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ABSTRACT

CATALOGING THE GENETIC DIVERSITY OF

BATS (ORDER: CHIROPTERA) IN TURKEY

In this study, 26 bat species from Turkey and surdings were investigated with
the cytochrome-oxidase subunit | (CO1) barcodinghoed Twelve CO1 sequences from
Barcode of Life Database (BOLD) and Genbank andsiig&timens from Turkey and
surroundings were analyzed. Neighbor-joining (N mmaximum-likelihood (ML) trees
were generated and haplotype networks were prepaoectach species sequences were
identified in BOLD, and a BOLD tree of each species obtained for intraspecific and
interspecific comparisons. Previous studies reggrdurkish bat fauna were reviewed to
make species classifications based on morphologigahomy. We found that at least six
species have high intraspecific divergence andjaoel candidates for discovery of cryptic
species or subspecies for the Turkish populatioafdnd two species show high
intraspecific divergence between the Turkish pajpteand other populations. We
conclude that, at least for bats, CO1 barcodirgpsomising method for discovery of new
taxa, as well as being a quick and efficient ideraiion method.
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OZET

TURKIYE'DE BULUNAN YARASA (ORDER: CHIROPTERA) TURLER 1INiN
GENETIK CESITLILIGININ KATALOGLANMASI

Bu calsmada, Turkiye ve yakin ¢evresinde bulunan 26 yaiasia cytochrome-
oxidase subunit | (CO1) barkodlamasi yontemiylelecmitir. Yasam Barkodu Veri
Tabani (BOLD) ve Gen Bankasi'ndan elde edilen 12 G€kansi ve ayrica Turkiye ve
yakin cevresinden alinan 134 adet 6érnek analizliedikeighbor-joining (NJ) ve maximum-
likelihood (ML) agaclari olyturuldu ve haplotip glari hazirlandi. Herbir tirin sekansi
BOLD aracilgiyla tanimlandi. Tur-ici ve turler arasi kaastirmalar yapmak igin BOLD
agaclar calgmaya eklendi. Turkiye yarasalarinin morfolojik takemi bilgilerini gézden
gecirerek tir siniflandirmasi yapmak icin éncekintsel makaleler dgerlendirildi.
Calismamizdaki en az altl yarasa turiinde yuksek tifiar@iiliklar gozlendgi icin bu
turler gelecekteki kriptik ya da alt tur gahalari igin iyi birer aday olarak gosterilebilirler
Ayrica Turk yarasa populasyonu vegeli poptlasyonlar arasi tar ici farkhliklari olda i
tir gozlemledik. Ozet olarak, CO1 barkodlama metomh,) en azindan yarasalar igin,
cabuk ve yeterli bir sistem olmasinin yani sira gemflandirma dizeylerinin

bulunmasinda da iyi bir rol oynagini distiniyoruz.
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1. INTRODUCTION

1.1. DNA Barcoding

DNA barcoding is a method that uses a standarcdtarsequence to identify an
organism by comparing it to a known database ofiseces. For animals and many other
eukaryotes, variations in the 650-bp fragment @& thitochondrial cytochrome-oxidase
subunit | (CO1) gene are investigated for DNA bdmg. According to Hebert et al.
(2003) and Saccone et al. (1999), mitochondriakgeanstead of nuclear genes should be
used for barcoding purposes since animal mitochahgenome lacks introns, is exposed
to limited recombination and is haploid. Similarlynitochondrial genes encoding
ribosomal (12S, 16S) DNA have insertions and dahsti(indels) that can complicate the
alignments (Hebert et al. 2003, Doyle and Gaut 208@nce 13 protein-coding genes are
better suited for DNA barcoding since indels atatneely uncommon in them. In addition,
the third-positions of mitochondrial genes exhibitcomparatively high rate of base
substitutions, and have a rate of molecular evautibout three times higher than that of
12S or 16S rDNA (Knowlton and Weight 1998). Thi®wis that the CO1 gene evolves
fast enough to discriminate not only closely redaspecies, but also phylogeograhic

groups within a single species.

The CO1 gene has two important advantages overr dtBeprotein-coding
mitochondrial genes. First, there are many unitepsaners for this gene, and second,
changes in its amino acid sequence occur more gliwvah any other mitochondrial gene.
As a result, any unidentified organism may be aezigo a higher taxonomic group before

examining nucleotide substitutions to determinajitscies identity (Hebert et al. 2003).

A number of studies have shown that CO1 sequentahiiy within a species is
very low (generally less than 1-2%) and having brgimtraspecific divergence may be a
sign of a species complex. According to Hebertle(2003), DNA barcoding has four
main advantages over morphological identificatidairst, it eliminates incorrect

identifications caused by phenotypic plasticity agénetic variability. Phenotypic



plasticity is the production of multiple phenotygesm a single genotype, depending on
environmental conditions (Miner et al. 2005), arhetic variability is a measure of the
tendency of individual genotypes in a populatiorvaoy from one another (e.g., Mendel's
experiments). Second, DNA barcoding can providegiris when cryptic species are
studied. Third, genetic identification is not lieut to particular life stages or the sex of
certain species. Lastly, a high level of experis@ot needed for species identification.
Usually, CO1 itself is enough to identify a specilest in case it remains inefficient for

certain groups, additional genes may also be segden

Dry museum specimens can also be sequenced with gpecess to assemble a
comprehensive DNA barcode library (Hebert et aD42). Museum specimens, however,
may be lacking the 650 bp-length mitochondrial DM&gion; therefore, in order to
improve sequencing from museum specimens, minicoles have been shown to be
effective (Hajibabaei et al. 2006). However, obitagrfull-length barcodes instead of mini-

barcodes increases the resolution (Hajibabaei 0ar).

1.2. Bats as Target Species

Bats are the only mammals that can fly. Most ofrtheave fur or hair, they give
birth to live young, and they feed milk to theirwi®rn. While most bats feed mainly on
insects, others feed on leaves, fruit and/or neatar pollen. Some bats eat fish, frogs,
birds and other bats. Vampire bats feed only ondldpproximately 20% of all mammal
species belong to the order Chiroptera (Wilson Bedder 2005). Bats are arranged into
two major categories (suborders); the Megachirepteor large bats, and the
Microchiroptera, or small bats. Bats occupy a widege of habitats, such as wetlands,
woodlands, farmlands, and urban areas. They hasktaely long life-span, produce low
numbers of offspring (usually one offspring oncetwice a year), migrate (10% of the
known bat species) and they live in stable, pratiet habitats with populations close to
their carrying capacity. Bat communities are, themes resource limited and competition-
based groups (Findley 1993).



Bats are key species in their particular environigsiethey are top predators of
common insects. They are sensitive to land usetipea¢ construction and changes in
water quality. Fenton et al. (1992) showed thatehis a high difference in species
diversity between disturbed and undisturbed sitégsfofestation) in their study of
Phyllostomid bats in the Neotropics. Monitoring twwoal bats also helps scientists
understand the effects of generally undetectabi®manvironmental changes such as light

pollution.

Species identification is a vital part of biodivérsstudies. Although most
mammal species are thought to have been describiddofi and Reeder, 2005), bats

remain one of the problematic groups due to thegptec behavior and morphology.

1.2.1. Morphological Identification of Bats

The first step in identifying a captured bat isedgtining whether it is a male or a
female. In some bats, this is easy bacuse thesgewf bats are apparent but in others, it

might be hard to distinguish since they have exeedar around their genitals.

Age determination is the next step. Because baterglly grow rapidly, the
forearms of the young are as long as those of abylthe time they can fly. Therefore, it
is difficult to tell the difference between an assized young and an adult. In many bats,
young have dark, blackish fur compared to light@oed fur in adults. Finger joints are
also good indicators. Adult bats have knobby fingéarts, while young bats have smooth
ones. Differences in finger joints can be seen wihenwing of the bat is back-lit. Other

than these methods, no other non-lethal procedhares yet been developed by biologists.

After determining its sex and age, the next probiemetermining the species of
the bat in hand. The first step is deciding whi¢hith® 19 living families it belongs to.
Biologists use “keys” to identify organisms. Them® logical, stepwise morphological
features presented to help determine the specetityl of a bat. In some cases, bat
detectors can also help to recognize different ispely their calls. Sattler et al. (2007)
show that, echolocation studies coupled with habliga help to recognize cryptic species

Pipistrellus pipistrellusandPipistrellus pygmaeus Europe



1.3. Cryptic Species and DNA Barcoding

Since the introduction of binomial nomenclaturellaynaeus, present taxonomic
information is highly built on morphological datdowever, morphologically cryptic taxa
are very common in many groups, which can lead igeading classifications. Cryptic
species are two or more genetically distinct butphologically similar species that are
classified as a single species (Pfenninger and &ckw2007). The evolution of the CO1
gene is rapid enough to discriminate phylogeog@phoups and putative species within a
single species complex (Cox and Hebert 2001, WamdsCunningham 2001).

Mayer and von Helversen’'s (2001) work is worth nmamhg for our study.
Instead of using the CO1 mitochondrial gene regibay preferred another mitochondrial
gene region, namely NADH dehydrogenase, suburill]. In their study, they observe
that convergent adaptive evolution may result imphological similarity among distantly
related species if they live in similar niches. Jtaso state that closely related species
may differ in their ecology but not necessarilytieir morphology. They conclude that

both morphological and genetic analyses are negeksaspecies identification.

Mayer et al. (2007) show that DNA barcodes are foelim describing a high
number of undiscovered species. For the WesteraeRadtic realm, 37 vespertilionid bat
species were defined prior to mitochondrial N&@fjuencing. After the study, a total of 51
species were distinguished. They also discoveredt thpecies pairsEptesicus
serotinugEptesicus nilssonii, Myotis myotis/M. oxygnathaisd Pipistrellus kuhlii/P.
deserti are genetically very similar, although they are phaiogically very different.
Recent speciation or introgressions of mitochomdagplotypes are likely explanations for
these three species pairs. Althoudlipsugo arieland H. bodenheimeriare previously
recorded as different species, they are treat@haspecies in Mayer et al.’s (2007) study
as morphological differences are restricted todditenal cusp at the second upper incisor

in H. bodenheimeri.

Clare et al. (2006) investigated 87 species of fsata Guyana, six which showed
divergent intraspecific lineages, indicating thheyt represent species complexes. The

authors believe that the assembly of a DNA bardiary will not only help recognition



of cryptic species, but will also lead to the deypehent of an automated identification

system.



2. THESIS OBJECTIVES

CO1 sequence differences between closely relatettiesp are higher than
differences within species. Hebert et al. (200goposes a standard sequence threshold of
ten times the mean intraspecific variation for dipalar group under investigation. Using
this threshold approach, studying groups like batsich have not received intensive

taxonomic analysis, can give new insights on urtifled species.

Because obtaining full-length barcodes instead ofi-barcodes increases the
resolution (Hajibabaei et al. 2007), full-lengthrddes are used in our study to help
clarify the taxonomic status of some cryptic baga@es within Turkey.

In a recent study, DNA barcodes from nearly 1908cspens representing 165
mammalian species in Southeast Asia showed thaagpheoach can aid conservation by
determining species groups needing more detailetysis for conservation planning in
biodiversity hotspots (Francis et al. 2010). Cryppecies identification in Turkey will
provide a clearer picture of species distributionthis region and define subspecies-
specific measures to be taken in order to consesktain threatened Turkish bats. A better
knowledge of species diversity of bats will helpumslerstand the phylogeography of the

species in Turkey.

A high level of intraspecific variation implies thidnere might be cryptic species
within the group being investigated. According tlar€ et al. (2006), CO1 divergence of
conspecifics greater than 2.5% will provide an idépotential cryptic species because in
previous studies of bats, sequence diversity inadyobme b is shown to be less than 2.5%

and rates of evolution in cytochrome b and COlsarglar.

It is also important to evaluate nuclear geneticrkeis before drawing
conclusions through genetic identification methd8rthier et al. 2006). Evaluating
historical as well as contemporary factors throtigh use of mitochondrial and nuclear
markers helped researchers determine the completgein evolution ofMyotis myotis
and Myotis blythii Therefore, our study will reveal a part of the lpicture by using



single-gene (CO1) sequences. Mayer and von Helmd2001) had a similar task in their
attempt to study cryptic bat species in Europe.yTdencluded that neither morphological

nor mitochondrial DNA sequence analysis alone aaguaranteed to identify species.

Hence, from this perspective, the main objectivéhedf thesis is to investigate the
mitochondrial CO1 region to help clarify the presef cryptic species within Turkey by

comparing our results with the literature.



3. MATERIALS AND METHODS

3.1. Sample Information

In this project, a total of 134 bat samples from sp&cies were collected and
analyzed. The species that were barcoded, with teiesponding localities from Turkey
and a few samples from its neighbors, are showAppendix A.

3.2. Laboratory Methods

3.2.1. DNA Extraction

ROCHE DNA Extraction Kits (Mannheim, Germany) warsed for the DNA
extraction of bat tissue samples. Manufacturerstqmol was followed with one
modification. In the first step of the protocoletincubation time of sample tissue with
Lysis Buffer and Proteinase K was increased to @4rdto enhance the lysis of the cell

membranes.

The isolated DNA strands were checked in electrogsis. In order to prepare
agarose gels, 1% agar was prepared in 1X TBE pPase, boric acid, EDTA) buffer with
Ethidium bromide. 3ul of isolated DNA mixed with 3ul of 1X loading dye (Fermentas)
were loaded on the gel for each reaction. Sampkre win at 90 V for 45 minutes. The
band images were taken under ultraviolet light byr&l Gel Doc Imaging System.

3.2.2. PCR Amplification

In order to amplify the CO1 region of the bat specmentioned above (Table
3.1), the polymerase chain reaction (PCR) was pmadd according to the procedures
described in Hajibabaait al. (2005) with some modifications after optiatiens. These
included 2.5uL 10X NH4 (MgCI2 free) PCR buffer, 2.p6L (2.5 mM) MgClI2, 3.1251L
(10 uM) forward and reverse primer cocktail, Oih (10 uM) DNTPs, 0.3uL Taq
polymerase and {LL template DNA in a total volume of 28.. PCRs were run under the



following thermal cycle conditions: 1 min at ‘@Hollowed by 10 cycles of 30 s at @,
40 s at 58C, and 1 mirat 72C, followed by 35 cycles of 30 s at®@ 40 s at 5%, and 1
min at 72C, and finally 10 min at PZ (Clare et al. 2006). Primer cocktails for PCRs ar
obtained from Ivanova et al. (2006) and given ibl&&3.1.

Table 3.1. Primer cocktails (lvanova et al. 2006).

PCR Primer:

Cocktail

VF1 5’-TTCTCAACCAACCACAAAGACATTGG-3

Cocktail 1 F \/F1d 5-TTCTCAACCAACCACAARGAYATYGG-3'

VF1i 5’-TTCTCAACCAACCAIAAIGAIATIGG-3'

VR1 5-TAGACTTCTGGGTGGCCAAAGAATCA-3’

Cocktail 1 R VR1d 5-TAGACTTCTGGGTGGCCRAARAAYCA-3’

VR1i 5-TAGACTTCTGGGTGICCIAAIAAICA-3’

LepFl_t1 5TGTAAAACGACGGCCAGTATTCAACCAATCATAAAGATATTGG -3

Cocktail 2 F \F1 t1 5-TGTAAAACGACGGCCAGTTCTCAACCAACCACAAAGACATTGG-3’

VF1d_t1 5-TGTAAAACGACGGCCAGTTCTCAACCAACCACAARGAYATYGG-3'

VF1li_ t1 5-TGTAAAACGACGGCCAGTTCTCAACCAACCAIAAIGAIATIGG-3

LepR1_t1 5-CAGGAAACAGCTATGACTAAACTTCTGGATGTCCAAAAAATCA-3

Cocktail 2 R \R1 t1 5- CAGGAAACAGCTATGACTAGACTTCTGGGTGGCCAAAGAATCA-3’

VR1d_t1 5-CAGGAAACAGCTATGACTAGACTTCTGGGTGGCCRAARAAYCA-3

VR1li_t1 5- CAGGAAACAGCTATGACTAGACTTCTGGGTGICCIAAIAAICA-3

Cocktail 1 primers with a concentration of 10 pmudl/ were mixed in a 1:1:2
ratio (VF1 : VF1d : VF1i for the forward cocktaiVR1 : VR1d : VR1i for reverse).
Cocktail 2 (C_VF1LFt1/C_VRI1LRtl), was an improvedrsion including M13-tailed
versions of the primers and an additional primer,paepFl1_t1 and LepRI_tl1 in the
following ratio; 10 pmolAL, VF1_t1: VF1d_tl: LepF1_t1: VF1i t1 (1:1:1:3) ¥R1 t1:
VR1d_tl1: LepRI_t1: VR1i_t1 (1:1:1:3) (lvanova et 2006).
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3.2.3. Gel Electrophoresis

1% agarose gels were prepared in 1X TBE (Tris blasec¢ acid, EDTA) buffer
with Ethidium bromide to check the PCR productsl 8f the PCR product mixed with 3
ul of 1X loading dye (Fermantas) were loaded ongélefor each reaction. Samples were
run at 90 V for 45 minutes and then the gels image® taken under ultraviolet light by
the Biorad Gel Doc Imaging System. Specimens givwrngnse PCR product bands were

selected for sequencing.

3.2.4. PCR Sequencing

PCR products were sent to Macrogen Inc. in Soutle&dfor commercial
sequencing. Samples producing single clear am@idoym cocktail 1 were sequenced
with VF1d and VR1d and samples producing singlarcemplicons from cocktail 2 were
sequenced with M13F (-21) 5- TGTAAAACGACGGCCAGT-3nd M13R (-27) 5'-
CAGGAAACAGCTATGAC-3 (Norrander et al. 1983, Ilvanawet al. 2006, Electronic

Appendix 1 BOLD web site: Primer cocktail sequefces

3.3. Analytical Methods

3.3.1. Species ldentification

Taxonomic keys were used for morphologic identifama by Ahmet Karatg of
Nigde University prior to using the BOLD specimen itligration tool and our CO1

sequences.

3.3.2. Sequence Analysis

Phylogenetic trees were constructed using neigjdioing and maximum
likelihood methods. The MEGA program version 5.0artura et al. 2011) was used for
constructing trees. Neighbor-joining trees wereppred using Kimura 2-parameter
distances and bootstrap method with 1000 bootsé&plcates. Maximum-likelihood trees

were prepared again with 1000 bootstrap replicatesassess branch support. CO1



11

sequences partititoned in Maximum-likelihood acoogdto General Time Reversible
model with Gamma-distributed with Invariant Sit€&t+() (Tanner et al. 2011).

Intraspecific and interspecific distances were wWaked by MEGA using Kimura
2-parameter distances. DnaSP5 (Librado and Roz@3) 2zhd TCS1.21 (Clement et al.
2000) programs were used for building haplotypeadi@de and preparing haplotype
networks, respectively. All specimens were ideatifin BOLD using the “identify
specimen” tool. According to intraspecific tree uks, at least one individual from each
clade was compared with BOLD barcodes, and thdtseate presented in the “Results”

section below.
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4. RESULTS

In our study, 134 CO1 sequences from 26 differpet®s were generated. The
mean intraspecific divergence for the CO1 sequemaes 1.1%. The mean interspecific
distance was 20.5%. A plot of the frequency ofasprecific and interspecific distances can

be seen in Figure 4.1.

80
70

60

50

40 B Intraspecific

30 M Interspecific

20

10
0 | I x ||I| Illl.

RN RN
NN

NGNS

Figure 4.1: Frequency distribution of mean divermganfor CO1 sequences for 134
samples, calculated by the Kimura 2-parameter modielo taxonomic levels are

represented: within species (blue bars) and betspeaies (red bars).

For each species, intraspecific neighbor-joinind araximum likelihood trees, a
haplotype network, and a BOLD tree (neighbor-joiimere prepared. In the haplotype
network, the different colors which were used tdi¢ate different regions are shown in
Table 4.1.
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Table 4.1. Colors that were used to indicate diffieregions in the haplotype networks.

Black Sea Light green
Mediterranean Dark green
Central Anatolia Yellow
Marmara Purple

East Anatolia Pink
Aegean Blue
Southeast Anatolia Orange
Syria Light gray
Iran Dark gray

BOLD+Genbank sequencesVhite
(unknown)

4.1. Rhinolophuseuryale

Fourteen CO1 sequences were analyzedRfonolophus euryaleThe sequences
were obtained from four regions; three individufism the Black Sea region (two from
Zonguldak, one from Sinop), four individuals froheetMarmara region (two from Kocaeli,
Balikesir, Kirklareli), one individual from the Aegn region (Denizli) and six individuals

from the Mediterranean region (four from Mersinptivxom Hatay) (Figure 4.2).

Figure 4.2. The sampling locations f®hinolophus euryalélhe circles are proportional to
the number of individuals. The black color indisagampling locations for the first group
and the white color indicates sampling locationsth® second group in the intraspecific

trees (Figure 4.3).
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Intraspecific trees foRhinolophus euryalere shown in Figure 4.3. All CO1
sequences generated two groups/clades, and indlgiduGroup One (samples 77, 36, 72,
17, 37, 70, and 67) were seen in the Black SeathadMediterranean regions. The
individuals that are coded as samples 69, 16, 3@, @3, 71, 35 formed their own clade
(Group Two) and were collected from the Aegean Blaek Sea and the Marmara regions.

Rhieu-77
Rhigu-36
Rhigu-72
Rhieu-17 Clade 1
EEd | Rhieu-37
Rhieu-70
Rhieu-57
Rhieu-59
Rhieu-16
Rhieu-34
s Rhieu-200 Clade 2
Rhieu-B5
Rhigu-71
Rhieu-35
Rhihi-211

fa)

41

H
0001

(b) Rhieu-77
Rhieu-36
Rhieu-72
Rhieu-17 Clade 1
%4 IRhicu-37
Rhieu-70
Rhieu-67
Rhieu-69
Rhieu-16
Rhieu-34
. Rhieu-200 Clade 2
Rhieu-65
Rhieu-71
Rhieu-35
Rhihi-211

41

0.0071

Figure 4.3. Intraspecific trees fBhinolophus euryalda) NJ tree and (b) ML tree.

There were six different haplotypes in this spe@ssshown in the haplotype
network and the haplotype network table (Figure ahd Appendix B). H2 was the most



15

common haplotype (seven individuals), and was faarttie Aegean region, the Black sea

region and had its highest frequency in the Marmeg@on within the data set.

H4

Figure 4.4. Haplotype network fdRhinolophus euryaleThe sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.

Next, we compared the sequences of the individiral® each clade to those
available in BOLD. From Group One we selected amasentative individual, 77, and
comparing it with the data from BOLD, the closesitan to this sample wdhinolophus
euryalewith a specimen similarity of 99.01%. Comparing sequence of an individual
from Group TwoRhinolophus euryal200, with the matches that were taken from BOLD,
the closest match dRhinolophus euryal€200 wasRhinolophus euryalegain with a

specimen similarity of 100%.

The neighbor-joining tree fdRhinolophus euryalecreated with BOLD, using one
individual belonging to Group On&hinolophus euryal&7, is shown in Figure 4.5. In the
tree, the barcoded individual from Turkey clustenath Rhinolophus euryalbarcodes in
BOLD. The neighbor-joining tree from BOLD fdRhinolophus euryal00 from Group
Two is also shown in Figure 4.6. NotabRhinolophus euryal00 fell within the same
branch but a little bit closer than tRkinolophus euryal@7 to the rest of the samples of
R. euryalgfound in BOLD.
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Rhinolophus cf. thomasi

rRhinolophus creaghi
Rhinolophus sthenol
Rhinolophus affinis

fhinolophus

Rhinolophus fumigotus
fhinolophus ferrumequinum
Rhinolophus divosus
rRhinolophus xinonzhongguoensis

-y Rhinolophus blosii

—_ﬂ Rhinolophus mehelyi

Rhinalophus eurypaie / ABEP103-06
dfhinafa hus euryale /f ABEP353-07F
1 Rhinolophus euryale / ABBP206-07

Figure 4.5. Neighbor-joining tree for one of drhinolophus euryalsequences, sample
77, constructed based on BOLD. The sizes of tlaagtes are proportional to the number
of sequences in BOLD for that species.

‘ Rhinoclophus cf. thomasi
rRhinolophus creoghi
Rhinolophus sthenol
Rhinolophus affinis

Rhinolophus

Rhinolophus fumigotus
Rhinolophus ferrumequinum
Rhinolophus clivosus
Rhinolophus xinonzhongguoensis

——mmmm Rhinolophus bBlosii

Rhinolophus mehelyi

RAinolophus euryale ¢/ ABEWPL03-06
Rhinolophus euryaie / ABBWP353-07
Rhinolophus euryale / ABBWP206-07

200

Figure 4.6. Neighbor-joining tree for one of dehinolophus euryalsequences, sample
200, construvted based on BOLD. The sizes of thadles are proportional to the number
of sequences in BOLD for that species.
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4.2. Rhinolophus ferrumequinum

Fifteen CO1l sequences were analyzed Rtrnolophus ferrumequinumrhe
sequences were obtained from six regions; two iddals from the East Anatolia region
(Kars, Van), four individuals from the Southeastafolia region (two from Gaziantep,
Sanliurfa, Mardin), three individuals from the Mamaaregion (Kirklareli, Canakkale,
Balikesir), three individuals from the Black Seagiom (Rize, Karabuk, Zonguldak), one
individual from the Mediterranean region (Hataydawo individuals from the Central
Anatolia region (N&de) (Figure 4.7).

Figure 4.7. The sampling locations f&hinolophus ferrumequinumrhe circles are
proportional to the number of individuals. The lda@olor indicates sampling locations for
the first group and the white color indicates santplocations for the second group in the

intraspecific trees (Figure 4.8).

Intraspecific trees foRhinolophus ferrumequinumre shown in Figure 4.8. All
CO1 sequences generated two clades; Group One a6, 76, 136, 174, 184, 202,
and 205) was seen in the Southeast Anatolia redi@,Marmara region, the Central
Anatolia region and the Black Sea region. Group Tsamples 1, 3, 27, 73, 74, 75 and 81)
was seen in the East Anatolia region, the South&@atolia region, the Black Sea region

and the Mediterranean region.
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Rhife-202
{a) Rhife-2
* Rhife-174
Rhife-205 Clade 1
Rhife-26
az| | | Rhife-76
63| Rhife136 |
Rhife-184
Rhife-73
Rhife-51
a5 | Rhife-1
Rhife-2 Clade 2
B Rhife-7a
Rhife-75
68 | Rhife-27 |
Rhihi-211

54

'_'
0.002

Rhifa-2012
(b} Rhife-26
&1 | Rhife-174
Rhife-205
Rhifa-2
s |Rhife7E
72 | Rhife-136
L Rhife-184
— Rhife-73
1> | Rhife-75
_|Rhife—2?
Rhife-81 Clade 2
42| Rhife74
Rhife-3
Rhifa-1
Rhihi-211

Clade 1
==

50

0.0l

Figure 4.8. Intraspecific trees fBhinolophus ferrumequinurta) NJ tree and (b) ML tree.

There were eight different haplotypes in this specs seen in the haplotype
network and the haplotype network table (Figureah8l Appendix B). H3 was the most
common haplotype (found in four individuals), andsafound in the Marmara region and
the Black Sea region. Haplotypes H1, H3, H7 andféiéhed one group (Group One),
which was separated by eight/nine base pairs fraouiTwo (Haplotypes H2, H4, H5
and H6). Groups One and Two outlined through thadtgpe network matched exactly

with the groups that were created by using intreifipdrees.
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kS

H2

/

H6

Figure 4.9. Haplotype network f&hinolophus ferrumequinurithe sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.

As a next step, we compared the sequences of dnadnals from each clade to
those available in BOLD. From Group One, we setbcige representative individual, 76,
and comparing it with the data from BOLD, the firdbsest match to sample 76 was
Rhinolophus ferrumequinumith a specimen similarity range of 99.84-98.01B&, second
was Rhinolophus clivosusvith a specimen similarity of 97.04% and the thinchs
Rhinolophuswith a specimen similarity range of 95.89-95.0786om Group Two, we
selected one representative individual, 27, andpesimg the sequence with the data from
BOLD, the first closest match w&hinolophus ferrumequinumith a specimen similarity
range of 100-98.19%, the second vikdgEnolophus clivosusith a specimen similarity of
97.37% and the third was Rhinolophus with a specigimilarity range of 95.89-95.24%.

The neighbor-joining tree faRhinolophus ferrumequinynereated with BOLD,
using two individuals (samples 76, 184) belongingGroup One and two individuals
(samples 27, 73) belonging to Group Two is shownFigure 4.10. In the tree, the
barcoded individuals from Group One clustered widhe clade of Rhinolophus
ferrumequinunbarcodes whereas the barcoded individuals fronuiavo clustered with
another clade oRhinolophus ferrumequinutrarcodes in BOLD. The BOLD tree showed
threeRhinolophus ferrumequinuntades in total. One individual belongingRbinolophus

clivosuswas observed amorighinolophus ferrumequinuciades. There were three other
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unidentified Rhinolophus clades forming a large monophyletic branch, iniclgd

Rhinolophus ferrumequinuamdRhinolophus clivosus

Rhinolophus lepidus
Rhinolophus cf. pusillus

Rhinolophus lepidus
Rhinolophus pusillus
===} Rhinolophus blasii

_: Rhinolophus mehelyi
~==mll] Rhinolophus euryale

Rhinolophus

Rhinolophus

s - molopus
R ABBWP091-06
R hlnolophus J‘errumequmum / ABBWP068-06
Rh err q FBMAMO041-10

18
Rhmolo hus clivosus / ABBWP320-07

R 6,
1 Rhinolophus )‘érrumequmum ABBWP149-06

Rhinolophus ferrumequinum / ABBWP305-07
Rhmolophus ferrumequinum / SKBPA562-08
Rhinolop ferr q /ABBWP124-06

Rhinol inum / SKMZM963-10
Rhinolophus ferrumequmum / SKMZM964-10
Rhinolopus

Rhinolophus clivosus
Rhinolophus hildebrandtii
Rhinolophus

Rhinolophus fumigatus

‘ Rhinolophus xinanzhongguoensis

< Rhinolophus hipposideros

Figure 4.10. Neighbor-joining tree for four of oghinolophus ferrumequinusequences
(samples 76, 184, 27, 73) constructed based on BAl@ sizes of the triangles are

proportional to the number of sequences in BOLDiHat species.
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4.3. Rhinolophus hipposideros

Fifteen CO1 sequences were analyzed Rhinolophus hipposiderosThe
sequences were obtained from six regions: one ichaiV from the East Anatolia region
(Erzincan), one individual from the Southeast Ahatcegion §anliurfa), two individuals
from the Marmara region (Balikesir, Bursa), eighdividuals from the Black Sea region
(three from Zonguldak, Ordu, Bartin, Sinop, Trahziiarabik), one individual from the
Mediterranean region (Antalya) and two individudlem the Central Anatolia region
(Nigde, Sivas) (Figure 4.11).

Figure 4.11. The sampling locations f&hinolophus hipposiderosThe circles are
proportional to the number of individuals. The la@olor indicates sampling locations for
the first group and the white color indicates santplocations for the second group in the

intraspecific trees (Figure 4.12).

Intraspecific trees foRhinolophus hipposideroare shown in Figure 4.12. All
CO1 sequences generated two clades; Group One lésadfb, 208, 197, 235, 196, 204,
182, 245, 161 and 144) was seen in the Black Sg@mmethe Marmara region, the
Mediterranean region and the Central Anatolia wagr&roup Two (samples 191, 188,
190, 211 and 139) was seen in the Southeast Aaatdion, the Central Anatolia region,
the East Anatolia region and the Black Sea region.
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Rhihi-195 7
{a) Rhihi-208
Rhihi-197
22| Rhiki-235
Rhihi-195
Rhihi-204

Rhihi-152
a7 Rhihi-245
Rhihi-161
Rhihi-144

Rhihi-191
Rhihi-135
Rhihi-120 Clade 2
52| Rhihi-211
Rhihi-139

Clade 1

63

Rhife-73

H
0,002

Rhihi-125 .
Rhihi-245
Rhihi-196
47| Rhihi-208
Rhihi-182
Rhihi-197

Rhihi-235
a5 Rhihi-204
L—— Rhihi-161
Rhihi-144

Rhihi-121

Rhihi-158
B3 ﬂ{ Rhihi-139  |Clade 2

{k)

Clade 1

E7Y | Rhihi-211
Rhihi-1390

Rhife-73

0.0z

Figure 4.12. Intraspecific trees fRhinolophus hipposidero§a) NJ tree and (b) ML tree.

There were seven different haplotypes in this g®eas seen in the haplotype
network and the haplotype network table (Figur84fd Appendix B). H1 was the most
common haplotype (found in seven individuals), aad found in the Marmara region and
had its highest frequency in the Black Sea regidahiwthe data set. A comparison of
intraspecific trees and the haplotype network shibthat haplotypes H1, H3, H4 and H5
formed one group (Group One in the intraspeci®e)y which was separated by six base
pairs from Group Two (haplotypes H2, H6 and H7)atidition, H3 (individual 161) and
H4 (individual 144) were separated by three and fiase pairs, respectively from H1 in
Group One.
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H2

Figure 4.13. Haplotype network f&hinolophus hipposidero3he sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.

Next, we compared the sequences of the individiral® each clade to those
available in BOLD. From Group One we selected @asentative individual, 161, and
comparing it with the data from BOLD, the closesitahn to this sample wdghinolophus
hipposideroswith a specimen similarity range of 98.82-95.196mparing the sequence
of an individual from Group TwoRhinolophus hipposideros90, with the matches that
were taken from BOLD, the closest match to this @amvasRhinolophus hipposideros

with a specimen similarity range of 100-96.37%.

The neighbor-joining tree foRhinolophus hipposiderpscreated with BOLD,
using three individuals belonging to Group OR&jnolophus hipposiderdsi4 (Haplotype
H4), 161 (Haplotype H3) and 245 (Haplotype H1)hswn in Figure 4.14. In the tree, the
barcoded individuals from Turkey clustered closelyh one of the fiveRhinolophus
hipposiderosbarcodes in BOLD. The neighbor-joining tree fro@IB for Rhinolophus
hipposiderosl90 is also shown in Figure 4.15. Notalihinolophus hipposiderds0 fell
onto another branch but into the same genRtaholophus hipposideroslade with all
other Rhinolophus hipposideroaS0O1 sequences. Hence the grouping that we observed

the intraspecific trees was in conformation withttim the BOLD tree.
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~==ml Rhinolophus luctus

Rhinolophus

—‘< Rhinolophus

Rhinolophus

Rhinolophus ferrumequinum
Rhinolophus clivosus

e ewm=lll Rhinolophus ferrumequinum
Rhinolophus

Rhinolophus
Rhinolophus fumigatus

i) r——————— Rhinolophus xinanzhongguoensis
- ﬂnolophus mehelyi
Rhinolophus euryale

s===l] Rhinolophus blasii
Rhinolophus h:ppos:deros / ABBWP173-06
|Rhi idl u.»/FBMAMOII 10
| Rhinolophus h ideros / FBMAMO034-10
"Rhinolophus hipposideros / ABBWP136-06
Rhinolophus hipposideros / SKBPA387-07
2 hinolophus hipposideros / SKBPA385-07

hinolophus hipposideros / SKBPA 561-08
Rhinolophus hi ppo;ldero / SKBPA386-07
h BBWP294-07

Rhmolophus hlppostderos /ABBWP130-06

144,161,245
Rhinolophus paradoxolophus
Rhinolophus creaghi
Rhinolophus canuti
Rhinolophus stheno
Rhinolophus shameli

Rhinolophus coelophyllus

Figure 4.14. Neighbor-joining tree for one of dRhinolophus hipposiderosequences,
sample 161, constructed based on BOLD. The sizésedfiangles are proportional to the

number of sequences in BOLD for that species.
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Rhinolophus cf. thomasi
Rhinolophus rouxii

Rhinolophus

Rhinolophus ferrumequinum
Rhinolophus clivosus
Rhinolophus fumigatus

41——<-R-Mna."aphus mehelyi
Rhinolophus euryale

~=l Rhinolophus blasii

-l Rhinolophus luctus

Rhinolophus hipposideros / ABEWPL 73-06

- Rhinolophus hipposideros / FEMAMOL1-10
Rhinolophus hipposigeros / FEMAMI32-10

Rhinolophus hipposigeros fABBWP294-07

Rhina |'|:H:| hus hipposideros / ABEWPI 36-06

Rhinolophus hipposideros / ABEWP130-06

Rhinolophus hipposideros / SKEPASST-07

Rhinolophus hipposideros / SKEPA3E5-07

Rhinolophus hipposigeros / SKBPASE1-02

Rhinolophus hipposideros f SKEPA3 86-07

150

Figure 4.15. Neighbor-joining tree for one of drhinolophus hipposiderosequences,
sample 190, constructed based on BOLD. The sizésedfiangles are proportional to the

number of sequences in BOLD for that species.

4.4. Asdliatridens

Two sequences were analyzed Asellia tridens Samples were collected from
llam, Iran (Figure 4.16). A haplotype network, agpecific neighbor-joining and
maximume-likelihood trees could not be preparedlese were only two sequences and

they had the same haplotype.
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Figure 4.16. The sampling location #sellia tridens

We compared our haplotype to those available in BOLhe closest match to this

sample wad#\sellia tridenswith a specimen similarity range of 100-97.7%.

The neighbor-joining tree foksellia tridens constructed with BOLD is shown in
Figure 4.17. The samples that were barcoded fram(R255 & 263) fell within thésellia
clade. Our samples collected from Iran clusteredatly with two otheAsellia tridens
species from an unknown area. There was one déme o this tree, sister to the clade

containing our sample.

Asellio tridens/ABEWP011-06
Asellio tridens/ ABBWP191-0F
Asellio tridens/ABBWP222-07F

255 & 263

—I —‘_ Mormoopidae

Hipposideros

Rhinolophidae

Hipposideros cyclops
Gobiidae

Characidae

Figure 4.17. Neighbor-joining tree for o@sellia tridenssequences (255 & 263)
constructed based on BOLD. The size of the triamgte proportional to the number of

sequences in BOLD for that species.
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4.5. Taphozous nudiventris

Three CO1 sequences from Turkey were analyzeddphozous nudiventrti¥he
samples were collected from the Southeast Anatelggon (Nizip, Gaziantep) (Figure
4.18). A haplotype network could not be preparethase was only one haplotype for this

species. Intraspecific trees were not made fosémee reason.

Figure 4.18. The sampling location fbaphozous nudiventris.

We compared our haplotype to those available in BOTLhe first closest match
to this sample wa$aphozous nudiventrigith a specimen similarity of 100%, the second
was an unspecified species from the gehaishozousvith a specimen similarity range of
99.33-97.15%, and the third wasphozous nudiventriwith a specimen similarity range
of 97-96.98%.

The neighbor-joining tree foFaphozous nudiventticreated with BOLD, using
Taphozous nudiventri$77 is shown in Figure 4.19. In the tree, the daded individual
from Turkey clustered with one of the two branch&3aphozous nudiventrisarcodes in
BOLD.
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~=ull] Taphozous longimanus
— g Taphozous hildegardeae

4 Taphozous melanopogon

Taphozous nudiventris / ABBWP223-07

Taphozous /GUASH187-09
Taphozous / GUASH185-09
Taphozous / GUASH184-09

'Taphozous nudiventris / ABBWP212-07
Taphozous /ABCDC021-07
T?_phozous /ABCDC024-07
aphozous nudiventris / ABBWP248-07
177

Hylonycteris underwoodi

— ~l (hoeroniscus godmani

Anoura caudifer

Spermophilus undulatus
Spermophilus columbianus
Spermophilus parryii
Spermophilus richardsonii

| Chelemys macronyx
| Petlgomxs setosus,
| 6go emus ura etnSIs .
comys auyantepui
Graomys centralis

—‘ Maxomys whiteheadi

-1 Peromyscus melanotis
1 Peromyscus maniculatus

Atilax paludinosus

_= Puma concolor

L A Phocidae

Tupaiidae
Murina harpioloides

Myotis brandtii

Eptesicus furinalis

Cervidae

Figure 4.19. Neighbor-joining tree fdaphozous nudiventrsequences, using sample 177,
constructed based on BOLD. The sizes of the tremglke proportional to the number of
sequences in BOLD for that species.
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4.6. Tadaridateniotis

Nine CO1 sequences were analyzed Tadarida teniotis The sequences were
obtained from two regions; two individuals from tBeutheast Anatolia region (Adiyaman,
Urfa) and one individual from the Central Anatotegion (Aksaray) (Figure 4.20). Also

three sequences from Genbank and three sequemsesBOLD were included in the
analysis.

Figure 4.20. The sampling locations fdadarida teniotis The sizes of the circles are
proportional to the number of individuals.

Intraspecific trees fofTadarida teniotisare shown in Figure 4.21. All CO1
sequences generated two clades; Group One includgdhe sequences from BOLD and

Genbank whereas Group Two included our CO1 seqsdrm®a Turkey.

(=)

100

Tadte-HMS511964
Tadte-HMS11965
Tadte-HMS41963

Tadte-ABENM293
Tadte-ABBM310
Tadte-ABERM3I11

Clade 1

| Tadte-140
Tadte-153 Clade 2

1|:u:||_|
74l Tadte-1432

Myctinopos-290

(&)

gg | Tadte-HMS41965
Tadte-ABBM310
Tadte-HRS419654

Tadte-2ABEM293

Tadte-HRMSA1963
Tadte-ABEM311
Clads 1

| Tadte-140
Tadte-153 Clade 2

EIEII_l
74l Tadte-143

My ctinopos-290

Figure 4.21. Intraspecific trees fdiadarida teniotis (a) NJ tree and (b) ML tree. The

codes that begin with ABBM are taken from BOLD. Té¢mdes that begin with HM are
taken from Genbank.



30

There were three different haplotypes in this gme@s seen in the haplotype
network and the haplotype network table (Figur&€4d Appendix B). H1 was the most
common haplotype (found in six individuals) and sdimples having haplotype H1 were
taken from Genbank and BOLD. Haplotypes H2 and #d8nd in Turkey formed one
group, which was separated by 63 base pairs from H1

H1

—— 63bp

H3

H2

Figure 4.22. Haplotype network foFadarida teniotis The sizes of the circles are
proportional to the number of individual. See Tablk for the key to the color codes of the

geographic positioning of the haplotypes.

Next, we compared the sequences of the individirale each clade to those
available in BOLD. From Group One we selected omeprasentative individual,
HM541965, and comparing it with the data from BOLlDe closest match to this sample
was Tadarida teniotiswith a specimen similarity range of 100-88.37%.nparing the
sequence of an individual from Group Twidarida teniotisl53, with the matches that
were taken from BOLD, the closest match to this @anwasTadarida teniotiswith a

specimen similarity range of 100-89.11%.

The neighbor-joining tree foFadarida teniotis created with BOLD, using one
individual belonging to Group On&adarida teniotidHM541965, is shown in Figure 4.23.
In the tree, the barcoded individual from Genbaikstered closely with a clade of
Tadarida teniotisbarcodes in BOLD. The neighbor-joining tree fro®@1B for Tadarida
teniotis 153 is also shown in Figure 4.2ZAadarida teniotis153 fell within the reciprocal
clade that contained HM541965. Hence, the two clagéérieved for this species in our
intraspecific trees, and the two clades observedarBOLD tree were in conformation.



Tadarida teniotis / ABBWP339-07
Tadarida teniotis / ABBWP184-06
Tadarida teniotis /BIFE060-06 _
Tadarida tenioti

=

6
Tadarida teniotis' /BCBI038-06
Tadarida teniotis / BCBI100-06
Tadarida teniotis / BIWE060-06
Tadarida teniotis / BCBIW064-06
Tadarida teniotis / BCB1040-06
Tadarida teniotis / BIWE064-06
Tadarida teniotis / BCBI104-06
Tadarida teniotis / BIFE064-06
Tadarida teniotis / BCBIW062-06
Tadarida teniotis /BCBI101-06
Tadarida teniotis / BIFE062-06
Tadarida teniotis / BCBI102-06
Tadarida teniot /ABBWP172-06
Tadarida teniotis /ABBWP171-06
Tadarida teniotis / BIWE062-06
Tadarida teniot /BCBI039-
Tadarida teniotis / BIWE002-06
Tadarida teniotis / BCBI1041-06
\Tadarida teniotis / BIWEO
- . '__Tadarida teniotis / BIFE063-06
Tadarida teniotis /ABBM310-05
Tadarida teniotis / ABBM293-05

Tadarida teniotis /ABBM311-05
HM541965

Eumops underwoodi

Molossus molossus

Molossus coibensis

~=ssmm) Promops centralis

Nyctinomops macrotis

< Molossops temminckii

—— Tadarida brasiliensis

Tadarida brasiliensis

Cynomops paranus
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Figure 4.23. Neighbor-joining tree for one of oladarida teniotissequences, sample

HM541965, constructed based on BOLD. The sizesetriangles are proportional to the

number of sequences in BOLD for that species.
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Tadarida teniotis / ABBM310-05

| Tadarida teniotis / ABBM293-05

|Tadarida teniotis /ABBM311-05

Tadarida teniotis / ABBWP184-06
Tadarida teniotis / ABBWP339-07
Tadarida teniotis / BIFE0O60-06
Tadarida teniotis /BCBIW060-06
Tadarida teniotis / BCBI038-06
Tadarida teniotis / BCBI100-06
Tadarida teniotis / BIWE060-06
Tadarida teniotis / BCBIW064-06
Tadarida teniotis / BCBI040-06
Tadarida teniotis / BCBI104-06
Tadarida teniotis / BIFE064-06
Tadarida teniotis / BIWE064-06
Tadarida teniotis / BCBIW062-06
Tadarida tenjotis /BCBI101-06
Tadarida teniotis / BCBI1102-06
Tadarida teniotis / BIFE062-06
Tadarida teniotis /ABBWP172-06
Tadarida teniotis /ABBWP171-06
Tadarida teniotis / BIWE062-06
iTadarida teniotis / BCB1039-06

Tadarida teniotis / BIWE002-06

Tadarida teniotis /BCBI1041-06
Tadarida teniotis / BIWE0O1-06
|—3- Tadarida teniotis / BIFE063-06

Eumops underwoodi

Molossus molossus
Molossus coibensis

Eumops hansae
Mops mops
Tadarida aegyptiaca

< Tadarida brasiliensis

Figure 4.24. Neighbor-joining tree for one of olmdarida teniotissequences, sample
153, constructed based on BOLD. The sizes of thegles are proportional to the number

of sequences in BOLD for that species.
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4.7. Eptesicus serotinus

Ten sequences were analyzed foptesicus serotinusThe sequences were
obtained from four locations; one from Syria, onenf the Black Sea region (Zonguldak)
and two from the Mediterranean region (Elmali arsgkBnak, Antalya) (Figure 4.25).
Also three sequences from Genbank and three froirfCBfere included in the analysis.

Figure 4.25. The sampling locations tfptesicus serotinug he circles are proportional to
the number of individuals. The black color indicasampling location for the first group
and the white color indicates sampling locationsthe second group in the intraspecific
trees (Figure 4.26).

Intraspecific trees foEptesicus serotinuare shown in Figure 4.26. All CO1
sequences generated three clades. The first cladsisted of BOLD and Genbank
sequences entirely. The second clade had only amels,Eptesicus serotinu203 from
Zonguldak, the Black Sea region. The third cladd Bptesicus serotinu&63, 269 and
270. Samples 269 and 270 were both from Antalya@dsesample 163 was from Syria.

70 | HMS40260
(a) 21[l agEmMa0E
HIMSAO2E7
100 | Br054
- ABBM2E0
HISAO2ES
Epser-203 T]Clade 2

Epser-163
ar Epser-269 Clade 2
99l Epser-270

Barba-18

Clade 1

0.0
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HMSA02E68
=) Bh0S4
100 | HMWISA0ZE7
Clade 1
ABBRM2ZE0
53 HMSA02E9
’7 72l apBnIos

Epser203 ]Clade 2

Epser-163
55| |Epserz69 Clade 3
55 | Epser270

Barba-18

Figure 4.26. Intraspecific trees f&ptesicus serotinuga) Neighbor-joining tree and (b)
Maximum-likelihood tree. The codes that begin witM, ABBM and BM were taken
from BOLD and Genbank.

There were five different haplotypes in this specés seen in the haplotype
network and the haplotype network table (Figur& 48d Appendix B). The H1 haplotype
was found in four of the six individuals obtainedrh BOLD and Genbank, with the codes
HM540267, BM084, ABBM280 and HM540268. Haplotype tas different from H1 by
a single base pair and was found in the other twdoviduals obtained from BOLD and
Genbank, with the codes HM540269 and ABBM308, retpely. Haplotype H4 was
found in one individual from the Black Sea regiom avas separated by 21 base pairs from
the rest of the individuals, forming a separataleléFigure 4.27). Although H3 and H5
were separated by 11 base pairs in the haplotyppeorie they were included on the same
branch in the BOLD tree (Figure 4.28). H3 was foimtivo individuals from Antalya (the

Mediterranean region), whereas H5 was found inindieidual from Syria.

wn L

16 b&l bp
4 bp /C/Q
{ "

Figure 4.27. Haplotype network fdfptesicus serotinusThe sizes of the circles are

H4

proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.
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As a next step, we compared the sequences of dnadnals from each clade to
those available in BOLD. Between haplotypes H1 HR2dwe selected one representative
individual, HM540269, and comparing it with the a&tom BOLD, the first closest match
to this sample wagptesicus serotinusith a specimen similarity range of 100-98.16%,
the second waBptesicus nilssonivith a specimen similarity of 94.29% and the thirds
an unknown bat species with a specimen similarit9©24%. Comparing an individual
with the haplotype H3Eptesicus serotinu270, to the three matches taken from BOLD,
the first closest match oEptesicus serotinu270 was toEptesicus serotinusvith a
specimen similarity of 98.22%, the second \Eas$esicus bottawith a specimen similarity
of 95.47% and the third was agatptesicus serotinusvith a specimen similarity of
95.31%. Comparing another individual with haplotypé Eptesicus serotinug03, to the
three matches taken from BOLD, the first closestcmaf Eptesicus serotinu203 was
Eptesicus serotinugith a specimen similarity of 100%, the second #wptesicus nilssonii
with a specimen similarity range of 99.29-97.86% dhe third was agaiptesicus
serotinuswith a specimen similarity range of 93.91-93.5®inally, Eptesicus serotinus
163, with haplotype H5 was compared to the thretcines that were taken from BOLD,
and the first closest match wa&ptesicus serotinusiith a specimen similarity range of
99.11-95.04%, the second waptesicus bottawiith a specimen similarity of 95.04%, and

third was agaircptesicus serotinugith a specimen similarity range of 94.86-94.83%.

The neighbor-joining tree fdEptesicus serotinysreated with BOLD is shown in
Figure 4.28. Sample 203 from Zonguldak (the Blaek &gion) clustered withptesicus
serotinusand Eptesicus nilssonas a separate group. HM540269 clustered with anoth
group as expected from both haplotype network atrdspecific trees. AlthougBptesicus
serotinus163 ancEptesicus serotinug70 formed different clades in the intraspecifeet
(Figure 4.26) and had 11 base pair difference enhidplotype network (Figure 4.27), they
appeared in the same clade in the BOLD tree. Sgecit63 was from Syria and specimen
270, which separated from the rest of the samplems from Antalya, along the
Mediterranean coast of Turkey.



36

Eptesicus furinalis
Eptesicus fuscus
Eptesicus brasiliensis

Eptesicus serotinus isabellinus
Eptesicus bottae anatolicus

203
Eptesicus serotinus / ABBWP074-06
Eptesrpus serotinus / ABMEE019-06
ptesicus serotinus / ABBWP062-06
Eptesicus serotinus / SKBPA585-10
Eptesicus serotinus / SKBPA558-08
stesicus nilssonii/ ABMEE020-06
rtesicus nilssonii/ ABBWP013-06
atesicus nilssonii/, SKBPA054-06
atesicus nilssonii/ ABMEE018-06
atesicus nilssonii/ NOMAMO025-09
¢ Eptesicus nilssonii/ SKBPA046-06
Eptesicus mlfsonu KBPA049-06
ptesicus nilssonii/ SKBPA347-07
Eptesicus nilssonii/ SKBPA346-07
Eptes::us nilssonii/ SKBPA575-08
Eptes::usnl,lsson SKBPA574-08
tesicus nilssonii/ SKBPA570-08
. | Eptesicus nilssonii/ SKBPA351-07
Eptesicus gobiensis / SKBPA212-07
IE._-'pte icus bottae / ABBWP139-06
tesicus bottae’/ ABBWP140-06
ptesicus bottae /ABBWP120-06
Chiroptera / GUA.74188-09
Eptesicus serotinus / SKBPA586-10

st ettt SR %y
Eptesicus serotinus / SKBPA584-10

Eptesicus serotinus / SKBPA342-07
Eptesicus sero ti,nu75KBPA5 60-08

N

v,

! Eptesicus serotinus / SKBPA587-10
Eptesicus serotinus / SKBPA349-07
Eptesicus serotinus / SKMZM972-10
Eptesicus serotinus /SKMZM971-10
Eptesicus serotinus / SKMZM970-10
L Eptesicus serotinus / SKMZM969-10
Eptesicus serotinus / ABBM280-05
—| Eptesicus serotinus / BM084-03
Eptesicus serotinus / ABBM308-05

HM540269

_E Eptesicus serotinus /ABBWP131-06
163 & 270

Eptesicus fuscus

Figure 4.28. Neighbor-joining tree f@ptesicus serotinydased on BOLD tree. The sizes

of the triangles are proportional to the numbesexfuences in BOLD for that species.
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4.8. Nyctaluslasiopterus

One CO1 sequence from Turkey was analyzedNwyctalus lasiopterusThe
sample was collected from the Mediterranean reffartalya) (Figure 4.29). A haplotype
network and intraspecific trees could not be prepas there was only one sample for this

species.

Figure 4.29. The sampling location fdyctalus lasiopterus

We compared the sequence of our individual to theselable in BOLD. The
closest match to this sample wdgctalus lasiopterusvith a specimen similarity range of
100-99.84%.

The neighbor-joining tree faYyctalus lasiopteruyscreated with BOLD, using our
individual, Nyctalus lasiopteru®71, is shown in Figure 4.30. In the tree, thecbded
individual from Turkey clustered closely with thyctalus lasiopterubarcodes in BOLD,

in a single clade.
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Pipistrellus kuhlii

_ Characidae

A Hypsugo savii

= Nyctalus JLE sp.

1A _<Pipistrellus pipistrellus

4‘ Pipistrellus pygmaeus

4 Nyctalus leisleri
44 Nyctalus noctula

Nyctalus lasiopterus / ABBWP229-07
Nyctalus lasiopterus / ABBWP361-07
Nyctalus lasiopterus / ABBWP361-07

271 -
~=@ll] Pipistrellus coromandra

Pipistrellus javanicus

Pipistrellus paterculus

Figure 4.30. Neighbor-joining tree for oltyctalus lasiopterusequence, sample 271,
constructed based on BOLD. The sizes of the tremgke proportional to the number of

sequences in BOLD for that species.
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4.9. Nyctalusleigeri

Five CO1 sequences from Turkey were analyzed Ngctalus leisleri The
samples were collected from the Marmara region k{&ueli), the Black Sea region
(Trabzon) and the Mediterranean region (Antalyapyfe 4.31). A haplotype network
could not be prepared as there was one haplotypiifospecies. Intraspecific trees were

also not prepared for the same reason.

Figure 4.31. The sampling locations fdyctalus leisleri The circles are proportional to

the number of individuals.

We compared our haplotype to those available in BOComparing it with the
data from BOLD, the closest match to this sample Myctalus leisleriwith a specimen
similarity range of 100-99.29%

The neighbor joining tree foNyctalus leisleri created with BOLD, using the
same haplotype, is shown in Figure 4.32. In the, tifee barcoded individual from Trabzon

clustered closely witiNyctalus leislerbarcodes in BOLD, in a single clade.



—==mg Hypsugo ariel

——=ll Hypsugo savii o
Pipistrellus nanus
| Pipistrellus

L Neoromicia

-< Neoromicia cf. nanus

Pipistrellus nathusii

Myotis montivagus

Glischropus tylopus

< Pipistrellus pipistrellus

g Nyctalus lasiopterus

A Nyctalus noctula

Nyctalus leisleri/ ABBWP175-06
Nyctalus leisleri / ABBWP114-06
Nyctalus leisleri / SKBPA0O09-06
Nyctalus leisleri / SKBPA552-08
Nyctalus leisleri / ABBWP188-06
ctalus leisleri /ABBWP364-07
Nycta us leisleri/ABBWP002-06
yctalus leisleri / SKBPA008-06
Nyctalus leisleri / ABBWP349-07
Nyctalus leisleri / SKBPA006-06
Nyctalus leisleri / ABBWP187-06
103

Figure 4.32. Neighbor-joining tree for olyctalus leislerisequences, using sample 103,

constructed based on BOLD. The sizes of the tremgke proportional to the number of
sequences in BOLD for that species.
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4.10.Nyctalus noctula

Two CO1 sequences from Turkey were analyzed Ngctalus noctula The
samples were collected from the Marmara regionk{&reli) and the Mediterranean region
(Osmaniye) (Figure 4.33). Intraspecific trees caubtl be prepared as there were only two

samples for this species.

Figure 4.33. The sampling locations fdyctalus noctulaThe circles are proportional to

the number of individuals.

There were two haplotypes in this species as sednei haplotype network and
the haplotype network table (Figure 4.34 and Appe&). H1 was found in the Marmara
region whereas H2 was found in the Mediterranegione H1 was separated by two base

pairs from H2.

Figure 4.34. Haplotype network fdXyctalus noctula The sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color-codes of

the geographic positioning of the haplotypes.

As the next step, we compared the sequence of boarandividuals to those
available in BOLD. We used sample 199, and compatiwith the data from BOLD, the
closest match to this sample whgctalus noctulavith a specimen similarity range of 100-
99.68%.
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The neighbor-joining tree foNyctalus noctulacreated with BOLD, using the
same individualNyctalus noctulal99, is shown in Figure 4.35. In the tree, thecbded
individual from Turkey clustered closely witNyctalus noctulabarcodes in BOLD,

forming a single clade. We obtained location infation for two of the BOLD barcodes in
this clade, which were Ploen, Germany and LeberGaunany.

Eptesicus brunneus
Glischropus tylopus
] Chalinolobus tuberculatus

< Hypsugo CMF sp.

Hypsugo savii
Hypsugo pulveratus

4 Nyctalus leisleri

- =] Nyctalus lasiopterus

Nyctalus noctula / NOMAMO027-09 / Germany, Ploen
Nyctalus noctula / NOMAMO028-09 / Germany, Lebensau
Nyctalus noctula / SKBPA202-07
Nycta lus noctula/ SKBPA014-06

yctalus noctula/SKBPA012-06
Nyctalus noctula 4ABB WP008-06
ctalus noctula/ABBWP096-06
yctalus noctula / SKBPAOO7-0
Nyctalus noctula /ABBWP077-06
Nyctalus noctula /SKBPA018-06

%yctalus noctula /ABBWPO053-06

1 95ctalus noctula/ABBWP115-06

===l Vespertilio sinensis

Pipistrellus pygmaeus

Pipistrellus pygmaeus cyprius

4 Pipistrellus pipistrellus

Nyctalus JLE sp.
—=mg Pipistrellus kuhlii

Figure 4.35. Neighbor-joining tree for one of dlyctalus noctulasequences, sample 199,

constructed based on BOLD. The sizes of the tremglke proportional to the number of
sequences in BOLD for that species.
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4.11. Pipistrellus kuhlii

Eleven CO1 sequences were analyzedPiprstrellus kuhlii The sequences were
obtained from three regions; two from the Meditee@n region (Mersin,
Kahramanmarg, one from the East Anatolia regiorgdir) and nine from the Southeast
Anatolia region (two from Urfa, two from Gaziantdpjo from Adiyaman, one each from
Diyarbakir and Mardin) (Figure 4.36).

Figure 4.36. The sampling locations feipistrellus kuhlii The circles are proportional to

the number of individuals.

Intraspecific trees folPipistrellus kuhlii are shown in Figure 4.37. Our CO1
sequences did not generate distinctive clades; vewPBipistrellus kuhlii 223 and 228

formed a separate group.

(a)

Pipku-53
(B} Pipku-224
Pipku-213
* pipku-217
Pipku-52
&5 | Pipku-230
Pipku-12
Pipku-226
Pipku-219
Pipku-228
Pipku-223
Pipnat-207

Figure 4.37. Intraspecific trees Bipistrellus kuhlii (a) NJ tree and (b) ML tree.
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There were four different haplotypes in this specs seen in the haplotype
network and the haplotype network table (Figuré84Bd Appendix B). H1 was the most
common haplotype (found in seven individuals), aadé found in the Marmara region and
had its highest frequency in the Southeastern Turkéaplotypes H2 and H3 were
separated by one base pair from H1. Haplotype Hel separated by two base pairs from

H1 and was found in the Mediterranean region.

‘et

Figure 4.38. Haplotype network fdPipistrellus kuhlii The sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.

Next, we compared the sequences of our individdedsn each group in
intraspecific trees (Figure 4.37) to those avadainl BOLD. From the main clade, we
selected one representative individual, 224, andpewing it with the data from BOLD,
the first closest match to this sample vRipistrellus kuhliiwith a specimen similarity
range of 100-95.7%, the second viApistrellus desertwvith a specimen similarity range
of 95.7-95.16% and the third waspistrellus kuhliiwith a specimen similarity range of
94.98-94.24%. Comparing an individual from the deragiroup,Pipistrellus kuhlii 223,
with the matches taken from BOLD, the first closestich of this sample wd&pistrellus
kuhlii with a specimen similarity range of 99.83-95.26%e second wag®ipistrellus
desertiwith a specimen similarity range of 95.26-94.7584l @he third wadipistrellus

kuhlii again with a specimen similarity range of 94.5989%6.

The neighbor-joining tree fdripistrellus kuhlij created with BOLD, using two
individuals belonging to the small and the mainug® in intraspecific tree®ipistrellus
kuhlii 223 and 224 are shown in Figure 4.39. In the titee,barcoded individuals from
Turkey clustered closely with one of the three nRiistrellus kuhliiclades in BOLD.
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Laephotis wintoni

‘< Pipistrellus paterculus

Glischropus tylopus

Pipistrellus kuhlii / SKBPA379-07
IpIs IE;IM) kthL/SKBPADOI-DG

)ist ell/sk hlji/ ABBWP170-06
El istrellus kuhlii / BIFE015-06

Pipistrellus kuhlii / BIFE013-06
ipistrelius kulii/ SKRPA343-87
Pipistrellus kuhlii / SKBPA221-07
Pipistrellus kuhlii/ BCBI018-06
Pipistrellus kuhlii / BIFE012-06
Pipistrellus kuhlii / SKBPA377-07
Pipistrellus kuhlii / SKBPA036-06
Pipistrellus kuhlii / SKBPA344-07
Pipistrellus kuhlii/ SKBPA381-07
Pipistrellus kuhlii / SKBPA400-07
Pipistrellus kuhlii / SKBPA038-06
Pipistrellus iul,;l/l i/,BCBI017-06
Pipistrellus kuhlii/ BCBI005-06
Pipistrellus kuhlii / SKBPA378-07
Pipistrellus kuhlii /BCBI004-06
Pipistrellus kuhlii / SKBPA220-07
Pipistrellus kuhlii / BCBI007-06

#,..,.J P}'f)is?(re Ir"s }(uhlii BCBIWO028-06
ipistrellus kuhlii / SKBPA204-07
VPipistrellus kuhlii/ ABBWP122-06
Pipistrellus kuhlii / BCBI009-06
Pipistrellus kuhlii / BCBIW008-06
Pipistrellus kuhlii/ BIWE0O12-06
H_Pipistrellus kuhlif /BCBI055-06
Pipistrellus kuhlii / SKBPA034-06
Pipistrellus kuhlii / SKBPA037-06

223 & 224 "
Pipistrellus kuhlii / BCBIW012-06
o ——Pipistrellus kuhlii/ ABBWP162-06
Pipistrellus kuhlii / SKBPA086-07
Pipistrellus kuhlii/ ABBWP098-06
Pipistrellus kuhlii / ABBWP004-06
\Pipistrellus kuhlii/ ABBWP056-06
= Pipistrellus kuhlii/ ABBWP085-06
Pipistrellus kuhlii / ABBWP255-07
Pipistrellus deserti / ABBWP158-06
istrellus deserti / ABB WP15;—06

i
_{’;;:istprellus deserti / ABBWP350-0

Pipistrellus deserti / ABBWP338-07
Pipistrellus kuhlii/ ABBWP315-07

Pipistrellus kuhlii/ ABBWP101-06
Pipistrellus kuhlii / ABBWP095-06
Pipistrellus kuhlii/ ABBWP082-06
== Pipistrellus kuhlii / ABBWP087-07

Pipistrellus kuhlii / ABBWP093-06

Pipistrellus pipistrellus

| Pip 'Strelmoromicia capensis
Pipistrellus cf. rusticus

Pipistrellus aerol

Pipistrellus bodenheimeri
Hypsugo ariel

Hypsugo pulveratus
] Hypsugo savii

Figure 4.39. Neighbor-joining tree for two of oRipistrellus kuhliisequences, samples
223 and 224, constructed based on BOLD. The sizégedriangles are proportional to the

number of sequences in BOLD for that species.
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4.12.Pipistrellus nathusii

Three CO1 sequences from Turkey were analyzedPifwstrellus nathusii The
samples were collected from two locations; the Aegeegion (Afyon) and the Marmara
region (Balikesir) (Figure 4.40). A haplotype netlwaould not be prepared as there was

only one haplotype for this species. Intraspet¢ies were not made for the same reason.

Figure 4.40. The sampling locations feipistrellus nathusii The circles are proportional
to the number of individuals.

We compared the sequences of our individuals tsethavailable in BOLD.
Comparing it with the data from BOLD, the closestatom to our haplotype was
Pipistrellus nathusiwith a specimen similarity range of 100-99.66%

The neighbor-joining tree fdpipistrellus nathusijicreated with BOLD, using the
same haplotype, is shown in Figure 4.41. In the,ttbe barcoded individual from
Balikesir (Ku cenneti, Manyas) clustered closely with otReistrellus nathusibarcodes

in BOLD, forming a single clade.
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Nyctalus leisleri

Pipistrellus pipistrellus

A A

1 < Pipistrellus paterculus

~l] plecotus ognevi

Pipistrellus
Neoromicia capensis

-] Hypsugo cadornae

‘< Hypsugo CMF sp.

Hypsugo ariel
Pipistrellus bodenheimeri

_< Hypsugo pulveratus
L Hypsugo savii

Pipistrellus nathusii / SKBPA557-08
I;’ip ',sl;relllus na%husi, i/ FBMAMO019-10
istrellus nathusi =
éf;’zlss{re fis naﬂrusj/ Iﬂ&%@%

Pipistrellus nathusii / SKBPA015-06
Pipistrellus nathusii/ SKBPAO58-06
ipistrellus nathusii / ABMEE167-09
Pipistrellus nathusii / ABBWP080-06
Pipistrellus nathusii / SKBPA551-08
Pipistrellus nathusii / FBMAMO021-10
Ligplstrel' us nathusii / ABBWP081-06
vipistrellus nathusii / ABBWP087-06
Pipistrellus nathusii / SKBPA016-06
‘ Pipistrellus nathusii / ABBWP035-06
} Pipistrellus nathusii / ABMEE166-09
Pipistrellus nathusii / FBMAMO006-10
 Pipistrellus nathusii / ABMEE164-09
Pipistrellus nathusii é SKBPA104-07
Pipistrellus nathusii / SKBPA200-07

- Pipistrellus nathusii / SKBPA371-07
- 133 i
Chiroptera
Myotis lucifugus

Figure 4.41. Neighbor-joining tree for oipistrellus nathusiisequences, using sample
133, constructed based on BOLD. The sizes of thrgdles are proportional to the number

of sequences in BOLD for that species.
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4.13.Pipistrelus pipistrellus
Three CO1 sequences were analyzedPipistrellus pipistrellus The sequences

were obtained from three locations; the East Amatagion (Van), the Black Sea region
(Samsun) and the Central Anatolia region (Kony&ufe 4.42).

Figure 4.42. The sampling locations fdtipistrellus pipistrellus The circles are
proportional to the number of individuals. The la@olor indicates sampling locations for
the first group and the white color indicates santplocations for the second group in the

intraspecific trees (Figure 4.43).

Intraspecific trees foPipistrellus pipistrellusare shown in Figure 4.43. All CO1
sequences generated two clades, Group One inckategles 13 and 15 whereas Group

Two included sample 138.

95 Pippi-13
Clade 1
(a) I:F'ippi-15 }

L Pippi-138  JClade 2
Pipku-213

0.0

ag Pippi-13
4‘ Clade 1
(b) Fippi-15 :| e

L Pippi-138 ] Clade 2
Fipku-213

0.m

Figure 4.43. Intraspecific trees fBipistrellus pipistrellus(a) NJ tree and (b) ML tree.
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There were three different haplotypes in this gme@s seen in the haplotype
network and the haplotype network table (Figuretdadd Appendix B). H2 was found in
Samsun. Haplotypes H1 and H3 formed one group, lwivas separated by eight base
pairs from H2 (which corresponded to samipistrellus pipistrellusl38 in the trees). H2
was found in the Black Sea region and was sepafatedthe rest of the samples in the

intraspecific tree, as shown above.

H2

8 bp

H3

H1

Figure 4.44. Haplotype network fétipistrellus pipistrellus.The sizes of the circles are
proportional to the number of individuals. See Ea#ll for the key to color codes of the

geographic positioning of the haplotypes.

Next, we compared the sequences of the individiralm each group to those
available in BOLD. From Group One we selected amasentative individual, 13, and
comparing it with the data from BOLD, the closesitan to this sample wagipistrellus
pipistrelluswith a specimen similarity range of 100-98.1%. @aning the individual from
Group Two,Pipistrellus pipistrellus138, with the matches that were taken from BOLD,
the closest match waipistrellus pipistrelluswith a specimen similarity range of 99.5-
98.18%.

The neighbor-joining trees fdtipistrellus pipistrellus created with BOLD, using
individuals belonging to Groups One and TwRipistrellus pipistrellus13 and 138
respectively, are shown in Figures 4.45 and 4.4&hé trees, the barcoded individuals
from Turkey clustered closely with othRipistrellus pipistrellusarcodes in BOLD, but in

different parts of the trees. There were originalg Pipistrellus pipistrellusclades in the
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BOLD tree. One of these clades had an individuainfiSt. Katharinan, Germany but we
did not have the data on the locations of the ofhpistrellus pipistrellusindividuals as
they were not publicly available. Sample 13 frorm\fall onto the clade reciprocal to the
one that contained the individual from Germany.t@amother hand, sample 138 generated

a new clade, reciprocal to the other tipistrellus pipistrellusclades in the BOLD tree.

‘ Nyctalus leisleri

Glischropus tylopus

Pipistrellus kuhlii
Pipistrellus deserti

Neoromicio copensis
_-* Pipistrellus cf. rusticus
Pipistrellus
I—prfsfrEHus pygmaeus cyprius

Pipistrellus pygmaeus

Pipistreiius pipistreiius / ABBWPIS4-06
Pipistrelius pipistrelius / SKEPAGSS-07
Pipistrelius pipistrefius / ABEWPIL0-06
Pipistrelius pipistrelius / ABBWP054-06
ipistrefius pipistrelius / FEMAMOI13-10
Pipistrelius pipismreiius / NOMAMO31-05 / Germany, St. Katharinen
Pipistreljus pipistrefius / SKEPA3ES-07
Pipistreljus pipistrefius / SKEPAIES-07
Bip [srrE'l'Fus Bip I:EEI'E'I'FLIS i SKEEA.EEE—EI;
inistrefius pinistrefius
g:ﬁstre |ru5 ,d?,d?sn'eﬂlus f;ggpﬁ{%ﬁgﬂﬁ

ipistrelius pipistrefiuz f ABBWP133-06
2

1

Figure 4.45. Neighbor-joining tree for one of oRBipistrellus pipistrellussequences,
sample 13, constructed based on BOLD. The sizéiseofriangles are proportional to the

number of sequences in BOLD for that species.
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‘ Nyctalus leisferi

Glischropus tylopus

Pipistrellus kuhlii
Pipistrellus deserti

Neoromicio copensis
| ‘ Pipistrellus of. rusticus
1 Pipistrellus

I— Pipistrellus pygmoeus cyprius

Pipistrellus pygmaeus

Pipgistrelius pipgistrelius / AW PII0-06
Pipistrelius pipistoreiius / SKEPAOSS-0F
f:?'pjpj' srrefius pipistrelius A BEWPOSL-06
Fmistrelius pigistelius  ABBVWPOSS-06
Pipistreifius pipistorefius  FEAMANMOLS- 10
Pipistreiius pipistreiius £ NOMAMDZ1-09  Germany, St. Kotharinen
Tpistreiius pipistreiius / SKEPA G707

Pipistreflius pipistreiius / A BEBWPI123-06
Pipistreiius pipistorefius  AEEWP132-06

125

Figure 4.46. Neighbor-joining tree for one of oRBipistrellus pipistrellussequences,
sample 138, constructed based on BOLD. The sizésedfiangles are proportional to the

number of sequences in BOLD for that species.

4.14. Pipistrellus pygmaeus

One CO1 sequence from Turkey was analyzedPipistrellus pygmaeusThe
sample was collected from the Marmara region (Bamal Balikesir) (Figure 4.47). A
haplotype network and intraspecific trees could betprepared as there was only one

sample for this species.

Figure 4.47. The sampling location fipistrellus pygmaeus
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We compared the sequence of our individ@apistrellus pygmaeu$37) to those
available in BOLD. The first closest match to th@nple wa®ipistrellus pygmaeuwith
a specimen similarity range of 99.83-99.33%, theosd wasPipistrellus pygmaeus
cyprius with a specimen similarity of 98.32% and the thives Pipistrellus pipistrellus

with a specimen similarity range of 93.14-92.59%.

The neighbor-joining tree fdPipistrellus pygmaeyscreated with BOLD, using
our individual, Pipistrellus pygmaeud37, is shown in Figure 4.48. In the tree, the
barcoded individual clustered witRipistrellus pygmaeubsarcodes in BOLD, forming a
single clade. Two of the BOLD barcodes were fronmixxy.

Pipistrellus cf. rusticus,
Neoromicia capensis,
Pipistrellus kuhlii

Charocidoe,
Pipistrelius tenuis,
Pipistrelius jovanicus

i trmily TR

iesles g/ SRS
b J&:::ﬂijéﬁ&%@?

oygma=us / ABBWPIFS-06

5 pr_qmnns.-" "qﬂ'rfh’riﬁﬂ'rf&.u" Norway, Gimizkolizn

spgmaomus 5 Aﬁj_’r

Vg ma= s.-"SH'B:‘.-fu
ﬂpﬂnmismss»waa-ﬂ

5 l11:u.-45,-" f%ég}':-i
M=
sg:énmejs 35.-"'\5'“':1.' stk
.-

mMS=Uus
L ﬂ‘!lEJS
L |'I'|=EJS

45 o pg mgmys ) SKERANTS .6

fus p pg mazus /. ABEWPIOZ-05
gmasus S ABEWRPIS5-05
iz -"45 pg l11:u.-45;‘ ABBWPIGA-05

i3 fp stl:-ll'fjspppa;l:'!mn;js JS.E%'; fﬁ

Pigistrellys pygmazus cyprivs/ ABBWPG55-05

—< Pipistrelfus pipistrellus

=l Vespertiliosinensis
{ Nyctalus JILE. sp.

‘ Nyctalus noctula

Figure 4.48. Neighbor-joining tree for oRipistrellus pygmaeusequence, sample 137,

constructed based on BOLD. The sizes of the tremglke proportional to the number of

sequences in BOLD for that species.
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4.15. Barbastella barbastellus

Two sequences from Turkey were analyzed Barbastella barbastellusThe
samples were collected from the Marmara region (isg Kirklareli) and the Black Sea
region (Rize) (Figure 4.49). Intraspecific neighfpmining and maximum-likelihood trees

could not be prepared as there were only two saiptehis species.

Figure 4.49. The sampling locations f@arbastella barbastellus The circles are

proportional to the number of individuals.

Two different haplotypes were observed in this g®as seen in the haplotype
network and the haplotype network table (Figureéd4afd Appendix B). Haplotypes H1
and H2 were differentiated by one base pair. Im$eof individual haplotypes, H1 was

observed in the Marmara region and H2 was obsenvte Black Sea region.

H2

Figure 4.50. Haplotype network f@arbastella barbastellusThe sizes of the circles are
proportional to the number of individuals. See Eall for the key to the color-codes of

the geographic positioning of the haplotypes.

We compared the sequences of both individualsdsetlavailable in BOLD. All
the matches obtained from BOLD were froBarbastella barbastellusThe closest
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matches to sample 18 had a specimen similarityeran@9.83-98.65%. The closest match

to sample 19 wa$arbastella barbastellusvith a specimen similarity range of 100-

98.82%.

The neighbor-joining tree fdarbastella barbastellysonstructed with BOLD is
shown in Figure 4.51. The samples that were bart@en Turkey (18 & 19) fell within
the Barbastellaclade. It should be noted that there was one alla€ele in this tree, sister to

the clade containing our samples.

‘|'< Myotis
{ Rhogeessa

~== Hypsugo

4 Lasionycteris

Barb lla darjelingensis

1 ~=msmmBarbastella leucomelas
Barb lla barbastellus/ABBWP012-06 =
[ Barbastella barbastellus/ABEWP099-06
llus/FBMAMO043-10

Barbastella barb llus/SKBPA095-07
Barbastella barbastellus/SKBPA169-07

18&19

ba
L!Bar;:astella bar
a

Eptesicus

Figure 4.51. The neighbor-joining tree for ddarbastella barbastellusequences (18 &
19) constructed based on BOLD. The sizes of tlaagtes are proportional to the number

of sequences in BOLD for that species.
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4.16. Otonycterus hemprichii

One CO1 sequence from Syria was analyzedfmnycterus hemprichifFigure
4.52). A haplotype network and intraspecific treeald not be prepared as there was only

one sample for this species.

Figure 4.52. The sampling location fotonycteris hemprichii

As a first step of analyses, we compared the seguehour individual to those
available in BOLD. The closest match to this sampées Otonycteris hemprichiwith a
specimen similarity range of 100-95.38.

The neighbor-joining tree foOtonycteris hemprichii created with BOLD, is
shown in Figure 4.53. In the tree, the barcoded/iddal from Syria clustered closely with

one of the foutonycteris hemprichiclades in BOLD.
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Characidae

Cricetidae

~=mll] Leporidae

Plecotus ognevi

i Barbastella darjelingensis

Hypsugo

Vespertilio murinus
Glischropus tylopus

Myotis emarginatus
Rhogeessa parvula

-I_ Chiroptera

< Glauconycteris beatrix

< Kerivoula intermedia

< Canidae

Otonycteris hemprichii/ABBWP137-06
Otonycteris hemprichii/ABBWP362-07
Otonycteris hemprichii/ABBWP230-07
Otonycteris hemprichii/ABB WP306 07
Otonycteris hemprichii/BCBI016-06
Otonycteris hemprlchn/BIFl.-'024—06
Otonycteris hemprichii, BCBIOGd 06
Otonycteris hemprichii/BCBI1013:

Otonycteris hemprlchn/BCBIOIS 06
Otonycteris hemprichii/BCBIW021-06
Otonycteris hemprichii/ABBWP123-06

171

Figure 4.53. Neighbor-joining tree for o@tonycterishemprichiisequence, sample 171,
constructed based on BOLD. The sizes of the tremglke proportional to the number of
sequences in BOLD for that species.
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4.17.Plecotus kolombatovici

Four CO1 sequences were analyzedRtacotus kolombatoviciThe sequences
were obtained from the Central Anatolia region (fnenm Konya and two from Karaman)
(Figure 4.54).

Figure 4.54. The sampling locations fdtlecotus kolombatovici The circles are

proportional to the number of individuals.

Intraspecific trees foPlecotus kolombatovi@re shown in Figure 4.55. All CO1
sequences generated one clade but there was santhing between samples 66, 65 and
samples 54, 60. Sample 66 and sample 65 were tek@mrKonya whereas sample 54 and
sample 60 were taken from Karaman, so we dividethtimto two and labelled them as the
Konya group and the Karaman group. The Karamanpgveas different from the Konya

group by one base pair (see haplotype network hdtayure 4.56).

70 | Pleko-BB

(a) 45’_{ Fleko-65
Pleko-54
|F'IekD—ED

(5) Pleko-BS

Figure 4.55. Intraspecific trees fBtecotus kolombatovic{a) NJ tree and (b) ML tree.
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There were two haplotypes in this species as sednei haplotype network and
the haplotype network table (Figure 4.56 and AppeBJ. H1 was separated by one base

pair from H2 and found in Konya, whereas H2 wastbin Karaman.

H1

H2

Figure 4.56. Haplotype network fétlecotus kolombatoviciThe sizes of the circles are
proportional to the number of individuals. See €abll for the key color-codes of the

geographic positioning of the haplotypes.

Next, we compared the sequences of the individiwateose available in BOLD.
Since there was only one base pair difference tweo haplotypes, we selected one
representative individual, 65, from Konya and cormggit with the data from BOLD, the
closest match to this sample wRlecotus kolombatoviavith a specimen similarity range
of 100-96.52%.

The neighbor-joining tree fdPlecotus kolombatoviccreated with BOLD, using
two individuals belonging to Konya and Karaman gPlecotus kolombatovid&5 and
54, is shown in Figure 4.57. In the tree, the ba@ecbindividuals from Turkey clustered

closely with one of the two clades Blecotus kolombatovidarcodes in BOLD.
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— = Hypsugo savii

Hypsugo ariel
Pipistrellus bodenheimeri

Hypsugo pulveratus

< Lasionycteris noctivagans

Myotis alcathoe
Myotis vivesi
Kerivoula intermedia
Myotis aurascens

Rhogeessa aeneus
Rhogeessa parvula

~] Molossidae

Plecotus ognevi

Plecotus auritus

pv
= Plegotus auritus
‘ Plecotus austriacus

-< Plecotus christii

P

1 lecotus kolombatovici / ABBWP176-06
Plecotus kolombatovici / ABBWP177-06

lecotus tenerigae gaisleri/ ABBWP163-06

Plecotus teneriffae gaisleri/ ABBWP164-06

Plecotus tenenﬁ'ae aisleri / ABBWP040-06
L Plecotus kolombatovici/ABBWP304-07
54&65

Figure 4.57. Neighbor-joining tree for two of ofecotus kolombatovicsequences,
samples 54 and 65, constructed based on BOLD. izas af the triangles are proportional
to the number of sequences in BOLD for that species
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4.18. Plecotus macrobullaris

Eight CO1 sequences were analyzedRtgcotus macrobullarisThe sequences
were obtained from the Central Anatolia region (dnem Newehir and three from

Kayseri), the Mediterranean region (Antalya) arahI(Figure 4.58).

Figure 4.58. The sampling locations fdtlecotus macrobullaris The circles are
proportional to the number of individuals. The Ild@olor indicates sampling locations for
the first group, the white color indicates sampliagations for the second group and the
gray color indicates sampling locations for thedhgroup in the intraspecific trees (Figure
4.59).

Intraspecific trees foPlecotus macrobullarisire shown in Figure 4.59. All CO1
sequences generated three clades, Group One (safffle9, 63) was found in Antalya
(the Mediterranean region) and Kayseri (the Cetratolia region), Group Two (samples
62, 10) in Neyehir and Kayseri (the Central Anatolia region) &wbup Three (samples
259, 252, 258) in Iran.
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44 Plemac-260
{a) 96 | Plermac-9 Clade 1

95 Plemac-b3

Flemac-62
Clade 2
72 L Plemac-10

Plermac-269
?{ Plermac-262 Clade 3
Flemac-255

Pleko-B0

D‘E‘S
4o Plemac-260
(b) 90 | Plemac-63 :| Clade 1
94 | 'Plemac-2
Flemac-62
&8 ! Plemac-10 :IE:IadeE
Plermac-259
824{ FPlemac-252 :|Clade 3
Plemac-255
Fleko-E50
—

0.0z

Figure 4.59. Intraspecific trees fBlecotus macrobullaris(a) NJ tree and (b) ML tree.

There were five different haplotypes in this specés seen in the haplotype
network and the haplotype network table (Figur®©46d Appendix B). H1 was the most
common haplotype (found in three individuals), seped by 10 base pairs from the rest of
the samples and was found in Iran only. Haploty2sH3, H4 and H5 formed another

group, and were found in the Mediterranean andcCeéretral Anatolia regions.

‘/HS

10b
H3 P

H2

Figure 4.60. Haplotype network fétlecotus macrobullarisThe sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.
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Next, we compared the individuals from each clad¢he intraspecific trees to
those available in BOLD. From Group One we seleotsel representative individual, 260,
and comparing it with the data from BOLD, the fidbsest match to this sample was
Plecotus macrobullarisvith a specimen similarity range of 99.32-98.12%d the second
wasPlecotus macrobullaris alpinugith a specimen similarity of 96.09%. Comparing th
sequence of an individual from Group TweRlecotus macrobullari$2, with BOLD, the
first closest match dPlecotus macrobullari$2 wasPlecotus macrobullariggain with a
specimen similarity range of 99.15-98.12%, and sbeond wad?lecotus macrobullaris
alpinus with a specimen similarity of 95.75%. Comparing gequence of an individual
from Group ThreePlecotus macrobullari259, with the two matches that were taken from
BOLD, the first closest match éflecotus macrobullari259 wasPlecotus macrobullaris
again with a specimen similarity range of 99.833386, and the second wé#decotus

macrobullaris alpinuswith a specimen similarity of 95.89%.

The neighbor-joining tree fdPlecotus macrobullariscreated with BOLD, using
one individual belonging to Group Or@lecotus macrobullari60, is shown in Fig 4.61.
In the tree, the barcoded individual from Antalylajyrkey, clustered closely with two
Plecotus macrobullaridbarcodes in BOLD. The neighbor-joining tree fromdIED for
Plecotus macrobullari$2 is also shown in Figure 4.62. It should be ddtetPlecotus
macrobullaris62 was in a slightly different position on theetrd he neighbor-joining tree
from BOLD for Plecotus macrobullaris259 is shown in Figure 4.63Plecotus
macrobullaris 259 fell within the opposite branch but into them® generaPlecotus
macrobullaris clade with all othePlecotus macrobullarisCO1 sequences. Hence, our

intraspecific trees, haplotype network and BOL tweere all in conformation.
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Eptesicus brunneus

Nyctalus noctula

Pipistrelius aerol
1 Neoromicio cf. somalficus

Plecotus ognevi

< Plecotus auritus

Plarotus maooobulloris alginws J ABBAPRIIL-068
Iargtus mooobullars glnings / ABBAPISS-05

Plarotys masobullari llr" Weid408

Placotws maoobuligric rfu.rEl,,Bl."lFS.'-"I-ﬁi"
l=rotus mooobullgris / ABBWP123-08
Plarotys maoobuiaric f ABBWPIZ 008

250

Piecotus christii

Myotis capaccini

Myotis cf. muricoin

Myotis septentrionalis

Myotis yumanensis yumanensis
Myotis occultus

Myotis peninsularis

Myotis velifer

Myotisriparius P32

Figure 4.61. Neighbor-joining tree for one of oBlecotus macrobullarissequences,
sample 260, constructed based on BOLD. The sizésedfiangles are proportional to the

number of sequences in BOLD for that species.
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Eptesicus Brunneus
=g Nyctolus noctulo

Plecotus ognevi

Plecotus auritus

Plargtus maooobullzris olnines / ABBAPHI-O8
— Pl=cotus maoobullaris -:l.'Fl.‘m: ABBAPOIS-0E
Pi=cotus maooh '.!.'-u.'.'s.-" 405

Placgtys macobulloris .-" Wy L-a7
=rotus mooobulloris / ABBWPL25-05
Plscotus mooobuligrs / ABBWPLZ 508
&2

Myotis septentrionalis
Myotiscf. muricola
Myotisriparius P52

Myotis yumanensis saturatus
Myotis yumanensis
Myotisoccultus

Myotis peninsularis

Myotis velifer

Figure 4.62. Neighbor-joining tree for one of dalecotus macrobullarissequences,
sample 62, constructed based on BOLD. The sizéiseofriangles are proportional to the

number of sequences in BOLD for that species.
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Myotis mystacinus
Myotis alcathoe
Mlyotis capaccinii
Myotis cf. muricola

Eptesicus serotinus
Eptesicus nilssonii

Hypsugo CMF sp.

Eptesicus brunneus

4 Nyctalus noctula

Nyctalus leisleri
Pipistrellus javanicus

Plecotus ognevi

< Plecotus auritus

. Plecotus macrobullaris alpinus / ABBWP041-06
Plecotus macrobullaris alpinus / ABBWP038-06
Plecotus macrobullaris / ABBWP371-07
FL Plecotus macrobullaris / ABBWP128-06
Plecotus macrobullaris / ABBWP129-06
I—.[ Plecotus macrobullaris / ABBWP144-06
259

Myotis septentrionalis
Myotis peninsularis
Myotis occultus

T ~—ssmmml) Plecotus christii

Plecotus teneriffae gaisleri

Figure 4.63. Neighbor-joining tree for one of oBlecotus macrobullarissequences,
sample 259, constructed based on BOLD. The sizésedfiangles are proportional to the
number of sequences in BOLD for that species.
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4.19.Hypsugo savii

Three CO1 sequences were analyzed Hgpsugo savii The sequences were
obtained from the Central Anatolia region (one efiom Konya and Karaman) and Iran
(Figure 4.64).

Figure 4.64. The sampling locations fetypsugo savii The sizes of the circles are
proportional to the number of individuals. The lda@olor indicates sampling locations for
the first group and the white color indicates santplocations for the second group in the

intraspecific trees (Figure 4.65).

Intraspecific trees foHypsugo saviiare shown in Figure 4.65. All sequences
generated two groups, wherypsugo savill62 and 248 from the Central Anatolia region

clustered together and separately fidgpsugo savik56 from Iran.

g1 |Hypsa-162
{a) Hypsa-248
| Hypsa-256
Barba-15

g1 | Hypsa-162
(k) Hypsa-248
Hypsa-256
Barba-10

002

Figure 4.65. Intraspecific trees faypsugo savii (a) Neighbor-joining tree and (b)
Maximume-likelihood tree.
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There were two different haplotypes in this spe@ssseen in the haplotype
network and the haplotype network table (Figure64aéd Apppendix B), and H1 was
separated by two base pairs from H2. Haplotype & found in the Central Anatolia and

haplotype H2 was found in Iran.

H1

Figure 4.66. Haplotype network fetypsugo saviiThe sizes of the circles are proportional
to the number of individuals. See Table 4.1 forkeg to the color codes of the geographic

positioning of the haplotypes.

As a next step, we compared the sequence of tidoel 162 to those available
in BOLD. Comparing it with the data from BOLD, tloaly closest match to this sample

wasHypsugo saviagain with a specimen similarity range of 100-9%2

The neighbor-joining tree foHypsugo savii, created with BOLD, using
individuals 162 and 256, is shown in Figure 4.6Y tHe tree, the barcoded individuals
from the Central Anatolia region and Iran clustecdosely with one clade dflypsugo
savii barcodes in BOLD. It should be noted that thereevikree other clades in this tree,

one sister to the clade containing our samples.
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— =l Nyctalus

Characidae

< Pipistrellus javanicus

_‘ Pipistrellus pipistrellus

< Pipistrellus kuhlii

Philetor brachypterus

_| —‘ Pipistrellus

Pipistrellus bodenheimeri
Hypsugo ariel

Hypsugo pulveratus

. Hypsugo pulveratus

Hypsugo CMF sp.

Hypsugo savii / ABBWP088-
_| Hypsugo savu i/ABBWP014-06
sugo savii / ABBWP303-07
ypsugo savii /ABB WP089 06
Hypsugo savii / ABBWPO

S WP303-07
— L /7 ss':';%‘c':ssﬁ'(/'///ﬂ\ss WP05%.06

wgo s/ ABEWRISE %8
”W"s%‘;z"s";'vmsswms 6

ypsugo savii / ABBWP133-06
Hypsugo savii/ABBWP141-06

| 162 & 256

-l Hypsugo arabicus

Hypsugo cadornae

Figure 4.67. Neighbor-joining tree for two of odypsugo savisequences, samples 162
and 256, constructed based on BOLD. The sizeseotrthngles are proportional to the

number of sequences in BOLD for that species.
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4.20.Myotis aurascens

One CO1 sequence from Iran was analyzedvigotis aurascengFigure 4.68). A
haplotype network and intraspecific trees could betprepared as there was only one

sample for this species.

Figure 4.68. The sampling location fdyotis aurascens

We compared the sequence of our individalotis aurascen257, with the data
from BOLD. First closest match to this sample wWgotis aurascensvith a specimen
similarity range of 99.5-97.98%, the second wWagotis mystacinusvith a specimen
similarity range of 91.85-91.09% and the third vixgotis cf. aurascenwith a specimen
similarity range of 91.09-91.03%

The neighbor-joining tree fdvlyotis aurascenscreated with BOLD, usinlylyotis
aurascen257 is shown in Figure 4.69. In the tree, the drdycoded individual from Iran

clustered closely with one of the two main cladeMyotis aurascenbarcodes in BOLD.
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Myotis keaysi

Myotis occultus
Myotis septentrionalis
1 ~=il] Myotis lucifugus

Myotis cf. aurascens
Myotis mystacinus

Myotis aurascens /SKBPA227-07
Myotis aurascens / SKBPA225-07
yotis aurascens / SKBPA154-07
Myotis aurascens / SKBPA226-07
Myot:,s aurascens /ABCMA293-06
yotis aurascens / ABCMA292-06
yotis aurascens / ABCMA291-06
Myotis aurascens / SKBPA166-07
Mlyotis aurascens / SKBPA165-07

Mlyotis aurascens /ABBWP142-06

Myotis aurascens /ABBWP143-06

MMyyOﬁS aurascens /SKBPA231-07
257

otis aurascens /SKBPA230-07
yotis aurascens /SKBPA164-07

Mlyotis ikonnikovi

-] Myotis welwitschii

| i i
Tiyons f Aliftisgomantongensis

Myotis dasycneme

~—smm@] Mlyotis daubentonii
ez Myotis siligorensis

~=mll] Myotis muricola

]

Figure 4.69. Neighbor-joining tree for owlyotis aurascenssequence, sample 257,
constructed based on BOLD. The sizes of trianghespaoportional to the number of
sequences in BOLD for that species.
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4.21.Myotis bechsteinii

One CO1 sequence from Turkey was analyzed/fgotis bechsteiniiThe sample
was collected from the Black Sea region (Artvinig(ffe 4.70). A haplotype network and
intraspecific trees could not be prepared as taseonly one sample for this species.

Figure 4.70. The sampling location fdyotis bechsteinii

We compared the sequence of our only individivdiptis bechsteini#, to those
available in BOLD. The closest match to our sampks Myotis bechsteiniiwith a

specimen similarity range of 99.83-93.67%.

The neighbor-joining tree fa¥lyotis bechsteinjicreated with BOLD, using our
individual, Myotis bechsteini# is shown in Fig 4.71. In the tree, the barcomhelvidual
from Artvin (the Black Sea region) clustered clgseith one of the three clades Myotis
bechsteinibarcodes in BOLD.
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-] Myotis aurascens

Myotis ikonnikovi

Myotis daubentonii

-l Myotis macrodactylus

Myotis petax

‘ Myotis frater

Myotis bechsteiniif ABEBWP343-07

2B\
—{ Myotic bechsteinii / ABEWP336-07
gﬁlynns berhsrﬂn{;?ﬁﬂﬂ WPD03-06

Myotis bechsteinii f ABBWPI13-06
My:lrls bechsteinii/ ABBWP242-07
otis bechsteinii/ ABBWP232.07
yuns bechsteinil ABEWP205-07

[ Myatis bechsteinii / SKBPA162-07
.|1

Figure 4.71. Neighbor-joining tree for ouvlyotis bechsteiniisequence, sample 4,
constructed based on BOLD. The sizes of trianghespaoportional to the number of

sequences in BOLD for that species.

4.22.Myotis blythii - Myotis myotis

Eighteen CO1 sequences were analyzedvigotis blythii — Myotis myotisThe
sequences were obtained from all seven regionsuddel and Syria. These included one
individual from the Marmara region (Kirklareli), rde individuals from the Central
Anatolia region (Ankara, Kayseri, Yozgat), one indual from the Black Sea region
(Artvin), four individuals from the Mediterranearagion (two from Osmaniye, two from
Mersin), five individuals from the East Anatoliagren (two from Bitlis, Erzincan, Van,
Malatya), one individual from the Aegean region y@f), two individuals from the

Southeast Anatolia region (Gaziantep, Urfa) andindizidual from Syria (Figure 4.72).



73

Figure 4.72. The sampling locations fivtyotis blythii-Myotis myotis The circles are

proportional to the number of individuals.

Intraspecific trees foMyotis blythii-Myotis myotisare shown in Figure 4.73.

Clades were not clearly separated from each other.

My ably-20
Myobly-25

My obly-23
MMy obly-45
My obly-a1
My obly-24
My obly-7

MMy obly-166
My obly-42
Myobly-5
Pty obly-&
helyobly-21

My obly-46
My obly-1352
My obly-49

2p| My obly-44
ol— ryobly-a7
My obly-131

Myoda-147

My obly-24

My obly-25
My obly-25
My obly-7

My obly-41
My obly-45
My obly-20
My obly-166
My obly-a6
My obly-a2

Be)
S

az

=9

My obly-5
5| Myobly-6

Sl kAyably-21
Myobly-132

S

Myobly-49
My ably-44

4
ZF My obly-47
My obly-131

tyoda-147

Figure 4.73. Intraspecific trees fbtyotis blythiiand Myotis myotis (a) Neighbor-joining
tree and (b) Maximum-likelihood tree. In order take trees clear, allyotis blythiiand
Myotis myotissamples were coded as Myobly. Myoddy¢tis daubentonjiwas selected

as outgroup.
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There were 10 different haplotypes in this speaemplex as seen in the
haplotype network and the haplotype network tabigure 4.74 and Appendix B). H3 was
the most common haplotype (found in seven indivMglyaand was found in the
Mediterranean region, the Central Anatolia regithe Marmara region, the Black Sea
region. Since base pair differences were not vegh,hwe could not observe clear

groupings between haplotype sets.

H1

Figure 4.74. Haplotype network fddyotis blythii-Myotis myotisThe sizes of the circles
are proportional to the number of the individu&see Table 4.1 for the key to the color

codes of the geographic positioning of the haplesyp

Since there were not many differences between iohgids, we chose one
individual randomly,Myotis blythii-Myotis myotigi4, for comparison of its sequence to
those available in BOLD. The first closest matchties sample wasviyotis blythii
oxygnathuswith a specimen similarity of 99.67%, the seconasWyotis myotisagain
with a specimen similarity of 99.67% and the thwes Myotis blythii omariwith a
specimen similarity of 99.67%. This result alsowstd that there was some disagreement

in the nomenclature dflyotis blythii Myotis myotisand their subspecies.

The neighbor-joining tree favyotis blythii-Myotis myotiscreated with BOLD,
using Myotis blythii-Myotis myotigl4 is shown in Figure 4.75. In the tree, our bdecb
individual clustered closely with one of the thneain clades oMyotis blythii-Myotis

myotisbarcodes in BOLD.
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Myotis ikonnikovi
MKotis cf. muricola
Myotis chinensis
. 40 Myotis nattereri

~==m Myotis nattereri

I < Myotis bombinus

Mlyotis blythii / SKBPA192-07
Miyotis blythii blythii / ABBWP019-06
Myotis blythii / SKBPA479-08
otis blythii / SKBPA477-08
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Myotis blythii / SKBPA092-07
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ot ot -
N o ok S eamathas 7 ABBWP044-06
Myotis blythii/SKBPA093-07
Mlyotis blythiiomari / ABBWP317-07

Mlyotis blythii omari / ABBWP146-06

44

‘ Myotis petax

Myotis daubentonii

~al] Myotis punicus

Figure 4.75. Neighbor-joining tree for oMyotis blythii-Myotis myotisequences, using
sample 44, constructed based on BOLD. The sizéiseofriangles are proportional to the

number of sequences in BOLD for that species.
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4.23. Myotis capaccinii

Eight CO1 sequences were analyzedNlyotis capaccinii The sequences were
obtained from the Central Anatolia region (one sl@mipom Newehir), the Marmara
region (two samples from Kirklareli, one samplenirBalikesir), the East Anatolia region

(one sample from Bitlis), and Syria (three samp{Eg)ure 4.76).

Figure 4.76. The sampling locations fdiotis capaccinii The circles are proportional to
the number of individuals. The black color indisagampling locations for the first group
and the white color indicates sampling location tfoe second group in the intraspecific
trees (Figure 4.77).

Intraspecific trees foMyotis capacciniiare shown in Figure 4.77. All CO1
sequences generated two clades; six individualsiwfdrmed the first group were from
Newehir, Bitlis, Balikesir and Syria. Two individualhich formed the second group were
both from Kirklareli, Dupnisa. This difference bet®n two clades resulted from a 14 base
pair difference between two haplotypes (see hapéotgetwork below, Figure 4.78).
Although the two groups had individuals from thensaregion, there was a high number of

base pair difference between two groups.

Myoca-31

(a) Myoca-163

az [Myoca28
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Myoca-169
—|My0ca-au ]CladeE
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Myoca-31

Myoca-165
q1 | Myoca-169

Myoca-28

Myoca-32

Myoca-165

Myoca-80

—%{Mynca-EB ]E‘Edﬂ

Myodau-147

(k)

Clade 1

Figure 4.77. Intraspecific trees ftyotis capaccinii(a) NJ tree and (b) ML tree.

There were two different haplotypes in this spe@ssseen in the haplotype
network and the haplotype network table (Figuré84iid Appendix B). H1 was found in
Newehir, Bitlis, Balikesir, and had its highest fregog in Syria within the data set. H1
was separated by 14 base pairs from H2. H2 waddfennlusively in Kirklareli, Dupnisa

and was separated from the rest of the samplé®imtraspecific trees.

14 bp

Figure 4.78. Haplotype network fdvlyotis capaccinii The sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.

Next, we compared the sequences of representatiwaduals from each clade to
those available in BOLD. We selected one individwath haplotype H1, 31, and
comparing it with the data from BOLD, the closesatam to this sample walslyotis
capacciniiwith a specimen similarity range of 100-97.47%n(aring an individual with
haplotype H2Myotis capaccinii80, with BOLD, the only match dflyotis capaccinii80

wasMyotis capacciniwith a specimen similarity range of 100-97.15%.
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The neighbor-joining tree fakyotis capaccinii created with BOLD, using one
individual belonging to haplotype HMyotis capaccinii3l, is shown in Figure 4.79. In the
tree, the barcoded individual clustered closelyhwahe of the two main clades blyotis
capaccinii The neighbor-joining tree from BOLD fdryotis capaccinii80 is also shown
in Figure 4.80.Myotis capaccinii80 fell within the opposite branch but into thensa

generaMyotis capacciniclade.

~agl] Myotis aurascens

~=l \yotis CMF sp.
——— =l Myotis cf. muricola

~=m@l] Myotis cf. muricola

—.< Myotis mystacinus

aE— Myotis gomantongensis
~ll Myotis annectans

Myotis cf. laniger

Myotis taiwanensis

Myotis phanluongi
-] My otis siligorensis

] Myotis welwitschii

~===ml Mlyotis muricola
—=ll Myotis daubentonii
~=mmgl) My otis chinensis

< Myotis nattereri

Myotis schaubi
| Myotis nattereri
Myotis cf. alcathoe
Myotis macrotarsus
Myotis horsfieldii
Myotis cf. muricola
~ag] Myotis rosseti

Myo tis brandtii
Myotls capaccinii / ABBWP231

V/ BBWP023-06

Myotls capaccmu i/ABBWP260-07
Myotis capaccinii /, ABBWP154-06
Myot:s capaccinii/ ABBWP151-06

Figure 4.79. Neighbor-joining tree for one of ddyotis capacciniisequences, sample 31,
constructed based on BOLD. The sizes of the tremglke proportional to the number of

sequences in BOLD for that species.
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—szmmm) Myotis chinensis
‘< Myotis nattereri

—===ml Myotis schaubi
e Miyoitis nattereri

~==ml \Myotis bombinus

Myotis cf. laniger

_[: Myotis cf. laniger
Myotis taiwanensis

~=ll Myotis phanluongi

—4 Myotis siligorensis

-] Myotis welwitschii

—— Myotis annectans
~=mml] Mlyotis aurascens

< Myotis dasycneme

~ag] Myotis rosseti
Mlyotis macrotarsus

===l Myotis CMF sp.
=] Mlyotis cf. muricola

=l Mlyotis cf. muricola

44 Myotis mystacinus

Myotis capaccinii / ABBWP151-06
Myotis capaccinii /ABBWP154-06
yotis capaccinii/ ABBWP260-07

Myotis capaccinii / ABBWP023-06
" Wyotis capaccinii/ ABBWP231-07
80

Figure 4.80. Neighbor-joining tree for one of ddyotis capaccinisequences, sample 80,
constructed based on BOLD. The sizes of the tremgke proportional to the number of

sequences in BOLD for that species.
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4.24.Myotis daubentonii

Two CO1 sequences from Turkey were analyzedMgotis daubentonii Both
samples were collected from the Black Sea regiooly BFigure 4.81). A haplotype
network and intraspecific trees could not be pregas there were only two samples and

only one haplotype for this species.

Figure 4.81. The sampling location fdyotis daubentonii

As a first analysis, we compared the haplotypehimsée available in BOLD.
Comparing it with the data from BOLD, the only ases match to this sample whlyotis

daubentoniwith a specimen similarity range of 99.49-97.97%.

The neighbor-joining tree foMyotis daubentonji created with BOLD, using
Myotis daubentonill47, is shown in Figure 4.82. In the tree, thebded individual from
Turkey clustered closely with one clade Mifyotis daubentoniibarcodes in BOLD. It
should be noted that there were two other cladethis tree, one sister to the clade
containing our sample, and another reciprocally opbiyletic to the one comprising our

sample and its sister clade.
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Myotis rosseti
Myotis punicus
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Figure 4.82. Neighbor-joining tree for otyotis daubentoniihaplotype, using sample
147, constructed based on BOLD. The sizes of thegles are proportional to the number

of sequences in BOLD for that species.



82

4.25. Myotis mystacinus

Three CO1 sequences were analyzedMigotis mystacinusThe sequences were
obtained from three locations; one from the Aegesgion (Wak), one from the Central
Anatolia region (Yozgat), and one from the Med@eean region (Antalya) (Figure 4.83).

Figure 4.83. The sampling locations Myotis mystacinusThe circles are proportional to
the number of individuals. The black color indisagampling locations for the first group

and the white color indicates sampling location tfee second group in the intraspecific
trees (Figure 4.84).

Intraspecific trees foMyotis mystacinusaare shown in Figure 4.84. All CO1
sequences generated two clades. Sample 175 wasgaknand sample 243 from Yozgat
and these two samples formed one clade, whereagles&étfl from Antalya fell on a
different branch. This was probably due to thatldigpe (H3) being different from the
rest by four bases (see haplotype network belogyrgi4.85).

53 Myomys-175
Myomys-243
{a)

Mlyormys-261
Myoda-147

65 — Myomys-175
Myomys-243
(k)

Myomys-261
Myoda-147

0.0z

Figure 4.84. Intraspecific trees fiotyotis mystacinuga) NJ tree and (b) ML tree.
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There were three different haplotypes in this gme@s seen in the haplotype
network and the haplotype network table (Figures4a8d Appendix B). Haplotypes H1
and H2 formed one group, which was separated by l@se pairs from H3 (which
corresponded to sample 261 in the trees). H3 wasdfon Antalya (the Mediterranean
region) and clustered separately from the otherdaraples in the intraspecific trees.

H2

Figure 4.85. Haplotype network fdvlyotis mystacinusThe sizes of the circles are
proportional to the number of individuals. See Eadll for the key to the color codes of

the geographic positioning of the haplotypes.

As a next step, we compared the sequences of dingdnals from each group to
those available in BOLD. For H1 and H2, we seled®rd representative individual, 175,
and comparing it with the data from BOLD, the fidbsest match to this sample was
Myotis mystacinusvith a specimen similarity range of 100-99.67%, second waklyotis
cf. aurascensvith a specimen similarity range of 99.67-99.6686 ¢he third wadviyotis
mystacinusagain with a specimen similarity range of 99.62698. Comparing the only
individual with haplotype H3Myotis mystacinu261, with the matches to BOLD, the first
closest match wallyotis cf. aurascenwith a specimen similarity of 99.66%, the second
was Myotis mystacinusvith a specimen similarity range of 99.48-99.1%#&nd the third

wasMyotis cf. aurascenagain with a specimen similarity of 99.15%.

The neighbor-joining tree foMyotis mystacinyscreated with BOLD, using
samples 175 and 261, is shown in Figure 4.86. éntribe, the barcoded individuals from
Turkey clustered with otheMyotis mystacinusand Myotis cf. aurascendarcodes in
BOLD. There was no clear separation between th&ichdhls 175 and 261. The main
clade that contained individuals 175 and 261 atstuded one individual from Veierland,
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Norway. There was one othklyotis mystacinughdividual forming its own clade, sister to

the mainMyotis mystacinuslade.

Chiroptera
< Myotis lucifugus

4 Myotis aurascens

Myotis ikonnikovi

Myotis mystacinus / ABBWP279-07
Myotis mystacinus / SKBPA190-07

Myotis cf. aurascens / ABBWP241-07
Myotis cf. aurascen, -07
IXIIO#; cf. gurascens i [éy 15145’;245370
yotis cf. aurascens / ABBWP047-06
Myotis cf. aurascens / ABBWP046-06
Myotis mystacinus / FBMAMO015-10
Myotis mystacinus / SKBPA159-07
Myotis mystacinus / SKBPA085-07
Myotis mystacinus /SKBPA160-07
Myotis mystacinus / SKBPA125-07
Motls_ mystacinus / ABBWP105-06
yotis mystacinus / ABBWP183-06
Myotis cf. aurascens / ABBWP045-06
Myotis mystacinus / SKBPA233-07
Myotis mystacinus / SKBPA151-07
IMyotl:s mystacinus /SKBPA161-07
Mlyotis mystacinus / SKBPA163-07
IO e P A e
Ivﬁ/otls # aurascéns /AB Wg.i 69—06
Myotis mystacinus / ABBWP246-07
1 75—& Mlyotis cf. aurascens / ABBWP195-07

26
Myotis cf. muricola
I ] Myotis welwitschii

Myotis daubentonii

~alll Myotis bechsteinii

Myotis mystacinus / NOMAMO017-09 / Norway, Veierland

Figure 4.86. Neighbor-joining tree for oltyotis mystacinusequences, sample 175 and
sample 261, constructed based on BOLD. The sizésedfiangles are proportional to the

number of sequences in BOLD for that species.
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4.26.Miniopterus schreibersii pallidus

One CO1 sequence from Iran was analyzedviimiopterus schreibersii pallidus
The sample was collected from llam, Sarin Ab-Ga(Rigure 4.87). A haplotype network
and intraspecific trees could not be prepared @®twvas only one sample for this species.

Figure 4.87. The sampling location fdiniopterus schreibersii pallidus

We compared the sequence of our sample to thoskaldeain BOLD. The first
closest match to this sample wb&iniopterus schreibersii pallidusvith a specimen
similarity of 99.83% and the second wa&iniopterus schreibersiiwith a specimen
similarity range of 95.69-95.19%.

The neighbor-joining tree foMiniopterus schreibersii pallidyscreated with
BOLD, using our sampléJliniopterus schreibersii pallidus152 is shown in Figure 4.88.
In the tree, the barcoded individual from Iran tdued closely with the one barcode,
Miniopterus schreibersii pallidysn BOLD, forming a single clade.
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Miniopterus fuliginosus

Miniopterus minor

Miniopterus natalensis

~==mll Miniopterus natalensis

Miniopterus africanus

~==mm Miniopterus

Miniopterus schreil ersg%t\BBWP293 -07
Miniopterus schreibersii/ABBWP302-07

iniopterus sc A‘elbgrsu/ KBPA179-07

Miniopterus schreibersii/ABBWP061-06
Miniopterus schreibersii/ABBWP072-06
Miniopterus schreibersi /ABBWP015-06
MI pterus schreibersii,

Z lgers BBWP017 06
e S S

u.

Mnlo terus sci rel' erstI//AEEWF 5

' Mliniopterus schreibersii pallidus/ABB WP150-06
M152

O

C

Figure 4.88. Neighbor-joining tree for oiniopterus schreibersii pallidusequence,
sample M152, constructed based on BOLD. The sikzdiseotriangles are proportional to

the number of sequences in BOLD for that species.
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5. DISCUSSION

In our study, we analyzed 134 bat tissue samplesizenbank and six BOLD
sequences from a total of 26 species. Samples takem mainly from Turkey but there
were also a few samples from Iran and Syria. Therame intraspecific divergence was
1.09%. Intraspecific divergences Bptesicus serotinuand Tadarida teniotishad much
higher values than the average intraspecific dmecg value (4.25% and 9.54%,

respectively).

Hebert et al. (2004b) suggests a threshold of iteast the average intraspecific
difference for faster discovery of new animal speciand for barcoding to work
effectively to discriminate species. However, relyermany authors have discussed the
validity of such assumptions. Dasmahapatra andeé¥i¢2006) argue that the determination
of the intraspecific divergence can be biased kyatmalysis of few individuals per species
or by the sampling in a restricted area. Secora#{ermination of interspecific divergence
may not include the closest relative, and as Meteal. (2008) also suggest, the use of

mean instead of smallest interspecific distancesesaggerate the size of the “barcoding

gap”.

We divided the species under investigation inteehgroups -the first group
included the species that formed more than oneec{hdth in intraspecific trees and in
BOLD tree excepMyotis mystacinusexplained below), the second group included the
species that formed one clade (in intraspecifiesyeand the third group included the
species with one sample only-.

The first group consisted of the following speci&gtesicus serotinus, Myotis
capaccinii, Pipistrellus pipistrellus, Rhinolophasaryale, Rhinolophus ferrumequinwand
Rhinolophus hipposiderosTwo speciespPlecotus macrobullarisand Tadarida teniotis
formed more than one clade and were included irfithiegroup, however, their patterns
do not only reflect the Turkish population, butlue samples from a neighboring country
(Plecotus macrobullarisrom Iran) and samples from BOLD and Genbank wottations

unavailable to the publicT@darida teniotiy. Myotis mystacinusvas also included in first
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group but its division in intraspecific trees reedlin a very complex and structured clade
in BOLD.

The second group results need detailed analysie fimee different scenarios can
be proposed -the first one is that the lack of dampesulted in one clade but does not
show the real picture in TurkeyBdrbastella barbastellus, Hypsugo savii, Myotis
daubentonii, Pipistrellus kuh)ii The second one is that although we had enougiplsa
of a particular species, one clade formed becalifeeayenetic complexity of the species
(Myotis blythii/Myotis myot)s The third one is that there is already a simigele present
in Turkey and our samples were adequate to showrdak picture Kyctalus leisleri,

Nyctalus noctula, Plecotus kolombatovici, Pipidtrelnathusii, Taphozous nudivenjris

Finally, the third group includedAsellia tridens, Miniopterus schreibersii
pallidus, Myotis aurascens, Myotis bechsteinii, tdiges lasiopterus, Otonycteris

hemprichii and Pipistrellus pygmaeus.

Eptesicus serotinukad an intraspecific divergence value of 4.25%cokding to
Benda and Horacek (1998), the territory of Turkegynbe a zone of transition between
two subspecie<k. s. serotinugNorthern Turkey) ané&. s. shiraziensi§Southern Turkey).
Our results, including the high intraspecific diyence value, support this expectation. Our
single individual from the Black Sea region feltana separate clade when compared to
individuals from southern Turkey in the BOLD trdadure 4.28). There were five main

clades folEptesicus serotinus the BOLD tree for this species.

The BOLD tree showed that there were two major edafbr Myotis capaccinii
and we had samples that fell on both clades. Thesegroups differed by 16 base pairs
from each other, and one group came from Thracg éwmlcording to Benda and Horacek
(1998), many authors accepted the presendé af bureschin Thrace. We also agree that
one group is highly differentiated genetically whaampared with the rest of oiyotis
capacciniisamples. Our results are in concordance with Biégial. (2008a), who showed
the presence of two clades in Turkey, eastern @raad Bulgaria. It should be noted that

IUCN does not mention any differentiation withMyotis capaccinii
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There were two main clades in the BOLD treeRaistrellus pipistrellusand our
southern individuals fell into one of these clades;iprocal to the one including an
individual from Germany. Our Black Sea individuakhed a new clade. The study of
Hulva et al. (2007) on cyt-b oPipistrellus species indicated three main clades for
continentalPipistrellus pipistrellus namely the European, Moroccan and Sicilian liesag
Our southern individuals possibly clustered wite Moroccan and Sicilian lineages, since
the reciprocal clade consisted of an individuahfré&ermany and thus comprising the
European lineage in BOLD. Hulva et al. (2010) shawiee presence of three different
possible haplotype groups in Turkey. Since ourvindial from the Black Sea region
formed a new clade in the BOLD tree, it is possthig our individual is the first record in
BOLD representing one of the haplotype groups meeti in Hulva et al. (2010).
Pipistrellus pipistrellusfrom the Black Sea region was different by eigasé pairs from
the southern individuals. Benda and Horacek (199&ntion the presence d?. p.
pipistrellusfrom Northern and Western Turkey aRdp. aladdinfrom Eastern Turkey and

the two clades found in this study support thatsitm.

There was a single clade fBhinolophus euryalen the BOLD tree. Our samples
were divided into two groups in intraspecific tresasd there was a slight difference in
locations of the samples from each group in BOLEetrThe phylogenetic analyses of
Bilgin et al. (2008b) of this species showed thespnce of two reciprocally monophyletic
clades. One of these clades was found in the esdimgling range of the species in their
study (southeastern Europe and Anatolia), whetea®ther clade was found to the east,

and our finding of two groups support the findimg®Bilgin et al. (2008b).

Our Rhinolophus ferrumequinusamples were divided into two groups and each
one corresponded to a different clade in the BOlde.tPrevious research suggests fhat
f. ferrumequinums expected to inhabit Thrace whiR f. irani Eastern Anatolia (Benda
and Horacek, 1998). Our data showed that thereawasght base pair difference between
western and eastern populations (Figure 4.9). Irecent study (Bilgin et al. 2009),
Rhinolophus ferrumequinushowed an east/west division within Anatolia. hattstudy a
zone of overlap between two mtDNA clades was oleskia southeastern Anatolia, and
the geographic positioning of the phylogeographiak in our study is concordant with

that study. Interestingly, there was one recorBloholophus clivosuamongRhinolophus
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ferrumequinunmbarcodes in the BOLD tree, forming its own claies possible that this

individual was incorrectly identified in BOLD.

Our intraspecific trees fdrRhinolophus hipposiderosere divided into two main
groups. The BOLD tree had four divisions and ounlas fell into two different clades in
it. Genetic divergence amorighinolophus hipposiderowas observed asix base pair
differences between our two main groups. Benda ldocacek (1998) state that the

systematics oRhinolophus hipposideras Turkey is very complicated.

Our samples from Turkey and Iran fell into fkecotus macrobullarislade, but
onto different branches within this clade. Thereev&0 base pair differences between
Turkish and Iranian populations. The BOLD tree haa main clades forPlecotus
macrobullaris and one of these clades represerRéztotus macrobullaris alpineand
none of our samples clustered with this subspedesording to Juste et al. (2004),
haplotypes ofPlecotusfrom mountains of Iran and Syria were geneticallydly distinct
from the European samples and they includelécotus alpineswithin Plecotus
macrobullaris Although our BOLD tree and their phylogeneticetmgere in concordance
regarding the branching, they concluded that thesegic difference amonglecotus

macrobullariswas insignificant.

Tadarida teniotishad a high intraspecific divergence of 9.54%. €heere two
clades present for this species in our intrasped¢rges. All the sequences taken from
BOLD and Genbank formed one clade whereas the akeshe samples from Turkey
formed another clade. Similarly, the BOLD tree lasb two main clades foFadarida
teniotis. Again, sequences from Genbank and BOLD fell imte of these clades, whereas
Turkish samples fell into the other clade. [UCNtetathat populations in Japan, Taiwan
and Korea have been treated as a separate spediesignissince 2005. An update in the
BOLD database is needed regarding IUCN recordsesings highly probable that the
monophyletic clade reciprocal to the one includihgrkish samples is representiig
insignis According to Benda and Horacek (1998), two subiggenames are suggested for
Turkish population;T. t. teniotisand T. t. rueppelli Further research over the whole
species range is necessary to establish the taxorstatus of this species, including the

Turkish population.
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In our study,Myotis mystacinusamples from the Aegean, the Central Anatolia
and the Mediterranean regions all fell into the samain group in the BOLD tree. The
BOLD tree had one bifurcation for this species arabt of the samples fell into the main
group. In this group, there was still a high degogevariation. Our samples and one
individual from Veierland, Norway fell into the sanmain group in BOLD. According to
Benda and Horacek (1998), morphological studiesvsthat at least three different forms
occur in the territory of Turkey; however, our geoeesults do not support this notion as
samples from the three regions in Turkey mentioagove and Norway are in the same
clade.

The second group consists Barbastella barbestullus, Hypsugo savii, Myotis
daubentonii, Pipistrellus kuhlii, Myotis blythii/Mtis myotis, Nyctalus leisleri, Nyctalus
noctula, Plecotus kolombatovici, Pipistrellus nathandTaphozous nudiventris

There was a one base pair difference between threndta and the Black Sea
region samples dBarbastella barbastellusAccording to Benda and Horacek (1998), this
species might be separated Barbastella barbastellusnd Barbastella leucomelas
Turkey. Northern individuals are consideredBasbastella barbastellusshereas southern
species might represeBarbastella leucomelasJnfortunately, both of our samples were
taken from north and there was not considerabléeréiice between ouBarbastella
samples. AlthouglBarbastella barbastelluandBarbastella leucomeladifferentiation is
not clear according to morphological data, sepamatcan potentially be observed

genetically in the BOLD tree (see Figure 4.51 ahove

Our Hypsugo savisamples were from the Central Anatolia region &ad, and
did not differ significantly based on CO1 data. Hwer, the BOLD tree showed that there
were four different clades for this species onlyr ®amples fell into the same clade on the
BOLD tree, suggesting that they represented aesitegton. Benda and Horacek (1998)
state thaH. s. saviiandH. s. caucasicuare two subspecies that are distributed throughout

Turkey, however our two samples do not seem tesgmt separate taxa.
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Myotis daubentonisamples were from the Black Sea region. There wwece
samples and one haplotype for this species. Bendiddaracek (1998) state that there is a
cline increase in size dflyotis daubentonifrom the west to the east, however they are not
sure whether this differentiation is large enougheisult in nomenclatoric separation at the
level of subspecies. Unfortunately we did not hameugh samples to add significantly to
this discussion. The BOLD tree showed two mainesafibr this species and one of these
was further divided into two branches. Our hapletygll onto the smaller branch (Figure
4.82).

Our Pipistrellus kuhliisamples from the Southeast Anatolia region feb ithe
same clade in BOLD. However, it is obvious thasthpecies has some major division
genetically that needs to be studied further. Thegee three main clades fBipistrellus
kuhlii in the BOLD tree. Benda and Horacek (1998) coreltliat there is a gradual
transition between the paler form in the south andbrker one that can be coidentified
with the nominotypic form, but whether there isubbspecies differentiation or not is still

an open question.

Myotis blythii and Myotis myotiswere two species we studied together in this
project. They had an intraspecific divergence @b together. This value was relatively
low when compared to other species which showelehitgvels of intraspecific variation,
such asEptesicus serotinuand Tadarida teniotis Although we had 18 samples from all
around Turkey, we could not find any pattern thasvgenetically descriptive. Recent
speciation or introgressions of mitochondrial haypes are likely explanations for
genetically similar and morphologically differeqtexies (Mayer et al. 2007). According to
Berthier et al. (2006), cryptic hybridization isethase foMyotis myotisandM. blythii. All
our samples had similar haplotypes and they dltdethe same clade in BOLD supporting

this scenario.

Nyctalus leislerisamples were taken from the Marmara, the Black éeathe
Mediterranean regions; however, they all had timeshaplotype. The BOLD tree had one
clade forNyctalus leisleri Benda and Horacek (1998) state that majorityhef East-
Mediterranean records come from spring and/or anttramsient period and reflects not a

resident population but migrants. They suggest tealated and non-migrating local
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populations need to be studied to understand whétleee is more than one nominotypic

form of N. I. leisleri

Our samples fell into the one and oMyctalus noctulaclade present in BOLD.
Benda and Horacek (1998) mention the presencaeé tifferent groups, but the samples
collected from Anatolia could be migrating indivals, as in the case dflyctalus
lasiopterus so it was not easy to draw a definitive conclosiOur two samples had a two
base pair difference in between, with one sampiegbieom the Thrace and the other from
the Mediterranean region. It is worth consideringttthe twaNyctalus noctulandividuals
in BOLD were from Germany, so this clade includmg samples may be representig
n. noctula The two other subspecies mentioned in Benda amdddk (1998), ar&l. n.
lebanoticus (from Levant) andN. n. meklenburzev{from Central Asia), with the

nominotypic formN. n. noctulabeing reported from Europe (including the Balkans)

The BOLD tree had four branches #Blecotus kolombatoviciTwo of the four
branches belonged felecotus teneriffae gaislerOur samples from the Central Anatolia

region fell into one of th€lecotus kolombatovidranches.

Pipistrellus nathusiisamples were taken from the Marmara and the Aegean
regions. There was only one clade Ripistrellus nathusiin the BOLD tree, and Benda
and Horacek (1998) describe the species as beingptymc. Our genetic conclusions
support this idea.

Taphozous nudiventrisamples were collected from the Southeast Anatolia
region. Our samples fell into one of the two cladéJaphozous nudiventri;y BOLD.
Each BOLD clade was further divided into two groupéJCN (Bates et al. 2008) also
assigns four subspeciesTaphozous nudiventrisn concordance with the BOLD tree we

obtained.

The third group includes the following specieéssellia tridens, Miniopterus
schreibersii pallidus, Myotis auritus, Myotis betdigii, Nyctalus lasiopterus, Otonycteris

hemprichiiandPipistrellus pygmaeus



94

Asellia tridenssamples were from Iran only, but we still includdg@m in our
study. IUCN data reveals th#sellia tridenshas not yet been recorded in Turkey.
According to Benda and Horacek (1998), this specas be expected to be found in
Turkey since the northern margin of its distribnabrange is very close to the southern
Turkish border. There was a separation in BOLD fogéAsellia tridens so it should be
further investigated in its own geographic range uttderstand whether there is a
taxonomic division or not. According to IUCN datdock et al. 2008), there are three

subspecies ohselliaglobally.

Miniopterus schreibersii pallidusample was from Iran. According to Benda and
Horacek (1998), there are two subspeciedlofiopterus schreibersiiM. s. schreibersii
inhabits Western Anatolia wheredé. s. pallidusinhabits Eastern Anatolia. Since our
sample was taken from Iran, our finding confirmbd tdivision. In the BOLD tree, our
sample fell within the same clade with s. pallidus The rest oMiniopterus schreibersii
was separated into two clades in the BOLD tree.oAdiag to Bilgin et al. (2006)M. s.
schreibersiiand M. s. pallidusqualify as two separate phylogenetic species iatdlra.
Furman et al. (2010) later suggested that the epewere allopatric and the nominal
species’ range distribution was limited to Europd ¢he coastal zones of Asia Minor and
that the two forms represented separate specid¢ge liight of these studied). s. pallidus
is granted a full species status, a sister taxoM.tschreibersii.Our BOLD tree also

supports this sister taxon relationship.

The Myotis aurascensample was also from Iran. This species was fdymer
included in Myotis mystacinus subsequently it was differentiated on the badis o
morphology (Benda and Tsytsulina 2000). Based enBBLD tree,Myotis aurascens
itself has many clades that need to be studietdurt

Myotis bechsteinisample was taken from the Black Sea region. Tivere three
clades forMyotis bechsteiniin BOLD; however, the geographic variation of teecies
has not yet been described due to the restrictetbauof records in Turkey, including this
study.
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Our Nyctalus lasiopterusample was from the Mediterranean region. Therg wa
no separation in BOLD tree for this species. Oungda fell into the same group with all
the other Nyctalus lasiopterusspecies. Benda and Horacek (1998) agree with the
consideration of this species as monotypic andnggaall its populations undey. .
lasiopterus.

Our only Otonycteris hemprichsample was from Syria. The BOLD tree showed
that there was one clade for this species, buadt itnany small branches within. Benda
and Gvozdik (2010) state th@tonycteris hemprichi(from North Africa and the Middle
East) andOtonycteris leucophaefdrom Central Asia) should be regarded as two Isg¢pa
species. They found three sublineages, each coedide be a separate subspecies within
the newly definedOtonycteris hemprichii Both Turkish and Syrian populations are

regarded a®©tonycteris hemprichii hemprichim their study.

Pipistrellus pygmaeusample was taken from the Marmara region. Thispsam
fell to the one clade belonging to the same speni&DLD. Hulva et al. (2007) mention
this group as exhibiting very low genetic varidlilacross its range. This species was
previously considered to be a subspecieRipfstrellus pipistrellus however, the BOLD
tree clearly revealed that two species were gealbtivery different. There were two

samples from Norway in the same clade VAtpistrellus pygmaeuysncluding our sample.

BOLD similarity tables forEptesicus serotinus, Myotis mystacinus, Pipistsellu
kuhlii and Taphozous nudiventrieevealed that although these species matchedtkeaih
own species first, the second closest match walesienht species and was more similar to
our individuals than another group of their own @pe. For example, according to the
BOLD similarity table forEptesicus serotinyghis species first matched witptesicus
serotinuswith a similarity of 100%. The second match wgstesicus nilssoniwith a
similarity range of 99.29-97.86% and the third rhat@s agairkptesicus serotinugith a
specimen similarity range of 93.91-93.57%. SimylaHptesicus bottagvas in the second
place in the similarity table for our individualsom Antalya and Syria and fdvlyotis
mystacinus Myotis cf. aurascensvas in between. The same pattern was observed for
Pipistrellus kuhliiandTaphozous nudiventrisecauséipistrellus desertand an unknown

Taphozousspecies were in the second place and was mordasitai our samples than
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another group of their own species, respectivelys Bhows that there is an uncertainity
regarding these species in BOLD; therefore, idigatifons should be updated based on the
new scientific studies. In addition, the probapilidf introgression between these species

should also not be disregarded.

In conclusion, the DNA barcoding of 26 bat speeies performed in this study.
The genetic data were also compared with previtudies of Turkish bat fauna, especially
at the subspecies level. CO1 barcoding was sebka &ffective as an identification tool of
bat species. BOLD has a very broad library for Qptera, and all our sequences matched
with a specific bat species. From a phylogeograjpleicspective, six speciegftesicus
serotinus, Myotis capaccinii, Pipistrellus pipidttes, Rhinolophus euryale, Rhinolophus
ferrumequinum and Rhinolophus hipposideros, Myuiistacinusshowed the presence of
more than one clade for Turkey. These speciesaré gandidates for discovery of cryptic
species or subspecieBlecotus macrobullarissamples from Iran differed greatly from
Turkish samples of the same species, and the eliféer was also observed in the BOLD
tree. Some offadarida teniotissequences were obtained from BOLD and Genbank and
these sequences were different from Turkish santpleslarge degree, by 63 base pairs.
Unfortunately, many of the BOLD and Genbank segasrare not available to the public
so we do not know sample locations of these se@serfeven specieédgellia tridens,
Miniopterus schreibersii pallidus, Myotis aurascenMyotis bechsteinii, Nyctalus
lasiopterus, Otonycteris hemprichii, Pipistrelluggmaeuyshad only one sample available
but we still obtained the results from BOLD and gamed our data with previous studies
regarding Turkish populations. Ten speci&arpastella barbastellus, Hypsugo sawvii,
Myotis blythii-Myotis myotis, Myotis daubentoniiydtialus leisleri, Nyctalus noctula,
Pipistrellus kuhlii, Pipistrellus nathusii, Plecatu kolombatovici and Taphozous
nudiventrig clustered in one clade with other sequences ihB&nd comparisons with
previous studies reveal that further studies aezleé to get a clearer picture of subspecies

distribution for these species in Turkey.
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APPENDIX A: BAT SPECIMENS AND THEIR LOCATIONS

Table A.1. Bat specimens and their locations.
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DNA no. | Species (short) Species name District City Area
1 Rhife Rhinolophus ferrumequinurp Kars
2 Rhife Rhinolophus ferrumequinurp  Kilis Gaziantep
3 Rhife Rhinolophus ferrumequinurp Gaziantep
4 Myobe Myotis bechsteinii Artvin
5 Myobly/Myomyo| Myotis blythii/Myotis myotis| Dupnisa Kirklareli
6 Myobly/Myomyo| Myotis blythii/Myotis myotis Ankara
7 Myobly/Myomyo| Myatis blythii/Myotis myotis Artvin
9 Plema Plecotus macrobullaris Kayseri
10 Plema Plecotus macrobullaris Kayseri
12 Pipku Pipistrellus kuhlii icel Mersin
13 Pippi Pipistrellus pipistrellus Van
15 Pippi Pipistrellus pipistrellus Konya
16 Rhieu Rhinolophus euryale Zonguldak
17 Rhieu Rhinolophus euryale Tarsus Mersin
18 Barba Barbastella barbastellus Dupnisa Kirklareli
19 Barba Barbastella barbastellus Rize
20 Myobly/Myomyo| Myotis blythii/Myotis myotis Osmaniye
21 Myobly/Myomyo| Myotis blythii/Myotis myotis| Tarsus Mersin
23 Myobly/Myomyo| Myotis blythii/Myotis myotis Malatya
24 Myobly/Myomyo| Myotis blythii/Myotis myotis Kayseri
25 Myobly/Myomyo| Myotis blythii/Myotis myotis Yozgat
26 Rhife Rhinolophus ferrumequinup Koyunbabal  Kirklareli
27 Rhife Rhinolophus ferrumequinur Sanlurfa
28 Myoca Myotis capaccinii Newehir
29 Myoca Myotis capaccinii Dupnisa Kirklareli
31 Myoca Myotis capaccinii Bitlis
32 Myoca Myotis capaccinii Havran Balikesir
34 Rhieu Rhinolophus euryale Balikesir
35 Rhieu Rhinolophus euryale Koyunbaba  Kirklareli
36 Rhieu Rhinolophus euryale Hatay
37 Rhieu Rhinolophus euryale Tarsus Mersin
41 Myobly/Myomyo| Myotis blythii/Myotis myotis| Tarsus Mersin
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42 Myobly/Myomyo| Myotis blythii/Myotis myotis| Agzikara Afyon
44 Myobly/Myomyo| Myotis blythii/Myotis myotis Van

45 Myobly/Myomyo| Myotis blythii/Myotis myotis Osmaniye
46 Myobly/Myomyo| Myotis blythii/Myotis myotis Erzincan
47 Myobly/Myomyo| Myotis blythii/Myotis myotis Bitlis

49 Myobly/Myomyo| Myotis blythii/Myotis myotis Bitlis

52 Pipku Pipistrellus kuhlii Urfa

53 Pipku Pipistrellus kuhlii Diyarbakir
54 Plekolombatovicy  Plecotus kolombatovici Karaman
60 Plekolombatovicy  Plecotus kolombatovici Karaman
62 Plemacrobullarig  Plecotus macrobullaris Newehir
63 Plemacrobullari§  Plecotus macrobullaris Kayseri
65 Plekolombatovic]  Plecotus kolombatovici Konya
66 Plekolombatovic]  Plecotus kolombatovici Konya
67 Rhieu Rhinolophus euryale Tarsus Mersin
68 Rhieu Rhinolophus euryale Zonguldak
69 Rhieu Rhinolophus euryale Denizli
70 Rhieu Rhinolophus euryale Tarsus Mersin
71 Rhieu Rhinolophus euryale Kocaeli
72 Rhieu Rhinolophus euryale Sinop
73 Rhife Rhinolophus ferrumequinur Van

74 Rhife Rhinolophus ferrumequinur Rize

75 Rhife Rhinolophus ferrumequinurm Hatay
76 Rhife Rhinolophus ferrumequinur Nigde
77 Rhieu Rhinolophus euryale Hatay
80 Myoca Myotis capaccinii Dupnisa Kirklareli
81 Rhife Rhinolophus ferrumequinurm Mardin
98 Nyclei Nyctalus leisleri Dupnisa Kirklareli
101 Nyclei Nyctalus leisleri Trabzon
102 Nyclei Nyctalus leisleri Trabzon
103 Nyclei Nyctalus leisleri Trabzon
131 Myobly/Myomyo| Myotis blythii/Myotis myotis Nizip Gaziantep
132 Myobly/Myomyo| Myotis blythii/Myotis myotis| Viransehir Urfa
133 Pipnathusii Pipistrellus nathusii Manyas Balikesir Kgicenneti
135 Tapnu Taphozous nudiventris Nizip Gaziantep
136 Rhife Rhinolophus ferrumequinup  Epcik Nigde
137 Pippyg Pipistrellus pygmaeus Bandirma Balikesir
138 Pippi Pipistrellus pipistrellus Bafra Samsun
139 Rhihi Rhinolophus hipposideros Ordu
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140 Tadte Tadarida teniotis Kahta Adiyaman
141 Tapnu Taphozous nudiventris Nizip Gaziantep
143 Tadte Tadarida teniotis Selime Aksaray
144 Rhihi Rhinolophus hipposideros Epcik Nigde
147 Myoda Myotis daubentonii Cepni Bolu
149 Pipnathusii Pipistrellus nathusii Manyas Balikesir Kgicenneti
153 Tadte Tadarida teniotis K%E)?ﬁlsl,(u Urfa
161 Rhihi Rhinolophus hipposideros Antalya
162 Hypsa Hypsugo savii Konya
163 Epser Eptesicus serotinus Suriye
165 Myoca Myotis capaccinii Suriye
166 Myobly/Myomyo| Myotis blythii/Myotis myotis Suriye
168 Myoca Myotis capaccinii Suriye
169 Myoca Myotis capaccinii Suriye
171 Othe Otonycteris hemprichii Suriye
174 Rhife Rhinolophus ferrumequinurp Kilitbahir Canakkale
175 Myomys Myotis mystacinus Banaz Wak
177 Tapnu Taphozous nudiventris Nizip Gaziantep
182 Rhihi Rhinolophus hipposideros| Sindirgi Balikesir
184 Rhife Rhinolophus ferrumequinup  Sindirgi Balikesir
188 Rhihi Rhinolophus hipposideros Hafik Sivas
190 Rhihi Rhinolophus hipposideros| Yaylabai Erzincan
191 Rhihi Rhinolophus hipposideros Urfa
195 Rhihi Rhinolophus hipposideros Zonguldak
196 Rhihi Rhinolophus hipposideros Zonguldak
197 Rhihi Rhinolophus hipposideros Zonguldak
199 Nycnoc Nyctalus noctula Kirklareli
200 Rhieu Rhinolophus euryale Kocaeli
202 Rhife Rhinolophus ferrumequinurp Karabuk
203 Epser Eptesicus serotinus Zonguldak
204 Rhihi Rhinolophus hipposideros Bartin
205 Rhife Rhinolophus ferrumequinurp Zonguldak
207 Pipnathusii Pipistrellus nathusii Afyon
208 Rhihi Rhinolophus hipposideros| Ayancik Sinop
211 Rhihi Rhinolophus hipposideros| Macka Trabzon
213 Pipku Pipistrellus kuhlii Nizip Gaziantep
217 Pipku Pipistrellus kuhlii Eski Kale Mardin
219 Pipku Pipistrellus kuhlii Turkoglu |Kahramanmarg
223 Pipku Pipistrellus kuhlii Kahta Adiyaman
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224 Pipku Pipistrellus kuhlii Ceylanpina Sanhurfa
226 Pipku Pipistrellus kuhlii Kilis Gaziantep
228 Pipku Pipistrellus kuhlii Birg;;[?ek Adiyaman
230 Pipku Pipistrellus kuhlii lgdir
231 Myoda Myotis daubentonii Trlz\sl/lvaegrten Bolu
235 Rhihi Rhinolophus hipposideros| Caybai Bursa
243 Myomys Myotis mystacinus iﬁg:kﬁ;{f” Yozgat
245 Rhihi Rhinolophus hipposideros Sa\;z)r/]ilégyu Karabuk
248 Hypsa Hypsugo savii Ermenek Karaman
251 Nycnoc Nyctalus noctula Osmaniye
252 Plemacrobullari Plecotus macrobullaris Zencan Iran
255 Aselia Asellia tridens llam Iran
256 Hypsa Hypsugo savii Iran
257 Myoaur Myotis aurescens Iran
258 Plemacrobullari Plecotus macrobullaris Iran
259 Plemacrobullari Plecotus macrobullaris Zencan Iran
260 Plemacrobullari Plecotus macrobullaris Elmali Antalya
261 Myomys Myotis mystacinus Beskonak Antalya
263 Aselia Asellia tridens llam Iran
265 Nyclei Nyctalus leisleri Antalya
269 Epser Eptesicus serotinus Elmali Antalya
270 Epser Eptesicus serotinus Beskonak Antalya
271 Nycla Nyctalus lasiopterus Elmali Antalya
M152 Minsc Minioptzgjlﬁdsucshreibersii llam Iran Ségr:nf\;-
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APPENDIX B: HAPLOTYPE NETWORK TABLES

Table B.1. Haplotype network table l@hinolophus euryale.

Haplotype Number of individuals Code for timalividuals asj

seen in the intraspecific
trees (Figure 4.3)

H1 1 77

H2 7 68-71-69-16-200-35-34

H3 2 67-70

H4 1 72

HS 2 17-37

H6 1 36

Table B.2. Haplotype network table f@hinolophus ferrumequinum.

Haplotype Number of individuals Code foe tndividuals asr

seen in the intraspecific
trees (Figure 4.8)

H1 1 2

H2 1 3

H3 4 26-174-205-202

H4 2 27-75

H5 3 1-74-81

H6 1 73

H7 2 136-76

H8 1 184

Table B.3. Haplotype network table flehinolophus hipposideros.

Haplotype Number of individual]SCode for the individuals as seen in 1

intraspecific trees (Figure 4.12)

H1 7 245-195-208-204-196-235-197

H2 3 188-190-139

H3 1 161

H4 1 144

H5 1 182

H6 1 191

H7 1 211

he



Table B.4. Haplotype network table fdadarida teniotis.
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Haplotype Number of individuals Code foe tindividuals asr

seen in the intraspecific
trees (Figure 4.21)

H1 6 ABBM293-ABBM310-
ABBM311-HM541963-
HM541964-HM541965

H2 2 153-143

H3 1 140

Table B.5. Haplotype network table féptesicus serotinus.

Haplotype Number of individuals Code for the indwals as
seen in the intraspecific
trees (Figure 4.26)
H1 4 ABBM280-BM084-
HM540267-HM540268
H2 2 ABBM380-HM540269
H3 2 269-270
H4 1 203
H5 1 163
Table B.6. Haplotype network table fdictalus noctula.
Haplotype Number of individuals Code foe tindividuals
H1l 1 199
H2 1 251

Table B.7. Haplotype network table ipistrellus kuhlii.

Haplotype Number of individuals Code fbetindividuals aT
seen in the intraspecific
trees (Figure 4.37)
H1 7 52-53-213-226-230-217-224
H2 1 12
H3 2 223-228
H4 1 219
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Table B.8. Haplotype network table fBipistrellus pipistrellus.

Haplotype Number of individuals Code fbetindividuals aT
seen in the intraspecific
trees (Figure 4.43)
H1 1 13
H2 1 138
H3 1 15

Table B.9. Haplotype network table Barbastella barbastellus.

Haplotype Number of individuals Codes for the induals
as seen in BOLD tree
(Figure 4.51)
H1 1 18
H2 1 19

Table B.10. Haplotype network table ®lecotus kolombatovici.

Haplotype Number of individuals Code foe tindividuals asr
seen in the intraspecific
trees (Figure 4.55)
H1 2 65-66
H2 2 54-60

Table B.11. Haplotype network table lecotus macrobullaris.

Haplotype Number of individuals Code for timglividuals aﬁ

seen in the intraspecific
trees (Figure 4.59)

H1 3 252-258-259

H2 1 62

H3 1 10

H4 1 260

H5 2 9-63




Table B.12. Haplotype network table fdypsugo savii.
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Haplotype Number of individuals Code for the indwals as
seen in the intraspecific
trees (Figure 4.65)
H1 2 162-248
H2 1 256

Table B.13. Haplotype network table fdyotis blythii-Myotis myotis.

Haplotype Number of individuals Code for the indwals as

seen in intraspesific trees
(Figure 4.73)

H1 1 131

H2 2 132-49

H3 7 20-41-24-23-45-7-25

H4 1 46

H5 2 6-21

H6 1 44

H7 1 42

H8 1 166

H9 1 5

H10 1 47

Table B.14. Haplotype network table fdiotis capaccinii.

Haplotype Number of individuals Code for the indwals ai
seen in the intraspecific
trees (Figure 4.77)
H1 6 28-31-32-165-168-169
H2 2 29-80

Table B.15. Haplotype network table fdiyotis mystacinus.

Haplotype Number of individuals Code fitre individuals as
seen in the intraspecific tree
(Figure 4.84)
H1 1 175
H2 1 243
H3 1 261






