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Assessment of water quality in three sub-basins of Susurluk River (Northwest Anatolia) according to
invertebrates and biotic indices
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! Eskisehir Osmangazi University, Faculty of Science and Arts, Department of Biology, Eskisehir, Turkey
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Abstract

Turkey has 25 main drainage river basins by the hydrological features. One of the 25 main drainages is the
Susurluk basin which is located in the Northwest of the Anatolia. The Orhaneli, Emet and Mustafakemalpasa rivers are
the three sub-basins of the Susurluk river system. The Mustafakemalpasa River, which is formed by the joining of Emet
and Orhaneli rivers, is one of the most important water resources feeding the Lake Uluabat. During the study period
(November 2004, July 2005, May 2006 and June 2007) zoobenthic samples were collected in three sub-basins of Susurluk.
Also some environmental variables (water temperature, pH, dissolved oxygen, biological oxygen demand, nitrate
nitrogen, nitrite nitrogen and ammonium nitrogen) were analyzed. In addition some biological metrics (Shannon-Wiener
diversity indices, Biological Monitoring Working Party (BMWP) score and Average Score Per Taxon (ASPT),
dominance) were also calculated.

In Orhaneli, Emet and Mustafakemalpasa Rivers, 35 taxonomic groups were identified on class, order and family
level along with 36 Oligochaeta species. In the present study zoobenthic communities of these three rivers were dominated
mainly by four taxa; Oligochaeta (41.3%), Chironomidae (18.2%), Gammaridae (10.7%) and Ephemeroptera (6%). The
oligochaete fauna of the three sub-basins was dominated by widely distributed tubificid Potamothrix hammoniensis and
naidid Nais communis. Shannon-Wiener diversity indices, BMWP score and ASPT values varied between 0.2-2.7; 9-95
and 2.3-5.9 respectively. Our results indicated that upper Orhaneli and Emet River rhitral zone (stations 10 and 19) was
nonimpacted and their fauna diverse while the potamal zone (stations 1, 11, 16 and 17) was polluted. Our both biological
and water quality parameters showed that ten out of the nineteen stations were determined as water quality classes | and
I (nonimpacted and slighltly impacted) in the study area.

Key words: Water quality, Orhaneli, Emet and Mustafakemalpasa Rivers, Oligochaeta

*

Orhaneli, Emet ve Mustafakemalpasa Caylarinin Oligochaeta faunasi ve su kalitesi

Ozet

Tirkiye 25 akarsu havzasina sahiptir ve bu havzalardan bir tanesi de kuzeybati Anadolu bdlgesinde yer alan
Susurluk Nehir Havzast’dir. Orhaneli, Emet and Mustafakemalpasa nehirleri, Susurluk havzasi i¢inde yer alan g alt
havzadir. Emet ve Orhaneli ¢aylarinin birlesmesiyle olusan Mustafakemalpasa Cay1, Uluabat Golii’nii besleyen en 6nemli
su kaynaklarindan biridir. Bu ii¢ akarsu Karacabey yakininda birleserek Kocasu Nehri’ni olusturur ve denize dokiiliir.
Calisma siiresince (Kasim 2004, Temmuz 2005, Mayis 2006 ve Haziran 2007) zoobentik 6rnekler Susurluk’un ii¢ alt
havzasindan toplanilmistir. Ayrica, bazi cevresel parametreler de (su sicakligi, pH, ¢oziinmiis oksijen, biyolojik oksijen
ihtiyac1, amonyum azotu, nitrat azotu ve amonyum azotu) analiz edilmistir. Ilaveten, baz1 biyolojik metrikler de (Shannon-
Wiener Cesitlilik Indeksi, Biyolojik izleme Calisma Grubu (BMWP) ve her taksonun ortalama degeri (ASPT), baskinlik)
hesaplanilmustir.

Orhaneli, Emet ve Mustafakemalpasa Caylari’'nda 36 Oligochaeta tiirli ile birlikte siif, takim ve familya
diizeyinde 35 taksonomik grup teshis edilmistir. Bu ¢aligmada; Mustafakemalpasa, Orhaneli ve Emet ¢aylarinin zoobentik
komiinitesi baglica Oligochaeta (%41,3), Chironomidae (%18,2), Gammaridae (%10,7) ve Ephemeroptera (%6) olmak
tizere dort gruptan olugmaktadir. 3 alt havzanin Oligochaeta faunasinda, genis yayilis gosteren tubificid Potamothrix

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905333238672; Fax.: +902222393578; E-mail: narslan@ogu.edu.tr
© 2008 All rights reserved / Tiim haklar1 saklidir BioDiCon. 782-1118
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hammoniensis ve naidid Nais communis tiirleri baskindi. Shannon-Wiener Cesitlilik indeks, BMWP skor ve ASPT
degerleri sirastyla 0,2-2,7; 9-95 ve 2,3-5,9 arasinda degismektedir. Arastirma sonucunda Orhaneli ¢ Emet Cay’lar1 {ist
kesimlerinin (rhitral bolge, 10 ve 19. istasyonlar) temiz ve faunasinin yiiksek c¢esitlilik gddterdigi, buna karsilik potamal
bolgelerin (1, 11, 16 ve 17.istasyonlar) kirlenmis su sinifinda olup faunalarinin fakir oldugu tespit edilmistir. Hem
biyolojik hem de su kalite parameter sonuglar1 ondokuz 6rneklem noktasindan on tanesinin I. ve II. kalite su sinifinda
oldugunu ortaya koymustur.

Anahtar kelimeler: Orhaneli, Emet ve Mustafakemalpasa Caylar1, Oligochaeta
1. Introduction

Oligochaeta, or non-hirudinean Clitellata are common and widely distributed organisms, they inhabit estuarine,
brackishwater, freshwater and terrestrial environments. To date, about 5,000 valid species have been known and about
one third of them have been identified from aquatic environments (Martin et al., 2008). Lumbricidae and Enchytraeidae
are mainly terrestrial but also include some species that live in fresh water as semiaquatic. The other families of
Oligochaeta are predominantly freshwater. According to literature data, to date 1700 valid aquatic oligochaete species
were reported around the world and approximately 1100 of them have been reported from freshwater systems.

Oligochaetes constitute almost half of the total benthic invertebrate community in several aquatic ecosystems.
They can survive in very different environments, from small ponds, puddles to sewage. Some species of Oligochaeta
(especially of the Tubificidae members) species have wide ecological tolerance to low concentration of dissolved oxygen,
high or low pH, high temperature etc. Because of this they are widely used for monitoring river and lake pollution as
biondicator organisms. A recent study indicated that 94 Oligochaeta species are recorded in fresh waters of Turkey (Arslan
2006). Later on, several studies were published on the freshwater Oligochaeta in Turkey and several additional species
were identified (Arslan et al. 2006; Matamoros et al. 2007; Timm et al. 2013; Arslan et al. 2018). According to published
data, the Turkish freshwater Oligochaeta fauna now consists of 149 described species Although studies on Turkey's
aquatic Oligochaeta fauna have increased in the last 15-20 years, Oligochaeta species diversity is still maybe not fully
known.

Turkey has 107 major rivers belonging to 25 main drainage basins by the hydrological features. One of the 25
main drainages is the Susurluk basin. The objective of this study were; i- to examine zoobenthic community structure in
three sub-basin of the Susurluk River, ii- to determine the fauna and distribution of Oligochaeta in the Orhaneli, Emet
and Mustafakemalpasa Rivers, not investigated in detail before, iii- to determine the biological water quality of the sub-
basins by using several metrics (diversity and biotic indices).

2. Materials and methods
2.1.Study Area

One of the 25 main drainages in Turkey is the Susurluk basin which is located in the Northwest of the Anatolia.
Covering about 3.1% of Turkey's land, the total area of the river basin district is 26,790 km?. The Orhaneli, Emet and
Mustafakemalpasa Rivers form the 3 different sub-basins (Figure 1),covering about 10,647 km?area of Susurluk (4,745
km?, 4,921 km? and 981 km?, respectively). The Mustafakemalpasa River, which is formed by the joining of Emet (former
name Aliova Creek) and Orhaneli rivers (former name Kocasu), is one of the most important water resources feeding the
Lake Uluabat (in this study except station 1).

2.2.Sampling and Data Analysis

During the study period (November 2004, July 2005, May 2006 and June 2007) zoobenthic samples were
collected in three sub-basins of Susurluk (seven stations from Orhaneli; nine stations from Emet River and three stations
from Mustafakemalpaga River). All zoobenthic samples were collected with hand net or grab sampler. All obtained
materials were preserved in 70% ethyl alcohol in situ. Zoobenthic samples were examined under stereomicroscope in the
laboratory and firstly they were identified at order-family level and only Oligochaeta specimens were identified at species
level (Sperber 1948, 1950; Brinkhurst and Jamieson 1971; Timm 1999).

During each sampling period, the water temperature, pH, dissolved oxygen (DO), biological oxygen demand
(BOD), nitrate nitrogen, nitrite nitrogen and ammonium nitrogen were measured. All water samples were analyzed within
24 h after sampling. Water temperature, pH, dissolved oxygen (DO) and depth were measured during sampling in situ.
Other variables [NO2-N, NOs-N, and NH4-N) were measured in the laboratory following the standard methods (APHA,
1998). All parameters results measured in the study were compared with limit of Inland Water Quality Management in
Turkey (Turkish Surface Water Quality Management Regulation, 2015).

Macroinvertebrate data were analyzed using ASTERICS 3.1 (AQEM/STAR Ecological River Classification
System; AQEM Consortium, 2002) software. BMWP (Biological Monitoring Working Party (Spanish version), ASPT

Naime ARSLAN et al., Assessment of water quality in three sub-basins of Susurluk River (Northwest Anatolia) according to invertebrates and biotic
indices
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(Average Score Per Taxon (Armitage et al., 1983), and diversity indices (Shannon-Wiener and Margalef diversity indices)
were used to determine water quality. In addition, dominancy and frequency indices were also used (Bellan-Santini, 1969;
Soyer, 1970).
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Figure 1. Geographical position of Susurluk River basin and sampling stations of three sub-basin (Orhaneli, Emet and
Mustafakemalpasa River Systems)

3. Results
3.1.Biological results

In Orhaneli, Emet and Mustafakemalpasa Rivers, 35 taxonomic groups were identified on class, order and family
level along with 36 Oligochaeta species (Tables 1 and 2). According to average dominancy value in the basin, the Class
Oligochaeta was the most dominant taxon for over 41.3% of total abundance followed by families Chironomidae and
Gammaridae with dominancy of 18.2% and 10.7% respectively. All the remaining taxa had relative abundance less than
10% (Table 1). Although the Ephemeroptera mean dominacy value is below 10%, it has a high population ratio at some
stations in the basin. Especially at some stations (9, 10 and 18) their relative abundance was 14.2, 16.6 and 14.1
respectively. Similarly, mean dominancy value of Trichoptera which has also pollution sensitive species, was also high
at the stations 2, 3, 9,10 and 18. The highest EPT (Ephemeroptera, Plecoptera, Trichoptera) values were recorded from
the stations 18 and 19 on the sampling dates between 2004 and 2007 while Plecoptera had the lowest values in this group
(Tables 1 and 2).

Thirty six Oligochaeta species were detected in the study area. During the whole study period, Potamothrix
hammoniensis which was detected at 18 stations and Nais communis at 15 stations, were the most widespread species
(Table 2). The highest taxonomic diversity of Oligochaeta fauna with 13 species was found at the station 17, followed by
at the stations 14 and 19 with 12 species. On the other side, the station 13 had the lowest species diversity with 5 species.
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Table 1. Average dominance values (as %) of taxa identified at the sampling stations during the research period in three
sub-basin of Susurluk River (Orhaneli, Emet and Mustafakemalpasa Rivers (MKP: Mustafakemalpasa, RS: River
system))

MKP RS Orhaneli RS Emet RS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 MD
1 Nematoda 31 (152 29 |262]| 03 | 9,0 - - - 0,4 - - 15| 07 - - 34| 23 - 34
Gastropoda (as total) 248 40 | - - o9 | - - - |s1]02] - - - - - - log| - - |19
2 Valvatidae 75 - - - - - - - - - - - - - - - - - - 0,4
3 Lymnaeidae 1,2 - - - - - - - 1,6 - - - - - - - - - - 0,1
4 Physidae 99 [ 40 - - - - - - 24 102 - - - - - - 0,8 - - 0,9
5 Planorbidae 6,2 - - - 0,9 - - - 1,2 - - - - - - - - - - 0,4
6 Bivalvia 2,5 - - - - - - - - - 179 - - - - 15| 21 - - 1,3
7 Oligochaeta 37,91485(386(381|787|811| 4 |[279]408|209|254|189|636|537[363| 84 |473[438]70,7]413
8 Hirudinea 19 - - - - 0,8 - - - - 3,7 - 3,0 - - 13 ] 21 - - 0,7
9 Asellidae - - - - - - - - - - - - - - - - - - 1,1 {01
10 Gammaridae 2,5 - 36 [ 36 | 59 - 13 |541[255]173 - 78,6 - - 98 [ 04|04 - - 10,7
11 Hydracarina 25| 10 | 0,7 - - - - - - 0,2 - - - 9,6 - - 0,4 - - 0,8
Ephemeroptera (astotal) | 25 | 6,1 | 57 | 60 | 2,2 - 75|66 [142)166] 15 |02 | 45|74 |14 - 89 [141] 80 6
12 Potamanthidae - 10] 14 - - - - 16 | 12 ] 49 - - - - 0,5 - - 16|11 )07
13 | Baetidae 25 |51 |43 ] 24]06 - 751335938 |15]01]|45]|44]09 - 89 | 55| 23| 33
14 | Caenidae - - - 36 | 09 - - 16 | 20 | 23 - - - 15 - - - 47 129110
15 | Oligoneuriidae - - - - - - - - - 0,9 - - - - - - - - 06 | 01
16 | Heptageniidae - - - - 0,6 - - - 2,4 - - 0,1 - - - - - 231 11]03
17 Ephemerellidae - - - - - - - - 2,7 | 47 - - - 1,5 - - - - - 0,5
Odonata (as total) 25| - [ 29| - 09| - - - |24 |124] - 07| - - 37| - - |86 | 17|19
18 | Coenagrionidae 1,9 - - - - - - - - 2,6 - - - - - - - 31|17 |05
19 | Calopterygidae 0,6 - 2,9 - 0,9 - - - 24 ] 98 - 0,4 - - 3,7 - - 55 - 14
20 | Gomphidae - - - - - - - - - - - 0,3 - - - - - - - -
Hemiptera (as total) 56 | 30 [ 243 - - - 1263] - - - - - - 51 - - 3,0 - - 35
21 | Corixidae 19 - 186 - - - 150 - - - - - - - - - 3,0 - - 2,0
22 | Pleidae 1,2 - - - - - - - - - - - - 3,7 - - - - - 0,3
23 | Gerridae 25 ] 30| 57 - - - [113] - - - - - - 15 - - - - - 13
24 | Chironomidae 68 (152|121 )| 48 | 56 | 90 [238|115| 3,1 |181|396| 10 [212| 0,7 [433|879|253[133| 34 |182
25 Tipulidae - - - - - - - - 1,6 - - - 6,1 - - - - - - 0,4
26 | Simuliidae - - - 6,0 | 37 - - - 3,5 - - 0,2 - 4,4 - - - 70 | 80 | 1,7
27 Tabanidae - - - - - - - - - - 3,7 - - - - 04| 13 - - 0,4
28 | Ceratopogonidae 6,2 - - |155] - - - - 04|66 (82|01 - |110] - - 3,0 - - 2,7
28 | Psychodidae 1,2 - - - - - - - - - - - - - - - 1,7 - - 0,2
30 | Neuroptera - - - - - - - - - 0.4 - - - - - - - - - -
Trichoptera (as total) - 51| 8,6 - 1,9 - - - 35| 53 - 0,3 - 44 | 47 - - 70 | 34 | 23
31 | Hydropsychidae - 51 ] 86 - 1,2 - - - 16 | 32 - 0,3 - 29 | 33 - - 47 | 23 | 17
32 | Rhyacophilidae - - - - - - - - 08 ] 13 - - - - - - - - - 0,1
33 Hydroptilidae - - - - 0,6 - - - - - - - - 1,5 - - - 23| 11103
34 | Psychomyiidae - - - - - - - - 12 109 - - - - 1,4 - - - - 0,2
Plecoptera 08
35 Perlidae - 2,0 - - - - 13 - - 15 - - - 2,9 - - - 39]134]08

Shannon-Wiener diversity index values varied between 0.2-2.7; the highest and lowest values were reported in
the same basin (Orhaneli River, stations 9 and 6 respectively). The highest taxonomic diversity are reported with 29 taxa
at the station 9 and 27 taxa at the stations 1and 10. On the other side, stations 3, 7 and 13 are the ones having the lowest
taxa diversity with 10, 9 and10 species respectively. During the whole study period the highest Biological Monitoring
Working Party (BMWP) score value was detected in station 9 (average score 95) and it is followed by stations 19, 10 and
18 (as average score 85, 80 and 72 respectively). Average Score Per Taxon (ASPT) score values varied between 2.3-5.8
in all sampling stations (Table 3). All zoobenthic community members are categorized according to the feeding types as
given in Table 3.

3.2.Environmental Parameters

The minimum, maximum and average values and standard deviation of the environmental variables and water
quality classes of the three sub-basins of Susurluk River (Mustafakemalpasa, Emet and Orhaneli River system) during
the study period are given in Table 4. All environmental variables results have been classified in Surface Water Quality
Management Regulation of Turkey (Turkish Surface Water Quality Management Regulation, 2015). When the indices
were examined in terms of environmental parameters (as water quality classes), the stations 10 (Orhaneli River) , 18 and
19 (Emet River) were determined as clean (class I); the stations 4, 5, 8, 9 (Orhaneli River), 12 and 15 (Emet River) were
determined as clean but slightly impacted (Class II), 2, 3 (Mustafakemelpasa River), 6, 7 (Orhaneli River) and 13 (Emet
River) were determined as polluted (Class I11) and while the other stations (1, 11, 16 and 17) were determined as polluted
or impacted (Class V). Only water temperature and pH did not present significant differences between the sampling sites.
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Table 2. Average dominance values of Oligochaeta species at the 19 stations during the research (as %), (Ns: Number of

stations where the species was detected; F: frequency in %, MD: Mean dominancy)

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 | Ns F MD
1 | Haplotaxis gordioides - - - - - - - - - 7,1 - - - - - - - 89 | 49 | 3 [158] 11
2 | Lumbriculus variegatus - - - - - - - - - - - 3,5 - 11,0 - - - - 3,3 3 1158 0,9
3 | Chaetogaster diastrophus - - - - 0,8 - - - - - - - - - - - - - - 1|53 -
4 | Chaetogaster diaphanus - 4.2 - - - - - - - - - - - - - - - 05 | 0,8 2 53 | 02
5 | Chaetogaster langi - - - - - - - - 1,0 - - - - - - - - - - 1 53] 01
6 | Paranais frici - 42 | 37 - 1,6 - - - 38|61 | 88 - - 27 | 26 - 09 | 768 - 10 [ 526 | 59
7 | Paranais simplex - - - - - - - - - - - - - - - - - - - 1 53 | 0,6
8 | Dero dorsalis - - - - - - - - - - 11,2 - - - - - 1,8 - - 1 153]01
9 | Dero furcata 82 - - - - - - - - - 23,5 - - - - 205 | 3,6 - - 4 1211] 29
10 | Pristina longiseta - - - - - - - - - - - - - - - - 1,8 - - 1 53] 01
11 | Pristinella jenkinae - 10,4 - - - - 3,1 - - - 2,9 - 48 | 41 - - 4,5 - - 6 [316 ] 16
12 | Pristina aequiseta - - - - - - - - - - - - - 1,4 - - - - - 1 53] 01
13 | Pristina proboscidea - - - 15,6 - - - - - - - - - - - - - 71 | 24 | 3 1158 1.3
14 | Stylaria lacustris - 10,4 - 31108 - - - 19 [ 204 - - - 14 - 11,4 - - 16 | 8 [421 | 2,7
15 | Nais pardalis - - - 219 ] 24 - - - - - - - - 123 7,7 | 68 - - - 5 1263 27
16 | Nais bretscheri - - - - - - - - - - - - - 14 - - - - 24 | 1 |53 ]02
17 | Nais communis 33 14619 | 63 [839]| - - 59 [260] 61 - 3,9 | 262|466 - 91 |661| 36 | 08 |15]|789]160
18 | Nais variabilis - 4,2 - - - - - - 4,8 - - - - 14 - - - - - 3 1158 05
19 | Nais elinguis - - - - - - - - - - - - - - - - 18 - - 1 |53]01
20 | Nais simplex - 4,2 - - - - - - - - - - - - - - - - - 11]153]|02
21 | Nais pseudobtusa - 4,2 - - - - - - - 31 - - - - - - - - - 2 [105]| 04
22 | Nais barbata - 18,8 - - - - - - - 9,2 - - 16,7 - - - - - - 3 [158 | 23
23 | Ophidonais serpentina 9,8 - - - - 12 | 438 - - - 147 - - - - | 159 36 - - 6 | 316 | 47
24 | Uncinais uncinata - - - - - 07 | 94 | 294 ] 38 - - - - - - - - - - 4 1211 ] 23
25 | Slavina appendiculata R R R R R 12 _ R - |18 25 R R R R R R R 3 158 | 08
26 | Aulodrilus pluriseta - - - - - - - - - - - - - - - - - - 411153102
27 | Tubifex tubifex 131 42 | 93 - 55 |354|219]| 59 | 58|31 ]59 - - 27 | 26 - 0,9 - 08 |14 [ 737 62
28 | Psammoryctides albicola 1,6 - - 6,3 - - - 59 | 288 - 29 - - - 13|68 ] 09 - - 8 [421 ] 29
29 | Psammoryctides barbatus 3.3 - - 31108 - 31 - 77 - 59 [127 - - 51 - - - 08 | 9 |474] 22
30 | Psammoryctides moravicus 6,6 - - - - - - - - - - - - - - - - - - 1153]03
31 | Potamothrix hammoniensis 4,9 - [352[313] 27 [373[188 235163296 |206|761|310]| 27 |782|136| 45 | 18 [ 772 |18 |947 | 26,6
32 | Potamothrix heuscheri 21,3 - - - - - - - - - - - - - - - - - - 1 53 11
33 | Potamothrix bedoti - 125 | 14,8 - - - - - - - - - - - - - - - - 2 [105] 14
34 | Limnodrilus hoffmeisteri 33 121 (19 - - 9,4 - - - - - - - - 13 | 159 ] 27 - 08 | 8 [421] 20
35 | Limnodrilus claparedianus 246 | 63 | 204 ]125| 04 | 138 - 29,4 - - 29 | 14 [214]123] 13 - 7,1 - - 131842 | 84
36 | Spirosperma ferox - - 13,0 - 12 [ 10 - - - - - - - - - - - - - 3 [158 ] 08

Number of species at station 11 11 8 8 10 8 6 6 10 9 10 6 5 12 8 8 13 6 12

Table 3. Index values calculated for 19 stations in the study area (EPT: Ephemeroptera-Plecoptera-Trichoptera; Olig:
Oligochaeta; BMWP Score (Spanish version); Gat./Coll.: Gatherers/Collectors; Gra./Scr.: Grazers and scrapers;
Oth.Fee.Typ.: Other Feeding types; Tax. Grp.: Taxonomic group)

MKP RS Orhaneli RS Emet RS

Indices\Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
ASPT 4,1 43 51 4,2 52 2,3 3,8 5,0 57 59 2,5 54 3,0 5,0 55 3,0 3,4 5,8 54
BMWP 59 28 46 26 54 9 19 27 95 80 18 53 15 44 48 16 34 72 85
Shannon-Wiener 2,3 18 2,0 17 1,0 0,2 17 12 2,7 2,4 15 0,6 11 17 1,4 0,4 1,6 2,1 2,3
Margalef Index 34 1,8 2,1 1,6 19 0,5 14 12 31 2,6 13 12 12 2,6 15 0,8 2,0 2,5 2,4
Feeding types

- [%]Gra./Scr. 61 |83 |112| 25 [ 23 | 04 |146| 43 | 64 | 89 | 99 [ 03 | 70 [ 55 | 101 | 182|112 | 78 | 31
- [%] Miners 13 19 7,6 0,6 0,8 0,2 8,7 13 0,3 19 4,5 0,1 2,3 0,9 4,5 9,1 3,6 2,4 0,9
- [%] Shredders 30 [ 38 | 06 | 62 | 04 | 04 - - 30 | 10 - - 49 | 02 | 14 - 09 [ 05 -

- [%]Gat./Coll. 453 | 51,8 | 51,3 | 434 | 815 | 97,3 | 47,1 | 304 | 490 | 352 | 29,0 | 18,4 | 725 | 58,9 | 485 | 32,4 | 61,1 | 543 | 739
- [%] Filter feeders 4,1 7,2 7,7 8,1 5,6 0,4 6,0 2,7 52 6,9 | 296 | 06 4,6 78 [ 10,7 [ 198 | 76 | 131 | 119
- [%] Predators 150 | 135 | 156 [ 282 | 21 07 | 173 ] 13 44 1242 | 182 | 10 28 | 2271103 | 95 88 | 132 | 32
- [%] Parasites 34 | 58 |20 | 68 |06 |07 |30 |13 |03 | 20|88 |01 |59 | 03| 45 |105] 56 | 19 | 04
- [%]Oth.Fee. Typ. 0,8 - - - 0,1 - - - 0,3 - - - - - - - - - -
Tax. Grp [%]

- Oligochaeta [%] 379 | 485 | 38,6 | 381 | 78,7 | 811 4 27,9 | 40,8 | 20,9 | 25,4 | 18,9 | 63,6 | 53,7 | 36,3 | 84 | 47,3 | 43,8 | 70,7
- Ephemeroptera [%] | 2,5 6,1 57 6,0 2,2 - 7,5 66 | 141|166 | 15 0,2 4,5 7,4 14 - 89 [ 141 ] 80
- EPT/Olig [%] 0,1 0,3 0,4 0,2 0,1 - 0,2 0,2 0,4 11 0,1 - 0,1 0,3 0,2 - 0,2 0,6 0,2
- EPT [%] 25 [ 131 | 143 | 60 | 40 - 88 | 66 | 176 | 235 | 15 | 05 | 45 | 147 | 60 - 89 | 250 | 149
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Table 4. Minimum, maximum, average and standard deviation of some environmental variables for 19 stations during the
research period in the study area (Min-Max (Average) =SD, WQC: Water Quality Class; ADL: Above detection limit).

Numbers in parentheses indicate water quality classes

Temperature D.O BOD NOsN/L NO2™-N/L NH4*N/L
p"C pH mg/l mg/l mg/l mg/l mg/l wQe
1 16,6-25,2 7,9-8,9 3-16 1-22 0,10-0,80 0,02-0,04 0,07-0,10 v
(19,8)+4,6 (8,37) +35,18 (8,20) +6,88 (11,5) +14,85 (0,40) 0,36 (0,03) £0,01 (0,09) +0,02
2 15,9-24,5 8,20-8,50 8,80-11,3 0,00-16 0,365-1,40 0,014-0,06 0,074-0,19 1
(18,9) +4,85 (8,33) 0,15 (10,07) +1,25 (8,33) 8,02 (0,76) £0,56 (0,03) 0,02 (0,09) 0,09
3 14,4-23 8,20-8,70 10,10-11,20 0,00-13 0,70-1395 0,011-0,10 0,00-0,06 1
(17,63) +4,68 (8,37) 0,29 (10,6) £0,56 (7) 6,56 (466,17) £804,39 (0,07) +0,05 (0,06) £0,00
4 13,7-21,5 8-8,2 8,9-11,7 0,00-6 0,30-1,815 0,01-0,209 0,00-0,09 1
(16,9) +4,08 (8,07) £0,11 (10,1) £1,44 (2,33) 3,21 (1,14) £0,77 (0,09) +0,11 (0,02) £0,03
5 12,1-20,5 7,9-8,28 8,6-9,9 1-8 1,7-4,43 0,021-0,10 0,00-0,17 1
(15,13) +4,66 (8,06) £0,2 9,4) £0,7 (4,5) 4,95 (2,84) £1,42 (0,06) +0,04 (0,06) £0,09
6 11,8-21,7 7,6-7,8 2-5 0,00-13 0,595-2,2 0,028-0,06 0,61-1,846 11
(15,33) +5,52 (7,73) £0,12 (3,67) £1,53 (6,67) £6,51 (1,43) £0,80 (0,04) +0,02 (1,25) £0,62
7 12,1-26,6 8,4-8,75 9,3-10,3 0,00-5 0,00-1,4 0,01-0,19 0,02-0,76 1
(17) +8,31 (8,55) 0,18 9,9) +0,53 (2,67) £2,52 (0,06) 0,72 (0,07) £0,10 (0,27) +0,42
8 10,4-19 8,1-8,62 8,5-11,6 0,00-9 0,10-1,905 0,00-0,03 0,00-0,08 1
(14,53) +4,31 (8,37) £0,26 (10,33) +1,63 (3) £5,20 (0,97) 0,90 (0,02) 0,02 (0,03) £0,04
9 8,1-20,07 7,4-8,2 9,4-12,1 0,00-8 0,5-1,9 0,009-0,02 0,023-0,06 1l
(14,23) +6,31 (7,87) 0,42 (10,67) £1,36 (3,67) +4,04 (1,2) £0,99 (0,02) +0,00 (0,05) £0,01
10 8,6-21,2 7,8-8,1 8,5-12,4 1-7 0,535-1,9 0,008-0,01 0,00-0,11 |
(14,1) £6,45 (7,9) £0,17 (10,03) £2,08 (3,33) £3,21 (1,25) £0,92 (0,01) £0,00 (0,07) £0,06
14-22,6 7,9-8,5 2,5-6,3 2,6-17,8 0,03-0,084 v
Wl 7en1321 | (8,13)£032 @GIDL19 | (12,33) 4231 ADL(IV) (0.04) 20,01 ADL(IV)
12 9-16,4 7,5-8 6,3-10,8 0,00-3 0,08-2,1 0,017-0,04 0,022-0,04 1
(12,1) +3,84 (7,8) £0,26 (8,63) £2,25 (2) £1,73 (1,7) £0,57 (0,04) £0,01 (0,04) £0,01
13 14,9-19,7 7,5-8,1 7,2-9,6 0,00-5 0,08-2,2 0,017-0,12 0,022-0,11 11
(16,57) 2,72 (7,8) £0,30 (8,7)£1,31 (2,33)£2,52 (1,35) £1,20 (0,09) +0,05 (0,1) £0,02
14 14,3-20,8 7,8-8,6 7,8-9,6 0,00-10 0,00-5,3 0,02-0,028 0,03-0,078 1l
(16,7) +3,57 (8,13) £0,42 (8,9) £0,96 (4) +5,29 (2,85) +3,46 (0,02) +0,00 (0,04) 0,01
15 15,7-23,2 8-8,3 8,4-16,4 0,00-3 0,00-2,1 0,01-0,02 0,028-0,16 1l
(18,33) 4,22 (8,1) 0,17 (11,67) 4,20 (1,67) £1,53 (1,8) £0,42 (0,02) £0,01 (0,1) £0,09
16 13,4-18,2 7,6-8,5 2,7-8,5 10-15 ADL(IV) 0,018-0,27 0,006-1,98 v
(15,53) £2,44 (7,9) £0,52 (5,5) £2,91 (12,5) +3,54 (0,19) 0,12 (1,04) £1,33
17 14,3-23,9 8,6-8,8 5,8-10,9 0,00-4 0,00-1,3 0,01-0,0075 ADL(IV) v
(17,77) 5,33 (8,67) £0,12 (8,63) £2,60 (1,67) +2,08 (0,7) £0,85 (0,03) +0,02
18 16,8-23,9 7,3-7,6 8,9-11,7 1-3 0,0-0,9 0,006-0,01 0,0-0,13 |
(19,2)+4,1 (7,5) £0,12 (10,2) 1,1 (1,24) £0,9 (0,6) £0,75 (0,01) £0,0 (0,08) £0,07
19 12,4-19,2 7,8-8,6 7,6-12,4 1-3 0,682-1,7 0,008-0,01 0,00-0,11 1
(15,6) )£3,1 (8,67) 0,42 (9,03) £1,6 (1,4) £0,04 (1,5) 0,84 (0,01) +0,00 (0,07) £0,06

4. Conclusions and discussion

According to the present study zoobenthic communities of Mustafakemalpasa, Orhaneli and Emet Rivers were
dominated mainly by four animal groups; Oligochaeta (41.3%), Chironomidae (18.2%), Gammaridae (10.7%) and
Ephemeroptera (6%). Although the first three taxa contain tolerant species, Ephemeroptera includes pollution-sensitive
species as well as semi-tolerant (such as family Baetidae) species. In addition, Plecoptera and Trichoptera which contain
pollution-sensitive species were inabundant in all three sub-basins of Susurluk. The highest EPT values in the three sub-
basins were identified in four stations; two out of four stations (9 and 10) and EPT ratio (17.6% and 23.5%, respectively)
located on upper Orhaneli River (rhitral region, Figure 1), and remaining two stations (18 and 19 with EPT ratio 25% and
14.9%, respectively) located on Emet river. As seen in Table 4, three of the four stations (10, 18 and 19) demonstrated
the first class water quality while station 9 had second water quality class.

The biological state in any freshwater system is the combination of the habitat and water quality. Biological
situation is demonstrated by biological metrics (such as BMWP, ASPT, Shannon-Wiener, Margalef indices, EPT%,
Oligochaeta% and EPT/Oligochaeta% ratio) depending on the zoobenthic community; water quality represents
environmental variables (such as pH, dissolved oxygen, temperature etc.) and habitat quality represents geomorphological
and some bioecological conditions (zonation) at the region (Hauer and Lamberti 2007). In nonimpacted freshwater
systems (first class water quality, or the oligosaprobic region) zoobenthic community is diverse, and community is
dominated by pollution-sensitive taxa including EPT as the stations 10 (Orhaneli River), 18 and 19 (Emet River) in the
present study. The station 9 may categorized as slightly impacted (water quality class I1). At all these four stations, not
only is the EPT value but also the other biological metrics such as BMWP, ASPT, Shannon-Wiener and Margalef indices,
are high (Table 3). According to the Turkish Surface Water Quality Management Regulation (2015) two stations of the
Mustafakemalpasa River (2 and 3) and two stations of Orhaneli River (6 and 7) are categorized as moderately impacted
water quality class (I11). The common characteristic of these four sampling points is that some factories (Boron, Lignite,
Thermoelectric Power Plants and Coal Factory) are located upstream of these stations (Figure 1). At these stations, while
the relative abundance of Oligochaeta increased, the decrease in EPT is not surprising due to poor habitat and water
quality (Table 3 and 4).
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The lowest EPT % were identified on the stations 11 and 16 (1.5% and 0 respectively) on Orhaneli River during
the whole research period. These two stations were determined as belonging to quality class IV (severely impacted) and
dominated by tolerant Oligochaeta (25.4%) and Chironomidae (39.6%) members, what constituted more than half of the
zoobenthic community. It is known that in severely impacted region zoobenthic community has poor diversty and the
community consist of low numbers of individuals or high numbers of a few taxa (Hauer and Lamberti 2007). Not only
biological metrics (BMWP, ASPT, Shannon-Wiener, EPT%, Oligochaeta%) but also water quality parameters and habitat
quality of these two stations support this information. In addition, severely impacted sites generally are receiving heavy
wastewater inputs and agricultural or urban runoff. Station 11 is downstream of the Emet Boron Plant.

In a freshwater system, zoobenthic community structure diversity and distribution of taxa are controlled, besides
the habitat and water quality, also by food and predators. Feeding types of the taxa and their percentages in habitat also
provide information about the environment in which samples are collected. In running water system basic feeding groups
are categorizes as scrapers (grazers) which consume algae and organic matter (some Gastropoda and Ephemeroptera);
shredders which consume coarse particulate organic material including wood (Amphipoda, Isopoda and Trichoptera);
collectors (gatherers) which consume fine organic matter from stream substrate (some Ephemeroptera, insect larvae and
Oligochaeta); filterers which collect fine organic matter from the water column and predators which feed on other
orgamisms, some Odonata, Coleoptera, Chironomidae and Plecoptera (Hauer and Lamberti 2007).

All zoobenthic community members are categorized according to the feeding types in Table 3. The zoobenthic
community structure of all three sub-basins proved to be formed mainly by collectors (gatherers). The presence or absence
of certain pollution-sensitive taxa (EPT) in the study area may of course be explained by the availability of nutrients in
the habitat. The quality and amount of nutrients of the freshwater sites, which are receiving heavy wastewater inputs and
agricultural or urban runoff, may change at short notice. In such a case, sensitive zoobenthic taxa either disappear or
migrate to a different suitable habitat. If the biological and chemical quality of the habitat is changed, the zoobenthic
community structure also changes.

In the present study a total of 35 higher taxonomic groups and 36 Oligochaeta species were identified.
Oligochaeta proved to be most dominant higher taxon in the zoobenthos. Among them, Potamothrix hammoniensis and
Nais communis were the most widespread species (Table 2). These two species are known as alfa-mesosaprobic
(Brinkhurst and Jamieson 1971). Like Potamothrix hammoniensis, several other oligochaete species have been used as
water quality indicators for freshwater systems. (Sarkka, 1994; Camur-Elipek et al., 2006, Arslan et al. 2016).

P. hammoniensis is common at the bottom of lake and running water systems and can even survive in the high
eutrophication and in brackish waters of low salinity (Timm, 2013; Erséus et al. 1999). The highest relative abundance
value of the P. hammoniensis, which was found in eighteen out of nineteen stations, was detected at the station 15. This
station is located on the Emet River and the water quality class was I1. At the other stations where the species was detected,
its dominancy values were also high, but the interesting thing is that although these stations had the third and fourth
quality water class (especially stations 1, 11, 16 and 17), the dominancy value of P. hammoniensis was not as high as at
the station 15. The station 1 is on the discharge of the Lake Uluabat and the temperature and BOD values were high
(Table 4). Erséus et al. (1999) reported that P. hammoniensis can be replaced by P. heuscheri during a long time of oxygen
deficiency combined with elevated temperature. Station 1 is the only station where Potamothrix heuscheri is detected on
the study area as seen in Table 2. P. heuscheri was the second species (after the Limnodrilus claparedianus) which had
its highest dominacy value (21.3%) at this station. Although there is no definite inference, P. hammoniensis was replaced
by P. heuscheri because of changing environmental conditions at this station. The population density of both species
should be monitored in order to be able to say this inference exactly. In addition, the polysaprobic Limnodrilus
claparedianus was the dominant species at the same station. The station 11, another sampling point with the water quality
class IV, is very close to the Emet Boron Plant.

Apart from P. hammoniensis (20.6%), the oligochaete fauna of the sampling point 11 also included several other
tolerant species such as Dero furcata (23.5%), Dero dorsalis (11.2%), Ophidonais serpentina (14.7%) and Paranais frici
(8.8%). Dero spp. tend to occur in various environments from swampy areas in ponds and rivers to slow moving marshy
rivers (Hedge and Sreepadak, 2015). Thanks to their gills, they can tolerate very low levels of dissolved oxygen
concentrations (Brinkhurst and Jamieson 1971). It is recognized that DO levels of this station dropped to 2.5 mg/L and
BOD values raised to 17.8 mg/L (Table 4). The evident increase in the dominance values of the polysaprobic Dero spp.
and other mesosaprobic species can be regarded as a biological response to the negative change in the environmental
conditions.

Other widespread oligochaete species in the study area were Tubifex tubifex, Psammoryctides barbatus,
Psammoryctides albicola, Paranais frici and Stylaria lacustris, which are tolerant to organic pollution and known as poly-
and mesosaprobic species (Hellawell 1986). Several naidine species are cosmopolitan and occur across the world. They
inhabit submerged vegetation and sediment (Wetzel et al. 2000). It is known that relative abundances of Stylaria lacustris
and Paranais frici have increased especially in moderately dense macrophytes. Although some authors reported these
species in relatively clean waters (Dumnicka 1978; Davis 1982).

Our results indicated that upper Orhaneli and Emet Rivers stations (10 and 19) were nonimpacted and their fauna
was diverse while the stations 1, 11, 16 and 17 were polluted. Our both biological and water quality parameters showed
that ten out of nineteen stations were determined as water quality classes | and 11 (nonimpacted and slighltly impacted) in
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the study area (Tables 3 and 4). In freshwater systems, biological metrics of nonimpacted regions indicate good stream
quality, and its benthic community is dominated by pollution sensitive taxa while slightly impacted regions’ community
is less diverse and dominated by few taxa including Epmeroptera, some Trichoptera, Oligochaeta and Chironomidae.
Remaining nine stations are categorized as water quality classes 111 and IV (moderately and severely impacted). At these
stations biological metrics indicate zoobenthic community dominated by tolerant higher taxa such as Oligochaeta and
Chironomidae.

When all three sub-basins together were examined in terms of diversity and distribution of benthic invertebrates,
Oligochaeta, Chironomidae and Gammaridae were highly dominant at all stations while Trichoptera and Plecoptera
species had the lowest abundancy. The biological state in any freshwater system is the combination of the habitat and
water quality (Hauer and Lamberti 2007). From water quality the most important parameters are dissolved oxygen,
temperature and pH because of they directly affect aquatic life. Results of the present study on both water quality and
biotic indices indicated that all stations of the Mustafakemalpasa River and some stations of Emet and Orhaneli rivers’
are polluted, and this pollution affects the zoobenthic community structure and diversity.
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Abstract

The aim of the study is to determine the flora of Tunca Valley Natural Park and environs (Ardesen, Rize,
Turkey). During the years 2016-2017, 1756 plant specimens were collected through comprehensive surveys. 408 taxa
belonging to 244 genera and 64 families were identified. 1 of them is Lycopodiophyta, 16 of them are Pteridophyta and
391 were Magnoliophyta. The dispersion of Magnoliophyta is as follows; 2 Pinophytina and 389 Magnoliophytina.
According to the total number of taxa, Asteraceae (44), Poaceae (31), Fabaceae (26), Caryophyllaceae (25) and
Rosaceae (19) are the richest families. The distribution of phytogeographic elements are as follows: Euro-Siberian 237
(58.1%), Irano-Turanian 14 (3.4%), Mediterranean 5 (1.2%), and multiregional or of unknown phytogeographic origin
152 (37.3%). The life spectrum distrubition is as: hemicryptophytes 196 (48.0%), cryptophytes 110 (26.9%),
therophytes 46 (11.3%), chamaephytes 28 (6.8%), phanerophytes 28 (6.8%), vascular parasites 1 (0.2%). The endemism
ratio is 4.9% (20 takson).

Key words: flora, natural park, Tunca Valley, Rize, Turkey

*

Tunca Vadisi Tabiat Parki ve ¢evresinin floras: (Ardesen-Rize/Tiirkiye)

Ozet

Calismanin amacit Tunca Vadisi Tabiat Parki ve gevresinin florasinin belirlenmesidir. 2016-2017 yillari
arasinda kapsamli arazi ¢aligmalari sonucu 1756 bitki 6rnegi toplanmistir. 64 familya ve 244 cinse ait 408 bitki taksonu
teshis edilmistir. Tespit edilen taksonlarn 1°i Lycopodiophyta, 16’s1 Pteridophyta ve 391’i ise Magnoliophyta’dir..
Toplam takson sayis1 bakimindan Asteraceae (44), Poaceae (31), Fabaceae (26), Caryophyllaceae (25) ve Rosaceae
(19) familyalar1 en zengin familyalardir. Fitocografik elemanlarin dagilimi su sekildedir: Avrupa-Sibirya 237 (%58,1),
Iran-Turan 14 (%3,4), Akdeniz 5 (%1,2), ve ¢ok ya da bilinmeyen bolgeli 152 (%37,3). Hayat formu dagilim:
hemikriptofitler 196 (%48,0), kriptofitler 110 (%26,9), terofitler 46 (%11,3), kamefitler 28 (%6,8), fanerofitler 28
(%6,8), vaskiiler parazitler 1 (0,2%) seklindedir. Endemizm oran1 %4.9 (20 takson).’dir.

Anahtar kelimeler: flora, tabiat parki, Tunca Vadisi, Rize, Tiirkiye.
1. Introduction

1.1. Geographical Features of The Study Area

Tunca Natural Park is in Rize, 55 km away from city centre and 18 km away from Ardesen district. The study
area covers a total 40820 decare. It lies between the latitudes 41° 08” 506 and 41° 07> 031 and the longitudes 41° 20
491 and 41°35° 769. Tunca Natural Park is at A8 square of Euro-Siberian phytogeographical region Davis (1965-1985).
The lowest part of the study area is 1350 m and the highest part is 3159 m (Figure 1).

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: + +904646127317; Fax.: + 90464 6127316; E-mail: huseyin.baykal@erdogan.edu.tr
© 2008 All rights reserved / Tiim haklar1 saklidir BioDiCon. 714-1017
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1.2. Geology and Edaphic Features

Rize composed of Hemsimdere, Rize, Kaplica, Melyat, Pazar and Hamidiye geological formations Even
though the generalized columnar section is such mentioned the formation at the surface, changes in different part of
Rize. Tunca Natural Park totally composed of Hemsindere formation of upper Cretaceous age, which comprises basic
and acid volcanic such as basaltic andésite, rhyodacite, dacite, rhyolite, and some andesitic intermediate volcanies
(Gedik et al., 1992).

The high parts of the study area consists of scars and rifts, the rest of the area has three main soil types,
namely non-calcareous forest soil, grey-brown podzol soil and high mountain meadow soils (Anonymous, 2005).

1-3. Climatical Features

The climatic data of Pazar station (Anonymous, 2011) were interpolated (Cepel, 1978; Dogan 1977) for the
altitude of 1700 m. According to these interpolated data Walter climate diagram for the research area was drawn. The
climate in the study area is very-humid, mesothermal without any dry season. The precipitation regime is as autumn,
winter, spring and summer (Au.Wi.Su.Si.). January, February, March and December are the frosty months while April
and November are the probable frosty months (Figure 2).
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Figure 1. Map of the study area Figure2. Climatical diagram of the area

2. Materials and methods

The materials of the study are the vascular plant taxa collected (1756 plant taxa) from Tunca Valley Natural
Park between the years 2016-2017. The samples for each taxon were dried and stuck according to herbarium rules (Erik
et al., 1996) and preserved in the herbarium of Biology Department, Faculty of Arts and Sciences, Recep Tayyip
Erdogan University. The taxa were identified using The Flora of Turkey and the Aegean Islands (Davis, 1965-1985;
Davis et al., 1988; Giiner et al., 2000). The taxa also checked with Russian flora (Komarov and Shishkin, 1933-1964),
Flora of Georgia (Ketzkhoveli and Gagnidze, 1971-2001) and related studies (Eminagaoglu, 2003, 2004; Baykal &
Atamov, 2016). The list of the identified taxa are given according to APG Ill (Angiospermi Phylogeny Group) in
alphabetical order (Giiner et al., 2012). The family and taxon name (including in Turkish), author and locations are
given correspondingly (Giiner et al., 2012). The endemism status (Giiner, 2012), threatened categories (Ekim et al.,
2000; Anonymous, 2017), phytogeographical regions (Davis, 1965-1985; 1988), and life forms (Raunkiaer, 1934;
Ellenberg and Mueller-Dombois, 1967) were also given.

Abbreviations LC: Least concern

m.: meter NE: Not evaluated

Euro-Sib: Euro-Siberian element NT: Near threatened

Eux: Euxine element VU: Vulnerable

Hyrc-Eux: Hyrcano-Euxine element HB: Hiiseyin Baykal

Ir-Tur: Irano-Turanian element Hcrp: Hemicryptophytes

Medit: Mediterranean element Crp: Cryptophytes

Cosm: Cosmopolitan Thp: Therophytes

Hyrc-Eux, and Eux were evaluated as subcategories of Euro- Chp: Chamaephytes

Sib. Php: Phanerophytes

EN: Endangered

3. Results

The Floristic List Lycopodiaceae / Kibritotugiller

Huperzia selago (L.) Bernh. / dik hibritotu.

Lycopodiophyta / Kibritotu Boliimii Among Rhododendron shrubs, 1550 m, 22.07.2016, HB 1564

Lycopodiidae / Kibritotu Altsinifi Euro-Sib, Herp.

Hiiseyin BAYKAL et al., Flora of Tunca Valley Natural Park and environs (Ardesen-Rize/Turkey)



Pteridophyta / Egreliti Boliimii

Equisetidae / Atkuyrugu Altsimifi

Equisetaceae / Atkuyrugugiller

Equisetum arvense L. / atkuyrugu.

Streamsides, 1650 m, 08.06.2016, HB 1237, Crp.
Polypodiidae / Egrelti Altsinifi

Aspleniaceae / Sagakotugiller

Asplenium adiantum-nigrum L. / kara sagakotu.
On damp rocky surfaces, 1700 m, 12.08.2017, HB 1864
Crp.

A. scolopendrium L. / geyikdili.

Shady rocky surfaces, 2000 m, 06.08.2016, HB 1645
Crp.

A. septentrionale (L.) Hoffm. / devesakali

At grikes, 1550 m, 05.09.2016, HB 1751

Eux, Crp.

A. trichomanes L. / sagakotu.

On rocky surfaces, 1900 m, 20.08.2016, HB 1699
Crp.

A. woronowii H. Christ. / kizil baldirikara.

Screes, 2200 m, 22.07.2016, HB 1588

Euro-Sib, Crp.

Athyriaceae / Yelegreltisigiller

Athyrium filix-femina (L.) Roth. / yel egreltisi.
Above forest, 1750 m, 14.07.2017, HB 1839

Crp.

A. alpestre (Hoppe). Clairv. / dagyeli.

Rocky surfaces, 2050 m, 06.08.2016, HB 1624
Crp.

Cystopteridaceae / Gevrekegreltiler
Gymnocarpium dryopteris (L.) Newman / baldirigiplak.
Rocky slopes, 1700 m, 23.06.2016, HB 1350

Crp.

Dennstaedtiaceae / Egreltiler

Pteridium aquilinum (L.) Kuhn / egrelti.

Above forest, 1850 m, 23.06.2016, HB 1330

Crp.

Dryopteridaceae / Pilucgiller

Dryopteris dilatata (Hoffm.) A. Gray. / ayu piluncu.
Screes, 1900 m, 12.08.2017, HB 1868

Crp.

D. filix-mas (L.) Schott. / erkek egrelti.

Among rocks, 1600 m, 28.06.2017, HB 1804
Crp.

Polystichum woronowii Fomin. / gat piluncu.
Among rocks, 1600 m, 22.07.2016, HB 1540
VU, Hyrc-Eux, Crp.

Osmundaceae / Kralegretisigiller

Osmunda regalis L. / kral egreltisi.

Damp streamsides, 1600 m, 07.07.2016, HB 1450
Crp.

Polypodiaceae / Benliegreltiler

Polypodium vulgare L. var. vulgare / benli egrelti.
On rocky surfaces, 1600 m, 07.07.2016, HB 1480
Crp.

Pteridaceae/ Baldirikaragiller

Cryptogramma crispa (L.) R. Br. ex Hook. / sakl1 egrelti.

Screes, 2050 m, 27.07.2017, HB 1853
Euro-Sib, Crp.

Magnoliophyta / Tohumlu Bitkiler Boéliimii
Pinophytina / A¢cik Tohumlular Simifi
Pinidae / Camlar altsimifi

Cupresaceae / Servigiller

Juniperus oxycedrus L. subsp. oxcycedrus / katran ardici.

Mixed forest, 1700 m, 23.06.2016, HB 1317
Php.
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Pinaceae / Camgiller

Picea orientalis (L.) Peterm. / 1adin.

Mixed forest, 1700 m, 23.06.2016, HB 1325
Eux, Php.

Magnoliophytina / Kapah Tohumlular Sinifi
Adoxaceae / Miirvergiller

Sambucus ebulus L. / miirver otu.

Forest, 1700 m, 14.07.2017, HB 1824

Euro-Sib, Chp.

S. nigra L. / aga¢ miirver.

Edge of forest, 1700 m, 23.06.2016, HB 1347
Euro-Sib, Php.

Viburnum orientale Pall. / katkat ¢alisi.

Shrub communities, 1750 m, 07.07.2016, HB 1485
Eux, Php.

Amaryllidaceae / Nergisgiller

Allium schoenoprasum L. / peynir sirmosu.
Alpine medows, 2500 m, 06.08.2016, HB 1668
Crp.

A. scorodoprasum L. subsp. rotundum (L.) Stearn / deli
pirasa.

Stony paces, 1500 m, 24.05.2016, HB 1166
Crp.

A. szovitsii Regel / yayla kérmeni.

Alpine meadows, 2550 m, 20.08.2016, HB 1710
Eux (mt), Crp.

Apiaceae / Maydonozgiller

Bupleurum falcatum L. subsp. polyphyllum (Lebed.) H.Wolff
/ bolseytan.

Meadows, 2250 m, 06.08.2016, HB 1615

Eux (mt), Herp.

Carum carvi L. / kimyon.

Damp meadows, 2500 m, 22.07.2016, HB 1573
Chp.

Caulis platycarpos L. / kavkal.

Meadows, 2300 m, 27.07.2017, HB 1849

Thp.

Chaerophyllum astrantiae Boiss. & balnsa ex Boiss. /
yilandokotu.

Stony places, 2600 m, 20.08.2016, HB 1713

NT, Eux, Herp.

Chamaesciadium acaule (Bieb.) Boiss. / hamotu.
Pastures, 2450m, 22.07.2016, HB 1592
Hyrc-Eux, Hcrp.

Heracleum apiifolium Boiss. / telehas.
Streamsides, 1800 m, 22.07.2016, HB 1577
Eux (mt), Herp.

H. platytaenium Boiss. / grekotu.
Streamsides, 1700 m, 07.07.2016, HB 1471
LR (Ic), Eux, Herp.

H. sphondylium L. subsp. cyclocarpum (C.Koch.) P.H.Davis /
¢ember koguk.

Streamsides, 1700 m, 07.07.2016, HB 1490
Eux, Hcrp.

Pimpinella affinis Lebed. / enisen.
Meadows, 2100 m, 14.07.2017, HB 1822
Hcrp.

Sanicula europaea L. / sanikel.

Forest, 1700 m, 23.06.2016, HB 1358
Euro-Sib, Herp.

Seseli libanotis Koch / dag havucu.
Meadows, 1700 m, 07.07.2016, HB 1454
Euro-Sib, Crp.

Aquifoliaceae / Isilgangiller

llex colchica Pojark / 1g1lgan.

Forest, 1700 m, 08.06.2016, HB 1228

Eux, Php.

Hiiseyin BAYKAL et al., Flora of Tunca Valley Natural Park and environs (Ardesen-Rize/Turkey)
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Araliaceae / Sarmasikgiller

Hedera colchica (K.Koch.) K.Koch / kara sarmasik.

On trees and rocky surfaces, 1700 m, 23.06.2016, HB 1355
Eux, Php.

Asparagaceae / Kuskonmazgiller

Muscari aucheri (Boiss.) Baker / gok miiskiiriim.

Stony meadows, 2200 m, 08.06.2016, HB 1232

Crp.

Ornithogalum oligophyllum E. D. Clarke / kurt sogani.
Stony slopes, 2500 m, 16.06.2017, HB 1791

Crp.

Polygonatum verticillatum (L.) All. / miihriisiileyman.
Rhododendron shrubs, 2150 m, 08.06.2016, HB 1245
Euro-Sib, Crp.

Scilla monanthos K. Koch / stimbiilciik.

Subalpine meadows, 2100 m, 24.05.2016, HB 1169

Eux, Crp.

Asteraceae /Papatyagiller

Achillea biserrata Bieb. / aksirikotu.

Damp meadows, 2100 m, 22.07.2016, HB 1558

Eux, Herp.

A. latiloba Ledeb. ex.Nordm. / siporis.

Alpine meadows, 2800 m, 06.08.2016, HB 1620

Eux (mt), Crp.

A. millefolium L. subsp. millefolium / civanpergemi.
Alpine meadows, 2900 m, 05.09.2016, HB 1757

Euro-Sib, Herp.

Anthemis cretica L. subsp. iberica (M. Bieb.) Grierson / kaf
papatyasi.

Screes, 2950 m, 20.08.2016, HB 1720

Eux (mt), Herp.

Archantemis marschalliana (Willd.) Lo Presti & Oberpr.
subsp. pectinata (Boiss.) Lo Presti & Oberpr. / sar1 s1girg6zii.
Screes, 2850 m, 06.08.2016, HB 1653

Eux, Hcrp.

Arctium platylepis (Boiss. & Balansa) Sosn. ex. Grossh. /
baldikeni.

Streamsides, 2350 m, 05.09.2016, HB 1760

Eux, Herp.

Aster amellus L. subsp. ibericus (Stev.) V.E.Avet / patgicegi.
Stony slopes, 2350 m, 06.08.2016, HB 1629

Eux, Crp.

Bidens tripartita L. / iigsuketeni.

Streamsides, 1850 m, 20.08.2016, HB 1693

Thp.

Carduus adpressus C.A.Mey. / tomara.

Pastures, 2400 m, 22.07.2016, HB 1548

Eux, Herp.

Centaurea helenioides Boiss. / doknel saribas.

Pastures, 2350 m, 22.07.2016, HB 1576

Endemic, NT, Herp.

Cirsium arvense (L.) Scop. / koygogiiren.

Streamsides, 2300 m, 12.10.2016, HB 1781

Herp.

C. echinus (M. Bieb.) Hand.-Mazz. / kirpi kangali.

Screes, 2300 m, 22.07.2016, HB 1593

Ir-Tur, Herp.

C. osseticum (Adams) Petr. subsp. osseticum / garip kangal.
Pastures, 1700 m, 27.07.2017, HB 1852

Hcrp.

Crepis paludosa (L.) Moench. / su kiskist.

Meadows, 1800 m, 22.07.2016, HB 1565

Euro-Sib, Crp.

Cyanus nigrifimbrius (C.Koch) Sojak / tay boncugu.
Alpine meadows, 2500 m, 27.07.2017, HB 1846

Eux (mt), Herp.

Doronicum orientale Hoffm. / kaplanotu.

Under shrubs, 1750 m, 07.07.2016, HB 1491

Crp.

Erigeron annuus (L.) Pers. / hemsin sifatotu.
Streamsides, 1700 m, 12.08.2017, HB 1867

Hcrp.

E. caucasicus Steven subsp. caucasicus / kaf sifaotu.
Stony slopes, 2850 m, 22.07.2016, HB 1597

Euro-Sib, Herp.

E. caucasicus Stev. subsp. venustus (Botsch.) Grierson / zarif
sifaotu.

Stony slopes, 2600 m, 22.07.2016, HB 1567

Hcrp.

Helichrysum arenarium (L.) Moench subsp. aucheri (Boiss.)
Davis & Kupicha / yayla ¢igegi.

Meadows, 2700 m, 06.08.2016, HB 1613

Ir-Tur, Herp.

Hieracium djimilense Boiss. & Balansa / cimil sahinotu.
Meadows among screes, 1750 m, 08.06.2016, HB 1239
Endemic, VU, Eux, Hcrp.

H. labillardierei Arv-Touv. / kizil gahinoyu.

Stony slopes, 1900 m, 23.06.2016, HB 1336

Hcrp.

Inula orientalis Lam. / sark andizotu.

Damp pastures, 2600 m, 22.07.2016, HB 1563

Eux (mt), Crp.

Lactuca intricata Boiss. / giizel merhemotu.

Stony slopes, 1700 m, 27.07.2017, HB 1856

Euro-Sib, Herp.

L. serriola L. / esekhelvasi.

Stony slopes, 2300 m, 22.07.2016, HB 1546

Medit, Herp.

Lapsana communis L. subsp. intermedia (Bieb.) Hayek. /
sebrek.

Streamsides, 2200 m, 20.08.2016, HB 1695

Hcrp.

Leontodon hispidus L. var. hispidus / giilikazer.

Screes, 2400 m, 22.07.2016, HB 1534

Euro-Sib, Crp.

Petasites albus (L.) P. Gaertn. / lapaza gigegi.

Damp slopes close to stream, 1750 m, 24.05.2016, HB 1161,
Euro-Sib, Crp.

P. hybridus ((L.) P. Gaertn. / kabalak.

Streamsides, 1750 m, 08.06.2016, HB 1227

Euro-Sib, Crp.

Pilosella officinarum Vaill. / tirnakotu.

Stony slopes, 1700 m, 07.07.2016, HB 1458

Chp.

Prenanthes abietina (Boiss. & Balansa) Kirp. / sar1 egikgicek.
Close to forest border, 2600 m, 06.08.2016, HB 1626

Eux, Hcrp.

Psephellus appendicigerus (K. Koch) Wagenitz / ovit
tiiliibasi.

Screes, 2600 m, 06.08.2016, HB 1635

Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball /
esekgevregi.

Forest clearings, 1700 m, Hcrp.

Tanacetum kotschyi (Boiss.) Grierson. / pireotu.

Stony slopes, 2600 m, 06.08.2016, HB 1651

Ir-Tur, Herp.

T. macrophyllum (Waldst. & Kit.)Sch. / koca pireotu
Pastures, 2200 m, 06.08.2016, HB 1622

Euro-Sib, Herp.

Taraxacum buttleri Van. Soest / karahindiba.

Roadsides, 2100 m, 23.06.2016, HB 1349

Hcrp.

T. stevenii DC. / gelingdbegi.
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Alpine meadows, 2550 m, 06.08.2016, HB 1669

Ir-Tur, Herp.

Telekia speciosa (Schreber.) Baumg. / pugre.

Stony meadows, 1700 m, 28.08.2017, HB 1874

Euro-Sib, Herp.

Tragopogon aureus Boiss. / sart yemlik.

Pastures, 2150 m, 22.07.2016, HB 1578

Endemic, LC (Ic), Eux, Herp.

Tripleurospermum caucasicum (Willd.) Hayek / akbabotu.
Damp meadows, 2550 m, 20.08.2016, HB 1709

Crp.

T. oreades (Boiss.) Rech. var. tchihatchewii (Boiss.) E.
Hossain / hoshos.

Meadows, 2200 m, 22.07.2016, HB 1550

Crp.

Tussilago farfara L. / oksiiriikoyu.

Damp slopes, 2200 m, 24.05.2016, HB 1165

Euro-Sib, Crp.

Turanecio  taraxacifolius  (Bieb.)  Hamzaoglu  var.
taraxacifolius / kar turanotu.

Stony slopes, 2550 m, 22.07.2016, HB 1557

Hcrp.

Xanthium spinosum L. / pitrak.

Roadsides, 1700 m, 20.08.2016, HB 1716

Cosmopolite, Thp.

Betulaceae / Husgiller

Alnus glutinosa (L.) Gaertn. subsp. barbata (C.A. Mey.) Yalt.
/ yeykin.

Streamsides, 1650 m, 24.05.2016, HB 1160

Euro-Sib, Php.

Betula medwediewii Regel. / mosi.

Forest, 2000 m, 24.05.2016, HB 1171

Eux, Php.

Boraginaceae / Hodangiller

Asperugo procumbens L. / nevazilotu.

Stony places, 2100 m, 28.06.2017, HB 1819

Euro-Sib, Thp.

Buglossoides arvensis (L.) I. M. Johnston. / tala tagkeseni.
Stony slopes, 2300 m, 23.06.2016, HB 1342

Thp.

Cynoglossum holosericeum Steven / yayla kopekdili.
Screes, 3000 m, 22.07.2016, HB 1568

VU, Eux (mt), Herp.

Echium vulgare L. / engerekotu.

Roadsides, 2100 m, 27.07.2017, HB 1854

Euro-Sib, Crp.

Myosotis alpestris F.W. Schmidt. subsp. alpestris /
boncukotu.

Alpine meadows, 2600 m, 20.08.2016, HB 1701

Hcrp.

M. laxa Lehm. subsp. caespitosa (Schutz) Hyl. ex Nordh. /
hiithiitgézii.

Damp meadows, 1900 m, 22.07.2016, HB 1570

LR (Ic), Thp.

M. lazica M. Popov / laz kusg6zii.

Damp stony places, 07.07.2016, HB 1483

VU, Eux, Thp.

M. sylvatica Hoffm. subsp. rivularis Vestergr. / keles
unutmabeni.

Damp meadows, 2500 m, 06.08.2016, HB 1666

Hyrc-Eux (mt), Herp.

Nonea versicolor (Steven.) Sweet / ¢ayir sormugu.
Pastures, 2350 m, 14.07.2017, HB 1837

Eux (mt), Thp.

Symphytum ibericum Steven ex M. Bieb. / orman kafesotu.
Shady meadows, 1750 m, 07.07.2016, HB 1475

Eux, Hcrp.
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Trachystemon orientalis (L.) G. Don / kaldirik.
Streamsides, 1700 m, 08.06.2016, HB 1241

Eux, Hcrp.

Brassicaceae / Turpgiller

Aethionema arabicum (L.) Andrz. ex DC. / arap tascantast.
Stony slopes, 2000 m, 23.06.2016, HB 1320

Cosmopolite, Thp.

Alyssum murale Waldst & Kit. var. alpinum Boiss. ex Nyar. /
seki kuduzotu.

Meadows, 2200 m, 07.07.2016, HB 1474

Hcrp.

A. murale Waldst & Kit. var. murale / seki kuduzotu.
Roadsides, 1900 m, 28.06.2017, HB 1806

Hcrp.

Barbarea plantaginea DC. / gotlezgotii.

Streamsides, 2050 m. 23.06.2016, HB 1333

Hcrp.

Capsella bursa-pastoris (L.) Medik. / gobangantasi.
Roadsides, 1900 m, 12.08.2017, HB 1866

Cosmopolite, Thp.

C. hirsuta L. / killi kodim.

Damp meadows, 2250 m, 22.07.2016, HB 1545
Cosmopolite, Crp.

Cardamine impatiens L. subsp. Impatiens / sultan kadimotu.
Shady slopes, 2300 m, 28.08.2017, HB 1871

Euro-Sib, Crp.

C. impatiens L. subsp. pectinata (Pall. ex DC.) Stoj. & Stef. /
tarakli kadimoyu.

Damp spaces, 1750 m, 06.08.2016, HB 1649

Euro-Sib, Crp.

Draba hispida Willd. / killt dolama.

Rocky surfaces, 2500 m, 27.07.2017, HB 1857
Hyrc-Eux (mt), Chp.

D. huetii Boiss. / ¢ayir dolamasi.

Meadows, 1700 m, 24.05.2016, HB 1167
Chp.

D. polytricha Ledeb. / rize dolamasi.

Rocky surfaces, 2600 m, 22.07.2016, HB 1536
Chp.

D. siliquosa M. Bieb. / y1ldiz dolama.

Rocky surfaces, 2100 m, 28.06.2017, HB 1809
Hyrc-Eux (mt), Chp.

Erysimum pulchellum (Willd.) J. Gay. / kaba zarife.
Screes, 2100 m, 28.08.2017, HB 1872

Thp.

Hesperis matronalis L. / aksam yildiz1.

Damp slopes, 2200 m, 22.07.2016, HB 1559
Crp.

Murbeckiella huetii (Boiss.) Rothm. / ovitkodimi.
Rocky slopes 2300 m, 14.07.2017, HB 1835
Hcrp.

Nasturtium officinale L. Br. / su teresi.
Streamsides, 1700 m, 23.06.2016, HB 1329
Crp.

Rorippa sylvestre (L.) Besser / ¢akandura.
Damp places, 1750 m, 05.09.2016, HB 1759
Hcrp.

Thlaspi arvense L. / ekin dagarcigi.
Ridgeways, 1750 m, 20.05.2017, HB 1787
Cosmopolite, Thp.

Campanulaceae / Cangicegigiller

Asyneuma amplexicaule (Willd.) Hand.-Mazz. subsp.
amplexicaule / hogdegnek.

Stony slopes, 2350 m, 27.07.2017, HB 1847
Hcrp.

Campanula collina Sims / ¢ayir cingiragt.
Pastures, 2600 m, 22.07.2016, HB 1584
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Eux, Crp.

C. lactiflora M. Bieb. / kupida.

Alpine meadows, 2400 m, 05.09.2016, HB 1746

Eux, Hcrp.

C. olympica Boiss. / orman ¢ani.

Alpin meadows, 2500 m, 06.08.2016, HB 1665

Eux, Hcrp.

C. rapunculoides L. / elmacik.

Meadows, 2100 m, 22.07.2016, HB 1575

Euro-Sib, Herp.

Caprifoliaceae / Hanimeligiller

Cephalaria gigantea (Lebed.) Bobrov / dev pelemir.
Streamsides, 1800 m, 07.07.2016, HB 1453

Eux, Hcrp.

Knautia involucrata Sommier & Levier / deli esekkulagi.
Alpine slopes, 2600 m, 12.08.2017, HB1863

Eux (mt), Herp.

Lonicera orientalis Pall. / has ¢akkana.

Roadsides close to shrub communities, 1800 m, 07.07.2016,
HB 1478

Endemic, LR (Ic), Chp.

Scabiosa columbaria L. subsp. columbaria / uyuzotu.
Meadows close to roadsides, 1800 m, 20.08.2016, HB 1717
Hcrp.

Valeriana alliariifolia Adams / piot.

Streamsides, 2300 m, 22.07.2016, HB 1598
Euro-Sib, Herp.

V. alpestris Steven / yayla kediotu.

Meadows, 2850 m, 06.08.2016, HB 1611

Eux (mt), Herp.

Caryophyllaceae / Karanfilgiller

Agrostemma githago L. / bugday karamugu.
Roadside, 1700 m, 07.07.2016, HB 1484

Thp.

Arenaria rotundifolia M. Bieb. subsp. rotundifolia / yer
kumotu.

Crevices, 2550 m, 20.08.2016, HB 1718

Thp.

A. serpyllifolia L. / tarla kumotu.

Meadows on rocky places, 2400 m, 22.07.2016, HB 1555
Thp.

Cerastium cerastioides (L.) Britt. / yumak boynuzotu.
Pastures, 06.08.2016, 2200 m, HB 1661

Hcrp.

C. glomeratum Thuill. / boynuzotu.

Meadow slopes, 1700 m, 12.08.2017, HB 1869
Cosmpolite, Thp.

C. purpurascens Adams / alaca boynuzotu.

Screes, 2300 m, 22.07.2016, HB 1547

Euro-Sib(mt), Herp.

Dianthus crinitus Sm. var. crinitus / uzunganak.
Rocky slopes, 2300 m, 06.08.2016, HB 1672

Hcrp.

D. orientalis Adams / yar karanfili.

Screes, 2400 m. 05.09.2016, HB 1737

Herp.

Eremogone lychnidea (M. Bieb.) Rupr. / topag kumotu.
Rocky surfaces, 2400 m, 06.08.2016, HB 1627

Thp.

Gypsophila glandulosa (Boiss.) Walp. / yer ¢evgeni.
Meadows, 2650 m, 20.08.2016, HB 1703a

Eux(mt), Herp.

G. silenoides Rupr. / furtuna ¢oveni.

Meadows, 2400 m, 06.08.2016, HB 1621

Endemic, Eux (mt), Herp.

G. tenuifolia M. Bieb. / kagkar ¢evgeni.

Meadows, 2600 m, 20.08.2016, HB 1703b

VU, Eux(mt), Herp.

Minuartia imbricata (M. Bieb.) Woronow / kaya tistisi.
Rocky slopes, 2700 m, 06.08.2016, HB 1612
Eux(mt), Herp.

M. recurva (All) Schinz & Thell. subsp. oreine (Mattf.)
McNeil / egri tists.

Mountain slopes, 2900 m, 20.08.2016, HB 1690
Herp.

M. verna (L.) Hiern subsp. verna / yaz tistist.
Alpine meadows, 2700 m, 06.08.2016, HB 1636
Chp.

Petrorhagia saxifraga (L.) Link / simal zar¢igegi.
Meadows, 1700 m, 12.08.2017, HB 1862
Euro-Sib, Herp.

Sagina saginoides (L.) Karst / yayla saginotu.
Meadows, 2250 m, 28.06.2017, HB 1811

Thp.

Saponaria orientalis L. / deli sabunotu.

Rocky slopes, 1900 m, 06.08.2016, HB 1664

LC, Thp.

Silene italica (L.) Pers. subsp. italica / yugusyiiregi.
Meadows close to streams, 2100 m, 22.07.2016, HB 1542
Hcrp.

S. lazica Boiss. / laz nakili.

Roadsides, 2050 m, 07.07.2016, HB 1476

Eux (mt), Herp.

S. odontopetala Fenzl / kunduzotu.

Meadows on rocky slopes, 2700 m, 05.09.2016, HB 1748
Hcrp .

S. saxatilis Sims / simotu.

Rocky slopes, 2500 m, 06.08.2016, HB 1643

Hcrp.

S. vulgaris (Moench) Garcke var. vulgaris / ecibiicii.
Meadows, 2600 m, 06.08.2016, HB 1633

Hcrp.

Stellaria holostea L. / urgancik.

Under shrubs, 1750 m, 16.06.2017, HB 1790
Euro-Sib, Thp.

S. media (L.) Vill. / kusotu.

Meadows, 2200 m, 08.06.2016, HB 1243

Thp.

Celastraceae / igagacigiller

Parnassia palustris L. / yiirekyapragi.

Streamsides, 2300 m, 20.08.2016, HB 1711a

Crp.

Cistaceae / Ladengiller

Helianthemum nummularium (L.) Mill. subsp. nummularium
/ glingilii.

Meadow slopes, 2150 m, 22.07.2016, HB 1561
Hcrp.

Colchicaceae / Acigigdemgiller

Colchicum speciosum Steven / separt.

Alpine meadows, 2450 m, 05.09.2016, HB 1756
Euro-Sib, Crp.

Convolvulaceae / Tarlasarmasigigiller
Calystegia silvatica (Kit.) Griseb. / biiriik.

Edge of forest, 1700 m, 23.06.2016, HB 1348
Hcrp.

Convolvulus arvensis L. / tarla sarmasigi.
Roadsides, 1850 m, 07.07.2016, HB 1460
Cosmopolite, Herp.

Crassulaceae / Damkorugugiller

Phedimus spurius (M. Bieb.) ‘t Hart / al pisikulag.
Rocky surfaces, 2300 m, 07.07.2016, HB 1451
Hyrc-Eux, Crp.

P. stoloniferum (S.G.Gmel) ‘t Hart / pisikulag1
Screes, 2100 m, 28.06.2017, HB 1820
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Hyrc-Eux, Crp.

Prometheum pilosum (M. Bieb) H. Obha / hos kayagobegi.
Rocky surfaces, 2200 m, 23.06.2016, HB 1353
Hyrc-Eux, Crp.

Sedum album L. / ¢obankavurgasi.

Rocky surfaces, 2200 m, 22.07.2016, HB 1544

Hcrp.

S. alpestre Vill. / dag korugu.

Screes, 2450 m, 06.08.2016, HB 1628

Herp.

S. tenellum M. Bieb. / narin damkorugu.

Rock fractures, 2900 m, 05.09.2016, HB 1738

Hcrp.

Sempervivum armenum Boiss. & A. Huet. var. armenum /
gelinparmagi.

Rocky surafces, 2900 m, 05.09.2016, HB 1749
Endemic, LC, Eux (mt), Herp.

Cyperaceae / Hasirotugiller.

Carex atrata L. subsp. atrata / karasaparna.

Subalpine meadows, 2050 m, 12.08.2017, HB 1870a
Euro-Sib (mt), Crp.

C. digitata L. / parmaksaz.

Meadows, 2100 m, 22.07.2016, HB 1541

Eux, Crp.

C. echinata Murray subsp. echinata / kiit ayakotu.
Marshy meadows, 2100 m, 14.07.2017, HB 1828
Euro-Sib, Crp.

C. nigra (L.) Reichard subsp. dacica (Heuffel) Soo / rumen
ayakotu.

Marshy pastures, 2150 m, 27.07.2017, HB 1851

Eux, Crp.

C. nigra (L.) Reichard. subsp. nigra / kara ayakotu.
Marshy pastures, 2200 m, 22.07.2016, HB 1591

Crp.

C. oligantha Steudel / garipsaz.

Damp meadows, 2350 m, 14.07.2017, HB 1823

DD, Hyrc-Eux, Crp.

C. panicea L. / dar1 ayakotu.

Streamsides, 2300 m, 06.08.2016, HB 1662

Crp.

C. sylvatica Huds. subsp. latifrons (V.LKrecz) O.Nilsson /
enlisaz.

Damp meadows, 1900 m, 20 08.2016, HB 1711b

Eux, Crp.

Cyperus glaber L. / kdniiotu.

Streamsides, 1700 m, 05.09.2016, HB 1745

Crp.

Pycreus flavescens (L.) P. Beauv. & Rchb. / samanberdi.
Streamsides, 1600 m, 05.09.2016, HB 1753

Crp.

Ericaceae / Fundagiller

Epigaea gaultherioides (Boiss. & Balansa) Takht. /
dagelmast.

Among Vaccinium sp. and Rhododendron sp. communities,
2200 m, 16.06.2017, HB 1792

Eux, Php.

Pyrola minor L. / emrudotu.

Damp meadows, 2250 m, 07.07.2016, HB 1489
Euro-Sib, Herp.

Rhododendron luteum Sweet / zifin.

Subalpine slopes, 1800 m, 23.06.2016, HB 1361

Eux, Php.

R. ponticum L. / kumar.

Edge of Piceae forest, 1800 m, 23.06.2016, HB 1345
Eux, Php.

R. smirnovii Trautv. / kizil kumar.

Under Piceae forest, 1900 m, 28.06.2017, HB 1801
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Eux, Php.

V. arctostaphylos L. / likarpa.

Edge of forests, 1700 m, 14.07.2017, HB 1827
Eux, Php.

Vaccinium myrtillus L. / ayiiiziimii.

Alpine meadows, 2500 m, 22.07.2016, HB 1590
Euro-Sib, Chp.

V. uliginosum L. / avciiiziimii.

Alpine meadows, 2600 m, 20.08.2016, HB 1700
Eux, Chp.

Euphorbiaceae / Siitlegengiller.

Euphorbia djimilensis Boiss. / cimil siitlegeni.
Alpine meadows, 2350 m, 06.08.2016, HB 1650
Endemic, NT, Eux, Hcrp.

E. squamosa Willd. / hemsin siitlegeni.

Stony slopes, 1660 m, 08.06.2016, HB 1229
Hyrc-Eux, Herp.

Mercurialis annua L. / parsen.

Screes, 1600 m, 07.07.2016, HB 1466

Thp.

M. ovata Sternb. & Hoppe / agcaotu.

1700 m, 23.06.2016, HB 1351

Euro-Sib, Hcrp.

Fabaceae / Baklagiller

Astragalus falcatus Lam. / orak geveni.
Meadows, 2150 m, 06.08.2016, HB 1641

Eux (mt), Herp.

A. fragrans Willd. / mis geven.

Alpine meadows, 230 m, 22.07.2016, HB 1537
Ir-Tur, Herp.

A. frickii Bunge / artvin geveni.

Alpine meadows, 2700 m, 22.07.2016, HB 1581
Eux (mt), Herp.

A. glycyphyllos L. / dev geven.

Meadows, 1900 m, 20.08.2016, HB 1689
Euro-Sib, Herp.

A. incerus Ledeb. / kogtasagi.

Screes, 2700 m, 27.07.2017, HB 1848

Ir-Tur, Herp.

Lathyrus aureus (Steven) D. Brandza / koru miirdimiigii.
Under shrubs, 1900 m, 07.07.2016, HB 1448
Eux, Hcrp.

L. pratensis L. / yilan giiriilii.

Streamside, 1900 m, 14.07.2017, HB 1821
Euro-Sib, Herp.

L. roseus Steven subsp. roseus / giil miirdimigii.
Under shrubs, 1700 m, 07.07.2016, HB 1482
Hyrc-Eux, Herp.

Lotus corniculatus L. var. corniculatus / gazalboynuzu.
Meadows, 2400 m, 22.07.2016, HB 1566

Hcrp.

Medicago falcata L. / kart yonca.

Meadows, 2000m, 06.08.2016, HB 1659

Crp.

M. lupulina L. / bit¢ikotu.

Meadows, 1900 m, 07.07.2016, HB 1465

Crp.

Melilotus officinalis (L.) Desr. / kokulu yonca.
Roadsides, 1750 m, 28.08.2017, HB 1873
Hcrp.

Securigera orientalis (Mill.) Lassen subsp. balansae (Boiss.)
Keskin / hos korigen.

Alpine meadows, 2400 m, 07.07.2016, HB 1449
Hcrp.

S. varia (L.) Lassen subsp. varia / korigen.

Near screes, 2100 m, 12.08.2017, HB 1865
Medit, Herp.
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Trifolium ambiguum M. Bieb. / pisikulagi.
Alpine meadow, 2500m, 06.08.2016, HB 1644
Herp.

T. aureum Pollich subsp. aureum / altuni tiggiil.
Rocky slopes, 2100 m, 27.07.2017, HB 1855
Euro-Sib, Thp.

T. campestre Schreb. / liggiil.

Meadows, 2050 m, 08.06.2016, HB 1236

Thp.

T. canescens Willd. / sar1 tiggiil.

Meadows, 1900 m, 22.07.2016, HB 1572
Hyrc-Eux, Hcrp.

T. pratense L. var. pratense / ¢ayir liggiilii.
Meadows, 2100 m, 05.09.2016, HB 1740

Hcrp.

T. repens L. var. repens / ak ticgiil.

Pastures, 2400 m, 20.08.2016, HB 1696

Hcrp.

T. spadiceum L. / gayir dutu.

Damp meadows, 2100 m, 14.07.2017, HB 1831
Euro-Sib, Herp.

Vicia cracca L. subsp. cracca / kus figi.

Damp meadows, 2200 m, 06.08.2016, HB 1673
Euro-Sib, Herp.

V. sativa L. subsp. incisa (Bieb) Arc. / ekin figi.
Rock surfaces, 1700 m, 16.06.2017, HB 1794
Thp.

V. sativa L. subsp. nigra (L.) Ehrh. / esek giiriilii.
Screes, 1800 m, 08.06.2016, HB 1231

Thp.

V. sepium L. / dere baklast.

Among Rhododendron sp., 1800 m, 07.07.2016, HB 1459
Euro-Sib, Herp.

V. villosa Roth subsp. villosa / tiiylii fig.

Damp meadows, 1650 m, 23.06.2016, HB 1321
Hcrp.

Fagaceae / Kayingiller

Castanea sativa Mill. / kestane.

Mixed forests, 1550 m, 07.07.2016, HB 1479
Euro-Sib, Php.

Fagus orientalis Lipsky / kayin.

Mixed forests, 1800 m, 24.05.2016, HB 1164
Euro-Sib, Php.

Quercus pontica K.Koch. / yayla peliti.

Mixed forests, 2000 m, 20.08.2016, HB 1705
Eux, Php.

Gentianaceae / Gentiyangiller

Centaurium erythraea Rafn. subsp. turcicum (Velen.)

Melderis / tukulotu.

Meadows, 2150 m, 28.06.2017, HB 1817
Euro-Sib, Herp.

Gentiana aquatica L. / su gentiyani

Alpine meadows, 2900 m, 06.08.2016, HB 1614
Thp.

G. asclepiadea L. / siitlii giisad.

Meadows, 1900 m, 20.09.2016, HB 1770
Euro-Sib, Hcrp.

G. gelida M. Bieb. / dag gentiyani.

Pastures, 2600 m, 20.09.2016, HB 1771

Eux, Herp.

G. pyrenaica L. / pir gentiyani.

Alpine meadwos, 2550, 20.08.2016, HB 1694
Euro-Sib, Herp.

Swertia iberica Fisch ex C.A. Mey. / safraca.
Damp streamsides, 2300 m, 06.08.2016, HB 1637
LR (Ic), Eux (mt), Herp.

Geraniaceae / Turnagagasigiller

Geranium subacutum (Boiss.) Aedo. / hos 1tir.
Screes, 2600 m, 20.08.2016, HB 1702
Endemic, EN, Ir-Tur, Crp.

G. platypetalum Fisch & C. A. Mey. / koru ttir1.
Under shrubs, 1750 m, 23.06.2016, HB 1339
Hyrc-Eux, Crp.

G. psilostemon Ledeb. / zarif 1tir.

Meadows, 2100 m, 22.07.2016, HB 1574

Eux (mt), Crp.

G. purpureum Vill. / ebedon.

Damp meadows, 1800 m, 24.05.2016, HB 1159
Thp.

G. pyrenaicum Burm. / gelingarsafi.
Streamsides, 2100 m, 07.07.2016, HB 1472
Crp.

G. rotundifolium L. / helilok.

Screes, 1750 m, 20.05.2017, HB 1785

Thp.

Hypericaceae / Kantarongiller

Hypericum hirsutum L. / titylii kantaron.
Streamsides, 1950 m, 06.08.2016, HB 1618
Euro-Sib, Hcrp.

H. orientale L. / sandik ¢igegi.

Meadow slopes, 2100 m, 14.07.2017, HB 1826
Eux, Hcrp.

H. perforatum L. / kantaron.

Meadows, 2000 m, 07.07.2016, HB 1452

Hcrp.

Iridaceae / Siisengiller

Crocus scharojanii Rupr. / yaylakovan.

Alpine meadows, 2400 m, 06.08.2016, HB 1671
VU, Eux, Crp.

C. vallicola Herb. / hozmancuk.

Subalpine meadows, 2100 m, 20.09.2016, HB 1765
Eux, Crp.

Juncaceae / Kofagiller

Juncus articulatus L. subsp. articulatus / camigotu.
Streamsides, 2300 m, 08.06.2016, HB 1240
Euro-Sib, Herp.

J. effusus L. subsp. effuses / has kofa.

Damp meadows, 1800 m, 07.07.2016, HB 1481
Cosm, Herp.

J. tenageia Ehrh. ex L. subsp. tenageia / kum kofasi.
Damp meadows, 1800 m, 23.06.2016, HB 1356
Euro-Sib, Herp.

Luzula pallescens Sw. / ¢ayir luzulu.

Meadows, 1650 m, 23.06.2016, HB 1332
Euro-Sib, Hcrp.

Lamiaceae / Ballibabagiller

Ajuga reptans L. / meryemsagi

Meadows, 1650 m, 23.06.2016, HB 1319
Euro-Sib, Crp.

Ballota nigra L. subsp. nigra / yalanci 1sirgan.
Among shrubs, 1700 m, 07.07.2016, HB 1464
Euro-Sib, Herp.

Clinopodium grandiflorum (L.) Kuntze / kaba feslegen.

Damp stony surfaces, 2100 m, 05.09.2016, HB 1739
Euro-Sib, Herp.

C. vulgare L. subsp. vulgare / yabani feslegen.
Screes, 2400 m, 22.07.2016, HB 1586

Hcrp.

Lamium album L. subsp. album / balicak.

Stony meadows, 2300 m, 14.07.2017, HB 1825
Euro-Sib, Herp.

L. album L. subsp. crinitum (Montbret & Aucher ex Beth.)

Mennema / kovanlik.

Meadows among screes, 2350 m, 22.07.2016, HB 1539
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Eux, Herp.

L. moschatum Miller subsp. micranthum (Boiss.) Mennema /
mis balicak.

Meadows, 1650 m, 16.06.2017, HB 1795

Hcrp.

L. purpureum L. var. purpureum / ballibaba.
Streamsides, 1700 m, 08.06.2016, HB 1233

Euro-Sib, Herp.

Melissa officinalis L. subsp. officinalis / ogulotu.

Forest clearings, 1750 m, 23.06.2016, HB 1340

Medit, Herp.

Mentha longifolia (L.) L. subsp. longifolia / punk.
Streamsides, 2100 m, 22.07.2016, HB 1589

LR (Ic), Eux, Crp.

Nepeta nuda L. subsp. albiflora (Boiss.) Gams / karakiincii.
Alpine meadows, 2550 m, 07.07.2016, HB 1462

Chp.

Origanum vulgare L. subsp. virdulum (Martin-Donos)
Nyman / istanbul kekigi.

Roadsides, 1700 m, 22.07.2016, HB 1595

Hcrp.

Prunella vulgaris L. / gelinciklemeotu.

Streamsides, 2650 m, 05.09.2016, HB 1736

Euro-Sib, Herp.

Salvia glutinosa L. / oklu salba.

Damp shrub communities, 1700 m, 07.07.2016, HB 1456
Hyrc-Eux, Herp.

S. verticillata L. subsp. verticilla /dadirak.

Stony meadows, 2150 m, 14.07.2017, HB 1834
Euro-Sib, Herp.

Stachys macrantha (K.Koch.) Stearn. / koca sogulcan.
Alpine meadows, 2750 m, 05.09.2016, HB 1744

Eux, Hcrp.

S. sylvatica L. / hamusirgan.

Screes, 2350 m, 20.08.2016, HB 1719

Crp.

Teucrium chamaedrys L. subsp. trapezunticum Rech. /
dalakotu.

Screes, 1630 m, 14.07.2017, HB 1840

Euro-Sib, Chp.

Thymus longicaulis C. Presl subsp. longicaulis / as kekigi.
Pastures, 2100 m, , 07.07.2016, HB 1473

Euro-Sib, Chp.

Ziziphora clinopodioides Lam. / dag reyhani.

Rocky slopes, 2300 m, 05.09.2016, HB 1750

Ir-Tur, Herp.

Liliaceae / Zambakagiller

Fritillaria latifolia Willd. / yayla lalesi.

Alpine meadows, 2500m, 23.06.2016, HB 1346

Eux (mt), Crp.

Gagea glacialis K.Koch. / buz yildizi.

Alpine meadows, 2600 m, 08.06.2016, HB 1238

Ir-Tur, Crp.

Melanthiaceae / Dokuztepegiller

Paris incompleta M. Bieb. / tilkiliziimii.

Damp slopes, 1800 m, 24.05.2016, HB 1168

Crp.

Veratrum album L. / dokuztepeli.

Damp slopes, 1800 m, 20.08.2016, HB 1712

Euro-Sib, Crp.

Oleaceae / Zeytingiller

Osmanthus decorus (Boiss. & Balansa) Kasapligil / poci.
Mixed forest, 1650 m, 08.06.2016, HB 1241

Eux, Php.

Onagraceae / Yakiotugiller

Epilobium angustifolium L. / yakiotu.

Streamsides, 2200 m, 06.08.2016, HB 1663
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Crp.

E.ponticum Hausskn. / garapil.

Streamsides, 2900 m, 05.09.2016, HB 1755

Crp.

Orchidaceae / Salepgiller

Cephalanthera longifolia (L.) Fritsch. / kugu salebi.

Edge of Piceae orientalis forest, 20.05.2017, 1800 m, HB
1788

Euro-Sib, Crp.

Dactylorhiza euxina (Nevski) H. Baumann & Kiinkele var.
euxina / laz salebi.

Damp meadows, 2350 m, 28.06.2017, HB 1807

NT, Eux, Crp.

D. urvilleana (Steudal) Baumen & Kiinkele subsp. urvilleana
/ balkaymak.

Streamsides, 2200 m, 23.06.2016, HB 1354

Eux, Crp.

Listera ovata (L.) R. Br. / ¢al1 salebi.

Meadows, 1750 m, 08.06.2016, HB 1235

Euro-Sib, Crp.

Orchis palustris Jacq. / cayir salebi.

Damp meadows, 1850 m, 16.06.2017, HB 1793

Crp.

Platanthera chlorantha (Custer) Rchb. / ¢arpik salep.

Edge of forests, 1800 m, 28.06.2017, HB 1805

Crp.

Orobanchaceae / Canavarotugiller

Euphrasia lebardensis Kem.-Nath. / yamag g6zotu.

Stony meadows, 2550 m, 06.08.2016, HB 1642

Eux (mt),Thp.

E. minima Jacq. ex DC. subsp. davisii Yeo / gozliikkiran.
Alpine meadows, 2650 m, 05.09.2016, HB 1742

Endemic, LR(Ic), Eux, Thp.

Melampyrum arvense L. var. arvense / inek bugdayi.

Stony slopes, 2000 m, 20.08.2016, HB 1715

Euro-Sib, Thp.

Orobanche caesia Rchb. / mavi veremotu.

Parasite on Telekia speciosa, 1700 m, 28.06.2017, HB 1802
Vp.

Pedicularis caucasica M. Bieb. / kesgerotu.

Alpine meadows, 2500 m, 06.08.2016, HB 1632

Hyrc-Eux, Hcrp.

P. condensata M. Bieb. / kirk bitotu.

Alpine meadows, 2600 m, 20.08.2016, HB 1704

Eux, Herp.

P. pontica Boiss. / simal bitotu.

Alpine meadows, 2650 m, 06.08.2016, HB 1648

Eux, Herp.

Rhinanthus angustifolius C. C. Gmel. subsp. grandifloius
(Walir.) D. A. Webb. / horozotu.

Meadows, 2100m, 07.07.2016, HB 1470

Thp.

Rhynchocorys elephas (L.) Griseb. subsp. elephas / filburnu.
Meadows, 2300 m, 22.07.2016, HB 1552

Euro-Sib, Herp.

Papaveraceae / Hashasgiller

Chelidonium majus L. / kirlangigotu.

Under forest, 1600 m, 27.07.2017, HB 1845

Euro-Sib, Herp.

Corydalis alpestris C.A. Mey. / gok kazgagasi.

Rocky slopes, 2100 m, 22.07.2016, HB 1583

Eux, Crp.

Fumaria  schleicheri  Soy.-Will.  subsp.  microcarpa
(Hausskn.) Liden / setere

Screes, 1700 m, 06.08.2016, HB 1652

Thp.

Papaver dubium L. subsp. dubium / képekyagi.
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Roadsides, 1500 m, 23.06.2016, HB 1334

Thp.

P. lateritium K. Koch subsp. lateritium / potot.

Screes, 2000 m, 06.08.2016, HB 1657

Endemic, VU, Eux, Hcrp.

Plantaginaceae / Sinirotugiller

Digitalis ferruginea L. subsp. ferruginea / arikovanu.
Rocky alpine meadows, 2400 m, 20.08.2016, HB 1707
Euro-Sib, Herp.

Linaria simplex DC. / yalin nevruzotu.

Stony slopes, 1700 m, 28.06.2017, HB 1812

Medit, Herp.

P. lanceolata L. / damarlica.

Streamsides, 1500 m, 23.06.2016, HB 1335

Hcrp.

Plantago major L. subsp. major / sinirotu.

Roadsides, 2100 m, 06.08.2016, HB 1619

Hcrp.

Veronica anagallis-aquatica L. / sugedemesi.
Streamsides, 1700 m, 22.07.2016, HB 1556

LR (Ic), Herp.

V. biloba Schreber. / ¢ifte mavis.

Meadows among screes, 2000 m, 28.06.2017, HB 1818
Ir-Tur, Thp.

V. chamaedrys L. / cancan.

Under shrubs, 1700 m, 23.06.2016, HB 1337
Euro-Sib, Crp.

Poaceae / Bugdaygiller

Agrostis stolonifera L. / tavusotu.

Damp meadows, 1700 m, 22.07.2016, HB 1594
Euro-Sib, Crp.

Alopecurus arundinaceus Poir. / kams tilkikuyrugu.
Roadsides, 2000 m, 06.08.2016, HB 1623

LR (Ic), Euro-Sib, Crp.

A.laguroides Balansa / kar tilkikuyrugu.

Reefy slopes, 2600, 20.08.2016, HB 1708

Endemic, LR (Ic), Euro-Sib(mt), Crp.

Brachypodium sylvaticum (Huds.) P.Beauv. / koru kilcani.
Rocky slopes, 2300 m, 05.09.2016, HB 1747
Euro-Sib, Crp.

Briza marcowiczii Woronow / ¢ingirdak.

Alpine meadows, 2400 m, 06.08.2016, HB 1617

Thp.

Bromus danthoniae Trin. subsp. Danthoniae / ibubukotu.
Screes, 2200 m, 23.06.2016, HB 1357

Thp.

B. japonicus Thunb. subsp. japonicus / iyeotu.
Meadows, 1800 m, 28.06.2017, HB 1813

Thp.

B. scoparius L. / ibubuk ekini.

Meadows, 2000 m, 14.07.2017, HB 1830

Crp.

Calamagrostis arundinacea (L.) Roth. / kandiraotu.
Close to Rhododendron sp. shrubs, 1700 m, 06.08.2016, HB
1656

Euro-Sib, Crp.

Cynosurus cristatus L. / tarakotu.

Damp meadows, 2200 m, 12.10.2016, HB 1780
Euro-Sib, Herp.

Dactylis glomerata L. subsp. glomerata / domuzayrigi.
Meadows, 2100 m, 07.07.2016, HB 1488

Euro-Sib, Crp.

Elymus lazicus (Boiss.) Melderis / yayla bugday1.
Rocky meadows, 1600 m, 05.09.2016, HB 1758
Endemic, VU, Eux, Hcrp.

Festuca anatolica Markgr.-Dann. subsp. anatolica / yurt
yumagi.

Stony meadows, 2100 m, 20.08.2016, HB 1714
Endemic, LC, Chp.

F. cyllenica Boiss & Heldr. subsp. uluana Markgr.-Dann. /
ulu yumak.

Subalpine meadows, 1750 m, 14.07.2017, HB 1836
Endemic, Eux, Chp.

F. woronowi Hack. subsp. woronowi / yayla yumagi.
Meadows, 2300 m, 22.07.2016, HB 1587

VU, Eux (mt), Chp.

Glyceria notate Cheval. / kivrik tatligim.
Meadows close to streams, 2100 m, 20.09.2016, HB 1767
Hcrp.

Helictotrichon planiculme (Schrad.) Pilg. / cimil yulafi.
Rocky slopes, 2300 m, 05.09.2016, HB 1752
Eux, Crp.

Koeleria macrantha (Lebed) Schult. / koca kiral.
Screes, 2100 m, 23.06.2016, HB 1326

Hcrp.

Lolium perenne L. / ¢im.

Patures, 1900 m, 06.08.2016, HB 1660
Euro-Sib, Hcrp.

Melica uniflora Retz. / seyrek inciotu.

Rocky slopes, 1600 m, 05.09.2016, HB 1754
Euro-Sib, Crp.

Nardus stricta L. / kilotu.

Alpine meadows, 2400m, 20.09.2016, HB 1769
Euro-Sib, Herp.

Phleum phleoides (L.) Karsten / bayir itkuyrugu.
Pastures, 2100 m, 20.09.2016, HB 1766
Euro-Sib, Hcrp.

P. pratense L. / ¢ayir itkuyrugu.

Damp meadows, 2450 m, 06.08.2016, HB 1654
Euro-Sib, Chp.

Poa alpina L. subsp. fallax F. Herm. / yayla salkimotu.
Alpine slopes, 2000 m, 20.08.2016, HB 1706
Chp.

P. angustifolia L. / dar salkimotu.

Pastures, 2250 m, 12.10.2016, HB 1783

LR (Ic), Chp.

P. annua L. / salkimotu.

Damp meadows, 1900 m, 28.06.2017, HB 1808
Thp.

P. bulbosa L. / yumrulu salkimotu.

Pastures, 2300 m, 08.06.2016, HB 1244

Crp.

P. longifolia Trin. / ipek salkimotu.

Alpine meadows, 2400 m, 14.07.2017, HB 1832
Eux, Crp.

P. nemoralis L. / orman salkimu.

Pastures, 2300 m, 22.07.2016, HB 1532

Crp.

P. pratensis L. ¢ayir salkimu.

Alpine meadows, 2500 m, 06.08.2016, HB 1658
Chp.

Stipa pontica P. A. Smirn / korpe kilag.
Mountain slopes, 2400 m, 23.06.2016, HB 1328
Polygalaceae / Siitotugiller

Polygala alpestris Rchb. / yayla siitotu.

Pastures, 1900 m, 07.07.2016, HB 1455
Euro-Sib, Herp.

P. major Jacq. / koca siitotu.

Rocky slopes, 1900 m, 06.08.2016, HB 1630
Euro-Sib, Herp.

P. supina Schreb. subsp supina / gihaye sipirge.
Pastures, 2350 m, 27.07.2017, HB 1858
Cosmopolite, Herp.

P. vulgaris L. / siitotu.
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Meadows, 1700 m, 28.06.2017, HB 1815
Euro-Sib, Herp.

Polygonaceae / Madimakgiller

Polygonum alpinum All. / eleyaz.

Screes, 2300 m, 06.08.2016, HB 1639

Euro-Sib, Herp.

P. arenastrum Boreau / bezmeceotu.

Arid slopes, 2300 m, 12.10.2016, HB 1782

Thp.

P. bistorta L. subsp. carneum (K. Koch) Coode & Cullen /
daglahanasi.

Damp meadows, 22450 m, 22.07.2016, HB 1538
Eux(mt), Herp.

P. cognatum Meissn. / madimak.

Alpine meadows, 2500 m, 20.09.2016, HB 1768
Ir-Tur, Herp.

Rumex acetosella L. / kuzukulag;.

Arid slopes, 2250 m, 06.08.2016, HB 1647
Cosmopolite, Herp.

R. alpinus L. / sortah.

Streamsides, 2300 m, 07.07.2016, HB 1457

Crp.

R. caucasicus Rech. / tirisov.

Alpine slopes, 2800 m, 20.08.2016, HB 1692
Eux (mt), Herp.

R. crispus L. / labada.

Bog, 2150 m, 23.06.2016, HB 1331
Cosmopolite, Chp.

R. scutatus L. / eksimen.

Screes, 2250 m, 22.07.2016, HB 1551

Chp.

Primulaceae / Cuhacicegigiller

Androsace albana Steven / arinca.

Meadows, 01900 m, 07.07.2016, HB 1477
Hyrc-Eux(mt), Herp.

Cyclamen coum Mill var. coum / yersomunu.
Forest, 1700 m, 24.05.2016, HB 1172

Crp.

C. parviflorum Pobed. / filiski.

Stony meadows, 08.06.2016, 1900 m, HB 1234
Endemic, LR (Ic), Eux (mt), Crp.

Primula algida Adams / dagtutyasi.

Damp meadows, 2800 m, 06.08.2016, HB 1640
Hcrp.

P. acaulis (L.) L. Huds. subsp. rubra (Sm)Greuter & Burdet /
evvvelbahar ¢icegi

Damp slopes, 2000 m, 23.06.2016, HB 1352
Eux, Herp.

P.auriculata Lam. / felgotu.

Streamsides, 2400 m, 22.07.2016, HB 1600
Ir-Tur, LR (Ic), Herp.

P. elatior (L.) L. subsp. amoena (Bieb.) Greuter & Burdet /
yaylatutyasi.

Streamsides, 2300 m, 07.07.2016, HB 1468
Euro-Sib, Hcrp.

P. elatior (L.) L. subsp. pallasii (Lehm.) W. W. Sm. &
Forrest / saritutya.

Alpine meadows, 2600 m, 22.07.2016, HB 1580
Eux, Hcrp.

P. longipes Freyn & Sint. / zarif ¢uha.

Small streamsides, 2700 m, 20.08.2016, HB 1698
Endemic, LR (nt). Eux, Herp.

P. megaseifolia Boiss. & Balansa / martgigegi.
Edge of Shrub communities, 1700 m, 24.05.2016, HB 1163,
VU, Eux, Herp.

Ranunculaceae / Diigiincicegigiller

Aconitum orientale Mill. / kurtoglan.
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Meadows, 2100 m, 05.09.2016, HB 1743

Eux, Hcrp.

Adonis aestivalis L. subsp. aestivalis / kandamlasi.
Pastures, 1600 m, 14.07.2017, HB 1829

Thp.

Anemone narcissiflora L. subsp. narcissiflora / mayisgigegi.
Damp slopes, 1900 m, 23.06.2016, HB 1359
Euro-Sib, Herp.

Aquilegia olympica Boiss. / hasekikiipesi.

Damp meadows, 1750 m, 22.07.2016, HB 1533

Herp.

Caltha palustris L. / lilpar.

Streamsides, 1800 m, 07.07.2016, HB 1469

LR (Ic), Herp.

Consolida orientalis (J. Gay.) Schrodinger / morgigek.
Besides, small gardens, 1700 m, 22.07.2016, HB 1549
Ir-Tur, Thp.

Delphinium flexuosum M.Bieb. var. buschianum (Grossh.)
Parsa. / egri hazaren.

Screes, 2000 m, 22.07.2016, HB 1569

Eux, Herp.

D. formosum Boiss. & A. Huet / giir hezaren.
Streamsides, 1900 m, 06.08.2016, HB 1616

Endemic, LC, Eux, Hcrp.

Ranunculus arvensis L. / mustafagicegi.

Close to small gardens, 1700 m, 28.06.2017, HB 1816
Thp.

R. buhsei Boiss. / ¢ingotu.

Rocky slopes, 1900 m, 06.08.2016, HB 1657
Hyrc-Eux (mt), Crp.

R. constantinopolitanus (DC.) d"Urv. / kagithane gicegi.
Damp meadows, 1800 m, 23.06.2016, HB 1341

Hcrp.

R. dissectus M. Bieb. subsp. huetii P.H.Davis / kaya kebikeci.
Pastures, 2100 m, 22.07.2016, HB 1535

Endemic, LC, Crp.

R. grandiflorus L. / katirnali.

Damp meadows, 2000 m, 07.07.2016, HB 1487

Hcrp.

R. repens L. / tiktakdana.

Damp places, 2000 m, 22.07.2016, HB 1596

Hcrp.

Thalictrum foetidum L. / delialan maydonozu.

Screes, 1850 m, 06.08.2016, HB 1670

Euro-Sib, Herp.

T. minus L. var. minus / kaytaran.

DAmp meadows, 2050 m, 22.07.2016, HB 1579
Euro-Sib, Hcrp.

Trollius ranunculinus (Sm.) Stearn. / zarif ¢linkotu.
Damp places, 2100 m, 23.06.2016, HB 1323

Hcrp.

Rhamnaceae / Cehrigiller

Frangula dodonei Ard. subsp. dodonei / barutagaci.
Mixed forest, 1650 m, 24.05.2016, HB 1156
Euro-Sib, Php.

Rosaceae / Giilgiller

Alchemilla caucasica Buser / kaf sebnemlisi.

Alpine meadows, 2300 m, 22.07.2016, HB 1571

Eux (mt), Crp.

A. retinervis Buser / damarli kelkat.

Among roks at pastures, 12.08.2017, HB 1870b

Eux (mt), Crp.

A. rizensis B. Pawl. / rize kelkat1.

Rocky slopes, 2800 m, 20.08.2016, HB 1697
Endemic, Eux (mt), Crp.

A. sericea Willd. / akpenge.

Rocky slopes, 2500 m, 06.08.2016, HB 1634
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Eux (mt), Crp.

Aruncus vulgaris (Maxim.) Raf ex H. Hara / hoskegisakali.
Streamsides on rocky surfaces, 1650 m, 07.07.2016, HB 1467
Euro-Sib, Herp.

Filipendula ulmaria (L.) Maxim. / ¢ayirkraligesi.
Roadsides, 1650 m, 14.07.2017, HB 1838
Euro-Sib, Herp.

Fragaria vesca L. / dag gilegi.

Damp places at pastures, 2250 m, 23.06.2016, HB 1338
Euro-Sib, Herp.

Geum urbanum L. / meryemotu.

Streamsides, 1750 m, 07.07.2016, HB 1486
Euro-Sib, Crp.

Laurocerasus officinalis Roemer. / karayemis.
Forest, 1700 m, 28.06.2017, HB 1810

Php.

Padus avium Mill. / kus kirazi.

Screes, 1900 m, 23.06.2016, HB 1318

Php.

Potentilla crantzii (Crantz.) Fritsch / besparmakotu.
Alpine slopes, 2900 m, 20.09.2016, HB 1764
Euro-Sib, Herp.

P. elatior Wild ex Schlecht / ak parmakotu.

Damp meadows, 2000 m, 20.08.2016, HB 1691
Eux, Hcrp.

P. erecta (L.) Rauschel. / kurtpengesi.

Damp meadows, 2150 m, 06.08.2016, HB 1655
Eux, Crp.

P.ruprechtii Boiss. / mis parmakotu.

Pastures, 2300 m, 06.08.2016, HB 1625

Chp.

Rubus hirtus Waldst. & Kit. / tiintiiriik.

Mixed forest, 1700 m, 28.06.2017, HB 1803
Euro-Sib, Chp.

R. idaeus L. subsp. ideaus / ahududu.

Forest clearings, 1800 m, 07.07.2016, HB 1463
Php.

R. saxatilis L. / koslek.

Meadows, 1900 m, 23.06.2016, HB 1343

Hcrp.

Sibbaldia parviflora Willd. var. parviflora / findikotu.
Pastures, 2300 m, 22.07.2016, HB 1560

Chp.

Sorbus aucuparia L. / kus tivezi.

Close to forest, 1700 m, 23.06.2016, HB 1327
Euro-Sib, Php.

Rubiaceae / Kokboyagiller

Asperula taurina L. / kiigiik fevve.

Meadows, 2000 m, 06.08.2016, HB 1638
Hyrc-Eux, Crp.

Crucianella gilanica Trin. subsp. pontica (Ehrend.) Ehrend. /
kose hagotu.

Crevices, 1650 m, 28.06.2017, HB 1814

Eux, Crp.

Cruciata laevipes Opiz / sarilikotu.

Pastures, 2550 m, 22.07.2016, HB 1585

Euro-Sib, Hcrp.

C. taurica (Pallas ex Willd.) Ehrend. / kirnim giizeli.
Screes, 2900 m, 22.07.2016, HB 1562

Ir-Tur, Chp.

Galium album Mill. subsp. prusense (K. Koch.) Ehrend et
Krendl / bursa iplik¢igi.

Meadows, 2300 m, 06.08.2016, HB 1646

Herp.

G. odoratum (L.) Scop. / orman iplik¢igi.

Forest, 1750 m, 22.07.2016, HB 1553

Euro-Sib, Herp.

G. spurium L. subsp. spurium / arsiz iplik¢ik.
Screes, 2100 m, 23.06.2016, HB 1324
Euro-Sib, Thp.

G. verum L. subsp. verum / boyalik.

Stream beds, 2200 m, 06.08.2016, HB 1631
Euro-Sib, Herp.

Salicaceae / Sogiitgiller

Populus tremula L. subsp. tremula / titrek kavak.
Mixed forests, 2000 m, 24.05.2016, HB 1158
Euro-Sib, Php.

Salix caprea L. / sorgun.

Streamsides, 2150 m, 24.05.2016, HB 1157
Euro-Sib, Php.

Sapindaceae / Ak¢aagacgiller

Acer heldreichii Orp. ex Boiss subsp. trautvetteri (Medw.)
A.E. Murray / kafkas akgaagaci.

Mixed forest, 1650 m, 24.05.2016, HB 1170
Eux, Php.

A. platanoides L. / ¢inar akgaagaci.

Mixed forest, 1700 m, 20.05.2017, HB 1786
Euro-Sib, Php.

Scrophulariaceae / Siracaotugiller
Scrophularia kotschyana Benth. / darbeotu.
Shady screes, 2300 m, 22.07.2016, HB 1554
Hcrp.

S. nodosa L. / tavuk siracasi.

Stony meadows, 2050 m, 22.07.2016, HB 1582
Euro-Sib, Herp.

S. scopolii Hoppe ex Pers. var. adenocalyx Sommier &
Levier / elkopiirten.

Stony streamsides, 2000 m, 14.07.2017, HB 1833
Eux, Herp.

Verbascum gnaphalodes M. Bieb. / uslu sigirkuyrugu.
DAmp places, 2150 m, 27.07.2017, HB 1850
Eux, Hcrp.

V. thapsus L. / burunca.

Streamsides, 1650 m, 22.07.2016, HB 1599
Euro-Sib, Hcrp.

Solanaceae / Pathcangiller

Atropa belladona L. / giizelavratotu.

Shady paces, 1700 m, 23.06.2016, HB 1322
Euro-Sib, Herp.

Solanum nigrum L. / itiiziimii

Roadsides, 1650 m, 12.10.2016, HB 1784
Cosmopolite, Herp.

Thymelaeaceae / Siyircikgiller

Daphne pontica L. / sirimagu.

Stony slopes, 2100 m, 22.07.2016, HB 1543
Eux, Chp.

Ulmaceae / Karaagacgiller

Ulmus glabra Huds. / dag karaagci.

Mixed forest, 1700 m, 24.05.2016, HB 1162
Euro-Sib, Php.

U. minor Mill. / ova karaagaci.

Streamsides, 1650 m, 23.06.2016, HB 1360
Medit, Php.

Urticaceae / Isirgangiller

Urtica dioica L. subsp. dioica / isirgan.
Streamsides, 2300 m, 05.09.2016, HB 1741
Euro-Sib, Herp.

Violaceae / Meneksegiller

Viola altaica Ker.-Gawl. / altay meneksesi.
Meadows, 2200 m, 07.07.2016, HB 1461
Hcrp.

V. sieheana W. Becker / ¢ayir meneksesi.
Under shrubs, 1750 m, 08.06.2016, HB 1230
Hcrp.
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V. tricolor L. / hercai menekse Thp.
Under shrubs, 1900 m, 23.06.2016, HB 1344

4. Conclusions and discussion

The vascular flora results of the current study (CS.) are summarized and discussed below. Three specimens for
each taxon were collected from Tunca Valley Park between the years 2016-2017. After detailed identification and
checking 408 vascular plant taxa belonging to 244 genera and 64 families were determined. 1 of them is
Lycopodiophyt, 16 of them are Pteridophytes and 391 were Magnoliophytes. The dispersion of Magnoliophytes are as
follows; 2 Pinophytina and 389 Magnoliophytina (Table 1). The forest vegetation covers 2565 hectare of the study area
(62.7%). The high dominancy of tree species can be one of the most important reasons of the low taxa number in the
study area.

Tablel. The dispersion of taxa into large taxonomical groups

Systematic categories Families Genera Species Subsp. Var. Taxa Endemics
Lycopodiophyta 1 1 1 - - 1 -
Pteridophyta 9 10 13 - 1 16 -
Magnoliophyta 34 231 284 as 19 39 -
Pinophytina 2 2 1 1 - 2 -
Magnoliophytina 52 229 283 g7 19 389 20
Total 64 244 300 as 20 408 20

The order, number and ratio of the phytogeography element status are Euro-Siberian (Eux and Hyrc-Eux
included) 237 (58.1%), Irano-Turanian 14 (3.4%), Mediterranean 5 (1.2%), and multiregional or of unknown
phytogeographic origin 152 (37.3%), respectively (Table 2). The dominancy of the Euro-Siberian elements in the study
(Table 2) confirms that the study areas are in the Euro-Siberian floristic province. The microclimates and microhabitats
in the study area can be the reason of the Mediterranean and Irano-Turanian elements.

Table 2. Ph¥togeography elements

Phytogeography regions Number L]

Euro-8ib. 1035 257
Eux 114 280
Hyrc-Eux 13 4.4
Ir-Tar. 14 54
Medit. 5 1.2
Cosm and others 152 373
Total 408 100

|
In alpine and subalpine parts of any study the endemism ratio is much higher than the other parts. Even though
there are alpine and subalpine vegetation in the study area, as mentioned above 62.7% of the study area covered with
the tree species and this is the main reason of the low endemism.

Life-Form Spectrum
250

200
150
100

50

Total Number of Species

Crp. Php. Thp. Hcrp. Chp. Vp.

Figure 3. Life form spectrum of taxa
In the study area, Hemicryptophytes (196 taxa and 48.0%) are the dominant life spectra and cryptophytes 110

(26.9%), therophytes 46 (11.3%), chamaephytes 28 (6.8%), phanerophytes 28 (6.8%), vasicular parasites 1 (0.2%) are
following them respectively (Table 3).
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Table 3. The richest families in taxa

Families Number of taxa Ratio (%)
Asteraceae 44 10.8
FPoaceae 31 7.6
Fabaceae 26 6.4
Caryvophyllaceae 25 6.1
Lamiacea " 3.1
Rosaceae 19 47
Ranunculaceae 17 42
Apigceas 11 2.7
Cyperaceas 10 2.3
Frimulaceae 10 25
Total 214 52.6

The richest families about total taxa numbers are Asteraceae (44), Poaceae (31), Fabaceae (26),
Caryophyllaceae (25), Lamiaceae (21), Rosaceae (19), Ranunculaceae (17), Apiaceae (11), Cyperaceae (10),
Primulaceae (10) (Table 3).

Poa (8), Carex (8), Trifolium (7), Primula (7), Geranium (6), Ranunculus (6), Astragalus (5), Rumex (5), Vicia
(5), and Asplenium (5) are the richest genera in total taxa number (Table 4).

Table 4. The richest genera in taxa.

Genera Number of taxa Ratio (%0)
Poa 2 2.0
Carex 2 20
Trifolium 7 1.7
Primula 7 1.7
Geranium ] 1.5
Ranunculus i) 1.5
Astragalus ) 1.2
Rumex 5 12
Ficia 3 12
Asplanium 3 1.2
Total 62 15.2

Table 5. Camparison of total taxa number, phytogeographic elements and endemism of study with nearby studies

Studies Total taxa Euro-5ih Ir-Tur. Medit. Cosm. and other End.

Current study 408 581 34 12 373 49
Eminagacglu (2003) 769 336 6.9 22 553 74
Eminagacglu (2004) 572 304 103 12 491 6.3
Baykal (2016) 518 4312 41 21 506 70

The total taxa number in the study area (408) is smaller than the compared studies (Table 5). The total taxa
number is closely related with the geographical size, diversity of habitat, and edaphic factors etc. Most of the study area
is covered with the forest vegetation, so the vegetation types and hahitat diversity is lower than the compared studies.
This factor can explain the reson of lower taxa number in the study. The phytogeographical element status of taxa are
Euro-Siberian (including Eux and Hyrc-Eux) (58.0%), multiregional or of unknown phytogeographic origin (37.4%),
Irano-Turanian (3.4%), Mediterranean (1.2%), respectively. The study area is in the borderlines of Euro-Siberian
floristical provice and it clarifies the dominancy of Euro-Siberian elements and it is compatible with the compared
studies (Table 5). Presence of Mediterranean and Irano-Turanian element can be explained by the presence of
microclimates. The endemism ratio of the current study (4.9%) is lower than the compared studies (Table 5). The
reasons of low endemism are of course related with homogeneity of climate and environment but especially the
presence and abundance of tree species in the study area.
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Abstract

In this paper, genotoxic effects of the pure azadirachtin (AZA) on the larval hemocytes of model insect and
storage pest Galleria mellonella L. (Lepidoptera: Pyralidae) was investigated. The comet assay was performed to measure
and analyze DNA damage in larval hemocytes at Anadolu University (Eskisehir Technical University) between 2017
and 2018 years. For this purpose, sublethal AZA doses (0.5, 1, 1.5, and 2 pg/larva) given to G. mellonella larvae via insect
force feeding method were used to monitor tail intensity, tail moment and tail migration the commonly known comet
parameters. These DNA damage indicators were analyzed in hemocytes obtained from larvae at 24 and 72 h post force
feeding. All comet parameters at all doses of AZA increased in comparison with negative and positive control at 24 and
72 h. At 72 h post force feeding with median lethal dose of AZA, a significant increase in DNA damage indicators was
observed in larval hemocytes as compared with untreated groups. Consequently, this study showed that AZA caused
significant damage in the genome of G. mellonella larvae even at sublethal doses and the comet assay was useful in the
monitoring of in vivo genotoxicity of AZA in larva hemocytes.

Key words: azadirachtin, COMET, Galleria mellonella, genotoxicity, hemocytes

*

Azadirachtin’in Galleria mellonella (Lepidoptera: Pyralidae) iizerindeki genotoksisitesi

Ozet

Bu calismada, azadirachtin (AZA)’in model bocek ve depo zararlist olan Galleria mellonella L. (Lepidoptera:
Pyralidae)’nin larval hemositleri lizerindeki genotoksik etkileri arastirilmigtir. Larval hemositlerdeki DNA hasarinin
analiz edilmesi ve olgiilmesi comet analizi kullanilarak, 2017-2018 yillar1 arasinda Anadolu Universitesi (Eskisehir
Teknik Universitesi)’nde gergeklestilmistir. Bu amagla, hemositlerdeki kuyruk yogunlugu, kuyruk momenti ve kuyruk
gocii gibi 6nemli comet parametrelerinin analiz edilmesi i¢in G. mellonella larvalarina, bocekler igin agizdan besleme
yontemiyle verilen subletal AZA dozlar1 (0.5, 1, 1.5 ve 2 pg/larva) kullanilmistir. Agizdan besleme uygulamasindan 24
ve 72 saat sonra larvalardan elde edilen hemositlerde bu DNA indikatorleri analiz edilmistir. AZA uygulanmasindan 24
ve 72 saat sonra, larval hemositlerde belirlenen tiim comet parametrelerinde negatif ve pozitif kontrol grubuna kiyasla
hem doza hem de zamana bagli olarak artis meydana geldigi goriilmiistiir. Ozellikle, ortalama letal doz AZA
uygulamasindan 72 saat sonra, larval hemositlerdeki DNA hasar1 indikatorlerinde kontrol gruplarina kiyasla 6nemli bir
artis gézlenmistir. Sonug olarak, bu ¢alisma AZA’nin subletal dozlarda bile G. mellonella larval genomunda 6nemli
oranda hasara neden oldugunu ve larval hemositlerinde AZA nin genotoksisitesinin in vivo degerlendirilmesinde comet
analizinin kullanish oldugunu gdstermistir.

Anahtar kelimeler: azadirachtin, COMET, Galleria mellonella, genotoksisite, hemosit
1. Introduction
Many countries profoundly use chemical control methods to combat pests in agricultural and apicultural systems.

Uncontrolled and unconscious use of chemicals such as arsenic, organic chlorides and organic phosphates containing
compounds causes resistance in pests and also negatively affects non-target organisms (Nicolopoulou-Stamati et al.,
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2016). Due to the side effects imposed on the local ecosystems by these chemicals, most countries have imposed
restrictions and bans on the use of these chemical compounds. For this reason, using of the eco-friendly chemicals such
as hiopesticides or plant-based insecticides as alternative methods of combating pests while protecting non-target
beneficial insects, humans, and other living things has important in integrated pest management (IPM) programs (Olson,
2015; Nicolopoulou-Stamati et al., 2016). In recent years, among these plant-based insecticides, azadirachtin (AZA)
formulations which have active ingredients with various insecticidal properties has gained importance among natural
chemicals (Sanchez et al., 2010). Earlier experiments revealed that AZA has toxicity on physiological process which
change with insect hormones (like juvenile hormone and 20-hydroxyecdysone as growth factors), oocyte structure,
fecundity, oviposition, egg viability, immune system, nervous system, antioxidant system and some metabolic pathways
in various insects (Qiao et al., 2013; Asaduzzaman et al., 2016; Boulahbel et al, 2015; Dere et al., 2015; Shao et al., 2016;
Aribietal., 2017; Er et al., 2017) but it is non-toxic to vertebrates including mammals (Saxena & Kesari, 2016). However,
no studies determining effects of pure AZA on insect genome, in particular, wax moth and model insect Galleria
mellonella L. (Lepidoptera: Pyralidae) have been found in open literature. For this reason, the deficiency of scientific data
on the determination whether the AZA as a destructive effects on the genetic material of hemocytes has been overcome
by this study.

The greater wax moth G. mellonella is an economic and storage pest worldwide in apiculture. Its adults lay their
eggs on the honeycombs and larvae feed on pollen, honey and beeswax (Charriere & Imdorf, 1997). In the protection of
honeycombs against G. mellonella infestation, various chemical (aluminum phosphide, ethylene dibromide,
paradichlorobenzene (Naphthalene), sulfur, carbondioxide), physical (cold-hot) and biological techniques (B.
thuringiensis) have been employed in various ways (Kwadha et al., 2017). In addition to these applications, eco-friendly
pesticides such as AZA could be used as alternative botanical insecticides for the protection of honeycombs against larval
infestation. On the other hand, the larval stage of wax moth is considered as a model organism used for immunological
and ecotoxicological investigations of various environmental chemicals, and laboratory cultivation is economical, easier
and faster (Dere et al., 2015; Altuntas & Duman, 2017; Kwadha et al., 2017). For this reasons, the identification of
genotoxicity of AZA against insects in particular pests was determined using model organism G. mellonella with this
study.

It is well known that the comet assay also known as single cell gel electrophoresis (SCGE) is a fast, simple, and
more susceptible method to assess the genotoxicity of various chemicals in environment, and commonly used for
environmental monitoring, and ecogenotoxicology applications (Singh et al., 1988; Collins, 2004; Olive & Banath, 2006).
Previous studies also showed that comet assay is very useful for the biomonitoring studies in human exposed to various
genotoxins (Anderson et al., 1997; Martelli et al., 2002; Rajaguru et al., 2002). However, there are limited studies
performed on the evaluation of the DNA damaging potential of some chemicals on insects using comet assay
(Mukhopadhyay et al., 2004; Maria-Packiam et al., 2015; Qari et al., 2017). Mukhopadhyay et al. (2004) determined the
genotoxicity of cypermethrin in Drosophila melanogaster using comet assay. In other studies, the genotoxic effects of
novel phytopesticide and some plant volatile oils in larval hemocytes of Helicoperva armigera (Maria-Packiam et al.,
2015) and Rhyzopertha dominica (Qari et al., 2017) was determined with the comet assay. Despite all these studies with
various environmental compounds, there has been no study to determine the sublethal effects of pure AZA on larval
genome of G. mellonella. In the light of these informations, the aim of this study was to examine the genotoxicity of pure
AZA on the larval hemocytes of model insect G. mellonella by comet assay and provide the new information to the
available literature.

2. Materials and methods
2. 1. Insect rearing

Laboratory cultivation of G. mellonella was reared in an insectarium (D51-41) in the animal physiology
laboratory at Eskisehir Technical University, Turkey. Photoperiodical conditions in insectarium were maintained at
28+2°C temperature, 60+5 % relative humidity (RH) and in continuous darkness to ensure stock and experimental culture
continuity. The semi-artificial diet including 340 g of bran, 20 g of pollen, 75 ml of honey, 100 g of dark honeycomb,
150 ml of glycerol and 75 ml of bidistilled water as described by Dere et al. (2015) was used to feeding the larval instars.

2. 2. Force feeding assay

AZA (Sigma, St. Louis, MO, 2 mg/ml) to be used in the study was obtained as a pure powder. In a previous
study by Dere et al. (2015), median lethal dose (LDsg) and lethal dose (LDgg) values of AZA, administered by force
feeding assay to G. mellonella larvae, were reported to be 2.1 and 4.6 pg/larva respectively. For this reason, stock AZA
was dissolved in 10 % ethanol and diluted to form solutions in sublethal doses at 0.5, 1, 1.5, and 2 pg/larva. Healthy
larvae weighing 0.17+£0.01 g selected from the stock culture were given 5 pl of the different prepared doses of AZA via
force feeding method (Dere et al., 2015; Altuntas et al., 2016). Prior the insect force feeding assay, all selected larvae
were starved for 4 hours after which, they were kept on ice for 2 minutes to be anesthetized. Then 5 ul of AZA was
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administered orally to each larva through the esophagus using a 10 pL hamilton injector (26 g gauge). For the negative
and positive control groups, 5 pl of distilled water and 10 % ethanol solution were given to each larva, respectively. Each
of the treated larvae was maintained in a 2 g artificial diet containing sterile plastic box (50 ml, Orlab) at 28+1°C, 60+5
% RH. At 24 and 72 h after force feeding treatment, hemolymph samples were collected from each larvae to analyze the
changes in the DNA. For each of the doses and control groups, 45 larvae in total three replicate were used.

2. 3. Comet assay

The comet assay was carried out according to Singh et al. (1988) using larval hemocytes. At 24 and 72 h post
AZA treatment, all force-fed larvae were sterilized with 70 % ethanol then, the third proleg of each larva was pierced
with microscissors and five microliters of hemolymph were collected. The collected hemolymph (5 pl) samples were
mixed in 1 % low melting agarose (95 ul) in PBS (Ca?* and Mg?* free). The hemocyte suspension was applied to the
surface of a microscope slide which was precoated with 1 % normal melting point agarose and covered with a cover glass
which was removed after 15 minutes at 4°C to form a microgel. After this process, slides were kept in lysis buffer (100
mM EDTA, 10 mM Tris-HCL, 2.5 M NaCl, 1 % TritonX-100, 10 % DMSO, pH = 10.0) for 1 h at 4°C in darkness.
Subsequently, slides were transferred to electrophoresis tank containing alkaline buffer (200 mM EDTA, 10 N NaOH,
pH > 13) for 45 minutes to facilitate DNA unwinding after which electrophoresis was run for 30 min (20 Volt, 300 mA).
Then slides were washed in a neutralization (0.4 M Tris-HCI, pH = 7.4) solution and bidistilled water, respectively for 5
min. All slides were left to dry overnight at room temperature. After electrophoresis, slides were stained with SYBR
Green | (1:10.000) (Sigma-Aldrich, Taufkirchen, Germany) overnight and washed with bidistilled water to remove excess
stains then maintained to dry at room temperature. To analyze the stained DNA in the hemocytes, slides were examined
under a Leica DM6000 B model fluorescent microscope at blue filter. Tail intensity, tail moment and tail migration were
measured via software Comet Assay IV imaging system (Perceptive Instruments Ltd, UK-Italy) to determine DNA
damage in larval hemocytes. One hundred randomly selected hemocytes were analyzed per larvae.

2. 4. Statistical analysis

All data were identified as mean+standard error (Mean+SE). The SPSS software program (version 18.0 for
Windows, Chicago, IL) was used for statistical analysis. Dose-dependent changes in the means of tail intensity, tail
migration and tail moment were verified to be normally distributed. To compare means, ANOVA (one-way analysis of
variance) and to determine the significant differences LSD-post hoc tests (Least Significant Difference) were conducted.
A t-test was carried out to analyisis the significance of the effects of the sublethal AZA doses on DNA structure in
response to time interval (24 and 72 h). The results obtained in the experiments were evaluated as being statistically
significant at a 95 % confidence interval with P < 0.05.

3. Results

The comet assay parameters, namely tail intensity (%), tail migration (um), and tail moment (arbitrary units)
were used to determine DNA damage in larvae exposed to < LDsg doses of AZA. All results obtained in the study showed
statistically significant a dose-time dependent increases in DNA damage of hemocytes post AZA treatment (Figure 1).
Furthermore, a statistically significant elevation was evident in DNA damage indicators analyzed in hemocytes of force-
fed larvae at LDso doses of AZA with respect to control groups at 72 hours post treatment (Figure 1).

Figure 1. The comet assay images obtained in hemocytes of G. mellonella larvae at 72 h post force feeding. a) Negative
control, b) Positive control, ¢) 0.5 pg/larva AZA, d) 1 pg/larva AZA, e) 1.5 pg/larva AZA, f) 2 pg/larva AZA

A significant increase in tail intensity (% DNA) of larval hemocytes was detected in all doses at 24 and 72 hours
post AZA treatment when compared with control groups (F24 = 20.042; df.s = 5, 2994; P24 = 0.000; F7, = 78.676; df7, =
5, 2994; Pz, = 0.000). A drastic increase in tail intensity was however observed at 2 ug/larvae (LDsg) With respect to
controls and other sublethal doses of AZA (Figure 2).
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Figure 2. The tail intensity (Tail DNA %) results obtained from the hemocytes of G. mellonella larvae at 24 and 72 h
* All data represents as means + standard error. Each column indicated by the different letter (a-d, LSD test) or between
black and grey column indicated by the different letter (x-y, t-test) are significant statistically (P < 0.05)

Tail migration in hemocytes of G. mellonella larvae increased in both dose and time related manner with respect
to negative and positive control groups (P < 0.05, Figure 3). At 24 and 72 hours post-AZA treatment, tail migration in
larval hemocytes showed significant increases at all doses except at 0.5 pg/larva AZA dose compared to the results of the
control groups (F24 = 67.03; df4 =5, 2994; P24 = 0.000; F72 = 66.212; df7, =5, 2994; P, = 0.000). Similar to tail intensity,
the highest tail migration level were detected in larvae treated with LDsy dose of AZA at 72 hours (Figure 3).
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Figure 3. The tail migration (um) results obtained from the hemocytes of G. mellonella larvae
* All data represents as means =+ standard error. Each column indicated by the different letter (a-d, LSD test) or between
black and grey column indicated by the different letter (x-y, t-test) are significant statistically (P < 0.05)

The tail moment results for hemocytes exposed to < LDso doses of AZA and the control groups are given in
Figure 4. As is evident in figure 4, unlike data obtained from other comet parameters, tail moment increased only at 1.5
and 2 pg/larvae after 24 hours post-AZA treatment with respect to control and other experimental groups (F = 20.268; df
=5, 2994; P = 0.000). At 72 hours post AZA treatment however, dose dependent increase in tail moment was observed
(F = 46.892; df = 5, 2994; P = 0.000) with values of up to 1.85 + 0.12 at 2 ug/larva (Figure 4).
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Figure 4 The tail moment ratio obtained from the hemocytes of G. mellonella larvae at 24 and 72 h.
* All data represents as means =+ standard error. Each column indicated by the different letter (a-c, LSD test) or between
black and grey column indicated by the different letter (x-y, t-test) are significant statistically (P< 0.05)

4. Conclusions and discussion

All data obtained from this study revealed that sublethal doses of pure AZA caused genomic damage in the
hemocytes of model insect G. mellonella larvae. In a previous study, it was argued that using the comet parameters allows
determining DNA damage in eukaryotic cells for biomonitoring and detection of genotoxic chemicals or physical agents
in terrestrial ecosystems (Zhang et al., 2000). Therefore, the genotoxic effects of pure AZA on the larval hemocyte
determined using comet assay within the scope of the present work.

The most commonly used DNA damage indicators by comet assay are tail migration, tail intensity (DNA
percentage in tail) and tail moment (Knopper, 2005). Knopper (2005) suggest that tail migration can be used to measure
of the DNA damage level in regards with the ratio of DNA fragmentation, while tail intensity (% DNA) and moment can
be used to determine the severity of DNA damage when exposed to a chemical agent. According to the results from the
present study, AZA caused important damage in DNA of G. mellonella larvae as indicated by the increase in tail migration
at subLDso doses at the two time points. These results also concur with those of Qari et al. (2017) who reported increased
DNA damage in Rhyzopertha dominica exposed to LCsg of the different plant volatile oils. These observed time and dose
dependent changes in the DNA damage may be due to the inhibition of the DNA repair mechanism whose occurrence is
dependent on AZA doses and exposure period. For this reason, it was observed that there is reduced DNA repair activity
in larval hemocytes exposed to lower doses of AZA following 72 hours of exposure due to increased DNA fragmentation.

Results obtained from comet parameters showed that AZA application at 2 pg/larva to larvae caused severe DNA
damage and this severity increased with exposure periods. Consistent with our results, a previous study about genotoxic
effects of PONNEEM, a newly developed phytopesticide including karanjin and AZA, on midgut cells of the green worm
Helicoverpa armigera (Lepidoptera: Noctuidae), reported dose dependent increases in tail moment, tail length and tail
DNA (%). Authors also emphasized that PONNEEM at concentrations above 10 ppm caused genotoxicity on midgut cells
because it contains active principles such as AZA and karanjin (Maria-Packiam et al., 2015). However, Muangphra and
Gooneratne (2011) showed that LDsp (3.79 and 3.33 pg cm) doses of commercial NEEM extract (containing AZA) had
cytotoxic effects on the soil worm Pheretima peguana coelomocytes according to micronucleus analysis but no DNA
damage according to the comet assay (Muangphra & Gooneratne, 2011). These differences between the studies suggest
that the variations in the genotoxic potential of AZA on different organisms was depends on its formulation,
concentrations and exposure time.

Genotoxicity of AZA on G. mellonella larvae could be explained by the induction of the autophagic or apoptotic
pathways causing the cell death (Er et al., 2017) since AZA is known to reduce protein synthesis, inhibit cell division
(Rembold & Annadurai, 1993), and induce apoptosis and autophagy in insect cells (Huang et al., 2011; Shu et al., 2015).
Also, in previous studies, technical AZA has been reported to cause formational abnormality and oxidative stress by
suppressing the antioxidant system (Dere et al., 2015), reduce cellular immunity, prolong adult emergence time and
decrease number of eggs and productivity (Er et al., 2017) in the larvae of G. mellonella. Considering all results obtained
from the present and earlier studies, it was concluded that increased DNA damage in hemocytes at 72 h post AZA
application is associated with cytotoxicity arising from apoptosis. Moreover, several investigators have described
apoptotic cells as large fan-like tails and small heads in comet assay due to extensive formation of double strand breaks
in DNA during apoptosis (Fairbairn et al., 1996; Olive & Banath, 2006). Similar cellular appearances were also observed
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in comets at doses of 2 pg/larva AZA following a 72 h exposure of hemocytes of the G. mellonella larvae in this study.
This indicates that the genotoxicity of AZA on hemocytes of G. mellonella larvae may be conducted by apoptotic
pathways in cells. To prove our suggestions, more detailed investigations need to be carried out about the metabolic
effects of pure AZA on cell death pathways.

In conclusion, the present study shows the time dependent genotoxic effects of AZA on insects and provides
useful ecotoxicological information for safety data sheet of pure AZA and thus suggesting the use of AZA at low doses
in IPM investigations as a phytopesticide for the control of G. mellonella and/or other Lepidopterous insect pests instead
of harmful chemicals to protect the environment. And the results from the comet assay also demonstrated that hemocytes
are useful in screening DNA damage caused by genotoxic xenobiotics.
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Evaluation of antifungal activity of cardamom oil against standard and clinical Candida isolates
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Abstract

Candida species are the members of the human normal flora and they may cause oppurtunistic fungal infections
in immuncompromised patients. The available antifungal treatment regiments is quite limited due to the toxicity, high
cost and presence of multidrug resistant strains. Recently, natural essential oils and their constituents have drawn attention
for their antimicrobial and antibiofilm efficacies. Cardamom essential oil has strong antimicrobial effects. Cardamom can
be isolated from the seeds of the ginger family Zingiberaceae. The aim of this study is to investigate the effects of
cardamom essential oil against standard and clinical Candida strains. The minimum inhibitory concentration (MIC) of
cardamom was determined using the broth microdilution method according to the Clinical Laboratory Standards Institute.
Amphotericin B was used as a positive standard control antibiotic. Cardamom oil have shown strong antifungal activity
the tested all Candida isolates (MIC < 0.1% (vol/vol). Our MIC and transmission electron microscopic (TEM) studies
confirms that cardamom oil possess in vitro antifungal activity. It may be used as an alternative antifungal agent or natural
food preservatives. In addition it may helpful for the discovery of new antifungal drug. However efficacy, safety and
toxicity profiles of this oil will need to be addressed.

Key words: Candida, cardamom oil, antifungal, TEM, MIC

*

Kardamom yaginin standart ve klinik Candida izolatlarina kars: antifungal etkinliklerinin degerlendirilmesi

Ozet

Candida tiirleri insan normal florasinin iiyelerinden olup, bagisikligi baskilanmis hastalarda firsatgr fungal
infeksiyonlara yol agabilmektedirler. Mevcut antifungal tedavi rejimleri toksisite, yiiksek maliyet ve ¢oklu ilag direngli
suslarin bulunusu sebebiyle bir hayli sinirlidir. Son yillarda dogal esansiyal yaglar ve bunlarin bilesenleri, sahip olduklar:
antimikrobiyal ve antibiyofilm etkinliklerinden dolay: biiyiik dikkat cekmektedir. Kardamom esansiyal yagi da giicli
antimikrobiyal etkilere sahiptir ve Zingiberaceae ailesi tohumlarindan izole edilebilmektedir. Calismamizin amaci
standart ve klinik Candida suslarina karsi bu yagin etkinligini arastirmaktir. Kardamomun Minimum Inhibisyon
Konsantrasyonu (MIK), Klinik Laboratuar Standartlar1 Enstitiisii’niin talimatlarina gore siv1 mikrodiliisyon testi ile elde
edilmistir. Caligmada pozitif standart kontrol olarak Amfoterisin B antibiyotigi kullanilmistir. Kardamom yagi, test edilen
tiim Candida izolatlar1 iizerine giiclii bir antifungal aktivite gdstermistir (MIK < %0.1 (vol/vol). MIK ve gecirimli
elektron mikroskobik (TEM) ¢alismamiz kardamom yaginin in vitro antifungal etkinligini onaylamaktadir. Kardamom
yag alternatif bir antifungal ajan ya da dogal besin koruyucusu olarak kullanilabilir. Ayrica yeni antifungal ilaglarin kesfi
icin faydali olabilir. Ancak bu yagin etkinlik, giivenlik ve toksisite profillerinin iyi bir sekilde aydinlatilmasina ihtiyag
bulunmaktadir.

Anahtar kelimeler: Candida, kardamom yag1, antifungal, TEM, MiK
1. Giris
Candida tiirleri saglikli insanlarm deri ve mukozal yiizeylerini kommensal olarak kolonize edebilen, bagisikligin

baskilandig1 durumlarda ise firsatg1 enfeksiyonlara yol agabilen 6nemli mikroorganizmalardir (Doughari ve Naya, 2008).
Ozellikle C. albicans, gastrointestinal alan, oral kavite ya da vajinada yaygin olarak bulunur ve siklikla yiizeysel
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enfeksiyonlara neden olurken; Candida tiirleri digindaki enfeksiyonlarin siklig1 da giderek artmaktadir (Movar vd., 2005;
Pfaller vd., 2003). Candida’larin viriilansina katkida bulunan en 6nemli faktorler arasinda farkli hidrolitik enzimlerin
iiretimi, morfolojik dimorfizm, germ-tiip olusumu ya da konakg¢1 hiicre ve dokulara yapisarak biyofilm olusturabilme
yetenekleri sayilabilir (Karkowska-Kuleta vd., 2009). Ozellikle biyofilm olusturabilen mikroorganizmalarin
antimikrobiyal tedaviye yiiksek bir diren¢ gosterdikleri ve 1srarci enfeksiyonlarin kaynagi olabildikleri bilinmektedir
(Chandra vd., 2001). Biyofilm iiretimi sirasinda gergeklesen ekzopolisakkarit (EPS) {iretimi, hiicrenin fizyolojik durumu,
membran iizerindeki atim pompalar1 ve planktonik hiicrelerden farkli olarak meydana gelen gen ekspresyon paternleri de
biyofilm direncine katkida bulunabilmektedir (Rabin vd., 2015). Bu diren¢, ayn1 mikroorganizmalarin planktonik
formlarma gére 100-1000 kat daha fazla olabilmekte ve biyofilm bir kez olustuktan sonra yok edilmesi de ¢ok
giiclesmektedir (Taff vd., 2013; Rabin vd., 2015). Okaryotik 6zellik gdsteren mantar hiicrelerine etkili antifungaller, insan
hiicreleri tizerine de etkili olabileceklerinden toksisite riskleri fazladir ve bu sentetik bilesenler antifungal direng
gelisimine yol agabildiklerinden tedaviyi de giliglestirmektedirler (Mazu vd., 2016). Bu enfeksiyonlarla miicadelede
fungisidal ve daha az yan etkili yeni alternatiflerin gelistirilmesi 6nem tasimaktadir. Son yillarda bitkilerin farkli
boliimlerinden gesitli yollarla elde edilen esansiyal yaglarin antibakteriyal, antioksidan ve antifungal 6zellikleri iizerine
yapilan ¢aligmalar ¢ok dikkat ¢cekmektedir (Burt, 2004; Sengiin ve Yiicel, 2015). Bu calismalarin biiyiik cogunlugu
Staphylococcus aureus, Escherichia coli ve Bacillus cereus gibi patojen bakteriler {izerine yogunlagmustir fakat antifungal
aktivite verileri daha sinirhidir. Zingiberaceae familyasina ait Eletteria cardamomum bitkisinin kurutulmus meyvesi olan
kardamom, et iiriinlerinde baharat olarak kullanimina ek olarak, tipta da gii¢lii aromatik, antiseptik, uyarici, karminatif,
mide i¢in, antispazmodik ve diiiretik amagclarla kullanilmaktadir (Agaoglu vd., 2005). Ayrica karaciger {izerine yararl
etkileri, soguk algiligi, ates ve agiz inflamasyonlar iizerine de olumlu etkileri rapor edilmektedir (Al-Abdalall, 2016).
Kardamom yaginin yapisinda bulunan en 6nemli bilesenler a-terpinil asetat, linalol, linalil asetat, geraniol, limonen, a-
terpinen, safrol, metiljanol ve 6jandldiir. Bu biyoaktif bilesenlerin igerigi depolama kosullar1 yada prosese bagh olarak
degisiklik gosterebildiginden, c¢alisma siiresince dikkatle korunmalidir (Kubo ve ark., 1991). Son yillarda bitkisel
trtinlerden alternatif terapotik molekiillerin gelistirilmesi iizerine ¢ok fazla ¢alisma bulunmaktadir ancak bitkisel
tirlinlerin antimikrobiyal aktiviteleri ve etki mekanizmalar1 halen tam olarak aydinlatilamamistir. Kardamom yaginin
antifungal etkinligi hakkinda da sinirli sayida veri mevcuttur. Calismamizin amaci kardamom yaginin klinik ve standart
Candida izolatlar1 {izerine antifungal etkilerini mikrobiyolojik ve elektronmikroskobik yollarla aragtirmaktir.

2. Materyal ve yontem

2.1. Izolatlar ve kimyasallar

Calismamizda kullanilan kardamom yag1 Sigma-Aldrich firmasindan saf halde temin edilmistir (W224111).
Antifungal aktivite aragtirmalar i¢in ise 6 C. albicans, 2 C.kefyr, 3 C. krusei, 2 C. glabrata, 2 C. parapsilosis ve 1 C.
tropicalis izolat1 kullanilmustir. izolatlar Eskisehir Osmangazi Universitesi Saglik Uygulama ve Arastirma Hastanesi
Mikrobiyoloji Anabilim Dali’'ndan saglanmistir. Klinik izolatlarm 10’u kan, 3’# idrar, 1’1 periton sivist ve 1’1 de vajen
drneklerinden izole edilmistir. Izolatlar %15 gliserol igeren Yeast Pepton Dekstroz sivi besiyerine almarak -86°C’de
stoklanmistir. Candida albicans ATCC 10231 izolat1 standart mikroorganizma olarak kullanilmigtir. Kullamlan Candida
tiirleri ile bu tiirlerin elde edildigi klinik 6rnek ve departmanlar Tablo 1'de sunulmustur.

Tablo 1. Calismada kullanilan Candida tiirleri ile elde edildikleri klinik 6rnek ve departmanlar

C. albicans 1710 (Kan-Pediatri) C. krusei 1561 (Periton s1visi-Pediatri)
C. albicans 1724  (Kan-Dahiliye) C. krusei 1670 (Vajen-Kadin Dogum)
C. albicans 1766 (Kan-Nefroloji) C. glabrata 1744 (Kan-Dahiliye)

C. albicans 1802 (Kan-Endokrin) C. glabrata 1797 (Kan-Yenidogan)

C. albicans 1697 (Kan-Cocuk) C. parapsilosis 1806 (Kan-Onkoloji)

C. kefyr 1620 (Idrar-Cocuk) C. parapsilosis 1799 (Kan-Beyin Cerrahi)
C. albicans 1706  (Idrar-Gogiis Hastaliklarr) C. tropicalis 1678 (Kan-Hematoloji)
C.krusei 1675  (idrar-Dahiliye)

2.2. Maya siispansiyonlari

Taze kiiltiir eldesi i¢in stok besiyerinden alinan maya izolatlari, 6ncelikle RPMI 1640 siv1 besiyerinde ve 37 °C’de
24 saat inkiibe edilmistir. Ornekler buradan 5 ml %0.85'lik serum fizyolojik i¢ine alinmuis ve siispansiyon bulaniklig1 0.5
McFarland (1-5 x 10° hiicre/mL) olacak sekilde ayarlanmistir. Hazirlanan baslangic siispansiyonlar1 énce steril serum
fizyolojik ile 1/50 oraninda, daha sonra da RPMI 1640 ile 1/20 oranmda sulandirilarak 1-5 x 10° hiicre/mL
konsantrasyonuna ulagilmistir.
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2.3. Antifungal duyarlilik testleri

Kardamom yagmin Minimum Inhibisyon Konsantrasyon (MIK) degerinin belirlenmesi amaciyla Klinik ve
Laboratuvar Standartlar Enstitiisti mikrodiliisyon referans yontemi esas alinmistir (CLSI M27-A2). Kardamom esansiyal
yag1, baslangic konsantrasyonu 40 pl/ml olacak sekilde 10 dakika siireyle sonikasyona alinarak homojen bir hale
getirilmistir. Caligmada kardamom yagmin %0.04, %0.08, %0.16, %0.31, %0.63, %0.13, %0.25, %0.5, %1 ve %2
hacim/hacim konsantrasyonlarindaki iki katlik diliisyonlari, 96 kuyulu mikroplakalarda ve RPMI 1640 besiyeri
kullanilarak hazirlanmustir (her kuyu i¢in 100 pl). Daha 6nceden hazirlanan maya siispansiyonlar1 da her kuyucuga 100
ul olacak sekilde inokiile edilmistir. 11 ve 12. siitunlar pozitif ve negatif kontrol olarak kullanilmistir. Mikroplakalar 37°C
de 24 saat inkiibe edilmis ve MIK degerlendirmeleri yapilmstir. %0.01 konsantrasyonda distile su ile hazirlanan resazurin
¢ozeltisi 0.22 pm c¢apidaki membran filtreden gegirilerek steril edilmistir. Plaklar her kuyuya 30 pl resazurin ilave
edildikten sonra 1 saat bekletilmis ve sonuglar gorsel olarak degerlendirilmistir. MIK degeri, pozitif kontrol ile
karsilastirlldiginda fungal gelisimi inhibe eden en diisiik yag konsantrasyonu olarak tanimlanmistir. Minimum fungisidal
konsantrasyon (MFK) degerlerinin belirlenebilmesi igin, temiz ve iireme gozlenmeyen MIK kuyucuklarindan 0.1’er ml
almarak Yeast Pepton Dekstroz kati besiyerine ekimler yapilmistir (Canton vd., 2004). MFK, hiicrelerin %99.9'unu
6ldiiren en diisiik ilag konsantrasyonu olarak belirlenmistir. Candida albicans ATCC 10231'e kars1 standart antibiyotik
olarak Amfoterisin B kullanilmigtir. Tiim deneyler tekrarli olarak calisilmis ve sonuglarin ortalamasi alinmustir.
Uygulanan mikrodiliisyon testini gdsteren ve C. albicans 1766 izolatia ait MiK sonuglarini ifade eden temsilci resim
Sekil 1°de sunulmustur.

- . e / - -

: » A b
Sekil 1. Kardamomum Candida izolatlarina kars1 inhibitor etkisinin sivi mikrodiliisyon testi degerlendirilmesi

24, Gecirimli elektron mikroskopi (TEM)

Calismamizda, kardamom yaginin Candida tiirleri tizerinde gosterdigi morfolojik degisiklikleri degerlendirmek
amaciyla TEM kullanmilmistir. Bu amagla, standart referans mikroorganizma olarak kullanilan Candida albicans ATCC
10231, 10 mL hiicre siispansiyonlari halinde, 2xMIC, MIC ve % MIC konsantrasyonda kardamoma maruz birakilmig ve
daha sonra 37°C'de 48 saat inkiibe edilmistir. Kardamom yagi igermeyen kontrol grubu da c¢alismaya dahil edilmistir.
Hiicre siispansiyonlari steril plastik santrifiij tiipleri igerisinde 5000 g'de 15 dakika siireyle santrifiije tabi tutulmus ve PBS
(fosfat tamponlu salin tamponu) ile ti¢ kez (10’ar dakika) ardisik olarak yikanmustir. Siipernatanti atilip pelet haline
getirilen hiicresel igerik, bir gece boyunca +4°C' de ve %2.5 glutaraldehit igeren PBS tamponunda primer fiksasyona
almmustir. Numuneler daha sonra oda sicakliginda PBS tamponunda ¢dziindiiriilmiis ve sekonder fiksasyon amaciyla %1
osmiyum tetrokside igerisine alinarak 2 saat bekletilmis ve PBS i¢inde yikanmistir (ii¢ kez ve her biri 15 dakika). Fikse
olan hiicreler %5 agar igerisine gomiilmiis ve %! uranil asetat ile blok boyamalar1 yapilmistir. Daha sonra da her biri
15’er dakika siireyle ve dereceli olarak artan etanol serilerinden (%40, %60, %75, %80 ve %95) gegirilerek dehidrate
edilmistir. Son dehidrasyon basamag: ise %100 etanol iginde, 1 saat boyunca ve her 30 dakikada bir degistirilerek
gerceklestirilmistir. Ornekler Epoksi resin icerisine gomiilerek 48 saat boyunca ve 60°C'de polimerize edilmislerdir. Blok
haline getirilen numunelerin 60 nm kalinligindaki tam ince kesitleri bir ultramikrotom (Leica Ultracut R) yardimiyla bakir
gridler {izerine alinmustir. Kesitler son olarak uranil asetat ve kursun sitrat ile boyanmstir (Dag vd., 2012). Ornekler JEOL
JEM 1220 marka/model gegirimli elektron mikroskopu ile analiz edilmistir..

3. Bulgular

Kardamom igin siv1 mikrodiliisyon testi ile elde edilen MiK degerleri ¢alisilan tiim izolatlarda MiK < 0.1%
(vol/vol) seklinde elde edilmis ve sonuglar Tablo 2’ de dzetlenmistir. Amfoterisin B icin elde edilen MIK degeri ise 0.08
olarak bulunmustur. Calismada elde ettigimiz verilere gére kardamom yag1 fungal hastaliklarinin tedavisinde yaygin
bi¢cimde kullamlan Amfoterisin B ile karsilagtirildiginda, Candida izolatlar1 {izerine oldukga etkili sonuglar vermistir.
Standart ve klinik izolatlarin duyarliliklar1 arasinda 6nemli bir farklilik g6zlenmemistir. Calisilan 6 farkl tiire ait izolatin
kardamoma duyarliliklar1 da benzer oranlarda bulunmustur. En etkili sonug 0.031 MIK degeri gosteren C. albicans 1802
izolatinda tespit edilmistir. Izolatlarin MFK degerleri ise MiK degerlerinden iki kat daha yiiksek bulunmustur.

C. albicans ATCC 10231 izolatinin TEM ile elde edilen kontrol grubuna ait incelemelerinde tipik Candida
morfolojisine sahip saglikli yapida hiicreler tespit edilmistir; ¢cekirdek belirgin ve merkezi yerlesimli, stoplazma diizenli,
hiicre duvar1 ve stoplazmik membran yapisi biitiin olarak izlenmistir (Sekil 1a). Hiicreler subinhibitor konsantrasyonda
(1/2 MiK) ve 24 saat kardamom yagina maruz birakildiklarinda ise stoplazmanin plazma membranindan ayrilarak ige
¢ekildigi, hacminin azaldig1 ve bazi hiicrelerde hiicrenin belirli bir kutbuna dogru yer degistirdigi tespit edilmistir. Az
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sayida hiicrede ise stoplazmada ¢ok belirgin bir organizasyon bozuklugu izlenmistir. Hiicrelerin ¢ogunda hiicre duvar
yapisi anormal gismeler gostermekle peraber ylrjulma olmqrms‘ur ancak stoplazma yer degistirmesi ile birlikte bleb
olusumu gozlenmistir (Sekil 1b, ¢, d). Ornekler MIK ve 2xMIK konsantrasyonlarda kardamoma maruz birakildiklarinda

ise hiicreler tamamen pargalandig1 icin goriintii alinamamustir.

Tablo 2. Kardamom yagmin Candida izolatlarma karsi sivi mikrodiliisyon testi ile elde edilen MiK ve MFK

degerleri(vol/vol)

Candida tiirii *MIK (v/v) *MFK (V/V)
C. albicans  ATCC 10231 0.06 0.1
C. albicans 1710 0.1 0.2
C. albicans 1724 0.1 0.2
C. albicans 1766 0.06 0.1
C. albicans 1802 0.031 0.06
C. albicans 1697 0.1 0.2
C. kefyr 1620 0.1 0.2
C. kefyr 1706 0.06 0.1
C. krusei 1675 0.06 0.1
C. krusei 1561 0.1 0.2
C. krusei 1670 0.1 0.2
C.glabrata 1744 0.06 0.1
C.glabrata 1797 0.1 0.2
C. parapsilosis 1806 0.1 0.2
C. parapsilosis 1799 0.1 0.2
C. tropicalis 1678 0.1 0.2

*MIK: Minimum Inhibisyon Konsantrasyonu, *MFK: Minimum Fungisidal Konsantrasyon

©

Sekil 2. C. albicans ATCC 10231 izolatinin kontrol (a) ve kardamom yagiyla muamele sonrasi (b, ¢ ve d) elde edilen

TEM goriintiileri
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4. Sonuglar ve tartisma

Candida tiirleri hastane kaynakli enfeksiyonlarin temel sebeplerinden olup, kan akimi enfeksiyonlarindan da en sik
izole edilen fungal patojenler arasindadir (Wenzel ve Gennings, 2005). Sebep olduklar1 yiizeyel ya da invaziv
infeksiyonlar insan saglig1 acisindan biiyiik bir problem teskil etmektedir (Sardi vd., 2013). Tedavide kullanilan antifungal
ilaclar olduk¢a sinirlidir ve bunlarin yaygin bigimde kullanilmasi ila¢ direnci gelisimine yol agarak hastaligin siddetini
iyice artirmaktadir (Morace vd., 2014). Diger yandan, konakc¢idaki diisiik immiinite ya da biyofilm iligkili ila¢ direnci
gelisimi de hayati tehdit eden fungal infeksiyonlar artirmaktadir. Ornegin biyofilm olusturan Candida tiirlerinin tedavide
¢ok sik kullanilan azollere kars1 direng gelistirme yetenekleri bulunmaktadir (Silva vd., 2017). Diger yandan antifungal
ilaglarin daha yiiksek dozlarda kullanimi toksisiteye de yol agabilmektedir. Tiim bu sebeplerden dolay arastiricilar yeni
molekiiller aragtirmakta ve bitki esansiyel yaglari da bu konuda yogun ilgi gérmektedir.

Esansiyal yaglarin antimikrobiyal etkilerini arastiran pek ¢ok caligma bulunmasina ragmen, literatiirdeki sonuglar
nispeten ¢eliskilidir ve genelde esansiyal yagin etki spektrumu hakkinda ¢ok detayli bilgi vermemektedir. Ciinki
bitkilerdeki esansiyal yaglarin kimyasal bilesenleri tiirler arasinda farklilik gostermektedir (Swamy vd., 2016). Ayrica
cografi lokasyon, cevre kosullar1 ya da olgunluk safhasi gibi parametreler de bu bilesenleri etkilemektedir (Swamy vd.,
2015). Boylece ¢esitli patojen mikroorganizmalara karsi gosterilen antimikrobiyal etki de farkli olabilmektedir.
Antimikrobiyal aktiviteyi tayin etmede kullanilan metod, mikrobiyal gelismedeki farkliliklar, mikroorganizmanin bitkisel
yaga maruziyet siiresi, esansiyal yag ya da komponentinin ¢ozliniirliigii ya da bazen farkli bitki tiirlerinden tiirevlenebilen
ve ayni yaygin isme sahip yaglarin etkinlikleri de farkli olabilmektedir (Swamy vd., 2016). Caligmamizdan elde edilen
bulgular, kardamom yaginin standart ve klinik Candida izolatlar1 tizerine gii¢lii bir inhibitor etki gosterdigini ortaya
koymustur. Bulgularimiza benzer bir ¢alismada Vijalayalakshmi ve arkadaslari, 202 klinik Candida izolatina karsi
Elettaria cardamomum’un antimikrobiyal aktivitesini arastirmiglardir. Calismaya alinan izolatlar, ¢oklu ilag direnci
gosteren biyofilm pozitifizolatlar1 kapsamistir. Arastirma sonucunda E. cardamomum’un etanolik ve asetonik ekstraktlari
tarafindan patojenik Candida tiirlerinin inhibe edildigi rapor edilmistir. Ayrica asetonik ekstrakt ile 125 ul (56.25 pg)
konsantrasyondaki biyofilm iiretimi tamamen inhibe edilmistir (Vijalayalakshmi vd., 2016). Bizim ¢alismamizda da
biyofilm pozitif izolatlar deneylere alinmig ve kardamom yaginin giiclii etkileri ortaya konmustur. Diger bir aragtirmada
Radhakrishnan ve arkadaslari, klinik C. albicans izolatlarina karsi kardamom ve hindistan cevizinin antifungal
etkinliklerini arastirmiglardir. Yazarlar her iki bitki ekstraktimin da Candida izolatlarina kars1 giiglii inhibitor etkisini
gostermis ve hiicrelerde ergosterol iceriginin de azaldigini rapor etmislerdir. Ayrica elektron mikroskopla da hiicrelerde
duvar kalinlagsmasi, membran diizensizlikleri ve stoplazmanin yer degistirmesi gibi bulgular elde etmislerdir
(Radhakrishnan vd., 2015). Bizim sonuglarimizda da stoplazmanin yer degistirmesi belirgin bir bulgu olarak gozlense de
hiicre duvarindaki kalinlagsma ¢ok net olarak tespit edilememistir. Hiicre duvarindaki ileri derece sigsmeler ve stoplazmada
biizigmeler ¢ok belirgin bulgular olarak izlenmistir. Badei ve arkadaslar1 bazi bakteri ve kiifler iizerine kardamom yaginin
antimikrobiyal aktivitelerini arastirmis ve MIK degerini 0,5-0,9 mg/mL arasindaki oranlarda bulmuslardir (Badei vd.,
1991a, b). Aneja ve Sharma’nin arastirmalarinda 6 farkli tiir kulak patojeni tizerine E. cardamomum meyve ekstraktlarinin
etkileri arastirilmis ve en yiiksek antimikrobiyal aktivite S. aureus’a kars1 ve 25 mg/ml lik bir MiK ile elde edilmistir
(Aneja ve Sharma, 2010). Genel olarak esansiyal yaglarla ilgili yapilan benzer antimikrobiyal aktivite galismalar1
degerlendirildiginde bakterilerin ¢ok daha yogun olarak arastirildigi goriilmektedir. Bu calismalarda gram pozitif
bakterilerin gram negatiflere oranla esansiyal yaglara daha duyarli olduklari rapor edilmekte ve bu farkliligin hiicre duvar
yapisindan kaynaklanabilecegi ifade edilmektedir. Esansiyal yaglarin mantarlar iizerine olan etkileri ile ilgili ¢aligsmalar
ise daha smirhdir. Bnasod ve Rai, Aspergillus fumigatus ve A. niger kiiflerine karsi kardamom yaginin agar diliisyon
metodu ile MIK tayinini gerceklestirmislerdir (%v/v). Elde edilen MiK degerleri %2’den biiyiik bulunmus; minimal
fungisidal konsantrasyon ve MIK degerleri birbirine esit olarak elde edilmistir (Bnasod ve Rai, 2008). Mejdi ve
arkadaglar1 yesil kardamomdan su distilasyonu ile ekstrakte ettikleri esansiyal yagi 6nce kimyasal kompozisyonu
bakimindan GC-MS ile karakterize etmisler, sonra da ¢esitli bakteri ve mantar izolatlarina kars1 disk difiizyon ve
mikrodillisyon testleri yaparak antibakteriyal aktivite bakimindan karsilastirmiglardir. Elde edilen sonuglar bu esansiyal
yagin yiiksek ve genis spektrumlu bir antibakteriyal aktivitesi oldugunu ortaya koymaktadir. Aragtiricilar ayni ¢calismada
kardamom yaginin 16 maya tiirii lizerine (15 Candida tiirii ve 1 Saccharomyces cerevisiae) antifungal etkilerini de
arastirmislardir. Kardamom yag1 igin elde edilen MiK degerleri 0.023-0.046 mg/ml araliginda bulunmus ve standart
kontrol antibiyotigi olarak kullanilan Amfoterisin B’ye gore (MiK 0.015-0.39 mg/ml) belirgin bir antifungal etkisi oldugu
rapor edilmistir (Mejdi vd., 2015). Calisilan izolatlarin MFC degerlerinin tespiti yapildiginda ise maya izolatlar
kardamom i¢in 3-12 araliginda bir deger gdstermistir. Ayn1 izolatlar amfoterisin B kullanildiginda ise 0.39-3.125 arasinda
bir MFC araligina sahip olmuslardir. Bu sonuglardan yola ¢ikilarak kariyojenik mantarlarin gelisimini inhibe edebilmek
icin esansiyal yag konsantrasyonunun 3-12 mg/ml (MFC degerleri) aralifinda olmasi gerektigini belirtmislerdir.
Arastiricilar elde ettikleri diisiik MIK degerleri (0.023-0.046) ile bu yagin besin kaynakl1 patojenlerin inhibe edilmesi ve
kariyojenik bakteri ve mantarlar tarafindan olusturulan dis ciiriiklerinin kontroliinde katki saglayabilecegini rapor
etmislerdir (Mejdi vd., 2015). Bizim ¢alismamizda da kardamom yag1 amfoterisin B’ye oranla oldukga gii¢lii bir etki
sergilemis, MFC degerlerimiz MIK degerlerimizden iki kat daha yiiksek bulunmustur. Elgayyar ve arkadaslarn
kardamomu da igeren 8 farkli esansiyal yagin patojenik ve saprofitik mikroorganizmalar iizerine etkilerini arastirdiklar
¢alismalarinda, kekik, reyhan ve kisnisten ekstrakte edilen esansiyal yaglarin 4000 ppm konsantrasyonda Pseudomonas
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aeruginosa, Staphylococcus aureus ve Yersinia enterocolitica tizerine inhibitor etkileri oldugunu gostermislerdir
(Elgayyar vd., 2001). Al- Abdalall tarafindan yapilan bir ¢aligmada da kardamom, targin, zencefil, karanfil ve miir
ekstraktlarinin farkli konsantrasyonlarimin C. albicans ve S. aureus fiizerine etkilerini arastirmuglardir. Arastiricilar
baharatlarin sulu ekstraktlarinin test edilem mikroorganizmalarin gelisimi iizerine inhibitor etki yapmadigini, sadece miir
sulu ekstraktinin iki tipinin inhibitor etki gosterdigini aciklamislar ve endiistriyal antibiyotik kullanimi yerine miir
kullaniminin daha etkili olabilecegini belirtmislerdir (Al-Abdalall, 2016). Tiim bu ¢aligmalarda da goriildiigii gibi
esansiyal yaglarla yapilan invitro ¢alismalarin karsilastirilmas: oldukga giictlir. Ciinkii bitkisel yag ve ekstraktlarinin
kompozisyonlar1 yerel iklimsel ya da ¢evre durumlarina gére degisiklikler gostermektedir ya da antimikrobiyal aktiviteyi
degerlendirmede segilen metod ve kullanilan mikroorganizmalar biiyiikk degiskenlikler gosterebilmektedir. Ancak
esansiyal yaglarin medikal amaglarla kullanimi igin etki, giivenlik ve toksisitelerinin ¢ok iyi sekilde belirlenmesi
gerekmektedir.
Esansiyal yaglarin hiicre membranini tahrip ederek etki gosterdikleri belirtilmektedir ancak ilgili mekanizmalar tam
olarak agiklanamamistir. Bu konuda ileri siirilen en 6nemli goriislerden biri esansiyal yaglarin sahip oldugu
hidrofobisitenin, hiicre membrani lipidlerinde par¢alanmaya yol agarak, onu daha gegirgen bir hale getirdigi ve hiicre
iceriginin zayiflamasina yol actig1 seklindedir (Trombetta vd., 2005).

Son yillarda antifungallerin uygunsuz sekillerde kullanimlari sonucu ¢oklu-ilag¢ direnci sorunu ortaya ¢ikmustir.
Diger yandan antifungal ilaglar antibakteriyallere gére ¢cok daha sinirlidir; tedavide sikca kullanilan amfoterisin B ¢ok
etkili olmakla beraber, yiiksek toksisitesi kullanimini sinirlamaktadir. Arastirmamizda elde ettigimiz sonuglar
kardamomun Candida izolatlar1 iizerine diisiik MIK degerleri ile giiclii bir antifungal etkinlik gdsterdigini ortaya
koymaktadir. TEM analizlerinde ise etkisini 6zellikle stoplazma ve membran ayrilmasi ile baslayarak, ileri derecede
stoplazmik hasarla gosterdigi tespit edilmistir. Kardamom yag1 antifungal tedavide kullanim i¢in umut verici olabilir
ancak etki mekanizmalari, toksisite ve stabilite lizerine ayrintili ¢aligmalara ve in vivo etkinligin degerlendirilmesine de
ihtiya¢ bulunmaktadir.
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Abstract

In this study, host-plant Prangos sp. and larval parasitoid Copidosoma sosares of Agonopterix dideganella has
been detected for the first time. Also, C. sosares is reported as a new record for Chalcidoidea fauna of Turkey. Besides,
photos of development stages of A. dideganella with its host plant, parasitoid and habitat are presented in the study.
Key words: Agonopterix dideganella, Copidosoma sosares, Prangos, Nemrut Caldera, Bitlis, Turkey

*

Agonopterix dideganella (Amsel, 1972) (Lepidoptera: Depressaridae)’nin larva besin bitkisi ve yeni larva
parazitoidi Copidosoma sosares (Walker)’in kaydi

Ozet

Bu ¢alismada, Agonopterix dideganella’nin larva parazitoidi Copidosoma sosares ve konukcu bitkisi Prangos
sp. ilk kez icin tespit edilmistir. Ote yandan, C. sosares Tiirkiye’nin Chalcidoidea faunast i¢in yeni bir kayit olarak rapor
edilmektedir. Ayrica, A. dideganella gelisim agamalari ile konukgu, parazitoid ve habitat resimleri ¢aligmada sunulmustur.

Anahtar kelimeler: Agonopterix dideganella, Copidosoma sosares, Prangos, Nemrut Kalderasi, Bitlis, Tiirkiye
1. Introduction

Depressaridae is now regarded as a family group in Gelechioidea (Heikkild et al., 2014). The genus of
Depressaridae Agonopterix was established by Hiibner (1825) and it has 51 species in Turkey (Kogak and Kemal, 2018;
Buchner, 2017a). Agonopterix dideganella was described in Iran by Amsel (1972). Later, Buchner (2017b) discovered
the species in Giimiigshane, Erzincan and Elazig Provinces in Turkey. In literature, there are few relevant data about the
species.

The genus Prangos has 19 taxa in Turkey (Menemen, 2012: 75-76). It is known with two species from Nemrut
Caldera (Bitlis Prov.); P. uloptera Dc. and P. pabularia Lindl. (Herrnstadt and Heyn, 1972). The plant is important in
point of the roots of P. pabularia Lindl. (as called “Caksir” locally in Turkish) has been used in increasing body resistance,
infertility, gastrointestinal disturbances, indigestion, giving strength, diabetes and sperm formation (Korkmaz and
Karakurt, 2015).

The genus Copidosoma includes species that have a potential to be used as biocontrol agents of lepidopteran
pests and has more than 200 species (Guerrieri and Noyes, 2005; Noyes, 2018). Copidosoma sosares is a specialized
polyembriyonic parasitic wasp native to Europe and attacks Depressariine moths that feed on plants in the family
Apiaceae. Host range of C. sosares, which is limited to a few species belong to Agonopterix and Depresaria that these
species are; A. angelicella, A. heracliana, A. nervosa, A. perstrigella, D. angellicella, D. daucella, D. nervosa, D.
pastinacella and D. petasitis. These species are special herbivores of plants within the Apiaceae genera Angelica,
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Heracleum, Oenanthe and Pastinaca (Noyes, 2018). Although Copidosoma sosares native to Europe its presence in North
America was reported in last decade (Carroll et al., 2007).

In this study, the larval food-plant of A. dideganella and its larval endoparasitod (C. sosares) have been detected
for the first time. Besides, the study has contributed to distribution of C. sosares from Turkey.

2. Materials and methods

While the larvae were feeding on Prangos plant, they were collected from Nemrut Caldera (Bitlis Prov.) in Yayla
Kalintis1 upper road (38°36°34.20”K 42°15°53,95”D, 2421 m) locality by the first and third authors on 25.05.2017
(Figures 1, 2). Later, they were taken to feeding boxes under laboratory conditions (Figure 3). After a while, it is observed
that some of the larvae got parasitized and stopped feeding and were transferred to separate boxes (Figure 4a). The adult
depressarids emerged pupas were stretched in the form of museum material, and its genital was prepared by made the
first author (G.P. 269 K.A) according to Robinson (1976) (Figures 4b, c, d). Parasitoid C. sosares specimens emerging
from parasitized larvae were kept in %70 alcohol and identified by the second author by according to Guerrieri and Noyes
(2005), Noyes and Hayat (1984), Noyes (2018) (Figure 5).

3. Results

In this study, 39 larvae of A. dideganella were collected from Nemrut Caldera on 25.05.2017, and they were put
in the feeding boxes. Of the 39 larvae, 8 larvae got parasitized, 3 larvae died while 28 larvae pupated on 29-30.05.2017.
The 8 parasitized larvae were kept in separate boxes. And, the parasitoids (C. sosares) emerged from the 8 parasitized
larvae on 23-24.06.2017. Furthermore, only17 adult depressarids emerged from the 28 pupae on 18-19.06.2017 (Table
1).

Table 1. The numbers of specimens belong to Agonopterix dideganella

Number of larvae forming Number of parasitized Dead larvae
pupae larvae
28 8 3
Not emerged pupae 11
Emerged pupae 17

It was observed that larvae of A. dideganella died because they could not feed. As the larvae of A. dideganella
were fed they were moving towards into the plant and fed in collectively. When A. dideganella were collected from the
field they formed a communal tent and were fed under this property. There was a tendency to form the pupae through
plant.

4. Conclusions and discussion

The genus Prangos is known to have two species (P. uloptera Dc. and P. pabularia Lindl.) from Nemrut Caldera
(Bitlis Prov.) (Herrnstadt and Heyn, 1972). When the larvae were collected, Prangos plant was young and did not have
any fruit. So, which species of the Prangos the larvae feed on could not be detected as these two species are distinguished
from fruit type (Murat Kursat pers. com.) (Fig. 2).

Copidosoma sosares; head and thorax with dark green reflections, gaster black with metallic green reflections,
antenna, venation, legs brown; antenna with scape about 7 times as long as broad, F1 about 1-5 times as long as broad,
clava solid, apical truncation of clava extending not more than 0,5 times its length; mesoscutum and scutellum with same
sculpture; gaster with ovipositor not exserted.

C. sosares mostly prefers species of Depressaridae feeding on Apiaceae: Agonopterix angelicella on Angelica
sylvetris, A. heracliana on Pastinaca obliva, A. nervosa on Oenanthe crocata, A. petasitis, A. perstrigella, Depressaria
daucella, D. pastinacella on Heracleum sosnowskyi, on Heracleum sphondylium, on Heracleum antegazzianum and on
Heracleum trachytoma. C. sosares is a polyembryonic parasitic wasp and is reported to be polyembryonic our study.
These results suggest that C. sosares and its host A. dideganella should be studied together in detail. Becasuse, it may
give important information for biological control studies for both A. dideganella and its larval food-plant.

Although C. sosares was not used as a biological control agent C. koehleri and C. floridanum were successfully
used as a biological control agent in field. Especially in recent year, there has been a study on C. sosares with host plant,
host plant chemistry and parasitoid indirect effects in a tritrophic interaction (Ode et al., 2004). Thus host-plant (Prangos
sp.) and parasitoid (C. sosares) relationship and to be new record is important for biodiversity and in terms of suitability
for biological control. A new natural enemy record can be base for the control of harmful species.
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As a result;

-By now, A. dideganella has been only known from Giimiishane, Erzincan and Elazig in Turkey (Buchner,
2017b). It is the first record for the Bitlis province with this study.

- The host-plant (Prangos sp.) and parasitoid (C. sosares) of A. dideganella are detected for the first time.

- Copidosoma sosares a new record for the Chalcidoidea fauna of Turkey.

More detailed studies are needed to be able to say that it will be possible to use of C. sosares as biological control
agent and its distribution in Turkey.
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Figure 1. Locality of study, Figure 2. Larva food-plant Prangos sp., Figure 3. Larva taken to feeding boxes, Figure 4. A.
dideganella Ams.: (a: Parasitized larva, b: Pupa, c: Male genital, d: Adult), Figure 5 Adult of C. sosares Walk.

(Received for publication 23 July 2018; The date of publication 15 December 2018)

Kesran AKIN et al., The Larval Food-Plant of Agonopterix dideganella (Amsel, 1972) (Lepidoptera: Depressaridae) and Its New Larval Parasitoid
Copidosoma sosares (Walker) Record



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 11/3 (2018) 41-46

Research article/Arastirma makalesi
Wolf spiders (Araneae: Lycosidae) from Bursa and Balikesir (Northwest Anatolia) in Turkey
Zeyhan UYAR ™, Petr DOLEIJS 2

1 Uludag University, Science and Arts Faculty, Biology Department, Bursa, Turkey.
2 National Museum — Natural History Museum, Department of Zoology, Prague, Czech Republic

Abstract

The investigation was carried out in Northwest Anatolia in the period 2006—-2011. From 24 localities, 14 wolf spider
species in six genera were reported. The species represent lowland as well as mountain spider fauna of the Palaearctic region.
In this study, Alopecosa farinosa, Aulonia albimana, Pardosa consimilis, Pardosa hortensis and Pardosa monticola are the first
records for Marmara region in Turkey. Trabea paradoxa is the first record for Anatolia.

Key words: Turkey, Asia Minor, fauna, inventory, wolf spider

%

Tiirkiye’de Bursa ve Balikesir’den (Kuzeybati Anadolu) Kurt ériimcekleri (Araneae: Lycosidae)

Ozet

Arastirma, 2006-2011 yillar arasinda Kuzeybati Anadolu’da gerceklestirilmistir. 24 lokaliteden 6 cinse ait 14 tiire ait
kurt driimeegi rapor edilmigtir. Tiirler, Paliarktik bolgedeki hem dag driimceklerini hem de ova driimceklerini temsil eder. Bu
¢aligmada , Alopecosa farinosa, Aulonia albimana, Pardosa consimilis, Pardosa hortensis and Pardosa monticola Marmara
bolgesi igin ilk kayitlardir. . Trabea paradoxa Anadolu i¢in ilk kayittir.

Anahtar kelimeler: Tirkiye, Anadolu, fauna, envanter, kurt riimcegi
1. Introduction

Turkey consists of two general parts, Thrace and Anatolia. Thrace is a European part of Turkey, Anatolia is the Asian
part. From the geographical point of view, Turkey is divided into Marmara, Aegean, Black Sea, Central Anatolia, Eastern
Anatolia, South-eastern Anatolia and Mediterranean. Turkey belongs to a zoogeographically very diversified area: Several
zoogeographic zones overlap (European, Caucasian, Turanian and Eremial) (Glimus and Neubert, 2009) and biodiversity
hotspots meet (Caucasus, Irano-Anatolian and Mediterranean), including a high rate of endemism (Giir, 2016). The Turkish
fauna has relationship to Palaearctic, central European, Mediterranean and also Gondwanian and Far East fauna (Kosswig,
1955). Therefore, Turkish spider fauna is very rich: To date, 1117 spider species belonging to 52 families have been reported in
Turkey. The list is dominated by members of families Gnaphosidae (145 species), Salticidae (143 species) and Linyphiidae (128
species) (Demir and Seyyar, 2017). Lycosidae, a globally distributed family with 2421 species belonging to 123 genera (WSC,
2017), contains 87 species from 15 genera in Turkey (including two endemics, Arctosa simoni Guy, 1966 and Pardosa
ilgunensis Nosek, 1905): Allocosa — 1, Alopecosa — 13, Arctosa — 10, Aulonia — 2, Geolycosa — 1, Hogna — 2, Lycosa — 5, Ocyale
— 1, Pardosa — 37, Pirata — 2, Piratula — 4, Trabea — 1, Trochosa — 5, Wadicosa — 1 and Xerolycosa — 2 (Demir and Seyyar,
2017; Uyar and Dolej$, 2017). Here, for comparative purposes, we have provided data on the diversity of Lycosidae in some
countries such as: Armenia — 8, Azerbaijan — 77, Georgia — 78 (Otto, 2017), Bulgaria — 80 (Blagoev et al., 2017), Greece — 65
(Bosmans and Chatzaki, 2005) and Iran — 65 (Zamani et al., 2017). Recent works on the spider fauna of West Anatolia were
published by Kaya and Ugurtas (2008, 2011) — Araneidae and Theridiidae; Y1lmaz et al. (2009) — Thomisidae; Kunt et al. (2009)
— Dysderidae; Uyar et al. (2010, 2015) — Philodromidae and Theridiidae; Uyar and Ugurtas (2012) — Salticidae. Considering
the zoogeographical diversification (Kosswig, 1955; Giimus and Neubert, 2009) and size of Turkey, the faunal studies on the
diversity of Turkish spider fauna is not from being completed. Thus, the aim of the study is to contribute to knowledge of
Turkish wolf spider fauna.
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1.1 Study Areas

Majority of localities in the Bursa province (Table 1) were situated in the Uludag Mt. which is the highest mountain
in Northwest Anatolia. It is located immediately behind the city of Bursa (40°N, 29°E). The dimension of Uludag in the
northwest to southeast direction is about 40 km long and 15-20 km wide. The highest peak reaches 2543 m. The mountain is
naturally bordered by a Niliifer stream on the west and south, and by the Bursa city and the town of Inegdl on the north and east.
Extensive exposures of both acid granite, gneiss and schist and calcareous crystalline limestone has given rise to a wide range
of habitats, many in excellent condition, including broadleaved and coniferous forest, subalpine moorland, seasonal moorland
pools, extensive alpine cliff communities, glacial lakes, and exposed summit communities. The flora is exceptionally rich. The
principal summit ridge of the mountain (above 2200 m) is composed of hard crystalline limestone, whilst at lower altitudes a
range of acidic rocks (including gneiss, granites and schist) predominate, with more localised outcrops of serpentine to the
South. Overall, the climate can most closely be regarded as Mediterranean in character, although it is considerably modified by
humid air originated from the Sea of Marmara that is trapped by the step nature of the site and the considerable height of peak
(Kaynak et al., 2005, Giileryiiz et al., 2005).

Uludag has six vegetation belts characterised by the following vegetation:

Lauretum belt (up to 350 m): Arbutus unedo L., A. andrachne L., Erica arborea L., Laurus nobilis L., Olea europea L.,
Quercus coccifera L., Phillyrea latifolia L., Juniperus oxycedrus L. subsp. oxycedrus, Pistacia terebinthus L. subsp. Palaestina
(Boiss.) Engler, Cercis siliquastrum L., subsp. siliquastrum, Calicotome villosa (Poiret) Link, Spartium junceum L., Cistus
creticus L. and C. salviifolius L.

Castanetum belt (350-700 m): Castanea sativa L., Quercus spp., Corylus avellana L. var. avellana, Crataegus monogyna
Jacq. subsp. monogyna, Cornus mas L. and Rosa canina L.

Fagetum belt (700-1500 m): Fagus orientalis Carpinus betulus L., C. sativa Miller, Populus tremula L., Pinus nigra, Quercus
sp. Arn. subsp. nigra var. caramanica (Loudon) Rehder

Pinetum belt (1000-1200 m): P. nigra subsp. nigra var. caramanica, F. orientalis and C. Betulus

Abietum belt (1500-2100 m): Abies nordmanniana (Stev.) Spach subsp. bornmuelleriana (Matff.) Coode & Cullen, Juniperus
communis L. var. saxatilis Pall., Vaccinium myrtillus L., Prunus divaricata Ledeb. var. divaricata, Sorbus aucuparia L., Salix
caprea L.

Alpinetum belt (1900-2543 m): it can be distinguished as subalpine and alpine. This belt is characterized by hard cushion plant
communities consisting of Acatholimon ulucinum (Willd. ex Schultes) Boiss. ssp. ulucinum var. ulucinum, Astragalus ptilodes
Boiss. var. ptilodes, Festuca punctoria Sm. and F. cyllenica Boiss. The most of endemic plants are distributed in these areas
(Kaynak et al., 2005, Giileryiiz et al., 2005).

Two localities were situated in the Balikesir province (Table 1). The specimens were collected in the agricultural
landscape. The Kaymak area (Loc. 13) is a walnut field surrounded by a Pinus nigra forest. The Ova area (Loc. 19) is a field.

2. Materials and methods

The spiders were collected in 2006-2011 by the first author by means of hand collecting, sweeping dry leaves and
grass. The study took place at 24 localities (Table 1) in Balikesir and Bursa (Marmara region) (Figure 1). A total of 139
specimens were collected of which 14 species were recognised. Specimens were preserved in 70% ethanol and inspected under
Leica EZ4 and Olympus SZX12 stereomicroscopes. The works of Tongiorgi (1966), Topfer-Hofmann et al. (2000), Buchar and
Thaler (2002), Heimer and Nentwig (1991) and Roberts (1996) were used for species identification. The taxonomy and general
distribution of all species follows World Spider Catalog (2017). The material is deposited in the private collection of the first
author. Faunistic data of each species are sorted according to collecting date and are provided in the following order: Number
of locality (see Table 1) introduced by an acronym “Loc.”: collecting date, number and sex of specimens.
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Figure 1. The survey areas, Balikesir and Bursa
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Table 1. The list of localities where the spiders have been collected.
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Figure 2. Localities in Bursa and Balikesir provinces.

NO LOCALITIES COORDINATES ALTITUDE
1 Alacam, Kestel, Bursa prov. 40°06'55"N, 29°17'17"E 770 m
2 Alpin zone, Uludag Mountain, Bursa prov. exact locality unknow
3 Around the Barakli Pond, Keles, Bursa prov. 39°58'35"N, 29°1720"E 1271'm
4 Besevler, Niliifer, Bursa prov. 40°12'30"N, 28°57'44"E 138 m
5 Cumalikizik, Yildirim, Bursa prov. 40°10'53"N, 29°10'12"E 272 m
6 Near to Ciarcik dam, Orhaneli, Bursa prov. 40°03'18"N, 28°46'28"E 240 m
7 Dagakga village, Osmangazi, Bursa prov. 40°04'20"N, 28°59'53"E 346 m
8 Around the Dagyenice village pond, Bursa prov. 40°09'17"N, 28°57'17"E 366 m
9 Around the Doganca dam, Niliifer, Bursa prov. 40°05'20"N, 28°56'06"E 384 m
10 Around the Goyniikbelen village, Orhaneli, Bursa 39°59'09"N, 29°02'35"E 900 m

prov.
11 Hamamlikizik, Bursa prov. 40°10'33"N, 29°10'53"E 304 m
12 Kadiyayla, Uludag Mountain, plateau surrounded by | 40°09'01"N, 29°05'19"E 1233 m
forest, Bursa prov.
13 Kaymak area, Asagidanigment village, Savastepe, 39°22'17"N, 27°42'01"E 475 m
Balikesir prov.

14 Keles road, 26. km, Bursa prov. 40°02'55"N, 29°03'57"E 556 m
15 Kozludren village, Ineg6l, Bursa prov. 40°07'43"N, 29°21'1 7"E 480 m
16 Kirazliyayla, Uludag Mountain, Bursa prov. 40°06'50"N, 29°05"25"E 1522 m
17 About 3 km to National Park, Uludag Mountain, 40°07'04"N, 29°02'43"E 1175 m

Bursa prov.
18 Near to Osmaniye, Kestel, Bursa prov. 40°08'55"N, 29°1524"E 619 m

19 Ova, Asag1 Danisment, Savastepe, Balikesir prov. 39°21'52"N, 27°41'09"E 439 m
20 Sadag1 Canyon, Orhaneli, Bursa prov. 39°52'96"N, 28°55'49"E 443 m
21 Saitabat village, Kestel, Bursa prov. 40°08'58"N, 29°14'08"E 653 m
22 Sayfiye village, Ineg6l, Bursa prov. 40°06'48"N, 29°19'56"E 874 m
23 After Setat Mining Biiylikorhan road, Bursa prov. 39°58'43"N, 28°53'14"E 521 m
24 Around Yigitali village, Osmangazi, Bursa prov. 40°10'10"N, 29°01'17"E 660 m
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3. Results
Genus Alopecosa Simon, 1885

Alopecosa albofasciata (Brullé, 1832)

Collected Material: Loc. 10: 07.05.2007, 1 &, 05.05.2008, 1 &; Loc. 13: 17.04.2010, 1 @, 30.06.2010, 2 2%,
13.05.2011,1 @; Loc. 7:16.05.2010,1 &, 1 2, 11.07.2010, 1 @; Loc. 9: 16.10.2010,1 &, 01.05.2011, 2 99, 23.04.2011,
1 d; Loc. 8:08.05.2011, 3 99; Loc. 23: 09.05.2011,2 99,2 8. (Col lected under stones and on herbs.)
Distribution: Mediterranean to Central Asia

Alopecosa farinosa (Herman, 1879)

Collected Material: Loc. 16: 23.04.2006, 1 &; Loc. 17: 23.04.2006, 1 Q; Loc. 5: 11.07.2006, 1 Q; Loc. 1: 02.05.2007,
2 343,3.05.2007,1 &, 1 Q. (Collected on the ground or on herbs.)

Distribution: Palaearctic

Alopecosa pentheri (Nosek, 1905)

Collected Material: Loc. 24: 23.04.2006, 3 3J'; Loc. 1: 03.05.2007, 3 33 Loc. 3: 07.05.2007, 3 @ <. (Collected on
the ground near water or under stones.)

Distribution: Albania, Bulgaria, Greece to Azerbaijan

Alopecosa pulverulenta (Clerck, 1757)
Collected Material: Loc. 1: 02.05.2007, 1 &, 4 22; Loc. 4: 10.05.2010, 1 Q.
Distribution: Palaearctic

Genus: Aulonia C. L. Koch, 1847

Aulonia albimana (Walckenaer, 1805)
Collected Material: Loc. 22: 16.07.2006,2 9 2; Loc. 18: 08.07.2007, 1 $.
Distribution: Palaearctic

Gen: Geolycosa Montgomery, 1904

Geolycosa vultuosa (C. L. Koch, 1838)
Collected Material: Loc. 9: 01.05.2011, 1 Q. (Collected among herbs.)
Distribution: Southeastern Europe to Central Asia

Genus: Hogna Simon, 1885

Hogna radiata (Latreille, 1817)

Collected Material: Loc. 6: 13.07.2006, 3 29; Loc. 14: 26.07.2006, 2 29; Loc. 15: 20.06.2010, 4 3J; Loc. 19:
01.07.2010, 1 &; Loc. 7: 11.07.2010, 1 &. (Collected under stones, on the ground or under dry herbs.)
Distribution: Central Europe to Central Asia, Iran, Central Africa

Genus Pardosa C. L. Koch, 1847

Pardosa atomaria (C. L. Koch, 1847)

Collected Material: Loc. 18: 03.06.2006, 1 &, 2 @9; Loc. 20: 22.02.2007, 1 &; Loc. 10: 07.05.2007, 1 Q. (Collected
on herbs, near water or on the ground.)

Distribution: Balkans, Crete, Cyprus, Rhodes, Aegean Is.

Pardosa consimilis Nosek, 1905
Collected Material: Loc. 12: 23.07.2006,2 Q2.
Distribution: Macedonia, Bulgaria, Turkey

Pardosa hortensis (Thorell, 1872)

Collected Material: Loc. 24: 23.04.2006, 6 9 9; Loc. 16: 23.04.2006, 1 9; Loc. 18: 1 @; Loc. 2: 08.07.2006, 1 @; Loc.
11: 11.07.2006, 1 Q; Loc. 21: 02.05.2007, 1 @; Loc. 1: 02.05.2007, 24 9, 03.05.2007, 6 ?%; Loc. 3: 07.05.2007, 6
QQ; Loc. 10: 07.05.2007, 1 &; Loc. 20: 22.07.2007, 7 2, 02.06.2008, 1 9; Loc. 9: 01.05.2011, 1 Q. (Collected on the
ground, under stones or on herbs.)

Distribution: Palaearctic
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Pardosa monticola (Clerck, 1757)
Collected Material: Loc. 2: 08.07.2006, 1 3,2 2. (Collected on the ground.)
Distribution: Europe

Pardosa pertinax von Helversen, 2000

Collected Material: Loc. 16: 23.04.2006, 2 3&; Loc. 1: 02.05.2007, 2 3J; Loc. 9: 01.05.2011, 2 &&. (Collected on
herbs.)

Distribution: Greece, Turkey

Pardosa proxima (C. L. Koch, 1847)

Collected Material: Loc. 5: 11.07.2006, 1 @; Loc. 11: 11.07.2006, 1 & (too small); Loc. 1: 02.05.2007, 1 Q; Loc. 9:
01.05.2013,4 99; Loc. 8: 08.05.2011, 1 @ (Collected on herbs.)

Distribution: Palaearctic, Canary Is., Azores

Genus: Trabea Simon, 1876

Trabea paradoxa Simon, 1876
Collected Material: Loc. 13: 25.07.2011, 1 9. (Collected on the ground in Pinus nigra forest.)
Distribution: Southern Europe, Turkey

4. Conclusions and discussion

In total, 14 species from six genera have been registered in this study, Trabea paradoxa for the first time in
Anatolia. The genus Pardosa exhibited the largest number of species (five species). Pardosa hortensis was the most
widespread species in the surveyed area. Aulonia is small genus and up to now, only two species [Aulonia
albimana (Walckenaer, 1805) and Aulonia kratochvili Dunin, Buchar and Absolon, 1986)] are known in Turkey.

From a zoogeographic point of view, Turkey acts as a connection between European lowlands and Mediterranean
basin on the one hand, and two Asian mountain ranges: the Caucasus and the Iranian Plateau on the other hand. Thus,
spiders occurring in Turkey may have affinities to all these zoogeographical regions. However, the species recorded in
this study have affinities mainly to Europe. Almost all wolf spider species (except A. pentheri, P. consimilis and P.
pertinax) recorded in this study are the lowland species reaching to various parts of Europe (Buchar, 2009). Alopecosa
albofasciata, A. pentheri, G. vultuosa, H. radiata, P. atomaria, P. hortensis, P. proxima and T. paradoxa are typical
representatives of Mediterranean species. Of these, only P. hortensis reach up to central Europe and even to the British
Islands (Buchar 1993). Alopecosa farinosa, A. pulverulenta and A. albimana are the extra-Mediterranean species; P.
monticola is a temperate species, P. pertinax is a boreo-montane species (Buchar, 2009) and A. pentheri inhabit mountain
ranges (Thaler et al., 2000; Buchar and Dolansky 2011). All of them, with the exception of P. pertinax and A. pentheri,
are widespread in Europe (Buchar, 1993). On the other hand, P. consimilis was reported only from three countries
(Macedonia, Bulgaria, Turkey).

To sum up, mostly widespread species were documented in this study. The most important records were those
of A. pentheri, P. consimilis, P. pertinax and T. paradoxa because they are rare or less frequently found species. To date,
the family Lycosidae contains 87 species in 15 genera in Turkey. In this study, A. farinosa, A. albimana, P. consimilis,
P. hortensis and P. monticola are the first records for the Marmara region in Turkey.
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Characterization studies of Onobrychis hypargyrea Boiss

Celalettin AYGUN %, ismail KARAL ilker ERDOGDU?, A. Kadir ATALAY?

! Gegit Kusag: Tarimsal Arastirma Enstitiisii-Tepebasi/Eskisehir, Turkey.

Abstract

In characterization study of Onobrychis hypargyrea Boiss. ecotypes, collected from Eskisehir region; crops were
evaluated by some criteria of Variety Registration and Seed Certification Center (VRSCM) and International Plant Genetic
Resources Institute (IBPGR). Mean values in crops were found as 61.57+15.56 (cm) in flower crown diameter, 60.84+11.46
(cm) in main stem length, 0.81£0.11 (mm) in main stem width, 6.37+£2.10 (number) in of main stem number, 5.33+1.54
(number) in auxiliary stem number, 22.15+£6.23 (cm) in cluster length, 36.946.96 (mm) in leaflet length, 19.404+3.09 (mm) in
leaflet width, 15.24+1.12 (mm) in fruit length, 12.83+1.09 (mm) in fruit width, 166.15£12.82 (days) in maturation date,
6.67+4.16 (%) in germination speed, 35.07+26.14 (%) in germination power, 45.96+11.17 (gr) in thousand seed weight,
292.02+157.05 (gr/crop) in total fresh hay yield, 78.69+37.55 (gr/crop) dry hay yield, 25.63+4.40 (%) in crude cellulose,
4.534£0.54 (%) in crude ash, 15.32+1.16 (%) in crude protein, 42.37+4.20 (%) in nitrogen free matter, 86.91+0.84 (%) in
digestible protein, 84.814+0.66 (%) in organic matter, 1.50+£0.39 (%) in crude oil, 89.39+£0.37 (%) in dry matter. Cluster
analysis revealed that, four maim groups and nine subgroups occurred. Besides, biplot analysis showed that, fresh hay yield in
PC1 and flower crown diameter in PC2 are the most effective components. Fruit width, cluster height, flower crown diameter,
fresh hay yield, auxiliary branch number, leaf length and width influenced PC1 and PC2 distributions in crops. Effects of
components as % in PC1, PC2 and cumulative are 34.11, 22.62 and 55.73, respectively.

Key words: Onobrychis, hypargyrea, morphological, characterization, nutrien

*

Onobrychis hypargyrea Boiss (Tiiylii Korunga) karakterizasyonu ¢calismalar:

Ozet

Eskisehir bolgesinden toplanan Onobrychis hypargyrea Boiss. ekotiplerinin karakterizasyonu ¢alismasinda;
Tohumluk Tescil Sertifikasyon Test Merkezi Miidirliigii (TTSTMM) ve International Plant Genetic Resources Institute
(IBPGR) ‘nin bazi kriterleri iizerinden tekerriirsiiz, sira arasi 1 m ve her sirada 10 adet bitki olacak sekilde miisahedeler
almmistir. Buna gore: Tag¢ Capi (cm) ortalama 61.57+15.56, Ana Sap uzunlugu (cm) ortalama 60.84+11.46, Ana Sap
Kalinligi (mm) ortalama 0.81+0.11, Ana Sap Sayisi (adet) ortalama 6.37+£2.10, Yan Dal Sayis1 (adet) ortalama 5.33+1.54,
Salkim Boyu (cm) ortalama 22.15+6.23, Yaprak¢ik Boyu (mm) ortalama 36.9+6.96, Yaprak¢ik Eni (mm) ortalama
19.40+3.09, Meyve Boyu (mm) ortalama 15.24+1.12, Meyve Eni (mm) ortalama 12.83%1.09, Tohum Olgunlagtirma Tarihi
(glin) ortalama 166.15+12.82, Cimlenme Hiz1 (%) ortalama 6.67+4.16, Cimlenme Giicii (%) ortalama 35.07+26.14, Bin
Meyve Agirhig (gr) ortalama 45.96+11.17, Toplam Yas Ot Verimi (gr/bitki) ortalama 292.02+157.05, Toplam Kuru Ot
Verimi (gr/bitki) ortalama 78.69+37.55, Ham Seliiloz (%) ortalama 25.63+4.40, Ham Kiil (%) ortalama 4.53+0.54, Ham
Protein (%) ortalama 15.32+1.16, Nitrojensiz Oz Maddeler (%) ortalama 42.37+4.20, Hazmolunabilir Protein (%) ortalama
86.9140.84, Organik Madde (%) ortalama 84.81+0.66, Ham Yag (%) ortalama 1.50+0.39 ve Kuru Madde (%) ortalama
89.39+0.37 olarak belirlenmistir. Ekotiplerin dendogramik gruplamasinda, dort ana gurup ve dokuz alt gurubun olustugu,
benzerliklerin alt guruplarda % 98 seviyelerinden baslayip ana guruplardaki benzerliklerin ise % 98,04 den fazla oldugu
goriilmektedir. Bitkilerin bipolt analizinde PC1 yas ot toplam verimi, PC2 ise ta¢ ¢ap1 olup, Principal component vektorleri
incelendiginde etkili olan ozellikler meyve eni, salkim boyu, ta¢ ¢api, yas ot toplam verimi, yan dal sayisi, yaprak boyu,
yaprak eni olup, PC1 ve PC2 degerleri bitkilerin dagilimini etkilemistir. PC1‘in tek basina dagilimin % 34.11° ini izah
etmekte olup, PC2 ise dagilim1 % 22.62, PC1 ve PC2 ‘nin toplami ise % 55.73 oraninda agiklik getirmistir.

Anahtar kelimeler: Onobrychis, hypargyrea, morfolojik, karakterizasyon, besin madde
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1. Giris

Diinya’da Fabaceae familyas1 igerisinde 162’dan fazla cinsi tanimlanmis olup (Boissier, 1872; Sirjaev,
1925a,b,1926; Ball, 1968; Hayek, 1970; Hedge, 1970b; Mouterde, 1970; Schischkin and Bobrov, 1972a,b; Townsend, 1974;
Meikle, 1977; Rechinger, 1984; Tan and Sorger, 1986; Zohary, 1987; Davis vd., 1988; Duman ve Vural, 1990), bu yabani
korungalarin Baltik Denizi’nden Akdeniz, On Asya ve Sibirya’ya kadar uzanan ¢ok genis bir alana yayildiklari, 6zellikle
Anadolu Iran- Kafkasya iiggeninde yogunlasip cesitlendikleri bildirilmistir. Bu bolgelerden Iran’da 53 tiirden 32’si (% 60.4),
Tiirkiye’de 52 tiirden 27’si (% 51.9) ve Katkasya’da 39 tiirden 21’1 (% 53.4) endemik

olup Iber yarimadasinda ise sadece 8 tiir bulunmaktadir (Boissier, 1872; Ball, 1968; Hedge, 1970b;

Mouterde, 1970; Schischkin and Bobrov, 1972a,b; Meikle, 1977; Rechinger, 1984; Zohary, 1987; Yildiz et al. 1999,
Emre vd., 2007).

Yetistikleri bolgelerin sicaklik, yagis, kuraklik, tuzluluk, hastalik ve zararlilar gibi gesitli ¢evresel kosullarina
yiizyillardan beri uyum saglamis tiirlerden olusan bu gen kaynaklari, gen c¢esitliligi bakimindan oldukga zengindir (Hart,
2001). Turkiye’de yalnizca baklagillere ait 900 tiiriin varlig1 ve bunlardan 46 tiiriin korunga (Onobrychis L.) oldugu (Harlan,
1951; Davis, 1970; Yaltirik, 1989) belirlenmistir. Davis’e (1970) gore; belirlenen 46 tiirtin Dendrobrychis, Lophobrychis,
Hymenobrychis, Heliobrychis, Onobrychis seksiyonlarinda yer aldigini, Yildiz vd., (1999) ise Anadolu’da yogun olarak 52 tiir
ve bu tiirlerin de Dendrobrychis, Lophobrychis, Hymenobrychis, Heliobrychis ve Onobrychis seksiyonlarinda yer aldigini,
Avci ve Kaya (2013) ise galigtiklar1 35 tiiriin Lophobrychis, Hymenobrychis, Heliobrychis ve Onobrychis seksiyonlarina dahil
oldugunu bildirmislerdir. Elgi (1954), Anadolu’nun 6nemli yem bitkilerinden olan korunga bitkisinin bazi tiirleri iizerinde
(Onobrychis cana Boiss., Onobrychis arenia (Kit.) Dc., Onobrychis arenaria (Kit.) (yabani form) ve Onobrychis armena
Boiss.) morfolojik ve biyolojik ¢alismalar yapmistir. Bu g¢alismada; ele alinan korunga tiirleri iizerinde farkli devrelerde
(¢igeksiz, ¢igekli ve meyveli) sap, yaprak, ¢igek ve meyve 6zellikleri gibi bazi morfolojik karakterler incelenmistir.

Eski ¢aglardan beri yetistirilmekte olan korunga, {ilkemizin de yer aldig1 Yakin Dogu florasinda yaygin olan bir bitki
tirtidiir. Tirkiye’de yonca, mercimek, fig ve ti¢giil tiirleri ile birlikte korunga i¢in de mikro gen merkezlerini igermektedir
(Harlan, 1951). Korunganin 450 yildan daha fazla bir siiredir Asya ve Avrupa’nin bazi boliimlerinde kiiltiirli yapildig:
bilinmektedir (Hybner, 2013).

Fabaceae familyasi, Onobrychis adans cinsi igerisinde bulunan Onobrychis hypargyrea Boiss. Giimis renkli
korunga bildirilmistir (Anonim, 2017b). O. hypargyrea' da kromozom sayisi 2n = 14 olarak bildirilmistir (Akgelik vd., 2012).
Cok yillik otsu bir bitki olup nisan-haziran aylar arasinda ci¢eklenen, kayalik yamaglar, 6zellikle kirectasi, nadas tarlalari,
mese ¢aliliklarinda, 300-1200 m’ de yetistigi (Anonim, 2007a) ve toplama esnasindaki tespitlerimizde ise killi yamaglarda ve
kayalik alanlarda bulundugu gézlenmistir. Ulkemizde yayilis alanlar1 ise Davis (1969) gore; A2, A4, AS, B2, B3, B4, C2, C3,
C4 karelerinde, Istanbul, Cankiri, Kastamonu, Ankara, Antalya, Bilecik, Isparta, Konya, Manisa illerinde bulundugu
belirtilmektedir (Anonim. 2007a).

Fransizca sain ve foin kelimelerinin birlesmesinden olusan sainfoin saglikli yem manasina gelmektedir (Sottie,
2014). Korunga, potansiyel olarak uzun omiirlii, cok sayida dik veya yar1 dik gelisen, i¢i bos saplt ve uzunlugu 100 cm'ye
ulasan uzun 6miirlii bir baklagildir (Frame, 2005).

Onobrychis hypargyrea Boiss. otsu ¢ok yillik bir bitki olup, yetisme ortami ve yiikseklik: tagh ve kalkerli yamaglar,
cayirlikla, step orman acikligi, jipsli yamaglardir (Akgelik, 2009). Korunganin orijini Tiirkiye, Iran ve Avrupa olup, ilk defa
Fransa’nin kuzeyinde (Delgado, 2008) ve Ingiltere’de kiiltiire almmustir (Koivisto vd., 2001). Bilinen yayilis alanlari ise
iliman Avrupa olarak bilinen Isvec, Asya, Akdeniz iilkeleri ve kuzey batt Amerika’dir. Korunga, cimlenme ve erken ¢ikis icin
diger baklagillerden daha genis bir optimum sicaklik araligina sahiptir (Smoliak et al., 1972). O. hypargyrea Boiss.’in
hemikriptofit bir bitki oldugunu Ozaydin ve Yiicel (2004) bildirmislerdir. Tarman (1954)’ a gére; Onobrychis cana,
Onobrychis armena, Onobrychis hypargyrea' nin Tiirkiye'nin kurak ve daglik bolgelerinde yetistigini bildirmistir.

Derin, iyi drene edilmis kalkerli topraklarda iyi performansi vardir. 6.0 pH seviyesindeki topraklar ve nemli sicak
iklimlerde fide biyiimesi gii¢lidiir (Frame et al., 1998). Kuraga ve soguga toleranshidir. Topraga azot baglayarak azot
rezervlerini temin eder. Topraga azot fikse ettiginden yesil giibre olarak kullanilabilir. Terk edilmis alanlarda ve yamag alanlar
gibi sorunlu alanlarda tohumlamak suretiyle ¢ollesmeyi ve erozyonu Onleyerek topragi zenginlestirir. Cicekleri, arilarn ve
kuslari cezbederek biyogesitliligi arttirir (Waghorn, 2008).

Tan ve latrou (1996); Onobrychis aliacmonia RECH.f.’nin yeni bir tiir olarak ¢izimini yaparken Onobrychis
hypargyrea Boiss. bir Anadolu tiiriiniin en giineydeki Yugoslavya'ya kadar uzandigin1 ve yillar sonra Rechingerr (1973)
tarafindan Onobrychis aliacmonia RECH.f.’nin farkli bir tiir oldugunu bildirmislerdir.

Bazi bitkilerin yag asitlerinin belirlenmesi ¢alismasinda Bagci vd., (2004) Stearik asitin Onobrychis hypargyrea’da
(%4.20), oleik ve linoleik asitin (% 34.4) ve tokochanolanol analizi yiiksek tokotrienol igeriginin (% 65.6),tokoferoller,
tokotriyenler ve plastokinonlar, tokrokromanoller olarak bilinen (Seher ve ivanov, 1973; Velasco et al., 2000) ve E vitamini
aktivitesi sergileyen dogal tokoferollerin potansiyel kaynaklari olarak Onobrychis hypargyrea' da bolca bulundugu
bildirilmistir.

2. Materyal ve yontem

2014 yilinda Eskisehir’in 241-358 m arasi yiiksek mera, mezarlik, taglt egimli, toprak yapisi killi mera ve terk

edilmig tarla alanlarindan toplanan 27 Onobrychis hypargyrea Boiss. tek bitki drneklerinin karsilagtirilmast yapilmig

olup, karakterizasyon kriterleri olarak Tohumluk Tescil Sertifikasyon Test Merkezi Miudirligii (TTSTMM) ve
International Plant Genetic Resources Institute (IBPGR) ‘nin bazi kriterleri iizerinden gerceklestirilmistir. Bitkiler
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tekerriirsiiz, her sirada 10 adet bitki ve sira arasi 1 m olacak sekilde fide halinde ekilmislerdir. Kiiltiirel islemlerde,
ekimden 6nce 3 kg/da azot ve 6 kg/da fosfor verilmistir. Yabanct otlarla miicadele i¢in ¢ikis yapan otlar ROUNDUP
STAR (441 g/It Glyphosate potasyum tuzu) adl total herbisit 600 ml/da hesabiyla kimyasal ila¢ kullanilmistir. Yabanci
otlarla ozellikle tesis yilinda ve daha sonraki yillarda miicadele yapilmistir. Fideler sasirtilirken damlama sulama
yapilmistir.

Incelenen ozellikler: gozlemler hasattan dnce ve her sirada bulunan 10 adet bitki iizerinde yapilmustir.
Ortalamalar alinarak degerlendirilmistir. Cigeklenme giin sayisi (giin), ana sap uzunlugu (cm), ana sap kalinligi (mm),
ana sap sayist (adet), ¢igek rengi, yatma durumu (1-5), ta¢ capi(cm), yan dal sayist (adet), salkim boyu (cm), yaprakeik
boyu (mm), yaprake¢ik eni (mm), meyve boyu (mm), meyve eni (mm), tohum olgunlagtirma tarihi (giin), ¢imlenme hiz1
(%), ¢imlenme giicii (%), bin meyve agirligi (gr), toplam yas ot verimi(gr/bitki), toplam kuru ot verimi (gr/bitki), bigim
sayisi (adet), seyreklesme orani (%), kisa dayaniklilik (%), kuru madde(%), ham kiil (%), ham yag (%), ham protein
(%), ham seliiloz (%), nitrojensiz 6z madde (%), hazmolabilir ham protein (%), organik madde (%) olarak alinmistir.
Onobrychis hypargyrea Boiss.’in eko tiplerine ait besin madde analizleri ise Near Infrared Reflektans Spektroskopisi
(NIRS) teknolojisi kullamilarak yapilmistir. Orneklerin temel istatistikleri (MS Excel), Dagilim dendogramlari Minitab
17 paket programi, Ana birlesenler analizleri ise GenStat (VSN International) paket programlari kullanilarak
yapilmistir.

3. Bulgular

Hymenobrychis De. seksiyonunda yer alan (8) tiirden birisi olan Onobrychis hypargyrea Boiss.’in ¢iceklenme
giin sayis1 ortalama 147 giin, ¢icek rengi kirli beyaz renkte olup, dik gelisen bir yapidadir. Yagisa bagh olarak 2 ve 3
kez bigilme ve otlatma durumu sbéz konusudur. Gozlem siiresince bitkilerde herhangi bir hastalik ve zararliya
rastlanmamigtir. Onobrychis hypargyrea Boiss.’in incelenen kriterlerine ait minimum, maksimum ve ortalama degerler
Tablo 1’de verilmistir.

Tablo 1. Onobrychis hypargyrea Boiss.’in incelenen kriterlerine ait minimum, maksimum ve ortalama degerler

Incelenen Kriterler Minimum Maksimum Ortalama
Tag Capi (cm) 31.70 100.00 61.57+15.56
Ana Sap uzunlugu (cm) 43.3 86.63 60.84+11.46
Ana Sap Kalinligi (mm) 0.6 10.00 0.81+0.11
Ana Sap Sayisi (adet) 3.00 12.00 6.37+2.10
Yan Dal Sayisi (adet) 3.00 8.00 5.33£1.54
Salkim Boyu (cm) 8.70 34.70 22.1546.23
Yaprak¢ik Boyu (mm) 27.00 57.00 36.94+6.96
Yaprakeik Eni (mm) 13.00 26.00 19.40+3.09
Meyve Boyu (mm) 13.01 17.50 15.24+1.12
Meyve Eni (mm) 11.20 14.60 12.83+1.09
Tohum Olgunlastirma Tarihi (giin) 158.00 187.00 166.15+12.82
Cimlenme Hiz1 (%) 2.00 14.00 6.67+4.16
Cimlenme Giicii (%) 4.00 94.00 35.07+26.14
Bin Meyve Agirligi (gr) 13.80 64.00 45.96x11.17
Toplam Yas Ot Verimi (gr/bitki) 85.30 670.70 292.02+157.05
Toplam Kuru Ot Verimi (gr/bitki) 21.00 167.00 78.69+37.55
Ham Seliiloz (%) 19.61 34.13 25.63+4.40
Ham Kiil (%) 3.67 5.35 4.53+0.54
Ham Protein (%) 13.65 17.62 15.32+1.16
Nitrojensiz Oz Maddeler (%) 34.35 49.10 42.37+4.20
Hazmolunabilir Protein (%) 85.23 88.36 86.91+0.84
Organik Madde (%) 83.51 86.23 84.8140.66
Ham Yag (%) 0.92 2.33 1.50+0.39
Kuru Madde (%) 88.82 89.91 89.39+0.37
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Diinyada mevcut korunga tiirlerinin morfolojik yapilarim1 ve tarimsal 6zelliklerini ortaya gikarmaya yonelik
¢ok az ¢aligma mevcuttur. Diinyada ve Tiirkiye’de yapilan ¢aligmalar genellikle tarimsal 6nemi olan korunga tiirlerinin
morfolojik 6zelliklerini incelemeye yonelik yapilmistir (Aver, 2010). Tiirlerin tanimlanmasinda ilk dikkate alinan
Olciitlerin morfolojik karakterler olup, genellikle dominanttirlar, analizleri ¢ok kolaydir, olumsuz yanlarindan bazilari
ise heterozigotlar1 belirleyemezler, mutasyonlarla olusmus olabilirler, cevresel faktorlerden etkilenirler (Parmaksiz,
2004). Bitkinin agronomik dzelliklerinden kok yapisinin derin olmasti bitkinin kurakliga karsi1 direngli olmasi ve i¢erdigi
degerli protein ve hayvanlarda sisime yapmayan 6zellikleri ile bitkiyi degerli kilmaktadir (Ahuja et al., 1983; Koivisto
vd. 2001).
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Sekil 1. Onobrychis hypargyrea Boiss.’in morfolojik 6zellikleri minimum, maksimum ve ortalama verimleri.

2014 yilinda yapilan karakterizasyon ¢aligmasinda bitkinin dik gelistigi, ta¢ ¢apinin 31.70-100, ortalama 61.57
cm olarak belirlenmis olup, salkim boyu ise 8.70-34.70 ortalama 22.15 cm olarak 6l¢iilmiistiir. Cigeklenme giin sayisi
tiim tek bitkilerde 147 giin olarak tespit edilmis olmakla birlikte, ¢ciceklenme uzun siirmekte olup, alttan yukartya dogru
bitki biiyiidiikkge devam etmektedir. Cigek durumu seyrek, ¢ok ¢igekli olup, ¢iceklenme meyve donemine kadar uzar.
Korolla agik sar1 veya krem rengi, genellikle kirmizi damarli, bazen damarsiz, ¢igeklenme zamani nisandir (Akgelik,
2009). Tozlagma genellikle bambus arilari tarafindan yapilmakta olup, bunun nedeninin ¢igeklerinin biiyiik olmasi ve
g0z alic1 olmasindan kaynaklandigr sanilmaktadir. Korunga, ¢imlenme ve erken ¢ikis bakimindan diger baklagillerden
daha genis bir optimum sicaklik araligina sahiptir (Smoliak et al., 1972). Bitkinin dik gelisen, en ¢ok 70 cm boyunda
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oldugu bildirilmektedir (Akgelik, 2009). Ana sap sayisi ise minimum 3 adet, maksimum 12 ve ortalama 6 adet olarak
sayilmigtir. Bitkide yan dal sayist minimum 3 adet, maksimum 8 ve ortalama 5 adet olarak belirlenmistir.

Yaprakeik boyu ise; minimum 27.0 mm, maksimum 57.0 mm ve ortalama 36.9 mm, yaprake¢ik eni minimum
17.0 mm, maksimum 26.0 mm ve ortalama ise 19.4 mm olarak dl¢iilmiistir. Aver (2010), yaprakeik eni 22.39 mm,
yaprakcik boyu 41.11 mm, dal uzunlugu 83.45 cm, salkim boyu 8.62 cm, meyve boyu 2.59 ve meyve eni 6.39 mm
olarak bildirmistir. Meyve eni minimum 13.10 mm, maksimum 17.50 ve ortalama 15.24 mm, meyve boyu ise minimum
11.20 mm, maksimum 14.60 ve ortalama 12.83 mm olarak belirlenmistir. Bitkinin meyve yapist enine yassi bir sekil
almus olup, eni boyundan daha fazladir.
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Sekil 2. Onobrychis hypargyrea Boiss.in ot verimi ve besin madde igerikleri minimum, maksimum ve ortalama
verimleri
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Cimlenme hizt ise % 2-14 arasinda degismis olup ortalama % 6.67 olmustur. Cimlenme giicii ise % 4-94
arasinda degismis, ortalama ise 35.00 olmustur. Yabanilik 6zelligi gosteren bitkilerde ¢imlenme hizi ve giicii diisiik
olmustur. incelenen popiilasyonlar igerisinde yas ot verimi olarak 27 bitkinin tamaminin bir kez bicildigi, buna gore
birinci bigimin 85.30- 606.70 g/bitki, ortalama olarak ise 263.46 g/bitki olarak tespit edilmistir. ikinci bicim olarak ise
16 bitki ikinci kez bicime gelmis, buna gore 19 -70 g/bitki arasinda olup, ortalama 48.19 g/bitki olarak belirlenmis olup
toplam yas ot verimleri ise 85.30 — 670.70 g/bitki, ortalama ise 292.02 g/bitki olarak tespit edilmistir.

Kuru ot verimleri incelendiginde ise; 21.00-143.00 g/bitki, ortalama ise 66.02 g/bitki olarak tespit edilmistir.
Toplam kuru ot verimi ise; 21.00-167.00 g/bitki, ortalama ise 78.69 g/bitki olarak belirlenmigtir. 11 popiilasyon bir kez,
16 popiilasyon ise 2. ve 3. kez bi¢ime gelmis olup, ligiincii bigimler ihmal edilecek kadar az olmus ancak bitki bigim
sonrast o yil ki yagisin etkisiyle yeniden siirmiistiir. Bitkinin kisa dayaniklilig1 incelendiginde ise 9 popiilasyonun %
100 dayanikli oldugu, 8 bitkinin % 90 dayaniklilik gosterdigi, 4 popiilasyonun % 80-90 arasinda, 4 popiilasyonun % 70
ve 1 popiilasyonun ise % 40 civarinda kisa dayaniklilik gosterdigi belirlenmistir. Bunun tersi ise seyreklesme
oranlaridir. Tohum olgunlagtirma tarihi ise 158-187 giin arasinda degisiklik gostermis olup ortalama 187 giin olarak
tespit edilmistir. Bin meyve agirlig1 ise tohumdan yapilmis olup 13.80-64.00 arasinda, ortalama 45.96 gr olarak tespit
edilmigtir. Avcr (2010), tarafindan bildirilen degerlere yakin degerler elde edilmistir. Meyve zamani agustos ay1 olup,
Meyve yuvarlaktan bdbreksiye kadar, gencken tiiylii, olgunlastik¢a tiiyler dokiiliir; kenar ¢ok kisa disli veya hemen
hemen tam kenarli; disk kisa ve sert dikenli veya dikensizdir (Akgelik, 2009).

Bitkilerde organik madde ise % 83.51-86.23, ortalama ise % 84.81olarak belirlenmistir. Hazmolunabilir protein
agisindan bakildiginda ise % 85.23-88.36, ortalama ise % 86.91 olarak tespit edilmistir.

Nitrojensiz 6z madde olarak % 34.35-49.10, ortalama ise % 42.37 olarak belirlenmistir. Ham protein olarak
ise; % 13.65-17.62, ortalama % 15.32 olarak tespit edilmistir.

Kuru madde igeriklerine bakildiginda; % 88.82-89.91 arasinda, ortalama % 89.39 olarak belirlenmistir. Ham
Kiil ise %3.67-5.35, ortalama % 5.53 olarak tespit edilmistir.

Karakterizasyonu yapilan popiilasyonlardan ortalamanin {istiinde veya kontrol gesitleri gegen bitkilerde ileri
sathalarda 1slahta kullanilma imkanlar1 degerlendirilirken yine TTSM kriterlerinden besin madde analizleri yapilmig
olup buna gore Onobrychis hypargyrea Boiss. bitkilerinde ileri 1slahta degerlendirilmesi uygun olan bitkilerde de
teknolojik degerler olarak belirlenen besin madde analizleri sonuglarinin degerlendirilmesinde; ham seliiloz degerleri %
19.61-34.13, ortalama ise %25.63, ham kiil degerleri% 3.67-5.65, ortalama % 4.53 olarak tespit edilmistir. % kuru
madde ise su ugurulduktan sonra geriye kalan kisim olarak 88.20-89.91, ortalama ise 89.34 olarak bulunmustur.
Yemlerde en 6nemli kisim olan ham protein ise % 13.65-17.62 arasinda degisirken ortalama % 15.32 olmustur. Ham
yag ise % 0.92-2.33 arasinda iken ortalama % 1.50 olarak belirlenmistir. Yukarida belirlenen sonuglar Kaplan (2001) ve
Avci (2010) ile benzerlik gostermektedir.
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Sekil 3. Onobrychis hypargyrea Boiss.’in dagilim dendogrami

Sekil 3 incelendiginde, dort ana gurup, onun altinda ise dokuz alt gurubun olustugu, benzerliklerin alt
guruplarda % 98 seviyelerinden baslayip ana guruplardaki benzerliklerin ise % 98,04 den fazla oldugu goriilmektedir.
Bitkilerin Biplot analizinde PC1 Yas ot toplam verimi, PC2 ise ta¢ cap1 olup, Principal component vektorleri
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incelendiginde etkili olan 6zellikler Meyve eni, Salkim boyu, Tag ¢api, yas ot toplam verimi, Yan dal sayisi, Yaprak
boyu, Yaprak eni olup, PC1 ve PC2 degerleri bitkilerin dagilimini etkilemistir. PC1 in tek basina dagilimin % 34.11° ini
izah etmekte olup, PC2 ise dagilimi % 22.62, PC ve PC2 ‘nin toplami ise % 55.73 oraninda agiklik getirmistir. Yapilan
Biplot analizi neticesinde grafigin pozitif tarafinda bulunan eko tiplerin incelenen degerler bakimindan daha stabil
oldugu belirlenmis olup, 1slah amacli bitki segiminde kullanilabilecekleri belirlenmistir. Yabani olmalar1 nedeniyle tiir
icerisinde dahi farkliliklar oldugu belirlenmistir.

Tablo 2. Onobrychis hypargyrea Boiss. Principal Component Vektorleri

pcpsave['data’] PC1 PC2

Meyve Eni -0.28497 0.12778
Salkim Boyu 0.14962 0.41561
Tag¢ Cap1 0.48417 0.33597
Yas Ot Toplam Verimi 0.50362 0.17233
Yan Dal Sayist 0.40152 0.14775
Yaprak Boyu 0.45662 -0.44411
Yaprakeik Eni 0.19657 -0.67030

Tablo 3. Onobrychis hypargyrea Boiss. Principal Component Degerleri

PC1 PC2 PC1 PC2
-1.773 0.886 0.635 -0.513
0.459 0.045 -0.597 0.852
-0.743 -2.778 -1.379 1.731
-1.325 0.158 1.588 1.569
-0.667 -0.786 1.326 -0.940
-0.006 -0.745 4.946 -0.976
-1.123 0.517 -0.704 -1.123
1.286 -0.861 1.222 2.925
0.534 0.761 -0.021 -0.203
-0.255 -0.517 -0.620 0.492
-1.402 1.019 -2.036 1.022
0.064 -1.193 1.448 1.746
1.726 -0.036 -2.774 -1.606
0.194 -1.445

Onobrychis hypargyrea BOISS PC1 vs PC2 ye Gore Dagilimi ( 2656,73)
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Sekil 4. Onobrychis hypargyrea Boiss.’in Biplot Analizi
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4. Sonuglar ve tartisma

Cok yillik olmasi, derin kok sistemi, hizli biiylime kabiliyeti, giiclii bitki yapisi ile kirag alanlarin iyi bir bitkisi
olup, bu ozelliklerine ilaveten bitki basina yas ve kuru ot verimlerinin yaninda yiiksek ham protein icerigi ile yem
olarak kullanilabilecegi, marjinal alanlarda degerlendirilmesi gereken 6nemli bir materyal olup, yem olarak dikkate
alinmasi gerektigi kanaati hazil olmustur.
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Abstract

This study was carried out in 17 high mountain lakes and a pond in the Artabel Lakes Nature Park (Giimiishane)
on August 15, 2013 and August 13, 2016. In the present study, epipelic, epilitic and epiphytic algal flora of lakes were
determined and a total of 95 taxa were recorded belonging to Bacillariophyta division. 9 of the taxa belonging to
Bacillariophyta were determined to be new records for the freshwater diatom flora of Turkey. These taxa were identified
as Aulacoseira lacustris (Grunow) Krammer f. tenuior Houk, Klee and Passauer, Orthoseira roeseana (Rabenhorst)
Pfitzer, Cyclotella ambigua Grunow, Planothidium distinctum (Messikommer) Lange-Bertalot, Psammothidium
helveticum (Hustedt) Bukhtiyarova and Round, Diploneis petersenii Hustedt, Frustulia crassinervia (Brébisson ex
W.Smith) Lange-Bertalot and Krammer, Eunotia mucophila (Lange-Bertalot, Norpel-Schempp and Alles) Lange-
Bertalot and E. paludosa Grunow

Key words: Diatom, new record, high mountain lakes, Artabel Lakes Nature Park, Turkey

*

Tiirkiye tath su diyatome florasi icin yiiksek dag gollerinden (Artabel Goélleri Tabiat Parki,
Giimiishane/Tiirkiye) dokuz yeni kayit

Ozet

Bu ¢alisma, Artabel Golleri Tabiat Parki (Giimiishane) icerisinde yer alan 17 yiiksek dag golii ve bir golette 15
Agustos 2013 ve 13 Agustos 2016 tarihlerinde gergeklestirilmistir. Arastirmada, géllerin epipelik, epilitik ve epifitik alg
florasi tespit edilmis ve Bacillariophyta divizyouna ait toplam 95 takson belirlenmistir. Bacillariophyta divizyosuna ait
taksonlardan 9 ‘u Tiirkiye tatli su diyatome florasi i¢in yeni kayit olarak belirlenmistir. Bu taksonlar, Aulacoseira lacustris
(Grunow) Krammer f. tenuior Houk, Klee and Passauer, Orthoseira roeseana (Rabenhorst) Pfitzer, Cyclotella ambigua
Grunow, Planothidium distinctum (Messikommer) Lange-Bertalot, Psammothidium helveticum (Hustedt) Bukhtiyarova
and Round, Diploneis petersenii Hustedt, Frustulia crassinervia (Brébisson ex W.Smith) Lange-Bertalot and Krammer,
Eunotia mucophila (Lange-Bertalot, Norpel-Schempp and Alles) Lange-Bertalot and E. paludosa Grunow olarak tespit
edilmistir.

Anahtar kelimeler: Diyatome, yeni kayit, yiiksek dag golleri, Artabel Golleri Tabiat Parki, Tiirkiye
1. Introduction

Diatoms are a large group of algae and they, together with other algal groups are one of the most important
primary food sources of aquatic areas (Round et al., 1990; Wichard et al., 2007). They are generally the dominant group
of algae in aquatic ecosystems, in terms of both biodiversity and abundance (Zhuzbayeva and Atici, 2016). Also, diatoms
are one of the important indicators of the ecological conditions of aquatic ecosystems because they react quickly to
changes in nutrient concentrations. Therefore, diatom-based indices are being used to determine the trophic status of
aquatic ecosystems (Rusanov et al., 2009). Because of these properties, diatoms can give us more information about the
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situation in all times (past, present and future) of aquatic ecosystems (Merildinen et al., 1982). Because of that researches
on diatom species are very important.

Compared to Europe, studies on freshwater algae in Turkey are quite new. In the first published check-list of the
Turkish freshwater algae, 1293 taxa were given and 601 of them belong to Bacillariophyta (Goniilol et al., 1996). In the
second published check-list of the Turkish freshwater algae, 2030 taxa were given. Of these, 781 belong to diatoms and
constitute 38.47% of the total species number of algae (Aysel, 2005). Nowadays, information about algae flora in Turkey
is given in the database. In this database there are 4187 taxa spreading in various habitats of Turkey. Of these, 1000 belong
to diatoms and constitute 23.88% of the total species number of algae (Goniilol, 2017). However, this number does not
reflect the actual situation. Because, Turkey is surrounded on three side by the sea (shoreline length 8333), has a rich
freshwater ecosystem (906000 hectares of the lakes, 439800 hectares of dam lakes and ponds and 178000 km long of
streams and rivers) (Gliner and Aysel, 1996; Sasi and Berber, 2012) and, especially from high mountain lakes, significant
contributions are still made to the freshwater algal biodiversity of Turkey (Sahin, 2007, 2009; Akar and Sahin, 2014).

The aim of this research is to make taxonomic definitions of diatom taxa, which are determined as new record
for freshwater algal flora of Turkey, to give information about their ecological preferences and distributions in the studied
area.

2. Materials and methods

2.1. Description of study area

Artabel Lakes Nature Park which located within Torul district, Gliimiishane province in the Eastern Black Sea
region of Turkey was included as a nature park in the list of Turkey's nature parks by the Turkish Republic Ministry of
Forestry in 1998. The park, which has 5859 hectares, is located between 39°0'24"-39°8"23" east longitudes and 40°21'36"-
40°26'42" northern latitudes. Artabel Lakes Nature Park is formed result of volcanic activities that take place in two
different geological time periods. Giimiishane has semi-arid and humid climate. While annual weather temperature
averages in the lower parts of the valleys (2100 m) in the park is 4 °C, it is between 0 and 1 °C at the altitudes where the
lakes (2600-3000 m) and however the temperature at the summit of the area (above 3000 m) is below -3 °C. There are
four large soil groups which are colluvial, non-calcareous brown, high mountain meadow soils and bare rocks and debris
in the Artabel Lakes Nature Park (Anonymous, 2013).

Artabel Lakes Nature Park has very rich invaluable terrestrial and aquatic ecosystems and it is a very important
factor in the conservation of biodiversity in Turkey. There are many endemic taxa which are included in the International
Union for Conservation of Nature (IUCN) and Bern Convention Annex I, Il and 111 lists (Anonymous, 2013).

In Artabel Lakes Nature Park, aquatic ecosystem consist of three sub-basins belonging to three different stream
systems which are Artabel Stream basin (Artabel Lakes), the Giimiistug Stream basin (Kara and Bes Lakes) and the
Kongel Stream basin (Y1ldiz and Acembol Lakes). The total basin area is approximately 58.2 km?. There are 23 glaciers
lakes, which are Artabel Lakes (6), Bes Lakes (5), Kara Lakes (6), Yildiz Lakes (3) and Acembol Lakes (3). They are
superficially connected to each other or independent, in different locations and in different sizes (Figure 1). There are also
a small pond and one lake which are not named before. Abbreviations have been made in the names of the lakes for
convenience. For example; Artabel Lakes (ARL), Bes Lakes (BL), Kara Lakes (KL), Yildiz Lakes (YL) and Acembol
Lakes (ACL). This system was taken from the report (Anonymous, 2013). Others names (isimsiz Lake (IL) and Yildiz
Lakes Pond (YLP)) were put on by us, following the same rule.

2.2. Sampling and laboratory studies

Due to the difficulty of the land conditions, Kara Lakes (6) were not visited. Also, there was no water in the BL5
lake, so algal and water samples could not be taken. A total of 43 samples of epipelic, epilithic and epiphytic were taken
from littoral zone of 17 lakes and a pond in 15 August 2013 and in 13 August 2016. Samples of epipelic diatom were
collected by means of a glass tube from sediment surface at all the water bodies except Lake BL2. Epilithic samples were
taken from ARL1, ARL2, BL2, ACL1, ACL2, ACL3 and IL lakes. Randomly chosen stones were scraped with a
toothbrush and then washed into plastic bottles. For epiphytic diatom samples, mosses (Hygrohypnum luridum (Hedw.)
Jenn.) and filamentous algae (Microspora sp.) were taken from ARL1, ARL3, YL1, YL2, YL3, ACL2, ACL3, IL lakes
and YLP Pond. All samples were fixed in solution of 4% formaldehyde. In order to identify diatoms, organic compounds
must be removed from diatom samples. So it was treated with H,SO. and HNO3, and then the acidity of the samples was
removed by washing a few times with distilled water. After that, they dried on the cover glasses were identified in Entellan
microscope mounting medium (Round, 1953; Slade¢kova, 1962). Microscopic examinations of diatom samples were
performed on a Leica DM 2500 model light microscope and it was photographed camera Leica DFC 290 attached the
microscope.

Physical and chemical parameters (dissolved oxygen, electrical conductivity, pH and water temperature) of all
lakes were measured with portable devices Orion-4Star and YSI-55. For taxonomic identification Hustedt (1930); Huber-
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Pestalozzi (1962); Patrick and Reimer (1966); Krammer and Lange-Bertalot (1986, 1991a,b); Joh (2010, 2012); Genkal
et al. (2008); Buczko et al. (2013) and Jovanovska et al. (2015) books and articles were used. The validity of the taxa
name was checked from AlgaeBase (Guiry and Guiry, 2017) and the new record taxa were checked from Goniilol (2017).

Frequencies of diatom taxa were determined according to the following scale based on the number of lakes
studied in Artabel Lakes Nature Park. Very rare (VR): taxa recorded in %1-20 of investigated lakes; rare (R): taxa
recorded in %21-40 of investigated lakes; common (C): taxa recorded in %41-60 of investigated lakes; frequent (F): taxa
recorded in %61-80 of investigated lakes; very frequent (VF): taxa recorded in %81-100 of investigated lakes (Kocatas,
1992).

v ' v
00 - el el 20800

Figure 1. Map of Artabel Lakes Nature Park (Anonymous, 2013)
3. Results

At the end of study, 95 taxa belonging Bacillariophyta is determined and 9 of these has been identified as new records for diatom
flora of Turkey.

Phylum: Bacillariophyta

Subphylum: Coscinodiscophytina

Class: Coscinodiscophyceae

Order: Aulacoseirales

Family: Aulacoseiraceae

Genus: Aulacoseira

Aulacoseira lacustris (Grunow) Krammer f. tenuior Houk, Klee and Passauer 2007 (Figure 2a)
Krammer and Lange-Bertalot, 19914, p. 39, pl. 36, figs. 3-18.

Basionym: Melosira lyrata f. tenuior Grunow in Van Heurck 1882, pl. 87, fig. 3.

Homotypic synonym: Melosira lyrata f. tenuior Grunow 1882.

Heterotypic synonym: Aulacoseira tenuior Krammer 1991.
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Description: The filament of this taxon was not observed. The identification of taxon was made according to valve shape. Valve
is circular. The medium area of the valve is flat and limited by a wall-like raised ring. Very thin and uniform areolae form stripe
patterns. Diameter: 12.22 pm, striae 13-14 in 10 pm.

Ecology: This taxon was found in Finland, Northgland, Scotland, Sweden and USA in low electrolyte waters (Krammer and
Lange-Bertalot, 1991a). In our study, Aulacoseira lacustris f. tenuior was only found in epipelic habitat of the ARL3 with
abundance very rare (VR). It was also collected in habitat with altitude: 2875 m asl, water temperature: 16.3 °C, dissolved
oxygen 8.76 mg/L, pH: 6.19, TDS: 24 mg/L and conductivity: 49.9 uS/cm.

Distribution: No information is available on the geographical distribution of the species (Guiry and Guiry, 2017).

Subclass: Melosirophycidae

Order: Melosirales

Family: Orthoseiraceae

Genus: Orthoseira

Orthoseira roeseana (Rabenhorst) Pfitzer 1871 (Figure 2b)

Hustedt, 1930, p. 93, fig. 59.

Krammer and Lange-Bertalot, 19914, p. 13, pl. 10, figs. 1-11.

Joh, 2010, p. 117, fig. 90.

Basionym: Melosira roeseana Rabenhorst

Homotypic Synonyms: Melosira roeseana Rabenhorst 1853

Gaillonella roeseana (Rabenhorst) Petit 1880

Melosira dendroteres var. roeseana (Rabenhorst) R.Ross 1947

Heterotypic Synonym: Melosira roeseana var. typica Grunow 1882

Description: Valve is circular and 26.16 um in diameter, striae 14-20 in 10 um. Valve has a flat face. Areolate punctas on valve
arranged in radiating pattern and fainter from the margin to the central. There are 2 carinoportulae which are a type of pore
specific to the genus Orthoseira, on the central part of the valve.

Ecology: According to Krammer and Lange-Bertalot (1991a), Orthoseira roeseana is commonly an aerophytic diatom on wet
rock faces, bryophytes and trees, especially in alkaline areas all over the World. In addition, Joh (2010) pointed out that this
taxon is a cold water taxon and is frequently observed in arctic regions. In this study, it was observed at epipelic habitat of the
YL3 with abundance very rare (VR). It was also collected in habitat with altitude: 2980 m asl, water temperature: 14.1 °C,
dissolved oxygen 3.12 mg/L, pH: 7.01, TDS: 24.05 mg/L and conductivity: 29.5 puS/cm.

Distribution: (as Melosira roeseana Rabenhorst) Europe (France, Ireland, Romania, Slovakia, Spain), Atlantic Islands
(Iceland), North America (Alaska, Great Lakes, Northwest Territories, Ohio, United States of America), South America
(Argentina, Brazil), Africa (Ghana), South-west Asia (Iraq), Asia (Taiwan), (as Orthoseira roeseana (Rabenhorst) Pfitzer)
Europe (Baltic Sea, Britain, France, Germany, Hungary, Ireland, Macedonia, Romania, Slovakia, Spain), North America
(Mexico, NW USA, Tennessee, United States of America), Asia (Korea, Russia (Far East), Taiwan), Australia and New Zealand
(New Zealand), Antarctic and the subantarctic islands (Maritime Antarctica) (Guiry and Guiry, 2017).

Subphylum: Bacillariophytina

Class: Mediophyceae

Subclass: Thalassiosirophycidae

Order: Stephanodiscales

Family: Stephanodiscaceae

Genus: Cyclotella

Cyclotella ambigua Grunow 1880 (Figure 2c)

Hustedt, 1930, p. 102, fig. 71.

Huber-Pestalozzi, 1962, p. 397, fig. 482.

Krammer and Lange-Bertalot, 1991a, p. 46, pl. 45, figs. 5a-b.

Genkal et al., 2008, p. 8, fig. 1.

Homotypic synonym: Cyclotella striata var. ambigua (Grunow) Grunow 1882

Description: Valve is round and a diameter of 24.27 um, striae 8-10 in 10 um. The marginal zone occupies about 1/3 of the
valve diameter. There are more or less regularly distributed indentations and elevations in the central area of the valve. Striae
are equal in length. Hustedt (1930) and Huber-Pestalozzi (1962) have reported that the diameter of the valve does not usually
exceed 30 pm. Our findings support this data.

Ecology: This taxon is cosmopolitan in the littoral zone of the brackish and marine waters (Krammer and Lange-Bertalot,
1991a). Genkal et al., (2008) stressed that Cyclotella ambigua is a planktonic in brackish water and freshwater. In this study, it
was recorded at epipelic habitat in the ARL4 with abundance very rare (VR). It was also collected in habitat with altitude: 2890
m asl, water temperature: 15.7 °C, dissolved oxygen 9.45 mg/L, pH: 6.73, TDS: 10 mg/L and conductivity: 21.5 pS/cm.
Distribution: (as Cyclotella ambigua Grunow) Europe (Netherlands), (as Cyclotella striata var. ambigua (Grunow) Grunow)
Europe (Britain), North America (United States of America), Asia (Taiwan), Australia and New Zealand (New South Wales)
(Guiry and Guiry, 2017).

Class: Bacillariophyceae

Subclass: Bacillariophycidae

Order: Cocconeidales

Family: Achnanthidiaceae

Genus: Planothidium

Planothidium distinctum (Messikommer) Lange-Bertalot 1999 (Figure 2d)
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Krammer and Lange-Bertalot, 1991b, p. 32, pl. 18, figs. 1-8.

Buczko et al., 2013, p. 6, figs. 1-10, 19-28.

Basionym: Achnanthes distincta Messikommer 1954

Homotypic Synonyms: Achnanthes distincta

Achnanthes hirta Carter 1970

Achnantheiopsis distincta (Messikommer) Lange-Bertalot 1997

Description: Valve 17 um in lenght and 8.5 um in breadth, striaec 14-18 in 10 um. Valve lanceolate with broadly protracted,
rounded apices. Raphe straight, filiform, terminal fissures turned in opposite directions. Central area is small, transversely
rectangular and asymmetrical. In addition, there are 1-2 asymmetrically shortened striae in central area. Striae are radiate
throughout valve.

Ecology: Krammer and Lange-Bertalot (1991b) indicated that Planothidium distinctum is distributed in oligotrophic,
circumneutral and electrolytically poor mountain waters in the northern hemisphere. In this study, it was recorded at epipelic
habitat in the BL4 with abundance very rare (VR). It was also collected in habitat with altitude: 2924 m asl, water temperature:
15.5 °C, dissolved oxygen 8.30 mg/L, pH: 7.04, TDS: 6 mg/L and conductivity: 13.2 uS/cm.

Distribution: (as Achnanthes distincta Messikommer) Europe (Britain, Germany), (as Achnantheiopsis distincta
(Messikommer) Lange-Bertalot) Europe (Romania), (as Planothidium distinctum (Messikommer) Lange-Bertalot) Europe
(Romania) (Guiry and Guiry, 2017).

Genus: Psammothidium

Psammothidium helveticum (Hustedt) Bukhtiyarova and Round 1996 (Figure 2e)

Krammer and Lange-Bertalot, 1991b, p. 18, pl. 10, figs. 12-27.

Joh, 2012, p. 70, fig. 65.

Basionym: Achnanthes austriaca var. helvetica Hustedt 1933

Homotypic Synonyms: Achnanthes austriaca var. helvetica

Achnanthes helvetica (Hustedt) Lange-Bertalot 1989

Achnanthidium helveticum (Hustedt) O.Monnier, Lange-Bertalot and Ector 2007

Heterotypic Synonym: Achnanthidium lauenburgianum (Hustedt) Monnier, Lange-Bertalot and Ector 2007

Description: Valve is linear-elliptical shaped and apices are obtusely rounded. Raphe straight, axial area narrow and linear and
central area rectangular up to the margin. Valve 18.28 um in length and 7.5 pm in breadth, striae 23-28 in 10 um.

Ecology: According to Krammer and Lange-Bertalot (1991b) this taxon occurs in oligotrophic to dystrophic, low nutrient
content, circumneutral to slightly acidic habitats in mountain waters. Catalan et al., (2009) pointed out that Psammothidium
helveticum was an indicative taxon in 235 alpine lakes in the Alps, the Pyrenees and the Tatra Mountains in Europe. In the
Artabel Lakes Nature Park, the taxon was only found in epipelic habitat of the ARL6 with abundance very rare (VR). It was
also collected in habitat with altitude: 2863 m asl, water temperature: 15.9 °C, dissolved oxygen 8.97 mg/L, pH: 6.98, TDS: 10
mg/L and conductivity: 21.3 uS/cm.

Distribution: (as Achnanthes austriaca var. helvetica Hustedt) Europe (Britain, France, Netherlands, Slovakia), North America
(Québec, United States of America), (as Achnanthes helvetica (Hustedt) Lange-Bertalot) Arctic (Canada (Arctic), Ellesmere
Island), Europe (Germany, Ireland, Netherlands, Romania, Russia (Europe), Slovakia), North America (Canada, Tennessee,
United States of America), South America (Colombia), Asia (Korea), (as Psammothidium helveticum (Hustedt) Bukhtiyarova
and Round) Arctic (Ellesmere Island, Europe (Britain, Czech Republic, France, Macedonia, Netherlands, Poland, Romania),
North America (NW USA, Tennessee, United States of America), Asia (Bering Island, Russia (Far East)), Antarctic and the
subantarctic islands (Maritime Antarctica), (as Achnanthidium helveticum (Hustedt) O.Monnier, Lange-Bertalot and Ector)
Europe (France, Germany, Ireland, Romania), (as Achnanthidium lauenburgianum (Hustedt) Monnier, Lange-Bertalot and
Ector) Europe (France, Germany) (Guiry and Guiry, 2017).

Order: Naviculales

Suborder: Diploneidineae

Family: Diploneidaceae

Genus: Diploneis

Diploneis petersenii Hustedt 1937 (Figure 2f)

Krammer and Lange-Bertalot, 1986, p. 293, pl. 110, figs. 16,17.

Jovanovska et al., 2015, p. 238, figs. 246-249.

Homotypic synonym: Diploneis minuta var. peterseni (Hustedt) A.Cleve 1953

Description: Valve is lanceolate-elliptical with convex margins and rounded apices. Axial area is linear throughout the whole
length. Central area is small and rectangular. Raphe is straight. Valve length is 28.67 um and breadth is 9.80 um, striae 26-27
in 10 pm.

Ecology: The optimal distribution of Diploneis petersenii is in circumneutral and oligosaprobic waters (Van Dam et al., 1994).
This species prefers oligosaprobic waters with low to moderate electrolyte content in northern alps (Krammer and Lange-
Bertalot, 1991b). Jovanovska et al., (2015) pointed out that Diploneis petersenii was found on rocks in shallow habitats in
southern Lake Hovsgdl and in small streams in Arkhangai province. In this study, this taxon has been recorded in epiphytic
samples in YLP with abundance very rare (VR). It was also collected in habitat with altitude: 2980 m asl, water temperature:
14.5 °C, dissolved oxygen: 2.34 mg/L, pH: 7.20, TDS: 23.40 mg/L and conductivity: 29.2 uS/cm.

Distribution: Arctic (Svalbard (Spitsbergen)), Europe (Britain, France, Germany, Ireland, Macedonia, Netherlands, Poland,
Romania), Atlantic Islands (lceland), North America (Alaska, Great Lakes, Mexico, NW USA, Tennessee, United States of
America), Africa (Sudan) (Guiry and Guiry, 2017).

Suborder: Neidiineae
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Family: Amphipleuraceae

Genus: Frustulia

Frustulia crassinervia (Brébisson ex W.Smith) Lange-Bertalot and Krammer 1996 (Figure 2g)

Patrick and Reimer, 1966, p. 307, pl. 22, fig. 1.

Krammer and Lange-Bertalot, 1986, p. 258, pl. 95, figs. 6,7

Basionym: Navicula crassinervia Brébisson ex W.Smith

Homotypic Synonyms: Navicula crassinervia Brébisson ex W.Smith 1853

Navicula rhomboides var. crassinervia (Brébisson) Grunow 1880

Frustulia rhomboides var. crassinervia (Brébisson ex W.Smith) Ross 1947

Heterotypic Synonym: Frustulia rhomboides f. undulata Hustedt 1930

Description: The length of the valve is 40.58-45.69 um and breadth is 11.86-12.35 pum, striae 40 in 10 um. The valve of the
taxon is rhomboid shape and has undulate margins. Apices are narrowly rounded and moderately protracted. Both the raphe and
the longitudinal ribs are slightly curved. At valve center, the ribs are slightly constricted.

Ecology: Patrick and Reimer (1966) pointed out that this taxon usually prefers oligotrophic water. This taxon is very well
represented in Artabel Lakes Nature Park, it was found in epipelic and epiphytic samples in the ARL1 (altitude: 2687 m asl,
water temperature: 17.5 °C, dissolved oxygen: 8.71 mg/L, pH: 6.19, TDS: 16 mg/L and conductivity: 32.6 pS/cm), BL1 (altitude:
2831 m asl, water temperature: 13.9 °C, dissolved oxygen: 9.14 mg/L, pH: 7.06, TDS: 10 mg/L and conductivity: 21.4 pS/cm),
BLA4 (altitude: 2924 m asl, water temperature: 15.5 °C, dissolved oxygen: 8.30 mg/L, pH: 7.04, TDS: 6 mg/L and conductivity:
13.2 uS/ecm), YL2 (altitude: 2980 m asl, water temperature: 11.5 °C, dissolved oxygen: 2.88 mg/L, pH: 6.89, TDS: 26.66 mg/L
and conductivity: 30.7 uS/cm) and YLP (altitude: 2980 m asl, water temperature: 14.5 °C, dissolved oxygen: 2.34 mg/L, pH:
7.20, TDS: 23.40 mg/L and conductivity: 29.2 uS/cm) with abundance rare (R).

Distribution: (as Navicula crassinervia Brébisson ex W.Smith) Europe (Slovakia), (as Frustulia rhomboides var. crassinervia
(Brébisson ex W.Smith) Ross) Europe (Britain, Germany, Ireland, Netherlands, Russia (Europe)), North America (Great Lakes,
Québec, United States of America), Pacific Islands (Hawaiian Islands), (as Frustulia crassinervia (Brébisson ex W.Smith)
Lange-Bertalot and Krammer) Europe (Belgium, Czech Republic, France, Germany, Ireland, Italy, Netherlands, Norway,
Romania, Russia (Europe), Sweden), North America (NW USA, Tennessee, United States of America), South America (Brazil,
Colombia), Africa (Sudan), Asia (Bering Island, Russia (Far East), Tajikistan), Australia and New Zealand (New Zealand)
(Guiry and Guiry, 2017).

Subclass: Eunotiophyceae

Order: Eunotiales

Family: Eunotiaceae

Genus: Eunotia

Eunotia mucophila (Lange-Bertalot, Norpel Schempp and Alles) Metzeltin, Lange-Bertalot in Metzeltin and Lange-
Bertalot 2007 (Figure 2h)

Krammer and Lange-Bertalot, 1991a, p. 180, pl. 138, figs. 10-24.

Basionym: Eunotia bilunaris var. mucophila Lange-Bertalot, Norpel-Schempp and E.Alles

Homotypic synonym: Eunotia bilunaris var. mucophila Lange-Bertalot, Norpel-Schempp and

E.Alles.

Description: The valve is slender and arcuate. Dorsal and ventral margins parallel. Apices are rounded. Terminal nodules are
small and raphe is indistinct. The overall contour of the valve has a smooth appearance. Length: 35.39-59.51 um. Breadth: 5-
7.88 um, striae 20-28 in 10 um.

Ecology: This taxon is very well represented in Artabel Lakes Nature Park, it was found in epipelic, epilithic and epiphytic
samples in the ARLI (altitude: 2687 m asl, water temperature: 17.5 °C, dissolved oxygen: 8.71 mg/L, pH: 6.19, TDS: 16 mg/L
and conductivity: 32.6 uS/cm), ARL3 (altitude: 2875 m asl, water temperature: 16.3 °C, dissolved oxygen: 8.76 mg/L, pH: 6.19,
TDS: 24 mg/L and conductivity: 49.9 pS/cm), ACL2 (altitude: 2712 m asl, water temperature: 15.3 °C, dissolved oxygen: 2.10
mg/L, pH: 7.09, TDS: 30.55 mg/L and conductivity: 38.5 uS/cm), YL2 (altitude: 2980 m asl, water temperature: 11.5 °C,
dissolved oxygen: 2.88 mg/L, pH: 6.89, TDS: 26.66 mg/L and conductivity: 30.7 puS/cm), IL (altitude: 2668 m asl, water
temperature: 19.1 °C, dissolved oxygen: 4.25 mg/L, pH: 6.78, TDS: 9.10 mg/L and conductivity: 12.0 pS/cm) with abundance
rare (R). This taxon is commonly found in water of low mineral content and commonly found in acid water (Krammer and
Lange-Bertalot, 1991a). In addition, Krammer and Lange-Bertalot (1991a) reported that this taxon is found on filamentous
algae, mosses and silicate rocks.

Distribution: (as Eunotia bilunaris var. mucophila Lange-Bertalot, Norpel-Schempp and E.Alles) Europe (Baltic Sea, Belgium,
France, Germany, Netherlands, Poland, Russia (Europe), Slovakia), North America (Arkansas, Québec, United States of
America), South America (Colombia), Asia (Korea), (as Eunotia mucophila (Lange-Bertalot, Norpel-Schempp and Alles)
Lange-Bertalot) Europe (France, Macedonia, Netherlands, Poland, Romania), South America (Colombia). Asia (Bering Island,
Russia (Far East)), Australia and New Zealand (New Zealand) (Guiry and Guiry, 2017).

E. paludosa Grunow 1862 (Figure 2i)

Hustedt, 1930, p. 178, fig. 228.

Krammer and Lange-Bertalot, 1991a, p. 203, pl. 155, figs. 1-20.

Homotypic synonym: Himantidium paludosum (Grunow) Lagerstedt 1873

Description: Valve is weakly curved. Ventral margin is moderately concave. Dorsal margin is convex. Valve apices are rounded
and slightly dorsally reflexed. Striae are parallel. Length: 73.74 um, Breadth: 4.62 um, striae 19-25 in 10 pm.

Ecology: Patrick and Reimer (1966) pointed out that Eunotia paludosa is usually attached on mosses in acidic waters having
low mineral content, also it is present in bogs and small streams. In addition, Van Dam et al. (1994) reported that this taxon is

Biilent SAHIN et al., Nine new records from high mountain lakes (Artabel Lakes Nature Park, Giimiishane/Turkey) for the freshwater diatom flora of
Turkey



62 Biological Diversity and Conservation — 11/ 3 (2018)

acidobiontic: optimal occurrence at pH<5.5. This taxon is not very well represented in the study area, it was observed only in
the IL with abundance very rare (VR). It was collected in epilithic habitat with pH: 6.78, TDS: 9.10 mg/L, conductivity: 12.0
uS/cm.

Distribution: Europe (Belgium, Britain, Czech Republic, France, Germany, Hungary, Netherlands, Poland, Romania, Russia
(Europe), Slovakia), North America (NW USA, Tennessee, United States of America), South America (Brazil, Colombia), Asia
(Bering Island, Korea, Russia (Far East)), Australia and New Zealand (Australia, Queensland) (Guiry and Guiry, 2017).
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Figure 2. a. Aulacoseira lacustris f. tenuior, b. Orthoseira roeseana, c. Cyclotella ambigua, d. Planothidium distinctum,
e. Psammothidium helveticum, f. Diploneis petersenii, g. Frustulia crassinervia, h. Eunotia mucophila, i. Eunotia
paludosa, Scale bar 10 um.

4. Conclusions and discussion

Turkey has different geographical and climatic characteristics. Therefore, it has a rich biological diversity.
Although biodiversity in terrestrial ecosystems is largely determined, it is not sufficient in freshwater ecosystems. Studies
on the freshwater algae in Turkey will contribute to the as ecological monitoring and determination of the aquatic
biodiversity of the inland waters. The Turkish Government has decided to follow the European Water Framework
Directive and try to improve specific diatom indices for freshwaters. Therefore, studies that take the subject of diatoms
are very important. In conclusion, this study showed that as the number of studies on water ecosystems in high mountains
of Turkey increases, the numbers of diatom will also increase.
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Changes in pigment content of green algae (Desmodesmus sp. and Chodatodesmus mucranulatus) exposed to
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Abstract

Nanoparticles (NPs) have emerged as a new class of environmental pollutants with the emergence of
nanotechnology. Al.Os; NPs released from different industries, personal care products and wide range of applications
necessarily end up in aquatic environments. Algal growth inhibition tests are an significant indicator model of monitoring
programs designed to predict the effect of NPs on aquatic environments. This study investigated the effects of varying-
duration and concentration exposure on the chlorophyll (Chl) contents of Al,O3 NPs to two species of freshwater green
algae (Desmodesmus sp., and Chodatodesmus mucranulatus) recommended for use in standard algal growth inhibition
tests. To induce Al,O3 NPs effect, we exposed algae to 3- 96 mg/L for 96 hours. In the test groups treated with Al,O3 NPs
in both algae cells, chlorophyll content decreased in 48 hours exposure compared to the control groups and a clear increase
in exposure time to 72 hours was observed. As a result, it was noted that the chlorophyll content of this study varied at
the varying duration and concentrations. Variation in chlorophyll (Chla and Chlb) concentrations for Desmodesmus sp.
and Chodatodesmus mucranulatus.was recorded at the significance level of p<0.01.

Key words: alumina, chlorophyll, nanotoxicology, nanoparticles, microalgae

*

Aliimina oksit (Al203) nanopartikiillerine maruz kalan yesil alglerin (Desmodesmus sp. ve Chodatodesmus
mucranulatus) pigment igerigindeki degisiklikler

Ozet

Nanopartikiiller (NP’ler), nanoteknoloji ile birlikte ¢evre kirleticilerinin yeni bir sinifi olarak ortaya ¢ikmustir.
Al>,O3 NP’leri kisisel bakim iirtinleri, farkli endiistriler ve genis uygulama yelpazesinden salinir ve mutlaka sucul ¢evrelere
ulagir. Algal biliylime inhibisyon testleri, bu sucul g¢evrelerde NP’lerin etkisini 6ngdrmek icin tasarlanmis izleme
programlarinin 6nemli bir gostergesidir. Bu ¢alismada, Al,O3 NP’lerinin degisen siiresi ve konsantrasyonlarda, iki tatlisu
yesil alg (Desmodesmus sp. ve Chodatodesmus mucranulatus) tiirlerinde, standart alg biiyiime inhibisyon testi ile klorofil
(kIf) muhteviyatini {izerine etkisi aragtirilmistir. Al,O3 NP etkisini degerlendirmek i¢in algler 72 saat boyunca 3-96 mg/L
konsantrasyonlarinda Al,Os NP’lerine maruz birakildi. Al;O3 NP’leri uygulanan test gruplarinda, kontrol gruplart ile
karsilastirildiginda klorofil muhtevasinda net bir azalma gézlemlendi. Her iki alg hiicresinde Al,O3 NP’leri ile muamele
edilen test gruplarinda klorofil muhteviyati kontrol gruplarina kiyasla 48 saat sonra azaldi, maruz kalma siiresi 72 saate
uzadiginda ise belirgin bir klorofil muhteviyatinda artis gézlendi. Sonug olarak, bu ¢alismanin klorofil muhteviyatt Al,O3
NP’lerinin degisen siire ve konsantrasyonlarda degistigi kaydedilmistir. Desmodesmus sp. ve Chodatodesmus
mucranulatus igin klorofil (kifa ve kifb) konsantrasyonlarinda degisimi p<0.01 anlamlilik seviyesinde 6nemli oldugu
kaydedilmistir.

Anahtar kelimeler: aliiminyum oksit, klorofil, nanotoksikoloji, nanopartikiiller, mikroalgler
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1. Introduction

Nanotechnology is one of the most effective research fields in technology science. Nanotechnology involves the
creation and manipulation of materials at the nanometer level. Nanotechnology uses engineering materials or devices with
nanometer-scale dimensions, typically ranging from 1 to 100 nm. The application and development of many industrial
nanotechnologies increases the potential for harmful effects of nanoparticles (NPs) on the environment. NPs display
entirely new, improved and unique properties based on specific properties such as size, distribution, synthesis method
and morphology (Sadiq et al., 2011; Ozkan et al., 2015). Recently, the widespread use of NPs, especially metal oxide
NPs, has drawn great attention. It is now widely known that the ability of nanoparticle-sized materials to respond is
potentially dangerous for the environment (Gosteva et al., 2015; Colak and Nas 2016). It is necessary to assess the NP
toxicity of aquatic ecosystems as the surrounding water resources are contaminated by the nanotechnology industry
products in various ways. Among these, the most popular NP are aluminum oxide (Al,O3) NPs. Aluminum is one of the
most produced chemicals in nano-sized particles. Aluminum is estimated to account for about 20% of the 2005 world
market NPs (Arul Prakash et al., 2011). Al,Os NPs have been applied in catalysis, reinforcement, polymer modification,
functionalization of textiles, heat transfer fluids, wastewater treatment and structural ceramics. In addition, Al,O3 NPs
have broad biological applications such as biosensors, antigen presentations for biofiltration, drug delivery and
immunization purposes (Arul Prakash et al., 2011). Despite the potential benefits of NPs, they cause concern because of
their negative effects on human health and the environment impacts. Although Al,O; NPs are published data on biological
effects in the aquatic environment, their results are inconsistent. These contradictions in the literature are due to a variety
of factors such as physicochemical properties of NPs, form of synthesis, experimental conditions, indicator organisms
susceptibility, etc., but the real problem is the lack of valid and common analytical evaluations of nanoparticle toxicity.

Alg toxicity tests are widely used to assess the aquatic effects of hazardous substances. Algae play an important
role in the balance of aquatic ecosystems that are at the first level of the organic and oxygen producing trophic chain
(Sadiqg et al., 2011). Microalgae have a very rich carbohydrate content, especially fatty acid content (Cigek et al., 2017).
Algae differs basically in terms of cell structure, pigment composition, storage nutrient and presence, number and
structure of flagella (Shelknanloymilan et al., 2012; Cosan et al., 2015). Therefore, the purpose of the current research
was to study the differences changes in pigment content response of nanosized alumina particles toward green algae
(Desmodesmus sp. and Chodatodesmus mucranulatus) isolated from the aquatic environment.

2. Materials and methods
2.1. Nanoparticles preparation
Nanopowder alumina oxide (Al,O3) were obtained from Nanografi Co. Ltd. (Purity 99+%, average particle size

20-80 nm, Hydrophilic) (Ankara, Turkey). Nanopowder alumina oxide SEM photographs were taken and dimensions
were measured Figure 1. SEM photographs were obtained by using Jeol brand SEM.
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2.2. Test organisms and cultivation conditions

Environmental water samples were taken from the following localities Apa Dam Lake (37°22'10"'N
32°29'40"'E), and Eber Lake (38°39'09''N 31°10'08"'E). The local samples like stone, mud and plants were collected
from their natural habitats carried to the laboratory in glass bottles filled with lake water. In order to obtain monocultures,
the dilution method was applied Rippka. Specimens taken from various aquatic environments placed in glass bottles and
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brought to the laboratory. Inverted microscope was used to obtain single cells from mixed species with pasteur pipette
technique. Subsequently, the single cells obtained were transferred to BG 11 medium (Table 1). These cell were then
inoculated into test tubes containing medium BG-11 medium to form a pure culture according to Rippka's method
(Rippka, 1988). The cultures were incubated at 25 °C for 15-20 days in accordance with photosynthesis, with 12 h light,
12 h darkness under 3000 lux fluorescein light.

2.3. Preparation of Test Solutions

The stock solution of Al,O3 NPs was prepared in deionized water. The solution was then vortexed for 20 seconds
and sonicated for 30 minutes in an ultra sonic water bath (Bandelin, SonoRex) to ensure maximum distribution in water.
After all these steps, the test concentrations determined by preliminary studies were prepared by stock solution dilution.
The prepared test solutions were added to the BG-11 medium.

2.4. Acute toxicity studies

Cells were counted with thoma slide after they were increased. 90 ml of BG-11 medium and 10 ml of test solution
containing 10° cells were added to 200 ml of the erlenmeyer to perform the exposure of the algae species (Desmodesmus
sp., Chodatodesmus mucranulatus) to the Al,O3 NPs. Exposure studies were also carried out in orbital shakers (wiseshake)
to prevent agregations in the stationary environment of Al.O3 NPs, to achieve the desired constant temperature and natural
conditions of algae. The speed of the shaker was set so that the cells would not be damaged, but at the same time would
block the aggregate formation of the particles (85 rpm). The test conditions were set at 25 °C, 12:12 (daylight:darkness).
After the experiment was established, 2 ml samples were taken at 24, 48, 72 hours after each concentration. The algal
chlorophyll content measurements were performed at 72 h as described in the OECD method (Test, 1984).Cell counts
and pigment measurements were made on these samples. Exposure studies were performed in 3 replicates independently
of each other.

Table 2. BG-11 medium used in the purification of species

BG-11 Medium g/L

NaNO3 15 Trace elements mg/L
K2HPO, 0.4 H3BO3 61
MgSQO,. 7H.0 0.75 MnSQO;4 . H.0 169
CaCl,. 2H,0 0.36 ZnS04 .7H,0, 287
Citric acid 0.06 CuSO0.. 5H,0 25
Iron (111) ammonium citrate ~ 0.06 (NH4)6M07024. 4H,O 125
Na,-EDTA 0.01

N82CO3 0.2

2.5. Chlorophyll measurement

Chlorophyll a (Chla), chlorophyll b (Chlb) and carotenoids (Chic) were identified according to Lichtenthaler and
Wellburn (1983). Briefly, 2 ml algae cultures were centrifuged at 2000 rpm, then the supernatant was discarded and 80%
(v/v) acetone was added to the samples and placed at 4 °C for 24 hours. Then, the light absorption of these samples were
measured with a spectrophotometer (Hange-Lange brand DR 2800) at 663, 646 and 470 nm. Pigment contents were
calculated with the formula given below.

Chla =12.21As63-2.81Asss5
Chlb =20.13A646-5.03A¢e3
Chlc :(1000A47o-3.27CCh|a -104Ccmb)/229

2.6. Statistical analyzes

All experiments were repeated independently three times and the data were recorded as mean value with standard
deviation. Analyzes were performed using SPSS one-way analysis of variance (ANOVA), tukey multiple comparison
analysis.

3. Results

3.1. Algae culture

When isolating the algae, an inverted microscope was used and continued until the single cell was lowered.
single cells were transferred to the BG-11 medium and the result was determined as Desmodesmus sp. and Chodatodesmus
mucranulatus species were obtained from the Apa Dam lake and Eber lake. Light microscope images of species after
Al>;O3 NPs exposure are given in Fig. 2 and 3.
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Figure 3. Light microscope images of Chodatodesmus mucranulatus after Al,O3 NPs exposure: a and b) X40, c) X100
3.2. Pigment content

Desmodesmus sp. and Chodatodesmus mucranulatus were exposed to 5-80 nm Al,O3 nanoparticles for 72 h at
3, 6,12, 24, 48 and 96 mg /L concentrations in BG-11 medium.
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Figure 4. Chlorophyll (a, b, a+b, a/b) values of Chodatodesmus mucranulatus exposed to Al,Os NPs

In treatment groups, Chla content increased with prolonged exposure duration. Generally, In the treatment groups
of Chodatodesmus mucranulatus, the Chla content increased as the duration of exposure prolonged. However, at the 48
mg /L test concentration, the Chla content decreased for 48 hours exposure and increased again when the exposure
duration prolonged to 72 h. Generally, when we look at the content of chlb, the content of Chlb is increased as the duration
of exposure is prolonged. As is the case in Chla, during 48 h exposure at 48 mg/L, Chlb content decreased by 7% compared
to 24 h and increased again when exposure duration prolonged to 72 (Figure 4).

20 Chlorophyll a A Chlorophyll b

o2o%;

T
et

TR
oottt

Setetety

2
o

%
[

TR

TR

24sa 48sa 72sa 453 48sa T2sa
& Control 03 mg/LAI203 mEmg/LAI203 [O12 mg/L Al203 EControl 013 mg/LAI203 M6 mg/LAIZ03 (312 mg/L AI203
m24 mg/L Al203 @48 mg/L A1203 & 96 mg/L AI2Z03 24 mg/L AI203 Ea48 mg/L AIZ03 @96 mg/L AI203
1,20 y
500 Chlorophyll a+b C Chlorophyll a/b D

24sa 48 sa Tlsa

mKontrol Grubu 03 mg/LAIRD3 m6mg/LAIR03 @12 mg/L AlR03
D24 me/L AIZ03 @48 me/L A203 B 96 me/L AIZ03 g Kontrol Grubu @3 mg/LAI203 ®@6 mg/LAI2Z03 ®12 mg/LAIZ03
H24 mg/L AI203 FA48 mg/L AI203 R %6 mg/L AI203

Figure 5. Chl (a, b, a+b, a/b) values of Desmodesmus sp. exposed to Al,O3 NPs

In the Desmodesmus sp. as Chodatodesmus mucranulatus was generally increased Chla content in the treatment
groups as the duration of exposure prolonged. In the 96 mg/L only, Chla content reduced at 72 h exposure. Chlb content
of Desmodesmus sp. increased as exposure duration prolonged, as was Chla in Chlb content. At 24 h of exposure at 24
mg/L and at 72 h at 96 mg/L, Chlb content reduced by 8% and 44% respectively (Figure 5). Compared the two green
algae pigments, the content of Chla and Chlb in the control and treatment groups of Desmodesmus sp. is generally higher..

4. Conclusions and discussion
NPs have begun to be used more and more in the last 30 years due to their unique properties such as many

different consumer products, electronics, catalysis, biomedical applications, drugs and drug delivery, cosmetics, energy,
and materials (Nowack and Bucheli, 2007). For this reason, NPs have a potential to pollute the environment nowadays
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much more than in the past (Burklew et al., 2012). However, the positive and hazardous effects of NPs on ecosystems are
still entirely unknown (Oberdoérster et al., 2005). Thus, the environmental risk of NPs, the physicochemical properties of
NPs are referable their nano/small size, synthetic, impurity ratio, large surface area, chemical composition, surface
reactivity, charge, shape and environment interactions (Oberdorster et al., 2005; Qukarroum et al., 2012).

Metal oxide nanoparticles, such as aluminum oxide (Al.Os) are interesting for a wide variety of applications due
to their unique physical and chemical properties (Huang et al., 2010). It has important applications especially in the
ceramic industry and is used as abrasive materials, absorbents and biomaterials and strengthens metal matrix composites.
(Sadiq et al., 2009). Since Al>O3; NPs are highly preferred, many in vivo and in vitro studies have been conducted in the
literature on many cell lines (such as human, mouse), as well as a large number of indicator organisms such as yeast,
bacteria and nematodes. For example, Zhang et al., 2011 studied the toxic effects of nanoparticles of Al,O3 NPs in human
fetal lung fibroblasts (HFL1) in vitro. The results show that Al.Os NPs lead to cellular mitochondrial dysfunction,
morphological modifications and apoptosis at a concentration range of 0.25-1.50 mg /mL, and that toxic effects are clearly
visible in a dose-dependent manner. Jeng and Swanson 2006, in their study of toxicity of Al,O3 NPs in Neuro-2A (mouse
neuroblastoma) cells, noted that Al;O3 NP reduced mitochondrial function at 100 pg/mL concentration. The effect on the
cellular plasma membrane was demonstrated by measuring LDH leakage and did not cause LDH leakage after 24 hours
exposure. In addition, it showed less than 2% apoptosis at 100 pg / mL. Shrivastava et al., 2014 show subacute exposure
effects of Al,O3 NPs with oxidative stress and histological changes in mouse brain and liver. As a result, it is confirmed
that the interaction of absorpted Al,O3; NPs with cellular components can produce reactive oxygen species (ROS), and
that the size of ROS production may lead to cellular toxicity if the cell undergoes antioxidant defense. Pakrashi et al.,
2011 evaluated the cytotoxicity of Al:Os; NPs at low exposure levels in freshwater bacterial isolates (Bacillus
licheniformis). Exposure to 1 ug / mL Al,Oz NP for 2 hours caused a 17% decrease in cell viability according to the
results of the plate count and MTT assay. Wang et al., 2009, evaluated the toxicity of Al,O3 NPs in Aenorhabditis elegans
(nematode). Al,Os NPs are toxic to C. elegans, especially their reproductive ability. Garcia-Saucedo et al., 2011 noted
that low toxicity of Al,Os NPs did not show low or no toxicity in Saccharomyces cerevisiae (yeast) cells.

Algal toxicity tests are widely used to assess effects of hazardous substances in the aquatic environments. Algae
plays a significant task in the stabilization of water environments, the first level of the trophic chain producing oxygen
and organic matter. In our study, the aqueous media employed was BG-11 (Stanier et al., 1971). Because, these media
contain metal ions in trace amounts to maximize the growth of algae. Algae as other plants cells have cell walls that form
the primary site for interaction. This cell wall is a barrier to entry of the NPs into the cells. The main cell wall components
are carbohydrates which are bound to form a complex network and proteins (Sadiq et al., 2011; Knox 1995). In our study,
responses of Desmodesmus sp. and Chodatodesmus mucranulatus to the Al,O3 NPs were dependent on consantration and
duration of exposure. The chla, chlb, chl a+b, chl a/b contents of the six group of treatments are found in Figure 4, 5. chl
contents of the Al,Oz NPs outspread an order of magnitude. In the obtained data, the content of the pigment in the
Desmodesmus sp. is calculated more than the Chodatodesmus mucranulatus. This suggests that Al,Oz NPs give more
toxicity to the C. mucranulatus. However, it is interesting that when the exposure time is up to 72 hours, the content of
chlorophyll is very low of Desmodesmus sp., and the C. mucranulatus remain almost the same. This is probably due to
the increased internalization of Al,O3 NPs by Desmodesmus sp. , which increased the content of chlorophyll in the first
days of the ending exposure and then showed a severe toxic effect. Sadiq et al., 2011, a marked decrease in chl content
was observed in cells treated with Al,O3 NPs compared to those not applied and it was noted that cells were more effective.
Namely, during the experiment a concentration-dependent reduce in chl content was recorded, corroborating that growth
inhibitory effect was due to increased concentration of the particles. In another study, the toxic effect of (ZnO-TiO2)nem
on photosynthetic pigment contents was investigated on freshwater Desmodesmus multivariabilis which was exposed for
72 h'to 0.1, 0.01 and 0.001 mg I* of (ZnO-TiO2)nem. According to this study, the effect of the photosynthetic pigment
contents of (ZnO-TiO2)NCM in varying concentrations indicated differences depending on the exposure duration and
concentration (Daglioglu and Oztiirk, 2018). In the Kulacki and Cardinale (2012) study, the most common ten species of
freshwater pelagic algae in North America were exposed to n-TiO». The results indicated that TiO, NPs may affect some
aspects of the population growth of phytoplankton, but the effects on environmentally relevant concentrations are low.
Daglioglu and Tiirkis at study, effects on the amount of pigment after exposure to the TiO> NPs of duckweed (Lemna
minor) Which the indicator organism of the aquatic environment have researched. At the end of the 96-h exposure period,
chlorophyll a and b levels were discovered important differences between 50-200 mg™ concentrations at p<0.001 level.
Daglioglu and Oztiirk (2016) have been observed that boron particles (nano and micro) accumulate in different amounts
in the Desmodesmus multivariabilis.

Our study; there are studies on the photosynthetic activity and growth of different algae species of aluminum
nanoparticles. Aluminum oxide exhibited toxicity, both different time duration, and varying concentrations. In both
species of algae (Desmodesmus sp. and Chodatodesmus mucranulatus) the concentration-dependent decrease in
chlorophyll content was observed. However, the responses of the algae to the aluminum oxide has similar.
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Abstract

Kizildag, Masa Mountain and Yilanli Mountains are located within the borders of Mentese district in Mugla
province. Plant species that compose our research subjects were collected between 2000 and 2017 years from Yilanl
Mountain, between 2009-2017 years from Kizildag and Masa Mountain. As a result of identification of the plant species,
77 geophyte taxa belonging to 18 families were identified and 11 of them were determined as endemic and rare geophyte
taxa. Of the identified taxa, 21 were Mediterranean elements (27,3%), 28 were East Mediterranean elements (36,4%), 2
were European-Sibirian elements (2,6%), 2 were Iran-Turanian elements (2,6%) and phytogeographical of 24 taxa
(31,1%) was unknown or widespread.

Key words: geophyte, Kizildag, Masa Mountain, Mugla, Yilanli Mountain

*

Kizildag, Masa Dagi ve Yilanh Dagi (Mugla)’min geofitleri

Ozet

Kizildag, Masa Dag1 ve Yilanli Daglar1 Mugla ili Mentese Ilge smirlari icerisinde yer almaktadir. Arastirma
konumuzu olusturan bitkiler Kizildag ve Masa Dagi’ndan 2009-2017 yillar1 arasinda, Yilanli Dagi’ndan da 2000-2017
yillar1 arasinda toplanmustir. Bitkilerin teshisleri neticesinde 18 familyaya ait 77 geofit bitki tespit edilmis olup bunlardan
11 tanesi endemik ve nadir geofit taksonu olarak belirlenmistir. Tespit edilen taksonlardan 21 tanesi Akdeniz Elementi
(27,3%), 28 tanesi Dogu Akdeniz Elementi (36,4%), 2 tanesi Avrupa-Sibirya Elementi (2,6%), 2 tanesi iran-Turan
Elementi (2,6%) ve 24 takson (31.1%) genis yayilisl ya da fitocografik bolgesi bilinmemektedir.

Anahtar kelimeler: geofit, Kizildag, Masa Dagi, Mugla, Yilanli Dagi
1. Giris

Tirkiye, dogal bitki zenginligi acisindan, Diinyada iliman iklim kusagindaki ilkelerin ilk siralarinda yer
almaktadr. iklim farkliliklar1 topografik cesitlilikler, jeolojik ve jeomorfolojik cesitlilikler, deniz, gol, akarsu gibi degisik
su ortamu gesitlilikleri, 0-5000 m’ler arasinda degisen yiikseklik farkliliklari, ti¢ degisik bitki cografya bolgesinin birlestigi
yerde olusu, Anadolu diyagonalinin dogusu ve batisi arasinda ekolojik farkliliklar bulunmasi ve biitiin bu ekolojik
¢esitliligin floristik gesitlilige yansimasi bu zenginligin sebepleridir. Ancak, bilingsizce uygulanan asir1 otlatma, artan
niifus ile orantili olarak ¢ogalan tarla agma olaylari, orman yanginlari, kirlenme ve ticari amagla dogadan bilingsiz ve asiri
miktarda bitki toplanmasi nedenleriyle bu zenginligimiz tehdit altindadir (Ekim, 2005).

Yilin biiyiik boliimiinii toprak altinda sogan, tuber ve rizom halinde geciren, geofit (yer bitkileri) ya da kriptofit
(sakl1 bitkiler) olarak bilinen bitkiler de iilkemizdeki floristik zenginligin 6nemli bir pargasini olustururlar (Baydar, 2016).
Anadolu, 6nemli geofit merkezlerinden birisidir, yaklagik 100 tohumsuz geofit, 1000-1200 dikotiledon geofit, 200-250
kadar petaloid olmayan monokotiledon geofit ve 1000 civarinda petaloid monokotiledon geofit taksonuna sahiptir (Demir
ve Eker, 2015).

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905068841527; Fax.: +905068841527; E-mail: ylzdgri@gmail.com
© 2008 All rights reserved / Tiim haklar1 saklidir BioDiCon. 730-0218


http://www.biodicon.com/

72 Biological Diversity and Conservation — 11/ 3 (2018)

Bu caligma daha ¢ok geofit taksonlarin belirlenmesine yonelik olup ileride yapilacak geofit ¢aligmalara kaynak
teskil etmesi amaglanmustir. Mugla il merkezinde bulunan Kizildag, Masa Dagi ve Yilanli Dagi Akdeniz fitocografik
bolgesi igerisinde yer alip Davis’in kullandig1 Grid sistemine gore C2 karesine girmektedir. Calisma alaninin haritasi
Sekil 1’de gosterilmistir.
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Sekil 1. Calisma alaninin genel haritasi
2. Materyal ve yontem

Calisma alanimizin materyalini Kizildag, Masa Dag1 ve Yilanli Dagi’nda dogal yayilis gosteren geofit bitkiler
olusturmaktadir. Bitkiler, Kizildag ve Masa Dagi’ndan 2009-2017 yillar1 arasinda, Yilanlt Dagi’ndan 2000-2017 yillart
arasinda ismi gecen alanlarda vejetasyon donemlerinde periyodik olarak arazi ¢alismalar1 yapilmaya devam edilmistir.
Tiirlerin teshisinde “Flora of Turkey and the East Aegean Islands”, “The revision of the genus Fritillaria L. (Liliaceae)
in the Mediterranean region (Turkey)”, isimli kaynaklardan yararlanilmistir (Davis, 1978; Davis, 1984; Davis ve ark.,
1965; Giiner ve ark., 2000; Teksen ve Aytag, 2011). Tespit edilen tiirlerin isimleri “Tiirkiye Bitkileri Listesi (Damarli
Bitkiler)” kitabina gore diizenlenmistir (Giiner ve ark., 2012). Endemik ve nadir taksonlarin tehlike kategorileri “Tiirkiye
Bitkileri Kirmiz1 Kitab1 (Ekim ve ark, 2003)” ve IUCN (2003) kriterleri’nden yararlanilarak belirlenmistir. Herbaryum
materyali haline getirilen bitkiler Mugla Sitk1i Kogman Universitesi Fen Fakiiltesi Biyoloji Béliimii Herbaryumu’nda
muhafaza edilmektedir.

3. Bulgular

Kizildag, Masa Dag1 ve Yilanli Daglari’nda yapilan ¢aligmalar neticesinde 18 familyaya ait 39 cins 77 geofit
bitki tlirii tespit edilmis olup, bunlardan 11 taksonun endemik ve nadir oldugu belirlenmistir. Endemik ve nadir
taksonlardan 1’i EN, 4’4 VU, 5’1 LC ve 1’1 NT kategorilerinde siniflandirilmigtir. Caligma alaninda 14 geofit taksonla
Orchidaceae ve ayn1 takson sayisiyla Asparagaceae familyalar1 one ¢ikmaktadir. Bunu 9 taksonla Amaryllidaceae ve 9
taksonla Iridaceae familyalar takip etmektedir (Tablo 1).
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Familya

Takson

Endemizm/
Nadirlik

Tehlike
Kategorisi

Amaryllidaceae

Allium ampeloprasum L.

Allium deciduum Ozhatay & Kollmann subsp. deciduum

Endemik

LC

Allium flavum L. subsp. tauricum (Besser ex Rchb.)
Stearn var. tauricum

Allium guttatum Steven subsp. sardoum (Moris) Stearn

Allium hirtovaginum Candargy

Allium scorodoprasum L. subsp. rotundum (L.) Stearn

Galanthus gracilis Celak.

Sternbergia clusiana (Ker-Gawl.) Ker Gawl.

Sternbergia lutea (L.) Ker-Gawl.

Araceae

Biarum marmarisense (P.C. Boyce) P.C. Boyce

Dracunculus vulgaris Schott

Asparagaceae

Asparagus acutifolius L.

Muscari armeniacum Leichtlin ex Baker

Muscari comosum (L.) Mill.

Muscari neglectum Guss.

Muscari racemosum Mill.

Endemik

VU

Ornithogalum alpigeum Stapf

Endemik

NT

Ornithogalum armeniacum Baker

Ornithogalum comosum L.

Ornithogalum lanceolatum Labill.

Ornithogalum nivale Boiss.

Endemik

Ornithogalum nutans L

Ornithogalum oligophyllum E.D. Clarke

Prospero autumnale (L.) Speta

Scilla bifolia L.

Asteraceae
(Compositae)

Leontodon tuberosus L.

Caprifoliaceae

Valeriana dioscoridis Sm.

Colchicaceae

Colchicum atticum Spruner

Colchicum variegatum L.

Cypericaceae

Carex flacca Schreb. subsp. erythrostachys (Hoppe)
Holub

Dioscoreaceae

Dioscorea communis (L.) Caddick & Wilkin

Iridaceae

Crocus biflorus Mill. subsp. nubigena (Herb.) B. Mathew

Crocus cancellatus Herbert subsp. mazziaricus (Herbert)
B. Mathew

Crocus chrysanthus (Herb.) Herb.

Crocus fleischeri J. Gay

Gladiolus anatolicus (Boiss.) Stapf

Gladiolus illyricus W.D.J.Koch

Iris germanica L.

Iris unguicularis Poir. subsp. carica (Wern. Schulze)
A.P.Davis & Jury var. carica

Endemik

Romulea tempskyana Freyn

Juncaceae

Juncus acutus L. subsp. acutus

Juncus sparganiifolius Boiss. & Kotschy

Endemik
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Tablo 1. (devam ediyor)

Liliaceae Fritillaria bithynica Baker - -
Fritillaria sibthorpiana (Sm.) Baker subsp. enginiana Endemik EN
Byfield & N. Ozhatay
Gagea bohemica (Zauschn.) Schultes & Schultes - -
Gagea graeca (L.) Irmsch - -
Gagea peduncularis (J. & C. Presl) Pascher - -
Tulipa agenensis DC. - -
Tulipa orphanidea Boiss - -
Orchidaceae Anacamptis pyramidalis (L.) L.C.M.Richard - -
Cephalanthera epipactoides Fisch. & C.A.Mey - -
Cephalanthera longifolia (L.) Fritsch - -
Cephalanthera rubra (L.) L.C.M. Rich. - -
Epipactis helleborine (L.) Crantz subsp. helleborine - -
Ophrys holoserica (Burm.f) Greuter subsp. heterochila Renz - -
& Taubenheim
Ophrys vernixia Brot. subsp. vernixia - -
Orchis anatolica Boiss. - -
Orechis coriophora L. subsp. coriophora - -
Orechis laxiflora Lam. subsp. laxiflora - -
Orchis tridentata Scop. - -
Orchis quadripunctata Cyr. ex Ten Nadir VU
Platanthera chlorantha (Cruster) Rchb. - -
Spiranthes spiralis (L.) Chevall. - -

Papaveraceae Corydalis solida (L.) Clairv. subsp. solida - -
Corydalis tauricola (Cullen & Davis) Lidén Endemik LC
Poaceae Dactylis glomerata L. subsp. hispanica (Roth) Nyman - -
(Graminea) Hordeum bulbosum L. - -
Poa bulbosa L. - -
Polygonaceae Rumex tuberosus L. subsp. tuberosus - -
Primulaceae Cyclamen coum Mill. subsp. coum - -
Cyclamen hederifolium Aiton Nadir VU
Ranunculaceae Anemone blanda Schott & Kotschy - -

Anemone coronaria L. - -
Ranunculus isthmicus Boiss. subsp. stepporum P.H.Davis - -
Ranunculus sprunerianus Boiss. - -
Xanthorroeaceae Asphodeline brevicaulis (Bertol.) J. Gay. subsp. brevicaulis - -

Tabloda familyalar ve familyalara ait taksonlar harf sirasina gore verilmistir (Tehlike kategorileri: EN:
Tehlikede, VU: Zarar gorebilir, NT: Tehlike altina girebilir, LC: En az endise verici) Tespit edilen taksonlardan 21 tanesi
Akdeniz Elementi (27,3%), 28 tanesi Dogu Akdeniz Elementi (36,4%), 2 tanesi Avrupa-Sibirya Elementi (2,6%), 2 tanesi
Iran-Turan Elementi (2,6%) ve 24 takson (31.1%) genis yayilish ya da fitocografik bolgesi bilinmemektedir (Sekil 2).

m Akdeniz Elementi

= Dogu Akdeniz
Elementi

Avrupa Sibirya
Elementi

[ran-Turan Elementi

m Diger

Sekil 2. Arastirma alanindaki geofitlerin fitocorafik bdlgelere gore dagilimi
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4. Sonuglar ve tartisma

Kizildag, Masa Dag1 ve Yilanli Dagi’nda 18 familya, 39 cinse ait 77 geofit bitki taksonu tespit edilmistir.
Ulkemizde, diger illere kiyasla Mugla Ili’nde oldukca ciddi bir yayilis alania sahip olan Orchidaceae familyasina ait
taksonlarmn yumrular1 sahlep ve dondurma yapiminda kullanilmasindan dolayr biiyiik ticari éneme sahiptir. Ulke
ekonomisine katki saglayan bu taksonlarimizin toplanmasi ve ihracatina yonelik yonetmelikler sayesinde iyilestirmeler
yapilmis olsa da, dogal cicek soganlarimiz hala bilingsiz toplama, otlatma baskisi, turizm faaliyetleri ve buna benzer
bir¢ok nedenden dolay1 6nemli dlgiide risk altindadir. Biyolojik ¢esitliligimizin siirdiiriilmesi ve ayn1 zamanda iilke
ekonomisi agisindan deger tagiyan bu bitkilerimizin korunmasina yonelik ¢alismalar yapilmali, maddi kaynak saglamak
amaciyla toplama yapan kamuoyunun da bilinglendirilmesi gerekmektedir.

Tesekkiir

Bu calisma 15/263 numarali BAP projesi ile desteklenmistir. Mugla Sitki Kogman Universitesi Bilimsel
Arastirma Projeleri Koordinasyon Birimi’ne yardimlarindan dolay: tesekkiirii bir borg biliriz.
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Anatomy of Ferulago sandrasica Pesmen & Quezel and Ferulago mughlae Pesmen (Apiaceae) species
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Abstract

Ferulago W. Koch belongs to Apiaceae family and 34 species of this genus grow in Turkey, of which 19 are
endemic. Ferulago species are known in various regions of our country as “caksir, asaotu, ¢aksirotu, cagsir, kilkuyruk,
kisnis, geyikotu, kuzukisnisi”, etc. Since ancient times, these species have been utilized against intestinal worms, for
haemorrhoid treatment, as tonic, sedative, stimulant, digestive facilitator, carminative aphrodisiac and food (as spiceor
salad-). In this study, anatomical structures of stem, peduncle, ray, pedicel and leaf parts of F. mughlea and F. sandrasica
were investigated. Characteristic elements were defined with sections taken from aforementioned parts of these species
and their structures were demonstrated with photographs. In the transverse section of stem of these species, vascular
bundles are regularly lined up in a ring-shaped along the stem. The anatomy of peduncles, rays, and pedicles of the species
are generally similar, however, the number of secretory canals of the peduncle, rays, and pedicles have reduced and the
pith regions are narrowed. In the superficial sections of the leaves of the species, no cover feathers were observed, the
leaf is monofacial and the stoma guard cells are characteristic kidney shaped, usually 3, and one of the neighboring cells
is smaller than the others.

Key words: Apiaceae, anatomy, Ferulago

Ferulago sandrasica Pesmen & Quezel ve Ferulago mughlae Pesmen (Apiaceae) tiirlerinin anatomisi

Ozet

Apiaceae familyasina ait Ferulago W. Koch cinsinin Tiirkiye’de 34 tiirii yetismekte olup bu tiirlerin 19'u
endemiktir. Ferulago tiirleri tilkemizin gesitli yorelerinde “gaksir, asaotu, ¢aksirotu, ¢agsir, kilkuyruk, kisnis, geyikotu,
kuzukisnisi vb.” adlariyla bilinmektedir. Eski zamanlardan beri bu tiirlerden bagirsak solucanlaria karsi, hemaroit
tedavisinde, tonik, sakinlestirici, uyarici, hazmi kolaylastirici, gaz soktiiriicii, afrodizyak ve gida (baharat veya salata
olarak) olarak faydanilmaktadir. Bu ¢alismada, F. mughlea ve F. sandrasica tiirlerinin gévde, pedunkul, 1s1n, pedisel ve
yaprak kisimlarinin anatomik yapilar1 incelenmistir. Tiirlerin bu kisimlardan alinan kesitlerle karekteristik elemanlari
saptanmis ve aydinlatilmistir. Her iki tiirde de govde enine kesitinde iletim doku demetleri gévde boyunca halka seklinde
diizenli olarak siralanmistir. Tirlerin pedunkul, 1s1n ve pedisel anatomisi de genel olarak gdvdenin anatomisine
benzemekte olup ancak pedunkul, isin ve pedisellerde iletim doku salgi kanallarinin sayist azalmis ve 6z bdlgesi
daralmstir. Tirlerin yaprak yiizeyel kesitlerinde ortii tiiyleri gozlenmemis olup, yapraklar monofasiyaldir ve stoma bekgi
hiicreleri karakteristik bobrek sekilli, sayilart genellikle 3°tiir ve komsu hiicrelerden birisi digerlerinden daha kiigiiktiir.

Anahtar kelimeler: Apiaceae, anatomi, Ferulago
1. Giris

Tiirkiye ve Dogu Ege Adalar1 Florasi’nda Anadolu’da Ferulago cinsinin 32 tiiriiniin bulundugu ve bunlarinda
17'sinin endemik oldugu rapor edilmistir (Pesmen, 1972). Son kayitlara gore ise Ferulago cinsinin iilkemizde 34 tiirii

dogal olarak yetismekte olup, bunlarin da 19’unun endemik oldugu bildirilmistir (Giiner, 2012). Ferulago cinsi ¢ok y1llik,
dik, ¢iplak veya skabrit tiiylerle kapli olup, otsu bitkilerde kalin kazik kokiin ¢evresinde lifli 6zellikte yaprak kalintilarina

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +904422315250; Fax.: +904422315201; E-mail: songul.karakaya@atauni.edu.tr
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rastlanir. Taban yapraklari 3-6 pinnat, orbikular, iggenimsi-ovat, oblong, lineer, lanseolat -ipliksi veya setaya benzer
sekildedir. Govde dik, dallanmis veya basittir. Govde yapraklari taban yapraklarindan daha kiigiik olup, asagidan yukariya
dogru tabani saran bir sekildedir veya nadiren yoktur. Kin genellikle yoktur, kin olan tiirlerde ise kin sekli lanseolat olup,
hafifce siskindir. Cigek durumu korimboz, panikulat korimboz veya tirsoiddir ve ortadaki umbellalar fertil, yandaki
umbellalar ise sterildir. Cogunlukla hepsi uzun saplidir. Umbellalarin bazilarinda saplar esit uzunlukta bazilarinda ise ¢ok
degisik uzunlukta olabilir. Brakte ve brakteoller iyi gelismis, sayilar1 5’ten fazladir, ovat, oblong lanseolat veya lineer
sekilli olup, siklikla kenarlar1 1-2 mm uzunlugunda ve beyaz zarimsi bir serit bicimindedir. Sepaller kiigiik ve 5 adettir.
Ovat, lineer, rotundat veya lanseolat sekillidir. petallerin sayisi da 5 adet olup, sar1 renkli, lanseolat, ovat, iist ve alttan
igeriye dogru kivriktir, sirt kismi ise koyu kahverengidir. Stamenlerin sayisi da 5 adet olup, siklikla petallerin i¢ kismimda
saklanmigtir. Ovaryum 2 karpelden meydana gelmekte olup alt durumludur. Stilus sayist 2 adettir ve dip taraflar1 disk
veya basik koni bigimindedir, iist kisimlar1 ise incelmistir. ki merikarpa ayrilan sizokarp meyve sirttan basik, eliptik,
oblong, rotundat veya ovat sekillidir. Meyvenin yan kostalar1 siklikla az veya ¢ok kanathidir, sirttaki kostalar ise belirgin
olmayip ipliksi, kalin siingerimsi veya kanatlidir, kanatlar dalgali veya diizensizdir ve krenat dislidir. Salgi kanallarinin
sayisi sirt tarafinda 15-40 adet arasinda olup, merikarplarin birlestigi kisimda ise 6-30 adet arasinda degigsmektedir. Salgi
kanallaritohumun etrafinda diizenli dizilmis, mezokarpta ise dagilmistir (Pesmen, 1972).

Filogenetik olarak Ferulago W. Koch, Peucedanum L. ve Ferula L. cinsleri birbirine ¢ok yakin ii¢ cinstir ve bu
ii¢ cinse ait tiirler dis goriiniigleri birbirine benzediginden dolayi, halk tarafindan cinsel giicii artirici, hazmettirici, sedatif,
kurt diigiiriicli ve karminatif olarak benzer amaglarla kullanilmaktadir. Cinslerin birbirine yakinlig1 ¢ok fazla oldugu i¢in
cinsleri birbirinden kesin olarak ayirt etmek tiirleri ayirmak kadar zordur (Akalin, 1996). Ferulago tiirleri yurdumuzun
degisik bolgelerinde “caksirotu, geyikotu, asaotu, mayasilotu, kimyonotu, kuzukulagi, kilkuyruk, kuzukisnisi, kignis,
kurtkulagi, kuzu kemirdi, kuzubasi ve kuyrukotu” isimleriyle bilinmekte ve kullanilmaktadir (Akalin, 1999).

Eski ¢aglardan beri Ferulago tiirlerinin halk arasinda sinir sistemi yatistiricisi, tonik, hazmettirici, antihelmentik
Ve cinsel giicii artiric olarak ve hemoroit tedavisinde kullanildig: bildirilmistir. Ayrica bu tiirlerin yilan 1sirmalarinda, bas
agrisinda, ilserde ve dalak rahatsizliklarinda yararli oldugu da rapor edilmistir. Bazi tiirlerin koklerine ¢izik atilmasiyla
ortaya ¢ikan zamktan baharat ve parfiimeride koku verici olarak da faydanilmaktadir (iscan vd., 2002). Bu tiirlerin
kendilerine has kokularmin meyve ve koklerinde bulunan salgi kanallarinin tasidigt regine, ugucu yag ve zamk
karisimindan kaynaklandigi saptanmistir. Kendilerine has bu kokularindan 6tiirii de bilhassa geyik ve kegilerin ¢cok
severek tiikettikleri bir besindir, bu tiirleri yiyen hayvanlarin siitinde de hos, aromatik bir koku meydana gelmektedir.
Ayrica bu kokularindan dolay: halk arasinda bu tiirlerden salata veya baharat olarak da yararlanilmaktadir (Rosselli vd.,
2009). Anadolu’da halk arasinda salamura ve tursu seklinde besin olarak tiiketilmekte, yorelere 6zgii peynirlerde koku
verici ve koruyucu olarak da kullanilmaktadir (Bulut vd., 2014).

Ferulago tiirleri kumarin, kumarin esterleri, flavonoitler, seskiterpenler ve ugucu yaglar bakimindan ¢ok zengin
bitkilerdir (Curini vd., 2006). Baz1 Ferulago tiirleri tizerinde yapilan ¢alismalarla bu tiirlerin sitotoksik (Rosselli vd.,
2009), asetil kolinesteraz inhibitor (Dall’Acqua vd., 2010), a-amilaz ve a-glukozidaz inhibitér (Karakaya vd., 2018),
antikoagiilan (Golfakhrabadi vd., 2016), antimikrobiyal ve antioksidan (Basile vd., 2009) etkili ve erektil disfonksiyon
tizerinde (Ozturk vd., 2012) olumlu etkileri oldugu gériillmiistiir.

Bu ¢alismada, F. mughlae Pesmen ve F. sandrasica Pesmen & Quezel tiirlerinin gévde, pedunkul, 1s1n, pedisel
ve yaprak kisimlarinin anatomik 6zellikleri incelenerek karakteristik yapilari ortaya konmustur. Bu ¢alisma, F. mughlae
ve F. sandrasica tiirlerinin govde, pedunkul, 1s1n, pedisel ve yaprak kisimlariin incelendigi ilk anatomik ¢aligmadir.

2. Materyal ve yontem

Anatomik incelemeler i¢in tiirler toplanma esnasinda %70°lik alkol igerisinde muhafaza edilmistir. Tirlerin
%70’lik alkol icerisinde bulunan gévde, pedunkul, 151n, pedisel ve yapraklarindan elle enine ve yiizeyel kesitler alinmus,
kesitlerin Sartur Reaktifi ile preparatlar1 hazirlanarak incelenmis ve fotograflar1 ¢ekilmistir (Leica CME ve ZEISS
Primostar 415500, Almanya). Tirlerin makroskobik goriintiileri ise Nikon D90 Digital (Almanya) marka fotograf
makinasi ile detayl1 bir sekilde goriintiilenmistir. Bitkilerin toplandigi lokaliteler ve herbaryum numaralar1 Tablo 1°de
verilmigtir.

Tablo 1. Ferulago mughlea ve F. sandrasica tiirlerinin toplandigi lokaliteler ve herbaryum numaralari

Tiir Adx Toplandig1 Lokalite Herbaryum Numarasi
F. mughlea C2 Mugla: Marmaris Milli Parki girisi, Gonliicek mevkii 22.08.2013 AEF 26356
F. sandrasica C2 Mugla: Sandras Dagi, Agla Yaylasi, Agla Koyl 4 km iizeri karacam  AEF 26274

altlar1, Kartal GO6liine varmadan 3 km 6ncesi, 1675 m, 10.06.2013
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3. Bulgular

3.1. Ferulago mughlea

A B C
Sekil 1. Ferulago mughlea’nin A: Habitat, B: Genel goriiniis ve C: Herbaryum 6rnegi
3.1.1. Gévde Anatomisi

Govde silindirik sekilli, kenarlari hafif krenat ve tilysiizdiir. En dista kiitikula tabakasi, bunun altinda da tek sirals,
diizgiin, ince ¢eperli dikdortgenimsi hiicrelerden meydana gelen epiderma tabakasi bulunmaktadir. Epidermanin hemen
altinda almagsik diziligli renkli parenkima ve kollenkima hiicrelerine rastlanmaktadir. Kollenkima hiicreleri arasina
gomiilii halde salgit kanallar1 bulunmakta ve salgi kanallarinin altinda ise birkag sirali ince geperli parenkimatik hiicreler
mevcuttur. Kabuk parenkimasinin igerisinde agik kisimlar1 6z dokuya bakacak bigimde at nali seklinde 6bekler meydana
getirmis sklerenkima demetleri vardir. Bu demetler govde boyunca halka seklinde bir kiigiik bir biiyiik olmak iizere
stralanmugtir. Kiigiik sklerenkima demetlerinin iizerinde ise birer tane salgi kanali bulunmaktadir. Trakeler oldukga biiyiik
olup, 6z bolgesine yakin yerlerde 10-12 tanesi bir aradadir ve epidermaya dogru sklerenkima demetlerine yaklastikca
birbirlerinden ayrilmaktadirlar. Sklerenkima demetleri iletim demetlerini sarar durumdadir. Oz bdlgesi parenkimatik
hiicrelerden olugmakta ve icerisinde ¢ok miktarda salgi kanalina rastlanmaktadir. (Sekil 2).

0.2 mm

Sekil 2. Ferulago mughlae- Gévdenin Enine Kesiti (anatomik), k: kiitikula, e: epiderma, kl: kollenkima, sk: salgi kanali,
f: floem, ks: ksilem

3.1.2. Pedunkul Anatomisi

Silindirik yapida ve tiiysiizdiir. Anatomik yapisi govdeye benzemektedir, farklari ise iletim demetlerinin
kapladig1 alanin gévdeye kiyasla daha kisa olmasidir dolayisiyla 6z bdlgesi de daralmistir. Govde anatomisinde oldugu
gibi en dista kiitikula tabakasi vardir, bunun altinda ise tek siral, diizgiin, ince ¢eperli dikdortgenimsi hiicrelerden
meydana gelen epiderma tabakast mevcuttur. Epidermanin hemen altinda almasik dizilisli renkli parenkima ve kollenkima
hiicrelerine rastlanmaktadir. Kollenkima hiicreleri govdeye kiyasla daha az, aralarina gomiilii halde salg1 kanallar1 ve
parenkimatik hiicreler bulunmaktadir. Salgi kanallarinin hemen altinda ise sklerenkima demetleri goriilmektedir. iletim
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demetleri sklerenkima demetlerinin meydana getirdigi halkalarin igerisindedir ve 6z kollar1 yoktur, 6z kismi az sayida
parenkimatik hiicrelerden olusmaktadir. Pedunkuller pedisellere nazaran hafif krenattir (Sekil 3-4).

Sekil 3. Ferulago mughlae- Pedunkulun Enine Kesiti (sematik ve anatomik), k: kiitikula, e: epiderma, kl: kollenkima, skl:
sklerenkima, f: floem, ks: ksilem.

Sekil 4. Ferulago mughlae- Pedunkulun Enine Kesitinin Anatomisi, k: kiitikula, e: epiderma, rp: renkli p., kl: kollenkima,
sk: salg1 kanali, Ip: ligninlesmis p., p: parenkima, f: floem, ks: ksilem, fs: floem sklerenkimasi, skl:sklerenkima, fp: floem
p., tr: trake, tra: trakeit.

3.1.3. Isin Anatomisi

Ismlar silindirik yapidadir ve tiiysiizdiir. Govde ve pedunkul ile anatomik olarak benzer yapiya sahiptir. Sadece
kollenkimanin hemen altindan sklerenkima hiicreleri ile baslar ve govdedeki gibi at nali seklinde dizilis
gostermemektedir. fletim demetleri yine sklerenkima demetleriyle sarilidir ancak gévdedekilere kiyasla daha kisadir.
Trake ve trakeit sayilari ise daha azdir ve 6z bolgesi daralmistir (Sekil 5-6).

Sekil 5. Ferulago mughlae- Isinin Enine Kesiti (sematik ve anatomik), e: epiderma, kl: kollenkima, sk: salgi kanali, f:
floem, ks: ksilem, skl: sklerenkima
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Sekil 6. Ferulago mughlae- Isinin Enine Kesitinin Anatomisi (anatomik), k: kiitikula, e: epiderma, rp: renkli parenkima,
rsp: renksiz parenkima, kl: kollenkima, fs: floem sklerenkimasi, fp: floem p., tr: trake, tra: trakeit

3.1.4. Pedisel Anatomisi

Pedisel ¢ok hafif krenat ve tiiysiizdiir. En dista kiitikula tabakasi mevcuttur ve bu tabakanin altinda tek sirali,
diizgiin, ince ¢eperli dikdortgenimsi hiicrelerden meydana gelen epiderma tabakast bulunmaktadir. Epidermanin hemen
altinda almasik dizilisli renkli parenkima ve kollenkima hiicreleri goriiliir. Kollenkima hiicreleri govdeye kiyasla daha
azdir ve aralarina gomiilii halde salgi kanallar1 ve parenkimatik hiicreler bulunmaktadir. Salgi kanallarinin hemen altinda
sklerenkima demetlerine rastlanmaktadir. Iletim demetleri sklerenkima demetlerinin meydana getirdigi halkalarin
icerisindedir. Oz kollar1 yoktur ve 6z kismi ¢ok az sayida parenkimatik hiicreden olusur (Sekil 7-8).

0.1 mm

Sekil 7. Ferulago mughlae- Pediselin Enine Kesiti (sematik ve anatomik), k: kiitikula, e: epiderma, p: parenkima, kl:
kollenkima, f: floem, ks: ksilem, skl: sklerenkima

Sekil 8. Ferulago mughlae- Pediselin Enine Kesiti (anatomik), k: kiitikula, e: epiderma, rp: renkli p., lp: ligninlesmis p.,
sk: salg1 kanali, fs: floem sklerenkimasi, fp: floem p., tr: trake, tra: trakeit.
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3.1.5. Yaprak Anatomisi

3.1.5.1. Yaprak Orta Damar Enine Kesiti

Yaprak monofasiyaldir. Tiiy gézlenmemistir, kiitikula tabakasinin altinda tek sirali ve farkli biiytikliiklere sahip,
ince ¢eperli hiicrelerden meydana gelmis epiderma tabakasi yer almaktadir. Ust epiderma tabakasmin altinda, orta
damarin st tarafinda kollenkima hiicreleri goriilmektedir. Diger bolgelerde ise epidermanin hemen altinda ince geperli,
uzun ve gayri muntazam dizilisli hiicrelerden meydana gelen 1(-2) sirali palizat parenkimasi ve hemen onun altinda da
genelde iri hiicrelerden meydana gelen ince g¢eperli bir siinger parenkima tabakasi bulunmaktadir. Siinger parenkima
tabakasinin hemen altinda ise 1-2 sirali palizat parenkima hiicreleri yer alir. Hem palizat hem de siinger parenkima
tabakalarinda karakteristik elementlere rastlanmamustir. {letim demetlerinde floem ve ksilem tabakalari rahatlikla
goriilebilmektedir ve iletim demetlerinin hemen altinda az sayida kollenkima hiicrelerine rastlanmaktadir. Kollenkima
hiicrelerinin hemen {izerinde ise kiiciik bir salgi1 kanali mevcuttur (Sekil 9,10).

3.1.5.2. Yaprak iist ve alt epiderma yiizeyel kesiti:

Hem alt hem iist epiderma tabakalarinda stomalar bulunmaktadir. Stoma bekgi hiicreleri karakteristik bobrek
sekilli olup, komsu hiicre sayis1 2-3 arasinda degismektedir ve ¢ogunlukla sayis1 da 3’tiir ve komsu hiicrelerden biri
digerlerinden daha kiigiik yapiya sahiptir, anizositik tipte stomadir. Epiderma hiicreleri ¢ogunlukla stoma komsu
hiicrelerinden daha biiyiik ve iist epidermadakiler koseli sekillere sahip olup, alt epidermadakiler ise girintili yapidadir.
Kiitikula kirigikligi ise gériilmemistir (Sekil 11, 12).

Sekil 9. Ferulago mughlae’nin Yaprak Orta Damar Enine Kesiti (sematik ve anatomik), e: epiderma, pp: palizat p., sp:
siinger p., id: iletim demeti, sk: salgi kanali.

Sekil 11. Ferulago mughlae- Ust Epiderma yiizeyel kesit, st: stoma, {ie: iist epiderma, h: stoma komsu hiicresi.
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Sekil 12. Ferulago mughlae- Alt Epiderma Yiizeyel Kesit, st: stoma, ae: alt epiderma, h: stoma komsu hiicresi.

3.2. Ferulago sandrasica

C

Sekil 13. Ferulago sandrasica nin A: Habitat, B: Yaprak, C: Herbaryum 6rnegi ve D: Genel goriiniisii

3.2.1. Govde Anatomisi

Govde silindirik yapida ve tiiysiizdiir. En digta kiitikula tabakasi, bu tabakanin altinda tek sirali, diizgiin, ince ¢eperli
dikdortgenimsi hiicrelerden meydana gelen epiderma tabakasi vardir. Epiderma tabakasmin hemen altinda almasik
dizilisli renkli parenkima ve kollenkima hiicreleri gériilmektedir. Kollenkima hiicrelerinin arasina gémiilii halde salgi
kanallarina rastlanmaktadir ve salgt kanallarmin altinda c¢eperleri siiberinlesmis kabuk parenkimasi hiicreleri
bulunmaktadir. Kabuk parenkimasinin igerisinde agik kisimlar1 6z dokuya bakacak sekilde at nali seklinde &bekler
meydana getirmis sklerenkima demetlerine rastlanir ve bu demetler bir kiigiik bir biiyilk olmak {izere gévde boyunca
halka seklinde siralanmistir. Merkez silindirin kalinligi kabuk kismindan fazladir. Sklerenkima demetleri iletim
demetlerini sarar durumdadir. Oz bélgesi parenkimatik hiicrelerden olugmakta ve igerisinde bol miktarda salgi kanali
bulunmaktadir. (Sekil 14-15).

3.2.2. Pedunkul Anatomisi
Anatomik yap1 govde ile benzer yapidadir ancak gozlenebilen tek fark iletim demetlerinin kapladig1 alanin daha kisa
olmasidir. En dista kiitikula tabakasi, bu tabakanin altinda tek sirali, diizgiin, ince ¢eperli dikddrtgenimsi hiicrelerden

meydana gelen epiderma tabakasi bulunmaktadir. Epidermanin hemen altinda 2-6 sirali renkli parenkima hiicreleri
goriilmektedir. Salgi hiicreleri renkli parenkima hiicrelerinin arasina gémiilii ya da hemen altinda bulunmakta ve salgi
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kanallarinin hemen altinda parenkima hiicreleri ve iletim demetlerine rastlanmaktadir. Oz kollar1 yoktur, 6z kismu
parenkimatik hiicrelerden meydana gelir ve 6z bolgesinde 1 ya da 2 salgi kanali bulunmaktadir (Sekil 16-18).

;

Sekil 14. Ferulago sandrasica- Govdenin Enine Kesiti (sematik ve anatomik), e: epiderma, kl: kollenkima, rp: renkli p.,
sk: salg1 kanali, Ip: ligninlesmis p., fs: floem sklerenkimasi, fp: floem p., ksp: ksilem p., tr: trake, tra: trakeit.

A B C

Sekil 15. Ferulago sandrasica- A: Gévdede Oz Bélgesinde Salgi Kanali, B: Sklerenkima ve C: Iletim Demeti ve
Kollenkima ile Cevrili Salg1 Kanali, sk: salg1 kanali, ks: ksilem, f: floem, skl: sklerenkima.

Sekil 16. Ferulago sandrasica- Pedunkulun Enine Kesiti Sematik ve Anatomik Goriiniimii, e: epiderma, sk: salgi
kanali, ks: ksilem, f: floem, skl: sklerenkima.
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Sekil 17. Ferulago sandrasica- Pedunkulun Enine Kesiti (anatomik), k: kiitikula, e: epiderma, rp: renkli p., kl:
kollenkima, sk: salgi kanali, Ip: ligninlesmis p., fs: floem sklerenkimasi, fp: floem p., ks: ksilem

Sekil 18. Ferulago sandrasica- A: Ozde Salgi Kanali ve B: Renkli Parenkima Hiicreleri Altinda Salgi Kanali ve
Ligninlesmis Parenkimatik Hiicreler, sk: salgi kanali, ks: ksilem, f: floem, skl: sklerenkima, p: parenkima.

3.2.3. Isin Anatomisi

Govde ile benzer anatomik yapiya sahiptir. Silindirik sekilli olup kenarlart ¢ok hafif krenattir ve tiiysiizdiir. Sadece
kollenkimanin altinda ¢eperleri ligninlesmis parenkima hiicreleri daha seyrek olarak bulunmaktadir. At nali bigiminde
dizilen sklerenkima demetleri esit biiyiliklikktedir ve iletim demetleri yine sklerenkima demetleriyle sarili ancak
govdedekilere kiyasla daha kisadir, trake ve trakeit sayilari da daha azdir (Sekil 19-20).

Sekil 19. Ferulago sandrasica- Isinin Enine Kesiti (sematik ve anatomik), k: kiitikula, e: epiderma, kl: sk: salgi kanali, p:
parenkima, f: floem, ks: ksilem, skl: sklerenkima.
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Sekil 20. Ferulago sandrasica- Isinin Enine Kesiti, k: kiitikula, e: epiderma, rp: renkli p., kl: kollenkima, sk: salgi kanal,
Ip: ligninlesmis p., fs: floem sklerenkimasi, fp: floem p., tr: trake, tra: trakeit, ks: ksilem.

3.2.4. Pedisel Anatomisi

Pedisel silindirik, ¢ok hafif krenat ve tiiysiizdiir. En dista kiitikula tabakasi, bu tabakanin altinda tek sirali, diizgiin, ince
geperli dikdortgenimsi hiicrelerden meydana gelen epiderma tabakasi bulunmaktadir. Epidermanin hemen altinda 2-6
siral1 renkli parenkima hiicrelerine rastlanir. Salgi hiicreleri renkli parenkima hiicrelerinin arasina gémiilii ya da hemen
altinda bulunmakta ve salgi kanallarmin hemen altinda parenkima hiicreleri ve iletim demetleri goriilmektedir. Iletim
demetlerinin etrafini saran sklerenkima demetleri ve 6z kollar1 yoktur ve 6z kism1 parenkimatik hiicrelerden olugmaktadir.
Oz bolgesinde 1 ya da 2 salgr kanali bulunmakta ve pedunkul da silindirik yapida ama pedisele kiyasla hafif dalgalidir,
krenat degildir (Sekil 21-22).

Sekil 21. Ferulago sandrasica- Pediselin Enine Kesiti (sematik ve anatomik), e: epiderma, f: floem , ks: ksilem, sk: salgi
kanali, skl: sklerenkima.

Sekil 22. Ferulago sandrasica- Pediselin Enine Kesiti (anatomik), k: kiitikula, e: epiderma, rp: renkli p., kl: kollenkima,
fp: floem p., ks: ksilem, sk: salg1 kanali, p: parenkima.
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3.2.5. Yaprak Anatomisi
3.2.5.1. Yaprak Orta Damar Enine Kesiti

Monofasiyal tipte yapraktir. Tiy gozlenmemistir. Kiitikula tabakasinin altinda tek sirali ve farkli biiyiikliiklere
sahip, ince ceperli hiicrelerden meydana gelmis epiderma tabakasi bulunur. Ust epiderma tabakasinin altinda, orta damarin
iizerinde kollenkima hiicreleri yer almaktadir. Diger bolgelerde ise epidermanin hemen altinda ince ¢eperli, uzun ve gayri
muntazam dizilisli hiicrelerden meydana gelen 2(-3) sirali palizat parenkimasi ve hemen altinda da genelde iri hiicrelerden
olusan ince geperli bir siinger parenkima tabakas1 mevcuttur. Siinger parenkimasinin hemen altinda yine 2(-3) sirali palizat
parenkima tabakasi yer almaktadir. Hem palizat hem de siinger parenkima tabakalarinda karakteristik elementler
goriilmemistir. Tletim demetlerinde floem ve ksilem tabakalar1 rahatlikla goriilebilmektedir. fletim demetlerinin hemen
altinda az sayida kollenkima hiicresine ve kollenkima hiicrelerinin hemen {izerinde kiigiik bir salgi kanalina
rastlanmaktadir.

3.2.5.2. Yaprak iist ve alt epiderma yiizeyel kesiti

Hem iist hem alt epiderma tabakalarinda stomalara rastlanmaktadir. Stoma bekgi hiicreleri karakteristik bobrek
sekilli olup, komsu hiicre sayis1 2-4 arasinda degismektedir ve cogunlukla sayis1 3 tiir ve anizositik tipte stomadir. Komsu
hiicrelerden birisi digerlerinden daha kii¢liktiir ve hem alt hem de {ist epiderma hiicreleri siklikla stoma komsu
hiicrelerinden daha biiyiik ve daha koseli sekillidir (Sekil 23-26).

Sekil 23. Ferulago sandrasica- Yaprak Orta Damar Enine Kesiti (sematik ve anatomik), e: epiderma, pp: palizat
parenkimasi, sp: siinger parenkimasi, id: iletim demeti

Sekil 24. Ferulago sandrasica Tiiriiniin Yaprak Orta Damart Enine Kesiti (anatomik), k: kiitikula, iie: listepiderma, ae:
alt epiderma, pp: palizat p., sp: siinger p., kl: kollenkima, ks: ksilem, fl: floem
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Sekil 25. Ferulago sandrasica- Ust Epiderma Yiizeyel Kesiti, st: stoma, iie: iist epiderma, h: stoma komsu hiicresi
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Sekil 26. Ferulago sandrasica- Alt Epiderma Yiizeyel Kesiti, st: stoma, ae: alt epiderma, h: stoma komsu hiicresi

4. Sonugclar ve tartisma

Calismamiza konu olan Ferulago mughlea ve F. sandrasica tiirlerinin gévde, pedunkul, 151, pedisel ve yaprak
(enine ve yiizeyel) enine kesitlerinin sematik ve anatomik ¢izimleri yapilmis, ayrica anatomik fotograflart da ¢ekilmistir
(Sekil 2-12, 14-26). Metcalfe (1965)’te Apiaceae familyasinin genel anatomik 6zellikleri verilirken incelenen cinsler
arasinda Ferulago cinsi bulunmamaktadir. Metcalfe’e (1965) gore Apiaceae familyasinin gévde anatomisi genellikle
dalgalidir ve ¢ikintilarda kollenkima veya nadiren sklerenkima goriilmektedir. Gévdenin iletim doku demetleri halka
biciminde birlesmis veya serbest haldedir ve aralarinda 6z kollar1 veya nadiren kabuk seritlerine rastlanmaktadir
(Metcalfe, 1965). Calisilan 2 tiiriin gdvdelerinin anatomik bulgular1 Metcalfe’in verileri ile karsilastirildiginda uyumlu
oldugu goriilmekte ve ¢ikintilarda kollenkima ve iletim doku demetleri serbest ve aralarinda 6z kollariin bulunmadigi,
cogunlukla da iletim demetlerinin diizenli oldugu saptanmustir. 2 tiiriin gévdelerinde kambiyuma da rastlanmamistir ve
bu durum dikotiledon olan tiirlerin monokotiledonlara benzerlik gostermesi olarak diisiiniilmiistir. Elde edilen bu
sonuglar Karakaya ve ark. 2016 c¢aligmasi ile benzerlik gostermektedir. F. mughlea ve F. sandrasica tiirlerinin genel
olarak anatomik karakterlerinin benzerlik gosterdigi saptanmistir. F. mughlea ve F. sandrasica’min, pedunkul, 151n ve
pedisel anatomisi genel olarak gévde anatomisine benzemektedir. Ancak 1s1n ve pediseldeki salgi kanallarinin sayist
azalmis ve 6z bolgesi de daralmistir. Her iki tiiriin de yapragi monofasiyal tiptedir. Govde, pedunkul, 15in, pedisel ve
yapraklarda tiiye rastlanmamistir. Metcalfe’e (1965) gore salgi kanallar1 govdenin kabuk, perisikl, 6z ve bazen sekonder
floeminde bulunmaktadir. Ayrica petiyol, yaprak ve kokte de goriilmektedir (Metcalfe, 1965). F. mughlea ve F.
sandrasica’nin govdelerinde hem kabukta hem 6zde salgi kanallarina rastlanmaktadir ve her iki tiiriin de yapraklarinda
da salgi kanallar1 goriilmiistiir (Sekil 2-12, 14-26). incelenen 2 tiiriin yaprak anatomik dzellikleri Metcalfe’in verileri ile
karsilastirildiginda gogunlukla benzerlik gosterdigi gdézlemlenmistir. Yaprak enine kesitlerinde kiitikula tabakasinin
altinda tek sirali ve farkli biiytlikliklere sahip, ince g¢eperli hiicrelerden meydana gelmis epiderma tabakalari
bulunmaktadir. Ust epiderma tabakasinin altinda, orta damarin iizerinde kollenkima hiicreleri goriilmektedir. Gerek
palizat gerekse siinger parenkimasinda karakteristik elementler goriilmemistir. Yiizeysel kesitlerde her iki tiirde de hem
alt hem st epidermada stomalar bulunur. Komsu hiicre sayist 2-4 arasinda degismekte olup siklikla 3 oldugu ve komsu
hiicrelerden birinin digerlerinden daha kiigiik oldugu goriilmistiir. Epiderma hiicreleri genellikle stoma komsu
hiicrelerinden daha biiyiik ve iist epidermadaki hiicrelerin koseli sekilli, alt epidermadakilerin ise girintili oldugu
saptanmustir. Calisilan her tiirde gévde, pedunkul, 151, pedisel ve yaprak i¢in elde edilen anatomik bulgular kendi
aralarinda karsilastirilarak Tablo 2’de verilmistir.
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Tablo 2. Ferulago mughlea ve F. sandrasica tiirlerinin anatomik 6zelliklerinin karsilagtirilmasi

orta damarin {izerinde kollenkima hiicreleri bulunur.
Diger bolgelerde ise epidermanin hemen altinda ince
ceperli, uzun ve gayri muntazam dizilisli hiicrelerden
olusan 1(-2) sirali palizat parenkimasi ve hemen altinda
da genelde iri hiicrelerden olusan ince geperli bir siinger
parenkimasi tabakas1 bulunur. Siinger parenkimasi
tabakasinin hemen altinda 1-2 siral1 palizat parenkimasi
hiicreleri bulunur. Iletim demetlerinde floem parenkimasi
ve ksilem rahathikla goriilebilir. Tletim demetlerinin
hemen altinda az sayida kollenkima hiicresi goriiliir.
Kollenkima hiicrelerinin hemen tizerinde kiigiik bir salgi
kanal1 vardir. Stoma bekgi hiicreleri karakteristik bobrek
sekilli, komsu hiicre sayisi 2-3 arasinda degigsmekte olup
cogunlukla 3’tiir. Komsu hiicrelerden birisi digerlerinden
daha kiigiiktiir. Epiderma hiicreleri genellikle stoma
komsu hiicrelerinden daha biiytik ve iist epidermadakiler
koseli sekillere sahip, alt epidermadakiler ise girintilidir.

Organ F. mughlea F. sandrasica

Govde Silindirik, hafif krenat, tiiysiiz. Kollenkima hiicreleri Silindirik, tiiysiiz. Epidermanin hemen altinda almasik
arasina gomiilii halde salgi kanallart bulunur. Salgt dizilisli renkli parenkima ve kollenkima hiicreleri goriiliir.
kanallarmin altinda birkag sirali ince geperli parenkimatik | Kollenkima hiicrelerinin arasina gdmiilii halde salg:
hiicre vardir. Kabuk parenkimasinin icerisinde agik kanallart bulunur. Salg: kanallarinin altinda ¢eperleri
kisimlari 6z dokuya bakacak sekilde at nali seklinde stiberinlesmis kabuk parenkimasi hiicreleri vardir. Kabuk
obekler olusturmus sklerenkima demetleri bulunur. Bu parenkimasinin igerisinde agtk kisimlar1 6z dokuya
demetler bir kiiciik bir bilyiik olmak iizere govde boyunca | bakacak sekilde at nali seklinde 6bekler olusturmus
halka geklinde siralidir. Kiigiik sklerenkima demetlerinin sklerenkima demetleri bulunur. Bu demetler bir kiigiik bir
tizerinde birer adet salgi kanali bulunur. Trakeler olduk¢a | biiyiik olmak {izere gévde boyunca halka seklinde
biiyiik, 6z bolgesine yakin yerlerde 10-12 tanesi bir arada, | siralidir. Merkez silindirin kalinligi kabuk kismindan
epidermaya dogru sklerenkima demetlerine yaklastik¢a fazladir. Sklerenkima demetleri iletim demetlerini sarar.
birbirlerinden ayridirlar. Sklerenkima demetleri iletim iletim doku demetleri gévde boyunca halka seklinde
demetlerini sarar. iletim doku demetleri govde boyunca siralanmistir. Oz bolgesi parenkimatik hiicrelerden olusur,
halka seklinde siralanmistir. Oz bolgesi parenkimatik igerisinde bol miktarda salgi kanali bulunur.
hiicrelerden olusur, i¢erisinde bol miktarda salgi kanalina
rastlanir.

Pedunkul | Silindirik yapida, titysiiz. pedisellere nazaran hafif krenat. | Silindirik yapida ama pedisellere nazaran hafif dalgali,
Anatomik yap1 gdvdeninkine benzer, farki iletim krenat degil. Anatomik yap1 govde ile benzer yapida.
demetlerinin kapladig1 alanin gévdeye nazaran daha kisa Gozlenebilen tek fark iletim demetlerinin kapladig: alanin
olmasidir. daha kisa olusudur.

Isin Govde ve pedunkul ile benzer anatomik yapiya sahiptir. Govde ve pedunkul ile benzer anatomik yapiya sahiptir.
Sadece kollenkimanin hemen altindan sklerenkima Sadece kollenkimanin altinda geperleri ligninlesmis
hiicreleri baglar ve govdedeki gibi at nali seklinde dizilis parenkima hiicreleri daha seyrek bulunur. At nali sekllinde
gostermez. fletim demetleri yine sklerenkima dizilen sklerenkima demetleri esit biiyiikliiktedir. Iletim
demetleriyle sarili fakat govdedekilere nazaran daha kisa, | demetleri yine sklerenkima demetleriyle sarili fakat
trake ve trakeit sayilar1 daha azdir ve 6z bolgesi govdedekilere nazaran daha kisa, trake ve trakeit sayilart
daralmustr. daha az ve 6z bdlgesi daralmustir.

Pedisel Govde ve pedunkul ile benzer anatomik yapiya sahiptir. Govde ve pedunkul ile benzer anatomik yapiya sahiptir.
Iletim demetleri sklerenkima demetlerinin olusturdugu Oz bolgesi daralmustir.
halkalarn igerisindedir. Oz kollar1 yoktur, 6z kismi ¢ok
¢ok az sayida parenkimatik hiicreden olusur. Oz bolgesi
daralmigtir.

Yaprak Tiiysiiz, monofasiyal yaprak, Ust epidermanin altinda, Tiiysiiz, monofasiyal yaprak, Ust epidermanin altinda, orta

damarin {izerinde kollenkima hiicreleri bulunur. Diger
bolgelerde ise epidermanin hemen altinda ince g¢eperli,
uzun ve gayri muntazam dizilisli ve aralarinda hiicreler
arast bosluklar1 olan hiicrelerden olusan 2(-3) sirali palizat
parenkimasi ve hemen altinda da genelde iri hiicrelerden
olusan ince c¢eperli bir siinger parenkimasi tabakasi
bulunur. Siinger parenkimasinin hemen altinda yine 2(-3)
palizat parenkimas1 tabakasi bulunur.
demetlerinde floem parenkimasi ve ksilem rahatlikla

siralt fletim
goriilebilir. Iletim demetlerinin hemen altinda az sayida

kollenkima hiicresi goriiliir. Kollenkima hiicrelerinin
hemen tizerinde kiigiik bir salgt kanali bulunur. Stoma bekgi
hiicreleri karakteristik bobrek sekilli, komsu hiicre sayis1 2-
4 arasinda degismekte olup cogunlukla 3’tiir, komsu
hiicrelerden birisi digerlerinden daha kiigiiktiir. Hem alt
hem de {ist epiderma hiicreleri genellikle stoma komsu

hiicrelerinden daha biiyiik ve daha koseli sekillere sahiptir.
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Abstract
This aim of this study was to determine of the diversity of macrofungi of Dat¢a Peninsula between the years of
2011 and 2013. A number of 247 macrofungi samples were collected during the field studies, which took place in the
spring and autumn seasons. As a result of field and laboratory studies, a number of 99 taxa belonging to 64 genus, 36
family and 2 divisions were identified. While, four of them belong to Ascomycota and the remaining samples are found
to be Basidiomycota. Four of these taxa are new records for Turkey.

Key words: macrofungi, biodiversity, taxonomy, Datca Peninsula, Turkey

*

Datca Yarimadasi’nin Makrofunguslar (Tiirkiye)

Ozet

Bu calisma 2011-2013 yillart arasinda Mugla ili Dat¢a Yarimadasi makrofungus cesitliligini ortaya koymak
amaciyla yapilmigtir. Arazi ¢caligmalari 6zellikle ilkbahar ve sonbahar aylarinda yapilmig olup, 247 makrofungus 6rnegi
toplanmistir. Arazi ve laboratuvar ¢aligmalart sonucunda 64 cins, 36 familya ve 2 subeye ait toplam 99 takson
belirlenmistir. Bunlardan 4’ii Ascomycota, 95’1 Basidiomycota’ya aittir. Bunlardan 4’ Tiirkiye i¢in yeni kayittir.

Anahtar kelimeler: makrofungi, biyogesitlilik, taksonomi, Dat¢a Yarimadasi, Tiirkiye
1. Introduction

The Datga Peninsula is located in the province of Mugla in the Aegean Region. It is located between the 27°40'-
28° eastern meridians and the 36°60'-36°75 'northern parallels. In the Dat¢a Peninsula, which is a mountainous and hilly
ridge, predominantly the species of Pinus brutia Ten., Liquidambar orientalis Mill., Eucalyptus camaldulensis Dehnh.
and Cupressus sempervirens L. trees are wide-spread. Datca has a typical Mediterranean climate. It ranks second in the
world and first in Turkey in terms of oxygen abundance (Figure 1).

In the study area of the Datca Peninsula, there were no comprehensive studies prior to this current one, except
that only two parasitic macrofungi species were reported before (Allr and Isiloglu, 2000). These parasitic species are
Porodaedalea pini (Brot.) Murrill and Fomitiporia robusta (P. Karst.) Fiasson & Niemeld. Therefore, in this study, we
aimed to collect and identify the macrofungi of the region in order to contribute to the macrofungal diversity of the area
as well as the Turkish macromycota. In recent years, several studies have been carried out on Turkish mycota. Some
examples of these studies: Akata and Uzun (2017), Altuntas et al. (2017), Demirel et al. (2017), Dogan and Kurt (2016),
Oztiirk et al. (2017), Sesli and Topgu Sesli (2017), Taskin et al. (2016), Vizzini et al. (2016).

2. Materials and methods
Macrofungi specimens were collected from the region during the field studies conducted in the years 2011 to

2013. After the photographs of the collected samples were taken, their morphological and ecological characteristics were
noted. Fresh samples were subjected to chemical tests and the resulting reactions were recorded. Spore prints were taken
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Figure 1. Map of the study area

from the samples brought to the laboratory under appropriate conditions. The microscopic characteristics of the specimens
were examined and then dried and conserved in the Fungarium of Mugla Sitki Ko¢man University. The literature used
for the purpose of identification included the following: Breitenbach and Krénzlin (1984 - 2000), Buczacki (1989),
Dihncke (1993), Ellis and Ellis (1990), Hansen and Knudsen (2000), Kibby (2007), Knudsen and Vesterholt (2008),
Noordeloos (1992), Moser (1983), Pacioni (1985), Phillips (1981).

3. Results

The names of the identified species as well as the details including the habitat types, collection locations and the specific
dates are given below.

Ascomycota Whittaker

Helvellaceae

Helvella acetabulum (L.) Quél.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia Ten., Liquidambar orientalis
Mill. mixed forest, 14.03.2013, All1 4684.

Helvella leucomelaena (Pers.) Nannf.: Cubucak, 0 m (sea level), P. brutia forest, 11.03.2012, All1 3997; Datga, Mugla
road 25. km, P. brutia - L. orientalis mixed forest,11.03.2012, All1 4008; Marmaris — Datca road 13. km. igmeler Stream,
P. brutia, L. orientalis mixed forest, 14.03.2013, All1 4678; Cubucak, 0 m, P. brutia forest, 14.03.2013, All1 4692.
Pyronemataceae

Scutellinia umbrorum (Fr.) Lambotte: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed
forest, on P. brutia cones, 14.03.2013, All1 4676.

Geopyxis carbonaria (Alb. & Schwein.) Sacc.: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis
mixed forest, 14.03.2013, All1 4680.

Basidiomycota R.T. Moore

Agaricaceae

Agaricus campestris L.: Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4639.

Atractosporocybe inornata (Sowerby) P. Alvarado, G. Moreno & Vizzini: Marmaris — Dat¢a road 13. km. Ii¢gmeler
Stream, P. brutia, L. orientalis mixed forest, 27.12.2012, All1 4591.

Crucibulum laeve (Huds.) Kambly: Marmaris — Datga road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest,
on P. brutia needle, 27.12.2012, All1 4612B.

Lepiota brunneoincarnata Chodat & C. Martin: Cubucak, sea level, P. brutia forest, 22.01.2012, All1 3937.

Lepiota castanea Quél.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest, 27.12.2012,
All1 4566, 4576.

Lepiota cristata (Bolton) P. Kumm.: Marmaris — Datga road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4606.

Lepiota subgracilis Kiihner: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4687.

Lycoperdon lividum Pers.: Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4634. Cubucak, sea level, P. brutia forest,
22.01.2012, All1 3947; Knidos, P. brutia forest, 11.03.2012, All1 4010.
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Lycoperdon perlatum Pers.: Emecik Village, P. brutia forest, 22.01.2012, All1 3985.

Lycoperdon umbrinum Pers.: Aktur Kurucabiik around, P. brutia - Cupressus sp. L.- Eucalyptus sp. L'Hér. mixed forest,
147 m, 22.01.2012, All1 3968.

Macrolepiota mastoidea (Fr.) Singer: Cubucak, sea level, P. brutia forest, 22.01.2012, All1 3950; All1 3966. Cubucak, 0
m, P. brutia forest, 27.12.2012, All1 4640; Cubucak, 0 m, P. brutia forest, 14.03.2013, All1 4695.

Panaeolus papilionaceus (Bull.) Quél.: Marmaris — Dat¢a road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed
forest, 14.03.2013, All1 4682.

Rhizocybe vermicularis (Fr.) Vizzini, G. Moreno, P. Alvarado & Consiglio: Marmaris — Datca road 13. km. Igmeler
Stream, P. brutia, L. orientalis mixed forest, 14.03.2013, All1 4686; Mesudiye, P. brutia forest, 14.03.2013, All1 4707.
Amanitaceae

Amanita mairei Foley: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest, 27.12.2012,
All1 4586, 4614.

Auriculariaceae

Auricularia auricula-judae (Bull.) Quél.: Degirmenyani around, L. orientalis forest, 10.01.2012, All1 3934a.
Bolbitiaceae

Bolbitius titubans (Bull.) Fr.: Cubucak, sea level, P. brutia forest, 22.01.2012, Alli 3954; Cubucak, P. brutia forest,
11.03.2012, All1 4000; All1 4002; Cubucak, 0 m, P. brutia forest, 14.03.2013, All1 4688.

Clavulinaceae

Clavulina coralloides (L.) J. Schrét.: Aktur Kovanlik, P. brutia forest, 22.01.2012, All1 3978.

Dacrymycetaceae

Calocera cornea (Batsch) Fr.: Bordiibet, L. orientalis, P. brutia mixed forest, on L. orientalis wood piece, 27.12.2012,
All1 4629.

Entolomataceae

Entoloma caesiocinctum (Kiihner) Noordel.: Aktur Kurucabiik around, P. brutia - Cupressus sp. - Eucalyptus sp. mixed
forest, 147 m, 22.01.2012, All1 3973.

Pileus 5-40 mm, hemispherical or conical-convex, then convex or low convex, with depressed to umbilicate centre, deeply
translucently striate, brown, yellow brown or red brown (Figure 2a). Lamellae adnate-emarginate, medium spaced, white,
then grey pink, with blue-black, serrulate edge (Figure 2b). Stipe 20-50 x 1-5 mm, glabrous or with scattered fibrils, grey
brown or yellow brown with distinct blue tinge when fresh, base white tomentose (Figure 2b). Basidiospores 8.5-11.5(-
12.5) x 6.5-7(-8) um, 5-7-angled (Figure 2c) Cheilocystidia 20-120 x 7-20 pum, cylindrical to clavate with blue, intra
cellular pigment (Figure 2d).

6\;'{. {7: TN ':'\

diospores, d. cheilocystidia
Entoloma pleopodium (Bull.) Noordel.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed
forest, 27.12.2012, All1 4605.

Pileus 10-30 mm in diameter, central part dimpled and dark brown-black, surface striate, olive-yellow, yellowish grey
tones (Figure 3a). Lamellae white at first, then turning yellow to brownish pink. Stipe 20-60 x 1,5-3 mm, cylindrical,
hollow, olive brown, base is white hairy (Figure 3b). Basidiospores 8-11,9 x 6,1-8,7 um, 5-6 angled (Figure 3c).
Cheilocystidia absent.
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Entoloma scabiosum (Fr.) Quél.: Cubucak, 0 m, P. brutia forest, 14.03.2013, All1 4693.

Pileus 15-80 mm, conico- convex then expanding to plano-convex, usually with distinct umbo, not hygrophanous, not
translucently striate, dark red-brown to blackish brown fibrillose finely scaly on an almost white background (Figure 4a).
Lamellae fairly crowded, deeply emerginate, ventricose, white or grey then pinkish grey finally brownish pink with
serrate or fimbriate, concolorous edge. Stipe 20-80 x 2-15 mm, fi brillose striate, paler than pileus, white tomentose at
base (Figure 4b). Basidiospores 7-8(-9) X 5.5-7 um, heterodiametrical, 5-7-angled in side-view (Figure 4c).
Cheilocystidia 25-90 x 5-20 pum, lecithiform to tibiiform, neck often moniliform, capitulum often mucronate (Figure 4d).

Figure 4 . Entoloma scabiosum, a, b. basidiocarps'; . basidiospores, d. cheilocystidia

Entoloma subradiatum (Kiihner & Romagn.) M.M. Moser: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L.
orientalis mixed forest, 27.12.2012, All1 4593.

Entoloma rusticoides (Gillet) Noordel.: Kovanlik mevki, L. orientalis forest, 01.05.2012, All1 4139.

Ganodermataceae

Ganoderma lucidum (Curtis) P. Karst.: Degirmenyan1 around, L. orientalis forest, on L. orientalis, 25.10.2011, Allt
3935b; Degirmenyani around, L. orientalis forest, on L. orientalis root, 10.01.2012, All1 3934b — All1 3934d; Datga —
Mugla road 25. km, P. brutia - L. orientalis mixed forest, on L. orientalis root, 11.03.2012, All1 4007; Marmaris — Datga
road 13. km. Iigmeler Stream, P. brutia, L. orientalis mixed forest, on L. orientalis root, 01.05.2012, All1 4122.
Geastraceae

Myriostoma coliforme (Dicks.) Corda: Cubucak, 0 m, P. brutia forest, 10.04.2012, All1 4021.

Gomphaceae

Ramaria gracilis (Pers.) Quél.: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest, on
L. orientalis wood piece, 27.12.2012, All1 4590.

Gomphidiaceae
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Chroogomphus helveticus (Singer) M.M. Moser: Cubucak, P. brutia forest, 22.01.2012, Alli 3958; Bordiibet, L.
orientalis, P. brutia mixed forest, 27.12.2012, All1 4620.

Chroogomphus rutilus (Schaeff.) O.K. Mill.: Cubucak, P. brutia forest, 22.01.2012, All1 3936; Cubucak, 0 m, P. brutia
forest, 10.04.2012, All1 4019; Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4636; Cubucak, 0 m, P. brutia forest,
14.03.2013, All14691.

Hydnangiaceae

Laccaria laccata (Scop.) Cooke: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4597.

Hygrophoraceae

Hygrocybe conica (Schaeff.) P. Kumm.: Aktur Kurucabiik around, P. brutia - Cupressus sp. - Eucalyptus sp. mixed
forest, 147 m, 22.01.2012, All1 3971; Bordiibet, L. orientalis forest, 01.05.2012, All1 4129.

Hymenochaetaceae

Fuscoporia torulosa (Pers.) T. Wagner & M. Fisch.: Kovanlik around, L. orientalis forest, on L. orientalis, 01.05.2012,
Al 4140; Emecik Village, P. brutia forest, 14.03.2013, All1 4705.

Phellinus igniarius (L.) Quél.: Degirmenyam Eucalyptus sp. - P. brutia — L. orientalis mixed forest, on L. orientalis
stump, 11.03.2012, All1 3992.

Trichaptum fuscoviolaceum (Ehrenb.) Ryvarden: Emecik Village, P. brutia forest, on P. brutia stump, 22.01.2012, All
3981.

Porodaedalea pini (Brot.) Murrill: Mesudiye, P. brutia forest, 11.03.2012, All1 4011. Marmaris — Dat¢a road 13.km.
I¢meler Stream, P. brutia, L. orientalis mixed forest, on P. brutia, 01.05.2012, All1 4125.

Hymenogastraceae

Deconica coprophila (Bull.) P. Karst.: Cubucak, 0 m, P. brutia forest, 14.03.2013, All1 4689.

Hebeloma birrus (Fr.) Sacc.: Aktur Kovanlik, P. brutia forest, 22.01.2012, Alli 3974; Cubucak, P. brutia forest,
22.01.2012, All1 3953.

Hebeloma laterinum (Batsch) Vesterh.: Bordiibet, P. brutia forest, 14.03.2013, All1 4698.

Hebeloma stenocystis J. Favre: Cubucak, P. brutia forest, 22.01.2012, All1 3967.

Inocybaceae

Crepidotus mollis (Schaeff.) Staude: Degirmenyani around, L. orientalis forest, on L. orientalis, 10.01.2012, All1 3934c;
Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, All1 4622; Cubucak, 0 m, P. brutia forest, 27.12.2012, All1
4653.

Crepidotus variabilis (Pers.) P. Kumm.: Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, All1 4627.

Inocybe amethystina Kuyper: Cubucak, 0 m, P. brutia forest, 22.01.2012, All1 3962.

Inocybe catalaunica Singer: Cubucak, 0 m, P. brutia forest, 22.01.2012, All1 3941.

Inocybe cookei Bres.: Cubucak, P. brutia forest, 11.03.2012, All1 3996.

Inocybe erubescens A. Blytt: Cubucak, P. brutia forest, 22.01.2012, All1 3945; Cubucak, 0 m, P. brutia-Quercus sp.
mixed forest, 27.12.2012, All1 4652.

Inocybe fuscidula Velen.: Marmaris — Datga road 13. km. I¢meler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4577.

Inocybe geophylla (Bull.) P. Kumm.: Cubucak, P. brutia forest, 22.01.2012, All1 3960; Marmaris — Datca road 13. km.
I¢meler Stream, P. brutia, L. orientalis mixed forest, 27.12.2012, All1 4568; 4569; 4589; 4608; Marmaris — Dat¢a road
13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest, 14.03.2013, All1 4677.

Inocybe godeyi Gillet: Cubucak, P. brutia forest, 22.01.2012, All1 3959.

Inocybe hystrix (Fr.) P. Karst.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4573.

Inocybe lacera (Fr.) P. Kumm.: Marmaris — Datga road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4582.

Inocybe lanuginosa (Bull.) P. Kumm.: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed
forest, 14.03.2013, All1 4681.

Inocybe maculata Boud.: Cubucak, P. brutia forest, 22.01.2012, All1 3944.

Inocybe nitidiuscula (Britzelm.) Lapl.: Cubucak, P. brutia forest, 22.01.2012, All1 3939; Cubucak, 0 m, P. brutia forest,
22.01.2012, All1 3940.

Inocybe phaeoleuca Kiihner: Cubucak, 0 m, P. brutia forest, 22.01.2012, All1 3935; All1 3964; Bordiibet, P. brutia forest,
14.03.2013, All1 4697.

Inocybe whitei (Berk. & Broome) Sacc.: Cubucak, 0 m, P. brutia forest, 22.01.2012, All1 3946.

Marasmiaceae

Gymnopus ocior (Pers.) Antonin & Noordel.: Kovanlik around, P. brutia forest, 11.03.2012, All1 4005.

Marasmius rotula (Scop.) Fr.: Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4647.

Mycenaceae

Mycena galopus (Pers.) P. Kumm.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4578.
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Mycena pura (Pers.) P. Kumm.: Aktur Kurucabiik Around, P. brutia - Cupressus sp. - Eucalyptus sp. mixed forest, 147
m, 22.01.2012, All1 3970.

Mycena stipata Maas Geest. & Schwobel: Marmaris — Datga road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed
forest, 27.12.2012, All1 4600.

Mycena strobilicola J. Favre & Kiihner: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed
forest, 27.12.2012, All1 4603.

Xeromphalina cauticinalis (Fr.) Kiihner & Maire: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis
mixed forest, 27.12.2012, All1 4580.

Phallaceae

Clathrus ruber P. Micheli ex. Pers.: Bordiibet, P. brutia forest, 14.03.2013, All1 4699.

Pleurotaceae

Hohenbuehelia tremula (Schaeff.) Thorn & G.L. Barron: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L.
orientalis mixed forest, 27.12.2012, All1 4579.

Pluteaceae

Volvariella caesiotincta P.D. Orton

Emecik Village, L. orientalis mixed forest, 22.01.2012, All1 4143.

Volvopluteus gloiocephalus (DC.) Vizzini, Contu & Justo: Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4633.
Polyporaceae

Daedaleopsis tricolor (Bull.) Bondartsev & Singer: Emecik Village, P. brutia- Eucalyptus sp. mixed forest, on Eucalyptus
sp. stump, 22.01.2012, All1 3982.

Basidiocarp 40-100 (150) mm in diameter, attached to the substrate, fan-shaped, three different colored layers at the
surface (Figure 5a). Grey-ocher brown margin and more interior It was stratification in reddish brown and light brown
tones. Hymenium like a lamellae (especially this structure is separated from the Daedaleopsis confragosa), reddish brown
(Figure 5b). Basidiospores 6,5-8,5 x 2,5 um, hyalin, cylindrical and sligthly virgule shaped, sometimes droplets, smooth
(Figure 5c).

10pum

i)

Figure 5. Daedaleopsis tricolor, a, b. baidiocarps, c. basidiospoes (with congo red)

Fomes fomentarius (L.) Fr.: Degirmenyani around, L. orientalis forest, on L. orientalis, 25.10.2011, Alli1 3935c.
Lentinus tigrinus (Bull.) Fr.: Degirmenyan: around, L. orientalis forest, on L. orientalis, 10.01.2012, Alli 3934e.
Hisar6ni, L. orientalis forest, 01.05.2012, All1 4148.

Trametes versicolor (L.) Lloyd: Degirmenyani around, L. orientalis forest, on L. orientalis, 25.10.2011, 3935d; Bordiibet,
L. orientalis forest, 01.05.2012, All1 4133; All1 4126; Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, Alli
4626.

Porotheleaceae

Phloeomana hiemalis (Osbeck) Redhead: Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, All1 4624.
Psathyrellaceae

Psathyrella candolleana (Fr.) Maire: Kovanlik around, L. orientalis forest, 01.05.2012, All1 4136.

Psathyrella clivensis (Berk. & Broome) P.D. Orton: Bordiibet, L. orientalis forest, on L. orientalis, 01.05.2012, All1 4134,
Psathyrella obtusata (Pers.) A.H. Sm.. Marmaris — Datga road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed
forest, 27.12.2012, All1 4615.

Rhizopogonaceae

Rhizopogon luteolus Fr.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4588.

Rhizopogon roseolus (Corda) Th. Fr.: Cubucak, P. brutia forest, 22.01.2012, All13949; All13956; Bordiibet, L. orientalis
forest, 01.05.2012, All14133; All1 4135; Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4641; Bordiibet, P. brutia forest,
14.03.2013, All1 4696.

Russulaceae
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Lactarius deliciosus (L.) Gray: Aktur Kovanlik, P. brutia forest, 22.01.2012, Alli 3979; Marmaris — Datga road 13. km.
I¢meler Stream, P. brutia, L. orientalis mixed forest, 27.12.2012, All1 4610; Bordiibet, L. orientalis, P. brutia mixed
forest, 27.12.2012, All1 4618; Emecik Village, P. brutia forest, 14.03.2013, All1 4702.

Russula xerampelina (Schaeff.) Fr.: Marmaris — Datc¢a road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4602; Cubucak, 0 m, P. brutia forest, 27.12.2012, All1 4650.

Schizophyllaceae

Schizophyllum commune Fr.: Degirmenyani around, L. orientalis forest, on L. orientalis, 25.10.2011, 3935¢;
Degirmenyani around, L. orientalis forest, on L. orientalis, 10.01.2012, 3934f.

Sclerodermataceae

Pisolithus arhizus (Scop.) Rauschert: Cubucak, P. brutia forest, 09.11.2012, All1 4455.

Scleroderma bovista Fr.: Cubucak, P. brutia forest, 22.01.2012, All1 3949; All1 3955.

Stereaceae

Stereum hirsutum (Willd.) Pers.: Aktur Kurucabiik around, P. brutia - Cupressus sp. - Eucalyptus sp. mixed forest, on
Eucalyptus sp., 147 m, 22.01.2012, All1 3972; Cubucak, 0 m, P. brutia forest, 10.04.2012, All1 4020; Emecik Village, P.
brutia forest, 14.03.2013, All1 4706.

Strophariaceae

Agrocybe praecox (Pers.) Fayod: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest,
01.05.2012, All1 4119.

Cyclocybe cylindracea (DC.) Vizzini & Angelini

Bordiibet, L. orientalis forest, on L. orientalis stump, 01.05.2012, All1 4130.

Suillaceae

Suillus collinitus (Fr.) Kuntze: Aktur Kurucabiik around, P. brutia - Cupressus sp. - Eucalyptus sp. mixed forest, 147 m,
22.01.2012, All1 3969; Aktur Kovanlik, P. brutia forest, 22.01.2012, All1 3976.

Thelephoraceae

Thelephora terrestris Ehrh.: Marmaris — Datca road 13. km. I¢meler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4595.

Tricholomataceae

Clitocybe costata Kiihner & Romagn.: Marmaris — Datca road 13. km. igmeler Stream, P. brutia, L. orientalis mixed
forest, 27.12.2012, All1 4596; 4616.

Infundibulicybe geotropa (Bull.) Harmaja: Aktur Kovanlik, P. brutia forest, 22.01.2012, All1 3980.

Lepista multiformis (Romell) Gulden: Emecik Village, P. brutia forest, 22.01.2012, All1 3983.

Lepista nuda (Bull.) Cooke: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4617.

Melanoleuca brevipes (Bull.) Pat.: Cubucak, 0 m, P. brutia forest, 11.03.2012, All1 3998.

Melanoleuca strictipes (P. Karst.) Jul. Schaff.: Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, All1 4631b;
Cubucak, 0 m, P. brutia forest, 14.03.2013, All1 4690.

Resupinatus applicatus (Batsch) Gray: Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, All1 4630.
Tricholoma terreum (Schaeff.) P. Kumm.: Marmaris — Datga road 13. km. I¢meler Stream, P. brutia, L. orientalis mixed
forest, 27.12.2012, All1 4584.

Tubariaceae

Tubaria furfuracea (Pers.) Gillet: Marmaris — Datca road 13. km. Igmeler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4575.

Tubaria romagnesiana Arnolds: Marmaris — Datca road 13. km. I¢meler Stream, P. brutia, L. orientalis mixed forest,
27.12.2012, All1 4567; 4607; Bordiibet, L. orientalis, P. brutia mixed forest, 27.12.2012, All1 4621.

4. Conclusions and discussion

In this study, 36 families, 64 genera and 99 taxa belonging to 2 (Ascomycetes and Basidiomycetes) class were
identified. Out of all the identified taxa, four of them are new records for Turkey. These species are Daedaleopsis tricolor,
Entoloma caesiocinctum , Entoloma pleopodium and Entoloma scabiosum (Sesli and Denchev, 2008; Solak et al., 2015).
The statistical analysis of the 99 species indicates that 32% are edible, 21% are poisonous and 47% are inedible (Figure
6).
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Figure 6. Edibility of the macrofungi of Datca Peninsula

In the study area, the most predominant families were found to be Inocybaceae followed by Agaricaceae,
Tricholomataceae, Mycenaeae and Entolomataceae (Figure 7).
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Figure 7. The graph illustrating the number of species in the specific families identified in the study
Similarity ratios obtained from the similar studies in the near vicinity of this current study are given in Table 1.

Table 1. Similarity percentages of neighbouring studies with Datga Peninsula

Investigations Number of identical taxa Total taxa Similarity percentage
Solak & Yilmaz Ersel (2005) 37 178 20.7
Giingor et al. (2016) 35 211 16,5
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Abstract

Applying the CR-39, Solid State Nuclear Track Detector, the radioactivity of the soil in Fallujah City was
measured at the ground depths 0-20, 20-40 and 40-60 cm respectively. The soil samples were collected during summer
2014, At the surface, 0-20 cm depth, the measured radioactivity corresponding to depleted uranium concentration of 1.1-
2.5 ppm, showed lower values as compared with the tolerated average value of 2.8 ppm (DU). The detected activity values
at the 20-40 cm and 40-60 cm depths were not negligible, (1.0-2.3) ppm and (0.9-2.0) ppm respectively. The results
indicate the diffusion of the radioactive material, accepted as depleted Uranium, down the soil layer within the 3 levels.
Adding the ppm values at the three depths together yields radioactivity values of (3.1-6.8) ppm, which are greater than
the 1AE tolerated value of 2.8 ppm. The ‘accumulated activity’ represents the initial value for the contamination. The
formation process dates back to the year 2005, of the 2" Falluja confrontation. The period required for the diffusion down
the soil extends over 9-10 years. The high numeric value of the radioactive contamination 3.0-6.8 ppm DU can permit us
to understand the origin of the increase in cancer disease cases, women repetitive abortions, malformations and generic
deformations of newly borne babies, following the year 2005, as reported by the health administrations of the city.

Key words: Falluja, Irag, soil, radioactivity, CR-39

Falluja-Irak'ta toprak radyoaktif kirliligi

Ozet

CR-39, Kat1 Hal Niikleer Yol Dedektoriinii uygulayarak, Felluce Sehri'ndeki topragin radyoaktivitesi, sirasiyla
0-20, 20-40 ve 40-60 cm'lik toprak derinliklerinde 6l¢tilmiistiir. Toprak 6rnekleri 2014 yilinin yaz mevsimi boyunca
toplanmustir. Yiizeyde, 0-20 cm derinliginde, 1.1-2.5 ppm'lik tilkenmis uranyum konsantrasyonuna karsilik gelen 6l¢iilen
radyoaktivite degeri, tolere edilen 2.8 ppm ortalama degerine kiyasla daha diisiik degerler gostermistir. 20-40 cm ve 40-
60 cm derinliklerinde tespit edilen aktivite degerleri, sirasiyla, 1.0-2.3 ppm ve 0.9-2.0 ppm olarak goz ard1 edilemezdi.
Sonuglar, tiikenmis uranyum olarak kabul edilen radyoaktif malzemenin, 3 kattaki toprak tabakasinda asagi dogru
yayildigin1 gostermektedir. Ug derinlikte ppm degerlerinin toplanmasi, 3.1-6.8 ppm'nin radyoaktivite degerlerini verir,
bu da 2.8 ppm'lik IAE tolere edilen degerden daha biiyiiktiir. "Birikmis etkinlik", kirlenmenin baslangi¢ degerini temsil
eder. Formasyon siireci, 2. Felluce ¢atigmasinin 2005 yilina kadar uzanmaktadir. Toprak asag: difiizyon icin gerekli siire
9-10 y1l boyunca uzanir. Radyoaktif kontaminasyon 3.0-6.8 ppm DU'nin yiiksek sayisal degeri, 2005 yilindan itibaren,
sehrin saglik yonetimi dikkate alindiginda, kanser hastalarinda goriilen artis, kadinlarin tekrarlayan diisiikleri, yeni dogan
bebeklerin sakat olmas1 ve genel deformasyonlarini anlamamizi saglayabilir.

Anahtar kelimeler: Felluce, Irak, toprak, radyoaktivite, CR-39
1. Introduction
The major sources of radioactive material are the products of nuclear fission and naturally occuring radionuclides.

These are carried by the particles ranging from less than 1 p up to a few mm. One of the main routes in their incorporation
in to food chain are plants. Plants are the first organisms which get effected by the radioactivite pollution created by
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naturally produced radioisotopes and products of nuclear fission. They form one of the primary inlets in the food chain.
However, it is very difficult to put forward the damages in these silent observers, unless the radioactivity levels exceed
the natural ones. Radionucleid accumulation is seen to reach a very high level in a short time in lichens which are accepted
as the best bioaccumulators. Lately much attention has been paid towards the researches concerning the determination of
species which can be used as indicators in radioactive pollution. However, their damaging effects on the plants cannot be
detected unless the levels are not above the natural ones. The sensitivity of the plants is related to the size of nucleus and
growth form of the plants. Climatic conditions, particularly rain plays a great role in the deposition and removal of the
radionuclides from the plants surfaces. (Ozturk et al., 1987, 1994).

Radionuclides existing in soil can be dissolved in solution, or ion exchanged in reaction, complexed with soil
organics or precipitate as pure or mixed solids. Their immobility in uppermost soil layers represents a problem for
environment and human health, due to their easy integration in the food chain (Cazzola et al., 2004; Gavrilescu et al.,
2009). Igwe et al. (2005) have proposed a scheme for radionuclides movement in the soil, a major part is released into
the environment which either accumulates in the upper layer of soils, inducing a risk for the ecosystems and health
(Gavrilescu et al., 2009).

During the last six decades uranium mining and milling has lead to much damage to the environment through
abandoned radioactive waste accumulation and its improper disposal, dumping of the wastes after uranium prospections.
Large amounts of both high- and low-level uranium-containing wastes is generated from fuel fabrication and reprocessing
as well as research and development producing negative effects. These influence the environmental quality mainly
surface-ground waters, and soils. Its potential risk in soil contamination is a global problem. These also pollute large land
areas endangerring the catchments of drinking water (Gavrilescu et al., 2009). Uranium also generates an important issue
against human health (Gongalsky, 2003). Its solubility in soil depends on pH, redox potential, temperature, soil texture,
organic and inorganic compounds, moisture and microbial activities (Rivas, 2005). Soluble forms move with soil water,
which are absorbed by plants or aquatic organisms or volatilized (Igwe et al., 2005). In view of this, the contamination
by uranium has severe negative biological effects on important groups of the soil food web (IAEA, 2005a, b). Its
contamination in soil and water has been identified globally at many sites, therefore measures for preventing their
assimilation by plants needs to be considered as the first step in the remediation of contaminated sites (Navratil, 2001;
Gongalsky, 2003; Cazzola et al., 2004; Gavrilescu et al., 2009). Different in situ technologies like alkaline leaching with
carbonate and hydrocarbonate ions, or acid leaching were used commercially in a large number of deposits (IAEA 2001,
20023, b; Normon and Raforth, 1998; Groudev et al., 2007).

The political, economical and environmental reasons have lead to a stopping of all commercial-operations for
uranium leaching (IAEA, 2005a, b). Inspite of these preventive and remedial actions many natural ecosystems have
sufferred heavily from radioactive element pollution due to uranium recovery, mainly through the seepage of acid
drainage waters (Savchenko, 1996; Gupta, 2006; Gavrilescu et al., 2009). Later are still a persistent environmental
problem at many abandoned sites, because the soils alongside the water flow path are polluted with radioactive elements,
and these have become unsuitable for agricultural use, as such soil remediation is an important task at such sites (AbdElI-
Sabour, 2007). The depleted uranium too poses a problem at such places, because this has increased public health concerns
due to the chemical toxicity of DU at elevated doses. There is need to develope U removal methods from contaminated
sites (Gavrilescu et al., 2009). The remediation of radionuclide-contaminated soils is a matter of high priority. If these
soils are left untreated, they will pose a great threat for human health and will be hazardous for our environment. For this
purpose methods can be used to extract uranium from its ores to achieve remediation of contaminated soils and water
(Merritt, 1971; Roh et al., 2000).

238, 235 and 2**U are the three isotpes of uranium usually occurring in the soil. Their relative abundance is 9.27,
0.720 and 0.0055 percent respectively. Uranium is found in the soil (80-90%) in the +VI oxidation states as uranyl cations
(UO2*?), a predominant species of U in soil under acidic conditions (Ebbs, 1997). Its behaviour in soil is similar to other
heavy metals and toxicity mimics that of Pb. Later is toxic to kidneys and some insoluble U-compounds are carcinogenic
(lbrahim et al., 2015). The behaviour of U in soil is complex and the metal speciation (especially pH-dependent) is very
difficult to investigate. According to Baes (1982) rare amounts of uranyl cations are present in available forms because
of high solid-liquid distribution (Kd).

Not much is known about the uptake and translocation of uranium by the plants under diverse soil conditions.
Generally U contents of plants growing under U-contaminated environments have been investigated (Whicker and
Ibrahim, 1984; Ibrahim and Whicker, 1988). In some cases the uptake of U by field and garden crop having importance
to humans and animals has been studied (Sheppard et al., 1985, 1989; Ibrahim et al., 2015). The soil to plant transfer is
usually known as transfer factor (TF), which varies with plant species and plant part. The roots generally are reported to
contain higher uranium than stems, leaves and shoots (Apps et al., 1988; Ebbs et al., 1998). Leafy vegetables too show
higher U-TFs followed by root, fruit and grain crop plants. The TFs are reported to exceed a value of 0.01 rarely, with
the exception of some plants growing on very highly contaminated (acidic) U-mining soils. The TFs of different crops
also depend on the soil pH and some are very sensitive to pH. The sage brush has shown the highest TF under natural
conditions rarely grown at pH below 4 (Ibrahim et al., 2015). The free UO,*? is most readily taken up and translocated by
plants, being present at a pH of 5.5 or less, and acidification of uranium-contaminated sites is necessary for
phytoextraction. This species is also responsible for binding soil solids with organic matter; as such a reduction in plant
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uptake has been reported. Some soil amendments in addition to acidification may increase the availability of U by the
formation of complexes (Sheppard et al., 1984; Ebbs, 1997; Ibrahim et al., 2015).

Fallujah is a city of ca 750,000 inhabitants, located about 70 km northwest of Baghdad, Iraq (Figure 1). It was the
scene of heavy military operations in the years 2004 and 2005. In the years following these operations peculiar health
abnormalities appeared among its population (Anonymous, 2017). In the following years high number of child blood
cancer cases, genetically deformed malbirths, repetitive abortions of pregnant women and multifold increase in adult
cancer cases were reported by the local health authorities (Anonymous, 2013). A thorough inspection of the causes of this
catastrophic health situation was called for (Anonymous, 2012). For this purpose an intensive study of the soil
contamination was needed. The soil analysis aimed primarily at the estimation of radioactive as well as heavy metal
contaminations. The subject of this paper deals primarily with the soil radioactive contamination.

Solid state nuclear track detectors (SSNTD) are appropriate and economic device for the quantitative estimation
of nuclear radioactivity (Fleischer et al., 1975). Both organic and inorganic materials are used for their production. The
organic detectors are mostly composed of polymeric resins (Szydlowski et al., 1999). When exposed to radioactive
material, they get chemically changed due to the collision with a or B particles. The spots of collision appear on the resin
sheet and can be counted applying a proper magnifying microscope (Durrani and Bull, 1987). Among the SSNTD, CR-
39 seems to be most favored for such studies (UNSCEAR, 1994).
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Figure 1. Location of Fallujah City in Iraq
2. Materials and methods

The soil samples were randomly collected from 50 different locations, designated relative to schools and mosques,
in the city. From each location 5 different samples were collected from the following depths; 0-20, 20-40, and 40-60 cm.
After removal of "garbage" material, the samples were dried under 105°C for 24 hours and then submitted for the
radioactivity analysis. CR-39 SSNTD, Landauer, England; optical microscope with 400 x magnifying power, Nicon,
Japan and Heraeus furnace with a temperature range of 0-250 °C were used during the evaluation of soil samples. The
sensitive balance used was of the type Sartorious-BP 3015. 2*!Am-Be neutron source of an activity 5.92 x 10 Bq and a
neutron flux of 5x10° n cm2.s were used for the irradiation. 1 gm pellet of the sample material was prepared through
pressing with a 15 atm. press. It was placed in front of a 1 cm? sheet of CR-39, both placed in the radiation container with
the neutron source (Figure 2a). The neutron irradiation continued for 7 days, after which the CR-39 was removed and
immersed in a (6.25N) NaOH bath at 60°C for 5 hours (Figure 2b). The tracks formed in the Cr-39 sheet were inspected
applying the optical microscope. The measured track density (spot/cm?) was used to evaluate the amount of radioactivity
contamination, calculated in ppm of natural uranium according to a correlation curve (Figure 2c).
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Figure 2. (a) the radiation measurement container applied for the estimation of soil radioactivity; (b) NaOH bath used for
etching the irradiated Cr-39 sheets; (c) correlation curve of the measured track density, CR-39, with the Uranium
concentration (ppm).™ Prof. N. F. Tawfig, Dept. of Physics, Al-Nahrain University, personal communication

3. Results

The table 1 shows measurement results for most of the chosen sampling locations. The amount of radioactive
contamination calculated as ppm values of Uranium, are lower than the internationally permitted values of 2.8 ppm
(IAEA, 20053, b), showing that at the depths of 20 and 40 cm the amount of contamination is not negligible.

Table 1. Measured radioactive contamination, calculated as ppm, Uranium, at some sampling sites in Fallujah

Sample Location

Depth (cm) - U (ppm)

20cm 40 cm 60 cm
Alhhurriya School 1.118 0.952 0.786
Almaamun School 1.433 1.276 1.173
Aljamhurriya School 1.391 1.214 1.147
Alturath Alaraby School 1.251 1.048 0.873
Alkhaleel School 1.250 1.170 0.987

The low U-ppm values at the soil surface, 0-20 cm, suggest that the contamination in the city is not threatening

and might be neglected, Figures 3a and 3b.
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Figure 3. (a) Plots of the measured U concentration at 50 different soil sampling locations taken at the depth 0-20 cm; (b)
Avrea contours of the measured U concentration at 50 different soil sampling locations taken at the depth 0-20 cm.

However, the situation is different on considering the sums of all three concentrations at the three depths (Figure
4). The calculated cumulative concentration values are all higher than the average tolerated (2.8 ppm) value of U (Table
2). Based on the cumulative concentration values we can conclude that the initial U concentrations, compelled in the years
2004-2005, were several folds higher than 2.8 ppm. Figure 5 describes the concentration change relative to the soil depths.
The solid lines represent the measured concentration values, the dotted lines represent the calculated concentration values
applying the gradient method. By this calculation we defined the concentration gradient as the difference quotient of the
concentration (ppm) over the change in depth (cm).

Ci = the concentration at the depth d; 1)

Ci+1 = the concentration at the depth di.1 (2)
A® =Ci-Cin (3)
AY =di- din 4)

Vi.i:1 =A% AYis the gradient of concentration change.
Cit1=Ci(1- Vi) 5)

Table 2. Cumulative soil radioactive contamination values (ppm, Uranium) at some sampling sites in Fallujah
Depth (cm) - U concen. (ppm)

Sample Location 20cm 40 cm 60 cm Sum
Aljumhurriya school 1.391 1.214 1.147 3.752
Alturath alaraby 1.251 1.048 0.873 2.299
Alkhaleel School 1.250 1.170 0.987 2.420
Alzaytoona School 1.472 1.322 0.952 2.794
Alfalluja School 1.713 1.563 1.378 4.654
Alsuudad School 1.712 1.548 1.293 4.553
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Figure 4. (a) Plots of the calculated cumulated U concentrations at 50 different soil sampling locations; (b) Area contours
of the cumulative U concentration at 50 different soil sampling locations
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Figure 5. Measured and calculated U concentration as a function of soil depth (cm) from 3 different sample collection locations
in Fallujah city

Two interesting results appear in these figures;

a- the diffused concentration values are not negligible even at the depths of 100 cm and
b- the concentration change due to the diffusion might extend to depths of several meters.

A thorough calculation of the total cumulative concentrations at different sampling locations should yield ppm values
that are in multiple folds of the tolerated value (2.8 ppm). The cumulative concentration is by definition equivalent to the initial
radioactive concentration (U-ppm) at the time of its initiation, i.e. in the years 2004-2005. Such radioactive contamination levels
should be considered on discussing the peculiar health abnormalities that were reported by the Fallujah health authorities in the
years following 2005.

The nuclear industry, which involved the mining, milling, and fabrication of various U products has been responsible
for uranium contamination of surface soils. Its contamination now poses significant health risks for living beings and limits the
future use of many sites formerly used for U production and processing. There are large areas of U-contaminated soils in the
world, engineering-based remediation methods such as excavation require millions of tons of soils to be disposed of as low-
level radioactive waste. This process is expensive, fills up scarce landfill space, and requires additional site restoration.
Remediation of U-contaminated soils represents a significant expense to many industries and governmental agencies. According
to Huang et al. (1998) development of a cost-effective method to remove U from contaminated soils could accelerate the cleanup
process and reduce remediation costs.

4. Conclusions and discussion

Uranium sorption strongly dependends on the pH of the solution because of the changes in solution speciation, and
surface species and surface charge as a function of pH (Ibrahim et al., 2015). Presence of uranium in soil generates an important
issue against public perception on the risk which contamination poses to the environmental and human health. In spite of some
preventive and remedial actions during the uranium recovery, many natural ecosystems have got heavily polluted with
radioactive elements (Gavrilescu et al., 2009).

Our results clearly show that significant radioactive contamination has occurred in the city of Fallujah during the years
2004-2005. Diffusion of the radio-active material has taken place into the depths of its soil in the following years. The diffusion
is expected to proceed to several meters in depth and will reach the ground water level. Monitoring of the radioactivity of the
ground water of the city and its surroundings is important and strongly called for. It is expected that similar diffusion behavior
of radioactive contamination in other areas of Irag must have taken place, therefore continuous monitoring of the activity is
needed in Irag and its neighbouring countries.
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Abstract

During our revisionary study on the taxa of the genus Artemisia L. (Asteraceae) distributed in Turkey, we came
across two populations that we anticipated could be a new variety of the species Artemisia taurica Willd. belonging to
the subgenus Seriphidium (Besser) Fourr. In the morphological and cytological studies, we found that the new variety
should be included in the species A. taurica but it also has some considerable morphological differences. These
morphological differences include the length of stems, peduncles, pistils, styles, forks of stigmas, stamens, filaments, and
dimensions of leaves, phyllaries, corollas, ovaries, anthers, achenes, the direction of synflorescens branches, the
orientation of the capitula on the synflorescens branches, colour of corolla, and the type of indumentum. The new variety
was also different in terms of chromosome number. Based on these differences, we suggested that a new variety of the
species A. taurica should be described, as A. taurica var. vanensis which is only distributed in a very limited area in the
Eastern of Turkey. In this article, an identification key for all taxa in the subgenus Seriphidium and a rearranged
description of the species A. taurica for including its two varieties, a diagnosis and an identification key for two sister
varieties, a distribution map and a few descriptive figures of the new variety have been given.

Key words: Artemisia taurica, Asteraceae, Seriphidium, taxonomy, Turkey

*

Artemisia taurica Willd. var. vanensis Kursat & Civelek (Asteraceae: Anthemideae), Tiirkiye’nin Dogu
Anadolu’sundan yeni bir varyete

Ozet

Tiirkiye'de yayilis gOsteren Artemisia L. (Asteraceae) cinsinin taksonlarina yonelik yaptigimiz revizyon
calismasi sirasinda, Seriphidium (Besser) Fourr. altcinsinde yer alan Artemisia taurica Willd. tiiriiniin yeni bir varyetesi
olabilecegini tahmin ettigimiz iki populasyonla karsilastik. Morfolojik ve sitolojik ¢alismalar neticesinde, bu yeni
varyetenin A. taurica tiiriine dahil edilmesi gerektigini, ayni zamanda bazi 6nemli morfolojik farkliliklara sahip oldugunu
bulduk. Bu morfolojik farkliliklar; govdelerin, kapitulum saplarinin, pistillerin, situluslarin, stigma catallarinin,
stamenlerin, filamentlerin uzunluklari, yapraklarin, fillarilerin, korollalarin, ovaryumlarin, anterlerin, akenlerin boyutlari,
sinfloresens dallarinin yonelimleri, kapitulumlarin sinflorosens dallart {izerindeki diizenlenigleri, corolla rengi ve tily
oOrtiisii tipini kapsamaktadir. Bu yeni varyete, kromozom sayist bakimindan da farkliydi. Bu farkliliklara dayanarak,
Tiirkiye’nin dogusunda sinirli bir alanda yayilis gosteren A. taurica tiiriiniin yeni bir varyetesinin A. taurica var. vanensis
olarak tanimlanmasi1 gerektigini 6nerdik. Bu makalede, Seriphidium altcinsindeki tiim taksonlar igin bir teshis anahtart,
A. taurica tiiriiniin iki varyeteyi de kapsayacak sekilde yeniden diizenlenmis betimi, kardes varyeteler i¢in bir diyagnoz
ve teshis anahtari, yeni varyetenin bir yayilis haritas1 ve birkag tanimlayici resim verilmistir.

Anahtar kelimeler: Artemisia taurica, Asteraceae, Seriphidium, taksonomi, Tiirkiye
1. Introduction

The genus Artemisia Linnaeus includes nearly 500 species in the world, and is distributed widely in the north
hemisphere (Bremer and Humphries, 1993; Bremer, 1994). The majority of species of the genus Artemisia grow sparsely
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or form small populations, but several taxa form large, expansive populations and characterize landscapes (Vallés and
McArthur, 2001).

The most commonly accepted subdivisions of the genus Artemisia are separated into 4 subgenera as the subgenus
Artemisia Lessing, the subgenus Dracunculus (Besser) Rydberg, the subgenus Seriphidium (Besser) Fourr and the
subgenus Tridentatae (Rydberg) McArthur (McArthur et al., 1981). McArthur et al., (1981) have created the new
subgenus Tridentatae by taking members of the genus Artemisia of the “New World” that are composed by eleven taxa
that have habitus of xerophilous shrub and homogamous capitula, distributed in North-East America and placed in the
subgenus Seriphidium formerly (McArthur et al., 1981; Mcarthur et al., 1992; Mcarthur and Sanderson, 1992). While the
taxa of subgenera Artemisia, Dracunculus and Seriphidium are naturally growing in Turkey, the subgenus Tridentatae
lacks naturally growing taxa in Turkey (Civelek et al., 2010; Kursat, 2010; Guner et al., 2012).

There are 22 species that belong to the genus Artemisia in the 5th volume of the Flora of Turkey (Cullen, 1975).
Later, Artemisia verlotiorum Lamotte is added as a new record for Turkey on the 10th volume of the Flora of Turkey,
which is a supplementum, so the species numbers of this genus in Turkey became 23 in total (Davis et al., 1988). Recently,
Civelek et al. (2010) carried out a revision study of the genus Artemisia distributed in Turkey, and according to their
results, there are 22 species and 25 taxa which include these species and their infraspesific taxa belong to 3 subgenera.
When we publish this new variety, the number of taxa of the genus Artemisia in Turkey will increase to 26.

The species Artemisia bashkalensis Kursat & Civelek is identified as a new species globally (Kursat et al., 2015).
The taxa, Artemisia fragrans Willdenow, Artemisia sieberi Besser subsp. sieberi and Artemisia santonicum Linnaeus
subsp. patens (Neilreich) Persson are identified as new records for Turkey (Civelek et al., 2010; Guner et al., 2012; Kursat,
2010; Kursat et al., 2011a; Kursat et al., 2011b; Kursat et al., 2014 ). Recently, New taxa have been published in the
Eastern Anatolian Region (Fidan et al., 2017;. Hamzaoglu and Kog, 2018).

During our revisionary study, we have observed that all samples identified as the species Artemisia herba-alba
in the Turkish herbaria are actually the taxon A. sieberi subsp. sieberi, and the species Artemisia herba-alba are not
distrubed in Turkey (Civelek et al., 2010; Kursat, 2010; PlantList, 2010). In addition, the species Artemisia alba Turra is
only known from the East Aegean Islands which are outside Turkey’s borders. For these reasons, the taxa A. alba and A.
herba-alba were removed from the Turkey’s species list (Civelek et al., 2010; Guner et al., 2012; Kursat, 2010; Kursat et
al., 2011a; Kursat et al., 2014).

The general distribution regions of the species Artemisia taurica on the earth are Europe, southern Russia
(Caucasus), Crimea, Turkey. The species Artemisia taurica shows the wide distribution in the steppes of Central, Eastern
and Southeastern Anatolia in Turkey. This species is one of the three species have wide distribution in Turkey. The other
two species have a wide distribution in Turkey are Artemisia absinthium L. and Artemisia campestris L. (Civelek et al.,
2010; Kursat, 2010).

As a result of the systematical, morphological and cytologycal evidence studies executed within the framework
of Artemisia taurica, which belongs to the subgenus Seriphidium of the genus Artemisia, this was defined as a new variety
in present study (Civelek et al., 2010; Kursat, 2010).

2. Materials and methods

The present study is one of the results of our revisionary study which was carried out between the years 2007—
2010 under the research project titled ‘The Researches of Taxonomical, Chemical (Flavonoids and Essential Oils),
Karyological, Palynological and Antimicrobial Activities on Taxa of the Genus Artemisia L. (Asteraceae) Growing in
Turkey’(Civelek et al., 2010; Kursat, 2010).

For the revisionary study, hundreds of samples were collected from all over the country, and the samples were
transformed into herbarium materials, and vouchers were deposited in the Firat University Herbarium (FUH). Examined
materials of the new variety, A. taurica var. vanensis were collected between September and November of the years 2007
and 2009. The samples of the new variety were compared with other allied taxa of the genus Artemisia in the herbaria
WU, LE, W, FUH, EGE, ANES, AIBU, AEF, ANK, GAZI, CU, CUFH, HUB, HUEF, ISTE, KNYA, OMUB and VANF
(acronyms according to Thiers, 2015). Examined all samples of the species A. taurica are given appendix 1.

3. Results and discussion
3.1. Artemisia taurica Willd. var. vanensis Kursat & Civelek, var. nov. (Figs 1- 6)

Type : Turkey, B9 Van, 30" km of the highway from Van to Hakkari, slopes around Zernek irrigation dam lake, mountain
steppe, 1960 m., 38° 20.872N, 43° 41.867E, 20 September 2007, S. Civelek & M. Kursat 1056 (holotype FUH) (Fig. 5).
Paratypes : Turkey, B9 Van, Gurpinar district, between Cavustepe castle and Zernek irrigation dam lake, at field edges
and roadsides, 1851 m., 38° 21.936N, 43° 33.846E, 20 September 2007, M. Kursat 1052 (FUH) ; B9 Van, 30" km of
highway from Van to Hakkari, slopes of around of Zernek irrigation dam lake, mountain steppe, 1960 m., 38° 20.872N,
43° 41.867E, 24 November 2007, M. Kursat 1112 (FUH) ; ibid, 31 October 2009, S. Civelek & M. Kursat 1208 (FUH).
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Figure 2. a. The detailed appearance of different sized lower dryed leaves, b. The detailed appearance of different sized
lower fresh leaves of A. taurica var. vanensis

Figure 3. a. A capitulum (head), b. Phyllaries of capitulum from outside to inside of A. taurica var. vanensis (each
range of the scale is 1mm)

3.2. Description of the species Artemisia taurica Willd.

Suffruticose perennial, stock stout and woody, Stems many, usually ascending, rarely more or less erect, to 15-60
cm high, sulcate, densely dark grayish arachnoid or tomentse hairy at pre-flowering stage, later partially poured. Basal
rosettes present at flowering stage. Leaves densely dark greyish arachnoid or tomentse hairy; lower leaves and leaves of
sterile shoots petiolate, 0.5-2.5 x 0.5-1.2 cm, twice or thrice pinnately (pinnatisect) divided, their lobes linear-oblong,
apex of lobes acute; middle and cauline leaves sessile, pinnatisect divided, their lobes linear, apex of lobes obtuse-acute;

Murat KURSAT et al., Artemisia taurica Willd. var. vanensis Kursat & Civelek (Asteraceae: Anthemideae), a new variety from Eastern Anatolia of
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floral (uppermost) leaves sessile, from pinnatisect to linear with two basal lobes, 0.1-1 x 0.1-0.4 cm, apices of their lobes
obtuse-acute. Synflorescence rasemose-paniculate, branches of synflorescens ascendant (spread and upwards) or
horizontal ; capitula oblong-obovate, 3-6 x 1.5-3.2 mm, spread or drooping (pendulose), usually pedunculate, peduncle
to (1-) 3-5 mm long, capitula becoming sessile towards the end of synflorescens branches, arachnoid-tomentose and
punctate-glandular (glands-dotted or sessile glands); phyllaries (involucral bracts) 4-6 series, from ovate-oblong to
lanceolate, outer phyllaries divided or not to base, 0.2-0.9 x 0.1-0.8 mm, middle phyllaries 0.8-2.2 x 0.6-1.7 mm, inner
phyllaries 2-4.2 x 1- 1.5 mm; reseptacle glabrous; all flowers hermaphrodite and fertile,, 3-8 per capitula; corollas
tubulate, 2.8-4.2 x 0.5-1 mm, yellow or pinkish red or purplish red, punctate-glandular (glands-dotted or sessile glands);
pistils 2.6-3.9 mm long, ovaries 0.5-1 x 0.2-0.7 mm in dia; stigmas bifid (forked), ciliate at apices forks of bifid stigma
0.3-0.7 mm long; stamens 2.2—4.2 mm long, filaments 0.8-1.5 mm long, anthers with lanceolate apical appendage, 1.2—
2.7 x 0.1-0.3 mm in dia. Achenes (cypselae) 1.2-2.7 x 0.5-1.4 mm in dia, oblong-obovate, longitudinally ribbed, bright
brown. Somatic chromosome numbers 2n=4x=36 or 2n=6x=54 (Figure 6).

Figure 5. Holotype of Artemisia taurica var. vanensis Kursat & Civelek, var. nov. (M. Kursat 1056, FUH)
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Figure 6. Mitotic metaphase chromosomes of two sister variety of the species Artemisia taurica. (a: var. taurica,
2n=4x=36) and (b: var. vanensis, 2n=6x=54; arrows show the satellite chromosomes) (Civelek et al., 2010)

3.3. Diagnosis for the sister varieties of the species of A. taurica in Turkey

The new variety A. taurica var. vanensis differs from its sister variety A. taurica var. taurica; with fertile stems
20-45(-60) cm high [15-35 (-45) cm high in var. taurica]; indumentum densely arachnoid [tomentose in var. taurica];
synflorescence branches usually horizontal [usually ascendant i.e spread to erect in var. taurica]; capitula usually drooping
(pendulose) at flowering and fruiting stages and loose after pressing process [spread, not drooping at flowering and
fruiting stages and remains tight after pressing process in var. taurica]; outer phyllaries usually not divided to base [usually
divided to base in var. taurica]; corolla yellow or pinkish-red or purplish-red [yellow in var. taurica]; pistils and stamens
usually not exerted the corolla [pistils and stamens usually exerted the corolla in var. taurica]; somatic chromosome
number 2n=6x=54 [2n=4x=36 in var. taurica] (Table 1).

3.4. Diagnostic key for for the sister varieties of the species of A. taurica in Turkey

I. Synflorescence branches ascendant (spread and upwards); outer phyllaries usually divided to base; capitula not
drooping (pendulose) at flowering and fruiting stages, remains tight after pressing process; corolla yellow
var. taurica
- Synflorescence branches horizontal; outer phyllaries usually not divided to base; capitula drooping (pendulose)
at flowering and fruiting stages, start to loose and seperated comparatively after pressing process; corolla yellow
or pinkish red or purplish red
var. vanensis

3.5. Distribution, habitat and ecology

The general distribution regions of the species Artemisia taurica on the earth are Europe, southern Russia
(Caucasus), Crimea, Turkey. The species A. taurica shows the wide distribution in the steppes of Central, Eastern and
Southeastern Anatolia in Turkey (Fig. 7). In Turkey apparently confined to the Irano — Turanien region.
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Fi gure 7. The distribution of the species A. taurica in Turkey

The new variety A. taurica var. vanensis is endemic to Van province in Eastern Anatolia of Turkey and to the
Irano-Turanian element. It is distributed in the Eastern Anatolia of Turkey, mountain steppe and slopes, at altitudes
between 1800-1960 m. The habitats of the plant are stony, gravelley and sandy slopes on mountain steppe. Its currently
known two close populations may be shown as one point on the map of Turkey (Fig. 8).
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Table 1. Comparison in terms of key features that distinguish the sister varieties of the species of Artemisia taurica in

Turkey
Characters var. vanensis var. taurica
Stem length (cm) 20-45(-60) 15-35(-45)
Indumentum densely arachnoid arachnoid-tomentose
Dimensions lower leaves (cm)  1-2.5 x0.5-1.2 0.5-2.5x0.5-0.9
Dimensions of cauline leaves 0525 x 0.3-1 05-1 x 0.1-0.6
(cm)
('i'rn”;ens'ons of floral leaves 0.1-1x0.1-0.4 0.1-0.5x0.1-0.3

Orientation of synflorescens
branches

Orientation of capitula

Peduncules of capitula length
(mm)

Capitula dimensions
Overview of outer phyllaries
Outer phyllaries dimensions
(mm)

Middle phyllaries dimensions
(mm)

Inner phyllaries dimensions
(mm)

Corolla colour

Corolla dimensions (mm)
Comprasion of pistil and
stamens length with corolla

usually horizontal

usually drooping (pendulose) at flowering
and fruiting stages, loose after pressing
process

(1-) 3-5 mm long, becoming sessile
towards the end of synflorescence branches

4.3-6 x 2-3.2 mmin dia
usually not divided to base

0.6-0.9 x 0.5-0.8
1-22x1.3-1.7

4-42x12-15

yellow or pinkish red or purplish red
2.8-33x0.5-1

pistils and stamens usually not exerted to the

usually ascendant (spread and upwards)

spread, not drooping (pendulose) at flowering
and fruiting stages, remains tight after pressing
process

1-3 mm long, becoming sessile towards the end
of synflorescence branches

3-5x1.5-2.3 mm in dia
usually divided to base

0.2-0.4 x 0.1-0.3
0.8-2.2 x0.6-1.7

2-2.5x1-1.2

yellow
2.8-42x0.5-1

pistils and stamens usually exerted to the corolla

length corolla
Pistil length (mm) 3.1-3.9 2.6-35
Ovarium dimensions (mm) 0.7-1 x 0.2-0.7 0.5-0.8 x 0.3-0.6
Style length (mm) 1522 1.2-15
Forks length of bifid stigma 0.4-07 0.3-0.6
(mm)
Stamens length (mm) 3-4.2 2.2-3.2
Filaments length (mm) 1-15 0.8-1.2
Anhters dimensions (mm) 2-2.7%x0.1-0.3 1.2-2x0.1-0.3
Achenes (cypselas) dimensions 1.8-2.7x0.8-14 1.2-2.5x0.5-0.9
(mm)
Somatic chromosome number 2n=6x=54 2n=4x=36
1 2 3 4 5 6 T 8 9 10
_r--:""u..---;:\ /J_Q._.a-— I e ] 1:|
o " A
Al r ot L3 |e [ SRR Py 35 Wt
L Ky 1) e \E‘--; nt? Y WA . Was'
v Va-!-h = Y I = H -\:3' Lo e ":) _\“ﬁ".-s"—!"' Ll I o j
s T
B o~ [ e I K i PR ST
L T \ | | . ¥ N |
B T |hend S A AL TR T VR
A RIS S AN T B el
NI / 1 | e AT
ihp .2'.-(""“r{w /? 3 \: y L KJ“ ,-ﬂ}: PP et | - :"'
B N EEgF il “*ﬂ_,_h%_'_" -
C o i () r;._\.‘xr‘-- ok S %4 L-B,“_,_-f"sr*” ~ ?,,/ ey
e W NGy Ry b v
o f [ T \-:'\‘v,r' T e
Py L-f \ L—I}‘ {"
C : :

Figure 8. Currently known very close two populations of A. taurica var. vanensis (square mark m )

Murat KURSAT et al., Artemisia taurica Willd. var. vanensis Kursat & Civelek (Asteraceae: Anthemideae), a new variety from Eastern Anatolia of

Turkey



112 Biological Diversity and Conservation — 11 / 3 (2018)

3.6. Phenology
Flowering samples were collected in September and October, and fruiting samples in October and November.
3.7. Etymology

Plant samples were collected from the Van province of Turkey. The epithet of the new variety (var. vanensis) is
derived from the province name.

3.8. Conservation status

The variety A. taurica var. vanensis is only known from very close two localities in Eastern Turkey:

1. B9 Van: Gurpmar district, between Cavustepe castle and Zernek irrigation dam lake, at field edges and
roadsides,

2. B9 Van: 30™ km of the highway from Van to Hakkari, at slopes around Zernek irrigation dam lake, mountain
steppe (Fig. 8). The main location of the new variety is slopes around the Zernek irrigation dam lake near the highway
from Van to Hakkari.

If grazing pressure increases and the road widening work is completed, the plant may become extinct in the near
future. On the basis of the IUCN Red List categories and criteria (IUCN, 2014), due to the small populations size and an
inferred decline of the populations, it is here suggested to consider the new species under the Endangered threat category,
as EN (endangered) according to criteria C2(a)l of IUCN.

3.9. The identification key for taxa of the subgenus Seriphidium in Turkey

la. Suffruticose, woody stock evident, thick and in the shape of a trunk 2

1b. Suffrutescent, woody stock not evident, thin, and cylindrical 6

2a. Plant very sparsely hairy at flowering stage after hair shedding or glabrous every stage, stems dark brown; lower
leaves 2- times pinnately divided, all floral leaves usually undivided and linear 3

2b.Plant usually hairy at flowering stage, stems grey; lower leaves 2-3-times pinnately divided, floral leaves generally
divided, only the ones of top undivided and linear 4

3a. Stems glabrous at fruiting, stems dark-brown; 3 — 5 florets per capitulum A. spicigera

3b. Stems sparse hairy at fruiting, stems grayish to light brown; 5 — 8 (-10) florets per capitulum A. fragrans
4a. Branches of synflorescence usually horizontal and intertwined into each other, with an appearance of bushy
A. sieberi subsp. sieberi
4b. Branches of synflorescence usually erect or ascendant (spread), if horizontal when not intertwined into each other,
don’t like an appearance of bushy 5
5a. Synflorescence branches erect or ascendant; capitula usually erect or spread, not nodding (pendulose) at flowering
and fruiting stages, remain tight after pressing process; outer phyllaries usually divided to the base; corolla yellow
A. taurica var. taurica
5b.Synflorescence branches usually horizontal; capitula usually nodding (pendulose) at flowering and fruiting stages,
start to loose and seperated comparatively after pressing process; outer phyllaries usually not divided to the base; corolla
yellow or pinkish-red or purplish-red A. taurica var. vanensis
6a. Fertile stems 25-60 c¢cm, hairy and with yellowish punctuated glands (glands-dotted or sessile glands), stems grey-
brown colored; margins of the phyllaries membranous and usually transparent, very rarely partially purplish
7
6b. Fertile stems 25-100 cm, glabrous or very sparsely hairy, usually with only white punctuated glands (glands-dotted
or sessile glands), stems brown-red colored; margins of the phyllaries membranous and usually purplish
A. bashkalensis
7a. Synflorescence branches erect or ascendant; capitula usually erect or spread, or very rarely nodding (pendulose);
corolla usually yellow, very rarely partially reddish at mature stage
A. santonicum subsp. santonicum
7b.Synflorescence branches usually horizontal; capitula usually nodding (pendulose); corolla usually red, very rarely
yellowish A. santonicum subsp. patens
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Appendix 1. Examined additional specimens of the species Artemisia taurica

Our collected samples: A4 Kastamonu: The highway from Kastamonu to Samsun, Ilgaz road junction, edges of
the road and slopes, 10 October 2009, 40° 54.458N, 33°37.372E, M. Kursat 1202 (FUH); Kastamonu: The highway from
Kastamonu to Samsun, 10 km to Tosya, roadsides and slopes, 10 October 2009, 866 m., 40° 57.437N, 33° 57.901E, M.
Kursat 1204 (FUH); B3 Eskisehir: Between Polatli and Sivrihisar, 35 km to Sivrihisar, roadsides and slopes, 23 October
2007, 837 m, 39° 34.476N, 31° 51.103E, I. Turkoglu & M. Kursat 1098 (FUH); B4 Aksaray: Ihlara Valley, between
Yaprakhisar village and Aksaray, slopes, 07 July 2007, 1140 m, 38° 19.766N, 34° 13.790E, I. Turkoglu & M. Kursat 1008
(FUH); Ankara: Sereflikochisar, Hamzal1 village, Kayacik (Mutlucan) Saltworks, 07 July 2007, 933 m, 38 50.381N, 33
26.922E, I. Turkoglu & M. Kursat 1009 (FUH); ibid., 03 September 2007, I. Turkoglu & M. Kursat 1020 (FUH); ibid.,
22 October 2007, M. Kursat 1092 (FUH); ibid., 06 December 2007, M. Kursat 1129 (FUH); Ankara: Sereflikochisar, the
southern slope of Akin village, steppe, 07 July 2007, 989 m, 39° 06.821N, 33° 15. 624E, M. Kursat 1011 (FUH); ibid., 22
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October 2007, M. Kursat 1094 (FUH); Ankara: Polatli highway, 37 km to Polatli, roadsides and slopes, 10 September
2007, 843m, 39° 45.799N, 32° 28.355E, M. Kursat 1028 (FUH); ibid., 23 October 2007, I. Turkoglu & M. Kursat 1095
(FUH); ibid., 06 December 2007, M. Kursat 1131 (FUH); Ankara: Golbasi higway, 5 km to Golbasi, steppe, 10 September
2007, 1032 m, 39° 47.977N, 32° 47.486E, M. Kursat 1031 (FUH), Ankara: from Golbasi to Bayindir dam lake, 14" km,
steppe, 10 September 2007, 994 m, 39° 52.206N, 32° 54.367E, M. Kursat 1032 (FUH), Ankara: Between Lalahan-
Elmadag, arround the Military zone, slopes and field edges, 10 September 2007, 1225 m, 39° 57.756N, 33° 11.727E, M.
Kursat 1033 (FUH); B5 Nigde: from Nigde to Kayseri hingway, 5 km, between railway and hingway, 06 July 2007, 1250-
1300m, 38°03. 022 N, 34°45.740 E, M. Kursat 1007 (FUH), Kirsehir: the road from Hirfanl1 Dam Lake to Sereflikochisar,
5 km, hills and roadsides, 11 September 2007, 972 m, 39° 16.523N, 33° 30.135E, M. Kursat 1036 (FUH), Kayseri: 39"
km the highway from Kayseri to Avanos, roadsides and slopes, 22 October 2007, 1121 m, 38° 43. 377N, 35° 04.811E, M.
Kursat 1089 (FUH), B6 Kahramanmaras: Goksun, open places of forest above Findiklikoyak village, 04 July 2007, 1640
m, 37° 60. 021N, 36° 32.325E, I. Turkoglu & M. Kursat 1005 (FUH), Kahramanmaras: Goksun, around Findiklikoyak
village, 22 October 2007, 1450 m, 37° 60.021N, 36° 32.325E, M. Kursat 1090 (FUH), Sivas: Ulas, Tecer mountains,
Quercus community, slopes, 13 July 2008, 1817 m, 39° 25.003N, 37° 07.220E, M. Kursat 1150 (FUH); B9 Van: 21" km
of the highway from Adilcevaz to Ercis highway, slopes, 23 September 2007, 1750m, 38° 57.134N, 43° 13.308E, M.
Kursat 1071(FUH), Mus: Malazgirt, Aktuzla village, eastern slope, 24 September 2007, 1632 m, 39° 19. 572N, 42°
18.008E, M. Kursat 1079 (FUH), Agr1: 4" km of highway from Habur to Tutak, steppe, 26 November 2007, 1605 m, 39°
35.994N, 42° 55.698E, M. Kursat 1114 (FUH), Mus: Malazgirt, Aktuzla, around the Karincali village, slopes, 26
November 2007, 1550 m, 39° 21.474N, 42° 15.551E, M. Kursat 1119 (FUH),Van: Ercis, Zernaki mountain, Irsat site,
steppe, slopes, 02 November 2008, 1712 m, 39° 03.216N, 43° 20.599E, M. Kursat 1185 (FUH); B10 Agri: Dogubeyazit,
around Ishakpasa Palace and Murat camping, 26 August 2008, 1935 m, 39°31.190N, 44° 07.780E, M. Kursat 1172 (FUH);
C5 Aksaray: the highway from Adana to Aksaray, plains of Konya province border, steppe,11 Steptember 2007, 1202 m,
37 57.851N, 34. 04.924E, M. Kursat 1037 (FUH); ibid., 22 October 2007, M. Kursat 1091 (FUH); ibid., 06 December
2007, M. Kursat 1128 (FUH); C10 Hakkari: the highway from Van to Hakkari, 37 km to Hakkari, steppe, slopes, 20
Steptember 2007, 1496m, 37° 41.720N, 43° 58.504E, M. Kursat 1058(FUH).

Herbarium samples: A4 Karabiik: locations opposite the Sand quarry, 21 June 1985, ca.700 m, M.Demirors (ANK1285)!;
Kirikkale: around Sulakyurt, steppe, slopes, 19 August 1990, 950m, A.A.Donmez 2801 (HUB 29858)!; Ankara: the
highway from Kalecik to Cankiri, 10 km to Cankiri, 09 October 1992, 650-700m, Z. Aytac (GAZ15605)!; Ankara: Cubuk
dam lake, Festuca-Thymus steppe, 16 November 1996, 1000m, N. Adiguzel & S. Seven (ANK 2751)!; A8 Erzurum: 10
km to Ispir, steppe and Quercus forest, 25 July 1976, 2000-2400 m, A.Tatli 5459 (HUB 29854)!; A9 Erzurum: the eastern
of Horasan, 24 August 1957, ca.1600 m, Davis & Hedge (ANK 32619)!; B3 Eskisehir: Belpinar, Southern of the Cifteler,
9 km to Cifteler, 17 October 1973, 950 m, A. Baytop & E.Tuzlaci (ISTE 26908 )!, Konya: Cihanbeyli, halophilic steppe,
09 August 1974, 950m, H. Pesmen & A. Guner 1217 (HUB 29901)!; Ankara: Sereflikochisar, Highway Adana, arround
of Tuz Lake, salty lands, 19 October 1982, 800 m, B. Yildiz 3870 (HUB 29902)!; Ankara: Sereflikochisar, the highway
of Adana, 9 October 1984, 900-1000 m, Demirkus 2777 (HUB29880)!; Eskisehir: Sivrihisar, Yavsan village, 13 October
1987, T. Baytop (ISTE 58234)!; B4 Kirikkale: Keskin, Bobrek Mountain, steppe, 22 June 1991, 600m, U.Guler (GAZI
1770)!; Ankara: Sereflikochisar, Hamzal1 village, arround the Tuz lake, steppe 17 October 1992, 920 m, A.A. Donmez,
Z. Aytac & F. Karaveliogullar: 3068 (HUB 29881)!; Ankara: Ahlatlibel, steppe, 22 October 1994, 1100 m, M. Vural &
H. Duman 7267 (ISTE 72054); Kayseri:incesu road, Behind of Garipsu Factory, 9 October 1977, 1100 m, O. Soner (HUB
29882)!; Kayseri to Develi road: 60 km to Develi, salty soils, 04 August 1978, 1200 m, A. Ozturk (VANF)!; Nevsehir, 2
km west of Goreme, 18 October 1989, 1100 m, M.Vural & U.Kul (GAZI5602)!; Nigde: around of Dundarli, 24 May
2004, E. Ozdemir (ISTE 81473 )!; Nevsehir: Gulsehir, from Egrikuyu to Tuzkoy, volcanic rocks, steppe, 20 October
2005, 982 m, A.A. Donmez 12612 (HUB)!; B6 Kahramanmaras: 3 km west of Goksu, field edges, 26 August 1977, 1500
m, B.Yildiz, 1597 (HUB)!; B9 Mus: Malazgirt, from Aktuzla to Karmncali, steppe, 06 October 2001, 1550 m, S. Almanar
1870 (VANF)!; Van: Ercis, arround Y. Isikli village, steppe, 28 October 2006, 1661 m, 39°02.895N, 45°20.877E, O.
Karabacak 5591 (VANF 12744)!; Mus: Malazgirt, Karincal valley, steppe, 26 October 2006, 1552 m, 39°21.456N,
42°15.582E, L. Behcet, F. Ozgok¢e & M. Unal 2558, (VANF 7399)!; Igdir: Tuzluca, from Hadimli to Sariabdal village,
02 October 2008, 1280 m, E. Altundag 1086 (ISTE 85839 )!; C3 Konya: Cihanbeyli, Tuz Lake, 23 Steptember 1961, ca.
940 m, K.Karamanoglu (ANK 706 )!; Konya: Tuz Lake, Yavsan village, ca. 900 m, P.H. Davis (ANK 16648)!; C4
Konya: from Karaman to Seyithasan village, steppe, ca.1200m. 20 of June 1979, M. Vural (GAZI 1896)!; C9 Hakkari:
Culemerik, 10 April 1954, ca.1600m, P.H.Davis & O.Polinim (ANK 24351)!.

(Received for publication 20 July 2018; The date of publication 15 December 2018)
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Abstract

In this study, the water quality data obtained from 6 sampling stations between July 2011 and June 2012
monitoring period at Mert stream was evaluated. In order to assess the present water quality of Mert stream, different
WQI approach (modified WQImin) was applied to a data set expressly collected for the present study. The mean WQI
value of the stream is 81.9, which lies on the mid water classification region, so the water is considered at fair quality.
The resulted WQI shows that 91.6, 92.5, 74.3, 91.6, 75.2 and 62.5 for sites St1, St2, St3, St4, St5 and St6 respectively.
Among stations, there was significant variations in water quality index from poor quality to good quality that St5 and St6
in urban part and St3 in rural part of the stream are under the pressure of pollution. While the reason of the low water
quality in 5th and 6th stations is based on domestic and industrial wastes, the reason of poorness in 3th station arises from
poultry farm wastes poured intensely from chicken farms near the station into the stream in Kavak district. The most
effective water quality parameters are pH, electrical conductivity (EC) and total suspended solids (TSS) on the
determination of WQI for the present study.

Key words: water quality index, water pollution, Mert Stream, Samsun, Turkey

*

Tiirkiye’deki Mert Irmagr’min Yiizey Suyu Kalitesini Degerlendirmek icin Su Kalite indeksi Metodunun
Uygulanmasi

Ozet

Bu caligmada, Mert Irmagi’ndaki 6 istasyondan Temmuz 2011 ve Haziran 2012 tarihleri arasinda yapilan izleme
¢aligmasindan elde edilen su kalitesi bilgileri degerlendirilmistir. Bu ¢aligmada, Mert irmaginin mevcut su kalitesini
degerlendirmek i¢in toplanan verilere farkli bir WQI yontemi (modifiye WQImin) uygulanmistir. Hesaplanan ortalama
WQI degeri 81.9 olup bu deger su siniflandirma agisindan orta-kaliteye karsilik gelmekte ve buda irmak suyu i¢in ¢okta
kotii olmayan bir kalitede oldugunu gostermektedir. Istl, Ist2, ist3, Ist4, Ist5 ve Ist6 icin lgiilen WQI degerleri sirasiyla
91.6, 92.5, 74.3, 91.6, 75.2 ve 62.5°dur. Istasyonlar arasindaki su kalite indeksi degerlerinde, diisiik kaliteden iyi su
kalitesine kadar g¢esitlenme vardir. Buna gore irmagin sehir boliimiinde kalan 5. ve 6. istasyonlart ile irmagin kirsal
kesiminde kalan 3. istasyonlar kirlilik baskis1 altindadir. 5. ve 6. istasyonlarda irmak suyundaki diisiik su kalitesinin
nedeni evsel ve endiistriyel atiklar olmasma karsin 3. istasyondaki kalite diisiikliigiiniin nedeni, Kavak ilgesinde
istasyonun yakininda bulunan tavuk ciftliklerinden irmaga dokiilen atiklardan kaynaklanmaktadir. Bu ¢caligmada su kalite
indeksini (WQI) belirlemede en etkili su kalitesi parametreleri pH, elektriksel iletkenlik ve toplam askida kat1 madde
olmustur.

Anahtar kelimeler: su kalite indeksi, su kirliligi, Mert Irmagi, Samsun, Tiirkiye
1. Introduction

Water quality is a major problem all over the world due to the general pollution caused by human activities.
Water quality indices are an easy application for assessig water quality, controlling water pollution, restoring or improving
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water quality, and assessing the impacts of best management practices in the basin (Quilbe et al., 2006). Water quality
index reflects the general water quality conditions in the aquatic ecosystem. For this reason, water quality index are a
simple and understandable application for managers and decision makers on the quality and possible uses of wetlands
(Bordalo et al., 2001).

Water quality indices have been used in the United States and most European countries since the 1970s. In the
literature there are many different water quality index models and comparative studies on best reflecting water quality.
All of these indices consist of eight or more water quality parameters such as dissolved oxygen (DO), conductivity,
temperature, pH, and total suspended solids. However, monitoring and testing of all 15 parameters used in water quality
indices is not very practical and economical. Instead, water quality criteria can be obtained by selecting a few of the most
dominant and easily measurable parameters. Therefore, temperature, pH, dissolved oxygen, total suspended solids, and
electrical conductivity were selected among the previously mentioned 15 variables. These five variables used in WQImin
are the water quality parameters commonly used in drinking water. The parameters except total suspended solids can be
measured easily in the field using multiparameter water quality instruments (Akkoyunlu and Akiner, 2012).

Growing population, rapid urbanization, increased economic activity and industrialization have caused reduction
and abuse of water resources.

The tributaries of rivers and streams passing through the cities carry pollutant loads in large amount released
from industrial, domestic/sewage wastes in urban areas, while pesticides and fertilizers used in agricultural activities in
rural areas are reach wetlands through washing with rain. This triggers the eutrophication in the wetlands, which makes
freshwater resources unusable. This environmental problems stimulate the eutrophication in the wetlands, which makes
freshwater resources unusable (Qadir et al., 2007). These pollutant effluents are discharged to the aquatic environment
without purification, resulting in water pollution problems and these polluted waters are no longer used for drinking and
agricultural activities (Fent, 2004). Therefore, it is important to monitor water quality levels in river basins to control
water pollution (Simeonov et al., 2003) and to interpret changes in water quality (Dixon and Chiswell, 1996; Singh et al.,
2004). Spatio-temporal monitoring of stream water quality has been used as one of the most important tools for water
quality assessment (Singh et al., 2004; Shrestha and Kazama, 2007).

The objective of this research was to evaluate spatial and seasonal trends in water discharge, nutrients and also
to compare data with water quality criteria and with certain quality indices such as water quality index (WQI), identifying
the environmental pressures and assessing the impact of the loads to Mert basin. In accordance with this purpose, WQI
values station-based for the water in the Mert Stream was created through easily measurable parameters. These results
are of great importance to decision-makers and managers for water management who will have a general knowledge of
the water quality in wetlands during a specific period of time, instead of attempting to understand complex water quality
data. At the same time, this study will provide important information on how well the WQI index reflects the water quality
in Mert stream.

2. Materials and methods

1.1. Description of the study area

Mert Stream is located within the border of Samsun Province in the Central Black Sea Region of Turkey (between
4109'02"-4117'04" N and 3548'04"-3621'50" E). The west of the stream is located by Kizilirmak River and Mert River
Basins, the south by Yesilirmak River Basin and the east by Abdal Creek Basin. Mert stream originates from Karadag
locality, known as Toptepe, located at 1150 m altitude in the Ladik district. In Kavak district, after the stream merges
with Karatag Creek, 24 km from the sea and it’s the largest tributary, it takes its name which is called the Mert. Supplying
the utility water needs of some villages on the route, Mert stream is very important as it constitutes the irrigation resource
of fertile lands of the region. Its maximum flow is 750 m3/s. The width of the stream bed is 50 m. While the depth of the
stream decreases to less than 50 cm in summer months, in winter the depth reaches again 4-5 m.

The locations of the stations in this study have been determined as follows in order to represent the whole stream
(Figure 1). The features of the sites determined at six sampling areas on the stream are as follows:

1st station (4109'50” N, 3605'59" E) is located on Camlidere creek, which is the side branch of the stream located
in Samsun-Kavak district Kiigiikgukur and Ahurlar Village. The altitude is 820 m and the distance to the Black Sea is 67
km. The coast of the site is covered with stones and pebbles.

2nd station (4103'38” N, 35°58'41" E) is located at the point where the discharge waters of Giiven Pond, which
is located near the highway of Kavak-Ankara, are poured into the stream with Camlidere creek. The altitude is 780 m and
the distance to the black sea is 65 km. The coast and ground of the site are covered with stone and mud.

3rd station (41°0323" N, 36°06'20" E) is next to the Germiyan! highway bridge located in Germiyan Village on
the Kavak-Asarcik highway. The altitude is 650 m and the distance to the black sea is 51 km. The water in this section of
the stream is extremely turbid due to the fact that the chicken and egg farms located near 300 m discharge their wastes
from this section to the stream.

4th station (41°07'13" N, 36°09'41" E) was selected from the point where Karatas Creek, which is the largest of
the stream, carries the water of the Divanbasi Pond in Mert Village at Kavak Bogazi¢i District to the stream and merges
with the Mert Stream. The altitude is 410 m and the distance to the black sea is 35.4 km.
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5th station (41° 15'54” N, 36°20'35" E) is at the point where Mert stream merges with Yilanl creek where the
pollution is intense due to the landfill area of Samsun province for a while. The altitude is 20 m and the distance to the
black sea is 2.3 km.

6th station (41716'43" N, 36°21'06" E) is at the stream mouth part in Canik district where the Mert stream flows
into the Black Sea. This site is also located on the Samsun-Ordu highway next to the shopping center of Piazza.
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Figure 1. Location and sampling stations of Mert Stream

1.2. Sampling and sample analysis

Water samples were taken seasonally from six sites starting in July 2011 until June 2012. The sampling stations
were given in Figure 1. The sampling stations were selected according to the point and non-point pollution load
possibilities of the basin mainly from agricultural and minor industrialactivates. Samples were collected at 30 cm depth
from the surface. All measurements were carried out in triplicate, and the results were expressed as averages. The
measurement at sampling site, Dissolved oxygen, Electric conductivity, pH and water temperature were recorded. The
water samples were held in ice boxes and immediately transported to laboratory of Ondokuz Mayis University for water
analysis following common protocols. Electrical conductivity (EC), pH, temperature (T) and dissolved oxygen (DO)
were measured locally by field instruments (WTW 340i Multi-Parameter). Gravimetric method was used to determine
the total suspended solids in the water. TSS was analyzed according to Standard Methods for the Examination of Water
and Wastewater (APHA, 1995).

1.3. Water Quality Index (WQImin)

While WQI is an index using 15 water quality parameters, WQImin developed by Akkoyunlu and Akiner (2012)
is a modified index that uses 5 most predominant and easily measurable parameters. A linear relation was observed
between WQI and WQImin with R? value of 0.84 as seen in the following equation 1. To get the WQI, it is sufficient to
calculate WQImin value. To get the WQImin, the Q-value should be determined for each variable and also weighting and
normalization factors are assigned to each variable (Table 1). The WQI values that are calculated separately for each
variable obtain through the arithmetic weighted sum of the WQImin values. Following calculating the WQImin value,
the value of the lake or stream's WQI obtains practically by placing these value in aforecited Eq. (1). Eq. (1) shows
nothing but the correlation between WQI and WQImin. Regression fits well since the determination coefficient is
sufficiently close to one. Water quality can be ranked as very poor (0-60), poor (61-80), fair (81-90), good (91-95),
excellent (96-100), according to the “Modified WQI” scale (Akkoyunlu and Akiner, 2012). The water quality status
(WQS) according to WQI is shown in Table 1.
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WQI = 1.0011 (WQImin) + 0.5179 (R? = 0.8358, p<0.000) (Eq.1)

Table 1. WQI range, status and possible usage of the water sample (Akkoyunlu and Akiner, 2012)
waQl Water quality status (WQS) Possible usage
0-60 Very poor Proper treatment required before use

91-95 Good Drinking, irrigation and industrial
96-100 Excellent Drinking, irrigation and industrial
3. Results
1.1. The physicochemical variables of water quality

Seasonal average of physicochemical field measurements of the stream water (2011-2012) was given at Table 2.
It was observed that seasonal averages for all parameters in the surface water of Mert Stream.

Table 2. Some physicochemical analysis results of the Mert Stream (2011-2012)

Parameters Summer Autumn Winter Spring Average
Temperature (°C) 18.4 10.8 3.9 13.7 11.7
< | Dissolved Oxygen (mg/L) 9.4 11.2 13.1 104 11
2 | pH (pH unit) 7.9 7.6 8 7.2 7.7
% Electrical Conductivity (us/cm) 1087 923 807 860 919
Total suspended solid (mg/L) 1.6 4.5 1 0.4 1.9
Temperature (°C) 24.9 14.2 4.2 16.5 15
Y | Dissolved Oxygen (mg/L) 8 104 13.3 9.9 10.4
2 | pH (pH unit) 7.4 7.8 7.7 7.1 7.5
% Electrical Conductivity (us/cm) 873 743 603 720 735
Total suspended solid (mg/L) 1.6 4.5 1 0.4 1.9
Temperature (°C) 23.3 12.2 5.4 16.3 14.3
® | Dissolved Oxygen (mg/L) 8.6 111 12.6 9.9 10.6
2 | pH (pH unit) 7.4 7.5 8.4 7.5 7.7
% Electrical Conductivity (us/cm) 1270 1130 900 897 1049
Total suspended solid (mg/L) 103.7 81 63.3 71.3 79.8
Temperature (°C) 21.8 10.8 4.2 15.5 131
Y | Dissolved Oxygen (mg/L) 8.7 11.3 13 9.9 10.7
2 | pH (pH unit) 7.3 7.9 7.9 7.5 7.7
% Electrical Conductivity (us/cm) 1173 940 763 907 946
Total suspended solid (mg/L) 34.7 18.3 9.7 6.3 17.2
Temperature (°C) 254 15 6.1 15.8 15.6
2 | Dissolved Oxygen (mg/L) 8.2 10.3 12.4 9.9 10.2
2 | pH (pH unit) 7.1 7.6 7.4 7.8 7.5
% Electrical Conductivity (us/cm) 1410 1020 723 920 1018
Total suspended solid (mg/L) 123.7 95.3 58.3 73.7 87.8
Temperature (°C) 26 16.5 6.5 15.3 16.1
© | Dissolved Oxygen (mg/L) 4.4 6.2 8.8 6.8 6.6
2 | pH (pH unit) 6.8 75 8 7.5 7.5
:,‘3; Electrical Conductivity (us/cm) 3067 1867 940 1543 1854
Total suspended solid (mg/L) 153.7 134.3 91.3 88 116.8

The temperature values of Mert stream varied between months, seasons, and among measurement stations. The
mean water temperature value during one year of monthly measurement is 14.3°C. The lowest value was measured in
November 2011 as 1.5°C in 4st station, while the highest value has been observed in 6th station in July 2011 as 27.6°C.
Also the seasonal mean temperature values between July 2011 and June 2012 are as follows, respectively; winter 5.1°C,
spring 15.5°C, summer 23.3°C, and autumn 13.3°C (Table 2).

The dissolved oxygen amount in Mert stream has varied monthly and seasonally during the study period. The
mean value observed during one-year period is 9.9 mg/L, the lowest value is 3.5 mg/L in July 2011 at 6th station, while
the highest value has been observed in November 2011 in 4st station as 14 mg/L. As a result of a study conducted for one
year in 4 seasons, the mean dissolved oxygen values in winter, spring, summer and autumn seasons have been observed
as follows, respectively; 12.2 mg/L, 9.5 mg/L, 7.9 mg/L and 10.1 mg/L (Table 2).
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The electrical conductivity (EC) values of Mert stream have varied between months, seasons and among 6
stations. The mean electrical conductivity value of 6 stations where the study has been conducted was found to be 1087
us/cm. The electrical conductivity values, in parallel with saltiness and temperature values, have decreased in winter
months and increased in months where the water temperature has been high. The value in December 2011 in 2st station
was 550 ps/cm while it reached to its highest point in July 2012 in 6th station as 3420 ps/cm. Also during one year of
measurements between between July 2011 and June 2012, the seasonal mean electrical conductivity values have been
found to be 789 ps/cm for winter, 974 ps/cm for spring, 1480 ps/cm for summer and 1104 ps/cm for autumn (Table 2).

The monthly mean pH value of six stations one year-round is 7.6. The highest pH value has been observed in
3th station in December 2011 as 9.2, while the lowest value has been observed in August 2011 in 6st station as 6.4. The
mean values in winter, spring, summer and autumn of Mert stream following one-year sampling period are 7.9, 7.4, 7.3
and 7.7, respectively (Table 2).

The total suspended solid (TSS) values of the stream have varied between months, seasons and among four
stations. During the one year of measurement, the lowest value has been observed at St1 in Mart 2012 as 0.3 mg/L, while
the highest value has been observed at St6 in July 2011 as 164 mg/L and the mean suspended solid matter (TSS) amount
has been found to be 50.9 mg/L for six stations in Mert stream. Also the seasonal mean suspended solid matter values
during measurements between 2011 and 2012 have been found to be 37.4 mg/L for winter, 40 mg/L for spring, 56.3 mg/L
for autumn and 69.8 mg/L for summer.

1.2. The water quality index calculations

In order to assess the present water quality and possible eutrophication risk level of Mert stream, different WQI
approaches (modified WQImin) were applied to a data set expressly collected for the present study. Table 3 shows results
and evaluations of WQI types for Mert stream. WQI values of the six stations are not in good agreement. While St1, St2
and St4 indicate good environmental conditions in terms of water quality, St3, St5 and St6 infer low water quality. The
average WQI value of the stream is 82, which lies on the mid water classification region, so the stream water is considered
at fair quality in terms of average values. According to WQI values, Water Pollution Map of Mert Stream is also given in
the Figure 2.

Table 3. Results and Evaluations of Water Quality Index for Mert Stream

Water quality index

Sampling stations WQImin WQI Station-based evaluation
3 74
5 75 75 poor
6 62 63 poor
Average 81 82 fair

o

(:S—AMSUN

oAsarmmik C.

- Polluted
Very polisted {during all seasons of the year)
C Fair Polluted
No Polluted or light WSS {in some seasons of the year)

Figure 2. According to WQI values, Water Pollution Map of Mert Stream
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4. Conclusions and discussion

In this study, a modified water quality index model (WQImin) was applied, allowing spatial and temporal
variations to be assessed through only a few simple parameters. Temperature, pH, dissolved oxygen, conductivity and
total suspended solids are the most important water quality indicators among all 15 parameters. WQImin is modified
index which is developed considering aforementioned five important water quality parameters. Dissolved oxygen is a key
factor for aquatic life. Temperature is also an important parameter from the aspect of aquatic life as it alters the viscosity
and density of water and affects the speed of biochemical reactions and solubility of gases. The pH showing the balance
between acid and bases in water is a basic parameter which should be assessed in any study about water chemistry and
pollution. Conductivity should indicate the presence of salts, mineral acids, or similar contaminants discharged to the
stream. TSS (total suspended solids) is associated with suspended material and also with bacteriological contamination.
It should also be noted that total suspended solids (TSS) gives a measure of the turbidity of the water and eutrophication
is apparent as increased turbidity. Considering the high concentrations of TSS, it was decided to assign relatively high
weight for it. The aggregation of suspended solid matters leads the amount of dissolved oxygen to decrease and
eutrophication to occur. Furthermore, these five parameters can be easily evaluated. So far, WQImin gives reasonable
results for trend analysis at a lower cost. WQImin value is also 81 indicating fair quality (Table 3).

The current study was conducted to measure water quality of the stream which is the main irrigation water source
of the Kavak district. According to the results we can state that Water Quality Index (WQImin) was useful tool to obtain
the accurate decision and assessing water quality. In addition, this index model also provided a comparative assessment
of the water quality for different sampling sites and different temporal samplings. During the study the average values of
WQI for six stations (St1, St2, St3, St4, St5, St6) were categorized as poor water quality for the human use (92, 93, 74,
92, 75, 63 respectively) from 2011 to 2012. Generally, there was significant temporal variations in water quality index
among poor quality to good quality. The computed average WQI (91.9) for stream points St1, St2 and St4 indicate fairly
good quality of water while the average WQI (70.6) for the stream points St3, St5 and St6 indicate poor quality of water
due to domestic and industrial discharges at St5, St6 and poultry farm wastes poured intensely from chicken farms near
the 3rd station into the stream. This is not surprising as St1, St2 and St4 are upstream, and at the edge of the part of the
stream that is unaffected by direct runoff from the waste dump. In contrast, St5 and St6 are located at the urban part of
the stream that receives direct runoff from the waste fill. Especially the WQI value of 6th station (62.5) to be too close
which is the lowest water quality means that the water in the urban part of the stream can be used after a serious treatment.
Initially, it has been a surprise for us that 3th station has low water quality despite situating at the upper part of the stream
which is far from city impact. But after seeing that there were chicken farms near the station, it was not surprising that
the water quality in the third station was low. The index results coincided with water pollution map of Mert stream in
Figure 2. The higher TSS values were noticed in St6 station, that may be mainly related to the domestic and industrial
wastes discharged from industrial facilities and residential area in ilkadim and Canik district. pH, EC and TSS were being
the most effective parameters in the low water quality index values at the 3rd, 5th and 6th stations, and also low of
dissolved oxygen became effective at 6th station which had the lowest water quality of the stream.

During the study which has been conducted about the monthly and seasonal changes of Mert stream’s water
quality characteristics between July 2011 and June 2012 in 6 stations, the water samples obtained from stations were
evaluated with regard to water quality and aquaculture through WQI method. As a result of this study, it was seen that
there is not any important problem from the aspect of water pollution in the upstream except 3th station. If the agricultural
activities and animal breeding facilities in the fields near the stream in Kavak district increase widely, the leakage water
from fields through surface waters and wastes from animal breeding facilities near Mert stream may pollute in time the
upper part of the stream. Therefore, it must be obligatory to built recycling facilities for wastes in the chicken and bovine
farms established in the region and the use of organic fertilizers in agricultural activities should be encouraged especially
in villages where the stream passes through. Even if it seems that there is no problem in terms of the average values of
WQI, the urban part of the stream is under the pressure of pollution. It is the best evidence that massive fish deaths due
to lack of oxygen and leakage water have been observed at times. So, the regulations about the protection of rivers should
be carefully implemented, and the ecological disruption should be prevented. Also in order to protect Mert stream from
pollution, to improve the water quality, to protect the natural fish stocks, to sustain the natural ecological balance of other
aquatic organisms, and because of its importance from the aspect of irrigation of near agricultural fields in upstream, the
stream should be periodically monitored.

The following suggestions can be made in order to increase the surface water quality in the Mert stream. (A)
Point and nonpoint source pollution arising from chicken farms at 3th station in Kavak district should be prevented and
solid and liquid wastes from the farms should be either disposed or utilized as fertilizer or biogas. (B) In order to enhance
the water quality of the stream at St5 and St6, the wastewater and seepage water arrived to the stream from the settlements
and industrial facilities in Ilkadim and Canik districts should be prevent.

As a results, this study has shown that WQImin based on five parameters is a simple, yet a understandable tool,
that can be used to provide a preliminary information about the level of pollution in surface water caused by urban and
industrial wastes in wetlands. Cigek et al. (2017) said that the overall assessment of an aquatic ecosystem is possible only
by revealing all of the physical, chemical and biological data of that ecosystem. The fact that the results of index support
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the pollution detection study using algal organisms made earlier by Bektas (2016) in the Mert stream indicate that WQI
model can be used together with algal organisms in rapid evaluation of water quality in wetlands..

References

Akkoyunlu, A., Akiner, M. E. (2012). Pollution evaluation in streams using water quality indices: A case study from
Turkey’s Sapanca Lake Basin. Ecological Indicators, 18, 501-511. doi: 10.1016/j.ecolind.2011.12.018

APHA (American Public Health Association), (1995). Standard methods for the examination of water and wastewater.
19th Ed., Washington DC, USA.

Bektas, S. (2016). Investigations on The Algal Flora of Samsun Mert Stream [Master’s Thesis]. Ondokuz Mayis
University, 85 p. [in Turkish]

Bordalo, A. A., Nilsumranchit, W., Chalermwat, K. (2001). Water quality and uses of the Bangpakong River (Eastern
Thailand). Water Research, 35, 3635-3642. doi:10.1016/ S0043-1354(01)00079-3

Cigek, N. L., Ertan, O. O., Erdogan, O., Didinen, H., Boyac1 Y. O., Kara D., Zeybek M., Diken G. (2017). Distribution
of phytoplankton and its relationship with physicochemical parameters in Lake Egirdir (Isparta/Turkey). Biological
Diversity and Conservation, 10 (3), 150-162. [in Turkish]

Dixon, W., Chiswell, B. (1996). Review of aquatic monitoring program design. Water Research, 30, 1935-1948.
d0i:10.1016/0043-1354(96)00087-5.

Fent, K. (2004). Ecotoxicological effects at contaminated sites. Toxicology, 205, 223-240. doi:10.1016/j.tox.2004.06.060

Qadir, A., Malik, R. N., Husain, S. Z. (2007). Spatio-temporal variations in water quality of Nullah Aik-tributary of the
river Chenab, Pakistan. - Environmental Monitoring and Assessment, 140 (1-3), 43-59.
doi:10.1007/s1066100798464

Quilbe, R., Rousseau, A. N., Duchemin, M., Paulin, A., Gangbazo, G., Villeneuve, J. P. (2006). Selecting a calculation
method to estimate sediment and nutrient loads in streams: Application to the Beaurivage River (Quebec, Canada).
Journal of Hydrology, 326 (1-4), 295-310. doi: 10.1016/j.jhydrol.2005.11.008

Said, A., Stevens, D. K., Sehlke, G. (2004). An innovative index for evaluating water quality in streams. Environmental
Management, 34(3), 406-414.

Shrestha, S., Kazama, F. (2007). Assessment of surface water quality using multivariate statistical techniques: A case
study of the Fuji river basin, Japan. Environmental Modelling and Software, 22 (4), 464-475.
d0i:10.1016/j.envsoft.2006.02.001.

Simeonov, V., Stratis, J. A., Samara, C., Zachariadis, G., Voutsa, D., Anthemidis, A. (2003). Assessment of the surface
water quality in Northern Greece. Water Research, 37, 4119-4124. doi:10.1016/S0043-1354(03)00398-1

Singh, K. P., Malik, A., Mohan, D., Sinha, S. (2004). Multivariate statistical techniques for the evaluation of spatial and
temporal variations in water quality of Gomti River (India): A case study. Water Research, 38, 3980-3992.
doi:10.1016/j.watres.2004. 06.011.

(Received for publication 14 March 2018; The date of publication 15 December 2018)

Faruk MARASLIOGLU et al., Application of water quality index method for assessing the surface water quality status of Mert Stream in Turkey



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 11/3 (2018) 122-125

Research article/Arastirma makalesi

Alticini (Coleoptera: Chrysomelidae) species occurring on Aksehir extensions (Konya)
of the Sultan Mountains, Turkey
Ebru Giil ASLAN ™!
! Siileyman Demirel University, Faculty of Arts and Science, Biology Department, 32260, Isparta, Turkey

Abstract

Alticini (Chrysomelidae, Galerucinae) species were determined from the Aksehir extensions of the Sultan
Mountains which is known as one of the most important mountains of Turkey with respect to its zoogeographical mission.
Totally, 25 species belonging to 6 genera were listed from the region. Among the species 13 are new records for Konya
province.
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*

Sultan Daglarr’nin (Tiirkiye) Aksehir uzantilarindaki (Konya) Alticini (Coleoptera: Chrysomelidae) tiirleri

Ozet

Calismada, istlendigi zoocografik misyonu nedeniyle Tiirkiye’nin en énemli daglarindan biri olarak bilinen
Sultan Daglari’nin Aksehir uzantilarinin Alticini (Chrysomelidae, Galerucinae) tiirleri belirlenmistir. Toplamda 6 cinse
ait 25 tiir bolgeden listelenmistir. Bunlardan 13 tanesi Konya ili i¢in yeni kayit niteligindedir.

Anahtar kelimeler: Sultan Daglar1, Aksehir, Chrysomelidae, yaprak pire bocekleri, fauna
1. Introduction

Alticini comprises one of the most species rich groups of Chrysomelidae, with its closely related tribe Galerucini
(Bouchard et al., 2011). They are generally the smallest sized chrysomelids with swollen metafemora, and called as “flea
beetles” because of their locomotory ability of jumping (Furth, 1988). The adult and larvae feed on foliage of herbaceous
plants, bushes, and trees in a wide spectrum of angiosperms with few exceptions (Jolivet and Verma, 2002). The
remarkable diversity of the group is well correlated with their distinct phytophagous diet. It is probably the largest tribe
of Chrysomelidae represented by 8.000 to 11.000 species and ca. 600 genera worldwide, but is aggregated in a few large,
cosmopolitan genera in the Palaearctic with nearly 3000 species and approximately 90 genera (Nadein and Bezdek, 2014;
Korotyaev et al., 2017). Currently, Turkish Alticini fauna includes about 350 species classified in 23 genera (Aslan and
Basar, 2016; Ozdikmen et al., 2017).

Within Chrysomelidae, Alticini is a widely studied group by using different collecting methods in different
regions of the world. In many biomes, they represent a big part of the herbivorous insect fauna. In Turkey, the flea beetle
fauna is comparatively poorly studied and relatively much higher actual diversity should be assumed than that recorded
in the current literature. Knowledge of species numbers on local scale is important for not only determining biodiversity
but also providing reference to estimate actual biodiversity loss. The aim of this study is; to present Alticini species
occurring in Aksehir extensions of Sultan Mountains which is known as one of the most important highlands of Turkey
in terms of its zoogeographical location, and to contribute local fauna with new locality records.
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2. Materials and methods
2.1. Study area

The study was conducted in the Aksehir extensions of the Sultan Mountains which is located as a natural corridor
between the Lakes District and Central Anatolia, separating Isparta from Konya. Aksehir is a favorable region for the
species that prefer Central Anatolian steppe climate and the Mediterranean climate. This position accompanied with
various habitats has positive effects on the floristic composition, an important factor for the occurrence of Alticini species.
Field surveys were carried out in the eastern slopes of the mountain. Different vegetation types, including forest, shrubby
vegetation, steppe and meadow exist in the area. The dominant vegetation includes populations of Quercus spp., Cedrus
spp., Juniperus spp., Pinus spp., Corylus spp., Cistus spp., Astragalus spp., and Verbascum spp.

2.2. Sampling and identification

Surveys were performed at 15-day intervals from March to October in 2015 and 2016. Adult flea beetles were
collected by using an entomological sweep-net and mouth aspirator from various plants. Specimens were collected
extensively from the widest possible area and all kinds of vegetation. Collected beetles were taken to the laboratory for
the mounting, labelling and preserving processes. All the specimens were identified to species level under an Olympus
SZ61 stereomicroscope with the help of the taxonomic keys and figures given by Cizek & Doguet (2008), Warchatowski
(2010) and Konstantinov et al. (2011). Voucher specimens are deposited at the Systematic Entomology Laboratory in
Biology Department of Siileyman Demirel University, Isparta..

3. Results

Based on the material collected from Aksehir extensions of the Sultan Mountains in 2015 and 2016, a total of 25
Alticini species and 717 individuals belonging to 6 genera were identified (Table 1). Longitarsus picicollis Weise, L.
nigrofasciatus (Goeze), L. albineus (Foudras), L. luridus (Scopoli) and Chaetocnema tibialis Illiger were determined as
the most abundant species in the area, respectively. Species numbers according to genera are as following; Altica 2,
Aphthona 3, Chaetocnema 3, Longitarsus 7, Phyllotreta 6 and Psylliodes 4.

Table 1. List of Alticini species gathered from Aksehir extensions of the Sultan Mountains (Konya) with individual
numbers and distributional data; (*) means first record for Konya province

Alticini species Number of Distribution records in Turkey™
individuals
Altica Geoffroy
A. carduorum Guérin-Méneville, 1858 5 Ankara, Aksaray, Artvin,Cankir1, Corum, Erzurum,

Eskisehir, Kayseri, Kirikkale, Kirgehir, Konya, Nevsehir,
Ordu, Sivas, Yozgat

A. oleracea (Linnaeus, 1758) 4 Ankara, Antalya, Aydin, Bayburt, Burdur, Edirne, Erzurum,

Eskisehir, Isparta, Kayseri, Konya, Kars, Nevsehir, Rize,
Samsun, Sivas, Zonguldak
Aphthona Chevrolat

*A. franzi Heikertinger, 1944 3 Amasya, Ankara, Artvin, Erzincan, Erzurum, Kayseri, Kars

*A. nigriceps Redtenbacher, 1842 2 Ankara, Antalya, Edirne, Erzurum, Isparta

*A. warchalowskii Fritzlar, 2001 4 Antalya, Aydin, Isparta

Chaetocnema Stephens

*C. conducta (Motschulsky, 1838) 3 Adana, Aksaray, Ankara, Burdur, Edirne, Erzurum,
Eskisehir, Isparta, Istanbul, Izmir, Kirklareli

C. hortensis (Geoffroy, 1785) 7 Adana, Aksaray, Ankara, Bayburt, Burdur, Edirne,
Erzurum, Isparta, Istanbul, Izmir, Kayseri, Konya, Mersin,
Sivas

C. tibialis Illiger, 1807 78 Aksaray, Amasya, Ankara, Antalya, Aydin, Balikesir,
Burdur, Canakkale, Diizce, Erzincan, Erzurum, Eskisehir,
Isparta, Izmir, Kocaeli, Konya, Kars, Malatya, Samsun

Longitarsus Latreille

L. albineus (Foudras, 1860) 97 Antalya, Aydin, Burdur, Erzurum, Isparta, izmir, Kayseri,
Konya, Mersin, Nigde

L. alfierii (Pic, 1923) 9 Antalya, Erzurum, Isparta, Konya
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Table 1. Continued
*L. luridus (Scopoli, 1763)
*L. nigrofasciatus (Goeze, 1777)

*L. pellucidus (Foudras, 1860)

*L. picicollis Weise, 1900

*L. succineus (Foudras, 1860)

Phyllotreta Chevrolat
*P, atra (Fabricius, 1775)

P. corrugata Reiche, 1858

P. cruciferae (Goeze, 1777)

P. erysimi Weise, 1900

P. nigripes (Fabricius, 1775)

*P. vittula (Redtenbacher, 1849)
Psylliodes Latreille

*P. anatolica Gok and Cilbiroglu, 2004
P. chalcomera (llliger, 1807)

*P. isatidis Heikertinger, 1912

P. tricolor Weise, 1888

84

103

27

122

34

16

31

28

23

15

Ankara, Antalya, Artvin, Aydin, Bayburt, Burdur, Erzurum,
Eskisehir, Isparta, Istanbul, Kirsehir, Sivas, Yozgat
Ankara, Antalya, Aydin, Bursa, Burdur, Diizce, Edirne,
Erzurum, Eskisehir, Isparta, Mersin

Adana, Amasya, Ankara, Antalya, Artvin, Aydin, Bayburt,
Erzincan, Erzurum, Giimiishane, Igdir, Isparta, izmir, Kars,
Sivas, Tokat

Ankara, Antalya, Burdur, Erzurum, Isparta, izmir,
Kahramanmarag

Antalya, Aydin, Burdur, Denizli, Erzurum, Eskisehir,
Isparta, Istanbul, Mersin

Afyon, Ankara, Antalya, Aydin, Bartin, Bayburt, Bolu,
Burdur, Cankiri, Edirne, Erzurum, Eskisehir, Giimiighane,
Isparta, Karaman, Kayseri, Kocaeli, Nigde, Rize, Samsun,
Sivas, Trabzon, Zonguldak

Adana, Afyon, Ankara, Antalya, Aydin, Burdur, Cankiri,
Hatay, Isparta, Izmir, Kayseri, Konya, Sivas, Sanlurfa,
Yozgat

Adana, Amasya, Ankara, Bilecik, Bartin, Bursa, Burdur,
Canakkale, Cankiri, Corum, Edirne, Erzurum, Eskisehir,
Isparta, Izmir, Kayseri, Konya, Manisa, Nigde, Tokat,
Trabzon, Zonguldak

Ankara, Antalya, Aydin, Bartin, Bayburt, Burdur, Cankiri,
Erzurum, Isparta, Kayseri, Konya, Manisa, Samsun,
Trabzon

Adana, Afyon, Ankara, Antalya, Aydin, Bartin, Bayburt,
Bilecik, Bolu, Burdur, Cankir1, Edirne, Erzincan, Erzurum,
Eskisehir, Hatay, Igdir, Isparta, Kayseri, Konya, Kars,
Manisa, Mersin, Sivas, Yozgat

Ankara, Antalya, Aydin, Burdur, Edirne, Erzurum, Isparta,
Izmir

Antalya, Aydin, Isparta

Adana, Ankara, Antalya, Bayburt, Burdur, Edirne,
Erzurum, Eskisehir, Hatay, Isparta, Istanbul, Izmir, Konya,
Kirsehir, Nevsehir, Osmaniye, Sivas, Yozgat

Amasya, Antalya, Aydin, Burdur, Erzincan, Erzurum,
Isparta

Aksaray, Ankara, Antalya, Artvin, Bayburt, Burdur,
Diyarbakir, Erzincan, Erzurum, Eskigehir, Hatay, Isparta,
Konya, Kayseri, Kirsehir, Nevsehir, Nigde, Osmaniye,
Samsun

** Distribution records were arranged based on the following literature: Ekiz et al., 2013; Aslan et al., 2015; Bayram and Aslan, 2015; Aslan and Basar,

2016; Ozdikmen et al., 2017).

Longitarsus Latreille was evidently dominant among the genera in terms of individuals comprising about 66%
of the total specimens collected during study. Among the determined species 13 (52%) were recorded first time from
Konya province, namely; Aphthona franzi, A. nigriceps, A. warchalowskii, Chaetocnema conducta, Longitarsus luridus,
L. nigrofasciatus, L. pellucidus, L. picicollis, L. succineus, Phyllotreta atra, P. vittula, Psylliodes anatolica, and P.
isatidis. Konya has been added to the local distributional data of these species. Also, this study represents the fourth
locality record as Konya (after Antalya, Aydin and Isparta) for the two species Psylliodes anatolica and Aphthona
warchalowskii, which are endemic to South Anatolia.

4. Conclusions and discussion

Studies on Alticini fauna of Turkey are still limited, or focused around some particular regions. This study adds
Konya province to the local distribution area of 13 flea beetle species. Members of Alticini are well specialized

Ebru Giil ASLAN, Alticini (Coleoptera: Chrysomelidae) species occurring on Aksehir extensions (Konya)of the Sultan Mountains, Turkey



Biological Diversity and Conservation — 11/ 3 (2018) 125

phytophagous insects; therefore the Alticini diversity is closely related with the herbaceous vegetation types. High plant
diversity and less anthropogenic impacts are important determinants on the occurrence of this group (Aslan and Gok,
2006; Aslan and Ayvaz, 2009; Aslan, 2010). In the study region, the herbaceous cover was mainly dominated by plants
from the families Lamiaceae, Brassicaceae and Scrophulariaceae. Longitarsus represented the majority of the specimens,
indicating its wide range of host plant and habitat preference compared to most other genera (Furth, 1980).

Turkey has great diversity in topography, climate, and vegetation because of its significant geographical location.
However, for many insect groups, faunistic data is actually inadequate throughout the country. Determining the species
numbers, from local to global scale, is important for serving as a reference point to estimate diversity of all organisms.
Unfortunately, natural habitats have been destroyed rapidly, indicating alarming consequences for biodiversity loss.
Human activities have contributed much on this decline, reducing animals’ ability to adapt different conditions (Alao,
2009). Therefore, faunistic surveys and taxonomic efforts should be encouraged for all groups in order to display the
biodiversity before it is too late. The potential species numbers are probably much more than the estimated. This is
important not only for making certain zoogeographical generalizations, but also for using the obtained data in conservation
activities.
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Abstract

This research covers the flora of Hiro plateau and its surroundings (Adakli-Bingol). As a result of the field survey
carried out the years between 2013 and 2016, 2250 plant specimens were collected. Considering taxonomical diagnosis
of these samples, a total of 846 taxon were identified including 548 species of 74 families and 361 genus, 200 subspecies
and 98 varieties. A total of 72 (8.51%) endemic taxa have been determined from the area. The distributions of 75 taxa
which are endemic and non endemic however are under the risk and risk categories are as follows: 5 taxa in critically
“CR?”, 3 taxa in endangered “EN”, 13 taxa in vulnerable “VU?”, 6 taxa in near threatened “NT”, 48 taxa in least concern
“LC” and 2 taxa in data deficient “DD”. The distribution of taxa determined in the study area according to
phytogeographical regions is as follows; Irano—Turanian 294 (34.75%), Euro—Siberian 67 (7.91%), Mediterranean 45
(5.31%) The multi-regional or unknown phytogeographic region 444 (52.48%). According to their taxa content, the
greatest 10 families are ordered respectively as follows: Asteraceae (105), Fabaceae (83), Poaceae (67), Brassicaceae
(61), Lamiaceae (57), Caryophyllaceae (54), Apiaceae (39), Boraginaceae (27), Rosaceae (26) and Plantaginaceae (22).
Greatest 10 genus are ordered respectively as follows: Astragalus (23), Trifolium (16), Centaurea (12), Salvia (12),
Veronica (12), Alyssum (12), Ranunculus (11), Silene (11), Vicia (10) and Medicago (10).

Key words: Flora, Hiro Plateau, Adakli, Bingol, Turkey

Hiro Yaylas1 (Adakhi-Bingol/Tiirkiye ) ve cevresinin florasi

Ozet

Bu calisma ile Hiro Yaylasi ve gevresinin (Adakli-Bingdl) florasi arastirildi. 2013-2016 yillar1 arasinda
gergeklestirilen arazi ¢alismalart sonucunda 2250 bitki 6rnegi toplandi. Toplanan bitki 6rneklerinin teshisi sonucu; 74
familya ve 361 cins’e ait 548 tiir, 200 alttiir ve 98 varyete olmak iizere toplam 846 takson tespit edildi. Aragtirma alandan
toplam 72 (%8,51) endemik takson belirlenmistir. Endemik ve endemik olmayip risk altinda olan toplam 77 taksonun
tehlike kategorilerine dagilimlar sdyledir: 5 takson kritik “CR?”, 3 takson tehlikede “EN”, 13 takson zarar gérebilir,“VU”,
6 takson tehdit altina girebilir “NT”, 48 takson az endise verici “LC” ve 2 takson veri yetersiz “DD”dir. Calisma alninda
tespit edilen taksonlarin fitocografik bolgelere gore dagilin sdyledir; Iran-Turan elementi 290 (%34,7523), Avrupa-
Sibirya elementi 67 (%7,91), Akdeniz elementi 45(%5,31) ve ¢ok bolgeli veya fitocografik bolgesi bilinmeyenler 444
(%52,48) seklindedir. Igerdikleri takson sayilarina gore alanda en biiyiik ilk 10 familya sirastyla; Asteraceae (105),
Fabaceae (83), Poaceae (67), Brassicaceae (61), Lamiaceae (57), Caryophyllaceae (54), Apiaceae (39), Boraginaceae
(27), Rosaceae (26) ve Plantaginaceae (22)’dir. En biiyiik ilk 10 cins ise sirasiyla; Astragalus (23), Trifolium (16),
Centaurea (12), Salvia (12), Veronica (12), Alyssum (12), Ranunculus (11), Silene (11), Vicia (10),and Medicago
(10)’dur.

Anahtar kelimeler: Flora, Hiro Yaylasi, Adakli, Bingol, Tiirkiye
1. Giris

Bu ¢alisma, Ulkemizin’in Dogu Anadolu Bélgesinde Bingdl ilinin kuzeyindeki Adakli ilgesinde yer alan Hiro yaylas1 ve
¢evresinin florasini aragtirmak amaciyla yapilmigtir. Tiirkiye 1liman iklim kusaginda ii¢ fakli fitocografik bdlgenin ve bu
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bolgelere ait iklim tiplerinin hiikiim siirdiigii cografik konumu, jeomorfolojik yapisi ile ender iilkelerden biridir (Ekim, 2014). Bu
nedenlerden dolay: farkli ekolojiye sahip olan Tiirkiye, bitki gesitliligi bakimindan oldukga zengin bir bitki potansiyeline sahiptir. Bu
caligma alanimizda yapilan ilk floristik ¢alismadir. B8 karesi igerisinde bulunan Bingdl ili sinirlari igerisinde yapilan galigmalar;
Altikardes Dag1 ve Cevresinin (Geng, Bing6l) Floras: (Sinan ve Behget, 2014), Dikme (Kiir) Yaylas: (Merkez-Bingol) ve Cevresinin
Floras (Kilig ve Yildirimli, 2015), Bingdl Dag1 ve Cevresindeki ilgelerin (Hinis, Tekman, Cat, Varto, Karliova) Bitkilerinin Floristik
Aragtirilmast (Engin, 1990)’dur.

Arastirma alanimiz Dogu Anadolu Bélgesinde, Bingdl ilinin kuzeyinde yer almaktadir. Alanin kuzeyinde Kumsor (2222 m)
ve Akdas (2387 m) daglari, dogusunda Sevkar (Catmaoluk) ve Cevreli kdyleri, batisinda Kigi baraji, giineyinde Sancak beldesi bulunur.
Hiro Yaylasi doguda Sevkar kéyiinden baglayarak Adakli merkezine kadar uzanir. Adakli, Karagubuk, Diisliice, Gokgeli, Hasbaglar
arast asfalt yol olup diger yerlesim alanlarina stabilize yollardan ulagilmaktadir (Sekil 1).

VEDISU

e 5
eemmammonn CAMIET I e Yot

KARLIOVA

Sekil. 1. Arastirma alaninin cografi haritasi

Aragtirma alaninin biiyiik toprak gruplari bazaltik topraklar, koliivyal topraklar, kire¢siz kahverengi topraklar ve kiregsiz
kahverengi orman topraklaridir (Anonim, 1996; Avci, 2016). Arastirma alanimizin iklimi Bingdl, Karliova (Bingol), Kigi (Bingol),
Cat (Erzurum), istasyonlarindan alinan meteorolojik veriler hesaplanarak degerlendirilmistir. Iklim bilgileri Basbakanlik Devlet
Meteoroloji Isleri Genel Miidiirliigii’nden (DMI, 2013) temin edilmistir. Alanimiz Akdeniz ikliminin etkisi altindadir (Akman, 1990).
Emberger (1955) Q=2000.p/M?2-m? formiiliinii Akdeniz biyoiklim katlarini belirlemek igin gelistirmistir (Tablo 1).

Tablo 1. Arastirma alan1 ve gevresindeki istasyonlarin Biyoiklim tipleri ve bunlar ile ilgili veriler

ISTASYON Yiikseklik P M m Q PE S Biyoiklim Kat1

(m) (mm) °C °C
BINGOL 1151 946,5 34,4 -6,1 81,3 30,4 0,8 Az Yagish, Cok Soguk Akdeniz iklimi
KARLIOVA 1823 694,3 21,7 -14,3 47,6 55,1 1,9 Yar1 Kurak Ust, Buzlu Akdeniz iklimi
KIGI 1430 968,5 29,7 -7,3 92,1 51,2 17 Az yagisli, Son Derece Soguk Akdeniz iklimi
CAT 1921 488,6 27,7 -14 41,8 64 2,3 Yar1 Kurak Alt, Buzlu Akdeniz iklimi

P= Yillik yagis miktari, M= En sicak ayin maksimum sicaklik ortalamast m= En soguk ayimn minimum sicaklik ortalamasi, Q: Emberger yagis sicaklik
emsali, PE: Yaz yagis1 ortalamast, S: kurak devre

Aragtirma alanimiz fran-Turan fitocografik bélgesi igerisinde yer almaktadir. Alanimizda orman, cali-yarigals, step, kayalik
ve sucul formasyonlar gelismis olmakla beraber orman ve step formasyonu daha yaygindir. Orman formasyonu 1220 m’den baslar
2000 m yiiksekliklere kadar ¢ikar. Arican, Sevkar, Karagubuk, Gilingdrsiin, Hasbaglar, Topagaclar, Canake1, Gokgeli gibi yerlesim
alanlarinin g¢evresinde, Karagubuk yaylasi dogusunda, Kort golii gevresinde meselerin (Quercus petraea (Matt.) Liebl. subsp.
pinnatiloba (K. Koch) Menitsky ve Q. libani Oliv.) dominatligini olusturdugu orman formasyonu yogun bir 6rtii olugturmustur.

Arastirma alanimizda orman iist sinirnin tizerindeki kesimlerde veya ormanin yok edildigi sahalarda kserofit karekterli step
formasyonu gelisme gostermistir. Bu formasyada daha ¢ok yastik formu tiirler genis yayilis gdstermislerdir. Hiro yaylasi, Sevkar koyii
kuzeyi, Karababa tepesi, Karagubuk yaylasi ¢evresindeki step sahalarda; Astragalus muschianus (Kotschy & Boiss.) D.F.Chamb. ve
A. gummifer Labill. topluluklari hakim olarak bulunmaktadir..

2. Materyal ve yontem

Arastirma alaninin materyalini 2013-2016 yillar1 arasinda toplanan 2250 vaskiiler (damarlt) bitki 6rnekleri olugturmaktadir.
Herbaryum materyali haline getirilen bitki 6rnekleri Bingdl Universitesi, Fen-Edebiyat Fakiiltesi Biyoloji Béliimii Herbaryumunda
bulunmaktadir (BIN).

Bitki 6rneklerin teshisinde (Tiirkiye Florast) “Flora of Turkey and the East Aegean Islands” (Davis, 1965-1985; Davis et al.,
1988; Giiner et al., 2000) adli eserden faydalanilmistir. Bazi bitki 6rneklerinin teshisinde Tiirkiye Florasinin yanisira, Flora Iranica
(Rechinger, 1965-1977), Flora Europaea (Tutin et al. 1964-1981), Flora of Iraq (Towsend and Guest 1960, 1985), Flora Palaestina
(Zohary, 1966-1986), Flora of USSR (Komarov, 1933-1964) eserlerden de yararlanilmistir. Bunlara ek olarak bazi tiir ve cinslerle ilgili
¢aligmalarindan da (Podlech and Zarre 2013; Behget and Almanar, 2004, Kandemir vd., 2014, Behget et al., 2017; Scholz, 1998, Saya,
1992, Yildirrmli, 2014) faydalanilmistir. Orneklerden bazilarar BIN’da (Bingdl Universitesi Fen Edebiyat Fakiiltesi Herbaryumu)
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bulunan bitki 6rnekleri ile karsilastirilarak kontrol edilmistir. Biitiin taksonlar floristik liste boliimiinde,kullanilan APG III (Haston vd.,
2009; Reveal ve Chase, 2011) sistemine gore ve alfabetik olarak verilmigtir. Lokalite bilgileri yazilirken alaninin tamami B8 karesi,
Bingol ili ve Adakli ilgesi sinirlart igerisinde yer aldigindan dolay: tekrardan kaginmak i¢in BS; Bing6l ve Adakli ilgesi yazilmamustir.
Orneklerin lokalite bilgileri verilirken: Lokalite numarasi, toplayict rumuzu ve numarasi, endemik olanlar END. kisaltmas: ile, risk
altinda olanlarin tehlike kategorisi (kisaltma seklinde), biliniyor ise hangi fitocografik bolge elementi oldugu, Raunkiaer (1934)’e gore
hangi hayat formunda oldugu (kisaltma seklinde) yazilmstir. Bitkilerin endemizim, giincel drumlari, yazar isimleri ve tiirkge isimleri
Tiirkiye bitkileri listesi (Giliner vd 2012) adli eserden kontrol edilmistir. Endemik ve nadir bitkilerin tehlike kategorileri yoniinden
durumlarinin degerlendirilmesinde basta Ekim vd. (1989; 2000) olmak iizere Vural (2006) ve IUCN (2013) c¢alismalarindan da
yararlanilmigtir. B8 karesi i¢in yeni olan taksonlarin sonuna ( A) isareti konularak belirtilmistir.

3. Bulgular

Bitki Toplama istasyonlariAdakli merkez giineyi, ¢ayir alanlar, 10.04.2016,
39°.221.58"N, 40°.487.83"E, 1427 m,

1

2.

3.

10.

11.
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13.

14.

15.

16.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sevkar koy yolu, bahge kenarlari, 15.04.2014, 39°.238.19"N, 40°.535".06"
E, 1502 m

Adakli merkez giineyi, bahge kenarlari, 14.04.2014, 39°.225'48" N,
40°.484' 91'E, 1447 m

Ganya hiva mela ¢esmesi cevresi, step, 12.04.2014, 39°.229.00" N,
40°.490.55"E, 1478 m,

Arican mah. yol kenarlari, 12.04.2014, 39°.233".98"N, 40°.503".91"E 1536

m,

Arican mah. giineyi yamaglar, 14.04.2014, 39°.236'.02" N, 40°.530'.41"E
1503 m,

Ganya hiva mela ¢esmesi gevresi, step yamaglar, 26.04.2014, 39°.230'.44"
N, 40°.491'.34"E, 1480 m,

Adakli merkez dogusu, step yamaglar, 26.04.2014, 39°.228'44" N,
40°.489.96"E, 1484 m,

Adakli merkez giiney-dogusu, bahge i¢i, 26.04.2014, 39°.221'.76" N,
40°.488.18'E, 1425 m,

Adakli merkez giiney-dogusu, cuma deresi kenari, 26.04.2014,
39°.222'.06" N, 40°.495'.42"E, 1350 m,

Adakli merkez giineyi, tarla kenarlari, 26.04.2014, 39°.225.71" N,
40°.497'35'E, 1421 m,

Adakli merkez giineydogusu, Cuma g¢ay1 kenari, step yamaglar,
26.04.2014, 39°.215"12" N, 40°.484'.57"E, 1309 m,

Hiro yaylas1 giineyi, (Selale) Arican mah. yolu, step, 05.05.2014,
39°.233.17"N, 40°.503.13"E, 1542 m,

Adakli merkez, nemli alanlar, 05.05.2014, ,39°.215'.15"'N, 40°.479'.66"E,
1396 m,

Adakli merkez giineyi, nemli alanlar, bah¢e kenarlari, 05.05.2014,
39°.225'48"N, 40°.484.91"E, 1447 m,

Sevkar koyii mezarlik c¢evresi, step, 17.05.2014, 39°.269.94" N,
40°.575'36"E, 1845 m,

Hiro yaylasi giineyi, orman agiklari, 17.05.2014, 39°.252.71" N,
40°.559.63"E, 1744 m,

Cetan kdyii, yol kenarlari, 17.05.2014, 39°.248".28"N, 40°.554'.54"E, 1592
m,

Cetan kdyii giineyi, step alanlar, 17.05.2014, 39°.241.64" N, 40°.543'.66"
E, 1549 m,

Sevkar koyii, Merdanos mevki, step, 17.05.2014, 39°.280.81" N,
40°.566.69'E, 1967 m,

Adakli giineyi, koprii ¢evresi, step, 25.05.2014, 39°.214.06" N,
40°.472.78'E, 1296 m,

Adakl giineyi, Cuma deresi kuzeyi, yamaglar, 25.05.2014, 39°.215'.38"N,
40°.482.16"E, 1387 m,

Adakli merkez gilineydogusu, ¢ayir, 25.05.2014, 39°.221'.25" N,
40°.489'13"E, 1403 m,

Adaklt merkez giineyi, step, 25.05.2014, 39°.217.03" N, 40°.486.70" E,
1400 m,

Danatepe mah. giineyi, step, 25.05.2014, 39°.214'.44" N, 40°.475.75"E,
1342 m,

Adakl merkez, bahge igi, 25.05.2014,39°.229'.29"N, 40°.479.73"E, 1500
m,

Sevkar koyii batisi, cayir, 25.05.2014, 39°.272'.48" N, 40°.570'.94'E, 1853

m,

Cetan kdyii dogusu, step, 25.05.2014, 39°.249'.59" N, 40°.553".13"E, 1654
m,

Ganya hiva mela ¢esmesi ¢evresi, step yamaglar, 25.05.2014, 39°.229'.10"
N, 40°.490.56"E, 1480 m,

Adakli merkez giineyi, step yamaglar, 31.05.2014, , 39°.216.52" N,
40°.482'54'E, 1375 m,

Adakli merkez kuzeybatisi, doguya bakan step yamaglar, 31.05.2014, ,
39°.254.40"N, 40°.462'.23"E, 1518 m,

Disliice mah. kuzeyi, yol kenarlari, 31.05.2014, 39°.247.39" N,
40°.464'.39'E, 1510 m,

Disliice mah. kuzeyi, step yamaglar, 31.05.2014, 39°.241.61" N,
40°.457.24'E, 1518 m,

Diisliice mah. gevresi, step, 31.05.2014, 39°.240'.15" N, 40°.462'.62" E,
1482 m,

Siiliik gdlii giineydogusu, step, 31.05.2014, 39°.250.47" N, 40°.458.73"E,
1579 m,
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67.
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Silik goli cevresi, step, 31.05.2014, 39°.255'.79" N, 40°.458.79'E, 1627

m,

Siiliik golii, gol i¢i, 31.05.2014, , 39°.252'.87" N, 40°.453.39'E, 1640 m,
Siilik golii, gol kenari, 31.05.2014, 39°.252'.87" N, 40°.453'.39" E, 1640
m,

Diisliice mah. kuzeyi, step, 31.05.2014, 39°.242'.36" N, 40°.456.42" E,
1567 m,

Ganya hiva mela ¢cesmesi batisi, 31.05.2014, , 39°.229'.27" N, 40°.489'.59"
E, 1493 m,

Adakli merkez kuzeybatisi, taslik yamaglar, 31.05.2014, 39°.249'.39" N,
40°.452'95"E, 1664 m,

Arican mah, yolu, koprii gevresi, 19.06.2014, 39°.234.75" N, 40°.504'.80"
E, 1525 m,

Adakli merkez giineyi, step orman agiklari, 19.06.2014, 39°.216'.94" N,
40°.487.54"E, 1376 m,

Adakli merkez giineydogusu, dere kenari, 19.06.2014, 39°.221'.95" N,
40°.496.57"E, 1351 m,

Adakli merkez dogusu yikik su deposu gevresi, step, 19.06.2014,
39°.223'.88"N, 40°.497.64"E, 1368 m,

Adakli merkez giineyi, orman agiklari, 19.06.2014, 39°.216.41" N,
40°.485.92"E, 1400 m,

Adakli merkez dogusu, ¢op dokiim alani gevresi, step, 19.06.2014,
39°.228.15'N, 40°.495.16'E, 1430 m,

Adakli merkez giineyi, step yamaglar, 19.06.2014, 39°.217.60" N,
40°.488.26"E, 1301 m,

Adakli merkez giineydogusu, orman, 19.06.2014, 39°.218.69" N,
40°.491'.61'E, 1328 m,

Sevkar koyii yol ayrimi, step yamaglar, 19.06.2014, 39°.227'.15" N,
40°.496.16"E, 1435 m,

Adakli merkez giineyi, tarik ¢esmesi gevresi, 19.06.2014, 39°.226'.23" N,
40°.484.64'E, 1449 m,

Karagubuk koyii, step, 14.07.2014, 39°.199'.64" N, 40°.463'.02" E, 1420
m,

Ganya hiva mela g¢esmesi batisi, step, 04.08.2014, 39°.229'58" N,
40°.490.63"E, 1465 m,

Sevkar koyii ilkogretim okulu batisi, orman agiklari, 04.08.2014,
39°.269.93"N, 40°.575.39"E, 1845 m,

Sevkar koyi kuzeybatisi, orman i¢i, 04.08.2014, 39°.270.98" N,
40°.572.09"E, 1840 m,

Sevkar koyii kuzey batisi, dere kenari, 04.08.2014, 39°.272.19" N,
40°.571'.09"E, 1829 m,

Sevkar kdyii kuzey batisi, gol ici, 04.08.2014, 39°.272'.25" N, 40°.570.47"
E, 1821 m,

Cetan koyi girisi, yol kenarlari, 04.08.2014, 39°.247.46" N, 40°.552.22"
E, 1567 m,

Hiro yaylas1 giineyi, kayalik yamaglar, 13.08.2016, 39°.270.39" N,
40°.568.80"E, 1879 m,

Sevkar kdyii kuzeyi, step, 14.08.2014, 39°.284'.18" N, 40°.572'.36" E,
2121 m,

Sevkar-Cetan Koyleri arasi koprii cevresi, 04.08.2014, 39°.266.27" N,
40°.574.38"E, 1788 m,

Sevkar koyti ¢ikisi, giineye bakan step yamaglar, 04.08.2014, 39°.276'.87"
N, 40°.580.19'E, 1911 m,

Arik dag1 giineyi, step, 09.08.2014, 39°.276.36" N, 40°.449.72"E, 1980
m,

Topagaglar kdyi, yol kenari, 23.08.2014, 39°.208.30" N, 40°.451'.12" E,
1286 m,

Karacubuk koyli yaylasi batisi, step, 23.08.2014, 39°.147.84" N,
40°.469.61"E, 2004 m,

Siiliik golii, gol kenari, 23.08.2014, 39°.252'.89" N, 40°.452'.98' E, 1632

m,

Gokeeli kdyii, yol kenarlari, 23.08.2014, 39°.211.94" N, 40°.392.23'E,
1227 m,

Sevkar yolu iizeri, Yapay golet gevresi, dere kenarlari, 13.09.2014,
39°.232.74" N, 40°.523".20"E, 1461 m,

Sevkar yolu tizeri, Yapay golet ¢evresi, kayalik, 13.09.2014, 39°.232".74"
N, 40°.523.20"E, 1461 m,

Sevkar koyi, Merdanos mevkii, step, 13.09.2014, 39°.281.33" N,
40°.566.34"E, 1850 m,

Adakli merkez dogusu, kuzeye bakan yamaglar, orman agiklari,
13.09.2014, 26.04.2014, 39°.235'.48" N, 40°.485'33"E, 1460 m,
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Sevkar yolu tizeri, nemli alan, 13.09.2014, 39°.235.39" N, 40°.516.69"E,
1452 m,
Arican mah. giineyi, ¢ayr, 25.10.2014, 39°.236.02'N, 40°.530".41"E 1515

m,

Karagubuk kdyii girisi, cayir, 21.03.2015, 39°.188.73" N, 40°.491.04" E,
1484 m,

Danatepe mah. girisi koprii ¢evresi, step, 21.03.2015, 39°.213.15" N,
40°.469.75" E, 1305 m,

Danatepe mah. grisi koprii batis1 kuzeye bakan ¢ayir alanlar, 21.03.2015,
39°.213.15"N, 40°.469.75" E, 1303 m,

Arican mah. yolu, yol kenarlari, 21.03.2015, 39°.233'.17" N, 40°.503'.13"
E, 1542 m,

Kozlu kdyi, yol ayrimini gegtikten sonra, mese agiklari, 28.03.2015,
39°.186'.91" N, 40°.489.57"E, 1569 m,

Adakli merkez giineyi, kuzeye bakan yamaglar, 28.03.2015, 39°.211".27"
N, 40°.474 48"E, 1323 m,

Adakli merkez giineyi, giineye bakan yamaglar, 28.03.2016, 39°.213".65"
N, 40°.478.06"E, 1310 m,

Karacubuk koyi, Kort golii gevresi, cayir, 28.03.2015, 39°.189.38" N,
40°.491'.98" E, 1483 m,

Siiliik golii gevresi, step, 12.04.2015, 39°.252".00" N, 40°.456.15" E, 1627
m,

Canak¢1 mezrasi, horhor kopriisii ¢evresi, 12.04.2015, 39°.215.62" N,
40°.389.85" E, 1178 m,

Hasbaglar koyi girisi, step, 12.04.2015, 39°.194'.54" N, 40°.372.71" E,
1557 m,

Hasbaglar koyi karakol gevresi, step, 12.04.2015, 39°.178.98" N,
40°.170.13" E, 1622 m,

Danatepe mah. girisi, koprii dogusu, step, 12.04.2015, 39°.213'15" N,
40°.469.75" E, 1303 m,

Hasbaglar koyline 1-2 km kala, step, 26.04.2015, 39°.194'54" N,
40°.372.71" E, 1553 m,

Hasbaglar koyiine 2-3 km kala, meselik, 26.04.2015, 39°.195'.504" N,
40°.380.71" E, 1550 m,

Hasbaglar koyiine 1-2 km kala vadi, kayalik, 26.04.2015, 39°.160.75" N,
40°.382.68" E, 1682 m,

Hasbaglar kdytine ¢ikisi, step, 26.04.2015, 39°.194'.54" N, 40°.372'71" E,
1557 m,

Kozlu kdyii yol ayrimu, step, 26.04.2015, 39°.157.84" N, 40°.497.75" E,
1790 m,

Adakli merkez giineyi, step, 26.04.2015, 39°.217.03" N, 40°.486.70"E,
1400 m,

Gokgeli koyii, tarla i¢i, 26.04.2015, 39°.211.94" N, 40°.392'23"E, 1227

m,

Cetan koyii yolu, giineye bakan nemli yamaglar, 01.05.2015, 39°.247"46"
N, 40°.552'.22"E, 1567 m,

Karacubuk koyii, yol kenari, 01.05.2015, 39°.205.10" N, 40°.462'.37"E,
1337 m

Danatepe mah. giineyi, ¢ayir, 01.05.2015, 39°.213'15" N, 40°.469.75" E,
1303 m,

Karacubuk koyii yaylasi, step, 01.05.2015, 39°.142".01" N, 40°.473.64" E,
1860 m,

Karacubuk kdyii girisi, cayir, 01.05.2015, 39°.188.73" N, 40°.491.04" E,
1484 m,

Hiro yaylas1 giineyi, step, 16.05.2015,39°.253".44"N, 40°.521'.15" E, 1860
m,

Hiro yaylas1 giineyi, ¢ayr, 16.05.2015, 39°.260.95" N, 40°.518.97" E,
1900 m,

Hiro yaylasi, step, 16.05.2015, 39°.268.66" N, 40°.515.78" E, 2030 m,
Erbaglar koyi yol ayrimi gevresi, korunmus alanlar, 16.05.2015,
39°.208.06" N, 40°.469.17" E, 1289 m,

Adakl merkez kuzeydogusu, meydan mevkii, 16.05.2015, 39°.231'.36" N,
40°.501'.14" E, 1560 m,

Adakli merkez, bahge kenarlar, 16.05.2015, 39°.228.77" N, 40°.487.76"
E, 1508 m,

Arican mah. yolu, selale g¢evresi, step, 16.05.2015, 39°.234'.75" N,
40°.504'.80" E, 1526 m,

Arican mah. yolu, yol kenari, 16.05.2015, 39°.231'.82" N, 40°.506.49" E,
1549 m,

Karacubuk koyii, bahge i¢i, 16.05.2015, 39°.199'.64" N, 40°.463.02" E,
1420 m,

Hasbaglar koyi ¢ikisi, trafo gevresi, step, 31.05.2015, 39°.194'.54" N,
40°.372.71" E, 1553 m,

Hasbaglar koyt girigi, kayalk vadi, 31.05.2015, 39°.160.75" N,
40°.382.68" E, 1682 m,

Adakli merkez dogusu yapay golet gevresi, step, 31.05.2015, 39°.234'.10"
N, 40°.516.66" E, 1500 m,

Canake1 mezrasi, yol kenari, 31.05.2015, 39°.219'.00" N, 40°.364.73" E,
1313 m,

Arican mah. giineyi, 31.05.2015, 39°.240'.27" N, 40°.535'.80" E, 1565 m,
Sevkar kdyii cevresi, 31.05.2015, 39°.276.87" N, 40°.580.19"E, 1911 m,
Gokeeli koyii girisi, cayir, 31.05.2015, 39°.211.94" N, 40°.392.23" E,
1227 m,

Karagubuk koyi, step, 31.05.2015, 39°.199'.64" N, 40°.463'.02" E, 1420
m,
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Canakg1 mezrasi gevresi, step, 05.06.2015, 39°.219'.00" N, 40°.364.73" E,
1313 m,

Karababa tepesi, step, 11.06.2015, 39°.144'.23" N, 40°.453.67" E, 2139 m,
Osmanusag koyii (Arik dagi giineyi), step, 11.06.2015, 39°.272".45" N,
40°.445.06" E, 1840 m,

Arik dagy, step, 11.06.2015, 39°.287.00" N, 40°.438'.18" E, 2200 m,
Erbaslar kdy yolu, yol kenarlar, 11.06.2015, 39°.207.74" N, 40°.469.87"
E, 1288 m,

Erbaslar kdy yolu, kayalik, 11.06.2015, 39°.207.74" N, 40°.469.87"E,
1290 m,

Karagubuk koyii girisi, yol kenarlari, 11.06.2015, 39°.205.10" N,
40°.462.37"E, 1337 m,

Adakli merkez, bahge kenari, 11.06.2015, 39°.229'.29" N, 40°.479.73"E,
1524 m,

Karagubuk koyii giineyi koprii gevresi, step, 11.06.2015, 39°.188.46" N,
40°.488.74"E, 1422 m,

Diisliice mah. bahge kenari, 11.06.2015, 39°.234'.89" N, 40°.464.47" E,
1361 m,

Karababa tepesi, step, 03.07.2015, 39°.144'.23" N, 40°.453.67" E, 2137 m,
Silik goli, gol i¢i, 03.07.2015, 39°.255.79" N, 40°.458.79'E, 1627 m,
Siilik goli, gol gevresi, 03.07.2015, 39°.255.79" N, 40°.458.79"E, 1627
m,

Hiro yaylasi1 giineyi, Arican mah., gaymr, 03.07.2015, 39°.251.73" N,
40°.527.66"E, 1816 m,

Hiro yaylasi, step, 03.07.2015, 39°.263".60" N, 40°.553.37"E, 2015 m,
Hiro yaylasi giineyi, kayalik, 03.07.2015, 39°.235.11" N, 40°.512".46"E,
1581 m,

Karababa tepesi kuzeydogusu, step, 25.10.2015, 39°.145.71" N,
40°.462.64'E, 2085 m,

Karacubuk koyii giineyi koprii, step, 25.10.2015, 39°.188.46" N,
40°.488.74'E, 1422 m,

Danatepe mah. girisi, ¢ayir, 09.04.2016, 39°.213'.15" N, 40°.469.75" E,
1303 m,

Karagubuk koyii, kayalik, 09.04.2016, , 39°.182'.29" N, 40°.496.12" E,
1607 m,

Topagaglar kdyi, yol kenarlari, 09.04.2016, 39°.209.00" N, 40°.360.73"
E, 1300 m,

Canake¢1 mezrasi, step, 09.04.2016, 39°.219.00" N, 40°.364.73" E, 1314
m,

Kozlu kdyii yol ayrimu, step, 09.04.2016, 39°.157'.84" N, 40°.497.75" E,
1790 m,

Karagubuk koyiine 1-2 km kala, kayalik, 09.04.2016, 39°.182.29" N,
40°.496.12"E, 1607 m,

Karagubuk koyiine 1-2 km kala, step, 09.04.2016, 39°.182.29" N,
40°.496.12"E, 1607 m,

Kozlu yol ayrimu, step, 09.04.2016, 39°.157.84" N, 40°.497.75" E, 1790
m,

Karacubuk koyii ¢ikisi, orman agiklari, 21.04.2016, 39°.192.18" N,
40°.480.15"E, 1429 m,

Siiliik golii kuzeyi, cayir, 21.04.2016, 39°.241'.61" N, 40°.457.24'E, 1518
m,

Karababa tepesi giineydogusu, step, 21.04.2016, 39°.132:96" N,
40°.459.15"E, 1911 m,

Karababa tepesi, step, 21.04.2016, 39°.145".71"N, 40°.462'.64"E, 2085 m,
Kort goli giineyi, kayalik, 21.04.2016, 39°.255.79" N, 40°.458.79" E,
1627 m, ,

Kort goli giineyi, step, 21.04.2016, 39°.255'.79" N, 40°.458.79"E, 1627
m,

Erbaglar koyii yol ayrimy, step, 15.05.2016, 39°.199'.45' N, 40°.480'.21"E,
1304 m,

Giingorsiin koyi, yol kenarlari, 15.05.2016, 39°.262.70" N, 40°.474.74"
E, 1563 m,

Giingorsiin koyii, bahge, 15.05.2016, 39°.276.79" N, 40°.473'.93"E, 1539
m,

Karagubuk koyii, ¢ayir, 15.05.2016, 39°.203.90" N, 40°.463'.78" E, 1352

m,

Karagubuk koyii, yol kenari, 15.05.2016, 39°.205'.10" N, 40°.462".37"E,
1337 m, Silene

Adakli merkez, bahge kenarlari, 15.05.2015, 39°.228'.77" N, 40°.487.76"
E, 1508 m

Karababa tepesi, step, 15.05.2016, 39°.143".66" N, 40°.453.03"E, 2128 m,
Karababa tepesi, step, 15.05.2016, 39°.145'.60" N, 40°.455'.73'E, 2105 m,
Giingorsiin koyii kuzeyi, step, 15.05.2016, 39°.283.60" N, 40°.474'.22"E,
1644 m,

Giingorsiin koyi kuzeyi, step yamaglar, 15.05.2016, 39°.284'.67" N,
40°.471'32'E, 1778 m,

Karagubuk koyii, yol kenari, 20.05.2016, 39°.205'.10" N, 40°.462".37"E,
1337 m,

Danatepe mah. giineyi, ¢ayir, 26.05.2016, 39°.209'.64" N, 40°.463".93"E,
1254 m,

Danatepe mah. giineyi, dere kenari, 26.05.2016, 39°.209.64" N,
40°.463'.93"E, 1254 m,

Karagubuk koyii, orman agiklari, 26.05.2016, 39°.192'.18" N, 40°.480'.15"
E, 1429 m,

Karagubuk koyii, step, 26.05.2016, 39°.197.37"N, 40°.469.23"E, 1450 m,
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162. Diisliice kdyii gevresi, step, 26.05.2016, 39°.234'.89" N, 40°.464.47" E,
1361 m,

163. Karagubuk kdyii kuzeyi, orman, 26.05.2016, 39°.202'.07" N, 40°.458'.27"
E, 1433 m,

164. Giingorsiin kdyi, yol kenarlari, 18.07.2016, 39°.271.00" N, 40°.473.18"
E, 1520 m,

165. Giingdrsiin koyii batisi, step, 24.07.2016, 39°.282'.49" N, 40°.474.16" E,
1633 m,

166. Giingdrsiin koyi kuzeyi, step, 18.07.2016, 39°.284.76" N, 40°.489"17"E,
1623 m,

167. Giingorsiin  koyl kuzeybatisy, step, 18.07.2016, 39°.283.00" N,
40°.476.66"E, 1560 m,

168. Siiliik golii gevresi, step, 18.07.2016, 39°.253.12" N, 40°.454'.18'E, 1640
m,

169. Giingdrsiin koyii kuzeyi, bahge, 18.07.2016, 39°.285.40" N, 40°.482'.95"
E, 1605 m,

170. Kort goli, gol i¢i, 23.07.2016, 39°.190.30" N, 40°.489'.93'E, 1434 m,

171. Kuru mezrast gineydogusu, orman, 23.07.2016, 39°.182.29" N,
40°.496'12"E, 1607 m,

172. Karagubuk koyii yayla yolu, orman igi, 23.07.2016, 39°.166.56" N,
40°.484.72'E, 1830 m,

173. Karagubuk koyii yaylasi, step, 23.07.2016, 39°.149'21" N, 40°.468.94"E,
1972 m,

174. Hasbaglar koyii girisi, step, 11.09.2016, 39°.194.54" N, 40°.372.71" E,
1558 m,

175. Kozlu yol ayrimu, step, 23.07.2016, 39°.157'.84" N, 40°.497.75" E, 1790
m,

4.2. Arastirma Alaminin Florasi
Division: PTERIDOPHYTA
1. EQUICETACEAE / ATKUYRUGUGILLER
1. Equisetum arvense L. / atkuyrugu; 17, YY131, Cr.
2. E. palustre L. / kirkbacak; 27, YY214; 68, YY800b, Cr.
2. CYSTOPTERIDACEAE/ GEVREKEGRELTIGILLER
3. Cystopteris fragilis (L.) Bernh. / gevrek egrelti; 109, YY 1102, Hc.
Division: SPHERMATOPHYTA
Sundivision: GYMNOSPERMAE
3. CUPRESSACEAE / SERVIGILLER
4. Juniperus excelsa M.Bieb. subsp. exelsa / boz ardig; 65, YY779; 141,
YY1606; 144, YY1666; 174, YY2196, Fh.
Subdivisio: ANGIOSPARMAE
Classis: DICOTYLEDONES
4, ACANTHACEAE / AYIPENCESiGiLLER
5. Acanthus dioscoridis L. var. dioscoridis / lokman ayipengesi; 169, Y'Y2082,
Hc.
5.  ADOXACEAE / MURVERGILLER
6. Sambucus ebulus L. / miirver otu; 52, YY 563, Eu.-Sib. elm., Fh.,
7. S. nigra L. / aga¢ miirver; 51, YY564; 104, YY1058; Eu.-Sib. elm., Fh.
6. ALISMATACEAE / KURBAGAKASIGIGILLER
8. Alisma lanceolatum With. / kurbagakagigi; 127, YY1471, 171, YY2129,
Cr.(Hd.)
7. AMARANTHACEAE / HOROZIiBiGiGILLER
9. Amaranthus albus L. / komiis mancari; 52, YY 605, Th.
10. Atriplex lasiantha Boiss. / deli unluca; 72, YY834, Th.
11. Chenopodium album L. subsp. album var. album / aksirkan; 52, YY602,
Th.
12. C. botrys L. / kizilbacak; 52, YY566, Th.
13. C. foliosum Asch. / ciilek; 52, YY583, Th.
14. C. vulvaria L. / kokar sirken, 47, YY457, Th., (A)
15. Noaea tournefortii (Jaub.& Spach) Moq. / tuz hdlmezi; 65, YY772, Ir.-Tur.
elm., He.
8. AMARYLLIDACEAE / NERGIiSGILLER
16. A. cardiostemon Fisch. & C.A.Mey. / yamag¢ kdrmeni; 18, YY125a; 119,
YY1319a; 164, YY1970, Ir.-Tur. elm., Cr.
17. A. nevsehirense Koyuncu & Kollmann / nevsehir sogani; 117, YY1270a;
131, YY1544, END., LC., Ir.-Tur. elm., Cr.,
18. A. nigrum L. / kara sogan; 21, YY162; 102, YY 1018, Medit. elm., Cr., (A)
19. A. pictistamineum O.Schwarz / izmir sogani; 117, YY 1285a; 126, YY 1442,
YY1446, END., NT., E. Medit. elm., Cr.,
20. A. pustulosum Boiss. & Hausskn. / bey sogani; 116,YY1208a, Ir.-Tur. elm.,
Cr.
21. A. scorodoprasum L.subsp. rotundum (L.) Stearn / deli pirasa; 122,
YY1366; 164, YY1971; 174, 2176, Medit. elm., Cr.,
22. A. tauricola Boiss. / toros sogant; 52, YY597, END., LC., Ir.-Tur. elm., Cr.
23. A. trachycoleum Wendelbo / boz sarimsak; 32, YY260; 117, YY 1273a, 126,
YY1447, Ir.-Tur. elm., Cr.,
24. A. vineale L. /sirmo; 114, YY1187, Cr.,
25. Sternbergia clusiana (Ker Gawl.) Ker Gawl. ex Spreng. / vargetgiilii; 175,
YY2233, Ir.-Tur. elm., Cr., (A)
9. ANACARDIACEAE / MENENGiCGiLLER
26. Pistacia eurycarpa Yalt. / bendek;161, YY1865, Ir.-Tur. elm., Fh.
10. APIACEAE / MAYDANOZGILLER
27. Actinolema macrolema Boiss. / koca aklema; 46, YY430, Ir.-Tur. elm., Th.,
28. Angelica purpurascens (Avé-Lall.) Gilli / melekotu; 56, YY642, Hc.,
29. Anthriscus cerefolium (L.) Hoffm. / mendik; 104, YY1057, YY1059; Hc.,
30. A. nemorosa (M.Bieb.) Spreng. / pegek, 100, YY978; 107, YY 1074, Hc.,

31. Artedia squamata L. / karabenek; 30,YY252; 125,YY1386; 170, YY2114,
Th,,
32. Astrodaucus orientalis (L.) Drude / havyildiz; 45, YY385; 131, YY 1531,
Ir.-Tur. elm.,? Th,,
33. Berula erecta (Huds.) Coville / gendeme; 61, YY695, Cr.,
34. Bunium elegans (Fenzl) Freyn var. involucratum O.Saya / hos aksar; 52,
YY567; 171, YY2147; 174, YY2205, END., LC,, Cr.,
35. B. paucifolium DC. / kogkuzu; 109, YY1119, Ir.-Tur. elm., Cr.
36. Bupleurum gerardii All. / ¢ali seytani; 142, YY1852, Th.
37. Cahaerophllum bulbosum L. / handok; 48, YY473; 48, YY485; 52, YY585;
112, YY1172, Eu.-Sib. elm., Cr.
38. C. crinitum Boiss. / sagilakotu; 15, YY100; 109, YY 1112, Ir.-Tur. elm., Cr.
39. C. macrospermum (Willd. ex Spreng.) Fisch. & C.A.Mey. ex Hohen. / iri
handokotu, 55, YY641; 62, YY741, Ir.-Tur. elm., Hc.,
40. Eryngium billardieri Delile / hiyarok; 169, YY2101, Ir.-Tur. elm., Hc.
41. Falcaria vulgaris Bernh. / orakotu; 11,YY52; 64,YY758; 167, YY2039, Hc.
42. Gasparrinia peucedanoides Thell. / gobek aksar; 173, YY2152, Eu.-Sib.
elm., Hc.
43. Grammosciadium daucoides DC. / kami; 110, YY1133, Ir.-Tur. elm., Hc.
44. G. pterocarpum Boiss. / ayakli kami; 164, YY1964, Ir.-Tur. elm., Hc.,
45. Heptaptera anisoptera (DC.) Tutin. / kanatl ¢aksir; 48, YY472, Hc.
46. Heracleum trachyloma Fisch. & C.A.Mey. / pogluk; 112, YY1170, VU,
Hc., (A)
47. Lecokia cretica (Lam.) DC. / esek baldirani; 88, YY902, Cr.
48. Lisaea strigosa (Banks & Sol.) Eig / dik gelinpitragy; 46, YY407, Ir.-Tur.
elm., Th.
49. Malabaila lasiocarpa Boiss. / sabulgan; 16, YY119; 47, YY470; 48,
YY474; 110, YY1125; 116, YY1237, END., LC., Ir.-Tur. elm., Hc.
50. Oenanthe silaifolia M.Bieb. / attohumu; 111, YY1144, Cr.
51. Ormosciadium aucheri Boiss. / ayieli; 50, YY532; 131, YY1545, Th.
52. Physocaulis nodosus (L.) W. Koch / hacikus; 102, YY 1041, Th.
53. Pimpinella cappadocica Boiss. & Balansa var. cappadocica / peri anasonu;
55, YY640; 126, YY1430, END., LC., Ir.-Tur. elm., Hc.,
54. P. corymbosa Boiss. / salkim anason; 130, YY1513; 131, YY1533; 168,
YY2059, Ir.-Tur. elm., Hc.,
55. P. peregrina L. / el anasonu; 166, YY2009; 169, YY2109, Hc.,
56. P. tragium Vill. subsp. lithophila (Schischk.) Tutin / teke anasonu, 162,
YY1897; 166, YY1990, Hc.,
57. Prangos ferulacea (L.) Lindl. / esek ¢aksiri, 43, YY355, Hc.,
58. P. platychlaena Boiss. subsp. platychlaena / korkor; 63, YY751; 166,
YY1987, END., LC., Ir.-Tur. elm., Hc.,
59. Scandix iberica M.Bieb. / atkignekotu; 27, YY210; 142, YY1630, Th.
60. S. pecten-veneris L. / ziihretaragi; 102, YY1023, Th.,
61. S. stellata Banks & Sol. / dag kiskisi; 102, YY1022; 142, YY1631, Th.
62. Sium sisarum L. var. lancifolium (M.Bieb.) Thell. / dere kerevizi;
58,YY646, Cr.
63. Torilis arvensis (Huds.) ~ Link  subsp. neglecta (Schult.)  Thell.  /
seytanhavucu; 44, YY370, 174, YY2189, Th.
64. T. leptophylla (L.) Rchb.f. / ince dercikotu; 15, YY99; 161, YY1864; Th.
65. Turgenia latifolia (L.) Hoffm. / karaheci; 32, YY263; 47, YY446; 148,
YY1688, Th.,

11. APOCYNACEAE / ZAKKUMGILLER
66. Vincetoxicum tmoleum Boiss. / hyaluk; 42, YY340; 174, YY2185, Ir.-Tur.
elm., He.

12. ARACEAE / YILANYASTIGIGILLER
67. Arum rupicola Boiss. var. rupicola / dagsorsali; 164, YY1919, END., LC.,
Cr.
68. A. rupicola Boiss. var. virescens (Stapf) Bornm. & Gauba. / dagsorsali; 15,
YY65; 113, YY1178, Ir.-Tur. elm,, Cr.
69. Biarum carduchorum (Schott) Engl. / kardi; 73, Y'Y835, Ir.-Tur. elm., Cr.
70. Lemna turionifera Landolt / sivri sumercimegi; 171, YY2134, Cr.(Hd.).

13.  ARISTOLOCHIACEAE / LOHUSAOTUGILLER
71. Aristolochia bottae Jaub & Spach/ kdpektasagi; 8, YY35; 143, YY 1651, Ir.-
Tur. elm., Hc.
14. ASPARAGACEAE/ KUSKONMAZGiLLER

72. Bellevalia gracilis Feinbrun / aktepeli; 143, YY1649, END., LC., Ir.-Tur.
elm,, Cr.
73. B. paradoxa (K.Koch) Losinsk. / agpenceri; 98, YY952, Ir.-Tur. elm., Cr.
74. B. speciosa Woronow ex Gross. / sapli simbiil; 10, YY48; 22, YY172; 143,
YY1653, Cr.,
75. Muscari armeniacum Leichtlin ex Baker / gavurbagi; 80, YY865; 83,
YY881; 86, YY889; 90, YY916; 137, YY1590, Cr.,
76. M. comosum (L.) Mill. / morbas; 28, YY219; 157 YY1075; 157, YY1776,
Medit. elm,, Cr.,
77. Ornithogalum arcuatum Steven / kurtkirigi; 161, YY1871, Ir.-Tur. elm., Cr.
78. 0. montanum Cirillo / dag akyildizi; 28, YY217, E. Medit. elm,, Cr.
79. O. narbonense L. / akbaldir; 6, YY21; 23, YY178, Medit. elm., Cr.,
80. O. oligophyllum E.D.Clarke / kurt sogani; 144, YY1660; 146, YY1681, Cr.
81. O. sphaerocarpum A.Kern. / salkim sakarca; 116, YY 1200, Cr. (A)
82. O. wiedemannii Boiss. var. wiedemannii / engin yildiz; 2, YY878; 89,
YY912;97,YY942; 155,YY 1734, Cr., (A)
83. Puschkinia scilloides Adams. / serhising; 88, YY903; 89, YY907a; 97,
YY943; 98, YY951; 145, YY1669a, Ir.-Tur. elm., Cr.,
84. Scilla siberica Haw. subsp. armena (Grossh.) Mordak / camuskiran; 74,
YY845; 75, YY846; 78, YY861; 82, YY873, 85 YY885 87, YY900;
89,YY905; 97, YY947; 141, YY1607, Ir.-Tur. elm., Cr.,
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15.  ASTERACEAE / PAPATYAGILLER
85. Achillea arabica Kotschy / hanzabel; 164, YY1953, Ir.-Tur. elm., Hc.,
86. A. millefolium L. subsp. millefolium var. millefolium / civanpergemi; 46,
YY433; 62, YY739; 130, YY1528; 167, YY2015, Eu.-Sib. elm., Hc.,
87. A. nobilis L. subsp. neilreichii (A.Kern.) Velen. / binbiryaprak; 52, YY584;
111, YY1152, Eu.-Sib. elm., Hc.
88. A. schischkinii Sosn. / deli civanpergemi; 116, YY1195; END., LC., Ir.-Tur.
elm., He.
89. A. vermicularis Trin. / piisan; 45, YY397, Ir.-Tur. elm., Ch.,
90. Anacyclus anatolicus Behget & Almanar / dagindest; 4, YY 187; 43, YY364,
END., CR., Th., (A).
91. Anthemis Kkotschyana Boiss. var. discoidea (Bornm.) Grierson / kog
papatyasi; 42, YY345; 119, YY1332, He.,
92. Arctium minus (Hill) Bernh. / 16slek; 165, YY 1982, Eu.-Sib. elm., Hc.
93. Bidens tripartita L. / li¢ suketeni; 64, YY759; 72, YY832, Th.,
94. Carduus nutans L. subsp. leiophyllus (Petrovi¢) Stoj. & Stef. / kerbes; 42,
Y'Y335; 47, YY449; 60, YY668; 116, YY1257, Hc.,
95. C. pycnocephalus L. subsp. albidus (M.Bieb.) Kazmi / arap soymaci, 47,
YY448, He.,
96. Carlina oligocephala Boiss. & Kotschy subsp. oligocephala / domuz dikeni;
60, YY 670, Hc.,
97. Centaurea aggregata Fisch. & C.A. Mey. ex DC. subsp. aggregata /
kiimediigme; 50, YY531, He.,
98. C. aucheri (DC.) Wagenitz / giidiik saribas, 62, YY750, Ir.-Tur. elm., Hc.,
(A)
99. C. bingoelensis Behget & Ilgim, 62, YY748, YY749, END., CR., Hc.,
100. C. consanguinea DC. / tezdigme; 130,YY1527,END.,LC. Ir.-Tur. elm.,?
Hc.,
101. C. fenzlii Reichardt / battalbas; 23, YY 177, 165, YY 1976, END., LC., Ir.-
Tur. elm., He.,
102. C. iberica Trev. ex Spreng. / deligézdikeni, 51, YY560; 53, YY624, Hc.,
103. C. polypodiifolia Boiss. var. szovitsiana (Boiss.) Wagenitz / akbehmen, 52,
YY614, He., (A)
104. C. pseudoscabiosa Boiss. & Buhse subsp. pseudoscabiosa / yaman
kavgaluz; 166, YY1994; 167, YY2040, Hc.,
105. C. saligna (K.Koch) Wagenitz / hol; 61, YY691, END., LC., Ir.-Tur. elm.,
Hc.,
106. C. solstitialis L.subsp. solsitialis / ¢akirdikeni; 43, YY357; 52, YY573;
169, YY2081, Hc.,
107. C. spectabilis (DC..) Sch.Bip. var. microlopha (Boiss.) Wagenitz /
turanbasi; 54, YY628; 59, YY650, Ir.-Tur. elm., Hc.,
108. C. virgata Lam. / ac1 stipiirge; 60, YY682; 169, YY2107, Ir.-Tur. elm., Hc.,
109. Chardinia orientalis (L.) Kuntze, 20, YY139; 28, YY216; 29, YY220; 102,
YY1014, Ir.-Tur. elm., Th,,
110. Chondrilla juncea L. / karakavuk; 61, YY688a; 60, YY675, Hc.
111. Cichorium intybus L. / hindiba; 52, YY571; 53, YY620, Hc.
112. Cirsium arvense L. / kdygogiiren; 55, YY637; 61, YY707, He.
113. C. ciliatum (Murray) Moench subsp. szovitsii (K.Koch) Petr. / kazandelen;
176, YY2232, Ir.-Tur. elm., Hc.,
114. C. sommieri Petr. / kaznkulpu; 169, YY2099, END., LC., Ir.-Tur. elm., Hc.,
115. C. subinerme Fisch. & C.A.Mey. / su kangali; 166, YY 1986, Ir.-Tur. elm.,
Hc.,
116. Cnicus benedictus L. / topdiken; 11, YY51, 111, YY1160, Hc.,
117. Cota austriaca (Jacq.) Sch.Bip. / babugga; 121, YY1356, Th.,
118. C. coelopoda (Boiss.)Boiss. var. bourgaei (Boiss.) U. Ozberk & Vural /
¢igekei papatyast; 16, YY114; 40, YY323; 112, YY1174; 160, YY 1824, Hc.,
119. C. tinctoria (L.) J. Gay ex Guss. var. tinctoria / boyaci papatyasi; 30,
YY245; 34, YY282; 125, YY1398; 126, YY1416; 131, YY1529, Hc.,
120. C. wiedemanniana (Fisch. & C.A.Mey.)Holub / bodur babugga; 30,
YY241a; 161, YY1846; 161, YY1868, Th.,
121. Crepis alpina L. / yiirekotu; 24, YY 192; 50, YY547; 111, YY1166; 148,
YY1698; 161, YY1867, Th.,
122. C. commutata (Spreng.) Greuter / delidigkisi: 8, YY41a; 167, YY2047, Th.,
123. C. foetida L. subsp. rhoeadifolia (M.Bieb.) Celak. / sakarkanak; 45,
Y'Y384a; 65, YY776; 66, YY791; 166, YY1998, Th.,
124. C. pulchra L. subsp. pulchra, / zarif kiskis; 46, YY413, Th.,
125. C. sancta (L.) Bornm. / yaban kiskist; 50, YY524; 86, YY886, Th.,
126. Crupina crupinastrum (Moris) Vis. / gelindéndiiren; 50, YY519, He.,
127. C. vulgaris Pers. ex Cass. / kir gelindondiireni; 17, YY 129; 164, YY 1928,
Hc.,
128. Cyanus depressus (M.Bieb.) Sojak / gokbas; 95, YY931, Th.
129. C. segetum Hill / gelintact; 16, YY118; 20, YY150, Th.,
130. C. triumfettii All. subsp. triumfetti, / delikapele; 35, YY289; 99, YY959;
116, YY1210; 117, YY1281a, Hc.,
131. Echinops orientalis Trautv / dagsekeri; 52, YY611, Ir.-Tur. elm., Hc.,
132. Erigeron acris L. subsp. pycnotrichus (Vierh.) Grierson / yiinlii sifaotu;
170, YY2113, Eu.-Sib. elm., Hc.
133. Filago arvensis L. / kegeotu, 47, YY465; 144, YY1338, Th.,
134. Garhadiolus hamosus Boiss. & Hausskn. / sar1 kiskis; 27, YY215, Ir.-Tur.
elm., Th,,
135. G. hedypnois Jaub. & Spach / bostan kiskisi; 118, Y'Y1288; 164, Y'Y 1944,
Ir.-Tur. elm., Th.
136. Gundelia tournefortii L. var. tournefortii, / kenger; 15, YY101; 164,
YY1937, Ir.-Tur. elm., Hc.,
137. Helichrysum arenarium (L.) Moench subsp. aucheri (Boiss.) P.H.Davis.
& Kupicha / 6lmez ¢igek; 169, YY2080a, END., LC., Ir.-Tur. elm., Ch.

138. H. armenium DC. subsp. armenum / altiotu; 45, YY402; 126, YY1426,
Ir.-Tur. elm., Ch.
139. H. plicatum DC. subsp. plicatum / mantuvar; 130, YY1502, Ch.,
140. H. plicatum DC. subsp. pseudoplicatum (Nabélek) P.H.Davis & Kupicha
/ bozoglan; 166, YY1995; 169, YY2105, Ch.
141. Inula discoidea Boiss. / dilsiz andizotu; 169, YY2108, END., DD., Ir.-Tur.
elm,, Cr.,
142. 1. montbretiana DC. / kokgay1; 126, YY1434, Ir.-Tur. elm., Cr.,
143. 1. oculus-christi L. / yolotu; 126, YY1454; 128, YY1480; 129, YY1497;
130, YY1500; 167, YY2024, Eu.-Sib. elm., Cr.,
144. 1. salicina L. / su andizotu; 170, YY2120, Eu.-Sib. elm., Cr.
145. Klasea serratuloides Takht. / etli topbag; 157, YY1755; 168, YY2062, Ir.-
Tur. elm., He.,
146. Lactuca hispida DC. / killi marul; 161, YY 1870, Cr.
147. L. mulgedioides (Vis. & Pan¢i¢) Boiss. & Kotschy ex Boiss. / mus marulu;
55, YY634; 129,YY1496, Hc.,
148. L. orientalis (Boiss.) Boiss. / sizikamiskan; 62, YY732, Ir.-Tur. elm., Hc.,
149. L. tuberosus (Jacq.) Grossh. / topar marul; 43, YY361, Cr.
150. L. viminea (L.) J.Presl & C.Presl / ¢ukurcithgi; 59, YY656, 60, YY674,
Hc.,
151. Lapsana communis L. subsp. intermedia (M.Bieb.) Hayek / sebrek; 62,
YY742; 125, YY1385; 161, YY1906, Hc.,
152. Leontodon asperrimus (Willd.) Endl. / agyemligi; 42, Y'Y346; 49, YY502,
Ir.-Tur. elm., He.
153. L. crispus DC. ex Nyman subsp. asper ( Waldst. & Kit.) Rohl. var. asper /
aslandisi;3, Y'Y358, Hc.
154. Onopordum acanthium L. / galagan; 165, YY1981, Hc.,
155. Picnomon acarna (L.) Cass. / kilgikdiken; 61, YY688; 65, YY78; 165,
YY1979, Medit. elm., He.
156. Picris hieracioides L. subsp. hieracioides, / deli siro; 64, YY756, Eu.-Sib.
elm., He.,
157. P. kotschyi Boiss. / arap sirosu; 46, YY435, Th.,
158. P. cf. olympica Boiss. / ulu siro; 31, YY256, END., LC., Medit.(mt) elm.,
Hc., (A)
159. P. strigosa M.Bieb. subsp. strigosa, / acisiro; 65, YY767, Ir.-Tur. elm., Hc.,
160. Pilosella hoppeana (Schult.) F.W.Schultz & Sch.Bip. subsp. troica (Zahn)
P.D.Sell & C.West / er trnakotu; 126, Y'Y1420, Hc.,
161. P. procera (Fr.) F.W.Schultz & Sch.Bip. / uzun trnakotu; 47, YY439; 126,
YY1403; 164, YY1942, Hc.,
162. P. verruculata (Link) Sojéak / kinali trnakotu; 167, YY2013, Hc.,
163. Pulicaria vulgaris Gaertn. / ak yaraotu; 169, YY2091, Eu.-Sib. elm.,? Th.,
164. Reichardia dichotoma (Vahl.) Freyn / karasakiz; 67, YY796, Ir.-Tur. elm.,
Hc.,
165. Scorzonera cana (C.A.Mey.) Grossh. var. jacquiniana (W.Koch)
D.F.Chamb. / tekesakali; 33, YY272; 102, YY1039; 159, YY1819, Hc.,
166. S. incisa DC. / kanik; 15, YY 102; 32, YY268, Ir.-Tur. elm., Hc.,
167. S. latifolia (Fisch. & C.A.Mey.) DC. var. angustifolia Prilipko / dagsakizi;
168, YY2049, Hc.,
168. S. mollis M.Bieb. subsp. mollis /iskorgina; 10, YY 47; 15, YY103; 108,
YY1083, 109, YY1113; 164, YY1916, Hc.
169. S. mollis M.Bieb. subsp. szowitzii (DC.) D.F.Chamb. / goftigoda; 13,
YY60; 99, YY968, Ir.-Tur. elm., Hc.
170. S. semicana DC. / kivrim; 18, YY125, END., LC., Ir.-Tur. elm., Hc.,
171. Senecio mollis Willd. / saz kanaryaotu; 165, YY1983, Ir.-Tur. elm.,? Hc.,
172. S. vernalis Waldst. & Kit. / kanaryaotu; 8, YY 42; 60, YY684, Th.,
173. Tanacetum abrotanifolium (L.) Druce / kose pireotu; 55, YY639; 164,
YY1921; 167, YY2018, Ir.-Tur. elm., Hc.,
174. T. aucheri DC. / ac1 preotu; 119, YY1311, E. Medit. elm., He., (A)
175. T. aureum (Lam.) Greuter var. aureum, / eksi pireotu; 119, YY1312, Hc.,
176. T. balsamitoides Sch.Bip. / marsuvanotu; 130, YY1517; 167, YY2016;
173, YY2167, Hc.,
177. T. cilicium (Boiss.) Grierson / kaba pireotu; 167, YY2017, E. Medit. elm.,
Cr.,
178. T. parthenium (L.) Sch.Bip. / beyaz papatya; 42, YY352; 129, YY1485,
Hc.,
179. Taraxacum montanum (C.A.Mey.) DC. / dag hindibas1; 61, YY692, Ir.-
Tur. elm., He.,
180. Tragopogon dubius Scop. / at yemligi; 32, Y'Y266; 164,YY1926, Hc.
181. T. porrifolius L. var. longirostris (Sch.Bip.)Greuter / helevan; 21, YY 161;
33, YY273; 116,YY1219, YY1229; 118, YY1295, Hc..
182. Tripleurospermum disciforme (C.A.Mey.) Sch.Bip. / kel beybunik; 30,
YY238; 110, YY1126; 159, YY1813; 162, YY1882, Ir.-Tur. elm.,? Hc.,
183. T. oreades (Boiss.) Rech.f. var. oreades / hoshos; 6, YY22; 12, YY61; 19,
YY134; 110, YY1136; 117, YY1280, Hc.,
184. T. oreades (Boiss.) Rech.f. var. tchihathewii (Boiss.) H.Hausskn. / hoshos;
15,YY104, He., (A)
185. Turanecio eriospermus (DC.) Hamzaoglu / boz turanotu; 119, YY1307;
166, YY2003, Ir.-Tur. elm., Hc.,
186. Tussilago farfara L. / oksiiriikotu; 144, YY 1654, Eu.-Sib. elm., Hc.,
187. Xanthium spinosum L. / pitrak; 120 1535a, Th.
188. X. strumarium L. subsp. strumarium, / koca pitrak; 125, YY1380a, Th.
189. Xeranthemum annuum L. / kagit ¢igegi; 52, YY590; 130, YY1515; 169,
YY2098, Th.

16. BERBERIDACEAE / KARAMUKGILLER
190. Bongardia chrysogonum (L.) Spach / gatlakotu; 1, YY 09; 93, YY929,
143, YY1643, Ir.-Tur. elm., Cr.,
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17. BORAGINACEAE/ HODANGILLER
191. Alkanna froedinii Rech. f. / gedik havacivaotu; 13, YY63; 106, Y'Y1069;
156, YY1751, END., LC., Ir.-Tur. elm., Hc.,
192. Anchusa azurea Mill. var. azurea / sigirdili; 29, YY222, Hc.,
193. Asperugo procumbens L. / nevazilotu; 14, YY73, Eu.-Sib. elm., Th.,
194. Brunnera orientalis I.M.Johnst. / minik gogce; 99, YY967; 150, YY 1708,
Eux. elm., Hc.,
195. Buglossoides arvensis (L.) 1.M.Johnst. subsp. sibthorpiana (Griseb.)
R.Fern. / tarla tagkeseni; 1, YY06; 4, YY17; 14, YY74, Th.,
196. Cerinthe minor L. subsp. auriculata (Ten.) Domac / livarotu; 156,
YY1745,Hc.
197. Cynoglossum montanum L. / dag kopekdili; 164, YY 1929, Eu.-Sib. elm.,
He.
198. Echium italicum L. / kurtkuyrugu; 169, YY2096, Medit. elm., He.,
199. Heliotropium circinatum Griseb. / deli bambulotu; 53, YY625, Ir.-Tur.
elm., Th,,
200. H.europaeum L. / akrep otu; 50, YY467, Ir.-Tur. elm., Th.
201. Lappula barbata (M.Bieb.) Giirke / giirke; 119, YY1306; 157, YY1765,
Ir.-Tur. elm., Hc.,
202. Macrotomia densiflora (Ledeb.) McBride / koca egnik; 157, YY1766, Ir.-
Tur. elm., He., (A)
203. Myosotis arvensis (L.) Hill subsp. arvensis, / kardesboncugu; 106; 163,
YY1949, Eu.-Sib. elm., Th,,
204. M. olympica Boiss. / ulu boncukotu; 101, YY998; 154, YY1727, Eux.
elm.?, He.,
205. M. platyphylla Boiss. / cilo boncugu; 174,YY2230, END.,VU., Ir.-Tur.
elm., He.,
206. M. propinqua Fisch. & C.A.Mey. / ayakli kusgozii; 13, YY70; 144,
YY1664, Eux. elm.,? Th.,
207. M. stricta Link ex Roem. & Schult. / yitik unutmabeni; 41, YY334; 142,
YY1629, Eu.-Sib. elm., Th,,
208. Nonea monticola (Rech. f.) Selvi & Bigazzi / dag sormugu; 89, YY908b;
97, YY941, END., LC., Hc., (A)
209. N. stenosolen Boiss. & Balansa / sormuk otu; 89, YY1115; 154, YY1729,
END., LC., Ir.-Tur. elm., Hc.,
210. Onosma bourgaei Boiss. / uzun emcek; 163, YY1914, Ir.-Tur. elm., Hc.
(A)
211. O. polioxantha Rech.f. / yoz emzikotu; 41, YY331, END., LC., Ir.-Tur.
elm., He.
212. O. proballanthera Rech.f. / yayla emzigi; 60, YY680, END., NT., Ir.-Tur.
elm., He.,
213. O. sericea Willd. / kagit emcek; 29, YY227; 144, YY1341, Ir.-Tur. elm,,
Hec.,
214. Paracaryum cristatum Boiss. subsp. carduchorum R.R.Mill / zap
carsakotu; 41, YY328; 126, YY 1456, Ir.-Tur. elm., Hc.
215. Phyllocara aucheri (A.DC.) Gusul / karadindik; 99, YY975a; 160,
YY1829a, Th,,
216. Rindera lanata (Lam.) Bunge var. canescens (A.DC.) Kusn. / yiinliigelin;
99, YY971, Ir.-Tur. elm., Hc.
217. Solenanthus stamineus (Desf.) Wettst. / yayla tiitiinii; 101, Y'Y985; 109,
YY1104, He.,

18. BRASSICACEAE / TURPGILLER

218. Aethionema arabicum (L.) Andrz. ex DC. / arap tas¢antasi; 6, YY 24; 44,
YY376; 111, YY1167, Th,,
219. Ae. carneum (Banks & Sol.) B.Fedtsch. / al kayagiilii; 86, YY887; 90,
YY915; 134, YY1570; 148, YY1695, Ir.-Tur. elm., Th,,
220. Ae. cordatum (Desf.) Boiss. / kalp ¢antasi; 117, YY1285; 126, YY1436;
156, YY1749, Ch.,
221. Ae. membranaceum DC. / etekli kayagiilii; 39, YY313, Ir.-Tur. elm., Ch,,
222. Ae. speciosum Boiss. & A.Huet subsp. speciosum, / som kayagiilii; 126,
YY1432; 157, YY1775, Ir.-Tur. elm., Ch., .
223. Alliaria petiolata (M.Bieb.) Cavara & Grande / sarimsak; 8, YY43; 96,
YY938; 142, YY1637, Th,,
224. Alyssum armenum Boiss. / ar1 kevkesi; 126, YY 1410, He.
225. A. desertorum Stapf / dumanotu; 1, YY11; 142, YY1635, Th.,
226. A. filiforme Nyar. / telli kevke; 121, YY 1359; 166, YY2008; 174, YY2213,
END., LC,, Ir.-Tur. elm., Hc.,
227. A. hirsutum M.Bieb. subsp. hirsutum / killi kuduzotu; 162, YY 1900, Th.,
228. A.linifolium Stephan ex Willd. var. linifolium, / ¢iplak kuduzotu; 80,
YY864; 86, YY896; 137, YY1591, Th.,
229. A. longistylum Grossh. / 6bek kuduzotu; 117, YY 1283, He.
230. A. pateri Nyar. subsp. prostratum (Nyar.) Dudley / yatik kevke; 108,
YY1087, 109, YY1106; 126, YY1406, END., LC., Ir.-Tur. elm., Hc.,
231. A. praecox Boiss. & Balansa / giizel kuduzotu; 144, YY 1344, END., LC.,
He.,
232. A. simplex Rudolph / sade kuduzotu; 118, YY1286; 134, YY1578, Th.,
233. A. strictum Willd. / dik kuduzotu; 116, YY1239, Ir.-Tur. elm., Th.,
234. A. strigosum subsp. cedrorum (Schott & Kotschy) T.R.Dudley / kaya
kuduzotu; 105, YY1067, Th. (A)
235. A. strigosum Banks & Sol. subsp. strigosum / dokiik kuduzotu; 86, Y'Y895;
96, YY937; 102, YY1031, YY1034, Th,,
236. Arabis alpina L. subsp. alpina / kazteresi; 89, YY914; 139, YY1599, Hc.
237. A. alpina L. subsp. brevifolia (DC.) Cullen / diiz kazteresi; 1, YYO05b, E.
Medit.(mt) elm., Hc.
238. A. montbretiana Boiss. / ova kazteresi; 20, YY145, Ir.-Tur. elm., Th.
239. A. nova Vill. / ufil kazteresi; 142, YY 1628, Th.

240. Barbarea brachycarpa Boiss. K.Koch subsp. minor var. minor / nicarcik;
101, YY997, Hc.,
241. B. plantaginea DC. / gétlezgotii; 3, YY67, 109; 160, Y'Y 1840, Hc.
242. Bunias orientalis L. / ¢irsalgami; 156, YY1753, He.,
243. Camelina hispida Boiss. / killi ketentere; 7, YY 224, Th
244. C.rumelica Velen. / ketentere; 42, Y'Y 343; 109, YY1108, Th.
245. Capsella bursa-pastoris (L.) Medik. / cobangantast; 134, YY 1575, Th.,
246. Cardamine uliginosa M.Bieb. /, 27, YY212; 101, YY1009, Cr.
247. Clypeola aspera (Grauer) Turrill / killi akgaotu; 158, YY1784, Ir.-Tur.
elm., Th,,
248. Coluteocarpus vesicaria (L.) Holmboe subsp. vesicaria / patarikotu; 126,
YY1437, Ir.-Tur. elm., Hc.,
249. Conringia clavata Boiss. / topuztelkari; 92, YY925; 157, YY1761, Th.
250. C. orientalis (L.) Dumort. / kocatelkari; 30, YY243, Th.,
251. Descurainia sophia (L.) Webb ex Prantl subsp. sophia / sadirotu; 15,
YY75, Th.
252. Draba nemorosa L. / orman dolamasi; 99, YY958; 104, YY 1061, Th.,
253. D. nuda (Belanger) Al-Shehbaz & M. Koch / cibil dolama; 82, YY870; 99,
YY965, Th.,
254. D. verna L. / ¢irgirotu; 76, YY849; 82, YY872; 138, YY 1597, Th.,
255. Eruca vesicaria (L.) Cav. / roka; 123, YY 1368, Th., (A)
256. Erysimum crassipes Fisch. & C.A.Mey. / zarifeotu; 116, YY1260, Hc.,
257. E. leucanthemum (Stephan ex Willd.) B.Fedtsch. / bayir zarifesi; 24,
YY190; 60, YY672; 126, YY1464; 157, YY1771; 162, YY1898, Hc.,
258. E. repandum L. / ¢atal zarife; 1, YY12; 92, YY928; 134, YY 1572, Th.,,
259. E. smyrnaeum Boiss. & Balansa / zeybek zarifesi; 33, YY269, Hc.,
260. Euclidium syriacum (L.) R.Br. / findik hardali; 124, YY 1371, Th.,
261. Fibigia clypeata (L.) Medik. subsp. clypeata var. clypeata / sikkeotu; 157,
YY1762, He.
262. F. clypeata (L.) Medik. subsp. clypeata var. eriocarpa (DC.) Post. /
sikkeotu; 31, Y'Y255; 39, YY311, 111, YY1149, Hc.,
263. F. macrocarpa (Boiss.) Boiss. / koca sikkeotu; 11, YY50; 162, YY1889,
Hc.,
264. Hesperis matronalis L. subsp. matronalis / aksamyildiz; 15, YY 87, Hc.,
265. Isatis buschiana Schischk. / agr1 ¢ivitotu; 117, YY1281, Ir.-Tur. elm., Hc.,
266. Lepidium chalepense L. / kormik; 164, Y'Y 1945, Hc.
267. L. draba L. / dignik; 14, YY 78, He.
268. Microthlaspi perfoliatum L. / giyle; 101, YY1008, Th.,
269. Nasturtium officinale R.Br. / suteresi; 160, YY1835, Cr.,
270. Neslia paniculata (L.) Desv. subsp. paniculata / tophardal; 9, YY38, Th.,
271. N. paniculata (L.) Desv. subsp. thracica (Velen) Bornm. / go¢gmen hardali;
102, YY1029; 161, YY1849, Th,,
272. Ptilotrichum angustifolium Hausskn. ex Bornm. / seyyahotu; 117,
YY1261; 118, YY1303, END., CR., Ir.-Tur. elm., Hc.,
273. Sisymbrium altissimum L. / ergelenotu; 15, YY76; 161, YY1874, Th.
274. S. loeselii L. / biilbilotu; 112, YY1173; 115, YY1191, Th.
275. Tchihatchewia isatidea Boiss. / alligelin; 111, YY1140; 157, YY1780,
END., VU., Ir.-Tur. elm., Hc.,
276. Thlaspi arvense L. / ekin dagarcig; 113, YY1185, Th.
277. T. bornmuelleri (Rchb.f.) Hedge / firenk dagarcigy; 116, YY1212, END.,
VU., Ir.-Tur. elm., Th., (A)
278. T. oxyceras (Boiss.) Hedge / sivri dagarcik; 101, YY986, YY996, Hc.,
19. BUTOMACEAE / BATAKLIKGULUGILLER

279. Butomus umbellatus L. / bataklikgiili; 171, YY2135, Eu.-Sib. elm.,
Cr.(Hd.),

20. CAMPANULACEAE / CANCIiCEGIGILLER
280. Asyneuma amplexicaule (Willd.) Hand.-Mazz. subsp. amplexicaule var.
amplexicaule / hosdegnek; 174, YY2203, Hc.,
281. A. amplexicaule (Willd.) Hand.-Mazz. subsp. aucheri (A.DC.) Bornm. /
stslii degnek; 167, YY2021, Ir.-Tur. elm., Hc.,
282. A. eximium Rech.f. /diildildegnegi; 65, YY763, END., NT., E. Medit.(mt)
elm., He., (A)
283. A. filipes (Nabelek) Damboldt / yayladegnegi; 65, YY769; 130, YY1516,
Ir.-Tur. elm., Hc.,
284. A. linifolium (Boiss. & Heldr.) Bornm. subsp. linifolium /
tavsanekmegi; 126, YY 1455, 130, YY 1509, END., LC., E. Medit.(mt) elm., Hc.,
285. A. rigidum (Willd.) Grossh. subsp. rigidum / nujdan; 171, YY2140, Ir.-
Tur. elm., Hc.,
286. Campanula glomerata L. subsp. hispida (Witasek) Hayek / yumak ¢ani;
167, YY2020; 174, YY2215, Hc.,
287. C. involucrata Aucher ex A.DC. / sarim ¢ani1; 43, YY362; 122, YY1364,
Hc.,
288. C. propinqua Fisch. & C.A.Mey. / kum ¢ani; 131, YY 1535, Th.
289. C. rapunculoides L. / elmacik; 55, YY636; 167, YY2019, Hc., (A)
290. C. saxonorum Gand. / ince ¢ingirak; 30, YY246; 50, YY540, END., LC.,
Th.
291. C. sclerotricha Boiss. / dere ¢ingiragi; S61, YY709, Ir.-Tur. elm., Hc.
292. C. stevenii M.Bieb. subsp. beauverdiana (Fomin) Rech.f. & Schiman-
Czeika / benli gan; 110, YY1135; 162, YY 1902, Ir.-Tur. elm., Hc.,
293. C. stricta L. var. stricta, / giil ¢angigegi; 65, YY777; 174, YY2212, Hc.
294. Legousia falcata (Ten.) Fritsch ex Janch. / egri kadiaynasi; 122, YY 1365,
Medit. elm., Th.,
295. L. pentagonia (L.) Thell. / kadinaynasi, 41, YY330, E. Medit. elm., Th.,

21. CANNABACEAE / KENEVIRGILLER

296. Celtis tournefortii Lam. / dardagan; 121, YY1361, Fh.,

22. CAPRIFOLIACEAE / HANIMELIGILLER
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297. Centranthus longiflorus Steven subsp. longiflorus / mahmuzgigegi; 34,
YY276; 45, YY396; 131, YY1536, Ir.-Tur. elm., Cr.,
298. Cephalaria anatolica Shkhiyan / ana pelemir; 65, YY762; 174, END., CR.,
Ir.-Tur. elm., He.,
299. C. procera Fisch. & Avé-Lall. / ganteper; 167, YY2041, Ir.-Tur. elm., Hc.,
300. C. speciosa Boiss. & Kotschy / yildiz pelemiri; 59, YY660; 62, YY744;
166, YY1993, END., LC., Ir.-Tur. elm., Hc.,
301. C. taurica Szabo / kirim pelemiri; 52, YY575, 64, YY755, END., VU.,
E. Medit. elm., He., (A)
302. Dipsacus laciniatus L. / fescitaragi; 165, YY 1977, He.
303. Lonicera iberica M.Bieb. / dadas hanimeli; 164, YY1930, YY1931,
Hyrcano-Eux. elm., Fh., (A)
304. L. nummulariifolia Jaub. & Spach subsp. nummulariifolia / tavsangili; 70,
YY813, Fh., (A)
305. L. orientalis Lam. / has ¢akkana; 20, YY148, END., LC., Fh,,
306. Pterocephalus plumosus (L.) Coult. / gok ciiciikotu; 44, YY367, Hc.,
307. Scabiosa argentea L. / yazi siipiirgesi; 103, YY2069, Hc.,
308. S. persica Boiss. / acem zivani; 120 YY 1334, Ir.-Tur. elm., Th,,
309. S. rotata M.Bieb. / top uyuzotu; 116, YY1259, Ir.-Tur. elm., Th,,
310. Valeriana discoridis Sm. / ¢obanzurnasi; 11, YY49; 32, YY262; 102,
YY1028; 157, YY1773, E. Medit. elm,, Cr.,
311. Valerianella coronata (L.) DC. / tagh kuzugevregi; 50, YY523; 142,
YY1860, Th.,
312. V. dactylophylla Boiss. & Hohen. / el kuzugevregi; 24, YY189, 113,
YY1184; 119, YY1327, Ir.-Tur. elm., Th.
313. V. turgida (Steven) Betcke / yar kuzugevregi; 6, YY25a, Th.
314. V. uncinata (M.Bieb.) Dufr. / ender kuzugevregi; 159, YY1806, Ir.-Tur.
elm., Th.,
315. V. vesicaria (L.) Moench / kuzugevregi; 24, YY183; 41, YY333; 43,
YY354; 111, YY1169; 125, YY1384, Th,,

23. CARYOPHYLLACEAE / KARANFILGILLER
316. Agrostemma githago L. / bugday karamugu; 30, YY237; 164, YY 1920,
Th.
317. Arenaria serpyllifolia L. subsp. serpyllifolia / tarla kumotu; 41, YY332;
45, YY387; 160, YY1838, Th.
318. Bufonia oliveriana Ser. / dicle hatunotu; 65, YY761, Th.,
319. B. tenuifolia L. / hatunotu; 53, YY627, Th.,
320. B. virgata Boiss. / tel hatunotu; 73, YY840; 131, YY1537; 133, YY1565,
Th.,
321. Cerastium cerastoides (L.) Britton / yumak boynuzotu; 1, YY 04, Th,,
322. C. dichotomum L. subsp. dichotomum / ¢atal boynuzotu; 6, YY29, Th.
323. C. dubium (Bastard) O.Schwarz / mizrak boynuzotu; 99, YY956, 143,
YY1650, Th.,
324. C. glomeratum Thuill. / boynuzotu; 13, YY64, Th.
325. C. perfoliatum L. / ekin boynuzotu; 134, YY1569, Th.
326. Dianthus crinitus Sm. var. crinitus / uzunganak; 62, YY738, Hc.,
327. D. floribundus Boiss. / kirk karanfil; 174, YY2201, Ir.-Tur. elm., Hc.,
328. D. masmenaeus Boiss. var. masmenaeus / etek karanfili; 59, YY 661; 62,
YY737, END., LC., Ir.-Tur. elm., Hc.,
329. D. masmenaeus Boiss. var. glabrescens Boiss. / etek karanfili; 130,
YY1518; 173, YY2168, END., LC., Ir.-Tur. elm., Hc.,
330. D. orientalis Adams / yar karanfili; 71, YY824; 124, YY1370, Hc.,
331. Eremogone acutisepala Hausskn. ex F.N.Williams / egin kumotu; 166,
YY1997, END., LC., Ir.-Tur. elm., He., (A)
332. E. cucubaloides Sm. / ¢ayir kumotu; 157, YY 1775, Ir.-Tur. elm., He.
333. E. gypsophiloides (L.) Fenzl / ¢oven kumotu; 117, YY1278; 162, YY 1886,
Ir.-Tur. elm., Hc.
334. Gypsophila elegans M.Bieb. / hos ¢oven; 49, YY497; 121, YY1351, Ir.-
Tur. elm., Th.,
335. G. hispida Boiss. / killi ¢oven; 167, YY2048, Ir.-Tur. elm., Hc.,
336. G. pallida Stapf/ sark ¢oveni; 168, Y'Y2056, Ir.-Tur. elm., Hc.,
337. G. ruscifolia Boiss. / acem ¢oveni; 131, YY1540, Ir.-Tur. elm., Hc.
338. Herniaria glabra L. / atyaran; 42, YY344; 174, YY2171, Th.,
339. H. incana Lam. / kabayaran; 126, YY1437a; 174, YY2172, Hc.,
340. Holosteum umbellatum L. subsp. umbellatum / seytan kiipesi; 14, YY68,
Th.,
341. Minuartia hamata (Hausskn.) Mattf. / koruotu; 6, YY25b; Th.
342. M. juniperina (L.) Maire & Petitm. / hanim siltesi; 144, YY1343; Ch.
343. M. meyeri (Boiss.) Bornm. / koza tistisi; 119, YY1318; Ir.-Tur. elm., Th.
344. Moenchia mantica (L.) Bartl. subsp. mantica / dordiiz otu; 25, YY 193a,
Th.,
345. Paronychia kurdica Boiss. subsp. kurdica var. kurdica / boz kepekotu;
133, YY1564, Hc.,
346. Petrorhagia alpina (Hablitz) P.W.Ball & Heywood subsp. olympica
(Boiss.) P.W.Ball & Heywood / yaylaferacesi, 174, YY2180, Th.,
347. P. cretica (L.) P.W.Ball & Heywood / ada zargigegi; 45, YY386, Th.,
348. Saponaria viscosa C.A.Mey. / senak; 61, YY689, Ir.-Tur. elm., Th.,
349. Scleranthus perennis L. subsp. marginatus (Guss.) Nyman / kaz kinavel;
133, YY1563, Hc.,
350. S. uncinatus Schur, 124, YY1372, Th.,
351. Silene ampullata Boiss. / hos kiyisak;118, Y'Y 1299, Ir.-Tur. elm., Hc.,
352. S. capitellata Boiss. / kavuklu nakil; 119, YY1309, END., LC., Ir.-Tur.
elm., Hc.,
353. S. chlorifolia Sm. / puskullu; 48, YY488, Ir.-Tur. elm., Hc.
354. S. compacta Fisch. ex Hornem. / kanlhibasira otu; 129, Y'Y 1495, Hc.
355. S. conoidea L. / sivananotu; 150, YY1710, Th,,

356. S. hamzaoglui Budak. / yagiz nakil; 110, YY1138; 116, YY1202;152,
YY1781, END., CR., Hc.
357. S. latifolia Poir. subsp. alba (Miller) Greuter & Burdet / gicigict; 55,
YY632; 144, YY1339; 126, YY1458, Hc.
358. S. latifolia Poir. subsp. ericalicyna (Boiss.) Greuter & Burdet / gicime; 171,
YY2145, He.
359. S. longipetala Vent. / balli siipiirge; 25, YY193; 162, YY1890, Ir.-Tur.
elm., He.
360. S. spergulifolia (Desf.) M.Bieb. / ana nakil; 11, YY53, 109, YY1109, Ir.-
Tur. elm., He.
361. S. vulgaris (Moench) Garcke var. vulgaris / ecibiicti; 15, YY92; 48,
YY484; 158, YY1791, Hc.
362. Stellaria holostea L. / urgancik; 164, YY1924, Eu.-Sib. elm., Hc.
363. S. kotschyana Fenzl ex Boiss. / zarif kusotu; 126, Y'Y1433, Hc.
364. S. media (L.) Vill. / kusotu; 14, YY81; 124, YY1375, Th.
365. S. neglecta (Weihe) Gremli / yavsu; 134, YY 1579, Th.
366. S. pallida (Dumort.) Pire. / kusmak; 134, YY1580, Th.
367. Telephium oligospermum Steud. ex Boiss. / kaya zulzulasi; 126, YY1427,
Ir.-Tur. elm., He.
368. Vaccaria hispanica (Mill.) Rauschert / ekin ebesi; 116, YY1222, Th.
369. Velezia rigida L. / igotu; 46, YY417; 47, YY432, Th.
24. CERATOPHYLLACEAE / SUBOYNUZUGILLER
370. Ceratophyllum submersum L. / suboynuzu; 171, YY2131 Eu.-Sib. elm.,
Cr.(Hd.), (A)
25. CISTACEAE / LADENGILLER
371. Helianthemum ledifolium (L.) Mill. / kuru giingiili; 35, YY289, Th.
372. H. microcarpum Coss. ex Boiss. / ¢al1 giingiilii; 50, Y'Y550; 116, Y'Y 1235,
Th.
26. COLCHICACEAE / ACICIGDEMGILLER
373. Colchicum falcifolium Stapf, 77, YY855; 79, YY863; 139, YY1600, Ir.-
Tur. elm., Cr.
374. C. szovitsii Fisch. & C.A.Mey. subsp. szovitsii / katir ¢igdemi; 98, Y'Y844;
141, YY1611, Ir.-Tur. elm,, Cr.
27. CONVOLVULACEAE / TARLASARMASIGIGiLLER
375. Convolvulus arvensis L. / tarla sarmasigt; 50, YY462; 52, YY 587, Th.
376. C. betonicifolius Mill. subsp. peduncularis (Boiss.) Parris / biiyiik
yayilgan; 92, YY411, 50, YY539, Ir.-Tur. elm., Hc.,
377. C. carduchorum P.H.Davis / yapikotu; 126, YY1421; 174, YY2189a,
END., LC., Ir.-Tur. elm., Hc.,
378. C. galaticus Rost. ex Choisy / boz sarmagik; 92, YY434, Ir.-Tur. elm.,
Hc.,
379. C. lineatus L. / top yayilgan; 116, YY1243, He.,
380. Cuscuta campestris Yunck. / kafirsag1; 64, YY760a, Th.,
28. CORNACEAE / KIZILCIKGILLER
381. Cornus sanguinea L. subsp. australis (C.A.Mey.) Jav. / kansigdiren; 163,
YY1910, Eu.-Sib. elm., Fh., (A)
29. CRASSULACEAE / DAMKORUGUGILLER
382. Hylotelephium telephium (L.) H.Ohba / mandakulagi; 69, YY801, Eu.-
Sib. elm,, He.,
383. Rosularia radiciflora (Steud.) Boriss. subsp. glabra (Boiss.) Chamberlain
& Muirhead / bodur kayakorugu; 124, YY1377, Ir.-Tur. elm., Hc.
384. Sedum album L. / ¢obankavurgasi; 110, YY1127, Hc.
385. S. pallidum M.Bieb. / koyundrmece; 47, YY464, Eux. elm., Th.,
386. S. tenellum M. Bieb. / narin damkorugu; 109, YY1123, Hc.
387. Umbilicus luteus (Huds.) Webb & Berthel. / sar1 gébekotu; 109, YY1111,
110, YY1128, Cr.
30. CYPERACEAE / HASIROTUGILLER
388. Bolboschoenus laticarpus Marhold / ¢apilotu; 159, YY1799, He.(Hd.).
389. B. maritimus (L.) Palla subsp. maritimus / sandalyesazi; 37, YY301; 127,
YY1473, He.(Hd.)
390. Carex distachya Desf. var. distachya / ikiz ayakotu; 142, YY1621, Medit.
elm., Hc.
391. C. divulsa Stokes / ayakotu; 32, YY267, Hc.
392. C. filiformis L. / dalsaparna; 142, YY1624, Eu.-Sib. elm., Hc.,
393. C. hordeistichos Vill., 160, YY1841, Hc.,
394. C. melanostachya M.Bieb. ex Willd. / benli ayakotu; 48, YY475; 151,
YY1716; 159, YY1793; 164, YY1934, Hc.,
395. C. pseudocyperus L. var. pseudocyperus / iigsazotu; 66, YY795, Eu.-Sib.
elm., He., (A)
396. C. stenophylla Wahlenb. subsp. stenophylloides (V.l.Krecz.) T.V.Egorova
/ ¢ol ayakotu; 1, YYO01;142, YY1617, Ir.-Tur. elm., Hc.,
397. Cyperus longus L. subsp. longus / karatopalak; 61, YY710, Hc.(Hd.),
398. Eleocharis mitracarpa Steud. / feslisaz; 159, YY1802, Hc.(Hd.),
399. Schoenoplectus lacustris (L.) Palla subsp. lacustris / semerotu; 37,
YY297; 127, YY1472, Hc.,
31. ELAEAGNACEAE /iGDEGILLER
400. Elaeagnus angustifolia L. var. angustifolia / igde; 125, YY1387, Fh.
32. EUPHORBIACEAE / SUTLEGENGILLER
401. Euphorbia cheiradenia Boiss. & Hohen. / sirker; 42, YY349; 119,
YY1316; 144, YY1345; 126, YY1460, Ir.-Tur. elm., He.
402. E. esula L. subsp. tommasiniana (Bertol.) Kuzmanov / esek siitlegeni; 70,
YY797; 96, YY934, Hc.
403. E. falcata L. subsp. falcata var. falcata / egri siitlegen; 52, YY604, Th.
404. E. falcata L.subsp. macrostegia (Bornm.) O.Schwartz / egri siitlegen; 24,
YY186; 53, YY626, E. Medit. elm., Th.
405. E. macroclada Boiss. / neblul; 66, YY789, Ir.-Tur. elm., Hc.,

Yakup YAPAR et al., The flora of Hiro Plateau (Adakli-Bingol/ Turkey) and its surroundings



134 Biological Diversity and Conservation — 11 / 3 (2018)

406. E. orientalis L. / gezer siitlegen; 161, YY1865; 166, YY1991, Ir.-Tur. elm.,
Hc.
407. E. szovitsii Fisch. & C.A.Mey. var. kharputensis Aznav. ex M.S. Khan /
urus siitlegeni; 44, YY380; 50, YY526, Ir.-Tur. elm., Th.

33. FABACEAE / BAKLAGILLER
408. Astragalus aduncus Willd. / ¢engel geven; 15, YY96; 157, YY 1756, Ch.
409. A. amblolepis Fisch. / kiit geven; 167, YY2046, Ir.-Tur. elm., Ch.,
410. A. anthylloides Pall. / torbali geven; 108, YY1094; Ir.-Tur. elm., He., (A)
411. A. cf. caspicus M.Bieb. subsp. caspicus / hazar geveni; 174, YY2183, Ir.-
Tur. elm., Ch., (A)
412. A. cephalotes Pall. var. sintenisianus (Eig) Chamb. & Matthews / basl
geven; 126, YY1444, Ch., (A)
413. A. chamaephaca Freyn / 6zgeven; 147, YY 1684, Ir.-Tur. elm., Hc.,
414. A. christianus L. subsp. christianus / dalli geven; 143, YY1646, Ch.,
415. A. compactus Lam. subsp. compactus / guni; 18, YY1298, Ir.-Tur. elm.,
Ch,,
416. A. diphtherites Fenzl var. diphtherites / yamag geveni; 22, YY167, Ir.-Tur.
elm., Ch.,
417. A. elongatus (Phil.) Reiche subsp. nucleiferus (Boiss.) D.F. Chamb. /
diigmeli geven; 21, YY165, He., (A).

418. A. fragrans Willd. / mis geven; 117, YY1262; 141, YY1612, Hc.,

419. A. fraxinifolius DC. / batak geveni; 59, YY652, Ir.-Tur. elm., Hc.

420. A. gummifer Labill. / sakizli geven; 130, YY1521, Ir.-Tur. elm., Ch.

421. A. halicacabus Lam. / sepet geveni; 16, YY115, Ir.-Tur. elm., Hc.

422. A. hamosus L. / kogboynuzu; 102, YY1020; 159, YY 1795, Th., (A)

423. A. lagopoides Lam. / somgeven; 65, YY780; 174, YY2184, Ch.,

424. A. longifolius Lam. / taze geven; 62, YY747, Ir.-Tur. elm., Ch,,

425. A. macrocephalus Willd. subsp. finitimus (Bunge) D.F.Chamb. / topag

geven; 166, YY2010, Ir.-Tur. elm., Ch.,

426. A. muschianus Kotschy & Boiss. ex Boiss. / mus geveni; 60, YY662,
YY665, YY666, YY667; 65, YY782; 126, YY1440, YY1451, 130, YY1522;
160, Y'Y1823; 168, YY2052; 174, YY2209, Ir.-Tur. elm., Ch,,

427. A. oleifolius DC. / deligeven; 60, YY662a, Ir.-Tur. elm., Ch.,

428. A. pendulus DC. / sirik geveni; 108, YY1095; 111, YY 1147, 149, YY 1704,
156, YY1747, Ir.-Tur. elm., Hc.,

429. A. pinetorum Boiss. subsp. pinetorum / babadag geveni; 119, YY1318a,
Ch,,

430. A. psoraloides Lam. / Bayburt geveni; 108, YY1082, Ch.,

431. Cicer anatolicum Alef. / nakage; 162, YY 1885, Ir.-Tur. elm., Hc.

432. C. pinnatifidum Jaub. & Spach / gakil nohutu; 31, YY258; 163, YY1915,
Th.

433. Colutea cilicica Boiss. & Balansa / patlangag; 169, YY2092, Fh.

434. Genista albida Willd. / ak borcak; 126, YY1422, Ch.

435. Hedysarum varium Willd. subsp. syriacum (Boiss.) Townsend / sam
batalag; 148, YY1689; 168,YY2061, Ir.-Tur. elm., Hc.,

436. Lathyrus cicera L. / colban; 50, YY544; 102, YY1043, Medit. elm., Th.
437. L. roseus Steven subsp. roseus / giil mirdimiigi; 27, YY 209, Hyrcano-
Eux. elm., Hc.,

438. L. rotundifolius Willd. subsp. minuatus (M.Bieb. ex Steven) P.H.Davis /
hirigiirii; 20, YY152; 23, YY175; 116, YY1224; 149, YY1705, Hc.,

439. L. setifolius L. / biillii baklasi; 121, YY1354, Medit. elm., Th.

440. L. sphaericus Retz. / gam burgagi; 106, YY1072, Medit. elm., Th.

441. Lens culinaris Medik. subsp. orientalis (Boiss.) Hand.-Mazz. / yasmuk;
29, YY221; 50, YY543; 102, YY1013, Th.

442. Lotus corniculatus L. var. corniculatus / gazalboynuzu; 65, YY774; 126,
YY1413; 129, YY1487, Hc.,

443. L. gebelia Vent. var. gebelia / giil gazalboynuzu; 30, Y'Y248; 40, YY325a;
49, YY501; 108, YY1089, Ir.-Tur. elm., Hc., .

444. Medicago brachycarpa M.Bieb. / kiime yonca; 111, YY1158; 116,
YY1199, Ir.-Tur. elm., Th.,

445. M. crassipes (Boiss.)E.Small / hanger yoncasi; 45, YY388, Ir.-Tur. elm,,
Th.,

446. M. lupulina L. / bit¢ikotu; 52, YY606, Hc.,

447. M. minima (L.) Bertal. var. minima / gurnik; 16, YY117; 47, YY459; 102,
YY1011, YY1021, 1044, 159, YY1808; 159, YY1821, Th,,

448. M. monantha (C.A.Mey.) Trautv. / dag gurnigi; 38, YY298; 39, YY312;
40, YY325; YY468, 108, YY1080; 159, YY1811, Ir.-Tur. elm., Th.

449. M. noeana Boiss. / ¢evrince; 45, YY389, Ir.-Tur. elm., Th.

450. M. orbicularis (L.) Bartal. / paralik; 159, YY 1805, Th., (A)

451. M. radiata L. / hilal yonca; 39, YY310; Ir.-Tur. elm., Th.,

452. M. rigidula (L.) All. subsp. cinerascens (Jord.) Ponert / kaba yonca; 39,
YY315, 111, YY1145; 159, YY1807, Th.

453. M. sativa L. subsp. sativa / karayonca; 44, Y'Y368; 168, YY2054, Hc.
454. Melilotus albus Desr. / ak tagyoncasi; 46, YY429; 170, YY2123, Hc.,
455. M. officinalis (L.) Desr. / kokulu yonca; 125, YY1379, Hc.

456. Onobrychis fallax Freyn & Sint. var. fallax / yalanci korunga; 49,
YY491; 166, YY2009a, END., LC., Ir.-Tur. elm., Hc., (A)

457. O. vaciifolia Scop. / korunga; 170, Y'Y2126, Hc.

458. Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj. / kayigkiran; 120
YY1336a, Hc.

459. Pisum sativum L. subsp. elatius (M.Bieb.) Asch. & Graebn. var. pumilio
Meikle / bezelye; 17, YY130; 49, YY490, Th.

460. Securigera orientalis (Mill.) Lassen var. orientalis /ala korigen; 15, Y'Y95;
62, YY734; 111, YY1155; 126, YY1461, Hc.,

461. S. varia (L.) Lassen / korigen; 48, YY482; 50, YY548; 62, YY735, Hc.,
462. Trifolium angustifolium L. / nefel; 25, YY195, Th.,,

463. T. arvense L. var. arvense / tavsanayagi, 47, YY471; 121, YY1350; 161,
YY1854, Th.
464. T. campestre Schreb. subsp. campestre var. campestre / t¢gil; 48,
YY478b; 129, YY1499; 161, YY1873, Th,,
465. T. diffusum Ehrh. / koru yoncasi; 108, YY1090; 121, YY1348, 148,
YY1691; 161, YY1872, Th.,
466. T. hirtum All. / deli yonca; 50, YY535, Medit. elm., Th,,
467. T. nigrescens Viv. subsp. petrisavii (Clementi) Holmboe / yel ti¢giilii; 125,
YY1389, 129, YY1486; 159, YY1812; 174, YY2229, Th.,
468. T. pauciflorum d'Urv. / siiliin tiggiilii; 48, YY480; E. Medit. elm., Th.,
469. T. phleoides Willd. / ¢ayir yoncasi; 164, YY1963; 164, YY1965, Th.,
470. T. physodes M.Bieb. var. physodes / mese u¢gili; 116, YY1223;
164,YY1967, Medit. elm., Hc.,
471. T. pilulare Boiss. / boncuk ti¢giil; 47, YY469, Th.,
472. T. pratense L. var. pratense / cayir tiggiilii; 15, YY94; 16, YY120; 23,
YY179; 61, YY719; 64, YY755a; 125, YY 1388, Hc.,
473. T. purpureum Loisel. var. purpureum / mor iggiil; 162; 163, Y'Y1905,
YY1878, E. Medit. elm., Th,,
474.T. repens L.var. repens / ak tiggiil; 160, Y'Y1833, Hc.
475. T. resupinatum L. var. resupinatum / Anadolu ti¢giili; 16, YY116, Th.,
476. T. retusum L. / kiigiik tiggiil; 47, YY458, Th.,
477. T. trichocephalum M.Bieb. / Hemsin iicgiilii; 48, YY476, 116, YY1213,
Hc.,
478. Trigonella macrorrhyncha Boiss. / boyotu; 116, YY1193, END., LC., Th,,
(A)
479. T. spicata Sm. / basak boyotu; 116, YY 1198, Th., (A)
480. T. spruneriana Boiss. / kog boyotu; 116, YY1197, Th.,
481. Vicia anatolica Turrill / yilan figi; 27, YY207, Ir. -Tur. el.,Th,,
482. V. cracca L. subsp. cracca / kus figi; 30, YY257, Eu.-Sib. elm., Hc.,
483. V. cuspidata Boiss. / ege baklasi; 11, YY58; 99, YY962, E. Medit. elm.,
Th.,
484. V. galilaea Plitmann & Zohary / deli culban; 32, YY264; 102, YY1042,
Th.,
485. V. lathyroides L. / ¢amfigi; 142, YY1622; Th.,
486. V. noeana Boiss. var. noeana / salkim bakla; 102, YY1030b, Ir.-Tur. elm.,
Th.,
487. V. peregrina L. / kavli; 148, YY 1692, Th., (A)
488. V. sativa L. subsp. nigra (L.) Ehrh. var. nigra / esek giiriilii; 164, YY 1927,
Th.,
489. V. sativa L. subsp. nigra (L.) Ehrh. var. segetalis (Thuill.) Ser. ex DC. esek
giriilii; 27, YY208; 49, YY500, Th.,
490. V. sericocarpa Fenzl var. sericocarpa / ¢itfigi; 102, YY1030a, Th.,
34. FAGACEAE / KAYINGILLER
491. Quercus libani G.Olivier / Liibnan megesi; S61, YY690; 65, YY784; 131,
YY1539; 132, YY1558; 158, YY1782; Ir.-Tur. elm., Fh.,
492. Q. petraea (Matt.) Liebl. subsp. pinnatiloba (K.Koch) Menitsky / koca
pelit; S61, YY713, YY714; 70, YY812; 131, YY1538; 132, YY1559; 158,
YY1783; 166, YY2001, END., LC,, Fh,,
493. Q. robur L. subsp. pedunculiflora (K.Koch) Menitsky / Akmese; 61,
YY715, YY716, Ir.-Tur. elm., Fh.,
35. GENTIANACEAE / GENTIANGILLER
494. Centaurium erythraea Rafn subsp. turcicum (Velen.) Melderis / tukulotu;
S61, YY704, Th,,
36. GERANIACEAE / TURNAGAGASIGILLER
495. Erodium cicutarium (L.) L'Hér. subsp. cicutarium / ignelik; 6, YY26; 134,
YY1573, Th.,
496. Geranium divaricatum Ehrh. / ¢atal 1tir; 153, YY1726, Th.,
497. G. libanoticum Schenk / pelgizer; 90, YY917; 92, YY923; 98, YY950, Cr.,
498. G. molle L. / yumusak 1tir; 70, YY815, Th.
499. G. pyrenaicum Burm.f. / gelin ¢garsafi; 15, YY90; 52, YY589, Hc.,
500. G. rotundifolium L. / helilok; 20, YY144, Th.,,
37. HYPERICACEAE / KANTARONGILLER
501. Hypericum amblysepalum Hochst. / kantiilgicegi; 172, YY2143, Ir.-Tur.
elm., Hc.
502. H. armenum Jaub. & Spach subsp. armenum / giinesotu; 117, YY1270;
126, YY1441; 173, YY2165, Ir.-Tur. elm., Hc.,
503. H. lydium Boiss. / cayesanciyan; 36, YY291, Hc.
504. H. lysimachioides Boiss. & Noé subsp. lysimachioides / egin kantaronu;
48, YY483; 164, YY1947; 167, YY2045a, Ir.-Tur. elm., Hc.
505. H. perforatum L. subsp. veronense (Schrank) H. Linb. / sar1 kantaron; 170,
YY2124, Hce.,
506. H. scabrum L. / karahasangayi; 34, YY279; 117, YY1273, Ir.-Tur. elm,,
Hc.,
507. H. tetrapterum Fr. var. tetrapterum / ¢izgili kantaron; 61, YY702, Hc.,
38. IRIDACEAE /SUSENGILLER
508. Crocus biflorus Mill. subsp. tauri (Maw) B.Mathew berfan; 74, YY843;
75, YY848; 77, YY856; 78, YY860; 79, YY862; 82, YY871; 85, YY883, 87,
YY899; 89, YY910; 141, YY1610, Ir.-Tur. elm., Cr.,
509. C. pallasii Goldb. subsp. turcicus B.Mathew / gitvan; 73, YY836; 175,
YY2234, Cr.,
510. Gladiolus illyricus W.D.J.Koch / osman ¢igegi; 24, YY185; 25, YY196;
108, YY1098; 119, YY1304, Medit. elm., Cr., (A)
511. Iris caucasica Hoffm. subsp. turcica B.Mathew / tiirk navrozu; 18,
YY126; 28; 103, YY1048, 109, YY1114; 154, YY1731, Ir.-Tur. elm., Cr.,
512. 1. persica L. / buzala; 82, YY879, Ir.-Tur. elm,, Cr.,
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513. I. reticulata M.Bieb. var. reticulata / kara korpeze; 81, YY868; 89, YY911;
140, YY1604, Ir.-Tur. elm,, Cr.,
39. IXIOLIRIACEAE / KOPEKOTUGILLER
514. Ixiolirion tataricum (Pall.) Schult. & Schult f. var. tataricum / kdpekotu;
16, YY122, VU., Ir.-Tur. elm., Cr.
40. JUGLANDACEAE / CEVIZGILLER
515. Juglans regia L. / ceviz; 61, YY724, Fh.
41. JUNCACEAE / HOFAGILLER
516. Juncus articulatus L. subsp. articulatus / camigotu; 62, YY736, Eu.-Sib.
elm., He.,
517. J. bufonius L. / kamur; 160, YY1837, Hc.,
518. J. inflexus L. subsp. inflexus / sazak;129, Y'Y1489, Hc.,
42.  LAMIACEAE / BALLIBABAGILLER
519. Acinos rotundifolius Pers., 29, YY231; 43, YY365; 116, YY1245, Th., .
520. Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb.) Arcang. / acigicy;
156, YY1743, Hc.
521. A. chamaepitys (L.) Schreb. subsp. laevigata (Boiss.) P.H.Davis /
kelmayasil; 30, YY239; 118, YY 1284, Ir.-Tur. elm., Hc.
522. A. salicifolia (L.) Schreb. / sivrimayasil; 22, YY170, 116, YY1203; 156,
YY1746, Ir.-Tur. elm., Hc.,
523. Ballota nigra L. subsp. kurdica P.H.Davis / mor nemnem; 174, YY2173,
Ir.-Tur. elm., Hc.,
524. Clinopodium vulgare L. subsp. arundanum (Boiss.) Nyman / kamis
feslegen; 52, YY580; 55, YY638; 60, YY673; 129, YY1488, Hc.,
525. Lallemantia iberica (M.Bieb.) Fisch. & C.A.Mey. /ajdarbasi; 7, YY30;
24,YY191, 144, YY1340; 148, YY1694, Ir.-Tur. elm., Th.,
526. L. peltata (L.) Fisch. & C.A.Mey. / kalkanbagi; 119, YY1305; 164,
YY1925, Ir.-Tur. elm., Th.,
527. Lamium album L. subsp. albiim / balicak; 8, YY34, Eu.-Sib. elm., Hc.
528. L. amplexicaule L. var. amplexicaule / baltutan; 15, YY71; 78, YY858;
80, YY866; 101, YY1006; 138, YY1593, Th.
529. L. garganicum L.subsp. striatum (Sm.) Hayek var. striatum / tel balicak;
19, YY137; 109, YY1101, Medit. elm., Hc.,
530. L. purpureum L. var. purpureum / ballibaba; 15, YY72, Eu.-Sib. elm.,
Th.,
531. Marrubium astracanicum Jacq. subsp. astracanicum / mor yayotu; 117,
YY1263, 144, YY1347, Hc.
532. M. parviflorum Fisch. & C.A.Mey. subsp. parviflorum / bozotu; 30,
YY247, Ir.-Tur. elm., He.
533. Melissa officinalis L.subsp. inodora Born. / anababakokusu; 52, YY568;
167, YY2022, Medit. elm., Hc.,
534. Mentha longifolia (L.) L. subsp. typhoides (Brig.) Harley / dere nanesi; 52,
YY572; S61, YY701, Hc.,
535. Nepeta nuda L. subsp. albiflora (Boiss.) Gam / karakiincii; 122, YY1363;
124, YY1373; 167, YY2028, Hc.
536. N. stenantha Kotschy & Boiss. / nezleotu; 110, YY1129, Ir.-Tur. elm., Hc.
537. N. trachonitica Post / kizil pisikotu; 46, YY437, Ir.-Tur. elm., He., (A)
538. Phlomis armeniaca Willd. / boz savlak; 130, Y'Y1520, Ir.-Tur. elm., Hc.,
539. P. kurdica Rech.f. / gubel; 174, YY2188, Ir.-Tur. elm., Hc.,
540. P. pungens Willd. var. hirta Velen. / silvanok; 167, YY2035, Hc.,
541. P. rigida Labill. diri galba; 165, YY1973; 173, YY2169, Ir.-Tur. elm., Hc.,
542. Prunella vulgaris L. / gelinciklemeotu; 170, YY2115, Eu.-Sib. elm., Hc.,
543. Salvia brachyantha (Bordz.) Pobed. subsp. brachyantha / kazan salbasi;
61, YY718; 108, YY1084; 168, YY2051, Ir.-Tur. elm., Hc.,
544. S. frigida Boiss. / sagir salba; 128, YY1479; 170, YY2127, Ir.-Tur. elm.,
Hec.
545. S. microstegia Boiss. & Balansa / yaglambag; 29, YY228; 121, YY1355;
148, YY1701, Ir.-Tur. elm., Hc.,
546. S. multicaulis Vahl / kiirt reyhani; 20, YY157; 22, YY169; 99, YY964;
108, YY1088, 109, YY1105, 119, YY1321, Ir.-Tur. elm., Ch,,
547. S. nemorosa L. / gehares; 49, YY498, Ir.-Tur. elm., Hc.
548. S. poculata Nabelek / kiillii salba; 109, YY1110; 118, Ir.-Tur. elm., Hc.
549. S. sclarea L. / paskulak; 50, YY514; 167, YY2026, Hc.,
550. S. staminea Montbret & Aucher ex Benth. / erkek salba; 60, YY685; 126,
YY1419; 173, YY2163, Ir.-Tur. elm., Hc.,
551. S. suffruticosa Montbret & Aucher ex Benth. / kalin salba; 21, YY160; 35,
YY285, 108, YY1099, Ir.-Tur. elm., Hc.,
552. S. syriaca L. / gevlikotu; 22, YY173, Ir.-Tur. elm., Hc.,
553. S. trichoclada Benth. / mese salbasi; 19,YY138; 116, YY1242; 148,
YY1702, Ir.-Tur. elm., Hc.,
554. S. verticillata L. subsp. verticillata / dadirak; 45, YY395; 46, YY427; 59,
YY659; 129, YY1493; 131, YY1534, Eu.-Sib. elm., Hc.,
555. Satureja hortensis L. / ¢ibriska; 45, YY391; 47, YY466; 71, YY831, Th.,
556. Scutellaria megalaspis Rech.f. / koca kaside; 60, YY686, Ir.-Tur. elm.,
Hc., (A)
557. S. orientalis L.subsp. orientalis / sar1 kaside; 131, YY1541, Ir.-Tur. elm.,
Ch.
558. S. orientalis L.subsp. alpina (Boiss.) O.Schwarz var. alpina / dag kasidesi;
157, YY1760, Ch., (A)
559. S. salviifolia Benth. / has kaside; 39, YY318; 116, YY1230; 163, YY1904,
END., LC., Hc., (A)
560. Sideritis montana L. subsp. montana / karagay; 151, YY1722, E. Medit.
elm., Th.
561. Stachys annua (L.) L. subsp. annua var. annua / haciosmanotu; 29,
YY223; 52, YY586; 52, YY593; 110, YY1132, Hc.

562. S. burgsdorffioides (Benth.) Boiss. subsp. burgsdorffioides / ekin
karabasi; 46, YY409, Ir.-Tur. elm., Th., (A)
563. S. iberica M.Bieb. subsp. stenostachya (Boiss.) Rech f. / benli deligay; 47,
YY453; 126, YY1453; 167, YY2037, Ir.-Tur. elm., Hc.
564. S. kurdica Boiss. & Hohen. var. kurdica / kara deligay; 157, YY1757, Ir.-
Tur. elm., He.,
565. S. lavandulifolia Vahl / tiiylii ¢ay; 109, YY1116; 117, YY1272; 119,
YY1313, Ch.
566. S. macrostachys (Wender.) Briq. / sogulcan; 174, YY2174, Eux. elm., Hc.,
567. S. mardinensis (Post) R.R.Mill / kaya pungu; 34, YY283; 40, YY324; 124,
YY1374, Ir.-Tur. elm., Hc.,
568. Teucrium chamaedrys L. subsp. sinuatum (Celak.) Rech.f. / sanciotu; 60,
YY679; 65, YY770; 126, YY1412; 166, YY2006, Ir.-Tur. elm., Ch,,
569. T. orientale L. var. orientale / kirveotu; 42, YY350; 50, YY517a; 126,
YY1409; 131, YY1532; 131, YY1547, Ir.-Tur. elm., Hc.
570. T. orientale L. var. puberulens Ekim / kirveotu; 63, YY752, 130,
YY1513a; 169, YY2084, Ir.-Tur. elm., Hc.
571. T. polium L. subsp. polium / actyavsan; 50, YY534; 131, YY1546, Hc.,
572. Thymus kotschyanus Boiss. & Hohen. var. kotschyanus / kekik;34,
YY277, 126, YY1417; 169, YY2086; 126, YY1399; 126, YY1405, Ir.-Tur.
elm., Ch.
573. T. transcaucasicus Ronniger / kir kekigi; 48, YY481; 52, YY570, VU.,
Ch.,
574. Ziziphora capitata L. anuk;, 157, YY1759a, Th.
575. Z. clinopodioides Lam. / dag reyhani; 130, YY1526, Ir.-Tur. elm., Hc.,
43.  LENTIBULARIACEAE / SUMiGFERIGILLER
576. Utricularia australis R.Br. / durgun sumigferi; 171, YY2132, Eu.-Sib.
elm., Cr.(Hd.), (A)
44. LILIACEAE / ZAMBAKGILLER
577. Fritillaria assyriaca Baker subsp. melananthera Rix / mut lalesi; 145,
YY1673, END., EN., E. Medit. elm., Cr., (A)
578. F. pinardii Boiss. / mahcup lale; 97, YY946, 99, YY976, 101, YY1000,
Ir.-Tur. elm., Cr.,
579. Gagea bulbifera (Pall.) Salisb. / diigmeli yildiz; 146, YY 1674, Eu.-Sib.
elm,, Cr.
580. G. chanae Grossh. / ¢an yildiz1; 84, YY882, DD., Ir.-Tur. elm., Cr., (A)
581. G. fibrosa (Desf.) Schult. & Schult.f. / tellisari; 142, YY1625, Cr., (A)
582. G. luteoides Stapf/ altinyildiz; 1, YY03; 5 YY18; 87, YY901; 91, YY922;
138, YY1595; 140, YY1601, Cr.,
583. G. peduncularis (C.Presl) Pascher / karga sarimsagy; 134, YY850,Medit.
elm,, Cr.,
584. G. reticulata (Pall.) Schult. & Schult.f. / ag yildizi; 89, YY907b; 101,
YY1007, Ir.-Tur. elm,, Cr.,
585. G. villosa (M.Bieb.) Sweet var. villosa / tiiylii yildiz; 134, YY847; Medit.
elm,, Cr.,
586. Tulipa armena Boiss. var. armena / dag lalesi; 6, YY20; 30, YY250,
YY939, 98, YY953, Ir.-Tur. elm,, Cr.,
45. LINACEAE / KETENGILLER
587. Linum mucronatum Bertol. subsp. mucronatum / sari keten; 34, YY284;
116, YY1258, 117, YY1271; 121,YY1358, Ir.-Tur. elm., Hc.
588. L. mucronatum Bertol. subsp. armenum (Bordz.) P.H.Davis / sarikamis
keteni; 49, YY510, 168, YY2057, Ir.-Tur. elm., Hc.
589. L. nodiflorum L. / yaban keten; 22, YY171; 148, YY1690; 159, YY1804,
Medit. elm., Th.,
590. L. triflorum P.H.Davis / ii¢ keten; 117, YY1264, END., VU., Ir.-Tur. elm.,
Hc.,
46. MALVACEAE / EBEGUMECIGILLER
591. Alcea apterocarpa Boiss. / giilfatma; 65, YY768, 130, YY15011; 169,
YY2076, Ir.-Tur. elm., Hc.,
592. A. calvertii (Boiss.) Boiss. / hiragigegi; 53, YY619, Ir.-Tur. elm., Hc.,
593. Malva neglecta Wallr. / ¢oban ¢oregi; 26, YY198; 169, YY2074, Th.,
47. OLEACEAE / ZEYTINGILLER
594. Fraxinus angustifolia Vehl subsp. angustifolia / sivri disbudak; 61,
YY687, YY717, YY721, 173, YY2161, Fh.,
595. F. angustifolia Vehl subsp. oxycarpa (Willd.) Franco & Rocha Afonso
Anadolu disbudags; 61, YY727, Eu.-Sib. elm., Fh., (A)
48. ONAGRACEAE / YAKIOTUGILLER
596. Epilobium angustifolium L. / yakiotu; 59, YY657, He.,
597. E. montanum L. / dag yakisy; 61, YY706, Eu.-Sib. elm., He., (A)
598. E. roseum (Schreb.) Schreb. subsp. subsessile (Boiss.) P.H.Raven / ii¢
esekgiilii; 56, YY643, Cr., (A)
49. ORCHIDACEAE / SALEPGILLER
599. Cephalantera damasonium (Mill.) Druce / ormankusgugu; 156, YY 1753a,
Eu.-Sib. elm,, Cr.,
600. C. kotschyana Renz & Taubenheim / kog salebi; 116, YY1196; 157,
YY1779; 164, YY1918, END., LC,, Cr.,
601. C. rubra (L.) Rich. / camgigegi; 116, YY1192, Cr., (A)
602. Dactylorhiza osmanica (Klinge) P.F.Hunt & Summerh. var. anatolica
(E.Nelson) Renz & Taubenheim / osmanl salebi; 61, YY696, END., NT., Ir.-
Tur. elm., Cr.
603. D. osmanica (Klinge) P.F.Hunt & Summerh. var. osmanica / osmanli
salebi; 113, YY1182; 118, YY1297, END., LC.,Ir.-Tur. elm.,? Cr.
604. Ophrys oestrifera M.Bieb subsp. oestifera / sinek salebi; 21, YY166; 116,
YY1201, Cr.,
605. O. reinholdii Spruner ex Fleischm. subsp. straussii (H.Fleischm.) E.Nelson
/ sidikli salep; 35, YY288, Ir.-Tur. elm., Cr.
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606. Orchis coriophora L. subsp. coriophora / piringgigedi; 116, YY1252; 118;
161, YY1855, Cr.
607. O. palustris Jacq. subsp. palustris / ¢ayir salebi; 31, YY253; 111, YY1142;
151, YY1717, Cr.
608. O. punctulata Steven ex Lindl. / selef; 92, YY927, 116, YY1205, E. Medit.
elm.,? Cr,,

50. OROBANCHACEAE /CANAVAROTUGILLER
609. Bungea trifida (Vahl) C.A.Mey. / ii¢ kernekotu; 156, YY1739, Ir.-Tur.
elm., He.
610. Melampyrum arvense L. var. arvense / inek bugdayi; 156, YY1740, Eu.-
Sib. elm., Th,,
611. M. arvense L.var. elatius Boiss. / inek bugdayi; 52, YY616, END., LC.,
Eux. elm., Th.,
612. Orobanche aegyptiaca Pers. / dinlendiren; 25, YY194; 50, YY549, Th.,
613. O. kurdica Boiss. & Hausskn. / sark baklakirani; 102, YY1017, Ir.-Tur.
elm., Th.
614. O. minor Sm. / giiveotu; 174, YY2208, Th., (A)
615. Parentucellia latifolia Caruel subsp. flaviflora (Boiss.) Hand.-Mazz. sar1
tigdilotu; 157, YY1763, Th.
616. Pedicularis comosa L. var. acmodonta (Boiss.) Boiss. / hotozlu bitotu; 36,
YY293, He.
617. Phelypaea tournefortii Desf. / ayiparmagi; 20, YY155; 110 m, YY1137,
Ir.-Tur. elm., Hc.

51. PAEONIACEAE / AYIGULUGILLER
618. Paeonia arietina G.Anderson / sakayik; 174, YY2219, Hc.
52. PAPAVERACEAE / HASHASGiLLER
619. Corydalis oppositifolia DC. subsp. oppositifolia / ipar kazgasi; 82, YY874;
87, YY898; 89, YY906; 101, YY1003; 141, YY1605, END., LC,, Cr.,
620. Fumaria asepala Boiss. ak sahtere; 11, YY 55, Ir.-Tur. elm., Th.
621. F. officinalis L. subsp. officinalis / sahtere; 15, YY 89; 27, YY 206; 134,
YY1576, Th.
622. Papaver dubium L. subsp. dubium / kopekyagi; 111, YY1148, Th.,
623. P. fugax Poir. var. fugax / gelingiilii; 44, YY379, Hc.,
624. P. macrostomum Boiss. & A.Huet. / minimitge; 26, YY 202; 49, YY493;
116, YY1249; 125, YY1381; 162, YY1899, Ir.-Tur. elm., Th,,
625. Roemeria hybrida (L.) DC. subsp. hybrida / pitpitotu; 108, YY1096, Th.,
53. PLANTAGINACEAE / SINIROTUGILLER

626. Anarrhinum orientale Benth. siipiirgeotu; 121, YY1353, Ir.-Tur. elm,,
Hc.,
627. Globularia trichosantha Fisch. & C.A.Mey. subsp. trichosantha / kose
yaylimi; 97, 145, YY1668, Ir.-Tur. elm.,? Hc.,
628. Linaria chalepensis (L.) Mill. var. chalepensis / halep nevruzotu; 161,
YY1875, E. Medit. elm., Th.,
629. L. corifolia Desf. / tarla nevruzotu; 116, YY1194, END., LC., Ir.-Tur. elm.,
Hc.,
630. L. genistifolia (L.) Mill. subsp. genistifolia / som nevruzotu; 62, YY730,
Eu.-Sib. elm., Hc.,
631. L. kurdica Boiss. & Hohen. subsp. kurdica / sar1 nevruzotu; 29, YY232;
49, YY513, Ir.-Tur. elm., Hc.,
632. L. kurdica Boiss. & Hohen. subsp. pycnophylla (Boiss. & Bal.) P.H.Davis
/ korpe nevruzotu; 65, YY764, Ir.-Tur. elm., Hc.,
633. L. pelisseriana (L.) Mill. mor nevruzotu; 20, YY141, Medit. elm., Th.,
634. Plantago lanceolata L. / damarlica; 15, YY109; 102, YY1027, Hc.,
635. P. major L. subsp. intermedia (Gilib.) Lange / yedidamarotu; 127,
YY1470, Hc.,
636. Veronica anagallis-aquatica L. / sugedemesi; 159, Y'Y1820, Hc.,
637. V. anagalloides Guss. subsp. heureka M.A Fisch. / su camagi; 38, YY309,
YY308, Ir.-Tur. elm., Th.,,
638. V. arvensis L. / ekinmavisi; 38, YY303, Eu.-Sib. elm., Th,,
639. V. arguteserrata Regel &Schmalh. / kirmavisi;15,YY 107, Ir.-Tur. elm.,
Th.,
640. V. beccabunga L. subsp. abscondita M.A.Fisch. / camus teresi; 61, YY703,
YY705, Ir.-Tur. elm., Th,,
641. V. bozakmanii M.A.Fisch. / bozakman mavisi; 21, YY158, Ir.-Tur. elm.,
Th.,
642. V. hederifolia L. / baharmavisi; 1, YY02; 14, YY79, Th.
643. V. macrostachya Vahl subsp. mardinensis (Bornm.) M.A.Fisceh. mardin
mavisi; 39, YY314, END., VU., Ir.-Tur. elm., Th.,
644. V. orientalis Mill. var. orientalis / gozmumcugu; 144, YY1657, Ch.,
645. V. oxycarpa Boiss. / dere mavisi; 61, YY693, YY700, Ir.-Tur. elm., Hc.,
646. V. polita Fr. / mavisotu; 104, YY 1054, Th.,
647. V. poljensis Murb. / acem mavisi; 127, YY 1469, Ir.-Tur. elm., Hc.,

54. PLUMBAGINACEAE / KARDIKENIGILLER
648. Acantholimon acerosum (Willd.) Boiss. subsp. brachystachyum (Boiss.)
Dogan & Akaydin / fizik; 60, YY664, END., LC., Ir.-Tur. elm., Ch.,
649. A. glumaceum (Jaub. & Spach) Boiss. / kavuzlu geven; 65, YY765, Ir.-
Tur. elm., Ch,,
650. A. venustum Boiss. var. venustum / kinali kirpiotu; 126, YY 1463, Ir.-Tur.
elm., Ch.,
651. Plumbago europaea L. / kara kina; 53, YY623, Eu.-Sib. elm., Hc.,

55. POACEAE /BUGDAYGILLER

652. Aegilops columnaris Zhukovsky / kil bugday; 30, YY242, Ir.-Tur. elm.,
Th.
653. A. cylindrica Host / kirpikli ot; 45, YY382, Ir.-Tur. elm., Th,,
654. A. speltoides Tausch subsp. ligustica (Savign.) Bornm. / ak bugdayaynast;
169, YY2102, Th., (A)

655. A. triuncialis L. subsp. triuncialis / tigkilgik; 50, YY527; 50, YY527; 50,
YY530, Th,,

656. A. umbellata Zhuk. / hanim bugdayi; 49, YY492, Ir.-Tur. elm., Th.,

657. Alopecurus aequalis Sobol. / kimali tilkikuyrugu; 66, YY786, 171,
YY2136, Eu.-Sib. elm., Th.,

658. A. arundinaceus Poir. / kamus tilkikuyrugu; 26, YY201; 100, YY984, 116,
YY1221, Eu.-Sib. elm., Cr.,

659. A. myosuroides Huds. var. myosuroides / tarla tilkikuyrugu; 14, YY83; 24,
YY184; 46, YY422; 134, YY1577, Eu.-Sib. elm., Th.,

660. A. vaginatus (Willd.) Kunth / benekli tilkikuyrugu; 117, YY1265, Cr., (A)
661. Apera intermedia Hack. / puslu ipek¢imi; 47, YY461, Ir.-Tur. elm., Th,,
662. Arrhenatherum palaestinum Boiss. / kirk cayiryulafi; 164, YY1959, E.
Medit. elm., Hc.,

663. Brachypodium sylvaticum (Huds.) P.Beauv. / koru kilcani; 170, YY2110,
Eu.-Sib. elm., Hc.,

664. Briza humilis M. Bieb. / kadidili; 46, YY436; 48, YY487; 116, YY 1209,
YY1216, YY1218; 158, YY1788, Th,,

665. Bromus danthoniae Trin. subsp. danthoniae / ibubukotu; 47, YY450; 50,
YY546; 126, YY1467, Th.

666. B. danthoniae Trin. subsp. pseudodanthoniae (Drobow) H.Scholz /
yalanci ibubuk; 160, YY 1822, Th.

667. B. erectus Huds. / dik brom; 119, YY1308; 150, YY1711, Th.,

668. B. japonicus Thunb. subsp. anatolicus (Boiss. & Heldr.) Pénzes / aniyeotu;
45, YY384, Th.

669. B. japonicus Thunb. subsp. japonicus / iyeotu; 46, YY426; 50, YY552;
116, YY1226; 151, YY1720, Th.

670. B. lanceolatus Roth. / kilig bromu; 46, YY423, Th.,

671. B. scoparius L. / ibibuk ekini; 104, YY1060; 116, YY1208, Th.,

672. B. sterilis L., 49, YY494, 112, YY1171; 164, YY1950, Th.,

673. B. tectorum L. / kir bromu; 151, YY 1721, Th.,

674. Calamagrostis pseudophragmites (Haller) Koeler / saz¢imi; 18, YY133;
42, YY341; 44, YY366; 45, YY393; 160, YY1832, Eu.-Sib. elm., Hc.,

675. Catabrosa aquatica (L.) P.Beauv. / ¢ipil; 112, YY1176; Cr.

676. Crypsis acuminata Trin. subsp. acuminata / sivri bakakotu; 68, YY799,
Th.,

677. C. alopecuroides (Piller & Mitterp.) Schrad. / dere bakakotu; 66, YY787,
Th.,

678. Dactylis glomerata L. subsp. hispanica (Roth) Nyman / killi domuzayrigs;
34,YY280; 49, YY512, Hc.,

679. Echinaria capitata (L.) Desf. / dikenbasotu; 30, YY235; 102, YY1019,
Th.,

680. Echinochloa crus-galli (L.) P.Beauv. / darican; 64, YY760b, Th.,

681. Elymus elongatus (Host) Runemark subsp. turcicus (McGuire) Melderis /
puslu putaotu; 43, YY363, Hc.,

682. E. hispidus (Opiz) Melderis subsp. hispidus / elimotu; 166, Y'Y1989;
YY2027, He.,

683. E. hispidus (Opiz) Melderis subsp. barbulatus (Schur) Melderis / ilamuk;
47,YY443; 50, YY551; 171, YY 2149, Hc.

684. E. panormitanus (Parl.) Tzvelev / koru bugday; 172, YY2151, Medit.
elm., He.,

685. Eragrostis barrelieri Daveau / salkim yulaf; 68, YY800, Th.,

686. Eremopoa multiradiata (Trautv.) Roshev. / dere salkimi; 160, YY 1826, Ir.-
Tur. elm., Th.,

687. E. altaica (Trin.) Roshev. / dag salkimi; 42, YY347; 144, YY1337; 160,
YY1827; 164, YY1957, Ir.-Tur. elm., Th.,

688. Gaudiniopsis macra (M.Bieb.) Eig subsp. macra / som yulaf;, 116,
YY1232, Ir.-Tur. elm., Th,,

689. Glyceria notata Chevall. / kivrik tathigim; 159, YY 1800, Hc.,

690. Hordeum bulbosum L. / boncuk arpa; 50, YY555; 164, YY1938, Cr.,
691. Hordeum murinum L. subsp. leporinum (Link) Arcang. / kilgik arpa; 45,
YY400; 50, YY545; 50, YY554; 160, YY1825, Ir.-Tur. elm., Th,,

692. Koeleria macrantha (Ledeb.) Schult. / koca kirnal; 34, YY281; 116,
YY1241; 162, YY1894, Hc.,

693. K. nitidula Velen. / kose kirnal; 116, YY1225; 117, YY 1269, He., (A)
694. Lolium rigidum Gaudin var. rigidum / sert ¢im; 123, YY1367, Th.,

695. Melica persica Kunth subsp. inaequiglumis (Boiss.) Bor. / kireg inciotu;
49, YY489; 130, YY1504; 161, YY1856, Hc.,

696. Oryzopsis holciformis (M.Bieb.) Hack. var. holciformis / kadife piringotu;
126, YY1425; 116, YY1211, Hc.,

697. Phleum boissieri Bornm. / yayla itkuyrugu; 51, YY562; 116, YY1206; 120
YY1335; 125, YY1392, Ir.-Tur. elm., Th.,

698. P. exaratum Griseb. subsp. exaratum / mese itkuyrugu; 33, YY270,
YY274, Th.,

699. P. montanum K.Koch subsp. montanum / dag itkuyrugu; 55, YY630; 161,
YY1847, Hc.,

700. P. montanum C.Koch. subsp. serrulatum (Boiss.) Dogan / dislek
itkuyrugu; 44, YY372; 174, YY2170, E. Medit. elm., Hc.,

701. Poa araratica Trautv. / agr1 salkimi; 117, YY1275; 162, YY1877, Ir.-Tur.
elm., Ch.,

702. P. bulbosa L. / yumrulu salkim; 16, YY108a;117, YY1276, Cr.,

703. P. longifolia Trin. / ipek salkimotu; 153, 1508 m, YY1725, Eux. elm., Cr.,
704. P. pratensis L. / ¢ayir salkimotu; 153, YY1724, Cr.,

705. P. trivialis L. / kaba salkimotu; 111, YY1163; 116, YY1227; 125, YY1382;
151, YY1718; 163, YY1912, Th.,

706. Psathyrostachys fragilis (Boiss.) Nevski / narin arpa; 157, YY1764, Ir.-
Tur. elm., He.
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707. Psilurus incurvus (Gouan) Schinz & Thell. / egri kuyrukotu; 161,
YY1862; 164, YY1943, Th,,
708. Sclerochloa dura (L.) P.Beauv. / micirotu; 51, YY563, Eu.-Sib. elm., Th.,
709. Secale cereale L. var. ancestrale (Zhuk.) Kit Tan / tiiylii cavdar; 125,
YY1391, END., VU., Hc.,
710. Secale montanum Guss. / dag ¢avdari; 45, YY403; 50, YY521; Hc.,
711. Setaria viridis (L.) P.Beauv. / yesil sicansact; 73, YY837, Th.
712. Stipa ehrenbergiana Trin. & Rupr. / surgugotu; 119, YY1331, Ir.-Tur.
elm., He.,
713. Stipa holosericea Trin. / dirgen kilag; 126, YY1465, Ir.-Tur. elm., Hc.,
714. Taeniatherum caput-medusae (L.) Nevski subsp. crinitum (Schreb.)
Melderis / kilgik arpasi; 47, YY445; 50, YY556; Ir.-Tur. elm., Th.
715. Triticum dicoccoides (Korn. ex Asch. & Graebn.) Schweinf / yabani
gernik; 165, YY1984, VU., Ir.-Tur. elm., Th., (A)
716. Ventenata dubia (Leers) Coss. & Durieu / venten otu; 46, YY408; 46,
YY415, Th,,
717. Vulpia myuros (L.) C.C.Gmel. / arsiz kirpikli ¢im; 160, YY1839, Th.,
718. V. unilateralis (L.) Stace / yamuk kirpikli¢im; 102, YY1047, Th.,
56. POLYGALACEAE /SUTOTUGILLER

719. Polygala papilionacea Boiss. / mor siitotu; 35, YY287, Ir.-Tur. elm., Hc.,
720. P. vulgaris L. / siitotu; 116, Y'Y 1204, Eu.-Sib. elm., Hc.

57. POLYGONACEAE / MADIMAKGILLER
721. Polygonum amphibium L. / yerdegistire; 127, YY1468, Cr.,

722. P. arenastrum Boreau / bezmece otu; 68, YY806; 73, YY841, Th,,

723. P. aviculare L. / kdyotu; 160, YY1829, Th.,

724. P. cognatum Meisn. / madimak; 14, YY84, Hc.,

725. P. convolvulus L. / yayilgan; 173, YY2153, Hc.,

726. P. polycnemoides C.A.Mey. / harmanotu; 65, YY775, Ir.-Tur. elm., Th.,
727. P. persicaria L. / sogiitotu; 51, YY565; 52, YY588, Th.,

728. P. setosum Jacq. subsp. setosum / ebem ekmegi; 71, YY830, Ir.-Tur. elm.,

Hc.,,
729. Rheum ribes L. / 1sgin; 113, YY1177, Ir.-Tur. elm,, Cr.,
730. Rumex acetosella L. / kuzukulagy; 7, YY229; 47, YY441; 130, YY1505,
Hc.,
731. R. alpinus L. / sortah; 44, YY357; 129, YY1492, Cr.,
732. R. angustifolius Compd. subsp. angustifolius / tastursusu; 119, YY1310,
Hc.,
733. R. conglsomeratus Murray / eksikulak; 51, Y'Y559; 165, YY1978, Hc.,
734. R. crispus L. / labada; 162, YY1901; 169, YY2104, Hc.,
735. R. scutatus L. / eksime; 11, YY54; 62, YY740, Hc.,
736. R. tuberosus L. subsp. horizontalis (Koch) Rech. / kdmetursusu; 30,
YY249; 48, YY486; 52, YY579, Cr.,
58. PORTULACACEAE / SEMIiZOTUGILLER
737. Portulaca oleracea L. / semizotu; 40, YY327a, Th.
59. POTAMOGETONACEAE / SUSUMBULUGILLER
738. Potamogeton natans L. / suotu; 171, YY2130, Cr.(Hd.),
739. Stuckenia pectinata (L.) Borner / sutaragi; 171, YY2133, Cr.(Hd.),
60. PRIMULACEAE / CUHACICEGIGILLER
740. Anagallis arvensis L. var. arvensis / farekulagi; 48, YY478a, Th.
741. Androsace maxima L. / tavukkursags; 1, YYO07; 3, YY'16; 86, YY894, Th.,
742. Lysimachia vulgaris L. / kargaotu; 56, YY644, Hc.,
61. RANUNCULACEAE / DUGUNCICEGIGILLER
743. Adonis aestivalis L. subsp. aestivalis / kandamlasi; 150, YY1713, Th.,
744. A. aestivalis L. subsp. parviflora (Fisch. ex DC.) N.Busch / kuglalesi; 161,
YY1844,Th.,
745. A. flammea Jacq. cinlalesi; 46, YY420, 148; 150, YY1709, Th.,
746. Ceratocephala falcata (L.) Pers. Yelotu; 5, YY 19; 80, YY867, 138,
YY1598, 140, YY1602, Th.,
747. Consolida scleroclada (Boiss.) Schrodinger var. rigida (Freyn & Sint.)
P.H.Davis / sertmahmuz; 58, YY648, Ir.-Tur. elm., Th.,
748. Delphinium albiflorum DC. / ak hezaren; 173, YY2166, Hc.,
749. Nigella latisecta P.H. Davis / ekin ¢orekotu; 46, YY431, Ir.-Tur. elm., Th.
750. N. oxypetala Boiss. / firat ¢orekotu; 50, YY537, Ir.-Tur. elm., Th.
751. Ranunculus arvensis L./ mustafagicegi; 105, YY1068, Th.,
752. R. bingoeldaghensis Engin / karaz; 91, YY921; 97, YY945; 99, YY963;
101,YY993, YY994, Ir.-Tur. elm., END., EN., Cr.,
753. R. cuneatus Boiss. / koriikotu; 10, YY 46; 92, YY926; 142, YY1616, Hc.,
754. R. illyricus L. subsp. illyricus / giimiis diigiingigegi; 158, YY1790, Cr.,
755. R. isthmicus Boiss. subsp. stepporum P.H.Davis / kir kostebekotu; 9,
YY44; 103, YY1049, Cr.,
756. R. kochii Ledeb. / kargigegi; 82, Y876; 85, YY884, Ir.-Tur. elm., Cr.,
757. R. kotschyi Boiss. / grit lalesi; 1, YY 14; 100, YY980; 143, YY1652, Hc.,
758. R. myosuroides Boiss. & Kotschy / kar yagliganagi; 91, YY920; 97,
YY944, 141, YY1613, Ir.-Tur. elm., Cr.,
759. R. repens L. / tiktakdana; 94, YY930, Cr.,
760. R. sericeus Banks & Sol. / ¢marcik; 159, YY1797, Ir.-Tur. elm,, Cr.,
761. R. trichophyllus Chaix ex Vill. / suluganak; 127, YY1482, Cr.(Hd.),
62. RESEDACEAE / GERDANLIKGILLER
762. Reseda lutea L. var. lutea / muhabbetgigegi; 26, YY204; 111, YY1151;
156, YY1742; 166, YY1985, Hc.
63. ROSACEAE / GULGILLER
763. Alchemilla crinita Buser / yivli keltat; 62, YY733, Hc., (A)
764. Amygdalus communis L. / badem; 135, Y'Y 1584, Fh.
765. Armeniaca vulgaris Lam / kaysi; 170, YY2112, Fh.
766. Cerasus mahaleb (L.) Mill. var. mahaleb / mahlep; 61, YY722, YY725;
65, YY783; 71, YY825; 142, YY1636; 146, YY1677, Fh.,

767. C. microcarpa (C.A.Mey.) Boiss. subsp. tortuosa (Boiss. & Hausskn.)
Browicz / saridag kieazi; 101, YY988, Ir.-Tur. elm., Fh.,
768. Cotoneaster nummularia Fisch. & C.A.Mey / dag musmulasy; 71, YY826;
132,YY1557; 162, YY1883; 174, YY2218, Fh,,
769. Crataegus monogyna Jacq. subsp. monogyna / yemisen; 23, YY180; 132,
YY1555; 166, YY2000; 132, YY1556; 171, YY2144, Fh,,
770. C. orientalis Pall. ex M.Bieb. subsp. orientalis / alig; 69, YY803; 73,
YY838; 167, YY2030, Fh.,
771. C. orientalis Pall. ex M.Bieb. subsp. szovitsii (Pojark.) K.I.Chr. / koyun
alict; 73, YY839, Ir.-Tur. elm.,? Fh., (A)
772. Geum urbanum L. / meryemotu; 23, YY182, Eu.-Sib. elm., Hc.
773. Malus pumila Mill. / elma; 70, YY809; 143, YY1648, Fh.,
774. Potentilla anatolica Pesmen / saritabusluk; 23, YY181; 52, YY569, END.,
LC., Ir.-Tur. elm., Hc.,
775. P. argentea L. / giimiis parmakotu; 70, YY814, Hc.
776. P. inclinata Vill. / egri parmakotu; 126, YY1411; 174, YY2222, Hc.
777. P. recta L. / su parmakotu; 167, YY2041, Hc.
778. P. reptans L. / resatiotu; 38, YY302, Cr.
779. Prunus cocomilia Ten. / dag erigi; 170, YY2122, Ir.-Tur. elm., Fh,,
780. Pyrus elaeagnifolia Pall. subsp. elaeagnifolia / ahlat; 62, YY743; 70,
YY808; 161, YY1848, Fh.,
781. Rosa boisieri Crép. / has giil; 69, YY806, 170, YY2118; 21, YY163; 51,
YY561; 116, YY1238; 126, YY1462; 132, YY1560, Fh.,
782. R. canina L. / kugburnu; 61, YY698; 66, YY790; 71, YY827, Fh.,
783. R. mollis Sm. / caz1 giili;; 174, YY2226, Fh.,
784. R. vanheurckiana Crép. var. vanheurckiana / mus giilii; 26, Y'Y200, Ir.-
Tur. elm., Fh,,
785. Rubus caesius L. / biikiiziimii; 167, YY2034, Fh.
786. Sanguisorba minor L. subsp. minor / ¢ayirdiigmesi; 111, YY1150, Hc.
787. Sorbus torminalis (L.) Crantz var. torminalis / pitlicen; 149, YY1707; 164,
YY1952; 167, YY2038, Fh.,
788. S. umbellata Desf. / geyik elmasi; 69, YY802; 174, YY2179, Fh.,
64. RUBIACEAE / KOKBOYAGILLER
789. Asperula arvensis L. / tarla belumotu; 111, YY1156a, Medit. elm., Th.
790. A. orientalis Boiss. & Hohen. / gokce belumotu; 24, YY188, Ir.-Tur. elm.,
Th.,
791. A. prostrata (Adams) K.Koch / yayvan belumotu; 174, YY2190; 126,
YY1407, Eux. (mt) elm., Ch.,
792. A. setosa Jaub. & Spach / acem belumotu; 20, YY146, Ir.-Tur. elm., Th,,
793. A. stricta Boiss. subsp. latibracteata (Boiss.) Ehrend. / berit belumotu; 166,
YY2004, 170, YY2117, END., LC., Ir.-Tur. elm., Hc.,
794. A. suavis Fisch. / pak belumotu; 169, YY2103; 148, YY1696, END., LC.,
Ir.-Tur. elm., He., (A)
795. A. xylorrhiza Nabelek / Siirt belumotu; 30, YY240; 119, YY1330, 126,
YY1466; 162, YY1896, Ir.-Tur. elm., Hc.
796. Callipeltis cucullaris (L.) Steven / nermik; 33; YY275, 50, YY528; 50,
YY556; 116, YY1234; 121, YY1348a, Ir.-Tur. elm., Th.,
797. Crucianella exasperata Fisch. & C.A.Mey. / yayla hagotu; 46, YY424, Ir.-
Tur. elm., Th.
798. Cruciata taurica (Pall. ex Willd.) Ehrend. / kirim giizeli; 7, YY31; 86,
YY892, Ir.-Tur. elm., Ch.,
799. Galium consanguineum Boiss. / altin iplik¢ik; 135, YY2146, Ir.-Tur.
elm., Ch.,
800. G. incanum Sm. subsp. elatius (Boiss.) Ehrend. / giir iplik¢ik; 20,
YY156, Ir.-Tur. elm., Ch.,
801. G. nigricans Boiss. / karaiplik¢ik; 50, YY553, Ir.-Tur. elm., Th.,
802. G. runcinatum Ehrend. & Schénb.-Tem. / dislek iplik¢ik; 142, YY1857a,
END., VU, Ir.-Tur. elm., Th., (A)
803. G. tenuissimum M.Bieb. subsp. tenuissimum / yoz iplik¢ik; 18, YY1301,
Th., (A)
804. G. tenuissimum M.Bieb. subsp. trichophorum (Kar. & Kir.) Ehrend. &
Schénb.-Tem. / yoz iplik¢ik; 111, YY1156, Ir.-Tur. elm., Th,,
805. G. tricornutum Dandy / havotu; 102, YY1040, Ir.-Tur. elm., Th,,
806. G. verum L. subsp. verum / boyalik; 46, YY410; 46, YY421; 126, YY1450;
130, YY1507, Eu.-Sib. elm., Ch.,
807. Rubia tinctorum L. / kékboyasi; 163, YY 1383, Ir.-Tur. elm., Hc.,
65. SALICACEAE /SOGUTGILLER

808. Populus alba L. var. alba / akkavak; 170, YY2111, Eu.-Sib. elm., Fh.
809. P. tremula L. subsp. tremula / titrek kavak; 117, YY1277, YY1279; 119,
YY1328; 126, YY1424; 174, YY 2186, Eu.-Sib. elm., Fh.
810. Salix aegyptiaca L. / halef; 61, YY711, Ir.-Tur. elm., Fh., (A)
811. S. alba L. subsp. alba / aksogiit; 160, YY1834, Eu.-Sib. elm., Fh.
812. S. armeno-rossica A.K.Skvortsov / kars sogiidii; 156, YY1748, Fh.,
813. S. bornmuelleri Hausskn / kdy sogudi; 18, YY132; Ir.-Tur. elm., Fh.,
814. S. caprea L. / sorgun; 61, YY708; 136, YY1589, Eu.-Sib. elm., Fh.,

66. SANTALACEAE / GUVELEKGILLER
815. Chrysothesium cilicicum Hausskn. & Bornm. / Toros giivelegi; 117,
YY1268; 126, YY1438, END., NT., E. Medit.(mt) elm., Hc., (A)
816. Thesium billardieri Boiss. / mese giivelegi; 16, YY124; 111, YY1146;
116, YY1256; 157, YY1758; 157 YY1778, Hc.,

67. SAPINDACEAE / AKCAAGACGILLER
817. Acer hyrcanum Fisch. & C.A.Mey. subsp. hyrcanum / taraklik agaci; 70,
YY807, Eu.-Sib. elm., Fh., (A)
818. A. platanoides L. / ¢inar akgaagact; 20, YY 140; 69, YY805; 146, YY 1680;
155, YY1735; 174, YY2206, Eu.-Sib. elm., Fh.,

68. SCROPHULARIACEAE / SIRACAOTUGILLER
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819. Scrophularia cinerascens Boiss. / glimiig siracaotu; 117, YY1267; Hc. 832. Datura stramonium L. / boru ¢igegi; 52, YY578; 165, YY 1980, Th.

820. S. ilwensis K.Koch / mese siracasi; 100, YY979, Ir.-Tur. elm., Th., 833. Hyoscyamus niger L. / banotu; 26, YY203, Hc.,

821. S. libanotica Boiss. subsp. libanotica var. sivasica R.R.Mill. denekutnu; 834. Solanum americanum Mill. / itiiziimii; 47, YY456, Th.,

42, YY348; 148, YY1687, END., NT., Ir.-Tur. elm., Hc., (A) 70. TAMARICACEAE

822. S. libanotica Boiss. subsp. libanotica var. urartuensis R.R. Mill. / 835. Tamarix smyrnensis Bunge, 61, YY726, Fh.,

denekutnu; 13, YY59; END., LC., Ir.-Tur. elm., Hc., 836. T. tetrandra Pall. ex M.Bieb.,110, YY1131, 160, YY1837a, Fh.,

823. S. pegaea Hand.-Mazz. / pesmen siracast; 61, YY699, Ir.-Tur. elm., Hc., 837. Myricaria germanica (L.) Desv., 45, YY405, Fh.,

824. S. umbrosa Dumort. / su kestereotu; 165, YY1975, Eu.-Sib. elm., Hc., 71. TYPHACEAE / SAZGILLER

825. S. xanthoglossa Boiss. var. decipiens (Boiss. & Kotschy) Boiss. / serkele; 838. Sparganium erectum L. subsp. erectum / kindira; 127, YY1474, Cr.(Hd.),

7,YY33; 157, YY1774, Ir.-Tur. elm., He., (A)

826. Verbascum cymigerum Hub.-Mor. / demet sigirkuyrugu; 52, YY618, 839. Typha latifolia L. / ¢il; 57, YY645, Hc.,

END., EN., E. Medit. elm., Hc., (A) 840. T. laxmannii Lepech. / papur; 72, YY833, Eu.-Sib. elm., Hc.,

827. V. heterodontum Hub.-Mor. / dislek sigirkuyrugu; 108, YY1076, END., 72.  URTICACEAE / ISIRGANGILLER

VU., Ir.-Tur. elm., Hc., 841. Parietaria judaica L. / duvar feslegeni; 42, YY351; 71, YY828; 135,

828. V. lysiosepalum Hub.-Mor. / mese sigirkuyrugu; 121, YY1349, END., LC., YY1583, Hc.,

Ir.-Tur. elm., Hc., 842. Urtica dioica L. subsp. dioica / 1sirgan; 15, YY111, Eu.-Sib. elm., Hc.,

829. V. oreophilum K. Koch var. johannis (Bordz) Hub.-Mor. / dagci 73.  VIOLACEAE / MENEKSEGILLER

sigirkuyrugu; 126, YY1452, Ir.-Tur. elm., He., 843. Viola occulta Lehm. / sakli menekse; 15, YY 80; 77, YY854; 111,

830. V. songaricum Schrenk ex Fisch. subsp. songaricum / ercis sigirkuyrugu; YY1162; 134, YY1567; 142, YY1619, Th.,

124, YY1378, Ir.-Tur. elm., He., (A) 844. Viola odorata L. / kokulu menekse; 1, YY08; 2, YY15; 142, YY1620, Cr.,

831. V. songaricum Schrenk ex Fisch. subsp. subdecurrens Hub.-Mor. / iraz 845. V. parvula Tineo / tilylii menekse; 138, YY1596; 144, YY1658, Th.,

sigirkuyrugu; 126, YY1435, END., LC,, Ir.-Tur. elm., Hc., 74.  ZYGOPHYLLACEAE / COBANCOKERTENGILLER
69. SOLANACEAE / PATLICANGILLER 846. Tribulus terrestris L. / gobangdkerten; 167, YY2043a, Th.

847.

4. Sonugclar ve tartisma

2013-2016 yillar arasinda vejetasyon donemlerinde arastirma alanina gidilerek 2250 bitki 6rnegi toplandi. Bu 6rneklerin degerlendirilmesi
sonucunda 846 (74 familya 361cins’e ait 548 tiir, 200 alttiir ve 98 varyete) takson tespit edildi. 846 taksonun 3’ii Pteridophyta 843°ii Spermatophyta
divizyolar1 igersinde yer almaktadir. Spermatophyta tiyelerinin 1’i Gymnospermae 842’si Angiospermae altdivizyonuna aittir. Angiospermae’lerin 701°i
DiCOtyledOUeS, 145’s1 Monocotyledones siiflarina dahildir. Taksonlarin 68 tanesinin B8 karesindeki yayilisi ilk defa kaydedildi. )

Iran-Turan fitocografik bolgesinde yer alan ¢alisma alaninda tespit edilen taksonlarn fitocografik bolgelere gore dagilimi soyledir; Iran-
Turan 290 (%34,75), Akdeniz 45 (%5,31), Avrupa-Sibirya 67(%7,91) ve ¢cok bolgeli veya fitocografik bolgesi bilinmeyen 444 (%52,48)’dir (Tablo 3.).

Alamimiz fran-Turan fitocografik bélgesinde yer aldigindan dolay1 bu bolge elementleri alanimizda birinci sirada yer almiglardir. fran-Turan
fitocografik bolgesi igerisinde Astragalus, Centaurea, Acantholimon ve Onobrychis cinslerinin gesitlenme merkezidir (Zohary 1971). Karliova (Bingdl)
ve Cat (Erzurum) ilgelerine yakin yiiksek yerlerde karla ortiilii giin sayisinin fazla olmasi Avrupa-Sibirya fitocografik bolge elementinin 2. sirada
olmasinda etkili olmustur. Alanimizin diisiik rakimli, giineye bakan ve Akdeniz ikliminin tipik 6zelligi olan 1liman ve yaz kuraklik etkisinin nispeten
fazla oldugu bazi habitatlarda (Adakli-Hasbaglar arasinda) Akdeniz fitocografik bolge elementleri sinirli 6lgiide gelisme imkani bulmuslardir.

Tablo 3. Calisma sahamiz ile ona yakin alanlarda yapilmis ¢alismalarda belirlenen taksonlarin fitocografik bolge ve endemizm dagilimlarinin

karsilagtirilmasi
*Caligma alani Toplam takson fran-Turan Akdeniz Avrupa-Sibirya IFitocografik bolgesi belli |Endemizm orani
say1s1 % % % olmayan veya gok %

bolgeli yayilis

gosterenler %
1. Hiro Yaylast 846 34,23 5,31 7,91 52,53 8,50
2. Altikardes Dag1 535 25,98 8,41 8,03 57,58 3,92
3. Dikme yaylas1 707 35,6 42 6,5 52,6 10,60
4. Bingdl Dag1 980 43,30 1,40 10,80 44,50 13,20
5. Munzur 1518 45,70 4,40 8,00 49,10 19,90
6. Bitlis Cay1 925 31,80 8,70 4,10 54,60 6,80
7. Pirresit Dagi 828 38,40 9,50 2,60 49,50 9,00
8. Kirmizi Tuzla 1052 30,84 2,27 8,42 58,46 9,73
9. Asagigakmak koyii 820 39,20 5,50 4,20 51,10 11,30
10. Tekevler-Maden 506 34,20 4,50 4,30 56.00 8,90
11. Zilan vadisi 1156 36,41 2,42 10,01 51,16 7,95
12. Cayirli 591 39,59 3,55 11,99 45,85 23,52
13. Kambos 650 37,84 5,38 5,38 49,23 8,30

* Yukarda kisaltilmus olarak verilen ¢aliyma alanlarinin isimleri ve numaralari asagidaki gibidir:

1. Hiro yaylasi: Hiro Yaylasi ve Cevresinin (Adakli-Bingdl) Florasi 2. Altikardes Dagi: Altikardes Dagi ve Cevresinin (Geng, Bingdl) Florasi (Sinan ve Behget, 2014), 3.
Dikme: Dikme (Kiir) Yaylas1 (Merkez-Bingol) ve Cevresinin Floras1 (Kilig ve Yildirimli, 2015), 4. Bingél Dag1: Bingl Dag1 ve Cevresindeki Ilgelerin (Hinis, Tekman,
Cat, Varto, Karliova) Bitkilerinin Floristik Arastirilmasi (Engin, 1990), 5. Munzur: Munzur Daglari Floras1 Uzerinde Bir Arastirma (Yildirimli, 1982), 6. Bitlis Cayz: Bitlis
Cay1 Havzasi Florasi (Altiok ve Behget, 2005), 7. Pirresit Dag:: Pirresit Dag1 (Muradiye—Van) Florasi (Unal ve Behget, 2007), 8. Kirmiz1 Tuzla: Kirmizi Tuzla (Bulanik-
Mus), Bahge Tuzlas1 (Malazgirt-Mus) ve Cevrelerinin Floras: (Behget vd., 2009), 9. Asagicakmak Koyii: Asagicakmak Koyii ile Keban Baraj Golii (Elaz1g) Arasindaki
Sahanin Florasi (Kilig ve Bagc, 2011), 10. Tekevler-Maden: Tekevler-Maden (Elazig) Arasi Sahanin Florasi (Cakilcioglu ve Civelek, 2011), 11. Zilan Vadisi: Zilan Vadisi
(Ercig-Van) Florasi (Karabacak ve Behget, 2014), 12. Cayirhi: Cayirli ilgesinin (Erzincan, Tiirkiye) floristik gesitliligi ve endemik bitkileri (Korkmaz, 2015), 13. Kambos
Dagi: Kambos Dagi’nin Florasi (Bitlis) (Kursat ve Karatas, 2017)

Caligsma alanindaki endemik takson sayis1 72 ve endemizm orant %8,50’dir. Endemik (72 takson) ve endemik olmayip risk
altinda (5 takson) olan taksonlarin tehlike kategorilerine dagilimlart su sekildedir: 5’1 “CR”, 3’ “EN”, 9’u “VU”, 48’1 “LC”, 6’si
“NT” ve 1’1 “DD” kategorisinde yer almaktadir. Alanda bulunan endemik olmayan nadir bitkilerin 4’1 “VU” ve 1’1 “DD” kategorisinde
yer almaktadir. (Ekim vd., 1989; 2000, Vural, 2006; [UCN, 2013)

Tiir ve tiiralti takson sayisina gore alanda ilk 10 familya sirasiyla; ; Asteraceae (105), Fabaceae (83), Poaceae (67),
Brassicaceae (61), Lamiaceae (57), Caryophyllaceae (54), Apiaceae (39), Boraginaceae (27), Rosaceae (26) ve Plantaginaceae (22)
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seklindedir. Asteraceae iiyelerinin ¢ok farkli ortamlarda gelisebilmesi ve bu familya {iyelerinin tohumlarinin uzak mesafelere
tasinmasini kolaylastiran yapilari sayesinde genis alanlara yayilmasini kolaylastirmaktadir. Aragtirma alanimiza yakin ¢aligmalarda da
Asteraceae familyasi ilk sirada yer almaktadir. Dolayisiyla yaptigimiz ¢aligma, alanimiza yakin alanlarda yapilan ¢aligmalara benzerlik
gostermektedir. Alanimizda ikinci sirada en ¢ok takson igeren familya Fabaceae’dir. Diinya {izerinde 700 cins ve 17000 tiire sahip bu
familya; tropik ve sicak bolgelerde yayilig alani oldukga genistir (Heywood, 1985). Alanimizda, hayvancilik igin tiretilen tiriinlerin step
vejetasyonunu iyi bir sekilde temsil etmesinden dolay: takson sayisina gore ikinci sirada yer almaktadir. Caligma sahamiza yakin
caligmalardan; Bingdl Dag1 ve Cevresindeki ilgeler (Engin, 1990), Kambos dagi (Bitlis) (Kursat ve Karatas, 2017) flora ¢alismalari
disinda diger calismalarda Fabaceae familyasi ilk {i¢ familya icerisinde yer almaktadir. Aragtirma alanimizda {iglincii sirada Poaceae
familyasi1 bulunmaktadir. Bu durum farkli habitatlarda genis yayilisli gesitli taksonlarin yayilisina uygun habitat degisikliginin
alamimizda bulunmasi ile aciklanabilir. Calisma sahamza yakin alanlardaki ¢alismalarda; Pirresit Dagi (Muradiye-Van) (Unal ve
Behget, 2007), Altikardes Dag1 (Geng, Bingdl) (Sinan ve Behget, 2014), Zilan Vadisi (Ercig-Van) (Karabacak ve Behget, 2014), flora
calismalarinda da Poaceae familyasi ilk 3 familya igerisinde yer almaktadir. En ¢ok takson iceren cinsler sirasiyla; Astragalus (23),
Trifolium (16), Centaurea (12), Salvia (12), Veronica (12), Alyssum (12), Ranunculus (11), Silene (11), Vicia (10),and Medicago
(10)’dur. Tiirkiye Florasi’nda en ¢ok takson igeren cinsler Astragalus, Verbascum, Allium, Centaurea ve Silene’dir. Astragalus
aragtirma alanimizda da en ¢ok takson igeren cinstir. ikinci sirada yer alan Trifolium cinsidir. Bu cinsin alanimizda fazla taksonla temsil
edilmesi Akdeniz fitocografik bolgesi ekolojisinin etkisini gostermektedir. Alammz her ne kadar Iran-Turan fitocografik bélgesinde
yer alsa da alamin diisiik rakiml yerlerine ve Kig1 barajina yakin alanlarda Akdeniz ikliminin etkisi goriilmektedir. Ugiincii sirada yer
alan Centaurea cinsi Astragalus cinsi ile benzer habitatlarda yayilis gostermekte ve fran-Turan fitocografik bolgesinde iyi temsil
edilmektedirler. Calisma alanimiza yakin alanlarda yapilmis ¢alismalarin biiyiik ¢ogunlugunda Astragalus cinsi ilk 3 sirada yer
almaktadir. Alanimiza yakin c¢aligmalardan; Kambos dagi (Bitlis) (Kursat ve Karatas, 2017) flora ¢aligmalar1 hari¢ diger tiim
caligmalarda Astragalus cinsi en g¢ok takson igeren ilk 3 cins arasinda yer almaktadir. Karsilagtirdigimiz g¢aligmalarda cinslerin
siralanmasindaki farklilik, habitat dzellikleri ve ¢aligsma tarzi farkliliklar: ile agiklamak miimkiindiir.

Sonug olarak bu ¢aligma ile belirlenen 846 taksonun endemizim durumlari ve fitocografik bolge element dagilimlari ortaya
konmugtur. B8 karesi i¢in ikez yayilisi olan taksonlar belirlenmistir. Boylece Tiirkiye florasina katkida bulunulmustur.

Tesekkiir
Bu calismay1 BAP 506-294-2015 nolu proje ile destekleyen Bingdl Universitesi, Bilimsel Arastirma Projeleri Miidiirliigiine tesekkiir ederiz.
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Some additional notes on fruit fly (Diptera: Tephritidae) fauna and a new genera and species record from
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Abstract

The study was based on the fruit fly samples which were obtained different regions in Turkey between years of
2003 and 2016. Materials collected using insect net and Killed in the jar. In the study, Ictericodes zelleri (Loew 1844) was
recorded for the first time from Turkey. New localities reported for 12 species of fruit fly for fauna of Turkey. Also, wing
figures and zoogeographic distribution of each species were presented in the paper.

Key words: Ictericoides zelleri, Fruit flies, Tephritidae, Fauna, Turkey

*

Tiirkiye’den yeni bir cins ve tiir kaydi ve meyve sinekleri (Diptera: Tephritidae) faunasi iizerine baz ilave notlar

Ozet

Bu ¢aligma Tiirkiye’nin farkli bolgelerinden 2003 ve 2016 yillar1 arasinda elde edilen meyve sinegi drneklerine
dayanmaktadir. Ornekler atrap kullanilarak topland1 ve 6ldiirme sisesinde dldiiriildii. Caligmada, Ictericodes zelleri (Loew
1844) Tiirkiye’den ilk kez kaydedilmistir. Tiirkiye meyve sinegi faunasi i¢in 12 tiiriin yeni lokaliteleri bildirildi. Ayrica,
makalede her bir tiiriin zoocografik yayilislar1 ve kanat resimleri sunulmustur.

Anahtar kelimeler: Ictericoides zelleri, Meyve sinekleri, Tephritidae, Fauna, Tiirkiye
1. Introduction

The family Tephritidae, includes about 4792 described species in 497 genera. The larvae of most species develop
in the seed-bearing organs of plants, including many commercially grown soft fruits and fruit-vegetables (e.g. cucumber,
tomato) (White, 2006; Pape et al., 2011). According to Freidberg and Kugler (1989), species of subfamily Tephritinae
larvae develop in family Asteraceae and some species cause serious damages on plants. Genus Centaurea L. is one of the
largest genera of the family Asteraceae (Ranjbar et al., 2012). Some larvae of fruit flies develop in species of Centaurea
and damage the plants.

Giray (1979) presented first checklist of fruit flies in Turkey. According to this checklist, 51 fruit flies species
were distributed in our country. Up to date, many researchers described a lot of new species or new records from Turkey.
Finally, Yaran and Kiitiik (2016) reported 160 species of fruit fly are distributed in Turkey.

Main purpose of this study is to provide new contributions to the fruit flies fauna of Turkey. Wing figures and
zoogeographic distribution of each species presented in this paper.

2. Materials and methods
Samples of fruit flies were collected randomly from host plants using insect net. After the collection, materials

killed in ethyl acetate killing jars in various locations of Turkey between 2003 and 2016. The obtained fruit flies were
brought to the laboratory and preaparated standard museum methods. Thus all the specimens were made ready for the
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identification of the species. Samples were identified by using the keys of Freidberg and Kugler (1989), Hendel (1927),
Merz (1994), Korneyev and White (1993 and 1999), Korneyev (2003, 2006), Kiitiik (2006) and White (1988). Species
were stored in the insect laboratory of Gaziantep University.

3. Results

In the paper, 12 species of fruit flies have been given which were collected different region of Turkey. Ictericodes
zelleri (Loew 1844) was recorded for the first time from Turkey. Species were given alphabetically order in the below.

3.1. Acinia biflexa (Loew 1844)

Specimens Examined: 1gdir, Tuzluca, 40° 03' N, 43° 39'E, 1122 m, 06.7.2009, 1 @, 2 &4&, (M. Kiitiik & M. Yaran).
Distribution : Albania, Austria, Czech Republic, Belgium, French mainland, Hungary, Germany, Moldova, Poland,
Slovakia, Russia, Ukraine and East Palearctic (www.faunaeur.org).

3.2. Ceratitis capitata (Wiedemann 1824)

Specimens Examined: Gazianep, Sehitkamil, Ibrahimli Village, 37° 07' N, 36° 62' E, 870 m, 07.05.2014, 2 29, 1 J;
1slahiye, Tiirkbahge Village, 37° 04' N, 36° 37'E, 519 m, 20.09.2016, 12 2, 15 &, (M. Kiitiik & M. Yaran).
Distribution: Most of Europe, Australian Region, Afro-Tropical Region, Near East, Neotropical Region, Nearctic Region,
North Africa and Oriental Region (www.faunaeur.org).

3.3.  Heringina guttata (Fallen 1814)

Specimens Examined: Giimiishane, Centrum, 40° 21' N, 39° 23'E, 1857 m, 18.06.2003, 1 &; Trabzon, Caykara, 40° 35'
N, 40° 17" E, 2000 m, 17.06.2003, 1 Q; Giresun, Sebinkarahisar, 40° 26' N, 38° 23' E, 2000 m, 18.06.2003, 1 @, (M.
Kiitiik).

Distribution: Czech Republic, Danish mainland, Germany, Finland, Hungary, Sweden, Lithuania, Netherlands, Poland,
The Ukraine, East Palearctic and Near East (www.faunaeur.org).

3.4. Ictericoides zelleri (Loew 1844)

Specimens Examined: Dissected material; Bayburt, Kop Mountain, 40° 01' N, 40° 30" E, 2400 m, 08.07.2009, 1 %;
Bayburt, Kop Mountain, 40° 01' N, 40° 30' E, 2400 m, 08.07.2009, 1 & (M. Kiitiik & M. Yaran).

Distribution: Austria, Czech Republic, Danish mainland, Germany, Hungary, French mainland, Italian mainland,
Lithuania, Poland, Slovakia, Switzerland and Near East (www.faunaeur.org).

e  The genus Ictericoides and Icterioides zelleri recorded from Turkey for the first time.

3.5. Oxyna nebulosa (Wiedemann 1817)
Specimens Examined: Giimiishane, Centrum, 40° 23' N, 39° 38'E, 1311 m, 18.06.2003, 1 &, (M. Kiitiik).
Distribution: Most of Europe and Near East (www.faunaeur.org).

3.6. Terellia (Cerajocera) ceratocera (Hendel 1913)

Specimens Examined: Cankir1, Korgun, 40° 41' N, 33° 33'E, 835 m, 12.06.2003, 1 &, (M. Kiitiik).
Distribution: Most of Europe and East Palearctic (www.faunaeur.org).

3.7. Terellia (Terellia) longicauda (Meigen 1838)

Specimens Examined: Sivas, Koyulhisar, 40° 21' N, 37° 45'E, 1616 m, 12.06.2003, 2 &3, (M. Kiitiik).
Distribution: Middle and West Europe, Near East (www.faunaeur.org).

3.8. Terellia (Terellia) quadratula (Loew 1869)

Specimens Examined: Giresun, Sebinkarahisar, 40° 20' N, 38° 26'E, 1280 m, 18.06.2003,2 92, 3 &, (M. Kiitiik).
Distribution: Armenia, Azerbaijan, Iran, Israel, Jordan, Lebanon and Turkey (Korneyev, 2006).
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3.9. Terellia (Cerajocera) tussilaginis (Fabricius 1775)

Specimens Examined: Bayburt, Kop Mountain, 40° 01' N, 40° 30' E, 2400 m, 08.07.2009, 1 @, 1 &; Erzurum, Narman,
40°20'N, 41° 54'E, 1571 m, 07.07.2009, 1 @, 1 &, (M. Kiitiik & M. Yaran).

Distribution: Most of Europe, East Palearctic and Near East (www.faunaeur.org).

3.10.  Urophora stylata (Fabricius 1775)

Specimens Examined: Artvin, Borgka, 41° 15' N, 41° 46' E, 223 m, 08.06.2009, 2 22, 3 &4&, (M. Kiitiik & M. Yaran).
Distribution: Most of Europe, Australian Region, East Palearctic and Near East (www.faunaeur.org).

3.11.  Urophora tenuis Becker 1908

Specimens Examined: Artvin, Yusufeli, 40° 43' N, 41° 40' E, 700 m, 07.07.2009, 1 @, 1 &, (M. Kiitiik & M. Yaran).
Distribution: East Palearctic and South European Russia (www.faunaeur.org).

3.12.  Xyphosia miliaria (Schrank 1781)

Specimens Examined: Kastamonu, Catalzeytin, 41° 54' N, 34° 09' E, 635 m, 13.06.2003, 2 22, 3 4&; Samsun,
Vezirkdprii, 41° 06' N, 35° 30' E, 500 m, 14.06.2003, 1 @, 2 &&, (M. Kiitiik & M. Yaran).
Distribution: Most of Europe and East Palearctic (www.faunaeur.org).

4. Conclusions and discussion

Most of fruit flies distributed in Turkey feed flowerhead of the Asteraceae (Except a few species). As a result of
this study, we determined 12 species of fruit flies from different region of Turkey. Obtained fruit flies in the study are
common in Turkey and Palearctic region. Ictericodes zelleri (Loew 1844) was recorded for the first time from Turkey.
Yaran and Kiitiik (2016) reported 160 species of fruit flies distributed in Turkey. Thus number of fruit flies species
increases to 161 in Turkey. Present study gives new information to distribution of fruit fly fauna in Turkey.
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Figures: Wing figures of fruit flies; 1) Acinia biflexa, 2) Ceratitis capitata, 3) Heringina guttata, 4) Ictericoides zelleri,
5) Oxyna nebulosa, 6) Terellia ceratocera, 7) Terellia longicauda, 8) Terellia quadratula, 9) Terellia tussialginis, 10)
Urophora stylata, 11) Urophora tenuis, 12) Xyphosia miliaria
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Two lichenized fungi (Bactrospora corticola, Pycnora sorophora) from Bursa province new to Turkey
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Abstract
Two species of lichenized fungi from Bursa province, Bactrospora corticola and Pycnora sorophora, are new
to Turkey. Cliostomum griffithii is new for Bursa province. For each species, a short description, ecology, associated

species, and distribution are presented.

Key words: Ascomycota, biodiversity, lichens, Bursa, Turkey

*
Bursa ilinden Tiirkiye i¢in yeni iki likenlesmis mantar (Bactrospora corticola, Pycnora sorophora)

Ozet

Bu ¢aligmada Bursa ilinden Tiirkiye igin yeni olan iki likenlesmis mantar tiiriiniin (Bactrospora corticola ve
Pycnora sorophora) kaydi yer almaktadir. Cliostomum griffithii ise Bursa ili i¢in yeni kayittir. Her tiiriin kisa bir
aciklamsi, ekolojisi, habitatinda bir arada bulundugu tiirler ve dagilimi sunulmaktadir.

Anahtar kelimeler: Ascomycota, biyogesitlilik liken, Bursa, Turkey
1. Introduction

Bursa province is one of the Turkish provinces where the lichen diversity has been well studied. The first 14
lichen records from Bursa province were reported by Steiner (1916), and subsequent studies were reported by Szatala
(1927, 1940, 1960). More recent reports of lichenized and lichenicolous fungi from Bursa province have been increased
taxa number (Dogru and Giiveng, 2007; Yazic1, 2007; Yazici et al., 2007; Oran and Oztiirk, 2010; Arslan et al., 2011).
Recently, the studies on species diversity (Oran and Oztiirk, 2011) and community structure of epiphytic lichens (Giiveng
and Oztiirk, 2017) on oaks from Bursa province have been done. Bursa province is one of the best known of the lichen
diversity in Turkey and so far, 657 lichen taxa have been reported from Bursa (Dogru and Giiveng, 2016). In this study,
the records of three additional species from Bursa province were presented. Two of which are new to Turkey.

2. Materials and methods

The specimens were examined with a Leica EZ4 model stereomicroscope, and an Olympus CH-2 light
microscope for external morphology and anatomical observations. Ascospore measurements were carried out in water.
Ascospores measured (n = 10) and the results were given as: (min.) mean + standard deviation (max.), where min. and
max. are the extreme values. Identifications were determined according to the literature (Nash Il1 et al., 2007; Smith et
al., 2009; Wirth et al., 2013) and papers (Egea and Torrente, 1993; Gowan, 1990). The specimens were stored in
Herbarium of Faculty of Sciences and Arts, Uludag University, Bursa, Turkey (BULU).

3. Results

From three lichenized fungi given in this study, Bactrospora corticola and Pycnora sorophora are new records
for Turkey. Another species, Cliostomum griffithii, is new to Bursa province (Figure 1).
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Bactrospora corticola (Fr.) Almg.

Thallus crustose, immersed or superficial, grey-white, scurfy, diffuse or weakly rimose, not sorediate. Apothecia
0.2 -0.5 (-0.6) mm diameter, round, brown-black, deep red-brown when wet, at first flat, becoming + convex, epruinose;
true exciple pale within, dark red-brown, particularly towards the outher edge; epithecium dark brown, of congealed
granules, K+ blackish olive, not dissolving; hymenium 70—100 um high, I+ reddish; hypothecium I+ pale blue. Asci 60—
90 x 9—11 pum. Ascospores 50-100 x (1.5-) 2 (-2.5) um, at first indistinctly long and very narrow, faintly spiralled, soon
fragmenting into numerous, rounded or cuboid. Pycnidia 0.1-0.2(-0.3) mm diameter. Conidia 3.5-4 x 1-1.5 um, simple,
bacilliform or long ellipsoid, straight or slightly curved. Ascospores in the examined sample (55-) 62.27 + 5.48 (-75) x
(1.5-)2.23 £0.55 (-3.3) um.

Examined sample — Bursa: Karacabey district; Bayramdere village, near to Picnic place, 40°23'35”"N
28°22'31"E, alt. 40 m, north-facing slopes, forested areas, on Quercus cerris, 14.08.2014, leg. & det. S. Giiveng (BULU
16445).

It was found usually together with Amandinea punctata (Hoffm.) Coppins & Scheid., Lecanora chlarotera Nyl.,
Lecidella elaeochroma (Ach.) M. Choisy, Lepraria lobificans Nyl., Opegrapha herbarum Mont., and Scoliciosporum
umbrinum (Ach.) Arnold on old oak trees in coastal areas (Giiveng and Oztiirk, 2017).

Figure 1. New crustose lichen records for Turkey and
Bursa province
A: Bactrospora corticola, B: Cliostomum griffithii
C: Pycnora sorophora

Cliostomum griffithii (Sm.) Coppins

Thallus crustose, whitish to pale grey or blue-grey, matt or slightly glossy, continuous, smooth to warted-areolat.
Apothecia 0.2-0.6(-0.8) mm diameter; disc concave-flat or slightly convex, often thinly white-pruinose, pink-brown to
dark brown-grey or blackish, sometimes + piebald; true exciple thin, pale or concolorous, in section colourless or brown
(K+ purplish tinge) at the upper outer edge, + densely granular internally; hymenium 55-60 pm high. Ascospores 8—16
x 2.5-3.5 um, (0-) 1 (-3) septate; conidia 3.5-4.5 x 1.5-2 um, oval to ellipsoid. Ascospores in the examined sample (8—
)9.58 £0.99 (—11) x (3-) 3.06 £ 0.16 (-3.5) um, (0-) 1 septate. Thallus K+ yellow.

Examined sample — Bursa: Biiyiikorhan district; north-facing slopes in the west of Biiyiikorhan dam,
39°47'27"N 28°54'45"E, alt. 717 m, roadside, on Quercus cerris, 20.04.2015, leg. & det. S. Giiveng (BULU 16444).

Cliostomum griffithii is easily recognized by its whitish, slightly granulose or warted thallus bearing a multitude
of black pycnidia, brownish flat to concave, slightly grey-pruinose apothecia with a grey pinkish or blackish tinge and a
distinct margin and 1-septate spores. It occurs most frequently on dry sides of the bark of mature trees including conifers
and wood, often in rather dry, well-lit situations, more rarely on sheltered, + vertical rock faces or walls (Holien and
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Hilmo, 1991). So far, this species has been recorded only from the oak and spruce mixed forest at 1200-1500 meters in
Artvin and Rize provinces (John and Tiirk, 2017). Its previous world distribution was Europe, North America, and
Australasia (Gowan, 1990).

Our specimen of Cliostomum griffithii was found associated with Buellia disciformis (Fr.) Mudd, Evernia
prunastri (L.) Ach., Hypogymnia physodes (L.) Nyl., H. tubulosa (Schaer.) Hav., Lecanora chlarotera Nyl., L.
subcarpinea Szatala, Parmelia sulcata Taylor, Platismatia glauca (L.) W.L. Culb. & C.F. Culb., Pleurosticta acetabulum
(Neck.) Elix & Lumbsch, Pseudevernia furfuracea (L.) Zopf, and Ramalina farinacea (L.) Ach. on the old oaks around
the dam lake (Giiveng and Oztiirk, 2017).

Pycnora sorophora (Vain.) Hafellner

Thallus crustose, areoles up to 0.5(-1) mm diameter, weakly convex; upper surface dull, light grey or yellowish
brown; soralia bursting from apices or more rarely, from margins of the areoles, yellowish brown; soredia farinose, 20—
30(-50) pm diameter. Apothecia up to 0.6(-0.8) mm diameter, marginal or laminal, plane; disc black, epruinose; exciple
of closely conglutinated hyphae, brown in inner part, brownish black in the rim, not containing crystals, K+ violet, N—;
epithecium dark brown, not containing crystals, K+ violet, N—; hypothecium dark brown. Asci with a well-developed
tholus containing an amyloid flank. Ascospores 6-9 x 2.5-4.5 um, broadly to narrowly ellipsoid, simple. Pycnidia sessile,
black, attached to the areole or apparently directly to the substratum. Conidia 3.5-5 x 1.5-2.5 pum, ellipsoid to bacilliform.
Apothecia were not found in the examined sample. Soralia C+ red, K+ yellow, KC+ red, P+ yellow, UV+ yellow.

Examined sample — Bursa: Karacabey district; Orencik village, within valleys 4 km north of Orencik village,
40°19'12"N 28°17'29"E, alt. 257 m, mixed forest of oak, sycamore, linden, and chestnut trees, on Erica sp., 08.05.2012,
leg. M. Giil, det. S. Giiveng (BULU 15934).

Pycnora sorophora is lignicolous, very rarely corticolous. It occurs mainly on old, erect, decorticated, dry trunks
in open situations. It also occurs on wooden fences and buildings in agricultural areas, especially on the north-facing side
of old log-houses in fields (Timdal, 1984). Pycnora sorophora is a sterile crustose lichen, and widely distributed in boreal
and temperate Europe (Tsurykau et al., 2012).

Our specimen of Pycnora sorophora was found associated with Parmelia sulcata on dead bark of Erica sp.; in
the same locality, other species collected on Erica sp. were Hypogymnia physodes, Melanelixia glabratula (Lamy)
Sandler & Arup, Parmelia sulcata, and Parmelina carporrhizans (Taylor) Hale. (Giil and Giiveng, 2016).
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Abstract

Marmara, Ege ve Akdeniz bolgelerinden toplanmis 6rneklerin teshisi ve ilgili literatiirlerin incelenmesi sonucu
Flora of Turkey and the East Aegean Islands (Tiirkiye Florasi) adli eserde verilen Dianthus corymbosus Sibth. & Sm. ve
D. pubescens Sibth. & Sm. ile Flora Hellenica’da verilen D. glutinosus Boiss. & Heldr. arasindaki taksonomik ve
korolojik iliskiler belirlendi. Inceleme sonucu, D. corymbosus’un bir Yunanistan endemigi, D. pubescens’in ise yine bir
Yunanistan endemigi olan D. diffusus Sm. altinda sinonim oldugu anlasilmistir. Tiirkiye Florasi’nda D. corymbosus ve
D. pubescens olarak verilen 6rneklerin ise D. glutinosus Boiss. & Heldr. oldugu tespit edilmistir. Ayrica, Canakkale
Gokegeada’dan toplanmis bazi 6rneklerde ¢igek durumunun salgi tiiyli, alt kismin ise tamamen tilysiiz oldugu tespit edildi.
Diger karakterler bakimindan benzer oldugu i¢in, bu 6rneklerin D. glutinosus altinda “var. gokceadaensis Hamzaoglu &
Kog¢” olarak adlandirilmasina karar verildi.

Key words: Dianthus glutinosus, Dentati, Flora Hellenica, yeni varyete, Tiirkiye

*

Presence of Dianthus glutinosus in Turkey and new variety of this species

Ozet

The taxonomic and corologic relations between Dianthus corymbosus and D. pubescens, which are mentioned
in Flora of Turkey and the East Aegean Islands (Flora of Turkey), and D. glutinosus, which is mentioned in Flora
Hellenica, were diagnosed with identification of plant specimens collected from Marmara, Ege and Akdeniz Regions and
review of related literature data. As a result of observations and evaluations, it is understood that D. corymbosus is
endemic to Greece and D. pubescens is synonymous with D. diffusus which is also endemic to Greece. In addition, it is
determined that the species which are named as D. corymbosus and D. pubescens in Flora of Turkey are D. glutinosus.
Moreover, it is identified that inflorescence is glandular hairy and lower part is glabrous of some samples collected from
Gokgeada (Canakkale). Accordingly, these samples are decided to be named as “var. gokceadaensis” under D. glutinosus
since having similarities in terms of other characters.

Anahtar kelimeler: Dianthus glutinosus, Dentati, Flora Hellenica, new variety, Turkey
1. Giris

Yazilan her yeni flora, sadece konu edindigi iilke i¢in degil ayn1 zamanda komsu iilkeler i¢cinde taksonomik ve
korolojik katkilar saglar. Flora Hellenica (Yunanistan Florasi)’nin yaymlanmasinin ardindan, Tirkiye Dianthus L.
cinsine ait baz1 taksonlar hakkinda daha detaylh bilgilere ulasilmistir. Dentati Boiss., Tiirkiye Dianthus cinsinin en fazla
takson igeren seksiyonudur (Reeve, 1967; Hamzaoglu et al., 2014; Hamzaoglu & Kog, 2018). Seksiyonun bazi tiirleri
Tiirkiye ve Yunanistan i¢in ortaktir. Burada, Flora of Turkey and the East Aegean Islands (Tiirkiye Florasi) adli eserde
Dentati seksiyonu altinda verilen Dianthus corymbosus Sibth. & Sm. ve D. pubescens Sibth. & Sm. ile Yunanistan
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Florasi’nda verilen D. glutinosus Boiss. & Heldr. arasindaki taksonomik ve korolojik iligkiler agiklanmigtir (Reeve, 1967;
Strid, 1997).

2. Materyal ve yontem

Marmara, Ege ve Akdeniz bolgelerinden toplanmis drnekler teshis edilmis, taksonomik ve korolojik agidan
degerlendirilmistir. Orneklerin teshisinde, taksonomik durumlarinin belirlenmesinde ve korolojilerinin tespitinde Tiirkiye
Florasi, komsu iilke floralari ve ilgili literatiirlerden faydalanilmistir (Reeve, 1967; Tutin & Walters, 1993; Strid, 1997).
Incelenen ve/veya yeni takson olarak tammlanan ornekler GAZI, ANK, HUB, ISTE, ISTF, EGE ve KNYA
herbaryumlarinda muhafaza altina alinmistir.

3. Bulgular

Dianthus corymbosus Sibth. & Sm. ve D. pubescens Sibth. & Sm. Tiirkiye Florasi’nda Marmara, Ege ve Akdeniz
bolgelerinden c¢ok sayida adresten bilinir (Reeve, 1967). Marmara, Ege ve Akdeniz bolgelerinden toplanmis ve
herbaryumlarda muhafaza altina alinmis Tiirkiye ornekleri Yunanistan ve Avrupa Florasi dikkate alinarak incelenmistir
(Tutin & Walters, 1993; Strid, 1997). Yapilan inceleme sonucu D. corymbosus’un bir Yunanistan endemigi oldugu, D.
pubescens’in ise yine Yunanistan endemigi olan D. diffusus Sm. altinda sinonim oldugu anlagilmistir. Kisaca bu iki takson
Tiirkiye’de yetismez. Tiirkiye Florasi’nda D. corymbosus ve D. pubescens olarak tamitilan 6rneklerin gergekte D.
glutinosus Boiss. & Heldr. oldugu tespit edilmistir.

Dianthus glutinosus; ¢igeklerin govde uglarinda tek (2-6 ¢igekli kiimeler halinde degil) ve pedisellerinin goriiniir
olmasiyla (brakteler tarafindan 6rtiilmiis degil) D. corymbosus’tan, tiim bitkinin yogun salgi tiiylii (iist kismu tiiysiiz-gibi
degil), kaliks pullarinin kil¢ikli (mukrolu veya kisa-kiispitli degil) ve kaliksinin salg: tiiylii (tiiysiiz degil) olmasiyla da D.
diffusus’tan ayrilir (Sekil 1). Dianthus glutinosus Tiirkiye’de Marmara ve Akdeniz Bolgelerinde otlu yamaglarda, orman
veya maki agikliginda yaklasik 50-1500 metreler arasinda yetisir. Tiirkiye’den baska Dogu Ege Adalarindan Midilli ve
Limni’de de yetistigi bilinen takson, bu yayilis1 nedeniyle Akdeniz elementi olarak degerlendirilmistir (Reeve, 1967,
Takhtajan, 1986; Strid, 1997).

3.1. Dianthus glutinosus Boiss. & Heldr. (Boissier in Diagn. PI. Orient. 2(1): 61 (1854)!

Holotypus: [Yunanistan] “Constantinople”, Aucher-Eloy 503 (K, K000725245-foto!).
= D. corymbosus Sm. subsp. tenuiflorus (Griseb.) Trinajstic, FI. Anal. Jugosl. 1: 746 (1979).

Betimleme: Kisa 6miirlii ¢ok yillik, tek veya seyrek demetsi otlar. Govdeler egik veya dik, 12-45 cm boyunda,
alttan, ortadan veya iistten dallanmig, tamamen salgi tiiylii-havli veya alt kisim tiiysiiz, 7-15-diigiimli. Cigeklenme
zamaninda kisir siirgiin yapraklari yok. Alt yapraklar ¢igeklenmede genellikle kuruyucu ve/veya dokdiliicii; orta yapraklar
seritsi, 15-70 x 1.3-3 mm, enine kesitte yassi, govdeden ayrik, diiglimarasindan kisa veya uzun, salg: tiiylii-havli veya
tilysliz, 3-5-damarli, kenarlar piirtiiklii ve/veya salg tiiylii -havli, ug sipsivri, kin boyu + enine esit; tist yapraklar seritsi,
enine kesitte yassi, taban yesil veya bazen morumsu, genellikle siskin. Cigekdurumu rasem, gévdeler ¢ok cicekli, ¢igekler
dal ucunda tek; yandallar govdeye 45-60 derece agili, salg titylii-havli, en fazla 20 cm boyunda; pediseller 5-35 mm, salg1
tiylii-havli, yesilimsi. Kaliks pullart 2 adet; otsu-zarsi, yesilimsi veya samanrengi, 5-7-damarli, salgi tiiylii-havli, ug
genellikle kalikse basik, kaliksin 1/2-3/4’0i kadar, mizraksi, 8-15 x 2.5-4 mm, kenar 0.4-0.8 mm eninde zarst, ug sivri-kiit
veya kiit-kesik, kil¢ikly, kilgik tiim pulun 1/2-2/3’1 kadar. Kaliks eliptik-mizraksi, 17-23 x 2.5-4 mm, tabandan uca dogru
belirgin 35-40-damarli, salgi titylii-havli, yesilimsi veya morumsu; digler dar tiggensi, 6-9 x 1-1.5 mm, salgi tityli-havli,
5-7-damarli, kenar silli ve belirgin zarsi, ug sipsivri. Petal 18-28 mm boyunda; aya kuneat, 6-10 x 5-7 mm, tiim petalin c.
1/371 kadar, c. 1/2’si kaliksin disinda, beyaz benekli, sakall, iist pembemsi, alt sarimsi-yesil, kenar yandan uca kadar
diizensiz 3-7-digli, digler genis liggensi, ayanin 1/7’sinden daha kisa; kilav 12-18 x 1.3-1.8 mm, yaka eni kilav eninin c.
1/2'si kadar. Meyve kaliksten kisa. Tohumlar eliptik, siyah, 1.2-1.5 x 0.7-1 mm. Ci¢eklenme ve habitat: Haziran-Temmuz,
otlu yamaglar, orman veya maki agikligi, 50-1500 m.

Yayihs ve incelenen drnekler: Akdeniz elementi. Dogu Ege Adalart (Midilli, Limni), Tirkiye. Tiirkiye. Al
Edirne: 12 miles from Kesan to Enez, at Kizkapan, 100 m, dry grazed land, 1.7.1965, M.J.E.Coode et al. 2889 (E-foto);
Canakkale: Gokgeada, Eselek koyli dogusu, 35T 0410493-4445737, 60 m, garik i¢i, 30.5.2015, Hamzaoglu & Kog¢ 1925
(ANK, EGE, GAZI, HUB, ISTO, KNYA); A2 istanbul: Kartal, Aydos Dagi, verici yolu, 40°56'11"K-29°15'18"D, 410
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m, 28.6.2012, orman ag¢iklhigi, Hamzaoglu 6382, Aksoy & Ko¢ (ANK, HUB, VANF); Yakacik, Aydos Dagi giiney etegi,
Asiltiirk Caddesi, Poligon yakinlari, 295 m, 40°55'36"K-29°14'52"D, mese acikligi, 14.6.2013, Hamzaoglu 6708 & Kog¢
(ANK, EGE, GAZI, HUB, KNYA, VANF); Bl izmir: Yamanlar koyii iistii, Karagol’e gidis, 38°32'31"K-27°07'42"D,
530 m, 11.6.2012, orman agikhigi, Hamzaoglu 6329, Aksoy & Ko¢ (ANK, GAZI, ISTO, KNYA, VANF); aym yer,
9.6.1966, R.Alava & G.Bocquet 5069 (E-foto); Bergama, Kozak, Demircidelen koyii, 400 m, Fistitk Cami ormani,
17.6.1993, 4.Giiner 11158 (HUB); Balikesir: Ayvalik Balikevi, 5.6.1956, Pohl s.n. (ISTF-15513); Ayvalik-Gomeg arasi,
Kozak yolu, Demircidere koyii civar, 39°15'36"K-26°56'40"D, 405 m, 25.6.2012, orman agikligi, Hamzaoglu 6358, Aksoy
& Ko¢ (ANK, GAZI, KNYA, VANF); B2 Balikesir: Susurluk, Seyyitler (Irsadiye) koyii, Keltepe mermer ocagi iistii,
800 m, 28.7.1994, Y.Altan 5826 (GAZI); C3 Isparta: Siitciiler, Belence-ibisler arasi, serpenatin sistli akarsu vadisi, 980-
1100 m, 27.5.1974, H.Pesmen & A.Giiner 1228 (HUB); C4 Konya: Bozkir, Sorkun iistii, c. 1300 m, 16.6.1968, R.Cetik
& T.Ekim 223 (ANK).

B G E

Sekil 1. D. glutinosus var. glutinosus — A. Habit, B. Cicekdurumu, C. Cigek, D. Petal, E. Meyve.
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Canakkale Gokgeada’da Sarcopoterium spinosum (L.) Spachn toplulugu arasinda yetisen D. glutinosus’a benzeyen bazi
ornekler toplannustir. Inceleme sonucu bu érneklerde ¢igek durumunun salgi tiiylii-havli, alt kismin ise tamamen tiiysiiz
oldugu tespit edilmistir. Diger karakterler bakimindan benzer oldugu i¢in, Gokgeada 6rneklerinin D. glutinosus altinda
bir varyete olarak adlandirilmasina karar verilmistir (Reeve, 1967; Strid, 1997).

3.2. Dianthus glutinosus Boiss. & Heldr. var. gokceadaensis Hamzaoglu & Kog var. nova

Holotypus: Tiirkiye. A1 Canakkale: Gokgeada, Eselek koyli dogusu, 35T 0410493-4445737, 60 m, garik ici,
30.5.2015, Hamzaoglu & Kog¢ 1925 (GAZI, isotypus: ANK, EGE, GAZI, HUB, ISTO, KNYA).

Diagnosis: Dianthus glutinosus var. gokceadaensis differs from D. glutinosus var. glutinosus in its stem
completely glabrous below the inflorescence (vs. glandular-pubescent).

Betimleme: Govdeler tabandan ¢igekdurumuna kadar tamamen titysiizdiir. Diger 6zellikleri Dianthus glutinosus
(var. glutinosus)’a benzerdir.

4. Sonugclar ve tartisma

Herbaryum 6rneklerinin ve ilgili literatiiriin incelenmesi sonucu Dianthus corymbosus ve D. pubescens (D.
diffusus sinonimi)’in Yunanistan’in dogu ve giineydogusunda yayilis gosteren iki endemik takson oldugu anlagilmustir.
Tiirkiye Florasi’nda D. corymbosus ve D. pubescens olarak tanitilan 6rneklerin ise D. glutinosus oldugu anlagilmistir. D.
glutinosus (var. glutinosus); Tiirkiye’de Marmara, Ege ve Akdeniz bolgeleri ile Dogu Ege Adalarindan Midilli (Lesvos)
ve Limni’de (Limnos) yetisir (Reeve, 1967; Strid, 1997). Burada tanimlanan D. glutinosus var. gokceadaensis ise simdilik
sadece Gokgeada’dan bilinen bir dar endemik taksondur. Dianthus glutinosus (var. glutinosus) ile tanimlanan yeni
varyetenin ayirim anahtari agagida verilmistir.

1. Govdeler tabandan ¢igekdurumuna kadar salgi tiylii-havli ..o, var. glutinosus
1. Govdeler tabandan ¢igekdurumuna kadar tamamen tiySUz.............c.ooeeiviviiinininiiiieinnns var. gokceadaensis.
Tesekkiir

Dianthus 6rneklerinin incelenmesine izin veren GAZI, ANK, HUB ve ISTF herbaryum sorumlularina tesekkiir ederiz..
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Abstract

In this study, the anatomical features of the taxa Sideritis ozturkii Ayta¢ & Aksoy and Sideritis rubriflora Hub.
- Mor., which belong to the genus Sideritis L. of Lamiaceae family, were investigated. The results were obtained by taking
samples from the cross sections of the vegetative organs of the taxa being the subject of the anatomical study. Based on
the cross sections taken from the taxon Sideritis ozturkii, the cells present in the root, stem and leaves of subjected taxon
were observed to be greater than those in Sideritis rubriflora in terms of the number of layers as well as the size. In
addition, the anatomic measurements carried out on the taxa Sideritis ozturkii and Sideritis rubriflora were presented in
a table and the similarities and differences between the taxa in terms of anatomical traits were discussed.

Key words: anatomy, endemic, Lamiaceae, Sideritis, Turkey

*

Tiirkiye’den Sideritis ozturkii Ayta¢c & Aksoy ve Sideritis rubriflora Hub.- Mor. (Lamiaceae) iizerine
anatomik bir arastirma

Ozet

Bu arastirmada, Lamiaceae familyasinda yer alan Sideritis L. cinsine ait Sideritis ozturkii Aytag & Aksoy ve
Sideritis rubriflora Hub.- Mor. taksonlarinin anatomik 6zellikleri ¢aligilmistir. Anatomik ¢alismasi yapilan taksonlarin
vejetatif organlarinin enine kesitlerinden numuneler alinmak suretiyle bulgular elde edilmistir. Sideritis ozturkii
taksonundan alinan enine kesitler sonucunda kok, govde ve yapraklarda bulunan hiicrelerin hem katman sayist hem de
biiytiklikk bakimindan Sideritis rubriflora’dan daha biiylk olduklar1 gézlenmistir. Ayrica, Sideritis ozturkii ve Sideritis
rubriflora taksonlari iizerine yapilan anatomik 6lgtimler tablo halinde verilmis olup taksonlar arasindaki anatomik yonden
benzerlikler ve farkliliklar tartigilmustir.

Anahtar kelimeler: anatomi, endemik, Lamiaceae, Sideritis, Tiirkiye
1. Giris

Tiirkiye zengin florastyla uzun yillardir pek ok arastirmacinin dikkatini cekmektedir. Ulkemizin florasinin bu
kadar zengin olmas1; Avrupa-Sibirya, iran-Turan ve Akdeniz fitocografik bolgelerinin kesistigi konumda olmasi, Asya
ve Avrupa kitalar1 arasinda kopri gorevi gormesi, iklim ve topografya cesitliligi, topraksal faktdrlerin ¢ok cesitlilik
gostermesi gibi faktorlerden kaynaklanmaktadir. Avrupa kitasinin florast ile kiyaslandiginda; Tiirkiye’ de yayilis gosteren
bitki tiirlerinin say1si ile Avrupa kitasinda yayilis gosteren bitki tiirlerinin sayisi birbirlerine yakindir (Erik ve Tarikahya,
2004; Avci, 2005).

Tiirkiye Bitkileri Listesine gore ; Ulkemiz, 167 familya ve 1320 cinse ait; toplamda 11707 takson icermektedir.
3649 takson endemik olup, endemizm oram % 31.82° dir (Giiner vd., 2012). Ulkemizde Sideritis cinsine ait tiirler halk
arasinda farkli isimlerle bilinir. Bunlar; dag c¢ayi, ada ¢ay1, yayla cayi, kuyruk ¢ay1, sar1 kiz ¢ay1 gibi degisik yoresel
isimlerdir. Antioksidan etkisinden dolay1 halk arasinda yaygin olarak tiiketilmektedir (Arabaci vd., 2014). Sideritis cinsi
diinyada genis bir yayilis alanina sahip olup baslica yayilis bolgesi olan Akdeniz Bolgesi 150° den fazla tiir igermektedir.

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905326350305; Fax.: +905326350305; E-mail: hdemirelma@selcuk.edu.tr
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Tiirkiye’de Empedoclia ve Hesiodia seksiyonuyla temsil edilen cinsin, Sideritis ozturkii ve Sideritis rubriflora taksonlar
Empedoclia seksiyonunda yer almaktadir. Sideritis cinsi toplam 46 tiir ve 53 takson igermekte olup bu taksonlarin 39
tanesi endemik ve cinsin endemizm orani yaklasik % 80’dir. (Aytac ve Aksoy, 2000; Giiveng ve Duman, 2010).

Sideritis cinsine ait yapilan ¢aligmalarin biiyiik ¢ogunlugunu farmakolojik ¢aligmalar olugturmakta ve anatomik
calismalarin olduke¢a sinirli oldugu yapilan literatiir arastirmalari ile tespit edilmistir. Bu ¢alisma ile aromatik ve tibbi
6zelligi bulunan endemik iki takson Sideritis ozturkii ve Sideritis rubriflora ilk kez anatomik agidan incelenmis ve
taksonlarin benzerlik ve farkliliklari ortaya konulmustur.

2. Materyal ve yontem

Sideritis rubriflora taksonu Antalya ilinin Gazipasa il¢esinden, Sideritis ozturkii taksonu ise Konya ilinin
Derebucak ilgesinden toplanmistir. Anatomik caligmalarda kullanmak i¢in Sideritis ozturkii ve Sideritis rubriflora
taksonlarinin kdk, gévde ve yaprak kisimlari arazi kosullarinda % 70°lik alkol dolu kaplarin i¢ine konulmus ve
depolanmustir. Anatomik c¢aligmalar esnasinda (Algan,1981)’in yontemleri izlenmistir. Anatomik c¢aligmalar bes
kademede tamamlanmistir. Bu kademeler sirasiyla dehidrasyon ( suyun uzaklastirilmasi), parafine doyurma, parafine
gdmme, kesit alma ve boyamadir. Boyanan kesitler entellan ile iistii kapatilarak daimi preparat haline getirilmistir. Daimi
preparatlar Leica DM 1000 marka mikroskoba entegre edilmis Canon EOS 450D marka kamera ile fotograflanmis ve
Kameram 21 programi yardimiyla dl¢iimleri ger¢eklesmistir. Elde edilen dl¢iimlerle minimum, maksimum, ortalama ve
standart sapma degerleri belirlenmistir.

3. Bulgular

3.1. Sideritis ozturkii
3.1.1 Kék

Koklerden alinan enine kesitler incelendiginde distan ice dogru; peridermis, korteks, iletim dokusu ve merkez
bolgesinden meydana geldigi gozlemlenmistir. Peridermisin en dig tabakasinda yer alan fellem hiicreleri pargalanmus,
ezilmis veya dokiilmiistiir. Hiicreler kalin ¢eperlidir. Peridermis tabakasinin kalinligi 92.66 - 204.31 um ‘dir. Korteks,
hiicreler 5-7 sirali, dikdortgen sekillidir. Hiicrelerin boyutlari 5.66-25.66 x 11.36-45.11 pm’ dir. {letim dokusu, hiicreler
yuvarlak veya ovalimsidir. Ksilem elemanlarindan trakelerin cap1 7.11-46.99 um’ dir. Ozden disa dogru uzanan 1-3 sirali
parankimatik 6z 1sinlar1 bulunmaktadir. Merkez bolge, merkezde ¢ok dar bir alanda sklerenkimatik 6z gdzlenmistir (Sekil
3.1).
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13.1. S. ozturkii kok enine kesiti genel gortntiisii; pe: Peridermis, ko: Korteks,
fl: Floem, ks: Ksilem, m: Merkez bolgesi
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3.1.2. Gévde

Govde enine kesitleri incelendiginde Lamiaceae familyasinin karakteristik ozelligi olan 4 koseli govde yapisi
goriillmistiir. Govde distan ige dogru; epidermis, korteks, iletim demetleri ve 6z kisimlarindan meydana gelmektedir. Epidermis
hiicreleri diizgiin, tek sirali, kare, dikdortgen veya oval sekillidir. Epidermis hiicrelerinin boyutlar1 5.41-19.11 x 7.28-27.76
pum’dir. Korteks parankimasi govdeyi tamamen ¢evrelemis olup 8-11 siralidir. Hiicreler yuvarlak, oval veya ¢okgen sekillidir.
Hiicrelerin boyutlar1 9.31 - 38.7 um’dir. Korteks parankimasi ile iletim demetleri arasinda 1-2 hiicre halinde endodermis tabakasi
bulunur. Endodermis hiicrelerinin boyutlar1 4.85 - 18.37 x 8.18 - 30.4 um’dir. fletim demetleri elemanlarindan olan floem 5-6
sira farkli bityiikliikte hiicrelerden meydana gelir. Ksilem elemanlarindan trake hiicrelerinin boyutlar1 11.43-53.61 pm’dir. Oz
bolgesi oval veya ¢ok koseli parankima hiicrelerinden olusur. Ksileme yakin olan hiicreler kiigiik, merkeze yakin olan hiicreler
biiytiktiir. Parankima hiicrelerinin kalinlig1 6.58- 95.55 pm’dir (Sekil 3.2).
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Sekil 3.2. S. ozturkii govde enine kesiti genel goriiniisii; ep: epidermis, kl: kollenkima,
ko: korteks, fl: floem, ks: ksilem, 6b: 6z bdlgesi

3.1.3. Yaprak

Yaprak enine kesitleri incelendiginde epidermis, mezofil ve iletim demetleri gozlenmistir. Yaprak ekvifasiyaldir.
Epidermis hiicreleri ince bir kutikula ile kaplidir. Epidermis hiicreleri tek siral, sik dizilmis, dikdortgen veya ovalimsidir.
Ust epidermis hiicreleri alt epidermis hiicrelerine nazaran daha biiyiiktiir. Ust epidermis hiicrelerinin boyutlar1 6.81-28.75
x 8.09-44.51 um, alt epidermis hiicrelerinin boyutlar1 6.98-17.88 x 5.06-27 um’ dir. Ust ve alt epidermis dalgal1 ¢eperlidir.
Stoma her iki ylizeyde de gozlendigi i¢in yaprak amfistomatiktir. Mezofil tabakasinin kalinligr 111.04-183.72 pm’ dir.
Ust epidermisin altinda 1-2(-3) sirali, alt epidermisin altinda 1(-2) sirali palizat parankimasi bulunur. Baz1 bdlgelerde
palizat parankimas alt epidermise kadar kesintisiz devam etmektedir. Hiicreleri silindirik sekillidir. Palizat parankimasi
sik dizilmis hiicrelerden meydana gelir. Palizat parankimasi hiicrelerinin boyutu 19.2-45.85 x 7.71-19.52 pm’ dir. Ust
epidermisin altindaki palizat parankimas ile alt epidermisin altinda bulunan palizat parankimasi arasinda 2-3 sirali siinger
parankimasi1 bulunur. Siinger parankimasi iletim demetleri arasinda, az ve yer yer goriilmektedir. Siinger parankimasi
hiicrelerinin capr 8.14-20.52 um’ dir. fletim demeti floem ve ksilemden meydana gelmektedir. iletim demetinin etrafi
demet kiniyla ¢evrilmis olup, hiicreler yuvarlak veya oval sekillidir (Sekil 3.3).

ikt PP

Sekil 3.3. S. ozturkii gévde yaprak enine kesit; iiep: Ust Epidermis, aep: Alt Epidermis,
pp: PalizatParankimasi, sp: Siinger Parankimast, st: Stoma, iikt: Ust Kutikula, kt: Alt Kutikula

3.2. Sideritis rubriflora
3.2.1. Kok

Koklerden alinan enine kesitler incelendiginde distan ice dogru peridermis, korteks, iletim dokusu ve merkez
bolgesinden meydana geldigi gozlemlenmistir. Peridermisin en dig tabakasinda yer alan fellem hiicreleri pargalanmus,
ezilmis veya dokiilmiistiir. Hiicreler kalin ¢eperlidir. Peridermis tabakasinin kalinligi 57.65 - 151.68 um ‘dir. Korteks,
Parankimatik hiicrelerden meydana gelir. Hiicreler 3-5 sirali, dikdortgen sekillidir. Hiicrelerin boyutlar1 5.68-16.4x 8.01-
34.39 um “dir.iletim dokusu elemanlarindan, floem korteksin altindadir. Ksilem elemani olan trake hiicreleri 6ze kadar
genis bir alan kaplamaktadir. Hiicreler yuvarlak veya ovalimsidir. Ksilem elemanlarindan trake hiicrelerinin ¢ap1 8.48-
66.65 pm’ dir. Ozden disa dogru uzanan 1-2 sirali parankimatik &z 1sinlar1 bulunmaktadir. Merkezde ¢ok dar bir alanda
sklerenkimatik 6z gézlenmistir (Sekil 3.4).
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Sekil 3.4. S. rubriflora kok enine kesiti genel goriiniis; Pe: Periderma, O: Korteks,
fl: Floem, ks: Ksilem, m: Merkez bolgesi

3.2.2. Gévde

Govde enine kesiti incelendiginde Lamiaceae familyasinin karakteristik 6zelligi olan 4 koseli govde yapisi
goriillmiistiir. Govde distan ige dogru; epidermis, korteks, iletim demeti ve 6z kisimlarindan meydana gelmektedir.
Epidermis hiicreleri diizgiin, tek sirali, dikdortgen, oval veya kare sekillidir. Hiicrelerin {izeri ince bir kutikula ile kaplidir.
Kutikula kalinligi 1.48-3.31 um’dir. Epidermis hiicrelerinin boyutu 6.31-17.54 x 4.32-17.78 um’dir. Koselerde 9-11 sirali
kollenkima dokusu bulunur. Korteks, Korteks parankimasi kenarlarda bulunur ve 4-5 siralidir. Yuvarlak, ¢okgen veya
oval sekillidir. Hiicrelerin boyutu 5.94-22.71 pm’dir. Korteks parankimasi ile iletim demetleri arasinda 1 hiicreli, belirgin,
halka seklinde endodermis tabakasi bulunur. Hiicreler iri ve dikdortgen sekillidir. Endodermis hiicrelerinin boyu 5.67-
20.91 x 6.32-29.28 um’dir. {letim demetleri elemanlarindan floem 4-5 sira farkli biiyiikliikteki hiicrelerden meydana gelir.
Ksilem elemanlarindan trake hiicrelerinin boyutu 6.47-29.53 um’dir. Oz bolgesi yuvarlak veya ¢okgen sekilli parankima
hiicrelerinden olusur. Ksileme yakin olan hiicreler kii¢iik, merkeze yakin olan hiicreler biiyiiktiir. Parankima hiicrelerinin
boyutu 18.27-103.69 pm’dir (Sekil 3.5).

Sekil 3.5 S. rubriflora gévde enine kesiti genel goriinis; ep: Epidermis, kl: Kollenkima, ko: Korteks, fl: Floem, ks:
Ksilem, 6b: Oz Bolgesi en: Endodermis

3.2.3. Yaprak

Yaprak enine kesitleri incelendiginde epidermis, mezofil ve iletim demeti gozlenmistir. Yaprak ekvifasiyaldir.
Epidermis hiicreleri ince bir kutikula ile kapl, tek sirali, sik dizilmis, dikdortgen veya oval sekillidir. Ust epidermis hiicreleri
alt epidermis hiicrelerine nazaran daha biiyiiktiir. Ust epidermis hiicrelerinin boyutlar1 5-17.05 x 4.17-20.34 pum, alt epidermis
hiicrelerinin boyutlar1 4.12-11.8 x 3.16-12.34 um’ dir. Ust ve alt epidermis dalgali ¢eperlidir. Stoma her iki yiizeyde de
gbzlendigi icin yaprak amfistomatiktir. Mezofil tabakasinin kalinlig1 46.5-160.94 pm’ dir. Ust epidermisin altinda 1-2 sirals, alt
epidermisin altinda 1 sirali palizat parankimasi bulunur. Baz1 bolgelerde palizat parankimasi alt epidermise kadar kesintisiz
devam etmektedir. Hiicreleri silindirik sekillidir. Palizat parankimasi sik dizilmis hiicrelerden meydana gelir. Palizat
parankimast hiicrelerinin boyutu 15.2-40 x 5.12-15.01 um’ dir. Ust epidermisin altindaki palizat parankimasi ile alt epidermisin
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altinda bulunan palizat parankimasi arasinda 1-2 sirali siinger parankimasi bulunur. Siinger parankimasi iletim demetleri
arasinda, az ve yer yer goriilmektedir. Demetlere yakin bolgelerde ve yaprak uclarinda yogunlasmistir. Hiicreler yuvarlaktir.
Hiicreler arasinda bosluk bulunmaktadir. Siinger parankimasi hiicrelerinin capt 5.96-14.72 pm’ dir. fletim demeti floem ve
ksilemden meydana gelmektedir. Iletim demetinin etrafi demet kiniyla ¢evrilmis olup, hiicreler yuvarlak veya oval sekillidir
(Sekil 3.6).

Sekil 3.6. S. rubriflora gévde yaprak enine kesit; iiep: Ust Epidermis, aep: Alt Epide?mis, pp: Palizat Parankimasi,
sp: Siinger Parankimasi, t: Tily
Tablo 1. S. ozturkii ve S. rubriflora taksonlarina ait anatomik hiicre 6l¢timleri

Genislik (um) Uzunluk (pm)
Min Max Ort+SD Min Max Ort+SD
Kok Peridermis 92.66 204.31 151.58+27.44
Korteks 11.36 45.11 27.3+6.84 5.66 25.56 14.5943.40
Trake 7.11 46.99 22.4+8.32
Oz Isin 3.52 15.59 7.91+2.56 3.63 28.28 14.22+4.24
Govde Epidermis 7.28 27.76 15.1443.74 5.41 19.11 11.03£2.69
_ Korteks 9.31 38.70 21.38+5.58
§ _ Trake 1143 53.61 27.17+7.58
& Oz hiicresi 6.58 95.55 42.304+20.30
o Kollenkima 7.04 25.57 14.55+3.76
g Endodermis 8.18 30.4 16.09+3.77 4.85 18.37 8.92+2.28
52) " Kutikula 0.89 3.11 2.25+0.47
Yaprak Ust epidermis 8.90 4451 14.01+8.37 6.81 28.75 17.08+4.55
Alt epidermis 5.06 27.00 12.92+4.54 6.98 17.88 11.8742.78
Mezofil 111.04 | 183.72 148.5+14.89
Ust kutikula 1.19 2.98 2.07+0.35
Alt kutikula 0.83 2.42 1.45+0.34
Siinger parankima 8.14 20.52 13.9542.53
Kok Epidermis 57.65 151.68 106.54+22.92
Korteks 8.01 34.39 23.26+5.50 5.68 16.4 10.6+2.49
Trake 8.48 66.65 37.36+11.50
Oz hiicresi 3.37 11.86 7.17+1.90 7.29 32.36 18.85+5.38
Govde Epidermis 4.32 17.78 9.99+2.91 6.31 17.54 9.63+1.71
o Korteks 5.94 22.71 11.0542.61
2 Trake 6.47 29.53 17.34+5.20
5 Oz hiicresi 18.27 | 103.69 | 46.73£15.98
> Kollenkima 4.21 14.96 9.05+1.89
= Endodermis 6.32 29.28 17.65+4.56 5.67 20.91 11.8242.96
g Kutikula 1.48 3.31 2412037
@ | Yaprak Ust epidermis 4.17 20.34 11.2943.02 5.00 17.05 8.5+1.91
Alt epidermis 3.16 12.34 7.72+1.92 4.12 11.08 6.88+1.30
Mezofil 46.5 160.94 93.80+17.83
Ust kutikula 0.76 2.31 1.454+0.39
Alt kutikula 0.49 1.21 0.78+0.15
Siinger parankima 5.96 14.72 9.99+1.77

Min: minimum, max: maksimum, ort: ortalama, SD: standart sapma
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4. Sonuglar ve tartisma

Sideritis L. cinsine ait tiirler izerine anatomik ¢aligmalarin ¢ok sinirli oldugu gézlemlenmektedir (Uysal, 1991;
Giiveng ve Duman, 2010). Arastirmamiza konu teskil eden S. rubriflora ve S. ozturkii taksonlarinin her ikisi de cinsin
anatomik 6zelliklerini tagimaktadir.

Kok anatomik yapisi lizerine yapilan anatomik ¢aligmalarda S. ozfurkii’ nin peridermis tabakasinin daha kalin,
korteks parankimasi, 6z 151n hiicrelerinin sira ve boyut yoniinden ortalama degerler agisindan S. rubriflora’dan daha biiyiik
oldugu tespit edilmistir. Iletim dokusu her iki takson i¢in karsilastirildigi zaman S. rubriflora’ nin trakelerinin daha genis
oldugu belirlenmistir (Tablo 1).

Sideritis cinsine ait taksonlarin anatomik yapilarinda tipik dikdortgen sekli hemen goze carpmaktadir (Uysal,
1991; Giiveng ve Duman, 2010). Incelenen taksonlarda da bu yap1 ayni sekilde gozlemlenmistir. Govde enine kesitlerinin
koselerinde kollenkima hiicreleri yer almaktadir. Epidermisde yer alan salgi ve ortii tilyleri mevcuttur. Kutikula kalinlig
her iki takson i¢in ortalama olarak benzer kalinlikta 6lglilmiistiir. S. ozturkii nin epidermis, korteks parankimasi, trake
hiicreleri ve 6z bdlgesinde bulunan hiicrelerin boyutlarinin ortalama olarak daha biiyiik oldugu, endodermis hiicrelerinin
ise daha kii¢iik oldugu gozlemlenmistir (Tablo 1).

Yaprak anatomisine dair yapilan arastirmalar, Sideritis cinsinde tiiylerin yogun bir sekilde bulunmasini ve
ekvifasiyal tip mezofilin varligini ortaya koymaktadir (Uysal, 1991; Giiveng ve Duman, 2010). S. ozturkii ve S. rubriflora
taksonlarmin her ikisi de bol miktarda salg1 ve ortii tiiyii ihtiva etmektedir. incelenen taksonlarda, yapraklarda ekvifasiyal
yapinin varligini ortaya ¢ikarmustir. Ust ve alt epidermis hiicrelerinin tek sirali oldugu tespit edilmis olup, taksonlar tipik
kserofitik bitki yapist gostermektedir. S. ozturkii’ye ait anatomik Ol¢iimlere gore; alt ve iist epidermis hiicrelerinin
boyutlarinin S. rubriflora’dan daha bityiik oldugu, kutikula kalinlig1 ile siinger parankimasi hiicreleri boyutlarinin S.
rubriflora ile benzer oldugu, palizat parankimasi hiicrelerinin ise S. rubriflora ‘dan daha kiiglik oldugu tespit edilmistir
(Tablo 1).

Sideritis ozturkii ve Sideritis rubriflora taksonlar1 Lamiaceae familyasina ait Sideritis cinsi i¢inde yer alan iki
endemik takson olup taksonomik olarak birbirine ¢ok benzerlik gosterir. Yaptigimiz ¢alisma sonucunda iki taksonun da
anatomik farkliliklar1 ve benzerlikleri belirlenmistir. Yapilan literatiir aragtirmalarinda Sideritis cinsi lizerine farmakolojik
calismalarin ¢ok fazla oldugu fakat anatomik caligmalarin yetersiz oldugu goriilmiistiir. Bu ¢aligma ile Sideritis cinsi ve
taksonlar1 lizerinde yapilacak olan anatomik ¢aligmalara 151k tutacagi kanaatindeyiz..
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Abstract

The present study is based on the Scoliidae samples collected from Adana province between June-October 2017.
6 species and 3 subspecies of Scoliinae are recorded from the study area; Colpa klugii (Vander Linden, 1827); Colpa
sexmaculata (Fabricius, 1782); Megascolia maculata maculata (Drury, 1773); Scolia anatolia Osten, 2004; Scolia fallax
Eversmann, 1849; Scoliafuciformis Scopoli, 1786; Scolia galbula (Pallas, 1771); Scolia hirta hirta (Schrank, 1781);
Scolia sexmaculata sexmaculata (Miiller, 1766). Colpa klugii (Vander Linden, 1827) and Scolia galbula (Pallas, 1771)
are new records for Scoliidae fauna in Adana province. The systematic, faunistic, ecological, biological and phenological
informations of the species were given.

Key words: Scoliidae, systematic, fauna, Adana

Adana ili Scoliidae (Hymenoptera: Vespoidea) tiirleri

Ozet

Bu calisma 2017 yil1 Haziran- Ekim aylar1 arasinda Adana ilinden toplanan Scoliidae 6rnegine dayanmaktadir.
Aragtirma bolgesinde; Scoliinae alt familyasina ait 9 tiir ve alttiir: Colpa klugii (Vander Linden, 1827); Colpa sexmaculata
(Fabricius, 1782); Megascolia maculata maculata (Drury, 1773); Scolia anatolia Osten, 2004; Scolia (Scolia) fallax
Eversmann, 1849; Scolia (Scolia) fuciformis Scopoli, 1786; Scolia (Scolia) galbula (Pallas, 1771); Scolia (Discolia) hirta
hirta (Schrank, 1781); Scolia (Scolia) sexmaculata sexmaculata (Miiller, 1766) tespit edilmistir. Colpa (Colpa) klugii
(Vander Linden, 1827) ve Scolia (Scolia) galbula (Pallas, 1771) Adana ili Scoliidae faunasi i¢in yeni kayittir. Tiirler
hakkinda sistematik, faunistik, ekolojik, biyolojik ve fenolojik bilgiler verilmistir.

Anahtar kelimeler: Scoliidae, sistematik, fauna, Adana
1. Introduction

Hymenoptera species, which are members of the class insecta, are referred to also as membranous-winged animals
as a result of having two pairs of wings of membranous nature. The order Hymenoptera is divided into two suborders,
namely Symphyta and Apocrita. Apocrita suborder is further divided into two infraorders, namely Tenebrantia (gall
wasps, parasitic wasps) and Aculeata (stinging wasps). The group Aculeata comprises three superfamilies, namely
Apoidae, Chrysidoidea and Vespoidea, and the superfamily VVespoidea comprises 10 families, namely Bradynobaenidae,
Formicidae, Mutillidae, Pompilidae, Rhopalosomatidae, Sapygidae, Scoliidae, Sierolomorphidae, Tiphiidae and
Vespidae (Goulet and Huber, 1993).

The bodies of Scoliidae, known also as spurred bees, have thick hair and yellow, orange and red patterns on a
black surface. The wings are black, yellow and brownish color (Goulet and Huber, 1993; Osten, 2000), and these color
differences attract the attention of other bees during food intake and mating, and facilitate communication (Osten, 1999a).
Unlike wasps, they do not attack human, although females will on rare occasions pierce human skin with the spur-shaped
stings on their legs. They can live in different biotopes, from tropical forests to warm savannas, and can reside in same
habitats as Scarabeidae, which are their ectoparasites (Osten et al., 2003). Adult Scoliidae, which are solitary, feed on the
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nectar and pollen of flowers while their larvae feed on other insects (Goulet and Huber, 1993). The female of the species
rest after mating and mature their eggs by taking nectar from flowers. Their reproductive capacities are very low. They
are bees that can fly fast into the wind, but break flight when they want to feed on flowers. The male s are active at night
while the females spend nighttime under the soil. The lifespan of the maleis three to four times shorter than that of the
female (Osten, 1999a). Since the body hair is not capable of retaining pollen, their contribution to pollination is limited,
although male Scoliidae ensure pollination through their pseudocopulation behavior (Ciotek et al. 2005). They are
economically important. The females are ectoparasites of Scarabaeidae and Curculionidae (Coleoptera) larvae, which are
pests to agriculture and forestry (Goulet and Huber, 1993). Scoliidae larvae feed on Coleoptera, thus preventing damage
to pasture and crops, and serve as biological control agents. A parasitic relationship has also been identified between
Scoliidae and some Diptera of the family Conopidae. Sexual dimorphism is apparent in the tribus Campsomerini, while
the morphologies of the sexes are homogeneous in other genera (Osten, 1999a, 2000).

The Scoliidae family is divided into two subfamilies: Proscoliinae and Scoliinae, and is composed of
approximately 560 species, 220 subspecies, 43 genera, 28 subgenera and two subfamilies (Osten, 2005b). The
Proscoliinae family, of which there are only two species in the world, is prevalent in the Palearctic region.

There are 24 species and subspecies of the Scoliidae family in Turkey (Tiiziin and Bagriagik, 2000; Osten and
Ozbek, 1999; Japoshvili and Karaca, 2010). Ozbek and Anlas (2011) reported 22 Scoliidae species in our country,
although only the species Proscolia spectator of the Proscoliinae subfamily have been reported in our country. A female
sample of the Proscolia spectator species was reported in Ankara in 1939. Proscolia archarica, as another species of the
subfamily, was detected in Aras River, close to the border between Turkey and Iran, according to which the species can
be considered to have a wide distribution in our country (Osten and Ozbek, 1999).

A literature review uncovered only a few studies related to Scoliidae fauna in Turkey, and there are obvious
deficiencies in the determination of the geographical distribution of the species. The present study makes both a systematic
and faunistic analysis of the Scoliidae species that inhabit the Adana province. Some ecological, biological and
phenological observations of the analyzed species are discussed, and the distribution of the species in Turkey and in the
rest of the world is detailed. This study is important in determining the geographical distribution and ecological properties
of the Scoliidae family.

2. Materials and methods
Samples were collected between June and October 2017 from the Adana and its adjacent areas, as the selected

area of research. Insect nets were used for the collection of samples, which were removed from the nets and placed in
killing jars containing KCN. The samples were then removed from the jars using forceps and placed in cardboard boxes
with labels detailing the collector, location, date, altitude and coordinates. The plants on which the insects fed and rested
were collected and identified, in addition to the samples collected from the field. The studies of Betrem (1935) and Osten
(2000) were also taken into account in the detection of samples, and the studies of Osten (2000, 2005a,b) were also taken
into account in the scientific nomenclature of the species. A Leica EZ4 stereo microscope was used for the determination
of the species.
3. Results

Subfamily Scoliinae Latreille, 1802

Tribus Campsomerini Osten, 2001

Genus Colpa Dufour, 1841

Colpa klugii (Vander Linden, 1827)

Material Examined: Adana: Kozan, 342 m, 15.VIL.2017, 1 &; Ceyhan, 78 m, 2.IX.2017, 1 @ (Totally 2
specimens, leg. S. E. Yalniz).

Distribution in Turkey: Amasya, Antalya, Artvin, Balikesir, Bilecik, Burdur, Canakkale, Elazig, Erzurum,
Gaziantep, Isparta, Istanbul, izmir, Malatya, Manisa, Mersin, Mus, Nigde, Osmaniye, Samsun, Tekirdag (Osten and
Ozbek, 1999; Anlas and Cevik, 2004; Ozbek and Anlas, 2011, Elgin and Bagriagik, 2015).

World distribution: Portugal, Albania, Balkan peninsula, Ukraine, Iran (Osten, 2000; Ozbek and Anlas, 2007).

Phenology: July-September.

Remarks: This species is new record for Adana province.
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Colpa sexmaculata (Fabricius, 1782)

Material Examined: Adana: Ceyhan, 32 m, 12.V1.2017,1 @, 1 &; Yumurtalik, 24 m, 13.V1.2017,2 92,2 34}
Karatas, 13 m, 14.V1.2017, 1 &; Karaisali, 317 m, 15.V1.2017,2 29, 1 &; Seyhan, 312 m, 18.V1.2017, 1 &; Cukurova,
27m, 19.V1.2017,3 29, 2 33; Kozan, 284 m, 20.V1.2017, 2 33 imamoglu, 85 m, 21.V1.2017,2 92, 1 &; Ceyhan, 33
m, 22.V1.2017, 3 43 Kozan, 316 m, 10.VIL.2017, 3 4J; Feke, 364 m, 11.VIL2017, 2 99, 3 4J; Saimbeyli, 950 m,
12.VI1.2017, 1 &; Kozan, 304 m, 13.VI1.2017, 3 Q9,2 33, Feke, 557 m, 14.VIL.2017,2 33 Feke, 603 m, 15.VI1.2017,
2 92,1 d; Kozan, 356 m, 16.VIL.2017, 2 Z3; Tufanbeyli, 1470m, 17.VI1.2017, 1 &; Imamoglu, 86 m, 18.VIL.2017, 2
33; Sarigam, 312 m, 19.VIL.2017,3 29, 1 &; Seyhan, 33 m, 20.VIL.2017, 2 29, 1 &; Cukurova, 30 m, 21.VIL.2017, 2
33; Ceyhan, 156 m, 22.VI1.2017, 4 22, 2 33; Ceyhan, 212 m, 23.VIL.2017, 1 &; Yiiregir, 42 m, 24.VIL.2017,2 22, 1
&' Yumurtalik, 17 m, 25.VIL.2017, 1 &; Yumurtalik, 20 m, 26.VIL.2017, 3 2@, 1 & Karatas, 8 m, 27.VI1.2017, 3 343;
Ceyhan, 43 m, 28.VIL.2017, 1 &; Feke, 580 m, 14.VIIL.2017,2 29, 1 &; Kozan, 342 m, 15.VII.2017, 2 §&'; Kozan, 371
m, 16.VIIL.2017,3 29, 1 &; Imamoglu, 94 m, 17.VIIL.2017, 1 @, 1 &J; Feke, 364 m, 18.VIIL.2017, 1 &; Saimbeyli, 884
m, 19.VIIL.2017, 1 &; Sarigam, 337 m, 24.VIIL.2017, 2 &&; Yumurtalik, 14 m, 25.VII1.2017, 2 J; Ceyhan, 72 m,
26.VIIL.2017, 3 3&'; Yumurtalik, 20 m, 27.VII1.2017, 1 @, 4 &3 Karatas, 42 m, 28.VIIL.2017, 1 &; Ceyhan, 38 m,
29.VII1.2017, 1 &; Cukurova, 48 m, 30.VIIL.2017, 1 &; Seyhan, 58 m, 31.VII1.2017, 1 a3 Ceyhan, 37 m, 3.1X.2017, 1 Q,
1 &; Kozan, 371m, 18.1X.2017, 2 3J; Feke, 364 m, 19.1X.2017, 1 &; Saimbeyli, 570 m, 20.1X.2017, 1 &'; Seyhan, 326
m, 21.IX.2017, 1 &; Karatas, 24 m, 22.1X.2017, 2 33; Aladag, 225 m, 23.1X.2017, 1 &; imamoglu, 278 m, 23.1X.2017,
3 43 Pozant1, 1036 m, 24.1X.2017, 1 &; Karaisal1, 306 m, 24.1X.2017, 2 3& (Totally 121 specimens, leg. S. E. Yalniz).

Distribution in Turkey: Adana, Ankara, Antalya, Artvin, Aydmn, Balikesir, Canakkale, Diyarbakir, Edirne,
Elaz1g, Erzincan, Erzurum, Igdir, izmir, Kars, Kirikkale, Konya, Malatya, Manisa, Mersin, Mugla, Mus, Nevsehir, Tokat,
Tunceli, Usak (Madl.,. 1997; Osten and C")zbek", 1999; Tiiziin and Bagriagik, 2000; Tiiziin, 2004; Anlas and Cevik, 2004;
Tezcan et al., 2004; Ozbek and Anlas, 2007; Ozbek and Anlas, 2011; Bagriagik, 2016).

Distribution in the world: Crete, Rhodes, from Turkey through Uzbekistan (Osten, 2000).

Phenology: June-September.

Tribus Scoliini Osten, 2001

Genus Megascolia Betrem, 1928

Megascolia maculata maculata (Drury, 1773)

Material Examined: Adana: Kozan, 284 m, 20.V1.2017, 1 Q; Feke, 364 m, 11.VIL.2017,1 @, 1 &; Imamoglu, 86
m, 18.VIL.2017, 1 @; Seyhan, 33 m, 20.VIL.2017, 1 Q; Yiiregir, Camuzcu, 42 m, 24.VI1.2017, 1 Q; Ceyhan, 154 m,

1.IX.2017, 1 @; Ceyhan, 37 m, 3.1X.2017, 2 @ Q; imamoglu, 278 m, 23.1X.2017, 1 @, 1 & (Totally 12 specimens, leg. S.
E. Yalniz).

Distribution in Turkey: Adana, Adiyaman, Ankara, Antalya, Aydin, Balikesir, Bilecik, Bingdl, Bitlis, Canakkale,
Denizli, Edirne, Elazi3, Erzincan, Erzurum, Gaziantep, Giimiishane, Hatay, Igdir, Isparta, Istanbul, Izmir,
Kahramanmaras, Konya, Kiitahya, Malatya, Manisa, Mardin, Mersin, Mugla, Nigde, Sirnak, Tokat, Tunceli, Usak, Van,
Yalova (Tkalcu, 1987; Madl, 1997; Osten and Ozbek, 1999; Anlas and Cevik, 2004; Tezcan et al., 2004; Ozbek and
Anlas, 2007; Elgin and Bagriagik, 2015; Bagriagik, 2016).

World distribution: Mediterranean, France, Greece, Caucassus, Albania, Austria, Bosnia and Herzegovina,
Bulgaria, Crete, Croatia, Cyclades Islands, Dodecanese Islands, Iraq, Hungary, Macedonia, North Africa, Romania,
southern Russia, Turkmenistan, Slovenia (Osten, 2000; Fallahzadeh and Saghaei, 2010).

Phenology: June-September.

Genus Scolia Fabricius, 1775

Scolia anatolia Osten, 2004

Material Examined: Adana: Ceyhan, 32 m, 12.V1.2017, 4 33; Kozan, 284 m, 20.V1.2017,2 22, 1 &; Imamoglu,

85m, 21.V1.2017, 3 3&; Ceyhan, 33 m, 22.V1.2017,4 92, 3 33; Kozan, 316 m, 10.VI1.2017, 5 3J; Imamoglu, 86 m,
18.VIL.2017, 3 4&; Sarigam, 312 m, 19.VI1.2017, 3 &&; Seyhan, 33 m, 20.VIL.2017, 4 29, 1 &; Cukurova, 30 m,
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21.VIL.2017, 1 &; Seyhan, 58 m, 31.VI1.2017, 2 33; Feke, 364 m, 18.VII1.2017, 2 &3'; Yumurtalik, 14 m, 25.VII1.2017,
4 29,1 d; Ceyhan, 72 m, 26.VI1.2017, 6 4 &; Karatas, 42 m, 28.VI1.2017, 3 &&; Ceyhan, 38 m, 29.VIIL.2017, 5 343;
Cukurova, 48 m, 30.VIIL.2017, 5 &&; Ceyhan, 37 m, 3.1X.2017, 2 22, 4 3J; Kozan, 371 m, 18.1X.2017, 2 3J; Feke,
364 m, 19.1X.2017, 3 & Karatas, 24 m, 22.1X.2017, 2 99, 1 &; imamoglu, 278 m, 23.1X.2017, 2 3¢ (Totally 78
specimens, leg. S. E. Yalniz).

Distribution in Turkey: Adana, Antalya, Artvin, Aydin, Erzurum, Igdir, Kars, Kilis, Konya, Mersin, Mugla,
Nigde, Osmaniye, Rize (Osten and Ozbek, 1999; Osten, 2004; Ozbek and Anlas, 2007, Ozbek and Anlas, 2011; Elgin
and Bagriagik, 2015; Bagriagik, 2016).

Distribution in the world: Crete, Dodecanese Islands, Iran, Turkey, Turkmenistan, Uzbekistan, Syria
(Fallahzadeh and Saghaei, 2010).

Phenology: June-September.

Scolia fallax Eversmann, 1849

Material Examined: Adana: Kozan, 371 m, 16.VII[.2017, 1 § (Totally 1 specimen, leg. S. E. Yalniz).

Distribution in Turkey: Adana, Ankara, Artvin, Elazig, Erzurum, Gaziantep, Hatay, Istanbul, izmir, Kars,
Kiitahya, Manisa, Mugla, Nigde, Tokat (Madl, 1997; Osten and Ozbek, 1999; Tiiziin, 2004; Anlas and Cevik, 2004;
Tezcan et al., 2004; Ozbek and Anlas, 2004; Ozbek and Anlas, 2011; Elgin and Bagriagik, 2015; Bagriacik, 2016).

World distribution: Spain, Italy, France, Greece, Caucasus, Armenia, Azerbaijan, Dodecanese Islands, Iran,
Turkmenistan, Turkey, Ukraine (Osten, 2000; Fallahzadeh and Saghaei, 2010).

Phenology: August.
Scolia fuciformis Scopoli, 1786

Mateial Examined: Adana: Ceyhan, 32 m, 12.V1.2017, 1 &; Yumurtalik, 24 m, 13.V1.2017, 1 &; Feke, 364 m,
11.VIL2017, 1 @, 1 &; Saimbeyli, 950 m, 12.VIL.2017, 1 &; Imamoglu, 86 m, 18.07.2017, 1 &; Sarigam, 312 m,
19.VIL.2017, 1 &; Ceyhan, 156 m, 22.VI1.2017, 1 &; Yumurtalik, 20 m, 26.VI1.2017, 1 §; Karatas, 8 m, 27.VI1.2017, 1
&; Ceyhan, 38 m, 29.VI1.2017, 1 &; imamoglu, 94 m, 17.VIIL.2017, 1 &; Saimbeyli, 903 m, 22.VII1.2017, 1 J; Karatas,
42 m, 28.VIIL.2017, 1 &; Ceyhan, 37 m, 3.1X.2017, 1 9,2 && (Totally 17 specimens, leg. S. E. Yalmz).

Distribution in Turkey: Adana, Ankara, Antalya, Artvin, Aydin, Balikesir, Bitlis, Diyarbakir, Erzincan, Erzurum,
Hatay, [zmir, Kars, Konya, Manisa, Mus, Nigde, Osmaniye, Tunceli, Yozgat (Osten and Ozbek, 1999; Tiiziin, 2004;
Tezcan et al., 2004; Ozbek and Anlas, 2007; Ozbek and Anlas, 2011; Elgin and Bagriagik, 2015; Bagriagik, 2016).

Distribution in the world: Balkan peninsula, Egypt, Italy, Iran (Osten, 2003).

Phenology: June-September.

Scolia galbula (Pallas, 1771)

Material Examined: Adana: Karatas, 13 m, 14.V1.2017, 1 2, 1 &; Kozan, 284 m, 20.V1.2017,2 @, 1 &; Feke,
364 m, 11.VI1.2017, 1 &; Kozan, 304 m, 13.VI1.2017, 1 Q; imamoglu, 86 m, 18.VI1.2017, 2 §J; Ceyhan, 156 m,
22.VIL.2017, 1 &; Yiiregir, 42 m, 24.VIL.2017, 1 &; Yumurtalik, 20 m, 26.VIL.2017, 1 @; Feke, 364 m, 18.VII1.2017, 1
&3 Yumurtalik, 20 m, 27.VIIL.2017, 1 Q; Kozan, 371 m, 18.1X.2017, 1 &; imamoglu, 278 m, 23.1X.2017, 1 @ (Totally
16 specimens, leg. S. E. Yalniz).

Distribution in Turkey: Afyonkarahisar, Ankara, Antalya, Artvin, Aydin, Denizli, Erzincan, Erzurum, Hakkari,
Hatay, izmir, Kars, Konya, Manisa, Mersin, Mugla, Trabzon (Osten and Ozbek, 1999; Tiiziin, 2004; Anlas and Cevik,
2004; Tezcan et al., 2004; Ozbek and Anlas, 2007; Ozbek and Anlas, 2011).

Distribution in the world: Azerbaijan, Georgia, Transcaucasia, France, Italy, Balkan peninsula, Hungary,
Ukraine, Bulgaria, Cyprus, Caucasus, Egypt, Greece, Israel (Osten, 1999a, 2002, 2005a; Tiiziin, 2004).

Phenology: June-September.
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Remarks: This species is new record for Adana province.
Scolia hirta hirta (Schrank, 1781)

Material Examined: Adana: Yumurtalik, 24 m, 13.V1.2017, 1 &; Karatas, 13 m, 14.V1.2017, 1 &; Karaisal, 317
m, 15.V1.2017, 1 &; Kozan, 284 m, 20.V1.2017, 1 &; Ceyhan, 33 m, 22.V1.2017, 1 &; Kozan, 316 m, 10.VIL.2017,1 @,
1 & Feke, 364 m, 11.VI1.2017,2 29, 1 &; Feke, 603 m, 15.VI.2017, 2 3 3; Kozan, 356 m, 16.VI1.2017, 1 &; imamoglu,
86 m, 18.VIL.2017, 1 &; Sarigam, 312 m, 19.VIL.2017, 1 &; Ceyhan, 212 m, 23.VIL.2017, 2 &3 Yiiregir, 42 m,
24.VIL.2017, 2 22, 2 &&; Yumurtalik, 20 m, 26.VIL.2017, 1 &; Karatas, 8 m, 27.VIL.2017, 1 &; Kozan, 371 m,
16.VII1.2017, 1 &; Saimbeyli, 884 m, 19.VIIL.2017, 1 @, 1 &; Yumurtalik, 14 m, 25.VIIL.2017, 1 &; Seyhan, 58 m,
31.VIIL.2017, 1 &; Ceyhan, 78 m, 2.1X.2017,2 29, 1 &; Feke, 364 m, 19.1X.2017, 1 &; Seyhan, 326 m, 21.1X.2017, 1
Q; Aladag, 225 m, 23.1X.2017 1 2, 1 &, Karaisali, 306 m, 24.1X.2017, 1 & (Totally 36 specimens, leg. S. E. Yalniz).

Distribution in Turkey: Adana, Ankara, Antalya, Artvin, Aydn, Burdur, Denizli, Elazig, Erzincan, Erzurum,
Hakkari, Hatay, Isparta, Igel, Izmir, Karabiik, Kars, Kayseri, Konya, Mugla, Nigde, Osmaniye, Tokat, Rize (Osten and
Ozbek, 1999; Tiiziin and Bagriagik, 2000; Tiiziin, 2004; Anlas and Cevik, 2004; Tezcan et al., 2004; Ozbek and Anlas,
2007; Japoshvili and Karaca, 2010; Ozbek and Anlas, 2011; Elgin and Bagriacik, 2015; Bagriagik, 2016).

Distribution in the world: Southern and eastern Europe, central Europe, north Africa, Israel, Lebanon, Iran,
southern Russia (Osten, 2000).

Phenology: June-September.
Scolia sexmaculata sexmaculata (Miiller, 1766)

Material Examined: Adana: Ceyhan, 32 m, 12.V1.2017, 1 &; Yumurtalik, 24 m, 13.V1.2017, 1 @, 1 &; Karatas,
13 m, 14.V1.2017, 2 99, 1 &; Karaisali, 317 m, 15.V1.2017, 1 &; Seyhan, 312 m, 18.V1.2017, 1 &; Cukurova, 27 m,
19.V1.2017, 1 &; Kozan, 284 m, 20.V1.2017, 2 3&; Imamoglu, 85 m, 21.V1.2017, 1 &; Ceyhan, 33 m, 22.V1.2017, 3
33; Kozan, 316 m, 10.VIL.2017,2 29, 1 &; Feke, 364 m, 11.VIL.2017, 3 &J&; Saimbeyli, 950 m, 12.VIL.2017, 1 &;
Kozan, 304 m, 13.VIL.2017, 1 @, 2 33 Feke, 557 m, 14.VI1.2017, 1 &; Feke, 603 m, 15.VI1.2017, 1 &; Kozan, 356 m,
16.VIL.2017, 1 &; Tufanbeyli, 1470m, 17.VIL.2017, 1 &; 1mamoglu, 86 m, 18.VIL.2017, 1 &; Sarigam, 312 m,
19.VIL.2017, 1 &; Seyhan, 33 m, 20.VI1.2017, 1 &; Cukurova, 30 m, 21.VI1.2017, 2 3&; Ceyhan, 156 m, 22.VIL.2017, 1
Q,2 A3d; Ceyhan, 212 m, 23.VIL.2017, 1 &; Yiiregir, 42 m, 24.VI1.2017, 1 &; Yumurtahk, 17 m, 25.VIL.2017, 1 &;
Yumurtalik, 20 m, 26.VI1.2017,2 29, 1 &; Karatas, 8 m, 27.VIL.2017, 1 &; Ceyhan, 43 m, 28.VI1.2017, 1 &; Feke, 580
m, 14.VII1.2017, 1 &; Kozan, 342 m, 15.VIIL.2017, 2 33; Kozan, 371 m, 16.VII1.2017, 1 &; Imamoglu, 94 m,
17.VII1.2017, 1 &; Feke, 364 m, 18.VII1.2017, 1 &; Saimbeyli, 884 m, 19.VII1.2017, 1 &; Sarigam, 337 m, 24.VII1.2017,
1 &; Yumurtalik, 14 m, 25.VIIL.2017, 1 , 2 d&; Ceyhan, 72 m, 26.VIIL.2017, 2 29, 3 &&; Yumurtalik, 20 m,
27.VIIL.2017, 1 &; Karatas, 42 m, 28.VII1.2017, 1 &; Ceyhan, 38 m, 29.VIIL.2017, 1 &; Cukurova, 48 m, 30.VIIL.2017,
1 &; Seyhan, 58 m, 31.VIIL.2017, 1 &; Ceyhan, 37 m, 3.1X.2017, 1 &; Kozan, 371m, 18.1X.2017, 1 @, 1 &; Feke, 364 m,
19.1X.2017,2 29, 1 &; Saimbeyli, 570 m, 20.1X.2017, 1 &; Seyhan, 326 m, 21.1X.2017, 1 &; Karatas, 24 m, 22.1X.2017,
2 33, Aladag, 225 m, 23.1X.2017, 1 &; imamoglu, 278 m, 23.1X.2017, 1 J; Pozant1, 1036 m, 24.1X.2017, 1 &; Karaisal,
306 m, 24.1X.2017, 1 & (Totally 80 specimens, leg. S. E. Yalmz).

Distribution in Turkey: Adana, Adiyaman, Ankara, Antalya, Aydin, Bitlis, Burdur, Bursa, Diyarbakir, Erzincan,
Erzurum, Gaziantep, Isparta, Icel, Istanbul, Izmir, Kars, Kayseri, Konya, Manisa, Mugla, Mus, Nevsehir, Nigde,
Osmaniye, Van (Madl, 1997; Osten and Ozbek, 1999; Tiiziin and Bagriagik, 2000; Tiiziin, 2004; Anlas and Cevik, 2004;
Tezcan et al. 2004; Japoshvili and Karaca, 2010; Ozbek and Anlas, 2011; El¢in and Bagriacik, 2015; Bagracik, 2016).

Distribution in the world: North Africa, England, Germany, southern and eastern Europe, Balkan peninsula,
Israel, Iran (Osten, 2000).
Phenology: June-September.

4. Conclusions and discussion

This is the first comprehensive study of its kind to be carried out in the Adana province, involving 363 Scoliidae
samples. As a result of the study, nine Scoliidae species of three genera were determined, and were evaluated
systematically, faunistically and ecologically. Colpa klugii (Vander Linden, 1827); Colpa sexmaculata (Fabricius, 1782);
Megascolia maculata maculata (Drury, 1773); Scolia anatolia Osten, 2004; Scolia fallax Eversmann, 1849; Scolia
fuciformis Scopoli, 1786; Scolia galbula (Pallas, 1771); Scolia hirta hirta (Schrank, 1781); Scolia sexmaculata
sexmaculata (Miiller, 1766) were collected from study areas, and among these, Colpa klugii (Vander Linden, 1827 and
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Scolia galbula (Pallas, 1771) were firstly recorded from Adana with this study. The population density was the highest
in the Colpa sexmaculata (33%) and Scolia sexmaculata sexmaculata (22%) species, and lowest in the Colpa klugii and
Scolia fallax (1%) species. Scoliidae species were found at altitudes of between 8 and 1740 meters, but mostly at altitudes
between 212 and 980 meters. The Colpa sexmaculata species was found to have a wide tolerance of altitudes, being found
at altitudes of between 960 meters and 1470 meters in Tufanbeyli. Phenologically, Scolia fallax species was found only
in August. Other species were abundant between June and September, with the highest species diversity and population
density observed in July and August. The flight activities of the male samples were higher than the females, as female
Scoliidae were generally observed to hide beneath the soil. Turkey is very rich as regards to ophiolitic rock and endemism.
Except for the eastern and south eastern part of the country the ultramaphic rocks are present all over Turkey. They
are frequently observed in Kiitahya, Balikesir, Antalya, Mugla, Hatay and Adana regions in Amanos Mountains, in
Eastern Taurus, north and northeast of Mersin and between Nigde and Adana, in Aladag massive and thousands of
kilometer square land from Adana to Erzincan. Also they are locally present between Ankara and Canakkale regions
(Kurt et al., 2013). Scoliidae were generally reported to feed on red, purple and blue flowers, such as Alhagi, Carthamus
and Mentha, and during the field studies, the Scoliidae species were mostly seen to feed together on the same plants.
Colpa klugii and Megascolia maculata maculata species were most often collected from Echinops plants, while the Scolia
hirta hirta was collected from Origanum plants.
This study has identified nine taxa of the Scoliidae family in the Adana province, while Colpa klugii (Vander
Linden, 1827) and Scolia galbula (Pallas, 1771) from the Hymenoptera fauna were reported for the new records in the
Adana province. The present study has detailed the distribution of the Scoliidae species in the Adana province, and has
identified their contribution to Turkey’s biological diversity.
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Abstract

Treatment with plants has gained more importance because of reaching critical limits to antibiotic resistant. In
this study phenolic compounds of walnut membrane was analyzed using by HPLC. Antibacterial activity of methanol and
ethanol extracts of juglans fruit membranes were evaluated against Gram-positive and Gram-negative strains (Bacillus
cereus ATCC 11778, Enterecoccus faecalis ATCC 29212, Staphylococcus aureus ATCC 25923, Methicillin-Resistant
Staphylococcus aureus ATCC 43300, Chromobacterium violaceum ATCC 12472, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Pseudomonas aeruginosa PAOL and clinical Staphylococcus spp. As a results;
it was observed that all extracts had antibacterial activity on Gram-positive strains different rate (12 mm to 19 mm). The
lowest minimum inhibitory concentration (MIC) value was detected 1,01 mg/ml for reference strains. HPLC analysis
showed walnut membrane extracts have some phenolic acids and flavonoids such as gallic acid, epicatechin, catechin,
rutin, p-hydroxy benzoic acid, p-coumaric acid, rosmarinic acid.

Key words: Walnut membrane, phenolic, HPLC, antibacterial

*

Juglans regia fenolik bilesen iceriklerinin ve antibakteriyel aktivitesinin belirlenmesi

Ozet

Antibiyotik direncinin kritik seviyelere ulagsmasi neticesinde enfeksiyon hastaliklarmin tedavisinde bitkilerin
kullanimi1 giderek 6nem kazanmuistir. Yapilan bu ¢alismada ceviz ara kabugunun igerdigi bazi fenolik bilesikler HPLC ile
analiz edilmistir. Ayrica antibakteriyel etkisi bazi Gram-pozitif ve Gram-negatif (Bacillus cereus ATCC 11778,
Enterecoccus faecalis ATCC 29212, Staphylococcus aureus ATCC 25923, Methicillin-Resistant Staphylococcus aureus
ATCC 43300, Chromobacterium violecium ATCC 12472, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Pseudomonas aeruginosa PAO1) suslar ile klinik Stafilokok izolatlar1 iizerinde antibakteriyel etkisi
aragtirtlmistir. Sonugta ekstraktlarin Gram-pozitif bakterilere karst farkli oranlarda antibakteriyel etkiye sahip oldugu
gbzlenmistir (12 mm-19 mm). Gram-negatif bakterilerden ise sadece C. violaceum ATCC 12472 iizerinde antibakteriyel
etkisi oldugu gozlenmistir. Minumum inhibisyon konsantrasyon degeri ise en diigiik 1,01 mg/ml olarak tespit edilmistir.
HPLC analiz sonuglarina gore de farkli oranlarda fenolik asit ve flavonoid (gallik asit, epikatesin, katesin, rutin, p-hidroksi
benzoik asit, p-kumarik asit, rosmarik asit) i¢erdigi tespit edilmistir.

Anahtar kelimeler: Ceviz ara kabuk, fenolik, HPLC, antibakteriyel
1. Giris

Bakterilerde artan antibiyotik direnci, enfeksiyon hastaliklari ile miicadelede basarisizligin baglica nedenlerinden
biridir. Ozellikle bagisiklik sistemi baskilanmis hastalarin nemli bir kisminda mortalite ve morbiditenin en énemli nedeni
enfeksiyonlardir (Tasova, 2003). Insanlik tarihi boyunca bircok hastaligin bitkiler kullamlarak tedavi edilmesi
mikroorganizmalarla miicadelede de siklikla bagvurulan bir ¢6ziim yolu olmus ve giiniimiizde artan antibiyotik direnci
bitkilerle tedavi segeneginin umut vaat eden bir strateji olarak goriilmesine neden olmustur. Diinyanin her yerinde yetisen
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bir¢ok bitkinin kdk, govde, yaprak, ¢icek, kabuk, meyve gibi dokulart antimikrobiyal aktivite ¢calismalarinda kullanilmis
ve halen kullanilmaya devam etmektedir. Ceviz (Juglans regia L.), de Juglans cinsine ait bir bitki olup, basta Cin, ABD
ve Iran olmak iizere diinya genelinde yaygin olarak yetismekte ve bu iilkelerden sonra en fazla ceviz iiretimi iilkemizde
gerceklesmektedir (Bayazit vd., 2016; Kadiroglu ve Ekici, 2018). Ceviz cogunlukla meyve olarak tiiketilmekte olup, yesil
kabuklar1, yapraklar1 kozmetik ve ila¢ sanayide etken madde, tekstilde ise boyar madde olarak kullanilmaktadir (Beiki et
al., 2017). Gelencksel tedavide ise yesil kabuklari ya da yapraklarinin ozellikle vendz yetmezlik ve hemoroit
semptomlarimin giderilmesinde antidiaretik, antihelmintik 6zelliklerinden yararlanildigi bilinmektedir (Pereira et al.,
2007). Ceviz bitkisinin farkli dokular1 ile yapilmis birgok antibakteriyel aktivite ¢alismasi olup, yapilan bir ¢alismada
ceviz ekstraktlarimin kozmetik triinler igerisinde kimyasal bazli koruyucular yerine potansiyel dogal koruyu olarak
kullanilabilecegi gosterilmistir (Beiki et al., 2017). Bitkilerin tedavi edici 6zellikleri yapilarinda bulunan fitokimyasallar
sayesinde olup, bu bilesenler ile antibakteriyel, antioksidan, antikanser ya da insan sagligi i¢in 6énem arz eden birgok
ozellik gostermektedirler. Biitiin bitkiler sekonder metabolit olarak fenolik madde olusturmaktadirlar (Karadeniz ve Eksi,
2001). Fenolik bilesik terimi, fonksiyonel tiirevleri de dahil olmak iizere hidroksil grubu tasiyan aromatik halkaya sahip
8000°den fazla tiirii bulundugu bilinen bir gruptur (Shi et al., 2003; Ignat et al., 2011; Ozaydin, 2013). Bitkilerde bulunan
en Onemli bilesenler arasinda yer alan fenolik bilesenlerin makromolekiillerin oksidasyonunu inhibe ederek ya da
oksidatif stresi azaltarak dejeneratif hastalik riskini azalttig1 da bilinmektedir (Silva et al., 2004). Gram-pozitif bakteriler
hem toplum hem de hastane kokenli infeksiyonlarin 6nemli nedenlerinden olup, diinya genelinde Gram-pozitif
patojenlerde direng hiz1 alarm verici 6lgiide artmaktadir (Ozkaya Sahin, 2003). Nozokomiyal enfeksiyonlarda &zellikle
Staplococcus aureus ve Staplococcus epidermidis 6nemli olup, yapilan bu ¢alismada ceviz ara kabugunun metanol, etanol
ekstraktlarinin klinik Stafilokok izolatlar1 ve referans Gram-pozitif, Gram-negatif suslar tizerindeki antibakteriyel etkisi
arastirllmistir. Yapilan literatiir taramasinda ceviz bitkisi ile yapilan antibakteriyel aktivite ¢calismalarimin genellikle ceviz
yesil kabugunun kurutulmas: ve yaprak ekstraktlari ile oldugu goriilmiis, ceviz ara kabugu ile yapilan bir ¢alismaya
rastlanmamustir.

2. Materyal ve yontem
1.1. Bitki 6rnekleri ve ekstraksiyon

Calismada kullanilan cevizler Isparta yoresine ait olup ticari olarak temin edilmistir. Kuru olan cevizlerin iki
ceviz pargasini birbirinden ayiran i¢ kabuklari ¢ikartilmis ve blender (Waring 8011 EB) yardimu ile toz haline getirilmistir.
Toz materyalden 5 gr tartilarak 50 ml ¢6ziicii (Metanol, Etanol) eklenmistir. Coziicii-toz karisim ultrasonik banyoda 30
dakika ekstrakte edilmis ve kaba filtre kagid: ile siiziildiikten sonra 40-45°C’de rotary evaporatdr (Heidolph Hei-Vap
Rotary Evaporator) kullanilarak ¢éziiciiler uzaklastirilnustir. Islem sonunda balon igerisinde kalan bitki 6ziitii tartilarak
kaydedilmis ve Dimetilsiilfoksit (DMSO) ile ¢oziilerek alinmustir.

2.2. HPLC-DAD analizi

Ceviz i¢ kabugu ile hazirlanan ekstraktlar HPLC analizinde Gomes ~ vd. (1999)’nin  kullandig1 metot
iizerinde baz1 modifikasyonlar yapilarak kullanilmistir. Literatiirdeki mobil faz A’da % 2 asetik asit kullanilmis olup, bu
calismada % 3 asetik asit kullanilmistir. Ayrica literatiirde 1 mL/dk olan akig hizin1 0.8 ml/dk‘ya diisiiriilmiistiir.
Calismada 23 adet fenolik bileseni 90 dakikalik bir gradiyent program ile ayirim yapilmistir. Caligmaya dahil edilen
meyvelerin fenolik bilesiklerinin tespiti Photo Diode Array dedektdrde 278 nm dalga boyunda gergeklestirilmistir. Kolon
olarak Agilent Eclipse XDB C-18 (250 x 4.6 mm) 5 pm kolon kullanilmustir.

Tablo 1. HPLC ¢alisma kosullari

Siire (dk) A (%) B (%)

Dedektdr: Photo Diode Array dedektdr ( Amax=278nm ) 0 93 7
Auto sampler: SIL-10AD vp 20 72 28
Sistem kontrol: SCL-10Avp 28 75 25
Pompa: LC-10ADvp 35 70 30
Degaser: DGU- 14A 50 70 30
Kolon firini: CTO-10Avp 60 67 33
Kolon: Agilent Eclipse XDB C-18 (250x4,6 mm) 5 um 62 58 42
Kolon sicakligi: 30 °C 70 50 50
Mobil faz: A = Su/ asetik asit (97/3: v/v) pH:2,2 73 30 70

B = Metanol 75 20 80
Akis hizi: 0,8 mL/dak 80 0 100
Enjeksiyon hacmi: 20 pL 81 93 7
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Ters faz kolonu olarak Agilent Eclipse XDB C-18 (250 x 4.6 mm) 5 pum kolon kullanilmus; ayirim, ikili ¢6ziicii
sistemiyle gradient program uygulanarak yapilmistir. Cozeltiler hazirlandiktan sonra bir siire ultrasonik banyoda
bekletilerek iglerindeki hava kabarciklarinin uzaklagsmasi saglanmis, gradient program bittikten sonra kolonu dengeye
getirmek amaciyla kolondan 10 dakika mobil faz gecirilmistir.

2.3. Bakteriyel suslar ve antibakteriyel aktivite

Caligmada farkl servislerden kan, balgam, yara, kulak 6rneklerinden izole edilen ve daha dnce konvensiyonel
yontemlerle tiplendirilmis, Eczacilik Fakiiltesi bakteri stogunda yer alan S. aureus (6), S. epidermidis (3) ve S. hominis
(5) suslart ile standart B. cereus ATCC 11778, E. faecalis ATCC 29212, S. aureus ATCC 25923, MRSA ATCC 43300,
C.violecium ATCC 12472, E. coli ATCC 25922, P. aeruginosa ATCC 27853, P. aeruginosa PAO1 suglar1 kullanilmustir.
Ceviz ara kabuk ekstraktlarinin antibakteriyel etkileri agar kuyucuk yontemi kullanilarak test edilmistir (Holder and
Boyce, 1994). Luria-Bertani besiyerinde 37 °C’de bir gece siireyle iiretilen bakteriler, ertesi giin 0,5 McFarland bulanik
degerine gore siispansiyonlar hazirlanmistir. 5 ml soft agar (%0,5 agar) igerisine 100 pl 0,5 McFarland bulaniklikta
hazirlanmig olan bakteri siispansiyonundan eklenerek petrilerde hazirlanmis olan Miiller-Hinton agar besiyeri {izerine
dokiilmiistiir. Bir siire kurumaya birakilan besiyerleri lizerinde 6 mm ¢apinda cam pipet yardimi ile kuyucuklar acilmis
ve kuyucuklar igerisine 100 pl bitki ekstraktlart eklenmistir. 35°C’de 24 saat inkiibasyon sonunda olugan zon caplari
Olciilerek antibakteriyel aktivite belirlenmistir.

2.4. Istatistiksel analiz

Deneyler tesadiif parselleri deneme desenine gore ti¢ tekrarl yiiriitilmiis olup, elde edilen veriler JMP 8 paket
istatistik programi kullanilarak varyans analizine tabi tutulmustur. Istatistiksel farkliliklar LSD ¢oklu karsilagtirma testi
ile harflendirilmistir.
3. Bulgular
3.1. Fenolik bilesen

Metanol ve etanol ile hazirlanan ceviz ara kabuk ekstraktlarinda HPLC analizi sonuglarina gore varligi arastirilan
23 fenolik bilesen Tablo 2’de verilmis olup, tespit edilen fenolik asit (gallik asit, protokatesik asit, p-hidroksi benzoik
asit, p-kumarik asit, rosmarinik asit) ve flavonol (katesin, epikatesin, rutin) bilesenlerinin tamaminin metanol ekstraktinda
daha fazla oranda oldugu saptanmustir. Ayrica fenolik asit standart kromatogrami ile ekstraktlara ait fenolik bilesen

profilleri Sekil 1, Sekil 2 ve Sekil 3 de verilmistir.

Tablo 2. Ceviz ara kabuk ekstraktlari fenolik bilesen i¢erikleri

Icerik Etanol (ug.g Metanol (ug.g)

Fenolik asitler
gallik asit 5,2 16,1
protokatesik asit 29,6 56,4
p-hidroksi benzoik asit 19,9 27,3
klorojenik asit * *
kafeik asit * *
siringikasit * *
vanilin * *
p-kumarik asit 55 10,7
ferulik asit * *
sinapinik asit * *
benzoik asit * *
o-kumarik asit * *
rosmarinik asit 193,3 339,2
sinnamik asit * *

Flavonoller
katesin 94,4 201,4
epikatesin 98,1 181,2
rutin 88,3 158,7
hesperidin * *
eriodiktiol * *
quercetin.2H20 * *
luteolin * *
kamferol * *
apigenin * *

* tespit edilmedi
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Sekil 1. Fenolik bilesen standart kromatogrami. Standartlar: 1. Gallik asit 2. Protokatesik asit 3. Katesin 4. p-hidroksi
benzoik asit 5. Klorojenik asit 6. Kafeik asit 7. Epikatesin 8. Siringic asit 9. Vanilin 10. p-Kumarik asit 11. Ferulik asit
12. Sinapinik asit 13. Benzoik asit 14. o- kumarik asit 15. Rutin 16. Hesperidin 17. Rosmarinik asit 18. Eriodiktiol 19.
Sinnamik asit 20. Quersetin 21. Luteolin 22. Kamferol 23. Apigenin.
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Sekil 2. Ceviz ara kabuk etanol ekstraktina ait fenolik bilesen kromotogrami.1.Gallik asit 2. Protokatesik asit 3. Katesin
4. p-hidroksi benzoik asit 7. Epikatesin 10. p-Kumarik asit 15. Rutin 17. Rosmarinik asit.
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Sekil 3. Ceviz ara kabuk etanol ekstraktina ait fenolik bilesen kromatogrami. 1. Gallik asit 2. Protokatesik asit 3. Katesin
4. p-hidroksi benzoik asit 7. Epikatesin 10. p-Kumarik asit 15. Rutin 17. Rosmarinik asit.
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3.2. Antibakteriyel aktivite

Ceviz ekstraktlarinin antibakteriyel etkileri agar kuyucuk yontemi ile {i¢ tekrarli olarak test edilmistir. Elde edilen
verilere gére referans suslar {izerinde her iki ekstrakt farkli oranlarda antibakteriyel etki gdsterirken Gram-negatif
suslardan ise sadece C. violaceum ATCC 12472 antibakteriyel etki gozlenmistir (Tablo 3). Ekstraktlarin bakteriler
iizerindeki MIC degerleri Tablo 4 de verilmis olup, en diigsitk MIC degeri etanol ekstraktinda 1,01 mg/ml olarak tespit
edilmis ve MRSA ve B. cereus suslari tizerinde etkili olmustur.

Tablo 3. Ekstraktlarin referans suslar {izerinde antibakteriyel etkisi

S. aureus (G+) MRSA (G+) B. cereus (G+) E. faecalis (G+)
ATCC 25923 ATCC 43300 ATCC 11778 ATCC 29212
CN (100 pg/ml) 15,3 ¢** 15,3 b** 19,7 a** 15,0 a**
EtOH 17,3 b 170a 16,7b 12,0b
MeOH 19,7 a 16,0 b 16,7b 12,3b
C. violeceum (G-) E. coli (G-) P. aeruginosa (G-) P. aeruginosa (G-)
ATCC 12472 ATCC 25922 ATCC 27853 PAO1
CN (100 pg/ml) 13,79 Ed Ed Ed
EtOH 13,7 Ed Ed Ed
MeOH 15,0 Ed Ed Ed

CN: gentamisin. Aym harfi alan ortalamalar arasindaki farklilik istatistiksel olarak énemsizdir (**p<0,01). Od; dnemli
olmayan istatistiksel farkliligi gostermektedir. Ed; etkili degil.

Tablo 4. MIC degerleri (mg/ml)

S.aureus (G+)  MRSA (G+) B.cereus (G+)  E.faecalis (G+) C. violaceum (G-)
ATCC 25923 ATCC 43300 ATCC 11778 ATCC 29212 ATCC 12472
EtOH 2,125 1,01 1,22 2,125 2,125
MeOH 1,22 1,22 1,22 1,22 1,22

Tablo 5. Ceviz ara kabuk etanol ve metanol ekstraktlarinin S. epidermis klinik izolatlar1 {izerine antibakteriyel etkisi

Ornek Klinik Inhibisyon

yeri izolat Zon ¢ap1 (mm)

kan 5196 16,3 ab*
CN (100 pg/ml) kan 7445 17,0a

kan 8461 15,3 b

kan 5196 130c
EtOH kan 7445 16,3 ab

kan 8461 13,7¢c

kan 5196 130c
MeOH kan 7445 170a

kan 8461 130c

CN: gentamisin. Ayni harfi alan ortalamalar arasindaki farklilik istatistiksel olarak 6nemsizdir (*p<0,05). Harflendirme
¢oziici*klinik izolat interaksiyonu karsilastirmasini gostermektedir.

Metanol ve etanol ekstraktlarinin klinik izolatlar tizerindeki antibakteriyel etkilerine bakildiginda S. epidermis
izolatlar1 iizerinde pozitif kontrol ile kiyaslandiginda ayni oranda antibakteriyel etki gdsterdikleri bazi suslarda ise
kontrole gore etkinliklerinin daha az oldugu goriilmiistiir (Tablo 5).

Metanol ceviz ekstraktinin farkli dokulardan izole edilen S. hominis izolatlar {izerine etkisi sonucu olusan zon
¢aplar1 16 mm ile 19 mm arasinda degiskenlik gdstermis olup, benzer sonuglar etanol ile de elde edilmis ve bulunan bu
sonuglarin pozitif kontrol ile kiyaslandiginda istatistiksel a¢idan da anlamli oldugu tespit edilmistir (Tablo 6). Benzer
sonuglar S. aureus izolatlari iizerinde elde edilmis olup her iki ekstraktin klinik izolatlar iizerinde gdsterdigi antibakteriyel
etki istatistiksel olarak anlamli bulunmustur (Tablo 7).
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Tablo 6. Ceviz ara kabuk metanol etanol ekstraktlarinin S. hominis klinik izolatlar1 iizerine antibakteriyel etkisi

Ornek Klinik inhibisyon
yeri izolat zon ¢ap1 (mm)
kan 801 17,3 c-e**
kan 6858 14,7 gh
CN (100 pg/ml) kan 7524 14,3 h
kan 8460 15,7 f-h
kan 9558 15,7 f-h
kan 801 19,0 ab
kan 6858 17,3 c-e
EtOH kan 7524 19,0 ab
kan 8460 18,3 a-c
kan 9558 16,3 d-f
kan 801 19,0 ab
kan 6858 17,7 b-d
MeOH kan 7524 19,7 a
kan 8460 19,0 ab
kan 9558 16,0 e-g

CN: gentamisin. Ayni harfi alan ortalamalar arasindaki farklilik istatistiksel olarak 6nemsizdir (**p<0,01). Harflendirme
¢oziicii*klinik izolat interaksiyonu karsilastirmasini gostermektedir.

Tablo 7. Ceviz ara kabuk metanol etanol ekstraktlarinin S. aureus klinik izolatlar1 tizerine antibakteriyel etkisi

Ornek Klinik Inhibisyon
yeri izolat zon ¢ap1 (mm)
yara 1277 14,3 de**
balgam 5366 17,3 ab
kan 5914 15,3 c-e
CN (100 pg/mi) kan 5916 15,0 de
kulak 7095 14,3 de
yara 9428 16,0 a-d
yara 1277 15,0 de
balgam 5366 15,3 c-e
kan 5914 17,7a
EtOH kan 5916 17,0 a-c
kulak 7095 16,0 a-d
yara 9428 140e
yara 1277 15,7 b-e
balgam 5366 15,7 b-e
kan 5914 17,3 ab
MeOH kan 5916 17,0 a-c
kulak 7095 15,7 b-e
yara 9428 140e

CN: gentamisin. Ayni harfi alan ortalamalar arasindaki farklilik istatistiksel olarak énemsizdir (**p<0,01).
Harflendirme ¢6ziicli*klinik izolat interaksiyonu kargilagtirmasini géstermektedir..

4. Sonuclar ve tartisma

Bitkiler geleneksel tedavi yontemlerinde siklikla kullanilmakta olup, bunun yani sira igerdikleri etken maddeler
ile kozmetik ve ilag sektdriinde de aktif olarak kullanilmaktadir. Antimikrobiyal aktivite ¢alismalarinda yogun olarak
kullanilan bitkilerin igerdikleri fitokimyasallarin tespiti de bu ¢aligmalara eslik etmektedir. Yapilan bu ¢alisma ile ceviz
ara kabuklar1 farkli ¢oziicliler kullanilarak ekstrakte edilmis ve Gram-pozitif, Gram-negatif bakteriler lizerinde
antibakteriyel etkileri aragtirilmistir. Ayrica metanol ve etanol ekstraktlarinda HPLC analizi ile 23 farkl fenolik bilesenin
varlig1 arastirilmistir (Tablo 1). Etanol ekstraktinin fenolik madde igerigine bakildiginda, gallik asit, protokatesik asit,
katesin, p-hidroksi benzoik asit, klorojenik asit, kafeik asit, epikatesin, siringic asit, vanilin ve p-kumarik asit i¢erdigi
goriilmiistiir. En yiiksek bilesen rosmarinik asit olup 193,3ug/ml olarak tespit edilmis bunu sirasiyla epikatesin (98,1
pg/ml), katesin (94,4 pg/ml) ve rutin (88,3 pg/ml) izlemistir. Metanol ekstraktinda ise ayn1 bilesenler tespit edilmis olup
oranlarinin daha yiiksek oldugu gozlenmistir. Rosmarinik asit en yliksek oranda tespit edilirken katesin, epikatesin, rutin
sirastyla 339,2 pg/ml, 201,4 pg/ml, 181,2 pg/ml, 158,7 pg/ml olarak bulunmustur (Tablo 2). Ceviz bitkisi zengin fenolik
icerige sahip olup, yesil ceviz meyvesi ile yapilan bir ¢aligmada, etanol-su ekstraktinda farkli miktarlarda 17 fenolik
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bilesen tespit edilmis, bu bilesenler icerisinde katesin oraninin ¢ok yiiksek (530.80 mgGAE/L) oldugu tespit edilmistir
(Cosmulesco et al., 2014).

Ceviz yaprak ekstrakti ile yapilan bir calismada ise kuersetin tiirevleri hisperosit, isokuersitrin, avikularin,
kaffeik asit tiirevleri (klorojenik ve neoklorojenik asit, ayrica apigenin tiirevleri isoviteksin ve juglanin tespit edilmistir
(Pirvu et al., 2011). Bitki materyallerinden fenolik bilesenlerin etkili ekstraksiyonu dogru yontem, bilesenlerin yapisi ve
kullanilan ¢6ziiciiye de baghdir. Bitkilerdeki polifenoller genellikle polar ¢oziiciilerde daha etkin elde edilmekte olup bu
amagla etanol, metanol, aseton ya da etil asetatin sulu ¢ozeltileri tercih edilmektedir (Do et al., 2014). Ceviz ara
kabugunun metanol ve etanol ekstraktlarinin fenolik igerigine bakilan bu ¢alismada, metanol ile hazirlanan ekstraktta
tespit edilen fenolik madde miktarinin daha fazla oldugu fakat her iki ¢6ziicii ile elde edilen bilesenlerin ayni oldugu
gozlenmistir. Yesil ceviz meyvesi fenolik madde iceriginin arastirildigi bir ¢calismada ise iki farkli tiir ceviz de metanol
ve etanol ile hazirlanan ekstraktlarda gallik asit, klorojenik asit, protokatesik asit ve katesin tespit edilmis olup, fenolik
madde miktarlart bu galisma ile paralel sonug gdstermis ve metanol ekstraktinda elde edilen fenolik igerigin daha fazla
oldugu gozlenmistir (Jakopic et al., 2009).

Oral enfeksiyon etkeni bakterilerle yapilan bir ¢aligmada ceviz kabugu etanol ve su ekstraktinin antibakteriyel
etkisi arastirilmig, c¢alisilan S. sanguis, S. mutans, S. salivarius ve S. aureus bakterileri tizerinde etanol ekstraktinin
antibakteriyel etkisinin suya gore daha fazla oldugu bulunmustur (Zakavi et al.,2013). Ceviz yapraklarinin etanol ekstrakti
ile yapilan bir ¢alismada en fazla antibakteriyel etki Gram-pozitif S. epidermidis tizerinde g6zlenirken Gram negatif P.
aeruginosa ATCC 9027 iizerinde de antibakteriyel etki gbzlenmis, S. aureus ATCC 6538 {izerinde ise antibakteriyel etki
goriilmemistir (Nicu et al., 2018). Bitkilerin bakteriler tizerinde gosterdikleri bakterisit etkileri igerdikleri flavonoidler
sayesinde bircok etki mekanizmasi ile olup bunlardan birinin niikleik asit biyosentezini inhibe ederek ya da farkli
molekiiler proseslerle gerceklestigi bilinmektedir (Baba and Malik, 2015; Cushnie and Lamb, 2005). Fenolik bilesenler
antimikrobiyal etkilerini genellikle membran seviyesinde gostermektedirler. Ornegin fenol, hiicre zar1 fonksiyonlarint
degistirerek, protein yag oranini etki etmekte ve potasyum iyonlarinin digart akisini tesvik etmektedir. Yine katesinler ve
epigallokatesin gallat, lipid tabakasini etkileyerek membranin pargalanmasina neden olmakta ve hiicre biitlinliigii bozulan
hiicrenin 6liimle sonuglanmasina neden olmaktadir (Keweloh et al., 1990; Heipieper et al., 1991; Hashimoto et al., 1999;
Yiicel Sengiin and Yiicel, 2015).

Idrar yolu enfeksiyonu etkeni farkl tiirler ile yapilan bir ¢alismada ceviz hekzan ekstraktinin Gram-negatif E.
coli (22 mm) ve P. aeruginosa (12 mm), K. pneumonia (16 mm) bakterileri {izerinde de antibakteriyel etkisinin oldugu
tespit edilmistir (Allaie et al., 2018). Ceviz yapraklarinin etanol-su ile hazirlanan ekstrakti ile yapilan bir bagka ¢alismada
ise S. aureus tizerinde antibakteriyel etkiye sahip oldugu rapor edilmistir. Ayrica Gram-negatif E. coli {izerinde de ayni
etkiyi gormiislerdir (Saltan Citoglu and Altanlar, 2003). Ceviz yesil kabuk ve yapraklarinin metanol ve su ekstraktlari ile
yapilan bir ¢alismada ise her iki bitki kisminin metanol ekstraktinin su ekstraktina oranla S. aureus iizerinde daha fazla
antibakteriyel etkiye sahip oldugu gozlenmistir (Yigit vd., 2009). Iran’da yetisen bir ceviz tiiriiniin endokarp ve ekzokarp
dokularinin ekstraksiyonu ile yapilan bir ¢alismada ise S. aureus tizerinde metanol ekstraktinin sirastyla 25 mg/ml ve 50
mg/ml MIC degerleri ile antibakteriyel etki gosterdigi bulunmustur (Moghaddam et al., 2017). Yapilan bu ¢aligmada ise
metanol ekstrakti MIC degeri antibakteriyel etki goriilen tiim bakteriler i¢in 1,22 mg/ml olarak bulunmustur. Bitki
ekstraktlari ile yapilan birgok ¢aligmada Gram-pozitif bakterilerin Gram-negatif bakterilere oranla daha hassas olduklari,
bitki bilesenlerinin Gram-pozitif bakteriler {izerinde antibakteriyel etkinliginin daha fazla oldugu goriilmiistiir. Bu
durumun bakteriler arasindaki hiicre duvar yapisindaki farkliliklardan kaynaklandigr ve Gram negatif bakterilerin dis
membraninin hidrofobik bilesiklere karsi koruyucu bir bariyer gelistirmesinden kaynaklandigi tespit edilmistir
(Puupponen-Pimia et al.,2001; Erdogan, ve Everest, 2013).

Ceviz kabuklarinin etanol ekstrakti ile yapilan bir ¢caligmada ise S. aureus ATCC 6538, iizerine antibakteriyel
etkisinin ¢ok diigiik oldugu gozlenmistir (Kale et al., 2011). Antibakteriyel aktivite caligmalarinda ayni bitkilerle yapilan
calisma sonuglar1 arasindaki farklilik kullanilan ¢oziiciilerden baska bitkinin yetistirildigi cografya ve iklim kosullarina
bagli olarak yapilarinda bulunan sekonder metabolitlerin ¢esit ve miktarmin farkli olmasinda kaynaklanmaktadir
(Koohsari et al., 2015)

Yapilan bu caligma ile ceviz ara kabugunun fitokimyasal igerigi ve bazi bakteriler iizerindeki antibakteriyel
Ozelligi arastirilmis olup, ceviz yaprak, yesil dis kabuk, kuru i¢ kabuk ve meyvesinde oldugu gibi ara kabugunda da bir¢ok
faydali bilesenin oldugu tespit edilmistir. Metanol ve etanol ¢oziiciileri ile ekstrakte edilen ara kabuklarin farkl
servislerden izole edilen klinik stafilokok izolatlar1 ile referans suslar tizerinde de antibakteriyel etkinlige sahip oldugu
gbzlenmigtir. Bundan sonraki ¢alismalarda besin olarak tiiketilmeyen bu kisimlarin sahip olduklart diger bilesenlerin
varlig1 aydinlatilmaya ¢alisilabilir ve farkli mikroorganizma tiirleri ile de antimikrobiyal etkinlikleri arastirilabilir. Ayrica
bundan sonraki ¢aligmalarda in vivo etkinlikleri arastirtlarak bazi sentetik antibiyotiklere alternatif olarak kullanilmasi
diistintilebilir.
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Abstract

In this study, it is aimed to determine and compare the varieties of indicator algae that may be of economic
importance in Sarisu Creek which is born from Olympos Mountains and poured into Antalya Bay. Samples from 3 stations
from epirhitral region to potamal area in Sarisu Creek samples were collected from different habitats including epilithic,
epiphytic and epipelic. In the Sarisu Creek, a total of 72 algal taxa are identified. It is observed that Bacillariophyta
division with 54,1%, is the most represented group, while Chlorophyta 25,2%, Cyanobacteria 14,2%, Euglenophyta 2,8%
and Dinophyta 2,8% are also recorded, respectively. Species belonging to Cymbella, Gomphonema, Nitzschia,
Oscillatoria, Phormidium and Euglema species were determined as pollution indicators.

Key words: Sarisu Stream, algae, pollution, indicator species

*

Epipelik, Epifitik ve Epilitik Indikator Alg Tiirlerinin belirlenmesi; Sarisu Cay1 (Antalya) 6rnekleme alam

Ozet

Bu ¢aligmada, Olimpos daglarindan dogan ve Antalya korfezine dokiilen Sarisu Cayindaki kirlilik indikatorii ve
ekonomik 6nemi olabilecek alg tiirlerini belirlemek ve karsilastirma yapmak amaciyla yapilmustir. Sarisu ¢ayinda
epirhitral bélgeden potamal bolgeye kadar 3 istasyondan drnekler Numuneler epipelik, epifitik, epilitik olmak iizere farkl
habitatlardan toplanmustir. Sarisu c¢ayinda bes divisio ya ait toplam 72 alg taksonu tespit edilmistir. Belirlenen
divisiolarindan en yaygin ve dominat olan1 %54,1 ile Bacillariophytadir. Diger divisyolar ise sirastyla, Chlorphyta %25,2
Cyanobacteria %14,2 Euglenophyta 2,8 ve Dinophyta %2,8 olarak bulunmustur. Kirlilik indikatorii olarak Cymbella,
Gomphonema, Nitzschia, Oscillatoria, Phormidium ve Euglema cinslerine ait tiirler tespit edilmistir.

Anahtar kelimeler: Sarisu Cayz, algler, kirlilik, indikator tiir
1. Giris

Canliligin devamu i¢in hayati 6nemi olan su, biitiin canlilarin yapisina girmesi, metabolik olaylar igin en basta
gelen bir hayat maddesi 6zelligini tagimasi ve ayrica bir hayat ortami olmasi nedeniyle yiizyillardir insanoglunun dikkatini
¢ekmistir. Canlilar i¢in bu kadar 6nemli olan suyun 6zellikleri ve su ortamina adapte olmus, biitiin fizyolojik olaylarini
su icerisinde gerceklestiren canlilarin bilinmesi de son derece 6nemlidir (Atic1 ve Akiska, 2005). Algler, besin zincirinin
ilk halkasini olusturmalar1 ve akarsulardaki heterotrof organizmalarin besin ve oksijen kaynagi olmalar1 bakimindan
biyolojik agidan 6nemli organizmalardir. Alglerin 6nemi bununla da sinirli kalmamaktadir. Bu organizmalardan tip, boya,
kozmetik, ilag, tekstil, giibre, gida sanayinde ve biyoteknolojide de yararlanilmaktadir. Ayrica giiniimiizde hizla artan
niifus ve bunun beraberinde getirdigi beslenme, sanayi gelisimi ve ¢evre kirliligi gibi sorunlara algler iizerine aragtirmalar
yapilarak ¢oziimler aranmaktadir. Alglerin sulardaki tiir ¢esitliligi ve dagilimlar1 o ortamdaki heterotrof organizmalarin
konumuyla ve besin tuzlar ile ilgilidir. Su kirliliginin belirlenmesinde de, kirlilik indikatdrii olarak bilinen tiirlerden
yararlanilmaktadir (Solak ve Acs 2011, Rimet 2012; Atict ve Udoh, 2016).
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Iki kitay birbirine baglayan bir yarimada niteliginde olan iilkemiz, i¢ su kaynaklari yoniinden de son derece
zengindir. 906118 ha. dogal gol, 18000 ha. baraj golii ve 145000 km. uzunlugundaki akarsu agina sahiptir (Yavuz ve
Cetin, 2000). Bu kadar zengin i¢ su kaynaklarina sahip tilkemizde, primer prodiiktiviteye direkt etkisi olan diyatomelerin
tespiti, lilkemiz i¢in biiyiilk 6nem tasimaktadir. Cagimizin en biiyiik problemlerinden biri olan ¢evre ve su kirliligi, tiim
diinyada oldugu gibi iilkemizde de giin gectik¢e artmaktadir. Su kaynaklari, yogun ve carpik endiistrilesme ile hizli niifus
artis1 sonucu gittikge kirlenmekte ve boylece yararlanilabilir temiz su kaynaklar1 azalmaktadir. Sucul ekosistemlerdeki
alglerin say1 ve zenginlikleri, bulunduklar1 su ortaminin verimliligi hakkinda bilgi verirken kirlilik indikatorii olan bazi
alg tiirleri de, yine bu ortamlardaki kirlilik derecesinin belirlenmesinde dnemli 6l¢iit olmaktadir.

Silisli algler olarak bilinen diyatomeler ise tatli su ve denizlerde bol olarak bulunan énemli bir alg grubudur.
Diyatomelerin hiicre duvari (kabuk) silisli yapidadir. Hiicre duvari, bir kutunun birbiri {izerine kapanan iki kapagi
seklindedir. Diyatomelerin hiicre duvart parcalanmaya karsi direngli oldugundan, géllerin gegmis yillardaki durumlarini
inceleme amactyla kullanilirlar. Algler fotosentetik organizmalar olarak sucul ekosistemin en 6nemli grubunu temsil eder.
Alglerle ilgili olarak Biyoindikator tiir belirleme ¢aligmalari; bir tiirdeki ekolojik etkinin ne derece de oldugunu, yada
etkinin var olup olmadigini tanimlamak igin yapilmaktadir. Tek hiicreli veya koloni olusturmus mikroskobik formlardan
ipliksi, tallus yapis1 gdsteren veya yabanci parankimatik dokulu makroskobik formlara kadar bircok sekilde olabilirler.
Su igerisinde planktonik olarak serbest halde bulunabildikleri gibi, bentik olarakta bulunabilirler. Bu habitatlar; epilitik
(taslar tizerinde), epifitik (sucul bitkiler {izerinde) ve epipelik (sediment {izerinde) olarak bilinir (Round, 1984).

Sarisu ¢ay1 Antalya ili Konyaalti1 bolgesinin giiney batisinda yer alir. Sarisu ¢ayr Olimpos daglarinin yiiksek
kesimlerdeki eriyen kar sular1 ile beslenerek birkag kiigiik yan kollarin birlesmesi ile olugarak kisa bir akistan sonra denize
dokiiliir. Bahar aylarinda 500-600 1/s civarinda akimi olan ¢ayin yaz ve sonbahar donemlerinde kurudugu gézlenmektedir
(Sekil 1) (www.googleearth.com).

Bolgede simdiye kadar alglerle ilgili bilimsel bir ¢alisma yapilmamistir. Bu nedenle Sarisu Cayr’n da
biyoindikatdr tiirlerin belirlenmesi bélge i¢in dnem arz etmektedir. Indikator olarak kullamlabilen ¢ok farkli organizmalar
vardir. Indikatér alg tiirlerinin arastirildig: bu ¢alismada, tathi su kaynaklarindaki alglerin tespiti ve Tiirkiye tatli su
indikatdr alglerinin belirlenmesi agisindan da 6nemlidir.

N Gurcistan, =

dermad

N -

Ermenistan %

Sekil 1. Caligma alan1 genel goriiniimii (www.googleearth.com)

2. Materyal ve yontem
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Sarisu Cay1 kirlilik indikatori algleri belirlemek ve karsilagtirma yapmak amaciyla, Sarisu Cayindan epirhitral
bolgeden potarnal bolgeye kadar ii¢ istasyon belirlenmistir. Subat 2013 ve Haziran 2013 tarihlerinde yapilan drnekleme
calismasinda, farkli habitatlardan (epilitik, epifitik ve epipelik) alinan drnekler tiir teshisleri igin laboratuara getirilmistir
(APHA, AWWA, WEEF, 2005). Olimpus CX41RF model mikroskop ile incelenip, ¢esitli kaynaklardan (Gerrath ve
Denny, 1980; Smol ve Stoermer, 2010; Huber, 1982; Korshikov, 1987: Prescott, 1987; Wehr vd., 2003; John vd., 2002;
Graham vd., 2009; Lee, 2008 ve http://turkiyealgleri.omu.edu.tr) faydalanilarak tiir tayinleri tamamlanmustir.

Belirlenen istasyonlardan alinan numunelerden teshis edilen tiirler bulunduklar: habitatlara gore listelenmis ve
kaynak bolge ile antropojen kirlilige maruz kalmis bolge algleri karsilastirilmistir. Kirlilige adapte olmus ve besin
tuzlarindan yeteri kadar faydalanan dolayis: ile diger tiirlere gore sayica bol olan indikatdr algler belirlenmistir. Diinyada
ve Ulkemizde yapilmis olan benzer caligmalardan faydalanilarak belirlenmis olan kirlilik indikatorii tiirler ile de
karsilagtirilmasi yapilmistir.

3. Bulgular

Sarisu ¢ayinda toplam 72 farkli taksona ait alg tiirleri tespit edilmistir. Sarisu ¢ayinda yapilan ¢alismada Bacillariophyta
divisiosu %54,7 ile en fazla temsil edilen gurup olmustur, diger divisyolar ise sirasiyla, Chlorphyta %25,2 Cyanobacteria
%14,2 Euglenophyta 2,8 ve Dinophyta %2,8 olarak bulunmustur. Tespit edilen tiirler asagida Tablo 1’de alfabetik olarak
listelenmistir (www.algaebase.org). Suya ait sicaklik, yiikselti ve koordinatlar ise Tablo 2’de verilmistir.

Tablo 1. Sarisu Cay1 Alglerinin istasyonlara Gére Dagilimi (El:Epilitik; Ef: Epifitik; Ep: Epipelik)

Sarisu Cayl
Taxon 1. St 2. St. 3. St.
El | Ef | Ep El | Ef | Ep El | Ef | Ep
BACILLARIOPHYTA

Achnanthes sp. + + + + +
Achnanthidium minutissimum (Kiitzing)

. + + + +
Czarnecki
A_ulacoselra granulata var. Valida (Husted) + + + + +
Simonsen
Cocconeis linearis (W.Smith) Schonfeldt + + + + +
Cocconeis pediculus Ehrenberg + + + +
Cyclotella meneghiniana Kiitzing + + + +
Cyclotella sp. + + + + +
Cymbella cymbiformis C.Agardh + + + +
Cymbella helvetica Kiitzing + + +
Cymbella linearis @strup + + i3 + + + +
Cymbella neocistula Krammer + + + + +
Cymbella neolanceolata (C.Agardh) Kirchner + + + + +
Cymbella sp. + + + + +
Diatoma vulgare Bory + + + + + +
Diatoma elongatum var. minor Grunow + + + + +
Fragilaria acus (Kiiting) Lange Bertalot + + + + + +
Fragilaria capucina Desmazieres + + + +
Fragilaria sp. A A s s
Gomphonema olivaccum (Hornemann) + + + + + +
Brébisson
Gomphonema parvulum (Kiitzing) Kiitzing + + + + + +
Gyrosigma acuminatum (Kiitzing) Rabenhorst + + + + +
Melosira varians C.Agardh + + + A A +
Melosira italica var. valida Grunow + + +
Meridion circulare (Greville) C.Agardh + + + + + +
Navicula oblonga (Kiitzing) Kiitzing + + + +
Navicula splendida Van Landingham + + + + +
Navicula sp. + + + + +
Nitzschia truncatum (Kiitzing) W.Smith + + + A A +
Nitzschia linearis W.Smith + + + + +
Nitzschia trybloniella Hantzsch + + + +
Nitzschia sp. + + + + + +
Pantocsekiella ocellata (Pantocsek) K.T. a4 + 4 + + +
Kiss & E. Acs
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Pinnularia brebissonii (Kiitzing) Rabenhorst + + + + + +
Rhiocosphaenia abbreviata (C.Agardh) + + + +
Lange-Bertalot
Sellaphora pupula (Kiitzing) Mereschkovsky + + + + +
Surirella ovata Kiitzing + + + + +
Surirella ovalis Brébisson + + + + + + +
Tryblionella hungarica (Grunow) Frenguelli + + + + +
Ulnaria ulna (Nitzsch) Compére + + +
CHLOROPHYTA
Chlorella vulgaris Beyerinck + + + +
Cladophora fracta (O.F.Miiller ex Vahl) + + +
Kiitzing
Cladophora glomerata (Linnacus) Kiitzing + + + +
Closterium sp. A + 3 +
Cosmarium botrytis Meneghini ex Ralfs + + +
Cosmarium speciosum P.Lundell + + + + +
Cosmarium sp. + + +
Enteromorpha sp. + + + + +
Oedigonium sp. + + +
Oocystis sp. + + + + +
Pediastrum boryanum (Turphin) Meneghini + + + + +
Pediastrum tetras (Ehrenberg) Ralfs + +
Scenedesmus accuminatus (Lagerheim) + + + + +
Chodat
Scenedesmus sp. + + +
Spirogyra gratiana Transeau + + + + + +
Spirogyra princeps (Vaucher) Link ex Meyen + + + +
Spirogyra sp. + + + +
Ulothrix sp. + + + +
Zygnema sp. + +
CYANOBACTERIA
Lyngbya wollei (Farlow ex Gomont) Speziale + + + +
& Dyck
Lyngbya sp. + + + +
Merismopedia elegans A.Braun ex Kiitzing + + + +
Nostoc commune Vaucher ex Bornet & + + + +
Flahault
Oscilatoria princeps Vaucher ex Gomont + + +
Oscilatoria splendida Gravilla ex Gomont + + +
Oscilatoria sp. + + + +
Phornmidium tenue Gomont i aF + i
Spirulina subsalsa Oersted ex Gomont + +
Spirulina sp. + + + +
DINOPHYTA
Peridinium cinctum (O.F.Miiller) Ehrenberg A + s +
Gymnodinium sp. + + + +
EUGLENOPHYTA
Euglena sp. + + + +
Trachelomonas sp. + + +
Tablo 2. Sarisu Cayi istasyonlara ait sicaklik, yiikseklik ve koordinatlari
. Sicaklik (°C) .
Istasyon Subat Haziran Rakim (m) Koordinat

1. 5 25 170 N36 48 33.4 E30 32 19.6

2. 6 26 50 N36 48 54.1 E30 32 35.0

3. 10 30 5 N36 50 10.9 E30 35 39.9

4. Sonuglar ve tartisma

Giliniimiizde yapilan ¢esitli calismalarda (Guiry and Guiry, 2016; Cox, 1996; Van Dam, Mertens, Sinkeldam,
1994; Rimet, Cauchie, Hoffmann and Ector, 2005: Sladecek, 1973; Sladecek, 1986; Atici, 1997: Bellinger and Sigee,
2015; Hellawell, 1986) farkli su kalitesinde bulunan karakteristik indikator algler asagidaki sekilde zonlara ayrilmstir;
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Polysabrobic zonda Euglena, Oscillatoria, Phormidium

a -Mesosabrobic zonda Ulothrix, Oscillatoria, Stigeoclonium

B -Mesosabrobic zonda Cladophora, Phormidium, Scenedesmus, Pediastrum, Ulothrix, Voucheria
Oligosabrobic zonda ise Meridion, Lemanea, Batrachospermum cinsleridir.

Yukaridaki zonasyonda belirtilen alg tiirleri gibi benzer tiirler Sarisu ¢ayinda da tespit edilmistir (Tablo 3).
Bunlar Pediastrum, Oscilatoria, Ulothrix ve Phormidium cinslerine ait tiirlerdir. Tespit edilen alg tiirleri i¢erisinde bazi
cinsler sayica daha fazla goriilmektedir. Bunlar sirasiyla Cymbella 6, Nitzschia 5, Navicula 5, Oscilatoria 3, Pediastrum
3 ve Spirogyra 3 adet olarak belirlenmistir.

Ozellikle 3. Istasyon bolgesinde organik madde yogunlugunun ve fosfat miktarimin artti§i zamanlarda
Cyanophyta ve Euglenophyta iiyelerinin tiir gesitliliginin ve yogunlugunun arttig1 goriilmiistiir. Kirlenmenin oldugu
alanlarda kirlilik indikatorii olarak bilinen Euglena ve Oscillatoria iyi gelisme gostermistir. Akarsularimizda nadiren
goriilen Gymnodinium ve Peridinium tiirleri ise Sart su ¢ayinda yaygin olarak bulunmugtur. Bu bélgede akarsuyun
tasidigt organik yiik artmaktadir. Ekili tarim alanlarinda kullanilan giibre ve gesitli antropojenik etkilerde bu durumu
tetiklemektedir. Calisma alaninda istasyon bazinda yapilan karsilastirmada tiir yogunlugu bakimindan 3. Istasyon diger
istasyonlara gore daha fazla sayida tiir yogunluguna sahip olmus bunu sirasiyla 2. Istasyon ve 1. Istasyon takip etmistir.

Tablo 3. Sarisu Cay1 Polysabrobic zon, o -Mesosabrobic zon, B -Mesosabrobic zon ve Oligosabrobic zonlardaki Algleri

indikator tiirler Zonlar
BACILLARIOPHYTA
Cymbella cymbiformis Oligotrofik seviye
Cymbella neocistula Otrofik seviye
Cymbella neolanceolata Oligotrofik seviye
Gomphonema olivaceum Otrofik seviye
Nitzschia linearis Otrofik seviye
CHOLOROPHYTA
Cladophora fracta 3 -Mesosabrobik seviye
Pediastrum boryanum B -Mesosabrobik seviye
Pediastrum dubium B -Mesosabrobik seviye
Scenedesmus accuminatus f -Mesosabrobik seviye
Scenedesmus sp. B -Mesosabrobik seviye
Ulotrix sp. B —Mesosabrobik seviye

CYANOBAKTERIA

Oscilatoria princeps

Polysabrobik seviye,
o Mesosabrobik seviye
Polysabrobik seviye,
a Mesosabrobik seviye
Polysabrobik seviye,
o Mesosabrobik seviye
Polysabrobik seviye,
o Mesosabrobik seviye

Oscilatoria splendida

Oscilatoria sp.

Phormidium tenium

EUGLENOPHYTA
Euglena sp. Polysabrobik seviye

Algler su kalitesi belirlemede uzun vadede kullanilan temel organizma guruplarindandir (Dixit SS, Smoll and
Kingson, 1992; Round, 1993). Sakarya Nehrinde (Atici ve Yildiz, 1996) yapilan bir caligmada epilitik alglerden;
Melosira varians, Nitzschia dissipata, Navicula exigua, Navicula cuspidata, Cymbella, Gomphonema minutum,
Gomphonema olivaceum ve Surirella en baskin tiirler olarak rapor edilmistir. Kizilirmak nehrinde (Yildiz ve Ozkiran
1991) yapilan bir ¢alismada Navicula, Nitcschia, Cymbella, Surirella, ve Pinnularia ya ait taksonlarin yogun oldugu rapor
edilmistir. Aksu ¢ayinda yapilan bir ¢alismada (Kalyoncu , Barlas ve Yorulmaz, 2008) Nitcschia, Navicula, Cymbella ve
Gomphonema cinslerinin baskin oldugu gériilmistiir. Yine Kopriigay Nehrinde (Cigek ve Ertan, 2012) yapilan bir
calismada fiziksel kimyasal verilerle alg ¢esitliligi arasindaki bag kurulmaya ¢alisilmis ve Kopriicay Nehrinde Nitzschia
en ¢ok taksonla temsil edilmis, bunu Navicula, Gomphonema ve Cymbella tiirleri takip etmistir. Yukarida belirlenen
tiirlerden; Melosira, Nitzschia, Navicula, Cymbella, Gomphonema ve Surirella Sarisu ¢ayinda da goriilmiistiir. Caligma
alaninda 1. Istasyon erimis karsular1 tarafindan beslenen ve antropojenik etki gériilmeyen bdlge oldugundan burada
Cyclotella meneghiniana, Cymbella helvetica, Melosira italica, Ulnaria ulna, Cladophora fracta, Chrococcus sp.,
Closterium sp., Oedogonium sp. Pediastrum dubium, Scenedesmus sp., Zygnema sp, Lyngbya sp., Spirulina subsalsa,
Gymnodium sp. ve Trachelomonas sp. taksonlar1 belirlenmemistir. Buna karsin deniz seviyesine ¢ok yakin olan, yerlesim
yeri iginden gecen ve aritma tesisi ¢ikis suyunu alan ii¢iincii istasyonda ise Pediastrum dubium, Spirulina subsalsa ve
Trachelomonas sp. taksonlar1 goriilmiistiir.

Tablo 1 de belirlenen Oscillatoria tiirleri, Pediastrum tiirleri, Cyclotella tiirleri, Diatome tiirleri, Synedra tiirleri,
Achnanthes tiirleri, Cymbella tiirleri, Pinnularia tiirleri, Gomphonema tiirleri, ve Nitzschia tiirleri Ankara Cayinda (Atici
ve Akiska, 2005) kirlilige adapte olmus tiirler olarak belirlenmis organizmalardir.
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Antropojen kaynakli kirlilik ile organik ve inorganik artiklar tathisu kaynaklarina karigir. Organik atiklarin
anaerob veya aerob olarak pargalanmasi sonucu agiga ¢ikan fosfat ve azot bilesikleri algler i¢in 6nemli bir besin kaynag:
olugturmaktadirlar (Hellawell, 1986; Zhuzbayeva ve Atici, 2016). Bu durum tatlhi sularda bazi tiirlerin hizla gogalmasina
neden olur. Kirlilik toleransi olan tiirler hem temiz sularda hem de organik ve inorganik kirlilige maruz kalmis sularda
yasamini siirdiirebilirler. Temiz ortam tercihli tiirler ise yalnizca temiz kaynak sularinda yasamlarini siirdiirebilirler. Bu
calisma ile tatli su indikator algleri Sarisu ¢ayinda belirlenmeye calisilmis ve kirlilige toleransl algler belirlenmistir.
Ancak ileride bu su kaynaklarmin fiziksel ve kimyasal 6zellikleri de belirlenerek ¢aligma desteklenirse daha verimli
sonuclara ulasilabilir.
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Abstract

A shallow, eutroph and metal contaminated lake (one of the Ramsar sites in Turkey, Lake Uluabat) was investigated
from August 2004 to July 2005 to determine the defects at some mouthparts (mentum, mandible and epipharyngis) and antenna
of Chironomus (Camptochrinomus) tentans larvae. Although a total of 1800 chironomid larvae belonging twelve taxa were
found in Lake Uluabat, it was dominated by Chironomus (Camptochironomus) tentans Fabricius, 1805. A total of 327 C. (C.)
tentans were examined, 55.04% of which possessed defects. A total of 12 stations were sampled but all samples of C. (C.)
tentans, collected from two stations where water circulation is reduced, demonstrated the highest incidence of deformities during
the study. Defects were found in all mouthparts and antenna in C. (C.) tentans but mentum and epipharyngis defects were the
most frequent.

In each sample station, dissolved oxygen, temperature, pH and depth of the lake water were measured as in situ. In
addition, concentrations of eight metals (Pb, Zn, Cd, Cu, Ag, Cr, Fe and Ni) were measured monthly in lake water (for all
samples at each sampling station, n = 9) and sediment (n) monthly. = 9). Analyses of water and sediment from Lake Uluabat
showed the presence of metal pollutants such as zinc, nickel, lead and copper.

The relationship between defect and water-sediment toxicity relationship was analyzed by Correspondence Analysis.
According to the results, the total rate of defect were largely correlated with high amounts of Ni, Zn, Pb and Cd in sediment and
PO, pH in water. In mouthpart; the mentum defects positively correlated with Ag and Zn in sediment, SO,and COD in water
and negatively correlated with Cd in water and Cu in sediment; epipharyngis defect positively correlated with Zn in water and
with Ag in sediment. Antenna defects showed a statistically correlation with Cr in sediment and COD, NO3s—N, SO, in water.

Key words: Defects in Chironomidae larvae, Lake Uluabat

Chironomus (Camptochironomus) tentans (Chironomidae) larvalar1 anten ve agiz par¢alarindaki sekil bozukluklar: ve
habitat 6zellikleri ile iliskileri

Ozet

Tiirkiye’deki 6nemli Ramsar alanlarindan biri olan Uluabat Golii s18, 6trof ve metal ile kontamine olmus bir goldiir.
Chironomus (Camptochrinomus) tentans larvalarinin anten ve aguz pargalarindaki (mentum, anten, mandibul ve epifarinks)
sekil bozukluklarini incelemek amaciyla Agustos 2004-Temmuz 2005 tarihleri arasinda drnekler toplanmustir. Arastirmada
toplam 1800 chironomid larvasi incelenmis, Uluabat Goli’niin 12 Chironomid taxonu igerdigi ve Chironomus
(Camptochironomus) tentans Fabricius, 1805 tiiriiniin baskin oldugu tespit edilmistir. Toplamda 327 C. (C.) tentans incelenerek
bunlarin %55.04’iinde anten ve agiz pargalarinda sekil bozukluklarmin oldugu saptanmustir. Su sirkiildsyonunun azaldig iki
istasyondan toplanan tiim C. (C.) tentans 6rnekleri ¢aligma siiresince en yiiksek oranda sekil bozuklugunun tespit edildigi
orneklerdir. C. (C.) tentans larvalari tiim agiz parcalarinda sekil bozukluklar: tespit edilmis olup, bu normalden sapmalarin
mentum ve epifarinkste daha yaygin oldugu belirlenmistir.

Her bir 6rnekleme noktasinda, su 6l¢timleri (derinlik, pH, ¢6ziinmiis oksijen ve sicaklik) in situ olarak yapilmigtir. Ek
olarak, sekiz metalin (Cd, Cr, Pb, Cu, Ni, Fe, Zn ve Ag) gol suyunda (her bir istasyonda biitiin 6rnekler i¢in, n=9) ve sedimentteki
(n=9) konsantrasyonlari aylik olarak analiz edilmistir. Uluabat G6lii’nden sediment ve su analizleri nikel, ¢inko, bakir ve kursun
gibi metal kirleticilerin varlifina isaret etmektedir.

Anten ve ag1z parcalarindaki sekil bozukluklart ile su-sediment toksisitesi arasindaki iliski Correspondence
Analysis (Uyum Analizi) ile incelenmistir. Sonuglarimiza gore anten ve agiz pargalarmdaki toplam sekil bozuklugu orani
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sedimentte nikel, ¢inko, kadmiyum ve kursun, suda ise pH ve fosforun yiiksek icerikleri ile pozitif korelasyon gostermektedir.
Mentumdaki sekil bzukluklar ise sedimentteki Ag ve Zn, suda SO4ve COD ile positif korelasyon gosterirken, sudaki Cd ve
sedimentteki Cu ile negatif korelasyon gostermektedir. Anten sekil bozukluklari sedimentte krom, suda kimyasal oksijen
ihtiyaci, nitrat, siilfat ile pozitif korelasyon gostermektedir. Epifarinks sekil bozukluklari ise suda ¢inko, sedimentte glimiis ile
pozitif korelasyon gostermektedir. Epifarinksteki sekil bozulmalar sudaki Zn ve sedimentteki Ag ile pozitif korelasyon
gosterirken, anten yapisindaki bozulmalarin sedimentteki Cr ve sudaki COD, NO3;—N, SOs igerigi ile pozitif korelasyon
gosterdigi tespit edilmistir.

Anahtar kelimeler: Uluabat Go6lii, Chironomidae larvalarinda sekil bozukluklar
1. Introduction

Chironomidae larvae are approved as bioassay organisms by reason of spending most of their lifetime in the surface
of sediments where these organisms are subject of different toxicants. Given the ecological importance of the Chironomidae in
the dynamics of aquatic ecosystems, they were often used as bioindicators in studies monitoring water quality (Vermeulen,
1995; Warwick, 1985). The existence of deformed individuals among chironomid larvae shows toxic stress (Janssens de
Bisthoven, 1999). Therefore, their inclusion in community assessment adds inferring power to assess ecosystem health (Diggins
& Stewart, 1998). Chironomidae larvae, as apneustic aquatic insects, often represent an important part of the benthic fauna in
polluted aquatic systems. However, difficulties in identification often force the researcher to examine them at the tribe,
subfamily or family level (Armitage & Blackburn, 1985).

In Europe and America, many studies have showed the existence of defect (or deformities) in the larvae of several
chironomid genera (e.g. Procladius, Chironomus and Cryptochironomus spp.), and results strongly indicate that abnormalities
are associated with polluted sediments (Vermeulen, 1995). In Turkey, great efforts have been realized in the last three decades
to testing pollution in many lakes and rivers (including Lake Uluabat) (Dalkiran et al., 2006; Kékmen et al., 2007; Filik-Iscen
et al., 2008; Emiroglu et al., 2010; Camur-Elipek et al., 2010; Arslan et al., 2010a; Arslan et al., 2010b). However, much less
relevance is gave to the using of aquatic organisms for environmental bioassessments. Although determination of trace metals
in benthic invertebrates started several decades ago in Turkey, our knowledge of mouthpart and antenna defects in chironomidae
species is still limited.

The objectives of this paper are: (1) to elucidate and illustrate mouthpart and antenna defects (epipharyngis, antennae,
mentum, and mandibles) in larval C. (C.) tentans for the first time in Turkey, (2) to compare deformation severity in C. (C.)
tentans collected at different sites in the contaminated Lake Uluabat, and (3) to evaluate the effects of pollution on mouthpart
defects.

2. Materials and methods

Cd, Cr, Pb, Cu, Ni, Zn, Fe and Ag concentrations were examined monthly in lake water (for all samples at each
sampling station, (n=9), sediment (n=9)) between August 2004 and July 2005 from 12 sites in Lake Uluabat.

2.1. Study Area

Lake Uluabat (Lake Apolyont) is respected as one of the most important Bird Areas (IBA), both of in Turkey and in
the Palearctic region (Magnin and Yarar, 1997). It is situated between 62° 00" and 65° 00' E longitude and 44° 40" and 44°60' N
latitude in Bursa, Turkey, to the south of the Marmara Sea (Figure 1). The lake is currently evaluated as showing a typical
eutrophication character (Magnin and Yarar, 1997) and protected by the Ramsar Convention, 1998. The Uluabat Lake is a
shallow (maximally 3 m deep), but large freshwater lake, which encompass an area of between 135 and 160 km?, depending on
the water level. An expanding and large delta has been constituted by silt deposition around the mouth of Mustafakemalpasa
River in the southwest part and its single outlet is in the northwest part where it drains into the Kocacay River. Heavy metal
concentrations and water quality in Uluabat Lake were investigated in different studies and levels of metal accumulation were
reported (Turgut, 2005; Kazanci et al, 2010).

2.2. Sampling

C. (C.) tentans larvae were collected monthly (except during the winter season because of extreme weather conditions)
from twelve stations in Lake Uluabat. A variety of defects on the head capsule were observed and the same scoring system as
Lenat, 1993 was used. At each sampling site some parameters of water, dissolved oxygen, pH, depth and temperature were
measured in situ with a DOK-TAO mark portable water quality checker (WQC-22A). At the same time, 1 L in volume of water
samples were taken into plastic bottles at each sampling point and pH was adjusted to 2 by adding HNOj3, kept cool for metal
analysis in the laboratory. Sample bottles were washing with detergent and then keeping them in 50% HCI for 24 hours before
sampling. At the end, the bottles were washed with distilled water. Bottles were soaking in 1% nitric acid before their use. In
addition, at each sampling site sediment was collected from three random sites and mixed. The upper layers of sediment were
collected for metal analysis at all stations by using an Ekman-dredge (surface area 225 ¢cm?), taking small parts from the center
of the dredge by using a polyethylene spoon to beware contamination by metallic parts of the dredge.
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Maximum, minimum and average values of the environmental parameters determined in the lake water and sediment
are given in Table 1. At each sampling site, Chironomid larvae were collected by using an Ekman-dredge and sieving in situ
using a 200-um mesh size. They were fixed in 4% formalin in the field. All collected samples were identified to species level.
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Figure 1. a- Geographical situation of Lake Uluabat; b- Sampling stations; c- Lake Uluabat basin
2.3. Evaluation of metal concentrations

Cr, Cd, Pb, Cu, Ni, Zn, Ag and Fe were analyzed in sediments and the lake water. Bottom sediment which are air-
dried samples were dried for 3 hours at 105°C to use in metal analysis. After whole samples had been sieved by a nylon (0.5
mm), 0.5 g of each sample was sited in pyrex reactors of a CEM Star 2 microwave digestion unit. HCIO4:HNO; acids of 1:3
proportions for samples were placed in the reactors. Samples were mineralized for 30 minutes at 200°C later. The samples were
filtered by means of making their volumes up to 100 ml with ultrapure distilled water. Metals were identified by the flame
atomic absorption spectrophotometric (Varian Spectra A 250 Plus model) method (EPA, 1998; APHA, 1992; ASTM, 1985;
EPA, 2001). The metal analyses in bottom sediment and water were recorded as means triplicate measurements. In the FAAS
analysis, the following wavelength lines were used: Cr 357.9 nm, Pb 217.0/283.3 nm, Cu 324.8 nm, Ni 232.0 nm, Cd 228.8 nm
and Zn 213.9 nm. The analytical quality phase was also controlled by standard reference material NIST-SRM 1573a and certified
reference biological material of NCS DC73350.

2.4. Evaluation of defects in the larvae

The preserved larvae were moved to a petri dish including 10% KOH solution and kept in the solution to digest the
larval muscles for 24-48 hours. After then, the permanent slide mounts of the larvae were prepared following the method of
Epler (2001). The slide mounted larvae were defined to species level using available taxonomic keys (Sahin, 1991; Epler, 2001)
and some mouthparts (epipharyngis, mentum, mandibles) and antennae were examined for defect existence. The percentage of
defect was calculated with the following formula: % defect= (number of deformed larvae/total number of larvae examined)
x100. The severity of deformities was used as a standard to estimate the influences of pollution and was scored using the TSI
of Janssens de Bisthoven et al. (1998); Class 1 (CL.1-individuals without any morphological deformity); Class 2 (CL.2—
individuals with weak deformity): one or two round teeth, one additional or missing tooth, two joined teeth, one bifid tooth,
weak asymmetry,; Class 3 (CL. 3—individuals with strong deformity). Toxic Score = No.of Class | + 2. (No.of Class II) +
3.(No.of Class Il) * 100/ Total Number of Larvae.

2.5. Statistical analyses

The relationship between defect and water-sediment toxicity was analyzed by Correspondence (Greenacre and
Blasiusi, 1994; Ozdamar, 1999; Y1ldiz, 2004). Measurements were performed on samples obtained from Lake Uluabat on which
deformation on the some mouthpart and antenna of C. (C.) tentans was observed. Similarly, the analysis of metals in sediment
and water and the analysis of environmental parameters of water were also carried out. All these variables were normalized by
taking the average station based values; and then, by labeling non-deformed larvae as 1, deformed larvae as 2, and for the other
data, lower than average values as 1 and higher values as 2, they were categorized. The correspondence analysis was performed
with categorical variables. Later, the levels of the variables’ locations were given in a coordinate system. The relationship
between the levels of the variables was interpreted by using the cosine value (Cos(a)) of the angle between the lines that are
drawn from the levels to origin (Uzgoren and Uzgdren, 2007).
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3. Results

3.1. Elemental Analyses

Environmental parameters measured monthly at the sampling sites from August 2004 to July 2005 are given in Table
1. According to the results, the concentrations of copper, lead, zinc and nickel in the water samples were observed higher than
the limits of Regulation on Management of Surface Water Quality (2015). In addition, metals in the sediment of Lake Uluabat
were found at generally 100-200 times higher than in lake water (Table 1). Zinc was found in the highest concentrations in the
lake water at all sampling sites (except sites 5, 7, 8 and 9), while lead was measured in the highest concentrations at sites 5, 7,
and 8 (Fig. 2). These two metal concentrations in lake water were higher than the criteria maximum concentration (CMC) limits
given by the EPA (2006) (0.120 and 0.065 mg L%, respectively) (US EPA, 2006). According to average values, the metal levels
were as follows for the water in Lake Uluabat: Zn > Ag > Cu > Fe > Pb > Ni > Cr > Cd.

The metal concentrations were measured in the upper layer of the sediments of the 12 sampling sites varied
significantly. Except the essential metals (such as nickel and zinc), lead and copper were found in the highest concentrations at
3, 5 and 11 sampling sites. In addition, all the concentrations amounts of the eight investigated metals of the lake’s sediment
were found to be higher than those of lake water.

Table 1: Environmental parameters of Lake Uluabat in the investigated period from August 2004 to July 2005 (WT: water
temperature; BOD: Biological oxygen demand; DO: dissolved oxygen; COD: Chemical oxygen demand; DW; dry weight).

Limnological Parameters

Months DO BOD COD WT pH NOz— NOs-N NHs-N POs3
(mg (mg (mg 0 N (mg L) (mg L) (mg
LY LY LY (mg L LY
1
Aug.04 6.5 16.3 41.2 239 8.5 0.051 0.298 0.623 0.951
Sep. 04 5.4 13 39.1 231 8.2 0.075 0.788 0.153 0.493
Oct. 04 7.4 5.5 274 18.3 8.3 0.018 1.838 0.026 0.477
Nov. 04 9.3 35 27.7 12 8 0.041 1.533 0.138 0.466
Mar.05 6.4 10.8 45.6 13.4 8.8 0.036 1.147 0.128 0.323
Apr. 05 7.5 6.6 73.4 19.1 8.3 0.048 0.833 0.114 0.331
May. 05 7 7.1 70.8 225 8.3 0.028 0.708 0.083 0.148
Jun. 05 7.5 7.6 78.3 23 8.4 0.045 1.167 0.285 0.331
Jul. 05 6.3 18.2 66.4 25.7 8.8 0.044 0.617 0.463 0.302
Stations
1t 8.5 15.4 62.3 20.4 8.5 0.036 0.531 0.400 0.369
2nd 8.6 7.6 48.5 20 8.5 0.046 0.762 0.174 0.302
3rd 9.3 74 47.8 19.5 8.4 0.068 1.077 0.157 0.570
4tn 7.7 7.7 60.6 19.5 8.4 0.027 1.111 0.239 0.378
5t 9.2 7.8 56.3 19.7 8.5 0.052 1.012 0.128 0.281
6t 8.3 7.6 34.6 19.6 8.3 0.053 0.944 0.182 0.527
7th 7.5 8.1 51.6 20 8.3 0.036 1.103 0.202 0.314
gh 7.4 7.1 51.9 19.8 8.4 0.038 1.238 0.302 0.355
gth 7.7 14.6 41.6 21 8.4 0.051 0.749 0.222 0.532
10t 7.4 11.9 63 20.4 8.4 0.039 1.199 0.201 0.475
11 6.1 15.2 47.2 215 8.5 0.040 1.139 0.311 0.574
12th 54 6 73.6 18.8 8.4 0.021 1.074 0.114 0.306
Average concentration of metals (min.-max value+SD) in lake water and sediment
Cd Cr Pb Cu Ni Zn Fe Ag
Water 0.003 0.017 0.105 0.118 0.056 0.284 0.107 0.1375
(mg LY (nd.- (n.d.- (n.d.- (0.007- (n.d.- (0.363- (0.09-1.56) (0.048-
0.018) 0.132) 0.401) 0.337) 0.245) 3.85) 0.059)
Sediment 0.699 57.9 110.7 119.226 209.4 171 65.10 21.6
(DW,mgkg (nd.- (n.d.- (n.d.- (38.6- (75.6- (17.2- (58.6+154.89) (7.35£78.13)
D) 7.4) 132.7) 372.5) 289.8) 303.7) 395.73)

3.2. Defects in Chironomus (Camptochironomus) tentans

A total of 1800 chironomid larvae were examined from the twelve sampling sites. Chironomid larvae were
abundant in the sediments of Lake Uluabat, representing on average 12.3% of the benthic fauna. C. (C.) tentans was the
dominant chironomid species consisting 66.2% of the total chironomid limnofauna. Among the identified chironomid
species the highest frequencies of defects were found in C. (C.) tentans. A total of 327 C. (C.) tentans were examined,
55.04% of which possessed defects (Table 2). 4" instar C. (C.) tentans larvae which were deformed for some mouthparts
(mentum, mandibles, epipharyngis) and antenna are illustrated in Figure 2. Although defects were found in the mentum,
mandibles, epipharyngis and antennae in C. (C.) tentans, mentum and epipharyngis defects were the most frequent (Table
2 and Figure 2).
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Figure 2. Defects in Chironomus (Camptochironomus) tentans larvae collected from Lake Uluabat: Mouthpart
deformities; a-c: mentum deformities, d-e: epipharyngis deformities; and antenna deformities f-g: antenna

3.3. Statistical analyses

The most common type of mentum defect observed was the loss or strong reduction of median teeth, and
asymmetry in the number of lateral teeth and gaps in the mentum were very common. Epipharyngis defects were
characterized into two general types, ranging from the absence of the lateral teeth and asymmetry in the number of lateral
teeth as demonstrated in Figure 2a-c. Existence of extra lateral teeth was another deformity but it was very rare.
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Table 2. Defect frequencies (%) in larvae (n=327) of C. (C.) tentans collected from Lake Uluabat (Ss: Sampling stations;
TS: Toxic score)

Ss  Total tcéngn)s Class| ClassIl Class Ill Non-defect Defect Mentum defect TS
larvae Larvae  Rate (%) rates (%) (%)
1 172 54 26 27 1 26 16 39.3 48.2
2 202 50 21 27 2 21 14 37.9 40
3 132 42 24 18 - 24 14 55.6 45.4
4 75 3 - 3 - - 4 33.3 8
5 84 2 1 1 - 1 1 0 3,6
6 110 6 2 3 1 2 4 25 10
7 133 7 2 5 - 2 4 20 9,02
8 384 75 32 41 2 32 11 20.9 31.2
9 265 49 22 24 3 22 10 48.1 30
10 168 36 17 18 1 17 11 26.3 33.3
11 14 3 - 3 - - 21 66.7 43
12 61 : ; ; : : . 0 0

Correspondence analysis showed significant correlations between the deformed mouthpart (mentum,
epipharyngis) and antennae of C. (C.) tentans larvae and the environmental parameters of water and sediment. Mouthpart
defect incidence did not equally correspond to the environmental parameters of the water and sediment (Figures 3, 4 and
5). According to our results, the deformity rate showed a significant relation with high contents of Ni, Pb, Cd and Zn in
sediment and pH, PO4in water.
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Figure 3. Correlation coefficients between mouthpart defects and sediment metal concentrations

With regard to Correspondence analysis, Zn in water, Ag in sediment showed a significant positive relationship
with epipharyngis deformities, whereas Cu in sediment showed a significant negative relationship. In addition, it was
found that the relation between NOs—N, PO4, temperature, SO, and epipharyngis deformities were significantly directly
proportional. The mentum deformities positively correlated with Ag and Zn in sediment, SO, and COD in water and
negatively correlated with Cd in water and Cu in sediment. Antenna deformities positively correlated with Cr in sediment
and COD, NO3z-N, SO4 in water.

Naime ARSLAN et al., Antenna and mouthpart defect in Chironomus (Camptochironomus) tentans larvae (Chironomidae) and their relevance with
habitat characteristics



186

Biological Diversity and Conservation — 11 / 3 (2018)

Figure 4. Correlation coefficients between mouthpart defects and water metal concentrations
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Figure 5. Correlation coefficients between water parameters and mouthpart defects

4. Conclusions and discussion

It is known that Lake Uluabat is dominated by pollution-tolerant invertebrate taxa, like Nematoda, Oligochaeta,
Chironomidae spp. (Kokmen et al., 2007; Arslan et al., 2010a). Lake Uluabat is most likely contaminated with domestic
and waste agricultural chemicals and it also receives industrial discharges from surrounding areas (Filik-Iscen et al.,
2008). The larvae of the subfamily Chironomini are considered as filter or sediment feeders (Armitage and Blackburn,
1985). C. (C.) tentans belonging to the subfamily Chironominae was the most abundant chironomid in Lake Uluabat,
showing a higher rate of mouthpart defects. All samples of C. (C.) tentans, collected from stations 4" and 11" where
water circulation is reduced (Figure 1a) demonstrated the highest effects of defects throughout the study.

As is known, heavy metal contamination is a main cause of defects in the chironomid larvae (Martinez et al.,
2004; Bhattacharyay et al., 2005; Al-Shami et al., 2010). The metal concentrations were measured in the upper layer of
the sediments in the 12 sampling sites varied significantly. Except the essential metals (nickel and zinc), lead and copper
were measured in the highest concentrations at 3, 5 and 11 sampling sites. In addition, all the concentrations values of the
eight investigated metals of the sediment of the lake proved to be higher than those of lake water. Almost all deformed
C. (C.) tentans samples pertain to instar IV exposed to toxic sediment substances for the longest period. This indicates
that the high frequency of defects is related to high levels of sediment contamination. High lead and copper concentrations
were measured in the Uluabat Lake sediments (Table 1). The relationship between sediment metals (especially Ag, Zn,
Cr, Pb and Cd) and chironomid mouthpart defects was significantly positive. These results were in agreement with others
(Madden et al., 1992 and 1995; Bird, 1994; van Urk et al., 1992; Thornberg, 1995) who recorded an almost linear
relationship between increasing levels of heavy metals and deformity rates. In addition, our results show that the relation
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between deformity rates strongly correlated with pH, PO4, SO, NO3—N and COD in water. Janssens de Bisthoven et al.
(1994) were reported that the relationship between pollutants and defects is not always linear and depends greatly on the
pollutant involved. They found that defects in the mandibles correlated with exposure to heavy metals whereas the menta
and antennae were more sensitive to organic xenobiotic exposure.

The results of the present study are different from the results of Janssens de Bisthoven et al. (1994) because we
found that defects in the antennae and menta also correlated with metals Cr and Ag-Zn in sediment respectively.

As we mentioned before, zinc was found in the highest concentrations in the lake water at all sampling sites
(except sites 5, 7, 8, and 9), while lead was measured in the highest concentrations at sites 5, 7, and 8. Zinc in water
showed a significant positive relationship with epipharyngis defects and, in addition, mentum defects positively correlated
with Zn and Ag in sediment. Furthermore, the present study found a positive correlation between Cd and Pb in deformity
rates and sediments. Although zinc is known as an essential metal and cofactor of many enzyme systems among the
elements analyzed, it is clear that the high concentration of this metal, as well as Pb and Cd in water and sediment (either
alone or in combination), may be the agents inducing the mouthpart deformities.

Many contaminants have been recommended as causal agents for the deformities in chironomid larvae. However,
overview of the literature finds out that heavy metals generally are the only common factor. However, Simkiss and Taylor
(1989) reported that as with other metals, the uptake or toxicity of zinc in aquatic organisms is modified by environmental
conditions such as temperature, salinity and pH. In addition, lead and cadmium are very toxic to aquatic organisms and
pH, temperature, and water hardness are factors that affect its toxicity (Hellawell, 1998). In Lake Uluabat, the temperature
did not diverse along the lake, and a normal seasonal change was observed (Table 2). pH values were high and slightly
alkaline. The present study found a positive relationship between pH and epipharyngis deformity.

Janssens de Bisthoven et al. (1994) reported that a possible relationship between specific defect types and specific
contaminants, supposing that defect type can be used as a potential indication of the responsible contaminant. He showed
that Pb was most likely to be related to mentum defects while there was no certain relationship between Zn and Cu and
specific defects. However, Martinez et al. (2001) found that Pb and Zn set off defects in the mentum at a higher rate than
in the mandibles. They also reported that Zn was associated with higher rates of missing and fused mentum teeth.
Deformities exposed to Pb in chironomids were most likely to be Kohn gaps and missing mentum teeth (Martinez et al.,
2001).

In this study it was found that the percentage of deformation in the mentum is higher that of the other mouthparts.
This reveals that the Zn, Cu and Pb contents in the water and sediment is of very high concentration and that they affect
the mentum more than the mouthparts. However, contrastly to the results of the study by Martinez et al. (2001), the
percentage of deformation in the mandibula is not very high.

Nickel, zinc, copper and lead concentrations in both sediment and water appear to set off defects in the mentum
at a higher proportion than in mandibles, with Kohn gaps and missing or fused mentum teeth the most common deformity
types. As can be seen in Table 2, the metal with the second highest concentration in water is silver (0.137 mg/L). The
average concentration in the sediment was established to be 0.21 mg/kg and the highest concentration to be 78.35 mg/kg.
It is known that concentrations of Ag in sediment from highly industrialised areas range from 1 to 150 mg/kg, whereas
background concentrations in nonurban areas are usually <0.1 mg/kg (Eisler, 1996). There are many industrial plants
located in Lake Uluabat’s catchment area. This shows that silver was carried from the river basin to the lake and that it
was accumulated in the lake water and the sediment.

According to the mean value of lake water parameters, NO2 —N was generally determined at three-fourths quality,
NOs —N was determined at first quality level, and NH3 —N was determined at second quality level and phosphate was
determined at third quality level (Regulation on Management of Surface Water Quality, 2015). The maximum value of
ammonium concentrations were found at stations 1, 4, 6, 8 and 11. All samples of C. (C.) tentans, collected from stations
1%, 81 and 11 showed the highest defect rate throughout the study (16%, 11% and 21% respectively). This result shows
that mouthpart deformities not only correlated with metals but also correlated with water parameters such as NOs—N,
NO2-N, NH3—N and PO..

InC. (C.) tentans (Table 2) defect, analysis of the mentum showed a deformity incidence of 55.04% (CL.2+CL.3;
180 of 327 specimens). CL.2 deformity affected 51.98% of specimens whereas strong deformity (CL.3) affected 3.05%
of specimens. Lenat (1993) suggested that toxic score = 25 should be taken as the threshold value above which a
watercourse should be considered as toxically contaminated. TS values calculated for our C. (C.) tentans samples are
shown in Table 2. Samples in which TS is over 25 were found in sampling sites 1, 2, 3, 8, 9, 10 and 11 (TS>30). In
addition, Lenat (1993) also suggests that the frequency of severe deformities (especially Class Il and Class 111 deformities)
is generally greater than 6% at toxic sites. In most of our samples, the frequency of severe deformities was higher than
6%. In addition, Diggins and Stewart (1998), search the heavily industrialized Buffalo River, reported a 15% deformity
rate for the predator Procladius and a 22—-66% deformity proportion for the deposit-feeder Chironomus. The current study
also found that deformities were most prevalent in C. (C.) tentans, although our highest (21%) deformity proportion was
less than their lowest deformity rate. The results of our study show that the water and sediment of Lake Uluabat, which
is a Ramsar zone, are heavily contaminated. Furthermore, taking the literature data into account, the high proportions of
TS, Class Il and Class 111 deformities show that the effects of past pollution are extreme. Warwick and Tisdale (1988),
and Bird (1994) reported that deformities of the mentum are a common developmental anomaly in Chironomus spp.
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larvae, and our result supports this knowledge. In addition, Chironomus spp. larvae are known as organisms which are
highly susceptible to morphological deformation. Chironomus spp. are, therefore, one of the important indicators of the
effects of sediment and water bound contaminants (Vermeulen, 1995; Hudson and Ciborowski, 1996). Kosalwat and
Knight (1987) and van de Guchte and Urk (1989) have reported experiments with various Chironomus species that show
direct relationships between deformities and heavy metal levels. Our data are in agreement with the studies mentioned
above. In summary, our results show that not only high metal concentrations (especially Ni, Zn, Pb, Cu and patially Ag)
in water and sediment but also NO3—N, NO,—N, NH3—N and PO, concentrations can set off deformities in chironomid
larvae subjected to these metals during their lifetime. The surveyed deformity induction in the current study supports the
potential for use of chironomid deformity rates for bioassay applications.

Consequantly, larvae of C. (C.) tentans in Lake Uluabat have a high effect of mouthpart defects. C. (C.) tentans
is the best bioindicator because it closely reflects the condition of the sediment influenced by the hydrological regime of
the lake.
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Abstract

Cinereous vulture is a threatened species. The second largest population of species in Western Palearctic region
is found in Anatolia. Tiirkmenbaba mountain has one of the largest breeding colonies in Turkey. Detailed studies on
Cinereous vulture colony in Tiirkmenbaba mountain was conducted between 2001-2005. Since then, there is no updated
information on the population in the region. The aim of this study is to present current data regarding the population of
the species in the area. Data on breeding pairs and fledglings number of Cinereous vulture were determined in the region.
It was found that 28 pairs breed in Tiirkmenbaba mountain in 2016. Four nests out of the 28 which were detected as active
in the beginning of breeding season were deserted (three of them in the incubation and one of them in the nestling period).
Breeding success ratio of Cinereous vulture colony was 85%. Additionally, it was determined that, 10 nests which were
initially found during the 2001-2005 monitoring period, used by individuals in 2016 breeding season. The breeding pair
numbers that were detected in this study was the highest ever recorded for the Tirkmenbaba mountain vulture breeding
colony. In order to obtain more detailed information on the population of species in the region, monitoring studies for a
longer period should be conducted.

Key words: Anatolia, breeding success, Cinereous vulture, Eskisehir, population

*

Tiirkiye’nin en biiyiik Kara akbaba (Aegypius monachus L.) iireme alanlarindan birine sahip olan
Tiirkmenbaba populasyonuna yonelik giincel bir degerlendirme

Ozet

Kara akbaba tehlike altinda olan bir tiirdiir. Tiiriin Bati Palearktik bolgede en biiyilik ikinci populasyonu
Anadolu’da bulunmaktadir. Tiirkmenbaba dag tiiriin en biiyiik iireme kolonisinden birine sahiptir. Tiirkmenbaba dag:
Kara akbaba kolonisine yonelik olarak 2001-2005 yillar1 arasinda detayli ¢alismalar gerceklestirilmistir. Ancak tiirin
populasyonunun boélgedeki durumu ile ilgili giincel veriler bulunmamaktadir. Bu ¢aligmanin amaci, Tiirkmenbaba
daginda iireyen Kara akbaba kolonisi hakkinda veri toplamaktir. Bu amagcla iireyen ¢ift sayis1 ve ugma basarisina ulasan
yavru sayisini belirlemeye yonelik olarak caligmalar gergeklestirilmistir. Elde edilen verilere gore bolgede 28 ¢iftin
iiredigi tespit edilmistir. Ureme dénemi baslangicinda aktif olarak belirlenen yuvalardan 4 tanesi terk edilmistir (3 yuva
kulucka déneminde, 1 yuva ise yavru yumurtadan ¢iktiktan sonraki donemde). Koloninin 2016 yili igin {ireme basarisi
%85°dir. Ayrica 2001-2005 yillar1 arasinda tespit edilen yuvalardan 10 tanesinin 2016 iireme doneminde de kullanildig
goriilmiistiir. Bu calismada elde edilen Kara akbaba iireyen ¢ift sayis1 Tiirkmenbaba dagi i¢in tespit edilen en yiiksek
sayidir. Ancak populasyonun durumu hakkinda kesin verilere ulagmak i¢in uzun yillar1 kapsayan takip caligmalarinin
yapilmasi zorunludur.

Anahtar kelimeler: Anadolu, ireme basarisi, Kara akbaba Eskisehir, populasyon
1. Introduction

Vultures are among the birds that are most severely affected by anthropogenic activities (Ogada et al., 2012). In
many regions where they have spread, the reduction of their numbers as a result of the increasing pressure of the
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threatening factors has created the consequences named as the vulture crisis, and populations of numerous vulture species
have gone into extinction process (Green et al., 2004; Virani et al. 2011). The main factors that threaten the vulture
populations are poisoning, electrocution, collisions with wind power farms, persecution and decline in food supply (Barov
and Derhé, 2011; Ogada et al., 2016; Vasilakis et al., 2017; Parvanov et al., 2018).

Increased threatened factors on the vulture species has accelerated the processes of establishing action plans for
the conservation of these species by researchers, NGOs and governments extending their conservation efforts (Bowden,
2017; Botha et al., 2017). Individual numbers have increased in the population of certain vulture species which shows the
importance of the studies on conservation (Moreno-Opo and Margalida, 2014; Skartsi et al., 2010b; Vlachos et al., 1999).

Studies on conserving the species can be done by monitoring the population and determining the conditions that
threaten these populations (Kovacs et al., 2008). From this point of view, breeding pairs and the annual number of
nestlings are very important in terms of providing information about the trends of the population (Dahl et al., 2012; Di
Vittorio et al., 2017). Thus, the trend and threats of the populations of endangered species can be determined and
conservation efforts can be carried out.

Four vulture species are distributed in Turkey. Aegypius monachus (Cinereous vulture) is a species that forms
loose colonies. Species, often make their nests on the tops of pine trees in Turkey, and breed once every year (Yamag
2006; Ozcan and Yamag, 2015). Breeding period begins at the end of February. After the incubation period that lasts 50-
55 days, the nestling becomes fledgling about three months later (Cramp and Simmons, 1980).

Cinereous vulture is a threatened species and qualified as "Near-threatened™ according to IUCN criteria (BirdLife
International, 2017). The breeding areas of species in Turkey until the present day are mostly located in the northwest
part of Central Anatolia and in the southern part of the Western Black Sea Region (Yamag, 2006; Kirazli and Yamag,
2013; Ozcan and Yamag, 2015). Due to the lack of detailed monitoring scheme covering the entire Turkey it is not possible
to reach the clear figures regarding the entire population number, the number of breeding pairs and the distribution of the
species. In this regard, the number of breeding pairs according to different sources range from 200 to 500 (Heredia, 1996;
Barov and Derhé¢, 2011).

One of the best studied regions (Yamag, 2006), with the second highest number of breeding pairs of Cinereous
vulture in Turkey is known to be Tiirkmenbaba Mountain after the recently discovered colony in Middle Sakarya Region
(Kirazli and Yamag, 2013). The Tiirkmenbaba Mountain Cinereous vulture population had a maximum of 26 breeding
pairs known by an inventory conducted during the years 2001 and 2005 (Yamag, 2006). However, there is no data on the
status of the population in recent years. The purpose of this study is to present current data regarding the breeding
parameters of the population in the area and compare them with data obtained in previous studied periods (2001-2005).
For this purpose, the number of Cinereous vulture pairs breeding in Tiirkmenbaba mountain, the number of fledgling, the
use of previously determined nests, the coordinates of new nests and the nearest neighbour distance of all used nests, were
investigated. The data will provide information on the population status and the level of the threat on the Tiirkmenbaba
Cinereous vulture population.

2. Materials and methods

The study was performed in the Tiirkmenbaba Mountain which is situated between Eskisehir and Kiitahya in
northwest Turkey (39°24” N- 30°18” E) (see Figure 1). Floristic, faunistic, geographic and climatic characteristics of the
region were presented by Yamag and Giinyel (2010) and Giiner and Yiicel (2015).

Within the scope of this study, the investigations regarding the Cinereous vulture population were carried out in
2016. A total of 12 field surveys were conducted at least once a month, starting from March, the beginning of the breeding
period, until the end of August. In study period, it was attempted to check all previously known nests (Yamag, 2006) to
determine occupancy, describe nesting activities and also searched for new nests within the study area. Nests were located
using historical descriptions of traditional nesting site and extensive exploratory surveys on foot. Occupied (active) nests
were monitored with telescope (20-45x/25-56x) and binoculars (8-20 x 40) at a safe distance to avoid disturbing the
vultures. Nests were determined as occupied when, either the incubation was confirmed or the nestling was present in the
nest. Otherwise the nest was deemed unoccupied. A pair that succeeded to rear a fledgling was determined as successful.
Percentage of successful pairs was based on the ratio of successful nests to the total number of occupied nests. The nests
that were initially confirmed to be active but in the breeding season the presence of an egg or nestling was not confirmed,
were signified as unsuccessful.

After the breeding period, the coordinates of the active nests were recorded using GPS and data about the closest
distances between the nests and their distributions within the region were obtained measuring the distances on Google
map. In addition, evaluations were made on whether each nest was used in previous periods.

3. Results
The breeding parameters of 2016 were compared with those obtained in the previous periods (Table 1). The data from

the year 2001 were not included in the comparisons, due to the fact that the surveys did not cover the whole area this
particular year.
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Table 1. Breeding parameters of Cinereous vulture population in Tiirkmenbaba Mountain according to years.

Parameters Year

2002 2003 2004 2005 2016
Active nest number 26 26 21 23 28
Successful nest number 21 20 17 21 24
Unsuccessful nest number 5 6 4 2 4
Breeding success (%6) 80 76 80 91 85

We found that the nearest neighbour distance of the active nests ranges from 137 to 2802 m, while the mean value
of this parameter was found to be 693.6+551.0. The distribution of the active nests used by the population in 2016 and in
the first monitoring periods (2002-2005) are shown in Figurel-5. We discover 18 new active nests in 2016. Ten nests
detected to be active in the breeding period of 2016 were among the nests used between 2001-2005. Accordingly, for the
2016 breeding period, using rate of previously used nests was 35.7%. In addition, the ratio of the previously used active
nests (10) in 2016 to the once active nests for at least one year between 2001 and 2005 (n = 46) was determined as 21.7%.
In the 24 out of 28 nests, which were detected to be active, nestlings reached the fledgling stage. Although four nests were
found to be active in the beginning of the breeding season, they were determined as empty in latter field surveys (three of
them in the incubation and one of them in the nestling period). The breeding success ratio determined in the entire
population was 85% (Table 1). Besides, breeding success was confirmed for 9 of the previously used 10 nests in 2016.
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Figure 1. Active nests (28) of Cinereous vulture in 2016 in Tirkmenbaba Mountain
L Nests (18) which were detected for the first time in 2016
* Nests (10) which were detected active in the first monitoring period (2001- 2005)
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Figure 2. Active nests (26) of Cinereous vulture in 2002 in Tiirkmenbaba Mountain
[ ] Nests (19) which were not used by Cinereous vulture in 2016
* Nests (7) which were detected active in 2016
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Figure 3. Active nests (26) of Cinereous vulture in 2003 in Tirkmenbaba Mountain
[ Nests (22) which were not used by Cinereous vulture in 2016
* Nests (4) which were detected active in 2016
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Figure 4. Active nests (21) of Cinereous vulture in 2004 in Tiirkmenbaba Mountain
[ Nests (18) which were not used by Cinereous vulture in 2016
* Nests (3) which were detected active in 2016
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Figure 5. Active nests (23) of Cinereous vulture in 2005 in Tiirkmenbaba Mountain
[ ] Nests (17) which were not used by Cinereous vulture in 2016
* Nests (6) which were detected active in 2016
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4. Conclusions and discussion

In this study, current data on the Cinereous vulture population in Tiirkmenbaba Mountain, which has one of the
largest breeding population, has been presented. Thus, it is possible to compare resent information on the breeding
parameters with the data obtained between the years 2001 - 2005, when a population monitoring in this region were
carried out for first time.

A significant number (28) of active Cinereous vulture pairs have bred during the breeding period of 2016.
Although this figure is close to the number of pairs reported for the first monitoring period (26), it is the highest number
of breeding pairs reported for the region up to now. However, this data should not be interpreted as “positive population
trends”. It is known that the number of breeding pairs in the bird populations fluctuates under the influence of factors
such as climate and food availability, depending on years (Vili, 2015; Clouet, 2017). In addition, in the first monitoring
periods, although the whole area had been covered, the possibility that some of the areas have been overlooked due to
improper terrain conditions should be considered. To make a definite assessment a long term population monitoring
should be initiated.

The breeding success of the population for 2016 breeding period was 85%. When compared it with the previous
monitoring period, this value is higher than the breeding success of the years 2002-2004 and lower than the breeding
success of 2005. When compared to Turkey's largest Cinereous vulture breeding colony in Siindiken Mountain breeding
success (78% for 2010, 73% for 2011 and 54% for 2012) (Kirazli and Yamag, 2013) these value have indicated to be
higher for the studied colony.

Forestry activities is conducted extensively in Tiirkmenbaba Mountain. Roads in the forest to reach the logging
areas affect negatively the wildlife, not only by fragmentation of the habitats but also by increasing uncontrolled human
entrances into the region. There is an intensive human entrance to the region for recreational purposes, apart from forestry
activities. The negative effects of anthropogenic activities on the Cinereous vulture populations have been emphasized in
many studies (Donazar et al., 2002; Moran-Lbpez et al., 2006a; Moreno-Opo et al., 2013). However, in populations where
there is no human pressure, decline in breeding success can also be reported (Reading et al., 2010). In such cases, limiting
factors of natural conditions have been determined.

Itis known that in breeding areas where there are no human activities, the breeding success for Cinereous vultures
can be over 90% (Heredia, 1996). It has been reported that the breeding success of the Cinereous vulture colony in Dadia
(Greece) is up to 95% as a result of intensive conservation activities such as strict logging control out of the breeding
period (Vlachos et al., 1999). Also, it was reported that the breeding success for a colony was 100%, while the breeding
success rate for the whole region was 69.2% in Extremadura (Spain) (Moran-Lopez et al., 2006b). On the other hand, in
spite of conservation efforts in breeding area, factors out of the conservation area such as poisoning and illegal hunting
can affect breeding success negatively (Skartsi et al. 2008, Skartsi et al., 2010a, Skartsi et al., 2010b).

Although the breeding success of Tiirkmenbaba colony in 2016 compared to the studies mentioned above, is
higher than the most Cinereous vulture colonies under human pressure, it can be concluded that, in case of establishing
strict conservation plan for this species in our study region, the breeding success can be much higher. The spatial (out of
the breeding areas) and temporal regulation (out of the breeding season) logging and recreational activates can severe to
the direction of increasing the breeding success.

The nearest nest neighbour distance we found is similar to that obtained in Tiirkmenbaba colony the first
monitoring period (min = 140, max = 1730, mean = 580 m). In another Cinereous vulture colony in the region, it was
stated that the nearest active nest distance was 50 m and the mean distance varies between 346 and 398 m depending on
years (Kirazli, 2013). It was also reported that the nearest distance between the active nests in Greece was 646 m
(Poirazidis et al., 2004). In Spain, it was stated that the mean distance was 556.6 m for all the colonies, and the average
distance varied between 490.6 and 1605.9 m for different colonies (Moran-Lopez et al., 2006a). Moreover, the mean
distance was indicated as 1104 m in Georgia (Gavashelishvili et al., 2006). It can be concluded that the nest distances of
the Cinereous vultures are within a wide scale and species forms loose colonies. From this point of view, our findings are
consistent with studies conducted in the region in the past and studies conducted in other regions over the world.

It was determined that 10 nests detected during the breeding period of 2016 were also used in the previous periods
by the Cinereous vulture. Some of the nests detected as active in the past periods have been destroyed due to unfavourable
climatic conditions, and some of them were not used in 2016. It is known that birds of prey tend to use the same nest
every year (Jiménez-Franco et al., 2014). Also, Cinereous vultures prefer the same nests for nesting when there is no
adverse effect of human or other ecological conditions (Cramp and Simmons, 1980). The use of the same nests in the
following years shows that the nesting sites are of high quality (Sergio and Newton, 2003). The fact that only 21.7% of
the nests, which were used at least once the years from 2001 to 2005, have been preferred in 2016 indicates that there
may be problems with the quality of the nesting areas that are not active today, although they have been used in the past.
On the other hand, according to the distribution of the nests by the years, different nests were used by individuals although
they are in the same areas. Therefore, reason of abandonment should be evaluated for each nest separately and more
detailed studies should be conducted to reach a conclusion on unoccupied nests.

For Cinereous vulture, the most negative effect on breeding success is human activities (Moran-Lépez et al.,
2006b; Moreno-Opo et al., 2013), which shows that the breeding area needs to be evaluated using this point of view and
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serious measures must be taken. In the Tiirkmenbaba Mountain, which has one of the biggest breeding colonies of the
Cinereous vulture in Turkey, the initiation of a strict management and conservation plan for species is considered to be
of outmost importance, not only for the Turkish population but also for the world endangered population of the species.
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Abstract
Parmelia barrenoae is reported from Turkey and Asia for the first time. Comments on its habitats, substrata,
distributional data and macrophoto are provided. In addition, a phylogenetic tree was constructed by comparing the
sequence data of the ITS region of closely related species.
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Asya i¢in yeni bir liken kaydi: Tiirkiye'den molekiiler veri ile desteklenen Parmelia barrenoae Divakar, M.C.
Molina & A. Crespo

Ozet

Parmelia barrenoae tiirii Tiirkiye ve Asya'dan ilk kez rapor edilmektedir. Tiire ait habitat, substrat, dagilis ve
makro fotograf verilmistir. Buna ek olarak, yakin iligkili tiirlerin ITS bolgelerine ait dizi analizleri ile karsilastirilarak bir
filogenetik agac¢ olusturulmustur.

Anahtar kelimeler: Ascomycetes, Molekiiler filogeni, Parmelia
1. Introduction

About 1800 lichen and lichenicolous fungi species are known from Turkey (John ve Tiirk, 2017). In this work
done by John ve Tirk (2017) all the floristic articles made up to date are collected in a book. Besides lichenological
research in Turkey has improved in the last thirty years with many floristic studies published recently about several
regions of Turkey (e.g., John, 1992, 1995, 2007; Senkardesler, 2011; Halic1 and Aksoy, 2009; Kocakaya et al., 2014;
Ozdemir Tiirk et al., 2015).

The lichenized fungal genus Parmelia (Parmeliaceae, Lecanorales) foliose thallus, upper surface grey to grey-
green or brownish grey, with or without soredia, pustules or isidia. Lower surface black, uniformly rhizinate to margins;
rhizines mostly simple or sometimes squarrosely branched, black. Species formerly included in this genus are now placed
in Arctoparmelia, Flavoparmelia, Hypotrachyna, Melanelia, Melanelixia, Melanohalea, Parmelina, Parmelinopsis,
Parmotrema, Pleurosticta, Punctelia and Xanthoparmelia (Purvis, 1992). Only six species are known belonging to the
genus Parmelia from Turkey ; P. discordans Nyl., P. omphalodes (L.) Ach., P. saxatilis (L.) Ach., P. squarrosa Hale, P.
submontana Nadv. ex Hale, Smiths and P. sulcata Taylor (John ve Tiirk, 2017).

2. Materials and methods

Thallus loosely adnate, 6 cm diam., lobes overlapping and imbricate, short, 2-5 mm wide, older lobes revolute.
Upper surface glaucous whitish grey, becoming reticulately cracked. Pseudocyphellae laminal and marginal effigurate,
numerous, soralia sparse, granular, medulla white. Rhizines on black lower surface moderately abundant, simple, not
squarrose, 1-2 mm long (Figure 1). Specimen Examined: Turkey, Corum, Lagin district, on Quercus sp., 40° 45' 692" N,
34°52' 169" E., 1020 m., M. Kocakaya, MK-6795.
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Figure 1. Thallus of Parmelia barrenoae; MK-6795

Samples prepared from freshly collected were ground with sterile pestles. Total genomic DNA was used
extracting the DNA using DNeasy Plant Mini Kit (Qiagen) following the manufacturer’s protocols with minor
modifications. ITS4 (TCCTCCGCTTATTGATATGC) (White et al., 1990) and ITS1-F
(CTTGGTCATTTAGAGGAAGTAA), (Gardes and Bruns, 1993) were used to amplify the ITS sequence. The same
regions have been successfully used by Divakar et. al., (2005) in the molecular phylogenetic analysis of the Parmelia.
PCR-amplification was carried out, following Divakar et. al. (2005). The PCR products were visualized on 1% agarose
gel as a band of approx. 500 or 600 bp. The PCR products were subsequently purified using the "ExoSAP-IT™ PCR
Product Cleanup Reagent” (ThermoFisher Scientific, USA) according to the manufacturer’s instructions. Sequences of
PCR products obtained from Parmelia samples were performed using the Big Dye Terminator Cycle Sequencing v3.1
(Applied Biosystems, Foster City, CA) following the manufacturer’s protocol and analysed on an ABI 3730XL Genetic
Analyzer (Applied Biosystems, Foster City, CA).

ITS sequence results were analyzed automatically and manually using samples from Genbank using the Clustal
W option in the BioEdit program. Compared with the nul TS rDNA sequence data of the genus-belonging species given
in the previous article, which describes the Parmelia barrenoae. Out groups Platismatia glauca, Parmelia laevior and P.
signifera were used. These out groups were previously described by Molina et al., (2004). Details of the samples and the
GenBank accession numbers are listed in Table 1. For phylogenetic tree, MEGA 7 (Molecular Evolutionary Genetics
Analysis) program was used (Kumar et al., 2016). Phylogenetic tree was constructed by Maximum Likelihood analysis
using Tamura-Nei model (Figure 2) (Tamura and Nei, 1993). Pairwise deletion was performed for deleting data gaps and
checking. The tree reliability was tested with 1000 bootstrap replications. Specimen is deposited in Bozok University
Lichen Herbarium.

3. Results and discussion

Parmelia barrenoae was described on Quercus sp. from Spain (Divakar et al., 2005). These species resembles
P. sulcata. Parmelia sulcata differs in having richly branched, squarrose rhizines and older lobes of P. barrenoae are
revolute, soralia are only laminar and less developed than those of P. sulcata (Divakar et al., 2005). The Turkish
population of P. barrenoae that we have examined in oak forest at 1020 m in the Central Anatolia Region.

P. barrenoae species was examined in terms of its morphological, anatomical and ecological characters. The
ITS sequence of the species was successfully obtained. It was evaluated together with the sequence results from the
genBank. The analysis involved 32 nucleotide sequences with outgroups. All positions containing gaps and missing data
were eliminated. There were a total of 389 positions in the final dataset. The ITS sequences of P. barrenoae collected
from the Turkey were blasted with sequences of species from Japan, Portugal and Spain. It is seen that the phylogenetic
tree matches with other P. barrenoae species (Figure 2).

P. barrenoae is known from North America, Afrika and Poland (Hodkinson et al., 2010; Ossowska and Kukwa,
2016).
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Figure 2. Maximum Likelihood (ML) analysis of the ITS region of Parmelia barrenoae and related species. Numbers at
tree nodes indicate bootstrap values of ML (only values >50%).
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Table 1. The sequences used in this study were downloaded from the gene bank and the new product was indicated by
bold. (The genbank number will be received after the accepted the publication)

Taxa Locality/Source GenBank no. (ITS)
P. adaugescens Japan/GenBank AY036991
P. barrenoae Spain/GenBank AY579444
P. barrenoae Spain/GenBank AY295103
P. barrenoae Spain/GenBank AY579446
P. barrenoae Spain/GenBank AY579448
P. barrenoae Portugal/GenBank AY579450
P. barrenoae Turkey MKO0.6795
P. barrenoae Spain/GenBank AY579451
P. cochleata Japan/GenBank AY036985
P. discordans UK/GenBank AY583212
P. encryptata Spain/GenBank AY579456
P. ernstiae Spain/GenBank AY295110
P. fertilis Japan/GenBank AY036982
P. omphalodes Spain/GenBank AY036998
P. pinnatifida Russia/GenBank AY036987
P. saxatilis Russia/GenBank AY036989
P. serrana Spain/GenBank AF350040
P. squarrosa USA/GenBank AY036977
P. squarrosa USA/GenBank AY036979
P. submontana Spain/GenBank AY579457
P. sulcata Spain/GenBank AY579452
P. sulcata Germany/GenBank AY579453
P. sulcata Spain/GenBank AY579447
P. sulcata Spain/GenBank AY579445
P. sulcata Spain/GenBank AY580313
P. sulcata Sweden/GenBank AF410840
P. sulcata Germany/GenBank AY579454
P. sulcata Spain/GenBank AY579449
P. sulcata Spain/GenBank AY579455
P. glauca Japan/GenBank AY036994
P. laevior Japan/GenBank AY036995
P. signifera Australia/GenBank AY037003

References

Divakar, P. K., Molina, M. C., Lumbsch, H. T., Crespo, A. (2005). Parmelia barrenoae, a new lichen species related to
Parmelia sulcata (Parmeliaceae) based on molecular and morphological data. The Lichenologist, 37(1), 37-46.
Gardes, M., Bruns, T. D. (1993). ITS primers with enhanced specificity for basidiomycetes - application to the
identification of mycorrhizae and rusts. Molecular Ecology, 2, 113-118.

Halici, M. G., Aksoy, A. (2009). Lichenised and Lichenicolous Fungi of Aladaglar National Park (Nigde, Kayseri and
Adana Provinces) in Turkey. Turkish Journal of Botany, 33, 169-89.

Hodkinson, B. P., Lendemer, J. C., Esslinger T. L. (2010). Parmelia barrenoae, a macrolichen new to North America
and Africa. North Amercian Fungi, 5, 1-5.

John, V. (1992). Flechten der Tiirkei 1. Das die Tiirkei betreffende lichenologische Schrifttum. Pollichia, Bad Diirkheim,
1-14.

John, V. (1995). Flechten der Tiirkei IV. Erganzungen zum die Tiirkei betreffende lichenologische Schrifttum. Pollichia,
Bad Diirkheim, 1-10.

John, V. (2007). Lichenological studies in Turkey and their relevance to environmental interpretation. Bocconea, 21, 85—
93.

John, V., Tiirk, A. (2017). Tiirkiye Likenleri Listesi. Istanbul: Nezahat Gokyigit Botanik Bahgesi Yayin.

Kocakaya, M., Halici, M. G., Aksoy, A. (2014). Lichenized and lichenicolous fungi of Gevne Valley (Konya, Antalya).
Turkish Journal of Botany, 38, 358-369.

Kumar, S., Stecher, G., Tamura, K. (2016). MEGAT7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger
datasets. Molecular Biology and Evolution, 33, 1870-1874.

Molina, M. C., Crespo, A., Blanco, O., Lumbsch, H. T., Hawksworth, D. L. (2004). Phylogenetic relationships and species
concepts in Parmelia s. str. (Parmeliaceae) inferred from nuclear ITS rDNA and B-tubulin sequences. Lichenologist,
36, 37-54.

Mustafa KOCAKAYA et al., A new lichen record for the Asia: Parmelia barrenoae Divakar, M.C. Molina & A. Crespo, Supported by Molecular Data
from Turkey



Biological Diversity and Conservation — 11/ 3 (2018) 201

Ossowska, E., Kukwa, M. (2016). Parmelia barrenoae and P. pinnatifida, two lichen species new to Poland. Herzogia,
29, 198-203.

Ozdemir Tiirk, A., Halici, M. G., Candan, M., Yavuz, Y. (2015). The lichenized fungus genus Peltigera in Turkey.
Biological Diversity and Conservation, 8, 146-156.

Purvis, O. W. (1992). Lichen Flora of Great Britain and Ireland. Natural History Museum Publications in association with
the British Lichen Society.

Senkardesler, A. (2011). Das die Tiirkei betreffende lichenologische Schrittum i¢in ek kayitlar. Tiirk Liken Toplulugu
Biilteni, 9, 9-10.

Tamura, K., Nei, M. (1993). Estimation of the number of nucleotide substitutions in the control region of mitochondrial
DNA in humans and chimpanzees. Molecular Biology and Evolution, 10, 512-526.

White, T. J., Bruns, T., Lee, S., Taylor, J. (1990). Amplification and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. In: PCR Protocols: a guide to methods and applications (eds. Innis, M.A., Gelfand, D.H., Sninsky,
J.J., White, T.J.). New York: Academic Press. 18(1), 315-322.

(Received for publication 05 April 2018; The date of publication 15 December 2018)

Mustafa KOCAKAYA et al., A new lichen record for the Asia: Parmelia barrenoae Divakar, M.C. Molina & A. Crespo, Supported by Molecular Data
from Turkey



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 11/3 (2018) 202-208

Research article/Arastirma makalesi
Karyological studies of four Lathyrus (Fabaceae) taxa belonging to section Pratensis from Turkey
Fatma GUNES ™, Ayla EREN ?

! Trakya University, Faculty of Pharmacy, Department of Pharmaceutical Botany, Edirne, Turkey
2 Sakarya University, Vocational School of Health Services, Department of Medical Services and Techniques, Sakarya,
Turkey

Abstract

The karyological analysis of 4 taxa from section Pratensis (Lathyrus, Fabaceae) growing in Turkey, have been
determined. These taxa are L. pratensis, L. layardii (end), L. laxiflorus subsp. angustifolius (end) and L. czeczottianus
(end). Karyotype analysis was made in for the first time for 2 of these taxa including 3 endemic species. The chromosome
numbers of all taxa was found to be 2n = 14. Short arm, long arm, and total length of the chromosomes were measured
and relative lengths, centromeric index were calculated and shown in tables. The photographs showing metaphase
chromosomes of the taxa and ideograms are included to the study.

Key words: Chromosome, Lathyrus, Section Pratensis, Turkey

*

Lathyrus (Fabaceae) cinsinin Pratensis eksiyonunda bulunan 4 taksonun karyolojik calismalari

Ozet

Tirkiye’de yetisen Pratensis seksiyonunda (Lathyrus, Fabaceae) yer alan 4 taksonun karyolojik analizleri
tammlanmustir. Bu taksonlar L. pratensis, L. layardii (end), L. laxiflorus subsp. angustifolius (end) ve L. czeczottianus
(end)’dur. Endemik olan ii¢ taksondan ikisinin karyolojik analizlari ilk defa yapilmistir. Biitiin taksonlarin kromozom
sayilart 2n=14 olarak bulundu. Kromozom kisa kol, uzun kol, toplam uzunlugu &l¢iilmiis, sentromerik indeks, bagil
uzunluk hesaplanmis ve tabloda gosterilmistir. Taksonlarin metefaz kromozomlarini gésteren fotograflar ve idiogramlar
¢aligmaya eklenmistir.

Anahtar kelimeler: Kromozom, Lathyrus, Pratensis seksiyonu, Tiirkiye
1. Introduction

The genus Lathyrus L. (Fabaceae) is comprised of approximately 200 species, and includes annual and
perennial plants, generally centred in the Mediterranean region (Kupicha, 1983). Lathyrus is represented by 80 species,
25 of which are endemic to Turkey (Davis, 1970; 1988; Giines and Ozhatay, 2000; Giiner et al., 2012). The section
Pratensis Béssler contains 5 wild taxa including 3 endemic species in Turkey.

Cytological studies (Darlington and Wylie, 1955; Roy and Singh, 1967; Ball, 1968; Ress and Hazarika, 1969;
Fouzdar and Tandon, 1975; Narayan, 1983; Yamamoto et al., 1984; Kuruyan and Narayan, 1988; Gutiérrez et al., 1994;
Seijo and Fernandez, 2003; Ozcan et al., 2006; Badr, 2006; Giines and Cirpic1, 2008; Giines, 2011; Giines and Merig
2017) showed that Lathyrus L. generally has a diploid chromosome of 2n=14. Meanwhile, tetraploids of 2n=28 have been
reported in L. pratensis L. (Darlington and Wylie, 1955), L. venosus Sweet. (Basaran, 2007), L. brachypterus Cel (Giines,
2011) and hexaploids of 2n=42 have been reported in L. palustris L. subsp. palustris (Ball, 1968; Giines and Cirpict,
2008).

Yamamoto et al. (1984) also examined morphological and karyotypical properties of 24 species belonging to
Pratensis, Lathyrus, Orobastrum, Cicercula, Clymenum, Nissolia and Aphaca sections of Lathyrus. The number of
chromosomes of these species was 2n=14 except for L. pratensis that was found to be tetraploid (2n=28). Yamamoto et
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al. (1984), and Giines and Cirpici (2008) noted that L. ochrus (L.) DC. and L. clymenum L. species had very different
karyotypical properties, although they are included in the same section. However, despite the significant difference in
their karyotypes, these two species display a substantial morphological similarity. Because of this, they concluded that
chromosome properties have not much importance for separating genus Lathyrus into sections. However, they also
emphasized that karyotypical properties are important for distinguishing controversial species with very similar
morphological properties, such as L. annuus L. and L. hierosolymitanus Boiss.

Seijo and Fernandez (2003) investigated karyotype analysis and chromosome evolution in South American
species (16 taxa) of Lathyrus. All of the species had a chromosome number of 2n=14, but their karyotype formulas were
different. Badr (2006) investigated karyotype analysis and chromosome evolution in some species (13 taxa) of Lathyrus,
all with a chromosome number of 2n=14.

Various karyological studies were performed on Lathyrus species present in the flora of Turkey. Evren et al.
(1994) reported the same number. Giines and Cirpict (1996) counted the same number in the three Lathyrus species
growing around Istanbul. More counts of the same number were reported by Sahin et al. (1998; 2000) in fifteen species,
and the same diploid number of 2n=14 was also found in eight taxa growing in East Black Sea Region Ozcan et al. (2006)
and Ayaz and Ertekin (2008) on two species. On the other hand, Giines and Cirpici (2008) surveyed the chromosomes of
sixteen taxa and encountered a hexaploid number (2n=42) for L. palustris subsp. palustris but the other fifteen species were
diploid. Giines (2011) determined karyotype analysis and chromosome number for section Platystylis (Lathyrostylis)
Turkish species (16 taxa) of Lathyrus. She reported that all of the species were 2n=14 except L. bracypterus that was
found tetraploid (2n=28).

The purpose is to determine the number of chromosomes of the taxa (L. pratensis L., L. laxiflorus (Desf.) O.
Kuntze subsp. angustifolius (Post ex Dinsm.) Davis, L. czeczottianus Bassler and L. layardii Ball ex Boiss.) included in
this section, to perform karyotype analyses and propound the systematic availability of the findings obtained.

2. Materials and methods
2.1. Plant materials

Four taxa were collected from their natural habitats between 2007 and 2009 (Table 1; Figure 1-2). All collected
specimens were identified by using Flora of Turkey (Davis, 1970; 1988; Giines and Ozhatay, 2000) and deposited in the

herbarium of the Faculty of Pharmacy, Trakya University.

Table 1. Examined specimens, distribution in the world and locality

Europe, N., Inner (mainlyE.) & S.
W. Anatolia, Islands.

Taxa Distribution in the world Locality
Most of Europe, N. W. Africa, | A8 Artvin: Ardanug¢-Bulanik, 1349 m, 24.07.2007, F. Giines,
Abyssinia, Lebanon, N. lrag. | 1289; A9 Kars: Kars — Sartkamig, forest area, 2100 m,
L. pratensis Caucasia, east-wards to C. Asia | 08.08.2007, F. Giines, 36;
and  Himalayas.  Turkey-in- | B9 Agri: Eleskirt-Horasan road, Tahir village 5 km, 2128 m,

15.07.2007, F. Giines, 1029.

L. layardii (end)

E. Anatolia, rare.

B8 Erzurum: Horasan-Eleskirt road, Sagli passage, meadows,
19.07.2008, F. Giines 1981;

B10 Agri: Hamur-Tutak road, 10. km, 2571 m, 26.08.2007, F.
Giines, 1518.

L. laxiflorus
angustifolius (end)

subsp.

S. Anatolia

C6 Hatay: Hatay-Belen, 655 m,
07.07.2008, F. Giines, 1956;
C6 Kahramanmaras: Baskonuslar National Park, 680 m,

08.06.2009, F. Giines 2272.

Sogukoluk plateau,

L. czecczottianus (end)

Inner Anatolia and adjasent parts
of N. Anatolia, local.

A4 Kastamonu: llgaz-Kastamonu old road, llgaz Mountain
passage, 918 m, 17.07.2009, F. Giines, 2485; A7 Giimiishane:
Vavuk Mountain, Vavuk passage, 1865 m, 26.07.2007, F.
Giines, 1310; B6 Kayseri: Erciyes Mountain around, scrubs,
1170 m, 26.07.2008, F. Giines, 1995. C5 Nigde: Aladaglar.

2.2. Cytogenetics

Seeds were soaked for 3-30 days on petri dishes with moist filter paper at room temperature. Germinating root
tips, pre-treated in a saturated solution of a-Bromonaphthalene for 24 hours at 4 °C, were fixed in Carnoy’s solution. The
root tips were hydrolysed in 1 N HCL for 10-20 min at 60 °C and stained with Feulgen solution. Semipermanent slides
were examined by light microscopy. Mitotic chromosomes were photographed by Nikon E600 trinocular
photomicroscope with a 100 immersion objective. Chromosomal measurements were made using x4000 magnified
photographs of 5 well-spread metaphase plates per plant. Short arm length (S) and long arm length (L) were measured,
total length of the chromosomes (C), arm ratio (R=L/S), centromeric index (I) and relative lengths (R) were calculated.
The classification of chromosomes by centromeric indices followed Levan et al. (1964).
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The locality of examined species: L. pratensis A . L. layardii ‘, L. laxiflorus subsp. angustifolius . . L. czecczottianus .
Figure 1. The locality of examined species in Turkey.
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3. Results

The karyotype analysis was made in detail for the first time for 2 of these taxa, including 3 endemic. The
chromosomes of 4 studied taxa were counted, karyological properties and ideograms were determined. The number of
chromosomes were identified as 2n=14 for 4 species. All of the species studied are perennial and have large chromosomes.
The largest chromosome was measured for L. layardii (5.50 um) species and the smallest for L. laxiflorus subsp.
angustifolius (2.94 um). Satellites were only observed on the short arm of the fifth chromosome of L. layardii. The
photographs of the nature, metaphase chromosomes and ideograms are included (Table 2-5, Figure 2-6).

Figure 2. The photos of examined taxa; A. L. pratensis, B. L. layardii, C. L. laxiflorus subsp. angustiflorus, D. L.
czeczottianus
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Table 2. Chromosome types, chromosome lenght and ratio of L. pratensis

Chromosome lzggﬁt I;?;g Salr; Arm ratio | Centromeric | Relative | Chrom.
pairs (e, gy | () | 48, 00 R=L/S index (I) length (R) type
I 4.13 2.29 1.83 1:23 44.44 8.32 m
II 3.67 2.25 1.42 1.59 38.64 7.39 m
III 3.63 2.17 1.46 1.49 40.23 7-31 m
v 3.54 2.29 1.25 1.83 35.29 7.14 sm
Vv 3.42 2.00 1.42 1.41 41.46 6.89 m
VI 3.33 1:92 1.42 1.35 352.50 6.72 m
VII 3.7 1.92 125 1.53 39.47 6.39 m
Average MC=3.55 MR=1.49

Figure 3. A. Mitotic metaphase chromosomes, B. Idiogram of L. pratensis and Table 2. Chromosome types, chromosome
lenght and ratio of L. pratensis
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Table 3. Chromosome types, chromosome lenght and ratio of L. lavardii

Cluompsome lzggt I:r)rr;g Sﬁ_ﬁt Satellite | Arm ratio antromeric Relative | Chrom.
pairs opm) | ety | ) (SAT) R=L/S index (I) |[length (R)| type
1 5.50 3.50 2.00 -—- 1.75 36.36 8.87 sm
11 4.50 2.88 1.63 - 1.97 36.11 7.26 sm
111 4.50 275 1.95 - 1.57 38.88 7.26 m
v 4.50 2.63 1.88 - 1.40 41.67 7.26 m
\Y% 4.25 2.75 1.50 0.63 1.83 35.29 6.85 sm
VI 4.13 2.88 1.25 --- 2.30 30.30 6.65 sm
VII 3.63 2.50 1.13 --- .22 31.03 5.85 sm
Average MC=4.43 MR=1.83

Figure 4. A. Mitotic metaphase chromosomes, B. Idiogram of L. layardii and Table 3. Chromosome types, chromosome
lenght and ratio of L. layardii
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Table 4. Chromosome types, chromosome lenght and ratio of L. laxiflorus subsp. angustifolius

Chromosome 15.1;; I;(:E]g Sa}:.git Arm ratio | Centromeric | Relative | Chrom.
pairs ey |, i | G5, s R=L/S index (I) |length (R)| type
1 3.44 2.19 1.25 L.75 36.36 7.49 sm
1I 3.38 2.13 1.25 1.70 37.04 7.36 sm
111 3.38 2.38 1.00 2.38 29.63 7.36 sm
v 3.31 2.13 1.19 1.79 35.85 722 sm
\4 325 2.06 1.19 1.74 36.54 7.08 sm
VI 22 2.06 1.19 1.74 36.54 7.08 sm
VII 2.94 1.50 1.44 1.04 48.94 6.40 M
Average MC=3.28 MR=1.73

Figure 5. A. Mitotic metaphase chromosomes, B. Idiogram of L. laxiflorus subsp. angustiflorus and Table 4. Chromosome
types, chromosome lenght and ratio of L. laxiflorus subsp. angustifolius.
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Table 5. Chromosome types, chromosome lenght and ratio of L. czeczottianus

Chromosome lzzgﬁt I;?:llf Sak:‘: Arm ratio | Centromeric | Relative | Chrom.
pairs e uy | @i | (8, R=L/S index (I) |[length (R)| type
I 5.26 23 2.55 1.07 48.34 9.48 M
11 4.25 2.75 1.50 1.83 35.29 7.64 sm
1} 4.15 2.60 1.55 1.68 37.35 7.46 m
v 4.08 2.70 1.36 1.96 33.74 7.33 sm
\4 4.00 252 1.48 1.71 36.88 7.19 sm
VI 4.00 2.46 1.53 1.62 38.13 7.19 m
VII 3.86 2.40 1.48 1.63 38.06 6.97 m
Average MC=4.54 MR=1.64

Figure 6. A. Mitotic metaphase chromosomes, B. Idiogram of L. czeczottianus and Table 5. Chromosome types,
chromosome lenght and ratio of L. czeczottianus.
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4. Conclusions and discussion

This section is separated from the Lathyrus sections morphologically, according to their angled but not winged stem,
broad sagittate stipules and raceme flowers. Studied taxa collected from Turkey displayed 2n=14 chromosome numbers. All of
the taxa are perennial and the sizes of their chromosomes ranged between 2.94-5.50 um.

In sections examined earlier, these values were observed to be Pratensis 2.94-7.25 um, Lathyrus 3.70-10.25 pm,
Orobus 3.00-7.00 um, Cicercula 2.54-5.75 pm, Nissolia 2.89-3.78 um and Aphaca 2.03-3.22 um (Giines and Cirpici, 2008;
Giines, 2011). Ress and Hazarika (1969) indicated that total chromosome length in perennial Lathyrus species is generally
greater than that of annual species. Our results confirm the previous studies. Ozcan et al. (2006) and Sahin et al. (1988)
determined the chromosome types of L. laxiflorus subsp. laxiflorus as metacentric (m) and submetacentric (sm) and observed
satellites as shown in Table 6. Morphologically, L. laxiflorus subsp. laxiflorus and L. laxiflorus subsp. angustifolius are very
similar and their chromosome types are very similar too. L. czeczottianus, subsp.laxiflorus and subsp. angustifolius have
medianpoint (M) chromosome (Table 6; Fig. 5-6).

L. pratensis is different from other species of the section with yellow flowers. In some countries or in some regions,
L. pratensis can have different numbers of chromosomes. Therefore we needed to study this species more closely. We have
collected specimens from Turkey's Caucasus region. This region is both high and cold but the number of chromosomes we
detected was the same (2n=14), like other researchers in Turkey (Table 6). Earlier investigators observed that the chromosome
numbers in the somatic cells of L. pratensis were 2n=14 (Darlington and Wylie, 1955, London; Yamomato et al., 1984, London
and Czechoslovakia; Sahin et al., 1988, Centre of Turkey; Gutiérrez, 1994, France-Germany, Switzerland; Klamt and Wittmann,
2000; Ozcan et al., 2006, North of Turkey) and 2n=28 (Darlington and Wylie, 1955, London; Yamomato et al., 1984; Gutiérrez,
1994, Spain-Geneva). As shown in Table 6, the chromosome numbers of the section Pratensis species in the present study were
also in accordance with previous findings (Darlington and Wylie, 1955; Yamomato et al. 1984; Gutiérrez, 1994; Sahin et al.,
1998; Giines and Cirpici, 2008; Ozcan et al., 2006).

Table 6. Chromosome number and chromosome type of examined taxa and references

Taxa Chromosome | Chromosome type Reference chromosome number (2n) Reference chromosome
number (2n) type
L. pratensis 14 m,m,m,sm,m,m,m 14
1. Darlington and Wylie 1955, London) 1. Unspecified
2. (Yamomato et al. 1984, London and 2. Unspecified
Czechoslovakia) 3. m*&sm,sm,sm,sm,sm,m
3. (Sahin et al. 1988, Turkey) 4. Unspecified
4. (Gutiérrez 1994, France-Germany, 5.2m+12sm
Switzerland). 6. m,sm,sm,sm,smt,m,m,
5. Klamt and Wittmann 2000
6. (Ozcan et al. 2006, Tiirkiye)
28
1. Darlington and Wylie 1955, London) 1. Unspecified
2. (Yamomato et al. 1984) 2. Unspecified
3. (Gutiérrez 1994, Spain-Geneva). 3. Unspecified
L. layardii (End) 14 sm,sm,m,m,sms&sm, new new
sm
L. laxiflorus 14
subsp. laxiflorus 1. (Ozcan et al. 2006, Turkey), 1. sm,m,sm,sm,m% m,m
2. (Sahin et al. 1988, Turkey) 2. m,sms&sm,sm,sm,sm,m
3. (Giines and Cirpic1 2008, Turkey) 3. m,sm,sm,sm,sm,sm,M
L. laxiflorus 14 sm,sm,sm,sm,sm,sm new new
subsp. M
angustifolius
(End)
L. czeczottianus 14 M,sm,m,sm,sm,m,m 14 (Ozcan et al. 2006, Turkey) m,sm,m,sm,m%sm,m
(End)

L. czeczottianus is an endemic plant that is wide spread in Anatolia. Ozcan et al. (2006) collected it in the Eastern

Black Sea region (north of Turkey). In this study, we compared the localities of the most western, eastern and southern regions
of the province where the plant has spread (Table 1 and 6). The studies that have been performed before were of L. pratensis
and L. czeczottianus (end) taxa. It has been suggested that the different chromosome types determined in these taxa were because
of the different methods used by the researchers. The karyological findings obtained in this study and their systematic availability
show parallelism with the determinations of previous researchers (Darlington and Wylie, 1955; Yamomato et al., 1984; Sahin
et al., 1988; Gutiérrez, 1994; Klamt and Wittmann, 2000; Ozcan et al., 2006; Giines and Cirpici, 2008) (Table 6).

The satellites were only observed in the fifth chromosome of L. layardii, and are large and with a width equal to the
chromosome width (Table 3; Figure 4). Giines (2011) showed that karyological characteristics could be referred to for
distinguishing some morphologically very similar taxa, specifically L. atropatanus, L. spatulatus, L. karsianus and L. cyaneus
var. cyaneus. Giines and previous authors (Martin et al. 2011; Ozcan, 2013; Altinordu et al. 2013; Giines and Merig 2017)
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believed that this important data concluded from the study of karyotype analysis would lead to a better understanding of the
taxa and provide a contribution to any future studies.

The karyotype analysis of two taxa, all of them endemic (L. layardii and L. laxiflorus subsp. angustiflorus), and
included in the section Pratensis growing in Turkey were determined in detail for the first time in this study.
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Abstract

This study presents pollen analysis of natural honey produced in Hatay province in Turkey. Honey samples were
collected from 15 different localities in 2013 around Hatay and its environs. The pollen analysis was carried out using
microscopical analysis. In all 100 taxa belonging to 40 different families were determined. Apiaceae, Asteraceae,
Brassicaceae, Fabaceae, Lamiaceae, Poaceae, Rosaceae and Trifolium were the most represented taxa. In honey samples,
dominant pollen types were from Fabaceae and Petroselinum crispum while Apiaceae, Asteraceae, Brassicaeae,
Fabaceae, Rosaceae, Lamiacea, Lathyrus sp., Erica manipuliflora, Arbutus andrachne, Olea europaea and Citrus
aurantium were recorded as secondary taxa. Among the 15 honey samples, only three samples collected from Uggiilliik
(HO1 honey sample), Kale (HO2 honey sample), and Bektash villages (HO7 honey sample) were unifloral, because of
having only one dominant and trace pollen, others were determined as multifloral honeys. The highest number of pollen
was observed in the samples from Uggiilliik Village (96113 pollen grain).

Key words: melissopalynology, honey, pollen analysis, Hatay, Turkey

*

Hatay/Tiirkiye ballarinin polen analizi

Ozet

Bu ¢alisma Tiirkiye'de Hatay ilinde {iretilen dogal ballarin polen analizini sunmaktadir. 2013 yilinda Hatay ve
cevresinde 15 farklt lokaliteden bal oOrnekleri toplanmistir. Polen analizi mikroskopik analiz kullanilarak
gerceklestirilmistir. 40 farkli aileye ait toplam 100 takson belirlendi. Apiaceae, Asteraceae, Brassicaceae, Fabaceae,
Lamiaceae, Poaceae, Rosaceae ve Trifolium en ¢ok temsil edilen taksonlardir. Bal numunelerinde dominant polen tipleri
Fabaceae ve Petroselinum crispum iken, Apiaceae, Asteraceae, Brassicaeae, Fabaceae, Rosaceae, Lamiaceae, Lathyrus
sp., Erica manipuliflora, Arbutus andrachne, Olea europaea ve Citrus aurantium sekonder takson olarak kaydedilmistir.
15 adet bal 6rneginden sadece Ucgiilliik (HO1 bal 6rnegi), Kale (H02 bal 6rnegi) ve Bektasli koylerinden (HO7 bal 6rnegi)
toplanan ii¢ bal rnegi dominant ve iz polenine sahip oldugundan unifloral, digerleri ise multifloral baldir. Uggiilliik Koyii
(96113 polen tanesi)’nden toplanan bal drneginde en fazla polen tanesi gdzlenmistir.

Anahtar kelimeler: melisapalinoloji, bal, polen analiz, Hatay, Turkiye
1. Introduction

Honey is consumed all over the world, but adulteration and the false labelling are the problems we face globally
(Song et al., 2012). Composition of honey is varies and from region and climatic features of the area. Therefore the
evaluation of the chemical composition of honeys is necessary. The composition and physicochemical properties of
honeys can be used to verify the botanical origin and microscopic characteristics (Bogdanov et al., 2004, 2007).
Melissopalynology plays a great role in this connection, as it helps to find out the botanical and geographical origin of
honey with the help of their pollen composition (Anklam, 1998, Song et al., 2012). Floral composition of a honey sample
can be determined by characterization of pollen content and diversity.
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In order to determine the origin, above other properties as bitterness, aroma and flavor, color, and rapid
crystallization status of honeys, pollen analysis is reported to be the best approach (Sorkun, 1985). Many countries all
over the world have strict import and export laws that requires three types of certification. These are verification of the
honey’s floral type, quality, and precise place of origin. As a result of these obligations countries impose strict rules
governing the importation and exportation of honey products. This situation makes these certifications very important.
People use pollen analyses to determine these certifications (Jones and Bryant, 2004). Many investigations have been
undertaken during the last few decades in this connection all over the world notable among these being; Terrab et al.
(2004, 2005), Khan et al. (2006), Mandi¢ et al. (2006), Sabo et al. (2011), Upadhyay and Bera (2012), Song et al. (2012)
from Spain, Morocco, Pakistan, Croatia, India, and China.

In Turkey first scientific report on pollen analysis of honey was published by Qustrani in 1976 (Erdogan et al.,
20006). There are several reports from Turkey on the pollen spectrum of honeys (Silici and Gokgeoglu, 2007; Ozturk et
al., 2012). All melissopalinological studies have been carried out in different phytogeographical regions of Turkey as
reviwed by Ozturk et al. (2012). In this study, pollen types belonging to total 244 plant taxa have been reported, listed as
dominant and secondary pollen (Ozturk et al., 2012).

Our major aim here is to provide information on the type and plant sources in the honey collected from the Hatay
(Turkey) and put forward a guide for beekeeping in the province.

2. Materials and methods
2.1. Study area

A determination of the floral diversity, flowering and nectar accumulation times are very important for an
effective and conscious beekeeping. The province of Hatay in Turkey has a great potential due to the its varying
geographical, topographical and ecological features (Geng, 1990). The State of Antakya (Antiochia) in the upper
mesopotamian part of Turkey is located between 35°48' N and 37°00' N and between 35°46' E and 36°41' E in the most
southern region of Turkey. The altitude varies from sea level to 2240 m. The Mediterranean Sea lies in its west, Syria in
the south and east and Adana, Osmaniye and Gaziantep provinces in the North. The province is spread over an area of
5.559 km? and 46.1 percent of the land is mountain, 33.5 percent plain and 20.4 percent plateau and hillside (Korkmaz et
al., 2012; Altay et al., 2011). The area is under the influence of the Mediterranean climate, annual average temperature
varies between 15.1-20 °C and average annual rainfall between 562.2-1216.3 mm, most of which falls in winter months
(Altay et al., 2011).

Shrubs are encountered between 0-500 m in the area and consist of species like Quercus coccifera, Phillyrea
latifolia, Pistacia terebinthus ssp. palestina, Myrtus communis, Paliurus spina-christi, Calicotome villosa, Nerium
oleander, Cistus creticus, Spartium junceum and Cotinus coteneaster. At higher altitudes (500-1000 m) we find plant taxa
such as: Pinus brutia, Laurus nobilis and Arbutus andrachne; between 1000-1500 m the dominant cover is compposed
of Quercus sp. and Ostraya carpinifolia, and between 1500-2000 m Pinus nigra, Cedrus libani, Abies cilicica forests are
dominant representatives (Akman, 1973; Altay, 2015). The mountains run parallel to the coast line in the region and
moisture values around Iskenderun are higher. We come across many woody plant taxa here such as Laurocerasus
officinalis, Fagus orientalis, Corylus avellana, Tilia argentea, Acer platanoides and llex colchica in the east of Dértyol,
which are specific to the Black Sea region (Akman, 1973). The plant diversity of Hatay with about 250 endemic taxa (rate
of endemism 12.5%) is composed of approximately 2000 natural vascular plant taxa (Altay, 2015).

2.2. Data analysis

A total of 15 natural honey samples (Appendix 1), were collected from nonmigratory beekeepers (members of
the Hatay Beekeepers Association) in the Hatay province during 2013 and 2014. The preparation of honey samples was
carried out according to the standardized method of Louveaux (1970), Pendleton (2006), Silici and Gékgeoglu (2007).
To analysis the pollen content of the honey samples methods outlined in detail by Ozturk et al. (1989, 2012), and Sorkun
(2008) were followed. Honey samples (300 g) were collected from different locations was put into sterile jars. Samples
were incubated at 65-70 °C in water baths to prevent crystallization and stirred to get homogeneous suspensions. From
these suspensions, 10 g samples were mixed with 20 mL distilled water, incubated at 45 °C in water bath and continuously
shaken to dissolve honey in water. The mixture was centrifuged at 6000-6500 rpm, upper water phase was discarded and
pre-prepared glycerol-gelatin mixture (1:1.5) was added to the tubes. They were transferred to a slide, covered with
coverslip and prepared, then analyzed by using Leica DM2500 light microscope (1000x) to determine and the pollen
content (Sik et al., 2017).

Percentage of every pollen type in the pollen sediment was calculated for all honey samples. Pollen types were
allocated to one of four frequency classes: (i) predominant pollen types (>45% of the total pollen content); (ii) secondary
pollen types (16-45%); (iii) important minor pollen types (3-15%); and (iv) minor pollen types (<3%) (Song et al., 2012)
(Appendix 2). The total amount of pollen grains in a honey sample was determined and the results were compared with
the classification proposed by Louveaux et al. (1978). The five classes according to the pollen content in 10 g of honey
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were: I: less than 20.000 pollen grains; 11: 20.000 to 100.000 pollen grains; 111: 100.000 to 500.000 pollen grains; 1V:
500.000 to 1.000.000 pollen grains; V: over 1.000.000 pollen grains.

3. Results

During this study, a total of 100 pollen types belonging to 40 families were identified from 15 honey samples.
The number of plant taxa (pollen types) present in each honey sample studied varied between 18 to 46 (Appendix 1).

The dominant families are Fabaceae (Fabaceae type, Astragalus, Calicotome villosa, Ceratonia siliqua, Cicer
arietinum, Glycyrrhiza glabra, Lathyrus, Medicago, Pisum sativum, Sophora, Trifolium and Vicia), Asteraceae
(Asteraceae type, Anthemis, Aster, Carduus, Centaurea, Cichorium intybus, Helianthus annus, Lactuca, Tanacetum,
Xeranthemum and Taraxacum), Lamiaceae (Lamiaceae type, Lavandula stoechas, Prunella, Rosmarinus officinalis,
Salvia, Teucrium, Thymbra and Thymus), Brassicaceae (Brassicaceae type, Brassica, lIsatis, Rapistrum rugosum,
Raphanus raphanistrum and Sinapis), Rutaceae (Citrus type, Citrus aurantium, Citrus limon, Citrus nobilis, Citrus
parasidi and Citrus sinensis) and Cucurbitaceae (Cucurbitaceae type, Citrullus lanatus, Cucumis sativus, Cucumis melo
and Ecballium elaterium) (Appendix 1).

Families that occurred in more than 50 percent of the honey samples included Cistaceae and Boraginaceae (60%,
n=9), Rutaceae and Oleaceae (73.33%, n=11), Liliaceae (80%, n=12), Myrtaceae (86.67%, n=13); Rosaceae, Poaceae,
Lamiaceae and Apiaceae (93.33%, n=14), and Fabaceae, Brassicaceae and Asteraceae (100%, n=15).

17 pollen types were found in more than one-half of the honey samples in the study area. These pollen types
included Citrus aurantium, Cistus salviifolius, Raphanus raphanistrum and Boraginaceae type (53.33%, n=8), Olea
europaea, Myrtus communis, Eucalyptus camaldulensis and Centaurea (66.67%, n=10), Liliaceae type (80%, n=12),
Poaceae type (86.67%, n=13), Rosaceae type, Lamiaceae type, Trifolium, Asteraceae type and Apiaceae type (93.33%,
n=14), and Brassicaceae type and Fabaceae type (100%, n=15).

Of the 15 honey samples, 12 were classified as multifloral and 3 as unifloral, represented by 2 predominant
pollen types: Petroselinum crispum (n=2) and Fabaceae type (n=1) (Appendix 2).

Based on the absolute pollen content per 10 g of the honey samples, 73.33% (n=11) of the samples were found
to belong to Group I (<20.000 pollen grains per 10 g honey) and 26.67% (n=4) to Group 11 (20.000-100.000) (Appendix
2).

The number of pollen grains per 10 g of honey, extended from the ‘very poor’ (<20.000) to the ‘very rich’
category (500.000-1.000.000) (Feller-Demalsy et al., 1989). In our study, honey samples generally “very poor” in grains
represented 73.33% of all the samples (Appendix 2).

4. Conclusions and discussion

Pollen content and the diversity is most important factor to determine the quality level of honey (Yan et al.,
2001). Pollen present in the dominant and secondary group are primary contributors to the formation of honey while
pollen content in quantities less than other pollen are added to the honey generally by external factors such as wind (Moar,
1985). The dominant and secondary groups determine the honey content and quality. According to Lieux (1972), the
diversity of trace and minor groups has always been higher than diversity of dominant group pollen taxa. Our result show
parallalelity with these findings.

The pollen composition of the honey samples revealed important information on the floral structure of the study
area. Of the dominant pollen taxa group (>45%) Petroselinum crispum was present in two of the 15 samples, ranging
from 77.2 to 93.62 percent (HO1 and HO2 honey samples). These honey samples are named locally as "Maydanoz bah"
(honey name in turkish). It was present as secondary pollen in one sample (HO8 honey sample) (Appendix 2).
Petroselinum crispum is commonly cultivated in the study area. The honey samples were taken from the honey hives
located near the parsley cultural fields. Similarly, it is reported for other species of the Apiaceae family in Turkey. Silici
and Gokgeoglu (2007) reported that Pimpinella anisum pollen were dominant in two honey samples from Antalya
Province. It has also been reported similar to other countries in the Mediterranean basin. According to Tsigouri et al.
(2004), Pimpinella anisum pollen were dominant in two honey samples from Greece and Apiaceae pollen were most
frequently found in Algerian honeys (Ouchemoukh et al., 2005).

Fabaceae type was predominant in only one sample (HO7 honey sample). It was also the secondary pollen in four
samples (Appendix 2). Fabaceae type pollen has already been reported in the different phytogeographical regions in
Turkey honeys by Ozturk et al. (2012). Twelve pollen types belonged to the secondary pollen group (16-45%): Apiaceae
type (H03, HO4 and H10), Petroselinum crispum (H08), Fabaceae type (H11, H12, H14 and H15), Lathyrus (H06), Erica
manipuliflora (H09), Arbutus andrachne (H09), Lamiaceae type (H10, H1l and H12), Asteraceae type (H11),
Brassicaceae type (H12, H13, H14 and H15), Rosaceae type (H06), Citrus aurantium (HO4 and HO5) and Olea europaea
(H13) (Appendix 2).

The pollen types of Apiaceae, Asteraceae, Brassicaceae, Fabaceae, Lamiaceae and Rosaceae are present in
almost all honey samples in the study area (Appendix 1) and these are considered as secondary pollen groups. Similarly,

Volkan ALTAY et al., Pollen analysis of honeys from Hatay (Turkey)



212 Biological Diversity and Conservation — 11 / 3 (2018)

these pollen types have also been reported as secondary pollen in other regions of Turkey (Ozturk et al., 2012).
Ouchemoukh et al. (2005) reported that Apiaceae pollen is most frequently found in Algerian honeys. Atanassova et al.
(2009) reported that Fabaceae, Lamiaceae, Brassicaceae and Rosaceae are the most represented families in honey from
the Kazanlak region (Central Bulgaria). In addition, Atanassova et al. (2016) reported that Fabaceae, Rosaceae and
Brassicaceae families were important for honey production from serpentine and nonserpentine areas in the Eastern
Rhodopes Mt. (Bulgaria).

Asteraceae is one of the the richest families in terms of plant species and pollen types in the world. Similarly,
pollen of this family have been most frequently found in honeys from Turkey (Ozturk et al., 2012). Brassicaceae is a
cosmopolite family and it contains many natural and cultivated plant species in Turkey. Many members of the
Brassicaceae are economically important for medicinal, ornamental, and economic purposes (Gugel and Falk, 2006;
Warwick et al., 2007). Brassicaceae family members are common plants along the roads and highways and they are
important bee plants not only for honeybees but also for the bumbles (Silici and Gokgeoglu, 2007). Pollen grains of this
family are very commonly present in honey samples. Previous studies have reported that pollen of this family is usually
present in honey samples from Turkey (Sorkun and Inceoglu, 1984b, ¢; Kaplan and inceoglu, 2002; Ozturk et al., 2012).

The number of honey plants belonging to Fabaceae family is less than other families, because the flowering
period of the family is between April-September. Fabaceae plants have a long flowering period and are used as sources
of pollen and nectar by bees, and are also frequently observed in honey (Silici and Gokgeoglu, 2007). Many previous
melissopalynological studies report that Fabaceae type pollen are frequently found in Turkey's different regions and
neighboring countries with similar climate (Sorkun and Inceoglu, 1984a; Sorkun and Yulug, 1985a, b; Go¢men and
Gokgeoglu, 1992; Kaplan and Inceoglu, 2002).

The Lamiaceae family has more nectar bearing plants than other families in Turkey. It is one of the most
important families as pollen and nectar source because it has long flowering period and very nice smell (Sorkun and
Yulug, 1985b; Silici, 2004).

Rosaceae family has a large number of pollen and it is preferred by honeybees due to nectar and pollen source
(Sorkun, 1988). The presence in our many honey samples could possibly be attributed to the fruit trees also in urban area
(Malus sylvestris, Prunus spp., Cerasus sp.) to common (Taskin and Ince, 2009).

Citrus aurantium pollen grains are present in eight samples and as secondary in two samples. Silici and
Gokgeoglu (2007) reported that there was no correlation between the percentage of Citrus pollen and the area of
production. Likewise, Tsigouri et al. (2004) reported similar results. Although different Citrus varieties (C. aurantium,
C. limon, C. paradisi, C. nobilis and C. sinensis) are cultivated throughout the study area, the pollen percentage was not
high in our honey samples. This is due to the fact that Citrus pollen grains are underrepresented in honey. Silici and
Gokeeoglu (2007) have found similar results in Antalya Province (Turkey). Similarly, melissopalinological studies by
different researchers especially Italy, Spain and Greece as well as other countries in the Mediterranean Basin are
consistent with ours (Persano-Oddo et al., 1995, 1998, 2004a, b; Serra Bonvehi and Ventura Coll, 1995; Tsigouri et al.,
2004). D'Albore (1997) has reported that percentage of pollen in Italian Citrus honeys is greater than 5 percent. Olea
europaea, the most typical Mediterranean plant, is cultivated in coastal areas and its pollen was observed as secondary in
one sample in the research area. Pollen from O. europaea has also been reported in variable frequencies in Spanish and
Moroccan honeys (Debbagh, 1987; Mufiuera-Giner and Carrion-Garcia, 1994; Cabreara-Ruiz et al., 1997; Terrab et al.,
2003).

In Turkey, Erica manipuliflora, Arbutus andrachne (Ericaceae) and Lathyrus (Fabaceae) taxa growing along the
coastal area are very important for honey bees as pollen and nectar source (Sorkun, 2008; Ozturk et al., 2012). E.
manipuliflora and A. andrachne pollen were observed as secondary in one honey sample (H09), and Lathyrus pollen also
was observed as secondary in one honey sample (HO06) in the study area.

Twenty three pollen types belonged to the ‘important minor’ class. The pollen of Apiaceae, Asteraceae,
Brassicaceae, Boraginaceae, Cucurbitaceae, Fabaceae, Lamiaceae, Poaceae, Polygonaceae, Rosaceae, Anthemis, Arbutus
andrachne, Cistus salviifolius, Citrus aurantium, Citrus sinensis, Erica manipuliflora, Eucalyptus camaldulensis,
Lathyrus, Myrtus communis, Olea europaea, Raphanus raphanistrum, Trifolium and Vicia are present in almost all honey
samples in the study area (Appendix 2) and they can be considered as the important minor pollen.

The low number of the pollen in the honey samples is because of the short flowering period (Moar, 1985).
However, nectars with lower sugar content are not preferred by honey bees. Small number of pollen grains affect the
quality of honey. This is because of increase in the pollen species diversity. Taxa from 15 honey samples belong to "minor
pollen” class except Petroselinum crispum (Appendix 2).

A total of 24 non-melliferous plant taxa found in our honey samples are: Cedrus libani, Chenopodium album,
Cistus, Cistus salviifolius, Cupressus sempervirens, Helianthemum nummularium, Hypericum, Juglans regia, Linum,
Lycopersicon esculentum, Morus, Quercus sp., Quercus coccifera, Olea europaea, Phillyrea latifolia, Pinus brutia,
Pistacia terebinthus, Poaceae, Populus, Rumex sp., Rumex acetosella and Typha sp., Vitis vinifera and Zea mays. The
presence of these pollen types is most likely from contamination by the bees from mainly wind-pollinates plants.

Honey is a local product so its botanical and geographical origin and many environmental factors have important
effects on its quality (physical and chemical characteristics) (Bogdanov et al., 2007; Atanassova et al., 2016).
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Melissopalynological analysis is still considered as a suitable method for honey evaluation. Many workers think
that acidity and humidity are not the only significant parameters for honey quality; in addition pollen analysis gives
important knowledge about the geographical and botanical origin (Persano Oddo and Piro, 20044, b; Kaya et al., 2005;
Silici and Gokgeoglu, 2007), especially -if the plant is an endemic plant (Anklam, 1998). As emphasised by Mandi¢ et al.
(2006) Europe has more than 100 unifloral honeys but the honeys have local importance and people produce them
periodically. Geographical and botanical properties play critical roles about their quality (Sabo et al., 2011). About 500
plants in Turkey are important nectar and pollen offering beekeeping plants. It is reported that all of this plants are
important for beekeeping also 50-60 of them are economically dominant nectar and pollen yields (Sorkun, 2008; Ozturk
etal., 2012).

In this study, two predominant pollen types (Petroselinum crispum and Fabaceae type) were recorded in three
unifloral honeys. Local beekeepers designate honey samples as Citrus, Eucalyptus, Petroselinum crispum, Calluna,
Pinus, Capparis spinosa and Gossypium” without melissapalynologycal analysis according to their botanical origins.
They are considered as unifloral by the name, but our pollen analysis revealed that honey in some sites is multifloral and
should be named as “Blossom”.

Hatay province has a great potential in apiculture in terms of climate and vegetation. Cultivation of cash crops,
garden plants and forage plants is intensive in the province. The vegetation of the province has a capacity which will
serve for more than the number of existing bee colonies. However, the current potential of the province has not been
adequately evaluated (Sahinler and Sahinler, 1996; Sahinler and Giil, 2005). Sahinler and Giil (2005) have reported that
in different regions of Hatay, apiarists use big amounts of Mavrik, Kenaz, Perizin and Rulamit VA etc. to cure various
diseases such as (varroa parasite, foulbrood). They have also reported that the reason of the situation was the fact that
apiarists were uneducated, they lack experince and information, and they usually use unlicensed chemicals. Giil (2014)
has also reported that such factors are of significiance as the most critical contributing causes diminution of bee
populations in Turkey. In addition, the urbanization and industrialization, destruction of forests, coastal tourism, and
greenhouse gases affect the beekeeping in Turkey. This situation is considered as the reason of the low quantities of pollen
and taxa in samples. The lack of clean water supply also effects the spread of bee diseases (Yiicel, 2008). In 3 km radius
of the hive ecological vegetable production should be done and natural plant cover should exist for good honey production.
Hives, should be placed away from industrial area, highways and from conventional agriculture using pesticides (Yiicel,
2008). The beekeepers should produce honey in places that have plants with a lot of pollen and nectar and places which
are suitable for bees. Orientation of beekeeper in this regard will play important role of mapping of appropriate pollen
and nectar area for honey production and will provide food security (Yiicel, 2008). Also helping pollination plays an
active role in ensuring the diversity and continuity of generations (Kumova et al., 2001; Kambur and Kekegoglu, 2018).
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Appendix 1. Pollen taxa recovered from the honey samples and their frequency percentages

Sample no
Pollen taxa Ho1 ;'0 HO3 HO4 HO5 HO6 HO7 HO8 HO9 H10 HIl HI12 HI3 H14 H15
Anacardiaceae
Pistacia terebinthus 023 012
Apiaceae
Apiaceae type 0.73 5'2 3453 232 1018 233 251 367 341 2011 958 46 7.32 6.63
Petroselinum crispum 93.62 27' 36.05
Asteraceae
Asteraceae type 0.06 (2)'3 6 1114 226 622 314 265 978 21 2464 198 46 294
Anthemis g'l 12.01 0.93 0.076 114 24
Aster 0.07
Carduus 0.001
Centaurea o002 97 054 003 0007 002 0075 0.07 0006 0.04
Cichorium intybus (1)70
Helianthus annus 001 006 0.14 0.05 0.19

0.0

Lactuca o1
Tanacetum 0.015 0.003
Xeranthemum 0.03
Taraxacum 0.025 0.06
Boraginaceae
Boraginaceae type gzo 3 0.93 2.33 0.45 33 006 0.2
Anchusa 0.003
Echium 0.06 0.06
Brassicaceae
Brassicaceae type 0.12 ;'1 3 371 1358 3.9 3.77 598 842 105 1232 3566 20.76 16.86 24.3
Rapistrum rugosum gf 0.015
Raphanus raphanistrum 3'2 226 356 18 274 029 10.73 5.5
Sinapis 0.04 0.04
Brassica 0.007
Isatis 0.011
Capparaceae
Capparis spinosa 0.001 8'?? 0.025 0.06 0.06 0.004
Chenopodiaceae
Chenopodium album 0.02 0.26
Cistaceae
Cistus 0.03 0.13
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Cistus salviifolius 0.042 3 1.13 3.18 2.4 137 259 0.99
Helianthemum nummularium 8E?
Cucurbitaceae
Cucurbitaceae type 0.35 3.06 5.15
Citrullus lanatus 0.02
Cucumis sativus 0.003 0.03 0.29
Cucumis melo 0.26
Ecballium elaterium 270 0.06
Cupressaceae
Cupressus sempervirens 0.007
Ebenaceae
Diospyros 0.11 0.045 0.03
Elaeagnaceae
Elaeagnus angustifolia 0.04
Ericaceae
Erica manipulifiora o 4209 3 0.09 153
Arbutus andrachne g'l 0.076 1752 3.3
Fabaceae
Fabaceae type 0.83 2'8 15.01 9.28 9.05 1401 478 454 796 27 16.43 23.13 15.82 30.65 24.3
Astragalus 8;) 0.04 0.43 0.038
Trifolium 3.79 2'4 15 185 453 233 063 189 068 48 318 04 3.06 221
Calicotome villosa 0.047 0.015 021 0.14 0.11
Glycyrrhiza glabra 0.07
Sophora 0.04 0.03
Lathyrus 3 2.78 24.13 0.83 0.6
Medicago 0.02
Vicia 0.93 0.45 0.6 919 81
Ceratonia siliqua 0.34
Cicer arietinum 0.11
Pisum sativum 0.15
Fagaceae
Quercus 810
Quercus coccifera 0.11 0.015 0.11
Hypericaceae
Hypericum 0.02
Juglandaceae
. 0.0

Juglans regia o1 0.011
Lamiaceae
Lamiaceae type 0.042 2'3 45 464 453 934 943 234 1831 219 2829 9.1 7.66 8.84
Lavandula stoechas 0.001 830 0.003
Prunella 0.02 0.04
Rosmarinus officinalis 0.26

. 0.0
Salvia o1
Teucrium 810 0.02 0.003
Thymus 0.29 0.015
Thymbra 0.14
Lauraceae
Laurus nobilis 09 0.11 0003 0.93 0.14  0.001
Liliaceae
Liliaceae type 0.006 830 0.07 0.15 0.015 0.019 0.02 0.015 0.07 0.006 0.03 0.18
Linaceae
Linum 0.011
Malvaceae
Malvaceae type 0.001
Gossypium 0.11
Moraceae
Morus 0.003 0.07 0.003
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Myrtaceae
Eucalyptus camaldulensis 048 8'1 3 629 924 36 026 06 46 221
Myrtus communis ;'4 15 10.21 1.13 377 538 136 24 0.26 13.25
Oleaceae
Olea europaea 7.5 278 339 078 107 9.39 3 1.37 20.76 0.74
Phillyrea latifolia 0.4
Onagraceae
Epilopium angustifolium 810
Pinaceae
Pinus brutia 0.002 0.003
Cedrus libani 0.02
Poaceae
Poaceae type 0.23 1'6 10.18 6.22 126 121 045 36 411 012 237 153 588
Zea mays 0.11 0.003 0.07 0.03 0.04
Polygonaceae
Polygonaceae type gf 0.78 6.21 25 0.03 153
Rumex 0.003 0.02
0.0
Rumex acetosella 03
Polygonum 0.04 0.1 0.09
Portulacaceae
Portulaca oleracea 0.001 810
Punicaceae
Punica granatum 0.02 0.03 0.003 0.015
Ranunculaceae
Ranunculaceae type 0.03 0.06
Ranunculus 0.04
Rhamnaceae
Paliurus spina-christii 0.19 0.07 0.24 0.16 0.003 0.02 0.04
Rosaceae
Rosaceae type o021 3% 15 371 679 2569 1007 098 091 54 411 032 494 306
Rutaceae
Citrus 0.03 0.39 0.004 0.34
Ciitrus aurantium 8£ 3 232 2037 083 182 3 0.06
Citrus limon 8'10 0.06 0.015 0.003
Citrus paradisi 0.003 0.01
Citrus nobilis 0.001
Citrus sinensis gzo 10.18 15 059 04
Salicaceae
0.0
Populus 04
Solanaceae
Nicotiana 0.003
Solanum 107 1.29
Lycopersicon esculentum 0.15
Thypaceae
Typha 0.002 0.045
Verbenaceae
Vitex agnus-castus 0.04 0.05 0.019 0.001
Vitaceae
Vitis vinifera 0.07
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Appendix 2. Pollen analytical data of honey samples from the study area

Predominant
pollen

(>45%)

Secondary pollen
*Samples

(16-45%)

Important minor
pollen

(3-15%)

Minor pollen

(<3%)

The total
pollen number

Nature of
Honey

Feller-
Demalsy et al.
(1989)

Maurizio's
classes

Petroselinum

HO1 crispum (93.62%)

Trifolium (3.79%)

Fabaceae type, Apiaceae type,
Eucalyptus camaldulensis, Poaceae
type, Brassicaceae type, Asteraceae
type, Cistus salviifolius, Lamiaceae
type, Rosaceae type, Liliaceae type,
Centaurea, Pinus brutia, Typha,
Capparis spinosa, Carduus,
Lavandula stoechas, Portulaca
oleracea

96113

Unifloral

normal

Petroselinum

HO2 crispum (77.2%)

Brassicaceae
(7.13%),
Lamiaceae
(3.38%)

type

type

Raphanus raphanistrum, Apiaceae
type, Poaceae type, Myrtus
communis,  Cistus  salviifolius,
Rosaceae type, Fabaceae type,
Trifolium, Asteraceae type,
Anthemis, Eucalyptus
camaldulensis, Arbutus andrachne,
Citrus aurantium, Erica
manipuliflora, Polygonaceae type,
Boraginaceae type, Citrus sinensis,
Centaurea, Cichorium intybus,
Ecballium elaterium, Astragalus,
Helianthemum nummularium,
Populus,  Rapistrum  rugosum,
Capparis  spinosa, Lavandula
stoechas, Liliaceae type, Rumex
acetocella, Epilobium angustifolium,
Citrus limon, Lactuca, Laurus
nobilis, Portulaca oleracea, Salvia,
Juglans regia, Quercus, Teucrium

62040

Unifloral

normal

Apiaceae
(34.53%)

HO3 type

Fabaceae type
(15.01%), Anthemis
(12.01%), Olea
europaea (7.5%),
Asteraceae type
(6%), Lamiaceae
type (4.5%),
Boraginaceae type
(3%), Brassicaceae

Myrtus communis, Rosaceae type,
Trifolium, Paliurus spina-christii,
Zea mays, Astragalus, Vites agnus-
castus

2664

Volkan ALTAY et al., Pollen analysis of honeys from Hatay (Turkey)

Multifloral

| very poor



Biological Diversity and Conservation — 11/ 3 (2018) 219

Apiaceae type

type (3%),
Eucalyptus
camaldulensis
(3%), Citrus
aurantium (3%,
Lathyrus (3%)
Asteraceae type
(11.14%), Myrtus
communis

(10.21%), Fabaceae
type (9.28%),

Lathyrus, Olea europaea, Trifolium,
Anthemis, Boraginaceae type, Vicia,

HO04 (23.2%),  Citrus - Liliaceae type, Paliurus spina- 4310 Multifloral 1 very poor
aurantium (23.2%) I(_fr6nioa/$eae type christii, Vitex agnus-castus,
Br.assicalceae type Capparis spinosa, Taraxacum
(3.71%), Rosaceae
type (3.71%)
Brassicaceae type
(13.58%), Apiaceae
type (10.18), Citrus
sinensis  (10.18%),
Poaceae type Asteraceae type, Raphanus
Citrus  aurantium (10.18%), Fabaceae raphanistrum, Cistus salviifolius,
HO5 type (9.05%), Myrtus communis, Laurus nobilis, 3535 Multifloral 1 very poor
(20.37%) : . .
Rosaceae type Citrus limon, Echium,
(6.79%), Ranunculaceae type
Lamiaceae type
(4.53%), Trifolium
(4.53%), Olea
europaea (3.39%)
Fabaceae type Apiaceae type, Boraginaceae type,
(14.01%), oo
. Trifolium, Olea europaea,
Lamiaceae  type, Polygonaceae type, Centaurea
Rosaceae type (9.34%), Ast?/ag alus, Th ng YLiIiaceaet e’
HO6 (25.69%), Asteraceae  type galus, 1hymus, YPE, 5138 Multifloral | very poor
Capparis  spinosa,  Polygonum,
Lathyrus (24.13%) (6.22%), Poaceae I .
Sophora, Cedrus libani, Hypericum,
type (6.22%), di I .
Brassicaceae _type Medicago, Prunella, Punica
(3.9%) granatum, Teucrium
Olea europaea Apiaceae type, Poaceae type,
(10.7%), Rosaceae Trifolium, Ecballium elaterium,
Fabaceae type type (10.07%), Taraxacum, Calicotome Vvillosa, .
HO7 (47.8%) Lamiaceae Centaurea, Cistus, Citrus, Punica 6360 Unifloral | Very poor
(9.43%), granatum, Liliaceae type,
Eucalyptus Tanacetum, Thymus
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camaldulensis
(6.29%)),
Brassicaceae type
(3.77%),  Myrtus
communis (3.77%),
Asteraceae type
(3.14%)

HO08

Petroselinum
crispum (36.05%)

Olea europaea
(9.39%),
Eucalyptus
camaldulensis
(9.24%),
Polygonaceae type
(6.21%),
Brassicaceae type
(5.98%),  Myrtus
communis (5.38%),
Fabaceae type
(4.54%), Apiaceae
type (3.67%),
Raphanus
raphanistrum
(3.56%), Cistus
salviifolius (3.18%)

Asteraceae type, Lamiaceae type,
Trifolium, Poaceae type, Rosaceae
type, Citrus aurantium, Lathyrus,
Boraginaceae type, Vicia, Paliurus
spina-christii, Diospyros,
Polygonum,  Anthemis,  Arbutus
andrachne, Astragalus, Citrullus
lanatus, Liliaceae type, Vitex agnus-
castus, Calicotome villosa, lsatis,
Juglans regia, Linum, Brassica,
Centaurea, Anchusa, Citrus
paradisi, Cucumis sativus, Laurus
nobilis, Lavandula stoechas, Morus,
Nicotiana, Pinus brutia, Punica
granatum, Rumex, Tanacetum, Zea
mays

26406

Multifloral

normal

HO09

Erica
manipuliflora
(42.09%), Arbutus
andrachne
(17.52%)

Asteraceae type
(9.78%),

Brassicaceae type
(8.42%), Fabaceae
type (7.96%),
Apiaceae type
(3.41%)

Polygonaceae type, Citrus
aurantium,  Myrtus  communis,
Anthemis, Laurus nobilis, Rosaceae
type, Trifolium, Poaceae type,
Phillyrea latifolia, Pistacia
terebinthus, Quercus coccifera,
Polygonum, Ranunculaceae,
Centaurea, Liliaceae type,
Helianthus annus

8791

Multifloral

very poor
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Brassicaceae type
(10.5%), Rosaceae

type (5.4%),
Trifolium  (4.8%),
Eucalyptus

camaldulensis
(3.6%),  Poaceae

type (3.6%),
Arbutus andrachne
(3.3%),

Boraginaceae type
(3.3%), Citrus
aurantium  (3%),
Erica manipuliflora
(3%), Olea
europaea (3%)

Fabaceae type, Anthemis, Cistus
salviifolius, ~Myrtus  communis,
Asteraceae, Raphanus
raphanistrum, Citrus sinensis, Vicia,
Citrus, Ceratonia siliqua,
Calicotome villosa, Paliurus spina-
christii, Cistus, Pistacia terebinthus,
Centaurea, Capparis  spinosa,

Echium, Helianthus annus,
Diospyros, Typha, Sophora,
Xeranthemum, Citrus limon,

Liliaceae type, Quercus coccifera,
Rapistrum rugosum
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H11

Asteraceae  type
(24.64%),
Lamiaceae  type
(21.9%), Fabaceae
type (16.43%)

Brassicaceae type
(12.32%), Apiaceae
type (9.58%),
Poaceae type
(4.11%), Rosaceae
type (4.11%)

Raphanus raphanistrum, Cistus
salviifolius, Olea europaea,
Calicotome villosa, Helianthus
annus, Laurus nobilis, Thymbra,
Aster, Centaurea, Liliaceae type,
Morus, Vitis vinifera, Zea mays

H12

Brassicaceae type
(35.66%),
Lamiaceae  type
(28.29%)),
Fabaceae type
(23.13%)

Apiaceae type
(4.6%), Trifolium
(3.18%)

Cistus salviifolius, Citrus sinensis,
Cucurbitaceae type, Rosaceae type,
Raphanus raphanistrum, Eucalyptus
camaldulensis, Myrtus communis,
Poaceae type, Erica manipuliflora,
Boraginaceae type, Citrus
aurantium, Cucumis sativus,
Polygonaceae  type,  Cupressus
sempervirens, Centaurea, Liliaceae
type, Capparis spinosa, Citrus,
Citrus limon, Morus, Paliurus spina-
christii, Teucrium, Citrus nobilis,
Laurus nobilis, Malvaceae type,
Vitex agnus-castus

H13

Brassicaceae type
(20.76%),  Olea
europaea
(20.76%)

Fabaceae type
(15.82%), Myrtus
communis
(13.25%)),

Lamiaceae type
(9.1%), Apiaceae
type (7.32%),

Poaceae type, Asteraceae, Cistus
salviifolius, Eucalyptus
camaldulensis, Lathyrus, Citrus
sinensis, Trifolium, Boraginaceae
type, Helianthus annus, Prunella,
Diospyros, Liliaceae type, Zea mays,
Chenopodium  album,  Paliurus

6664 Multifloral 1 very poor
1461 Multifloral 1 very poor
67864 Multifloral 11 normal

10114 Multifloral 1 very poor

Volkan ALTAY et al., Pollen analysis of honeys from Hatay (Turkey)



222 Biological Diversity and Conservation — 11 / 3 (2018)
Rosaceae type spina-christii, Rumex, Citrus
(4.94%) paradisi
Raphanus
raphanistrum
(10.73%), Vicia
(9.19%),
Lamiaceae type . —
Erica manipuliflora, Poaceae type,
Fabaceae type (7.66%),
(30.65%) P ,(Astera(c):)eae type Polygonaceae type, Sglanum,
H14 Bra.ssicacleae type (4.6%), Eucalyptus Helianthus  annus,  Calicotome 2610 Multifloral 1 very poor
(16.86%) P cémalci’ulensisyp villosa, Centaurea, Paliurus spina-
' (4.6%) christii, Ranunculus, Sinapis
Cucurbitaceae type
(3.06%), Rosaceae
type (3.06%),
Trifolium (3.06%)
. Asteraceae type, Eucalyptus
(Lgagzoa/:):;eae \;?;F:Z camaldulensis, Trifolium, Solanum,
(8.1%) ' Apiaceae Olea europaea, Cucumis sativus,
crasiccese ype (66399, Posceae (TR0 SR, Cucum el
H15 (24.3%), Fabaceae type (5.88%), tvoe.  Lvcopersicon ’esculentum 2716 Multifloral | very poor
type (24.3%) Cucurbitaceae type YPE, ycop : P
(5.15%), Raphanus Pisum sativum, Cicer, Gossypium,
ra. har:iétrun? Quercus coccifera, Glycyrrhiza
D glabra, Elaeagnus angustifolia,

(5.15%)

Sinapis, Zea mays

*The localities of honey sample collection:

HO1: Uggiilliik village-Arsuz, 28.05.2013; H02: Kale village-iskenderun, 29.06.2013; HO3: Turunglu village-Erzin, 30.06.2013; H04: Gékdere village-Erzin, 30.06.2013; HO5: Dértyol (Center),
30.06.2013; HO6: Katranli village-Hassa, 30.06.2013; HO7: Bektash village-Kirikhan, 01.07.2013; H08: Gozliice village-Yayladagi, 01.07.2013; HO09: Keldag-Yayladagi, 01.07.2013; H10:
Meydan village-Samandag, 02.07.2013; H11: Uzunali¢ village-Serinyol, 06.07.2013; H12: Karlisu-Antakya, 17.08.2013; H13: Babatorun village-Altinozii, 15.07.2013; H14: Davutpasa village-
Reyhanli, 03.07.2013; H15: Konuk village-Reyhanli, 03.07.2013

(Received for publication 07 August 2018; The date of publication 15 December 2018)
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Abstract

In this study, using conventional staining method, chromosome structures and numbers of Black Sea turbot
Scophthalmus maeoticus (Pallas 1814), a species of flatfish living in the Black Sea, have been examined. The specimens
of the fish were obtained through fishing in regions between the coasts of West and Middle Black Sea of Turkey. It was
determined that S. maeoticus had a diploid humber chromosomes of 2n= 44 and a fundamental number of NF= 48. The
karyotpe of turbot contained 2 pairs of metacentric, 7 pairs of subtelocentric and 13 pairs of acrocentric chromosomes.

Key words: Scophthalmus maeoticus, turbot, The Black Sea, chromosome, cytotaxonomy

*

Karadeniz Kalkan Bahginin, Scophthalmus maeoticus (Pallas 1814) (Pisces: Pleuronectiformes) Karyotipi

Ozet

Bu calismada geleneksel boyama metou kullanilarak Karadeniz’de yasayan yassi baliklarin bir tiirii olan
Karadeniz Kalkani1 Scophthalmus maeoticus (Pallas 1814)’un kromozom yapilari ve sayilari incelenmistir. Balik 6rnekleri
Tiirkiye’nin Bati ve Orta Karadeniz kiyilar1 arasinda kalan bolgeden avcilik yoluyla elde edilmistir. S. maeoticus’un
2n=44 diploid kromozoma sahip oldugu ve kromozom kol sayisinin da NF=48 oldugu tespit edilmistir. Kalkan baliginin
karyotipinin 2 ¢ift metasentrik, 7 ¢ift subtelosentrik ve 13 ¢ift akrosentrik kromozom igerdigi belirlenmistir.

Anahtar kelimeler: Scophthalmus maeoticus, kalkan baligi, Karadeniz, kromozom,sitotaksonomi
1. Introduction

Fish species are classified in many ways including the use of morphometric measurements and ratios, meristic counts,
anatomical characteristics, color, reproductive isolation tests as well as the karyotype and DNA analyses. Karyotype
analysis is one of the methods that has been used in ichthyology since the mid-20th century that is especially applied for
the classification of the taxon but this may lead to some identical problems, confused with the other turbot species,
especially Atlantic turbot (Scophthalmus maximus) due to some morphological similarities. Karyotype of species represents
the physical demonstration of the genetic system. The number and morphology of chromosomes are conserved to a further
and better extent relative to such other traits (Watson et al., 2013).

Traditionally, flatfish are classified as halibut and flounder with a right and left eye. It is argued hypothetically that halibut
and scald fish evolved from ancestors analogous to Psettods and the form of a right and left eye emerged from a rather
primitive ancestor (Berendzen and Dimmick, 2002). As knowledge on this subject grows, the process of understanding the
inter-relation of flatfish becomes more complicated. The side with the eye stands as a significant characteristic in terms of
classification. The first scientist to claim the alternative hypothesis was Chapleau (1993) who stated the side with the eye
is mostly determinative for flatfish but the condition of the eye is not an exact determinative of the inter-relations within
the group. As a result of a molecular study conducted by Berendzen and Dimmick (2002) the conclusion was reached that
the knowledge or the determination of the side with the eye does not suffice to derive phylogenic knowledge.

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: 90454235053; Fax.: 90454235053; E-mail: serkan_saygun@hotmail.com
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In the world, about 772 alive species are identified in approximately 129 genera and 14 families within the
Pleuronectiformes order (Nelson et al., 2016). Turbot were classified as part of the Bothidae family until the 1970s; however
they are currently classified in Scophthalmidae (turbot) (Nelson et al., 2016). While four genera, these being
Lepidorhombus, Phrynorhombus, Scophthalmus and Zeugopterus are represented in eight or nine species worldwide
(Nelson et al., 2016; Froese and Pauly, 2017), 5 species of them in 3 genera were reported to be in Turkey's seas (Aksiray,
1987; Bilecenoglu et al., 2014). There are twelve studies known to be on chromosomes of three species of the
Scophthalmidae family (Klinkhardt, 1995; Arai, 2011). As a result of the taxonomic, morphological and phylogenic
analysis conducted (Froese and Pauly, 2017; Borsa, and Quignard, 2001), it was reported that the Black Sea turbot, which
is systematically recognized and classified as Psetta maxima (Suzuki et al., 2004), was, in fact, Scophthalmus maeoticus
(Pallas 1814) because this taxon name is used to as usual synonymous of S. maeoticus (Froese and Pauly, 2017; GBIF,
2017). However, it was used Rhombus maeoticus, one of old synonymous of S. maeoticus, in previous two old studies
conducted by lvanov (1969) and Vasiliev (1985).
Since the 1980s cytogenetic studies, which have been carried out intensively in human-beings and other organisms, have
also been carried out at the same rapidity in fishes. Of these, approximately twelve studies related to flatfish were focused
to determine chromosomes of species belonging to the Scophthalmidae family. Some of them are not only related directly
as karyotype purpose but also used to determine the ploidy of fishes in aquaculture because of reporting only chromosome
number of experimented species in these studies.

This study intends to determine the karyotype of the turbot, Scophthalmus maeoticus (Pallas 1814) of the
Scophthalmidae family, and to reveal the species-specific differences in the chromosome structures.

2. Materials and methods

The study was conducted along the coastline between Cape Cam, Ordu in the East (41°06"998N—37°47"169E) and Cape
Oliice, Zonguldak (41°18'826N-31°23"833E). The specimens were collected in Zonguldak, Bartin, Ayancik and Sinop
from fishermen (Figure 1). Six turbot specimens obtained from the hatchery of the Trabzon Central Fishery Research
Institute (CFRI) were also used in the study.
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o
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O
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Figure 1. In the study, the map shows the sampling stations of Black Sea turbot

The mitotic chromosomes were analyzed in total 26 turbot specimens of various sizes. The specimens were transferred to
laboratories alive and kept in well-aired containers. Figures 2 a, b and ¢ demonstrate the thorn-like bone structures on both
sides, which are specific to the S. maeoticus species sampled as a part of this study. Bony tubercles generally developed on
both sides, which are always larger than eye as shown in Figure 2. d, e, f and g, as defined in some references (Nielsen,
1986; Samsun et al., 2005). By modifying the method followed by Denton (1973), we undertook our preliminary trials in
research, mitotic inhibition, dissection and the hypotonic application process. Kligerman and Bloom’s (1977) method was
used for chromosome preparation of the solid tissues(gills and fins) ; the dried preparations were stained with 6% Giemsa
solution (pH 6.8 phosphate buffer) for 15 minutes. After this process, a microscopic examination of the Giemsa stained
slides was carried out. With the aim of counting and determining type of chromosomes, the Nikon Eclipse™ EC600 phase
contrast microscope was used for the observations of at least the best ten metaphase on the slides prepared from each
specimen. The suitable metaphase plates in the preparations were identified in 10x magnification and then in 100%
magnification with immersion oil and metaphase chromosomes were observed (Denton, 1973).
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Figure 2. Morphology of the turbot sampled in the study: a- The upper left side (eyed side); b- Head and eyes; ¢-, d-, e-
(respectively) Dorsal, anal and caudal side and fins; f- The lower right side (eyeless side); g- Gills (eyeless side)
(species specific thorns-bony scales located on both sides of the fish were indicated by arrows)

Photographs of each sample were taken at a minimum 100 metaphase (Thorgaard and Disney, 1990) via a CCD camera
(Pixelink™ Megapixel FireWire Camera, Vitana Corp.), which was connected to a microscope and then transferred to a
computer during the microscopic investigation. The chromosomes were counted on the best metaphase images, with the
data converted into graphic expressions; and the numbers of diploid chromosomes of the turbot samples at each sampling
stations were determined (Denton, 1973; Thorgaard and Disney, 1990).

Among the photographs taken with the microscope, the relative arm lengths of the most available metaphase
chromosomes were measured using MicroMeasure© (Version 3.3 PC Software) (Reeves, 2001; Jankun et al. 2003,
Karahan, 2016). Chromosome morphology was ascertained on the basis of arm ratio as suggested by Levan et al. (1964)
and the chromosomes were classified as metacentrics (m), submetacentrics (sm) and acrocentrics (a) or telocentrics (t).
NF (chromosome arm number) was determined considering m/sm chromosomes to have two arms and t/a chromosomes
to have one arm (Denton, 1973; Thorgaard and Disney, 1990; Oliveira and Gosztonyi, 2000). Adobe Photoshop® was
used for the preparation of the karyograms and ideograms (Cetin et al., 2010).

3. Results

In this study, the number and shape of the diploid chromosomes of turbot, Scophthalmus maeoticus (Pallas 1814), which
is the only Scophthalmidae species among the flatfish (Pleuronectiformes) species inhabiting in the Black Sea were
determined.

A total of 727 metaphase plates obtained from twenty six turbot specimens collected from study area and reared in Institute
of CFR were examined in this study. The karyotype of S. maeoticus had a diploid chromosome number of 2n= 44
chromosomes, and a fundamental number of NF =48. It consisted of 2 pairs of metacentric (m), 7 pairs of subtelocentric
(st) and 13 pairs of acrocentric (a) chromosomes. Metaphase plate and karyogram of the species are given in Figures 3 and
4.
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Figure 3. The metaphase plate of Scophthalmus maeoticus
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Figure 4. Karyotype of Scophthalmus maeoticus

The ideogram of S. maeoticus was created by the relative arm length ratios of chromosomes. Figure 5 shows the ideogram
drawn up with respect to the relative short arm (p) and relative long arm (q) lengths of the chromosomes
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Figure 5. The ideogram of Scophthalmus maeoticus
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4. Conclusions and discussion

It has been known to be some taxonomic problems in the solution of the relationships within the Pleuronectiformes
order which has a structure that makes it difficult to work morphologically and in making a classification that reflect their
affinities (Berendzen and Dimmick, 2002). However, it has been understood that the studies enabled the determination
of cytotaxonomic information will make a significant contribution to the taxonomy, in addition to the systematic and
molecular genetic information of the Scophthalmidae family. As a result of the cytogenetic studies, important and
uncertain differences among the species of the family were detected, as can be seen in Table 1. This study, conducted on
the Black Sea turbot, determined; the number of diploid chromosomes of the studied species was 2n= 44, while the
karyotype consists of four metacentric, fourteen subtelocentric and twenty six acrocentric chromosomes, and the number
of arms was determined as NF= 48.

Only three turbot species out of the Scophthalmidae family were studied cytogenetically (Table 1). One of these
studies was reported Rhombus maeoticus as synonymous of the species belonging to Scophthalmus genus inhabit in the
Black Sea and determined the number of diploid chromosomes as 2n= 40 - 48, and indefinitely determined the number of
chromosome arms as NF= 60 (lvanov, 1969), another study determined the same as 2n=40 NF=48 (Vasiliev, 1985). While
results were observed for Scophthalmus maximus, which is the most intensively studied species, as 2n= 44, K= 4m+ 2sm-
st+ 10st+ 28a (NF= 48) (Bouza et al., 1994; Piferrer et al., 2000); 2n= 44, K= 4m+ 22st+ 38a (27), 2n= 44, K= 4m+ 12st+
28a (Chen et al., 2005) and 2n= 44 diploid (Castro et al., 200; Wang et al., 2010); the values found as 2n= 44, K= 4m+
12st+ 28a and NF= 48 (Pardo et al., 2001) for S. rhombus. The results were reported by Fan et al. (2010) as a consequence
of the cytogenetic study carried out on the basis of cell culture on S. maximus and were reported as 2n= 44 chromosomes
and the karyotype as 4m+ 2sm+ 10st+ 28t. However, Taboada et al. (2014) explained the number of diploid chromosomes
as 2n= 44 and the karyotype as 3 pairs of m/sm and 19 pairs of st/a of S. maximus as a result of the study conducted by the
latest and most advanced cytogenetic analysis method available (FISH with BAC clones) for the mapping of the
chromosomes. The study results are similar to the diploid chromosome numbers yielded through both studies and are
consistent with the karyotype determined (Table 1).

Table 1. An outline of some cytogenetic and karyological studies reported in Scophthalmidae family (2n: Diploid
chromosome number, NF: Number of Fundamental= Total arm number)

Species Location 2n NF | Karyotype References
Rhombus (Scophthalmus) | g\ v Sea- Russia | 40-48 | 602 Ivanov (1969)
maeoticus
Rhombus (Scophthalmus) | g\ seq - Russia | 44 48 Vasiliev (1985)
maeoticus
Scophthalmus maeoticus Black Sea-Turkey 44 48 | 4m+ 14st+ 26a In this study
Pardo et al.
hthal h i 44 4 4m+ 2sm+
Scophthalmus rhombus Spain 8 m+ 2sm+ 38a (2001)
Scophthalmus maximus Spain 44 48 | 4m+ 2sm/st+ 10st+ 28a Zg;i? etal.
Scophthalmus maximus Spain 44 48 | 4m+ 2sm/st+ 10st+ 28a le:)%r(;; retal.
. . Cunado et al.
Scophthalmus maximus Spain 44 48 | 4m+ 22st+ 18a
(2001)
. . Chen et al.
Scophthalmus maximus China 44 48 | 4m+ 12st+ 28a
(2005)
. Castro et al.
Scophthalmus maximus Spain 44 (2?)5();(; e
Scophthalmus maximus China 44 Wang et al.
(2010)
Scophthalmus maximus China 44 60 | 4m+ 2sm+ 10st+ 28t Fan et al. (2010)
Scophthalmus maximus Spain 44 6m/sm+ 38st/a ;I'Z%b&:;da etal.

This study showed a similarity in the results as those conducted on turbot in terms of the diploid chromosome
number and fundamental number except the study carried out by Ivanov (1969) in the Black Sea (Russia). It also showed
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similar results in regards to the number of metacentric chromosomes (4m) as all of the other studies with S. maximus except
for the study carried out by Taboada et al. (2014). Differences were also seen in regards to the number of subtelocentric
and acrocentric chromosomes compared to the studies undertaken by Cunado et al. (2001) and Chen et al. (2005). However,
the karyotype derived from this study was determined to be different with those determined by Bouza et al. (1994), Piferrer
et al. (2000) and Pardo et al. (2001) in terms of 1 pair of submeta-subtelocentric (sm/st) and acrocentric (a) chromosomes
even though it is fairly similar to the same (Table 1). The results of the study reveal that the Black Sea turbot, Scophthalmus
maeoticus, is a separated species from the Atlantic turbot (S. maximus).

In terms of the number of diploid chromosomes, this study showed similar results as those submitted by Ivanov
(1969) and Vasiliev (1985), however, as they failed to definitively determine the karyotypes in their studies a precise
comparison could not be made. It was stated within both studies, conducted in the Black Sea, that the species R. maeoticus
could, taxonomically a synonym, be Psetta maxima maeotica or P maxima, being a sub-species of Scophthalmus maeoticus
(Froese and Pauly, 2017).

Suzuki et al. (2004) stated within their study that the results of the genetic analysis (mitochondrial DNA analysis)

conducted on the individuals of Psetta maxima, commonly known as the Mediterranean Sea turbot, exist in the Atlantic
Ocean, the Mediterranean Sea, the Aegean Sea, the Marmara Sea and the Black Sea (the Sea of Azov, Turkish coasts and
Romanian coasts) indicate a separated species. They also state that the genetic distance between separate P. maxima
populations was fairly slight despite the geographic differences, and that the species live in the Black Sea was P. maxima,
and that the molecular analysis conducted did not support the assumption about a local species or a sub-species, the
assumption of which is based on the taxonomic studies (on the basis of the diameter and number of the osteoid apophysis)
that have been conducted so far. On the other hand, it is currently reported by taxonomists that the Black Sea turbot is
classified into the Scophthalmus genus, and is an individual and separated species, referred to as Scophthalmus maeoticus
(Pallas 1814) (Whitehead 1986; Evseenko, 1996; Eschemeyer, 1998; Froese and Pauly, 2017; GBIF, 2017).
In light of the information above, we believe that the polymorphism in the chromosome numbers and shapes observed in
the turbot might have arisen out of the fact that the populations studied were different, the intraspecific and interspecific
variations and the fact that there were technical differences as well as differences among the methods and tools used for
the purpose of analysis. Since the chromosome sizes are fairly small and issues are encountered in serial banding or staining
(Cunado et al., 2001) there are several challenges that occur with the cytogenetic analysis of the flatfish chromosomes
(Pleuronectiformes). It was stated that, therefore, it was natural to experience difficulties in the classification of
chromosomes, which leads to an expectable outcome of yielding different karyotypes even in the case of the same species
(Denton, 1973, Thorgaard and Disney, 1990; Cunado et al., 2001).

In conclusion, there has been a vast plurality of the cytotaxonomic assertions and studies involving chromosome
analysis conducted to date in Turkey on freshwater fish species. However, there have been an insignificant number of
studies carried out on saltwater fish. This is due to the fact that it is relatively easier to acquire and collect freshwater fish
species and to keep them alive compared to saltwater fish species. This study is the first to determine the number of
diploid chromosomes of and define the karyotype for the Black Sea turbot, Scophthalmus maeoticus, which is a saltwater
fish.
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