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Introduction

Abstract: In this study, we aimed to determine the population size and distribution areas and to re-
evaluate IUCN threat categories of Kalidium wagenitzii (Aellen) Freitag & G. Kadereit, Muscari
adilii M.B. Giiner & H. Duman and Verbascum gypsicola Vural & Aydogdu, which are endemics
of the Central Anatolia region of Turkey. The three species have limited distribution areas and high
risk of extinction as a result of human impact. The perennial halophytic species K. wagenitzii was
found in 5 localities around Salt Lake (Tuz Golii) and a total number of 6458 mature individuals
were determined. The area of occupancy of the species is 36 km? and the extent of occurrence is
213 km?. Uncontrolled use of water resources for agricultural purposes is a serious threat factor for
the species. Kalidium wagenitzii is listed in EN category according to the IUCN Red List
criteria. Muscari adilii prefers marly soils and its habitat type is formed by secondary succession
after the destruction of Pinus nigra and oak forests. It is known from 3 localities around Nallthan-
Beypazar1 with a population size of 6144 mature individuals. The area of occupancy and the extent
of occurrence of the species is 12 km? and 28 km?, respectively. The pressures on the species are
road construction and increase of farmland, afforestation and factory establishment. According to
the IUCN Red List criteria, the species is listed in CR category. Verbascum gypsicola is distributed
on marly soils. It is known from 3 localities around Nallihan—-Beypazari and one locality in
Sivrihisar-Eskisehir with 2755 mature individuals in total. The area of occupancy of the species is
16 km? and the extent of occurrence is 269 km?2. Overgrazing and expansion of agricultural land,
together with factory establishment are the major threats for this species, which is listed as EN in
IUCN Red List.

Ozet: Bu galigma ile Tiirkiye’nin I¢ Anadolu bélgesi icin endemik olan K. wagenitzii (Aellen) Freitag
& G. Kadereit, M. adilii M. B. Giiner & H. Duman ve V. gypsicola Vural & Aydogdu tiirlerinin
popiilasyon yapilart ve yayilis alanlarinin belirlenmesi ve bunlarin sonucunda TUCN tehlike
kategorilerinin tekrardan degerlendirilmesi amaglanmustir. Bu tiirlerin seg¢ilmesinin nedeni sahip
olduklart siirlt yayilis alanlart ile insan faktorii sonucu yiiksek oranda yok olma riski tagimalaridir.
Cok yillik halofitik K. wagenitzii tiirtiniin Tuz G6lii ¢evresinde 5 lokalitede yayilist belirlenmis ve
toplam olgun birey sayis1 6458 olarak belirlenmistir. Yasam alanlar1 toplam 36 km? olmasma karsm
yayilis alan1 213 km? dir. Tarrm amagh kontrolsiiz su kaynaklarmnin kullamilmas1 énemli bir tehdit
faktoriidiir. K. wagenitzii tiiriiniin tehdit kategorisi [TUCN Kirmizi Liste kriterlerine gére EN olarak
degerlendirilmistir. M. adilii marnl topraklari tercih etmekte ve habitat tipi P. nigra ve mese
ormanlarinin yikimi sonucu olusan steplerdir. Nallithan-Beypazari ¢evresinde 3 lokaliteden bilinmekte
ve olgun birey sayist 6144 olarak belirlenmistir. Yagam alanlari toplami ve yayilis alani sirasiyla 12
km? ve 28 km? dir. Tiir iizerindeki baskilar yol ingasi1 ve tarim alanlarmin biiyiimesi, agaglandirma
caligmalar1 ve fabrika kurulumu olup CR kategorisinde degerlendirilmistir. V. gypsicola marnlt
topraklarda yayilmaktadir. Beypazari-Nallthan ¢evresinden 3 lokalite ve Sivirihisar-Eskisehir’de bir
lokalite yayilis1 bulunmaktadir. Olgun birey sayis1 2755 olarak belirlenmistir. Yasam alanlar1 toplamu
16 km? ve yayilis alan1 269 km? dir. Asir1 otlatma ve tarim alanlarmin biiyiimesi ile birlikte fabrika
kurulumu tiir tizerindeki baskilar olup EN olarak degerlendirilmistir.

All organisms from microorganisms to plants and
even to humans are influenced by global changes. Species
with restricted distribution areas or requiring specialized
habitat needs are much more vulnerable to changes than
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the others (Isik 2011). The number of plant species in
Turkey that have faced threats of any kind due to local or
global changes are high in number. As in most parts of the
world, according to historical and present records, there
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are many plant species in Turkey under the risk of
extinction as a result of overgrazing, mining, erosion,
expansion of agricultural areas and drought. According to
the International Union for Conservation of Nature
(IUCN), 2% of all species on earth are extinct, 7% are
critically endangered, 10% are endangered, and 19% are
threatened (Global Biodiversity Outlook-3 2010). The
number of species facing the risk of extinction is
increasing and about 1500 plant species in Turkey were
reported to be under the risk of extinction by the year 2009
(Vural 2009). To protect these species, it is important to
make them well-known by the public, to know their
population status, ecological preferences etc. (Vural
2009). For the conservation of biodiversity, there are two
methods as in situ and ex situ conservations widely
accepted in the world. In situ conservation protects the
organism in its natural habitat, whereas in ex situ method
conservation processes are conducted in elsewhere other
than the natural habitat of the organism (Dokuzoglu 1990).

IUCN provides some criteria for the determination of
the status of rare, endemic and threatened species with an
easily understandable and applicable system called the
“IUCN Red List Categories and Criteria” (IUCN 2012).
For the global extinction risks of species, IUCN provides
accepted standards (Lamoreux et al. 2003, Rodrigues et
al. 2006). The IUCN Red list provides valuable
information not only for the list of species that are under the
risk of extinction or some kind of threat but also for the
habitats that are important for the conservation of these
species (Collar 1993, 1996). According to these criteria, the
threat category for each species can be determined.

Three of the rare and endemic species, Kalidium
wagenitzii (Aellen) Freitag & G. Kadereit, Muscari adilii
M.B. Giiner & H. Duman and Verbascum gypsicola Vural
& Aydogdu, of Central Anatolia (Turkey) were chosen for
determination and re-evaluation of their IUCN threat
categories. The most vulnerable taxa against habitat
degradation and habitat fragmentation are the local
endemics (Breggin et al. 2003) and are generally used for
the determination of the presence of the protected areas of
rare and endemic species (Bernardos et al. 2006). The
criteria and categories provided by IUCN are important
for the evaluation of the conservation status of threatened
species and provide useful information for their
conservation efforts (Vischi et al. 2004). Especially for
rare and local endemics, it is important to have
information about their life history, to predict their future
trends and to plan conservation measures (Garcia 2008).

The species provided below are mainly distributed
around Ankara, except for K. wagenitzii which is
distributed around Tuz Lake, within the borders of Konya
and Aksaray provinces. All three species have special soil
preferences, a factor that mainly restricts their distribution
areas. Kalidium wagenitzii is perennial halophytic species
distributed around Tuz Lake (Davis 1967, Sekmen et al.
2004). Tuz Lake and the surrounding areas were declared
as an area of natural importance in 1992 and consequently
as a Special Environmental Protection Area (SEPA) in
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2000, the largest in Turkey with an area of 7.414 km?
(Mergen & Karacaoglu 2015).

Muscari adilii was found as three populations around
Ankara where the soils are marly and the vegetation forms
steps of secondary succession after the destruction of
Pinus nigra J. F. Arnold and oak forests (Giiner & Duman
1999). The richest location of M. adilii in terms of the
number of individuals is in Nallihan Bird Paradise wildlife
protection and improvement area (Aslim et al. 2012).

Verbascum gypsicola is known from three localities in
Ankara, where it grows on marly soils (Vural & Aydogdu
1993), and one locality in Eskisehir (Oztiirk et al. 2018).
The locality from Eskisehir province was unintentionally
given wrong, and according to our data and herbarium
records the correct locality of Eskisehir province was
determined and studied (Oztiirk et al. 2018 & our data).

The aim of this study is to evaluate the present situation
of population sizes, IUCN threat categories and distribution
areas of K. wagenitzii, M. adilii and V. gypsicola.

Materials and Methods

Through the review of literature and visits to the main
herbaria of Turkey (ANK, GAZI, OUFFE, ESSE) the
distribution areas of each species were determined and
based on the distributional data, the potential distribution
areas were visited between 2016 and 2019 searching for
new populations. To calculate the distribution areas,
minimum convex polygons were drawn on Google Earth
by using the GPS coordinates of the locatilities. Also, the
distances between population were measured.

For each species, flower-bearing mature individuals in
the populations were counted. The reason to count floral
or fruity specimens is that they are capable of continuing
their generation and often it is not possible to separate
these species from other similar species without these
characters. To determine the threat category, the area of
occupancy (AOQ) and the extent of occurrence (EOO)
were drawn using Geospatial Conservation Assessment
Tool program  (GeoCAT-  http://geocat.kew.org)
according to Bachman et al. (2011) and were calculated
according to [UCN recommended grid cell size 2x2 km.
The threat category of each species was re-evaluated by
using all these data considering the categories and criteria
of the IUCN Red List (IJUCN 2012, IUCN Standards and
Petitions Committe 2019).

Results

The results about each taxon are given in an
alphabetical order and each of the three species is evaluated
according to IUCN Red List Categories and Criteria (IUCN
2012, IUCN Standards and Petitions Committee 2019).

Kalidium wagenitzii

Kalidium wagenitzii has five subpopulations in salt
marshes around Tuz Lake with 6458 mature individuals
(see Table 1 for detailed information about each
subpopulation). The AOO and EOO are 36 km? and 213
km?, respectively (Fig. 1).
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Fig. 1. The extent of occurrence of K. wagenitzii.
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Table 1. Number of mature individuals, distribution area, and threat factors of K. wagenitzii.

The surface

NUITlEET B area occupied
Locality mature GPS data P Threat factors
Lo by each
individuals .
subpopulation
B4, Konya: Cihanbeyli, 4 km east of 1371 N 38°36'46” 73 km? Illegal housing and legal wells, un-
Golyazi, 918 m E 33°11'34” ' controlled and illegal wells.
A- B4, Aksaray: Eskil, between Eskil 150 N 38°27'10” 0.036 km? Legal wells and uncontrolled and
and Yenikent, 910 m E 33°29'60” ' illegal wells.
B- B4, Aksaray: Eskil, between Eskil 40 N 38°25'05” 0.001 km? Legal wells and uncontrolled and
and Yenikent, 910 m E 33°30'13” ' illegal wells.
C- B4, Aksaray: Eskil, between Eskil 40 N 38°24'29” 0.001 km? Legal wells and uncontrolled and
and Yenikent, 910 m E 33°34'14” ' illegal wells.
D- B4, Aksaray: Eskil, between Eskil 4857 N 38°22'50” 7 64 km? Legal wells and uncontrolled and
and Yenikent, 910 m E 33°32'44” ' illegal wells.
Total Number of Individuals 6458

The subpopulations between Eskil and Yenikent were
given by adding letters A to D because of the lack of
discriminative definition of the area. GPS coordinates of
each subpopulation were also given (Table 1). The
distance between the two main subpopulations from
Golyazi and Eskil is about 35 km. The subpopulations at
Eskil are close to each other and the distance between
them are as follows; The distance between A and B is 3.93
km, A and C is 7.83 km. The distance between B and C
subpopulations is 5.91, and that of B to D is 4.70 km and
the distance between C and D subpopulations is 4.35 km.

Muscari adilii

Muscari adilii is known from three localities (Giiner
& Duman 1999) with a total population size of 6114
mature individuals. The detailed information about each
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subpopulation is given in Table 2. The AOO and the
EOO are 12 km?and 28 km?, respectively (Fig. 2).

The distance between the subpopulations of Nallthan
Bird Sanctuary locality and Hirkatepe locality is 16.55 km
and between Nallthan Bird Sanctuary locality and Coban
Ahmet Fountain locality is 22.25 km. The distance
between the localities from Beypazari, Hirkatepe and
Coban Ahmet Fountain is 5.78 km.

Verbascum gypsicola

There are four known localities of V. gypsicola (Vural
& Aydogdu 1993, Oztiirk et al. 2018) with 2755 mature
individuals in total. Detailed information about each
subpopulation is given in Table 3. The AOO and the EOO
are 16 km? and 269 km?, respectively (Fig. 3).
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Fig. 2. The extent of occurrence of M. adilii.
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Table 2. Number of mature individuals, distribution area and threat factors of M. adilii.

The surface

et 2 area occupied
Location mature GPS data b eactl:w) Threat factors
individuals Y each.
subpopulation
Ankara: Nallthan, Nallihan. SW of Nallihan 5795 N 40006':‘[7”” 0.0734 km? i
B"‘d Sanctuary, 500 m. E 031035 29 Close to I’0ad construction
Ankara: Beypazari, Hirkatepe. Uyku De. 900- 119 N 400‘1’ 1'5|3” . 0.001 km? Erosion owing to road
950 m. E 031°50" 20 construction
A Expansion of agricultural
Ankara: Beypazari, Beypazari-Sekli village. PO .
Dogandede Hill, above Coban Ahmet 200 gg;) 1‘1’4162‘57” 0.001 km? ﬁ;‘i;’ruiggaeﬂaﬂon, factory
Fountain, 990 m.
Total Number of Individuals 6114
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Table 3. Number of mature individuals, distribution area and threat factors of Verbascum gypsicola.

The surface

NuTEeT B area occupied
Location mature GPS data p Threat factors
A by each
individuals .
subpopulation
Ankara: Beypazari-Cayirhan, 2 km to Cayirhan, 1535 N 40°06'28” 0.0088 km? Gypsum quarry
Solta Pass, 580 m. E 031°42'54”

) e T <o 700 N 40°06'20” 0.0285 km? Expansion of agricultural
Ankara: Beypazari, Kosebiikii village, 600 m E 031°47'17" areas and overgrazing
Ankara: Beypazari, 15 km from Beypazari to 335 N 40°06'20” 0.0734 km? Expansion of agricultural
Cayirhan, 625 m. E 31°46'30” areas and overgrazing
Eskisehir: Sivrihisar, between Yesilkoy village- 185 N 39°20'04” 0.0011 km? Expansion of agricultural
and Asagikepen, 947 m. E 31°31'11” areas and overgrazing
Total Number of Individuals 2755

Table 4. New populations/subpopulations found during the study.
Species Locality Gps
L . . N 38°27'10”
A-B4, Aksaray: Eskil, between Eskil-Yenikent, 910 m. E 33°29'60”
. . . N 38°25'05”
N » B- B4, Aksaray: Eskil, between Eskil-Yenikent, 910 m. E 33°30'13”
Kalidium wagenitzii
C- B4, Aksaray: Eskil, between Eskil-Yenikent, 910 m N 38°24:297
! Y- Sk ' ' E 33934'14”
s . . N 38°22'50”
D- B4, Aksaray: Eskil, between Eskil-Yenikent, 910 m. E 33932'44”
Verbascum gypsicola . WL
Ankara: Beypazari, 15 km from Beypazari to Cayirhan, 625 m. E 31°46'30”

The mean distance between the locality at Sivrihisar
and the 3 localities at Beypazari-Nallihan is 89 km. The
distance between the localities at Beypazar1 and Nallthan
is 5.10 km between Solta Pass and “15 km from Beypazari
to Cayirhan” 6.37 between Solta Pass and Kdsebiikii and
is 1.48 km between “15 km from Beypazari to Cayirhan”
and Kosebiikii.

According to the literature search, the distribution area
for K. wagenitzii is the area between Eskil district and its
dump area. After the field studies conducted within this
study, new populations close to the known distribution
area were found and the exact locations and areas of each
subpopulation were defined. Also, one new locality for V.
gypsicola is found.

Discussion
IUCN status of Kalidium wagenitzii

Kalidium wagenitzii fulfils the below criteria:

Criterion B, Geographic range in the form of either B1
(EOO) or B2 (AOO) or both: Under this criterion, the
species fulfils both 1a and 1b i, ii and iii. Even though
there are 5 localities mentioned for K. wagenitzii for the
determination of threat category in Fig. 1 and Table 1,
these subpopulations are under the influence of the same
risk factors so they were accepted as one locality
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according to IUCN (2012, Standards and Petitions
Committee 2019).

The main difficulty for all the plant species around
Tuz Lake is the water loss because of global climate
change, wrong irrigation practices, and un-controlled
and/or illegal wells. The groundwater level at Aksaray-
Eskil, close to the distribution area of K. wagenitzii, has
dropped about 4 meters between 2000 and 2004 and this
dropping of water level is almost equal to the water level
dropping in 25 years between 1975 and 2000 (Arslan &
Gogmez 2007). The main threat for K. wagenitzii
populations is the habitat loss, habitat fragmentation and
lack of water. Tuz Lake water surface area decreased
about 400 km? between the years of 2000-2015 (Orhan et
al. 2017).

These water surface changes influence both terrestrial
and marsh plants that need different levels of water alike,
and the change in habitat structure causes shrinking of
populations.

According to EOO and AOO values, the threat
category should be EN [B1 ab (i,ii,iii) + B2 ab (i,ii,iii)].
However, the quantitative data from our field studies and
the available literature data show that the species is under
severe pressure.
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IUCN status of Muscari adili

Muscari adilii fulfils the below criteria:

Criterion B, which is the geographic range in the form
of either B1 (EOOQ) or B2 (AOO) or both. The species is
known from only three localities with 28 km? of EOO and
12 km? of AOO. These subpopulations are declining and
it is estimated that they will continue to decline in the
future. (i) extent of occurrence, (ii) area of occupancy and
(iii) area, extent and quality of habitat are affected. So the
IUCN status is CR [B1 ab (i,ii,iii)].

Muscari adilii is found in localities close to road
construction areas and agricultural areas. Road
construction cause habitat fragmentation, afforestation
and the expansion of agricultural areas increase the habitat
loss. The establishment of a factory close to Coban Ahmet
Fountain has put the relevant subpopulation at risk of
extinction.

Muscari adilii is included in CR [B1 ab (i,ii,iii)]
according to EOO values in IUCN Red List criteria and
categories.

However, the number of mature individuals is high
and the threats for this species are given in Table 2. The
threats that affect and place this species at risk will
continue to act in the future, and therefore, M. adilii is
placed in the CR category.

IUCN status of Verbascum gypsicola

Verbascum gypsicola fulfils the following criteria:

Criterion B, which is the geographic range in the form
of either B1 (EOO) or B2 (AOO) or both. The species is
known from only 4 locations which are under severe
pressure (Table 3), and the EOO is 269 km? and the AOO
is 16 km2. The decline of the subpopulations is estimated
to continue in the future; (i) extent of occurrence (ii) area
of occupancy (iii) area, extent and quality of habitat are
affected. Therefore, the IUCN status is EN [B1l ab
(iii,iii)+ B2 ab (i,ii,iii)].

The largest subpopulation of V. gypsicola is
surrounded by fences, which protect the population
against threats related to overgrazing and expansion of
agricultural areas. However, the establishment of a new
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