
 
 

 
 

 
Diversity 2022, 14, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/diversity 

Article 1 

Evidence for genetic hybridization between released and wild 2 

game birds: Phylogeography and genetic structure of Chukar 3 

Partridge, Alectoris chukar in Turkey 4 

 Tamer Albayrak 1,* José Antonio Dávila García2, Özlem Özmen3, Filiz Karadas4, Duygu Ateş5, and Michael Wink6 5 

1 Department of Biology, Science and Art Faculty, Burdur Mehmet Akif Ersoy University, 15100, Burdur, 6 
Turkey 7 

2 Instituto de Investigación en Recursos Cinegéticos IREC (CSIC-UCLM-JCCM), Ronda de Toledo s/n, 13071 8 
Ciudad Real, España 9 

3 Burdur Mehmet Akif Ersoy University, Department of Pathology, Faculty of Veterinary Medicine, İstiklal 10 
Yerleşkesi 15030, Burdur, Turkey 11 

4 University of Yüzüncü Yıl, Faculty of Agriculture, Department of Animal Science, Van-TURKEY 12 
5 Ege University, Science Faculty, Department of Biology, İzmir, Turkey 13 
6 Heidelberg University, Institute of Pharmacy and Molecular Biotechnology, 69120 Heidelberg, Germany 14 
* Correspondence: albayraktamer@gmail.com 15 

Abstract: The Chukar Partridge (Alectoris chukar, Galliformes) is one of the most important game 16 
birds in its native range, spanning from the Balkans to eastern Asia and the regions in Europe, North 17 
America and New Zealand where it was introduced. Previous studies found two large genetic lin- 18 
eage of the species forming an eastern and a western clade. Chukar Partridges are raised in game 19 
farms and released to supplement natural populations for shooting in the USA, Canada, Greece, 20 
and Turkey. To explore the intraspecific population structure, phylogeography, and possible hy- 21 
bridizations of the species, we here used ten microsatellite and two mitochondrial DNA loci on 14 22 
wild and five farmland populations sampled in Turkey,. Wild and farmed Chukar Partridge sam- 23 
ples were analyzed together to investigate possible influences of intraspecific hybridizations. We 24 
found that the farmed chukars, which mainly (85%) derive from the eastern clade, and wild Chukar 25 
Partridges were genetically different. Wild populations can be separated into six management units, 26 
with Gökçeada Island in the Aegean Sea as the genetically most distinct population. Intraspecific 27 
hybridization was detected between wild and captive populations. The anthropogenic hybridiza- 28 
tion of Chukar Partridges causes introgression and homogenization. The phylogeographic analysis 29 
revealed an admixture among wild populations; possibly, Anatolia may figure as a refuge area with 30 
“refugia-within-refugia”. We recommend that the genetic diversity of Chukar Partridges and their 31 
MUs' populations be taken into account when developing the policy of hunting, production and 32 
release of Chukar Partridges to conserve the genetic integrity of this species. 33 

Keywords: population genetics; evolution; Anatolia; refugium; breeding station; admixture. 34 
 35 

1. Introduction 36 
Genetic diversity plays a crucial role in the adaptation and survival of species [1], 37 

while their phylogeographic structure reflects the complex relationships between histori- 38 
cal and ongoing evolutionary processes in a spatial framework. Phylogeographic studies 39 
helped elucidate gene flow patterns, hybridization, range expansion, and speciation 40 
among many bird species [2].  41 

Climatic fluctuations have been occurring in the last 3 million years, alternating 42 
warm and cold periods in the Northern Hemisphere, especially in mountainous regions, 43 
influencing the current phylogeographic structure of resident species. During the Quater- 44 
nary ice ages, substantial areas of northern Europe and the mountains range of southern 45 
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Europe and Asia were covered by ice sheets. In this period, Iberia, Italy, the Balkans, and 90 
Anatolia subsequently acted as glacial refugia for different species [3]. Southern Anatolia 91 
was one of the most important unglaciated areas in the western Palearctic region during 92 
the Pleistocene [3,4]. During that period, populations remained isolated in different refu- 93 
gia, which changed the genetic structure of the species. High altitudinal differentiation 94 
and a wide range of climates and microclimates may have promoted three possible refugia 95 
within Anatolia located, respectively, in the coastline of the Mediterranean region from 96 
Antalya to Hatay, along the coastline of Aegean region from İzmir to Çanakkale, and in 97 
mid-northern of Anatolia [4]. Moreover, various phylogeographic studies provided evi- 98 
dence that Anatolian populations of mammals [5], birds [4,6,7], amphibians [8], and in- 99 
sects [9] display a high level of genetic differentiation. This may have outcome resulted 100 
from the different ecological and climatic conditions. 101 

Seven Alectoris (Galliformes) species occur in the Palearctic [10]. Although they are 102 
mainly allopatric, natural hybridization in Alectoris contact zones has been described [11]. 103 
Chukar Partridge, Alectoris chukar, which is represented in the ancient Roman and Hellen- 104 
istic mosaics, is one of the world's most important game birds. The native distribution 105 
range of this species extends from the Balkans to eastern Asia [12], with 14 morphological 106 
subspecies [13] clustering into two distinct genetic clades: an eastern and a western clade 107 
divided with mountainous barriers throughout Altay to Himalayas [14,15]. Eastern clade 108 
chukars are also raised in farms for hunting and meat production [16,17]. Moreover, Eu- 109 
ropean game farms breed interspecific A. rufa x A. chukar [18–20] and A. graeca x A. chukar 110 
hybrids [11,21] are used to be released into natural populations for shooting. However, it 111 
is now illegal in most European countries. Almost 70000 farm-reared Chukar Partridges 112 
are produced and released in Turkey yearly since 2001 (www.milliparklar.gov.tr/resmii- 113 
statistikler).  114 

 115 
Reintroduction studies have pros and cones. For example, a successful reintroduction pro- 116 

jects on Peregrine Falcon (Falco peregrinus) helped to maintain the level of genetic diversity and 117 
inbreeding depression [22,23] and reintroduced two parrot species from captive population hav- 118 
ing similar genetic diversity with wild ones [24]. In contrast, a study about the Common Quail 119 
(Coturnix coturnix) [25] and the Mallard (Anas platyrhynchos) across Europe [26] showed 120 
that the antropogenic introgressive hyridization turns into the rampant genetic homoge- 121 
nization of Alectoris partridges at both inter- and intraspecific level [11,19,27]. Therefore, 122 
we genotyped two mtDNA genes and ten microsatellites loci of Chukar Partridge samples 123 
from 14 wild and five farm (captive) populations from Turkey to determine (i) the popu- 124 
lation structure and phylogeography, (ii) whether wild and farmed chukars are genet- 125 
ically different (iii) the signs of admixture between wild and farmed chukars occur. 126 

2. Materials and Methods 127 
2.1. Sample collection and DNA extraction 128 

Muscle tissue samples were collected from wild and captive individuals (n = 362) 129 
sampled during the 2018-2019 hunting seasons in 14 localities throughout Turkey and six 130 
breeding stations (Table 1). Captive adult individuals were randomly selected in each 131 
breeding station. The MAKU-HADYEK-169 protocol controlled all the experiments on 132 
Chukar Partridges by MAKU, Local Ethical Committee on Animal Experiments regula- 133 
tions. All samples were preserved at room temperature in absolute ethanol. Total DNA 134 
was extracted using GeneJET Genomic DNA Purification Kit (Thermo Fisher Scientific, 135 
Waltam, USA) or Dneasy Blood & Tissue Kit (Qiagen, Hilden, Germany) following the 136 
manufacturer’s instructions. 137 

2.2. DNA amplification and sequencing 138 
The partial cytochrome-b (Cyt-b, 1,092 bp) and the entire Control region (CR, about 139 

1,155 bp) of the mitochondrial DNA (mtDNA) were amplified for all samples following 140 
Barbanera et al. [14]. PCR products were purified and sequenced on both strand at 141 
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Macrogen (Seoul, Korea). Sequence were aligned in GENEIOUS PRIME with the MUS- 350 
CLE plugin and further proofed manually. The sequences were deposited in GenBank 351 
with accession numbers MZ706294 to MZ706461. We added 86 partial Cyt-b and CR hap- 352 
lotype sequences of Chukar Partridge from Europe and Asia deposited in GenBank. The 353 
Rock Partridge (Alectoris greaca) was used as outgroup (Table 1).  354 

As far as the microsatellites are concerned, we selected the ten most polymorphic 355 
STR loci in A. chukar among 130 from an A. rufa genomic library: Aru1A, Aru1B3, Aru1E7, 356 
Aru1E93, Aru1E97, AruF25, AruF114, Aru1G4, Aru1G49 [28], plus one Aru2D020, used 357 
for the first time in this study (forward primer: CAACTACTTAACCTTTTCTCCTG; re- 358 
verse primer: CACTTCATAGTACAGAAACATGG). The PCR conditions were as indi- 359 
cated in [29]. 360 

 361 

Table 1. Chukar Partridge sampling locations and sample size. An abbreviation is spelled for each 362 
wild and captive populations surveyed in this study. 363 

no Source Locality 

Mt 

DNA 

(n) 

Microsatellites 

(n) 
Reference 

1 Wild population Çanakkale 

(CAN) 

24 21 This study 

2  Muğla (MUG) 19 16 This study 

3  Burdur (BUR) 19 18 This study 

4  Eskişehir (ESK) 21 20 This study 

5  Çankırı (CKR) 18 18 This study 

6  Niğde (NIG) 22 21 This study 

7  Sivas (SIV) 20 13 This study 

8  Kayramanmaraş 

(KAH) 

29 28 This study 

9  Bayburt (BAY) 14 14 This study 

10  Erzurum (ERZ) 19 19 This study 

11  Kars (KAR) 18 18 This study 

12  Bitlis BIT) 13 13 This study 

13  Van (VAN) 14 14 This study 

14  Hakkari (HAK) 8 8 This study 

BS1 Breeding station Afyon (BSA) 19 15 This study 

BS2  Gaziantep 

(BSG) 

24 23 This study 

BS3  Kahramanmaraş 

(BSK) 

28 27 This study 

BS4  Malatya (BSM) 18 17 This study 

BS5  Uşak (BSU) 14 14 This study 

BS6  Yozgat (BSY) 26 25 This study 
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  Alectoris 

greaca 

2 - Barbanera et al. 

[13] 

 Total  475 362  

2.3. Phylogeographic analysis 403 
The Cyt-b and CR sequences were concatenated and aligned. The phylogenetic rela- 404 

tionships were reconstructed in MEGA X [30] and BEAST 2 [31] using the Maximum Like- 405 
lihood (ML) method. The TN93 + G + I algorithm was selected using MEGA X and following 406 
the Akaike Information Criterion (AIC). Initial tree(s) for the heuristic search were obtained 407 
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise dis- 408 
tances estimated using the Tamura-Nei model and then selecting the topology with a supe- 409 
rior log-likelihood value. There were a total of 2247 positions in the final dataset. Genetic 410 
differentiation among populations (FST) was evaluated by analyzing molecular variance 411 
(AMOVA) in ARLEQUIN 3.5 with significances assessed by 10,100 permutations [32] and a 412 
spatial analysis of molecular variance (SAMOVA) was performed using SAMOVA 1.0 [33]. 413 
This method is based on a simulated annealing procedure aimed at identifying geograph- 414 
ically homogeneous populations and maximally differentiated in terms of among-group 415 
component (FCT) of the overall genetic variance without the prior assumption of group com- 416 
position AMOVA relies on. The program was run for 10,000 iterations from each of 100 417 
random initial conditions and tested all the grouping options (predefined number of groups 418 
K ranging from 2 to 18). The optimal number of groups (K): FCT values (proportion of genetic 419 
variation among groups) reached a maximum, or a plateau was selected. A median-joining 420 
network was created to visualize haplotype relationships using Network 10 [34]. Haplo- 421 
types and mismatch distributions of demographic/population expansion were defined by 422 
DnaSP 6 [35] and the number of polymorphic sites (S), haplotype diversity (Hd), nucleotide 423 
diversity (π), average number of nucleotide differences (K), and number of haplotypes (h) 424 
were calculated using DnaSP 6 or ARLEQUIN for the mtDNA dataset. 425 

Microsatellites: Departure from Hardy-Weinberg equilibrium (HWE) and linkage dise- 426 
quilibrium were calculated for each microsatellite locus and population with an exact test 427 
using GENEPOP 4.7.5 [36]. The mean number of alleles (A), observed (HO), expected (HE) 428 
heterozygosity, and FST distances were calculated using ARLEQUIN [32].  429 

We used the Bayesian clustering method implemented in STRUCTURE 2.3.4 [37] to 430 
infer the population structure. Ten independent runs with K = 1-10, where K is the different 431 
number of subpopulations, were used with an admixture model taking sampling locations 432 
as priors and correlated allele frequencies between populations. Throughout the analysis, 433 
the burn-in period was fixed at 50,000, and the number of MCMC runs at 20,000. Besides, 434 
SAMOVA was performed to identify groups using SAMOVA [33]. The most likely number 435 
of groups was determined by 100 repeatedly running with two to 10 groups and choosing 436 
those partitions with a maximum FCT value. 437 

3. Results 438 
3.1. Mitochondrial nucleotide sequences 439 

The alignment of concatenated mt DNA loci for 354 individuals had a length of 2,247 440 
nucleotides, indels included. A total of 169 haplotypes were found, 146 belonging to the 441 
wild populations and 30 to the captive populations. Unique haplotypes (n = 148) were 442 
mostly found in the wild populations (n=139), whereas captive populations yielded only 443 
seven haplotypes (Table 2). The most frequent haplotypes were Hap20 (n = 48) and Hap74 444 
(n = 25) found only in captive partridges except for one wild individual (NIG) and Hap 26 445 
(n = 14) in wild, respectively. The ML tree with the highest log likelihood (-6412.72) and 446 
posterior probability is shown in Figure 1. All haplotypes are divided mainly into two 447 
clades, i.e., the western and eastern clade (Figure 1, S1, and S2). Besides, the Median-join- 448 
ing haplotype network showed two main groups where captive and wild populations 449 
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clearly clustered apart, even if evidences of admixture were also flagged (Figure 3). When 644 
star contraction of 169 haplotypes was applied, 96 haplotypes remained, with partridges 645 
from breeding stations and wild populations well separated from each other (Figure 3). 646 
The largest haplogroup included H19, H20, H74, and H88 haplotypes. These were mostly 647 
held by partridges from breeding stations (and in 60.5% of all captive individuals as op- 648 
posed to only 0.9% of wild ones). 649 

Basic summary statistics, including sample sizes, haplotype and nucleotide diversi- 650 
ties, are provided in Table 2. We found the highest Hd in KAH and KAR, followed by BAY 651 
and central populations, while the lowest was recorded in BSG, and BSY and BSA. Eastern 652 
haplotypes were found in the wild CAN, KAH, NIG populations, and all breeding sta- 653 
tions. Nearly all samples from breeding stations (85.3%) and some from wild populations 654 
(2.1%) belonged to the eastern clade (Table 3). 655 

 656 

Figure 1. ML tree built in MEGA X for the aligned haplotypes using the TN93 + G + I model. The 657 
posterior probability of trees in which the associated taxa clustered together is shown next to the 658 
branches. Haplotype details are given as supplementary documents S1 and S2. Admixed individu- 659 
als were excluded from this analysis. 660 

Some population differentiation was observed in the wild and captive Chukar Par- 661 
tridges in the SAMOVA for mt DNA. The highest FCT value was found at K = 5 (FCT = 0.56; 662 
p < 0.0001). One group included all wild populations, and the breeding stations were di- 663 
vided into four groups (Table 2 and 3). When only wild populations were analyzed, we 664 
did not observe an FCT plateau, rather it increased with the number of K. K=6 was selected 665 
due to the highest FCT differentiation between K=6 and K=7 (FCT = 0.11; p < 0.001; Figure 3, 666 
Table 3). The first population to split apart was CAN (K=2), followed by KAH (K=3). 667 

Table 2. Summary statistics (± SD) of genetic diversity in Chukar Partridge populations. Haplotype 668 
diversity (Hd) and nucleotide diversity (π) for each sampling area. N = number of individuals; eN= 669 
number of east clade individuals; S = polymorphic sites; h = number of haplotypes; eh= number of 670 
east haplotypes; uh = number of unique haplotypes. * SAMOVA groups of breeding station. 671 

SAMOVA 
Groups 

Populatio
n 

N eN (%) S 
Haplotypes 

Hd π (× 10-3) 
h eh (%) uh 

1  CAN 22 1 (4.5) 25 13 1 (7.7) 8 0.91 ±0.05 1.63 ± 0.46 
2  KAH 29 3 (10.3) 36 28 3 (10.7) 21 0.99 ±0.02 2.98 ± 0.30 
3  BAY 14 no 23 12 no 8 0.98 ± 0.04 1.91 ± 0.31 
4  ESK 20 no 10 8 no 4 0.87 ± 0.05 1.69 ± 0.13 
5 

C
en

t
er

 BUR 18 no 28 15 no 11 0.98 ± 0.02 2.45 ± 0.36 
5 MUG 18 no 22 15 no 13 0.98 ± 0.02 2.04 ± 0.28 

Haplogroup 
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Table 3. Spatial analysis of molecular variance (SAMOVA) of Alectoris chukar for the mtDNA. K, 709 
number of groups. FCT, the proportion of total genetic variance due to the differences between 710 
groups. Population abbreviations as in Table 1. K of captive and wild populations was given in the 711 
first column. 712 

 713 
The AMOVA revealed that differences among populations accounted for 48.37% of 714 

the overall genetic variance observed and differences within populations for 51.63%. The 715 
differentiation between wild and captive populations was moderate yet statistically sig- 716 
nificant (FST = 0.48, p < 0.01). The differentiation among individuals from only wild or cap- 717 
tive populations was low statistically significant (FST = 0.14 and FST = 0.24, p < 0.01). The 718 
differences among and within wild populations accounted for 13.66% and 86.34%, while 719 
in the case of captive populations these figures were 24.71% and 75.29%. 720 

Pairwise FST estimates (Figure 2) revealed several well-distinct groups. Breeding sta- 721 
tion differing by high levels of divergence from wild populations but not from each other 722 
except for BSK (FST = 0.29 – 0.40, p < 0.001). Some wild populations were not distinguished 723 
from the other wild populations (p < 0.001). However, CAN, an island population, KAH, 724 
BAY and ESK were differentiated from the other wild populations (p < 0.001; Figure 2).  725 

Mismatch distribution was unimodal, and population expansion was accepted for 726 
wild populations, while for captive populations were multimodal and demographic ex- 727 
pansion was not supported (Figure 4). 728 

5 CKR 16 no 16 13 no 7 0.98 ± 0.03 1.62 ± 0.24 
5 NIG 19 1 (5.3) 28 16 1 (6.3) 9 0.98 ± 0.02 2.07 ± 0.43 
5 SIV 12 no 11 10 no 3 0.97 ± 0.04 1.25 ± 0.19 
5 ERZ 19 no 34 15 no 11 0.97 ± 0.02 2.84 ± 0.23 

5 - total center 102 1 (1) 74 72 1 (1.4) 54 0.99 ± 0.00 2.17 ± 0.15 
6 

E
as

t 

KAR 18 no 23 16 no 10 0.99 ± 0.02 2.69 ± 0.24 
6 BIT 12 no 21 10 no 7 0.97 ± 0.04 2.32 ± 0.29 
6 VAN 13 no 20 10 no 5 0.95 ± 0.05 2.47 ± 0.37 
6 HAK 8 no 12 7 no 1 0.96 ± 0.08 2.35 ± 0.25 

6 - total east 51 no 34 35 no 23 0.98 ± 0.01 2.49 ± 0.13 
Total wild 238 5 (2.1) 103 146 5 (3.4) 139 0.99 ± 0.00 2.47± 0.10 

1*  BSA 14 12 (85.7) 14 4 3 (75.0) no 0.71 ± 0.10 1.77 ± 0.75 
2*  BSG 22 21 (95.5) 18 5 4 (80.0) no 0.52 ± 0.11 1.02 ± 0.56 
3*  BSK 26 17 (65.4) 22 18 12 (66.7) 4 0.97 ± 0.02 3.26 ± 0.32 
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4*  BSY 25 23 (92.0) 16 8 6 (75.0) no 0.66 ± 0.09 1.29 ± 0.51 

Total captive 116 99 (85.3) 26 30 20 (66.7) 7 0.79 ± 0.03 2.23 ± 0.27 
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(a) (b) 

Figure 2. Heat map of pairwise FST values across populations, (a) mitochondrial, (b) microsatellite) 772 
of Chukar Partridges in Turkey. Darker shades of blue rectangles indicate higher values of FST (as 773 
displayed on the bar down of the heat map). Cross indicate FST p-values not significant (p > 0.05). 774 

 775 

Figure 3. Population group defined in SAMOVA (six wild and four captive) based on mt DNA data. 776 
Circles represent geographic locations of wild populations and red angles represent the breeding 777 
stations on the map. Median-joining haplotype network constructed from the combined mt Cyt b 778 
and CR sequence data in Network 10. Haplotypes are represented by circles with size proportional 779 
to individual number.  780 
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 798 

 799 

Figure 4. Mismatch distribution of Chukar Partridges using the SAMOVA groups. Pairwise differ- 800 
ences of observed (red) and expected (green) values under the demographic expansion model. 801 

3.2. Microsatellite analysis 802 
The mean number of alleles per locus varied from 6.6 to 13.2 across wild populations 803 

and 6.9 to 8.3 in captive ones (Table 4). A total of 203 alleles were found of which 43 at 804 
Aru1E97, followed by 35 at AruF25 and 24 at Aru1B3 (Table 5). While private alleles were 805 
found in 11 populations, KAH was the one yielding the highest number (5 alleles; Figure 806 
6). The mean expected heterozygosity ranged from 0.69 to 0.87 in wild populations and 807 
from 0.71 to 0.79 in captive ones; observed heterozygosity ranged from 0.62 to 0.79 in the 808 
former and from 0.64 to 0.73 in the latter, respectively (Table 4). 809 

The linkage equilibrium was rejected for only 22 out of 900 pairs of alleles. However, 810 
after sequential Bonferroni correction, exact tests for genotypic linkage disequilibrium 811 
was non-significant. These results indicated that the loci used segregate independently. 812 
Hardy–Weinberg Equilibrium (HWE) was not accepted for 54 out of 200 the loci in all 813 
localities (Table 5). Deviation from HWE was found in all populations except BSA and 814 
BSG (Table 4), which might be indicative of inbreeding, assortative mating or null alleles. 815 
Heterozygote deficiency appeared in one to 14 loci (Table 5). Heterozygote excess (HE) 816 
occurred in NIG at Aru2D020. 817 

Table 4. Summary statistics (±SD) of genetic diversity in Chukar partridge. Haplotype diversity (Hd) 818 
and nucleotide diversity (p) expected heterozygosity (HE), observed heterozygosity (HO), and 819 
inbreeding coefficient (FIS) for each sampling area. P values for heterozygote deficiency. 820 
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CAN 21 7.5±3.7 0.63±0.23 0.69±0.22 0.0002 0.0991 

MUG 16 9.0±3.7 0.62±0.13 0.82±0.11 0.0000 0.2523 

BUR 18 10.4±4.1 0.66±0.18 0.86±0.06 0.0000 0.2325 

ESK 20 10.0±3.4 0.74±0.14 0.84±0.06 0.0000 0.1286 

CKR 18 10.1±4.9 0.69±0.18 0.81±0.15 0.0000 0.1404 

SIV 13 9.7±3.5 0.74±0.16 0.86±0.08 0.0000 0.1482 

NIG 21 11.4±4.4 0.74±0.13 0.85±0.09 0.0000 0.1344 

KAH 28 13.2±5.7 0.71±0.12 0.86±0.08 0.0000 0.1749 

BAY 14 9.5±3.4 0.76±0.18 0.84±0.06 0.0000 0.1125 

ERZ 19 10.2±3.6 0.79±0.09 0.84±0.08 0.0155 0.0506 

KAR 18 11.3±4.4 0.78±0.15 0.87±0.06 0.0000 0.0995 

BIT 13 10.1±3.2 0.79±0.17 0.86±0.08 0.0000 0.0790 

VAN 14 9.3±3.5 0.77±0.18 0.86±0.07 0.0000 0.1080 

HAK 8 6.6±2.4 0.71±0.26 0.84±0.08 0.0004 0.1644 

BSA 15 7.0±2.8 0.72±0.14 0.75±0.15 0.1004 0.0473 

BSG 23 8.2±3.3 0.73±0.15 0.73±0.18 0.1194 -0.0062 

BSK 27 7.8±3.3 0.66±0.18 0.74±0.16 0.0000 0.0974 

BSY 25 8.3±3.8 0.70±0.17 0.72±0.18 0.0152 0.0368 

BSM 17 8.2±3.1 0.71±0.17 0.79±0.12 0.0000 0.1109 

BSU 14 6.9±3.6 0.64±0.16 0.71±0.19 0.0329 0.0913 

Table 5. Microsatellite polymorphism. T: total number of alleles (range), Np: mean the number of 920 
alleles per population ±SD, HWE: Hardy–Weinberg equilibrium, HD: Heterozygote deficiency, HE: 921 
Heterozygote excess, values: the number of specific alleles in each population. 922 

 923 

Structure Harvester indicated that the most likely number of clusters was K=2 (Figure 924 
5). Wild and captive populations separated at K = 2; inferences of K = 3 to K = 6 were 925 
similar, revealing three main groups with CAN always well differentiated. Captive 926 
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samples showed evidence of admixture (Figure 6). Birds from the CAN island population 936 
are separated from the other wild populations at K = 3 to K = 6. By arbitrarily defining an 937 
individual as belonging to a specific cluster when assignment probability (q) was above 938 
0.8, 346 of 362 individuals clustered together at K = 3 in Structure (Table 6). The highest 939 
percentages of admixed (less than 80% of the individuals assigned to the cluster) individ- 940 
uals between wild and captive clusters were observed in SIV, VAN, KAR, ESK, ERZ, and 941 
KAH (Table 4). 942 

 943 

(a) (b) 

Figure 5. a: graph shows likelihood (L(K)) means for each number of cluster (K) from 10 independent 944 
runs in Structure Harvester (error bars represent SD). b: graph shows ΔK for each K based on the 945 
first and second-order rates of change.  946 

 947 

Figure 6. STRUCTURE assignment of 362 individual microsatellites for K = 2 to K = 6. Each 948 
individual genotype is represented by a vertical bar. Black lines separate the 20 different 949 
populations, 14 wild and six captive. The most likely number of clusters is K = 3. Besides, CAN 950 
chukars are clustered separately from other wild populations (K = 3 - K = 6) 951 
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 970 

Figure 7. Proportion of wild (red) and farmed (blue) Chukar Partridges from 14 wild and six captive 971 
populations using a panel of ten microsatellites (K = 3). The sample size is shown above each 972 
respective pie chart. 973 

Table 6. Sample size (n) and percentages of samples collected in different localities and assigned to 974 
the wild (two clusters) or captive cluster at K = 3 in Structure using microsatellites. Proportion of 975 
membership of each pre-defined population in each of the tree clusters  0.8 are considered 976 
admixed. 977 

Location n 

Wild (%)   Captive (%)   Main Admixture (%) 

Cluster I Cluster II   Cluster III   
Cluster 

I and II 
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I and III 

Cluster  

II and III 

 W
il
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CAN 21 0 90  10  0 0 0 

MUG 16 100 0  0  0 0 0 

BUR 18 94 0  0  6 0 0 

ESK 20 95 0  0  0 5 0 

CKR 18 89 0  6  6 0 0 

NIG 21 95 0  5  0 0 0 

SIV 13 85 0  0  8 8 0 

KAH 28 75 0  18  4 4 0 

BAY 14 100 0  0  0 0 0 

ERZ 19 95 0  0  0 5 0 

KAR 18 94 0  0  0 6 0 

BIT 13 92 0  0  8 0 0 

VAN 14 86 0  7  0 7 0 

HAK 8 100 0   0   0 0 0 

Total 241 83 8   4   2 2 0 
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BSM 17 0 0  82  0 18 0 

BSU 14 0 0  100  0 0 0 

BSY 25 0 0   100   0 0 0 

Total 121 1 0   94   0 3 2 

Total 362 56 5   34   1 3 1 

 984 

Comparable population differentiation was observed in wild and captive Chukar 985 
Partridges in the SAMOVA at ten microsatellite loci, and K = 4 distinguished among CAN, 986 
the other wild populations, BSU, and the other breeding stations (FCT = 0.12; p < 0.01; Table 987 
3). When only wild populations were analyzed, we did not observe an FCT plateau; rather 988 
it decreased with the number of K (Table 3). The first population to emerge as distinct was 989 
CAN (K=2), followed by HAK (K=3), MUG (K=4), and BIT (K=5), respectively. Pairwise FST 990 
values based on microsatellites showed significant genetic differentiation among most lo- 991 
calities (Figure 2). Non-significant values were obtained between neighbouring east Ana- 992 
tolian localities. 993 

4. Discussion 994 
This study was threefold. First, we aimed to determine the population structure and 995 

phylogeography of the Chukar Partridges; second, to investigate whether there is any dif- 996 
ference between wild and farmed chukars; and third to search for signatures of admixture 997 
between wild and captive.  998 

4.1. Population genetic structure 999 
Our mt DNA analyses of Chukar Partridges from Anatolia show that farmed chukars 1000 

are genetically different from wild populations. The two genetic cluster emerged for the 1001 
wild and captive chukar in Turkey fall within the western and eastern clade, respectively, 1002 
found in other studies [26,38] (Figure 1). Moreover, microsatellites structure of Chukar 1003 
Partridges showed that all the populations were divided into two clusters as wild and 1004 
captive (K = 2). CAN, an island population (Gökçeada Island), is the most genetically dif- 1005 
ferentiated on the basis of mt DNA and microsatellites (K = 3 - 6) among the wild popula- 1006 
tions, and the other follow on the same order they are listed (Table 3). In particular, this 1007 
genetic picture emerged from FST and SAMOVA of both genetic system used (Figure 2, 3, 1008 
and 5). Even if the wild populations cluster together, still it is possible to detect some in- 1009 
ternal differentiation among eastern Anatolian, central Anatolian and ESK, KAH, and 1010 
BAY populations and that evidences of admixture between them occur with the exception 1011 
of CAN. The differentiation between captive and wild populations was in line with the 1012 
dissimilar shape and size of bill of Chukar Partridge [39]. When only wild or captive pop- 1013 
ulations were evaluated themselves, it was found that the captive populations were more 1014 
different from each breeding stations (captive FST = 0.24, wild FST = 0.14). This may be due 1015 
to the fact that bloodlines used at breeding stations are reinforced with confiscated Chukar 1016 
Partridges from illegal hunters.  1017 

Global populations of Chukar Partridges fall in an eastern and western clade; the 1018 
farmed populations from Europe and the USA belong to the eastern clade [14]. Concord- 1019 
antly, we found that Turkish farmed Chukar Partridges mainly (85.3%) belong to the east- 1020 
ern clade. These captive partridges threaten the genetic integrity of wild populations. A 1021 
number of studies unveiled the anthropogenic hybridization involving A. rufa X A. chukar 1022 
[14,15,18–21,27,40–45], A. graeca X A. chukar [21] as well as intraspecific hybridization in 1023 
Chukar Partridge [46,47]. 1024 

We found some wild individuals falling in the eastern clade, CAN, KAH, and NIG 1025 
(Table 2). Also, we have determined some genetic admixture between farmed (of eastern 1026 
origin) and wild individuals in six wild populations and four farms. While 2% of hybrid 1027 
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individuals were found in the wild population, a higher hybridization rate (5%) occurred 1222 
in farms (Table 6). If this process continues, these admixtures might significantly alter the 1223 
gene pool of wild populations, possibly impair their fitness and affect female reproduction 1224 
due to low carotenoid levels in blood plasma (e.g. Red-Legged Partridges (Alectoris rufa) 1225 
[48]). A similar problem was found in Mallard populations, another popular game bird in 1226 
Europe with captive-bred individuals changing the gene pool of wild populations [26]. 1227 
Casas et al. [27] showed that extinction risk of wild genetically intact Red-Legged Par- 1228 
tridge populations through releases of farmed hybrids is a possibility. Our results show 1229 
that high haplotype and nucleotide diversity exists in wild Chukar Partridge populations 1230 
in Turkey as opposed to lower diversities in farm populations (Table 2). Nevertheless, 1231 
introgressive hybridization might reduce the distinctiveness and diversity of wild popu- 1232 
lations, impacting their fitness in the near future. 1233 

The unimodal mismatch distribution results indicated that all wild populations to- 1234 
gether experienced recent demographic expansion. Their multimodal mismatch distribu- 1235 
tion suggested that admixture of haplotypes from three previously isolated lineages (one 1236 
of them was captive) might have occurred. Also, multimodal mismatch distribution of the 1237 
separated population by SAMOVA K = 6 indicated previously isolated lineages. Although 1238 
Anatolia is not covering all the range of Chukar Partridge, these linages may be consid- 1239 
ered as potential refugia within Anatolia, one of the most important unglaciated areas in 1240 
Western Palearctic during the Pleistocene. The phylogeographic analysis showed that 1241 
possibly Anatolia might have been a refugium with “refugia-within-refugia” model. This 1242 
model was supported because range shifts took place within Anatolia for Kurper's Nut- 1243 
hatch, Sitta krueperi [49]. A dense forest cover existed in the northern Anatolia and its 1244 
coastal belts [50], Albayrak et al. [4] suggested that Anatolia might have hosted tree refu- 1245 
gia for Kruper's Nuthatch in Last Glacial Maximum (LGM). Through the Late Quaternary 1246 
glacial-interglacial cycles affect demographic expansion of populations through the Late 1247 
Quaternary glacial-interglacial cycles. The demographic population expansion experi- 1248 
enced by many Anatolian species may be before Last Interglacial (LIG) [51,52], or between 1249 
LGM and LIG [49]. 1250 

4.2. Heterozygosity and inbreeding 1251 
Estimates of observed heterozygosity are significantly lower than expected, except in 1252 

captive populations, BSG and BSA (Table 4). Widespread heterozygote deficiency (Table 1253 
5) might be indicative of a genetic diversity loss in wild and farmed Chukar Partridges. 1254 
Inbreeding is confirmed, especially in MUG and BUR (indicated by FIS value higher than 1255 
0.2). The positive FIS is an indication of decreasing heterozygosity due to null alleles. Sim- 1256 
ilarly, positive FIS was observed in the historical wild group of Mallards in Europe [26]. 1257 

4.3. Taxonomic and conservation implications 1258 
Fourteen Chukar Partridge subspecies are recognized worldwide, and two of them, 1259 

A. c. cypriotes and A. c. kurdestanica, occur in southwester/south-central Turkey, respec- 1260 
tively [13]. Our finding supports the two described subspecies (see Figure 3; depicted in 1261 
blue and green, respectively). Moreover, (SAMOVA and FST results) support a new sub- 1262 
species distributed in Gökçeada Island (CAN).  1263 

To preserve the genetic diversity of A. chukar, the Chukar Partridge should be pre- 1264 
served in six management units, CAN, KAH, BAY, ESK, south-eastern Turkey, and cen- 1265 
tral Turkey separately (Figure 3). Since the release of Chukar Partridges from farms is a 1266 
common practice in Turkey, the individuals to be released into each area should belong 1267 
to the local MU to preserve the Chukar Partridges' genetic structure. Specific conservation 1268 
efforts should be applied to the population of Gökçeada Island (CAN) where Chukar Par- 1269 
tridge releases should be banned due to potentially the new subspecies. We emphasize 1270 
that the genetic diversity of Chukar Partridges and their six MUs should be considered 1271 
when developing hunting, production and releasing policies to maintain the species’ 1272 
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genetic integrity. The consequences of continued releases might be detrimental for long 1546 
term conservation of wild Chukar Partridges. 1547 

Supplementary Materials: The following supporting information can be downloaded at: 1548 
www.mdpi.com/xxx/s1, File S1 and S2: The detailed haplotypes tree. 1549 

Author Contributions: T.A. designed and directed the study. T.A., Ö.Ö., D.A. provided material. 1550 
J.A.G.D. conducted the microsatellite analysis. All authors have read and agreed to the published 1551 
version of the manuscript. 1552 
Funding: This research was funded by TUBITAK, 117O580. 1553 
Institutional Review Board Statement:  The animal study protocol was approved by The MAKU- 1554 
HADYEK-169 protocol controlled all the experiments on Chukar Partridges by MAKU, Local Ethi- 1555 
cal Committee on Animal Experiments regulations. 1556 
Informed Consent Statement:  Not applicable. 1557 
Data Availability Statement:  The data presented in this study are available in GenBank with ac- 1558 
cession numbers MZ706294 to MZ706461. 1559 
Acknowledgments: We are grateful to the Turkish General Directorate of Nature Conservation and 1560 
National Parks and their regional offices. We are also thankful to all hunters who provided the sam- 1561 
ples, and Ersin Düzyol, who organized the hunters. We are very thanks to anonymous revivers to 1562 
improve the manuscript. 1563 
Conflicts of Interest: The authors declare no conflict of interest. 1564 

References 1565 
1.  Burri, R. Linked selection, demography and the evolution of correlated genomic landscapes in birds and beyond. Mol. Ecol. 1566 

2017, 26, 3853–3856, doi:10.1111/mec.14167. 1567 
2.  Nittinger, F.; Gamauf, A.; Pinsker, W.; Wink, M.; Haring, E. Phylogeography and population structure of the saker falcon 1568 

(Falco cherrug) and the influence of hybridization: Mitochondrial and microsatellite data. Mol. Ecol. 2007, 16, 1497–1517, 1569 
doi:10.1111/j.1365-294X.2007.03245.x. 1570 

3.  Hewitt, G. The genetic legacy of the Quaternary ice ages. Nature 2000, 405, 907–913. 1571 
4.  Albayrak, T.; Gonzalez, J.; Drovetski, S. V.; Wink, M. Phylogeography and population structure of Kruper’s Nuthatch Sitta 1572 

krueperi from Turkey based on microsatellites and mitochondrial DNA. J. Ornithol. 2012, 153, 405–411, doi:DOI 1573 
10.1007/s10336-011-0756-4. 1574 

5.  Ibiş, O.; Tez, C.; Özcan, S. Phylogenetic status of the turkish red fox (Vulpes vulpes), based on partial sequences of the 1575 
mitochondrial cytochrome b gene. Vertebr. Zool. 2014, 64, 273–284. 1576 

6.  Schrey, A.W.; Grispo, M.; Awad, M.; Cook, M.B.; McCoy, E.D.; Mushinsky, H.R.; Albayrak, T.; Bensch, S.; Burke, T.; Butler, 1577 
L.K.; et al. Broad-scale latitudinal patterns of genetic diversity among native European and introduced house sparrow 1578 
(Passer domesticus) populations. Mol. Ecol. 2011, 20, 1133–1143, doi:DOI 10.1111/j.1365-294X.2011.05001.x. 1579 

7.  Perktaş, U.; Gür, H.; Ada, E. Historical demography of the Eurasian green woodpecker : integrating phylogeography and 1580 
ecological niche modelling to test glacial refugia hypothesis. Folia Zool. 2015, 64, 284–295. 1581 

8.  Dufresnes, C.; Strachinis, I.; Suriadna, N.; Mykytynets, G.; Cogălniceanu, D.; Székely, P.; Vukov, T.; Arntzen, J.W.; Wielstra, 1582 
B.; Lymberakis, P.; et al. Phylogeography of a cryptic speciation continuum in Eurasian spadefoot toads (Pelobates). Mol. 1583 
Ecol. 2019, 28, 3257–3270, doi:10.1111/mec.15133. 1584 

9.  Taylan, M.S.; Şirin, D. Speciation of the genus Dolichopoda in Anatolia with reference to the role of ancient central lake 1585 
system. Insect Syst. Evol. 2016, 47, 267–283, doi:10.1163/1876312X-47032143. 1586 

10.  Winkler, D.W.; Billerman, S.M.; Lovette, I.J. Pheasants, Grouse, and Allies (Phasianidae ), version 1.0. In Birds of the World; 1587 
Billerman, S.M., Keeney, B.K., Rodewald, P.G., Schulenberg, T.S., Eds.; Cornell Lab of Ornithology, Ithaca, 2020. 1588 

Deleted: adverse 



Diversity 2022, 14, x FOR PEER REVIEW 15 of 17 
 

 

11.  Barilani, M.; Bernard-laurent, A.; Mucci, N.; Tabarroni, C.; Perez, A.; Randi, E.; Kark, S.; Bo, O.E. Hybridisation with 1590 
introduced chukars ( Alectoris chukar ) threatens the gene pool integrity of native rock ( A . graeca ) and red-legged ( A . 1591 
rufa ) partridge populations. 2007, 7, doi:10.1016/j.biocon.2007.01.014. 1592 

12.  Madge, S.; McGowan, P. Pheasants, Partridges, and Grouse: A Guide to the Pheasants, Partridges, Quails, Grouse, Guineafowl, 1593 
Buttonquails, and Sandgrouse of the World; 2002; 1594 

13.  Christensen, G.C. Chukar (Alectoris chukar), version 1.0. In Birds of the World; Poole, A.F., Gill, F.B., Eds.; Cornell Lab of 1595 
Ornithology, Ithaca, 2020. 1596 

14.  Barbanera, F.; Guerrini, M.; Khan, A.A.; Panayides, P.; Hadjigerou, P.; Sokos, C.; Gombobaatar, S.; Samadi, S.; Khan, B.Y.; 1597 
Tofanelli, S.; et al. Human-mediated introgression of exotic chukar (Alectoris chukar, Galliformes) genes from East Asia 1598 
into native Mediterranean partridges. Biol. Invasions 2009, 11, 333–348, doi:10.1007/s10530-008-9251-0. 1599 

15.  Martínez-Fresno, M.; Henriques-Gil, N.; Arana, P. Mitochondrial DNA sequence variability in red-legged partridge, 1600 
Alectoris rufa, Spanish populations and the origins of genetic contamination from A. chukar. Conserv. Genet. 2008, 9, 1223- 1601 
1231., doi:10.18907/jjsre.18.3_263_2. 1602 

16.  Moulton, M.P.; Cropper, W.P.J.; Broz, A.J. Inconsistencies among secondary sources of Chukar Partridge (Alectoris chukar) 1603 
introductions to the United States. PeerJ 2015, 1–12, doi:10.7717/peerj.1447. 1604 

17.  Woodard, A.E. Raising chukar partridges; Cooperative Extension, University of California., 1982; 1605 
18.  Tejedor, M.T.; Monteagudo, L. V.; Mautner, S.; Hadjisterkotis, E.; Arruga, M.V. Introgression of Alectoris chukar genes into 1606 

a Spanish wild Alectoris rufa population. J. Hered. 2007, 98, 179–182, doi:10.1093/jhered/esm001. 1607 
19.  Blanco-Aguiar, J.A.; González-Jara, P.; Ferrero, M.E.; Sánchez-Barbudo, I.; Virgós, E.; Villafuerte, R.; Dávila, J.A. 1608 

Assessment of game restocking contributions to anthropogenic hybridization: The case of the Iberian red-legged partridge. 1609 
Anim. Conserv. 2008, 11, 535–545, doi:10.1111/j.1469-1795.2008.00212.x. 1610 

20.  Negri, A.; Pellegrino, I.; Mucci, N.; Randi, E.; Tizzani, P.; Meneguz, P.G.; Malacarne, G. Mitochondrial DNA and 1611 
microsatellite markers evidence a different pattern of hybridization in red-legged partridge (Alectoris rufa) populations 1612 
from NW Italy. Eur J Wildl Res 2013, 59, 407–419, doi:10.1007/s10344-012-0686-3. 1613 

21.  Barilani, M.; Sfougaris, A.; Giannakopoulos, A.; Mucci, N.; Tabarroni, C.; Randi, E. Detecting introgressive hybridisation in 1614 
rock partridge populations (Alectoris graeca) in Greece through Bayesian admixture analyses of multilocus genotypes. 1615 
Conserv. Genet. 2007, 8, 343–354, doi:10.1007/s10592-006-9174-1. 1616 

22.  Jacobsen, F.; Nesje, M.; Bachmann, L.; Lifjeld, J.T. Significant genetic admixture after reintroduction of peregrine falcon 1617 
(Falco peregrinus) in Southern Scandinavia. Conserv. Genet. 2008, 9, 581–591, doi:10.1007/s10592-007-9373-4. 1618 

23.  Tordoff, H.B.; Redig, P.T. Role of genetic background in the success of reintroduced peregrine falcons. Conserv. Biol. 2001, 1619 
15, 528–532, doi:10.1046/j.1523-1739.2001.015002528.x. 1620 

24.  Campos, C.I.; Martinez, M.A.; Acosta, D.; Diaz-Luque, J.A.; Berkunsky, I.; Lamberski, N.L.; Cruz-Nieto, J.; Russello, M.A.; 1621 
Wright, T.F. Genetic diversity and population structure of two endangered neotropical parrots inform in situ and ex situ 1622 
conservation strategies. Diversity 2021, 13, doi:10.3390/d13080386. 1623 

25.  Barilani, M.; Deregnaucourt, S.; Gallego, S.; Galli, L.; Mucci, N.; Piombo, R.; Puigcerver, M.; Rimondi, S.; Rodríguez- 1624 
Teijeiro, J.D.; Spanò, S.; et al. Detecting hybridization in wild (Coturnix c. coturnix) and domesticated (Coturnix c. japonica) 1625 
quail populations. Biol. Conserv. 2005, 126, 445–455, doi:10.1016/j.biocon.2005.06.027. 1626 

26.  Söderquist, P.; Elmberg, J.; Gunnarsson, G.; Thulin, C.G.; Champagnon, J.; Guillemain, M.; Kreisinger, J.; Prins, H.H.T.; 1627 
Crooijmans, R.P.M.A.; Kraus, R.H.S. Admixture between released and wild game birds: a changing genetic landscape in 1628 
European mallards (Anas platyrhynchos). Eur. J. Wildl. Res. 2017, 63, doi:10.1007/s10344-017-1156-8. 1629 

27.  Casas, F.; Mougeot, F.; Sánchez-Barbudo, I.; Dávila, J.A.; Viñuela, J. Fitness consequences of anthropogenic hybridization in 1630 
wild red-legged partridge (Alectoris rufa, Phasianidae) populations. Biol. Invasions 2012, 14, 295–305, doi:10.1007/s10530- 1631 



Diversity 2022, 14, x FOR PEER REVIEW 16 of 17 
 

 

011-0062-3. 1632 
28.  Ferrero, M.E.; González-Jara, P.; Blanco-Aguiar, J.A.; Sánchez-Barbudo, I.; Dávila, J.A. Sixteen new polymorphic 1633 

microsatellite markers isolated for red-legged partridge (Alectoris rufa) and related species. Mol. Ecol. Notes 2007, 7, 1349– 1634 
1351, doi:10.1111/j.1471-8286.2007.01877.x. 1635 

29.  Ferrero, M.E.; Blanco-Aguiar, J.A.; Lougheed, S.C.; Sánchez-Barbudo, I.; De Nova, P.J.G.; Villafuerte, R.; Dávila, J.A. 1636 
Phylogeography and genetic structure of the red-legged partridge (Alectoris rufa): More evidence for refugia within the 1637 
Iberian glacial refugium. Mol. Ecol. 2011, 20, 2628–2642, doi:10.1111/j.1365-294X.2011.05111.x. 1638 

30.  Kumar, S.; Stecher, G.; Li, M.; Knyaz, C.; Tamura, K. MEGA X: Molecular evolutionary genetics analysis across computing 1639 
platforms. Mol. Biol. Evol. 2018, 35, 1547–1549, doi:10.1093/molbev/msy096. 1640 

31.  Bouckaert, R.; Vaughan, T.G.; Barido-Sottani, J.; Duchêne, S.; Fourment, M.; Gavryushkina, A.; Heled, J.; Jones, G.; Kühnert, 1641 
D.; De Maio, N.; et al. BEAST 2.5: An advanced software platform for Bayesian evolutionary analysis. PLoS Comput. Biol. 1642 
2019, 15, 1–28, doi:10.1371/journal.pcbi.1006650. 1643 

32.  Excoffier, L.; Lischer, H.E.L. Arlequin suite ver 3.5: A new series of programs to perform population genetics analyses 1644 
under Linux and Windows. Mol. Ecol. Resour. 2010, 10, 564–567, doi:10.1111/j.1755-0998.2010.02847.x. 1645 

33.  Dupanloup, I.; Schneider, S.; Excoffier, L. A simulated annealing approach to define the genetic structure of populations. 1646 
Mol. Ecol. 2002, 11, 2571–2581, doi:10.1046/j.1365-294X.2002.01650.x. 1647 

34.  Bandelt, H.-J.; Forster, P.; Ro¨hl, A. Median-joining networks for inferring intraspecific phylogenies. Mol. Biol. Evol. 1999, 1648 
16, 37–48, doi:10.7882/FS.2004.039. 1649 

35.  Rozas, J.; Ferrer-Mata, A.; Sanchez-DelBarrio, J.C.; Guirao-Rico, S.; Librado, P.; Ramos-Onsins, S.E.; Sanchez-Gracia, A. 1650 
DnaSP 6: DNA sequence polymorphism analysis of large data sets. Mol. Biol. Evol. 2017, 34, 3299–3302, 1651 
doi:10.1093/molbev/msx248. 1652 

36.  Rousset, F. Genepop’007: a complete re-implementation of the GENEPOP software for Windows and Linux. Mol Ecol Res 1653 
2008, 8, 103–106. 1654 

37.  Pritchard, J.K.; Stephens, M.; Donnelly, P.J. Inference of population structure using multilocus genotype data. Genetics 2000, 1655 
155, 945–959. 1656 

38.  Forcina, G.; Guerrini, M.; Khaliq, I.; Khan, A.A.; Barbanera, F. Human-modified biogeographic patterns and conservation 1657 
in game birds: The dilemma of the black francolin (Francolinus francolinus, phasianidae) in Pakistan. PLoS One 2018, 13, 1– 1658 
20, doi:10.1371/journal.pone.0205059. 1659 

39.  Albayrak, T.; Aytek, A.İ. Bill Variation of Captive and Wild Chukar Partridge Populations: Shape or Size. Diversity 2022, 14, 1660 
doi:10.3390/d14010048. 1661 

40.  Barbanera, F.; Forcina, G.; Cappello, A.; Guerrini, M.; van Grouw, H.; Aebischer, N.J. Introductions over introductions: the 1662 
genomic adulteration of an early genetically valuable alien species in the United Kingdom. Biol. Invasions 2015, 17, 409–422, 1663 
doi:10.1007/s10530-014-0739-5. 1664 

41.  Forcina, G.; Guerrini, M.; Barbanera, F. Non-native and hybrid in a changing environment: conservation perspectives for 1665 
the last Italian red-legged partridge (Alectoris rufa) population with long natural history. Zoology 2020, 138, 125740, 1666 
doi:10.1016/j.zool.2019.125740. 1667 

42.  Forcina, G.; Tang, Q.; Cros, E.; Guerrini, M.; Rheindt, F.E.; Barbanera, F. Genome-wide markers redeem the lost identity of 1668 
a heavily managed gamebird. Proc. R. Soc. B Biol. Sci. 2021, 288, 1–10, doi:10.1098/rspb.2021.0285. 1669 

43.  Baratti, M.; Ammannati, M.; Magnelli, C.; Dessì-Fulgheri, F. Introgression of chukar genes into a reintroduced red-legged 1670 
partridge (Alectoris rufa) population in central Italy. Anim. Genet. 2005, 36, 29–35, doi:10.1111/j.1365-2052.2004.01219.x. 1671 

44.  Barbanera, F. Analysis of the genetic structure of red-legged partridge ( Alectoris rufa , Galliformes ) populations by means 1672 
of mitochondrial DNA and RAPD markers : a study from central Italy. 2005, 122, 275–287, doi:10.1016/j.biocon.2004.07.017. 1673 



Diversity 2022, 14, x FOR PEER REVIEW 17 of 17 
 

 

45.  Barbanera, F.; Pergams, O.R.W.W.; Guerrini, M.; Forcina, G.; Panayides, P.; Dini, F. Genetic consequences of intensive 1674 
management in game birds. Biol. Conserv. 2010, 143, 1259–1268, doi:10.1016/j.biocon.2010.02.035. 1675 

46.  Barbanera, F.; Marchi, C.; Guerrini, M.; Panayides, P.; Sokos, C.; Hadjigerou, P. Genetic structure of mediterranean chukar 1676 
(Alectoris chukar, Galliformes) populations: Conservation and management implications. Naturwissenschaften 2009, 96, 1677 
1203–1212, doi:10.1007/s00114-009-0586-x. 1678 

47.  Panayides, P.; Guerrini, M.; Barbanera, F. Conservation genetics and management of the Chukar Partridge (Alectoris 1679 
chukar) in Cyprus and the Middle East. Sandgrouse 2011, 33, 34–43. 1680 

48.  Casas, F.; Mougeot, F.; Ferrero, M.E.; Sánchez-Barbudo, I.; Dávila, J.A.; Viñuela, J. Phenotypic differences in body size, 1681 
body condition and circulating carotenoids between hybrid and ‘“pure”’ red-legged partridges (Alectoris rufa) in the wild. 1682 
J. Ornithol. 2013, 154, 803–811, doi:10.1007/s10336-013-0947-2. 1683 

49.  Perktaş, U.; Gür, H.; Saʇlam, I.K.; Quintero, E. Climate-driven range shifts and demographic events over the history of 1684 
Kruper’s Nuthatch Sitta krueperi. Bird Study 2015, 62, 14–28, doi:10.1080/00063657.2014.977220. 1685 

50.  Şenkul, Ç.; Doǧan, U. Vegetation and climate of Anatolia and adjacent regions during the Last Glacial period. Quat. Int. 1686 
2013, 302, 110–122, doi:10.1016/j.quaint.2012.04.006. 1687 

51.  Gür, H. The effects of the Late Quaternary glacial-interglacial cycles on Anatolian ground squirrels: Range expansion 1688 
during the glacial periods? Biol. J. Linn. Soc. 2013, 109, 19–32, doi:10.1111/bij.12026. 1689 

52.  Özüdoğru, B.; Özgişi, K.; Perktaş, U.; Gür, H. The Quaternary range dynamics of Noccaea iberidea (Brassicaceae), a typical 1690 
representative of subalpine/alpine steppe communities of Anatolian mountains. Biol. J. Linn. Soc. 2020, 131, 986–1001, 1691 
doi:10.1093/biolinnean/blaa147. 1692 

 1693 



Page 1: [1] Deleted   Tamer Albayrak   6/26/2022 11:00:00 PM 

 

 

Page 1: [2] Deleted   Tamer Albayrak   6/27/2022 3:12:00 PM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 



 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [3] Deleted   Tamer Albayrak   7/1/2022 12:21:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 



Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [4] Deleted   Tamer Albayrak   7/1/2022 12:28:00 AM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [5] Deleted   Tamer Albayrak   6/27/2022 6:09:00 PM 
 

 

Page 2: [6] Deleted   Tamer Albayrak   6/27/2022 6:24:00 PM 
 

 

Page 2: [6] Deleted   Tamer Albayrak   6/27/2022 6:24:00 PM 
 

 

Page 2: [6] Deleted   Tamer Albayrak   6/27/2022 6:24:00 PM 
 

 

Page 2: [7] Deleted   Tamer Albayrak   6/27/2022 6:27:00 PM 



 
 

Page 2: [7] Deleted   Tamer Albayrak   6/27/2022 6:27:00 PM 
 

 

Page 2: [7] Deleted   Tamer Albayrak   6/27/2022 6:27:00 PM 
 

 

Page 2: [7] Deleted   Tamer Albayrak   6/27/2022 6:27:00 PM 
 

 

Page 3: [8] Deleted   Tamer Albayrak   6/27/2022 6:47:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 



 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [9] Deleted   Tamer Albayrak   6/27/2022 6:53:00 PM 
 

 

Page 4: [10] Deleted   Tamer Albayrak   6/27/2022 7:06:00 PM 
 

 

Page 4: [10] Deleted   Tamer Albayrak   6/27/2022 7:06:00 PM 
 

 

Page 4: [10] Deleted   Tamer Albayrak   6/27/2022 7:06:00 PM 
 

 

Page 4: [11] Deleted   Tamer Albayrak   6/27/2022 7:11:00 PM 
 

 

Page 4: [11] Deleted   Tamer Albayrak   6/27/2022 7:11:00 PM 
 

 

Page 4: [11] Deleted   Tamer Albayrak   6/27/2022 7:11:00 PM 
 

 

Page 4: [11] Deleted   Tamer Albayrak   6/27/2022 7:11:00 PM 
 

 

Page 4: [11] Deleted   Tamer Albayrak   6/27/2022 7:11:00 PM 
 

 

Page 4: [11] Deleted   Tamer Albayrak   6/27/2022 7:11:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 



Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 4: [12] Deleted   Tamer Albayrak   6/29/2022 2:17:00 PM 
 

 

Page 6: [13] Deleted   Tamer Albayrak   6/29/2022 3:00:00 PM 
 

 

Page 6: [14] Deleted   Tamer Albayrak   6/30/2022 11:46:00 AM 
 

 

Page 6: [15] Deleted   Tamer Albayrak   6/30/2022 11:48:00 AM 
 

 

Page 6: [16] Deleted   Tamer Albayrak   6/30/2022 12:57:00 PM 
 

 

Page 6: [17] Deleted   Tamer Albayrak   6/30/2022 1:01:00 PM 
 

 

Page 8: [18] Deleted   Tamer Albayrak   7/5/2022 9:24:00 AM 
 

 

Page 8: [18] Deleted   Tamer Albayrak   7/5/2022 9:24:00 AM 
 

 



Page 8: [18] Deleted   Tamer Albayrak   7/5/2022 9:24:00 AM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 



Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [19] Deleted   Tamer Albayrak   6/30/2022 5:03:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 



Page 8: [20] Deleted   Tamer Albayrak   6/30/2022 5:12:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [21] Deleted   Tamer Albayrak   6/30/2022 6:09:00 PM 
 

 

Page 12: [22] Deleted   Tamer Albayrak   6/30/2022 6:11:00 PM 
 

 

Page 12: [22] Deleted   Tamer Albayrak   6/30/2022 6:11:00 PM 
 

 

Page 12: [22] Deleted   Tamer Albayrak   6/30/2022 6:11:00 PM 
 

 

Page 12: [22] Deleted   Tamer Albayrak   6/30/2022 6:11:00 PM 
 

 

Page 12: [22] Deleted   Tamer Albayrak   6/30/2022 6:11:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 



 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [23] Deleted   Tamer Albayrak   6/30/2022 6:25:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 



Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [24] Deleted   Tamer Albayrak   6/30/2022 10:00:00 PM 
 

 

Page 12: [25] Deleted   Tamer Albayrak   6/30/2022 10:33:00 PM 
 

 

Page 12: [25] Deleted   Tamer Albayrak   6/30/2022 10:33:00 PM 
 

 

Page 12: [25] Deleted   Tamer Albayrak   6/30/2022 10:33:00 PM 
 

 

Page 12: [25] Deleted   Tamer Albayrak   6/30/2022 10:33:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 



 
 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [26] Deleted   Tamer Albayrak   6/30/2022 10:36:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 



 

Page 13: [27] Deleted   Tamer Albayrak   6/30/2022 10:54:00 PM 
 

 

Page 13: [28] Deleted   Tamer Albayrak   6/30/2022 11:18:00 PM 
 

 

Page 13: [28] Deleted   Tamer Albayrak   6/30/2022 11:18:00 PM 
 

 

Page 13: [28] Deleted   Tamer Albayrak   6/30/2022 11:18:00 PM 
 

 

Page 13: [28] Deleted   Tamer Albayrak   6/30/2022 11:18:00 PM 
 

 

Page 13: [28] Deleted   Tamer Albayrak   6/30/2022 11:18:00 PM 
 

 

Page 13: [28] Deleted   Tamer Albayrak   6/30/2022 11:18:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 

Page 13: [29] Deleted   Tamer Albayrak   7/1/2022 5:17:00 PM 
 

 



Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

Page 13: [30] Deleted   Tamer Albayrak   7/1/2022 11:06:00 AM 
 

 


