

  diversity-14-00048




diversity-14-00048







Diversity 2022, 14(1), 48; doi:10.3390/d14010048




Article



Bill Variation of Captive and Wild Chukar Partridge Populations: Shape or Size



Tamer Albayrak 1,*[image: Orcid] and Ahmet İhsan Aytek 2[image: Orcid]





1



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






2



Department of Anthropology, Science and Art Faculty, Burdur Mehmet Akif Ersoy University, 15100 Burdur, Turkey









*



Correspondence: talbayrak@mehmetakif.edu.tr







Academic Editor: Luc Legal



Received: 16 December 2021 / Accepted: 8 January 2022 / Published: 12 January 2022



Abstract

:

Traditionally, morphological characters are widely used to distinguish between interspecies and intraspecies. In addition to the size of morphological characters, shape has also been used as an indicator in the last decades. We evaluated the geometric morphometry and morphometric of the bill of Chukar Partridge, Alectoris chukar from captive and wild populations to determine the bill variation and population relationships. Although there was a size difference between the sexes, no shape difference was found. However, captive populations differed from wild populations in both size and shape. Although there was no difference in shape among wild populations, some differences were found in size. Moreover, bill sizes of captive populations were statistically longer than western, centre, and eastern wild populations. It was also shown that the western populations had the most significant variation among the wild populations. The results revealed that using the size and shape together was more effective in comparing populations.
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1. Introduction


Morphological differences in species with the effect of evolutionary forces are significant in species identification, and these differences may be in the shape and the size of the morphological character. Moreover, Darwin described the finch species and explained their evolutionary relationship using bill characters. Supporting this argument, the size of the morphological characters was found to be important in distinguishing similar species from each other, such as Insecta [1], Amphibia [2], Reptilia [3], Mammalia [4], and Aves [5]. Although the size of morphometric characters is the same, species can be distinguished each other based on their shape [6,7,8]. In the morphological comparisons of different populations of the same species, geometric morphometry studies based on the shape of the morphological character, as well as the classical size comparison, have become increasingly common in the last decades [6,9,10,11,12,13].



Geometric morphometric is a method of shape analysis defined as the analysis of all geometric information taken from Cartesian coordinates of anatomical points [14]. Many scholars have argued that shape is more relevant than size because the shape is more variable than size between groups within a species [15,16]. Many shape differences can be seen between individuals due to different biological processes. Some shape differences can be attributed to disease or injury, ontogenetic development, adaptation to local geographic factors, and long-term evolutionary diversification [17]. Using geometric morphometry, species can be grouped into different animal classes, such as Mammalia [18,19], Reptilia and Amphibia [6,20,21], and Insecta [13,22,23].



The interest in using geometric morphometry on avian species has increased in the last decade [8,9,10,24,25,26,27]. In addition to actual specimens, geometric morphometry reveals significant results in avian fossil specimens [28]. Though most of the studies have focused on the skull shape of avian species, some studies have provided valuable results with respect to bill shape changes. For example, Foster et al. [11] assessed Darwin finches’ bill size and shape, and they reported that geometric morphometric analysis had better results than traditional measurements to discriminate specimens. In another study by Myczko et al. [8], three woodpecker species (Dendrocopos major, Dendrocopos syriacus, and Dendrocopos leucotos) were evaluated by traditional and geometric morphometric methods. The results showed that the species significantly differed in bill shapes, although the standard measurements were similar. Contrary to these studies, Kass et al. [29] reported that traditional morphometrics could separate two different skua species (Catharacta antartica lonnbergi and Catharacta maccormcki), but geometric morphometry could not separate them.



Morphological studies in birds are usually used to determine the size of the morphological characters [30] and to determine their differentiation between populations [2]. For example, Albayrak et al. [31] determined the description of the morphological characters of Kurper’s Nuthatch, Sitta krueperi and revealed that some morphological characters were significantly different between the northern and southern populations in Anatolia.



Whereas morphometrical studies are concerned with the character’s size, geometric morphometry is concerned with shape rather than size. In this respect, evaluating the size and shape of a morphological character together can be more efficient for comparing intraspecific and interspecific differentiation. We evaluated Chukar Partridge, Alectoris chukar samples from different wild and captive populations to compare their morphometric and geomorphometric differences and to determine their population relationship. The Chukar Partridge is farmed in many countries and released into nature since it is an important game bird. Its range is from the Balkans to the Middle East and Central Asia up to the Yellow Sea [32]. This study is based on the hypothesis that the size and shape of bills of Chukar Partridges may be different in wild and captive populations since the species is a non-migratory native species and the same lineage is used at the breeding stations. The bill of Chukar Partridge was studied to determine both the morphometry (size) and geometric morphometry (shape). In the light of the facts mentioned above, in this study, we aimed (i) to find out whether there is sexual dimorphism, (ii) to test the differences among different wild and captive populations, and (iii) to compare the shapes and sizes of the bills of Chukar Partridges.




2. Materials and Methods


2.1. Study Area


Wild Chukar Partridges were randomly sampled during the 2018–2019 hunting seasons in four western (Burdur: BUR, Çanakkale: CAN, Eskişehir: ESK, Muğla: MUG), three centre (Çankırı: CNK, Niğde: NIG, Sivas: SIV), and three eastern (Bitlis: BIT, Erzurum: ERZ, Van: VAN) localities throughout Turkey. We used three breeding stations (in Afyon: BSA, in Kahramanmaraş: BSK, in Malatya: BSM) belonging to the ministry. Approximately 10,000 Chukar Partridges are produced with the same bloodline in each breeding station annually. Captive ones were randomly selected and euthanized by the principal veterinary of each station. In total, 128 wild and 44 captive Chukar Partridges were sampled. All captive samples were used together in the analyses because they came from the same bloodline. All legal permissions required for study were obtained from the ministry. The MAKU-HADYEK-169 protocol controlled all the experiments on Chukar Partridges by MAKU, Local Ethical Committee on Animal Experiments regulations.




2.2. Molecular Sexing


The secondary sex characters of male and female Chukar Partridge are not wholly reliable in sex determination, for example, spur occurs in males and old females. For this reason, molecular sexing methods should be used to determine their sexes precisely. Muscle or blood tissues were preserved at room temperature in absolute ethanol. According to the manufacturer’s instructions, total DNA was extracted using the Thermo, GeneJET Genomic DNA Purification Kit, or Qiagen Dneasy Blood & Tissue Kit. Molecular sex determination was performed using 2550 F (5′-GTTACTGATTCGTCTACGAGA-3′) and 2718 R (5′-ATTGAAATGATCCAGTGCTTG-3′) primers. These primers were designed to amplify the homologous parts of CHD-W and the related gene CHD- Z. The PCR conditions were as follows: 100 to 200 ng/μL total DNA, 1 μL for each primer (2550F, 2718R), 0.2 μL Taq DNA Polymerase (Thermo Scientific), 5 μL dNTP mix, 2.5 μL MgCl2, 5 μL 10X PCR Buffer (Invitrogen), and sterile dH2O up to a total volume of 50 μL. The PCR profile was performed with an initial denaturation step at 94 °C for 7 min, followed by 30 cycles of 94 °C denaturations for 60 s, annealing at 55.5 °C for 120 s, and extension at 72 °C for 60 s. A final 10 min extension at 72 °C completed the PCR profile. PCR products were separated by electrophoresis for 60 min at 80 V in a 3% agarose gel stained with cyber green and visualized under UV light. Due to size differences between the W and Z fragments, females displayed two bands, W and Z copies while males display one band, two copies of the Z fragment (Figure 1).




2.3. Morphometry


As suggested by Svensson [33], four morphometrical bill characters of the Chukar Partridge were measured using a digital calliper (0.01 mm) by the same researcher in the laboratory: bill length (BL), bill width (BW), bill height (BH), and length of the nostril to bill apex (LNBa) (File S1). Descriptive statistics, such as mean and standard deviation (SD) of the four bill sizes by locations and gender, were investigated before the further analyses. A quantile-quantile (Q-Q) plot showing these data distributions against the expected normal distribution and the Shapiro-Wilk normality test were used to investigate the morphometric characters for normal distributions. To determine whether there was sexual dimorphism (aim i) and differences among different wild and captive populations (aim ii), we used a t-test and Principal Component Analysis (PCA). Each bill character was used for the t-test to understand the potential differences between two groups, such as gender and location. Using all four bill characters together, Principal Component Analysis (PCA) was performed to determine whether there was a difference between genders and locations. PCA is a statistical analysis that allows us to summarize the information contained in large data tables by means of smaller set of summary indices that can be more easily visualized and analysed.



To understand the overall differentiation between the size or shape of the bill of Chukar Partridges (aim iii), we used all the samples without using sex information. All characters were used together in the Hopkins statistic and cluster analysis. The Hopkins statistic was conducted to understand whether our data could be clustered or not. The Hopkins statistic is a way of measuring the cluster tendency of a dataset, and Hopkins statistic values greater than 0.5 indicate a tendency of data to cluster. This statistic measures the nearest-neighbour distance for each point in the dataset and compares this with the nearest distances from simulated datapoints to a real datapoint. Cluster analysis was performed to understand how many clusters the entire dataset would be grouped in without any location information. All statistical analyses were conducted using R Studio software [34].




2.4. Geometric Morphometry


We captured 2-dimensional photographs of the skull (18 × 205 Canon EOS 1000D with Sigma lens) from the right lateral side. The pictures were taken from 50 cm by a camera placed on a tripod with a water gauge. The landmarks were detected in two phases using Tps programs over 2-dimensional photographs. In the first phase, the pictures were introduced into the tpsUtil Version 1.60 [35] and saved as tps files. The landmarks were marked on the photographs in the second phase through the tpsDig2 Version 2.18 program [36], and the Cartesian coordinates were determined. Totally 7 landmarks were taken on the bill (Figure 2). To remove the effect of direction, position, and size on variation over the Cartesian coordinates obtained by marking the landmarks, these data were overlapped by Generalized Procrustes Analysis using the MorphoJ 1.06 [37]. We performed Prinicpal Component Analysis over the new coordinates obtained by overlapping, and the shape variation was revealed. In addition, it was shown that the principal components caused shape changes the landmarks’ program using the MorphoJ 1.06. Data on the landmarks were saved as a text file for statistical analyses (File S1). The PAST 3.21 software was used for statistical analyses [38].





3. Results


3.1. Population Differences


The data of the morphometric characters and sizes of the bill were found to be normally distributed by a Shapiro-Wilk’s test (p < 0.05) and a visual inspection of Q-Q plots (Figure 3). We found that 48 females and 50 males, accounted for 56.9% of the 172 samples using the molecular sexing method (File S1). Three sets of morphometric (M; size), geometric morphometric (GM; shape), and M + GM analyses were conducted to determine the sex differences of the Chukar Partridge’s bill.



We found some differentiation between male and female bill sizes, M, but not BW (Table 1). Chukar Partridge males were found to have bigger bill sizes than females. However, the PCA did not support the differentiation when using the four M characters together (Figure 4). In addition, no significant difference in bill shape, GM, was found between male and female specimens in wild, captive, and together (Figure 4). Furthermore, we did not find differences between sexes using M + GM together (Figure 4).



All specimens were evaluated together for comparison of the localities. The smallest bill length in the western populations was CAN and ESK for BL, ESK for BH, CAN for BW, and ESK for LNBa. The largest bill length was VAN for BL, SIV for BH, MUG for BW, and VAN for LNBa (Table 2). The bill sizes of captive populations were statistically bigger than the western, centre, and eastern wild populations (p < 0.05; Figure 5).




3.2. Comparison of Size and Shape


The principle component analysis showed that the variation in captive specimens was more remarkable than wild specimens for M, GM, and M + GM (Figure 6). All wild populations—western, centre, and eastern—were mixed in the PCA of M, GM, and M + GM. Although the M and M + GM of captive Chukar Partridges were different than the wild populations separated from Dim 1, the difference of GM was not fully observed (Figure 6).



The Hopkins statistic shows that these data are highly clustered. The lowest similarity was the size, followed by the shape and size + shape, respectively (M = 0.83, GM = 0.77, M + GM = 0.75; Figure 7), when using all samples together without any location information. The optimal number of clusters was one for the M, GM, and M + GM data using all samples together in cluster analysis. The second optimal number of clusters was three for M and GM but four for M + GM (Figure 7).





4. Discussion


Our results indicate the population diversity of the bill in wild and captive Chukar Partridges populations located in Turkey. The bill size and shape of Chukar Partridges were compared between sexes and locations.



4.1. Population Differences


Chukar Partridge is one of the most famous game birds throughout America, Europe, and Asia [39]. Although both sexes are very similar morphologically, the traditional method of identifying males with a spur at the tarsus is unreliable because old females have also spurred. Sex ratios need to be known to analyse the population’s effective population size and trend. In general, the proportion of sexes in the population is theoretically expected to be 1:1 if the production costs of males and females are equal, and this ratio is essential in protecting endangered species [40,41]. The molecular sexing method, which helps determine the sexes of species such as the Black Francolin (Francolinus francolinus) [42] and Woodcock (Scolopax rusticola) [43] without secondary sex characteristics and chicks [44], was also used for Chukar Partridges. As a result of using the molecular sexing method on 98 randomly selected Chukar Partridges, the sex ratio was found in the population with the theoretically expected 1:1 ratio (F:M, 0.98:1.02), showing that there is no selection on one sex in the population. Males of Chukar Partridges are larger than females [39]. This was also found in bill size, with males having a more extended bill size. We found that captive Chukar Partridges have a longer bill than wild individuals. Although there were some differences in morphometric size (M) between the sexes, no difference was found in shape based on the geometric morphometric (GM) analysis. We understood that the sizes of the morphometric characters of the bill are different except for BW, but the shape is same in male and female Chukar Partridges. The reason why the bill shape is the same while the size is different between genders may be related to the fact the only difference between partridges of different sexes is body size [39]. However, the PCA showed that when size (M), shape (GM), and size + shape (M + GM) were evaluated, there was no size or shape difference between the sexes. As a result, all samples were assessed together without gender information. We used the PCA because the values could be log-transformed and standardized. Kark et al. [45] suggested that there were two possibilities for applying a PCA: one could run (i) a separate PCA of the individuals in each population or (ii) an overall PCA of individuals in all populations combined, and then project each population onto the new global principle component variables and calculate variances.



When we evaluated all samples together, similar results were only found with sex-specific evaluation, revealing that the lengths of all M characters of Chukar Partridges in breeding stations were statistically larger than the wild ones (p < 0.05). A larger bill in captive individuals may be due to the feeding strategy in breeding stations and the fact that partridges are produced in small cage environments. Moreover, while Chukar Partridges feed in the natural environment, they prevent their bills from elongating by rubbing them on the ground and stones. Captive Chukar Partridges’ bills may have been longer because they could not perform these behaviours in a cage environment. Areas of environmental transition, ecotone, and heavy metal affected the bill size of Chukar Partridges [45,46]. When only wild populations were evaluated, it was determined that the eastern Chukar Partridges had statistically longer BL and LNBa than western populations. This longer bill of eastern Chukar Partridges may be related to the Bergmann hypothesis that individuals living in cold regions are larger than individuals living in hot regions. The eastern region has a colder climate than the western region in Turkey. Similarly, it was found that the populations living in cold areas are larger [47]. When localities were compared with respect to bill shape (GM), individuals in breeding stations were more diverse but were not statistically different from wild ones. Although GM studies on Geospiza fortis [11] and Tyrannus savana species [25] found a shape difference between populations, no such difference was determined between the populations of Chukar Partridge.




4.2. Comparison of Size and Shape


Traditionally, M characters, i.e., size, are important markers used to distinguish species [1] and to determine differences between populations of the same species [5]. GM studies developed in the last decade have been used to distinguish morphometric characters, such as the bill, based on shape differences rather than size [10,24,28,29]. Thus, it was found that there is a significant difference in bill shape, whereas the traditional body measurements between the Great Spotted Woodpecker and Syrian Woodpecker are similar [8]. Furthermore, geometric morphometry is also valuable for showing shape differences in different populations of the same species [9,10,26]. In differentiating species of the Scolopacidae family from each other, in addition to bill size, the shape is also important in the distinction of the species identification, i.e., whether the bill is flat, down, or upwardly curved [48]. Bill lengths of Chukar Partridges in the breeding station were statistically separated from the wild ones, but an absolute difference was not found in shape. This is because the bill shapes of Chukar Partridges are the same, but their sizes are different. When only wild populations were evaluated, although the shape variation was high, no statistical difference was found in terms of shape or size. Moreover, when M + GM were assessed together, no significant difference was found.



The Hopkins statistics revealed different levels of general clustering tendency for bird songs [49]. The Hopkins statistic values were found as M = 0.83, GM = 0.77, M + GM = 0.75 when all samples were evaluated without locality information. The Hopkins statistic values of our data were found to be greater than 0.5. This value indicated that our data were suitable to cluster. In addition, the Hopkins’ statistic values greater than 0.5 with larger k values indicate a tendency of data to cluster in larger cluster sizes. The highest Hopkins statistic value was found in M, followed by GM and M + GM. When we performed cluster analyses, we found that in all three cluster analyses for M, GM, and M + GM, the optimal number of the cluster was determined as 1. However, the second optimal cluster number was M, whereas GM was 3 and M + GM was 4. This is compatible with the four regions, the western, centre, eastern, and breeding stations used in the study. Klingenberg [7] suggested that not only size but also shape should be used in allometric studies. Allometry refers to the size-related changes of morphological traits and remains an essential concept for studying evolution and development. This has led to the conclusion that, in addition to comparing populations in terms of size and shape of the morphological character, both M and GM may be more effective in grouping the populations.





5. Conclusions


We compared the size and shape of the bill of Chukar Partridge from captive and wild populations. Although there was a difference between the sexes of Chukar Partridges in bill length, no difference was found in shape. In addition, we found a significant difference in size between captive and wild populations, but difference was found in shape. Moreover, there was no significant difference in size or shape between the wild populations evaluated. The hypothesis of the study that “the size and shape of bills of Chukar Partridges may be different in wild and captive populations” was partially confirmed for size, but it was not confirmed for shape. The morphological characters used to compare populations should not be evaluated only as size or shape. Instead, both size and shape should be considered together to make a more efficient grouping.
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Figure 1. Molecular sexing results. One band is male, and two bands are female. 
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Figure 2. Landmarks used to describe the shape of Chukar Partridge’s bill (the side of upper mandible, 1: tips, 2: middle, 3: the first place the feathers come out, 4: apex of nostril, 5: angle of the mouth; the side of under mandible, 6: rictus, 7: tips). 
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Figure 3. Visual inspection of the Q-Q plots of morphometric data of the wild and captive populations for each bill character. 
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Figure 4. PCA of male (yellow) and female (blue) Chukar Partridges bills. (a) Morphometric (M; size), (b) geometric morphometric (GM; shape), and (c) M + GM together. 
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Figure 5. Comparison of bill length by regions. ns: nonsignificant, *: p < 0.05, ****: p < 0.0001. 
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Figure 6. PCA of the bills from the locations of Chukar Partridges. The colours represent localities, blue: western, yellow: centre, grey: eastern, red: breeding station. (a) Morphometric (M; size), (b) geometric morphometric (GM; shape), and (c) M + GM together. 
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Figure 7. The top is the Hopkins statistic (Red: high similarity (i.e., low dissimilarity) | Blue: low similarity). Hopkins statistic: M = 0.83, GM = 0.77, M + GM = 0.75). The bottom is a cluster analysis of all bills of Chukar Partridges using all samples together without any locations information. (a) Morphometric (M; size), (b) geometric morphometric (GM; shape), and (c) M + GM together. 
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Table 1. Descriptive statistics of the morphometric data of bill characters and overall corporations of sexes using the t-test. ns: nonsignificant; *: p < 0.05; **: p < 0.01.
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Captive

	
Wild

	
Overall




	

	
Female

	
Male

	
Female

	
Male

	
Female

	
Male

	
p




	
(n = 12)

	
(n = 10)

	
(n = 36)

	
(n = 40)

	
(n = 48)

	
(n = 50)

	






	
BL

	

	

	

	

	

	

	
**




	
Mean (SD)

	
23.8 (3.18)

	
26.9 (4.48)

	
20.3 (1.85)

	
21.8 (1.42)

	
21.2 (2.71)

	
22.9 (3.07)

	




	
Median [Min, Max]

	
23.5 [17.9, 30.6]

	
26.1 [20.8, 36.7]

	
20.1 [16.3, 23.4]

	
21.6 [18.9, 24.9]

	
21.1 [16.3, 30.6]

	
21.9 [18.9, 36.7]

	




	
BW

	

	

	

	

	

	

	
ns




	
Mean (SD)

	
9.50 (0.907)

	
10.3 (0.861)

	
7.81 (0.814)

	
8.25 (0.766)

	
8.23 (1.11)

	
8.66 (1.14)

	




	
Median [Min, Max]

	
9.56 [7.77, 11.2]

	
10.6 [8.34, 11.4]

	
7.89 [5.68, 9.85]

	
8.09 [6.05, 9.90]

	
8.02 [5.68, 11.2]

	
8.21 [6.05, 11.4]

	




	
BH

	

	

	

	

	

	

	




	
Mean (SD)

	
9.96 (1.01)

	
11.3 (1.04)

	
8.52 (0.704)

	
9.39 (0.715)

	
8.88 (1.00)

	
9.77 (1.09)

	
**




	
Median [Min, Max]

	
10.0 [8.08, 11.3]

	
11.6 [9.19, 12.5]

	
8.67 [5.79, 9.93]

	
9.44 [7.69, 11.5]

	
8.76 [5.79, 11.3]

	
9.57 [7.69, 12.5]

	




	
LNBa

	

	

	

	

	

	

	
*




	
Mean (SD)

	
17.6 (1.60)

	
20.8 (2.99)

	
14.0 (1.07)

	
14.7 (1.02)

	
14.9 (2.01)

	
15.9 (2.92)

	




	
Median [Min, Max]

	
16.9 [16.0, 21.0]

	
20.0 [17.5, 28.1]

	
13.9 [11.4, 16.0]

	
14.6 [12.7, 17.3]

	
14.4 [11.4, 21.0]

	
15.1 [12.7, 28.1]
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Table 2. Basic descriptive statistics of the bill for wild and captive populations. SD is given in parent brackets.
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Bill

	

	




	
Location

	
n

	
BL

	
BH

	
BW

	
LNBa






	
Western

	

	

	

	

	




	
BUR

	
13

	
21.8 (1.6)

	
9.2 (0.7)

	
8.5 (0.8)

	
14.4 (0.8)




	
CAN

	
9

	
20.4 (1.9)

	
8.8 (1.4)

	
7.5 (0.8)

	
13.9 (1.6)




	
ESK

	
21

	
20.4 (1.6)

	
8.6 (0.8)

	
7.9 (0.4)

	
13.6 (0.9)




	
MUG

	
8

	
20.3 (2.6)

	
9.3 (0.6)

	
8.9 (0.7)

	
13.7 (2.9)




	
Centre

	

	

	

	

	




	
CNK

	
14

	
21.1 (1.3)

	
8.7 (0.6)

	
7.7 (0.9)

	
14.6 (1.1)




	
NIG

	
3

	
20.5 (0.7)

	
8.7 (0.4)

	
8.2 (0.9)

	
13.8 (1.2)




	
SIV

	
11

	
21.2 (1.6)

	
9.5 (0.9)

	
8.4 (0.7)

	
14.2 (0.9)




	
Eastern

	

	

	

	

	




	
BIT

	
12

	
21.8 (1.7)

	
8.9 (0.5)

	
7.9 (0.5)

	
14.7 (0.9)




	
ERZ

	
12

	
20.9 (1.6)

	
8.8 (0.8)

	
7.9 (0.6)

	
14.1 (1.1)




	
VAN

	
11

	
22.8 (1.5)

	
9.3 (0.6)

	
7.9 (0.9)

	
14.9 (0.9)




	
Unknown

	
14

	
22.1 (3.1)

	
9.2 (0.8)

	
8.4 (1.0)

	
14.7 (2.9)




	
Captive

	

	

	

	

	




	
BSA

	
6

	
25.4 (3.5)

	
9.0 (1.0)

	
8.2 (0.5)

	
19.0 (2.9)




	
BSK

	
21

	
26.4 (4.1)

	
11.0 (1.1)

	
10.1 (0.8)

	
20.2 (3.4)




	
BSM

	
17

	
22.8 (2.6)

	
10.4 (0.9)

	
10.0 (0.9)

	
17.0 (1.4)




	
Total

	

	

	

	

	




	
Wild

	
128

	
21.3 (1.9)

	
8.9 (0.8)

	
8.1 (0.8)

	
14.3 (1.5)




	
Captive

	
44

	
24.9 (3.8)

	
10.5 (1.2)

	
9.8 (1.0)

	
18.8 (3.1)




	
Total

	
172

	
22.2 (3.0)

	
9.4 (1.1)

	
8.5 (1.1)

	
15.4 (2.8)

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png





nav.xhtml


  diversity-14-00048


  
    		
      diversity-14-00048
    


  




  





media/file2.png
100 bp 2752 2753 2753 2757 2758 2759 2760 2761 2763 2764 2765

M M L 1 M

.
n
= e






media/file5.jpg





media/file3.jpg





media/file1.jpg
100 bp 2752 2753 2753 2757 2758 2759 2760 2761 2763 2764 2765

M






media/file7.jpg





media/file10.png
Size (mm)

Region E western E centre E eastemn E breeding station

404 ' ' ' '
ns ~ ns *
kel
30-
©
o
20‘ o
< o
. b T LT
T el
s
BL BH BW LNBa

Bill





media/file12.png
Dim1 (31.2%)

(c)

(b)

(a)





media/file9.jpg
Region (3 westem £53 conve £53 ssstem (3 broading saton

¢¢é¢






media/file0.png





media/file14.png
0.700 1

0.6751

Gap statistic (k)

0.5751

o
>
S

S}
o
R
<q

Optimal number of clusters

S e crcrc e r e c e e e .-

N+

4 5 6 7
Number of clusters k

(a)

0.66 1

Gap statistic (k)

0.601

Optimal number of clusters

i

4 5 6 7
Number of clusters k

(b)

Gap statistic (k)

o
3

0.551

o
<

A
>
':.'I

Optimal number of clusters

P





media/file8.png
Dim1 (31.5%)






media/file11.jpg





media/file6.png
Population “+ Captve = Wad
Population -+ Capve -+ Wid

125

& 100






