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Abstract

Tabanus bifarius Loew, 1858 is a horsefly species distributed throughout the Mediterranean region and in the areas of central and
southeastern Europe and partly in Asia. In this study, we conducted the first comprehensive phylogeographic and population genetic
analysis of 7. bifarius collected from 13 localities across Tiirkiye and Iran, through utilizing mitochondrial (COI) and nuclear DNA
(ITS1-5.8S-ITS2) markers. A total of 81 haplotypes and 59 nuclear alleles were identified among 187 sequenced individuals. Both
mitochondrial and nuclear DNA patterns and diversity observed in 7. bifarius are indicative of complex historical and demographic
processes. Among all the populations studied, Eskisehir and Hatay exhibited the highest genetic diversity, which may be due to the
region’s topography and transitional zones. Phylogenetic analyses suggested that 7. bifarius split from the outgroup species approx-
imately 5.53 million years ago (MYA) during the Late Miocene—Early Pliocene, likely driven by tectonic and climatic events. Sub-
sequent diversification events that occurred during times of climatic and environmental fluctuations in the Late Pliocene and Early
Pleistocene also seemed to have significantly affected the species and gave rise to the formation of some important genetic lineages.
Our analyses results indicate that 7. bifarius exhibits a structured genetic landscape shaped by multiple refugial routes, geographic
barriers, and Quaternary climatic oscillations. Further, our findings suggest that the species likely entered Anatolia through three dis-
tinct routes: (1) from the Levant region into southern Anatolia via Hatay; (2) from the Caucasus into northeastern Anatolia through
Ardahan; and (3) from the Iranian Plateau into eastern Anatolia via Van.
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1. Introduction

Horseflies (Diptera: Tabanidae) represent an ancient lin-  numerous important vector and pest species, compris-
eage, with fossil evidence tracing back to the Cretaceous  es approximately 4,665 described species and exhibits
period (Carmo et al., 2022). The family, which includes a global distribution across all biogeographic regions
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(Evenhuis and Pape, 2022). Despite the family’s medical
and ecological significance, it remains one of the least
studied groups within the order Diptera (Mackerras et al.,
2008; Baldacchino et al. 2014). Molecular research on
Tabanidae has expanded internationally in recent years
(Husseneder, 2014; Mugasa et al., 2018; Liu et al., 2022;
Krémar et al., 2022; Alavez-Chavez et al., 2024; Chang-
bunjong et al., 2025), but such studies remain notably
scarce in Tiirkiye.

The genus Tabanus Linnaeus, 1758 in particular, in-
cludes species of considerable economic and medical im-
portance, yet phylogenetic and population genetic inves-
tigations remain limited. Among these, Tubanus bifarius
Loew, 1858 is one of the lesser-studied species, with no
comprehensive phylogenetic analyses reported from Tiir-
kiye or neighboring Mediterranean countries. This pau-
city of genetic data constrains our understanding of the
species’ evolutionary history and biogeographic patterns.
T. bifarius, is a horsefly species commonly found in open
habitats and forested areas ranging from sea level to ele-
vations of 1,000 meters.

Its distribution spans the Mediterranean region (Al-
bania, Croatia, France, Greece, Italy, Morocco, Spain,
Syria, Tunisia, Jordan, Algeria, Montenegro, Slovenia),
southeastern (Bosnia and Herzegovina, Bulgaria, North
Macedonia, Romania, Serbia, Kosovo) and central Eu-
rope (Austria, Czech Republic, Germany, Hungary, Slo-
vakia) as well as the territory of Russia, Ukraine, Arme-
nia, Georgia, Azerbaijan, Iran, Afghanistan, Kazakhstan
(Abbasian, 1964; Leclercq, 1966, 1967; Chvala et al.,
1972; Chvala et al., 1988; Krémar and Durbesi¢, 1999;
Krémar et al., 2002, 2004; Krémar, 2011; Mazrach et al.,
2018; Al-Talatha and Amr, 2024). In Tirkiye, the spe-
cies has been recorded in all regions (Kilig, 1999; 2006).
However, its geographic distribution has largely been
documented through faunistic studies, with little explo-
ration of its genetic structure. This study aims to address
this gap by investigating the phylogeography and pop-
ulation structure of 7. bifarius. Through the analysis of
molecular diversity and phylogeographic patterns, this
research seeks to provide novel insights into the species’
genetic variation and population dynamics, as well as
the historical processes shaping its current distribution.
These findings will contribute to a deeper understanding
of the ecological and evolutionary context of 7. bifarius
and lay the groundwork for future research in the region.

Tiirkiye, as a native habitat for many species and a ref-
uge for organisms affected by past geological and climat-
ic shifts, represents a uniquely biodiverse region globally.
In addition to serving as a center of origin and dispersal
for numerous taxa, Tiirkiye holds a pivotal position within
the Palearctic realm, functioning as a transitional zone for
Eremial, Boreal, and Central European species. Notably,
it is the only country encompassing three globally recog-
nized biodiversity hotspots: the Caucasus, the Irano-Ana-
tolian, and the Mediterranean regions (Demirsoy, 2002).
Research over recent decades has demonstrated that Tiir-
kiye served as a refugium for many species during gla-
cial periods and played a critical role in the post-glacial
recolonization of Europe (Ciplak, 2008). Furthermore, it

has been identified as a center of genetic diversity and
the origin of many European taxa (Bilgin, 2011; Ciplak,
2008; Hewitt, 2000; Rokas et al., 2003). Although the
phylogenetic history of numerous Anatolian taxa has
been investigated, comprehensive studies are still needed
to fully understand the scope and complexity of Tiirkiye’s
genetic diversity, which continues to represent a key for a
great deal of European biodiversity.

Previous phylogeographic research on 7. bromius Lin-
naeus, 1758 in Tiirkiye provided baseline insights into
the population structure and gene flow of horseflies, of-
fering a reference point for further studies on the genus
(Sanal-Demirci et al., 2021). Building on this foundation,
the present study represents the second molecular inves-
tigation of a Tabanus species from Tiirkiye, focusing on
T. bifarius. Specifically, we aimed to: (i) identify intraspe-
cific genetic variation across the sampled range; (ii) eluci-
date the phylogeographic structure of the species; and (iii)
assess the potential impacts of historical climate change
on current patterns of genetic diversity within 7. bifarius
populations. We anticipate that the findings will enhance
understanding of 7. bifarius’ ecological and evolutionary
dynamics and provide insights for management and con-
trol of horseflies as potential disease vectors.

2. Material and Methods

2.1. Sample collection, experimental

laboratory, and data preparation

Females of 7. bifarius were collected from 12 locations
across Tiirkiye, covering most of the species’ known
distribution range. Fresh specimens were captured using
Malaise traps, and additional samples were obtained from
the Zoology Museum of Eskisehir Technical University’s
Faculty of Science, Department of Biology (ESTU-ZM).
Specimens from Iran and Croatia were also included in
the study (Fig. 1).

The specimens used in this study were identified by
Prof. Dr. A. Yavuz Kili¢ based on morphological keys
(Chvala et al., 1972; Kilig, 1999, 2006). Females are me-
dium-sized horseflies, with body lengths ranging from 12
to 15 mm. Greyish to olive-grey in color, with a relatively
narrow frons and well-separated calli; the lower callus is
brownish. Eyes haired and with three bands. Antennae are
reddish-brown with a dark apex. The thorax exhibits dark
brown coloration with distinct yellowish stripes, while
the abdomen shows alternating dark and light bands. No-
table variability is observed in antennal coloration and
abdominal patterns.

In total, genomic DNA was successfully extracted
from 187 individuals, including 146 fresh specimens and
41 museum samples, representing 13 populations (182
from Tiirkiye and 5 from Iran), using a modified version
of the extraction protocol by Taylor et al. (1996). Sam-
pling locations, along with geographic coordinates and
sample sizes, are provided in Table 1. DNA could not be
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Table 1. Populations, abbreviations, coordinates, and sample sizes of 7. bifarius. Haplotype and nucleotide diversity values are
given for each population: COI data are shown in the upper row and ITS1-ITS2 data in the lower row.

Populations Abb. Coordinate Sar(rjlpolle Size/ N]'i;g;‘f;;fshsz zl(z;[;lotype/Nucleotide Dil\:;ji_t]);sz
Antalya | ANT | 36°53.81'N;31°42.80° 13/9 13/7 Dol e o
Ardahan | ARD | 41°06.52'N; 42°42.13'E 12 9/4 e s

Canakkale | CAN | 40°09.12'N; 26°2433'E 2017 20/4 oS BUECON PRI
Denizli | DNZ | 37°47.00N;29°05.78'E 313 33 oo PRI os
Edirne EDR | 41°40.62'N; 26°33.33'E 20/9 10/4 8:32‘3‘? :;: 8:(1)‘]‘23 8:883; :;: 8:88(1)2

Erzincan | ERZ | 39°44.78'N;39°29.48'E 14/3 101 Do e o e

Eskisehir | ESK | 39°46.00'N;30°31.60'E 19/15 19/9 R PO
| [ semaenzs | w | w | Smowm | ewmams
Kayseri | KAY | 38°44.09N;35°28.08'E 2018 20/12 PR SR
Mugla | MUG | 37°13.00N; 28°22.00E 22/12 122 PP Z: 090 o 1;: oS
Sinop SNP | 42°01.60'N; 35°09.07E 2009 20/11 PRl ST
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Figure 1. Geographic sampling points of Tabanus bifarius (map generated using Google Maps).

extracted from the Croatian museum samples, probably
due to DNA degradation caused by Ethyl acetate preser-
vation (Dillon et al., 1996; Quicke et al., 1999).

A 650-base pair (bp) fragment of the mitochondrial cy-
tochrome ¢ oxidase subunit I (COI) gene was amplified
using the LCO1490-HCO2198 primer pair (Folmer et al.,
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1994). Additionally, a 1339 bp region spanning the inter-
nal transcribed spacer (ITS1-5.8S rRNA-ITS2) of nucle-
ar DNA was amplified using three primer pairs: CS249—
FL (Tautz et al., 1988), CAS18sF1-CAS5p8sB1d, and
CAS5p8sFt—-CAS28sB1d (Ji et al., 2003). PCR ampli-
fication, product purification, and sequencing followed
protocols described by Sanal-Demirci et al. (2021).
Despite extensive attempts, amplification of the ITS re-
gion failed in 31 Turkish museum specimens; thus, the
final dataset included 187 COI sequences and 156 ITS
sequences. All sequences were aligned and curated us-
ing Geneious v11.2.1 (Kearse et al., 2012). To avoid in-
cluding nuclear mitochondrial pseudogenes (numts), COI
sequences were translated into amino acids and checked
for the presence of stop codons or nonsense mutations
using DnaSP v5.10.1 (Librado et al., 2009). All unique
haplotypes and alleles have been deposited in GenBank
under accession numbers OP934089—0OP934169 (COI)
and 0Q550299-0Q550357 (ITS1-5.8S-ITS2).

2.2. Genetic diversity and population
structure

The number of polymorphic sites (S), haplotype (/) and
nucleotide () diversity (Nei 1987), the number of sub-
stitutions, and number of pairwise nucleotide differenc-
es (k) (Tajima 1983) for both the COI gene and the ITS
region were calculated using the DnaSP 5.10.1 and Ar-
lequin 3.5.2.2 programs (Excoffier et al. 2010). DnaSP
5.10.1 was used to do mismatch distribution analysis us-
ing pairwise differences between haplotypes/alleles. Ex-
panding populations typically exhibit a unimodal pattern
in mismatch distribution analysis, whereas populations in
demographic equilibrium display bimodal or multimodal
patterns (Rogers and Harpending 1992). The raggedness
index (Hri) (Harpending 1994) and the sum of squared
deviations (SSD) (Schneider and Excoffier 1999) were
also calculated. Besides, Tajima’s D (Tajima 1989) and
Fu’s F (Fu 1997) tests to check for any deviations from
neutrality were performed in Arlequin 3.5.2.2. Statisti-
cal significance was generated using 1000 simulations,
and the significance level was set to P < 0.05. Pairwise
comparisons to determine genetic differentiation between
populations were estimated using the fixation index, Fg,,
and their significance was tested by 10,000 permutations.
Genetic diversity was assessed at three hierarchical levels
(among groups, among populations within groups, and
within populations) using Analysis of Molecular Variance
(AMOVA) with 20,000 permutations, with statistical sig-
nificance of P < 0.01, using the Arlequin 3.5.2.2 program
(Excoffier et al. 2010).

2.3. Phylogenetic and phylogeo-
graphic analyses

Both data sets were analyzed separately to reveal intra-
specific phylogenetic relationships among Tabanus bifar-
ius populations. Tabanus maculicornis Zetterstedt, 1842

(GenBank: MZ563331.1), Tabanus shannonellus Krober,
1936 (GenBank: MZ563357.1) for the COI haplotypes,
T. bromius-1 (GenBank: MK936073) and 7. bromius-2
(GenBank: MK936162) for the ITS alleles were used as
outgroups in all phylogenetic analyses. Maximum par-
simony (MP), maximum likelihood (ML) and Bayesian
analyses were used to deduce phylogenetic relationships
among haplotypes/alleles using PAUP*4.0b10 (Swofford
2002) and MrBayes 3.2.6 (Ronquist and Huelsenbeck
2003), respectively. MP analysis was carried out using
the TBR branch-swapping algorithm of random addition
of taxa under heuristic search options and was employed
with 1000 bootstrap replicates. The JModeltest-2 (Dar-
riba 2012; Guindon and Gascuel 2003) was used to find
the best-fit model of substitution to our data sets. The
GTR + 1+ G and HKY + I + G were the best fitting mod-
els for the COI gene (AICc = 48,009) and the ITS region
(AICc = 65,388), respectively. For the estimation of di-
vergence times of the COI lineages and their confidence
intervals, BEAST ver. 1.5.2 was used using a Bayesian
Markov chain Monte Carlo (MCMC) method coalescent
method by applying GTR + I + G model following the
uncorrelated relaxed lognormal clock (Drummond and
Rambaut 2007). A 2.3% sequence divergence per lineage
per million years mutation rate was used for calibrat-
ing molecular clock (Papadopoulou et al. 2010). Both
the most recent common ancestors (MRCAs) and most
ancient common ancestors (MACAs) calculation and
operator optimizations were carried out with BEAUTI
v1.8.0 (Hayward and Stone 2006). The BEAST analy-
sis was run for 100 million generations, sampling every
1000 and the convergence to stationary and the effective
sample size (ESS) of the model parameters were checked
using Tracer v1.6.0. The maximum clade credibility tree
was built with TreeAnnotator v1.8.4, discarding the
initial 25% samples as burn-in. The results were visu-
alized using FigTree ver. 1.3.1 (Rambout 2009). Since
phylogenetic trees may not always be adequate to dis-
tinguish genealogical evolutionary relationships be-
cause of reticulations (Posada and Crandall 2001), we
used network analysis to analyze our data. The pairwise
distance matrix between haplotypes/alleles computed
by Arlequin 3.5.2.2 was transferred to HapStar version
0.5 (C) (Teacher and Griffiths 2011) to build a minimum
spanning tree.

3. Results

3.1. Patterns of molecular diversity of

Tabanus bifarius

A total of 81 unique COI haplotypes were identified from
187 T. bifarius individuals sampled from Tiirkiye and
Iran. Seventy-seven haplotypes were detected across all
Turkish populations, while the five Iranian specimens
yielded four distinct haplotypes (Table S1). Among the
81 haplotypes, 87 polymorphic sites were identified, 68
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of which were parsimony informative. Nucleotide com-
position was biased toward adenine and thymine, with
frequencies of 37.8% thymine (T), 30.0% adenine (A),
16.9% guanine (G), and 15.1% cytosine (C), consistent
with typical mitochondrial DNA. No nonsense mutations
or internal stop codons were observed in the translated
amino acid sequences, supporting the mitochondrial or-
igin of the data. Translation of the COI sequences into
216 amino acids revealed polymorphism at only seven
positions. Pairwise nucleotide differences among haplo-
types ranged from 1 bp (0.1%) to 37 bp (6.0%). Over-
all haplotype diversity was high (h = 0.9608 + 0.0080),
and nucleotide diversity was moderate (1 = 0.026804 +
0.013240). Of the 81 haplotypes, six were shared across
multiple populations, 22 were private (restricted to a sin-
gle population), and 53 were singletons (found in only
one individual). Notably, all Iranian haplotypes were
shared exclusively with the Van population in eastern
Tiirkiye, suggesting a possible historical or contemporary
connection between these regions.

The amplified ITS1-5.8S rRNA-ITS2 region from the
nuclear genome of 7. bifarius totaled 1,339 base pairs
(bp). The 5.8S region (123 bp) was invariant across all
samples and was therefore excluded from subsequent
analyses. Only the ITS1 and ITS2 regions were concat-
enated and used for allele identification. The resulting
combined ITSI-ITS2 sequence was 1,216 bp in length
and showed no length variation among the 156 success-
fully amplified samples. These sequences were collapsed
into 59 unique alleles. Among the 1,216 bp sequences,
130 sites were polymorphic, with 127 of these being par-
simony-informative. The overall nucleotide composition
was 42.14% adenine (A), 35.07% thymine (T), 13.95%
guanine (G), and 8.83% cytosine (C). Pairwise differ-
ences between alleles ranged from 1 bp to 106 bp. Allele
diversity was high (Ad = 0.8883 + 0.0210), and nucleo-
tide diversity was m = 0.023355 + 0.011370. Most alleles
were unique: 45 were singletons, 6 were private, and only
8 alleles were shared among multiple populations. In
the Iranian population, two singleton alleles were iden-
tified, along with one private allele and one shared allele
(Table S2).

3.2. Analysis of the Demographic
Structure of Tabanus bifarius
Populations

Neutrality tests were performed to assess deviations from
neutrality and potential changes in population size. Fu’s
F value for all COI haplotype analyses was significant-
ly negative (Fg=—23.4979, P < 0.05), suggesting popu-
lation expansion. In contrast, Tajima’s D, however, was
not significant (Tajima’s D = —0.5032, P > 0.05). Both
Harpending’s raggedness index Hri = 0.0036 and SSD =
0.0059 were low, further supporting a recent demograph-
ic expansion. When analyzed individually, several Turk-
ish populations such as Canakkale and Edirne showed
signals of past demographic expansion, whereas the re-
maining populations did not yield statistically significant

results. For both the Ardahan and Canakkale populations,
Tajima’s D value was significantly negative (Tajima’s
D =-2.0832, P <0.05; Tajima’s D = —1.6916, P < 0.05,
respectively), suggesting deviations from neutrality, pos-
sibly due to population expansion (Table 2). In addition,
the mismatch distribution analysis of all COI haplotypes
revealed a multimodal pattern (Fig. 2).

When analyzed individually, the Canakkale and Ed-
irne populations exhibited unimodal mismatch distribu-
tion curves, indicative of recent population expansion.
On the contrary, the Ardahan, Denizli, and Erzincan pop-
ulations displayed bimodal curves, while the remaining
populations showed multimodal patterns. These latter
distributions suggest demographic stability or population
decline (Fig. S1). In the ITSI-ITS2 region data for all the
populations, neither Fu’s Fg nor Tajima’s D value was a
significant value (Fg = —1.5243, P > 0.05; Tajima’s D =
—0.7292, P > 0.05) while Hri (0.0121) and SSD (0.0152)
values calculated for all the alleles were low. When each
population was analyzed separately, Fu’s Fg values were
non-significant for all populations. Only the Ardahan
population generated a significant negative value in Ta-
jima’s D (—1.5900, P < 0.05). The remaining populations
produced no significant values (Table 2). Mismatch dis-
tribution analysis of all the ITS1-ITS2 datasets produced
a multimodal curve, indicating that all populations are
likely demographically stable or diminished populations
(Fig. 2). When analyzed individually, the Canakkale,
Denizli, Edirne, Mugla and Van populations exhibited
unimodal mismatch distribution curves, whereas the re-
maining populations produced multimodal patterns (Fig.
S2). Moreover, no polymorphism was observed in the Er-
zincan population.

3.3. Population differentiation and
genetic variations

The pairwise F; values showed significant genetic differ-
entiation for the COI data set (Table S3). The highest FST
value was observed between Canakkale and Ardahan
(Fsr=0.9484, P < 0.05), followed by Iran (F,, = 0.9434,
P <0.05) and Van (F, = 0.9304, P < 0.05), respectively.
The next highest statistically significant F, values involv-
ing another population were observed between Edirne
and Ardahan (Fg = 0.9361, P <0.05), Iran (Fy, = 0.9167,
P <0.05), and Van (Fs; = 0.9101, P < 0.05). The lowest
F,; value involving the Iranian population was with the
Van population (Fs. = 0.1318, P > 0.05), even though it
was statistically insignificant. Furthermore, for the Irani-
an population, the highest level of genetic differentiation
was observed with the Canakkale population. Pairwise
Fg; analysis using the ITS1-ITS2 dataset supported the
presence of considerable genetic differentiation among
populations (Table S4). The highest F, values were ob-
served in comparisons between Denizli and Erzincan
(Fsr = 0.965, P < 0.05), followed by Denizli and Mugla
(Fs=10.958, P <0.05), and Denizli and Canakkale (F,=
0.929, P < 0.05). In contrast, the lowest levels of genet-
ic differentiation were found between Antalya and Iran
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Table 2. Fu’s FS, Tajima’s D, Hri and SSD values calculated for each population. A. COI gene. B. ITS1-1TS2 region (*p< 0.05).

A

COoI

Population Fu’s Fs Tajima’s D Hri SSD
Antalya 1.0239 0.6075 0.1668 0.0948*
Ardahan 5.5287 —2.0835* 0.7355 0.0276
Canakkale -3.7110* -1.6916* 0.1230 0.0112*
Denizli 1.4687 0.0000 0.4444 0.2491
Edirne —4.0990* -1.1700 0.0964 0.0128
Erzincan 11.4371 2.7513 0.2127 0.1153*
Eskisehir -3.0910 —-0.5323 0.0553 0.0237
Hatay -0.3717 1.5241 0.0344 0.0410
Kayseri 2.6647 —1.1741 0.0965 0.0409
Mugla 0.8329 1.4942 0.0217 0.0166
Sinop 1.9586 -0.8186 0.0900 0.0175
Van 1.5936 1.1886 0.1037 0.0246
Iran -0.5674 —0.6682 0.0700 0.0148
B
ITS1-ITS2
Population Fu’s Fs Tajima’s D Hri SSD
Antalya 1.2312 1.9605 0.0836* 0.0283*
Ardahan 6.9650 —-1.5900* 0.2878 0.0642
Canakkale —-1.0060 -0.6427 0.1257* 0.0097*
Denizli —0.6931 0.0000 0.0000 0.0000
Edirne —-0.8763 1.3372 0.1511* 0.0147*
Erzincan 0.0000 0.0000 0.0000 0.0000
Eskisehir -0.0303 1.2186 0.0727* 0.0217*
Hatay 0.6548 1.4273 0.0573 0.0339
Kayseri 1.8026 —0.4034 0.0173 0.0120
Mugla —-0.4756 —1.1405 0.4722 0.0003
Sinop 4.8014 —-0.2735 0.0354 0.0214
Van -1.1767 -0.1411 0.0204 0.0041
Iran 0.6122 0.8945 0.2300 0.0846

COl haplotypes ITS1-ITS2 alleles

0.08 —— Freq. Obs. 0.15 —— Freq. Obs.

- Freq. Bxp. | Freq. Bxp.

i ‘ﬁl i
0.06 ”‘ :

] ‘r’? ‘l‘ L,l\ 0.1

i Flg 1 W
004: J" ‘J'r \J\‘ J ‘

] [ ] |

I / | :
A1y b
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- oL g a4
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Pairwise Differences

Pairwise Differences

Figure 2. Mismatch distribution of all pairwise combinations of COI haplotypes and ITS1-ITS2 alleles. The observed distribution
is shown by a red line, and the expected frequencies are shown by a green line.

(Fsr = 0.0146, P > 0.05) and Erzincan and Mugla (Fg, =
0.0161, P> 0.05), all of which were statistically insignif-
icant. For the Iranian population, the highest differentia-

tion was detected between Iran and Ardahan (Fg, = 0.808,
P < 0.05), whereas the lowest value was found between
Iran and Antalya (Fg; = 0.0146, P> 0.05).
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Table 3. AMOVA analysis of 7. bifarius. A Analysis of the COI data; grouping comprises two groups: Group 1: IRN, VAN; Group 2:
ANT, ARD, CAN, DNZ, EDR, ERZ, ESK, HTY, KAY, MUG, SNP. B Analysis of the ITS1-ITS2 data; grouping comprises
three groups: Group 1: ANT, DNZ, MUG; Group 2: ARD, CAN, EDR, ERZ, ESK, HTY, KAY, SNP; Group 3: IRN,

VAN.
Source variation d.f. Sum of squares Variance components Percentage of variation
A
Among groups 1 166.191 3.59828 29.68*
Among pops. 11 808.429 4.81597 39.72%
Within pops. 174 645.706 3.71096 30.61%
Total 186 1.620.326 12.1252
B
Among groups 9 1.498.111 9.90869 64.49*
Among pops. 3 31.013 0.75752 4.93%
Within pops. 143 671.870 4.69839 30.58%*
Total 155 2.200.994 15.3646

An analysis of the hierarchical distribution of genetic
diversity based on the COI dataset revealed that the high-
est level of genetic variation occurred within populations
(30.61%, P <0.01), followed by variation among popula-
tions (39.72%, P <0.01) and among groups (29.68%, P <
0.01), when all populations were divided into two groups
(Group 1: IRN, VAN; Group 2: the other Turkish popu-
lations. The genetic differentiation between these groups
was high (Fs=0.69, P <0.001; Table 3).

On the contrary, analysis based on the ITS1-ITS2 data-
set showed that 30.5% of the genetic variation was with-
in populations, 4.93% among populations, and 64.49%
among groups, when all populations were divided into
three groups (Group 1: ANT, DNZ, MUG; Group 2:
ARD, CAN, EDR, ERZ, ESK, HTY, KAY, SNP; Group
3: IRN, VAN). The genetic differentiation between these
groups was also high (Fg, = 0.69, P <0.01) (Table 3).

3.4. Phylogenetic and phylogeo-
graphic analyses of Tabanus
bifarius specimens

The ML, MP, and BEAST tree topologies were largely
congruent, differing only in bootstrap or posterior prob-
ability values at certain branches. Consequently, the
BEAST tree for the COI dataset and the ML tree for the
ITS dataset are presented here. Molecular analyses based
on the COI gene suggest that 7. bifarius diverged from
the outgroup taxa approximately 5.52 million years ago
(MYA) (Fig. 3).

Subsequently, 7. bifarius split into two distinct hap-
logroups, Clades A and B, around 3.63 MYA. In Clade
A, a basal haplotype from the Eskisehir population
(H45), located in central Anatolia, diverged from its
sister group approximately 1.98 MYA, forming a mono-
phyletic group with the remaining haplotypes. This sis-
ter group later split into two subclades, both primarily
composed of haplotypes from northern Anatolia. Clade
B, the second major lineage, is divided into two sub-
clades: B1 and B2. Their divergence is estimated to
have occurred around 2.5 MYA. Subclade B1 is char-

acterized by a basal haplotype from the Kayseri popu-
lation, which diverged approximately 1.25 MYA. The
remaining haplotypes in this subclade are mainly from
the Hatay and Antalya populations. Subclade B2 shows
a more structured organization and is dominated by hap-
lotypes from western and central Anatolia. It is further
divided into two geographically distinct subclades: B2-A
and B2-B, which split around 1.84 MYA. B2-A includes
basal haplotypes (H47, H48, and H49) from the Hatay
population, which diverged approximately 1.33 MYA to
form a minor distinct clade. The remaining haplotypes
within B2-A, originating from Erzincan, Van, and Iran,
formed a separate lineage around 1.09 MYA. Despite
this diversity, B2-A remains primarily composed of hap-
lotypes from western and central Tiirkiye, with diversifi-
cation dating to around 0.7 MYA. B2-B features a basal
haplotype (H40) from the Eskisehir population, which
diverged approximately 0.92 MYA. This subclade sub-
sequently split around 0.54 MYA into two clades, each
consisting of smaller groups of haplotypes predominant-
ly from western Anatolia.

The general pattern observed in the COI gene phyloge-
netic trees is further supported by the results of the min-
imum spanning network analysis (Fig. 4), which reveals
four main haplogroups.

The first group, labeled as A in the network, corre-
sponds to Clade A in the phylogenetic trees and includes
haplotypes from central, northern, and northeastern Ana-
tolia. The remaining haplotypes, forming subclades Bl
and B2 (including B2-A and B2-B) in the BEAST tree,
are also clearly represented in the network as distinct
clusters labeled B1, B2-A, and B2-B. The B1 haplogroup
is predominantly composed of haplotypes from central
and southern Anatolia. A small star-like phylogeny is
observed within this group, with haplotype H62, origi-
nating from Kayseri from the central Anatolia. The B2-A
haplogroup primarily contains haplotypes from western
and central Tirkiye, along with another cluster that in-
cludes both Iranian and eastern Anatolian (Van, Erzincan)
haplotypes. In the B2-B subgroup, haplotypes H25 and
H4, shared and among the most frequent, serve as cen-
tral nodes connected to other haplotypes mostly found in
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Figure 4. Minimum spanning network of COI haplotypes of 7. bifarius generated using HapStar 0.7. Circle size is proportional to
haplotype frequency, and branch lengths represent the number of hypothetical ancestors.
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Figure 6. Minimum spanning network of ITS1-ITS2 alleles of T. bifarius generated using HapStar 0.7. Circle size is proportional

to allele frequency, and branch lengths represent the number of hypothetical ancestors.

western Anatolia. Several small star-like phylogenies are
also evident within this group, which aligns closely with
Clade B2-B in the phylogenetic tree.

Both phylogenetic analyses (ML and MP) of the con-
catenated ITS1-ITS2 region of 7. bifarius produced sim-

ilar topologies, differing only in bootstrap and posterior
probability values. Therefore, only the ML tree is pre-
sented here, with BI posterior probabilities on the corre-
sponding branches. All branches in the tree are strongly
supported (Fig. 5).
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Analysis of the ITS1-ITS2 region revealed a predom-
inantly polytomous tree structure, indicating relatively
low phylogenetic resolution. The A4l allele from the
Kayseri population occupies the most basal position in
the tree. The topology is divided into two sister clades.
The first clade includes a small group formed by the A16,
A15, and A14 alleles from the Denizli population, as well
as a larger subclade comprising the A26, A28, A27, A32,
A31, and A29 alleles, all sampled from Hatay. The sec-
ond is characterized by a basal allele from the Eskigehir
population and includes additional alleles from Eskisehir,
Antalya, and Sinop, suggesting a distinct lineage. With-
in the broader polytomous structure, the A1l allele (from
Antalya) also occupies a basal position. The remainder of
the tree is composed of numerous unresolved branches,
consisting of alleles or allele groups from populations in
eastern, central, northern, and western Tiirkiye, as well
as from Iran.

The minimum spanning network based on the ITS re-
gion is presented in Fig. 6.

The most frequent and widely distributed allele, A2
(found in 48 individuals), occupies a central position
in a star-like configuration, suggesting it may represent
an ancestral or founding allele. A2 is shared among six
geographically diverse populations: Antalya, Canakkale,
Edirne, Erzincan, Eskisehir, and Mugla. Another widely
shared allele, A4, is present in individuals from the An-
talya, Eskisehir, and Sinop populations. Notably, a dis-
tinct connection pattern is evident between the Iranian
population and the Van population in eastern Tirkiye.
This pattern may indicate historical gene flow or shared
ancestry between these geographically separated popula-
tions, supporting the hypothesis of east—-west dispersal or
connectivity across the region.

4. Discussion

4.1. Molecular diversity and popula-

tion structure of T. bifarius

This study provides the first comprehensive analysis of
mitochondrial and nuclear genetic variation in 7. bifar-
ius populations from Tiirkiye and Iran. The high haplo-
type diversity (2 = 0.9608) and nucleotide diversity (n
= 0.0268) observed in the COI gene suggest a long evo-
lutionary history, potentially involving multiple glacial
refugia and complex post-glacial recolonization path-
ways in the region. The A+T content in the COI gene T.
bifarius was found to be 67.72%, which falls within the
typical range reported for mitochondrial coding genes in
many insect groups. Additionally, amino acid polymor-
phism in the COI gene was relatively low, with only 7
out of 216 residues exhibiting variation. This pattern is
commonly observed in mitochondrial genes of insects
and other metazoans, largely due to the essential role
of mitochondrial-encoded proteins in oxidative phos-
phorylation. (Clary and Wolstenholme 1985; Crozier

and Crozier 1993; Mutun and Atay, 2015). Furthermore,
translation of the haplotype sequences into amino acids
revealed no stop codons or nonsense mutations. Despite
the large number of COI haplotypes identified (N = 81),
only six were shared among populations, while a sub-
stantial proportion consisted of singletons (53) or private
haplotypes (22). Most of these unique haplotypes were
detected in Central and Western Anatolian populations.
This pattern supports a model of restricted gene flow and
pronounced population structure, likely shaped by geo-
graphical barriers and historical climatic fluctuations.
The high number of private and singleton haplotypes
suggests that these haplotypes have been derived rela-
tively recently. Moreover, the presence of such young
sequences within expanding populations may reflect the
high incidence of derived haplotypes typically associ-
ated with recent population growth or range expansion
(Crandall and Templeton 1993). In the Iranian popula-
tions, only four shared haplotypes were identified, with
no singletons or private haplotypes detected. The pres-
ence of shared haplotypes between eastern Tiirkiye (Van
population) and Iran suggests recent gene flow between
these geographically proximate regions. As observed in
many other animal taxa, the high genetic diversity in 7.
bifarius is consistent with expectations for a species in-
habiting Tiirkiye’s topographically complex and climat-
ically diverse landscape (Dubey et al. 2007; Cmar-Kul
2010; Ansel et al. 2011; Budak et al. 2011; Ding and
Mutun 2011,2019; Cimen and Mutun 2022; Mutun and
Danso 2023). The nuclear ITS region exhibited a sim-
ilarly high level of genetic variation, with an average
diversity (Ad) of 0.8883 and nucleotide diversity () of
0.0233. Among 156 individuals analyzed, 59 distinct al-
leles were identified. Of these, 45 were singletons and
6 were private alleles, while only 8 alleles were shared
among individuals, further supporting the patterns ob-
served in the mitochondrial data. Notably, all individuals
from the Erzincan population carried unique singleton
alleles, suggesting that this population is both young and
isolated (Crandall and Templeton, 1993). The prevalence
of singleton alleles is indicative of population expansion
or recent divergence, a pattern frequently reported in
species with ecological plasticity that inhabit fragmented
landscapes (Avise, 2000). The concordance between the
COl and ITS datasets supports a demographic scenario of
recent population expansion.

In the present study, the highest haplotype diversity
was observed in the Eskisehir population, whereas the
greatest nuclear allelic diversity was detected in Hatay.
In contrast, our previous research on 7 bromius revealed
that both mitochondrial and nuclear diversity peaked in
the Sinop population, located along the northern Black
Sea coast. These distinct genetic diversity patterns in
T. bifarius and T. bromius provide valuable insights into
their respective adaptations to the historical and ecolog-
ical dynamics of Anatolia. Eskisehir, in central-western
Tiirkiye, may act as a long-term refugial area or second-
ary contact zone for 7. bifarius, reinforcing remarkable
haplotype diversity. Nuclear allele diversity was highest
in Hatay, a biogeographically transitional region connect-
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ing Anatolia to the Levant, potentially acting as a corridor
for gene flow and historical dispersal (Ciplak 2008; Bil-
gin 2011). While 7. bromius shows a stronger affinity for
Palearctic temperate zones and likely persisted in coastal
refugia such as Sinop during glacial cycles, 7. bifarius,
which is more adapted to Mediterranean conditions, ap-
pears to have diversified primarily in interior or southern
refugial areas. These findings indicate that, despite be-
longing to the same genus, the two species exhibit mark-
edly different phylogeographic patterns, likely shaped by
their distinct ecological requirements and historical dis-
persal dynamics (Hewitt, 2000; Schmitt, 2007; Ciplak,
2008).

The impact of historical factors can be critically as-
sessed through a range of demographic analyses of
population data (Avise, 2004). For T. bifarius, Fu’s F
value (—23.4979) is significantly negative, indicating
an excess of rare haplotypes, which suggests deviation
from neutrality and is consistent with population expan-
sion. This inference is further supported by the mismatch
distribution analysis of the COI data, where all popula-
tions exhibited a multimodal profile (Hri = 0.0036; SSD
= 0.0059). Although these values were not statistically
significant, the overall pattern aligns with a demograph-
ic history of expansion (Xiao et al. 2011). Although Ta-
jima’s D was not significant at the overall level, some
individual populations such as those from Ardahan and
Canakkale exhibited significantly negative D values,
suggesting localized population expansion or deviations
from neutral evolution. Mismatch distribution analyses
further supported these demographic trends. Although
a multimodal haplotype distribution was observed in
several populations, Canakkale and Edirne exhibited
unimodal curves, characteristic of recent population ex-
pansion. In contrast, the bimodal profiles observed in
populations from Ardahan, Denizli, and Erzincan may
reflect historical bottlenecks. Neutrality tests based on
the nuclear marker were not significant overall (Fu’s Fy=
—1.5243; Tajima’s D = —0.7292); however, the Canak-
kale population again showed a significantly negative
Tajima’s D (—1.5900, P < 0.05), reinforcing the evidence
for localized population growth. The mismatch distribu-
tion derived from the ITS dataset was also multimodal
overall, suggesting that the nuclear genome may retain
more stable genetic signals over time or reflect deeper
historical population structure not captured by the more
rapidly evolving mitochondrial genome. Notably, sever-
al populations (Canakkale, Edirne, Denizli, Mugla, and
Van) exhibited unimodal patterns, indicative of recent
demographic expansions. When considered together, de-
mographic analyses of both the mitochondrial COI gene
and the nuclear ITS region suggest recent population
expansion in certain western populations, while others
appear genetically stable, potentially due to historical
isolation or environmental barriers restricting gene flow.
Furthermore, both pairwise FST values and hierarchical
AMOVA results support significant geographic struc-
turing of 7. bifarius populations across Tiirkiye. These
findings reveal varying levels of genetic differentia-
tion: some populations exhibit strong genetic structure,

whereas others particularly those with low and non-sig-
nificant Fg, values likely experience historical or ongo-
ing gene flow, possibly due to geographic proximity or
shared evolutionary histories (Slatkin 1993; Hutchison
and Templeton, 1999).

When the results obtained for 7. bifarius in the cur-
rent study are compared with findings from our previ-
ous work, 7 bromius displays partially similar yet more
structured demographic patterns. This increased structur-
ing may reflect a more complex and regionally heteroge-
neous demographic history, potentially linked to 7. bro-
mius’s broader distribution across the Palearctic region
and greater sensitivity to climatic fluctuations during the
Pleistocene (Hewitt, 2000; Schmitt, 2007). In contrast,
T’ bifarius exhibits more recent or incomplete signals of
demographic change, likely shaped by its Mediterranean
distribution and associated ecological constraints.

4.2. Phylogenetics of T. bifarius and
divergence of lineages

Our previous phylogenetic analyses indicated that 7. bro-
mius diverged from its outgroup taxa approximately 8.83
MYA, during the Late Miocene (Sanal-Demirci et al.
2021). This period was characterized by dramatic climatic
shifts and the widespread expansion of pasture-dominat-
ed habitats, highlighting the evolutionary significance of
T bromius in adapting to dynamic environmental condi-
tions. The Miocene epoch witnessed substantial climatic
and ecological fluctuations, including the proliferation of
open habitats such as grasslands. These environmental
changes likely created new ecological opportunities for
Tabanid flies, including increased host availability and
more favorable breeding conditions. Our current research
estimates that 7. bifarius diverged from outgroup taxa ap-
proximately 5.52 million years ago, during the Messinian
period of the Late Miocene. This finding aligns closely
with our previous results and strongly supports the hypoth-
esis that the significant diversification within the Tabanus
lineage was predominantly driven by transformative envi-
ronmental events occurring during the Miocene. The con-
sistent results observed for both 7 bromius and T bifarius
underscore the pivotal role of the Miocene in the early
diversification of the Tabanus genus. Additionally, Morita
et al. (2016) have proposed that the divergence of several
Tabanidae species occurred during the Miocene. These
divergence events correspond with significant ecological
shifts throughout the Miocene and early Pliocene, sug-
gesting that environmental instability and the emergence
of new geographic barriers were critical drivers of lineage
separation and population differentiation in 7. bifarius
and related taxa (Labandeira 2010). Our analyses suggest
that the most ancestral haplotype of 7 bifarius (H44 from
Eskisehir) originated approximately 1.98 MYA, corre-
sponding to the Early Pleistocene. The estimated diver-
gence time between the two primary clades (Clade A and
Clade B) is approximately 3.63 MYA, placing it in the
Late Pliocene. These divergence and subsequent diversi-
fication events have persisted from the Early Pleistocene
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through to the present. This timeline underscores the sig-
nificant climatic fluctuations associated with the glacial
and interglacial cycles of the Quaternary period (Bryson
1974; Hewitt 1996; Petit et al. 2005; Ciplak 2008). Cli-
matic oscillations during the Quaternary period drove
cycles of species contraction and expansion, profoundly
influencing the genetic structure of populations (Hewitt
2001). Isolation in multiple glacial refugia during these
periods likely contributed to the preservation of high lev-
els of intrapopulation genetic diversity (Weir and Schlut-
er 2007). Phylogeographic analyses employing hereditary
genetic data elucidate these evolutionary dynamics (Avise
2004). Therefore, Quaternary climatic shifts have likely
played a central role in shaping the population structure
and lineage diversification within 7. bifarius.

When molecular data from both markers are consid-
ered together, they provide mutually supportive evidence
regarding the origin and distribution of the species in
Tirkiye. Phylogenetic tree analyses indicate that one
of the species’ entry routes into Tiirkiye is from Trans-
caucasia in the northeast, specifically through the Arda-
han area. It is hypothesized that the Ardahan population
remained isolated for an extended period due to glacial
conditions, subsequently expanding from the northern
side of the North Anatolian Mountains towards Sinop.
Another probable entry route is from Hatay in the south,
with this population dispersing between the Southern
Taurus Mountains and the Central Anatolian Diagonal
in the direction of Kayseri. The population that reached
Central Anatolia likely merged with the Sinop popula-
tion, facilitating further expansion into the southern and
western regions. The detection of the A2 allele (N = 48)
in the western region of the Anatolian Diagonal, a prom-
inent mountain range dividing Anatolia into eastern and
western halves, suggests that 7. bifarius has been sig-
nificantly influenced by this geographic barrier (Mutun
2010; Mutun 2016). Furthermore, the absence of shared
haplotypes and alleles between populations on the eastern
and western sides of the Anatolian Diagonal underscores
the mountain range’s significant role in shaping the ge-
netic landscape of T bifarius. It is hypothesized that the
populations in Canakkale and subsequently Edirne rep-
resent stages in the westward expansion of the species
from Central Anatolia. Notably, the species’ distribution
in Europe is restricted to the Mediterranean region and
Central Europe (Chvala, 1988). In light of this informa-
tion, it can be hypothesized that at least some Europe-
an populations of 7. bifarius may have originated from
the Thrace region of Tiirkiye, while lineages dispersing
from the northern Black Sea region through Transcau-
casia may have also contributed to these populations.
However, comprehensive phylogenetic and phylogeo-
graphic analyses of European 7. bifarius populations
are necessary to confirm this hypothesis. Additionally,
analysis of Iranian samples indicates that another poten-
tial entry point for the species into Tiirkiye is from the
east, specifically through the Van region. This population
likely dispersed through the valleys of Eastern Anatolia,
advancing from the northern side of the Central Anato-
lian Diagonal towards Erzincan. Upon reaching Central

Anatolia, it is hypothesized to have merged with existing
Central Anatolian populations. Phylogenetic and popula-
tion genetic analyses collectively indicate that 7. bifarius
entered Anatolia via three distinct pathways: (1) entry
from the Levant region into southern Anatolia via Hatay;
(2) dispersal from the Caucasus into northeastern Ana-
tolia through Ardahan; and (3) migration from the Irani-
an Plateau into eastern Anatolia via Van. These findings
offer valuable insights into the historical biogeographic
processes that have shaped the region’s biodiversity. The
ITS1-ITS2 analysis yielded phylogenetic tree topologies
similar to those obtained from the COI data. Notably,
the allele structure revealed geographically significant
groupings within the polytomic clusters. The co-occur-
rence of individuals from IRN and VAN in certain sub-
groups suggests a close genetic relationship between the
lineage originating from Iran and populations in Eastern
Anatolia. This finding is consistent with the results of
the COI phylogenetic analysis. Conversely, populations
from northwestern (EDR, CAN) and northeastern (ARD)
Tirkiye clustered separately, further supporting the ex-
istence of geographically structured population groups.
Distinct clusters formed by populations from Hatay
(HTY), Antalya (ANT), and Kayseri (KAY) further un-
derscore the significant role of regional isolation in shap-
ing the genetic structure. The identification of multiple
lineages across distinct regions underscores significant
historical dispersal events, followed by subsequent lin-
eage diversification. These patterns have likely been
shaped by the complex interplay of topographical barri-
ers and the diverse climatic conditions characteristic of
Anatolia and its surrounding regions. Overall, the strong
bootstrap support observed across both major clades and
their respective substructures indicates high reliability of
the inferred phylogenetic relationships. Furthermore, the
pronounced phylogeographic partitioning evident in the
maximum likelihood tree suggests that geographic bar-
riers and historical demographic processes have played
a pivotal role in shaping the genetic structure of 7. bifa-
rius populations throughout Tiirkiye. The findings from
both our current study and previous phylogenetic anal-
yses of T bromius (Sanal-Demirci et al., 2021) indicate
that horseflies belonging to the same species can exhibit
considerable genetic diversity from a geographical point
of view. Additionally, the phylogenetic analysis demon-
strates that environmental and climatic differences play a
significant role in shaping the genetic structure according
to the individuals’ native regions. Finally, our findings
provide valuable baseline data to inform future biogeo-
graphic and ecological studies of Tubanus species in the
Middle East. Given the medical and veterinary signifi-
cance of Tubanus spp. as vectors of disease, elucidating
their population structure is essential to enhancing re-
gional control and surveillance strategies.

5. Funding

The research was supported by Anadolu University Scientific Research
Project Commission of Tiirkiye (Project No: 1410F406).



Arthropod Systematics & Phylogeny 84, 2026, 31-46

43

6. Acknowledgements

The Croatian and Iranian samples were kindly provided by Dr. Stjepan
Krémar and Dr. Samad Khaghaninia, respectively, and the authors are
very grateful to them.

7. References

Abbassian-Lintzen R (1964) Tabanidae (Diptera) of Iran X. List, keys
and distribution of species occurring in Iran. Annales de Parasito-
logie Humaine et Comparee 39: 285-327. https://doi.org/10.1051/
parasite/1964393285

Alavez-Chavez JJ, Oca-Aguilar ACMD, Sanchez-Montes S, Ibafiez-
Bernal S, Huerta-Jiménez H, Romero-Salas D, Cruz-Romero A,
Aguilar-Dominguez M (2024) DNA barcoding of Tabanids (Dipte-
ra: Tabanidae) from Veracruz, Mexico, with notes on morphology
and taxonomy. Taxonomy 4(4): 862-880. https://doi.org/10.3390/
taxonomy4040046

Ansell SW, Stenoien HK, Grundmann M, Russell SJ, Koch MA, Schnei-
der H, Vogel JC (2011) The importance of Anatolian mountains as
the cradle of global diversity in Arabis Alpine a key Arctic-Alpine
species. Annals of Botany 108: 241-252. https://doi.org/10.1093/
aob/mcr134

Avise JC (2000) Phylogeography: the history and formation of species.
Harvard University Press, Massachusetts, USA, 447 pp.

Avise JC (2004) Molecular markers, natural history, and evolution. 2™
ed. Sinauer, Sunderland, Massachusetts, USA, 684 pp.

Al-Talatha HA, Amr Z (2024) Tabanidae fauna (order: diptera) of the
Arab countries in the Middle East. Ecologica Montenegrina 71:
53-85. https://doi.org/10.37828/em.2024.71.7

Baldacchino F, Desquesnes M, Mihok S, Foil LD, Duvallet G, Jitttapal-
apong S (2014) Tabanids: neglected subjects of research, but import-
ant vectors of disease agents! Infection Genetic and Evolution 28:
596-615. https://doi.org/10.1016/j.meegid.2014.03.029

Bilgin R (2011) Back to the suture: the distribution of intraspecific
genetic diversity in and around Anatolia. International Journal of
Molecular Sciences 12(6): 4080-4103. https://doi.org/10.3390/ijms-
12064080

Bryson RA (1974) A perspective on climatic change. Science 184(4138):
753-760. https://doi.org/10.1126/science.184.4138.753

Budak M, Korkmaz E, Basibuyuk H (2011) A molecular phylogeny of
the Cephinae (Hymenoptera, Cephidae) based on mtDNA COI gene:
a test of traditional classification. Zookeys 130: 363-378. https://
doi.org/10.3897/zookeys.130.1466

Changbunjong T, Weluwanarak T, Laojun S, Chaiphongpachara, T
(2025) Species classification of 7Tabanus (Diptera: Tabanidae) in west-
ern Thailand: integrating DNA barcoding and modern morphometrics.
Current Research in Parasitology & Vector-Borne Diseases 7: 100243.
https://doi.org/10.1016/j.crpvbd.2025.100243

Chvala M, Lyneborg L, Moucha J (1972) The horseflies of Europe (Di-
ptera:Tabanidae). Entomological Society of Copenhagen, Copenha-
gen, Denmark, 500 pp.

Chvala M (1988) Family Tabanidae. In: Soos A (Eds.) Catalogue of
Palaearctic Diptera, Athericidae-Asilidae. Akadémiai Kiad6, Buda-
pest, Hungary, 97-171.

Clary DO, Wolstenholme DR (1985) The mitochondrial DNA molecule
of Drosophila yakuba: nucleotide sequence, gene organization and
genetic code. Journal of Molecular Evolution 22: 252-271. https://
doi.org/10.1007/BF02099755

Crandall KA, Templeton AR (1993) Empirical tests of some predictions
from coalescent theory with applications to intraspecific phylogeny
reconstruction. Genetics 134(3): 959-969. https://doi.org/10.1093/
genetics/134.3.959

Crozier RH, Crozier YC (1993) The mitochondrial genome of the hon-
eybee Apis mellifera: Complete sequence and genome organization.
Genetics 133: 97-117. https://doi.org/10.1093/genetics/133.1.97

Ciplak B (2008) The analogy between interglacial and global warming
for the glacial relicts in a refigium: a biogeographic perspective for
conservation of Anatolian Orthoptera. In: Fattorini S (Eds.) Insect
ecology and conservation. Research Signpost Kerala, India, 135-163.

Cimen E, Mutun S (2022) Paleoenvironment played key role for the
Anatolian populations of Cynips divisa (Hymenoptera: Cynipidae).
Journal of Applied Biological Sciences 16(1): 13-23. https://doi.
org/10.71336/jabs.928

Cinar Kul B (2010) Tiirkiye yerli kegi irklarinin mitokondrial DNA ¢e-
sitliligi ve filocografyasi. PhD thesis, Ankara Universitesi, Ankara,
Tiirkiye.

Darriba D, Taboada GL, Doallo R, Posada D (2012) jModelTest 2: more
models, new heuristics and parallel computing. Nature Methods 9:
772. https://doi.org/10.1038/nmeth.2109

Demirsoy A (2002) General zoogeography and zoogeography of Tiir-
kiye (geography of animals). Meteksan, Ankara, Tirkiye, 1007 pp.
[in Turkish]

DillonN, Austin A, Bartowsky E (1996) Comparison of preservation tech-
niques for DNA extraction from hymenopterous insects. Insect Mo-
lecular Biology 5: 21-24. https://doi.org/10.1111/j.1365-2583.1996.
tb00036.x

Dinc S, Mutun S (2011) PCR-RFLP variation of the oak gall wasp, An-
dricus quercustozae (Bosc,1792) (Hymenoptera: Cynipidae) from
Turkey. Turkish Journal of Entomology 35: 47-58.

Dinc S, Mutun S (2019) Tracing imprints of past climatic fluctuations
and hetero-geneous topography in Cynips quercusfolii (Hymeno-
ptera: Cynipidae) in Turkey. European Journal of Entomology 116:
141-57. https://doi.org/10.14411/eje.2019.016

Do Carmo DDD, Sampronha S, Santos CMD, Ribeiro GC (2022) Cre-
taceous Horse flies and their phylogenetic significance (Diptera: Ta-
banidae). Arthropod Systematics & Phylogeny 80: 295-307. https://
doi.org/10.3897/asp.80.e86673

Drummond AJ, Rambaut A (2007) BEAST: Bayesian evolutionary
analysis by sampling trees. BMC Evolutionary Biology 7(1): 214.
https://doi.org/10.1186/1471-2148-7-214

Dubey S, Cosson JF, Vohralik V, Krystufek B, Diker E and Vogel P (2007)
Molecular evidence of pleistocene bidirectional faunal exchange be-
tween Europe and the near east: the case of the bicoloured shrew
(Crocidura leucodon, Soricidae). Journal of Evolutionary Biology
20: 1799-1808. https://doi.org/10.1111/.1420-9101.2007.01382.x

Excoffier L, Lischer HE (2010) Arlequin suite ver 3.5: a new series of
programs to perform population genetics analyses under Linux and
Windows. Molecular Ecology Resources 10: 564-567. https://doi.
org/10.1111/5.1755-0998.2010.02847.x

Evenhuis NL, Pape T (2022) Systema Dipterorum, Version 3.7 http://
diptera.org [accessed on May 9, 2025].

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA prim-
ers for amplification of mitochondrial cytochrome ¢ oxidase subunit
I from diverse metazoan invertebrates. Molecular Marine Biology
Biotechnology 3: 294-299.

Fu Y-X (1997) Statistical tests of neutrality of mutations against popu-
lation growth, hitchhiking and background selection. Genetics 147:
915-925. https://doi.org/10.1093/genetics/147.2.915


https://doi.org/10.1051/parasite/1964393285
https://doi.org/10.1051/parasite/1964393285
https://doi.org/10.3390/taxonomy4040046
https://doi.org/10.3390/taxonomy4040046
https://doi.org/10.1093/aob/mcr134
https://doi.org/10.1093/aob/mcr134
https://doi.org/10.37828/em.2024.71.7
https://doi.org/10.1016/j.meegid.2014.03.029
https://doi.org/10.3390/ijms%C2%AD12064080
https://doi.org/10.3390/ijms%C2%AD12064080
https://doi.org/10.1126/science.184.4138.753
https://doi.org/10.3897/zookeys.130.1466
https://doi.org/10.3897/zookeys.130.1466
https://doi.org/10.1016/j.crpvbd.2025.100243
https://doi.org/10.1007/BF02099755
https://doi.org/10.1007/BF02099755
https://doi.org/10.1093/genetics/134.3.959
https://doi.org/10.1093/genetics/134.3.959
https://doi.org/10.1093/genetics/133.1.97
https://doi.org/10.71336/jabs.928
https://doi.org/10.71336/jabs.928
https://doi.org/10.1038/nmeth.2109
https://doi.org/10.1111/j.1365-2583.1996.tb00036.x
https://doi.org/10.1111/j.1365-2583.1996.tb00036.x
https://doi.org/10.14411/eje.2019.016
https://doi.org/10.3897/asp.80.e86673
https://doi.org/10.3897/asp.80.e86673
https://doi.org/10.1186/1471-2148-7-214
https://doi.org/10.1111/j.1420-9101.2007.01382.x
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.1093/genetics/147.2.915

44

Sanal Demirci et al.: Molecular diversity of Tabanus bifarius

Guindon S, Gascuel O (2003) A simple, fast, and accurate algorithm
to estimate large phylogenies by maximum likelihood. Systematic
Biology 52: 696-704. https://doi.org/10.1080/10635150390235520

Harpending H (1994) Signature of ancient population growth in a low-
resolution mitochondrial DNA mismatch distribution. Human Bio-
logy 66: 591-600.

Hayward A, Stone GN (2006) Comparative phylogeography across two
trophic levels: the oak gall wasp Andricus kollari and its chalcid par-
asitoid Megastigmus stigmatizans. Molecular Ecology 15: 479—489.
https://doi.org/10.1111/j.1365-294X.2005.02811.x

Hewitt GM (1996) Some genetic consequences of ice ages, and their
role in divergence and speciation. Biological journal of the Linnean
Society 58(3): 247-276. https://doi.org/10.1111/.1095-8312.1996.
tb01434.x

Hewitt G (2000) The genetic legacy of the Quaternary ice ages. Nature
405(6789): 907-913. https://doi.org/10.1038/35016000

Hewitt GM (2001) Speciation, hybrid zones and phylogeography or se-
eing genes in space and time. Molecular Ecology 10(3): 537-549.
https://doi.org/10.1046/j.1365-294x.2001.01202.x

Husseneder C, Delatte JR, Krumholt J, Foil LD (2014) Development of
microsatellites for population genetic analyses of Tabanus nigrovit-
tatus (Diptera: Tabanidae). Journal of Medical Entomology 51(1):
114-118. https://doi.org/10.1603/ME13093

Hutchison DW and Templeton AR (1999) Correlation of pairwise gene-
tic and geographicdistance measures: inferring the relative influences
of gene flow and drift on the distribution of genetic variability. Evo-
lution 53(6): 1898-1914. https://doi.org/10.1111/j.1558-5646.1999.
tb04571.x

Ji YJ, Zhang DX, He LJ (2003) Evolutionary conservation and versa-
tility of a new set of primers for amplifying the ribosomal internal
transcribed spacer regions in insects and other invertebrates. Mo-
lecular Ecology Notes 3: 581-585. https://doi.org/10.1046/j.1471-
8286.2003.00519.x

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock
S, Buxton S, Cooper A, Markowitz S, Duran C, Thierer T, Ashton
B, Meintjes P, Drummond A (2012) Geneious Basic: an integrated
and extendable desktop software platform for the organization and
analysis of sequence data. Bioinformatics 28: 1647-1649. https://
doi.org/10.1093/bioinformatics/bts199

Kilig AY (1999) Checklist of Tabanidae (Diptera) from Turkey. Turkish
Journal of Zoology 23:(2) 123-132.

Kilig AY (2006) New additions and errata to the checklist of Tabani-
dae (Insecta: Diptera) fauna of Turkey. Turkish Journal of Zoology
30(4): 335-343.

Krémar S, Durbesi¢ P (1999) Seasonal abundance of horse flies in the
Mediterranean part of Croatia (Diptera: Tabanidae). Periodicum bio-
logorum 101 (2): 177-181.

Krémar S, Mikuska J, Chvéala M (2002) Tabanidae (Diptera) of western
and central Balkans-Bosnia and Herzegovina, Serbia, Montenegro,
Vojvodina, Kosovo and Macedonia. Acta Universitatis Carolinae
Biologica 46: 305-320.

Krémar S, Mikuska A, Mikuska J (2004) New faunistic records of horse
flies (Diptera: Tabanidae) in Bosnia and Herzegovina. Acta Univer-
sitatis Carolinae Biologica 48: 197-201.

Krémar S (2011) Preliminary list of horse flies (Diptera, Tabanidae) of
Serbia. ZooKeys 117: 73-81. https://doi.org/10.3897/zookeys.117.
1328

Krémar S, Kucini¢ M, Pezzi M, Madari¢ BB (2022) DNA barcoding of
the horsefly fauna (Diptera, Tabanidae) of Croatia with notes on the
morphology and taxonomy of selected species from Chrysopsinae

and Tabaninae. ZooKeys 1087: 141-161. https://doi.org/10.3897/
zookeys.1087.78707

Labandeira C (2010) The pollination of mid Mesozoic seed plants and
the early history of Long-proboscid insects. Annals of the Missouri
Botanical Garden 91(4): 470-513. https://doi.org/10.3417/2010037

Leclercq M (1966) Revision systematique et biogeographique des Ta-
banidae (Diptera) palearctiques, Tabaninae. Mémoires de I’Institut
Royal des Sciences Naturelles de Belgique, Brussels, Belgium,
2(79): 1-236.

Leclercq M (1967) Tabanidae (Diptera) de Turquie II: diagnosis d’Hy-
bomitra okayi, Atylotus hendrixi et Haematopota hennauxi n. spp.
Bulletin des Recherches Agronomiques de Gembloux, Gembloux,
Belgium, 2(1): 106-127.

Librado P, Rozas J (2009) DnaSP v5: a software for comprehensive ana-
lysis of DNA polymorphism data. Bioinformatics. 25: 1451-1452.
https://doi.org/10.1093/bioinformatics/btp187

Liu M, Wu T, Ju H, Ma X, Fang Z, Chang Q (2022) Phylogenetic ana-
lysis of mitochondrial genome of Tabanidae (Diptera: Tabanidae)
reveals the present status of Tabanidae classification. Insects 13(8):
695. https://doi.org/10.3390/insects 13080695

Mackerras I, Spratt D, Yeates D (2008) Revision of the horse fly genera
Lissimas and Cydistomyia (Diptera: Tabanidae: Diachlorini) of Aus-
tralia. Zootaxa 1886: 1-80. https://doi.org/10.11646/zootaxa.1886.1.1

Mazraeh FM, Khaghninia S, Iranipour S, Kilic AY (2018) Taxonomic
study of the genus Tabanus Linnaeus, 1758 (Diptera: Tabanidae) in
East Azarbaijan province with three species as newrecords for the
Iranian fauna. Journal of Insect Biodiversity and Systematics 4(2):
105-112. https://doi.org/10.52547/jibs.4.2.105

Morita SI, Bayless KM, Yeates DK, Wiegmann BM (2016) Molecu-
lar phylogeny of the horse flies: a framework for renewing ta-
banid taxonomy. Systematic Entomology 41(1): 56-72. https://doi.
org/10.1111/syen.12145

Mugasa CM, Villinger J, Gitau J, Ndungu N, Ciosi M, Masiga D (2018)
Morphological re-description and molecular identification of Ta-
banidae (Diptera) in East Africa. ZooKeys (769): 117. https://doi.
org/10.3897/zookeys.769.21144

Mutun S (2010) Intraspecific genetic variation and phylogeography of
the oak gallwasp Andricus caputmedusae (Hymenoptera: Cynipi-
dae): effects of the Anatolian Diagonal. Acta Zoologica Academiae
Scientiarum Hungaricae 56:153-72.

Mutun S (2016) Review of oak gall wasps phylogeographic patterns in
Turkey suggests a main role of the Anatolian Diagonal. Turk Journal
of Forestry 17: 1-6.

Mutun S, Atay G (2015) Phylogeography of Trigonaspis synaspis (Hy-
menoptera: Cynipidae) from Anatolia based on mitochondrial and
nuclear DNA sequences. European Journal of Entomoloy 112(2):
259-267. https://doi.org/10.14411/eje.2015.036

Mutun S and Danso OA (2023) Possible effects of Pliocene and Pleis-
tocene on the Anatolian populations of Andricus tomentosus (Hy-
menoptera: Cynipidae). North-Western Journal of Zoology 19(2):
122-133.

Nei M (1987) Molecular evolutionary genetics. Columbia University
Press, New York, USA, 512 pp.

Papadopoulou A, Anastasiou I, Vogler AP (2010) Revisiting the insect
mitochondrial molecular clock: the mid-Aegean trench calibration.
Molecular Biology and Evolution 27: 1659-72. https://doi.org/
10.1093/molbev/msq051

Petit RJ, Hampe A, Cheddadi R (2005) Climate changes and tree phy-
logeography in the Mediterranean. Taxon 54(4): 877-885. https://
doi.org/10.2307/25065474


https://doi.org/10.1080/10635150390235520
https://doi.org/10.1111/j.1365-294X.2005.02811.x
https://doi.org/10.1111/j.1095-8312.1996.tb01434.x
https://doi.org/10.1111/j.1095-8312.1996.tb01434.x
https://doi.org/10.1038/35016000
https://doi.org/10.1046/j.1365-294x.2001.01202.x
https://doi.org/10.1603/ME13093
https://doi.org/10.1111/j.1558-5646.1999.tb04571.x
https://doi.org/10.1111/j.1558-5646.1999.tb04571.x
https://doi.org/10.1046/j.1471-8286.2003.00519.x
https://doi.org/10.1046/j.1471-8286.2003.00519.x
https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.3897/zookeys.117.%C2%AD132%C2%AD8
https://doi.org/10.3897/zookeys.117.%C2%AD132%C2%AD8
https://doi.org/10.3897/zookeys.1087.78707
https://doi.org/10.3897/zookeys.1087.78707
https://doi.org/10.3417/2010037
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.3390/insects13080695
https://doi.org/10.11646/zootaxa.1886.%C2%AD1%C2%AD.1
https://doi.org/10.52547/jibs.4.2.105
https://doi.org/10.1111/syen.12145
https://doi.org/10.1111/syen.12145
https://doi.org/10.3897/zookeys.769.21144
https://doi.org/10.3897/zookeys.769.21144
https://doi.org/10.14411/eje.2015.036
https://doi.org/%C2%AD10.1093/molbev/msq051
https://doi.org/%C2%AD10.1093/molbev/msq051
https://doi.org/10.2307/25065474
https://doi.org/10.2307/25065474

Arthropod Systematics & Phylogeny 84, 2026, 31-46

45

Posada D, Crandall KA (2001) Intraspecific gene genealogies: trees
grafting into networks. Trends in Ecology and Evolution 16: 37-45.
https://doi.org/10.1016/s0169-5347(00)02026-7

Quicke DLJ, Lopez-Vaamonde C, Belshaw R (1999) Preservation of
hymenopteran specimens for subsequent molecular and morpho-
logical study. Zoologica Scripta 28: 261-7. https://doi.org/10.1046/
3.1463-6409.1999.00004.x

Rambout A (2009) FigTree, version 1.3.1. Institute of Evolutionary Bi-
ology, University of Edinburgh. Software available from http://tree.
bio.ed.ac.uk/software/figtree.

Rogers A, Harpending H (1992) Population growth makes waves in the
distribution of pairwise differences. Molecular Biology and Evo-
lution 9: 552-569. https://doi.org/10.1093/0xfordjournals.molbev.
2040727

Rokas A, Atkinson RJ, Webster LMI, Csoka G, Stone GN (2003) Out
of Anatolia: Longitudinal gradients in genetic diversity support an
eastern origin for a circum-Mediterranean oak gall wasp Andricus
quercustozae. Molecular Ecology 12: 2153-2174. https://doi.org/
10.1046/1.1365-294x.2003.01894.x

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenet-
ic inference under mixed models. Bioinformatics 19: 1572-1574.
https://doi.org/10.1093/bioinformatics/btg180

Sanal Demirci SN, Kilic V, Mutun S, Kilic AY (2021) Population genet-
ics and phylogeography of Tabanus bromius (Diptera: Tabanidae).
Parasites and Vectors 14: 1-16. https://doi.org/10.1186/s13071-021-
04970-5

Schmitt T (2007) Molecular biogeography of Europe: Pleistocene cy-
cles and postglacial trends. Frontiers in Zoology 4: 1—13. https://doi.
org/10.1186/1742-9994-4-11

Schneider S, Excoffier L (1999) Estimation of past demographic pa-
rameters from the distribution of pairwise differences when the mu-
tation rates vary among sites: application to human mitochondrial
DNA. Genetics 152: 1079-1089. https://doi.org/10.1093/genetics/
152.3.1079

Shaw M, Murrell A, Barker SC (2002) Low intraspecific variation in the
rRNA Internal Transcribed Spacer 2 (ITS2) of the Australian para-
lysis tick, Ixodes holocylus. Parasitology Research 88(3): 247-252.
https://doi.org/10.1007/s00436-001-0533-z

Slatkin M (1993) Isolation by distance in equilibrium and non-equi-
librium populations. Evolution 47(1): 264-279. https://doi.org/10.-
1111/5.1558-5646.1993.tb01215.x

Swofford D (2002) PAUP*: phylogenetic analysis using parsimony, ver-
sion 4.0b10. Illinois Natural History Survey, Champaign.

Tajima F (1983) Evolutionary relationship of DNA sequences in finite
populations. Genetics 105: 437-460. https://doi.org/10.1093/genet-
ics/105.2.437

Tajima F (1989) Statistical method for testing the neutral mutation hy-
pothesis by DNA polymorphism. Genetics 123: 585-595. https://
doi.org/10.1093/genetics/123.3.585

Tautz D, Hancock JM, Webb DA, Tautz C, Dover GA (1988) Complete
sequences of the rRNA genes of Drosophila melanogaster. Molec-
ular Biology and Evolution 5: 366-376. https://doi.org/10.1093/0x-
fordjournals.molbev.a040500

Taylor DR, Keller SR (1996) Historical range expansion determines
the phylogenetic diversity introduced during contemporary species
invasion. Evolution 61(2): 334-345. https://doi.org/10.1111/j.1558-
5646.2007.00037.x

Taylor DB, Szalanski AL, Peterson RD (1996) Identification of screw-
worm species by polymerase chain reaction-restriction fragment
length polymorphism. Medical and Veterinary Entomology 10: 63—
70. https://doi.org/10.1111/j.1365-2915.1996.tb00083.x

Teacher AGF, Griffiths DJ (2011) HapStar: automated haplotype net-
work layout and visualization. Molecular Ecology Resources. 11:
151-153. https://doi.org/10.1111/j.1755-0998.2010.02890.x

Weir JT, Schluter D (2007) The latitudinal gradient in recent specia-
tion and extinction rates of birds and mammals. Science 315(5818):
1574-1576. https://doi.org/10.1126/science.1135590

Xiao'Y, Zhang Y, Yanagimoto T, Li J, Xiao Z, Gao T, Xu S, Ma D (2011)
Population genetic structure of the point-head flounder, Cleisthenes
herzensteini, in the Northwestern Pacific. Genetica 139: 187-198.
https://doi.org/10.1007/s10709-010-9536-y

Zhang DX, Hewitt GM (2003) Nuclear DNA analyses in genetic studies
of populations: practice, problems and prospects. Molecular Ecolo-
gy 12: 563-584. https://doi.org/10.1046/j.1365-294x.2003.01773.x


https://doi.org/10.1016/s0169-5347(00)02026-7
https://doi.org/10.1046/j.1463-6409.1999.00004.x
https://doi.org/10.1046/j.1463-6409.1999.00004.x
http://tree.bio.ed.ac.uk/software/figtree
http://tree.bio.ed.ac.uk/software/figtree
https://doi.org/10.1093/oxfordjournals.molbev.a040727
https://doi.org/10.1093/oxfordjournals.molbev.a040727
https://doi.org/%C2%AD10.1046/j.1365-294x.2003.01894.x
https://doi.org/%C2%AD10.1046/j.1365-294x.2003.01894.x
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1186/s13071-021-04970-5
https://doi.org/10.1186/s13071-021-04970-5
https://doi.org/10.1186/1742-9994-4-11
https://doi.org/10.1186/1742-9994-4-11
https://doi.org/10.1093/genetics/%C2%AD1%C2%AD52.3.1079
https://doi.org/10.1093/genetics/%C2%AD1%C2%AD52.3.1079
https://doi.org/10.1007/s00436-001-0533-z
https://doi.org/10.%C2%AD1111/j.1558-5646.1993.tb01215.x
https://doi.org/10.%C2%AD1111/j.1558-5646.1993.tb01215.x
https://doi.org/10.1093/genetics/105.2.437
https://doi.org/10.1093/genetics/105.2.437
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/oxfordjournals.molbev.a040500
https://doi.org/10.1093/oxfordjournals.molbev.a040500
https://doi.org/10.1111/j.1558-5646.2007.00037.x
https://doi.org/10.1111/j.1558-5646.2007.00037.x
https://doi.org/10.1111/j.1365-2915.1996.tb00083.x
https://doi.org/10.1111/j.1755-0998.2010.02890.x
https://doi.org/10.1126/science.1135590
https://doi.org/10.1007/s10709-010-9536-y
https://doi.org/10.1046/j.1365-294x.2003.01773.x

46 Sanal Demirci et al.: Molecular diversity of Tabanus bifarius

Supplementary Material 1

Figures S1, S2

Authors: Sanal Demirci SN, Kilig V, Mutun S, Kili¢ AY (2026)

Data type: .pdf

Explanation notes: Figure S1. Mismatch distribution profiles of each population based on COI haplotypes. The ob-
served distribution is shown by the red line, and the expected distribution under the expansion model is shown by
the green line. — Figure S2. Mismatch distribution profiles of each population based on ITS1-ITS2 alleles. The
observed distribution is represented by the red line, and the expected distribution under the expansion model is
represented by the green line.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/asp.84.e162008.suppl 1

Supplementary Material 2

Tables S1-S4

Authors: Sanal Demirci SN, Kilig V, Mutun S, Kili¢ AY (2026)

Data type: .pdf

Explanation notes: Table S1. COI haplotypes and their frequencies in populations. — Table S2. ITS1-ITS2 alleles
and their frequencies in populations. — Table S3. COI gene FST analysis results showing pairwise genetic vari-
ations between populations. — Table S4. ITS region FST analysis results showing pairwise genetic variations
between populations.

Copyright notice: This dataset is made available under the Open Database License (http://opendatacommons.org/
licenses/odbl/1.0). The Open Database License (ODbL) is a license agreement intended to allow users to freely
share, modify, and use this dataset while maintaining this same freedom for others, provided that the original source
and author(s) are credited.

Link: https://doi.org/10.3897/asp.84.e162008.suppl2


http://opendatacommons.org/%C2%ADlicenses/odbl/1.0
http://opendatacommons.org/%C2%ADlicenses/odbl/1.0
https://doi.org/10.3897/asp.84.e162008.suppl1
http://opendatacommons.org/%C2%ADlicenses/odbl/1.0
http://opendatacommons.org/%C2%ADlicenses/odbl/1.0
https://doi.org/10.3897/asp.84.e162008.suppl2

	Insights into the molecular diversity and phylogeographic structure of Tabanus bifarius Loew, 1858 (Diptera: Tabanidae)
	1. Introduction
	2. Material and Methods
	2.1. Sample collection, experimental laboratory, and data preparation
	2.2. Genetic diversity and population structure
	2.3. Phylogenetic and phylogeo­graphic analyses

	3. Results
	3.1. Patterns of molecular diversity of Tabanus bifarius
	3.2. Analysis of the Demographic Structure of Tabanus bifarius Populations
	3.3. Population differentiation and genetic variations
	3.4. Phylogenetic and phylogeo­graphic analyses of Tabanus ­bifarius specimens

	4. Discussion
	4.1. Molecular diversity and population structure of T. bifarius
	4.2. Phylogenetics of T. bifarius and divergence of lineages

	5. Funding
	6. Acknowledgements
	7. References

