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ABSTRACT

Euphorbia hirta is commonly found in all tropical regions of the world, as invasive weed with an
adverse effect on other plants. The current study features two important aspects: (i), Effects of E. hirta
roots exudates (0, 50, 75 and 100% concentrations) (ii), Influence of PEG 6000 “Polyethylene glycol”
(8, 16 and 40 g/l concentrations) on germination and growth criterion of Cicer arietinum (Chick pea)
and Phaseolus vulgaris (French bean). In this regard osmotic potential of all the solutions have been
balanced. It is observed that the root leachates of spurge weed significantly (p < 0.05) affected the
germination rate while PEG has no positive or negative effect on growth activity. The growth
parameters in both crops have altered by spurge weed and PEG solutions while highest inhibition was
recorded in root length root exudates (3.5 cm) of C. arietinum which is in contrast to PEG (11.97 cm),
this might be due to the presence of allelochemicals. The prescribed treatments also raised their pH
values, where highest pH (7.9) obtained from 100% spurge weed induction which is relatively a
stronger basic nature rather than neutral control samples. Comparative studies of both test crops
shows that C. arietinum has appeared to be more influential than P. vulgaris.-Two-way ANOVA has
produced a significant difference (p < 0.05) between the effects of both treatments on germination
and growth of test crops while within group (concentrations of each treatment) are weakly significant
(p < 0.1) to each other. This would rather intimates that the inhibition has strongly emerged as an
allelopathic response on Cicer arietinum and Phaseolus vulgaris plants by the induction of spurge
weed (Euphorbia hirta) root exudates.

0oz

Euphorbia hirta, diger bitkiler tizerinde olumsuz etkiye sahip istilaci bir yabanci ot tiri olarak diinyanin
bitin tropikal bolgelerinde yaygin olarak bulunmaktadir. Yuritilen galismada, Phaseolus vulgaris L.
(Fasulye) ve Cicer arietinum L. (Nohut) ¢imlenme ve blyume kriteri Uzerine (i) E. hirta'min kok
salgilarinin etkileri (0, 50, 75 ve %100 konsantrasyon), (ii) PEG 6000'nin (8, 16 ve 40 g/l konsantrasyon)
“Polietilen glikol” etkisi olmak tGzere iki 6nemli husus bulunmaktadir. Bu bakimdan bitin solUsyonlarin
osmotik potansiyeli dengelenmistir. Sitlegen bitkisinin kék salgilarinin ¢imlenme oranini 6nemli
Olclide (p <0.05) etkiledigi, PEG'in ise buylume aktivitesi Gzerinde olumlu veya olumsuz bir etkisinin
olmadigl gozlemlenmistir. PEG soliisyonlari ve siitlegen bitkisi her iki Grlindeki bliylime
parametrelerini degistirmis, C. arietinum'un kok uzunlugunda PEG (11.97 cm)'in aksine en yuksek
oranda inhibisyon kok salgilari uygulamasinda (3.5 cm) kaydedilmistir. Bu durum alelokimyasallarin
varligindan kaynaklanmis olabilir. En yiksek pH (7.9) notr kontrol 6rneklerine gore daha gligli bir bazik
yapisi olan %100 sitlegen otu indiiksiyonundan elde edilmis, yapilan uygulamalar ayrica pH
degerlerini de yikseltmistir. Calismadaki her iki test bitkisi karsilastirildiginda C. arietinum'un P.
vulgaris'ten daha fazla etkilendigi gériilmistiir. iki yonli varyans analizine gére (Two-way ANOVA) her
iki uygulamanin test bitkilerinin ¢cimlenme ve biytumesi Gzerindeki etkileri grup igerisinde (her bir
uygulama konsantrasyonlari) az oranda 6nemli olmasina ragmen (p <0.1) her iki uygulama arasinda
onemli bir fark (p <0.05) olusturmustur. Bu inhibisyonun sitlegen bitkisinin (Euphorbia hirta) kok
salgilarinin Cicer arietinum ve Phaseolus vulgaris bitkileri Gzerine alelopatik etkisine karsi glicli bir
yanit olarak ortaya ¢iktig disintlmektedir.
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A preliminary study on the comparison of inhibitory effects induced by PEG 6000 and Euphorbia hirta in two crop plants

1. INTRODUCTION

Plants are the fundamental bodies in agriculture systems
that accelerates world’s economy, global food demand
and socio-economic spectrum. Pakistan’s economy also
mainly depends upon agriculture however there are
certain plants that can produce harmful effects in
agricultural environment (Asad et al., 2020). Weeds are
one of them. “Pigweed” is a pantropical weed,
scientifically termed as Euphorbia hirta and widely used
as a medicinal herb for the treatment of respiratory tract
infections (Alam, 1991). It produces bronchial relaxation
for asthma patient and is commonly known as asthma
plant (Dalziel, 1937; Kerharo & Adam, 1974). Despite
having all these positive characters, E. hirta is known to
possess allelopathic effect on crops like pea, tomato,
wheat, chickpea, cotton, alfalfa, lettuce, ground nut and
soybean (Rice,1984).

Allelopathy is a process in which one plant species is
affected by another and releases chemicals to compete
for their survival (Ridenour & Callaway, 2001; Inderjit &
Callaway, 2003). These allelochemicals can also retarded
the growth of soil microbes which ultimately reduce soil
fertility. Root leachates of Lollium multiflorum inhibited
the soil microbial activity and soil structure (Ferreira et al.,
2017). These are secondary metabolites synthesized
inside the plant body and may release out either in the
form of root exudates or by volatization etc. They may
present in any of the plant organs like roots, leaves,
flowers, fruits and buds (Ashrafi et al., 2007). These bio-
chemicals can be released in the form of leachates and
influence the vegetation as well as soil. Such bio-
chemicals are called as allelochemicals, consisted of
greater amount of phenolic substances and may cause
blockage of chlorophyll pathways and ultimately the
process of photosynthesis. (Rice, 1984). These leachates
consisting of phenols altered the pH of water and create
noxious effects to the plants growing in that medium. A
lot of researchers worked on leachates of plants i.e., leaf
leachates of Gmelina arborea contain many
allelochemicals which are responsible for drastic
inhibition of seedling growth and moisture content of
different pulse crops (Shankar et al., 2014).

Osmotic stress is another influential factor that provides
a great loss to the agriculture sector. Polyethylene glycol
(PEG) 6000 is basically used to introduce water scarcity in
plants artificially. It bears a higher molecular weight and
unable to pass through apoplast, moreover, it is a sugary

compound. Radhouane (2007) worked on Osmotic stress
by using PEG 6000 and evaluated that the seedlings of
pearl millet were affected by osmotic solution. It is
typically assumed that allelopathy is not the actual
criteria for inhibition as explained by Bell (1974) and
Wardle et al.,, (1992). They suggested that reduction in
plants growth cannot always be a factor of allelopathic
effect, it might be due to osmotic tension in cell sap. The
concept is fairly acceptable, therefore, it is important to
distinguish the inhibitory effect and the real cause of
inhibition in the crop, that’s how the crop conservation
strategy could be maintained.

The aim of this study is to examine the causal agent of
inhibition in the growth of two crop plants and explored
whether osmotic pressure or allelopathy. Therefore,
experiment was conducted using PEG 6000 and root
leachate of E. hirta on germination and seedling
emergence of Cicer arietinum and Phaseolus vulgaris
which are economically important crops and fulfil the
nutritive requirement of the country.

2. MATERIALS AND METHODS

The experiment was carried out in the pattern of control
randomized block design that has conducted in two
phases i.e., germination phase and seedling stage phase.
In both phases, there were two sets of petriplates (i) For
the analysis of root exudates effects on seed germination
and growth (ii) For evaluation of PEG 6000 impacts on
seed germination and growth. For this purpose, fresh
seeds of C. arietinum and P. vulgaris were drawn from
local market and were surface sterilized. Ten seeds of
each test species were placed in petridish containing
Whattman filter paper 1 along with five replicates.

For leachates isolation, 30 newly borne seedlings of E.
hirta were collected, transferred to the pots and kept in
the greenhouse located in Department of Botany, Federal
Urdu University. The climatic conditions comprised of
mild winter having ~26° C of average temperature in the
month of February 2017. After two weeks of
transplantation, leachates were collected by following
method of Wardle et al., (1992) The obtained leachates
were then diluted to prepare 50, 75 and 100 %
concentrations. Another treatment of non-diluted sample
with five replicates was used to analyze the effects,
denoted as 0% in the results.

For identification of osmotic effect, PEG 6000(s) was
chosen to create osmotic hindrance, different
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concentrations (8%, 16% and 40%) were prepared by
dissolving PEG 6000 in 200 ml of water. Osmotic potential
of exudates and PEG were determined by the help of
Osmometer (Knauer Semi-Micro Osmometer K-7400S)
that is listed in (Table 1). Osmotic potential of all the
solutions were balanced to standardize the effect of
osmoticum, this was helpful in the investigation of
fundamental inhibitory agent. 3ml of leachates and PEG
solution of different concentrations was applied to each
petridish.

The seeds were irrigated by their respective treatments
at every alternate day. Seed germination was recorded on
daily basis while radical and plumule elongation of
seedlings were measured at alternate days. pH of all the
prepared solutions was recorded by the help of pH- meter
Model No. ECPCWP 65000 (Table 2).

Table 1. Osmotic pressures of Root leachates of E. hirta and

polyethylene glycol.
PEG 6000 | O. Pressure | Root exudates | O. Potential
g/l (kpa) ml/ml (kpa)
8% 12 50% 12
16% 25 75% 25
40% 55 100% 55

Where, O. Pressure = Osmotic pressure, Kpa = kilo pascal

Table 2. pH level in root leachates of E. hirta and PEG 6000

Spurge weed 0 50% 75% | 100%

dilutions (%)

Obtained pH 7.00 7.1 7.5 7.9
PEG solutions (%) 0 8% 16% 40%

Observed pH 7.00 7.01 7.1 7.2

2.1 Statistical Analysis
Germination % was determined by the following formula.
Germination % = [ n/t] x 100

Where n = No. of seeds germinated, t = Total no of seeds.

Germination index was calculated by following formula.
(Khandakar & Bradbeer, 1983)

S=[N1/1+N2/2 +N3/3 +- ---] x 100

Where “S” is the speed of germination N1/1, N2/2.....are
the ratio of number of seed germinated per day.

SPSS-2000 version was utilized for the statistical analysis
of the above parameters.

3. RESULTS AND DISCUSSION
3.1 Effects on germination

Osmotic pressure and pH of root leachates and PEG 6000
solutions were shown in Table 1 and 2. Emergence of
seeds of selected test crops effected by root leachates
and PEG 6000 were examined and listed in (Table 3, 4;
Figure 1, 2). Present study showed that all concentrations
of E. hirta root leachates had a significant effect on the
germination of chick pea. Highest concentration (55 Kpa)
of root exudates have produced 72% germination in C.
arietinum while in P. vulgaris, seed germination rate was
90% while there was 100% germination produced from
PEG induced samples, hence the germination (%)
maintained a significant (p < 0.05) difference between
both the species and treatments. It has been reported
from various studies that alteration in seed germination
may occur due to a number of factors i.e., changes in
enzymatic activity, chromosomal sequencing and
functioning of secondary metabolites (Khan et al., 2018;
2020). Allelochemicals are usually responsible to induce
phytotoxic effects and alter the ability of seed
germination (Friedman et al., 1977; Baskin & Baskin,
2001; Asad et al., 2020). Chaves et al., (2001) revealed
that the flavonoids present in Cistus ladanifer influenced
the cotyledons size as well as limiting the germination %
and slow down the cotyledon emergence. Germination
indexes of both crops were declined by the insertion of
root leachates, least velocity of germination was
observed in chick pea (47%) while in PEG, 99% seeds were
germinated. In contrary to P. vulgaris, % germination of
C. arietinum is found to be more effected by the
concentration of root leachates.

Table 3. Impact of E. hirta root leachates and PEG 6000 on
germination phase of Cicer arietinum

PEG 6000 Root exudates
Treatments G% Gl % G% Gl %
(Kpa)
0 100+0.0 99 1000 99%
12 100+0.0 99 99+ 1 89%
25 100+0.0 99 98 +2 83%
55 100+00 96 72+8 47%

where, G % = Germination %, Gl = Germination index
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Table 4. Impact of E. hirta root leachates and PEG 6000 on
germination phase of Phaseolus vulgaris

PEG 6000 Root exudates
Treatments G% Gl % G% Gl %
(Kpa)
0 100+0.0 99 1000 100%
12 100+0.0 95 100+ 0 96%
25 100+0.0 90 9+1 91%
55 100+0.0 89 90 +10.1 89%

where, G % = Germination %, Gl = Germination index

On the other hand, PEG 6000 with all dilutions did not
produce any hindrance in germinating seeds of both test
crops, however, it showed some alterations in
germination rate of both selected test crops at 55 kpa (89
%) over to control (100%). Our findings were similar to
(Radhoune, 2007) where, lower concentration of PEG
would not be able to evoke any disturbance but at higher
concentration it can cause significant inhibition.

3.2 Effect on seedling emergence

Radicle and plumule elongations were measured after
completion of seeds germination and presented in Table
5, 6 and Figure 1, 2. It was observed that E. hirta root
leachates significantly inhibited seedling emergence of
both test crops lowering the growth. 100 % concentration
of leachates strongly inhibited root elongation in chick
pea (3.5 cm) whereas in control samples roots prolonged
up to 17.33cm, showing a significant difference (p < 0.05)
in chick pea seedlings. Similar results were obtained by
Rawat et al.,, (2013) in which leachates of sunflower
possessed certain allelochemicals which were responsible
for the reduction of seedling growth of different crops. By

120

PEG 6000

a
100 - b °
= ¢ d
- I
80
60 55
40
a
a b 25 .
b c d

20 12 d

0

comparing both crops, chick pea was found to be greatly
influenced by leachates. Our results are in agreement
with the findings of Pawar & Rawal (2014), they revealed
that, petals of Delonix regia contained different
polyphenols which altered the germination and seedling
growth of chick pea, while Ahmed et al., (2004) observed
that E. camaldulensis Dehn (aqueous extract) influenced
the germination index as well as seedling growth of chick
pea.

Table 5. Response of E. hirta root leachates and PEG 6000 on
seedlings of Cicer arietinum

PEG 6000 Root exudates
Treatments RL SL RL SL
(Kpa) (cm) (cm) (cm) (cm)
0 17.23 a 21.23a 17.33 a 21.11a
12 16.19b 19.21b 112 b 15.28 b
25 13.44 ¢ 16.52 c 8.72¢c 11.96 ¢
55 11.97d 11.48d 3.5d 8.89d

wherea=0.1,b=0.8,c=1,d=1.5 (standard error), RL = root
length, SL = shoot length

Table 6. Response of E. hirta root leachates and PEG 6000 on
seedlings of Phaseolus vulgaris

PEG 6000 Root exudates
Treatments RL SL RL SL
(Kpa) (cm) (cm) (cm) (cm)
0 21.99a | 26.26a | 21.98a 26.22 a
12 20.49b | 25.11b | 21.01b | 24.18b
25 18.24c | 22.92c | 16.02c 19.99 ¢
55 1492d | 19.49d | 13.51d 16.72d

wherea=0.1,b=0.8,c=1,d=1.5 (standard error), RL = root
length, SL = shoot length

a
a _a b b
F3 c c d
= I
55
a a b 25 c
II 12 bI d
c
d'
(0]
' i. &

Root Exudates

Treatment M Germination % Germination Index % M Root length (cm) M Shoot Length (cm)

Figure 1. Estimates of Germination %, Germination index (%), root and shoot length (cm) in plants growing under influence of PEG

and root leachates of E. hirta in Cicer arietinum
wherea=0.1,b=0.8,c=1,d=1.5(standard error)

4 | Qadir S, Salam IU, Khan A, Qureshi IA (2021). Turkish Journal of Biodiversity 4(1): 1-6



A preliminary study on the comparison of inhibitory effects induced by PEG 6000 and Euphorbia hirta in two crop plants
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Figure 2. Estimates of Germination %, Germination index (%), root and shoot length (cm) in plants growing under influence of PEG

and root leachates of E. hirta in Phaseolus vulgaris.
wherea=0.1,b=0.8,c=1,d=1.5(standard error)

However, PEG 6000 also contributed in lowering the
seedling growth of both crops (Table 3, 4). Least growth
of root and shoot was seen in chick pea (11.97 cm) when
compared to control (17.33 cm) at 55 kpa showing
significant (p < 0.05) difference among the samples
whereas, at 12 and 24 kpa, a considerable inhibition was
noticed. Our results agreed with the views of Khalid & Cai
(2011), stating that Mannitol could influence the growth,
mineral contents and photosynthetic pigments of lemon
balm at different levels of concentrations. Moreover,
Garg et al., (2019) determined that Mannitol possessed
the ability to induce reduction in germination, root and
shoot growth and dry matter of chilli at all
concentrations.

3.3 Effect on pH

Since the pH of leachate samples was in range of 7.1-7.9
(greater than that of water i.e. pH = 7), caused inhibition
in seed germination and seedling growth at relatively
greater extent than those of PEG treated samples (Table
2). However, the pH range of PEG solution was somehow
equivalent to the required pH. Our results supported the
findings of Gentili et al., (2018) who explained that pH
higher than 7 could produce drastic effects on plant
height as well as inhibited flower formation.

3.4 Comparative analysis of leachates and PEG 6000
effects

Our results revealed that PEG 6000 inhibit seedling
growth in both test crops, however, the causatums of
root leachate of E. hirta was greater than that of PEG
6000. Analysis of variance (ANOVA) in a way 2-way mode

contributed significant difference (p < 0.05) between the
treatments (PEG and root exudates) in both the crops
while variance among concentrations of each treatment
showed weakly significant differences (p < 0.1) from L.S.D
0.05 (Figure 3). Additionally, PEG 6000 was failed to
reduce germination factor while root leachate
significantly reduced the % germination. Our results in
agreement with the findings of Salam et al., (2018), stated
that Mannitol showed inhibition at high concentration
while Chenopodium album inhibited the growth of wheat
and chick pea at all levels and this inhibition was entirely
due to allelopathy.
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Figure 3. Difference in the root/shoot elongation between PEG
6000 and root leachates of E. hirta applications on treatments.

Where, A and B = Root and shoot length of PEG 6000 induced
plants. D and E = Root and shoot length of E. hirta root
leachates induced plants respectively
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4. CONCLUSION

Current study showed that the inhibition in germination
and seedling growth of chick pea and French beans was
entirely due to the presence of allelochemicals in the root
leachates of E. hirta. Although, PEG 6000 governs the
capability of growth inhibition in different plants but in
the current study there is no such evidence recorded.
Nevertheless, it will remain a matter of concern to check
the root cause of inhibition in plant growth rather than
claiming allelopathy without including osmotic pressure
trials.
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oz

Bu arastirma, Ulas—Kangal (Sivas) arasi florasini kapsamaktadir. Arastirma materyali, 18 ay sire ile
toplanan bitki 6rneklerinden olusmaktadir. Bu siire iginde toplanan 420 6rnekten, 218 takson tayin
edilmistir. 218 taksonun 57’si (%26,1) Turkiye igin endemiktir. Arastirma bolgesinin florasini 36 familya
ve 128 cins ve 218 takson olusturmaktadir. Toplam taksonlardan 2’si Pteridophyta, 216'si
Spermatophyta bdlimlerine aittir. Angiospermae alt bolimi 216 taksona sahiptir. Sirasiyla,
Angiospermae alt bolimine ait taksonlarin 197’si Dicotyledonea, 19°u Monocotyledonea sinifinda yer
almaktadir. Taksonlarin bitki cografyasi bélgelerine dagilim oranlari sdyledir: iran-Turan elementleri
90 (%41,3), Avrupa-Sibirya elementleri 8 (%3,7), Akdeniz elementi 19 (%8,7), genis yayilish ve yayilisi
bilinmeyenler 101 (%46,3). En blylk on familya ve takson sayilari su sekildedir: Asteraceae (46),
Lamiaceae (28), Fabaceae (21), Liliaceae (14), Boraginaceae (13), Brassicaceae (12), Caryophyllaceae
(11), Papaveraceae (9), Ranunculaceae / Scrophulariaceae (8), Rosaceae (4) En biytik on cins ve takson
sayilari soyledir: Astragalus (9), Salvia (9), Centaurea (7), Anthemis (4), Allium (5), Papaver (4), Achillea
(4), Erysimum (4), Helichrysum (4), Thymus (3).

ABSTRACT

This research contains the flora of between Ulas and Kangal (Sivas) region. The research material
contains plant samples which have been collected over 18 months. 420 samples have been collected
in this period and 218 taxa have been identified. 57 (26,1%) of 218 taxa are endemic to Turkey. The
flora of research region consists of 36 families and 128 genera and 218 taxa. 2 out of the total taxon
belong to Pteridophyta division, the remaining 216 belong to Spermatophyta division. Angiospermae
subdivision has 216 taxon. Respectively, 197 of the taxa are in the Dicotyledoneae class, 19 of the taxa
are Monocotyledonea class, which belong Angiospermae subdividion. The scattering ratios of the taxa
to the phytogeographic regions are as follows: Irano-Turanian elements 90 (41,3%), Euro-Siberian
elements 8 (3,7%), Mediterranean elements 19 (8,7%), cosmopolitans and unknown scatters 101
(46,3%). The largest ten families and taxon numbers are as follows: Asteraceae (46), Lamiaceae (28),
Fabaceae (21), Liliaceae (14), Boraginaceae (13), Brassicaceae (12), Caryophyllaceae (11),
Papaveraceae (9), Ranunculaceae / Scrophulariaceae (8), Rosaceae (4). The largest ten generea and
taxon numbers are as follows: Astragalus (9), Salvia (9), Centaurea (7), Anthemis (4), Allium (5),
Papaver (4), Achillea (4), Erysimum (4), Helichrysum (4), Thymus (3).

1. GIRIiS

zengin Ulkelerinden birisi oldugunu acikca
gostermektedir. Bir o6rnek vermek gerekirse; Avrupa

Turkiye Florasi Gizerindeki calismalar ¢cok uzun yillardan bu
yana slrmektedir. Turkiye florasi ile ilgili arastirmalar
1700°'lG yillara kadar uzanmaktadir. Bu arastirmalar
degisik  Ulkelerden  bircok  botanik¢i  tarafindan
gerceklestirilmistir.  Bu kadar wuzun yillara dayanan
¢alismalar olmasi ve bu calismalarin ¢ogunlugunun
ozellikle  yabancilar  tarafindan yapilmis  olmasi,
Turkiye’'nin bitki tirt gesitliligi bakimindan, diinyanin ¢ok
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kitasinda 11557 bitki tiirti, Britanya Adalari'nda 2000 bitki
tlrt mevcutken (Heywood & Tutin, 1964-1981), Turkiye
yaklasik olarak 9222 bitki tirtine sahiptir (Davis vd., 1988;
Davis, 1965-1985). Floristik calismalar arttikca, bu sayi
artmaktadir. Turkiye'nin bu kadar zengin bir floraya sahip
olmasi; Akdeniz, iran-Turan ve Avrupa-Sibirya gibi (i¢ bitki
cografyasi bolgesinin kesistigi bir alanda yer almasi, bircok
cinsin gen merkezi konumunda olmasi, Asya ile Avrupa'y!
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birbirine baglayan bir konumda bulunmasi, iklimsel,
topografik ve jeolojik farkhhklara sahip olmasi, deniz, gol,
akarsu, bataklk gibi degisik sucul ortamlara sahip olmasi,
0-5000 metreler arasinda degisen yukseklik farklihgina
sahip olmasi gibi nedenlere baglanabilir (Davis, 1965-
1985; Ekim, 1997).

Bugline kadar yurdumuz florasiyla ilgili bircok floristik
arastirma yapilmis olmasina ragmen, ilk arastirmalar daha
once de soylendigi gibi yabanci bilim adamlarinca
gerceklestirilmistir. Bu arastirmalar 1700°lG  yillarin
baslarina kadar gitmektedir (Davis, 1965-1985).
Yurdumuza 1842 yilinda gelerek floristik ¢calismalar yapan
Boissier, o zamana kadar yapilan c¢alismalari da
degerlendirerek, "Flora Orientalis" adl yurdumuzu da
ilgilendiren bes ciltlik eseri yayinlamistir (Boissier, 1867-
1888). Diger 6nemli bir calisma ise, 1938-1982 vyillari
arasinda yurdumuza birgok kez gelerek bitki toplayan P.
H. Davis tarafindan gergeklestirilmistir. Diger calismalari
da dikkate alan Davis, "Flora of Turkey and the East
Aegean Islands" adli 9 ciltlik bir eser yayinlamistir. Bu eser
1965-1985 vyillari arasinda yayinlanmistir. Daha sonra
1988 ve 2000 vyillarinda bu eserin 10 ve 11. ek ciltleri de
yayinlanmistir (Davis vd., 1988; Giiner vd., 2000). Yine
Davis tarafindan 1974’te yapilan bir yayinda verilen
haritayla, Ulkemizin floristik yénden az, orta ve iyi
derecede bilinen yorelerine isaret edilmistir (Davis, 1974).
Buna bagli olarak ¢alismalarin, az ve orta derecede bilinen
yorelere kaymasi saglanmistir. Bu haritaya gore calisma
yapmayi planladigimiz alan; florasi orta derecede bilinen
alanlar igerisine girmektedir. Fakat Tirkiye Florasi adh
eserde bu alandan toplandigi bildirilen bitkilerin sayisi cok
azdir. Yurdumuz florasi ile ilgili yerli botanikgilerin
¢alismalari ise, ancak gectigimiz ylzyilin ikinci yarisindan
sonra baslamis ve bircok calismaya ragmen, yurdumuzun
florasini olusturan bitkiler ve bunlarin dagilisi tamamen
saptanamamistir (Ekim, 1997).

Arastirma alani olarak secilen bolgeye ait 6nceden
herhangi bir floristik ¢alisma yapilmamis olmasi, Tirkiye
florasina yeni taksonlar eklenebilecegi, bazi tibbi, zirai ve
ekonomik 6neme sahip bitkilerin arastirma alanindan
saptanabilecegi ve bu nedenlerle llke ekonomisine ve
ilerideki bilimsel calismalara bir katki saglanabilecegi
disindlerek, bu bolgede floristik bir ¢alisma yapilmasi
amaclanmistir.

Arastirma alani olarak secilen Ulas-Kangal (Sivas) arasi
“Flora of Turkey and the East Aegean Islands” adli 11
ciltlik eserdeki, Davis’ in kareleme sistemine gore B6
karesinde bulunmaktadir (Davis vd., 1988; Davis, 1965-
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1985; Ekim, 1997). Arastirma alani olarak secilen Ulas-
Kangal (Sivas) arasinda daha 6nce yapilmis bir floristik
¢alisma bulunmamaktadir ve Davis (1974) tarafindan
¢izilmis botanik arastirmalarin durumunu gosteren
haritaya gore, florasi orta derecede bilinen bir alan olmasi
nedeniyle, bu alanda yapilacak floristik bir calisma; alanin
florasini iyi bilinir hale getirmistir. Yapilan c¢alismayla
arastirma alaninda yetisen tim bitkilerin saptanmasi
yaninda, “Turkiye Bitkileri Kirmizi Kitabi” adli eserde yer
alan tehlike altindaki bitkilerle ilgili de yeni gozlemler
yapilmistir (Ekim vd., 2000). Bu goézlemler, bitkilerin
tehlike kategorileriyle ilgili calismalara da katkida
bulunacaktir.

2. GENEL BILGILER
2.1. Arastirma Alaninin Cografyasi

Arastirma alanimiz olan Ulas — Kangal (Sivas) arasi, i¢
Anadolu bolgesinin dogusunda, Sivas ilinin sinirlari
icerisinde yer almaktadir. Davis’in Tlrkiye Florasi’'nda
kullandigi kareleme sistemine gbre, B6 karesinde ve
Sivas'in glineyinde bulunmaktadir (Sekil 1). Arastirma
alaninin denizden yiksekligi 1380 — 2319 m arasinda
degismektedir. Hemen hemen Kuzey — Giineydogu
dogrultusunda uzanan arastirma alani; 36°-37° Dogu
boylamlari ile 39°-40° Kuzey enlemleri arasinda
bulunmaktadir.

Arastirma alani hemen hemen 40 x 4 km2 dir. Sivas —
Kayseri devlet yolunun (D850) 40. km. ’sinde bulunan Ulas
ilcesi 1380 m. rakim ile aragtirma alaninin en algak yeri
olup, yine bu ilceye yaklasik olarak 7 km uzaklikta bulunan
Tecer Dag1 2319 m rakim ile aragtirma alaninin en yiiksek
mevkiisidir. Tecer Dagi'ndan sonra aragtirma alanindaki
en yuksek rakima sahip olan yer, Ulas — Kangal yolunda,
Ulas’a yaklasik 18 km mesafede bulunan Yagdonduran
Gegidi'dir (1750 m).

Arastirma alani yer yer engebeli bir yapiya sahiptir.
Ozellikle Ulas — Tecer béliimi oldukga engebeli bir araziye
sahiptir. Arastirma alaninin Yagdonduran Gegidi'nden
sonraki kismi ise Kangal’a kadar genis diizliklere sahiptir
ve bu dulzlikler yogun bir sekilde tarim alani olarak
kullaniimaktadir.

2.2. Arastirma Alaninin iklimi

Turkiye iklimi bugtine kadar bircok arastirmaci tarafindan
incelenmis ve siniflandiriimistir. Emberger'in Akdeniz
cevresi icin gelistirdigi metotla Tirkiye'nin iklimi
incelenmis ve Tirkiye'de hikim sitren yagis rejimleri
haritasi gelistirilmistir (Sekil 2). Bu haritaya gore, Sivas'ta
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Dogu Akdeniz 2. Tip yagis rejimi gorilmektedir (Akman,

1990).
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2.2.1. Sicakhk

Arastirmanin yapildigr 2009- 2010 yillarinin aylik ve yilhk
sicaklik ortalamalari, maksimum sicaklik ve minumum
sicaklik degerleri ve Sivas ili ile ilgili tum sicaklik verileri
Devlet Meteoroloji isletmeleri Genel Midirliigi’nden
(2010) saglanmistir. Ayrica 1975- 2009 vyillari arasi (34
yillik rasat) aylik ve yilik sicakhk ortalamalari ve
maksimum sicakllk ve minumum sicaklik degerleri
gosterilmistir (Tablo 1, 2, 3).
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Sekil 2. Cesitli Yagis Rejimlerini iceren Harita ve Arastirma
Alaninin (a.a) Konumu (Akman, 1990).

2.2.2. Yagis

1975- 2009 yillari arasinda (34 yillik), Sivas ilinin aylik ve
yillik yagis miktari ve ayrica arazi ¢alismalarinin yapildig
2009-2010 yillarinda aylik ve yillik yagis miktari ile ilgili
veriler  Devlet  Meteoroloji isletmeleri  Genel
Mudurligi’nden (2010) saglanmistir (Tablo 4).

2.2.3. Ortalama Nisbi Nem (%)

1957- 1990 yillari arasinda (33 yillik), Sivas ilinin aylik ve
yilhk ortalama nisbi nem (%) miktari ve ayrica arazi
calismalarinin yapildigi 2009- 2010 yillarinda aylik ve yillik
ortalama nisbi nem (%) miktari ile ilgili veriler Devlet
Meteoroloji isletmeleri Genel Midirliigi’nden (2010)
saglanmistir (Tablo 5).

Tablo 1. 1975-2009 Yillari Arasi Ortalama Sicaklik, Ortalama En Dislk Sicaklik ve Ortalama En Yiksek Sicaklik Dagilimi.

Sivas 1975-2009 Arasi (34 yil)

Lo - 5 »

Iklim Elemanlari o w o c 2 ° £ 2 _ € £ x o
g 2 s | 8| 2| R | E| @ | 2| =8| & |%=
o 2 = = > T = < ] w ¥ < =

Ortalama Sicakhk -3.4 -2.2 2.9 9.2 |13.5|17.2|20.3 (203|163 |109 |43 |-0.9 9.0

Ortalama En Distk Sicaklik -17.7 | -17.1 | -10.7 |-28 (13 (50 |78 |76 |30 |-1.7 |-7.8 | -15.0 | -2.7

Ortalama En Yiiksek Sicaklik 7.6 9.8 175 | 23.6 |27.2|30.8|34.4|343|315|26.4|182 | 11.0 | 22.6
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Tablo 2. 2009 Yili Ortalama Sicaklik, Ortalama En Dusuk Sicaklik ve Ortalama En Yiiksek Sicakhk Dagilimi.

Sivas 2009

iklim Elemenlar Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylll | Ekim | Kasim | Aralik | Yillik
Ortalama Sicaklik | -3.2 1.9 3.2 8.1 13.1 18.9 19.8 18.2 149 | 140 | 4.8 3.3 9.7
Ortalama En | -

Diisiik Sicaklik 196 -11.8 | -6.4 -2.6 2.6 7.0 8.0 6.0 2.0 4.0 5.6 -6.8 -1
Ortalama  En o 1195 | 162 |189 | 200 |316 | 332 321|290 | 276 | 196 |116 |22.2
Yiiksek Sicakhk

Tablo 3. 2010 Yil Ortalama Sicaklk, Ortalama En Dustk Sicaklik ve Ortalama En Yiiksek Sicakhk Dagilimi.

Sivas 2010
iklim Elemenlar Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | Ekim | Kasim | Aralik | Yillik
Ortalama Sicaklik | 0.9 3.6 6.7 9.2 14.9 19.5 22.9 23.6 19.7 | 109 | 8.1 - 12.7
Ortalama En | -
Diisiik Sicaklik 16.6 -11.0 | -8.0 | -2.4 2.2 10.0 11.8 10.0 8.4 0.8 -3.2 - 0.2
Ortalama  En |, ¢ 1148 |200 | 230 | 204 |352 | 380 374|346 | 270 | 200 |- 26.7
Yiksek Sicakhk
Tablo 4. Sivas ili yagis miktari (mm).
Yillar / Ay Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eyluil | Ekim | Kasim | Aralik | Yillhk
2009 59.4 62.6 52.5 71.1 45.6 52.6 47.0 0.0 25.3 16.1 88.8 55.5 576.5
2010 93.3 55.4 66.8 55.7 46.9 85.5 0.0 0.1 10.3 103.0 | 3.6 - 520.6
Tablo 5. Sivas ili ortalama nisbi nem (%).
Yillar / Ay Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | Ekim | Kasim | Aralik | Yillk
2009 75.8 72.2 63.9 60.2 57.3 57.5 60.9 53.7 63.2 56.5 73.0 73.0 63.9
2010 74.7 72.0 63.2 61.0 59.8 59.4 56.7 48.9 55.1 69.4 59.6 - 61.8
;L???’SZI-SQQO 72 71 66 62 60 58 56 56 55 62 67 72 63

3. MATERYAL VE METOT

Arastirma materyalini olusturan bitki 6rnekleri, Mart
2009 ile Eylal 2010 tarihleri arasinda toplanmis 420
ornekten olusmaktadir. Arazi ¢alismalari her yil Mart,
Agustos, Eylil, aylarinda 2’ser glinlik, Nisan ve Temmuz
aylarinda 3’er ginliik, Mayis, Haziran aylarinda 4’er
giinliik olacak sekilde diizenlenmistir. iki yil icinde toplam
olarak arazide galisma siiresi 22 giin olmustur.

Genellikle arastirma alanindaki vejetasyon periyodu
Nisan ayinin ilk glinlerinde baslamakta, Temmuz ayinin
sonlari veya Agustos ayinin baslarina dogru, sulak alanlar
haric hemen hemen her yerde, vejetasyon bozkir halini
almaktadir.

Bitki 6rneklerinin teshisinde “Flora of Turkey and the East
Aegean lIslands” adli eserden faydalaniimistir (Davis vd.,
1988; Davis, 1965-1985). Ayrica bitkilerin tehlike
durumlari da “Tiarkiye Bitkileri Kirmizi Kitab1” adli eser
kullanilarak tayin edilmistir (Ekim vd., 2000).

Floristik ¢alismalarda; taksonlarin endemikligi, bitki
cografyasi bolgesi elementi sayisi ve bitki cografyasi
bolgesi elementi oranlari, saptanan familya, cins ve daha
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Ust kategorilerin takson sayisi belirtilmistir. Ayrica
arastirma alanindan saptanan endemik taksonlar ve
tehlike altinda bulunan bitkilerin tehlike kategorileri
verilmistir.  Calismalarimiz  sonucunda; arastirma
alanindan 36 familya, 128 cinse ait 218 tir
adlandiriimstir.

4. BULGULAR

4.1. Lokaliteler

Ulas — Kangal (Sivas) arasinda yapilan arazi ¢calismalarinda
bitki toplanan lokaliteler:

1. B6 Sivas: Ulas, Ulas’i gecince yol kenari, 2. km, 1380 m.
2. B6 Sivas: Ulas, Tecer koyd girisi, kopri yakini, 1410m.

3. B6 Sivas: Ulas, Tecer koyu, Tecer Dagl yamaglari, 1500
m.

4. B6 Sivas: Ulas, Yagdonduran gecidi, TCK cesme, v.
yamaglar, 1750 m.

5. B6 Sivas: Ulas, Yagdonduran gegidi, TCK ¢esme, a.
yamaclar, 1740 m.
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6. B6 Sivas: Kangal, Deliktas koyu yolu, 3. km, 1750 m.

7. B6 Sivas: Kangal, imamdami kéyti girisi, yamaglar, 1740
m.

8. B6 Sivas: Kangal, HayukltUyurt koyi yolu, 2. km, 1650 m.

9. B6 Sivas: Kangal, Tahtali— Catkoy koyu yolu, 5. km, 1650
m.

10. B6 Sivas: Kangal, Catkdy — Yaylacik kéyu yolu, 3. km,
1600 m.

11. B6 Sivas: Kangal, Kuruayse koyi yolu, 1. Km, 1525 m.

12. B6 Sivas: Kangal, Kangal’a 8 km kala, yol kenari, 1540
m.

13. B6 Sivas: Kangal, Kangal’a 4 km kala, yol kenari, 1540
m.

4.2. Sistematik Liste
Pteridophyta
Equisetaceae

Equisetum palustre L. 11; 12.5.2010, Goktas 1092, 5;
02.6.2010, Goktas 1159.

Equisetum arvense L. 4; 12.7.2010, Goktas 1299.
Spermatophyta

Angiospermae

Dicotyledoneae / Magnoliopsida

Ranunculaceae

Nigella arvensis L. var. glauca Boiss. 3; 12.7.2010, Goktas
1312.

Delphinium venulosum Boiss. 3; 21.6.2010, Goktas 1251.
Endemik LC, Ir-Tur.

Consolida orientalis (Gay) Schrod. 1; 14.7.2010, Goktas
1359, 1; 02.6.2010, Goktas 1121; 04.6.2010, Goktas 1229,
2;02.6.2010, Goktas 1148.

Adonis eriocalycina Boiss. 3; 11.5.2010, Goktas 1060, 1;
11.5.2010, Goktas 1079, 2; 11.5.2010, Goktas 1044, 8;
03.6.2010, Goktas 1214, 2; 02.6.2010, Goktas 1149, 13;
04.6.2010, Goktas 1218, 11; 04.6.2010, Goktas 1232, 10;
03.6.2010, Goktas 1239. Ir-Tur.

Ranunculus dissectus Bieb. subsp. huetii (Boiss.) Davis 2;
11.5.2010, Goktas 1036, 3; 11.5.2010, Goktas 1054.
Endemik LC.
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Ranunculus dissectus Bieb. subsp. sibthorpii Davis 3;
13.4.2010, Goktas 1018.

Ranunculus marginatus d’UrV. var.
13.4.2010, Goktas 1025.

Ranunculus cornutus DC. 6; 12.5.2010, Goktas 1102, 11;
12.5.2010, Goktas 1091, 3; 02.6.2010, Goktas 1028, 5;
02.6.2010, Goktas 1166.

marginatus 3;

Berberidaceae
Berberis crataegina DC. 3; 11.5.2010, Goktas 1058. Ir-Tur.
Papaveraceae

Glaucium grandiflorum subsp. refractum var. refractum
(Nab.) Mory 3; 05.8.2010, Goktas 1379. Ir-Tur.

Glaucium grandiflorum Boiss. & Huet var. grandiflorum 1,
02.6.2010, Goktas 1105. Ir-Tur.

Roemeria hybrida (L.) DC. subsp. hybrida 1; 11.5.2010,
Goktas 1088, 3; 11.5.2010, Goktas 1071, 1; 11.5.2010,
Goktas 1089.

Papaver orientale L. 13; 04.6.2010, Goktas 1226, 1;
14.7.2010, Goktas 1353. Ir-Tur.

Papaver rhoeas L. 2; 11.5.2010, Goktas 1039, 2;
11.5.2010, Goktas 1037, 11; 04.6.2010, Goktas 1230, 2;
21.6.2010, Goktas 1246.

Papaver dubium L. 2; 11.5.2010, Goktas 1038.

Papaver argemone L. 3; 11.5.2010, Goktas 1069, 1;
11.5.2010, Goktas 1078.

Corydalis erdelii Zucc. 5; 13.4.2010, Goktas 1017.
Fumaria asepala Boiss. 4; 02.6.2010, Goktas 1171. Ir-Tur.
Brassicaceae

Rapistrum rugosum (L.) All. 11; 04.6.2010, Goktas 1238.
Lepidium perfoliatum L. 3; 11.5.2010, Goktas 1055.

Cardaria draba (L.) Desv. subsp. draba 13; 04.6.2010,
Goktas 1224, 1; 11.5.2010 Goktas 1080, 8; 03.6.2010,
Goktas 1215, 2; 11.5.2010, Goktas 1042, 2; 02.6.2010,
Goktas 1150, 5; 02.6.2010, Goktas 1154.

Isatis glauca Aucher ex Boiss. subsp. glauca 2; 12.7.2010,
Goktas 1328. Ir-Tur.

Capsella bursa-pastoris (L.) Medik. 5; 13.4.2010, Goktas
1014.

Pseudosempervivum sempervivum (Boiss. & Bal.) Podeb.
4;02.6.2010, Goktas 1173. Endemik LC.
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Ricotia aucheri (Boiss.) B. L. Burtt 11; 04.6.2010, Goktas
1235. Ir-Tur.

Erysimum lycaonicum (Hand.-Mazz.) Hub.-Mor. 1;
11.5.2010, Goktas 1086. Endemik LC, Ir-Tur.

Erysimum hamosum Blanche ex Post 1; 11.5.2010, Goktas
1085. Ir-Tur.

Erysimum caricum Boiss. 3; 11.5.2010, Goktas 1063, 6;
12.5.2010, Goktas 1099. Endemik CR, East Medit.

Erysimum leptocarpum Gay. 4; 02.6.2010, Goktas 1172.
Endemik EN.

Chrysochamela noeana (Boiss.) Boiss. 3; 11.5.2010,
Goktas 1065, 3; 13.4.2010, Goktas 1024. Endemik (EN),
Ir-Tur.

Resedaceae
Reseda lutea L. var. lutea 1; 02.6.2010, Goktas 1117.
Cistaceae

Helianthemum  nummularium (L) Miller  subsp.
nummularium 4; 22.6.2010, Goktas 1281.

Caryophyllaceae

Eremogone ledebouriana (Fenzl) lkonn. 6; 03.6.2010,
Goktas 1194. Endemik LC.

Stellaria media (L.) Vill. subsp. postii Holmboe 11,
12.5.2010, Goktas 1094.

Dianthus zederbaueri Vierh. 5; 22.6.2010, Goktas 1274, 7;
13.7.2010, Goktas 1343, 4; 05.8.2010, Goktas 1396, 7;
06.8.2010, Goktas 1414. Endemik LC.

Dianthus brevicaulis Fenzl subsp. brevicaulis 4; 12.7.2010,
Goktas 1302, 4; 12.7.2010, Goktas 1298.

Velezia hispida Boiss. & Bal. 4; 02.6.2010, Goktas 1164.
Endemik LC. East Medit.

Gypsophila eriocalyx Boiss. 3; 21.6.2010, Goktas 1253.
Endemik LC, Ir-Tur.

Gypsophila heteropoda Freyn & Sint. subsp. minutiflora
Bark. 3; 02.6.2010, Goktas 1135. Endemik CR, Ir-Tur.

Silene vulgaris (Moench) Garcke var. macrocarpa (Turrill)
Coode & Cullen 8; 03.6.2010, Goktas 1216, 1; 02.6.2010,
Goktas 1113.

Silene dianthoides Pers. 6; 03.6.2010, Goktas 1187, Ir-Tur.
Silene argentea Ledeb. 5; 02.6.2010, Goktas 1158, Ir-Tur.
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Paronychia beauverdii Czecz. 5; 11.5.2010, Goktas 1033.
Endemik LC, Ir-Tur.

Hypericaceae

Hypericum scabrum L. 6; 03.6.2010, Goktas 1198, 6;
22.6.2010, Goktas 1294, Ir-Tur.

Hypericum montbretii Spach 5; 22.6.2010, Goktas 1273,
7;13.7.2010, Goktas 1347.

Hypericum perforatum L. 6; 14.7.2010, Goktas 1368.
Malvaceae

Alcea striata (DC.) Alef. subsp. striata 1; 14.7.2010,
Goktas 1363, Ir-Tur.

Alcea striata (DC.) Alef. subsp. rufescens (Boiss.) Cullen 1;
14.7.2010, Goktas 1364, Ir-Tur.

Linaceae

Linum obtusatum (Boiss.) Stapf 1; 11.5.2010, Goktas
1077, 13; 04.6.2010, Goktas 1221, Ir-Tur.

Geraniaceae

Geranium tuberosum L. subsp. tuberosum 6; 13.4.2010,
Goktas 1096.

Geranium libanoticum Schenk 5; 11.5.2010, Goktas 1027.

Erodium cicutarium (L.) L'Hérit. subsp. cicutarium 1,
11.5.2010, Goktas 1087, 2; 11.5.2010, Goktas 1047, 1;
02.6.2010, Goktas 1112.

Fabaceae

Genista albida Willd. 5; 02.6.2010, Goktas 1160, 3;
11.5.2010, Goktas 1072.

Argyrolobium uniflorum (Dec.) Jaub. & Spach 5;
12.7.2010, Goktas 1332.

Astragalus haussknechtii Bunge 7; 03.6.2010, Goktas
1207. Endemik LC, Ir-Tur.

Astragalus nanus DC. 6; 12.5.2010, Goktas 1090.

Astragalus noaeanus Boiss. 6; 12.5.2010, Goktas 1101.
Endemik LC, Ir-Tur.

Astragalus microcephalus Willd. 5; 11.5.2010, Goktas
1035. Ir-Tur.

Astragalus plumosus Willd. 4; 02.6.2010, Goktas 1181. Ir-
Tur.

Astragalus acicularis Bunge 4; 02.6.2010, Goktas 1179.
Endemik LC, Ir-Tur.
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Astragalus cymbibracteatus Hub.-Mor. & Chamb. 6;
14.7.2010, Goktas 1375. Endemik LC, Ir-Tur.

Astragalus karamasicus Boiss. & Bal. 1; 11.5.2010, Goktas
1076, 13; 04.6.2010, Goktas 1225. Endemik LC, Ir-Tur.

Astragalus xylobasis Freyn & Bornm 9; 03.6.2010, Goktas
1243, Ir-Tur.

Vicia freyniana Bornm 1; 02.6.2010, Goktas 11009.
Endemik LC, Oksin.

Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj. 5;
12.7.2010, Goktas 1330, 5; 05.8.2010, Goktas 1401.

Trifolium caudatum Boiss. 5; 02.6.2010, Goktas 1156, 3;
11.5.2010, Goktas 1053, 3; 02.6.2010, Goktas 1134.
Endemik LC.

Melilotus officinalis (L.) Desr. 13; 04.6.2010, Goktas 1228.

Trigonella coerulescens (Bieb.) Hal. 4; 05.8.2010, Goktas
1393. Ir-Tur.

Tetragonolobus maritimus (L.) Roth 3; 11.5.2010, Goktas
1061.

Hedysarum varium Willd. 7; 22.6.2010, Goktas 1276, 4;
22.6.2010, Goktas 1282, 3; 02.6.2010, Goktas 1146. Ir-
Tur.

Hedysarum varium Willd. subsp. syriacum (Boiss.) Town.
8; 03.6.2010, Goktas 1217, 1; 02.6.2010, Goktas 1114. Ir-
Tur.

Hedysarum nitidum Willd. 12; 13.7.2010, Goktas 1342, 1;
14.7.2010, Goktas 1355, 1; 21.6.2010, Goktas 1271, 1;
02.6.2010, Goktas 1107. Endemik LC, Ir-Tur.

Ebenus laguroides Boiss. var. laguroides 6; 03.6.2010,
Goktas 1196. Endemik LC, Ir-Tur.

Rosaceae

Rubus discolor Weihe & Nees 3; 21.6.2010, Goktas 1262.
Potentilla reptans L. 5; 12.7.2010, Goktas 1331.

Rosa beggeriana Schrenk 4; 02.6.2010, Goktas 1178.

Rosa canina L. 3; 02.6.2010, Goktas 1132, 5; 22.6.2010,
Goktas 1272.

Apiaceae

Bupleurum croceum Fenzl 9; 03.6.2010, Goktas 1241, 13;
04.6.2010, Goktas 1223, 1; 02.6.2010, Goktas 1124. Ir-
Tur.
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Falcaria vulgaris Bernh. 4; 05.8.2010, Goktas 1399, 12;
06.8.2010, Goktas 1410.

Peucedanum palimbioides Boiss. 12; 06.8.2010, Goktas
1411, 7; 13.7.2010, Goktas 1345, 6; 14.7.2010, Goktas
1369. Endemik LC, Ir-Tur.

Morinaceae

Morina persica L. var. persica 3; 21.6.2010, Goktas 1266,
Ir-Tur.

Dipsacaceae

Cephalaria aristata C. Koch 2; 12.7.2010, Goktas 1325, Ir-
Tur.

Scabiosa argentea L. 4; 12.7.2010, Goktas 1309, 12;
06.8.2010, Goktas 1408, 6; 14.7.2010, Goktas 1374, 5;
05.8.2010, Goktas 1400.

Asteraceae

Asteriscus aquaticus (L.) Less. 4; 12.7.2010, Goktas 1297.
Medit.

Helichrysum compactum Boiss. 6; 06.8.2010, Goktas
1419, 6; 14.7.2010, Goktas 1376. Endemik EN, East
Medit.

Helichrysum noeanum Boiss. 3; 12.7.2010, Goktas 1313,
4; 12.7.2010, Goktas 1300. Endemik LC, Ir-Tur.

Helichrysum chionophilum Boiss. & Bal. 4; 12.7.2010,
Goktas 1306. Endemik LC.

Helichrysum arenarium (L.) Moench subsp. aucheri
(Boiss.) Davis 4; 22.6.2010, Goktas 1291, 3; 12.7.2010,
Goktas 1320. Endemik LC, Ir-Tur.

Tussilago farfara L. 3; 22.3.2009, Goktas 1002. Eur-Sib.

Anthemis aciphylla Boiss. var. aciphylla 2; 21.6.2010,
Goktas 1247, 1; 14.7.2010, Goktas 1357, 1; 21.6.2010,
Goktas 1270. Endemik LC, East Medit.

Anthemis rigida (Sibth. & Sm.) Boiss. ex Heldr. 13;
04.6.2010, Goktas 1220, 11; 04.6.2010, Goktas 1233. East
Medit.

Anthemis cotula L. 1; 02.6.2010, Goktas 1116.

Anthemis pseudocotula Boiss. 12; 13.7.2010, Goktas
1340.

Cota tinctoria L. var. pallida (DC.) U. Ozbek & Vural 2;
11.5.2010, Goktas 1046, 1; 11.5.2010, Goktas 1083.
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Achillea sipikorensis Hausskn. & Bornm 4; 02.6.2010,
Goktas 1163, 7; 03.6.2010, Goktas 1211. Endemik LC, Ir-
Tur.

Achillea santolinoides subsp. wilhelmsii (C. Koch) Greuter
3; 21.6.2010, Goktas 1256. Ir-Tur.

Achillea schischkinii Sosn. 1; 02.6.2010, Goktas 1111, 7;
22.6.2010, Goktas 1278, 3; 02.6.2010, Goktas 1131, §;
03.6.2010, Goktas 1213. Endemik LC, Ir-Tur.

Achillea sintenisii Hub.-Mor. 3; 02.6.2010, Goktas 1143.
Endemik LC, Ir-Tur.

Tanacetum aucheranum (DC.) Schultz Bip. 3; 13.4.2010,
Goktas 1021. Ir-Tur.

Tanacetum armenum (DC.) Schultz Bip. 4; 22.6.2010,
Goktas 1290.

Tanacetum heterotomum (Bornm) Grierson 5; 11.5.2010,
Goktas 1030, 4; 02.6.2010, Goktas 1162. Endemik VU, Ir-
Tur.

Tripleurospermum elongatum (DC.) Bornm 6; 12.5.2010,
Goktas 1104.

Tripleurospermum  parviflorum (Willd.) Pobed. 7;
03.6.2010, Goktas 1208, 3; 11.5.2010, Goktas 1051.

Tripleurospermum decipiens (Fisch. & Mey.) Bornm 3;
02.6.2010, Goktas 1142, 4; 22.6.2010, Goktas 1287.

Gundelia tournefortii L. var. tournefortii 3; 02.6.2010,
Goktas 1147, Ir-Tur.

Cousinia bicolor Freyn & Sint. 3; 12.7.2010, Goktas 1311,
5; 05.8.2010, Goktas 1406, 6; 06.8.2010, Goktas 1418.
Endemik LC, Ir-Tur.

Onopordum armenum Grossh. 6; 06.8.2010, Goktas 1417,
3; 02.6.2010, Goktas 1127. Ir-Tur.

Cirsium simplex C. A. Meyer subsp. simplex 3; 05.8.2010,
Goktas 1384. Oksin.

Cirsium arvense (L.) Scop. 4; 05.8.2010, Goktas 1391 (A,B).

Carduus nutans L. subsp. leiophyllus (Petr.) Stoj. & Stef. 4;
12.7.2010, Goktas 1297, 3; 21.6.2010, Goktas 1264, 1;
02.6.2010, Goktas 1123, 10; 13.7.2010, Goktas 1334

Centaurea sivasica Wagenitz 3; 12.7.2010, Goktas 1314,
7; 06.8.2010, Goktas 1412, 5; 05.8.2010, Goktas 1403, 7;
13.7.2010, Goktas 1344. Endemik LC, Ir-Tur.

Centaurea armena Boiss. 7; 22.6.2010, Goktas 1277.
Endemik LC, Ir-Tur.
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Centaurea solstitialis L. subsp. solstitialis 2; 12.7.2010,
Goktas 1326.

Centaurea urvillei DC. subsp. urvillei 12; 13.7.2010,
Goktas 1341. East Medit.

Centaurea urvillei DC. subsp. armata Wagenitz 5;
22.6.2010, Goktas 1275. East Medit.

Centaurea mucronifera DC. 6; 03.6.2010, Goktas 1205, 4;
22.6.2010, Goktas 1286. Endemik LC, Ir-Tur.

Centaurea pichleri Boiss. subsp. pichleri 1; 21.6.2010,
Goktas 1268, 12; 06.8.2010, Goktas 1407.

Cyanus depressus (Bieb.) Sojak 1; 02.6.2010, Goktas 1119,
4; 02.6.2010, Goktas 1169, 13; 04.6.2010, Goktas 1219,
11; 04.6.2010, Goktas 1231, 13; 04.6.2010, Goktas 1227,
9; 03.6.2010, Goktas 1242.

Carlina libanotica Boiss. 7; 13.7.2010, Goktas 1352. East
Medit.

Atractylis cancellata L. 4; 12.7.2010, Goktas 1301. Medit.

Xeranthemum annuum L. 2; 21.6.2010, Goktas 1248, 1;
14.7.2010, Goktas 1354, 1; 21.6.2010, Goktas 1269, 2;
12.7.2010, Goktas 1321.

Echinops pungens Trautv. var. pungens 3; 05.8.2010,
Goktas 1387. Ir-Tur.

Scolymus hispanicus L. 3; 05.8.2010, Goktas 1383. Medit.

Cichorium intybus L. 10; 13.7.2010, Goktas 1335, 2;
12.7.2010, Goktas 1327.

Scorzonera laciniata L. subsp. laciniata 6; 03.6.2010,
GOktas 1188.

Scorzonera aucherana DC. 3; 11.5.2010, Goktas 1064.
Endemik VU, Ir-Tur.

Tragopogon coloratus C. A. Meyer 3; 11.5.2010, Goktas
1048. Ir-Tur.

Lactuca orientalis (Boiss.) Boiss. 6; 06.8.2010, Goktas
1416. Ir-Tur.

Taraxacum scaturiginosum G. Hagl. 3; 05.8.2010, Goktas
1385, 4; 05.8.2010, Goktas 1389.

Convolvulaceae
Convolvulus lanatus Vahl 1; 02.6.2010, Goktas 1110.

Convolvulus lineatus L. 6; 03.6.2010, Goktas 1191, 7;
03.6.2010, Goktas 1210, 4; 02.6.2010, Goktas 1161, 3;
11.5.2010, Goktas 1067.
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Convolvulus arvensis L. 1; 14.7.2010, Goktas 1360, 2;
12.7.2010, Goktas 1323, 2; 21.6.2010, Goktas 1250.

Cuscutaceae

Cuscuta kotschyana Boiss. var. caudata Bornm & Schwarz
3; 02.6.2010, Goktas 1145. Ir-Tur.

Boraginaceae

Lappula barbata (Bieb.) Glrke 3; 11.5.2010, Goktas 1062.
Ir-Tur.

Lappula squarrosa (Retz.) Dumort. 3; 02.6.2010, Goktas
1136.

Macrotomia densiflora (Ledeb.) McBride 4; 02.6.2010,
Goktas 1182. Ir-Tur.

Moltkia coerulea (Willd.) Lehm 1;11.5.2010, Goktas 1074,
1;14.7.2010, Goktas 1358, 11; 04.6.2010, Goktas 1236, 3;
11.5.2010, Goktas 1057, 7; 03.6.2010, Goktas 1209, 1;
11.5.2010, Goktas 1075. Ir-Tur.

Onosma frutescens Lam 6; 03.6.2010, Goktas 1184. East
Medit.

Onosma stenolobum Hausskn. ex H. Riedl 3; 02.6.2010,
Goktas 1133. Endemik LC, Ir-Tur.

Onosma sieheanum Hayek 3; 11.5.2010, Goktas 1049.
Endemik VU, Ir-Tur.

Cerinthe minor L. subsp. auriculata (Ten.) Domac 2;
02.6.2010, Goktas 1152, 6; 03.6.2010, Goktas 1185.

Anchusa leptophylla Roemer & Schultes subsp.
leptophylla 6; 03.6.2010, Goktas 1183.

Anchusa azurea Miller var. azurea 2; 11.5.2010, Goktas
1043.

Anchusa azurea Miller var. macrocarpa (Boiss. & Hohen.)
Chamb. 4; 12.7.2010, Goktas 1303.

Nonea caspica (Willd.) G. Don 13; 04.6.2010, Goktas
1222.

Nonea stenosolen Boiss. & Bal. 5; 13.4.2010, Goktas 1016,
4; 22.6.2010, Goktas 1292, 5; 11.5.2010, Goktas 1032.
Endemik LC, Ir-Tur.

Scrophulariaceae

Verbascum stenostachyum Hub.-Mor. 6; 22.6.2010,
Goktas 1293. Endemik LC, Ir-Tur.

Verbascum inaequale Freyn & Sint. 5; 12.7.2010, Goktas
1333. Endemik VU.
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Linaria genistifolia (L.) Miller subsp. genistifolia 4;
22.6.2010, Goktas 1283. Eur-Sib.

Linaria genistifolia (L.) Miller subsp. linifolia (Boiss.) Davis
4; 05.8.2010, Goktas 1397.

Linaria grandiflora Desf. 1; 02.6.2010, Goktas 1126, 1;
14.7.2010, Goktas 1361.

Veronica filiformis Sm. 3; 22.3.2009, Goktas 1001.

Veronica multifida L. 5;11.5.2010, Goktas 1031, 9;
03.6.2010, Goktas 1244, 3; 02.6.2010, Goktas 1140, 3;
11.5.2010, Goktas 1068, 4; 02.6.2010, Goktas 1177, 1;
11.5.2010, Goktas 1081. Endemik LC.

Pedicularis comosa L. var. acmodonta (Boiss.) Boiss. 3;
02.6.2010, Goktas 1128.

Orobanchaceae

Orobanche nana Noé ex Reut. 3; 02.6.2010, Goktas 1130.
Orobanche purpurea Jacg. 3; 02.6.2010, Goktas 1141.
Orobanche cernua Loefl. 4; 05.8.2010, Goktas 1388.
Acanthaceae

Acanthus hirsutus Boiss. 7; 03.6.2010, Goktas 1206, 1;
02.6.2010, Goktas 1122. Endemik LC.

Globulariaceae

Globularia trichosantha Fisch. & Mey. 5; 11.5.2010,
Goktas 1029.

Lamiaceae

Teucrium chamaedrys L. subsp. chamaedrys 4; 05.8.2010,
Goktas 1394.

Scutellaria salviifolia Benth. 3; 21.6.2010, Goktas 1258, 3;
02.6.2010, Goktas 1144. Endemik LC.

Phlomis oppositiflora Boiss. & Hausskn. 3; 12.7.2010,
Goktas 1318. Endemik LC, Ir-Tur.

Phlomis armeniaca Willd. 3; 21.6.2010, Goktas 1261. Ir-
Tur.

Lamium amplexicaule L. 3; 13.4.2010, Goktas 1020, 2;
12.4.2010, Goktas 1006, 1; 11.5.2010, Goktas 1084, 2;
11.5.2010, Goktas 1040. Eur-Sib.

Lamium orientale (Fisch. & Mey.) E.H.L. Krause 6;
03.6.2010, Goktas 1186, 3; 11.5.2010, Goktas 1056. Ir-
Tur.

Marrubium cordatum Nab. 2; 02.6.2010, Goktas 1151. Ir-
Tur.
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Sideritis montana L. subsp. montana 3; 21.6.2010, Goktas
1254. East Medit.

Sideritis montana L. subsp. remota (d’UrV.) P.W. Ball ex
Heywood 3; 02.6.2010, Goktas 1137. East Medit.

Stachys lavandulifolia Vahl 3; 11.5.2010, Goktas 1052, 3;
02.6.2010, Goktas 1129.

Lallemantia iberica (Bieb.) Fisch. & Mey. 6; 03.6.2010,
Goktas 1193. Ir-Tur.

Hyssopus officinalis L. 7; 13.7.2010, Goktas 1350.
Prunella vulgaris L. 3; 21.6.2010, Goktas 1260. Eur-Sib.

Clinopodium cilicicum (Hausskn. ex P. H. Davis) Brauchler
&Heubl. 4; 02.6.2010, Goktas 1170. Endemik EN, East
Medit.

Thymus cappadocicus Boiss. var. pruinosus (Boiss.) Boiss.
6; 03.6.2010, Goktas 1192. Endemik VU.

Thymus pectinatus Fisch. & Mey. var. pectinatus 3;
05.8.2010, Goktas 1382. Endemik NT, Ir-Tur.

Thymus spathulifolius Hausskn. & Velen. 6; 12.5.2010,
Goktas 1097, 6; 03.6.2010, Goktas 1195. Endemik EN, Ir-
Tur.

Mentha longifolia (L.) Hudson subsp. typhoides (Brig.)
Harley var. typhoides 3; 05.8.2010, Goktas 1381.

Ziziphora clinopodioides Lam 7; 13.7.2010, Goktas 1349,
4, 05.8.2010, Goktas 1395, 7; 06.8.2010, Goktas 1413, 4,
05.8.2010, Goktas 1390. Ir-Tur.

Salvia caespitosa Montbret & Aucher ex Bentham 7;
13.7.2010, Goktas 1346. Endemik LC, Ir-Tur.

Salvia suffruticosa Montbret & Aucher ex Bentham 4;
02.6.2010, Goktas 1168. Ir-Tur.

Salvia syriaca L. 6; 22.6.2010, Goktas 1296, 6; 14.7.2010,
Goktas 1367. Ir-Tur.

Salvia viridis L. 12; 06.8.2010, Goktas 1409. Medit.
Salvia spinosa L. 6; 14.7.2010, Goktas 1366. Ir-Tur.

Salvia brachyantha (Bordz.) Pobed. 2; 12.7.2010, Goktas
1324.

Salvia aethiopis L. 1; 02.6.2010, Goktas 1125.

Salvia candidissima Vahl subsp. candidissima 3;
21.6.2010, Goktas 1265. Ir-Tur.

Salvia dicroantha Stapf 12; 13.7.2010, Goktas 1337.
Endemik LC, Ir-Tur.
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Plumbaginaceae

Acantholimon armenum Boiss. & Huet. var. balansae
Boiss. & Huet. 12; 13.7.2010, Goktas 1338. Ir-Tur.

Acantholimon caesareum Boiss. & Bal. 6; 14.7.2010,
Goktas 1377, 6; 14.7.2010, Goktas 1378, 5; 05.8.2010,
Goktas 1405. Endemik LC, Ir-Tur.

Acantholimon puberulum Boiss. & Bal. subsp. puberulum
3; 12.7.2010, Goktas 1317, 5; 05.8.2010, Goktas 1404. Ir-
Tur.

Plantaginaceae

Plantago major L. subsp. major 1; 02.6.2010, Goktas
1118.

Thymelaeaceae

Daphne oleoides Schreb. subsp. oleoides 4; 02.6.2010,
Goktas 1180.

Euphorbiaceae

Euphorbia platyphyllos L. 3; 21.6.2010, Goktas 1255, 3;
12.7.2010, Goktas 1310, 2; 11.5.2010, Goktas 1045.

Euphorbia macroclada Boiss. 1; 02.6.2010, Goktas 1115.
Ir-Tur.

Euphorbia esula subsp. tommasiniana (Bertol.) Kuzmanov
7; 22.6.2010, Goktas 1280.

Rubiaceae

Galium rotundifolium L. 5; 11.5.2010, Goktas 1034, 3;
13.4.2010, Goktas 1023, 3; 02.6.2010, Goktas 1245, 6;
12.5.2010, Goktas 1100, 1; 11.5.2010, Goktas 1082. Eur-
Sib.

Galium verum L. subsp. glabrescens Ehrend. 11,
04.6.2010, Goktas 1237. Ir-Tur.

Monocotyledoneae
Liliaceae

Asphodeline tenuior (Fischer) Ledeb var. tenuiflora 11;
02.6.2010, Goktas 1165, 5; 11.5.2010, Goktas 1026, 3;
21.6.2010, Goktas 1252. Ir-Tur.

Allium tauricola Boiss. 6; 03.6.2010, Goktas 1202.
Endemik LC, Ir-Tur.

Allium cappadocicum Boiss. 6; 14.7.2010, Goktas 1373, 4;
12.7.2010, Goktas 1305. Endemik LC, Ir-Tur.

Allium pustulosum Boiss. & Hausskn. 4; 02.6.2010, Goktas
1174. Ir-Tur.
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Allium scorodoprasum L. subsp. scorodoprasum 9;
03.6.2010, Goktas 1240. Eur-Sib.

Allium scorodoprasum L. subsp. rotundum (L.) Stearn 6;
14.7.2010, Goktas 1372, 3; 21.6.2010, Goktas 1259, 3;
12.7.2010, Goktas 1316.

Ornithogalum narbonense L. 4; 02.6.2010, Goktas 1176.
Medit.

Ornithogalum oligophyllum E.D. Clarke 3; 11.5.2010,
Goktas 1059.

Muscari tenuiflorum Tausch 1; 02.6.2010, Goktas 1106, 6;
03.6.2010, Goktas 1189.

Muscari armeniacum Leichtlin ex Baker 6; 12.5.2010,
Goktas 1095.

Hyacinthella acutiloba K. Persson & Wendelbo 6;
13.4.2010, Goktas 1011. Endemik LC, Ir-Tur.

Gagea taurica Steven 6; 13.4.2010, Goktas 1013, 5;
13.4.2010, Goktas 1015. Ir-Tur.

Gagea villosa (Bieb.) Duby var. villosa 2; 12.4.2010,
Goktas 1004. Medit

Colchicum triphyllum G. Kunze 3; 22.3.2009, Goktas 1003.
Medit.

Iridaceae

Crocus danfordiae Maw 4; 22.3.2009, Goktas 1000.
Endemik LC.

Gladiolus atroviolaceus Boiss. 8; 03.6.2010, Goktas 1212.
Ir-Tur.

Orchidaceae

Orchis lactea Poiret 3; 12.7.2010, Goktas 1315, 3;
11.5.2010, Goktas 1050. Medit.

Typhaceae
Typha latifolia L. 3; 21.6.2010, Goktas 1257.
Poaceae

Hordeum bulbosum L. 2; 12.7.2010, GOktas 1322.

5. TARTISMA, SONUC VE ONERILER

Bu ¢alisma; arastirma alanindan iki yillik siire igerisinde
toplanan 420 bitki 6rnegine dayanmaktadir. Taksonomik
degerlendirmeler sonucu; arastirma alanindan 36
familya, 128 cinse ait 212 tir ve tir alti birimleri ele
aldigimizda 218 takson saptanmistir.

Arastirma alanindan saptanan 218 taksonun 2’si
Pteridophyta, 216’si Spermatophyta béliimlerine aittir.
Spermatophyta’ya ait 216 takson Angiospermae alt
bolimlerine dahildir. Angiospermae alt bolimiindeki 216
taksonun 197’si Dicotyledoneae, 19'u Monocotyledoneae
siniflarinda yer almaktadir (Sekil 3).

H Diger 25 familya

20.2 211
B Rosaceae
1.8
Scrophulariaceae/=
3.7 Ranunculaceae B Lamiaceae
3.7 12.8
W Papaveraceae
4.1 m Caryophyllaceae
5.0 . B Fabaceae
B Brassicaceae . L
B Boraginaceae ¥ Liliaceae 9.6
5.5
6.0 6.4
W Asteraceae M Lamiaceae M Fabaceae m Liliaceae

M Boraginaceae M Brassicaceae

Ranunculaceae Scrophulariaceae

Familya Spekturumu

H Caryophyllaceae
B Rosaceae

B Asteraceae

W Papaveraceae
m Diger 25 familya

Sekil 3. Arastirma alanindan saptanan ilk on familyaya ait spektrum.

17/ Goktas O, Akpulat HA (2021). Turkish Journal of Biodiversity 4(1): 7-21



Ulas—Kangal (Sivas, Turkiye) arasi florasi

Arastirma alanimizdan saptanan ilk {¢ familya siralamasi Asteraceae —Lamiaceae — Fabaceae seklindedir. ilk {ic familya sirasi
bakimindan, alanimiza yakin bazi arastirma alanlarinin sonuglari ile karsilastiracak olursak (Tablo 6);

Tablo 6. Yakin yerlerde yapilan galismalardaki ilk i¢ familya siralamasinin arastirma alanimizla karsilastirilmasi.

ARASTIRMA ALANI

iLK UC FAMILYA SIRALAMASI

Ulas-Kangal (Sivas) Arasi

1 Kovali-Hanl Arasi (Sivas) (Aktas S, Celik N, 2008)

2 Berit Dag1 (Kahramanmaras) (Yildiz B, 2001)

3 Deveci Daglari (Yozgat-Tokat) (ilarslan R, 1994)

4 Hinzir Dagi (Kayseri) (Celik N, 1985)

5 incebel Daglari (Kayseri-Sivas) (Ekim T, 1982)

6 Kizilinis-Geyraz (Tokat) (Bayram S, 1988)

7 Tashdere (Sivas) (Civelek S, Celik N, 1988)

8 Camlibel-Yildiz Dagl. (Sivas-Tokat) (Civelek S, 1992)

9 Tecer Daglari (Sivas) (Celik N, Yildiz B, 1991)

10 Kose Dagi (Sivas) (Yildiz B, 1996)

11 Govdeli Dagi (Kayseri-Sivas) (Dénmez E, 2006)

12 Sivas-Hafik Arasi (Sivas) (Donmez E, Celik N, 2002)

13 Sivas-Sicak Cermik Arasi (Sivas) (Akpulat HA, Celik N, 2002)
14 Sivas ili Jipsli Alanlari (Akpulat HA, Celik N, 2005)

15 Flora of Giiriin district (Sivas) (Bozkurt SG, Akkemik U, 2018)
16 Lota Golleri florasi (Akpulat, 2018)

Asteraceae-Lamiaceae-Fabaceae
Asteraceae-Fabaceae-Lamiaceae
Asteraceae-Fabaceae-Brassicaceae
Asteraceae-Fabaceae-Lamiaceae
Asteraceae-Brassicaceae-Lamiaceae
Asteraceae-Fabaceae-Lamiaceae
Asteraceae-Fabaceae-Lamiaceae
Asteraceae-Brassicaceae-Lamiaceae
Asteraceae-Fabaceae-Brassicaceae
Asteraceae-Lamiaceae-Brassicaceae
Asteraceae-Fabaceae-Brassicaceae
Asteraceae-Fabaceae-Lamiaceae
Asteraceae-Fabaceae-Brassicaceae
Asteraceae-Fabaceae-Brassicaceae
Asteraceae-Fabaceae-Lamiaceae
Asteraceae-Fabaceae-Brassicaceae
Asteraceae-Fabaceae-Lamiaceae

Arastirma alanindan saptanan taksonlarin bitki cografyasi
bolgelerine dagilimi bir tablo halinde asagida verilmistir
(Tablo 7).

Tablo 7. Arastirma alanimizdan saptanan taksonlarin bitki
cografyasi bolgelerine dagilimi.

BiTKi COGRAFYASI TAKSON TAKSONLARIN
BOLGESI SAYISI ORANI (%)
iran-Turan 90 41,3
Avrupa-Sibirya 8 3,7

Akdeniz 19 8,7

Yayihlisi Bilinmeyenler 101 46,3

TOPLAM 218 100

Tablo 7‘de gériildiigu (izere, iran-Turan bitki cografyasi
elementleri 90 (%41,3), Avrupa-Sibirya bitki cografyasi
elementleri 8 (%3,7), Akdeniz bitki cografyasi elementleri
ise 19 taksona (%8,7) sahiptir. Bitki cografyasi bolgesi
bilinmeyenler 101 (%46,3)’tlr.

Avrupa-Sibirya elementlerinin 2’si Oksin elementidir.
Akdeniz elementlerinin 12’si Dogu Akdeniz elementidir.
Arastirma alanimiz iran-Turan bitki cografyasi bélgesinde
yer aldigindan iran-Turan bitki cografyasi béolgeli
elementlerin cogunlukta olmasi dogaldir.

Arastirma alanindan saptanan 58 endemik taksonun bitki
cografyasi bolgelerine dagilimi bir tablo halinde (Tablo 8)
asagida verilmistir.
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Tablo 8. Arastirma alanindan saptanan endemik taksonlarin
bitki cografyasi bolgelerine dagilimi.

BiTKi COGRAFYASI TAKSON 525:2’:\:" ENDEMIZM
e . o

BOLGESI SAVISI i) ORANI (%)
iran-Turan 90 38 42,2
Avrupa-Sibirya 8 1 11,1
Akdeniz 19 5 26,3
Genis Y§Y|I|§I|Iar ve 101 13 12,9
Yayihisi Bilinmeyenler
TOPLAM 218 57

Tablo 8’de goriuldiigti (zere, arastirma alanindan
toplanan 218 taksonun 57'si (%26,1) endemiktir. Bu 57
endemik taksonun 38'i iran-Turan, 5'i Akdeniz, 1'i Avrupa-
Sibirya bitki cografyasi bdlgesi elementidir. Arastirma
alani iran-Turan bitki cografyasi bolgesinde
bulunmasindan dolayi, iran-Turan bitki cografyasi
bolgesinin, endemik bitkiler yoniinden ilk sirayi almasi da
dogaldir. Zaten Tirkiye Florasi'nda, bitki cografyasi
bolgeleri arasinda en fazla endemik bitki iceren bolge,
iran-Turan bitki cografyasi bélgesidir (1181 takson). Bunu
Akdeniz bitki cografyasi bolgesi (946 takson) ve Avrupa-
Sibirya bitki cografyasi bolgesi (256 takson) izler (Davis,
1965- 1985).

Calisma alaninda saptanan 57 endemik bitkinin 2’si CR, 5'i
EN, 5’i VU, 1'i NT, 44’0 LC sinifina girmektedir (Tablo 9).
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Tablo 9. Endemik bitkilerin tehlike siniflari, takson sayilari ve
oranlari.

Tehlike Siniflari (Kategori) Takson sayisi  Orani (%)

EX (Tikenmis) - -
EW (Dogada Tukenmis)

CR (Kritik) 2 3,5

EN (Tehlikede) 5 8,8

VU (Zarar Gorebilir) 5 8,8

LC (Nadir ve Tehlike Altinda a4 772

Olmayan)

NT (Tehlike Altina Girebilir) 1 1,7

DD (Yetersiz Bilinen) - -

NE (Degerlendirilmeyen) - - ey : R AR 3
TOPLAM ENDEMIK SAYISI 57 100 S

Sekil 5 Ebenus laguroides Boiss. var. Laguroides (Foto: O.
Sonug olarak yapilan bu galisma ile florasi orta derecede Goktag)

bilinen bir yer olan arastirma alnimizin (Davis, 1974), daha
iyi bilinir hale gelmesi saglanarak Turkiye Florasi’na bir
katki saglanmistir. Bazi taksonlarin yayilis alanlari
genisletilmis, ait oldugu bitki cografyasi bolgesi
bilinmeyen bazi  taksonlarin  vyayilislari  gbzden
gecirilmistir. Calisma alani Tablo 8 de de gorildigi gibi
iran-Turan bitki cografyasina ait bitkiler bakimindan
zengindir. Bu nedenle endemizm orani da ylksektir.
Bununla birlikte tehlike kategorisi bakimindan korunmasi
gereken bitki sayisi da 6nemli seviyededir. Bu alanlarin
korunmasini 6neriyoruz.

Sekil 6. Acanthus hirsutus Boiss. (Foto: O. Goktas)

D SRR AT S ?7'_
Sekil 4. Delphinium venulosum Boiss. (Foto: O. Goktas)
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Sekil 7. Astragalus haussknechtii Bﬁngé ('Ifoto:O. Goktas)
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Sekil 10. Nonea steosolen Boiss. Bal. (Fott;: 0. Géktag)

D <%
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$eil 11. Cousinia bicolor Freyn & Sint. (Foto: O. Goktas)
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ABSTRACT

Bolkar Mountains that is mountain group located between Inner Anatolia and Mediterranean region
in the city borders of Nigde, Adana, Karaman, Konya and Mersin Provinces. 151 scorpion samples
collected from 31 different localities from July to September in 2010. As a result of the evaluation of
samples of terrain, 18 Euscorpius koci samples from Euscorpiidae; 113 Aegaeobuthus gibbosus
samples from Buthidae (88 adult); 13 Protoiurus asiaticus samples from Luridae and 7 Scorpio fuscus
samples from Scorpionidae were determined. Finally, this study gave information about systematics,
morphological characteristics and bioecological observation of scorpions distributed in Bolkar
Mountains.

oz

Bolkar Daglari, Akdeniz ve i¢ Anadolu Bdlgeleri arasinda ve Nigde, Adana, Karaman, Konya ve Mersin
il sinirlar iginde yer alan Orta Toroslar’in olusturdugu dag grubudur. 2010 yi Temmuz-Eylil aylar
arasinda 31 farkli lokaliteden 151 akrep ornegi toplanmistir. Araziden elde edilen 6rneklerin
degerlendirilmesi sonucu Euscorpiidae’ye ait 18 ornegin Euscorpius koci; Buthidae’den 88'i ergin
olmak lizere 113 6rnegin Aegaeobuthus gibbosus ; Luridae’den 13 Ornegin Protoiurus asiaticus ve
Scorpionidae’den 7 6rnegin Scorpio fuscus oldugu belirlenmistir. Elde edilen veriler dogrultusunda,
Bolkar Daglar’nda dagilim gosteren akrep tirlerinin sistematikleri, morfolojik ve morfometrik
ozellikleri ile her tiire ait biyo-ekolojik gozlemler hakkinda bilgi verilmesi hedeflenmektedir.

Citation:

To cite this article: Senol O, Karatas A (2021). Contributions to the Scorpions of the Bolkar Mountains
(Turkey). Turk J Biod 4(1): 22-30.

1. INTRODUCTION

distributions of scorpion are considered in four group as
Aegean-Mediterranean region, Central Asia region,

The distribution of scorpions in rural area of Anatolia isn’t
homogenous due to natural barriers, climatic conditions,
deforestations and human impacts on ecosystems
(Crucitti, 1999). Anatolian diagonal is an important
natural barrier that divides Anatolia into two different
faunal and climatic regions. Anatolian diagonal across
from the Bolkar Mountains to south of Giimishane and
Bayburt. Anatolian diagonal effects species distribution
(Vachon, 1951; Ciplak, 2004; Mutun, 2010). However, the
distributions of scorpion existed due to genetic isolation
and geographic separation throughout the post glacial
periods in arid, semi-arid and rural areas The current
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Sahoro-Sindian region and European-Mediterranean
region. The scorpion taxon of Aegean-Mediterranean
region could be explaining by the distribution of lurus
Thorell, 1876 and Calchas Birula, 1899. The scorpion
taxon of Central Asian region could be explaining by the
distribution of Mesobuthus Vachon, 1950. The scorpion
taxon of Sahoro-Sindian region could be explaining by the
distribution of  Androctonus Ehrenberg, 1828,
Compsobuthus Vachon, 1929, Scorpio Linnaeus, 1758 and
Leiurus Ehrenberg, 1828. Finally, the scorpion taxon of
European-Mediterranean region could be explained by
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the distribution of Euscorpius Thorell, 1876 (Crucitti,
1999).

The altitude variations in short distance in Bolkar
Mountains leads to be formation microhabitats, so
species diversity is expected to be high. There is no
detailed study in Bolkar Mountains except Kovarik et al.
(2010). Therefore, the Bolkar Mountain was chosen as
study area and it is aimed to give information about
morphological features of scorpions and scorpiofauna of
Bolkar mountain.

2. MATERIALS AND METHODS

151 scorpion samples collected from 31 different
localities in Nigde (Ulukisla), Konya (Halkapinar), Mersin
(Silitke, Erdemli, Tarsus, Camliyayla), Karaman (Merkez,

Ayranci) district, from July to September, 2010 (Table 1).
Samples collected by ultraviolet light source throughout
the night, but sometimes samples collected from
undersides of stones. Samples were collected with
forceps and taken into glass containers containing 70%
alcohol. GPS coordinated of samples recorded via Garmin
Etrex Vista HCX (Table 1). The voucher specimens
deposited in Zoology Museum of Biology Department of
Nigde Omer Halisdemir University. Morphometric
measurements (Figure 1) performed according to
Stahnke (1970) and Sissom et al. (1990) and evaluation of
trichobotria features were determined according to Polis
(1990). The photographs of samples were taken with
Olympus C5060. Statistical data obtained in Microsoft
Office Excel, 2010.

Table 1. The localities, coordinates, altitude information of scorpion samples.

No Species Localities Coordinates Altitude g:r:‘;?r:g of
1 Aegaeobuthus gibbosus Nigde/Ulukigla-Emirler district E; ;Z; 53858?:,' 1538 m 2
2 Aegaeobuthus gibbosus Nigde/Ulukigla-Darbogaz district E; ;Z: 22:(:::” 1517 m 3
3 Aegaeobuthus gibbosus Nigde/Ulukisla-Klan district E; ;f; 22:;3;32 2034 m 1
4 Aegaeobuthus gibbosus giisét?i/tulukﬁla-Klan, Yazibil E; ;Z; 22(?;92:,' 2034 m 5
5 Aegaeobuthus gibbosus Zic;rtzit/Halkaplnar-Cak|I|ar E; ;Z: 12;::;' 1383 m 12
6 Aegaeobuthus gibbosus gios::;it/Halkaplnar-Kayasaray E; :Z: 12(5213;1(4)1” 1500 m 3
7 Aegaeobuthus gibbosus Konya/Halkapinar-Yayikh district E; ;Z; Zliiig’ 1450 m 1
8 Aegaeobuthus gibbosus Z?Srtistan/Ayranu-Berendi E; ;Z; 22318;;, 1682 m 3
e R e e
10 Aegaeobuthus gibbosus Sﬁlgagrzan/Ayranu-Klraman E; ;;: 5155:58;' 1406 m 1
11 Aegaeobuthus gibbosus Karaman/Guldere-Gédet district EZZ 2:22;’, 1323 m 1
12 Aegaeobuthus gibbosus giasrt?'ir:ta n/Ayranci-Bliytikoras E; ;;; 227:7195,' 1536 m 2
13 Aegaeobuthus gibbosus Mersin/Silifke-Kirobasi district E; ;:: :22,’ ;99; 1421 m 3
14 Aegaeobuthus gibbosus Mersin/Silifke-Kavak district E; ;:; :322?3’, 1310 m 1
15 Aegaeobuthus gibbosus Mersin/Silifke-Sariaydin district E; ;9(,5; :jg:j,' 1370 m 10
16 Aegaeobuthus gibbosus Mersin/Silifke-Seydili district E; :56;:8881(?5 1245 m 10
17 Aegaeobuthus gibbosus Mersin/Erdemli-Kayaci district E; :f: fg;gf,l 1663 m 3
18 Aegaeobuthus gibbosus Mersin/Erdemli-Cercili district E; ;f; :(;Lgl:;,' 1210 m 4
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19 Aegaeobuthus gibbosus Mersin/Erdemli-Toros district E; :f:g;)(?sgl'l 1761 m 12
20 Aegaeobuthus gibbosus Mersin/Erdemli-Hacialan district E; ;f; 15;)3:?;,' 1381 m 3
21 Aegaeobuthus gibbosus Mersin/Erdemli-Cacik district E; ;f: f::fg,’ 1800 m 2
22 Aegaeobuthus gibbosus Mersin/Erdemli-Deliali district E; :f: f;f“lg 1030 m 5
23 Aegaeobuthus gibbosus Mersin/Glzelyayla district E; ;Z; 3335961” 1157 m 4
24 Aegaeobuthus gibbosus Mersin/Kizilkaya district E; :Z:;)fg::’l 1153 m 9
25 Aegaeobuthus gibbosus Mersin/Uzuncaburg district E; :;:;:41313’ 1101 m 12
360 ;
26 Protoiurus asiaticus Mersin/Erdemli-Cerecilli district E :fg :61(:::’ 1210 m 3
. 260 ’
27 Protoiurus asiaticus Mersin/Erdemli-Toros district E :fg 5358591’ 1761 m 1
. 370 z
28 Protoiurus asiaticus Mersin/Giilek district E ;;g 2:;:; 1323 m 3
29 Protoiurus asiaticus Mersin/Gdzne district E; ;f: 35329;;' 1073 m 1
30 Protoiurus asiaticus Mersin/Camliyayla district E; :??:5121759582’1 1088 m 1
31 Protoiurus asiaticus Mersin/Tarsus-Tasobasi district E; ;Z; 5055:5:,' 254 m 1
32 Protoiurus asiaticus Nigde/Horoz district E; ;Z:j::fg 1310 m 3
33 Euscorpius koci Mersin/Silifke-Sariaydin district E; :;::j;:; 1370 m 2
34 Euscorpius koci Mersin/Erdemli-Cercilli district E; ;f; :;;:;,' 1210 m 8
35 Euscorpius koci Mersin/Erdemli-Toros district E; ;f:ggg:; 1761 m 8
36 Scorpio fuscus Mersin/Glzelyayla district E; :Z: 5;)35961” 1157 m 2
37 Scorpio fuscus Mersin/Kizilkaya district E; ;Z: 3015;::,' 1153 m 3
38 Scorpio fuscus Mersin/Arslankéy district E; ;;: 3618173;1’1 1500 m 2
3. RESULTS Aegaeobuthus gibbosus (Brullé, 1832)

Familia 1: Buthidae C.L.Koch, 1837

Genus: Aegaeobuthus Kovarik, 2019

1950. Vachon, Mesobuthus Vachon, Archives de I'Institut
Pasteur d’Algérie, 28 (2): 152-216.

Type species: Androctonus eupeus C.L.Koch, 1838
[=Mesobuthus eupeus (C.L.Koch, 1838)].
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1832. Buthus gibbosus Brullé, Section des sciences
physiques, Zoologie, Paris, 3 (1): 57-60.

Terra-typica: Mora, Greece

1950. Mesobuthus gibbosus Vachon, Archives de I'Institut
Pasteur d’Algérie, 28 (2): 152-216.
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Figure 1. Morphometric characters that used in this study (CaPG: Carapace posterior weight; CaAG: Carapace anterior weigth; CaU:
Carapace length; VG: Vesicul length; TIU; Telson length; 1U; Sting length; PaG: Patella weigth; PaU: Patella length; FemG: Femur weigth;
FeU: Femur length; SG: Metasomal segment weigth; SU: Metasomal segment length; SY: Metasomal segment height; ChG: Chela

weight; ChU: Chela length; HpU: Chela movement finger length

Distinguishing features: Yellowish brown. As, chela fixed
finger carries distinct granules that divided into 11 rows,
chela movable finger carries distinct granules that divided
into 12 rows. Pectinate teeth, (left-right) 19-26 for
female. Pectinate teeth, (left-right) 27-34 for male. Sexual
dimorphism determined based on morphometric
measurements (Table 2; Table 3).

Worldwide Distribution: Albania, Bulgaria, Greece,
Macedonia, Serbia and Montenegro, Turkey (Francke,
1981; Froufe et al., 2008; Karatas & Colak, 2005)

25/ Senol O, Karatas A (2021). Turkish Journal of Biodiversity 4(1): 22-30

Turkey distribution: Western part of Anatolian Diagonal,
Black sea region and most part of the Turkey except
coastal region of Marmara Sea (Ubisch, 1922).

In this study: Nigde, Ulukisla district (Emirler, Darbogaz,
Klan and Horoz part); Halkapinar district (Cakillar,
Kayasaray and Yayikh part); Karaman, Ayranci district
(Berendi, Kiraman, Godet and Biyikkoras part); Mersin,
Silifke district (Kirobasi, Kavak, Sariaydin and Seydili part);
Mersin, Erdemli district (Kayaci, Cercili, Toros, Hacialan,
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Cacik part and Deliali plateau); Mersin district (Kizilkaya
and Guzelyayla part).

Bio-ecological notes: Aegaeobuthus gibbosus was the
most common species in field area. This species was
observed in three different habitats as steppe, forest and
stony area. They were hide themselves under the stones.
Although scorpions are nocturnal (active during night
time) organism, the female one was active day time
Halkapinar district. Some samples (male and female)
were collected from trunks of trees and shrubs. The
morphometric evaluation indicated that the scorpion
body length was over 70 mm in above 1100 m and also
the highest body lengths were 80 mm, 81 mm, 83 mm, 84
mm in 1153m (Mersin/Kizilkaya district).

Table 2. The morphometric data of adult female individuals of
Aegaeobuthus gibbosus (n: number of individuals; std:
Standard deviation value).

n mean Std
Body length 39 @9 65,00 +1,64
CaU/G 39 99 0,90 +0,01
Seg 1 U/G 39 99 1,05 +0,01
Seg 1l U/G 3999 1,25 +0,01
Seg Il U/G 39 @9 1,39 +0,02
Seg IV U/G 39 @9 1,68 +0,02
Seg V U/G 39 99 2,15 +0,02
Ch U 39 99 11,97 +0,29
ChG 3999 2,60 +0,07
ChD 39 @9 2,51 +0,08
HpU 39 99 7,42 +0,15
Fem U/G 39 99 3,20 +0,04
Pat. U/G 39 99 2,756 10,04
Tiu 39 @9 6,44 10,24
VG 39 @9 2,80 +0,09
VD 39 @9 2,68 +0,08
v 39 99 3,05 +0,07
rEAe | 3000 19-26 -
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Table 3. The morphometric data of adult male individuals of
Aegaeobuthus gibbosus (n: number of individuals; Std:
Standard deviation value).

n mean Std.

Body length 49 gd 65,26 +1,29
Ca U/G 49 & 0,93 + 0,004
Seg | U/G 49 33 1,18 +0,01
Seg Il U/G 49 3¢ 1,44 +0,01
Seg Il U/G 49 & 1,58 +0,02
Seg IV U/G 49 g 1,90 +0,03
Seg V U/G 49 33 2,42 +0,02
Chu 49 g 12,31 +0,28
ChG 49 g 2,69 +0,06
ChD 49 g 2,59 +0,06
HpU 49 g 7,33 +0,13
Fem U/G 49 gd 3,50 +0,09
Pat. U/G 49 gd 3,00 +0,04
TiU 49 g 6,58 +0,13
VG 49 3¢ 2,56 +0,56
VD 49 33 2,49 +0,05
V] 49 g 2,87 + 0,06

Pigl::te 49 53 27-34 -

Familia 2: Scorpionidae Latreille, 1802
Genus: Scorpio Linnaeus, 1758

1758. Scorpio Linneus, Holmiae (Stockholm): Laurentii
Salvi, 1, p. 624.

Type species: Scorpio maurus Linneus, 1758
Scorpio fuscus (Ehrenberg,1829)

1758. Scorpio maurus Linneus, Holmiae (Stockholm):
Laurentii Salvi, 1, p. 624.

Terra typica: Africa

Distinguishing features: Dark brown. Chela movable and
fixed fingers are blunt and chela manus is globular.
Sternum pentagonal, femur carries 3-4 trichobotria and
one of the trichobotria located dorsally. Pectinate teeth,
(left-right) 9-11 for female. Pectinate teeth, (left-right)
10-10 and 13-13 for male. Sexual dimorphism determined
based on morphometric measurements (Table 4; Table
5).
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Worldwide Distribution: Algeria, Egypt, Iran, Iraq, Israel,
Jordan, Kuwait, Libya, Morocco, Saudi Arabia, Senegal,
Syria, Tunisia, Turkey, Yemen (Birula, 1898; Kovarik et al.,
2010)

Turkey distribution: The region from Elazig to Mersin and
Amonos mountain and the region from Adiyaman/Sincik
district to Hatay/iskenderun district (Birula, 1898;
Crucitti, 1999; Karatas & Colak, 2005).

In this study: Mersin/Kizilkaya, GlUzelyayla and Arslankoy
district.

Bio-ecological notes: Scorpio fuscus just observed during

night time on stones as active. Although, Aegaeobuthus
gibbosus, Euscropius koci and Protoiurus asiaticus
members didn’t harm each other when they brought
together, Scorpio maurus members showed aggressive
behavior and killed each other short after brought
together.

Table 4. The morphometric data of adult female individuals of
Scorpio fuscus (n: number of individuals; Std: Standard
deviation value).

n mean Std

Body length 599 65,40 +3,35
CaU/G 59 0,93 +0,01
Seg | U/G 599 0,70 +0,02
Seg Il U/G 59 0,90 +0,01
Seg Il U/G 59 1,08 +0,01
Seg IV U/G 59 1,45 +0,04
Seg V U/G 5@% 2,15 +0,03
Ch U 5@% 16 +0,63
Ch G 5@% 7,78 +0,24
ChD 5@% 7,62 +0,24
HpU 599 8,76 +0,18
Fem U/G 599 2,01 +0,07
Pat. U/G 599 2,00 +0,07
Tiv 5@9 6,36 +0,23
VG 5@% 3,16 +0,12
VD 599 3,06 +0,12
iu 599 2,50 +0,05

Pectinate 400 9-9, 11-9, .

teeth 11-10, 11-11
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Table 5. The morphometric data of two adult male individuals
of Scorpio fuscus (n: number of individuals; Std: Standard
deviation value).

n Sample | Sample Il
Body length 244 62 61
CaU/G 2 5 0,91 0,96
Seg | U/G 25d 0,82 0,83
Seg Il U/G 254d 1,02 1,00
Seg Il U/G 234 1,13 1,67
Seg IV U/G 2 5 1,47 1,48
Seg V U/G 25d 1,70 2,11
Chu 2dd 14,00 16,00
ChGg 234 8,20 8,20
Ch D 2 5 8,00 8,00
HpU 233 7,50 8,00
Fem U/G 2Jd 2,11 1,93
Pat. U/G 234 2,03 1,81
TiU 297 6,50 -
VG 2Jd 2,50 -
VD 2dc 3,30 3,10
iu 2449 3,20 3,00
Pe::;'::te 297 10-10 13-13

Familia 3: luridae Thorell, 1876
Genus: Protoiurus Soleglad, Fet, Kovarik & Yagmur, 2012

1876. lurus Thorell, Annals and Magazine of Natural
History, 4 (17): 1-15.

Type species: lurus granulatus (C.L.Koch, 1837) [=lurus
dufoureius (Brullé,1832)].

Protoiurus asiaticus Birula, 1903

1832. lurus duforeius asiaticus Brullé, Section des
sciences phsiques, zoologie, Paris, 3(1): 57-60.

1981. lurus asiaticus Francke, Journal of Arachnology, 9:
233-258.

Terra typica: Gulek, Turkey.

Distinguishing features: Blackish brown. Pectine teeth,
left 10 and right 14 for female. Pectinate teeth, left 10 and
right 16 for male. There are three lateral eyes on both side
of carapace. Chela depth/length (Ch D/U) ratio is 0.32-
0.35 for male and 0.32-0.34 for female. Pectinate teeth,
(left-right) 10-19, 10-11 and 12-12 for male. Pectinate
teeth, (left-right) 11-11, 12-11, 12-12 and 13-13 for
female. Sexual dimorphism determined based on
morphometric measurements (Table 6; Table 7).
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Worldwide Distribution: The Northwest part of
Mediterranean, South part of Greece, Southwest part of
Turkey, the islands in Aegean Sea (Levy & Amitai, 1980;
Birula, 1903; Kovarik et al., 2010)

Turkey distribution: Adana, Adiyaman, Kahramanmaras,
Mersin and Nigde district (Kovarik et al., 2010, Soleglad et
al., 2012)

In this study: Mersin/Tarsus, Tasobasl, Gulek, Camliyayla,
Erdemli, Cercili, and Toros district and Nigde/Horoz
district.

Bio-ecological notes: Protoiurus asiaticus was active
during the night time, and they were observed generally
on the rocky place.

Table 6. The morphometric data of adult female individuals of
Protoiurus asiaticus (n: number of individuals; Std: Standard
deviation value).

n mean Std

Body length 799 71,57 +5,17
Ca U/G 799 0,95 +0,03
Seg |1 U/G 799 0,78 +0,02
Seg 1l U/G 799 0,96 +0,03
Seg Il U/G 799 1,16 +0,03
Seg IV U/G 799 1,50 +0,06
Seg V U/G 799 2,74 +0,11
chu 799 19,71 +1,23
ChG 799 5,61 +0,46
ChD 799 5,44 +0,44
HpU 799 11,51 +0,86
Fem U/G 799 2,95 +0,11
Pat. U/G 799 2,64 +0,08
Tiu 799 9,41 +0,68
VG 799 2,88 +0,86
VD 799 2,64 +0,14
iu 799 2,54 +0,14

rectinate | oo | oy |-

12-12 (1),
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Table 7. The morphometric data of adult male individuals of
Protoiurus asiaticus (n: number of individuals; Std: Standard
deviation value).

n mean Std
Body length 6 5 73,16 +1,79
Ca U/G 6 dd 0,97 +0,03
Seg | U/G 6 5 0,82 +0,04
Seg Il U/G 6 33 1,04 +0,04
Seg lll U/G 6 33 1,25 +0,04
Seg IV U/G 6 o 1,60 +0,07
Seg V U/G 6 3F 2,94 +0,07
Chu 6 53 23,50 +0,67
Ch G 6 dd 7,50 +0,24
Ch D 6 o 7,33 +0,25
HpU 6 o 11,51 0,86
Fem U/G 6 JJ 3,11 +0,17
Pat. U/G 6 dd 2,56 0,06
TiU 497 11,72 +0,97
VG 6 g 3,35 + 0,06
VD 6 dd 3,56 +0,12
V] 433 3,46 +0,12
11-11 (1),
Pectinate 6 9G 12-11 (2), i
teeth 12-12 (2),
13-13 (1)

Familia 4: Euscorpiidae Laurie,1893
Genus: Euscorpius Thorell, 1876

1876. Euscorpius Thorell, Annals and Magazine of Natural
History, 4 (17): 1-15.

Type species: Scorpio carpathicus Linneus, 1767
[Euscorpius carpathicus (Linneus, 1767)].

Euscorpius koci Tropea et Yagmur, 2015
Terra typica: Turkey

Distinguishing features: Yellowish brown. Trichobotria
on ventral side of pedipalp patella (TV) is 7-9 (8).
Trichobotria on the external surface of pedipalp patella;
external median (em) is 4. Pectinate teeth, (left-right) 8-
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10, 9-9, 9-10 and 10-10 for male. Pectinate teeth, (left-
right) 7-7, 6-6, 8-8 and 8-9 for female. Sexual dimorphism
determined based on morphometric measurements
(Table 8; Table 9).

Worldwide Distribution: Southern Turkey (Tropea &
Yagmur, 2015)

Turkey distribution: Mersin district (Tropea & Yagmur,
2015)

In this study: Mersin/Silifke and Erdemli district

Bio-ecological notes: Euscorpius koci observed
undersides of stones during day time and they were
active on the surface of rocky part of mountain during
night time.

Table 8. The morphometric data of adult female individuals of
Euscropius koci (n: number of individuals; Std: Standard
deviation value).

n mean Std
Body length 10 @9 35,00 +1,30
Ca U/G 10 @9 0,91 +0,02
Seg | U/G 10 99 0,98 +0,03
Seg 1l U/G 10 @9 1,25 +0,03
Seg Il U/G 10 @9 1,71 +0,11
Seg IV U/G 10 @9 2,12 +0,06
Seg V U/G 10 @9 3,54 +0,11
chu 10 @9 6,03 +0,19
ChG 10 @9 2,31 +0,07
ChD 10 @9 2,10 +0,07
HpU 10 @9 3,19 +0,15
Fem U/G 10 @9 2,82 +0,08
Pat. U/G 10 @9 2,58 +0,06
Tiv 10 99 2,68 +0,11
VG 10 @9 0,91 + 0,05
VD 10 @9 0,85 +0,07
iU 10 99 0,90 +0,04
Pectinate 7-7(8), 66
teeth 10 @9 (1), 8-8(1) -
8-9 (1)
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Table 9. The morphometric data of adult male individuals of
Euscropius koci (n: number of individuals; Std: Standard
deviation value).

n mean Std

Body length 8 dd 32,5 +1,63

CaU/G 8 J¢J 0,94 +0,01

Seg | U/G 8 &J 0,99 +0,02

Seg Il U/G 8 dd 1,35 +0,03

Seg Il U/G 8 g 1,53 +0,06

Seg IV U/G 8 dd 2,34 +0,09

Seg V U/G 8 JJ 3,81 +0,12

Chu 8 gd 5,97 0,20

ChG 8 dd 2,37 +0,07

Ch D 8 dd 2,11 +0,08

HpU 8 3d 3,15 +0,13

Fem U/G 8 gd 2,86 +0,07

Pat. U/G 8 dd 2,63 +0,05

TiU 8 gd 3,32 +0,07

VG 8 gd 1,21 +0,06

VD 8 gc 1,20 +0,04

iv 8 gd 0,90 +0,04
8-10 (1),

Pectinate 8 5 9-9(3), B

teeth 9-10 (2)
10-10 (1)

4. DISCUSSIONS

This study conducted in Bolkar mountains from July to
September, 2010 and four species determined from
Buthidae, Euscropiidae, luridae and Scorpioniidae. The
postero-median and centro-median carina continues
both side of carapace as characteristic features of
Mesobuthus gibbosus (Karatas, 2007) but in this study
some individuals' postero and centro-median carina
continued on one side and didn’t continue other side of
carapace like Mesobuthus nigrocintus. Scorpio maurus
divided into two subspecies as Scorpio maurus fuscus
(Ehrenberg, 1829) and Scorpio maurus palmatus
(Ehrenberg, 1829). Scorpio maurus palmatus has light
coloured than Scorpio maurus fuscus. Althogh, pectinate
teeth of Scorpio maurus fuscus is 9-11 for male and 6-10
for female, pectinate teeth of Scorpio maurus palmatus is
9-13 for male and 7-13 for female (Levy & Amitai, 1980).
The samples collected from study area was dark colored
and pectinate teeth was 13-13 and 10-10 for male
individuals and 9-9, 11-9, 11-10 and 11-11 for female
individuals. The Scorpio samples that collected from
Bolkar mountain determined as Scorpio maurus fuscus as
mentioned in Crucitti & Vignoli (2002), Fet & Braunwalder
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(2000) and Karatas & Colak (2005) studies. However, Talal
et al. (2015) promoted Scorpio maurus fuscus to species
level as Scorpio fuscus. |. metasomal segment of
Protoiurus asiaticus is longer than its weight. Pectinate
teeth is 10-13 for male and 9-12 for male. As, ChD/ChG
(Chela depth/chela weight) ratio is 0.32-0.35 for male and
0.32-0.34, HpU/TG (movement length/telson weight)
ratio is 3.77-4.02 for male and 3.99-4.08 for female
(Kovarik et al.,, 2010). The characteristic features of
Protoiurus samples that collected from study area as
followed: I. metasomal segment was longer than its
weight; pectinate teeth was 10-9, 10-11, 12-12 for female
and 11-11, 12-12, 13-13 for male; ChD/ChG ratio was 0.31
for male and 0.27; HpU/TG ratio was 3.78 for male and
4.34 for female. These results indicated that the samples
that collected during the study was Protoiurus asiaticus.
Our findings were similar to the findings of E. ciliciensis
and E.koci in the studies of Fet et al. (2016) and Tropea &
Yagmur (2015). However, the study samples were similar
with E. koci by em (external median trichobotria) with 4
trichobotria, et with 6 trichobotria and Pv: 8-9. However,
E.ciliciensis distinguishing features are as follow: em: 3,
et: 5 and Pv:7. Therefore, these samples were evaluated
as E.koci (Fet et al., 2016; Tropea & Yagmur, 2015).

The findings indicated that the distribution of Scorpio
fuscus and Euscorpius koci were limited. It is thought that
the ecological tolerance of these species is narrow and
therefore these two species should be protected and to
understand their biology the more study should be
perform.

REFERENCES

Birula A (1898). Ein Beitrag zur Kenntnis der Skorp-ionenfauna
Kleinasiens. Horae Societatis Entomologicae Rossicae 33:132-140.

Birula A (1903). Miscellanea scorpiologica V. Ein Beitrag zur Kenntnis
der Scorpionenfauna der Insel Kreta. Annuagire du Musée
zoologique de I'Académie impériale des sciences de St.-Péters-
bourg 8: 295-299.

Crucitti P (1999). The scorpions of Anatolia: biogeographical patterns
Societa Rornana di Scienza. Naturali-Ente di ricerca pura, Via
Fratelli Maristi, 43-1-00137 Roma.

Crucitti P, Vignoli V (2002). Gli scorpioni (Scorpiones) dell’Anatolia
sudorientale (Turchia). Bollettino del Museo Regionale di Scienze
naturali 19(2): 433-480.

Ciplak B (2004). Biogeography of Anatolia: the marker group
Orthoptera. Memorie della Societa Entomologica Italiana 82: 357-
372.

30/ Senol O, Karatas A (2021). Turkish Journal of Biodiversity 4(1): 22-30

Fet V, Braunwalder ME (2000). The Scorpions (Arachnida: Scorpiones)
of The Aegean Area: Current Problems in Taxonomy and
Biogeography. Belgian Journal of Zoology 130(1): 15-20.

Fet V, Graham MR, Blagoev G, Karatas A, Karatas A (2016). DNA
barcoding indicates hidden diversity of Euscorpius (Scorpiones:
Euscorpiidae) in Turkey. Euscorpius, 216:1-12.

Francke OF (1981). Taxonomic and zoogeographic observations on
lurus Thorell (Scorpiones, luridae). Bulletin of the British
Arachnological Society 5: 221-224.

Froufe E, Sousa P, Alves PC, Harris DJ (2008). Genetic diversity within
Scorpio maurus (Scorpiones: Scorpionidae) from Morocco:
Preliminary evidence based on CO1 mitochondrial DNA sequences.
Biologia 63(6): 1157-1160.

Karatas A, Colak M (2005). “Scorpions of Gaziantep Province (Turkey)
(Arachnida: Scorpiones). Euscorpius, 30:1-7.

Karatas A (2007). Mesobuthus nigrocinctus (Ehrenberg, 1828)
(Scorpiones: Buthidae) in Turkey: Distribution and morphological
variation. Euscorpius Occasional Publications in Scorpiology 56: 1-
10.

Kovatik F, Fet V, Soleglad ME, Yagmur EA (2010). Etudes on iurids, IIl.
Revision of the genus lurus Thorell, 1876 (Scorpiones: luridae),
with a description of two new species from Turkey. Euscorpius 95:
1-212.

Levy G, Amitai P (1980). Scorpiones, In: Fauna Palaestina, Arachnida I.
Israel Academy of Sciences and Humanity 130p.

Mutun S (2010). Intraspecific genetic variation and phylogeography of
the oak gallwasp Andricus caputmedusae (Hymenoptera:
Cynipidae): effects of the Anatolian Diagonal. Acta Zoologica
Academiae Scientiarum Hungaricae, 56(2), 153-172.

Polis GA (1990). The Biology of Scorpions. Stanford Univercity Press,
587p.

Sissom WD, Polis GA, Watt DD (1990). Field and laboratory methods.
In: The Biology of Scorpions (Ed. G.A. Polis). Stanford University
Press, Stanford, pp, 445—-461.

Stahnke HL (1970). Scorpion nomenclature and mensuration.
Entomological News 81: 297-316.

Soleglad ME, Fet V, Kovatik F, Yagmur EA (2012). Etudes on iurids, V.
Further revision of lurus Thorell, 1876 (Scorpiones: luridae), with a
description of a new genus and two new species. Euscorpius 143:
1-70.

Talal S, Tesler I, Sivan J, Ben-Shlomo R, Tahir HM, Prendini L, Snir S,
Gefen E. (2015). Scorpion speciation in the Holy Land: multilocus
phylogeography corroborates diagnostic  differences in
morphology and burrowing behavior among Scorpio subspecies
and justifies recognition as phylogenetic, ecological and biological
species. Molecular phylogenetics and evolution, 91: 226-237.

Tropea G, Yagmur EA (2015). Two new Euscorpius Thorell, 1876 from
Turkey (Scorpiones: Euscorpiidae). Arachnida, 6: 13-32.

Ubisch M (1922). Uber eine neue Jurus-Art aus Kleinasien nebst
einigen Bemerkungen uber die Funktion der Kamme der
Scorpione. Zoologische Jahrbiicher, Abtheilung fiir Systematik
44(6): 503-516.

Vachon M (1951). Prof. Kosswig tarafindan Turkiyede toplanan
akrepler hakkinda. A propos de quelques Scorpions de Turquie
collectés par M. le Professeur Dr. Curt Kosswig. Revue de la Faculté
des Sciences de |’Université d’Istanbul, ser. B 16(4): 341-344.



Turkish Journal of Biodiversity

)

BIODIVERSITY
Turk J Biod, March 2021, 4(1): 31-35 4 5%!\" @li

https://doi.org/10.38059/biodiversity.887971

Journal homepage: http://turkbiod.artvin.edu.tr/

http://dergipark.org.tr/biodiversity e-ISSN:2667-4386

RESEARCH ARTICLE

Open Access

Bazi entomopatojenlerin Cydalima perspectalis (Lepidoptera: Crambidae)

larvalari tizerindeki etkilerinin belirlenmesi

Determination of the effects of some entomopathogens on Cydalima perspectalis (Lepidoptera: Crambidae) larvae

Sevval SALIOGLU ", Temel GOKTURK 2

aDepartment of Forest Engineering, Faculty of Forestry, Artvin Coruh University, 08000 Artvin, Turkey

Article Info

©2021 Ali Nihat Gokyigit Botanical
Garden Application and Research
Center of Artvin Coruh University.

*: Corresponding author
e-mail: sevvalsalioglu@artvin.edu.tr
ORCID: 0000-0002-7601-5140
Article history
Received: March 1, 2021
Received in revised form: March 19, 2021
Accepted: March 20, 2021
Available online: March 31, 2021

@ This is an Open Access

article under the CC BY NC ND license
(http://creativecommons.org/licenses
/by/4.0/).

Anahtar Kelimeler:
Cydalima perspectalis, Buxus,
entomopatojen, Bentar®, miicadele

Keywords:

Cydalima perspectalis, Buxus,
entomopathogen, Bentar®, control
methods

oz

Turkiye igin yabanci istilaci bir tir olan Cydalima perspectalis, Simsir bitkisinin en 6nemli
zararhlarindan biridir. C. perspectalis ile miicadele olanaklarini arastirma amaciyla yapilan bu
calismada Brevibacillus brevis, Bacillus thuringiensis subsp. kenyae, Bacillus thuringiensis subsp.
kurstakii, Bentar® ve Bacillus subtilis olmak Uzere bes farkli bakteri érnegi ve pozitif kontrol olarak
organik insektisit Neemazal® kullaniimistir. Uygulamalar sonucunda en etkili entomopatojenin %82.5
ile Bacillus subtilis oldugu gorilmustir. Etkisi en disiik entomopatojen ise %65 ile Bacillus
thuringiensis subsp. kenyae bulunmustur. C. perspectalis’in tespit edildigi bolgede yayilmasini ve
zararini  6nlemek amaciyla uygulanacak entegre micadele kapsaminda Bacillus subtilis
entomopatojeninin de kullanilabilecegi kanaati uyanmistir.

ABSTRACT

Cydalima perspectalis, which is a kind of alien invader, is one of the most important pests of the
boxwood plant for Turkey. This study was carried out to investigate the control methods of C.
perspectalis. Five bacteria samples were studied which are Brevibacillus brevis, Bacillus thuringiensis
subsp. kenyae, Bacillus thuringiensis subsp. kurstakii, Bentar®, Bacillus subtilis and Neemazal® organic
insecticide were used as positive control. As a result of the treatments, the most effective
entomopathogen was determined as Bacillus subtilis with a rate of 82.5% and the least effective
entomopathogen as Bacillus thuringiensis subsp. kenyae with 65%. It is concluded that Bacillus subtilis
entomopathogen can also be used within the scope of the integrated management to prevent the
spread and damage of C. perspectalis in the region where it is detected.
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1. GIRIiS perspectalis) ciddi derecede kurumalara neden olmustur
(Burjanadze vd., 2019; Ozkaya, 2020). Simsir bitkisinde
Turkiye’de en genis yayilisa sahip olan Simsir tiri zarar yapan Monarthropalpus flavus  (Schrank),

Anadolu Simsiri (Buxus sempervirens L.) (Buxaceae)

Eurytetranychus buxi (Garman), Psylla buxi (Linné) ve
Cydalima perspectalis (Walker) tlrleri de oOne

Turkiye’de Avrupa-Sibirya flora alaninda optimum yayilis
gostermekte ve Bolu, Denizli, Zonguldak,
Kahramanmaras, Kocaeli, Kastamonu, Trabzon, Rize ve
Artvin illerinde bulunmaktadir (Davis, 1982; Eminagaoglu,
1996; Eminagaoglu & Ansin 2003; Eminagaoglu, 2012,
2015; Lehtijarvi vd., 2014). B. sempervirens Artvin’de
yaklasik 15 bin hektarlik bir alanda yayilis gostermektedir
ve bu alanlarda simsir fungal hastaliklari (Cylindrocladium
pseudonaviculatum) ve Simsir glvesi (Cydalima
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citkmaktadir.

Turkiye icin yabanci istilact bir tir olan Cydalima
perspectalis (Lepidoptera: Crambidae) son yillarda Dogu
Karadeniz Bolgesinde bulunan bitin Simsirleri tehdit
etmektedir. Bu zararl bocegin tirtil evresi Simsirlerin
yapraklarini yiyerek fotosentez yapmasini 6nlemekte,
surgunlerin kabuklarini kemirip kambiyum tabakasina
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zarar vererek, Simsir slirglinlerini ve dallarini kurutarak
olime terk etmektedirler (Kaygin Toper & Tasdeler,
2019).

Cydalima perspectalis’in Avrupa’da ilk tespiti 2007 yilinda
Almanya’da yapilmistir  (Billen, 2007). Hollanda,
Avusturya, Fransa, ingiltere, Isvicre, ispanya, Romanya,
Macaristan, Hirvatistan, italya, Slovenya, Bosna Hersek,
Sirbistan, Yunanistan, Bulgaristan, Gliney Rusya ve
Gurcistan’a kadar yayilmistir (Van der Straten & Muus,
2010; Mally & Nuss, 2010; Székely vd., 2011; Safian &
Horvéth, 2011; Koren & Crne, 2012; Seljak, 2012; Pérez-
Otero vd., 2014; Wan vd., 2014; Santi vd., 2015; Farina &
Rizzo, 2015; Ostoji¢ vd., 2015; Stojanovi¢ vd., 2015;
Strachinis vd., 2015; Matsiakh vd., 2016; Arnaudov &
Raikov, 2017).

Turkiye’de ilk kez 2011 yilinda istanbul’da Sariyer’deki
park ve bahgelerde tespit edilmistir (Hizal, 2012).
Giniimiizde Ankara, istanbul, Denizli, Nigde, Kirsehir,
Bartin, Diizce, Samsun, Rize ve Artvin illerinde varhgini
devam ettirmektedir (Hizal vd., 2012; Oztiirk vd., 2016;
Goktirk, 2018; Kaygin Toper & Tasdeler, 2019).

Cydalima perspectalis bolgeye gore farklihk gostererek
yilda 2-3 generasyon verebilmektedir (Kaygin Toper &
Tasdeler, 2019). Ugusunu Mayis ayinin sonlarinda ve
Agustos ayinda gerceklestirmektedir. 5 larva donemine
sahip olan C. perspectalis kisi larva olarak gecirmektedir.
C. perspectalis’in yumurtalari baslangi¢cta sarimsi bir
renge sahip oldugu, fakat sonradan bu rengin
saydamlasmaya basladigl ve yumurtadan ¢cikmaya yakin
bocegin parlak siyah kafalarinin belirginlesmeye basladigi
gorlilmastiir. Yumurtalar ortalama 10-20 adet arasinda
degisen kiimeler halinde vyapragin alt kisimlarinda
bulunurlar. C. perspectalis larvalari sarimsi yesil rengin
lizerine, boydan siyah ve beyaz cizgilere ve parlak siyah
bir basa sahiptir. C. perspectalis erginlerinde iki form
bulunmaktadir. Birincisi beyaz kanatlari c¢evreleyen
kahverengi cizgilerden olugmaktadir, ikincisi kanatlarin
tamami kahverengiden olusmaktadir (Salioglu, 2020)

Bu zararl tire karsi biyoteknik, mekanik ve kimyasal
miucadele yontemleri siklikla kullanilmaktadir. Diinyada
Cydalima perspectalis’in yayilis gosterdigi alanlarda
Cydawit® feromonunun (Burjanadze vd., 2019)
kullanilmasinin yani sira, entomopatojenler (Bacillus
thuringiensis subsp. kurstaki) (Burjanadze vd., 2019) ve
organik insektisitler (Neemazal®) (Gotting & Herz, 2018)
de siklikla kullanilmaktadir. Tirkiye’de bircok Orman
Genel Muadirliginde PH-223-1RR feromonu, cesitli
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entomopatojenler ve organik insektisitlerle micadele
¢alismalari devam etmektedir.

Artvin  Simsir alanlarinda da miicadele ¢alismalari
ylritilmesine ragmen Cydalima perspectalis zarari
devam etmektedir. Bu calismada bazi
entomopatojenlerin ve organik insektisit Neemazal”in
Cydalima perspectalis’in 2. ve 5. dénem larvalari Uzerine
etkilerini belirlemek amaciyla yapiimistir.

2. MATERYAL VE METOT

Cydalima perspectalis’in miicadele olanaklarini arastirma
amaciyla Brevibacillus brevis, Bacillus thuringiensis subsp.
kenyae, Bacillus thuringiensis subsp. kurstakii, Bentar® ve
Bacillus subtilis olmak lzere bes farkh bakteri 6rnegi ve
pozitif kontrolde kullanilmak (izere organik insektisit
Neemazal’, spreyleme aleti, seffaf kutular, seffaf
blyltme kafesi ve fotograf makinesi kullanilimistir.

Araziden taze vyaprakh Simsir sirginleriyle birlikte
toplanan Cydalima perspectalis larvalari Artvin Coruh
Universitesi Entomoloji Laboratuvarina getirilmistir. Bu
larvalar Simsir strglnleriyle birlikte 20’li gruplar halinde
saydam kutulara konulmustur. Spreyleme kutusu
icerisinde  25/100 ml entomopatojen sollisyonu
hazirlanarak Cydalima perspectalis’in 2. ve 5. donem
larvalari Uzerine puskirtilmis, 2 gin arayla kontrol
edilmistir. Olen larvalar sayilarak not edilmistir.

Denemelerde pozitif kontrol amaciyla kullanilan
Neemazal® icinde ayni uygulama gerceklestirilmistir.
Calismada negatif kontrol olarak saf steril su
kullanilmistir.

Tablo 1. Calismada kullanilan preparatlar.

Preparat Adi Referans
o ] Goktirk vd.,
Brevibacillus brevis (2017)
' S Gokturk vd.,
Bacillus thuringiensis subsp. Kenyae (2017)

oktirk Mihl
Bacillus thuringiensis subsp. Kurstaki GOktdrk & Minl

(2016)

. 3 Goktirk vd.,
Bacillus subtilis (2017)
Thiobacillus hiooxidans, Thiobacillius -

. " Gokturk vd.,
ferroxifans, Acetobacter spp. Lactobacilius (2018)
spp.(BENTAR®)

. Goktirk vd.,
NEEMAZAL (2018)
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3. BULGULAR

Laboratuvarda uygulanan entomopatojenlerin belirli
oranlarda etkili oldugu gorilmistir. 2. larva donemi igin
20 adet larva Uzerine vyapilan entomopatojen
uygulamasinda; Bentar’ entomopatojeni %80, Bacillus
thuringiensis subsp. kurstaki entomopatojeni %75,
Bacillus  subtilis  entomopatojeni %85,  Bacillus
thuringiensis subsp. kenyae entomopatojeni %70,
Brevibacillus brevis entomopatojeni %75, Neemazal
organik insektisiti %90 oraninda basarili olmustur. 5. larva

doénemi icin 20 adet larva lizerine yapilan entomopatojen
uygulamasinda ise; Bentar’ entomopatojeni %75, Bacillus
thuringiensis subsp. kurstaki entomopatojeni %70,
Bacillus  subtilis  entomopatojeni %80, Bacillus
thuringiensis subsp. kenyae entomopatojeni %60,
Brevibacillus brevis entomopatojeni %70, Neemazal
organik insektisiti %85 oraninda basarili olmustur.

Entomopatojenlerden  alinan  sonuglarin  yuzdesel
dagilimina bakildiginda %60 ile %90 arasinda degisen etki
orani gérilmektedir.

2. Larva Donemi

100%

90%

Bacillus
thuringiensis subsp.
kurstaki

Bentar®

80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% - T T T T

Bacillus subtilis
thuringiensis subsp.

Bacillus Brevibacillus brevis Neemazal®

kenyae

Sekil 1. ikinci larva dénemi icin 8lim orani yiizdeleri.

5. Larva Donemi

90%

80%

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% - T T T T

Bentar® Bacillus Bacillus subtilis Bacillus Brevibacillus brevis Neemazal®
thuringiensis subsp. thuringiensis subsp.
kurstaki Kenyae

Sekil 2. Besinci larva dénemi igin 6lim orani ylizdeleri.

4. TARTISMA

Burjanadze vd. (2019) yaptiklari ¢alismada Giircistan’daki
Simsir bitkilerine ariz olan Cydalima perspectalis igin
miicadele olanaklarini ortaya koymuslardir. Yaptiklari
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entomopatojen calismasinda Bacillus thuringiensis var.
kurstaki ve DiPel” kullanmislardir ve sirasiyla %60,6-%88,6
basari orani tespit edilmistir. Gotting ve Herz (2018)
yaptiklari ¢alismada Neemazal® organik insektisiti
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kullanarak biyolojik kontrol basarisini test etmislerdir.
Neemazal® uygulamasindan 6 giin sonra %60-80 arasinda
larvanin etkilendigi gézlenmis birkag¢ larvanin da 6ldigu
gozlemlenmis. Uygulamadan 14 giin sonra ise etkilenme
orani %90’a kadar ¢ikmis ve 6lim orani %62 bulunmus.
Artvin’de yapilan bu calismada ise Neemazal® organik
insektisitin %87,5 etki orani ortaya konulmustur. iki
calisma arasindaki bu farklihgin nedeni zararliya karsi
kullanilan entomopatojen soéliisyonun yogunlugundan
kaynaklandigi soylenebilir.

5. SONUC VE ONERILER

Cydalima perspectalis Artvin’in 6nemli zararhlarindan bir
tanesidir. Bu zararlinin Simsir alanlarina verdigi tahribat
her gecen giin artmaktadir. Tahribat arttikga Simsir bitkisi
zararl atlatamamakta ve kurumaktadir. Yapilan bu
¢alismada C. perspectalis’e karsi muicadele olanaklari
arastirilmis ve basari oranlari tespit edilmistir.

Yapilan entomopatojen uygulamalari belirli oranlarda
basarili olmustur. 2. larva dénemi igin ve 5. larva donemi
icin sirasiyla; Bentar® %80, %75; Bacillus thuringiensis
subsp. kurstaki %75, %70; Bacillus subtilis %85, %80;
Bacillus  thuringiensis subsp. kenyae %70, %60;
Brevibacillus brevis %75, %70; pozitif kontrol amaciyla
kullanilan Neemazal® organik insektisiti ise %90, %85
oraninda etkili oldugu goézlemlenmistir.

Pozitif kontrol amaciyla kullanilan Neemazal® organik
insektisinden sonra en etkili entomopatojenin Bacillus
subtilis  oldugu  gorilmustlir.  Etkisi en  dlsik
entomopatojenin ise Bacillus thuringiensis subsp. kenyae
entomopatojeni oldugu goérilmistir.

Cydalima perspectalis Artvin Simsir ormanlarinin ve
Artvin’in park ve bahgelerinde bulunan Simsir bitkilerinin
en onemli zararlilarindan biridir. Tespit edildigi bolgede
yayllmamasl icin ve zararinin asgari diizeye inmesi igin
ivedi 6nlemler alinmalidir. Aksi taktirde Simsir alanlarinda
yogun kurumalar meydana gelerek tamamen yok
olacaktir. Zararliya karsi yapilacak olan miicadelelerde
sadece tek bir yontemin ele alinarak uygulanmasi etkili bir
basari  saglamayacaktir.  Zararliya karsi  entegre
miicadelenin yapilmasi ve uygun arazi sartlarinda
mekanik miicadele (el ile toplama)’nin uygulanmasi etkili
bir yontem olacaktir. Ayrica bu zararlinin karantina
listesine de alinmasi gerekmektedir.
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1. INTRODUCTION

ABSTRACT

The evolution of keel flowers within Fabaceae, Polygalaceae and some other clades of angiosperms is
attributed to skilled and strong bees. However, whether this is true or not, is still an open question.
Therefore, the literature is surveyed for the Hymenopteran pollinators of keel flowers, for 119 sources
and for 112 species, six genera and two tribes for five characters which are the size of the flowers,
Hymenopteran flower visitors/pollinators, size of the Hymenopteran pollinators, pollen and nectar
robbers/thieves and size of the Hymenopteran thieves/robbers. The results suggest that Fabales keel
flowers are mainly pollinated by long-tongued bees, from Apidae and Megachilidae families; and the
most common pollinators of the keel flowers are small Megachile and Osmia; medium-sized Apis,
Anthophora and Eucera; and large Xylocopa, Bombus and Centris. While the literature suggests that
keel flowers are pollinated by skilled and strong bees, the results of the current review have shown
that this is not the whole case in terms of flower size and bee size. There is no difference between
pollinator diversity and flower size. While floral robbers/thieves are mostly up to 2 cm, among them
honey-bees (Apis mellifera) both pollinate and rob the keel flowers. Keel flowers of Polygalaceae and
other angiosperm lineages are somehow similar to the keel flowers of Papilionoideae.

0oz

Baklagil gicek tipinin Fabaceae, Polygalaceae ve diger angiosperm gruplarindaki evriminin becerikli ve
glclu arilar sayesinde oldugu fikri ortaya atilmistir. Ancak, bunun dogrulugu tartismahidir. Bu nedenle,
bu derlemede toplam 119 kaynak (112 tiir, alti cins ve iki tribe) bes karakter (¢icek blyukluga,
Hymenoptoran polinatérleri, Hymenoptoran polinatérlerinin biyikligi, polen ve nektar hirsizlari,
Hymenoptoran polen ve nektar hirsizlarinin biyUkligi) agisindan degerlendirilmistir. Derlemenin
sonuglari géstermistir ki, Fabales baklagil gicekleri temelde Apidae and Megachilidae familyalarindan
uzun dilli arilar ile déllenmekte, ve en yaygin polinatorler ise kiiglik Megachile ve Osmia; orta boylu
Apis, Anthophora ve Eucera; ve biyik Xylocopa, Bombus ve Centris’dir. Literatur, baklagil cigeklerinin
becerikli ve blyuk arilarla doéllendigini onerirken, bu derlemenin sonuglari gicek ve polinatér
buyikligu agisindan bunun tam anlamiyla dogru olmadigini géstermistir. Ayrica, gigek buyuklugi ve
polinator gesitliligi arasinda da bir baglanti gorilmemistir. Cigek hirsizlari genelde 2 cm’ye kadar
olurken, bunlarin arasinda bal arilarinin (Apis mellifera) hem hirsiz hem de polinator olarak islev
gordugl anlasilmistir. Diger taraftan, Polygalaceae ve diger angiosperm baklagil benzeri giceklerin
gercek baklagil gigeklerine polinatér agisindan benzer oldugu gorilmustar.

Bello et al., 2010). Keel flowers are dominant in two
species-rich lineages within Fabales Bromhead, tribe

Keel flowers (Westerkamp, 1997) or papilionateous
flowers are bilaterally symmetrical (in most cases),
pentamerous flowers with the reproductive organs
enclosed by keel petals (Polhill & Raven, 1981; Endress,
1994; Westerkamp, 1997; Pennington et al., 2000;
Persson, 2001; Tucker, 2002; Tucker, 2003; McMahon &
Hufford, 2005; Westerkamp & ClaRen-Bockhoff, 2007;
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Polygaleae Chodat of Polygalaceae family and subfamily
Papilionoideae of Leguminosae family (Bello et al., 2007;
Bello et al., 2010). While subfamily Papilionoideae with
ca. 14,000 species in 504 genera constitutes almost 72%
of species richness of family Leguminosae (Tucker, 2003;
Lewis, 2005; LPWG, 2017), similarly tribe Polygaleae with
ca. 800 spp. holds 80% of the species richness of the
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Polygalaceae family (Persson, 2001; Bello et al., 2010;
Bello et al., 2012).

Keel flowers are also found outside of Papilionoideae, in
Cercidoideae, Dialioideae and Caesalpinioideae: Cercis L.,
Poeppigia procera C.Presl and Peltophorum (Vogel)
Benth. (Arroyo, 1981; Polhill et al., 1981); and in many
unrelated families, such as Ranunculaceae (e.g.,
Aconitum L.), Hippocastanaceae (now a polyphyletic
group), Geraniaceae (e.g., Pelargonium rapaceum (L.)
L'Hér.), Solanaceae (e.g., Schizanthus Ruiz& Pav.),
Campanulaceae (e.g.,, Monopsis Ilutea (L.) Urb.),
Fumariaceae (now subfamily Fumarioideae) (e.g.,
Corydalis cava (L.) Schweigg & Korte), Plantaginaceae
(e.g., Collinsia Nutt.), Calceolariaceae (e.g., Calceolaria
L.), Strelitziaceae (e.g., Strelitzia reginae Banks),
Onagraceae, Trigoniaceae, Tropaeolaceae, Acanthaceae
and Commelinaceae (Westerkamp, 1997). Indeed, it was
suggested that keel flowers evolved at least 16 times
within 10 different angiosperms orders, both in monocots
and eudicots (Westerkamp, 1997). However, excepting
Trigoniaceae and Fumarioideae, existence of keel flowers
in other angiosperm families is not as extensive (i.e., as
number of species) as in Fabales (Westerkamp, 1997;
Westerkamp & Weber, 1997). Particularly, Cercis is well
known by its "pseudo-papilionoid" flowers with a
bilaterally symmetrical corolla, and three different petal
types: standard, wings and keels (Polhill et al., 1981).
However, Cercis lacks some floral characteristics, such as
connected stamens, and the tripping mechanism seen in
most Papilionoideae flowers (Tucker, 2002).

Until now, many possible causes have been reported for
the evolution of keel flowers such as a bigger display area
(mainly the standard) and protection of ovarium and
stamens from environmental factors such as rain, strong
wind, high temperatures and evaporation (Breteler &
Smissaert-Houwing, 1977; Polhill & Raven, 1981;
Westerkamp & ClaBen-Bockhoff, 2007; Shi et al., 2010;
Etcheverry & Vogel, 2018). However, the most widely
accepted view for the evolution of complex flowers such
as keel and bilabiate flowers is an “adaptive response” to
bees; keel flowers may have evolved to attract bees
and/or to protect the flower from pollen robbery (i.e.,
nectar/pollen stealers, pollen eaters and occasional
visitors) (Leppik, 1966; Faegri & van der Pijl, 1979; Arroyo,
1981; Polhill et al., 1981; Brantjes, 1982; Schrire, 1989;
Westerkamp, 1989; Howell et al., 1993; Proctor et al.,
1996; Westerkamp, 1996; Westerkamp, 1997;
Westerkamp & Weber, 1999; Fenster et al., 2004;
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Westerkamp & ClalRen-Bockhoff, 2007; Etcheverry &
Vogel, 2018). Pollen is hidden in the deepest part of the
flower by the keel petals to secure pollination and
promote cross-pollination, where pollen cannot be easily
removed during grooming (Brantjes, 1982; Lloyd &
Schoen, 1992; Westerkamp, 1996; Westerkamp, 1997;
Zhang et al., 2011). Therefore, this particular adaptation
has driven the evolution of keel flowers across several
angiosperm groups, and keel flowers are not unique to
Fabales, similar to other melittophilous (i.e., bee
pollinated) complex flowers; they are widely distributed
in many more angiosperm orders (Faegri & van der Pijl
1979; Westerkamp, 1997; Hingston & McQuillan, 2000;
Etcheverry & Vogel, 2018).

While there are many pollination biology studies on the
keel flowers (mainly Papilionoideae), an explicit study on
the pollinators of keel flowers has never been performed
until now. Such a study would be useful in clarifying the
main bee pollinators of the keel flowers. The literature
suggests that keel flowers are pollinated by skilled and
strong bees, but which skilled/strong bees? Is large
Bombus pollination more common than large Centris or
Xylocopa Latreille pollination? Is there a difference
among Papilionoideae keel flowers, Polygalaceae keel
flowers, and Scrophulariaceae (i.e., Collinsia) keel flowers
in terms of their pollinators? Therefore, the first aim of
the current study is to synthesize information on the
pollinators of keel flowers.

On the other hand, flower size is frequently reported to
be an important part of floral constancy related to
searching time and pollinator attraction (Conner & Rush,
1996; Chittka et al., 1999; Goulson, 1999; Stout, 2000;
Spaethe et al.,, 2001; Gegear, 2005; Gegear & Laverty,
2005; Skorupski et al., 2006; Benitez-Vieyra et al., 2007;
Galloni et al., 2008; Lihoreau et al., 2016). Pollinator size
also reported to be correlated to flower size (Gottsberger
& Gottsberger, 1988; Galloni et al., 2008), pollen
placement (Elle & Carney, 2003) and pollination success
(Cristofolini et al., 2012). The literature on the effect of
pollinator/flower size is case-dependent: while one study
reports that large flowers are worked by only large bees
and small flowers are pollinated by all sizes of bees (e.g.,
Herrera, 2001), another study suggests that flower size
and pollinator size are mostly correlated in which large
flowers are pollinated by large bees, and small flowers are
pollinated by small bees (e.g., Gottsberger & Gottsberger,
1988). Thus, whether floral size and pollinator size are
important criteria for the pollinators of keel flowers has
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never been explicitly addressed until now. Wihile,
employing field observations on this issue is possible, an
easier way to gather this information would be through
reviewing existing literature, published articles which is
particularly prevalent for Papilionoideae (Leguminosae).
Therefore, the second aim of the current review is to
investigate pollinators of keel flowers within angiosperms
in detail, to answer the questions below represent a
subset of the questions were introduced above: Is there
an overall size difference among pollinators of small and
large keel flowers? Are small keel flowers pollinated by
large bees too? Are medium-sized honeybees really
robbers/thieves of keel flowers? To answer these
guestions and provide an overview of the pollinators of
angiosperm keel flowers, a comprehensive literature
review is performed.

2. MATERIALS AND METHODS

Between 2018 and 2019, the literature for information on
the Hymenopteran pollinators of keel flowers was
surveyed, for 119 sources and for 112 species, six genera
(Chamaecrista (L.) Moench, Cassia L., Senna Mill.
Leguminosae; Monnina Ruiz&Pav., Polygalaceae;
Collinsia, Penstemon Schmidel, Plantaginaceae) and two
tribes: Crotalarieae (Benth. Hutch) and Genisteae (Bronn)
Dumort, Leguminosae; for five characters which are the
size of the flowers, Hymenopteran flower
visitors/pollinators, size of the Hymenopteran pollinators,
pollen and nectar robbers/thieves and size of the
Hymenopteran thieves/robbers (please see detailed
information below on how characters were defined and
included in the analysis). Other type of animal pollination
studies (e.g., bird pollination, wasp pollination) are
excluded.

Most of the studies reviewed here do not report the size
of the bee visitors and studied flowers. Therefore, in
these cases the flower and bee size data were obtained
from alternative sources, such as, other published studies
or suitable internet sources. In some cases, instead of the
flower size, petal (corolla), standard (banner, flag) or keel
size is given, and in these cases these sizes were accepted
as the minimum flower size for simplicity. If the body size
of a bee species/subspecies/variations could not be
found, the body size of the species or genus was accepted
to make approximate estimations. Non-bee visitors were
not included in the visitor/pollinator column, because in
some cases, instead of giving the species name of the
wasps (Vespidae Latreille), hoverflies (Syrphidae
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Latreille), butterflies (Lepidoptera Linnaeus), flies
(Diptera Linnaeus), beetles (Coleoptera Linnaeus), ants
(Formicidae Latreille) among others, only the common
name (e.g., flies) or the name of the order (e.g., Diptera)
or the family name (e.g., Vespidae) is given. For brevity,
where multiple sources present the same information,
this information was not repeated while all appropriate
citations are made.

Data is compiled in Supplementary Table 1. This table
includes 106 entries from 119 studies which reported
floral visitors, in some cases possible pollinators and
nectar/pollen thieves of the keel flowers of
Papilionoideae and Polygalaceae in Fabales, keel flowers
outside of Polygalaceae and Papilionoideae, but still in
Fabales (i.e., Cercidoideae), keel-flowers outside of
Fabales (Ranunculales Juss. ex Bercht. & J.Pres and
Lamiales), and some taxa which have non-keeled flowers
from Papilionoideae (Fabales), Caesalpinioideae (Fabales)
and Detarioideae (Fabales). These non-keeled flowered
taxa and their pollinators/ robbers were included to the
study just for comparison (to detect whether these
flowers are pollinated with similar suits of pollinators of
the keel flowers). Rows were numbered and listed
according to flower type (1 to 95 keel flowers and 95 to
106 non-keeled flowers) and phylogeny (1 to 89 keel
flowers of Fabales and 89 to 95 keel flowers outside of
Fabales). The Hymenopteran pollinators were
approached at the genus level.

In many studies, the most common visitors are accepted
as the most effective pollinators; however, visitation
frequency can be misleading and least common visitors
can be more effective pollinators (Fenster et al., 2004).
For instance, large flowers of Collaea cipoensis Fortunato
visited by nectar-robbers (83%), nectar-thieves (9%),
florivores (flower-eaters) (1%) and possible pollinators
(only 3%) (Gelvez-Zuniga et al., 2018). Similarly, among 24
different species of visitors, only four of them were
reported to be the effective pollinators of Polygala
vayredae Costa (Castro et al., 2013). Therefore, a second
table (Table 1) was constructed which includes only the
studies in which possible nectar/pollen stealers as well as
flower visitors and pollinators were distinguished. Flower
visitors include all the categories: nectar/pollen stealers,
nectar/pollen thieves, and pollinators.

In Table 1, 40 entries from 50 studies which reported
floral visitors, possible pollinators and nectar/pollen
stealers of the keel flowers of Polygalaceae (Fabales),
Papilionoideae (Fabales), keel-flowers out of Fabales
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(Ranunculales and Lamiales), and some of exemplar taxa
which have non-keeled flowers (Papilionoideae and
Caesalpinioideae) were included. In contrast to
Supplementary Table 1, the species was numbered in this
table to make following the results and discussion parts
easier. However, similar to Supplementary Table 1,
studies were listed according to their flower type (1 to 37
keel flowers and 37 to 40 non-keeled flowers), phylogeny

(keel flowers of Fabales from 1 to 33 and keel flowers out
of Fabales from 33 to 37) and flower size (1 to 7 flower
sizes up to 1.2 cm, 7 to 37 flower sizes larger than 1.2 cm.
From now on, both the results and the discussion will be
based on this table which includes only the studies that
reported not only all Hymenopteran visitors but also the
legitimate pollinators and pollen/nectar stealers of the
studied species.

Table 1. Fifty studies which reported floral visitors, possible pollinators and nectar/pollen robbers/thieves of the keel flowers of
angiosperms. Name of the plant, size of the flowers, bee visitors and range of their sizes, nectar/pollen stealers (if given), size range
of the Hymenopteran thieves, and the source(s) were indicated in separate columns. The sizes of both flowers and bees were given
as centimetres (cm), and this information was found from proper sources, if it was not stated in the original study. The bee size range
includes females, queens, males and workers in some cases. For the Hymenopteran visitors, if the percentage of visits or number of
visits were given in the source, they were indicated within brackets. If the flower size could not be found, petal (corolla), standard
(banner, flag) or keel size is given, and in these cases these sizes were accepted as the minimum flower size. Study areas were not
indicated. Keeled flowers from Lamiales and Ranunculales families, and representative flowers of non-keeled Fabales are indicated.
Same information from various sources is not repeated."/" and ";" represent different sources or information about different species.
Question marks (?) indicate the information is not certain. Decimals are rounded to the nearest whole number to avoid fractional

points. Empty cells represent unavailable information.

Name of the Size of Hymenopteran flower visitors  Size range of Hymenopteran Size Source
plant the /pollinators Hymenopteran pollen and nectar range of
flowers pollinators robbers /thieves robber
(cm) [thieves
(cm)
1-Apios 0.1cm Flies are possible pollinators 0.7-1.2 cm Apis mellifera, 0.3-1.2 Bruneau &
americana (but not confirmed), Lasioglossum sp., cm Anderson,
Megachile spp. Halictidae (?) 1988;
Westerkamp
& Paul, 1993;
Bruneau &
Anderson,
1994
2- 0.43cm  Tetraloniella jaliscoensis About 1 cm Apis mellifera, Trigona  0.5-1.2 Carleial et al.,
Aeschynomene fulviventris, ~ wasps, cm 2015
amorphoides ants, some
Lepidoptera and
Coleoptera
3-Polygala About Apis africana hybrid (the most  0.7-1.2 cm Ceratina sp. Up to Brantjes,
monticola 0.5cm frequent visitor), Megachile 0.8 cm 1982
(Syn. Polygala sp., Coelioxys sp., Exomalopsis
violacea) sp. (all activated  the
(Polygalaceae) pollination mechanism)
4-Pultenaea Corolla Apis mellifera (54%), 0.3-1.7cm Vespidae, Formicidae, Ogilvie et al.,
villosa 0.6cm Lipotriches spp., Lasioglossum Buprestidae, 2009
convexum, Trigona carbonaria, Chrysomelidae,
unknown solitary bees, Bombyliidae,
Hyleoides sp. Muscidae, Syrphidae,
Heteroptera
5-Polygala About Apis africana hybrid (the most  0.7-1.2 cm or Ceratina sp., 0.8-1.8 Brantjes,
vauthieri 0.7cm frequent visitor), Megachile larger Melissodes sp. cm 1982

(Polygalaceae)

sp., Hypanthidium sp. (all
activated the  pollination
mechanism)
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Name of the Size of Hymenopteran flower visitors  Size range of Hymenopteran Size Source
plant the /pollinators Hymenopteran pollen and nectar range of
flowers pollinators robbers /thieves robber
(cm) [thieves
{cm)
6-Anthyllis 0.7-1.2 Anthophora acervorum (=A. 0.7-1.7 cm Bombus terrestris and  1.1-2.2 Navarro,
vulneraria cm plumipes) (45%), A. robusta B. jonellus (45%) cm? 2000
subsp. vulgaris (2%), Andrena fulva (3%), (nectar robbers)
(Syn. Anthyllis Eucera longicornis  (2.4%),
vulneraria Melecta luctuosa (1%),
subsp. Megachile sp. (1%),
carpatica)
7/8-Vigna Standar  Bombus morio, Megachile 0.7-3cm Lepidoptera, Diptera, de Souza et
longifolia, V. d 1.4- susurrans, M. tenuitarsis, Coleoptera al., 2017
luteola 2.2 cm Xylocopa brasilianorum (these
and 1.3- four are the most important
2.5 cm, pollinators), Apis mellifera,
respecti Centris decolorata, C. tarsata,
vely Coelioxys sp., Eufriesea
mussitans,  Pseudaugochlora
sp., Xylocopa frontalis,
Exomalopsis analis
9-Crotalaria Keel 1.5 Large Megachilid bees, 1.2-2.7cm Apis mellifera About Hall & Avila,
juncea cm Megachile sculpturalis, 1.2cm 2016
Xylocopa, Xylocopa virginica
and X. micans
10-Lupinus About Bombus spp., solitary bees 0.5-2.3cm Small bees, wasps, Bernhardt et
perennis 1.5cm (mostly Osmia, Andrena vieina, butterflies and al., 2008
Megachile melanophaea hummingbirds
melanophaea), A. mellifera,
Xylocopa virginica
11-Pongamia 1.5-1.8 Apis dorsata, A. cerana indica, 0.7-3.5 cm Trigona iridipennis, 0.4-1.8 Raju & Rao,
pinnata cm A. florea (in total ~70%) Ceratina  simillima, cm 2016
Amegilla sp. (~10%), Pithitis binghami
Megachile sp. (~5%), Xylocopa (pollen thieves)
latipes and X. pubescens
(~10%)
12-Polygala About Bombus pascuorum (17%), 0.8-1.7 cm Bombus terrestris  1.1-1.7 Castro et al.,
vayredae 1.6cm Anthophora sp (5%) (both main (64%), B. pratorum cm 2008a, Castro
(Polygalaceae) pollinators), Eucera (both are  nectar et al., 2008b;
longicornis, Halictus sp. robbers); Apis Castro et al.,
mellifera (nectar 2013
thieves)
13-Bowdichia 1.75cm  Centris aenea (main visitor), C. 0.3-3 cm Vespidae, Braconidae, Gomes da
virgilioides fuscata (main visitor) Xylocopa Lepidoptera, Silva et al.,
sp., Apis mellifera, Trigona Hesperidae, 2011
spp., Partamona sp.,
Geotrigona sp. (all occasional
visitors)
14-Lathyrus Standar Bombus pascuorum, B. 0.6-2.2cm B. terrestris workers 0.7-1.7 Asmussen,
japonicus d 1.8 lapidarus, B. hortorum, B. (nectar robber/thief), cm 1993
2.3cm terrestris, Osmia sp. Apis mellifera,
Coelioxys (nectar
thief)
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Name of the Size of Hymenopteran flower visitors  Size range of Hymenopteran Size Source
plant the /pollinators Hymenopteran pollen and nectar range of
flowers pollinators robbers /thieves robber
(cm) [thieves
{cm)
15-Coronilla About 2  Eucera is the most important 0.6-2.6 cm Apis mellifera, 0.4-2.3 Galloni et al.,
emerus (Syn. cm pollinator, other than Bombus sp., Halictae cm 2008; Aronne
Hippocrepis Habropoda Osmia, Xylocopa, etal., 2012
emerus) Bombus, Antophora sp.,
Megachile sp.
16-Crotalaria Flag 2 Xylocopa frontalis (49%) X. 2.9-3cm Trigona spinipes  0.5-0.7 Jacobi et al.,
retusa cm grisescens  (44%),  Centris (nectar robber) cm 2005
leprieuri
17-Crotalaria 2-2.5cm  Pseudocentron (Megachile) sp.  0.7-2.6 cm Apis  mellifera and 1.2-2.5 Etcheverry et
micans (the most effective pollinator), Bombus morio (nectar cm al., 2003
Xylocopa macrops, X. thieves)
ordinaria, X. eximia
18-Lupinus 2-2.5cm  Apis mellifera, Antophora sp. 0.8-1.6 cm Small solitary bees 0.5-1.7 Ne’eman &
pilosus (both activated the tripping cm Nesher, 1995
mechanism)
19/20-Cratylia  About Five Xylocopa and four Centris 1.2-3 cm Some bees are too Queiroz, 1996
hypargyrea, C. 2.5cm species small to pollinate the
mollis flowers
21-Robinia About Apis mellifera (63%) About 1.2 cm Apis mellifera About Giovanetti &
pseudoacacia 2.5cm 1.2cm Aronne, 2012
22-Cytisus 2-3cm Apis mellifera, Andrena, 0.3-2.3cm Small bees, A. About Parker, 1997;
scoparius Anthophora, Bombus, one mellifera 1.2cm Suzuki, 2000;
solitary bee, Osmia, Tetralonia Malo &
nipponensis, Xylocopa Baonza,
appendiculata  circumvolans, 2002; Parker
Campsomeriella annulata et al., 2002;
annualata, Lasioglossum spp., Galloni et al.,
Halictus acerarius, Bombus 2008; Muir,
melanopygus (10), 2013
Lasioglossum pacificum (4),
and Lasioglossum olympiae (4),
Bombus  mixtus, Andrena
salicifloris, B. flavifrons, B.
vosnesenskii, Evylaeus sp.
23-Collaea Corolla Apis  mellifera, Xylocopa  1.2-2.6 cm Trigona spinipes,  0.3-1.3 Gélvez-
cipoensis 2-3cm muscaria Toxomerus  musicus cm Zuniga et al.,
(nectar robber bees), 2018
Apis mellifera,
Exomalopsis sp.,
Megachile sp.
Melipona marginata,
Augochloropsis  sp.,
Ceratina sp.
24-Periandra Petals Xylocopa frontalis, Acanthopus  1.5-3 cm Apis mellifera, 1.2-2.5 Meireles et
mediterranea about excellens and Epicharis sp. Acanthopus excellens, cm al., 2015
2.3 (both occasional visitors) Epicharis sp., Polybia
cm/stan spp (wasp),
dard 3.3 butterflies,
cm hummingbirds
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Name of the Size of Hymenopteran flower visitors  Size range of Hymenopteran Size Source
plant the /pollinators Hymenopteran pollen and nectar range of
flowers pollinators robbers /thieves robber
(cm) [thieves
{cm)
25-Canavalia Standar  Xylocopa flavorufa, Megachile 1.2-2 cm Bees smaller than Lessthan Stirton, 1977;
virosa (Syn. d 2.7-3  combusta, Apis  mellifera Megachile combusta, 1.2 cm Sahai, 2009
Canavalia cm (occasional visitor) Apis mellifera / Small
cathartica) ants as nectar robbers
26-Canavalia Standar  Apis mellifera  (occasional About 1.2 cm Small ants as nectar Sahai, 2009
gladiata d3.5cm visitor) robbers
27-Lathyrus Flag 3.3 Megachile ericetorum, 0.7-2.8 cm Apis mellifera About Westerkamp,
latifolius cm Xylocopa violacea and other 1.2cm 1993
megachilids as the main
visitors
28- 2.5-4cm Mostly large bees. Bombus 0.8-2.7 cm Coleoptera, Diptera, Cardel, 2004
Centrosema (petals pennsylvanicus, Xylocopa Lepidoptera,
virginianum 2.1-35 micans, Melissodes communis, Othoptera are
cm) Megachile campanulae florivores or folivores
wilmingtoni, Megachile
policaris, Colletes distinctus
29/30- Banner Euglossa, Eufriesea, Eulaema, upto2cm Oxaeaq, Ceratina, uptol.5 Ramalho et
Centrosema 3.4 and Bombus brevivillus, Centris, Augochloropsis, cm al., 2014
pubescens, C. 3.6 cm, Epischaris, Xylocopa, Ceratina,
brasilianum respecti  Acanthopus, however Euglossa Pseudaugochlora,
vely cordota, three Eulaema Exomalopsis, Centis,
species, Bombus brevivillus, Epicharis
Epicharis  flava,  Xylocopa
frontalis were the most
common pollinators
31-Vicia faba 3-4cm Eucera pulveracea (50%), Apis  1.2-1.6 cm Apis mellifera (42%) 1.2-3cm  Aouar-Sadli
mellifera (42%) (both pollinator and et al., 2008
nectar robber),
Xylocopa violacea
(1.6%) (nectar robber)
32-Vigna 48 cm Bombus morio, Xylocopa 1.3-2.5cm Apis mellifera, 0.3-1.2 Etcheverry et
caracalla (Syn. and 4-7 eximia, Centris bicolor, Meliponini sp. (both cm al., 2008;
Cochliasanthus cm, Eufriesea mariana small pollen robbers) Etcheverry &
caracalla) respecti Vogel, 2018
vely
% 33-Aconitum About 2 Pollinated by long-tongued About 1.7 cm Honeybees  (nectar About Mayer et al.,
g napellus  ssp. cm bumblebees, Bombus robbers) 1.2cm 2014
g lusitanicum pascuorum, B. terrestris
<
o
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Caesalpinioide
ae)
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Name of the Size of Hymenopteran flower visitors  Size range of Hymenopteran Size Source
plant the /pollinators Hymenopteran pollen and nectar range of
flowers pollinators robbers /thieves robber
(cm) [thieves
{cm)
34-Corydalis 2.35cm  Bombus terrestris queens (the 1-2.2 cm All Bombus species 0.4-2.3 Olesen, 1996;
cava most important pollinator), are also nectar cm Myczko et al.,
(Ranunculales) Anthophora acervorum, B. robbers/ 2015
pratorum and B. hortorum mellifera,  Andrena,
(both are rare)/Queens of Nomada, Sphecodes
Bombus lucorum and B.
cryptarum (34%), B. terrestris
(38%), B. hortorum (24%), B.
pratorum (0.2%), B. lapidarius
(0.5%), Apis mellifera (2%)
(1.4%), Anthophora plumipes
(1.4%)
35-Collinsia 0.9-1.6 Apis mellifera, Bombus 0.3-2.3cm Flies, moths, Rust &
sparsiflora cm edwardsii, B. vosnesenskii, B. butterflies Clement,
(Lamiales) caliginosus, B. californicus, 1977
Synhalonia hurdi, S. lunata, S.
edwardsii, Osmia lignaria, O.
glauca, O. bruneri, O. bakeri, O.
nemoris, Chelostomopsis
ribifloris,  Hoplitis  fulgida,
Lasioglossum sp.
36-Collinsia 0.4-1.7 Bombus, Osmia, Anthophora, 0.9-1.9 cm Flies moths, Armbruster,
spp. (Lamiales) cm Emphoropsis, Synhalonia, butterflies, short- 1980;
- long-tongued bees/  Apis tongued bees Kampny,
E mellifera, short-tongued bees 1995;
s Armbruster
< et al., 2002
37-Amorpha Banner Solitary bees, Lasioglossum 0.3-1.7 cm Syrphid flies 1-1.2cm  Slagle &
canescens 0.5-0.6 (Dialictus  and Evylaeus), Hendrix, 2009
(non-keeled, cm Honeybees, Andrena quintilis,
Papilionoideae Calliopsis andreniformis,
) Colletes robertsonii
38-Caesalpinia  About The most effective pollinators  1.2-3cm Trigona spinipes, 0.3-1.3 Borges et al.,
n echinata (non- 2.5cm are medium-sized to large bees Trigona cm 2009
; keeled, (larger than 1.2 cm). Apis Augochlora
a Caesalpinioide mellifera, Centris aenea, C. Pseudaugochlora sp.
" ae) analis, Xylocopa frontalis, X.
8 grisescens, and X. suspecta
o
g 39- 3cm? Only large insects such as 1.1-2.7cm Apis mellifera, 0.8-1.2 Arceo-Gomez
9 Chamaecrista Xylocopa, Eufriesea, Eulaema, Florilegus cm etal., 2012
; chamaecristoi Euglossa  and  Ptiloglossa Protoxaea
Y des (non- contact and vibrate sexual Exomalopsis sp.
E keeled, organs
z
g
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Name of the Size of Hymenopteran flower visitors  Size range of Hymenopteran Size Source
plant the /pollinators Hymenopteran pollen and nectar range of

flowers pollinators robbers /thieves robber

(cm) [thieves
{cm)

40-Cassia, Chamae  Mainly large bees, Xylocopa, 0.8-3cm Oxaea flavescens, upto 1.5 Gottsberger
Chamaecrista, crista Centris, Epicharis, Pseudaugochloropsis,  cm &
Senna  (non- petalsto Exomolopsis, Bombus, Trigona Gottsberger,
keeled 1-2 cm Euglossa, Augochloropsis, 1988;
Cassia/Senna or Pseudaugochloropsis, Dulberger et
and with a keel more/C Ptiloglossa, Florilegus, al., 1994
like petal assia up dependent on the flower size
Chamaecrista; to 6 cm, some small bees; large Oxaea,
Caesalpinioide  Senna
ae) up to 5

cm

3. RESULTS In terms of flower sizes, seven studies (studies 1 to 6 and,

Both Table 1 and Supplementary Table 1 show that
Fabales keel flowers are mostly pollinated by long-
tongued bees, Apidae L. and Megachilidae families, but
rarely by Andrenidae (Andrena Fabricius), Halictidae
Thomson (Lasioglossum Curtis, Halictus Latreille,
Pseudaugochlora Michener, Lipotriches Gerstaecker),
Colletidae Lepeletier (Colletes Latreille), flies, wasps, birds
and other animals, such as rodents. These last animals
(not Hymenopteran) are not included in any of the two
tables.

The most common pollinators of the keel flowers at the
genus level are Xylocopa (19 spp. of keel flowers), Apis
Linnaeus (16 spp.), Megachile Latreille (14 spp.), Bombus
(13 spp.), Centris (8 spp.), Osmia Panzer (5 spp.),
Anthophora Latreille (4 spp.), Eucera Scopoli (4 spp.).
Other pollinators were recorded for less than three plant
species. In terms of bee body sizes, large bees such as
Bombus, Centris, Eufriesea and Xylocopa visit almost
always only large flowers measuring at least 1.3 cm length
(however, note Bombus visits of smaller Collinsia
flowers), the remaining bees (e.g., Apis, Megachile,
Anthophora) visit all sizes of flowers (Table 1). Here, it is
possible to interpret these results as the relative
abundancy of large bee visits (up to 3 cm, Xylocopa,
Centris and Bombus). The small (up to 1.2 cm, Osmia and
Megachile) and medium-sized (up to 2 cm, Apis,
Antophora and Eucera) bee visits are also not rare (Apis
and Megachile visits for 16 species and 14 species of keel
flowers, respectively).
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37, including two Polygalacae and one non-keeled-
Papilionoideae studies) suggested that flowers with a size
up to 1.2 cm are pollinated by bees with a size of 0.3-1.7
cm, but not larger than 1.7 cm. On the other hand, if the
flower size is larger than 1.3 cm (including one
Polygalacae study, four keel flowers out of Fabales and
three non-keeled flower studies), the pollinator size
varies (0.3-3.5 cm). However, it should be noted that the
pollinator size of large flowers (0.3-3.5 cm) includes the
pollinator size of small flowers (0.3-1.7 cm). There was no
correlation between pollinator species diversity and
flower size, other than these size differences.

Nectar/pollen thieves and robbers are from different
insect groups such as (mostly) Hymenoptera, Lepidoptera
and Heteroptera. The Hymenopteran robbers/thieves are
generally up to 2 cm. Bombus and Xylocopa are reported
to be robber/thief by only a few studies. Among the
studies in which the thief/robber size are known
(excepting taxa 4, 7, 8, 10, 13, 19, 20, 26, 28, 35, 36), for
nine taxa (including one keel flowers out of Fabales and
two non-keeled flower studies) the robber size is clearly
smaller than the pollinator size (taxa 9, 16, 23, 24, 25, 32,
33, 38, 39). In the other studies, robber/thief size is within
the pollinator size range. In six studies, the robber size is
larger than the pollinator size, or almost equal (taxa 5, 6,
12, 17, 21, 31), while in the remaining 13 studies the
robber size is somehow smaller than the pollinator size,
but still within the range of pollinator size.

Out of 36 keel-flowered taxa (Table 1), for six taxa Apis
mellifera Linnaeus is suggested as both pollinator and
nectar-pollen thief/robber, for eight taxa honeybees are
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suggested as only pollinators, and for 11 taxa honeybees
are reported to be only nectar/pollen thieves or robbers.
According to these results, it is possible to conclude that
if the flower size is larger than 2 cm, A. mellifera tends to
be both pollinator and robber/thief (taxa 21, 22, 23, 25,
31 and 34), rarely only a pollinator (taxa 18 and 26).
However, there were no keel flowers smaller than 2 cm
to show this pattern. On the other hand, if the flower size
is smaller than 2 cm, honeybees are able to pollinate the
keel flowers (taxa 4, 7, 8, 10, 13, 35, 36).

Except Hypanthidium (Megachilinae), the Polygalaceae
pollinators are not different from Papilonoideae
pollinators. The pollinators/visitors of non-keeled flowers
of Fabales and other keel flowered lineages are somehow
different (Table 1). Other than some common pollinators
such as Apis, Anthophora, Bombus, Xylocopa, Centris,
Eufriesia Cockerell, Eulaema Lepeletier and Euglossa
Latreille; these different pollinators/visitors are Calliopsis
Smith (Amorpha canescens Pursh), Ptiloglossa Smith
(Chamaecrista), Augochloropsis  Cockerell (Senna,
Chamaecrista), Pseudaugochloropsis Cockerell (Senna),
Chelostomopsis Cockerell (Collinsia sparsiflora Fisch. & C.
A. Mey.), Emphoropsis Ashmead (Collinsia), Synhalonia
Patton (Collinsia, Cercis canadensis L.). However, in terms
of size, the pollinators of non-Fabales keel flowers and
non-keeled flowers compared to floral size, were not
different from Papilonoideae pollinators.

4. DISCUSSION
4.1. Pollinators of keel flowers

Convergent floral traits among unrelated taxa driven by
shared pollinators are referred as pollination syndromes
sensu Faegri & van der Pijl (1979) (Armbruster, 1993;
Ollerton & Watts, 2000; Johnson et al., 2003; Fenster et
al., 2004; Johnson & Jirgens, 2010; Schiestl & Johnson,
2013). Many studies have attributed the evolution of keel
flowers within Leguminosae, Polygalaceae and other
clades of angiosperms to bees (Leppik, 1966;
Westerkamp, 1989; Endress, 1994; Westerkamp, 1997;
Westerkamp & Weber, 1999), but particularly to skilled
and strong bees (Leppik, 1966; Faegri & van der Pijl, 1979;
Westerkamp, 1997). Similar to the results of Hingston &
McQuillan (2000), the current review supports that keel
flowers are bee flowers (i.e., bee pollination syndrome),
but particularly long-tongued bee (Apidae and
Megachilidae) flowers. The dominance of long-tongued
bee visitors was also significant in Robertson’s (1928)
classification. The most common genera of pollinators
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among these long-tongued bees are large Xylocopa,
Bombus, Centris; small to medium Apis, Megachile,
Osmia, Anthophora and Eucera, in which Xylocopa,
Bombus, Centris, Apis and Megachile are by far the most
common ones (Table 1).

While van der Pijl (1961) grouped large flowers as
“Xylocopa pollinated large flowers”, similarly Arroyo
(1981) suggested that some papilionoid flowers are
specialized to large bees such as Centris and Xylocopa. At
first, it may seem appropriate that large bees are strong
enough to trip the keel flowers and their hairy bodies
match perfectly to the large-keel flowers’ pollination
(Heering, 1995; Shambhu, 2013), in addition to the
occurrence of morphological obstacles such as thick
petals, floral connections, wing sculptures on the large
flowers to exclude small visitors to reach the pollen
(Queiroz, 1996; Etcheverry et al., 2008; Etcheverry &
Vogel, 2018). However, the current study suggests that
while large bees prefer large flowers, small and medium-
sized bees also visit and pollinate these large flowers, as
well as they visit medium and small flowers. It should be
noted that, these results contradict to Herrera (2001),
who indicates that large flowers are worked by only large
bees and small flowers are pollinated by all sizes of bees.
Yet, in the correct review, in terms of bee body sizes,
there was also evidence that large bees such as Bombus,
Centris, Xylocopa and Eufriesea visit only large flowers
which are larger than 1.3 cm, small-medium bees such as
Apis, Anthophora, Osmia, Eucera and Megachile do not
have a preference, they visit and pollinate both small,
medium and large flowers. Moreover, in terms of flower
sizes, this study has shown that while flowers up to 1.2
cm are pollinated by bees with a size of 0.3-1.7 cm, larger
flowers are pollinated by all sizes of bees (0.3-3.5).
Indeed, these results correspond to general trends which
are large flowered species (>15 mm length) are pollinated
by large bees), but also medium-sized Osmia
(Megachilidae); medium-sized flowers (8-15 mm) are
pollinated mostly by small-medium sized Osmia and small
flowered species (<8mm) are pollinated by small Osmia
and other very small bees (Scott Armbruster, personal
observation). Therefore, in contrast to common belief,
this review partly supports that keel flowers are
pollinated particularly by skilled and strong bees (Leppik,
1966; Faegri & van der Pijl, 1979; Westerkamp, 1997);
because, the results have clearly showed that keel flowers
are not pollinated by only large and strong bees, only that
large bees prefer large flowers.
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The current literature review on the pollination biology of
keel flowers showed that many bee species move freely
between small and large flowers. In this case, it is possible
that rather than only the bee size, other characteristics of
the pollinators such as optimum size of the bees (Stout,
2000; Stanley et al., 2016; de Souza et al. 2017), strength
(Coérdoba & Cocucci, 2011), handling type (Stanley et al.,
2016), constancy (Gumbert & Kunze, 1999; Gegear &
Laverty, 2005), flower colour (Raine & Chittka, 2007,
Peter & Johnson, 2008), bee fauna (Gross, 2001;
Bernhardt et al., 2008), environmental conditions such as
temperature (Parker et al.,, 2002) and pollination
mechanisms of Papilionoideae (valve, pump, explosive
and brush, e.g., Westerkamp, 1997) may be also
important or bee preferences. For example, it was
observed that the legume-loving megachilids commonly
move between both small and large Collinsia flowers at
least if the flowers have somewhat similar colour and
plants themselves can support their weight (Scott
Armbruster, personal observation). Megachilids have a
behaviour that allows them to depress the keel even
when they are too small for their weight to do it. They
brace their head/mandibles against the base of the flag
and push with their legs. They pop the keel down very
effectively despite their light weight. This allows a much
broader range of bee sizes for any given flower size and
vice versa (Scott Armbruster, personal observation).
Similarly, Megachilide visit three sympatric coflorecent
species of the Crotalaria genus, with a yellow corolla.
Bombus attratus and B. morio visit Cologania broussoneti,
Desmodium uncinatum, two legumes with magenta
flowers, while visiting Hyptis mutabilis (Lamiaceae) and
Mimosa sp. (Mimosoideae) in a Northwestern community
of Argentina (Trinidad Figueroa & Angela Etcheverry,
unpublished results).

On the other hand, while some studies reported that
small-keel flowers are generally pollinated by different
bee species and large flowers show the highest pollinator
specificity with few large bee groups such as Bombus and
Xylocopa (e.g., Brantjes, 1982; Queiroz, 1996; Herrera,
2001; Galloni & Cristofolini, 2003; Jacobi et al., 2005;
Cane, 2006; Hargreaves et al.,, 2009), there was no
correlation between pollinator diversity and flower size,
other than size differences of the bees. Aronne et al.
(2012) reported similar results that bee species diversity
and flower sizes were not related; however, they showed
that an increase in flower sizes were certainly correlated
to an increase in the pollination by large Bombus. It was
not encountered that Bombus have pollinatated flowers
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which are less than 1.3 cm (Table 1). However, this also
does not seem like a universal pattern (e.g., Spaethe et
al., 2001).

4.2. The situation of Apis mellifera

The efficiency of honey bees (Apis meliifera) is an
interesting issue for the keel flowers. As nectar or pollen
thieves/robbers, A. mellifera do not show a preference
between different floral sizes. These results suggest that
due to their medium size (about 1.2 cm), honeybees can
pollinate small flowers (whatever their purpose is);
however, they probably accidently pollinate larger
flowers during stealing (i.e., beneficial effect of a robber,
Maloof & Inouye, 2000). In this case, it is possible to relate
this issue to the size of pollinators compared to the flower
size which is very important for the fitness of a plant
species in terms of the place of pollen deposition, tripping
the mechanism and foraging behaviours (i.e., handling
time, flying distances, visitation frequency) (Herrera,
2001; Vivarelliet al., 2011), because a mismatch between
the flower and the pollinator may be result in
nectar/pollen robbing or thieving (Hargreaves et al,,
2009). Thus, | agree with Westerkamp (1991 and 1993),
in which A. mellifera referred as “clumsy-poor pollinators;
they learn by trial, they are active in all seasons including
when there is little choice, and in these periods, they
learn how to avoid from the blows that accompany
explosive pollination, by collecting nectar without
pollinating the flowers”. Actually, many studies have
presented similar results which indicate honeybees as
poor pollinators compared to their size (e.g., Henning et
al., 1992; Eynard & Galetto, 2002; Cérdoba & Cocucci,
2011; Aronne et al., 2012), however, they still are able to
work on flowers of many different plant species (Cérdoba
& Cocucci, 2011).

4.3. The situation of Polygalaceae, other keel flowered
lineages, and non-keeled Fabales flowers

The pollinators of Polygalaceae keel flowers are also
similar to pollinators of the Papilionoideae keel flowers.
On the other hand, some of exemplar non-keeled flowers
of Leguminosae which are included to this review are
visited by different Hymenopteran genera, in which some
of them have never been reported for the keel flowers
before. However, other factors such as the bee fauna of
the area and the limited number of studies available may
be the key factors on this issue. Therefore, further studies
are needed to confirm whether all keel flowers are
pollinated by similar suites of pollinators or not.
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Gottsberger & Gottsberger (1988) stated that, in contrast
to small-flowered and non-keeled Chamaecrista which is
pollinated by mostly small bees; non-keeled but large
Cassia, Chamaecrista and Senna are pollinated by large
bees such as Xylocopa, Centris, Epicharis Klug and
Bombus; small bees are too small to pollinate these
flowers (i.e., occasional pollinators or robbers).
Interestingly, some small flowers of Chamaecrista which
show corolla modifications are mostly visited by large
bees. Similarly, Borges et al. (2009) stated that the non-
keeled flowers of Caesalpinia echinata Lam. are
pollinated by medium to large bees such as Xylocopa,
Centris and Apis mellifera. Therefore, in general, while
keel and non-keeled flowers of Leguminosae share some
similar suit of floral visitors, still there are differences.
Indeed, both Senna, Chamaecrista and Cassia show some
characteristics of keel flowers (i.e., a bilateral symmetry,
partly enclosed reproductive organs by a tubular petal,
petal differentiation), and this may explain these similar
pollinators with the keel flowers. However, in this case,
again, the bee fauna of the study area, floral size, odour,
inflorescence size, colour among others may be the
principal factors which effects pollinators’ choice. Still,
compared to generalist Gentiana lutea L. with more than
30 insect visitors (Rossi et al., 2014), not only keel flowers
but also keel-like flowers of Leguminosae are clearly far
from being generalist. Therefore, in contrast to Arroyo
(1981), the pollinator specialization does not have to be
with only one type of pollinator, having more than one
pollinator with similar characteristics can also be an
indicator of specialization (Fenster et al., 2004; Galloni et
al. 2008; Cristofolini et al. 2012).

Similar to the Fabales keel flowers, Collinsia heterophylla
Buist ex Graham (Lamiales), Aconitum napellus ssp.
lusitanicum Rouy (Ranunculales) and Corydalis cava
(Ranunculales) keel flowers were also reported to be
specialized onto long-tongued bees (Rust & Clement,
1977; Armbruster, 1980; Kampny, 1995; Olesen, 1996;
Armbruster et al., 2002; Fenster et al., 2004; Mayer et al.,
2014; Myczko et al., 2015). Among them, similar to the
Papilionoideae keel flowers, Collinsia heterophylla seems
generalist at first; however, a close look revealed that this
species is pollinated by only long-tongued bees of 14
different species (Armbruster, 1980; Fenster et al., 2004).
For Collinsia, except a few long-tongued bees
(Chelostomopsis, Emphoropsis and Synhalonia), most of
the pollinators were common in Fabales keel flowers (i.e.,
Apis, Anthophora, Bombus, Xylocopa, Centris, Eufriesia,
Eulaema and Euglossa). Similarly, other than Synhalonia
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(which is a long-tongued bee and a common visitor of
Collinsia), the visitors of Cercis were not different from
the Papilionoideae keel flowers. Thus, in the light of these
findings, it may be more appropriate to refer the keel
flowers of not only Papilionoideae, but also all
angiosperm keel flowers as “long-tongued bee
specialized”. Since Harder (1983) concluded that long-
tongued bees are more efficient pollinators compared to
the short-tongued bees with a similar size, keel flowers
might be evolved to host these efficient pollinators, not
only large and strong bees to take guarantied the
pollination success (Galloni et al., 2008; Cristofolini et al.,
2012).

4.4. Limitations of the current study and literature

There are some important caveats to this review. This
study does not include all studies on the pollination
biology of the keel flowers, instead a subset selection of
studies approach was maintained. Similarly, since non-
Hymenopteran pollination is not very common among
keel flowers (Hingston & McQuillan, 2000), these studies
(e.g., bird pollination, wasp pollination) are excluded.
Second, flowering phenology (Hingston, 1999),
population density (Bernhardt et al., 2008; Hattori et al.,
2015), floral size of the populations (Elle & Carney, 2003),
inflorescence size (Parker et al., 2002; Bauer et al., 2017),
pollination mechanisms (Galloni et al., 2008; Cristofolini
et al., 2012), reward (nectar or pollen) (Galloni et al.,
2008; Cristofolini et al., 2012), floral colour (Streinzer et
al., 2009), floral height (Waddington, 1979; Dafni et al.,
1997; Gumbert & Kunze, 1999; Spaethe et al., 2001,
Valido et al., 2002; Rafferty & Ives, 2013), floral chamber
(Amaral-Neto et al., 2015) among others are not included
here, even though these characters are reported to be
very important for pollinator attraction. Third, the
Hymenopteran fauna where the studies were done and
pollinator abundance/absence/behaviour are other
important factors (Gross, 2001; Stout et al., 2002; Elle &
Carney, 2003; Bernhardt et al., 2008; Pando et al., 2011;
Rossi et al., 2014; Myczko et al., 2015) for any pollination
study, and these were not included in the current review.
For example, KoZzuharova & Firmage (2009) and Castro et
al. (2013) showed that number of visits of different
pollinators, robbers and thieves changes from year to
year and population to population, even between close
plant populations. Similarly, Apis mellifera was the most
important pollinator of Collinsia sparsiflora in one region,
while the numbers were very low in other regions (Rust &
Clement, 1977). Indeed, these differences could be
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related to plant community differences and co-occurring
plant species, microclimates, geographic region, season,
weather conditions, humidity, altitude, low
temperatures, wind and habitat degradation
(Armbruster, 1980; Asmussen, 1993; Primack & Inouye,
1993; Hingston & McQuillan, 2000; Malo & Baonza, 2002;
Parker et al., 2002; Galloni & Cristofolini, 2003;
Rodriguez-Riafio et al., 2004; Vivarelli et al., 2011; Castro
et al., 2013). Fourth, pollinator efficiency and successful
seed set may be a more reliable signifier of the pollination
biology of species than visitation. For example, while it
was observed that bees with similar sizes Anthophora,
Megachile, Eucera and Bombus visit Coronilla emerus L.
flowers, no pollen grains were found on Bombus and
Anthophora, which indicates Megachile and Eucera were
more efficient pollinators of C. emerus (Aronne et al.,,
2012). Similarly, Vivarelli et al. (2011) showed that even
though Ononis masquillierii Bertol. flowers are mostly
visited by small bees (83%), flowers visited by large bees
yielded increased seed sets compared to the flowers
which were visited by smaller bees, because probably
small bees increase selfing by activating the pollination
mechanism many times and larger bees can carry the
pollen grains for longer distances. Even for the small
flowers of Desmodium incanum DC., the pollen release
was lower if the small bees activated the explosive
pollination mechanism, compared to larger bees (Aleman
et al.,, 2014). However, this information (i.e., pollinator
efficiency and successful seed set) was found rarely in the
literature review. Fifth, strength (Westerkamp, 1993;
Coérdoba & Cocucci, 2011), tongue size (Ramalho et al.,
2014) and pollinator fidelity (Cristofolini et al., 2012) are
as important as the bee size in terms of keel flower
pollination. For instance, Megachile ericetorum
Lepeletier males were able to trigger the pollination
mechanism of Lathyrus latifolius L. flowers, while similar
sized A. mellifera cannot (Westerkamp, 1993). Lower
fidelity of small-medium bees (Megachilidae) compared
to the other sizes of bees were also reported (Cristofolini
et al., 2012).

In most of the studies reviewed here only the visitors of
the keel flowers are indicated; however, these visitors
may easily include occasional visitors, nectar/pollen
stealers, pollen/flower eaters among others (Shivanna,
2014). Similarly, it seems necessary to include both
pollinator and floral sizes in any pollination study,
because both flower and pollinators sizes may show
differences from one area to another. This information
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(especially the size of the visitors) was not indicated in
most of the studies.

Although they are not as extensive as in Fabales
(Westerkamp, 1997; Westerkamp & Weber, 1997), the
information on the keel flowers of non-Fabales
angiosperm orders is very limited. For instance, while
tripping mechanisms are reported for the keel flowers of
Papilionoideae and Polygalaceae (Westerkamp & Weber,
1997), for other keel-flowered lineages among
angiosperms the situation is unknown. Therefore, a
broader study which covers all these lineages would
provide a clearer answer for the evolution of keel flowers
within angiosperms. Pollination studies on other
angiosperm families with keel flowers may shed light on
the results of the current survey. Similarly, choice tests of
keel flower pollinators may reveal whether these
pollinators actually move freely between different
angiosperm keel flowers or not.

As a general conclusion, in contrast to literature which
suggests that keel flowers are pollinated particularly by
skilled and strong bees, this review shows that keel
flowers are mainly pollinated by small to large long-
tongued bees, from Apidae and Megachilidae families. In
terms of size, keel flowers of Polygalaceae and other
angiosperm lineages, and exemplar non-keeled Fabales
flowers were not very different from Papilonoideae
pollinators. However, the current study also highlights
the lack of information in many pollination studies such
as most effective pollinators and pollinator/floral sizes.
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oz

Habitatlar tizerinde devam eden baski ile artan niifus, endistriyel ve kentsel gelisim, artan tarim uygulamalari,
istilaci tirlerin artan tehditleri ve iklim degisikliginin etkileri ile birlikte bugln tehlike altinda olmayan birgok tar,
gelecekte biyik olasilikla tehdit altina girecektir. Bu nedenle tehdit altinda olan ya da olmayan tiim tdrler igin
yasayabilir populasyonlarin sirdirilmesini saglamak amaci ile ortaya koyulan eylemler, tlrlerin yerinde
korunmasini esas almali ve bu eylem planlari gerekli miidahale derecesine bagli olarak tir yonetimi, eylem, koruma
veya kurtarma planlari olarak siniflandiriimalidir. Bu galismada, gelecekte gergeklestirilmesi dnerilen tiir ydonetimi
planlarindaki ilk adim olmasi amaci ile Diinya Doga ve Dogal Kaynaklari Koruma Birligi (IUCN) Kirmizi Listesi’nde yer
alan ve Ulkemizde soyu tiikenme tehlikesi altinda bulunan Fabaceae familyasina ait tirlerin (Lathyrus, Astragalus,
Vicia, Lotus, Thermopsis) detayh bir arastirmasi gergeklestirilmistir. Calismada, (1) Fabaceae familyasina ait tirlerin
yayilis gosterdigi biyocografik bolgelere, (2) yetistigi habitatlara, (3) ekolojik 6zelliklerine, (5) kargi karsiya olduklar
tehditlere, (6) ekonomik 6nemlerine, (7) etnobotanik 6zelliklerine ve halk arasindaki kullanim olanaklarina iliskin
detaylara yer verilmistir. Ayrica bu g¢alisma ile, tiirlerin lokasyonlarina ait giincel kayitlar da degerlendirilmistir.
Yapilan degerlendirmeler sonucunda familyaya ait tirlerin dogal yasam alanlarina yoénelik en énemli tehdit
unsurlarinin iklim degisikligi, asir otlatma, arazi 1slahi, saman yapma ve erozyon, baraj yapimi ve kentlesmenin
neden oldugu bozulmalar oldugu gorilmustir. Tarimsal faaliyetler ve insan kaynakli habitat kaybi ve bozulmalari
da 6nemli tehdit unsurlarindandir. Bu galismaya goére tlkemizin 6nemli genetik zenginliklerinden olan ve IUCN
Kirmizi Liste’sindeki Fabaceae familyasina ait tirlerin nesillerini devam ettirebilmeleri amaci ile gerekli koruma
onlemlerinin alinmasi ve koruma bilincinin gelistiriimesi gerekmektedir. Ayrica, bu turlerin kullanim alanlarinin
belirlenmesi, ekolojik ve ekonomik énemlerinin saptanmasi son derece énemlidir. Turlerin korunmasina yonelik
eylem planlarinin hazirlanmasi ve genetik gesitliligin de icinde yer aldigi surdurilebilir koruma ve kullanim
stratejilerinin gelistirilmesi ise bu turlerin tim yonleriyle arastiriimasina baglidir.

ABSTRACT

Many species that are not endangered today will likely be threatened in the future because of the growing
population, the rising need for industrial and urban development and agricultural practices, the increasing threats
of invasive species, and the effects of climate change. Therefore, actions aiming to maintain viable populations for
all threatened or non-threatened species should be based on in-situ conservation of the species. These action
plans should be classified as species management, action, conservation, or rescue plans depending on the degree
of intervention required. For the future species management plans, in this study, the species belonging to the
Fabaceae family (Lathyrus, Astragalus, Vicia, Lotus, Thermopsis), which are in the International Union for
Conservation of Nature (IUCN) Red List and under threat of extinction in Turkey, has been reviewed based on the
details about (1) their biogeographic regions, (2) habitats, (3) ecological characteristics, (4) potential threats, (5)
economic importance, (6) ethnobotanical features and (7) usage opportunities among the people. Additionally,
this study evaluates up-to-date records of the species' locations. As a result of the evaluations, the most critical
threats to the natural habitats of the species belonging to the Fabaceae family are climate change, overgrazing,
land reclamation, haymaking and erosion, deterioration caused by dam construction, and urbanization. Agriculture
and anthropogenic habitat loss and degradation are also important threats. According to this study, it is vital to
take the necessary conservation measures and develop conservation awareness for the future. Additionally, it is
essential to determine these species' usage areas and determine their ecological and economic importance. The
preparation of action plans for the conservation of species and the development of sustainable conservation and
usage strategies, including genetic diversity, depend on the investigation of these species in all aspects.
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1. GiRiS

Baklagil, bezelye veya fasulye ailesi olarak bilinen
Fabaceae (=Leguminosae), Asteraceae (daisies) ve
Orchidaceae (orchids) familyalarindan sonra cicekli
bitkiler familyasinda yer alan Uglincli blytik familya olup,
700'den fazla cins ve 20,856 tir icermektedir (RBG-Kew,
2017). Familya, adini en yaygin meyve tiri olan bir
baklagilden almis olup, 2017 yili baslarinda, Fabaceae
familyasina ait alti alt familya siniflandirmasi yapilmistir
(RBG-Kew, 2017).

Familya, Antarktika hari¢ dlinyanin her yerinde genis bir
yaylhm gostermektedir. Familya, kurak tropikal bélgeden
yagish tropikal bolgeye kadar, otlak ve kiyi biyomlarinda
cesitlenmistir. Ancak tatli su biyomlarinda oldukga sinirli
olup, bu familyaya deniz biyomlarinda
rastlanmamaktadir. Yaygin olarak bezelye ve fasulye ailesi
olarak bilinmesine ragmen, baklagiller, bitkiler ve
cahlardan buyilk odunsu lianalara ve devasa agaclara
kadar cesitlilik gosterebilmektedir. Bazilari ylizen su
sporlari formunda bulunmaktadir (Heywood vd., 2007).

Fabaceae familyasinin cogu Uyesi koklerinde azot
baglayan Rhizobium bakterileri ile simbiyotik olarak yasar
ve topragin azot bakimindan zenginlesmesinde 6nemlirol
oynar. Alfalfa (Medicago sativa) ve yonca (Trifolium
incarnatum ve T. pratense) dahil olmak {zere azot
baglayici baklagiller, "yesil glibre" olarak da kullanilabilir.
Fabaceae tohumlari, diger Urlnler ile donlisimlu ekildigi
zaman, bazi cevresel sartlar altinda zararh ot ve
hastaliklarin olus derecesini azaltabilmekte ve toprak
verimliligini arttirabilmektedir (Heywood vd., 2007; RBG-
Kew, 2017). Ekonomik agidan 6nemli olan Fabaceae
familyasinin tohumlari, yliksek oranda protein (%20-%50)
icermeleri nedeniyle insanlar icin 6nemli besin kaynagidir
(RBG-Kew, 2017). Kuru baklagiller, diinyanin bircok
yerinde ginlik besinin 6nemli bir kismini olusturur
(Bressani & Elias, 1979). Baklagillerin bir alt kimesi
bakliyat olarak bilinir; bunlara kuru bezelye ve fasulye,
mercimek ve nohut dahildir ve besin kaynagi olarak son
derece onemlidir. Yer fistig1 (Arachis hypogaea) ve soya
(Glycine max) da ekonomik agidan énemli baklagillerdir
(RBG-Kew, 2017). Bunun disinda kuru bakliyatlardan, kuru
saman ve hayvan yemi olarak, boya sanayinde, bocek ilaci
olarak, sakiz ve tibbi tirtinlerin tretiminde, bahge, park ve
sokak stislemesinde de yararlanilabilmektedir (RBG-Kew,
2017). Bazi cinsleri ise ballk yemi ve yumusakca zehri
Uretiminde kullanilabilmektedir (Gozen, 2012).
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Yaklasik 9,300 cicekli bitki tiirli ile Avrupa’nin en zengin
cesitliligine sahip olan llkemizde Fabaceae familyasinin
69 cinsi vardir. Bunlara ait takson sayisi TUBIVES’e gére
1,145 olup (Babac, 2004; Bakis vd., 2011), endemik tiir
sayisl 393 (Guner vd., 2012), endemizm orani ise %
39.1'dir (Agikders, 2018). Tiirkiye florasinda Poaceae’den
sonra gerek ekonomik agidan gerek tiir sayisi bakimindan
ikinci en blylk familyadir (Giner vd., 2012; Acgikders,
2018). Genel olarak, Fabaceae familyasi, Papilionoideae,
Caesalpinioideae ve Mimosoideae olmak Uzere g
altfamilyaya ayrilir. Mimosoideae ve Caesalpinioideae
yaygin olarak tropikal kusakta ve kurak bolgelerde yayilis
gosterirken, Papilionoideae sicak boélgelerde genis yayilis
alanina sahiptir. Bu lg altfamilya genel 6zellikleri yoniyle
ciceklerinden taninmaktadir. Fabaceae ailesindeki cicek
turleri, Mimosoideae'deki normalden (yani aktinomorfik,
radyal olarak simetrik) Papilionoideae'deki oldukca
diizensize (yani zigomorfik, iki tarafli simetrik) kadar
farkhlasan ciceklerle oldukg¢a degiskendir.
Caesalpinioideae  altfamilyasinin  cicekleri, simetri
acisindan bu asirihklar arasinda bir sekilde orta
diizeydedir (Britannica, 2021).

Legiimen olarak isimlendiren meyve tipi familyanin genel
ozelligidir. Leglimen, tek karpelden olusmus, karpelin
uzunlugu boyunca hem birlesme hatti hem de sirttan ikiye
ayrilarak agilan meyvelerdir (Polhill & Raven, 1981;
Kicuker, 2011; Gozen, 2012; Kahraman vd., 2017).
Fabaceae familyasi, cok sert ve su gecirme oOzelligi
olmayan tohumlara sahiptir. Familya Uyelerinin
tohumlarindaki su, sadece testanin dis kisminda bulunan
parcalanmis kutikul veya hilumdan tohumlarin igine
girebilir. Yapraklar, cogunlukla tiys, trifoliat (liggl),
nadiren de basittir. Slrginleri almagh veya sarmal
dizilmistir. Stipul (kulakgik) mevcut olup, ¢icekler zigomorf
veya aktinomorf, erselik 6zellik gosterir (Ercetin, 2007).

Klresel ¢evre sorunlarinin artmasi, kiiresel biyolojik
cesitliligi de olumsuz etkilemekte ve birgok bitki tlirlini
tehdit etmektedir. IUCN Kirmizi Kitabi/Listesi’'nde yer alan
ve kiresel 6lgekte, tehdit artisina gore azdan ¢oga dogru,
hassas (vulnerable — VU), tehlikede (endangered — EN) ve
kritik tehlikede (critically endangered - CR) seklinde
belirtilen bitki tdrlerinin sayisi 16,420’dir (IUCN, 2020).
Belirtilen tehlike kategorilerinde yer alan ve kiresel
olarak dagihm gosteren major taksonomik gruplarin,
1996-2020 yillari arasindaki degisimi Sekil 1’de verilmistir.
Buna gore 2020 yilinda didnya genelinde CR sinifinda
3,325, EN sinifinda 6,063 ve VU sinifinda 7,072 bitki turi
bulunmaktadir.
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Sekil 1. Diinya genelinde CR, EN ve VU sinifindaki bitki sayisinin
1996-2020 yillari arasindaki degisimi.

Turkiye, jeomorfolojik yapisi, cografi konumu ve iklim
cesitliligi, gen merkezlerinin kesisim noktasi olmasi
nedeniyle son derece zengin bir floraya sahiptir.
Turkiye’nin zengin floristik yapisi ve tiirlerin dogal yasam
alanlari, 6zellikle son 30-40 yilda biyik bir tehdit altinda
olup, hizla azalmaktadir. Nufus artisi, hizli ve garpik
kentlesme, ormansizlasma gibi ¢evresel baskilardaki artis,
tirleri ve yayilis alanlarini tehdit etmekte ve birgok tiirlin
yok olmasina veya neslinin tehlike altina girmesine neden
olmaktadir (Din vd., 2016). Bu durum IUCN tarafindan
yayinlanan ve tirlerin tehlike kategorilerinin yer aldig
IUCN Kirmizi Listesi'nde de acik¢a belirtilmistir.
Ulkemizde, giincellenen IUCN Kirmizi Listesi’ne gore
yaklasik 165 tir, “soyu tamamen tehlike altinda” tirler
olarak siiflandirilmistir ~ (IUCN, 2020). Fabaceae
familyasina ait tdrlerin  bir kismi IUCN’nin  Kirmiz
Listesi’'nde yer almaktadir ve tehlike kategorilerine gore
siniflandirilmistir. Fabaceae tirlerinden bazilarinin yok
olma tehdidi veya risk altinda olmasi tlkemizin floristik
zenginligi acisindan da 6nemli kayiplari beraberinde
getirecektir. Bu nedenle tehdit altindaki familya ve tiirlere
ait daha cok arastirmanin yapilmasi ve bu konulara daha
fazla dikkat ¢ekilmesi gereklidir. Bu tiir ¢alismalar, s6z
konusu familya ve tirlere yonelik koruma stratejilerinin
belirlenmesinde, koruma o6nlemlerinin alinmasinda ve
onceliklerin saptanmasinda son derece Onemli rol
oynamaktadir.

Bu ¢alismanin amaci IUCN Kirmizi Listesi’nde yer alan ve
Glkemizde soyu tikenme tehlikesi altinda bulunan
Fabaceae familyasina ait tiirlerin detayli bir arastirmasini
gerceklestirmektir. Bu baglamda, calismada, IUCN Kirmizi
Listesi'nde yer alan Fabaceae familyasina ait tirlere
yonelik detaylara vyer verilmis ve ayrica tirlerin
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lokasyonlarina ait glincel kayitlar incelenmistir. Yapilan
¢alisma, materyal ve yontemin tanitilmasi ile baglamakta
olup daha sonraki asamalarda hem veritabanlarindan
alinan bilgiler ile hem de gilincel literatiir ile
degerlendirmeler yapiimistir. Bulunan bulgular ve yapilan
degerlendirmeler, her tir icin detayli bir sekilde aktariimis
ve bu tirleri tehdit eden faktorler ortaya cikartilmistir.
Turlerin ekonomik onemli ise ayrica ele alinmistir.
Calismanin bahsedilen tiim yonleri ile literatiire 6nemli
bir katki saglayacagi disinlilmektedir.

2. MATERYAL VE METOT

Veriler IUCN veritabaninin Kirmizi Listesi’'nde yer alan ve
hassas (vulnerable — VU), tehlikede (endangered — EN) ve
kritik  tehlikede (critically endangered - CR)
kategorilerinde bulunan  Turkiye'deki Fabaceae
familyasina ait tlrler (Lathyrus L., Astragalus L., Vicia L.,
Lotus L., Thermopsis L.) taranarak elde edilmis ve tirlere
iliskin veriler, gincel literatur taramasiyla
desteklenmistir. Calismada,

(1) Fabaceae familyasina ait tirlerin yayilis gosterdigi
biyocografik bolgelere,

(2) yetistigi habitatlara,

(3) ekolojik o6zelliklerine,

(5) karsi karsiya olduklari tehditlere,
(6) ekonomik nemlerine,

(7) etnobotanik ozelliklerine ve halk arasindaki kullanim
olanaklarina iliskin detaylara yer verilmistir.

Calisma kapsaminda, ayrica, IUCN Kirmizi Liste
veritabanindan elde edilen konumsal tiir dagilim verileri,
Tirkiye'nin grid sistemine gore gorsellestirilmistir. Grid
sistemi, 11 ciltlik Tarkiye Floras’ndaki tirlerin
yayilislarinin  belirlenmesinde enlem ve boylamlarin
gectigi cizgiler temel alinmak Uzere, Tirkiye haritasi
Gzerinde, ikiser derecelik karelerin olusturuldugu bir
sistemdir (Acikders, 2018). IUCN veritabani ise tirlere ait
lokasyon (konum) verilerini nokta veri seklinde-konumsal
olarak paylasmaktadir (IUCN, 2014). Elde edilen konumsal
veriler, ArcGIS pro 2.5 yazihminda, grid sistemi icinde
gorsellestirilmis ve tarlerin  dagilimlart  bu sekilde
haritalanmistir (Sekil 2). IUCN tarafindan paylasima agik
konumesal veritabaninda, calismada yer alan bazi tirlerin
konumsal verilerine ulasilamadigi durumda ise farkl
kaynaklardan grid sistemine gore dagilis bilgileri
bulunmus ve tiim sonuglar tablo ile gosterilmistir (Tablo



Tirkiye'de tehlike altindaki ttrler: JIUCN Kirmizi Liste verileri ile tehlike altindaki Fabaceae tirlerine yonelik 6zel bir inceleme

1). Boylece, Fabaceae familyasina ait tiirlerin lokasyonlari
degerlendirilmistir.

3. BULGULAR VE TARTISMA
3.1. Tehlike altinda bulunan Fabaceae tiirleri

Ulkemizde yetisen Fabaceae familyasina ait IUCN giincel
veritabaninda CR, EN ve VU kategorilerinde yer alan 29
tir belirlenmistir. Bu tlrler; Astragalus L., Cicer L.,
Lathyrus L., Thermopsis L., Vicia L. cinslerine ait tirlerdir.
IUCN Kirmizi Liste veritabanindan elde edilen tirlere ait
konumsal veriler ile olusturulan tir dagilimi Sekil 2'de
goraldugh tzere Turkiye’'nin grid sistemine goére
olusturulmus ve haritalanmistir. Bu haritaya gore
Astragalus cinsine ait tlrler genel olarak Kuzeydogu
Anadolu’da yogunlasmistir. Lathyrus L. ise Tirkiye'nin

hemen her bolgesinde dogal olarak yetismekle birlikte
¢ogunlukla Dogu ve Giineydogu Anadolu boélgelerinde
yayilis gosterdigi bilinmektedir. Vicia L. ise genel olarak
Bati, Gliney, Glneydogu ve Dogu Anadolu bdlgelerinde
yayilis gostermektedir (Sekil 2)

Sekil 2'de gorilen tirlerin IUCN veritabanindaki (2014)
konumsal verilerine (nokta veri) erisilmis ve bu veriler
cografi bilgi sistemi (CBS) platformunda (ArcGIS pro 2.5)
gorsellestirilmistir.  Konumsal verilerine  dogrudan
ulasilamayan tirler iginse (Cicer bijugum, Lathyrus libani
ve Thermopsis turcica) literatiir ve dizin taramasi yapilmis
ve bilgilere TUBIVES’ten ulasilmistir (Babac, 2004; Bakis
vd., 2011). Sekil 2’nin yani sira lokasyon bilgileri tim tirler
icin (IUCN, TUBIVES) Tablo 1’de verilmektedir.
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¥ Lathyrus tukhtensis-VU
Y Lathyrus undulatus-EN

Sekil 2. IUCN Kirmizi Listesinde CR, EN ve VU kategorisinde yer alan Fabaceae familyasina ait tirlerin Tirkiye grid sistemine gore

lokasyonlari.

3.1.1. Astragalus
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IUCN Kirmizi Listesi’'nde CR grubunda yer alan Astragalus
cinsine ait tirler genel olarak Ulkemizde Kuzeydogu
Anadolu'ya oOzgldir. BizimBitkiler (Guner vd., 2012)
veritabaninda Tirkiye’de, 218’i endemik olmak lzere
Astragalus cinsine ait toplam 515 tir bulunmaktadir. Bu
cinse ait tirlerin grid sistemine gore lokasyonlari ise A7,
A8, A9, B8 ve B9 seklindedir (Tablo 1). Astragalus
acmophylloides Grossh. (bayir geveni), Erzurum ve
Artvin'den  bildirilmistir (A8-A9) ve ¢am ormani
kenarlarinda vyaklasik olarak 1,700 m rakima kadar
yetistigi bilinmektedir (Maassoumi, 1998; Ekim vd., 2000;
IUCN, 2014). Astragalus trabzonicus Ekici, Ayta¢ & Akan
(Trabzon geveni), Trabzon ilinden bildirilen (A7-A8), daglik
meralarda yaklasik 2,300 m rakimda yayilis gosteren bir
turdlr (IUCN, 2014; Ayta¢ & Ekici, 2014a). Astragalus
longivexillatus Podlech (uzun kulak), Agri yodresinde
yetisen endemik bir tirdir (B9-B10). Tiir, 1,580-1,800 m
yukseklikteki bozkirlarda yayilis gosterir (Ayta¢ & Ekici,
2014b). Astragalus nigrocalycinus Podlech (kara ¢anak),
Erzurum bolgesinde (A8-A9) cayirlik alanlarda, 1,450 m
rakimda yetisen nadir ve endemik bir tirdir (Aytac &
Ekici, 2014c). Astragalus olurensis Podlech (olur geveni),
Artvin'de yetisen endemik bir tirdiir (A8). Nadir bir tir
olan A. olurensis’in populasyonu azalma egilimindedir
(Aytac & Ekici, 2014d). Tar, yaklasik 870 m rakimda dag
eteklerindeki tasit yollarinda ve yol kenarlarinda bulunur
(Aytac & Ekici, 2014d). Astragalus tatlii Pesmen (Erzurum
geveni), Erzurum yoresine 6zgili (A8) endemik bir tir olup
iran-Turan floristik bélgesinin bir elementidir (Davis,
1965-1985; Aytac & Ekici, 2014b). Tar, kirecli topraklar
Uzerindeki bozkirlarda yaklasik 2,200 m ykseltilerde
yetisir (Aytac & Ekici, 2014e). Astragalus eliasianus Kit Tan
& Sorger (Sarikamis geveni), Kars yoresinde yetisen
endemik-nadir bir tirdiir (A9) ve iran-Turan floristik
bolgesi elementidir. Populasyon azalma egilimindedir ve
Pinus sylvestris ormanlarinda ve yol kenarlarinda yaklasik
2,200 m vyuksekliklerde yetisir (Aytac & Ekici, 2014f).
Astragalus tlrleri icin Ulkemizde in-situ veya ex-situ
korumaya yonelik dnlemler bulunmamaktadir.

3.1.2. Lathyrus

Fabaceae familyasinda yer alan diger 6nemli bir grup,
Lathyrus cinsine ait tdrlerdir. Gen¢ & Sahin (2011)
tarafindan eklenen kayitlarla Tirkiye florasinda 61
Lathyrus tiri ve bu tlrlere ait 71 taksonun bulundugunu
bildirilmistir.  USDA PLANTS (2019) ve BizimBitkiler
(Glner vd., 2012) veritabanindan alinan bilgilere gore ise
toplam 84 tiir ve toplam 74 takson bulunmaktadir
(Gezenadam, 2021). Bu grupta yer alan tiirlerden L.
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armenus, L. cilicicus, L. ayardii, L. libani, L. tauricola, L.
trachycarpus, L. undulatus’un IUCN tehlike kategorisi EN,
L. belinensis, L. phaselitanus’un CR, L. cyaneus, L. nivalis,
L. tukhtensis ve L. variabilis’in ise VU kategorisinde oldugu
tespit edilmistir (Tablo 1).

Lathyrus armenus Boiss. & A.Huet Celak (Ciisne), Kuzey
Afrika ile birlikte Liibnan, Libya ve Tirkiye'den bildirilmis
olup, genel olarak bataklik ¢ayirlarinda, su kanallarinda
ve ekili alanlarda (Shehadeh, 2011). Turtn Glkemizdeki
lokasyonu A8- B8- C6 — C7’dir (Tablo 1). Tir, ekili bezelye,
fig, tath bezelye, kibris figi ve genis yaprakh bezelye de
dahil olmak Uzere bir dizi diger ekili Lathyrus tlrindn
yabanil formu olup (Taxon Grup 4'te), potansiyel bir gen
donortdur. Lathyrus cinsi, otsu bezelye gen havuzunun
bir parcasi olarak Uluslararasi Gida ve Tarim icin Bitki
Genetik Kaynaklari Antlagsmasi'nin Ek | listesinde yer
almaktadir (FAO, 2009) ve Genesys (Genesys Kiresel Bitki
Genetik Kaynaklari 2017 Portali) ve botanik bahgelerinde
canh koleksiyonlari bulunmaktadir (BGCI, 2017; IUCN,
2019). Lathyrus belinensis N.Maxted & Goyder (Faselis
burcagi), 1987 yilinda Antalya ili, Cavus yakinlarinda (C3)
kesfedilen endemik bir tiirdlir (Maxted & Goyder, 1988;
Rowe & Maxted, 2019). Bu tir, L. odoratus ile yakin
iliskilidir (Rowe & Maxted, 2019). Tek bir alt populasyonu
olan tlirlin populasyonu azalma egilimindedir (Rowe &
Maxted, 2019). Tar, galilik ve otlaklarda kayalik kiregtasi
yamaclarinda vyetisir ve ekili arazi ve yol kenarlarinda
oldugu icin bazi olumsuzluklara da tolerans gosterir
(Maxted & Goyder, 1988). L. belinensis, tatli bezelyenin
ikincil genetik ve bilinen en yakin yabanil akrabasidir ve
cicek rengi nedeniyle gen donorl olarak 6nemli bir
potansiyele sahiptir (Sarker vd., 2001; Maxted vd., 2012).
Tath bezelye mor, mavi, pembe veya krem renge
sahipken, L. belinensis’in kirmizi damarlari ve sari rengi
bulunmaktadir (Rowe & Maxted, 2019). Bu nedenle L.
belinensis, bahcecilik icin bliylik Gneme sahiptir (Rowe &
Maxted, 2019). Bu tir, ayrica, tath bezelye igin kiillemeye
karsi diren¢ kazandirmak amaci ile uzun zamandir
kullanilmaktadir (Poulter vd., 2003; Vincent vd., 2013).
Lathyrus cilicicus Hayek & Siehe (sah mirdimuk)’'un ise
Tirkiye icin endemik oldugu distinilmektedir. Tirlin
lokasyonu C4- C5- C6 olup, Akdeniz ormanlarinda ve
caliliklarda, ekili tarlalarda ve ugurumlarda bulunmaktadir
(Maxted vd., 2006). Lathyrus cyaneus (Stev.) Koch (kurt
mirdimtgad)  tlrinin, Ermenistan, Azerbaycan,
Gircistan, iran, Rusya (Cecenistan, Dagistan, Avrupa
Rusya’si, ingusetya, Kabardino-Balkarya, Karagay-
Cerkesya, Severo-Osetiya, Stavropol), Suriye ve
Tirkiye'de yetistigi bilinmektedir (Rowe vd., 2019a).



Tirkiye'de tehlike altindaki ttrler: JIUCN Kirmizi Liste verileri ile tehlike altindaki Fabaceae tirlerine yonelik 6zel bir inceleme

Turtn Glkemizdeki lokasyonu A9 — B5 — B9’dur. Nadir
bulunan bir tir olan L. cyaneus ile ilgili olarak
Azerbaycan'da bir yerde 20 birey oldugu, ancak diger tiim
bolgelerde en fazla bes birey oldugu bilinmektedir.
Cografi verilere gore, bu tir 82 bolgede bulunmaktadir,
bu da yaklasik 407 olgun bireyden olusan maksimum
populasyon bulylkligiine sahip oldugu anlamina
gelmektedir (Rowe vd., 2019a). Tir, nemli cayirlarda ve
nadiren kaya ylzlerinde yetisir ve tlriin habitat alaninda
sirekli daralma s6z konusudur. Tir, Ozellikle dag
meralarindaki  sigirlar  icin yem  bitkisi  olarak
kullanilmaktadir (Rowe vd., 2019a). Lathyrus layardii Ball
ex Boiss (er mirdiimiik), iran ve Tirkiye icin endemiktir
(Shehadeh, 2011) ve sadece Ug¢ bolgede bilinmektedir.
Ulkemiz grid sistemine gore tiiriin lokasyonunun B9
oldugu belirlenmistir. Tir, su cayirlari ve c¢alliklarda
oldukga iyi yetisme kosullarina sahiptir; ancak tiriin
yasam alani, kapsami ve kalitesinde sirekli bir disus
bulunmaktadir (Shehadeh, 2011). Er mirdimik, cayir
mirdimuginin yabani bir akrabasi (Takson Grup 2'de) ve
potansiyel bir gen donoridiir. Lathyrus libani Fritsch
(katran burcagl) ise bati Asya'da, yani israil, Liibnan,
Filistin, Suriye ve Turkiye'de yetismektedir (Rowe vd.,
2019b). Suriye ve Tirkiye'de populasyonun nadir oldugu
bilinmektedir ve olgun birey sayisinda devam eden bir
disis bulunmaktadir (Rowe vd., 2019b). Tirdn
Ulkemizdeki lokasyonunun C5-C6 oldugu belirlenmistir
(TUBIVES, 2020a). Tir, orman ve mera alanlarinda, ideal
olarak kayalik kirectasi topraklarda bulunur (Rowe vd.,
2019b). Lathyrus nivalis Hand.-Mazz (Munzur burcagi),
iran, Irak ve Tiirkiye'ye 6zgii, 32 km?'lik sinirli bir doluluk
alaninda (AOO) meydana gelen ve sekiz konumda
bulunan nadir bir tiirdtir (FAO, 2009; IUCN, 2019). Tirln
Ulkemizdeki lokasyonu B9 — B10 — C9 — C10 gridleri
icindedir. Munzur burcagl genellikle kirectasi Uzerinde
kayalik, engebeli alanlarda yetismektedir. Lathyrus
phaselitanus Hub.-Mor. & Davis (Kemer burgagi) ise
Tirkiye icin endemiktir (Shehadeh, 2011). Grid sisteminde
tlrin lokasyonu C4 ve IUCN tehlike kategorisi CR’dir
(Tablo 1). Tiir, sadece Akdeniz bdlgesinde galilik alanlarda
yayilis gostermektedir (Shehadeh, 2011). 1950°li yillarda
isvicreli inlii  botanik¢i Huber Morath tarafindan
Antalya’nin Kemer ilcesine bagh Tekirova beldesindeki
Phaselis Antik Kenti icinden toplanan “Lathyrus
phaselitanus” adl bu bitki, dlinyada sadece bu antik kent
icinde yetismektedir (Phaselis Arastirmalari, 2013). Boyu
bir metreye kadar uzayabilen bir baklagil tiri olan
Lathyrus phaselitanus‘un meyveleri hayvanlar ve insanlar
icin zehirli olup, bitki nisan ve mayis aylarinda meyve
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vermektedir. Bitki Phaselis Antik Kenti disinda
gorilmemek ile birlikte yerlesimi dar oldugu igin tir yok
olma tehlikesiyle karsi karsiyadir (Phaselis Arastirmalari,
2013). Kemer burcaginin giinimiizde Akdeniz Universitesi
tarafindan yiritilen “Apollo’dan Athena’ya Antik Kentler
Endemik Cicekler” projesi ile koruma altina alinmasi
amaglanmistir. Bu bitki 2700 vyillk Phaselis Antik
Kenti’ndeki Phaselislilerin gemi yapiminda meyvelerinden
esinlendigi bir tlrdlr. Bitki “antik fasulye” olarak
adlandiriimaktadir. Fasulyenin Latince adinin Phaselos
oldugu vurgulandiginda, Phaselis antik kentinin simgesi
olan gemilere Phaselos denmesi ve kemer burcagi
meyvesinin bu gemilere ilham vermesi, bitkinin 2700 yillik
kent icin ne kadar 6nemli oldugunu bir kez daha
gostermektedir (ANTOK, 2018). Lathyrus satdaghensis
P.H. Davis (sah burgak) Tirkiye igin endemiktir ve sadece
iki bolgede bilinmektedir (Rowe vd., 2019c). Tir, ylksek
rakimh tashik yamaglarda bulunur ve nadir vyayilis
ozelligindedir (Rowe vd., 2019c). Grid sisteminde tlrin
lokasyonu B9—C9’dir. Turkiye icin endemik diger bir tiir ise
Lathyrus tauricola PH. Davis (yer burcagi)’'dir (Rowe vd.,
2019d). Grid sistemine gore tiurin lokasyonu C3 ve IUCN
Kirmizi Listesine gore tehlike kategorisi EN’dir. Tar, agik
¢am ormanlarinda bulunur (Rowe vd., 2019d). Lathyrus
trachycarpus (Boiss.) Boiss. (gelin burgagi) ise Turkiye igin
nadir gorilen bir endemik tir olup, tdrin grid
sistemindeki lokasyonu C7’dir. Tiirkiye icin endemik olan
ve genis bir cografi alanda yayilis gosteren Lathyrus
tukhtensis Czeczott (kus baklasi) tlrinin lokasyonu ise
A3-A4—-A5-A6-A7-B3’tlr. Bu tiir, cam ormanlarinda ve
diger yaprak doken agacliklarda oldugu gibi Akdeniz tipi
caliliklarda da bulunur. Lathyrus undulatus Boiss (istanbul
nazendesi) tlirii de Tirkiye icin endemiktir (Rowe vd.,
2019e) ve tirin lokasyonu Sekil 1’de verilen grid
sistemine goére A2 — B9dur. Tir, yaprak doken
ormanlarda, taslik yamaclarda, citlerde bulunur ve ayrica
yol kenarlarinda da yetisir (Rowe vd., 2019e). Libnan ve
Turkiye icin endemik olan Lathyrus variabilis Boiss. Et Ky
Maly. (bayir burcag) ise ilkemizde B5 - B6 — B8 — C5 - C6
lokasyonlarinda yetismektedir. Populasyon daghmi
nadirdir (Rowe vd., 2019f). Tar, ormanlarda, kayalik
yamaclarda ve Akdeniz tipi caliliklarda bulunmaktadir
(Rowe vd., 2019f). Lathyrus tirleri iginde L. belinensis, L.
cilicicus, L. cyaneus, L. libani, L. nivalis, L. satdaghensis
tirleri, yem bezelyesi, Chickling fig, tath bezelye, Kibris figi
ve genis yaprakli tatl bezelye de dahil olmak Gzere bir dizi
diger ekili Lathyrus tirinin yabanil akrabasi olup,
potansiyel gen donorleridir (Maxted vd., 2006; Vincent



Tirkiye'de tehlike altindaki ttrler: JIUCN Kirmizi Liste verileri ile tehlike altindaki Fabaceae tirlerine yonelik 6zel bir inceleme

vd., 2013; Rowe & Maxted, 2019; Rowe vd., 2019a; Rowe
vd., 2019b).

3.1.3. Vicia

Fabaceae familyasinda yer alan diger 6nemli bir grup ise
Vicia cinsine ait turlerdir. Diinya (izerinde Vicia cinsine ait
yaklasik 140-150 tir bulunurken, Glkemizde 8’i endemik
olmak dzere toplam 59 tir bulunmaktadir (Davis &
Plitmann, 1970). Bizim Bitkiler (Glner vd., 2012)
veritabaninda ise Tirkiye'de, 11'i endemik olmak Uzere
Vicia cinsine ait toplam 103 tir bulunmaktadir. Bu
tirlerden Vicia eristalioides, Vicia erzurumica ve Vicia
quadrijuga  tarleri  IUCN  Kirmizi  Listesi‘'nde CR
kategorisinde, Vicia esdraelonensis tiiri VU kategorisinde
ve Vicia incisa tiirt EN kategorisinde yer almaktadir (Tablo
1).

Tur gesitliligi yonlyle oldukga zengin olan bu grupta yer
alan tdrlerden biri Vicia eristalioides N. Maxted (beyaz
bakla)’'dir. Bu tir, Turkiye ve Suriye igin endemiktir ve
tlkemizdeki lokasyonlari C3-C5’tir (Sekil 1). Bitkinin, gicek
rengi ve baklagil sekli V. bithynica (6kiiz baklasi)’ninkine
benzerlik gostermektedir. Tir, kiregtasi ve kirmizi Akdeniz
topraklarinda oldugu gibi, bozuk arazilerde yamaclarda ve
tarimsal sinirlarda da yayilis gostermektedir (Maxted,
1995). Vicia eristalioides, V. narbonensis (koca fig)'nin
ikincil (USDA-ARS-NGRP, 2018), V. faba (bakla)'nin
Gglncdl bir yabanil akrabasi ve potansiyel bir gen
donorudir (Ramsay & Pickersgill, 1986; Vincent vd.,
2013). Vicia cinsi, Gida ve Tarim igin Bitki Genetik
Kaynaklari Uluslararasi Antlasmasi Ek 1'de Faba Bean gen
havuzunun bir pargasi olarak listelenmistir (IUCN, 2014).
israil'de Celile, Suriye'de Djebel Druze ve Tiirkiye'de Urfa
sehrinde kisith alanlarda yetisen nadir bir tir olan Vicia
esdraelonensis Warb. & Eig (Ova figi) ise Ulkemizde C7
gridi icine bulunan bélgede yetismektedir (TUBIVES,
2020b) ve IUCN Kirmizi Liste’sine gore tehlike kategorisi
VU’dur (Davis & Plitmann, 1970). Vicia incisa M. Bieb.
(Ekin figi) turd ise, Bati Asya ve Dogu ve Giineydogu
Avrupa'ya, Ozellikle Bulgaristan, Yunanistan, italya,
Turkiye ve Ukrayna'ya (Kirim) 6zgiudar (USDA-ARS-NGRP,
2018). Bitki 50 ila 950 m arasindaki yikseklikte yetisir
(Petrova & Vladimirov, 2009). Tarin Ulkemizdeki
lokasyonlari B1-B8—C7—C8 olarak belirlenmistir (Sekil 2;
Tablo 1). Bu tiir, ormanlik agikliklarda ve yol kenarlarinda,
kuru otlaklarda ve kayalarda bulunan tek yillik bir bitkidir
(Petrova & Vladimirov, 2009; ILDIS, 2010; Iberite vd.,
2017). Bitki, figin birincil genetik akrabasi ve potansiyel bir
gen donérudir (Vincent vd., 2013). Tar genellikle yem
bitkisi olarak kullaniimaktadir (Iberite vd., 2017). Vicia

59 | Aydin-Kandemir F, Demir A (2021). Turkish Journal of Biodiversity 4(1): 53-65

quadrijuga P. H. Davis (GUmus fig), GUmushane ilinde
tespit edilmis olup Tirkiye'de Kuzeydogu Anadolu'ya
Ozgldir (IUCN, 2014). Turin tlkemizdeki lokasyonu A7
olup tehlike kategorisi CR’dir (Sekil 2; Tablo 1). Vicia
erzurumica Demirkus Et Erik. (Erzurum figi) ise Tiirkiye'de
Kuzeydogu Anadolu'da, Erzurum boélgesine 6zgl
endemik-nadir bir tlrdir. lran-Turan cografi floristik
bolgesinin bir elementidir (Ekim vd., 2014a). Bu tr,
1,900-1,950 m yiiksekligindeki Pinus sylvestris ormaninda
ve diger taslik yerlerde, tashk yamaglarda yetisir (Ekim
vd., 2014a). Bitkinin Glkemizdeki lokasyonu A8’dir. Genel
olarak, Turkiye'de yayilis gosteren Vicia taksonlari; kiyi
kesimlerde, nemli yerlerde, kumlu topraklarda, 2,000-
3,000 m araliklarindaki yuksekliklerde, nadas tarlalarinda,
Pinus brutia (Kizilgam) ormanlarinda, maki, ¢alilik, yaprak
doken caliliklarda, nemli cayirliklarda nadiren kayalk
yerler ve sulak alanlarda yayilis gdstermektedir (TUBIVES,
2020c).

3.1.4. Cicer, Lotus ve Thermopsis

Cicer bijugum Rech. f. (pitrak nohut), iran, Irak, Suriye ve
Turkiye'ye oOzgldlir (USDA, ARS, GRIN, 2018). Tir,
Turkiye'nin glineydogusunda, Urfa'dan Diyarbakir'a ve
Diyarbakir'dan Ergani'ye kadar yol kenarlarindaki bazalt
topraklarinda ve 600 m yikseklikte yetismektedir. Mardin
ilinde ise Savur'dan Senkoy'a kadar tarla kenarlarinda yer
alan kiregli topraklarda vyetistigi bilinmektedir. C.
bijugum'un kabuklari, olgun C. echinospermum'un
kabuklarinda oldugu gibi, bozulmadan yere diismekte ve
tohumlarini serbest birakmaktadir. Bu bitki tek yillk
yabanil bir tirdir (Van der Maesen, 1972). Tirin grid
sistemine gore lokasyonu B7-C7-C8 olup, IUCN Kirmizi
Listesi'ndeki tehlike kategorisi EN’dir (Tablo 1). Cicer
bijugum, nohut'un (C. arietinum) Uglncill bir genetik
akrabasidir ve bu nedenle mahsuliin iyilestirilmesi icin bir
gen donoriu olarak kullanim potansiyeline sahiptir
(Ahmad vd., 2005; USDA-ARS-NGRP, 2018). Ayrica tirin
Botrytis cinerea Pers'in neden oldugu Botrytis gri kifline
(BGM) direng gosterdigi de bilinmektedir (Stevenson &
Haware, 1999). Cicer cinsi, Uluslararasi Gida ve Tarim igin
Bitki Genetik Kaynaklari Antlasmasi (ITPGRFA) Ek I'de
listelenmistir (FAO, 2009) Kiresel Biyogesitlilik Bilgi Araci
98 yayilis alani rapor ederken (GBIF, 2013); EURISCO
Katalogu (2013) bu tlridn Avrupa gen bankalarinda doért
Gyeligini bildirmistir. Her biri yabani kaynakh Ulusal Bitki
Germplazm Sisteminde ise toplam 19 germplazm vyer
almaktadir (USDA-ARS-NGRP, 2018).

Lotus armeniacus Kit Tan Et Sorger (dortdortlik) tara
Tirkiye'de Kuzeydogu Anadolu'ya (Agri ve Kars yoresine)
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6zgli olup, iran-Turan cografi floristik bdlgesine ait
endemik ve nadir olarak bulunan bir tirdir (Ekim vd.,
2014b). Turun Ulkemizdeki lokasyonu A9-B9 ve IUCN
Kirmizi Listesi’'ndeki tehlike kategorisi CR’dir (Tablo 1).
Tuzlu bozkirda ve 1,000-1,500 m arasindaki nemli
cayirlarda yetisen tir, 2 alt populasyondan olusmakta ve
tlrtn populasyonu azalma egilimi gostermektedir (Ekim
vd., 2014b). Thermopsis turcica Kit Tan, Vural & Kiglk
(piyan), Bati ve Orta Anadolu'da, Eber Gélii'niin (Afyon ili)
glney sahilinden ve Aksehir Golu'nln (Afyonkarahisar ve
Konyaiilleri) gliney ve giineybati kiyilarindan bilinmektedir
(Cenkci vd., 2007). TUBIVES (2020d)’ten alinan bilgilere
gore ve Tablo 1'de belirtildigi Gzere tirin Ulkemizdeki
lokasyonu B3 ve IUCN Kirmizi Listesi'ndeki tehlike
kategorisi ise CR’dir. Tanimlanamayan tohum vyirticilari
(muhtemelen Coleoptera) larva gelisimi icin T. turcica

CR |

tohumlarini kullandigindan, tarim arazilerinde yetisen
bitkilerinden canli tohum elde etmek zordur (IUCN, 2014).
Tir, Bern Sozlesmesi Ek I'de listelenmistir ve kiiresel
Olcekte Nesli Tehlike Altinda olarak degerlendirilmistir
(Ozhatay vd., 2005). Tiir, Ekim vd., (2000) tarafindan CR
seklinde siniflandirilmistir. Tar, TTKD (Tirkiye Tabiati
Koruma Dernegi) tarafindan vyiritilen koruma
¢abalarinin odagi olmustur (Tan vd., 2003). Sekil 3'te
tehlike altinda bulunan Fabaceae tiirlerinin habitatlarina
ait IUCN siniflandirmasi (IUCN, 2014) ortaya cikartilmistir.
Bu calismada incelenen tirler icinde CR sinifinda olan
turlerin habitatlari ormanlardan yapay alanlara kadar
uzanabilen genis bir yelpazededir. EN sinifindaki tiirler
icinde kayallk ve sulak alanlarda yasayan bitki
bulunmazken; VU sinifina bakildiginda ise calilik ve yapay
alanlarda tir yasamadigi gérilmektedir.

Orman | Gahilik ‘

Otlak ‘ Kayahk Alan ‘

| ‘Astragal'us acmophylloides |

Astragalus nigrocalycinus ‘

kathyins balineorls ]
Vicia erzurumica Lathyrus phaselitanus l
Therrmopsis turcica
g@n ‘ Calihk ‘
Lathyrus cilicicus Lathyrus layardii |

Lathyrus libani

Lathyrus undulatus

|
|
Lathyrus tauricola |
|
|

Vicia incisa

T
‘Asrragal‘ us longivexil latusl | Vicia quadrijuga ]

Astragalus tatlii ]
Astragalus trabzonicus
Lotus armeniacus

| Astragalus olurensis ]

Yapay Alanlar

L[ Vicia eristalioides

Otiak ‘ Yapay Alanlar ‘

Lathyrus armenus | Cicer bijugum |

Lathyrus trachycarpus |

VU

Orman Otlak ‘

Lathyrus tukhtensis_| Lathyrus cyaneis

Lathyrus variabilis |

Kayahk Alan ‘ Sulak Alan ‘

Lathyrus nivalis ] Vicia esdraelonensis |

- Lathyrus satdaghensis|

Sekil 3. IUCN veritabanina (IUCN, 2014) gore tehlike altinda bulunan ve Tiirkiye’deki Fabaceae tiirlerinin habitatlarina ait olusturulmus

diyagramlar.
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Tablo 1. IUCN Kirmizi Listesi’'nde CR, EN ve VU kategorilerinde bulunan Tiirkiye’deki Fabaceae (= Leguminosae) familyasindaki tiirler
ve lokasyonlari. Tablodaki lokasyonlar IUCN veritabanindan konumsal verilerin (IUCN, 2014) alinmasi ile olusturulan Sekil 2’den ve
konumsal verileri bulunmayan tirler icin TUBIVES’ten* (yiikseklik bilgisi dahil) elde edilmistir (Babac, 2004; Bakis vd., 2011).
Endemizm bilgileri ise BizimBitkiler veritabanindan (Gliner vd., 2012) alinmistir.

Tiir Adi Endemizm Lokasyon (Grid sistemi) Yukseklik  Araligi | IUCN K.Irfmz' Liste
(m) Kategorisi
Astragalus acmophylloides | Endemik A8-A9 1,700 CR
Astragalus eliasianus Endemik A9 2,200 CR
Astragalus longivexillatus Endemik B9-B10 1,580-1,800 CR
Astragalus nigrocalycinus Endemik A8-A9 1,450 CR
Astragalus olurensis Endemik A8 870 CR
Astragalus tatlii Endemik A8 2,200 CR
Astragalus trabzonicus Endemik A7-A8 2,300 CR
Cicer bijugum * Endemik degil | B7-C7-C8 600 EN
Lathyrus armenus Endemik A8-B8-C6—C7 1,270-2,800 EN
Lathyrus belinensis Endemik C3 330-560 CR
Lathyrus cilicicus Endemik C4- C5-Co 600-1,300 EN
Lathyrus cyaneus Endemik A9 —B5-B9 1,670-2,800 VU
Lathyrus layardii Endemik B9 1,575-1,800 EN
Lathyrus libani* Endemik degil | C6 750-1,650 EN
Lathyrus nivalis Endemik B9-B10-C9-C10 2,400-3,200 VU
Lathyrus phaselitanus Endemik c4 70 CR
Lathyrus satdaghensis Endemik B9-C9 1,900-2,150 VU
Lathyrus tauricola Endemik Cc3 800-1,300 EN
Lathyrus trachycarpus Endemik c7 700 EN
Lathyrus tukhtensis Endemik A3 - A4 —-A5-A6- A7 -B3 | 700-2,000 VU
Lathyrus undulatus Endemik A2 -B9 0-600 EN
Lathyrus variabilis Endemik degil | B5—-B6—-B8—-C5—-C6 1,000-1,700 VU
Lotus armeniacus Endemik A9-B9 1,000-1,500 CR
Thermopsis turcica * Endemik degil | B3 950-1,050 CR
Vicia eristalioides Endemik C3-C5 450-600 CR
Vicia erzurumica Endemik A8 1,900-1,950 CR
Vicia esdraelonensis Endemik degil | C7 1 VU
Vicia incisa Endemik degil | B1-B8 - C7 - C8 50-950 EN
Vicia quadrijuga Endemik A7 1,500 CR

3.2. Fabaceae tiirlerine ve habitatlarina yénelik tehditler

Familyaya ait tlirlerin dogal yasam alanlarina yonelik en
onemli tehdit unsurlari; iklim degisikligi, asiri otlatma,
arazi islahi, saman yapma ve erozyon, baraj yapimi ve
kentlesmenin neden oldugu bozulmalardir. Tarimsal
faaliyetler ve insan kaynakli habitat kaybi, bozulmalari da
turlerin dogal yasam alanlari lzerindeki onemli tehdit
unsurlandir (IUCN, 2014; Aytac & Ekici, 2014b; 2014d;
2014e; 2014f; Rowe vd., 2019b; 2019f; Ekim vd., 2014a).
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Mesela, Cicer bijugum tiri, genel olarak aktif tarim
yapilan arazilerde yayilis gosterdiginden dolayi geleneksel
ve mekanik tarim uygulamalari, baraj ve yol yapim
calismalari, tarim alanlarinin donustlrilmesi, herbisit
kullanimi gibi faaliyetler tirin dogal yayilis alanini tehdit
eder niteliktedir (Abbo et al., 2003; 2008). Bir baska 6rnek
olarak Thermopsis turcica tlriniln habitati, 6zellikle Eber
ve Aksehir Golleri'nden su ¢ekilmesi, otlatma ve tarim igin



Tirkiye'de tehlike altindaki ttrler: JIUCN Kirmizi Liste verileri ile tehlike altindaki Fabaceae tirlerine yonelik 6zel bir inceleme

topragin dondstirilmesi nedeniyle tehdit altindadir
(IUCN, 2014).

3.3. Fabaceae tiirlerinin ekonomik agidan 6nemi ve
kullanim alanlari

Fabaceae familyasina ait tirler oldukca genis kullanim
alanina sahip olmalari nedeniyle ekonomik agidan da son
derece 6nemli tirlerdir. Familyanin en yaygin kullanim
sekli, hayvan yemi ve insanlar icin temel besin maddesi
Uretilmesidir. Astragalus L., Lathyrus L., ve Vicia L.
familyalari yaygin olarak gida kaynagi ve hayvan yemi
olarak kullanilmaktadir. Lathyrus cinsinin Giyeleri arasinda
yiyecek ve yem bitkileri, genetik ve ekolojik arastirmalar
icin sls bitkileri, toprak nitratlayicilar, kumul
stabilizatorleri, 6nemli tarimsal yabani otlar ve model
organizmalar bulunmaktadir (Kenicer vd., 2005). Bununla
birlikte Astragalus tirleri hem ekolojik agidan hem de
ekonomik yonliyle 6nemli tlrler arasindadir. Cayir-mera
ve dogal vejetasyonlarda kendiliginden yetisen bu tirler,
egimli alanlarda topragin korunmasi ve olusumu, biyolojik
gesitliligin slrekliliginin saglanmasi, yabani hayvanlarin
barinma alanlarinin olusturulmasi gibi ekolojik dGneminin
yani sira aricihkta aroma kaynagi olusturmasi, eczacilk,
boya, dokuma ve kagit endistrisinde hammadde olarak
kullanimi gibi ekonomik 6neme de sahiptirler. Ancak
Ulkemizde bu tirlerin ekonomik Onemi tam olarak
bilinmediginden bu tirler bilingsizce ya yakilmakta ya da
islatilarak hayvanlara yem olarak verilmektedir (Kadioglu
vd., 2008; Sayar vd., 2015; Basbag vd., 2017; Basbag vd.,
2018). Turkiye'de dogal olarak yetisen Astragalus
turlerinin bir kismi nektar tasirken bir kisminda nektar
yoktur. Nektarli olan Astragalus tirlerinin cicekleri
nektarsiz olanlara gore daha gosterislidir. Cok yillik bitkiler
olan Astragalus tirleri aricilikta da yaygin olarak
kullanilmaktadir  (Kadioglu vd., 2008). Bazi Vicia
taksonlarinin ise ekonomik degere sahip olduklari
bilinmektedir. Kiltlrld yapilan taksonlar, taze ya da kuru
ot seklinde yem ve mera bitkisi olarak yetistirilirler.
Mesela Vicia faba (bakla), taze yapraklari salata olarak ¢ig
ve kavrularak yenilebildigi gibi taze kabuklu bakla ve i¢
bakla yemegi olarak da tiketilir. Baklanin en yaygin
kullanimlarindan biri de i¢ kabuklari ¢ikarildiktan sonra
kurutulmus tanelerin haslanip, ezilmesiyle olusturulan,
Ege ve Akdeniz bolgesinde fava adiyla taninan, zeytinyagi
ve dereotu eklenerek yenen ezme seklidir (Wikipedia,
2021). Vicia taksonlari, ayrica, organik madde bakimindan
fakir topraklarin zenginlestirilmesi amaciyla yesil glibre
bitkisi olarak da kullanilirlar (Altin, 1991).

62 [ Aydin-Kandemir F, Demir A (2021). Turkish Journal of Biodiversity 4(1): 53-65

Tur gesitliligi yoniiyle 6nemli bir konumda olan tlkemizde
geleneksel olarak birgcok hastaligin tedavisinde bitkilerin
kullanimi oldukga yaygindir. Tiir yéniyle oldukga zengin
olan Fabaceae familyasi da bu agidan o6nemli bir
potansiyel olusturmaktadir. Halk arasinda Astragalus
tirlerinin bagisiklik sistemini giliclendirerek, gribe karsi
antikor Gretimini artirdigl, antioksidan, immiinostimilan
ve antiviral 6zellikleri oldugu ve karacigerin korunmasinda
rol oynadigl bilinmektedir. Bu farmakolojik aktivitenin
poliholozitler, saponinler, flavonoitler ve fenolikler olarak
bilinen molekiil gruplarindan kaynaklandigi saptanmistir
(Kadioglu vd., 2008).

4. SONUG VE ONERILER

Anadolu, endemizm bakimindan Kuzey yarimkirenin en
onemli alanlarindan biridir. Ginimuzde bilindigi Gzere
Turkiye florasi yaklasik 11,000 taksondan olusmakta olup
bilim diinyasi icin yeni tanimlanan taksonlarla birlikte bu
sayl giderek artmaktadir. Tim bunlara ragmen,
demografik blylimenin neden oldugu ve habitatlar
Uzerinde devam eden baski ile birlikte artan nfus,
endistriyel ve kentsel gelisim ve tarim uygulamalarina
karsi artan ihtiyag, istilaci tirlerin artan tehditleri ve iklim
degisikliginin etkileri ile birlikte buglin tehlike altinda
olmayan ve bulundugu habitatta giivenli sayilan birgok tiir
ve hatta endemik tiir, gelecekte biylk olasilikla tehdit
altina girecektir.

Bir bitkinin tehdit altinda olup olmadiginin anlasilabilmesi
icin alaninda ¢alisan bilim insanlarinin  floristik
calismalardan edindikleri veriler ve halkin goézlemleri
oldukca degerlidir. Yetistigi ortamda sayica azalmaya
baslayan ya da yasam alani yok olma tehdidi ile karsi
karstya bulunan bitki tlrleri yasamlarinin sirekliligi
acisindan tehlike altinda kalirlar. Dagilimi ve bollugu
mevcut verilerle karsilastirildiginda, ge¢cmis doneme gore
azalan bitkiler ise gelecekteki mevcudiyetleri agisindan
tehdit altinda olurlar. Diinyada yetisen bitki tdrlerinin,
ozellikle de endemiklerin, korunmalari konusunda son
yillarda oldukg¢a 6nemli ¢alismalar yapilmakta, dncelikle
uluslararasi tehlike siniflarindan hangisine ait olduklarinin
saptanmasi ile alinacak dnlemler konusunda onceliklerin
nasil verilecegi tartisiilmaktadir. Burada, halen siddetli
baski altinda olup nesli kaybolma tehdidi altinda olan
turler birincil 6ncelige sahip olmaldir.

Tdm bu bahsedilenlerin sonucu olarak, tehdit altinda olan
ya da olmayan tiim tiirler icin yasayabilir popllasyonlarin
sirdiridlmesini saglamak amaci ile ortaya koyulan
eylemler, tirlerin yerinde korunmasini esas almali ve bu
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eylem planlari gerekli miidahale derecesine bagli olarak
tir yonetimi, eylem, koruma veya kurtarma planlari
olarak siniflandiriimalidir. Burada tehdit altina giren tir
sayisinin artmasinin genetik rezerv cesitliliginin  de
azalmasi anlamina geldigi unutulmamalidir. Genetik
rezerv gesitliliginin korunmasi ise demografik ve cevresel
degisimlerin ve cevre felaketlerinin azaltilmasi, insan
tehditlerinin minimize edilmesi, hedef popilasyonlarda
genetik cesitliligin desteklenmesi, bitki 1slahi ile ilgili
populasyon arastirmalarinin arttirilmasi ile
basarilabilecegi  bugiin diinya genelinde kabul
edilmektedir.

Gelecekte gerceklestiriimesi o6nerilen tir yodnetimi
planlamalarindaki ilk adim olmasi amac ile
gerceklestirilmis bu c¢alismada bahsedildigi Uzere
Ulkemizin 6nemli bir genetik zenginligi olan ve IUCN
Kirmizi Liste’sinde yer alan Fabaceae familyasina ait
tirlerin nesillerini devam ettirebilmeleri amaci ile gerekli
koruma onlemlerinin alinmasi ve koruma bilincinin
gelistirilmesi gerekmektedir. Ayrica, bu tiirler lzerinde
kapsamli arastirmalar yapilarak kullanim alanlarinin
belirlenmesi, ekolojik ve ekonomik ©6nemlerinin
saptanmasi son derece 6nemlidir. Kirmizi Liste’de yer alan
bu tirlerin korunmasina yoénelik eylem planlarinin
hazirlanmasi ve genetik cesitliligin de icinde yer aldigi
surdirdlebilir  koruma ve kullanim  stratejilerinin
gelistirilmesi ise tirlerin tim ydnleriyle arastirilmasina
baghdir.
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