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Abstract: Bacterial cellulose is used in different areas. One of these areas is using this material as bioadsorbent for
decolorization of different dyes. In the study, Gluconacetobacter xylinus was used for obtaining bacterial cellulose (BC). The wet
and dry forms of the BC were utilized as bioadsorbent for removal of the Reactive Blue 171 (C.I Chrocion Blue HERD) (200
mg/L), Remazol Brilliant Blue R (150 mg/L) (C.IReactive Blue 19), and Chrocion Green H-E4BD (100 mg/L) dyes. The highest
decolorization rates were obtained with wet BC at the first use as 51%, 52% and 54% for CBHERD, RBBR, and CH GREEN
dyes after 24 hours of incubation at 30°C, 150 rpm, respectively. These values were 11%, 21%, and 20% for dry forms of BC at
the end of the first use. At the same time, the structure and morphology of bacterial cellulose were determined by SEM, XRD,
and FTIR analysis.

Keywords: Bacteria, bioadsorbent, biologic material, bioremediation, textile dye.

Gluconacetobacter xylinus Tarafindan Uretilen Saf Bakteriyel Seliilozun Kuru ve Yas Formlari
ile Boya Uzaklastirilmas:

Oz: Bakteriyel seliiloz farkli alanlarda kullanilmaktadir. Bu alanlardan biri, bu malzemeyi farkli boyalarin renklerinin giderimi
icin biyoadsorban olarak kullanmaktir. Calismada, bakteriyel seliiloz (BS) elde etmek igin Gluconacetobacter xylinus
kullanilmustir. BS'nin yas ve kuru formlari, Reaktif Mavi 171 (CI Chrocion Mavi HERD) (200 mg/L), Remazol Parlak Mavi
R'nin (150 mg/L) (C. I Reaktif Mavi 19) ve Chrocion Yesil H-E4BD (100 mg/L) boyalarinin uzaklastirilmasi i¢in biyoadsorban
olarak kullanuldi. En ytiiksek renk giderme oranlari, ilk kullanimda yas BS ile 30°C, 150 rpm'de 24 saat inkiibasyondan sonra
CBHERD, RBBR ve CH Yesil boyalart icin sirastyla %51, %52 ve %54 olarak elde edilmistir. Bu degerler ilk kullanim sonunda
BS'nin kuru formlari igin %11, %21 ve %20 idi. Aym zamanda bakteriyel seliilozun yapisi ve morfolojisi SEM, XRD ve FTIR

e-ISSN 2602-456X

Research Article/Arastirma Makalesi

Issue published: 30.06.2022

analizleri ile belirlendi.

Anahtar kelimeler: Bakteri, biyoadsorban, biyolojik materyal, biyoremediasyon, tekstil boyasi.

1. Introduction

Cellulose is the most abundant macromolecule in the
world produced mainly by plants; however, it can also be
produced by some bacteria (Kim et al., 2017). Some genera
of bacteria such as Acetobacter, Agrobacterium, Pseudomonas,
Rhizobium, Sarcina, Azotobacter, Achromobacter, Aerobacter,
Salmonella, and Escherichia can synthesize cellulose but
among them a gram negative bacterium Gluconacetobacter
xylinus (G. xylinus) is the most preferred species. This
species produces high amount of cellulose with high
mechanical resistance (Gromet-Elhanan & Hestrin, 1963;
Ross et al., 1991; Shoda & Sugano, 2005; Brown et al., 1996;
Keshk et al., 2006; Karahan et al., 2011; Ullah et al., 2016).
G. xylinus (formerly Acetobacter xylinum) is now known as
Komagataeibacter xylinus after being reclassified depending
on the 16s RN A gene sequence (Yamada et al., 2012).

About 10-40% of the dyes used in the dyeing
industries are released into the aquatic environment. This
prevents sunlight from entering the water, thus reducing
the photosynthetic activity and the amount of dissolved
oxygen causing serious environmental problems and
affecting the life of living things. Most importantly, some
dyes are toxic (Georgouvelas et al., 2021; Rainert et al.,
2021). There are several methods for removing of dyes

*Corresponding author: filiz.kuru@inonu.edu.tr

such as adsorption that is economic and effective for
treatment of wastewater (Anbia et al., 2010).

Bacterial cellulose (BC) is a biopolymer and used in
many applications. One of these applications is using BC
as bioadsorbent for decolorization of dyes (Mohite & Patil,
2014). Cellulose-based materials show high affinity for
specific contaminants such as dyes (Georgouvelas et al.,
2021). Because of the chemical groups on its surface, BC
helps the adsorption of the charged pollutants.

The aim of the study was to screen and compare the
bioadsorption ability of wet and dry forms of pure BC
having different piece sizes during the repeated use.

2. Material and Methods
2.1. Bacterial strain used

Gluconacetobacter xylinus B759 was used as the bacterial
strain for BC production. This bacterium was provided by
Dr. Aynur Giil Karahan Cakmakgi. It was grown statically
on Hestrin-Schramm (HS) agar plates containing (g/L)
glucose, 20; peptone, 5; yeast extract, 5; NaHPOy, 2.7; citric
acid, 1.15; agar, 15 g at 30°C for 10 days. Then, it was stored
at 4°C and subcultivated every 1 month.
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2.2. Preparing Inoculum Culture Medium and

Production of BC

Solid culture of Gluconacetobacter xylinus was inoculated
into 50 mL HS broth medium composed of (g/L) glucose,
20; peptone, 5; yeast extract, 5; NapxHPOy, 2.7; citric acid,
1.15 (Hestrin & Schramm, 1954) and the liquid culture was
incubated statically at 30°C for 10 days. After incubation, 1
mL from this culture was inoculated into 50 mL HS
medium in 100 mL flask and incubated statically at 30°C
for 10 days. This culture was used as stock inoculum.

HS broth was used as the main production medium
for BC production. One mL from stock inoculum culture
of Gluconacetobacter xylinus was transferred into 100 mL
flasks with 40 mL HS broth. These cultures were incubated
statically at 30°C for 10 days. Then the BC pellicles formed
were filtered and washed three times using distilled water.
NaOH at the concentration of 0.1 N was added onto BC
pellicles that were kept in the water bath at 75°C for 2
hours. After this process, the pure BC pellicles were
washed for a few times in distilled water.

2.3. Obtaining Wet and Dry Pure BC Samples

Some of the pure BC pellicles were kept in distilled water
in the refrigerator at 4°C and used as wet BC. The others
were lyophilized for 16 hours after freezing at -20°C for
obtaining dry BC pellicles.

2.4. Dyes

In the study, Reactive Blue 171 (C.I Chrocion Blue HERD),
Remazol Brilliant Blue R (C. I Reactive Blue 19), and
Chrocion Green H-E4BD dyes were used at 200, 150, and
100 mg/L concentrations, respectively.

2.5. Dye Decolorization by Wet and Dry Pure BC
Samples

The CB HERD, Remazol Brilliant Blue R, and Chrocion
Green H-E4BD (the dyes mentioned above) decolorization
ability of BC pellicles was tested during repeated-batch
studies. The dry and wet BC samples were cut in 0.5 and
1.0 cm sizes. Then, 10 mL from each dye solution was
transferred onto 10 or 20 BC pieces. The BC pieces were
used for 3 times with the residence time of 24 hours. In
each cycle, the medium was replaced with 10 mL fresh dye
solution and incubated with the same BC pieces. The
incubation condition was 30°C and 150 rpm. Dye
decolorization was detected spectrophotometrically
(Shimadzu-UV-1601, UV/Visible) for each dye at their
maximum wavelengths. All experiments were performed
in three replicates and dye removal percentages were
calculated with SPSS 15.0 package program.

2.6. Characterization of BC Samples

X-ray diffraction (XRD), Scanning electron microscope
(SEM), and Fourier transform infrared spectrometer
(FTIR) analysis of dry BC samples were performed at
Inonu University Scientific and Technological Research
Center Laboratories.

3. Results and Discussion

3.1. BC Production and Dye Removal by Wet and Dry
Bacterial Cellulose

One of the bacterial cellulose applications is the use of
cellulose as a bioadsorbent. For this aim, in the study, wet

and dry forms of pure BC pellicles obtained from
Gluconacetobacter xylinus, an efficient BC producer, were
used as bioadsorbents for testing their dye decolorization
activity. Firstly, BC pellicles were obtained after
incubation of G. xylinus in HS medium for 10 days (Fig. 1a),
secondly the BC samples were filtered (Fig. 1b) and; then,
they were washed for 2 times (Figs. 1c, d).

Figure 1. Production and obtaining of BC: a- Production in HS
medium for 10 days, b- Filtering of the BC, c- BC after first wash
with distilled water d- BC after second wash with distilled water.

For obtaining pure BC pellicles, they were placed in
the containers containing 0.1 N NaOH and the samples
were kept in a water bath at 75°C for 2 hours to remove
bacteria (Fig. 2a). Then, they were filtered and washed.
Figures 2b-e show the pure BC pellicles after filtration and
washing for a few times for neutralization.

Figure 2. Obtaining pure bacterial cellulose a- Pure cellulose
pellicles in 0.1 N NaOH, b- Straining of the pure cellulose pellicles,
c- First wash with distilled water d- Second wash with distilled

water e- Third wash with distilled water f- Pure and wet cellulose
pellicles.
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For obtaining the dry and pure BC pellicles, firstly
they were frozen at -20°C and then these frozen pellicles
were lyophilized. In addition, pure wet BC samples were
kept in the refrigerator until used. The obtained dry and
wet cellulose pellicles were cut in 0.5 and 1.0 cm sizes as
shown in Figure 3a-d.

Figure 3. a- Dry and pure cellulose pellicle b- Dry and pure
cellulose pellicles in 0.5 and 1.0 cm sizes c- Wet and pure cellulose
pellicle d- Wet and pure cellulose pellicles in 0.5 and 1.0 cm sizes.

After obtaining the pure wet and dry BCs, they were
used for biosorption of the textile dyes. Firstly, the
Reactive Blue 171 dye biosorption ability of the two BC
forms was tested. When 10 and 20 pieces of the 0.5 cm size
wet and dry BCs were used, no color removal was
observed during the first use. Similarly, 10 pieces of wet
and dry BCs in 1.0 cm size showed no color removal.
However, when 20 pieces of the 1.0 cm size wet or dry BCs
used, dye removal was achieved during the first use and
10% and 51% dye decolorization rates were obtained with
dry and wet BCs, respectively. While no color removal was
observed with the dry BC during the second use, with wet
BC samples 22% and 16% dye removals were determined,
respectively  (Fig. 4). The photographs and
spectrophotometric scans of the Reactive Blue 171 dye
solutions incubated with wet and dry BCs were given in in
Figure 5.

100
mWet mDry
80
g
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Z 60
3
g
©
g 40
<
&
) .
0 .
Firstuse Second use Third use

Figure 4. Reactive Blue 171 dye removal activity of the wet and
dry BCs during the repeated use (Black line- control, Red line- dry
BS, Blue line- wet BS).

RBBR and Chrocion Green dye removal activities of
the 20 pieces of the 1.0 cm size wet and dry BCs were also
tested. The wet BCs showed 52%, 35%, and 23% RBBR dye
decolorization activity during the first, second, and third
uses, respectively. On the other hand, these values were
21%, 18%, and 11% for dry BCs (Fig. 6). Vyjayanthi and
Suresh (2010) used palladized bacterial cellulose for
decolorizing of Drimarene Red at 100 mg/L dye
concentration in a rotating catalyst contact reactor (RCCR)

J. Biol. 6(1), 1-5.

and it was stated that approximately 90% of the dye was
discolored in 25 minutes at pH 2 in RCCR.

:

— wl —

Figure 5. The photographs and spectrophotometric scans of the
Reactive Blue 171 dye solutions incubated with wet and dry BCs:
a- First use, b- Second use, c- Third use (Black line- control; Red
line- dry BS; Blue line- wet BS).
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Figure 6. RBBR dye removal activity of the wet and dry BCs
during the repeated use

The photographs and spectrophotometric scans of
the RBBR dye solutions incubated with wet and dry BCs
were given in in Figure 7.

o I — | — i i A=
b ‘ Cc

| /\\‘L

Figure 7. The photographs and spectrophotometric scans of the
RBBR dye solutions incubated with wet and dry BCs a- First use,
b- Second use, c- Third use (Black line- control; Red line- dry BS;
Blue line- wet BS).

The wet BCs showed 54%, 34%, and 23% Chrocion
Green dye decolorization during the first, second, and
third uses. On the other hand, while 20% color removal
was detected with dry BC during the first use, a little color
removal was obtained during the second and third uses
(Fig. 8). Figure 9 shows the photographs and
spectrophotometric scans of the Chrocion Green dye
solutions incubated with wet and dry BCs. Dye removal
activity of microbial cellulose from Komagataeibacter
saccharivorans LN886705, a cellulose producing bacterium,
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was tested against various dyes (Malachite Green,
Bromophenol Blue, Bismark Brown Y, Orange G, Reactive
Blue 221, Acridine Orange, Tryphan Blue, Reactive Green
19, and Indigo Carmine). Obtained cellulose was added
into the dye solution media at a ratio of 2% and incubated
at 30°C and 150 rpm. The dye removal percentages were
determined by taking samples from the dye solutions at
the 4th, 24th, and 72nd hours. For indigo carmine dye (50
mg/L), only about 5% color removal was observed at the
24th hour and only about 13% at the 72nd hour. On the
contrary, the best dye removal rates were seen in Tryphan
Blue and Acridine Orange dyes. (Birben, 2019).
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Figure 8. Chrocion Green dye removal activity of the wet and dry
BCs during the repeated use
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Figure 9. The photographs and spectrophotometric scans of the
Chrocion Green dye solutions incubated with wet and dry BCs a-
First use, b- Second use, c- Third use (Black line- control; Red line-
dry BS; Blue line- wet BS).

3.2. Characterization of Bacterial Cellulose

The characteristics of BC were determined by SEM, FTIR,
and XRD. Figure 10 shows the SEM image of BC. SEM
image shows the fibrilar structure of bacterial cellulose.
According to this image, the fibril widths of the sample
was determined as 37.72 nm. Ruka et al. (2012) reported
the fibril width as 40 nm for BC. XRD analysis (Fig. 11a)
showed two peaks that refer to the presence of cellulose
type 1 and 2 for BC as 22°< 20 <23°and 13°<20 <15° (Leal et
al., 2021). Figure 11b shows the FTIR spectrum of bacterial
cellulose with characteristic peaks at around 3300, 2880,
1640, and 1057 cm-! (Lin et al., 2013; Yim et al., 2017).

4. Conclusions

Dyes are used by many industrial fields such as the textile
industry and approximately 10-20% of these dyes are
discharged into wastewater. Textile wastewaters, which
are released into the environment without being
sufficiently treated, contain dyes with a high pollution
load. The release of wastewater containing dyes into

J. Biol. 6(1), 1-5.

aquatic environments is aesthetically undesirable.
However, it is also very harmful for the aquatic ecosystem
and human health. Degradation of dyes is very difficult
with traditional methods. Therefore, it is very important to
find effective and new methods for removing dyes. The
results of this study show that bioadsorption of dyes by
bacterial cellulose may be an effective and promising
solution to solve this environmental pollution problem
with such a cheap, easy, and environmental friendly
application.

~

N

Mag= 5000KX  EHT=20.00kV SignalA=SE1 WD= 10mm

Figure 10. The SEM image of bacterial cellulose

Figure 11. The physio-chemical characterization of bacterial
cellulose by XRD (a) and FTIR (b) analyzes
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Abstract: This study aimed to identify the mammalian fauna in Manisa and the threats on these species. Field studies were
carried out for a total of 45 days in 2018 and 2019. As a result of the survey, 36 different terrestrial and inland water mammal
species were identified. Among the existing species, it was determined that especially large mammal and carnivorous species
such as Golden jackal (Canis aureus), Wolf (Canis lupus), Brown bear (Ursus arctos), Caracal (Caracal caracal), Wild cat (Felis
silvestris), Reed cat (Felis chaus), Striped Hyena (Hyaena hyaena), Roe Deer (Capreolus capreolus), and Indian crested porcupine
(Hystrix indica) are under threat. Bat species belonging to the families Rhinolophidae and Vespertilionidae were also found to
be under threat. The location and degree of these threats were given and suggestions were proposed to take necessary
precautions.

Keywords: Mammals, fauna, distribution, Manisa, Tiirkiye.

Manisa Memeli Faunas1 Uzerine Bir Arastirma

Oz: Bu arastirma ile Manisa ilindeki memeli faunasin ve bu tiirler iizerindeki tehditlerin belirlenmesi hedeflenmistir. Arazi
calismalar1 2018 ve 2019 yillarinda toplamda 45 giin boyunca gerceklestirilmistir. Calismalar sonucunda 36 farkli karasal ve i¢
su memeli tiirii tespit edilmistir. Mevcut tiirler icinden 6zellikle biiyiik memeli ve etcil tiirler olan Cakal (Canis aureus), Kurt
(Canis lupus), Bozay1 (Ursus arctos), Karakulak (Caracal caracal), Yaban kedisi (Felis silvestris), Saz kedisi (Felis chaus), Cizgili
sirtlan (Hyaena hyaena), Karaca (Capreolus capreolus) ile Oklu kirpi (Hystrix indica) ve yarasalardan Rhinolophidae ve
Vespertilionidae familyalarina ait ttirlerin tehdit altinda oldugu anlasilmistir. Bu tehditlerin yeri ve derecesi paylasilmus,
alinmasi gereken 6nlemlere yonelik oneriler sunulmustur.

Anahtar kelimeler: Memeliler, fauna, yayilis, Manisa, Ttirkiye.
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1. Giris

Turkiye diinya tizerindeki 34 biyolojik cesitlilik sicak
noktalarindan 3'tinti (Kafkasya, fran-Anadolu, Akdeniz)
tizerinde barindiran 6nemli bir cografyadir (Mittermeier et
al., 2005). Bu kadar onemli habitatlarin ve biyocesitlilik
merkezlerinin oldugu tilkemizde 173 (158 karasal ve 15
denizel) memeli ttrti bulunmaktadir (Seyfi et al., 2021;
Karatas et al., 2021). Bununla birlikte, tilkemizin batisinda
bulunan ve habitat cesitliligi barindiran Manisa ili karasal
ve i¢ su ekosistemlerindeki memeli tiirleri tiizerinde
yapilan giincel arastirmalar kisith sayidadir. Manisa ilinin
yarasa turleri {iizerine yapilan c¢alismalarda Myotis
capaccinii (Karatas et al., 2003) ve Miniopterus schreibersii
(Karatas & Sozen, 2004) Manisa Uzunburun Koéyii'nden
kaydedilmistir. Yarasalarin tireme biyolojisine iliskin bir
calismada ise Rhinolophus ferrumequinum tirti Manisa
ilinden elde edilmistir (Baydemir & Albayrak, 2006).
Nannospalax xanthodon turtintin Kula, Kirkagag, Alasehir
(Arisoy, 2013); Gelenbe, Selendi ve Akhisar ilgelerinden
(Sozen et al, 2013) kayd: verilmistir. Bir parazitoloji
calismasinda da Manisa iline ait kiigitk memeli 6rnekleri
temin edilmistir (Acic1 et al., 2017). Meriones tristrami
blackleri Cambazli ve Turgutlu’dan kaydedilmistir (Yigit et
al, 2018). Martes foina'min baculum morfolojisinin
calisildigr diger bir calismada Manisa’dan 6rnek temini
yapilmustir (Ozen, 2018). Manisa Spil Dag1 Milli Parki'na
ait endemik yilki atlar1 ile ilin yalmizca yiiksek
kesimlerinde goriilen karaca (Capreolus capreolus) Manisa

*Corresponding author: yasinilemin@mu.edu.tr

Ili Cevre Durum Raporunda belirtilen onemli fauna
elemanlarindandir (Anonim, 2018). Son olarak 2019
yilinda fcik tarafindan Soma’da yapilan detayh calisma ile
26 memeli tiirii tespit edilmistir. Bu ¢alismalar haricinde
Manisa ili tiir listesi olusturulurken Tiirkiye genelini
kapsayan memeli calismalarindan da yararlanilmistir
(Turan, 1984; Demirsoy, 1997; Karatas, 2006; Ozkurt &
Bulut, 2020).

Bu calisma ile Manisa ili karasal ve i¢c su memeli
faunasi hakkinda giincel bir literatiir arastirmasi yapilarak
arazi calismalar1 sonucunda elde edilen bulgular
paylasilmistir. Boylece Manisa ilinde yasayan tiirlerin
giincel olarak saptanmasi ve bunlar tizerindeki tehditlerin
ortaya konulmast amaglanmustir.

2. Materyal ve Metot

Manisa ilindeki biitiin karasal ve igsu ekosistemlerinin
tamamini kapsayacak sekilde 2018 ve 2019 yillar1 boyunca
45 giin arazi calismasi gerceklestirilmistir. Calismalar
Manisa ilinin 1:25.000'lik paftalarinin her birinin en az
%10'luk  kisminda arazi calismalar1  yiritiilerek
gerceklestirilmistir. Toplamda 122 paftada arastirmalar
sturdirilmistir (Sekil 1).

Biiytik memelilerin gézlenmesi ve kaydedilmesinde
diirbiin, fotokapan ve fotograf makinesi gibi calisilan
turlere uygun malzemeler kullamilmustir. Arag¢ carpmasi
sonucu Olmiis memeli tiirleri kaydedilmistir. Gozlem
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yapilan alanlarin ve tespit edilen tiirlerin koordinatlar1
Kiiresel Konum Belirleme Araci (GPS) yardimiyla
verilmistir. Arazi gézlemleri sirasinda memelilere ait ayak
izi, disky, ses (yarasalarin ultrasonik dedektor ile tespiti) ve
emarelerden yararlanma esasina dayali dolayl gézlemler
de yapilmistir. Kemiriciler ve bocekgiller igin canli
yakalama kapanlar1 kullanilmistir. Yarasa ttirlerine ait

J. Biol. 6(1), 6-10.

tespitler ultrasonik dedektor (Pettersson D 500x) ile
yapilmustir. Ayrica bolgedeki magara, mazgal, eski bina ve
kale gibi ortamlara girilerek tiineklerinde tiirler ve
digkilar1 fotograflanmustir. Ayrica giincel tiir listesinin
olusturulmasinda giiniimtize kadar yapilmis c¢alismalar
literatiirde taranmustir.

1:250,000

Sekil 1. Calisma alanindaki 6rnekleme yapilan noktalar
Figure 1. Sampling localities in the study area
3. Bulgular ve Tartisma

Yapilan arazi ve literattir calismalar1 sonucunda Manisa
ilinde yayilis gosteren toplam 36 memeli tiirii tespit
edilmis olup giincel memeli tir listesi Tablo 1'de
verilmistir. Arazi calismalari sonucunda tespit edilen
turlere ait bazi kayitlar asagida verilmektedir (Sekil 2).

Gordes lcesi, Gilpmmar Mahallesi yakinlarinda
Demirci-Gordes karayolunda arag ¢carpmasi sonucu 6lmiis
bir yaban kedisi (Felis silvestris) tespit edilmistir.

Tespit edilen tiirlerden 3 tanesi IUCN’e gore NT, 1
tanesi DD, 32 tanesi ise LC kategorisindedir.

Daha ¢nceki calismalarda Manisa’dan kaydi verilen
karakulak (Caracal caracal), saz kedisi (Felis chaus) ve ¢izgili
sirtlan (Hyaena hyaena) bu calismada tespit edilememistir.

Ancak Manisa’'min  batisinda ve Saruhanli ilgesi
sinirlarinda daha detayli calismalar yapildiginda Cizgili
sirtlan ile ilgili kayitlar alinabilecegi
degerlendirilmektedir. Yine Manisa’'nin Giineybatis1 ve
Alasehir ilgesi sinirlarinda detayli calismalar yapildiginda
karakulak kayitlarinin alinabilecegi
degerlendirilmektedir. Kurt Demirci, Gordes ve Soma
ilgeleri i¢in 6nemli bir etcil tiir olarak tespit edilmistir. Yine
bu bolgelerde tespit edilen yaban kedisi Manisa ili igin
onemli bir etcil tiirdiir. Golmarmara ve ¢cevresindeki sulak
habitatlar saz kedisi i¢in ©nemli alanlar olarak
degerlendirilmektedir. Bozay1'nin Demirci ormanlarinda
bulunmas: bu habitatlarin nispeten el degmemis
oldugunun bir gostergesidir. Karaca, Soma ve Turgutlu’da
yayilis gosteren onemli bir toynakli tiirdiir. Tablo 2'de
Manisa’da memeli tiirler tizerinde tespit edilen insan



Ilemin, (2022) Comm.

kaynakli tehditler ve nerede olduklar1 detayli olarak
verilmistir. Buna gore bolgede kagak avcilik ve dogaya
zehirli et birakilmasi yirticr tiirler igin biiytik bir tehdittir.
Magaralardan yarasa giibrelerinin izinsiz ve kagak olarak
¢ikarilmast  yarasalar {izerinde ciddi bir tehdit
olusturmaktadir. Marmara Golii ve gevresindeki sazlik
alanlarin tahribati saz kedisi populasyonu icin ciddi bir
tehdittir. Bal tiretimine zarar verecegi diistincesi ile

J. Biol. 6(1), 6-10.

bozayilara zarar verme ve avlama girisimleri olmaktadir.
Bu tehditlerin ortadan kaldirilmasi i¢in Tarim ve Orman
Bakanligi, yerel yonetimler ve tiniversiteler isbirliginde
planlamalar  yapilmalidir. ~ Yaban  hayvanlarmin
karayollarinda telef olmalarinin 6niine ge¢mek amaciyla
uygun noktalarda ekosistem kopriileri planlanmalidir.
Demirci-Gordes  karayolu bu alanlarmn  basinda
gelmektedir.

Sekil 2. Tespit edilen tiirlere ait bazi kayitlar (a: Yaban kedisi; b: Karaca (Capreolus capreolus), Turgutlu/Kayrak; c: Kaya sansar1 (Martes
foina), Turgutlu/Kayrak; d: Porsuk (Meles meles), Saruhanli, Seyitoba; e: Kurt (Canis lupus), Demirci, Basalan Yaylasy; f: Bozay1 (Ursus
arctos), Demirci, Akdere Mah.)

Figure 2. Some records of the detected species (a: Wild cat; b: Roe deer (Capreolus capreolus), Turgutlu/Kayrak; c: Beech marten (Martes
foina), Turgutlu/Kayrak; d: Badger (Meles meles), Saruhanli, Seyitoba; e: Wolf (Canis lupus), Demirci, Basalan Yaylasy; f: Brown bear (Ursus

arctos), Demirci, Akdere Mah.)
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Tablo 1. Manisa ili memeli tiir listesi
Table 1. Mammal species of Manisa Province
No Familya Tur Tiirkge Ad1 BERN CITES IUCN Kaynak
1 Canidae Canis aureus Cakal LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
2 Canidae Canis lupus Kurt EK-II LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
3 Canidae Vulpes vulpes Kizil tilki LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
4 Cervidae Capreolus capreolus Karaca EK-IIT LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
5 Erinaceidae Erinaceus concolor Yaygin kirpi EK-IIT LC Demirsoy, 1997.
6 Felidae Felis silvestris Yaban kedisi EK-II EK-II LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
7 Felidae Felis chaus Saz kedisi EK-II LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
8 Felidae Caracal caracal Karakulak EK-I LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
9 Gliridae Dryomys nitedula Has'a neik/ Agac EK-III LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
yediuyuru
10  Hyaenidae Hyaena hyaena Cizgili sirtlan NT Turan, 1984.
11  Hystricidae Hystrix indica Oklu kirpi LC Turan, 1984.
12 Leporidae Lepus europaeus Yaban tavsani EK-III LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
13 Muridae Apodemus flavicollis fS;I‘relsl:l?oyunlu orman LC Yigit et al., 2006.
14  Muridae Apodemus mystacinus gz’:lhk orman LC  Yigitetal,2006
15  Muridae Mus domesticus Ev faresi LC Yigit et al., 2006.
16  Muridae Mus macedonicus Makedon faresi LC Yigit et al., 2006.
17 Muridae Rattus rattus Cat1 sigani LC Yigit et al., 2006.
18  Mustelidae Martes foina Kaya sansar1 EK-III LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
19  Mustelidae Meles meles Porsuk EK-III LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
20 Mustelidae Mustela nivalis Gelincik EK-III LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
21  Rhinolophidae Rhinolophus euryale ;?akrcalzz;z nalburunlu EK-II NT Yorulmaz & Arslan, 2020.
22 Rhinolophidae  N/inolophus Buytk nalburunlu gy LC  Yorulmaz & Arslan, 2020.
ferrumequinum yarasa
23 Rhinolophidae R,h molgphus Kagtik nalburunlu EK-II LC Yorulmaz & Arslan, 2020.
hipposideros yarasa
24  Sciuridae Sciurus anomalus Anadolu sincab1 EK-II LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut, 2020.
25  Soricidae Crocidura suaveolens K,I,JQUk b eyazdisli EK-III LC Yigit et al., 2006.
bocekgil
26  Soricidae Crocidura leucodon C.l‘ftren‘k li beyazdisli EK-IIT LC Yigit et al., 2006.
bocekgil
27  Spalacidae Nannospalax Anadolu kor faresi DD Yigit et al., 2006.
xanthodon
28  Suidae Sus scrofa Yaban domuzu EK-III LC Turan, 1984; Demirsoy, 1997; Ozkurt & Bulut 2020.
29  Ursidae Ursus arctos Bozay1 EK-II  LC Turan, 1984.
30  Vespertilionidae  Pipistrellus pipistrellus ~ Ciice yarasa EK-IIT LC Yorulmaz & Arslan, 2020.
31 Vespertilionidae  Eptesicus serotinus Genis kanatli yarasa  EK-II LC Yorulmaz & Arslan, 2020.
32 Vespertilionidae Miniop ferus Uzun kanathi yarasa ~ EK-II NT Yorulmaz & Arslan, 2020.
schreibersii
33  Vespertilionidae = Myotis blythii izzlgglakh kiigiik EK-II LC Yorulmaz & Arslan, 2020.
34  Vespertilionidae  Myotis emarginatus Kirpikli yarasa EK-II LC Yorulmaz & Arslan, 2020.
35  Vespertilionidae  Myotis myotis S:ﬁ:‘;{: farekulakh EK-II LC Yorulmaz & Arslan, 2020.
36  Vespertilionidae = Myotis mystacinus Biyikli siyah yarasa ~ EK-II LC Yorulmaz & Arslan, 2020.
Tablo 2. Manisa ilindeki Memeli Tiirleri Uzerindeki Tehditler
Table 2. Threats to mammal species in Manisa Province
Tiir Ad1 Tiirkge Ad1 Tehdit Tehdit Yeri Tehdit .
Derecesi
Hystrix indica Oklu Kirpi Tarim Ilaglari, Kacak av, habitat tahribatt Manisa Geneli Yiiksek
Canis aureus Cakal Kagak av, evcil siiriilere zarar verdigi diistincesi ile Manisa Geneli Yiiksek
dogaya zehirli et birakilmasi, habitat tahribati
Canis lupus Kurt Kacak av, evcil siiriilere zarar verdigi diistincesi ile Demirci, Gordes, Soma Yiiksek
dogaya zehirli et birakilmasi, habitat tahribati
Felis silvestris Yaban Kedisi Evcil Kedi ile hibritlesme, dogaya evcil hayvan Demirci, Gordes, Soma Yiiksek

birakilmasi, habitat tahribati
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Tablo 2. (Devamu)
Table 2. (Continued)
Tiir Adt Tiirkce Adi Tehdit Tehdit Yeri Tehdit
Derecesi
Caracal caracal Karakulak Et iiretim tesislerinden dogaya bertaraf edilmeden Alagehir, Manisa'nin Yiiksek
birakilan 6lii hayvan artiklarindan yayilabilecek Giineybatis1
hastalik etmenleri, Kagak av, evcil siiriilere zarar
verdigi diistincesi ile dogaya zehirli et birakilmasi,
habitat tahribat,
Hyaena hyaena Cizgili Sirtlan Tavukguluk tesislerinden dogaya bertaraf Saruhanli ve Manisa'nin Yiiksek
edilmeden birakilan 6lii hayvan artiklarindan batist
yayilabilecek hastalik etmenleri, Kagak av, evcil
stiriilere zarar verdigi diistincesi ile dogaya zehirli
et birakilmasi, habitat tahribati,
Ursus arctos Bozay1 Bal tiretimine zarar verdigi diisiincesiyle tiirti nadir Demirci Yiiksek
de olsa avlama
Capreolus capreolus Karaca Kacak av Soma ve Turgutlu (Ovactk  Yiiksek
YGHS sinuir1)
Rhinolophidae ve Yarasalar Magaralardan yarasa giibrelerinin izinsiz ve kagak Golmarmara, Comlekgi Yiiksek
Vespertilionidae tiirleri olarak gikarilmasi esnasinda populasyonlarin Mah.
rahatsiz edilmesi Comlekci Magaras,
Akhisar, Akgaalan Mah.
Evkaya Magarasi

Tesekkiir: Bu calisma, Tarim ve Orman Bakanligi, Doga Koruma
ve Milli Parklar Midurligi, IV. Bolge Mudirliugi, Manisa
DKMP il Sube Miidiirliigiiniin, Ulusal Biyolojik Cesitlilik
Envanter ve izleme Projesi kapsaminda, Likarba Miihendislik
Sirketi tarafindan yirtitilmiistiir.

Etik kurul onay1: Bu calisma icin etik kurul onay1 almmasmna
gerek yoktur.

Cikar catismast: Yazar, ¢ikar catismasi olmadigini beyan etmistir.
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Abstract: This study was carried out in Perisuyu Valley (Yedisu-Karliova / Bingol) between 2017 and 2021. 62 taxa (40 species,
17 subspecies, and 5 varieties) distributed in this region are new records for B8 square. 20 of the given taxa are endemic. Some
evaluations were made about the distribution of the 11 taxa given in the new record list (locally endemic or narrowly
distributed) in the B8 square. The distributions of the given plants as phytogeographic region elements are as follows: Iran-
Turan 21, Euro-Siberia 7, Mediterranean 3, and phytogeographic region unknown or widely distributed 31.

Keywords: Bingol, flora, B8 square, new record.

Perisuyu Vadisi'nden (Yedisu-Karliova / Bingol) B8 Karesi I¢in Yeni Floristik Kayitlar

Oz: Bu calisma, 2017-2021 yillan arasinda Perisuyu Vadisi (Yedisu-Karliova / Bingdl)'nde gerceklestirilmistir. Bu bolgede
belirlenen 62 taksonun (40 tiir, 17 alttiir ve 5 varyete) B8 karesindeki yayilislari ilk defa tespit edilmistir. Verilen taksonlardan
20 tanesi endemiktir. Yeni kayit listesinde yer alan lokal endemik veya dar yayilish 11 taksonun arastirma alanimizda da
yayilisnin belirlenmesi ile ilgili bazi degerlendirmeler verilmistir. Calismada sunulan taksonlarin fitocografik bolgelere
dagilimlart su sekildedir: fran-Turan 21, Avrupa-Sibirya 7, Akdeniz 3 ve fitocografik bolgesi bilinmeyen veya genis yayilislt

31.

Anahtar kelimeler: Bingol, flora, B8 karesi, yeni kayit.

1. Giris

Sahip oldugu bitki potansiyeli fazla olmasina ragmen;
Bingol il florasi yeterince arastirillamamistir. Son yillarda
Bingol’den yaymnlanan yeni takson ve diger floristik
calismalar (Behget et al., 2014; Sinan & Behget, 2014; Duran
et al.,, 2015; Dogan et al., 2015; Behcet & Ilcim, 2015; Yapar
& Behget, 2018; Behget & Yapar, 2019; 2021; 2020a; 2020b;
Kilig & Yildirimli, 2014; Kili¢ et al, 2017) bu iddiay1
desteklemektedir. Bir sahanin floristik zenginliginde
ekolojik  ozellikler temel etkili sebeptir. Bingol
cevresindeki illere kiyasla farkli iklim faktorlerinin etkisi
altindadir. Kuzey ve giineyden gelen hava akimlarmin
kesisim noktasinda yer almasiyla kuzeyden yagis getiren
hava akimlari ile giineyden sicak getiren hava akimlarmin
etkisi altindadir (Kurt, 2014). Bu iklimsel ozelliklerle
birlikte; yiikselti farklari, toprak yapist ve topografik
ozellikleri de Bingol florasi potansiyelinin yiiksek
olmasma katki saglamaktadir.

Bu calismada; Perisuyu Vadisinde (Yedisu-
Karliova/Bingol) (Sekil 1) 30 familya ve 53 cinse ait, 62
bitkinin B8 karesindeki yayilis1 ilk defa verilmistir. Boylece
bu arastirma yazilmakta olan Resimli Tiirkiye Florasi'na
veri saglamakla birlikte; yapilacak diger floristik
calismalar (monograf ve revizyon calismalar1 gibi) icin de
katk1 saglayacaktir.

2. Materyal ve Metot

Calismada verilen taksonlar, 2017-2021 yillar1 arasinda
Bingol'tin kismen Karliova, kismen Yedisu ilge sinirlarina

*Corresponding author: cenghikmet@hotmail.com

dahil olan Perisuyu Vadisi'nden tarafimizca toplanmis ve
B8 karesinde yayilislarinin oldugu ilk defa belirlenmistir.
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Sekil 1. Arastirma alaninin cografi haritasi
Figure 1. Geographical map of the research area

Calisma alani deniz seviyesinden 1400-2947 m
arasinda degisen yiikseltiye sahiptir.

Alandan toplanan bitkiler; Tturkiye Florasmn ilgili
ciltleri (Davis, 1965-1985, Davis et al., 1988; Giiner et al.,
2000) ile Pimenov et al. (2011), Ozhatay ve Kandemir
(2014), Armagan (2016), Duran et al. (2003), Menemen, et
al. (2001) calismalarindan faydalanilarak teshis edilmistir.
Yeni kayit listesi; B8 karesi ile ilgili yayinlar (Behget et al.,
2014; Behget & Yapar, 2020a; Sinan & Behget, 2014; Kili¢ &
Yildirimli, 2014; Kilig et al., 2017; Yapar & Behget, 2018;
2021; Yildirimli, 1997a; 1997b; 1999; 2001a; 2001b; 2002a;
2002b; 2005; 2006; 2007; 2009a; 2009b; 2010; 2011; 2012;
2013; 2015; 2017) taranarak ortaya konmustur.

Belirlenen bitkilerin gecerli giincel bilimsel isimleri,


https://dergipark.org.tr/tr/pub/commagene
https://doi.org/10.31594/commagene.1082747
https://orcid.org/0000-0001-6788-0012
https://orcid.org/0000-0001-8334-7816

Cengiz & Behcget, (2022)

yazar isimleri, Ttirkce isimleri ve endemizim durumlari,
Tiirkiye Bitkileri Listesi-Damarh Bitkiler (Giiner et al,,
2012) adli eser temel alinarak verilmistir. Endemik ve risk
siifindaki bitkilerin tehlike kategorileri ise Tiirkiye
Bitkileri Kirmizi Kitab: (Ekim et al., 2000), Kandemir et al.
(2015) ve IUCN (2017) gibi kaynaklar referans alinarak
yazilmstir. Bitkilerin hayat formlar1 Raunkiaer (1934)
kriterine gore degerlendirilmistir. Liste olusturulurken;
her bir takson igin sirasiyla; taksonun latince adi, Tiirkce
ad1 ve lokalite bilgileri, endemizm durumu, belli ise dahil
oldugu fitocografik boélge durumu ve hayat formu
diizeninde sunulmustur. Liste sunulurken kullanilan
kisaltmalar ve bunlarin anlamlari su sekildedir: HC
(Hikmet Cengiz), Ch. (Kamefit), Cr. (Kriptofit), Fh.
(Fanerofit), He. (Hemikriptofit), Hd. (Hidrofit), subsp.
(alttiir), var. (varyete). Yeni kayit listesinde yer alan lokal
endemik veya dar yayilish bazi taksonlarin arastirma
alanimizda da yayilisinin belirlenmesi ile ilgili bazi
degerlendirmeler; ilgili taksonun hayat formu bilgisinden
sonra verilmistir. Tartisma kismu yerine burada
verilmesinde; ilgili taksonun diger bilgileri ile beraber
okuyucuya daha saglikli fikir vermesini saglayacagi
diistntildii. Yeni kayit listesi APG IV (Haston et al., 2009)
sistemine ve alfabetik sirasina gore verilmistir.

Yeni kayit listesindeki bitkilere ait Ornekler
herbaryum materyali haline getirilmis olup; Bingol
Universitesi Fen-Edebiyat Fakiiltesi Biyoloji Boliimii
herbaryumunda (BIN) muhafaza edilmektedir.

3. Bulgular ve Tartisma

Perisuyu vadisinden toplanan 30 familya ve 53 cinse ait 62
bitkinin B8 karesi icin yeni yayilis alanlart verilmistir.
Taksonlardan 20 tanesi endemiktir. Endemik taksonlarin
tehlike kategorileri su sekildedir: 51 EN
(endengered=tehlikede), 4'tt VU (vulnerable=zarar
gorebilir), 7’si LC (least concern=az endise verici), 1'i CR
(critically endengered=kritik tehlikede), ve 3t NT
(threatened=tehtide yakim) (Tablo 1).

Alanda belirlenen taksonlarin fitocografik bolgelere
gore dagilimi ise; 21 bitki Iran-Turan, 7 bitki Avrupa-
Sibirya, 3 bitki Akdeniz, 35 takson fitocografik bolgesi
bilinmiyor veya genis yayilish bitkiler.

3.1. B8 karesinden yayilislar1 belirlenen taksonlarin
listesi

SUBDIVISION: MAGNOLIOPHYTINA / KAPALI
TOHUMLULAR

CLASSIS: MAGNOLIOPSIDA / MANOLYA SINIFI
ALISMATACEAE / KURBAGAKASIGIGILLER
Sagittaria L. / Suoku

1. Sagittaria sagittifolia L. / Suoku

Karliova; Serpmekaya Golii, su igi, 10.07.2020, 1828 m,
39°16'59.98"K, 41° 2'45.01"D, HC3065, Hd.

AMARANTHACEAE / HOROZIBIGIGILLER
Noaea Moq. / Holmezotu

2. Noaea mucronata (Forssk.) Asch. & Schweinf. subsp.
mucronata / Holmezotu

Yedisu; Dinarbey Koyii, step, 19.07.2018, 1720 m,
39°22'34.16"K, 40°39'8.48"D, HC2557, Hc.
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Tablo 1. Arastirma alaninda belirlenen Endemik bitkilerin risk
smuflar1 [Ekim et al. (2000); Duran et al. (2003); Kandemir et al.
(2015); Armagan (2016) ve IUCN (2017)]

Table 1. Risk categories of endemic plants determined in the
research area [Ekim et al. (2000); Duran et al. (2003); Kandemir et
al. (2015); Armagan (2016) ve IUCN (2017)]

Endemik Taksonlar k:;};(i)l;iesi
AMARYLLIDACEAE

Allium erzincanicum N. Ozhatay & Kandemir vu
Allium phanerantherum subsp. deciduum Kollmann & NT
Koyuncu

APIACEAE

Eryngium ilex P.H.Davis EN
Diplotaenia turcica Pimenov & Kljuykov NT
ASTERACEAE

Psephellus bornmuelleri (Hausskn. ex Bornm.) Wagenitz NT
BRASSICACEAE

Alyssum peltarioides Boiss. subsp. peltarioides LC
Pseudosempervivum aucheri (Boiss)Pobed. LC
Erysimum sintenisianum Bornm. LC
Hesperis armena Boiss. CR
Isatis aucheri Boiss. LC
CAMPANULACEAE

Campanula pulvinaris Hausskn. & Bornm. EN
CARYOPHYLLACEAE

Eremogone acutisepala (Hausskn. ex F.Williams) Ikonn. LC
Gypsophila munzurensis Armagan EN
Minuartia rimarum (Boiss. & Balansa) Mattf. vuU
FABACEAE

Astragalus nezaketiae A.Duran & Aytag VU
LAMIACEAE

Thymus convolutus Klokov EN
PAPAVERACEAE

Glaucium cappadocicum Boiss. vuU
RHAMNACEAE

Frangula dodonei Ard. subsp. pontica (Boiss.) Soldano LC
SCROPHULARIACEAE

Scrophularia libanotica Boiss. var. cappadocica R R.Mill LC
VIOLACEAE

Viola odontocalycina Boiss. EN

AMARYLLIDACEAE / NERGISGILLER
Allium L. / Sogan

3. Allium phanerantherum subsp. deciduum Kollmann &
Koyuncu / Kel kérmen

Karliova; Kazanli Koyti, kayalik alan, 05.07.2018, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC2374, Endemik, D.
Akdeniz elementi, Cr.

Bugtine kadar Akdeniz Bolgesi'nden yayilisi bilinen
(Yildirimli, 2015) bu takson; B8 karesinde de tespit edildi.
Bu tespit ile Akdeniz fitocografik bolge elementi olan bu
alt tiirtin; tolerans siirinin bilinenden daha genis oldugu
anlasildi. Karasal iklim etkisinin belirgin oldugu ve iran-
Turan fitocografik bolgesine dahil olan arastirma
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sahamizda Akdeniz fitocografik bolge elementinin
yayilisinin belirlenmesi ilgingtir.

Diger taraftan bu bitkinin Tiirkiye Florasinda verilen
taniminda bitki boyunun 100 cm oldugu belirtilmektedir.
Tarafimizdan toplanan orneklerin boyu 125 cm’ye
varmaktadir.

4. Allium erzincanicum N. Ozhatay & Kandemir

Yedisu; Yagmurpinart Koy, step, 05.07.2020, 2433 m,
39°30'47.54"K, 40°32'1.79"D, HC2928, Endemik, Cr.

Bugtine kadar sadece Erzincan'dan (B7 karesi) yayilist
bilinen (Ozhatay & Kandemir, 2014) bu lokal endemik
turtin alammmizda da yayilisinin belirlenmesi ile yayilis
alaninin daha genis oldugu ortaya konmustur. Bu tiirtin
yaymlandigr calismada “yakin  bolgelerdeki — benzer
habitatlarda bu tiiriin yayilisinin olabilecegi” belirtilmektedir.

Bu tiirtin alanimizdaki birey sayisi fazla olmadigt ve
alanimiz Erzincan iline yakin oldugu icin yayilis alan1 da
fazla genislemedigi dikkate alindiginda zarar gorebilir
(VU) risk sinifinda yer almaya devam etmesinin uygun
olacag diistintilmektedir.

APIACEAE / MAYDANOZGILLER
Astrantia L. / Yildizca
5. Astrantia maxima Pall. subsp. maxima / Yildizca

Karliova; Kaynarpmar Koyti, Kayik mevkii, step,
18.07.2018, 2083 m, 39°22'39.03"K, 40°48'11.80"D, HC2547,
Avrupa-Sibirya elementi, Hc.

Anethum L. / Dereotu
6. Anethum graveolens L. / Dereotu

Yedisu; Merkez, yol kenarlari, 09.08.2018, 1500 m,
39°25'40.86"K, 40°32'56.08"D, HC2645, Th.

Chamaesciadium C.A.Mey. / Hamotu
7. Chamaesciadium acaule (M.Bieb.) Boiss. / Hamotu

Yedisu; Yagmurpinar1 Koéyt, alpin cayir, 05.07.2020, 2433
m, 39°30'47.54"K, 40°32'1.79"D, HC2980, Avrupa-Sibirya
elementi, He.

Diplotaenia Boiss. / Koseotu

8. Diplotaenia turcica Pimenov & Kljuykov / Tiirk kdseotu
(Sekil 2)

Karliova; Kaynarpmar Koyti, Kayik mevkii, step,
18.07.2018, 2083 m, 39°22'39.03"K, 40°48'11.80"D, HC2551,
Endemik, He.

Bugtine kadar B9 (Bitlis ve Van) karesinde yayilis1 bilinen
(Pimenov, Kljuykov & Degtjareva (2011); Demirkus,
Koyuncu & Giil (2018)) bu bitkinin yayilistnin B8
karesinde de tespit edilmis olmasi ile yayilis alaninin daha
genis oldugu anlagilmistir.

Bu tirtin risk kategorisi yakin zamanda
degerlendirilmis olup (Demirkus, Koyuncu & Giil, 2018)
tehtide yakin (NT) risk sinifinda yer almasi uygun
goriilmisttir. Bitkinin alanimizda da yayilisinin olmasina
ragmen halk tarafindan tiiketiliyor olmasi (Miikemre et al.,
2020) ve diisiik diizeyde risk altinda olmasi dikkate
alindiginda tehdide yakin (NT) risk simfinda kalmasi
onerilmektedir.

Comm. J. Biol.

13

6(1), 11-19.

Sekil 2. Diplotaenia turcica

Figure 2. Diplotaenia turcica
Eryngium L. / Bogadikeni
9. Eryngium ilex P.H.Davis / Oz bogadikeni (Sekil 3 C)

Karliova; Kazanli Koy, step, 24.07.2017, 2265 m,
39°21'45.09"'K, 40°53'21.56"D, HC1770, Endemik, Iran-
Turan elementi, Hc.

Erzincan’dan (B7 karesi) yayilis1 bilinen (Yildirimli, 1997b)
bu lokal endemik tiirtin alamimizda da yayiisiin
belirlenmesi ile yayilis alaninin daha genis oldugu ortaya
konmustur.

Bu ttirtin alanimizda da yayilisinin olmast dikkate
alindiginda hem yayilis alant hem de yasam alani (birey ve
lokalite sayis1) genislemistir. Ttirtin yayilis alaninin 5000
km? den az ve lokalite sayisin 5'ten az olmasindan dolay1
daha 6nce (CR) olan tehlike kategorisinin (EN) [Blab(i,ii)]
olmasi uygun olacaktir.

Ferulago Koch / Seytanteresi
10. Ferulago cassia Boiss. / Seytan kisnisi

Karliova; Kazanl Koyt, kayalik alan, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1840, D. Akdeniz
elementi, Hc.
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Sekil 3. A. Viola odontocalycina; B, E. Ranunculus lingua; C.
Eryngium ilex; D. Dactylorhiza euxina var. markowitschii

Figure 3. A. Viola odontocalycina; B, E. Ranunculus lingua; C.
Eryngium ilex; D. Dactylorhiza euxina var. markowitschii

Oenanthe L. / Delimaydanoz
11. Oenanthe aquatica (L.) Poir. / Deniz rezenesi (Sekil 4)

Karliova; Serpmekaya Goli, su ici, 10.07.2020, 1828 m,
39°16'59.98"K, 41° 2'45.01"D, HC3078, Hd.

Ege, Marmara ve Akdeniz bolgelerinden yayilist
bilinen (Yidirimli, 1997b) bu tirtin Tirkiye'nin
dogusundan yayilisinin belirlenmesi ilgingtir. Fakat
sucul-nemcil (akuatik bitkiler) bir takson olmast itibari ile
diger karasal bitkilere gore daha genis yayilishdir.
Dolayist ile Tuirkiye’deki bitkilerin korolojilerinin bu giine
kadar tam olarak ortaya konamamis olmasmin etkisi
diistiniilebilir.

Sekil 4. Oenanthe aquatica

Figure 4. Oenanthe aquatica
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Pastinaca L. / Kelemenkesir

12. Pastinaca sativa L. subsp. urens (Req. Ex Gren. & Godr.)
Celak. / Seker havucu

Yedisu; Glizgilii Koy, nemli alan, 18.08.2020, 1518 m,
39°25'36.50"K, 40°29'15.98"D, HC3123, Hec.

ASPARAGACEAE / KUSKONMAZGILLER
Polygonatum Mill. / Miuhriistileyman
13. Polygonatum orientale Desf. / Bogumluca

Yedisu; Glizgiilii Kéytii, ormanlik alan, 22.07.2020, 1518 m,
39°25'36.50"K, 40°29'15.98"D, HC3110, Avrupa-Sibirya
elementi, Cr.

ASTERACEAE / PAPATYAGILLER
Inula L. / Andizotu

14. Inula acaulis Schott & Kotschy ex Boiss. var. caulescens
Nab. / Bodur andizotu

Karliova; Kaynarpinar Koyii, Kavak Mezrasi, step,
06.07.2019, 2096 m, 39°21'17.36"K, 40°41'24.90"D, HC2804,
Cr.

Pilosella Vail. / Tirnakotu

15. Pilosella hoppeana (Schult.) F.W.Schultz & Sch.Bip.
subsp. cilicica (Négeli & Peter) P.D.Sell & C.West / Toros
tirnakotu

Karliova; Kazanli Koyi, Sip mevkii, taslik yamaglar,
12.07.2017, 2560 m, 39°20'43.06"K, 40°54'3.21"D, HC1561,
Hc.

Psephellus Cass. / Ttiliibas

16. Psephellus bornmuelleri (Hausskn. ex Bornm.) Wagenitz
/ Kar tiiliibas

(Syn: Centaurea bornmuelleri Hausskn. ex Bornm.)

Karliova; Kazanli Koy, Zero tepesi, step, 15.07.2017, 2824
m, 39°21'27.36"K, 40°51'46.99"D, HC1628, Endemik, Iran-
Turan elementi, Hc.

BRASSICACEAE / TURPGILLER
Alyssum L. / Kuduzotu

17. Alyssum peltarioides Boiss. subsp. peltarioides / Kose
kuduzotu (Sekil 5)

Sekil 5. Alyssum peltarioides subsp. peltarioides

Figure 5. Alyssum peltarioides subsp. peltarioides

Karliova; Kazanli Koy, step, 24.07.2017, 2265 m,
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39°21'45.09'K, 40°53'21.56"D, HC1812, Endemik, Iran-
Turan elementi, Ch.

Pseudosempervivum (Boiss.) Gross. / Kasikotu

18. Pseudosempervivum aucheri (Boiss) Pobed. / Has
kasikotu

(Syn: Cochlearia aucheri Boiss.)

Karliova; Kazanl Koyti, Zero tepesi, step, 15.07.2017, 2824
m, 39°21'27.36"K, 40°51'46.99"D, HC1621, HC2927,
Endemik, ran-Turan elementi, Hc.

Erysimum L. / Zarifeotu
19. Erysimum sintenisianum Bornm. / Koseli zarifeotu
(Syn: Erysimum alpestre Kotschy ex Boiss.)

Karliova; Kazanh Koy, Sip mevkii, step, 12.07.2017, 2560
m, 39°20'43.06"K, 40°54'3.21"D, HC1573, Endemik, iran-
Turan elementi, Hc.

20. Erysimum uncinatifolium Boiss. / Dadas zarifeotu

Karliova; Kazanli Koy, step, 23.04.2018, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1971, Avrupa-Sibirya
elementi, Hc.

Isatis L. / Civitotu
21. Isatis aucheri Boiss. / Pos ¢ivitotu

Yedisu; Yagmurpinart Koy, step, 05.07.202Q, 2433 m,
39°30'47.54"K, 40°32'1.79"D, HC2959, Endemik, Iran-Turan
elementi, Hc.

Noccaea Moench / Kugbasiotu

22. Noccaea ochroleuca (Boiss. & Heldr.) F.K.Mey. / Davraz
dagarcig

(Syn: Thlaspi ochroleucum Boiss. & Heldr.)

Karliova; Kazanli Koyti, nemli alan, 23.04.2018, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1970, Hc.

Conringia Heistt. ex Fabr. / Telkariotu
23. Conringia persica Boiss. / Acemtelkari

Karliova; Catak Koyt, step, 23.06.2020, 2169 m,
39°22'30.32"K, 41° 2'2.35"D, HC2846b, Th.

Draba L. / Kayadolamasi
24. Draba huetii Boiss. / Cayir dolamasi

Karliova; Kizilgubuk Koyti, step, 21.05.2018, 2082 m,
39°22'38.65"K, 40°52'58.13"D, HC2015, Th.

Hesperis L. / Aksamyildiz
25. Hesperis armena Boiss. / Kesis y1ldiz1

Yedisu; Eskibalta Koyt Gelinpertek Koyt arasi, step,
25.06.2020, 1490 m, 39°27'30.27"K, 40°27'57.07"D, HC3220,
Endemik, iran-Turan elementi, He.

Isatis L. / Civitotu
26. Isatis takhtajanii V.E.Avet. / Kackar civitotu

Karliova; Kazanli Koy, step, 24.07.2017, 2265 m,
39°21'45.09'K,  40°53'21.56"'D, HC1751, iran-Turan
elementi, He.
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27. Isatis tinctoria L. subsp. tomentella (Boiss.) P.H.Davis /
Kizlargobegi

Karliova; Kazanli Koy, step, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1849, Hc.
CAMPANULACEAE / CANCICEGIGILLER

Campanula L. / Cangicegi

28. Campanula pulvinaris Hausskn. & Bornm. / Kayrak ¢an

Karliova; Kazanli Koyti, Zero tepesi, step, 15.07.2017, 2824
m, 39°21'27.36"K, 40°51'46.99"D, HC1609, Endemik, Hc.

CAPRIFOLIACEAE / HANIMELIGILLER
Cephalaria Scrad. ex Roem. & Schult. / Pelemir
29. Cephalaria microcephala Boiss. / Bozkir pelemiri

Karliova; Kazanli Koy, Zero tepesi, step, 15.07.2017, 2824
m, 39°21'27.36"K, 40°51'46.99'"D, HC1667, iran-Turan
elementi, Hc.

Scabiosa L. / Uyuzotu

30. Scabiosa columbaria L. subsp. ochroleuca (L.) Celak. var.
ochroleuca / Sar1 uyuzotu

Karliova; Kazanli Koyti, nemli alan, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1788, Hc.

CARYOPHYLLACEAE / KARANFILGILLER
Eremogone Fenzl / ignekumotu

31. Eremogone acutisepala (Hausskn. ex F.Williams) Ikonn.
/ Egin kumotu

(Syn: Arenaria acutisepala Hausskn. ex F.N.Williams)

Yedisu; Yagmurpinart Koy, step, 05.07.2020, 2433 m,
39°30'47.54"K, 40°32'1.79"D, HC2939, Endemik, Iran-Turan
Elementi, Hc.

Gypsophila L. / Coven
32. Gypsophila munzurensis Armagan

Karliova; Kaynarpmar Koyt, Kayik mevkii, step,
18.07.2018, 2083 m, 39°22'39.03"K, 40°48'11.80"D, HC2553,
Endemik, Hc.

2016 yilinda Tunceli’den (B7) bilim diinyast igin yeni bir
takson olarak yaymlanan (Armagan, 2016) bu tiirtin;
alanimizdan (B8) yayilisinin tespit edilmis olmasi
beklenen bir durumdur. Zira Tunceli'ye komsu olan ve
ekolojik olarak da bu ilin sahip oldugu ekolojiye benzerlik
gosteren alanimizdan da bu tiurtin yayilisinin olmast
stirpriz degildir.

Bu ttrtin alanimizda da yayilisinin olmasi dikkate
alindiginda hem yayilis alan1 hem de yasam alani (birey ve
lokalite sayis1) genislemistir. Ttirtin yayilis alaninin 5000
km? den az ve lokalite sayisinin 5'ten az olmasindan dolay1
daha once kritik (CR) olan tehlike kategorisinin tehlikede
(EN) [Blab(i,ii)] olarak degerlendirilmesi daha dogru
olacaktr.

Minuartia L. / Tistisotu
33. Minuartia rimarum (Boiss. & Balansa) Mattf. / Yar tistisi

Karliova; Karliova yaylasi, zero tepesi, step, 25.06.2018,
2824 m, 39°21'27.36"K, 40°51'46.99"D, HC2235, Endemik,
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fran-Turan Elementi, He.
Silene L. / Nakil

34. Silene caryophylloides (Poir.) Otth subsp. subulata (Boiss.)
Coode & Cullen / Comak nakil

Karliova; Catak Koy, step, 09.07.2020, 2169 m,
39°22'30.32"K, 41° 2'2.35"D, HC3022, Hc.

Bu bitkinin yaprak boyunun Tiirkiye Florasinda verilen
taniminda 15-20 mm oldugu goriilmektedir. Alanimizdan
toplanan 6rneklerde ise yaprak boyunun 4 cm’yi gectigi
tespit edilmistir.

CRASSULACEAE / DAMKORUGUGILLER
Sedum L. / Damkorugu
35. Sedum acre L. subsp. acre / Act damkorugu

Yedisu; Yagmurpinari Koyti, kayalik alan, 05.07.2020, 2433
m, 39°30'47.54"K, 40°32'1.79"D, HC2926, Hc.

CYPERACEAE / HASIROTUGILLER
Carex L. / Ayakotu
36. Carex pallescens L. / Solukaparna

Karliova; Kantarkaya yaylasi, nemli alan, 02.07.2017, 2034
m, 39°20'0.73"K, 41° 1'9.97"D, HC1418, Avrupa-Sibirya
elementi, Hc.

ELATINACEAE / SUSOLUCANOTUGILLER
Elatine L. / Susolucanotu
37. Elatine alsinastrum L. / Ince solucanotu

Karliova; Serpmekaya Goli, su igi, 10.07.2020, 1828 m,
39°16'59.98"K, 41° 2'45.01"D, HC3056, Hd.

EUPHORBIACEAE / SUTLEGENGILLER
Euphorbia L. / Stitlegen

38. Euphorbia herniariifolia Willd. var. herniariifolia / Boncuk
stitlegeni

Karliova; Kazanh Koy, Sip mevkii, step, 12.07.2017, 2560
m, 39°20'43.06"K, 40°54'3.21'D, HC1577, iran-Turan
elementi, He.

39. Euphorbia phymatosperma Boiss. subsp. phymatosperma /
Sahra stitlegeni

Karliova; Kazanli Koy, step, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1716, Th.

FABACEAE / BAKLAGILLER
Astragalus L. / Geven

40. Astragalus nezaketine A.Duran & Ayta¢ / Nazik geven
(Sekil 6)

Yedisu; Yagmurpinari Koy, kayalik alan, 05.07.2020, 2433
m, 39°30'47.54"K, 40°32'1.79"D, HC2997, Endemik, iran-
Turan elementi, Hc.

Bu ttir tanimlandig1 yayinda (Duran & Aytag, 2005) tehlike

kategorisi ile ilgili herhangi bir degerlendirme
yapilmamistir. Daha sonra yapilan arastirmalarda
Erzincan Kesis Dag, Erzurum Ispir, Rize

(www.turkiyebitkileri.com.tr) ve alanimizda (Bingol ilinin
Yedisu ve Karliova ilcelerinden iki farkli lokalitede) yay1lis
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gosterdigi belirlenmistir. Arazi calismalar1 sirasinda
popiilasyon  buytklugiini  belirlemek  miimkiin

olamamustir. Tiirtin yayilis alanmin 20000 km2 den az
olmasi ve lokalite sayisinin 10’dan az olmasindan dolay1
tehlike kategorisinin zarar gorebilir (VU) [Blab(i,ii)]
olmasmin daha dogru olacagindan bu kategoriye dahil
edilmesi onerilmistir.

Sekil 6. Astragalus nezaketiae

Figure 6. Astragalus nezaketiae

Trifolium L. / Yonca

41. Trifolium ambiguum M.Bieb. / Pisikkulag:

Karliova; Karliova yaylasi, nemli alan, 30.06.2017, 2012 m,
39°18'16.77"K, 40°59'47.42"D, HC1305, He.

HALORAGACEAE / SUCIVANPERCEMIGILLER
Myriophyllum L. / Sucivanpercemi
42. Myriophyllum verticillatum L. / Halkal1 sucivanpercemi

Karliova; Serpmekaya Golii, su igi, 10.07.2020, 1828 m,
39°16'59.98"K, 41° 2'45.01"D, HC3075, Hd.

HYPERICACEAE / KANTARONGILLER
Hypericum L. / Kantaron

43. Hypericum confertum Choisy subsp. stenobotrys (Boiss.)
Holmboe / Kuzukiran

Karliova; Karliova yaylasi, step, 30.06.2017, 2012 m,
39°18'16.77"K, 40°59'47.42"D, HC1301, D. Akdeniz (dag)
elementi, He.

LAMIACEAE / BALLIBABAGILLER
Thymus L. / Kekik
44. Thymus convolutus Klokov / Egin kekigi

Karliova; Kazanli Kéyti, Zero tepesi, step, 15.07.2017, 2824
m, 39°21'27.36"K, 40°51'46.99"D, HC1642, Endemik, Iran-
Turan elementi, Ch.

Bugiine kadar sadece B7 karesinden (Erzincan) yayilist
bilinen (Yildirimli, 2006) bu lokal endemik ve tehlikede
olan (EN) taksonun B8 karesinde de yayilisinin tespit
edilmesi ile yayilis alaninin daha genis oldugu ortaya
konmustur.

Alanimizdaki birey sayisinin fazla olmadig1 gézlemlenen
bu tiirtin yayilis alani da fazla genislemedigi dikkate
alindiginda; tehlikede olan (EN) kategorisinde yer almaya
devam etmesinin uygun olacag diistintilmektedir.
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NYMPHACEAE / NILUFERGILLER
Nymphaea L. / Niliifer
45. Nymphaea alba L. / Niltifer

Karliova; Serpmekaya Goli, su ici, 10.07.2020, 1828 m,
39°16'59.98"K, 41° 2'45.01"D, HC3090, Hd.

ORCHIDACEAE / SALEPGILLER
Dactylorhiza Necker ex Nevski / Balkaymaksalebi

46. Dactylorhiza euxina (Nevski) H.Baumann & Kiinkele
var. markowitschii (So6) Renz & Taubenheim / Laz salebi
(Sekil 3 D)

Karliova; Kazanli Koyt, caywr alan, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1756, Avrupa-Sibirya
elementi, Cr.

PAPAVERACEAE / HASHASGILLER
Glaucium Mill. / Comlekgatlatan
47. Glaucium cappadocicum Boiss. / Boynuzlu gelincik

Yedisu; Dinarbey Koyti, step, 04.07.2018, 1720 m,
39°22'34.16"K, 40°39'8.48"D, HC2337, Endemik, Iran-Turan
elementi, Hc.

PLANTAGINACEAE / SINIROTUGILLER
Veronica L. / Mavisot
48. Veronica poljensis Murb. / Acem mavisi

Karliova; Serpmekaya Golii, nemli alan, 20.08.2020, 1828
m, 39°16'59.98"K, 41° 2'45.01"D, HC3127, fran-Turan
elementi, He.

POACEAE / BUGDAYGILLER
Agropyron Gaertn. / Otlakayrigt

49. Agropyron cristatum (L.) Gaertn. subsp. incanum
(Nabelek) Melderis / Kop ayrigt

Karliova; Kazanh Koy, Sip mevkii, step, 12.07.2017, 2560
m, 39°20'43.06"K, 40°54'3.21"D, HC1546, Iran-Turan
elementi, Hc.

POLYGONACEAE / MADIMAKGILLER
Rumex L. / Labada

50. Rumex angustifolius Campd. subsp. macranthus (Boiss.)
Rech. / Kertlice

Karliova; Kaynarpmar Koyti, Kayik Deresi, step,
08.07.2018, 1729 m, 39°23'12.52"K, 40°47'30.74"D, HC2469,
fran-Turan elementi, Hc.

RANUNCULACEAE / DUGUNCICEGIGILLER
Delphinium L. / Hezaren
51. Delphinium schmalhausenii Albov / Hos hezaren

Karliova; Tuzluca Koyt, step, 21.07.2020, 1983 m,
39°21'43.46"K, 41° 4'50.84"D, HC3101, Hc.

Ranunculus L. / Digtingicegi
52. Ranunculus lingua L. / Dilli yagotu (Sekil 3 B, E)

Karliova; Serpmekaya Goli, su ici, 10.07.2020, 1828 m,
39°16'59.98"K, 41° 2'45.01"D, HC3058, Hd.
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Marmara Bolgesi'nde yayilis1 bulunan ve C10 (Hakkari)
karesinde de kaydedilen (Yildirimli, 2010) bu takson B8
karesinde de tespit edildi. Sucul bitkilerin genis yayilisa
sahip olduklar1 kanaati bu taksonun alanimizdaki yayilisi
ile teyit edilmistir.

RHAMNACEAE / CEHRIGILLER
Frangula Mill. / Barutagaci

53. Frangula dodonei Ard. subsp. pontica (Boiss.) Soldano /
Barutagaci

(Syn: Frangula alnus subsp. pontica (Boiss.) P.H.Davis &
Yalt.)

Yedisu; Dinarbey Koy, calilik alan, 19.07.2018, 1720 m,
39°22'34.16"K, 40°39'8.48"D, HC2568, Endemik, Fh.

ROSACEAE / GULGILLER
Cotoneaster Medik. / Dagmusmulasi
54. Cotoneaster melanocarpus Lodd / Kara musmula

Karliova; Kazanli Koy, step, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1796, Fh.

Rubus L. / Bogtirtlen
55. Rubus saxatilis L. / Koslek

Karliova; Kiimbet Koy, nemli alan, 09.08.2018, 2874 m,
39°26'56.01"K, 40°59'30.97"D, HC2678, Fh.

Sorbus L. / Uvez
56. Sorbus tamamschjanae Gabr. / Boylu tivez

Karliova; Kazanli Koyii, step, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1795 HC1880, Fh.

Potentilla L. / Besparmakotu

57. Potentilla pannosa Boiss. & Hausskn. ex Boiss. / Yin
parmakotu

Karliova; Kaynak Koy, step, 16.05.2021, 1972 m,
39°14'47.56"K,  40°53'38.74"D, HC3294, Iiran-Turan
elementi, Hc.

SAPINDACEAE / AKCAAGACGILLER
Acer L. / Akcaagag
58. Acer negundo L. / Isfendan

Karliova; Kaynarpmar Koyt, Kayik Deresi, orman ici,
08.07.2018, 1729 m, 39°23'12.52"K, 40°47'30.74"D, HC2440,
Fh.

59. Acer heldreichii Orph. ex Boiss. subsp. trautvetteri
(Medw.) A.E.Murray / Balkan akc¢agaci

(Syn.: Acer trautvetteri Medw.)

Karliova; Kazanl Koy, ormanlik alan, 24.07.2017, 2265 m,
39°21'45.09"K, 40°53'21.56"D, HC1709, Fh.

SCROPHULARIACEAE / SIRACAOTUGILLER
Verbascum L. / Sigirkuyrugu
60. Verbascum pyramidatum M.Bieb. / Arsiz sigirkuyrugu

Karliova; Catak Koyi, step, 09.07.2020, 2169 m,
39°22'30.32"K, 41° 2'2.35"D, HC3020 HC3071, Avrupa-
Sibirya elementi, He.
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Scrophularia L. / Sircaotu

61. Scrophularia libanotica Boiss. var. cappadocica R R.Mill /
Denekutnu

Karliova; Kaynarpmar Koyii, Kavak Mezrasi, step,
17.05.2021, 2096 m, 39°21'17.36"K, 40°41'24.90"D, HC3297,
Endemik, iran-Turan elementi, He.

VIOLACEAE / MENEKSEGILLER
Viola L. / Menekse
62. Viola odontocalycina Boiss. / Kesis meneksesi (Sekil 3 A)

Karliova; Kiimbet Koyii, step, 02.08.2018, 2874 m,
39°26'56.01"K, 40°59'30.97'D, HC2624, Endemik, Iran-
Turan elementi, Hc.

Simdiye kadar sadece B7 karesinden (Erzincan) yayilisi
bilinen (Yildirimli, 2013) ve tehlikede (EN) diizeyinde risk
altinda olan (Kandemir et al., 2015) endemik taksonun bu
calisma ile B8 karesinde yayilisinin oldugu belirlendi.
Alanimizdaki birey sayis1 fazla olmayan bu tiirtin yayilis
alan1 da fazla genislemedigi dikkate alindiginda tehlikede
(EN) risk smifinda yer almaya devam etmesinin uygun
olacag dustintilmektedir.

4. Sonug

Calisma sonucunda 30 farkli familya ve 53 cinse ait toplam
62 taksonun yeni yayilis alanlar1 belirlenmis olup; hem
yazilmakta olan Resimli Tiirkiye Florasina hem de
yapilan veya yapilacak olan monograf, revizyon ve flora
calismalarina katkida bulunacaktir. Kserofit ve mezofit
bitkilere gore daha genis yayilish olduklar1 bilinen sucul
(akuatik) bitkilerin korolojileri hakkinda Ttirkiye florasi ile
ilgili calismalarda smirli bilginin yer aldig1 sonucuna
varilabilir. Zira bu ¢alismada 8 akuatik bitki taksonunun
B8 karesindeki yayilislarinin ilk defa kaydedilmesi bu
gortistt destekler gortinmektedir. Ayrica yeni kayit
listesinde yer alan lokal endemik veya dar yayilish 11
taksonunun arastirma alammmizda da  yayilisinin
belirlenmesi ile ilgili bazi degerlendirmeler; yeni kayit
listesinde ilgili taksonun altinda verilmistir. Bu veriler
1s18inda belirtilen taksonlarla ilgili tehlike kategorileri
yeniden degerlendirilmistir.

Etik kurul onay1: Bu calisma icin etik kurul onay: alinmasmna
gerek yoktur.

Cikar catismasr: Yazarlar, cikar catismasi olmadigi beyan
etmistir.

Yazar katkisi: Fikir/Kavram - H.C., L.B.; Tasarim - H.C.,, L.B,;
Denetleme/Danismanlik - H.C., L.B.; Kaynaklar/Fon Saglama -
H.C, L.B.; Materyaller - H.C., L.B.; - Veri Toplama veya Isleme -
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Abstract: Atatiirk Dam Lake, which was established on the Euphrates River for agricultural irrigation and electricity
production, is the largest dam lake in Turkey. Many fish species, which are the primary food source for humans, live in the
dam lake. Therefore, possible pollution in this dam will adversely affect not only fish but also human health. For this purpose,
in this study, lead, cadmium, chromium, iron, zinc, and copper levels were measured in the liver, gill, and muscle tissues of
Cyprinus carpio, which was the food source of the local people, caught from two different regions (Sitilce and Samsat) of the
dam lake in August and September in 2021. In our study, lead was not detected in any of the tissues and cadmium was not
detected in gill and muscle tissues in fish from both regions. It was found that the levels of all metals found in the fish of the
Sitilce region were not statistically different from the fish of the Samsat region (except the liver iron level). Our research results
showed that the heavy metal levels in the muscle tissue of C. carpio were below the legally permissible limits in terms of
nutritional safety and human consumption. In addition, when compared with previous studies, it was determined that there
was a decrease in heavy metal levels in the tissues of fish after the wastewater treatment plants were established.

Keywords: Aquatic ecosystems, fish, heavy metal, pollution.

Atatiirk Baraj Golii'nde (Adiyaman) Yakalanan Cyprinus carpio’nun Dokularindaki Kursun,
Kadmiyum, Krom, Demir, Cinko ve Bakir Diizeylerinin Degerlendirilmesi

Oz: Tarimsal sulama ve elektrik enerjisi tiretimi icin Firat Nehri {izerine kurulan Atatiirk Baraji Tiirkiye’deki en biiytik barajdir.
Baraj goliinde insanlarin birinci derecede besin kaynagi olan bircok balik tiirii yasamaktadir. Bu nedenle bu barajdaki olas: bir
kirlilik sadece baliklart degil insan sagligini da olumsuz etkileyecektir. Bu amagla sunulan ¢alismada baraj goliiniin iki farkls
bolgesinden (Sitilce ve Samsat) 2021 Agustos ve Eyliil aylarinda yakalanan ve yore halkinin da besin kaynagini olusturan
Cyprinus carpio’nun solungag, karaciger ve kas dokusu; kursun, kadmiyum, krom, demir, ¢inko ve bakir diizeyleri 6l¢tilmiistiir.
Arastirmamizda her iki bolge baliklarinda kursun diizeyi tiim dokularda, kadmiyum ise solungag ve kas dokusunda tespit
edilememistir Sitilce bolgesi baliklarinda tespit edilen tiim metallerin diizeylerinin Samsat bolgesi baliklarindan istatistiksel
olarak farkli olmadig1 bulunmustur (sadece karaciger demir diizeyi haric). Arastirma sonuglarmmiz besin giivenirligi ve
insanlarin ttiketimi agisindan C. carpio’nun kas dokusundaki agir metal diizeylerinin yasal olarak izin verilen limitlerin altinda
oldugunu gostermektedir. Ayrica 6nceki ¢alismalarla karsilastirldiginda faaliyete gecen atik su aritma tesislerinden sonra
baliklarin dokularindaki agir metal diizeylerinde azalmalar oldugu da belirlenmistir.

Anahtar kelimeler: Sucul ekosistemler, balik, agir metal, kirlilik.

Issue published: 30.06.2022

1. Giris

Giintimiizde artan bir sekilde endiistriyel, kentsel ve
tarimsal atiklar ile diger kirleticilerin sucul ortamlara
girmesi, ciddi cevre Kkirliligine ve onemli ekolojik
problemlere neden olmaktadir. Nehir ve gol gibi tatl su
ekosistemlerindeki kirliligin hem su kalitesini hem de
icinde yasayan sucul organizmalari olumsuz etkiledigi
bilinmektedir. Tathi sular denizlere gore ok kiiciik
hacimlere sahip olduklart icin denizlerden daha fazla
kirleticilere maruz kalabilmektedirler ki bu da tath sularin
deniz veya okyanuslardan daha hassas ekolojik ortamlar
olmasina neden olmaktadir (Canli, 2021). Su ekosistemine
cesitli dogal ve antropojenik kaynaklardan stirekli olarak
farkli organik ve inorganik toksik maddeler salinmaktadir.
Bunlar arasinda agir metaller, yalnizca toksik yapilar
nedeniyle degil, aym zamanda besin zincirinde
biyobirikim potansiyeline sahip olmalart nedeniyle ¢evre
kirliliginde 6nemli bir rol oynamaktadir (Briffa et al.,
2020). Sucul sistemler agir metal kirliligine kars: oldukca
hassas olup su ortamlarinda bu tir metallerin

*Corresponding author: ofirat@adiyaman.edu.tr

seviyelerindeki kademeli artis gintimiizde birincil endise
kaynagt haline gelmistir (Ashraf et al., 2012).

Akuatik ekosistemlerin 6nemli bir ©gesi olan
baliklar, ytiksek besin kalitesi nedeniyle insan diyetinin
onemli bir bilesenini olusturmaktadir. Bu canlilar; temel
amino asitler, yaglar, makro ve eser elementler ve yagda
¢oziinen vitaminler a¢isindan zengin, kolayca sindirilebilir
proteinin ana kaynaklarindandir. Baliklar, yine uzun
zincirli ¢oklu doymamis omega-3 yag asitleri acisindan
zengin bir besindir. Bu sucul organizmalar, tatli su
sistemlerinde eser metal kirliligi potansiyelinin tahmini
icin en belirleyici canlilardan biri olarak kabul edilir
(Luczynska et al., 2022). Ayrica insan tiiketimine yonelik
potansiyel riski tahmin etmek igin de kullanilmaktadirlar.
Baliklarin toksik maddelere maruz kalmalarinin kalite ve
cesitlilikleri ile protein gereksinimleri i¢in onlara bagiml
olan insanlarin saglig: tizerinde de bazi zararh etkileri
olmaktadir (Nyantakyi et al., 2019). Agir metallerin izin
verilen maksimum seviyelerin {izerinde birikmesi
Parkinson ve Alzheimer hastaliklarina, kan bilesiminde
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degisikliklere, gelisme ve {iremede bozukluklara, akciger,
karaciger ve bobrek doku hasarlari gibi nemli saglik
sorunlarina neden oldugu rapor edilmistir (Korkmaz etal.,
2017). Bu nedenle baliklarda biriken ve insan sagligimi da
olumsuz etkileyen agir metallerin izlenmesi ve kontrolii
ginimiizde oldukca o6nemli ve elzem goriinmektedir
(Tore et al., 2021).

Sunulan bu ¢alismada Tiirkiye'nin en énemli tatli su
kaynaklarindan biri olan Firat Nehri tizerinde kurulan
Atatiirk Baraj Goli'ndeki geleneksel ve iyi bilinen
kirleticiler olan agir metallerin arastirma materyali olarak
secilen Cyprinus carpio’daki dtizeylerinin belirlenmesi
amaclanmustir. Atatiirk Baraji Tiirkiye'nin en biiytik baraji
olup temel amaci elektrik tiretimi ve tarimsal sulamadir.
Ne yazik ki bu baraj golii genis tarimsal alanlar: olan ve
yogun bir niifusa sahip Adiyaman sehrinden gelen evsel,
endiistriyel ve tarmmsal atiklarla kontamine olmaktadir
(Firat & Alici, 2012). Barajin genis ve cok cesitli akuatik
organizmalara sahip olmasi ve yore halkmin birinci
dereceden besin kaynaklarini olusturan baliklar: icermesi
bu barajdaki kirliligin izlenmesinin énemini artirmaktadar.
Firat Nehri tizerindeki barajlarda agir metal ve pestisit
kirliligi ve bu kirliliklerin sucul organizmalarin et kalitesi,
biyokimyasal ve molekiiler parametrelerine toksik etkileri
tizerine bircok calisma yurtitilmiistiir (Firat & Alici, 2012;
Karadag et al., 2014; Alkan Uckun, 2017; Caglar et al.,
2019).

Atatiirk Baraj Golii uzun yillar Adiyaman ve sanayi
atitk sularmin etkisinde kalmistir. 2016 yilmna kadar
Adiyaman sehir atik sular1 artilmaksizin  Sitilce
bolgesinden dogrudan baraj goline salinmaktaydi. Yine
Adiyaman Organize Sanayi Bolgesi atiklar: da 2017 yilina
kadar herhangi bir aritmaya tabi tutulmadan Egricay
araciligryla Sitilce’ye oldukca yakin olan Hosirge Koyt
mevkiinde baraja bosalmaktaydi. Bu nedenle bu
arastirma, bahsedilen tarihlerde faaliyete gecen atik su
aritma tesislerinden sonra barajin metal kirlilik ytikii ile
ilgili yapilan ilk ¢alisma olma ozelligindedir. Bu calisma
yine soz konusu atik su aritma tesislerinden ¢nce bu
bolgede yapilan ¢alismalarla (Firat, 2016; Firat et al., 2018)
karsilastirma yapma olanagi sunmasi bakimindan da
onemlidir. Bu arastirmada Atatiirk Baraj Golii'niin farkl
bolgelerinden yakalanan Cyprinus carpio nun
dokularindaki kursun, kadmiyum, krom demir, ¢inko ve
bakir gibi metallerin diizeylerinin 6l¢iilmesi ve balik
kaslarmndaki metal diizeylerinin insan tiiketimi igin izin
verilen ulusal ve wulusalar arast yasal simirlarla
karsilastirllarak insan saghigi ve besin gtivenirliligi
agisindan degerlendirilmesi amaglanmustir.

2. Materyal ve Metot

Bu calismada arastirma materyali olarak Tiirkiye'de
barajlar1 da igeren tatli sularda oldukca yaygin olarak
bulunan ve insanlarinda énemli besin kaynaklarindan biri
olan Cyprinus carpio kullanilmistir. Bu arastirma igin
gerekli Etik Kurul onay1 Adiyaman Universitesi Hayvan
Deneyleri Yerel Etik Kurulu'ndan alinmistir (Karar No:2,
Tarih: 30/04/2020, Protokol No: 2020/014). Yine Atatiirk
Baraj Goli'nde yapilacak alan calismasi igin gerekli
arastirma izni Tarim ve Orman Bakanligi Doga Koruma ve
Milli Parklar Genel Mudiirltigii'nden alinmistir (Say1 No:
E-21264211-288.04-1756431, Tarih: 20.06.2021). Baliklar
baraj goliiniin fakli bolgelerinden secilmistir. Bu amacgla
barajda iki farkli bolge tercih edilmistir. Bu bolgelerin
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belirlenmesinde daha ¢nceki ¢alismalar dikkate alinmigtir
(Firat & Alici, 2012; Firat, 2016; Firat et al., 2018). Barajda
ornekleme alanlar1 olarak Sitilce ve Samsat bolgeleri
calismaya dahil edilmistir. Sitilce bolgesi 2016 ve 2017
yillarinda yapilan atik su aritma tesisine kadar Adiyaman
sehir ve sanayi atik sularmnin etkisi altinda uzun yillar
kalmis bir bolgedir. Samsat bolgesi ise belirgin bir insan
kaynakli kirleticilerden etkilenmeyen ve goreceli olarak
temiz bir bolgedir. C. carpio 6rnekleri barajin bu calisma
bolgelerinden Agustos-Eyliil 2021de alinmustir (Sekil 1).

e ADIYAMAN

TURKIYE

Atatiirk Baraj Golii

Sekil 1. Atattirk Baraj Golii'nde baliklarin érneklendigi Sitilce ve
Samsat calisma bolgeleri (Firat et al., 2018)

Figure 1. Sitilce and Samsat study areas where fish were sampled
from Atatiirk Dam Lake (Firat et al., 2018)

Barajin calisma bolgelerinin her biri igin 10 adet
Cyprinus carpio alinmis ve arastirma toplamda 20 adet
balikla ytriitiilmiistiir. Profesyonel balikc tarafindan ag
atmak suretiyle yakalanan baliklar islemler baslayana
kadar kendi dogal ortaminda canli olarak bekletilmistir.
Bu baliklar golden alindiktan hemen sonra 75 mg/L
derisimindeki MS222 (3 amino benzoik asit etil ester)
anestezik maddesi ile bayiltilmis ve servikal dislokasyon
yapilmistir. Bu islem her balik i¢in ayr1 ayr1 yapilmis ve bir
balikla ilgili islemler bitmeden ikinci bir balik prosediire
alinmamustir. Baliklar, icerisinde buz bulunan termoslara
konmus ve diseksiyon ve doku 6rneklerinin alinmasi igin
zaman kaybetmeksizin Adiyaman Universitesi Fen
Edebiyat  Fakiiltesi ~ Biyoloji =~ Bolimii  Zooloji
Laboratuvarma getirilmistir. Laboratuvarda baliklarin boy
(cm) ve agirliklar: (g) alindiktan (Tablo 1) sonra steril
aletlerle disekte edilerek solungag, karaciger ve kas
dokular1 alinmastur.

Tablo 1. Atattirk Baraj Goli'niin fakli bolgelerinden 6rneklenen
Cyprinus carpio’nun boy ve agirliklar:

Table 1. Size and weight of Cyprinus carpio sampled from different
regions of Atattirk Dam Lake

Bolge Total Boy (cm)* Agirlik (g)*
Sitilce 42.70£2.63 1165173
Samsat 42.3042.75 11844197

*: Aritmetik ortalamatstandart sapma.

Doku ve organlardaki metal analizleri Adiyaman
Universitesi  Merkezi  Arastirma  Laboratuvarinda
mikrodalga yakma yontemini takiben Indiiktif olarak
Birlestirilmis Plazma Optik Kiitle Spektrometre (ICP MS)
cihazinda yapilmistir. Bu amagla disekte edilen
dokulardan yaklasik 250 mg alinmus tizerine 5 ml nitrik
asit (HNOs3, %65) eklenmistir. Daplar calkalanip kapaklar:
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kapatilmadan o¢nce 15-20 dakika bekletilmistir. Sonra
mikrodalga yakma cihazinda (Berghof marka) yakma
prosediirii (Alkan Uckun et al., 2017) uygulanmistir (Tablo
2). Ornekler yakma isleminden sonra son hacimleri 10
ml’ye ayarlanmistir. Bu 6rneklerden de 0.5 ml alinip ultra
saf su ile 10 ml ye seyreltilip ICP MS cihazinda
okutulmustur (NexION 350X, Perkin Elmer). ICP MS
cihazinda yapilan analizler Alkan Uckun et al. (2017)'a
gore gerceklestirilmistir. Standart ¢ozeltilerin kullanilmas1
ile cihazin kalibrasyonu saglanmistir. Orneklerdeki her bir
metal icin ti¢ kez olcim yapilmis ve ortalamalar
alinmustir. Standart referans materyal olarak NBS DORM-
2 (Squalus acanthias kas dokusu, National Research Council
of Canada) kullanilmis (Firat et al.,, 2018) ve boylelikle
analitik prosediirlerin dogrulugu test edilmistir (Tablo 3).

Tablo 2. Doku ornekleri ig¢in mikrodalga c¢oztiniirlestirme
kosullar1

Table 2. Microwave solubilization conditions for tissue samples

Basamak  Sicaklik (°C)  Basing (bar) Gii¢ (%) Zaman (dakika)
1 160 40 80 5
2 190 40 80 15
3 50 0 0 0

Tablo 3. Standart referans materyaldeki metal diizeyleri (ug/g)

Table 3. Metal levels (ng/g) in standard reference material

Metal ~ Referans Degerler*  Olgiilen Degerler*  Geri Kazanim (%)
Pb 0.065+0.007 0.068+0.007 105
Cd 0.043+0.008 0.044+0.008 102
Cr 34.745.5 35.645.7 103
Cu 2.34+0.16 2.29+0.19 98
Zn 26.6+2.3 27.4%2.15 103
Fe 142+10 13612 96

*. Aritmetik ortalamaztstandart hata

Deneylerden elde edilen verilerin istatistik analizleri
SPSS 22.0 bilgisayar paket programi kullamlarak dokular
arasindaki metal diizeylerinin karsilastirilmasinda Tek
Yonlti Varyans Analizini takiben “Duncan testi” ve
calisma Dbolgeleri arasindaki karsilastirmalar icin ise
“Independent-Sample  Testi” kullanilmistir. Sonuglar P <
0.05 diizeyinde ise 6nemli kabul edilmistir.

3. Bulgular

Atattirk Baraj Golii'ntin iki farkli bolgesinde yakalanan
Cyprinus  carpio'nun  karaciger, solungac ve kas
dokularindaki metal diizeyleri Tablo 4’te verilmistir. Hem
Sitilce hem de Samsat bolgesi baliklarmin incelenen ttim
dokularinda Pb diizeyleri tespit edilememistir. Baraj
goliiniin her iki bolgesindeki baliklarin karaciger
dokusunda Cd birikimi belirlenmisken solungag ve kas
dokularinda metalin dtizeyleri tespit edilememistir.
Karacigerde Cd Sitilce bolgesindeki baliklarda 0.085 pg/g,
Samsat bolgesindekilerde ise 0.078 ng/g olarak bulunmus
olup metal diizeyi yoniinden bolgeler arasinda anlaml1 bir
istatistiksel ayrim saptanmamustir (P>0.05). Hem Sitilce
hem de Samsat bolgelerinde Cr en fazla solungag, sonra
karaciger ve kas dokularmda birikim gostermistir.
Solunga¢ dokusundaki metal diizeyinin diger iki dokuya
gore istatistiksel olarak 6nemli (P<0.05) ve yaklasik olarak
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da iki kat daha fazla oldugu saptanmustir. Calisilan
bolgeler karsilastirildiginda da incelenen her ti¢ dokudaki
Cr birikiminin Sitilce ve Samsat bolgeleri arasinda anlaml
bir istatistiksel ayrim gostermedigi belirlenmistir (P>0.05).
Hem Sitilce hem de Samsat bolgelerinde Cu en fazla
karacigerde, sonra solunga¢ ve kas dokularinda birikim
gostermistir. Karaciger dokusundaki metal diizeyinin
diger iki dokuya oranla yaklasik olarak 6-8 kat daha fazla
oldugu saptanmistir. Solungag ve kas dokularindaki Cu
birikimi istatistiksel =~ olarak anlamli bir ayrim
gostermemistir (P>0.05). Calisilan bolgeler
karsilastirlldiginda da incelenen tiim dokulardaki Cu
birikiminin Sitilce ve Samsat bolgeleri arasinda énemli bir
istatistiksel ayrim gostermedigi belirlenmistir (P>0.05).
Hem Sitilce hem de Samsat bolgelerindeki baliklarda
Zn’nin dokulardaki birikimi solungag¢ > karaciger > kas
seklinde olmustur. Dokulardaki metal diizeyinin kas
dokusuyla  Kkarsilastirildiginda  Sitilce ve  Samsat
bolgelerinde yaklasik olarak solunga¢ dokusunda sirasiyla
14 ve 24 ve karaciger dokusunda ise sirasiyla 10 ve 15 kat
daha fazla oldugu saptanmistir. Zn birikimi hem Sitilce
hem de Samsat bolgelerindeki baliklarda dokular arasinda
istatistiksel olarak énemli bir ayrim gostermistir (P<0.05).
Calisilan bolgeler karsilastirildiginda ise incelenen tiim
dokulardaki Zn birikiminin her iki bolge arasinda anlaml
bir istatistiksel ayrim gostermedigi belirlenmistir (P>0.05).
Fe, baraj goltintin her iki bolgesinde de solungag ve
karacigerde, kas dokusuna gore daha fazla birikim
gostermistir (P<0.05). Kas dokusuyla karsilastirildigindan
solunga¢ ve karaciger dokularindaki metal diizeyinin
yaklasik olarak 5-7 kat daha fazla oldugu belirlenmistir.
Calisilan  bolgeler karsilastirildiginda da  incelenen
dokulardaki Fe birikiminin sadece karacigerde Sitilce ve
Samsat bolgeleri arasinda ¢nemli bir istatistiksel ayrim
gosterdigi ve Sitilce bolgesi baliklarinda daha yiiksek
oldugu belirlenmistir (P<0.05). Sitilce bolgesi baliklarmin
karaciger =~ dokusu  demir  diizeylerinin = Samsat
bolgesindekilere oranla yaklasik 1.4 kat daha ytiksek
oldugu hesaplanmustir.

4. Tartisma ve Sonug

Kentlesme ve sanayilesme gibi insan faaliyetlerinin bir
sonucu olarak, son yillarda su ekosistemlerinde agir
metallerin birikmesinde bir artis meydana gelmekte ve bu
durum da ciddi ekolojik hasarlara neden olabilmektedir
(Din¢ & Dortbudak, 2020). Agir metaller, sucul
organizmalarda ve onlarla beslenen canlilardaki
toksisiteleri, uzun stire kaliciliklari, biyolojik birikimleri
nedeniyle ciddi bir tehdit olusturmaktadirlar. Baliklar,
sucul ortamlarin metal seviyelerini belirlemek i¢in uzun
stiredir biyoindikator ttirler olarak kullanilmaktadir (Kose
et al., 2020). Barajlar ve rezervuarlar esas olarak tarimsal
sulama, enerji tiretimi, tagskin kontrolii ve su temini i¢in
insa edilmektedir. Ne yazik ki bu alanlar da gtintimtizde
hem agir metal hem de pestisit Kkirliliginden
etkilenmektedir. Atatiirk Baraj Golii ¢ok biiytik bir su
potansiyeline sahiptir. Son yillarda yapilan bir calismada
bu barajda 8 familyaya ait 25 tiir tespit edilmistir (Bayhan,
2021). Bu baliklarin bir¢ogu yore halkinin besin kaynagin
olusturdugu gibi baz1 tiirleri ise sadece Firat Nehri'ne
ozgti olan endemik tiirlerdir. Bu nedenle barajmn kirlilik
durumunun belirlemesi ve belirli araliklarla takip edilmesi
hem baliklarin hem de insanlarin sagligi acisindan
onemlidir.
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Tablo 4. Atatiirk Baraj Goli'nde yakalanan Cyprinus carpio’nun
dokularindaki metal diizeyleri (ng/g yas agrilik)

Table 4. Metal levels (ug/g wet weight) in tissues of Cyprinus
carpio caught in Atatiirk Dam Lake

Dokular Sitilce Samsat

Pb

Solungag TE TE

Karaciger TE TE

Kas TE TE

Cd

Solungag TE TE

Karaciger 0.085+0.033~ 0.078+0.030x
Kas TE TE

Cr

Solungag 0.176+0.059ax 0.159+0.049ax
Karaciger 0.097+0.023bx 0.080+0.009bx
Kas 0.07820.006bx 0.068+0.007bx
Cu

Solungag 0.691+0.091ax 0.784+0.073ax
Karaciger 4.469+0.707bx 4.977+0.838bx
Kas 0.532+0.0082x 0.664+0.0072x
Zn

Solungag 22847 43ax 235+6.17ax
Karaciger 15049.57bx 15245.49bx
Kas 13.242.7ex 9.42+0.89x
Fe

Solungag 96.59+10.1ax 81.54+8.23ax
Karaciger 110.90+11.022x 77.47+6.823y
Kas 16.70£2.40bx 13.04+1.91bx

Veriler aritmetik ortalama + standart hata seklinde verilmistir. “a,
b ve ¢” harfleri dokular, “x ve y” harfleri ise istasyonlar arasindaki
aymrimi gostermek amaciyla kullanilmistir. Farkli harfler P<0.05
diizeyindeki istatistiksel ayrimi ifade etmektedir. TE: Tespit
Edilememistir.

Sunulan calismada Atatiirk Baraj Golii'niin Sitilce ve
Samsat bolgelerinden orneklenen Cyprinus Carpionun
solungag, karaciger ve kas dokularinda Cu, Zn, Fe ve
Cr'nin biriktigi tespit edilmistir. Calismamizla benzer
sekilde Mert et al. (2014) Damsa Baraj Golii'nde (Nevsehir)
C. carpio'nun dokularinda Al, Cd, Co, Cr, Cu, Fe, Mn, Nj,
Pb, Zn, Se, Ga ve Te diizeylerini arastirdiklar
calismalarinda Fe, Cu ve Zn diizeylerini diger metallere
gore daha yiiksek bulmuslardir. Arastirmamizda balik
dokularinda tespit edilen metallerin dtizeyleri, kas
dokusuyla Kkarsilastirildiginda solunga¢ ve karaciger
dokularinda genel olarak daha ytiksek bulunmustur. Her
iki bolge baliklarinda da Pb incelenen dokularda tespit
edilememis, Cd ise sadece karacigerde tespit edilmistir.
Firat (2016), Atatiirk Baraj Goli'ntn Sitilce ve Samsat
bolgelerinde drneklenen C. carpio, Capoeta trutta, and Liza
abu tiird baliklarin solungag, karaciger ve kas dokularmda
Cu, Zn, Fe, Mn, Cd, Pb, Cr, Co ve Ni diizeylerini arastirdigt
calismasinda metallerin ¢alismamizla paralel olarak kasa
oranla solunga¢ ve karaciger dokularinda daha c¢ok
biriktigini rapor etmistir. Arastirict ayrica C. carpio
orneklerinde Cd'nin her iki calisma bolgesi, Pb'nin ise
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Samsat bolgesi baliklarin solunga¢ ve Kkaraciger
dokularinda tespit edilemedigini belirtmistir. Baliklarin
metabolik olarak daha aktif olan dokularinda metallerin
daha fazla birikim yaptig1 bilinmektedir. Baliklarin
solungag, karaciger ve bobrek gibi dokulari metabolik
yonden oldukga aktif dokulardir (Firat et al., 2018). Bu
nedenle sunulan calismada da metallerin daha ytiiksek
diizeylerde bu dokularda birikmis olmasi sasirtict
degildir. Yine Alhas et al., (2009) Atatiirk Baraj Golii'nde;
Guimiis & Akkoz (2021) ise Eber Golii'nde yaptiklart
calismalarda metallerin baliklarin kas dokusuna oranla
solungag ve karaciger dokularinda daha fazla biriktigini
belirtmislerdir.

Calismamizda barajin Sitilce bolgesi baliklarinda
tespit edilen tiim metallerin diizeylerinin Samsat bolgesi
baliklarindan  istatistiksel ~ olarak farkli olmadig:
bulunmustur (sadece karaciger demir diizeyi haric). Daha
once bu bolgelerde yapilan arastirmalarda ise bunun tam
tersi sonuglar bulunmustur. Bu arastirmalarda Atatiirk
Baraj Goliu'ndeki calisma bolgelerinin  kirlilikten
etkilendigi gozlenmistir. Ornegin 2009 yilmin Agustos
aymda barajin Sitilce ve Samsat bolgelerinde yakalanan
Cyprinus carpio’yu da iceren ii¢ balik tiirtintin dokularinda
tespit edilen agir metallerin dtizeylerinin goreceli olarak
temiz bolge olan Samsat bolgesi ile karsilastirildiginda
Sitilce bolgesi baliklarinda istatistiksel olarak daha ytiksek
oldugu belirlenmistir (Firat, 2016). Yine 2013 yilinin
Agustos ayinda barajin ayni calisma bolgelerinden alman
4 farkli balik tiirtine ait dokularda tespit edilen Cu, Zn, Fe,
Pb, Cd ve Cr diizeylerinin Sitilce bolgesi trneklerinde
Samsat bolgesi orneklerine gore anlamli olarak daha
yiiksek oldugu rapor edilmistir (Firat et al., 2018). Bu iki
calismada da arastiricilar Sitilce bolgesinin Adiyaman’dan
gelen ve herhangi bir aritmaya tabi olmayan sehir ve
sanayi atik sularindan etkilendigini ve bunun bir sonucu
olarak bu bolgeden orneklenen baliklarda daha yiiksek
metal igeriklerinin tespit edildigini vurgulamislardir.
Bizim calismamizda ise Sitilce ve Samsat bolgesi
baliklarmin  agir metal diizeyi yoniinden farkli
bulunmamast 2016 ve 2017 yillarinda faaliyete gecen
Adiyaman sehir ve sanayi atik su aritma tesislerine bagh
olarak barajin Sitilce bolgesindeki azalan kirletici ytikiintin
bir sonucu olabilir.

Arastirmamizda baliklarin dokularindaki en yiiksek
metal diizeyleri Cd i¢in 0.085; Cr icin 0.176; Cu icin 4.977;
Zn i¢in 235 ve Fe i¢in 110.9 ng/g olarak bulunmustur. Bu
degerler ayn1 bolgede yapilan Firat (2016) ve Firat et al.
(2018) calismalarinda sirastyla Cd igin 0.34 ve 0.46; Cr icin
0.42 ve 0.41; Cu icin 39.48 ve 14.12; Zn icin 144.3 ve 241.8;
Fe icin 550.4 ve 4984 pg/g olarak bulunmustur. Bu
calismalarla karsilastirildiginda arastirma sonuglarimiz
baliklardaki metal diizeylerinde genel olarak o6nemli
distislerin oldugunu ve atik su aritma tesislerinden sonra
barajdaki baliklarin dokularindaki metal dtizeylerinin
azalis egiliminde oldugunu gostermektedir.

Ttirkiye’de kisi bagina diisen ortalama balik tiiketimi
yillik 6.31 kg (TUIK, 2013) iken Adiyaman’da bu miktarin
3.01 kg oldugu ve bu tiiketilen baliklarin 6nemli bir
kismmin da Atatiirk Barajindan saglandigi rapor
edilmistir (Olgunoglu et al., 2014). Insan saghg1 ve besin
guvenirligi acisindan  baliklarin  kas dokusundaki
metallerin diizeylerini 6lgmek ve belirli araliklarla takip
etmek Onem arz etmektedir. Uluslararasi kuruluslarca
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balik kas dokusunda metaller i¢in izin verilen en ytiiksek
diizeyler; Cricin 0.5 pg/g (USEPA, 2000), Cu ve Zn icin 30
ng/g (FAO, 1983) ve Fe i¢in 100 pg/g (WHO, 1999) olarak
belirtilmistir (Tablo 5). Sunulan ¢alismada baliklarin kas
dokusundaki en yiiksek metal diizeyleri Cr icin 0.078; Cu
icin 0.664; Zn igin 13.20 ve Fe icin 16.70 ng/g olarak
saptanmistir (Tablo 5). Bu sonuclar baliklarin kas
dokusundaki tespit edilen metal diizeylerinin yukarida
bahsedilen kuruluslarca ve Tiirk Gida Koteksine gore izin
verilen maksimum metal diizeylerinin altinda oldugunu
gostermektedir. Eroglu et al. (2017), calisma sonuglarimiza
benzer olarak Karakaya Baraj Golii'ndeki agir metal
kirlilik durumunu Mastecembelus —mastecembelus kas
dokular1 ile su orneklerindeki agir metal diizeylerini
olgerek degerlendirdikleri ¢alismalarinda baliklarin kas
dokularinda Cu, Cr, Cd, Fe ve Zn birikimi gozlenmis
olmasma ragmen biriken degerlerin Amerika Birlesik
Devletleri Cevre Koruma Ajans: (USEPA), Diinya Saglik
Orgiitii (WHO), Gida ve Tarim Orgiitt (FAO) ve Tiirk
Gida Koteksi (TFC) tarafindan izin verilen maksimum
degerlerinin altinda oldugunu rapor etmislerdir.
Arastiricilar balik 6rneklerindeki metal degerlerinin insan
saglig1 acisindan risk olusturmadigini ancak stirekli olarak
izlenmesi ve analiz edilmesi gerektigini belirtmislerdir.
Ayrica Alas et al. (2014) da Beysehir Golii'nde (Konya)
yakalanan dort tath su baliklarindaki iz element
diizeylerinin besin tiiketimi agisindan gtivenilir oldugunu
belirtmislerdir. Kaya & Turkoglu (2018) ise 2016 yilinin
Ocak- Subat aylarinda Keban Baraj Golii'niin Pertek
Bolgesinde yakalanan Cyprinus carpio, C. gibelio ve
Luciobarbus esocinus baliklarinin dokularindaki Hg, Ni, Pb,
Cd, As, Mn, Cr ve Co diizeylerini ulusal ve uluslararasi
maksimum limitler ile karsilastirarak insanlarin besin
olarak tiiketimi acisindan risk olusturup olusturmadigin
arastirmiglardir. Arastiricilar baliklarin kas dokusu Cr
diizeylerinin FAO ve WHO ile Pb diizeylerinin ise TFC'ye
gore yiiksek oldugunu ve balik tiiketiminin yore halk i¢in
risk olusturdugunu belirtmislerdir.

Tablo 5. Cyprinus carpio’'nun kas dokusundaki ve ulusal ve
uluslararasi kuruluglarca baliklar igin izin verilen maksimum
metal diizeyleri (ug/g)

Table 5. Maximum metal levels (ug/g) in muscle tissue of
Cyprinus carpio and allowed for fish by national and international
organizations

Cr Cu Zn Fe
C. carpio 0.078 0.664 13.20 16.70
FAO (1983) 30 30
WHO (1999) 30 100 100
TFC (2011) 20 50 50
USEPA (2000) 0.50

Sonug olarak, ¢alismamiz sehir ve sanayi atik su
aritma tesislerinin faaliyete ge¢mesinden sonra, yogun bir
niifus ve cesitli endiistriyel kuruluslarma sahip olan
Adiyaman sehrinin Atatiirk Baraj Golii'nde meydana
getirdigi agir metal Kkirliliginde o6nemli azalislarin
oldugunu ve daha o6nceki calismalarda da ispatlandig:
tizere bu Kkirlilikten en fazla etkilenen baraj bolgesi olan
Sitilce’deki ~ baliklarin  dokularindaki  agir  metal
diizeylerinin goreceli olarak temiz bolge olan Samsat’a
genel  olarak  yaklasma  egiliminde  oldugunu
gostermektedir. Arastirma sonuglarimiz ayrica besin
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guvenirligi ve insanlarin tiiketimi agisindan Cyprinus
carpionun kas dokusundaki agir metal diizeylerinin yasal
olarak izin verilen limitlerin altinda oldugunu da
gostermektedir. Buna ilaveten diger balik tiirleri ve barajin
farkli bolgelerinden yapilacak ¢alismalar ile Tiirkiyenin
onemli bir su ve besin kaynagi olan bu barajin kirlilik
yikiintin belirli araliklarla izlenmesinin hem bu su
kiitlesinin gelecegi hem de sucul canlilar ve yore halkinin
saglhig acisindan dnemli olacagi dngoriilmektedir.

Tesekkiir: Sunulan ¢alisma Adiyaman Universitesi (ADYU)
Lisanstistii Egitim Enstitiisti Biyoloji Anabilim Dalinda yiiriitiilen
Yiiksek Lisans Tez calismasindan iiretilmistir. Bu arastirma
FEFYL/2020-0005 nolu ADYU Bilimsel Arastrma Projesi ile
yiirtitilmiis  olup ADYU Bilimsel Aragtirma Projeleri
Koordinasyon Biriminin degerli yoneticilerine ve calisanlarma
tesekkiir ederiz.

Etik kurul onayr:: Bu calisma, hayvan deneylerinin etik
standartlarina uygun olarak yapilmustir. Calisma igin yasal
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Hayvanlar1 Etik Kurulu'ndan almmistir (Karar No:2, Tarih:
30/04/2020, Protokol No: 2020/014).
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Abstract: The optimization of methanol extraction was performed to maximize antioxidant activity and phytochemical
properties of dried pepper (Capsicum annuum L.) samples by using the surface response method (RSM) in this study. Box
Behnken design model was used to investigate the influences of three independent variables, extraction temperature (25-60°C),
extraction time (30-60 min), and dried pepper concentration (500-1000 mg/20 mL). The effect of the dried pepper concentration
variable on all the responses was statistically significant, except reducing capacity data. DPPH radical scavenging, reducing
capacity, and metal chelating activity increased with rising extraction temperature and dried pepper concentration variables.
Total phenolic content (TPC) and total flavonoid content (TFC) yields were also observed to enhance with an increase in dried
pepper concentration. TPC and TFC in samples ranged from 2.32 to 3.92 mg GAE/g and 0.063 to 0.210 mg RE/g. The highest
antioxidant potential for all employed tests was recorded in 2 experimental runs (25°C, 45 min. and 1000 mg/20 mL). The
coefficients of determination (R?) for antioxidant analysis were determined as 0.9235-0.9238. These values for TPC and TFC
were 0.9364-0.9925, respectively.

Keywords: Antioxidant, Box Behnken design, Capsicum, Phytochemical.

Yanit Yiizey Metodolojisi Kullanilarak Kurutulmus Biber Orneklerinin (Capsicum annuum L.)
Antioksidan Aktivite ve Fitokimyasal Ozelliklerinin Optimizasyonu

Oz: Bu galismada, kurutulmus biber (Capsicum annuum L.) 6rneklerinin antioksidan aktivitelerini ve fitokimyasal 6zelliklerini
arttirmak i¢in ytizey yamit metodu (YYM) kullanilarak metanol ekstraksiyonunun optimizasyon calismalar: stirdtirtilmiistiir.
Ug bagmmsiz degiskenin (ekstraksiyon sicakhigi (25-60°C); ekstraksiyon siiresi (30-60 dakika) ve kurutulmus biber
konsantrasyonu (500-1000 mg/20 mL)) etkilerini arastirmak i¢in Box Behnken tasarim modeli kullanilmistir. Kurutulmus biber
konsantrasyonu degiskeninin tiim yanitlar tizerindeki etkisi, indirgeme kapasitesi verileri harig, istatistiksel olarak anlamlidir.
DPPH radikali giderme, indirgeme ve metal selatlama aktivitesi, ekstraksiyon sicakligi ve kuru biber konsantrasyonu
degiskenlerinin artmasi ile artmustir. Kurutulmus biber konsantrasyonunun artmasiyla total fenolik ve flavonoid igeriklerinin
de arttip1 gozlenmistir. Orneklerdeki total fenolik ve flavonoid igerik 2.32-3.92 mg GAE/g ve 0.063-0.210 mg RE/g
araligindadir. Kullanilan téim tasarimlar icin en yiiksek antioksidan potansiyeli 2. deneysel calismada (25°C, 45 dak. ve 1000
mg/20 mL) kaydedilmistir. Antioksidan analizi i¢in R? katsay1s1 0.9235-0.9238 olarak belirlenmistir. Total fenolik ve flavonoid
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igerik icin ise bu degerler sirastyla 0.9364-0.9925dir.

Anahtar kelimeler: Antioksidan, Box Behnken tasarimi, Capsicum, Fitokimyasal.

1. Introduction

Capsicum genus belongs to the Solanaceae family and is
native to Mexico but currently cultivated in Asia, Africa,
and countries along the Mediterranean (Magied et al,,
2014). This plant is consumed as a spice and seasoning for
flavoring and coloring in Asian cuisines (Toontom et al.,
2012). Capsicum genus consists of five main species C.
annuum, C. frutescens, C. chinense, C. baccatum, and C.
pubescens (Pino et al., 2006). Capsicum annuum L. is
produced in Turkey and especially in the Southeast
Anatolia region (Oztekin & Yelmen, 2010).

It has various colors such as red, green, and yellow
depending upon the ripening period (Magied et al., 2014).
It is an important mineral source such as A, B, B1, C, E, K,
and P vitamins and calcium, phosphorous, potassium, and
iron, essential for developing cells (Keles, 2007; Darvishi et

*Corresponding author: mersimek@hotmail.com

al, 2013; Ikuomola & Eniola, 2015). In addition, Capsicum
species include carotenoids, tocopherols, flavonoids,
phenolics, and capsaicinoids components that have
antioxidant, antienflamatuar, antiallergic, antimicrobial,
and anticarcinogen properties (Lee et al., 2005). Thus, it
was widely used as a natural drug to treat gastric ulcers,
alopecia, rheumatism, toothache, and diabetes in
traditional medicine (Baldemir et al., 2015).

It becomes perishable within a few days of harvesting
depending on weather conditions. Therefore, the
alimentary characteristics of this fruit are preserved by
drying (Fadhel et al., 2014).

Traditionally, fresh pepper is dried under the sun
without any special treatment. Conventional procedures
employed for sun dehydration of pepper take about 7-15
days (Toontom et al., 2012; Magied et al.,, 2014). This
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process is slow but conventional drying is a popular
method for acquiring dry productions such as condiments,
spice, and bell pepper in the southeast region of Turkey,
especially in Gaziantep and Kilis. Moreover, the
consumption of dried pepper productions in these regions
is higher than the other cities in Turkey.

Therefore, pepper samples dried by conventional
process from Gaziantep and Kilis local markets were
purchased in the present study. Moreover, this study
focuses on investigating the effects of temperature, time,
and dried pepper concentration-independent variables on
in vitro total phenolic, total flavonoid contents, and
antioxidant activity by response surface method (RSM).

2. Material and Methods
2.1 Extraction process of dried pepper

Dried peppers were purchased from Gaziantep and Kilis
local markets and then powdered by the grinder. Dried
pepper powders were extracted by the Box-Behnken
Experimental Design with two levels provided by the
Response Surface Method (Box & Wilson, 1951). Extraction
procedures were performed in a water bath by using
different combinations of independent variables.
Extraction conditions are shown in detail in Table 1.
Extracts were obtained from 15 different experimental
procedures and these were separately filtered by Wattman
No. 4 filter paper. After centrifuging at 8500 rpm, the
extracts were kept at 4°C for the following antioxidant and
phytochemical analysis.

Table 1. The Box Behnken experimental design for
antioxidant potential, total phenolic, and flavonoid
contents of dried pepper extractions

Temperature ~ Time  Dried pepper oncentration
Q) (min) (mg/20 mL)
Exper;l:ental X1 X2 X3
1 60.00 30.00 750.00
2 25.00 45.00 1000.00
3 60.00 60.00 750.00
4 42.50 30.00 1000.00
5 25.00 60.00 750.00
6 25.00 45.00 500.00
7 60.00 45.00 1000.00
8 42.50 45.00 750.00
9 25.00 30.00 750.00
10 42.50 45.00 750.00
11 42.50 30.00 500.00
12 42.50 60.00 500.00
13 60.00 45.00 500.00
14 42.50 45.00 750.00
15 42.50 60.00 1000.00

2.2 Antioxidant activities of dried pepper
2.2.1 DPPH radical scavenging capacity

Free radical scavenger method is based on turning
colorless 1,1-diphenyl-2-picryl-hydrazyl (DPPH) reagent
solution depending on the electron or proton-transfer
ability of the samples (Blois, 1958). For this analysis, 100 pL
of the extracts was added to 3.9 mL of DPPH reagent
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solution prepared in methanol (0.1 mM). This mixture was
incubated at room temperature in the dark for 120 min.
The absorbance of the mixture was spectrophotometrically
measured at 517 nm (Biochrom, Libra S60, B) against
methanol blank. DPPH scavenging activity expressed as %
inhibition was calculated by the following equation.
Butylated hydroxytoluene (BHT) at 200-1000 pg/mL
concentrations were used as a standard antioxidant
substance.

Inhibition (%) = [(Acontrol - Asample) / Acontrol] x 100
2.2.2 Metal chelating activity

Fe2* chelating activity of dried pepper samples was
performed according to the method described by Dinis et
al. (1994). This method is based upon the competition of
metal-binding compounds in the extracts with ferrozine, a
strong iron-chelating agent. The compounds having high
metal ions binding capacity avoid the red Fe2*/ferrozine
complex formation. Briefly, 3.7 mL distilled water and 100
pL 2 mM FeCl, were added to 1 mL of the dried pepper
extracts. After incubated at room temperature for 30 min,
200 pL of 5 mM ferrozine solution was added to the
reaction and mixed for 10 min. The absorbance of the
reaction mixture was read 562 nm (Dinis et al., 1994). The
metal ions chelating capacity of the samples was evaluated
by using EDTA (50-250 pg/mL) as a standard chelator
agent. The chelating activity was expressed as % inhibition
using the following equation:

% chelating activity = (1-(Asample/ Acontrol)) X 100
2.2.3 Reducing Capacity Assay

In this assay, the reducing Fe3* to Fe2* capability of
antioxidant substances in dried pepper extracts was tested
(Oyaizu, 1986). The absorbance of the Prussian blue color
formed by adding FeCls in the reaction mixture was
measured. A high absorbance value indicated a high
reducing capacity of the samples. In brief, dried pepper
extract (1 mL) was mixed with 2.5 mL of 0.2 M sodium
phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium
KsFe(CN)e. This reaction solution was incubated at 50°C
for 20 min. To terminate the activity, 10% trichloroacetic
acid (TCA) was added and the mixture was centrifuged at
2500 rpm for 10 min. The equal volume of distilled water
and 0.5 ml FeCls (0.1%) were added to 2.5 mL of
supernatant. The absorbance of the reaction mixture was
measured at 700 nm. A beta-hydroxy acid (BHA) was used
as standard.

2.3 TPC and TFC of dried pepper

For the total phenolic content in all samples, Folin-
Ciocalteu colorimetric method was performed. The total
phenolic content was expressed as mg of gallic acid
equivalents (mg GAE)/ g of extract using a standard curve
(Stankovic, 2011). The total flavonoid content of samples
was determined using a method grounded by Sharm &
Vig (2013). The results were calculated according to a
standard curve prepared by using rutin and expressed as
mg of rutin equivalent (mg RE)/g.

2.4 Box Behnken experiment design

The effects of the three independent variables: extraction
temperature (X1: 25-60°C), extraction time (X2: 30-60 min.),
and pepper concentration/20 mL (X3: 500-1000 mg/20
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mL) on antioxidant activity and phytochemical properties
were investigated by "Design Expert statistical software"
(Design-Expert version 8.0.7). A two-level-three-factor
Box-Behnken design (Box & Wilson, 1951) consisting of 15
randomized runs at 3 center points is shown in Table 1.

The compatibility of the design and the significant
terms of each response were tested by using quadratic
model variance analysis (ANOVA) at a 95% confidence
level. Antioxidant activity (Y1), total phenolic (Y2), and
flavonoid (Y3) content as the response was calculated by a
second-order polynomial equation:

2 z Lii < Xij

i=1 j=i+1

Y=ﬂ0+iﬂiXXi+iﬂiiX Xi% +

3. Results and Discussion

Optimization of extraction conditions was performed in 15
experimental runs to explain the effects of three
independent variables on in vitro antioxidant activity and
phytochemical properties of dried pepper samples. The
adequacy of the model is determined by R2 and the
significance of the model (p-value). According to the
results of the ANOVA, the coefficients of determination
(R2) were 0.9283, 0.9235, and 0.9238 for DPPH scavenging,
reducing capacity, and metal chelating activity analysis. It
shows that the experimental values agreed with those
predicted of the model employed for antioxidant activity

The small p-values (p<0.05) in evaluated response
per analysis indicate the significance of the performed
model. P values for antioxidant activity tests ranged from
0.0213 to 0.0248. The low p-values indicate that
independent variables have a more significant effect on
antioxidant activity of dried pepper samples. The
experimental and predicted responses for antioxidant
activity tests are shown in Table 2.

As observed in polynomial equations of responses
(Table 3), the most important variable on DPPH yields was
the interaction effect between dried pepper concentration
and extraction time (X2X3), followed by interaction
between extraction temperature and time (X1X2) and
dried pepper concentration (X3). Dried pepper
concentration (X3), the first-order linear effect, and the
interaction effect (X1X2 and X2X3) were significant
(p<0.05). DPPH scavenging activity ranged from 36 to
85%. The maximum activity was recorded during
experiment 2 (25°C, 45 min, and 1000 mg/20 mL) but
experiment 11 (42.5°C, 30 min, and 500 mg/20 mL)
resulted in the lowest activity.

The increase from 500 mg to 1000 mg of dried pepper
concentration solved in 20 mL at the constant temperature
(42.5°C) and extraction time (45 min) increased the DPPH
radical scavenging activity of extracts. For the constant
pepper concentration (750 mg/20 mL), DPPH activity
increased with the rise in temperature. It was observed
that an increase (from 30 to 60 min) in extraction time had
accompanied a decrease in DPPH removal activity (Fig. 1).

According to the regression equations, dried pepper
concentration (X3) had the largest influence on metal
chelating activity followed by the-second order quadratic
effects. The obtained responses for metal chelating activity
were in the range of 4.47-26.01%. Three-dimensional (3D)
response surface graphs are plotted for the metal chelating
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activity test in Figure 2. The highest metal chelating
activity was calculated in 2 experimental runs (25°C, 45
min, and 1000 mg/20 mL). Figure 2a reveals that the
increase to 42.5°C of extraction temperature decreased
activity at constant dried pepper concentration (750 mg/20
mL). On the other hand, the chelating activity of samples
was observed to increase with increasing to 60°C of
extraction temperature and to reach the maximum level at
26.01% (predicted 25.53%). Variance analysis results
presented that all of the tested interactions had no
statistically significant effect on metal chelating activity.

As can be seen in Table 3, the highest effect on
reducing power activity is the interaction between
temperature and time. This interaction effect and the
second-order term of dried pepper concentration (X32) had
significant effects (p<0.05). However, the first-order linear,
the other second-order quadratic and interaction effects
were not found to be statistically significant (p>0.05). In
the model, the other independent variables (X1 and X3),
except extraction time (X2), showed a positive effect on the
activity at a linear level for antioxidant activity analysis. It
means that the antioxidant activity increases with the
increasing extraction temperature and dried pepper
concentration solved in methanol.

DPPH activity (%) .

0230~
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DPPH activity (%)

—_
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Figure 1. Response surface plots showing the effects of examined
variables on the DPPH activity: (a) time/temperature interaction
at constant dried pepper concentration (750 mg/20 mL) (b) dried
pepper concentration/temperature interaction at constant time
(45 min), (c) dried pepper concentration/time interaction at
constant temperature (42.5°C)
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Figure 2. Response surface plots showing the effects of examined
variables on the metal chelating activity: (a) time/temperature
interaction at constant dried pepper concentration (750 mg/20
mL) (b) dried pepper concentration/temperature interaction at
constant time (45 min), (c) dried pepper concentration/time
interaction at constant temperature (42.5°C)

3D surface plots of the interactive influences of the
independent variables on reducing power are shown in
Figure 3. It can be seen that the increase in extraction
temperature (from 25 to 60°C) did not affect reducing
power at constant dried pepper concentration (750 mg/20
mL) and extraction time (45 min). Reducing capacity
decreased when dried pepper concentration increased
from 700 to 875 mg in 20 mL, reaching a maximum level
by rising concentration (Fig. 3c).

The antioxidant activity increased with the rise of the
temperature up to certain intervals and then decreased. It
indicates that the high temperatures may increase the
mobilization of active antioxidant compounds from the
substrate up to a certain level. However, the possible loss
of components can occur due to their decomposition at
higher temperatures (Singh et al., 2012).

Wettasinghe & Shahidi (1999) state that high
temperatures may mobilize certain antioxidants by
promoting concurrent decomposition of antioxidants,
already mobilized at a low temperature. It was also
emphasized that the extraction rate of thermally stable
antioxidants is higher than the rate of the decomposition
of less soluble antioxidants. This proposition explains the
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Figure 3. Response surface plots showing the effects of examined
variables on the reducing capacity: (a) time/temperature
interaction at constant dried pepper concentration (750 mg/20
mL), (b) dried pepper concentration/temperature interaction at
the constant time (45 min), (c) dried pepper concentration/time
interaction at constant temperature (42.5°C)

high antioxidant activity observed in extracts prepared at
high temperatures.

Table 3 shows the positive linear effect of dried
pepper concentration on TPC and TFC yields. The
experimental and predicted responses for TPC and TFC
are shown in Table 4. This suggests that variations in dried
pepper concentration have a significant impact on TPC
and TFC in the extracts. P values of TPC and TFC analysis
were 0.0161 and 0.0001, respectively. The coefficient of
determination (R2) was 0.9364 and 0.9925 for TPC and TFC
respectively. While the effects of extraction time (X2) and
dried pepper concentration (X3) on TPC content were
found to be statistically significant, only the effect of dried
pepper concentration on TFC content was found to be
significant. TPC and TFC of dried pepper extracts ranged
from 2.322 t03.919 mg GAE/g and 0.063 to 0.210 mg RE/ g.
The maximum TPC was acquired under 42.5°C, 60 min,
and 1000 mg/20 mL experimental conditions while the
minimum was 42.5°C, 30 min. and 500 mg/20 mL. For TFC
in extracts, the maximum content was recorded at 25°C, 45
min, and 1000 mg/20 mL while the minimum was 42.5°C,
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60 min. and 500 mg/20 mL (predicted 0.061). The yield of content in extracts was almost constant between 30 and 37

total phenolic content increased between 25 and 42.5°C, min, and then it decreased slightly with the increase of
then it decreased with the increase of temperature extraction time. Increasing the extraction temperature and
reaching 60°C (Fig. 4a). It was emphasized that as the dried dried pepper concentration enhanced the TFC yield (Fig.
pepper concentration parameter increased, TFC increased 5b).

at a constant extraction temperature (42.5°C). The TF

Table 2. The experimental and predicted responses for antioxidant activity

Run DPPH scavenging activity (%) Reducing capacity (Abs) Metal chelating activity (%)

No Experimental Predicted Experimental Predicted Experimental Predicted
1 71.00+0.004 64.13 0.29+0.003 0.26 17.98+0.001 15.28
2 85.00+0.005 80.00 0.40+0.011 0.35 26.01+0.007 25.53
3 79.00+0.007 76.13 0.35+0.026 0.33 15.13+0.013 17.09
4 82.00+0.001 84.13 0.40+0.006 042 23.42+0.037 25.86
5 40.00+0.006 46.88 0.09+0.016 0.12 6.05+0.051 8.75
6 64.00+0.003 59.25 0.30+0.008 0.29 9.87+0.019 9.61
7 83.00+0.005 87.75 0.40+0.002 0.41 25.83+0.008 26.09
8 67.00+0.003 67.67 0.20+£0.015 0.19 8.11+0.077 9.65
9 75.00+0.004 77.88 0.32+0.005 0.34 20.34+0.043 18.38
10 68.00+0.002 67.67 0.19+0.009 0.19 7.89+0.013 9.65
11 36.00+£0.001 37.88 0.37+0.001 0.36 4.47+0.053 6.70
12 56.00+£0.001 53.88 0.30+0.008 0.28 10.53+0.024 8.09
13 62.00+£0.006 67.00 0.30+0.003 0.35 13.82+0.005 14.29
14 68.00+0.002 67.67 0.19+0.001 0.19 12.94+0.012 9.65
15 51.00+0.003 4913 0.33+0.013 0.34 18.88+0.001 16.65

Table 3. Second-order polynomial model equations for responses

Response Second-order polynomial equations

DPPH removal activity Y=+67.67+3.87X1-4.75X2+10.38X5+10.75X1*X2+0.000X1*X3-12.75X2*X53+7.92X12-9.33X22-2.08 X52

Reducing capacity Y=+0.19+0.030X1-0.038X2+0.032X5+0.072X1*X2+7.000*10-4 X1*X5+0.000X2*X3+0.036X12+0.035X2+0.12X52

Metal chelating activity ~ Y=+9.65+1.06X1-1.70X2+6.93X5+2.36X1*X2-1.03X1*X5-2.65X2*X53+5.14X12+0.59X22+4.09X32

Total phenolic content Y=+2.77-0.022X1+0.18X2+0.47X3+0.028X1*X2-0.13X1*X3+0.040X>*X3-0.051X12+0.22X22+0.093X32

Total flavonoid content ~ Y=+0.081+1.194*10-3X1-2.968*10-3X>+0.066X5+3.725*10-4X1*X2-1.933*10-3 X1*X3-3.282*10-3X*X3+0.010X12-2.124*10-3X>2+0.047 X52

Table 4. The experimental and predicted responses for TPC and TFC

Run TPC (mg GAE/g) TFC (mg RE/g)

No Experimental Predicted Experimental Predicted
1 2.84+0.033 2.71 0.090+0.060 0.093
2 3.42+0.023 3.43 0.210+0.020 0.210
3 3.13+0.042 3.12 0.090+0.050 0.088
4 3.36+0.025 3.33 0.200+0.043 0.200
5 2.97+0.007 3.11 0.089+0.010 0.085
6 2.40£0.017 2.24 0.064+0.080 0.070
7 2.97+0.006 3.13 0.210+0.050 0.200
8 2.88+0.029 2.77 0.077+0.010 0.081
9 2.80+0.050 2.81 0.090+0.060 0.092
10 2.73+0.079 2.77 0.088+0.140 0.081
11 2.32+0.028 247 0.068+0.029 0.060
12 2.72+0.031 2.75 0.063+0.030 0.061
13 2.47+0.061 2.45 0.072+0.070 0.076
14 2.70£0.022 2.77 0.078+0.035 0.081
15 3.92+0.079 3.77 0.180+0.015 0.190
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Figure 4. Response surface plots showing the effects of examined
variables on the extraction yield of phenolic substances: (a)
time/temperature interaction at constant dried pepper
concentration (750 mg/20 mL), (b) dried pepper
concentration/temperature interaction at the constant time (45
min), (c) dried pepper concentration/time interaction at constant
temperature (42.5°C)

Optimization studies related to in wvitro phenolic
substance extraction and antioxidant activity researches of
Capsicum annuum L. have not been encountered in the
literature. Our findings were discussed in light of the
optimization experiments conducted with various plants.
Singh et al. (2012) reported that high temperature increases
the diffusion of phenolic and flavonoid from cells to
extraction agents by speeding up molecule movements
depending on the solvent polarity. Kumar et al. (2008)
detected gradually enhance flavonoid contents in the
range of 55-85°C with a 10°C temperature increase. He et
al. (2005) stated that the temperature parameter shows a
dual effect on the extraction process. Carciochi et al. (2015)
recorded that high temperature enhances the solubility by
accelerating diffusion of phenolic components but some
phenolic substances can denature depending on the
chemical and enzymatic degradation above certain
temperature intervals. In another study, high temperature
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Figure 5. Response surface plots showing the effects of examined
variables on the extraction yield of flavonoid substances: (a)
time/temperature interaction at constant dried pepper
concentration (750 mg/20 mL), (b) dried pepper
concentration/ temperature interaction at the constant time (45
min), (c) dried pepper concentration/time interaction at constant
temperature (42.5°C)

can increase extraction efficiency by decreasing solvent
viscosity and surface tension (Yagcioglu, 2015).

We revealed that phenolic content in methanol
extract increased with a rise in the extraction time and the
dried pepper concentration. Similar to our phenolic
results, Bachir et al. (2014) notified that a long time of
extraction under high temperature can result in the
negative quadratic effect. This can be explained that mass
transform increases with the increase of extraction time
until maximum extraction efficiency is reached. It was also
expressed that the increasing interaction time between
matrix and solvent can cause a gradual dissolution from
solid matrix to solvent.

An optimized procedure (response surface
methodology) for the antioxidant activity and total
phenolic and flavonoid contents of dried pepper extracts
are described in this study. Our results showed that
methanol extraction was effective in extracting total
phenolic, flavonoid, and antioxidant components under
various  combinations of extraction conditions
(temperature, duration, and dried pepper concentration).
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The experimental responses agreed with predicted values
for all responses. This proves the suitability of the model
performed. The present paper is the first study that
researches the optimization of methanol extraction of
dried pepper (Capsicum annuum L.) samples by using the
surface response method.
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Abstract: During the field and monitoring studies carried out in 352 different localities between 2013 and 2014, a total of 25
species were recorded by direct and indirect observation techniques in Van province in the East Anatolian Turkey. Of these,
following one species (Oryctolagus cuniculus) is endangered, two species (Capra aegagrus and Ursus arctos) are vulnerable, two
species (Spermophilus xanthoprymnus and Lutra lutra) are near threatened and others are least concern category according to
IUCN. As a result of the findings, it was determined that rodents and carnivores have the highest rate of species in the study
area and special efforts should be spent to protect important mammals in the priority areas, especially in Saray-Kecikayasi,
Catak-Sak, Catak-Dalbasti, and Giirpmar-Cepkenli villages. This dataset provides reliable records that contribute to increasing
knowledge on the distribution of mammal species in Van.

Keywords: Mammalia, biodiversity, observation, contribution, IUCN.

Tiirkiye'nin Dogu Anadolu Bélgesi Van ili Civarinda Yayilis Gosteren Yaban Memelilerine Ait
Tehdit Analizleri ve Koruma IThtiyaclar1

Oz: 2013-2014 yillar1 arasinda {ic yiiz elli iki (352) farkl lokalitede gerceklestirilen saha ve izleme calismalar ile Tiirkiye'nin
Dogu Anadolu Bolgesi'ndeki Van ilinden dogrudan ve dolayl1 gozlem teknikleri kullanilarak toplam yirmi bes (25) tiir tespit
edilmistir. IUCN'nin kirmiz: liste olgiitlerine gore bunlardan bir tiir (Oryctolagus cuniculus) tehlikede, iki tiir (Capra aegagrus ve
Ursus arctos) duyarh ve iki tiir (Spermophilus xanthoprymnus ve Lutra lutra) ise tehdide acik durumdayken digerleri diistik risk
kategorisindedir. Elde edilen bulgular sonucunda, kemirgen ve karnivorlarin calisma alaninda en ytiksek tiir oranina sahip
olduklar1 goriilmiis ve ozellikle Saray-Kecikayasi, Catak-Sak, Catak-Dalbasti ve Giirpiar-Cepkenli koyleri gibi 6ncelikli
alanlarda 6nemli memelilerin korunmasina yonelik 6zel caba gosterilmesi geregi goriilmiistiir. Bu veriler Van'da dagilis
gosteren memeliler hakkinda ki mevcut bilgilere 6nemli katkilar saglayacaktr.

Anahtar kelimeler: Memeliler, biyocesitlilik, g6zlem, katki, IUCN.
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1. Introduction

Turkey, due to its role as a bridge, provides a natural
pathway for the spread of species between Asia and
Europe. Being located on the transition point between the
continents of Europe, Asia, and Africa; surrounded by
different seas on three sides; and having different altitudes
caused it to have three phytogeographical regions
(Mediterranean, Irano-Turanian, and Euro-Siberian) and
many different climatic conditions (Davis, 1971; Davis et
al., 1988; Demirsoy, 1999; Ciplak, 2003). Turkey’s climate
diversity makes it one of the most important countries in
its geographical area in terms of biodiversity. In fact, while
Europe hosts around 200 mammal species, 170 mammal
species are distributed in Turkey (Demirsoy, 1996; Wilson
& Reeder, 2005; Eken et al., 2006; Yigit et al., 2006a;
Ozkazang, 2012). Three of the seven gates (Erzurum-Kars,
Igdir-Aralik, and Van-Hakkari plateaus) that animals
spread to Anatolia are located in Eastern Anatolia
(Demirsoy, 1996). Due to its location, the province of Van
encompasses a great diversity of habitats and species that
are ecologically, economically, and scientifically important
as it is on the routes of these gates. Unfortunately, there is
not enough information about the wild mammals in order
to maintain the biodiversity and conservation of these

*Corresponding author: servetuluturkl3@gmail.com

species and their habitats in Turkey. In the previous
studies on mammals a total of 19 mammal species,
Spermophilus xanthoprymnus, Mus musculus, Mesocricetus
brandti, Cricetulus migratorius, Allactaga williamsi, Ellobius
lutescens, Nannospalax xanthodon, Apodemus sylvaticus,
Microtus  schidlovskii, Pipistrellus pipistrellus, Meriones
tristrami, Sciurus anomalus, Vulpes vulpes, Erinaceus concolor,
Lepus europaeus, Felis silvestris, Martes foina, Meles meles, and
Lutra lutra were recorded from Van and its vicinity based
on the exemplified species (Albayrak, 1987; Alp, 1999;
Yigit & Colak, 1998a,b; Coskun & Ulutiirk, 2001, 2003; Yigit
et al., 2006a,b; Coskun et al., 2012; Toyran et al., 2018).
Apart from these, it is stated that some wild mammals may
also be distributed in this region due to their distribution
in the nearby regions. Many species face a high risk of
extinction in the near future, parallel to habitat loss as a
result of human activities. A key aim of this study is to
provide a mammal inventory for the province of Van
based on the data obtained from the field study and to
determine the habitat selection and threat analysis of these
species. Thus, further research of the mammalian species
identified in the area and determining the priority regions
will contribute to conserve the important habitats and
biodiversity of the area before anthropogenic activity.
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2. Material and Methods

The province of Van, with the largest lake of Turkey, is
entirely within the Van Lake basin and located in the
Eastern Anatolia (Fig. 1). The continental climate is
prevailing in the region with long and harsh winters as
almost half of the year (150 days) is below 0°C. Annual
precipitation varies between 370 and 570 mm depending

Comm. J. Biol. 6(1), 33-38.

on the districts. 33% of the total area of Van consists of
plateaus and highlands. While the surroundings of Lake
Van and the valleys in the province are covered with rich
vegetation, the mountains are generally bare without trees.
The lands of the province present a steppe landscape. 70%
of the provincial lands are covered with meadows and
pastures, 23% are cultivated and planted areas, and 2% are
covered with forests and heaths.

nm

Figure 1. Ecosystem and distribution of the mammal observation points.

Comprehensive studies on mammals were carried
out between 2013 and 2014 in the province of Van, Eastern
Anatolian region of Turkey, focusing on the 352 different
localities (Fig. 1). Mammalian species were observed by
direct (binoculars, video cam, and DSLR camera) and
indirect observation (footprints, feces, peeling of tree
barks, food remains, scratching places, owl pellets, and
etc.) methods. Checklists and reference books were used to
identify species (Corbet, 1978; Niethammer & Krapp, 1978;
Harrison & Bates, 1991; Kefelioglu, 1995; Krystufek &
Vohralik, 2001, Wilson & Reeder, 2005). In order to
monitor the wild mammals, observation localities and
times were selected by determining the daily activities
(roaming, overnight, feeding, and etc.) of species by
preliminary field studies. In addition to the field studies,
we compiled the previously published papers and
evaluated the data from the interviews done with the local
people, hunters, and Nature Conservation and National
Parks (NCNP, Turkish abbreviation DKMP) personnel to
take into account all kinds of factors that may affect the
distribution of wild mammals because of direct or indirect
observations.

3. Results

The field studies carried out in 352 different localities
between 2013 and 2014 allowed us to identify 25 mammal
species, by direct and indirect observation techniques,
from Van belonging to 6 orders and 15 families (Table 1).
The highest species rate in the study area was found to be

H Family W Species

10

Figure 2. Family and species ratios of orders in the mammal fauna
of Van

rodents with 10 species belonging to 6 families (Fig. 2). The
majority of the species identified in the study area were
directly observed and their presence in the area was
supported by photographs (Fig. 3). While brown bear and
wolf cannot be photographed, many footprints of these
species were found in the study area (Fig. 4). Again, Mus
musculus and M. socialis species, which are difficult to be
observed in the area, were determined from the skeletal
remains obtained from the pellets of owl species in the area
(Fig. 4). Only 14 of these 25 species, Nannospalax xanthodon,
Ellobius lutescens, Cricetulus migratorius, Allactaga williamsi,
Lepus  europaeus,  Sciurus  anomalus,  Spermophilus
xanthoprymnus, Vulpes vulpes, Felis silvestris, Erinaceus
concolor, Pipistrellus pipistrellus, Mus musculus, Meles meles,
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and Lutra lutra, were previously known to the study area
based on the samples. The remaining 11 species, Martes
martes, Mustela nivalis, Canis lupus, Hystrix indica, Ursus
arctos, Sus scrofa, Capra aegagrus, Oryctolagus cuniculus,
Muyotis myotis, Microtus socialis, and Meriones persicus, were

Eliobius lutescens

Lepus europaeus

Manrtes martes

Erinaceus concolor

Oryctolagus cuniculus Lutra lutra

Comm. J. Biol. 6(1), 33-38.

identified as the first exemplified records for the study
area. In addition, it has been stated by the citizens and
authorities that Kuzu and Akdamar Islands are not the
natural habitats of the O. cuniculus that is distributed here
and that it was brought here by humans.

Cricetulus migratorius

Sciurus anomaius

Sus scrofa

Mustela nivalis Felis silvestris

Figure 3. Wild mammals detected in Van province by direct observation (Photographed by Dr. Servet ULUTURK)

Tablel. Wild mammals of Van and their conservation status (E, endangered; Vu, vulnerable; NT, near-threatened; Lc, least concern; DD,

data deficient).

Order Family Common name Scientific name IUCN CITES BERN
Cetartiodactyla Bovidae Wild Goat Capra aegagrus Erxleben, 1777 vu I
Suidae Wild Boar Sus scrofa Linnaeus 1758 LC

Chiroptera Vespertilionidae Greater Mouse-eared Bat Myotis myotis (Borkhausen 1797) LC I
Common Pipistrelle Pipistrellus pipistrellus (Schreber 1774) LC 11

Logomorpha Leporidae European Hare Lepus europaeus Linnaeus 1758 LC 111
European rabbit Oryctolagus cuniculus (Linnaeus 1758) EN

Eulipotyphla Erinaceidae White-breasted Hedgehog Erinaceus concolor Martin1837 LC

Carnivora Ursidae Brown Bear Ursus arctos Linnaeus 1758 vu

35
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Tablel. (Continued)
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Order Family Common name Scientific name IUCN  CITES BERN
Carnivora  Felidae Wild Cat Felis silvestris Schreber 1777 LC
Canidae Grey Wolf Canis lupus Linnaeus 1758 LC I 11
Red Fox Vulpes vulpes Linnaeus 1758 LC
Mustelidae Common Otter Lutra lutra Linnaeus 1758 NT I/w I
Pine Marten Martes martes Linnaeus 1758 LC 11
Eurasian Badger Meles meles (Linnaeus 1758) LC
Leasty Weasel Mustela nivalis Linnaeus 1766 LC I
Rodentia Hystricidae Indian Crested Porcupine Hystrix indica (Kerr 1792) LC 11
Muridae Persian Jird Meriones persicus (Blanford 1875) LC
House Mouse Mus musculus Linnaeus 1758 LC
Sciuridae Caucasian Squirrel Sciurus anomalus Gmelin 1778 LC I
Anatolian Ground Squirrel Spermophilus xanthoprymnus Bennett 1835 NT
Spalacidae Nehring’s Blind Mole Rat Nannospalax xanthadon (Satunin1898) DD
Cricetidae Grey Dwarf Hamster Cricetulus migratorius (Pallas 1773) LC
Transcaucasian Mole Vole Ellobius lutescens Thomas 1897 LC
Social Vole Microtus socialis (Pallas, 1773) LC
Dipodidae William’s Jerboa Allactaga williamsi Thomas 1897 LC

Microtus socialis skulls from owl pellets

Footprints of Ursus arctos

Footprints of Canis lupus
Figure 4. Wild mammals detected in Van province by indirect observation (Photographed by Dr. Servet ULUTURK)
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4. Discussion

Detection of 11 more mammal species, different from what
was previously defined, increased the number of the
exemplified species in the area to 30. However, 5 species
from the previously exemplified studies (Mesocricetus
brandti, Apodemus sylvaticus, Microtus schidlovskii, Meriones
tristrami and Martes foina) and 17 species included in the
literature data (Lynx lynx, Rattus rattus, R. norvegicus,
Arvicola terrestris, Crocidura leucodon, Microtus arvalis,
Mustela nivalis, Dryomys nitedula, Apodemus mystacinus, A.
flavicollis, Mustela erminea, Rhinolophus ferrumequinum, R.
hipposideros, Myotis aurascens, M. blythii, M. nipalensis,
Hypsugo savii) were not encountered in this study. Most of
these undetected species were given in previous studies,
taking into account their close distribution areas
(Demirsoy, 1996; Krystufek & Vohralik, 2001; Kuru, 1994;
Wilson & Reeder, 2005; Yigit et al., 2006b). It was seen that
rodents and carnivores had the highest number of species
in Van province (Fig. 2). Of exemplified species, following
one species (Oryctolagus cuniculus) which was found only
on Kuzu and Akdamar islands is endangered, two species
(Capra aegagrus and Ursus arctos) are vulnerable, two
species (Spermophilus xanthoprymnus and Lutra lutra) are
near threatened, and others are least concern category
according to International Union for Conservation of
Nature (IUCN). However, although in the minimum
concern category on a global scale, bat species Myotis
myotis and Pipistrellus pipistrellus are under threat on a
national scale along with Hystrix indica and Canis lupus
species in the study area. Similarly, according to CITES, C.
lupus and L. lutra are in Appx -1, Sciurus anomalus and
Muyotis myotis are in Appx -2, and Vulpes vulpes, Martes
martes and P. pipistrellus are in Appx -3 list. The
conservation status of the species in terms of [IUCN, BERN,
and CITES were given in Table 1. The O. cuniculus species,
which is distributed only on Akdamar and Kuzu Islands
in the area, is actually descended from a few pairs of
domesticated individuals brought here by humans. These
pets, which were left on the island by some local
administrators with the idea of beautifying the island and
increasing its biological richness, have become wild over
the years, away from the pressure of the predators and the
threats posed by human beings. Over a decade, these two
islands have functioned as a wildlife reservation area and
have provided an important habitat for this species, which
is not found in almost anywhere in Anatolia. Due to the
damage it has caused to the vegetation on the islands due
to its highly increasing population, the individuals caught
alive by the teams of NCNP provincial directorate are
released into the nature outside of these islands. For such
a species where we can see the 10th generation on average
in a year, we can say that this geographical isolation may
be a triggering factor in the evolution of this species. In this
sense, detailed comparison studies of this island’s
population with its natural population will be of interest
for the mammalian biologists. Human activities are the
primary causes of biodiversity loss and emerge as the
biggest threat. Morerover the climate change, which is also
caused by the human factor, poses a threat to the
acceleration of habitat and species losses. The primary goal
in “Aichi Biodiversity Targets” plans to address these
concerns is to protect 17% of the global land surface,
focusing on the areas of particular importance for the
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biodiversity and ecosystem services (Fernanda et al., 2017).
Approximately 3% of the total surface area in Turkey is in
the status of protected area (Thomas, 2006). However, this
ratio should be increased by identifying priority areas
based on the richness, endemism, and vulnerability of the
species. Considering the distribution and densities of the
species identified in this study, Saray-Kecikayasi, Catak-
Sak, Catak-Dalbast;, and Giirpmar-Cepkenli villages
which are surrounded by high steep cliffs and forested
areas can be determined as priority regions for the
conservation of mammals. Unfortunately, in this region, as
in the rest of the world, the human factor emerges as the
biggest threat to biodiversity. Especially in winter, some
mammals such as foxes, wolves, brown bears, and
martens, which approach the settlements in order to find
food, are killed by the local people. In the same way, while
the fish farms established in the area interrupt the habitats
of the otters, they are killed by the farm owners to protect
the fish. The project area has a great diversity in terms of
wild mammals. This richness is currently threatened,
mostly by human activities including habitat loss and
harvesting. We must protect this biodiversity by
improving the population densities of species and we
must be able to benefit from this natural resource in a
sustainable way. Thus, the sustainable use of biodiversity
can be protected. Also high priority areas, combined with
areas of high priority for other taxonomic groups and with
social, economic, and political considerations, provide a
biological foundation for the future conservation planning
efforts. In addition, determining and comparing the
priority areas for the conservation of mammals on the
basis of biological diversity will make an important
contribution to the literature.
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Abstract: The flora of Mount Koz (Geng-Bingdl) and its surroundings was studied between 2019-2021. As a result of the
identification of 1506 specimens collected from the area, 625 taxa (415 species, 147 subspecies, and 63 varieties) belonging to
289 genera and 68 families were identified. Two taxa of the determined plants are members of Pteridophyta and 623 taxa are
members of Spermatophyta. of the Spermatophyta members, 621 taxa belong to Angiospermae and two taxa to
Gymnospermae subdivisions. of the Angiospermae members, 498 taxa are in the Dicotyledones and 123 taxa Monocotyledones
classes. 49 taxa of the plants identified in the study are endemic and the endemism rate is 7.84%.

The phytogeographical region element distributions of the determined taxa are as follows: Irano-Turanian 192 (30.72%),
Mediterranean 60 (9.60%), Euro-Siberian 49 (7.84%), and multi-regional or unknown phytogeographical region 324 (51.84%).
The order of the first 10 families with the highest taxa number is as follows: Asteraceae (85), Poaceae (65), Fabaceae (52),
Caryophyllaceae (38), Lamiaceae (38), Brassicaceae (34), Boraginaceae (29), Apiaceae (23), Rosaceae (20), and Plantaginaceae
(13). The top 10 largest genera are respectively designated as Trifolium (14), Astragalus (13), Centaurea (11), Allium (10), Vicia (8),
Galium (8), Ranunculus (8), Bromus (8), Veronica (8), and Silene (7).

Life form evaluation of the determined taxa is as follows: 285 (45.60%) are hemicryptophytes, 178 (28.48%) therophytes, 83
(13.28%) cryptophytes, 37 (5.92%) chamaephytes, and 42 (6.72%) phanerophytes.

Keywords: Plant diversity, plant geography, taxonomy, Tiirkiye.
Koz Dag: (Geng / Bingol) ve Cevresinin Florasi

Oz: Koz Dag1 (Geng-Bingol) ve gevresinin florasi 2019-2021 yillar1 arasinda arastirilmis; alandan toplanan 1506 drnegin teghis
edilmesi sonucunda 289 cins ve 68 familyaya ait 625 takson (415 tiir, 147 alttiir ve 63 varyete) tespit edilmistir. Belirlenen
bitkilerin ikisi Pteridophyta, 623'ti Spermatophyta iiyesidirler. Spermatophyta ait taksonlarmn 621'i Angiospermae, ikisi
Gymnospermae alt divizyolarina aittir. Angiospermae tiiyelerinin 498'i Dicotyledones ve 123’ii Monocotyledones simiflarinda
yer almaktadir. Calismada tespit edilen 49 takson endemik olup endemizin oran1 %7.84 tiir.

Belirlenen taksonlarin fitocografik bolgelere dagilimlary; iran-Turan 192 (%30.72), Akdeniz 60 (%9.60), Avrupa-Sibirya 49
(%7.84), cok bolgeli veya bilinmeyen fitocografik bolge 324 (%51.84) seklindedir. En fazla takson sayisina sahip ilk 10 familya
sirastyla su sekildedir; Asteraceae (85), Poaceae (65), Fabaceae (52), Caryophyllaceae (38), Lamiaceae (38), Brassicaceae (34),
Boraginaceae (29), Apiaceae (23), Rosaceae (20) ve Plantaginaceae (13). En fazla takson igeren ilk 10 cins swrasiyla; Trifolium
(14), Astragalus (13), Centaurea (11), Allium (10), Vicia (8), Galium (8), Ranunculus (8), Bromus (8) Veronica (8) ve Silene (7) olarak
belirlenmistir.

Belirlenen taksonlarin hayat formlarina gore dagilimlari; 285 (% 45.60)'i hemikriptofit, 178 (%28.48)'i terofit, 83 (%13.28)"ii
kriptofit, 37 (%5.92)'si kamefit ve 42 (%6.72)’si fanerofittir.

Anahtar kelimeler: Bitki cesitliligi, bitki cografyasi, taksonomi, Tiirkiye.
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1. Giris

Tiirkiye'nin floristik agidan zengin olmast bircok faktore
baghdir. Guntimtizdeki veriler ele alindiginda diinya 37
floristik bolgeye ayrilmistir ve {ilkemiz ti¢ floristik
bolgenin kesisim noktasinda bulunmaktadir. Bunlar
giiney ve batisinda Akdeniz; Dogu, Orta ve Giineydogu
Anadolu’da; fran-Turan ve kuzeyinde de Avrupa Sibirya
fitocografik bolgeleridir (Akman, 1993). Tiirkiye bu
bakimdan nadir cografi konuma sahip bir tilkedir.

Ayrica ilkemiz konum olarak 36°-42° kuzey
enlemleri ile 26°-45° dogu boylamlari arasinda kuzey
yarim kiirede yer almakta ve 780.576 km?1lik bir yiiz
ol¢timtine sahiptir (Akman, 1995). Kapsadig1 cografi alan,
iklim ozellikleri, farkli toprak ve jeomorfolojik yapilardan
dolay1 floristik bakimdan hatir1 sayilir anlamda cesitliligi

*Corresponding author: a.cetin@bingol.edu.tr

barindirmaktadir (Davis, 1965-1985).

Bilindigi tizere tilkemiz yedi cografik bolgeden
olusmaktadir. Arastirma alanimiz B8 karesinde bulunup,
Dogu Anadolu cografi bolgesi icerisinde yer almaktadir.
Arastirma alanimizin batisinda Elazig, dogusunda Mus,
kuzeyinde Erzurum ve giineyinde Diyarbakir illeri
bulunmaktadir. Guintimtize dek yapilan ¢ok sayida flora
odakli calismalara ragmen; tilkemizin sahip oldugu bitki
potansiyeli ve bu potansiyele dair belirlenen takson
sayilart tilkemizde flora ile ilgili calismalarin devam
edecegini gostermektedir. Ozellikle de calisma alanimizin
icerisinde yer aldigt Dogu Anadolu Bolgesinin
tilkemizdeki diger bolgeler ile karsilastirildiginda floristik
calismalar bakimindan yeteri kadar calisiimadig:
goriilmektedir. Bu sebeple bolgenin floristik yonden daha
bircok calismaya konu olacagi kacinilmazdir.
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Bingol ili smurlari icerisinde yapilan daha o6nceki
floristik calismalar sunlardir: Altikardes Dag1 ve
cevresinin (Geng, Bing6l) Florasi (Sinan & Behget, 2014),
Goyniik Nahiyesi (Karliova-Bingol) ve Cevresinin Florasi
(Cengiz, 2016), Yiizenadalar (Bingol-Solhan) g¢evresinin
floras1 (Kili¢ et al., 2017), Dikme (Kiir) Yaylas: (Merkez-
Bingol) ve Cevresinin Floras: (Kili¢ & Yildirimli, 2014),
Hiro Yaylasi ve Cevresinin (Adakli-Bingol) Floras: (Yapar
& Behget, 2018).

Bu ¢alisma, daha once floristik anlamda herhangi bir
calismaya konu olmayan iilkemizin Dogu Anadolu
Bolgesi Bingdl ili Geng ilgesinin giiney kesiminde yer alan
Koz Daglar1 ve gevresinin florasini arastirmak amaciyla
yapilmustir.

1.1. Arastirma Alan1 Hakkinda Genel Bilgiler

Arastirma alanimiz; Dogu Anadolu Bolgesinde, Bingol ili
Geng ilce smurlart igerisinde yer almaktadir. Alanin
guneyinde Bulgurluk ve Yaylabucag: koyleri, kuzeyinde
Geng ilce merkezi ile Ardicdibi kéyii, batisnda Yayla
koyt, Direkli koyii ve Sehitkdy; dogusunda ise Cevirme ve
Sarisaman koyleri bulunmaktadir (Sekil 1).

Bingsl-Diyarbalar
Karayolu

mmm Aragorms Alams

Astaleyol
Stabilize yol
Yerlegim Yeri

—
o
A DTeope

Sekil 1. Arastirma alaninin cografi haritasi
Figure 1. Geographical map of the research area

Arastirma alaninin bati sinirini Bingol-Diyarbakar

karayolu olusturmaktadir. Arastrma alanimmizdaki
yerlesim yerleri; Gen¢ merkezinin Giilistan mahallesi,
Cevirme, Sehitkdy, Yeniyazi, Bulgurluk, Direkli,

Yaylabucagi, Yazikonagi ve Doganca koyleridir. Bu
yerlesim alanlarindan Cevirme, Doganca, Yeniyazi ve
Yaylabucagi koylerine asfalt yol ile ulasim saglanirken
diger koylere ulasim stabilize yol ile saglanmaktadir.
Ziyarek (1453 m), Sahin (2298 m) ve Orta tepeleri (1763 m)
alandaki baslica ytikseltilerdir (Sekil 1).

Arastirma alaninda Murat Nehri basta olmak tizere
Lediz, Korzifer, Kiling, Hozdere dereleri ve Arpa Cay1
baslica akarsulardir. Arastirma alamimizda Murat Nehri
en biiytik akarsudur. Murat Nehri'ne Lediz, Gol, Kili¢ ve
Korzifer dereleri katilmaktadir (Sekil 1).

Arastirma alaninin biiytik toprak gruplarini koliivyal
topraklar, kiregsiz kahverengi topraklar, kiregsiz
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kahverengi orman topraklar
olusturmaktadir (Anonim, 1984).

ve altivyal topraklar

Arastirma alani, fran-Turan fitocografik bolgesi
icinde bulunmaktadir. Arastirma alaninda orman
formasyonlar1 ile birlikte c¢ali-yarigali, step ve sucul
formasyonlar bulunmakla beraber; orman ve step
formasyonlar alanda daha yaygindirlar. Calisma alaninda
orman formasyonu 1030 m’den baslayarak yaklasik 2050
m yiiksekliklere kadar ¢ikmaktadir. Alanimizin en dogu
siirt ve Cevirme koyi ile Geng ilce merkezi arasinda
bulunan Yadinmezarligi ve cevresi, Giilistan mezrasina
giden yol ile Doganca koyti glineyindeki alanlarda yogun
ortiiyti Quercus infectoria subsp. veneris (A.Kern.) Meikle
taksonu olusturmaktadir. Bunun yani sira alanda yer yer
Q. brantii Lindl. tirt Q. infectoria taksonuna eslik
etmektedir. Arastirma sahasinda ormanin antropojenik
etkilerle yok edildigi veya cesitli sebeplerle gelismedigi
alanlarda kserofit yapili step formasyonu gelisme
gostermistir. Step formasyonunu daha ¢ok yastik formlu
tiirler olusturmustur.

Bu ¢alismanin temel amaci Koz Dag1 ve cevresinin
bitki cesitliliginin belirlenmesidir. Bu amag dogrultusunda
bolge ve Tiirkiye florasina katkida bulunulmus olacaktir.

2. Materyal ve Metot

Arastirmamizin materyalini 2019-2021 yillar1 vejetasyon
mevsimlerinde arastirma alanindan toplanan vaskiiler
bitki 6rnekleri olusturmaktadir.

Arazi c¢alismalar1 esnasinda bitki 6rneklerinin
toplandig: lokalite bilgileri kaydedilmis ve ¢alismamizin
bulgular kisminda numaralandirilarak listelenmistir.
Lokalite bilgileri (Bitki toplanan istasyonlar) yazilirken
alaninin tamamu B8 karesi, Bingol ili ve Geng ilgesi smirlar1
igerisinde yer aldigindan dolay1 tekrardan kaginmak igin
B8; Bingol ve Geng ilgesi yazilmamistir. Bu bilgiler
verilirken; kdy veya mevki adi, habitati, yiiksekligi,
toplama tarihi, GPS degerleri sirasi diizeni takip
edilmistir. Bitki ©rneklerin teshisinde basta “Flora of
Turkey and the East Aegean Islands” (Davis, 1965-1985;
Davis et al., 1988; Gtiner et al.,, 2000) calismalar olmak
tizere; Flora Iranica (Rechinger, 1965-1977), Flora
Europaea (Tutin et al., 1964-1981), Flora of Iraq (Towsend
& Guest, 1960-1985), Flora Palaestina (Zohary, 1966-1986),
Flora of USSR (Komarov, 1933-1964) gibi cesitli tilke
floralarindan ve bazi cins ve tiirlerle ilgili (Podlech &
Zarre, 2013; Dogan et al., 2015; Behget & Ilcim 2015; Duran
et al., 2003; Hamzaoglu et al.,, 2015) calismalarindan da
faydalamlmistir.

Bitki toplanan istasyonlar ve Floristik liste,
“Bulgular” bolumiinde verilmistir. Listede yer alan
taksonlarin tamami, APG IV sistemine gore alfabetik
siraya gore yazilmustir. Takson otorleri “The International
Plant Name Index (IPNI, 2022)” ve “The Plant List (2013)”
web sitelerinden kontrol edilerek verilmistir. Flora listesi;
Bitki toplama istasyon numarasindan sonra ilgili taksona
ait toplayic1 rumuzu ve numarasi, endemik olanlar ile risk
altinda olanlarin tehlike kategorileri kisaltmalarla (AC:
Abdurrahim CETIN, END: endemik, VU: zarar gorebilir,
LC: az endise verici, EN: tehlikede, NT: tehdide yakin, CR:
kritik tehlikede) biliniyor ise fitocografik bolge elementi
kisaltmalarla (kullanilan kisaltmalar su sekildedir: Ir-Tur.
el: iran-Turan elementi, Medit. el: Akdeniz elementi, Eu.-



Cetin & Behcet, (2022)

Sib. el: Avrupa-Sibirya elemeti ve hayat formu Raunkiaer
(1934)'in  kriterlerine gore kisaltmalar (kullanilan
kisaltmalar su sekildedir: Fh: Fanerofit, Ch: Kamefit, Cr:
Kriptofit, Hc: Hemikriptofit, Th: Terofit) kullanilarak
yazilmistir. Bitkilerin endemizm durumlari, fitocografik
bolge elementleri ve Tiirkce isimler Ttirkiye bitkileri listesi
(Gtiner et al., 2012) adli eserden kontrol edilmistir.
Endemik ve nadir bitkilerin tehlike kategorileri yoniinden
durumlarmin degerlendirilmesinde basta Ekim et al
(2000) olmak tizere Vural (2006), Dogan et al. (2015),
Behget & lgim (2015) ve IUCN (2021) ¢alismalarmdan da
yararlanilmustir.
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3. Bulgular ve Tartisma
3.1. iklim Bulgular

Arastirma alanimizin iklimi; Bingol il merkezi, Solhan,
Geng (Bingol), Hani, Lice, (Diyarbakir), istasyonlarmdan
alinan meteorolojik veriler kullanilarak
degerlendirilmistir. Iklim verileri Basbakanlik Devlet
Meteoroloji Isleri Genel Miidiirligii'nden (DMI) 2020
temin edilmigtir. Calisma sahamiz Akdeniz ikliminin
etkisinde kalmaktadir (Akman, 1990). Emberger (1955)
Q=2000.p/M2-m2 formiiliinii Akdeniz biyoiklim katlarmi
belirlemek icin gelistirmistir (Tablo 1).

Tablo 1. Arastirma alan1 ve ¢evresindeki istasyonlarmn Biyoiklim tipleri ve bunlar ile ilgili veriler

Table 1. Bioclimate types of stations in and around the research area and data about them

Istasyon Yiikseklik (m) P (mm) MoC m °C Q PE S Biyoiklim Kat1

Bingol 1151 948.9 345 -5.9 81.6 32.6 0.9 Az Yagish, Cok Soguk Akdeniz iklimi
Geng 1087 863.3 35.5 -6.6 71.2 27.9 0.7 Az Yagish, Cok Soguk Akdeniz iklimi
Solhan 1395 698.8 329 -8.1 59.6 38.9 1.1 Yar1 Kurak Ust, Buzlu Akdeniz iklimi
Lice 1125 1070 36.7 -2.2 94.7 214 0.6 Az Yagish, Soguk Akdeniz iklimi
Hani 756 995.3 36.3 -1.6 90.3 224 0.6 Az Yagisl, Soguk Akdeniz iklimi

P= Yillik yagis miktari, M= En sicak ayin maksimum sicaklik ortalamasi m= En soguk aymn minimum sicaklik ortalamasi, Q: Emberger

yags sicaklik emsali, PE: Yaz yagis1 ortalamasi, S: kurak devre
3.2. Floristik Bulgular

2019-2021 yillar1 arasinda vejetasyon doneminde arastirma
alaninin dtizenli ziyaret edilmesi sonucunda 54 farkli
istasyondan 1506 bitki 6rnegi toplandi. Bu orneklerin
degerlendirilmesi ile 625 (68 familya, 289 cins, 415 tiir, 147
alttlir ve 63 varyete) takson tespit edildi. 625 taksonun iki
tanesi Pteridophyta, 623'ti Spermatophyta divizyolarma
icerisinde yer almaktadir. Spermatophyta tiyelerinin ikisi
Gymnospermae, 621'i Angiospermae altdivizyolarina
aittir. Angiospermlerin 498 tanesi Dicotyledones, 123
tanesi Monocotyledones siniflarina dahildir. Tesbit edilen
taksonlarin 49'u endemik olup endemizm oran1 %7.84’dir.

3.2.1. Bitki Toplanan istasyonlar

1. Bingol-Diyarbakir karayolu Geng ¢ikisi 2. km, orman-
orman agiklari, 1100-1150 m, 28.04.2020, 38°43'37.20"K,

40°32'35.33"D

Cevirme-Yazkonag1 koyti arast yolun 5. km, step
alanlar, 1800-1850 m, 05.05.2020, 38°40'46.49"K,
40°39'54.86"D

Cevirme koyti cevresi, kayalik yamaglar, 1700-1750 m,
05.05.2020, 38°41'6.89"K, 40°39'33.21"D

Geng Cevirme yolu Yadin Mezarligimi gectikten sonra
3. km yol kenarlari, step, 1250-1300 m, 13.05.2020,
38°42'44.42'K, 40°36'22.82"D, 38°42'48.33"K,
40°36'22.83"D

Cevirme koyti cami gevresi yol kenarlari, step, 1550-
1600 m, 29.05.2020, 38°41'19.98"K, 40°38'10.55"D

Cevirme koyti girisi yol kenarlari, step, 1450-1500 m,
29.05.2020, 38°41'41.18"K, 40°38'31.68"D

Cevirme koyti Sahin tepesi, step yamaglar, 2000-2100
m, 01.06.2020, 38°40'11.29"K, 40°39'8.65"D
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Cevirme kdytinden Yazkonag: koytine giderken yolun
2-3. km, yol kenarlari, nemli alanlar, 1700-1750 m,
10.06.2020, 38°40'52.22"K, 40°39'32.87"D

Cevirme koyt cikisi Geng ilgesine giderken yol
kenarlari, step alanlar, 1300-1350 m, 10.06.2020,
38°42'16.56"K, 40°37'25.71"D

10. Cevirme koytinden Yazkonag1 koytiine giderken yolun
4-5. km, step yamaglar, 2000-2050 m, 10.06.2020,

38°40'0.52"K, 40°39'46.07"D

11. Cevirme koytuini gectikten sonra Yazkonagr koyii
girisi, step yamaclar, 1800-1850 m, 10.06.2020,

38°40'45.87"K, 40°39'44.84"D

12. Cevirme koytiinii gectikten sonra Yazkonagi koytine
giderken yolun 3-4. km, step yamaglar, 1700-1750 m,

10.06.2020, 38°40'51.37"K, 40°39'34.02"D

13. Doganca koyti yolu 1-2. km, yol kenarlari, step, 1100-

1200 m, 17.06.2020, 38°42'16.84"K, 40°33'5.64"D

14. Bulgurluk koy merkezi, step alanlar, 1450-1500 m,

23.06.2020, 38°38'37.08"K, 40°35'59.99"D

15. Yeniyaz1 koyui cevresi, sulak alanlar, 1550-1600 m,

23.06.2020, 38°39'49.00"K, 40°34'34.08"D

16. Cevirme koyti girisi dere kenarlari, 1450-1500 m,

02.07.2020, 38°41'45.47"K, 40°38'33.66"D

17. Yadin Mezarlig: ile Giilistan koyti arast yol kenarlari,
step, 1140-1170 m, 02.07.2020, 38°43'40.24"K,

40°34'52.10"D

18. Sarisaman koyti yolu 1-3.km, yol kenarlars, step, 1350-

1400 m, 06.07.2020, 38°42'45.08"K, 40°38'9.45"D

19. Sarisaman koyii girisi dere kenarlari, sulak alanlar,

1300-1350 m, 06.07.2020, 38°43'0.33"K, 40°38'22.45"D
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Cevirme koyti cami cevresi dere kenarlari, nemli
alanlar,1540-1600 m, 10.07.2020, 38°41'18.31'K,
40°38'11.26"D

Cevirme koyti girisini gectikten sonra yolun 3-4. km,
yol kenarlari, 1600-1700 m, 10.07.2020, 38°41'12.78"K,
40°39'23.67"D

Cevirme koyii Sahin tepesi, step yamaglar, 2150-2225
m, 16.07.2020, 38°40'3.12"K, 40°38'36.98"D

Cevirme koyli Sahin tepesi, giiney yamaclari, step,
2000-2200 m, 16.07.2020, 38°40'8.59"K, 40°39'10.90"D

Yeniyazi koyii-Alan mezrasi arast, step yamaglar, 1550-
1650 m, 25.07.2020, 38°39'30.30"K, 40°35'51.55"D

Sehitkoy eski ilkogretim okulu gevresi, yol kenarlari,
step, 1370-1400 m, 25.07.2020, 38°40'48.16"K,
40°31'10.60"D

. Sehitkdy eski ilkogretim okulu gitineydogusu dere

kenarlar;, nemli alanlar, 1350-1380 m, 25.07.2020,
38°40'45.60"K, 40°31'10.62"D

Cevirme kodytinden Sahin tepesine giderken yolun 3-4.
km, step, 1800-1850 m, 3.10.2020, 38°40'35.39'K,
40°39'53.84"D

Yadin Mezarlig1 cevresi, step alanlar, 1150-1170 m,
3.10.2020, 38°43'55.74"K, 40°34'48.69"D

Geng-Cevirme aras1 Yadin Mezarligini gecince 4-5. km,
yol kenarlari, step, 1300-1325 m, 3.10.2020,
38°42'43.05"K, 40°36'16.18"D

Doganca koyti girisi meselik alan cevresi, kayalik,
1130-1165 m, 19.03.2021, 38°42'37.34"K, 40°33'14.34"D

Yayla mezras1 karsisi, step yamaglar, 1330 m,
31.03.2021, 38°39'21.08"K, 40°30'20.63"D,

Cevirme koytine giderken Sarisaman koyu yol
ayrimini - gectikten sonra 1. km, step, 1360 m,
26.04.2021, 38°42'13.97"K, 40°37'34.56"D

Cevirme koyii cami cevresi, step, 1550 m, 26.04.2021,
38°41'20.26"K, 40°38'10.95"D

Cevirme koytinden Sahin tepesine giderken yolun 2-3.
km, kayalik alan, 1715 m, 26.04.2021, 38°412.77"K,
40°39'27.72"D

Sahin tepesi giineye bakan, step yamaglar,1850 m,
26.04.2021, 38°40'33.78"K, 40°39'46.71"D

Yayla koyt girisi karsis1 yolun 5-6. km, step
alanlar,1330 m, 05.05.2021, 38°39'13.08"K,
40°30'32.64"D

Bingol-Diyarbakir karayolu Doganca koyt girisini
gectikten sonra yolun 4-5. km, tarla kenarlari, nemli
caywlar, 1120 m, 05.05.2021, 38°42'41.82"K,
40°31'35.57"D

Cevirme koyii gtineyi kavak ormanlig1 cevresi, nemli
alanlar, 1700 m, 18.05.2021, 38°40'55.76"K,
40°38'26.49"D

Cevirme koyi girisini gectikten sonra yolun 3-4. km,
kayalik yamaclar, 18010m, 18.05.2021, 38°41'8.71"'K,
40°39'36.40"D
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Cevirme koyti Sahin tepesinin kuzeydogusu, step
yamaglar, 2100 m, 18.05.2021, 38°40'5.58'K,
40°39'21.80"D

Bingol Diyarbakir karayolu Yayla koytii karsisi, step
alanlar, 1520 m, 08.06.2021  38°36'46.55'K,
40°31'58.15"D

Bulgurlik koy merkezinden Cevirme koytine giderken
yolun 1-2. km, yol kenarlar;, 1480 m 08.06.2021,
38°38'36.36"K, 40°36'3.02"D

Yeniyazi'dan Bulgurluk koéytine giderken Alan
mezrast yol ayrimi step, 1580 m, 08.06.2021,
38°39'52.03"K, 40°35'1.23"D

Cevirme Koyt girisini gectikten sonra 2-3.km, ¢esme
cevresi, mnemli alanlar, 1740 m, 08.06.2021,
38°40'51.91"K, 40°39'32.15'"D

Bingol Diyarbakir karayolu, Yeniyazi-Bulgurlik koy
yolu 3-4.km, orman orman aciklari, 1630 m, 08.06.2021,
38°40'55.43"K, 40°32'28.19"D

Bingol-Diyarbakir karayolu Doganca koyt girisini
gectikten sonra yolun 2-3.km, caywr alanlar, 1115m,
08.06.2021, 38°42'41.23"K, 40°31'38.08"D

Cevirme-Gen¢ karayolu Sarisaman yol ayrimini
gectikten sonra koprii cevresi, dere kenarlari, nemli
alanlar, 1285 m, 08.06.2021, 38°42'27.96"K,
40°36'32.95"D

Bingol-Diyarbakir karayolu Doganca koyt girisini
gectikten sonra yolun 2-3. km, dere kenarlari, nemli
alanlar, 1130 m, 04.07.2021, 38°42'42.63"'K,
40°31'33.32"D

Bulgurluk kdyi yol ayrimina gelmeden, step yamaglar,
1580 m, 04.07.2021, 38°39'50.01"K, 40°35'2.88"D

Bulgurluk-Cevirme kdyti yolu 4-5. km, step yamaglar,
1650 m, , 04.07.2021, 38°38'36.42"K, 40°37'3.38"D

Cevirme-Geng ilgesi aras1, Yadin mezarligin gectikten
sonra yol kenarlari, step alanlar, 1160 m, 04.07.2021,
38°44'12.97"K, 40°34'32.22'"D

Bingol-Diyarbakir karayolu Yeniyazi, Bulgurluk
koyleri yol ayrimi, step alanlar, 1360 m, 04.07.2021,
38°40'45.97"K, 40°30'55.79"D

Cevirme kdyii cami gevresi, bostan kenarlari, 1550 m,
08.08.2021, 38°41'17.00"K, 40°38'10.89"D

Bulgurluk-Cevirme koytii yolu 3-4. km, yol kenarlars,
1640 m, 08.08.2021, 38°38'38.07"K, 40°37'8.66"D

3.2.2. Aragtirma Alaninin Florasi
DIVISION: PTERIDOPHYTA /EGRELTI BOLUMU
EQUISETACEAE/ ATKUYRUGUGILLER

Equisetum L./ Atkuyrugu

1.

E. ramosissimum Desf./Kirk kilitotu; 15, AC498, Cr.

DRYOPTERIDACEAE/PILUNCGILLER

Dryopteris Adans. /Pilung

2.

D. filix-mas (L.) Schott/Erkek egrelti; 6, AC158, 12,
AC338, Hc.
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DIVISION: MAGNOLIOPHYTA /TOHUMLU BITKILER 18.  A.trachycoleum Wendelbo/Boz sarimsak; 21, AC767,
SUBDIVISION: PINOPHYTINA/ ACIK TOHUMLULAR fr.Tur. el, Cr.
ALTSINIFI/PINIDAE/CAMLAR 19. A.vineale L./Sirmo; 46, AC1395a, Cr.
20. A. wendelboanum Kollmann/Kus sogani; 45, AC1366,

CUPRESSACEAE/SERVIGILLER

Juniperus L./ Ardig

3. ]. oxycedrus L. subsp. oxycedrus/Katran ardici; 24,
AC888, Fh.

PINACEAE/CAMGILLER

Pinus L./Cam

4. P.sylvestris Lour./Saricam; 1, AC17, Eu.-Sib. el., Fh.

SUBDIVISION: MAGNOLIOPHYTINA/KAPALI

TOHUMLULAR

ALTSINIFIMAGNOLIDAE/MANOLYA
ACANTHACEAE/AYIPENCESIGILLER
Acanthus L./ Ayipencesi

5. A. dioscoridis L. var. dioscoridis/Lokman ay1ipencesi;
21, AC745, He.

ADOXACEAE/MURVERGILLER

Sambucus L./ Miirver

6.  S.ebulus L./Miirver otu; 20, AC727, Eu.-Sib. El., Fh.
AMARANTHACEAE/HOROZIBIGIGILLER

Chenopodium L./Sirken
7. C. botrys L./Kizilbacak; 16, 18, 29, AC565, AC644,
AC975, Th.

8. C. foliosum Asch./Ctlek; 22, AC837, Th.
Noaeae Moq./Holmezotu

9. N. mucronata (Forssk.) Asch. & Schweinf. subsp.
mucronata/Holmezotu; 22, AC843, Ir.-Tur. el., He.

Salsola L./Soda otu

10. S. boissieri Botsch. subsp. boissieri/Boz soda; 22,

ACS808, Ir.-Tur. el., He.
AMARYLLIDACEAE/NERGISGILLER
Allium L./Sogan

11. A. ampeloprasum L./Pirasa; 22, 39, 42, AC782,
AC1211a, AC1341, Medit. el., Cr.

12.  A. dictyoprasum C.A.Mey. ex Kunth/Top sogan; 41,
AC1263, Ir.-Tur. el., Cr.

13.  A.flavum L. subsp. tauricum (Besser ex Rchb.) K.Richt.
var. tauricum/Toros sarist; 41, AC1329, Medit. el., Cr.

14. A. kharputense Freyn & Sint./Harput sogani; 7,
AC199, Ir.-Tur. el., Cr.

15.  A. nigrum L./Kara sogan; 39, AC1211, Medit. el., Cr.

16. A. pallens L. subsp. pallens/Nur sogani; 48, AC1464,
51, AC1478, Medit. el., Cr.

17.  A. scorodoprasum L. subsp. rotundum (L.) Stearn/Deli

prrasa; 13, AC390a, AC448, Cr.
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END., Ir.-Tur. el., Cr.
APIACEAE/MAYDANOZGILLER
Artedia L./Karabenek
21. A.squamata L./Karabenek; 17, AC594, Th.
Bunium L./ Aksar

22.  B. paucifolium DC. var. paucifolium/Kockuzu; 11,

AC321,12, AC371,13, AC435,15, AC475,37, AC1138,
Ir.-Tur. el., Cr.

Bupleurum. L./Seytanayagt
23.  B. gerardii All./Cal1 seytani; 41, AC1291, Th.
Chaerophyllum L./Handok

24. C. crinitum Boiss./Sagilakotu; 7, AC198, Ir.-Tur. el.,
Cr.

Daucus L./Havug

25. D. carota L./Yabani havug; 19, AC677, 24, AC910, 27,
AC948, Hc.

26. D. guttatus Sm./Benekli havug; 48, AC1470, He.

Falcaria Fabr./Orakotu

27.  F.vulgaris Bernh./Orakotu; 48, AC1467, Hc.
Grammosciadium DC./Kami

28.
29.

G. daucoides DC./Kami; 2, AC33a, Ir.-Tur. el., Hc.

G. macrodon Boiss./Koca kami; 1, AC07; 3, AC52, 7,
AC198a, Ir.-Tur. el., Cr.

Heracleum L./ Ogreotu

30. H. persicum Desf. ex Fisch, C.AMey. & Avé-
Lall./Suh; 16, AC572, Ir.-Tur. el., Hc.

31. H. trachyloma Fisch. & C.A.Mey./Pogluk; 16, AC539,

Hc.
Lecokia DC./Esekbaldirant

32. L. cretica (Lam.) DC./Esek baldirany, 4, AC90; 15,
AC516, Cr.

Malabaila Hoffm./Koyunekmegi

33. M. lasiocarpa Boiss./Sabulgan; 4, AC81, 7, AC192, 12,
AC344, 40, AC1221, END., LC., Ir.-Tur. el., Hc.

Oenanthe L./Delimaydanoz
34. O. fistulosa L./Kazyak; 13, AC441, Cr., .
Peucedanum L./Hinzirotu

35.  P. bupleuroides H. Wolff/Seytan hinziry; 54, AC1497,

END.,, EN,, Cr., .

Pimpinella L./ Anason

36. P. anthriscoides Boiss. var. anthriscoides
Boiss./Mesireotu; 4, AC61, 5, AC139, 15, AC488, Ir.-
Tur. el., He.
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37.  P. peregrina L./El anasonu; 8, AC241, 19, AC690, 20,
AC725,48, AC1462, Hc.

P.  tragium Vill. subsp. lithophila (Schischk.)
Tutin/Teke anasonu; 21, AC771,22, AC777, AC792,
AC823, He,, .

38.

Prangos Lindl./Delicaksir

39. P. peucedanifolia Fenzl/Kaya caksirs; 1, ACO08, Ir.-Tur.
el., He.

Rhabdosciadium Boiss./Somhandok

40. R. microcalycinum Hand.-Mazz./Som handok; 41,
AC1315, END. Ir.-Tur. el., Cr.

Scandix L./Kigkis
41. S. stellata Banks & Sol/Dag kiskisi; 4, ACS85, 10,
AC269, 22, AC816, Th.

Tordylium L./Davulotu

42, T. trachycarpum (Boiss.) Al-Eisawi/Boz kafkalida; 41,
AC1269, Th., .

Torilis Adans./Dercikotu

43. T. arvensis (Huds.) Link subsp. neglecta (Schult.)
Thell./Seytanhavucu; 18, AC670, Th.

44. T.leptophylla (L.) Rchb.f./Ince dercikotu; 41, AC1324,

Th.
APOCYNACEAE/ ZAKKUMGILLER
Vincetoxicum Wolf/ Zilasur

45. V. tmoleum Boiss./Hiyaluk; 41, AC1279, AC1281, Ir.-

Tur. el., He.
ARACEA/YILANYASTIGIGILLER
Arum L./Y1ilanyastig1

46. A. rupicola var. virescens (Stapf)
P.C.Boyce/Dagsorsali; 37, AC1119, Ir.-Tur. el. Cr.

ASPARAGACEAE/KUSKONMAZGILLER

Muscari Mill./ Miskiirim

47. M. armeniacum Leichtlin ex Baker/Gavurbasi;, 30,
AC1000, Cr.

48. M. azureum Fenzl/Kesisbasy;, 1, AC09, 4, AC113,
END.,, Cr.

49. M. comosum (L.) Mill./Morbas 36, AC1089, 37,

AC1112, Medit. el. Cr.
Ornithogalum L./ Akyildiz

50. O. arcuatum Steven/Kurtkirisi; 6, AC168, Ir.-Tur.
el.,Cr.

51.  O. montanum Cirillo/Dag akyildizi; 6, AC150, Ir.-Tur.
el, Cr.

52.  O. narbonense L./Akbaldir; 40, AC1248, 4, AC89,
Medit. el., Cr.

53. 0. oligophyllum E.D.Clarke/Kurt sogani; 33, AC1051,
Cr.

54.  O. sphaerocarpum A Kern./Salkim sakarca; 15, AC478,

Cr.
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Scilla L./Stimbiilciik
55. S. leepii Speta/Ince stimbiil; 31, AC1017, END., Ir.-
Tur. el., Cr.
56. S. siberica Haw. subsp. armena  (Grossh.)

Mordak/Camugkiran; 30, AC994, Ir.-Tur. el., Cr.
ASTERACEAE/ PAPATYAGILLER
Achillea L./ Civanpergemi

57.  A. arabica Kotschy./Hanzabel; 5, AC148, 13, AC416,
15, AC507, 15, AC628a, Ir.-Tur. el.,Ch.

58. A. millefolilium L. subsp. millefolilium/Civanpercemi;

9, AC250, 15, AC505, Eu.-Sib. el., Ch.

A. vermicularis Trin./Ptisan; 12, AC353, 21, AC761,
Ir.-Tur. el. CR., Ch.

Anthemis L./Papatya

60. A. cotula L./Hozan ¢icegi; 15, AC504; 20, AC702, 25,
AC920, 41, AC1310, 46, AC1405, Th.

59.

61. A. cretica subsp. tenuiloba (DC.) Grierson/Ince
papatya; 38, AC1158, 40, AC1220, Th.

62. Akotschyana  Boiss. var. discoidea  (Bornm.)
Grierson/Kog papatyast; 15, AC512, He.

63. A. pseudocotula Boiss./ Acem papatyasy; 13, AC389,
Th.

Arctium L./Loslek

64. A. minus (Hill) Bernh. subsp. minus/Loslek; 16,
AC573, Eu.-Sib. el., He.

Artemisia L/Yavsan
65. A. abrotanum L./Erkek pelin; 48, AC1450, Hc.

66. A. arborescens (Vaill.) L./ Akpelin; 41, AC1282, Medit.
el., He.

67. A. scoparin Waldst. & Kitam./Kara stiplirge; 23,
AC878, 30, AC992, He.

68. A.oulgaris L./Kaba yavsan; 48, AC1449, Hc.

Bellis L./ Koyungozii

69. B. perennis L./Koyungozii; 1, AC22, 5, AC125, 12,
AC373a, 30, AC1002, Eu.-Sib. el., He.

Bidens L./Suketeni

70. B. tripartita L./ Uc suketeni; 27, AC959, Th.

Carduus L./Esekdiken

71. C. nutans L./Esekdikeni; 13, AC437, Hc.

72.  C. pycnocephalus subsp. albidus (M.Bieb.)/Kazmi; 41,
AC1334, Th., .

Carthamus L./ Aspir

73. C. dentatus Vahl/Kinadikeni; 17, AC615, Th.

Centaurea L./Peygambercicegi

74. C. aggregata Fisch. & C.A.Mey. ex DC. subsp.
aggregata/Kiimediigme; 13, AC429, 17, AC589, 23,

AC867, 24, AC916, He.
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75.  C. aggregata Fisch. & C.A.Mey. ex DC. subsp. albida
(K.Koch) Bornm./Akkiime; 4, AC918, END., Hc.

76. C. cariensis Boiss. subsp. maculiceps (O.Schwarz)
Wagenitz/Giil acimik; 23, AC866, Hc.

77. C. consanguinea DC./Tezdtigme; 12, AC352, 13,
AC427, 14, AC461, 16, AC563, END., LC., Ir.-Tur. el.,
Hc.

78.  C. glastifolia L./Kotankiran; 2, AC35, AC43,7, AC216,
10, AC277, 39, AC1192, Ir.-Tur. el., He.

79. C. iberica Trevir. ex Spreng./Deligozdikeni; 17,
AC592, He.

80. C. kurdica Reichardt/Pamukdikeni; 17, AC620, END.,
Ir.-Tur. el., He.

81. C. saligna (K.Koch) Wagenitz/Hol; 22, AC828, END.,
LC,, Ir.-Tur. el,, Hc,, .

82. C. solstitialis L./Cakirdikeni; 16, AC543, 17, AC591,
41, AC1320, Th.

83. C. urvillei subsp. armata Wagenitz/Kotiirtim; 36,
AC1085, 41, AC1323, E. Medit. el., Hc.

84. C. urvillei DC. subsp. urvillei/ Alakétiiriim; 4, AC95,
23, AC850, E. Medit. el. Hc.

Chardinia Desf./Caglaotu

85. C. orientalis (L.) Kuntze/Caglaotu; 36, AC1087, Ir.-
Tur. el., Th.

Chondrilla L./ Karakavuk
86. C.juncea L./Karakavuk; 29, AC985, 54, AC1498, Hc.
Cichorium L./Hindiba

87. C. intybus L./Hindiba; 13, AC440, 15, AC500; 17,
AC62427, AC969, Hc.

Cirsium Mill. / Koygoctiren

88. C.arvense (L.) Scop. subsp. vestitum (Wimm. & Grab.)
Petr./Koygociiren; 19, AC686, 22, AC840, Hc.

89. C. vulgare (Savi) Ten./Yaygin kangal; 23,AC865, 54,
AC1499, He.

Cnicus L./ Topdikeni

90. C. benedictus L.var. benedictus/ Topdiken; 1, AC06; 36,
AC1091, Th.

Conyza Less./Cakalotu
91. C. canadensis (L.) Cronquist/Selviotu; 29, AC981, Th.
Cota ].Gay ex Guss./Babugcca

92.  C. altissima (L.) ]. Gay./Koépek papatyasi; 17, AC598,
Ch.

93. C. tinctoria (L.) ].Gay ./Boyaci papatyasy; 5, AC144, 7,
AC194,10, AC283, 16, AC550, AC567, Hc.

94. C.  wiedemanniana  (Fisch. &  C.AMey.)
Holub./Babugca; 4, AC97, 12, AC343, 14, AC455, 37,
AC1136, Th.

Crepis L./KISKI

95. C. alpina L./ Yirekotu; 8, AC244, AC245, 19, AC692,
22, AC785, Th.

96. C. foetida L. subsp. rhoeadifolia  (M.Bieb.)
Celak./Sakarkanak; 11, AC317, AC325, 12, AC332,
AC342,13, AC425,17, AC606, 24, AC908, ACI11, 29,
AC977, Th.

97.  C.pulchra L. subsp. pulchra/ Zarif kiskis; 41, AC1296a,
Th.

Crupina (Pers.) DC./Gelindondiiren

98. C. crupinastrum (Moris) Vis./Gelindondiiren; 19,
AC678, 41, AC1257, He.

Echinops L./ Topuz

99. E. orientalis Trautv./Dagsekeri; 17, AC611, 24,
AC899, Ir.-Tur. el., He.

Erigeron L./Sifaotu

100. E.  acris L. subsp.  pycnotrichus  (Vierh.)
Grierson/ Yiinlii sifaotu; 48, AC1445, Eu.-Sib. el., He.

Filago L./Kegeotu

101. F.arvensis (L.) Holub/Kegeotu; 10, AC276,11, AC307,
Th.

Gundelia L./Kenger

102. G. tournefortii L.var. tournefortii/Kenger; 4, AC109,
Ir.-Tur. el., He.

Helianthus L./ Aycicegi
103. H. tuberosus L./Yerelmasi, 53, AC1489, Cr.
Helichrysum Mill./ Olmezgigek

104. H. arenarium (L.) Moench subsp. aucheri P.H.Davis &
Kupicha/Yayla cicegi; 13, AC436; 16, END., LC,, Ir.-
Tur. el., Ch.

105. H. arenarium (L) Moench subsp. rubicundum
(K.Koch) P.H.Davis & Kupicha/Yaylagtili; 13,
AC428, Ir.-Tur. el., Ch.

106. H. plicatum DC. subsp. plicatum/Mantuvar; 7, AC224,
12, AC354, Ch.

107. H. plicatum DC. subsp. pseudoplicatum (Nabélek)
P.H.Davis & Kupicha/Bozoglan; 21, AC753, Ch.

Inula L./ Andizotu

108. I. britannica L./Cayir andizy; 23, AC845, Eu.-Sib. el,,
Hc.

109. I germanica L./Ekin andizotu; 47, AC1438, Eu.-Sib.
el., He.

110. L helenium L. subsp. pseudohelenium

Grierson/ Andizotu; 21, AC765, Ir.-Tur. el., Cr.
111. I oculus-christi L./ Yolotu; 21, AC760, Eu.-Sib. el., Cr.
Lactuca L./Marul
112. L. hispida DC./Killi marul; 45, AC1384, Hc.

113. L. orientalis (Boiss.) Boiss./Sizikamiskan; 23, AC856,
AC872, Ir.-Tur. el., He.

114. L. serriola L./Esekhelvasi; 29, AC984, Eu.-Sib. el., Hc.

115. L. viminea (L.) ]J.Presl & C.Presl/Cukurcitligi; 29,
AC978, Hce., .
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Lapsana L./Sebrek 135. T. decipiens (Fisch. & C.A.Mey.) Bornm./Sar
; 17, AC614, Hc.
116. L. communis L. subsp. intermedia (M.Bieb.) papatya 6 ¢
Hayek/Sebrek; 5, AC131, He. 136. T. disciforme (C.A.Mey.) Sch. Bip./Kel beybunik; 13,
AC405, Ir.-Tur. el., Hc.
Leontodon L./ Aslandisi 405, Ir.-Tur. e ¢
117. L. asperrimus (Willd) EndL/Asyemligi; 11, AC304, 137. T. microcephalum (Boiss.) Bornm./Kavruk gode; 45,
AC1369, Ir.-Tur. el., He.
Ir.-Tur. el., He.
138. T. oreades (BOISS.) Rech. Fil. var. oreades/Hoshos; 1,

Picnomon Adans./Kilgikdiken

118. P. acarna (L.) Cass./Kilgikdiken; 19, AC682, Medit.
el., Th.

Picris L./ Acigiro

119. P. strigosa M.Bieb. subsp. strigosa/Acisiro; 41,
AC1333, Ir.-Tur. el., He.

Pilosella Vail./Tirnakotu

120. P. procera (Fr) F.W.Schultz & Sch. Bip./Uzun
Tirnakotu; 15, AC469, 22, AC841, Hc.

Scorzonera L./ Tekesakali

121. S. mollis M.Bieb. subsp. mollis/Iskorcina; 2, AC29, 7,
AC223, Hc.

122. S. semicana DC./Kivrim; 39, AC1200, END., LC,, Ir.-
Tur. el., He.

Senecio L./Kanaryaotu

123. S. vernalis Waldst. & Kit./Kanaryaotu; 1, AC14,
AC15, 4, AC101, Th.

Sonchus L./Esekgevregi

124. S. arvensis L. subsp. uliginosus (M.Bieb.) Nyman/Bol
sokelek; 8, AC240, Hc.

Tanacetum L./Pireotu

125. T. cilicium (Boiss.) Grierson/Kaba pireotu; 38,
AC1160, 45, AC1367, E. Medit. el., Cr.

126. T. parthenium (L.) Sch. Bip./Beyaz papatya; 12,
AC333, He.

127. T. zahlbruckneri (Nab.) Grierson/Ozge pireotu; 7,
AC201, END., VU,, Ir.-Tur. el., Ch.

Taraxacum F.H.Wigg. /Karahindiba
128. T.buttleri Soest,/Karahindiba; 1, AC11, 2, AC33, Hc.

129. T. montanum (C.A.Mey.) DC./Dag hindibasi; 22,
AC790, Ir.-Tur. el., He.

130. T. revertitans Greuter/Casir; 33, AC1050, Hc.

Tragopogon L./Yemlik

131. T. buphthalmoides (DC) Boiss. var.
buphthalmoides/Tarla yemligi; 45, AC1380, Ir.-Tur. el.,
Hc.

132. T. dubius Scop./ At yemligi; 41, AC1321, 46, AC1427,
Hc.

133. T. Porrifolius L. subsp. longirostris (Sch. Bip.)
Greuter./Helevan; 13, AC392, Medit. el., Hc.

134. T. pterocarpus DC./Boz yemlik; 4, AC62, 11, AC305,

Ir.-Tur. el., Hc.

Tripleurospermum Sch. Bip./ Akpapatya
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AC23, 31, AC1022, He.
Turonecio Hamzaoglu/Turanotu

139. T. eriospermus (DC.) Hamzaoglu/Boz turanotu; 7,
AC226,11, AC289, Ir.-Tur. el., He.

Tussilago L./ Okstiriikotu

140. T. farfara L./ Oksiiriikotu; 34, AC1074, Eu.-Sib. el., Hc.
Xeranthemum L./Kagitcicegi

141. X. annuum L./Kagutcicegi; 21, AC755, 17, AC625, Th.
BETULACEAE/HUSGILLER

Alnus Mill. /Kizilagag

142. A. glutinosa (L.) Gaertn./Kizilagac; 47, AC1432, Fh.
BORAGINACEAE/HODANGILLER

Anchusa L./ Sigirdili

143. A. aucheri A.DC./Karadindik; 1, AC11a, 34, AC1064,
Th.

144. A. azurea Mill./Sigirdili; 6, AC179, 25, AC931, Ch.
Asperugo L./Nevazilotu

145. A. procumbens L./Nevazilotu; 5, AC114, Eu.-Sib. el.,
Th.

Brunnera Steven/Gogcegozii

146. B. orientalis (Schenk) I.M.Johnst./Minik gogce; 15,
AC484, AC496, E.Medit. el., Hc.

Buglossoides Moench / Tarlataskeseni

147. B. arvensis (L.) LM.Johnst./Tarla taskeseni; 4, AC103,
34, AC1057, Th.

Cynoglossum L./ Pisiktetigi

148. C. montanum L./Dag kopekdili; 38, AC1150, Eu.-Sib.
el., He.

Echium L./Engerekotu

149. E. italicum L./Kurtkuyrugu; 13, AC388, 24, AC892,
Medit. el.,Hc.

Heliotropium L./Bambulotu

150. H. europaeum L./ Akrep otu; 16, AC562, Ir.-Tur. el.,
Th.

151. H. dolosum De Not./Bambulotu; 29, AC982, Th.
Myosotis L./ Unutmabeni

152. M. alpestris F.W.Schmidt subsp. alpestris/ Boncukotu;
32, AC1029, Hc.

153. M. amoena Boiss./Hos boncukotu; 2, AC41, 40,
AC1238, VU., Euxin. el., He.
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154. M. heteropoda Trautv./Cayirboncugu; 1, AC16,AC27,
Ir.-Tur. el., Th.

155. M. ramosissima Rochel/Kusgozii; 36, AC1102, 37,
AC1142, Th.

156. M. sicula Guss./ Inciboncuk; 41, AC1298, Th.
Nonea Medik./Sormukotu

157. N. monticola (Rech. Fil.) Selvi & Biggazi/Dag
sormugu; 35, AC1079, END. Hc.

158. N. persica Boiss./ Acem sormugu; 2, AC38, Ir.-Tur. el,
LC., He.

159. N. stenosolen Boiss. & Balansa/Sormuk otu; 15,
AC517,43, AC1357, END., LC., Ir.-Tur. el., Hc.

Onosma L./Emzikotu

160. O. albo-rosea Fisch. & C.A. Mey./Kaya emcegi; 39,
AC1208, He.

O. gigantea Lam./Koca emcek; 17, AC596, E. Medit.
el., He.

161.

162.
163.

O. mollis DC./Divankosgk; 7, AC183, Ir.-Tur. el, He.

O. polioxantha Rech. f./Yoz emzikotu; 15, AC527, 23,
AC859, END., Ir.-Tur. el. He.

O. proballanthera Rech. f./Yayla emzigi; 21, AC756,
END., Ir.-Tur. el. Hc.

O. sericen Willd./Kagit emcek; 11, AC299, 37,
AC1108, Hc.

164.
165.

Paracaryum (DC.) Boiss./Carsakotu

166. P. bingoelianum Behcet&llcim, 7, AC203, 40, AC1227,
END., Hc.

167. P. cristatum (Schreb.) Boiss. subsp. cristatum/Ana
carsakotu; 39, AC1201, END., LC., Ir.-Tur. el., Hc.

Rindera Pallas/Yiinltigelin

168. R. Ianata (Lam.) Bunge var. canescens (A.D.C.)
Kosn,/Ytnliigelin; 7, AC205, 40, AC1216, Ir.-Tur. el,,
He.

Rochelia Rchb. /Kuscirnagi

169. R. cancellata Boiss. & Balansa/Yayla kuscirnagy; 40,
AC1215, Ir.-Tur. el., Th.

Solenanthus Ledeb./Yaylatuttuni

170. S. stamineus (Desf.) Wettst./Yayla tiittinii; 7, AC188,
AC219, He.

Symphytum L./Karakafesotu

171. S. kurdicum Boiss. & Hausskn./Kiirt kafesotu; 15,
AC483, 45, AC1376, Ir.-Tur. el. Hc.

BRASSICACEAE/ TURPGILLER
Aethionema Aiton/Kayagiili

172. A. arabicum (L.) Andrz. ex DC./Arap tascantasy; 4,
AC87, AC93, Th.

173. A. armenum Boiss./Tascantasy; 2, AC42, 22, AC781,
Ir.-Tur. el., Ch.
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174. A. grandiflorum Boiss. & Hohen./Koca kayagiili; 7,
AC211, 40, AC1217, Ir.-Tur. el.,, Ch.

175. A. speciosum Boiss. & A.Huet/Som kayagiilii; 39,
AC1189, Ir.-Tur. el., Ch.

Alliaria Heist. ex Fabr./Sarmisakhardali
176. A. petiolata (M.Bieb.) Cavara & Grande/Sarimsak

hardali; 6, AC175, Th.

Alyssum L./Kuduzotu

177. A. minutum Schltdl. ex DC./Gillik kuduzotu; 31,
AC1020, Th.

178. A.  pateri Nyar. subsp. prostratum  (Nyar.)
Dudley/Yatik kevke; 10, AC282, 26, AC941,AC943,
END., LC., Ir.-Tur. el., He.

179. A. simplex Rudolph./Sade kuduzotu; 10, AC275, Th.

180. A. strictum Willd./Dik kuduzotu; 1, AC04, 37,

AC1133, Ir.-Tur. el., Th.
Arabidopsis Heynh. /Fenotu
181. A. thaliana (L.) Heynh./Fenotu; 32, AC1039, Th.
Arabis L./Kazteresi

182. A. alpina L.subsp. alpina/Kazteresi; 3, AC57, 34,
AC1067, He.

183. A. alpina L. subsp. brevifolia (DC.) Cullen/Diiz
kazteresi; 22, AC833, E. Medit. el., Hc.

Barbarea W.Aiton/Nicarotu
184. B. plantaginea DC./Gotlezgotti, 33, AC1048,Hc.
Capsella Medik/Cobangantasi

185. C. bursa-pastoris (L.)
AC386, 32, AC1043, Th.

Medik./Cobancantasi;; 13,

Cardamine L./ Acitere

186. C. tenera S.G.Gmel. ex C.A.Mey./Narin koptikotu; 5,
AC127, He.

187. C. uliginosa M.Bieb. AC1226/33, AC1049, Cr.
Coluteocarpus Boiss. /Patarikotu

188. C. vesicaria (L.) Holmboe subsp. vesicaria/Patarikotu;
38, AC1171, Ir.-Tur. el., Hc.

Draba L./Kayadolamasi

189. D. nuda (Bél.) Al-Shehbaz & M. Koch./Cibil dolama;
31, AC1008, Hc.

190. D. verna (L.) DC./Circirotu; 32, AC1038, Th.
Erysimum L./ Zarifeotu

191. E. crassipes Fisch. & C.A.Mey./Zarifeotu; 34, AC1059,
Hc.

192. E. repandum L./Catal zarife; 37, AC1123, Th.
Fibigia Medik./Sikkeotu

193. F. clypeata (L.) Medik. subsp. clypeata
clypeata/Sikkeotu; 3, AC53, 36, AC1090, Hc.

var.

194. F. clypeata (L.) Medik. subsp. clypeata var. eriocarpa
(DC.) Post/Sikkeotu; 34, AC1069, Hc.
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195. F. macrocarpa (Boiss.) Boiss./Koca sikkeotu, 4, AC70,
He.
Hesperis L./ Aksamyildizi

196. H. thyrsoidea Boiss./Salkim aksamyildizi; 2, AC44, 40,
AC1214, Ir.-Tur. el., He.

Lepidium L./ Tere

197. L. draba L./Dignik; 6, AC163, He.

Microthlaspi F. X.Mey./Giyle

198. M. perfoliatum (L.) F. K. Mey./Giyle; 30, AC998, Th.
Neslia Desv./Tophardal

199. N. paniculata (L.) Desv./Tophardal; 36, AC1104, Th.
Noccea Moench /Kugbasiotu

200. N. wviolascens (Schott & Kotschy) F.K. Mey./Mor
kusbasiotu; 38, AC1154, Th., END.,

Raphanus L./ Turp
201. R. sativus L./ Turp; 32, AC1035, Cr.
Sisymbrium L./Bulbtilotu

202. S. altissimum L./Ergelenotu, 37, AC1141, 46, AC1393,
Th.

203. S. loeselii L./ Biilbiilotu; 7, AC146, 38, AC1162, Th.
Thlaspi L./ Cobandagarcigi

204. T. arvense L./Ekin dagarcigy; 40, AC1247, Th.
CAMPANULACEAE/CANCICEGIGILLER
Asyneuma Griseb. & Schenk/ Ciceklidegnek

205. A. amplexicaule (Willd.) Hand.-Mazz.
amplexicaule  var. amplexicaule/ Hosdegnek;
AC341, He.

subsp.
12,

Campanula L./ Cangicegi

206. C. glomerata L. subsp. hispida
Hayek/Yumak cani; 39, AC1194, Hc.

(Witasek)

207. C.involucrata Aucher ex A.DC./Sarim cany; 7, AC210,

Hc.

208. C. reuteriana Boiss. & Balansa/Sel cangicegi; 41,

AC1325, Th.

209. C. stevenii M.Bieb. subsp. stevenii/Yan cancicegi; 7,

AC232, He.
210.
CAPRIFOLIACEAE/HANIMELIGILLER

C. stricta L.var. stricta/Giir cangigegi; 21, AC743, He.

Cephalaria Scrad. ex Roem. & Schult./Pelemir

211. C. elazigensis  var. elazigensis ~ Goktirk &
Stimbiil/Elaz1g pelemiri; 22, AC803, 54, AC1500,
END., Ir.-Tur. el. He.

212. C. microcephala Boiss./Bozkir pelemiri; 22, AC804, Ir.-
Tur. el. He.

Dipsacus L./ Fercitaragt
213. D. laciniatus L./ Fescitaragi; 48, AC1448, Hc.
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Pterocephalus Adans./Ciictikotu

214. P. plumosus (L.) Coult/Gok cticiikotu; 41, AC1305,
Th.

Scabiosa L./ Uyuzotu
215. S. argentea L./Yazi siiptirgesi; 13, AC446, He.

216. S. persica Boiss./ Acem zivany; 13, AC426, Ir.-Tur. el.
Th.

Valerianella Mill. / Kuzugevregi

217. V. coronata (L.) DC./Tacli kuzu gevregi; 1, AC26, 37,
AC1134, Th.

V. dactylophylla Boiss. & Hohen./El kuzugevregi; 12,
AC339, AC373, Ir.-Tur. el,, Th.

218.

219. V. glomerata Boiss. & Balansa/Oz kuzugevregi; 4,

AC77, END.,, Ir.-Tur. el. Th.

220. V.locusta (L.) Laterr./Nazli kuzugevregi; 37, AC1139,

Eu.-Sib. el., Th.
V. pumila (L.) DC./Bag kuzugevregi; 31, AC1009, Th.
CARYOPHYLLACEAE/KARANFILGILLER

221.

Arenaria L./ Kumotu
222. A. serpyllifolia L./ Tarla kumotu; 6, AC152b, Th.
Cerastium L./Boynuzotu

223. C. dubium (Bastard) Guépin/Mizrak boynuzotu; 1,

AC20, 5, AC126, Th.
224. C. dichotomum L./Catal boynuzotu; 35, AC1076, Th.

225. C. fontanum Baumg. subsp. vulgare (Hartm.) Greuter

& Burdet/Koru boynuzotu; 35, AC1097, Th.

226. C. glomeratum Thuill./Boynuzotu; 1, AC21, 37,

AC1109, Th.

C. pumilum Curtis/Egri boynuzotu; 6, AC174, 32,
AC1023, Th.

Cucubalus L./Karanakil
228. C. baccifer L./Karanakil; 24, AC905, Hc.

227.

Dianthus L. /Karanfil

229. D. floribundus Boiss./Kirk karanfil; 18, AC639, 41,
AC1316, Ir.-Tur. el. He.

230. D. hymenolepis Boiss. subsp. hymenolepis/Yamag

karanfili; 22, AC799, Ir.-Tur. el. Hc.

231. D. orientalis Adams/Yar karanfili; 22, AC821, Hc.

232. D. zonatus Fenzl var. aristatus (Boiss.) Reeve/Kaya

karanfili; 13, AC430, 18, AC633, Hc.

233. D. zonatus Fenzl var. hypochlorus (Boiss.&Heldr.)

Reeve/Kaya karanfili; 41, AC1296, Hc.

Eremogone Fenzl/ignekumotu

234. E.  acutisepala  (Hausskn.  ex  F.Williams)
Ikonn./Kumotu; 15, AC479, 23, AC881, END., Ir.-
Tur. el. He.

235. E. gypsophiloides (L.) Fenzl/Coven kumotu; 22,
AC839, 10, AC260, Ir.-Tur. el., Hc.
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236. E. ledebouriana (Fenzl) Ikonn./ Lc“;ne kumotu; 43,
AC1358, END., Hc.
Gypsophila L./ Coven

237. G. ruscifolia Boiss./Acem ¢oveni; 23, AC868, Ir.-Tur.
el. He.

Herniaria L./ Atyaran

238. H. glabra L./ Atyaran; 38, AC1179, Th.
Holosteum L./Seytankiipesi

239. H. umbellatum L./Seytan kiipesi; 30, AC997, Th.
Minuartia L./ Tistisotu

240. M.  hybrida  (Vill) Schischk.
McNeill/Ekin tistisi; 41, AC1306, Th.

subsp.  turcica

241. M. mediterranea (Ledeb. ex Link) K.Maly/Yal1 tistisy;
32, AC1026, Medit.el., Th.

Moenchia Ehrh./Dérdiizotu

242. M. mantica subsp. caerulea (Boiss.) Clapham/; 32,
AC1036, Th.

243. M. mantica (L.) Bartl subsp. mantica/Dérdiiz otu; 1,
ACO02, 47, AC1437, Th.

Paronychia Mill. /Etyaran

244. P. kurdica Boiss. subsp. kurdica var. kurdica/Boz
kepekotu; 11, AC309, 36, AC1105, Hc.

Petrorhagia (Ser.) Link/Feraceotu

245. P. alpina (Hablitz) P.W.Ball & Heywood subsp.
olympica (Boiss.) P.W.Ball & Heywood/Yaylaferacesi,
15, AC487, 45, AC1386, Th.

246. P.cretica (L.) P.W.Ball & Heywood/Ada zargicegi, 41,
AC1294, Th.

Sagina L./Saginotu
247. S. procumbens L./Saginotu; 29, AC989, Hc.
Scleranthus L./Kinavel

248. S. annuus L. subsp. annuus/Kinavel; 7, AC217a, 36,
AC1094, Th.

249. S.annuus L. subsp. verticillatus (Tausch) Arcang./Zar
kinavel; 32, AC1025, Th.

250. S. uncinatus Schur/; 5, AC134, Th.
Silene L./Nakil

251. S. capitellata Boiss./Kavuklu nakil, 7, AC187, 39,
AC1197, END., Ir.-Tur. el. Hc.

S. chlorifolia Sm./Puskullu; 12, AC370, 38, AC1175,
Ir.-Tur. el. He.

S. chlorantha (Willd.) Ehrh./; 42, AC1342, Hc.

S. compacta Fisch./Kanlibasira otu; 9, AC249, 19,
AC674, He.

S. spergulifolia (Willd.) M.Bieb./ Ana nakily; 4, AC67,
AC74, AC82, AC106, 36, AC1083, Ir.-Tur. el. Hc.

252.

253.
254.

255.

256. S. stenobotrys Boiss. & Hausskn./Maras nakili; 41,

AC1273, Ir.-Tur. el,, He.
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257. S. vulgaris (Moench) Garcke var. commutata (Guss.)
Coode & Cullen/Ecibiicii; 5, AC117, 25, AC928,Hc.

Stellaria L./Kusotu

258. S. pallida (Dumort.) Piré/Kusmak; 32, AC1032, Th.

Vaccaria Medik./ Ekinebesi

259. V. hispanica (Mill.) Rauschert./Ekin ebesi; 13, AC393,
Th.

CLEOMACEAE/SACAKGULUGILLER

Cleoma L./Sacakgiilti

260. C. ornithopodioides L./ Tas sacakgtilii, 29, AC976, Th.
COLCHICACEAE/ACICIGDEMGILLER

Colchicum L./ Acigigdem

261. C. kotschyiBoiss./ Acigigdem, 7, AC225, Ir.-Tur. el. Cr.

262. C. szovitsii Fisch. & C.A.Mey./Katir cigdemi; 30,
AC1007, Cr.

CONVOLVULACEAE/TARLASARMASIGIGILLER
Convolvulus L./ Tarlasarmasig1

263.
264.

C. arvensis L./ Tarla sarmasig1; 20, AC721, He.

C. betonicifolius Mill. subsp. peduncularis/Kuzu
sarmasi81; 13, AC375, Ir.-Tur. el., He.

265. C. carduchorum P.H.Davis/Yapikotu; 11, AC302,

AC319, END,, LC,, Ir.-Tur. el., He.

266. C. cataonicus Boiss. & Hausskn./Kaplumbagaotu; 21,

AC741, END., Ir.-Tur. el. Hc.

267. C. galaticus Rost. ex Choisy/Boz sarmasik; 16, AC597,

Ir.-Tur. el., He.
CRASSULACEAE/DAMKORUGUGILLER
Phedimus Raf./Pisikulag:

268. P. obtusifolius (C.A.Mey.) 't Hart/Kiit pisikulagi; 22,
AC778, Cr.

Rosularia (DC.) Stapf/Kayakorugu

269. R. radiciflora (Steud.) Boriss. subsp. glabra (Boiss.)
D.F.Chamb. & Muirhead/Bodur kayakorugu; 22,
AC836, Ir.-Tur. el., He.

270. R. sempervivum (M.Bieb.) A.Berger subsp. persica
(Boiss.)/ Acem korugu; 12, AC374, Ir,-Tur. el., Hc.

Sedum L./Damkorugu
271. S. album L./Cobankavurgasi; 21, AC766, Hc.

272. S. caespitosumm (CAV) DC./Bodur damkorugu; 1,
ACO03, Medit. el., Th.

S. hispanicum L./Damkorugu; 4, AC112, Ir.-Tur. el.,
Th.

S. subulatum
AC390b, Hc.

Umbilicus DC./Gobekotu

273.

274. (C.A.Mey.) Boiss./Keditirnagi;, 13,

275. U. luteus (Huds.) Webb & Berthel./Sar1 gobekotu; 4,
AC102, Cr.
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CUCURBITACEAE/KABAKGILLER
Bryonia L./Binkulag

276. B. aspera Steven ex Ledeb./Seytan salgami; 41,
AC1284, He.

CYPERACEAE/HASIROTUGILLER
Bolboschoenus (Asch.) Palla/Sandalyesazi

277. B. maritimus (L.) Palla var. maritimus/Sandalyesazi;
48, AC1469, He.(Hd.)

Carex L./ Ayakotu

278. C. distans L. subsp. distans/Sina ayakotu; 46, AC1409,
AC1411, Eu.-Sib. el.,Hc.

279. C. hirta L./ Tyl caywrsazi; 46, AC1408, Eu. Sib. el,,
Hc.

280. C. kurdica Kik. ex Hand.-Mazz./Yaylasazi; 37,
AC1149, Ir.-Tur. el., He.

281. C. stenophylla Wahlenb. subsp. stenophylloides
(V.IKrecz.) T.V.Egorova/Col ayakotu; 33, AC1046,
Ir.-Tur. el., He.

Cyperus L./Hasirotu

282. C.longus L. subsp. longus/Karatopalak; 15, AC519, 41,
AC1270, He., (Hd.).

Eleocharis R.BR./Sivrisaz

283. E. palustris (L.) Roem. & Schult. subsp.
palustris/Delisaz; 23, AC891, Cr.
284. E. uniglumis (Link) Schult. subsp.

uniglumis /Kapgiksazi; 39, AC1191, Hc.
Scirpoides Seg./Vurla

285. S. holoschoenus (L.) Sojak subsp. holoschoenus/Vurla;
15, AC520; 41, AC1253, AC1283. Cr.

ELAEAGNACEAE/IGDEGILLER

Elaeagnus L./1gde

286. E.angustifolia L. var. angustifolia/1gde; 27, AC967, Fh.
EUPHORBIACEAE/SUTLEGENGILLER

Chrozophora Neck. ex A.Jauss./Sigilotu

287. C. tinctoria (L.) A.Juss./Sigilotu; 48, AC1449a, Th.
Euphorbia L./Stitlegen

288. E. cheiradenia Boiss. & Hohen./Sirker; 7, AC234, 27,
AC949, Ir.-Tur. el., He.

289. E. denticulata Lam/Karasiitliik, 1, AC05, 17, AC612,
Ir.-Tur. el., He.

290. E. falcata L. subsp. macrostegia  (Bornm.)
O.Schwartz/Ilica stitlegeni; 50, AC1477, E. Medit. el.,
Th.

291. E. szovitsii Fisch. & C.A.Mey. var. szovitsii/Urus
stitlegeni; 18, AC658, Th.

FABACEAE/BAKLAGILLER
Astragalus L./Geven

292. A. amblolepis Fisch/Kiit geven, 52, AC1482, 17,
AC586, Ir.-Tur. el., Ch.

293. A. bingoellensis Podlech/Bingol geveni, 4, AC73, 45,
AC1385, END., Ch.

294. A. caspicus M.Bieb. subsp. caspicus/Hazar geveni; 22,
AC810, Ir.-Tur. el., He.

295. A. commagenicus (Hand.-Mazz.) Sirj./ Nemrut geveni;
15, AC515, END., E. Medit. el., Ch.

296. A. fragrans Willd./Mis geven; 39, AC1209, Ir.-Tur. el.
He.

297. A. fraxinifolius DC./Batak geveni, 45, AC1383, Ir.-Tur.
el., He.

298. A. qummifer Labill./Sakizli geven, 16, AC546, 21,
AC757, Ir.-Tur. el., Ch.

299. A.kurdicus Boiss./ Ahir geveni; 22, AC787, Ir.-Tur. el.,
Ch.

300. A. latifolius Lam./Geven yoncasi, 39, AC1193, Ir.-Tur.
el, Ch.

301. A. muschianus Kotschy & Boiss./Mus geveni; 15,
AC513, Ir.-Tur. el., Ch.

302. A. onobrychis L./Korunga geveni; 7, AC184, He.

303. A. psoraloides Lam./Bayburt geveni; 10, AC264, Ir.-
Tur. el. Ch.

304. A. pycnocephalus Fisch./Bozuk geven; 11, AC298, Ir.-
Tur. el., Ch.

Colutea L./Patlangac
305. C. cilicica Boiss. & Balansa/Patlangag; 9, AC248, Fh.
Dorycnium Mill. / Kaplanotu

306. D. pentaphyllum Scop. subsp. haussknechtii (Boiss.)
Gams/Gerveniik; 17, AC595, END. Ir.-Tur. el, Hc.

Glycyrrhiza L./Meyan

307. G. glabra L./Meyan; 13, AC424, Hc.

Lathyruss L./Mirdtmik

308. L. chloranthus Boiss/Yas imirdik; 15, AC491, Ir.-Tur.
el., Th.

309. L. inconspicuus L. var. inconspicuus/Yilan

miirdimiigi; 4, AC100, Th.
310. L. sativus L./Miirdumiik; 37, AC1124, Medit. el., Th,
Lotus L./Gazalboynuzu

311. L. corniculatus L.var. corniculatus/Gazalboynuzu; 6,
AC162,27, AC970, Hc.

312. L. gebelia Vent. var. gebelia/Giil gazalboynuzu; 9,
AC253, 11, AC326, Ir.-Tur. el., He.

Medicago L./Karayonca
313. M. lupulina L./Bitcikotu; 6, AC170, Hc.
314. M. minima (L.) L. var. minima/Gurnik; 1, AC24, Th.

315. M. rigidula (L.) All. var. cinerascens (Jord.) Rouy/Kaba
yonca; 1, AC19,Th.
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316. M. sativa L. subsp. sativa/Karayonca; 9, AC247, Hc. 341. V. noeana Boiss. var. noeana/Salkim bakla; 37,
AC1145, Ir.-Tur. el.,, Th.
Melilotus L./ Tagyoncast 1145, Ir-Tur. e
. ) 342. V. sativa L. subsp. nigra (L.) Ehrh. var. nigra/Esek
317. M. officinalis (L.) Pall./Kokulu yonca; 8, AC237, Hc. giiriil; 33, AC1045, Th.
Ononis L./ Kaykiran 343. V. villosa Roth subsp. villosa/Tuiylu fig; 20, AC707,
318. O. spinosa L./Kayiskiran; 15, AC482, He. Th.
Pisum L./Bezelye FAGACEAE/KAYINGILLER
319. P. sativum L. subsp. sativum var. sativum/Bezelye; 2, Quercus L./Mese
AG32, Th. 344. Q. brantii Lindl./Karamese; 17, AC626, AC627, 41,
Robinia L./ Yalanciakasya AC1265, Ir.-Tur. el., Fh.
320. R. pseudoacacia L./Yalanci akasya; 38, AC1159, Fh. 345. Q. libani G.Olivier/Liibnan mesesi; 25, AC922, 54,
. . AC1501, Ir.-Tur. el., Fh.
Securigera DC./Korigen
. . . 346. Q. infectorin G.Olivier subsp. veneris (A.Kern.)
321. IS_I varia (L.) Lassen/Korigen; 8, AC243, E. Medit. el. Meikle/ Zidiyen; 14, AC454, Fh.
c.
o 347. Q. petraea (Matt.) Liebl. subsp. petraea/Sapsiz mese;
Trifolium L./Yonca 18, AC642, Fh.
322. T. arvense L.var. arvense/ Tavsanayag; 3, AC447, Th. 348. Q. petraea (Matt.) Liebl. subsp. pinnatiloba (K.Koch)

323. T. campestre Schreb. subsp. var.

campestre/Uggil; 8, AC239, Th.
T. dubium Sibth./Tatli yonca; 41, AC1302, Th.
T. hirtum All./Deli yonca; 37, AC1107, Medit. el., Hc.

T. lappaceum L./Yivli yonca; 41, AC1267, Medit. el.,
Hc.

campestre

324.
325.
326.

327.
328.

T. micranthum Viv./Yer yoncasy; 41, AC1292, He.

T. nigrescens Viv. subsp. petrisavii
Holmboe/ Yel ticgtilt; 9, AC254, Th.

(Clementi)

329. T. physodes Stev. ex M.Bieb. var. physodes/Mese

uggtily; 4, AC72, 37, AC1140, Medit. el., Hc.

T. pauciflorum d'Urv./Stlin tggilt; 37, AC1106, E.
Medit. el., Th.

330.

331. T.pratense L. var. americanum Harz/Cay1r tiggiilii; 24,
AC903, He.

332. T. pratense L. var. pratense/Cay1r ticgiilii; 5, AC129,
37, AC1110, He.

333. T. purpureum Loisel. var. laxiusculum
(Boiss.&C.I.Blanche) Hossain/Mor  ticgul; 41,

AC1293, E. Medit. el., Th.

334. T. purpureum Loisel. var. purpureum/Mor {icgil; 13,

AC443, E. Medit. el., Th.

335. T. tomentosum L. var. tomentosum/Yinli yonca; 37,
AC1115, He.

Vicia L./Fig
336. V. balansae Boiss./Pisik figi; 14, AC470, Eux. el., He.

337. V. cracca L.subsp. cracca/Kus figi; 12, AC334, Eu.-Sib.
el., He.

338. V. cracca L.subsp. stenophylla Vel./Mese figi; 48,
AC1441, He.

339. V. koeieana Rech.f./Zar bakla; 15, AC495, Ir.-Tur. el,
Th.

340. V. lathyroides L./ Camfigi; 4, AC100a, Th.

51

Menitsky/Koca pelit; 18, AC654, END., Fh.
GENTIANACEAE/GENTIYANGILLER
Centaurium Hill. / Gelindtigmesi

349. C. erythraea Rafn subsp. turcicum
Melderis/Tukulotu; 24, AC904, Th.

GERANIACEAE/ TURNAGAGASIGILLER
Erodium L./Dénbara

(Velen.)

350. E. cicutarium (L.) L'Hér. subsp. cicutarium/Ignelik; 30,
AQC995, Th.

Geranium L./ Turnagagast

351. G. collinum Stephan ex Willd./Itir ¢igegi; 20, AC729,
Th.

G. divaricatum Ehrh./Catal 1tir; 24, AC915, Th.

G. libanoticum Schenk / Pelgizer; 3, AC56, 34, AC1070,
Cr.

G. purpureum Vill./Ebedén; 5, AC130, Th.

G. pusillum Burm.f./ 1ncegelingar§af1; 38, AC1170, Hc.
G. tuberosum L./Cakmuz; 4, AC86, Ir.-Tur. el., Cr.
HYPERICACEAE/KANTARONGILLER

352.
353.

354.
355.
356.

Hypericum L./Kantaron

357. H. amblysepalum Hochst./Kantiilcicegi; 10, AC256,
Ir.-Tur. el., He.

H. lysimachioides ~ Boiss. & Noé  var.
lysimachioides/ Egin kantaronu; 9, AC251, 23, AC880,
AC885, Ir.-Tur. el., He.

H. perfoliatum L/Binbirdelik otu; 13, AC415, Medit.
el., He.

358.

359.

360. H. perforatum L. subsp. perforatum/Kantaron; 46,

AC1422, He.

H. scabrum L./Karahasancay1; 4, AC60, 18, AC632, Ir.-
Tur. el., He.

361.

362. H. triquetrifolium Turra/Pirpirotu; 48, AC1453, He.
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IRIDACEAE /SUSENGILLER
Crocus L./Cigdem

363. C.  biflorus  Mill.  subsp.
K.Richt./Cokiilce; 30, AC1003, Cr.

adamii

(J.Gay)

364. C. cancellatus Herb. subsp. damascenus (Herb.) B.
Mathew /Pivok; 31, AC1016, Ir.-Tur. el. Cr.

Gladiolus L./Kilicotu
365. G. italicus Mill./Kilicotu; 38, AC1184, Cr.
Iris L./Siisen

366. I. caucasica Hoffm. subsp. caucasica/Kaf navruzu; 40,
AC1222, VU., Eu.-Sib. el., Cr.

367. I. persica L./Buzala; 30, AC1001, Ir.-Tur. el., Cr.

368. I. reticulata M.Bieb. var. reticulata/Kara korpeze; 30,
AC1001a, Ir.-Tur. el., Cr.

JUGLANDACEAE/CEVIZGILLER
Juglans L./ Ceviz

369. J. regia L./Ceviz; 19, AC675, Fh.
JUNCACEAE/KOFAGILLER
Juncus L./Kofa

370. J. articulatus L.subsp. articulatus/Camisotu; 23,
AC846, Eu.-Sib. el., Hc.

371. ]. inflexus L.subsp. inflexus/Sazak; 6, AC164, 27,
AC965, He.

372. ]. maritimus Lam./Peygamberkilici; 18, AC638, Hc.

373. ]. subnodulosus Schrank/Dugmeli kofa; 21, AC737,
Hc.

Luzula DC./Luzulotu

374. L. pallescens Sw./Cayir luzulu; 16, AC570, Eu.-Sib. el.,
Hc.

LAMIACEAE/BALLIBABAGILER
Clinopodium L./ Yabanifeslegen

375. C. graveolens (M.Bieb.)
graveolens /Filiskin; 10, AC280, Th.

Kuntze subsp.

376. C. wvulgare L. subsp. vulgare/Yabani feslegen; 15,
AC510, 25, AC926, Hc.

Lallemantia Fisch. & C.A.Mey./ Ajdarbas:

377. L. iberica (M.Bieb.) Fisch. & C.A.Mey./Ajdarbast; 39,
AC1212, Ir.-Tur. el., Th.

Lamium L./Ballibaba

378. L. album L. subsp. album/Balicak; 7, AC181, 39,
AC1190, Eu.-Sib. el., Hc.

379. L. album L.subsp. crinitum (Montbret & Aucher ex
Benth.) Mennema/Kovanlik; 7, AC181a, Hc.

380. L. amplexicaule L. var. amplexicaule/Baltuhan; 16,
AC578, 34, AC1062, Eu.-Sib. el., Th.

381. Lamium garganicum L. subsp. striatum (Sm.) Hayek
var. striatum/Tel balicak; 26, AC935, Hc.

382. L. macrodon Boiss. & A.Huet/Balbasi; 5, AC142, 22,
AC835, Ir-Tur. el., Th.

Marrubium L./Bozotu

383. M. astracanicum Jacq. subsp. astracanicum/Mor
yayotu; 7, AC222, 12, AC335, Hc.

Melissa L./Ogulotu

384. M. officinalis L. subsp. officinalis/Ogulotu; 24, AC919,
Medit. el., Hc.

Mentha L./Nane

385. M. longifolia (L.) L. subsp. longifolia/ Piink; 20, AC699,
22, AC807, He.

386. M. longifolia (L.) L. subsp. typhoides (Briq.)

Harley/Dere nanesi; 18, AC640, 27, AC966, Hc.
Nepeta L./Kedinanesi

387. N. baytopii Hedge & Lamond/Beynanesi; 18, AC665,
29, AC980, END., CR., Ir.-Tur. el., Hc.

388. N. nuda L. subsp. albiflora (Boiss.) Gams/Karakiincii;
11, AC316, Hc.

Origanum L./Mercankosk

389. O. wvulgare L. subsp. gracile (K.Koch) Ietsw/Kus
zemulu; 18, AC643, 27, AC950, Ir.-Tur. el., He.

Phlomis L./ Calba

390. P. armeniaca Willd./Boz savlak; 16, AC528, AC569,
AC580, Ir.-Tur. el., He.

391. P. kurdica Rech.f./Gubel; 13, AC442, 17, AC604, Ir.-
Tur. el., He.

392. P. linearis Boiss. & Balansa/Yaylaotu; 7, AC191, 22,
AC793, END., LC., Ir.-Tur. el., Hc.

393. P.rigida Labill./Diri calba; 13, AC444, Ir.-Tur. el., He.
Prunella L./ Acifeslegen

394. P. wulgaris L./Gelinciklemeotu; 16, AC530, 48,
AC1447, Eu.-Sib. el., Hc.

Salvia L./ Adagay1

395. S. frigida Boiss./Sagir salba; 13, AC423, 48, AC1468,
Ir.-Tur. el., He.

396. S.multicaulis Vahl/Kiirt reyhani; 36, AC1100, Ir.-Tur.
el., Ch.

397. S. poculata Nabelek/Kiillii salba; 7, AC206, AC218,
40, AC1218, Ir.-Tur. el., He.

398. S. wverticillata L. subsp. amasiaca (Freyn & Bornm.)
Bornm./Hart salbasi; 16, AC536, Ir.-Tur. el., Hc.

399. S. werticillata L. subsp. wverticillata/Dadirak; 18,
AC629, 55, AC1490, Eu.-Sib. el., Hc.

400. S. virgata Jacq./Fatmanaotu; 24, AC898, 46, AC1424,
Ir.-Tur. el., He.

Satureja L./Kayakekigi
401. S. hortensis L./ Cibriska; 18, AC634, 29, AC973, Th.
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Scutellaria L./ Kaside

402. S. albida L. subsp. albida/Akkaside; 45, AC1375, E.
Medit. el., Ch.

403. S. orientalis L. subsp. orientalis /Sar1 kaside; 7, AC212,
21, AC750, Ir.-Tur. el., Ch.

404. S. orientalis L. subsp. virens (Boiss. & Kotschy)
J.R.Edm./Yesil kaside; 12, AC363, 43, AC1354, Ir.-
Tur. el., Ch.

Stachys L./ Delicay

405. S. annua (L.) L. subsp. annua var. lycaonica R.
Bhattacharjee/Haciosmanotu; 6, AC173, Ir.Tur.- el,,

Hec.

406. S. iberica M.Bieb. subsp. stenostachya (Boiss.)
Rech.f./Benli delicay; 21, AC772, 43, AC1346, Ir.-Tur.
el., He.

407. S. lavandulifolin Vahl var. brachyda/Tiylu cay; 10,
AC274,22, AC774a, Ch.

Teucrium L./Kisamahmut

408. T. orientale L. var. glabrescens Hausskn. ex
Bornm./Kirveotu; 13, AC397, 22, AC818, Ir.-Tur. el,,
Hc.

409. T. orientale L. var. puberulens Ekim/Kirveotu; 14,

AC452, Ir.-Tur. el., He.

T. polium L. subsp. polium/ Aciyavsan; 13, AC403, 29,
AC974, He.

Thymus L./Kekik

410.

411. T. kotschyanus Boiss. & Hohen. subsp. kotschyanus
(Ronniger) Jalas/Kekik; 10, AC279, 22, AC820, Ir.-
Tur. el., Ch.

Ziziphora L./ Anuk

412. Z. capitata L./ Anuk; 4, AC71, 37, AC1137, Ir.-Tur. el,,
Th.

LILIACEAE/ZAMBAKGILLER
Fritillaria L./ Terslale
413. F. gencensis Yild., Kili¢ & Demirp./; 2, AC28, Cr.

414. F. minuta Boiss. & Noé&/Kinal1 lalesi; 34, AC1068, Ir.-
Tur. el., Cr.

415. F. pinardii Boiss./Mahcup lale; 31, AC1013, Ir.-Tur.
el., Cr.

Gagea Salisb. /Sar1yildiz

416. G. bohemica (Zauschn.) Schult. & Schult.f./Sariyildiz;
30, AC1004, Cr.

417. G. luteoides Stapf/ Altinyildiz; 30, AC1005, Cr.

418. G. taurica Steven/Bozkir yildizy; 31, AC1012, Ir.-Tur.
el., Cr.

Tulipa L./ Lale

419. T. armena Boiss. var. armena/Dag lalesi; 34, AC1072,
Ir.-Tur. el., Cr.

Comm. J. Biol.

53

6(1), 39-61.

LINACEAE/ KETENGILLER
Linum L./Keten

420. L. flavum L. subsp. scabrinerve (P.H. Davis.) P.H.

Davis/Kaba ¢imit; 13, AC406, END., Ir.-Tur. el., Hc.

421. L. mucronatum Bertol. subsp. armenum (Bordz.) P.H.

Davis/Sarikamis keteni; 41, AC1290, Ir.-Tur. el., Hc.

422. L. mucronatum Bertol. subsp. mucronatum/Sar1 keten;

13, AC433, Ir.-Tur. el., He.

423. L. mucronatum Bertol. subsp. orientale

P.H.Davis/Nizip keteni; 41, AC1319, He.

L. triflorum P.H.Davis/ Uc keten; 7, AC231, END.,,
VU, Ir.-Tur. el., He.

LYTHRACEAE/ AKLAROTUGILLER
Lythrum L./ Aklarotu
425. L. salicaria L./Hevhulma; 21, AC773, Eu.-Sib. el., He.

(Boiss.)

424

426. L.volgense D.A.-Webb/Usak aklarotu; 21, AC768, Eu.-
Sib. El., Th.

MALVACEAE/EBEGUMECIGILLER
Alcea L./Hatmi

427. A. apterocarpa Boiss./Giilfatma; 13, AC377a, Ir.-Tur.
el.,, He.

428. A. calvertii (Boiss.) Boiss./Hiragicegi; 41, AC1264, Ir.-
Tur. el., He.

Malva L./Ebegtimeci

429. M. neglecta Wallr./Cobangoregi; 6, AC171,AC172, Th.
Tilia L./Thlamur

430. T. cordata Mill./Kis thlamuru; 13, AC379, Fh.
MORACEAE/DUTGILLER

Morus L./Dut

431. M. alba L./ Ak dut; 13, AC384, Fh.
ONAGRACEAE/YAKITOTUGILLER

Epilobium L./Yakiotu

432. E. anatolicum Hausskn. subsp. anatolicum/ Ana yakiss;

20, AC717, He.
433. E. hirsutum L./Hasanhtiseyin cicegi; 15, AC489, Cr.

434. E. minutiflurum Hausskn./Korpe yakiotu; 15, AC472,

Ir.-Tur. el., He.
435. E. ponticum Hausskn./Garapil; 21, AC763, Hc.

436. E. tetragonum L.subsp. tetragonum/Ezberyakisy; 13,

AC412, He.
ORCHIDACEAE/ SALEPGILLER
Cephalanthera Rich./Camgicegi

437. C. kotschyana Renz & Taubenheim/Kog salebi; 38,
AC1186, END., LC,, Cr.

Dactylorrhiza Necker ex Nevski/Balkaymaksalebi

438. D. iberica (M.Bieb. ex Willd.) So6/Kirim salebi; 46,
AC1391, E. Medit. el., Cr.
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439. D. osmanica (Klinge) P.F.Hunt & Summerh. var.
osmanica/Osmanlt salebi; 40, AC1239, END., LC, Ir.-
Tur. el., Cr.

440. D.umbrosa (Kar. & Kir.) Nevski var. umbrosa/ Govdeli
salep; 10, AC273, Ir.-Tur. el., Cr.

Ophrys L./ Arisalebi

441. O. reinholdii Spruner ex Fleischm. subsp. straussii
(H.Fleischm.) E.Nelson/Sidikli salep; 37, AC1128, Ir.-
Tur. el., Cr.

Orechis L./Salep

442. O. collina Banks & Sol. ex Russell/Tepe salebi; 37,
AC1129, Medit. el., Cr.

443. O. coriophora L.subsp. coriophora/Pirinccicegi; 41,
AC1271, Cr.

444. O. purpurea Huds. subsp. purpurea/Hasancik; 38,
AC1174, Eu.-Sib. el., Cr.

OROBANCHACEAE/CANAVAROTUGILLER
Euphrasia L./ Gozotu

445. E. pectinata Ten./Gozotu; 1, AC12, Eu.-Sib. el., Th.
Bornmuellerantha Rothm./Sadirli Davunotu

446. B. aucheri (Boiss.) Rothm./Sadirli davunotu; 22,
AC788, AC802, Ir.-Tur. el., He.

Orobanche L./Canavarotu

447. O. aegyptiaca Pers./Dinlendiren; 45, AC1382, Th.
448. O. cernua Loefl./Deli yergobegi; 48, AC1436, Th.
449.

450.

O. elatior Sutton/Boylu canavarotu; 26, AC944, Th.

O. kurdica Boiss. & Hausskn./Sark baklakirani; 22,
AC789, Ir.-Tur. el., Th.

Parentucella Viv./Ucdilotu

451. P. latifolia Caruel subsp. flaviflora (Boiss.) Hand.-
Mazz./Sar1 ti¢dilotu; 32, AC1030, Medit. el., Th.

Rhynchocorys Griseb. /Filburnu

452. R. odontophylla R.B.Burb. & LRichardson/Ozge
filburnu; 44, AC1365 , END., Ir.-Tur. el., He.

PAEONIACEAE/AYIGULUGILLER
Paeonia L./ Ayiguili

453. P. mascula (L) Mill. subsp. mascula/Ayigili; 45,
AC1373, Hc.

PAPAVERACEAE/HASHASGILLER
Corydalis DC./Kazgagasi

454. C. integra Barbey & Fors.-Major/Yamactarlakusu; 31,
AC1019, Cr.

455. C. oppositifolia DC. subsp. oppositifolia/Ipar kazgasy;
31, END., LC,, Ir.-Tur. el., Cr.

Fumaria L./Sahtere

456. F. asepala Boiss./ Ak sahtere; 5, AC121, 38, AC1157,
Ir.-Tur. el., Th.
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Papaver L. /Gelincik

457. P. macrostomum Boiss. & A.Huet/Minimitce; 6,
AC160, Ir.-Tur. el., Th.

458. P. persicum Lindl. subsp. persicum/Acem gelincigi;
23, AC844, He.

459. P. dubium L.subsp. dubium/Kopekyagy; 41, AC1288,
Th.

PLANTAGINACEAE/SINIROTUGILLER
Anarrhinum Desf. /Stiplirgeotu

460. A. orientale Benth./Stiptirgeotu; 14, AC456, Ir.-Tur.
el.,, He.

Linaria Mill./Nevruzotu

461. L. chalepensis (L.) Mill. var. chalepensis/Halep
nevruzotu; 4, AC79, E. Medit. el., Th., .

462. L. genistifolin (L) Mill. subsp. genistifolia/Som
nevruzotu; 42, AC1339, Eu.-Sib. el., Hc.

Plantago L./Sinirotu

463. P. lanceolata L./Damarlica; 11, AC291, Hc.

464. P. major L.subsp. major/Sinirotu; 20, AC696, Hc.
Veronica L./Mavisot

465.
466.

V. anagallis-aquatica L/Sugedemesi; 15, AC468, Hc.

V. anagalloides Guss. subsp. anagalloides/Camak; 41,
AC1309, Ir.-Tur. el., He.

467. V.arvensis L./Ekin mavisi; 6, AC152a, Eu.-Sib. el., Th.

468. V. bozakmanii M.A.Fisch./Bozakman mavisi; 5,

AC119, Ir.-Tur. el., Th.

V. intercedens Bornm./Kuz mavisi; 38, AC1182, Ir.-
Tur. el., Th.

469.

470. V. orientalis Mill. subsp. orientalis/ Gozmumcugu; 4,

AC68, 36, AC1098, Ch.
V. persica Poiret. / Circamuk; 5, AC115, Th.

V. syriaca Roem. & Schult./ Arap mavisi; 31, AC1018,
AC1021, Medit. el., Th.

LUMBAGINACEAE/KARDIKENIGILLER

471.
472.

Acantholimon Boiss./Kardikeni

473. A. acerosum (Willd.) Boiss. subsp. acerosum var.
acerosum [ Pisikkeveni; 21, AC747, Ir.-Tur. el., Ch.

A. acerosum (Willd.) Boiss subsp. brachystachys
Boiss/Fizik; 23, AC869, END., LC., Ir.-Tur. el., Ch.

474.

475. A. calvertii Boiss. var. calvertii/Kesis kardikeni; 22,
AC842, END., Ir.-Tur. el., Ch.

476. A. venustum Boiss. var. venustum/Kinal kirpiotu; 13,

AC422, Ir.-Tur. el., Ch.
Plumbago L./Karakima
477. P. europaea L./Karakina; 48, AC1457, Eu.-Sib. el., He.
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POACEAE/BUGDAYGILLER
Aegilops L./Bugdayanasi
478. A. biuncialis Vis./ Ikikilcik; 41, AC1258,AC1261, Th.

479. A. triuncialis L.subsp. triuncialis/ Ugkilgik; 13, AC390,
Th.

Alopecurus L./ Tilkikuyrugu

480. A. arundinaceus Poir./Kamus tilkikuyrugu; 4, AC91,
37, AC1148, Eu.-Sib. el., Cr.

481. A. laguroides Balansa/Kar tilkikuyrugu; 2, AC45, 35,
AC1075, END., Eu.-Sib. el.Cr.

482. A. textilis Boiss. subsp. tiflisiensis (G.Westb.)
Tzvelev/Gircii tilkikuyrugu; 7, AC197, Ir.-Tur. el,,
Cr.

Apera Adans./ Ipekcimi

483. A. intermedia Hack./Puslu ipekcimi; 13, AC391,
AC401, AC408, Ir.-Tur. el., Th.

Avena L./Yulaf

484. A. barbata Pott ex Link subsp. barbata/Narin yulaf; 41,
AC1276, Medit. el. Th.

485. A. sterilis L. subsp. sterilis/Sifan; 12, AC434, Th.
Brachypodium P.Beauv./Yalancikilcan

486. B. sylvaticum (Huds.) P.Beauv./Koru kilcani, 16,
AC551, AC555, 48, AC1451, Eu.-Sib. el., He.

Briza L./ Zembilotu
487. B. humilis M.Bieb./Kadindili; 41, AC1337, Th.
Bromus L./Tbubukekini

488. B. danthoniae Trin. subsp. danthoniae/Ibubukotu; 20,
AC732, Th.

489. B. japonicus Thunb. subsp. anatolicus (Boiss. & Heldr.)

Pénzes/ Aniyeotu; 45, AC1370, Th.

490. B. macrocladus Boiss/Deli kilcan; 48, AC1452, END.,

E. Medit. el., Th.

B. racemosus L./Salkim kilcan; 48, AC1440, Eu.-Sib.
el., Th.

B. scoparius L./ Ibubuk ekini; 6, AC152, Th.

491.

492.
493.
494.
495.

B. squarrosus L./Kirpikli damiye; 38, AC1169, Th.
B. sterilis L./Sagr ilcan; 41, AC1262, Th.

B. tectorum L. subsp. tectorum/Kir bromu; 4, AC92,
22, AC809,Th.

Calamagrostis Adans./Kandiraotu

496. C. epigejos (L.) Roth/Bekarotu; 15, AC523, Eu.-Sib. el.,
Hec.

497. C. pseudophragmites (Haller f.) Koeler/Sazcimi; 41,
AC1328, Eu.-Sib. el., Hc.

Chrysopogon Trin./Buzagiotu

498. C. gryllus (L) Trin. subsp. gryllus/Buzagiotu; 46,
AC1412, He.
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Cynodon Rich./Koépekdisi

499. C. dactylon (L.) Pers. var. dactylon/Kopekdisi; 48,
AC1443, Cr.

Cynosurus L./ Tarakotu
500. C. cristatus L./ Tarakotu; 46, AC1398, Eu.-Sib. el., Hc.
Dactylis L./ Domuzayrigt

501. D. glomerata L. subsp. glomerata/Domuzayrigy; 4,
AC108, AC110, Eu.-Sib. el., He.

502. D. glomerata L.subsp. hispanica (Roth) Nyman/Killi
domuzayrigy; 41, AC1252, AC1277, He.

Elymus L./Bugdayotu

503. E. hispidus (Opiz) Melderis subsp. hispidus/Elimotu;
20, AC726, Hc.

504. E. elongatiformis (Drobow) Assadi/Tarla ayrigi, 20,
AC728, Ir.-Tur. el., Hc.

Eremopoa Roshev./Yalansalkim

505. E. multiradiata (Trautv.) Roshev./Dere salkimi; 11,
AC324, Ir.-Tur. el., Th.

506. E. altaica (Trin.) Roshev./Dag salkimi; 5, AC135, Ir.-
Tur. el., Th.

Festuca L./ Yumak

507. F. gigantea (L.) Vill./Koca yumak; 20, AC711, Eu.-Sib.
el., He.

508. F. pratensis Huds./Cayir yumagt;, 16, AC553,AC554,
He.

Glyceria R.Br./Tathicim

509. G. notata Chevall./Kivrik tathigim; 46, AC1400,
AC1407, He.

Heteranthelium Hochst./Corakarpast

510. H. piliferum (Sol.) Hochst. ex Jaub. & Spach/Corak
arpasy; 43, AC1353, Ir.-Tur. el.,, Th.

Hordeum L./ Arpa

511. H. bulbosum L./Boncuk arpa; 13, AC413, Cr.
Lolium L./Cim

512. L. perenne L./Cim; 48, AC1487, Eu.-Sib. el., He.

513. L. persicum Boiss. & Hohen./Eres ¢imi; 6, AC152c, 41,
AC1299, Ir.-Tur. el., Th.

514. L. rigidum Gaudin var. rigidum/Sertcim; 41, AC1259,
Th.

Melica L./Incigimi

515. M. persica Kunth subsp. jacquemontii (Decne. ex
Jacquem.) P.H.Davis/Cayir inciotu; 12, AC369, Ir.-
Tur. el., He.

Phleum L./ Itkuyrugu

516. P. montanum K.Koch
itkuyrugu; 22, AC780, Hc.

subsp. montanum/Dag

517. P. montanum K.Koch subsp. serrulatum (Boiss.)
Dogan/Dislek itkuyrugu; 12, AC367, E. Medit. el,,
He.
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518. P. paniculatum Huds. subsp. ciliatum (Boiss.)
Dogan/Salkim itkuyrugu; 16, AC552, Ir.-Tur. el., Th.

519. P. pratense L./Cayur itkuyrugu; 46, AC1399, Eu.-Sib.
el., He.(Hd.).

Phragmites Adans./Kamis

520. P. australis (Cav.) Trin. ex Steud./Kamus; 46, AC1417,
Eu.-Sib. el., Cr.

Poa L./Salkimotu
521. P. angustifolia L./Dar salkimotu; 15, AC518, Cr.
522. P. annua L./Salkimotu; 20, AC700, Th.

523. P. bulbosa L./Yumrulu salkim; 1, ACO01, 34, AC1058,
Cr.

524. P. nemoralis L./Orman salkimy; 41, AC1254, AC1327,

Th.
525. P. pratensis L./Cay1r salkimotu; 6, AC178, Cr.

526. P. timoleontis Heldr. ex Boiss./Giir salkimotu; 7,

AC204, E. Medit. el., Cr.
527. P. trivialis L./Kaba salkimotu; 20, AC714, AC716, Th.
Polypogon Desf./Hitir

528. P. maritimus Willd. subsp. maritimus/Kum hitiry; 46,
AC1401, E. Medit. el., Th.

529. P. monspeliensis (L.) Desf./Hitir; 41, AC1303, Th.
Pseudopleum Dogan/Efeotu

530. P. anatolicurn Dogan, Behget & A. Sinan/Anadolu
Efeotu; 52, AC1480, END., CR, Th.

Secale L./ Cavdar

531. S. anatolicum Boiss./ Anadolu ¢avdari; 22, AC783, Hc.
532. S. vavilovii Grossh./Gevrek cavdar; 22, AC794, Hc.
Sorghum Moench/Stiptirgedarisi

533. S. halepense (L.) Pers. var. muticum
Grossh./Ekin stuiptirgesi; 24, AC897, Hc.

(Hack.)

Stipa L./Sorgugotu

534. S.arabica Trin. & Rupr./Buzagilik; 12, AC331, Ir.-Tur.
el., He.

Taeniatherum Nevski/Kilcikarpasi

535. T. caput-medusae (L.) Nevski subsp. crinitum (Schreb.)
Melderis/Kilgik arpast; 10, AC261, Ir.-Tur. el., Th.

Triticum L./Bugday

536. T. turgidum L./Sisik bugday; 13, AC414, 46, AC1410,
Th.

Ventenata Koeler/Ventenotu

537. V. dubia (Leers) Coss. & Durieu/Ventenotu; 43,
AC1360, Th.

538. V. subenervis Boiss. & Balansa subsp. subenervis/Tarla
ventenotu; 13, AC438, END., Ir.-Tur. el., Th.
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Vulpia C.C.Gmel./Kirpiklicim

539. V. muralis (Kunth) Nees/Pis kirpikli¢im; 43, AC1355,
Medit. el., Th.

Zingeria P.A.Smirn./Oyalisalkim

540. Z.  biebersteiniana  (Claus) P.A.Smirn.
biebersteiniana/Oyalisalkim; 52, AC1479, Th.

subsp.

541. Z. biebersteiniana (Claus) P.A.Smirn. subsp. trichopoda

(Boiss.) R.R.Mill/Ug oyalisalkim; 43, AC1350, Ir.-Tur.
el. Th.

542. Z. pisidica (Boiss.) Tutin/Burdur oyalisalkimi; 37,

AC1147, Ir.-Tur. el., Th.
POLYGONACEAE/MADIMAKGILLER
Polygonum L./Madimak
543.
544.

P. arenastrum Boreau/Bezmeceotu; 27, AC956, Th.
P. aviculare L./Kdyotu; 30, AC909, Th.

P. cognatum Meisn./Madimak; 11, AC296, He.

P. hydropiper L./Su biberi; 27, AC953, Th.

P. salicifolium Brouss. ex Willd./Bibercik; 29, AC987,
Hc.

545.
546.
547.

548. P. setosum Raf. subsp. setosum/Ebemekmegi; 22,

AC791, AC814, Ir.-Tur. el., He.
Rumex L./Labada
549.
550.
551.
552.

R. acetosella L./Kuzukulagy; 5, AC137, Hc.
R. crispus L./Labada; 41, AC1312, Hc.
R. patientia L./ Efelek; 25, AC930, Hc.

R. scutatus L./Eksimen; 12, AC355, AC356, AC359,
Hc.

R.  tuberosus L. subsp. horizontalis
Rech./Koémetursusu; 18, AC630, Cr.

PORTULACACEAE/SEMIZOTUGILLER

553. (Koch)

Portulaca L./Semizotu

554. P. oleracea L./Semizotu; 48, AC1446, Th.
PRIMULACEAE/CUHACICEGIGILLER
Lysimachia L./Kargaotu

555. L. verticillaris Sprengel /Hilal kargaotu; 8, AC236, 20,
AC734, He.

556. L. wulgaris L/Kargaotu; 15, AC486, Hc.
RANUNCULACEAE/DUGUNCICEGIGILLER
Ranunculus L./Duigtingicegi

557. R. arvensis L./Mustafacicegi; 5, AC123, AC138, Th.

558. R. bingoeldaghensis Engin/Karaz; 2, AC37, END., Ir.-

Tur. el. EN., Cr.

559. R. cuneatus Hook./Koriikotu; 33, AC1052, Hc.

560. R. illyricus L. subsp. illyricus/Gumiis duigtingicegi; 4,

AC59a, Cr.
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561. R. kochii Ledeb./Kargicegi; 2, AC31, Ir.-Tur. el., Cr.
562. R.kotschyiBoiss./Giritlalesi; 1, AC18, 40, AC1120, He.

563. R. sericeus Banks & Sol./Cinarcik; 41, AC1295, Ir.-Tur.
el., Cr.

564. R. trichophyllos
Cr.(Hd.).

RHAMNACEAE/CEHRIGILLER

Paliurus P.Mill./Karagal

565. P. spina-christi Mill. /Karagali; 13, AC378, Fh.
ROSACEAE/GULGILLER

Loscos/Sulucanak; 2, AC45a,

Agrimonia L./ Fitikotu

566. A. eupatoria L.subsp. eupatoria/Fitikotu; 16, AC566, 41,
AC1286, He.

Cotoneaster Medik./Dagmusmulasi

567. C. nummularius Fisch. & C.A.Mey./Dag musmula; 7,
AC208, Fh.

Crataegus L./ Alig

568. C. azarolus L. var. azarolus/Miizmiildek; 46, AC1389,
Fh.

569. C. monogyna Jacq. var. monogyna/Yemisen; 5, AC140,
27, AC947a, Fh.

570. C. orientalis Pall. ex M.Bieb. var. orientalis/ Alig; 27,
AC947, Fh.

Geum L./Meryemotu

571. G. urbanum L./Meryemotu; 20, AC698, Eu.-Sib. El.,
Cr.

Malus Mill./Elma

572. M. sylvestris subsp. orientalis (A.Uglitzkich) Browicz
var. orientalis/ Ac1 elma; 1, AC25, 48, AC1456, Fh.

Potentilla L./Besparmakotu

573. P.inclinata Vill./Egri parmakotu; 13, AC410, He.
574. P. recta L./Su parmakotu; 5, AC147, Hc.

Prunus L./ Erik

575. P. divaricata Ledeb. var. divaricata/Yunus erigi; 40,
AC1225, Fh., .

Pyrus L./ Armut

576. P. syriaca Boiss./Cakal armudu; 48, AC1459, Fh.
Rosa L./ Giil

577. R. boissieri Crep./Has giil, 11, AC301, Fh.

578. R. canina L./Kusburnu, 13, AC382, Fh.

579. R. gallica L./Hokka giili, 29, AC990, Fh.

580. R. hemisphaerica Herrm./Kadmgobegi; 38, AC1178,
Ir.-Tur. el., Fh.

581. R. pulverulenta M.Bieb./Bodur giil; 22, AC800, Fh.

582. R. vanheurckiana Crép var. vanheurckiana/Mus guli;

46, AC1387, Ir.-Tur. el., Fh.
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Rubus L./Boglirtlen
583. R. caesius L./Biikiiztimii; 15, AC524, Fh.

584. R. sanctus Schreb./Bogiirtlen; 13, AC383, 27, AC968,
Fh.

Sorbus L./ Uvez

585. S. torminalis (L.) Crantz subsp. pinnatifida/Pitlicen; 45,
AC1372, Eu.-Sib. el., Fh.

RUBIACEAE/KOKBOYAGILLER
Asperula L./Belumotu

586. A. setosa Jaub. & Spach/ Acem belumotu; 45, AC1371,
Ir.-Tur. el., He.

587. A. xylorrhiza Nébelek/Siirt belumotu; 11, AC308, Ir.-
Tur. el., He.

Cruciata Mill. /Sarilikotu

588. C. taurica (Pall. ex Willd.) Ehrend./Kirim giizeli; 2,
AC40, Ir.-Tur. el., Ch.

Galium L./ Yapigskanotu

589. G. aparine L./Cobanstizgeci; 5, AC138a, 37, AC1144,
Th.

G. humifusum M.Bieb./Cimen iplikcigi; 15, AC526,
Hc.

590.

591. G. mite Boiss. & Hohen./Siiptirge iplikcigi; 11,

AC300, Ir.-Tur. el., He.

592. G. megalanthum Boiss./Koca yogurtotu, 11, AC306, Ir.-

Tur. el., He.

593. G. spurium subsp. ibicinum (Boiss. & Hausskn.)

Ehrend. /Keci iplikcigi; 6, AC155, Ir.-Tur. el., Th.

594. G. spurium L. subsp. spurium/Arsiz iplikcik; 44,

AC1363, Eu.-Sib. el., Th.

G. verum L. subsp. verum/Boyalik; 21, AC769, Eu.-
Sib. el., Ch.

595.

596. G. wverticillatum Danthoine ex Lam./Ege yogurtotu;

41, AC1330, Medit.el., Th.
RUTACEAE/TURUNCGILLER
Haplophyllum A.Juss./Sedo

597. H. ptilosyylum Spach/Tiiyli sedo; 13, AC445, Ir.Tur.-
el., He.

SALICACEAE/SOGUTGILLER
Populus L./Kavak

598. P. alba L. var. alba/ Akkavak;37, AC1126, Eu.-Sib. el.,
Fh.

599. P. tremula L.subsp. tremula/Titrek kavak; 12, AC358,
Fh.

Salix L./Sogiit

600. S. alba L. subsp. alba/Ak sdgiit; 5, AC133, Eu-Sib el,,
Fh.

601. S. bornmuelleri Hausskn. /Koy sogiuidii; 15, AC477, Ir.-
Tur. el., Fh.

602. S. caprea L./Sorgun; 15, AC514, 27, AC962, Fh.
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603. S. pseudodepressa A.K.Skvortsov/Koyak sogudi; 4,
AC111, 34, AC1063, Fh. .
SANTALACEAE/GUVELEKGILLER
Thesium L./ Tezgiivelek

604. T. procumbens C.A.Mey./Yer giivelegi; 39, AC1213,
He.

605. T. billardierei Boiss./Mese giivelegi; 38, AC1163, Hc.
SAXIFRAGACEAE/TASKIRANGILLER

Saxifraga L./ Tagkiran

606. S. sibirica L./Hos tagkiran; 34, AC1066, Cr.
SCROPHULARIACEAE/SIRACAOTUGILLER
Scrophularia L./Sircaotu

607. S. ilwensis K.Koch/Mese siracast; 38, AC1176, Ir.-Tur.
el., Th.

608. S. pulverulenta Boiss. & Noé&/Salgili sarica; 42,
AC1338, END., Ir.-Tur. el., Hc.

609. S. rimarum Bornm./Sadirl siraca; 39, AC1210, Ch.
Verbascum L./Sigirkuyrugu

610. V. agrimoniifolium Huber-Morath subsp.
agrimoniifolium/Majak; 41, AC1314, Ir.-Tur. el., He.

611. V. geminiflorum Hochst./Ikiz sigirkuyrugu; 22,

AC806, VU, Ir.-Tur. el., He.

612. V. hadschinense Freyn & Sint./Hacin sigirkuyrugu;

42, AC1343, END., EN., Ir.-Tur. el, Hc.

613. V. mucronatum Lam./Sapala; 13, AC450, E.Medit. el.,
Hc.
614. V. oreophilum C. Koch wvar. oreophilum/Dagc

sigirkuyrugu; 45, AC1374, Ir.-Tur. el., He.

V. songaricum Schrenk subsp. songaricum/Ercis
sigirkuyrugu; 50, AC1474, Ir.-Tur. el., He.

SOLANACEAE/PATLICANGILLER

615.

Solanum L./Itiziimii

616. S.alatum Moench/Karagogiindiirme; 54, AC1494,Th.
617. S. dulcamara L./Sofur; 17, AC593, Eu.-Sib. el., Fh.
618. S. americanum Mill./ [tiiztimii; 20, AC697, Th.
TAMARICACEAE/ILGINGILLER

Tamarix L./llgin

619. T. smyrnensis Bunge/Ilgin; 17, AC602, Fh.
TYPHACEAE/SAZGILLER

Typha L./Saz

620. T. latifolia L./ Cil; 23, AC851, He.
URTICACEAE/ISIRGANGILLER

Parietaria L./Duvarfeslegeni

621. P.judaica L./Duvarfeslegeni; 4, AC83, Hc.
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Urtica L./Isirgan

622. U. dioica L. subsp. dioica/Isirgan; 13, AC417, Eu.-Sib.
el., He.

VERBENACEAE/MINECICEGIGILLER
Verbena L./Minegicegi

623. V. officinalis L. var. officinalis/Minecicegi; 13, AC409,
Hc.

VIOLACEAE/MENEKSEGILLER

Viola L./Menekse

624. V. paroula Tineo/Tiiylii menekse; 34, AC1054, Th.
VITACEAE/ASMAGILLER

Vitis L./ Asma

625. V. vinifera L./asma, 47, AC1430, Fh.

4. Tartisma ve Sonug

Arastirma alanindan tespit edilen 625 taksonun
fitocografik bolgelere gore dagilimi; fran-Turan 192
(%30.72), Akdeniz 60 (%9.60), Avrupa-Sibirya 49 (%7.84)
ve cok bolgeli veya fitocografik bolgesi bilinmeyen 324
(%51.84) tiir. Tran-Turan fitocografik bolgesinde yer alan
arastirma alaminda bu bolge elementleri ilk sirada
bulunmaktadar. [ran-Turan fitocografik  bolgesi;
alanimizda da yaygin bazi taksonlarmmin gelistigi
Astragalus, Acantholimon, Centaurea ve Onobrychis cinslerin
cesitlenme merkezi olarak kabul edilmektedir (Zohary,
1971). Calisma alanimizda Akdeniz fitocografik bolge
elementlerinin ikinci sirada gelistigi belirlenmistir. Bu
sonuglar arastirma alamimin Akdeniz karakterli bazi
turlerin gelismesi icin yeterli ekolojik toleransa sahip
oldugunu gostermektedir. Yil boyunca nemli ve kuraklik
etkisinin problem olmadig1 bazi habitatlarda da (gol, dere
kenarlari, yiiksek dag cayirlart gibi) Avrupa Sibirya
fitocografik bolge elementlerinin gelisebilmesi beklenen
bir sonugctur.

Arastirma alanindaki endemik takson sayis1 49 ve
endemizim orant %7.84 olup bu bitkilerin tehlike
kategorilerine bakildiginida ise 5i “CR”, 3’tt “EN”, 6’s1
“vU”, 321 “LC” ve 2'si “NT” kategorisinde yer
almaktadir. Alanda bulunan endemik olmayan nadir
bitkilerin 3t “VU” ve 11 “LC” Kkategorisinde yer
almaktadir. Arastirma alan1 ile yakin calismalarin
endemizim durumlar1 karsilastirildiginda Bingol'de
yapilan calismalarla asag1 yukar: benzerlik gostermektedir
(Tablo 2). Arastirma alani, Bingol ilinin giineyinde
Giineydogu Anadolu bolgesine siir konumundadir.
Bingol'in kuzey kisminda yapilan calismalara oranla
endemizim orani biraz daha dustiktir. Giineydogu
Anadolu bolgesi endemizim orani en diisiik bolgelerden
birisidir. Bu durum dikkate alindiginda arastirma
alaninda endemizim oraninin diisiik olmasi beklenen bir
durumdur.

Tur ve tiraltt takson saysma gore alanda ilk 10
familya sirasiyla; Asteraceae 85 (%13.48), Poaceae 65
(%10.43), Fabaceae 52 (%8.50), Caryophyllaceae 38 (%6.09),
Lamiaceae 38 (%6.09), Brassicaceae 34 (%5.45),
Boraginaceae 29 (%4.65), Apiaceae 23 (%3.69), Rosaceae 20
(%3.21) ve Plantaginaceae 13 (%2.86) seklindedir. Ttirkiye
Florasinda en ¢ok takson bulunduran ilk on familya sirasi
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ile; Asteraceae, Fabaceae, Lamiaceae, Brassicaceae, Burada Plantaginaceae familyasinin ilk on sirada
Poaceae, Caryophyllaceae, Scrophulariaceae, Liliaceae, olmasinin sebebi Scrophulariaceae familyasina ait Veronica
Apiaceae, Boraginaceae familyalaridir (Davis, 1965-1985; ve Linaria gibi Dbiytik cinslerin bu familyaya
Davis et al., 1988; Giiner et al., 2000). Calisma alanimizda; aktarilmasidir. Arastirma alaninda bu cinslerin fazla
Asteraceae, Poaceae, Fabaceae, Caryophyllaceae, taksonla temsil edilmeleri alanimizda bu Familyanin ilk 10
Lamiaceae, Brassicaceae, Boraginaceae, Apiaceae, familya arasina girmesinin en énemli sebebidir.

Rosaceae, Plantaginaceae familyalar: ilk on siradadir.

Tablo.2. Arastirma alani ile yakin alanlarda yapilmis calismalarda tespit edilen taksonlarin fitocografik bolge ve endemizm dagilimlarmin
karsilastirilmasi

Table.2. Comparison of the phytogeographic region and endemism distributions of the taxa detected in the studies conducted in the
research area and nearby areas.

Calisma no Buh;r;deugu Topl:;l;ltsalkson i;ar/l—}"sl;;el;l (;kl;d(nzz;zl) Av(ryul/)a(-ssai;?li)rya :1 ﬁ):}?ag;a\fll;:zloglfii@kl’ggi End;n)i?;; orant
’ ’ ’ yayilig gosterenler % / (say1) ’ y1)
1 B8 625 30.72 (192) 9.60 (100) 7.84 (49) 51.84 (324) 7.84 (49)
2 B8 535 2598 (139) | 841 (45) 8.03 (43) 57.58 (308) 3.92 (21)
3 B8 689 3555 (245) | 436 (30) 9.29 (64) 50.80 (350) 9.00 (62)
4 BS 446 35.80 (160) | 3.60 (16) 5.40 (24) 55.20 ( 246) 12,50 (56)
5 BS 707 3560 251) | 4.20 (30) 6.50 (46) 53.70 (380) 10.60 (75)
6 B8 846 3201 271) | 4.80 (40) 7.04 (60) 56.15 (475) 8.20 (69)
7 B7 1518 4570 (694) | 440 (67) 8.00 (121) 41.90 (636) 19.90 (302)
8 B9 650 3884 (252) | 5.65(37) 6.38 (41) 49.23 (320) 8.30 (54)
9 B9 925 3180 294) | 8.70 (80) 410 (38) 55.40 (513) 6.80 (63)
10 B9 1156 3641 (421) | 242 (28) 10.01 (116) 51.16 (591) 7.95 (92)
1 B9 828 3840 317) | 950 (79) 2,60 (22) 49.50 (410) 9.00 (75)
12 B9 891 3540 (315) | 2.90 (26) 9.90 (88) 51.80 (462) 7,50 (67)
13 B7 356 3626 (129) | 3.08 (1) 8.98 (32) 51.68 (184) 20.22 (72)
14 B7 506 3520 (178) | 450 (23) 430 (22) 56.00 (283) 8.90 (45)
15 B9 1052 3084 (324) | 2.28 (24) 8.42 (89) 58.46 (615) 9.73 (102)
16 B7 591 39.09 (231) 3.55 (21) 11.51 (68) 45.85 (271) 23.52 (139)
17 B9 780 37.00 288) | 2.00 (16) 8.70 (68) 52.30 (408) 8.50 (66)
18 B9 505 3881 (19) | 3.44(17) 7.82 (39) 49.93 (523) 7.72 (39)
19 B7 591 3400 201) | 5.10 (30) 2,00 (12) 58.90 (348) 11.70 (69)
20 B7 510 3250 (166) | 5.10 (26) 3.70 (19) 58.70 (299) 9.00 (46)
21 B7-BS 661 25.00 (165) | 4.40 (29) 9.50 (63) 61.10 (404) 6.50 (43)

Calisma alanlarima karsilik gelen numaralar su sekildedir

1. Koz Dag1 (Geng / Bingol) ve Cevresinin Florasi, 2. Altikardes Dag1 ve Cevresinin (Geng, Bingol) Florasi (Sinan & Behget, 2014), 3.
Goyniik Nahiyesi (Karliova-Bingol) ve Cevresinin Florasi (Cengiz, 2016), 4. Yiizenadalar (Bing6l-Solhan) gevresinin floras1 (Kilig et al.,
2017), 5. Dikme (Kiir) Yaylas1 (Merkez-Bingol) ve Cevresinin Floras: (Kili¢ & Yildirimli, 2014), 6. Hiro Yaylas: ve Cevresinin (Adakli-
Bingol) Florast (Yapar & Behget, 2018), 7. Munzur Daglar1 Florast Uzerinde Bir Aragtirma (Yildirimli, 1995), 8. Kambos Daginin Florast
(Bitlis) (Kiirsat & Karatas, 2017), 9. Bitlis Cay1 Havzas1 Floras1 (Altiok & Behget, 2005), 10. Zilan Vadisi (Ercis-Van) Floras: (Karabacak &
Behget, 2014) 11. Pirresit Dag1 (Muradiye-Van) Florasi (Unal & Behget, 2007), 12. Akcadag, (Ercis-Van) Florasi (Karabacak & Behget, 2007),
13. Ergan Dag1 (Erzincan, Ttiirkiye) Floras: (Korkmaz & Turgut, 2014), 14. Tekevler-Maden (Elaz1g) Aras1 Sahanin Floras: (Cakilcioglu &
Civelek, 2011), 15. Kirmizi1 Tuzla (Bulanik-Mus), Bahge Tuzlas1 (Malazgirt-Mus) ve Cevrelerinin Floras1 (Behget et al., 2008) , 16. Cayirlt
Ilgesinin (Erzincan, Tiirkiye) Floristik Cesitliligi ve Endemik Bitkileri (Korkmaz, 2015), 17. Siiphan Dag: (Bitlis) Florast (Behget, 1991)., 18.
Aktuzla (Malazgirt-Mus) Floras1 (Almanar, 2003), 19. Harput (Elazi1g) Floras: (Cakilcioglu, 2002), 20. Karga Dagi'nin (Elaz1g) Floras:
(Turkoglu & Civelek, 2005), 21. Tercan Cevresi ile Sengiil (Erzincan) ve Bagirbaba (Tunceli) Daglarinin Florasi (Kaya, 1996)

Asteraceae familya tiyelerinin ¢ok cesitli ortamlarda calismaya bakildiginda, yakin alanlarda yapilan
gelisebilmesi ve bu familyaya ait bireylerin tohumlarmnn calismalar ile benzer oldugu goriilmektedir. Poaceae
uzak mesafelere taginmasini saglayan yapilara sahip familyast arastirma alanimizda ikinci sirada yer
olmalar;; bu familya tiyelerinin daha genis alanlara almaktadir. Bu durum cesitli habitatlarda genis yayilist
yayilmalarma olanak saglamaktadir. Calisma alani ile olan farkli taksonlarm vyayilistna uygun habitat
yakin alanlarda yapilmis ¢alismalara bakildiginda; Karga farkliliklarinin alanimizda olmasi ile agiklanabilir.

Dagi'nin (Elaz1g) Floras: (Tiirkoglu & Civelek, 2005)
calismast disindaki tiim calismalarda Asteraceae familyasi
ilk swrada yer almaktadir. Bu baglamda yaptigimiz

Calisma sahamiza yakin alanlardaki; Altikardes Dag1
ve Cevresinin (Geng, Bingol) Floras: (Sinan & Behget,
2014), Goyniik Nahiyesi (Karliova-Bingol) ve Cevresinin
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Florasi (Cengiz, 2016), Hiro Yaylas1 ve Cevresinin (Adakli-
Bingol) Florasi (Yapar & Behcet, 2018), Munzur Daglar
Florast Uzerinde Bir Arastirma (Yildirimli, 1995), Bitlis
Cay1 Havzas1 Floras: (Altiok & Behget, 2005), Zilan Vadisi
(Ercis-Van) Floras: (Karabacak & Behget, 2014), Pirresit
Dag1 (Muradiye-Van) Florast (Unal & Behget, 2007),
Akcadag (Ercis-Van) Floras: (Karabacak & Behget, 2007),
Stiphan Dag1 (Bitlis) Florast (Behget, 1991) olan bu
calismalarda da Poaceae familyast ilk 3 familya icerisinde
yer almaktadir.

Calisma alanimizda tigtinctii sirada yer alan ve en ¢cok
takson iceren familya Fabaceae olmustur. Tiim diinyada
700 cins ve 17000 tiir ile temsil edilen bu familyanin;
tropikal ve sicak alanlarda yayilisinin oldukga genis
oldugu goriilmektedir (Heywood, 1985). Calisma
sahamiza yakin calismalara bakildiginda Ergan Dag:
(Erzincan, Tirkiye) Florast (Korkmaz & Turgut, 2014),
Cayrrli Tlgesinin (Erzincan, Tiirkiye) Floristik Cesitliligi ve
Endemik Bitkileri (Korkmaz, 2015) ¢alismalar1 disindaki
biitiin ¢alismalarda Fabaceae familyasinn ilk ti¢ familya
icerisinde yer ald1g1 gortilmektedir.

En ¢ok takson igeren ilk 10 cins ve bu cinslerdeki
takson sayisinin toplam takson sayisina orani sirasiyla;
Trifolium 14 (%2.24), Astragalus 13 (%2.08), Centaurea 11
(%1.76), Allium 10 (%1.60), Vicia 8 (%1.28), Galium 8
(%1.28), Ranunculus 8 (%1.28), Bromus 8 (%1.28), Veronica 8
(%1.28) ve Silene 7 (%1.12)'dir. Ttirkiye Florasi'nda en ¢ok
takson igeren Astragalus, Verbascum, Centaurea, Allium ve
Silene cinsleri iken; alanimizda Trifolium cinsi en ¢ok
takson igeren cinstir. Tkinci sirada Astragalus cinsi
gelmektedir. Trifolium cins tiyelerinin alamimizda fazla
olmasinda nispeten sicak Akdeniz fitocografik bolge iklim
etkisi dustintilse bile sahada Astragalus ve diger cins
tiylerinin tam toplanamamasmin da 6nemli etkisi vardir.
Alanimiz her ne kadar Iran-Turan fitocografik bolgesinde
yer alsa da alamin diisiik rakiml yerlerinde ve Lice’ye
yakin alanlarda sicak iklim etkisi belirgindir. Ugtincii
sirada ise Centaurea cinsi Astragalus cinsi ile benzer
habitatlarda  yayilis  gostermekte ve fran-Turan
fitocografik bolgesinde iyi temsil edilmektedir. Bunun
sebebi fran-Turan fitocografik bolgesinin karakteristigi ve
step alanlara adapte olmus bu cinslerin bu alanlarda iyi
temsil edilmesidir (Karabacak & Behget, 2014). Tespit
edilen  bitki  taksonlarmin  Raunkiaer'in  (1934)
siiflandirdigr hayat formlarina gore; 285 (%45,60)'i
hemikriptofit, 178 (%28,48)i terofit, 83 (%13,28) i kriptofit,
37 (%5,92)’si kamefit ve 42 (%6,72)'si fanerofit olarak
belirlenmistir.

Sonug olarak, yapilan bu calisma ile belirlenen 625
taksonun alandan yayilist belirlenmis olup endemizim
durumlari ve fitocografik bolge element dagilimlari ortaya
konmustur (Tablo 2). Boylece Tiirkiye florasina ve ileride
yapilacak olan floristik calismalara katkida
bulunulmustur.

Etik kurul onay1: Bu calisma icin etik kurul onay1 almmasma
gerek yoktur.

Cikar catigmasi: Yazarlar, ¢ikar catismasi olmadigini beyan
etmistir.

Yazar katkisi: Fikir/Kavram - A.C., L.B,; Tasarim - A.C., L.B,;
Denetleme/Danismanlik - A.C., L.B.; Kaynaklar/Fon Saglama -
A.C., L.B,; Materyaller - A.C., L.B,; - Veri Toplama veya Isleme -
A.C., LB; Analiz Yorumlama - A.C., L.B,; Kaynak Taramas1 -
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A.C., L.B,; Makalenin Yazimi - A.C., L.B.; Elestirel inceleme -
A.C., LB.
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Abstract: Synthetic dyes produced by chemical synthesis are used in textile, food, cosmetic, plastic, and pharmaceutical
industries. Of these dyes, azo dyes are a major group of dyes widely used by these industries despite their harm to the
environment. A limited number of studies have focused on the impact of dyes on the environment; thus eco-toxicological
studies are imperative. The aim of this study was to evaluate the toxic effect of Everzol Red LFB (ERL) and Everzol Yellow
CGL (EYC) on zebrafish embryos. Embryos were exposed to 23-600 mg L-1 ERL and EYC for 96 hours and the survival rates,
heart rate, hatching rates, and body malformation of these individuals were determined. According to the results of this study,
the 96 h LC50 values of the ERL and EYC were determined to be 292 (232-391) and 127 (107-152) mg L-1, respectively. The
teratogenic index (TI) values of the ERL and EYC were calculated as 1.37 and 1.49, respectively. ERL and EYC are teratogenic
for zebrafish embryos based on the calculated TI value. Both dyes caused significant inhibition of embryonic growth and heart
rate in Danio rerio embryos. ERL and EYC caused pericardial edema, yolk sac edema, tail malformation, and spinal curvature
in embryos. According to the determined parameters, the negative effect of EYC on zebrafish larvae is greater than of the ERL.
These results indicate that both dyes have adverse effects on zebrafish development and may adversely affect the aquatic
ecosystem if they enter the aquatic environment.

Keywords: Synthetic dye, embryotoxicity, development, pollution.

Everzol Red LFB ve Everzol Yellow CGL'nin Zebra Balig1 (Danio rerio) Embriyolar1 Uzerinde
Teratojenik ve Gelisimsel Toksisitesinin Degerlendirilmesi

Oz: Kimyasal sentezle iiretilen sentetik boyalar; tekstil, gida, kozmetik, plastik ve ilag endiistrilerinde yaygin olarak
kullanilmaktadir. Bu boyalardan biri olan azo boyalar, ¢evreye zararli olmalarina ragmen yaygin olarak kullanilan en biiytik
boya grubudur. Smurli sayida calisma, boyalarin cevre iizerindeki etkisine odaklanmistir, bu nedenle ekotoksikolojik
calismalarin yapilmast zorunludur. Bu ¢alismanin amaci, zebra balig1 embriyolarinda Everzol Red LFB (ERL) ve Everzol
Yellow CGL'min (EYC) toksik etkilerini degerlendirmektir. Embriyolar 96 saat boyunca 23-600 mg L1 ERL ve EYC'ye maruz
birakilmis ve bu bireylerin hayatta kalma oranlari, kalp atim hizlari, kuluckadan ¢ikma oranlari ve viicut malformasyonlar:
belirlenmistir. Calismanin sonuclarina gore, ERL ve EYC'nin 96 saatlik LCso degerleri sirasiyla 292 (232-391) ve 127 (107-152)
mg L7 olarak belirlenmistir. ERL ve EYC teratojenik indeks (TI) degerleri sirastyla 1.37 ve 1.49 olarak hesaplanmistir. ERL ve
EYC, hesaplanan TI degerine gore zebra balig1 embriyolar icin teratojeniktir. Her iki boya da Danio rerio embriyolarinda,
embriyonik biiytimenin ve kalp hizinin 6nemli olciide engellenmesine neden olmustur. ERL ve EYC embriyolarda
perikardiyal 6dem, yolk kesesi 6demi, kuyruk malformasyonu ve spinal egrilige neden olmustur. Belirlenen parametrelere
gore EYC'nin zebra balig1 larvalar tizerindeki olumsuz etkisi ERL'den daha fazladir. Bu sonuglar, her iki boyamin da zebra
balig1 gelisimi tizerinde olumsuz etkilere neden oldugunu ve bu boyalarin su ortamina girmesi halinde su ekosistemini
olumsuz etkileyebilecegini gostermektedir.

Anahtar kelimeler: Sentetik boya, embriyo toksisite, gelisim, kirlilik.

Issue published: 30.06.2022

1. Introduction

Synthetic dyes produced by chemical synthesis are widely
used in textile, food, cosmetic, plastic, and pharmaceutical
industries (Akbulut et al.,, 2020). Some of the most
important of these dyes are azo dyes (Selvaraj et al., 2021;
Kiziltan et al., 2022). Azo dyes are known to be toxic,
genotoxic, and mutagenic (Demirci & Asma, 2013). In
recent years, due to rapidly increasing industrialization,
the pollution from dyes has greatly increased. Thousands
of dyes are synthesized daily worldwide and subsequently
released into the environment during synthesis and
dyeing processes (Jadhav et al., 2011). Some textile dyes
dissociate in water and the resulting substances can have
toxic effects on aquatic organisms (Akbulut et al., 2020).
Dyes that enter the water system can enter the food chain

*Corresponding author: duygu.turhan@inonu.edu.tr

through aquatic organisms and accumulate, causing
ecological instability (Natarajan & Manivasagan, 2020).
Furthermore, some dyes that can be detected in many
aquatic systems even at low concentration (1 mg L) cause
disturbances to aquatic ecosystems (Zamora & Jeronimo,
2019).

Recently, the zebrafish (Danio rerio) has been used to
determine the toxicity of certain dyes. Zebrafish is a model
organism commonly used in aquatic toxicology (Zamora
& Jeronimo, 2019). The Organization for Economic Co-
operation and Development (OECD) has suggested that D.
rerio is an important indicator for the evaluation of
pollutant toxicity in the aquatic environment (OECD,
2006). D. rerio are often used in experiments because of
their low cost, small size, and easy laboratory care.
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Moreover Danio rerio embryos develop quickly after
fertilization. As they are transparent, microscopic
evaluation can be easily conducted at all stages of
development (Akbulut & Yo6n, 2013). In the literature, the
ecological effects of azo dyes have been reported in
freshwater fish species (Abe et al., 2019).

The environmental impact and toxicity to aquatic
biota caused by the discharge of textile dyes into water
bodies are not fully documented (Zamora & Jeronimo,
2019). In addition, Abe et al. (2019) reported an urgent
need to gather scientific information on the potential eco-
toxicological effects of synthetic dyes on aquatic
organisms. Everzol Red LFB and Everzol Yellow CGL are
widely used commercial reactive dyes (Akbulut et al.,
2020). There are deficiencies in the aquatic toxicity data on
these dyesthat are likely to enter environmental waters
due to their widespread and intensive use. Therefore, in
this study, we aimed to determine the lethal
concentrations and sublethal effects of these dyes in
zebrafish, an aquatic vertebrate, based on the prediction
that the concentration of these dyes would increase in
environmental waters.

For this aim, different biological responses such as
lethality, growth and development, heart rate, hatching
rate, and teratogenicity status in zebrafish embryos were
determined after 96 hours of exposure to ERL and EYC
according to the Fish Embryo Acute Toxicity Test (OECD,
2013). Thus, the possible eco-toxicological effects of these
dyes were evaluated based on the negative effects they
have on zebrafish embryos.

2. Material and Methods
2.1. Test organism

The embryos used in this study were produced from adult
zebrafish grown in the zebrafish production system
(ZebTec Active Blue, Tecniplast, Italy) in the Zebra Fish
Unit, Inonu University Faculty of Arts and Sciences,
Aquatic Vertebrate Experimental Animals Unit. The
system is equipped with continuous water circulation and
adjustable pH (7.30£0.15) as well as conductivity (720+20
pS/cm), temperature (28.2+0.2°C), and automatic light
and dark photoperiodic (14:10 hours) controls. Zebrafish
embryos were obtained with the same aquatic
characteristics as the parent system and a filtered rearing
system (iSpawn, Tecniplast, Italy) connected directly to the
water circulation fed by the parent system. Fertilized eggs
were collected within 3 hours and stored in standard
embryo broth at 28.5°C in an oven.

According to the legislation of the European Union
and our country, Ethics Committee approval is not
required for embryos and larvae used in the period up to
the first 120 hours of their development after fertilization
in studies with zebrafish (European Zebrafish Resource
Center).

2.2. Chemicals and exposure

The reactive dyestuffs ERL (R4504502) and EYC (1500502)
were selected for this study. Dyes were tested at
concentrations of 23, 35, 53, 79, 119, 178, 267, 400, and 600
mg L1, Twenty-four embryos were exposed to each
concentration. pH was adjusted to 7.3 and conductivity
was maintained at 700 pS/cm. Then, 250 pl of each dye

Comm. J. Biol.

63

6(1), 62-67.

solution prepared at different concentrations and a
zebrafish embryo were added to each well. Mortality rates
of individuals examined with a stereomicroscope every 24
hours for a 96-hour period were recorded. At the 48t hour,
the heart beats per minute of the embryos were
determined. At the end of the 96th hour, the malformation
rates and malformation types of the surviving individuals
were determined with a stereomicroscope while their
lengths were measured using Euromex Image Focus 4.0
software. The median lethal concentrations (LCsp) were
determined after 24, 48, 72, and 96 hours of exposure.

2.3. Statistical analysis

Statistical analysis of the collected data was performed
with GraphPad Prism 5 (SPSS Inc., USA). Probit regression
analysis was used to determine the 96h mean lethal
concentration (LCsp) and effective concentration (ECs) for
the embryos (EPA, ver. 1.5). The teratogenic index (TI)
values of ERL and EYC were calculated as the ratio of 96h
LCs value to 96h ECso value. Since all measurement
parameters did not a show normal distribution, these non-
parametric data were statistically compared with the
Kruskal-Wallis and Dunn tests.

3. Results and Discussion

The intensive use of synthetic dyes and their transfer to the
aquatic ecosystem cause significant pollution (Akbulut et
al.,, 2020). In this study, the effects of two different textile
dyes at different concentrations on the early development
of Danio rerio embryos were determined. Parameters such
as survival, hatching rate, heart rate, and malformation of
zebrafish embryos were used to determine these effects.
Many textile dyes have LCsp concentrations at different
time intervals in fish (Oliveira et al., 2016). According to
the data of this study, the 96h LCsq values were 292 and 127
mg L1 for ERL and EYC, respectively (Table 1). To our
knowledge, the toxic concentrations have been determined
for the first time in fish for the tested dyes. On the other
hand, LCsq concentrations of some commercial dyes such
as Basic Violet 14, Direct Red 28, and Reactive black 5 for
D. rerio were found to be 0.06, 0.48 pg mL-'and 0.52 mg L-
1, respectively (Shen et al., 2015, Manimaran et al., 2018).
These stated LCsp values are relatively lower than the LCso
values of zebrafish treated with ERL and EYC in this
study. In addition, in this study, the ECsp value in embryos
exposed to ERL and EYC was calculated to be 213 and 85
mg Lt (Table 1).

The ratio of the calculated LCsp value to the ECsg
value is the teratogenicity value. The teratogenicity value
is an important parameter used to determine the effects of
pollutants on aquatic organisms. The suitability of using
zebrafish embryos to evaluate the teratogenic potential of
pollutants has been demonstrated by many studies
(Selderslaghs et al., 2009; Alafiatayo et al., 2019; Turhan,
2021). In this study, the teratogenic index (TI) values of
ERL and EYC for zebrafish larvae were calculated as 1.37
and 1.49, respectively. Selderslaghs et al. (2009) reported
that a compound is considered teratogenic if the TI value
for test compounds is >1. Accordingly, our findings
showed that ERL and EYC were teratogenic for Danio rerio
larvae.

In Danio rerio, hatching is an important phase during
which embryos transform into larvae (Sun et al., 2020). The
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hatching rate in zebrafish embryos is one of the most
important criteria used for the assessment of toxicity
caused by environmental pollutants (Mu et al., 2016). In
this study, the hatching rate decreased with increasing
concentrations of dyes (Table 2). Similarly, Zamora and
Jeronimo  (2019) found that relatively higher
concentrations of Direct Blue 15 (200 to 500 mg L)
decreased the hatching rate of exposed zebrafish embryos.
Moreover, Manjunatha et al. (2020) reported that the
hatching of Danio rerio embryos was proportionally
affected by the concentration of henna dye. The reason for
hatching inhibition may be the inability of the embryos to
break the chorion under the influence of the contaminant
or the inhibition of proteolytic enzymes involved in
hatching (Zamora & Jeronimo, 2019; Rahman et al., 2020).
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Body length is a general biomarker used to assess
zebrafish health after exposure to pollutants (Lu et al.,
2022). In this study, concentrations ERB and EYC higher
than 35 mg L resulted in significant inhibition of
embryonic growth (Table 3). Peng et al. (2021) reported
that growth inhibition, another biomarker used to evaluate
the effects of the tested dyes in this study, is frequently
observed in Danio rerio exposed to environmental
pollutants. Similar to the results of this study, To et al.
(2021) reported that Solvent Violet 47 and Disperse Blue 14
dyes cause growth inhibition depending on the
concentration in zebrafish. The results of previous studies
thus indicate that dyes have a negative effect on the early
development of zebrafish.

Table 1. The 24h, 48h, 72h and 96h LC s, 96h ECso, and TI determined for Danio rerio embryos

Exposure (h)

LCso (mg L) ECso (mg L) TI (LCs0/ ECs0)

Dyes Concentrations (mg L-1)
Everzol Red LFB 23-600
Everzol Yellow CGL 23-600

24
48
72
96
24
48
72
96

390 (320-511)
329 (267-431)
298 (240-393)

292 (232-391) 213 (167-300) 1.37
241 (200-297)
155 (131-184)
132 (112-156)
127 (107-152) 85 (73-100) 1.49

Table 2. Percent hatching in Danio rerio embryos exposed to different concentrations of Everzol Red LFB and Everzol Yellow CGL for 96h

Dyes Everzol Red LFB Everzol Yellow CGL

24h 48h 72h 96h 24h 48h 72h 96h
Control 0 100 100 100 0 100 100 100
23 0 100 100 100 0 100 100 100
35 0 92 100 100 0 96 96 96
53 0 92 92 92 0 79 79 79
79 0 83 92 92 0 79 88 83
119 0 71 88 88 0 42 58 58
178 0 46 71 71 0 38 46 46
267 0 42 54 54 0 38 25 25
400 0 13 42 42 0 - - -
600 0 0 21 21 0 0 - -

Table 3. Lengths and number of individuals living in Danio rerio embryos exposed to Everzol Red LFB and Everzol Yellow CGL for 96h

Everzol Red LFB Everzol Yellow CGL
Concentrations n Length (mm) n Length (mm)

Control 24 3.754 + 0.062 24 3.754 + 0.062

23 24 3.539 + 0.057 24 3.595 + 0.059

35 23 3.386 + 0.066 ** 22 3.427 + 0.055 il
53 22 3.298 + 0.058 bl 18 3.421 + 0.070 el
79 22 3.280 + 0.052 bl 20 3.296 + 0.075 el
119 20 3.065 + 0.132 ek 13 2.872 + 0.131 il
178 16 3.021 + 0.126 ek 10 2.861 + 0.138 il
267 13 3.005 + 0.133 bl 6 2.586 + 0.186 el
400 10 3.013 + 0.169 bl - - -

600 5 2.732 + 0.171 ek - - -

n: Living individual, * p<0.05, ** p< 0.01, ** p< 0.001
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Exposure of zebrafish embryos to pollutants can
cause various mutations (Park et al., 2019). In this study,
exposure to ERL and EYC caused to spinal curvature (SC),
tail malformation (TM), pericardial edema (PE), and yolk
sac edema (YSE) in zebrafish embryos (Tables 4-5, Figure
1). For both dyes, YSE and PE were the most common
types of malformation (Tables 4-5). YSE is a common
symptom in fish exposed to pollutants and may result
from overhydration of the yolk sac associated with
impaired osmoregulation and toxin accumulation (Park et
al., 2019).

As PE was the main type of malformation caused by
both tested dyes, heart rate was determined to analyze
whether this change in pericardial morphology affected
the cardiac function of the embryos. Heart rate is an
important biomarker used in zebrafish toxicity tests to
evaluate the effects of pollutants (Zhang et al., 2020). In this
study, it was shown that zebrafish embryos exposed to
ERL and EYC caused a significant dose-dependent
decrease in heart rate at 48 hours (Figure 2). Tsuruwaka et
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al. (2015) showed that Danio rerio embryos exhibiting PE
also demonstrate an abnormal intracellular Ca2* signaling
pattern.

4. Conclusion

The aquatic ecosystem is an important target of pollutants
from industrial wastes (Meireles et al., 2018). The
increasing use of textile dyes, which is an important source
of industrial waste, and the increasing frequency of
detection in the aquatic system necessitate the evaluation
of their effects on aquatic organisms. This study showed
that two dyes, ERL and EYC which are widely used in the
textile industry, cause dose-dependent developmental
toxicity in Danio rerio embryos. Biomarkers such as YSE,
PE, TD, and SC were assessed in this study and the TI
values calculated in zebrafish embryos showed that these
dyes are toxic and teratogenic. The effects of the tested
dyes on the aquatic ecosystem have been revealed in this
study from various aspects but the mechanisms of the toxic
effects caused by dyes should be evaluated at the
biochemical and molecular level with new studies.

Table 4. Time-dependent mortality, malformation number, and malformation types of Danio rerio embryos exposed to various

concentrations of Everzol Red LFB for 96 hours

Malformations Types

Concentrations , Living # Malformed # sC ™ PE YSE
(mg L)

Control 24 24 0

23 24 24 0

35 24 23 1 - - 1 -
53 24 22 0 - - - -
79 24 22 3 2 1 - 1
119 24 20 5 1 1 3 1
178 24 16 7 1 2 5 6
267 24 13 11 4 2 8 3
400 24 10 2 4 6 2
600 24 5 3 - 2 2 2

SC: spinal curvature; TM: tail malformation; PE: pericardial edema; YSE: yolk sac edema

Table 5. Time-dependent mortality, malformation number, and malformation types of Danio rerio embryos exposed to various

concentrations of Everzol Yellow CGL for 96 hours

Concentrations

Malformations Types

(mg L) n Living # Malformed # sC ™ PE YSE
Control 24 24 0

23 24 24 0

35 24 22 0 - - - -
53 24 18 1 - 1 1 -
79 24 20 12 1 1 10 5
119 24 13 10 1 1 9 3
178 24 10 9 2 2 6 2
267 24 6 6 1 1 4 3
400 24 0 -

600 24 0 -

SC: spinal curvature; TM: tail malformation; PE: pericardial edema; YSE: yolk sac edema
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Figure 1. Microscopic images of embryos. Control embryos and Everzol Red LFB and Everzol Yellow CGL treatment groups 96h (SC:
spinal curvature; TM: tail malformation; PE: pericardial edema; YSE: yolk sac edema)
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Figure 2. Heart rate per minute at 48h in Danio rerio embryos exposed to different concentrations of Everzol Red LFB and Everzol Yellow

CGL
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Abstract: In this study, 27 protein sequences of SARS-CoV-2 spike (S) glycoprotein from 23 different countries were analyzed
using bioinformatics approaches. In this context, post-translational modifications, sequence and domain analyses,
phylogenetic analysis, and 3D structure analysis of the spike glycoprotein proteins were performed. Also, molecular docking
analysis of the SARS-CoV-2 spike protein S1 receptor-binding domain (S51) with human ACE2 protein was conducted. It was
found that although all SARS-CoV-2s include Spike_rec_bind (PF09408) and Corona_S2 (PF01601) domain structures, the C-
terminal S2 region was more diverse than the S1 region. The predicted N-glycosylation and phosphorylation sites were
determined to be between 17 and 19 and 136 and 168, respectively. In phylogenetic analysis, SARS-CoV-2s were found to have
more similarity with bat RaTG13 and pangolin CoV-2 than MERS CoV and bat SARS CoV. The predicted 3D protein structures
of human SARS-CoV-2 and bat RaTG13 showed high similarity, ranging from 0.76 to 0.78. The docking analyses revealed that
Asp30, Lys31, His34, Glu35, Glu37, Asp38, Asn330, and GIn325 residues were binding residues in the ACE2 protein for the N-
terminal S1 subunit of SARS-CoV-2. The findings are particularly important for the studies of drug development and drug
design.

Keywords: Covid-19, coronavirus, spike protein, molecular docking, in silico analyses.

SARS-CoV-2 Spike Glikoproteinlerinin Farkli Ulkelerde Karsilagtirmali Biyoinformatik
Analizleri

Oz: Bu calismada, biyoinformatik yaklagimlar kullanilarak 23 farkli tilkeden SARS-CoV-2 spike (S) glikoproteininin 27 protein
dizisi analiz edildi. Bu kapsamda sagak glikoproteinlerinin post-translasyonel modifikasyonlari, sekans ve domain analizleri,
filogenetik analizleri ve 3 boyutlu yap1 analizleri gerceklestirilmistir. Ayrica, insan ACE2 proteini ile SARS-CoV-2 sagak
proteini S1 reseptér baglama alanimin (SS1) molekiiler yerlestirme analizi yapildi. Tiim SARS-CoV-2'lerin Spike_rec_bind
(PF09408) ve Corona_S2 (PF01601) alan yapilarini icermesine ragmen, C-terminal S2 bolgesinin S1 bolgesinden daha cesitli
oldugu bulundu. Onggriilen N-glikosilasyon ve fosforilasyon bolgelerinin sirasiyla 17 ve 19, 136 ve 168 arasinda oldugu
belirlendi. Filogenetik analizde, SARS-CoV-2'lerin yarasa RaTG13 ve pangolin CoV-2 ile MERS CoV ve yarasa SARS CoV'den
daha fazla benzerlige sahip oldugu bulundu. insan SARS-CoV-2 ve yarasa RaTG13'tin tahmin edilen 3D protein yapilari, 0.76
ile 0.78 arasinda degisen yiiksek benzerlik gosterdi. Yerlestirme analizleri, Asp30, Lys31, His34, Glu35, Glu37, Asp38, Asn330
ve GIn325 rezidiilerinin, SARS-CoV-2'nin N-terminal S1 alt birimi icin ACE2 proteininde baglayic1 kalintilar oldugunu ortaya
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cikard1. Bulgular 6zellikle ila¢ gelistirme ve ilag tasarimi calismalari i¢in 6nemlidir.

Anahtar kelimeler: Kovid-19, koronavirus, sacak proteini, molekiiler kenetleme, in siliko analizler.

1. Introduction

Coronaviruses (CoVs) are reported to cause a wide variety
of diseases in humans and animals (Masters & Perlman,
2013). Particularly, three types of CoV viruses have caused
deadly pneumonia in humans in the past 20 years: severe
acute respiratory syndrome coronavirus (SARS-CoV)
(Drosten et al., 2003), Middle-East respiratory syndrome
coronavirus (MERS-CoV) (Zaki et al., 2012), and SARS-
CoV-2 (Zhu et al., 2020). CoVs are categorized into four
main taxa that are alpha-CoV, beta-CoV, gamma-CoV, and
delta-CoV (Lefkowitz et al., 2018). Two beta-CoVs, SARS-
CoV and SARS-CoV-2, are closely related viruses. The
origins of these viruses are suggested to be bats that
seemed to be reservoir hosts for these two viruses (Zhou et
al., 2020). Phylogenetical analyses showed that B beta-CoV
and Bat SARS-like (SL) CoV, and RaTG13 have high
nucleotide sequence identities with 96%, suggesting that
SARS CoV-2 probably evolved from a Bat SL-CoV (Zhou
et al., 2020; Ou et al., 2020). On the other hand, there are

*Corresponding author: b.kurt@alparslan.edu.tr

varieties of beta-CoV genus that have low-pathogenicity
ability in humans such as HCoV-229E, HCoV-OC43,
HCoV-NL63, and HCoVHKU1 (Walls et al., 2020). SARS-
CoV contains large positive-sense RNA genomes with
about 30 kb in length and includes four structural proteins
such as spike (S), nucleocapsid (N), envelope (E), and
membrane (M) (Siddell & Ziebuhr, 2005). The spike
glycoproteins (S) of CoVs bind to its receptor, angiotensin
converting enzyme 2 (ACE2) and mediate membrane
fusion and virus entry. S protein is trimeric and the
weights of each monomer is about 180 kDa. The
attachment and membrane fusion of the virus is controlled
with two subunits: N-terminal S1 subunit and membrane-
embedded C-terminal S2 region (Ou et al., 2020). The S1
region contains amino terminal domain (S1-NTD) and the
carboxy-terminal domain (S1-CTD). The S1-CTD subunit -
receptor interaction is a vital step in determining host
range of CoVs and tissue tropism (Lu et al., 2015; Cui et al.,
2019). After membrane fusion, the CoV’s genome is
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delivered into the cytoplasm using host cell membrane or
endosome membrane. Then, viral RNA starts translation
of the two polyproteins (ppla and pplab) encoding 16
non-structural proteins (nspl-nspl6) and replication of
the viral genome (Fehr & Perlman, 2015; Ou et al., 2020).
The CoV polyproteins are cleaved by the main protease
and papain-like protease to produce the nonstructural
proteins (Kandeel et al., 2020). In this study, comparative
bioinformatics analyses of 27 SARS-CoV-2 spike (S)
protein sequences were performed. Later, the predicted 3D
structures and docking of SARS-CoV-2 S proteins were
generated and analyzed by in silico approaches.

2. Material and Methods
2.1. Sequence collections

Firstly, a total of 27 protein sequences of SARS-CoV-2
spike glycoprotein from 23 different countries were
retrieved from the NCBI database (NCBI National Library
of Medicine, 1988), including Australia: Victoria
(QHR84449.1), Brazil (QJA41641.1), Turkey (QIZ16509.1),
Japan (BCB97901.1), Vietnam (QIK50448.1), Pakistan:
Gilgit (QIQ22760.1), Colombia: Antioquia (QIS30054.2),
Pakistan: KPK (QIS60276.1), Iran (QIU80900.1), South

Korea (QIV15008.1), Iran (QIX12195.1), USA:MN
(QJA17740.1), Taiwan (QJD20656.1), India: Kerala State
(QIA98583.1), Hong Kong (QJC20993.1), Finland
(QHU79173.2), India: Rajkot (QJC19491.1), Peru

(QIS60288.1), Israel (QIT06999.1), France (QIX12148.2),
South Africa (QIZ15537.1), Greece (QIZ16571.1), USA:OR
(QJA17360.1), USA: New Orleans (QJC21041.1), Spain
(QJC21017.1), Serbia  (QJC21051.1), and Sweden
(QIC53204.1). Later, collected sequences of SARS-CoV-2
were used for further bioinformatics analyses.

2.2. Sequence alignment and analyses

The retrieved 27 protein sequences were aligned using
BioEdit software v7.2.5 (Hall, 1999). Domain analyses of
SARS-CoV-2 spike glycoproteins were performed using
Pfam 32.0 database (El-Gebali et al., 2019). Percent
identities of SARS-CoV-2 spike glycoproteins were
analyzed using blastp (protein-protein BLAST) suite
(Johnson et al.,, 2008) in the NCBI database. For this
analysis, SARS CoV BJ01 (AAP30030.1), bat SARS CoV
Rs_672/2006 (ACU31032.1), bat coronavirus RaTG13
(QHR63300.2), pangolin CoV (QIQ54048.1), and MERS
CoV (YP_009047204.1) were used for comparisons to
SARS-CoV-2 spike glycoproteins. In addition, Tajima's test
statistic (D) (Tajima, 1989), number of segregating sites (S),
and nucleotide diversity (1) were calculated using MEGA-
X software. The putative N-Glycosylation and serine-
threonine or tyrosine phosphorylation sites of SARS-CoV
S proteins were identified using NetNGlyc 1.0 (Blom et al.,
2004) and NetPhos 3.1 (Blom et al., 2004) servers,
respectively.

2.3. Phylogenetic analysis

Phylogenetical analysis was conducted by including 42
amino acid sequences. For this purpose, bat SARS CoVs
(ACU31032.1, ACU31051.1, ABD75332.1, ABG47069.1, and
QHR63300.2), MERS CoVs (YP_009047204.1, AID50418.1,
AVN89453.1, AVN89344.1, and AVN89291.1), and SARS
CoVs  (AAP30030.1,  ABA02260.1,  ACZ72065.1,
AAV91631.1, and AAX16192.1) sequences were retrieved
to be added into the data used in sequential analysis. The
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relationship among lineages were constructed based on
the Neighbor-Joining (NJ) method. The bootstrap
confidence values were calculated by 1000 replication for
each clade (Felsenstein, 1985). Evolutionary analyses were
conducted in MEGA-X (Kumar et al., 2018). A total of 1360
positions were found in the dataset as a result of
computation of evolutionary distances according to
Poisson correction method.

2.4. Predicted 3D structure and docking analyses

First, predicted 3D structures of selected SARS-CoV-2 S
proteins such as Colombia, Pakistan-Gilgit, Sweden, and
Vietnam were generated wusing Phyre (Protein
Homology/analogY Recognition Engine V 2.0) online
server at intensive mode (Kelley et al., 2015). Later, the
similarity of protein structures was evaluated using
template modeling score (TM-score) (Zhang & Skolnick,
2004). The structural evaluation and stereo-chemical
analyses of the modeled proteins was checked using
Ramachandran plot analysis on the Rampage server
(Lovell et al., 2003).

The ACE2 protein was extracted from the file (6MO])
in PDB Bank (Berman, 2000) and Sweden SARS-CoV-2
spike protein S1 receptor-binding domain (SS1) was used
for protein- protein docking analysis.ss HADDOCK 2.4
server was employed for the docking procedure (van
Zundert et al., 2016). Since His228 in the file showed two
distinct confirmations and these confirmations caused a
problem for docking analysis to proceed, the file was
corrected manually. The interacting residues for
HADDOCK parameters were obtained from (Lan et al.,
2020) and docking analysis was completed by default
settings. The resulting docking file was opened in PyMOL
and the best confirmation was used for alignment with the
input proteins and RMSD value was calculated based on
this alignment. The binding affinity was found using
Prodigy server at 25°C (Xue et al., 2016). The contacting
residues between proteins were visualized in Chimera
1.14rc (Pettersen et al., 2004). LigPlot* was used for the
identification of binding site interactions with their residue
distances (Laskowski & Swindells, 2011). The detailed
analysis of the docking such as number of contacting
residues, salt bridges, and non-bonded interactions
between the molecules were identified by PDBsum server
(Laskowski et al., 2018).

3. Results and Discussion

3.1. Genetic variations in SARS-CoV-2 spike
glycoproteins
All SARS-CoV-2 S proteins contained Corona_S2

(PF01601) domain between 662 and 1266 amino acid
residues and Spike_rec_bind (PF09408) domain structure
was between 330 and 583 amino acid residues by Pfam
database (Fig. 1). According to sequence analyses of spike
receptor binding domain (PF09408) structure (S1 subunit),
there was just one amino acid substitution in the amino
acid chain of 367 residues and only valine (V) in Hong
Kong SARS-CoV2  (QJC20993.1) replaced with
phenylalanine (F) (V367F). In C-terminal S2 region, A930V
in India: Kerala State, V7721 in Turkey, T791I in Taiwan,
and F797C in Sweden amino acid substitutions were
identified. To understand the genetic diversity level of
SARS-CoV-2 S proteins, Tajima's D was calculated and
found as -1.805. In addition, the number of segregating
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sites and nucleotide diversity (1) were identified as 10 and
0.0009, respectively. For a better understanding of human
SARS-CoV 2 S protein sequences, four SARS-CoV-2 S
protein sequences were selected from our study along with
Bat coronavirus RaTG13 and Pangolin Coronavirus S
protein sequences that are most similar to human S
proteins. Then, they were examined by aligning (Fig. 2). In
particular, when the amino acid changes in the spike
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receptor-binding domain were examined, it was found
that there were changes in 33 and 21 regions between
human and pangolin and human and bat SARS-CoV2 S
proteins, respectively. Thus, pangolin SARS-CoV2 S
protein sequences were found to show more variations in
the region of receptor binding domain compared to human
SARS-CoV2.

{SuuSpikesrecabind i) ( \GoronauS2 3
- — entry | o, | Emvelope | Aignment |
amil escription an
: % tupe St | Ena | Stan | Ewa |
Corona_S2 Coronavirus S2 glycoprotein Family CL0O595 662 1266 672 1266
Spike_rec_bind Spike receptor binding domain Domain 330 583 330 583

Figure 1. Domain analyses of SARS-CoV2 S protein sequences using Pfam database. These two domain structures identified all SARS-

CoV2 S proteins.
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Figure 2. Multiple sequence alignment of S protein

sequences of selected four human SARS-CoV2 (Serbia, Spain, Taiwan, and India:

Rajkot), bat coronavirus RaTG13, and pangolin coronavirus. Conserved regions, showing at least 80% similarity, are shown in black and
red line represent the spike receptor binding domain (PF09408) structure (between 330 and 583 amino acid residues) based on Pfam

database.

The percent identities of SARS-CoV-2 S proteins were
identified by blastp tool in NCBI database (Table 1).
Human SARS-CoV-2 S protein sequences were compared
with SARS CoV BJ01, MERS CoV, Bat CoV, Bat COV
RaTG13, and Pangolin CoV sequences. When the results
are examined, SARS-CoV-2 & SARS CoV BJ01, SARS-CoV-
2 & MERS CoV, SARS-CoV-2 & Bat CoV, SARS-CoV-2 &
Bat COV RaTG13, and SARS-CoV-2 and Pangolin CoV
percent identity (%) values were between 76.04 and 76.19,

70

34.82 and 34.91, 74.51 and 74.76, 97.33 and 97.41, and 91.99
and 92.14, respectively. Considering the general identity
ratios, it was seen that SARS-CoV-2 S proteins gave the
highest similarity values with bat CoV RaTG13 S protein
(about 97%), followed by Pangolin CoV (about 92%) and
SARS CoV BJ01 (about 76%). In addition, the lowest
similarity values with SARS-CoV-2 S proteins were about
35% with MERS CoV.
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Table 1. Percent identity (%) of SARS-CoV-2 S proteins using blastp tool in NCBI database

SARS-CoV2 SARS CoV BJ01 =~ MERS CoV Bat CoV Bat COV RaTG13 Pangolin CoV
Australia: Victoria 76.12 34.91 74.67 97.33 92.07
Brazil 76.12 34.91 74.76 97.41 92.14
Turkey 76.12 34.91 74.59 97.33 92.07
Japan 76.12 34.91 74.59 97.41 92.14
Vietnam 76.12 34.91 74.59 97.41 92.14
Pakistan: Gilgit 76.12 34.91 74.59 97.41 92.14
Colombia: Antioquia 76.12 34.91 74.59 97.41 92.07
Pakistan: KPK 76.12 34.91 74.59 97.41 92.14
Iran (QIU80900.1) 76.12 34.91 74.59 97.41 92.14
South Korea 76.12 34.91 74.59 97.41 92.14
Iran (QIX12195.1) 76.12 34.91 74.59 97.41 92.14
USA:MN 76.12 34.91 74.59 97.41 92.14
Taiwan 76.04 34.91 74.51 97.33 92.07
India: Kerala State 76.04 34.82 74.51 97.33 92.07
Hong Kong 76.04 34.91 74.51 97.33 92.07
Finland 76.19 34.91 74.51 97.33 92.07
India: Rajkot 76.04 34.82 74.51 97.25 91.99
Peru 76.04 34.91 74.51 97.33 92.07
Israel 76.04 34.91 74.51 97.33 92.07
France 76.04 3491 74.51 97.33 92.07
South Africa 76.04 34.91 74.51 97.33 92.07
Greece 76.04 3491 74.51 97.33 92.07
USA: OR 76.04 34.91 74.51 97.33 92.07
USA: New Orleans 76.04 3491 74.51 97.33 92.07
Spain 76.04 3491 74.51 97.33 92.07
Serbia 76.04 34.91 74.51 97.33 92.07
Sweden 76.04 34.82 74.51 97.33 92.07

3.2. Post-translational modifications of SARS-CoV S
proteins

The putative N-glycosylation sites (Table 2) in CoV S
protein sequences were ranged from 17 to 19 by NetNGlyc
1.0 server. In terms of the number of serine-threonine or
tyrosine phosphorylation sites, they changed from 136 to
140 and were higher than the number of the N-
glycosylation sites.

Table 2. The predicted N-Glycosylation and serine-threonine or
tyrosine phosphorylation sites of SARS-CoV S proteins,
respectively.

Protein name NetNGlyc 1.0 Server  NetPhos 3.1 Server

Colombia SARS-CoV2 17 142
Pakistan-Gilgit SARS- 17 142
CoV2

Sweden SARS-CoV2 17 140
Vietnam SARS-CoV2 17 140
SARS CoV BJ01 18 137
MERS CoV 19 168
Bat COV RaTG13 17 137
Pangolin CoV 18 136

3.3. Phylogenetic analysis of SARS-CoV-2 S proteins

For phylogenetic analysis, a total of 43 S protein sequences
were used, 27 of which are SARS-CoV-2, five of which are
MERS CoV, five of which are Bat SARS CoV, one of which
is pangolin CoV, and five of them are SARS CoV (Fig. 3).
The phylogeny shows that MERS CoVs are outgroup to
SARS CoVs and Bat SARS CoVs. Although MERS CoV, Bat
SARS CoV, and SARS CoV S proteins split into different
clades with 100% bootstrap value, SARS-CoV-2 S proteins
did not split from other clusters. The pangolin CoV-2 and
RaTG13 split from the MERS CoV, Bat SARS CoV, and
SARS CoV S corona viruses as a result of mutations and
they constituted paraphyletic group containing some
SARS-CoV 2 lineages. Moreover, bat coronavirus RaTG13
separated from other bat sequences and clustered with the
SARS-CoV-2 S sequences. When the distribution of the
SARS-CoV-2 sequences were examined, although most of
them were clustered together, Iran, Pakistan: KPK,
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Pakistan: Gilgit, Vietnam, and Sweden SARS-CoV-2
sequences were sister groups under a different sub-cluster.

3.4. Comparative 3D structure and docking analyses

The predicted tertiary (3D) structures of Bat CoV, MERS
CoV, SARS CoV BJ01, and RaTG13 proteins were
generated using Phyre server. The number of the residues
in favored and allowed regions were identified as 98.9%
for SARS CoV BJ01, 96.3% for RaTG13, 96.1% for MERS
CoV, and 98.6% for Bat CoV according to Ramachandran
plot analysis using Rampage online server, suggesting
reliable 3D predictions. To offer more insights about the
structural similarities of corona virus proteins in the study,
the SARS-CoV-2 S protein structure and different CoV S
protein were compared using the TM-score server. For this
analysis, four human SARS-CoV-2 were selected such as
Colombia, Pakistan-Gilgit, Sweden, and Vietnam (Table
3). The SARS-CoV-2 S proteins were compared with the
four different CoV S proteins modeled in this study,
including Bat CoV (ACU31032.1), MERS CoV
(YP_009047204.1), SARS CoV BJ01 (AAP30030.1), and
RaTG13 (QHR63300.2). As a result of the analysis, SARS-
CoV-2 showed a high level of structural similarity with
RaTG13 S protein, followed by SARS CoV BJ01 and Bat
CoV.

The docking results were shown in Fig 4. The RMSD
values for the docking were found to be in turn 0.169 and
0.160 for SS1 and ACE2 proteins, suggesting that the
model qualities of docking were high since RMSDs were
lower than one (Karaca et al., 2010). The binding affinity
between SS1 and ACE2 was -10.4 kcal/mol, calculated on
Prodigy server, indicating high attraction force between
two proteins. A total of 43 interface residues were found
between ACE2 and SS1 (23 for ACE2 and 20 for SS1). The
total numbers of hydrogen bonds were nine whereas only
one salt bridge was observed across interface. Of these
hydrogen bonds, only one had double bonds. As a result
of the docking analyses, Asp30, Lys31, His34, Glu35,
Glu37, Asp38, Asn330, and GIn325 were found as binding
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residues of ACE2 to Arg403, Tyr473, GIn474, Tyr489,
Gly496, GIn498, Thr500, and Gly502 residues of SS1. The
stabilizing effect of salt bridge between the proteins was
observed between Asp38 of ACE2 and Arg403 of SS1 along
with double hydrogen bonds. The salt bridge distance
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between ACE2 and SS1 was 3.27 A. Furthermore, the
docking analysis showed that except Lys31 and His34
residues in ACE2 and Arg403, Tyr473, and GIn474
residues in SS1, all other residues in ACE2 and SS1 were
found as contacting residues reported by Lan et al. (2020).

Table 3. Predicted 3D structure overlap of some selected spike proteins between SARS-CoV-2 and bat, MERS, and SARS CoVs using TM-

score online server for measuring the similarity.

SARS-CoV-2 Bat CoV (ACU31032.1) MERS

(YP_009047204.1)

CoV  SARS CoV

(AAP30030.1)

BJ01  RaTG13 (QHR63300.2)

0.2470
0.2484
0.2492
0.2484

0.1326
0.1330
0.1314
0.1306

Colombia
Pakistan-Gilgit
Sweden
Vietnam

0.2665
0.2642
0.2710
0.2676

0.7783
0.7740
0.7659
0.7563

AAX16192.1 spike glycop

AAP20030.1 spike glycopratein S SARS coronavirus BJO1
in S SARS

WH20

AVN89291.1 S protein Middle East

ABA02260.1 spike protein SARS ceronavirus ZJ0201

ACZT2065.1 spike glycoprotein precursor SARS coronavirus wtic-MB
AAVI1631.1 spike glycoprotein SARS coronavirus A022

ACU31032.1 spike protein Bat SARS coronavirus Rs 672/2006
ACU31051.1 spike protein Bat SARS Cov Rs80672006

ABDT75332.1 spike protein Bat SARS CoV Rm1/2004

ABG47069.1 spike protein Bat CoV 279/2005

SARS CoV

Bat SARS CoV

related

AVN89453.1 S protein Middle East

Jated

MERS CoV

related

AVNB9344.1 S protein Middle East

AID50418.1 S protein Middle East

YP 009047204.1 spike glycoprotein Middle East

elated

P Y SY
related

Y SY

QIQ54048.1 spike protein Pangolin coronavirus

QHR63300.2 spike glycoprotein Bat coronavirus RaTG13
QJA41641.1 surface glycoprotein SARS-CoV2 Brazil

QIZ16509.1 surface glycoprotein SARS-CoV2 Turkey
QHRB4449.1 surface glycoprotein SARS-CoV2 Australia: Victoria
QHU79173.2 surface glycoprotein SARS-CoV2 Finland
BCB97901.1 surface glycoprotein SARS-CoV2 Japan
QJC20993.1 surface glycoprotein SARS-CoV2 Hong Kong
QJD206%56.1 surface glycoprotein SARS-CoV2 Taiwan
QJC21051.1 surface glycoprotein SARS-CoV2 Serbia
QJC21017.1 surface glycoprotein SARS-CoV2 Spain
QJC21041.1 surface glyceprotein SARS-CoV2 USA: New Orleans LA
QJA17260.1 surface glycoprotein SARS-CoV2 USA'OR
QIZ16571.1 surface glycoprotein SARS-CoV2 Greece
QIZ15537.1 surface glycoprotein SARS-CoV2 South Africa: KwaZulu-Natal
QIX12148.2 surface glycoprotein SARS-CoV2 France
QIT06999.1 surface glycoprotein SARS-CoV2 Israel

QJC19491.1 surface glycoprotein SARS-CoV2 India:Rajkot
QIS60288.1 surface glycoprotein SARS-CoV2 Peru

QJA17740.1 surface glycoprotein SARS-CoV2 USA'MN
QIX12195.1 surface glycoprotein SARS-CoV2 iran

RaTG13 and Pangolin CoV-2

SARSCoV-2

QIV15008.1 surface glycoprotein SARS-CoV2 South Korea

4 QIS30054.2 surface glycop

in SARS-CoV2 C ia: Antioqui

10 QIA98583.1 surface glycoprotein SARS-CoV2India: Kerala Stat
,— QIU80900.1 surface glycoprotein SARS-CoV2 Iran
o QIS60276.1 surface glycoprotein SARS-CoV2 Pakistan:KPK
H—E QIQ22760.1 surface glycoprotein SARS-CoV2 Pakistan: Gilgit
1 QIK50448.1 surface glycoprotein SARS-CoV2 VietNam: Ho Chi Minh city
8 QIC53204.1 surface glycoprotein SARS-CoV2 Sweden

Figure 3. Phylogenetic distributions of SARS-CoV-2, MERS CoV, bat SARS CoV, Pangolin CoV, and SARS CoV S protein sequences by

NJ tree method using MEGA X with 1000 bootstrap replicates.
4. Discussion

The goal of this research was to evaluate 27 SARS-CoV-2 S
protein sequences obtained from 23 countries throughout
the world using various bioinformatics methods in order
to contribute to the knowledge of SARS-CoV-2 evolution.
Positive selection or population expansions lead low
frequency alleles to increase, resulting in a negative
Tajima's D. Under a standard neutral model, positive
selection may cause genetic variance to fluctuate (Biswas
& Akey, 2006). Tajima's D was determined to be -1.805 for
this present review indicating positive selection of S genes
in SARS-CoV-2. The receptor binding domain (RBD) of
2019-nCoV contains 348A, 354N, 417K, 430N, 438S, and
519H residues according to Wu et al. (2020). In this study,
348A, 354N, 417K except from pangolin, and 519H except
from bat and pangolin were present in alignment of
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human, bat RaTG13, and pangolin SARS-CoV-2 (Fig. 2).
These variations in RBD region may support the mutation
potential of SARS-CoV-2. In RBD region, it was revealed
that SARS-CoV-2 and Pangolin-CoV were highly
conserved and only one amino acid change (500H/500Q)
was identified. Besides, this change does not belong to the
interaction with human ACE2 (Zhang & Skolnick, 2004).
In this investigation, just one amino acid substitution
(367V /367F) was discovered and was not detected in the
catalytic residues of ACE2 binding. Zhu et al. (2020) stated
that Pangolin-CoV, RaTG13, and SARS-CoV-2 were
clustered in “SARS-CoV-2 group” in the phylogenetic tree
suggesting that these data proved our results (Table 1 and
Fig. 3). Post-translational modifications (PTMs) aim to
contribute to the temporal and spatial regulation of protein
functions by making some covalent modifications after the
polypeptide is synthesized. Coronavirus (CoV) is RNA
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virus with an envelope causing diseases in both human
and animals and many CoV proteins undergo PTMs such
as palmitoylation, N- or O-linked glycosylation,
phosphorylation, and other PTMs. The N-linked

glycosylation support the conformation changes of S
protein affecting the receptor binding of S protein (Ritchie
et al., 2010; Fung & Liu, 2018). Consequently, the existence
of a large number of PTMs may be related to the functional
regulation of proteins in SARS-CoV metabolism.
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Figure 4. The interacting residues of ACE2 (A) and Sweden SARS-
CoV-2 S1 protein (SS1) (B). (I) ACE2 was shown in hot pink with
binding residues in violet red whereas SARS-CoV-2 was
displayed in sky blue with interacting residues in dark cyan. The
hydrogen bonds among residues were shown in red with
threshold of three A. (I) The schematic representation of
interacting residues. Hydrogen bonds were shown in green with

interacting residues and their distances. Residue numbers shown
with A and B represent ACE2 and SS, respectively.

The template modeling score (TM-score) can be used
to assess the similarity between two protein structures.
The TM score has values ranging from 0 to 1 in which one
indicates the perfect match whereas 0 implies that no
similarity exists between binary structural comparisons of
the proteins. If the TM-score falls below 0.17, two proteins
are decided to be unrelated. By contrast, if the TM-score
exceeds 0.50, it is assumed that the proteins are in the same
fold in SCOP/CATH (Zhang & Skolnick, 2004; Xu &
Zhang, 2010). In this study, MERS CoV & SARS-CoV-2 S
protein structures had about 0.13 TM-score; therefore, the
protein structures appear to be not very close. On the other
hand, the SARS-CoV-2 & RaTG13 S protein sequences
were found to yield TM-score over 0.75 indicating high
similarity of two protein structures. These findings were in
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parallel with phylogenetic and sequence similarity results.

Docking results were in agreement with the
experimental results of (Lan et al., 2020). Also, it was found
that molecular interacting forces between SS1 and ACE2
show high binding affinity. Particularly, the salt bridge
and double hydrogen bonded form between Asp38 of
ACE2 and Arg403 of SS1 stabilizes the protein complex;
therefore, the common interacting residues involved in
binding can be used as potential targets for the
development of new drugs against Covid19 outbreak.

Ethics committee approval: Ethics committee approval is not
required for this study.

Conflict of interest: The author declares that there is no conflict
of interest.
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Abstract: The samples collected from the Pmarhisar district (Kirklareli, Turkey) were introduced as a new subspecies for the
scientific world. Dianthus pseudarmeria subsp. glabripetalus grows in oak forest clearings with an altitude of about 250-350
meters. The new subspecies are similar in terms of many vegetative and generative characters with D. pseudarmeria (subsp.
pseudarmeria). However, the new subspecies differs from D. pseudarmeria (subsp. pseudarmeria) by the fact that scales of the
epicalyx are striped-lanceolate or reverse-lanceolate and the petal limbin is glabrous. Conclusively, description of the
subspecies, seed morphology, descriptive and explain photos, distribution, general ecological preferences are given. In
addition, a suitable category of threats to the conservation of the subspecies is proposed in light of the available data.

Keywords: Kirklareli, Dentati, Dianthus, glabripetalus, new taxon, Ttirkiye.
Dianthus pseudarmeria (Caryophyllaceae) Tiiriiniin Tiirkiye’den Yeni Bir Alttiirii

Oz: Pinarhisar (Kirklareli, Tiirkiye) ilgesinden toplanan &rnekler, bilim diinyast icin yeni bir alttiir olarak tanitild1. Dianthus
pseudarmeria subsp. glabripetalus olarak adlandirilan alttiir, yaklasik olarak 250-350 metre rakimli mese orman agikliklarinda
yetisir. Yeni alttiir bircok vejetatif ve generatif karakterler bakimmndan D. pseudarmeria (subsp. pseudarmeria) ile benzerlik
gosterir. Ancak epikaliks pullarinin seritsi-mizraksi veya tersmizraksi ve petal limbinin tiiysiiz olmast ile ondan farklidir.
Alttiirtin betimlemesi, tohum morfolojisi, tanitic1 ve aciklayici fotograflari, yayilisi, genel ekolojik tercihleri verilmistir. Ayrica,
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mevcut veriler 151¢1nda alttiiriin korunmasi igin uygun bir tehdit kategorisi 6nerilmistir.

Anahtar kelimeler: Kirklareli, Dentati, Dianthus, glabripetalus yeni takson, Tiirkiye.

1. Introduction

The genus Dianthus L. includes about 300 species, the
majority of which grow in the temperate climatic zone of
Eurasia (Madhani et al., 2018). According to the revision in
the work “Flora of Turkey and the East Aegean Islands
(Flora of Turkey)", genus Dianthus has 81 taxa in Turkey
(Reeve, 1967). As a result of the intensive studies
conducted in recent years, there have been significant
changes in the systematics and number of Dianthus taxa in
Turkey. In these studies, a large number of new taxa have
been identified and new Dianthus records have been given
for the flora of Turkey. At the same time, it was decided
that some taxa were synonymized or were found in
Turkey and lectotyping for some taxa. As a result of all
these studies, Dianthus taxa has increased to 94 along with
this new taxa described in Turkey (Davis et al., 1988;
Gemici & Leblebici, 1995; Giiner, 2000; Ozhatay & Kiiltiir,
2006; Vural, 2008; Yilmaz et al., 2011; Ilcim et al., 2013;
Hamzaoglu et al., 2014, 2015a, 2015b, 2015¢c, 2017, 2018,
2020, 2021; Hamzaoglu & Kog, 2015, 2018, 2019a, 2019b,
2019c, 2020, 2021; Deniz et al, 2016; Oskay, 2018;
Hamzaoglu, 2020a, 2020b, 2021; Kog, 2020).

According to “Flora of Turkey and the East Aegean
Islands”, Dianthus evaluated five groups in Turkey (Reeve,
1967). "Dentati Boiss.”is the group with the largest number
of taxa among them. The fact that the calyx is not
verruculose, the height of the leaf scabbard is less than 3

*Corresponding author: aybumuratkoc@hotmail.com

times its width, the petal limbin is not fimbriate, and the
barbulate are distinctive characters for this group (Reeve,
1967). However, the fact that the petal limbin is
“barbulate” or “ebarbulate” is a relatively “unreliable”
character for group separation. The distinction between
Dianthus membranaceus Borbas and D. dobrogensis Prodan
supports this situation. Perhaps, for this reason, in some
floras, the genus Dianthus was considered as a whole and
divided into a group (section, subcins, etc.) (Tutin &
Walters, 1993; Strid, 1997).

A similar situation is observed in the examples of
Piarhisar (Kirklareli, Turkey) that constitutes the material
of this article. According to the characters mentioned in the
work Flora of Turkey, Dianthus pseudarmeria is a species
included in the group ”Dentati". Examples of Pinarhisar is
similar to D. pseudarmeria in terms of many characters but
the petal limbi is ebarbulate. Since differences in the
species level could not be determined, the Pinarhisar
specimens was decided to be evaluated as “subspecies”,
the description of the new subspecies, seed morphology,
introductory and explanatory photos, distribution, general
ecological preferences are given. Furthermore, a
convenient threat category for the conservation of the
species is proposed in the light of the available data.

2. Material and Methods

Samples of the new subspecies were collected in June from
the Poyrali village exit, Pmarhisar District, Kirklareli
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Province, Turkey (Thrace, Turkey). The relevant literature
and the samples found in the E, G, LINN, and MEL virtual
herbaria were used for diagnosis and evaluation of the
specimens (Borza, 1938; Reeve, 1967; Tutin & Walters,
1993). A Leica EZ4 stero microscope was used to examine
the samples, a Nikon Coolpix S9500 camera was used to
take photos of the subspecies, and a ruler with accuracy of
0.5 mm in the metric dimensions was used for the
description of the subspecies. The seed surface description
was based on the 20 seeds examined and the pictures were
taken with with a LEO 440 scanning electron microscope
(SEM).

3. Results

Dianthus  pseudarmeria  M.Bieb.
Hamzaoglu & Kog, subsp. nova

subsp.  glabripetalus

Type: Turkey. Al Kirklareli: Pinarhisar, between Poyrali
and Islambeyli villages, Poyrali village exit, 310 m a.s.l,,
Quercus sp. forest clearings, 27.6.2012, Hamzaoglu 6375,
Aksoy & Kog (holo. GAZI; iso. GAZI!, ANK!, HUB!, Ankara
Yildirim Beyazit University - AYBU!).

Diagnosis. Dianthus pseudarmeria subsp. glabripetalus is
similar to D. pseudarmeria (subsp. pseudarmeria) in terms of
its general habit. However, it mainly differs from D.
pseudarmeria because it has petal limb ebarbulate (not
barbulate) and epicalyx scales linear-lanceolate or
oblanceolate (not ovate).

Description. Annual or biennial, pruinose, few-stemmed
herbs. Stems erect, 13—45 cm tall, simple or few-branched
above, scabrous-pubescent, 5-11-noded, nodes usually
purplish. Sterile shoot leaves linear, flattened, rachis
pubescent, the rest glabrous, with ciliate and scabrous
margins, apex acuminate, as long as or longer than cauline
leaves. Cauline leaves similar to sterile shoot laeves; lower
persistent after anthesis; middle linear, 25-65 x 1-3 mm,
separated to stem, longer than internodes, 1-3-veined,
apex acute or acute-obtuse, sheaths up to 2 times as long
as wide; upper purplish at base, nodes swollen.
Inflorescence usually capitate, rarely branched, (6-)10-20(-
35)-flowered, peduncles glabrous; pedicels 0-1.5 mm,
glabrous, greenish. Epicalyx scales 4; outer herbaceous-
cartilaginous, straw-colored below, greenish above,
indistinctly 1-3-veined at apex, glabrous, + as long as
calyx, apex separated from calyx, linear-lanceolate, 8-11 x
1.8-2.6 mm, with narrowly scarious (0.2-0.3 mm) margins,
apex acute to obtuse except arista, arista 2/5-2/3 as long
as scale; inner herbaceous-cartilaginous, greenish,
indistinctly 3-5-veined at apex, glabrous, + as long as
calyx, apex separated from calyx, oblanceolate, 9-12 x 2.4~
3 mm, with scarious (0.3-0.5 mm) margins, apex acute-
obtuse to obtuse-truncate except arista, arista 1/2-2/3 as
long as scale. Calyx cylindrical-lanceolate, 9-13 x 2-2.6
mm, veinless below, indistinctly 35-40-veined above,
glabrous, greenish; teeth narrowly triangular, 3-4 x 0.8-1.2
mm, 3-5-veined, with sparsely ciliate and narrowly
scarious margins, apex acuminate. Petals 11-15 mm long;
limb narrowly elliptic-cuneate to rhombic, 3-4 x 2-3 mm,
c. 1/4 as long as petal, c. 2/3 exserted from calyx,
unspotted, ebarbulate, pinkish, 3-7-toothed from middle
to apex, teeth broadly triangular, up to 1/5 as long as limb;
claw 8-11 x 1.2-1.4 mm, collar c. 1/3 as wide as claw.
Capsule shorter than calyx (Fig. 1 and 2).
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Figure 1. Dianthus pseudarmeria subsp. glabripetalus. A: Habit of
holotype specimen (Hamzaoglu 6375, Aksoy & Kog); B:
Inflorescence; C: Flower; D: Petal; E: Capsule.

Figure 2. The natural view of the Dianthus pseudarmeria subsp.
glabripetalus inflorescence.
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Seed morphology. Seeds elliptic, 1.5-2.2 x 1.0-1.3 mm,
blackish, ungranular; ventral surface concave, with
regular long rectangular-elliptic cells, tuberculate, with
7-9 teeth on each margin, teeth V-undulate, apparent;
dorsal surface convex, with irregular polygonal or short
rectangular-elliptic cells, tuberculate, with 1-3 teeth on
each margin, teeth S-undulate, unapparent; apex beaked

(Fig. 3).
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Figure 3. SEM photographs of the seed of Dianthus pseudarmeria
subsp. glabripetalus. A1-A3: Ventral surface, B1-B3: Dorsal surface
(scale bars. 1: 200 um, 2 and 3: 20 pm).

Etymology. Because the petals are glabrous, the new
subspecies has been given the name “glabripetalus”.

Vernacular name. “Pinarhisar Karanfili” in Turkish.

Distribution and habitat. This subspecies is currently only
known from its type locality (Poyrali, Pmarhisar,
Kirklareli) (Fig. 4). According to the observations made in
and around the type locality, Dianthus pseudarmeria
M.Bieb. subsp. glabripetalus prefers oak forest clearings of
approximately 250-350 meters. In June and July, the
subspecies blooms.

UKRAINE

BLACK SEA

Figure 4. Distribution of Dianthus pseudarmeria subsp. pseudarmeria
(A) and subsp. glabripetalus (®) (adapted from Google Earth Pro).

It is one of the woody species in the habitat of the
subspecies which usually prefers low-sloping terrain. Q.
petraea (Mattuschka) Liebl. subsp. iberica (Steven ex
M.Bieb.) Krassiln., Q. hartwissiana Steven, Q. frainetto Ten,
Acer tataricum L., Euonymus latifolius (L.) Mill. subsp.
latifolius, Ilex colchica Poj., Prunus spinosa L. subsp.
dasyphylla (Schur) Domin, Rosa gallica L., Jasminum fruticans
L. and from herbaceous species Spergularia marina (L.)
Besser, Veronica pectinata L. subsp. pectinata, Bromus
diandrus Roth, Phleum phleoides (L.) Karsten, Viola
kitaibeliiana Roem. & Schultz, Polygala anatolica Boiss. &
Heldr, Minuartia anatolica (Boiss.) Woron. var. polymorpha
McNeill, Stellaria holostea L., Petrorhagia prolifera (L.) Ball. &
Heywood, Geranium sanguineum L., Anthyllis vulneraria L.
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subsp. praepropera (Kerner) Bornm., Inula germanica L.,
Centaurea triumfettii  All,, Onosma thracicum Velen.,
Verbascum sinuatum L. var. sinuatum, Acinos suaveolens
(Sm.) G.Don, Salvia wverticillata L. subsp. wverticillata,
Euphorbia peplis L,, Ornithogalum narbonense L., Iris sintenisii
Janca. widely observe.

Conservation status. According to observations made at the
type locality “subsp. glabripetalus" prefers oak forest
clearings. The area of about 300 km?, located on the south-
southwestern slopes of the Yildiz Mountains, is quite rich
in the taxon's preferred habitat (oak clearing). The
probability that the taxon will grow in different localities
in this area is quite high. Although not intense, it was
observed that grazing (especially cattle) is carried out at
the type locality. However, data indicating that this
grazing poses a threat to the taxon's extinction have not
been obtained. The type locality of the taxon were counted
about 400 individuals. For Dianthus pseudarmeria subsp.
glabripetalus, it was found appropriate to recommend the
“Vulnerable [VU: Bla+D1]” threat category due to the
number of individuals counted in the type locality, habitat,
and estimated distribution area width (IUCN Standards
and Petitions Committee, 2022).

4. Discussion

Dianthus pseudarmeria (subsp. pseudarmeria) is known from
the Balkans, Romania, Crimea, Southern Russia, and the
Caucasus (Figure 4). The taxon is a Euro-Siberian
phytocotrophic region element that prefers plains in the
northwest, north, and northeast of the Black Sea (Reeve,
1967; Tutin & Walters, 1993; Oprea & Sarbu, 2009). The
spread of this species ends in Turkey, which surrounds the
Black Sea from the north almost like a crescent moon. The
existence of the taxon in Turkey is based on a publication
by Davidoff in 1915 in the work “Flora of Turkey and the
East Aegean Islands”. In the work, the taxon was stated to
exist near Cerkezkdy but specimens were not seen (Reeve,
1967). In the literature, it was determined that Dianthus
moesiacus Vis & Panci¢ were grown around Cerkezkoy
district (Province Tekirdag) (Hamzaoglu & Kog, 2019a).
Additionally, “It could not be determined that it was in the
herbarium of the specimens examined by Davidoff in the
work named “Spis. Bulg. Acad. Nauk. 12. 1915. Therefore,
it is not clear which taxon the examined specimens are.

The Pinarhisar specimens introduced as a new
subspecies are similar to Dianthus pseudarmeria except that
the petal limbin is ebarbulate, the epicalyx scales are
linear-lanceolate or oblanceolate, and the calyx is glabrous
(Tutin & Walters, 1993). As a result of the literature review
and the examination of herbarium specimens, it was found
that some specimens with glabrous calyx were also
previously collected by Nyérady (Dobrogea, Romania)
and it was determined that it was published as “subsp.
dobrogensis Borza & Nyér.” (Borza, 1938). However, neither
Flora Europaea nor this taxon name has been found on
reliable taxonomy sites (Tutin & Walters, 1993; Euro+Med,
2022; IPNI, 2022; POWO, 2022; WFO, 2022). This situation
of the “glabrous” of the calyx is considered as an “intra-
species variation” for Dianthus pseudarmeria, and “subsp.
dobrogensis" has been interpreted as not being
taxonomically accepted. Therefore, the calyx “hairless”
has not been used as a diagnostic character for “subsp.
glabripetalus". Since it is not considered taxonomically, on
the label “Dianthus pseudarmeria subsp. dobrogensis"
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"Dianthus
“Specimens

examples of herbaria was evaluated as
pseudarmeria  (subsp. psuedarmeria)” (see
examined”).

Key to subspecies of Dianthus pseudarmeria;

1. Petal

limb barbulate; epicalyx scales ovate

subsp. pseudarmeria

1. Petal limb ebarbulate; epicalyx scales linear-lanceolate
or oblanceolate............................ subsp. glabripetalus

Specimens — examined. Dianthus pseudarmeria  (subsp.
pseudarmeria). BULGARIA. Pazardzhik: Tatar Pazardzhik,
31.7.1897, V.Stiibrny s.n. (P05169485, virtual image!);
Dobruja: In Bulgariae orientalis districtu Dobrudscha,
5.7.1872, Janka s.n. (P04929211, virtual image!). ROMANIA.
Dobrogea: Distr. Tulcea, in declivibus apricis calcareis
graminosis montis Pricopcea (256 m), inter pagios Greci et
Curna, 21.6.1926, E.LNydridy s.n. (MEL2497959 and
P05076124, virtual images!, as subsp. dobrogensis Borza &
Nyar., type specimens); Distr. Constanta, prope pag.
Murfatlar, in declivibus apricis graminosisve e
reservatione botanica, 60 m, 17.6.1971, ILGeregely &
A.Fazacas s.n. (P05076124, virtual image!, as f. subsp.
dobrogensis Borza & Nyar.). UKRAINE. Crimea: Tauria,
M.Bieberstein s.n. (E00301804, photo of type specimen!);
ibid., 1817, C.Steven s.n. (G00214363, virtual image!);
Abhinge des Elmeli in Karagatsch bei Sudak, 13.7.1896,
A.Callier 35 (P04929216 and P04929208, virtual images!);
Donetsk: Regio silvatico-stepposa donetzia: provincia
Donetz, prope stationem viae ferreae Amwrossiiwka, in
cretaceis loco “Bilyj Jar”, G.Klepow & F.Gryn 54 (E00301803,
virtual image!). RUSSIA. Pyatigorsk: In collibus aridis
prope oppid. Paetigorsk (thermas Constantinomontanas)
prov. ciscaucas, 7.1843, R.F.Hohenacker s.n. (P04929205,
virtual image!); Tanais: 1819, K.L.Goldbach s.n.
(G00214401, virtual image!). CAUCASIA: 1810, M.
Caucase [Caucasus], F.E.L.Fischer s.n. (G00214362!, virtual
image!); 1811, Mt. Caucasus, D.Fischer s.n. (LINN-HS813-
4-1 and LINN-HS813-4-2, virtual images!). GEORGIA.
Carthalinia: Gori, 7.1881, A.H.Brotherus & V.F.Brotherus
s.n. (P04929209, virtual image!).
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Abstract: Age structure and body size of the Mediterranean Chameleon, Chamaeleo chamaeleon (Linnaeus, 1758) specimens
collected from Akyatan, Adana Province (Turkey) were investigated using the skeletochronology method and the
demographic structure was revealed. The mean age was 3.07 years in females and 2.93 years in males. Derived from the LAG
configuration, the age at sexual maturity was 1 year in males and 2 years in females. There was no significant correlation
between the SVL and age. Moreover, the mean age and SVL were not statistically different between sexes. Results obtained
here indicate that C. chamaeleon is one of the short-living lizard species when compared to other lizards.

Keywords: Lizard, skeletochronology, longevity, Turkey.

Adana (Tiirkiye)'dan Toplanan Chamaeleo chamaeleon (Linnaeus, 1758) (Lacertilia:
Chamaeleonidae) Orneklerinin Yas ve Viicut Biiyiikligii

Oz: Akyatan (Adana, Tiirkiye)'dan toplanan Chamaeleo chamaeleon (Linnaeus, 1758)'nin yas yapist ve viicut olgiileri iskelet
kronolojisi yontemi ile arastirilmis ve demografik yapisi ortaya ¢ikarilmistir. Ortalama yas disilerde 3.07, erkeklerde 2.93 yildur.
Cinsel olgunluk yas1 erkeklerde 1 ve disilerde ise 2 yil olarak belirlenmistir. SVL ile yas arasinda anlaml bir iliski mevcut
degildir. Ayrica, ortalama yas ve SVL cinsiyetler arasinda istatistiksel olarak farklilik gostermemektedir. Elde edilen sonuclar,

C. chamaeleon tiiriiniin diger kertenkelelere gore kisa dmiirlii bir tiir oldugunu gostermektedir.

Anahtar kelimeler: Kertenkele, iskelet kronolojisi, omiir uzunlugu, Ttirkiye.

1. Introduction

The family Chamaeleonidae constitutes 213 recognized
species (Glaw, 2015; Uetz et al., 2021). Due to the
independently moving eyes, prehensile tail, ballistic
tongue, and gripping feet, the chameleons, which differ in
life style and morphology, are among the most remarkable
lizards. The Mediterranean Chameleon, Chamaeleo
chamaeleon (Linnaeus, 1758) is known from southern
Europe, northern Africa, and southwestern Asia including
Algeria, Cyprus, Egypt, Greece, Israel, Italy, Jordan,
Lebanon, Libya, Malta, Morocco, Portugal, Saudi Arabia,
Spain, Syria, Tunisia, Turkey, and Yemen (Vogrin et al.,
2012). Its distribution in Turkey ranges from Izmir to
Birecik along the Aegean and Mediterranean coasts in
Anatolia (Baran et al, 1988; Baran et al., 2021). The
Mediterranean chameleon is a diurnal species. It is an
oviparous arboreal lizard with summer courtship, autumn
oviposition, and a protracted incubation time (Cuadrado
& Loman, 1999). It is listed as Least Concern (LC) by the
IUCN Red List of Threatened Animals due to its wide
distribution, tolerance to a degree of habitat modification,
presumed large population and because it is unlikely to be

*Corresponding author: yildirim.elif@deu.edu.tr

declining fast enough to qualify for listing in a threatened
category (Vogrin et al., 2012).

The number of studies have been carried out on
different species of chameleons that are related with the
distribution range, the ecology and behavior, life history
and conservation, tail growth, the population density, the
reproduction, the blood sample collection, phylogeny,
systematics and zoogeography, the habitat preference, and
the mating behavior of chameleons (Burrage, 1973; Moody
& Rocek, 1980; Klaver, 1981; Hebrard & Madsen, 1984;
Blasco et al., 1985, Burmeister, 1989; Werner, 1902;
Engelmann et al., 1985; Baran et al., 1988; Raxworthy &
Nussbaum, 1995; Cuadrado & Loman, 1997; Hédar et al.,
2000; Akani et al, 2001; Diaz-Paniagua et al., 2002;
Bergmann et al., 2003; Cuadrado et al., 2003; Matthee et al.,
2004; Andreone et al., 2005; Herrmann & Herrmann, 2005;
Keren-Rotem et al., 2006; Karsten et al., 2009; Keren-Rotem
et al., 2016; Reaney et al., 2012; Tolley & Menegon, 2013;
Dimaki et al., 2015; Tessa et al., 2017; Cumhuriyet et al.,
2018; Tolley et al., 2018).

Age determination in animals provides useful
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information to understand several evolutionary and
ecological processes (Roff, 2002). Skeletochronology is one
of the most common methods to determine age and has
been successfully applied to different lizard species (e.g.
Guarino et al., 2010; Biilbiil et al., 2016; Eroglu et al., 2018).
In contrast to many other lizards, the age determination of
chameleons has limited data (Cuadrado & Loman, 1999).

Here, we present data on the age structure and body
size of the Mediterranean Chamalaon for the first time in
Turkey. In the present study, the data obtained from the
specimens of Chamaeleo chamaeleon is analyzed not only in
relation to life history traits but also in order to evaluate
the demographic status of the population.

2. Material and Methods

The study site is located at sea level in Akyatan, Adana (36°
36'53"N, 35° 17'58"E), in the mid-south part of Turkey, and
has Mediterranean climate regime (hot and dry summer
periods followed by warm and rainy winter periods).
According to the data from the meteorological station
nearest to the study area, the annual average temperature
is 18.7°C and the annual total precipitation is 769.9 mm.
Akyatan lagoon and the surrounding area, which serve as
chameleon habitat, consist of sandy coastal areas.

A total of 29 museum specimens (15 males and 14
females) were used for this study. Specimens were stored
in the Fauna Flora Applied and Research Center (FAMER)
of Dokuz Eyliil University. The snout-vent length (SVL) of
the specimens was measured with a digital calliper with
an accuracy of 0.01 mm. The sex of each individual was
determined by observing the presence of hemipenis in the
cloacal opening (Baran et al., 2021). Skeletochronology was
performed following Castanet & Smirina (1990) and
Andreone & Guarino (2003): after removal of the muscles,
femur was decalcified in 5% nitric acid solution for
approximately 7 hours depending on the bone size, rinsed
in tap water, and processed according to the routine
histological protocol. Series of 16 pm diaphyseal cross
sections were obtained by using a rotary microtome and
stained with Ehrlich’s haematoxylin for 20 minutes. Then,
all the sections were examined under a stereomicroscope.
The good sections were placed in glycerin in order to be
observable through a light microscope (Olympus CX21).
Bone sections from each individual lizard were
photographed by a camera connected to light microscope
(Zeiss Al AX10). Periosteal lines of arrested growth
(LAGs) were counted using a light microscope by the two
observers. An obvious decrease in the distance of two
subsequent LAGs was assumed as the beginning of sexual
maturity (Ryser, 1998; Ozdemir et al., 2012). In the present
study, endosteal resorption was determined by comparing
the diameters of eroded marrow cavities with the
diameters of non-eroded marrow cavities in sections from
the youngest specimens as previously described in the
study of Ozdemir et al. (2012). Sexual size dimorphism was
quantified by the sexual dimorphism index (SDI) as
described by the formula: SDI = (mean SVL of the larger
sex/mean SVL of the smaller sex) + 1 (Lovich & Gibbons,
1992). The value +1 is used if males are larger than females
and -1 if the opposite is true. SDI was defined as positive
if females were larger and negative if males were larger.

All data were tested for normality (Kolmogrov-
Smirnov test) and for homogeneity of variances (Levene
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test). Since the data were not distributed normally
(p=0.05), we used the non-parametric Mann-Whitney U
test to compare sexual differences in body size and age of
Chamaeleo chamaeleon. The Spearman correlation was used
to analyze the relationship between the variables. The
chosen level of statistical significance was p<0.05. All
numerical data were analyzed by using STASTICA 12 (Stat
Soft Inc., USA).

3. Results and Discussion

The femur had a layer (cortex) of compact bone, delimiting
the marrow cavity in all specimens. The endosteal bone
was observed around the marrow cavity (Fig. 1) and was
seen in 18 (62%) individuals where the first line of arrested
growth was partly destroyed. The mean SVL of the
individuals sampled was 85.34 (59.71-106.84+13.18 mm)
while the mean age was 3.00 (2-4+0.76). The mean SVL and
age of females were larger than males (Fig. 2).

Figure 1. A cross-section at the diaphysis level of femur of
Chamaeleo chamaeleon (2 years). eb, endosteal bone; mc, marrow
cavity; 11, resorption line.
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Figure 2. Relationships between SVL and age of Chamaeleo
chamaeleon.

Our study revealed that the longevity ranging from 2
to 4 years, with the body size ranging from 59.71 mm and
106.84 mm. The oldest individual presented the largest
body size. There was no statistically significant difference
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between sexes in age (Mann-Whitney U test; U=29, z=-
0.462, p=0.623) and SVL (Mann-Whitney U test; U=29, z=-
0.960, p=0.337). Body size and age were not correlated in
both males and females (Spearman correlation: r=0.242,
p=0.20 for males; r=0.315, p=0.27 for females). A female-
biased sexual size dimorphism, regarding to mean SVLs,
was calculated (SDI=0.06). Males reached sexual maturity
after the first hibernation whereas females attained
maturity after the second year of their life.

4. Discussion

Studies on life history traits of chameleons, including body
size, age, body size at maturity, and longevity in breeding
populations are scarce (Andreone et al., 2005; Karsten et
al., 2008; Tolley et al., 2010). In the present study,
skeletochronology was successfully applied for the first
time on the age and growth parameters of Chamaeleo
chamaeleon population in Akyatan, Turkey.

fbrahim (2013) reported mean SVL of 99.6 mm and
105.2 mm for males and females, respectively, in an
Egyptian population. In another study, a Spanish
population showed different mean SVL distribution for
females (as 117 mm; ranging from 75 to 130 mm) (Diaz-
Paniague et al, 2002). The mean SVL of Akyatan
population is smaller than those of the Spanish and
Egyptian populations. According to Guarino et al. (2010),
growth rate of the body size varies widely among the
different populations of the same species. Yet, it appears
that the variations in body size of the lizards can depend
on more than one factor such as age at maturity and
longevity (Ozdemir et al., 2012; Giil et al., 2014). In most
lizards, males represent the larger sex (Fitch, 1981; Cox et
al., 2007) and Andreone et al. (2005) reported that male
Furcifer pardalis specimens were larger and heavier than
females which is in contrast to our results. According to
Stamps (1983), larger males have physical advantages that
are important for territorial defense and mating success. In
addition, being a smaller male during fighting would put
the animal in a higher risk (Cooper & Witt, 1987). As the
survival is important during combats, some different
strategies such as avoiding fights can be observed among
species. Lanuza et al. (2013) stated that small Podarcis
males protected themselves from larger ones by changing
body color to resemble females. However, such evidence
is not available for females (Olsson & Madsen, 1995)
because coloration in females is scarce (Cooper &
Greenberg, 1992).

Among reptiles, lizards exhibit the shortest life spans
(Shine & Charnov, 1992; Eckhardt et al. 2019). The
longevity of the lizards generally varies roughly between
5 to 20 years (Castanet, 1994). It substantially could be
affected by many environmental conditions as the most
prominent beings are the climatic features, food
availability, active period, altitude, latitude, and the risk of
hunted (Jenssen & Andrews, 1984; Smith & Ballinger, 1994;
Roitberg & Smirina, 2006; Biilbiil et al., 2016; Alturusik &
Eksilmez, 2018). The maximum longevity was ascertained
to be 4 years for both males and females. Additionally, the
maximum longevity was recorded as 6 years for Chamaeleo
chamaeleon under captivity (Necas, 1999). The varieties in
longevity were observed in previous studies among
chameleons. It was reported as 2 years for Furcifer pardalis
(Andreone et al., 2005). A shorter life span from the same
genus was reported for Furcifer labordi from southwest of
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Madagascar as 4-5 months (Karsten et al., 2008) and for F.
labordi from Morondava, northern Madagascar as 6-9
months (Eckhardt et al., 2017). Additionally, the longevity
of Trioceros hoehnelii was reported as 4.5 years (Measey et
al., 2014). The results obtained from the present study
indicate that the C. chamaeleon’s lifespan is short just like
other chameleons. However, longer lifespan has been
determined in Calumma parsonii specimens [the highest
minimum age was nine years for one male and eight years
for one female (Tessa et al., 2017)]. Long-lived specimens
and populations are characterized by delayed sexual
maturity and low reproduction rates (Gadsden &
Castaneda, 2013).

In the present study, the age at maturity was found
as 1 year in males and 2 years in females. In general, the
tendency of male lizards is to mature earlier than females
(Olsson & Madsen, 1995; Beebee & Griffiths, 2000). Thus,
variations for age at maturity were recorded within
Chamaeleonidae family: e.g. it was reported as a year for
Furcifer campani, F. lateralis and F. antimena (Raselimanan &
Rakotomalala, 2003) while 2 months for F. labordi (Karsten
et al., 2008) and 8.5 months for Trioceros hoehnelii (Measey
etal., 2014).

Endosteal resorption is widely reported from lizard
species (Arakelyan et al., 2013; Giil et al., 2014; Bulbtil et
al, 2016, Kurnaz et al, 2018). Previous studies
documented that the resorptions were more frequently
observed in highland populations than lowland ones
(Caetano & Castanet, 1993; Arakelyan et al., 2013; Giil et
al, 2014). In the present study, considerably lower
endosteal resorption was observed. Yet, these initial
animals inhabited a rather low elevation site.

In conclusion, one of the main highlights of this study
should be Akyatan population’s being comprised of short-
living specimens. This feature puts animals in a vulnerable
situation against rapid environmental changes. Our
presented data here provides some insights on the basic
demographic features of Chamaeleo chamaeleon and may
help future studies that would go further on biology of this
species. As of short life span of Adana population, further
studies are needed and essential for effective conservation
and management measures.
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Abstract: This study was conducted to determine the weed species, their frequency, and density of weeds in the apple orchards
of Igdir province, as well as the approaches of the farmers in the region to solve the weed problems and their control methods.
Surveys were conducted in 50 apple orchards in 2020. Besides, a questionnaire survey was conducted with 100 farmers
engaged in apple growing. A total of 53 weed species belonging to 15 families, including 1 parasite, 2 narrow-leaved, and 12
broad-leaved weeds were identified. The highest number of weeds among these identified families were Asteraceae (12
species), Poaceae (12 species), and Brassicaceae (9 species), respectively. The weeds with the highest frequency were Bromus
tectorum (84 %), Echinochloa crus-galli (84%), and Trifolium pratense (82%). The weeds with the highest density were determined
as T. pratense (76.44 plant/ m?), Seteria viridis (74.62 plant/ m?), and Alopecurus myosuroides (70.96 plant/ m?). In the current study,
96% of the farmers stated that the weeds were very dense in the apple orchards and the weed species with the highest density
were A. myosuroides (80%), Poa trivialis (74%), and Hordeum murinum (73%). They stated that none of the farmers engaged in
apple cultivation in Igdir province used chemicals for controlling weeds. In addition, when the opinions of the farmers were
taken, they stated that they mow the weeds in the apple orchards and use them to feed their livestock. As a result, it is seen
that the farmers do not manage weeds in the apple orchards of Igdir province and the density of weeds in the apple orchards

is very high.

Keywords: Survey, density, weed, frequency.

Igdir ili Elma Bahgelerinde Gériilen Yabanci Ot Florasinin Belirlenmesi ve Bolge Ciftcisinin
Sorunlar1 Cézmedeki Yaklasimlari

Oz Bu galigsma; Igdir ili elma bahgelerinde bulunan yabancr ot tiirleri, rastlama sikliklari, yogunluklari, ayrica bolge ciftcisinin
yabanci ot sorunlarim ¢ozmedeki yaklasimlarini, miicadele yontemlerini belirlemek amaciyla yiiriitiilmiistiir. Calisma, 2020
yilinda 50 elma bahgesinde stirveyler yapilmistir. Ayrica elma yetistiriciligi yapan 100 ciftci ile anket yapilmustir. Calisma
sonucunda; 1 parazit, 2 dar yaprakli ve 12 genis yaprakli olmak tizere toplamda 15 familyaya ait 53 yabanci ot tiirii tespit
edilmistir. Tespit edilen bu familyalar icinde en fazla yabanci ot sayisina; Asteraceae (12 tiir), Poaceae (12 tiir) ve Brassicaceae
(9 tiir) familyalar sahip olmaktadirlar. Rastlama sikliklar en yiiksek yabanci otlar, Bromus tectorum (%84), Echinochloa crus-galli
(%84) ve Trifolium pratense (%82) olmaktadir. Yogunluklari en yiiksek yabanci otlar ise T. pratense (76.44 bitki/m?), Seteria viridis
(74.62 bitki/m?) ve Alopecurus myosuroides (70.96 bitki/m?) olarak tespit edilmistir. Yapilan anketler sonucunda ciftcilerin
%96’s1 elma bahgelerinde yabanci otlarin ¢ok yogun oldugunu ve en fazla yogunlukta bulunan yabanci ot tiirlerinin A.
myosuroides (%80), Poa trivialis (%74) ve Hordeum murinum (%73) oldugunu ifade etmislerdir. Igdir ilinde elma yetistiriciligi
yapan ciftciler, yabanci otlara karst kimyasal miicadele yapmadiklarini belirtmislerdir. Ayrica ciftcilerin goriisleri alindiginda
elma bahgelerinde bulunan yabanci otlar1 bicip hayvan yemi olarak kullandiklarini dile getirmislerdir. Sonug olarak Igdir ili
elma bahgelerinde ciftcilerin yabanci otlara kars: miicadele etmedikleri ve elma bahgelerinde yabanci ot yogunlugunun gok

yiiksek oldugu goriilmektedir.

Anahtar kelimeler: Stirvey, yogunluk, yabanci ot, rastlama siklig.

1. Introduction

Apple is widely consumed due to its good taste, important
nutrients and vitamins it includes, and its high antioxidant
content. It is thought that the apple first appeared in
Northern Anatolia, the Southern Caucasus, the regions in
the south-west of Russia, and around Central Asia (east of
Kazakhstan) (Ozbek, 1978). The high adaptability of the
species to different ecologies has caused it to spread
widely around the world (Tasci, 2017). Apple is a widely
cultivated species in the world and is the third most
produced fruit in the world (FAO, 2021).

According to FAO data, 4.717.384 orchard areas (ha)
and 87.236.221 production amounts (tons) of apples were
produced in the world in 2020. The highest apple

*Corresponding author: r_grbz@yahoo.com

production in the world in 2020 is in Asia with 65%. In
terms of the apple production rates, after the Asian
continent, Europe (20%), America (11%), Africa (3%), and
Oceania (1%) come respectively. In the world, the highest
apple production is in China (42.425.400 tons) that
produces about half of the total production in 2020. The
USA (4.997.680 tons) comes next. Turkey is the third
country with the highest apple production in the world in
2020. According to data for the year 2020 in Turkey, a total
of 1.709.032 (da) apple orchards and 4.300.486 total (tons)
apples were produced. Apple, which is of great
importance for Turkey, is directly or indirectly affected by
diseases, pests, and weeds. It is a known fact that it
negatively affects fruit yield and quality in orchards. For
this reason, weed control in apple cultivation has taken its
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place among indispensable agricultural practices with the
increase in production areas. The basic principle of
controlling weeds is to know the weed species and their
biology well (Ozer et al., 1998). Agricultural production
should be eliminated, minimized, or made tolerable, with
the least possible expense, the reason or reasons that
hinder the yield and quality of the product. For this reason,
studies have been carried out to determine the weeds that
are a problem in apple production areas in different
regions of our country (Esitmez & Isik, 2016).

While there are studies in the literature on the
determination of weeds in different cultivated plants in
Igdir province (Ucrak et al., 2019; Sahin et al., 2020), no
detailed study has been conducted on the identification of
the weeds that are a problem in orchards that are an
important source of income for the region. Thus, the
objectives of this study were to determine the troublesome
weed species, their frequency and density throughout
apple orchards, and the approaches of the local farmers to
solve the weed problems, control methods and level of
knowledge in order to manage weeds in Igdir province.

Comm. J. Biol.

6(1), 85-93.

2. Material and Methods

The research was conducted in the form of a face-to-face
interview and survey study with farmers engaged in apple
growing in villages of Igdir province and districts during
the vegetation periods of 2020. The research was
conducted in the form of a 25-question questionnaire and
100 farmers were interviewed. In addition, 50 orchards
producing apples were visited in Igdir province and its
districts and a survey study was conducted to determine
weed species, incidence rates, and densities. Igdir province
is located between 39'-41' north latitudes and 43'-45' east
longitudes. The population of the province is 176.536, the
area is 3539 km?, and the altitude is 800 m. Approximately
74% of the region is mountainous and 26% consists of
lowlands. The annual precipitation received at the sight of
the study region was given as mean of long years in Table
1. As it can be seen in Table 1, the monthly highest
precipitation for the study year 2020 ranged from 0.0 (no
rainfall) to 26.7 mm over the duration of the year of study
(Table 1).

Table 1. Climate data for the year 2020 and for the year in which the study was conducted (MGM, 2019-2020).

Mean Temperature (°C)

Total Rainfall (mm)

Mean Relative Humidity (%)

Months 2020 MLY (1941-2020) 2020 MLY (1941-2020) 2020 MLY (1941-2020)
January 0.0 -3.3 7.3 15.1 65.2 60.1
February 1.9 -0.3 14.1 16.1 64.4 59.6
March 10.6 6.4 18.1 224 56.4 522
April 11.7 13.1 83.6 34.2 64.8 49.9
May 18.6 17.8 76.1 46.9 55.0 51.5
June 23.9 223 15.7 314 44.7 473
July 26.7 25.9 30.2 14.2 484 453
August 24.2 253 153 9.8 47.6 471
September 235 20.5 1.4 113 47.7 46.2
October 14.5 13.1 7.3 25.9 49.6 48.53
November 7.2 59 7.3 18.7 67.0 61.5
December 1.9 -0.3 20.6 13.9 81.4 79.4

MLY: Mean of long years (MGM, 2020)
2.1. Questionnaire Study

The research was conducted with a 25-question survey
and face-to-face interviews with 100 farmers engaged in
apple growing in Igdir. Different opinions and thoughts of
our producers were noted and evaluated.

Those who participated in the survey were asked
about

The problems that apple producers face with apple
production

e Weeds that are a problem in apple orchards, and

e Issues such as weed control.

2.2, Survey Study

This study was carried out to determine the weed species,
densities, and frequency of occurrence in apple orchards
in Igdir province in a total of 50 apple orchards during the
vegetation periods of 2020. The surveyed districts and the
number of orchards were determined by taking into

86

account the apple production areas (da) in the districts
(Table 2). It was ensured that the gardens sampled during
the surveys were far from each other and that the samples
were taken from different parts of the district visited in
different directions.

Table 2. The total fruit bearing areas for apples for the year 2019
according to the districts in Igdir province and the number of
surveys carried out in these areas (TUIK, 2021)

Counties Production area(da) Number of Surveys
Aralik 1.550 4
Karakoyunlu 2.870 8
Center 9.650 25
Tuzluca 4.870 13
Total 18.940 50

To remove the edge effect in the gardens selected for
survey purposes, starting from within 10 m of the garden
edge;
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® 4in 1-5 decare areas,
* 6 in 5-10 decare areas,
¢ 81in 10-20 decare areas,

* Frames of 1 m? were counted 12 times in 20-50 decare
areas and 16 times in larger areas and the weeds entering
the frame were detected (Bora & Karaca, 1970). Weed
species outside the 1 m?2 frame were also determined and
the frequency of occurrence was calculated.

After determining the weed species and their
numbers, the frequency of occurrence of each species used
to evaluate the population were calculated. The necessary
formulas are listed below (Uygur, 1991). When
determining the frequency of occurrence, all weeds found
in the environment were recorded and evaluated
regardless of whether they entered the framework or not.

R.S= 100xN/M
* R.S: Frequency of occurrence (%)
e N= Number of gardens where the species is found
* M= Total number of gardens observed

Density (plant/ m?) was calculated by dividing the
total number of plants in m? by the number of surveys
conducted at the census point.

Comm. J. Biol. 6(1), 85-93.

2.3. Data Analysis

The data obtained as a result of the survey were analyzed
in the SPSS 17.0 statistical package program. The results
are shown as frequency and percentage distribution.

3. Results and Discussion

3.1. Weed Species Detected in the Study, Frequency, and
Density of Occurrence

The distribution of the weed families determined as a
result of the surveys conducted in apple orchards in Igdir
Province in 2020 where the research was conducted
according to the number of weed species are given in
Figure 1.

The highest number of weeds among these identified
families are Asteraceae (12 species), Poaceae (12 species),
and Brassicaceae (9 species). These families are followed
by Fabaceae (6 species), Amaranthaceae (3 species),
Plantaginaceae (2 species), and Apiaceae, Compositae,
Convolvulaceae, Lamiaceae, Papaveraceae, Polygonaceae,
Ranunculaceae, Urticaceae and Cuscutaceae (1 species)
(Fig. 1). Previous research by Yazlik et al. (2019) reported
similar results carried out in Fruit Nursery Area in Diizce
province and found that 68 weed species from 29 families
were Poaceae (11 species), Asteraceae (10 species),
Brassicaceae (6 species), and Fabaceae (5 species),
respectively. Our results were similar to the results of the
study given above.
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Figure 1. Distribution of the detected weed families according to the number of weed species they have

As a result of the surveys carried out in the apple
orchards of Igdir province, 53 weed species belonging to
15 families in total, including 1 parasite, 2 narrow-leaved,
and 12 broad-leaved, were determined. Among the
detected weeds, there are 1 parasite, 14 narrow-leaved and
38 broad-leaved weed species. Among the detected weeds,
1 kind of parasite, 28 species of annual and 24 species of
perennial. Among these weeds, 8 species are annual and 6
species are perennial in narrow-leaved weeds. Among
broadleaf weeds, 20 species are annual and 18 species are
perennial (Table 3). Similar results were reported by
Esitmez and Isik (2016) who determined 129 weed species
belonging to 33 families in total, 2 narrow-leaved and 31
broad-leaved, in the study they carried out to determine
the weed species in apple orchards in Kayseri province
between 2012-2013. The species identified in apple
orchards were mostly belonged to Asteraceae (21 species),
Poaceae (15 species), and Brassicaceae (13 species)

families. According to their surveys; Agropyron repens,
Convolvulus arvensis, Medicago sativa, Chenopodium album,
Echinochloa crus-galli and Seteria viridis weed species show
parallelism with the current study.

Karaca (2003) determined 109 weed species
belonging to 31 different families in his study in young
apple orchards in Karaman Province. Some of the weeds
were  Amaranthus  retroflexus, — Chenopodium  album,
Convolvulus arvensis, Setaria viridis, and Sinapis arvensis.
Yazlik and Tepe (2001) determined 82 weed species
belonging to 28 different families and found that 1 fern
(Pteridophyta) of the 82 determined weed species, 11
narrow-leaved and 70 broad-leaved weeds. The weeds and
families identified in the current study we carried out are
similar to the studies mentioned above.

The frequency of occurrence for 30 of the 53 weed
species detected in the study was 50% and above. Weed
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species whose frequency of occurrence is between 70-100%
were Bromus tectorum (84%), Echinochloa crus-galli (84%),
Trifolium pratense (82%), Sorgum halepense (80), Setaria
viridis (78 %), Medicago sativa (76 %), Alopecurus myosuroides
(76%), Poa trivialis (74%), Hordeum murinum (74%),
Agropyron repens (70%), and Chenopodium album (70%). The
5 weed species with the lowest frequency of occurrence
were listed as Mentha arvensis (8%), Sinapis arvensis (8%),
Erysimum repandum (6%), Carduus nutans (4%), and Adonis
flammea (2 %) (Table 4.).

Esitmez and Isik (2016) reported similar results in
apple orchards in Kayseri province. They found the first 5
weed species with the highest occurrence as Agropyron
repens (60.13%), Convolvulus arvensis (52.44%), Medicago
sativa  (49.65%), Chenopodium album (47.55%), and
Echonocloa crus-galli (46.85%). The same weed species were
found with a high occurrence in the current study. The
weeds mentioned above and the weeds that were detected
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with high incidence in our study are similar whereas
others are not similar. The reason why some weeds are
different is because weed types and frequency of
occurrence vary according to regions.

As a result of the surveys, the density of 11 of the
weeds detected was 50 plants/m2 and above. These weeds,
respectively, are Trifolium pratense (76.44 plant/m?), Setaria
viridis (74.62 plant/m?2), Alopecurus myosuroides (70.96
plant/m?), Trifolium repens (69.8 plant/m?2), Sorghum
halepense (69.04 plant/m?), Poa trivialis (68.74 plant/m?),
Agropyron repens (64.14 plant/m?), Capsella bursa-pastoris
(59.29 plant/m?), Echinochloa crus-galli (55.34 plant/m?),
Hordeum murinum (54.89 plant/m?2), and Lepidium
perfoliatum (50.55 plant/m?2). The 5 weed species with the
lowest densities are Mentha arvensis (1.79 plant/m?),
Anthemis cretica (62 plant/m?), Adonis flammea (0.6
plant/m?), Erysimum repandum (0.4 plant/m?2), and
Carduus nutans (0.28 plant/m?) as given in Table 4.

Table 3. Identified weed species, families, scientific names, English names, local names, and life cycles

Family Scientific names Local names English names Life Cycle

Narrow-Leaved

Plantaginaceae Plantago lanceolata L. Dar yaprakli sinir otu Buckhorn plantain P
Plantago major L. Sinirli ot Broad-leaved plantain P

Poaceae Poa trivialis L. Cayir salkim otu Kentucky bluegrass A
Alopecurus pratensis L. Cayir tilkikuyrugu Meadow foxtail P
Agropyron repens L. Ayrik otu Couch Grass P
Seteria viridis L. Kirpi dar1 Green foxtail A
Hordeum murinum L. Pisipisi otu Mouse barley A
Sorghum halepense (L.) Pers Kanyas Johnsongrass P
Alopecurus myosuroides Huds. Tilki kuyrugu Blackgrass A
Avena fatua L. Yabani yulaf Oat, wild A
Cynodon datcylon (L.) Pers Kopek disi ayrig: Bermudagrass P
Digitaria songuinalis (L.) Scop. Catal otu Hairy crabgrass A
Echinochloa crus-galli (L.) P.Beauv Darican Barnyardgrass A
Poa annua L. Salkim otu Bluegrass, annual A

Broad-Leaved

Amaranthaceae Amaranthus albus L. Horoz ibigi Tumble pigweed A
Amaranthus retroflexus L. Kirmizi koklii tilki kuyrugu Redroot pigweed A
Chenopodium album L. Sirken Lambsquarters, common A

Apiaceae Daucus carota L. Yabani marul wild carrot P

Asteraceae Taraxacum officinale (L.) Weber Karahindiba Dandelion P
Lactuca serriola L. Yabani marul Lettuce, prickly P
Cirsium arvense (L.) Scop Koygociiren Canada thistle P
Senecio vernalis Waldst & Kit Kanaryaotu Eastern groundsel A
Sonchus asper (L.) Hill Essek marulu Spiny sowthistle A
Tragopogon latifolius Boiss. Iri yaprakli yemlik broad-leaved salsify P
Carduus nutans L. Deve dikeni Musk thistle P
Chondrilla juncea L. Ak hindiba Devil's grass P
Anthemis altissima (L.) var. altissima Papatya Tall Chamomile A
Anthemis cretica Subsp. anotolica (Boiss.) Grierson ~ Horoz papatyast Anatolian chamomile A
Crepis foetida L. Hindiba Stinking hawksbeard A
Xanthium strumarium L. Domuz pitragi Rough cocklebur A

Brassicaceae Descurania sophia (L.) Webb Ex Prantl Sadir otu Flixweed A
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Family Scientific names Local names English names Life Cycle

Sisymbrium loeselii L. Biilbiil otu Mall tumbleweed mustard A

Boreava orientalis Jaub. & Spach Sar1 ot Yellow-weed A

Capsella bursa-pastoris (L.) Medik Coban cantas1 Shepherd's-purse A

Lepidium draba L. Yabani tere Hoary cress P

Erigeron canadensis L. Pekmez hardali Spreading wallflower A

Isatis tinctoria L. Civit otu Dyer's woad P

Lepidium perfoliatum L. Genis yaprakli tere Clasping pepperweed P

Sinapis arvensis L. Yabani hardal Charlock mustard A
Compositae Erigeron canadensis L. Kanada sifaotu Horseweed A
Convolvulaceae Convolvulus arvensis L Tarla sarmasigt Bindweed, field P
Fabaceae Trifolium repens L. Ak tiggiil White clover P

Trifolium pratense L. Cayir tiggiilit Red clover P

Vicia sativa L. Fig Common vetch A

Melilotus officinalis (L.) Pallas Sar1 tas yoncast Sweet yellow clover P

Medicago sativa L. Yonca Alfalfa P

Bromus tectorum L. Puskiillti gay1 Brome, downy A
Lamiaceae Mentha arvensis L. Nane Wild Mint P
Papaveraceae Papaver rhoeas L. Gelincik Common poppy A
Polygonaceae Rumex crispus L. Kivircik labada Dock, curly P
Ranunculaceae Adonis flammea Jagq. Cin lalesi Large pheasant's eye A
Urticaceae Urtica dioica L. Isirgan otu Nettle, burning P
Parasite
Cuscutaceae Cuscuta spp. Kiiskiit Dodder Parasite

A; Single-annual, P; Perennial
Table 4. Frequencies and densities of occurrence of detected weed species

Weeds Occumence () _lamymey Vool Occurence () __(pant/mi)
Adonis flammea Jagq. 2 0.6 Cynodon datcylon (L.) Pers. 60 38.99
Agropyron repens L. 70 64.14 Daucus carota L. 16 1.89
Alopecurus myosuroides Huds. 76 70.96 Il?::rclbttlr.uniu sophia (L) Webb.  Ex 12 2.53
Alopecurus pratensis L. 62 42.95 Digitaria sonquinalis (L.) Scop. 16 10.46
Amaranthus albus L. 62 19.75 Echinochloa crus-galli (L.) P. Beauv 84 55.345
Amaranthus retroflexus L. 50 14.61 Erysimum repandum L. 6 0.4
Anthemis altissima (L.) var. altissima 48 2.28 Hordeum murinum L. 74 54.89
g’;ﬁ’;‘;";’gnzf;ﬂ Subsp. anotolica 8 1.62 Isatis tinctoria L. 44 1.88
Avena fatua L. 60 32.55 Lactuca serriola L. 54 31.57
Boreava orientalis Jaub & Spach 44 7.81 Lepidium perfoliatum L. 42 50.55
Bromus tectorum L. 84 64.13 Medicago sativa L. 76 37.96
Capsella bursa-pastoris (L.) Medik 64 59.29 Melilotus officinalis (L.) Pallas 48 235
Lepidium draba L. 62 11.285 Mentha arvensis L. 8 1.79
Carduus nutans L. 4 0.28 Papaver rhoeas L. 24 2.86
Chenopodium album L. 70 36.065 Plantago lanceolata L. 26 36.71
Chondrilla juncea L. 8 3.51 Plantago major L. 56 40.49
Cirsium arvense (L.) Scop. 22 8.1 Poa annua L. 54 37.34
Convolvulus arvensis L. 66 20.11 Poa trivialis L. 64 68.74
Erigeron canadensis L. 32 5.43 Rumex crispus L. 56 19.31
Crepis foetida L. 40 4.73 Senecio vernalis Waldst & Kit. 14 11.93
Cuscuta spp. 10 24 Sinapis arvensis L. 8 13.58
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Weeds Occursence () lam/mey Vel Occursence (4 (plome/)
Sisymbrium loeselii L. 44 16.79 Trifolium pratense L. 82 76.44
Sonchus asper (L.) Hill. 20 4.23 Trifolium repens L. 66 69.8
Sorghum halepense (L.) Pers. 80 69.04 Urtica dioica L. 42 19.98
Steria viridis L. 78 74.62 Vicia sativa L. 32 25.81
Taraxacum officinale L. 60 47.98 Xanthium strumarium L. 34 16.27
Tragopogon latifolius Boiss. 48 19.34

Karaca (2003) stated in his study that the weed
species with the highest density in apple orchards are
Amaranthus retroflexus, Chenopodium album, Convolvulus
arvensis, Setaria viridis, and Sinapis arvensis. In the study of
Esitmez and Isik (2016), in apple orchards, the first 5 weed
species with high densities were Agropyron repens (8.966
plants/m?2), Echinochloa crus-galli (4.415 plants/m?),
Chenopodium album (4.321 plants/m?), Convolvulus arvensis
(1.883 plants/m?2), and Setaria viridis (1.824 plants/m?2) and
the weeds that we determined to have high densities in our
study are similar. Yazlik and Tepe (2001), in their study to
detect weeds in apple and pear orchards, determined the
weed species with the highest density as Poa annua,
Trifolium sp., Lolium perene, Taraxacum sp., and Lotus
corniculatus. Ustiiner and Akyol (2007), in their study in
apple orchards, determined the weed species important in
terms of density as Agropyron repens, Alopecurus
myosuroides, Bromus tectorum, and Cynodon dactylon. These
weed species have similarities with the weed species
whose densities are found to be high in our study.

The weeds mentioned above and the weeds that were
detected with high incidence in our study are similar. The
reason why some weeds are different is because weed
types and frequency of occurrence vary according to
regions.

3.2. Questionnaire Data Results

The answers given to the survey questions were obtained
from face-to-face interviews conducted with the farmers
who grow apples in Igdir province and evaluated
separately. Their percentage values are given in Figure 2.

Farmers engaged in apple growing stated that they
are doing 55% physical management and 45% mechanical

management against weeds in apple orchards (Fig. 2).

As an answer to the question "Do you know what
herbicides and pesticides are?", 51% of the farmers
answered yes and remaining 49% answered no (Fig. 3).

When we asked farmers “How important is the weed
problem for the yield?", 85% of the farmers stated that it
was not important at all, 9% said that it was less important,
and 6% said that it was moderately important (Fig. 4).

The question posed to the surveyed farmers as “What
is the weed density in your garden?", 96% of the farmers
stated that it is very dense and 4% stated that it is dense

(Fig. 5).

When the Figure 6 was examined, 86% of the farmers
stated that they did the control of weeds by looking at the
weed population. 10% of the farmers stated that they did
it by consulting with agrochemical dealers and 4% said
that they did it by consulting with the agricultural
engineer at the agricultural district organization (Fig. 6).

In the survey study conducted on farmers engaged in
apple growing in Igdir province, the farmers stated that
they do not conduct chemical control of weeds (Fig. 7).

When the farmers were asked “Mark the most
important weeds that you think are a problem in your
garden?", the types of weeds that farmers consider
problematic, respectively, are Alopecurus myosuroides
(80%), Poa trivialis (74%), Hordeum murinum (73%), Setaria
viridis (72%), Trifolium pratense (70%), Echinocloa crus-galli
(62%), Trifolium repens (60%), Sorghum halepense (%56),
Capsella bursa-pastoris (48%), Agropyron repens (40%), and
64% of the farmers stated that there are other weeds (Table
5).
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Figure 2. The percentage and frequency values of the answers to the question: What method of controlling weeds do you use?
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Figure 3. The percentage and frequency values of the answers to the question: Do you know what herbicides and pesticides are?

90

80

70

60

50

°
>

40

30

20

: =
- T

0

It doesn't matter Less important Medium matters Important Very important
mF 85 9 6 0 0

Figure 4. The percentage and frequency values of the answers to the question: How important is the weed problem for yield?
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Figure 5. The percentage and frequency values of the answers to the question: What is the weed density in your garden?
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Figure 6. The percentage and frequency values of the answers to the question: How do you make the decision to fight against weeds in

your apple orchard?
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Figure 7. The percentage and frequency values of the answers to the question: Do you do chemical control of weeds?

Table 5. Do you mark the most important weeds that you think
are a problem in your garden? Percentage and frequency values
of the answers to the question above.

Weeds frequency %
Trifolium pratense L. 70 70
Steria viridis L. 72 72
Alopecurus myosuroides L. 80 80
Trifolium repens L. 60 60
Sorghum halepense (L.) Pers. 56 56
Poa trivialis L. 74 74
Agropyron repens L. 40 40
Capsella bursa-pastoris (L.) Medik. 48 48
Echinochloa crus-galli (L.) P. Beauv 62 62
Hordeum murinum L. 73 73
Other 64 64
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4. Conclusions and Recommendations

Apple is widely consumed because of its high antioxidant
content and as it contains important nutrients and
vitamins. Due to the high adaptability of apples to
different ecologies, it is produced in many countries
around the world. It ranks first among the world fruit
production. In our country, it is in the third place among
the countries producing apples in the world. Apple, which
is of great importance for Turkey, is directly or indirectly
affected by diseases, pests, and weeds. It is a known fact
that weeds negatively affect fruit yield and quality in
orchards. For this reason, weed control in apple cultivation
has taken its place among indispensable agricultural
practices with the increase in production areas. The basic
principle of controlling weeds is to know the weed species
and their biology well. For this reason, it is important to
determine the weed species, their frequency and density,
which are the problems in apple orchards in Igdir
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province, as well as to determine the approaches and
control methods of the regional farmers in solving the
weed problems.

As a result of the surveys, a total of 53 weed species
belonging to 15 families, including 1 parasite, 2 narrow-
leaved and 12 broad-leaved, were identified. The highest
number of weeds among these identified families are
Asteraceae (12 species), Poaceae (12 species), and
Brassicaceae (9 species). Among the detected weeds, there
are 1 parasite, 14 narrow-leaved, and 38 broad-leaved
weed species.

Among the weeds detected in the surveys, the first 5
weed species with the highest incidence, respectively, are
Bromus tectorum (84%), Echinocloa crus-galli (84 %), Trifolium
pratense (82%), Sorghum halepense (80), and Setaria viridis
(78%). The 5 weed species with the lowest frequency of
occurrence were listed as Mentha arvensis (8%), Sinapis
arvensis (8%), Erysimum repandum (6%), Carduus nutans
(4%), and Adonis flammea (2 %) (Table 4).

Among the detected weeds, the first 5 weed species
with the highest density, respectively, are Trifolium
pratense (76.44 plants/m2), Setaria viridis (74.62 plants/m?),
Alopecurus myosuroides (70.96 plants/m?2), Trifolium repens
(69.8 plants/m?), and Sorghum halepense (69.04 plants/m?).
The 5 weed species with the lowest density are Mentha
arvensis (1.79 plants/m?), Anthemis cretica (62 plants/m?),
Adonis flammea (0.6 plants/m?2), Erysimum repandum (0.4
plants/m?), and Carduus nutans (0.28 plants/m?) (Table 4).

As a result of the survey conducted with the farmers
engaged in apple growing in Igdir, 40% of the farmers
stated that they do farming so that their land would not be
empty and 30% stated that they do farming to earn
additional income. A little more than half of the farmers
stated that they have knowledge about herbicides and
pesticides. Nearly half of the farmers stated that they have
been growing apples for a long time and all farmers used
the flood irrigation method in apple growing. 70% of the
farmers engaged in apple cultivation stated that they have
never attended any training or meeting organized by
agricultural organizations on apple farming and 79% of
them stated that they do not follow the farmer training
programs on television.

46% of the farmers engaged in apple growing in Igdir
stated that they rarely met with the engineers in the
agricultural organization and 35% stated that they never
met. 41% of the farmers who participated in the survey
stated that they were satisfied with the apple yield. More
than half of the apple producers participating in the survey
stated that the most important problem in their gardens
was insect pests, 42% stated that diseases and 3% stated
that weeds were the problem. In addition, 96% of the
farmers stated that weeds are very dense in apple orchards
and 85% of them stated that weeds are not important for
the yield.

The types of the weeds considered as problematic by
the farmers engaged in apple production in Igdir province,
respectively, are Alopecurus myosuroides (80%), Poa trivialis
(74%), Hordeum murinum (73%), S. viridis (72%), and
Trifolium pratense (70%).

None of the farmers stated that they use chemical
control against weeds. In addition, when the opinions of
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the farmers were taken, they stated that they mow the
weeds in the apple orchards and use them to feed their
livestock.
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Abstract: Marine algae, which are the primary producers living in aquatic areas, are the subject of many studies due to their
importance as they are eukaryotic and eutrophic organisms that play a crucial role in the pharmaceutical, cosmetic, food, fuel,
and textile industries. Macroalgae are known in producing several macronutrients, micronutrients, and other important
biologically active compounds (e.g. polyphenols, enzymes, and antibiotics) with potential pharmacological uses. In this
research, we aimed to investigate the chemical composition, antimicrobial and antioxidant activities (with three assays), total
phenolic (TPC) and flavonoid (TFC) contents of the methanol, ethanol, acetone, and water extracts of Codium fragile (Suringar)
Hariot. The LC-ESI-MS/MS assessment allowed the identification of seven compounds containing gallic acid, 4-
hydroxybenzaldehyde, 4-hidroxybenzoic acid, p-coumaric acid, salicylic acid, biochanin A, and diosgenin. TPC and TFC of
the extracts were calculated as in the range of 10.34+0.13-64.67+0.02 pg GAEs/mg extract and 12.73+2.68-36.78+1.08 pg
QEs/mg extract, respectively. All extracts of C. fragile showed antimicrobial activity against all test pathogens at different
levels. The methanol, ethanol, and acetone extracts showed different levels of activity against gram-negative and gram-positive
bacteria (MIC: 3.125-1.562 mg/mL). The water extract showed the highest activity in ABTS* (70.43+14.85%) and DPPH*
(72.61+11.44%) assays while the acetone extract exhibited the best activity in CUPRAC (absorbance: 0.60+0.15) assay. The
results we obtained approved that C. fragile could be valued as a natural source of bioactive agents for food preservatives and
in other industrial and pharmaceutical fields.

Keywords: LC-ESI-MS/MS, algae, total phenolic content, total flavonoid content, minimum inhibition concentration.

Deniz Makroalgi Codium fragile (Suringar) Hariot "in Kimyasal Bilesimi, In-Vitro
Antimikrobiyal ve Antioksidan Aktivitelerinin Analizi

Oz: Sucul alanlarda yasayan birincil iireticiler olan deniz algleri, snemleri nedeniyle bircok aragtirmaya konu olmakla birlikte
ilag, kozmetik, gida, yakit ve tekstil endiistrilerinde 6énemli rol oynayan tkaryotik ve otrofik organizmalardir. Makroalgler,
potansiyel farmakolojik kullanimlar1 olan birka¢ makro besin, mikro besin ve diger 6nemli biyolojik olarak aktif bilesikler
(6rnegin polifenoller, enzimler ve antibiyotikler) tiretmesiyle bilinmektedir. Bu arastirmada, Codium fragile (Suringar) Hariot
1889"un metanol, etanol, aseton ve su ekstrelerinin kimyasal bilesimi, antimikrobiyal ve antioksidan aktiviteleri (3 yontem ile),
toplam fenolik (TPC) ve flavonoid (TFC) iceriklerini arastrmay: amaglandi. LC-ESI-MS/MS analizleri gallik asit, 4-
hidroksibenzaldehit, 4-hidroksibenzoik asit, p-kumarik asit, salisilik asit, biokanin A ve diosgenin iceren yedi bilesigin
tanimlanmasina izin verdi. Ekstrelerin TPC ve TFC degerleri sirasiyla 10,34+0,13-64,67+0,02 ug GAEs/ mg ekstre ve 12,73+2,68-
36,78+1,08 pg QEs/mg ekstre olarak hesaplandi. Metanol, etanol ve aseton ekstreleri gram negatif ve gram pozitif bakterilere
karst farkli seviyelerde aktivite gostermistir (MIK: 3.125-1.562 mg/mL). Su ekstresi ABTS'* (%70,43+14,85) ve DPPH*
(%72,61%11,44) testlerine en yiiksek aktiviteyi gosterirken, aseton ekstresi CUPRAC (absorbans: 0,60+0,15) testinde en yiiksek
aktiviteyi gosterdi. Elde ettigimiz sonuglar, C. fragile'in gida koruyucular: ve diger endiistriyel ve farmasotik alanlarda dogal
bir biyoaktif madde kaynag: olarak degerlendirilebilecegini onaylamaktadir.

Anahtar kelimeler: LC-ESI-MS/MS, alg, toplam fenolik miktari, toplam flavonoid miktar;, minimum inhibisyon
konsantrasyonu.

Issue published: 30.06.2022

1. Introduction

Marine life makes up more than 70% of the Earth's surface
with a wide variety of life and research on this important
biodiversity remains limited. Aquatic environment is
recognized as a rich source of new metabolites with a
variety of applications including cosmeceuticals,
nutraceuticals, agrochemicals, pharmaceuticals, and other

industrially related chemicals. To date, valuable bioactive
compounds have been obtained from plants and terrestrial
microorganisms. However, after a certain period of time,
known molecules from similar organisms began to be
isolated in studies. Thereupon, natural product researchers
turned to obtaining new compounds from organisms found
in less studied habitats (Cragg & Newman, 2013).
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Marine algae, which are the primary producers living
in aquatic areas, are the subject of many studies due to
their importance as they are eukaryotic and eutrophic
organisms that play a crucial role in the pharmaceutical,
cosmetic, food, fuel, and textile industries. Macroalgae are
known for producing several macronutrients,
micronutrients, and other important biologically active
compounds (e.g. polyphenols, enzymes, and antibiotics)
with potential pharmacological uses (Asikkutlu &
Okudan, 2021; Guimiis et al., 2021). Macroalgae are known
for producing several macronutrients (lipids, proteins,
carbohydrates, fibers, and the like), micronutrients
(minerals and vitamins), and other important biologically
active compounds (e.g. polyphenols, enzymes, and
antibiotics) ~with  potential pharmacological uses
(Arguelles et al., 2019a; Ortiz et al., 2006; Muraguri et al.,
2016).

Some studies reported that marine environments are
a rich source of new bioactive metabolites and most of
them are much different than those obtained from soil-
derived organisms (Cragg & Newman 2013). As known, a
lot of recent researches were focused on important
bioactive compounds identified in macroalgae and
described the range of biochemical and pharmacological
activities. It is known that bioactive secondary metabolites
synthesized by macroalgae have antimicrobial activity
(Liao et al., 2003).

Many marine macroalgae have both primary and
secondary metabolites with novel structures and are
biologically active. Macroalgae especially contain reactive
antioxidant molecules, secondary metabolites, comprised
of carotenoids (fucoxanthin, astaxanthin, carotene
(alfa,beta), catechins (e.g., epigallocatechin, catechin), and
mycosporine-like amino acids (mycosporine-glycine),
gallate, tocopherols, and eckol phlorotannins (e.g.,
phloroglucinol)  (Kolsi et al, 2017). Butylated
hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) are synthetic antioxidants that are preferred to be
added to many foods to reduce degradation caused by
oxidation. Nevertheless, due to some of their toxic safety
problems, naturally available antioxidants are preferred
more (Witschi & Lock, 1978).

The presence of phenolic structures in macroalgae
was first reported by Crato (1893). Phenolic compounds
are the name given to a group of compounds containing
hydroxyl (-OH) on an aromatic hydrocarbon ring.
Polyphenols found in macroalgae are tannins, catechins,
flavonoids, phlorotannins, and some phenolic acids. These
phenolic compounds have such significant pharmaceutical
properties as antiproliferative, antibacterial, antidiabetic,
antikoagulan, antiviral, antihelmintik, anti-inflammatory,
anti-HIV, antioxidant, antiparasitic, antiallergic, and anti-
tumoral ones. In addition, the correlation between the total
phenolic content and antioxidant activity of macroalgal
extract is highly affected by the extraction method. Mostly
70% acetone has been reported to be more effective than
water in extracting polyphenolic compounds. (Kadam et
al., 2019)

Codium fragile (Suringar) Hariot is a marine agae
belonging to the Codiaceae (Chlorophyta) family. This
macroalgae is also known as dark green marine algae,
ranges from 15 to 45 cm. Moreover, it consists of branching
cylindrical segments (Fig. 1). The genus Codium is
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represented by about 125-130 species widely distributed in
all seas of the world except the polar seas and is mostly
found in subtropical and temperate seas (Keskinkaya etal.,
2020).

Figure 1. Morphological properties of C. fragile. a) underwater
view of C. fragile, b) air-dried form of C. fragile, c) dust form C.
fragile.

In this study, we were interested in the beneficial
properties of "Codium fragile (Suringar) Hariot 1889", a
dark green macroalgae collected from the Giizelyali-
Canakkale region. The aims of this investigation are to
analyze the chemical composition by LC-ESI-MS/MS
systems of C. fragile collected from Giizelyali-Canakkale
(Turkey) and to investigate antimicrobial (using minimum
inhibition concentration method) and antioxidant three in
vitro assays DPPH* (2,2'-diphenyl-1-picrylhydrazyl)
radical scavenging activity ABTS** (2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) and CUPRAC
(cupric reducing antioxidant capacity) activities.

These assays may provide some important
information about the possible antimicrobial capacity and
antioxidant mechanism with chemical composition of all
extracts. For relevant extraction, we used methanol,
ethanol, water, and acetone solvents. Total phenolic
content (TPC) and total flavonoid content (TFC) were
determined to evaluate the nature of the antioxidants
present in these extracts. We believe that this general
screening experiment will provide a basis for future
characterization and isolation studies to select the most
suitable macroalgae species and to evaluate the suitability
of these extracts as natural antioxidants for pharmaceutical
applications in various real drug and food systems.

2. Material and Methods
2.1. Algae Samples Collection

Samples of Codium fragile was collected from a sampling as
deep as 0-5 m station in Giizelyali-Karanlik Liman, 15 km
far from Canakkale. The position of Giizelyali-Karanlik
Liman is centered on 40°14'27.03"N - 26°32'29.74"E as
follows in Fig. 2.

Codium fragile belong to the genus Chlorophyta. The
systematic classification of the algae types used in our
study is as follows in Table 1 (AlgaeBase).

The collected macroalgae samples were washed with
ambient water to remove foreign substances. Then,
macroalgae samples were placed in sterile polyethylene
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bags and brought to the cold chain laboratory. They were
washed with distilled water in the hydrobiology
laboratory to remove epiphytic creatures and necrotic
particles from the samples.

In drying process, the algae were placed in an oven

Table 1. The systematic classification of C. fragile (AlgaeBase).
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set at 40°C to prevent the phytochemical compounds from
being damaged and pre-drying was carried out by keeping
it for 17 h. Marine macroalgae were dried correctly, and
and pulverized using a homogenizer, stored at room
temperature until extraction.

Species Kingdom Phylum Subphylum Class Order Family Genus
Codium fragile Plantae Chlorophyta Chlorophytina Ulvophyceae Bryopsidales Codiaceae Codium
Thus, in chromatographic separation, mobile phases of
e 0.1% formic acid and 5mM ammonium format in water A
mobile phase and 0.1% formic acid and 5mM ammonium
y format in methanol B mobile phase were used. Moreover,
e

Mediterranean Sea

A

10 ki

Figure 2. Map of algae taken from Giizelyali/ Canakkale.
2.2. Preparation of Algae Extracts

The soxhlet extraction method was applied to the grinded
marine macroalgae samples to obtain extracts. Macroalgae
samples (10 g) were extracted with various solvents
according to the increasing polarity: acetone, methanol,
ethanol, and water for 6 h by using the soxhlet apparatus.
The methanol, ethanol, and acetone were evaporated
under a vacuum by an evaporator to obtain all the extracts.
The water was lyophilized to get the water extract by using
a freeze-drier. All macroalgal extracts were stored at +4°C
until analysis.

2.3. Chemical Composition
2.3.1. Preparation of C. fragile and standard solutions

10 mg of algae extracts were prepared at a concentration of
2 mL in methanol and the solution was diluted to 2
mg/mL with 50% methanol in grade water. Subsequently,
the solution was filtered through 0.45 pm filters and
transferred into vials prior to LC-ESI-MS/MS analysis.

2.3.2. LC-ESI-MS/MS instrumentation conditions

An Agilent Technologies 1260 Infinity II liquid
chromatography System combined to a 6460 Triple Quad
mass spectrometer were used for quantitative and
quantitative analysis of 56 phytochemical compounds.
Poroshell 120 EC-C18 (100 mm x 4.6 mm LD., 2.7 pm)
column was used for the chromatographic separation of
the compounds. Mobile phase flow rate, column
temperature conditions, and different mobile phase
additives such as formic acid, ammonium acetate, and
acetic acid were applied together with acetonitrile,
purified water, and methanol mobile phases to achieve the
most ideal separation and ionization of the compounds.

96

using a flow rate of 0.4 mL/min, a gradient program of
15% for 1-12 min, 50% for 12-30 min, 90% for 30-32 min and
10% for 32-35 min was applied in the B mobile phase,
respectively. The column temperature was maintained at
40°C and the injection volume was 4.0 pL (Yilmaz, 2022).

An electrospray ionization (ESI) source operating in
both negative and positive ionization modes was used to
determine the mass to ion ratio (m/z) of the compounds.
The ESI Source parameters were set at capillary voltage to
4000 V, nebulizing gas (N2) flow to 11 L/min, nebulizer
pressure to 15 psi and gas temperature to 300°C to ensure
ideal ionization of all compounds and achieve the ideal
peak intensity. The product and precursor ions, their
collision energies and fragmentor voltage were
determined the measurement as multiple reaction
monitoring (MRM) (Yirtici et al., 2022).

2.3.3. Total phenolic (TPC) and total flavonoid contents
(TEC)

TPC of the marine macroalgae extracts was measured
according to the Folin Ciocalteu method (Slinkard &
Singleton, 1977). Results were calculated using the
following equation obtained from the standard gallic acid
graph:

Absorbance=0.0104 [gallic acid (ug)] - 0.0263, (12, 0.9924)

TFC of the marine macroalgae extracts was measured
according to the aluminum nitrate method (Park et al,,
1997). Results were calculated using the following
equation obtained from the standard quercetin graph:

Absorbance=0.0158 [quercetin (ng)] - 0.0306 (12, 0.9993)
2.4. Bioactivity Assays
2.4.1. Antimicrobial activity

The broth microdilution method reported by Alsenani et
al. (2020) was used to determine the antimicrobial
activities of the marine macroalgae extracts. The
antimicrobial test was performed by determining
minimum inhibitory concentration (MIC) values of
different marine macroalgae extracts (0.0061-6.25 mg/mL)
against fungus, gram-positive, and gram-negative
bacterial strains. In addition, we used negative growth
control DMSO (100%) and positive growth control
contained gentamisin (0.1 mg/mL). The lowest
concentration values for bacterial inhibition were
calculated and reported as a MIC.
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2.4.2. Antioxidant activity

Antioxidant activities of the marine macroalgae extracts
were tested using DPPH* (2,2'-diphenyl-1-picrylhydrazyl)
free radical scavenging, ABTS** (2,2"-azinobis-(3-
ethylbenzothiazoline-6-sulfonic ~ acid) cation = radical
scavenging, and CUPRAC (Cupric reducing antioxidant
capacity) activity assays (Cayan et al., 2019). Ascorbic acid,
BHT, and BHA were used as standards. The IC5 value
(50% inhibition activity) was calculated using the graph
plotted between the percentage of antioxidant activity
(inhibition%) and the concentration (pg/mL) of the
extracts. The Agsp value (concentration having 0.50
absorbance) was calculated using the graph plotted
between the absorbance and the concentration (pg/mL) of
the extracts. Results were given as ICso values and
inhibition percentage (%) at 400 ng/mL concentration for
radical scavenging assays; Ags values and absorbance at
400 pg/mL concentration CUPRAC assay.

2.5. Statistical Analysis

All data obtained in the section of antioxidant activity
analyses of this study were analyzed using SPSS 25.0 for
Windows (Statistical Package for Social Sciencies) and G-
Power programs. Descriptive analyses were made for
continuous variables and arithmetic mean * standard
deviation values of the variables were given. Whether the
data were normally distributed or not was evaluated using
the Shapiro-Wilk test. As a result of the tests, it was
determined that the data did not comply with the normal
distribution in case of p<0.05. The homogeneity of the
variances was examined with the Levene test. As a result
of the test, homogeneity of variance could not be achieved.
Since the parametric test conditions could not be met in the
study, the comparison of the numerical data between
independent multiple groups was analyzed using the
Kruskal Wallis H test and the comparisons between the
two groups were analyzed using the Mann Whitney U test.
The power of the study was determined as 76% with a
Type 1 error of 5% and an effect size of d=0.5. The
statistical power criterion, which is aimed to be found
above 80% in studies, was approached in the study in
question (Cohen, 1962; 1977). While interpreting the
analyses results, the error was kept at the level of 0.05;
thus, the decisions were made at the 95% confidence level.

3. Results and Discussion
3.1. Chemical Composition

Chemical composition was quantitatively determined in
the extract of Codium fragile as seen in Table 2 and Fig. 3 A.
Fifty-six compounds as phenolics, flavonoids, and other
compounds were quantitatively analyzed in the extracts
using the LC-ESI-MS/MS system and also chromatograms
of the standard compounds and the extracts are given in
Fig. 3. Diosgenin was identified as major compound in the
methanol (4.96 pg/g), ethanol (108.1 ng/g), and water
(62.45 ng/g) extracts while biochanin A was found as the
main phenolic compound in the acetone extract (98.57
pg/g). Diosgenin is a valuable secondary metabolite
belonging to the class of steroidal saponins that has an
important place in the pharmaceutical industry
(Herndndez-Vazqueza et al., 2020). Studies have shown
that diosgenin has antioxidant, anti-cancer, anti-aging,
cardioprotective, contraceptive, antiviral, antimicrobial,
antifungal, and insecticidal activities (Chaudhary et al,,
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2018). Biochanin A is an isoflavone and have various
effects consisting of antioxidant, anti-inflammatory,
estrogen-like, and glucose and lipid metabolism
modulatory, cancer preventive, neuroprotective, and drug
interaction effects (Yu et al., 2019).

There is a limited number of studies about chemical
composition of Codium species in the literature. Cinnamoyl
glucose, sinapine, 5-(3',5'-dihydroxyphenyl)-y-
valerolactone, dihydrobiochanin A, scopoletin, rosmanol,
carnosol, deoxyschisandrin, and carnosic acid were
identified in Codium sp. by LC-ESI-QTOF-MS/MS (Zhong
et al., 2020). The main phenolic compounds of the ethanol
and water extracts of 16 algae species (Fucus serratus, F.
vesiculosus, F. distichus, F. spiralis, Sargassum muticum,
Saccharina latissima, Laminaria digitata, Dictyota dichotoma,
Enteromorpha intestinalis, Ulva lactuca, Palmaria palmata,
Porphyra purpurea, Chondrus crispus, Mastocarpus stellatus,
Polysiphonia  fucoides, Gracilaria vermiculophylla) were
identifed by HPLC in the study of Farvin & Jacobsen
(2013). Similar to the results we obtained, the amount of
phenolic compounds in the water extracts was reported
lower than the ethanol extracts. In addition, all the water
extracts were found to have gallic acid and trace levels of
chlorogenic acid. LC-MS/MS analysis showed highest
phloroglucinol (69.86+5.25 mg/kg), fucoxanthin (1.45+0.22
mg/kg), and gallic acid in Sargassum wightii; highest
quercetin (0.07£0.00 mg/kg) and ferulic acid (0.21+0.04
mg/kg) in Ulva rigida; and the highest vanillin (0.39+0.01
mg/kg) in Gracilaria edulis (Kumar et al., 2020). It has been
reported that these variations between chemical
compositions are related to many factors such as
macroalgae species, sources, extraction and purification
techniques, and storage conditions (Cotas et al., 2020).

3.2. Total Phenolic (TPC) and Total Flavonoid Contents
(TFC)

TPC and TFC results of the methanol, ethanol, acetone,
and water extracts of Codium fragile were shown in Fig. 4.
TPC of the extracts ranged between 10.34+0.13 and
64.67+0.02 ng GAEs/mg extract. The highest concentration
of TPC was found in the acetone extract (64.67+0.02 ng
GAEs/mg extract). TFC of the extracts ranged between
12.73£2.68 and 36.78+1.08 pg QEs/mg extract. The highest
concentration of TFC was found in the ethanol extract
(36.78+1.08 ng QEs/mg extract).

Previously TPC of the ethanol (80%), methanol (70%),
hot water, and cold water extracts of Codium fragile were
recorded in the range of 0.99+0.1-17.27+0.06 pg GAE mg!
sample (Heffernan et al., 2015). TPC of the ethanol extract
and ethyl acetate and water fractions of C. fragile were
found as 2.202+0.103, 22.381+0.206 and 0.298+0.103 mg
GAE g1 DW, respectively (Surget et al., 2017). TPC (~45,
50, 60 mg GAE g extract, respectively) and TFC (~30, 40,
50 mg QE g1 extract, respectively) of the hexane, ethyl
acetate, and methanol extracts of C. fragile were calculated
by Kolsi et al. (2017). There are similarities and differences
between the results and the literature. In general, the
number of phenolic compounds is affected by nature,
extraction procedure used, sample particle size, storage
conditions and time as well as the assay used to determine
them and the presence of interfering substances in extracts.
Quantitative isolation of the phenolic compounds is very
difficult due to their size and molecular weight, structural
similarity, and propensity to react with other compounds.
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Due to different extraction conditions and result
expression, these differences between the studies could be
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explained (Mekinic et al., 2019; Schoenwaelder, 2002).
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Figure 3. LC-ESI-MS/MS MRM chromatograms of (A) the standard compounds 1-Shikimic acid, 2-Gallic acid, 3-Protocatechuic acid, 4-
Gentisic acid, 5-Catechin, 6-4-Hydroxybenzoic acid, 7-Chlorogenic acid, 8- 4-Hydroxybenzaldehyde, 9-Vanillic acid, 10-Caffeic acid, 11-
Epicatechin, 12-Syringic acid 13-p-coumaric acid, 14-Salicylic acid, 15-Taxifolin, 16-Polydatine, 17-trans-ferulic acid, 18-Sinapic acid, 19-
Quercimeritrin, 20-Coumarin, 21-Scutellarin 22-0-coumaric acid, 23-Cynarin, 24-Protocatechuic ethyl ester, 25-Hyperocide, 26-Quercetin-
3-glucoside, 27-Isoquercitrin, 28-Resveratrol, 29-Naringin, 30-Rutin, 31-Rosmarinic acid, 32-Quercetin-3-D-xyloside, 33-Kaempferol-3-
glucoside, 34-Hesperidine, 35-Neohesperidin, 36-Fisetin, 37-Oleuropein, 38-Baicalin, 39-trans-cinnamic acid, 40-Ellagic acid, 41-Quercetin,
42-Naringenin, 43-Silibinin, 44-Hesperetin, 45-Morin, 46-Kaempferol, 47-Tamarixetin, 48-Baicalein, 49-7-Hydroxyflavone, 50-6-
Hydroxyflavone, 51-Biochanin A, 52-Chrysin, 53-Flavone, 54-5-Hydroxyflavone, 55-6,2,4-Trimetoxyflavone and 56-Diosgenin. (B)
compounds in the various extracts (acetone, methanol, ethanol, water) of Codium fragile.
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3.3. Antimicrobial Activity

The global epidemic of bacterial resistance against existing
antibiotics has led to the discovery of antibacterial agents
from natural sources. Over millions of years, the evolution
of bacteria and antibacterial biomolecules may provide the
potential to overcome resistant strains. In this context,
studies on the discovery of new agents from terrestrial and
marine resources are gaining momentum (Shannon &
Abu-Ghannam, 2016). There are reported studies that
describe the antibacterial capability (derived from
secondary and primary metabolites) of macroalgae against
medically important pathogenic bacteria such as
Pseudomonas aeruginosa, Staphylococcus aureus, Aeromonas
hydrophila, Clostridium perfringens, Escherichia coli, Klebsiella
pneumoniae, and Enterobacter aerogenes (Arguelles et al.,
2019b; Liu et al., 2017; Ibtissam et al., 2009; Lima-Filho et
al., 2002).
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Antimicrobial activities of the extracts of Codium
fragile were investigated using the microdilution method
and results were given in Table 3. Among the studied
extracts, the methanol, ethanol, and acetone extracts
showed different levels of activity against gram-negative
and gram-positive bacteria (MIC: 3.125-1.562 mg/mL).
The water extract displayed the weakest antimicrobial
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activity against tested pathogens Escherichia coli (MIC: 6.25
mg/mL) and Klebsiella pneumoniae (MIC: 6.25 mg/mL).
The ethanol and acetone extracts were more active than the
other extracts; thus, it can be thought that these
antimicrobial activities of the extracts may be due to
phytochemicals such as phenolics, flavonoids, and
diosgenin.

Table 2. Analysis of chemical composition (ung/g) in Codium fragile extracts by using LC-ESI-MS/MS.

Phenolic compounds Rt (min) LOD (ug/L) LOQ (ug/L) R2 Methanol Ethanol Acetone Water
Gallic acid 1.74 4.8 15.25 0.999 ND 0.20 ND ND
4-hydroxybenzaldehyde 5.77 8.78 26.7 0.998 ND 0.35 12.99 ND
4-hidroxybenzoic acid 4.54 19.25 54.12 0.999 ND ND ND 0.79
p-coumaric acid 8.50 2.25 7.8 0.999 0.27 ND ND ND
Salicylic acid 8.89 15.94 47.84 0.999 ND ND 10.35 ND
Biochanin A 20.59 245 7.81 0.999 ND 99.07 98.57 ND
Diosgenin 34.51 3.13 8.19 0.999 4.96 108.1 2.21 62.45

Ry, retention time, LOD and LOQ: limit of detection and limit of quantification.

ND: not detected.

Table 3. Minimum inhibitory concentration (MIC) of Codium fragile extracts.

MIC (mg/mL)
festMicroorganism Water Methanol Ethanol Acetone Gentamycin DMSO
(0.1 mg/mL)

E. coli 6.25 3.125 3.125 NA* <0.02 12.5%
P. aeruginosa NA~ 1.562 NA~ NA~ <0.02 12.5%
K. pneumoniae 6.25 NA~ NA~ NA~ 0.78 12.5%
S. aureus NA* 3.125 3.125 1.562 <0.02 25%
S. enteritidis NA* 3.125 3.125 3.125 0.04 12.5%
S. lutea NA* 1.562 1.562 1.562 <0.02 12.5%
B. cereus NA* NA* NA" 1.562 <0.02 12.5%
C. albicans NA* NA* NA* 1.562 <0.02 12.5%

“NA: not active

The species belonging to the Codium genus are the
least studied in terms of their biological activities and
antimicrobial activity among all Chlorophyceae. C. fragile
is among the macroalgae that attracts attention due to its
invasive nature and its use in biomedical applications
(Kim et al., 2013). Frikha et al. (2011) evaluated the
antibacterial activities of C. dichotomum, C. fragile, C. bursa
and C. tomentosum against pathogenic bacteria (Escherichia
coli ATCC 25922, Staphylococcus aureus ATCC 25923,
Enterococcus faecalis ATCC 29212, Klebsiella pneumoniae
ATCC 700603 and Enterococcus ATCC 700603) and
reported that all methanol extracts of algae showed
significant activity against S. aureus but no significant
activity was observed in C. bursa. The ethanol extracts of
C. bursa were used against E. coli and Staphylococcus and all
algal extracts showed significant antibacterial activity
against the bacteria studied (Frikha et al., 2011). The
reports of this study show parallelism with the results of
our study in terms of the activity of the ethanol and
methanol extracts. Jun et al. (2018) evaluated MIC of 11
different macroalgae against tested pathogens and they
reported that C. fragile have no growth inhibitory effect
against any pathogens. In the other study, the methanol
extract of C. intricatum showed an extended spectrum of
inhibitory activity against gram-positive drug-resistant
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bacterium, methicillin-resistant S. aureus (MRSA) with
MIC of 250.00 pg/mL. It was moderately active against
penicillin-acylase producing Bacillus cereus with MIC of
250 pg/mL. However, no inhibitory effect was observed
among the tested gram-negative bacterial pathogens
(Arguelles, 2020). According to this reported study, the
methanol extract of Codium sp. did not show any activity
against gram-negative bacteria but in our study the
methanol extract was effective against both gram-negative
(E. coli, Salmonella enteritidis - MIC: 3.125 mg/mL,
Pseudomonas aeruginosa - MIC: 1.562 mg/mL) and gram-
positive bacteria (S. aureus - MIC: 3.125 mg/mL, Sarcina
Iutea - MIC: 1.562 mg/mL). Antibacterial activity is
thought to be affected by algae reproductive status and
seasonality (Ibtissam et al., 2009).

Another point is that all of the extracts prepared with
various solvents showed the strongest inhibition effects
(MIC: 1.562 mg/mL) against gram positive bacteria. This
situation can be explained as the susceptibility of gram
positive bacteria to the algal extracts was more than those
of gram negative bacteria. Many authors reported similar
observations (Demirel et al., 2009; Ibtissam et al., 2009).
The more susceptibility of gram-positive bacteria to the
algal extracts was due to the differences in their cell wall
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structure and their composition (Taskin et al., 2007). In
gram-negative bacteria, the outer membrane acts as a
barrier to many environmental substances including
antibiotics (Tortora et al., 2001). The presence of thick
murine layer in the cell wall also prevents the entry of the
inhibitors (Kandhasamy & Arunachalam, 2008).

The remarkable differences and similar points
between the results obtained in our study and in previous
studies may be due to several factors. First of all, this can
be because of the intraspecific variability in the production
of secondary metabolites, occasionally related to seasonal
variations and these variations are seen in other published
reports (Lima-Filho et al, 2002; Moreau et al., 1988).
Secondly, these variations could be related to the different
solubility actions of secondary metabolites that could be
affected by the species' geographical and seasonal
distribution and there may also be differences in the
capability of the extraction protocols to recover the active
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metabolites and differences in the assay methods that
would result in different susceptibilities of the target
strains (Gonzalez et al., 2001; Perez at al., 1990).

Even the antibacterial capacity of macroalgae extracts
changes depending on different parameters such as type
of macroalgae, solvent, extraction method, extract
concentration, and type of microorganism (Rajasulochana
etal., 2009).

3.4. Antioxidant Activity

Since antioxidants have different action mechanisms, more
than one method is preferred to determine the antioxidant
activity rather than a single method. Antioxidant activities
of Codium fragile extracts were screened using ABTS**
cation radical scavenging activity, DPPH* free radical
scavenging, and CUPRAC activity assays. The results
were summarized in Table 4-10.

Antioxidant Activity
DPPH"* assay ABTS*+ assay CUPRAC assay
Extracts Inhibition (%)a 1Cso (ng /mL)b Inhibition (%)a 1Cso (ug/mL)b Absorbancec Aoso (ng/mL)d
Methanol 2.03£1.67 >400 11.54+8.64 >400 0.18+0.04 >400
Ethanol 1.90+£0.40 >400 20.88+12.85 >400 0.25+0.11 >400
Acetone 1.34+0.74 >400 16.72+10.54 >400 0.60+6.880.15 >400
Water 72.61£11.44 >400 70.43+14.85 >400 0.20£0.07 >400
Standards
Ascorbic acid 79.7149.45 6.68+0.22 80.92+9.29 5.24+0.18 1.96+1.43 44.060.09
BHT 62.16+27.87 23.90+0.14 72.03+19.16 12.750.63 1.49+1.23 28.21+0.01
BHA 64.49+26.49 22.80+0.59 75.53+19.69 12.05+0.97 1.37+1.16 26.540.02
a: Inhibition % of 400 pg/mL concentration of the extracts.
b: ICso values are given as a mean +SD of three parallel measurements.
¢: Absorbance of 400 png/mL concentration of the extracts
d: Agso values are given as a mean +SD of three parallel measurements.
Table 5. Intergroup statistical results for ABTS** activity of Codium fragile extracts
ABTS** assay
Extracts n Inhibition (%) K-S p-degeri*
Methanol 24 11.54+ 8.64 55.061 0.000"
Ethanol 21 20.88+12.85
Acetone 24 16.72+10.54
Water* 24 70.43+14.85

*Multiple comparisons evaluated with Kruskal Wallis H, pairwise comparisons with Mann Whitney U test. a=0.05

Table 6. Kruskal-Wallis test results of ABTS** activity differences between Codium fragile extracts according to their solvents.

ABTS*+ assay

Extracts Standards n Inhibition (%) K-S p-degeri®
Methanol Ascorbic acid 24 80.9249.29 56.655 0.000"
BHT 24 72.03+19.16
BHA 24 75.53£19.69
Ethanol Ascorbic acid 24 80.92+9.29 47.687 0.000
BHT 24 72.03+19.16
BHA 24 75.53+19.69
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Table 6. (Continued)

ABTS** assay

Extracts Standards n Inhibition (%) K-S p-degeri’
Acetone Ascorbic acid 24 80.9249.29 54.899 0.000
BHT 24 72.03+19.16
BHA 24 75.53+19.69
Water Ascorbic acid 24 80.9219.29 5.906 0.116
BHT 24 72.03+9.16
BHA 24 75.53+19.69

*Multiple comparisons evaluated with Kruskal Wallis H, pairwise comparisons with Mann Whitney U test. a=0.05

Table 7. Intergroup statistical results for DPPH" activity of Codium fragile extracts

DPPH* assay

Extracts n Inhibition (%) K-S p-degeri*
Methanol 24 2.03+1.67 57.090 0.000
Ethanol 15 1.90+ 0.40

Acetone 24 1.34+0.74

Water* 21 72.61+11.44

*Multiple comparisons evaluated with Kruskal Wallis H, pairwise comparisons with Mann Whitney U test. a=0.05

Table 8. Kruskal-Wallis test results of DPPH* activity differences between Codium fragile extracts according to their solvents

DPPH* assay

Extracts Standards n Inhibition (%) K-S p-degeri*
Methanol Ascorbic acid 24 79.71+ 9.45 55.017 0.000
BHT 24 62.16+27.87
BHA 24 64.49+26.49
Ethanol Ascorbic acid 24 79.71+ 9.45 38.732 0.000
BHT 24 62.16+27.87
BHA 24 64.49+ 26.49
Acetone Ascorbic acid 24 79.71£9.45 52.025 0.000"
BHT 24 62.16+ 27.87
BHA 24 64.49+26.49
Water Ascorbic acid 24 79.7149.45 5.701 0.232
BHT 24 62.16+27.87
BHA 24 64.49+26.49

*Multiple comparisons evaluated with Kruskal Wallis H, pairwise comparisons with Mann Whitney U test. a=0.05

Table 9. Intergroup statistical results for CUPRAC activity of Codium fragile extracts

CUPRAC assay
Extracts n Absorbance (%) K-s p-degeri®
Methanol 12 0.18+0.04 27121 0.000
Ethanol 12 0.25+0.11
Acetone” 12 0.60+0.15
Water 12 0.20+0.07

*Multiple comparisons evaluated with Kruskal Wallis H, pairwise comparisons with Mann Whitney U test. a=0.05

Table 10. Kruskal-Wallis test results of CUPRAC activity differences between Codium fragile extracts according to their solvents.

CUPRAC assay
Extracts Standards n Absorbance (%) K-S p-degeri
Methanol Ascorbic acid 24 1.96+1.43 29.775 0.000
BHT 24 1.49+1.23
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Table 10. (Continued)
CUPRAC assay

Extracts Standards n Absorbance (%) K-S p-degeri
BHA 24 1.3741.16

Ethanol Ascorbic acid 24 1.96+1.43 21.395 0.000
BHT 24 1.4941.23
BHA 24 1.37+1.16

Acetone Ascorbic acid 24 1.96+1.43 5221 0.156
BHT 24 1.49+1.23
BHA 24 1.3741.16

Water Ascorbic acid 24 1.96+1.43 23.099 0.000
BHT 24 1.4941.23
BHA 24 1.37+1.16

*Multiple comparisons evaluated with Kruskal Wallis H, pairwise comparisons with Mann Whitney U test. a=0.05

The water extract showed the highest activity in
ABTS** (70.43£14.85%) and DPPH* (72.61+11.44%) assays.
There are statistically significant differences in ABTS**
activity between Codium fragile extracts (p<0.00). After
paired comparisons, it was determined that the water
extract had higher antioxidant activity than the other
extracts. The activities of methanol, ethanol, and acetone
extracts were statistically similar (Table 5). For ABTS*+
activity, no statistical difference was found between the
water extract and standards (ascorbic acid, BHT, and
BHA). Therefore, antioxidant activity of the water extract
was found to be similar to the standards (p=0.116>0.05)
(Table 6). There were statistically significant differences in
DPPH" activity between the extracts (p<0.00). After paired
comparisons, it was determined that the water extract had
higher antioxidant activity than the other extracts. The
activities of the methanol, ethanol, and acetone extracts
were statistically similar (Table 7). For DPPH* activity, no
statistical difference was found between the water extracts
and standards (ascorbic acid, BHT, and BHA). Therefore,
antioxidant activity of the water extract was found to be
similar to the standards (p=0.232>0.05) (Table 8). In the
CUPRAC assay, the best activity was recorded in the
acetone extract with the absorbance value of 0.60+0.15.
There were statistically significant differences in CUPRAC
activity between the extracts (p<0.00). After paired
comparisons, it was determined that the acetone extract
had higher antioxidant activity than the other extracts. The
activities of the methanol, ethanol, and acetone extracts
were statistically similar (Table 9). For CUPRAC activity,
no statistical difference was found between the acetone
extract and standards (ascorbic acid, BHT, and BHA).
Therefore, the antioxidant activity of the acetone extract
was found to be similar to the standards (p=0.156>0.05)
(Table 10). According to the obtained results, the best
antioxidant activity was found in the water extract in
DPPH* and ABTS** assays. It is well known that marine
algae are rich in sulfated polysaccharides and glucans.
These polysaccharides have been proven to act as anti-
inflammatory, anticoagulant, antioxidant, antiviral, anti-
tumor, anti-obesity, and antimicrobial agents in vitro and
in vivo (Garcia-Vaquero et al., 2019). As a result, the highest
antioxidant activity of the water extract can be related with
the synergic effects of the polysaccharides and the
identified compounds.
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Antioxidant activities of various extracts of Codium
fragile were reported in earlier studies. Antioxidant activity
of the hexane, dichloromethane, and methanol extracts of
C. fragile was investigated by p-carotene bleaching and
hydroxyl radical scavenging assays with inhibition values
of ~50-80% and ~50-70% respectively at 40 mg/mL
concentration (Koz et al., 2009). Surget et al. (2017) studied
antioxidant activity of the ethanol extract and ethyl acetate
and water fractions of C. fragile according to DPPH* and
reducing power assays. Among the studied extract and
fractions, the ethyl acetate fractions were found as the best
active in DPPH* (ICsp: 0.303+0.002 g/L) and reducing
power (ICsp: 5.478+0.891 g/L) assays. In the study of
Heffernan et al. (2015), antioxidant activity of ethanol
(80%), methanol (70%), hot water, and cold water extracts
of C. fragile was tested by DPPH* (ICso: 0.13+0.01-0.560.01
mg/mL) and FRAP (0.94£0.03-32.70£0.10 pg Tr
equivalents mg? sample) assays. Our results agree with
previous studies.

4. Conclusion

As a result, in this study, antimicrobial and antioxidant
activities of the methanol, ethanol, acetone, and water
extracts of Codium fragile marine macroalgae species were
screened with TPC and TFC. Chemical compounds
thought to be responsible for these bioactivities were
confirmed by LC-ESI-MS/MS analysis. Our results
showed that the four algal extracts have a strong wealth in
phenolic compounds and flavonoids have a very
interesting antioxidant status allowing that should be
considered as an important source of phenolic compounds
that could be used as food preservatives and in other
industrial and pharmaceutical fields. Moreover, this study
concludes that C. fragile represents an alternative natural
source of polyphenols and other bioactive compounds for
the development and production of natural antioxidants
and novel antibiotics. Further studies should be conducted
to identify the structure and elucidate the mechanism of
action of different biologically active metabolite present in
the macroalgae extracts that showed promising
antimicrobial and antioxidant activities.

Considering both the terrestrial and marine
resources that Turkey has, we come across a great treasure
to be explored. As new isolation studies are carried out, we
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think that these studies will provide success in many areas
and pave the way for important investments.
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Abstract: In this study, physicochemical parameters such as total dissolved solids (TDS), pH, temperature, and electrical
conductivity (EC) and antibiotic resistance profiles of Escherichia coli isolated from surface waters of 5 different stations of the
Atatiirk Dam in Adiyaman were investigated. It was found that the water was of good quality in terms of total dissolved solids
and electrical conductivity. It shows alkaline properties in regard to pH values. In terms of temperature values, it is of fourth-
class quality. Seventy E. coli strains were isolated as an indicator of fecal contamination. In isolated E. coli, antibiotic resistance
was determined as 95% for erythromycin, 31.42% for ceftaroline, 30% for cefazolin, 14.28% for tertacycline, 8.50% for
chloramphenicol, 4.28% for cefuroxine, and 2.85% for both safotaxime and cefepime. Multiple antibiotic resistance (MAR) rates
of 85.71% of bacteria isolated from Sitilce station and 50% of bacteria isolated from Egri stream station were found to be greater
than 0.2. MAR indexes of all bacteria isolated from Kahta, Gerger, and Samsat stations were found to be lower than or equal
to 0.2. The results indicated that surface waters of Egri stream and Sitilce regions may be discharge points of domestic and
industrial wastewaters.

Keywords: Multiple Antibiotic resistance, coliform bacteria, water quality, fecal pollution.

Atatiirk Baraj Goliinden (Adiyaman) izole Edilen Escherichia coli Bakterilerinde Antibiyotik
Direnglilik Profili

Oz: Bu calismada Adiyaman ili Atatiirk Baraji goltiniin 5 farkli istasyonuna ait yiizey sularinin fizikokimyasal parametreleri
[toplam ¢oziinmiis katt madde (TDS), pH, sicaklik ve elektriksel iletkenlik (EC)] ve drneklerden izole edilen Escherichia coli
bakterilerinde antibiyotik direnclilik profilleri arastirilmustir. Fizikokimyasal parametrelerden toplam ¢dziinmiis kat1 madde
ve elektriksel iletkenlik degerleri bakimindan birinci sinif kalitededir. pH degerleri bakimindan alkali 6zellik gostermektedir.
Sicaklik degerleri yoniinden ise dérdiincii sinif kalitededir. Fekal kirlilik indikatorii olarak 70 E. coli susu izole edilmistir. izole
edilen E. coli'lerde antibiyotik direncliligi sirasiyla eritromisin %95, seftarolin %31.42, sefazolin %30, tetrasiklin %14.28,
kloramfenikol %8.50, sefuroksim %4.28 ve sefotaksim ve sefepim %2.85 olarak belirlenmistir. Sitilce istasyonundan izole edilen
bakterilerin %85.71'inin ve Egri cay1 istasyonunda ise izole edilen bakterilerin %50’sinin ¢oklu antibiyotik direng¢ (CAD)
indeksleri 0.2'den biiytiktiir. Kahta, Gerger ve Samsat istasyonlarindan izole edilen bakterilerin tamaminin CAD indeks
oranlar1 0.2'den kiiciik veya esittir. Sonuglar Atatiirk baraj goliiniin Egri cay1 ve Sitilce bolgelerinin evsel ve endiistriyel attk
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Anahtar kelimeler: Coklu antibiyotik direnci, koliform bakteri, su kalitesi, fekal kirlilik.

1. Giris

Sucul alanlar ¢evre kirliliginden en ¢ok etkilenen ortamlar
olup bu alanlarin kirlenmesi ekonomik kayiplarin yaninda
tim canlt yasami tizerine olumsuz etkiler meydana
getirmektedir (Yorulmaz, 2006; EIE, 2003). Guntimiizde
kontroltt her gecen giin daha da zor hale gelen
antropojenik kaynakli endiistriyel, tarimsal ve evsel atiklar
sonucu su kirligi ¢ok ileri boyutlara tasmmustir (Akin &
Akin, 2007). Endiistriyel kaynakli pestisit ve agir metal
kirliliginin yani sira, evsel ve tarimsal kaynakli mikrobiyal
kirlilik son yillarda su kaynaklarinin azalmasiyla 6nemli
arastirma konular1 arasinda yer almistir (Giingor et al.,
2021; Mercimek Takc1 et al., 2021; Akkan & Topkaraoglu,
2019).

Sucul kaynaklardaki mikrobiyal kirlilik terimi ilk
olarak fekal kokenli bakterilerin varligr olarak
anlasilmakla birlikte, uzun vadede bu bakterilerdeki
antibiyotik direng sorunu kiiresel capta bir problem olarak
ortaya ¢ikmaktadir (WHO, 2018). Bakterilerdeki

*Corresponding author: fkayis@adiyaman.edu.tr

antibiyotik  direncinde enfeksiyonlarin tedavisinde
kullanilan  antibiyotiklerin ~ yaygin ~ ve  bilingsiz
kullaniminin rolii biiyiiktiir (Matyar et al., 2010; Matyar,
2012). Enfeksiyon hastaliklarina yonelik kullanilan
antibiyotiklerin az bir kismi, insan ve hayvanlarin sindirim
sistemlerinde absorbe edilirken biiytik bir kism1 ise diski
ile atilir (Schlusener & Bester, 2006). Bu yolla cevreye
yayilan antibiyotik kalintilarinin  yaninda, bilingsiz
antibiyotik kullamimi sonucu direngli fekal koliform da
kanalizasyonlar yolu ile derelere, nehirlere, akarsulara,
gollere veya yeralt1 sular1 gibi sistemlere karisabilir.

Insan ve hayvan diski atiklar1 kaynakli Escherichia coli,
su kirliligine neden olan koliformlarm (E. coli, Klebsiella spp.,
Enterobacter spp., Citrobacter spp. and Serratia spp.) bir tiyesi
olup su kalitesi acisindan fekal kontaminasyon varligimnin
onemli bir biyoindikatértidiir (Odonkor & Kennedy, 2018).
Ayrica antimikrobiyal ila¢ direncini kodlayan genlerin
onemli bir rezervuart olmasi nedeniyle antimikrobiyal
diren¢ gelisiminin takibi icin bir gostergedir (Arséne-
Ploetze et al., 2018; Katakweba et al., 2018).
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Atatiirk Baraji Golu, Turkiyenin  Giineydogu
Anadolu Bolgesinde Adiyaman ve Sanhurfa illeri
arasinda Firat Nehri tizerinde kurulmustur (Gélbasi &
Sen, 2019). Adiyaman ili smirlarinda kalan ve Atatiirk
Baraji Golii'nti besleyen en onemli akarsular Cakal Cayi,
Kalburcu Cayi, Egri Cay1, Ziyaret Cay1 ve Kahta Cayr'dir
(Anonim, 2003; Golbas1 & Sen, 2019). Bu caylarin, yerlesim
yerleri icerisinden gecerek baraj goliine dokiilmelerinden
dolay1 fizikokimyasal kirleticilerinin yani sira antibiyotik
kalintilarint da baraj goliine tasimalart muhtemeldir.

Atatiirk Baraji Golii hakkinda yapilan literatiir
arastirmalar1 dikkate alindiginda, suyun mikrobiyolojik
kalitesi ve antibiyotik direngliligi tizerine herhangi bir
calismaya rastlanmamustir. Bu calismamizda, Atatiirk
Baraji Golii Egri cayi, Gerger, Kahta, Samsat ve Sitilce
kollarindan alian su 6érneklerinden izole edilen Escherichia
coli bakterilerinde antibiyotik direncinin arastirilmasi ve
toplam ¢oziinmiis kati madde (TDS), elektriksel iletkenlik
(EC), pH ve sicaklik gibi su Kkalitesini belirleyen
fizikokimyasal parametrelerin degerlendirilmesi
amaclanmustir.

2. Materyal ve Metot

2.1. Yiizey Suyu Orneklerinin Toplanmasi

Atattirk Baraj Golu Egri cay1 (E1, E2), Gerger (G1, G2),
Kahta (K1, K2), Samsat (S1, S2) ve Sitilce (STL1, STL2)
kollarinin her birinden belirlenen 2 farkli lokasyondan
(Sekil 1). APHA 2005 standartlarina uygun olarak Agustos
2021 doéneminde aseptik kosullarda 500 ml'lik steril
amberli siselere aliman su ornekleri 2-4 saat icerisinde
soguk zincirle laboratuvara getirilmistir.

Sekil 1. Ornekleme lokasyonlar1
Figure 1. Sampling locations
2.2. Orneklerin Fizikokimyasal Parametreleri

Atattirk Baraji Golu Egri cay1, Gerger, Kahta, Samsat ve
Sitilce kollarindan alinan ytiizey suyu ¢rneklerinde toplam
¢oziinmiis katt madde (TDS), elektriksel iletkenlik (EC),
pH ve sicaklik gibi fizikokimyasal 6zellik parametreleri
arazide YSI Professional Plus cihaz1 kullanilarak
olctilmiistiir ve Yeriistii Su Kalitesi yonetmeligine gore
degerlendirilmistir (Tablo 1).

2.3. Bakteriyolojik Analizler

Su orneklerinin, steril fizyolojik tuzlu su (%0.9 NaCl)
kullanilarak seri sulandirmalar1 yapilmis Harlequin
Escherichia coli / Koliform agar (Neogen) besiyerine tek
kullanimlik steril yayma ¢ubugu ile inokiile edilip 37°C’de
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12-24 saat inkiibasyona brrakilmistir. Inkiibasyon siiresi
sonunda mavi-mor koloniler E. coli siipheli olarak
secilmistir. Bakteri suslarindan EMB (Eosin Mthylen-blue
Lactose Sucrose) (Merck) agara ¢izgi ekim yapilarak yesil
parlak zon verenler degerlendirmeye alinmistir. Standart
mikrobiyolojik analizlerden gram boyama, indol, metil
kirmizisi, voges proskauer ve sitrat testleri uygulanmustir.
Diger analizleri yapilmak tizere triptik soy agar (TSA)
(Merck) besiyerine stok kiiltiirleri yapilmustir.

Tablo 1. Yeriistii su kalitesi yonetmeligine gore su Kkalitesi
parametreleri

Table 1. Water quality parameters according to the surface water
quality regulation

Su Kalite Siniflar1 @

Su Kalite Parametreleri

I I il v
pH 6-9 6-9 6-9 -
iletkenlik (uS/cm) <400 1000  >1000 -
Coziinmiis oksijen (mg/L) >8 6 <6 -
Sicaklik (°C) <25 <25 <30 >30

a Yertistii Su Kalitesi Yonetmeligi
2.4. Antibiyotik Direncliliklerinin Belirlenmesi

Antibiyotik direng testi, Klinik Laboratuvar Standartlar:
Enstittist (CLSI) kilavuzlarina gore Kirby-Bauer disk
diftizyon testi ile Mueller Hinton Agar (MHA) besiyeri
kullarilarak gerceklestirilmistir (Bauer et al., 1966). 12-24
saatlik bakteri kiiltiirlerinin bulanikligi 0.5 McFarland
standart referans araligina ayarlanmistir. Steril ekiivyon
c¢ubugu ile Mueller Hinton agar besiyerine inokiile
edildikten sonra agar plaklari1 37°C'de 16-18 saat inkiibe
edilmistir. Inkiibasyon siiresi sonunda olusan inhibisyon
zon caplar1 olgiilmiis sonuglar sefazolin ve seftarolin
antibiyotikleri icin Eucast (2019), diger antibiyotikler icin
ise CLSI (2020) standart referans degerleri dikkate alinarak
duyarli, orta direngli ~veya  direncli  olarak
degerlendirilmistir. Orta direngli olan sonuglar direncli
sinifina dahil edilmistir. Escherichia coli ATCC 25922 susu,
antibiyotik diren¢ testi igin kontrol susu olarak
kullanilmistir. Calismamizda Bioanalyse marka Sefazolin
(CZ-30 pg), Sefuroksim (CXM-30 pg), Sefotaksim (CTX-30
ug), Sefepim (FEP-30 pug), Seftarolin (CPT-5 pg),
Eritromisin (E-15 pg), Gentamisin (CN-10 pg), Imipenem
(IPM-10 pg), Tetrasiklin (TE-30 pg), Kloramfenikol (C-30
ng) antibiyotik diskleri kullanilmustir.

Coklu antibiyotik direnglilik (CAD) indeksi = a/b

a: Test organizmalarinin direncli oldugu antibiyotik sayisi
b; Toplam kullanilan antibiyotik sayisi degerleri ile
hesaplanmistir.

CAD indeks degeri >0.2 ise izolatin, insan veya
hayvan kaynakl1 yiiksek riskli antibiyotik kontaminasyon
kaynaklarina maruz kaldig1 degerdir. CAD indeks degeri
<0.2 antibiyotik nadir veya hi¢c kullanilmadiginda
gozlenen degerdir (Krumperman, 1983).

2.5. Istatistiksel Analiz

Verilerin normalitesi Kolmogorow-Smirnov testi ile
arastirilmustir. Veriler normal dagilmadigindan Kruskal-
Wallis testini takiben Mann-Whitney U post-hoc testi ile
aralarindaki istatistiki fark P<0.05 diizeyinde analiz
edilmistir.
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3. Bulgular ve Tartisma

Atattirk Baraji Golu Egri cay1, Gerger, Kahta, Samsat ve
Sitilce kollarindan alinan yiizey suyu orneklerinin
fizikokimyasal parametreleri Tablo 2 de gosterilmistir.

Tablo 2. Su 6rneklerine ait fizikokimyasal parametreler

Table 2. Physicochemical parameters of water samples

DS (mg/L) I(lﬁtsl;e;nljf pH SICOa(l:(llk
Egri cay1 1 (E1) 8.71 198 8.88 36
Egri cay1 2 (E2) 8.99 225 8.83 35
Sitilce 1 (STL1) 9.34 273 8.88 34
Sitilce 2 (STL2) 8.73 259 8.88 36
Samsat 1 (S1) 135 196 8.84 35
Samsat 2 (S2) 15.23 225 8.43 33
Kahta 1 (K1) 11.36 231 8.61 34
Kahta 2 (K2) 11.58 241 8.74 36
Gerger 1 (G1) 10.81 256 7.91 32
Gerger 2 (G2) 10.61 234 8.86 31

Ornekleme noktalari TDS degeri bakimindan (8.71-
15.23 mg/L), elektriksel iletkenlik degeri bakimindan
(196-273 pS/cm) cok iyi smif kalitededir. Ornekleme
noktalarmndaki pH degerleri, 7.91-8.88 degerleri arasinda
degiskenlik gostererek Tiirkiye kita igi yertisti su
kaynaklarinin ~ genel kimyasal ve fizikokimyasal
parametreler acisindan simflandirmasma gore Kkalite
kriterleri standart limit degerleri (6-9) igerisinde yer
almaktadir. Atatiirk Baraji golt 6rnekleme noktalar1 pH
degerleri dikkate alindiginda alkali ozellik gosterdigi
goriilmektedir. Daha ©nce yapilan c¢alismalarda benzer
alkali su 6zelliginin evsel ve endiistriyel atik su desarjina
bagh olarak ortaya giktig1 belirtilmistir (Tas et al., 2008;
Toroglu et al., 2006). Ornekleme istasyonlarmin sicaklik
degerleri (31-36°C) bakimindan IV. sinuf kalitededir. Bu
yiiksek sicaklik degerleri mevsimsel sartlara baglh olarak
orneklemenin yapildig1 agustos ayimndaki ytiksek sicaklik
degerlerinden kaynaklanmaktadur.

Atattirk Baraji Golii Egri cay1, Gerger, Kahta, Samsat
ve Sitilce kollarindan alinan su drneklerinden Harlequin
Escherichia coli / koliform agarda 79 adet mavi-mor koloni
E. coli stipheli olarak izole edilmistir. Bunlardan EMB
agarda 70 adedi yesil parlak zon vermistir. Daha sonra
standart mikrobiyolojik analizlerden gram boyama, indol,
metil kirmizisi, voges proskauer ve sitrat testleri
uygulanarak her bolgeden 7’ser adet olmak tizere
toplamda 70 adet bakteri tanimlanmustir. Bu bakterilere ait
antibiyotik direng oranlar1 Sekil 2" de verilmistir.

Izole edilen bakterilerin %95'inin eritromisine kars:
direngli oldugu, takiben seftaroline (%31.42) ve sefazoline
(%30) direncli olduklar1 bulunmustur. Tetrasiklin
direngliligi  %14.28, kloramfenikol direngliligi %8.50,
sefuroksim direncliligi %4.28 ve sefotaksim ile sefepim
direnclilikleri de %2.85 olarak hesaplanmustir. Izole edilen
bakterilerin tamaminin ise gentamisin ve imipeneme kars1
hassas olduklart1 bulunmustur. Ulkemizde de farkl
bolgelerde ytizeysel su sistemlerinden alinan 6rneklerde
antibiyotik direnclilik profilleri calisilmistir. Matyar et al.
(2014), Seyhan Baraji Goli ve Seyhan Nehri'nden izole
ettikleri 286 gram negatif bakteride ampisilin (%80.2),
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streptomisin (%71.6) ve sefazoline (%60.4) kars1 yiiksek
direng orami oldugunu belirlemislerdir. Kurekci et al.
(2017), Asi Nehri'nden izole ettikleri E. coli suslarinda
genis spektrumlu P-laktam grubu antibiyotiklere karsi
direnci rapor etmislerdir. Buyukkaya Kayis et al. (2018),
Golbast ve Azapli gollerinden toplam 248 bakteri izole
ettikleri calismalarinda sefazolin (98%) ve penisiline
(100.0%) kars: ytiksek direng oranlar: tespit etmislerdir.
Akkan et al. (2019), iskenderun Korfezi deniz suyundan
izole ettikleri 161 gram negatif bakteri tizerinde yaptiklar:
calismada, antibiyotik diren¢ oranlarmin eritromisine
%94,4, ampisiline %72.7, streptomisine %68.3, sefazoline
%64.6 ve karboksipeneme %57.1 olarak kaydetmislerdir.
Mercimek Takci et al. (2021), Seve baraji ve Konak
goletinden (Kilis) izole ettikleri E. coli suslarinda
ampisiline (%80.95), sefazoline (%66.67), streptomisine
(%19.04) ve tetrasikline (%14.28) kars1 orta diizeyde direng
oldugunu ortaya koymuslardir. Bahsi gecen calismalar
dikkate alindiginda, farkli sucul ekosistemlerden izole
edilen bakterilerin direncli olduklar: antibiyotik gruplar

da farklilik gosterebilmektedir. Bu durum, sucul
ekosistemin  etki alaminda  bulundugu  karasal
ekosistemdeki antibiyotik kullanim ile

iliskilendirilmektedir (Giingor et al., 2021). Calismamizda
ozellikle eritromisine kars1 olan yiiksek direng (%95) bu
antibiyotigin bolgede enfeksiyon hastaliklarin tedavisinde
yogun olarak kullanildigmi diistindtirmektedir.

Antibiyotik direng oranlar1 (%)
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Sekil 2. izole edilen E coli’lerin antibiyotik duyarlilik profilleri
Figure 2. Antibiotic susceptibility profiles of E. coli isolates

izole edilen bakterilerin CAD indeksleri Sekil 3'de
gosterilmistir. ~ Sitilce istasyonundan izole edilen
bakterilerin %85.71'inin CAD indeksinin 0.2’den biiytik
oldugu belirlenmistir. istasyonun ortalama CAD degeri ise
0.37 olup, izole edilen iki bakteride CAD indeksinin
oldukca ytiksek (0.5) oldugu tespit edilmistir. Egri cay1
istasyonu icin izole edilen bakterilerin %50’sinin CAD
indeksleri 0.2’den biiytik olmakla birlikte, istasyonun
ortalama CAD indeksi ise 0.26 olarak hesaplanmistir.
Kahta, Gerger ve Samsat istasyonlarindan izole edilen
bakterilerin tamaminin CAD indeksleri 0.2’den kiigiik
veya esittir.



Buyiikkaya Kayis, (2022)

Comm. J. Biol.

6(1), 105-109.

CAD indeksleri

0,6

0,5

0,4

0,3

0,2

01

0

NP AP A 4\

N OO

N
NN
NN

NP D
W

%
&

Sekil 3. Ornekleme istasyonlarmin CAD indeks oranlar1

D D D AP AL A 420200 D P B AN 4D 0P 0P A PPN D 0D B A DB DN 5 D A
YIS 0 Rt g gugugododagagegedededadaiaia oy

Figure 3. Multiple antibiotic resistance (MAR) indexes of sampling locations

Istasyonlarm CAD indekslerinin istatistiksel olarak
analizine ait veriler Tablo 3’de gosterilmistir. Bolgeler
arasinda Kahta 1 ve2, Gergerl ve 2 ve Samsat 1 ve 2
bolgelerinde CAD indeksleri bakimindan 6nemli bir fark
olmamakla birlikte, CAD indeksleri bakimindan Stilce 1 ve
2 ile Egricay1 1 ve 2 bolgelerinin bu bolgelere gore 6nemli
olctide yiiksek degerde oldugu belirlenmistir.

Tablo 3. CAD indekslerinin istatistiksel analizleri

Table 3. Statistical analyses of MAR indexes

CAD Indeksi

Ort#std hata
Sitilce 1 0.386+0.0342
Sitilce 2 0.357+0.037ac
Egricay1 1 0.243+0.020vd
Egricay1 2 0.271£0.029<d
Kahta 1 0.100+0.000¢
Kahta 2 0.071+0.029¢
Gerger 1 0.114+0.014¢
Gerger 2 0.114+0.014¢
Samsat 1 0.143+0.020e
Samsat 2 0.100+0.000¢

Veriler aritmetik ortalamatstandart hata olarak sunulmustur
(N=7). Aynm1 harf icermeyen veriler arasinda istatistiksel fark
vardir (P<0.05)

Daha 6nce yapilan calismalarda 6zellikle durgun su
ozelligi olan gollerde ve bunlar1t besleyen akarsularda
yiiksek CAD indekslerine rastlandig1 goriilmektedir.
Ornegin, Seyhan Baraji Golii ve Seyhan Nehrinden izole
edilen gram negatif bakterilerde yapilan calismada
antibiyotik ~ kontaminasyonuna maruz  kalindigim
distindiiren ¢oklu antibiyotik direng indekslerinin 0.2 ile
0.81 arasinda degistigini saptamuslardir (Matyar et al,
2014). Kaya & Dinger (2016) Catalan Baraji Goli'nden 779
gram negatif bakteri izole ederek bunlarin CAD indeks
oranlarinin 0.024 ile 0.951 arasinda degistigini tespit
etmislerdir. Buyukkaya Kayis et al. (2018), Golbas1 ve
Azapli (Adiyaman) gollerinden izole ettikleri bakterilerde
yapmus olduklart calismada CAD indeksinin 0.2 ile 1
arasinda degistigini rapor etmislerdir. Akkan (2017),
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Giresun Batlama Cayindan izole ettigi Enterobacteriaceae
grubu bakterilere ait, tiim izolatlarin %77'si i¢in ¢oklu
antibiyotik diren¢ indeks degerlerini 0,2'den yiiksek
bulmustur. Bu tiir akarsular ile beslenen gollerde ytiiksek
CAD indeksine rastlanmasi evsel atiklarin, hayvan
digkilarinin ve tarimda kullanilan gesitli ilaglarin akarsular
vasitasiyla sucul ekosisteme karistigini isaret etmektedir.
Atatiirk Baraji golit cografik olarak incelendiginde
Adiyaman ili simirlar igerisinden gecerek gole dokiilen
¢ok sayida akarsu tarafindan = beslenmektedir.
Adiyaman’i merkezinden gecerek Atattirk Baraji goliine
dokiilen Sitilce ve Egri cayir akarsularmin dokildtigi
bolgelerdeki Sitilce ve Egri cayi istasyonlarinda en yiiksek
MAR indeksleri elde edilmis olup bu bélgeler niifus olarak
en yogun bolgelerdir. Sitilce ve Egri cay1 istasyonlarinda
yogun direnglilik profilleri, s6z konusu akarsularin
yerlesim yerlerinden gecerek baraj goliine dokiilmeleri
sirasinda  toksik cevresel Kkirleticilerinin yam1 sira
antibiyotik kalintilarn1 da baraj goliine tasimalari ile
aciklanabilmektedir.

Sonug olarak Adiyaman Atatiirk Baraji goliinden
elde edilen fizikokimyasal parametreler su kalitesinin
belirlenen sinir degerler icerisinde oldugunu gostermekle
birlikte fekal kirlilik agisindan riskli bolgelerdir. Ozellikle
Egri cay1 ve Sitilce bolgelerinde yiiksek ¢oklu antibiyotik
direncine sahip Escherichia coli tespit edilmesi su
kaynaklarinin insan ve hayvan orjinli diski kokenli
kirleticilere maruz kaldigini gostermektedir. Bu ¢alisma,
Adiyaman Atatiirk Baraji goltintin mikrobiyolojik su
kalitesi ve antibiyotik direngliligi {izerine daha sonra
yapilacak olan calismalara 1sik tutabilecek olmasi
bakimindan da 6nemlidir.

Etik kurul onay:: Bu calisma icin etik kurul onay1 almmasina
gerek yoktur.

Cikar catismast: Yazar, ¢ikar catismasi olmadigini beyan etmistir.
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Abstract: The aim of this study was to determine the length selectivity of gillnet with 3.2, 4, 5, 6, 7, 8, 9 cm mesh size fishing of
the Sander lucioperca in Sugla Lake. Fieldwork was carried out in eight different stations of Sugla Lake in 2014 commercial
fishing season. The Select method was used to determine the selectivity parameters. A total of 801 S. lucioperca were caught in
the fishing trial length range between 15.6 and 48.3 cm. According to the bi-modal which gave the lowest deviation for gillnets,
model lengths were estimated as 16.28,20.35, 25.44, 30.53, 35.61, 40.70 and 45.79 c¢m for 3.2, 4, 5, 6, 7, 8, 9 cm mesh sizes
respectively. In consideration of both MLS and length at first maturity, gillnets with fewer than 6 cm mesh size should not be
used for S. lucioperca fishing in Sugla Lake.

Keywords: Small scale fisheries, length selectivity, sustainability, fisheries management.

Sugla Golii (Konya-Tiirkiye) Sudak Balig (Sander lucioperca Linnaeus, 1758) Avciliginda Sade
Uzatma Ag Seciciligi

Oz: Bu galismada, monofilament materyalden yapilmis 3.2, 4, 5, 6, 7, 8, 9 cm gz agikligidaki sade uzatma aglarmn Sander
lucioperca aveiligindaki seciciligi arastirilmustir. Saha calismasi, Sugla Golii'nde sekiz farkli istasyonda 2014 yili avcilik sezonu
icerisinde gerceklestirilmistir. Secicilik parametrelerinin belirlenmesinde SELECT metot kullanilmistir. Arastirma siiresince
15,6 - 48,3 cm toplam boy araliginda 801 adet balik yakalanmustir. En diisiik sapmay1 veren bi-modal’e gore yapilan
degerlendirmeler sonucunda, 3.2, 4, 5, 6, 7, 8, 9 mm goz agikligindaki solunga¢ aglarinin model boylar: sirastyla 16.28, 20.35,
25.44,30.53, 35.61, 40.70 ve 45.79 cm olarak tahmin edilmistir. Tiiriin hem ilk tireme boyu hem de yasal boy sinir1 g6z oniinde
bulunduruldugunda Sugla Gélii'nde S. lucioperca avciliginda 6 cm’den daha kiiciik goz acikligindaki monofilament aglar
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kullanilmamalidir.

Anahtar kelimeler: Kiiciik dlcekli balikcilik, boy seciciligi, stirdiirtilebilirlik, balik¢ilik yonetimi.

1. Giris

Avrupa orjinli bir tir olan Sudak balig (Sander
lucioperca)nin, Turkiye’de Bafra Lagiinlerinde ve
Marmara Bolgesinde Cekmece ve Terkos Golleri'nde
dogal stoklar1 olmasina karsin, 1955 yilinda Egirdir
Goli'nde ekonomik degeri olmayan diger balik tiirlerinin
degerlendirilmesi amaciyla gerceklestirilen bir asilama
calismast sonrasinda goller bolgesindeki dagilimi hiz
kazanmistir (Sarithan, 1979; Balik et al., 2006). Tiirtin
Beysehir Golii'ne girisi 1978-1980'1i yillara dayanmaktadir
(Balik, 1999a), Sugla Goli'ne de Beysehir Golii'nden
gectigi duistintilmektedir. Golde Tinca tinca, Vimba vimba
tenella, Capoeta capoeta, Carassius gibelio, Pseudophoxinus
anatolicus  ve  S.  lucioperca  tlrlerinin  yasadig:
bildirilmektedir (Cakmak et al., 2012).

Kullanim kolaylig1 (hafif olmasi nedeniyle kiictik
teknelerde taginmasinin kolay olmasi, avcilik stirecinin
herhangi bir motor giiciine ihtiya¢ duyulmadan insan
gicli ile basarili bir sekilde tamamlanabiliyor olmast),
disiitk maliyeti, dayanikli ve verimli olmast nedeniyle
monofilament uzatma aglar1 Tirkiye'de i¢ su balikcilar:
tarafindan en c¢ok tercih edilen av araglarindan bir

*Corresponding author: mehmetcilbiz@gmail.com

tanesidir ve Sugla Golii balikcilar: tarafindan da yaygin
olarak kullanilmaktadir.

Uzatma aglari, boy seciciligi oldukca ytiksek olan av
araclarindan bir tanesidir ve agin goz acikligr ile yakalanan
balik boyu arasinda 6nemli bir iliski vardir (Yiiksel &
Aydin, 2012). Bu iliski kii¢tik baliklarin ag goziinden diger
tarafa sorunsuzca gecebilmesi, biiytik baliklarin ise
kafalarimin  ag  goziine sigmamasindan  dolay:
yakalanmamasi esasina dayanmaktadir. Sade uzatma
aglar1 ile baligin yakalanabilmesi i¢in ag g6z agikliginin
balik basindan biiyiik, govdesinden kiiciik olmasi
gerekmektedir (Yiiksel & Aydin, 2012). Bu durum tiir
bazinda belli bir boy araligimin avlanmasmna imkan
vermektedir. Bu sayede hem ilk tireme boyunun altindaki
baliklarin hem de yiiksek tireme potansiyeline sahip
baliklarin (super-spawner) es zamanli olarak korunmasi
saglanmis olur. Uzatma aglar1 ile ilgili olarak yapilan

secicilik ~ calismalarmin  sonuglarmin  uygulamaya
aktarilmasi olduk¢a kolaydir. Bu bakimdan balik
stoklarinin  stirdiiriilebilirliginin ~ saglanabilmesi igin

gerceklestirilecek  yasal  diizenlenmelerde  segicilik

calismalarinin sonuclari ¢ok degerlidir.


https://dergipark.org.tr/tr/pub/commagene
https://doi.org/10.31594/commagene.1118152
https://orcid.org/0000-0002-7686-7570
https://orcid.org/0000-0002-7897-1734
https://orcid.org/0000-0002-9539-1467
https://orcid.org/0000-0002-9122-6966

Cilbiz et al., (2022)

Yaklagik 90 iiyesi bulunan S. S. Sugla Su Uriinleri
Kooperatifi tarafindan ytriitiilen avcilik faaliyetlerinde
Sander luciperca disinda; Cyprinus carpio, Carassius gibelio,
Tinca tinca ve Pontastacus leptodactylus tlirlerinin de avciligi
yapilmaktadir. Bu calismada Sugla Golii'nde S. luciperca
avciliginda kullanilmakta olan monofilament sade uzatma
aglarmin boy seciciligi arastirilmistir.

2. Materyal ve Metot

Goller Bolgesi'nin en 6nemli sulak alanlarindan birisi olan
(Ergun, 2020) Sugla Golu (Sekil 1), Bozkir-Seydisehir-
Beysehir ¢okiintii teknesinin giiney bolimiindeki yayvan
bir c¢anakta olusmus, onceleri Beysehir Golii'nden
beslenmekteyken daha sonralar1 Beysehir Goli'niin
sularinin Kurukafa Kanali ile Cumra Ovasi sulamasma
aktarilmasi sonras: sadece karstik kaynaklardan beslenir
hale gelmistir (KOP, 2014). Sugla Goli, 1996 yilinda
DSi'nin calismalar ile goliin etrafi toprak seddeler ile
cevrilerek bir depolama haline dontistiirtilmiis ve Konya
ovasimi sulamak icin 40 km?2lik bir rezervuar haline
getirilmistir (KOP, 2014).

L

Golyizi

Susuz A
Yalihtytk

A

——

Sekil 1. Sugla Golii ve 6rnekleme istasyonlar:
Figure 1. Sugla Lake and sampling stations

Avcilik  denemeleri Sugla Goli'niin 8 farkh
istasyonunda 2014 yii avcilik sezonu igerisinde
gerceklestirilmistir. Orneklemelerde her birisi 100 m
uzunlugunda olan 3.2, 4, 5, 6, 7, 8 ve 9 cm goz
agikliklarindaki  monofilament sade uzatma aglarn
kullamilmistir.  Avlanan baliklar avlandiklart ag goz
acikligina gore gruplandirilarak total boylar1 0.1 cm
hassasiyetinde dl¢tilmiistir.

Seciciligin belirlenmesinde, bir endirekt metot olan,
SELECT (Share Each Lengthclass Catch Total) metot
kullanilmistir (Millar, 1992; Millar & Holst, 1997; Millar &
Fryer, 1999). Verilerin degerlendirilmesinde Millar (2015,
2017) tarafindan gelistirilmis olan R kodlarmdan
yararlanilmis,  parametrelerin  belirlenmesinde  ve
grafiklerin = olusturulmasinda RStudio (v 2021.09.0)
bilgisayar programi kullanilmistir. Veriler 5 farkli model
cercevesinde (bimodal, log-normal, gamma, normal scale
ve normal location) degerlendirilmis ve en diisitk sapma
degeri veri seti i¢cin uygun model olarak belirlenmistir.

Ag gbz acgikligmma gore balik  boylarinin
karsilastirilmasinda ANOVA-Tukey"SP testi kullanilmustir.
Verilerin  degerlendirilmesi ve gorsellestirilmesinde
agricolae v 1.3-5 (Mendiburu, 2021), ggplot2 v 3.3.5
(Wickham, 2016) R paketlerinden yararlanilmustir.

3. Bulgular

Avcilik denemeleri sonucunda 15.6-48.3 cm toplam boy
araliginda 801 adet Sander lucioperca yakalanmistir. Avin
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ortalama boyu 22.2843.31 cm olarak bulunmustur. 26 cm
olan “Avlanilabilir Asgari Boyu” (AAB) baz alindiginda
avin  %87.9unun (704) yasal av boyunun altinda,
%12.1'ininde (97) yasal av boyunun tizerinde oldugu
goriilmiistiir. Ag goz agikliginin artisa baglt olarak avin
ortalama boy degerlerinde de bir artis oldugu
belirlenmistir (Tablo 1). Ag gtz acikliklarina gore ortalama
balik boylar1 arasinda istatistiksel farklilik belirlenmistir
(p<0.05). Goz aciklig1 7, 8 ve 9 cm olan ag aglardan alinan
avin ortalama boylarmin giiven araliklari, diger ag goz
acikliklarma gore gorece daha yiiksek bulunmustur (Tablo
1).

Tablo 1. Ag goz agikligina gore avin toplam boy dagilimi (cm)
Table 1. Total length distribution of caught fish by mesh size (cm)

Gozacgiklign N Min-Max Ort.+SE %95 CI
3.2 190 15.6-25.6 18.83+0.13¢ 0.250
4.0 287 17.7-28.0 21.36+0.104 0.199
5.0 172 16.3-27.7 24.51+0.13¢ 0.248
6.0 144 21.9-30.3 25.36+0.11¢ 0.214
7.0 3 25.8-27.0 26.40+0.35¢ 1.490
8.0 3 23.5-48.3 37.1047.26> 31.233
9.0 2 42.6-43.7 43.15+0.552 6.988

Avlanildiklar1 ag goz acikligina gore avin boy
frekans dagilimi Sekil 2’de verilmekte olup, ag goz
acikligindaki artisa bagl olarak, boy siniflarinda x eksenin
sag kismina dogru Kkitlesel kayma gozlenmektedir. Goz
aciklig1 7, 8 ve 9 cm olan aglarmn av verimlerinin oldukca
diistik oldugu gortilmektedir (Sekil 2).
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Sekil 2. Ag goz acikligina gore avin boy frekans dagilimi (Kesikli
cizgi avlanabilir asgari av boyunu temsil etmektedir)

Figure 2. Length frequency distribution of catch according to
mesh size (the dashed line represents the minimum landing size)

Goz aciklig1 3.2 cm olan ag icin tahmin edilen secicilik
parametreleri, model boylart ve yayilim degerleri Tablo
2’de verilmistir. Model boylar1 15.72-16.71 cm araliginda
degisim gosterdigi, yayilim degerlerinin de 2.16-3.19 cm
araliginda degisim gostermektedir. En diisiik sapmay1
veren bi-normal model mevcut veri seti icin en uygun
model olarak belirlenmistir. Ote yandan tiim modeller igin
sagilm parametresi (sapma/serbestlik derecesi) 1'in
tizerinde bulunmustur.
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Sekil 3-A’te verilmis olan sapma artiklar
grafigindeki negatif (renksiz daireler) ve pozitif
sapmalarin (renkli daireler) tiim ag g6z acikliklari icin esit
olmadigr soylenebilir. Millar (2015, 2017)'m R
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fonksiyonlar1 ile bi-normal model’e gore cizilen secicilik
egrilerinde, 3.2 - 5 cm goz agikligindaki deneme aglarimin
AAB altindaki, diger aglarinin ise AAB tizerindeki Sander

lucioperca’lar1 avlayacag ongoriilmektedir (Sekil 3-B).

Tablo 2. 3.2 cm ag goz agiklig icin segicilik parametreleri ve model boylar1

Table 2. Selectivity parameters and model length for gillnet net with 3.2 cm mesh size

Esit av giicti

Model Parametre
Model boyu (1)  Yayihm Deg. (1)  Model boyu (2) ~ Yayilm Deg. (2) ~ Sapma  Serbestlik derecesi
Normal location  k  4.91(0.03)  15.72(0.08) 3.19(0.09) - - 37541 112
o 3.20(0.09)
Normal scale ki 522002  16.71(0.08) 2.16(0.05) - - 32899 112
k2 0.45(0.02)
Lognormal w 281(0.00)  16.28(0.08) 230(0.07) - - 30946 112
o 0.13(0.00)
Gamma k  0.090.00)  16.43(0.08) 2.24(0.06) - - 31113 112
a  55.78(2.75)
Bi-normal ki 2.80 16.28(0.09) 225(0.07) - - 307.81 109
k013
ks 2753
ks -2.67
c -15.38
Av giicti a ag goz agiklig
Model Parameters
Model boyu (1) Yayilim Deg. (1) Model boyu (2) Yayilim Deg. (2) Sapma  Serbestlik derecesi
Normal location  k  5.01(0.03)  16.05(0.09) 3.27(0.09) - - 39749 112
o 3.27(0.10)
Normal scale ki 5.31(0.03) 16.99(0.08) 2.14(0.05) - - 329.51 112
ke 045(0.02)
Lognormal o 282(000)  16.59(0.08) 234(0.07) - - 30946 112
o 0.13(0.00)
Gamma k  0.090.00)  16.73(0.09) 2.26(0.06) - - 31113 112
a  56.78(2.75)
Bi-normal 283 16.59 (0.09) 230(0.08) - - 307.96 109
k013
ks 2783
ke  -2.68
c -15.80
A 9 : hesaplanmistir. Sekil 3-A ile uyumlu bir sekilde 5 cm'nin
§ : ] ) t altindaki g6z agikligina sahip tiim panellerin) uygulamada
%’: 6 . o0 olan AAB altindaki bireyleri avlayacaklar1
N 51°¢ - 0O o ongoriilmektedir.
o 440 O+ o O o
< | . & . ] .
321 @ - e T T T T T Tablo 3. Deneme aglarnin hesaplanan optimum boy ve yayilim
15 20 25 30 35 40 45 degerleri
Toplam boy (cm)
B, 50 90 Table 3. Calculated optimum length and spread values of trial nets
x il Ag gbz agiklig1 (cm) Model boyu (cm) Yayilim degeri (cm)
3 06+
& o4 32 16.28 2.25
92 4 20.35 2.81
0.0 - :
100 5 25.44 3.52
Toplam boy (cm) 6 3053 422
Sekil 3. A) Sapma artikliklar1 grafigi (agik ve koyu renkli daireler 7 35.61 492
negatif ve pozitif sapmay1 temsil etmektedir, dalremp boyut.la.rl 3 40.70 563
sapmalarin karesi ile orantilidir) ve B) Sander lucioperca icin
9 45.79 6.33

secicilik egrileri (dikey kesikli ¢izgi AAB’temsil etmektedir)

Figure 3. A) Deviance residual plots (open and filled circles
correspond to negative and positive residuals, respectively, and
the size of the circle is proportional to the square of the residual)
and B) Selection curves of gillnets for the Sander lucioperca (vertical
dashed line represented as MLS)

3.2 cm gdz agikligindaki panel i¢in tahmin edilmis
olan model boylar1 ve yayilim degerleri 6rneklemelerde
kullarulan diger panellere uyarlanmis olup sonuglar Tablo
3 gercevesinde verilmistir. Buna gore 3.2, 4, 5,6,7, 8 ve 9
cm ag goz acikliklart igin model boylari ayni sira ile 16.28,
20.35, 25.44, 30.53, 35.61, 40.70 ve 45.79 cm olarak
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4. Tartisma ve Sonug

Calisma toplam 801 balik tizerinden yiiriitiilmiis olup i¢
sularda yiirttilmiis olan diger secicilik calismalarina
bakildiginda (Cilbiz et al., 2017; Dereli et al., 2022; Yuksel
et al., 2020) o6rnek sayisinin yeterli oldugu sdylenebilir.
Orneklenen baliklarin boy araligi 15,6-48,3 olarak
belirlenmis olan popiilasyonunun boy araligr diger
calismalarda; Beysehir Golii'nde catal boy olarak 12-38 cm
(Balik & Cubuk, 2001) ve Egirdir Golii'nde yine catal boy
olarak 16-47 cm (Balik et al., 2004) araliginda bildirilmistir.
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Turtin Sugla Goli'ndeki boy kompozisyonunun diger
habitatlar ile benzer oldugu soylenebilir. Calismada
popiilasyonu olusturan bireylerin AAB altindaki ve
tizerindeki birey orani ayni sira ile %87,9 ve %12,1 olarak
bulunmus olup oranlar arasindaki ciddi farkin 6nceki
donemlerde uygulanmis olan asir1 avcilik kaynakli oldugu
diistiniilmektedir.

Ag g6z agikliginin artmast ile avin ortalama boyunda
diizenli bir artis oldugu gozlemlenmis olup (Tablo 1), bu
durumun deneme aglarinin tiirtin avciligindaki boy
seciciliginin oldukga basarilt olmasinin bir gostergesi
olarak degerlendirilmektedir. Bu durum benzer ¢calismalar
ile (Aydmn et al, 2018; Cilbiz et al, 2017) uyum
gostermektedir.

Farkli panellerden alinan avin boy dagiliminda 7, 8
ve 9 cm ag goz acikliklarinda bir duzensizlik
gozlemlenmektedir. Bu durumun popiilasyonun boy
dagilimma bagh ornek yetersizliginden kaynaklaniyor
olabilecegi diistintilmektedir.

Tablo 2'de verilmekte olan secicilik parametreleri
dogrultusunda tiim modeller icin sagilim degerinin 1'in
tizerinde oldugu gorilmektedir. Bu durum yiiksek
dagilim (over-dispersion) olarak ya yetersiz uygunluk ya
da Poisson dagilimi varsayiminin ihlal edildiginin bir
gostergesidir (Holst et al., 1998; Tesfaye, 2019). Uzatma ag1
seciciligine yonelik olarak yiiriitillen diger calismalarin
biiyiikk cogunlugunda sacilim degerinin 1'in {izerinde
oldugu gortilmektedir (Acarli et al., 2013; Ayaz et al., 2010;
Cilbiz et al., 2017; Dereli et al., 2022; Queirolo & Flores,

Comm.

J. Biol. 6(1), 110-115.
2017; Shoup & Ryswyk, 2016; Xu et al., 2021; Yuksel et al.,

2020).

Bu calismada  Sander lucioperca  avciliginda
monofilamnet uzatma aglar icin en uygun model bi-

normal bulunmustur. Bi-model modeller &zellikle,
baliklarin solungaglarindan yakalanmalarina ek olarak, ag
goziine  sikismayla, = dolasmayla,  torbalanmayla

yakalandiklart ve boy dagilim araliginin daha genis
oldugu durumlarda en uygun model olarak kabul
edilmektedir (Akamca et al., 2010; Holt, 1963; Hovgard,
1996). Bu iddiay1 destekler sekilde, calismamizda aveilik
operasyonlar1 esnasinda 6zellikle keskin disleri ile ag ipine
dolanmus fazla sayida balik gozlemlenmistir.

Sander lucioperca avciliginda uzatma a1 seciciligine
yonelik ytritilmiis olan o6nceki calismalarin  6zet
bulgular: ile mevcut calismaya ait olanlar Tablo 4'te
verilmektedir. =~ Metot ve  mateyal bakimmdan
karsilastirilabilir  olmasi bakimindan 40 mm goz
acikligindaki panel baz alindiginda model boyu Ozyurt et
al. (2011) tarafindan 21,19 cm, Kiyaga (2008) tarafindan da
20,64 cm olarak bildirilmis, bizim calismamizda ise 20,35
cm  bulunmustur. Kiigiik farkliliklar olmakla birlikte
sonuclar uyumludur. Ancak Carol & Garcia-Berthou
(2007) tarafindan 51 mm goz agikligindaki ag igin 29,23 cm
olarak bildirilen model boyu mevcut calismada 50 mm g6z
aciklig1 icin ongoriilen 25,44 cm model boyundan oldukea
yiiksektir.  Bu  durumun  puptilasyonlarin  boy
dagilimindaki farkliiktan kaynaklaniyor olabilecegi
diistiniilmektedir.

Tablo 4. Sander lucioperca avciliginda uzatma a1 seciciligine yonelik yiiriitiilmiis olan onceki ¢alisma sonuglarinin mevcut ¢alisma ile

karsilastirilmasi

Table 4. Comparison of the current and previously selectivity studies conducted on Sander luioperca gillnet fisheries

Yazar Bolge Metot N Goz agikligr (mm) Ag materyali Model boyu (cm)
Ozyurt et al. (2011) Seyhan Baraj Goli SELECT 778 402 - 21,19
Tiirkiye 44a 23,31
48a 25,43
52a 27,54
Kiyaga (2008) Seyhan Baraj Goli Holt 465 20v Monofilament 20,64
Tiirkiye 22b 22,70
240 24,76
260 28,83
Balik (1999b) Beysehir Golii Holt 1391 342402 Multifilament 15,61-18,37
Tiirkiye 40a-50a 19,13-23,92
50a-60a 23,62-28,34
60a-702 27,54-32,13
830 362-402 Monofilament 16,63-18,47
40a-44a 18,80-20,68
44a-50a 21,09-23,96
502-60a 24,00-28,80
60a-702a 27,61-32,22
Carol & Garcia-Berthou (2007) Baz1 SELECT 23 29a Monofilament 16,62
Katalan rezervuarlari 38a 21,78
ispanya 51a 29,23
64a 36,69
84,5a 48,44
101,52 58,18
135,5a 77,67
17,52 101,74
201,54 115,50
Mevcut calisma Sugla Golii, Tiirkiye SELECT 801 32a Monofilament 16,28
402 20,35
50a 25,44
60a 30,53
70a 35,61
80a 40,70
90a 45,79

a: Ag goz aqikligy; b: Ag gozii genisligi
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Becer & fkiz (1999) Egirdir Goli'nde sudak baligimin
tireme Ozelliklerini belirledikleri calismalarinda, eseysel
olgunluga erisen en kiiciik erkek ve disinin boylarin 18,8
- 20 cm (catal boy) olarak bildirmislerdir. Ttirkiye’de ticari
su tirtinleri aveiligini diizenleyen Teblig'e gore (TEBLIG
NO: 2020/20) Sander lucioperca’ nin avlanabilir asgari boyu
26 cm’dir. Bu cercevede hem ilk tireme boyu hem de yasal
boy smur1 goz oniinde bulunduruldugunda, tahmin
edilmis olan model boylarma gore, Sugla Golii'nde S.
lucioperca avcaliginda 6 com’den daha kiiciik goz
acgikligindaki monofilament aglar kullanilmamalidir.

Tesekkiir: Bu calisma 18. Ulusal Su Uriinleri Sempozyumu'nda
poster bildiri olarak sunulmustur. Yazarlar Egirdir Su Uriinleri
Arastirma  Enstitiisit  Mudirligine arazi calislarindaki
desteginden otiirii tesekkiirlerini sunmaktadir.

Etik kurul onay1: Bu calisma icin etik kurul onayr alinmasma
gerek yoktur.

Cikar catigmasi: Yazarlar, cikar catismasi olmadigimi beyan
etmisgtir.

Yazar katkist: Fikir/Kavram - M.C., A.Y., O.Y., BK,; Tasarim -
M.C, AY,0.Y.,, BK,; Denetleme/Danismanlik - M.C., A.Y., O.Y.,
B.K.; Kaynaklar/Fon Saglama -M.C., A.Y., O.Y., B.K.; Materyaller
-M.C, AY, O.Y,, BK; - Veri Toplama veya Isleme - AY., O.Y.,
B.K.; Analiz Yorumlama - M.C.; Kaynak Taramas1 - M.C.,, AY.,
0.Y., BK,; Makalenin Yazimi - M.C., A.Y., O.Y., B.K,; Elestirel
inceleme - M.C., A.Y., O.Y., BK.
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An Anomaly of Pecten in Mesobuthus turcicus Kovarik et al., 2022
(Scorpiones: Buthidae)
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Abstract: An anomaly was recorded in the pecten shape of the scorpion species Mesobuthus turcicus Kovatik et al., 2022 that
was recently described from Turkey. In this case, it is observed that marginal and median lamellae and fulcrae are fused in the
right pecten. For this reason, the pecten is bent counter clockwise. Different from other pectinal anomalies, the size of teeth is
developed normally but teeth number is fewer. This teratological anomaly on pecten is described and illustrated. This is the
first report of pecten anomaly based on marginal and median lamellae.

Keywords: Teratology, Tiirkiye, first report, scorpion.
Mesobuthus turcicus Kovarik et al., 2022'ta bir pektin anomalisi (Scorpiones: Buthidae)

Oz: Yakin zamanda Tiirkiye'den tamimlanan Mesobuthus turcicus Kovaiik et al., 2022 akrep tiirtintin pekten seklinde bir
anomali kaydedilmistir. Bu vakada sag pektende marjinal ve medyan lameller ve fulkralarin kaynastig1 gozlenmistir. Bu
sebeple pekten saat yoniiniin tersine biikiilmiistiir. Diger pektin anomalilerinden farkl olarak dis boyutlar: normal gelismistir
ancak dis sayis1 daha azdir. Pekten tizerindeki bu teratolojik anomali tanimlanmis ve resimlendirilmistir. Bu, marjinal ve
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medyan lamellerden kaynaklanan ilk pekten anomalisinin raporudur.

Anahtar kelimeler: Teratoloji, Ttirkiye, ilk rapor, akrep.

Anomalies on scorpion body occurring during embryonic
development cause teratologic disorders (Yagmur et al.,
2021). Anomalies may be deformations (malformations)
on body parts of the scorpion body. Some parts may be
absent; in addition, duplications, division or fusion may be
seen on some scorpion parts. Duplications cases were
reported by Berland (1913), Karatas & Kiirttillii (2006), and
Teruel & Baldazo-Monsivaiz (2015) on prosoma, pedipalp,
and pectinal organs, respectively. Metasoma, vesicle, and
aculeus duplications are most common duplication types
reported by many scholars (Algahtani & Badry, 2021;
Berland, 1913; Brisefio, 1963; Campos, 1918; Galvis &
Floérez-D., 2016; Lourenco & Hypolite, 2010; Sadine, 2021;
Salabi et al., 2021; Seiter & Teruel, 2014; Sergent, 1946;
Shulov & Amitai, 1955; Sissom & Shelley, 1995; Vachon,
1952, 1953, 1972; Williams, 1971). Pedipalp fusion was
reported by Cao & Solérzano (1991) and pedipalp
malformation cases were reported by Mattoni (2005),
Graham (2006), and Jahanifard et al. (2008).

Fusion and division cases on carapace and tergites
were reported by Armas (1976), Teruel (2003) and Mattoni
(2005); pedipalp fusion by Cao & Solérzano (1991); leg
malformation by Armas (1977); pectinal malformation by
Ayrey (2011) and Sari¢ & Tomi¢ (2020), and pedipalp
malformation by Mattoni (2005), Graham (2006), and
Jahanifard et al. (2008). In addition, Jahanifard et al. (2008)
reported a vesicle malformation case and David (2012)
reported a leg absence. Teruel (2003) compiled pedipalp,

*Corresponding author: ersen.yagmur@gmail.com

tergite, and cheliceral anomalies. Yagmur et al. (2021)
reported a malformation on chelicera.

Only a few anomaly cases reported on scorpion
pectins. Teruel & Baldazo-Monsivaiz (2015) reported a
pectinal duplication based on gynandromorphism but
pectins were well developed. Ayrey (2011) and Sari¢ &
Tomié¢ (2020) reported malformation on pectines. Ayrey
(2011) reported that a pectinal anomaly on a female
Vaejovis lapidicola on both two pectines. Pectins of the
specimen are quite shriveled and shorter than the normal
pectines. The abnormal pectines have significantly shorter
anterior lamellae than the normal pectens. On the
abnormal pectens the tooth area is abnormal, large
majority of the teeth are fused into a single irregularly
shaped sclerite but only the most distal tooth developed.
Sari¢ & Tomi¢ (2020) reported in the scorpion Euscorpius
sp. that some pecten teeth are fused or malformed. They
also reported that some of the fulcra are also malformed.

Mesobuthus turcicus was described by Kovatik et al.
(2022) just recently from Konya (Karapmar District),
Turkey in two localities. This species is known in these two
localities. The adult female of M. turcicus (Figs. 1A-B) was
collected from Meke Salt Lake, Karapmar, Konya
Province, Turkey (37°41'39"N 33°38'33"E, 1033 m,
09.07.2021, leg. E. A. Yagmur & 0. Sipahioglu,
AZMM/Sco-2021:18). This specimen was collected with
type specimens of M. turcicus. It is preserved in 96%
ethanol and deposited in AZMM (Alasehir Zoological
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Museum, Manisa Celal Bayar University, Alasehir,
Manisa, Turkey). Identification of the specimen was done
according to Kovafik et al. (2022). Terminology for
pectines follows Hjelle (1990).

The examined specimen has an abnormal right pectin
whereas left pectin is normal (Figs. 2A-B). The pectines are
comb-like sensory organs which are present only in
scorpions. The pectines consist of three marginal lamellae
and a variable number of median lamellae, fulcra, and
pectinal teeth (Hjelle, 1990). An area called the peg sensilla
is always located at the anteroventral edge of each pectinal
tooth (Hjelle, 1990). Besides, the pectines generally are
with various macrosetae and microsetae (Hjelle, 1990). The
normal pecten has 3 marginal lamellae, 7 median lamellae,
21 fulcra and 21 pectinal teeth. Besides there are numerous
macrosetae and microsetae on marginal lamellae and
median lamellae. All marginal and median lamellae and
fulcrae are fused (except one fulcrum exist on proximal of
the pecten) but size of teeth is developed normally.
Therefore, the pecten is bent counter clockwise; besides,
the teeth number is fewer. The abnormal pecten has 11
teeth whereas normal pecten has 21 teeth. Numerous setae
present on normal pecten. Only one seta was detected on
fulcrum and six setae on the rest of the abnormal pecten
(Figs. 3A-B).

A few cases of pectinal anomaly have been reported
up to now. Teruel & Baldazo-Monsivaiz (2015) reported a
pectinal duplication because of gynandromorphism. There
are two couple pectens in this case that normally
developed. The cases of Ayrey (2011) and Sari¢ & Tomi¢
(2020) are simply about fusion of teeth. The teeth sizes and
shapes are normal and they are not fused but fewer in
number in this case. Pectens are not bent and some teeth
are fused in the cases by Ayrey (2011) and Sari¢ & Tomi¢
(2020) that is different from our case. This is the first report
of the anomaly based on undeveloped marginal lamellae
and median lamellae.

" \
Figure 1. Female Mesobuthus turcicus. A. Dorsal view. B. Ventral
view. Scale bar: 10 mm.

Ethics committee approval: Ethics committee approval is not
required for this study.

Conflict of interest: The authors declare that there is no conflict
of interest.

Comm. J. Biol.

117

6(1), 116-118.

Figure 2. Carapace and mesosoma of ventral view of Mesobuthus
turcicus. A. Under white light. B. Under UV light.
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Figure 3. ventral view of coxosternal area of Mesobuthus turcicus.
A. Under white light., B. Under UV light.

Author Contributions: Conception - 0Y.; Design - M.SK.;
Supervision - E.A.Y.; Fund - M.S.K,; Materials - E.A.Y., 0.S,; Data
Collection or Processing - E.A.Y.; Analysis Interpretation - E.A.Y.;
Literature Review - E.A.Y.; Writing - E.ALY., 0.S.; Critical Review
-MSK, QY.

References

Algahtani, A.R., & Badry, A. (2021). A rare telson anomaly in Parabuthus
liosoma (Ehrenberg, 1828) (Scorpiones: Buthidae). Euscorpius, 336, 1-4.
http://doi.org/10.5281 / zenodo.5742109

Armas, LF. (1976). Escorpiones del archipiélago Cubana. Familia
Diplocentridae (Arachnida: Scorpionida). Poeyana, 147, 1-35.



http://doi.org/10.5281/zenodo.5742109

Yagmur et al., (2022)

Armas, L.F. (1977). Anomalias en algunos Buthidae (Scorpionida) de Cuba
y Brasil. Poeyana, 176, 1-6.

Ayrey, RF. (2011). An anomaly of pectinal organs in Vaejovis lapidicola
(Scorpiones: Vaejovidae). Euscorpius, 130, 1-6.
https:/ /dx.doi.org/10.18590/ euscorpius.2011.vol2011.iss130.1

Berland, L. (1913). Note sur un Scorpion muni de deux queues. Bulletin de
la Société entomologique de France, 18, 251-252.

Brisefio, C. (1963). Presencia de un ejemplar de alacran de la especie
Centruroides noxius, con dos colas. Revista del Instituto de Salubridad y
Enfermedades Tropicales (México), 23(3/4), 185-186.

Campos, F. (1918). Algunos casos teratologicos observados en los
Arthropodos. Annals of the Entomological Society of America, 11, 97-98.

Cao, J., & Solorzano, L. (1991). Escorpién con pedipalpo anémalo.
Restimenes II Simposio de Zoologia, La Habana: p. 48.

Galvis, W., & Florez-D, E. (2016). A new telson teratology in the scorpion
Opisthacanthus Peters, 1861 (Scorpiones: Hormuridae). Arachnology,
17(3), 157-158. https:/ /doi.org/10.13156/arac.2006.17.3.157

David, D. (2012). A seven-legged scorpion: the first teratological leg absence
found in Scorpio maurus fuscus (Scorpiones: Scorpionidae). Euscorpius,
151, 1-4. https:/ /dx.doi.org/10.18590/ euscorpius.2012.vol2012.iss151.1

Graham, M.R. (2006). Malformed pedipalp finger dentition of the scorpion
Superstitionia donensis (Scorpiones: Superstitioniidae). Euscorpius, 42, 1-
4. https:/ /dx.doi.org/10.18590/ euscorpius.2006.vol2006.iss42.1

Hjelle, J.T. (1990). Anatomy and morphology. Pp. 9-63 in: Polis, G.A. (ed.),
Biology of Scorpions. Stanford, CA: Stanford University Press.

Jahanifard, E., Navidpour S., & Masihipour, B. (2008). Pedipalps and venom
vesicle anomalies in two families of scorpions (Scorpiones:
Hemiscorpiidae, Buthidae) from Iran. Pakistan Journal of Biological
Sciences, 11(2), 309-311. https:/ /dx.doi.org/10.3923 / pjbs.2008.309.311

Karatas, A., & Kiirtiillii, M. (2006). Duplication of pedipalp segments in the
scorpion Androctonus crassicauda (Olivier, 1807) (Scorpiones: Buthidae).
Euscorpius, 43, 1-4.
https:/ /dx.doi.org/10.18590/ euscorpius.2006.vol2006.iss43.1

Kovaiik, F. Fet, V., Gantenbein, B., Graham, M.R., Yagmur, E.A,
Stéhlavsky, F., Poverennyi, N.M., & Novruzov, N.E. (2022). A revision
of the genus Mesobuthus Vachon, 1950, with a description of 14 new
species (Scorpiones: Buthidae). Euscorpius, 348, 1-189.

Lourengo, W.R.,, & Hypolite, F. (2010). A new case of duplication of the
metasoma and telson in the scorpion Euscorpius flavicaudis (DeGeer,
1778) (Euscorpiidae). Euscorpius, 102, 1-2.
https://dx.doi.org/10.18590/ euscorpius.2010.vol2010.iss102.1

Mattoni, C.I. (2005). Tergal and sexual anomalies in bothriurid scorpions
(Scorpiones, Bothriuridae). The Journal of Arachnology, 33(2), 622-628.
https:/ /doi.org/10.1636/04-125.1

Sadine, S.E. (2021). A remarkable bifid aculeus in Androctonus amoreuxi
(Audouin, 1826) from central Algeria (Scorpiones: Buthidae). Revista
ibérica de aracnologia, 38, 191-192.

Salabi, F., Jafari, H. & Forouzan, A. (2021). Report of a Rare Anomaly in the
Metasoma of Hottentotta zagrosensis (Scorpiones: Buthidae). Iranian
Journal of Science and Technology, Transactions A: Science, 45(2), 405-408.

https:/ /doi.org/10.1007 /S40995-020-01057-1

Sarié, M., & Tomié, J. (2016). The first record of malformed pectines in genus
Euscorpius ~ (Scorpiones:  Euscorpiidae).  Euscorpius, 221, 1-10.
https://dx.doi.org/10.18590/ euscorpius.2016.vol2016.iss221.1

Seiter, M., & Teruel, R. (2014). Two new cases of metasomal duplication in
scorpions, with notes on their reproductive biology (Scorpiones:
Buthidae). Revista Ibérica de Aracnologia, 24, 127-129.

Sergent, E. (1946). Anomalies chez les scorpions. Archives de I'Institut Pasteur
d’Algérie, 24(1), 80-82.

Shulov, A., & Amitai, P. (1955). A scorpion Leiurus quinquestriatus H. et E.
with two stings. Bulletin of the Research Council, Israel, 5B(2), 193-194.

Sissom, W.D., & M. Shelley, R. (1995). Report on a rare developmental
anomaly in the scorpion, Centruroides vittatus (Buthidae). The Journal of
Arachnology, 23, 199-201.

Teruel, R. (2003). Nuevos casos de anomalias morfol6gicas en escorpiones
(Scorpiones: Bothriuridae, Euscorpiidae, Hemiscorpiidae, Ischnuridae,
Iuridae, Buthidae, Chactidae, = Chaerilidae,  Diplocentridae,
Scorpionidae). Revista Ibérica de Aracnologia, 7, 235-238.

Teruel, R., & Baldazo-Monsivaiz, J.G. (2015). Hermaphroditism,
gynandromorphism, and four pectines: an extreme case of
developmental anomaly in scorpions (Scorpiones: Vaejovidae).
Euscorpius, 197, 1-7.
https:/ /dx.doi.org/10.18590/ euscorpius.2015.vol2015.iss197.1

Vachon, M. (1952). Etudes sur les Scorpions. Institut Pasteur d’Algérie,
Algér, 482 pp.

Comm.

J. Biol. 6(1), 116-118.

Vachon, M. (1953). The biology of scorpions. Endeavour, 12, 80-87.

Vachon, M. (1972). Remarques sur les scorpions appartenant au genre
Isometrus H. et E. (Buthidae). A propos de l'espece Isometrus maculatus
(Geer) habitant I'Tle de Paques. Cahiers du Pacifique, 16, 169-180.

Williams, S.F. (1971). Developmental anomalies in the scorpion Centruroides
sculpturatus. Pan-Pacific Entomologist, 47 (1), 76-77.

Yagmur, E.A., Kilig, M.S,, & Yilmaz, 0. (2021). An anomaly of chelicera in
Scorpio kruglovi Birula, 1910 (Scorpiones: Scorpionidae). Euscorpius, 335,
1-4. http:/ /doi.org/10.5281 / zenodo.5742101

118


https://dx.doi.org/10.18590/euscorpius.2011.vol2011.iss130.1
https://doi.org/10.13156/arac.2006.17.3.157
https://dx.doi.org/10.18590/euscorpius.2012.vol2012.iss151.1
https://dx.doi.org/10.18590/euscorpius.2006.vol2006.iss42.1
https://dx.doi.org/10.3923/pjbs.2008.309.311
https://dx.doi.org/10.18590/euscorpius.2006.vol2006.iss43.1
https://dx.doi.org/10.18590/euscorpius.2010.vol2010.iss102.1
https://doi.org/10.1636/04-125.1
https://doi.org/10.1007/S40995-020-01057-1
https://dx.doi.org/10.18590/euscorpius.2016.vol2016.iss221.1
https://dx.doi.org/10.18590/euscorpius.2015.vol2015.iss197.1
http://doi.org/10.5281/zenodo.5742101

Biilbul & Sarikurt, (2022) Comm. J. Biol. 6(1), 119-121.
DOI: 10.31594/commagene.1111236

First Observation of Tail Bifurcation in the Clark’s Lizard, Darevskia
clarkorum (Darevsky & Vedmederja, 1977) and the Spiny-Tailed Lizard,
Darevskia rudis (Bedriaga, 1886) (Squamata: Lacertidae)
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Abstract: Tail anomalies, such as bifurcation and trifurcation, are observed in different species of Lacertid lizards. In the
present study, bilateral tail bifurcation was observed in male specimens belonging to Darevskia clarkorum and Darevskia rudis
in the Eastern Black Sea Region of Turkey. In the specimen of D. clarkorum, SVL and TL are 55.37 mm and 66.43 mm,
respectively. Bifurcation from the base of the tail occurred at 42.82 mm. The regenerated tail is 8.45 mm. SVL and TL are 83.56
mm and 128.93 mm, respectively in the specimen of D. rudis. Bifurcation from the base of the tail occurred at 33.38 mm. The
length of the regenerated tail is 46.77 mm.

Keywords: Tail bifurcation, regeneration, anomalies, Black Sea Region, Tiirkiye.

Klark Kertenkelesi, Darevskia clarkorum (Darevsky & Vedmederja, 1977) ve Trabzon
Kertenkelesi, Darevskia rudis (Bedriaga, 1886) (Squamata: Lacertidae)’te 11k Kuyruk
Catallanmas1 Gozlemi

Oz: ikili ve tiglii catallanma gibi kuyruk anomalileri farkli Lacertid tiirlerinde gozlenmektedir. Bu calismada, Tiirkiye'nin Dogu
Karadeniz Bolgesi'nde Darevskia clarkorum ve Darevskia rudis tiirlerine ait erkek bireylerde ikili kuyruk catallanmasi
gozlenmistir. D. clarkorum drneginde, SVL ve TL sirastyla 55,37 ve 66,43 mm’dir. Kuyruk tabanindan catallanma 42,82 mm’de
meydana gelmistir. Rejenere kuyruk 8,45 mm uzunlugundadir. D. rudis drneginde, SVL ve TL sirastyla 83,56 ve 128,93 mm’dir.
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Kuyruk tabanindan catallanma 33,38 mm’de meydana gelmistir. Rejenere kuyruk ise 46,77 mm uzunlugundadir.

Anahtar kelimeler: Kuyruk catallanmasi, rejenerasyon, anomaliler, Karadeniz Bolgesi, Ttirkiye.

Many lizard species use caudal autotomy, a special
anatomical structure that separates their tails to escape
from wild animals (Bateman & Fleming, 2009; Zani, 1996).
The severed tail distracts predators and gives the lizards a
chance to escape from its predator (Clause & Capaldi,
2006). It is not only a predation prevention strategy but it
can also occur during social interactions such as
intraspecific competition, mating, and threatening rivals in
the living areas of the lizards (Iverson et al., 2004; Koleska
et al, 2017). Tail loss occurs when the vertebrae
(intravertebral) or between the vertebrae (intervertebral)
are broken by contraction along the fracture planes and the
veins in that area are occluded (Arnold, 1984). In a few
weeks, a new cartilaginous bone is formed in place of the
severed tail and it does not separate again (Zani, 1996;
Clause & Capaldi, 2006; Alibardi, 2010).

In some cases, complications occur with incomplete
autotomy. An additional tail grows in that part and two
tails, called bifurcation, and related malformations
develop (Tamar et al., 2013a). The presence of more than
one tail in a lizard can adversely affect its adaptability
because the tail can affect activities such as the balance in
movement, foraging, mating, and escaping from predators
(Passos et al., 2014).

In the present study, we report the first observation
of tail bifurcation for the Clark’s Lizard, Darevskia

clarkorum (Darevsky & Vedmederja, 1977) and the Spiny-
Tailed Lizard, D. rudis (Bedriaga, 1886) from eastern Black
Sea Region of Turkey.

Darevskia clarkorum is a medium sized lizard. It is
currently known from southwest Georgia (Adzharia) and
part of northeastern Turkey, from Artvin to Giresun
(Arribas et al, 2021). The number of the known
populations of D. clarkorum is decreasing. The species is
classified as Endangered (EN) according to the IUCN Red
List of the Threatened Species and the number of the
mature individuals is continuing to decline in its known
populations (Tuniyev et al., 2009).

Darevskia rudis lives in the northeastern and central
Anatolia; southern, southeastern, and western Georgia;
northern slope of the central Caucasus; Dagestan Russia
and northwestern Azerbaijan at elevation up to 2000 m
(Arribas et al., 2013). The species is classified as Least
Concern (LC) according to the IUCN Red List of the
Threatened Species (Tok et al., 2009).

During the field research on 16 May 2021, tail
bifurcation was observed in a male specimen of Darevskia
clarkorum captured from Cayurici Village, Tonya, Trabzon
Province, (GPS Data, N:40°49' 44.5' and E: 39°18' 03.54"",
960 m as.l). The specimen was caught by hand and
anaesthetized with a MS-222 solution. Sex was identified
by the absence/presence of palpable hemipenis pockets.
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This is the characteristic feature used for sex determination
in Squamates (Budak & Go¢men, 2008). After
measurements, the lizard was released back into its
habitat. SVL [(snout-vent length), tip of snout to anal cleft]
and TL [(tail length), anal cleft to the tip of tail] were
measured using a digital caliper with an accuracy of 0.01
mm. Bifurcation from the base of the tail occurred at 42.82
mm. The regenerated tail is 8.45 mm (Fig. 1).

\

Figure 1. Tail bifurcation in a male specimen of Darevskia clarkorum

On May 23, 2020, tail bifurcation was observed in a
male specimen of Darevskia rudis during the field research
between the Murgul and Borcka districts of Artvin
Province in Turkey (GPS Data, N: 41° 18" 40.7"" and E: 41°
37" 40.3"", 302 m a.s.L.). The specimen was caught by hand
and anaesthetized with a MS-222 solution. Sex was
identified by the absence/presence of palpable hemipenis
pockets. After measurements, the lizard was released back
into its habitat. SVL and TL are 83.56 mm and 128.93 mm,
respectively. Bifurcation from the base of the tail occurred
at 33.38 mm. The length of the regenerated tail is 46.77 mm

(Fig. 2).

Figure 2. Tail bifurcation in a male specimen of Darevskia rudis
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Tail bifurcation was recorded in the different
lacertids [Acanthodactylus aegyptius Baha El Din, 2007
(Stark et al., 2018), Algyroides nigropunctatus Dumeril &
Bibron, 1839 (Koleska & Jablonski, 2015), Lacerta agilis
Linnaeus, 1758 (Dudek & Ekner-Grzyb, 2014; Kolenda et
al.,, 2017, Ramadanovi¢ & Zimié¢, 2019), Lacerta viridis
Laurenti, 1768 (Stojanov et al., 2011), Ophisops elegans
Ménétries, 1832 (Tamar et al., 2013b), Podarcis erhardii
Bedriaga, 1882 (Brock et al., 2014), Podarcis muralis
Laurenti, 1768 (Pola & Koleska, 2017; Badiane, 2017; Sorlin
et al., 2019), Teira dugesii Milne-Edwards, 1829 (Koleska et
al., 2017), and Zootoca vivipara Lichtenstein, 1823 (Dudek &
Ekner-Grzyb, 2014; Kolenda et al., 2017)].

This study indicates that tail bifurcation is present in
Darevskia Arribas, 1997 species as well as in species from
other lacertid genera. The status of other species in the
genus Darevskia may be revealed in future studies.
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Abstract: Knowing the parasites that Mus musculus, the house mouse, can carry is important both for the reliability of the
experiments and for public health. In this review, a list of endo and ectoparasite species that can be carried on M. musculus is
given and attention is drawn to the zoonotic species that pose a danger to public health. Various databases, including PubMed,
Researchgate, Sciencedirect, Google Scholar, and Pubmed Central, were used to collect the data. Parasite species detected in
M. musculus are presented in a table that provides localization and country information. The zoonotic species in the created
table were investigated again and their related diseases were mentioned briefly. As a result of the literature review, 2 species
of Acantocephala, 15 species of Trematoda, 18 species of Cestoda, 56 species of Nematoda, 23 species of ectoparasites and 9
species of protozoans were found. 17 species were identified at the genus level in the total of 91 species of helminths. It has
been reported that mice can be artificially infected in the laboratory with five helminth species. It was concluded that laboratory
mice can be the host of at least 109 different types of parasites in total. Among the ectoparasites carried by the house mouse,
Xenopsylla cheopis, Nosopsyllus spp., and Rhipicephalus spp. species are vectors for important zoonotic diseases. Among
endoparasites, 12 helminth species and 2 protozoan species can cause disease in humans as well. It will be beneficial to inform
the public about these infections.

Keywords: Helmintic infections, public health, safety of laboratory, zoonosis.
Ev Fareleri Mus musculus’ta Bulunabilen Parazitler

Oz: Mus musculus tiirii ev faresinin tagiyabilecegi parazitlerin bilinmesi, hem deneylerin giivenilirligi hem de halk saglig
agisindan énem arz etmektedir. Bu derleme ¢alismasinda M. musculus tizerinde tasinabilen endo ve ektoparazit tiirlerinin bir
listesinin verilmesi ve halk saghigi agisindan tehlike yaratan zoonoz tiirlere dikkat ¢ekilmesi amaclanmistir. Verilerin
toplanmasi icin PubMed, Researchgate, Sciencedirect, Google Scholar ve Pubmed Central’in de aralarinda bulundugu cesitli
veri tabanlarindan yararlanilmustir. M. musculus’ta saptanmus parazit tiirleri lokalizasyonlar1 ve tilke bilgileri verilerek bir tablo
halinde sunulmustur. Olusturulan tablodaki zoonoz tiirler tekrar arastirilarak ilgili olduklar: hastaliklara kisaca deginilmistir.
Literatiir arastirmasi sonucunda 2 tiir Acantocephala, 15 tiir Trematoda, 18 tiir Cestoda, 56 tiir Nematoda, 23 tiir ektoparazite
ve 9 tiir protozoona rastlanmistir. Toplam 91 tiir helmint icinde 17 tiir cins diizeyinde tanimlanabilmistir. Farelerin, bes helmint
tiirti ile laboratuvarda yapay olarak enfekte edilebildigi bildirilmistir. Laboratuvar farelerinin toplamda en az 109 farkl tiir
parazitin konag: olabilecegi sonucuna varilmistir. Ev faresinin tasidig1 ektoparazitlerden Xenopsylla cheopis, Nosopsyllus spp.
ve Rhipicephalus spp. tiirleri 6nemli zoonoz hastaliklar i¢in vektordiir. Endoparazitlerden 12 tiir helmint ve 2 tiir protozoon
insanlarda da hastalik yapabilen tiirlerdir. Toplumun bu enfeksiyonlar hakkinda bilgilendirilmesi faydali olacaktir.

Anahtar kelimeler: Halk saglig1, helmintik enfeksiyon, laboratuvar giivenligi, zoonoz.

1. Giris

Kemirgenler, Antarktika ve bazi izole adalar disinda tiim
diinyaya yayimistir (Wilson & Reeder, 1993).
Kemirgenler, insanlarda o©nemli parazitik zoonoz
kaynaklaridir ve 16'st helmint paraziti olan en az 70
zoonotik hastaligin rezervuar1 ve vektorii olarak hizmet
ederler (Rabiee et al., 2018). Bu agidan bakildiginda, cesitli
zoonotik elemanlar: tasima konusunda diger pek ¢ok
hayvandan daha Dbiiytitk bir bulasa sahiptirler
(Kataranovski et al, 2008). Kemirgenlerin toprag:
havalandirmak, su emilimini artirmak, biotik geri
dontisimti  olanakli  hale  getirmek ve  bdcek
populasyonlarmi kontrol altinda tutmak gibi faydalar
olmakla beraber, birincil tiiketici olarak depolanmis

gidalar tizerinden beslenmeleri nedeniyle ©6nemli
ekonomik kayiplara neden olabilmekte ve cesitli
hastaliklarin  insanlara gegis riskini artirmaktadirlar

(Khaghani, 2007). Farelerin de dahil oldugu cesitli

*Corresponding author:511503003@ogr.uludag.edu.tr

laboratuvar hayvanlarindan insanlara yaklasik 150 ila 200
hastalik aktarilabilir. Hymenolepis nana, H. diminuta,
Syphacia  muris, S. obvelata, Physaloptera, Schistosoma,
Trichinella gibi cesitli paraziter helmintlerin yan sira rat
isirigl  atesi,  tiiberkiiloz,  leptospiroz,  lenfositik
koriomenenyjit, salmonelloz ve kanamali ates etkeni olan
¢ok sayida zoonoz, insanlara laboratuvar hayvanlar
aracitligryla gecebilmektedir (Hugq et al., 1985). Laboratuvar
fareleri in vivo deneysel calismalar icin en gok tercih edilen
deney hayvanlaridir. Deney hayvani olarak kullanilan
Mus musculus tiirli ev faresi, kozmopolit bir tiirdiir ve
diinyada genis bir cografyada dogal olarak yay1lis gosterir.
Ev faresi M. musculus'ta bulunabilen helmintlerden
Trichinella, — Echinococcus, ~Hymenolepis, Capillaria ~ ve
Angiostrongylus halk sagligin ilgilendiren cinslerdir. C.
hepatica insanlarda ve diger hayvanlarda siddetli
sendromlara neden olmaktadir (Fuehrer et al., 2011).
Deney farelerinde goriilen helmintik enfeksiyonlar ise
deney sonuglarimni olumsuz etkileyebilmektedir.
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Arastirmacilar laboratuvar farelerinde S. obvelata ve
Aspicularis tetraptera tiirti oksyurid nematodlara ve H. nana
tiirti sestoda rastlandigini gostermislerdir (Goksu et al.,
1972; Tanideh et al., 2010). Yeterli sanitasyonun saglandig1
laboratuvarlarda tiretilen ve bakilan deney farelerinde az
sayida helmint tirti bulunabilirse de, sanitasyonun
stipheli oldugu laboratuvarlarda stirpriz helmint tiirleri ile
karsilasmak da mumkiindiir. Hedrich (2012), laboratuvar
farelerinde ~ Taenia  taeniaeformis  tiiri  parazite
rastlanabildigini ve bu tiirtin kedileri konak olarak
kullandigimni ifade etmistir. Bu gibi 6rnekler M. musculus
turti  fareleri enfekte edebilen helmint tiirlerinin
bilinmesini zorunlu kilmaktadir. Yerytiztinde kesfedilmis
ve kesfedilmeyi bekleyen yiiz binlerce helmint tiiri
mevcut olmakla beraber, parazit-konak spesifikligi belli
bir tiir konag1 enfekte edebilen parazit tiirlerinin sayica
sinirli kalmasini saglamaktadir. Bu calismada M. musculus
tirtinii enfekte edebilen helmint parazitlerinin hangileri
olabilecegi, konakta nerede bulunabilecegi ve hangi
tilkede tespit edildikleri konusunda bilgi verilmesi ve halk
sagligimm ilgilendiren zoonotik tiirlere dikkat cekilmesi
amaglanmugtir.

2. Materyal ve Metot

Bu bir derleme calismasi oldugu icin konuyla ilgili
makaleler Google Scholar (2022), Pubmed Central (2022),
Pubmed (2022), Researchgate (2022) ve Science Direct
(2022)  veritabanlarindan ve internet sitelerinden
aragtirldi. Ayrica Bursa Uludag Universitesi Kiitiiphanesi
(2022)'nin online olanaklarindan yararlanilarak abone
oldugu dergilere erisildi. Arama motorlarinda kullanilan
anahtar kelimeler olarak ilk 6nce “helminths of laboratory
mice”, sonra “helminths of mice”, “helminths of Mus

Tablo 1. Mus musculus'u enfekte edebilen parazit tiirleri

Table 1. The parasite species that can infect Mus musculus
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musculus”, “endoparasites of mice”, “parasites of
laboratory mice” ve “parasites of Mus musculus” terimleri
yazildi. Bulunan parazitler, ev ve laboratuvar farelerinde
bulunan ve yabani ortamdan yakalanan farelerde bulunan
endo ve ektoparazitler olarak kaydedildikten sonra,
bunlarm timiti M. musculus’'ta bulunan parazitler baslig
altinda birlestirildi. Daha sonra bu parazitler zoonoz olup
olmadiklar1 agisindan arastirildilar.  Bu  parazitler
sistematik gruplarina gore gruplandirilarak bulunduklar:
viicut boltiimii ve saptandiklari tilke bilgileri ile birlikte bir
tablo halinde verildi.

3. Bulgular ve Tartisma

Bu derleme calismasinda Mus musculus’ta bulunabilecek
parazit tiirleri, bu parazitlerin enfeksiyon bolgeleri ve
saptandiklar1 tilkeler ortaya konulmustur. Listedeki
parazitlerin biiytik cogunlugu, dogal ortamdan yakalanan
ev farelerinde teshisi yapilmus tiirlerden olusmaktadir.
italya ve Kanarya Adalar’'nda yakalanan farelerin ¢ok
sayida helmint tiirti bulundurduklar: rapor edildigi i¢in
listedeki tiirlerin 6nemli bir kismi bu bélgelerde bulunan
fare parazitlerinden olusmaktadir. Ayrica Iran ve
Nijerya’da dogadan yakalanan farelerin parazitlerine dair
yayinlar mevcut oldugu i¢in, 6zellikle nematod ttirlerinin
siralanmasinda bu verilerden yararlanilmistir. fran ve
Nijerya’da yakalanan farelerdeki nematodlarin dérdii
(Trichuris sp., Angiostrongylus sp., Strongyloides sp. ve
Trichosomoides sp.) ancak cins diizeyinde
tanimlanabilmisse de bunlardan Trichuris, Angiostrongylus
ve Strongyloides, insanlarda da hastalik yapabilen cinsler
olduklar1 icin bu sonuglar dikkate degerdir. Farelerde
bulunan parazitlerin listesi Tablo 1’de verilmektedir.

Helmintin tiirii Bulundugu organ

Bulundugu tilke

Referans

Acanthocephala

Moniliformis moniliformis Ince bagrsak

Rusya
Prosthorhychus cylindraceus (larva) Peritonal bosluk
Trematoda
Digenea
Brachylaima spp. Bagirsak Italya

Brachylaemus aequans

Corrigia spp. Fransa
Corrigia vitta Bulgaristan
Fasciola hepatica Fransa
Mesostephanus aegypticus Misir
Plagiorchis elegans Rusya

Plagiorchis maculosus

[ran, Kanarya adalari, Moldova,

Kanarya adalar1

Bulgaristan, Rusya

Ukrayna, Rusya

Zarei et al. 2016, Feliu et al. 2012; Andreiko, 1973;
Rizhikov, 1978
Feliu et al. 2012

Milazzo et al. 2003

Genov, 1984; Rizhikov, 1979
Jiménez, 1992

Genov, 1984

Jiménez, 1992

Elshazly et al. 2008
Rizhikov, 1978

Sharpilo, 1966; Rizhikov 1978
Rizhikov, 1978

Elshazly et al. 2008

Genov, 1984

Elshazly et al. 2008

Jiménez, 1992

Plagiorchis sp. Rusya
Prosthodendrium ascidia Misir
Psilotrema simillimum Bulgaristan
Stictodora tridactyla Misir
Zoonorchis sp. Fransa
Artyfinostomum indicum Pakistan
Artyfinostomum sufrartyfex Pakistan

Rajper et al. 2018
Rajper et al. 2018
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Helmintin tiirti Bulundugu organ Bulundugu tilke Referans
Cestoda
Catenotaenia pusilla Bagirsak Sirbistan, Bulgaristan, Kataranovski et al, 2008; Genov, 1984;

Cysticercus fasciolaris
Echinococcus multilocularis

Hydatigera taeniaeformis

Hymenolepis diminuta

Hymenolepis nana

Hymenolepis sp.
Mathevotaenia symmetrica
Mesocestoides lineatus
Mesocestoides sp.
Paranoplocephala sp.
Rodentolepis akodontis
Rodentolepis fraterna

Rodentolepis microstoma

Rodentolepis straminea
Taenia mustelae

Taenia taeniaformis

Tetratirotaenia polyacantha
Nematoda
Angiostrongylus sp.
Aonchotheca annulosa
Aspiculuris schulzi

Aspicularis tetraptera

Capillaria hepatica
(Calodium hepaticum)

Eucolens bacillatus
Hassalstrongylus dollfusi
Hassalstrongylus musculi
Heligmonoides josephi
Heligmosomoides polygyrus

Heligmosomum aberrans
Heligmosomum sp.
Hepaticola hepatica

Heterakis spumosa

Gallegostrongylus ibicensis
Ganguleterakis sp.

Ganguleterakis spumosa

Gongylonema brevispiculum

Ukrayna, Rusya, Fransa

Karaciger Portekiz, fran

Karaciger iran, Moldova, Rusya

Karaciger Meksika

Bagirsak Tiirkiye, Italya, Nijerya, Kanarya
Adalari, Hindistan,
Azerbaycan

Ince bagirsak Tiirkiye, Nijerya, Misir, Brezilya,

fran, Azerbaycan

Bagirsak italya

Gastrointestinal sistem  Senegal, Moldova, Ukrayna, Rusya

Moldova, Rusya

Peritonal bosluk italya, Kanarya Adalar
Ince bagirsak fran
Ince bagirsak Brezilya
Ince bagirsak Kanarya adalari, Sirbistan
Bagirsak italya, Kanarya Adalari, Meksika
Karaciger Fransa, Kanarya Adalar1
Bulgaristan
Karaciger Kanarya adalari, Misir, Pakistan,
Sirbistan
Bulgaristan, Moldova, Rusya
Nijerya, fran
Italya
Moldova, Ukrayna, Rusya
Sekum Tiirkiye, Senegal,

Litvanya, italya, Filistin, Sili, Misir,
Brezilya, Pakistan, Iran, Azerbaycan

Karaciger, Sekum,

Bagirsak Hindistan, Iran
Italya, Misir

Ince bagirsak Venezuella

Ince bagirsak Meksika
Filistin

Fransa, Sirbistan, Kore, Bulgaristan,

Moldova, Rusya

Moldova
ince bagirsak iran, G. Kore

Karaciger Rusya

Sekum Nijerya, Kanarya adalari,

Sirbistan, G. Kore
italya

Ukrayna

Ukrayna, Rusya,

Bulgaristan
Kanarya Adalar1

Italya, Portekiz, Kanarya adalari,

Andreiko, 1973; Sharpilo, 1966; Rizhikov, 1978;
Milazzo et al. 2003; Jiménez, 1992

Zarei et al. 2016; Pakdel et al. 2013; Sumangali et
al. 2012; Allymehr et al. 2012

Beiromvand et al. 2013; Andreiko, 1973;
Rizhikov, 1978

Panti-May et al. 2019

Giirler & Bakan, 2017; Milazzo et al. 2003; Isaac
et al. 2018; Feliu et al. 2012; Sharma et al. 2013;
Pakdel et al. 2013; Allymehr et al. 2012; Ebrahimi
etal. 2016

Goksu et al. 1972; Isaac et al. 2018; Elshazly et al.
2008; Guimaraes et al. 2014; Pakdel et al. 2013;
Zarei et al. 2016; Ebrahimi et al. 2016

Mas-Coma et al. 1998

Diagne et al. 2016; Andreiko, 1973; Sharpilo,
1966; Rizhikov, 1978
Andreiko, 1973; Rizhikov, 1978

Mas-Coma et al. 1998; Feliu et al. 2012
Zarei et al. 2016

Benatti et al. 2021

Feliu et al. 2012; Kataranovski et al. 2008

Milazzo et al., 2003; Feliu et al., 2012; Panti-May
et al., 2019
Jiménez, 1992; Feliu et al., 2012

Genov, 1984

Feliu et al., 2012; Elshazly et al., 2008; Rajper et
al., 2018; Kataranovski et al., 2008
Genov, 1984; Andreiko, 1973; Rizhikov, 1978

Isaac et al. 2018; Gholipoury et al. 2018
Milazzo et al. 2003
Andreiko, 1973, Sharpilo, 1966; Rizhikov, 1979

Goksu et al. 1972; Diagne et al. 2016;
Kataranovski et al. 2008, Mazeika et al. 2003;
Milazzo et al. 2003; Al-Hindi et al. 2021;
Landaeta-Aqueveque et al. 2007; Elshazly et al.
2008; Guimaraes et al. 2014; Rajper et al. 2018;
Pakdel et al. 2013; Allymehr et al. 2012;
Arzamani et al. 2017; Ebrahimi et al. 2016
Milazzo et al. 2003; Valente et al. 2014; Feliu et
al. 2012; Sharma et al. 2013; Zarei et al. 2016;
Pakdel et al. 2013

Guimaraes et al. 2014

Diaz-Ungria, 1963
Panti-May et al. 2019
Al-Hindi et al. 2021

Jiménez, 1992; Kataranovski et al. 2008; Kim et
al. 2015, Genov, 1984; Andreiko, 1973; Rizhikov,
1979

Andreiko, 1973

Zarei et al. 2016; Seo et al. 1968
Rizhikov, 1979

Isaac et al. 2018; Feliu et al. 2012; Pakdel et al.
2013; Kataranovski et al. 2008; Kim et al. 2015
Mas-Coma et al. 2000

Sharpilo, 1966
Sharpilo, 1966; Rizhikov, 1979; Genov, 1984

Feliu et al. 2012
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Tablo 1. (Devamu)
Table 1. (Continued)
Helmintin tiirti Bulundugu organ Bulundugu tilke Referans

Gongylonema musculi

Gongylonema neoplasticum

Gongylonema sp.

Mastophorus muris

Nippostrongylus brasiliensis

Nippostrongylus muris
Paucipectines zygondontomis
Physaloptera calnuensi
Physaloptera getula
Protospirura marsupialis
Protospirura muris
Protospirura numidica criceticola
Protospirura seurat
Protospirura sp.
Pterygodermatites coloradensis
Pterygodermatites senegalensis
Rictularia sp.

Spiruridae gen sp.
Stilestrongylus aculeata
Streptopharagus greenbergi
Streptopharagus kuntzi
Strongyloides ratti
Strongyloides sp.

Syphacia criceti

Syphacia evaginata

Syphacia frederici

Syphacia freitasi

Syphacia musculi

Syphacia muris

Syphacia obvelata

Syphacia ratti
Tenorastrongylus josephi n. sp.

Trichocephalus muris

Trichosomoides crassicauda
Trichosomoides sp.

Trichuris muris

Mide
Mide

Bagirsak
Ince bagirsak

Gastrointestinal sistem

Mide

Mide

Gastrointestinal sistem
Mide

Mide

Ince bagirsak

Mide

Ince bagrsak

Gastrointestinal sistem
Sekum

Sekum

Kalin bagirsak

Ince bagrsak

Bagirsak

Sekum

Sekum

Safra kesesi

Sekum

ftalya
Kanarya Adalari, Meksika, Rusya

Senegal, Sirbistan, 1talya

Fransa, Nijerya, Kanarya Adalari,
Sirbistan, Litvanya

Nijerya, Meksika, Arjantin, Kore

G. Kore
Brezilya

Sili

ftalya

Misir

Misir

Brezilya

fran

Kanarya adalar1
Georgia (ABD)
Senegal
Kanarya adalar1
fran

Brezilya
Kanarya adalar1
fran

Misir, Meksika
Nijerya, Hindistan
Brezilya
Brezilya

fran

Brezilya

fran

Tiirkiye, Kanarya adalari,
Hindistan, Meksika, Pakistan, iran

Tiirkiye, ~Azerbaycan, Arjantin,
Senagal, Sirbistan, Italya, Fransa,
Kanarya adalari, Filistin, Kore, Sili,

Brezilya, Musir, fran, Meksika,
Kerguelen adalari

fran

Israil

Moldova, Ukrayna, Rusya,

Almanya, Bulgaristan
Kanarya adalar1
Nijerya

italya, Fransa, Kanarya adalari,
Filistin, Hindistan, Misir, iran,
Sirbistan, G. Kore, Meksika

Milazzo et al. 2003

Feliu et al. 2012; Panti-May et al. 2019; Rizhikov,
1979

Diagne et al. 2016; Kataranovski et al. 2008; Mas-
Coma et al. 1998; Mas-Coma et al. 2000; Milazzo
et al. 2003

Milazzo et al. 2003; Jiménez, 1992; Isaac et al.
2018; Feliu et al. 2012; Kataranovski et al. 2008;
Mazeika et al. 2003

Isaac et al. 2018; Cigarroa-Toledo et al. 2017;
Hancke & Suarez, 2018; Kim et al. 2015

Seo et al. 1968

Lucio et al. 2021
Landaeta-Aqueveque et al. 2007
Mas-Coma et al. 1998; Milazzo et al. 2003
Elshazly et al. 2008

Elshazly et al. 2008

Lucio et al. 2021

Arzamani et al. 2017

Feliu et al. 2012

Conn et al. 2021

Diagne et al. 2016

Feliu et al. 2012

Zarei et al. 2016

Benatti et al. 2021

Feliu et al. 2012

Zarei et al. 2016

Elshazly et al. 2008; Cigarroa-Toledo et al. 2017
Isaac et al. 2018; Sharma et al. 2013
Benatti et al. 2021

Benatti et al. 2021

Zarei et al. 2016

Lucio et al. 2021

Yousefi, 2012

Giirler & Bakan, 2017; Feliu et al. 2012; Sharma
et al. 2013; Pulido-Flores et al. 2005; Rajper et al.
2018; Pakdel et al. 2013; Allymehr et al. 2012
Goksu et al. 1972; Ebrahimi et al. 2016; Hancke
& Sudrez, 2018; Diagne et al. 2016; Kataranovski
et al. 2008; Mas-Coma et al. 1998; Mas-Coma et
al. 2000; Jiménez, 1992; Milazzo et al. 2003; Feliu
et al. 2012; Al-Hindi et al. 2021; Seo et al. 1968;
Landaeta-Aqueveque et al. 2007, Guimardes et
al. 2014; Elshazly et al. 2008; Rahdar et al. 2017;
Pakdel et al. 2013; Allymehr et al. 2012;
Arzamani et al. 2017, Panti-May et al. 2019;
Cigarroa-Toledo et al. 2017; Pisanu et al. 2001
Rahdar et al. 2017

Wertheim & Durette-Desset, 1975

Andreiko, 1973; Sharpilo, 1966; Rizhikov, 1979;
Genov, 1984; Kriska, 1993
Feliu et al. 2012

Isaac et al. 2018

Milazzo et al. 2003; Mas-Coma et al. 1998;
Jiménez, 1992; Feliu et al. 2012; Al-Hindi et al.
2021; Sharma et al. 2013; Elshazly et al. 2008;
Pakdel et al. 2013; Kataranovski et al. 2008; Kim
et al. 2015; Panti-May et al. 2019; Cigarroa-
Toledo et al. 2017
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Helmintin tiirti Bulundugu organ Bulundugu tilke Referans
Trichuris rombomidis Kalin bagirsak fran Zarei et al. 2016
Trichuris sp. Kalin bagirsak fran, Nijerya Zarei et al. 2016; Isaac et al. 2018

Laboratuvarda yapay enfeksiyon olusturulan helmint tiirleri

Heligmosomoides bakeri
Nematospiroides dubius
Schistosoma mansoni
Strongyloides venezuelensis

Trichinella spiralis

Clark et al. 2013

Behnke & Robinson, 1985
Simoes et al. 2015

Marra et al. 2007
Wakelin et al. 1980

Protozoa

Bulundugu organ

Bulundugu tilke Referans

Babesia sp.
Cryptosporidium parvum
Eimeria sp.

Giardia muris

Isospora sp.

Plasmodium sp.
Toxoplasma gondii
Trypanosoma lewis
Trypanosoma musculi

Ektoparazitler

Ctenophthalmus agrytes agyrtes

Ctenophthalmus sp.
Dermanyssus gallinae
Echidnophaga murina

Haemaphysalis punctata
Haemaphysalis sp.
Haemolaelaps sp.

Hoplopleura captiosa

Laelaps algericus

Laelaps nuttalli
Leptosylla segnis
Liponyssoides sanguineus
Myobia musculi
Myocoptes musculinus
Nosopsyllus barbarus
Nosopsyllus fasciatus
Radfordia affinis
Ornithonysus bacoti
Peromyscopsylla silvatica
Polyplax serrate

Rhipicephalus spp.

Stenoponia tripectinata tripectinata

Xenopsylla cheopis

Bagirsak
Bagirsak

Bagirsak

Kan

Sirt
Kiirk
Kiirk

Kulaklar, parmaklar,
burun, kuyruk
Kulaklar, parmaklar,
burun, kuyruk

Sirt, karin ve

arka bacaklar

Sirt, karin ve
arka bacaklar

Kiirk
Kiirk
Kiirk
Kiirk
Kiirk
Kiirk

Kiirk
Kiirk

Kiirk

Kiirk
Kurk

Nijerya, Brezilya Isaac et al. 2018; Guimaraes et al. 2014

Kanarya adalar1 Feliu et al. 2012

Isaac et al. 2018; Feliu et al. 2012; Goksu et al.
1972; Cetinkaya et al. 2017
Feliu et al. 2012

Nijerya, Kanarya adalari, Tiirkiye

Kanarya adalar1

Nijerya Isaac et al. 2018
Nijerya Isaac et al. 2018
Nijerya Isaac et al. 2018
Nijerya Isaac et al. 2018
Finlandiya Laakkonen et al. 2007
Finlandiya Laakkonen et al. 2007
fran Moravej et al. 2016
fran Allymebhr et al. 2012

Kanarya adalar1 Feliu et al. 2012

fran Moravej et al. 2016
fran Moravej et al. 2016
fran Moravej et al. 2016
fran Moravej et al. 2016
fran Moravej et al. 2016
fran Gholipoury et al. 2018

Kanarya adalar1 Feliu et al. 2012

Kuzey Karolina, ABD Reeves & Cobb, 2005

Kuzey Karolina, ABD Reeves & Cobb, 2005

Kuzey Karolina, ABD, fran Reeves & Cobb, 2005; Allymehr et al. 2012

Kanarya adalar1 Feliu et al. 2012

Finlandiya, fran Laakkonen et al. 2007; Gholipoury et al. 2018;
Moravej et al. 2016

Kuzey Karolina, ABD Reeves & Cobb, 2005

Kuzey Karolina, ABD, fran Reeves & Cobb, 2005; Allymehr et al. 2012
Finlandiya Laakkonen et al. 2007
Kuzey Karolina, ABD, fran Reeves & Cobb, 2005; Allymehr et al. 2012
fran Gholipoury et al. 2018

Kanarya adalar1 Feliu et al. 2012

Kanarya adalar1 Feliu et al. 2012

4. Tartisma ve Sonug

Farelerde bulunabilen parazitlerin bazilar1 insanlara da
bulasabilmektedir. Bu parazitlere 6rnek olarak karaciger
kelebegi Fasciola hepatica, ctice tenya Hymenolepis nana, H.

diminuta, oksyurid tirlerinden Syphacia obvelata, trisin
Trichinella spiralis ve karacigere yerlesen Capillaria hepatica
tirleri verilebilir. C. hepatica, H. diminuta, H. nana ve
Cysticercus fasciolaris gibi helmintleri de kapsayan 22'den
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fazla kemirgen-iligkili zoonotik helmint, en fazla Orta
Dogu {ilkelerinde goriilmektedir (Islam et al.,, 2020).
Protozoonlar iginde ise  Toxoplasma  gondii  ve
Cryptosporidium parvum insanlarda enfeksiyonlara sebep
olmaktadir. Bu nedenle 6zellikle yabani farelerle ¢alisan
arastirmacilarin bu tiir bulaglara kars: dikkatli olmalar:
gerekir. Ayrica ev farelerinde bulunan bu tiir parazitlerin
bulasmasinda fekal kontaminasyonun en ¢nemli bulas
yolu oldugu goz oniine alindiginda, farelerin 6zellikle
kiler gibi gida depolanan alanlardan uzak tutulmasinin
6nemi daha iyi anlasilmaktadir. Ev farelerinin Tablo 1’ deki
bes tiir helmint ile laboratuvarda yapay olarak enfekte
edilebildikleri  bildirilmistir ~ (Heligmosomoides  bakeri,
Nematospiroides dubius, Schistosoma mansoni, Strongyloides
venezuelensis, Trichinella spiralis). Bu tiirler igerisinde
bulunan Schistosoma mansoni 6zellikle Afrika’da ve Giiney
Amerika’nin dogusunda yaygindir ve ytiz milyonlarca
insan1 etkilemektedir (Masamba et al., 2016). S. mansoni
enfeksiyonu tedavi edilmediginde mesane kanserine
neden olabilmektedir. S. mansoni arakonagi tath su
salyangozlar1 olmakla beraber, kanalizasyon sistemlerine
girip ¢ikan farelerin bu hastaligin yayilmasinda 6nemli bir
faktor  olabilecegi goz ontinde bulundurularak,
kanalizasyon sistemlerinin hali¢ gibi durgun sulardan
uzak alanlara desarjmun saglanmasi, halk sagligimnin
korunmasi agisindan oldukca 6nemli gortinmektedir.

Tablodaki iki Acantocephala tiirtinden biri olan
Moniliformis moniliformis insanlara gegebilen tiirlerdendir.
Ev farelerinde bulunabilen yedi tiir trematod icinde yer
alan Fasciola hepatica hem insanlarda hem de koyunlarda
onemli bir saglik problemi olan fasioliyazise neden
olmaktadir. Bu tiir, daha cok sigir ve koyunlarda
goriilmektedir. Tiirkiye’de koyunlarda endemiktir ancak
insanlarda seyrek olarak rastlanmaktadir (Emir et al.,
2013). Tablodaki trematod ttirlerinden Artyfinostomum
sufrartyfex, Pakistan’da ev farelerinde saptanmis olup aymn
zamanda Hindistan’da bir kizda da bu tiire rastlanmustir.
Bu nedenle ratlarda, kedi, kdopek ve domuzlarda da
bulunabilen bu tiir, zoonoz olarak tanimlanmaktadir
(Rajper et al., 2018; Premvati & Pande Vibha, 1974).

Tablodaki on bir tiir sestod igerisinde yer alan
Hymenolepis diminuta, H. nana, Mesocestoides sp. ve Taenia
taeniaformis ~ tirti  seritler insanlara oral yolla
bulasabilmektedir. Bu tiirlerden H. nana daha ¢ok biiytime
cagindaki cocuklarda bulunabilmekte ve gelisim geriligine

neden olabilmekte ancak ¢ogu zaman semptom
vermemektedir. T. taeniaformis (ve larvasi Cysticercus
fasciolaris)  enfeksiyonu  insanlarda ¢ok  nadiren

rastlanmakla birlikte 6nem arz etmektedir (Bowman et al.,
2002).

Echinococcus spp. Misir, fran ve Tiirkiye'deki
kemirgenlerde tespit edilen, insan saghig: icin énemli bir
helminttir. iran, Kuveyt, Suudi Arabistan ve Tiirkiye'den
insan alveolar kist hidatik vakalar1 bildirilmistir
(Geramizadeh & Baghernezhad, 2016; Al-Aboody et al.,
2020). Ev farelerinde bulunabilen en tehlikeli sestodlardan
biri olan E. multilocularis metasestodunun sebep oldugu
alveolar ekinokokkozis, potansiyel olarak 6liimciil
zoonotik bir hastaliktir (Beiromvand et al., 2013).

Laboratuvar farelerini en sik enfekte eden nematod
turtt  olan Syphacia obvelata insanlara oral yolla
bulasabilmekte ve nadiren hastaliga neden olabilmektedir.
Laboratuvar farelerinde siklikla rastlanan diger iki tir
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helmint ise Aspicularis tetraptera ve Hymenolepis nana’dir.
Saglikli deney farelerinde sindirim sistemindeki hafif
helmintik enfeksiyonlar 6nemli bir olumsuz etkiye sebep
olmasa Dbile, deneysel calismalarda helmintlerin
bulunmasindan ileri gelen bir diren¢ diistiklugi
arastirmacilart yanlis bir sonug¢ ¢ikarimina sevk edebilir
(Goksu et al, 1972; Haberman & Williams, 1958).
Bryikoglu (1996), laboratuvar hayvanlarindaki paraziter
enfeksiyonlar: arastirdigl calismasinda, Ankara’daki bir
laboratuvarda beyaz fare barindiran 136 kafesten 134'tinii
(%94.85) en az bir helmint tiirti ile enfekte bulmustur. Fare
kafeslerinde Aspiculuris tetraptera %6.6; Hymenolepis nana
%6.6; Syphacia obvelata %4.41; H. nana ve A. tetraptera %27.9;
S. obvelata ve A. tetraptera %8.82; S. obvelata ve H. nana
%5.88; H. nana, S. obvelata ve A. tetraptera %38.9 oraninda
tespit edilmistir. Cetinkaya et al. (2017) Istanbul daki
laboratuvar ve pet farelerindeki paraziter enfeksiyonlar
arastirdiklar1 ¢alismalarinda farelerin Syphacia spp. ve
Aspiculuris spp. ile enfeksiyon oranlarimn sirastyla %20 ve
%40 bulmuslardir.

Farelerde bulundugu gosterilen Gongylonema cinsine
ait bazi ttirlerin ratlarda karaciger kanserine neden olmasi
dikkat cekicidir. G. neoplasticum 6zellikle Rattus rattus ve R.
norvegicus'un  ozefagusunda bulunur ve ratlarda
karsinamatoz biiytimenin bir enstrtimani olarak biiytik
oneme sahiptir (Seo et al.,, 1968). Bu ornek, paraziter
enfeksiyonlardan korunmanin hayati nemini bir kez
daha gostermektedir.

Riketsia enfeksiyonu igin fare ektoparazitleri vektor
olarak risk olusturmaktadir. Farelerde bulunabilen
Xenopsylla cheopis turti pire, veba (Yersinia pestis) ve
endemik tiftis (Rickettsia typhi) tasiyabilen bir vektordiir.
Ayrica Hymenolepis diminuta ve H. nana igin ara konaktir.
Nosopsyllus spp. tirii pire de R. typhi tastyabilir.
Rhipicephalus spp. tiirti kene, benekli humma (R. rickettsii)
vektoridiir ve ayrica Babesia spp. ve Theileria spp.
tastyabilir. Theileria spp. s11r, koyun ve kegilerde hastalik
olustururken, Babesia spp. bu hayvanlara ilaveten
insanlara da bulasabilir (inci & Diizlii, 2009; Mathison &
Pritt, 2014).

Rabiee et al. (2018) tarafindan yazilan bir derlemeye
gore Mus musculus 14 tur zoonotik hastalik
tastyabilmektedir ve bunlarin biiyiik cogunlugu bakteriyel
ve parazitiktir.

Sonug olarak farelerin diinyada ¢ok yaygin olmalar:
ve tasidiklari bazi parazitlerin insanlar igin biiytik bir
saglik riski olusturmasi nedeniyle bu derlemede konunun
onemine dikkat gekilmistir. Farelerde bulunan parazitler
ile ilgili daha fazla arastirma yapilmasi ve bunlarin insan
ve hayvan saglig1 tizerine olas1 etkilerinin topluma
acitklanmasi halk saghgimnin korunmasi agisindan faydali
olacaktir.

Tesekkiir: Bu calismamizi bizlere zoolojiyi sevdiren Saygideger
Hocamiz merhum Prof. Dr. Metin AKTAS a ithaf etmek istiyoruz.
Onu daima sevgi ve minnetle antyoruz.

Bu derleme Dilara KARAMAN'In doktora tez calismasmdan
tiretilmistir. Doc. Dr. Ahmet Onur GIRISGIN tez calismasmin
danismanidir. Bu galisma igin higbir kurumdan finansal destek
alinmamustir.

Etik kurul onayr: Bu calisma icin etik kurul onay1 alinmasma
gerek yoktur.
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