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Abstract

Butterflies (Lepidoptera: Rhopalocera) of Hirpora Wildlife Sanctuary and its adjoining areas are presented. The
sanctuary is situated at the foothills of Pir Panjal mountain range (Inner Himalayas) in the southern escarpment of
Kashmir’s Shopian District. The study was carried out from April to October 2021. A total number of 25 species from
five families were recorded. The highest number of species were recorded from the family Nymphalidae followed by the
family Pieridae. Additional field surveys and explorations in the upper reaches of the sanctuary will add further species
to the butterfly inventory of the region.

Key words: Butterflies, Hirpora Wildlife Sanctuary, Shopian, Kashmir, India

*

Hirpora Dogal Hayati Koruma Alani icinde ve cevresinde kelebek faunasi (Lepidoptera: Rhopalocera), Shopian
Kashmir, J&K UT, Hindistan

Ozet

Hirpora Dogal Hayati Koruma Alani ve ve bolge ¢evresindeki farkli habitatlardan toplanan kelebek 6rnekleri
(Lepidoptera: Rhopalocera) sunulmustur. Kutsal alan, Kesmir'in Shopian Bolgesi'nin giiney yamacindaki Pir Panjal
siradaglarinin (I¢ Himalayalar) eteklerinde yer almaktadir. Calisma Nisan-Ekim 2021 arasinda gergeklestirildi. Bes
familyadan toplam 25 tiir kaydedildi. En fazla tiir Nymphalidae familyasindan kaydedilmistir, bunu Pieridae familyasi
izlemistir. Cevresinde 6zellikle kuzey kisminda yiiriitiilecek yeni ¢aligmalar ile bolge i¢in yeni tiir kayitlarinin ve yeni
tiirlerin tespit edilebilecegi ongoriillmektedir.

Anahtar kelimeler: Kelebekler, Hirpora Yaban Hayati Koruma Alani, Shopian, Kesmir, Hindistan
1. Introduction

Kashmir Valley is one of the most ecologically sensitive areas covered with lush green forest, sky-scraping snow-
clad mountains, panoramic grasslands and diverse agrarian and natural ecosystems which provides the habitat to an
immense number of Insects. Assessment of the diversity of Entomofauna from the region has not been reported in the
recent past other than some studies on a few taxa. To assess the diversity of butterfly fauna, Hirpora Wildlife Sanctuary
Shopian and its adjoining areas were selected for field surveys. Order Lepidoptera has gained a remarkable position in
the phylum Arthropoda as the most distinguished class among other orders and classes of Insects. The butterflies
apparently exemplify the largest clade with 20,000 described species across the globe and for which the inventory of these
species is nearly completed (Pinkert et al., 2022). With their attractiveness, multicoloured omnipresence and ecosystem
services, butterflies have attained an exceptional place in the animal kingdom (Kunte, 2000). India is home to around
1,501 butterfly species, out of which Skippers (321 species) assume the largest group of butterflies followed by
Swallowtails (107), Whites and Yellows (109 species), Brush-footed (521 species), and Blues (443 species) (Kehimkar,

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +917006365855; Fax.: +917006365855; E-mail: bhatmuzaffar471@gmail.com
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2008). In Jammu and Kashmir union territory, around 408 species belonging to 25 subfamilies from 5 families are known
to occur in the three distinct biogeographic regions of the Union territory (Jammu, Kashmir, and Ladakh) which account
for ca. 27% of India’s butterfly fauna (Dar et al., 2021; Gupta & Sheikh, 2021; Parey & Sheikh, 2021; Qureshi et al.,
2013; Qureshi, 2020; Sheikh, 2021; Sheikh & Parey, 2019a, 2019b; Sheikh et al., 2021; Singh & Sheikh, 2021; Sheikh
& Gupta, 2022).

2. Materials and methods

Hirpora Wildlife Sanctuary issituated between 33°41'N 74°43'E at the foothills of Pir Panjal Mountain range
surrounded by the snowclad and skyscraping mountain ranges of the Inner Himalayas at an altitude of 2546 m (Figure 1).
The sanctuary is home to many species of both plants and animals. The Sanctuary comes under the jurisdiction and forest
division of District Shopian which lies in the southern escarpment of Kashmir Valley (Figure 2). The Sanctuary has a
total area of 341.25 km2; with most of the landcover is under forest cover followed by pastures, wastelands and water
bodies including alpine lakes (Riyaz & Reshi, 2021). The average temperature lies in between 20 ° C to 25° C during
summers and autumn, while the minimum temperatures lie between -15 ° C to 10 ° C during winter and early spring. The
field survey was carried out from April to October 2020. A single individual species/subspecies from each genus were
collected using an aerial net and then transferred into glass jars filled with Plaster of Paris at the base and cotton dipped
in Ethyl acetate. The killed specimens were then mounted using Bohemia Pins (5 and 1 no.respectively) on a wooden
insect spreading board. After three days, the mounted specimens were photographed using Redmi Note 8 Pro Smartphone
+ 20 mm macrolens. The specimens were preserved and kept in the Insect Museum of Division of Taxonomy &
Biodiversity, Entomology Research Institute, Loyola College, Chennai, Tamil Nadu, India as reference material. The
identification of the species was carried out by consulting the literature, pictorial fieldguides, catalogues and the keys
(Evans, 1932; Kunte, 2000; Pajni et al., 2006; Varshney & Smetacek, 2015).

Flgure 1 Map of lepora W|Id||fe Sanctuary Shoplan Kashmlr

Butterfly fauna (Lepidoptera: Rhopalocera) in and around Hirpora Wildlife Sanctuary, Shopian Kashmir, J&K UT, India
Muzafar RIYAZ



Biological Diversity and Conservation — 15 / 3 (2022) 275

Figure 2. An inside view of Hirpora Wildlife Sanuary, Shopian Kashmir
(Photo Muzafar Riyaz)
3. Results

During the study, a total number of 25 species {Table, 1 and Figure 3. (A-Y)} were collected belonging to 5
families of the order Lepidoptera. Among these five families, the highest number of species/subspecies were collected
from the family Nymphalidae (12 Species) followed by the family Pieridae (05 species), Lycaenidae (03 species),
Papilionidae (01 species) and Hesperidae (01 species). Most of the species were active and observed from April to October
with maximum day temperature ranges between 20-25°C. The species Aglais caschmirensis caschmirensis Kollar, 1844
(Nymphalidae: Lepidoptera) was the first species to become active and recorded after hibernating through long and harsh
winters. The most abundant species recorded during the study period was Pieris brassicae nepalensis Gray, 1846 that was
active in both forest and agricultural ecosystems. The occasional visiting species recorded were Papilio machaon
Moore,1884 and Phalanta phalantha Drury, 1773. The present study was a brief survey and exploration of Butterfly species
in the Hirpora Wildlife Sanctuary, Shopian and its adjoining areas. The study observed 25 Butterfly species from 5
different families. The study also aims to provide an updated checklist of the butterflies of the Sanctuary and will also
aim to explore more areas in the future as well, since the area is yet to be fully explored, it’s very likely that many new
species are awaiting the discovery.

Table 1. Checklist of Butterflies (Lepidoptera: Rhopalocera) in and around Hirpora Wildlife Sanctuary Shopian

1 Hesperidae Parnara guttatus mangala Moore, 1866 Straight Swift iizi?l"z?"': Agt?crjlsttjlral
2 | Lycaenidae Aricia agestis nazira Moore, 1865 Orang:—r;cj)srdered iz:jg'i??; Agtiocruelstzral
3 Lycaenidae Lycaena phlaeas phlaeas, Linnaeus, 1761 Common Copper iz:jgl'i?"?; Aglii.;ruelstt:ral
4 Lycaenidae Polyommatus pseuderos Moore, 1879 Kashmérhlj\geadow iiﬂ&?’"': Agtiirjlsttjlral
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Muzafar RIYAZ




276 Biological Diversity and Conservation — 15/ 3 (2022)

Table 1. Continued

S - . Common Yellow 32°42'25"N .
5 | Papilionidae Papilio machaon ladakensis Moore,1884 Swallowtail 1495 T4S"E Agricultural
. e . Dark Clouded 33°42'22"N Forest/
6 | Pieridae Colias fieldi Menetries, 1855 vellow 74956725"E Agricultural
L Gonepteryx rhamni nepalensis Doubleday, Himalayan Common 33°40'39"N
7 | Pieridae 1847 Brimstone 74°44'41"E Forest
L - 33°40'39"N Forest/
8 | Pieridae Eurema brigitta Stoll, 1780 Small Grass Yellow 749444 1"E Agricultural
. L . . . 33°40'39"N Forest/
9 Pieridae Pieris brassicae nepalensis Gray, 1846 Large Cabbage White 14444 1"E Agricultural
L _ . Indian Cabbage 33°40'39"N Forest/
10 | Pieridae Pieris canidia indica, Evans, 1926 White 14444 1"E Agricultural
. . . Lo . 33°40'39"N Forest/
11 | Pieridae Pontia duplice moorei, Rober, 1907 Bath White T444'41"E Agricultural
. Argynnis jainadeva persephone, Hemming, Highbrown 33°40'18"N
12| Nymphalidae | 5, Silverspot 74°42'16'E Forest
. . . . 33°40'39"N
13 | Nymphalidae Argynnis kamala Moore, 1858 Common Silverstripe 740444 1" Forest
. 33°40'18"N
14 | Nymphalidae Aulocera swaha swaha Kollar, 1848 Common Satyr 7494216 Forest
15 | Nvmphalidae Aglais caschmirensis caschmirensis Kollar, Kashmir 33°40'39"N Forest/
ymp 1844 Tortoiseshell 74°4441"E | Agricultural
. . . L Queen of Spain 33°40'39"N
16 | Nymphalidae Issoria lathonia lathonia Linnaeus, 1758 Fritillary 1444'41"E Forest
. 33°42'22"N .
17 | Nymphalidae Phalanta phalantha Drury, 1773 Common Leopard 749562 5"E, Agricultural
. Co . . 33°40'39"N
18 | Nymphalidae Vanessa indica indica Herbst, 1794 Indian Red Admiral Forest
74°44'41"E
. S . 33°40'39"N Forest/
19 | Nymphalidae Vanessa cardui Linnaeus, 1758 Painted Lady T444'4]"E Agricultural
. - 33°40'39"N
20 | Nymphalidae Callerebia nirmala daksha Moore, 1874 Common Argus 1444'41"E Forest
. Hyponephele pulchra pulchra C. and R. Dusky 33°40'39"N
21| Nymphalidae Felder, 1867 Meadowbrown 74°44'41"E Forest
. . . . . 33°4222"N .
22 | Nymphalidae Hypolimnas misippus Linnaeus, 1764 Danaid Eggfly 7456 |"E Agricultural
. . . . °43'12" .
23 | Nymphalidae Junonia orithya Linnaeus, 1758 Blue Pansy 332N Agricultural
74°58"28"E
. . . 33°4222"N
24 | Nymphalidae Neptis sappho Pallas, 1771 Pallas Sailor 14956725"E, Forest
25 | Nymphalidae Danaus genutia Cramer, 1779 Common Tiger iiééé;,}; Agricultural
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Figure 3. Mounted specimens of collected butterfly species/subspecies
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Figure 3. Continued

3A. Vanessa cardui, 3B. Vanessa indica indica, 3C. Issoria lathonia lathonia, 3D. Argynnis kamala 3E. Aglais
caschmirensis caschmirensis, 3F. Aulocera swaha swaha, 3G. Pieris brassicae nepalensis, 3H. Pieris canidia indica, 3I.
Argynnis jainadeva persephone, 3J. Papilio machaon ladakensis, 3K. Phalanta phalanta, 3L. Gonepteryx rhamni
nepalensis, 3M. Colias fieldi, 3N. Callerebia nirmala daksha, 30. Pontia duplice moorei, 3P. Lycaena phlaeas phlaeas,
3Q. Aricia agestis nazira, 3R. Polyommatus pseuderos, 3S. Eurema brigitta, 3T. Hyponephele pulchra pulchra, 3U.
Neptis sappho, 3V. Hypolimnas misippus, 3W. Parnara guttatus mangala, 3X. Danaus genutia, 3Y. Junonia orithya

4. Conclusions and discussion

The Indian butterfly fauna is veryvast and diverse that are confined to many geographic regions across the
country. Until this date, no Indian butterfly has been known to be extinct, however,there are very few studies and reports
on lesser-known taxa of butterflies and their existence of them in several cases are yet to be determined. In the Himalayan
and south region of India, there is an end number of endemic butterflies, which are estimated around 8% of Indian
butterflies. North-western Himalayas, mainly the Kashmir region is one of the major biodiversity hotspots of India. The
region is rich in both flora and fauna and the revision of the fauna particularly the insect diversity in the region has not
been well documented inthe recent past besides aided by some old checklists from British India and authors of the different
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parts of India as well. The Governmental efforts inbiodiversity conservation and management particularly the insect fauna
failed miserably. With the prompt expansion in human populations, industrialization, urbanization, deforestation, large-
scale utilization of agrochemicals and natural resource exploitation, the threat to become endangered and extinct might
be experienced in most of the insect species in the Himalayan region. Long-term conservation and management of the
fauna particularly the insects through an educated approach is a need of the hour. With these short notes and mini-revisions
of the insect species, many young researchers will come forward to survey the unexplored areas of the Kashmir Himalayas
as new many species await discovery. The monitoring of the biodiversity in the region will sequentially aid in the
management and conservation of the Entomofauna in the future.
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Abstract

This study is based on investigations conducted in 2018-2020, including a total of 17 species and 2 subspecies
belonging to the families Hydrophilidae and Helophoridae (Coleoptera) which were determined from Beysehir Lake
and surrounding areas and among these taxa, 15 are new records for Konya province. Anacena globulus Paykull, 1798,
Enochrus quadripunctatus (Herbst, 1797) and Laccobius obscratus orchymonti Gentili, 1976 were reported from the
Central Anatolia Region of Turkey within this study for the first time.

Keywords: Hydrophilidae, Helophoridae, Beysehir Lake, Konya, Tiirkiye

*

Beysehir golii havzasi sucul kinkanathlar faunasi (Coleoptera: Hydrophilidae, Helophoridae) iizerine bir ¢cahsma

Ozet

Bu c¢aligma, 2018-2020 yillart arasinda Beysehir Golii ve g¢evresinden tespit edilen Hydrophilidae ve
Helophoridae familyalarina ait toplam 17 tiir ve 2 alttiirii kapsamaktadir. Teghis edilen taksonlardan 15 tanesi Konya ili
icin yeni kayit 6zelligindedir. Anacena globulus Paykull, 1798, Enochrus quadripunctatus (Herbst, 1797) ve Laccobius
obscratus orchymonti Gentili, 1976 ise I¢ Anadolu bélgesinden ilk kez bu ¢alisma ile bildirilmistir.

Anahtar kelimeler: Hydrophilidae, Helophoridae, Beysehir golii, Konya, Tiirkiye
1. Introduction

Hydrophilidae or ‘water scavenger beetles’, represent the largest group of the Hydrophiloidea, including more
than 3100 species and 6 subfamilies in all over the world and a majority of which make about 70%, are found in aquatic
habitats [1]. The family is classified in six subfamilies and about 492 species are distributed in the Palaearctic region
[2,3,4]. Hitherto, 19 genera, 105 species and 3 subspecies of hydrophilids have been known from Turkey [5,6,7].

Helophoridae is another important family of Hydrophiloidea classified into a single genus, Helophorus
Fabricius, 1775 including about 201 species all over the world. Turkish Helophoridae fauna involves 50 species and 2
subspecies classified in single genus Helophorus having 8 Empleurus, Eutrichelophorus, Helophorus, Orphelophorus,
Rhopalohelophorus, Atracthelophorus, Transithelophorus, Trichohelophorus subgenera namely [5,7].

The goal of this paper is to determine of Hydrophilidae and Helophoridae of Beysehir Lake and surrounding
areas in Konya province, Turkey. Beysehir Lake Basin is located at Central Anatolia, surrounded by the Taurus
Mountains and the Western Anatolia Mountains in terms of zoogeography. For this reason, it contains many different
habitat types and creates a natural habitat in terms of flora and fauna elements. There were no comprehensive studies at
Beysehir Lake area about the mentioned families although there are numerous water sources. Therefore, this study

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903325121881; Fax.: +903325121453; E-mail: aycinakunal@selcuk.edu.tr
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involves contributions to our country's biological diversity by introducing Hydrophilidae and Helophoridae fauna of the
site and local fauna with new locality records.

2. Materials and methods

The present study is based on Hydrophilidae and Helophoridae collected between April and October in 2018
and in 2020 from Beysehir Lake and surroundings. Beysehir Lake is the largest freshwater lake in Turkey and it is the
third largest lake in terms of surface area after Van and Tuz Lake. Beysehir Lake is located within the borders of
Beysehir and Kizildag national parks which are part of Lakes Distirict that constitutes one of the most important
wetland areas of Turkey including a series of lakes of different sizes (Figure 1).

Specimens were firstly killed with ethyl acetate or 70% ethyl alcohol solution after collected. They were taken
to the laboratory for further analysis and dissection. The specimens were cleaned and then aedeagus of the specimens
and other morphological characters were dissected under a stereo microscope. Identification of all samples was made by
the author. All the specimens were deposited in Selguk University, Beysehir Ali Akkanat School of Applied Sciences,
Department of Emergency and Disaster Management, Beysehir, Turkey.

Fure 1. Beysehir Lake and surroundings

3. Results

A total of 17 species and 2 subspecies of Hydrophilidae and Helophoridae were recorded from Beysehir Lake basin.
The following information is given for the material listed: Administrative district (town, village or specific locality),
date, altitude, (coordinate), number of specimens. Additionally, distribution in Turkey and locality remarks are added.

Family: Hydrophilidae Latreille, 1802

Genus: Anacena Thomson, 1859

Anacena rufipes (Guillebeau, 1896)

Material examined: Eflatun Pmari, 24.07.2020, 1138 m, (37° 49' 28" N, 31°40' 19" E), 2 §&.
Distribution in Turkey: Bayburt, Giresun, Giimiishane, Istanbul, Ordu, Samsun, Tokat, Trabzon [7].
Remark: New in Konya province.

Anacena globulus Paykull, 1798

Material examined: Beysehir, 09.08.2020, 1146 m, (37°49' 31" N 31°40'27"E), 1 &, 1 %.
Distribution in Turkey: Balikesir, igel, Izmir, Izmit [7].

Remark: New in Konya province and Central Anatolia region.

Genus: Berosus Leach, 1817

Berosus spinosus Steven, 1808

Material examined: Beysehir on Akburun road, 09.09.2018, 1142 m, (37° 47' 51" N, 31° 37' 59" E), 2 33, 2 2%;
Konya on Beysehir road 17.10.2018, 1654 m, (37° 38' 10" N, 32° 01' 25" E), 1 Q.

Distribution in Turkey: Adana, Afyon, Aksaray, Ankara, Antalya, Aydin, Corum, Denizli, Edirne, Elaz1g, Icel, izmir,
Kars, Kayseri, Kirsehir, Malatya, Samsun, Van [7].

Remark: New in Konya province.
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Genus: Enochrus Thomson, 1859

Enochrus fuscipennis (Thomson, 1884)

Material examined: Beysehir on Sarkikaraagag road, 29.09.2018 1131 m, (37° 50' 36" N, 31° 36' 56" E), 5 33,4 22Q;
Konya on Beysehir road, 17.10.2018, 1485 m, (37° 56' 08" N, 31° 57' 54" E); 1 &,3 22.

Distribution in Turkey: Aksaray, Ankara, Artvin, Aydin, Balikesir, Bayburt, Burdur, Bursa, Canakkale, Corum,
Denizli, Giresun, Giimiishane, Erzincan, Erzurum, Isparta, izmir, Kayseri, Manisa, Ordu, Rize [7].

Remark: New in Konya province.

Enochrus halophilus (Bedel, 1878)

Material examined: Beysehir, 14.09.2018, 1134 m, (37° 40' 46" N, 31 43 27" E), 1 9; Konya on Beysehir road,
17.10.2018, 1485 m, (37° 56' 08" N, 31° 57' 54" E)3 34, 3 9%.

Distribution in Turkey: Afyonkarahisar, Burdur, Isparta, Izmir, Kayseri, Manisa [7].

Remark: New in Konya province.

Enochrus quadripunctatus (Herbst, 1797)

Material examined: Yenisarbademli, Golyaka, 06. 09. 2020, 1141 m, (37° 43' 49" N, 31 27 00" E), 2 4&; Kizildag
National Park, 06. 09. 2020, 1146 m, (37°44' 23" N, 3125 19" E), 1 &.

Distribution in Turkey: Antalya, Denizli, Edirne, Isparta, izmir, Manisa, Ordu [7].

Remark: New in Konya province and Central Anatolia region.

Genus: Helochares Mulsant, 1844

Helochares punctatus Sharp, 1869

Material examined: Beysehir, 22.09.2018, 1190 m, (37° 48' 49" N, 31° 43' 04" E), 2 33 Sarkikaraagag, 29.09.2018,
1131 m, (37°50'36" N, 31°36' 56" E), 2 34, 5 2Q; Konya on Beysehir road, 17.10.2018, 1485 m, (37° 56' 08" N, 31°
57"12"E), 2 343.

Distribution in Turkey: Artvin, Burdur, Corum, Isparta, Izmir, Manisa [7].

Remark: New in Konya province.

Helochares obscurus (Miiller, 1776)

Material examined: Konya on Beysehir road, 17.10.2018, 1654 m, (37° 38' 10" N, 32°01'25" E), 1 4,1 Q.
Distribution in Turkey: Adana, Ankara, Balikesir, Bayburt, Burdur, Bursa, Canakkale, Giresun, Isparta, izmir,
Kayseri, Sakarya, Samsun, Ordu [7].

Remark: New in Konya province.

Genus: Hydrobius Leach, 1815

Hydrobius fuscipes (Linnaeus, 1758)

Material examined: Tolca, 20. 09. 2020, 1129 m, (37° 54' 43" N, 31° 29' 44" E), 5 38, 3 @9Q; Sarkikaraga¢ on
Beysehir road, 11. 10.2020, 1323 m, (37° 58' 43" N, 31°25'35" E), 7 38, 4 9.

Distribution in Turkey: Aydin, Ankara, Artvin, Bayburt, Bilecik, Corum, Erzincan, Erzurum, Giresun, Gilimiigshane,
Igel, Izmir, Kayseri, Konya, Ordu, Rize, Samsun, Tokat, Trabzon [7].

Genus: Laccobius Erichson, 1837

Laccobius bipunctatus (Fabricius, 1775)

Material examined: Isparta on Konya road, 14.08.2020, 1210 m, (38° 02' 31" N, 31° 26' 48" E), 4 34, 3 29Q;
Beysehir, 20. 09. 2020, 1129 m, (37° 39' 35" N, 31° 42' 20" E), 5 &4, Beysehir, 20. 09. 2020, 1131 m, (37° 39' 15" N,
31°40'20"E), 1 Q.

Distribution in Turkey: Afyon, Artvin, Bayburt, Bolu, Corum, Erzurum, Giresun, Glimiigshane, Kastamonu, Ordu,
Trabzon [7].

Remark: New in Konya province.

Laccobius gracilis Motschulsky, 1855

Material examined: Beysehir on Konya road, 11.10.2018, 1132 m, (37° 42' 03" N, 31° 43' 48" E), 2 4J'; Beysehir on
Konya road, 17.10.2018, 1654 m, (37° 38' 10" N, 32° 01' 25" E) 1 &; Bademli, 08.11.2018, 1193 m, (37° 38' 18" N, 31°
41'53" E), 4 843, 1 Q; Eflatun Spring, 24.07.2020, 1138 m, (37° 49' 28" N, 31°40' 19" E), 2 34, 1 Q.

Distribution in Turkey: Adana, Adiyaman, Ankara, Antalya, Artvin, Aydin, Bayburt, Balikesir, Bilecik, Bingdl, Bitlis,
Bolu, Burdur, Bursa, Canakkale, Corum, Denizli, Diyarbakir, Edirne, Erzincan, Erzurum, Gaziantep, Giresun,
Giimiishane, Hakkari, Hatay, Isparta, Icel, Istanbul, izmir, Kars, Kastamonu, Kayseri, Kilis, Kocaeli, Manisa, Mardin,
Mugla, Mus, Nigde, Ordu, Rize, Samsun, Sinop, Sivas, Sirnak, Tokat, Trabzon, Van, Yozgat [7].

Remark: New in Konya province.
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Laccobius obscratus aegaeus Gentili, 1974

Material examined: Beysehir, 20. 09. 2020, 1131 m, (37° 39' 15" N, 31° 40' 20" E), 4 33, 4 9Q; Sarkikaragac on
Beysehir road, 11. 10.2020, 1323 m, (37° 58' 43" N, 31°25' 35" E) 2 44, 2 2Q; Doganbey, 29. 11. 2020, 1292 m, (37°
47'44" N, 31°53'31"E) 2 4.

Distribution in Turkey: Adana, Ankara, Antalya, Artvin, Aydin, Balikesir, Bayburt, Bilecik, Bitlis, Bolu, Burdur,
Bursa, Canakkale, Corum, Denizli, Erzincan, Erzurum, Giresun, Giimiishane, Isparta, icel, Istanbul, izmir, Kastamonu,
Kayseri, Kirklareli, Kocaeli, Konya, Manisa, Mugla, Nigde, Ordu, Osmaniye, Rize, Samsun, Sinop, Tokat, Trabzon,
Van [7].

Laccobius obscratus orchymonti Gentili, 1976

Material examined: Beysehir on Konya road, 11.10.2018, 1132 m, (37° 42' 03" N, 31° 43' 48" E), 5 348, 1 ¢;
Doganbey, 29. 11. 2020, 1292 m, (37°47' 44" N, 31°53'31"E), 1 4, 1 Q.

Distribution in Turkey: Adiyaman, Aydin, Gaziantep, Hatay, Izmir, Kilis, Manisa [7].

Remark: New in Konya province and Central Anatolia.

Laccobius striatulus (Fabricius, 1801)

Material examined: Isparta on Konya road, 14.08.2020, 1210 m, (38° 02' 31" N, 31°26'48" E),2 84,1 Q.
Distribution in Turkey: Ankara, Antalya, Artvin, Balikesir, Bayburt, Bilecik, Bitlis, Bolu, Bursa, Canakkale, Erzurum,
Eskisehir, Giresun, Glimiighane, Hatay, Isparta, Istanbul, Izmir, Kayseri, Kocaeli, Konya, Kiitahya, Malatya, Manisa,
Mugla, Ordu, Sakarya, Samsun, Sivas, Tokat, Trabzon [7].

Laccobius simulatrix d’Orchymont, 1932

Material examined: Ugpinar, 29. 11. 2020, 1231 m, (37° 48' 19" N, 31°49'35" E), 3 33,2 92.

Distribution in Turkey: Adana, Agri, Aksaray, Ankara, Antalya, Artvin, Aydin, Balikesir, Bayburt, Bitlis, Bolu,
Bursa, Canakkale, Corum, Denizli, Edirne, Erzincan, Erzurum, Giresun, Giimiishane, Hakkari, Isparta, igel, Istanbul,
Izmir, Kahramanmaras, Kars, Kayseri, Kirklareli, Kirsehir, Kocaeli, Manisa, Mugla, Nigde, Ordu, Osmaniye, Samsun,
Sivas, Tokat, Trabzon, Van, Yozgat [7].

Remark: New in Konya province.

Laccobius syriacus Guillebeau, 1896

Material examined: Bademli, 08.11.2018, 1193 m, (37° 38' 18" N, 31° 41' 53" E), 2 99; Isparta on Konya road,
14.08.2020, 1210 m, (38° 02'31" N, 31°26'48" E), 3 43,1 Q.

Distribution in Turkey: Adana, Afyonkarahisar, Aksaray, Ankara, Antalya, Artvin, Aydin, Balikesir, Bayburt, Bilecik,
Bitlis, Bolu, Burdur, Bursa, Corum, Denizli, Diyarbakir, Edirne, Gaziantep, Giresun, Glimiishane, Erzincan, Erzurum,
Hakkari, Hatay, Isparta, Igel, Izmir, Kars, Kayseri, Kahramanmaras, Kastamonu, Konya, Manisa, Mardin, Mugla, Ordu,
Osmaniye, Rize, Sakarya, Samsun, Sinop, Sanlwurfa, Tokat, Trabzon, Van [7].

Family Helophoridae Leach, 1815

Genus: Helophorus Fabricius, 1775

Helophorus aquaticus (Linnaeus, 1758)

Material examined: Beysehir Yakamanastir National Park, 06.10.2018, 1234 m, (37° 37' 59" N, 31° 42' 12" E), 2 34,
2 99, Sarkikaraagag on Beysehir road, 11. 10.2020, 1323 m, (37° 58' 43" N, 31° 25' 35" E), 3 4d, 2 99; Beysehir on
Konya road, 11. 10. 2020, 1149 m, (37° 42' 29" N, 31° 44' 37" E), 1 Q; Ugpinar, 29. 11. 2020, 1231m, (37° 48' 19" N,
31°49'35"E), 13,1 Q.

Distribution in Turkey: Adana, Aksaray, Ankara, Aydin, Bayburt, Bilecik, Bing6l, Bursa, Bolu, Corum, Diyarbakir,
Erzurum, Hakkari, Giresun, Giimiishane, Isparta, Icel, Istanbul, Kars, Kastamonu, Kayseri, Kirklareli, Mardin, Mus,
Ordu, Sakarya, Samsun, Sinop, Sirnak, Van [7].

Remark: New in Konya province.

Helophorus brevipalpis brevipalpis Bedel, 1881

Material examined: Beysehir on Akburun road, 09.09.2018, 1142 m, (37° 47' 51" N, 31° 37' 59" E), 15 873, 8 29;
Beysehir, 22.09.2018, 1190 m, (37° 48' 49" N, 31° 43' 04" E), 3 &, 1 Q; Beysehir Yakamanastir National Park,
06.10.2018, 1234 m, (37° 37' 59" N, 31° 42' 12" E), 3 43, 4 2Q; Beysehir Agilonii, 06.10.2018, 1186 m, (37° 38' 35"
N, 31°44' 23" E), 5 &J&; Eflatun Spring, 24.07.2020, 1138 m, (37° 49' 28" N, 31°40' 19" E), 5 2 2.

Distribution in Turkey: Aksaray, Ankara, Antalya, Artvin, Aydin, Bayburt, Burdur, Bursa, Corum, Erzurum,
Erzincan, Giresun, Giimiishane, Isparta, Istanbul, izmir, Kahramanmaras, Kayseri, Kirklareli, Manisa, Mugla, Nigde,
Ordu, Samsun, Sinop, Van, Trabzon, Tuz Lake [7].

Remark: New in Konya province.
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Helophorus syriacus Kuwert, 1885
Material examined: Beysehir Yakamanastir National Park, 06.10.2018, 1234 m, (37° 37' 59" N, 31° 42' 12" E), 2 8J;
Beysehir Agilonii, 06.10.2018, 1186 m, (37° 38'35" N, 31°44'23" E), 1 &.
Distribution in Turkey: Adana, Amanos Mountains (Hatay), Aydin, Burdur, Corum, Denizli, Diyarbakir, Gaziantep,
Hatay, Isparta, izmir, Mardin, Samsun, Tokat [7].

Remark: New in Konya province.

4, Conclusions and discussion

Totally 17 species and 2 subspecies were recorded from Beysehir Lake and surrounding areas within this
study. Laccobius (5 species, 2 subspecies), Enochrus (3 species), Helophorus (3 species), Anacaena (2 species),
Helochares (2 species), Berosus (1 species), Hydrobius (1 species) were represented. Among all, fifteen taxa were
recorded in Konya province with this study for the first time. Only 10 species and 1 subspecies were known in Konya
province in literature up to now [7], and after the research carried out for the present study, that total number of
Hydrophilidae and Helophoridae has been increased to 24 species and 2 subspecies. Anacena globulus Paykull, 1798,
Enochrus quadripunctatus (Herbst, 1797) and Laccobius obscratus orchymonti Gentili, 1976, all of which were
reported in Central Anatolia Region of Turkey for the first time. Additionally, Anacaena rufipes (Guillebeau, 1896),
Enochrus halophilus (Bedel, 1878), Helochares punctatus Sharp, 1869, Helochares obscurus (Miiller, 1776) and
Laccobius bipunctatus (Fabricius, 1775) are recorded for the second time from Central Anatolia in this study.
Hydrophilidae and Helophoridae represent two important groups among aquatic beetle fauna of Turkey and aquatic
beetle fauna has not fully been presented. This study constitutes a single contribution in order to complete the data on
Turkish aquatic beetles and more studies are required to better understand the overall distribution of Hydrophilidae and
Helophoridae.
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Abstract

In this study, anatomical features of Hypericum capitatum Choisy. var. luteum N. Robson, H. lydium Boiss., H.
malatyanum Pesmen, H. microcalycinum Boiss. & Heldr., H. perforatum L. H. retusum Aucher, H. scabrum L., H.
spectabile Jaub. & Spach, H. thymopsis Boiss., H. triquetrifolium Turra and H. uniglandulosum Hausskn. ex Bornm. from
Tiirkiye were examined. The cross-section of the root, stem and leaves were investigated with light microscopy. The leaf
surfaces were examined with scanning electron microscopy. The roots have 2-3 or 4-5 layers of periderm. The stem wings
were various in shape and number, the epidermis is single or double layered. The leaves are equifacial or bifacial. The
micro-anatomy of leaf surface show that the epidermis cell walls are straight to slightly undulate, straight to undulate or
straight to curved and the stomata are anisocytic. The characteristics obtain from this study were aimed to make
contributions to the diagnostic features of genus Hypericum.

Key words: anatomy, leave, root, SEM, stem

. Onbir Hypericum L. taksonu iizerinde anatomik arastirmalar
Ozet

Bu c¢aligmada Tirkiye’den Hypericum capitatum Choisy. var. luteum N. Robson, H. lydium Boiss., H.
malatyanum Pesmen, H. microcalycinum Boiss. & Heldr., H. perforatum L. H. retusum Aucher, H. scabrum L., H.
spectabile Jaub. & Spach, H. thymopsis Boiss., H. triquetrifolium Turra and H. uniglandulosum Hausskn. ex Bornm.
taksonlarinin anatomik ozellikleri galigildi. Kok, gévde ve yaprak enine kesitleri 151tk mikroskobu ile, yaprak yiizeyleri
taramali elektron mikroskobu ile incelendi. Koklerde 2-3 veya 4-5 sira periderm bulunur. Gévde kanatlari farkl sekil ve
sayida, epidermis tek veya ¢ift sirahidir. Yapraklar ekvifasiyal yada bifasiyaldir. Yaprak yiizeyinin mikro anatomisi
epidermis hiicre duvarlarinin diizden hafif dalgaliya, diizden dalgaliya veya dizden kivrimlhiya kadar oldugunu
gostermektedir, stomalar anizositiktir. Bu ¢aligmadan elde edilen 6zelliklerin Hypericum cinsinin tanisal 6zelliklerine
katk1 saglamasi amaglanmuistir.

Anahtar kelimeler: anatomi, gévde, kok, SEM, yaprak
1. Introduction

Hypericum L. (Hypericaceae) is consist of 469 species with the distribution all over the world, except Antarctica
[1]. The genus represented by 80 species in Flora of Tiirkiye (including supplements) which are composed from herbs
and shrubs [2-4]. The species number given as 96 in the checklist by Arslan (2012) [5]. With the four new species added
recently, the number of species has become 100 in Tiirkiye [6-9].

The species of the genus Hypericum are traditionally used and Hypericum perforatum L. is an important
medicinal herb of which extracts have activity against mild to moderate depression [1]. The characteristics used in
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identification are generally based on morphology that including glands configuration. The marginal, intramarginal,
superficial glands and vittae (occurs on ovary and the capsule) are commonly used in classification [2].

There are several studies focused on anatomy of the Hypericum species. Perrone et al. (2013) were studied leaf
and stem anatomy of eight Hypericum species [10]. In addition, distribution of secretory structures and leaf vascular
patterns in some species of the genus were investigated [11]. The translucent glands and secretory canals of the floral and
vegetative parts of Hypericum perforatum L. was given from morphological, anatomical and histochemical points of view
[12]. Anatomical characteristics of the Hypericum montbretii Spach., H. origanifolium Willd., H. perforatum L. and H.
kotschyanum Boiss. from Tiirkiye were given [13, 14]. Transverse sections of the roots, stem, leaves and surface sections
of the leaves of Hypericum sechmenii Ocak & Koyuncu were investigated [15].

The genus Hypericum is taxonomically complex group. This study is aim to make contributions to its
identification characters with the anatomical properties.

2. Materials and methods

The samples were collected from the field studies by the authors from Malatya province, in Tirkiye. The
localities including the habitat properties are given (Table 1). The specimens were identified according to the literature
given by Robson (1967) [2]. The method given by Altinbasak et al. (2020) was used with some modification for
preparation of material [14]. Plant materials were stored in 70% ethanol-water solution and transverse section of root,
stem and leaf were taken by hand using a blade. The sections were kept about 5 min in SARTUR reagent for dye. Leica
DM 1000 light microscope and Leica DFC 290 digital camera were used for take photographs. The leaf surface scanning
electron microscopy (SEM) photographs were taken with a Leo Evo 40 scanning electron microscope. Before scanning,
the leaf pieces were mounted on stubs using double-sided adhesive tape and coated with gold using a BALTEC SCD-050
coater.

Table 1. Localities of examined Hypericum taxa

Taxa Localities
Hypericum capitatum | Malatya: Between Hekimhan and Darende 59. km, step, 1500 m, 07.06.2020, Arabaci
var. luteum & Giirhan (IG 1014)

H. lydium Malatya: Between Malatya-Hekimhan Kocadzii village, 1000 m, 07.06.2020, Arabact
& Giirhan (IG 1011)

H. malatyanum Malatya: Eskikdy, Melekbasi, rocky areas, 1800 m, 14.06.2020, Arabact & Giirhan
(1G 1027)

H. microcalycinum Malatya: Between Balaban and Malatya, 16. km, 1700 m, 07.06.2020, Arabac1 &
Giirhan (IG 1019)

H. perforatum Malatya: Between Hekimhan and Darende, 1150 m, garden sides, 07.06.2020, Arabaci
& Giirhan (IG 1022)

H. retusum Malatya: Between Hekimhan and Saz, junction of Deveci 1600 m, 07.06.2020, Arabaci
& Giirhan (IG 1020)

H. scabrum Malatya: Above Eskikdy, slopes, 14.06.2020, Arabaci & Giirhan (IG 1026)

H. spectabile Malatya: Ak¢adag, 1 km West of Diimiiklii, Quercus L. openings, 1500 m, 05.06.2021,
Arabaci & Giirhan (IG 1031)

H. thymopsis Malatya: Between Darende and Giiriin, 11. km, 07.06.2020, Arabaci & Giirhan (IG
1024)

H. triquetrifolium Malatya: inénii University Campus, around the Fine Arts Faculty, 900 m, 16.07.2020,

Giirhan (IG 1025)
._uniglandulosum Malatya: Indnii University Campus, 950 m, Arabac1 (TA 3089)

I

3. Results

Anatomical properties of taxa and the photomicrographs of root, stem, leaf cross section and leaf blade epidermis
scanning electron microscopy (SEM) images are given below (Figures 1-4).

Hypericum capitatum Choisy. var. luteum N. Robson

The root has 4-5 layers of periderm, canals are numerous with wide lumen. The stem has 4-5 wings, epidermis is
biseriate, secretary canals are absent in phloem. The leaves are equifacial, phloem has no secretory canals, the epidermis
has straight to slightly undulate cell walls, stomata are anisocytic and sunken.

Anatomical investigations on eleven Hypericum L. taxa
Ismet GURHAN, Turan ARABACI



Biological Diversity and Conservation — 13 / 3 (2022) 287

Figure 1. Photomicrographs of root cross section. A-B Hypericum capitatum var. luteum, C-D Hypericum lydium, E-F
Hypericum microcalycinum. G-H Hypericum perforatum, I-J Hypericum retusum, K-L Hypericum scabrum, M-N
Hypericum spectabile, O-P Hypericum thymopsis, R-S Hypericum triquetrifolium, T-U Hypericum uniglandulosum. (cx:
cortex, pe: periderm, ph: phloem, sc: secretory canal, Xy: xylem) (Scale bar 50 um).

Hypericum lydium Boiss.

The root has 4-5 layers of periderm, canals are observed. The stem has a wing, epidermis is biseriate, the phloem
has secretory canals. The leaves are equifacial, phloem has numerous (10-12) secretory canals, the epidermis has straight
to curved cell walls, stomata are anisocytic and slightly sunken.

Hypericum malatyanum Pesmen

The stem is unwinged, epidermis is uniseriate, the phloem has secretory canals. The leaves are bifacial, phloem
has 4-6 secretory canals, the epidermis has straight to slightly undulate cell walls, stomata are anisocytic and sunken.

Hypericum microcalycinum Boiss. & Heldr.

The root has 4-5 layers of periderm, canals are not observed. The stem has two wings, epidermis is uniseriate,
secretary canals are absent in phloem. The leaves are bifacial, phloem has no secretory canals, the epidermis has straight
to curved cell walls, stomata are anisocytic and slightly sunken.

Hypericum perforatum L.

The root has 2-3 layers of periderm, canals are observed. The stem has two wings, epidermis is uniseriate, the
phloem has secretory canals. The leaves are bifacial, phloem has 4-6 secretory canals, the epidermis has undulate cell
walls, stomata are anisocytic and sunken.

Anatomical investigations on eleven Hypericum L. taxa
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Figure 2. Photomicrographs of stem cross section. A-B Hypericum capitatum var. luteum, C-D Hypericum lydium, E-F
Hypericum malatyanum, G-H Hypericum microcalycinum, 1-J Hypericum perforatum, K-L Hypericum retusum, M-N
Hypericum scabrum , O-P Hypericum spectabile, R-S Hypericum thymopsis, T-U Hypericum triquetrifolium, V-Y
Hypericum uniglandulosum (ep: epidermis, cl: collenchyma, cx: cortex, e: emergence, en: endodermis, ge: glandiferous
emergence, ph: phloem, ps: papillose sheath, pt: pith, sc: secretory canal , xy: xylem) (Scale bar 50 pm).

Hypericum retusum Aucher

The root has 2-3 layers of periderm, canals are not observed. The stem has two wings, epidermis is biseriate, the
phloem has secretory canals. The leaves are bifacial, phloem has 4-6 secretory canals, the epidermis has straight to curved
cell walls, stomata are anisocytic and sunken.
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Figure 3. Photomicrographs of leaf cross section. A-B Hypericum capitatum var. luteum, C-D Hypericum lydium E-F
Hypericum malatyanum, G-H Hypericum microcalycinum, 1-J Hypericum perforatum, K-L Hypericum retusum, M-N
Hypericum scabrum, O-P Hypericum spectabile, R-S Hypericum thymopsis, T-U Hypericum triquetrifolium, V-Y
Hypericum uniglandulosum (as: air space, c:cuticle, le: lower epidermis, p: parenchyma, ph: phloem, pp: palisade
parenchyma, sc: secretory canal, sp: spongy parenchyma, tg: translucent gland, ue: upper epidermis, xy: xylem) (Scale
bar 50 pm).

Hypericum scabrum L.

The root has 2-3 layers of periderm, canals are numerous, with wide lumen. The stem has undulate border,
epidermis is biseriate, the phloem has secretory canals. The leaves are equifacial, phloem has 4-6 secretory canals, the
epidermis has straight to curved cell walls, stomata are anisocytic and sunken.
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Figure 4. Leaf blade epidermis scanning electron microscopy (SEM) images. H. capitatum var. luteum; A-adaxial surface,
B-abaxial surface. H. lydium; C- adaxial surface, D- abaxial surface. H. malatyanum; E- adaxial surface, F-abaxial surface.
H. microcalycinum; G-adaxial surface, H-abaxial surface. H. perforatum; I-adaxial surface, J-abaxial surface. H. retusum;
K-adaxial surface, L-abaxial surface. H. scabrum; M-adaxial surface, N-abaxial surface. H. spectabile; O-adaxial surface,
P-abaxial surface. H. thymopsis; R-adaxial surface, S-abaxial surface. H. triquetrifolium; T-adaxial surface, U-abaxial
surface. H. uniglandulosum; V-adaxial surface, Y -abaxial surface (Scale bar 20 um).

Hypericum spectabile Jaub. & Spach

The root has 4-5 layers of periderm, canals are not observed. The stem has two wings, epidermis is biseriate, the
phloem has secretory canals. The leaves are bifacial, phloem has secretory canals, the epidermis has undulate cell walls,
stomata are anisocytic and slightly sunken.
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Hypericum thymopsis Boiss.

The root has 2-3 layers of periderm, canals are observed. The stem has trichomes on the epidermal layer, epidermis
is uniseriate, the phloem has secretory canals. The leaves are bifacial, phloem has 4-6 secretory canals, the epidermis has
straight to curved cell walls, stomata are anisocytic and facial.

Hypericum triquetrifolium Turra

The root has 4-5 layers of periderm, canals are observed. The stem is unwinged, epidermis is uniseriate, the phloem
has secretory canals. The leaves are equifacial, phloem has 2-4 secretory canals, the epidermis has straight to curved cell
walls, stomata are anisocytic and sunken.

Hypericum uniglandulosum Hausskn. ex Bornm.

The root has 2-3 layers of periderm, canals not observed. Stem with numerous thin wings, epidermis is uniseriate,
secretary canals are absent in phloem, The leaves are equifacial, phloem has no secretory canals, the epidermis has
undulate cell walls, stomata are anisocytic and slightly sunken.

4. Conclusions and discussion

The anatomical properties of Hypericum capitatum var. luteum, H. lydium, H. malatyanum, H. microcalycinum,
H. perforatum. H. retusum, H. scabrum, H. spectabile, H. thymopsis, H. triquetrifolium and H. uniglandulosum
speciemens from Tirkiye were examined.

The cross-section of the roots in the examined species show similarities. A thick cuticle layer is take place on
the outer surface. Below cuticle layer; 2-5 layer of periderm, 2-3 layer of cortex tissue, a phloem layer and a xylem are
located respectively (Table 2). Secretory canals are observed in H. capitatum var. luteum, H. lydium, H. perforatum. H.
scabrum, H. thymopsis and H. triquetrifolium. Erkara and Tokur (2004) reported that a thick cuticle, 4-5 layer of periderm,
a single layer of endodermis and 2-3 layer of phloem in the roots of H. montbretii Spach., H. origanifolium Willd. and H.
perforatum L.[13].

Table 2. Anatomical characteristics of the Hypericum taxa

Taxa Root Stem Leaves
Secretary Secretary | Epidermis
Periderm Canal Wing Epidermis canalsin | Structure | canalsin cell walls Stomata
phloem phloem
Hypericum 4-5 layers observed | 4-5wings | biseriate not equifacial | not straight to | anisocytic,
capitatum var. observed observed slightly sunken
luteum undulate
H. lydium 4-5 layers observed | 1wing biseriate observed | equifacial | 10-12 straight to anisocytic,
curved slightly
sunken
H. malatyanum | - - unwinged | uniseriate observed | bifacial 4-6 straight to anisocytic,
slightly sunken
undulate
H. 4-5 layers not 2 wings uniseriate not bifacial not straight to anisocytic,
microcalycinum observed observed observed | curved slightly
sunken
H. perforatum 2-3 layers observed | 2 wings uniseriate observed | bifacial 4-6 straight to anisocytic,
undulate sunken
H. retusum 2-3 layers not 2 wings biseriate observed | bifacial 4-6 straight to anisocytic,
observed curved sunken
H. scabrum 2-3 layers observed | undulate biseriate observed | equifacial | 4-6 straight to anisocytic,
border curved sunken
H. spectabile 4-5 layers not 2 wings biseriate observed | bifacial 4-6 straight to anisocytic,
observed undulate slightly
sunken
H. thymopsis 2-3 layers observed | trichomes | uniseriate observed | bifacial 4-6 straight to anisocytic,
on the curved facial
epiderma
| layer
H. 4-5 layers observed | unwinged | uniseriate observed | equifacial | 2-4 straight to anisocytic,
triquetrifolium curved sunken
H. 2-3 layers not with uniseriate not equifacial | not straight to anisocytic,
uniglandulosum observed | numerous observed observed | undulate slightly
thin sunken
wings

The stem has a cuticle, epidermis, collenchyma, and parenchymatic cortex layer from outside to inner. The
epidermis is single or double layered. The stem consists from 2-3 rows of phloem layer, a large xylem layer and a
parenchymatic core. The stems are circular in outline. The wings of species are various in shape and number. H.
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malatyanum and H. triquetrifolium are unwinged, H. lydium have one wing, H. microcalycinum, H. perforatum. H.
retusum, H. spectabile have 2 wings, Hypericum capitatum var. luteum has 4-5 wings and H. uniglandulosum has
numerous thin wings. The stem of H. scabrum consist from undulate border. H. thymopsis is characterized by trichomes
on the epidermal layer (Table 2). Tekin (2017) reports two small wings and glandiferous emergences on the stem of H.
thymopsis [16]. The outline of stem found as unwinged in H. pubescens Boiss. and H. aegypticum L., slightly wavy and
with two small wings in H. perforatum and H. triquetrifolium, two evident wings in H. hircinum L. and H. androsaemum
L., and four triangular wings in H. tetrapterum Fr. in the previous study [10].

Secretary canal in phloem was not observed in Hypericum capitatum var. luteum, Hypericum microcalycinum
and Hypericum uniglandulosum both in stem and leaf cross-sections.

The leaves are equifacial or bifacial. The micro-anatomy of leaf surface show that the epidermis cell walls are
straight to slightly undulate, straight to undulate or straight to curved. The stomata were found as anisocytic in the surface
sections of the examined leaves (Table 2). This result is in well-agreement with previous studies [16, 17]. In addition,
paracytic and diasitic stomata were also reported in some Hypericum species [10, 13]. The stomata are sunken in
Hypericum capitatum var. luteum, H. malatyanum, H. perforatum. H. retusum, H. scabrum, H. triquetrifolium, slightly
sunken in H. microcalycinum, H. lydium, H. spectabile, H. uniglandulosum and facial in H. thymopsis.

The results obtain from this study are compared with literature records. It is aimed to make contributions to the
diagnostic features of genus Hypericum in this study.
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Abstract

In this study, Uludag Fir (Abies nordmanniana subsp. bornmulleriana Mattf.) branches lined with lichens from
the region determined in Kirazliyayla locality in Uludag National Park, a rural area far from atmosferic pollutants, were
placed in an area more exposed to pollutants in Niliifer as the central district of Bursa province. Photosynthetic pigment
contents of epiphytic lichen species (Hypogymnia physodes (L.) Nyl., Parmelia sulcata Taylor and Pseudevernia
furfuracea (L.) Zopf) were measured in three-month intervals. Then, one-year pigment exchange rates and exposure to
seasonal pollutants were statistically evaluated. Chlorophyll degradation increased in winter months and decreased in
summer months for H. physodes samples compared to control. It was decreased in winter and increased in summer for
P. furfuracea specimens. In P. sulcata, no significant difference was found between the values measured in the control
and transplanted samples. Chlorophyll degradation was significantly increased for P. furfuracea and decreased for P.
sulcata compared to control specimens with prolonged transplantation time. The amount of chlorophyll a was decreased
significantly for H. physodes and P. sulcata compared to the control samples due to the prolongation of the
transplantation period, while the change in P. furfuracea was not significant. Chlorophyll b and carotenoid content were
significantly decreased in all three lichen species due to the prolongation of the transplantation period.

Keywords: Bursa, chlorophyll content, photosynthetic pigment, epiphytic lichens

*

Bursa sehrindeki Niliifer ilcesinde epifitik likenlerin hava kalitesine karsi verdigi fizyolojik tepkiler

Ozet

Bu galismada, Atmosferik kirleticilerden uzak kirsal bir alan olan Uludag Milli Parki'ndaki Kirazliyayla
mevkiinde belirlenen bolgeden likenlerle kapli Uludag Goknari (Abies nordmanniana subsp. bornmulleriana Mattf.)
dallar1, Bursa'nin merkez ilgesi Nilifer'de kirleticilere daha agik bir alana yerlestirilmistir. Epifitik liken tiirlerinin
(Hypogymnia physodes (L.) Nyl., Parmelia sulcata Taylor ve Pseudevernia furfuracea (L.) Zopf) fotosentetik pigment
icerikleri tiger aylik araliklarla Sl¢tilmiistiir. Daha sonra bir yillik pigment degisim oranlar1 ve mevsimsel kirleticilere
maruz kalma istatistiksel olarak degerlendirilmistir. Klorofil bozulmasi, kontrole kiyasla H. physodes numunelerinde kis
aylarinda artmus, yaz aylarinda ise azalmistir. P. furfuracea érnekleri igin kigin azalirken yazin artmustir. P. sulcata'da,
kontrol ve nakledilen numunelerde Olgiilen degerler arasinda anlamli bir fark bulunmamistir. Klorofil bozunmasi, uzun
transplantasyon siiresi olan kontrol 6rneklerine kiyasla P. furfuracea igin 6nemli 6l¢iide artmus ve P. sulcata igin ise
azalmistir. Klorofil a miktari, H. physodes ve P. sulcata igin transplantasyon siiresinin uzamasi nedeniyle kontrol
orneklerine gore onemli Olglide azalirken, P. furfuracea'daki degisim Onemli degildir. Transplantasyon siiresinin
uzamasi nedeniyle her ii¢ liken tiiriinde de klorofil b ve karotenoid igerigi 6nemli 6l¢lide azalmustir.

Anahtar kelimeler: Bursa, klorofil igerigi, fotosentetik pigment, epifitik likenler

1. Introduction
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Lichens are long-term and obligatory symbiotic associations established between a heterotrophic fungus
partner whose metabolic activities depend on the water content suitable for use in the environment and cannot produce
its own food, and one or more autotrophs that can produce their own food through photosynthesis [1]. Almost half of
the 30,000 Ascomycetes and Basidiomycetes fungi, which spread around the world, are located as mycobionts in the
lichen thalli [2]. About 40 different types of green algae and blue-green bacteria are included in the structure of lichens
as photobionts. The green algae species belonging to the genus Trentepohlia and Trebouxia and the blue-green algae
belonging to the Nostoc genus are the most common photobionts in lichens [3].

There is a physiological division of labor between the photobiont that forms the thallus and the mycobiont. The
most important contribution of the fungus is that it creates a habitat for photobiont and provides moisture. The fungal
tissues and fungal pigments within the structure of lichen act as a protection shield for photobiont against light. If this
were not the case, photobionts would not have been able to survive freely on rock surface, dry bark and other lichen
substrates. Because excessive light can damage the photobionts photobionts in the lichen thalli. In addition when fungi,
which do not contain chlorophyll and obtain their nutrients by their haustoria, are in the structure of lichens, they can
meet the carbohydrates they need by their photosynthesizing partner photobiont. The type of carbohydrates produced by
photobiont varies according to the type of photobiont. In lichens containing blue-green bacteria, the carbohydrate
produced by photobiont and transferred to mycobiont is glucose, whereas in lichens containing green algae, it is sugar
alcohols such as erythritol, sorbitol or ribitol [1, 2]. Such as these alcohols, more than 1.000 lichen substances are
produced in lichens. These substances act as antiviral, antibiotics, antitumor, allergenic, plant growth inhibitors,
antiherbivores and enzyme inhibitors [4].

As a result of metabolic activities in lichens, primary and secondary metabolites are produced. Primary
metabolites are essential products such as carbohydrates, fats and proteins and can be produced by both mycobiont and
photobiont. All of the secondary metabolites are of fungal origin and their number is around 854. The vast majority of
secondary metabolites are produced exclusively by lichen-forming fungi, while the remainder is found in free-living
fungi and higher plants [5]. Secondary metabolites have many benefits to lichens. For example, secondary metabolites
in the cortex may exhibit different properties in absorbing light and protect the thallus from UV radiation. Thus, suitable
light conditions are provided for the layer in which the partner performing photosynthesis is located [6]. In addition,
some secondary metabolites protect thalli from biotic factors, as in the example of vulpinic acid produced in Letharia
vulpina (L.) Hue [7].

In evolutionary terms, the association of fungi and photosynthesizing partners is very successful and is
represented worldwide by over 20,000 different species of lichen, rich in size, shape and color. Besides benefiting from
the metabolic products of lichens, lichens are important members of the ecosystem. Lichens, known as the first
members to settle on the rock surface, play a great role in the preparation of the soil, which is an important habitat for
both plant and animal organisms [2]. Since lichens carry out photosynthesis, they help purify the air by fixing
atmospheric carbon dioxide and, in turn, with the release of oxygen [1]. In addition, cyanolichens, which contain blue-
green bacteria in common photobionts in the tallus, are ecologically important as they convert free nitrogen in the
atmosphere to bound nitrogen [7]. The epiphytic lichens growing on the tree, which provides the water mineral
substances required for its growth from the atmosphere, are sensitive to air pollution. Lichens, due to their poikilohydric
nature, are also very sensitive to natural and anthropogenic disturbances [8] They are used as bioindicator because they
respond very quickly to changes in the environment. Therefore, lichens species richness is highest in the forest area and
decreases towards urban areas [9]. It has been shown that the epiphytic lichen diversity on Q. pubescens in Bursa
changes with the distance from the city center and the center [10]. Due to these features, epiphytic lichens can also be
used as biological monitoring material in order to monitor ecological continuity in areas such as residential areas, rural
and old forest areas.

For growth and development organisms whose nutrients are tightly bound to the atmosphere can be used as
bioindicators to assess the effects of many variables in the atmosphere. Lichens are capable of reacting to changes in
atmospheric factors due to their dependence on the atmosphere in providing water and nutrients. Due to these
properties, they are very suitable bioindicators for the evaluation of atmosphere quality. Lichens are long-lived and slow
growing. In addition, they have different anatomical features from higher plants [11 7]. The most important of these
features; as in higher plants, the absence of a protective semipermeable cuticle layer and stomata, contact with air takes
place directly with the entire surface of the thallus. Therefore, lichens have extremely favorable substances
accumulation properties [2].

Investigation of the effects of air pollution on chlorophyll contents of various lichens in Bursa province (Turkey)
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The content of photosynthetic pigment of transplanted epiphytic lichens into the urban environment and
residential areas were found significantly reduced compared to the control region [12, 13]. Increases in chlorophyll
degradation was particularly measured in residential zones, major transport routes and in the vicinity of oil refinery
[14].

We thought that when lichens accumulate substances that cause air pollution, it will induce the changes in the
amount of photosynthetic pigments in the lichen content. Therefore, this research was planned as a transplantation study
to evaluate the effect of air pollution on photosynthetic pigment contents of some lichen speciess. It was decided to the
lichen samples were transfer from natural area to urban area with poor air quality. Abies tree branches covered with
three lichen species were transplanted to the Niliifer district of Bursa province, where urbanization and traffic density
are high. When the air quality of Niliifer District in Bursa City is evaluated within the scope of the limit values
recommended by our country, EU, USA and World Health Organization (WHO), it is generally clean, although there
are daily increases throughout the year [15]. But daily air pollution is the third priority problem in Niliifer district.
Among the factors that cause air pollution in Niliifer district are the use of coal for heating, increasing urbanization and
heavy traffic and pollution caused by industries. Niliifer is the second among the districts with many heavy industry
plants in Bursa and there are two industrial zones (Kiigiiksanayi zone and Niliifer Organized Industrial Zone (NOSAB))
[16].

In this study, it was carried out to determine the changes in the amount of photosynthetic pigments that may
occur due to the accumulation of air pollutants in the lichen samples, periodic measurements were made from the
transplanted groups. In addition pheophytinization rates, which presents chlorophyll degradation, were calculated. The
differences between the data of transplanted and control groups were determined statistically. The results are interpreted
considering the seasonal pollution values of the region.

2. Materials and methods

An isolated area less affected by air pollution and anthropogenic factors in the Kirazliyayla region of Uludag
National Park was selected as the control area (40°06'27”N - 29°06'18"E, alt.: 1703 m, date: 03.08.2016). Branches of
Abies trees with on three epiphytic lichen thalli (H. physodes, P. sulcata and P. furfuracea) from the control area were
taken and transplated to a region with high urbanisation and traffic density (ihsaniye neighborhood, FSM Boulevard,
40°13'23"N - 28°58'46" E, alt.:158 m, date: on 03.08.2016) in Niliifer district which is one of the central districts of
Bursa City. After collection, the branches were transferred to the place where they will be transported in plastic bags on
the same day. For photosynthetic pigment analysis, the samples were transported to the laboratory in plastic bags the
same day and kept in the refrigerator overnight. In order to determine the photosynthetic pigment content of lichens in
their natural environment, measurements were made on the control group samples on day after transplantation (on
04.08.2016). Photosynthetic pigment measurements were made periodically at 3, 6, 9 and 12 months after
transplantation and the obtained values were compared with the control values. Photosynthetic pigment measurements
were made in triplicate.

After the lichen samples were weighed as 20 mg, they were put into 15 ml test tubes. During the extraction,
acetone saturated with CaCOs was used to remove substances that would reduce photosynthetic pigments. The lichen
thalli were washed 5 times for 1 minute each with 3 ml [17]. Then, 5 ml of pure Dimethylsulfoxide (DMSQ) was added
to the tubes and extraction was carried out by keeping it in an oven at 65 °C for 40 minutes to minimize chlorophyll
degradation by the chlorophylase enzyme [18].

The samples taken out of the oven were left to cool in the dark at room temperature to prevent photosynthetic
pigments from being broken down by light, that is, photolysis. Then, 5 ml of pure Dimethylsulfoxide (DMSQO) was
added to the tubes containing lichen extract and the solution was diluted. Light absorbances in the 400-750 nm
wavelength range were determined with the Beckman Coulter DU 730 brand spectrophotometer calibrated with DMSO.
Absorbance values at 665, 649, 480 nm wavelengths were used to calculate the chlorophyll a, chlorophyll b and total
carotenoid content of the extract. Chlorophyll a, chlorophyll b and total carotenoid concentrations were calculated using
the dimethylsulfoxide equations given below by Wellburn [19].

The absorbance values at 415 and 435 nm wavelengths were used to determine the conversion ratio of
chlorophyll a to pheophyte (OD435/0D415 = Pheophytinization ratio). 435 nm wavelength is the wavelength of
chlorophyll a, and 415 nm wavelength is the wavelengths where pheophyte a, which is the degradation product of
pigments, shows high absorption. Therefore, the high ratio of OD435 / OD415 indicates that chlorophyll degradation is
less. One-Way Analysis of Variance (ANOVA) was used to determine whether there was a difference in the
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photosynthetic pigment contents of species samples in localities. To determine correlation between airborne pollutant
gases and particles and photosynthetic pigment contents of epiphytic lichen species during transplantation period in
Niliifer district were used to Pearson’s correlation analysis (2-tailed). All statistical analyzes were made using the IBM
SPSS Statistics 22. In all tests, the significance level was taken as p<0.05, except p<0.01 was also given in Pearson’s
correlation analysis.

3. Results

The 3 month average data of pollutant particles and gases in the exposed air of epiphytic lichen thallus during
transplantation period in Niliifer District are given in Table 1. The transplantation period of lichen specimens
corresponds seasonally to Autumn, Winter, Spring and Summer. Therefore, the amount of particles and gases in the air
in Niliifer District is high at the beginning of the transplantation period and the following months, and it is low towards
the end of the period. This result explains the negative relationship between the transplantation period and the particles
and gases in the air. Only ozone (Os) is positively correlated with the transplantation period. Other gases and particles
(except PMyo) are negatively correlated.

Table 1. The 3-month average data of pollutant particles and gases in the exposed air of epiphytic lichen thallus during
transplantation period in Niliifer District [20], and change of particles and gases in the air from the beginning of the
transplantation period to the end date

Transplantation periods
. 01 August 2016 |01 November 2016 (01 February 2017 01 May 2017
Airborne pollutant Pearson
particles and 9asesyy | . her 2016 31 January 2017 |30 April 2017 |31 July 31 2017 | COTeation
Data (Mean+SD)
PM1o 44.7£16.9 37.748.1 43.6+3.6 37.8+1.5 -.179
PM2.s 29.4+14.5 28.3+5.2 24.9+3.8 14.14£8.7 -.539™
SO2 9.1+4.9 12.0+£1.5 7.6£1.0 3.5+0.6 -.607"
NO 22.8+3.7 23.9+15.1 11.3+4.7 2.1£1.1 -.528™
NO: 45.7+15.9 50.1+£8.2 41.0+£5.9 27.7+4.0 -578"
CO 661.9+369.9 761.9+117.6 549.4+90.9 361.4+£27.5 -.529™
O3 42.94+23.6 27.1+£8.3 43.8+9.9 76.5+5.4 .600™
CHa 1307.5£72.8 1287.8+39.1 1257.9+84.1 1120.0+£21.6 =724
NCH4 32.2+12.9 28.1+8.9 21.2+4.9 143+1.4 -.665™

Photosynthetic pigment values measured from control and transplanted samples of H. physodes, P. sulcata and
P. furfuracea are given in Table 2. According to results pheophytinization rate, which presents chlorophyll degradation,
increased in winter months and decreased in summer months for H. physodes samples compared to control. On the
contrary, it decreased in winter and increased in summer for P. furfuracea specimens. In P. sulcata, no significant
difference was found between the values measured in the control and transplanted samples. For H. physodes, the
amount of chlorophyll a slightly increased in the winter months, while it decreased in the summer months compared to
the control samples. The amounts of chlorophyll b and carotenoid decreased gradually during the transplantation period
compared to control samples. Similar results to the changes in chlorophyll a, chlorophyll b and carotenoid contents of
H. physodes were also obtained for P. sulcata and P. furfuracea (Table 2).

A graph in Figure 1 was made in order to examine the changes in the measured amount of photosynthetic
pigments of three epiphytic lichen species during separate transplantation periods. As seen from the graph, chlorophyll
degradation is significantly increased (r% 0.654, p<0.05) for P. furfuracea compared to control specimens with
prolonged transplantation time and decreased (r%: 0.635, p<0.05) for P. sulcata (Figure 1A). The amount of chlorophyll
a decreased significantly (r% 0.885, p<0.05) for H. physodes and (r% 0.723, p<0.01) P. sulcata compared to the control
samples due to the prolongation of the transplantation period, while the change in P. furfuracea was not significant
(Figure 1B). Chlorophyll b and carotenoid content were significantly decreased in all three lichen species compared to
the control samples due to the prolongation of the transplantation period (Figure 1C and D).
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Table 2. The results of the photosynthetic pigment analyzes of control and transplanted samples of Hypogymnia
physodes, Parmelia sulcata and Pseudevernia furfuracea (mg/g)

Measurement times

Control Transplantation times
Photosynthetic 0 L 2" 3 sl ONE WAY

. 04 03 ANOVA

pigments 04 August 05 May | 04 August

2016 November | February 2017 2017

2016 2017

Data (MeanSD) F Sig.

Hypogymnia physodes
Pheophytinization 1.16+0.11 | 1.24+0.08 | 1.22+0.07 | 1.17+0.10 1.09+0.05 3.077 | .034
Chlorophyll a 1.22+0.54 | 1.26+0.36 | 1.08+0.27 | 0.88+0.39 0.60+0.23 3.226 | .029
Chlorophyll b 0.4040.18 | 0.39+0.11 | 0.36+0.08 | 0.33+0.11 | 0.24+0.08 | 1.756 | .169
Carotenoid 0.31£0.09 | 0.29+0.06 | 0.23+0.04 | 0.22+0.06 | 0.16£0.05 | 5.820 | .002
Chlorophyll a/b 3.02+0.31 | 3.10+0.39 | 2.97+0.39 | 2.54+0.37 2.47+0.37 3.709 | .017
gzzg:i;ﬁfma' 0.2040.03 | 0.18+0.02 | 0.16+0.02 | 0.19+0.03 | 0.19+0.02 | 1.445 | 249

Parmelia sulcata
Pheophytinization 0.9240.09 | 0.89+0.09 | 0.84+0.02 | 0.74+0.13 | 0.82+£0.14 | 2.707 | .053
Chlorophyll a 1.38+0.24 | 1.46+0.57 | 1.49+0.22 | 0.81+0.42 0.54+0.22 8.657 | .000
Chlorophyll b 0.54+0.13 | 0.45+0.16 | 0.47+0.06 | 0.28%0.10 0.1640.05 11.757 | .000
Carotenoid 0.34+0.06 | 0.31+0.09 | 0.32+0.05 | 0.19+0.08 0.11+0.06 11.659 | .000
Chlorophyll a/b 2.64+0.65 | 3.19+0.12 | 3.16+0.12 | 2.73+0.52 3.23+0.39 2.658 | .056
gﬁ:g:gg?ﬁfma' 0.1840.05 | 0.17+0.02 | 0.17+0.02 | 0.18+0.02 | 0.15¢0.03 |.702 | .598

Pseudevernia furfuracea
Pheophytinization 1.01+0.19 | 0.99+0.05 | 0.99+0.12 | 1.16+0.09 1.14+0.05 3.166 | .031
Chlorophyll a 1.02+0.35 | 1.1940.35 | 1.15+0.29 | 1.01+0.32 0.71+0.13 2.335 | .083
Chlorophyll b 0.3840.12 | 0.35+0.11 | 0.33+0.11 | 0.33+0.11 | 0.21£0.03 | 2.198 | .098
Carotenoid 0.27+0.09 | 0.31+0.07 | 0.27+0.09 | 0.24+0.04 0.1740.03 3.360 | .025
Chlorophyll a/b 2.78+0.71 | 3.47+0.10 | 3.56+0.53 | 3.19+0.26 3.34+0.40 2.729 | .052
Carotenoid/total 0.20+0.03 | 0.20+0.01 | 0.18+0.04 | 0.19+0.04 |0.18+0.01 |.705 | .596
Chlorophyll

Chlorophyll degradation increased in autumn and winter months and decreased in spring and summer months in H.
physodes samples compared to control. On the contrary, it decreased in autumn and winter and increased in spring and
summer for P. furfuracea. In P. sulcata, no significant difference was found between the values measured in the control
and transplanted samples There is a positive correlation between transplantation time and chlorophyll degradation in P.
furfuracea and is a negative in H. physodes. Whereas in P. sulcata there is no relationship between transplantation time
and chlorophyll degradation. Chlorophyll a, chlorophyll b and carotenoid contents were significantly decreased with
transplantation time in all three lichen species. In H. physodes, there is a significant positive correlation only between
CH,4 and chlorophyll degradation. In H. physodes, there is a significant positive correlation only between CH,4 and
chlorophyll degradation, whereas in P. furfuracea there is a negative correlation between SO,, NO, and NCH4 from
gases and chlorophyll degradation. Chlorophyll a, chlorophyll b and carotenoid contents in P. sulcata were a positive
relationship with airborne pollutant particles (PM2s) and gases (SO2, NO, NO,, CO, CHs and NCH,4), and was a
negative relationship with Os. Similarly, Ozone (Os) was decreased the chlorophyll a, chlorophyll b and carotenoid
content of P. furfuracea (Table 3).
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Figure 1. Graph showing the change in the measured amount of photosynthetic pigments of the three epiphytic lichen
species at the seperate transplantation periods

4. Conclusions and discussion

Bursa City is in the position of a city where there is not much air circulation due to the large number of
industrial establishments and the city settlement being located on the outskirts of Uludag Mountain. Despite the
widespread use of natural gas in winter, pollution reaches high levels especially in winter months due to the preference
of poor quality heating materials in some regions and heavy vehicle traffic. Another reason for the perceptible level of
air pollution in the city center, where the population is dense, is that the settlement has reached close to two major
industrial zones as a result of the increase in population and the intensification of construction activities with urban
transformation projects.

The air quality of Niliifer district is relatively good. The results obtained in this study also confirm this
situation. In three transplanted lichen samples, after the measurements made at the beginning of the one-year period in
the first control group, it was determined that the photosynthetic pigment analyzes performed on the lichen thalli in
three-month periods changed with the air pollution parameters obtained from the air quality station data. In the
measurements made at the end of the first trimester, an increase in the amount of chlorophyll was observed in three
lichen species. This result is in parallel with the results of the research conducted in Luisiana [21].
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Table 3. Correlation between airborne pollutant particles and gases photosynthetic pigment contents of epiphytic lichen
species during transplantation period in Niliifer district (**: p<0.01, *: p<0.05 (2-tailed)

Pearson Correlation (N=24)
c
-S o ©
Airborne  pollutant | S © - < e _
particles and gases S > > 2 > 22
g Sl B8 g glgs
8 88 ° o o o e
& £ s &) &) S 6 | 86
PMo -.080 194 303|151 101 [352
PM_s 257 164 077 181 [104 050
SO, 339 216 112 192|255  |.096
» |NO 195 088 053 093  [178  |097
g2 Ko 305 213|108 |210  |226 L.019
£ [o 223 131 012 112|169 005
g s -.375 311 223 [201 271 [129
€ [CH, 469" 358 264 402|340  |.050
g  INCH; 292 212 062 247|261 081
T Transplantation times -.627" -.642"" 496"  |.698™ |-586™ |199
PMo 114 070 109 072 171 105
PM.5 082 4417 495" [473" 121|219
SO, 148 559" 617" [592™ |.060 |201
NO 216 439" 490" [439" 047 144
NO, 172 519"  |580™ [536™ 099 |181
£ [co 197 491" [543™  [497" 060 [098
z o [ 145 (586" |-655° |[609" |141 [-.151
S [CH, 117 504" |568™ 560 |.119 [280
€ NCH. 244 501" |549” |509° 020 |163
& Transplantation times -.320 -709™ 7417 7517 100 133
PMo -.056 057 .000 055  [214  |.008
PM.5 -.291 298 242 305  [128 |.056
SO, -.476" 352 259 332 |271 |.o74
g |No -.409" 302 170 279  |398 |.093
_g NO, -.403 400 301 394  [282 |.053
S [co -.391 349 242 342|320 |.066
£ s 348 - 506" 424" 481" |[.241 088
S [CH. -.398 344 279 358  [212 |006
3 |NCH. 448" 376 248 386  [345 |.045
& [Transplantation times  |621™ - 548~ 432" |-646™ 233 [.141

This situation was associated with the climatic conditions of the control zone different from the climatic
conditions of the transplanted location. In the second and third measurements, a significant decrease was observed in
the values of chlorophyll pigment content and chlorophyll pigment ratios depending on the increase in air pollution
parameters, seasonal conditions and exposure to pollutants. The increase in atmospheric pollution values of stations
close to the study locations and the decrease in chlorophyll content of lichen species are in line with the literature
information [22]. On the other hand, it has been determined that the change in photosynthetic pigment content of P.
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furfuracea examined in this study due to environmental stress is much more pronounced than that of H. physodes and P.
sulcata.

A higher degradation was observed in chlorophyll contents as a result of P. furfuracea having a branched
morphological structure and thus adhering to the substrate at one point and being exposed to pollutants due to the high
number of isidia on the thallus surface due to its high contact surface with the atmosphere. This result is parallel to the
source information [23]. The thallus diameter of P. sulcata in leafy form, which is affected by atmospheric pollutants in
the second degree, is small and the thallus texture is thin. The most important feature of P. sulcata is that it has cortex
cracks called pseudocyphella on the thallus surface. Pseudocyphellae are known to assist in gas exchange of thallus
tissue, similar to the stomata of higher plants. For this reason, the rate of degradation in chlorophyll pigment contents
was higher in P. sulcata after P. furfuracea. Since the H. physodes thalli in leafy form is firmly attached to the substrate
with its lower surface, this type of chlorophyll degradation has been found to be the least, since only the upper surface
comes into contact with air. This result shows that P. furfuracea can be a better indicator species in the assessment of
environmental stress and is compatible with the source information [24, 25, 26].

Fruticose lichens grow in a drooping or upright position, holding only one point on the tree trunk and branches,
without substrate exposure. For this reason, the surface areas that come into contact with air are much more than those
of leafy and crustaceans. In the source information, it is stated that branched lichens are more suitable than other
morphological groups in determining the air quality with lichens [2]. As a result, lichens can adapt to environmental
conditions by showing morphological, anatomical and physiological responses to air quality and stress conditions.
Lichens in the same morphological group do not respond similarly to stress factors. The structure of the thallus tissue is
also of great importance. Species that have structures that facilitate gas exchange in their tallus are more susceptible to
pollutants than those that do not have these structures. It is seen that examining the chlorophyll content of epiphytic
lichens in branchy form is a useful and practical way to evaluate air quality.

References

[1]  Nash I, T. H. (2008). Lichen Biology, Cambridge, England: Cambridge University.

[2] Brodo, I. M., Sharnoff, S. D., & Sharnoff, S. (2006). Lichens of North America. New Haven, United States of
America: Yale University.

[3]  Friedl, T., & Biidel, B. (1996). Photobionts (Chapter 2). 8-23. In Lichen Biology. Eds Nash Il1. T.H., Cambridge,
England: Cambridge University.

[4]  Shrestha, G., & St. Clair, L. L. (2013). Lichens: a promising source of antibiotic and anticancer drugs.
Phytochemistry Reviews, 12, 229-244. doi: 10.1007/s11101-013-9283-7

[5] Elix, J. A. (1996). Biochemistry and secondary metabolites, in Nash Il1, T.H., Lichen Biology, London, England:
Cambridge University.

[6] Singh, J., Singh, R. P., & Khare, R. (2022). Higher Rate of Pigment Synthesis in Antarctic Plants: A Strategy of
Survival Under UV Radiations. In: Khare, N. (eds) Assessing the Antarctic Environment from a Climate Change
Perspective. Earth and Environmental Sciences Library. Springer, Cham. https://doi.org/10.1007/978-3-030-
87078-2_15

[71  Seneviratne, G., & Indrasena, |. K. (2006). Nitrogen fixation in lichens is important for improved rock
weathering. Journal of Biosciences, 31(5), 639-643. http://www.ias.ac.in/jbiosci

[8] Chuquimarca L., Gaona, F. P., Iniguez-Armijos, C., & Benitez, A. (2019). Lichen responses to disturbance:
Clues for biomonitoring land-use effects on Riparian Andean ecosystems. Diversity, 11, 73,
doi:10.3390/d11050073

[9]  Tufan-Cetin, O. (2020). Determination of compositional differences of lichens on Pinus brutia in different
environmental conditions. Journal of Environmental Biology, 41(4), 735-744. Doi.org/10.22438/jeb/41/4/MRN-
1301.

[10] Giiveng, S., Oztiirk, S., & Oran, S. (2019). Epiphytic lichen diversity on Quercus pubescens Willd. in Bursa
province. Biological Diversity and Conservation, 12(2), 51-56.

[11] Catan, S. P., Bubach, D., Messuti, M. ., Arribére, M. A., & Guevara, S. R. (2022). Mercury and REE contents in
fruticose lichens from volcanic areas of the South volcanic zone. Atmospheric Pollution Research 13, 101384.
doi:10.1016/j.apr.2022.101384

Investigation of the effects of air pollution on chlorophyll contents of various lichens in Bursa province (Turkey)
Vesile Ebru Ozcan, Sule OZTURK, Saban GUVENC, Seyhan ORAN



302

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

[23]

[24]

[25]

[26]

Biological Diversity and Conservation — 15 / 3 (2022)

Ra, H. S. Y., Geiser, L. H., & Crang, R. F. E. (2005). Effects of season and low-level air pollution on physiology
and element content of lichens from the U.S. Pacific Northwest. Science of the Total Environment, 343, 155-167.
doi.org/10.1016/j.scitotenv.2004.10.003

Sujetoviene, G., & Galinyte, V. (2016). Effects of the urban environmental conditions on the physiology of
lichen and moss. Atmospheric Pollution Research, 7, 611-618. doi.org/10.1016/j.apr.2016.02.009

Lackovicova, A., Guttova, A., Backor, M., Pisut, P., & Pisut, I. (2013). Response of Evernia prunastri to urban
environmental conditions in Central Europe after the decrease of air pollution. The Lichenologist, 45(1), 89-100.
doi.org/10.1017/S002428291200062X

Tasdemir, Y. (2017). Niliifer Ilcesi’ndeki Klasik Hava Kirletici Olgiimlerinin Degerlendirilmesi Raporu (Periyot:
11-17 Eylil 2017). https://www.nilufer.bel.tr/dosya_yoneticisi/icerik/BEBKA/Eylul2_2017.pdf, (date of access:
11.05.2022).

Karaer, F. (2011). The environment status report of TR41 region. Bursa Eskisehir Bilecik Development Agency
(BEBKA).

Barnes, J. D., Balaguer, L., Manrique, E., Elvira, S., & Davison, A. W. (1992). A reappraisal of the use of
DMSO for the extraction and determination of chlorophylls a and b in lichens and higher plants, Environmental
and Experimental Botany, 32, 85-100.

Ronen, R., & Galun, M. 1984. Pigment extraction from lichens with dimethylsulfoxide (DMSO) and estimation
of chlorophyll degradation. Environmental and Experimental Botany, 24, 239-45. doi:10.1016/0098-
8472(84)90004-2

Wellburn, A. R. (1994). The spectral determination of chlorophylls a and b, as well as total carotenoids using
various solvents with spectrophotometers of different resolution. Journal of Plant Physiology, 144, 307-313.
d0i:10.1016/S0176-1617(11)81192-2

Anonymous (2017). The air quality data in Niliifer district. https://www.nilufer.bel.tr, (date of access:
15.09.2017).

Wakefield, J. M., & Bhattacharjee, J. (2012). Effect of air pollution on chlorophyll content and lichen
morphology in Northeastern Louisiana. Evansia, 28(4), 104-114. doi:10.1639/079.029.0404

Ates, A., Yildiz, A., Yildiz, N., & Calimli, A. (2007). Heavy Metal Removal from Aqueous Solution by
Pseudevernia furfuracea (L.) Zopf. Annali di Chimica, 97(5-6), 385-393. doi:10.1002/adic.200790023

Yildiz, A., Aksoy, A., Akbulut, G., Demirezen, D., Islek, C., Altuner, E. M., & Duman, F. (2011). Correlation
between chlorophyll degradation and the amount of heavy metals found in Pseudevernia furfuracea in Kayseri
(Turkey). Ekoloji, 20(78), 82-88. doi: 10.5053/ekol0ji.2011.7813

Gallo, L., Corapi, A., Loppi, S., & Lucadamo, L. (2014). Elements concentrations in the lichen Pseudevernia
furfuracea (L.) Zopf transplanted around a cement factory (S Italy). Ecological Indicators, 46, 566 — 574.
d0i:10.1016/j.ecolind.2014.07.029

Mahmutoglu, R., Aslan, A., Aras, S., & Cansaran-Duman, D. (2016). Environmental risk assessment under the
pollutants exposure with using four lichen species and molecular assay in cement plant, Askale-Erzurum
(Turkey). Tiirk Hijyen ve Deneysel Biyoloji Dergisi, 73(3), 253 — 266. doi: 10.5505/TurkHijyen.2016.57085
Yildiz, A., Vardar, C., Aksoy, A., & Unal, E. (2018). Biomonitoring of heavy deposition with Pseudevernia
furfuracea (L.) Zopf in Corum city, Turkey. Journal of Scientific Perspectives, 2(1), 9-22.
http://dergipark.org.tr/en/pub/jsp/issue/36400/410465

Investigation of the effects of air pollution on chlorophyll contents of various lichens in Bursa province (Turkey)
Vesile Ebru Ozcan, Sule OZTURK, Saban GUVENC, Seyhan ORAN


https://www.nilufer.bel.tr/dosya_yoneticisi/icerik/BEBKA/Eylul2_2017.pdf

www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online ISSN 1308-5301 Print

Research article/Arastirma makalesi
DOI: 10.46309/biodicon.2022.1127357
15/3 (2022) 303-307

Rhizopogon pumilionum (Ade) Bataille; a new false truffle (Basidiomycota) record for Turkish mycota

Mehrican YARATANAKUL GUNGOR ™, Halil GUNGOR 2
ORCID: 0000-0002-5175-983X; 0000-0001-8646-9050

1 Kocaeli Health Services Vocational School, Kocaeli University, Kocaeli, Tiirkiye
2Department of Biology, Faculty of Science, Mugla Sitkit Kogman University, Mugla, Tiirkiye

Abstract

In this study, Rhizopogon pumilionum (Ade) Bataille is recorded from Turkey for the first time. The new
record is described and illustrated. New record was proved by utilizing from its rDNA ITS data. Also, phylogenetic
position of R. pumilionum was detected in the phylogenetic tree constructed using the sequences of rDNA ITS

Key words: biodiversity, [DNA ITS, Rhizopogon, Sivas, Turkey

*

Rhizopogon pumilionum (Ade) Bataille; (Basidiomycota) Tiirkiye mikotasi i¢in yeni bir yalanci triif kaydi
Ozet
Bu c¢alismada, Rhizopogon pumilionum (Ade) Bataille Tirkiye’den ilk defa kaydedilmistir. Yeni kayit
tanimlanmis ve fotograflari verilmistir. tDNA ITS verilerinden yararlanilarak yeni kayit kanitlanmistir. Ayrica, R.
pumilionum’un filogenetik konumu, rDNA ITS dizilerinden yararlanilarak olusturulan filogenetik agacta tespit
edilmistir.

Anahtar kelimeler: biyogesitlilik, rDNA ITS, Rhizopogon, Sivas, Tiirkiye
1. Introduction

Sivas province falls in Irano-Turanien floristic region and has a high endemism ratio [1]. Karalar village
(Yildizeli) has important forests series. The forest and shrub vegetation of the Karalar village is especially Pinus
sylvestris L., Juniperus L. sp., Quercus L. sp., Populus L. spp., Salix L sp., Prunus L sp., Cistus L sp., Crataegus
Tourn. ex L. sp., Pyracantha M.Roem. sp., Cupressus L. sp., Pyrus L. sp. and Corylus L. sp. Despite Sivas has a
continental climate, studied region has some trees unique for Black Sea climate, such as the Corylus grows wildly in the
region. With this feature, the region is like a transition zone from the Black Sea climate to the continental climate. This
situation reflects the climatic characteristics of the region and capable of hosting a large number of fungal species [2].
In the studies carried out between Akdagmadeni (Yozgat) and Gemerek (Sivas), including our study area there were 66
taxa belonging to 23 families were reported [3]. Also Giingdr [4], Isik [5], Isik and Tiirkekul [6] reported some new
macrofungal records for Turkey from studied area and nearby areas.

Turkish Rhizopogon Fr. taxa are R. abietis A.H. Sm., R. luteolus Fr., R. ochraceorubens A.H. Sm., R.
rocabrunae M.P. Martin, R. roseolus (Corda) Th. Fr., R. obtextus (Spreng.) R. Rauschert and R. marchii (Bres.) Zeller
& C.W. Dodge [7, 8]

There is no information about the edibility of the newly recorded species mentioned in the literature or by the
local people. The specimen is not used by local people for any purpose. But fungus is known as “Pembe patates
mantar1” in the region by local people.

Studies on the determination of mycobiota of Turkey [9, 10] will be pioneer in the protection of biodiversity.
The aim of this study is to contribute to Turkish fungal biodiversity by adding molecularly proved a new fungal record.
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2. Materials and method
2.1 Field study and identification of samples

Fungal sample presented in study was collected in 2016 during routine field trips from Karalar village region.
During field studies morphological and ecological characteristics of the specimens were recorded. Specimens were
sectioned with a lanset and sections and sizes of the specimens were measured and it was photographed. For molecular
studies some of the samples were stored at - 80 C°. Remaining specimens were dried in the shade at a temperature
lower than 40 C°. Sterile razor blades were used to take samples for microscopic studies. Photographs related to
micromorphology of the samples were taken by Leica DFC 295 trinocular microscope. Specimen was identified after
consultation with the relevant literature [11, 12, 13, 14]. Dried samples were stored in the author’s own collection.

2.2 DNA extraction, PCR amplification and Sequencing

Total genomic DNA was extracted using the DNeasy Plant mini kit (Qiagen). 1TS1 Forward
(TCCGTAGGTGAACCTGCGG) and ITS4 Reverse (TCCTCCGCTTATTGATATGC) primers were used for PCR (to
amplify 18S, ITS1, 5.8S, ITS2 and 28S region) and sequencing [15]. Amplifications were conducted using an Applied
Biosystems (ABI) veriti 96 well thermocycler using the following program: 1 cycle of 5 min at 95 °C; 35 cycles of 45 s
at 94 °C, 45 s at 60 °C, and 2 min at 72 °C; followed by 1 cycle of 10 min. at 72 °C for final extension. Gel
electrophoresis in 0.8% agarose gel run in TBE buffer was used to size-fractionate amplicons. Subsequently gels were
stained with ethidium bromide and visualized over a UV trans-illuminator. PCR products were sequenced with the
primers used to amplify ITS region by Source Bioscience inc. (Nottingham, United Kingdom). Specimen’s rDNA ITS
sequences were uploaded to GenBank (accession number: OP169016)

2.3 Sequence alignment and phylogenetic analysis

rDNA ITS Sequences of R. pumilionum obtained via this study and additional rDNA ITS sequences of R.
abietis (MH819341.1), R. luteolus (EU784397.1), R. ochraceorubens (AF071440.1), R. rocabrunae (JF908761.1), R.
roseolus (AJ810073.1) retrieved from GenBank. Genbank accession numbers for each species are given in parentheses.
ITS sequences of R. obtextus and R. marchii which are another Turkish species not yet uploaded to GenBank. Closely
related taxon Alpova alpestris P.-A. Moreau & F. Rich. (NR_132847.1) retrieved from Genbank and used as outgroup.

ITS sequence were manually/visually checked by using the Bioedit Version 7.1.9 software and aligned via
ClustalW alignment software [16]. Ends of the alignment were trimmed to make all the sequences of equal length.
MEGA 11 (Molecular Evolutionary Genetics Analysis) [17] phylogenetic analysis programme was used to obtain
phylogenetic trees and determine relationships between species.

Phylogenetic trees were constructed using the Neighbor-Joining method [18]. The percentage values of the
Bootstrap test, in which each branch of the 1000 replicated pedigrees were evaluated statistically, are shown next to the
related combined taxa branches [19]. Evolutionary distances were calculated using the Maximum Composite
Likelihood method [17]. Bootstrap value is between 0% and 100%.

3. Results
3.1 Macroscopic and microscopic characters

After investigations in the laboratory Rhizopogon pumilionum was identified. According to current literature
on Turkish macrofungi [7, 8] R. pumilionum is a new record for the Turkish mycota.
3.1.1 Boletales
3.1.1.1 Rhizopogonaceae Gaum. & C.W.Dodge
3.1.1.1.1 Rhizopogon pumilionum (Ade) Bataille (Figure 1)

Fruitingbody cespitose to gregarious, irregular globose to globose, 1-3 ¢cm in diameter, semi-epigeous to
epigeous, solid and durable. Surface typically verrucose, rhizomorphs only at the base. Surface salmon orange to
cinnamon or orange-reddish. Sorghum-brown patches of the outer peridial layer easily separable from this layer
fissures. Peridium thick, claret-brown, 440-1000 pum, with tightly interwoven hyphae. Vinaceous-russet and loosely
woven hyphae on outer portion of peridium becoming hyaline and more compact towards gleba. Gleba greyish,
olivaceous, cavities averaging 5-6 per mm., subglobose to irregular, empty. Spores 6.1- 9.6 x 2.2-3.5 um, slender,
cylindric to subfusoid with truncate base, hyaline, guttulate. Basidia 13-17 x 4.4 -5 um, 4-spored. Cystidia rare.
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Sivas, Yildizeli, Karalar village, Armutlu region, in Pinus sylvestris forest, 1618 m., N 39°43°17” E
36°09°898” 26.05.2016, H 1234; Karalar village, Esek Sirt1 region, in P. sylvestris forest, N 39°43°14” E 36°12°944"’
26.05.2016, H 1220.

3.2 Molecular phylogeny

GenBank researches showed that ITS sequences of R. pumilionum have a 95.7% similarity to
morphologically closely related species R. rocabrunae. rDNA ITS sequences of seven species used in this study aligned
and nearly 710 bp length sequences obtained. Neighbor-Joining tree was given and discussed. Bootstrap values were
also given in the tree (Figure 2).
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Rhizepogon pumilionum
Verrucose Group

Rhizepogon rocabrunae
Rhizopogon ochraceorubens  Strip Ochraceorubens

Rhizopogon roseolus

Strip Rubescens
Rhizopogon abietis
Rhizopogon luteolus Strip Luteolus
Alpova alpestris Outgroup

Figure 2. The NJ phylogenetic tree based on rDNA ITS data of Turkish Rhizopogon species
4. Conclusions and discussion

Genus Rhizopogon is taxonomically problematic. The genus has morphologically similar species. Molecular
studies have a potential to solve this taxonomical problem. In this study we used both morphological and molecular data
to get correct and reliable results for identification and separate closely related Rhizopogon species.

As seen in tree a good divergence has obtained for Turkish Rhizopogon species by utilizing rDNA ITS data.
Morphologically closely related granulose, verrucose species (R. rocabrunae and R. pumilionum) were separated from
Rhizopogon species which have smooth surface. R. roseolus and R. abietis which are assessed in strip Rubesbens by
Smith and Zeller [11] is also phylogenetically close. A phylogenetic study including multiple Rhizopogon species
should be performed to further comment on sections, stips and series.

R. pumilionum was firstly described by Ade [20] as “globose, reaching the size of a hazelnut with appearance
and colours reminding of strawberries”. R. roseolus and R. pumilionum are related species but R. roseolus have wider
and bigger spores and thin peridium than R. pumilionum [13].

Rhizopogon pannosus Zeller & C.W. Dodge, R. pumilionum and R. rocabrunae are closely related, because
of their granulose, slightly verrucose surface. R. pumilionum and R. pannosus have same typical characters like
rhizomorphs only at the base, salmon orange to cinnamon or orange-reddish colours of the peridium and the truncate
spores. But R. pumilionum has narrower spores than R. pannosus and in the colour of the gleba being olivaceous in R.
pumilionum and buffy to ochraceous in R. pannosus [13].

R. pumilionum and R. rocabrunae easily distinguished other Turkish Rhizopogon taxa with distinctly
granulose surface and with the colour of basidiomata. But R. pumilionum distinguished from R. rocabrunae with a more
granulose, verrucose peridium and less gelified hyphae of the tramal plate [14]. R. rocabrunae seems strictly associated
to Abies Mill sp. [14]. Colour of the gleba in R. pumilionum greenish and yellowish to brownish in R. rocabrunae [21].
Peridial thickness is 440-1000 um in R. pumilionum and 300-600 pum in R. rocabrunae [14]. Also our GenBank
searches showed that R. pumilionum has different ITS sequences from Osmundson’s [22] R. rocabrunae (nearly 4.5%).
As seen Figure 2 both of them are close species than other examined Turkish species and have a good bootstrap value.
Also molecular studies conducted on 28S rDNA region of R. rocabrunae, R. pannosus and R. pumilionum showed that
these are closely related but separate species [23].

We constructed an identification key for the Turkish Rhizopogon taxa, excluding R. obtextum, with the
relevant literature [11, 21]. R. obtextum is accepted by many authors as a synonym of R. luteolus [24].

la. Peridium staining red when injured 2
1b. Peridium not staining red when injured but it may stain some other colour 4
2a. Basidiocarp lacking yellow colours at any time in its development. R. roseolus
2b. Basidiocarp showing yellow at some stage 3
3a. Gleba white at first, then pale olive and finally dark olive R. abietis
3b. Gleba white or yellowish white at first, then reddish brown or brownish ochre R. marchii
4a. Peridium granulose, verrucose 5
4b. Peridium smooth 6
5a. Gleba greenish, olivaceous. Peridium granulose, more verrucose. R. pumilionum
5b. Gleba yellowish to brownish. Peridium granulose, slightly verrucose R. rocabrunae
6a. Peridium firstly yellow-ochre, then golden-yellow or golden-tawny. Surface fibrillose
and covered over all by appressed rhizomorphs. R. luteolus
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6b. Peridial ground at first lemon yellow to ochraceous, soon cinnamon to russet

and covered with brown rhizomorphs R. ochraceorubescens
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Abstract

Fig field gene banks are gene pools that have an important place in protecting genetic diversity, using it for
various breeding programs and transferring it to future generations. Management of genetic resources; includes
conservation, enrichment, characterization, evaluation and documentation. 354 local female and caprifig
cultivars/genotypes collected from the fig growing regions of the country through survey and selection studies within
the body of the Fig Research Institute Directorate in Aydin Province, Turkey, have been taken under protection in the
fig field gene bank. Hatay Olive Research Institute Directorate is the second degree responsible institution for the
conservation of fig genetic resources. In some regions of the world where figs are grown, fig field gene banks are
available. Genetic diversity is also evaluated in the world, with approaches similar to those carried out in Turkey.

In this study, the fig field gene bank and its studies are given in detail in the "Fig (Ficus carica L.) Genetic
Resources Conservation and Characterization™ project study carried out in Turkey. In addition, world fig field gene
banks and their studies are also mentioned.

Key words: Ficus carica L., genetic resources, fig field gene banks, conservation

*

Incir (Ficus carica L.) arazi gen bankalar1 ve ¢cahsmalari

Ozet

Incir arazi gen bankalar1; genetik cesitliligin korunmasi, gesitli 1slah programlari icin kullanilmasi ve gelecek
nesillere aktarilmasi konusunda Snemli bir yere sahip gen havuzlaridir. Genetik kaynaklarin yonetimi; koruma,
zenginlestirme, karakterizasyon, degerlendirme ve dokiimantasyon konularini icerir. Tiirkiye’nin Aydin ili’nde bulunan,
Incir Arastirma Enstitiisii Miidiirliigii biinyesinde, iilkenin incir yetisen bolgelerinden siirvey ve seleksiyon ¢aligmalar
ile toplanmis 354 yerel disi ve erkek incir ¢esit/genotipi incir arazi gen bankasinda koruma altina alinmigtir. Hatay
Zeytincilik Arastirma Enstitiisi Midiirliigli, incir genetik kaynaklarimin muhafazasi konusunda ikinci dereceden
sorumlu kurulustur. Diinyada incir yetisen bazi bolgelerde, incir arazi gen bankalar1 mevcut olup, bu genetik gesitlilik,
Tiirkiye’de yiiriitiilen ¢aligmalara benzer yaklagimlarla degerlendirilmektedir.

Bu calismada, Tirkiye’de yiiriitilen “Incir (Ficus carica L.) Genetik Kaynaklari Muhafaza ve
Karakterizasyonu” proje c¢alismasinin incir arazi gen bankast ve yapilan c¢aligmalart kismina detayll yer
verilmigtir. Ayrica, diinya incir arazi gen bankalar1 ve yaptiklar1 ¢calismalara da deginilmistir.

Anahtar kelimeler: Ficus carica L., genetik kaynaklar, incir arazi gen bankalar1, muhafaza
1. Giris
Geleneksel agro-ekosistemlerin hem tiir hem de yiiksek genetik cesitlilige ev sahipligi yaptigi bilinmektedir.

Kiiresel degisim baglaminda, diinyay1 beslemek i¢in bu ¢esitlilige ihtiya¢ duyulabilir. Cekirdek koleksiyonlar ne kadar
kullaniglt olursa olsun miizelerdir ve bu nedenle geleneksel tarimsal ekosistemlerle ayni islevleri yerine getiremezler.
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Geleneksel tarimsal ekosistemler, ya iiriin ¢esitliliginin depolar1 ya da mevcut {iriin ¢esitliliginin beslendigi yerdir. Bu
nedenle, tiirler iginde genetik ¢esitliligi ve bunun cografi varyasyonunu arastirmak genetik kaynaklar kiiltiire alma ve
miiteakip g¢esitlendirmenin dinamik siire¢lerini anlamaya yardimei olacaktir [2]. Bu yilizden in situ ve ex situ koruma
onem kazanmaktadir. In-situ korumada, vejetatif olarak cogaltilan ¢ok yillik bitkiler ve soguk depoda muhafaza
edilmeyen tohumlar1 olan yabani tiirler kendine has 6zelliklerini en iyi uyum sagladiklar habitatta korur ve bu da uygun
iklim, yiikseklik ve enlem bdlgelerinde dogal koruma alanlarinin olusmasini gerektirir. Ex-situ koruma bigimi, arazi gen
bankalarini, botanik bahgelerini ve tohum veya bitkisel materyalin gen bankalarinda depolanmasini veya polen
kriyoprezervasyonu, in vtiro koruma, DNA koruma vb. gibi diger tamamlayict koruma y6ntemlerini igerir. Klonal
materyallerin bir tarlada/bahgede veya plantasyonda canli koleksiyonlar olarak muhafaza edildigi arazi gen bankalari,
meyve mahsullerinde ex-situ korumanin baglica seklidir. Alan gen bankalari, ¢esitliligin kii¢iik bir oramim siirdiirmek
icin biiyiik miktarda alana ve emege ihtiya¢c duyar. Saha gen bankalari, hastalik, stres veya afet nedeniyle potansiyel
germplazm kaybi riskine sahiptir. Ex situ bitki genetik kaynaklarinin yonetimi icin iki temel amactan birincisi, bir
germplazm koleksiyonunun tamamen veya kismen temsili olup olmadigini test etmek icin yerinde genetik kaynaklarla
ilgili genetik ¢esitliligini degerlendirmektir [13]. Ex situ bitki genetik kaynaklarinin yonetimi igin iki temel amagtan
digeri ise yanlis etiketleme ve fazlalik durumlarint ortadan kaldirmak ve referans koleksiyonunu tanimlamak igin
eksiksiz bir veritabani olusturmak amaciyla tiim erisimlerin karakterize edilmesidir [13, 27].

IPGRI ve FAO ile is birligi iginde, 10 yil dnce bitki genetik kaynaklarinin korunmasina yonelik in situ, ex
situ ve in vitro (doku kiilttr ile {iretim) koruma yaklagimlarini igeren ulusal bir program olusturulmustur. Bu program
gergevesinde, yerel cesitlerin genetik ¢esitliliginin karakterizasyonu baglamistir. Yabani bitki tiirlerinin yerinde
korunmasi gergeklestirilmektedir. Ex situ koruma, tohumlarin uzun siireli (-18 ila -22°C'de) ve orta vadeli (0 ila 4°C'de)
depolanmasi i¢in tohum gen bankalarini, elma, fistik, yabani zeytin, incir vb. depolamak i¢in arazi gen bankalarini ve
botanik bahgeler, yerel yumrulu cesitleri korumak igin in vitro koruma kullanilmaktadir. Vejetatif olarak ¢ogaltilan
bitkiler i¢in kriyoprezervasyonun, uzun vadeli koruma igin umut verici bir teknik olabilecegi 6ngériilmektedir [1].

Incir arazi gen bankalar, tiirlerin korunmasi, gelecegin bitkisel iiretiminin giivence altina alinmasi
bakimindan olduk¢a 6nem tagimaktadir. Ficus cinsinin aktif germplazm bankalarmin karakterizasyonu, kiiltiiriin
iyilestirilmesi i¢in onemli bir arastirma hattidir ve yeterli yayilma ve yonetim projelerinin yiiriitiilebilmesi igin esas
olarak genetik degiskenlik ile ilgili bilgi toplamak gereklidir [21, 22].

Diinya’da in situ ve ex situ koruma amaci ile kurulmus gen bankalar1 yerel genetik cesitliligin nesiller
boyunca aktarilmasinda bir koprii vazifesi gérmektedir. Arap Kurak Bolgeler ve Kurak Topraklar Arastirmalart
Merkezi (ACSAD) Gen Bankasi, incir agacina kurak ve yari kurak topraklara uyum saglama yeteneginin yani sira
yiiksek besin degeri ve ekonomik ¢iktis1 gibi Ozellikleri ile 6nem vermektedir. Bunun i¢in Jillin (Giiney Suriye)
kdyiinde incir gen bankasi kurmustur. 100 genetik kaynaktan olusur ve ilgili iilkeler tarafindan yapilacak arastirma ve
caligmalar i¢in bu genetik kaynagin zenginlestirilmesi i¢in Arap iilkeleri ve diger iilkeler ile is birligi i¢inde ¢aligmalara
devam edilmektedir [7].

Meyve genetik kaynaklar1 ve bitki cesitliligi acisindan diinyanin en 6nemli iilkelerinden biri olan Iran’da
elma, armut, badem, seftali, erik, kiraz, iiziim, ceviz dahil olmak {izere bir¢cok 1liman meyve tiirii ve fistik, hurma dahil
baz1 tropikal ve subtropikal meyveler, nar ve zeytin yetistirilmektedir. Bu meyve agaglariyla ilgili ¢ok sayida yabani tiir
belgelenmistir ve bunlar, hastaliklara direngli ¢esitler ve anaglarin yetistirilmesi, ana meyve agaglarinin daha da
gelistirilmesi igin ¢ok faydali gen kaynaklaridir. Bu meyvelerin genetik kaynaklarinin korunmasi uzun zamandan beri
geleneksel olarak bahgivanlar tarafindan yapilmis ve daha sonra birkag ulusal arastirma enstitiisiince yerel gesitler arazi
gen bankasinda (ex situ) toplanmaya ve korunmaya baslanmistir [5].

Amerika Birlesik Devletleri Tarim Bakanligt (USDA) Ulusal Bitki Germplazm Sisteminin (NPGS) bir
pargasi olan Kaliforniya, Davis'teki Ulusal Klonal Germplazm Deposu’nun (NCGR) misyonu, belirlenmis germplazm
kaynaklarimi elde etmek, korumak, karakterize etmek ve dagitmaktir. NCGR incir koleksiyonu su anda 190 farkli tiir ve
78 meyve ¢esidinden olugmaktadir. Farkli 44 bolgeden se¢im, yetistiricilerden 40 gelismis se¢im, 28 erkek incir ve az
sayida tir ve melez bulundurur. Bitki materyalini iicretsiz olarak diinya ¢apindaki arastirma alanlarina dagitmak
NPGS’nin politikasidir [25].

Porquerolles Adasi’nda (Giliney Fransa) muhafaza edilen ve farkli Akdeniz {ilkelerindeki ¢esitli
koleksiyonlardan ve geleneksel meyve bahgelerindeki 807 incir agaci, 17 SSR lokusu kullanilarak analiz edilmis ve 97
alel tespit edilmistir [13].

Ispanya’da synonim ve homonimler, klonal gen bankalarinin yonetiminde sik¢a karsilasilan zorluklara neden
olmaktadir. Finca La Orden'deki gen bankasi, farkli isimlere sahip 22 genotip igerir. Molekiiler analizle galigilan bu
incirlerde her birinin morfolojik karakterizasyonu standart bazi degisikliklerle uluslararasi tammlayicilar uygulanarak
degerlendirilmis; et rengi, canlilik, agirlik ve dallanma yogunlugu gibi bir veya daha fazla karakter igin bu genotipler
arasinda fenotipik farkliliklar ortaya ¢ikarilmistir. Fenotipik ve benzer genetik 6zelliklere sahip 22 genotip, bes farkli
morfolojik gruba ayrilmigtir. Bu sonuglar, morfolojik ve molekiiler karakterizasyonlarin tamamlayict oldugunu ve her
ikisinin de incir ¢esitlerinin dogru bir sekilde tanimlanmasi igin gerekli oldugunu gostermistir [9].

ABD Tarim Bakanligi (USDA) Tarimsal Arastirma Servisi (ARS) Ulusal Bitki Germplazm Sistemi (NPGS),
arazi gen bankalarinda 30 yili agkin bir siiredir, bahge bitkilerinin klonal bitki genetik kaynaklari korunmaktadir. Hilo,
Hawaii'deki Tesisler; Mayaguez, Porto Riko; Miami, Florida; ve Riverside, California, tropikal ve subtropikal meyve ve
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findik trtinlerini korumak i¢in kurulmustur; Brownwood, Teksas'taki tesisler; Corvallis, Oregon; Davis ve Parlier,
Kaliforniya; ve Cenevre, New York, iliman bitkileri korur. Bu tesislerin her biri, cinsler i¢in uluslararast kabul gormiis,
diinya ¢apinda cesitli koleksiyonlara sahiptir. Bu 9 gen bankasi, >2700 meyve ve sert kabuklu bitkiler ve bunlarin
yabani akrabalarini temsil eden >34.000 genetik gesitlilik saglar. Ustiin klonal genotiplerin germplazmi canli &rnekler
olarak korunur. Tohum partileri, mahsuliin yabani akrabalar1 i¢in yerli popiilasyonlar1 temsil eder. Uzak yedekleme
tesisleri doku kiiltiirii veya klonlarm kriyojenik depolanmasi yoluyla Ft. Collins, Kolorado. Genetik kaynaklar, USDA -
ARS Germplazm Kaynaklar1 Bilgi Ag1 (GRIN) veri tabaninda belgelenen fenotipik ve genotipik ozellikler igin
karakterize edilir ve degerlendirilir. Dagitimdan 6nce ithalat izninin karantina diizenlemelerini karsilamak igin bitki
saglig sertifikasi alinir. Uluslararasi arastirmacilara yilda 15.000'den fazla katilim 6rnegi gonderilmektedir. Baslangigta
mahsuliin iyilestirilmesi i¢in calisan koleksiyonlar olarak tasarlanmig olsa da, bu ABD gen bankalari, temel bitki
genetik arastirmalari igin materyaller, nadir veya nesli tiikenmekte olan tiirler veya hassas yerel tiirler icin rezervuarlar,
tarihi ¢esitlerin arsivleri ve egitim i¢in tarla siniflar1 saglamada paha bi¢ilmez hale gelmistir. Bu koleksiyonlardaki
yapraklar ve diger numuneler, molekiiler belirtecler ve DNA analizi i¢in siklikla talep edilmektedir. Bu koleksiyonlar,
simdi ve gelecek nesiller igin Amerikan bah¢e mirasinin yani sira botanik hazinelerini de korumaktadir [11].

Hindistan'da, bitki genetik kaynaklarinin tanitilmasina yonelik sistematik faaliyetler, Ulusal Bitki Genetik
Kaynaklar1 Biirosu (NBPGR) tarafindan koordine edilmektedir. Ulusal Botanik Aragtirma Enstitiisii, Orman Arastirma
Enstitiisii vb. tarafindan iistlenilen bitki arastirmalari, geleneksel anlamda bitki arastirmalari, bitki genetik kaynaklarinin
toplanmasindan farkli amaglarla da yapilmaktadir. Hindistan'da Ulusal Aktif Germplazm Siteleri (NAGS), germplazmin
korunmast i¢in tammlanmstir [27]. Brezilya'nin ihrag ettigi yirmi ana meyve arasinda yer alan incirin aktif germplazm
bankalarinin (AGB'ler) karakterizasyonu, yeterli yoOnetim projelerini yiiriitmek icin bundan bilgi toplamak
gerektiginden, onemli bir arastirma konusu haline gelmistir [20]. Incir agaclarmin aktif germplazm bankasini, kalitesini
ve genetik tanimay1 amaglayan, Tarim ve Teknolojik Bilimler Fakiiltesi, Dracena Kampiisii, FCAT/UNESP'deki 45
inciri morfolojik tanimlayicilari araciligryla karakterize etmistir. Tiirlerin degiskenlik potansiyeli; biyometrik 6zellikleri
yaprak ve meyvelerin nitel ve nicel tanimlayicilari ile degerlendirilmistir. Incir agac1 aksesyonlar1 arasinda yaprak ve
meyvelerin morfolojik 6zellikleri, yiiksek fenotipik degiskenlik ve bdlgeye iyi uyum saglayan AGB'yi tamimlayan
kalitatif ve kantitatif 6zelliklerin analizi ile aksesyonlarin farkli 6zellikler sundugu sonucuna varilmstir [21, 22].

Diinyada bulunan incir gen bankalar1 arasinda; Bitki Islah1 ve Genetik Kaynaklar Enstitiisii (IPB&GR),
Hellenic Tarmm Orgiitii-Demeter, Thessaloniki, Yunanistan; Bitki Genetik Kaynaklar1 Enstitiisii Tirana Tarim
Universitesi, Romanya’da Yerel incir Gen Bankasi, Ispanya Finca La Orden'deki gen bankasi sayilabilir. Tiran’da
bulunan Bitki Genetik Kaynaklar1 Enstitiisii Tarim Universitesi kayitlarinda 41 incir cinsi kaydedilmistir [10].

Italya Matera-Sassi (MS) antik kentindeki filogenetik kaynaklarin haritalanmasi ve ekotop ve habitat
diizeyindeki ¢ok degiskenli analiz, bitki genetik mirasinin tutarliligini ve tiirler araciligiyla farkli ekotoplar arasindaki
biyogenetik iligkileri belirlemeyi miimkiin kilmaktadir. Biyocesitlilik degerine dayali olarak yapilan ekotop siralamasi,
hem genetik kaynaklarin hem de insan ¢aligmalarinin uygun bir sekilde es zamanli korunmasinin basarili oldugunu
gostermistir [8].

Kiiresel Bitki Koruma Stratejisinin 8. Hedefi arasinda “tehdit altindaki bitki tiirlerinin en az yiizde 75'inin,
tercihen mense {ilkede, ex situ koleksiyonlarda ve 2020 yilina kadar en az yiizde 20'sinin geri kazanim ve restorasyon
programlari i¢in hazir bulunmasi” cagris1 yer almaktadir. iklim degistikge, botanik bahgeler, daha sonra dogada
restorasyon ve kurtarmada kullanilmak iizere, nadir bulunan bitkileri, canli koleksiyonlar1 ve tohum bankalarini
depolamak ve korumak c¢ok Onemli bir rol oynamaktadir [23, 18, 24, 15]. Botanik bahgeleri, bitki tiirlerinin ticte
birinden fazlasmin botanik bahgeleri koleksiyonlarinda temsil edilmesiyle yabani tiirlerin ex situ korunmasina da
onemli bir katki saglar. Bu koleksiyonlar, canli koleksiyon ve tohum bankali materyalin bir kombinasyonudur. Tohum
bankaciligi, yabani bitki genetik ¢esitliligi i¢in etkili bir koruma sekli saglayabilir. Uluslararasi diizeyde, bu faaliyetler
Botanic Gardens Conservation International tarafindan koordine edilmektedir. ArbNet benzer sekilde arboreta, agaclar,
calilar ve asmalarda uzmanlagmis botanik bahgeleri arasindaki faaliyetleri koordine etmektedir [3, 4].

Diinyanin 3000 botanik bahgesinin, tiim bitki ¢esitliliginin %30'unu ve bilinen tehdit altindaki tiirlerin
%41'inden fazlasini korudugu tahmin edilmektedir. Buna, vahsi dogada bolgesel veya kiiresel olarak neslinin tiikendigi
diigiiniilen yaklasik 500 tiir dahildir [17, 18].

Incir genetik kaynaklarinin énemini kavrayan ve bu amagla 1812 yilinda kurulan Rusya Nikita Botanik
Bahgesi’nde 334 incir agact muhafaza altina alinmigtir [28]. Uzun yillara dayanan aragtirmalarin sonuglarina dayanarak,
ekonomik agidan degerli Ozelliklere sahip {istiin incir g¢esitleri secilmistir. Yabanci seleksiyon cesitleri arasinda,
Randino, Grosse Violette de Bordeaux, Castle Kennedy vb. incir ¢esitleri bulunmaktadir. En iyi yabanci gesitlerin
yonlendirilmis tiirler arasi ve tiirler arasi hibridizasyonu sonucunda, énemli bir hibrit form olusturulmus ve bir dizi
ozellikte yabanci cesitleri geride birakan yeni gesitler yetistirilmistir. Bunlarin arasinda Yantarny, Sukhofruktovy
Nikitsky, Podarok Oktyabru, Sabrucia Rozovaya incir gesitleri sayilmaktadir [14]. Yine incir gen kaynaklar1 diginda
yapilan farkli bir ¢alismada, gen kaynaklarinin korunmasi ve karakterizasyonu amaglanmistir. Tiirkiye nin ekonomik
agidan onemli yerel giillerini belirlemek, adlandirmak, simiflandirmak, kullanim amaglarini ortaya koymak ve nesillerini
korumak amaciyla, 2012-2014 yillarinda; SDU. Botanik Bahgesi’ne ve seraya dikilen canl giillerin karakterizasyon
¢aligmalarimin metodu gelistirilmis ve Giil Herbaryumu hazirlanmigtir [19].
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Vegetatif materyalin farkli ekolojileri temsil edecek yorelerde, kurulacak yeterli sayida koleksiyon
bahgelerinde muhafazasinin saglanmasi ve materyalin emniyeti agisindan her 6rnegin en az iki ayr1 koleksiyon
bahgesinde muhafaza edilmesinin geregi 15 Agustos 1992 tarih 21316 sayili resmi gazetede yayinlanan “Bitki Genetik
Kaynaklarinin Toplanmasi, Muhafazasi ve Kullanilmasi” hakkindaki yonetmeligin 5. Maddesinin f bendinde belirtilmis
olup, 18-19 Haziran 2002 tarihinde Ege Tarimsal Aragtirma Enstitlisii’'nde gergeklestirilen Bitki Genetik Kaynaklar
Toplantisinda karara baglanmistir. Yine ayni toplantida meyve bag genetik kaynaklart materyalini tiir bazinda
koleksiyon bahgelerinde muhafaza etmesi gereken birinci ve ikinci derecede sorumlu enstitiiler gézden gegirilerek
yeniden belirlenmis ve en kisa siirede eksik materyallerini tespit edip bu eksiklerini karsiliklt materyal degisimiyle
gidermeleri karar1 alinmstir. Incir Arastirma Enstitiisii Miidiirliigii’niin koordinatérliigiinde incir arazi gen bankasinda
toplanan metaryal koruma altina alinmistir. 2015 yilinda TAGEM Program Degerlendirme Toplantisi’nda alinan karar
geregi, Alata Bahce Kiiltiirleri Arastirma Enstitlisii’nde emniyet incir genetik kaynaklar1 parseli olusturulmustur. 2018
yilinda bu parselin ikinci dereceden sorumlu kurulug Hatay Zeytincilik Aragtirma Enstitiisii Miidiirliigii’ne tasinmasina
Karar verilmistir. Incir Arastirma Enstitiisii Miidiirliigii biinyesinde yiiriitiilmekte olan énceki proje ad1 “Incir (Ficus
carica L.) Genetik Kaynaklar1 Muhafaza ve Degerlendirme Arastirma Projesi” iken, 2019 yilindan bu yana “Incir
(Ficus carica L.) Genetik Kaynaklar1 Muhafaza ve Karakterizasyonu” projesi olarak devam etmekte olan bu proje;
Tiirkiye incir genetik kaynaklarimin gelecek nesillere aktarilmasi, 1slah ¢alismalarinda kaynak olusturmas: ve materyal
temini agisindan 6nemlidir. Bu siirekli proje kapsaminda in stii ve ex stii koruma altina alinan incir gesit/genotipleri
degerlendirilmis/degerlendirilmekte ve dokiimantasyon bilgileri kayit altina alinmig/alinmaktadir.

2. Materyal ve yontem

Incir Arastirma Enstitiisii Miidiirliigii, Umurlu incir arazi gen bankasinda (AGB) bulunan tiim disi (dikim
yili: 2012) ve erkek incir (dikim yili: 2009) genotipleri ¢alisma materyalini olusturmustur (Sekil 1).

@)
Sekil 1. Incir Arastirma Enstitiisii Miidiirliigii Umurlu Disi incir AGB (a), Erkek incir (AGB) (b)

(b)

Toplama faaliyetleri; Diinya’'nin ve Tirkiye’nin ekolojik ozellikler bakimindan elverigli incir yetigen
bolgelerinde meydana gelen dogal mutasyonlar sonucunda genetik farklilik olusturan ve belirli parametreler yoniinden
istiin dzelliklere sahip genotiplerin se¢imi amagli seleksiyon ¢aligmalarini igerir. Ayrica, 6zellikle yerel ve eski gesitler
kullanilarak yeni gesitlerin gelistirilmesinde kullanilan mutasyon 1slahi, melezlemeler gibi 1slah ¢alismalari yolu ile elde
edilen farkli ve Ustiin 6zellik sergileyen genotiplerin tescil islemleri sonucunda yeni ¢esitler de incir arazi gen
bankalarinin materyalini olusturmaktadir. Toplama yapilan genotipler toplama caligmalari esnasinda toplama formunda
tiim pasaport bilgileriyle birlikte kayit altina alinmaktadir (EK 3). Incir Arastirma Enstitiisii biinyesindeki incir arazi gen
bankasinda bulunan seleksiyon ve diger yollarla giiniimiize kadar toplanan genotiplere ait giincel veriler Tablo 1’de
verilmistir (31101 ve 31102 genotipleri disi incir arazi gen bankasinda su an yer almamaktadir).

Tablo 1. Incir arazi gen bankasindaki genotipler
Vegetatif materyal Ozellikleri Kullanma durumu

251yerli genotip

33 tescilli gesit

Disi incir sayis1 (adet) Meyve iiretimi

7 yabanct orijinli

1 doku kiiltiirii ile tiretim (merkez isletmede)

60 yerli genotipl

Erkek incir sayisi (adet) Tozlayici

10 tescilli ¢esit
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Karakterizasyon ve dokiimantasyon calismalari, in situ ve ex situ koruma programindaki biyogesitlilik i¢in,
Ulusal Programin ana unsurlarint meydana getirir. Toplanan incir orneklerine ait pasaport (kimlik), muhafaza ve
degerlendirme (niceliksel ve niteliksel veriler) bilgileri, standart formatlara kaydedilerek envanter amagh olusturulan
vertabanim besler [26].

Disi ve erkek incirlerin karakterizasyonu incir ¢esit Ozellik belgesindeki (IPGRI) tanimlayicilara gore
yapilmistir. Disi incirlerin tanimlamalarinda; karakterlerden 19’u aga¢ gelisimi, 21’1 yaprak, 47°si meyve ve 12’si
fenolojik 6zelliklerin tanimlanmasinda kullanilan kalitatif ve kantitatif 6zelliklerdir [12].

Erkek incir genotipleri, boga meyve sayisi, ilek meyvesi ortalama agirhigi (g), ilek meyvesi meyve eni-boyu
(mm), ostiol genisligi (mm) ve siirgiinde ilek meyve sayisi (adet), aricik (Blastophaga psenes L.) sayisi, erkek cigek
adedi, gal ¢icek sayisi, hasat siiresi, yapraklanma tarihi, ilek meyvesi dogus tarihi, ilek meyvelerinin olgunlagma
zamanlari, ebe meyvesi dogusu ve olgunlasma donemi gibi fenolojik gézlemler ve pomolojik o6zelliklere gore
tanimlanmaktadir [12].

3. Bulgular

Disi incir arazi gen bankasi; 1975 yilinda olusturulmaya baslannmus, Karadeniz, Marmara, i¢ Anadolu, Ege,
Akdeniz, Gilineydogu Anadolu ve Gegit Kusagr Bolgelerinde yapilan siirvey ve seleksiyon g¢aligmalart sonucunda
koleksiyon bahgesinde su an itibariyle 285 (284 yerli+1 doku kiiltiirii ile tiretim) gesit/genotip ve yabanci orijinli 7
genotip olmak iizere toplamda 292 genotip bulunmaktadir. Bu giin itibariyle; 33 disi ¢esit tescillidir. Enstitii tarafindan
32 cesit (Akca 1-2-3; Izmir Bardacik, Bardak 1-2; Bardakci, Beyaz Giiz, Beyaz Orak, Beyaz Seyhan, Bursa Siyahi,
Goklop, Karayaprak, Karabakunya, Karahiinii, Kaya, Kus Inciri, Kusadas1 Bardakg¢i, Mor 1-2-3-4, Morgiiz, Sarilop,
Siyah Orak, Sultan Selim, Sarampol, Seker Incir, Yediveren, Yesilgiiz Bardakc1, Sar1 Zeybek (2019), Divrek Kara
(2019)) tescil ettirilmistir [16]. Tescil ettirilen disi ¢esitlere ait bazi toplama bilgileri EK 2’de verilmistir. Abbas ise,
Dogu Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitiisii tarafindan tescil ettirilmistir.

Erkek incir genetik kaynaklar1 parseli olusturulmaya 1960’11 yillarda baslanmig, 2013 yilinda, Havran’da (8
tip), Bayindir’da (3 tip) yapilan surveyler de dahil edilerek 58 genotip genetik kaynaklar1 parselinde tesis edilmistir.
2017 yilinda Mustafa Kemal Universitesinden getirilen 12 adet yerel cesit/ tip eklenerek 70 cesit/ tipte ulasilmistir.
Arazi gen bankasindaki 10 erkek incir cesidi (Abali, Ak Ilek, Armut ilek, Bardacik, Bardakg¢i, Elma ilek, Hamza,
(Biiyiik) Konkur, Kiiciik Konkur, Taslik) Incir Arastirma Enstitiisii Miidiirliigii tarafindan tescil ettirilmistir [16]. Tescil
ettirilen erkek gesitlere ait bazi toplama bilgileri EK 1’de verilmistir.

Incir arazi gen bankasmin farkli arastirmacilar ve proje calismalari ile yeni yapilan seleksiyon calismalar
sonucunda yeni toplanan genotiplerle zenginlestirilmesine devam edilmektedir (Sekil 2). Ornegin; Fethiye ve
Seydikemer ilgelerinde 2021-2022 yillarinda yapilan seleksiyon ¢alismasinda; siyah renkli 10, 5, 23, 6, 2, 4 ve 17 nolu
Fethiye Kaya genotipleri ve 30 nolu siyah genotip; beyaz (sari-yesil) genotiplerden DB ve MO2; mor renkli
genotiplerden ise 3 ve 29Y meyve kalite dzelliklerine gore iistiin bulunmustur. Aydin kosullarinda, verim ve adaptasyon
amacityla yapilacak degerlendirme sonucunda {istiin bulunanlarin tescil islemleri yapilarak incir arazi gen bankasinda
koruma altina alinacaktir [6].
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Sekil 2. Genetik materyal toplama ¢aligsmalar1 (Mugla Bé’)lgesi Fethiye ve Seydikemer ilgeleri seleksiyonu)
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Bu siirekli proje kapsaminda, toplananve halen toplanmakta olan koleksiyondaki genotiplerin
karakterizasyon islemleri, arazi ve laboratuvar kosullarinda ¢oklu verilerinin alinmasi ile devam etmektedir (Sekil 3).

Sekil 3. Incir arazi gen bankasindaki incir genotipleri iizerine yapilan bazi ¢aligmalardan 6rnekler

Incir arazi gen bankasinda bulunan erkek ve disi genotip sayilar1 ve toplama yapilan bolgeler Tablo 2°de
verilmistir. Siirvey ¢aligmalarinda, en ¢ok toplama yapilan bolge Ege Bolgesi olup, Aydin, izmir Hatay Illeri disi incir
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gen kaynaklarmin en yogun toplandigi iller olarak belirlenmistir. Aydin, Balikesir, izmir, Hatay illeri sirasiyla erkek
incir genotiplerinin en fazla toplandigi illerdir.

Tablo 2. Umurlu incir arazi gen bankasi’nda bulunan erkek ve disi genotip sayilar

Bolgeler ller/ilgeler Disi genotipler Erkek Genotipler
(Ficus carica L. domestica) (Ficus carica L. caprificus)
Aydin 48 43
Ege Bolgesi [zmir 42 7
Manisa 12
Balikesir 14 8
Canakkale 12
Tekirdag 7 yerel genotip + 1 (doku kiiltiirii ile tiretim,
o merkez isletmede)
Marmara Bolgesi istanbul 4
Bursa 13
Adapazari-izmit 3
Eskisehir 10
Sinop 5
Ordu 5
Giresun 5
Artvin 5
Karadeniz Bolgesi %.?;bgzlglgak g
Samsun 3
Bartin 2
Kastamonu 2
Mugla 15
Mersin 1 2
Akdeniz Bélgesi Q:%a'ya 170
Burdur-Bucak 1
Adana 3 3
Giiney Akdeniz Hatay 24 6
Bolgesi K. Mar_as 1
Osmaniye 2 1
S. Urfa 10
Siirt 2
- Diyarbakir 2
ggﬁglz s1?nadolu G. Antep 1
Sirnak 1
Batman 1
Mardin 1
Diger 3
Yabanci 7  (Banana, N.D Caromb, Nazareth, Siyah Cigek,
Genotipler Kadota, Beyaz Cigek, Masui Dauphine)

Toplama yapilan materyallere Kurum (Kur) Kayit Numaralari verilerek pasaport bilgileri kaydedilmektedir.
Pasaport bilgilerinde; kur adi, AGB (arazi gen bankas1) kimlik no, cins, tiir, alt tiir, genel ad1, yoresel adi, sinonimi, gesit
ad1, orijin, orijin iilke, toplama kur adi, toplayan ekip adi, toplama tarihi, toplama no, il, yore, enlem, boylam, rakim,
donoér adi, kodu ve no’su, tescil kurum adi1 ve kodu, seleksiyon no, ebeveyn, biyolojik durumu (yerli veya tescilli gesit
olup olmadigr), toplama kaynagi (dogal habitat vs), AGB giris tarihi, materyal muhafaza yeri, aga¢ sayisi, anag kayit no
ve adi, virlis durumu, emniyet yeri ve kur kodu, karakterizasyon (molekiiler ve IPGRI), degerlendirme ve kullanin
(tozlayici ve meyve lretiminde) ve fotograf bilgileri (Sekil 5) kayit altina alinmig/alinmaktadir (Sekil 4).
Koleksiyondaki eksik genotiplerin ¢eliklerinin alinarak fidanlarinin iiretilmesi ve asil yerlerine dikilmesi ve kiiltiirel
bakim ¢aligmalar1 her y1l yapilmaktadir (Sekil 5).
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TURO36 Ficus
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Sekil 4. incir AGB bankasinda yer alan baz1 genotiplerin pasaport bilgileri

Sekil 5. Erkek incir meyve kesiti, dalda durumu ve agag resmi (fotograﬂama caligmalari)(a), Disi incir meyve kesiti,
dalda durumu ve agag resmi (fotograflama caligmalari) (b), incir arazi gen bankasi eksik genotip tamamlama fidan
iiretimi, asil yerine dikimi ve kiiltiirel bakim ¢aligmalari (c)

4. Sonuglar ve tartisma

Tiirkiye, Diinya’da genetik kaynaklar acisindan &zel bir oneme sahiptir. Incir genis biyogesitlilik
alanina sahip olup tarimsal girdisi fazla meyve agaglarindan biridir. Incir genetik kaynaklar1 gelecekte gesitli amaglarla
degerlendirilmek {izere incir arazi gen bankalarinda koruma altina alinmistir. Giliniimiizde bitki genetik kaynaklar
konusuna uluslararas1 diizeyde duyarhlik artmustir. Farkli iilkelerde tartisilmakta olan bu konuda, genetik kaynaklar
benzer yaklagimlarla ex situ ve in situ stratejilerle koruma altina alinmaya ¢alisilmaktadir [1, 2, 13, 27]. Hatta bazi
iilkeler incir genetik kaynaklarinin korunmasini devlet politikasi olarak benimsemislerdir [3, 4, 7, 5, 11, 15, 18, 23, 24,
25, 27].incir arazi gen bankalarinda genetik gesitliligin korunmasi, duplikasyonunun olusturulmasi, ge¢misten
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gelen seleksiyon galigmalart ile birlikte simdiki ¢aligmalarin siirdiiriilmesi, kolleksiyonun bugiin ve gelecekte ¢esitli
1slah ¢aligmalari ile degerlendirilmesi, karakterizasyonunun ¢ok yillik verilere dayanarak olusturulmasi, dékiimantasyon
verilerinin gelecekte kullanim olanaklarina gore hazir tutulmasi, yeni gesitlerin ekonomiye kazandirilmasi biiyiik 6nem
tasimakta oldugundan, bu siirekli proje kapsaminda ¢aligmalar devam etmektedir.

Tiirkiye, Diinya’da 8 gen merkezinden ikisi (Orta Dogu ve Akdeniz) arasinda bulunmaktadir. Zengin incir
varlig1 ile yakalamis oldugu bu istiinliikk, yeni yapilacak 1slah programlarmimin tamamma ev sahipligi yapabilecek
diizeydedir. Diinya iizerinde gen merkezleri olarak adlandirilan yorelerde mevcut bitkisel ¢esitliligin giinlimiizden
gelecege aktarilmasi, bunlarin korunmasi ve saklanmasiyla miimkiin olacaktir. Bir iilkenin genetik c¢esitlilik
zenginliginin o iilkenin gelecek nesillere birakacagi en biiyiik miras oldugu tartisilmaz bir gergektir. Bu genetik
zenginligin envanterinin olusturulmasi, yenebilirlik 6zelligi disindaki diger kullanim olanaklari i¢cin de arastirilmasi,
iilke incir genetik kaynaklarimin siirdiiriilebilirligi acisindan 6nem tagimaktadir.

Genetik kaynaklarin korunmasi, karakterizasyonu, degerlendirilmesi ve dokiimantasyonuna yonelik
faaliyetler; gida giivenligi, iklimsel degisimler, kuraklik, ¢ollesme, tuzluluk ve genetik erozyonun olusmasini tehtid
eden diger faktorler ile miicadele etmede yararlanilan 6nemli bir aragtir. Degerlendirme ve karakterizasyon
¢aligmalarinda diger 6nemli bir unsur ise, acgik erigim ile ulusal ve uluslarasi 1slah programlarinda 1slahgilarla igbirligi ve
bilgi aligverisi ve materyal degis tokusu yapilmasina olanak saglamasidir. Bu amaglarla; genetik materyalin
korunmasina, zenginlestirilmesine ve devamliligina olanak saglanmis olunur.

Kaynaklar

[1]  Abdullateef S., Pinker 1., & Béhme, M.(2011, September 30). The current conservation status of horticultural
genetic resources and their cryopreservation future in Syria Paper presented at the I.International Symposium on
Cryopreservation Horticultural Species, Leuven, Belgium. https://doi.org/10.17660/ActaHortic.2011.908.53

[2] Achtak H., Ater, M., Qukabli, A., Santoni, S., Kjellberg, F., & Khadari, B. (2010). Traditional agroecosystems
as conservatories and incubators of cultivated plant varietal diversity: The case of fig (Ficus carica L.) in
Morocco. BMC Plant Biology 10(1), 28. https://doi.org/10.1186/1471-2229-10-28

[3] ArbNet., (2022b). The interactive community of Arboreta. Retrieved from:http://www.arbnet.org/ Erisim:
25.03.2022, 14.00.

[4] Botanic gardens conservation International. (2022a). Retrieved from:https://www.bgci.org/. 25.03.2022, 14.00.

[5] Amiri, M.E., (2006- 2008, August, 13 ). The status of genetic resources of deciduous, tropical, and subtropical
fruit species in Iran. Paper presented at the XXVII International Horticultural Congress - IHC2006: International
Symposium  on  Asian  Plants  with  Unique  Horticultural  Potential.  Seoul  (Korea).
https://doi.org/10.17660/ActaHortic.2008.769.21

[6] Ayar, A, Sahin, B., Mutly, D., Dogan, O., & Ozen, M. (2021). Current Study and Fruit Size, In M. Pakyurek
(Ed.). Studies on local Fethiye Kaya fig clones and other genotypes in Fethiye and Seydikemer Districts of
Mugla Province. (3th ed., pp.73-94). Ankara, Turkey.

[71  ElRayes R. (1994, November,9-10). The fig tree in the Mediterranean region and in Syria. In : Llacer G., Aksoy
U., Mars M. (Eds.). Underutilized fruit crops in the Mediterranean region. Paper presented at the first meeting of
the Cooperative Working Group on Underutilized Fruit Crops in the Mediterranean Region,
CIHEAM, Zaragoza, (Spain).Cahiers OptionsMéditerranéennes, 13,79-83.
http://om.ciheam.org/om/pdf/c13/96605643.pdf

[8] Figliuolo,G., & Nuzzi M. (2021). Biogenetic linkage among ecotopes within Matera-Sassi (Italy) Habitat. Open
Journal of Genetics 11,63-76. https://doi.org/10.4236/0jgen.2021.114007

[9] Gil M., Pérez F., Giraldo E., Cortés, J., & Lopez-Corrales M.(2010-2011, August 22-27,).Classification and
synonymy of'Albacor'fig in the genebank at Finca La Orden, Spain. Paper presented at the Third International
Symposium on Plant Genetic Resources, XXVIII International Horticultural Congress on Science and
Horticulture for People, 9182(4),961-963. Lisbon, Portugal. https://doi.org/10.17660/actahortic.2011.918.126.

[10] Gixhari, B. (2019).Assessing the genetic diversity of cultivated crops, 2nd Part. Institute of Plant Genetic
Resources Agricultural University of Tirana. Retrieved from:https://www.researchgate.net/profile/Belul-
Gixhari/publication/350442148 Assessing_the_genetic_diversity_of cultivated_crops/links/605f84bf458515e83
476d7e4/Assessing-the-genetic-diversity-of-cultivated-crops.pdf.

[11] Hummer K., & Postman J. (2012, January,15). Thirty years of preserving clonal genetic resources in The US
National Plant Germplasm System. Paper presented at the Il All Africa Horticulture Congress. Skukuza, Kruger
National Park (South Africa). https://doi.org/10.17660/ActaHortic.2013.1007.118

[12] International Plant Genetic Resources Instititute (2003). IPGRI,52 p. Rome (ltaly).

Fig (Ficus carica L.) field gene banks and studies
Arzu AYAR


https://doi.org/10.17660/ActaHortic.2011.908.53
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-28#auth-Hafid-Achtak
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-28#auth-Mohammed-Ater
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-28#auth-Ahmed-Oukabli
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-28#auth-Sylvain-Santoni
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-28#auth-Finn-Kjellberg
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-28#auth-Bouchaib-Khadari
https://www.bgci.org/
https://doi.org/10.17660/ActaHortic.2008.769.21
http://om.ciheam.org/om/pdf/c13/96605643.pdf
https://doi.org/
https://doi.org/10.17660/actahortic.2011.918.126
https://www.researchgate.net/profile/Belul-Gixhari/publication/350442148_Assessing_the_genetic_diversity_of_cultivated_crops/links/605f84bf458515e83476d7e4/Assessing-the-genetic-diversity-of-cultivated-crops.pdf
https://www.researchgate.net/profile/Belul-Gixhari/publication/350442148_Assessing_the_genetic_diversity_of_cultivated_crops/links/605f84bf458515e83476d7e4/Assessing-the-genetic-diversity-of-cultivated-crops.pdf
https://www.researchgate.net/profile/Belul-Gixhari/publication/350442148_Assessing_the_genetic_diversity_of_cultivated_crops/links/605f84bf458515e83476d7e4/Assessing-the-genetic-diversity-of-cultivated-crops.pdf
https://www.actahort.org/books/1007/index.htm
https://doi.org/10.17660/ActaHortic.2013.1007.118

[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]
[27]

[28]

Biological Diversity and Conservation — 15 / 3 (2022) 317

Khadari,B. (2012, December, 14). Ex situ management of fig (Ficus carica L.) genetic resources: towards the
establishment of the Mediterranean reference collection. Paper presented at the XXVIII International
Horticultural Congress on Science and Horticulture for People: International Symposium on the Challenge for a
Sustainable Production, Protection and Consumption of Mediterranean Fruits and Nuts.Lisbon, Portugal.
https://doi.org/10.17660/actahortic.2012.940.7

Khokhlov S., Tsiupka S., Panyushkina E., Kharchenko, A., & Melnikov V. (2021). Formation and evaluation of
the genefund of subtropical cultures in the Nikita Botanical Gardens. Paper presented at the International
Scientific and Practical Conference “Fundamental and Applied Research in Biology and Agriculture (FARBA
2021) E3S Web Conferences 254(2021)01014,7. Yalta, Russia. https://doi.org/10.1051/e3sconf/202125401014
Knapp W.M., Frances A, Noss R, Naczi RFC., Weakley A, Gann GD, ...& Gluesenkamp, D. (2021). Vascular
plant extinction in the continental United States and Canada. Conservation Biology 35(1), 360- 368.
https://doi.org/10.1111/cobi.13621

Milli Cesit Listesi (2012). Tohumluk Tescil ve Sertifikasyon Merkez Miidiirligii, T.C. Gida Tarim ve
Hayvancilik Bakanlig Bitkisel Uretim Genel Miidiirliigii, Ankara, 313 p.

Mounce R, Smith P., & Brockington S. (2017). Ex situ conservation of plant diversity in the world’s botanic
gardens. Nature Plants 3: 795- 802. https://doi.org/10.1038/s41477-017-0019-3

O’Donnell, K., & Sharrock, S. (2017). The contribution of botanic gardens to ex situ conservation through seed
banking. Plant Diversity 39(6),373-378. https://doi.org/10.1016/j.pld.2017.11.005

Ozgelik, H., & Koca, A. (2021). Tiirkiye’nin ekonomik amagl giil (Rosa L.spp.) taksonlari, siniflandirmasi ve
tretimi iizerine caligsmalar. Biyolojik Cesitlilik ve Koruma. 14(2),292-324.
https://doi.org/10.46309/biodicon.2021.954162

Rodrigues M.G.F., Monteiro L.N.H., Ferreira A.F.A, Santos, T.P.D., Pavan, B.E., Neves,V.A.B., & Bolani, A.C.
(2018). Genetic variability in morphological characters among fig tree accessions fig genetic conservation.
Genet.Mol.Res.,. 17(4): gmr16039931. http://dx.doi.org/10.4238/gmr16039931

Rodrigues M.G.F., Ferreira A.F.A., Monteiro L.N.H., dos Santos, T.P., LishoaL.A.M., & de Figueiredo,
P.A.M., (2019a). Initial growth and physiological indexes of fig accessions in active germoplasm bank. Genetics
and plant breeding Rev. Bras. Frutic. Jaboticabal,41 (4): (e-154). http://dx.doi.org /10.1590/0100-29452019154
Rodrigues M.G.F., Santos T.P., Ferreira A.F.A., Monterio,L.N.H., Nakanishi, E.S., & Boliani, A.C. (2019b).
Morphological characterization of active germoplasm bank fig tree accessions. Genetics and plant breeding Rev.
Bras. Frutic. 41(5). https://doi.org/10.1590/0100-29452019074.

Schulman L, & Lehvédvirta S. (2011). Botanic gardens in the age of climate change. Biodiversity and
Conservation 20(2), 217- 220. https://doi.org/10.1007/s10531-010-9979-6

Smith SA, & Walker JF. (2018-2019). PyPHLAWD: A python tool for phylogenetic dataset construction.
Methods in Ecology and Evolution 2019(10), 104-108. https://doi.org/10.1111/2041-210X.13096

Stover E., & Aradhya M. (2005-2008, May,16). Fig genetic resources and research at the US National Clonal
Germplasm repository in Davis, California. Paper presented at the Ill. International Symposium on Fig.
Vilamouran, Algarve (Portugal). https://doi.org/10.17660/ActaHortic.2008.798.6.

Tan, A. (2010). Turkiye Bitki Genetik Kaynaklar1 ve Muhafazasi. Anadolu, J. of AARI 20 (1): 9-37

Tripathi, P., (2017). Principles, strategies & practices of exploration, collection, characterization, evaluation &
cataloging of plant genetic resources important fruit crops. Project: Plant genetic Resources of Horticultural
Crops https://doi.org/10.13140/RG.2.2.15781.60648

Yezhov,V.N., Smykov,A.V., Smykov, V.K., Khokhlov,S.Y., Zaurov,D.E., Mehlenbacher, S.A., & ... Funk
J.R.(2005).Genetic resources of temparate and suptropical fruit and nut species at the Nikita Botanical Gardens.
Hort Science 40 (1), 5-9.

Fig (Ficus carica L.) field gene banks and studies
Arzu AYAR


https://www.actahort.org/books/940/index.htm
https://www.actahort.org/books/940/index.htm
https://www.actahort.org/books/940/index.htm
https://doi.org/
https://doi.org/
https://doi.org/10.1051/e3sconf/202125401014
https://doi.org/10.1111/cobi.13621
https://www.researchgate.net/scientific-contributions/Katherine-ODonnell-2135846897?_sg%5B0%5D=R4K-2DhKrdhNSh7x2O1hMFUDoOLrzX6oALL7LgrmadOVKWBZBNq_5uu5WsGg4p6r2P219sE.kqVS2YyMryfFUf0vNaCxvUEpr6iZD0ukwZ2j0PrzQhnZMPu3OMyu6QBzeSM-CBoTcy14lsv1x1kyaJkpVnSYsA&_sg%5B1%5D=ATlkmKQyCf8sq4QOipl5munFwss2ubRrsftj4eDFRth1O9JO-9eG0M03wavhMySx3EzzY5s.jbmle9jTWBUFM8OOt4kem6Z99IMCxJSXn49bBDcHYsvqCBjrKo16EKb78TKghU8SuErbuMiisPqGjFw04APYPw
https://www.researchgate.net/scientific-contributions/Suzanne-Sharrock-2041757132?_sg%5B0%5D=R4K-2DhKrdhNSh7x2O1hMFUDoOLrzX6oALL7LgrmadOVKWBZBNq_5uu5WsGg4p6r2P219sE.kqVS2YyMryfFUf0vNaCxvUEpr6iZD0ukwZ2j0PrzQhnZMPu3OMyu6QBzeSM-CBoTcy14lsv1x1kyaJkpVnSYsA&_sg%5B1%5D=ATlkmKQyCf8sq4QOipl5munFwss2ubRrsftj4eDFRth1O9JO-9eG0M03wavhMySx3EzzY5s.jbmle9jTWBUFM8OOt4kem6Z99IMCxJSXn49bBDcHYsvqCBjrKo16EKb78TKghU8SuErbuMiisPqGjFw04APYPw
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
file:///C:/Users/hp2/Desktop/III.%20International%20Symposium%20on%20Fig
https://doi.org/
https://doi.org/

318 Biological Diversity and Conservation — 15 / 3 (2022)

EK 1. incir arazi gen bankasinda bulunan tescilli erkek (ilek) cesitlere ait bazi veriler

1 Yore Genotip ad1 Orijin  Toplama Ebeveyn Toplama  Kullamm
kaynagi tarihi
1 Aydin  Ortaklar Abali yerli Dogal habitat Koy cesidi 19660000  Tozlayict
2 Aydin  Ortaklar Hamza lek yerli Dogal habitat Koy ¢esidi 19660000  Tozlayict
3 Aydin  Omerbeyli Ak Tlek yerli Dogal habitat Koy cesidi 19660000  Tozlayic
4 Aydin  Imamkdy Elma lek yerli Dogal habitat Koy ¢esidi 19660000  Tozlayict
5 Aydin  Imamkdy Biiyik Konkur  yerli Dogal habitat Koy ¢esidi 19660000  Tozlayict
6 Aydin  Imamkdy Kiictik Konkur  yerli Dogal habitat Koy cesidi 19660000  Tozlayict
7 Izmir  Odemis Ak Erkek 2 yerli Dogal habitat Koy ¢esidi 19660000  Tozlayict
8 Aydin  Bozdogan Taghk yerli Dogal habitat Koy ¢esidi 19660000  Tozlayict
9 Aydin  Erbeyli Bardakg1 yerli Dogal habitat ~ Koy ¢esidi Tozlayict
10 Bardacik Tozlayici

EK 2. Incir arazi gen bankasinda bulunan tescilli disi gesitlere ait baz1 veriler

1l Yore Genotip adi Orijin  Toplama Ebeveyn Toplama Kullanim
kaynagi tarihi
1 Aydmn Erbeyli Goklop yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
2 Aydmn Erbeyli Bardake1 yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
3 Aydmn Erbeyli Karahonii yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
4 Aydin Erbeyli Kusadasi Bardakg1 yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
5 Aydin Erbeyli Beyazgiiz yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
6 Aydin Erbeyli Yesilgiiz yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
7 Aydn Erbeyli Mor 1 yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
8 Aydn Erbeyli Kara Yaprak yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
9 Aydmn Erbeyli Siyah Orak yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
10 Aydin Erbeyli Beyaz Orak yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
11 Aydin Erbeyli Akga 1 yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
12 Aydin Erbeyli Akga 2 yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
13 Aydin Erbeyli Akga 3 yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
14 Aydmn Erbeyli Bardak yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
15 Aydin Erbeyli Mor 2 yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
16 Aydin Erbeyli Mor 3 yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
17 Aydin Erbeyli Mor 4 yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
18  Aydm Erbeyli Kus Inciri yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
19 Adana Beyaz Seyhan yerli Dogal habitat Koy gesidi 19760000  Meyve Uretimi
20 Aydn Erbeyli Sarampol yerli Dogal habitat Koy ¢esidi 19760000 Meyve Uretimi
21 Aydin Erbeyli Asil Bardak yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
22 Aydin Erbeyli Kaya yerli Dogal habitat Koy gesidi 19760000 Meyve Uretimi
23 Aydin Erbeyli Sarilop yerli Dogal habitat Koy gesidi 19760000 Meyve Uretimi
24 Aydm Incirliova  Sar1 Zeybek yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
25 Balikesir Yediveren yerli Dogal habitat Koy gesidi 19760000  Meyve Uretimi
26 Bursa Diirdane Bursa Siyahi yerli Dogal habitat Koy gesidi 19760000  Meyve Uretimi
27 Istanbul Sultan Selim yerli Dogal habitat Koy gesidi 19760000  Meyve Uretimi
28  Izmir Odemis Morgiiz yerli Dogal habitat Koy cesidi 19760000  Meyve Uretimi
29  Izmir Karabakunya yerli Dogal habitat Koy cesidi 19770000  Meyve Uretimi
30  Izmir [zmir Bardacik 2 yerli  Dogal habitat Koy gesidi 19770000  Meyve Uretimi
31 Mugla Fethiye Divrekkara yerli Dogal habitat Koy cesidi 19780000 Meyve Uretimi
32 Samsun Seker Inciri yerli Dogal habitat Koy cesidi 19780000  Meyve Uretimi

Agiklama: TURI1025 Sarampol genotipi incir arazi gen bankasinda TUR1024 olarak kayithdir. Sart Zeybek ve Divrek Kara ve Abbas 2019 yilinda
tescillenmistir.
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ORNEGIN TANIMLANMASI
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ARASTIRICI KURUM INCIR ARASTIRMA ENSTITUSU MUDURLUGU
TOPLAMA NUMARASI 2020/02/20
TARIH 20.07.2020 iL MUGLA
ILCE FETHIYE KOY
YONEY S-W YER-MEVKI
KOORDINAT N : 36%..... E : 29%1..... RAKIM: (m)37..
ARAZI SAHIBI H...L D...
TEL NO 05....
ARAZI ve YER ILE iLGILI NOTLAR
TOPLAMA YERININ DURUMU
Toplama yeri Ornegin Biyolojik yapisi Yoredeki sikhigi Kullanmimi
1.Dogal X 1.Yabani 1.Cok az 1. Sofralik X
2.Tek agac X 2. Geleneksel/ X | 2.Az 2.Kurutmalik X
3.Sinir agaci 3. Gelismis cesit 3.0rta X 3.Konserve veya sanayide
4.Kapama 4. Diger 4.S1k 4.Sofralik, kurutmalik X
5.Karisik bahce 5.Cok Sik 5.Tozlasmada
Yoresel Adi : Sinonimi :
Yoredeki Gecmisi
1. Atadan kalma/yerli ( yorede dogal olarak bulunan , yoreye 6zgii ) X
2.Yerli (ge¢misi bilinmiyor ) X
3.Yerli (yoreye gelis zamani, ge¢cmisi biliniyor)
Baskin Stresler
Biotik stresler (Hastalik ve zararlilara karsi tolerans vb.) X
Abiotik stresler ( ¢evresel adaptasyon dona soguga sicaga, kurakliga asitli ve/veya tuzlu topraklara
kars1 tolerans yada dayaniklilik vb.)
ALAN/ IKLIM BILGISI
Arazi Sekli : Tobrak Yapisi : Toorak Renai :
1. Diz X 1-Cakill X 1-San
2. Tepelik 2- Kumlu 2-Turuncu
3. Daglk 3- Kumlu-Tinh X 3- Kirmizi X
4. Diger 4- Tinli 4-Kahverendi
5- Humuslu 5-Siyah
6-Diger 6- Gri
S.Sulama Olanaklari : 1.Yagmur suyu ile | 2.Sulama kanallart ile 3.Nehir kenar1 4.Diger:......c.......
KARAKTERIZASYON VERILERI: Agac¢ Ozellikleri :
Agacin yasi : Biiyiime Habitiisii: Kuvvetlilik: Ureme Ornegi: Gévde durumu :
1.0-5 yas 1.Dik (60°) 1.Zayif 1.Tohum 1. Tek govde
2.5-15 yas 2.Yar1 Dik (80°) 2.0rta 2.As1 2. 2-3 govdeX
3.15-25 yas 3.Dik yayvan(90°) 3.Kuwvvetli X 3.CelikX 3. Cok govde
4.25-50 yas 4.Yayvan(100°)X 4. Kok siirgilinii
5>50  yas 5.Cok yayvan (120°) 5.Diger
Verimlilik: Hasat Zamani : Hasat Pevivodu :
1.Cok az 1.Cok erkenci(<20 Agustos) 1.Cok kisa (< 15 giin)
2.Az 2.Erkenci (20-31 Agustos) 2.Kisa (15-20 giin )
3.0rta 3.Mevsim ortasinda (1-15 Evliil) 3.0rta (21-40 giin)
4.Cok 4.Gecci (15-31 Evliil) 4.Uzun (41-60 giin) x
5.Cok Fazla 5.Cok gecci (>31 Evliih)x 5.Cok uzun (> 60 giin)
Meyve Ozellikleri :
Meyve Sekli : Meyve iriligi : Meyve Dokiimii : Tad :
1.YuvarlakX 4.Konik 1.Cokiri  4.KiiciikX 1.Az 1.Az tath
2.Basik 5.Diger 2.Iri 5.Cok kiigiik 2..0rta 2.Tath
3.0val 3.0rta 3.CokX(ilekleme yok) 3.Cok tathiX
Meyve Kabugu Catlag : Boyunluluk:
1.Catlak kabuk 1. Boyunlu

2.Uzunlamasina seyrek ¢atlak
3.Cok az sayida catlak X

Ornegin alinmasina neden olan en belirgin ézellik : Sofralik ve kurutmahk-yéresel incir. Hi¢ hastalanmiyor ....vb...

2. BoyunsuzX

Fig (Ficus carica L.) field gene banks and studies

Arzu AYAR

319



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online ISSN 1308-5301 Print

Research article/Arastirma makalesi
DOI: 14745/biodicon.2022.1183326
15/3 (2022) 320-324

Two first records (Pristina (Pristina) synclites Stephenson, 1925 and Bratislavia palmeni (Munsterhjelm, 1905) for
the freshwater Oligochaeta fauna of Tiirkiye

Deniz MERCAN 1, Naime ARSLAN 1"
ORCID: 0000-0002-5526-85011; 0000-0002-9193-2510 **

! Eskisehir Osmangazi University, Faculty of Science, Department of Biology, 26480 Eskisehir, Tiirkiye

Abstract

In this study, two species belonging Oligochaeta were reported as first records in Turkish freshwater ecosystems.
Pristina (Pristina) synclites Stephenson, 1925 (Pristinide) and rare Bratislavia palmeni (Munsterhjelm, 1905) (Naididae),
collected from Hemsin Stream (Rize-Pazar; part of the lower Yesilirmak River System) and Lake Cildir respectively, are
first records for the Turkish Oligochaeta fauna. In addition, the genus Bratislavia was also reported for the first time in
the Anatolian fauna. Thus, it was contributed to biological richness of Turkish freshwater fauna. In Tirkiye, 150
freshwater Oligochaeta species have been reported until today. With this study, this number increased to 152.

Key words: Oligochaeta, Naididae, Pristinidae, first record, Tiirkiye

*

Tiirkiye’nin sucul Oligochaeta faunasi icin yeni iki kayit (Pristina (Pristina) synclites Stephenson, 1925 ve
Bratislavia pelmeni (Munsterhjelm, 1905))

Ozet

Bu ¢alismada, Oligochaeta’ya ait iki tiir Tirkiye tath su ekosistemlerinden ilk kez kaydedildi. Hemsin
Deresi’nden (Rize-Pazar; Asag1 Yesilirmak Nehir Sistemi’nin pargasi) toplanan Pristina (Pristina) synclites Stephenson,
1925 ve Cildir Golii’nden toplanan nadir Bratislavia palmeni (Munsterhjelm, 1905) Tiirkiye Oligochaeta faunasi igin ilk
kayitlardir. Ayrica, Bratislavia cinsi de Anadolu faunasi i¢in ilk kayit niteligindedir. Boylelikle, Tirkiye tath su
faunasinin biyolojik zenginligine katki saglandi. Bugiine kadar Tiirkiye’den 150 Oligochaeta tiirii kaydi verilmis,
¢alismamizdaki ilk kayitlarla bu say1 152°ye yiikselmistir.

Anahtar kelimeler: Oligochaeta, Naididae, Pristinidae, ilk kayit, Tiirkiye
1. Introduction

Oligochaeta is a very important group in benthic macroinvetebrates at aquatic ecosystems. The most diverse and
widely distributed annelid group in both terrestrial and aquatic habitats is known as Oligochaeta. Over 5000 valid
oligochaete species have been identified to date, 1100 of which are freshwater species. They represent over 30 families,
about 23 of which are found in freshwaters. The Oligochaeta can be found in terrestrial, freshwater, marine, and estuarine
environments [1]. In Tiirkiye, up to date 150 Oligochaeta species were recorded from different freshwater habitats [2, 3].
The only country to almost cover three of the 34 global biodiversity hotspots completely is Tiirkiye (Irano-Anatolian,
Caucasus, and Mediterranean). A high biodiversity is supported by their geographic settings, where mountains serve as
an isolation barrier for aquatic organisms and by the features of their peninsulas [3, 4]. Although research on Tiirkiye's
aquatic oligochaete fauna has grown over the past 20+ years, it is still unclear how many different oligochaete species
there are. To date, the occurrence of Pristina (Pristina) synclites Stephenson, 1925 and Bratislavia palmeni
(Munsterhjelm, 1905) in Tiirkiye have not been reported. The aim of this study was to contribute to the diversity and
distribution of aquatic oligochaetes from inland waters in Tiirkiye.

’ Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +90 0222 2393750; Fax.: +90 222 2393578; E-mail: 0ligo2009@gmail.com
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In this paper, data are presented on the first records and the occurrences of Pristina (Pristina) synclites (Hemsin
Stream) and Bratislavia palmeni (Cildir Lake) in Tiirkiye. Pristina (Pristina) synclites and Bratislavia palmeni, which is
known as rare species, they are belonging to Oligochaeta which are common and abundant taxon in freshwater
ecosystems. Although five species of Pristina (P. aequiseta Bourne, 1891, P. arcaliae Pop, 1974, P. foreli Bourne, 1891,
P. longiseta Ehrenberg, 1931, P. proboscidea Beddard, 1896) have been reported from different aquatic ecosystems of
Tiirkiye before [3], there is no record on Pristina (Pristina) synclites in Turkish inland waters and Bratislavia palmeni
has not been also reported before. Therefore, the species Pristina (Pristina) synclites and genus Bratislavia are first
records and the first findings of these species from Tiirkiye were presented in this study.

2. Materials and methods

During the TUBITAK (Scientific and Technological Research Council of Turkey) funded project over two
hundred sites in the rivers and lakes were sampled to investigated Naididae fauna of Tiirkiye. Two of them are Lake Cildir
and Hemgin Stream.

Lake Cildir is located in northeastern part of Tiirkiye. It’s a large freshwater lake between Kars and Ardahan
provinces (Figure 1a). Its surface area is 124 km? and it has a maximum depth of around 40 m [5]. Its altitude is 1959 m.
In addition, Lake Cildir has IBA (important bird area) and IPA (important plant area) status due to the fact that it is home
to two rare birds. One Bratislavia palmeni sample was collected in July 2017 using hand net from littoral section of the
Lake Cildir. Although three stations were sampled, Bratislavia palmeni samples was obtained only one station (littoral
section of the lake (Figure 1, station 1).

Hemsin Stream (Figure 1b), which has 38.5 km length, rises from Gito plateau and directly run-off to Black Sea
[6]. The stream is shallow (0.5 m) and its sediment contained gravel, sandy-mud with submerged vegetation. Pristina (P.)
synclites samples were collected from among riverbank’s macrophytes.

All samples were fixed in 70% ethyl alcohol in situ. Oligochaeta samples were retransferred into ethyl alcohol
in the laboratory and mounted in glycerin. Samples were identified to species level using the key of Timm (2009) and
(Tim & Martin (2019) [7, 8]. All morphological characters of the samples were examined and photographed using Zeiss
Primo Star microscope with Axiocam 506 color camera.

Hemsin Stream

320 480 640

Figure 1. Geographical position of Lake Cildir and Hemsin Stream in Tiirkiye, with location of sampling
points (this map was modified from Arslan & Mercan (2020) and Alkan et al. (2016) [3, 5])

3. Results

Literature data and the morphological features of the Pristina (P.) synclites and Bratislava palmeni are given
below.

Oligochaeta

Tubificida

Family Naididae

Genus Bratislavia Kosel, 1976

Bratislavia palmeni (Munsterhjelm, 1905)

The genus Bratislavia was reported by Kosel [9] and according to the description morphological features of the
species is as follows: eye absent, no pigment. Dorsal setae starting in 111, dorsal bundles contain 1-2 non serrate hair and
1-3 bifid needles setae with parallel very long teeth and upper is slightly longer. Hair setae 160-320 um, needles 68-78
pum long. Ventral setae in anterior 4-6 with equally teeth, in mature individuals after clitellum 5-6 setae but in posterior
2-4 setae per bundles.

Two first records (Pristina (Pristina) synclites and Bratislavia palmeni) for the freshwater Oligochaeta fauna of Tiirkiye
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Material examined and remarks: During the expedition, 3 stations were sampled in Lake Cildir, but one
specimens of B. palmeni was obtained from outside littoral section of Lake Cildir (Figure 1a, station 1) from muddy
sediment and among vegetation (depth 0.2 m, no current) on 20 July 2017 (leg. Mercan, D.; det. Arslan, N.). Sample was
mounted on a slide and deposited at Hydrobiology laboratory in Eskigehir Osmangazi University.

Small worm, eyeless, 2 mm., segment number 32. Dorsal bundles beginning from I11. Each dorsal bundles consist
of 1-2 hair setae, 65-150 um long, and 1-2 needle setae, 50-85 um long, the upper of two parallel teeth being longer. In
ventral bundles 2-4 setae, 45-85 um long, with teeth of equal length.

According to literature B. palmeni reported from littoral zone of the Lake Balbanty [10], in marshes [11], carp
pond, a drainage canal and a small pond [9] and flooded meadow with sedges located near the river [12]. Our samples
were also collected from outside littoral region of the lake. We can conclude that ecological preference of the species
seems to temporary pools. Up to date, the known distribution areas of the B. palmeni, who considered as rare, was Russia,
Romania, Slovakia and Austria [12].

Figure 2. Bratislavia palmeni: a- general view proksimal end of body, b-anterior ventral setae, c- ventral
setae in midbody, d- hair and needle setae (ns: needle setae, hs: hair setae).

Family Pristinidae

Genus Pristina Ehrenberg, 1828

Pristina (Pristina) synclites Stephenson, 1925

The genus Pristina, belonging to the family Pristinidae was described by Ehrenberg [13]. Description of Pristina
(P.) synclites is as follows: 5-7 mm., segment number 35-61, prostomium forming a short proboscis, hair setae 1-2 per
bundle, non-serrated; needlesss 1-2 per bundle, stout, with a weak nodulus and long teeth; ventral setae 4 per bundle in
anterior segment, decreasing in number backwards, with teeth equally long; in I1-VI1 nodulus median or slightly proximal,
in the following segments distal [14].

Material examined and remarks: There are only two individuals that we could obtained from Hemsin Stream
(Rize) on 18 July 2017 (leg. Mercan, D.; det. Arslan, N.). Samples were mounted on a same slide and deposited at
Hydrobiology laboratory in Eskisehir Osmangazi University.

Small worms, 3-3,5 mm, prostomium with short proboscis, body has thin, dorsal setae starting from Il: 1-2 non
serrate hair setae and 1-2 bifid and distinct long teeth needdle setae. In anterior segment hair setae 2, in posterior 1 per
bundle and shorter, 180-320 um long; needle setae 90-205 pum long, with lower tooth slightly longer than the upper.
Ventral setae by 3-4 in forebody, approximately median nodulus, with upper tooth longer than lower, 55-70 um long.
Number of ventral setae decreasing to posterior segments (1-2 posteriorly), 45-60 um long, with approximately equal
teeth.

Pristina (P.) synclites were reported from Piumhi River at highest densities accompanied by four euryoc species,
Dero furcatus, Dero sawayai, Bothrioneurum sp. and Limnodrilus hoffmeisteri [15]; in urban stream with low
concentration of dissolved oxygen [16], organically enriched reservoirs [17], pool of zoo-pond among floating
macrophytes [18].

Two first records (Pristina (Pristina) synclites and Bratislavia palmeni) for the freshwater Oligochaeta fauna of Tiirkiye
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Figure 3. Pristina (P.) synclites: a- general view of body, b-anterior ventral setae, c- posterior ventral setae, d- hair and
needle setae (vs: ventral setae, ns: needle setae, hs: hair setae)

4. Conclusions and discussion

In this study, Pristina (Pristina) synclites and Bratislavia palmeni belonging freshwater Oligochaeta were
reported as first records for Tiirkiye fauna. Also, genus Bratislavia is reported first time in the Anatolian fauna.
Bratislavia palmeni was collected from Lake Cildir and only one individual was obtained. Rare B. palmeni (Naididae) is
first record for the Turkish freshwater Oligochaeta fauna. In addition, the genus Bratislavia is also first report for the
Anatolian Oligochaeta fauna. Up to date, the known distribution areas of the B. palmeni, who considered as rare, was
Russia, Romania, Slovakia and Austria [12]. With the present study, it can be concluded that the species has a wider
distribution area than known. The regions where the species has been recorded to date are usually temporarily dry water
ecosystems [9, 10, 11, 12]. As it is explained in parts of material examined and remarks, B. palmeni specimen was obtained
from outside littoral section of lake from muddy sediment and among vegetation. In a recent study from Austria about
the species, it was collected from flooded meadow with sedges located (0.15-0.2 m) [12]. In line with the results obtained
from this study and the literature, it can be concluded that B. palmeni prefers shallow, rich in aquatic plants and stagnant
aquatic ecosystems. This situation shows us that regions that are temporarily under water and dry out sometimes may also
be habitats for different macroinvertebrate individuals and these regions should be taken into consideration more while
sampling in river and lake surveys.

Pristina (Pristina) synclites (Pristinide) specimens were collected from Hemgin Stream (Rize-Pazar; part of the
lower Yesilirmak River System). This species is also first record for the Turkish freshwater Oligochaeta fauna. Up to
now, five species of the genus Pristina (P. aequiseta, P. arcaliae, P. foreli, P. longiseta and P. proboscidea) have been
recorded from Basins of Sakarya, Kuzey Ege, Susurluk, Dicle-Firat, Meri¢ Ergene, Burdur, Ceyhan in Tiirkiye. Only two
individuals were obtained from Hemsin Stream located in Dogu Karadeniz Basin with this study. According to literature
Pristina (P.) synclites is generally abundant in polluted aquatic systems where other zoobenthic specimens are present in
low densities, and extreme habitat such as zoo-pond owing to its high tolerance as indicated by Bode et al. [19].

In Tirkiye, the first record of Pristina genus was reported by Sperber and 7 naidin species were recorded for
first time in the country [20]. Sperber, loc. cit., identified seven species of Naididae (Nais pardalis Piguet, 1906, Nais
variabilis Piguet, 1906, Ophidonais serpentina (Miiller, 1773), Pristina foreli Bourne, 1891, Pristinella jenkinae
(Stephenson, 1931), Pristinella menoni (Aiyer, 1930), Vejdovskyella intermedia (Bretscher,1896)) in the material
collected from Turkey by Dr. K. Linderg (Lund). However it is reported that the stations where the samples were collected
could not be determined, since Sperber and Dr. K. Linderg were not indicated clearly [21]. After a long period, Pop [22]
recorded four Pristina species (Pristina arcaliae Pop, 1974, Pristina foreli Bourne, 1891, Pristina longiseta Ehrenberg,
1931, Pristina proboscidea Beddard, 1896) collected in Bozova and Antalya, no locality, no locality and Mugla,
respectively. Since 1949, several Turkish scientists have contributed to the knowledge of the naidids of Turkey.

In Tiirkiye, 150 freshwater Oligochaeta species have been reported until today [3]. With this study, this number
increased to 152. Tirkiye is home to many disconnected rivers and lakes that are separated from one another by
mountains. Surveys of Tirkiye newly discovered and understudied aquatic habitats will undoubtedly yield new
distributional records and new species to science. As a result, it is recommended to continue to carry out similar studies
to determine the biodiversity of our country.
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Abstract

In this study, it was aimed to determine the effects of exercise on the mitotic index (M) in Alzheimer's
disease. For this purpose, the Standardized Mini Mental Test (SMMT), Bartel Activities of Daily Living Scale
(ADI), and Lawton-Brody Instrumental Activity of Daily Living (EGYA) Scale, which are frequently used in the
elderly population and whose validity and reliability studies have been conducted for the Turkish population, were
used. In addition, information about the individuals was obtained by creating a data form containing the
sociodemographic characteristics of the participants, including their physical information. With a regular exercise
program, improvement in memory, increase in learning capacity and improvement in sensorimotor functions can be
achieved in older age groups, and at the same time, the level of independence in Activities of Daily Living (ADL) of
elderly individuals increases. In the study, 19 elderly individuals with Alzheimer's disease in the pre- and post-
exercise period; cognitive tests and activities of daily living are examined in terms of mitotic index, it is aimed to
contribute to the diagnosis, treatment and care processes of the disease.

Key words: alzheimer, exercise, daily living activities, mitotic index

*

Alzheimer hastasi yashlarda egzersizin mitotik indeks ve giinliik yasam aktiviteleri iizerine etkilerinin
degerlendirilmesi

Ozet

Arastirmada, Alzheimer hastalifinda egzersizin, mitotik indeks (MI) {izerine etkilerini belirlemek
amaglanmistir. Bu amagla, yash popiilasyonda siklikla kullanilan ve Tiirk toplumu igin gecerlilik ve giivenilirlik
calismalar1 yapilmis olan; Standardize Mini Mental Test (SMMT), Bartel Giinliik Yasam Aktiviteleri Olcegi (GYA)
ve Lawton-Brody Enstriimental Giinliik Yasam Aktivite (EGYA) Skalasi kullanilmigtir. Ayrica katilimcilarin
fiziksel bilgilerini igeren sosyodemografik &zelliklerini igeren bir veri formu olusturularak bireylere iligkin bilgilere
ulasilmigtir. Diizenli egzersiz programu ile ileri yas gruplarinda hafizada diizelme, 6grenme kapasitesinde artis ve
sensorimotor fonksiyonlarda iyilesme saglanabilmekte aym1 zamanda yasli bireylerin Giinlik Yasam
Aktivitelerindeki (GYA) bagimsizlik seviyesi de artmaktadir. Arastirmada Alzheimer hastasi 19 yash birey egzersiz
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oncesi ve sonrast donemde; biligsel testler ve giinliik yasam aktiviteleri, mitotik indeks agisindan incelenerek,
hastaligin tani, tedavi ve bakim siireclerinde katki olusturulmasi hedeflenmistir.

Anahtar kelimeler: alzheimer, egzersiz, glinlilk yagsam aktivitesi, mitotik indeks

1. Giris

Son yillarda, diinya c¢apinda insanlarin yaslanmasiyla birlikte, demans vakalarinin sayisi artmistir.
Projeksiyonlar 2040' da 81 milyondan fazla insanin demanstan etkilenecegini gostermektedir. Yaslilarda demansin
en sik alt tipi olan Alzheimer hastaligi, beyinde hiicre disi B-amiloid peptidlerin ve nérofibrinlerin birikimi ile
karakterize olan, klinik olarak ilerleyici hafiza kayb1 ve diger entelektiiel (biligsel) islevlerde yavas yavas bozulma
belirtileri ile karakterize, sonunda 6liime neden olan ¢ok yonlii norodejeneratif bir hastaliktir. [1-4]. Hastalik,
ndrodejenerasyon siireci ile karakterize uzun bir klinik sessizlikten sonra gec bir agamada ortaya ¢ikmaktadir. Bu
nedenle Alzheimeri 6nlemede primer etkili biyobelirteglerin tanimlanmasi, pre-semptomatik tespit i¢in uygun teshis
yontemlerinin uygulanmasi ve farkli risk faktorlerinin bilinmesi esastir.

Alzheimer hastaliginin kesin bir tedavisi olmamasma ragmen, mevcut tedavi se¢enekleri, en azindan,
hastaligin ilerlemesini durdurmayi, hastalara ve ailelerine semptomlarla basa ¢ikmayi, bireysel bagimsizligin devam
ettirilmesi ve yasam Xkalitelerinin arttirilmasi konularinda yardimer olmayr amaglamaktadir [5, 6]. Alzheimer
hastalig1 ¢cok etkenli bir hastalik oldugu i¢in tek bir hedef veya patojenik yolu tespit etmek miimkiin degildir [7].
Alzheimer hastaliginda, periferik, patofizyolojik belirtegler olmasina ragmen, hastaligin tanisini koymada kalitsal
veya edinsel basit bir test heniiz bulunamamistir [8]. Kisinin saglikli yasam davranislarini benimsemesi edinsel
Alzheimer gelisimini geciktirebilmektedir. Bunlardan 6ne ¢ikanlar, dogru beslenme aligkanliklari, sigara ve alkol
kullanilmamasi ve diizenli fiziksel aktivitedir. Fiziksel aktivite demans gelisimini dnleyebilmekte, geciktirebilmekte
ve demansin evreler arasi gegisini de yavaglatabilmektedir. Bu durumun 6nemi yeterince anlasilamadigl icin
hastaligin ilerlemesi ile birlikte hareketsiz bir yasam tarzina gegisle, demansin goriilme siklig1 artmakta ve evreler
arasit geg¢is de hizlanabilmektedir [9,10]. Alzheimer hastaliginda sitogenetik ¢aligmalarin da az oldugu
goriilmektedir. Bu ¢aligmada 65 yas ve Ustii Alzheimer hastalarinin periferik heparinize kan 6rnekleri, lenfosit
kiiltiirii yontemi kullanilarak mitotik indeks yoniinden degerlendirilmistir. Bu aragtirmada, egzersiz dncesi ve sonrasi
alinan periferik heparinize kan 6rnekleri ile Alzheimer hastaliginda egzersizin mitotik indeks, tizerine etkileri
aragtirtlmistir.

2. Materyal ve yontem

Arastirmamiza Eskisehir Tepebast Belediyesi Yash Yasam Koyii ve Alzheimer Merkezinden hizmet alan
65 yas ve iistii Alzheimer tanili 19 yagh dahil edilmistir. Calismaya katilan bireyler, sigara ve alkol kullanmayan,
kalitsal bir hastalig1 ve ailesinde kanser dykiisii olmayan kigilerden seg¢ilmistir. Calismaya dahil edilen yaslilardan
egzersiz Oncesi periferik heparinize kan 6rnegi alinmistir. Alinan kanlar uygun kosullarda analiz edilmistir. Bu
analizler 8 haftalik egzersiz programi sonrasi, egzersizden 30 dakika sonra alinan periferik heparinize kan 6rnegi ile
de tekrarlanmistir. Arastirma icin Eskisehir Osmangazi Universitesi Klinik Aragtirmalar Etik Kurul Baskanligindan
onay alimmistir (6.02.2020 /19).

[k asama, katilimcilarin sosyodemografik verilerinin alinmasi, 6lgekler ve testlerin uygulanmasi, egzersiz
programina alinacak katilimeilarin tespit edilmesi ve heparinize kan orneginin alinmasi asamasidir. Bu asamada
katilimcilara asagidaki 6lgekler ve testler uygulanmustir:

- Standardize Mini Mental Test (SMMT)

- Barthel Giinliik Yasam Aktivitesi (GYA) Olgegi

- Lawton-Brody Enstriimental Giinlik Yasam Aktivite (EGY A) Skalas1

- Sosyo-Demografik ve Fiziksel Bilgiler Veri Formu (Bu formda katilimcinin ¢aligmada degerlendirilmesi
gereken sosyo-demografik ve fiziksel bilgileri yer almaktadir).

2.1 Standardize Mini Mental Test (SMMT):

Folstein ve arkadaslar: tarafindan mental durumun degerlendirilmesi i¢in gelistirilmistir. Mental yonelim,
kayit hafizasi, hatirlama, mental lisan, dikkat ve hesap yapma alt boyutlar1 olan bu testin Tiirk toplumunda hafif
demans tamisinda gegerli ve giivenilir olarak kullanilabilirligi 2002 yilinda Giingen ve arkadaslari tarafindan
yayinlanmistir. Degerlendirme 30 puan iistiinden yapilir ve ideal esik deger de 23/24 olarak bildirilmistir [11, 12].
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2.2 Bartel Giinliik Yasam Aktiviteleri Olgegi (GYA):

Bu test ile gaita kontinansi, idrar kontinansi, beslenme, yiiz yikama, sa¢ bakimi, tirag, giyinme, transfer,
tuvalet kullanma, mobilite, basamak ¢ikma ve banyo yapabilme gibi bireyin giinliik hayatindaki islerinde ne oranda
bagimsiz oldugu belirlenmektedir. S6z konusu aktivitelerin bagimsiz (3 puan), yardiml (2 puan) ya da bagimli (1
puan) yapmasina gore puan verilir. Buna gore 0-6 puan bagimli, 7-12 puan yar1 bagimh ve 12-18 puan bagimsiz
olarak degerlendirilir [13, 14].

2.3 Lawton Enstrumental Giinliik Yasam Aktiviteleri Olcegi (EGYA):

Bu testte EGYA islemleri hastanin bagimsiz yerine getirdigi islere gore hesaplanir. Aktiviteleri yerine
getirmedeki bagimsizlik derecesi arttikca puan da artmaktadir. Birey aktivitelerinde bagimsizsa 3 puan alirken,
kismen bagimliysa 2 puan, tam bagimliysa ise 1 puan alir. EGYA &lgeginde 0-8 puan bagimli, 9-16 puan yari
bagimli, 17-24 puan tam bagimsiz olarak degerlendirilmektedir. Hastalarin belli araliklarla bu agidan
degerlendirilmesi gerekmektedir [15].

2.4 Sitogenetik Test:

Mitotik Indeks (MI) analizi igin, sitogenetik yontem kullanilarak lenfosit kiiltiirii yapilmistir. Bunun igin,
aseptik kosullarda 5-6 damla heparinize kan %2 fitohemaglutinin igeren 4,5 ml’lik besi ortamina ilave edilerek ekim
islemi gerceklestirilmistir. Ekim tiipleri ¢evrilerek karistirllmigs ve 37°C’lik etiive konulmustur. 72. saatin
dolmasindan 45 dakika once ise tiiplere 0,1 ml (10pg/ml)’lik kolsemid eklenmistir. Etiivde 45 dakika bekleyen
tiipler siire bitiminde, 1300 rpm’de 8 dakika santrifiij edilmis ve siipernatant kisimlar1 uzaklastirilmistir. Onceden
37°C’ye getirilmis hipotonik (0,075 M’lik KC1) soliisyondan eklenmis ve tiipler 37°C’lik etiivde 30 dakika daha
bekletilmistir. Etiivden alinan tiiplere, 3-5 damla Carnoy’s fiksatifi (3:1 methanol/glacial acetic acid) ilave edilerek
prefikse edilmistir. 1300 rpm’de 8 dakika santrifiij edilmig. Sonrasinda supernatant kisimlart alinmis ve tiiplere 5 ml
Carnoy’s fiksatifi eklenerek tekrar santrifiij edilmistir. Bu islem iki kez daha tekrarlanmistir [16,17].

En son olarak supernatant atilarak, pelet siispansiyon haline getirilmis ve dnceden temizlenmis lamlara 20-
25 cm yiikseklikten 45° ac1 ile yayma iglemi gergeklestirilmistir. Yayma islemi yapilan lamlara, bir gece oda
sicakliginda bekletildikten sonra, Giemsa bantlama uygulanmistir. Bu lamlar, %5’lik Giemsa soliisyonunda 3-5
dakika tutulup distile sudan da gegirilerek kurumaya birakilmistir. Peparatlari degerlendirilebilecek 30 bolge
secilmistir. Kiiltiirlerden Mitotik Indeks (MI) sayisini belirleyebilmek igin, her bir AD hastasindan 1000 hiicre 151k
mikroskobunda degerlendirilerek mitoza giren hiicreler tespit edilmistir. Bu sitogenetik islemler egzersiz dncesi ve
sonrasi tekrarlanmugtir.

2.5 Egzersiz Programi:

Yaglanmayla birlikte fizyolojik sistemlerin pek ¢ogunda yapisal ve fonksiyonel bozulma ve hatta hastalik
varlig1 s6z konusudur. Yasla iligkili olarak doku, organ sistemleri ve fonksiyonlarindaki meydana gelen ¢ok yonlii ve
kiimiilatif fizyolojik degisiklikler, yaslinin fiziksel bagimsizligini ve Giinlik Yagam Aktivitelerini (GYA) olumsuz
yonde etkiler. Yaslt bireylerde diizenli fiziksel aktivite, yaslanma ile birlikte agiga ¢ikan pek ¢ok saglik probleminin
onlenmesi ya da tedavisinde 6nemli bir etkendir. Ayrica, kaslarin daha giiclii olmasina ve giinliik aktivitelerde diger
bireylere bagimliligin 6nlenmesine de katki saglar [18].

American College of Sports Medicine (ACSM)’e gore acrobik ve kas kuvvetlendirme aktiviteleri, saglikli
yaslanma i¢in kritik 6neme sahiptir. Saglik agisindan fayda elde edebilmek i¢in haftada en az 150 dk orta siddetli ya da
75 dk yiiksek siddetli aerobik aktivite, ayrica haftada en az iki giin kas kuvvetlendirme egitimi yapilmalidir. Fiziksel
aktivitenin siddeti ve durasyonu; yash bireyin kronik hastalik varlig1 ve fonksiyonel limitasyonlarin varligina gore
degisiklik gosterir. Secilen programin progresyonu ise kisinin toleransina ve tercihlerine gore belirlenmelidir.
Programda her bir aktivitenin nasil, ne zaman ve nerede yapilacagi planlanmali ve zaman iginde aktivite programinin
siddeti dereceli olarak da arttirilmalidir [19].

Egzersizin faydali olabilmesi igin siddetinin belli bir esik diizeyin iizerinde olmasi gerekmektedir. Egzersiz
siddeti arttikca da, VO2max, kardiak output, kalp atim sayisi, belli bir diizeye kadar dogrusal orantili olarak artar. Bu
nedenle siddeti belirlemede kalp atim sayis1 ve V02max kullanilir. Hedef kalp atim sayisinin, maksimal kalp atim
sayisinin %60-90" olarak alinmasi gerektigi ongoriilmektedir. Direncli egzersizlerdeki siddet ise, tek tekrar maksimum
(1RM) veya 10 tekrar maksimum (10RM) yontemleri ile hesaplanmaktadir. Direncli egzersizlerin faydali olabilmesi
icin de, IRM'un %60-100' ile ¢alisilmaktadir. Ancak yaslilarda baslangicta daha diigiik agirliklarla baslanip, zaman
icinde 1RM'un %70-80'i ile devam edilir. Ayrica 2-3 haftada bir yeniden degerlendirme yapilarak agirliklar artirtlir
[20,21].

Bu ¢alismada ACSM’ 1n kilavuzu dogrultusunda yaslilara aerobik ve kuvvetlendirme egzersizlerinden olusan
kombine bir program sekiz hafta boyunca haftada ii¢ giin uygulanmistir. Egzersizler, yashlar igin giivenli siir kabul
edilen maksimal kalp hizinin %60- %70 siddetinde, kas kuvvetlendirme aktiviteleri ise 10 RM prensibine gore ve kas
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kuvveti arttikga yeni deger belirlenerek gergeklestirilmistir. Egzersizi giivenli simirlarda gergeklestirmek i¢in, seanslar
oncesi yaglilarin kalp hizlar1 ve kan basinglari dlgiilerek, egzersiz siirecinde yaslilardaki asiri terleme, cilt rengindeki
degisiklikler ve soluk alip vermedeki zorluklar da gézlemlenmistir. Yine kramp ya da agr1 agiga ¢ikmasi durumunda
egzersiz siddeti diisliriilmiis ve yavasca sogumasi saglanarak seans sonlandirtlmistir. Bu degerleri yiiksek olan yaslilar
o giin programa alinmamistir. Ancak iki hafta ve daha fazla egzersize katilamayan bireyler ¢aligma kapsamindan da
¢ikarilmigtir. Sekiz haftanin sonunda egzersiz sonrast durumu karsilastirmak amaciyla birinci asamadaki olgekler,
testler ve heparinize kan alimi islemi de tekrarlanmustir.

2.6 Istatistiksel Testler:

Elde edilen degerlerin sikliginin anlamli olup olmadigini belirleyebilmek icin gerekli istatistiksel testler
kullamilmustir. Degiskenlere ait normalite testlerinde Kolmogorov-Smirnov ve Shapiro-Wilk testleri kullanilmustir.
Normal dagilim gosteren bagimli degiskenlere paired simple t-test uygulanmistir. Normal dagilim gdstermeyen

bagimli degisenler ise Wilcoxon Signed Ranks Test, Median testi uygulanmistir. p<0.05 olasilik degerleri 6nemli
olarak kabul edilmistir. Tiim veri analizleri IBM SPSS Statistics 22 paket programlari ile yapilmistir.

3. Bulgular

Calismamizdaki 65 ve 90 yas araligindaki Alzheimer hastasi yaslilarin detayli tanimlayict 6zellikleri Tablo 1 de
belirtilmistir (Tablo 1).

Tablo 1. Alzheimer hastasi yaglilardaki tanimlayici karakteristikler

Tanimlayici - . Mean+£Std.
Karakteristikler N Minimum Maximum Deviation
Yas 19 65,00 90,00 79,05+7,56
Kilo 19 53,00 102,00 70,05+13,25
Boy 19 141,00 190,00 158,95+11,47
VKI - (Viieut  Kitle 19 21,78 33,46 27,5543 39
Indeksi)

Kurumda — — kalma 19 54,00 1825,00 759,63£584,22
siiresi (Giin)

Alzheimer hastasi yaglilarin periferik kan hiicreleri, 151k mikroskobunda 10X ve 100X lik biiyiitmelerde,
incelenmis olup, 20X lik biiyiitmede ekran gériintiisii alinmigtir. Diger mitoza giren hiicre goriintiileri de tespit edilip
sayim islemleri yapilmistir (Sekil 1).

Her bir AD hastasinda en az 1000 hiicrede mitoza giren hiicreler egzersiz dncesi ve sonrasi sayilarak
istatistiksel olarak anlamli olup olmadig1 tespit edilmistir. Periferik kan kiiltiirlerinden, MI hesabi igin, her bir AD
hastasindan 1000 hiicre 151k mikroskobunda degerlendirilmistir. Bu islemler egzersiz Oncesi ve sonrast
tekrarlanmistir. Istatistiksel karsilastirmalar ve degerlendirmeler Tablo 2.’de gdsterilmistir. AD hastalarinda egzersiz
sonras1 mitoza giren hiicrelerin artisi istatistiksel olarak anlamli bulunmustur. Mitoza giren hiicreler egzersiz 6ncesi,
1000 hiicrede en az 30 ve en ¢ok 52 olarak tespit edilmis olup, mitotik indeksi de ortalama 3,84+0,63 olarak
hesaplanmistir. Yine egzersiz sonrast AD hastalarinda mitoza giren hiicrelerin en az 35 en ¢ok da 58 oldugu
belirlenmistir. Mitotik indeks degerinin ortalamasimin ise 4,52+0,59 a yiikseldigi goriilmiistiir. AD hastalarinda
egzersizin mitotik indeksi artirdig1, yapilan istatistiksel testlerle anlamli olarak belirlenmistir (Tablo 2).

Sekiz haftalik egzersiz programini takiben testler tekrar edilip baslangictakilerle karsilastirildiginda
Alzheimer hastasi yagllarin mental durum (SMMT), giinliik yasam aktiviteleri (GYA) ve enstriimental giinliik
yasam aktiviteleri (EGYA) sonuglarinda diizelme goriilmiistiir. Ancak bu diizelme sadece, enstriimental giinliik
yasam aktiviteleri (EGYA) degerlendirilmesinde istatistiksel olarak anlamli diizeye ulasmistir (p=0,018). (Tablo 2).
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Sekil 1. Alzheimer hastasi yaslilarin 151k mikroskop altindaki, lenfosit kiiltiirlerinden hazirlanan preperatlarindaki,
mitoza giren hiicre goriintiisii (20X lik biiylitme)

Tablo 2. Alzheimer hastasi yaslilarin egzersiz 6ncesi — sonrast SMMT, GYA, EGYA ve MI degerlerinin

Biological Diversity and Conservation — 15/ 3 (2022)

50 pm

karsilagtirilmalari

Degiskenler N Minimum | Maximum l\é‘z‘/?;lsgﬁ Median (%25-%75) P
Mini Mental SMMT) | 200 | 3000 | 1647£723 | 14,00 (12,00-22,00)

(Egzersiz Oncesi) 0,102
Mini Mental 19 800 | 3000 | 1837+7.03 | 15,00 (13,00-25,00)

(Egzersiz Sonrast)

Giinlik Yasam

Aktiviteleri (GYA) 19 0,00 goo | >A4¥325 | 3,00(0,00-6,00)

(Egzersiz Oncesi) -
Giinlik Yasam 0,059
Aktiviteleri 19 0,00 18,00 6,42+7,28 5,00 (0,00-9,00)

(Egzersiz Sonrasi)

Gelismis Giinliik

Yasam Aktiviteleri 0,58+0,96 0,00 (0,00-1,00)

(EOYA) 19 0,00 3,00

(Egzersiz Oncesi) **0,018
Gelismis Giinliik

Yasam Aktiviteleri 19 0,00 17,00 3,47+4,36 2,00 (0,00-7,00)

(Egzersiz Sonrasi)

Mitoza giren hiicre 19 30,00 52,00 | 38,42+630 | 38,00 (32,00-42,00)

(Egzersiz Oncesi) *0.000
Mitoza giren hiicre 19 35,00 58,00 | 45214594 | 45,00 (41,00-48,00)

(Egzersiz Sonras1)

Mitotik Indeks (M1) 19 3,00 520 | 3,84+0,63 | 3,80 (3,20-4,20)

(Egzersiz Oncesi) % 0,000
Mitotoik Indeks 19 3,50 580 | 4524059 | 4,50 (4,10-4,80)

(Egzersiz Sonrast)

* Paired Samples Test, Mean+Std. Deviation
** Wilcoxon Signed Ranks Test, Median (%25-%75

4. Sonuclar ve tartisma

Alzheimer hastaliginda DNA hasar1 sikliginin arttig1 ve bu durumun giiglii bir néronal apoptoz tetikleyicisi
oldugu caligmalarla ortaya konulmustur [22]. Apoptozun 6liim veya sag kalimdaki 6nemi bilinmektedir [23]. DNA
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hasar1 ndronlar disinda periferik kan 16kositleri ve fibroblastlar gibi hiicrelerde de gerceklesmektedir [4]. Alzheimer
hastalarinda yapilan sitogenetik caligmalarda, periferal lenfositlerde ve fibroblastlarda yiiksek mikroniikleus
seviyeleri de bildirilmistir [24, 25]. Alzheimer hastaliginda yapilan sitogenetik ¢aligmalarla ortaya konulan bir diger
degisken mitotik indekstir [26]. Jenkins ve arkadaslari, Alzheimer hastaligi olan bireylerin cilt fibroblast
kiiltiirlerinde mitotik indeks seviyelerinde tutarli bir azalma bulmustur [8]. Mitotik indeksin egzersizle iliskisini
aragtiran ¢aligmalarda farkli sonuclara rastlanmaktadir. Siddetli egzersizin mitotik indeksi diistirdiigii, orta siddetli
diizenli egzersizin ise mitotik indeksi arttirdigi ve bagigiklik sistemini kuvvetlendirdigi bildirilmistir [27, 28]. Biz de
lenfosit kiiltiirii calismamizda, egzersiz sonrasinda mitotik indeksin artigini belirledik.

Epidemiyolojik caligmalar diizenli egzersizin, Alzheimer ve Parkinson gibi ndrodejeneratif hastaliklar,
kardiyovaskiiler hastaliklar, diyabet, kanser gibi oksidatif stresle iliskili hastaliklarin insidansin1 azalttigini
gostermektedir [29, 30]. Fiziksel aktivite bilissel durumu ve beyni gelistirir. Hayvan deneylerinde, egzersizin
viicutta mitoz boliinmeyi artirdifi tespit edilmistir. Tersine, egzersiz yoksa yeni iiretilen oncii hiicrelerin islevsel
beyin hiicrelerine farklilagmasinin engellendigi de bildirilmistir [31]. Noronlarin, mitokondriye bagimli ve post-
mitotik hiicreler oldugu bilinmektedir. Mitokondriyal fonksiyon bozuklugunda ise, Alzheimer hastalig1 gibi pek ¢ok
yaslanmayla iligkili ndrolojik bozukluklar ortaya ¢ikmaktadir. Fonksiyonsuz ve gereksiz mitokondri birikimi, AD
hastaliginin ilerlemesini onemli &lgiide kolaylastirmaktadir. Mitokondriyal hasar sonrasi hiicre igi kalsiyum
dengesizligi ve oksidatif stres ortaya c¢ikmaktadir. Sonug¢ olarak da, P-amiloid (AP) birikimi ve Tau
hiperfosforilasyonu artmaktadir. Bu da biligsel diisiise ve hafiza kaybina yol agmaktadir [32]. Mitokondriyal
disfonksiyon ile AD arasinda karmagik bir iligki olmasina ragmen, AP agregasyonu ve hiperfosforile Tau proteini
gibi tetikleyici faktorler hala acikliga kavusturulamamigtir. Birgok ¢aligmada mitokondriyal kontrol bozuklugunun,
AD hastalarinda patolojik degisikliklere yol agtigi da dogrulanmistir. Mitokondri fonksiyonunu tesvik etmek,
oksidatif stresi azaltmak, biligsel kapasiteyi gelistirmek ve daha sonraki yasamda biligsel bozulma ve bunama
risklerini azaltmak i¢in de, uygun ve diizenli egzersizin yararh etkileri gosterilmistir [32].

Diizenli egzersiz ile ileri yasta, hafizada ve 6grenme kapasitesinde artig, sensérimotor fonksiyonlarda
iyilesme, ayni zamanda da yash bireylerin yasam kalitesinde artis gerceklesmektedir [33, 34]. Ayrica diizenli
fiziksel aktivitenin; erken 6liim, kalp hastaligi, stroke, tip 2 diyabet, hipertansiyon, kan lipid profilindeki bozulma,
metabolik sendrom, kolon ve akciger kanseri riskini azalttigi, ayrica kilo alimmi 6nledigi, kardiyorespiratuar ve
kassal uygunlugu arttirdigi, diismeleri Onledigi, depresyonu azalttigi ve kognitif fonksiyonlar: gelistirdigi
gosterilmistir. Basglangigta demans teshisi olmayan 65 yas {istii 1740 hastanin incelendigi bir ¢alismada; haftada en
az Ui¢ kez egzersiz yapanlarda demans ya da Alzheimer gelisme riskinin hi¢ egzersiz yapmayanlara gore daha diisik
oldugu da gosterilmistir [35]. Fiziksel olarak aktif yetiskinler depresyon ve kognitif bozulmalar agisindan inaktif
bireylere gore daha az risk altindadirlar.

Bu arastirmanin sonunda ise, kurumda kalan yashilarin, giinlik yasam aktivitelerindeki bireysel
bagimsizliklari, fonksiyonel durumlari, biligsel/ruhsal durumlari hakkinda bilgi sahibi de olunmustur. Yapilan
sitogenetik dl¢limlerin sonucuna gore, Alzheimer hastaligindaki mitotik indeks degisikliklerin 6grenilmesi, tedavide
yeni yaklagimlara 11k tutacak verilere ulagilmasi ve ileride bu hastaliklardan etkilenmis bireylere yarar olarak geri
donecegi disiiniilmektedir. Bununla beraber ek ¢alismalara da ihtiyag vardir.
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Abstract

In this study, Cercopidae Leach, 1815 (Hemiptera: Auchenorrhyncha: Cicadomorpha) specimens obtained from
field studies on Musa Mountain (Samandag/HATAY) between April and September 2022 were evaluated. As a result of
the identification of the collected specimens, three species belonging to two genera were identified. Some variation types
seen in Cercopis distincta (Melichar, 1896), one of the detected species, were recorded. With this research, Triecphorella
geniculata (Horvath, 1881) was recorded for the first time in Hatay province. Detailed photographs of the habitus and
genitalia parts of this species are provided. Considering the available data of all identified species, current distribution
maps were created and brief evaluations were made about the dispersal patterns of these species.

Key words: Biodiversity, Cercopidae, C. distincta, C. intermedia, Triecphorella geniculata, Tiirkiye

*

Cercopis distincta (Melichar, 1896)'nin bazi renk varyasyonlari ve Hatay'in Cercopid varhgina yeni bir katki:
Triecphorella geniculata (Horvath, 1881)

Ozet

Bu caligmada 2022 yilinin Nisan—Eyliil aylar1 arasinda Musa Dagi'na yapilan arazi g¢alismalarindan
(Samandag/HATAY) elde edilen Cercopidae Leach, 1815 (Hemiptera: Auchenorrhyncha: Cicadomorpha) 6rnekleri
degerlendirilmistir. Toplanan Orneklerin teshisi sonucu iki cinse ait ii¢ tiir tespit edilmistir. Tespit edilen tiirlerden
Cercopis distincta (Melichar, 1896)'da goriilen bazi varyasyon tipleri kayit altina alinmistir. Bu arastirma ile
Triecphorella geniculata (Horvath, 1881) Hatay ili i¢in ilk kez kaydedilmistir. Bu tiiriin habitus ve genitalia parcalarina
ait detayli fotograflar saglanmistir. Tespit edilen tiim tiirlerin mevcut verileri dikkate alinarak giincel yayilis haritalar
olusturulmus ve buna gore bu tiirlerin dagilis desenleri ile ilgili kisa degerlendirilmeler yapilmistir.

Anahtar kelimeler: Biyogesitlilik, Cercopidae, C. distincta, C. intermedia, Triecphorella geniculata, Tiirkiye
1. Giris
Cercopidae familyasinin tiirleri sokucu emici agizlari ile oligofag ve polifag olarak bitkilerin ksilem 6zsuyu ile
beslenirler. Beslenme sekilleri, dzellikle ekonomik éneme sahip olan tarim ve kiiltiir bitkilerinde hem fiziksel hem de
vektorliik yoluyla zarara neden oldugundan, 6nemli bitki zararlilarindan biri olarak kabul edilirler [1, 2, 3, 4].
Erginlerinin biyiiklikleri genellikle 5-15 mm arasinda degismekte olan familya yeleri, siyah ile kirmizinin

tegmina ve viicutlarinda olusturdugu desenlerle diger yakin akraba gruplardan kolaylikla ayrilirlar. Ancak
desenlemelerinde goriilen varyasyonlar nedeniyle tiir teshisleri yapilirken zaman zaman zorluklar yasanmaktadir.

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903262213317/11623; Fax.: +903262455867; E-mail: auchenorrhyncha@mku.edu.tr
© Copyright 2022 by Biological Diversity and Conservation Received: 26.10.2022; Published: 15.12.2022 BioDiCon. 1062-0511222
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Hemimetabol bagkalagim goriilen familyanin nimfleri, gelisimlerini kopiigiimsi bir sivinin iginde tamamlarlar. Bu yiizden
Tiirkiye'de kopiik ya da salya (tiikiiriik) bocegi olarak adlandirilirlar [1, 5].

Eldeki verilerden Cercopidae familyasinin diinyada yaklagik 1500, Palearktik'te 100, Tiirkiye'de ise bazi siipheli
kayitlarla birlikte ti¢ cins ve yedi tiirle temsil edildigi anlasilmaktadir [2, 3, 4, 5, 6, 7, 8, 9]. Tiirkiye'den bu familya ile
ilgili ilk kayitlar yabanci aragtirmacilar tarafindan verilmistir [7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20]. Sayilar az
olsa da son donemde bu familya ile dogrudan iligskili yerli arastirmacilar tarafindan yapilan caligmalara da
rastlamilmaktadir [3, 4, 21, 22, 23].

Bu ¢alismada Musa Dagi'ndan toplanan Cercopid o6rnekleri degerlendirilerek bir taraftan bolge ve Tirkiye
Cercopidae faunasmin bilgi birikimine katki saglanmasi, diger taraftan ise Cercopis distincta 6rneklerinde goriilen
ozellikle renk varyasyonlarinin belirlenmesi amaglanmaktadir.

2. Materyal ve yontem

Bu aragtirmada 2022 yilimin Nisan—Eyliil aylar1 arasinda Hatay ilinin Samandag ilgesinde yer alan Musa Dagi'nda
(36.05-36.13K/35.51-36.00D) gergeklestirilmis olan arazi g¢aligmalar1 sirasinda toplanan 200 Cercopidae Ornegi
degerlendirilmektedir.

Arazi calismalari sirasinda toplanan 6rnekler %70'lik etanol iceren kavanozlarinda o6ldiirilmiis ve yine bu
kavanozlar i¢inde laboratuvarda muhafaza edilmistir. Daha sonra Johnson ve Triplehorn (2004) ve Gullan ve Cranston
(2014)'e gore standart entomolojik miize materyaline doniistiiriilmiistiir [24, 25]. Orneklerin teshislerini yapmak icin
oncelikle morfolojik karakterlerinden yararlanilmuis, teshislerini Kesinlestirmek icin ise erkek bireylere ait 6rneklerin
genitalia kapsiilleri Ossiannilsson ve ark. (1970)'e gore disekte edilip [26], mevcut literatiirle karsilastirilmistir.
Morfolojik karakterlerin incelenmesinde Boeco BSZ-405, genitalia morfolojilerinin incelenmesi ve fotograflanmasinda
ise Leica C3 camera takili Leica S9 D model stereo arastirma mikroskobu kullamlmigtir. Calismada yer alan ergin
fotograflar1 Nikon AF-S VR Micro—NIKKOR 105mm f/2.8G IF-ED lensli Nikon D750 fotograf makinesi ile ¢ekilmis
olup, tiim gorseller GIMP (GNU Image Manipulation Program) ve Fiji v1.53t yazilimlar1 (imagej.net/software/fiji) ile
islenerek yayina uygun hale getirilmistir.

Orneklerin teshisinde Nast (1933), Lallemand (1949), Holzinger ve ark. (2003), Demirel ve Ding (2021) ile
Demirel ve Hasbenli (2021)'den yararlanilmistir [3, 4, 12, 15, 27]. Teshisi tamamlanan 6rnekler bulgular bolimiinde
alfabetik sira ile verilmistir.

Tiirlerin yayilis haritalari; Garmin Monterra model GPS (Global Positioning System)'den kayit edilen yeni
koordinat verileriyle 6nceki ¢aligmalarda verilen eski kayitlarin [2, 3, 4, 6, 7, 8, 9, 23, 27, 28, 29, 30] Arcview 3.3
yazihminda derlenmesi ile olusturulmustur. Teshis edilen érnekler Hatay Mustafa Kemal Universitesi (HMKU) Fen
Edebiyat Fakiiltesi Biyoloji Boliimii Zooloji Miizesinde koruma altina alinmustir.

3. Bulgular

Musa Dagi'ndan 2022 yilinin ilkbahar aylarinda toplanan 200 6rnegin degerlendirilmesi sonucu bolgede ii¢ tiiriin
yayilig gosterdigi tespit edilmistir.

Sistematikleri

Siiperfamilya: Cercopoidea Leach, 1815
Familya: Cercopidae Leach, 1815
Subfamilya: Cercopinae Leach, 1815
Tribe: Cercopini Leach, 1815

Genus: Cercopis Fabricius, 1775

Type: Cicada sanguinolenta Scopoli, 1763

Cercopis distincta (Melichar, 1896)
Triecphora distincta Melichar, 1896

incelenen Materyal:

Toplam 6rnek sayist: 9833, 1009 9

2333, 639 Q, Hatay, Samandag, Cevlik, Kaburluk, 36°11'30"N, 35°52'26"E, 254 m, 18.iv.2022, E. DEMIREL;
2443, 299, Hatay, Samandag, Cevlik, Titus, 36°7'12"N, 35°55'25"E, 25 m, 18.iv.2022, E. DEMIREL; 19, Hatay,
Samandag, Kapisuyu, 36°7'52"N, 35°57'15"E, 375 m, 18.iv.2022, E. DEMIREL; 24J, 82 %, Hatay, Samandag, Cevlik,
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Kaburluk Mevkii, 36°10'12"N, 35°5325"E, 49 m, 12.v.2022, E. DEMIREL; 1&, Hatay, Samandag, Kapisuyu cikisi,
36°7'SO"N, 35°56'S1"E, 314 m, 12.v.2022, E. DEMIREL; 13, 19, Hatay, Samandag, Eriklikuyu c¢ikisi, 36°8'S8"N,
35°59'53"E, 271 m, 12.v.2022, E. DEMIREL; 1333, 49, Hatay, Samandag, Camliyayla, 36°11'8"N, 35°58'34"E, 618
m, 12.v.2022, E. DEMIREL; 524, 12, Hatay, Samandag, Degirmenbasi, 36°6'15"N, 36°3'S4"E, 75 m, 9.iv.2022, E.
DEMIREL; 443, 1699, Hatay, Samandag, Cevlik, Kaburluk Mevkii, 36°11'1"N, 35°52'36"E, 40 m, 22.iv.2022, E.
DEMIREL; 19, Hatay, Samandag, Cevlik, Kaburluk Mevkii, 36°11'2"N, 35°52'48"E, 53 m, 20.v.2022, E. DEMIREL;
19, Hatay, Samandag, Tkizkoprii koyii, Biiyiik Karacay Baraji arkasi, 36°11'43"N, 35°58'28"E, 380 m, 18.v.2022, E.
DEMIREL; 299, Hatay, Samandag, Kaburluk Mevkii, 36°11'4"N, 35°52'55"E, 46 m, 18.v.2022, E. DEMIREL (Sekil

l1a).

Palearktik Yayihisi:

Tirkiye (Sekil 1b) [2, 3, 4, 6, 7, 10, 12].
Tiirkiye Yayihsi:

Hatay (Sekil 1b) [3, 4].
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Sekil 1. Tespit edilen tiirlerin yayilis haritalari, a) Tespit edilen tiirlerin ¢alisma alamindaki yayiliglari; b) Cercopis
distincta'min Tiirkiye ve Palearktik yayilis;; ¢) C. intermedia'mn Tirkiye ve Palearktik yayilisi; d) Triecphorella
geniculata'min Tiirkiye ve Palearktik yayilisi1 (Palearktik yayilislar; Tirkiye yayilis haritalarinin sag alt kdsesindedir)

Cercopis intermedia Kirschbaum, 1868

Cercopis obliterata Kirschbaum, 1868.

Triecphora intermedia nigra Royer, 1906.

Triecphora intermedia simulans Peneau, 1912.

Cercopis sanguinolenta turkestanica Lindberg, 1923.

Cercopis sanguinolenta intermedia bipunctata Ribaut, 1946.
Cercopis sanguinolenta intermedia quadrimaculata Ribaut, 1946.
Cercopis sanguinolenta intermedia septempunctata Ribaut, 1946.
Cercopis sanguinolenta intermedia sexmaculata Ribaut, 1946.

Incelenen Materyal:
Toplam o6rnek sayist: 19 .
19, Hatay, Samandag, Camliyayla, 36°10'56"N, 35°58'43"E, 696 m, 30.v.2022, E. DEMIREL (Sekil 1a).
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Palearktik Yayihisi:

Almanya, Arnavutluk, Bulgaristan, Cezayir, Ermenistan, Fas, Fransa, Giircistan, iran, Ispanya, Israil, Isvigre,
Italya, Liibnan, Ozbekistan, Portekiz, Rusya (Dagistan), Suriye, Tiirkiye, Tiirkmenistan, Ukrayna, Yunanistan (Sekil 1c)
[6, 7,8, 27].

Tiirkiye Yayihsi:

Adana, Adiyaman, Aksaray, Amasya, Ankara, Antalya, Artvin, Balikesir, Canakkale, Corum, Diyarbakir,
Elazig, Eskisehir, Gaziantep, Giresun, Giimiishane, Hakkari, Hatay, Isparta, Icel, izmir, Kahramanmaras, Karaman,
Kastamonu, Kayseri, Kirikkale, Kirklareli, Konya, Kiitahya, Mardin, Nigde, Rize, Samsun, Siirt, Sinop, Sanliurfa, Tokat,
Usak (Sekil 1¢) [2, 3, 4, 9, 20, 21, 23, 28, 29].

Sistematikleri

Siiperfamilya: Cercopoidea Leach, 1815
Familya: Cercopidae Leach, 1815
Subfamilya: Cercopinae Leach, 1815
Tribe: Cercopini Leach, 1815

Genus: Triecphorella Nast, 1933

Type: Cercopis fasciata Kirschbaum, 1868

Triecphorella geniculata (Horvath, 1881) (Sekil 2a—c)
Triecphora fasciata geniculata Horvath, 1881.

Cercopis fasciata Kirschbaum, 1868.

Cercopis (Triecphora) fasciata punctum Lindberg, 1923.
Triecphorella kirschbaumi Metcalf, 1955.

incelenen Materyal:
Toplam 6rnek sayisi: 13 '
18, Hatay, Samandag, Camliyayla, 36°10'36"N, 35°59'40"E, 321 m, 18.iv.2022, E. DEMIREL (Sekil 1a).

Sekil 2. T. geniculate'nin habituslari, a) Lateral; b) Dorsal; ¢) Ventral (6lgekler= 2mm)

Palearktik Yayihs::
Israil, Liibnan, Suriye, Tiirkiye, Yugoslavya (Sekil 1d) [6, 7, 8].
Tiirkiye Yayihsi:
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Adana, Amasya(?), Antalya, Balikesir, icel, Kahramanmaras, Kastamonu, Konya, Nigde, Osmaniye(?), Samsun
(Sekil 1d) [2, 4, 21, 23, 30].

4. Sonuclar ve tartisma

Musa Dagi'nda yiiriitilen bilimsel arastirma projesi kapsaminda toplanan 200 Cercopidae Orneginin
degerlendirildigi bu ¢alisma ile arastirma alanindan Cercopis distincta, C. intermedia ve T. geniculate olmak tizere bu
familyaya ait {i¢ tiir tespit edilmigtir. Bolgede toplama yapilan lokasyon ve toplanmis birey sayisi agisindan C.
distincta'nin %99'luk oranla en yaygin ve baskin tiir oldugu goriilmektedir. Orani bu kadar yiiksek olmasa da bu agidan
Demirel ve Ding (2021)'in bulgular1 ile benzerlik gostermektedir. Bununla birlikte 6rnekleme sayisi gorece fazla olmasina
ragmen, Hatay'da yayilis gosterdigi bilinen C. septemmaculata (Melichar, 1903)'in (Demirel ve Ding, 2021) ¢alisma
alaninda izine rastlanmamustir.

Triecphorella geniculate tiirii Hatay ve bolge faunasi i¢in ilk kez bu ¢aligsma ile kaydedilmistir (Sekil 2a—c). Bu
tiirlin teshisinde kullanilan ancak az bilinen genitalia pargalarinin 131k mikroskobisine ait ayrintili gorselleri hazirlanarak
bu alandaki agigin kapatilmasina katki saglanmstir (Sekil 3a—h).

a) b) ¢)

L |
Sekil 3. T. geniculate'nin & genitalia pargalari, a) Sol paramerin laterali; b) Sag style'in laterali; ¢) Sag style'in dorsali; d)
Aedeagusun distali dorsalden; e) Aedeagusun distali ventralden; f) Aedeagusun terminali 6nden; g) Aedeagus laterali; h)
Aedeagusun distalinin taban1 6nden (6l¢ekler= 50um)

C. distinctamin ornekleri degerlendirilirken, bazi lokasyonlara ait populasyonlardan toplanan o6rneklerin
digerlerine gore morfolojik, renk ve desen varyasyonlar1 gosterdigi tespit edilmistir (Sekil 4a—h). Buna gore abdomenin
ana tip renklenmesi olan kirmiz1 diginda dort farkli renk fenotipi tespit edilmistir. Bu tiire ait toplanan 6rneklerin %50'sinin
abdomenlerinin sterna ve konneksivasi tamamen kirmizidir (Sekil 4a). Diger %50'sinde ise 6rneklerin farkli sterna ve
konneksivasinda degisen oranlarda kararmalar goriilmektedir (Sekil 4b—e). Ayrica az sayidaki Orneklerin metatoraks
bacak mahmuzlarinin sayisi, sekli ve biiyiikliiklerinde de atipik farkhiliklar goriilebilmektedir. Orneklerin biiyiik
boliimiinde mahmuzlar ince, uzun ve uglar sivri iken (Sekil 4¢, d, e, g), nispeten kisa ve kiit olanlarina rastlamak da
miimkiindiir (Sekil 4a, b, f). Baz1 6rneklerde, ugtaki bilyliik mahmuzun hemen arkasinda fazladan atipik indirgenmis bir
mahmuz da bulunabilmektedir (Sekil 4h). Bu yiizden diger Cercopis spp.'de oldugu gibi bu tiiriin teshisi yapilirken de bu
ve benzeri varyetelerinin olabilecegi dikkate alinmalidir.

Musa Dagi’ndan tespit edilen tiirlerin Tiirkiye ve Palearktik yayihs haritalari, yeni bulgu ve kayitlar ile yeniden
diizenlenmis ve giincellenmistir. Onceki ¢alismalarda T. geniculate'nin Tiirkiye yayilis verileri arasinda Amasya ve
Osmaniye illerine yer verilmigse de [23], ilgili ¢aligmada atfedilen eserlerde bunu destekleyecek net bir bilgiye
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ulagilamamustir. Ancak tiiriin Tiirkiye'deki genel yayilis modeli dikkate alindiginda, bahsi gegen illerin muhtemel yayilis
alaninda yer almasi nedeniyle, yetersiz veriye ragmen tiiriin yayilis haritasinda bu illere de yer verilmistir.

Sekil 4. Cercopis distincta'da goriilen renk ve mahmuz varyasyonlari

Tespit edilen tiirlerin ¢aligma alanindaki yayilis verileri incelendiginde, Demirel ve Ding (2021)"in tespitlerine
benzer sekilde simpatrik bir goriiniim sergiledikleri goriillmektedir. Ancak C. intermedia ve Triecphorella geniculate igin
kisith lokasyondan ve az sayida 6rnek toplanabildigi dikkate alindiginda, detayli bir yorum yapabilmek i¢in daha fazla
veriye ihtiya¢ bulunmaktadir.
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Abstract

Commonly found in terrestrial and aquatic ecosystems, Gastropoda members are the class with the highest
number of species within the Mollusca. Freshwater Gastropods which are generally listed in primary consumer play a
crucial part in aquatic environments by feeding numerous fish species and vertebrate species. In Tirkiye, the Black Sea
Region is also a privileged geography in terms of its topography and historical development history of aquatic systems,
rich in rivers and lakes. In this research, field studies were conducted from 20 different stations in the Black Sea region
between 2017-2018. Benthic macroinvertebrate samples were collected from lakes and rivers with an Ekman grab
sampler and hand net. Samples were washed in situ and fixed with 70% ethyl alcohol. Totally 10442 benthic
macroinvertebrate individuals belong to 21 taxa were determined in the study. In the region, Oligochaeta was the
dominant taxa with 56.80% dominancy value and followed by Chironomidae and Gastropoda with 18.26 and 8.24,
respectively. As third dominant taxa, Gastropoda members were consist of 870 individuals belong to 11 taxa. It was
determined that Gyraulus elenae and Radix labiata from Gastropoda were widely distributed in the region. These
species have broad tolerance to pollution. In the study, it was determined that both densities of species and population
were increased in the regions of the rivers that are far from the settlement areas or that have not been intervened and in
the littoral parts of the lakes. In general, a decrease was observed not only in the Gastropoda members but also in the
expected population density of the macrozoobenthos members in the parts of the streams that are under anthropogenic
pressure.

Key words: Gastropoda, Black Sea Region, Mollusca, taxonomy

*

Karadeniz Boélgesi’nin bazi tath sularinda makrozoobentik fauna ve Gastropoda tiirleri iizerine 6n arastirmalar,
Tiirkiye

Ozet

Karasal ve sucul ekosistemlerde yaygin olarak bulunan Gastropoda iiyeleri, Mollusca i¢inde en fazla tiire sahip
siiftir. Genellikle birincil tiiketici listesinde yer alan tatli su Gastropodlari, ¢ok sayida balik tiirli ve omurgali tiiriiniin
besinini olugturdugundan sucul sistemlerde énemli bir rol oynamaktadir. Tiirkiye'de de Karadeniz Bolgesi, topografyasi
ve su sistemlerinin tarihsel gelisim tarihi agisindan, akarsular ve géller agisindan zengin, ayricalikli bir cografyadir. Bu
arastirmada 2017-2018 yillar1 arasinda Karadeniz Bolgesi’ndeki g6l ve nehirleri igeren 20 istasyondan zoobentik
orneklemeler ekman kepcesi ve el kepgesi ile yapilmistir. Calismada 21 taksona ait toplam 10442 bentik
makroomurgasiz birey toplanmugir. Aragtirma alaninda Oligochaeta iiyeleri baskin (%56,80 dominansi) grup olup, bunu
strastyla %18,26 ve % 8,24 dominansi degerleri ile Chironomidae ve Gastropoda gruplari izlemektedir. Ugiincii baskin
grup olan Gastropoda iiyelerinin 11 taksona ait 870 birey icerdigi tesspit eilmistir. Gastropoda'dan Gyraulus elenae ve
Radix labiata'nin bolgede yaygin olarak yayilis gosterdigi belirlenmistir. Bu tiirler kirlilige karsi genis toleransa
sahiptir. Caligmada, akarsularin yerlesim yerlerinden uzak veya miidahale edilmemis bdlgelerinde ve gollerin kiyi
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kesimlerinde hem tiir hem de popiilasyon yogunlugunun arttii tespit edilmistir. Genel olarak sadece Gastropoda
tiyelerinde degil, akarsularin antropojenik baski altinda olan kisimlarinda makrozoobentoz iiyelerinin populasyon
yogunlugunda da bir azalma gézlenmistir.

Anahtar kelimeler: Gastropoda, Karadeniz Bolgesi, Mollusca, taksonomi
1. Introduction

Almost every ecosystem, from little ephemeral pools to vast lakes and small springs to large rivers, can be
home to aquatic invertebrates. Among the more extreme habitats are hot springs, sewage treatment facility lagoons, oil
pools, and extremely salty seas. Aquatic invertebrates live in a range of habitats within a body of water. Aquatic
invertebrates are incredibly diverse in their representations of the world. Aquatic invertebrates are numerous and
diverse, but they are frequently unnoticed and few people are even aware of their existence, much less their
significance. The enormous diversity of aquatic invertebrates limits our current understanding of their life histories,
ecology, and geographic spread. Because different species have differing tolerances to various pollutants, aquatic
invertebrates are also used to evaluate the health of streams, lakes, and wetlands. Invertebrates, for instance, are
frequently the first species to perish or disappear if a water body gets polluted since they are typically intolerant of
pollution. This indicates that a body of water that doesn't have these taxa but does have more tolerant species is
probably polluted. These investigations, however, necessitate precise identification of the invertebrates that were
gathered in samples [1].

With around 118,000 species, molluscs are possibly the most diverse category of metazoans after arthropods.
Gastropoda and Bivalvia, the two largest molluscan classes, have repeatedly and successfully colonized continental
("fresh™) seas. Almost all aquatic ecosystems, including rivers, lakes, streams, swamps, subterranean aquifers, springs,
temporary ponds, drainage ditches, and other transitory and seasonal waterways, are home to freshwater gastropods.
The majority are submerged dwellers, and many are adapted to specific environments, including soft sediment, aquatic
flora, boulders, stones, and wood. Some are able to survive for extended periods of time without water (such as some
Ampullariidae), while others can spend a lot of time aestivating in the soil during dry seasons. There are very few
groups that can be found in highly salinized inland settings like the Caspian Sea or salt lakes in Central Asia, Africa,
and Australia (most notably some of the rissooidean families) [2].

Freshwater gastropods play a crucial part in aquatic environments by feeding numerous fish species and
vertebrate species. They include species that are widely distributed in rivers and lakes and are used as indicators in
aquatic systems monitoring studies. Due to its position between two continents, Tiirkiye, one of the zoogeographically
distinct locations of the Western Palaearctic, has a more diverse mollusc fauna than the nearby regions of Europe [3].
Species of prosobranchs can survive in a range of ecological settings. Prosobranchs are used in ecological studies
because of their capacity for biomonitoring [4].

It is clear from studies on freshwater molluscs in Tirkiye that the first checklist, which identified 72 taxa,
was conducted in 1999 in freshwater and brackish water. One of the checklists that was released in 2006 listed 28 taxa
and just the freshwater pulmonate species. In the same year, a second prosobranchia checklist was published, and 80
taxa were found. Since 2006, no research on this topic has been conducted. The existence of 204 taxa (164 species
belonging to the Gastropoda and 40 species belonging to the Bivalvia) and all freshwater-related investigations were
reported by Giirlek et al. [5]. According to Mollusca checklist conducted by Giirlek et al., we can see that the studies
have a particular interest in the Central Anatolia, Mediterranean, and Aegean seas. Eastern Anatolia and the Eastern
Black Sea regions are the least explored geographical areas based on the number of species discovered and the average
scientific study (Figure 1).

Present study aims to investigate the macrozoobentic community composition and distribution of the
Gastropoda in the Black Sea Region. It also aims to fill the gap in species diversity of Gastropoda in the region. To
determine the community of macrozoobenthic invertebrate and the species composition of Gastropoda, 20 different
stations were sampled as Ikizdere Stream (Rize), Uzungdl (Trabzon), Uzungdl 2 (Trabzon), Uzungél 3 (Trabzon),
Kavaklidere (Giimiishane), Dogankent River (Giresun), Kumru River (Ordu), Bolaman River (Ordu), Ordu River
(Ordu), Cernek Lake (Samsun), Akgo6l (Samsun), Saritkum Lake (Sinop), Erfelek Waterfall (Sinop), Yenice River
(Zonguldak); Efteni Lake (Diizce), Efteni Lake 2 (Diizce), Efteni Lake 3 (Diizce), Melen River (Diizce), Nazli Lake
(Bolu), Lake Abant (Bolu).
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Figure 1. Distribution and density of malacological studies in Tiirkiye according to the eight regions (The color is
darkening from the least studied region to the most studied region). From [5]

2. Material and method
2.1. Study Area

Benthic macroinvertebrate samples were collected from 20 stations in the Black Sea region (Figure 2). Black
Sea Region include four basins of 25 freshwater basins of Tiirkiye as Eastern Black Sea Basin, Kizilirmak Basin,

Yesilirmak Basin and Western Black Sea Basin. Our sampling sites cover three of them: Basins of Eastern Black Sea,
Kizilirmak, and Western Black Sea (Table 1).

Figure 2. Geographical positions of sampling stations in Tiirkiye

Eastern Black Sea Basin is between 40° 15'- 41° 34' north latitudes and 36° 43'- 41° 35' east longitudes in the
northeast of Tiirkiye. This basin, which extends to the east of the Black Sea in the north, the Kackar Mountains in the
east, the Yamanli, Soganli, Kemer, and Igdir Mountains in the south, and the Carsamba Plain in the west, constitutes
2.92% of Tirkiye with an area of 2,284,439 ha. Almost all of the streams flow vertically into the sea in narrow and deep
valleys. The highest peak of the mountains extending parallel to the coast is 3,937 m high on the Kagkar Mountains [6].

The Western Black Sea Basin is located between 40° 34' 42"- 4% 27' 52" north latitudes and 30° 52' 33"- 35°
12' 12" east longitudes. The Western Black Sea Basin is bounded by the Sakarya Basin in the southwest, the Kizilirmak
Basin in the southeast, and the Black Sea in the north. The Western Black Sea Basin, which covers approximately 3.7%
of Tiirkiye's surface area, has a precipitation area of 28,855 km? [7].

The circumference of the Kizilirmak Basin, which has a precipitation area of 82 221 km?, which is
approximately 10.49% of Tiirkiye's surface area, is 3 546 km and the length of the basin is 293 km [8].
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Table 1. Location and freshwater basin of sampling stations

Station Province Geographic coordinates (X-Y) Freshwater Basin
ikizdere Stream Rize 40.41448974; 40.93328857 Eastern Black Sea
Lake Uzungol Trabzon 40.29608154; 40.61932373 Eastern Black Sea
Kavakhidere Gilimiighane 39.23229980; 40.12048339 Eastern Black Sea
Dogankent River Giresun 38.88867187; 40.87249755 Eastern Black Sea
Kumru River Ordu 37.26489257; 40.88610839 Eastern Black Sea
Bolaman River Ordu 37.44671630; 40.82928466 Eastern Black Sea
Ordu River Ordu 37.91088867; 40.97009277 Eastern Black Sea
Cernek Lake Samsun 36.02392578; 41.66168212 Kizilirmak

Akgol Samsun 36.91888427; 41.28631591 Kizilirmak

Lake Sarikum Sinop 34.91949462; 42.01647949 Western Black Sea
Erfelek Waterfall Sinop 34.77832031; 41.85089111 Western Black Sea
Yenice River Zonguldak 32.07867431; 41.38269042 Western Black Sea
Lake Efteni Diizce 31.04907226; 40.76751708 Western Black Sea
Melen River Diizce 30.98028564; 40.96392822 Western Black Sea
Lake Nazli Bolu 31.74768066; 40.94152832 Western Black Sea
Lake Abant Bolu 31.28131103; 40.60668945 Western Black Sea

2.2. Sampling and laboratory studies

Benthic macroinvertebrate samples were collected from lakes and streams with an Ekman grab sampler and
hand net. Samples were washed in situ using a series of sieves with decreasing mesh sizes of 2 mm, 1 mm, and 0.5 mm.
The material was preserved in 70% ethyl alcohol, taken to the laboratory, and sorted under a stereomicroscope. After
the samples had been sorted, gastropods were prepared for identification. Zhadin [9], Bilgin [10], Gloer [11] and Gloer
and Meier-Brook [12] were used for species identification of Gastropoda samples. All macroinvertebrate samples were
stored in the ESOGU Hydrobiology Laboratory.

3. Results

In the present study, total of 10442 individuals belong to 21 invertebrate taxa were recorded (only Gastropoda
samples were identified to the species level) from the stations (Table 2). Distributions of benthic macroinvertebrates of
sampling stations were shown in Figure 2. And also, a total of 11 species from Gastropoda were determined. Three
species as Melanopsis praemorsa, Potamopyrgus antipodarum and Borysthenia naticina of them are new records for
the Black Sea Region.

According to our results, Oligochaeta was the dominant taxon with 56.80% dominancy value and followed by
Chironomidae and Gastropoda with 18.26 and 8.24, respectively. Apart from these dominant groups, Bivalvia
comprised of 5.69 % and Ephemeroptera 5.13%, while the other taxonomic groups (Hirudinea, Coleoptera, Elmidae,
Hemiptera, Odonata, Diptera, Ceratopogonidae, Simuliidae, Chaoboridae, Trichoptera, Plecoptera, Collembola,
Isopoda, Asellidae, Gammaridae and Palaemonidae) together reached about 5.88% (Table 2).

As third dominant taxa, Gastropoda members were consist of 870 individuals belong to 11 taxa. Among the
identified Gastropoda species, it can be classified as six species which are Viviparus mamillatus, Hydrobia ventrosa,
Melanopsis praemorsa, Potamopyrgus antipodarum, Theodoxus fluviatilis and Borysthenia naticina belong to
Prosobranchia and five species which are Radix sp., Radix labiata, Physella acuta, Gyraulus elenae and Planorbis
planorbis belong to Pulmonate. Theodoxus fluviatilis was the dominant species in the region among the Gastropoda
members with 36.44% dominancy value. It was followed by Potamopyrgus antipodarum and Radix labiata with
15.40% and 13.10%, respectively. Also, species of G. elenae detected in eight stations and Radix labiata detected in
seven stations were widely distributed in the region (Table 2).
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Table 2. Dominancy values of benthic macroinvertebrates identified at different sampling stations in Black Sea Region, Tiirkiye. Gastropoda species recorded for the first
time in the lake are marked by an asterisk (*)(St 1: Tkizdere Stream; St 2: Uzungél; St 3: Uzungdl; St 4: Uzungél (littoral); St 5: Kavaklidere; St 6: Dogankent River; St 7:
Kumru River; St 8: Bolaman River; St 9: Ordu River; St 10: Cernek Lake; St 11: Akgol; St 12: Sarikum Lake; St 13: Erfelek Waterfall; St 14: Yenice River; St 15: Efteni
Lake (littoral); St 16: Efteni Lake; St 17: Efteni Lake 2; St 18: Melen River; St 19: Nazh Lake; St 20: Lake Abant)

Total
Taxa/Sampling stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 d\c;g::jr;a(r;gy
%)

Gastropoda (as total) 052 1328 |0.66 |[0.66 [18.82 [243 |2444 [058 |455 |[64.18 |15.66 |7345 |0.75 |[5.56 |20.69 |[50.00 |10.00 |10.71 [0.10 |2.59 8.24
Viviparus mamillatus (Kiister, 1852) - 134 |- - - - - - - - - - - - - - - - - 2.59
Radix labiata (Rossmassler, 1835) - 5.88 0.66 0.66 - 2.43 - - - - 7.23 - - 2.78 - - - - 0.10 -
“Radix sp. - - - - - - - - - - - - 075 |- - - - - - -
Physella acuta (Draparnaud, 1805) 0.52 2.52 - - - - - - - - 4.82 - - - - - - - - -
*Gyraulus elenae
Vinarski, Gloer&Palatov, 2013 - 383 |- - 1129 - - - 4% - 361 |- - 218 |- > ! 10.71 - -
*Hydrobia ventrosa Montagu, 1803 - - - - - - - 0.58 - - - - - - - - - - - -
Melanopsis praemorsa (Linnaeus, 1758) - - - - 7.53 - 24.44 | - - - - - - - - - - - - -
*Potamopyrgus antipodarum (Gray, 1843) | - - - - - - - - - - - 21.82 |- - - - - - - -
Theodoxus fluviatilis (Linnaeus, 1758) - - - - - - - - - - - 51.63 |- - - - - - - -
*Borysthenia naticina (Menke, 1845) - - - - - - - - - - - - - - 12.07 |- - - - -
Planorbis planorbis (Linnaeus, 1758) - - - - - - - - - 64.18 |- - - - 8.62 - - - - -
Bivalvia - - - 2290 |- - - - - - - - - - - - - - - - 5.69
Oligochaeta 2356 |56.13 |84.28 |62.10 |[56.45 |97.11 [10.93 [38.48 |455 |- 3012 (016 149 |- 66.38 | 16.67 |7 7143 |12.86 |60.06 56.80
Hirudinae 0.52 - - 0.04 - - 0.32 - - - - - - - - - - - - 0.15 0.04
Ephemeroptera 8.90 8.91 - - 7.26 0.07 3248 | 4752 |63.64 |- 19.28 | - 55.22 | 2.78 0.86 - 1 10.71 | 0.62 4.27 5.13
Coleoptera - 1.85 - - - - - - - 1.49 0.60 0.16 - - - - - - 0.91 0.19
Elmidae - - - - 161 |- 032 |- - - - - - - - - - - - - 0.07
Hemiptera - 3.53 - - - - - - - - 3.01 - - - - - - - 0.21 3.96 0.52
Odonata - 101 |- - 1.08 |- 225 029 |- 299 1205 |033 |075 |- - - - - - 1.37 0.50
Diptera - - - - - - - - - - - - - - - - - - 021 |- 0.02
Chironomidae 62.83 |15.29 | 1506 [14.30 [1398 |0.39 |[6.11 [204 |227 |31.34 |19.28 |7.65 [20.15 |- 11.21 3333 |1 714 | 7119 |22.87 18.26
Ceratopogonidae 0.52 - - - 0.27 - - 0.29 - - - - 1.49 - - - - - - - 0.05
Simuliidae - - - - 0.27 - 0.64 2.33 - - - - - 66.67 |- - - - - - 0.34
Chaoboridae - - - - - - - - - - - - - - 0.86 - - - - - 0.01
Trichoptera 314 |- - - 0.27 - 20.58 |2.92 1591 |- - - 448 [25.00 |- - - - - - 0.99
Plecoptera - - - - - - 193 [0.58 - - - - - - - - - - - - 0.08
Collembola - - - - - - - - - - - 016 |- - - - - - - - 0.01
Isopoda - - - - - - - - - - - - - - - - - - 14.81 |3.20 1.58
Asellidae - - - - - - - - 227 |- - - - - - - - - - - 0.01
Gammaridae - - - - - - - 4.96 6.82 - - 18.08 | 15.67 |- - - - - - - 1.46
Palaemonidae - - - - - - - - - - - - - - - - - - - 0.61 0.04
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Figure 3. Distributions of benthic macroinvertebrates in the Black Sea Region

Among our sampling stations, Ikizdere Stream, Uzungdl, Kavaklidere, Dogankent River, Kumru River,
Bolaman River and Ordu River are located in Eastern Black Sea Basin. In the basin, Oligochaeta was the dominant
taxon with 68.84% dominancy value and followed by Chironomidae and Bivalvia with 13.03% and 7.78%,
respectively. As fourth dominant taxon, Gastropoda had 3.73% dominancy value. All identified Gastropoda species,
Viviparus mamillatus, Radix labiata, Physella acuta, Gyraulus elenae, Hydrobid sp. and Melanopsis praemorsa, are
new records for the basin. In Lake Uzungdl, we were sampled three stations. According to results, the dominant taxon
in the lake was Oligochaeta with 69.13% dominancy value. It was followed by Chironomidae and Bivalvia with 14.71%
and 12.26%, respectively. Among Gastropoda species, V. mamillatus, R. labiata, P. acuta and G. elenae were identified
in the lake. These species are new record for Lake Uzungol.

Lake Cernek and Akgol are located in Kizilirmak Basin. Gastropoda was dominant taxa with 29.61%
dominancy value in the basin. It was followed by Chironomidae and Oligochaeta with 22.75% and 21.46%,
respectively. Two gastropod species were determined in the basin as G. elenae and Planorbis planorbis. These species
are new records for the lakes.

Stations of Sarikum Lake, Erfelek Waterfall, Yenice River, Efteni Lake, Melen River, Nazli Lake and Lake
Abant are located in Western Black Sea Basin. In the basin, Chironomidae was the dominant taxa with 36.31%
dominancy value. Oligocaheta and Gastropoda were the second and third dominant taxa with 24.36% and 19.63%
dominancy value, respectively. Viviparus mamillatus, Radix labiata, Gyraulus elenae, Potamopyrgus antipodarum,
Theodoxus fluviatilis, Radix sp., Borysthenia naticina and Planorbis planorbis were identified among Gastropoda
species in the basin. Theodoxus fluviatilis was the dominant gastropod species in the area. G. elenae, P. antipodarum,
Radix sp. and B. naticina are new records for the Western Black Sea Basin. Also, Melanopsis praemorsa and are new
record for the Black Sea Region.

4. Conclusions and discussion

The present study contributes to the knowledge on the macrozoobenthic fauna and Gastropoda species of the
Black Sea region. Results of this study shown that macrozoobenthic fauna of Black Sea Region was dominated by three
group invertebrates, Oligochaeta, Chironomidae and Gastropoda. These are typical taxa of many freshwater systems
and they have been known as tolerant organisms to pollution.

As a result of the study, total of 11 species from Gastropoda were determined and three species as
Melanopsis praemorsa, Potamopyrgus antipodarum and Borysthenia naticina of them are new records for the Black
Sea Region. These three gastropods’ species are member of Prosobranchia whose can be able to tolerate a wide range of
abiotic conditions from coastal estuaries to freshwater ecosystems [4, 13]. In addition, one of them, Potamopyrgus
antipodarum, known as global invaders and it is originated from The New Zealand. The most common aquatic
invertebrate in the world, Potamopyrgus antipodarum, is found throughout North America, Europe, Asia, and Australia
with the exception of Africa and Antarctica [14]. For nations in a globalized society, biological invasions cause several
ecological and economic issues [15]. There are various aspects to this species' expansion strategies. Ship ballast water,
aquatic plants, fish, and birds are used to carry them [16]. In Tiirkiye, it was firstly recorded in 1980 [10]. Then, reports
of it came from different places from regions of Aegean, West Mediterranean and Marmara to West Anatolia
(Gaziantep) and Black Sea (Kizilirmak) [17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28]. With this study, P. antipodarum
was detected from only one sampling site, Lake Sarikum, with high population density (21.82%) after Theodoxus
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fluviatilis (51.63%). Because of connected to the Black Sea, Lake Sarikum is typically a lagoon lake and eutrophic lake
with a brackish characteristic and salinity ranging from 1%. to 5% [29]. Although, benthic macroinvertebrate
community structure of Lake Sarikum was investigated by different researchers. P. antipodarum was not detected
before in the lake. Six species of gastropoda, Theodoxus fluviatilis, Planorbis planorbis, Hydrobia ventrosa, Valvata
sp., Bittium reticulatum and Rissoa splendida, had been recorded previously from Lake Sarikum [30, 31]. When
compare the results, we can conclude that variations in species composition, richness and diversity are probably the
result of changes in the lake’s natural conditions. Recently, [28] were reported that P. antipodarum was the second
dominant species in the Delice River (Kizilirmak River Basin) with 31.43% after Physella acuta (46.88%), and
Theodoxus fluviatilis and Pseudamnicola natolica are associated taxa with P. antipodarum. As we indicated before P.
antipodarum can be found in a wide variety of aquatic habitats including lakes, streams, and estuaries. It is reported that
the invasion success of P. antipodarum is based on different characteristics of the species, such as parthenogenetic
reproduction high population growth rates, escape from natural enemies, behavioural traits, and tolerance to a wide
variety of physical and chemical conditions [32]. According to the previous literatures, presence of P. antipodarum
which was not detected in Sarikum Lake before, might be considered as invasive for the lake due to its second dominant
population in the area. This species may have spread naturally to this lagoon lake by crawling, floating, drifting on
vegetation, dispersing via animal vectors, or dispersing on land.

Borysthenia naticina, who has Ponto-Baltic distribution in lakes [11], was detected from only one sampling
site, Lake Efteni (Western Black Sea) as dominant gastropoda species (12.07%) with Planaorbis planorbis. Although
distribution of B. naticina is primarily confined to eastern Central Europe, Eastern Europe and Tiirkiye, this species
reported as a rare and zoogeographically restricted in Germany and endangered in some other European countries [33].
It is reported that B. naticina’ distribution in Tiirkiye includes the Mediterranean [17]. Although typical habitats of B.
naticina is given as large and medium-sized lowland rivers [33], different researchers have recorded the presence of B.
naticina previously from the lake (Lakes, Sapanca, Karatag, Egirdir, Kovada) rather than river (Istranca Stream and
Yuvarlak¢ay) in Tirkiye [5]. It is known that especially Prosobranchia species, except B. naticina, living in the lake
generally prefer lentic and lotic systems isolated from pollutant effects, in poorly vegetation, and with low trophic levels
[34]. Lake Efteni, where the species detected area, is a small and shallow lake. Erturk et al. were indicated that the lake
is under severe environmental threat in terms of receiving land-based sources of pollutants especially of diffuse
character and it is currently in transition from mesotrophic to eutrophic state [35]. B. naticina, is known to be
euryoecious species, previous data dealing with an ecological characteristics of the B. naticina has been supported by
our findings from Lake Efteni, whose has mesotrophic to eutrophic state.

The third new record gastropod species for the Black Sea Region, Melanopsis praemorsa, is common species
inhabiting relatively clear river system in the Mediterranean region. In the present study it was determined in two
streams (Kavaklidere and Kumru rivers) at Eastern Black Sea region.

According to previously Gastropoda species studies, Viviparus mamillatus, Viviparus ater, Radix
auricularia, Radix labiata, Stagnicola palustris, Lymnaea stagnalis, Radix auricularia, Radix labiata, Stagnicola
palustris, Physa fontinalis, Gyraulus albus and Planorbis planorbis were reported before in Lake Abant [5]. In this
study, we were determined only Viviparus mamillatus species in the area.

As a result of the study a total of 11 species from Gastropoda were determined. Among the gastropods the
most common species is Gyraulus elenae (8 stations), Radix labiata (7 stations). Planorbis planorbis had the highest
abundance (64.18%) followed by Theodoxus fluviatilis (51.63%) and Potamopyrgus antipodarum (21.82%). And also,
three species as Melanopsis praemorsa, Potamopyrgus antipodarum and Borysthenia naticina are new records for the
Black Sea Region. When the results were compared, it can be concluded that variations in species composition, richness
and diversity were probably the result of changes in the lake’s natural conditions. The significant loads of organic
nutrients (such as phosphorus and nitrogen) were the most important and critical factor influencing trophic changes and
species composition in an aquatic ecosystem.
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Abstract

Breast cancer is the second most common cause of death among women and the most frequently diagnosed
cancer type in the worldwide. Cisplatin (CDPP), a chemotherapeutic agent, is used in the treatment of breast cancer, but
has serious side effects. In addition, the resistance of breast cancer cells such as MCF-7 to cisplatin complicates the
treatment. Thymoquinone (TQ), a phytochemical compound found in black cumin, has been applied and investigated as
an anticancer agent in different studies. The aim of this in vitro study is to investigate the antiproliferative effect of
CDPP and TQ combination on MCF-7 cell line. In this study, MCF-7 cells were treated with different concentrations of
TQ, CDDP and thymoquinone:cisplatin combinations (TQ+CDDP) for 24 hours. MTT test were carried out for the cell
viability determination and crystal violet staining methods were applied to observe colony formation. The 1Cs value
and combination index (CI) values that inhibit 50% of the MCF-7 cell population were calculated using the CompuSyn
software program. It was shown that the I1Cso dose of TQ, CDDP and TQ+CDDP on MCF-7 cells were 58 uM, 32 uM
and 31 uM+17 pg/mL, respectively, and the CI value was 1.11. In conclusion, single doses of TQ and CDPP were
shown to have antiproliferative effects on the MCF-7 breast cancer cell line. It was observed that the combination of
TQ+CDDP showed an antiproliferative effect against MCF-7 breast cancer cell line in synergistic or antagonistic effects
corresponding to different Fa values.

Keywords: thymoquinone, cisplatin, MCF-, antiproliferative effect

*

Sisplatin ve Timokinon Kombinasyonunun MCF-7 Hiicrelerindeki Antiproliferatif Etkisinin Degerlendirilmesi

Ozet

Meme kanseri, diinyada kadinlar arasinda en sik en sik goriilen ikinci 6lim nedeni ve en sik teshis edilen
kanser tiriidiir. Kemoterapotik bir ajan olan, sisplatin (CDPP), meme kanseri tedavisinde kullanilmakla birlikte ciddi
yan etkilere sahiptir. Ayrica, MCF-7 gibi meme kanseri hiicrelerinin cisplatine karsi direngli olmasi tedaviyi
zorlagtirmaktadir. Corek otunda bulunan ve fitokimyasal bir bilesik olan timokinon (TQ) farkli ¢aligmalarda antikanser
ajan olarak uygulanmis ve arastirilmigtir. Bu in vitro ¢alismadaki amag, CDPP ve TQ kombinasyonunun MCF-7 hiicre
hatt1 {izerindeki antiproliferatif etkisini arastirmaktir.

Bu calismada, MCF-7 hiicreleri, 24 saat boyunca farkli TQ, CDDP konsantrasyonlari ve timokinon:sisplatin
kombinasyonlart (TQ+CDDP) ile muamele edildi. Hiicre canliligi tayini igin MTT testi ve koloni olugumunu
gozlemlemek i¢in kristal viyole boyama yontemleri uygulandi. MCF-7 hiicre popiilasyonunun %50’sini inhibe eden
(IC50) deger ve kombinasyon index (CI) degerleri CompuSyn yazilim programi kullanilarak hesaplandi.

MCF-7 hiicreleri tizerinde TQ, CDDP ve TQ+CDDP’nin etkin dozlarinin sirasiyla 58 uM, 32 uM ve 31
uM+17 pg/mL oldugu ve bu kombinasyon dozunun Fa=0.5 (IC50) oldugu durumda kombinasyon indeks degerinin 1.11
oldugu gosterildi. Sonug¢ olarak, TQ ve CDPP’nin tekli dozlarmin MCF-7 meme kanseri hiicre hatti iizerinde
antiproliferatif etkiye sahip oldugu gosterildi. TQ+CDDP kombinasyonunun ise farkli Fa degerlerine denk gelen
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sinerjistik veya antagonistik etkilerde MCF-7 meme kanseri hiicre hattina karsi antiproliferatif etki gosterdigi
gozlemlendi.

Anahtar kelimeler: timokinon, sisplatin, MCF-7, antiproliferatif etki
1. Giris

Meme kanseri kadinlarda en sik rastlanan malignitedir. Hastali§in toplum iizerinde oldukca etkili olmasi
onemli bir halk saglig1 problemi olusturmakta ve dolayisiyla, tan1 ve hedef tedavilerin gelistirilebilmesi i¢in daha fazla
molekiiler diizeyde aragtirmaya ihtiya¢ duyulmaktadir [1]. Bugiine kadar gelistirilen bir cok meme kanseri hiicre hatlari
icerisinde MCF-7 hiicre hatti, arastirma gruplarimin en ¢ok kullandigi hatlardan biri olmustur [2]. Ostrojen ve
progesteron gibi hormon reseptorlerini eksprese eden MCF-7 hiicre hatti1 [2], doksorubisin, salvianolik asit, cisplatin ve
etoposid gibi antikanser ajanlarina da direng gostermektededir [3].

Antikanser ajanlar1 igerisinde yaygin bir sekilde kullanilan cisplatin ya da cis-DDP (cis-diamin
dikloroplatin(Il), CDPP), testis ve over kanserlerinde tedavi edici olarak etkin bir sekilde uygulanmaktadir [4].
Sisplatinin antikanser ajan olarak etki mekanizmasi, piirin niikleotidlerinin yedinci azot atomuna baglanarak DNA
hasarina neden olmasi ve ayn1 zamanda replikasyonu engelleyerek hiicre boliinmesini bloke etmesine dayanmaktadir
[5]. Sisplatin uygulanmasinin nefrotoksisite ve ototoksisite gibi yan etkilerinin yam sar1, kolorektal [4] ve MCF-7 insan
meme kanseri hiicre hattinin da i¢inde bulundugu bazi kanser tiirlerinin bu ajana kars1 direng gostermesi [6] asilmasi
gereken sorunlardan biridir.

Yillarca siiregelen in vitro ve in vivo calismalarda dogal bilesenler arastirmacilarin odak noktasi olmustur.
Bunlardan biri olan ve ¢orek otunda baskin bir sekilde bulunan Timokinonun (TQ), antioksidan, antiinflamatuar,
antihepatotoksik ve antinefrotoksik, antidiyabetik, antimikrobiyal ve antikanser gibi etkileri detaylica arastirilmistir [7].
Yapilan aragtirmalar, TQ’nun kanser hiicrelerinin boliinmesini, hiicre dongiisiinii farkli asamalarda durdurdugunu;
ayrica, proapoptotik faktorleri indiikleyip antiapoptotik faktorleri baskilayarak kanser hiicrelerinin apoptotik hiicre
6liimiine devam etmesinde onemli rol oynadigini gostermektedir [8]. TQ ve CDPP kombinasyonunun antiproliferatif
etkinligi, NCI-H460 (karaciger kanseri hiicre hatti) ve UMSCC-14C (oral sukamoz kanser hiicreleri) gibi gesitli kanser
hiicre hatlarinda arastirtlmgtir [9,10].

Bu in vitro arastirmada TQ ve CDDP’nin hem tekli dozlarmm hem de olusturulan kombinasyon dozlarimin MCF-7
hiicre canliligi iizerindeki etkisinin arastirilmasi hedeflenmistir

2. Materyal ve yontem

1.1. Kimyasallar

Meme kanseri hiicre hattt (MCF-7), Amerikan Tipi Kiiltiir Koleksiyonu'ndan (ATCC, Manassas, VA) satin
almmigtir. Metanol Sigma-Aldrich firmasindan, Dulbecco's Modified Eagle Medium (DMEM), dimetil siilfoksit
(DMSO) ve Timokinon Merck firmasindan temin edilmistir. Sisplatin ise Kogak Farma’dan satin alinmigtir. Caligmada
kullanilan diger malzemeler ise TermoFisher Scientific firmasindan temin edilmistir.

1.2. Hiicre Kiiltiirii

MCEF-7 hiicreleri, %10 fetal bovin serumu (FBS), %1 Penisilin/Streptomisin ve %1 L-glutamin igeren DMEM
besiyerinde, 37°C, %5 CO; olacak sekilde ayarlanmig inkiibator igerisinde ¢ogaltildi. Yeterince ¢ogalmis olan MCF-7
hiicrelerine ¢alisma giindi, tripsin-EDTA (%0.05) ile miidahale edilerek yapistiklari flask yiizeyinden serbestlesmeleri
saglandi. Serbestlesen MCF-7 hiicreleri 1500 rpm’de 5 dk boyunca santrifiij edildi. Siipernatant atildi ve hiicreler
DMEM ile yeniden siispanse edildi. Hiicre sayimini gerceklestirmek iizere 1:1 oraninda tripan mavi ile boyanan
hiicrelerin sayimi gerceklestirildikten sonra her kuyucukta 1x10*hiicre olacak sekilde 96 kuyucuklu mikroplaklara ekim
yapildi ve hiicrelerin yapismasi igin bir giin boyunca inkiibasyona birakild1.

TQ ana stogu 200 mM olacak sekilde DMSO igerisinde ¢oziildii ve -20°C’de muhafaza edildi. Sisplatin igin
500 uM olan ana stok kullanildi. Calisma aninda, bir giin 6nceden mikroplakalara ekilmis olan hiicreler iizerine TQ ve
sisplatin ana stoklarindan eklendi. Kuyucuklar igerisindeki son hacim DMEM ile 100 pL’ye tamamlanarak, son
konsantrasyonlarin, TQ i¢in 10, 20, 40, 60, 80, 100 pM ve sisplatin i¢in ise 10, 20, 30, 40 ve 50 ng/mL olmasi saglandi
ve 24 saat boyunca inkiibasyona birakildi. DMSO’nun son konsantrasyonu %0.1’i gegmeyecek sekilde ayarlandi.

1.3. Hiicre Canliligi

Hiicre canlihigimi test etmek iizere MTT (3-[4,5-dimetiltiazol-2-il]-2,5 difenil tetrazolyum bromiir) testi
uygulandi. TQ ve sisplatin ile ayr1 ayr1 miidahale edilen MCF-7 hiicreleri {izerine (4 tekrarli), 24 saatlik inkiibasyonun
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ardindan, her kuyucuga 10 uL. MTT soliisyonu eklendi ve 3 saat boyunca inkiibe edildi. Inkiibasyondan sonra besiyeri
uzaklastirildi ve olusan formazan kristallerini ¢6zmek i¢in her kuyuya 100 uL. DMSO ilave edildi. DMSO igerisinde
¢oziinen mor renkli formazan kristalleri Varioskan Flash mikroplak okuyucu (Skanit Software 2.4.5, Thermo Scientific)
ile 540 nm dalga boyunda 6lgiildii. Elde edilen veriler, TQ ve CDDP'nin hiicre canliligini belirlenmesi igin:

Hiicre Canlilig1 (%) = —tzst—felamk . 1

konerol —Ablonk

formiilii kullanilarak her kuyucuktan elde edilen absorbans degeri i¢in ayri ayr1 hesaplandi. Béylece, TQ ve CDPP’nin
kombinasyonu igin ICsg degerleri belirlenerek bu degerler kombinasyon oraninin hesaplanmasinda kullanildi.

1.4. Kombinasyon Indeksinin Belirlenmesi

TQ ve CDPP’nin ICso degerleri CompuSyn bilgisayar yazilim programinda hesaplandiktan sonra kombinasyon
calismasi i¢in bir oran belirlendi. TQ+CDPP i¢in dozlar yeniden bu orana gore ayarlandi ve hiicre canliligi testi
uygulandi. CDPP ve TQ kombinasyonu igin IC50 degerleri ve kombinasyon indeksleri (CI), Chou ve Talalay’m [11]
medyan etki prensibine gére CompuSyn bilgisayar yazilim progranu kullanilarak belirlendi. CompuSyn programi ile
hesaplanan kombinasyon indeks degerleri; CI>1 ise antagonistik, CI=1 ise additif ve CI<I ise sinerjistik etki gdsteren
degerler olarak degerlendirildi.

1.5. Kiristal Viyole Boyama

MCF-7 hiicreleri, her kuyuda 5x10° hiicre olacak sekilde 6 kuyucuklu plakalara ekildi. Yapigan hiicreler, TQ
ve CDDP'nin I1Csp dozlarinda ve ti¢ farkli dozda kombinasyonlari ile 24 saat boyunca inkiibe edildi. Hiicreler daha sonra
iki kez soguk 1x PBS ile yikandi ve sogutulmus metanol ile 10 dakika boyunca fikse edildi. Plakalardan metanol aspire
edildikten sonra sabitlenmis hiicreler %0.5 kristal viyole soliisyonu (% 25 metanol i¢inde ¢6ziilmiis) ile boyandi ve oda
sicakliginda 10 dakika inkiibe edildi. Hiicreler, fazlalik boya temizleninceye kadar distile suyla yikandi ve oda
sicakliginda kurumaya birakildu.

1.6. Istatistiksel Analiz

MTT deneyi sonuglarinin istatistiksel analizi Graphpad Prism 9 kullanilarak yapildi. TQ, CDDP ve
TQ+CDDP uygulanmis hiicre gruplari ile kontrol gruplari arasinda antiproliferatif etki acisindan istatistiksel olarak
anlaml bir fark olup olmadigini belirlemek i¢in One-Way ANOVA ve Dunnett'in ¢oklu karsilastirma testleri kullanildi.
p<0.05 olan sonuglar istatistiksel agidan anlamli olarak degerlendirildi..

3. Bulgular

1.7. Timokinonun ve Sisplatinin MCF-7 Hiicreleri Uzerindeki Antiproliferatif Etkisi

Sekil la’da 10, 20, 30, 40 ve 50 pg/mL konsantrasyonlarindaki CDPP’nin MCF-7 hiicrelerinin canlilig
tizerindeki etkisi goriilmektedir. Buna gore kontrol grubu ile kiyaslandiginda 10 ve 20 uM uygulanan gruplarda
istatistiksel agidan anlamli bir azalma tespit edilirken (sirasiyla p<0.05; p<0.01); 30, 40 ve 50 pg/mL dozlarinin
uygulandigr gruplarda ileri derecede anlamli bir fark bulunmustur (p<0.001). CDPP’nin ICso degeri ise 32 pg/mL
olarak hesaplandi.

Sekil 1b’de 10, 20, 40, 60, 80 ve 100 uM konsantrasyonlardaki timokinonun MCF-7 hiicrelerinin canlilig
iizerindeki etkisi goriilmektedir. Kontrol grubu ile karsilastirildiginda 10 ve 20 uM konsantrasyonlarindaki fark
istatistiksel agidan anlamli bulunmadi (ns). Buna karsilik, 40, 60, 80 ve 100 uM konsantrasyonlarindaki hiicre canlilig1
kontrol grubu ile karsilastirildiginda azalma oldugu ve bu azalmanin istatistiksel olarak ileri diizeyde anlamli farklilik
gosterdigi saptandi (p<0,001). CompuSyn Software programi kullanilarak fraksiyonel etki (Fa) degerleri iizerinden TQ'
nun ICsg konsantrasyonu 58 uM olarak hesaplandi.
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Sekil 1. a. Farkli konsantrasyonlardaki sisplatinin hiicre canlilig1 izerindeki etkisi. b. Farkli konsantrasyonlardaki

timokinonun hiicre canlilig1 iizerindeki etkisi. ns, anlamli olmayan farklilik; *: p<0.05; **: p<0.01; ***: p<0.001.

1.8. TQ ve CDDP Kombinasyonunun MCF-7 Hiicreleri Uzerindeki Antiproliferatif Etkisi

351

TQ ve CDDP kombinasyon gruplarinin hazirlanmasinda TQ ve CDDP’nin ICsp degerlerinin birbirine orani

“TQ: CDDP,

1,8:1” olarak belirlendi ve kombinasyon dozlar1 Tablo 1’de verildigi gibi hesaplandi. Bu

konsantrasyonlara gore, kontrol grubu ile karsilastirildiginda K1’in istatistiksel olarak yiiksek diizeyde anlamli
(p<0,01); K2, K3, K4 ve K5’in ise ¢ok yiiksek diizeyde anlamli farklilik (p<0,001) gosterdigi saptandi (Sekil 2a).
CompuSyn Software programi ile MCF-7 hiicreleri lizerinde TQ+CDDP kombinasyon uygulamalari sonucunda elde
edilen CI (Sekil 2b) ve Fa degerleri ve bunlara denk gelen tanimlamalar Tabloda 1’de verilmistir. Ayrica Fa= 0.5 igin
TQ+CDDP dozu 31 uM+17 pg/mL ve kombinasyon indeksi 1.11 olarak hesaplanmistir.

Tablo 1. MCF-7 hiicrelerine uygulanan kombinasyon gruplari i¢in belirlenen doz miktarlari, CI, Fa degerleri ve

tanimlamalar
TQ Sisplatin
Konsantrasyonu | Konsantrasyonu | Kombinasyon | Fraksiyonel
Gruplar indeksi (CI) Etki (Fa) Tanimlamalar
(uM) (ng/mL)
Konsantrasyon 1(K1) 20 11 1.15 0.31 Hafif antagonizm
Konsantrasyon 2 40 99 156 0.45 Antagonizm
(K2)
Konsantrasyon 3 60 33 071 0.84 Orta sinerjizm
(K3)
Konsantrasyon 4 80 44 0.62 0.91 Sinerjizm
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(K4)
Konsantrasyon 5 100 55 071 0.92 Orta sinerjizm
(K5)
1Cso 31 17 1.11 0.5 Hafif antagonizm
a
1507
g ]
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Sekil 2. a. Farkli konsantrasyonlardaki timokinon ve sisplatin kombinasyonunun hiicre canliligi {izerindeki etkisi. b.
Farkl1 konsantrasyonlardaki timokinon ve sisplatin kombinasyonunun fa degeri ve kombinasyon indeksi grafigi. CI,
kombinasyon indeksi; Fa, fraksiyonel etki; com, kombinasyon dozlari; ns, alamli olmayan farklilik; *: p<0.05; **:
p<0.01; ***: p<0.001.

1.9. Koloni Olusumu

MCEF-7 hiicrelerinin 6’11 mikro plakalarda koloni olusumu kristal viyole ile boyanarak gosterilmis ve goreceli
olarak karsilastirilmistir (Sekil 3). Buna gore kolonilesmenin diger gruplara kiyasla kontrol grubunda ¢ok daha fazla
oldugu goriilmektedir. Kontrol grubuna kiyasla koloni olusumundaki azalma en fazla TQ+CDD kombinasyonunun 60
uM=+33 pg/mL oldugu konsantrasyonunda saptanmig, bunu 40 uM+22 pug/mL ve 20 uM+11 pg/mL konsantrasyonlari
takip etmistir.
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TQ+CDDP ~ TQ+CDDP  TQ+CDDP
(20uM+11ug/mL)  (40uM+22ug/mL) (60uM+33ug/mL)
Sekil 3. Farkli gruplara ait kristal viyole boyama.

4. Sonuglar ve tartisma

Kanser tipleri arasinda kadinlarda yiiksek mortaliteye sebep olan meme kanseri en yaygin kanser tiirlerinden
biridir [12,13]. Bu durum, biiyiik bir halk sagligi1 problemine neden olmakta ve arastirmacilarin bu saglik sorunu iizerine
odaklanmalarini arttirmaktadir.

DNA’ya baglanarak DNA hasarma neden olan, ayrica replikasyonu ve dolayisi ile hiicre boliinmesini
engelleyerek etki gosteren sisplatin [5,14] farkli in vivo ve in vitro modellerde ¢alisilmigtir. 1978 yilinda FDA (Food
and Drug Administration) tarafindan testis ve mesane kanseri tedavisinde kullanilmak {izere onay almis olan sisplatin,
bu giine kadar yaygin bir sekilde testis, yumurtalik, mesane, kolorektal ve akciger kanseri gibi tiirlerde etkin bir sekilde
kullanilmistir [15]. Buna Karsin igerisinde meme kanserinin de oldugu bazi kanser tiirlerinin sisplatine kars1 direngli
oldugu bilinmekte [2] ve asilmasi gereken bir problem olarak aragtirmacilarin kargisina ¢ikmaktadir. Literatiirdeki
caligmalar incelendiginde sisplatin konsantrasyonlarinin degisebildigi goriilmiistir [16-19]. Bir ¢alismada, 48 ve 72
saat boyunca 10 pg/mL sisplatine maruz birakilan MCF-7 ve kaspaz-3 geni ile transfekte edilen MCF-7 hiicreleri
(MCF-7 CASP-3) apoptotik hiicre 6limi yolaklar1 iizerinden arastirilmis ve karsilagtirilmigtir. Bu caligmaya gore,
sisplatinin MCF-7 CASP-3 hiicreleri lizerinde MCF-7 hiicrelerine kiyasla yaklagik 50 kat daha etkili oldugu gosterilmis
ve MCF-7 hiicrelerindeki sisplatin direncinin kaspaz 3 ile iliskili oldugu belirtilmistir [18]. Buna karsilik baska bir
calismada, farkli dozlarda (1.5-20 uM) uygulanan sisplatinin MCF-7 hiicre canlilif1 lizerindeki etkileri incelenmis ve 5
saat gibi kisa bir inkiibasyon siiresinin sonunda sisplatinin 20 uM olarak uygulandig1 grupta hiicrelerin yaklasik
%75’inin 6ldagi belirtilmistir [19]. Bizim, MCF-7 hiicrelerine 24 saat boyunca farkli konsantrasyonlarda sisplatin
uyguladigimiz g¢alismamizda sisplatinin ICso dozu 32 pg/mL olarak hesaplanmis, ayrica koloni olusumunun géreceli
olarak azaldig kristal viole boyama ile gosterilmistir.

Gilintimiizde bitkilerden, hayvanlardan veya mikroorganizmalardan elde edilen dogal iiriinler kanser
tedavisinde 6nemli rol oynamaktadir [20, 27]. Bunlardan biri olan ve ¢orek otunda bulunan TQ, tiimor gelisimini inhibe
etme ve kansere kars1 koruyucu etkiye sahip olma gibi biyolojik aktivite ile iyi bilinen bir antioksidan molekiildiir [9].
Timokinonun, farkl kanser tiirlerinde ve hatta kanserin farkli asamalarinda (proliferasyon, metastaz ve invazyon) etkin
bir sekilde koruyucu oldugu yapilan ¢alismalarla gosterilmistir [21]. Bir ¢alismada TQ’nun 50 uM dozunun 18 saatte
hiicre canliligint %20, 24 saatte %30 ve 48 saattte %70 azaltt1g1, buna karsilik 100 pM dozunun 18 ve 24 saatte hiicre
canlihigm %80 azalttigi gosterilmistir [22]. Igerisinde MCF-7’nin de oldugu ii¢ farkli kanser hiicre hatt1 {izerinde
yapilan baska bir ¢alismada, TQ i¢in 24 saatlik etkin dozun 40 uM oldugu bildirilmistir. Aragtirmacilar, TQ nun MCF-7
hiicreleri lizerinde 6zellikle kaspaz -7, -8 ve -9’un aktivasyonu ile sitotoksik etki gostererek kemoterapétik bir ajan olma
ozelligine sahip olabilecegini One siirmiiglerdir. Ayrica arastirmacilar, pS3 protein seviyelerinde hi¢ bir degisiklik
olmamasinin, MCF-7 hiicrelerinin bu yolaktan bagimsiz olarak apoptoza devam ettigini diigiinmiis [23], Dastjerdi ve
ark. (2016) ise bunun tam tersini iddia etmistir [24]. Bu ¢aligmalarin aksine Motaghed ve ark. (2013), 24 saat boyunca
MCF-7 hiicrelerine 25 pM gibi daha disiik bir konsantrasyonda TQ uygulanmasimin hiicre canliligini %50
azaltabilecegini gostermistir [25]. MCF-7 meme kanseri hiicrelerine timokinonun tekli dozlarim 10, 20, 40, 60, 80 ve
100 uM olarak uyguladigimiz bu calismada ICso konsantrasyonunu 58 pM olarak bulunmustur. Koloni olusumunu
inceledigimizde ise 24 saat 58 uM timokinon uyguladigimiz grupta kontrol grubuna gére ¢ok daha az koloni olustugu
goriilmistiir. Literatiirdeki benzer caligmalar incelendiginde bizim belirledigimiz etkin konsantrasyona yakin
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konsantrasyonlar goriilmiis olmasina ragmen, konsantrasyonu daha az veya daha fazla belirtilmis olan aragtirmalar da
mevcuttur [8].

Son yillarda dogal ajanlarla ile modern tipta kullanilan ajanlarin kombinasyonlar1 sadece kanser degil, bir ¢ok
farkli hastalik modeli {izerine yapilan ¢alismalarda da olduk¢a giindeme gelmistir [20, 26]. Kanser hiicreleri tizerindeki
kombine tedavilerde dogal ajanlarin kullanilmasi, anti kanser ajanlara kars1 bir kemoprotektif etki saglamakta ve ayrica
anti-proliferatif etkinligi arttirmaktadir [10, 26]. Genis ¢apli bir literatiir taramasindan sonra NCI-H146, UMSCC-14C,
A2780 (yumurtalik kanseri hiicre hatt1) gibi farkli kanser hiicre hatlarina timokinon ve sisplatinin kombinasyonunun
uygulandig1 gorilmiig; ancak, MCF-7 hiicre hatt1 iizerinde bu kombinasyonun uygulandigi herhangi bir ¢alismaya
rastlanmamigtir. Bu ¢alisma, TQ+CDDP kombinasyonunun MCF-7 hiicrelerindeki anti-proliferatif etkinliginin
gosterildigi ilk ¢aligma olmustur.

Once sisplatin ve timokinonun tekli dozlarinin uygulayip ICso degerlerinin belirlendigi bu calismada, daha
sonra kombinasyon orani hesaplanarak farkli kombinasyon dozlar1 uygulanmis ve hiicre canlilig iizerindeki etkileri
analiz edilmistir. Buna gore, K1 konsantrasyonunda hafif antagonizm, K2 konsantrasyonunda ise antagonizm oldugu
goriilmils, K3 ve K5’ de orta sinerjizm, K4’de sinerjizm ve kombinasyonun ICso dozunda hafif antagonizm
gOriilmistiir.

Sonug olarak, iki farkli ajan kullanarak cesitli kombine dozlar belirledigimiz ¢alismamizda genel olarak
ajanlar arasinda antagonist bir etki goriilmistiir. Sinerjizm goriilen dozlarda ise TQ ve CDDP ’nin tekli dozlarindan
daha yiiksek dozlar bulunmustur. Bu ¢aligmada belirledigimiz kombine dozlarin 24 saat boyunca MCF-7 hiicrelerine
uygulanmasi, uygun dozlarda sinerjizm yakalanmadig: i¢in tavsiye edilmemektedir. Ileride yapilacak olan ¢aligmalarda
stire faktoriiniin degistirilmesi ile iki ajan arasinda sinerjizm yakalanabilecegi; ayrica bu kombinasyona ek olarak farkli
ajanlarin eklenmesinin de sinerjizmi arttirabilecegi diigiiniilmektedir.
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Abstract

This study was carried out to investigate the general vegetation and floristic structure of Astim Cave and
Cennet-Cehennem Potholes, Asagi Diinya Pothole (Akhayat), Kurucay, Kepez, Zekerce, Gilindere, Koskbiikii and
Taskuyu Caves in Mersin (Tirkiye), which are natural and cultural sites. This study was carried out between 2014 and
2016. The collected plants were dried, turned into herbarium material and identified. In the study, a total of 115 taxa
belonging to 46 families and 102 genera were determined. It was found that three of these taxa were endemic and the
rate of endemism was 2.60%. Endemic taxa detected in the study; Alkanna hispida Hub.-Mor. (Endangered-EN),
Phlomis leucophracta Hub.-Mor. (Nearly Endangered-NT) and Stachys rupestris Montbret & Aucher ex Bentham
(Least Concern-LC). In the phytogeographic regions of the plants, 2 taxa are Euro-Siberian (1.73%), 7 taxa are Irano-
Turanian (6.08%), 12 taxa are Widespread (10.43%), 38 taxa are unknown (33.04%), and 56 taxa are Mediterranean
(48.69%) has been determined.

Key words: natural site, flora, cave, Mersin, pothole

Bazi magara ve obruklarin (Mersin/Tiirkiye) flora ve genel vejetasyon yapilari iizerine bir arastirma

Ozet

Bu caligma Mersin (Tirkiye) ilindeki dogal ve kiiltiirel sit 6zelligi tasiyan Astim Magaras1 ve Cennet-
Cehennem Obruklari, Asagi Diinya Obrugu (Akhayat), Kurugay, Kepez, Zekerce, Gilindere, Kosekbiikii ve Taskuyu
Magaralarinin genel vejetasyon ve floristik yapisini arastirmak amaciyla yapilmistir. Bu ¢alisma 2014 ile 2016 yillart
arasinda gerceklestirilmistir. Toplanan bitkiler kurutularak herbaryum materyali haline getirilmis ve teshisleri
yapilmigtir. Aragtirmada 46 familya 102 cinse ait, toplam 115 takson belirlenmistir. Bu taksonlardan {i¢ tanesinin
endemik oldugu ve endemizm oraninin %2.60 oldugu tespit edilmistir. Calismada tespit edilen endemik taksonlar;
Alkanna hispida Hub.-Mor. (Tehlikede - EN), Phlomis leucophracta Hub.-Mor. (Neredeyse Tehdit Altinda - NT) ve
Stachys rupestris Montbret & Aucher ex Bentham (En az endise verici - LC)’dir. Bitkilerin fitocografik bolgelerinde 2
taksonun Avrupa-Sibirya (%1.73), 7 taksonun iran-Turan (%6.08), 12 taksonun Genis yayilisli (%10.43), 38 taksonun
fitocografik bolgesi bilinmeyen (%33.04) ve 56 taksonun Akdeniz (%48.69) elementi oldugu belirlenmistir.

Anahtar kelimeler: dogal sit, flora, magara, Mersin, obruk
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1. Giris

Tiirkiye Floras1 iizerine ilk caligmalar Joseph Pitton Tournefort ve Pierre Edmond Boissier tarafindan
yapilmistir [1]. Tirkiye Florasi iizerine kapsamli bir ¢calisma Peter Hadland Davis tarafindan yapilmis ve dokuz esas ve
bir ek cilt olarak yayimmlamustir [2,3]. Ikinci ek cilt Giiner ve arkadaslar tarafindan 2000 yilinda yayimlanmistir [4].
Giinliimiizde ise Resimli Tiirkiye Florasinin hazirlik ¢alismalart devam etmekte olup ilk ii¢ cildi yayimlanmistir [5,6,7].
Tiirkiye damarl bitkiler listesine gore Tiirkiye Florasinda toplam bitki taksonu sayist 11707 olarak belirlenmistir. Bu
taksonlarin 3649’unun endemik ve endemizm yiizdesinin %31.82 oldugu belirlenmistir [8]. Tiirkiye damarli bitkiler
listesinin 2012 yilinda yayimlanmasinin ardindan 2013-2019 yillarin1 kapsayan dénemde Tiirkiye florasina 638 yeni
takson daha eklenmigtir [9,10,11,12]. Bu sayilar yeni ¢aligmalarla her gegen giin daha da artmaktadir.

Holoarktik flora aleminin Dogu Akdeniz boliimii floristik acidan zengin bir bolgedir [13]. Bu bolge zengin bir
floristik yapiya sahip olmasma ragmen yapilan calismalar son derece smirlidir. Aragtirma alania yakin bolgelerde
floristik calismalar yapilmis olsa da birgok alanda floristik ¢alisma halen yapilmamistir. Bu ¢alisma Dogu Akdeniz
bolgesinde yer alan Mersin ilinde gergeklestirilmistir. Caligma alanimiz olan Mersin ili sinirlarindaki magaralarda daha
once dogrudan flora tespitine yonelik bir ¢aligma da bulunmamaktadir. Bu bakimdan yaptigimiz ¢alisma Mersin ilindeki
magaralarin bitki Ortiisiiniin belirlenmesi agisindan 6nem arz etmektedir.

Aragtirma alanina yakin bdlgelerde yapilan arastirmalarda; Mersin Universitesi Kampiis Alan1 Florasinin
Tespiti isimli ¢alismada 29 familya, 67 cins ve 75 takson bulundugu [14], Kozlar Yaylasi Florast (Mersin) {izerine
Aragtirmalar isimli ¢aligmada 272 tir tespit edildigi [15], The Flora of Cocakdere valley (Aslankoy-Mersin) adli
calismada 73 familya ve 282 cinse ait 506 takson tespit edildigi [16], Cehennemdere Yaban Hayati Gelistirme
Sahasi'nda 1786 adet bitki bulundugu [17], Anamur Antik Kenti ve g¢evresinin (Mersin) florasi adli ¢alismada 74
familya, 260 cinse dahil 510 bitki tespit edildigi [18], Kas Yaylas1 ve ¢evresinin florast isimli ¢alismada 73 familya ve
470 takson tespit edildigi [19], Glilek Bogazi’nin Florasi isimli ¢alismada 82 familya ve 370 cinse ait 839 takson tespit
edildigi [20], Anamur (Mersin) Yaylalarinin Florasi adli ¢alismada 109 familya ve 390 cinse ait, 611 takson tespit
edildigi, Tiirkiye Florasi igin Yeni Dianthus (Caryophyllaceae) Kayitlar1 adli calismada Mersin’den Tiirkiye igin yeni
Dianthus kaydi verildigi [21], Mersin Universitesi Herbaryumu’'nda Teshis Edilmeyen Asteraceae, Fabaceae Ve
Lamiaceae Familyalar1 Uzerine Bir Calisma isimli calismada Asteraceae, Fabaceae ve Lamiaceae familyasindan
toplamda 83 cins ve 214 takson teshis edildigi [22], Mersin Ili Geofit Bitki Zenginligi isimli calismada 23 familya, 68
cinse ait olan 256 geofit taksonu belirlendigi [23], Dogal ve kiiltiirel korunan alan statiisiinde olan Hatay ilinin dogal ve
kiiltiirel sit alanlarinin florasinda 52 familyaya ve 129 cinse ait toplam 155 takson belirlendigi [24], Kahramanmaras
Ilinin Baz1 Dogal ve Kiiltiirel Sit Alanlar1 Floras1 Uzerine Bir Calismada 41 familya ve 77 cinse ait toplam 86 takson
bulundugu [25], Karatepe-Aslantas Milli Parki ve Bazi Dogal/Kiiltirel Koruma Alanlar1 Uzerine Floristik Bir
Arastirmada 59 familya, 139 cinse ait toplam 164 takson tespit edildigi [26], Adana ilinin Baz1 Dogal ve Kiiltiirel Sit
Alanlar1 Uzerine Floristik Bir Calismada 70 familya ve 180 cinse ait 219 takson belirlendigi [27] ve Gazihan Dede
Mesire Alani (Adiyaman) Florasinda 55 familya ve 178 cinse ait 223 tiir, 54 alt tiir ve 20 varyete olmak tizere toplam
297 takson tespit edildigi belirlenmistir [28].

Bu arastirmada Mersin ilinde bulunan ve dogal sit 6zelligi tasiyan Astim, Kurugay, Kepez, Zekerce, Gilindere,
Kosekbiikii, Tagkuyu Magaralari, Cennet-Cehennem ve Akhayat Obruklari’nin genel vejetasyon ve floristik yapisini
belirlemek ve bolgede yapilan floristik aragtirmalara katkida bulunmak amaglanmustir.

2. Materyal ve yontem

Bu arastirmanin materyali 2014-2016 yillar1 arasinda aragtirma alanlarinda gézlemlenen ve toplanan bitki
ornekleridir. Toplanan bitkiler kurutularak herbaryum materyali haline getirilmis, alanda yapilan gézlemlerde teshis
edilemeyen bitkilerin teshislerinde Tiirkiye ve Dogu Ege Adalar1 ve Resimli Tiirkiye Floras1 adli eserler kullanilmistir
[2,3,4,5,6,7]. Teshisinde zorluk yasanan bazi bitkilerin teshisleri Ahmet Ilgim ve Ergiin OZUSLU tarafindan
yapilmugtir. Toplanan bitki &rnekleri Adiyaman Universitesi Herbaryumunda muhafaza edilmektedir. Bitkilerin listesi
acik tohumlu ve kapali tohumlu, monokotil ve dikotil bitkiler olarak alfabetik sekilde verilmistir. Floristik liste
verilirken familya adi, takson adi, Tiirk¢e adi (bitki isminden sonra tirnak igerisinde), lokalite, bitkinin toplanma tarihi,
fitocografik bolgesi, endemizm durumu, toplayici numarasi ve tehlike kategorileri sirasinda verilmistir. Lokalite bilgisi
numara ile belirtilmistir [8,29]. Bitki isimleri verilirken Uluslararas1 Bitki Isimleri indeksi, The Plant List ve Bizim
Bitkiler web sitelerine gore kabul edilenler kullanilmistir [30,31,32]. Tiirk¢e bitki isimleri Tiirkiye Bitkileri Listesi’ne
gore verilmistir [8]. Calisma alaninda tespit edilen bulgular yakin bolgelerde yapilan diger ¢calismalarla karsilastiriimis
ve tartistlmistir. Mersin il siurlari igerisinde bulunan g¢aligma alanlari numaralandirilarak Sekil 1°de gosterilmis ve
Tablo 1°de koordinat ve genel dzellikleri verilmistir. Buna gore: (1) Astim Magaras1 ve Cennet-Cehennem Obruklari,
(2) Asag1 Diinya Obrugu (Akhayat), (3) Kurugay Magarasi, (4) Kepez Magarasi, (5) Zekerce Magarasi, (6) Gilindere
Magarasi, (7) Kosekbiikii Magarasi, (8) Taskuyu Magaras1’dir. Tiir listesindeki kisaltmalar sdyledir; Ir.-Tur. Elm.: iran
Turan Elementi; Akd. Elm.: Akdeniz Elementi; D. Akd. Elm.: Dogu Akdeniz Elementi; Av.-Sib. EIm.: Avrupa Sibirya
Elementi; Ge. Yay.: Genis Yayiligli; End.: Endemik; EN: Tehlikede; LC: En az endise verici; CR: Kritik; NT: Tehdit
altinda; VU: Zarar gorebilir; DD: Veri yetersiz.
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3. Bulgular

Dogu Akdeniz Bolgesi icerisinde yer alan ¢aligma alani Mersin illinde bulunan dogal ve kiiltiirel sit 6zelligi
tastyan Astim, Kurugay, Kepez, Zekerce, Gilindere, Kosekbiikii, Tagkuyu Magaralari, Cennet-Cehennem ve Akhayat
Obruklart olmak iizere sekiz lokaliteyi kapsamaktadir. Arastirma sahasi, Tiirkiye florasindaki kareleme sistemine gore
C4 ve CS5 karesi igerisinde yer almaktadir. Calisma alanlarinin listesi ve ¢alisma alanlarinin genel 6zellikleri Tablo 1°de

gosterilmistir.

Tablo 1. Caligma alanlarinin listesi ve genel 6zellikleri

No Calisma Alam Biiyiikliigii Koordinatlar:
(hektar)
1 Astim Magarasi ve Cennet-Cehennem Obruklari 104 36° 26' 57. 60" Kuzey 34° 06' 10. 78" Dogu ve
36°27' 07. 16" Kuzey 34°06' 21. 06" Dogu
2 Asagi Diinya Obrugu (Akhayat) 221 36° 27' 23. 91" Kuzey 34° 04' 14. 14" Dogu
3 Kurugay Magarasi 0.16 36° 26' 12. 71" Kuzey 34° 06' 01. 58" Dogu
4 Kepez Magarast 0.56 36°32'09. 16" Kuzey 34° 02' 01. 92" Dogu
5 Zekerce Magarasi 1.09 37°01' 20. 01" Kuzey 34°17' 24. 85" Dogu
6 Gilindere Magarasi 560.27 36° 08' 38. 12" Kuzey 33° 19'12. 11" Dogu
7 Kosekbiikii Magarasi 0.24 36° 04' 05. 18" Kuzey 32° 51' 51. 19" Dogu
8 Taskuyu Magarasi 0.816 36°57' 01. 22" Kuzey 34° 47' 14. 63" Dogu
; e Y 4 s
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Sekil 1. Caligma alanlarinin yer gosterim haritasi [33]
3.1. Arasturma alanlarimin ozellikleri

3.1.1. Astim magarasi ve cennet cehhennem obruklar

Astim Magaras1 ve Cennet Cehennem Obruklari Mersin ilinin Silifke ilgesinde bulunmaktadir. Alan, 1. derece
dogal ve III. derece arkeolojik korunan alan statiisiindedir. Astim Magaras1 yaklasik 0.5 hektar biiyiikliige sahiptir.
Alanda mevcut turizm faaliyetleri ve tesisleri alanin dogalligin1 bozmustur. Alan, fundalik vasfi tasimaktadir. Cennet
Cehennem Obruklar1 yaklagik 9.9 hektar biiyiikliige sahiptir. Cennet obrugunun 200 m ilerisinde Cehennem ¢ukuru
bulunmakta ve yaklasik 135 m derinligindedir. Cehennem obrugu 110 m derinligine sahip olup karstik yeralti
akarsuyunun agmis oldugu bir yeraltt magara sistemi tavanini asindirip ¢ékmesi sonucu olusmustur. Alanda toplam 37
flora taksonu belirlenmistir. Cevresindeki bitki ortlisii Akdenizin tipik ¢ali formu olan Quercus coccifera L., Pinus
brutia Ten., Phillyrea lathifolia L., Jasminium fruticans L., Cistus salvifolius L. gibi maki elemanlarindan olugmaktadir.
Bunlara ilave olarak Anchusa aegyptiaca (L) DC.’nin ilk kayidindan [34] sonra ikinci defa bu ¢alismada toplanilmustir.
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3.1.2. Asag diinya (Akhayat) obrugu

Bu obruk Mersin ilinin Silifke ilgesinde bulunmaktadir. Bu alan, 1. derece dogal korunan alan olarak ilan
edilmistir. Yaklasik 22.1 ha’lik biyiikliige sahiptir. Bulundugu konum ve jeolojik yapisindan dolay1 bozulmamis nadir
alanlardandir. Alan tamamiyla fundaliktir. Dogal sit alaninda toplam 34 flora taksonu belirlenmistir. Obruk igerisinde
magaralar bulunmaktadir. Obruk igerisinde ¢ali-aga¢ formunda Ceratonia siliqua L., Laurus nobilis L., Phillyrea
latifolia L., Quercus coccifera L., Styrax officinalis L. tiirlerine rastlanirken obruk girisinde endemik Stachys rupestris
Montbret & Aucher ex Bentham ve Alkanna hispida Hub.-Mor. tiirleri tespit edilmistir.

3.1.3. Kurugay magarasi

Kurugay magarasi, Mersin ilinin Silifke ilgesinde bulunmaktadir. I. derece dogal korunan alandir. Alan
yaklasik 0.16 hekter biiyiikliige sahip olup fundalik 6zelligi gostermektedir. Kurucay Magarast yaklasik 0-30 metre
yiikseltiye sahip karstik bir magaradir. Alanda toplam 29 flora taksonu belirlenmistir. Kritik tiir olarak degerlendirilen
takson yoktur. Magara cevresinde maki elemanlar1 gozlenmistir. Alanda agag-cali formunda Ceratonia siliqua L.,
Coronilla emerus L. subsp. emeroides (Boiss. & Sprun.) Uhrova, Calicitome villosa (Poiret) Link, Arbutus unedo L.,
Paliurus spina-christi Miller, Olea europaea L. var. sylvestris (Miller) Lehr tiirleri gézlenmistir.

3.1.4. Kepez magarasi

Kepez magarasi, Mersin ilinin Silifke ilgesinde bulunmaktadir. Alan 1. derece dogal korunan alan olarak ilan
edilmistir. Alanin cevresi tarimsal alan olarak kullanilmaktadir. Kepez Magarast 0.56 hektar alan kaplamakta olup,
fundalik alan vasfi tasimaktadir. Caligma alani yaklagik 790 metre yiikseltiye sahiptir. Dogal sit alaninda toplam 13
flora taksonu belirlenmistir. Kritik tiir olarak degerlendirilen takson tespit edilmemistir. Magara cevresi kalker
kayaliklardan olusmus olup, habitat genel olarak kaya habitat1 ve arasindaki bosluklardan olugsmaktadir. Alanda c¢ali
formunda Phillyrea latifolia L., Laurus nobilis L., Cistus creticus L., Arbutus unedo L., Quercus coccifera L., Coronilla
emerus L. subsp. emeroides (Boiss. & Sprun.) Uhrova, Calicitome villosa (Poiret) Link gibi bitkiler gézlenmistir.

3.1.5. Zekerce magarast

Zekerce Magarast Mersin ilinin Toroslar ilgesinde bulunmaktadir. Alan I. derece dogal korunan alan olarak
tespit edilmistir. Alan korunakli olup, cali vejetasyonu ile gevrilidir. Dagin eteklerinde kiraz ve seftali bahgeleri
bulunmaktadir. Alanda Juniperus drupacea Lab., Juniperus oxycedrus L. subsp. oxycedrus, Cedrus libani A. Rich.,
Juniperus oxycedrus L. subsp. oxycedrus, Quercus coccifera L., Onobrychis cornuta (L.) Desv., Rosa canina L.,
Asphodeline taurica (Pallas) Kunth tiirleri bulunmaktadir. Zekerce Magarasi toplam olarak 1.09 hektar alan
kaplamaktadir. Alanin tamami orman vasfindadir. Zekerce magarasi sarkit-dikitleri igermeyen karstik yapili
kiregtaglarindan meydana gelmis yaklasik 1600-1650 metre yiikseltiye sahip yayla iizerinde yer alan bir topografya
sergilemektedir. Alanda toplam 18 flora taksonu belirlenmistir.

3.1.6. Gilindere magarasi

Gilindere Magaras1 Mersin ilinin Aydincik ilgesinde bulunmaktadir. Alan, I. derece dogal sit alanidir. Aym
zamanda “Gilindire Magaras1 Tabiat Anit1” olarak ilan edilmistir. Alan, yaklasik 560.27 hektar biiyilikliige sahiptir.
Alanmn bulundugu kiy1 seridinde orman ve ¢ali formasyonu goze ¢arpmaktadir. Pinus brutia Ten. formasyonu hakimdir.
I. Derece sit alani olan alan, yaklasik 12 km’lik bir kiy1 seridine sahiptir. Deniz ve kiy1 ¢izgisinin girintili ¢ikintili
oldugu alanda irili ufakli burunlar ve koylar yer almaktadir. Dik eg§ime ve sarp bir arazi yapisina sahiptir. Kalker
kayaliklardan olusan alanda agag-cali formunda Teucrium creticum L., Sarcopoterium spinosum (L.) Spach, Calicotome
villosa (Poiret) Link, Genista acanthoclada DC, Olea europaea L. var. sylvestris (Miller) Lehr, Pinus brutia Ten. ve
otsu Asphodelus aestivus Brot, Anthyllis vulneraria L. subsp. boissieri (Sag) Bornm., Papaver rhoeas L., Senecio
vernalis Waldst. & Kit. ve endemik Alkanna hispida Hub.-Mor. taksonlar1 géze ¢arpar. Alanda toplam 28 flora taksonu
belirlenmistir. Dogal sit alaninda tespit edilen 28 taksondan “kritik tiir” olarak Alkanna hispida Hub.-Mor. (Kill
havaciva) bulunmaktadir.

3.1.7. Kosekbiikii magarasi

Kosekbiikii Magaras1 Mersin ilinin Anamur ilgesinde bulunmaktadir. Alan I. derece dogal sit olarak ilan
edilmigtir. Alan 0.24 hektar alan kaplamakta olup orman vasfi tagimaktadir. Alanda Pinus brutia Ten., Nerium oleander
L., Alnus glutinosa (L.) Gaertner subsp. antitaurica Yalt., Cistus creticus L., Cercis sliquastrum L. subsp. hebecarpa
(Bornm.) Yalt., Ceratonia siliqua L., Quercus coccifera L., Quercus cerris L. var. cerris, Ficus carica L. rupestris
(Hausskn.) Browicz, Olea europaea L., Styrax officinalis L., gibi maki elemanlari genel vejetasyon yapisini
olusturmaktadir. Alan ve g¢evresi yaklasik 150 metre yiikseltiye sahiptir. Dogal sit alaninda toplam 32 flora taksonu
belirlenmistir.

3.1.8. Taskuyu Magarasi
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Taskuyu magaras1 Mersin ilinin Tarsus il¢esinde bulunmaktadir. Alan, I. derece dogal sit olarak ilan edilmistir.
Taskuyu magarasi toplam olarak 0.816 hektrar alan kaplamaktadir. Caligma alani yogun sarkit dikit ve siitun bloklardan
olusan bir jeomorfolojiye sahip tipik bir magaradir. Alan fundaliktir. Alanda toplam 5 flora taksonu belirlenmistir.
Bunlar; Anagyris foetida L., Calicotome villosa (Poiret) Link, Quercus coccifera L., Drimia maritima (L.) Stearn,
Sarcopoterium spinosum (L.) Spach tiirleridir. Alanda ruderal bir vejetasyon gézlenmistir.

3.2. Iklim ozellikleri

Caligma alanlarinin bulundugu Mersinde sicaklik ortalamasi 19.2 °C, yillik yagis ortalamast 965 mm’dir.
Alanda maksimum yillik sicaklik 33.5 °C, minimum sicaklik ortalamasinin ise 5.8 °C oldugu goriilmiistiir. Ortalama en
yiiksek sicakligin en fazla oldugu ay Agustos’tur. Sicaklik degeri 44.2 °C’dir. En diislik ortalama maksimum sicaklik
ocak aymnda olup 22.5 °C’dir [35]. Iklim diyagramina gore alanda kurak dénemin Subat ay1 sonu Kasim ay1 basi
arasinda oldugu goriilmektedir. Sekil 2°de Mersin ilinin iklim diyagrami verilmistir.
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Sekil 2. Mersin ili iklim diyagrami

Arastirma alanlarinda 46 familya, 102 cinse ait toplam 115 takson tespit edilmistir (Ek 1). Bu taksonlarin
caligma alanlarina gore dagilimi; Asttm Magarasi ve Cennet-Cehennem Obruklart 37, Asagi Diinya Obrugu (Akhayat)
34, Kurugay Magaras1 29, Kepez Magarasi 13, Zekerce Magarasi 18, Gilindere Magaras1 27, Kosekbiikii Magarast 32,
Taskuyu Magarasinda 5 takson seklindedir. Belirlenen bitkilerin fitocografik bolgelere gore dagilimi ise iran-Turan 7
takson (%6.08), Avrupa-Sibirya 2 takson (%1.73), Genis Yayilish 12 takson (%10.43), bilinmeyen 38 (%33.04) ve
Akdeniz (Dogu Akdeniz dahil) 56 takson (%48.69) seklindedir (Tablo 2).

Tablo 2. Taksonlarin fitocografik bolgelere gore dagilimi

Fitocografik Bolge Takson Sayisi Oran (%)
Akdeniz 56 48.69
Avrupa - Sibirya 2 1.73
fran - Turan 7 6.08
Genis Yayilish 12 10.43
Bilinmeyen 38 33.04

Yapilan aragtirmada ¢aligma alanlarinin ayr1 ayr1 degerlendirilmesi sonucunda, Astim Magarasi ve Cennet-
Cehennem Obruklarinda 23 familya 37 cinse ait toplam 37 takson belirlenmistir (Tablo 3). Fitocografik bolgelere gore
taksonlarmn dagilimina bakildiginda 20 takson Akdeniz, 2 takson iran-Turan, 1 takson Avrupa- Sibirya, 2 takson Genis
Yayilish ve 12 takson bilinmeyen seklindedir. Alanin icerdigi takson sayisina gore en biiylik familyalar sirasiyla
Fabaceae 8, Oleaceae 3, Liliaceae 2°dir (Tablo 4). Calisma alaninda endemik bitki tespit edilmemistir. Asagi Diinya
Obrugunda (Akhayat) 24 familya 33 cinse ait toplam 34 takson belirlenmistir (Tablo 3). Fitocografik bolgelere gore
takson dagilimi 19 takson Akdeniz, 1 takson Iran-Turan, 1 takson Avrupa- Sibirya, 1 takson Genis Yayilish ve 12
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takson bilinmeyen seklindedir. Igerdikleri takson sayisina gére ilk siradaki familyalar Lamiaceae 4, Liliaceae 4,
Fabaceae 2 seklindedir (Tablo 4). Alanda bir adet endemik bitki tespit edilmistir. Bu takson Stachys rupestris Montbret
& Aucher ex Bentham tiiriidiir. Tehlike kategorisi “En az endise verici” (LC).’dir. Kurugay Magarasinda 19 familya 29
cinse ait 29 bitki taksonu belirlenmistir. Bunlarin fitocografik bélge dagilimlari 16 takson Akdeniz, 1 takson iran-Turan,
1 takson Avrupa- Sibirya, 1 Genis Yayilish ve 10 bilinmeyenler seklindedir. Caligma alaninda takson sayisina gore
biiyiik familyalar Fabaceae 5, Lamiaceae 3, Oleaceae 2 seklindedir. Caligma alaninda en fazla cins bulunan ilk {g
familya Tablo 4’te verilmistir. Calisma alaninda endemik bitki tespit edilmemistir. Kepez Magarasinda 10 familya 13
cinse ait toplam 13 takson belirlenmistir (Tablo 3). Fitocografik bolgelere gore takson dagilimlar 9 takson Akdeniz, 1
takson Genis Yayiligh ve 3 takson bilinmeyen seklindedir. Arastirmada belirlenen tiir ve tiiralt1 takson sayisina gore en
biiylik familyalarin Fabaceae 3, Lamiaceae 2, Oleaceae 1 seklinde oldugu belirlenmistir (Tablo 4). Calisma alaninda
endemik bitki tespit edilmemistir.

Tablo 3. Calisma alanlarinda tespit edilen familya, takson, endemik takson sayilar1 ve endemizm orani
Familya  Takson Endemik Endemizm

Calisma Alam Sayisi Sayisi Takson Oram (%)
1 Astim Magarasi ve Cennet-Cehennem Obruklari 23 37 - 0
2 Asag Diinya Obrugu (Akhayat) 24 34 1 2.80
3 Kurugay Magarasi 19 29 - 0
4 Kepez Magarasi 10 13 - 0
5 Zekerce Magarasi 14 18 - 0
6 Gilindere Magarasi 14 27 1 3.70
7 Kosekbiikii Magarast 22 32 1 3.00
8 Taskuyu Magarasi 4 5 - 0

Zekerce Magarasinda 14 familya 17 cinse ait toplam 18 takson belirlenmistir. Fitocografik boélgelere gore
taksonlarin dagilinn 5 takson Akdeniz, 3 takson Iran-Turan, 1 takson Avrupa- Sibirya, 3 takson Genis Yayilish ve 6
takson bilinmeyen seklindedir (Tablo 4). Buna gore ¢alisma alaninda en ¢ok takson Akdeniz grubunda olup tiim
taksonlardan fazla oldugu goriilmektedir. Calisma alanindaki takson sayisina gore en biiyiik familyalar; Cupressaceae 3,
Fabaceae 2, Pinaceae 2 seklindedir. Caligma alaninda endemik bitki tespit edilmemistir. Gilindere Magarasinda 14
familya 27 cinse ait toplam 27 takson belirlenmistir. Taksonlarin fitocografik bolgelere dagiliminin 18 takson Akdeniz,
3 takson Genis Yayilisl, 1 takson iran-Turan ve 5 takson bilinmeyen seklinde oldugu belirlnmistir. Alanda takson
sayisina gore en biiylik familyalar ise Fabaceae 5, Asteraceae 4, Liliaceae 4 seklindedir. Calisma alanimizda bir adet
endemik bitki tespit edilmistir. Bu takson, Alkanna hispida Hub.-Mor. olup tehlike kategorisi “Tehlikede” (EN)’dir.
Kosekbiikii Magarasinda 22 familya 31 cinse ait toplam 32 takson belirlenmistir. Taksonlarin fitocografik bolgelere
gore dagilimi 19 takson Akdeniz, 2 takson Genis Yayilislt ve 11 takson bilinmeyen seklindedir. Buna gore ¢alisma
alaninda en ¢ok takson Akdeniz grubunda olup tiim taksonlardan fazla oldugu goriilmektedir. Tiir ve tiiralti takson
sayisina gore {i¢ familya; Oleaceae 4, Lamiaceae 3, Fabaceae 3 olarak tespit edilmistir. Caligma alaninda bir adet
endemik bitki tespit edilmistir. Bu takson, Phlomis leucophracta P.H.Davis & Hub. Mor. olup tehlike kategorisi
“Tehdit altinda” (NT)’dir. Taskuyu Magarasinda 4 familya 5 cinse ait toplam 5 takson belirlenmistir. Taksonlarin
tamami1 Akdeniz fitocografik bdlge elementidir. Bu durumun fitocografya agisindan uygun bir sonu¢ oldugu
sOylenebilir. Calisma alaninda igerdikleri takson sayisina gore en bilylik familyalar; Oleaceaec 2, Lamiaceae 1,
Fabaceae 1 seklindedir (Tablo 4). Calisma alaninda endemik bitki tespit edilmemistir.

Bu aragtirmada ii¢ adet endemik takson tespit edilmistir. Endemik tiirlerin Tiirkiye Bitkileri Kirmizi Listesi
kriterlerine gore, "nesli tehlike altinda" seklinde degerlendirilen taksonlar: Alkanna hispida Hub.-Mor., “Tehlikede”
(EN), Phlomis leucophracta Hub.-Mor. “Tehdit altinda” (NT), Stachys rupestris Montbret & Aucher ex Bentham “En
az endise verici” (LC) kategorisinde oldugu belirlenmistir (Tablo 5).
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Tablo 4. Caligma alanlarinin kendi aralarinda en ¢ok takson igeren familyalari

Arastirma Alanlart

En Cok Takson Igeren Familyalar

Familya Takson Oran (%)
Fabaceae 8 22.22
;  Astim Magarasi ve Cennet- Oleaceae 3 8.33
Cehennem Obruklari Liliacae 2 5.55
Digerleri 23 63.88
Lamiaceae 4 11.42
,  Asagi Diinya Obrugu Liliaceae 4 11.42
(Akhayat) Fabaceae 2 571
Digerleri 25 71.42
Fabaceae 5 17.24
5 Lamiaceae 3 10.34
3 Kurugay Magarasi Oleaceae 2 6.89
Digerleri 19 65.51
Fabaceae 3 17.24
5 Lamiaceae 2 13.79
4 Kepez Magarasi Oleaceae 1 7.69
Digerleri 7 53.84
Cupressaceae 3 16.66
5 Fabaceae 2 11.11
5 Zekerce Magarasi Pinaceae 2 11.11
Digerleri 11 61.11
Fabaceae 5 18.51
o 5 Asteraceae 4 14.81
6 Gilindere Magarast Liliaceae 4 14.81
Digerleri 14 51.85
Oleaceae 4 12.12
Lamiaceae 3 9.09
7 Kosekbiikii Magarasi Fabaceae 3 9.09
Digerleri 23 69.69
Fabaceae 2 40
Liliaceae 1 20
8 Taskuyu Magarasi Fagaceae 1 20
Digerleri 1 20
Tablo 5. Aragtirma alaninda bulunan endemik bitkiler ve tehlike kategorileri
Familya Bitkinin Bilimsel Ad1 Fitocografik Tehlike Toplandig1
Bolge Kategorisi ~ Alan
Boraginaceae  Alkanna hispida Hub.-Mor. D. Akd. EIm. EN 1
Lamiaceae Phlomis leucophracta P.H. Davis & Hub.-Mor. D. Akd. EIm.  NT 7
Lamiaceae Stachys rupestris Montbret & Aucher ex Bentham D. Akd. EIm. LC 2

4. Sonuglar ve tartisma

Bu aragtirmanin sonuglarina gore arastirma alanlarinda 46 familya, 102 cinse ait toplam 115 takson tespit
edilmistir (Ek 1). Bu taksonlarin ¢alisma alanlarina gére dagiliminin Astim Magarasi ve Cennet-Cehennem
Obruklarinda 37, Asag1 Diinya Obrugunda (Akhayat) 34, Kurucay Magarasinda 29, Kepez Magarasinda 13, Zekerce
Magarasinda 18, Gilindere Magarasinda 27, Kosekbiikii Magarasinda 32 ve Tagkuyu Magarasinda 5 takson geklinde
oldugu belirlenmigtir. Arastirma alaninda toplam ii¢ endemik bitki taksonu tespit edilmistir. Aragtirma alanlarinda
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endemizm orani %2.60°dir. Tespit edilen endemik taksonlarin Dogu Akdeniz fitocografik bolge elementi olduklari
belirlenmistir. Bitkilerin fitocografik bolgelerinin incelenmesi sonucunda 2 taksonun Avrupa-Sibirya (%1.73), 7
taksonun Iran-Turan (%6.08), 12 taksonun Genis Yayilish (%10.43), 38 taksonun fitocografik bolgesi bilinmeyen
(%33.04) ve 56 taksonun Akdeniz (Dogu Akdeniz dahil) (%48.69) elementi oldugu belirlenmistir. Akdeniz fitocografik
bolge elementi sayisinin yiiksek olmasi, arastirma alanlarinin Akdeniz bolgesinde bulunmasinin dogal bir sonucudur.

Arastirma sonuglart ayr1 ayr1 degerlendirildiginde Astim Magarasi ve Cennet-Cehennem Obruklarinda 23
familya 37 cinse ait toplam 37 takson, Asagi Diinya Obrugunda (Akhayat); 24 familya 33 cinse ait toplam 34 takson,
Kurugay Magarasinda 19 familya 29 cinse ait 29 takson, Kepez Magarasinda 10 familya 13 cinse ait toplam 13 takson,
Zekerce Magarasinda 14 familya 17 cinse ait toplam 18 takson, Gilindere Magarasinda 14 familya 27 cinse ait toplam
27 takson, Kosekbiikii Magarasinda 22 familya 31 cinse ait toplam 32 takson ve Taskuyu Magarasinda 4 familya 5
cinse ait toplam 5 takson belirlenmistir.

Caligma alanlarinda tespit edilen taksonlarin fitocografik bolge dagilimlarina bakildiginda Astim Magarasi ve
Cennet-Cehennem Obruklarinda 20 taksonun Akdeniz, 2 taksonun Iran-Turan, 1 taksonun Avrupa- Sibirya, 2 taksonun
Genisg Yayiliglt ve 12 taksonun bilinmeyen seklinde oldugu, Asagi Diinya Obrugunda (Akhayat) 19 taksonun Akdeniz,
1 taksonun fran-Turan, 1 taksonun Avrupa- Sibirya, 1 taksonun Genis Yayilish ve 12 taksonun bilinmeyen seklinde
oldugu, Kurugay Magarasinda 16 takson Akdeniz, 1 takson fran-Turan, 1 takson Avrupa- Sibirya, 1 Genis Yayilish ve
10 bilinmeyenler seklinde oldugu, Kepez Magarasinda 9 takson Akdeniz, 1 takson Genis Yayilish ve 3 takson
bilinmeyen seklinde oldugu, Zekerce Magarasinda 9 taksonun Akdeniz, 1 taksonun Genis Yayilisli ve 3 taksonun
bilinmeyen seklinde oldugu, Gilindere Magarasinda 18 taksonun Akdeniz, 1 taksonun Iran-Turan, 3 taksonun Genis
Yayiligh ve 5 taksonun bilinmeyen seklinde oldugu, Kosekbiikii Magarasinda 19 taksonun Akdeniz, 2 taksonun Genis
Yayiligh ve 11 taksonun bilinmeyen seklinde oldugu, Taskuyu Magarasinda taksonlarin tamaminin Akdeniz bitki
cografyasi elementi oldugu belirlenmistir. Bu olusum ¢aligma alaninin Akdeniz bdlgesinde bulunmasi nedeniyle
beklenen bir sonugtur.

Calisma alanlarinda icerdikleri takson sayisina gore en biiylik familyanin Astim Magarast ve Cennet-
Cehennem Obruklari, Kurugay Magarasi, Kepez Magarasi ve Gilindere Magarasinda Fabaceae oldugu, Kosekbiikii
Magaras1 ve Taskuyu Magarasinda Oleaceae familyas: oldugu, Asagi Diinya Obrugu (Akhayat)’nda Lamiaceae,
Zekerce Magarasinda ise Cupressaceae familyasi oldugu belirlenmistir. Tiirkiye florasinin en fazla cinse sahip familyasi
Poaceae olmasina ragmen, c¢alisma alaninda en fazla takson igeren familyalarin Fabaceae ve Lamiaceae familyasi
oldugu goriilmiistiir. Bu olusum ¢aligma alaninin Akdeniz bélgesinde bulunmasi nedeniyle beklenen bir sonugtur.

Caligma alaninda ti¢ adet endemik takson tespit edilmistir. Endemik tiirlerin Tiirkiye Bitkileri Kirmiz1 Listesi
kriterlerine gore, "nesli tehlike altinda" seklinde degerlendirilen taksonlar: Alkanna hispida Hub.-Mor., “Tehlikede”
(EN), Phlomis leucophracta Hub.-Mor. “Tehdit altinda” (NT), Stachys rupestris Montbret & Aucher ex Bentham “En
az endise verici” (LC) kategorisinde oldugu belirlenmistir.

Caligma alanmi ile yakin g¢evresinde yapilmis olan floristik calismalar fitocografik bolge elemanlart ve
endemizm oranlar1 bakimindan karsilastirildiginda, en yiiksek endemizm oraninin %18.80 ile Giilek Bogazi (Mersin-
Adana) Florasinda, en diisiigiin ise %1.30 ile Adana ilinin Baz1 Dogal ve Kiiltiirel Sit Alanlar1 Uzerine Floristik Bir
Calismada tespit edilmistir [20,34]. Giilek Bogazi’nin Florasi isimli aragtirmada endemizm oraninin yiiksek olmasi
bolgenin farkli mikroklima 6zelligi, yiikselti ve habitat cesitliligine sahip olmasiyla, Adana ilinin Baz1 Dogal ve
Kiiltiirel Sit Alanlar1 Uzerine Floristik Bir Calismada endemizm oraninin %1.30 ile en diisiik oranda ¢ikmasi alanin
sulak alan habitatlar1 bulunmasi ile agiklanabilir. Calisma alani ile yakin bolgelerdeki floristik ¢aligmalarda belirlenen
taksonlar bitki cografyasi bolgelerine gore karsilastirildiginda Gazihan Dede Mesire Alan1 ve Giilek Bogazi’nin
(Mersin-Adana) Florasi isimli ¢aligmalar hari¢ alanlarin tamaminda Akdeniz fitocografik bolge elementinin yiiksek
oldugu goriillmiistir [18,19,20,24,25,26,27,28]. Bu sonug alanlarin Akdeniz bdlgesinde bulunmasiyla agiklanabilir
(Tablo 6).

Calisma alanlan ile yakin gevresinde yapilan aragtirmalar en ¢ok takson igeren familyalar bakimindan
kargilastirildiginda Anamur Yaylalarinin Florasi, Giilek Bogazi’nin (Mersin-Adana) Florasi, Anamur Antik Kenti ve
Cevresinin Florasi, Kahramanmaras ilinin Baz1 Dogal ve Kiiltiirel Sit Alanlar1 Florasi, Adana Ilinin Baz1 Dogal ve
Kiiltiirel Sit Alanlar1 Uzerine Floristik Bir Calisma ve Gazihan Dede Mesire Alan1 (Adiyaman) Florasi adli galismalarda
Asteraceae familyasinin birinci sirada, diger ¢aligmalardin tamaminda ise Fabaceae familyasinin birinci sirada oldugu
goriilmiistiir [18,19,20,24,25,26,27,28]. 1lk iki sirada ¢ikan Asteraceae ve Fabaceae familyalar1 Tiirkiye florasinda da
takson sayilar1 bakimindan yine ilk siralarda yer almasi ve tohum yayma kabiliyetinin yiiksek olmasi seklinde
aciklanabilir (Tablo 7).
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Tablo 6. Aragtirma alani ve ¢evresinde belirlenen taksonlarin fitocografik bolgelere gore dagilim oranlari (%)

Arastirma Alanlar: Akdeniz | Avrupa- iran- Genis Endemizm

Elementi | Sibirya Turan Yayilish ve Oram
Elementi | Elementi | Bilinmeyen

Caligsma Alani 48.69 1.73 0 6.08 4.34

Anamur Yaylalarinin Florasi 51.21 3.60 6.21 54.17 13.25

Giilek Bogazi’nin (Mersin-Adana) Florasi [20] 19.60 5.60 24.90 49.90 18.80

Anamur Antik Kenti ve Cevresinin Florasi [18] 35.10 4.90 3.10 56.90 3.70

Kas Yaylasi ve ¢evresinin Florasi [19] 33.60 4.30 10.20 51.90 13.20

Hatay ilinin Baz1 Dogal ve Kiiltiirel Sit Alanlar 36.80 3.90 4.50 54.80 4.50

Floras1 Uzerine Bir Calisma [24]

Kahramanmaras ilinin Baz1 Dogal ve Kiiltiirel 23.20 6.90 10.50 59.30 18.60

Sit Alanlar1 Floras1 Uzerine Bir Calisma [25]

Karatepe-Aslantas Milli Parki ve Bazi 38.40 6.10 4.30 51.20 9.10

Dogal/Kiiltiirel Koruma Alanlari Uzerine

Floristik Bir Arastirma [26]

Adana Ilinin Baz1 Dogal ve Kiiltiirel Sit 34.60 4.50 5.00 55.90 1.30

Alanlar1 Uzerine Floristik Bir Calisma [27]

Gazihan Dede Mesire Alani (Adiyaman) Florasi 14.50 6.10 29.60 49.80 4.04

[28]

Tablo 7. Aragtirma alani ve yakin bolgelerinde yapilan ¢aligmalarda en ¢ok takson igeren familyalar

Arastirma Alanlar: Fabaceae | Lamiaceae | Asteraceae

Calisma Alani 17 12 5

Anamur Yaylalarinin Florast 42 47 54

Giilek Bogazi’nin (Mersin-Adana) Florasi [20] 88 61 89

Anamur Antik Kenti ve Cevresinin Florasi [18] 35 15 40

Kas Yaylas1 ve ¢evresinin Florasi [19] 59 31 58

Hatay ilinin bazi dogal ve kiiltiirel sit alanlar1 florasi iizerine bir 22 15 13

calisma [24]

Kahramanmaras Ilinin Baz1 Dogal ve Kiiltiirel Sit Alanlari Florasi 5 4 13

Uzerine Bir Caligma [25]

Karatepe-Aslantag Milli Parki ve Bazi1 Dogal/Kiiltiirel Koruma Alanlari 26 13 13

Uzerine Floristik Bir Arastirma [26]

Adana (Tiirkiye) Ilinin Baz1 Dogal ve Kiiltiirel Sit Alanlar1 Uzerine 15 10 33

Floristik Bir Calisma [27]

Gazihan Dede Mesire Alani (Adiyaman) Florasi [28] 27 27 43
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Ek-1. Calisma alanindan toplanan bitkilerin listesi.

Division: SPERMATOPHYTA

Subdivision: GYMNOSPERMAE

. CUPRESSACEAE

. Cupressus sempervirens L., “Servi”, 5, 03.04.2016, Ortag 1004.

. Juniperus drupacea Lab., “Andiz”, 5, 03.04.2016, D. Akd. Elm., Ortag 1005.

. Juniperus oxycedrus L. subsp. oxycedrus, “Katranardic1”, 5, 03.04.2016, Ge. Yay., Ortag 1007.
. EPHEDRACEAE

. Ephedra foeminea Forssk., “Borotu”, 1, 03.04.2016, Ortag 1008.

. Ephedra major Host, “Hum”, 2, 04.04.2016, Orta¢ 1009.

. PINACEAE

. Cedrus libani A. Rich., “Katranagac1”, 5, 07.05.2016, Akd. Elm., Ortag 1010.

. Pinus brutia Ten., “Kizilgam™ 5,6,7, 07.04.2016, D. Akd. Elm. , Orta¢ 1011.

Subdivision: ANGIOSPERMAE

Classis: DICOTYLEDONES

4. ANACARDIACEAE

8. Pistacia palaestina Boiss., “Cégre”, 1,2,3,4,6,7, 07.04.2016, D. Akd. Elm., Ortag 1017.

5. APOCYNACEAE

9. Nerium oleander L., “Zakkum”, 1,7, 08.05.2016, Akd. Elm., Orta¢ 1026.

6. ARALIACEAE

10. Hedera helix L., “Duvarsarmasigi”, 2, 03.04.2016, Ortag 1028.

7. ARISTOLOCHIACEAE

11. Aristolochia billardieri Jaub. & Spach, “Kargakavunu”, 2, 04.04.2016, Akd. Elm., Ortag 1029.
8. ASTERACEAE

12. Inula viscosa (L.) Aiton, “Stimenit” 6,7, 07.04.2016, Akd. Elm., Ortag 1058.

13. Cichorium intybus L., “Hindiba” 6, 03.04.2016, Ge. Yay., Ortag 1046.

14. Notobasis syriaca (L.) Cass, “Yavankenger”, 7, 07.05.2016, Akd. Elm., Ortag 1063.

15. Phagnalon graecum Boiss., “Bozgali”, 1,3,6,22.07.2016, D. Akd. Elm., Orta¢ 1066.

16. Senecio vernalis Waldst & Kit, “Kanaryaotu”, 4,6, 07.04.2016, Ge. Yay., Ortag 1070.

9. BETULACEAE

17. Alnus glutinosa (L.) Gaertner subsp. antitaurica Yalt., “Toroskizilagac1”, 7, 07.05.2016, D. Akd. Elm., Ortag 1083.
10. BORAGINACEAE

18. Alkanna hispida Hub. - Mor., “Killihavaciva”, 6, 22.07.2016, End. D. Akd. Elm., Ortag 1084. EN.
19. Anchusa aegyptiaca (L) A. DC., “Obrukballig1”, 1, 04.04.2016, Ortag 1086.

20. Echium angustifolium Miller, “Agres”, 3, 07.04.2016, D. Akd. Elm. , Ortag 1092.

21. Heliotropium europaeum L., “Akrepotu”, 6, 08.05.2016, Ir.-Tur. Elm., Ortag 1094.

22. Onosma rascheyana Boiss., “Vanemcegi”, 5, 03.04.2016, Ir.-Tur. Elm., Ortag¢ 1097.

11. CAMPANULACEAE

23. Campanula strigosa Banks & Sol., “Kiraggani1”, 7, 04.05.2016, Ortag 1125.

12. CAPPARACEAE

24. Capparis spinosa L., “Kebere”, 1,3,6, 08.05.2016, Ortag 1129.

13. CARYOPHYLLACEAE

25. Dianthus polycladus Boiss., “Belenkaranfili”, 2,3,6, 08.05.2016, D. Akd. Elm., Ortag 1132.
26. Dianthus zonatus Fenzl var. zonatus, “Kayakaranfili”, 2, 04.04.2016, Ortag 1133.

27. Silene colorata Poiret, “Kumnakili, 1, 08.05.2016, Ortag 1138.

14. CISTACEAE

28. Cistus creticus L., “Laden”, 4,6,7, 08.05.2016, Akd. Elm., Ortag 1152.

15. CRASSULACEAE

29. Sedum album L., “Cobankavurgas1” 3, 03.04.2016, Ge. Yay., Ortag 1164.

30. Umbilicus luteus (Huds.) Webb & Berthel., “Sarigébekotu”, 1,3,7, 03.04.2016, Ortag 1165.
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CUCURBITACEAE
Bryonia cretica L., “Karahaylin”, 7, 08.05.2016, D. Akd. Elm., Ortag 1166.
ERICACEAE

. Arbutus andrachne L., “Sandalagac1”, 2, 22.07.2016, Ortag 1171.
33.
18.
34.
35.
19.
36.
37.
38.
39.
40.

Arbutus unedo L., “Kocayemis”, 3,4, 22.03.2016, Ortag 1172.

EUPHORBIACEAE

Euphorbia helioscopia L., “Feribanotu”, 5, 08.05.2016, Ge. Yay., Ortag 1175.

Mercurialis ovata Sternb. & Hoppe, “Agcaotu”, 1,3, 22.07.2016, Av.-Sib. Elm., Ortag 1179.
FABACEAE

Anagyris foetida L., “Zivircik”, 4,8, 04.05.2016, Akd. Elm., Orta¢ 1183.

Anthyllis vulneraria L. subsp. boissieri (Sag.) Bornm., “Cobangiilii”, 6, 22.07.2016, Ge. Yay., Ortag 1184.
Astragalus hamosus L., “Kogboynuzu”, 5, 04.05.2016, Ortag 1187.

Calicotome villosa (Poiret) Link, “Ke¢ibogan”, 2,3,4,1,6,8, 22.07.2016, Akd. Elm., Ortag 1189.
Ceratonia siliqua L., “Kegiboynuzu”, 1,2,3,6,7, 04.05.2016, Akd. Elm., Ortag 1190.

. Cercis siliquastrum L. subsp. hebecarpa (Bornm.) Yalt., “Zazalak, 1,7, 22.07.2016, Ortag 1191.
42,
43,
44,
45,
46.
47,

Hippocrepis emerus L. subsp. emeroides (Boiss. & Sprun. ) Lassen, “Telgevrecik”, 4,3, 03.04.2016, Ortag 1195.

Genista acanthoclada DC., “Kertikefen”, 6, 25.10.2016, D. Akd. Elm., Orta¢ 1200.

Lathyrus annuus L., “Dagdirilcas1”, 1, 04.04.2016, Akd. Elm., Ortag 1207.

Medicago marina L., “Sahilyoncasi1”, 6, 08.05.2016, Ortag 1217.

Onobrychis cornuta (L.) Desv., “Kuskagciran”, 5, 07.04.2016, Ir.-Tur. Elm., Ortag 1223.

Pisum sativum L. subsp. elatius (Bieb.) Aschers. & Graebn var. elatius, “Boylu bezelye”, 1,3, 04.04.2016, Akd. Elm.,

Ortag 1227.

48.
49.
50.
. Vicia hybrida L., “Melezbakla”, 3, 04.05.2016, Ortag 1241.
52.
20.
53.
54.
21.
55.
56.
57.
58.
59.
22.
60.
23.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

51

71

74

78

Trifolium campestre Schreb., “Ug:gﬁl”, 7,22.07.2016, Ge. Yay., Ortag 1232.
Trifolium purpureum var. purpureum Lois., “Moriiggil”, 1, 08.05.2016, Ge. Yay., Ortag 1233.
Trigonella spicata Sibth. & Sm., “Basakboyotu”, 1, 22.07.2016, D. Akd. Elm., Ortag 1237.

Vicia sativa subsp. sativa L., “Fig”, 1, 22.07.2016, Ortag 1242.

FAGACEAE

Quercus cerris L., “Saghimese”, 7, 04.04.2016, Akd. Elm., Ortag 1245.

Quercus coccifera L., “Kermesmesesi”, 1,2,4,5,6,7,8, 22.07.2016, Akd. Elm., Orta¢ 1246.

GERANIACEAE

Erodium cicutarium (L.) L'Herit subsp. cicutarium, “ignelik”, 5, 07.04.2016, Ge. Yay., Ortag 1249.

E. gruinum L., “Kargididagi”, 1, 08.05.2016, D. Akd. Elm. , Ortag 1250.

E. malacoides (L.) L'Herit, “Do6nbaba”, 3, 08.05.2016, Akd. Elm., Ortag 1251.

Geranium molle L. subsp. molle, “Yumukasitir”, 2, 22.07.2016, Ortag 1256.

G. purpureum Vill., “Ebedon”, 7, 22.07.2016, Ortag 1257.

HYPERICACEAE

Hypericum perfoliatum L., “Binbirdelikotu”, 7, 06.04.2016, Akd. Elm., Ortag 1260.

LAMIACEAE

Ajuga chamaepitys (L.) Schreber subsp. chia (Schreber) Arcangeli var. chia, “Acigic1”, 4, 22.03.2016, Ortag 1264.
Ballota saxatilis subsp. saxatilis Sieber ex C. Presl, “Nemnemotu”, 2,1,3, 23.07.2016, D. Akd. Elm., Orta¢ 1267.
Lamium garganicum subsp. striatum var. striatum (Sm.) Hayek, “Telbalicak”, 1,4, 27.10.2016, D. Akd. Elm., Ortag 1269.
Mentha longifolia (L.) Hudson subsp. typhoides (Briq.) Harley, “Derenanesi”, 1, 22.07.2016, Ge. Yay., Ortag 1276.
Micromeria myrtifolia Boiss. & Hohen., “Bogumlugay”, 6,7, 22.07.2016, D. Akd. Elm., Ortag 1277.

Nepeta nuda L. subsp. albiflora (Boiss.) Gams, “Karakiincii”, 2, 23.07.2016, Ortag 1279.

Phlomis armeniaca Willd., “Bozsavlak™, 2, 23.07.2016, Ir.-Tur. Elm., Orta¢ 1283.

Phlomis leucophracta P.H.Davis & Hub.-Mor., “Calba”, 7, 07.05.2016, End. D. Akd. Elm., Orta¢ 1284. NT.
Phlomis viscosa Poiret “Yagligalba”, 3,7, 04.05.2016, D. Akd. Elm., Ortag 1286.

Salvia viridis L., “Zarifsalba”, 3, 07.04.2016, Akd. Elm., Orta¢ 1297.

. Stachys rupestris Montbret & Aucher ex Benth., “Bodurdeligay”, 2, 27.10.2016, End. D. Akd. Elm., Ortag 1307. LC.
72.
24.
73.
25.
. Alcea digitata (Boiss.) Alef., “Boyluhatmi”, 1,3, 23.07.2016, ir.-Tur. Elm., Ortag 1315.
75.
26.
76.
217.
77.

Teucrium creticum L., “Akpiiren”, 6, 22.03.2016, Akd. Elm., Ortag 1309.
LAURACEAE

Laurus nobilis L., “Defne”, 1,2,4, 23.10.2016, Akd. Elm., Orta¢ 1312.
MALVACEAE

Malva sylvestris L., “Ebegiimeci”, 2,3, 22.07.2016, Ortag 1316.

MORACEAE

Ficus carica L. subsp. rupestris (Hausskn.) Browicz, “Itinciri”, 1,7, 23.10.2016, Ir.-Tur. Elm., Ortag 1318.
OLEACEAE

Fontanesia phillyreoides Labill., “Cilbirt1”, 7, 23.07.2016, D. Akd. Elm., Ortag 1325.

. Jasminum fruticans L., “Boruk”, 1, 27.10.2016, Akd. Elm., Orta¢ 1327.
79.
80.
28.

Olea europaea L., “Zeytin”, 1,2,3,6,7, 23.10.2016, Akd. Elm., Ortag 1329.
Phillyrea latifolia L., “Ak¢akesme”, 2,1,3,4,7, 22.07.2016, Akd. Elm., Ortag 1330.
PAPAVERACEAE
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81. Fumaria asepala Boiss., “Aksahtere”, 1, 04.05.2016, Ir.-Tur. Elm., Orta¢ 1333.

82. Papaver rhoeas L., “Gelincik”, 6, 26.10.2016, Ortag 1336.

29. PLANTAGINACEAE

83. Plantago lanceolata L., “Damarlica”, 1,3, 23.07.2016, Ortag 1340.

30. POLYGONACEAE

84. Rumex crispus L.,”Labada”, 7,22.07.2016, Ortag 1348.

31. PRIMULACEAE

85. Androsace maxima L., “Tavukkursagi”, 5, 07.05.2016, Ortag 1352.

32. RANUNCULACEAE

86. Anemone blanda Schott & Kotschy, “Daglalesi”, 5, 07.05.2016, Ortag 1358.

87. Clematis cirrhosa L., “Baharsarmasig1”, 2, 26.10.2016, Akd. Elm., Orta¢ 1361.

33. RHAMNACEAE

88. Paliurus spina-christi Miller, “Karagali”, 1,2,3,6,7, 22.07.2016, Ortag 1369.

89. Rhamnus lycioides subsp. oleoides (L.) Jahandiez & Maire, “Topcehri”, 2, 08.05.2016, D. Akd. Elm., Ortag 1371.
34. ROSACEAE

90. Cotoneaster nummularius Fisch. & C.A. Mey., “Dagmusmulasi”, 1,27.10.2016, Ortag 1373.

91. Rosa canina L., “Kusburnu”, 2,5, 24.10.2016, Orta¢ 1380.

92. Rubus sanctus Schreber, “Rubus sanctus” 7, 08.05.2016, Ge. Yay., Ortag 1381.

93. Sarcopoterium spinosum (L.) Spach, “Abdestbozan”, 6,8, 22.07.2016, D. Akd. Elm., Ortag 1383.
35. RUBIACEAE

94. Cruciata taurica (Pallas ex Willd) Ehrend., “Kirimgiizeli”, 5, 07.05.2016, ir.-Tur. Elm., Ortag 1385.
36. RUTACEAE

95. Ruta chalepensis L., “Kokarsedefotu”, 3, 24.10.2016, Ortag 1386.

37. SCROPHULARIACEAE

96. Verbascum sinuatum L. subsp. sinuatum var. sinuatum, “Bodanotu”, 3, 22.07.2016, Akd. Elm., Ortag 1399.
97. Veronica cymbalaria Bodard, “Veniisgicegi”, 1, 2, 27.10.2016, Akd. Elm., Ortag 1401.

38. SOLANACEAE

98. Hyoscyamus aureus L., “Saribanotu”, 2, 26.10.2016, D. Akd. Elm., Orta¢ 1404.

39. STYRACACEAE

99. Styrax officinalis L., “Ayifind1g1”, 1,2,7, 27.10.2016, Ortag 1406.

40. THYMELAEACEAE

100. Daphne oleoides Schreber subsp. oleoides, “Gévegek”, 2, 24.10.2016, Ortag 1409.

101. Daphne sericea Vahl, “Tavukbiiziigii”, 4, 22.07.2016, D. Akd. Elm., Ortag 1410.

41. URTICACEAE

102. Parietaria judaica L., “Duvarfeslegeni”, 2, 22.07.2016, Ge. Yay., Ortag 1414.

103. Urtica dioica L., “Isirgan”, 2,5, 23.10.2016, Av.-Sib. Elm., Ortag¢ 1415.

42. VERBENACEAE

104. Vitex agnus-castus L., “Hayit”, 7, 08.05.2016, Akd. Elm., Ortag 1419.

Classis: MONOCOTYLEDONES

43. ARACEAE

105. Arum dioscoridis var. dioscoridis Sm., “Tirsikpancar1”, 3,2, 03.04.2016, D. Akd. Elm., Ortag 1425.
44. ASPARAGACEAE

106. Asparagus acutifolius L., “Tilkisen”, 6, 24.10.2016, Akd. Elm., Ortag 1441.

107. Drimia maritima (L.) Stearn, “Kumoriimcekotu”, 1,2,3,6,8, 23.10.2016, Akd. Elm., Ortag 1456.
108. Muscari neglectum Guss. ex Ten., “Arapiiziimi”, 5, 27.10.2016, Ortag 1450.

109. Prospero autumnale (L.) Speta, “Glizsimbiili”, 2, 22.07.2016, Akd. Elm., Ortag 1453.

45. COLCHICACEAE

110. Colchicum cilicicum (Boiss.) Dammer, “Ayi¢igdemi”, 2, 26.10.2016, D. Akd. Elm., Ortag 1444.
46. XANTHORRHOEACEAE

111. Asphodeline taurica (Pallas) Kunth, “Kilgiris”, 5, 27.10.2016, D. Akd. Elm., Ortag 1442.

112. Asphodelus aestivus Brot, “Kirgi¢kokii”, 1,6, 22.07.2016, Akd. Elm., Ortag 1443.

47. POACEAE

113. Avena sterilis L. subsp. ludoviciana (Durieu) Gillet et Magne, “Horazotu”, 7, 23.07.2016, Ortag 1463.
114. Briza maxima L., “Tavsankiipesi”, 7, 25.10.2016, Ortag 1464.

48. SMILACACEAE

115. Smilax aspera L., “Gicirdikeni”, 1,2,3,6,7, 22.07.2016, Ortag 1454,
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Abstract

To determine the population density of the Potamon potamios (Olivier, 1804) species in G6lbasi (Fish) Lake
(Golbas1 Village - Kirikhan - Hatay), samples were collected in July 2020 and 2021. Once a week during the period of 3
weeks, a total of 6 times. Wire cages with one-sided doors that could open inwards were used to capture the fish
samples. Fish remains as bait was placed in the cages. To avoid recounting the same individuals, individuals were
marked after each count with a water-resistant pen that can be seen in purple light. Collected samples were examined
live at the sampling point. During the examination of the samples, male and female individuals were counted and
recorded. Enumerated individuals were released back into their habitats after marking. At the end of the census, it was
observed that there was a decrease in the population in 2021 with the effect of low rainfall and drought. While the total
number of samples detected in 2020 was 196, 84 individuals were detected in 2021. It is thought that the reason for the
sudden decrease in the number of individuals is the decrease in the groundwater level due to low precipitation and the
withdrawal in the lake level.

Keywords: Potamonidae, P.potamios, Golbasi, Kirikhan, Hata

k

Golbasi1 (Balik) Golii (Golbasi Koyii / Kirikhan / Hatay) Potamon potamios (Olivier 1804) popiilasyon yogunlugu

Ozet

Potamon potamios (Olivier, 1804) tiirlinin Go6lbas1 (Balik) Golii'ndeki (G6lbas1 Koyii - Kirtkhan - Hatay)
popiilasyon yogunlugunun belirlenmesi amaciyla Temmuz 2020 ve 2021'de belirlenen ornekleme noktalarindan
ornekler toplanmustir. Ornekleme 3 hafta boyunca haftada bir olmak iizere toplam 6 kez yapilmustir. Numuneleri
yakalamak icin tek tarafli kapilari igeriye dogru agilabilen tel kafesler kullanilmistir. Kafeslerin i¢ine yem olarak balik
kalintilar1 konmustur. Ayn1 bireylerin tekrar sayilmasini engellemek i¢in, her sayimdan sonra bireyler suya dayanikli ve
mor 1g1kta goriilebilen kalemle isaretlenmistir. Orneklerin incelenmesi sirasinda, disi ve erkek bireylerin sayimlar
yapilmis ve kaydedilmistir. Sayilan bireyler, isaretlemenin ardindan habitatlarina geri birakilmistir. Niifus sayim
sonunda diisiik yagis ve kurakligin da etkisiyle 2021 yilinda niifusta azalma oldugu gozlemlendi. 2020 yilinda tespit
edilen toplam Ornek sayis1 196 iken, 2021 yilinda 84 6rnek tespit edilmistir. Birey sayisindaki ani diisiisiin nedeninin,
yagislarin az olmasi nedeniyle yeralt1 su seviyesinin diismesi ve gol seviyesinin ¢ekilmesi oldugu diisiiniilmektedir.

Anahtar kelimeler: Potamonidae, P.potamios, Gélbasi, Kirikhan, Hatay
1. Introduction
Crabs can easily live in environments such as sea, brackish water, and freshwater [1]. It has been reported

that only 9 species of crabs belonging to the genus Potamon, which are represented by approximately 4500 species in
the world, are in the inland waters of our country [2].

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905053200112; Fax.: +905053200112; E-mail: ulonturk@gmail.com
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For the first time in our country, a taxonomic study was conducted on freshwater crabs by Geldiay and
Kocatag in 1977 [3]..

In the study conducted by Brandis et al. in 2000, the distribution areas of the genus Potamon were reported as
the southern coasts of Turkey and Cyprus and the Greek Islands [4].

Females of this species generally prefer rocky and shallow areas during the breeding season. They spend time
hiding in these areas during the day. At night, they come ashore from the water to hunt. Male individuals, on the other
hand, spend most of their time in the water and come ashore in a very small part of the night [1].

Golbas1 (Balik) Lake is located has locatedy 4 km located the Syrian border. Golbas1 Lake, at the foot of the
Kurt Mountains, northeast of the Amik Lake, is 29 km from Reyhanli and 11 km from Kirikhan.

Golbas1 Lake, the only natural lake of Hatay, is located within the borders of Kirikhan, between Gdlbast
Village and Kamberlikaya Village. There is a natural island in Golbasi Lake. The lake, which was registered as a
"Wetland of National Importance” on 19.04.2017 by the Turkish General Directorate of Nature Conservation and
National Parks of the Ministry of Agriculture and Forestry, was opened to tourism after the environmental arrangements
[5]. The basin of the lake, fed by spring waters, is approximately 792 hectares. It is planned to increase this area to 1000
hectares with the work to be done. The lake is mostly fed by groundwater. However, it affects precipitation, albeit in
small amounts.

Catfish and eel fishing are also done in Golbasi Lake. It is home to 193 different bird species. Many species
of waterfowl incubate here and hatch their young. A total of 73 bird species from water and shore birds that can survive
on wetlands currently use the area. Bird species such as the Flamingo, which has an important place in Anatolian
culture and is also locally called the Alli Crane, the 1zmir Kingfisher, the Pied Kingfisher, and the Boz alamecek and
Little Sparrow, whose normal distribution is in the Southeast Anatolian provinces, can be found around Gdélbasi Lake
[6]. The topographic structure of Golbas1 Lake, which has an important place in terms of biodiversity, is also important.
Thanks to its suitable topographic structure, it is a stopover and accommodation point for migrating birds and other
creatures. For this reason, it is useful to emphasize the topographic structure (Figure.1).
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Figure 1. 2 and 3-dimensional topographic views of Golbasi Lake, above sea level
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The Precambrian strata, the oldest unit around Lake Amik, are seen in the northwest of Amik Lake. The
Precambrian formations extend in the northeast-southwest direction between Hassa and Kirikhan on the eastern
foothills of the Amanos Mountains [7].

Cretaceous strata belonging to Mesozoic in the vicinity of Amik Lake are encountered in the Amanos
Mountains in the north of Kirikhan, in the east of G6lbast Lake, and around Kizilkaya. The Cretaceous layers consist of
limestone and are partly conglomerate. The Mesozoic Jurassic layers are located to the east of Golbag1 Village and
consist of limestone layers [7].

Basalt lavas are located in the east of Gdlbagi on the Syrian border. Mediterranean soils are generally poor in
humus and rich in iron sesquioxide. This compound gives the soil its red color [4]. These soils are found on limestones
on the Kuseyr Plateau, around Reyhanli and east of G6lbasi Lake [8].

The main plants found around the lake; are common reed (Phragmites communis), false spear (Erianthus
strictus), arrowroot (Imperata cylindrical), sedge (Typha) species, and reed (Pragmites) (Table 1) [9]. The existing
fauna and flora of Golbas1 Lake give an idea about the fauna and flora of old Amik Lake (Figure 2).

Table 1. Hydrophyte plant species that grow near G6lbagi Lake and form communities (from Giizelmansur, A., &
Yiicel, M. 2013)
Turkish name Latin name
Common reed Phragmites communis
Oklu grass Imperata cylindrica
Reeds Typha sp.
Lying spear  Erianthuss strictus
Lotus Nuphar lutea, Nymphaea alba

Figure 2. Golbas1 Lake, northeast of Amik Lake

Amik Lake and Golbag1 Lake are located on one of the most important migration routes for birds migrating
from Asia and Europe to Africa. Since it is on the migration route, it is a wetland that is a resting, sheltering, and
feeding area for birds.

However, with the drying of Amik Lake, which is on the migration route of birds migrating from Europe to
Africa, an important bird area disappeared and all the density was concentrated in Gdlbagt Lake. Due to adequate
protection and limited wetlands, the snakehead (Anhinga rufa) bird, which is one of the rare birds of Africa and Asia,
living only in Lake Amik in our country, and the rare species of black cormorant have also completely disappeared.
This situation negatively affected other living species as well [8].

Potamon potamios is a semi-terrestrial crab species that live around the eastern Mediterranean, including
many Mediterranean islands, and to the south and west of the Sinai Peninsula [10, 11].

Some examples of recent studies on Potamon potamios; are Ozbek. M. Ustaoglu. M. R. (2006);
(Cumberlidge, N. 2008-2009); Cumberlidge, N., & Ng, P. K. L. (2009); Cumberlidge, N., et al. (2009); Harlioglu M.M.,
Farhadi A., Harlioglu A.G. (2018); Ontiirk, T., (2018-a, b, c); Ontiirk, T., (2019) Ipek, M. and Ozbek, M. (2022) [10,
11, 2,12, 13, 14, 1, 15, 16, 17, 18].

Population Density of Potamon potamios (Olivier 1804) in Gélbasi (Fish) Lake (Gélbast Village/Kirikhan/Hatay)
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2. Material and Method

Our study area is Golbast Lake in the Kirikhan district of Hatay province (Figure 3). Sampling processes
were carried out from the points determined on the lake (Figure 4), 6 times in total during the period of 3 weeks in July
2020 and July 2021. Wire cages were used for the capture of Potamon potamios specimens. Fish pieces were placed in
the cages as bait. The captured samples were counted by making male and female distinctions. Afterward, all samples
were released back into their living environments. To prevent recurrence in weekly counts, captured individuals were
marked with a water-resistant pen that was detectable with ultraviolet light. Samples were collected and counted before
sunrise in the morning. Coordinates of the sampling locations Table 2 are given in Table 2.
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Figure4. Sampling sttions
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Table 2. Coordinates of stations

Station number Coordinates

. Station 36°30'56.19"N 36°28'51.97"E
. Station 36°30'45.29"N 36°29'25.88"E
. Station  36°30'32.96"N 36°29'42.40"E
. Station  36°30'14.92"N 36°29'53.78"E
. Station  36°30'26.18"N 36°2927.00"E
. Station 36°30'12.82"N 36°29'38.77"E
. Station 36°30'9.19"N 36°29'11.42"E
. Station  36°29'49.29"N 36°29'22.15"E
. Station  36°30'30.78"N 36°29'32.52"E
. Station 36°30'27.33"N 36°28'53.00"E

QLW ~NOOOUOTA~,WNBE

[y

3. Results

As a result of the sampling studies, a total of 196 individuals were counted in 2020. Of these, 117 were
identified as male and 79 as female. In 2021, a total of 84 individuals were counted. 61 of them were male and 23 of
them were female Table 3. The distribution of male and female individuals according to the stations are shown in
Figure 5 and Figure 6.

The annual comparative distribution of male and female individuals by stations is shown in Figure 7.

The highest number of individuals was determined at station 5 in both 2020 and 2021. The least number of
individuals was detected at station 10 in 2020, and station 9 in 2021.

In 2021, the water level decreased by about 70 cm compared to 2020.

Table 3. Distribution of male and female individuals by years.

2020 2021
Total Female Male Total Female Male
St. no individual individual individual individual individual individual
1. St 19 7 12 7 2 5
2. St. 21 9 12 9 2 7
3. St. 19 8 11 8 1 7
4, St 23 9 14 12 4 8
5. St. 28 16 12 19 9 10
6. St. 21 7 14 7 1 6
7. St. 23 7 16 7 1 6
8. St. 14 5 9 6 1 5
9. St. 15 5 10 4 1 3
10. St. 13 5 8 5 1 4
Total 196 79 117 84 23 61
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Figure 5. Distribution of 2020 female and male individuals by stations
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Figure 6. Distribution of 2021 female and male individuals by stations
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Figure 7. Comparison of the yearly distribution of male and female individuals by stations

4. Conclusion and Discussion

The reason why the highest number of individuals is seen at station 5 in both years is thought to be related to
the fact that it is far from the coast and is the region with the least human transportation.

However, the fact that it is a suitable environment in terms of shelter and nutrition brings station 5 to the fore.
When we look at the general structure of the station, it is seen that fish prefer these regions to spawn. Due to this
situation, it is possible to feed Potamon potomios species with fish eggs.

In 2021, a significant decrease in lake level was observed due to the decrease in precipitation and the
accompanying drought. With this decline, the living environment in the lake was also affected. The living conditions of
both the Potamon potamios species and other living things have become difficult. As the water needs of the agricultural
areas increased with the drought, the water was drawn from the lake by pumps above normal. However, the increase in
the evaporation rate with the increasing effect of temperature caused a significant decrease in the water level. In
addition, the impact of the wild irrigation systems and numerous boreholes in the surrounding area is also great.

According to Kumerloeve (1988), the area is the spawning ground of about 48 bird species. In the study;
swamp bunting (Emberiza schoeniclus), willow sparrow (Passer hispaniolensis), common primrose (Remiz
pendulinus), great reed spruce (Acrocephalus arundinaceus), common reed viper (Acrocephalus scirpaceus), great egret
(Egretta albarus (Botarus), balaban The existence of cranes (Grus grus), lapwing (Vanellus vanellus chettusia), reed
nightingale (Cettia cetti), henna partridge (Alectoris chukar), collared bustard (Houbara bustard), green bee-eater
(Merops superciliosus) around Lake Amik is described [19].
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One of the aquatic creatures in the food chain of these bird species that make nests and lay eggs in the lake
surroundings and among the plants in the lake is the crustacean species. Therefore, it is thought to have an effect on the
P. potamios population.

In addition, it is thought that the feeding habits of Pelophylax bedriagae, Bufotes variabilis, Ophisops
elegans, Apathya cappadocica, Natrix natrix, and Natrix tessellata species distributed in the region are also effective on
the population [20].

While Hassa and Kirikhan sections are irrigated by the waters of the Karasu River, irrigation around Golbasi
Lake is done with water drawn from boreholes and canals. However, this also increases irrigation costs. However, high
water demand and consumption caused the groundwater level to decrease.

For this reason, the lake floor and its surroundings have a structure suitable for water loss from the base. It is
thought that there is water loss from the lake floor due to the deep wells drilled in the surrounding area.

The water losses experienced adversely affect biological diversity. If this situation is not prevented, some
species will go extinct.

Primary freshwater crabs (Pseudothelphusidae, Potamidae, Potamonautidae, Gecarcinucidae, and
Trichodactylidae) are a group of purely freshwater families [21, 22]. In the first global conservation assessment of
primary freshwater crabs, Cumberlidge et al. (2009) found that a significant portion (one in six) of the world's 1300
species is threatened with extinction, and a larger portion (about half) does not even have sufficient data to be evaluated
in the first place; They identified the various threats facing this group of animals and called for strategies to be
developed to protect the world's threatened freshwater crabs [23].

As a result, failure to develop the necessary protection methods and to combat drought effectively will cause a
significant decrease in the Potamon potamios specimens and even the extinction of the species. In addition, preventing
wild irrigation and the unconscious use of groundwater will protect both the lake and the biodiversity in the lake..

References

[1]. Ontiirk, T., (2018)., Examination of Population and Reproductive Characteristics of FreshWater Crab(Potamon
potamios (Olivier 1804 ) in Sakarbas1 ( Cifteler ). Biyolojik Bilimler Arastirma Dergisi, 11(1), 5-7

[2]. Ozbek. M. Ustaoglu. M. R. 2006. Check-list of Malacostraca (Crustacea) Species of Turkish Inland Waters. E.U.
Journal of Fisheries Aquatic Sciences, (23), 229-234.

[3]. Geldiay, R., Kocatas, A., (1977). An Investigation on the local Population of the freshwater crabs (Potamon saving
1816) in Tiirkey and a revision of its taxonomy. Ege Univ. Fen Fak. Seri B C:1 S: 2. 195-213.

[4]. Brandis, D., Storch, V., Tirkay. M., (2000). Taxonomy and zoogeography of the freshwater crabs of Europe.
North Africa and the Middle East. Senckenbergiana Biologica. 80. 5-56.

[5]. Doga Koruma Milli Parklar Genel Miidiirligi, https://www.tarimorman.gov.tr/DKMP/
Belgeler/Korunan%20Alanlar%20L.istesi/SA-WEB.pdf

[6]. Hatay Il Kiiltiir ve Turizm Miidiirliigii; https://hatay.ktb.gov.tr/TR-284178/ekoturizm.html

[7]. ATAN, O, (1969) Egribucak-Karacaoren (Hassa), Ceyhanli-Dazevleri (Kirikhan) Arasindaki Amanos Daglarinin
Jeolojisi, M.T.A. Yayinlari, No:139

[8]. ATALAY, I., (2006) Toprak Olusumu, Smniflandirmas1 ve Cografyasi, Kisisel Yaynlar.

[9]. Giizelmansur, A., & Yiicel, M. (2013). “Amik Ovas1 ve gevresinin siirdiiriilebilir alan kullanim planlamas1”. C.U.
Fen Bilimleri Dergisi, (29), 70-79.

[10]. Cumberlidge, N. (2008). "Potamon potamios”. IUCN Red List of Threatened Species, 2008: e.T135117A4061032.
d0i:10.2305/IUCN.UK.2008.RLTS.T135117A4061032.en.

[11]. Cumberlidge, N. (2009). "Freshwater Crabs and Shrimps (Crustacea: Decapoda) of the Nile Basin". In Henri J.
Dumont (ed.). The Nile: Origin, Environments, Limnology and Human Use. Monographiae Biologicae, Vol. 89,
546-562. doi:10.1007/978-1-4020-9726-3_27. ISBN 978-1-4020-9725-6.

[12]. Cumberlidge, N., & Ng, P. K. L. (2009). Systematics, evolution, and biogeography of the freshwater crabs. In J.
W. Martin, K. A. Crandall, & D. L. Felder (Eds.), Crustacean issues: decapod crustacean phylogenetics (pp. 491—
504). Leiden: CRC.

[13]. Cumberlidge, N., Ng, P. K. L., Yeo, D. C. J., Magalhées, C., Campos, M. R., Alvarez, F., et al. (2009). Freshwater
crabs and the biodiversity crisis: importance, threats, status, and conservation challenges. Biological Conservation,
142, 1665-1673.

[14]. Harlioglu M.M., Farhadi A., Harlioglu A.G. (2018). A review of the freshwater crabs of Turkey (Brachyura,
Potamidae). Fish. Aquat. Life, (26), 151-158.

[15]. Ontiirk, T., (2018); The Effect of Water Pollution on Potamonidae Species Populations. Research Journal of
Biology Sciences, 11(2), 18-20

Population Density of Potamon potamios (Olivier 1804) in Gélbasi (Fish) Lake (Gélbast Village/Kirikhan/Hatay)
Tugrul ONTURK



376 Biological Diversity and Conservation — 15 / 3 (2022)

[16]. Ontiirk, T., (2018); Investigations on Decapoda Fauna in Eskisehir and Kutahya Environment. International
Journal of Environmental Research and Technology, 1(1), 21-24

[17]. Ontiirk, T., (2019). Distribution of Aquatic Ecosystems and Around in Eskisehir. International Journal of Applied
Biology and Environmental Science, 1(1), 3-4.

[18]. ipek, M., and Ozbek, M., (2022) An updated and annotated checklist of the Malacostraca (Crustacea) species
inhabited Turkish inland waters. Turkish Journal of Zoology, 46(1), 14-66.
https://doi.org/10.3906/z00-2109-12

[19]. Kumerloeve, H. (1988). “Amik Gélii (The Lake Of Antioch Proposal For Its Revival As Wildlife National Park in
SE Turkey)”. I. U. Fen Fakiiltesi Biyoloji Dergisi, 53:17-18.

[20]. Yildiz, M. Z. , Sarikaya, B. & Bozkurt, M. A. (2019). Hatay ilinin Herpetofaunasi (Dogu Akdeniz Bolgesi,
Tiirkiye). Biyolojik Cesitlilik ve Koruma, 12 (2), 197-205. DOI: 10.5505/biodicon.2019.93685

[21]. Yeo, D. C. J., Cumberlidge, N., & Klaus, S. (2014). Preface—freshwater decapod biology in the 21st century. In
D. C. J. Yeo, N. Cumberlidge, & S. Klaus (Eds.), Advances in freshwater decapod systematics and biology (pp. 1-
6), Crustaceana monographs 19 Netherlands: Brill Publishers.

[22]. Yeo, D. C. J., Ng, P. K. L., Cumberlidge, N., Magalhées, C., Daniels, S. R., & Campos, M. R. (2008). Global
diversity of crabs (Crustacea: Decapoda: Brachyura) in freshwater. In E. V. Balian, C. Lévéque, H. Segers, & K.
Martens (Eds.), Freshwater animal diversity assessment (pp. 275-286)., Hydrobiologia 575 Berlin: Springer Press.

[23]. Darren C.J. Yeo, Sonja Luz, Yixiong Cai, Neil Cumberlidge, Philip J.K. McGowan, Daniel J.J. Ng, Roopali
Raghavan, and Geoffrey W.H. Davison (2016). Conservation First: Strategic Planning to Save the Critically
Endangered Singapore Freshwater Crab, Johora singaporensis. A Global Overview of the Conservation of
Freshwater Decapod Crustaceans p. 359-372. Springer Press.

(Note: This study was presented at the 5th International Congress on Zoology and Technology in 2021. It was
published as a summary in the proceedings book.)

Population Density of Potamon potamios (Olivier 1804) in Gélbasi (Fish) Lake (Golbasi Village/Kirikhan/Hatay)
Tugrul ONTURK



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online ISSN 1308-5301 Print

Research article/Arastirma makalesi
DOI: 14745/biodicon.2021.1181804
15/3 (2022) 377-384

The relationship between protein yield, yield components and nutrient contents of Wild Rocket

Nur KOC KOYUN ™, Aysegiil KORKMAZ 2, Ramazan ACAR !
ORCID: 0000-0002-3053-6127; 0000-0002-6745-5742; 0000-0002-3347-6537

! Selguk Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, 42250, Konya, Tiirkiye
2Seleuk Universitesi, Ziraat Fakiiltesi, Toprak Bilimi ve Bitki Besleme Boliimii, 42250, Konya, Tiirkiye

Abstract

The wild rocket (Diplotaxis tenuifolia (L.) DC), which has adapted to changing climate conditions, uses
vegetables, oil, medicinal, and forage crops. Furthermore, the species is one of the plants that are benefited from soil and
water conservation by rapidly developing vegetation in areas with water erosion having botanical properties. Therefore,
it is necessary to determine the characteristics related to the yield to the practical plant breeding in plants providing
sustainable agriculture in a rapidly changing climate. For this reason, in this research, the wild rocket was grown for use
as a fodder crop at three-row spacing according to Randomized Complete Block Design with three replication during
2015-2016 in Konya conditions. Our study aimed to investigate the relationship between crude protein, yield, protein
yield, botanical properties, and nutrient content of plants grown in different row spacing in 2016. 30 cm and 40 cm row
spacing, 1.82 g, and 1.96 g, respectively, had the maximum protein yield per plant; these values were statistically in the
same group. In research, we obtained the highest protein yield from 30 ¢cm row spacing with 404.42 kg ha. Moreover,
the protein yield per plant of wild rocket grown at different row spacing individually explained 37% of the protein yield’s
variation as the result of the path model clarifying the relationship between traits investigated in the search. Also, the
plant fodder yield per plant, plant height, and crude protein explained 97.6% of the protein yield’s variation.
Consequently, 30 cm and 40 cm row spacing are suggested in farming for obtaining roughage with high protein yield.
However, we can state that the plant fodder yield per plant, plant height, canopy diameter and crude protein should be
considered as selection criteria for the selection of types for developed forage crops.

Key words: Diplotaxis tenuifolia, path analiysis, protein, yield, wild rocket

*

Yabani Rokanin protein verimi ve verim unsurlari ile besin element icerikleri arasindaki iliskiler

Ozet

Giintimiizde degisen iklim sartlarina adapte olabilecek potansiyele sahip olan yabani rokanin (D. tenuifolia (L.)
DC), sebze, tibbi bitki, yag bitkisi, yem bitkisi olarak kullanimi s6z konusudur. Ayrica sahip oldugu bitkisel 6zellikleri
ile su erozyonu olan bolgelerde hizli bitki ortiisii gelistirerek toprak ve su korumasinda faydalanabilecegimiz bitki
tiirlerindendir. Hizla degisen iklim sartlarinda, siirdiiriilebilir bir tarimi saglayabilecek bitkilerin 1slahinin daha kisa siirede
yapilabilmesi i¢in verim ile arasinda iliski bulunan 6zelliklerin tespit edilmesi gerekir. Bu sebeple, bu ¢alismada 2015-
2016 yillarinda Konya sartlarinda Tesadiif Bloklar1 Deneme Desenine gore ii¢ tekerriirlii olarak ii¢ farkli sira arliginda
yabani roka yem bitkisi olarak kullanim amaciyla yetistirilmistir. Arastirmamizda, farkl sira araliginda yetistirilen
bitkilerin 2016 yilindaki ham protein orani, verimi ve protein verimi ile bitkisel 6zellikler ve besin elementleri arasindaki
iliskinin incelenmesi amaglanmigtir. Calismada bitki basina en yiiksek protein verimi, 30 ve 40 cm sira araligindan
sirastyla 1.82 g ve 1.96 g olup istatistiki olarak bu degerler ayni grupta yer almaktadir. Arastirmada en yiiksek protein
verimi 30 cm sira aralifinda 404.42 kg ha elde edilmistir. Ayrica, ¢alismada incelenen 6zellikler arasindaki iliskiyi
aciklamak amaciyla yapilan path model sonucuna gore, farkli sira araliginda yetistirilen yabani rokalarin bitki bagina
protein verimi, protein verimi varyasyonun % 37’si tek basina agiklamaktadir. Dahasi, bitki bagina yem verimi, bitki boyu
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ve ham protein orani birlikte bitki basina protein verimi varyasyonun % 97.6’sin1 agiklamaktadir. Sonug olarak, yiiksek
protein verimine sahip kaba yem elde etmek amaciyla yapilacak yetistiriciliklerde 30 cm ve 40 cm sira aralig1 tavsiye
edilebilir. Bununla birlikte, yem bitkisi amaci ile gelistirilecek tiplerin se¢iminde ise kriter olarak bitki bagina yem verimi,
bitki boyu, kanopi ¢ap1 ve ham protein orami 6zellikleri iizerinde durulmasi gerektigini ifade edebiliriz.

Anahtar kelimeler: Diplotaxis tenuifolia, path analizi, protein, verim, yabani roka
1. Giris

Diplotaxis cinsi Brassicaceae familyasina ait olup, Tiirkiye Florasinda D. acris, D. erucoides, D. muralis, D.
viminea ve D. tenuifolia olmak tizere 5 tiir ile temsil edilmektedir. Yabani roka (Diplotaxis tenuifolia (L.) DC) bu tiirler
icerisinde ¢ok yillik olan tek tiirdiir [1]. Tiirkiye’de yaygin olarak “yabani roka” olarak adlandirilan D. tenuifolia tirt,
Tiirkiye Bitkileri Listesi (Damarli Bitkiler) adli eserde “Tiirpenk™ olarak adlandirilmaktadir [2]. D. tenuifolia Kuzey
Afrika, Bati Asya ve Avrupa’nin yerel tiirii olarak tanimlanmaktadir. Rekabetgi yoniiniin giiglii olmasi nedeniyle
Avustralya, Arjantin ve Kuzey Amerika’da istilaci tiir olarak kabul edilirken Tiirkiye’de biyogesitliligin yiiksek olmasi
nedeniyle istilact tiir olarak degerlendirilmemektedir [1, 3].

Yabani rokanin kok, gévde, yaprak, polen ve tohumunun anatomik yapisi detayli incelenmis ve sahip oldugu
bu bitkisel 6zellikleri ile potansiyel kullanim alanlar1 ¢ok genis oldugu ifade edilebilir [4, 5].

Yabani roka derin kok sistemi ile kurakliga karst toleransli olup yazin kuru yem periyodunda 6zellikle koyunlar
icin kaba yem kaynag1 olarak kullanilabilir [4, 6]. [7] ya gore koyunlarin bu bitkiyi otlama konusunda isteksiz oldugunu
belirtse de, [6]’e gore koyun rasyonlarinda yonca kuru otuna % 5, %15 ve % 30 yabani rokanin konulmasinin hayvanlarin
otladig1 ve hayvan sagligina zarar vermedigi ifade edilmistir.

Ormanlar ve meralar biyogesitlilik orani en yiiksek yerler olup 6zellikle yazin kurak déonemlerinde meydana
gelen yanginlar biyogesitlilige zarar vermektedir. Yabani roka bu dénemlerinde olusturdugu gévde ve yaprak yapist ile
yangin Onleme seritleri olarak kullanimi miimkiindiir. Ayrica biyosistem i¢in vazgecilmez olan ve bitkilerin
tozlanmasinda énemli bir rolii olan arilar i¢in, yabani roka ¢igekleri 6 ay gibi (Nisan- Ekim) uzun bir dénem polen kaynagi
saglamaktadirlar [8, 9]. Bunlara ek olarak, adaptasyon kabiliyeti yiiksek olusu, hizli gelisim géstermesi, tohumlarini
hizlica yaymasi ve ¢ok yillik bir tiir olmast ile su erozyonu olan bolgelerde hizli bitki Ortiisii gelistirerek toprak ve su
korumada faydalanabilecegimiz bitki tiirlerindendir [1].

Ekosistemin korunmasi amaci diginda, tohumlarindaki % 35 yag oram ile yag bitkisi olarak [10],
yapraklarindaki kersetin, kaempferol, izorhamnetin gibi flavonoidler igerdigi i¢in tibbi bitki olarak kullamim imkéani
bulunmaktadir [11, 12]. Ayrica, yabani roka yapraklari italya ve Ispanya’da sebze olarak tiiketilmektedir [1, 13, 14, 15].
Tiirkiye’de dogal olarak yetismesine ragmen tilkemizde ticareti ve yetistiriciligi yapilmamaktadir.

Yabani roka tarimu ile ilgili yapilan ¢alismalarda sebze amaci ile yapilan iiretimde sira araligi 20 cm olarak
tavsiye edilmektedir [12]. Benzer bir sekilde, Konya sartlarinda yem bitkisi olarak yetistiriciligi ile ilgili yapilan ¢alismada
yiiksek tohum ve yem verimi i¢in sira araligi olarak 20 ve 30 cm sira aralifinda 6nerilmistir [4]. Ayrica D. tenuifolia’nin
giibrelenmesi [16] ve yapraklarinin depolanmasi [17] ile ilgili aragtirmalar mevcuttur.

Giiniimiizde degisen iklim sartlarima adapte olabilecek potansiyele sahip olan D. tenuifolia gibi kullanim
alanlarinin ¢oklugu nedeniyle degisen bu sartlarda insan ve hayvan beslenmesinde siirdiiriilebilir tarima yardimci
olabilecek bitkilerinden oldugu ifade edilebilir. Boyle bitkilerin 1slahinin daha kisa siirede gergeklestirilebilmesi igin
verim ile arasinda iliski bulunan 6zelliklerin tespit edilmesi ¢ok 6nemlidir. Path analizi, ¢esitli tane verim unsurlarinin
arasindaki iliskiyi 6l¢meye imkan saglayan giivenilir bir istatistiki metottur. Bu metot, degiskenler arasindaki korelasyonu
incelemeye yardime1 oldugu gibi ayn1 zamanda da bitki 1slahinda seleksiyon stratejisi belirlemede kullanilabilmektedir
[18]. Bu sebeple, bu calisgmada ham protein orami ve verimi incelenmistir. Ayrica ¢alismada path ve korelasyon
analizlerinden faydalanarak protein verimi, bitkisel Ozellikler ve besin elementleri arasindaki iligkileri agiklamak
amaglanmaktadir.

2. Materyal ve yontem
2.1. Denemenin kurulmasi

Calisma, Selguk Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii Deneme alaninda tesadiif bloklar
deneme desenine gore 3 tekerriirlii olarak 6 Mayis 2015 tarihinde kurulmustur. Arastirma 2015-2016 yillarinda
yiiriitiilmiistiir. S.U. kampiis alaninda dogal olarak yetisen yabani rokanin tohumlar1 Ekim 2014’te toplannus ve bu
tohumlar materyal olarak kullanmilmigtir. Arastirmada bitkiler 20, 30 ve 40 cm olmak iizere ii¢ farkl sira araliginda
yetistirilmistir. Ekim sirasinda veya sonrasinda giibreleme yapilmamistir. Bitkilere 2016 yilinda Temmuz ve Agustos
aylarinda bitkilerin su ihtiyaci oldugu donemlerde yagmurlama sulama ile 200 mm su verilmistir.

Deneme arazisinin iklim dzellikleri: Uzun yillar ortalamalaria gore (1980-2014) ortalama sicakliklar 12.60
°C, ekim y1l1 olan 2015’te 12.60 °C ve hasat yilinda (2016) 12.54 °C olarak kaydedilmistir. Y1llik toplam yagis uzun yillar
(1980-2014) ortalamasinda 348.23 mm olarak kaydedilmistir. Yillik toplam yagis denemenin kuruldugu yil (2015)
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ortalamalarin tizerinde (375.60 mm) olmasina ragmen hasat yilinda (2016) ortalamalarin altinda (293.50 mm) bir yagis
gerceklesmistir.

Deneme arazisinin toprak dzellikleri: Toprak killi-tinli bir biinyeye sahip olup, kire¢ (CaCO3) icerigi (% 35.6)
bakimindan yiiksektir. Toprak % 2.40 ile orta diizeyde organik maddeye sahip olup alkali reaksiyon (pH 8.12)
gostermektedir. Toprakta tuzluluk problemi (0.88 dS m™EC) yoktur. Topragm bitkiye elverisli K miktar1 (% 0.03) fazla
olup Mg (% 0.03) ve B (3.08 mg kg!) miktarlar1 yeterli, Zn miktar1 (0.91 mg kg*) orta, P (3.20 mg kg*) ve Fe (1.19 mg
kg™) miktarlar1 yetersiz diizeydedir.

2.2. Verilerin elde edilmesi

Arastirmada incelenen 6zellikler ve gézlemler 2016 yili Ekim aymin ilk haftasinda bitkiler tohum olgunluguna
geldigi donemde alinmis. Bu donemde her parselden segilen 5 bitki iizerinde 10 adet morfolojik 6zellik (bitki boyu, kanopi
capi, ana dal sayisi, daldaki meyve sayisi, bitkideki meyve sayisi, bitki bagina yem verimi, bitki bagina tohum verimi, bin
tane agirligi, yem verimi, tohum verimi) incelenmistir. Ayrica bu dénemdeki besin maddeleri igerigi (B, Ca, Co, Cr, Cu,
Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Zn) belirlenmistir [4]. Ancak inceledigimiz bu 6zellikler sadece protein verimi ile
iliskinin belirlenmesi amaciyla yaptigimiz istatistiki analizlerde kullanilmig olup bu &6zelliklerden bir kismi ile anlaml
sonuglar elde edilmistir. Bu sebeple anlamli sonug elde edilen 6zelliklerin 6l¢iim metotlar: verilmistir.

Calismada bitki boyu (BB) ve kanopi g¢apt (KC) milimetrik cetvel yardimiyla 6l¢iilmiis cm cinsinden
kaydedilmistir. Bitki bagina yem verimi (BBYV), hassas terazi ile tartilarak g cinsinden belirlenmistir [4].

Arastirmada verimi belirlemek amaciyla yapilan bi¢cimler 10 cm bigim yiiksekliginde elle yapilmistir. Bigilen
bitki 6rnekleri hava sirkiilasyonlu kurutma dolabinda 70°C’de kurutulmus ve bitki 6rnekleri 6gitiiliip kimyasal analizlere
hazirlanmigtir. Besin maddeleri igerikleri (Ca, P, S, B ve Cu) ve ham protein orani agagidaki metotlarla belirlenmistir.

Element analizi metodu: 0.2 g 6giitiilmiis bitki 6rnegi tartilmis ve 5 ml konsantre HNO3 ve 2 ml H20, (% 30
w/v) ile mikro dalga cihazinda (Cem MARSXpress) 210 °C 1s1 ve 200 PSI basing altinda ¢oziindtiriilmiigtiir. Analizin
giivenilirligini saglamak i¢in 40 hiicrelik mikrodalga seti i¢erisine bir adet sahit ve bir adet sertifikali referans materyal
ilave edilmistir. Coziindiiriilen numunelerin hacimleri deiyonize su ile 20 ml’ye tamamlanmistir. Mavi bantli filtre
kagidinda siiziilen her 6rnek ICP-AES (Varian-Vista Model, axial) cihazinda analize tabi tutulmustur [4, 19].

Protein analizi metodu: Ogiitiilmiis bitki 6rneklerinden 0.2 g tartilarak kalay kaplara konulmus ve 950 °C’de
1sitilan helyum, oksijen ve kuru hava ile calisan LECO C/N analizatériinde (LECO/ TRUESEC MICRO) AACC metot
46-30’da verilen Dumas Combustion Metoduna gore azot miktar1 tayin edilmistir [20]. Elde edilen deger, 6.25 katsayisi
ile ¢arpimi sonucunda ham protein orant (HP) belirlenmistir. Ayrica ¢alismamizda ham protein orani ve bitki basina yem
verimi degerleri kullanilarak bitki basina protein verimi (BBPV) ve protein verimi (PV) hesaplanmustir.

2.3. Istatistiki analizler

Ham protein ile ilgili dzelliklere ait degerlerin istatistiki analizleri tesadiif bloklar1 deneme desenine gore
MSTAT-C paket programinda varyans analizi yapilmustir. Istatistiki olarak 6nemli ¢ikan 6zellikler ayrica LSD (Asgari
onem fark) testine tabi tutulmustur [21].

Ozellikler arasindaki iliskililerin belirlenmesi i¢in SPSS 15 paket programinda ¢oklu regresyon analizi
(Forward MRA) yapilmistir [22]. Coklu regresyon analizinde, morfolojik 6zellikler ve besin elementleri bagimsiz
degisken olarak, ham protein orani, bitki basina kuru ot verimi, bitki bagina ham protein verimi ve protein verimi ise
bagimli degisken olarak se¢ilmistir.

Coklu regresyon analizi (Forward MRA) sonucunda 6zellikler arasindaki iliskinin daha iyi agiklanabilmesi igin
basitce ozellikler arasinda path modeli olusturulmustur. Modelde ¢oklu regresyon analizinden elde edilen standardize
beta katsayisi1 (B), path katsayist diger bir ifade ile direkt etki olarak kullanilmigtir [23]. Caligmada ayrica path modelinde
kullanilan 6zelliklerin kendi aralarindaki korelasyon, pearson Korelasyon analizi ile belirlenmistir.

3. Bulgular
3.1 Varyans analizine ait bulgular

Farkl1 sira araliginda yetistirilen yabani rokanin protein verimi ile ilgili 6zelliklere ait ortalama degerler ve
gruplandirmalar Sekil 1°de verilmistir. Varyans analizi sonucunda, varyasyon katsayilari ham protein orani i¢in % 13.62,
bitki bagina protein verimi igin % 14.81 ve protein verimi i¢in ise % 18.14 olarak tespit edilmistir. Varyans analizi
sonucunda bitki basina protein verimi % 5 seviyesinde istatistiki olarak énemli iken diger iki 6zellik istatistiki olarak
o6nemsiz oldugu belirlenmistir.

Calismada 40 cm sira araligindan en yiiksek protein orani (% 9.81) ve en yiiksek bitki basina protein verimi
(1.96 g) elde edilirken, ayni sira araligindan en diisiik protein verimi (326.59 kg ha?) elde edilmistir. Caligmada en yiiksek
protein verimi 30 cm sira araligindan 404.42 kg ha? elde edilmistir (Sekil 1a, b, ¢). Bu durum, 40 cm sira araliginda
metrekaredeki bitki sayisinin 30 cm sira araligindan daha az olmasi ile agiklanabilir.
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Sekil 1. Farkli sira araliginda yetistirilen yabani rokanin ham protein orani (a), bitki basina protein verimi (b) ve protein
verimi (c) ortalama degerleri ile bitki bagina protein veriminin gruplandirmasi (LSDggs: 0.552).

3.2. Path ve korelasyon analizine ait bulgular

Coklu regresyon analizi (Forward MRA) kullanilarak yapilan analiz sonucunda ¢alismada incelenen 6zellikler
arasindaki iliski Tablo 1°de verilmistir. Ayrica dzellikler arasindaki pearson korelasyon Tablo 2’te verilmistir. Iki analiz
sonuglari birlestirilerek path modele doniistiiriilmiis ve bu model Sekil 2’de verilmistir.

Tablo 1. Yabani rokanin protein verimi, unsurlar1 ve besin maddelerin ¢oklu regresyon analizi (Forward MRA)

Katsayilar (CoIIin]:f;gitIS;llir;atistigi Model Ozeti
B%glmll Basimsiz desisken Standardize
degisken ¢ = Katsisf‘; ® t P | Tolerans  VIF R R2
(Direct Etki)
BBPV 1,127 16,625 0,000 0,619 1,615 ,608(a) 0,370
Cu 1,058 12,272 0,000 0,383 2,613 |,874(b) 0,765
PV S 0,102 1,314 0,203 0,471 2,122 ,922(c) 0,850
P 0,511 5,638 0,000 0,346 2,889 |,940(d) 0,883
Ca -0,507 -4,494 0,000 0,223 4,483 |,970(e) 0,940
BBYV 1,031 30,613 0,000 0,528 1,893 |,886(a) 0,785
HP 0,675 15,144 0,000 0,301 3,322 ,983(b) 0,966
BBPV BB 0,127 2,928 0,008 0,321 3,119 |,988(c) 0,976
P -0,211 -4,271 0,000 0,246 4,069 ,992(d) 0,983
0,104 2,593 0,017 0,370 2,706 ,994(e) 0,987
BBYV KC 0,620 3,955 0,001 1,000 1,000 |,620(a) 0,385
R siitiinil i¢in agiklamalar;
PV; BBPV; BBYV;

a. Bagimsiz degisken: (Sabit), BBPV

b. Bagimst

z degisken: (Sabit), BBPV, Cu

c. Bagimsiz degisken: (Sabit), BBPV, Cu, S

d. Bagimsi

z degisken: (Sabit), BBPV, Cu, S, P

e. Bagimsiz degisken: (Sabit), BBPV, Cu, S, P, Ca

a. Bagimsiz degisken: (Sabit), BBYV
b. Bagimsiz degisken: (Sabit), BBYV,

HP

c. Bagimsiz degisken: (Sabit), BBYV,

HP, BB

d. Bagimsiz degisken: (Sabit), BBYV,
HP, BB, P
e. Bagimsiz degisken: (Sabit), BBYV,
HP, BB, P, B

a. Bagimsiz degisken: (Sabit), KC

Kisaltmalarin agiklamasi materyal ve yontem boliimiinde verilmistir.

Tablo 1’te verilen iligkiler incelendiginde, protein verimi bagimli degiskeni ile S bagimsiz degiskeni arasindaki
iliski istatistiki olarak dnemsizdir. Ancak bagimli degisken olarak bitki bagina protein verimini segtigimizde, B bagimsiz
degiskeni ile arasindaki iliski % 5 seviyesinde onemli iken diger bagimsiz degiskenlerle olan iligkiler % 1 diizeyinde
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istatistiki olarak onemli bulunmustur. Bagimli degisken olarak bitki basina yem verimi alindiginda kanopi capi ile
arasindaki iligki istatistiki olarak % 1 diizeyinde 6nemli doldugu tespit edilmistir.

Tablo 2. Yabani rokanin protein verimi, unsurlar1 ve besin maddelerine ait pearson korelasyon analizi

B Ca Cu P S BB KC BBYV  HP BBPV
Ca 0,890**
Cu 0,473* 0,615**
P 0,545**  0,674** 0,240
S -0,388*  -0,491** -0,531** 0,051
BB 0,149 -0,215 -0,081 -0,440* 0,015
KC -0,342 -0,595** -0,395*  -0,450* 0,308 0,613**
BBYV -0,240 -0,416*  -0,468* -0,354 0,181 0,580**  0,620**
HP 0,031 0,294 -0,174 0,680** 0,227 -0,693** -0,367 -0,396*

BBPV -0,218 -0,304 -0,609** -0,116 0,297 0,364 0,546** 0,886** 0,039
PV 0,026 0,095 0,128 0,298 0,150 0,166 0,348 0,528** 0,125 0,608**
*:p<0.05; **:p<0.01; Kisaltmalar materyal ve yontem boliimiinde verilmistir.

Yapilan korelasyon analizi sonucuna gore borun kalsiyum ve fosfor ile olan iligkisi % 1 seviyesinde oénemli
iken, bakir ve kiikiirt ile olan iligkisi % 5 seviyesinde 6nemlidir (Tablo 2). Kalsiyumun bakir, fosfor, kiikiirt ve bitki ¢ap1
ile olan iliskisi % 1 seviyesinde 6nemli iken bitki bagina yem verimi ile iligkisi % 5 seviyesinde dneme sahip oldugu ifade
edilebilir. Bakirin kiikiirt ve bitki basina protein verimi ile olan iliskisi negatif yonlii ve % 1 seviyesinde, bitki ¢ap1 ve
bitki basina yem verimi yine negatif yonlii ve % 5 seviyesinde anlamlidir. Bitki boyu ile bitki ¢ap1 ve bitki bagina yem
verimi pozitif yonlii ve % 1 seviyesinde énemli iken, ham protein ile negatif yonlii % 1 seviyesinde 6nemli bir iliskisi
bulunmaktadir. Ham protein, bitki basina yem verimi ve bitki basina protein verimi ile % 1 seviyesinde pozitif yonlii bir
iliskisi mevcuttur. Bitki bagia yem verimi, bitki bagina protein verimi ve protein verimi ile pozitif yonlii % 1 seviyesinde,
bitki capi ile % 5 seviyesinde negatif yonlii anlaml bir iliskisi vardir. Protein verimi ise bitki basina protein verimi ile
pozitif yonlii ve % 1 seviyesinde istatistiki olarak dnemli bir iliskisi s6z konusudur.

PV

Sekil 2. Path Model; Kisaltmalar materyal ve yontem boliimiinde verilmistir.

Sekil 2’de verilen path modelde, protein verimi (PV) iizerine etki eden verim unsurlari ve besin elementlerin
direk etkileri (B) tek yonlii oklar ile, 6zellikler arasindaki korelasyon ise ¢ift yonlii oklar ile gosterilmistir. Protein verimi
ile Ca arasindaki iligski negatif yonlii (B= -0.507) olup diger 6zelliklerle iligkisi pozitif yonlidiir. Protein verimi {izerine
bitki basina protein verimini direk etkisi (1.127) yiiksek oldugu ve tek bagina varyasyonun % 37’ini (R?=0.370)
aciklamaktadir (Tablo 1). Bitki basina protein verimi ile P arasindaki iliski negatif yonlii (= -0,211) olup diger
ozelliklerle (BBYV, HP, BB, B) olan iliskisi pozitif yonliidiir. Bitki bagina yem verimi, bitki bagina protein verimi tizerine
direk etkisi (1.031) olup bitki basina protein verimini varyasyonunun % 78.5’ini (R?=0.785) agiklamaktadir (Tablo 1).

The relationship between protein yield, yield components and nutrient contents of Wild Rocket
Nur KOC KOYUN, Aysegiil KORKMAZ, Ramazan ACAR



382 Biological Diversity and Conservation — 15 / 3 (2022)

Bitki bagina yem verimi iizerine sadece bitki ¢ap1 etkili olmus olup direk etkisi 0.620°dir. Ayrica bitki ¢ap1 tek basina
bitki basina yem verimi varyasyonunun % 38.5’lik (R?=0.385) kisnuni agiklamaktadir (Tablo 1).

4. Sonuglar ve tartisma

Yabani roka hayvancilikta kaba yem kaynagi olarak kullanilabilme potansiyeline sahip olmasi sebebiyle
yapmig oldugumuz ¢aligmada farkli sira araliginda yetistirilen bitkilerin istatistiki olarak dnem arz eden bitki bagina
protein verimi agisindan en yiiksek deger 30 cm ve 40 cm sira araliginda elde edilmistir. Yapilan kaynak taramasi
sonucunda yabani rokanin bitki basina protein verimi ile ilgili herhangi bir ¢alismaya rastlanilmadig1 i¢in protein orani
ve verimi ile ilgili sonuglar tartigilmstir.

2005 ve 2006 yillarinda italya ve Tiirkiye orijinli 6 haftalik yabani rokalarin taze yapraklarinm 2.6 ile 6.1 mg
g ham protein ihtiva ettigi belirlenmistir [24]. Benzer sekilde yapilan bir calismada [25], Nijerya’nin Oyo sehrinde (Erelu
Baraj1) yetistirilen, yine taze yabani roka yapraklarinin protein orani % 34.56 olarak tespit etmislerdir.

Konya’da yetisen yabani rokanin kaba yem degerini belirlemek amaciyla yapilan bir ¢aligmada [6],
¢igeklenmeden 6nceki déonemde tiim bitkinin % 21 oraninda ham protein oranina sahip oldugu bildirilmistir.

Giiney Italya’da 2019- 2020 yillar1 boyunca sera sartlarinda 3 farkli biostimulant uygulanarak yetistirilen
yabani rokadan en diisiik verim sonbahar-kis déneminde (9.3 t ha') alinmisken, en yiiksek verim kis sezonunda (19.1 t
ha) almmstir [26]. Yetistirme sezonunda bitkilerden % 5 total N (31% HP) elde edilmistir. Bu ¢alismada verilmemis
olmasina ragmen hesaplama ile protein verimini belirlersek, en diisiik protein verimi 2.79 t ha en yiiksek ise 5.73 t hal
olarak elde edilmistir. Calismamizda elde ettigimiz sonuglar diger arastirmacilarin bulgularindan farkliliklar
gostermektedir. Bunun nedeni, ¢alismamizda kullandigimiz materyal sonbahar doneminde hasat edilmis olup bitkinin
yaprak, govde, meyve ve tohum aksamlarini icerirken, diger aragtirmacilar ¢caligmalarinda genellikle taze yaprak 6rnegi
iizerinde calismislardir. Ayrica farkliliklarin bir diger sebebi, yetistirme sartlarindaki farkliliklardan kaynaklaniyor
olabilir.

Path analizi, bitki 1slahinda verim ve unsurlar1 arasindaki dogal iliskinin belirlenmesi ve 6nemli etkisi olan
verim unsurlarinin seleksiyon kriteri olarak se¢iminde siklikla bagvurulan bir yontemdir [27]. 1999 yilinda Hindistan’da
New Delhi (Muson dénemi) ve Haydarabat (Kuru Kis dénemi)’ta gelistirilen 90 adet misir genotipinin tane verimin
artirtlmasi amaciyla yapilan seleksiyon islahinda indikatér olarak kullanilacak ozelligin belirlenmesi amaciyla bir
aragtirma yiriitmiiglerdir [27]. Caligmada Sequential Path Model i¢in yapilan Stepwise Multiple Regresyon analizine
gore, kocandaki toplam tohum agirligi iizerine muson ve kuru kis doneminde 0.43 degeri ile en yiiksek direkt etki ve
175.24 VIF degeri toplam tane sayist olarak saptamislardir.

Hindistan’1n Talengane eyaletinde 42 adet hibrit ¢eltik gelistirmis ve bu genotipler 15 kantitatif 6zelligin birbiri
ile iligkisi incelenmistir [28]. Caligmada, bitki bagina tohum verimi ile salkim uzunlugu arasindaki korelasyon pozitif ve
% 1 diizeyinde istatistiki olarak 6nemli iken yapilan path analizi sonucunda salkim uzunlugunun salkimdaki tane sayisi
iizerine pozitif ve 0.9688 deger ile direkt etkisi oldugu ifade edilmistir. Ayrica ¢alismada, Stepwise Multiple Regresyon
analizine gore salkim uzunlugu, salkimdaki tane sayisi ve bitki basina verimli kardes sayisi1 6zelliklerinin ¢ok dnemli
oldugu ve bu 6zelliklerin tohum verimi varyasyonunun % 42.31’ini olusturdugu belirtilmistir.

Ankara’da yapmis olduklar1 bir calismada 50 nohut hattinin tek bitki verimi ve unsurlarini igeren 12 adet 6zellik
arasidaki iliskileri incelenmistir [29]. Calismada tek bitki verimi varyasyonu tizerine % 50.30 bitkide bakla sayisi, %
34.55 baklada tane sayisinin etkili oldugu ifade edilmistir.

Path analizinde ¢oklu baglanim (multicollinearity) seviyesini tolerans ve VIF (Varyans Biiylitme Faktorii)
degeri gostermektedir. Tolerans degeri, secilen bagimsiz degiskenin (tarimsal 6zellikler) diger bagimsiz degiskenler
tarafindan acgiklanmayan degiskenlik miktar1 olup R? bagimli dzellikler tarafindan tahmin edilen tohum verimi igin
belirleme katsayisidir. VIF degeri ise, secilen bagimsiz degiskenin varyansi iizerindeki diger bagimsiz degiskenlerin
(0zellikler) etkilerinin kapsamini gostermektedir. Bu nedenle yiiksek VIF degerleri (> 10) veya kiigiik tolerans degerleri
(0,1'den ¢ok daha diisiik) yiiksek oranda dogrusallik gosterdigini ifade etmektedir [18]. Bugday lizerinde yapilan bir
¢alismada tohum verimi lizerine salkim say1s1 0.431 direkt etkisi (Tolerans degeri:0.954, VIF: 1.048) ve bin tane agirligim
0.341 direkt etkisi (Tolerans degeri:0.954, VIF: 1.048) oldugunu belirtilmistir [18]. Ayrica aym ¢alismada tolerans ve
VIF degerlerine gore degiskenlik gdsteren bir iliski oldugunu belirtmistir. Bizim ¢alismamizda da elde ettigimiz tolerans
ve VIF degerleri gore 6zellikler arasinda degiskenlik gosteren bir iliski s6z konusu olup verimin tek genle kontrol
edilmeyen bir 6zellik olmasindan kaynaklanabilir.

Yem verimi poligenik olan kantitatif bir ozellik olup, bitki boyu ve kanopi ¢ap1 gibi Ozelliklerden
etkilenmektedir [30, 31]. Elde ettigimiz path model sonucunda da goriildiigii izere, farkli sira araliginda yetistirilen yabani
rokalarin bitki basina yem verimi {izerine bitki ¢apinin pozitif yonlii bir etkisi s6z konusudur. Ayrica, bitki basina yem
verimi, bitki boyu ve ham protein orani ile birlikte bitki basina protein verimi varyasyonun % 97.6’sin1 agiklamaktadir.
Bunlara ek olarak, protein verimi ile Cu, S, P pozitif yonde direk bir etkisi s6z konusu iken protein verimi ile Ca arasinda
negatif yonlii bir iliskiye sahiptir.

Arastirmamizda yapmis oldugumuz kaynak taramalari neticesinde, bitki 1slahinda seleksiyon agisindan
indikator 6zellik olarak kullanilan path analizi, ekonomide 6nemli yeri olan musir, geltik, bugday ve nohut gibi bitkilerde
daha c¢ok kullanilmistir. Ancak unutulmamalidir ki, gliniimiizde degisen iklim sartlar1 ve bunun neden oldugu gida krizleri
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dikkate alindiginda adaptasyon kabiliyeti ve cesitliligi yliksek bitki gruplart 6n plana ¢ikmaktadir. Bu sebeple,
calismamiza konu aldigimiz sebze olarak kullaniminin diginda yag bitkisi, tibbi bitki ve yem bitkisi olarak tarimda genis
bir kullanim potansiyeli olan yabani rokanin Tiirkiye’deki gesitliligini korumanin en iyi yolu bu bitkiden faydalanma
alanlarinin artirilmasi ile gergeklestirilebilecegi kanaatindeyiz. Yabani roka, yiiksek protein verimine sahip kaba yem elde
etmek amaciyla yapilacak yetistiriciliklerde 30 cm ve 40 cm sira araligi tavsiye edilebilir. Ayrica yem bitkisi amaci ile
gelistirilecek tiplerin segiminde bitki bagina yem verimi, bitki boyu, kanopi ¢ap1 ve ham protein oran1 6zellikleri iizerinde
durulmasi gerektigini ifade edebiliriz.
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Abstract

This study was carried out to compare the biodiversity parameters of epigean insect species in three different regions with
different geographical conditions. Tefenni Plain, Beykoy (Abdiilmelik) Plain and Cayli Mountain Village, which are located at 3
different altitudes, were chosen as the study area. Pitfall traps were placed in agro-ecosystems of anise and fennel in each region and
epigean insect species sampled with pitfall traps were checked weekly. A total of 2086 individuals belonging to 117 epigean insect
species, mostly from the carabid (Coleoptera) family, were sampled. The highest number of individuals were sampled in fennel planted
field in Tefenni Plain (Tf) and anise planted field in Tefenni Plain (Ta) with 841 and 440, respectively. The results of Shannon-Wiener
diversity were found to be the highest in Ta with 2.7893 while the lowest was found in anise planted field in Cayli Mountain Village
(Ca) with 2.1775. Simpson diversity results were calculated as highest in Ta with 0.9196 and lowest in Ca with 0.7813. Simpson's
dominance results determined that Ca was the highest dominant agro-ecosystem with 0.2187. According to both Shannon and Simpson
Evenness; the population densities of epigean species living in fennel planted field in Beykdy (Abdiilmelik) Plain (Bf) and anise planted
field in Beykoy (Abdiilmelik) Plain (Ba) were found to be more balanced than in other agro-ecosystems. The percentage similarity
analysis shows that the regions selected in different altitudes were more similar to each other than the plants of the same species.
Contrary to expectations, it was observed that epigean insect species did not show distribution according to plant pattern and were not
directly related to plants. It is thought that the epigean insect species sampled are affected by the altitude difference.

Key words: Shannon-Wiener, Simpson diversity, similarity, dominance, vertical distribution

Burdur ili farkhi anason (Pimpinella anisum L.) ve rezene (Foeniculum vulgare Mill.) agro- ekosistemlerinde
epigean Hexapoda tiirlerinin biyolojik cesitlilik parametrelerinin hesaplanmasi

Ozet

Bu ¢alisma farkli cografik kosullarda bulunan {i¢ farkli bolgede epigean bdcek tiirlerinin biyolojik ¢esitlilik parametrelerinin
karsilastirilmasi amaciyla 2022 yilinda yapilmstir. Calisma alani olarak 3 farkli rakimda yer alan Tefenni Ovasi, Beykdy (Abdiilmelik)
Ovast and Cayli Dag Koyl secilmistir. Her bolgede anason ve rezenenin oldugu agro-ekosistemlere ¢ukur tuzaklar yerlestirilmis ve
cukur tuzaklarla 6rneklenen epigean bocek tiirleri haftalik olarak kontrol edilmistir. Cogu Carabidae (Coleoptera) familyasindan olmak
iizere toplam 117 epigean bocek tiirene ait 2086 birey drneklenmistir. En yiiksek sayida birey sirasiyla 841 ve 440 ile Tefenni Ovasi’nda
rezene ekili tarla (Tf) ve yine Tefenni Ovasi’nda anason ekili tarla (Ta)'da 6rneklenmistir. Shannon-Wiener cesitliliginin sonuglar
2,7893 ile en yiiksek Ta'da, en diisiik ise 2,1775 ile Cayli Dag Koyii’nde anason ekili tarla (Ca)'da bulunmustur. Simpson ¢esitlilik
sonuglari da 0.9196 ile en yiiksek Ta'da ve 0.7813 ile en diisiik Ca'da hesaplanmustir. Simpson'in dominantlik sonuglari, Ca'nin 0.2187
ile en yiiksek dominantliga sahip agro-ekosistem oldugunu belirlemistir. Hem Shannon'a hem de Simpson Evenness'e gore; Beykdy
Ovast’nda rezene ekili tarla (Bf) ve yine Beykdy Ovasi’nda anason ekili tarla (Ba)'da yasayan epigean tiirlerinin popiilasyon
yogunluklarinin diger tarimsal ekosistemlere gore daha dengeli oldugu goriilmiistiir. Yiizde benzerlik analizi farkli cografi kosullarda
secilen bolgelerin birbirlerine aynu tiir bitkilerin birbirine benzemelerinden daha ¢ok benzediklerini gostermektedir. Beklenenin aksine
epigean bocek tiirlerinin bitki desenine gore dagilim gostermedikleri ve bitkilerle dogrudan iliskili olmadiklart goriilmiistiir.
Orneklenen epigean bocek tiirlerinin rakim farkindan etkilendikleri diisiiniilmektedir.

Anahtar kelimeler: Shannon-Wiener, Simpson gesitlilik, benzerlik, dominantlik, dikey dagilim
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1. Introduction

Biological diversity or briefly “biodiversity” refers to the variety of life on Earth at all its levels, from genes to
ecosystems. Genetic Diversity is defined as genetic variability present within species while Species Diversity is defined
as the number of different species present in an ecosystem and relative abundance of each of those species. Ecosystem
diversity contains the entirety of interacting organisms as an ecological unit and their physical environment.

Increasing urbanization due to human population growth has brought along many problems such as global
climate change, environmental pollution, habitat destruction, intensive use of pesticides and synthetic fertilizers in
agricultural areas to obtain more products from unit area, infertility of agricultural lands, etc. Thus, human activities
threaten the biodiversity on our planet and species richness is gradually decreasing [1-6]. As a result of transformation of
the agro-ecosystems into urban areas, simulations until 2035 have showed a continuous decline of farmers in all scenarios
[7]. Many scientific studies have been conducted on the negative effects of human activities on biodiversity [8-16].

Agricultural biodiversity supports the basic structure, functions, protection of the food chain, food production
and food security of the agro-ecosystem [5, 17]. Organic farming practices in agricultural lands are of great importance
for the protection and sustainability of the biological diversity in agro-ecosystems. Pesticides and synthetic fertilizers,
which are used unnecessarily and intensively in conventional farming, in underdeveloped countries and even in some
developing countries, have a negative impact on the environment, human and animal health [3, 6, 18-20]. Unfortunately,
such countries cannot achieve the transition from conventional agriculture to organic agriculture (if they do not export
organic agricultural products). This has two reasons: The first is that the public is unconscious of the healthy products
obtained as a result of organic agriculture and/or good agricultural practices. The second and even more tragic reason is
the lack of financial means for the most of the producers to grow organic products and for the most of the citizens to buy
them.

Some epigean species of Carabidae, Scarabaeidae, Tenebrionididae families have been frequently used to
measure biodiversity, as bio-indicator species for habitat description and habitat destruction for the improvement of an
agro-ecosystem and/or for sustainability of protected areas [1, 2, 21, 22].

The study was carried out to evaluate the biodiversity parameters of epigean species living in organically grown
Anise (Pimpinella anisum L.) and Fennel (Foeniculum vulgare Mill.) agro-ecosystems at three different altitudes in
Burdur Province.

2. Material and Methods
2.1. Study areas

The study areas were selected in Tefenni Plain, Beykdy (Abdiilmelik) Plain and Cayli Mountain Village which
were located at different altitudes in the Tefenni District of Burdur Province. One anise (Pimpinella anisum L.) and one
fennel (Foeniculum vulgare Mill.) agro-ecosystems were selected in each region (six habitats in total) in order to measure
the effects of vertical distribution on epigean insect biodiversity. Altitude of anise planted field in Tefenni Plain (Ta)
(N37°32°89.82 E29°78°17.91) was 1150 m., fennel planted field in Tefenni Plain (Tf) (N37°19°41.58 E29°46°57.98) was
1147 m., anise planted field in Beykoy (Abdiilmelik) Plain (Ba) (N37°14°9.21 E29°43°10.72) was 1216 m., fennel planted
field in Beykdy (Abdiilmelik) Plain (Bf) (N37°.23°79.05, 29°.72°01.80) was 1225 m., anise planted field in Cayli
Mountain Village (Ca) (N37°12°35.09 E29°48°19.56) was 1532 m., and fennel planted field in Cayli Mountain Village
(Cf) (N37°.21°03.79 E29°.81°23.21) was 1513 m. The main data of the study were obtained from the presence-absence
status and population densities of epigean insect species which refers to an organism's activity above the soil surface.
Field studies were carried out between June and September of 2022.

2.2. Sampling of epigean insect species

The epigean species were sampled by pitfall traps. Totally 60 pitfall traps (10 traps for each agro-ecosystems)
were placed in Tefenni Plain, Beykoy (Abdiilmelik) Plain and Cayli Mountain Village which were different altitudes. In
this method, 10 plastic containers with a diameter of 15 cm and a depth of 20 cm were placed at intervals of 5 meters each
in habitats at different altitudes, keeping the open parts at the same level as the soil level [23]. Data obtained from pitfall
traps were used to measurement of biological diversity parameters. Pitfall traps were checked weekly and the numbers of
insects caught were recorded in the charts. Insects placed in plastic containers specially prepared for each agro-ecosystem
were brought to the laboratory for pinning, labeling, counting and diagnosis. The sampled insects were separated at the
morphospecies level by considering at their morphological features and each was given a number.

2.3. Statistical analysis: Measurement of biological diversity parameters

Biodiversity parameters of plots were calculated using the EvenDiv 1.1 program [24], the parameters used and
their calculation methods are given below:
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for species diversity;

- Shannon-Wiener diversity index (H”)
................................................................................................... H' = =Y pi In(pi)
pi: the importance value of a species as a proportion of all species
In: the natural logarithm

- Simpson diversity index (S)
................................................................................................... $=1-Yni(ni—1)/N(N—1)
i: number of species
ni: the importance value of a species as a proportion of all species
N: s the sum of the number of individuals

for species dominancy;

- Simpson dominance index (Sd)
................................................................................................... Sd = ¥ni(ni — 1)/N(N - 1)
i: number of species
ni: the importance value of a species as a proportion of all species
N: the sum of the number of individuals

for species evenness;

- Shannon Evenness index (EH’)

H’: Shannon-Wiener diversity

In: the natural logarithm

N: the sum of the number of individuals
- Simpson Evenness index (ESm)

S: Simpson diversity
N: the sum of the number of individuals [25, 26].
MVSP (Multi Variate Statistical Package) 3.11c program was used to classify selected plots [27].
for similarity;
- Percentage similarity index (%S)
................................................................................................... %S = Ymin(a,b, ... ... ...,x)
> min: the sum of the smallest values whose percentages are calculated in the habitat with the smallest values in the
other habitat whose similarity is calculated [28].

3. Results

In the study, a total of 2086 individuals belonging to 117 epigean insect species, mostly from the carabid family,
were sampled between June and September, 2022 (Table 1). Based on the data obtained from the pitfall traps; the highest
species richness was found in Tf with 39 epigean insect species while the lowest species richness was found in Cf with
23 species. The highest number of individuals were sampled in Tf and Ta with 841 and 440, respectively (Table 1). The
results of Shannon-Wiener diversity were found to be the highest in Ta with 2.7893 while the lowest was found in Ca
with 2.1775. Similar to Shannon-Wiener diversity results, Simpson diversity results were calculated as highest in Ta with
0.9196 and lowest in Ca with 0.7813. Simpson's dominance results determined that Ca was the highest dominant agro-
ecosystem with 0.2187. The second and third most dominant agro-ecosystems were found to be Tf and Cf with 0.1847,
0.1635, respectively. According to both Shannon and Simpson Evenness; the population densities of epigean species
living in Bf and Ba were found to be more balanced than in other agro-ecosystems (Table 1).

Table 1. Biological diversity parameter results obtained from pitfall trap in the study areas.

Tf* Ta Bf Ba Cf Ca
Species richness 39 34 26 24 23 29
No of Individuals 841 440 106 175 197 324
Diversity indices
Shannon-Wiener[H] 2.3257 2.7893 2.7575 2.4618 2.2393 2.1775
Simpson Index[D] 0.1847 0.0804 0.0872 0.1269 0.1635 0.2187
Simpson Diversity[1-D] 0.8153 0.9196 0.9128 0.8731 0.8365 0.7813
Evenness indices
Shannon-Evenness[EH’] 0.6348 0.7910 0.8464 0.7746 0.7142 0.6467
Simpson-Evenness [ESm] 0.1388 0.3658 0.4411 0.3283 0.2659 0.1577

* Tf: Fennel in Tefenni Plain; Ta: Anise in Tefenni Plain; Bf: Fennel in Beykoy (Abdiilmelik) Plain; Ba: Anise in Beykoy (Abdiilmelik)
Plain; Cf: Fennel in Cayli Mountain Village; Ca: Anise in Cayli Mountain Village
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Shannon-Wiener diversity result showed high and a balanced curve in Ta and Bf if compared to others (upper
left of Figure 1). It is seen that this rate is shown with the lowest curve in Cf and Ca agro-ecosystems where altitudes
were the highest. Similar to Shannon-Wiener, Simpson diversity results also showed that the curve was found to be highest
and stable in the Ta and Bf ranges (upper right of Figure 1). The dominance, which is inversely proportional to the
diversity, was shown by the lowest curve in the Ta and Bf agro-ecosystems in contrast to the diversity. According to
Simpson dominance, the highest dominance curve was seen in Ca (lower left of Figure 1). Shannon-evenness, which
determine whether the number of individuals belonging to the species in the habitats is evenly distributed, showed that
the most stable curve was between Ta and Bf as in the diversity results. It was determined that the habitat with the lowest
evenness value was the Tf (Lower right of Figure 1).

Shannon-Wiener[H] Simpson Diversity[1-D]
3 1
25 0,95
2 09
1,5 0,85
1 08
05 0,75
0 07
Tf Ta Bf Ba cf Ca Tf Ta Bf Ba cf Ca
Simpson Index[D] Shannon-Evenness[EH]

025 09
0,2 0,85
08

015
0,75

01
07
005 065
0 06

T Ta Bf Ba Cf Ca Tf Ta Bf Ba cf Ca

Figure 1. Results of biological diversity parameter Shannon-Wiener (upper left), Simpson diversity (upper right), Simpson
dominancy (lower left), and Shannon-Evenness (lower right) with the data obtained from the pitfall traps in Tf, Ta, Bf,
Ba, Cf, and Ca.

According to percent similarity the most similar agro-ecosytems were found to be Tf-Ta and Ba-Bf with 56.52%
and 43.42%, respectively. Ca was found 29.44% similar to the group formed by Tf and Ta. Besides Cf was found 28.26%
similar to the group formed by Ca, Tf and Ta. The node of Ba-Bf was found to be 21.09 % similar to the node of Cf-Ca-
Ta-Tf. Despite having the same vegetation, fennel, Tf and Bf were calculated as the most dissimilar areas with 12.67%.
Ba and Tf were found to be also one of the dissimilar agro-ecosystems with 14.37% (Figure 2).

4. Conclusions and Discussion

Species richness was highest at the lowest altitude (~1150 m) in Tf and Ta. The highest biodiversity values
obtained in present study were 2.79 and 2.76 in Ta and Bf, respectively. The dominance value, which increased or
decreased inversely with the diversity, was recorded as 0.22 in the highest Ca. Both species richness and biodiversity
results measured in low altitude were found to be higher than those measured in high altitude. Our study showed that
insect species and therefore diversity results were affected by altitude differences than plant canopy. The low altitude
positively affected insect species richness and diversity of epigean species, while high altitude negatively affected these
values. This result showed that the insect assemblages sampled during the study were composed of epigean species that
were not indicator for habitat and/or plant.

There are many factors affecting species richness and biodiversity. The apple orchards with pesticide application
have been found less similar than the apple orchards with organic farming [3]. The present study showed that the altitude
differences of the regions were similarly grouped among themselves in terms of percent similarity index. Moreover in
present study, the distribution of epigean insects was made according to altitude not plant pattern. Insect biodiversity has
been lower at higher altitude than at lower altitude [29] and it changes according to plant pattern [30].
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UPGMA (unweighted pair group method with arithmetic mean)

43.42 % Ba
21.09 %
Bf
28.26 % cf
Ca
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Tf

4 20 36 59 68 84 100

Percent Similarity
Figure 2. Percent Similarity analysis calculated considering the epigean species sampled in Tf, Ta, Bf, Ba, Cf, and Ca.

In one of the numerous studies on biodiversity has been reported that the species richness is higher in the
undergrowth layer than in the forest canopy for common species [31]. Insect species richness, evenness, and diversity of
the ecosystems can be affected by anthropogenic effect such as tourism, pesticide application, plant destruction, presence
of roads, and many abiotic and biotic factors such as plant pattern, soil structure, climate, food, and different altitudes [1,
4,6, 19, 21, 32, 33]. Many scientific studies show that the measured biodiversity values in natural areas are higher than
in un-natural or destructed areas [2-6, 9, 11, 12, 14, 16, 20, 22]. However, there was no habitat destruction in all three
regions with different geographical conditions, almost the only difference was the altitude difference.

Similarity analysis results showed that regions with different geographical conditions do not resemble each other

even if they have the same plant pattern.
In the present study, it was determined that epigean insects were distributed according to different altitudes rather than
plant pattern. The results from this study clearly show that the insect species sampled from different habitats are not
directly related to the plant pattern. When the different regions where the plant pattern is the same are compared with
each other in terms of similarity, it is seen that the similarity rates of the habitats with the same plant pattern are quite
low. According to percent similarity results Ca was found dissimilar to Ea and Ba with 63.09% and 73.95%, respectively.
Similarity analysis results obtain from the sampled epigean insect species, Ba was found to be 71.39% dissimilar to Ea.
Similar results were seen in fields planted with fennel: Cf was found dissimilar to Ef and Bf with 77.84% and 72.28,
respectively. It was seen that the most dissimilar habitats were Bf and Ef, which were also planted with fennel, and the
result of dissimilarity was found 87.33%.

As mentioned above, many factors may affect insect diversity. In our study, it was observed that the vertical
distribution of epigean insects was affected by altitude hence insect biological diversity decreased at high altitudes.
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