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Research article/Arastirma makalesi
Effects of a-lipoic acid and resveratrol on rats cancer model induced by 7, 12-DMBA
Muammer BAHSI ™, Okkes YILMAZ?

! Department of Primary School Education, Faculty of Education, University of Firat, 23119 Elazig, Turkey
2 Department of Biology, Faculty of Science, University of Firat, 23119 Elazig, Turkey

Abstract

a-Lipoic acid (LA) has been intensely investigated as a therapeutic agent for several diseases, including hepatic
disorder and diabetic polyneuropathy. However, the effects of LA or its reduced form, dihydrolipoic acid (DHLA), on
cancer chemoprevention has been slightly reported. In the present study, we examined the effects of DHLA/LA on rat
cancer model induced by 7,12-dimethylbenz(a)anthracene (DMBA). Another therapeutic agent; Resveratrol, was found
in high concentrations in berry, grape, peanut, pine and wine and act as an antioxidant and antimutagen. In addition,
resveratrol and a-lipoic acid inhibited the development of preneoplastic lesions in carcinogen-treated rat cancer model.
Datas in this study suggest that resveratrol and a-Lipoic acid, a common constituent of the human diet, merits
investigation as a potential cancer chemopreventive agent in humans.

Key words: a-Lipoic acid, resveratrol, DMBA, fatty acids, vitamins

*

Ratlarda 7, 12-DMBA ile olusturulan kanser modelinde a-lipoik asit ve resveratrol’un etkileri

Ozet

a-Lipoik asit (LA) diyabetik polinéropati ve hepatik hasarlar1 kapsayan c¢esitli hastaliklarda terapatik ajan
olarak yogun olarak aragtirilmistir. Bununla birlikte LA ve indirgenmis formu olan dihidrolipoik asit (DHLA) kanserin,
kimyasal yollardan 6nlenmesi iizerine etkileri rapor edilmistir. Bu ¢aliymada DHLA/LA’in 7,12-dimetilbenzentrasen
tarafindan olusturulan kanser modeline etkileri arastirilmistir. Diger bir terapatik ajan olan resveratrol, antioksidan ve
antimutajen olarak dut, lizlim, fistik, ¢cam ve sarapta yiliksek konsatrasyonlarda bulunmustur. Bunlara ek olarak LA ve
resveratrol, ratlarda olusturulan kanser modelinde kanserojen tedavide preneoplastik lezyonlarin gelisimini inhibe
etmistir. Bu ¢caligmada elde edilen veriler, resveratrol ve a-lipoik asitin insanlarin beslenmelerinde yaygin bir bilesen ve
insanlarda kanserin kimyasal olarak dnlenmesinde potansiyel bir ajan oldugunu gostermistir.

Anahtar kelimeler: a-Lipoik asit, resveratrol, DMBA, yag asitleri, vitaminler
1. Introduction

Polycyclic aromatic hydrocarbons (PAH) were identified as carcinogens in 1921 (Bloch, 1921). Since then,
studies have been conducted on how the carcinogen functions and; how the mechanism functions between key
biological components and PAH (Bloch, 1921). DMBA is widely used as laboratory carcinogen. DMBA has potential
mutagenic and carcinogenic characteristics. In vivo and in vitro studies indicate that rat models which are administered
with DMBA or are detected with mutagenic responses show a significant increase in number of tumor cells (Khaidakov
et al., 2001).

Resveratrol is a phytoalexin found in high concentration in peanuts, grapes and red wine; it exhibits
antitumoral, cardioprotective, anti-inflammatory, antioxidant and estrogenic activities (Yang et al., 2013; Park et al.,
2012; Bobermin et al., 2012). Resveratrol also presents neuroprotective properties and has been investigated in several
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neurodegenerative models, such as epilepsy, stroke and Alzheimer’s and Parkinson’s diseases (Bastianetto and Quirion
2010; Fukui et al., 2010; Shetty, 2011).

Lipoic acid is a natural compound widely distributed in plants and animals and functions as a cofactor within
mitochondrial enzymes to catalyze the oxidative decarboxylation of alpha-keto acids and glycine cleavage (lde et al.,
2013) however, some researchers have reported protective effect of a-lipoic acid against acetaminophen-hepatotoxicity
(Shimaa et al., 2014), miyocardial post ischemia (Magdalena et al., 2014), hypothermia (Sylvia et al., 2014) and liver
cirrhosis (Shimaa et al., 2014).

2. Materials and methods

In this study, a total 42-old (16 month aged) male Wistar rats were used after the approval of Firat University
local research ethics committee (Official form date and number: 27.07.2006 and 9/3). The animals were housed in cages
with air-conditioned room with a 12-h light/12-h dark cycle, and were randomly divided into four groups. The first
group was used as a control, the second group DMBA, third group a-LA+DMBA and fourth group R+DMBA. Rats in
the DMBA, a-LA+DMBA and R+DMBA groups were injected intrapeitoneally three dose DMBA total 55 mg/kg in
sesame oil. After administration of DMBA 6 days, the rats in a-LA+DMBA group was injected a-lipoic acid 25mg/kg
and R+DMBA group was injected resveratrol 25 mg/kg on alternate days for 6 weeks. In addition, the rats in control
group were injected sesame oil. These treatments were continued for 7 weeks, after which time each experimental rat
was decapitate and serum samples were collected and stored in -25°C prior to biochemical analysis.

2.2. Determination of lipid soluble vitamins

Two hundred microliters of serum samples were homogenized in 3ml acetonitrile/methanol/isopropanol (2/1/1,
v/vlv) containing tubes and the samples were vortexed for 30s and centrifuged at 6000 x g for 10 min at 4 °C.
Supernatants were transferred to autosampler vials of the HPLC instrument. For lipophylic vitamins, the mixture of
acetonitrile/methanol (3/1, v/v) was used as the mobile phase and the elution was performed at a flow-rate of 1ml/min.
The temperature of column was kept at 40 °C. Supelcosil™ LC 18 DB column (250 mm x 4.6mm, Sum; Sigma, USA)
was used as the HPLC column and detection was performed at 320 nm for retinol (vitamin A) and 215 nm for vitamins
D2, D3 and K1, a-tocopherol. Identification of the individual vitamins was performed by frequent comparison with
authentic external standard mixtures analyzed under the same conditions. Quantification was carried out by external
standardization using Class VP Software. The results of analysis were expressed as pg/dl.

2.3. Cholesterol analysis

Two hundred microliters of serum was extracted in 3 ml acetonitrile/ isopropanol (70:30, v/v)-containing tubes
and the mixture were mixed by vortex for 30 s and centrifuged at 6000 x g for 10 min at 4°C. Supernatants were
transferred to autosampler vials of the HPLC instrument. Acetonitrile/isopropol (70:30) was used as mobile phase at a
flow rate of 1ml/min. Supelcosil LC 18™ DB column (250 mm x 4.6 mm, Sum) was used as the HPLC column.
Detection was performed by UV at 202 nm and 40 °C column oven (Katsanidis and Addis, 1999). Quantification was
carried out by external standardization using Class VP software. The results were expressed as pmol/dl.

2.4. Vitamin C and MDA

Two hundred microliters of serum sample was homogenized in 2.5 ml 5mM 1-hexane sulphonic acid sodium
salt % 0.1 H3PO4 containing tubes. Protein were precipitated by the addition 0.5 ml metaphosphoric acid (5 %, w/v) and
then samples were centrifuged at 10.000 x g for 5 min. Supernatants were transferred to autosampler vials of the HPLC
instrument. Discovery RPAmide C16 (150 mm x 4.6 mm, 5um) was used as the HPLC column. 5 mM 1-hexane
sulphonic acid sodium salt % 0.1 H3PQO4 and acetonitrile (90% + 10%) were used as the mobile phase and the flow rate
was 1ml/min. Detection was performed at UV 244 nm by UV detector and 37 °C column oven. Quantification was
carried out by external standardization using Class VP software. The results were expressed as nmol for MDA and pg
for VC.

2.5. Extraction of lipids and preperation of fatty acid methyl esters

The lipids of serum samples were extracted by the method of Hara and Radin (1978). 0.5 serum samples were
homogenized in 5 ml hexane isopropanol mixture at 3:2 (v/v) for 30 seconds. Samples were centrifuged at 4500 rpm for
10 minutes; supernatant parts were transfered to covered tubes Fatty acids of the lipid extract were converted to methyl
esters by using 2 % sulfuric acid (v/v) in methanol (Christie,1992).

Fatty acid methyl ester forms were extracted with n - hexane. Analysis was performed in a Shimadzu GC-17A
V3 intstrument gas chromatograph equipped with a flame ionization detector (FID) and a 25 m, 0.25 mm i.d.

Muammer BAHSI et al., Effects of a-lipoic acid and resveratrol on rats cancer model induced by 7, 12-DMBA
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Permabond fused-silica capillary column (Machhery —Nagel, Germany). The oven temperature was programmed
between 120-220 °C, 5 °C/min. Injector and FID temperatures were 240 and 280 ° C, respectively. The nitrogen carrier
gas flow was 1 ml/ min. The methyl esters of fatty acids were identified by comparison with authentic external standard
mixtures analyzed under the same conditions. Class GC 10 software version 2.01 was used to process the data. The
results were expressed as percent (%).

2.6. Statistical analysis

The experimental results were reported as mean = SEM. Statistical analysis was performed using SPSS
Software. Analysis of variance (ANOVA) and an LSD test were used to compare the experimental groups with the
controls.

3. Results and discussion

Serum cholesterol level increased in the DMBA+ a-LA group when compared with the control group, and that
it decreased in the DMBA+R group. The high cholesterol level in the DMBA+LA group can be explained by the effect
of a-LA. o-LA is a potent antioxidant and also functions as the cofactor (Navari-lzzo et al., 2002) of pyruvate
dehydrogenase enzyme (PDH) which is responsible for energy metabolism. Under normal conditions, a-LA is partially
synthesized cell. However, injected a-LA increases the activity of the enzyme, in addition to being an antioxidant
(Packer, 1998). PDH causes increased formation of citrate because of increased PDH activity and turnover of the
tricarboxylic acid cycle. Following the necessary energy provision by the cell, it carries the citrate molecules to the
cytoplasm and transforms to cholesterol and fatty acid. The increase of serum cholesterol level in DMBA+ a-LA can be
explained by the increase of this mechanism. A study by Mukhopadhyay et al, (2008) reported that cholesterol uptake
and content were significantly increased in the tumors.

Table 1. The results of some biochemical parameters in serum

Parameters Control DMBA DMBA+a-LA DMBA+R
Retinol (pg/dl) 0.261+0.009 0.181+0.008¢ 0.270+0.007 0.215+0.004°
D2 (pg/dl) 0.12+0.008 0.23+0.015° 0.51+0.031° 0.32+0.011°
D3 (pg/d)) 1.32+0.12 4.00+0.20°¢ 4.70+0.13° 3.57+0.11°
a-tocopherol (ug/dl) 4.38+0.15 3.30+0.18°¢ 2.02+0.15°¢ 3.57+0.24°
K1 (pg/dh 0.095+0.003 0.151+0.005° 0.120+0.003 ° 0.1160.006 2
Cholesterol(umol/dl) 119.76+2.78 131.40+5.91 145.424+5.80 © 103.82+5.20 @
VC (ug/dl) 22.2540.94 19.58+0.90 19.70+1.23 20.45+1.43
MDA (nmol/dl) 72.38+3.79 87.42+4.03 @ 63.00+2.92 @ 54.00+2.34°
a- p<0.05 b-p<0.01 c-p<0.001 d-p<0.0001

The amount of MDA, is one of end-product of lipid peroxidation (Senturk et al., 2012), increased in serum
samples of the DMBA group but decreased in samples of the DMBA+R group. Free radicals which are formed as
endogenous or exogenous agents cause lipid peroxidation by affecting biomolecules in membrane structure because of
their high reactivity. Free radicals, which are formed as endogenous or exogenous agents, cause lipid peroxidation by
affecting biomolecules in membrane structure because of their high reactivity. The peroxides are easily catabolized to
produce secondary products such as MDA. The high level of MDA in the DMBA group indicates that 7, 122-DMBA
increased the oxidative stress by having a radical effect or forming reactive radical molecules. The level of MDA in
groups which were administered with lipoic acid and resveratrol as well as DMBA was even lower than in the control
group. This finding shows that these two antioxidants are effective against lipid peroxidation. The results of the present
study are in line with the findings of previous studies within the literature. A study by Arivazhagan et al. (2003)
reported that supplementation of lipoic acid in aged rats prevents the elevated levels of lipids.

Tocopherol has antioxidant properties (Kan, 2014). The level of serum a-tocopherol decreased in the DMBA,
DMBA+ a-LA and DMBA+R groups (p<0.01) when compared with the control group. The amount of a-tocopherol
decreased as a result of oxidative harm of 7, 12-DMBA and this damage was partially tolerated with resveratrol and
lipoic acid. This reduction is line with the findings of Anbuselvam et al. (2007). The study by Anbuselvam reported that
non-enzymic antioxidants like glutathione, ascorbic acid and a-tocopherol were decreased in cancer-bearing animals
induced by DMBA when compared to control animals. The significant reduction of a-tocopherol in the group which
was administered with lipoic acid can arise from the insufficiency of lipoic acid in activating a-tocopherol radical or
usage of a-tocopherol in neutralizing radical molecules (Scholich et al., 1989).

The levels of D2 and D3 vitamins increased in the DMBA, DMBA+ a-LA and DMBA+R groups. A study by
Zinser et al. (2003) reported that 1,25-dihydroxy-vitamin-D-3, the active molecule of D-3, prevented cellular
development in breast cancer in vivo and in vitro in their model study with 7,12-DMBA. Active D3 increases
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absorbtion of calcium and phosphate from intestinal epithelium. The increases of active D3 in plasma, controls with
calcium ion concentration with inverse ratio (Guyton and Hall, 1996).

The increase of D2 and D3 can be a result of the capacity increase due to the resveratrol which was
administered intraperitoneally and interoperationally with the antioxidants.

Table 2. The results of fatty acids in serum

Fatty Acids Control DMBA DMBA+LA DMBA+RES
16:0 19.30+0.30 16.95+0.71 ° 16.68+0.39 ° 17.72+0.08
16:1n7 1.84+0.23 1.11£0.21 1.34+0.17 0.97+0.06 2
18:0 8.54+0.37 11.48+0.46 © 6.85+0.33 8.81+1.04
18:1n-9 11.61+0.37 12.74+0.70 11.89+0.86 13.74+1.60
18:1 n-7 2.15+0.11 2.39+0.12 2.23+0.08 2.42+0.28
18:2 n-6 25.00+0.97 21.56+1.29 ° 22.99+0.56 2 24.78+1.05
18:3 n-3 0.72+0.11 0.66+0.07 0.50+0.06 0.64+0.39
20:4 n-6 27.00£1.31 23.02+1.26 © 31.60 +1.93 ¢ 25.67£1.16 °
20:5n-3 0.57+0.03 0.52+0.12 0.74+0.05 0.31+0.03
22:4 n-6 0.40+0.03 3.77+0.66 0.53+0.03 0.63+0.04
22:5n-6 0.20+0.01 0.37+0.03 0.82+0.05 0.41+0.05
22:5n-3 0.54+0.04 0.87+0.04 ° 0.83+0.09 0.83+0.07
22:6 n-3 2.1340.10 4.60+£0.40 ° 2.90+0.19° 3.10+0.36"
> Saturated 27.84+0.67 28.43+1.17° 23.53+0.72 ° 26.53+1.12°
> Unsaturated 72.16+3.31 71.61+4.90° 76.37+4.07° 73.50+5.09
> MUFA 15.60+0.71 16.24+1.032 15.46+1.11 17.13+1.94°
> PUFA 56.56+2.60 55.37+3.87° 60.91+2.96 ¢ 56.37+£3.15
> n-3 3.96+0.28 6.65+0.63 ¢ 4.97+0.39° 4.88+0.85°
> n-6 52.60+2.32 48.7243.24°¢ 55.94+2.57" 51.49+3.30°
a- p<0.05 b-p<0.01 c-p<0.001 d-p<0.0001

The fatty acids of serum fatty acid composition such as myristoleic (14:0), palmitic (16:0), palmitoleic (16:1,
n-7), stearic (18:0), and oleic (18:1 n-9) are synthesized endogenously in the tissues. 16:0 is the ultimate product of
lipogenesis. The fatty acid is synthesized by fatty acid synthase (FAS) and released with different enzymatic reactions.
Then, according to cellular needs, it was used in the synthesis of phospholipids, sphingolipids, triglycerides, cholesterol
esters, and also the synthesis of palmitoleic acid (16:1, n—7-16:1 n-9) by A° desaturase (stearoyl CoA) and the synthesis
of stearic acid by elongase enzymes (Ntambi, 1999).

Stearoyl CoA desaturase (A° desaturase) using palmitic (16:0) and stearic acid (18:0) as substrate catalyzes the
formation of single double bonds such as 16:1 with 16:0, n9 with n7, 18:1 with 18:0 and n-7 with n-9. 18:0 fatty acid is
synthesized by chain extension reaction from 16:0 fatty acid. When the amount of endogenously synthesized fatty acids
is taken into consideration, the biochemical and physiological importance of stearoyl CoA desaturase enzyme for
organism, tissue and cells can be better understood. This enzyme, which provides a single double bond access between
9-10™ C following the —COO carbon atom, has an important function in the viscosity of cellular membranes. The
activities of both FAS and A°® desaturase are affected by nutrition, different hormones and substances in diets (Ntambi,
1999).

The level of palmitic acid and palmitoleic acid partially or significantly decreased in the DMBA and
antioxidant groups. A study by Celik and Ozkaya et al. (2002) conducted a study on animals which were administered
lipoic acid in their muscle tissues. They found that the amount of palmitic acid was lower in their lipoic acid group than
the control group; however, the same study reported that lipoic acid in the liver did not affect the amount of palmitic
acid.

The level of serum linoleic acid (18:2 n-6) decreased in all groups when compared with the control group. The
increase of arachidonic acid in the DMBA+ a-LA group can be a sign of intensive activation of the A® desaturation
pathway. This can result from the metabolic effects of lipoic acid. A previous study assessed that lipoic acid which was
administered against the effects of H,O, reduced the level of linoleic acid in brain tissues of subjects and increased the
level of arachidonic acid (Celik and Ozkaya, 2002). A study examining the effects of resveratrol on old female rats
which were administered with KBrOz found that linoleic acid decreased in lung, serum, Kidney and liver tissues and
that the level of arachidonic acid increased (Keser, 2006).

The decrease of both linoleic acid and arachidonic acid in the DMBA group when compared with the control
group can be associated with eikosanoid (prostaglandins, leukotrienes an thromboxanes) synthesis. Eicosanoids are
synthesized by the lipoxygenase and cyclooxygenase enzymes from the arachidonic acid. The molecules are found in
cells at a certain level; however, this can vary in line with physiological, biochemical and toxological conditions. The
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decrease of arachidonic acid can be associated with the increase in activities of the lipoxygenase and cyclooxygenase in
eikosanoid synthesis.

Docosahexaenoic acid (DHA) (22:6 n-3) is one of the ultimate products of A6 desaturation. Studies state that
the docosahexaenoic level increases in disease conditions. The enzymes responsible for synthesis can be affected by
disease factors (Jelinska et al., 2003; Brener, 2000). In the present study, the level of docosahexaenoic acid was high in
the DMBA group. The level also increased in both the disease and DMBA+antioxidant groups. However, these
increases were less than the DMBA group. This can be associated with the effects of resveratrol and lipoic acid.
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Abstract

This research was carried out in the distribution areas of pulley oak (Quercus vulcanica Boiss. and Heldr. ex
Kotschy) on the lakes district. In the study area, 33 sample plots were taken and it was determined 396 taxa The threat
categories of the endemic and rare species of pulley oak distribution areas were determined and evaluated according to
‘Red Data Book of Turkish Plants’(Ekim vd., 2000) and IUCN 3.1 criteria. A total of 56 plant taxa were identified as 54
endemic (13.6% of all taxa) and 2 non-endemic. Highest ratios of endemic taxa were from families Fabaceae (14.81%)
and Lamiaceae (13.00%). Phytogeographic elements among endemic taxa were listed as Mediterranean (37.0%), Irano-
Turanian (31.5%), Euro-Siberian (3.7%), while phytogeographic origin of 27.8 % of endemic taxa were unknown. The
number of endemic taxa and their threat categories are as follow, respectively 2 (3.6%) species was found to in
Critically, 4 (7.1%) in Endangered, 6 (10.7%) in Vulnerable, 14 (25.0%) in Near Threatened, 28 (50.0%) in Least
Concern. Two taxa are Vulnerable category that are non-endemic. In this study, threatened categories of Cota fulvida
(Grierson) Holub. in the category of DD (Data Deficient) were determined as CR (Critically). Although Peucedanum
gramminifolium Boiss. spreads in northern Anatolia, it has been identified on Dedegdl Mountains in southern Anatolia..

Key words: Kasnak Oak, endemic plants, Cota fulvida, threat category, lakes disrict

*

Kasnak mesesinin Goller Bolgesi yayihs alanlarindaki bitkilerin tehdit siniflar1 ve endemizm durumlan

Ozet

Bu ¢alisma Goéller Bolgesi’ndeki (Afyon: Sultan Daglari, Isparta: Sarkikaraagag, Yenisarbademli ve Egirdir-
Yukarigokdere) kasnak mesesi (Quercus vulcanica Boiss. and Heldr. ex Kotschy) yayilis alanlarinda 33 6rnek alanda
gergeklestirilmis ve 396 adet bitki taksonu belirlenmistir. Endemik ve nadir taksonlarin tehdit siiflart ‘Tiirkiye Bitkileri
Kirmizi Kitabi’na (Ekim vd., 2000) ve IUCN 3.1 kriterlerine gore belirlenmistir. Tehdit siniflar1 belirlenen 56 bitki
taksonunun 54’{i endemik (tiim taksonlara oran1 %13,6) ve 2’si endemik degildir. En yiiksek endemizm oranima sahip
familyalar Fabaceae (%14,81) and Lamiaceae (%13,00)’dir. Endemik taksonlarmn fitocografik bolgeleri sirasiyla,
Akdeniz (%37,0), Iran-Turan (%31,5), Avrupa-Sibirya (%3,7) olup, ¢ok bdlgeli takson orani ise %27,8 dir. Endemik
taksonlarm tehdit siniflar1 sirastyla, 2’si Kritik, 4’ Tehlikede, 6’s1 Hassas, 14’ti Tehdite Yakin ve 28 takson Diisiik
Riskli’dir. Endemik olmayan iki takson ise Hassas smifinda yer almaktadir. Bu ¢alismada, DD (Veri Yetersiz) smifinda
bulunan Cota fulvida (Grierson) Holub.’nimn tehdit simifi CR (Kritik) olarak belirlenmistir. Peucedanum graminifolium
Boiss. Kuzey Anadolu’da yayilis gosteren bir tiir olmasina ragmen, giiney Anadolu’da Dedegdl Daglari’nda tespit
edilmistir.

Anahtar kelimeler: Kasnak mesesi, endemik bitkiler, Cota fulvida, tehdit sinifi, géller bolgesi
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Tirkiye zengin ve cesitli bitki tiirlerine sahip bir tilkedir. Yapilan son ¢aligmalara gore vaskiiler takson sayimiz
11466 ve endemik bitkilere ait takson sayimiz ise 3649 adettir (Giiner vd., 2012). Ancak baz1 bitki tiirlerimiz ¢esitli
cevresel baskilar ve dogrudan habitatlarmmin yok edilmesi nedeniyle tehlike altina girmekte veya tamamen yok
olmaktadirlar. Uluslararas: diizeyde cesitli orgiitler ve sdzlesmelerle ve iilkelerin kendi koruma faaliyetleri ile tiirlerin
korunmasma yonelik ¢aligmalar yapilmaktadir. Uluslararasi orgiitlerden biri olan Uluslararast Tabiat ve Tabiat
Kaynaklarin1 Koruma Birligi (UICN)’nin amaci, tiirlerin tiilkenme riskine gore agik ve tarafsiz bir ¢cergevede genis bir
smiflamasini yapmak ve yiiksek risk altindaki taksonlara dikkati ¢ekebilmektir (UICN, 2001).

Son yillarda DD kategorisinde bulunan tiirlerin koruma durumu (Uzunhisarcikli ve Vural, 2009; Akkurt ve
Siimbiil, 2011), nadir taksonlarin yeni lokaliteleri ile tehdit kategorileri (Senol ve Yildirim, 2010; Daskin ve Kaynak,
2011; Yilmaz vd., 2011; Daskin ve Kaynak, 2011), yeni ve yeni kayit bitki tiirlerinin koruma durumlar1 (Ozgdkce ve
Unal, 2007; Hamzaoglu vd., 2010; Hamzaoglu vd., 2011; Oztiirk, 2013) ile ilgili birgok ¢ahsmalar yapilmustir.

Bu calismada endemik mese tiirlerimizden Quercus vulcanica Boiss. and Heldr. ex Kotschy (kasnak
mesesi)’nin en genis yayilis yaptig1 Sultan Daglar1 (Afyonkarahisar), Kasnak Mesesi Tabiat1 Koruma Alant (KMTKA)
(Egirdir — Yukarigokdere Koyii ) ile gruplar halinde bulundugu Dedegdl Daglar1 (Yenisarbademli) ve Sarkikaraagac —
Gedikli Koyii’ndeki alanlarinda yayilis gosteren endemik ve nadir taksonlar belirlenmis, ayni alanlarda ve yakm
cevresinde daha Once yapilan flora ve vejetasyon caligmalar ile de karsilastirilmistir. Boyle bir bilgi gelecekte tehdit
smiflarinin yeniden degerlendirilmesi konusunda yapilacak olan genis kapsamli ¢aligmalara veri saglayacaktir. Ayrica
bazi taksonlarin yeni yayilig alanina ait bilgiler ile Yetersiz Verili (DD) sinifindaki taksonun IUCN 2001 version 3.1°e
gore degerlendirmesi yapilmustir.

Kasnak mesesi endemik bir tiirlimiiz olup, en genis yayilisin1 Goller Bolgesi’nde Afyon—Sultan Dagi’nda
yapmakta olup, bu alan “Gen Koruma Ormani” olarak, Egirdir—Yukarigékdere Koyii’ndeki yayilig alani ise “Kasnak
Mesesi Tabiat1 Koruma Alani” olarak belirlenmistir. Kasnak mesesi bu alanlardaki yayilisinda saf orman toplumlari
olugturdugu gibi Sultan Dagi’'nda diger mese tiirlerinden Quercus cerris L. ve Q. trojana Webb subsp. trojana ile
Yukarigokdere koylinde ise Q. trojana, Cedrus libani A.Rich. var. libani ve Acer hyrcanum Fisch. & C.A.Mey. subsp.
spaerocaryum Yalt. ile karigim olusturur. Bu genis yayilis alanlar1 haricinde ¢aliyma alanlar1 olarak Isparta:
Sarkikaraagag-Gedikli Koyii’'nde Cedrus libani, Yenisarbademli-Dedeg6l Dagi’nda Pinus nigra J.F.Arnold subsp.
pallasiana (Lamb.) Holmboe var. pallasiana ile karisim yaptigi1 mescerelerden de 6rnek alanlar alinmistir. Kasnak
mesesi bu alanlarda 1400-1855 m (metre) yiikseltiler arasinda yayilis yapmaktadir (Sekil 1). Iki farkli flora bdlgesinin
kesisiminde bulunan arastirma alanlarmdan Sultan Daglar1 Davis’in grid sistemine gére Bs karesi, iran-Turan flora
bolgesinde, Yukarigokdere koyli, Yenisarbademli Beldesi (Dedegdl Daglart), Gedikli Koyii Cs karesi, Akdeniz flora
bolgesinde yer almaktadir.
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Sekil 1. Caligma alanlarmin konumu (Geng vd., 2011)
Figure 1. Location of the research areas (Geng et al., 2011)
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Kasnak mesesi Sultandagi’nda fillit, arduvaz ve mermer, Egirdir’de mikritik kirectasi, Sarkikaraaga¢’da
kiregtasi Yenisarbademli’de ise arduvaz anakayalar {izerinde yayilis gostermektedir (Geng vd., 2011). Yenisarbademli
ve Egirdir nemli, Sarkikaraaga¢ ve Sultandagi yari nemli iklim tiplerine sahip olup en diisiik yagis Sarkikaragac¢’da
(462,1 mm (milimetre)) ve en yiiksek yagis ise Egirdir’de (825,5 mm)’dir. Arastirma alanlarindaki yillik ortalama
sicaklik 6,8-9,9 °C (santigrad derece), yillik yagis 661-1165 mm, yillik su agig1 109-261 mm arasinda degismektedir. C.
W. Thornthwaite yontemine goére aragtirma alanlarinmn iklimi, nemli ile ¢ok nemli arasinda degismektedir. Kasnak
mesesinin Goller Bolgesi’ndeki dogal yayilig alanlarinda, su a¢igmin, temmuz-eylil aylar1 arasindaki ii¢ aylik donemde
yasandig1 s6ylenebilir (Geng vd., 2011). Kargioglu vd. (2009) kasnak mesesi yayilis alanlarinin (Kovada-Gokbelenkdy,
Sultan Daglar1 ve Karaman-Karadag) iklimini Emberger metoduna gore biyokilimatik agidan degerlendirmisler ve
Sultan Daglari’nin yar1 kurak ¢ok soguk ve soguk Akdeniz biyoiklim tipinde oldugunu ortaya koymuslardir.

2. Materyal ve yontem

Bu g¢alismanm verileri, daha 6nce ¢aligma alanlarimizda kasnak mesesinin boy gelisimi ile yetigme ortami
ozellikleri arasindaki iligkilerin belirlenmesine yonelik yapmis oldugumuz aragtrmanin vejetasyon tablolarindan (33
ornek alan) elde edilmistir (Karatas vd., 2013). Ornek alanlar, 400 m? biiyiikliigiinde baki, yiikselti, egim, yamag
konumu ve mescere gelisimi bakimindan farklilik gosteren toplam 33 6rnek alanda (Sultandagi 21, Yukarigokdere 8,
Dedegol Daglar1 3, Gedikli 1) belirlenmistir. Ornek alanlar ve 6rnek alanlar haricinde alanda nadir bulunan tiirlerden de
2010 yili mayis, temmuz ve agustos ile 2012 yili agustos aylarinda bitki 6rnekleri alinmistir. Herbaryum tekniklerine
gore kurutulan bitki drneklerinin teshisleri Tiirkiye Florasi’na gore (Davis, 1965-1985; Davis vd., 1988; Giiner vd.,
2000) yapilmis ve botanik terimleri i¢in Baytop (1998)’den yararlanilmstir.

Molekiiler biyoloji caligmalar1 sonucunda degisen familya, cins, tiir ve tiir alt1 taksonlarin yeni isimleri,
endemiklik durumu, fitocografik bolgeleri “Tiirkiye Bitkileri Listesi”ne gore verilmistir (Giiner vd., 2012). Endemik ve
endemik olmayan taksonlarin tehdit smiflar1 ‘Tirkiye Bitkileri Kirmizi Kitabi’na (Ekim vd., 2000) yetersiz verili
taksonun tehdit smifi (risk sinifi) ise [IUCN 3.1 kirmuzi liste sinifi ve Olgiitlerinde gore belirlenmistir (IUCN, 2001).
Calisma alanimizdaki tehdit kategorileri bilinen ve yeni belirlenen taksonlar ile ayn1 alanlarda ve yakin ¢evrelerinde
daha once yapilan flora ve vejetasyon c¢aligmalar1 (Pesmen ve Gtiner, 1976; Ocakverdi ve Cetik, 1982; Kurt vd., 1996;
Mutlu ve Serik, 2003; Fakir vd., 2009; Saglam, 2013) ile belirlenen taksonlar karsilastirilmis ve farkli olan taksonlar
belirlenmistir.

3. Bulgular

Calisma alanlarinda 396 adet takson belirlenmis ve tliim taksonlar1 fitocografik bdlgelerine gore
degerlendirdigimizde ilk sirada Akdeniz (80), Avrupa-Sibirya (42) ve hemen ardindan iran-Turan (41) elementlerinin
yer aldig1 goriilmektedir (Tablo 1). Caligma alanlar1 ayr1 olarak degerlendirildiginde Yenisarbademli (Dedegdl Daglart)
kasnak mesesi yayilis alanlarindaki taksonlarin endemizm orant %17,9 olup, ilk sirada yer almaktadir.

Tablo 1. Calisma alanlarindaki bitki taksonlarmin fitocografik bolgeleri ve endemizm oranlari
Table 1. The phytogeographic regions and endemism rates of plant taxa in the study areas

Fitocografik Sultandaglar: Yukarigokdere Dedegol Daglar: Gedikli Tiim alanlarda
Bolge TS % TS % TS % TS % TS %
Akdeniz 34 14,4 54 26,6 25 17,8 18 29,5 80 20,2
Avrupa-Sibirya 29 12,3 22 10,8 20 14,3 6 9,8 42 10,6
fran-Turan 22 9,3 12 5,9 19 13,6 2 33 41 10,4
Cok bolgeli 151 64,0 115 56,7 76 54,3 35 57,4 233 58,8
Toplam 236 100 203 100 140 100 61 100 396 100
Endemik 23 9,7 20 9,9 25 17,9 10 16,4 54 13,6

TS: Takson Sayisi

Caligma alanlarinda UICN sinifina giren endemik ve endemik olmayan taksonlar, ait oldugu familyalar, yasam
formlar1 ve flora bolgeleri Tablo 2’de listelenmistir. Ayrica ¢aligma alanlari ile ayni alanlarda ve yakin ¢evrelerinde
daha dnce yapilan flora ve vejetasyon calismalar1 (Pesmen ve Giiner, 1976; Ocakverdi ve Cetik, 1982; Kurt vd., 1996;
Mutlu ve Serik, 2003; Fakir vd., 2009; Saglam, 2013) ile tespit ettigimiz taksonlar da karsilagtirilmigtir. Bu alanlarin
IUCN smifinda yer alan florasina yeni tespit edilen 25 endemik ve 1 adet endemik olmayan taksonun ilave edilebilecegi
goriilmektedir (Tablo 2). Trifolium caudatum Boiss., Lathyrus czeczottianus Bissler ve Asyneuma michauxioides
(Boiss.) Damboldt Sultan Daglari, Acer hyrcanum subsp. spaerocaryum, Fraxinus ornus L. subsp. cilicica
(Lingelsh.)Yalt., Astrantia maxima Pall. subsp. haradjianii (Grintz.) Rech.., Carex coriogyne Nelmes ve Cynoglottis
chetikiana Vural & Kit Tan subsp. paphlagonica (Bornm.) Vural & Kit Tan
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Tablo 2. Endemik ve nadir bitki taksonlarin belirlendigi alanlar, yasam formlari, fitocografik bolgeleri ve IUCN Kirmizi
Liste Siniflar1 (versiyon 3.1)

Table 2. The determined areas, life forms, phytogeographic regions and IUCN Red List Categories (version 3.1) of
endemic and rare plant taxa

Familya A | B [Takson ETnlefsngrlwk:g mu BFb'Iﬁg::asi Ts(i?l?fllt
1 RANUNCULACEAE [k Delphinium fissum subsp. anatolicum X H CB LC
2 RANUNCULACEAE  [§ fe) Ranunculus heterorrhizus X Kr CB NT
3 PAPAVERACEAE sl Papaver pilosum subsp. pilosum X H CB VU
4 |BRASSICACEAE [ 1o |Arabis aubrietioides X H CB LC
5 [BRASSICACEAE § | Alyssum aurantianum X H A NT
6 [BRASSICACEAE | Aubrieta anamasica X H A NT
7 [BRASSICACEAE i Hesperis cilicica X H A NT
8 [BRASSICACEAE | Hesperis bicuspidata X H -7 LC
9 [BRASSICACEAE ¥4l | Isatis cappadocica subsp. alyssifolia X H I-T NT
10|CARYOPHYLLACEAE || o Eremogone acerosa X K CB LC
11|CARYOPHYLLACEAE || > Minuartia anatolica var. anatolica X H I-T LC
12|CARYOPHYLLACEAE |§ Bolanthus cherlerioides X K A NT
13|CARYOPHYLLACEAE ¥ 16i  [Saponaria kotschyi X T A LC
14|CARYOPHYLLACEAE |§ | \Ij:rrlolgyt/;gll?achlonaea subsp. chionaea X H CB EN
15VIOLACEAE %1 |lo |Viola heldreichiana X T A VU
16|GUTTIFERAEA § | Hypericum uniflorum X H I-T NT
17|EUPHORBIACEAE | Euphorbia rhytidosperma X H A VU
18|SAPINDACEAE §%¢I1 [I%*T |Acer hyrcanum subsp. spaerocaryum X F A VU
19FABACEAE R /  |Lathyrus czeczottianus X H | AS | LC
20|FABACEAE ‘§*** Trifolium caudatum X H CB LC
21|FABACEAE ‘§I 1/ o> [Trifolium elongatum X H CB LC
22|FABACEAE $ / Astragalus condensatus X K I-T LC
23|FABACEAE ¥4 Astragalus mitchellianus X K I-T NT
24|FABACEAE Pl | Astragalus sibthorpianus X K A LC
25FABACEAE 1 Astragalus scholerianus X H i-T CR
26|FABACEAE § o Astragalus tmoleus var. bounacanthus| X K CB LC
27|ROSACEAE P o Prunus cocomilia - F I-T VU
28|ROSACEAE | | Rosa dumalis subsp. antalyensis X F CB VU
29|APIACEAE | Peucedanum graminifolium X H CB EN
30|APIACEAE $ I%*i |Astrantia maxima subsp. haradjianii X H CB LC
31|RUBIACEAE | O Asperula stricta subsp. monticola X H A LC
32|CAPRIFOLIACEAE I Cephalaria speciosa X H I-T LC
33|CAPRIFOLIACEAE X Scabiosa cosmoides - T A VU
34|ASTERACEAE el Carduus olympicus subsp. olympicus X H CB LC
35|ASTERACEAE S Lactuca variabilis X H CB LC
36 [ASTERACEAE | Anthemis aciphylla var. aciphylla X H A LC
37|ASTERACEAE | Cota fulvida X H I-T CR
38|ASTERACEAE | 1o ;? CILCelzysum arenarium subsp. X H I-T LC
39/CAMPANULACEAE  |§ % |Asyneuma michauxioides X H A LC
40|OLEACEAE il I Fraxinus ornus subsp. cilicica X F A LC
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Tablo 2’nin devami

41BORAGINACEAE | Onosma bornmuelleri X H i-T LC
42|BORAGINACEAE x| Cynoglotti§ chetikiana subsp. X H AS LC
paphlagonica
43|SCROPHULARIACEAE § Verbascum afyonense X H I-T EN
44/SCROPHULARIACEAE [%¥* Verbascum glomerulosum X H A NT
45|SCROPHULARIACEAE |§ Verbascum microsepalum X H A VU
46/SCROPHULARIACEAE §I Verbascum phrygium X H I-T NT
47|LAMIACEAE o 16  |Nepeta cadmea X H A LC
8 ILAMIACEAE s Marrubium astracanicum subsp. X H CB LC
macrodon
49| AMIACEAE s Si Stachxs iberica subsp. iberica var. X K T LC
densipilosa
50|LAMIACEAE ok **  Salvia dichroantha X H I-T LC
51|LAMIACEAE 4 i Sideritis condensata X K A NT
52|LAMIACEAE 1 Sideritis phrygria X K I-T NT
53|LAMIACEAE i Sideritis pisidica X H A NT
54|FAGACEAE s%*I1 %1 Quercus vulcanica X F A NT
55|/ARACEAE §%F /Arum rupicola var. rupicola X Kr I-T EN
56|CYPERACEAE ¥4 Carex coriogyne X H A LC
Toplam Endemik Takson Sayisi 54
Toplam Takson Sayis1 56

Yasam Formu: F: Fanerofit; K: Kamefit; H: Hemikriptofit; Kr: Kriptofit; T: Terofit

Flora Bolgesi: A: Akdeniz; i-T: fran-Turan; A-S: Avrupa-Sibirya; CB: Cok Bolgeli

Tehdit Simfi: CR: Kritik; EN: Tehlikede; VU: Hassas; NT: Tehdite A¢ik; LC: Diisiik Riskli

A: Calisma Alanlar1 (Sultan Daglari: §; Yukarigokdere Koyii: %¥; Dedegol Daglari: |; Gedikli Koyii: 1)

B: Calisma alaninda ve yakin yerlerde yapilan diger ¢calismalar [Dedegdl Daglar1 | (Pesmen ve Giiner 1976); Sultan Daglar1 - Dogan
Hisar / (Ocakverdi ve Cetik 1982) ; Egirdir - Kasnak Mesesi Vejetasyon % (Kurt ve ark. 1996); Kizildag Flora ¢ (Mutlu ve Serik
2003); Yukarigokdere flora ve fauna I (Fakir ve ark. 2009); Kizildag Vejetasyon > (Saglam 2013)]

Yukarigokdere Koyii — KMTKA kasnak mesesi yayilis alanlarindaki yaygin endemiklerdir. Verbascum afyonense Hub.-
Mor., Hypericum uniflorum Boiss. & Heldr. ve Ranunculus heterorrhizus Boiss. & Balansa Sultan Daglari, Delphinium
fissum Waldst. & Kit. subsp. anatolicum Chowdhuri & P.H.Davis ve Salvia dichroantha Stapf KMTKA, Hesperis
cilcica (Siehe ex Bornm.) A.Duran Gedikli Koyii kasnak mesesi yayilig alanlari i¢in nadir endemiklerdir.

Goller Bolgesi kasnak megesi yayilis alanlarinda 22 familyaya ait 54 endemik takson belirlenmistir (Tablo 2,
Tablo 3). Tehdit smiflar1 bellirlenen 56 bitki taksonunun 54’ endemik olup, 2’si endemik degildir. En yiiksek
endemizm oranma sahip familyalar Fabaceae (%14,81) ve Lamiaceae (%13,00)’dir. Bu familyalar1 Brassicaceae
(%11,11) ve Asteraceae (%9,26) ile Caryophyllaceae (%9,26) takip etmektedir (Tablo 3).

Tablo 3. Endemik bitki taksonlarinin familyalara dagilimi
Table 3. The distribution of endemic plant taxa according to families

Familya Endemik Takson Sayisi Yiizde Orani (%)
1 FABACEAE 8 14,81
2 LAMIACEAE 7 13,00
3 BRASSICACEAE 6 11,11
4 ASTERACEAE 5 9,26
5 CARYOPHYLLACEAE 5 9,26
6 SCROPHULARIACEAE 4 7,41
7 RANUNCULACEAE 2 3,70
8 APIACEAE 2 3,70
9 CAPRIFOLIACEAE 2 3,70
10 DIGERLERI 13 24,05

TOLAM 54 100

Endemik ve endemik olmayan taksonlarin risk smniflar1 Tablo 4’de verilmistir. Nesli tehlike altinda olan
(Kritik, Tehlikede ve Hassas) endemik takson sayisi 12, endemik olmayan takson sayis1 2 adettir.
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Tablo 4. Calisma alanlarinda belirlenen bitki tiirlerinin risk sinifi ve orani (%)
Table 4. Risk categories and percentage of determined plant species in the study areas

ks
Sultan Daglar gokdere Dagl§r1 Gedikli Takson Sayisi (%)
Kritik (CR) 1/4,4 - 2/8,0 - 2 36
Tehlikede (EN) 3/13,0 1/4,6 1/4,0 - 4 71
Hassas (VU) 3/13,0 3/13,6 4/16,0 3/30,0 6 10,7
Tehdite A¢ik (NT) 6/26,1 5/22,7 4/16,0 4/40,0 14 25,0
Diisiik Riskli (LC) 10/43,5 11/50,0 14/56 3/30,0 28 50,0
Endemik Olmayan Takson Sayis1/ %
Hassas (VU) 2/9,1 E 3,60
TOTAL 23/100 22/100 25/100 10/100 56 100

Endemik taksonlarin fitocografik bolgeleri sirasiyla, Akdeniz (%37,0), iran-Turan (%31,5), Avrupa-Sibirya
(%3,7) olup ¢ok bolgeli takson orani ise %27,8’dir (Tablo 5).

Tablo 5. Endemik taksonlarin fitocografik bolgelere dagilimi
Table 5. The distribution of endemic plant taxa according to phytogeographic regions

Fitocografik Bolge Endemik Takson Sayis1 Yiizde Orani(%)
Akdeniz (A) 20 37,0

fran-Turan (i-T) 17 31,5
Avrupa-Sibirya (A-S) 2 3,7

Cok Bolgeli (CB) 15 27,8

TOPLAM 54 100

Caligma alanlarimizdan Dedegol Daglari’nda tespit edilen, DD (Veri Yetersiz) smifinda bulunan Cota fulvida
(Grierson) Holub (Sin.: Anthemis fulvida Grierson) (Sekil 2), Bornmueller*i tarafindan 1899 yilinda Sultan Daglari’nda
1850 metrede alpin zona gegiste toplanmis ve Grierson tarafindan bilim diinyasina tanitilmistir (Davis, 1975).

Tip: Turkey B3 Afyon: Sultandagh in jugis alpinis supra Engeli (Geneli?), 1850 m, 28 vi 1899. Bornmiiller 4656 (holo.
E! iso. KI W!) (Davis, 1975).

Sekil 2. Cota fulvida’nin govde, yaprak ve kapitulalari
Figure 2. The stems, leaves and capitulas of Cota fulvida
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Cota fulvida’nin tip lokalitesi Tiirkiye florasinda Bz Afyon-Sultan Daglar1 alpin zona gegis olarak
belirtilmistir. Ancak bu tiiriin habitatina benzer sekilde Dedegdl Daglari’nda toplu bir popiilasyonu 2 farkli yilda (2010-
2012) takibi yapilan arazi ¢alismasi sonunda tarafimizca tespit edilmistir.

Cota fulvida’nin ekolojisi ve habitat;; Orman st zonundan (g¢ok bozuk kasnak mesesi-karagam
mescerelerinden) subalpin kusaga geciste yer almaktadir. Cigeklenme temmuz sonu ile agustos, meyvelenme agustos
aylarindadir. Alanda 1800-1840 metreler arasinda daginik olmayan bir popiilasyonu vardir. Anakayasi arduvaz olup,
genellikle s1g, orta derinlikte ve tash topraklarda gelismektedir. Toprak tiirii kumlu-Killi-balgiktir. Topraklarin aktiiel
asitligi 5,8 ile 6,5 (hafif asit) arasinda degismektedir (Geng vd., 2011).

Cota fulvida Isparta: Yenisarbademli-Dedegol Daglari’nda kiigiik bir alanda yayilis gostermektedir. Bitki
birden fazla govdeye sahip olup, her bir govde tek kapitulaya sahiptir. Alanda yaklasik 300 civarmnda bitki vardir.
Ortalama kapitula sayist 1000 civarindadir. IUCN o6lgiitlerine gore C2a(ii) dlgiitiinde ve EN (Tehlikede) sinifina
girmektedir. Ancak cok kiiciik tek bir alanda yayilis gdstermesi tip lokalitesinde bulunamamasi (Adigiizel vd., 2010)
yani tip lokalitesinin yok olmasi nedenleriyle tiiriin popiilasyon egiliminin azaldig1 sonucuna ulasiimaktadir. Ayrica
yeni buldugumuz tek lokalitesinde (Dedegdl Daglar1) yayilis alan1 yaklasik 1,5 ha civarindadir. Bu bakimdan Blab(i)
olgiitii CR (Kritik) sinifinda yer almaktadir. Dolayst ile bu tiiriin kritik (CR) tehdit sinifinda yer almasi dnerilmistir
(Tablo 6).

Tablo 6. Cota fulvida tehdit sinifi (IUCN versiyon 3.1 kritelerine gore)
Table 6. The treatened categories of Cota fulvida (according to IUCN version 3.1 criteria)

Sinifi CR

Olgiitii CR Blab(i); EN C2a(ii)
Yayilis alam 1,5 ha

Lokalite 1

Ortalama birey sayis1 300

Peucedanum graminifolium Boiss. Kuzey Anadolu’da yayilis gosteren bir tiir olmasina ragmen (Davis, 1972; Vural ve
Adigiizel, 1996) giliney Anadolu’da Yenisarbademli — Dedeg6l Daglari’'nda yeni bir yayilis alami tespit edilmistir.
Burada 1800-1850 m yiikseltiler arasinda yayilis gostermektedir. Bu lokalitesinde kiigiik bir alanda, bitki sayis1 10-15
civarinda ve tek ornek alanda tespit edilmistir.

4. Sonugclar ve tartisma

Tiim ¢aligma alanlarinda endemik takson sayisi 54, endemizm oran1 %13,6’dir. Dedegdl Daglari’nda 3 6rnek
alanda, Gedikli’de 1 6rnek alanda caligmalar yapilmis olmasina ragmen en fazla endemizm oram %17 ile Dedegol
Daglari’nda ve hemen ardindan %16 ile Gedikli’de ¢ikmustir. Kasnak mesesi Gedikli’de Cedrus libani ile Dedegol
Daglari’nda alpin zona gegiste Pinus nigra susbp. pallasiana ile karigim olugturmaktir. Dolayisi ile bu durum, karisik
mescerelerin saf mescerelere oranla daha fazla bitki tiiriinii ihtiva etmesinden kaynaklandig1 seklinde agiklanabilir.
Flora bolgeleri agisindan tiim alanlarda %20,2 orani ile Akdeniz flora elemanlar1 birinci sirada, %10,6 ile Avrupa-
Sibirya ikinci ve %10,4 ile Iran-Turan {igiincii sirada yer almaktadir. Akdeniz ile Iran-Turan fitocografik bdlgelerinin
gecis kusaginda yer alan c¢aligma alanlarimizda Avrupa-Sibirya fitocografik elementlerinin ikinci sirada yer almasi
dikkat ¢ekicidir. Bu durum, ¢alisma alanlarmin ikliminin nemli ve ¢ok nemli arasinda degismesinin (Geng vd., 2011)
bir sonucu olup Avrupa-Sibirya elementlerinin bu alanlarda varligini siirdiirebildiginin bir gostergesidir.

Tehdit siniflar1 belirtilen 56 taksonun 2’si endemik degildir ve endemik olmayan bu iki takson VU smifindadir.
Endemik taksonlarin tehdit siniflar1 sirasiyla, 2’si Kritik, 4’ Tehlikede, 6’s1 Hassas, 14’ii Tehdite Agik ve 28 takson
Diisiik Riskli’dir. En yiiksek endemizm oranna sahip familyalar Fabaceae (%14,81) ve Lamiaceae (%13,00) dir.
Endemik taksonlarin fitocografik bolgeleri sirasiyla, Akdeniz (%37,0), iran-Turan (%31,5), Avrupa-Sibirya (%3,7)
olup, ¢ok bolgeli takson orani ise %27,8’dir.

Tiirkiye’nin Anthemis L. cinsi Cota (J. Gay) Rupr. seksiyonuna ait yapilan ¢aliymada tip Ornegi Sultan
Daglari’nda olan Cota fulvida’nin bulunamadig: belirtilmektedir (Adigiizel vd., 2010). Yetersiz Verili (DD) kirmizi
liste smnifinda (Ekim vd., 2000) yer alan, Cota fulvida, ilk kez bu ¢alisma ile tip lokalitesinden farkli bir alan olan
Dedegdl Daglari’'nda bulunmustur. Tiire ait elde ettigimiz verilere dayanarak tek bir yayilis alani olan Dedeg6l
Daglari’ndaki popiilasyonu ve yayilis alani biiytikliigti, [IUCN kriterlerine gore degerlendirilmis ve CR (Kritik) kirmizi
liste sinifinda yer almasi dnerilmistir..

Peucedanum graminifolium’un Tirkiye’deki yayilisi B2 : Uludag ve A5 Samsun: Akdag (Davis, 1972) ile A4
Kastamonu: Bozkurt-Devrekani arasinda (Vural ve Adigiizel, 1996) bilinmektedir. Calisma alanlarimizdan
Yenisarbademli — Dedegdl Daglari’nda lokal bir alanda yeni bir yayilig alan1 belirlenmis olup IUCN kriterlerine gore
EN smifinda yer almaktadir. Bu yeni lokalitesi ve popiilasyonu ¢ok smirli oldugundan yine ayni kirmizi liste sinifinda
yer almasi onerilmektedir.
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Calisma alanlarimiz ile ayn1 alanlarda ve yakin ¢evrelerinde daha dnce yapilan flora ve vejetasyon c¢aligmalar1 (Pesmen
ve Giiner, 1976; Ocakverdi ve Cetik, 1982; Kurt vd., 1996; Mutlu ve Serik, 2003; Fakir vd., 2009; Saglam, 2013) ile
karsilagtirilmis ve toplam 25 adet endemik bitki taksonunun bu alanlarin endemik taksonlarma yeni ilave edilecek
taksonlar oldugu ortaya ¢ikarilmigtir (Tablo 2).

Hesperis bicuspidata (Willd.) Poir. (Davis, 1965), Astragalus mitchellianus Boiss. ve Astrantia maxima subsp.
haradjiani (Davis, 1972) endemik sinifinda yer almaktadir. Ancak bu tiirler, Tirkiye Bitkileri Kirmiz1 Kitabi’nda
endemik taksonlar ve nadir bitkiler listesinde yer almamaktadir (Ekim vd., 2000). Bu taksonlarin Tiirkiye endemikleri
oldugu “Tirkiye Bitkileri Listesi”nde tekrar teyit edilmistir (Giiner vd., 2012). Hesperis bicuspidate (Gilineydogu
Anadolu Bolgesi haricinde tiim Tiirkiye) ve Astrantia maxima subsp. haradjiani (Gliney Marmara, Bat1 ve Orta
Karadeniz, Yukar1 Sakarya, orta ve Yukar1 Kizilirmak, Yukar: Firat Bolimleri ile Akdeniz Bolgesi) taksonlarmm
yayilis alanlar1 genis oldugundan (Davis, 1965; Davis, 1969: Davis, 1972; Giiner vd., 2012) IUCN kriterlerine gére LC
smifinda yer almalar1 uygun olacaktir. Astragalus mitchellianus Bati Karadeniz ve I¢ Bat1 Anadolu Béliimleri’nde
(Giiner ve ark. 2012) ancak ¢alisma alanlarimizda yasam alanlar1 ¢ok az oldugundan tehdit sinifi NT olarak 6nerilmistir.
Viola heldreichiana Boiss. Davis (1965) ve Ekim vd. (2000)’e gére endemik sinifinda yer almamaktadir. Daha sonra
Giiner vd. (2012)’e gore endemik takson olarak belirlenmis olup, Asil Ege Boliimii ve Akdeniz Bdlgesi’nde yayilis
gostermesi ve ¢aligma alanlarimizda yasam alani oldukga dar ve az sayida bireyle temsil edildiginden yine NT sinifi
onerilmistir. Ancak bu taksonlarin smiflarini netlestirmek igin ayrica ¢alismalarin yapilmasina ihtiyag vardir.
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Bu c¢aligma, Orman Toprak ve Ekoloji Arastrma Enstitiisii Midirligi’niin “Goller Bolgesindeki Dogal
Yayilis Alanlarinda Kasnak Mesesinin (Quercus vulcanica Boiss. and Heldr. ex Kotschy) Boy Gelisimi ile Yetisme
Ortami Ozellikleri Arasindaki iliskiler” (Proje Numarasi: ESK-08.6305) isimli arastirmadan elde edilen verilerden
yararlanilarak hazirlanmistir. Ayrica yardimlarindan dolayr M.Ufuk Ozbek’e de tesekkiir ederiz.
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Abstract

This study has been made on the specimens obtained from different study areas in Turkey. One of the new
records has been found in the field as sporocarp while the others have been grown by moist chamber culture method.
These new records are Licea testudinacea Nann.-Bremek., Didymium vaccinum (Durieu & Mont.) Buchet., Physarum
famintzinii (natural) Rostaf.. The new myxomycete records were added to the myxobiota of Turkish.

Key words: Myxomycete, new records, Denizli, Isparta, Konya, Turkey

*

Tiirkiye’den ii¢c yeni miksomiset kaydi

Ozet

Bu c¢alisma Tiirkiye’nin farkli bolgelerinden elde edilen ornekler iizerine yapilmistir. Yeni kayitlardan biri
arazide sporokarp olarak bulunmusken digerleri nem odas1 kiiltiirii metoduyla gelistirilmistir. Bu yeni kayitlar Licea
testudinacea Nann.-Bremek., Didymium vaccinum (Durieu & Mont.) Buchet., Physarum famintzinii Rostaf. (dogal)’dir.
Yeni miksomiset (civikmantar) kayitlar: Tiirkiye’nin miksobiyotasina eklenmistir.

Anahtar kelimeler: Miksomiset, yeni kayitlar, Denizli, Isparta, Konya, Tirkiye
1. Introduction

Myxomycetes are defined as eukaryotic microorganisms with a plasmodium as the assimilative stage and a
sexually produced resting spore as the propagule (Ing, 1999). Myxomycetes (plasmodial slime moulds) are best known
from temperate and boreal forests, where they are commonly found in association with decaying coarse woody debris
and leaf litter on the forest floor (Martin and Alexopoulos, 1969). The wide range of temperature and precipitation
conditions and the irregular topographic structure of Turkey have created a great diversity of ecological conditions.
Neverthless, the number of identified fungi species in Turkey does not show parallelism. In recent years some
macrofungi and myxomycete have been added to the Turkish mycobiota by some researchers (Atila and Kaya, 2013;
Eroglu and Kasik, 2013). To date, only 231 myxomycete taxa have been determined in Turkey (Sesli and Denchev,
2008). However, the number of myxomycete taxa in the word is about 750 but there are approximately 1000
myxomycete taxa recognized up to 2011(Joshaghani et al., 2013).

2. Materials and methods

The materials appropriate for the growth of myxomycete were collected from different districts in Turkey. Tree
bark, leaves, branches, and decayed wood pieces that could host plasmodium or spores were collected. After these
materials were taken into the laboratory, moist chamber culture was applied. This technique is highly suitable for the
growth of myxomycete. During the culture process the materials were moistened to prevent the myxomycete from
drying out and their development was followed by stereomicroscope. The developed myxomycete was extracted
carefully from their substrate. The samples were placed on cartons and into boxes of the same size. Photos of
sporophore and the microscopic features of the samples were taken. Diagnoses of the samples were carried out using
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Nannenga-Bremekamp (1991), Neubert et al. (1993, 1995), and Martin and Alexopoulos (1969) as sources. The
myxomycete samples are kept at the Mycological Application and Research Centre Fungarium at Selguk University.

3. Results

Short descriptions, habitats, localities, collection dates, fungarium numbers (Fungarium N.), and images of the
taxa are given. As a result of laboratory studies, three new records are listed below. Licea testudinacea Nann.-Bremek.,
Didymium vaccinum (Durieu & Mont.) Buchet., Physarum famintzinii Rostaf. were added to the myxobiota of Turkish.

Myxomycetes Renault
Liceales E. Jahn
Liceaceae Chevall.
3.1. Licea testudinacea Nann.-Bremek. Fig. 1. a-b
Sporocarp groups, pulvinate, 0.2-0.8 mm in diameter, very dark brown to black with a net of ridges across the
surface. Peridium double, pale orange-brown in transmitted light, edges of lobes and the rather small plates with a dense
row of knobs on the margin. Spores in mass dark brown, brown-grey in transmitted light, (10-)11-13(-15) pm in
diameter, wall thick but with a very conspicuous pale thin germination area occupying about one third of the surface,
minutely warted.
Turkey-Isparta, Karacaoren, on wood of Pinus sp., 198 m, 16.05.2011, Fungarium N. 618, Fungarium N. 651,
Fungarium N. 655.

" - Jmey
Figure 1. Licea testudinacea a- sporocarp, b- peridium and spores

Physarales T. Macbr.
Didymiaceae Rostaf.
3.2. Didymium vaccinum (Durieu & Mont.) Buchet Fig. 2. a-d
Sporocarp groups, usually short stalk, sometimes sessile, the sporangia hemispherical, wide. Stalk up to half
the height of the sporocarp and very thick, grooved, limy, ochraceous. Peridium double, the outer layer a smooth lime
shell, composed of stellate lime crystals which are equal as large as spore, inner layer colourless. Columella
hemispherical, covering more than half of the base, pale ochraceous. Capillitial tubules sparsely branched, colourless,
pale yellow-brown, radiating from and connected to the columella. Spores in mass black, dark purple-brown in
transmitted light, with a paler area, 9-12 um in diameter, covered with large dark warts.
Turkey-Konya, Hadim, on wood of Pinus sp., 1880 m, 23.07.2009, Fun‘g\arium N. 67
)

wm, 8 d

Figure 2. Didymium vaccinum a- columella, b- sporocarp, c- spores and stellate lime crystals, d- capillitial tubules
connected to the columella and spores

Goniil EROGLU et al., Three new myxomycete records from Turkey
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Physaraceae Chevall.
3.3. Physarum famintzinii Rostaf. Fig. 3.a-b
Sporocarp sessile, heaped, rugulose, brownish orange, globose or reniform, about 0.4-0.6 mm in diameter.
Peridium is membranous, bearing clustered deposits of yellowish brown lime granules. Capillitium is abundant, elastic,
the nodes white, angular and branching. Spores are purplish brown, spinulose, 9-12 ym in diameter.
Turkey-Denizli, Civril, Hacigadirler, pine forests, on litter of Pinus sp., 840 m, 08.11.2007, Fungarium N. 653,
(natural).

-

Figure 3. Physarum famintzinii a- sporocarp, b- capillitium and spores
4. Conclusions

Licea testudinacea can be distinguished from other Licea species by the greyish spores with a large
germination pore. Didymium vaccinum is easily recognised with a hand lens by the hemispherical sporangia, the thick
short stalks and the large convex columella. Physarum famintzinii has the heaped sporocarp as P. confertum T. Macbr.,
but with a brownish orange colour is different. As a conclusion of, these new records have distinctive features to
facilitate diagnosis.
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Abstract
Trichoglossum variabile (E.J. Durand) Nannf. and Helvella helvellula (Durieu & Mont.) Dissing were recorded
for the first time from Turkey. The new taxa are described and illustrated.

Key words: Trichoglossum, Helvella, new record, Turkey

Ozet
Trichoglossum variabile (E.J. Durand) Nannf. ve Helvella helvellula (Durieu & Mont.) Dissing Tiirkiye’den
ilk defa kaydedilmistir. Yeni taksonlar tanimlanmis ve resimleri verilmistir.

Anahtar kelimeler: Trichoglossum, Helvella, yeni kayit, Tirkiye
1. Introduction

The genus Trichoglossum Boud. is a member of the family Geoglossaceae and is known as earth tongue.
Fruiting body of Trichoglossum is brownish black and hymenium not distinctly delimited from the stem. Hymenium
and stem covered with stiff, acicular brown setae. Asci large, 4 or 8 spored, apical pore amyloid. They grow on the
ground in meadows, forests and bogs. Trichoglossum differs from Geoglossum with brown setae and Microglossum
Gillet with black ascostroma (Hanlin, 1998; Hansen and Knudsen, 2000).

The genus Helvella L., a member of the Helvellaceae is easily recognized in the field with its macroscopic
features such as cup shaped to saddle shaped apotechia and whitish, greyish, brownish or black hymenium. It mostly
grows as terrestrial but rarely on rottening wood (Hansen and Knudsen, 2000).

Because of the suitable climatic conditions for growth of fungi, type of vegetation and geology, Turkish
mycota is very rich. However every part of the Turkey hasn’t been studied yet. In recent years, studies on macro and
microfungi are raised in Turkey. By these kind of studies Turkey’s fungal diversity will be presented (Dogan and Aktas,
2010; Akata and Yaprak, 2013; Giingor et al., 2013). The aim of the present study is to contribute Turkish mycota with
new macrofungal records.

2. Materials and methods

Macrofungi samples were collected during routine field trips in different localities of Aydin and Isparta
provinces in spring 2013. Morphological and ecological characteristics of the specimens were recorded and
photographed. After field studies, specimens were taken to the laboratory and identified with the help of Mains (1954),
Dissing (1966), Hansen and Knudsen (2000), and Kucera et al. (2008). The identified specimens were deposited at the
fungarium of Mugla Sitk1 Kogman University.
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3. Results

After the laboratory studies, T. variabile and H. helvellula which is called as “Parmak mantar” and “Kara kulak
mantar1” respectively were identified. In the light of the checklists and current literature both of them are new records
for Turkish mycota (Solak et al., 2007; Sesli and Denchev, 2008).

3.1 Helotiales
3.1.1 Geoglossaceae Corda
3.1.1.1 Trichoglossum variabile (E.J. Durand) Nannf. (Figure 1).

Fruiting body 30-45 mm, dark brown to black, shiny, stipitate, clavate to subcapitate. Fertile part compressed,
ellipsoidal and inflated. Setae are not distinctive in fertile part, but distinctive in sterile part of the fruiting body. Asci
203-224 x 16-17.6 um, 8-spored, cylindrical to clavate, the pore weakly blued in Melzer’s reagent. Spores (70) 92—
114.1 (120) x 5—6 pum, 9 septate, brown, tapering towards ends, early pigmented, straight or slightly curved. Paraphyses
2.0-2.5 um in diameter, filiform, enlarged towards the apex. It grows among pine needles or in meadows, on soil.

Isparta, Isparta-Antalya way 50 km, Yaniklar district, in pine forest, on soil, 21.04.2013, H 306.

3.2 Pezizales
3.2.1 Helvellaceae Fr.
3.2.1.1 Helvella helvellula (Durieu & Mont.) Dissing (Figure 2).

Fruiting body small, 0.5-2 cm in diameter, cup to disc shaped, folded, margins scattered like a star, hymenium
black, outside naked, concolorous with hymenium near the margin, but paler to almost whitish through the stipe. Stipe
small, indistinct, with 2-4 anastomoses. Asci 8 spored, cylindrical to clavate, 14-17 pm broad. Spores 20-23 x 12-13.8
um, with one large and a few small drops, often with pustules when young, later smooth, ellipsoidal, hyaline.
Paraphyses straight, clavate, above enlarged, dark yellow to brown (Dissing, 1966).

Aydm, Bozdogan, Orentaht village, in pine forest, 26.04.2013, H 382.

At R '/ ‘,\\\\' \ b ¢
Figure 2. Helvella helvellula a. frutingbody, b. ascus and spores, c. paraphyses, H 382

4, Conclusion

In the present study, T. variabile and H. helvellula are new records for Turkish mycota. Trichoglossum variabile is
closely related to T. hirsutum but can be distinguished with spores having fewer septa. Spores of T. hirsutum are 15

Halil GUNGOR et al., Two new Ascomycete records for Turkish mycota
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septate at the maturity. Another related species of T. hirsutum is T. walteri. But T. walteri differs with 9-14 septate
spores (Kucera et al., 2008). In Turkey, only Trichoglossum hirsutum var. hirsutum was reported by Akata and Kaya
(2013). We added second taxa of Trichoglossum for Turkish mycota.

Helvella helvellula and H. leucomelaena (Pers.) Nannf. are similar species with subsesile fruiting bodies and black
hymenium. But H. helvellula differs from H. leucomalaena with ellipsoid and longer spores. The black colour of H.
helvellula reminds of H. corium (O. Weberb.) Massee, but the two species can be differentiated other characteristics
such as apothecium shape, anatomy, spore size, and distribution (Dissing, 1966). In Turkey, 21 taxa of Helvella have
been reported by several researchers before (Solak et al., 2007; Sesli and Denchev, 2008; Akata and Kaya, 2012). H.
helvellula is the twenty second taxon of the genus Helvella for Turkish mycota.
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Abstract

The aim of this research is to make comparative age analysis from different bony structures and to estimate the
most reliable calcified structure for age determination of perch inhabiting Lake Ladik. Sampling was carried out
monthly between November 2009 and October 2010. Fish were caught using gill nets with various mesh size. A total of
858 specimens were obtained. Four different bony structures such as vertebra, otolith (sagittae), opercle and scale from
114 individuals collected in January and February were removed for age determination. Bony structures were prepared
to age determination with appropriate techniques. All calcified structures were read three times by one reader using
binocular microscope with x10 magnification. Percent agreement (PE), average percent error (APE) and coefficient of
variation (CV) were considered in estimation of reliable bony structure. Age compositions of calcified structures were
between 1 and 9 years old. Maximum age was determined as 5, 6, 9 and 9 for otolith, vertebra, scale and opercle,
respectively. The dominant age class was 3 for each bony structure. Mean ages of vertebra, otolith, opercle and scale
were calculated as 3.16, 3.04, 4.09 and 3.79, respectively. The highest percent agreement (77.19%), the lowest average
percent error (3.40) and coefficient of variation (4.53) were obtained for vertebra. It was concluded that vertebra was
the most reliable bony structure for age determination of Perca fluviatilis population in Lake Ladik.

Key words: Perca fluviatilis, Perch, Lake Ladik, age determination, vertebra

*

Ladik golii (Samsun/Tiirkiye)’ndeki Tathsu Levregi (Perca fluviatilis Linnaeus, 1758)’nin farkh kemiksi
yapilarindan karsilastirmah yas tayini

Ozet

Bu calismada Ladik Golii’nde yasayan tatlisu levreginin farkli kemiksi yapilarindan karsilastrmali yas analizi
yapilarak, yas belirleme igin en giivenilir kemiksi yapinin tespit edilmesi amaglanmustir. Ornekleme Kasim 2009-EKim
2010 tarihleri arasinda aylk olarak yapilmistir. Orneklemede degisik g6z agikligina sahip fanyasiz aglar kullanilmistir.
Toplam 858 birey elde edilmistir. Yas tayini ¢aligmasi i¢cin Ocak-Subat aylarma ait 114 bireyden omur, otolit (sagitta),
operkiil ve pul olmak iizere 4 farkli kemiksi yap1 alimmistir. Kemiksi yapilar uygun tekniklerle yas belirlemeye
hazirlanmistir. Tiim kemiksi yapilar x10 biiyiitmeli binokiiler mikroskopta bir okuyucu tarafindan degisik zamanlarda 3
kez okunmustur. Gilivenilir kemiksi yapinin tespit edilmesinde yiizde uyum (YU), ortalama yiizde hata (OYH) ve
degisim katsayis1 (DK) degerleri dikkate alinmigtir. Kemiksi yapilarda 1-9 arasi yaslar gozlenmistir. En yiiksek yas
otolitte 5, omurda 6, pul ve operkiilde 9 olarak belirlenmis ve tiim yapilarda 3 yas grubu baskin yil smifimi
olusturmustur. Ortalama yaslar omur, otolit, operkiil ve pulda sirasiyla; 3.16, 3.04, 4.09, 3.79 olarak hesaplanmistir. En
yiiksek yiizde uyum (% 77.19), en diisiik ortalama yiizde hata (3.40) ve degisim katsayisi (4.53) degeri omurda elde
edilmistir. Perca fluviatilis'in Ladik Golii populasyonunda yas tayini i¢in en giivenilir kemiksi yapmim omur oldugu
sonucuna varilmistir.

Anahtar kelimeler: Perca fluviatilis, Tatlisu levregi, Ladik G6lii, yas tayini, omur
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1. Giris

Baliklarin biyolojik 6zelliklerinin ortaya ¢ikarilmasi i¢in her seyden Once yas tayininin dogru yapilmasi
gerekmektedir. Yas bilgilerinin en az hata ile elde edilmesi populasyon hesaplamalarmin en hassas ve can alici
noktalarindan biridir (Giimiis ve Polat, 1999). Oncelikle yas verilerinin tiire 6zgii oldugu bilinmelidir. Annulus olusum
zamani, bilylimenin durdugu donem, iireme veya gdc¢ faaliyetleri sebebiyle olusabilecek halkalarm varligi ve en
onemlisi, yasin belirlenecegi ideal kemiksi yapr tiirden tiire degisebilir. Oyle ki ideal yas tayini metodu, ayn tiiriin farkh
populasyonlarma gore degisebilecegi gibi, ayn1 stok icerisinde, yasa bagli olarak da degisebilir. Bu yiizden ¢ok sayida
degiskenin s6z konusu oldugu yas tayini iglemi lizerinde hassas olunmali ve metodun giivenirliligini artiracak
caligmalara, 6zellikle dogrulama galigmalarina agirlik verilmelidir (Polat, 2000).

Tiirlin yas tayini i¢in giivenilir kemiksi yapinin belirlendigi ¢alismalar smirl sayida (Polat vd., 2004) olup Ladik
Goli’'ndeki populasyon iizerine herhangi bir ¢alisma yapilmamistir. Bu nedenle Ladik Goli’'nde yasayan tatlisu
levreginin dort kemiksi yapisindan karsilastirmali yas tayini yaparak en giivenilir kemiksi olusumun tespit edilmesi
¢aligmanin amacni olusturmaktadir.

2. Materyal ve yontem
Diinyada ylizen adaciklara sahip nadir gdllerden biri olan Ladik Go6lii (Sekil 1) 35°40'-36°05' dogu boylamlar1

ile 40°50'-41°00" kuzey enlemleri arasinda yer almaktadir (Anonim, 1997). Golin uzunlugu 5 km, genisligi 2 km,
derinligi 2.5-6 m, rakimi ise 867 m’dir (Anonim, 2007).

Sekil 1. Calisma alani haritast
Figure 1. Map of study area

Kasim 2009-Ekim 2010 tarihleri arasmmda goliin degisik bdlgelerinde fanyasiz aglar kullanilarak
gerceklestirilen aylik drneklemeler neticesinde toplam 858 birey elde edilmistir. Yas belirleme ¢alismast i¢in Ocak ve
Subat aylarinda yakalanan 114 baliktan pul, omur, otolit (sagitta) ve operkiil olmak iizere 4 kemiksi yap1 alinmustir.
Kemiksi yapilar gerekli islemlerle yas belirlemeye hazir hale getirilmistir (Chugunova, 1963). On incelemelerle tiim
kemiksi yapilarin yas tayininde degerlendirilebilecegine karar verilmistir. Kemiksi olugumlar 10x biiyiitmeli binokiiler
mikroskopta bir okuyucu tarafindan farkli zamanlarda 3 kere okunmustur.

Tekrarli yas okumalarinin analizi i¢in ortalama yas (Baker ve Timmons, 1991), yiizde uyum, ortalama yiizde hata
(Beamish ve Fournier, 1981) ve degisim katsayisi (Chang, 1982) hesaplamalar1 yapilarak yas tayininin yapilacagi
giivenilir kemiksi yapi tespit edilmistir. Gilivenilir kemiksi yap1 ile diger kemiksi yapilarin ortalama yaslari
karsilagtirilarak yapilar arasindaki yas belirleme uyumu degerlendirilmistir.

Semra SAYGIN et al., Comparative age determination from different bony structures of Perch (Perca fluviatilis Linnaeus, 1758) in Lake Ladik
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3. Bulgular

Kemiksi yapilarda 1-9 arasi yaslar gozlenmistir. Maksimum yas otolitte 5, omurda 6, pul ve operkiilde 9 olarak
belirlenmis ve tiim yapilarda 3 yas grubu baskin yil smifini olugturmustur (Sekil 2).
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Sekil 2. Kemiksi yapilarda elde edilen yas kompozisyonlar1 (A: Omur; B: Otolit; C: Operkiil; D: Pul)
Figure 2. Age compositions obtained from bony structures (A: Vertebra; B: Otolith, C: Opercle, D: Scale)

Ortalama yaglar omur, otolit, operkiilde ve pulda swrasiyla; 3.16, 3.04, 4.09, 3.79 olarak hesaplanmistir.
Ortalama yaslarin degisim araligi 1.05 yil olarak belirlenmistir. En yiiksek ylizde uyum % 77.19 ile omurda
gozlenmistir. Diger yonden higbir uyumun olmadigi 6rnek yilizdesi yine omur igin daha diigiikk hesaplanmistir. Benzer
sekilde OYH ve DK degerlerinin diger yapilara oranla omurda daha diisiik oldugu goriilmiistiir (Tablo 1).

Tablo 1. Kemiksi olusumlarda ylizde uyum degerleri (% N) ve birey sayilar1 (N).
Table 1. Percent agreement (N%) and number of individuals for bony structures

Uyum Gruplari Ortalzhma Yiizde Degisim
Kemiksi Yap1 ata Katsayisi Toplam
3/3 3/2 3/1 (OYH:Sh) (DK:Sh)
%N 77.19 19.29 3.52
Omur 3.40+0.62 4.53+0.83 114
N 88 22 4
%N 57.01 38.59 4.40
Otolit 6.56+0.75 8.69+ 1.01 114
N 65 44 5
%N 49.12 43.86 7.02
Operkiil 7.35+0.81 9.72+ 1.07 114
N 56 50 8
%N 49.12 34.21 16.67
Pul 8.26+0.85 11.26£1.17 114
N 56 39 19

Yiizde uyum, ortalama yiizde hata ve degisim katsayisi verileri birlikte degerlendirildiginde; en yiiksek yiizde
uyum (% 77.19), en diisiikk ortalama yiizde hata (3.40) ve degisim katsayisi (4.53) degeri nedeniyle, omurun Ladik

Semra SAYGIN et al., Comparative age determination from different bony structures of Perch (Perca fluviatilis Linnaeus, 1758) in Lake Ladik
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Golii’nde yasayan Perca fluviatilis 'in yas tayininde en glivenilir kemiksi yap1 olarak tercih edilmesi gerektigi sonucuna
varilmistir (Sekil 3).

Sekil 3. Perca fluviatilis’in omuru (3 yas)
Figure 3. Vertebra of Perca fluviatilis (3 age)

Omurla diger kemiksi yapilarin YU, OYH ve DK araciligtyla karsilastirmalar1 Sekil 4-6’da verilmistir. En yiiksek
YU, en diisiik OYH ve DK degeri omur-otolit karsilastrmasinda elde edilmistir.

YU=2451.7%
61 OYH=848
DE=12.00 - ~ -
b 2) 3 \2) 1)
Z4- v (& (5 @
- E E = =
=3 8 (281 (8) (1)
w2 ol (o)  (3)
1 { ‘|A ]
0 Y Y Y Y Y T

3
Omur Yast

Sekil 4. Perca fluviatilis populasyonunda omur yaglari ile otolit yaslarinin karsilastirilmasi
Figure 4. Comparison of vertebrae and otolith age in population of Perca fluviatilis
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Sekil 5. Perca fluviatilis populasyonunda omur yaslari ile operkiil yaslarinm karsilagtiriimasi
Figure 5. Comparison of vertebrae and opercle age in population of Perca fluviatilis
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Sekil 6. Perca fluviatilis populasyonunda omur yaslari ile pul yaslarinin karsilastirilmasi
Figure 6. Comparison of vertebrae and scale age in population of Perca fluviatilis

4. Sonuclar ve tartisma

Omurdan yas okunmasi esnasinda dikkat edilmesi gereken hususlarin basinda ilk yas halkasinin tespit edilmesi
gelmektedir. Bunun yani sira yiiksek yas tayinine neden olabilecek ¢ift halkalara kars1 da dikkatli olunmalidir.

Sagittal otolitlerden yas okumasi geng bireylerde genellikle kolayken yasli bireylerde ozellikle merkez
bolgesindeki kalinlasma ve kenar kisimda yogunlasan halka karakteri sebebiyle zorlasmaktadir. Bu sekildeki otolitlere
uygulanan kirma-yakma veya kesit teknigi gibi yontemlerin okunabilirligi artrmadigi gézlenmistir. Literatiirler
incelendiginde, Perca fluviatilis’in yaginin belirlenmesinde otolitlerin kullanildig1 ¢aligmalar mevcuttur (Begburs, 2010;
Olin vd., 2010; Troynikov vd., 2011).

Operkiil kemiklerinin alinmasi, yas tayini i¢in hazirlanmasi ve sonrasmnda muhafazasinin kolay oldugu
gozlenmistir. Kiiciik boylu orneklerde operkiilden yas analizi sorunsuz iken 4 yasindan biiyiikk olan bireylerde
kalinlasmaya bagli okuma zorluklar1 yasanabilmektedir. Ilerleyen yasla birlikte kenar kisimda sikisan yas halkalari ile
diger bazi halkalarin ayrimi giliclesmektedir. Bu nedenle bazi ¢alismalarda ilk yaslarin belirlenmesinde operkiil, sonraki
yaslarin tespitinde ise otolitlerin kullanildig1 goriilmektedir (Linlokken ve Seeland, 1996; Holmgren ve Appelberg,
2001). Buna karsin tiiriin yas tayininde operkiil kullanimi oldukca yaygindir (Afolabi, 2011; Ceccuzzi vd., 2011). Bu
durumun operkiill alimmm kolayligi ve baligin oldiriilmesine gerek olmamasi gibi nedenlerden kaynaklandigi
diigtiniilmektedir.

Pullarda yalanci halka varligi siklikla gdzlenmistir. Ozellikle ilerleyen yaslarda pul kenar bélgesinde yogunlasan
halkalar arasindan gergek yas halkalarini ayirt etmek oldukga zor olmustur. Literatiirde tiiriin yas tayininde pullarin
tercih edildigi ¢alismalar mevcuttur (Szyputa, 2000; Rechulicz, 2008).

Polat vd. (2004) tarafindan Derbent Baraj Golii’'nde yapilan bir ¢aligmada yas tayini uyumunun en yiiksek
omurda (% 68.75), en diisiik pulda (% 41.08) oldugu bildirilmistir. Bulgularimiz 6nceki calismayla ortligmektedir.
Sonug olarak, Ladik Golii’ndeki Perca fluviatilis tiiriiniin yas tayininde omurun tercih edilmesi gerektigi anlagilmistir.
Bununla birlikte omur yontemi baska bir populasyona uygulanmadan 6nce mutlaka dogrulanmalidir.
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Abstract

The current study was based on the macrofungi collected from Hani (Diyarbakir) district between 2009 and
2010. As a result of field and laboratory studies, 102 species belonging to 28 families were identified. Fifteen taxa
belong to Ascomycota and 87 to Basidiomycota. All the species determined except for Ciboria amentacea are new
records for the study area.

Key words: biodiversity, macrofungi, Hani, Turkey

Hani (Diyarbakar/Tiirkiye) ilcesinin makrofungal cesitliligi

Ozet

Mevcut calisma 2009 ve 2010 yillar1 arasinda Hani (Diyarbakir) ilgesinden toplanan makrofunguslar iizerine
yapilmistir. Arazi ve laboratuvar ¢aligmalar1 sonucunda 28 familya’ya mensup 102 tiir tespit edilmistir. Belirlenen
taksonlardan 15’1 Ascomycota, 87’ si ise Basidiomycota boliimiinde yer almaktadir. Tespit edilen tiirlerden Ciboria
amentacea hari¢ digerlerinin tamami arastirma alani i¢in yeni kayaittir.

Anahtar kelimeler: biyogesitlilik, makrofunguslar, Hani, Tiirkiye
1. Introduction

Hani is a district of Diyarbakir province with a surface area of 415 km? and located in the South-East Anatolian
part of Turkey. It is surrounded by Lice to the north east, east and southeast, Diyarbakir to the south, Elazig and Bingol
to the north. Dicle is located in west, Lice is located in north east, east and southeast, Diyarbakir is located in south,
Elaz1g and Bing61 are located in north of Hani (Figure 1). The district is predominantly influenced by terrestrial climate.
In other words, the winter are fairly cold and snowy while the summer are hot and dry. During the year, the mean
temperature and rainfall are 15.5 °C and 947.7 mm.

The plant cover of the area is mostly dominated by oak, poplar, willow, walnut and plane. Planted cedar, pine
and some fruit trees can also be seen especially in higher elevations (Anonymus, 2005).

Numerous studies on Turkish macrofungal diversity have been conducted and they were given as checklists in
different times (Solak et al., 2007; Sesli and Denchev, 2008). New data of recent studies were also added to them which
were not included in the above checklists (Akata and Kaya, 2013; Akata et al., 2014; Kaya et al., 2013; Uzun et al.,
2013; 2014). There is not any record on macrofungal diversity in Hani district located in Diyarbakir province where a
related study was carried out by Yildiz and Ertekin, (1996; 1997). Some investigations on macrofungal diversity around
the region were previously conducted by several researchers (Giicin, 1990; Demirel; 1996; Isiloglu, 1997; Demirel et

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +904324865414; Fax.: +904324865413; E-mail: yusufuzun2004@yahoo.com
© 2008 All rights reserved / Tiim haklar1 saklidir BioDiCon. 386-0514


http://www.biodicon.com/

Biological Diversity and Conservation — 8 / 1 (2015) 29

al., 2004; Demirel and Nacar, 2000; Yesil and Yildiz, 2004; Demir et al., 2007; Kaya, 2010; Kaya et al., 2012; Uzun et
al., 2009; 2010a; 2010b).

The purpose of this study is to determine the macrofungal diversity of Hani (Diyarbakir) district, and to make
contribution to Turkish mycobiota.
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Figure 1. Map of study area
2. Materials and methods

The fungi specimens were collected periodically from Hani (Diyarbakir) district between 2009 and 2010.
Relevant morphological and ecological characteristics of the samples were noted and they were photographed in their
natural habitats. Then the samples were taken to the fungarium. After obtaining necessary macroscopic and microscopic
data, they were identified with the help of relevant literature (Phillips, 1981; Buczacki, 1989; Breitenbach and Krinzlin,
1984-2000; Hansen and Knudsen, 1992-2000; Déahncke, 2004; Jordan, 2004). The identified specimens were deposited
at Fungarium of Van Yiiziincii Y1l University (VANF).

3. Results

As a result of this study, 102 species belonging to 28 families were identified. Among them, 15 belong to
Ascomycota and 87 to Basidiomycota. The systematics of the taxa are in accordance with Cannon & Kirk (2007), Kirk
et al. (2008) and Index fungorum (http://www.indexfungorum.org: accessed 1 May 2014). All taxa are presented as a
list with their localities, habitats, collecting dates and fungarium numbers (ismail Acar: Acar).

Ascomycota Caval.-Sm.

Helotiales

Helotiaceae Rehm

1. Hymenoscyphus scutula (Pers.) W. Phillips: Centrum, stream edge, on tree remains, 38° 24'680"K, 40° 23'437"D,
880 m, 18.10.2009, A. 31.

2. Ciboria amentacea (Balb.) Fuckel: Salix sp. Centrum, dicle way, roadside, on tree remains, 38° 24'118"K, 40°
23'709"D, 870 m, 28.03.2010, A. 91; Serenkdy, Salix sp., on tree remains, 38° 24'258"K, 40° 30'623"D, 864 m,
16.04.2010, A. 104.

Pezizales J. Schrot.

Discinaceae Benedix

3. Gyromitra gigas (Krombh.) Cooke: Okur village, on bried wood, 38° 22' N, 40° 24' E, 823 m, 16.04.2010, Acar
143.

Helvellaceae Fr.

4. Helvella acetabulum (L.) Quél.: Seren village, under fir, 38° 24' N, 40° 30' E, 863 m, 22.05.2010, Acar 229.

5. H. leucopus Pers.: Topgular village, under poplar., 38° 24' N, 40°30' E, 852 m, 22.05.2010, Acar 223.

6. H. queletii Bres.: Kalaba village, under oak, 38° 26' N, 40° 25'E, 1169 m, 21.05.2010, Acar 214.

Morchellaceae Rchb.

7. Mitrophora semilibera (DC.) Lév.: Seren village, under poplar, 38° 24'N, 40° 30' E, 872 m, 16.04.2010, Acar 113.
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8. Morchella deliciosa Fr.: Abacilar village, under willow, 38° 26' N, 40° 18'E, 1034 m, 19.04.2010, Acar 174.

9. M. elata Fr.:Okur village, under poplar, 38° 22' N, 40° 24'E, 812 m, 16.04.2010, Acar 154; Seren village, under
willow, 38°24'N, 40°30' E, 856 m, 16.04.2010, Acar 108.

10. M. esculenta (L.) Pers.: Okur village, under willow, 38°22' N, 40°24' E, 807 m, 16.04.2010, Acar 124.

11. Verpa bohemica (Krombh.) J. Schrét.: Kalaba village, under poplar, 38° 26' N, 40° 25' E, 1170 m, 19.04.2010,
Acar 163.

12. V. conica (O.F. Miill.) Sw.: Hani centre- Bahgeler street, under poplar, 38° 24' N, 40° 23' E, 876 m, 28.03.2010,
Acar 092.

Pezizaceae Dumort.

13. Peziza phyllogena Cooke: Okur village, on rotting wood remains, 38° 22' N, 40° 24' E, 846 m, 16.04.2010, Acar
142.

14. P. varia (Hedw.) Fr.: Abacilar village, on rotting wood remains, 38° 26' E, 40° 18' E, 1034 m, 19.04.2010, Acar
178.

Pyronemataceae Corda

15. Geopora arenicola (Lév.) Kers: Seren village, under poplar, 38° 24' N, 40° 30' E, 874 m, 16.04.2010, Acar 109.

Basidiomycota Whittaker ex Moore

Agaricales Underw.

Agaricaceae Chevall.

16. Agaricus bitorquis (Quél.) Sacc.: Seren village, pastureland, 38° 24' N, 40° 30' E, 862 m, 14.11.2009, Acar 063.

17.  A. moelleri Wasser: Hani Centre, under, near poplar, 38° 24' N, 40° 23' E, 884 m, 17.10.2009, Acar 016.

18. Bovista pila Berk. & M.A. Curtis: Seren village, in meadow, 38° 24' N, 40° 30' E, 868 m, 22.05.2010, Acar 232.

19. B. plumbea Pers.: Belen village, in meadow, 38° 25'N, 40° 21' E, 892 m, 14.05.2010, Acar 198.

20. Coprinus comatus (O.F. Miill.) Pers.: Seren village, in meadow, 38° 24' N, 40° 30' E, 869 m, 16.04.2010, Acar
118; Belen village, 38° 24' N, 40° 21' E, 946 m, 14.05.2010, Acar 200.

21. Cyathus olla (Batsch) Pers.: Hani Centre, on wood remains, 38° 24' N, 40° 23'E, 881 m, 13.05.2010, Acar 185.

22. Lepiota cristata (Bolton) P. Kumm.: Seren village, in meadow, 38° 24' N, 40° 30' E, 855 m, 14.11.2009, Acar
056.

23. L. oreadiformis Velen.: Seren village, under oak, 38° 24' N, 40° 30' E, 862 m, 14.11.2009, Acar 063.

24. L. subincarnata J.E. Lange: Seren village, stream edge, under willow, 38° 24' N, 40° 30' E, 866 m, 14.11.2009,
Acar 055.

25. Leucoagaricus leucothites (Vittad.) Wasser: Hani centre, in meadow, 38° 24' N, 40° 23' E, 879 m, 18.10.2009,
Acar 027.

26. Lycoperdon marginatum Vittad.: Kalaba village, in meadow, 38° 26' N, 40° 25'E, 1172 m, 22.05.2010, Acar 222.

27. Macrolepiota excoriata (Schaeff.) Wasser: Abacilar village, in meadow, 38° 26' N, 40° 18' E, 1029 m, 19.04.2010,
Acar 177.

Amanitaceae R. Heim ex Pouzar

28. Amanita verna (Bull.) Lam.: Seren village, under fir, 38° 24' N, 40° 30' E, 870 m, 22.05.2010, Acar 228.

Bolbitiaceae Singer

29. Conocybe apala (Fr.) Arnolds: Seren village, in meadow, 38° 24' N, 40° 30' E, 867 m, 14.11.2009, Acar 048.

30. C. aporos Kits van Wav.: Abacilar village, in meadow, 38° 26' N, 40° 18' E, 1034 m, 19.04.2010, Acar 173.

31. C. arrhenii (Fr.) Kits van Wav.: Hani centre, in meadow, 38° 24'N, 40° 23' E, 881 m, 17.10.2009 Acar 014.

32. C.filaris (Fr.) Kiihner: Hani-Dicle main road, in meadows, 38° 24' N, 40° 23' E, 870 m, 28.03.2010, Acar 090.

33. Conocybe pulchella (Velen.) Hauskn.: Meadow, centrum, stream edge, 38° 24'684"K, 40° 23'562"D, 874 m,
15.11.2009, A. 79.

34. C. semiglobata Kiihner & Watling: Okur village, in meadow, 38° 22' N, 40° 24'E, 844 m, 16.04.2010, Acar 130.

35. C. tenera (Schaeff.) Fayod: Okur village, in meadow, 38° 22' N, 40° 24' E, 774 m, 16.04.2010, Acar 137.

Cortinariaceae R. Heim

36. Hebeloma leucosarx P.D. Orton: Okur village, in meadows, near willow, 38° 22' N, 40° 24' E, 822 m, 16.04.2010,
Acar 141.

37. H. populinum Romagn.: Hani centre,, under poplar, 38° 24' N, 40° 23'E, 879 m, 18.10.2009, Acar 032.

Entolomataceae Kotl. & Pouzar

38. Entoloma clypeatum (L.) P. Kumm.: Seren village, in meadow, 38° 24' N, 40° 30'E, 861 m, 14.11.2009, Acar 061.

39. Entoloma saepium (Noullet-Dassier) Richon & Roze: Topgular village, meadow, 38° 27'581"K, 40° 24'168"D,
976 m, 15.05.2010, A. 205.

Hydnangiaceae Gaum. & C.W.Dodge

40. Laccaria laccata (Scop.) Cooke: Belen village, under oak, 38° 25' N, 40° 21' E, 942 m, 24.05.2010, Acar 250.

Inocybaceae Jiilich

41. Inocybe dulcamara (Alb. & Schwein.) P. Kumm.: Abacilar village, under poplar, 38° 26' N, 40° 18' E, 1036 m,
19.04.2010, Acar 170.

42. 1. flocculosa (Berk.) Sacc.: Okur village, under oak, 38° 22' N, 40° 24' E, 842 m, 16.04.2010, Acar 150.
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43. Inocybe glabripes Ricke: Serenkdy, sandy area, on tree remains, 38° 24'246"K, 40° 30'596"D, 864 m, 23.05.2010,
A. 245,

44, 1. rimosa (Bull.) P. Kumm.: Hani centre, under poplar, 38° 24' N, 40° 23' E, 886 m, 13.05.2010, Acar 180.

45. 1. subcarpta Kiihner & Boursier: Topgular village, in meadow, 38° 27' N, 40° 24' E, 974 m, 21.05.2010, Acar 213.

Marasmiaceae Roze ex Kiihner

46. Macrocystidia cucumis (Pers.) Joss: Serenkdy, in meadow, 38° 24' N, 40° 30' E, 780 m, 22.05.2010, Acar 231.

47. Marasmius oreades (Bolton) Fr.: Serenkdy, in meadow, 38° 24' N, 40° 30' E, 866 m, 23.05.2010, Acar 247.

48. M. rotula (Scop.) Fr.: Hani centre, on plant remains, 38° 24' N, 40° 23' E, 880 m, 18.10.2009, Acar 33.

Mycenaceae Overeem

49. Mycena leptocephala (Pers.): Seren village, among leaves, 38° 24' N, 40° 30' E, 861 m 14.11.2009, Acar 47.

Omphalotaceae Bresinsky

50. Gymnopus dryophilus (Bull.) Murrill: Serenkdy, under fir, 38° 24' N, 40° 30' E, 840 m, 22.05.2010, Acar 235.

51. Gymnopus ocior (Pers.) Antonin & Noordel.: Serenkdy, stream edge, under oak, 38° 24' N, 40° 30' E, 843 m,
14.11.2009, Acar 64.

Physalacriaceae Corner

52. Armillaria borealis Marxm. & Korhonen: Hani centre, on poplar stump, 38° 24'548"K, 40° 23'502"D, 881 m,
17.10.2009, Acar 10.

Pleurotaceae Kiihner

53. Pleurotus eryngii (DC.) Quél: Okur village, on root, 38° 22' N, 40° 24' E, 844 m, 16.04.2010, Acar 129.

54. P. ostreatus (Jacq.) P. Kumm.: Hani centre, on wilow stump, 38° 24' N, 40° 23' E, 885 m, 18.10.2009, Acar 028;
Seren village, on poplar stump, 38° 24' N, 40° 30' E, 875 m, 23.05.2010, Acar 241.

Pluteaceae Kotl. & Pouzar

55. Pluteus cervinus (Schaeff.) P. Kumm.: Seren village, on wood remains, 38° 24' N, 40° 30' E, 865 m, 23.05.2010,
Acar 239.

56. P. petasatus (Fr.): Abacilar village, on wood remains,, 38° 26' N, 40° 18'E, 1036 m, 19.04.2010, Acar 179.

57. P. podospileus Sacc. & Cub.: Seren village, on wood remains, 38° 24' N, 40° 30' K, 871 m, 14.11.2009, Acar 052.

58. P. salicinus (Pers.) P. Kumm.: Hani centre, stream edge, on rotten wood, 38° 24' N, 40° 23' E, 881 m, 17.10.2009,
Acar 021.

59. Volvopluteus gloiocephalus (DC.) Vizzini, Contu & Justo: Belen village, in meadow, 38° 25'N, 40° 21' E, 943 m,
24.05.2010, Acar 248.

Psathyrellaceae Vilgalys, Moncalvo & Redhead

60. Coprinellus disseminatus (Pers.) J.E. Lange: Seren village, on willow stump 38° 24' N, 40° 30' E, 867 m,
14.11.2009, Acar 054.

61. C. domesticus (Bolton) Vilgalys, Hopple & Jacq. Johnson: Belen village, on plant remains, 38° 24' N, 40° 21' E,
949 m, 13.11.2009, Acar 043.

62. C. micaceus (Bull.) Vilgalys, Hopple & Jacq. Johnson: Hani centre, Anka park, on poplar stump, 38° 24' N, 40°
23' E 883 m, 03.05.2009, Acar 002.

63. C. xanthothrix (Romagn.) Vilgalys, Hopple & Jacq. Johnson: Hani centre, on wood remains, 38° 24' N, 40° 23' E,
882 m, 17.10.2009, Acar 012.

64. Coprinopsis atramentaria (Bull.) Redhead, Vilgalys & Moncalvo: Topgular village, in meadow, 38° 27' N, 40° 24"
E, 968 m, 20.05.2010, Acar 210.

65. C. friesii (Quél.) P. Karst.: Belen village, on plant remains, 38° 24' N, 40° 21' E, 947 m, 14.05.2010, Acar 192.

66. C. nivea (Pers.) Redhead, Vilgalys & Moncalvo: Seren village, in meadow, on dung, 38° 24' N, 40° 30' E, 887 m,
16.04.2010, Acar 117.

67. Parasola kuehneri (Uljé & Bas) Redhead, Vilgalys & Hopple: Dicle highway, on roadside, under poplar, 38° 24"
N, 40° 23'E, 870 m, 28.03.2010, Acar 89.

68. Psathyrella candolleana (Fr.): Hani centre, Anka park, on poplar stump, 38° 24' N, 40° 23' E, 882 m, 03.05.2009
Acar 001.

69. P. marcescibilis (Britzelm.) Singer: Abacilar village, under poplar, 38° 26'N, 40° 18'E, 1039 m, 19.04.2010, Acar
176.

70. P. spadiceogrisea (Schaeff.) Maire: Hani centre, on wood remains, 38° 24' N, 40° 23' E, 886 m, 13.05.2010, Acar
181.

71. P. tephrophylla (Romagn.) M.M. Moser: Belen village, in meadow, 38° 25' N, 40° 21' E, 981 m, 14.11.2009, Acar
034.

72. Panaeolus foenisecii (Pers.) J. Schrot.: Topgular village, in meadow, 38° 27' N, 40° 24' E, 960 m, 15.05.2010,
Acar 209.

73. P. papilionaceus (Bull.) Quél.: Okur village, in meadows, on dung, 38° 22' N, 40° 30' E, 842 m, 16.04.2010, Acar
135.

Schizophyllaceae Quél.

74. Schizophyllum commune Fr.: Hani centre, on plum stump, 38° 24' N, 40° 23'E, 873 m, 31.03.2010, Acar 100.
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Strophariaceae Singer & A.H. Sm.

75. Agrocybe cylindracea (DC.) Maire: Deregen, on poplar stump, 38° 24' N, 40° 23' E, 882 m, 03.05.2009, Acar 003.

76. A. paludosa (J.E. Lange) Kiihner & Romagn. ex Bon: Abacilar village, on wood remains, 38° 26' N, 40° 18'E,
1038 m, 19.04.2010, Acar 175.

77. A. pediades (Fr.) Fayod: Seren village, in meadow, 38° 24'N, 40° 30' E, 765 m, 22.05.2010, Acar 233.

78. A. praecox (Pers.) Fayod: Seren village, under poplar, 38° 24' N, 40° 30' E, 861 m, 23.05.2010, Acar 243.

79. Hypholoma fasciculare (Huds.) P. Kumm.: Kalaba village, on rotting root, 38° 26' N, 40° 25' E, 1172 m,
22.05.2010, Acar 227.

80. Pholiota gummosa (Lasch) Singer: Hani centre, under poplar, 38° 24' N, 40° 23' E, 879 m, 18.10.2009, Acar 025.

81. P. lucifera (Lasch) Quél.: Hani centre, on root, 38° 24' N, 40° 23'E, 880 m, 18.10.2009, Acar 24.

82. P. tuberculosa (Schaeff.) P. Kumm.: Belen village, on wood remains, 38° 25' N, 40° 21' E, 988 m, 15.05.2010,
Acar 203.

83. Psilocybe montana (Pers.) P. Kumm.: Topgular village, in grass,, 38° 27' N, 40° 24' E, 971 m, 15.05.2010, Acar
207.

84. Stropharia coronilla (Bull.) Quél.: Belen village, in meadow, 38° 25' N, 40° 21' E, 940 m, 14.05.2010, Acar 197.

85. S.semiglobata (Batsch) Quél.: Okur village, on dung, 38° 22'N, 40° 24' E, 832 m, 16.04.2010, Acar 155.

Tricholomataceae R. Heim ex Pouzar

86. Clitocybe rivulosa (Pers.) P. Kumm.: Hani centre, under poplar, 38° 24' N, 40° 23' E, 885 m, 13.05.2010, Acar
183.

87. Collybia cookei (Bres.) J.D. Arnold: Serenkdy, stream edge, under oak, 38° 22' N, 40° 24' E, 822 m, 14.11.2009,
Acar 069.

88. Melanoleuca exscissa (Fr.) Singer: Hani centre, under poplar, 38° 24' N, 40° 23' E, 882 m, 18.10.2009 Acar 26;
Belen village, in pasteurland, 38° 25' N, 40° 21' E, 940 m, 14.05.2010, Acar 197.

89. M. grammopodia (Bull.) Murrill: Deregen, in meadow, 38° 26' N, 40° 25'E, 1171 m, 19.04.2010, Acar 165.

90. M. polioleuca (Fr.) G. Moren: Belen village, in meadow, 38° 24' N, 40° 21' E, 947 m, 13.11.2009, Acar 036.

91. M. subalpina (Britzelm.) Bresinsky & Stangl: Okur village stream edge, in meadow, 38° 22' N, 40° 30' E, 856 m,
16.04.2010, Acar 134.

92. Tricholoma populinum J.E. Lange: Hani centre, under poplar, 38° 24' N, 40° 23' E, 879 m, 18.10.2009, Acar 023.

Tubariaceae Vizzin

93. Tubaria conspersa (Pers.) Fayod: Seren village, in meadow, on plant remains, 38° 24' N, 40° 30' E, 856 m,
14.11.2009, Acar 059.

Atheliales Jiilich

Atheliaceae Jiilich

94. Athelia neuhoffii (Bres.) Donk: Hani-Dicle highway, on roadside, on plant remains, 38° 24' N, 40° 23' E, 881 m,
28.03.2010, Acar 094.

Boletales E.-J. Gilbert

Paxillaceae Lotsy

95. Paxillus involutus (Batsch) Fr.: Seren village, in meadow, 38° 24' N, 40° 30'E, 871 m, 14.11.2009, Acar 050.

Phallales E. Fisch.

Phallaceae Corda

96. Phallus hadriani Vent: Topgular village, in meadow, 38° 27' N, 40° 24' E, 979 m, 21.05.2010, A. 218.

Polyporales Gdum.

Polyporaceae Fr. ex Corda

97. Fomes fomentarius (L.) J. Kickx: Hani centre, on walnut, 38° 24' N, 40° 23' E, 878 m, 17.10.2009, Acar 020.

98. Lentinus tigrinus (Bull.) Fr.: Deregen, on poplar stump, 38° 24' N, 40° 23' K, 884 m, 03.05.2009, Acar 005;
Kalaba village, on willow stump, 38° 26' N, 40° 25'E, 1170 m, 19.04.2010, Acar 167.

99. Trametes hirsuta (Wulfen) Lloyd: Topgular village, on poplar stump, 38° 27' N, 40° 24' E, 971 m, 15.05.2010,
Acar 204.

100. T. trogii Berk.: Hani-Dicle highway, near road, on poplar stump, 38° 24' N, 40° 23' E, 867 m, 28.03.2010, Acar
088.

101. T. versicolor (L.) Lloyd: Hani centre, on plum, 38° 24' N, 40° 23'E, 873 m, 31.03.2010, Acar 099.

Tyromyces chioneus (Fr.) P. Karst.: Seren village, on poplar stump, 38° 24' N, 40° 30' E, 886 m, 23.05.2010, Acar 244..

4. Conclusions

Ascomycota (Helotiaceae 2, Discinaceae 1, Helvellaceae 3, Morchellaceae 6, Pezizaceae 2, Pyronemataceae 1)
and 84 Basidiomycota (Agaricaceae 12, Atheliaceae 1, Amanitaceae 1, Bolbitiaceae 7, Cortinariaceae 2,
Entolomataceae 2, Hydnangiaceae 1, Inocybaceae 5, Marasmiaceae 3, Mycenaceae 1, Omphalotaceae 2, Paxillaceae
1, Phallaceae 1, Physalacriaceae 1, Pleurotaceae 2, Pluteaceae 5, Polyporaceae 6, Psathyrellaceae 14,
Schizophyllaceae 1, Strophariaceae 11, Tricholomataceae 7 and Tubariaceae 1).
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Figure 2. Distribution of macrofungi according to the family.

Thirty-seven of the determined taxa are edible (Figure3) but only Morchella deliciosa, M. elata, M. esculenta
and Pleurotus eryngii are collected and consumed by local people. There are also 12 poisonous species in the region.
These are; Agaricus moelleri, Lepiota cristata, L. subincarnata, Amanita verna, Conocybe filaris, Entoloma clypeatum,
Inocybe dulcamara, I. flocculosa, I. glabripes 1. rimosa, Hypholoma fasciculare and Psilocybe montana. There is not
any record of poisoning event in the region, because the local people are keen on collecting only well-known edible
mushrooms.

Edibility Condition

® Edible ®mUnedble = Poisoncus & Edibility unknow

Figure 3. Edibility condition of macrofungi

The taxa determined in the district reflect similarity with those of the investigations conducted in its close
environs. These investigations and the similarity percentages are given in Table 1. The reason of the similarity may be
common vegetation and climate.

With the present study, the macrofungal composition of the district was determined and a contribution was
made to the Turkish mycobiota.

Table 1. Similarity percentage of the results to the studies completed neighbouring districts.

. . . —_ Number of Similarity
Studies completed on neighbouring districts Total taxa identical taxa percentage (%)
Elazig (Giicin, 1990) 58 18 32
Van (Demirel, 1996) 50 21 42
Diyarbakir (Yildiz ve Ertekin, 1996; 1997) 33 16 49
Cemiggezek/Tunceli (Demirel and Nacar, 2000) 30 11 37
Batman (Yesil and Yildiz, 2004; Demir et al., 2007) 76 29 38
Geng/Bing61 (Uzun et al., 2009) 78 27 35
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Abstract

In this study, the bryophyte flora of Abant Mountains which is one of 122 important plant area in Turkey were
investigated. Between the years 2010-2011, as a result of identification of the 840 bryophyte samples collected from the
study area; total of 166 taxa (21 liverworts, 145 mosses) belonging to 94 genera and 39 families were determined. From
this taxa, 65 for Bolu province, 2 according to the grid-square system of Henderson (1961) are new for A2 grid
square.Cephalozia lunulifolia (Dumort.) Dumort. is recorded the second for bryophyte flora of Turkey. The families in
terms of the highest number of taxa are Pottiaceae (26), Brachytheciaceae (17), Mniaceae (13) and Orthotrichaceae
(12). In addition, the most taxaof floristic listare determimed subneutrophyt, mesophyt, and sciophytas a character.

Key words: : bryophyte, flora, Abant Mountains, Turkey

Abant (Bolu/Tiirkiye) Daglarinin Bryofit Florasi

Ozet

Bu caligmada, Tirkiye’deki 122 onemli bitki alanindan birisi olan Abant Daglari’nin bryofit florasi
aragtirilmigtir. 2010-2011 yillar1 arasinda aragtirma alanlarindan toplanan 840 bryofit 6rneginin teshis edilmesi
sonucunda 39 familya ve 94 cinse ait 166 takson (21 cigerotu, 145 karayosunu) belirlenmistir. Bu taksonlardan
65’iBolu ili igin, 2 tanesi iseHenderson (1961) kareleme sistemine gore A2 karesi i¢in yenidir. Cephalozia lunulifolia
(Dumort.) Dumort.ise Tiirkiye bryofit florasi i¢in ikinci kayittir. Takson sayist bakimindan en zengin familyalar
Pottiaceac (26), Brachytheciaceac (17), Mniaceae (13) ve Orthotrichaceae (12)’dir. Ayrica, floristik listedeki
taksonlarin gogu; subnétrofit (yar1 notral), mezofit (yar1 kurak) ve sciofit (golge seven) karakterdedir.

Anahtar kelimeler: bryofit, flora, Abant Daglari, Tiirkiye
1. Giris

Son yillarda, Tiirkiye’de bryofitler iizerine yapilan detayl arazi ¢aligmalarinin sonucunda 6nemli ve kayda
deger bryofit kayitlar1 tespit edilmis ve edilmeye devam edilmektedir (Ezer ve Kara, 2011; Ursavas ve Cetin, 2012;
Batan vd., 2013a,b,c; Abay ve Keceli, 2014; Oren ve Kegeli, 2014; Ozdemir ve Batan, 2014; Kara vd., 2014, Alatas vd.,
2014). Yapilan bu ¢aligmalara ragmen Tiirkiye bryofit florasinin tamamlanabilmesi i¢in daha ¢ok caligmaya ihtiyag
duyulmaktadir.

Diinya Dogayr Koruma Vakfi (WWF)’na gére Tiirkiye’deki 122 Onemli Bitki Alani’ndan biri olan Abant
Daglari, basta sulak alan (g6l, dere kiyisi ve turbaliklar) habitatlar1 ve uluslararasi Bern S6zlesmesi’nde (Avrupa Yaban
Hayat1 ve Dogal Yasam Ortamlarinin Korunmas1 S6zlesmesi) yer alan nadir ve endemik ¢ok sayida bitki tiiriini
yapisinda barindirmasindan dolay1 calisma alani olarak segilmistir (Ozhatay vd., 2005). Calisma alaninda tohumlu
bitkiler (Ucar Tirker ve Giiner, 2003), likenler (Cobanoglu, 1999) ve fitoplanktonlar (Celekli vd., 2007) iizerine
¢aligmalar yapilmis olmasina ragmen bryofitler {izerine detayli bir ¢alisma yapilmamistir. Yapilan bu ¢alisma ile Abant
Daglarinin bryofit listesini ¢ikarmak ve Tiirkiye bryofit florasina bir katki saglamak amag¢lanmustir.
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Karadeniz Bolgesinin Bat1 Karadeniz boliimiinde yer alan Abant Daglari, Bolu’nun giineybatisinda Kretase-
Jura jeolojik zamanlarinda kirectast sirtlarindan olusmus bir dag silsilesidir. Kuzeyinde Diizce, batisinda Akyazi,
gilineybatisinda Goyniik, giineyinde Mudurnu ve dogusunda Bolu il merkezi bulunmaktadir. Henderson (1961) kareleme
sistemine gore A2 karesi icerisinde kalan Abant Daglari, Avrupa-Sibirya fitocografik bolgesinin Oksin zonundadir
(Zohary, 1973; Sekil 1). Alanin yiikseklikleri 1000 ile 1784 metre arasinda olup, yiiksekligi ¢ogunlukla 1500 m’yi asan
bu dag silsilesinde, 1700 m’nin tizerinde en az iki zirve (1756 m ve 1784 m) bulunur. Calisma alaninda; Abant Goli,
Siiliklii Gol, Karamurat Golii, Mudurnu Cay1 ve irili ufakli birgok akarsu yer almaktadwr. Doga koruma amactyla
bunlardan; Abant Golii Tabiat Parki, Siiliiklii G6l ve yakin gevresi Tabiati Koruma Alani ve Karamurat Golii ise 1.
Derece Dogal Sit Alani olarak ilan edilmistir (Ozhatay vd., 2005).

Elmacik Dag

Tl <'fj :
= 3 : — — — Galigma Alani Sinit I~ 17—
s ——— Ana yollar Akarsular :

Sekil 1. Henderson (1961) kareleme sistemi ve ¢aligma alaninin haritasi

Deniz seviyesinden 743 m (c) yiikseklikte bulunan Bolu meteoroloji (a) istasyonuna ait 33 yillik (b) iklim
verilerini degerlendirdigimizde; yillik ortalama sicaklik (e) 10.42°C, yillik ortalama yagis (d) 543.2 mm, en soguk ayin
minimum sicaklik ortalamasi (f) -2.9 °C ve en sicak aymn maksimum sicaklik ortalamasi(g) 27.4 °C’dir (Sekil 2).
Kuraklik indisinin 3.85 olmasi ¢aliyma alanimizin Akdeniz ikliminin etkisinde, yagis-sicaklik katsay1 degerinin 62.84
olmasi ise Yari-Kurak Akdeniz Biyoiklim katmda oldugunu gosterir. Bolu’nun giineybatisinda bulunan Mudurnu’da ise
yullik yagis miktar1 562.9 mm olup KIYS Akdeniz egilimli gegis iklimi yagis rejimi ikinci tipi goriilmektedir (Akman,
1999).

Alanin 1200-1500 m’leri arasinda igne yaprakli tiirlerden Pinus sylvestris L. ve Abies nordmannia (Stev.)
Spach subsp. bornmuelleriana (Matff.) Coode & Cullen. dominant iken yaprak doken tirlerden Fagus orientalis
Lipsky. ve Carpinus betulus L. dominant tiirler arasindadir. Ostrya carpinifolia Scop. Ve Quercus cerris L. alanin diger
yaprak doken agaglaridir. 1500 m’den daha yukari1 seviyelerde A. nordmanniana subsp. bornmuelleriana ve P.
sylvestris ormanlarinin biyotik etkiler nedeni ile tahribi sonucu olusan alanlar ise genellikle bozuk orman, ¢alilik ve
cayir goriiniimiindedir. Bu katta Abies’lerle birlikte Pinus sylvestris’in yer yer bozuk orman geklinde rastlandigi ve dag
stepi olarak adlandirilan yerlerde Astragalus angustifoliusLam., Genista lydia Boiss. ve bodur ¢al olarak Juniperus
communis L. subsp. alpina (Suter) Celak. egemen durumdadir (MPDB, 2002). Daha dik ve Kurakolan alanin giiney
yamaglarida ise karagam (Pinus nigra J.F.Arnold subsp. nigra var. pallasiana Schneid) bireyleri bulunmaktadir.

2. Materyal ve yontem

Arastirma materyalimizi, 2010-2011 yillarinin farkli vejetasyon donemlerinde yapilan arazi ¢aligmalarinda, 62
ornekleme noktasindan toplanan 840 bryofit Ornegi olusturmaktadir (Tablo 1). Toplanan bryofit 6rneklerinin
teshislerinde cesitli flora ve revizyon eserleri kullanilmistir (Nyholm, 1981; Zander, 1993; Paton, 1999; Pedrotti, 2001;
Smith, 2004; Kiirschner ve Frey, 2011). Bitki listesinin hazirlanig1 sirasinda, oncelikle gegerli isim, sinonimlik
durumlarmin tespiti ve sistematik diizenlemede, cigerotlar1 i¢in Ros ve ark. (2007), karayosunlari i¢in Ros ve ark.
(2013)’nin eseri dikkate almmugtir. Orneklerin toplandiklar1 ortamm nem, 151k ve asidite gibi ekolojik 6zellikleri ise
Dierfen (2001)’e gore diizenlenmistir. Teshis edilen taksonlarin Tiirkiye bryofit florasi i¢in yeni olup olmadiklari
Kiirschner ve Frey (2011) ve Ros ve ark. (2013) tarafindan yayimlanan son kontrol listelerine gére degerlendirilmistir.
Taksonlarin, Henderson (1961) kareleme sistemine gore A2 karesi i¢in yeni olup olmadiklar1 konusunda ise Ursavas ve
Abay (2009), Ozenoglu Kiremit ve Keceli (2009) ve Oren ve ark. (2012) calismalar1 dikkate alimnmustir. Teshis edilen
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taksonlar Biilent Ecevit Universitesi Bryofit Herbaryumunda muhafaza edilmektedir. Ayrica teshisleri yapilan
orneklerin floristik listede; Bolu i¢in yeni olanlar1 (*), Henderson (1961) kareleme sistemine gore A2 karesi igin yeni
olanlar1 (**), Tirkiye bryofit florasi i¢in ikinci kayit olan takson (***), LN: lokalite numarasi, substrat (CK: ¢lirlimiis
kiitiik, A: agac (t: taban, g: govde), T: toprak, K: kaya) ve bazi ekolojik 6zellikleri (N: nemlilik (m: mezofit; h: higrofit;
k: kserofit), I: 1siklanma (S: sciofit, f: fotofit), A: asidite (a: asidofit, s: subnotrofit, b: bazifit) belirtilmistir. Ayrica bazi
taksonlar birden ¢ok istasyonda bulundugundan dolay: her istasyona ait lokalite numarasi verilmemis olup yalnizca ilk
ve son bulunan istasyonlarin numarasi verilmistir. Diger bulunma lokaliteleri bu iki nokta arasinda kalmaktadir
(6rnegin: 3-58) (Tablo 2).
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Sekil 2. Bolu meteoroloji istasyonuna ait ombro-termik iklim diyagrami
3. Sonuglar ve tartisma

Arazide toplanan bryofit 6rneklerinin teshis edilmesi sonucunda; cigerotlarindan 12 familya ve 15 cinse ait 21,
karayosunlarindan 27 familya ve 79 cinse ait 145 olmak {izere toplamda 166 takson belirlenmistir (Tablo 2).
Tammlanan taksonlardan Crossidium squamiferum (Viv.) Jur. var. pottioideum (De Not.) Monk. ve Rhynchostegiella
curviseta (Brid.) Limpr. Henderson (1961) kareleme sistemine goére A2 Karesi i¢in yeni kare kaydidir. Cephalozia
lunulifolia (Dumort.) Dumort. ise Tiirkiye bryofit florasi i¢in ikinci kayittir. Bu takson, ilk kez Kastamonu ili Pinarbasi
ilgesinin Sorgun yaylasindan tespit edilmistir (Kegeli vd., 2012). Bolu ilinde bryofitler ile ilgili yapilmis ¢alismalar
(Cetin ve Yurdakulol, 1985;1988; Simsek ve Cetin, 2012) dikkate alindiginda cigerotlarindan 6, karayosunlarindan 59
taksonun Bolu ili i¢in yeni oldugu belirlenmistir (Tablo 2).

Takson sayisi bakimindan en kalabalik familyalar; Pottiaceae (26 takson), Brachytheciaceae (17), Mniaceae
(13), Orthotrichaceae (12), Amblystegiaceae ve Hypnaceae (9), Bryaceae (8) ve Grimmiaceae (7) olup ¢aliyma alaninda
tanimlanan taksonlarm % 70’iniolusturmaktadirlar. Calismamizda en yiiksek takson sayisina sahip Pottiaceae familyasi,
¢aligma alaninin da ic¢inde yer aldig1 A2 karesinde yapilan Bat1 Karadeniz (Uyar ve Cetin, 2006), Yenice Ormanlari
(Uyar vd., 2007) ve Kaplandede Dagi (Cangiil ve Ezer, 2010) bryofit flora ¢aligmalarinda ikinci siradadir.
Calismamizda 17 taksonla ikinci swada yer alan Brachytheciaceae familyasi ise diger calismalarda ilk siradadir.
Brachytheciaceae ve Pottiaceae familyas: iyelerinin yiikksek oranda temsil edilmesinin nedeni ise farkli ortam
kosullarma adapte olabilen ¢ok sayida tiir igermeleri ile aciklayabiliriz. Icerdigi takson agisindan ¢alismamizda ve Bati
Karadeniz’de {iglincii swrada yer alan Mniaceae familyast diger caligmalarda diisiik oranda kalmistir. Yenice
Ormanlari’nda % 5.2’lik orani ile Gigiincii sirada yer alan Amblystegiaceae ve Hypnaceae familyalari calismamizda %
5’lik orani ile besinci sirada yer almaktadir. Hypnaceae familyas: diger ¢aligmalarda ii¢ilincii sirada yer almaktadir.
Nemli orman ortiisii ve sulak alanlarca zengin ¢aligma alanimizda, Mniaceac ve Amblystegiaceae familya oranlarinin
yiiksek olmasi dogaldir. Orthotrichaceae familyasi, birbirine yakin oranlarla Bat1 Karadeniz (% 6.3), Yenice Ormanlar1
(% 4.6), Kaplandede Dagi1 (% 4.9) ve ¢alismamizda (% 7) dordiincii sirada yer almaktadir. Cogunlugu epifitik olarak
yayilis gosteren Orthotrichaceae familyas: iiyelerinin ¢oklugunu, zengin mikrohabitatlara sahip aga¢ govdelerinin
varligma baglayabiliriz. Cigerotlar1 agisindan ise ¢ogunlukla ortak taksonlara sahip olmalarindan dolayr ¢aligmalar
benzerdir. Zengin biyogesitliligin gostergesi olan familya, cins ve takson sayisindaki fazlalik, Abant daglarinin kendine
has olan iklimsel ve topografik yapisinin floraya yansimasidir.
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Tablol. Lokalite bilgileri

Lokalite

Yiikseklik

No (m) Tarih GPS Kaydi Lokalite

1 1067 18.09.2010 N 40°37'44.3"E 031°19'25. 5" Orman deposu

2 1127 18.09.2010 N 40°38'35.8"E 031°20'55.9" ikizler (oflu) Yaylas1 yolu

3 1263 18.09.2010 N 40°39'10. 7" E 031° 21' 24. 5" Ikizler (oflu) Yaylasi yolu

4 1388 18.09.2010 N 40°38'59.2"E 031°20' 38.9" ikizler (oflu) Yaylast

5 1365 18.09.2010 N 40°39'03.2"E 031°20' 22. 1" Ikizler (oflu) Yaylast

6 1344 18.09.2010 N 40°39'09. 2" E 031°20' 15. 8" ikizler (oflu) Yaylast

7 1393 18.09.2010 N 40°38'54. 6" E 031°19'39. 2" Erelti Yaylasi

8 1323 18.09.2010 N 40°38'30.9"E 031°19'33. 1" Erelti Yaylasi

9 1117 19.09.2010 N 40°37'34.7"E 031°19' 34. 0" Abant II. Orman deposu yakinlart
10 1273 19.09.2010 N40°37'11.4"E 031°19'48. 7" Bulanik Yaylasina gelirken
11 1415 19.09.2010 N 40°37'05.0"E 031°19'17. 9" Bulanik Yaylasi, orman alt1 golgelik
12 1318 19.09.2010 N 40°36'38.6"E 031°17' 59. 8" Samat Yaylast

13 1313 19.09.2010 N 40°35'18. 5" E 031°16' 03. 9" Abant Golia-Mudurnu yolu
14 1457 19.09.2010 N 40°35'32.8"E 031° 16' 52. 1" Abant Goli-Mudurnu yolu
15 1250 07.04.2011 N 40°32'59.2" E 031° 06' 29. 3" Karapinar kavagi mevki

16 1102 08.04.2011 N 40°31'20.9" E 030° 52' 33. 4" Siliikli Gél kiyist

17 1074 08.04.2011 N 40°31'20. 1" E 030° 52' 38. 9" Siiliiklii G6l yolu

18 1075 08.04.2011 N 40°31'34.2" E 030° 52' 25. 9" Siiliiklii Gl yolu

19 850 08.04.2011 N 40°32'07. 6" E 030° 53" 10. 1" Siliikli Gol yolu

20 747 09.04.2011 N 40°34' 05. 4" E 030° 58' 08. 9" Tagkesti- Siiliiklii gol arasi
21 720 09.04.2011 N 40°33'58.9"E 030° 57" 16. 4" Karamurat g6lii civari

22 537 09.04.2011 N 40°33'12. 0" E 030° 52' 20. 2" Siliikli Gél yolu, dere kenari
23 780 09.04.2011 N 40°32'15. 5" E 030° 52' 57. 9" Siiliiklii Gl yolu, dere kenari
24 675 09.04.2011 N 40°32'26.4"E 030°52'32. 7" Siliikli Gl yolu, dere kenari
25 415 09.04.2011 N 40°33'59.4" E 030° 53' 28. 6" Siliikli Gél yolu, dere kenari
26 1073 14.06.2011 N 40°32'21.8"E031°10'42. 1" Kilozi

27 1205 14.06.2011 N 40°33'01. 8"E 031°10' 53. 8" Stimeli yolu

28 1275 14.06.2011 N 40°33'04.2"E 031°11'38. 6"

29 1200 14.06.2011 N 40°33'32. 0" E 031° 12' 20. 2"

30 965 14.06.2011 N 40°33'07.0"E 031°13' 44. 8" Delice Koyii

31 1120 14.06.2011 N 40°34'36. 8" E 031°16'21. 7" Orencik Koyiine giderken

32 945 14.06.2011 N 40°33'26.0"E 031° 17'47.9" Samat Koyt

33 925 14.06.2011 N 40°32'55.2"E 031°20'13. 0" Yazilar Koyl ¢ikist

34 1450 15.06.2011 N 40°38'39.0"E 031°18' 53. 3" Abant 2. Orman Deposu iistii
35 1410 15.06.2011 N 40°38'59.9"E 031°19' 11. 8" Erelti Yaylasi

36 1380 15.06.2011 N 40°38'58.9"E 031°20'38. 7" Erelti Yaylasi

37 1366 06.07.2011 N 40°36'20. 5" E 031° 14' 02. 9" Abant -Taskesti arasi

38 1235 06.07.2011 N 40°36' 12. 9" E 031° 13' 09, 5" gggs-iTaskestl arast, Elmacik
39 940 06.07.2011 N 40°35'46. 1"E 031°11' 10. 2" Abant -Taskesti arasi

40 750 06.07.2011 N 40°35'13.2" E 031° 08' 49. 8" Golciik yolu

41 655 06.07.2011 N 40°34'44. 3" E 031°06' 27. 4" Golciik-Tagkesti arast

42 1411 07.07.2011 N 40°38'14. 0" E 031° 17' 00. 0" Sinekli Yaylasi

43 1346 07.07.2011 N 40°40'02. 5" E 031° 17'48. 0" Samandere

44 1410 07.07.2011 N 40°40'32. 5"E031°17'28. 0" Orman Gozetleme Kulesi

45 1415 07.07.2011 N 40°39'52.5"E 031°17'43. 0" Cakirsayvan

46 1550 07.07.2011 N 40°39'23.8"E 031°18'19. 2" Yeniyurt Yaylast

47 1315 08.07.2011 N 40°36'42.2"E 031°10' 26. 0" Samat Yaylasi

48 1450 08.07.2011 N 40°36' 56. 5" E 031° 19' 07. 2"

49 1420 08.07.2011 N 40°37'03.5"E 031°19' 13. 7"

50 680 16.09.2011 N 40°32'16.9"E 031°01'48. 0" Ekinoren Koyt civari

51 755 16.09.2011 N 40°31'39.2"E 031°03' 17. 4" Cevreli Koyii civari

52 805 17.09.2011 N 40°29'05.4"E 031°01' 14. 0" Giiveytepe Kdyii civart

53 820 17.09.2011 N 40°27'19. 9" E 030° 56' 29. 3" Yesilyazi, dere kenar1

54 1125 17.09.2011 N 40°26'51. 1" E 030° 54' 09. 3" Arikgayiri civart

55 1160 17.09.2011 N 40°27' 06. 8" E 030° 53' 13. 8" Bozcaarmut Kyii civart

56 930 17.09.2011 N 40°26'26. 7" E 030° 57" 29. 5" Stinnet Goli civari

57 665 17.09.2011 N 40°29'21.9"E 031°02' 11. 0" Goyniik yolu ayrimi, dere kenari
58 865 18.09.2011 N 40°41'24. 6" E 031°26'35. 5" Omerler mevkii

59 1025 18.09.2011 N 40°40'17. 8" E 031°25'31. 4" Yukar1 Akgaalan civari

60 995 18.09.2011 N 40°40'36. 6" E 031°26' 12. 6" Yukari Akgaalan civart

61 1000 18.09.2011 N 40°44'12.3"E 031°24'35. 1" Cayirboyu mevkii

62 1005 18.09.2011 N 40°43'12. 6" E 031°22' 59. 5" Dipsizg6! civar1 (Camlipiar goleti)
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Tablo 2. Floristik liste ve taksonlarin ekolojik 6zellikleri.
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Substrat
Familya LN Takson A N I CK T K
9
MARCHANTIOPSIDA
Aneuraceae 25 Aneura pinguis (L.) Dumort. S h f +
Cephaloziaceae 3 *Cephalozia bicuspidata (L.) Dumort. a h S +
3 ***Cephalozia lunulifolia (Dumort.) Dumort. a h S +
Lophocoleaceae 12 Chiloscyphus polyanthos (L.) Corda. s h S +
Conocephalaceae 25 Conocephalum conicum (L.) Dumort. b h S +
Frullaniaceae Sub.62 Frullania dilatata (L.) Dumort. a h S +
36 *Frullania fragilifolia (Taylor) Gottsche & al. a m S +
6,35,36,45 Frullania tamarisci (L.) Dumort. s m S +
Lophocoleaceae 3,4,9,34 Lophocolea heterophylla (Schrad.) Dumort. s m S + +
14 Lophocolea minor Nees. s m S +
Lunulariaceae 22 Lunularia cruciata (L.) Lindb. s m f +
Marchantiaceae 35 Marchantia polymorpha L. b h S +
Metzgeriaceae 3-58 Metzgeria furcata (L.) Dumort. a m S + +
Cephaloziaceae 3 *Nowellia curvifolia(Dicks.) Mitt. s h S +
Pelliaceae 3 Pellia endiviifolia (Dicks.) Dumort. s h S +
Plagiochilaceae 3,35 Plagiochila porelloides (Torrey ex Nees) Lindenb. s m S +
Porellaceae 9,15,38 *Porella cordaeana (Huebener) Moore. S h S + +
2-60 Porella platyphylla (L.) Pfeiff. a m S + +
Radulaceae 3-62 Radula complanata (L.) Dumort. S h f + +
6,9,14,37,45 Radula lindenbergiana Gottsche ex C. Hartm. s m S +
Aneuraceae 3 *Riccardia palmata (Hedw.) Carruth. a h S +
BRYOPSIDA
Thuidiaceae 26 Abietinella abietina (Hedw.) M. Fleisch. S k f +
12,14,16 Abietinella abietina var. hystricosa (Mitt.) Sakurai. s k f +
Neckeraceae 216,17 gﬁl;ﬁzitella besseri (Lobarz.) S. Olsson, Enroth & D. s K s N .
3-58 Alleniella complanata (Hedw.) S. Olsson, Enroth & D. s m S . .
Quandt.
Amblystegiaceae 3,56 Amblystegium serpens (Hedw.) Schimp. s m S +
Anomodontaceae 2,58,61 Anomodon attenuatus (Hedw.) Huebener. s m S + +
9,16,23,41,58 Anomodon viticulosus (Hedw.) Hook. & Taylor. s m S + +
Leucodontaceae 3-58 Antitrichia curtipendula (Hedw.) Brid. S h S + +
Polytrichaceae 46,7 Atrichum undulatum (Hedw.) P.Beauv. a m S +
Pottiaceae 10 Barbula convoluta Hedw. a m f +
2,22,26 Barbula unguiculata Hedw. a k f + +
Brachytheciaceae 3-56 Brachytheciastrum velutinum (Hedw.) Ignatov & s m S . . .
Huttunen.
422 :/I;;‘i:gghythecium mildeanum (Schimp.) Schimp. ex s h f . .
3,6 Brachythecium rivulare Schimp. s h S +
6,9 Brachythecium rutabulum (Hedw.) Schimp. S h S
Brachythecium salebrosum (Hoffm. ex F. Weber &
12,55,61 D'Mozr) Pty ( s h S o+ .
Pottiaceae 8 Bryoerythrophyllum recurvirostrum (Hedw.) P.C. Chen. s m S +
Bryaceae 20,24 *Bryum argenteum Hedw. S k f +
Buxbaumiaceae 35 *Buxbaumia viridis (Moug. ex Lam. & DC.) Brid. ex s h s N
Moug. & Nest.
Hypnaceae 12 Calliergonella cuspidata (Hedw.) Loeske. S h f +
Amblystegiaceae 5 Campyliadelphus chrysophyllus (Brid.) R.S. Chopra. s m f +
12 *Campylium protensum (Brid.) Kindb. s h S +
Hypnaceae 10 *Camp.ylophyllum calcareum (Crundw. & Nyholm) bk f .
Hedenés.
Brachytheciaceae 9 *Clrrl_phyllum crassinervium (Taylor) Loeske & s m S N
M.Fleisch.
Amblystegiaceae 1,3,6,12,15,39 Cratoneuron filicinum (Hedw.) Spruce. b h f + + +
Pottiaceae 13 **Crossidium squamiferum (Viv.) Jur. var. pottioideum bk f .
(De Not.) Ménk.
Hylocomiaceae 8 Ctenidium molluscum (Hedw.) Mitt. S h S +
Dicranaceae 34,39 *Dicranella heteromalla (Hedw.) Schimp. s m f +
7 *Dicranella howei Renauld & Cardot. b k f +
12 *Dicranella varia (Hedw.) Schimp. b h f +
7,12,14,34,58 Dicranum scoparium Hedw. a m s + +
6,7,8,14,34 *Dicranum tauricum Sapjegin. a m s + +
Pottiaceae 3,36 Didymodon fallax (Hedw.) R.H. Zander. s m f + +
5 *Didymodon nicholsonii Culm. b h f +
4,9,31 Didymodon vinealis (Brid.) R. H. Zander. s k f + +
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Encalyptaceae

Pottiaceae

Brachytheciaceae

Neckeraceae

Fissidentaceae
Funariaceae
Grimmiaceae
Pottiaceae
Hypnaceae
Brachytheciaceae

Amblystegiaceae

Hylocomiaceae
Hypnaceae

Bryaceae
Lembophyllaceae

Leskeaceae
Leucodontaceae
Brachytheciaceae

Mniaceae

Orthotrichaceae

Brachytheciaceae

Amblystegiaceae
Bartramiaceae
Mniaceae

Plagiotheciaceae

Brachytheciaceae
Ditrichaceae
Polytrichaceae
Mniaceae

8,10,26,29
24
10

9

3,9,24

3
36,7,23
15,53
14,17
4
4,13,13,15,20
22
3

8,14,26,27,31,37,45,60

2,10,13
8-58
35
31
14
7,15,17
2-58
11

51,62

3,12
7
7
3-42
9,34
16
1-62

22

3
12,14,34
9,10,29
1-62
13,16,17,20,23,26
27
2,6,20
2-57
2,20
17-51
4-51
2-51
1-62
34,37
35
10,22
8,12
8,36
9,14
34
22
4,22
4,9,12,
3
34
3
45
3
6
35
6,34,35
35
9

Encalypta streptocarpa Hedw.

*Encalypta vulgaris Hedw.

Eucladium verticillatum (With.) Brunch & Schimp.
Eurhynchiastrum pulchellum (Hedw.) Ignatov &
Huttunen.

Exsertotheca crispa (Hedw.) S. Olsson, Enroth & D.
Quandt.

*Fissidens bryoides Hedw.

Fissidens taxifolius Hedw.

*Fissidens viridulus (Sw. Ex anon.) Wahlenb.
Funaria hygrometrica Hedw.

Grimmia ovalis (Hedw.) Lindb.

Grimmia pulvinata (Hedw.) Sm.

*Gymnostomum calcareum Nees & Hornsch.
Herzogiella seligeri (Brid.) Z. Iwats.
Homalothecium lutescens (Hedw.) H. Rob.
*Homalothecium philippeanum (Spruce) Schimp.
Homalothecium sericeum(Hedw.) Schimp.
*Hygroamblystegium fluviatile (Hedw.) Loeske.
*Hygrohypnum luridum (Hedw.) Jenn.
Hylocomium splendens (Hedw.) Schimp.

Hypnum andoi A.J.E. Sm.

Hypnum cupressiforme Hedw. var. cupressiforme
Hypnum cupressiforme Hedw. var. lacunosum Brid.
*Hypnum cupressiforme Hedw. var. resupinatum
(Taylor) Schimp.

Hypnum jutlandicum Holmen & Warncke.
Imbribryum alpinum (Huds. ex With.) N. Pedersen.
*Imbribryum mildeanum (Jur.) J.R. Spence.
Isothecium alopecuroides (Lam. ex Dubois) Isov.
Isothecium myosuroidesBrid.

Leskea polycarpa Hedw.

Leucodon sciuroides (Hedw.) Schwigr.
*Microeurhynchium pumilum (Wilson) Ignatov &
Vanderp.

*Mnium marginatum (Dicks.) P. Beauv.

Mnium spinosum (Voit) Schwégr.

Mnium stellare Hedw.

Orthotrichum affine Schrad. ex Brid.
*Orthotrichum anomalum Hedw.

Orthotrichum cupulatum Hoffm. ex Brid. var. cupulatum

*QOrthotrichum diaphanum Brid.

Orthotrichum lyellii Hook. & Taylor.
*Orthotrichum pallens Bruch ex Brid.
*Orthotrichum pumilum Sw. ex anon.
*Qrthotrichum speciosum Nees.

*Qrthotrichum stramineum Hornsch. ex Brid.
*Orthotrichum striatum Hedw.

*Orthotrichum tenellumBruch ex Brid.
Oxyrrhynchium hians (Hedw.) Loeske
Oxyrrhynchium speciosum (Brid.) Warnst.
Palustriella commutata (Hedw.) Ochyra.
Philonotis calcarea (Bruch & Schimp.) Schimp.
Plagiomnium affine (Blandow ex Funck) T.J.Kop.
Plagiomnium elatum (Bruch & Schimp.) T.J.Kop.
Plagiomnium ellipticum (Brid.) T.J.Kop.
Plagiomnium rostratum (Schrad.) T.J.Kop.
Plagiomnium undulatum (Hedw.) T.J.Kop.
*Plagiothecium cavifolium (Brid.) Z. Iwats.
*Plagiothecium curvifoliumSchlieph. ex Limpr.
Plagiothecium denticulatum (Hedw.) Schimp.
Plagiothecium nemorale (Mitt.) A. Jaeger.
*Plagiothecium succulentum (Wilson) Lindb.
*Plasteurhynchium striatulum (Spruce) M. Fleisch.
*Pleuridium acuminatum Lindb.

*Pogonatum aloides (Hedw.) P. Beauv.
*Pohlialudwigii (Spreng. ex Schwigr.) Broth.
*Pohlia melanodon (Brid.) A.J. Shaw.

o n

D VW ® YT VT TV ®DT VOV LOV VYV

D v v n T D

n

W VLV DD DLV YTT VNN TONOOOOOOOnnDO,

3 ox X

> >33 33 o505 o5 5 5555555553 x353x->53xXx3x3>533 X 353503333 3 xI33SocoOXRXXSDoOXX333S5 3

Mevliit ALATAS et al., The Bryophyte flora of Abant Mountains (Bolu/Turkey)

N =~ =W

N ==L =H=-UNWN=Hh=-UN=H=UN=hHh=h= =N N NN =Hh=hh=Hh N DO+ ND=-TND=HATUDUOD=HA=-"=-ONDUOLONOL O

+

+ 4+ o+ o+

+ + + +

+

+ 4+ + + o+ o+ o+

+ 4+ + + + + + o+

+ + + +




Tablo 2. devam ediyor

Biological Diversity and Conservation — 8/ 1 (2015)

41

6,8 Pohlia wahlenbergii (F.Weber & D.Mohr) A.L. Andrews. a h f
6 *Pohlia wahlenbergii (F.Weber & D.Mohr) A.L.Andrews h f
var. calcarea (Warnst.) E.F. Warb.
Polytrichaceae 35 Polytrichastrum formosum Hedw. a m f
3,4,6,7 Polytrichum juniperinum Hedw. a k f
Leskeaceae 4 *Pseudoleskeella catenulata (Brid. ex Schrad.) Kindb. b k f
2,15,16 Pseudoleskeella nervosa (Brid.) Nyholm. s m f +
Brachytheciaceae 8,26 Pseudoscleropodium purum (Hedw.) M. Fleisch. s m S
Pterigynandraceae 2-62 Pterigynandrum filiforme Hedw. s m S
Pottiaceae 24 *Pterygoneurum ovatum (Hedw.) Dixon. b k f +
Bryaceae 26.29 Ptychostomum imbricatulum (Miill. Hal.) Holyoak & N. s m f
Pedersen.
8,9.12.22.56 Ptychostomum capillare (Hedw.) Holyoak & N. s m S
Pedersen.
3-59 Ptychostomum moravicum (Podp.) Ros & Mazimpaka. s m S
Ptychostomum torquescens (Bruch & Schimp.) Ros &
26 . b m f
Mazimpaka.
Hypnaceae 9 *Pylaisia polyantha (Hedw.) Schimp. a m S
Grimmiaceae 14 Racomitrium canescens (Hedw.) Brid. a m f
Mniaceae 1,334 Rhizomnium punctatum (Hedw.) T.J.Kop. S h S +
Bryaceae 14 Rhodobryum roseum (Hedw.) Limpr. a m S
Brachytheciaceae 9 **Rhynchostegiella curviseta (Brid.) Limpr. a h S +
10,24 Rhynchostegium riparioides (Hedw.) Cardot. S h S +
Hylocomiaceae 144 Rhytidiadelphus triquetrus (Hedw.) Warnst. S h S
Amblystegiaceae 8,25,34 *Sanionia uncinata (Hedw.) Loeske s h S +
Grimmiaceae 2,4 Schistidium apocarpum (Hedw.) Bruch & Schimp. b h S +
50 *Schistidium atrofuscum (Schimp.) Limpr. b k f +
13,20,26 *Schistidium confertum (Funck) Brunch & Schimp. s k f +
13 *Schistidium crassipilum H.H.Blom. b k f +
Seligeriaceae 3 *Seligeria pusilla (Hedw.) Bruch & Schimp. b m S +
Amblystegiaceae 6 *Serpoleskea confervoides (Brid.) Kartt. s m S
Pottiaceae 52 *Syntrichia laevipila Brid. s k f
21 *Syntrichia princeps (De Not.) Mitt. a m S +
2-58 Syntrichia ruralis (Hedw.) F. Weber & D. Mohr. S k f +
1,13,20,27 Syntrichia virescens (De Not.) Ochyra S k f +
Neckeraceae 3 Thamnobryum alopecurum (Hedw.) Gangulee. S h S +
Timmiaceae 10,29 Timmia austriaca Hedw. s m S +
Pottiaceae 3 *Tortella fragilis (Hook. & Wilson) s m f +
Limpr.
5 Tortella inclinata (R.Hedw.) Limpr. var. densa (Lorentz bk f
& Molendo) Limpr.
5,10,14,50 Tortella tortuosa (Hedw.) Limpr. b k f +
21 *Tortula acaulon (With.) R.H. Zander. s m f
21 *Tortula brevissima Schiffn. b k f +
4 Tortula muralis Hedw. s m f +
6 *Tortula obtusifolia (Schwigr.) Mathieu. b h S
2,7,8,12 Tortula schimperi M.J.Cano, O.Werner & J.Guerra. s m S
6,10,12 Tortula subulata Hedw. s m S +
53 *Trichostomum brachydontium Bruch. b m S
Orthotrichaceae 9,15,44,46,62 Ulota crispa (Hedw.) Brid. S h S
Pottiaceae 36 Weissia brachycarpa (Nees & Hornsch.) Jur. s k f
4 *Weissia controversa Hedw. S k f +

Caligma alaninda en yaygin bulunan tiirler karayosunlarindan; Leucodon sciuroides, Pterigynandrum filiforme,

Homalothecium sericeum, Orthotrichum affine iken cigerotlarindan; Frullania dilatata, Porella platyphylla, Radula
complanata ve Metzgeria furcata’dir.

Alanda belirlenen karayosunlarinin 86°s1 akrokarp, 59°u ise pleurokarptir. Yaz kurakligiile tipik olan Akdeniz
ikliminde kurakhga dayanikli akrokarp bireylerin hakimiyeti dogaldir. Bu veriler alanda farkli habitatlarin oldugunu
gostermektedir. Nitekim akrokarplar kurak, pleurokarplar ise nemli ve golgeli alanlarin varligini gosterir.

Calisma alanimiza ait taksonlar ITUCN (International Union for Conservation of Nature) kriterlerine gore
degerlendirildiginde; Buxbaumia viridis 6nemli (V: Vulnerable), Syntrichia princeps bélgesel tehdit (RT: Regional
Threatened), Tortula brevissima ender (R: Rare), Frullania fragilifolia, Ptychostomum moravicum ve Tortella inclinata
var. densa taksonlarinin, Avrupa dlgeginde disiik risk (LR: Lower Risk) kategorisinin “Yakin Tehdit (NT: Near
Threat)”’ alt kategorisinde degerlendirildigi goriilmiistiir (ECCB, 1995).

Taksonlarin substrat tercihleri goz oniine alindiginda bazi taksonlarin birden fazla substratta bulunabildigi
goriilmektedir (Tablo 2). En ¢ok tercih edilen substrat, 65 farkl: taksona ev sahipligi yapan toprak olurken 63 taksona ev
sahipligi yapan aga¢ govdeleri ikinci sirada yer almaktadir. 60 taksonu iizerinde barindiran kaya {igiincii, 37 taksona ev
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sahipligi yapan ciiriimiis agac kiitiikleri ise son siradadir. Substratlara ait veriler, Karadeniz bdlgesi ile I¢ Anadolu
bolgesi arasinda gecis zonunda bulunan arastirma alanimizdaki iklim gesitliligi ile uyumlu olup, epifitik, epilitik ve
epigaeik habitatlarin zenginligini géstermektedir.

Taksonlarin ekolojik 6zellikleri, hayat formlar1 ve yasam stratejileri degerlendirilirken literatiir bilgilerinin
yant sira arazi gozlemleri de dikkate alinmistir. Nem isteklerine goére taksonlarin; % 42’sinin mezofit, % 37’sinin
higrofit ve % 21’inin kserofit karakterde oldugu goriilmektedir (Sekil 3). Isik isteklerine gore ise taksonlarin; % 58’1
sciofit karakterde olup golgelik ortamlarda dagilim gosterirler. Mezofit ve sciofit karakterli taksonlarn dominant
olmasmi, akrokarp Orthotrichaceaec ve Pottiaceae iiyeleri ile pleurokarp Brachytheciaceae ve Hypnaceae iiyelerinin
varligina baglayabiliriz. Bu veriler, calisma alaninin Karadeniz bélgesi ile ¢ Anadolu bélgesi arasinda gegis zonunda
olmasindan dolayr nemli ve yari kurak habitatlarin bir arada oldugunu gostermektedir. Ortam asiditesi agisindan
taksonlarin, % 60’1nin subnétrofit (pH=5,7-7), % 22’sinin asidofit (pH < 5,7) ve % 17’sinin bazifit (pH > 7) karakterde
oldugu goriilmektedir (Sekil 3).

70 +
60 -
50 -
40 -
30 -
20 -
AN
0 -
s ‘ a ‘ b m ‘ h ‘ k S ‘ f
Asidite Nem Istk

Sekil 3. Taksonlarin ekolojik tercihleri
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Abstract

In this research, the morphological characteristics of non-appendix 7 Ophrys L. taxa which were collected or
examined in situ from different localities in Antalya were examined. Typifications, synonym lists, descriptions,
ecology, phytogeography and distribution maps are provided for all non-apendix groups of Ophrys taxa and
relationships to similar taxa are discussed. The morphological descriptions are supported by detailed dissectional hand
drawings. As a result of this study, new characteristics which had not been previously described in Turkish Flora were
observed. These detailed morphological differences and a useful illustrated identification key with flower diagrams
were prepared for all non-appendix Ophrys taxa distributed in the Antalya Province. In addition, we added new
localities to the known distribution areas of taxa.

Key words: Ophrys, Orchidaceae, Antalya, morphology, taxonomy

*

Antalya ili’nde yayihs gosteren eksiz Ophrys L. (Orchidaceae) taksonlar iizerine morfolojik bir arastirma

Ozet

Bu arastirmada, Antalya ili’ndeki farkli lokalitelerden toplanan veya yerinde gdzlemlenen eksiz 7 Ophrys L.
taksonuna ait orneklerin morfolojik 6zellikleri ¢aligilmigtir. Tiim taksonlar i¢in tipifikasyonlari, sinonim listeleri,
betimleri, habitat 6zellikleri, fitocografik bolgeleri ve yayilis haritalar1 sunulmus, morfolojik olarak yakimlik gosterdigi
taksonlarla morfolojik 6zellikleri tartisilmistir. Morfolojik tanimlar, ayrintili disseksiyonel ¢izimlerle desteklenmistir.
Calisma sonucunda, Tiirkiye Florasi’nda bu cinse ait taksonlarin tanimlarinda yer almayan ve taksonlar arasinda
farkhliklar gosteren yeni karakterler tespit edilmistir. Bu ozelliklerin de ilave edilmesi ile Antalya li’nde yayilis
gosteren eksiz Ophrys L. taksonlarma ait detayli tamimlar ve ¢icek fotografli daha kullamigh bir teshis anahtari
hazirlanmistir. Bununla birlikte taksonlarin mevcut yayilis alanlarina tarafimizdan yeni yayilis alanlar1 da eklenmistir.

Anahtar kelimeler: Ophrys, Orchidaceae, Antalya, morfoloji, taksonomi
1. Introduction

Orchid species of the Mediterranean countries contrary to their relatives in the tropic regions are terrestrial
plants. This group is referred to as middle zone orchids or soil-growing (terrestrial) orchids. Turkey is one of the richest
country in Europe and the Middle East regarding terrestrial orchids. 122 orchid species, belonging to 23 genera have
distribution in Turkey (Sezik, 1984; Renz and Taubenheim, 1984; Kreutz, 2000; Kreutz and Colak, 2009; Ozhatay et
al., 2009; Giiner et al., 2012).

Although Turkey is rich in terms of terrestrial orchids, orchid populations of these species are under serious
threat due to collection of tubers for production of salep and animal grazing in these species distribution area. Species
belonging to the family Orchidaceae are in danger of extinction from in Turkey and particularly in Antalya province,
where these species are extensively spread. Salep is obtained from tmost of (about 85%) tuberous orchid species and an
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average of 80 million orchid plants are destroyed in Turkey each year to produce salep (Sezik, 2002; Koyuncu et al.,
2011).

In order of evolutionary development, Orchidaceae family are presented in the last sections of the Flora of
Turkey (Davis, 1965-1985). Generally, it is easier to distinguish the morphological charicteristics of more stable
families. One of the most important causes making a problematic genus undistinguishable taxonomically is taxonomic
characteristics among the species. In particular, the most important reason of the taxonomic challenges of the
Dactylorhiza, Serapias, Orchis and Ophrys genus’ belonging to the Orchidaceae family found in Turkey is that rather
wide variations of the distinguishing morphological characteristics have caused researchers to specify a different
opinion on almost every taxon in the past. Orchidaceae taxonomy when considered species or genus hybrids have
become inextricable and taxonomic problems have increased exponentially. The best example is Ophrys, which
contains the most prevalent species of the Orchidaceae family found in Turkey.

Ophrys genus is represented by about 200 species distributed on the European continent, North Africa,
Anatolia, the Middle East, and the Caucasus. Recent data indicate that Ophrys genus is represented by 65 species in
Turkey (Sezik, 1984; Renz and Taubenheim, 1984; Kreutz, 2000; Kreutz and Colak, 2009). The “Ophrys” term
meaning “eyebrow” in ancient Greek first passed into use in the Natural History written by Plinus Secundus (Pliny the
Elder) who lived between 23-79 years A.D. (Fiiller, 1982). Although Linne didn’t distinguish Orchidaceae as a seperate
family in his work ‘Species Plantarum’ published in 1753, he identified numerous species belonging to 8 genera of the
family (Linne, 1753). One of these genus was Ophrys whose type species O. insectifera that had long, dense hairy
eyebrows at the base of the labellum. Various local names such are used for Ophrys species in Turkey as “kazankara”,
“kedigozii”, “keditirnagr” and “tiilekdokuyan” (Baytop, 1994).

Approximately three out of every four of the Orchidaceae species are found within the borders of Antalya and
Mugla Province in Turkey. In the the light of information obtained from literature and ten years of field studies
conducted in Antalya province, it is known that 68 Orchidaceae taxa show distribution in Antalya province
(Renz&Taubenheim, 1984; Kreutz, 2000; Kreutz and Colak, 2009; Deniz, 2010).

The first detailed morphological properties of the Turkish Ophrys were reported by Sezik (1984) and Renz &
Taubenheim (1984). These studies were followed by a number of taxonomic or ecologic investigations (Aybeke, 2007;
Giiler et al., 2008). However, until the present study there have been no detailed morphological studies on all Ophrys
species distributed in the Antalya or Turkey. In this research, detailed morphological features were studied for 7 non-
appendix Ophrys L. taxa in the Antalya Province of Turkey.

2. Materials and methods

The present study is part of the PhD dissertation entitled “A Taxonomic Investigation on Ophrys L.
(Orchidaceae) Species in Antalya”. Plant samples were collected or examined in situ in the Antalya Province of Turkey
between 2004 and 2010. Because Ophrys generations in Turkey are under serious threat, as are other tuberous orchids,
only a small number of samples were collected in field studies in order to prevent damage to the natural populations.
Morphological measurements were made on the samples examined in situ, and field observation forms were completed
during field studies. Some collected Ophrys specimens for morphological studies were dried according to standard
herbarium techniques and preserved in the Akdeniz University herbarium (AKDU).

The Orchids of Turkey (Sezik, 1984; Kreutz and Colak, 2009), Flora of Turkey (Renz and Taubenheim, 1984;
Kreutz, 2000) and the other related floras (Butcher, 1961; Mouterde, 1966; Heywood, 1978; Soo, 1980; Fiiller, 1982;
Pignatti, 1982; Boissier, 1884; Meikle, 1985; Feinbrun-Dothan, 1986; Delforge, 1995; Govaerts, 2003; Pedersen and
Faurholdt, 2007) were utilised in the identification of the specimens and confirmed by comparison with the herbarium
samples of the examined species in the ANK, EGE, GAZI, HUB, ISTE, ISTF, MUH, VANF and AKDU herbaria. The
specimens were evaluated according to IUCN threat categories (Ekim et al., 2000; IUCN, 2014). The abbreviations
used in the text are as follows: CR=Critically endangered; EN=Endangered).

3. Results and Discussion
3.1. Taxa in Non-apendix groups of Ophrys L. (Orchidaceae) in Antalya Province

. Ophrys speculum Link subsp. speculum

. Ophrys iricolor Desf.

. Ophrys omegaifera H.Fleischm. israelitica (H. Baumann & Kiinkele) G.Morschek & K. Morschek
. Ophrys phaseliana D. Riickbr. & U. Riickbr.

. Ophrys cinereophila Paulus & Gack

. Ophrys urteae Paulus

. Ophrys lutea Cav. subsp. minor (Guss) O. & E. Danesch

~NOoO OTh~ WN -
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3.2. Key to Taxa

1. Labellum with dense and long pubescent at the edges; petals brownish purple
O. speculum subsp. speculum

e

1. Labellum glabrous or velvety at the edges; petals yellowish gren
2. Middle and lateral lobes of the labellum inrolled, brown, purple or blackish, sometimes yellow
striped edges
3. Labellum base ribbed, lower surface dark brown-purple; speculum distinctly 2 ovoid lobed,
shiny blue-purple O. iricolor

L

3. Labellum base not ribbed, lower surface yellow-green; speculum distinctly W-shaped, dull
gray-purple
4. Labellum straight and narrower than the stigmatic cavity at the base e
0. omegaifera subsp. israelitica -y

&

4. Labellum strongly convex and broader than the stigmatic cavity at the base
5. Inflorescence 1-5 flowered; flowers vertical stance; labellum spotted or mottled
O. phaseliana

1

5. Inflorescence 5-7 (-10) flowered; flowers horizontal stance; labellum not spotted or
mottled O. cinereophila

a2

2. Middle and lateral lobes of the labellum spreading, yellow
6. Labellum ovoid to round, convex at the middle, lateral lobes broad toward the base and wing
like O. lutea subsp. minor

6. Labellum obtriangular to oblong, straight at the middle, lateral lobes narrow toward the base
and not wing like O. urteae

& 8.

3.3. Taxa Descriptions
3.3.1. Ophrys speculum Link subsp. speculum in Schrader, J. Bot. 1799 (2): 324 (1800). (Figure 1, 4).

Typus: [Portugal] Lusitania, Setubal (1800).

Synonyms: =0. vernixia Brot. Fl. Lusit. 1:24 (1804). =O. scolopax Willd., Sp. Pl. 4: 69 (1805), [nom. illeg.]. =O.
ciliata Biv., Sicul. PI. 1: 60 (1806). =O. vernixia Brot. subsp. ciliata (Biv.) Del Prete, Webbia 37: 252 (1984). =O.
vernixia subsp. orientalis Paulus, Ber. Arbeitskreis. Heimische Orchid. 18: 43 (2001). =O. ciliata var. orientalis
(Paulus) Kreutz, Kompend. Eur. Orchid.: 91 (2004). =O. ciliata subsp. orientalis (Paulus) Kreutz, Orchidee (Hamburg)
57: 101 (2006). =O. speculum subsp. orientalis (Paulus) Paulus & Salk., Ber. Arbeitskreis. Heimische Orchid. 24(2): 7
(2007). =O. eos Devillers & Devillers-Tersch., Naturalistes Belges 90: 289 (2009).

Description: Plant slender, 7-30 cm. Tubers 2 (-3), ovoid to globose, 10-21 x 6-16 mm. Leaves 3-6, generally at the
base, oblong-lanceolate to ovoid, acute, 3-7.5 x 1.3-3.1 cm. Inflorescence generally lax, 2-9 flowered. Flowers showy,
spreading. Bracts elliptic-spatulate to lanceolate, almost equal in length with ovary at flowering, much longer at fruiting
time, 14-27 x 5-9 mm. Sepals oblong to ovoid, curved back at the edges, greenish to brownish-dark purple at the base
or whole sepals, 6-10 x 3.5-5 mm; dorsal sepal distinctly concave, incurved over column like helmet; lateral sepals with
longitudinal stripes that is darker than dorsal sepal, spreading. Petals lanceolate, curved back, inrolled at the tip, broad
at the base, base more ribbed at the outer side, velvety pubescent, purple brownish at the base, more light towards tip,
2-4.5 x 1-1.8 mm. Labellum roundish or narrow elongated, distinctly 3-lobed, with densely black grooved at the base,
margins revolute and densely brown to brownish purple villous, 10-16 x 8-12 mm; middle lobe ovoid, convex,
emarginate; lateral lobes triangular-oblong, spreading or curved, sometimes erect. Labellum without apical appendix.
Speculum glabrous, shining blue, with or without yellow stripes at the edges. Stigmatic cavity smooth and black at the
base, 2.5-3 mm broad. Pseudoeyes at the base of labellum, blackish, ribbed. Ovary slightly resupinate at the lower half,
10-18 x 2-4.5 mm. Column 5-5.5 mm; connective rounded, obtuse. Polinaria 2.8-3.4 mm. Capsule cylindrical, 18-24 x
4.5-5.5 mm. Seeds broadly oblong to spatulate, 0.45-0.62 x 0.17-0.22 mm.

Flowering time: March-April; Fruiting time: April; Habitat: Under and clearing of Pinus, maquis places, phrygana,
calcareous meadows, olive groves; Altitudinal range: 0-700 m; Phytogeographical status: East Mediterranean
element; Turkey distribution: Marmara, Aegean, Mediterranean and Central Anatolia Regions (EN).
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Figure 1. O. speculum: a- Habit (x0.5), b- Side view of the flower (x3), c- Front view of the flower (x3), d- Side view of
the ovary and column (x6), e- Front view of the column (x6), f- Polinaria (x12), g- Dorsal sepal (x6), h- Petals (x6), i-
Lateral sepals (x6), j- Labellum (x6), k- Bract (x6).
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Specimens examined: Al Canakkale: Ariburnu, 28.iv.1968, A.&T. Baytop (ISTE-12585) - Ariburnu-Suvla road,
8.iv.1975, A. Baytop (ISTE-31439). A2 Bursa: Mudanya, Kumyaka, 5.v.1974, B. Cubuke¢u, T. Avcigil (ISTE-27850) -
Mudanya, Kumyaka, 5.v.1974, B. Cubukcu, T. Avcigil (ISTE-27850). Istanbul: Merter Site, 24.iv.1965, N. Tanker
(ISTE-8077) - Florya District, 7.iv.1961, A. Baytop (ISTE-6316) - Upper regions of Kiigiikgekmece, 24.iv.1960, A.
Baytop (ISTE-5800) - Opposite slopes of Halkali Train station, 6.v.1974, A. Baytop, G. Ertem (ISTE-27840a) -
Opposite slopes of Halkali Train station, 17.iv.1973, G. Ertem (ISTE-24177) - Halkali, behind of the the customs
buildings, slopes, 23.iv.1971, N.&E.Ozhatay, G. Ertem (ISTE-19372) - Hadimk®dy, 23.iv.1961, A.&T. Baytop (ISTE-
6345) - Yesilkdy, 23.iv.1955, A.&T. Baytop (ISTE-4217) - Yesilkoy, 22.iv.1953, Baytop, Berk (ISTE-3017) - Slopes of
Yesilkoy, 22.iv.1974, A. H. Meri¢li (ISTE-27573) - Biiylikgekmece, End of the Ayazma, damp slopes, 5.v.1974, F.
Serin (ISTE-27845) - Bakirkdy, Florya, 23.iv.1967, H. Demiriz (ISTF-21985) - Bakirkoy, vi.1944, A. Heillbronn, N.
Bagarman (ISTF-3796) - Pendik, Dolayba, 21.iv.1953, H. Demiriz (ISTF-12285) - Yesilkoy, 22.iv.1953, H. Demiriz
(ISTF-12293) - Halkali, meadows, slopes, 05.iv.1965, Betiil Tutel (ISTF-19150) - Kiiciikgekmece Lake, meadows,
29.iv.1956, Betiil Tutel (56/29B) (ISTF-14526) - Kiiciikcekmece, 29.iv.1956, H. Demiriz (ISTF-14517). Kocaeli:
Gebze, Eskihisar, 23.iv.1943, A. Narer (ISTF-2158) - Istanbul-izmit road, before Gebze-Darica junction, 22.iv.1973,
N.&E. Ozhatay (ISTE-24210) - Gebze-Tuzla, 2. km, 130 m, 30.iv.1967, H. Demiriz, Tutel, Enberker (ISTF-21999). B1
[zmir: 1zmir-Cesme road, Before igmeler, marl terrain, 21.iii.1967, A.&T. Baytop (ISTE-10693) - Ahmetbeyli, maquis
places, iii.1966, H. Pesmen (748-b), (EGE-5621) - Akkum, 27.ii.1968, Meyer, Pesmen (EGE-3055) - Bornova, around
Ege Universitesi housing, 4.iv.1969, N. Zeybek (EGE-8599) - Bornova, Between Hacilarkiri-Sabuncubeli, 10 km from
Bornova, maquis places, 13.iii.1967, M. Aydar (EGE-8591) - Bornova, University Campus, behind of the dormitory,
fieldedges, 25.iii.1974, Oguz, Yiiril (EGE-11671) - NE of Bornova, slopes, 26.v.1969, K. Fitz (EGE-4399)- Karaburun,
Akdag, 450 m, 25.v.1980, L. Bekat (330), Y. Gemici (EGE-21449) - Between Karaburun-Kaynarpmar, peninsula,
13.iv.1969, K. Fitz (EGE-4242) - Karsiyaka, Between Yamanlar-Kavaklidere, maquis places, 21.iv.1967, H. Pesmen,
M. Aydar (EGE-8601) - Between Yenikdy-Zeytindag, SW of Bergama, 2.iv.1969, F. Spitzenberger (EGE-23297).
Manisa, Manisa Mountain, Mevlevihane, 18.iv.1974, G. Ertem (ISTE-27395). C1 Aydin: Kusadas1 District, 19.iv.1971,
A.&T. Baytop (ISTE-19151) - Between Kusadasi-Selguk, 31.iii.1968, Meyer, Pesmen, Oflas, Oguz, Leblebici (EGE-
3038)- Lalelik, Cakman Village, 15.iv.1965, N.&M. Tanker (ISTE-8069b) - Kusadasi, 20 m, 22.iii.1956, Davis
(25169), O. Polinin (ANK) - Between Kusadasi-Selguk, 31.iii.1968, Meyer, Pesmen, Oflas, Oguz, Leblebici (EGE-
2943). Izmir: Meryemana road, maquis places, 26.iv.1967, Pesmen, Aydar (EGE-3045). Mugla: Bodrum, iii.1937,
Gleisberg (300), (ANK) - Milas, around Begin Village, 12.iv.1965, E. Sezik (ISTE-8361) - Milas, Yenikoy, 14.iv.1965,
E. Sezik (ISTE-8378). C2 Mugla: Bodrum, Giivercinlik, maquis places, 30 m, 9.iv.2002, O. Varol 3996, (MUH) -
Cemetery of Diigerek district, 620 m, 03.iv.2003, E. Kaya (600), (MUH) - Fethiye-Hisaronii Village, Belcegiz location,
250 m, 11.v.1967, Pesmen, Oguz, Leblebici (EGE-3051) - Kdycegiz, Between Candir-Bogaz, maquis places, 200-250
m, 15.iv.1992, A. Giiner (10412), H. Duman, A.A. Dénmez (HUB-36353) - Milas, 2 km to Kizilagag¢ Village, P. brutia
forest, 200 m, 9.iii.2002, O. Varol (3986), (MUH) - Old Cemetery of Mugla, under Cupressus, 670 m, 21.iii.2001, B.
Sahranci (137), (MUH). C3 Antalya: 1.iv.1939, Gassner, (ANK) - Akdeniz Universitesi Campus, Quercus coccifera
forest, 22 m, 19.iii.2006, I.G. Deniz (2534) (AKDU) - Akkuyu District, maquis places, 15 m, 19.iii.2006, I.G. Deniz
(2532), E. Deniz (AKDU) - Gleisberg 61, (ANK) - Kepez, 28.iii.1957, M. Heilbronn (ISTF-16557) - Kepez, foresty
places, 150 m, 28.iv.1994, R.S. Goktiirk (3359) - Kumluca, Adrasan, Pinus brutia forest, 46 m, 25.iii.2005, I.G. Deniz
(2468), (AKDU) - Kumluca, Olimpos Ancient City, Pinus brutia forest, 46 m, 09.iii.2007, 1.G. Deniz (2568), (AKDU) -
Kumluca, Between Olimpos Ancient City-Adrasan turnout, Pinus brutia forest, meadows, 50 m, 12.iii.2004, I.G. Deniz
(2331), (AKDU) - Manavgat, Bucakseyhler Village, scrubby places, 25 m, 15.iii.2005, I.G. Deniz (2455), (AKDU) -
Manavgat, Cayici District, meadows, 51 m, 16.iii.2006, I.G. Deniz (2525), H. Kaplan (AKDU) - Manavgat, Manavgat-
Oymapmar road, 9.-10. km, Pinus brutia forest, 21 m, 20.iii.2004, I.G. Deniz (2340), (AKDU) - Manavgat, Between
Manavgat-Yaylaalan, maquis places, 170 m, 16.iii.2006, 1.G. Deniz (2526), H. Kaplan (AKDU) - Manavgat,
Oymapnar-Manavgat road, 5.-6. km, Pinus brutia forest, meadows, 117 m, 15.iii.2005, I.G. Deniz (2450), (AKDU). C4
Antalya: Alanya, Between Demirtas-Sapadere, Pinus brutia forest, meadows, 133 m, 15.iii.2007, 1.G. Deniz (2573),
(AKDU). C5 Konya: Eregli, Aydos Mountain, Delimahmutlu, Otlaktepe vadisi, nemli ¢ayir, 1500 m, 1.vi.1978, S. Erik
2932 (HUB-36352).

3.3.2. Ophrys iricolor Desf. in Ann. Mus. Hist. Nat. (Paris) 10:224, (1807). (Figure 2, 4).

Typus: [Orient] Described from the Levant, Tournefort (‘Orchis orientalis fucum referens, flore maximo, scuto
azureo’)

Synonyms: =0. fusca Link var. iricolor (Desf.) Mutel in Mem. Soc. Hist. Nat. Strasbourg 2:4 (1835); =O. fusca Link
subsp. iricolor (Desf.) Richter, PI. Europ. 1:261 (1890).

Description: Plant slender, 8-30(-40) cm. Tubers 2, globose to ovoid, 1.4-2 x 1-1.5 cm. Leaves 3-4, broadly ovoid to
lanceolate, obtuse or subacute, shiny and distinctly veined, margins flat or slightly undulate, 5.1-8.6 x 1.3-4 cm.
Inflorescence dense, 1-3 (-5) flowered. Flowers showy, spreading. Bracts lanceolate, longer than the ovary, 18-30 x 7-
11 mm. Sepals oblong to ovoid, curved back at the edges, greenish to yellowish-green, 11-18 x 6.5-10 mm; dorsal sepal
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Figure 2. O. iricolor: a- Habit (x0.4), b- Side view of the flower (x2), c- Front view of the flower (x2), d- Dorsal sepal
(x4), e- Petals (x4), f- Lateral sepals (x4), g- Labellum (x4), h- Side view of the ovary and column (x6), i- Front view of
the column (x9), j- Polinaria (x12), k- Bract (x6).

distinctly concave, incurved over column like helmet, obovoid to elliptic; lateral sepals spreading, ovoid to lanceolate.
Petals oblong, undulate at the edges, glabrous, olive gren to brownish, sometimes purple tinged, 7-12 x 2.4-4 mm.
Labellum 3-lobed, slightly convex and subhorizontal attitude, densely and short velvety hairy on upper surface,
glabrous at the edges, white at base, generally purplish at the base edges, other parts dark blackish purple, lower surface
dark brownish-purplish and glabrous, 15-22 x 11-18 mm, with densely and long whitish hairy V-grooved at the base;
middle lobe emarginate and distinctly 2-parted; lateral lobes rounded to subrhomboid, curved back at the edges.
Labellum without apical appendix. Speculum on base half of the labellum, distinctly 2-lobed, lobes connected or
distance intervals, blackish violet inside, metallic blue outside, glabrous or slightly pubescent. Stigmatic cavity whitish
at the base, 4-5.7 mm broad. Pseudoeyes absent. Ovary slightly resupinate at the base, 15-20 x 2-3.2 mm. Column 7.5-
8.5 mm; connective rounded, obtuse. Polinaria 4-4.4 mm. Capsule cylindrical, 20-25 x 3-4 mm. Seeds oblong to
oblong-spatulate, 0.51-0.82 x 0.19-0.22 mm.

Flowering time: March-April (-May); Fruiting time: May-June; Habitat: Under and clearing of Pinus, phrygana and
maquis places, calcareous damp places; Altitudinal range: 0-600 m; Phytogeographical status: East Mediterranean
element; Turkey distribution: Marmara, Aegean and Mediterranean Regions (EN).

Specimens examined: Bl izmir: Balikhova N of, 0-50 m, 30.iii.1980, G. Taubenheim, J. Renz (ISTF-34646) -
Bornova, 12.iv.1967, Pesmen (EGE-5640) - Cesme, Karadag, 1200 m, 28.ii.1979, S.Yildirimh (1262), (HUB-36341) -
Kozagag yanlarindaki kiregli tepeler, iv.1933, O. Schwarz (EGE-23148) - Nald6genkdy, kiregli tepeler, 100 m, iv.1933,
0. Schwarz (EGE-23146). C3 Antalya: Akkuyu District, maquis places, 15 m, 19.iii.2006, 1.G. Deniz (2531), E. Deniz
(AKDU) - Doyran, around The State Water Works Pond, Pinus brutia forest, meadows, 153 m, 14.iii.2006, I.G. Deniz
(2522), H. Kaplan, E. Giirbiiz (AKDU) - Kumluca, Between Antalya-Kumluca road-Adrasan, Yazir turnout district,
maquis places, 301 m, 09.iii.2007, 1.G. Deniz (2565), (AKDU) - Manavgat-Akseki Between, Taskesigi District, maquis
places, 273 m, 16.iii.2006, I.G. Deniz (2529), H. Kaplan (AKDU) - Toros District, maquis places, 13 m, 12.iii.2004,
I.G. Deniz (2335), (AKDU). C4 Antalya: Gazipasa, Between Beyobasi-Maha Plateau, Pinus brutia forest, meadows,
211 m, 15.iii.2007, I.G. Deniz (2579), (AKDU).

3.3.3. Ophrys omegaifera H.Fleischm. subsp. israelitica (H.Baumann & Kiinkele) G.Morschek & K.Morschek, Orchids
Cyprus: 126 (1996). (Figure 3,4).

Typus: [Palestine] Galilee in the viccinity of Zefat, 18 ii 1979, H. Baumann (holo. STU).

Synonyms: =Ophrys israelitica H. Baumann & Kiinkele in Mitteilungsbl. Arbeitskr. Heim. Orch. Baden-Wiirtt. 20(3):
612 (1988).

Description: Plant slender, 7.5-20 cm. Tubers 2, ovoid to globose, 1-1.8 x 0.8-1.6 cm. Leaves 2-5, ovoid to lanceolate
or obovoid, acute, 4-8 x 1.4-3.7 cm. Inflorescence dense, 1-4 flowered. Flowers directed upward at first, later spreading.
Bracts lanceolate, somewhat longer than the ovary, 15-22 x 4-7.5 mm, Sepals ovoid-oblong, distincly curved back at the
edges, greenish-yellow to green, 11-18 x 6.5-10 mm,; dorsal sepal distinctly concave, incurved over column like helmet,
obovoid to elliptic; lateral sepals spreading, ovoid to lanceolate Petals oblong, undulate at the edges, glabrous, generally
darker than the sepals, yellow to brownish at the edges, rarely pubescent, 7-9.5 x 2-3 mm. Labellum 3-lobed, generally
plane at base half, convex towards apex, curved back at the edges, densely and short brownish velvety hairy on upper
surface, glabrous and narrow yellowish ribbed at the edges, white at the base, creamish to yellow at the base-edges,
other parts of the labellum dark brownish to violet brownish, yellowish to greenish and glabrous on lower surface, 10-
15 x 9-11 mm, with densely and long whitish hairy V-grooved at the base; middle lobe emarginat and distinctly 2-
parted, parts roundish and curved back; lateral lobes rounded, curved back at the edges, narrower to the base. Labellum
without apical appendix. Speculum on base half of the labellum, W-shaped, sometimes sectional and mottled, sparse
pubescent, grayish-blue to purplish inside, whitish to creamish outside. Stigmatic cavity whitish-yellow to greenish at
the base, 4-6 mm broad. Pseudoeyes absent. Ovary generally resupinate at the lower half, 12-20 x 1.8-2.5 mm. Column
6.5-7.5 mm; connective rounded, obtuse. Polinaria 3.5-4 mm. Capsule cylindrical, 17-24 x 7-8 mm. Seeds oblong to
narrow spatulate, 0.51-0.64 x 0.15-0.21 mm.

Flowering time: March-April; Fruiting time: April; Habitat: Maquis, woodlands and shrublands, calcerous places,
phrygana; Altitudinal range: 0-500 m; Phytogeographical status: East Mediterranean element; Turkey distribution:
Mediterranean Region (EN).

Specimens examined: C2 Antalya: Kas, 7.-8. km of Kalkan-Gémbe road, maquis places, 687 m, 8.iv.2005, I.G. Deniz
(2473), (AKDU) - Kas, Kalkan-Gémbe road, Saribelen Village Cemetery, meadows, 835 m, 8.iv.2005, I.G. Deniz
(2474), (AKDU) - Kas, Patara Ancient City around, Olive groves meadows, 56 m, 8.iv.2005, I.G. Deniz (2471),
(AKDU). C3 Antalya: Kemer, Kesme District, roadsides, Pinus brutia forest, 180 m, 19.iii.2005, 1.G. Deniz (2459),
(AKDU) - Kemer, Kesme District, roadsides, Pinus brutia forest, 180 m, 09.iii.2007, I.G. Deniz (2560), (AKDU)-
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Figure 3. O. omegaifera subsp. israelitica: a- Habit (x3,5), b- Side view of the flower (x2), c- Front view of the flower
(x2), d- Dorsal sepal (x4), e- Petals (x4), f- Lateral sepals (x4), g- Labellum (x4), h- Side view of the ovary and column
(x6), i- Front view of the column (x9), j- Polinaria (x12), k- Bract (x6).
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Kemer, Kuzdere Valley, roadsides, Pinus brutia forest, meadows, 183 m, 12.iii.2004, I.G. Deniz (2334), (AKDU) -
Kumluca, Olimpos Ancient City, Pinus brutia forest, edges of the creek, meadows, 35 m, 31.iii.2004, 1.G. Deniz
(2362), (AKDU) - Manavgat, Cayici District, meadows, 70 m, 15.iii.2005, I.G. Deniz (2448), (AKDU) - Manavgat,
Manavgat-Oymapmar road, 9.-10. km, Pinus brutia forest, 21 m, 20.iii.2004, I.G. Deniz (2339), (AKDU) - Yukar1
Karaman, slopes between Yukar1 Karaman-Bahtili, Pinus brutia forest, 217 m, 24.iii.2007, 1.G. Deniz (2610), (AKDU)
- C4 Antalya: Alanya, Between Demirtas-Sapadere, Pinus brutia forest, 133 m, 15.iii.2007, 1.G. Deniz (2574), (AKDU)
- Gazipasa, Between Beyobasi-Maha Plateau, Pinus brutia forest, meadows, 192 m, 15.iii.2007, I.G. Deniz (2575),
(AKDU) - C5 Igel: Ulas, 8 km N of Tarsus to Camliyayla, 270 m, 08.04.1980, Renz & Taubenheim 80.76 (ISTF
34.657)

3.3.4. Ophrys phaseliana D. Riickbr. & U. Riickbr. in J. Eur. Orchideen 28: 395 (1996). (Figure 5, 9).

Typus: [Turkey] Antalya, Phaselis, 80 m, 26.iv.1996, D.&U. Riickbrodt (holo. B.).

Synonyms: =O. fusca Link subsp. phaseliana (D.Riickbr. & U.Riickbr.) Kreutz, Kompend. Eur. Orchid.: 96 (2004).
=0. parosica P.Delforge var. phaseliana (D.Riickbr. & U.Riickbr.) P.Delforge, Naturalistes Belges 88: 247 (2007).
Description: Plant slender, 15-40 cm. Tubers 2 , ovoid to globose, 1-1.7 x 0.8-1.6 cm. Leaves 2-6, generally at the
base, ovoid to lanceolate, acute, 4-8.5 x 1.4-3.7 cm. Inflorescence lax, 1-5 flowered. Flowers large, directed upward at
first, later spreading. Bracts lanceolate, equal in length or longer than ovary, 15-18 x 4-7.5 mm. Sepals oblong-ovoid to
elliptic, distincly curved back at the edges, yellowish-green to greenish, 11-16 x 5-8 mm; dorsal sepal distinctly
concave, incurved over column like helmet, lateral sepals spreading, Petals oblong, undulate at the edges, sometimes
slightly emarginate, glabrous, yellowish-green to greenish, 7.5-12 x 2.5-4 mm. Labellum 3-lobed, directed downward,
strongly convex, not pressed on the middle part, curved back at the all edges, brownish at the base, yellowish to
brownish ribbed or tessellate at apex part, densely and short brownish velvety hairy on upper surface, edges glabrous,
yellowish to greenish at the base-edges, lower surface greenish to pale brown, 13.5-18.5 x 11.5-16.5 mm, with densely
and long whitish hairy V-grooved at the base; middle lobe emarginat and distinctly 2-lobed, lobes curved back, apex
greenish part spreading; lateral lobes rounded, distant from middle lobe, narrower to the base. Labellum without apical
appendix. Speculum on whole labellum, W-shaped, sectional and mottled, sometimes 2-lobed, lobes ovoid, connected
or distance intervals, sparse pubescent, grayish-blue to purplish brown inside, grayish blue outside, mottled on apex part
of the labellum. Stigmatic cavity whitish-yellow to greenish at the base, 5-6 mm broad. Pseudoeyes absent. Ovary
straight, not angled with column, 12-20.5 x 2.3-4 mm. Column 7-8 mm; connective rounded, obtuse. Polinaria 3.5-4.5
mm. Capsule cylindrical, 17-23 x 4.5-6 mm. Seeds broad oblong-spatulate , 0.51-0.65 x 0.15-0.21 mm.

Flowering time: April-May; Fruiting time: May; Habitat: Openings in forest, phrygana, shrublands, calcerous
places; Altitudinal range: 0-200 m; Phytogeographical status: East Mediterranean element; Turkey distribution:
Antalya and Mugla Provinces. Endemic (CR).

Specimens examined: C3 Antalya: Kumluca, Kumluca-Altinyaka road, 5.-6. km, Pinus brutia forest, meadows, 191
m, 17.iv.2007, I.G. Deniz (2627), (AKDU).
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Figure 4. Turkey distribution of (a) O. speculum subsp. speculum, (b) O. iricolor, (c) O. omegaifera subsp. israelitica
and (d) O. lutea subsp. minor.
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Figure 5. O. phaseliana: a- Habit (x0.4), b- Side view of the flower (x2), c- Front view of the flower (x2), d- Dorsal
sepal (x4), e- Petals (x4), f- Lateral sepals (x4), g- Labellum (x4), h- Side view of the ovary and column (x5.5), i- Front
view of the column (x7), j- Polinaria (x12), k- Bract (x5.5).
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3.3.5. Ophrys cinereophila Paulus & Gack in J. Eur. Orchideen 30: 170 (1998). (Figure 6, 9).

Typus: [Greece] E. Crete in the vicinity of Nikithianou near Neapolis, 3 iv 1987, Paulus (holo. In herb. Paulus, Wien).
Synonyms: =0. fusca Link subsp. cinereophila (Paulus & Gack) Faurh., Orchidee (Hamburg) 53: 345 (2002). =0.
subfusca (Rchb.f.) Batt. subsp. cinereophila (Paulus & Gack) Kreutz, Orchidee (Hamburg) 57: 102 (2006).
Description: Plant slender, 7-23 cm. Tubers 2 , ovoid to globose, 1-1.6 x 0.6-1.4 cm. Leaves 2-6 , generally at the
base, ovoid to lanceolate, acute, 2.2-9.4 x 0.8-3.5 cm. Inflorescence lax, 5-7 (-10) flowered. Flowers small, directed
upward at first, later distinctly spreading. Bracts lanceolate, equal in length or somewhat longer than ovary, 11-18 x 3.8-
6 mm. Sepals broadly ovoid to lanceolate, distincly curved back at the edges, yellowish to greenish, 7-11 x 4-7.5 mm;
dorsal sepal distinctly concave, incurved over column like helmet lateral sepals spreading, Petals oblong, undulate at the
edges, rarely slightly emarginate, glabrous, yellowish-green to greenish, 5-9 x 2-2.8 mm. Labellum 3-lobed, directed
downward, strongly convex, pressed on the middle part, curved back at the all edges, blackish to dark brown, not
striped or tessellate at apex part, densely and short brownish to purplish velvety hairy on upper surface, edges glabrous
or lax pubescent, whitish to yellowish at the base-edges, lower surface greenish to pale brown, 7-13 x 5-10.5 mm, with
densely and long whitish hairy V-grooved at the base; middle lobe emarginat and distinctly 2-lobed, lobes curved back,
apex yellow greenish part spreading; lateral lobes straight or rounded, clerly distant from middle lobe, narrower to the
base. Labellum without apical appendix. Speculum on base half of the labellum, W-shaped, 2-lobed, lobes ovoid,
always connected, sparse pubescent, grayish-blue to purplish brown inside, grayish blue outside, apex part straight.
Stigmatic cavity whitish-yellow to greenish at the base, 3.5-5 mm broad. Pseudoeyes absent. Ovary straight, angled
with column, 10-18 x 1.5-3.5 mm. Column 5-6 mm; connective rounded, obtuse. Polinaria 2.5-3.5 mm. Capsule
cylindrical, 16-22 x 4.5-5.5 mm. Seeds broad oblong-spatulate, 0.44-0.65 x 0.15-0.21 mm.

Flowering time: March-April; Fruiting time: April; Habitat: Maquis places, openings in forest, meadows, phrygana;
Altitudinal range: 0-800 m; Phytogeographical status: East Mediterranean element; Turkey distribution: Aegean and
Mediterranean Regions (EN).

Specimens examined: C2 Antalya: Kas, Kas-Kasaba road, 7.-8. km, Pinus brutia forest, 206 m, 08.iv.2005, I.G.
Deniz (2477), (AKDU). C3 Antalya: Kumluca, Between Adrasan-Olimpos Ancient City, meadows, 50 m, 25.iii.2005,
I.G. Deniz (2465), (AKDU) - Kumluca, Antalya-Kumluca road-Adrasan Between, Yazir turnout district, maquis places,
294 m, 09.iii.2007, 1.G. Deniz (2564a), (AKDU) - Kumluca, 1 km to Olimpos Ancient City, meadows, 50 m,
12.iii.2004, 1.G. Deniz (2332), (AKDU) - Kumluca, around Olimpos Ancient City, Pinus brutia forest, 46 m,
09.iii.2007, I.G. Deniz (2569), (AKDU) - Kumluca, Between Olimpos Ancient City-Cavuskdy, Pinus brutia forest,
edges of the creck, meadows, 35 m, 31.iii.2004, I.G. Deniz (2361), (AKDU).

3.3.6. Ophrys urteae Paulus, Ber. Arbeitskreis. Heimische Orchid. 26(2): 10 (2009). (Figure 7, 9)

Typus: [Turkey] Antalya, 7.4 km ne. Tasagil, kleiner Friedhof, 152 m, 18.iv.1998, H.F. Paulus (holo. WU).
Description: Plant slender, 6-8 (-15) cm. Tubers 2, ovoid to globose, 1-2.3 x 0.7-1.6 cm. Leaves 3-6 , generally at the
base, ovoid to broadly lanceolate, acute, 2.5-9 x 1-3.5 cm. Inflorescence generally lax, 1-3 (-6) flowered. Flowers
small, spreading. Bracts ovoid to lanceolate, equal in length or somewhat longer than ovary, 9-19 x 4-7 mm. Sepals
ovoid-lanceolate to broadly ovoid, curved back at the edges, yellowish to greenish, 12-18 x 5-8 mm; dorsal sepal
distinctly concave, incurved over column like helmet lateral sepals spreading, Petals oblong-lanceolate, undulate at the
edges, obtuse, glabrous, greenish yellow, sometimes brownish at the edges, 7-9 x 1-3 mm. Labellum obtriangular-
oblong, distinctly straight and flat, 3-lobed, dark brownish to blackish violet, 9-12 x 7-11 mm, densely and short
brownish to purplish velvety hairy on upper surface, with densely and whitish hairy V-grooved at the base; middle lobe
emarginat and distinctly 2-lobed, lobes spreading, apex part generally directed upwards; lateral lobes long and narrow,
round at apex, not wing-like, spreading or somewhat directed downward, sometimes undulate with narrow yellow
edges, clerly distant from middle lobe. Labellum without apical appendix. Speculum on base half of the labellum, W-
shaped, not sectional, sometimes connected 2-lobed, lobes ovoid, sparse pubescent, mat shining dark brownish to blue
grayish, nearly to lateral notches. Stigmatic cavity whitish at the base, 4-5 mm broad. Pseudoeyes absent. Ovary
straight, 10-16 x 1.3-2.5 mm. Column 4.5-6 mm; connective rounded, obtuse. Polinaria 3-4 mm. Capsule cylindrical,
15-23 x 4-5 mm. Seeds narrow oblong to spatulate, 0.38-0.55 x 0.14-0.18 mm.

Flowering time: March-April; Fruiting time: April; Habitat: Under and clearing of Pinus, maquis places, phrygana,
calcareous meadows, olive groves; Altitudinal range: 0-400 m; Phytogeographical status: East Mediterranean
element; Turkey distribution: Antalya Province. Endemic (CR).

Specimens examined: C3 Antalya: Manavgat, Oymapinar, 6.-7. km of Oymapmar-Tilkiler road, Pinus brutia forest,
155 m, 01.iv.2009, 1.G. Deniz (2868), (AKDU).
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Figure 6. O. cinereophila: a- Habit (x0.6), b- Side view of the flower (x3), c- Front view of the flower (x3), d- Dorsal
sepal (x6.5), e- Petals (x6.5), f- Lateral sepals (x6.5), g- Labellum (x6.5), h- Side view of the ovary and column (x7.5),
i- Front view of the column (x10), j- Polinaria (x18), k- Bract (x7.5).
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Figure 7. O. urteae: a- Habit (x0.9), b- Side view of the flower (x2.5), c- Front view of the flower (x2.5), d- Dorsal
sepal (x5), e- Petals (x5), f- Lateral sepals (x5), g- Labellum (x5), h- Side view of the ovary and column (x6), i- Front
view of the column (x9), j- Polinaria (x12), k- Bract (x6).
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3.3.7. Ophrys lutea Cav. subsp. minor (Guss.) O. & E. Danesch in PI. Syst. Evol. 124:82 (1975). (Figure 4, 8).

Typus: [Italy] Sicilya, Palermo, S. Biaggio sotto Cammarata, Gussone.

Synonyms: =Arachnites lutea (Cav.) Tod. var. minus Tod., Orchid. Sicul.: 97 (1842). =O. lutea Cav. var. minor Guss., Fl. Sic. Syn.
2(2):550 (1844). =0. lutea Cav. f. sicula (Tin.) Soo in Feddes Rep. 24:25 (1927).

Description: Plant slender, 7-30 (-40) cm. Tubers 2 , ovoid to globose, 1-2.3 x 0.6-1.7 cm. Leaves 2-6 , generally at the base,
ovoidden genis to lanceolate, acute, 2.2-9.4 x 1-3.5 cm. Inflorescence dense, 1-8 flowered. Flowers small, upward at first, later
distinctly spreading. Bracts ovoid to lanceolate, equal in length or somewhat shorter than ovary, 8-20 x 4-8 mm. Sepals ovoid, curved
back at the edges, yellowish to greenish, 6.5-9.5 x 3-6 mm; dorsal sepal distinctly concave, incurved over column like helmet; lateral
sepals spreading. Petals oblong, generally undulate at the edges, obtuse, glabrous, yellowish green to green, 4-45 x 1-1.5 mm.
Labellum ovoid-roundish, 3-lobed close to apex part, directed horizontal, convex at middle part, yellow to brownish, sometimes
striped or tessellate to lateral and middle lobes, whitish to yellowish at the base, lateral lobes yellow, densely whitish to brownish
pubescent, outside glabrous, 8-15 x 8.5-12 mm, with densely and long whitish hairy V-grooved at the base, hairs longer to the
staminal part; middle lobe short, emarginat and distinctly 2-lobed, lobes angled to each other, spreading, apex part generally directed
upwards; lateral lobes long and broad, wing-like, spreading or somewhat directed downward, sometimes undulate with broad yellow
edges, clerly distant from middle lobe. Labellum without apical appendix. Speculum on base half of the labellum, W-shaped, mottled
and connected inside or distinctly 2-lobed, lobes ovoid, sparse pubescent, shining grayish-brown to bluish purple inside, whitish-
cream to blue outside, not extend to lateral notches. Stigmatic cavity whitish-yellow to greenish , 4-5 mm broad. Pseudoeyes absent.
Ovary straight, 11-18 x 1.4-2.4 mm. Column 4.5-5.5 mm; connective rounded, obtuse. Polinaria 2.8-3.2 mm. Capsule, cylindrical,
15-23 x 4-5 mm. Seeds narrow oblong to spatulate, 0.38-0.55 x 0.14-0.18 mm.

Flowering time: March-April; Fruiting time: April; Habitat: Maquis and forest places, calcareous meadows, phrygana, olive
groves, meadows; Altitudinal range: 0-600 m; Phytogeographical status: East Mediterranean element; Turkey distribution:
Marmara, Aegean, Mediterranean, Southeastern Anatolia Regions (EN).

Specimens examined: Al Balikesir: Marmara Island, Marmara District, Glindogdu Village, 15.iii.1977, E. Tuzlaci (ISTE-36495).
Canakkale: Ariburnu-Suvla road, 8.iv.1975, A. Baytop (ISTE-31438) - Canakkale: Gokgeada, Kuzulimani, 10 m, 10.iv.1976, O.
Segmen, E. Leblebici (1296), (EGE-22553). A2 Istanbul: Catalca, upper parts of the cemetery, 20.iv.2003, 1. Geng (ISTE-82370) -
Halkals, slopes across the train station, 24.iv.1960, A. Baytop (ISTE-5797) - E of Halkali train station, 23.iv.1971, N.&E. Ozhatay,
G. Ertem (ISTE-19374) - Catalca, hills across the cemetery, 1.v.1965, A. Baytop (ISTE-7620) - Hadimkdy, SE slopes of the
Bahgesehir, open places, 90 m, 09.iv.1997, E. Uzen, O. Kiigiiker (ISTF-36940) Bakirkdy, Atakdy, edges of the railway, 19.iv.1968,
A. Glg., G.San. (ISTF-23119) - Bakirkdy, Halkali train station, meadows, 15.iv.1967, H. Demiriz (ISTF-21955) - Kartal, Cevizli,
Ankara roadnun 1 km E of, Quercus Between, gayir, 27.iv.1968, A. Cir., O. Sut. (ISTF-23019) - Kartal, Yakacik, openings of the
Quercus coccifera groves, 16.iv.1968, H. Demiriz, E. Tut., A. Ayd., P. Kok. (ISTF-22965) - Halkali, meadows, slopes, 05.iv.1965,
Betiil Tutel (65/13), (ISTF-19153) - Bakirkdy, Florya, edges of the railway, meadows, 23.iv.1967, H. Demiriz (ISTF-21984). B1
Balikesir: Ayvalik, Dolap Island, 10 m, 22.iii.1996, K. Alpinar (ISTE-71315). Manisa: Manisa Mountain, Mevlevihane, 18.iv.1974,
G. Ertem (ISTE-27393). Canakkale: Bozcaada, N regions of the Island, around Killik Hill, 0-50 m, 14.iv.1977, O. Se¢men, E.
Leblebici (2448), (EGE-20761) - Canakkale: Bozcaada, around Hacihasan Hill, 40 m, 14.iv.1976, O. Secmen, E. Leblebici (1494),
(EGE-20659) - Canakkale: Bozcaada, 1 km from the center, 0-50 m, 13.iv.1977, O. Segmen, E. Leblebici (2376), (EGE-20762) -
Canakkale: Bozcaada, Tuzburnu Hill, around Hacimahmu, 70 m, 15.iv.1976, O. Segmen, E. Leblebici (1578), (EGE-20657). izmir:
Izmir Cesme road, before igmeler, 21.iii.1967, A.&T. Baytop (ISTE-10965) - izmir: Akkum, 27.ii.1968, Meyer, Pesmen (EGE-3054)
- Bornova, N of Cicekli Village, 110 m, C. Odemis, A. Yaymtas, U. Zeybek (EGE-23446) - Bornova, Hacilarkiri, Sabuncubeli,
31.iii.1967, M. Aydar (EGE-8619) - Bornova, Between Hacilarkiri-Sabuncubeli, maquis places, 31.iii.1967, M. Aydar (EGE-8593) -
Bornova, on marl, iv.1932, N. I. (EGE-23159) - Cesme District, 28.iii.1984, O. Segmen (2557) (EGE-28918) - Cesme-Altinkum,
18.iv.1983, Y. Gemici (1505), O. Secmen, G. Gork, L. Bekat (EGE-21777) - Giimiildiir, 200 m, 25.iv.1976, T. Kesercioglu (EGE-
15094) - Kemalpasa-Karabel road, 19.iv.1967, H. Pesmen, M. Aydar (EGE-8596) - Kemalpasa-Kavaklidere road, maquis places,
19.iv.1967, H. Pesmen (EGE-8595) - Seferihisar, 23.iii.1972, T. Gozler, Odemis (EGE-9910). B2 Balikesir: Pelitkdy, Karantilik
District, olive groves, 0-50 m, 8.iii.2001, Tugrul Koriikli (188), (GAZI). C1 Aydin: Lalelik, Cakman Village, 15.iv.1965, E. Sezik
(ISTE-8069a). Kusadasi, Pino Bay otel road, 90 m, 25.iv.1996, E. Uzen (ISTF-36663) - Giizelbahce (Priene), 12.iv.1962, A.
Pelshenke (EGE-8879). Kusadasi, S slopes, 210 m, 4.iv.1977, G. Oguz, A. Yayintas, (EGE-23448) - Between Kusadasi-Selguk,
31.111.1968, Meyer, Pesmen, Oflas, Oguz, Leblebici (EGE-3031) Soke, Atburgazi District, on Priene road, 28.iii.1968, Meyer,
Pesmen, Oflas, Oguz, Leblebici (EGE-3041). Mugla: Soke-Milas road, egdes of the Bafa Lake, olive groves, 10.iv.1971, A.&T.
Baytop (ISTE-19219) - Milas, Yenikdy, 14.iv.1965, E. Sezik (ISTE-8374) - Milas, Yayladag, Yukar1 Maz1 Village, 17.iv.1965, E.
Sezik (ISTE-8382) - Milas, Kizilagag, Kazikli Village, 13.iv.1966, E. Sezik (ISTE-8731) - Taslica, Karagalca District, 300 m,
22.1ii.1981, T. Baytop, A. Atilla ISTE-46090). C2 Mugla: Kéycegiz, Yang1 Village, calcareous valley,

Ismail Gokhan DENIZ et al., A morphological investigation on non-apendix Ophrys L. (Orchidaceae) taxa in Antalya province



58 Biological Diversity and Conservation —8/1 (2015)

Figure 8. O. lutea subsp. minor: a- Habit (x0.6), b- Side view of the flower (x2.5), c- Front view of the flower (x2.5), d- Dorsal sepal
(x6), e- Petals (x6), f- Lateral sepals (x6), g- Labellum (x6), h- Side view of the ovary and column (x6), i- Front view of the column
(x9), j- Polinaria (x12), k- Bract (x6).
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Figure 9. Turkey distribution of (a) O. cinereophila, (b) O. phaseliana (@) and O.urteae ().

40-220 m, 22.iii.1991, A. Giiner (8410), H. Duman, H. Sagban (HUB-36344) - Bodrum, Mumcular, Yilan Yatag: District, roadsides,
Pinus brutia forest, 150-200 m, 14.iv.2000, M. Karauzun, E. Dalkesen (0049), (VANF). Antalya: Kas, 7.-8. km of Kag-Kasaba road,
Pinus brutia forest, 206 m, 08.iv.2005, 1.G. Deniz (2482), (AKDU) - Kas, around Patara Ancient City, olive groves, meadows, 62 m,
12.iv.2007, 1.G. Deniz (2621), (AKDU). Denizli: Denizli-Tavas, 23.iii.1957, M. Heilbronn (ISTF-16430). Mugla: Bodrum,
Mumcular, Yilanyatag District, P. brutia forest, 150-200 m, 16.iv.2000, M. Karauzun, E. Dalkesen (0049), (MUH) - Datca, city
center, around holiday houses, maquis places, 10-20 m, 16.ii.2002, O. Varol (3958), (MUH) - Old road Mumcular-Giivercinlik,
around second forests store, P. brutia forest, 110 m, 17.ii.2001, O. Varol (3575), (MUH) - Kéycegiz, Horozlar Village, fieldedges, 10
m, 17.iii.1991, A. Giiner (8234), H. Duman, H. Sagban (HUB-36343) - Old cemetery of Mugla, under Cupressus groves, 670 m,
21.iii.2001, B. Sahranci (135), (MUH) - Mugla Cemetery, 620 m, 17.iii.2003, E. Kaya (70), (MUH) - Mugla-Milas, 10 km to Milas,
Pinus forest, 100-150 m, 16.iv.2000, M. Karauzun, E. Dalkesen (0039), (MUH). C3 Antalya: Between Kemer-Kumluca, 1 km from
Olimpos junction, P. brutia forest, 350 m, 23.iii.1979, H. Pesmen (4216), A. Giiner (HUB-36346) - Kumluca, Adrasan, Pinus brutia
forest, 46 m, 25.iii.2005, I.G. Deniz (2469), (AKDU) - Kumluca, Adrasan, Yazir turnout district, maquis places, 294 m, 09.iii.2007,
L.G. Deniz (2564b), (AKDU) - Kumluca, 5.-6. Km of Kumluca-Altinyaka road, Pinus brutia forest, meadows, 180 m, 17.iv.2007,
180 m, 1.G. Deniz (2635), (AKDU) - Kumluca, around Olimpos Ancient City, Pinus brutia forest, 46 m, 09.iii.2007, 1.G. Deniz
(2570), (AKDU) - Between Harbour-Tiinektepe, edges of the creek, maquis places, 81 m, 05.iii.2006, 1.G. Deniz (2511), B.E.
Tarikahya, D. Sirin (AKDU) - Manavgat, Cayigi District, meadows, 70 m, 15.iii.2005, 1.G. Deniz (2446), (AKDU) - Manavgat,
Kopriilii Kanyon National Park, 5 km N of Sagirin, 148 m, 16.iii.2006, I.G. Deniz (2524), (AKDU) - Manavgat, Kopriilii Kanyon
National Park, Between Tasagil-Sagirin, Pinus brutia forest, 56 m, 11.iii.2005, I.G. Deniz (2443), H. Siimbiil, C. Kemaloglu, O.
Tufan (AKDU) - Manavgat, 3 km W of Oymapmar Dam Lake, olive groves, 170 m, 15.iii.2005, I.G. Deniz (2453), (AKDU) -
Manavgat, Between Oymapinar-Tilkiler, olive groves, 62 m, 20.iii.2004, 1.G. Deniz (2344a), (AKDU) - Manavgat, Taskesigi
Village, fieldedges, 1000 m, 26.iii.1992, Ali A. Dénmez (3108), R.S. Goktiirk, (HUB-36342) - Manavgat, Sorgun Forest, Pinus
brutia forest, 16 m, 19.iii.2007, I.G. Deniz (2600), C. Aykurt, A. Barut (AKDU). C4 Antalya: Alanya, Between Demirtas-Sapadere,
Pinus brutia forest, meadows, 133 m, 15.iii.2007, I.G. Deniz (2571), (AKDU) - Gazipasa, Between Beyobasi-Maha Plateau, Pinus
brutia forest, meadows, 223 m, 15.iii.2007, 1.G. Deniz (2581), (AKDU). C6 Hatay: Giiney, Habib Neccar Mountain, Antakya
district, 15.iii.1975, A. Baytop (ISTE-31331).

4. Conclusions and discussion

In this part of the present study, morphological characteristics of non-appendix 7 Ophrys L. taxa have been discussed and its
differerences and relationship with the close taxa were given. The first taxa of the study is Ophrys speculum Link subsp. speculum
with different shape and indumentum structure of the labellum. The specimens of O. speculum Link were described as a new species
by J.H. Friedrich Link (1800) from the Setubal Province of Portugal. Because the taxa has a blue and shiny labellum, the name was
derived from “speculum”, which means mirror in Latin. The name of O. speculum was not included in the Flora of Turkey at the
species level. Renz and Taubenheim (1984) showed it as the synonym of O. vernixia subsp. vernixia. Putting aside taxonomic
similarities and differences between taxa, the fact that the priority rules do not apply, the nomenclature of this taxon is incorrect in
Flora of Turkey. Link identified O. speculum in Latin and also showed the location clearly in his book, which was prepared for
publication in 1799 and published in 1800. Therefore, the publication is sufficiently correct and valid. Whereas O. vernixia Brot was
defined in Flora Lusitanica in 1804,- four years later, it is remarkable that the type location of both names in close regions of
Portugal. Thus, according to 2006 World nomenclature codes and with the decisions taken within the framework of the 17th World
International Botanical Congress in 2005, organized in Vienna (Austria), O. speculum is in the protected names class and has priority
to other names (Menemen and Dénmez, 2006). For all these reasons, Ophrys speculum Link should be a valid taxon name in Flora of
Turkey. In Turkey the species have two subspecies, O. speculum subsp. speculum and O. speculum subsp. regis-ferdinandii,
showing distribution in the Izmir, Aydin and Mugla Provinces of Turkey. O. speculum subsp. speculum differs from subsp. regis-
ferdinandii with inflorescence 2-9 flowered (not 2-12), the labellum has more dense indumentum and soborbicular (not stretched and
narrowly elongate), middle lobe flattened when compared (not convex), lateral lobes triangular-oblong, and not or slighly spreading
(not linear-oblong and spreading) characteristics.

The first examples of the O. iricolor were collected by Joseph Pitton de Tournefort from the Levant about three hundred
years ago. It is not known exactly where he collected these samples during his Anatolian travels in 1701-1702. Some information
obtained suggests the location to be Samos or izmir (Delforge, 1995). Tournefort identified O. iricolor as “Orchis orientalis fucum
referens, flore maximo, scuto azureo”. These examples were named with binomial nomenclature by Par M. Desfontaines and
published in Choix De Plantes Corollaire Des Instituts De Tournefort. When defining the species, Desfontaines wrote “Ophrys irise”
in parentheses because of the metallic blue color of the flowers and like Iris. O. iricolor is taxonomically close to O. atlantica which
has distribution in Spain, Algeria, Morocco and Tunisia. At first glance these species differ from each other by labellum shapes. The
labellum of O. atlantica is downward from base to end of the speculum (deeply concave at middle) and horizontal to the apex
whereas O. iricolor labellum is slightly convex and in subhorizontal attitude. Furthermore, O. iricolor differs from O. atlantica; the
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petals are shorter and less undulate, the lateral lobe of the labellum short and smaller than the middle lobe, base of the labellum is V-
shaped.

The first examples of the Ophrys omegaifera subsp. israelitica was collected in 1979 by H. Baumann from Zefat in Israel,
and published as O. israelitica (Baumann and Kiinkele, 1988). After O. israelitica was identified in this region, it was found by the
addition of new locations that taxon has a wide distribution area from Israel to Greece. Having a wide distribution area and having
been published recently, it can be interpreted that specimens of the taxon were collected by other researchers previously, but had
been considered different taxa. Indeed, O. fleischmanni and O. omegaifera are very close to each other, as observed by Baumann and
Kiinkele (1988), but they have taxonomic differences that can not be ignored. One of the four recorded collected specimens from C5
Icel: Ulas, Tarsus-Camliyayla and given in the Flora of Turkey by Renz and Taubenheim are evaluated in ISTF herbaria. Plant
samples belonging to O. israelitica were examined in the province of Antalya at the many locations listed under the ‘specimens
examined’ title in the present study. According to results of the field observations and evaluation of many herbarium specimens, it is
determined that those examples identified as O. fleischmanni previously do in fact belong to O. israelitica. O. omegaifera subsp.
israelitica is related to O. omegaifera subsp. omegaifera. It differs from the other subspecies distributed in Turkey by having
labellum of dark brownish to violet brownish, plane on base half and convex (labellum not light brown colored, strongly convex base
and apex like knee) speculum without omega shaped border.

O. phaseliana was described by Dietrich and Ursula Riickbrodt from Phaselis ancient city (Kemer/Antalya), and then the
specimens were described as a new species in 1996 (Riickbrodt and Riickbrodt, 1996). Distribution area of this species, one of the
endemic species of the Turkey, named the ancient city where it was discovered, is limited to the provinces of Mugla and Antalya.
Despite many field studies in the area of the ancient city, no specimens of the species have been identified. Until 2008, O. phaseliana
specimens could not be found in any of the locations mentioned in the literature, and this shows us that the species is critically
endangered in the Antalya Province. The morphological evaluations in the present study are deduced from a single location where the
specimens were found near Kumluca District. O. phaseliana is related to O. cinereophila distributed in the Antalya Province. The
first examples of the O. cinereophila were collected from Neapolis (Greece ) by H.F. Paulus in 1987 (Paulus, 1998). Distribution
area of the species is restricted to the western parts of the Antalya Province, and it is quite remarkable that introduction of the species
collected from Aegean Islands and Cyprus to Turkey after publication was just 16 years ago. O. phaseliana differs from O.
cinereophila by 1-5 flowered inflorescence (not 5-7 (-10) flowered), sepals 11-16 x 5-8 mm (not 7-11 x 4-7.5 mm), labellum not
pressed on the middle part (O. cinereophila labellum pressed on the middle part), yellowish to brownish ribbed or tessellate at apex
part (O. cinereophila without ribbed or tessellate labellum) and 13.5-18.5 x 11.5-16.5 mm (not 7-13 x 5-10.5).

First examples of Ophrys urtea were collected in Tasagil (Serik/Antalya) in 1998 by H.F. Paulus and it was introduced to
the scientific community in 2009 (Paulus, 2009). Ophrys blitopertha is one of the species which is added to the Turkish Ophrys in
the 11th volume of Flora of Turkey. The distribution area of the species is limited to the Izmir and Mugla Provinces of Turkey, and
outside Turkey, it was recorded in the Aegean Islands. The first record of the species in Antalya Province was registered by Kreutz
with 20 individuals in Oymapimar (Manavgat) in 1997. Specimens belonging to the species were examined only from this region
were identified as Ophrys blitopertha. Subsequently, specimens distributed in Tasagil and Manavgat populations were identified as a
new species, Ophrys urteae by Paulus (2009) due to differences of labellum wing shape, flowering time and dedicated pollinator.
Indeed, the epithet name of Ophrys blitopertha comes from its pollinator, Blitopertha lineolata. However, the pollinator of Ophrys
urteae is Blitopertha nigripennis. Besides, O. urteae differs from O. blitopertha by smaller habit and flowers. O. blitopertha has
very flat and dark labellum which is 9-12 in length (not 12-15 mm).

Ophrys lutea was described by Antonio J. Cavanilles in the Valencia Region of Spain, in 1793 (Cavanilles, 1793). Epithet
name of the species was given because of the yellow color of labellum. Due to its morphological characteristics displaying wide
variations, Ophrys lutea is one of the most frequently transferred-to species or subspecies taxa. Ophrys lutea subsp. minor which is
characterized by small flowers primarily denominated as Arachnites lutea var. minor by Augustino Todaro in 1842 . Then in 1844,
Gussone transferred to the Ophrys genus and introduced as Ophrys lutea var. minor. The transmission of the taxon to subspecies
level in Flora of Turkey by O. & E. Danesch took place in 1975. During the publication period, this small flowered variety belonging
to Ophrys lutea was named as Ophrys sicula at species level and Ophrys lutea var. minor Guss. and Arachnites lutea var. minor
Todaro were showed as basionyms of this name by Vincenzo Tineo in 1846 (Tineo, 1846). When Tineo’s study was examined, it is
considered that differences with Ophrys lutea were only flowers size. In fact it is remarkable that Tineo uses the Ophrys sicula name
instead of Ophrys lutea when transferring a taxon to species level. Soo has issued Ophrys lutea subsp. sicula by Ophrys sicula to
subspecies of Ophrys lutea in 1927. Instability among Orchidaceae researchers about Ophrys sicula name has continued until the
present day. Researchers have used various names for the same taxon in different periods and different taxonomic levels. Ophrys
sicula wasn’t included in the 8th and 11th volumes of Flora of Turkey and taxon was evaluated O. lutea when first published. O.
lutea is represented by only one subspecies in our country; Ohrys lutea subsp. minor. This subspecies is related to O. minor subsp.
melena which is distributed from South Balkan Peninsula to the Island of Crete and introduced by Renz in 1928. It differs from this
subspecies by smaller habit and the yellow labellum edges (not orange or dark brownish).

After the present study, taxonomic evaluations will continue with the Ophrys taxa in different groups of Antalya and
Turkey. The wide variation of the characteristics should not be considered as a new taxon in order not to increase the taxonomic
problems of the Ophrys genus. Distributions of the taxa should be well examined and unusual morphological samples taken from the
ends of the distribution region should be evaluated prioritarily as a variation before publishing as a new taxa. In addition to advanced
taxonomic studies, orchid conservation efforts should be carried out to prevent the destruction caused by salep collection. The
protection efforts for critically endangered plant species in Antalya are organised and led by the authors of this study (Deniz, 2011).
One of the projects is the “Ophrys lycia (Lycian Kag Orchid) Conservation Project” which is in it’s second year, supported by The
Scientific and Technological Reseach Council of Turkey (TUBITAK). In order to preserve Ophrys lycia for future generations, a
conservation and research project was created. The other conservation project led by the authors is “Five Wonders of Antalya”. The
project is being carried out by the Association for the Conservation of Antalya Orchids and Biodiversity (CAOB), Akdeniz
University and Antalya Regional Directorate of Forestry and supported by the Turkey’s Life Grant Programme of WWF-Turkey. The
project focuses on five critically endangered species in urgent need of protection and one of them is Ophrys climacis Heimeier &
Perschke (Kemer Orchid). The current distribution range of the plants is being assessed by field studies. The required combinations
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of environmental and ecological factors needed for the growth of the plant species are being studied, and seeds are being collected
and stored in Turkey’s Seed and Gene Bank. Informing the relevant institutions about the studies on endangered species is required
for these and similar studies. Projects which integrate nature conservation efforts and interdisciplinary studies are pioneers for future
regional projects.
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Abstract

Anchovy (Engraulis encrasicolus L., 1758) is a fish species that the most consumed and have intensive fishing
potential in Turkey. Anchovy make a major contribution to fisheries especially in Blacksea, as well as worldwide. In
this study, it was aimed to determine differences in terms of both morphometric and otolith features among Blacksea
and Marmara Seas, 281 individuals obtained from commercial fisherman from between December and February 2014.

24 different type of measurement were taken from the samples to use in morphometry study with the digital
calipers (£0,001 mm). Logarithmic transformation were used to eliminate the variation depending on body size and
shape for morphometric measurements. Otolith breadth (OB) and length (OL), (+ 0.001 mm) were determined by Leica
Application Suit Ver. 3.8 Imaging Software. Otolith weights (OW) were detected for left and right using Pressicia
precision scales (0.0001 g). The results showed that there are statistically differences between Blacksea and Marmara
Sea for otolith length and otolith weight (p<0,05). 15 morphometric measurement of received 24 measurement were
found statistically different acoording to localities (MANOVA, p<0,05).

Key words: Engraulis encrasicolus, Marmara, Blacksea, morphometry, population

%

Karadeniz ve Marmara denizlerinde avlanan Engraulis encrasicolus L., 1758’un baz1 morfometrik ve otolit
ozelliklerinin incelenmesi

Ozet

Hamsi (Engraulis encrasicolus L., 1758) Tiirkiye’de en fazla tiiketilen ve yogun avcilik potansiyeline sahip bir
balik tiiridiir. Diinya ¢apinda oldugu gibi hamsi basta Karadeniz olmak iizere olduk¢a dnemli miktarda balik¢iliga
katki saglamaktadir. Bu ¢alismada, Karadeniz ve Marmara Denizlerinden Aralik 2013 ve Subat 2014 tarihleri arasinda
ticari balikgilardan temin edilen 281 adet 6rnek hem morfometrik hem de otolit 6zellikleri agisindan incelenerek
lokaliteler arasindaki farkliliklar belirlenmeye c¢alisilmistir. Tiir {izerinden 24 farkli 6l¢lim morfometri ¢aligmalarinda
kullanilmak {izere dijital kumpas yardimiyla (+0,001 mm) alinmistir. Tiire ait morfometrik dlglimlerde viicut biiyikligi
ve sekillerine bagli varyasyonlarin ortadan kaldirilmasi igin logaritmik donisiimler kullanilmistir. Otolitler {izerinden,
en ve boy Leica Application Suit Ver. 3.8 marka goriintii analiz programu ile belirlenmistir. Otolit Agirliklar1 sag ve sol
otolitler i¢cin Pressicia marka hassas terazi (0,0001 g) kullanilarak tartilmistir. Elde edilen sonuglar Marmara ve
Karadeniz populasyonlar1 arasinda otolit boyu ve otolit agirliklarinin istatistiksel olarak farkli oldugunu gostermistir
(p<0,05). Alnan 24 morfometrik 6l¢limiiniin 15’inin istatistiksel olarak iki lokalite agisindan farklilik tagidigi
saptanmistir (MANOVA, p<0,05).

Anahtar kelimeler: Engraulis encrasicolus, Marmara, Karadeniz, morfometri, populasyon
1. Giris

Hamsi (Engraulis encrasicolus L., 1758) Tiirkiye’de en fazla tiiketilen ve yogun avcilik potansiyeline sahip
balik tiirlerinden bir tanesidir. Diinya ¢apinda oldugu gibi hamsi, basta Karadeniz olmak tizere Tiirkiye’de de oldukga
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o6nemli bir miktarda balik¢iliga katki saglamaktadir. Tiir kisa bir hayat dongiisiine sahiptir. Hamsi (Engraulis
encrasicolus L., 1758) olduk¢a onemli bir zooplanktivordur ve sistemdeki diger planktivorlar ile yaris halindedir
(Daskalov vd., 2007). Avrupa hamsisi olarak da bilinen tiir, Dogu Atlantik sahilleri boyunca Iskandinavya’dan Bati
Afrika’ya kadar yayilan Akdeniz, Karadeniz ve Azak Deniz’lerinde de bulunan kiiciik bir Clupeoid’dir (Whitehead vd.,
1988). Bununla birlikte, son zamanlardaki kanitlar tiiriin dagilimmmm daha da giineye dogru kaydigmi, Hint
Okyanusu’nun bir kismma ve Giiney Afrika’ya kadar uzandign ileri siirmektedir (Borsa vd., 2004; Kristoffersen ve
Magoulas, 2008). Dagilim alant bu kadar genis olan tiirin farkli stoklara sahip oldugu bilinmektedir. Farkli birim
stoklar1 ayirt etmek balik¢ilik bilimi ve yOnetimi igin temel bir gerekliliktir (Cushing, 1968). Stok ayriminin
gerceklestirilmesi igin farkli yontemler kullanilmakla birlikte, en yaygm olarak tercih edilen yontemlerden bir tanesi
morfometrik tanimlamadir.

Tiir i¢i varyasyonlarin saptanmasinda morfometrik 6zellikler olduk¢a dnemli belirteglerdir. Morfometri, stok
tanimlamast i¢in kullanilan ¢oklu yontemlerden sadece birisidir (Ihssen vd., 1981). Ayni tiiriin farkli alanlarda yasayan
populasyonlar: arasindaki farkliliklar morfometrik caligmalar ile agiklanabilmektedir. Sekil ol¢limleri ile birlikte
morfometrik galigmalar, populasyonlar arasindaki varyasyonlarin anlagilmasimni, tanimlanmasini ve analiz edilmesini
saglamaktadir (Caneco vd., 2004). Morfolojik ve morfometrik varyasyonlar ¢evresel sartlardan etkilenmektedirler, bu
sebeple farkli gevresel sartlara sahip alanlarda yasayan gruplarin karsilastirilmasinda g¢ok kullamigli degillerdir
(Kristoffersen ve Magoulas, 2008). Bu anlamda gergeklestirilecek olan ¢alismalarin genetik veriler ile de desteklenmesi
¢ok daha iyi sonuglar ortaya ¢ikarabilecektir.

Otolitler de, tiir i¢i ve tiirler aras1 varyasyonlarin karsilastirildigi ¢alismalarda ¢ogunlukla kullanilmaktadirlar.
Otolit ozellikleri ¢evresel, fizyolojik ve genetik faktorlerin kontrolii altindadir (Javor vd., 2011). Bu sebeple otolit
morfometrisi ve biyometrisi sistematik tabanli ¢aligmalarda oldugu gibi bir¢ok farkli ¢alismada da kullanilmaktadir
(Lombarte ve Lleonart, 1993; Tuset vd., 2003; Swan vd., 2006; Bani vd., 2013).

Hamsinin morfolojik 6zellikleri ile ilgili ilk ¢aligmalar tiiriin taksonomisini ilgilendiren c¢aligmalardir
(Aleksandrov, 1927). Ulkemiz sularinda mevcut olan hamsi populasyonlarinin gesitli biyolojik 6zelliklerinin incelendigi
birgok caligma  mevcuttur (Gordina vd., 1997; Turan vd., 2004; Erdogan vd., 2009; Bingel ve Giicii, 2010). Son
yillarda gergeklestirilen c¢aligmalarda tiiriin genetik yapisinin belirlenmesi 6n plana ¢ikmaktadir (lvanova ve
Dobrovolov, 2006; Kristoffersen ve Magoulas, 2008; Erdogan vd., 2009).

Bu caligma ile birlikte Tiirkiye’de balik¢ilik faaliyetlerinde 6nemli bir role sahip olan hamsinin Karadeniz ve
Marmara Denizi populasyonlarinin bazi morfometrik ve otolit 6zelliklerinin incelenerek aralarindaki farkliliklarin tespit
edilmesi amaglanmustir.

2. Materyal ve yontem

Bu caligmada, Karadeniz ve Marmara Denizleri’nden Aralik 2013 ve Subat 2014 tarihleri arasinda aylik olarak
ticari balikcilardan temin edilen 281 adet drnek kullanilmistir. Ornekler inceleninceye kadar derin dondurucuda
muhafaza edilmistir. Laboratuvara getirilen drneklerin incelenmeye baslanmadan Once iizerlerindeki artik materyal
uzaklastirilmistir. Ornekler mumlu kiivetler igerisine sabitlenerek morfometrik dlgiimler alinmistir. Tiir iizerinden 24
farkli 6l¢tim degeri (Total Boy, Bas Yiiksekligi, Bag Genisligi, Predorsal Uzunluk, Postdorsal Uzunluk, Dorsal Yiizgeg
Uzunlugu, Dorsal Yiizgeg Yiiksekligi, Pektoral Yiizge¢ Uzunlugu, Anal Yiizgeg Uzunlugu, Ventral Yiizge¢ Uzunlugu,
Kaudal Yiizge¢ Yiiksekligi, Kaudal Yiizge¢ Uzunlugu, G6z Caps, Interorbital Mesafe, Postorbital Mesafe, Internasal
Mesafe, Dorsal-Kaudal Aras1 Mesafe, Pektoral-Ventral Aras1t Mesafe, Ventral-Anal Aras1 Mesafe, Anal-Kaudal Arasi
Mesafe, Kaudal Pedankiil Yiksekligi, Minimum Viicut Genigligi, Maksimum Viicut Genisligi) morfometri
caligmalarinda kullanilmak tizere dijital kumpas yardimiyla (£0,001 mm) almmustir. Tiire ait morfometrik dl¢timlerde
viicut bilyiikliigii ve sekillerine bagl varyasyonlarin ortadan kaldirilmasi igin logaritmik doniigiim kullanilmustir.

Morfometrik karakterlerde meydana gelebilecek varyasyonlarin ¢ogu boyutla alakalidir (Junquera ve Perez-
Gandaras, 1993). Bu sebeple sekil analizleri sonuglarin yanlis yorumlanmasinin engellenebilmesi i¢in boyut etkisi goz
oniinde bulundurulmadan gerceklestirilmelidir (Strauss, 1985).

Otolit agirliklar1 (OA) Presicia marka hassas terazi kullanilarak (0,0001 g) sag ve sol otolitler i¢in ayr1 ayr1
tartilmigtir. Zarar gormiis olan otolitler degerlendirmeye tabi tutulmamistir. Otolitler lizerinden en (OE) ve boy (OB)
(20,001 mm) &lgtimleri Leica Application Suit Ver. 3.8 marka goriintli analiz programu ile belirlenmistir. Tim otolitler
distal yiizeylerinden Leica DFC295 marka dijital kamera ile fotograflanmistir. Gergeklestirilen analizlerde total boy
(£0,1 cm) esas almmugtir.

Orneklerin cinsiyet tayinleri makroskobik olarak gerceklestirilmistir. Oncelikle drneklerin hem sag ve sol
otolitleri hem de cinsiyetleri arasinda fark olup olmadig t testi ile test edilmistir. Tiim degigskenlerin normal dagilima
uygunlugu Kolmogorov-Smirnov testi kullanilarak belirlenmistir.

Istatistiksel analizler Tek Yénlii Varyans Analizi (ANOVA) ve Cok Degiskenli Varyans Analizi (MANOVA)
kullanilarak SPSS 20, Minitap 15.0 ve Excell paket programlar1 kullanilarak gergeklestirilmistir.

Melek ZENGIN et al., Investigation of some morphometric and otolith features of Engraulis encrasicolus L., 1758 fished in Blacksea and Marmara
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3. Bulgular

Karadeniz (150) ve Marmara Denizleri’nden (131) toplamda 281 o6rnek temin edilmistir. Gergeklestirilen
analizler sonucunda disi ve erkek bireyler arasinda istatistiki agidan herhangi bir farklilik bulunamamistir (p>0,05).
Tim populasyonun boy dagilimi 9,2-14.7 cm ve agrlik dagilimi ise 4,15- 20,80 g arasinda degigsmektedir (Tablo 1).
Istatistiksel hesaplamalar yapilmadan énce orneklerden alman tiim 6lgiim degerlerinin normal dagilima uygunluklar
test edilmistir. Lokalitelere gére Engraulis encrasicolus tiiriiniin tanimlayici istatistik degerleri Tablo 2 ve Tablo 3’te
gosterilmistir.

Tablo 1. Karadeniz ve Marmara drneklerinin cinsiyet dagilimlari, boy ve agirlik degerleri
Table 1. Sex distribution, length and weight values of Black and Marmara Seas

LOKALITE N CINSIYET (D/E) TOTAL BOY (cm) AGIRLIK (g)
KARADENIZ 150 85/65 9,2-13,0 4,15-13,68
MARMARA 131 67/64 9,7-14,7 5,12-20,80

Tablo 2. Karadeniz 6rneklerine ait tanimlayici istatistik degerleri
Table 2. Descriptive statistics of Blacksea samples

DEGISKENLER Minimum Maximum Ort. St. Hata St. Sapma
Total Boy 9,20 13,00 11,1900 ,06963 ,85277
Bas Yiiksekligi 5,24 24,35 11,8661 ,14315 1,75316
Bas Boyu 12,34 29,81 23,6301 ,17503 2,14363
Predorsal Uzunluk 36,83 59,94 48,4363 ,34373 4,20987
Postdorsal Uzunluk 31,87 68,70 58,8667 ,47886 5,86479
Dorsal Y. Uzunlugu 8,13 21,78 11,2608 ,12521 1,53349
Dorsal Y. Yiiksekligi 8,11 17,05 12,6436 11274 1,38084
Pektoral Y. Uzunlugu 7,53 15,87 12,7480 10502 1,28620
Anal Y. Uzunlugu 9,65 20,42 14,9877 ,13403 1,64157
Ventral Y. Uzunlugu 4,93 13,70 8,6444 ,10002 1,22494
Kaudal Y. Uzunlugu 13,44 22,11 17,0541 ,13038 1,59679
Kaudal Y.Yiiksekligi 7,36 28,80 22,1705 ,26768 3,27841
Goz Capi 4,63 8,39 6,0770 ,05052 ,61878
Interorbital Mesafe 2,30 5,38 4,2197 ,03808 ,46640
Preorbital Mesafe 2,77 5,84 4,1210 ,04373 ,53562
Postorbital Mesafe 9,47 13,15 11,1756 ,06309 17271
Internasal Mesafe ,80 2,60 1,7872 ,02259 27664
K-D Arasi 24,97 63,18 35,6737 ,36752 4,50113
P-V Arasi 14,71 29,88 21,9051 ,21718 2,65985
V- A Arasi1 9,15 94,00 20,7366 ,53613 6,56626
A-K Aras1 1,83 25,13 15,6448 ,23033 2,82099
Kaudal Pedankiil Y. 5,80 10,89 6,8507 ,04669 57179
Min. Viicut Yiik. 5,97 11,24 7,5909 ,05642 ,69100
Max. Viicut Yiik. 11,70 20,00 15,5165 ,12037 1,47426

Cinsiyetlere gore morfometrik dl¢iimlerin istatistiki agidan herhangi bir farklilik tasiyip tagimadiklart ANOVA
ile test edilmistir (p>0,05). Cinsiyetler arasinda herhangi bir istatistiksel farklilik saptanmadigi i¢in tiim hesaplamalar
populasyon genelinde gergeklestirilmistir.

Orneklerin total boylar1 Karadeniz ve Marmara igin sirasiyla 9.2-13.0 ile 9.7-14-7 cm, agirlik degerleri 4,15-
13,68 g ve 5,12-20,80 g arasinda degismektedir. Tiir lizerinden alman morfometrik Olgiimler lokalitelere gore
degerlendirildiginde 15 6l¢lim degerinin istatistiki olarak farkli oldugu belirlenmistir (MANOVA, P<0.001, Tablo 4)

Morfometrik dlgiimlerde boyut farkliliklarindan kaynaklanacak hatalarm minimum seviyeye diisiiriilmesi i¢in
logaritmik déniisiim kullanilmistir. Istatistiksel olarak énemli olan bu 15 dlgiimden bas yiiksekligi, bas boyu, predorsal
uzunluk, postdorsal uzunluk, kaudal yiizgeg-dorsal ylizge¢ arast mesafe, anal yiizge¢-kaudal yiizge¢ arasi mesafe ve
kaudal pedankiil yiiksekliginin istatistiksel olarak populasyonlar arasinda Onemli diizeyde farklilik tasidiklari
belirlenmistir.

Eldeki verilerin desteklenmesi igin tiirlin bazi otolit Ozellikleri de lokalitelere gore karsilastiriimistir.
Analizlerde kullanilmak iizere tiiriin sag ve sol otolitleri alimmistir. Ancak sag ve sol otolitler arasinda herhangi bir
farklilik olmadig1 igin analizlerde sadece sol otolitler tercih edilmistir (P>0,05). Orneklenen Engraulis encrasicolus
tiiriiniin otolit boyu, otolit eni ve otolit agirliklari degerlendirilmistir. Elde edilen sonucglar Marmara ve Karadeniz
populasyonlarinda disi ve erkek bireylerde otolit boyu ve otolit agirliklar1 arasinda istatistiksel olarak 6nemli derecede
farkliliklarin oldugunu ortaya ¢ikarmistir (p<0,05). Otolit eni ise lokaliteler arasinda farklilik gdstermemektedir (Tablo
5).
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Tablo 3. Marmara drneklerine ait tanimlayici istatistik degerleri

Table 3. Descriptive statistics of Blacksea samples

65

DEGISKENLER Minimum Maximum ort. St. Hata St. Sapma
Total Boy 9,70 14,70 12,0359 ,09108 1,04249
Bas Yiiksekligi 10,04 16,36 12,8186 ,10055 1,15083
Bas Boyu 19,74 30,59 24,7076 ,16903 1,93469
Predorsal Uzunluk 40,57 64,25 51,4921 39609 4,53350
Postdorsal Uzunluk 50,56 77,70 62,6965 47456 5,43161
Dorsal Y. Uzunlugu 8,67 14,04 11,2956 ,10420 1,19263
Dorsal Y. Yiiksekligi 10,43 14,96 12,9472 ,08779 1,00486
Pektoral Y. Uzunlugu 10,30 16,32 12,8634 ,09699 1,11012
Anal Y. Uzunlugu 11,04 18,33 14,4307 ,13098 1,49919
Ventral Y. Uzunlugu 6,75 11,49 8,6965 ,08399 ,96131
Kaudal Y. Uzunlugu 12,24 21,31 17,4282 ,13207 1,51157
Kaudal Y.Yiiksekligi 18,80 29,50 23,2422 ,18550 2,12317
Goz Capi 4,28 8,71 6,0759 ,06048 ,69226
Interorbital Mesafe 3,28 5,81 4,2182 ,04184 47890
Preorbital Mesafe 3,33 5,15 4,1382 ,03422 ,39165
Postorbital Mesafe 9,20 13,70 11,2812 ,07312 ,83688
Internasal Mesafe 1,07 2,26 1,6963 ,01917 ,21944
K-D Arasi 26,67 47,94 37,6323 ,37264 4,26505
P-V Arasi 15,89 32,11 22,7630 ,28097 3,21585
V- A Arasi 13,88 29,41 21,2125 21374 2,44641
A-K Arasi 8,56 21,84 16,7650 ,17184 1,96683
Kaudal Pedankiil Y. 5,97 9,55 7,2844 ,05452 ,62399
Min. Viicut Yiik. 6,35 9,79 7,8008 ,06216 ,71148
Max. Viicut Yiik. 12,20 19,99 15,6789 ,16599 1,89985

Tablo 4. Morfometrik 6lgiimlerin lokalitelere gore karsilastirilmasi

Table 4. Comparison of morphometric measurements according to localities

MARMARA-KARADENIZ
DEGISKENLER P
Bas Yiiksekligi 0,000*
Bas Boyu 0,000*
Predorsal Uzunluk 0,000*
Postdorsal Uzunluk 0,000*
Dorsal Y. Uzunlugu 0,688
Dorsal Y. Yiiksekligi 0,023*
Pektoral Y. Uzunlugu 0,362
Anal Y. Uzunlugu 0,004*
Ventral Y. Uzunlugu 0,520
Kaudal Y. Uzunlugu 0,043*
Kaudal Y.Yiiksekligi 0,001*
Goz Capr 0,908
Interorbital Mesafe 0,988
Preorbital Mesafe 0,558
Postorbital Mesafe 0,290
Internasal Mesafe 0,010*
K-D Arasi 0,000*
P-V Arasi 0,021*
V- A Arasi 0,039*
A-K Arasi 0,000*
Kaudal Pedankiil Y. 0,000*
Min. Viicut Yiik. 0,012*
Max. Viicut Yiik. 0,557
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Tablo 5. Otolit 6zelliklerinin karsilastirma tablosu
Table 5. Comparison of otolith features

LOKALITE CINSIYET DEGISKEN P
Otolit Boy* 0.000"
D-D Otolit En _ 0.172
KARADENIZ Otol%t Agirlik 0.000*
MARMARA Otol!t Boy* 0.000
E-E Otolit En 0.229
Otolit Agirhk” 0.000"

4. Sonuglar ve tartisma

Engraulis encrasicolus L., 1758 tiirii diinya ¢apinda balik¢iliga oldukga ciddi boyutlarda katki saglayan balik
tiirlerinden bir tanesidir. Hamsi Tiirkiye sularinda da Karadeniz, Marmara ve Ege Denizleri’nde bulunan ve Marmara ve
Karadeniz’de en fazla avciligi yapilan balik tiiridiir (Turan vd., 2004). Tiriin morfometrik, genetik ve otolit
Ozelliklerinin incelenmis oldugu farkli ¢alismalar mevcuttur (Caneco vd., 2004; Turan vd., 2004; Gonzales- Salas ve
Lenfant, 2007; Kristoffersen ve Magoulas, 2008; Erdogan vd., 2009). Morfometri ¢aligmalar1 balik stoklar1 arasindaki
farkliliklarin ortaya ¢ikarilmasi i¢in geleneksel olarak tercih edilen yontemlerden bir tanesidir (Silva, 2003; Chen vd.,
2010; Khan vd., 2012; Mollah vd., 2012). Balik stoklarmin birbirlerinden ayirt edilebilmeleri etkili bir balik¢ilik
yonetiminin ortaya ¢ikarilmasini saglamaktadir (Kutkuhn, 1981). Bu sebeple gergeklestirilen bu ¢aligmada, Karadeniz
ve Marmara’dan drneklenmis olan hamsinin bazi1 morfometrik ve otolit 6zellikleri incelenerek populasyonlar arasindaki
farkliliklar degerlendirilmeye ¢aligilmistir.

Tiirlin total boyu Karadeniz ve Marmara denizlerine gore sirasiyla 9,2-13,0 ve 9,7-14,7 cm arasinda degisim
gostermektedir. Orneklerin hem cinsiyetleri hem de sag ve sol otolitleri arasinda istatistiki bir farklilik tespit
edilememistir. Toplamda 281 bireyden alinan 24 morfometrik 6l¢iim degerinin 15’inin populasyonlara gore farklilik
tagidiklar1 ortaya c¢ikarilmistir. Turan ve digerleri (2004) Karadeniz, Ege ve Akdeniz’den temin edilen orneklerin
morfometrik yapilanmasini incelemisler ve bu ¢aligma ile benzer sonuglar elde etmislerdir. Bas yiiksekligi, bas boyu,
predorsal uzunluk, postdorsal uzunluk, dorsal ylizge¢ yiiksekligi, anal yiizge¢ uzunlugu, kaudal ylizge¢ uzunlugu,
kaudal yiizgeg yiiksekligi, intersal mesafe, kaudal ylizgeg-dorsal yiizgeg aras1 mesafe, pektoral ylizgeg-ventral ylizgeg
aras1 mesafe, ventral ylizgeg-anal yiizge¢ arasi mesafe, kaudal pedankiil yiiksekligi ve minimum viicut yiiksekligi
degerleri lokaliteler arasinda istatistiksel olarak farklilik tagimaktadir. Bazi arastirmacilar ¢evresel sartlarm tiirlerin
morfolojik dzelliklerinin degisimleri {izerinde etkili oldugunu ileri siirmektedirler (Winans, 1984; Kinsey vd., 1994).
Traina ve digerleri (2011) Sicilya, Tunus ve Adriyatik Denizi’nden temin etmis olduklar1 6rneklerin morfometrik
ozelliklerini incelemisler, Tunus ve Sicilya populasyonlarinin birbirlerine daha yakin olduklarini ileri stirmiislerdir.

Tiirkiye sularinda, hamsi Karadeniz ve Marmara denizleri arasinda go¢ gergeklestirmektedir. Ivanov ve
Beverton’a (1985) gore hamsi yumurtlamak ve beslenmek igin Karadeniz’in kuzey kesimine 6zellikle de kuzey bati
sahanlik alanina go¢ etmektedir. Marmara Denizi hamsileri beslenmek ve yumurtlamak i¢in Karadeniz’e girmekte ve de
kisin Marmara’ya donmektedirler (Bingel ve Giicii, 2010). Hamsi bazi alanlarda genellikle {iremek i¢in estuarin
bolgelere, lagiinlere ve gollere girig yapabilmektedir (Gonzales-Salas ve Lenfant, 2007). Bahsedilen tiim bu hamsilerin
tek bir stoga dahil bireyler mi yoksa birden fazla stogun bireyleri mi olduklar1 konusunda halen soru isaretleri
mevcuttur. Bu sebeple de Tiirkiye balik¢iliginda olduk¢a 6nemli bir role sahip olan tiiriin basta morfometrik 6zellikleri
olmak tizere diger 6zellikleri de kullanilarak stok durumlari degerlendirilmeye galisilmaktadir.

Otolit 6zellikleri de stok ayrim ¢aligmalarinda ¢ogunlukla kullanilmaktadir (Cadrin ve Friedland, 1999; Tuset
vd., 2006; Javor vd., 2011; Kristoffersen ve Magoulas, 2008; Sadighzadeh vd., 2014). Bu ¢alismanin sonuglarina gore
otolit agirlig1 ve otolit boyu degerleri Karadeniz ve Marmara Ornekleri arasinda istatistiksel olarak farklilik tasirken
otolit eni farkli degildir (P<0,001). Stok karsilagtirma c¢alismalarinda otolit agirligi ve otolit boyunun birer ayirici
karakter olarak kullanilabilecekleri bu anlamda 6nerilmektedir.

Tiriin farkli stoklar1 arasinda otolit 6zelliklerinin kargilastirildigi bir c¢alismaya rastlanilmadigi igin
karsilastirma yapilamamistir. Ancak Gonzales-Salas ve Lenfant (2007) g¢alismalarinda farkli harmonik degerleri
kullanarak Engraulis engrasicolus tiiriiniin otolit seklini incelemislerdir. Zorica ve digerleri (2010)’de yine tiire ait bazi
otolit dzelliklerini ortaya ¢ikarmaya ¢aligmiglardir.

Gergeklestirilen bu caligma ile birlikte elde edilen veriler degerlendirildiginde Karadeniz ve Marmara
Denizleri’'nde yogun avcilik baskisina maruz kalan hamsinin (Engraulis encrasicolus L.,1758) bazi morfometrik ve
otolit dlclimleri incelenerek aralarindaki farkliliklar degerlendirilmistir. Populasyonlar arasinda dlciim degerlerinin
farkliliklar tasgimasmin bundan sonra gerceklestirilecek olan stok ayrim ¢alismalarma katki saglayacag:
distiniilmektedir. Ayni tiiriin 6rneklerinin farkli gevresel sartlardaki yasamlari hem otolit sekillerini hem de tiirlerin
morfometrik 6zelliklerini etkilemektedir. Dolayisiyla Engraulis encrasicolus L.,1758 tiiriiniin morfometrik 6zellikleri
ve otolit dzellikleri kullanilarak stok ayrimlarmin yapilmasini amaglayan ¢aligmalarda genetik 6zelliklerin ve ¢evresel
faktorlerin goz dniinde bulundurulmasi 6nerilmektedir.
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Abstract

It is known that wild fruits, naturally grown in forest regions, are very important sources in terms of nutrient
contents. In recent years, people are beginning to take care for consuming natural foods, because of their positive effects
on health and the studies related with natural plants and fruits have also increased. Our country has a fairly rich
diversity in wild fruits, which are consumed as food. In previous studies, wild fruits have been mostly examined in
terms of food ingredients, while the antimicrobial properties of this type of fruits have been investigated in a limited
number of studies. In this review, antimicrobial agents found in wild fruits, their antimicrobial mechanism and the
effects on pathogenic microorganisms, important in food microbiology, were evaluated.

Key words: wild fruit, phenolic compounds, antimicrobial, pathogen

*

Yabani meyvelerin antimikrobiyal 6zellikleri

Ozet

Yaygin olarak ormanlik alanlarda dogal olarak yetisen yabani meyvelerin besin igerikleri a¢isindan oldukca
onemli kaynaklar oldugu bilinmektedir. Son yillarda insanlarmn saglik {izerine olumlu etkilerinden dolay1 dogal gidalarla
beslenmeye 6zen gostermeye baslamasiyla birlikte dogal bitki ve meyvelerle ilgili olarak yapilan galigmalar da artis
gostermistir. Ulkemiz, gida olarak tiiketilen yabani meyveler agisindan oldukca zengin ¢esitlilige sahiptir. Bu konuda
yiriitilen onceki caligmalarda yabani meyveler daha ¢ok gida igerikleri agisindan incelenmis, bu tip meyvelerin
antimikrobiyal 6zelliklerinin belirlenmesine yonelik olarak ise sinirl sayida ¢alisma yapilmistir. Bu derlemede, yabani
meyvelerde antimikrobiyal 6zellik gosteren maddeler, bu maddelerin antimikrobiyal etki mekanizmas1 ve gida
mikrobiyolojisi agisindan oOnemli olan patojen mikroorganizmalar {izerine etkilerini inceleyen c¢aligmalar
degerlendirilmistir.

Anahtar kelimeler: yabani meyve, fenolik bilesikler, antimikrobiyal, patojen
1. Giris

Yabani meyve terimi, ekimi yapilmadan belli bir bolgede gelisen bitkiler igin kullanilmaktadir (Chua-Barcelo,
2014). Son yillarda yabani meyveli orman agaglarinin korunmasi adma yapilan ¢alismalar ve eylem planlar1 dahilinde,
bozulan ekosistem dengesine olumlu katki saglanarak, yaban hayatinin dogal ortami kendi yasam dongiisii i¢erisinde
desteklenmeye calisilmaktadir (BOBM, 2012). Ekolojik dengenin korunmasmin yani sira bu tip meyvelerin tiiketiminin
birgok faydasi da bulunmaktadir. Genel olarak dut, ¢ilek, erik, bogiirtlen, ahududu, Frenk iiziimii, yaban mersini,
miirver meyvesi gibi tiirleri iceren bu tip meyvelerin antioksidan kapasiteleri oldukca yiiksektir (Tosun ve Yiiksel,
2003). Giiniimiizde tiiketicilerin herhangi bir kimyasal koruyucu icermeyen, dogal ve saglikli gidalari tiikketme konusuna
Onem gostermeye baslamasiyla birlikte, tibbi 6zellikleri, besin degeri, vitamin ve mineral icerikleri agisindan 6nemli
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kaynaklar olarak kabul edilen yabani meyveler iizerine yapilan ¢aligmalar da artis géstermistir (Nahar et al., 1990; Fu et
al., 2010). Meyvelerin besin degerinin belirlenmesinde en 6nemli faktdriin mineral igerikleri oldugu bildirilmektedir
(Valvi ve Rathod, 2011). Yabani meyvelerde bulunan en 6nemli minerallerin potasyum, kalsiyum ve magnezyum
oldugu, saglikli bir yasam siirmek i¢in bu minerallerin giinlik diyette yeterli miktarda almmasi gerektigi
bildirilmektedir (Lechaudel et al., 2005; San et al., 2009).

Farkli meyve tiirlerinin tiiketiminin insan saglii lizerinde onemli faydalar sagladigi bildirilmekte, bunun
nedeni olarak meyvelerin hastaliklar1 onleme konusunda 6nemli olan fitokimyasallar agisindan zengin kaynaklar olmasi
gosterilmektedir. Yapilan epidemiyolojik ¢aligmalar, meyve sebze tiiketimi ile kardiyovaskiiler hastaliklarin (Hu, 2003;
Ikram et al., 2009), baz1 kanser hastaliklarinin (Ikram et al., 2009), bagisiklik sistemi problemlerinin, artrit, inflamasyon
ve beyin fonksiyonu bozukluklarinin olusumlarmin (Leong ve Shui, 2002) azaldigim géstermistir. Ozellikle yabani
meyveler, makromolekiillerin oksidasyonunu engelledikleri ve oksidatif stresi azaltarak dejeneratif hastaliklarin riskini
azalttiklar1 i¢in insan sagligma faydal olarak kabul edilen flavonoidler, fenolikler, karotenoidler ve vitaminler gibi
farkli tiirde antioksidan bilesikleri icermektedirler (Prior et al., 2003; Heber, 2004; Rangkadilok et al., 2007; Kubola et
al.,, 2011). Meyve ve sebzelerin rengi, lezzeti ve dayaniklilig1 iizerine etkili olan bu fenolik maddeler, antioksidan,
antikarsinojen, antimutajen ve antimikrobiyal aktivite gostermeleri bakimindan da insan sagligi ile yakindan
iligkilidirler (Argiles et al., 1998; De Groot ve Rauen 1998; Parthasarathy 1998; Smith et al., 2000).

2. Dogal antimikrobiyal maddeler

Antimikrobiyal bilesikler ¢cogunlukla ikincil metabolitler olan fenoller ve bunlarin oksijen-ikame tiirevleri
olarak bitki ve/veya meyvelerde bulunmaktadir. Bitkilerde antimikrobiyal etkiden sorumlu olan temel bilegikler
fenolikler, fenolik asitler, kuinonlar, saponinler, flavonoidler, taninler, kumarinler, terpenoidler ve alkaloidler olarak
bilinmektedir (Gyawali ve Ibrahim 2014). Bitki ekstraktlarinda bulunan biyoaktif fitokimyasallarm kalitatif ve
kantitatif olarak degisim gostermesi, farkli antimikrobiyal etkilerin olusmasina neden olmaktadir. Yeterli etkinligin
saglanmasmda gerekli dogal koruyucu seviyesi, gidalarda laboratuar ortamimnda kullanilan besiyerlerine oranla daha
yiiksek olabilmekte ve bu durum gidanm organoleptik 6zelliklerini olumsuz yonde etkileyebilmektedir (Negi, 2012).
Antimikrobiyal etkinin saglanmasinda bitki ve meyvelerden elde edilen esansiyel yaglar ve ekstraktlar rol almaktadir.

Esansiyel yaglar bitkilerden (gicek, sap, tohum, yaprak, ince dal, yabani ot, meyve ve kokler) destilasyon
yoluyla elde edilen aromatik yaglardir. Gidalarda kullanilan esansiyel yaglarin her bir bileseni ya bitki materyalinden
ekstrakte edilmekte, veya sentetik olarak iiretilmektedir. Esansiyel yaglar terpenler, alkoller, asetonlar, fenoller, asitler,
aldehidler ve esterler gibi farkli bilesiklerin karisimindan olugmakta ve genellikle gidalarda aroma artiric1 ve
antimikrobiyal bilesik olarak veya ilaglarda fonksiyonel bilesikler olarak kullanilmaktadirlar (Burt, 2004; Corbo et al.,
2009). Yapilan farkli ¢alismalar esansiyel yaglar ve bunlarin aktif bilegenlerinin patojenler ve bozulma yapan
mikroorganizmalar iizerine etkisinin esansiyel yagin pH degerine, kimyasal yapisina, konsantrasyonuna bagl olarak
degisim gosterdigini, bununla birlikte mikroorganizmanin tiir ve sayismm da onemli oldugunu ortaya koymaktadir
(Negi, 2012).

Bitki ekstraktlarmin antimikrobiyal etkisi, farkli komponentlerden kaynaklanmakta ve bunlarin bazilarim
fitokimyasal bilesikler olusturmaktadir. Antimikrobiyal etkinin olusumunda, polifenollerin bakteri membrani tarafindan
absorbsiyonu neticesinde membranin pargalanmasi ve hiicre ici maddenin disar1 sizmasi, ayrica polifenollerden de
hidroperoksitlerin iiretilmesi 6nemli rol almaktadir (Ikigai et al., 1993; Akagawa et al., 2003). Fenolik maddelerce
zengin tat verici yabani ot ve baharat ekstraktlarinin birgogu bakteri, kiif ve mayalara karsi antimikrobiyal ve
antioksidan etki gostermektedir (Yanishlieva et al., 2006; Tajkarimi et al., 2010).

3. Meyvelerde bulunan fenolik maddeler

Yapisinda bir veya birden fazla hidroksil grubunun bulundugu, aromatik halka iceren, gida renginin sar1 veya
yogun kirmizidan maviye degisim gostermesinden sorumlu maddeler olan fenolik bilesikler, bitkilerde fazla miktarda
bulunan sekonder metabolitlerdir (Acar ve Gokmen, 2014). Fenolik bilesikler kilcal dolasim sisteminde gecirgenligi
diizenleyici ve kan basmcim digiiriicii etki gostermekte ve bu nedenle de P faktorii veya P vitamini olarak da
bilinmektedir. Ozellikle yabani meyvelerde yaygin olarak bulunan fenolik asitler Tablo 1° de verilmistir.

enolik maddeler basit fenolik maddeler ve polifenoller olmak {izere iki gruba ayrilmakla beraber meyve ve
sebzelerde yaygin olarak bulunan fenolik maddeler fenolik asitler (hidroksibenzoik asitler ve hidroksisinamik asitler),
flavonoidler ve kiiglik molekiillii ve ¢ogunlukla ugucu bilesikler olmak iizere ii¢ kisimda incelenmekte, flavonoidler ise
antosiyanidinler, flavonoller, flavonlar, flavanonlar, flavanoller ve izoflavonoidler olmak fiizere alt1 alt gruba
ayrilmaktadirlar (Acar ve Gokmen, 2014). Meyvelerde fenolik bilesikler dis yiizeyde yer almakta olup olgunlasma
sliresince miktarlar1 degigsmektedir (Mphahlelea et al., 2014). Polifenol yapisinda ikincil metabolitler olarak bilinen
taninler, 6zellikle hasat 6ncesi meyvelerde meydana gelebilecek mikrobiyal enfeksiyonlara karsi dogal bir savunma
mekanizmas1 olustururlar. Taninler de diger fenolik maddeler gibi bakteriler, kiifler, mayalar ve bazi viriisler {izerine
antimikrobiyal etkileri bulunmaktadir (Scalbert, 1991). Tablo 2’de yabani meyvelerde yaygin olarak bulunan
flavonoidler ve taninler yer almaktadir.
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Tablo 1. Bazi meyvelerde yaygin olarak bulunan fenolik asitler (Acar ve Gékmen, 2014’den adapte edilmistir).

Fenolik asitler Armut Ahududu Bogiirtlen  Cilek Erik Frenk iiziimii
Ellaik asit +

Ferulik asit + + + +
Gallik asit +

Gentisik asit +

Izoklorojenik asit + +

Kafeik asit +

Klorojenik asit + + + + + +
Kriptoklorojenik asit + +

Kuinik asit

Neoklorojenik asit + + + + + +
p-hidroksibenzoik asit +

p-kumarik asit + + +
Prokatesuik asit +

Salisilik asit +

Vanillik asit +

Fenolik maddelerin farmakoloji alaninda kullanimlar1 oldukca genistir. Ila¢ sanayinde fenolik maddelerin
Ozellikle antimikrobiyal 6zelliklerinden yararlanilmaktadir. Gallik asit, p-hidroksibenzoik asit gibi bazi fenoliklerin
Clostridium botulinum tip A ve B sporlarma kars1 etkili oldugu, hidroksisinamatlarin uygun kosullarda kiiflere ve
Saccharomyces cerevisiae, Pseudomonas fluorescens gibi mikroorganizmalara kargi antimikrobiyal etki gosterdigi,
belirtilmistir (Yildiz ve Baysal, 2003). Flavonal polimerlerinin, Aeromonas, Bacillus, Clostridium botulinum,
Clostridium perfringens, Enterobacter, Klebsiella, Proteus, Pseudomonas, Shigella, Staphylococcus aureus,
Streptococcus ve Vibrio gibi mikroorganizmalara kars1 antimikrobiyal etki gosterdigi bildirilmistir (Coskun, 2006).

Tablo 2. Bazi meyvelerde bulunan flavonoidler ve taninler*
Bulundugu meyveler

Flavonoidler

Antosiyaninler Yabanmersini, siyah ve kirmizi kus tiziimii, kiraz, iziim, ¢ilek, bogiirtlen, ahududu
Flavanoller Yabanmersini, liziim

Flavanonoller Uziim

Flavonoller Yaban mersini, kizilcik, bogiirtlen, ahududu, ¢ilek, Frenk liziimii

Flavonlar Bogiirtlen

Taninler

Kondanse Uziim, erik, armut

Hidroliz olabilen  Nar, ahududu
*Kaynak: Tosun ve Yiiksel, 2003; Ignat et al., 2011

4. Dogal antimikrobiyal maddelerin etki mekanizmasi

Antimikrobiyal maddelerin etkinligi, gidanmn su aktivitesi ve pH degerine, depolama sicakligma, atmosfer
kompozisyonuna, kontaminant mikroorganizmanin tiir ve sayisma bagli olarak degisim gdstermekte, antimikrobiyal
maddenin tiir ve konsantrasyonu da antimikrobiyal etki izerinde belirleyici rol oynamaktadir (Gould, 1989; Friedman et
al., 2004). Bunun diginda taninlerde, biyolojik aktivitenin belirlenmesinde orto-fenolik hidroksil gruplarmm
konfigiirasyonunun etkili oldugu bildirilmektedir (Schofield et al., 2001). Dogal antimikrobiyal maddelerin etki
mekanizmalar1 tam olarak anlagilamamis olmakla birlikte, terpenoidler ve fenoliklerin hiicre membranini pargaladigi,
flavonoidlerin metal selasyonuna neden oldugu, kumarin ve alkaloidlerin ise genetik materyal iizerine etki ederek
mikroorganizma gelisimini engelledigi (Cowan, 1999). Bununla birlikte ¢cogu zaman ayn1 anda birden fazla bolgede ani
etkiler olusturabilen dogal antimikrobiyallerin tam olarak etki ettikleri bolgeyi tanimlamak oldukg¢a giigtiir. Hiicre
duvarmin parcalanmasi, sitoplazmik membran ve membran proteinlerinde hasar, hiicre iceriginin digar1 sizmasi,
sitoplazmanin koagiilasyonu ve proton motiv kuvvetinin tilkenmesi hiicre 6liimiine neden olabilmektedir (Nychas et al.,
2003; Burt, 2004; Tiwari et al., 2009). Timol, 6jenol ve karvakrol gibi antimikrobiyal bilesiklerin hiicre zarini
parcaladigl, ATPaz enzim aktivitesini engelledigi ve mikroorganizmanin ATP ve diger hiicre i¢i bilesenlerinin
salinimma neden oldugu bildirilmektedir (Burt, 2004; Gill ve Holley, 2006; Raybaudi-Massilia et al., 2009).

Fenolik maddeler toksik etkilerini genellikle membran seviyesinde gostermektedirler. Farkli fenolik
bilesiklerin hidrofobisite ve toksisiteleri arasinda yiiksek bir korelasyon oldugu gézlemlenmistir (Sierra-Alvarez ve
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Lettinga, 1991). Ornegin fenol, membran fonksiyonlarini degistirmekte, membran protein yag oranini etkilemekte ve
potasyum iyonlarmimn digart akigmi tegvik etmektedir (Keweloh et al., 1990; Heipieper et al., 1991). Katesinler ve
epigallokatesin gallat, lipozomlarda lipid tabakasinin dis polar bolgesinde etki gostererek membranin par¢alanmasina
neden olmaktadir (Hashimoto et al., 1999). Vanilin, membran fonksiyonlarini etkileyerek ve bazi bakterilerin
respirasyonlarmi engelleyerek antimikrobiyal etki gostermektedir (Fitzgerald et al., 2004). Terpenler ise memranda
birikim yaparak membran biitiinliigiinii bozmakta ve proton motiv kuvvetinin hizla harcanmasina neden olmaktadirlar
(Sikkema et al., 1995).

5. Antimikrobiyal dzelliklere sahip yabani meyveler

Gidalarin mikrobiyolojik giivenilirligi, gida endiistrileri ve tiiketiciler basta olmak iizere tiim diinyada en ¢ok
onem verilen konu olma &zelligini siirdiirmektedir (Negi, 2012). Sadece Amerika Birlesik Devletlerinde her yil 48
milyon kisinin gida kaynakli mikrobiyal hastalik gecirdigi, 128,000 kisinin hastanede tedavi edildigi ve yaklasik 3,000
kisinin 61diigii ve ekonomik anlamda biiyiik kayiplarin oldugu rapor edilmektedir (CDC, 2011). Bu durum, dogal olarak
antimikrobiyal etkiye sahip bilesenler igeren yabani meyveler gibi {iriinlerin 6nemini bir kez daha vurgular niteliktedir.
Yabani meyvelerle ilgili yapilmis calismalarda agirlikli olarak antioksidant etki ve fenolik madde igeriklerinin
incelendigi goriilmektedir (Ndhlala et al., 2006; Lamien-Meda et al., 2008; lkram et al., 2009; Egea et al., 2010; Fu et
al.,, 2010). Fitokimyasal maddeler agisindan zengin meyvelerin islenme asamalarinda fitokimyasal igeriklerinde bazi
degisikliklerin olusabildigi bildirilmektedir. Ozellikle yiiksek derecede 1sil islem ve dehidrasyon islemleri gida
icerisinde bulunan fitokimyasallarin kaybima neden olmaktadir. Ornegin ahududu ve yaban mersinin de bulunan toplam
antosiyaninlerin, 1s1l islem sonucunda 6nemli derecede azaldigi belirlenmistir (Brownmiller et al., 2008; Hager et al.,
2008). Bu durum, taze olarak tiiketilmeyecek olan meyvelerin islenmesi sirasinda uygun yontemlerin kullanilmasi
gerekliligini ortaya koymaktadir.

Yabani meyveler 6zellikle igcerdikleri fenolik bilesenler sayesinde antioksidatif etki gdstermelerinin yani sira
antimikrobiyal etki de gostermektedirler. Antimikrobiyal etkisi arastirilan meyveler arasinda ahududu, ali¢, armut,
bogiirtlen, erik, ¢ilek, Frenk iiziimii, kara dut, kekremis, kizilcik, kum dikeni, miirver, nar ve yaban mersini
bulunmaktadir.

Alig (Crataegus spp.), Tirkiye'de fazla miktarda dogal olarak yetismesine ragmen meyve degeri tam olarak
anlagilamamis ancak fenolik bilesikler agisindan olduk¢a zengin meyvelerden birisidir. Ali¢, kalp-damar sistemi
iizerinde pozitif etkiler goésteren triterpenoid saponinler, aminler ve flavonoidler olmak tizere 3 grup ana bilesik
icermektedir. Ali¢’1n antioksidant etkisi sayesinde serbest radikal olusumunu engelleyerek kalbin tiimiinii olumlu yonde
etkiledigi belirtilmektedir (Batu, 2012). Giiven vd. (2006), Sar1 ali¢ (Crataegus tanacetifolia) ve Tirk alict/Kirmizi alig
(Crataegus x bornmiiellerii) meyvelerinin antimikrobiyal etkisini belirlemek tizere 28 bakteri, 3 maya ve 9 kif tiirii
kullanmiglar, Sar1 ali¢ ekstraktlarinin, bakteri ve mayalarin bir¢ogu tizerinde antimikrobiyal etki gosterdigini, ancak
Salmonella Typhimurium, Pseudomonas fluorescens ve P. gingeri isolatlar1 iizerine etkisi bulunmadigini, kiifler
icerisinden ise sadece Penicillium notatum iizerine antifungal etkinin gézlemlendigini belirtmislerdir. Ayn1 ¢aligmada
Tiirk ahic/Kirmizi ali¢ ekstraktinm bazi bakteri ve maya tiirleri lizerine antimikrobiyal etki gosterdigi, ancak Yersinia
enterocolitica ve P. fluorescens iizerine herhangi bir etkisinin bulunmadigi, ayrica bu meyve ekstraktinin antifungal
etkisinin de olmadig1 belirlenmistir.

Armut (Pyrus spp.), farkl tiirleri ile yaygn tiiketilen meyveler arasinda yer almaktadir. Giiven vd. (2006),
yaptiklar1 bir ¢aligmada farkli armut tiirlerinin (Pyrus spp.) mikroorganizmalar iizerine etkilerini incelemis, Serik
armudunun (Pyrus serikensis) incelenen tiim bakteriler iizerinde (28 adet) belli seviyelerde antibakteriyel etki
gosterdigi, ancak maya ve kiiflerin sadece bazilar1 {izerinde etkili oldugunu belirlemislerdir. Ayn1 ¢alisma kapsaminda
incelenen armut (Pyrus communis) ekstraktinin ise Salmonella Typhimurium, Brucella spp., Streptococcus faecalis,
Pseudomonas fluorescens, P. tobacco, P. lachrymans, P. syringae pv. phaseolicola, P.gingeri ve Rhodotorula rubra
diginda incelenen diger tiim bakteri ve mayalarin gelisimini engelledigi, ancak kiifler {izerinde herhangi bir inhibitif
etkisi bulunmadigimi belirlemiglerdir.

Erik (Prunus domestica) piiresinin (kurutulmus erik), sigir etinde Escherichia coli ve Salmonella tiirlerinin
sayisint distirdiigi bildirilmistir (Pszczola, 2002). Baska bir ¢alismada kurutulmus erigin sivi, toz ve piire formlarinin
Salmonella Typhimurium, Listeria monocytogenes, Escherichia coli 0O157:H7, Yersinia enterocolitica ve
Staphylococcus aureus iizerine antimikrobiyal etkisi hem siv1 besi ortaminda ve hem de sigir eti lizerinde belirlenmistir
(Fung ve Thomson, 2001). Kotzekidou et al., (2008) disk difiizyon metodu ile erik meyvesinin Escherichia coli,
Salmonella enteritidis ve Bacillus cereus iizerine antimikrobiyal etkisini belirlemiglerdir.

Kara dut (Morus nigra) meyvesi olgunlastiktan sonra toplanan, taze yada kurutulduktan sonra meyve olarak
veya surup yapildiktan sonra tiiketilen bir meyvedir. Bilesiminde bulunan papiriflavonal A, kuraridin, saforaflavanon D
ve saforaiso flavanon A giiclii antimikrobiyal aktivite gdstermektedir (Barron ve Ibrahim, 1996). Yapisinda bulunan 2-
arilbenzofuran metisilin direngli stafilokoklar {izerinde antimikrobiyal etki gostermektedir (Fukai et al., 2005). Kara dut
meyve ekstrelerinin Candida albicans, C. parapsilosis, C.tropicalis ve Geotricum candidum izolatlar1 tizerinde
antikandidal aktiviteleri belirlenmistir (Yigit vd., 2007).
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Kizilcik (Cornus mas) tozunun % 1, % 2 ve % 3 seviyelerinde kiirlenerek pisirilmis et modeli sisteminde
kullaniminin, Listeria monocytogenes sayisini 2-4 log kob/g diistirdiigii tespit edilmistir (Xi et al., 2011). Bunun diginda
kizilcik meyve suyunun antibakteriyel 6zellikleri farkli arastirmacilar tarafindan incelenmistir (Wu, 2008; Co6té et al.,
2011a; Coté et al., 2011b). Caillet et al., (2012), kizilcik ve iriinlerinin yedi farkli gida patojeni (vankomisine direngli
Enterococcus faecium, Escherichia coli 0O157:H7, Escherichia coli, Listeria monocytogenes, Pseudomonas
aeruginosa, Salmonella Typhimurium ve Staphylococcus aureus) iizerine etkisini incelenmisler, kizilcik suyunun
teknolojik olarak islenmesi ile fenolik fraksiyonlarin antimikrobiyal etkisinin azalacagini belirtmislerdir. Kizilcik-
oregano (yabani mercankdsk) ekstrakt karigimmin et dilimlerinin toplam mikrobiyal yiikii iizerine pH 6’da daha yiiksek
antimikrobiyal etki gosterdigi, ayrica elde edilen etkinin, ekstraktlarm ayr1 ayr1 kullanilmas: ile elde edilen etkiden daha
fazla oldugu saptanmustir (Lin et al., 2004).

Kum dikeni (Hippophae rhamnoides) diinyanin birgok yerinde geleneksel olarak 6zellikle medikal amagla
kullanilmaktadir. Kum dikeni meyvesi karotenoidler (B-karoten, likopen, lutein ve zeaksantin), tokoferoller,
tokotrienoller, esansiyel ¢oklu doymamus yag asitleri, organik asitler, flavonoidler (isorhamnetin, kuersetin,
isorhamnetin-3-betad-glucozit; isorhamnetin-3-beta-d-glukozaminid, kamferol vd.) ve diger biyoaktif bilesikleri
icermektedir (Yang ve Kallio, 2002; Zheng et al., 2009). Bitkinin yag, su, yaprak ve kabuklarinin bazi hastaliklarin
tedavisinde kullanildigi, tiim kisimlarmim, biyoaktif maddelerce zengin oldugu ve antimikrobiyal ve antiosidant
etkisinin oldugu bildirilmektedir (Li ve Schroeder, 1996; Li ve Wang, 1998; Yang et al., 2000; Rosch et al., 2003; Negi
et al., 2005; Chauhan et al., 2005, 2007; Gupta et al., 2011). Kum dikeni tohumlarinin su ekstraktinin Listeria
monocytogenes ve Yersinia enterocolitica iizerine antimikrobiyal etki gosterdigi belirlenmistir (Chauhan et al., 2007).
Yapilan diger bir ¢aliymada, kum dikeni yapraklarindan elde edilen ekstraktin Bacillus cereus, Pseudomonas
aeruginosa, Staphylococcus aureus ve Enterococcus faecalis lizerine antimikrobiyal etkisi kanitlanmigtir (Upadhyay et
al., 2011).

Nar (Punica granatum) tilkemizde yaygn olarak iiretilen, hem taze meyve olarak, hem de 6zellikle son yillarda
popiilerlik kazanan nar eksisi, nar sirkesi gibi yan iiriinlere islendikten sonra tiiketilen bir meyvedir. Nar ekstrakti, fenol,
tanin ve flavonoidler gibi fitobilesikler agisindan olduk¢a zengin bir kaynak olmasi nedeniyle medikal olarak da 6nem
tagimaktadir (Jurenka, 2008). Nar bitkisinin farkli kisimlari kullanilarak yapilan bircok calismada elde edilen
ekstraktlarin, Gram pozitif ve Gram negatif bakterilerin geligimi lizerine etkili oldugu belirlenmistir (De et al., 1999;
Ahmad ve Beg, 2001; Machado et al., 2003; Rani ve Khullar, 2004). Nar meyvesinin kabugundan elde edilen
ekstraktlarin Escherichia coli ve Salmonella Typhi iizerinde antimikrobiyal etki gosterdigi farkli aragtirmacilar
tarafindan saptanmustir (Perez ve Anesini, 1994; Nimri et al., 1999; Prashanth et al., 2001; Voravuthikunchai et al.,
2004).

Yaban mersini (Vaccinium spp.), antosiyanin ve flavonoid igerigi ile birlikte saglik {izerine potansiyel yararlar1
en iyi bilinen meyvelerinden biridir. Yaban mersininin antimikrobiyal 6zelligini belirlemek tizere yapilan birkag
calisma bulunmaktadir (Wang et al., 1989; Polashock et al., 2007; Miles et al., 2013; Shen et al., 2014). Yaban mersini
ekstraktinda bulunan klorojenik asit, kuersetin, ellaik asit ve kuersetin-3-galaktosit gibi fenolik bilesiklerin
antimikrobiyal aktitiviteye sahip oldugu bildirilmistir (Shen et al., 2014). Yapilan g¢aligmalarda yaban mersini
ekstraktinim Listeria monocytogenes, Salmonella Enteritidis (Shen et al., 2014) ve Escherichia coli O157:H7 (Lacombe
et al., 2012) iizerine antimikrobiyal etkisi kanitlanmigtir. Miles et al., (2013) tarafindan yapilan bir ¢alismada ise, yaban
mersininden elde edilen ekstraktin Colletotrichum acutatum iizerine antifungal etki gosterdigi saptanmistir.
Antimikrobiyal etkinin yanisira yaban mersininin antioksidan ve antikarsinojen 6zellikleri de belirlenmistir. Smith et al.
(2000), yabani yaban mersininin (Vaccinium angustifolium) antioksidant aktivitesi, kardiyoprotektif kapasitesi ve
antikarsinojen Ozelliklerini incelemisler ve bu meyveden elde ettikleri ekstraktin, 6zellikle igerdigi yiliksek orandaki
antosiyanin ve proantosiyaninler sayesinde antioksidant 6zellikte oldugunu, magnezyum, sitrat ve trikalsyum fosfat
icerigi ile de kanser onleyici ve kardiyoprotektif 6zellik gosterdigini belirlemislerdir. Baska bir ¢aliymada yaban
mersinindeki fenolik maddelerin Vaccinium myrtillus ile fermente edildikten sonra ekstrakte edilerek damarlarin
korunmasi amaciyla kullanilan ilaglarda temel bileseni olusturduklar bildirilmistir (Shahidi ve Naczk, 1995).

Farkli meyvelerin bir arada incelendigi ¢aligmalardan Puupponen-Pimié et al. (2001) tarafindan yiiriitiilen bir
calismada, bogirtlen (Rubus chamaemorus), ahududu (Rubus idaeus), Frenk tziimii (Ribes aureum), kekremis
(Vaccinium vitis-idaea), cilek (Fragaria virginiana), yabanmersini (Vaccinium spp.), kizilcik (Cornus mas) ve kum
dikeni (Hippophae rhamnoides) meyvelerinde dogal olarak bulunan fenolik maddelerin antimikrobiyal aktiviteleri
incelemislerdir. Caliymada elde edilen meyve ekstraktlarinin genel olarak Gram negatif bakterilerin gelisimini etkiledigi
ancak Gram pozitifler {izerinde etkili olmadig1 saptanmustir. Bogiirtlen, ahududu ve ¢ilek ekstraktlarinin Salmonella
gelisimi lizerine kuvvetli inhibitif etki gosterdigi, kum dikeni ve Frenk iiziimiiniin ise Gram negatif bakteriler {izerine en
diisiik aktiviteyi gosteren meyveler oldugu tespit edilmistir. Benzer bir ¢alisma Cavanagh et al., (2003) tarafindan
yapilmis, ahududu, Frenk {iziimii, kizilcik ve yaban mersini taze meyveleri ve % 100 meyveden hazirlanmis sular1 12
farkli bakteri iizerinde test edilmis ve bu meyvelerin siipheli su kaynaklarinda suyun mikroorganizmalardan
arindirtlmasi ve gida triinlerinin raf d6mriinii arttirmak tizere kullanimlar1 onerilmistir. Bagka bir ¢alisma kapsaminda
miirver (Sambucus nigra) ve Frenk iiziimii (Ribes aureum) meyve sulari ve konsantrelerinin Escherichia coli ve
Staphylococcus aureus gelisimini inhibe ettigi tespit edilmistir (Werlein et al., 2005).
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6. Sonug

Yabani meyveler iizerine yapilmis ¢aligmalar incelendiginde, birgok yabani meyvenin antimikrobiyal etkiye
sahip oldugu goriilmektedir. Bu meyveler arasinda ahududu, alig, armut, bogiirtlen, erik, ¢ilek, Frenk {iziimii, kara dut,
kekremis, kizilcik, kum dikeni, miirver, nar, yaban mersini gibi meyveler bulunmaktadir. Ozellikle fenolik bilesikler
acisindan zengin olan yabani meyvelerin insan sagligi iizerine pozitif etkileri iizerinde durulmakta, bu meyvelerin
antimikrobiyal etkilerinin yan1 sira 6nemli antioksidan ve antikarsinojen etkilere sahip oldugu bildirilmektedir. Yabani
meyvelerde bulunan etken bilesikler; bitki ¢esidi, bitkinin yetistirildigi cografik yapi, iklim, yetistirilme sartlari, bitkinin
kullanilan kismi, etken maddenin ekstrakte edilmesinde kullanilan yontem veya hazirlik, paketleme ve depolama gibi
sartlara bagl olarak degisim gdstermektedir. Yabani meyvelerin 6zellikle antimikrobiyal etkisi tizerine yapilacak olan
caligmalarla bu konu hakkinda daha detayli verilere ulasilmasi gerekmektedir. Literatiir incelendiginde bu konuda
yapilan ¢ogu ¢alismanin yabanci orijinli oldugu goriilmektedir. Ancak zengin biyolojik cesitlilige sahip tilkemizin de
arastirmacilara materyal agisindan 6nemli bir avantaj sagladigi diisiiniilmektedir. Bu nedenle iilkemizde yetisen yabani
meyvelerin, yapilacak bilimsel ¢aligmalarla daha detayli olarak incelenmesi, 6zellikle endemik tiirlerin koruma altina
alinmasi ve bu tip meyvelerin tiiketiminin insan saghigi agisindan faydalar1 konusunda halkin bilinglendirilmesi
gerekmektedir..
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Abstract

Verbascum mecit-vuralii Karavel. sp. nov. is described firstly for science world from Turkey. The diagnostic
morphological characters of the these new species and the closely related other species Verbascum oreophilum and V.
pyramidatum are discussed. Moreover, distribution maps of two new species and the related species of it are given. New
hybrids of Verbascum (Scrophulariaceae) are described. Verbascum x ersin-yiicelii Karavel. nothosp. nova (=V.
heterobarbatum Hub.-Mor. x V. caudatum Freyn & Bornm. ) from ANK Herbarium.
Key words: Verbascum, Trabzon, Ankara, hybrid, Turkey

*

Tiirkiye’den Verbascum L. cinsinden yeni tiir ve hibrit. (Verbascum mecit-vuralii Karavel.
Verbascum X ersin-yiicelii Karavel.)

Ozet

Tiirkiye’den bilim diinyasi i¢in Verbascum mecit-vuralii Karavel. sp. nov. tanimlanmigtir. Ayirici morfolojik
karakterler yakin tiirlerle Verbascum oreophilum ve V. pyramidatum tartisilmistir. Ayrica yayilis haritalar1 yakin tiirlerle
birlikte verilmistir. Verbascum x ersin-yiicelii Karavel. nothosp. nova (=V. heterobarbatum Hub.-Mor. x V. caudatum
Freyn & Bornm. ) yeni hibrit olarak ANK herbaryumundan tanimlanmaistir.

Anahtar kelimeler: Verbascum, Trabzon, Ankara, Hibrit, Turkey
1. Introduction

Verbascum Linnaeus (1753: 177) (Scrophulariaceae) includes about 360 species in the world (Mabberley,
2008). In Turkey, with the additional 130 hybrids, the genus is represented by 246 species, 6 imperfectly known or
doubtful records (Huber-Morath, 1978, Davis et al. , 1988, Karaveliogullari, 2012, 2014a, 2014b). The endemism ratio
of the genus is very high with 196 endemic species (80%) (Karaveliogullari, 2012, 2014a, 2014b).

Verbascum is divided into two sections (Murbeck 1933): Aulacospermae Murbeck (1933: 593) and
Bothrospermae (Murbeck, 1933: 82). The most important difference between these is the seed morphology. In sect.
Aulacospermae, the seeds are longitudinal corrugated, while in sect. Bothrospermae the seeds are transversal corrugated
alveolate. All Turkish species of Verbascum, belong to sect. Bothrosperma (Murberck, 1933; Huber-Morath, 1971).

The first revision of Turkish Verbascum for Flora of Turkey was carried out by Huber-Morath (1978).
Fourteen species and six hybrids were later described and three new records have been identified (Karaveliogullart,
2009, 2012, 20144, 2014b).

2. Materials and methods

Then, during the field research studies to Trabzon province in 2009 (within the TUBITAK 106T510 project)
an unusual population of Verbascum was established. At the first glance, it seemed to be close to Verbascum
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oreophilum ve V. pyramidatum were observed . They are formally described here. All specimens were cross-checked
with the keys provided by Huber-Morath (1978) and the Verbascum accounts given in various relevant literatures such
as Fedchenko (1955), as well as all specimens of this new species have been cross checked with the material keeped at
various herbaria BRNU!, GB!, B!, LE!, KW!, E (Photo!), GAZI!, EGE!, ISTF!, ISTE!, HUB!, ANK!, VANF!, KNYA!
(Holmgren et al, 1990) (Table 1). The abbreviations of the authors of plant names were checked from Brummitt and
Powell (1992) and http:www. ipni. org. index. html. Also, the threat category assessment of the new species was made
according to IUCN criteria (IUCN, 2013). During works in ANK Herbarium new hybrid were observed. This is
formally described here. Verbascum x ersin-yiicelii Karavel. (=V. heterobarbatum Hub.-Mor. x V. caudatum Freyn &
Bornm. ). New hybrids are mentioned both Murbeck’s monography (1933) and Huber-Morath’s works (1971, 1978).

3. Results and discussion
Verbascum mecit-vuralii Karavel. sp. nov.—Figures 1 and 2.—Vural sigirkuyrugu
Type: Turkey, A8 Trabzon: Hamsikdy, 650—700 m, 15 June 2009, FAK 3875. (Holotype: ANK, Isotype: GAZI).

Description: Biennial, 60—100 cm, with densely stellate, short stalked glands throughout. Basal leaves 10—50 x 530
cm, lanceolate-oblong, semicordate, crenate, acute; with petiole 5—15 cm. Stem branched at base. Cauline leaves 510 x
3-6 cm, lanceolate semicordate, crenate acute. Inflorescence panicle. Bracts 30—45 x 4-10 mm, ovate to linear-
lanceolate, cordate, entire, acuminate. Pedicels 10—20 mm, ebracteolate. Calyx 3—6 mm, almost divided to the base,
lobes oblong-lanceolate, acute. Corolla 15—30 mm diam, yellow, lobes 5—10 mm, with pellucid glands, stellate and
glandular hairy outside. Stamens 4, 7-9 mm. Filaments 6—7 mm, with mixed whitish-yellow and purplish-violet woolly,
two anterior filaments glabrous near apex. Anthers 1-2 mm, reniform. Ovary 1-2 x 0. 5—1 mm, ovate. Style 6—7 mm,
filiform. Stigma 2 mm, capitate. Capsule 4—6 x 2—5 mm, ovate.

3.1. Phenology

Flowering from June to early July. Capsules ripening from the beginning of August.
3.2. Examined specimens

Verbascum oreophilum K. Koch var. oreophilum

A4 Kastamonu: Kiire mountain, Pmarbasi, 650 m, 23 Agust 2002, N 41° 36 15°, E 33° 07 11°, FAK 3397
(GAZI); Azdavay, Kayabas1 village, Nalbantoglu, Catak canyon, 600—700 m, 25 Agust 2002, FAK 3403 (GAZI, G,
EGE); Tosya-Gokgeviz village 5. km, 1000—1300 m, 25 Jun 2003, FAK 3426 (GAZI); A9 Kars: Akgay to Cumagay E.
of Kagizman, 2200 m, 17 June 1966, Davis. 46735 (E photo); 10 km S. of Ak¢ay, 1760 m, 29 June1984, M. Nydegger
18490 (GAZI); Artvin: Ardanug, Kutul, 14 June 1947, M. Heilbronn & M. Basaran (ISTF); Ardanu¢, Kurdevan
mountain, 1900-2900 m, 29 June 1982, N. Demirkus 1646 (HUB); B6 Yozgat: Akdagmadeni, Ortakdy, c. 1300 m, 07
June 1979, T. Ekim & A. Diizenli 4261 (ANK); B8 Erzurum: 29. km from Erzurum to Pasinler, 1800 m, 12 June 1966,
Davis 46421 (E photo); Palandoken mountain, Terman, 2050 m, 11 June 2002, N 39° 41 32, E 41° 23 42, FAK 3350
(GAZI, ANK, ISTE); Karakose 54. km. ¢. 2300 m, 20 June 1956, H. Birand 574 (ANK); Bing6l: Karliova-Cat, 2250 m,
27 June 1970, T. Baytop 18281 (ISTE); B9 Van: d. Catak, Kavussahap mountain, 2700 m, Davis 23067 (E photo);
Bahgesaray-Ugum 4. km, 1560 m, 07 Jun 2001, N 38° 05 64°, E 42° 48 12°, FAK 3044 (GAZI); Bitlis: Bitlis-Tatvan,
1730 m, 30 Jun 1954, Davis 22340 (E photo); ibid., 1730 m, 30 June 1954, Davis & O. Polunin 22340 (ANK); ibid.,
Tepe, 1600—-1700 m, 14 September 1995, Y. Gemici 16713 (EGE); Kotum, Karz Dag above Kamer, 2300 m, 24 Agust
1954, Davis & O. Polunin 24597 (ANK); Tug, 1780 m, 26 June 19566, H. Demiriz 3520 (ISTF); Gevas-Tatvan, 2023
m, 13 June 2002, N 33° 22 51°, E 42° 46 27°, FAK 3373 (GAZI); Agr: Karakose-Tutak, Murat river, Batmus-
Asagiarabali, 1500 m, 24June 1956, H. Demiriz 3471 (ISTF); Karakose-Tutak, Hamur, 1650 m, 24 June 1956, H.
Demiriz 3457 (ISTF); B10 Van: Ozalp, Yukar1 Balcikl village, Bestepe, 2311 m, 18 October 1997, F 5561 (VANF);
C10 Hakkari: Van-Hakkari 113. km, c. 2400 m, 19 June 1956, H. Birand & K. Karamanoglu 471 (ANK).

var. joannis (Bordz. ) Hub.-Mor.

A9 Kars: Kagizman, Pasli-Cilehane, 1600 m, 13 June 1981, O. Giines 2009 (HUB); 10 km S. of Sarikamus, 21
June 2001, N 40° 15 46°, E 42° 38 14°, FAK 3140 (GAZI); B7 Erzincan: Kesis mountain above Cimin, 2500—2600 m,
26 June 1957, Davis & Hedge 31664 (ANK, E photo); Spikordagi, Kirklar-Sipikor, 2225 m, 10 June 2001, N 39° 50
51°, E 39°32 17°, FAK 3326 (GAZI, HUB, ANK, EGE); B8 Bingol: Bing6l-Karliova, 12 km S. of Karliova, 1700 m,
19 June 1982, M. Nydegger 17251 (GAZI); Solhan-Mus, 23 Agust 1969, T. Gozler 15837 (ISTE); Mus: Cingilli, 15
June 1956, H. Birant 343/328 (ANK); Solhan-Mus 12. km, Buglan, Gediklitepe, 13 June 2001. 1640 m, FAK 3119
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(GAZI, G); Erzurum: Paland6ken Dagi, Terman road, 2050 m, 11 June 2002, N 39° 41 32°, E 41° 23 42°, FAK 3351
(GAZI); B9 Erzurum: 5 km W. of Karayazi, Jelink 2401 (E photo); Van: Muradiye waterfall, 1900 m, 17 June 2001,
FAK 3129 (GAZI, ISTE); Muradiye, Adakl village-Siiphan, 2500 m, 14 June 1997, MU 1538 (VANF); Muradiye,
Koseveli mountain, 2300 m, 17 June 1997, MU 695 (VANF); Agri: Tashcay, Balikli Golii, 2350—2400 m, 18 June
2001, FAK 3131 (GAZI); C9 Van: Catak, Dalbast1 villag-Belbuka mountain pasture, 1800 m, 28 June 2003, B. Bani
2435; B10 Igdir: Suveren-Cili village, 1750 m, 19 June 2001, FAK 3135 (GAZI); C4 Konya: Seydisehir-Sahinkayast,
1700, 21 Jun 1980, H. Ocakverdi 1107 (KNYA); C6 Adana: Karsanti-Hizar (Pos forest), c. 1180, 28 Jun 1973, E.
Yurdakulol 22 (ANK); C10 Hakkari: Sat mountain above Veregéz, 1800—2000 m, Davis 45561 (E photo); Yiiksekova-
Esendere, 28. km, Altinbasak village, 1180 m, 06 June 2001, N 37° 42 41°, E 44° 31 60°, FAK 3036 (GAZI); ibid., 18.
km, 2140 m, 23 June 1983, M. Nydegger 18421 (GAZI, E photo).

Verbascum pyramidatum Bieb.

A4 Kastamonu: Inebolu to Kiire, 450 m, D. 21673 (ANK); Cankir1: Top of Ilgaz Da, 2300 m, Nydegger 11348
(GAZI); AS Corum: Kirkdilim, Bogazi, 22km from Corum to Osmancik, 1120—1250 m, 24 Jun 1955, Simon (ANK);
A6 Samsun: S. of Samsun, 300 m, Krause 3881 (G photo); Tokat: 16 km S. of Tokat, 1120 m, Hub.-Mor. 12931 (G
photo); Ordu: 25 km from Ordu to G6lkody, 680 m, Hub.-Mor. 14741 (G photo); Sivas: 16 km from Zara to Serefiye Y,
1500 m, Hub.-Mor. 11805 (G photo); A7 Giresun: below Tamdere, 1600 m, D. 20636; Trabzon: hills above Trabzon,
14 Jun 1890, Sammier & Levier ( Type of Verbascum anatolicum) (KW); A8 Rize: 25 km W. of Rize, s.I, M. & D.
Zohary 1295; Erzurum: 8 km from 1spir to Rize, 1500 m, Stn. & Hend. 6247 (LE)

Table 1. Diagnostic characters of Verbascum mecit-vuralii with the related V. oreophilum and V. pyramidatum

Characters V. mecit-vuralii V. oreophilum * V. pyramidatum*

Basal leaves 10-50 x 5-30 cm 10—45 x 3-25 cm 7-40 x 3—15 cm

Pedicels 10—20 mm 4—8 mm 3-8 mm

Bracts 3045 x 4-10 mm 3-7 x 2—4 mm 8—15x 5-10 mm

Calyx lobes oblong-lanceolate lobes oblong lobes oblong

Corolla glandular and stellate | stellate tomentose | stellate tomentose outside
tomentose hairy outside outside

Stamens 4 4-5(-7) 5(—4)

Capsule ovate, glandular hairy . ovate-elipsoid stellate- | elliptic to ovate, stellate-

tomentose tomentose,

* Karaveliogullar1 And Aytag.
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Figure 1. Distribution map V. mecit-vuralii (MV), V. oreophilum var. oreophilum (OR), V. oreophilum var. joannis
(JO), V. pyramidatum (PY), Verbascum x ersin-yucelii (ERS)
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Verbascum x ersin-yucelii Karavel. nothosp. nova (=V. heterobarbatum Hub.-Mor. x V. caudatum Freyn &
Bornm.)—Figures 1.—Yiicel sigirkuyrugu.

Type: Turkey, A4 Ankara: Kalecik, nr. Cukur Koy, Kiling 1975 (Holotype ANK).

Description: Biennial herb, c. 90 cm tall, similar in habit to V. heterobarbatum, indumentum greynish floccose-
tomentose. Stem terete, brached. Basal leaves oblong-lanceolate (as in V. caudatum) greynish, sparsely hairy above,
floccose-tomentose beneath of V. heterobarbatum. Upper cauline leaves cordate-ovate to ovate, resembling the form
and size of leaves of V. heterobarbatum. Inflorescence with flowers not so 2—4 (as in V. caudatum). Bracteols 2.
Pedicels 1-2 mm. Calyx floccose-tomentose, interspersed with microglands. Corolla 25-35 mm, without pellucide
glands, pubescent outside. Stamens 5, 3 posterior flaments with whitish-yellow wool, two antheriors anthers decurrent,
thereof with a line of purple-violet hairy (as in V. heterobarbatum). Ripe capsules not developed, ovate, tomentose.

3. 3. Examined specimens
Verbascum heterobarbatum

Type: [Turkey B4] Ankara: d. Cankaya. Wegrand 9 km siidlich G6lbasi, 870 m, 1 june 1956, Huber-Morath 14075
(holo. Hb. Hub.-Mor.); A4 Ankara: Kalegik, nr Cukur Koy, Kiling 1975: 141; B4 Ankara: Beynam, D. 13005 (ANK).

Verbascum caudatum

Type: [Turkey B5 Kayseri/Yozgat] Cappadocia, ad vias inter et Caesaream (Kayseri) et Yasgad (Yozgat), inter pagos
Kopriizkoi et Keller, 1300 m, 23 June 1890, Bornmiiller 2181 (holotype BRNU, isotype B); A4 Ankara: Ankara airport,
A. & T. Baytop (ISTE 15211); B4 Ankara: Ankara to Bala, Beynam forest, Akman 1969: 446 (ANK); B5 Yozgat: 17
km S. W. of Yozgat, 1070 m, Hub.-Mor. 12946, Kayseri: Himmetdede between Kayseri and Kirsehir, 1170 m, Hub.-
Mor. 14771; B6 Kayseri: Sultanhane, 65 km S. of Sarkisla, 1210 m, Hub.-Mor. 11818; Malatya: Darende, 13 June
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1906, G. & B. Post (ANK); B7 Malatya: 3 km E. of Malatya, 920 m, Hub.-Mor. 8838; Elazig: Charput (Harput), nr
Apaud, Sint. 1889: 801; C5 Nigde: Nigde, 1300 m, Krause 2656 (ANK).

The hybrid plants grow together with their parent and their occurrence is limited by the distribution of the endemic V.
heterobarbatum to the Central Anatolia part of the A4 square.

3.4. Red list assessment

Known only from type locality. The extent of occurrence was nearly as 10 km?. There new species are distributed in a
single location. V. mecit-vuralii grows on rockly place. Its’ habitat continues to decline due to agricultural activities and
other local uses (criteria Blab (iii) under CR). The threat category of V. mecit-vuralii is suggested as CR [B1lab (iii)].

3.5. Etymology

This is one of the new species is named in honour of the Turkish Legend Botanist Prof. D. Mecit Vural. Hybrid is
named in honour of the Turkish Ecolojist Prof. Ersin Yiicel.
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Abstract

Heavy metal contamination is an important environmental problem that may lead to alterations in vital growth
processes, mineral nutrition, transpiration, photosynthesis, enzyme activity and nucleic acids. The effects of
environmental pollutants on plants can be monitored using various techniques at different levels. Random amplified
polymorphic DNA (RAPD) is a semi-quantitative technique that has been used for genetic mapping, taxonomy,
phylogeny and the detection of various kinds of DNA damage and mutations that result from genotoxic agents such as
heavy metal contamination. In this study, tomato (Lycopersicum esculentum L.) seeds that had germinated in various
concentrations of Pb(NO3), solutions were used for measuring population parameters such as dry weight, total soluble
protein content, root length and, ultimately, inhibitory rate (IR) values. The seeds were also used to determine the
genotoxic effect of the lead, reflected as the appearance or disappearance of bands in RAPD profiles. Inhibition or
activation of root elongation was found to be the first effect of metal toxicity to show up in the plants that were tested.
Also, total soluble protein content was significantly affected by increased Pb?* concentrations. The data obtained from
RAPD band profiles and genomic template stability (GTS) revealed results that were consistent with the population
parameters.

Key words: Tomato (Lycopersicum esculentum L.), RAPD, lead (Pb%*), population parameters

k

Domates Bitkisinde (Lycopersicum esculentum L.) Kursun Kirliligi ile indiiklenen Genotoksisitenin Molekiiler
ve Populasyon Markérleri ile Degerlendirilmesi

Ozet

Agir metal kirliligi bitkilerin gelisim siireci, mineral beslenme, terleme, fotosentez, enzim aktivitesi ve niikleik
asit sentezi gibi bir ¢ok alanda farklilagsmalara sebep olan gevresel bir problemdir. Cevresel kirleticilerin bitkiler
iizerindeki etkileri cesitli teknikler kullanilarak belirlenebilir. Rastgele ¢ogaltilmis polimorfik DNA (RAPD) yontemi
genetik haritalama, taksonomi, filogeni ve agir metal kontaminasyonu gibi genotoksik ajanlarmn neden oldugu cesitli
DNA hasarlar1 veya mutasyonlarinin belirlenmesinde kullanilan yari-nicel bir tekniktir. Bu calismada, domates
(Lycopersicum esculentum L.) tohumlar1 farkli konsantrasyonlardaki Pb(NOs3) soliisyonu igerisinde ¢imlendirilmis ve
bu tohumlarm kuru agirlik, toplam ¢6ziinebilir protein igerigi, kék uzunlugu ve sonucta engelleyici orant (IR)
belirlenmistir. Tohumlar ayni1 zamanda kursun soliisyonunun RAPD profilinde yeni bir band olusumu veya kaybolusu
olarak akseden genotoksik etkisini belirlemek amaciyla kullanilmigtir. K6k uzamasinin inhibisyonu veya aktivasyonu
bitkilerde metal toksisitesinin ilk belirtisi olarak gdzlenmistir. Ayn1 zamanda toplam ¢6ziinebilir protein icerigi artan
Pb?* konsantrasyonundan 6nemi oranda etkilenmistir. RAPD band profillerinden ve genomik kalip stabilitesinden
(GTS) elde edilen veriler populasyon parametreleri ile uyumludur.

Anahtar kelimeler: Domates (Lycopersicum esculentum L.), RAPD, kursun (Pb%*), populasyon parametreleri
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1. Introduction

Heavy metals are considered primarily to be beneficial micronutrients and play an important role as cofactors
in plant growth, enzymes and the structure of proteins. However, in excess concentrations of these metals can also be
toxic to organisms (Nedelkoska and Doran, 2000). The major causes of heavy metal contamination in the environment
relate to antropogenic activities such as industrial activities, the development of new technologies, exhaust gases from
motor vehicles, agricultural fertilizers and pesticides. General responses to heavy metal toxicity include the inhibition of
growth parameters, the reduction of biomass production (dry weight biomass etc.) and alterations in mineral nutrition,
transpiration, photosynthesis, enzyme activity and DNA (Munzuroglu and Gegkil, 2002; Chojnacka et al., 2005; Aksoy-
Korpe and Aras, 2011).

In recent years several organisms, such as lichens, mosses, fungi and plants, have started to be used widely for
biomonitoring the effects of environmental pollution (Cansaran-Duman et al., 2011). Many plant species, such as
Solanum melongena, Oryza sativa, Silene paradoxa, Hordeum vulgare, Hydrilla verticillata, Allium cepa, have recently
been used as effective bio-indicators of genetic toxicity resulting from environmental pollutants (Liu et al., 2007; Gupta
and Sarin, 2009; Soudek et al., 2009; Aksoy-Korpe and Aras, 2011).Although the plant genome is very stable, its DNA
could be damaged through exposure to heavy metals. DNA damage or mutations (e.g., rearrangements, point mutations,
small insertions or deletions of DNA and ploidy changes) cause many physiological and cytological effects that, in turn,
affect the growth and development of the entire organism (Atienzar et al., 2000). Comet assay, micronucleus assay or
chromosome aberration assay techniques were used to measure the genotoxic effect of metals on plants (Angelis et al.,
2000; Liu et al., 2005). The changes that genotoxic chemicals cause in DNA may be monitored using different
biomarker assays, at both population and molecular levels (Savva, 1998). Advances in molecular biology have led to the
development of selective and sensitive assays for DNA damage that could also be applied to the field of
genotoxicology. RAPD analysis has also been able to detect DNA damage or mutations due to genotoxicity (Williams
et al., 1990). Heavy metals acting as genotoxic agents could lead to visible alterations in oligonucleotide priming sites
and could cause variations in the activity of the Tag DNA polymerase, which turns as change occur in the
electrophoretic profiles of RAPD reaction products. These changes include the appearance of extra-amplified bands and
the disappearance of amplified bands, or alternations in amplified band fluorescence (Atienzar et al., 1999).

The aim of this study is to describe DNA alterations in the exposed tomato (Lycopersicum esculentum L.)
seedlings through RAPD analysis, to reveal the pattern of genetic variation influenced by the various concentrations of
Pb?* (40, 80, 120, 160 and 240 mg I) contaminations. The study also compares the changes in RAPD profiles with
respect to population parameters such as root length, dry weight and total soluble protein content.

2. Materials and methods

Plant material, growth conditions and total soluble protein level

Tomato (Lycopersicum esculentum L., Falcon type) seeds were surface-sterilized with 70% alcohol and 30%
sodium hypochlorite solution and then washed with distilled water and germinated to primary roots of 2 mm long in
petri dishes containing 15 ml test solutions (40, 80, 120, 160 and 240 mg I Pb(NOs),. Each treatment was replicated
three times. After 21 days of incubation, the root lengths, dry weights and total soluble protein levels of tomato
seedlings were measured. Inhibitory rate (IR, %) was calculated by the following formula: IR = (1- x/y)x 100, where x
and y are the average values detected in the control and each sample treated, respectively. After 21 days of incubation,
root dry weights were measured; following the incubation period at 70°C for 48 h. Roots of tomato seedlings were
homogenized with (1:1, w/v) 0.2 M phosphate buffer (pH 7.0) with a cold mortar and pestle. The homogenate was
centrifuged at 27,000 g for 20 min. The supernatant was used for assays of total soluble protein content according to
Bradford method using bovine serum albumin (BSA) as a standard (Bradford, 1976).

DNA extraction and RAPD procedure

After 21 days of growth, seedlings were collected, ground in liquid nitrogen, and total genomic DNA was
extracted according to the protocol defined by Aras et al., (2003). DNA concentration of each sample was quantified by
NanoDrop ND-1000 Spectrophotometer.

PCR conditions were optimized according to ref. 10, with some minor modifications. PCR was performed in a
reaction mixture of 25 pl containing approximately 200 ng of genomic DNA, 0.2 uM primer, 20 uM dNTPs, 2.5 mM
MgCl,, 0.5 U of Taqg DNA polymerase (Promega) and 1X reaction buffer. 12 decamer primers were tested and 6 of
them displayed clear and reproducible results. The sequences of 6 primers were given in Table 1. The PCR program had
an initial denaturing step of 2 min at 94°C, followed by 35 cycles of;, 94°C for 30s (denaturation), 36°C for 60s
(annealing) and 72°C for 90s (extension) and final extension period of 8 min at 72 °C. A negative control of PCR mix
without any template DNA was also used to test any other kinds of contamination. The amplifications were carried out
in duplicate. To test the reproducibility of the bands in biological replicates, RAPD assay was performed from each of
the treatments prepared in triplicate. PCR products and 100 bp DNA ladder (Fermentas) were resolved
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electrophoretically in a 1.6 % agarose gels containing 0.05ul/ml ethidium bromide, and run at 60 V for about 4h.
Samples were visualized and analyzed under UV light using the system Gene Genius, Syngene.

Table 1. The sequence of the primers used in the study

Code of primers Sequences of primers ( 5' 23")
Tube A09 GGGTAACGCC
Tube All CAATCGCCGT
Tube A13 CAGCACCCAC
Tube A17 GACCGCTTGT
Tube A19 CAAACGTCGG
Tube A20 GTTGCGATCC

Data Analysis

Polymorphisms in RAPD profiles included disappearance and appearance of bands in comparison to control
and the average was calculated for each test group exposed to different concentrations of Pb(NOs), treatment (Table 2).
To compare the sensitivity of each parameter (root length, root dry weight, root total soluble protein content), changes
in these values were calculated as a percentage of their control (set to 100%).

Estimation of genomic template stability

Genomic template stability (GTS) values were also calculated according to the results of RAPD analysis. GTS
% was calculated as GTS %= (1- a/n)* 100, where ‘a’ indicates the RAPD polymorphic profiles in each sample, and ‘n’
is the number of total bands in the control. Changes in the RAPD patterns were expressed as a decrease in GTS, a
qualitative measure showing the obvious changes to the number of RAPD profiles generated by the tomato samples
exposed to Pb(NO3)s, in relation to profiles obtained from the control samples (Table 3).

Statistical analysis

The SPSS statistical package software (Windows 15.0) was used to analyze the changes in root length, dry
weight, and total soluble protein content. Data were tested by performing variance analysis (ANOVA). The Duncan’s
test was used to reveal the statistical differences of distinct groups.

3. Results

Effect of Pb(NO3)2 on root growth (length, dry weight) and total soluble protein level

This study evaluates the inhibition of seed germination in response to lead pollution by treating tomato seeds
with different concentrations of Pb?* (40, 80,120, 160, 240 mg I"%) solutions. It has found that seed germination and root
length were substantially reduced after 21 days of exposure to all of the increased Pb?* concentrations (*p <0.05) except
for the 40 mg I concentration. The maximum inhibitory rate (IR) of the Pb?* on root length was observed at a
concentration of 240 mg I, with a 77% value (Table 2).

The increased concentrations of Pb* also lowered the dry weight as root biomass production in comparison to
the weights of the tomato seedlings used as controls. All concentrations of lead caused a decrease in the development of
root and dry weights. The maximum IR (95.8%) of dry weight was determined to be with treatment at 160 mg I*
Pb(NO3), (Table 2).

The IR percentage of the lead on total soluble protein levels is shown in Table 2. Significantly decreased levels
were determined in the samples exposed to Pb?* contaminations of 40 mg I, 80 mg I'* and 240 mg I. However, Pb?*
concentrations of 120 mg I and 160 mg I* tended to increase the total soluble protein levels in tomato seedlings. All of
the changes detected in total protein levels, due to Pb2* contaminations, were found to be statistically important.

Table 2. Effect of Pb on dry weight, root lenght and total soluble protein level of root tips in tomato seedlings after 21 d
of treatment

Concentration Total Protein Average | % IR | Dry Weight | % IR | Radikula Length | % IR
(ppm) (mg) (mm)

Control 1,029 0 0,017 0 2,76 0
40 ppm 0,895 13,02 0,003 82,35 3,75 35,86
80 ppm 0,89 13,5 0,001 94,11 1,6 42,02
120 ppm 1,136 10,39 0,002 88,23 1,6 42,02
160 ppm 1,195 16,13 0,0007 95,88 1,46 47,1
240 ppm 0,842 18,17 0,0009 94,7 0,63 77,17
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Effect of Pb (NO3)2 stress on RAPD profile

In order to verify the genotoxic effect of Pb?* on tomato seedlings, DNA was isolated from the samples that
had been exposed to 21 days of incubation in test solutions. 12 decamer RAPD primers were tested and 6 of them
displayed clear and reproducible results. The sequences of primers used in the study are given in Table 1. All three
replications were tested twice, in order to verify the reproducibility of all polymorphic bands. A representative example
of the results obtained by RAPD analysis is shown in Fig. 1. A total of 81 bands were observed; 22 of them were
polymorphic (Table 3). RAPD patterns for samples exposed to Pb?* concentrations were clearly different from the non-

stressed samples, with the appearance of new bands and the disappearance of control bands.
80 120 180 240

Figure 1. RAPD profiles of genomic DNA from root tips tomato seedlings exposed to Pb?* for 21 days generated by the
primer Tube A 11. (M: Marker, C: Control, 40, 80, 120, 160 and 240: mg | * Pb%*)

Table 3. The polymorphism ratios of the primers

Primer Total Polymorphic Ratio %
Band Band

Tube A 09 15 2 13,33
Tube A1l 13 8 61,53
Tube A 13 19 1 5,26
Tube A 17 14 3 21,42
Tube A 19 9 4 44,44
Tube A 20 11 4 36,36

TOTAL 81 22

The highest number of new band appearances was observed in the samples treated with the 40 mgl?® Pb%*
solution and band disappearances were determined in the samples treated with the 80 mgl™*and 240 mgl™ Pb?* solutions.
The DNA isolated from seedlings germinated in the 40 mgl-tand 120 mgl* Pb?* concentrations displayed the maximum
polymorphic bands in RAPD assays (Table 4). In addition, the genomic template stability ratios (GTS), which imply a
qualitative measure to reflect the changes in RAPD profiles, are shown in Table 5. The lowest GTS value, of 78.14%,
was obtained in the seedlings that were exposed to the 40 mgl™ Pb%* solution. Pb?* treatments of 80 mgl* and 240 mgl*
yielded the highest GTS values, at 90.62% and 90.08%, respectively (Table 5).

Table 4 . Changes of total bands in control and of polymorphic bands in exposed samples in tomato seedlings

Primer Pb Pb Pb Pb Pb
40 ppm 80 ppm 120 ppm 160 ppm 240 ppm
C a b a b a b a b a b
Tube A Q09 15| 2 0 2 0 2 0 2 0 1 0
Tube A 11 13| 7 0 2 0 6 1 4 1 3 2
Tube A 13 19] 0 0 0 0 1 0 0 0 0 0
Tube A 17 141 2 0 0 1 2 0 2 0 2 0
Tube A 19 9 2 0 1 0 2 0 1 0 0 0
Tube A 20 11] 3 0 0 1 0 0 0 0 0 0
Total 81| 16 0 5 2 13 1 9 1 6 2
a+b 16 7 14 10 8

C: Control sample, a: Appearance of new bands, b: Disapperance of control bands, a+b: Indicates polymorphic bands
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Pb Tube A09 | Tube A1l | Tube A13 | Tube Al7 | Tube A19 | Tube A20 | Averange
Concentration % GTS % GTS % GTS % GTS % GTS % GTS % GTS
40 mg/It 86,6 46,15 100 85,71 77,7 72,72 78,14
80 mg/It 86,6 84,61 100 92,85 88,8 90,9 90,62
120 mg/It 86,6 46,15 94,7 85,71 77,7 100 81,81
160 mg/It 86,6 61,5 100 85,71 88,8 100 87,10
240 mg/It 93,3 61,5 100 85,71 100 100 90,08

% GTS: (1- a/n)* 100 a: polimorphic band n: total bands in the control

Comparison of RAPD profiles, root growth and total soluble protein content

GTS is a qualitative measurement reflecting the changes in RAPD profiles. The average GTS values of the
samples exposed to different concentrations of Pb?* are presented in Table 5. Minimum and maximum GTS values were
determined as 78.14% and 90.62%, at 40 mg I'* and 80 mg I, respectively. Modifications to IR values for total soluble
protein levels, root lengths and dry weights were also calculated (Table 2). The minimum IR value of total soluble
protein levels was recorded as 10.39% for tomato seedlings exposed to Pb?* concentrations at 120 mgl?, while the
maximum was 18.17%, at 240 mg I"X. The minimum and maximum IR values were 82.35% and 95.88%, at 40 mg I*
and 160 mg I, respectively, for dry weights and 35.86% and 77.17% for 40 mg I and 240 mg I, respectively, for
radicula lengths. A positive correlation between total soluble protein levels and root lengths was also recorded for
samples with Pb?" concentrations at 240 mg I*X. Ultimately, the maximum polymorphic band pattern was observed in
the RAPD assay for tomato seedlings with Pb?* concentrations of 40 mg I (Table 4).

4. Conclusions

In order to fully understand the effects of heavy metals on plants, it is essential to accumulate the data at
different levels of the biological organizations. Measuring various parameters of the population level can facilitate the
interpretation of the data at the molecular level. Simultaneous application of more than one biomarker can enhance the
detection of toxic effects, since different biomarker responses vary at different stages of plant development. In the
current research, the population biomarkers, such as root length, dry weight and total soluble protein content, were
compared to the assessment of genotoxicity results achieved by RAPD assay, to evaluate the effects of Pb?*. Other
studies have reported similar clear advantages to using population and molecular markers together (Theodorakis et al.,
2006; Aksoy-Korpe and Aras, 2011).

The roots are expected to be the parts of the plants that are most affected by metal accumulation, with impacts
reflected through changes in germination, morphology and anatomy. Indeed, the inhibition of root elongation is
considered to be the first sign of metal toxicity in plants. Cell division at the root tips and cell elongation in the
extension zones, which are two different mechanisms in root growth, are both affected by the presence of heavy metals
(Arduini et al., 1994). In this study, the increased Pb?* concentrations significantly reduced all the root lengths (*p
<0.05) except for the Pb?* treatments at 40 mg I"X. However, germination and root elongation showed an increase with
the treatment of 40 mg I Pb%" concentrations in the tomatoes. (Table 2). The highest level of inhibition in the
germination was observed with treatment at 240 mg I* Pb?* concentrations. Also, DNA damage or mutations in the root
cells, which are reflected as changes in the electrophoretic profiles of RAPD reaction products, might be related to the
inhibition or alteration in root elongation.

The IR percentage rates of dry weights were significantly higher than the IR percentage rates of root
elongations and total soluble protein contents. The highest level of IR percentage rate for dry weight was observed in
the 160 mg It Pb?* treatment (Table 2). These results are consistent with the data indicated in the references (Sinha et
al., 1996).

Alteration in the total soluble protein content is one of the important biomarkers of heavy metal toxicity in
plants (Mollema and Cole, 1996). Also, in this study, all concentrations of Pb?* tended to alter the total soluble protein
content in tomato seedlings. However, the 40 mg I, 80 mg I* and 240 mg I concentrations of Pb?* decreased the total
soluble protein level, while the 120 mg I* and 160 mg I concentrations of Pb?* increased the level of protein (Table 2).
This research confirmed the potential application of soluble protein levels as a valuable biomarker, which was also
reported in (Singh and Tewari, 2003).

The RAPD assay is able to reveal the genetic variation that is due to heavy metal toxicity (Atienzar et al.,
1999; Aksoy-Korpe and Aras, 2011). The variation in band appearances or disappearances may be attributed to the
presence of DNA photoproducts (e.g. pyrimidine dimers, 6-4 photoproducts), which can block or reduce (bypass event)
the polymerization of DNA in the PCR reaction (Nelson et al., 1996). In the current research the changes in bands, both
the disappearance of bands and the appearance of new PCR products in the RAPD profiles in comparison to controls,
are shown for the primer Tube A 11 (Fig. 1) and summarized in Table 4. The maximum appearance of new bands was
observed in the 40 mg It Pb?* contamination. The results of this research suggest that higher concentrations of heavy
metal contamination may induce less DNA damage than lower concentrations, in germinating tomato seedlings. Other
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experiments conducted in our laboratory obtained similar results with the seedlings of other higher plants, such as
cucumber (Soydam-Aydin et al. 2012) and okra (Soydam-Aydin et al. 2013). However, this situation seems not to be
the case for lichens, a non-vascular cryptogam, in which band differences were observed with higher metal
concentrations (Aras et al., 2010). Higher GTS values obtained at higher concentrations than 40 mg I Pb?* might be an
indication of introduction of an effective DNA repair system or any other kind of cellular adaptation and/or defense
sytem (Table 5). According to Liu et al., (2005) this situation was explained by the plateau effect, ascribed to multiple
changes in RAPD profiles (appearance of new bands, disappearance of the existing bands) that tend to counterbalance
each other. In addition, the 40 mg I"* Pb?* concentration is remarkable for stimulating root elongation (Table 2).
Genomic template stability and total soluble protein levels were both increased with the 80 mg I Pb%* contamination,
compared to Pb?* treatment at 40 mg I (Table 2, Table 5).

The RAPD assay has potantial to detect point structural modifications and the temporary DNA changes such as
DNA methylation and histone deacetylation that could not finally manifest themselves as mutations (Castano and
Becerril, 2004). Linking molecular/cellular effects to changes such as variations in population parameters can further
enhance the value of RAPD procedures (Theodorakis et al., 2006). In addition, the multiple biomarker approach
presented in the current study can lead to better identification of DNA damage, temporary changes in DNA and
structural variations. The higher sensitivity of RAPD, combined with total soluble protein levels, root lengths and dry
weights, can show clearer impacts of Pb?* contaminations on tomato seedlings. This research evaluates the suitability of
combining RAPD assays with population biomarkers, to provide a better understanding of the effect of Pb?*
contamination on tomato seedlings. The simple and straightforward method that this study presents for identifying the
effects of heavy metals on germination parameters, total soluble protein level and DNA may also prove useful in the
future for both assessment of the risks of environmental contamination and remediation.
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Agropyron pinifolium Nevski (Poaceae): a new species record for the flora of Turkey
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Abstract

An addition to the known Turkish grasses, Agropyron pinifolium Nevski (Poaceae) is recorded for the first time
from Turkey. This new record is confined to Vize province in Kirklareli. An updated description and notes on ecology
and phenology of the new record are also presented. In addition, distribution map and illustration of this new record
from Turkey is given.

Key words: Poaceae, Agropyron pinifolium Nevski, new record, Turkey

*

Agropyron pinifolium Nevski (Poaceae): Tiirkiye florasi icin yeni bir tiir kaydi

Ozet

Bilinen Tirkiye Bugdaygillerine ek olarak, Agropyron pinifolium Nevski (Poaceae) tiirii Tiirkiye’den ilk defa
kaydedildi. Bu yeni kayit Kirklareli ilinin Vize il¢esinde sinirlanmaktadir. Giincel bir betim ve bunun yaninda tiiriin
ekolojisi ve fenolojisi lizerine notlar sunuldu. Ek olarak bu tiire ait bir ¢izim ve dagilim haritas1 verildi.

Anahtar kelimeler: Bugdaygiller, Agropyron pinifolium Nevski,, yeni kayit, Tiirkiye
1. Introduction

The taxonomy of Agropyron Gaertn. has been studied in different ways by various researchers. In a broad
sense it was once thought to be one of the largest genera in the Triticeae, encompassing more than 100 species (Dewey,
1983). Nevski (1934) restricted Agropyron to perennial taxa with keeled glumes, a group of species referred to in
English as the Crested Wheat grasses. He placed the other taxa in Elytrigia Desv, Roegneria C.Koch and Elymus L..
Subsequent works showed that members of Agropyron sensu Nevski are diploids, tetraploids, or hexaploids in which
only the P genome is present) (Dewey and Asay, 1975; Dewey, 1983; Melderis, 1978; Assadi, 1995; Jensen et al., 2006;
Genome designations as recommended by the International Triticeae Consortium;
http://herbarium.usu.edu/Triticeae/genmsymb.htm). This narrow concept of Agropyron is now followed in most
taxonomic works (e.g., Tzvelev, 1976; Melderis et al., 1980; Clayton and Renvoize, 1986; Wu et al., 2006; Barkworth
et al., 2007; Cabi and Dogan, 2012). It is also supported by intergeneric crossing experiments (Assadi and Runemark,
1995). Much confusion prevails in regard to the number of species in Agropyron.

In the Flora of Turkey, Melderis (1985) recognized only one species, A. cristatum s.l. in Agropyron and
subdivided it into two subspecies (subsp. incanum and subsp. pectinatum). He stated that subsp. incanum was confined
to the high mountain steppes of East Anatolia whereas subsp. pectinatum grew throughout Turkey. Agropyron cristatum
subsp. pectinatum was further divided into two varieties, one of which was var. imbricatum having pilose spikelets and
the other one var. pectinatum having glabrous spikelets (Melderis, 1985).

Love (1984) recognized another species from Turkey that he named A. deweyi. The seeds of this species were
collected by J.R. Harlan in 1948 and cultivated in Evans Farm, Utah, U.S.A. He noted that this species might be a
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variant of A. cristatum that arose under cultivated conditions far from its native habitat. Baum et al. neotypified the
species in 2008.

The authors carried out intensive field studies between 2010 and 2014 and collected huge amount of herbarium
specimens of the tribe Poeae R.Br. Population size, phenological traits and ecological preferences were observed in the
field (Davis and Heywood, 1973). During these field studies particular attention was paid to a Agropyron polulation
collected from edge of Vize to Kiyikdy (Al Kirklareli, Al sensu Davis, 1965) in 2013. Upon closer examination and
going through Flora of Turkey (Davis, 1985) and other relevant floras, such as Flora Orientalis (Boissier, 1884), Flora
of Syria, Palestine and Sinai (Post, 1933), Flora of Iraq (Bor, 1968), Flora Iranica (Bor, 1970), and Grasses of the Soviet
Union (Tzvelev, 1983), it was identified as A. pinifolium. This species was only known from Crimea and Caucasus
(From Novorossiisk to Tuapse) so far.

2. Materials and methods

The specimens were collected from Kirklareli: Vize to Kiyikdy, about 5 km from Vize, calcareous stony
places, 41°59257 N 27°82273 E, 400 m, 16 June 2013, E.Cabi & E.Karabacak (Figure 3). Related herbarium specimens
were studied in ANK, GAZI, ISTE, ISTF, VANF, E, K, and BM herbarium.

3. Results

Taxonomy

AGROPYRON Gaertn., Novi Comment. Acad. Sci. Imp. Petrop. 14(1): 539 (1770). / OTLAK AYRIGI

Syn. Agropyrum Roem. & Schult., Syst. Veg. 2: 750 (1817). Australopyrum (Tzvelev) A.Love, Feddes Repert. 95(7-8):
442 (1984).

Lectotype: A. cristatum (L.) Gaertn., To Nash: “N.L. Britton & A. Brown, Ill. F1. N.U.S. ed. 2. 1: 283 (1913)”.

Agropyron pinifolium Nevski, Trudy Sredne-Aziatsk. Gosud. Univ., Ser. 8b, Bot. 17: 57 1934. / ibreli aynrk (Figurel).
Syn.: Agropyron sclerophyllum (Novopokr.) Novopokr. Sci. J. Rostov-on-Don State Univ. 6: 39 1935. Agropyron
cristatum subsp. sclerophyllum Novopokr. Uchen. Zap. Rostovsk. Univ. V. M. Molotova, Trudy Biol. Fak. 6: 39 1935.
A. karadaghense Kotov Journ. Bot. Acad. Sci. Ukraine, 5(1): 32. 1948. Agropyron cristatum subsp. pinifolium (Nevski)
Bondar ex Korovina Byull VVses Ord. Lenina Inst. Rast. N.I. Vavilov, 81: 35. 1978.

Description

Caespitose perennial, Flowering shoots 15-24 cm. Sterile shoots forms dense mats with stems more or less
thickened at base, and with numerous shortened sterile shoots up to 5 cm with distichously arranged, short, convolute
and bent leaves. Cauline leaves linear, convolute. Spike up to 2.5 cm long and 1.4 cm wide, dense, rachis segments are
visible. Spikelets 3-5 flowered. Glumes subequal, ovate-lanceolate with prominent keel and awn up to 4 mm long,
tangled ciliate at keel. Lemma 5.5-6.5 cm long with an awn up to 4 mm long, glabrescent or scabrous. Palea nearly as
long as the lemma, bidentate at the summit, sparsely ciliate on the keels (Figure 2).
Described from the vicinity of Gelendzhik. Type in Leningrad.

Flowers in May - July. Anemophilous. 2n=?

Specimens examined. Kirklareli: Vize to Kiyikdy, about 5 km from Vize, calcareous stony places, 41°59257 N
27°82273 E, 400 m, 16 June 2013, E.Cabi & E.Karabacak (Figure 3).

Habitat and elevation in Turkey - Calcareous stony places, woodlands’ openings, 400 m. Flowering. May to July. It
grows together with the following taxa Stipa sp., Galium sp., Salvia sp., Poa sp., Catapodium sp., Bromus sp. and
Aegilops sp..

Distribution outside Turkey -West Transcaucasia, Crimea.

Evren CABI et al., Agropyron pinifolium Nevski (Poaceae): a new species record for the flora of Turkey
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Figure 2. Agropyron pinifolium (=ibreli ayrik). A, a general view of the species; B, spike; C, leaf detail; D, glume; E,

lemma; F, palea. lllustrated by E.Karabacak from materials at NAKU and CBB.
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Figure 3. The distribution map of Agropyron pinifolium (@) in Turkey
Use and economic value. - Forage grass.
Intensive studies in literature, herbaria and databases for identifying the specimens have been revealed that the identification is
correct and it is a new record for the Flora of Turkey.

The herbarium specimens of A. pinifolium from Turkey are deposited at the herbaria of NAKU, CBB, and NGBB.
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Abstract

The genus Verbascum L. (Scrophulariaceac) known as “sigir kuyrugu” in Anatolia is represented by 245
species, 194 of them endemic. The flowers contain essential oil and glycosides. Some species’ of Verbascum have some
folkloric usages as expectorant, sedative and treatment of dysmenorrhoea and rheumatalgia. It was also notified the
usege for healing wounds in animal care. Verbascum orgyale Boiss. & Heldr. is an endemic species in Turkey counted
in Mediterranean phytogeographic region. Morphological, morphometric and anatomical properties of Verbascum
orgyale Boiss. & Heldr. is described in the present study. Obtained data after investigations was compared with the data
in the Davis’s “Flora of Turkey” and represended in a table. Morphological and anatomical knowledges were supported
by photographs and illustrations.

Key words: Scrophulariaceae, Verbascum orgyale, morphology, anatomy, endemic

*

Endemik Verbascum orgyale Boiss. & Heldr. tiiriiniin morfolojik, morfometrik ve anatomik 6zelliklerinin
incelenmesi

Ozet

Anadolu’da “Sigir kuyrugu” olarak adlandirilan Verbascum L.(Scrophulariaceae) cinsi, iilkemizde 194’
endemik olmak tizere 245 tiir ile temsil edilmektedir. Cigekleri miisilaj, ugucu yag veglikozitlertasir. Baz1 Verbascum
tlirleri halk arasinda gdgiis yumusatici ve balgam soktiiriicii olarak, adet sancisin1 gidermede, yatistirici, romatizma
agrilarmi giderici ve hayvan yaralarini tedavi etmekte kullamlmaktadir. Verbascum orgyale Boiss. & Heldr. tiirii
Akdeniz fitocografik bolgesinde yetisen ve ililkemize endemik bir tiirdiir.Verbascum orgyale. (sigir kuyrugu) tiiriiniin
morfolojik, morfometrik 6zellikleri ve anatomik yapisi ilk kez bu ¢alismada verilmistir. Elde edilen bulgular Davis'in
"Flora of Turkey" adli eserindeki betimlemesi ile karsilastirilmis ve tablo haline getirilmistir. Ayrica tlirlin morfolojik
ve anatomik yapisi fotograf ve ¢izimlerle desteklenmistir.

Anahtar kelimeler: Anadolu, araneofauna, dagilim Atypidae, Atypus muralis
1. Giris

Anadolu’da “’Sigirkuyrugu’’ olarak da taninan Verbascum L. cinsi, Scrophulariaceae familyasinin en genis
cinslerinden birisidir (Heywood, 1993). Diinya’da 360 tan fazla tiirle temsil edilen cins, Kuzey Yarimkiire' nin 1liman
bolgeleriyle, 6zellikle Avrasya'nin dogu kesiminde yaygin olarak yetisir (Mabberley, 2008). Tiirkiye’de ise % 80’1
endemik 130’u hibrit olmak iizere 13 grup altinda toplam 245 tiir yayilis gostermektedir (Karaveliogullary, 2012, 2014).
Verbascum tiirlerinin genel yayilis alan1 Anadolu, agirlikli olarak ise Iran-Turan fitocografik bdlgesidir (P.H. Davis,
1988). Sigirkuyrugu bitkisi, giinesli; soguktan ve riizgardan korunmali yerleri sever. Doktiigii tohumlartyla gogalir (
Giiner ve ark., 2000). Verbascum tiirleri iizerinde yapilan fitokimyasal ¢aligmalarda, iridoit glikozitleri, neolignan
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glikozitleri, oleanan tipi terpenler, flavonoitler, polisakkaritler, saponinler, steroit ve alkoloitler elde edilmistir (Turker
ve Camper, 2002)

Bazi1 Verbascum tiirleri halk arasinda adet sancisini, romatizma ve kulak agrilarini gidermede, hemoroide karsi,
akciger ve seker hastaliginin tedavisinde, damar sertligine kars1 ve hayvan yaralarmi tedavi etmekte kullaniimaktadir
(Baytop, 1999). Verbascum phlomoides, V. densiflorum ve V. thapsus tiirleri ile bunlarin grubunda bulunan diger
tiirlerin ¢iceklerinden elde edilen Flos verbasci infusyon seklinde balgam soktiiriicii ve gogiis yumusatict etkilere
sahiptir. Ayrica Verbascum tiirlerinin kurutulmus yapraklar1 Folium verbasci yine infusyon seklinde terletici, balgam
soktiiriicti, yatistiricy, idrar arttirict ve kabiz olarak kullanilmaktadir (Tuzlaci, 2006). Y apilan farmakolojik ¢aligmalarda
ise, baz1 Verbascum tiirlerinin antihistaminik, antifungal, antibakteriyal ve antioksidan etkileri belirlenmistir (Alan ve
ark., 2009; Abougazar ve ark., 2003).

Verbascum cinsi genel olarak problemli olan, teshis ve taksonomisinde gesitli sorunlarin oldugu bilinen ve
icerdigi tiir sayis1 bakimmdan en biiyiik cinslerden biridir. Cinsin morfolojik ve anatomik &zellikleri ile ilgili bazi
calismalarin sayisi azdir (Cakir ve Bagel, 2006). Verbascum orgyale tiirli, Akdeniz fitocografik bolgesinde Aydin,
Mugla, Denizli ve Antalya'da yetisen ve iilkemizde endemik olan tiirdiir (Huber-Morath, 1978). Davis'in kareleme
sistemine gore Verbascum orgyale C1, C2 ve C3 karesinde yayilig gostermektedir.

Bu aragtrmada endemik Verbascum orgyale tiiriiniin taksonomik, morfolojik ve anatomik Ozellikleri
incelenmis, bu karakterler Davis'in"Flora of Turkey"adl kitabinda kaydettigi verilerle karsilastirilmistir. Ayrica bitkinin
kok, gdvde ve yapraklarindan alinan enine kesitlerle anatomik 6zellikleri de ilk kez bu ¢alismada incelenmistir.

1 2 3 4 5 6 7 g 9 10

h ==

34 O
Sekil 1.Verbascum orgyale' nin Tirkiye' deki Yayilist (Flora of Turkey)
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Sekil 2b.Verbascum orgyale’nin arazide genel goriiniisiit AKDU 6064 (Foto: R. Siileyman Goktiirk).

2. Materyal ve yontem

2.1. Bitkisel Materyal

Aragtirma materyali C3:Antalya: Antalya-Geyikbayir1 arasi, Feslikan Yaylasi, Pinus brutia ormani agikliklari
ve kayalik yamaglar, 36° 52'41" N - 30°26'37" E, 1008 m, 15.07.2007, ESSE 14622, AKDU 6064’dan toplanmustr.
Bitkilerin bir kismi numaralanip herbaryum ornegi haline getirilmis ve Anadolu Universitesi Eczacilik Fakiiltesi
Herbaryumu’na (ESSE 14622) ve Akdeniz Universitesi Biyoloji Boliimii Herbaryum’una (AKDU 6064)
yerlestirilmistir. Bir kismi anatomik ¢aligmalar i¢in % 70’lik alkolde kavanozlara konularak etiketlenmistir.

2.2. Morfolojik

Toplanan Orneklerin taninmasinda Davis'in  "Flora of Turkey"adli eserinden yararlanilmistir. Tiiriin
deskripsiyonu ve ayrmtili g¢izimleri, bitkinin kurutulmus Orneklerine dayanarak yapilmigtir. Taksonun morfolojik
ozelliklerini belirlemek amaciyla genel goriiniisleri ¢izilmis, yaprak, brakte, brakteol, kaliks, korolla ve meyva sekilleri
ilave edilmistir. Morfolojik ¢izimlerde Wild M5 A steromikroskobun resim ¢izme tiibiinden yararlanilmistir.

2.3. Anatomik

Anatomik caligmalarda ¢icekli bitkilerin kdk, govde ve yapraklari kullanilmistir. Kok, govde ve yapraklarin
orta bolgelerinden elle enine ve ayrica yaprak alt ve iist ylizey ylizeysel kesitler alimmustir. Bu kesitler Sartur Reaktifi ile
boyandiktan sonra gliserin-jelatin ile sabitlenmistir. Kesitlerin ¢izimleri Leitz’in SM-LUX model binokiiler
mikroskobun resim ¢izme tiibii yardimi ile fotograflari ise Olympus BX 51 trinokuler dijital kamerali mikroskop
kullanilarak gercgeklestirilmistir.

3. Bulgular
3.1.Morfolojik Gozlemler

Verbascum orgyale’ye ait morfolojik ve morfometrik bulgular Tablo 1’de verilmektedir. Bu tabloda ¢alisma
sonucunda elde edilen veriler Tiirkiye Florasi’nda verilen betimlerle karsilastirilarak degerlendirilmistir. Incelenen
orneklerin genel olarak Tiirkiye Florasi’'nda verilen karakterlerle uyum gosterdigi, bunun yaninda bazi karakterlerin
benzerlik gostermedigi saptanmistir. Ayrica Tablo 1’de Tiirkiye Florasi’nda belirtilen karakterlere ilaveten tiiriin ve
cinsin sistematiginde Onemli olabilecek yeni karakterler belirlenmistir. Bu tiiriin betimlemesinde Onemli olan
karakterlerin ¢izimleri Sekil 3’de verilmistir.

Verbascum orgyale Boiss.& Heldr. in Boiss., Diagn. Ser. 1(12):15 (1853)

Iki yillik. 50-110 cm. Govde sik dallanmis kuvvetli, silindirik, sivri olmayan ve koseli birlesik spika, ince
grimsi yumusak samdan tiiylerle kapl ve tiste dogru tiiysiiz. Taban yapraginin boyu ve eni 4.5-18 x 1.5-5 cm, lanseolat,
yaprak ylizeyi alt tarafi damarli ve samdan tiiylii, kenar1 kiiglik girintili-¢ikintili, ucu ise sivri. Yaprak sap1i uzunlugu 2-6
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cm. Govde yapragi boyu ve eni 3-9 x 1.5-3 cm, taban yapragina benzer fakat daha kiigiiktiir. Gévde yaprag: tabani
damarli ve samdan tiiylerle kapli, ovat sekilli, kenarlar1 girintili-gikmntili, ucu ise akuminattir. Cigek sayis1 2-7. Cigek
durumu genisce ovat, uzun panikuladir. Brakte boyu ve eni 1-4 x 0.4-2 cm, lanseolat sekilli, taban1 damarli, kenar1
kiigiik girintili-¢ikintili, ucu subulat sekilli ve ylizeyi yine samdan tiiylerle kaplidir. Brakteol boyu ve eni 0.3-0.8 x 0.2-
0.8 cm, brakteol subulat sekilli, kenarlar1 kiigiik oymali, ucu subulat sekilli, yiizeyi ise samdan tiiylerle kaplhdir. Kaliks
1-3 mm, 5 disli, Diglerin sekli lanseolat, uglar1 sivri, ylizeyi ise samdan tiiylerle kaplidir. Korolla ¢ap1 1.5-2 cm, rengi
sar1, loblarin sekli ise ¢izgisel lanseolattir. 5 lob bulunduran korollanin loblarmin boyu ve eni 0.5-1 x 0.3-0.7 cm.
Korollanin dig ylizeyi samdan tiiylerle kaplidir. 5 stamene sahiptir ve boylar1 4- 9 mm. Anterler bobrek seklinde ve
boylart 0.5-1 mm. Filament boyu ise 3-8 mm., filamentler antere kadar samdan tiiyli ve tliylerin rengi beyazimsi-
saridir. Ovaryum boyu ve eni 2-4 mm X 2-4 mm, yuvarlak ve loblu, yiizeyi ise samdan tiiylerle kaphdir. Stilus boyu 5-8
mm ve yilizeyi samdan tiiylerle kaplidir. Stigma ise kii¢iik oyuntulu kapitat. Kapsiil silindirik, ovat sekilde, ucu
girintilidir, 3-5 x 1-2 mm. Yiizeyi ise samdan tiiylii ve kaliksten uzaklastik¢a ¢iplaklagir. Tohum boyu ve eni 0.5-1 X
0.5-1 mm, tohum rengi ise koyu kahverengi ve siyah, prizmatik-oblong ve alveolat, hilum kisa ve orbikular, yiizeyi
retikulat-rugostur.

Cigeklenme donemi: Nisan- temmuz

Habitat: Pinus (Cam) ormanlari, Quercus (Mese) ¢aliliklari, kiregtasi kayaliklar

Yiikseklik: 1500 m

Tirkiye’deki yayilisi: GiineyBat1 Anadolu (Davis, 1978)

Tehlike kategorisi:NT (Demirelma, 2009), Endemik

Sekil 3.Verbascum orgyale (ESSE 14622). A: Bitki genel goriiniis, a: Taban yapraklari, b:G6vde yapraklari, c: Brakte,
d: Brakteol, e:Kaliks ve pistil, f:Korolla (iistten), g:Stamen, h: Meyve, 1: Tohum
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Tablo 1. Verbascum orgyale'nin Morfolojik ve Morfometrik Karakterleri

Morfolojik ve Morfometrik

Tiirkiye Florasi (Davis)

Bizim Bulgularimiz

eglandular

Karakterler
Hayat formu Tki y1llik Ayni
Bitki boyu 70-200 cm 50-110 cm
Govde sekli Kuvvetli, silindirik veya obtus-
1 Ayni
koseli
Dallanma Dallanmig Ayni
Tiiy durumu Ince grimsi stellat-tomentoz drtii
tiiylii, iste dogru glabressens, Ayni

Taban yaprak boyu-eni

10-30x1.5-10 cm

4.5-18x1.5-5 cm

Sekli Lanseolattan linear-lanseolat Lanseolat
Tabam --- Kuneat
Kenari Krenulat-entir Aym
Tepesi Akut Aym
Tiily durumu - Stellat-tomentoz 6rtii vesalg: tityli
Yaprak sap1 boyu 2-6cm Ayni
Govde yaprak boyu-eni - 3-9x1.5-3 cm
Sekli Taban yapragiyla ayn1 ama daha
kiiciik, tistekiler genisce ovattan Ayni
orbikulara kadar
Tabam Kulakgikli Kuneat
Kenari Krenulat-entir
Tepesi Akuminat Ayni
Tiiy durumu --- Stellat-tomentoz ortii ve salgi tityli
Cicek sayisi 2-7 Ayni
Cicek durumu Ince uzun dalli Ayni
Cicek durumu sekli -—- Panikula
Brakte boyu-eni 1-4x0.4-2 cm
Sekli Linear-lanseolat Deltat
Tabam Trunkat
Kenan --- Entir diiz
Tepesi Subulat Akut
Tiiy durumu — Stellat-tomentoz ortii ve salgi tilyli
Brakteol boyu-eni 0.3-0.8x0.2-0.8 cm
Sekli Subulat Linear-lanseolat
Kenan --- Entir diiz
Tepesi Akut
Tiily durumu ~-= Stellat-tomentoz 6rtii ve salg tiiylii
Pedisel boyu 5 mm’ye kadar Aym
Pedisel tiiy durumu --- Stellat-tomentoz 6rtii ve salgi tiiylii
Kaliks boyu 1.5-3mm 1-3mm
Dislerin sekli Linear-lanseolat Aym
Dis sayisi - 5
Digslerin tepesi Akut Aym
Kaliks tiiy durumu - Stellat-tomentoz ortii ve salgi tityli
Korollamin rengi Sar1 Ayni
Korollanin ¢cap1 1.5-20mm CM ? Ayni
Loblarin sekli - Oblong
Lob sayis1 5
Lob boyu-eni 0.5-1x0.3-0.7 cm

Korolla tily durumu

Dist stellat ortii tityli, seffaf salg

Stellat-tomentoz ortii ve salgi tiylii

tiyli,
Stamen sayisi 5 Ayni
Stamen boyu 0.4-09cm
Anter sekli Reniform Aym
Anter boyu 0.5-1 mm
Filament boyu 0.3-0.8 cm
Tiiylerin rengi Beyazimsi-sar1 Ayni
Tiiyler Antere kadar tiiyli Ayni
Ovaryum boyu 2-4 X 2-4 mm
Ovaryum sekli --- Loblu, oblong
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Tablo 1. devam ediyor

Ovaryum tiiy durumu --- Samdan tiiylii
Stilus boyu 0.5-0.8 cm
Stilus tily durumu - Samdan tiiylii
Stigmanin sekli - Kiiciik oyuntulu, kapitat
Kapsiil sekli Eliptik-silindirik, ucu obtus veya
. Ayni
emarginat
Kapsiil boyu-eni 3.5-5x1.5-2 mm 3-5x1-2 mm
Kapsiiliin tily durumu Stellat-tomentoz, glabressens Ayni
Tohum sekli Prizmatik-oblong
Tohum boyu-eni 0.5-1x0.5-1 mm
Tohum rengi Koyu kahverengi, siyah
Tohum yiizeyi Retikulat-rugos (agsi-piiriizlii)

3.2.Anatomik Bulgular
Verbascum orgyale' nin kok ve govdelerinden alinan enine ve yapraklardan alman yiizeysel ve enine
kesitlerden bitkilere ait anatomik 6zellikler belirlenmis ve Sekil 4-8’de gosterilmistir.

3.2.1.Kék

Kok bu tiirde, dista yer alan koruyucu doku periderma, 5-9 sira isinsal siras1 bozulmus mantar doku ile 4-8 sira
fellodermadan olusmustur. En distaki mantar hiicreleri pargalanmis veya iizerinde yer yer ezilmis primer kortekse ait
doku kalintilar1 bulunmaktadir. Peridermanin altinda 4-9 sira, diizensiz sirali, halka seklinde, oval sekilsiz hiicrelerden
olusmus, sekonder floem yer alir. Kambiyum belirsizdir. Sekonder ksilem genis bir alan1 kaplar ve sklerankimatik bir
temel doku iginde biiyiik veya kiigiik ¢apl trakeal elemanlardan olusmustur. Oz kollar1 2-3 siralidir. Dar bir alam
kaplayan 6z bolgesi sklerankimatiktir(Sekil 4).

) .
N N |. ﬁ Hm
Sekil 4.Verbascumorgyale (ESSE 14622). Kok enine kesm anatomlk,pe periderma, m:mantar, fe:felloderma,
sfisekonder floem, sok:sekonder 6z kolu, sks:sekonder ksilem, 6:6z

3.2.2. Govde

Bu bitkinin gévdesinden alinan enine kesitler incelendiginde; govde de sekonder gelisme oldugu gozlenmistir.
Epiderma tek sira, kalin ¢eperli oval veya yuvarlak hiicrelerden olugsmustur. Alt ve st ¢eperleri kalin, yan ¢eperleri
incedir. Uzeri ince bir kutikula ile ortiiliidiir. Ortii ve salg tiiyii gozlenmistir. Ortii tiiyleri dallanmis ¢ok hiicreli samdan
tiiylerdir. Salgu tiiyleri 3 tiptir. Bunlar sap1 1 basi 1 hiicreli, sap1 2 basi 1 hiicreli, sap1 2 bas1 2 hiicreli salg: tiiyleridir.
Epidermisin altinda 8-10 sira halinde parenkimatik korteks bulunmaktadir. Primer kortekste epidermisin altma dogru
kollenkima hiicreleri, i¢ kisimda ise oval sekilli kloroplast igeren parenkima hiicreleri yer almaktadwr. Parenkima
hiicrelerinde druz kristalleri gézlenmistir. Endoderma basik hiicrelerden olugmus, korteks parenkimasindan zor
ayirdedilir. Sekonder floemin iizerinde irili ufakli ve kesintili 4-6 swrali sklerankima demetlerine rastlanmaktadir.
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Floem3-8 sira olmak {izere, basik sekilsiz yada oval hiicrelerden olugsmus bir halka seklindedir. Kambiyum belirsizdir.
Sekonder ksilemde demetler primer ksileme dogru daralmaktadir. Trake ve trakeitlerden olusan bu kisimda sklerankima
hiicreleri radyal yoneltide diizenli siralar olusturmaktadir. Oz kollar1 1-2 sira halindedir. Oz biiyiikk ¢okgen veya
yuvarlak sekilli, ¢eperleri odunlagmis parenkimatik hiicrelerden olusmustur. Bu hiicrelerde de belirgin olarak druz
kristalleri bulunmaktadir (Sekil 5).

Sekil 5.Verbascum orgyale (ESSE 14622). G6vde enine kesiti anatomik; ku: kutikula, e epiderma, ko: kollenkima, kp:
korteks parenkimasi, sk: sklerankima, f floem, tr: trake, tk: trakeid, ks ksilem, 6 6z

3.2.3. Yaprak

Orta damar ve damarlar aras1 bolgeden alinan enine kesitlerde,6zellikle alt yiiz belirgin ¢ikintilidir. Epiderma
tek sira basik, dikdortgen, yuvarlak veya oval hiicrelerden olusmustur. Uzeri kivrimli ve ince bir kutikula tabakasi ile
kapli olup, iist epiderma hiicreleri alt epiderma hiicrelerinden daha biiyiiktiir. Ust geperler alt ve boyuna ceperlerden
daha kalindir, orta damar bdlgesinde ise epiderma hiicrelerinin alt ¢eperlerinin de kalinlastigi gdzlenmistir. Ortii ve salgi
tiiyleri gdvdedeki gibi olup, her iki epidermada da gdzlenmistir. Ortii tilyleri dallanmig gok hiicreli samdan tiiylerdir.
Salgi tiiyleri 3 tiptir. Bunlar sap1 1 basi 1 hiicreli, sap1 2 basi 1 hiicreli, sap1 2 bas1 2 hiicreli salgt tiiyleridir. Yapragin her
iki yliziinde bulunan stomalar (amfistomatik), alt yiizde daha yogundur. Enine kesitte epiderma hiicrelerinden daha
yukari seviyededirler (higromorf stoma).

Tiiriin yaprak enine kesitinde {ist ve alt epiderma hiicreleri arasinda iist epiderma hiicrelerinin lehine hissedilir
bir biiyiikliik farki goriilmektedir. Her iki epiderma iizerinde amaryllis tipi stoma mevcuttur. Yaprak amfistomatik
ozellik tasimaktadir. Yiizeysel kesitte; alt ve iist epiderma lizerindeki stoma hiicreleri cogunlukla 3 epiderma hiicresi
tarafindan kusatidmigtir. Epidermis hiicrelerinin birbirine olan baglantilart hissedilir derece de girintili ¢ikintilidir.
Yaprak alt ve iist yiiziinden alinan enine kesitler iizerinde yapilan incelemelerde (Sekil 7); stomalarin 2-4 komsu hiicre
ile ¢evrildigi gorilmistiir. Mezofil tiim Gst epidermanin altinda yeralan 2-3 sira halinde dizilmis, bol kloroplastl palizat
parenkimast ile onun altinda yer alan 3-5 sira siinger parenkimasmdan olusmustur (bifasial, dorsiventral yaprak). iletim
demetleri kolateraldir. Iyi gelismis olup, ice dogru kivrilan hilal seklindedir.Ksilem iist epidermaya, floem ise alt
epidermaya bakan yonde yer almistir. Ksilemde trakeal elemanlar iginsal olarak dizilmis ve aralarinda ince ¢eperli
parenkimatik hiicreler bulunmaktadir. Floem ksilemin altinda yer alir. Ust epidermanin altinda 1-2 sira kollenkimadan
sonra 12-15 sirali belirgin parenkima hiicreleri yer alir. Floemin altinda alt epidermaya kadar 10-20 sira parenkimatik
doku bulunmaktadir. Orta damarin her iki yaninda kalin yan damarlar ayanin kenarma kadar siralanmis olup, orta damar
belirgin olarak digsa dogru derin bir ¢ikint1 yapmistir. Anatomik bakimdan yan damarlar, orta damar ile ayni yapidadir,
ancak iletim demetleri daha da indirgenmistir (Sekil 6).

4. Tartigma ve sonuglar
Verbascum cinsiyle ilgili daha 6nce yapilmig morfolojik ve anatomik ¢alismalarin sayisi azdir (Coskungelebi

ve ark., 1999; Cakir ve ark., 2003-2005-2006; Alan ve ark 2009). Bu yiizden cinse ait tiirleri birbiriyle karsilastirma
imkani da fazla degildir. Bu ¢aligmada V. orgyale’nin morfolojik ve anatomik 6zellikleri ilk kez incelenmistir.
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Sekil 6.Verbascum orgyale (ESSE 14622). Yaprak orta damar enine Kkesiti ntoik;ku:kutikula, e:list
epiderma,ko:kollenkima, ks:ksilem, f:floem, p:parenkima, ae:alt epiderma, pp:palisat parenkimasi, sp:siinger
parenkimasi

Sekil 7.Verbascum orgyale (ESSE 14622). Yaprak alt ve list epiderma yiizeysel kesiti; lie:list epiderma, ae:alt epiderma,
st:stoma, pp:palisat parenkimasi, sp:siinger parenkimasi

V. orgyale Dogu Akdeniz elementi olup, Tiirkiye Florasi’'nda M grubunda grubunda bulunmaktadir (Davis,
1988). Bu grupta bulunan diger tiirlerden taban yapraklarmin kenari, kapsiil ve brakte sekli ve tepesinin farklilig1 ile
ayrilir (Davis, 1978).Bu tiir ile ilgili tespit ettigimiz ve Tablo 1’de verilen morfolojik 6zellikler, Tiirkiye Florasi’'ndaki
verilerle genel olarak uygunluk gostermektedir. Ancak bizim bulgularimizda V. orgyale’de bitki ve taban yapraginin
boy-eninin alt siirlar1 Tiirkiye Florasi’nda belirtilen degerlerden daha diisiiktiir. Tiirkiye Florasi’nda kaliks boyu alt
sinirt 1.5mm iken, bizim gézlemlerimiz sonucunda 1 mm &lgiilmiistiir.
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Sekil 8a.Verbascum orgyale (ESSE 14622). Gévde, yaprak ve korolla’da a: Orti tiiyleri, b: Salgi tiiyleri

Sekil 8b.Verbascum orgyale (ESSE 14622). Gévde, yaprak ve korolla’da a: Ortii ve Salg tiiyleri

Bu farkliliklarin incelenen 6rnek sayisi ve ekolojik nedenlerle ilgili oldugu goriisiindeyiz. Ayrica Tiirkiye
Florasi’ndaki betiminde belirtilmeyen, diger bazi morfolojik karakterler de tiiriin sistematigi ve tiirler arast taksonomik
iligkilerin belirlenmesine katki saglamasi amaciyla incelenmistir. Bu 6zellikler: Taban yapragmin lamina tabaninin
sekli, alt ve st yliz tily durumu, govde yapragmim lamina sekli, boyu-eni, alt ve st yiiz tily durumu, brakte boyu-eni,
tabani, kenari, alt ve iist yiiz tily durumu, brakteol boyu-eni, tabani, kenari, tepesi, alt ve iist yiiz tily durumu, pedisel
durumu, tity durumu, kaliks dis sayisi, tity durumu, korolla loblarinin sekli, sayisi, boyu, stamen, anter, filament boyu,
ovaryum boyu, sekli, tiily durumu, stilus boyu, tiiy durumu, stigma sekli, tohum sekli, boyu-eni ve rengidir.

Tiirtin kok, govde ve yapraklarmm anatomik yapisi ilk kez bu ¢alismada aydinlatilmistir. Kok dista yer alan
koruyucu doku periderma, 1simnsal sirast bozulmamigs mantar doku ile fellodermadan olusmustur. Govdede floem ve
ksilem ise silindir seklinde devamli dokular halindedir. Yapraklar tiim taksonlarda dorsiventral ve
amfistomatiktir. Yaprak amfistomatik 6zellik tagimaktadir. Yiizeysel kesitte; alt ve iist epiderma iizerindeki stoma
hiicreleri gogunlukla 3 epiderma hiicresi tarafindan kusatilmistir. Mezofil tiim {ist epidermanin altinda yer alan 2-3 sira
halinde dizilmis, bol kloroplastli palizat parenkimasi ile onun altinda yer alan 3-5 sira siinger parenkimasindan
olusmustur (bifasial, dorsiventral yaprak). Iletim demetleri kolateraldir. Iyi gelismis olup, ice dogru kivrilan hilal
seklindedir.Orta damarm her iki yaninda kalin yan damarlar ayanin kenarma kadar siralanmis olup, orta damar belirgin
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olarak disa dogru derin bir ¢ikinti yapmustir. Ortii ve salg1 tiiyleri gdvdedeki gibi olup, her iki epidermada da
gbzlenmistir. Ortii tiiyleri dallanmus cok hiicreli samdan tiiylerdir. Salg1 tiiyleri 3 tiptir. Bunlar sap1 1 bas1 1 hiicreli, sap1
2 bagi 1 hiicreli, sap1 2 basi 2 hiicreli salgi tiiyleridir.

Tiire ait anatomik Ozellikler Metcalfe ve Chalk (Metcalfe ve Chalk, 1979)’mm cins iizerinde belirtilen
bulgulariyla ve daha dnce yapilmis ¢alismalarla (Coskungelebi ve ark., 1999; Cakir ve ark., 2003-2005-2006; Alan ve
ark 2009) genel olarak uygunluk gostermektedir.

Endemik bir tiir olan V. orgyale iizerinde yapilmis taksonomik, morfolojik ve anatomik amagl bir ¢alismanin
olmayis1, yapilan arastirmayi tiiriin sistematik yonden tanitilmasi bakimmdan énemli kilmaktadir.
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Abstract

The aim of this trial was to assess the effect of waterlogging on spike weight, grain weight per spike, dry leave
weight, dry culm weight, total weight, contents of chlorophyll and mineral, amino acids and organic acids in barley.
Barley under waterlogging stresses exhibited growth reduction and photosynthesis declination as reflected by decline in
spike weight grain weight per spike dry leave weight dry culm weight total weight and chlorophyll content. Prolonging
waterlogging caused decrease in N, P, K, Ca, Mg, Na, Zn and total amount of minerals; whereas toxic minerals, Fe, Cu
and Mn increased. Increased timing in excess water made a considerable increase in levels of amino acids organic acids.
While oxalic, propionic, butyric, lactic, citric, malic and abscisic acids increased; decreases were recorded in levels of
giberellic, salicylic, indole acetic acids and total organic acids with increasing timing of waterlogging. In conclusion,
prolonging waterlogging has significant effect on yield components, levels of minerals, amino acids and organic acids
in barley. Ince genotype showed better performance and more resistance to waterlogging than Kalayci.

Key words: Barley, waterlogging, yield components, chemical characteristics

*

Asiri su stresinin Arpa’da (Hordeum vulgare) verim unsurlari ve kimyasal bilesenler iizerine etKkisi

Ozet

Bu caligmada asir1 su basmasmin arpada basak agirligi, basakta tane agirhigi, yaprak ve sap kuru agirlig,
toplam agirlik, klorofil miktari, mineral miktari, amino ve organik asit diizeyleri iizerindeki etkileri belirlenmistir.
Uzayan su basmasma bagli olarak arpada gelisim geriliklerine ve fotosentez oraninda 6nemli disiisler belirlenmis;
bunun gostergesi olarak ta basak agirligi, basakta tane agirligi, yaprak ve sap kuru agirligi, toplam kuru agirhk ve
klorofil miktarinda 6nemli diisiisler belirlenmistir. Uzayan su basmasina bagli olarak N, P, K, Ca, Mg, Na, Zn ve toplam
mineral miktarinda 6nemli diisiisler kaydedilirken; Fe, Cu ve Mn miktarinda artiglar kaydedilmistir. Bu {i¢ elementin
(Fe, Cu ve Mn) fotosentezde dnemli gorev iistlenmelerinin yanisira asir1 su basmalarinda toksit etki yapacak kadar bir
artisa neden oldugu belirlenmistir. Buna ilaveten uzayan su basmasina bagli olarak amino ve organik asit seviyelerinde
artiglar belirlenmistir. Okzalik asit, propiyonik asit, butirik asit, laktik asit, sitrik asit, malik asit ve absisik asit
miktarlarinda 6nemli artiglar belirlenirken gibberelik asit, salisilik asit, JAA ve toplam organik asit diizeylerinde
disiisler kaydedilmistir. Sonug olarak uzayan su basmasina bagli olarak verim unsurlari, mineral miktarlari, amino asit
ve organik asit miktarlarinda 6nemli degisimler ortaya konmakla birlikte; arpa cesitlerinden ince arpa genotipi Kalayci
arpa genetipine gore uzayan su basmasina daha dayanikl arpa ¢esiti oldugu belirlenmistir.

Anahtar kelimeler: Arpa, asir1 su basmasi, verim unsurlari, kimyasal i¢erikler, mineraller, amino ve organik asitler
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1. Introduction

Being one of the major crop in cereals, barley (Hordeum vulgare L.) is mostly used for animal feed and
malting (Zhou et a., 2007). It is the fourth most important cereal crop after wheat, maize and rice (Setter and Waters,
2003). Barley is grown in many different environments due to adaptability to various environments including irrigated
and dry land conditions. Importance of barley has been increasing more and more in this era for not only significant
deficit in animal feed and industrial purpose (Jayahar, 2012). Like the other cereals, waterlogging is one of the most
stress factors limiting huge amount of barley production in many parts of the world and estimated more than 8 million
ha is waterlogged each year (Sayre et al., 1994).

Having two main sources, rainfall and irrigation, water remains on the soil surface for long certain periods
without infiltrating the soil. When timing of waterlogging extends, ethanolic fermentation and a number of recovery
mechanisms could occur in plants (Setter and Waters, 2003; Pang et al., 2004). Excess water in the root zone by
reducing oxygen concentration, creates energy crisis in roots (Colmer and Voesenek, 2009) and reducing plant growth
at any growth stage (Setter and Waters, 2003) including yield and yield component (Luxmoore et al., 1973; Gardner and
Flood, 1993). As in wheat, barley is very sensitive to waterlogging at sowing time- seedling, flowering, and grain-filling
periods; excess water for almost 30 days during these periods reduces plant growth, therefore photosynthesis and grain
yield (Luxmoore et al., 1973). Besides, excess water plays important changes in minerals (Setter, 2000), amino acids
lit and organic acids (Jayahar, 2012). The aim of this study was to assess the effect of waterlogging on yield
components, mineral contents, amino acids and organic acids of barley genotypes.

2. Materials and methods

This study, was carried out in greenhouse conditions at Osmangazi University, Agricultural College Eskisehir,
Turkey (30°32°E 39°46° N, at an altitude of 792 m) in the 2012-2013 cropping seasons. Seeds were sown in PVC
containers (0.75 m width, 1 m length, and 0.75 m height) containing 70 kg of loamy textured soil (31.7% sand, 34.5%
silt, and 33.8% clay). Soil also had 0.48% CaCOs, 301.5 mmol/kg P2,0Os, 395.1 mmol/kg KzO, and 2.11% organic
matter, 6.99 pH, and 2.62 dS/m electrical conductivity. Barley was sown during the first two weeks of September at a
seed rate of 475 seed/m?. Sixty kg N ha™* (%4 at sowing stage and ' at tillering stage) and 60 kg ha™* P,Os (at sowing)
were applied. Ammonium sulfate (21% N) and triple superphosphate (46% P,Os) were used as fertilizers in the study.
Containers in the experiment were protected from bird damage by netting. Two barley genotypes were used: c.v.
Kalayc1-97 and Ince-04 are two-rowed, feed barleys. Normal quality water (EC=1.0-2.5 dS m™) was selected in the
study. Experimental design was a randomized complete block design (RCBD) with three replications. Normal irrigation
as a control (C) at sowing, at stem elongation (Feekes 6.0), and at flowering (Feekes 10.51) was applied, and after this
stage waterlogging was applied. Barley was allowed to grow until flowering stage and, starting from the beginning of
the flowering stage, waterlogging treatments consisted of six treatments: control, 7 days waterlogging (W~), 14 days
waterlogging (Wa4), 21 days waterlogging (W-1), 28 day waterlogging (Was). Waterlogging was accomplished by using
water from a nearby water service, flooding the containers assigned to the waterlogging treatment. Soil was kept
saturated with water above field capacity by continuous flooding, usually every day to create an oxygen-deficiency
environment.
Yield component analysis
Yield components, spike weight (Bhuiya and Kamal, 1994), grain weight per spike (Fathi and Rezaeimoghddam, 2000),
dry leave weight (Fathi and Rezaeimoghddam, 2000), dry culm weight (Paull et al., 1988; Kumar and Ramesh, 2001),
total weight (Kumar and Ramesh, 2001), chlorophyll content (Uddling et al., 2007) were measured.
Amino acid analysis
For the amino acid analysis, 5 mL of 0.1 N HCI was added to 5 mg plant sample. The samples were homogenized and
dispersed using an IKA Ultra Turrax D125 Basic homogenizer and incubated at 40°C for 12 hours. Then, the
homogenized samples were vortexed. After these sample suspensions were centrifuged at 1200 rpm for 50 minutes, the
supernatants were filtered using a 0.22 pm Millex Millipore filter. Next, the supernatants were transferred to vials for
amino acid analysis using HPLC as described (Henderson et al. 1999). The quantities of amino acids found in the plant
samples, including aspartate, glutamate, and asparagine, were determined after 26 minutes of HPLC derivation and are
reported as pmol ul’
Organic acid analysis
For the analysis of organic acids, 10 mL of deionized water was added to mg plant sample, which were homogenized
using an IKA Ultra Turrax D125 Basic homogenizer. After centrifugation at 1200 rpm for 50 minutes, the supernatants
were filtered through a 0.22 pm pore Millex Millipore filter and collected in vials. The supernatants were subjected to
HPLC analysis using a Zorbax Eclipse-AAA 4.6 x 250 mm, 5 um column (Agilent 1200 HPLC), and the absorbance at
220 nm was read using a UV detector. The flow speed was 1 mL pl?, and the column temperature was 250°C. The
organic acid contents of the bacterial suspensions, including oxalic and propionic acids, were determined using 25 mM
potassium phosphate pH 2.5 as the mobile phase.
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Hormone analysis

The extraction and purification processes were executed as described (Davies, 1995). For hormone analysis, 5 mL of
cold (-40 °C) 80% methanol was added to 5 mg plant sample. The plant suspensions were homogenized for 10 minutes
using an IKA Ultra Turrax D125 Basic homogenizer, and then the plant suspensions were incubated for 24 hours in the
dark. The plant suspensions were filtered using a Whatman No: 1 filter, and the supernatants were filtered again using a
0.45 um pore filter. The hormones were analyzed by HPLC using a Zorbax Eclipse-AAA C-18 column (Agilent 1200
HPLC), and the absorbance was read at 265 nm using a UV detector. Gibberellic acid, salicylic acid, indole acetic acid
(1AA), and abscisic acid (ABA) were determined using 13% acetonitrile (pH 4.98) as the mobile phase.

Enzyme activities of PGPR

Phosphatase activity was determined using para-nitro-phenyl phosphate (pNPP) as an ortho-phosphate monoester
analog substrate (Tabatabai, 1982). The p-nitrophenol content was determined using a calibration curve obtained with
standards containing 0, 10, 20, 30, 40 and 50 ppm of p-nitrophenol.

Antioxidant enzymes analysis of PGPR

For antioxidant enzyme assays, frozen plant samples were ground to a fine powder with liquid nitrogen and extracted
with ice-cold 0.1 mM phosphate buffer, pH 7.8, containing 1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM
phenylmethanesulfonylfluoride (PMSF) and 0.5% polyvinylpyrrolidone (PVP). The superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) enzyme activities in the apoplastic fractions were measured using a
spectrophotometer (Sairam and Srivastava, 2002).

Element analysis

The Kjeldahl method and a Vapodest 10 Rapid Kjeldahl Distillation Unit (Gerhardt, Konigswinter, Germany) were used
to determine the total N content (Bremner, 1996) of PGPR strains. The Ca, Mg, Na, K, P, S, Fe, Cu, Mn, Zn, Pb, Ni and
Cd contents were determined using an Inductively Coupled Plasma spectrometer (Perkin-Elmer, Optima 2100 DV,
ICP/OES, Shelton, CT 06484-4794, USA (Mertens, 2005)

Statistical analysis

Data were analysed by SAS and Minitab 15 statistical software programs. Data in yield components sorted by plant
species and waterlogging applications differences were identified using the Duncan test option in the analysis of
variance (Diizgiines et al., 1987). Cluster analyses were made to determine similarities/dissimilarities in parameters and
waterlowwing applications.

3. Results and discussion

Yield and yield components are the effected by crop growth environment, management practices, diseases and
pests and formed as a result of genotype x environment interaction in crops (Kumar and Ramesh, 2001). Waterlogging
tolerance is termed as resistance to it and sustainability of performance in dry matter production and transportation,
relatively yield and yield components for stress conditions such as waterlogging (Setter and Waters, 2003). Depending
upon intensity and duration of waterlogging in flowering stage, developmental processes could be defective with
inappropriate consequences for both vegetative and generative developmental processes. Exposing barley to excess
water during flowering may have a damaging effect on plant grain development, leading to lower yield components
(Evans and Wardlaw, 1976). In response to waterlogging significant reduction in grain weight per spike, dry plant
weight and chlorophyll occur (Uddling et al., 2007). Similar to their findings significant differences (p<0.05/0.01)
between waterlogging stress and genotypes and interactions in all yield components except grain weight per spike and
chlorophyll content. Significant differences occurred in both genotypes and waterlogging treatments. Kalayci genotype
showed better performance than Ince genotype in spike weight and total weight, whereas Ince genotype had superior
capacity in dry leave and culm weights. Yield components decreased with increasing excess water stress and
exponential relationship were determined between waterlogging and all yield components (Table 1 and Figure 1). 0.024
g decline in spike weight occurs per day under waterlogging (y = 1.2498e0%%* R2= 0.987). Decline in W7 was 1.043 g
(12.5%), it was 0.530 g (55.6%) in W2s and by regression it could be reach minimum level with 0.02 g in 49" day. In
grain weight per spike, daily declining was 0.023 g (y = 0.9613e%% R2= 0.978). W7 had 0.752 g (15,5%) loss, W2s
had 0.262 g (70.5%) and minimum level was found as 0.007 g in 38" day. Decline in dry leave weight, dry culm weight
and total weight per day for waterlogging were 0.101 g (y = 4.1037e%076% R2= 0.906), 0.358 g (y = 14.195¢ %™ R2=
0.989) and 0.459 g, (y = 18.041e9%1x R2= (.981), respectively. Similarly, minimum levels of dry leave weight, dry
culm weight and total weight were found as 0.03 g in 31% day, 0.132 g in 36'" day, 0.269 g in 29" day, respectively. W7
had 2.565 g (16,0% loss), 10.167 g (25.8% loss) and 12.727 g (24.1 loss); while W2g had 0.382 g (87.4% loss), 3.748 g
(72.6% loss) and 4.133g (73.3% loss) in dry leave weight, dry culm weight and total weight occurred, respectively.
Decline in chlorophyll content per day under waterlogging was found as 1.808 SPAD (y= 81.841¢0%82 R2= (.811).
Decline in W7 was 49.250 SPAD (7.4%), it was 4.783 SPAD (91.6%) in Wag and by regression it could be reach
minimum level with 0.374 SPAD in 32" day. Besides, while Kalayci genotype was better in spike weight, grain weight
per spike and chlorophyll content, Ince was better in dry leave weight, dry culm weight and total weight. Prolonging
waterlogging stress leads significant reduction of photosynthetic and metabolic activities, transportation of
photoassimilates, plant growth and development, sterile florets, lowed kernel weights and finally reduced grain yield
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(Uddling et al., 2007). Moreover, cluster analysis showed that three groups occurred in waterlogging stresses and yield
components (Figure 1). Total weight (TW), dry culm weight (DCW) created one group, while dry leave weight (DLW),
grain weight per spike (SGW) and spike weight (SW) participated in one group. Chlorophyll content (CHRPYL)
became alone. Similarly, waterlogging stresses were determined as: Wag alone; W7 and Control in one group; Wai, W14
and Mean in the other group (Figure 1).

Table 1. The effect of waterlogging in yield components in barley.

Spike Weight (g) Grain Weight per Spike (g) Dry Leave Weight (g)
Kalayci Ince Mean Kalayci Ince Mean Kalayci Ince Mean
© 1.270 1.117 1.193a 0.933 0.847 0.890a 2.643 3.467 3.055a
W, 1.130 0.957 1.043b 0.773 0.730 0.752b 1.957 3.173 2.565a
Wiy 0.853 0.837 0.845c 0.543 0.447 0.495¢ 1.683 2.137 1.928b
W 0.683 0.657 0.670d 0.347 0.330 0.338d 1.007 0.650 0.828c
Wog 0.557 0.503 0.530d 0.280 0.243 0.262d 0.297 0.467 0.382c
Mean 0.899a 0.814b 0.856 0.575 0.519 0.547 1.512b 1.986a 1.752
L.S.D.(%): WL: 0.149, G: 0.067 L.S.D.(%): WL: 0.116 L.S.D.(%): WL: 0.493, G:0.322, WL x G: 0.720
WL: 73.018**, G: 8.028*, WL x G: 1.207ns WL: 120.194**, G: 3.718ns, WL x G: 0.277ns WL: 118.380**, G: 21.287**, WL x G: 7.056**
Dry Culm Weight (g) Total Weight (g) Chlorophyll Content (SPAD)
Kalayc1 Ince Mean Kalayci Ince Mean Kalayci Ince Mean
(© 12.147 15.277 13.712a 14.793 18.737 16.765a 53.833 52.500 53.167a
7 Day 9.273 11.060 10.167b 11.227 14.227 12.727b 49.267 49.233 49.250a
14 Day 6.183 8.650 7.417c 7.863 10.827 9.345¢ 38.167 37.733 37.950b
21 Day 4.617 5.357 4.987cd 5.627 6.003 5.815d 22.333 16.533 19.433c
28 Day 3.613 3.883 3.748d 3.913 4.353 4.133d 4.833 4.733 4.783d
Mean 7.167b 8.845a 8.006 8.685b 10.939%a 9.757 33.687 32.147 32.917
L.S.D.(%): WL: 2.484, G:0.875, WL x G: 1.377 L.S.D.(%): WL: 2.735, G:0.757, WL x G: 1.714 L.S.D.(%): WL: 5.082
WL: 59.156**, G: 36.934**, WL x G: 3.673* WL: 79.246**, G: 78.590**, WL X G: 9.114** WL 365.214**, G: 1.463ns, WL x G: 0.733ns

*: significant at 5%, **: significant at 1% and ns: no significant at 5%; WL.: Waterlogging, G: Genotype

Mineral nutrients, taken from soil, are classified macro and micro nutrients. Macro nutrients are N, P, K, Ca
and Mg. N, P, K and Mg are essential for plant growth, various biochemical processes such as photosynthesis and
proteins synthesis etc (Baque et al., 2006). Ca is vital for strength of plant structure and element transport (Trought and
Drew, 1982). Excess water may make changes in availability of mineral nutrients by either removal or oxidation or
leaching (Huang, 2001); nitrogen, phosphorus, potassium and calcium decreases, however iron, sodium and chloride
increases, finally mineral nutrient deficiencies and microelement toxicities occur (Hocking et al., 1987; Setter et al.,
1997). N deficiency may be induced by the low redox potential in waterlogged soils promoting denitrification of NOs,

Linkage Distance
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Chrpyl: Clorophyll content, T.W: Total Weight, D.C.W: Dry culm weight, D.L..W: Dry leave weight, S.G.W:
Grain weight per spike, S.W: Spike weight

Figure 1. Dendogram of yield components and waterlogging applications in barley.

In waterlogged soils, root metabolism and root growth are inhibited, deficiency in O; plays important role in
plant energy status (Drew 1991); besides leaf superoxide dismutase activity, leaf catalase activity, and root
oxidiazibility reduced and this phenomenon decrease N, P, K, Mg, Zn and Ca uptake (Zhou et al., 2007). Our findings
were similar to other studies that decreases in N, P, K, Zn, Mg, Ca and total mineral uptake were found and exponential
relationship were determined between waterlogging and all mineral contents (Table 2). Decreases on N in W2g versus C
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were observed as 24.32% in Kalayc1 genotype and as 11.32% in Ince genotype. Besides, as a mean of genotypes
decrease in N 17.59%. Decline in N per day occurred as % 0.011 in waterlogging (y= 2.004e00%x R2=(,940) .
Moreover, Zn decreased as 11.90% in Kalayci genotype, whereas Ince barley had 10.73% increase and 0.23% decrease
has taken place in mean. 0.01 mg/kg decline in Zn occurs per day under waterlogging (y= 27.092e35%XR2=0.118). In
genotypes, Ince in N, P, K, Fe, Cu, Mn, Zn and total; Kalayc1 in Mg, Ca and Na showed higher performance.

Table 2. The effect of waterlogging in minerals in barley.

% ‘ mg/kg
N P K Ca Mg Na Fe Cu Mn Zn Total
Kalayor c 185 254266 352634 45012 75632 8651 2851 132 851 2563 7426,77
W, 176 245675 348556 44234 74524 8527 3215 165 1012 2651 728519
Wi 170 240112 326502 43126 72165 8238 3617 245 1425 2415 697872
W 162 223577 310264 42676 70206 80.86 3841 347 2036 2326 663312
Was 140 203558 286545 41587 68536 7637 4245 34 2563 2258 617146
Mean 166 233437 324900 43327 72212 8227 3553 245 1577 2442  6899.05
Ince C 212 281526 375411 44513 77551 8038 3015 145 1214 2731 794217
W, 203 275645 3688.63 432.65 71256 7644 3425 165 1524  20.65 774682
Wi 202 274518 354148 41024 70358 7535 3869 245 1985 2854 756555
Way 195 260266 342137 40008 68543 7053 4147 367 1862 3215 728586
Wi 188 245842 326088 36843 68075 6212 49.65 398 2451 3024 6947,26
Mean 200 267559 353500 41131 71157 7296 3884 264 1807 2958 749753
c 199 267896 364023 44763 76592 8345 2933 139 1033 2647 768447
W, 190 260660 3587.10 43750 72890 80.86 3320 165 1268 2808  7516,01
'(\3/';?:;/ zfes W, 186 257315 340325 42075 71262 7887 3743 245 1705 2635 727214
Wi 179 241922 326201 41342 69375 7570 39.94 357 1949 2771  6959,49
Wy 164 224700 3067.67 39215 68306 69.25 4605 369 2507 2641  6559,36
Mean

1,84 2504.99  3392.05 42229 71685 7763 3719 255 1692 27.00 7198.29

Decreases in Wag reached to 19.94% in Kalayc1 genotype, 12,68% in Ince genotype and 16.12% in mean for P.
Daily P decrease was found as 15.01 mg/kg (y= 2723.5e%0xR2=0.917). In the same way, similar trends occurred in K,
Ca and Mg. Should be rewritten 18.74%, 12.90% and 15.73% in K, 7.61%, 17.23% and 12.39% in Ca, and 9.38%,
12.22% and 10.82% in Mg. Decreases per day in K, Ca and Mg were 21.00 mg/kg (y= 3696e%9%6x R2=0.967), 1.92
mg/kg (y= 449.92e999% R2=().967) and 2.87 mg/kg (y= 757.38e%% R>=0.957), respectively. On the other hand,
changes in available ion concentration, electron excess, reductions from Fe*3 and Mn** to Fe*? and Mn*2 occur. Barley
are not capable of oxidize Fe and Mn and Mn and Fe reached toxic level under waterlogged conditions (Mengel and
Kirkby, 2001). Waterlogging decreased oxygen diffusion and reduced ion uptake, such as N, P, K., Ca, Mg and Zn, and
caused to increase in Na, Fe, Cu and Mn (Najafi et al., 2012). In our study, Na decreased while increased waterlogging.
Na in Kalayc1 genotype, Ince genotype and mean were decreased by 11.72%, 22.72% and 17.02%, respectively (Table
2). Daily decline in Na occurs as 0.48 mg/kg under waterlogging (y= 84.605e %% R2=(.926). Significant increases
were found in Kalayci genotype, Ince genotype and mean for Fe, Cu and Mn (48.90%, 64.68% and 57.01% in Fe,
157.58%, 174.48% and 165.47% in Cu, 201.18%, 101.89% and 142.69% in Mn). Increase per day in Fe, Cu and Mn
were determined as 0.57 mg/kg (y= 29.628e%%25 R2=0.989), 0.09 mg/kg (y= 1.3889¢%038* R>=0.945) and 0.52 mg/kg
(y= 10.464e2%15XR2=( 987), respectively.

Meanwhile, Figure 2 showed that both waterlogging applications and minerals formed three groups. Was
seemed alone, while W7 and C; W14, W21 and mean formed in two and three groups, respectively. K and P, Mg and Ca
were grouped two; Na, Zn, Mn, Fe, Ca and N created one group. We can conclude that increasing waterlogging leads
rapid reductions in most minerals such as N, P, K., Ca, Mg except Fe, Cu, Mn that are toxic minerals (Table 2).
Moreover, amino acids are essential components of metabolic activities and proteins and these are drastically required
to draw up crop yield and quality in cereals (Ashraf et al., 2013). Not only yield and yield components but amino acids
are significantly affected from stress conditions.

Amino acids are building parts of crops, and they play vital role on protein synthesis, photosynthesis, action of
stomas, chelating effect, pollination and fruit formation and stress resistance. Amino Acids make a assistance crop to
prevent or recuperate against flooding (Frizzi et al., 2008). Table 3 shows changes of amino acids with prolonging
waterlogging. Ince genotype had higher amino acid levels in all amino acids. Increased time of waterlogging causes
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increase in accumulation of amino acids (Ashraf et al., 2013). Asparagine, B-alanine, cysteine, cystine, isoleucine,
lysine, y-methylene glutamine, phenylalanine, proline, tyrosine and tryptophan in the seed and asparagine, cysteine,
phenylalanine, tryptophan and valine significantly increased by prolonging waterlogging (Asha and Rao, 2002).
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Figure 2. Dendogram of minerals and waterlogging applications in barley.

Table 3. The effect of waterlogging in amino acids in barley.

pmol/ul
Hydrox UGEY
Asparagine Glutamine Glycine Valine Methionine Tryptophan Phenylalanine Lysine Pyroliney Proline Amino
Acids
Kalaye1
C 8914.23 8265.98 3309.64 1011.36 2098.76 1811.68 1799.47 4751.86 1785.46 112.97 33gg1.41
W7 9260.16 8770.56 3563.52 1040.64 2192.64 1968.00 1925.76 4878.72  1969.92 12526 3569518
Wi 9404.85 8907.60 3619.20 1056.90 2226.90 1998.75 1955.85 4954.95 2000.70 127.22 35050 g2
Wt 9790.69 9273.04 3767.68 1100.26 2318.26 2080.75 2036.09 5158.23 2082.78 13244 3774022
Wos 10224.76 9684.16 3934.72 1149.04 2421.04 2173.00 2126.36 5386.92 217512 138.31 3941343
Mean 9520.60 9017.23 3663.74 1069.91 2254.31 2023.35 1979.92 5015.93 2025.32 128.78 36699.11
Ince
C 10121.00 9452.00 3755.00 1149.04 2376.00 2054.00 2025.00 5247.00 2086.00 126.00 3839104
Wy 10431.80 9821.20 3990.40 1165.30 2455.30 2203.75 2156.45 5463.15 2205.90 140.27 40033.52
Wi 10625.88  10003.92 4064.64 1186.98 2500.98 2244.75 2196.57 5564.79  2246.94 142.88 44778.33
Wa 10868.48  10232.32 4157.44 1214.08 2558.08 2296.00 2246.72 5691.84 229824 146.14 4170934
Woag 11450.72  10780.48 4380.16 1279.12 2695.12 2419.00 2367.08 5996.76  2421.36 153.97 4394377
) 10699.58  10057.98 4069.53 1198.90 2517.10 2243.50 2198.36 5592.71 2251.69 141.85 40971.20
Means of Genotypes

c 9521.78 8951.40 3594.30 1075.87 2244.35 1975.13 1940.28 4973.93 1992.05 123.35 36392.42

W
! 9845.98 9295.88 3776.96 1102.97 2323.97 2085.88 2041.11 5170.94 208791 132.76 37864.35

W
u 10015.37 9455.76 3841.92 1121.94 2363.94 2121.75 2076.21 5259.87 2123.82 135.05 38515.62

W.
a 10329.59 9752.68 3962.56 1157.17 2438.17 2188.38 2141.41 5425.04 2190.51 139.29 39724.78

W.
i 10837.74  10232.32 4157.44 1214.08 2558.08 2296.00 2246.72 5691.84 2298.24 146.14 41678.60
Mean 10110,09 9537,61 3866,64 1134,41 2385,70 2133,43 2089,14 5304,32 213851 135,32 38835,15

All amino acid levels increased with prolonging waterlogging and these increased were determined as exponential.
Increases as a percentage on all amino acids in Kalayci and Ince barley genotypes were 13.36-22.43% and 11.32-
22.20%, respectively, besides mean increase occurred as 13.87-22.31%. It was interesting that similar increases
occurred in amino acids rates. Increases were higher in Kalayci1 genotypes than the other one. Increases as mg/kg in
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prolonging waterlogging (Was versus C) for asparagine, glutamine and glycine in Kalayct genotype, Ince genotype and
mean were 1310.53, 1329.73 and 1320.13; 1418.18, 1328.48 and 1373.33; 625.08, 625.16 and 625.16, respectively.
Meanwhile, these increases (as mg/kg) in valine, methionine, tryptophan, fenilananine and lysine in Kalayc1 genotype,
Ince genotype and mean were found as 137.68, 130.08 and 133.88; 322.28, 319.12 and 320.70; 361.32, 365.00 and
363.16; 326.89, 342.08 and 334.49; and 635.06, 749.76 and 692.41, respectively (Table 3). Proline as an anti-stress
organic molecule is another amino acid that accumulates so fast in crop and it is well indicator when crop induces stress
condition. Moreover, its conversion to hydroxyl proline takes place from proline residues in polypeptide chain (Capone
et al., 2004). Hydroxy proline and proline increased with prolonged waterlogging (increase of hydroxy proline and
proline in Kalayci genotype, Ince genotype and mean; 389.66, 335.36 and 362.51; and 25.34, 27.97 and 26.65,
respectively). Asha and Rao (2002) reported that amino acid synthesis (asparagine, B-alanine, cysteine, cystine,
isoleucine, lysine, y-methylene glutamine, phenylalanine, proline, tyrosine and tryptophan) increased after 96 h of
waterlogging and fresh synthesis and accumulation of amino acids occurred with increased time of waterlogging.
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Figure 3. Dendogram of amino acids and waterlogging applications in barley.

Daily increases in amino acids versus waterlogging as a mg/kg were 44.78 (y= 9500.6e%%4 R2=0.974) in
asparagine, 39.80 in glutamine (y= 8946.8e%%04% R2=(.976), 16.17 in glycine (y= 3609.6e%%% R2=0.977), 4.72 in
valine (y= 1069.8e%%%4XR>=(.963), 9.95 in methionine (y= 2240.6e%9944* R?=(.975), 8.93 in tryptophan (y= 1987.5¢%005
R?=0.973), 8.74 in phenylalanine (y= 1949.4e%0%% R2=0.976), 22.14 in lysine (y= 4973.6e%0%45%X R2=(0.977), 8.94 in
hydroxy proline (y= 1998.4e%0048x R2=().977), 0.56 in proline (y= 125.07¢%9%%% R2=(.955) (Table 3). Gadallah (1994)
reported that having lower osmotic potential due to solutes accumulation and high root resistance to water flow plants
under waterlogging has reduced soluble proteins and increased free amino acid levels. Increased synthesis and
decreased utilization of amino acids or inhibition of them for protein synthesis under waterlogging caused increase in
free amino acids. Dendogram in Figure 3 shows grouping of amino acids and timings waterlogging. Both amino acids
and timings waterlogging were grouped in three. When Was and C draw alone groups; W7, Wis, W21 and mean
participated in same group. On the other glutamine and asparagine, lysine and glycine were grouped into twos. Proline,
valine, methionine, tryptophan, phenylalanine and hydroxy proline created one group.

Crops seem to have varieties of organic acids that bear vital role in anabolic and catabolic reactions comprising
of energy production, making up leading indicators amino acid synthesis and regulating crop to environmental
conditions (Gleixner and Miigler, 2007). Besides, produced mainly in mitochondria and stored in vacuole, organic acids
act a part in photosynthesis, nutrient deficiencies, metal tolerance and stress conditions (Roberts et al., 1984). A
number of studies reported that crops are significantly damaged from soil waterlogging by causing reduce in
metabolites such as organic acids. Besides, in hypoxia or anoxia the pyruvic acid is partially oxidized to in some
chemical compounds including ethanol, aldehydes, and organic acids (oxalic, lactic, butyric, citric acids etc.) that harm
plant metabolism in case of high levels (Setter and Waters, 2003). O, shortage caused by waterlogging restricts
respiration , electron transport and ATP formation; unbalance of oxidation and reduction stability between cell
membranes and increases membrane permeability. This causes increases in level of solutes inducing increase in amount
of carbohydrates, amino acids, organic acids, ions and electric conductivity (Blum and Ebercon, 1981; Al-Ani et al.,
2011). Besides, function and level of organic acids in plants are rigorously related to other biochemical activities in
plants and relationship between plant-soil conditions (Johnson et al., 1994). In the study, relationship between
waterlogging and all organic acid levels were found as exponential. Prolonging waterlogging caused increase in oxalic
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propionic butyric and lactic acids level. Accumulation of oxalic, propionic, malic, citric and butyric acids could be from
these consequences. Increases (W2s versus C) as % in Kalayci genotype, Ince genotype and mean for oxalic propionic,
butyric and lactic acids were as 15.45%, 12.96% and 14.11%; 28.66%, 14.74% and 20.93%; 13.07%, 12.99% and
13.02%, respectively. Moreover, increases on Kalayci genotype, Ince genotype and mean in citric and malic acids
were as 18.08%, 11.27% and 14.50%; and 19.25%, 13.06% and 15.91%, respectively. Increases per day waterlogging
in oxalic, propionic, butyric, lactic, citric and malic acids as ng/ul were 0.005 (y= 1.0954e%%%2x R2=(.978), 0.007 (y=
1.7384%0041x R2=0.960), 0.002 (y= 3.8493e9%1x R2=(.960), 0.08 (y= 16.797¢%0%4X R2=0.964), 0.001 (y= 2.4854¢%0041x
R2=0.967) and 0.006 (y= 1.492¢%99% R2=0.953), respectively (Table 4). Ince genotype had higher organic acid levels in
all organic acids. Giberellic, indol acetic acid and salicylic acid act in plant growth and development, photosynthesis,
transpiration, ion uptake and transport, elongation and division of cells Negative environmental effects such as
waterlogging in level of such organic acids (Fuchs and Leberman, M., 1968).

Table 4. The effect of waterlogging in organic acids in barley.

ng/ul
Oxa_lic Propi_onic Butyric Lac_tic Citric Ma!ic Giber_ellic Salic_ylic x]g:::g Absc_isic Otg;ilic
Acid Acid Acid Acid Acid Acid Acid Acid Acid Acid Acids
Kalayci
c 1.02 1.63 361 1574 2.33 1.40 89.08 32.23 2.39 013 14955
Wy 1.06 1.69 3.74 16.34 2.42 1.45 84.74 30.66 2.27 0.15 144.52
Wi 1.07 1.72 3.80 16.59 2.46 1.47 81.86 29.61 2.19 0.16 140.94
Wt 1.12 1.79 3.96 17.28 2.56 1.53 78.00 28.22 2.09 0.18 136.72
Wos 1.17 1.87 413 18.04 2.67 1.60 67.41 24.39 1.81 0.24 123.32
Mean 1.09 1.74 3.85 16.80 2.49 1.49 80.22 29.02 2.15 0.17 139.01
Ince
C 1.19 1.87 413 18.04 2.67 1.60 102.08 36.93 2.73 0.15 171.39
Wy 1.20 1.89 4.19 18.30 2.71 1.63 97.74 35.36 2.62 0.18 165.83
Wi, 1.23 1.93 4.27 18.64 2.76 1.66 97.26 35.19 261 0.22 165.75
W2 1.25 1.97 4.37 19.06 2.82 1.69 93.89 33.97 2.52 0.23 161.78
Woag 1.32 2.08 4.60 20.08 297 1.78 90.52 32.75 243 0.26 158.80
Mean 1.24 1.95 431 18.82 2.79 1.67 96.30 34.84 2.58 0.21 164.71
Means of Genotypes
c 1.10 1.75 3.87 16.89 2.50 1.50 95.58 34.58 2.56 0.14 160.47
Wi 1.13 1.79 3.97 17.32 2.56 1.54 91.24 33.01 244 0.17 155.17
Wae 1.15 1.82 4.04 17.62 2.61 1.56 89.56 32.40 2.40 0.19 153.35
Wa 1.19 1.88 4.16 18.17 2.69 1.61 85.95 31.09 2.30 0.21 149.25
Wae 1.24 1.97 4.37 19.06 2.82 1.69 78.97 28.57 2.12 0.25 141.06
Mean 1.16 1.84 4,08 17.81 2.64 1.58 88.26 31.93 2.36 0.19 151.86

Similar to this, prolonging excess water resulted in retardation, deterioration in plant growth, metabolic
activities and decline level of giberellic, Indol acetic acid and salicylic acids in the study. Abscisic acid has vital
importance to cope with environmental stress and adaptation of ambient conditions. When crop induce excess water
stress, therefore O, shortage; abscisic acid is produced, level of it increases with regulating some biochemical and
physiological processes such as leaf water potential, stomatal opening, osmoregulation, reductions in growth and
productivity (Blum and Ebercon, 1981). Besides, we found that level of total organic acid decreased with increasing
effect of waterlogging. Similar to literatures, decreases of giberellic, salicylic, indole acetic acids in Kalayci1 genotype,
Ince genotype and mean were as 25.27%, 10.85% and 17.64%; 21.96%, 9.63% and 15.34%; 25.06%, 8.14% and
16.21%, respectively. Decreases per day waterlogging in giberellic, salicylic, indole acetic acids as ng/ul were 0.550
(y= 96.244e0008x R2=() 941), 0.199 (y= 34,82¢00%% R2=0.941) and 0.02 (y= 2,5753e00%* R2=(.943), respectively
(Table 4). Increases on Kalayci genotype, Ince genotype and mean in abscisic acid were as 118.18%, 52.94% and
78.57%, respectively. Increase per day waterlogging in abscisic acid was 0.004 ng/ul (y= 0,1437%0196x R2=(,984).
Dendogram of organic acids was given in Figure 3 organic acid groups and timings waterlogging. Similar to amino acid
dendogram, Wag and C accounted for alone groups; then other ones (W7, W14, W21 and mean) comprised same group.
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Giberellic, salicylic and lactic acids presented one group, such group included butyric, abscisic, indol acetic, citric,
malic, propionic and oxalic acids (Figure 4).
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Gib.A:Giberellic Acid, Sal. A: Salicylic Acid, Lac. A: Lactic Acid, But. A: Butyric Acid, ABA: Absisic Acid,
IAA: Indole Acetic Acid, Cit. A: Citric Acid, Mal. A: Maleic Acid, Pro. A: Propionic Acid, Ox. A: Oxalic
Acid.

Figure 4. Dendogram of organic acids and waterlogging applications in barley.

Consequently, prolonging waterlogging has significant effect in barley. Ince genotype showed better
performance and more resistance to waterlogging than Kalayci. Barley under waterlogging stresses exhibited growth
reduction and photosynthesis declination by determining significant decline in spike weight grain weight per spike dry
leave weight dry culm weight total weight and chlorophyll content. Prolonging waterlogging caused decrease in N, P,
K, Ca, Mg, Na, Zn and total amount of minerals; whereas toxic minerals, Fe, Cu and Mn increased. Increased timing in
excess water made a considerable changes in amino and organic acid levels. Levels of amino acids, asparagine,
glutamine, glycine, valine, methionine, tryptophan, phenylalanine, lysine, hydroxy proline, proline and total amino
acids increased with excess water stress. In organic acids, while oxalic, propionic, butyric, lactic, citric, malic and
abscisic acids increased; decreases were recorded in levels of giberellic, salicylic, indole acetic acids and total organic
acids with increasing timing of waterlogging.
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Abstract

Morphological features, photosynthetic pigment contents, proline and total protein amounts of Convolvulus
oleifolius Desr. var. deserti Pamp./Surmeli yayilgan in different vegetation zones of Apostol Island are studied. Samples
were collected from littoral-epilittoral and interior vegetation zones of Apostol Island, Bodrum-Turkbuku-Mugla-
Turkey. There are obvious differences in terms of stem length, organ size, hair density and inflorescence.
Photosynthetic pigments in littoral-epilittoral vegetation zone are less than in interior vegetation zone. Prolin amount is
significantly higher, but total protein amount is significantly lower in littoral-epilittoral vegetation zone than in interior
vegetation zone. It may be thought that the morphological and physiological features of the C. oleifolius var. deserti
exhibited considerable differences which appeared be the product of adaptive mechanisms to different habitat. So, our
study is important for improving and selecting crops tolerant of and/or adapted to different habitat.

Key words: : Convolvulus, Photosynthetic pigment, proline, protein, vegetation zone

*

Farkh habitatlarda Convolvulus oleifolius var. Deserti’nin morfoloji ve fizyolojisinde degisimler

Ozet

Apostol adasinin farkli vejetasyon zonlarinda bulunan Convolvulus oleifolius Desr. var. deserti Pamp./Siirmeli
yayilgan’in morfolojik 6zellikleri, fotosentetik pigment igerikleri, prolin ve toplam protein miktarlar1 ¢alisilmistir.
Ornekler Bodrum-Tiirkbiikii-Mugla-Tiirkiye, Apostol adasmim littoral-epilittoral ve interior vejetasyon zonlarindan
toplanmistir. Govde uzunlugu, organ biiyiikliigii, tily yogunlugu ve ¢igeklenme durumunda belirgin farkliliklar vardir.
Fotosentetik pigmentler littoral-epilittoral vejetasyon zonda, interior vejetasyon zondakinden daha azdir. Littoral-
epilittoral vejetasyon zonda prolin miktar: interior vejetasyon zondakinden 6nemli derecede daha yiiksekken, toplam
protein miktari 6nemli derecede daha diisiiktiir. C. oleifolius var. deserti’nin morfolojik ve fizyolojik 6zelliklerinin
cesitli habitatlara uyum mekanizmasi sonucu ortaya ¢ikan 6nemli farkliliklar1 sergiledigi diisiiniilebilir. Bu nedenle,
calismamiz farkl habitatlara uyumlu ve/veya toleransl bitkilerin se¢ilmesi ve degerlendirilmesi i¢in dnemlidir.

Anahtar kelimeler: Convolvulus, Fotosentetik pigment, Prolin, Protein, Vejetasyon zonu
1. Introduction

The family Convolvulaceae (bindweed or morning glory) are a group of about 60 genera and more than 1.650
species of mostly herbaceous climbers, herbs, shrubs and rarely trees, some species with milky sap (Austin and Zosimo,
1996). It is presented throughout temperate and tropical regions of the world, and has a wide range of habitats
(Heywood, 1985). According to Flora of Turkey, belong to 33 species (36 taxa) of genus Convolvulus were distributed
in Turkey (Paris, 1978; Davis et al., 1988).

Convolvulus oleifolius Desr. var. deserti Pamp./Surmeli yayilgan (Giiner et al., 2012) is a woody based
prennials, shrublets or shrubs and distributing rocky and stony slopes, macchie areas, phrygana and sand dunes near the
sea in Agean and Mediterranean regions in Turkey (Aykurt and Stimbiil, 2010).
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Excessive water, water temperature and especially salinity are environmental stress for plants in coastal areas.
In those environments, seawater infiltrations can occur or the sea provides the only source of water for irrigation
(Baccio et al., 2004). The injurious effects of salinity are associated with water deficit, ionic imbalance, stomatal
behaviour, photosynthetic efficiency, protein reduction, proline accumulation and oxidative damage (Parida et al., 2002;
Ashraf and Haris, 2004). This kind of response leads to ecotype differentiation (Amzallag et al., 1993). Understanding
the physiological bases of salinity adaptation could help us to improve and select crops tolerant of and/or adapted to
different habitat.

In the present study, some morphological and physiological differences between C. oleifolius var. deserti in
littoral-epilittoral and interior vegetation zones of Apostol Island in Bodrum-Turkbuku-Mugla are presented.

2. Materials and methods
2.1. Sample collection

Convolvulus oleifolius Desr. var. deserti Pamp. samples were colllected during spring and summer from
littoral-epilittoral and interior vegetation zones in Apostol Island in Bodrum-Turkbuku-Mugla-Turkey for determination
of morphological and physiological differences by author (Senol, 2006). All herbarium samples deposited in Herbarium
EGE.

2.2. Morphological characters

All morphological data presented and used in the description were directly observed by the authors. All the
morphological characters traditionally used to identify. Convolvulus species were studied and compared with other
members of sect. Convolvulus. Features of gross morphology were exemined under a stereoscopic microscope. Also,
growth parameters of ten plants were measured for each vegetation zone.

2.3. Photosynthetic pigment content

Chlorophyll and carotenoid concentration were determined from fresh leaves. A fresh leaf sample of 0.1 g was
ground and extracted with 5 ml of 80% (v/v) acetone in the dark (Arnon, 1949). The mixture was filtered and
absorbancies (Jenway 6105 UV/VIS, Spectrophotometer) were determined at 645, 663 and 450 nm. Concentration of
chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoids were estimated by the equations of Witham et al. (1971).

2.4. Proline content

Proline content was determined according to the modified method of Bates et al. (1973). Fresh leaf samples
were homogenized in 3% (w/v) sulfosalicylic acid solution and then centrifuged. The supernatant was taken into a test
tube to which glacial acetic acid and acid ninhydrin solution were added. Tubes were incubated in a boiling water bath
for 1 h and then allowed to cool to room temperature. After adding toluene, the mixture was vortexed and allowed to
separation of toluene and aqueous phase. The absorbance of toluene phase was measured at 520 nm in a
spectrophotometer. The concentration was calculated from a proline standard curve and expressed as umol/g FW.

2.5.Total protein

Total soluble protein was extracted from fresh leaves and quantified by the Bradford protein assay (1976)
using BSA as a standard. In the Bradford assay, protein concentration is determined by quantifying the binding of the
dye, Coomassie Brilliant Blue G-250, to the unknown protein solution, as compared to known standards. Tubes
containing 100 pl aliquots of known concentrations of Bovine Serum Albumin (BSA; 0.156 mg I-1 to 10 mg I-1 in 0.15
M NaCl), were prepared. Blank tubes containing 100 ul of 0.15 M NaCl were also prepared. One ml Coomassie
Brilliant Blue solution was added to each tube and the mixtures vortexed. The reactions were left at room temperature
for 2 min. The absorbance at wavelength of 595 nm was determined against the blank and the standard curve of
absorbance versus protein concentration plotted (Copeland, 1994).

2.6. Statistical analysis

All the results were statistically analyzed through independent-samples T test at p<0.05 level.
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3. Results

During the study of Flora and Vegetation in South Aegean Sea Islands (Cesme-Antalya), C. oleifolius var.
deserti were collected from Mugla-Turkbuku Apostol Island (Senol, 2006) (Figure 1). Three vegetation zones (littoral,
epilittoral and interior) were distinguished and described in the island. The littoral vegetation zone was restricted to
calcerous rocky up to 3-4m high above sea level and was characterized by a loose floristic composition. Other plant
taxa in this zone accompanying study materials were Lotus cytisoides L., Limonium gmelini (Willd.) Kuntze, Frankenia
hirsuta L., Hilimione portulacoides (L.) Allen, Malcolmia flexuosa (Sibth. Et Sm.) Sibth. Et Sm.. Also, this zone was
exposed to the wave effect. Epilittoral vegetation zone was only weakly influenced by wave action and sea spray.
Closeness of vegetation in this zone is 50-60% and accompanying other taxa were Helichrysum stoechas (L.) Moench
subsp. barrelieri (Ten.) Nyman. and Phagnalon graecum Boiss.. After a height of 8-10m, the calcareous interior
vegetation zone took place. In this zone, 3-4 m tall shurb communities dominated by Olea europeae L. and Juniperus
phoenica L. were observed and other woody species were Pistacia lentiscus L., Spartium junceum L., Phillyrea latifolia
L. (Senol, 2006).

1

Figure 1. (m) Distribution of C. oleifolius var. deserti according to Aykurt and Siimbiil (2010), (®) Apostol Islands
where the study species were collect

C. oleifolius var. deserti samples collected from littoral-epilittoral vegetation zone were 15-20 cm, woody-
based shrublets and scattered branched. It had a dense white indumentum. Inflorescence was axillary and solitary
(Figure 2). The samples collected from interior vegetation zone were 40-50cm, woody-based shrub. It had sparsely
silvery pilose. Infloresence was axillary and terminal, especially 4-5 flowered cymes (Figure 3).

< AR N
-

Figure 2. Habitat of C. oleifolius. var. deserti in littoral- Figure 3. Habitat of C. oleifolius var. d
epilittoral vegetation zone vegetation zone

ph

)
eserti in interior

Each of the three vegetation zones are on calcareous rocks. The plants were located in the rock cracks in
littoral-epilittoral zone, but on calcareous soils formed from the host rock in interior zone. Samples were collected from
the same slope and the same direction of Apostol Island. The temperature difference was very small. The most
important factor of habitat differences was the distance from the sea. Littoral-epilittoral vegetation zone exposed to sea
water spray. Members of the species to cope with salt spray, have developed adaptation mechanisms and demostrated
some morphological and physiological differences.

Table 1. summarize the differences between littoral-epilittoral and interior vegetation zones in morphology of

Convolvulus. The results clearly show that seven statistically significant morphological differences are recorded. Also,
plant forms, inflorescence and hair density are different.
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Table 1. Morphological differences between Convolvulus oleifolius var. Derserti in littoral-epilittoral and interior
vegetation zones (n=10)

Littoral-Epilittoral Zone

Interior Zone

Shoot Fresh Weight (g)

22.2540+8.0914

61.9640+16.953*

Shoot Dry Weight (g)

2.0549+1.1413

7.6717+2.0188*

Root Fresh Weight (g) 4.0320+0.8464 12.9000+1.0040%*
Root Dry Weight (g) 1.3066+0.0750 1.4275+0.1120
Leaf Fresh Weight (g) 0.0130+0.0016 0.0607+0.0157*
Leaf Dry Weight (g) 0.0024+0.0003 0.0118+0.0010*
Leaf number 39.2000+3.5637 42.4000+0.5477

Leaf area (mm)

30.0610£1.7006

181.8576+35.021*

Stem length (cm) 15-20 40-50*

Plant form Woody based shrublest Woody based shrub
Inflorescence Axillary-solitary Axillary -terminal
Hairs Dense white indimentum Sparsely silvery pilose

Within each line, * Significantly different at alpha 0.05 according to independent-samples T test.

Table 2. Physiological differences between Convolvulus oleifolius var. deserti in littoral-epilittoral and interior
vegetation zones (n=4)

Littoral-Epilittoral Zone

Interior Zone

Chla (mg ml?)

0.3859+0.1353

0.5640+0.2072

Chl b (mg ml?)

0.3966+0.1061

0.7422+0.3333

Total Chl (mg ml?)

0.7822+0.2331

1.3058+0.5371

Carotenoid (mg ml%)

3.3533+0.8068

5.0356+1.6139

Prolin (umol g?)

8.8329+0.7016

5.5392+1.3700*

Total Protein (mg ml?)

0.9880+0.1449

4.0484+0.9144*

Within each line, * Significantly different at alpha 0.05 according to independent-samples T test.

Tolerance to environmental stresses as salinity of plants can be determined by using different parameters.
Chlorophyll a, b and carotenoids in the fresh leaves of the C. oleifolius var. deserti are presented in Table 2. The results
show that, chlorophyll a- b, total chlorophyll and carotenoids in littoral-epilittoral vegetation zone are less than in
interior vegetation zone. However the differences are not significant . Some studies have shown that leaf chlorophyll
and carotenoid contents were reduced in salt stress (Sultana et al., 2002; Sabir et al., 2009; Turkyilmaz, 2012). The
observed chlorophyll depletion may be considered to be a result of the inhibition of chlorophyll biosynthesis (Khan,
2003).

Prolin amount is significantly higher, but total protein amount is significantly lower in littoral-epilittoral
vegetation zone than in interior vegetation zone (Table 2). Aghaleh et al. (2009) showed that salinity triggered some
solutes (proline and soluble saccharides) accumulation and blocked protein production in Salicornia persica and S.
europaea. High level of proline content can be considered beneficial to stressed plants. Significant correlation between
enhanced tolerance and proline accumulation in plants under saline condition has been reported in Ashraf and Foolad’s
study (2007). Plants need to have special mechanisms for adjusting internal osmotic conditions and changing of
osmotic pressure in the root environment. In salt stress plants osmotic potential of vacuole decreased by proline
accumulation (Yoshiba et al., 1997). The protein content showed a statistically significant decrease upon salt treatment
in Aegiceras corniculatum (Parida et al., 2005) too. Agastian et al. (2000) reported that proteins level decreased under
salinity is due to low uptake of nitrate ions.

It is worth mentioning that the morphological and physiological features of the recognized plants exhibited
considerable differences which appeared be the product of the adaptive mechanisms to environment (Batanouny et al.,
1991; Morsy, 2008).

4. Conclusions

There are obvious differences in terms of stem length, organ size, hair density, prolin and total protein amounts
between C. oleifolius Desr. var. deserti Pamp. in littoral-epilittoral and interior vegetation zones. Other species like
Limonium gimelinii, Frankenia hirsuta, Malcomia flexiosa and Lotus cytisoides that share the littoral vegetation zone in
the study area, especially in terms of size is likely to see the differences. So that the perennial sea water-resistant
individuals are exposed to salt stress, the reaction can be expressed by. These differences can be the product of genetic
responses of their habitats. The results have demonstrated that morphological and physiological differences can play an
important role in the adjustment of this genus to various habitats. Also, knowing these differences provide us to
improve and select crops tolerant of and/or adapted to different habitat.
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Abstract

This study was carried out about the plants spread in Azerbaijan's water-marsh ecosystem with the aim of
determining the associations in the years 2007-2012. 33 aquatic associations, 31 coastal marshes associations, 13
pasture associations, 8 aquatic forest associations, and 17 hidrohalophytic plant associations were determined. 15 new
plant associations were identified for Azerbaijan water-marsh vegetation. The dominant families and genera are as
follows; Poaceae, Cyperaceae, Ranunculaceae, Potomagetonaceae, Juncaceae, Tamarixaceae and Carex, Juncus,
Ranunculus, Potomageton, Schoeneplectus, Cyperus, Salix, Tamarix, Phragmites, Arundo, et al. The Phragmites
austuralis, Juncus litoralis, J. acutus, Typha latifolia and T. angustifolia, Schoeneplectus maritimus, Potomageton
salicifolius, P.pectinatus, Najas minor ssp. intermedia, N. minor ssp. armata, N. minor ssp. marina, Ceratophyllum
submerse, C. demersum, Polygonum amfibium et al. populations are dense in the vegetation. 92% percent of plants are
herbaceous plants in the water-marsh ecosystem, while the woody plants are 7% percent. Cryptophytes are represented
with 219 taxa (43,6% ), terophytes are with 139 species (27,7%), and hemicryptophytes are with 101 species (20,1%).
Phanerophytes are represented with 39 species (7.8%). The chamaephytes are least with 0.6% percent. According to
the habitat diversity, the flora of brooks, streams and water channel sides is richer (312 taxa). The swamp (160), slow
flowing streams, stagnant lakes (127), salt lakes and coast (114 taxa) flora is poorer.

Key words: water-marsh, vegetation, ecosystem, associations, Azerbaijan

*

Azerbaycan’in su-batakhk vejetasyonu

Ozet

Bu ¢aligma 2007-2012 yillar1 arasinda Azerbaycan’in su-bataklik ekosistemlerinde yayilis gdsteren bitki
birliklerininin belirlenmesi amaci ile gergeklestirilmistir. Sucul vejetasyona ait 33, kiy1 bataklik vejatasyonuna ait 31,
caywr vejetasyonuna ait 13, sucul orman vejetasyonuna ait 8, hidrohalofitlere ait 17 bitki birligi belirlenmistir.
Azerbaycan’m su-bataklik vejetasyonu i¢in 15 yeni bitki birligi tanimlanmustir. Vejetasyonda Poaceae, Cyperaceae,
Ranunculaceae, Potomagetonaceae, Juncaceae, Tamarixaceae familyalar1 ve Carex, Juncus, Ranunculus,
Potomageton, Schoeneplectus, Cyperus, Salix, Tamarix, Phragmites, Arundo, vd. cinslere ait olan taksonlar hakim
durumdadir. Pragmites austuralis, Juncus litoralis, J. acutus, Typha latifolia, T. angustifolia, Schoeneplectus
marittimus, Potomageton salicifolius, P.pectinatus, Najas minor ssp. intermedia, N. minor ssp. armata, N. minor ssp.
marina, Ceratophyllum submersum, C. demersum, Polygonum amfibium vd. taksonlarin popiilasyonlar1 yogun olarak
bulunmaktadir. Su-bataklik ekosistemlerinde yayilis gosteren bitkilerin % 92’si otsu, az bir kismi ise (% 7) odunlu
bitkilerdir. Kriptofitler 219 taksonla su-bataklik florasmin % 43,6 n1, terofitler 139 tiirle % 27,7 ni, hemikriptofitler ise
101 tirle % 20,1’ni olusturmaktadir. Fanerofitler 39 tiirle (% 7,8), kamefitler ise daha az tiirle (% 0,6) temsil
edilmektedir.. Habitat ¢esitliligine gore degerlendirdigimizde cay, dere ve su kanallar1 etrafinda (312 takson ile) flora
daha zengin, bataklik (160), durgun sulu (127) ve tuzlu goller ile deniz kiyis1 (114 takson) gibi habitatlarda daha fakir
oldugu belirlenmistir.
Anahtar kelimeler: su-bataklik, vejetasyon, ekosistem, asosiasyon, Azerbaycan
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1. Giris

Bu ¢alismadaki amacimiz son donemlerde artan olumsuz antropojenik etkilerin sonucu olarak su-bataklik
vejetasyonunu ve bitki birliklerini belirlemek, ve biyolojik ¢esitliligi degerlendirmektir.

Azerbaycan florasin da 125 familya ve 920 cinse ait 4500 vaskiiler bitki kayithidir. (Azerbaycan Florasi, 1-8
cilt, 1950-1961). Tiirlerin genel sayina gore Azerbaycan'in bitki Ortiisii Kafkas'larin diger cumhuriyetlerine goére
oldukga zengindir. Azerbaycan’da bulunan bitki tiirleri Kafkasya’da goriilen bitki tiirlerinin % 66’sm1 kapsamaktadir
(Grosshaym, 1936, 1948). Haciyev ve Musayev (1996) Kafkasya ve diger bolgelerde yalniz Azerbaycan’a ve onun
kiigiik bolgelerine has olan 240’a yakin endemik bitki tiirii oldugunu bildirmiglerdir. Ancak yeni basilmis
“Azerbaycan’m kirmizi kitab1”(2013) eserine gore ise Azerbaycan arazisinde 140 endemik bitki tiirii mevcuttur.

Azerbaycan’da yiiz 6lgiimii toplam 395 km? olan 450 gél vardir. Bunlar: 1) buzul kaynakl goller, 2) subasar
kaynakli goller, 3) bent kaynakli géller, 4) lagun kaynakli goller, 5) karst kaynakli géller, 6) toprak kaymasi kaynakli
goller, ve 7) rolikt kaynakli goller olarak 7 tipe ayrilirlar.

Azerbaycan’in farkli bolgelerinde yerlesen; Sarisu (65 kv.km), Agzibirgala (13,8), Akgdl(56,2), Candargdl
(10,6), Biiyikk Alagol (5,1), Gokgol (0,79), Hacigabul (8,4), Biiyiik-Sor (16,2), Asik Kara (1,76), ve Karagug (0,45
kv.km) golleri su-bataklik vejetasyonunun yayilis gosterdigi en onemli habitatlar1 olusturmaktadirlar (Memmedov,
2011).

Derinligi 6 metreden az, bazi ortak dzelliklere sahip, suyu durgun, tuzlu ve aci olan goller ve batakliklari,
akarsularm durgun tagmis sulardan olusan kiyilar1 ve ayni zamanda deniz ve koérfez kiyilari, nehirlerin denizlere,
gollere ve diger akarsulara karistig1 akarsu agizlarina sulak alanlar denir.

Azerbaycan'm en uzun nehri 1364 km uzunlukta olan ve Hazar Denizi'ne dokiilen Kur Nehri'dir. Aras nehri ise
1072 km uzunlugundadir. En biiyiik dogal golii 67 km? ile Sarisu Go6lii, en biiyilik yapay golii ise 605 km? ile Mingecevir
Baraj Golii'diir (Sekil 1).

Azerbaycan arazisinin 6nemli bir kismini olusturan bu géllerde, onlarin gevrelerinde, bataklik ve durgun
sularda, kanal iclerinde ve gevrelerinde, akarsu, gol, golet, yapay baraj golleri gevresinde c¢ok sayida bitkilere
rastlanilmaktadir. Bu bitkilere Azerbaycan’in diger bolgelerinde de rast gelinmektedir. Su-bataklik bitki birlikleri relikt
bitki birliklerinden olup, buzlasma devrinin etkisinde kalmamis ve sucul ekosenozlarin olusmasina neden olmustur
(Grossheym, 1940). Su-bataklik bitkileri uzun siiren evrimsel gelisme siirecinde kazandiklari adaptasyonlarla gol,
bataklik, su rezervleri ve kanallarin kenarlarinda genis yayilis gostermislerdir.

Su-bataklik ekosistemleri diinyanin her yerinde yayilis gostermektedirler (Kats, 1961, Grandstein &
Smittenberg, 1977; Katanskaya, 1981, Se¢cmen & Leblebici, 1996; Beget & Altan, 1994; Golub ve ark., 1991; Dubina,
2006).

Azerbaycan’in bitki Ortiisiinde bu ekosistemler diizliik kesimlerde daha genis yayilmakla birlikte daglk
bolgelerde de rastlaniimaktadir.

Azerbaycan su-bataklik vejetasyonu bir ¢ok botanik¢i (Grossheym, 1936, 1948; Prilipko, 1970; Aliyev, 1969;
Babayev, 1974; Efendiyeva, 1998; Haciyev,1970, Haciyev, ve ark. 1991; Atamov, 2008; Tahbov, Ibrahimov, 2008;
Ibrahimov, 2008; Musayev, 2010, ve b.) tarafindan arastrilmistir. Bu ekosistemlerin en yaygm oldugu bolge
Azerbaycan’in giiney dogusunda yer alan Lenkeran diizligiidiir. Bu bolgede ¢ok sayida gol, golet, bataklik ve akarsu
bulunmaktadir (Memmedov, 2011).

Bu bolgede su-bataklik ekosistemi olusturan ve Ramsar Sozlesmesi listesinde yer alan Biiyiikk ve Kiigiik
Kizilagac¢ Korfezi bu anlamda en 6nemli alanlardandir ( Sultanov, 2000).

Cok sayida kus tiiriiniin go¢ yolu olarak bilinen bu alanda su-bataklik florasi ve vejetasyonu daha once
Grossheym (1936, 1948), daha detayl1 olarak Aliyev (1969), ve daha sonralar1 6grencileri; Babayev (1974), Efendiyeva
(1989), son donemlerde ise Musayev (2010) tarafindan arastirilmistur.

Aliyev (1969) Azerbaycan’mn su-bataklik vejetasyonunun yaygin oldugu Lenkeran diizliigiinde, Babayev
(1974) Kiiciik Kafkasya’nin yiiksek dag kesimlerinde, Efendiyeva (1989) Apseron yarimadasinda ve Musayev (2010)
ise su-bataklik ekosistemlerinin yaygm oldugu Kiir-Araz ovaliginda uzun yillar arastrmalar yapmiglardir.

Nahgivan bolgesinin genel bitki oOrtiisii, ayni zamanda su-bataklik bitki ortiisii ve florast uzun yillar boyu
Tahibov ve Ibrahimov (2008) tarafindan arastirilmaktadir. Bu arastrmacilar tarafindan yapilan calismalar sonucu
Azerbaycan’in farkli bolgelerinde bulunan su-bataklik ekosistemlerinde flora zenginliginin farkli oldugu, ¢ok sayida
yeni bitki tiirlerinin yeni kayit olarak floraya eklendigini gérmekteyiz (Talibov, Ibrahimov, 2008).

Su-bataklik vejetasyonu diinyanin bir ¢ok bdlgesinde arastirilmistir. Bunlardan Hirivnak (2002a. 2002b)
Slovakya ve Bulgaristan’in aquatik bitki kommunitelerinin yayilis1 ve siniflandirilmasi ile ilgili galigmalarinda
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Sekil 1. Azerbaycan’mn su-bataklik alanlarmimn fiziki-cografik haritasi

Potametea, Lemnetea ve Charetea simiflarma ait vejetasyonun smiflandirilmasini vermis ve bu siniflara ait olan bitki
birliklerinin fitososyolojik &zelliklerini incelemistir.

Memmedov (2011) Kiir ovaligindaki gollerde farkliliklarin ortaya ¢ikmasinda ortamin ekolojik sartlari, suyun
terkibi, kimyasal igerigi, tuzluluk derecesi, deniz seviyesinden yiikseltisi, sicaklik gibi faktorlerin 6nemli rol oynadigini
gostermistir.

Gecheva ve ark. (2013) Bulgaristan’daki akarsularin sucul makrofitlerinin floristik kompozisyonunu arastirmisg
ve bu ¢aligmada bolgenin sucul florasini hidrofit, helofit ve amfifitler olarak ti¢ gruba ayirmistir.

Ocakverdi ve ark. (2009) Tiirkiye’nin Kars ve Ardahan il smirlar1 igerisinde yer alan Kisir Dagnin bitki
ortiisiinde su-bataklik birliklerinin de yaygin oldugunu ve bunlarin dere iglerinden subalpin ve alpin kusaklara kadar
yayildigmi ortaya koymuslardir. Bu birliklerin bazilarina Azerbaycan’m yiiksek daglik bdlgelerinin su-bataklik
alanlarinda da rastlanilmaktadir.

Chang-Hung Chou ve ark. (2000) Tayvan’in Yuanyang Golii etrafi orman vejetasyonuna ait bitki birliklerini
incelemis ve su-bataklik tipi orman birliklerinin deniz seviyesinden 1650-2432 m yiiksekliklerde yer aldigmi
gostermislerdir. Korkmaz ve ark. (2012) Tirkiye’nin Samsun ili simirlar igerisinde Golardi Yaban hayati Koruma
alaninda yapmig oldugu bir arastirmada; psammofit, higrofit, ve orman tipli vejetasyonu oldugunu ve bu tiplerin
sintaksonomik degerlendirmesini yapmistir. Bu arastirma sonucu belirlenen vejetasyon tipleri ile Azerbaycan’in Hazar
denizi kiy1 kesimlerinde rastlanan bitki birlikleri arasinda benzerlik derecesinin yiiksek oldugu goriilmektedir (Atamov,
2007).

Yurdumuzun bitki Ortiisii ve florasinin zengin olmasmin nedenlerinden biri de farkli ekolojik ortamlarm ve
habitat ¢esitliliginin olmasidir. Bu ekolojik ortamlardan biri de su-bataklik ekosistemlerinde olan iklim g¢esitliligidir.

2, 3, 4 ve 5 No’lu diyagramlardan goriindiigii gibi yiiksekligin artmasi ve mevsimlerin degismesine bagl
olarak sicaklik ve yagmur egrileri yil boyu farklilik gostermemektedir. Diizenlik kesimlerde hazirandan ekim ayna,
asag1 dag kusaklarinda hazirandan eyliil, orta daglik kesimlerde hazirandan agustosa ve yiiksek dag kesimlerinde ise
temmuzdan agustosa kadar kuraklik donemi goriinmektedir. Bu donemlerde sicakligin agir1 artmasi ve yagmurlarin asiri
azalmas1 sonucu bu parametreleri gosteren egrilerin kesismesi, Ilkbahar ve Sonbahar donemlerinde ise tam tersi
yagmurlarin artmasi ve sicakligin azalmasi ile kurak donemin bitmesi goriinmektedir (Sekil 2, 3, 4, 5). Ikim verileri
1990-2012 yillarina ait ortalama yillik yagmur (P.mm) ve sicaklik (C°) degerlerine gore hazirlanmustir.

Bitki ortiisliniin gelismesini bolgenin fiziki-cografi bakimdan yapilanmasi, toprak iklim sartlari, dikey zonallik
ve bir ¢ok diger ozellikler de tetikler.

Azerbaycan’in ovalik kesiminde 200 metre yiiksekliklere kadar ¢61, yar1 ¢l ve su-bataklik bitkileri geligmistir.
Su-bataklik ekosistemlerine diizliikk kesimlerle beraber Azerbaycan’in daglik ve yiiksek daglik bolgelerinde de
rastlamlmaktadir. Ozellikle Biiyiik ve Kiiciik Kafkas daglarinin subalpin ve alpin kusaklarinda ¢ok sayida dag géllerine
ve akarsulara rastlanilir (Prilipko, 1970; Babayev, 1974).

Su-bataklik bitki birliklerine gollerin sahil kesimlerinde ve 6zellikle Hazar sahilinde, Mil, Mugan ve Sirvan
diizliiklerinde rastlanmaktadir. Yar1 ¢ol bitki ortiisii Sirvan, Mugan, Mil, Ceyrangdl, Qobustan ve Aras nehri boyu
diizliiklerine hastir. Kiir-Aras, Qobustan, Ceyrang6lde zonal formasyon olarak yavsanliklar (Artemisetum) daha biiyiik
alanlara kaplamigtir. Ayrica, Salsoletum dendroidesae, (Kiir-Aras) ve Salsoletum nodulosae (Qobustan, Nahgivan)
birlikleri de yaygindir. Bu alanlar icin en karakteristik bitki birliklerinden biri de galeri ormanlaridir. Ozellikle, Kiir ve
Aras nehri vadileri boyunca uzanan ormanlarm baglica tiirleri Populus, Alnus, Fraxinus, Salix, Eleagnus, Tamarix vd.
cinslerine ait tiirlerdir.
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Sekil 4. Orta dag kusaginin iklim diyagrami Sekil 5. Yiiksek dag kusagmin iklim diyagrami

Azerbaycan’da ormanlarmn ylzolgiimii 1213,7 bin hektardwr. Bunun 989,5 bin hektar1 daglik ormanlarla
kaplidir ve bu arazi biitliniiniin % 11,4’nii teskil etmektedir. Azerbaycan’da kisi basma 0,12 ha orman arazisi
diismektedir ki bu da diinya standartlarindan 4 kat daha azdir (0,48). Azerbaycan’da ormanlik alanlar az olsa da tiir
gesitliligi hayli zengindir. Bu ormanlarda 107 agag (7’si kozalakli, bunlar: Pinus eldarica, Pinus sylvestris var. hamata,
Juniperus foetidissima, J. oblonga, J.polycarpos, J. communis, Taxsus baccata) ve 328 cali tiirline rastlanilmaktadir.
Tim iilke arazisinde genis yaprakli ormanlar yaygindir. Bu tip ormanlara Biiyiik ve Kiigiik Kafkas, ve Talis Daglari' nin
asag1 ve orta daglik bolgelerinde rastlanmaktadir. Bu ormanlar 6zellikle 600-1600 m yiikseklikte bir ¢ok yerde tek bir
kusak olusturmaktadir. Geri kalan araziler dar kusak seklinde muhafaza edilmektedir. Ormanlarda esas agag
tiirlerinden: Fagus orientalis, Carpinus betulus, C. caucasica, Quercus longifolia, Q. macranthera, Alnus glutinosa ssp.
barbata vd. vardir. Bu tiirler ormanlarm % 86,2°ni teskil etmektedir. Bunlardan baska, Ulmus , Populus, Betula, Salix,
Acer, Fraxinus, vd. cinslere ait genis yaprakli agaglar da vardir. Kozalakli ormanlar iilke ormanlarmin % 1,7°ni teskil
etmektedir.

Talis Daglarinda tigiincii devre ait agaglardan: Parrotia persica, Quercus castaneifolia, Dryospyros lotus,
Pterocaria fraxinifolia, Ficus hyrcana, Betula hyrcanica, Albizia julibrisini, Zelkova carpinifolia, , Z. hyrcana, Buxsus
sempervirens karakteristikdirler.

2. Materyal ve yontem

Arazi galigmalar1 2008-2013 yillar1 arasinda Azerbaycan’in diizliik ve daglik bolgelerinde bulunan gol ve
batakliklarda, deniz kenar1 alanlarda, 6zellikle Kizilagag Korfezinde, Candar Géliinde, Nah¢ivan’da (Batabat golleri,
Araz deryacgasi, Ordubad arazisindeki Goygol golii), Kiir-Araz ovaliginda (Hacigabul, Sarisu) ve, Abseronda (Masazir
golii, Lokbatan ve Kanligdl) gerceklestirilmistir.

Bitkilerin toplanmasi degisik vejetasyon siirelerinde ve her mevsimde toplanmustir. Toplanan bitki 6rneklerinin
teshisi 8 ciltlik “Azerbaycan Floras1” (1950-1961) eserine gore yapilmistir. Teshis edilmis bitki drnekleri Azerbaycan
Milli Bilimler Akademisi Botanik Enstitiisii Herbaryum Laboratuvarinda saklanmaktadir. Nadir, endemik ve tehdit
altindaki tiirler Azerbaycan’in Kirmizi Kitab1 (2013) eserine gore degerlendirilmis, bitkilerin hayat formlar1 Raunkier
(1934) sistemine gore verilmistir. Bitki birliklerinin fitososyolojik 6zellikleri ve vejetasyon tablolarinin olusturulmasi
Braun-Blanquet metoduna gore ve “en kiiciikk alan” prensibine dayanarak, birliklerin sintaksonomik adlandirilmasi
Weber ve ark. (2000)’a gore yapilmistir.

3. Bulgular
Bu arastirma sonucu Azerbaycan’in su-bataklik vejetasyonu ilk defa olarak Braun- Blanquet metoduna gore
arastirilmis ve sintaksonomik degerlendirme sonucu asagida 6zetlenmis sekilde verilmistir.

1.1. Su ici birlikler

Bu birlikler yavag akan akarsu, g6l ve deniz kiyis1 yerlerde, korfezlerde, su derinligi 6 m’den ¢ok olmayan
yerlerde govdeleri su tlizerinde veya su igerisinde yer alan bitkilerden olusur (Sekil 6, 7, 8).
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Sinif:Charetea Fukarek ex Krausch 1964

Ordo: CharetaliaSauer ex Krause ex Krausch 1964
Alyans: Charion vulgaris (Krause et Leng 1977)
Krause 1981

Birlik: Charetum vulgaris Collion 1957
Potamogeteneto natansi-Charetum vulgaris ass.nova
Smif: Ruppietea J.Tx.1960

Ordo: RuppietaliaJ. Tx.1960

Alyans: Ruppion marittimi Beguinot
Birlik:Ruppietum maritimae Beguinot

Smif: Lemnetea De Bolos et Masclans 1955

Ordo: Lemnetalia minoris De Bolos et Masclans 1955
Alyans: Lemnion minoris De Bolos et Masclans 1955
Birlik:Lemnetum minoris (Oberq. 1957) Millee et Gors
1960

Lemnetum gibbae Miyawaki et J. Tx. 1960

Alyans: Lemnion trisulcae Den Hartog et Segal 1964
Birlik:Lemnetum trisulcae Soo 1927

Smif: Potametea R.Tx.et Preising 1942

Ordo: Potametalia Koch 1926

Alyans:; Potamion pusilli Heyny 1978
Birlik:Potametum pectinati Carstensen 1955
Alyans:Potamion lucentisRivas-Martinez 1973
Birlik: Potametum lucentis Hueck 1931

Elodeetum canadensis Eggler 1933

Valisnerietum spiralis ass. nova

Alyans:Potamion pusilli Heyny 1978
Birlik:Potametum perfoliati Koch 1926 em Pass 1964
Potametum pectinato-perfoliati Den Hortog Segal 1964
Potameto-Najadetum (Hartovic 1931) Micevski 1958
Potamogeteneto heterophylli-Vallisnerietum spiralis
ass. nova

Najadetum marinae (Oberd. 1957) Fukarek 1964
Najadeto marinae-Zannichellietum palustris ass. nova
Ordo: Hydrocharitetalia Rubel 1933

Alyans: Hydrocharition Rubel 1933
Birlik:Hydrocharitetum morsus-ranae Van
Langendonck 1935
Salvinio-Hidrocharitetum(Oberdorfer 1957) Boscaui
1966

Alyans: Ceratophyllion demersi (Soo 1928) Eggler
1933

Calamagrostetum epigejosae ass. nova

Sekil 6. Potameto-Najadetum (Kizilagag, 2012)

Sekil 7. Polygono-Potamogetenetum (Batabat, 2012)
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Ceratophylletum demersi (Soo 1928) Eggler 1933
Ceratophylletum submersum ass. nova

Alyans: Nymphaeion albae Oberd.1957
Birlik:Nymphaetum albae Vollmar 1957

Nelimbio caspici-Nymphaetum albae (Now.1930)
Tomaz 1977

Trapetum hyrcanae (Aliev 1969) MM & VA 2014
Polygonetum amphibii Soo 1927

Potametum natantis (Soo 1927) Oberdorfer 1977
Alyans:Urticularion vulgaris Passarge 1978
Lemno-Urticularietum vulgaris Soo (1928) 1938
Spirodeletum polyrrhiza ass. nova

Ordo: Callitricho-Batrachietalia Passarge 1978
Alyans:Ranunculion fluitantis Neuhause 1957
Birlik:Myriophylletum verticillati Soo. 1927
Myriophylletum spicati Soo 1927

Alyans: Ranunculion aquatilis Passarge 1964
Birlik:Potamo perfoliati-Ranunculetum scleratus ass.
nova

Ranunculetumtrichophyllauae ass. nova

1.2 Kyt batakhik birligi

Akarsu, gol ve batakliklarda, derinligi cok olmayan
yerlerde goriilen birliklerdir (Sekil 9). Bu birlikler
govdelerinin alt kisimlar1 her zaman veya mevsimsel
olarak su altinda kalan, kokleri ile su alt1 topraga veya
batakliga yerlesmis bitkilerden olusur (Helofit
Bitkiler). Bu sinifa ait gesitli tiirlerden olusan ¢cok
sayida birlige rastlanilmaktadir. Bunlarin kesin
sinirlarini belirlemek ¢ok zordur. Ciinkii birliklerdeki
bitkilerin ¢ogu ortak ve diger birliklerde de
goriilebilmektedirler.

Smif: Phragmitetea Koch 1926

Ordo: Phragmitetalia Koch 1926

Alyans: Phragmetion Koch 1926

Birlik:Phragmetum communisae(Gams 1927) Schmale
1939

Typho angustifoliae-Phragmetum communisR. Tx
Preis. 1942

Scirpo-Phragmetum communis W. Koch 1926

v e
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Typhetum angustifoliae Pignatti 1953
Typhetum latifoliae (Soo 1927) Lang 1973
Typhetum angustifolia- latifoliae (Egler 1953)
Schmale1933

Potamogeto-Typhetum domingensis VVural Duman et al.
1994

Typhetum domingensis ass. hova

Polygonetum amphibii-hydropiperae ass. nova
Irisetum pseudocorusae ass. nova

Ordo: Bolboschoenetalia maritimi Heyny in Holub et
al. 1967

Alyans: Scirpion maritimi Dahl et Hadac 1941
Birlik:Scirpetum lacustris Schamale 1939

Scirpetum maritumi Beeft 1957

Hippurisetum vulgarisae Passarge 1955
Schoenoplectetum litoralis ass. nova
Potamogeton-Schoenoplectetum litoralis Vural Duman
et. Al

Cladio-Schoenetum lacustris ass. nova

Butometum umbellati (Konczak 1968) Phillippi 1973
Butomo-Eleocharitetum palustris Golub al. 1991
Triglochino-Bolboschoenetum maritim: Behget 1994

F P
/

Sekil 8. Nymphaetum albae KlleagaQ, 2012)
1.3.  Cayir birlikleri

Nem orani yiiksek olan ¢ayirlarda ve
batakliklarda rast gelinir ve higromezofit karakterli
bitkilerin hakim oldugu birliklerdir.

Smif: Phragmito-magnocaricetea Klika in Klika et
Novak 1941

Ordo: Nasturtio-Glycerietalia Pignatti 1953

Alyans: Glyserio-Sparganion Br.-Bl. Et Siasindh in
Boer 1942

Birlik:Carici-Menyantetum trifoliatae Behget 1994
Rumici hydrolapathum-Sparganietum neclectum ass.
nova

Geranio-Heracleum trachylomae ass. nova
Geranio-Heracleum trachylomae ass. nova

Veronico anagalis-aquatico-Calthetumpolypetalae ass.
nova

Cyperetum longusiae ass. nova

Paspalietum paspalodesi ass. nova

Veronico anagalis-aquatico-Equsetum arvensae ass.
nova

Potamogetono natansi-Equisetum palustrsae ass. nova

Sekil 9. Typhetum

Smif: Phragmito-magnocaricetea Klika in Klika et
Novak 1941

Ordo: Nasturtio-Glycerietalia Pignatti 1953

Alyans: Glyserio-Sparganion Br.-Bl. Et Siasindh in
Boer 1942

Birlik:Caricetum paniculatae Wong 1926

Caricetum vesicariae Br.-Bl. et Denis 1926

Mentho aquatici-Caricetum ripariae ass. nova
Sparganieto-Menyantetum trifoliae ass. nova
Sparganieto neglecti-Paspalietum digitariae ass. nova
Rumici hydrolopatum- Sparganietum neglecti ass. nova
Heleocharetum iupalustrisi ass. nova

Heleocharetum euuniglumisi ass. nova

Atropietum giganteae ass. nova

Aeluropetum littoralis-repensae ass. nova

Aeluropo aequalis-Alopecuretum ventricosusae ass.
nova

Alopecuruetum ventricosusiass. nova

Mentho pulegio-Lithretum salicariae ass. nova
Mentho pulegio-Oenanthetum aquaticae ass. nova

latifoliae (Sabran diizii, 17.07.2012)

Alyans: JuncuionBraun-Blang. 1931

Birlik: Juncetum lampoloides ass. nova
Juncetum inflexusi ass. nova

Digraphietum arundinaceae ass. nova
Beckmannietum eruciformi-syzigachnei ass. nova
Catabrosetum aquaticae ass. Nova

1.4. Su- bataklik orman birlikleri

Gol ve akarsu kenarlarinda, su seven boylu agaclarin
olusturdugu galeri tipli orman birlikleridir (Sekil 10)
Simif: Ammophiletea Br.-Bl. & Tuxen ex Westhoff,
Dijk & Passchier 1946

Ordo: Ammophiletalia Br.-Bl. 1933

Alyans: Salici purpureae-Populetea nigrae Rivas-
Martinez, Fernandez Conzalez, Loidi, Lousa et Penas
2001

Birlik:Salici purpureae-Populetum nigrae Rivas-
Martinez, Fernandez Gonzalez, Loidi, Louse et Penas
2001

Populetum nigrae ass. nova

Salixetum albae ass. nova
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Pterocaryo fraxinifoliae—Alnetum barbati Vural,
Ocakverdi et al. 2009

Alyans: Populetalia albae Br.-Bl.ex Thou 1948
Birlik:Populetum albae Br- Bl. ex Thou 1948
Alyans: Ammophilion australis Br.-Bl. 1921 corr.
Rivas-Martinez, Costo& Izco in Revas-Martines,
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Rubeto-Elagnetum angustifoliae ass. nova
Smif:Phragmito-Magnocaricetea Klika et Novak 1941
Ordo:Phragmitetalia Koch 1926

Alyans: Phragmition Koch 1926

Birlik: Phragmito communisae-Tamaricetum
ramosissimae ass. nova

Lousa, T.E.iaz, Fernandez-Gonzalez & J.C.Costa 1990
Birlik:Verbasco thapsus-Hippophaetum rhamnoidesae

Typheto-Tamaricetum ramosissimae ass. nova

ass. nova

—

Sekil 10. Tamaricetum (Araz, 12.08.2011) Sekil 11. Salicornio europeo-Halocnemetum strobilacei (Masazir)

3.5. Hidrohalofit bitki birlikleri Spergulario-Haliminetum verruciferae ass. nova
Franketum hirsutae ass. nova

Sinif:Juncetea Braun-Blang. 1931

Ordo:Juncetalia marittimi Braun-Blang. 1931
Alyans: Juncuion marittimi Braun-Blang. 1931
Birlik:Limonio-Juncetum littoralis VVural, Duman et al.
Sinif: Salicorniotea Braun-Blang. 1931 1994

Ordo: Halostachyetalia(Grossh.) Topa 1938 Halimio-Juncetum littoralis VVural, Duman et al. 1994
Alyans: Halocnion Oberd 1957 Phragmito-Juncetum maritime Vural, Duman et
Birlik:Halocnetum strobilacei Oberd 1957 al.1994

Haliminetum verruciferae E.Topa 1938 Juncetum maritimum Pignatti 1953

Carici extensor-Holocnetum strobilacei Vural, Duman Juncetum litoralisal ass. nova

Tuzlu g6l, deniz sahili gibi yerlerde ve tuzlu
batakliklarda yetisen hidrohalofit bitkilerin olusturdugu
birliklerdir (Sekil 11, 12).

et al. 1994 Juncetum acutusae ass. nova
Salicornio europeo-Halocnemetum strobilacei ass. Juncetum gerrdiae ass. nova
nova Junco-Tamarici parviflorae VVural, Duman et al. 1994

Carici extenco-Salicornietum europaei ass. nova Alopecuretum ventricosal ass. nova

4. Sonuglar ve tartisma

Bitki birlikleri “EUNIS habitat siniflandirmas 2004” sistemine gore degerlendirilecek olursa arastirma
alanimizda 5 habitat tipine ait 101 bitki birliginin oldugu ortaya ¢ikmaktadir.

Su i¢i birliklere ait 33, sahil bataklik birliklerine 31, yas (nemli) ¢imen birliklrinel3, sucul orman birliklerine
8, hidrohalofitlere ait 17 bitki birligi belirlenmistir. Bu birliklerin her birine ait vejetasyon tablolari; birligin florasi
olusturan bitki taksonlarinin bollugu ve ortiis dereceleri, hayat formlari, rastgelme sinifi gibi parametreler goz 6niinde
bulundurularak olusturulmustur.

Azerbaycan’in su-bataklik ekosistemlerinde yayilis gosteren toplam 502 takson; agac, ¢ali, yar1 ¢ali ve otsu
govdeli olmak tizere dort tip hayat formuna rastlaniimistir. Bu bitkilerin cogunlugu (% 92’1) otsu govdeli, az bir kismi
ise (% 7°1) odunsu govdelidir. Otsu govdeli bitkilerin % 63’1 ¢ok yillik, % 26,51 tek yillik, % 2,6’s1 ise iki yilliktir. Su-
bataklik ekosistemlerine uyum saglayan, sucul ortam seven 12 (% 2,4) agag tiiriine de rastlanilmistir. Bunlardan yaygin
olarak: Elaeagnus angustifolia, Salix acmophylla, Populus nigra, P.alba, P. hybrida, Tamarix ramosissima, Alnus
glutinosa, vd. tiirleri 6rnek verebiliriz. Cali ve yar1 ¢ali bitkiler 27 taksonla (% 5,4’{1) agac tiirlerinden yaklasik iki kat
daha fazla olmustur (Musayev, ve ark., 2013).
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Sekil 12. Juncetum acutusae (Abseron, 14.07.2011) Sekil 13. Yiizen ada (2. Batabat golii, 12.08.2011)

Azerbaycan’in su-bataklik ekosistemlerinde rastlanan bitkiler Raunkier’in hayat formlarma gore
degerlendirildiginde; kriptofitler 219 tiirle floranin % 43,6’ n1 olusturmakta, terofitler 139 tiirle (% 27,7) ikinci sirada,
hemikriptofitler ise 101 tiirle(% 20,1) tiglincii sirada yer almaktadirlar. Fanerofitler 39 tiirle (% 7,8), kamofitler ise daha
az tiirle (% 0,6) temsil edilmistir (Musayev ve ark, 2013).

Su-bataklik ekosistemlerinin florasinda kriptofit, hemikriptofit ve terofitlerin sayica daha fazla olmasi bu
ekosistemlerin 6zelliklerinden birisidir. Bu tip hayat formuna sahip olan bitkiler su-bataklik ortamina kolayca
adaptasyon gosterebilmekte, 6zellikle su igerisinde ve batakliklarda gelismeleri ve hem tohum yolu ile hem de vejetatif
yolla ¢cogalmalar1 kolaylikla gerceklesmektedir. Otsu govdeli, rizomlu ve ¢ok yillik su bitkilerinin bazilar1 tuzlu gol ve
batakliklarda, bazilari ise tath sulu gl ve batakliklarda kolaylikla gelisme gosterirler. Bu tip bitkilerin su-bataklik bitki
birliklerinde karakteristik ve ayirt edici tiirler olmasi, bazen saf, bazen de karisik birlikler olusturdugu goriinmektedir.

Su-bataklik ortaminda yasayan bitkilerin ekseriyetinin otsu gévdeli oldugu gériinmektedir. Ozellikle de
rizomlu ve siirliniicii govdeli ve otsu govdeli bitkilerin vejetasyonun fitososyolojik yapisinda yaygin ve baskin tiirler
oldugu dikkat cekmektedir. Morfolojik olarak degisik tiplere ayrilmis olan, ancak otsu hayat formuna sahip olan toplam
412 tiir tesbit edilmistir. Bunlardan 128’1 rizomlu(toplam taksonlarin % 49’u), 37’si ¢ayir olusturan (% 7,4), 33’1
stiriniicii (% 6,6), 14’1 soganl (% 2,8), 4’1 ise sarilic1 (% 0,8) otsu govdelidir.Su-bataklik ortaminda yagamini siirdiiren
40 odunsu govdeli bitkiye rastlanilmistir. Bu ise toplam su-bataklik florasmin % 8,0’ini olusturmaktadir (tablo 1).

Tablo 1. Azerbaycan’in su-bataklik florasinin biyomorfolojik 6zelliklere gore dagilimi

Morfolojik Tipi Tiir sayisi %

Odunsu 40 8,0
Otsu 246 49.0
Rizomlu otsu 128 25.5
Cim olusturan otsu 37 7.4
Siiriinen otsu 33 6.6
Soganli otsu 14 2.8
Sarilici 4 0.8

Toplam 502 100

Su-bataklik bitki birlikleri Azerbaycan’in her yerinde yayilis gdstermektedir. Deniz seviyesinden baglayarak
yiiksek dag kesimlerine kadar su-bataklik ekosistemlerine her yerde rast gelinmektedir. Su-bataklik ekosistemleri
Azerbaycan’da diizliik kesimlerde daha genis alanlar1 kapsamaktadir. Ozellikle Kiir-Araz ovalig1 ile beraber, Abseron,
Samur-Deveg¢i, Alazan-Eyricay, Mil ve Mugan, Ceyrangol ve Qobustan diizliiklerinde ve Nahcivan’in diiz kesimlerinde
bu ckosistemlere daha genis olarak rastlanilmaktadir.

Daglik kesimlerle karsilagtirildiginda diizlik kesimlerde su-bataklik vejetasyonunun kapsadigi alanin daha
genis ve bitki ¢esitliliginin de daha zengin oldugu goriiliir. Habitat cesitliligine gore degerlendirdigimizde floranin
akarsu ve su kanallar1 etrafi habitatlarda (312 takson) ¢ok zengin oldugu, bataklik (160), durgun tatli sulu goller (127),
tuzlu goller ve deniz kiyis1 (114) gibi habitatlarda ise daha fakir oldugu goriiliir (tablo 2).
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Tablo 2. Azerbaycan’in su-bataklik florasinin ekosistem tiplerine gore dagilimi

Yayildig1 Ortam | Toplam / %
Yiikseklige gore
Diizliik 401/798
Daglik 200/39,8
Habitata gore

Cay, Dere, Su Kanali Etrafi 312/62,1
Bataklik 160/31,8
Durgun Yavas Akan Su, Sirin Sulu G61 127 /25,3
Tuzlu G6l, Deniz Sahili 1141227
Toplam 502/ 100

Aliyev (1969) Azerbaycan’in su-bataklik florasi ve vejetasyonu ile ilgili yapmis oldugu arastirmada su
icerisinde gelisen 20, hem suda hem de karada rastlanan 46 olmak {iizere toplam 94 bitki birliginin oldugunu
belirlemistir (tablo 3).

Babayev(1974) Azerbaycan smirlar1 icerisinde Kiiciik Kafkas’in yiiksek daglik kesimlerinin su-bataklik
vejetasyonunda su icerisinde gelisen 20, hem suda hem de karada rastlanan 31 olarak, toplam 51 bitki birligini
belirlemistir (tablo 3).

Tablo 3. Azerbaycan’in farkli bolgelerinde su-bataklik vejetasyonunun karsilastiriimasi

Sistematik kategoriler ve Azerbaycan Kiigik Kafkasya Abseronun Kiir-Araz Bu
habitatlar arazisinde yiiksek dag yarimadasi ovaligi aragtirmaya
(Sliyev, 1969) golleri (Ofandiyeva, (Musayev, gore
Say1/% (Babayev, 1974) 1989) 2010) Say1/%
Say1/% Say1/% Say1/%
Vejetasyon
Tip 1 1 1 1 1
Formasya sinifi/Sinif 2 2 2 2 12
Formasya grupu/Ordo 12 8 9 8 16
Form. alt grupu - 8 2 4 -
Formasya/Alyans 46 33 18 13 26
Assosasya/Birlik 94 62 37 30 101
Sahil su-bataklk - - - - 34
Yas ¢imon - - - - 10
Su-bataklik orman - - - - 9
Tuzlu G6l ve bataklik - - - - 17
Su i¢i 20 22 11 12 32
Suda ve karada 31 73 30 20 68

Efendiyeva (1989) Apseron yarimadasinin su-bataklik vejetasyonunda su igerisinde gelisen 11, hem suda hem
de karada rastlanan 30 olmak iizere, toplam 41 bitki birliginin oldugunu belirlemistir (tablo 3). Musayev (2010) Kiir-
Araz ovaligmin su-bataklik vejetasyonunda su igerisinde yayilis gosteren 12, hem suda hem de karada rastlanan 20
olmak tizere, toplam 32 bitki birliginin oldugunu belirlemistir (tablo 3).

Tarafimizdan gerceklestirilen arastirmalar ve yapilmis sintaksonomik siniflandirma Azerbaycan’in su-bataklik
vejetasyonunun 12 simif, 16 ordo, 26 alyans olmak iizere toplam 101 bitki birliginden olustugunu gostermistir (tablo 3).

Vejetasyonla ilgili son yillarda yaptigimiz arazi ¢alismalar1 gostermektedir ki, su-bataklik ekosistemleri bu
giine kadar yapilmis caligmalarla 6nemli Olgiide aragtirilmigtir. Ancak bitki Ortiisiiniin smiflandirilmasinda diinyada
gecerli olan metodlardan faydalanilmamustir. Ozellikle habitatlar, birliklerin fitosenolojik yapisi, ekolojik sartlar goz
oniinde bulundurulmadan sadece dominantlik prensibine dayanarak yapilmistir.

Bundan sonraki asamada Azerbaycan’da yer alan biiyiik g6l ve su-bataklik ekosistemlerinin daha detayli bir
sekilde arastirilmasi yeni flora kayitlari ile birlikte yeni bitki birliklerinin de ortaya ¢ikacagini gostermektedir.

Sonug¢

1.Azerbaycan’in bitki ortiisiinde vejetasyon tiplerinden biri su-bataklik vejetasyonudur. Bu vejetasyon
Azerbaycan arazisinde diizliiklerden yiiksek dag kesimlerine kadar lokal olarak yayilis gdstermektedir. Ozellikle bunlar,
goller ve nehirlerin, sulama kanallar1 ve suni baraj gollerinin, bataklik ¢evrelerinde yayilis gosteren bitki birlikleridir.

2.Su-bataklik ekosistemleri habitat tiplerine gore 5 tipe ayrilmistir: 1. Su i¢i birlikler;toplam 33; 2. Sahil bataklik
birliklerine ait 31; 3. Cayir birliklerine ait 13; 4. Sucul orman birliklerine ait 8, 5. Hidrohalofitlere ait 17 bitki birligine
rastlanilmustir.

3. Su i¢i birliklere ait; Ruppietum maritimae Beguinot, Lemnetum minoris (Oberq. 1957) Millee et Gors 1960,
Lemnetum gibbae Myyaw et J. Tx. 1960, Lemnetum trisulce Soo 1927, Potametum pectinati Carstensen 1955,
Potametum lucentis Hueck 1931, Potametum perfoliati Koch 1926 em Pass 1964, Potametum pectinato — perfoliati
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Den Hortog Segal 1964, Potameto Najadetum (Hartovic 1931) Micevski 1958, Myriophylletum spicati Soo 1927,
Ceratophylletum demersi (Soo 1928) Eggler 1933, Nymphaetum albae Vollmar 1957, Nelimbio caspici — Nymphaetum
albae (Nowinski 1930) Tomaz 1977, Potametum natantis Soo 1927, Trapetum hycanae (Muller et Gors 1960) MM &
VA 2014, Polygonetum amphibii Soo 1927, Najadetum marinae (Oberd. 1957) Fukarek 1961, Ceratophylletum
submersum ass. nova, Myriophylletum verticillati Soo. 1927;

Kiyi-batakhk birliklerine ait: Phragmitetum communis (Gams 1927) Schmale 1939, Typho angustifoliae-
Phragmitetum communis R. Tx Preis. 1942, Scirpo-Phragmitetum communis W. Koch 1926, Typhetum angistifolia
Pignatti 1953, Typhetum latifoliae (S00 1927) Lang 1973, Potamogetono Typhetum domingensis Vural Duman et al.
1994, Scipetum lacustris Schmale 1939, Potamogeton-Schoenoplectetum litoralis Vural Duman et al. 1994, Butomo —
Eleocharitetum palustris Golub et al. 1991, Cladio — Schoenetum lacustrisass. nova, Scirpetum maritimi Beeft 1957,
Triglochino- Bolboschoenetum maritimi Behget 1994, Sparganietum poluedrum ass. nova, Butometum umbellati
(Konczak 1968) Phillippi 1973, Caricetum paniculatae Wong 1926, Caricetum vesicariae Br-Bl et Denis 1926,
Typhetum domingensis ass. nova, Schoenoplectetum litoralis ass. nova, Calamagrostisetum epigejosae ass. nova,
Hippurisetum vulgarisae ass. nova, Caricetum ripariae ass. nova, Cyperetum pseudocyperae ass. nova, Heleocharetum
iupalustrisi ass.nova, Heleocharetum euuniglumisi ass. nova; Cayir birliklerine ait: Carici-Menyantetum trifoliatae
Behget 1994, Paspalietum paspalodesi ass. nova, Juncetum lampolodesi ass. nova, Juncetum inflexusi ass. nova,
Cyperetum longusiae ass. nova, Sparganieto — Menyantetum trifoliatea ass. nova; Su- batakhk orman birliklerine
ait: Salixetum albae ass. nova, Phragmeto — Alnetum barbati ass. nova, Populetum nigrae ass. nova, Rubeto-
Elagnetum angustifoliae ass. nova, Verbasco thapsus-Hippophaetum rhamnoidesae (Kili¢ vo Kanca 1991) ass. nova,
Phragmeto communisae-Tamaricetum ramosissimae ass. nova, Populetum albae Br- Bl. Ex Tchou 1948, Salici
purpureae- Populetum nigrae Rivas-Martinez, Fernandez Gonzalez, Loidi, Louse et Penas; Hidrohalofit bitki
birliklerine ait: Halocnetum strobilacei Oberd 1957, Haliminetum verruciferae E.Topa 1938,Carici extensor-
Holocnetum strobilacei Vural, Duman et al. 1994, Salicornio europeo-Halocnemetum strobilacei ass. nova, Carici
extenco-Salicornietum europaei ass. nova, Spergulario-Haliminetum verruciferae ass. nova,Franketum hirsutaeass.
nova, Limonio-Juncetum littoralis Vural, Duman et al. 1994, Halimio-Juncetum littoralis Vural, Duman et al 1994,
Phragmito-Juncetum maritime Vural, Duman et al.1994, Juncetum maritimum Pignatti 1953, Juncetum litoralisal ass.
nova, Juncetum acutusae ass. nova, Juncetum gerrdiae ass. nova, Junco-Tamarici parviflorae Vural, Duman et al 1994,
Tamaricetum ramosissimae ass. nova, Alopecuretum ventricosal ass. nova birlikleri tanimlanmugtr.

4. Azerbaycan’in su-bataklik ekosistemlerinde 62 familya, 208 cinse ait toplam 502 takson tesbit edilmistir.
Vejetasyonda; Poaceae, Cyperaceae, Ranunculaceae, Potomagetonaceae, Juncaceae, Tamarixaceae familyalarma ve
Carex, Juncus, Ranunculus, Potomageton, Schoeneplectus, Cyperus, Salix, Tamarix, Phragmites, Arundo, vd. cinslere
ait olan taksonlar fazla temsil edilmektedir.

5. Populasyon durumu: Pragmites austuralis, Juncus litoralis, J. acutus, Typha latipholia, T. angustifolia,
Schoeneplectus marittimus, Potomageton salicifolius, P.pectinatus, Najas minor ssp.intermedia, N. minor ssp.armata,
N. minor ssp.marina, Ceratophyllum submersum, C. demersum, Polygonum amfibium vd. yaygin olan taksonlardir.

6. Su-bataklik ekosistemlerinde yayilis gosteren bitkilerin % 92°si otsu govdeli, az bir kismu ise (% 7°1) odunsu
govdelidir. Otsu govdeli bitkilerin % 63’1 ¢ok yillik, % 26,5’i tek yillik, % 2,61 ise iki yilliktir. Su-bataklik
ekosistemlerine uyum saglayan 12 (% 2,4) agag tiirli tesbit edilmistir. Cali ve yar1 ¢al1 bitkiler agaglardan yaklagik iki
kat daha fazla oranda (toplam 27 takson veya toplam floranin % 5,4’) tesbit edilmistir.

7. Kriptofitler su-bataklik florasinin % 43,6’n1, terofitler 139 tiirle % 27,7°ni, hemikriptofitler ise 101 tiirle
%20, 1 ni olusturmaktadir. Fanerofitler 39 tiirle % 7,8, kamefitler ise daha az tiirle(%0,6) temsil edilmistir.

8. Habitat ¢esitliligine gore degerlendirdigimizde akarsu ve su kanallar1 etrafinda (312 takson), bataklik (160),
durgun veya yavas akan ve tath sulu goller (127), tuzlu goller ve deniz kiyis1 (114 takson) gibi habitatlarda floranin
daha zengin oldugu belirlenmistir.

9. Azerbaycan’in su-bataklik ekosistemlerinde tehlike kategorilerine giren toplam 68 taksonun oldugu ve
bunlarin da toplam su-bataklik florasina ait olan bitkilerin % 13,5’ini olusturdugu belirlenmistir. Bu bitkilerin ekseriyeti
VU (25 takson, %13,5), Lr (cd), Lr (Ic) (her biri 11 takson olmakla % 2,2) ve Lr (nt) (10 taksonla %?2,0)
kategorilerinde, EN ve DD kategorilerine ise 5’er taksonun (%]1,0) oldugu ortaya konmustur.
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Species diversity of Hydraenidae (Coleoptera: Insecta) in Gediz river basin
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Abstract

In the present paper, specimens of Hydraenidae were examined in the Gediz River Basin. As a result of
identification of these 1763 specimens, twenty-one species belonging to 3 genera were determined from thirty-six
different localities. Of the identified species, 12 species from Kiitahya, 14 species from Usak and 10 species from
Manisa were reported for the first time. Also three species (H. turcica, L. claviger and O. arator) are endemic to
Turkey.

Key words: Hydraenidae, Gediz river, Coleoptera, species diversity

%

Gediz Nehri ve havzasinin Hydraenidae (Coleoptera: Insecta) tiir cesitliligi

Ozet

Gediz Nehri havzasinin Hydraenidae (Insecta) tiir zenginliginin ortaya konmasina yonelik olarak yapilan bu
caligmada, toplam 36 farkl lokaliteden, 1763 adet drnek toplanmis ve 3 cinse ait 21 tiir tespit edilmistir. Tespit edilen
tiirlerden Kiitahya ilinden 12, Usak ilinden 14 ve Manisa ilinden 10 Hydraenidae tiirii ilk kez bildirilmistir. Ayrica H.
turcica, L. claviger ve O. arator tiirleri Tiirkiye faunasi i¢in endemiktir.

Anahtar kelimeler: Hydraenidae, Gediz nehri, Coleoptera, tiir ¢esitliligi
1. Giris

Coleoptera takimmin bir familyas1 olan Hydraenidae Tirkiye’de Aulacochthebius, Hydraena, Limnebius ve
Ochthebius olmak iizere 4 cins ile temsil edilmektedir. Tirkiye’den simdiye kadar Hydraenidae familyasinin
Aulacochthebius cinsine ait 2 tiir, Limnebius cinsine ait 21 tiir, Ochthebius cinsine ait 74 tiir ve 2 alttiir, Hydraena
cinsine ait 111 tiir ve 2 alttiir olmak iizere toplam 212 tiir/alttiir tespit edilmistir.

Giiniimiize kadar, Gediz nehrinin gectigi izmir ilinden 29 tiir ve 1 alttiir, Kiitahya ilinden 2 tiir, Usak ilinden 1
tiir ve Manisa ilinden 5 tiir bildirilmistir (Ertorun vd., 2011; Ertorun ve Jach, 2014).

2. Materyal ve yontem

1.1. Arazi ¢alismasi ve érneklerin toplanmasi

Orneklerin toplanmasi i¢in gdézenek agikligi 1 mm olan elekler, su kepgeleri ve pensler kullanilmis ve ¢alisma
alanindaki kaynak, dere, su birikintisi, gol, golet, bataklik gibi tiim sucul habitatlar arastirilmstir.
1.2. Toplanan érneklerin korunmasi, etiketlenmesi ve teghis ¢calismalari

Ornekler, igerisinde %70’lik etil alkol bulunan siselerde dldiiriilerek etiketlenmis, morfolojik ve taksonomik
ozellikleri degerlendirilerek teshisleri yapilmistir. Teshis edilen 6rnekler etiketlenerek 5x10 mm boyutlarindaki bocek
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yapistirma kartlarma yapistirilmis, straforlar tizerine ignelenmis ve miize materyali olarak muhafaza edilmistir. Teshis
caligmalarinda Leica Mz12.5 stereo mikroskop kullanilmistir.

Toplanan &rnekler Anadolu Universitesi Fen Fakiiltesi Biyoloji Béliimii Zooloji Miizesi (AUZM)’nde
muhafaza edilmektedir.

Orneklerin teshislerinin yapilmasinda Audisio vd. (1996); Jich (1984; 1987; 1988a; 1988b; 1989a; 1989b;
1990; 1991; 1992a; 1992b; 1992c; 1993; 1995; 1998; 1999); Jach ve Diaz (2001); Jich ve Kasapoglu (2006)’dan
yararlantlmistur.

1.3. Calisma alamnmn ozellikleri

Gediz havzasi, yagis miktar1 agisindan iilkemizin 20. swradaki havzasidir. Gediz Nehri, i¢ Bat1 Anadolu'daki
Murat ve Saphane daglarmim bati ve giiney yamaglarindan inen sularin birlesmesiyle kaynagmi alir ve havza boyunca
dogu-bat1 diizleminde bat1 yoniinde ilerleyerek ¢ogunlukla kuzey-giiney dogrultusundaki ¢ok sayida irili ufakli dere,
cay ve diger yiizey akimtilarii biinyesine katar. Pek ¢ok yan kollarla beslenen nehir, havzasindaki Kiitahya, Usak ve
Manisa illerinden gegtikten sonra Izmir kent merkezinin 44 km batisindan denize dokiiliir.

Gediz Nehri Havzasi’nda yer alan ve havzayr etkileyen yerlesim birimleri ise Gediz, Simav, Manisa,
Kemalpaga, Akhisar, Saruhanli, Turgutlu, Ahmetli, Alasehir, Demirci, Gordes, Salihli, Egme, Sarigél, Kula, Selendi,
Golmarmara, Kopriibasi, Odemis, Izmir, Menemen ve Foga’dur.

1.4. Orneklerin toplandigi lokaliteler

Yapilan arazi ¢aligmalarinda 6rnekleme yapilan lokaliteler (Sekil 1) ve deniz seviyesinden yiikseklikleri ile
GPS kayitlart asagida verilmistir (Tablo 1). Caligma alanindan 6rneklerin toplandiklari lokaliteler, bulgular kisminda,
toplanan 6rnek sayisindan sonra parantez icerisinde belirtilmistir.
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Sekil 1. Calisma Alanindan Ornek Toplanan Lokaliteler

AKDENIZ

3. Bulgular

Caligma alanindan Hydraenidae familyasina ait 21 tiir tespit edilmistir. Tespit edilen tiirler, toplanan birey
sayisi ve lokaliteleri asagidaki gibidir. Toplanan 6rnek sayisindan sonra parantez iginde verilen rakamlar lokalite
numaralaridir.

Ordo: Coleoptera
Familya: Hydraenidae
Genus: Ochthebius Leach, 1815

1. Ochthebius arator Ertorun & Jich, 2014

Incelenen materyal: 04.07.2011, 1 & (1); 04.07.2011, 1 & (2); 05.07.2011, 4 &, 2 Q; 23.05.2012, 2 &, 1 @;
19.06.2012, 9 &, 10 Q (6); 20.06.2012,2 &, 4 Q (9); 24.05.2012, 1 & (12); 19.06.2012, 1 & (18); 23.05.2012,9 3,1 Q
(30).

Not: Bu tiir Tiirkiye i¢in endemiktir.
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Tablo 1. Orneklerin toplandigi lokalitelere ait il, enlem/boylam ve yiikseklik bilgileri

Lokalite No. Lokalite 1l ad1 Enlem/Boylam Yiikseklik (m)

1 Gediz-Altintas yolu 12. km Kiitahya g ;gz;g:%g:z 798
2 Gediz-Muratdag: yolu, Karaagag koyii Kiitahya g ;gzig:;;x 1206
3 Gediz-Altintas yolu, Murat dag1 yol ayrimi Kiitahya g ;gz;i:;g:: 926
4 Gediz-Usak yolu, Aksaklar koyii Kiitahya g ;gzgg:z‘g:: 691
5 Gediz-Usak yolu, Usak’a 25 km. kala Usak g ;gz;‘igi:z 582
6 Giire-Selendi yolu, Catalbayir kdyii Usak E ggzg?:?gx 512
7 Selendi, Selendi cay1 Manisa g gg;‘;;‘g 437
8 Kula-Alasehir yolu, 5. km Manisa g ;gz;g;g: 697
9 Kula-Alagehir yolu, 10. km Manisa g ;2222:‘3‘?: 714
10 Salihli-Demirci yolu, Borlu kopriisii Manisa E ggzggzggx 235
11 Salihli-Demirci yolu, Karaveli kdyi yol ayrimi Manisa g ;gzgézgé: 320
12 Salihli Hidroelektrik Santrali onii Manisa g ;go?g,%g,, 182
13 Golmarmara-Akhisar yolu 3. km Manisa o0 2 113
14 Osmancali-Manisa yolu, 5. km, Avdal kdyii Manisa g ;32?2&2:: 133
15 Osmancali-Ugpmar yolu 8. km Manisa g ;32;‘2:?2: 89

16 Muradiye-Menemen yolu 5. km [zmir g 332?2:2:: 25

17 Giire-Selendi yolu, Yenikdy Usak ; 322(3)?:‘1‘8:: 487
18 Usak-Selendi yolu, Egme yol ayrimi, Geren gay Usak g ;gzgg:ﬁ:: 498
19 Giire-Kula yolu, Gediz I kdpriisii Manisa g ;gigﬁg 413
20 Kopriibagi-Demirci yolu, Yenikdy Manisa Ié ;zzgg:zgx 275
21 Manisa, Gérdes gay1 Manisa E 322?312(9):: 478
22 Golmarmara-Akhisar yolu 8. km Manisa g ;gzgg:gg: 102
23 Menemen-Aliaga yolu, Gediz nehri {zmir g ;32(3)(1)32:: 22

24 Salihli-Usak yolu, Azmak 111 Manisa S, 88

25 Kula-Usak yolu, Ulucak kéyii Usak g 3222‘3‘5 456
26 Salihli-Usak yolu Azmak II kopriisii Usak g ;gz;‘g:i;; 593
27 Salihli-Golmarmara yolu 4. Km. Manisa g 322(3)21{:8;: 88

28 Ahmetli-Salihli yolu 6demis yol ayrimi Manisa g ;gzggzigx 116
29 Gediz-Usak yolu, Usak’a 20 km kala Derbent kdyii Usak K 38:51:'21 :: 623

D:29°.16'.34

30 Usak-Giire Usak oot 554
31 Gediz-Yenikent yolu 10 km kala Kitahya 50700 660
32 Borlu-Demirci yolu Kilavuzlar kahvesi kopriisii Manisa g ;222?:(2)2:: 448
33 Gediz-Altintas yolu 5. Km Kiitahya g 332;2:32:: 724
34 Giire-Alagehir yolu Ulubey ¢ikist Manisa g ;z:i;;zg :: 394
35 zg:thi-Gélmannara yolu 10 km kala, G6lmarmara Manisa g ;gzgzﬁx 04

36 Manisa, Ahmetli ¢ay1, Atakdy Manisa E ;322;112:: 92
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2. Ochthebius (Asiobates) striatus (Castelnau, 1840)

Incelenen materyal: 04.07.2011, 45 &, 43 Q; 15.08.2011, 2 &, 6 ; 22.05.2012, 8 &, 5 9; 19.06.2012 32 &, 40 Q;
25.07.2012,1 &, 4 Q (1); 04.07.2011, 6 &, 6 @; 22.05.2012,5 &, 1 @ (2); 04.07.2011, 5 &, 4 Q; 15.08.2011, 3 & (3);
04.07.2011, 1 &5 19.06.2012,2 &, 3 Q; (4); 24.05.2012, 2 & (12); 24.05.2012, 4 &, 6 Q (14); 24.05.2012, 13 3,9 Q
(15); 23.05.2012, 13 (22); 24.05.2012, 1 & (28); 19.06.2012, 1 3, 3 2(29).

Not: Kiitahya, Usak ve Manisa illerinden ilk kez bildirilmistir.

3. Ochthebius lividipennis Peyron, 1858

Incelenen materyal: 04.07.2011, 1 &; 15.08.2011, 1 & (2); 04.07.2011, 1 &3 17.10.2012, 1 &, 2 @ (5); 23.05.2012, 1 &,
3 9 (6);23.05.2012,2 &5 19.06.2012, 1 & (7); 05.07.2011, 10 &, 10 9; 23.05.2012,3 &, 2 ?; 20.06.2012, 6 &, 7 2 (8);
20.06.2012, 1 & (10); 16.08.2011 2 &, 3 Q (12);23.05.2012, 11 &, 13 2; 18.10.2012, 1 & (13); 06.07.2011,1 3,3 Q
(14); 24.05.2012,4 &, 1 9;20.06.2012, 8 &, 8 @ (15); 06.07.2011 11 &, 9 ; 24.05.2012, 10 &, 12 9; 21.06.2012, 30
&, 18 @ (16); 19.06.2012, 1 & (18); 23.05.2012, 2 &, 3 @; 23.05.2012, 2 &, 3 Q (22); 17.08.2011, 5 &, 2 ©;
24.05.2013,15 &, 11 9; 21.06.2012, 10 &, 9 9 (23); 17.08.2011, 10 &, 9 @ (24); 17.10.2012, 1 & (25); 23.05.2012, 8
d526.07.2012, 20 &, 10 Q@ (26); 23.05.2012, 25 & 18.10.2012, 16 &, 12 Q@ (27); 24.05.2012, 3 &4, 1 9; 21.06.2012, 1
8,19 (28);26.07.2012, 1 & (31); 17.10.2012, 1 &, 2 Q (33); 18.10.2012, 3 & (35); 18.10.2012, 48 &, 46 Q (36).

Not: Kiitahya, Usak ve Manisa illerinden ilk kez bildirilmistir.

4.  Ochthebius fausti Sharp, 1887

Incelenen materyal: 04.07.2011, 3 &, 4 Q; 17.10.2012, 5 &, 4 Q@ (5); 23.05.2012, 7 &, 12 @ (6); 23.05.2012, 123;
19.06.2012, 6 & (7); 05.07.2011, 10 &, 21 9;20.06.2012, 1 &, 7 @ (10); 05.07.2011, 1 &, 5 @ (11); 15.08.2011,2 &, 2
Q,;19.06.2012,5 &, 4 Q (18); 16.08.2011, 11 &, 8 9, 23.05.2012, 2 &, 20.06.2012, 12 &, 9 @, 25.07.2012,17 &,27 Q
(19); 16.08.2011, 5 &, 13 @; 20.06.2012, 3 &, 7 @ (20); 17.08.2011, 4 &, 2 @; 19.06.2012, 53, 13 2; 17.10.2012, 13
8,13 @ (25); 18.10.2012, 23 &, 8 Q (34).

Not: Usak ve Manisa illerinden ilk kez bildirilmistir.

5. Ochthebius bernhardi Jach & Delgado, 2008

Incelenen materyal: 04.07.2011, 5 &, 3 @; 25.07.2012, 1 &, 1 Q; 17.10.2012, 5 &, 6 2 (5); 19.06.2012, 2 & (7);
16.08.2011, 1 & (8); 18.10.2012, 3 & (13); 06.07.2011, 1 &, 1 Q (14); 15.08.2011, 4 &, 4 @ (17); 15.08.2011, 3 &;
19.06.2012, 1 &, 3 Q (18); 16.08.2011, 1 & (19); 19.06.2012, 1 &, 1 Q (26); 18.10.2012, 2 & (27); 18.10.2012, 12 &, 4
Q (35); 18.10.2012, 8 & (36).

Not: Usak ve Manisa illerinden ilk kez bildirilmistir.

6. Ochthebius magnannulatus Delgado & Jach, 2009

Incelenen materyal: 25.07.2012, 1 &, 2 @ (5); 05.07.2011, 1 & (6); 05.07.2011, 9 &, 9 Q; 15.08.2011, 8 &, 4 Q;
23.05.2012, 17 &; 19.06.2012, 2 & (7); 16.08.2011, 6 &, 6 @ (11); 23.05.2012, 2 & (13); 23.05.2012, 3 & (19);
16.08.2011, 16 4,5 @ (21); 19.06.2012, 3 &, 3 Q (26).

Not: Usak ve Manisa illerinden ilk kez bildirilmistir.

7. Ochthebius difficilis Mulsant 1844
Incelenen materyal: 05.07.2011,3 &, 1 @ (6); 19.06.2012, 6 3, 6 @ (18);25.07.2012, 4 3, 4 @ (19).
Not: Usak ilinden ilk kez bildirilmistir.

8.  Ochthebius ragusae Kuwert, 1887
Incelenen materyal: 05.07.2011, 5 3,2 Q (6).
Not: Usak ilinden ilk kez bildirilmistir.

9.  Ochthebius meridionalis Rey, 1885

Incelenen materyal: 19.06.2012, 1 &, 1 @ (4); 23.05.2012, 1 & (13); 17.08.2011, 1 & (24); 23.05.2012, 6 &, 2 Q;
26.07.2012,2 &, 1 Q (26); 23.05.2012,3 3,1 9; 18.10.2012, 1 4, 1 @ (27); 18.10.2012, 1 & (34).

Not: Kiitahya, Usak ve Manisa illerinden ilk kez bildirilmistir.

10. Ochthebius minimus (Fabricius, 1792)
Incelenen materyal: 19.06.2012,3 &, 5 Q (26).
Not: Usak ilinden ilk kez bildirilmistir.

11. Ochthebius pusillus Stephens, 1835

Incelenen materyal: 17.10.2012, 2 & (5); 06.07.2011, 1 & (14).
Not: Usak ve Manisa illerinden ilk kez bildirilmistir.
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Cins: Limnebius Leach, 1815

12. Limnebius claviger Jach, 1993

Incelenen materyal: 19.06.2012, 1 & (4); 25.07.2012, 1 & (5); 19.06.2012,2 &3, 5 Q@ (26).
Not: Tiirkiye i¢in endemik olan bu tiir Kiitahya ve Usak illerinden ilk kez bildirilmistir.

13. Limnebius corfidius Orchymont, 1945
Incelenen materyal: 04.07.2011,1 3,2 @ (2).
Not: Kiitahya ilinden ilk kez bildirilmistir.

14. Limnebius rubropiceus Kuwert, 1890
Incelenen materyal: 15.08.2011, 1 &, 1 9;25.07.2012, 1 & (1); 25.07.2012, 1 & (2).
Not: Kiitahya ilinden ilk kez bildirilmistir.

15. Limnebius perparvulus Rey, 1884

Incelenen materyal: 22.05.2012, 1 & (1); 25.07.2012, 13 &, 12 @; 17.10.2012, 9 &, 11 @ (5); 05.07.2011, 2 J3;
23.05.2012,3 &, 3 Q (6); 05.07.2011, 10 3, 6 9; 15.08.2011, 5 3, 7 9; 19.06.2012, 6 &, 4 @ (7); 05.07.2011,1 3, 1 @
(9); 05.07.2011, 1 & 20.06.2012, 3 &, 5 9; 26.07.2012, 10 &, 7 @ (10); 05.07.2011, 1 &; 16.08.2011, 8 &, 6 @ (11);
06.07.2011, 5 &, 21 @ (14); 06.07.2011, 6 &, 4 Q; 24.05.2012, 3 &, 2 Q; 20.06.2012, 10 &, 14 Q (15); 15.08.2011, 5
8,15 Q (17); 19.06.2012, 1 & (18); 16.08.2011, 23 &, 8 Q; 20.06.2012, 1 &, 1 @; 25.07.2012, 9 &, 10 @ (19);
16.08.2011, 11 &, 4 9;20.06.2012, 1 &, 1 @ (20); 19.06.2012, 1 & (26); 26.07.2012, 3 &, 3 Q (32).

Not: Kiitahya, Usak ve Manisa illerinden ilk kez bildirilmistir.

16. Limnebius corybus Orchymont, 1945
Incelenen materyal: 06.07.2011, 1 & (12); 20.06.2012, 1 & (19).
Not: Manisa ilinden ilk kez bildirilmistir.

Cins: Hydraena Kugelann, 1794

17. Hydraena helena Orchymont, 1929

Incelenen materyal: 15.08.2011, 5 &, 8 Q; 25.07.2012, 8 &, 4 @ (1); 04.07.2011, 2 &; 15.08.2011, 3 &, 2 @;
22.05.2012,3 3,1 9;25.07.2012,1 &, 3 @ (2); 15.08.2011, 8 & (3).

Not: Kiitahya ilinden ilk kez bildirilmistir.

18. Hydraena speciosa Orchymont, 1944

Incelenen materyal: 19.06.2012, 1 & (1); 15.08.2011, 2 & (3); 19.06.2012, 1 &, 2 Q@ (6); 23.05.2012, 1 & (13);
06.07.2011, 1 &;24.05.2012,4 3,9 9;20.06.2012, 1 & (14); 24.05.2012, 1 & (15).

Not: Kiitahya, Usak ve Manisa illerinden ilk kez bildirilmistir.

19. Hydraena turcica Janssens, 1965
Incelenen materyal: 15.08.2011, 2 & (3).
Not: Tiirkiye i¢in endemik olan bu tiir Kiitahya ilinden ilk kez bildirilmistir.

20. Hydraena grata Orchymont, 1944
Incelenen materyal: 25.07.2012, 1 &4, (2); 15.08.2011, 1 & (3).
Not: Kiitahya ilinden ilk kez bildirilmistir.

21. Hydraena grandis Reitter, 1885

Incelenen materyal: 04.07.2011, 1 & (4); 19.06.2012, 7 &, 3 @ (6); 05.07.2011, 2 & (9); 24.05.2012, 4 &3, 13 Q (14);
24.05.2012,2 &, 6 Q (15); 19.06.2012, 4 &, 2 Q (18); 19.06.2012, 1 & (29).

Not: Kiitahya ve Usak illerinden ilk kez bildirilmistir.

4. Sonuglar ve tartisma

Gediz Nehri Havzasinin Hydraenidae tiir ¢esitliligi ile ilgili ¢caligmalar olduk¢a azdir. Bu bdlgeden giliniimiize
kadar Hydraenidae familyasma ait Izmir ilinden 29 tiir ve 1 alttiir, Kiitahya ilinden 1 tiir ve Manisa ilinden 4 tiir
bildirilmistir. Bildirilen bu tiirlerden 12 tiir Hydraena cinsine, 16 tiir ve 1 alttiir Ochthebius cinsine ve 2 tiir de
Limnebius cinsine aittir. Usak ilinden ise familya ile ilgili herhangi bir ¢aligma bulunmamaktadir (Ertorun vd., 2011).

Caligma ile tespit edilen tiirlerden Kiitahya’dan tespit edilen tiirlerin tamamu (O. striatus, O. lividipennis, O.
meridionalis, L. claviger, L. corfidius, L. rubropiceus, L. perparvulus, H. helena, H. speciosa, H. turcica, H. grata, H.
grandis) ile Usaktan tespit edilen tiirlerin tamamu (O. striatus, O. lividipennis, O. fausti, O. bernhardi, O.
magnannulatus, O. difficilis, O. ragusae, O. meridionalis, O. minimus, O. pusillus, L. claviger, L. perparvulus, H.
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speciosa, H. grandis) ve Manisa’dan tespit edilen O. striatus, O. lividipennis, O. fausti, O. bernhardi, O.
magnannulatus, O. meridionalis, O. pusillus, L. perparvulus, L. corybus, H. speciosa tiirleri arastirma bdlgesi icerisinde
kalan ilgili illerden ilk kez tespit edilmislerdir (Tablo 2). izmir ilinden tespit edilen O. lividipennis tiirii daha 6nceki
galismalarda bildirilmistir (Jach, 1992b). Ayrica ¢alismada tespit edilen H. turcica, L. claviger ve O. arator tiirleri
Tiirkiye faunasi i¢in endemik tiirlerdir (Ertorun vd., 2011).

Ornekleme yapilan lokalitelerden toplanan birey sayilar1 ele alindiginda, birey sayis1 bakimindan en zengin
lokalitenin, toplanan tiim bireylerin %12,31’ini i¢eren 1. istasyon oldugu, en fakir lokalitenin ise %0,06 ile 31. istasyon
oldugu belirlenmistir (Sekil 2). Ayrica 31. istasyondaki tiir sayisina bakildiginda, birey sayisinin az olmasmin yaninda
sadece 1 tiir tespit edilmistir. Bunun baslica nedeni 6rnekleme noktasindaki organik kirliligin ve bulanikligin fazla
olmasidir (Sekil 3).

Tablo 2. Gediz Nehri Havzasi’ndan tespit edilen Hydraenidae tiirleri

GEDIZ NEHRiI HAVZASI
Kiitahya Usak Manisa izmir

* Q. striatus * Q. striatus * Q. striatus O. lividipennis
* 0. lividipennis * Q. lividipennis * Q. lividipennis
* 0. meridionalis * Q. fausti * O. fausti
O. arator * 0. bernhardi * Q. bernhardi
* L. claviger * 0. magnannulatus * 0. magnannulatus
* L. corfidius * 0. difficilis O. difficilis
* L. rubropiceus * 0. ragusae * 0. meridionalis
* L. perparvulus * 0. meridionalis * 0. pusillus
* H. helena * 0. minimus O. arator
* H. speciosa * 0. pusillus * L. perparvulus
* H. turcica O. arator * L. corybus
* H. grata * L. claviger * H. speciosa
* H. grandis * L. perparvulus H. grandis

* H. speciosa

* H. grandis
* [lgili iller icin yeni kayit

S . SN A o
Sekil 3. A. Birinci lokalite, B. Otuz birinci lokalite

Tespit edilen tiir sayilar1 esas alindiginda, tiir sayis1 bakimmdan en zengin lokalitenin 9 tiir ile temsil edilen 6.
istasyon oldugu, en fakir lokalitelerin ise 1’er tiir ile temsil edilen 16, 21, 23, 30, 31, 32 ve 33. istasyonlar oldugu
belirlenmistir (Sekil 4). Altinct istasyon ¢ok kiigiik bir dere olmasinin yan1 sira birgok farkli habitati da icermektedir.
Bir kism1 akmtili, bir kism1 durgun, bazi kesimleri bitkili ve kumlu, baz1 kesimleri ise ¢gamurludur. Bu nedenle farkli
tiirlerin gereksinim duyduklar1 habitatlar1 icermekte ve tiir sayisi bakimmdan en zengin nokta 6zelligi gdstermektedir.
On altincr istasyonun ¢ok fazla insan etkisi altinda kalmasi; 23. istasyonun ¢ok genis ve derin bir su kiitlesi olmas1 ve
bolgedeki yogun tarimsal faaliyetlere maruz kalmasi, ayrica yapilan zirai ilaglama ¢aligmalarinin sucul makroomurgasiz
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faunasini olumsuz yonde etkilemesi; 30. istasyonun ise kiigiik bir su birikintisi olmasi1 nedeniyle bu lokalitelerin en az
sayida tiir ile tiir ile temsil edildikleri diisiiniilmektedir (Sekil 5).
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Sekil 4. Ornekleme yapilan lokalitelere gore teshis edilen tiir say1lart
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Sekil 5. A. Altinet lokalite, B. On altinci lokalite, C. Yirmi figiin:
TesekKiir

Bu calisma Anadolu Universitesi Bilimsel Arastirma Projeleri Komisyonu tarafindan 1105F093’nolu proje ile
desteklenmistir.
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Abstract

With this study, the Mygalomorph spider species Atypus muralis Bertkau, 1890 and the family Atypidae are
recorded for the first time in Turkey. Pictures of the male palpus of an adult male A. muralis specimen are provided
together with information on distribution of the species.

Key words: Anatolia, araneofauna, distribution, Atypidae, Atypus muralis

%

Tiirkiye'nin migalomorf ériimcekleri icin yeni bir kayit: Atypus muralis Bertkau, 1890
(Araneae, Mygalomorphae, Atypidae)

Ozet

Bu ¢alisma ile Atypidae familyasi ve Atypus muralis Bertkau, 1890 tiirti migalomorf 6riimcek Tiirkiye’den ilk
kez kaydedilmektedir. A. muralis'e ait ergin erkek bireyin ait tireme organinin detayli fotograflar, tiriin dagilimi ile
beraber verilmistir.

Anahtar kelimeler: Anadolu, araneofauna, dagilim Atypidae, Atypus muralis
1. Giris

Giinlimiizde 15 familya'ya ait 325 cins ve yasayan 2747 tiirle temsil edilen migalomorf (Araneae,
Mygalomorphae) oriimcekler abdomenlerinin segmentsiz olmalari, dort adet kitaps1 akcigerlerinin olusu, 6n-yan Orii
memelerinin eksikligi ve paraksiyel konumlu zehir dislerinin varligiyla taninmaktadirlar. Bunlarin yanisira istisnalar
haricinde {i¢ adet tarsal tirnak tasimalari, sekiz gozli olmalari, rastellumun varligi, dort adet 6rii memesi, ¢esitli
sekillerde olabilen foveanin varligi da migalomorf Griimceklerin genel 6zelliklerindendir (WSC, 2015; Jocqué ve
Dippenaar-Schoeman, 2006).

Migalomorf oriimcekler ayrica yasam tarzlariyla da dikkat ¢ekmektedirler. Biiyiik bir kismi toprak altinda
cevrelerini aglariyla kapladiklar tiinellerde yasamaktadirlar. Bu tiinellerin yapilari, kapili ya da kapisiz oluslar1 gruplar
arasinda degiskenlik gostermektedir. Istisnai olarak bazi migalomorf familyalarmim cinsleri ise arboreal formlar olup
ozellikle tropikal ormanlarda agaclar iizerinde serbest olarak yasayan tiirleri i¢erebilir.

Tiirkiye'nin migalomorf ériimceklerine dair ilk kayit Rigler (1852)'ye aittir. Yazar "Die Turkei und deren
Bewohner" adl1 Istanbul ve yakin ¢evresini konu aldig1 kitabinda yer verdigi driimeek listesinde Mygale caementaria ve
M. sauvagesii tiirlerini anmaktadir. Adi gecen Oriimcek tiirleri giinlimiizde Nemesiidae familyasindan Nemesia
caementaria (Latreille, 1799)'un sinonimi olarak kabul gormektedir. Bununla beraber N. caementaria'nin nereden
toplandig1, teshisinin kimin tarafindan yapildig1 ve nerede muhafaza edildigi mechul oldugundan giiniimiiz Tiirkiye
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Oriimcekleri Tiir Listesinde varligma yer verilmemistir (Bayram vd., 2015). Tiirkiye'deki 53 ériimcek familyasindan 4
tanesi (Ctenizidae Thorell, 1887; Hexathelidae Simon, 1892; Nemesiidae Simon, 1892; Theraphosidae Thorell, 1870)
bu grupta yer almaktadir ve 5 cinste toplam 7 tiir bulunur.

Bu ¢aligmanim amaci migalomorf 6riimcek familyas: olan ve Tiirkiye'den heniiz kayd: bulunmayan Atypidae
familyasini ve bu familyanin bir bireyi olan Atypus muralis Bertkau, 1890" Tiirkiye 6riimcek faunasina kazandirmakti.

2. Materyal ve yontem

Incelenen &rnekler Tiirkiye’nin farkl illerinden diisiirme tuzag1 ya da aktif arastirma yontemleri ile toplanmis;
%70’lik etil alkole alinan 6rnekler Anadolu Universitesi Zooloji Miizesine (AUZM) tasinip, korunmaya alinnustir.

Gerekli viicut kisimlarinin fotograflanmasinda Leica DFC295 kamera kullanilmig ve 2-10 adet arasinda ayni
gergeveden farkli odak noktalarma gore g¢ekilen fotograflar daha sonra “Combine ZP-Resim Yigma Yazilimi”
kullanilarak en net fotograf elde edilmeye calisilmigtir. Fotograflarin Photoshop CS6 yazilimi ile diizenlenmesinin
ardindan, CoreDRAW Graphics Suite X6 yazilimi kullanilarak levhalar hazirlanmistir.

Karadeniz |  Garcistan

Akdeniz Sy \[_—

Sekil 1. Calisma alam @ Kastamonu @ istanbul © Erzincan @ Mus
Figure 1. Study Area @ Kastamonu @ Istanbul © Erzincan @ Mus Provinces

3. Bulgular

Familya e\typidae Thorell, 1870
Kese Ag Oriimcekleri

Cins Atypus Latreille, 1804
Atypus muralis Bertkau, 1890 Sekil 2

A. piceus; Herman, 1879: sayfa 210, 361, levha 9, sekiller 203-204 (4@, yanlis betimleme).
A. muralis; Bertkau, 1890: sayfa 78 (betimleme ?).

A. muralis; Chyzer ve Kulczynski, 1897: sayfa 279, levha 10, sekil 73 (@, betimleme 3).
A. muralis; Ehlers, 1937: sayfa 257, sekiller 2c-8c (3 Q).

Proatypus muralis; Miller, 1947: sayfa 52, levha I, sekil 1c, 4-5 ().

A. muralis; Wiehle, 1953: sayfa 8, sekiller 14-20 (4'Q).

P. muralis; Loksa, 1969: sayfa 17, sekiller 10A-B, 11A (3Q).

A. muralis; Miller, 1971: sayfa 54, levha II, sekiller 4-7 (39).

A muralis; Kraus ve Baur, 1974: sayfa 106, sekiller 10-11, 17-18, 23, 30, 42 (3 9).

A. muralis; Zonstein ve Fet, 1985: sayfa 65, sekil 1 (3).

A. muralis; Schwendinger, 1990: sayfa 358, sekiller 16, 30, 32 ().

Ayrintil1 sinonim listesi i¢in bakimiz WSC (2015).

incelenen 6rnek: 1 &, Kastamonu ili, Azdavay-Pinarbasi Yolu (41°35'18.70"N 33° 8'44.30"E), 28 Nisan <> 8 Temmuz
2013, Leg. K.B. Kunt & R.S. Ozkiitiik (Pitfall Tuzak).

Betimleme. Olgiimler (3): Toplam uzunluk (keliserler dahil) 14.3 Karapaks 5.4 uzunluk, 5.2 genislik; 0.74 géz
yumrusu uzunlugu, 1.52 genisligi Gozler AME 0.43, ALE 0.29, PME 0.27, PLE 0.23; AME-AME 0.15, AME-ALE
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0.11, PME-PME 0.87, ALE-PLE-PME bitisik Sternum 3.7 uzunluk 3.3 genislik Labium 0.7 uzunluk 1.2 genislik
Abdomen 5.7 uzunluk 3.2 genislik.

Karapaks kirmizimsi kahverengi. Piiriizsiiz parlak. Bas bolgesi gogiis bolgesine oranla oldukea yiiksek. Fovea belirgin,
one dogru bikiilmiis. Gozler karapaksin diger bolgelerine nazaran nispeten daha koyu bir yumrunun iizerinde
konumlanmis. Sternum kizilimsi siyah. On sigillalar sternumun &n kenarlarina son derece yakin (Sekil 2¢). Keliserler
karapaksla ayni renkte. Keliseral digler birbirlerinden farkli boy ve araliklarla siralanmiglar. Abdomen siyahimsi
kahverengi. Dorsal kisminin 6n tarafinda siyah parlak bir scutum mevcut. Arka 6rii memeleri dort segmentli (Sekil 2d).

Bacaklar viicudun diger kisimlar1 ile hemen hemen ayn1 renkteler. Bacak formiilii 4>1>2>3, bacak 0lgiileri i¢in Tablo
1'e bakmiz.

Tablo 1. Atypus muralis'in bacak 6l¢iimleri
Table 1. Leg measurements of Atypus muralis

3 1. Bacak 2. Bacak 3. Bacak 4. Bacak Palp
Femur 5.4 4.8 4.2 5.3 2.4
Patella 2.3 2.2 2.2 2.3 1.1
Tibia 3.3 2.5 2.4 3.1 1.4
Metatarsus 4.5 3.9 3.9 4.7 —
Tarsus 3.1 2.9 2.8 3.5 1.5
Toplam 18.6 16.3 15.5 18.9 6.4

Sekil 2. Atypus muralis a ve b Erkek palpi; sirasiyla retrolateral ve prolateral goriiniis ¢ Sternum, oklar 6n sigillalara
isaret etmektedir. Resme gore sagdaki sigilla tarafimizdan renklendirilmistir d Orii memeleri, dorsalden goriiniis. Oklar
arka Orii memelerinin segmentasyonunu gostermektedir

Figure 2. Atypus muralis a and b Male palp; retrolateral and prolateral view, respectively ¢ Sternum, arrows indicate

anterior sigillae. Right sigilla encoloured for indication. d Spinnerets, dorsal view. Arrows indicate segmentation of
posterior spinnerets
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Tiir teshisi yapilamayan diger Atypus dérnekleri (Sekil 3): 1 & (?), istanbul ili, Beykoz Ilcesi, Cavusbasi-Polonezkoy
Yolu (c. 41°6'30.89"N 29°10'5.44"E), 31 May1s 2007, fotograflayan A.Y. Giiler — 1 Erginalti, Erzincan Ili, Yaylabas1
Beldesi, Ardigli Golit Mevkii (39°38'16.21"N 39°3021.46"E), 3 Temmuz 2011, Leg. S. Sevsay — 1 Erginalt1 disi, Mus
ili, Haskoy Il(;651 Azikli Koyii (38°38'34.09"N 41°43'48.14"E), 16 Mays 2014 Leg G Giindiiz.

Sekil 3. a. Istanbul'dan toplanan erkek birey, teraryumunda fotograflandi b. Erzincan'dan toplanan erginalt1 birey c.
Pusu ag1 d. Mus'tan toplanan erginalt disi birey e. Habitat fotografi (Mus ili, Azikli Koyii)

Figure 3. a. Adult male collected from Istanbul, pictured in a terrarium b. Subadult collected from Erzincan c. Purse
web d. Subadult female from Mus e. Habitat (Mus province, Azikl1 Village)

3.1. Dagilim

Orta Avrupa [Almanya, Avusturya, Cek Cumhuriyeti, Isvigre, Italya, Makedonya, Moldovya, Polonya,
Romanya, Rusya Federasyonu, Slovakya, Slovenya, Ukrayna, Yunanistan] (van Helsdingen, 2014), Giiney Kafkasya
[Azerbaycan, Giircistan], Kuzey Kafkasya [Dagistan Cumhuriyeti] (Otto, 2014), Tiirkmenistan (Zonstein ve Fet, 1985).

3.3. Yorumlar

Oriimcekler igerisinde gizli yagam bigimi, yuva ve viicut morfolojisi itibariyle belki de en fazla dikkat
cekenlerden bir tanesi olan Atypus cinsine ait bir tiiriin ya da tiirlerin glinlimiize kadar Tirkiye'den kaydedilememis
olmasmin altinda yatan neden yine cins mensuplarmin gizli yasam bic¢imleriyle izah edilebilir. Toprak altna dikey
uzanan yagam tiineli, toprak {istiinde son derece iyi gizlenmis bir pusu ag1 (kese) ile baglantilidir. Normal sartlar altinda
yasam tiinelinde istirahat halinde olan o6riimcek, pusu agina herhangi bir av temasi olmasit halinde hizla pusu agina
intikal ederek avini etkisiz hale getirir.

Atypus cinsi hali hazirda geneli Giiney ve Giineydogu Asya'da dagilim gosteren 30 tiirii barindirmaktadir.
Bunlardan Yeni Diinya'dan bilinen sadece A. snetsingeri Sarno, 1973 olup; cinsin Avrupa ve Tirkiye'nin yakm
cografyasindan bilinen tirleri: A. affinis Eichwald, 1830, A. muralis Bertkau, 1890 ve A. piceus (Sulzer, 1776)'dur.
Bunlardan A. piceus'un Tiirkiye'nin Trakya bolgesinde de uzantisi bulunan Istranca Daglarmmn Bulgaristan kesiminde
yogun bir popiilasyonu mevcuttur (K.B. Kunt, kisisel gozlem). Bununla beraber tarafimizca Kastamonu ilinden
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orneklenen tek erkek bireyin 6rii memelerinin dort segmentli olmasindan ve diger taksonomik karakterlerinden dolay1
"A. muralis" tiirii oldugundan siiphemiz yoktur. Ancak Istanbul'un Anadolu yakasindan fotograflanan ve inceleme sans1
bulamadigimiz bireyin tiirii fotografinin diagnostik karakterlerini yansitmamasindan; inceleme sansi buldugumuz diger
orneklerin ise heniiz ergin alt1 oluglarindan dolayi tiirleri hakkinda yorum yapabilme imkanimiz olusmamuistir.

Giineydogu Asya tiirlerinin hemen hemen tamami nemli ormanalt1 tabaninda yasayan Atypus cinsinin Avrupa
temsilcileri kserotermik habitatlarda dagilim gosterirler (Reza¢ vd., 2007). Bizim A. muralis'i topladigimiz diisiirme
tuzagimiz Kastamonu ilinin Azdavay-Pinarbasi ilgelerini birbirine baglayan otoyolunun kenarinda yeralan makiliklerin
arasina kazilmisty, toprak sert ve kuru, ortamsa heniiz Nisan ay1 olmasina ragmen sicakti. Yani birey tiiriiniin Avrupa
temsilcileriyle uyum igerisinde bir habitatta yasamaktaydi. Yine Mus ilindeki 6rnek de yar1 kurak calilik, cayirlik
alandan toplanmistir.

Tiirkiye'nin gerek Avrupa, gerekse Ortadogu ve Kafkasya'nin oriimcek faunalari ile olan baglant1 ve
benzerlikleri irdelendiginde Atypidae familyasmin Tiirkiye'den kaydi kesinlikle sasirtict olmamakla birlikte bu durum
yeni migalomorf driimecek kayitlarinin ve hatta tiirlerinin de isaret¢isidir.

Tesekkiir

Bu ¢alisma Anadolu Universitesi Bilimsel Arastirma Projeleri Komisyonunca kabul edilen 1301F007 no'lu
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Abstract

Three Phragmites Adans. inhabiting fungi, Mollisia hydrophila (P. Karst.) Sacc., Trichobelonium kneiffii
(Wallr.) J. Schrot. (Dermataceae) and Lasiobelonium horridulum var. capitatum Dougoud (Hyaloscyphaceae) are
recorded for the first time from Turkey. Short descriptions of the taxa are given together with their photographs related
to macro and micromorphologies.

Key words: new records, Mollisia, Trichobelonium, Lasiobelonium, Turkey

%
Phragmites Adans. iizerinde yetisen Tiirkiye icin yeni ii¢c mantar taksonu

Ozet

Phragmites Adans. iizerinde yetisen ii¢ mantar taksonu, Mollisia hydrophila (P. Karst.) Sacc., Trichobelonium
kneiffii (Wallr.) J. Schrét. (Dermataceae) ve Lasiobelonium horridulum var. capitatum Dougoud (Hyaloscyphaceae)
Tiirkiye’den ilk kez kaydedilmistir. Makro ve mikro morfolojilerine iliskin fotograflar1 ile birlikte tiirlerin kisa
betimlemeleri verilmistir.

Anahtar kelimeler: yeni kayitlar, Mollisia, Trichobelonium, Lasiobelonium, Tiirkiye
1. Introduction

Fungi are saprophytic or biotrophic organisms. Biothrophic or saprotrophic fungi grow on different substrates,
and many of them can be grouped according to the substrates they grow on. Together with bacteria they are assumed to
be the main contributers to the macrophyte decomposition. As well as other habitats, there is an increased awareness of
the importance of fungi in nutrient cycling in reed dominated wetlands and a high fungal diversity is known from
Phragmites australis (Cav) Trin. ex Steud. from both tropical and temperate regions (Van Ryckegem and Verbeken,
2005; Van Ryckegem et al., 2007).

Though more then 600 species of fungi have been recorded from the litter of Phragmites (Gessner & Van
Ryckegem, 2003), only four taxa (Puccinia magnusiana Korn., Puccinia phragmitis (Schumach.) Korn., Puccinia
tepperi F. Ludw., Puccinia trabutii Roum.) have so far been recorded from Turkey, inhabiting the Phragmites
(Bahgecioglu and Kabaktepe, 2012).

During routine field studies in Gaziantep province, some ascomyceteous fungi samples were collected on
Phragmites Adans. sp., and determined as Mollisia hydrophila (P. Karst.) Sacc., Trichobelonium kneiffii (Wallr.) J.
Schrét. and Lasiobelonium horridulum var. capitatum Dougoud. On the basis of the current checklists (Solak et al.,
2007; Sesli and Denchev, 2008), and latest records (Kaya et al., 2013; Akata et al., 2014; Giingor et al., 2014; Keles et
al., 2014; Sesli, 2014; Sesli et al., 2014; Uzun et al., 2014), all the three taxa are new records for the mycobiota of
Turkey.

The current study aims to make a contribution to the macrofungi of Turkey by adding new records.
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2. Materials and methods

Fungi samples were collected from Firat River basin within the boundaires of Karkamig district of Gaziantep
province in 2014. Morphological and ecological properties of the samples were noted and they were photographed in
their natural habitats. Then they were taken to the laboratory for necessary macroscopic and microscopic investigations.
Microscopic structures were obtained and photographed under Nikon eclipse Ci trinocular light microscope by DS-Fi2
digital camera. Identification was performed with the help of Breitenbach and Krénzlin (1984), Ellis and Ellis (1997)
and Dougoud (2012). Specimens are kept at Karamanoglu Mehmetbey University, Kamil Ozdag Science Faculty,
Department of Biology, Karaman, Turkey.

3. Results

Ascomycota Whittaker
Leotiomycetes O.E. Erikss. & Winka
Helotiales Nannf. ex Korf & Lizoni
Dermateaceae Fr.
Mollisia hydrophila (P. Karst.) Sacc.
Synonym: Belonopsis hydrophila (P. Karst.) Nannf., Peziza hydrophila P. Karst., Tapesia hydrophila (P. Karst.) Rehm,
Macroscopic and microscopic features: Apothecia 0.5-1.5 mm across, flat or saucer-shaped to disk-shaped
with slightly concave hymenium, sessile or with very short stipe, white when young, pale yellow-ochre when dry
(Figure 1a), outer surface darker, brown at base, seated on small, brown hyphal mats which remain behind after the
apothecia have dropped off. Asci 60-85 x 5-7 um, cylindrical to somewhat spathulate, biseriate and eight spored
(Figure 1b). Paraphyses filiform, septate, sometimes longer than asci. Spores 9.5-11.5 x 1.5-2.5 um, elliptical,
somewhat tapering to fusiform, smooth, hyaline (Figure 1c), aseptate, usually with a small guttule at both ends.
Ecology: On dead bases of reed stems. Most often during spring and summer (Ryckegem, 2005).
Specimen examined: TURKEY—Gaziantep: Karkamis, Yurtbagi village, Firat River bank, on dead
Phragmites sp. stem, 36°50'N-38°00'E, 334 m, 05.04.2014, K. 8778.

Figure 1. Mollisia hydrophila: a. ascocarps, b. asci and paraphye, c. ascospoes

Trichobelonium kneiffii (Wallr.) J. Schrot.

Synonym: Belonidium rhenopalaticum Rehm, Belonium retincola (Rabenh.) Sacc., Belonium rhenopalaticum
(Rehm) Boud., Belonopsis retincola (Rabenh.) Le Gal & F. Mangenot, Belonopsis rhenopalatica (Rehm) Dennis,
Helotium retincola (Rabenh.) Rabenh., Mollisia cyanites W. Phillips, Mollisia retincola (Rabenh.) P. Karst., Niptera
rhenopalatica (Rehm) Dennis, Peziza kneiffii Wallr.,Peziza retincola Rabenh., Pyrenopeziza cyanites (W. Phillips)
Boud., Tapesia kneiffii (Wallr.) J. Kunze, Tapesia retincola (Rabenh.) P. Karst., Trichobelonium retincola (Rabenh.)
Rehm.

Macroscopic and microscopic features: Apothecia 0.5-2 mm across, bud-like when young, later spreading
open, sessile, greyish yellow or ochre yellow, margin more greyish (Figure 2a). Asci 94-115 x 8 pum, cylindrical, 8-
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spored (Figure 2b). Paraphyses about 100 pum long, 3-4 um wide, usually with one large guttule, 1-2 septate near the
base. Spores 15-25 x 2.5-3 um, cylindrical, straight to slightly curved, mostly aseptate, some 1-septate, with many small
guttules near the ends (Figure 2c).

Ecology: It is a common colonizer on basal parts of standing dead Phragmites australis (Cav) Trin. ex Steud.
stems during spring (Breitenbach and Krinzlin, 1984).

Specimen examined: TURKEY—Gaziantep: Karkamig, Yurtbagi village, Firat River bank, on dead
Phragmites sp. stem, 36°50'N-38°00'E, 334 m, 08.03.2014, K. 8548.

TP S ol

Figure 2. Trichobelonium kneiffii: a. ascocrps, b. asci and paraphyées, C. ascospores

Hyaloscyphaceae Nannf.
Lasiobelonium horridulum var. capitatum Dougoud

Macroscopic and microscopic features: Apothecia 0.3-0.5 mm in diameter, sessile, based on a narrow
receptacle. Cup light brown, decorated with subconcolorous paler hairs (Figure 3a). Hymenium beige, smooth. Asci 65-
80 x 5.5-7 um, cylindrical (Figure 3b). Paraphyses lanceolate, septate. Ascospores 10-15 x 1.7-2.3 um, cylindrical
fusiform, straight or slightly curved (Figure 3c), sometimes with small droplets at the poles. Hairs 120-160 x 4-6 um,
cylindrical, multiseptate, thick walled, brown except 1-3 discolored, hyaline cells at the top.

~
cospores
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Ecology: On dead stems of Phragmites australis (Cav.) Steud. (Dougoud, 2012).
Specimen examined: TURKEY— Gaziantep: Karkamis, Yurtbagi village, Firat River bank, on dead
Phragmites sp. stem, 36°50'N-38°00'E, 334 m, 05.04.2014, K. 8780..

4. Conclusions and discussion

With this study, Mollisia hydrophila, Trichobelonium kneiffii and Lasiobelonium horridulum var. capitatum
were added as new records for the mycobiota of Turkey. Trichobelonium kneiffii is the first member of the genus
Trichobelonium in Turkey while L. horridulum var. capitatum is the second and M. hydrophila is the fourth members of
the genera Lasiobelonium and Mollisia respectively (Solak et al., 2007; Sesli and Denchev, 2008).

Both M. hydrophila and T. kneiffii could be confused with each other due to the same substrate they inhabit.
The two taxa differ from each other by the subiculum and fruit body colors, and the microscopic features (Breitenbach
and Krénzlin, 1984). The former one differ with smaller and spathulate asci and smaller spores from the latter.
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