agac¢ govdesi iizeri
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H. cupressiforme var. lacunosum Brid. — Lok.: A4
Rize: 1, 3, 5, 8, 12, 16, 17, 29; kaya lizeri, ¢liriimiis
agac kiitiigii iizeri, toprak tizeri.

H. jutlandicum Holmen & E.Warncke. — Lok.: A4
Rize: 1, 4, 17, 18; toprak iizeri, kaya iizeri

#H. resupinatum Taylor. — Lok.: A4 Rize: 1, 8, 9,
16, 17, 18, 20, 21; kaya fizeri, toprak {iizeri, agag
kiitiigi tizeri

Lembophyllaceae Broth.

Isothecium alopecuroides (Lam. ex Dubois) Isov. —
Lok.: A4 Rize: 1,2,4,6,7,8,9, 15, 16, 17, 20, 21,
22; toprak iizeri, kaya iizeri.

Leucobryaceae Schimp.

Campylopus subulatus Schimp. ex Milde. — Lok.:
A4 Rize: 16; kaya {izeri.

Leucodontaceae Schimp.

Leucodon sciuroides (Hedw.) Schwigr. — Lok.: A4
Rize: 1, 2, 4,6, 7, 14, 15, 16, 17, 20; agag¢ govdesi
iizeri, kaya iizeri.

Mniaceae Schwagr.

Mnium hornum Hedw. — Lok.: A4 Rize: 1; 1slak
toprak {izeri.

M. marginatum (Dicks.) P.Beauv. — Lok.: A4 Rize:
7; 1slak toprak iizeri.

#M. spinosum (Voit) Schwigr. — Lok.: A4 Rize: 1,
8,9,13,16, 17,20, 24, 29; 1slak toprak iizeri, toprak
iizeri.

#M. spinulosum Bruch & Schimp. — Lok.: A4 Rize:
27; 1slak toprak tizeri.

M. stellare Hedw. — Lok.: A4 Rize: 1, 17; toprak
iizeri, kaya iizeri.

#M. thomsonii Schimp. — Lok.: A4 Rize: 21; 1slak
toprak {izeri.

Plagiomnium affine (Blandow ex Funck) T.J.Kop.
—Lok.: Ad Rize: 2, 4,9, 11, 16, 17, 20, 21; toprak
tizeri, 1slak toprak iizeri.

P. cuspidatum (Hedw.) T.J.Kop. — Lok.: A4 Rize:
4,5, 14, 15, 18, 19, 29; 1slak toprak {izeri, toprak
iizeri

P. elatum (Bruch & Schimp.) T.J.Kop. — Lok.: A4
Rize: 4, 9, 19; toprak {izeri.

P. ellipticum (Brid.) T.J.Kop. — Lok.: A4 Rize: 4, 9,
19; toprak tizeri.

P. medium (Bruch & Schimp.) T.J.Kop. — Lok.: A4
Rize: 4, 9, 19; toprak {lizeri.

P. rostratum (Schrad.) T.J.Kop. — Lok.: A4 Rize:
32; 1slak toprak tizeri.

P. undulatum (Hedw.) T.J.Kop. — Lok.: A4 Rize: 1,
3,4,16, 17, 18; 1slak toprak iizeri

Pohlia cruda (Hedw.) Lindb. — Lok.: A4 Rize: 13,
24, 25; 1slak toprak iizeri.

*P. lescuriana (Sull.) Ochi. — Lok.: A4 Rize: 3;
1slak toprak iizeri.

P. ludwigii (Spreng. ex Schwigr.) Broth. — Lok.: A4
Rize: 27; kaya c¢atlaklar1 i¢indeki toprak tizeri

P. nutans (Hedw.) Lindb. — Lok.: A4 Rize: 11,
toprak iizeri.

P.  wahlenbergii  (F.Weber &  D.Mohr)
A.L.Andrews. — Lok.: A4 Rize: 7, 29; toprak tizeri
#Rhizomnium magnifolium (Horik.) T.J.Kop. —
Lok.: A4 Rize: 7, 8, 22, 29, 33; 1slak toprak iizeri.
#R. pseudopunctatum (Bruch & Schimp.) T.J.Kop.
—Lok.: A4 Rize: 8, 18; 1slak toprak iizeri,

R. punctatum (Hedw.) T.J.Kop. — Lok.: A4 Rize: 1,
3,7,8,16, 18, 22,23, 24, 27, 29; 1slak toprak iizeri
Myuriaceae M.Fleisch.

Ctenidium molluscum (Hedw.) Mitt. — Lok.: A4
Rize: 2, 3, 22; kaya lizeri, toprak {izeri
Neckeraceae Schimp.

Alleniella besseri (Lobarz.) S.Olsson, Enroth &
D.Quandt. — Lok.: A4 Rize: 20; kaya tizeri

A. complanata (Hedw.) S.Olsson, Enroth &
D.Quandt. — Lok.: A4 Rize: 1, 2, 5, 16, 17, 20; kaya
iizeri, aga¢ govdesi lizeri

Exsertotheca crispa (Hedw.) S.Olsson, Enroth &
D.Quandt. — Lok.: A4 Rize: 1, 5; agag govdesi tizeri
Pseudanomodon attenuatus (Limpr.) Ignatov &
Fedosov. — Lok.: A4 Rize: 1, 4,5, 16, 17, 20; kaya
lizeri

Thamnobryum alopecurum (Hedw.) Gangulee. —
Lok.: A4 Rize: 1; 1slak toprak iizeri.
Orthotrichaceae Arn.

Lewinskya affinis (Schrad. ex Brid.) F.Lara,
Garilleti & Goffinet. — Lok.: A4 Rize: 6; kaya tizeri.
L. rupestris (Schleich. ex Schwigr.) F.Lara,
Garilleti & Goffinet. — Lok.: A4 Rize: 1,5, 6, 7, 12,
14,17, 18, 20, 21, 24; agag lizeri, 1slak toprak iizeri,
kaya iizeri.

L. speciosa (Nees) F.Lara, Garilleti & Goffinet. —
Lok.: A4 Rize: 1, 2, 4,9, 15, 20; kaya iizeri, toprak
lizeri, agag {izeri.

L. striata (Hedw.) F.Lara, Garilleti & Goffinet. —
Lok.: A4 Rize: 6, 9, 17; kaya lizeri

Orthotrichum alpestre Bruch & Schimp. — Lok.: A4
Rize: 15; kaya tizeri.

0. anomalum Hedw. — Lok.: A4 Rize: 21; kaya
tlizeri

O. pallens Bruch ex Brid. — Lok.: A4 Rize: 6, 17,
20, 21; kaya tizeri.

#O. pulchellum Brunt. — Lok.: A4 Rize: 17, 25; kaya
iizeri.

#0O. tenellum Bruch ex Brid. — Lok.: A4 Rize: 6;
kaya tlizeri

Ulota crispa (Hedw.) Brid. — Lok.: A4 Rize: 21;
agag¢ govdesi iizeri.

#U. crispula Bruch. — Lok.: A4 Rize: 1, 3, 4, 20, 21;
kaya tizeri, agag¢ govdesi iizeri

Plagiotheciaceae M.Fleisch.

Plagiothecium cavifolium (Brid.) Z.lwats. — Lok.:
A4 Rize: 1, 11; 1slak toprak iizeri

P. denticulatum (Hedw.) Schimp. — Lok.: A4 Rize:
22,29, 33; 1slak toprak iizeri

P. laetum Schimp. — Lok.: A4 Rize: 13, 16; toprak
iizeri, kaya tizeri
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P. succulentum (Wilson) Lindb. — Lok.: A4 Rize: 7,
13, 15, 21, 24, 29; toprak tizeri, kaya iizeri
#Pseudotaxiphyllum elegans (Brid.) Z.lwats. —
Lok.: A4 Rize: 1; 1slak toprak iizeri.
Polytrichaceae Schwigr.

Atrichum tenellum (R6hl.) Bruch & Schimp. — Lok.:
A4 Rize: 22; toprak tizeri

A. undulatum (Hedw.) P.Beauv. — Lok.: A4 Rize: 2,
7, 18; toprak tizeri.

Pogonatum aloides (Hedw.) P.Beauv. — Lok.: A4
Rize: 2; toprak iizeri

P. neesii (Miill.Hal.) Dozy. — Lok.: A4 Rize: 2;
toprak tizeri

P. urnigerum (Hedw.) P.Beauv. — Lok.: A4 Rize: 2,
7,11, 21, 22,23, 26; 1slak toprak iizeri,
Polytrichastrum alpinum (Hedw.) G.L.Sm. — Lok.:
A4 Rize: 13, 15, 24, 27; toprak iizeri, 1slak toprak
iizeri

Polytrichum commune Hedw. — Lok.: A4 Rize: 7,
22,26, 29; 1slak toprak {izeri.

P. formosum Hedw. — Lok.: A4 Rize: 2,7, 9, 13, 24,
26, 29; 1slak toprak iizeri, toprak iizeri.

P. juniperum Hedw. — Lok.: A4 Rize: 2, 11, 13, 14,
15, 19, 22, 24, 29; toprak iizeri, 1slak toprak lizeri
P. piliferum Hedw. — Lok.: A4 Rize: 15, 28, 30, 31,
33; toprak iizeri, kaya iizeri, 1slak toprak {izeri
Pottiaceae Schimp.

#Anoectangium aestivum (Hedw.) Mitt. — Lok.: A4
Rize: 1, 6,7, 15, 29; kaya iizeri, toprak tizeri
Barbula unguiculata Hedw. — Lok.: A4 Rize: 12;
1slak toprak iizeri

Bryoerythrophyllum ferruginascens (Stirt.)
Giacom. — Lok.: A4 Rize: 25; 1slak toprak iizeri

B. recurvirostrum (Hedw.) P.C.Chen. — Lok.: A4
Rize: 1, 6, 21; kaya tizeri.

#Chionoloma tenuirostre (Hook. & Taylor)
M.Alonso, M.J.Cano & J.A.Jiménez. — Lok.: A4
Rize: 22, 33; 1slak toprak iizeri.

#Cinclidotus fontinaloides (Hedw.) P.Beauv. —
Lok.: A4 Rize: 32; 1slak toprak tizeri

Didymodon acutus (Brid.) K.Saito. — Lok.: A4 Rize:
11; 1slak toprak tizeri.

D. ferrugineus (Schimp. ex Besch.) M.O.Hill. —
Lok.: A4 Rize: 21; kaya {izeri.

D. luridus Hornsch. — Lok.: A4 Rize: 33; 1slak
toprak iizeri.

D. rigidulus Hedw. — Lok.: A4 Rize: 6; toprak iizeri.
D. vinealis (Brid.) R.H.Zander. — Lok.: A4 Rize: 3,
21; kaya tlizeri

Syntrichia laevipila Brid. — Lok.: A4 Rize: 11; 1slak
toprak tizeri

#S. minor (Bizot) M.T.Gallego, J.Guerra,
M.J.Cano, Ros & Sanchez-Moya. — Lok.: A4 Rize:
25; 1slak toprak tizeri.

S. montana Nees. — Lok.: A4 Rize: 1, 5, 6, 7, 12,
14, 16, 18, 19, 21, 23, 29; kaya tizeri, 1slak toprak
lizeri

S. norvegica F.Weber. — Lok.: A4 Rize: 14, 15, 17,
19, 24, 29, 32, 33; kaya lizeri, toprak tlizeri

#S. papillosissima (Copp.) Loeske. — Lok.: A4 Rize:
31; 1slak toprak tizeri

#S. ruraliformis (Besch.) Mans. — Lok.: A4 Rize:
15, 27; kaya tizeri, 1slak toprak tizeri

S. ruralis (Hedw.) F.Weber & D.Mohr. — Lok.: A4
Rize: 1, 2,5, 6,7, 8,9, 11, 12, 14, 16, 17, 20, 24,
27,28, 30; kaya iizeri, toprak tizeri.

#S. virescens (De Not.) Ochyra. — Lok.: A4 Rize:
28, 30; 1slak toprak tizeri

Tortella fragilis (Drumm.) Limpr. — Lok.: A4 Rize:
6; toprak tiizeri.

#T. inclinata (R.Hedw.) Limpr. — Lok.: A4 Rize:
28, 30; 1slak toprak tizeri.

T. tortousa (Hedw.) Limpr. — Lok.: A4 Rize: 5, 6,
7,11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 25, 27,
29, 31, 33; kaya iizeri, toprak iizeri.

#Tortula acaulon var. pilifera (Hedw.) R.H.Zander.
— Lok.: A4 Rize: 15; kaya lizeri.

T. hoppeana (Schultz) Ochyra. — Lok.: A4 Rize: 11,
13, 15, 24, 28, 30; kaya lizeri, 1slak toprak lizeri

T. marginata (Bruch & Schimp.) Spruce. — Lok.:
A4 Rize: 1,4,5,8,9, 13, 14, 15, 17, 24, 27, 29, 32,
33; kaya, toprak {izeri

#T. mucronifolia Schwigr. — Lok.: A4 Rize: 24;
toprak iizeri.

T. muralis Hedw. — Lok.: A4 Rize: 7, 29; toprak
iizeri, 1slak toprak iizeri

#T. solmsii (Schimp.) Limpr. — Lok.: A4 Rize: 21;
kaya iizeri.

T. subulata Hedw. — Lok.: A4 Rize: 1, 3,6, 7, 8, 15,
17, 21; kaya tizeri, toprak {izeri

#T. vahliana (Schultz) Mont. — Lok.: A4 Rize: 7;
toprak tizeri.

Weissia condensa (Voit) Lindb. — Lok.: A4 Rize:
25; toprak iizeri.

W. controversa Hedw. — Lok.: A4 Rize: 21, 29;
kaya iizeri

Pseudoleskeaceae Schimp.

Lescuraea incurvata (Hedw.) E.Lawton. — Lok.: A4
Rize: 9, 11, 24, 29; toprak iizeri, 1slak toprak tizeri.
L. mutabilis (Brid.) Lindb. ex 1.Hagen. — Lok.: A4
Rize: 7, 8, 11, 14, 20, 29, 33; toprak {iizeri, 1slak
toprak iizeri, aga¢ govdesi iizeri

L. patens Lindb. — Lok.: A4 Rize: 23; 1slak toprak
lizeri

L. plicata (Schleich. ex F.Weber & D.Mohr) Broth.
—Lok.: A4 Rize: 8,9, 11, 13, 23; 1slak toprak iizeri
L. radicosa (Mitt.) Monk. — Lok.: A4 Rize: 7, 8, 9,
11, 16, 22, 24, 29; kaya {izeri, toprak tizeri, 1slak
toprak tizeri

L. saxicola (Schimp.) Molendo. — Lok.: A4 Rize:
33; 1slak toprak tizeri.

Pseudoleskeellaceae Ignatov & Ignatova
Pseudoleskeella nervosa (Brid.) Nyholm. — Lok.:
A4 Rize: 1,4,7,8,9, 14,17, 18, 19, 20, 21, 23, 25;
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kaya ftizeri, toprak lizeri, agag govdesi iizeri, 1slak
toprak tizeri

Pterigynandraceae Schimp.

Pterigynandrum filiforme Hedw. — Lok.: A4 Rize:
1,2,4,8,9, 15, 16, 17, 20, 21, 31, 33, kaya iizeri,
agac govdesi lizeri, 1slak toprak tizeri

Pylaisiaceae Schimp.

Calliergonella cuspidata (Hedw.) Loeske. — Lok.:
A4 Rize: 14, 16, 17, 18, 19, 21, 22, 33; 1slak toprak
lizeri

C. lindbergii (Mitt.) Hedenés. — Lok.: A4 Rize: 11,
28, 30, 33; 1slak toprak {izeri

Pseudohygrohypnum eugyrium (Schimp.) Kanda. —
Lok.: A4 Rize: 12, 22; 1slak toprak tizeri

Pylaisia polyantha (Hedw.) Schimp. — Lok.: A4
Rize: 8; toprak {izeri.

#Roaldia revoluta (Mitt.) P.E.A.S.Cimara &
M.Carvalho-Silva. — Lok.: A4 Rize: 7, 11, 24, 29;
toprak {iizeri, 1slak toprak iizeri

Pylaisiadelphaceae Goffinet & W.R.Buck
Platygyrium repens (Brid.) Schimp. — Lok.: A4
Rize: 12; 1slak toprak lizeri.

Rhabdoweisiaceae Limpr.

#Cynodontium fallax Limpr. — Lok.: A4 Rize: 11;
1slak toprak iizeri.

#C. jenneri (Schimp.) Stirt. — Lok.: A4 Rize: 11,
toprak {izeri.

Dicranoweisia cirrata (Hedw.) Lindb. — Lok.: A4
Rize: 7, 27, 29; toprak iizeri, 1slak toprak tizeri
Oncophorus virens (Hedw.) Brid. — Lok.: A4 Rize:
4, 11, 24; 1slak toprak iizeri, agac¢ govdesi lizeri.
Rhytidiaceae Broth.

Rhytidium rugosum (Hedw.) Kindb. — Lok.: A4
Rize: 1, 5, 6, 7, 16, 20, 29; kaya lizeri, toprak tizeri.
Saelaniaceae Ignatov & Fedosov

#Saelania glaucescens (Hedw.) Broth. — Lok.: A4
Rize: 7, 32; toprak tizeri

Scorpidiaceae Ignatov & Ignatova

Sanionia uncinata (Hedw.) Loeske. — Lok.: A4
Rize: 8, 9, 11, 13, 24, 26, 29; toprak fizeri, 1slak
toprak iizeri

#Scorpidium revolvens (Sw. ex anon.) Rubers. —
Lok.: A4 Rize: 26; 1slak toprak iizeri.
Sphagnaceae Dumort.

#Sphagnum capillifolium (Ehrh.) Hedw. — Lok.: A4
Rize: 24, 26, 28; su ici.

S. centrale C.E.O.Jensen. — Lok.: A4 Rize: 26; su
1cl.

S. contortum Schultz. — Lok.: A4 Rize: 26; su i¢i.
S. fallax (H.Klinggr.) H.Klinggr. — Lok.: A4 Rize:
26; su igi.

*S. fimbriatum Wilson. — Lok.: A4 Rize: 26; su i¢i.
S. girgensohnii Russow. — Lok.: A4 Rize: 26; su i¢i.
S. molle Sull. — Lok.: A4 Rize: 28; su i¢i.
*Sphagnum papillosum Lindb. — Lok.: A4 Rize: 26;
su ici.

S. platyphyllum (Lindb. ex Braithw.) Warnst. —
Lok.: A4 Rize: 22, 23; su i¢i, 1slak toprak lizeri.

#S. rubellum Wilson. — Lok.: A4 Rize: 24, 26; su
1¢1.

S. squarrosum Crome. — Lok.: A4 Rize: 18, 26; su
1¢1.

S. teres (Schimp.) Angstr. — Lok.: A4 Rize: 22, 26;
su ici.

S. warnstorfii Russow. — Lok.: A4 Rize: 24; su igi.
Stereodontaceae Hedends, Schlesak & D.Quandt
Stereodon callichrous (Brid.) Lindb. — Lok.: A4
Rize: 16, 26, 27; kaya lizeri, 1slak toprak {izeri

#S. hamulosus (Schimp.) Lindb. — Lok.: A4 Rize: 7,
16; toprak {iizeri, kaya iizeri.

Thuidiaceae Schimp.

Abietinella abietina (Hedw.) M.Fleisch. var.
abietina. — Lok.: A4 Rize: 2, 4, 5, 6, 7, 20, 22;
toprak {iizeri, 1slak toprak iizeri, agac govdesi tizeri
A. abietina var. hystricosa (Mitt.) Sakurai. — Lok.:
A4 Rize: 7, 8, 11, 12, 14, 16, 19, 21, 31; toprak
iizeri, kaya {izeri, 1slak toprak tizeri

Thuidium assimile (Mitt.) A.Jaeger. — Lok.: A4
Rize: 1,4, 5, 8, 19, 21; kaya lizeri, toprak tizeri.

T. delicatulum (Hedw.) Schimp. — Lok.: A4 Rize: 5,
25; toprak iizeri, 1slak toprak tizeri

T. recognitum (Hedw.) Lindb. — Lok.: A4 Rize: 17;
toprak iizeri.

T. tamariscinum (Hedw.) Schimp. — Lok.: A4 Rize:
2; toprak tizeri.

4. Tartisma ve Sonug¢

Anzer vadisi ve ¢evresinden 2019 yilinin Haziran
ve Temmuz aylarinda yapilan arazi calismalari
sonucunda toplanan yaklasik + 6000 briyofit
orneginin incelenmesi sonucu, 69 familya ve 135
cinse ait toplam 338 tiir, alttiir ve varyete diizeyinde
briyofit taksonu teshis edilmistir. Cigerotlarma ait
familya sayisi 21, karayosunlarinda ise 48’dir.
Cigerotu taksonlarinin ait oldugu cins sayisi 30 iken
bu rakam karayosunlari i¢in 105°tir. Toplam takson
sayisinin  286’s1 karayosunu, 52’si ise cigerotu

taksonlaridir.  Scapania obscura (Arnell &
C.E.O.Jensen) Schiffn., Sphagnum fimbriatum
Wilson, S. papillosum Lindb., Dicranella

staphylina H.Whitehouse ve Pohlia lescuriana
(Sull.) Ochi taksonlarinin Tiirkiye’den ikinci kez
kaydi verilmistir.

Kara ve ark. (2014) tarafindan Erciyes Dagi’nda
2371 m rakimda toprak {iizerinden toplanan ve
Tirkiye igin ilk defa kayd: verilen Scapania
obscura, bu ¢alismada Tirkiye i¢in ikinci kayit
olarak verilmistir. Sunulan bu aragtirmada ayrica,
Arcahal ve Yatak yaylasi’ndan olmak iizere her iki
lokalitede 2500 m rakim iizerinde 1slak toprak
iizerinden toplanmstir.

Tiirkiye igin ikinci kayit olarak verilen Sphagnum
fimbriatum’un tilkedeki ilk lokalite kayit bilgileri
Tongug-Yayintas (2013) tarafindan Canakkale ili
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Can ilgesinden 650 m rakimda su igerisinden
verilmistir. S6z konusu tiir, Anzer vadisi ve Arcahal
yaylasi’nda ise 2600 m rakimda dere kenar1 1slak
toprak iizeri ve su icinden toplanmistir. Ornegin ilk
kaydinin verildigi Canakkale ili Can ilgesinin
vejetasyonunda Pinus nigra subsp. pallasiana
(Lamb.) Holmboe., Castanea sativa Mill., Quercus
petraea (Mattuschka) Liebl. ve Quercus frainetto
Ten. karistk ormant hakim iken, Arcahal
yaylasi’nin hakim vejetasyon tipi ise alpin gayir ve
Rhododendron caucasicum Pall’dur.

Kirmaci ve ark. (2017) tarafindan Tiirkiye i¢in yeni

kayit olarak verilen S. papillosum Arhavi
(Artvin)’den 1650 m yiikseltide su i¢inden
toplanmisken, Anzer vadisinde ise Arcahal

yaylasi’nda 2600 m de dere kenar1 1slak toprak tizeri
ve su ic¢inden toplanmustir. Tiriin iilkedeki ilk
kaydinin verildigi Arhavi (Artvin) ilgesindeki
lokalite Picea orientalis (L.) Link ve Rhododendron
ponticum L. formasyonu ile kaph iken, aragtirma
alaninzdaki lokalitelerden biri olan Arcahal
yaylasinda alpin ¢ayir ve Rhododendron
caucasicum Pall.un yayilis1 gozlemlenmistir.

Floristik listedeki karayosunu taksonlarindan biri
olan Dicranella staphylina, Ursavas ve ark. (2021)
tarafindan Karasu (Sakarya), Samanli Daglari
(Sakarya) ve Karacabey (Bursa)’dan Tiirkiye igin
yeni kayit olarak verilmigtir. Bu calismada
Garzavan yaylasinda toprak iizerinde bulunmustur.
D. staphylina, Karasu (Sakarya), Samanli Daglar1
(Sakarya) ve Karacabey (Bursa) lokalitelerinden 13
ile 769 m. rakim araliginda toprak {izerinde
toplanmisken, Garzavan yaylasi’'nda 2072 m.
rakimda toprak iizerinden toplanmugtir. Ornegin,
yeni kayit olarak verildigi lokalitelerde hakim
vejetasyon olarak Alnus glutinosa (L.) Gaertn., A.
orientalis Decne., Carpinus orientalis Mill., C.
betulus L., Castanea sativa Mill., Corylus avellana
L., Fagus orientalis Lipsky karigtk orman tipi
goriilirken, Garzavan yaylasi’'ndaki lokalitede
hakim vejetasyon tipi Picea orientalis (L.) Link. saf
ormanidir.

Tiirkiye’den ilk kez Erata ve ark. (2021) tarafindan
yeni kayit olarak verilen Pohlia lescuriana, Kiimbet
yaylas1 (Dereli, Giresun)’ndan 1630 m. rakimda
dere kenari 1slak toprak {izerinden toplanmistir. Bu
calismada Derekdy girisi, Selale mevkii’nde 1100
m. rakimda dere kenari 1slak toprak tizerinden kayd1
verilmigtir. Kiimbet yaylasi vejetasyon tipi Picea
orientalis (L.) Link., saf orman ile kapl iken;
Derekdy girisi, Selale mevkiinin vejetasyonu ise
Fagus orientalis Lipsky, Alnus glutinosa (L.)
Gaertner, Castanea sativa Mill. Corylus avellena L.
taksonlarindan olugsmaktadir.

Tiirkiye briyofit florasi i¢in yeni kayit olarak Kara
ve ark. (2007) tarafindan Hatay ilinden verilen
Encalypta microstoma Bals.-Criv. & De Not.’nin
iilkemizdeki diger yayilis alanlari farkli yazarlar
tarafindan farkli cografik bolgelerden verilmistir.
Sirasiyla; Batan ve Ozdemir (2011)-Mersin, Batan
ve ark. (2013)-Igdir, Kara ve ark. (2013)-Hatay
(Amanos Daglar1), Ezer ve ark. (2015)-Nigde,
Batan ve Ozdemir (2016)-Burdur ili kayitlar:
mevcuttur. Bu c¢alisma ile ilk kez Karadeniz
bolgesinden kaydi verilmistir.

Ayrica, 88 briyofit (9 cigerotu ve 79 karayosunu)
taksonu Rize ili i¢in ilk defa rapor edilmistir. Rize
ili i¢in yeni olan 9 cigerotu taksonu; Barbilophozia
lycopodioides, Gymnocolea inflata,
Fuscocephaloziopsis  lunulifolia, Lophoziopsis
excisa, Lophoziopsis longidens, Porella cordaeana,
Scapania obscura, Solenostoma sphaerocarpum ve
Southbya tophacea’dir. Rize ili igin yeni olan
karayosunlart  ise; Campylium  bambergeri,
Hygroamblystegium tenax, Platyhypnum
duriusculum, P. smithii, Brachythecium campestre,
B. tommasinii, Homalothecium philippeanum,
Sciuro-hypnum  flotowianum, S. latifolium,
Anomobryum concinnatum, Bryum dichotomum,
Imbribryum alpinum, Ptychostomum compactum,
P. creberrimum, P. donianum, P. funkii, P.
pallescens, P. pseudotriquetrum var. bimum, P.
rubens, P. weigelii, Warnstorfia fluitans, Dicranum
brevifolium, D. elongatum, D. leioneuron, D.
spadiceum, Dicranella staphylina, D. Vvaria,
Encalypta microstoma, Fontinalis squamosa,
Grimmia anodon, G. anomala, G. caespiticia, G.
donniana, G. lisae, G. orbicularis, G. unicolor,
Racomitrium sudeticum, Schistidium agassizii, S.
brunnescens subsp. brunnescens, S. brunnescens
subsp. griseum, S. confusum, S. dupretii, S.
elegantulum, S. platyphyllum, S. rivulare,
Rhytidiadelphus subpinnatus, Hypnum
resupinatum, Mnium spinosum, M. spinulosum, M.
thomsonii, Pohlia lescuriana,  Rhizomnium
magnifolium, R. pseudopunctatum, Orthotrichum
pulchellum, O. tenellum, Ulota crispula,
Pseudotaxiphyllum elegans, Anoectangium
aestivum, Chionoloma tenuirostre, Cinclidotus
fontinaloides, Syntrichia minor, S. papillosissima,
S. ruraliformis, S. virescens, Tortella inclinata,
Tortula acaulon var. pilifera, T. mucronifolia, T.

solmsii, T. vahliana, Roaldia  revoluta,
Cynodontium  fallax, C. jenneri, Saelania
glaucescens, Scorpidium revolvens, Sphagnum

capillifolium, S. fimbriatum, S. papillosum, S.
rubellum ve Stereodon hamulosus dur.

Tirkiye’de en fazla briyofloristik caligsmalarin
yapildigi illerden biri Rize ili olmasma karsin,
yapilan bu ¢aligsma sonucunda Rize ili i¢in yeni olan
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88 taksonun eklenmesi ile Rize ilinden tespit
edilmis olan briyofit taksonu sayist 424’°e ¢ikmuistir.
Bu da detayli ¢aligmalar sonucunda il, bolge ve tilke
bazinda cok sayida  yeni taksonlarin
eklenebilecegini gostermektedir.

Calisma sonucunda tespit edilen cigerotu
familyalar1 igerisinde en fazla cins iceren
familyalar; Lophoziaceae (3) ve Scapaniaceae
(3)’dir. Icerdikleri takson sayis1 bakimindan en
zengin cigerotu cinsleri ise Scapania (7),
Barbilophozia (3), Lophocolea (3), Metzgeria (3)
ve Solenostoma (3)’dir. Takson ¢esitliligi agisindan
en zengin familyalar incelendiginde, cigerotlar

icerisinde 10 taksona sahip Scapaniaceae
familyasini 5 taksonla Lophocoleaceae
familyasinin izledigi goriilmektedir. Karayosunu
familyalar1 igerisinde en fazla cins iceren

familyalar; Brachytheciaceae (10), Pottiaceae (10)
ve Amblystegiaceae (8)’dir. Icerdikleri takson
sayis1 bakimindan en zengin cinsler ise; Grimmia
(17), Ptychostomum (16), Schistidium (15) ve
Sphagnum (13)’dur. Takson g¢esitliligi agisindan
karayosunlarmmin  ait  olduklar1  familyalara
bakildiginda; Grimmiaceae nin sahip oldugu 39
taksonla floristik listede ilk sirada yer aldig: tespit
edilmisti. Bu familyay1 Pottiaceae (32),
Brachytheciaceae (26), Bryaceae (22) ve Mniaceae
(21) gibi familyalar takip etmektedir.

Caligma alaninda ¢ok yaygin olarak tespit edilen

taksonlar; Conocephalum conicum, Frullania
tamarisci, Marchantia  polymorpha, Pellia
epiphylla, Plagiochila asplenioides, Bartramia

halleriana, Philonotis fontana, Brachythecium
rivulare, B. rutabulum, Eurhynchium angustirete,
Homalothecium  philippeanum,  Sciuro-hypnum

populeum,  Ptychostomum  moravicum, P.
pseudotriquetrum var. pseudotriquetrum,
Dicranum  scoparium, Entodon  concinnus,
Grimmia hartmanii, Racomitrium canescens,
Schistidium apocarpum, S. papillosum,
Hylocomiadelphus  triquetrus, Hylocomium
splendens, Hypnum cupressiforme var.
cupressiforme, Isothecium alopecuroides,
Leucodon sciuroides, Mnium spinosum,

Rhizomnium punctatum, Alleniella complanata,
Lewinskya rupestris, Ulota crispula, Pogonatum
urnigerum, Polytrichum formosum, Syntrichia
montana, S. ruralis, Tortella tortousa, Tortula
marginata, T. subulata, Lescuraea mutabilis,
Pseudoleskeella nervosa, Calliergonella cuspidata,
Sanionia uncinata, Abietinella abietina var.
hystricosa ve Thuidium assimile’dir.

Calisma alaninda ¢ok fazla yaygin olmayan
taksonlar ise; Calypogeia fissa, Mesoptychia
bantriensis, Lejeunea cavifolia, Telaranea

europaea, Lophocolea bidentata, Lophoziopsis
excisa,  Scapania  nemorea,  Solenostoma
gracillimum, Hygrohypnum luridum, Platyhypnum
molle,  Amphidium  mougeotii,  Antitrichia
curtipendula, Brachythecium campestre, B.
tommasinii, Rhynchostegium confertum, Sciuro-

hypnum latifolium, Anomobryum concinnatum,
Ptychostomum weigelii, Sarmentypnum
exannulatum, Straminergon stramineum,

Warnstorfia fluitans, Dicranum brevifolium, D.
leioneuron, Encalypta microstoma, Fissidens
bryoides, Fontinalis squamosa, Grimmia anodon,
G. unicolor, Schistidium agassizii, Mnium hornum,
Pohlia lescuriana, P. ludwigii, Lewinskya affinis,
Orthotrichum alpestre, 0. tenellum,
Pseudotaxiphyllum elegans, Pogonatum aloides,
Barbula unguiculata, Cinclidotus fontinaloides,
Didymodon  acutus, Syntrichia minor, S.
papillosissima, Tortula acaulon var. pilifera, T.
vahliana, Weissia condensa, Lescuraea patens,
Cynodontium fallax ve Scorpidium revolvens’dir.
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Abstract
Eflani district of the Karabiik province selected as the study area is located Western Black Sea Region.
Three field excursions have been made in different seasons between October 2017 to April 2019 in the
study area. Bryophyte specimens were collected from 30 different habitats and ecosystems such as steppes,
forests, riparian, farmlands, wetlands etc. vegetation. Approximately 500 specimens have been collected,
examined under stereo and light microscopes, and identified using related literature. 156 specific and
infraspecific bryophyte taxa (15 liverworts and 141 mosses) were found in the visited localities. Among
them, 21 taxa were reported from Karabiik province for the first time and Lewinskya acuminata (H.Philib.)
F.Lara, Garilleti & Goffinet was new for A2 grid square. These taxa were listed according to taxonomic
hierarchy with locality, habitat, and substrate information.

Key words: Bryophyte, flora, Eflani, Karabiik, Turkey

Karabiik 1li, Eflani flcesi’nin Briyofit Cesitliligi

Oz

Calisma alani olarak secilen Karabiik ili, Eflani Ilgesi, Bat: Karadeniz Bolgesi simirlar igerisinde yer
almaktadir. Caligma alanina Ekim 2017-Nisan 2019 tarihleri arasinda farkli sezonlarda 3 arazi gezisi
diizenlenmistir. Briyofit 6rnekleri; step, orman, dere kenarlari, sulak alanlar, tarim arazileri gibi. farkli
habitat ve ekosistemleri igeren 30 farkli lokaliteden toplanmustir. Toplanan yaklagik 500 6rnek, 151k ve
stereo mikroskop altinda ilgili yayimlar kullanilarak teshis edilmistir. Ziyaret edilen lokalitelerden tir ve
tiiralt1 kategoride 156 briyofit taksonu (15 cigerotu ve 141 karayosunu) tespit edilmistir. Bunlardan 21
tanesi Karabiik ilinden ilk defa bildirilirken, Lewinskya acuminata (H.Philib.) F.Lara, Garilleti & Goffinet
tiirii A2 karesinden ilk kez kaydedilmistir. Bulunan taksonlar sistemik hiyerarsiye uygun olarak lokalite,
habitat ve substrat bilgileri ile birlikte listelenmistir.

Anahtar kelimeler: Briyofit, flora, Eflani, Karabiik, Tiirkiye.

1. Introduction: distribution, from the equator to the poles. This
Bryophytes are a primitive and non-tracheophyte  group includes 20.000-25.000 species and a very
group of land plants. They are dominant plants of  important role in their ecosystems (Glime, 2021).
some ecosystems and have a worldwide
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Turkey inhabits approximately 1000 bryophyte
species. This number indicates that Turkey has the
highest biodiversity among the Southwest Asian
countries (Kiirschner and Frey, 2020). Because of
different habitat types, geology, soil types,
topography, climates, and also its biogeographic
location, Turkey has the potential of hosting a vast
amount of bryophyte species with different
ecological requirements. Thus, many new
bryophyte records, have been reported the different
localities of northern part of the country, in recent
years (Gozcii et al., 2019; Ozenoglu et al., 2019;
Ursavas and Kegeli, 2019; Ursavas and Isin, 2019;
Erata and Batan, 2020; Abay et al., 2021; Erata et
al., 2021: Unan and Oren, 2021; Unan et al., 2021;
Ursavas et al., 2021). It is seen that even from
Northern Turkey, where many bryofloristical
studies have been carried out, new records are still

being given. These areas are characterized by
oceanic or rainy Mediterranean climate and related
to bryologist researchers’ workplace. From this
point of view, in order to achieve a better
understanding of the bryofloristic structure of
Turkey, floristically unstudied parts of the country
with different ecosystems and climate conditions
should be promptly investigated in detail.

2. The Study Area

The study area, Eflani is a district of the Karabiik
province located in the Northern West Black Sea
region (Fig. 1). The district covers an area of 536
km?, and the altitude is 910 ma.s.l. at the city center.
The population density of Eflani is fairly low, the
population of the city center is approximately 2240,
while the total population is 9700 including villages
(URL 1).
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The study area is located in the climatic transition
zone: northern parts of the district are cool and
rainy, and southern parts are relatively hot and dry.
According to Képpen-Geiger classification, Eflani
climate has Cfb type climate. This climate type is
characterized by warm winters and summers, and
precipitation throughout the year. The annual
average temperature is around 9.9 °C, and the
annual average precipitation is around 716 mm
(Arslan, 2021). Considering the distribution of
precipitation according to the seasons, it is listed as
223 mm in winter, 205 mm in spring, 149 mm in
autumn and 139 mm in summer, and the
precipitation regime is Eastern Mediterranean 1st
type, KIYS, (Winter, Spring, Summer, Fall)
(Akman, 1999).

Eflani has different ecosystems and habitats.
Approximately 40% of the district consists of
agricultural areas, 43% forests, 6% meadows and
pastures, 10% settlements and other areas (steppe,
rocky areas etc.) (URL 2). Pinus nigra subsp.
pallasiana (Lamb.) Holmboe, Abies nordmanniana
subsp. equi-trojani (Asch. & Sint. ex Boiss.) Coode
& Cullen, Quercus sp. L., Carpinus betulus L.,
Fagus orientalis Lipsky, Pinus sylvestris L.,
Juniperus sp. L. are dominant trees in the forests.
The other woody plants are Alnus glutinosa (L.)
Gaertn., Corylus avellana L., Carpinus betulus L.,
Cornus mas L., Pyracantha coccinea M.Roem.,
Populus tremula L., P.nigra L., Salix sp. L.
Crataegus sp. L..
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The main rocks types are respectively clastic,
clastic and carbonate, neritic limestone, carbonate
and clastic (dated back to Middle Devonian - Lower
Carboniferous), carbonate and clastic rocks (dated
back to Ordovician - Lower Devonian) (URL 3).
Brown soils cover a large area in and around Eflani.
It is also possible to find alluvial soils around the
rivers. Other soil types are colluvial, gray-brown
podzolic, brown forest, non-calcareous brown
forest soils in the research area (URL 1).

3. Material and Methods

In order to reveal the bryophyte flora of Eflani
district of Karabiik province, plant specimens were
collected from 30 points by visiting the area
between October 2017 and April 2019 at different
seasons of the year. In the selection of sampling
points, attention was paid to include different
elevations, habitats, forest types and coordinates
that could represent the whole area.

Collecting localities

1- Karabiikk, Eflani, between Basigdir-Demirli
village, 41°22'19.2"N 033°06'33.1"E, Pinus
nigra subsp. pallasiana (Lamb.) Holmboe,
Carpinus betulus L., Quercus sp. L., Juniperus
sp. L., 1092 m, 14.10.2017.

2- Karabiik, Eflani, Abakolu Village,
41°25'52.6"N  033°04'24.3"E, Pinus nigra
subsp. pallasiana (Lamb.) Holmboe, Quercus
sp. L., 1140 m, 14.10.2017.

3- Karabiik, Eflani, Abakolu Village, Orencik
vicinity, 41°22'19.2"N 033°03'54.7"E, open
lands, 1088 m, 14.10.2017.

4- Karabiik, Eflani, Karli Village, 41°26'15.1"N
033°06'23.0"E, Pinus nigra subsp. pallasiana
(Lamb.) Holmboe, P. sylvestris L., 989 m,
14.10.2017.

5- Karabik, Eflani, Urban Forest, around
Ortakgiler Pond, 41°25'44.7"N 033°00'39.0"E,

Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Pinus sylvestris L., 935 m,
14.10.2017.

6- Karabiik, Eflani, Seferler Village vicinity,
41°29'55.3"N 032°55'41.5"E, Populus tremula
L., Quercus sp. L., Carpinus betulus L., Fagus
orientalis Lipsky, Abies nordmanniana subsp.
equi-trojani (Asch. & Sint. ex Boiss.) Coode &
Cullen, 1053 m, 14.10.2017.

7- Karabiik, Eflani, Seferler Village vicinity,
41°30'09.0"N 032°54'44.3"E, Fagus orientalis
Lipsky, Abies nordmanniana subsp. equi-
trojani (Asch. & Sint. ex Boiss.) Coode &
Cullen, 944 m, 14.10.2017.

8- Karabiik, Eflani, Ovaseyhler Village vicinity,
41°32'20.1"N 032°47'45.0"E, Abies
nordmanniana subsp. equi-trojani (Asch. &

Sint. ex Boiss.) Coode & Cullen, Salix sp. L.,
956 m, 15.10.2017.

9- Karabiik, Eflani, Akgakese Village, Bostanci
vicinity, 41°33'19.8"N 032°50'25.7"E, Abies
nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, Pinus
sylvestris L, Carpinus betulus L., 994 m,
15.10.2017.

10-Karabiik, Eflani, Ak¢akese Village, Dere Mah.
vicinity, 41°32'079"N 032°52'38.1"E, Abies
nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, 710 m,
15.10.2017.

11-Karabiik, Eflani, Cali Kahvesi, 41°23'04.8"N
032°52'11.5"E, open areas and Pinus sylvestris
L, Cornus mas L., Quercus sp. L., 860 m,
31.03.2018.

12-Karabiik, Eflani, Cukurdren village vicinity,
41°21'01.8"N 032°52'01.8"E, Carpinus betulus
L., Quercus sp. L., 992 m, 31.03.2018.

13-Karabiikk, Eflani, Degirmendere vicinity,
41°20'51.9"N 032°53'12.5"E, Carpinus betulus
L., Alnus glutinosa (L.) Gaertn., Salix sp. L.,
Quercus sp. L., Juniperus sp. L., Cornus mas L.,
850 m, 31.03.2018.

14-Karabik, Eflani, Bozarmut
41°19'16.8"N  032°54'46.2"E, farmland and
Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Quercus sp. L., 1036 m, 31.03.2018.

15-Karabiik, Eflani, Cal village vicinity,
41°21'35.3"N 032°56'32.0"E, open areas,
Quercus sp. L., 1036 m, 01.04.2018.

16-Karabiik, Eflani, between Tabaklar stream and
Caliglar village, 41°23'33.9"N 032°56'08.3"E,
rocky steam banks, Quercus sp., 890 m,
01.04.2018.

17-Karabiik, Eflani, Cal village, Kizilgelik vicinity,

village,

41°20'56.5"N  032°58'23.8"E, open areas,
Quercus sp. L., 1054 m, 01.04.2018.
18-Karabiik, Eflani, between Gelicek and

Karacapmnar, 41°23'13.7'N  033°00'23.9"E,
Populus tremula L., Pinus sylvestris L, Pinus
nigra subsp. pallasiana (Lamb.) Holmboe,
Quercus sp. L., Carpinus betulus L., open areas,
970 m, 01.04.2018.

19-Karabiik, Eflani, Akcakese vicinity,
41°32'07,7"N 32°52'54,5"E, Abies
nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, Carpinus
betulus L., Pinus nigra subsp. pallasiana
(Lamb.) Holmboe, Salix alba L., 740 m,
06.04.20109.

20-Karabiik, Eflani, Ovagalis village, 41°31'24,9"N
32°55'01,6"E, old farmland, Cornus mas L.,
Crataegus sp. L., Quercus sp. L., 800 m,
06.04.2019.

21-Karabiik, Eflani, Baglica village, Celebioglu
vicinity, 41°33'06.0"N 32°58'50,5"E, open areas
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and Carpinus betulus L., Fagus orientalis
Lipsky, Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Quercus sp. L., Populus tremula L.,

Pyracantha coccinea M.Roem., 1005 m,
06.04.2019.
22-Karabiik, Eflani, Sogucak Hill, wetlands,

41°30'11.7"N 32°57'10.2"E, Populus tremula
L., Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Pinus sylvestris L., Cornus mas L.,
Juniperus sp. L., 1140 m, 06.04.2019.

23-Karabiik,  Eflani,  Cukurgelik  vicinity,
41°30'43.5"N 32°59'17.5"E, Fagus orientalis
Lipsky, Quercus sp. L., Carpinus betulus L.,
Cornus mas L., Crataegus sp. L., 1120 m,
07.04.20109.

24-Karabiik, Eflani, Kadikdy Pond, 41°27'42.3"N
33°00'22.2"E, wetlans, 946 m, 07.04.2019.

25-Karabiik, Eflani, Esencik Korubogazi Stream
vicinity, 41°29'03.9"N 33°01'50.4"E, Pinus
nigra subsp. pallasiana (Lamb.) Holmboe,
Pinus sylvestris L., Juniperus sp. L., Quercus
sp. L. 1002 m, 07.04.2019.

26-Karabiik, Eflani, Bostancilar Pond,
41°2728.0"N 32°57'06.4"E, wetland, Salix sp.
L., 945 m, 07.04.20109.

27-Karabuk, Eflani, Bedil village vicinity,
41°2929.4"N 32°53'47.8"E, Abies
nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, Cornus mas L.,
Fagus orientalis Lipsky, Corylus avellana L.,
1090 m, 07.04.20109.

28-Karabiik, Eflani, Haciaga¢ village vicinity,
41°2822.2"N 32°52'00.3"E, Abies
nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, Fagus
orientalis Lipsky, 945 m, 07.04.2019.

29-Karabiik, Eflani, Haciaga¢ village forest,
41°27'55.5"N 32°51'33.7"E, Abies
nordmanniana subsp. equi-trojani (Asch. &
Sint. ex Boiss.) Coode & Cullen, Fagus
orientalis Lipsky, 993 m, 07.04.2019.

30-Karabiik, Eflani, Kavak village vicinity,
41°26'01.9"N 32°54'56.4"E, Pinus sylvestris L.,
Quercus sp. L., Cornus mas L., Juniperus sp. L.,
977 m, 07.04.2019.

Diagnostic characters of specimens were examined
by using stereo and light microscope, and
specimens were identified by related revision,
monographs, and floristic books (Smith, 1996,
2004; Paton, 1999; Guerra et al., 2006; Cortini
Pedrotti, 2001, 2006; Greven, 2003; Lara et al.,
2009; Casas et al., 2006, 2009; Kiirschner and Frey,
2020).

Bryofloristic studies conducted in the area (Ozalp,
1995; Uyar, 2003; Kegeli and Cetin, 2006; Uyar and
Cetin, 2006; Uyar et al., 2007; Ursavas and Abay,

2009; Oren et al., 2015; Sar1 and Oren, 2016) and
the distribution of the bryophyte species in Turkey
were reviewed for determining the new bryophyte
taxa for Henderson’s A2 Grid and the Karabiik
(Kiirschner and Erdag, 2021). Families and upper
taxonomic categories in the floristic list are
arranged according to Hodgetts et al. (2020)’s
systematically hierarchy, and species are listed
alphabetically under families in the bryofloristic list
given in the appendix.

All specimens deposited at Zonguldak Biilent
Ecevit University, Bryophyte Herbarium (ZNG).

4. Result and Discussion

156 specific and infraspecific bryophyte taxa (15
liverworts and 141 mosses) have been identified
with the examination of approximately 500
bryophyte specimens collected from 30 different
localities in the study area. Lewinskya acuminata
(H.Philib.) F.Lara, Garilleti & Goffinet is new to
Henderson’s A2 sqaure and nineteen species newly
reported from Karabiik province. These species are
Riccardia chamedryfolia (With.) Grolle, Riccia
beyrichiana Hampe, Polytrichum juniperinum
Hedw., Polytrichum piliferum Hedw., Fissidens
adianthoides Hedw., Pleuridium subulatum
(Hedw.) Rabenh., Gymnostomum calcareum Nees
& Hornsch., Syntrichia latifolia (Schwigr.) Venturi
ex Broth.,, Syntrichia papillosissima (Copp.)
Loeske, Tortula schimperi M.J.Cano, O.Werner &

J.Guerra, Grimmia laevigata (Brid.) Brid,,
Racomitrium elongatum Ehrh. ex Frisvoll,
Racomitrium  heterostichum  (Hedw.) Brid.,

Schistidium elegantulum H.H.Blom, Ptychostomum
kunzei  (Hornsch.)  J.R.Spence,  Lewinskya
acuminata (H.Philib.) F.Lara, Garilleti & Goffinet,
Plagiothecium curvifolium Schlieph. ex Limpr.,
Drepanocladus  aduncus (Hedw.)  Warn,
Leptodictyum riparium (Hedw.) Warnst..

There is no previous comprehensive study on the
bryophyte diversity of Eflani District. However,
some bryophyte records were given by Oren et al.
(2012) and Arslan et al. (2018) from only 4
localities within the borders of Eflani District.
These species are Lophocolea bidentata (L.)
Dumort., Metzgeria furcata (L.) Dumort., Ptilidium
pulcherrimum (Weber) Vain., Riccia cavernosa
Hoffm. from liverworts and Buxbaumia viridis
(Moug. ex Lam. & DC.) Brid. ex Moug. & Nestl.,
Calliergonella  cuspidata  (Hedw.) Loeske.,
Dicranum  tauricum  Sapjegin, Ephemerum
minutissimum  Lindb., Physcomitrium patens
Hedw., Plagiochila porelloides (Torrey ex Nees)

Lindenb., Plagiomnium undulatum (Hedw.)
T.J.Kop., Plagiothecium denticulatum (Hedw.)
Schimp.,  Rhizomnium  punctatum  (Hedw.)
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T.J.Kop., Sanionia uncinata (Hedw.) Loeske from
mosses. Considering the previous studies together
with this study, the bryophyte diversity reached up
to 160 in Eflani District, and 336 in Karabiik
Province (Kegeli and Cetin, 2006; Uyar and Cetin,
2006: Oren et al., 2012; Oren et al., 2015; Sar1 ve
Oren, 2016; Arslan et al., 2018; Verimbas, 2019).

Note: This study was presented as an oral
presentation in EurasianBioChem 2020 Conference
and published as a summary text in the conference
proceedings book.
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Appendix

Bryofloristic List

MARCHANTIOPHYTA Stotler & Crand. Stotl.

JUNGERMANNIOPSIDA Stotler & Crand. Stotl.

JUNGERMANNIALES H.Klinggr

Cephaloziaceae Mig.

1. Cephalozia ambigua (L.) Dumort. - 1, on soil,
AArslan 160.

2. Nowellia curvifolia (Dicks.) Mitt - 19, on
deadwood, AArslan 38.

Cephaloziellaceae Douin

3. Cephaloziella divaricata (Sm.) Schiffn - 1, 19,
28, on soil and deadwood, AArslan 45.

Blepharostomataceae W.Frey & M.Stech

4. Blepharostoma trichophyllum (L.) Dumort. - 19,
on deadwood, AArslan 183.

Lophocoleaceae Vanden Berghen

5. Lophocolea heterophylla (Schrad.) Dumort. - 19,
28, on deadwood, AArslan 46.

Plagiochilaceae Miill. Frib.

6. Plagiochila porelloides (Torr. ex Nees) Lindenb.
- 6, 19, on soil and rocks, AArslan 184.

PORELLALES Schljakov

Frullaniaceae Lorch

7. Frullania dilatata (L.) Dumort. - 1, 2, 11, 18, on
tree bark and rocks, AArslan 246.

Porellaceae Cavers

8. Porella platyphylla (L.) Pfeiff. - 1, 9, on bark,
AArslan 158.

Radulaceae Miill.Frib.

9. Radula complanata (L.) Dumort. - 1, 2, 11, 15,
17, on tree bark and rocks, AArslan 217.

METZGERIALES Chalaud

Aneuraceae H.Klinggr

10. Aneura pinguis (L.) Dumort. - 22, on wet dead
wood, AArslan 58.

11. *Riccardia chamedryfolia (With.) Grolle - 19,
on wet soil at stream bank, AArslan 32.

PELLIALES He-Nygrén

Pelliaceae H.Klinggr.

12. Apopellia endiviifolia (Dicks.) Nebel &
D.Quandt (Syn: Pellia endiviifolia (Dicks.)
Dumort) - 8, 10, on wet soil, AArslan 144,

MARCHANTIOPSIDA Gonquist, Takht &
W.Zimm.

MARCHANTIALES Limpr.

Ricciaceae Rchb.

13. *Riccia beyrichiana Hampe - 11, on soil at open
area, AArslan 120, 204.

14. Riccia cavernosa Hoffm. - 5, on wet soil near
ponds, AArslan 205.

15. Riccia gougetiana Durieu & Mont. - 11, on soil
at open area, AArslan 106.

BRYOPHYTA Schimp.

POLYTRICHOPSIDA Doweld

POLYTRICHALES M.Fleisch.

Polytrichaceae Schwigr

16. Artichum undulatum (Hedw.) P.Beauv. - 1, 8,
on rocks and soil, AArslan 249.

17.  Polytrichum formosum Hedw. (Syn:
Polytrichastrum formosum (Hedw.) G.L.Sm.)
- 8, on soil, AArslan 297.

18. *Polytrichum juniperinum Hedw. - 1, on soil,
AArslan 308.

19. *Polytrichum piliferum Hedw. - 1, 11, on soil,
AArslan 148.

20. Pogonatum urnigerum (Hedw.) P.Beauv. - 1,
on soil, AArslan 296.

BRYOPSIDA Pax

BUXBAUMIALES M.Fleisch.

Buxbaumiaceae Schimp.

21. Buxbaumia viridis (Moug. ex Lam. & DC.)
Brid. ex Moug. & Nest. - 9, 28, on deadwood,
AArslan 33.

ENCALYPTALES Dixon

Encalyptaceae Schimp.

22. Encalypta streptocarpa Hedw. - 1, 6, 12, 16, 25,
on rocks, AArslan 149.

23. Encalypta rhaptocarpa Schwagr. - 16, on
rocks, AArslan 309.

24. Encalypta vulgaris Hedw. - 16, on soil covered
rocks, AArslan 228.

FUNARIALES M.Fleisch.

Funariaceae Schwagr.

25. Funaria hygrometrica Hedw. - 16, on soil,
AArslan 128.

26. Physcomitrium patens (Hedw.) Mitt. (Syn:
Aphanorrhegma patens (Hedw.) Lindb.,
Physcomitrella patens (Hedw.) Bruch &
Schimp.) - 5, on wet soil near ponds, AArslan
207A.

DICRANALES H.Philib. ex M.Fleisch

Flexitrichaceae Ignatov & Fedosov

27. Flexitrichum flexicaule (Schwigr.) Ignatov &

Fedosov ~ (Syn:  Ditrichum  flexicaule
(Schwigr.) Hampe) - 1, 11, on rocks and soil,
AArslan 187.

Dicranellaceae M.Stech

28- Dicranella howei Renauld & Cardot - 7, on soil,

29. Dicranella varia (Hedw.) Schimp. - 8, 10, 22,
on soil, AArslan 151.

Fissidentaceae Schimp.

30. *Fissidens adianthoides Hedw. - 1, on soil,
AArslan 220.

31. Fissidens dubius P.Beauv. - 6, 9, 16, on rocks
and soil, AArslan 220.

32. Fissidens taxifolius Hedw. - 1, 9, 18, 28, on soil
and rocks, AArslan 166.

Dicranaceae Schimp.

33. Dicranum scoparium Hedw. - 1, 9, 12, 15, 17,
23, 25, 29, On soil, rocks, bark, roots,
deadwood, AArslan 142.

34. Dicranum tauricum Sapjegin - 1, 9, on
deadwood, AArslan 170.

Ditrichaceae Limpr.
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35. Pleuridium acuminatum Lindb. - 1, on soil,
AArslan 310.

36. *Pleuridium subulatum (Hedw.) Rabenh. - 1,
on soil, AArslan 311.

Pottiaceae Schimp.

37. Barbula unguiculata Hedw. - 1, 3, 8, 10, 12,
13, on soil and rock crevices, AArslan 251.

38. Bryoerythrophyllum recurvirostrum (Hedw.)
P.C.Chen - 13, on roots near streams,

39. Cinclidotus fontinaloides (Hedw.) P.Beauv. -
13, on submerged rocks, AArslan 139.

40. Cinclidotus riparius (Host ex Brid.) Arn. -
Istasyon 13, on submerged rocks, AArslan
109.

41. Didymodon acutus (Brid.) K.Saito - 3, 16, on
soil, AArslan 155.

42. Didymodon luridus Hornsch. - 3, 8, 10, 14, on
soil and rocks, AArslan 290.

43. Didymodon nicholsonii Culm. - 13, on wet
deadwood near stream, AArslan 306.

44. Didymodon tophaceus (Brid.) Lisa - 11, on
concrete, AArslan 320.

45. Didymodon vinealis (Brid.) R.H.Zander - 12,
on soil, AArslan 355.

46. *Gymnostomum calcareum Nees & Hornsch. -
16, on wet calcareous rocks, AArslan 125.

47. Streblotrichum convolutum (Hedw.) P.Beauv.
(Syn: Barbula convoluta Hedw.) - 11, on soil,
AArslan 295.

48. *Syntrichia latifolia (Schwigr.) Venturi ex
Broth. - 8, 13, on roots and barks near streams,
AArslan 250.

49. *Syntrichia papillosissima (Copp.) Loeske - 25,
on rocks at open lands, AArslan 62.

50. Syntrichia ruralis (Hedw.) F.Weber & D.Mohr
-1, 8,9, 12, 14, on soil, rocks and barks,
AArslan 2.

51. Syntrichia virescens (De Not.) Ochyra - 13, on
barks, AArslan 133.

52. Tortella inclinata (R.Hedw.) Limpr. - 11, on
soil, AArslan 127.

53. Tortella squarrosa (Brid.) Limpr. (Syn:
Pleurochaete squarrosa (Brid.) Lindb.) - 5, 11,
on soil and rocks, AArslan 91.

54, Tortella tortuosa (Hedw.) Limpr. - 2, 5, 6, 12,
25, on soil and rocks,AArslan 293.

55. Tortula inermis (Brid.) Mont. - 1, on soil,
AArslan 356.

56. Tortula muralis Hedw. - 10, 11, on rocks and
concrete, AArslan 288.

57. *Tortula schimperi M.J.Cano, O.Werner &
J.Guerra - 1, on soil, AArslan 141.

58. Tortula subulata Hedw. - 12, 13, on soil,
AArslan 19.

59. Trichostomum brachydontium Bruch - 1, on
soil, AArslan 382.

60. Trichostomum crispulum Bruch - 11, 14, 22, on
oil, AArslan 179.

61. Weissia brachycarpa (Nees & Hornsch.) Jur. -
14, on soil, AArslan 389.

62. Weissia condensa (Voit) Lindb. - 1, 14, 20, on
soil, AArslan 273.

63. Weissia controversa Hedw. - 1, 16, on soil,
AArslan 196.

GRIMMIALES M.Fleisch.

Seligeriaceae Schimp.

64. Seligeria acutifolia Lindb. - 6, 16, on rocks,
AArslan 277.

65. Seligeria recurvata P.Beauv. - 28, on rocks,
AArslan 392.

Grimmiaceae Arn.

66. *Grimmia laevigata (Brid.) Brid. - 16, on rocks,
AArslan 402.

67. Grimmia pulvinata (Hedw.) Sm. - 1, 8, 11, 18,
25, on rocks and concrete, AArslan 61.

68. Grimmia tergestina Tomm. ex Bruch &
Schimp. - 16, on rocks, AArslan 413.

69. *Racomitrium elongatum Ehrh. ex Frisvoll - 1,
8, on soil, AArslan 269.

70. *Racomitrium heterostichum (Hedw.) Brid. -
1, on rocks, AArslan 248.

71. Schistidium apocarpum (Hedw.) Bruch &
Schimp. - 2, 8, 13, 17, on rocks and roots,
AArslan 278.

72. Schistidium crassipilum H.H.Blom - 1, 9, 12,
13, 18, on rocks, AArslan 240.

73. *Schistidium elegantulum H.H.Blom - 10, on
rocks, AArslan 214.

74. Schistidium helveticum (Schkuhr) Deguchi
(Syn: Schistidium singarense (Schiffn.) Laz.)
- 11, on concrete, AArslan 414,

HEDWIGIALES Ochyra

Hedwigiaceae Schimp.

75. Hedwigia ciliata (Hedw.) P.Beauv. - 1, on
rocks, AArslan 266.

BRYALES Limpr.

Bryaceae Schwigr.

76. Bryum argenteum Hedw. - 20, on rocks,
AArslan 75.

77. Imbribryum alpinum (Huds. ex With.)
N.Pedersen (Syn: Bryum alpinum Huds. ex
With.) - 8, 16, on soil, AArslan 254.

78. Ptychostomum capillare (Hedw.) Holyoak &
N.Pedersen (Syn: Bryum capillare Hedw.) - 6,
12, 23, 25, on rocks and soil, AArslan 55.

79. Ptychostomum imbricatulum Holyoak &
N.Pedersen (Syn: Bryum caespiticium Hedw.)
- 3,12, 14, on soil, AArslan 176.

80. *Ptychostomum kunzei (Hornsch.) J.R.Spence
(Syn: Bryum kunzei Hornsch.)

- 14, on soil, AArslan 27.

81. Ptychostomum moravicum (Podp.) Ros &
Mazimpaka (Syn: Bryum moravicum Podp.) -
6, 7, 8, 10, 12, 13, 17, 21, on rocks, soil and
barks, AArslan 188.



Arslan A. Unan A.D. Oren M. 2021. Anatolian Bryol

82. Ptychostomum pallens (Sw. ex anon.)
J.R.Spence (Syn: Bryum pallens Sw. ex anon.)
- 22, on wet wood and soil, AArslan 198.

83. Ptychostomum pseudotriquetrum (Hedw.)
J.R.Spence & H.P.Ramsay ex Holyoak &
N.Pedersen (Syn: Bryum neodamense ltzigs.,
Bryum pseudotriquetrum (Hedw.) P.Gaertn.
B.Mey. & Scherb.) - 11, 22, on wet soil,
AArslan 11.

84. Ptychostomum torquescens (Bruch & Schimp.)
Ros & Mazimpaka (Syn: Bryum torquescens
Bruch & Schimp.) - 16, on soil, AArslan 305.

85. Rhodobryum roseum (Hedw.) Limpr. - 6, on
soil, AArslan 93.

Mniaceae Schwigr

86. Mnium hornum Hedw. - 6, on rocks, AArslan
236.

87. Mnium stellare Hedw. - 7, on rocks, AArslan
164.

88. Plagiomnium affine (Blandow ex Funck)
T.J.Kop. - 8, on soil, AArslan 235.

89. Plagiomnium elatum (Bruch & Schimp.)
T.J.Kop. - 17, on roots, AArslan 227.

90. Plagiomnium undulatum (Hedw.) T.J.Kop. - 8,
9, on soil, AArslan 88.

91. Pohlia wahlenbergii (F.Weber & D. Mohr)
A.L.Andrews - 10, on wet soil, AArslan 123.

92. Rhizomnium punctatum (Hedw.) T.J.Kop. - 9,
19, on wet soil and deadwood, AArslan 84.

ORTHOTRICHALES Dixon

Orthotrichaceae Arn

93. **Lewinskya acuminata (H.Philib.) F.Lara,
Garilleti & Goffinet - 18, on barks, AArslan
257.

94. Lewinskya affinis (Schrad. ex Brid.) F.Lara,
Garilleti & Goffinet (Syn: Orthotrichum affine
Schrad.ex Brid.) - 1, 5, 11, on barks, AArslan
121.

95. Lewinskya sordida (Sull. & Lesq.) F.Lara,
Garilleti & Goffinet (Syn:Orthotrichum
sordidum Sull. & Lesq.) - 2, on roots, AArslan
268.

96. Lewinskya speciosa (Nees) F.Lara, Garilleti &
Goffinet (Syn: Orthotrichum speciosum Nees)
-1,5,8,9, 11, 15, 18, on barks, AArslan 303.

97. Lewinskya striata (Hedw.) F.Lara, Garilleti &
Goffinet (Syn: Orthotrichum striatum Hedw.)
-1,5,9, 18, 20, on barks, AArslan 222.

98. Orthotrichum anomalum Hedw. - 12, on rocks,
AArslan 224.

99. Orthotrichum cupulatum Brid. - 13, on rocks
and roots near stream, AArslan 192.

100. Orthotrichum pumilum Sw. ex anon. - 11, 13,
on barks, AArslan 211.

101. Pulvigera lyellii (Hook. & Taylor) Plasek,
Sawicki & Ochyra (Syn: Orthotrichum lyellii
Hook. & Taylor) - 9, 11, on barks, AArslan
216.

HYPNALES W.R.Buck & Vitt

Fontinalaceae Schimp.

102. Fontinalis antipyretica Hedw. - 13, on
submerged rocks, AArslan 136.

Plagiotheciaceae M.Fleisch.

103. Herzogiella seligeri (Brid.) Z.lwats. - 6, 19,
28, on deadwood, AArslan 282.

104. *Plagiothecium curvifolium Schlieph. ex

Limpr. - 28, on deadwood, AArslan 199.

Plagiothecium denticulatum  (Hedw.)

Schimp. - 8, 9, on roots, barks and soil,

AArslan 108.

Pterigynandraceae Schimp

106. Pterigynandrum filiforme Hedw. - 1, 8, 11, on
barks, AArslan 194.

Amblystegiaceae G.Roth.

107. Campyliadelphus chrysophyllus (Brid.)

R.S.Chopra - 2, 11, 22, on rocks and sail,

AArslan 264.

Campylophyllopsis calcarea (Crundw. &

Nyholm)  Ochyra (Syn:  Campylidium

calcareum (Crundw. & Nyholm) Ochyra,

Campylophyllum calcareum (Crundw. &

Nyholm) Hedenés) - 5, 13, on wet calcareous

rocks, AArslan 168.

Campylium protensum (Brid.) Kindb. - 18, on

rocks, AArslan 238.

Cratoneuron filicinum (Hedw.) Spruce - 3, 8,

10, 11, 22, on wet soil and rocks, AArslan 24.

*Drepanocladus aduncus (Hedw.) Warn - 21,

22, 24, on wet soil and submerged, AArslan

17.

*Leptodictyum riparium (Hedw.) Warnst. - 8,

on damp barks, AArslan 292.

Scorpidiaceae Ignatov & Ignatova

113. Sanionia uncinata (Hedw.) Loeske - 8, on
damp barks, AArslan 147 A, B ve C.

Leskeaceae Schimp.

114. Leskea polycarpa Hedw. - 13, on wet rocks
near stream, AArslan 428.

Thuidiaceae Schimp

115. Abietinella abietina (Hedw.) M.Fleisch. - 2, 4,
23, on soil, AArslan 263.

116. Thuidium assimile (Mitt.) A.Jaeger - 19, on
rocks, AArslan 201.

117. Thuidium delicatulum (Hedw.) Schimp. - 8,
on soil, AArslan 245.

118. Thuidium tamariscinum (Hedw.) Schimp. - 8,
on soil and roots, Arslan 243.

Brachytheciaceae G.Roth.

119. Brachytheciastrum salicinum (Schimp.)
J.D.Orgaz, M.J.Cano & J.Guerra (Syn: B.
velutinum Hedw.) Ignatov & Huttunen var.
salicinum (Schimp.) Ochyra & Zarnowiec) - 1,
5, 28, on tree trunk, on deadwood and rocks,
AArslan 294,

105.

108.

109.

110.

111.

112.
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120. Brachytheciastrum velutinum (Hedw.)
Ignatov & Huttunen - 1, on soil and rocks,
AArslan 110.

Brachythecium albicans (Hedw.) Schimp. - 3,
on soil, AArslan 98.

Brachythecium glareosum (Bruch ex Spruce)
Schimp. - 2, 4, on soil, AArslan 281.

Brachythecium mildeanum  (Schimp.)
Schimp. - 21, on damp and wet soil near forest,
AArslan 42.

Brachythecium rivulare Schimp. - 13, 17, 18,
on wet rocks, soil and roots near stream,
AArslan 241.

Brachythecium rutabulum (Hedw.) Schimp. -
8, 19, on bark and rocks, AArslan 175.
Eurhynchium striatum (Hedw.) Schimp. - 9,
19, 28, on soil and roots, AArslan 82, 92.
Homalothecium lutescens (Hedw.) H.Rob. -
1, kaya, on bark and soil, AArslan 169.
Homalothecium sericeum (Hedw.) Schimp. -
2, 6, 19, 23, on rocks, soil and bark, AArslan
280.

Microeurhynchium  pumilum  (Wilson)
Ignatov & Vanderp. - 8, 19, on damp soil and
roots, AArslan 31.

Oxyrrhynchium hians (Hedw.) Loeske - 7, on
soil and rocks, AArslan 103.

Oxyrrhynchium schleicheri (R.Hedw.) Rl -
13, on soil at forest road slope, AArslan 427.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.  Pseudoscleropodium  purum  (Hedw.)
M.Fleisch. - 1, 11, 15, 25, 29, 30, on soil,
AArslan 40.

133. Rhynchostegium megapolitanum (Blandow
ex F.Weber & D.Mohr) Schimp. - 13, on soil
at forest road slope, AArslan 237.

134. Rhynchostegium riparioides (Hedw.) Cardot -

8, 13, on wet rocks near stream, AArslan 85.
Hypnaceae Schimp.
135. Hypnum andoi A.J.E.Sm. - 1, 8, 19, on soil
and deadwood, AArslan 153.

136. Hypnum cupressiforme Hedw. var.
cupressiforme - 1, 2, 9, 21, on soil and tree
root, AArslan 274.

137.  Hypnum cupressiforme Hedw. var.

lacunosum Brid. - 1, 8, 11, on soil and rocks,
AArslan 111.
138. Hypnum jutlandicum Holmen & E.Warncke
- 17, on rocks, AArslan 443.

Hypnum resupinatum Taylor (Syn: H.
cupressiforme var. resupinatum (Taylor)
Schimp.) - 11, on bark, AArslan 195.
Pylaisiaceae Schimp.

140. Buckia vaucheri (Lesg.) D.Rios, M.T.Gallego
& J.Guerra (Syn: Hypnum vaucheri Lesq.) -
11, on soil and rocks, AArslan 96.

141. Calliergonella cuspidata (Hedw.) Loeske - 8,
10, 22, on wet or damp soil, AArslan 177.

139.

142. Homomallium incurvatum (Schrad. ex Brid.)
Loeske - 17, on rocks, AArslan 244,

143. Pylaisia polyantha (Hedw.) Schimp. - 5, on
barks, AArslan 115.

Hylocomiaceae M.Fleisch

144. Hylocomiadelphus triquetrus (Hedw.) Ochyra
& Stebel (Syn: Rhytidiadelphus triquetrus
(Hedw.) Warnst.) - 8, on soil, AArslan 101.

145. Pleurozium schreberi (Willd. ex Brid.) Mitt. -
8, 25, on soil, AArslan 167.

Rhytidiaceae Broth.

146. Rhytidium rugosum (Hedw.) Kindb. - 1, 4, 15,
25, on soil at black pine forest, AArslan 9.

Leucodontaceae Schimp.

147. Leucodon sciuroides (Hedw.) Schwigr. var.
morensis (Schwigr.) De Not. - 1, 8, 20, on
barks, AArslan 129.

148. Leucodon sciuroides (Hedw.) Schwigr. var.
sciuroides - 11, on barks, AArslan 8.

Antitrichiaceae Ignatov & Ignatova

149. Antitrichia curtipendula (Hedw.) Brid. - 1, 9,
on barks, AArslan 165.

Neckeraceae Schimp

150. Alleniella complanata (Hedw.) S.Olsson,
Enroth & D.Quandt (Syn. Neckera
complanata (Hedw.) Huebener) - 19, 29, on
barks, AArslan 39.

151. Exertotheca crispa (Hedw.) S.Olsson, Enroth
& D.Quandt (Syn. Neckera crispa Hedw.) -
29, on barks, AArslan 53.

152. Pseudanomodon attenuatus (Hedw.) Ignatov

& Fedosov (Syn: Anomodon attenuatus

(Hedw.) Huebener) - 29, on barks, AArslan

181.

Thamnobryum  alopecurum  (Hedw.)
Gangulee - 10, on rocks, AArslan 112,
Lembophyllaceae Broth.

154. Isothecium alopecuroides (Lam. ex Dubois)
Isov. - 2, on barks and roots, AArslan 272.

Myuriaceae M.Fleisch

155. Ctenidium molluscum (Hedw.) Mitt. - 6, 12,
19, on rocks and soil, AArslan 231.

Anomodontaceae Kindb.

156. Anomodon viticulosus (Hedw.) Hook. &
Taylor - 7, 13, on rocks, AArslan 145.

153.



The Scope of Anatolian Bryology

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

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

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

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

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

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

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

Author Guidelines
Preparation of Manuscript

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

Symbols, units, and abbreviations: In general, the journal follows the conventions of Scientific Style and
Format, The CSE Manual for Authors, Editors, and Publishers, Council of Science Editors, Reston, VA,
USA (7™ ed.). If symbols such as x, p, 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 (NISO). Anatolian Bryology
conforms to the Principles of Transparency and Best Practice in Scholarly Publishing
(https://doaj.org/bestpractice).

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

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

Keywords

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

1. Introduction

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

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

3. Findings
Station information and plant list etc.

4. Results and Discussion

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

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

References
References should be cited in the text by the last name(s) of the author(s) and year of publication with a
comma between them: for example, (Ursavas, 2014) or (Ursavas and Kegeli, 2012). If the citation is the
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subject of the sentence, only the date should be given in parentheses: “According to Ursavag (2012)...” For
citation of references with 3 or more authors, only the first author’s name followed by et al. (not italicized)
should be used: (Abay et al., 2002). If there is more than one reference in the same year for the same author,
please add the letters a, b, etc. to the year: (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.) Miill. Hal. (Seligeriaceae) a new record to the
bryophyte flora of Turkey. Biological Diversity and Conservation. 5:2, 70-72.

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

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

Web sites (no print version):

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

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

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

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

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

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

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

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

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

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

Correspondence Address

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

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

Anadolu Briyoloji Dergisi, karayosunu, cigerotlari ve boynuzsu cigerotlar1 ile ilgili degisik alanlarda
yapilan, morfolojik, mikroskobik yapilari, biyolojik ¢esitlilik, koruma, biyoteknoloji, ¢cevre diizenleme,
tehlike altindaki tiirler, tehlike altindaki habitatlari, sistematik, vejetasyon, ekoloji, biyocografya, genetik
ve tiim briyofitler arasindaki iliskileri konu alan orijinal makaleleri yaymlar. Tanimlayici ya da deneysel
ve sonuglart net olarak belirlenmis deneysel calismalar kabul edilir. Makale yazim dili Tiirkce veya
Ingilizcedir. Yaymlanmak iizere génderilen yazi orijinal, daha &nce hicbir yerde yayimlanmamis olmali
veya islem goriiyor olmamalidir. Yayinlanma yeri Tiirkiye’dir. Bu dergi yilda iki say1 yayinlanir, erigsime
agik ve tcretsizdir.

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

1. Arastirma makaleleri: Briyofitlerin c¢esitli alanlarindaki 0&zgiin aragtirma makaleleri
degerlendirilecektir.

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

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

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

Yazar Rehberi
Makalenin hazirlanmasi

Stil ve bicim: Makale ¢ift satir aralig1 ve sayfamin her tarafindan 3 cm kenar boslugu birakilarak Times
New Roman formatinda yazilmalidir. Makalelerin her sayfasi baslik, kaynaklar, tablolar, vb.
numaralandirilmalidir. Makalelerin her sayfasi, satir numarasi 1 ile baglamak kaydiyla numaralandirilir.
Makaleler ingilizce veya Tiirkce yazilabilir. Anadili Ingilizce olmayan yazarlar icin; Bir dil editdriine veya
akic1 bir sekilde Ingilizceyi konusabilen bir meslektagindan yardim almalari tavsiye edilir. Kullanilan
kelimelerde argo olmaksizin 6z Ingilizce kullanilmalidir. Uzun ciimle ve edilgen yapilardan kagiilmalidir.
Eserin bilgisayar programi kullanilarak imla ve dilbilgisi kurallarina uygun olup olmadigi kontrol
edilmelidir. Makalenin tamamu 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 Yayncilar i¢in vb. bilimsel stil ve format kullanilmalidir. Eger X, p, 1, or
v gibi semboller kullanilacaksa Word semboller meniisii kullanilarak eklenmelidir. Derece sembolleri (°),
klavye lizerindeki o veya O kullanilarak degil semboller meniisii kullanilarak olusturulmalidir. Carpma
sembolleri (%), harfi degil x sembolii kullanilmalidir. Alansal ifadeler say1 ve birimler arasmna (Or. 3 kg),
yine ayni1 sekilde numara ve matematik sembolleri (+, -, X, =, <,>) arasina konulmalidir fakat say1 ve ylizde
sembolleri kullamlacaksa Ingilizce makalelerde rakamdan sonra yiizde isareti (Or. 45%) konulmaldir.
Genellikle tiim sayilar (6r. “2 6nceki ¢alismada”...) rakam olarak verilmelidir. Liitfen tiim ayrintilar i¢in
yukaridaki yazim kilavuzunu inceleyiniz. Tiim agiklamalar ve kisaltmalar ilk gegtigi yerde belirtilmelidir.
Latince olan bazi 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. numaral1 olmas1
gerekir.



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

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

Etik Kurallar ve Sorumluluklar

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

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

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

Anahtar kelimeler:

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

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

1. Giris

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

2. Materyal ve Metot

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

3. Bulgular
Istasyon bilgileri, bitki listesi, vb.

4. Tartisma ve Sonug

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

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

Kaynaklar

Metin igerisinde kaynak belirtme, yazar veya yazarlarin soyadlar1 (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 gére...”. Ug ve daha fazla
yazarlarin atiflar1 icin; ilk yazarm soyadi ve devaminda ve ark., (italik degil) kullamlir. Ornek: (Abay ve
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ark., 2002). Ayni yazarin aym yil igerisinde birden fazla kaynagi varsa, liitfen yilsonuna a, b, ¢, gibi harf
ekleyin: (Kegeli ve ark., 2002a, 2002b). Kaynaklar kronolojik olarak siralanip kaynaklar noktali virgiil ile
ayrilmahidir: (Abay, 2000; Kegeli ve ark., 2003; Ursavas ve Oren, 2012). Web sitesi atiflar1 (URL1, URL2,
...) olmalidir. Kisisel iletisim ile yayimnlanmamis herhangi bir veriyi kaynak olarak kullanmayin ancak metin
ierisinde (parantez igerisinde) verilebilir. Ingilizce dili disinda yayinlanan bir makaleniz varsa makalenin
Ingilizce bashgi verilmeli, parantez icerisinde (Tiirk¢e makale, dzet Ingilizce) gibi bir agiklama ile
belirtilmelidir. Eger yaymlanan makalenin Ingilizce bir baslig1 yoksa sadece orijinal baslik verilmeli ceviri
yaptlmamalidir. Kaynaklar numaralandirilmadan metnin sonunda alfabetik olarak listelenmis olmalidir.
Makalenin yazarlarinin 10 ve asagisi tiimii verilmelidir, 10 yazardan fazla makalelerde ilk 10 yazar verilip
geri kalan yazarlar i¢in ve ark., yazilmalidir. Makalede kaynaklar listesinde verilen yazarlarin adlart
yaziliglarinin ve yayin yillarinin makale igerisindeki metin ile ayn1 olup olmadiginin dikkatlice kontroliinii
yapiniz. Kaynaklara asagidaki formatta yazilmalidir: (Liitfen harf ve noktalamaya dikkat edelim):

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

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

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.
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