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Abstract: The Chukar Partridge (Alectoris chukar, Galliformes) is one of the most important game
birds in its native range, spanning from the Balkans to eastern Asia and theyegions in Europe, North
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Europe and Asia were covered by ice sheets. In this period, Iberia, Italy, the Balkans, and
Anatolia subsequently acted as glacial refugia for different species [3], Southern Anatolia
was one of the most important unglaciated areas in the western Palearctic region during
the Pleistocene [3,4], During that period, populations remained isolated in different yrefu-
gia, which changed the genetic structure of the species. High altitudinal differentiation

and a wide range of climates and microclimates may have promoted three possible refugia
within Anatolia Jocated, respectively, in the coastline of the Mediterranean region from

Antalya to Hatay, along the coastline of Aegean region from Izmir to Canakkale, and_in
mid-northern of Anatolia_[4], Moreover, various phylogeographic studies provided evi-

dence that Anatolian populations of mammals [5], birds_[4,6,7], amphibians [8], and in-

sects_[9], display a high level of genetic differentiation. Thig may have outcome yesulted

from the differentgcological and climatic conditions,

Seven Alectoris (Galliformes) species occur in the Palearctic [10], Although they are
mainly allopatric, natural hybridization in Alectoris contact zones has been described [11
Chukar Partridge, Alectoris chukar, which is represented in the ancient Roman and Hellen-
istic mosaics, is one of the world's most important game birds. The native distribution
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range of this species extends from the Balkans to eastern Asia [12], with 14 morphological
subspecies [13] clustering into two distinct genetic clades: an eastern and a western clade
divided with mountainous barriers throughout Altay to Himalayas [14,15], Eastern clade

chukars are also raised in farms for hunting and meat production [16,17], Moreover, Eu-
ropean game farms breed interspecific A. rufa x A. chukar [18-20],and A. graeca x A. chukar

hybrids [11,21] are used, to be released into natural populations for shooting. However, it

is now illegal in most European countries. AJmost 70000 farm-reared Chukar Partridges
@are produced and released in Turkey yearly since 2001 (www.milliparklar.gov.tr/resmii-

statistikler).

Reintroduction studies have pros and cones. For example, a successful reintroduction pro-
jects on Peregrine Falcon (Falco peregrinus) helped to maintain the level of genetic diversity and
inbreeding depression [22,23] and reintroduced two parrot species from captive population hav-
ing similar genetic diversity with wild ones [24]. In contrast, a study about the Common Quail
(Coturnix coturnix) [25] and the Mallard, (Anas platyrhynchos) across Europe [26] showed

that the antropogenic introgressive hyridization turns into the rampant genetic homoge-

nization of Alectoris partridges at both inter- and intraspecific level [11,19,27]. Therefore,
we genotyped two mtDNA genes and fen microsatellites loci of Chukar Partridge samples

from 14 wild and five farm (captive) populations from Turkey to determine (i) the popu-
lation structure and phylogeography, (ii) whether wild and farmed chukars are genet-

ically different (iii) the signs of admixture between wild and farmed chukars occur.

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

Muscle tissue samples were collected from wild and captive individuals_(n = 362
sampled during the 2018-2019 hunting seasons in 14 localities throughout Turkey and six

breeding stations_(Table 1). Captive adult individuals were randomly selected in each
breeding station. The MAKU-HADYEK-169 protocol controlled all the experiments on
Chukar Partridges by MAKU, Local Ethical Committee on Animal Experiments regula-
tions. All samples were preserved at room temperature in absolute ethanol. Total DNA
was extracted using, GeneJET Genomic DNA Purification Kit_(Thermo Fisher Scientific

Waltam, USA) or Pneasy Blood & Tissue Kit (Qiagen, Hilden, Germany) following the

manufacturer’s instructions.

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

1,155 bp) of the mitochondrial DNA (mtDNA) were amplified for all samples followin,
Barbanera et al. [14], PCR products were purified and sequenced on both strand at
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CLE plugin and further proofed manually. The sequences were deposited in GenBank

with accession numbers MZ706294 to MZ706461. We added 86 partial Cyt-b and CR hap-
lotype sequences of Chukar Partridge from Europe and Asia deposited in GenBank. The
Rock Partridge (Alectoris greaca) was used as outgroup (Table 1).
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As far as the microsatellites are concerned, we selected the ten most polymorphic

STR Joci in A. chukar among 130 from an A. rufa genomic library: ArulA, ArulB3, ArulE7,

Deleted: Macrogen-Korea,

Deleted: results

ArulE93, ArulE97, AruF25, AruF114, ArulG4, ArulG49 [28],_plus one, Aru2D020, used

for the first time in this study (forward primer, CAACTACTTAACCTTTTCTCCTG, re-

verse primer: CACTTCATAGTACAGAAACATGG), The PCR conditions were as indi-

cated in [29],

Table 1. Chukar Partridge sampling locations and sample size. An abbreviation is spelled for each
wild and captive populations surveyed in this study.
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v Alectoris 2 - Barbanera et al.

’{ Deleted: Outgroup

greaca [13]

Total 475 362

2.3. Phylogeographic analysis

The Cyt-b and CR sequences were concatenated and aligned. The phylogenetic rela
tionships were reconstructed in MEGA X [30] and BEAST 2 [31] using the Maximum Like
lihood (ML) method. The TN93 + G + I algorithm was selected using MEGA X and following
the Akaike Information Criterion (AIC). Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioN]J algorithms to a matrix of pairwise dis-
tances estimated using the Tamura-Nei model and then selecting the topology with a supe
rior log-likelihood value. There were a total of 2247, positions in the final dataset. Geneti
differentiation among populations (Fsr) was evaluated by analyzing molecular variancg
(AMOVA) jn ARLEQUIN, 3.5 with significances assessed by 10,100 permutations [32] and 4
spatial analysis of molecular variance (SAMOV A) was performed using SAMOVA 1.0 [33].
This method is based on a simulated annealing procedure aimed at identifying geograph
ically homogeneous populations and maximally differentiated in terms of among-grou
component (Fcr) of the overall genetic variance,without the prior assumption of group co
position, AMOVA relies on. The program was run for 10,000 iterations from each of 10( |
random initial conditions and tested all the grouping options (predefined number of groups |
Kranging from 2 to 18). The optimal number of groups (K): Fcr values (proportion of geneti
variation among groups) reached a maximum, or a plateau was selected. A median—joining
network was created to visualize haplotype relationships using Network 10 [34]. Haplo

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), nucleotid 423
diversity (77), @average number of nucleotide differences (K), and pumber of haplotypes (i) 424

were calculated using DnaSP 6 or ARLEQUIN, for the mtDNA dataset. I 425
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nucleotides, indels included. A total of 169 haplotypes were found, 146 belonging to the
wild populations and 30 to the captive populations. Unique haplotypes (n_=_148)
mostly found in the wild populations (n=139), whereas captive populations yielded onl
seven haplotypes (Table 2). The most frequent haplotypes were Hap20 (n=48) and Hap74
(n=25) found only in captive partridges except for one wild individual (NIG) and Hap 26
(n_=_14) in wild, respectively. The ML tree with the highest log likelihood (-6412.72) and
posterior probability is shown in Figure 1. All haplotypes are divided mainly into two
clades, i.e., the western and eastern clade (Figure 1, S1, and S2). Besides, the Median-join-
ing haplotype network showed two_main groups where captive and wild populations

were
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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 lied, 96 haplotypes remained, with partridges /645‘{
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Figure 2. Heat map of pairwise Fst values across populations, (a) mitochondrial, (b) microsatellite)

of Chukar Partridges in Turkey. Darker shades of blue rectangles indicate higher values of Fsr (as
displayed on the bar down of the heat map). Cross indicate Fsr p-values not significant (p > 0.05).
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Figure 4. Migmatch distribution of Chukar Partridges using the SAMOVA groups. Pairwise differ- 0
ences of observed (red) and gxpected (green) values under the demographic expansion model. 1
3.2. Microsatellite analysis 02

The mean number of alleles per locus varied from 6.6 to 13.2 across wild populations /j/803
and 6.9 to 8.3 in captive ones (Table 4). A total of 203 alleles were found of which 43_at [/ 804
rulE97, followed by 35 at AruF25 and 24 at ArulB3 (Table 5). While private alleles were 805
found in 11 populations, KAH was the one vielding 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
Jormer and from 0.64 to 0.73 in the latter, respectively (Table 4). 809
The linkage equilibrium was rejected for only 22 put of 900 pairs of alleles. However, 810
after sequential Bonferroni correction, gxact tests for genotypic linkage disequilibrium
was non-significant. These yesults indicated that the loci used segregate independently.
Hardy-Weinberg Equilibrium (HWE) was not accepted for 54 out of 200_the loci in all
localities (Table 5). Deviation from HWE was found in all populations except BSA and
BSG (Table 4), which might be indicative of inbreeding, assortative mating or null alleles. 815
Heterozygote deficiency appeared in pne 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
Location N A Ho He p Fis
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BAY ] SAM
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CAN 21 7.543.7 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
SIvV 13 9.74£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 13.245.7 0.7140.12 0.86+0.08 0.0000 0.1749
BAY 14 9.5+43.4 0.76+0.18 0.84+0.06 0.0000 0.1125
ERZ 19 10.243.6 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 10.14£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 7.843.3 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 8.243.1 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: tptal number of alleles {range), Np: mean the number of Deleted: he t
alleles per population +SD, HWE; Hardy-Weinberg equilibrium, HD: Heterozygote deficiency, HE: 1
Heterozygote excess, values: fhe number of specific alleles in each population. 922, Deleted: observed within populations
Location ArulB3  ArulE7 _ArulE97 ArulG4  ArulG49 Arui2D020 ArulA  ArulE93 AruF114  AruF25 Deleted: . V
T 24(9-16) 10(5-10) 43(7-25) 13(49) 23(6-15) 20(4-13) 13(4-9) 9(29) 13(6-10) 35(6-20) Deleted: before a break mark represent
Np 12.6/1.9 6.4/1.3 14.7/4.6 6.9/1.3 11.5/2.1 8.5/2.7 7.1/14  4.4/1.8 8.7/1.2 11.7/4.0
CAN HWE -<HWE -HWE -HWE  -HD -/HD -HD  -HWE -HWE -HWE
MUG -/HD -/HWE 1/HWE -/HD -/HD -/HD -HWE -/HWE -/HD -/HD
BUR -/HD -/HD 1/HD -/HWE -/HD -'HWE -HWE  -/HWE -/HD -/HWE
ESK -/HD +HWE 2HWE -HWE  -HD +HWE - HWE -HWE -HD  -HWE
CKR -/HD -/HWE -/HWE -/HWE -/HWE -/HWE -HWE  -/HWE -/HD -/HWE
SIvV -/HWE -/HWE -/HWE 1/HWE -/HD -'HWE -HWE -/HWE -/HWE 1/HWE
NIG -/HWE I/HD  2HWE -HWE  -HD -HE +HWE -HWE  -HD  -/HWE
KAH -/HD -/HWE -/HD 1/HWE 1/HD 1/HD -HWE 2/HWE -/HD -[HWE
BAY -/HD -/HWE -/HWE -/HD -HWE -'HWE -HWE  -/HWE -/HWE -/HWE
ERZ -/HD /HWE -HWE -HWE  -HD +HWE - HWE -HWE  -HD  I/HWE
KAR I/HWE - HWE -HWE IHWE  I/HD -HD  -HWE -HWE -HWE -HWE
BIT -/HWE -'HWE -/HWE -/HWE -/HD -'HWE -HWE  -/HWE -/HWE 2/HWE
VAN -/HD /HWE IHWE -HWE  -HD +HWE - HWE -HWE -HWE -HWE
HAK I/HD /HWE __ -/HD -HWE __ -/HD HWE - HWE -HWE __ -/HD _ 2/HWE
BSA /HWE -JHWE -HWE -HWE -JHWE - HWE -JHWE -JHWE - HD  -/HWE
BSG HWE -<HWE -HWE -HWE  -HD +HWE - HWE -HWE -HD  -HWE
BSK -/HWE -'HWE -/HWE -/HWE -/HD -'HWE -HWE -/HWE -/HD -/HWE
BSY HWE -JHWE -HWE -HWE  -HD +HWE -HWE -HWE -HD  -HWE
BSM -/HWE -HWE -/HWE -/HWE -/HD -/HWE -HWE -/HWE -/HD -HWE Deleted: , then K=3 for Structure

BSU JHWE _ /HWE _IHWE _ -/HWE ___ J/HD JHWE _ -JHWE - HWE __ -/HD __ -/HWE
. Deleted: are

Structure Harvester indicated that the most likely number of clusters was K=2 (Figure

Deleted: in
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 6 Deleted: structures including CAN, the
other wild population
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amples showed evidence of admixture (Figure 6). Birds from the CAN island population

Deleted: population

are separated from the other wild populations at K =3 to K = 6. By arbitrarily defining an
individual as belonging to a specific cluster when assignment probability (q) was above
0.8, 346 of 362 individuals clustered together at K = 3 in Structure (Table 6). The highest
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uals between wild and captive clusters were observed in SIV, VAN, KAR, ESK, ERZ, and  \94
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Figure 6. STRUCTURE assignment of 362 individual microsatellites for K = 2 to K_=_6. Each 9
individual genotype is represented by a vertical bar. Black lines separate the 20 different 949
opulations, 14 wild and six gaptive. The most likely number of clusters is K = 3. Besides, CAN
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; . X X S Deleted: breeding stations
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respective pie chart. 973 Deleted: for each group

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 Deleted: for
membership of each pre-defined population in each of the tree clusters < 0.8 are considered 976,
admixed. 4%977{ Deleted: Samples with q
Wild (%) Captive (%) Main Admixture (%) \[ Deleted: |
Location n Cluster  Cluster Cluster _

Cluster I~ Cluster II Cluster 111
TandII Tand I 1IandIII

CAN 21 0 90 10 0 0 0
MUG 16 100 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

w BSA 15 0 0 93 0 0 7

3 BSG 23 0 0 96 0 4 0

M psk 27 4 0 93 0 0 4
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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

Comparable population differentiation was observed in wild and captive Chukar
Partridges in the SAMOV A at ten microsatellite loci, and K = 4 distinguished among CAN,
the other wild populations, BSU, and the other breeding stations (Fcr=0.12; p < 0.01; Table
3). When only wild populations were analyzed, we did not observe an Fcr plateau; yather

Deleted: Same ...omparable population
differentiation was observed in wild and
captive of ...hukar Partridges in the SAM-
OVA of ...t ten microsatellite loci, and K =
4 was accepted as...istinguished among
CAN, the other wild populations, BSU,
and the other breeding stations (Fcr=0.12;
p <0.01; Table 3). When only wild popula-
tions were analyzed, we did not observe
an Fer plateau; Fer ...ather it decreased
with the number of K (Table 3). The first

.. [21]

separated ...opulation was

it decreased with the number of K (Table 3). The first population o emerge as distinct was
CAN (K=2), followed by HAK (K=3), MUG (K=4), and BIT (K=5), respectively. Pairwise Fsr
values based on microsatellites showed significant genetic differentiation among most lo-
calities (Figure 2). Non-significant values were obtained between neighbouring east Ana-
tolian localities.

4. Discussion

his study was threefold. First, we aimed to determine the population structure and

Deleted: We had three aims for the
study...his study was threefold. First, we
aimed to determine the population struc-
ture and phylogeography of the Chukar
Partridges;,...second, to investigate
whether there is any difference between
wild and farmed chukars;,...and third to
search for signatures of admixture between
wild and released farmed chukars...aptive.
For these aims, the discussion is divided

.. [22]

into three sections.

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 gaptive. , 998
4.1. Population genetic structure 999

Our mt DNA analyses of Chukar Partridges from Anatolia show that farmed chukars
are genetically different from wild populations. The two genetic cluster emerged for the
wild and captive chukar in Turkey fall within the western and eastern clade, respectively
found in other studies [26,38] (Figure 1). Moreover, microsatellites structure of Chukar
Partridges showed that all the populations were divided into two clusters as wild and
captive (K =2). CAN, an island population (Gokgeada Island), is the most genetically dif-
ferentiated on the basis of mt DNA and microsatellites (K =3 - 6) among the wild popula-
tions, and the other follow on the same order they are listed {Table 3). In particular, this
genetic picture emerged from Fsr and SAMOVA of both genetic system used (Figure,?2, 3,
and 5). Even if the wild populations cluster together, still it is possible to detect some in-

Deleted: These findings are consistent

with other game bird' studies [22,33]. ...he
two genetic cluster emerged for the wild
and captive chukar in Turkey fall within
the western and eastern clade, respec-
tively, found in other studies [26,38] Two
main clusters exist across the Chukar Par-
tridge distribution deriving from wild and
captive populations ...Figure 1). Moreover,
microsatellites structure of Chukar [ [23]]

ternal differentiation among eastern Anatolian, central Anatolian and ESK, KAH, and
BAY populations and that evidences of admixture between them occur with the exception

of CAN, The differentiation between captive and wild populations was in line with the
dissimilar shape and size of bill of Chukar Partridge [39]. When only wild pr captive pop-
ulations were evaluated themselves, it was found that the captive populations were more
different from each preeding stations (captive Fsr = 0.24, wild Fsr = 0.14). This may be due
to the fact that bloodlines used at breeding stations are reinforced with confiscated Chukar
Partridges from illegal hunters,

Global populations of Chukar Partridges fall in an eastern and western clade; the
farmed populations from Europe and the USA belong to the eastern clade [14]. Concord-

Deleted: occur mainly in two clades
as...all in an eastern and western clades...
the farmed populations belong to the east-
ern clade in...rom Europe and the USA be-
long to the eastern clade [14]. Concord-
antly, we found that Like in other farms,
Turkish farmed Cc...ukar Partridges
mainly (85.3%) belong to the eastern clade.

These captive partridges threaten thl 4]

antly, we found that Turkish farmed belong to the east-
ern clade. These captive partridges threaten the genetic integrity of wild populations.
number of studies unveiled the anthropogenic hybridization involving A. rufa X A. chukar
J114,15,18-21,27,40-45], A. graeca X A. chukar J21] as well as intraspecific hybridization in
Chukar Partridge [46,47].

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

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

4.2. Heterozygosity and inbreeding

Estimates of observed heterozygosity are significantly lower than expected, except in
captive populations, BSG and BSA (Table 4). Widespread heterozygote deficiency (Table
5)_might be indicative of a genetic diversity loss jn wild and farmed Chukar Partridges.
Inbreeding is confirmed, especially in MUG and BUR (indicated by Fis value higher than
0.2). The positive Fis is an indication of decreasing heterozygosity due to null alleles. Sim-
ilarly, positive Fis was observed in the historical wild group of Mallards in Europe [26

4.3. Taxonomic and conservation implications

Fourteen Chukar Partridge subspecies are recognized worldwide, and two of them,
A. ¢, cypriotes and A. ¢, kurdestanica, pccur in southwester/south-central Turkey, respec-
tively [13]. Our finding supports the two described subspecies (see Figure 3; depicted in
Dblue and green, respectively). Moreover, (SAMOVA and Fsr results) support a new sub-
species distributed in Gokgeada Island (CAN).
o_preserve, the genetic diversity of A. chukar, the Chukar Partridge should be pre-
served in six management units, CAN, KAH, BAY, ESK, south-eastern Turkey, and cen-
tral Turkey_separately (Figure 3). Since the release of Chukar Partridges from farms is a
common practice, in Turkey, the individuals to be released into each area should belong
to the local MU jo preserve the Chukar Partridges' genetic structure. Specific conservation
efforts should be applied to the population of Gokceada Island (CAN) where Chukar Par-
tridge releases should be banned due to potentially the new subspecies. We emphasize
that the genetic diversity of Chukar Partridges and their six MUs should be considered
when developing hunting, production and releasing policies to maintain the species’
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genetic integrity. The consequences of continued releases might be detrimental for lon /1»94{ Deleted: adverse
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‘ 'Page 4: [12] Deleted Tamer Albayrak 6/29/2022 2:17:00 PM

v

‘ Page 4: [12] Deleted

Tamer Albayrak

6/29/2022 2:17:00 PM

v




‘ 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

v




‘ 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

v




‘ 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

v




‘ 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

v




‘ 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

v

‘ Page 12: [24] Deleted

Tamer Albayrak

6/30/2022 10:00:00 PM

v




‘ 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

v

‘ Page 13: [26] Deleted

Tamer Albayrak

6/30/2022 10:36:00 PM




v

‘ 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

v

‘ Page 13: [27] Deleted

Tamer Albayrak

6/30/2022 10:54:00 PM

v




‘ 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

v

‘ Page 13: [29] Deleted

Tamer Albayrak

7/1/2022 5:17:00 PM

v




| Page 13: [30] Deleted Tamer Albayrak 7/1/2022 11:06:00 AM |
[ Page 15: [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 15: [30] Deleted Tamer Albayrak 7/1/2022 11:06:00 AM |
[ Page 15: [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 15: [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 15: [30] Deleted Tamer Albayrak 7/1/2022 11:06:00 AM |
| Page 13: [30] Deleted Tamer Albayrak 7/1/2022 11:06:00 AM |

v




