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Abstract
Hunting wild African harlequin quails (Coturnix delegorguei delegorguei) using tradi-
tional methods in Western Kenya has been ongoing for generations, yet their genetic 
diversity and evolutionary history are largely unknown. In this study, the genetic vari-
ation and demographic history of wild African harlequin quails were assessed using a 
347bp mitochondrial DNA (mtDNA) control region fragment and 119,339 single nu-
cleotide polymorphisms (SNPs) from genotyping-by-sequencing (GBS) data. Genetic 
diversity analyses revealed that the genetic variation in wild African harlequin quails 
was predominantly among individuals than populations. Demographic analyses indi-
cated a signal of rapid demographic expansion, and the estimated time since pop-
ulation expansion was found to be 150,000–350,000  years ago, corresponding to 
around the Pliocene–Pleistocene boundary. A gradual decline in their effective popu-
lation size was also observed, which raised concerns about their conservation sta-
tus. These results provide the first account of the genetic diversity of wild African 
harlequin quails of Siaya, thereby creating a helpful foundation in their biodiversity 
conservation.
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1  |  INTRODUC TION

The primary source of poultry protein for many rural households 
in Africa and other developing countries is chicken, though pro-
gressively, quails have become a vital supplement, increasing their 
socio-economic value (MOLD, 2010). The African harlequin quail (C. 
d. delegorguei) is among the wild quail species commonly found in 
East and Southern Africa (Lewis & Pomeroy, 1989). Other wild quail 
species in the region include the common quail (Coturnix coturnix), 
African blue quail (Coturnix adansonii), and rain quail (Coturnix coro-
mandelica). However, the Japanese quail (Coturnix coturnix japonica) 
is the most common reared species in Kenya and other parts of the 
world, mainly kept for both meat and egg production (Nishibori et al., 
2001). The ongoing illegal hunting of wild African harlequin quails 
by rural small-scale farmers using traditional methods in Western 
Kenya is trending to unsustainable levels leading to declining num-
bers over time (Wamuyu et al., 2017). The seasonal migration of wild 
African harlequin quails into farmlands encourages their incessant 
capture for sale and consumption. At the moment, control measures 
to check on illegal and uncontrolled hunting are nonexistent, and 
little to no effort has been made to monitor and study their conser-
vation status.

The domestication of Japanese quail during the late 19th cen-
tury and early 20th century has contributed immensely toward 
improved poultry meat and egg production (Lukanov & Pavlova, 
2020). Currently, the domestic Japanese quail can be found in many 
countries where they are selectively bred into meat and egg types 
(Jeke et al., 2018). The introduction of domestic Japanese quails in 
Africa and other developing countries has provided entrepreneur-
ial opportunities and an alternative way of alleviating animal pro-
tein deficiency in their populations (Nasar et al., 2016). However, 
this introduced new challenges such as the uncontrolled introduc-
tion of immense exotic Japanese quail breeds in Kenya and other 
sub-Saharan countries (Jeke et al., 2018). Considering that the do-
mestic quail business bubble soon deflated, some of these exotic 
quail breeds were disposed of by frustrated farmers. Planned or 
accidental release of domestic quail individuals into the wild would 
bring adverse genetic changes to wild quail populations such as 
loss of genetic variation and altered population structures (Laikre 
et al., 2010). Admixture between the domestic and wild quail pop-
ulations in some parts of the world has been observed where wild 
quails were found to be hybrids of the domestic Japanese quail (C. 
Japonica) and the wild common (C. Coturnix) quail (Amaral et al., 
2007; Barilani et al., 2005; Chazara et al., 2010; Sanchez-Donoso 
et al., 2012).

The wild African harlequin quail is endemic to Africa, but 
its population genetics and demographic history are largely un-
known. Information on its genetic integrity is critical to its uti-
lization and conservation. Illegal and unsustainable harvesting, 
coupled with the change in land use, habitat fragmentation, and 
the introduction of exotic breeds, are factors that might impact 

wild African harlequin quail genetics. Here, mitochondrial and 
genome-wide variation patterns were used to assess wild African 
harlequin quail diversity and demographic history. In addi-
tion, tests were conducted to detect the presence of any wild 
African harlequin quail individuals admixed with the domestic 
Japanese quail.

2  |  MATERIAL S AND METHODS

2.1  |  Sample collection and DNA extraction

One hundred quails were sampled for this study; 78 captured wild 
African harlequin quails (Siaya North = 24, Siaya Central = 28, Siaya 
South = 26) and 22 domestic Japanese quails from Siaya and Kajiado 
Counties of Kenya, respectively (Figure 1). This comprised an equal 
number of male and female individuals for every visited farm. Wild 
African harlequin quails were captured around homesteads using 
traditional methods described by Wamuyu et al. (2017). This in-
volves using previously captured quails that are placed in woven 
baskets then tied to long poles as bait to lure other quails which are 
captured by traps set on the ground (Figure 2). Siaya County was 
selected due to the significant seasonal presence of wild African har-
lequin quails in the region, compared to others, and their interaction 
with rural small-scale farmers. It lies in the Lake Victoria basin at an 
altitude of 1,134 meters above sea level, receiving an annual rainfall 
of 500–1000  mm with temperatures ranging 17.1–29.4°C (Moraa 
et al., 2015). In contrast, Kajiado County is a peri-urban area where 
purebred domestic Japanese quails are more commonly reared 
under intensive (caged) production system. Whole blood was drawn 
from the wing vein into 2-ml cryotubes containing 70% alcohol and 
preserved at −80°C. Genomic DNA was extracted from the whole 
blood samples using the phenol–chloroform method (Sambrook & 
Russell, 2006).

2.2  |  Mitochondrial DNA 
amplification and sequencing

A 760bp mitochondrial DNA control region fragment was amplified 
via polymerase chain reaction (PCR) using primers AV1F2 and CR1b 
(Mwacharo et al., 2011) in 56 wild African harlequin and 17 Japanese 
quails. The amplicons were then sequenced using Applied 
Biosystems 3730xl DNA Analyzer (Life Technologies) following the 
manufacturer's protocol. Forward and reverse sequences of each 
sample were edited using SeqMan Pro version 7.1.0 (DNASTAR, Inc.) 
and used to generate a consensus sequence. Sequence alignment 
was done using Clustal X version 2.1 (Thompson et al., 1997) and 
MUSCLE version 3.6 (Edgar, 2004). Highly conserved regions of the 
sequences were trimmed, and a variable 347bp fragment was re-
tained for further analysis.
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2.3  |  GBS library preparation and sequencing

A GBS predesign experiment approach was used to evaluate the 
enzymes and sizes of restriction fragments using training data. The 
following criteria were applied:

1.	 the number of tags must be suitable for the specific needs 
of the research project;

2.	 the enzymatic tags must be evenly distributed through the se-
quences to be examined;

3.	 repeated tags should be avoided.

These considerations improved the effectiveness of GBS for the 
dataset at hand. A strict length range was selected to maintain the 
sequence depth uniformity of different fragments (~50 bp).

We then constructed the GBS library in accordance using the 
predesigned scheme. Genomic DNA was incubated at 37℃ with MseI 
(New England Biolabs, NEB), T4 DNA ligase (NEB), ATP (NEB), and 
MseI Y adapter N-containing barcode. The restriction–ligation reac-
tions were heat-inactivated at 65℃ and then digested with the HaeIII 

(GGCC) restriction enzyme at 37°C. The restriction ligation samples 
were purified with Agencourt AMPure XP (Beckman, United States). 
Polymerase chain reaction (PCR) was conducted using the purified 
samples, the Phusion Master Mix (NEB, United States) universal and 
index primers, and i5 and i7 sequences. The PCR products were pu-
rified using Agencourt AMPure XP, pooled, and electrophoresed on 
a 2% agarose gel. A Gel Extraction Kit (Qiagen, Germany) was used 
to isolate 375–400 basepair fragments (with indexes and adaptors). 
These fragments were purified using Agencourt AMPure XP, and the 
resulting products were diluted for sequencing. Then, paired-end 
sequencing of the selected tags was performed using the Illumina 
NovaSeq high-throughput sequencing platform at the Novogene 
Bioinformatics Technology Company, China.

2.4  |  Sequence data processing and SNP calling

Raw reads were processed through a series of quality control pro-
cedures which involved removing reads with ≥10% unidentified nu-
cleotides (N), with >50% bases with a Phred quality <5, with >10 

F I G U R E  1  Sampling locations in Kenya
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nucleotides alignment to the adapter, with >10% mismatches, and 
that contain the HaeIII enzyme sequence.

Burrows-Wheeler Aligner (BWA) version 0.7.17 was used to 
align the retained reads against the Coturnix Japonica 2.0  genome 
(Assembly accession number GCF_001577835.1) with the parame-
ters “mem -t 4 -k 32 -M” (Li & Durbin, 2009). Variant calling was 
performed using SAMtools version 1.11 mpileup command (Li et al., 
2009) in conjunction with BCFtools version 1.11 call command (Li, 
2011). Variant filtering was performed by restricting the dataset 
to biallelic SNPs found in at least 80% of samples, with a mini-
mum depth of 2 reads, minimum Phred score of 30, and minimum 
minor allele frequency (MAF) of 0.05 using VCFtools version 0.1.13 
(Danecek et al., 2011).

2.5  |  Genetic diversity and population structure

Mitochondrial genome haplotype diversity was assessed using 
DnaSP version 5.10.1 (Librado & Rozas, 2009). The phylogenetic 
relationship between the study mtDNA haplotypes and GenBank 
reference mtDNA haplotypes (C. japonica and C. coturnix) was es-
timated using a median-joining network and a maximum likelihood 
tree generated with network version 5.0 (Bandelt et al., 1999) and 
MEGA version 10.2 (Kumar et al., 2018), respectively.

Molecular variation among populations test (FST) and principal 
component analysis (PCA) of the genotyping-by-sequencing SNP 
dataset were used to assess the distribution of genetic variation 
among wild African harlequin quail individuals and populations. Both 
tests were performed using SNPRelate R package version 1.22.0 
(Zheng et al., 2012) with additional filtering based on linkage dis-
equilibrium (r2 = 0.2). To investigate the genetic ancestry of the wild 
African harlequin quail individuals and admixture between the wild 
and domestic quail species, a maximum-likelihood-based clustering 
algorithm in ADMIXTURE version 1.3.0 was applied (Alexander & 

Lange, 2011) for K values 1 to 10. K-value with the lowest cross-
validation (CV) error value was considered most optimal.

2.6  |  Demographic analysis

MtDNA neutrality tests (Tajima's D and Fu's Fs) and mismatch analy-
sis (sum of squares deviation (SSD), raggedness index (rag.), theta0 
(θ0), theta1 (θ1), and Tau (τ)) were calculated using Arlequin version 
3.5.2.2 (Excoffier & Lischer, 2010) to check for signals of demo-
graphic expansion through investigating mismatch distributions of 
pairwise differences among mtDNA haplotypes. Time since popula-
tion expansion (t) was calculated using the equation τ = 2 μLt, where 
τ is the tau value, μ is the substitution rate, and L is the length of 
the sequence (Aoki et al., 2018). Like most other avian species, the 
mitochondrial genome mutation rate of wild African harlequin quail 
or other quail species, especially for the control region, is unknown. 
Therefore, the commonly used mitochondrial genome mutation rate 
of 2% per million years (Myr) was applied in this study (Nabholz et al., 
2016). The divergence times between African harlequin quails and 
related quail species such as the Japanese and common quails were 
estimated using the TimeTree database (Kumar et al., 2017).

To examine the recent demographic history of the wild African 
harlequin quail using the SNP dataset, all populations were com-
bined, and easySFS (Gutenkunst et al., 2009) was used to generate 
folded site frequency spectrum (SFS) information. The historical 
population size changes were then estimated using Stairway plot 
version 2.1 (Liu & Fu, 2015). The stairway plot has proved applica-
ble to low-depth sequencing and reduced-representation sequence 
data (Liu & Fu, 2020). The mutation rate of the wild African harlequin 
quail is unknown, but since the mean mutation rate of most avian 
genomes ranges between 1.23 and 2.21 × 10−9 site−1 year−1, an in-
termediate rate observed in chicken (1.91e-9) and a generation time 
of 1 year was assumed (Nam et al., 2010).

F I G U R E  2  Wild African harlequin 
quail capture using traditional methods. 
(a) Wild African harlequin quail sample 
photograph. (b) Long poles containing bait 
quails. (c) Man-made thicket with traps. (d) 
Captured wild African harlequin quails in 
woven baskets

(a) (b)

(c) (d)
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3  |  RESULTS

3.1  |  SNP identification and MtDNA haplotype 
analyses

More than 95% of the wild African harlequin quail sequenced reads 
in all individuals were mapped to the Japanese quail reference ge-
nome, thereby ascertaining confidence in the SNP identification 
process. A total of 8,237,001 variants were called in 96 individuals, 
and after variant filtering, 119,339 SNPs were retained for further 
analysis.

The 56 mtDNA control region sequences of the wild African har-
lequin quails revealed 32 haplotypes in total (haplotype 1–32), which 
translated to a haplotype diversity of 0.949±0.016, whereas only 
one haplotype (haplotype 33 farm-reared) was observed among 
the 17 domestic Japanese quails mtDNA control region sequences. 
These generated haplotypes were then used in subsequent analysis.

3.2  |  Genetic diversity and population 
structure analysis

Out of the 32 wild African harlequin quail mtDNA haplotypes ob-
served, haplotype 1 was the most common and present in 9 in-
dividuals. In contrast, the majority of the haplotypes were only 
present in one individual each (singletons). None of the other refer-
ence quail mtDNA haplotypes (Table S1) clustered together with 
the wild African harlequin mtDNA haplotypes; therefore, no haplo-
type sharing was observed (Figure 3). The median-joining network 
of our study haplotypes together with reference quail mtDNA hap-
lotypes (C. japonica and C. coturnix) from GenBank formed three 
haplogroups (Figure 4). All the wild African harlequin quail mtDNA 
haplotypes (yellow) clustered under haplogroup 1, whereas hap-
logroup 2 contained the single domestic Japanese quail mtDNA 
haplotype from this study (blue), reference Japanese quail mtDNA 
haplotype that was similar to the Japanese quail mtDNA haplotype 
of this study (orange) and other reference Japanese quail mtDNA 
haplotypes (purple) from GenBank (Table S2). Haplogroup 3 con-
trarywise contained reference common quail mtDNA haplotypes 
(green). The king quail (C. chinensis) mtDNA haplotype was the cho-
sen outgroup.

Principal component analysis showed no signs of population 
structuring in wild African harlequin quails of Siaya County as most 
individuals were grouped in a single cluster (Figure 5). The first and 
second eigenvectors (EV) accounted for 6.6% and 2.1% of the total 
observed variation, respectively. This observation was also sup-
ported by a low average pairwise FST value of 0.000075, signify-
ing slight genetic variation among the three sampled populations. 
Overall, the wild African harlequin and domestic Japanese quails 
were separated into two distinct clusters.

Admixture results were similar to PCA as the wild African harle-
quin quails were separated from domestic Japanese quails at K = 2, 
which had the least cross-validation error (Figure S1). However, one 

wild African harlequin quail sample exhibited low levels of shared 
genetic ancestry with Japanese quail at K = 2, an observation that 
was not supported by other K values (Figure 6).

3.3  |  Demographic history

The estimated mean Tajima's D (−0.424 ± 0.366, p > .05) and Fu's 
Fs (−7.67 ± 2.56, p < .05) values based on the mtDNA dataset were 
both negative for the wild African harlequin quail populations of 
Siaya County, indicating a signal of demographic expansion and/
or positive selection. This observation was further supported by 
the unimodal mismatch distribution (Figure S2) and the small but 
nonsignificant SSD and Raggedness index that was 0.00573 ± 
0.00170 (p >  .05) and 0.0343 ± 0.00571 (p > .05), respectively. 
The population expansion size values (θ0 and θ1) were 0.00234 
and 1169.888, respectively, also indicating a high population 
expansion. The tau (τ) value for the estimated age of expansion 
was 3.58 ± 0.504 (4.88–2.12) at a 95% confidence interval (CI). 
This translated to an estimated time since population expansion 
of 257,000  ka (Thousand years ago), 95% CI 150–350  ka, corre-
sponding to around the Pliocene–Pleistocene boundary. The mo-
lecular divergence time between the African harlequin, Japanese, 
and common quails was estimated by the TimeTree database to 
range between 5.13 and 17.60 Ma (million years ago). However, the 
estimated median time was 11.03 Ma during the Miocene epoch of 
the Neogene period.

The demographic history and effective population size changes 
of the wild African harlequin quail of Siaya County were displayed 
on a stairway plot (Figure 7). The folded site frequency spectrum 
information based on genotyping by sequencing SNP data revealed a 
population bottleneck that occurred approximately 180 ka followed 
by population expansion then a gradual decline in the effective pop-
ulation size to the present.

4  |  DISCUSSION

Several genetic diversity studies have been conducted on domes-
tic Japanese and wild common quails using mtDNA and microsat-
ellite markers (Amaral et al., 2007; Barilani et al., 2005; Chazara 
et al., 2010; Puigcerver et al., 2014; Sanchez-Donoso et al., 2012). 
However, genetic information on the wild African harlequin quail 
is lacking. In this study, we managed to assess the genetic diversity 
and demographic history of wild African harlequin quail popula-
tions of Siaya County using mtDNA d-loop data and SNP infor-
mation generated through genotyping by sequencing approach. 
There has been an uncontrolled introduction of domestic Japanese 
quail breeds into Kenya and a noticeable population size reduction 
of wild African harlequin quail numbers in parts of Western Kenya 
over the years. There have also been suspected cases of domestic 
Japanese quail release into the wild but so far, no credible evi-
dence has been provided yet. Before any reasonable management 
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practices are adopted to allow for proper utilization of the wild 
African harlequin quail as a resource and increase the effective-
ness of conservation activities, more information with respect to 
the genetic diversity, demographic history, and population struc-
ture is required.

4.1  |  Genetic diversity and population structure

The seasonal migration of wild birds such as the wild African har-
lequin quails affects their population size and structure (Newton, 
2006). Since there is little information about the seasonal migration 

F I G U R E  3  A maximum-likelihood tree 
showing the phylogenetic relationships 
between wild African harlequin quails 
(haplo 1 wild – haplo 32 wild) and other 
Coturnix species
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F I G U R E  4  Median-joining phylogenetic network constructed for quail mtDNA haplotypes. Circled areas show the haplotype frequencies

F I G U R E  5  Principal component 
analysis of wild African harlequin quail 
populations (Siaya_North, Siaya_Central, 
and Siaya_South) and domestic Japanese 
quail (Kajiado)
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patterns of wild African harlequin quails, sampling individuals from 
a similar deme or multiple demes of a single population is highly 
likely. This could explain why the genetic variation of wild African 

harlequin quails was predominantly among individuals and less 
among populations. The wild African harlequin quails were, how-
ever, separated from domestic Japanese quails into two distinct 

F I G U R E  6  Admixture plot showing the relationship between wild African harlequin (Siaya) and domestic Japanese quails (Kajiado) at 
ancestry number (K) = 2–3

F I G U R E  7  Stairway plot showing historical changes in effective population size of Siaya wild African harlequin quails
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clusters. This difference is expected, as the two species have an 
estimated divergence time between 5.13 and 17.60 Ma (Jetz et al., 
2012; Seabrook-Davison et al., 2009; Stein et al., 2015).

The mtDNA haplotype and phylogenetic relationship analyses 
were also able to show the genetic variation among the wild African 
harlequin quail individuals, their similar ancestry, and their distinction 
from other quail species. In contrast, only a single mtDNA haplotype 
was detected among sampled Japanese quail individuals, which was 
consistent with low genetic diversity within this domesticated popu-
lation. MtDNA haplotype sharing between wild and domestic quails 
has previously been used to detect hybridization (Barilani et al., 
2005). However, there was no mtDNA haplotype sharing between 
wild African harlequin quails of Siaya County and Japanese quail 
individuals, separating the two species into different haplogroups. 
Even though no mtDNA haplotype sharing was observed, the wild 
African harlequin quail individual that showed evidence of low lev-
els of Japanese quail ancestry in ADMIXTURE analysis conducted 
on SNP data still lacks strong evidence to suggest hybridization in 
the wild. The observed apparent admixed nature of the individual 
was not noted in other values of K and could be an artifact of the 
analysis. In addition, there are no known hybrids of C. d. delegorguei 
and C. c. japonica that exist in the wild hence further investigation 
involving a larger sample size is required.

These findings further alleviate concerns of possible extreme 
hybridization and introgression present in the local wild African 
harlequin quail populations of Siaya County since the excessive 
introduction of domestic Japanese quail breeds into the country. 
Detecting hybridization is crucial as it has been linked to reduced or 
absent migratory behavior in wild quail populations (Barilani et al., 
2005). Currently, there is no reason to suspect the artificial release 
of domestic Japanese quail breeds into the wild as was the concern.

4.2  |  Demographic history

The demographic history of the wild African harlequin quails of Siaya 
was outlined on a stairway plot from 560,000 years ago. The popula-
tion bottleneck event that was observed ca. 180 ka is consistent with 
climate change during the Pliocene–Pleistocene boundary where cli-
mate oscillations resulted in range contraction of species during dry 
arid climate periods (deMenocal, 1995; Hewitt, 2004). The observed 
bottleneck is also consistent with the emergence of Homo sapiens in 
East Africa some 200,000 years ago (McDougall et al., 2005; White 
et al., 2003) which was associated with updated and improved tech-
nology (Bradfield et al., 2020; Hallett et al., 2021). African hominins 
were known for hunting terrestrial prey and the development of ad-
vanced tools facilitated the incorporation of animal protein into their 
diets (Faith, 2014). However, the time period when early hominins 
became skilled hunters is still debatable (Ferraro et al., 2013; Marean 
& Assefa, 1999).

Both mtDNA analysis and the stairway plot suggested that wild 
African harlequin quail populations of Siaya experienced a population 
expansion soon after the bottleneck. The negative mtDNA Tajima's 

D and Fu's Fs test values, and the demographic expansion estimates 
all signaled a large-scale demographic expansion of the wild African 
harlequin quail populations of Siaya County. The unimodal mismatch 
distribution that was also detected when the observed nucleotide-
site differences between pairs of mtDNA haplotypes were computed 
is characteristic of a population that has experienced demographic 
expansion (Rogers & Henry, 1992). This could be through a range 
expansion with high levels of migration between neighboring demes 
that is commonly observed in wild quails that migrate seasonally 
(Excoffier, 2004; Ray et al., 2003). In addition, the demographic ex-
pansion parameter τ and stairway plot analysis were both used to 
infer time since population expansion and that estimate was placed 
around the quaternary glaciation period. Glacial changes during this 
period promoted the general cooling of African climates, and East 
African vegetation shifted from closed canopy to open savannah and 
grassland vegetation starting in the mid-Pliocene (deMenocal, 1995, 
2004). Grasslands, bushy areas, and croplands serve as habitats for 
many wild quail species, including the African harlequin quail, and 
this may explain their expansion during that period. In East Africa, 
vegetation changes and the development of periodical cooler and 
drier climatic conditions after 2.8 Ma greatly influenced species dis-
tribution and genetic isolation that further intensified after 1.7 and 
1.0  Ma (deMenocal, 1995). Oscillations between wetter and drier 
climates have been found to repeatedly promote cycles of range 
contraction and expansion (Lorenzen et al., 2010). This may also ex-
plain the seasonal presence of wild African harlequin quails follow-
ing the long and short rainy seasons (Wamuyu et al., 2017). Their 
sudden availability and increased numbers are also encouraged by 
food availability, especially after the rainy season, where grain farms 
create suitable habitats.

The effective population size of wild African harlequin quails 
of Siaya has been declining over the last 20,000 years, which coin-
cides with climate change in East Africa, the massive late Pleistocene 
changes in range and abundance of smaller vertebrates (Steele, 2007) 
and the extinction of megafauna (50 ka −10 ka) (Van Der Kaars et al., 
2017; Stuart, 1999). Climate change during the last glacial maximum 
(~20 ka) has been linked to a decline in the effective population size 
of several species in Southern and tropical Africa (Sithaldeen et al., 
2015). Changes in temperature and precipitation were found to have 
a profound effect on food supply, reproduction, and the migration 
patterns of birds (Carey, 2009). In addition, this decline began after 
hydroclimatic changes that favored Homo sapiens demographic ex-
pansion and dispersal to other parts of the world approximately 70–
60 ka (Rito et al., 2019; Schaebitz et al., 2021). It is hypothesized that 
during this period, human hunters were responsible for the massive 
extinction events and habitat destruction as they spread from Africa 
to other continents (Faith, 2014; Martin, 1967). However, the role 
played by humans in the late Pleistocene extinction events is still 
debated (Nagaoka et al., 2018).

Over the past 200,000 years, human occupation in East Africa 
has contributed to regional vegetation and habitat change (Schaebitz 
et al., 2021). This change was further facilitated by the transition 
from hunting and gathering to agriculture where rainforests and 
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woody vegetation in the savanna were slowly converted into farms 
and pasturelands (Patin et al., 2014). Wild quails survive away from 
protected areas and end up in farms and pasturelands, where they 
are commonly hunted, thus also contributing to their population 
changes over time (Gatesire et al., 2014). Traditional hunting of wild 
African harlequin quails involves using captured females to attract 
males (Wamuyu et al., 2017). This leads to the capture of more 
males than females, thereby affecting the breeding sex ratio, which 
impacts the effective population size. This could also explain the dis-
appearance of wild African harlequin quails from certain neighboring 
regions and their reduction in number within Siaya County, where 
they were usually present in very high numbers compared to other 
regions.

Wild African harlequin quails were initially present in most 
parts of Western Kenya. However, due to climatic change, inten-
sive human activities such as overhunting and destruction of their 
habitats, parts of Siaya, Kisumu, and Homa Bay counties have be-
come potential refugial areas. These activities influence and have 
contributed to migratory behavior changes and population decline 
of not only wild African harlequin quails but also other migratory 
bird species (Hewson et al., 2016). The wild African harlequin quails 
of Siaya County seemed to be concentrated in regions near the lake 
due to the presence of untouched natural vegetation unlike the 
mainland. So far, no comprehensive phylogeographic and climatic 
oscillation studies have been done on wild African harlequin quails 
or other wild bird species in the Lake Victoria basin. Therefore, the 
geographical impact of Lake Victoria on species diversity is still un-
derstudied. Even though this study concentrated on the wild African 
harlequin quail populations of Siaya, additional sampling sites could 
reveal if there is any range-wide population structure and how inter-
connected different populations are.

5  |  CONCLUSION

The use of mitochondrial DNA and genotyping by sequencing meth-
ods provided an overview of the genetic diversity of wild African 
harlequin quail populations of Siaya County. We did not detect any 
population structure between individuals in our study regions; how-
ever, more study sites are recommended to fully capture individuals 
that follow different migratory routes. We found no evidence of hy-
bridization between wild African harlequin and domestic Japanese 
quails in the Siaya region. A noticeable decline in the number of wild 
African harlequin quails in the region has been a source of concern 
in line with their conservation status. This study has provided the 
necessary information required for decision-making regarding their 
preservation and utilization as a source of protein. Even though the 
harlequin quail subspecies (C. d. delegorguei, C. d. histrionica, and 
C. d. arabica) conservation status are listed collectively under the 
“least concern” category according to the International Union for 
Conservation of Nature (IUCN), more studies aimed at monitoring 
their distribution and effective population size changes need to be 

conducted, especially in areas where the harlequin quail is consid-
ered as a complementary poultry protein source.

ACKNOWLEDG MENTS
This work was supported by grants awarded to Dr Sheila Ommeh by 
Jomo Kenyatta University of Agriculture and Technology (JKUAT) 
under research grant number JKU/2/4/RP/181, International 
Foundation for Science (IFS) under research grant number B/5364-1 
in partnership with Syngenta Foundation. This research was also 
supported by the Sino-Africa Joint Research Center, Chinese 
Academy of Sciences (SAJC201611). The authors would like to 
thank the local farmers, veterinary officers, Kenya Wildlife Service, 
Ministry of Agriculture, Livestock and Fisheries, and the National 
Quail Breeding Program. Sincere gratitude to the veterinary officers 
for their aid during sampling.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS
Stephen Ogada: Formal analysis (lead); Methodology (equal); 
Validation (equal); Writing – original draft (lead); Writing – review & 
editing (equal). Newton O. Otecko: Methodology (equal); Validation 
(equal); Writing – review & editing (equal). Grace Moraa Kennedy: 
Formal analysis (supporting); Validation (equal); Writing – review & 
editing (equal). John Musina: Validation (equal); Writing – review & 
editing (equal). Bernard Agwanda: Validation (equal); Writing – re-
view & editing (equal). Vincent Obanda: Validation (equal); Writing – 
review & editing (equal). Jacqueline Lichoti: Supervision (supporting); 
Validation (equal); Writing – review & editing (equal). Min-Sheng 
Peng: Formal analysis (supporting); Validation (equal); Writing – 
review & editing (equal). Sheila Ommeh: Conceptualization (lead); 
Funding acquisition (lead); Investigation (lead); Methodology (equal); 
Project administration (lead); Resources (lead); Supervision (lead); 
Validation (equal); Writing – original draft (supporting); Writing – re-
view & editing (equal).

E THIC AL APPROVAL
This study received ethical clearance from the Kenya Wildlife Service 
under permit number KWS/BRM/5001 to sample wild African harle-
quin quails and a “no objection for the research” from the Director of 
Veterinary Services, Ministry of Agriculture, Livestock and Fisheries 
in Kenya under permit number RES/POL/VOL.XXVII/162 to sample 
domestic quails.

DATA AVAIL ABILIT Y S TATEMENT
Wild African harlequin quail mitochondrial DNA D-loop haplotype 
sequences were archived in the National Centre for Biotechnology 
Information (NCBI) repository under GenBank accession numbers 
MH684491-MH684522. The aligned GBS reads in the format of 
bam files were deposited in the NCBI repository under project ID 
PRJNA748759 and PRJNA748896.

info:x-wiley/peptideatlas/MH684491
info:x-wiley/peptideatlas/MH684522
info:x-wiley/peptideatlas/PRJNA748759
info:x-wiley/peptideatlas/PRJNA748896


18572  |    OGADA et al.

ORCID
Sheila Ommeh   https://orcid.org/0000-0002-0780-0399 

R E FE R E N C E S
Alexander, D. H., & Lange, K. (2011). Enhancements to the ADMIXTURE 

algorithm for individual ancestry estimation. BMC Bioinformatics, 
12, 1–6. https://doi.org/10.1186/1471-2105-12-246

Amaral, A. J., Silva, A. B., Grosso, A. R., Chikhi, L., Bastos-Silveira, C., & 
Dias, D. (2007). Detection of hybridization and species identifica-
tion in domesticated and wild quails using genetic markers. Folia 
Zoologica-Praha-, 56, 285.

Aoki, D., Kinoshita, G., Kryukov, A. P., Nishiumi, I., Lee, S.-I., & Suzuki, 
H. (2018). Quaternary-related genetic differentiation and parallel 
population dynamics of the Eurasian Jay (Garrulus glandarius) in the 
circum-Japan Sea region. Journal of Ornithology, 159, 1087–1097. 
https://doi.org/10.1007/s1033​6-018-1573-9

Bandelt, H. J., Forster, P., & Röhl, A. (1999). Median-joining networks 
for inferring intraspecific phylogenies. Molecular Biology and 
Evolution, 16, 37–48. https://doi.org/10.1093/oxfor​djour​nals.mol-
bev.a026036

Barilani, M., Deregnaucourt, S., Gallego, S., Galli, L., Mucci, N., Piombo, 
R., Puigcerver, M., Rimondi, S., Rodríguez-Teijeiro, J. D., Spanò, S., 
& Randi, E. (2005). Detecting hybridization in wild (Coturnix c. co-
turnix) and domesticated (Coturnix c. japonica) quail populations. 
Biological Conservation, 126, 445–455. https://doi.org/10.1016/j.
biocon.2005.06.027

Bradfield, J., Lombard, M., Reynard, J., & Wurz, S. (2020). Further evi-
dence for bow hunting and its implications more than 60 000 years 
ago: Results of a use-trace analysis of the bone point from Klasies 
River Main site, South Africa. Quaternary Science Reviews, 236, 
106295. https://doi.org/10.1016/j.quasc​irev.2020.106295

Carey, C. (2009). The impacts of climate change on the annual cycles 
of birds. Philosophical Transactions of the Royal Society B: Biological 
Sciences, 364, 3321–3330. https://doi.org/10.1098/rstb.2009.0182

Chazara, O., Minvielle, F., Roux, D., Bed’hom, B., Feve, K., Coville, J.-L., 
Kayang, B. B., Lumineau, S., Vignal, A., Boutin, J.-M., & Rognon, X. 
(2010). Evidence for introgressive hybridization of wild common 
quail (Coturnix coturnix) by domesticated Japanese quail (Coturnix 
japonica) in France. Conservation Genetics, 11, 1051–1062. https://
doi.org/10.1007/s1059​2-009-9951-8

Danecek, P., Auton, A., Abecasis, G., Albers, C. A., Banks, E., DePristo, M. 
A., Handsaker, R. E., Lunter, G., Marth, G. T., Sherry, S. T., McVean, 
G., & Durbin, R. (2011). The variant call format and VCFtools. 
Bioinformatics, 27, 2156–2158. https://doi.org/10.1093/bioin​forma​
tics/btr330

Demenocal, P. B. (1995). Plio-pleistocene African climate. Science, 270, 
53–59. https://doi.org/10.1126/scien​ce.270.5233.53

Demenocal, P. B. (2004). African climate change and faunal evolution 
during the Pliocene-Pleistocene. Earth and Planetary Science Letters, 
220, 3–24. https://doi.org/10.1016/S0012​-821X(04)00003​-2

Der Kaars, V., Sander, G. H., Miller, C. S. M., Turney, E. J., Cook, D. N., 
Joachim Schönfeld, A., Kershaw, P., & Lehman, S. J. (2017). Humans 
rather than climate the primary cause of Pleistocene megafaunal 
extinction in Australia. Nature Communications, 8, 1–7. https://doi.
org/10.1038/ncomm​s14142

Edgar, R. C. (2004). MUSCLE: A multiple sequence alignment method 
with reduced time and space complexity. BMC Bioinformatics, 5, 1–
19. https://doi.org/10.1186/1471-2105-5-113

Excoffier, L. (2004). Analytical methods in phylogeography and 
genetic structure. Molecular Ecology, 13, 727. https://doi.
org/10.1111/j.1365-294X.2004.02170.x

Excoffier, L., & Lischer, H. E. L. (2010). Arlequin suite ver 3.5: A new series 
of programs to perform population genetics analyses under Linux 

and Windows. Molecular Ecology Resources, 10, 564–567. https://
doi.org/10.1111/j.1755-0998.2010.02847.x

Faith, J. T. (2014). Late Pleistocene and Holocene mammal extinctions 
on continental Africa. Earth-Science Reviews, 128, 105–121. https://
doi.org/10.1016/j.earsc​irev.2013.10.009

Ferraro, J. V., Plummer, T. W., Pobiner, B. L., Oliver, J. S., Bishop, L. C., 
Braun, D. R., Ditchfield, P. W., Seaman, J. W., Binetti, K. M., Seaman, 
J. W., Hertel, F., & Potts, R. (2013). Earliest archaeological evidence 
of persistent hominin carnivory. PLoS One, 8, e62174. https://doi.
org/10.1371/journ​al.pone.0062174

Gatesire, T., Nsabimana, D., Nyiramana, A., Seburanga, J. L., & Mirville, 
M. O. (2014). Bird diversity and distribution in relation to urban 
landscape types in Northern Rwanda. The Scientific World Journal, 
2014, 1–12. https://doi.org/10.1155/2014/157824

Gutenkunst, R. N., Hernandez, R. D., Williamson, S. H., & Bustamante, 
C. D. (2009). Inferring the joint demographic history of multiple 
populations from multidimensional SNP frequency data. PLoS 
Genetics, 5, e1000695. https://doi.org/10.1371/journ​al.pgen.​
1000695

Hallett, E. Y., Marean, C. W., Steele, T. E., Álvarez-Fernández, E., Jacobs, 
Z., Cerasoni, J. N., Aldeias, V., Scerri, E. M. L., Olszewski, D. I., El 
Hajraoui, M. A., & Dibble, H. L. (2021). A worked bone assem-
blage from 120,000–90,000-year-old deposits at Contrebandiers 
Cave, Atlantic Coast, Morocco. iScience, 24, 102988. https://doi.
org/10.1016/j.isci.2021.102988

Hewitt, G. M. (2004). The structure of biodiversity–insights from mo-
lecular phylogeography. Frontiers in Zoology, 1, 1–16. https://doi.
org/10.1186/1742-9994-1-4

Hewson, C. M., Thorup, K., Pearce-Higgins, J. W., & Atkinson, P. W. 
(2016). Population decline is linked to migration route in the 
Common Cuckoo. Nature Communications, 7, 1–8. https://doi.
org/10.1038/ncomm​s12296

Jeke, A., Phiri, C., Chitiindingu, K., & Taru, P. (2018). Nutritional com-
positions of Japanese quail (Coturnix coturnix japonica) breed lines 
raised on a basal poultry ration under farm conditions in Ruwa, 
Zimbabwe. Cogent Food & Agriculture, 4, 1473009. https://doi.
org/10.1080/23311​932.2018.1473009

Jetz, W., Thomas, G. H., Joy, J. B., Hartmann, K., & Mooers, A. O. (2012). 
The global diversity of birds in space and time. Nature, 491, 444–
448. https://doi.org/10.1038/natur​e11631

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: 
molecular evolutionary genetics analysis across computing plat-
forms. Molecular Biology and Evolution, 35, 1547–1549. https://doi.
org/10.1093/molbe​v/msy096

Kumar, S., Stecher, G., Suleski, M., & Hedges, S. B. (2017). TimeTree: a 
resource for timelines, timetrees, and divergence times. Molecular 
Biology and Evolution, 34, 1812–1819. https://doi.org/10.1093/
molbe​v/msx116

Laikre, L., Schwartz, M. K., Waples, R. S., Ryman, N., & GeM Working 
Group. (2010). Compromising genetic diversity in the wild: unmon-
itored large-scale release of plants and animals. Trends in Ecology & 
Evolution, 25, 520–529. https://doi.org/10.1016/j.tree.2010.06.013

Lewis, A., & Pomeroy, D. (1989). A bird atlas of Kenya (1st ed.). CRC Press.
Li, H. (2011). A statistical framework for SNP calling, mutation discovery, 

association mapping and population genetical parameter estima-
tion from sequencing data. Bioinformatics, 27, 2987–2993. https://
doi.org/10.1093/bioin​forma​tics/btr509

Li, H., & Durbin, R. (2009). Fast and accurate short read alignment 
with Burrows-Wheeler transform. Bioinformatics, 25, 1754–1760. 
https://doi.org/10.1093/bioin​forma​tics/btp324

Li, H., Handsaker, B., Wysoker, A., Fennell, T., Ruan, J., Homer, N., Marth, 
G., Abecasis, G., & Durbin, R. (2009). The sequence alignment/map 
format and SAMtools. Bioinformatics, 25, 2078–2079. https://doi.
org/10.1093/bioin​forma​tics/btp352

https://orcid.org/0000-0002-0780-0399
https://orcid.org/0000-0002-0780-0399
https://doi.org/10.1186/1471-2105-12-246
https://doi.org/10.1007/s10336-018-1573-9
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1016/j.biocon.2005.06.027
https://doi.org/10.1016/j.biocon.2005.06.027
https://doi.org/10.1016/j.quascirev.2020.106295
https://doi.org/10.1098/rstb.2009.0182
https://doi.org/10.1007/s10592-009-9951-8
https://doi.org/10.1007/s10592-009-9951-8
https://doi.org/10.1093/bioinformatics/btr330
https://doi.org/10.1093/bioinformatics/btr330
https://doi.org/10.1126/science.270.5233.53
https://doi.org/10.1016/S0012-821X(04)00003-2
https://doi.org/10.1038/ncomms14142
https://doi.org/10.1038/ncomms14142
https://doi.org/10.1186/1471-2105-5-113
https://doi.org/10.1111/j.1365-294X.2004.02170.x
https://doi.org/10.1111/j.1365-294X.2004.02170.x
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.1016/j.earscirev.2013.10.009
https://doi.org/10.1016/j.earscirev.2013.10.009
https://doi.org/10.1371/journal.pone.0062174
https://doi.org/10.1371/journal.pone.0062174
https://doi.org/10.1155/2014/157824
https://doi.org/10.1371/journal.pgen.1000695
https://doi.org/10.1371/journal.pgen.1000695
https://doi.org/10.1016/j.isci.2021.102988
https://doi.org/10.1016/j.isci.2021.102988
https://doi.org/10.1186/1742-9994-1-4
https://doi.org/10.1186/1742-9994-1-4
https://doi.org/10.1038/ncomms12296
https://doi.org/10.1038/ncomms12296
https://doi.org/10.1080/23311932.2018.1473009
https://doi.org/10.1080/23311932.2018.1473009
https://doi.org/10.1038/nature11631
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msx116
https://doi.org/10.1093/molbev/msx116
https://doi.org/10.1016/j.tree.2010.06.013
https://doi.org/10.1093/bioinformatics/btr509
https://doi.org/10.1093/bioinformatics/btr509
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.1093/bioinformatics/btp352


    |  18573OGADA et al.

Librado, P., & Rozas, J. (2009). DnaSP v5: a software for comprehensive 
analysis of DNA polymorphism data. Bioinformatics, 25, 1451–1452. 
https://doi.org/10.1093/bioin​forma​tics/btp187

Liu, X., & Fu, Y. X. (2015). Exploring population size changes using SNP 
frequency spectra. Nature Genetics, 47, 555–559. https://doi.
org/10.1038/ng.3254

Liu, X., & Fu, Y. X. (2020). Stairway Plot 2: demographic history infer-
ence with folded SNP frequency spectra. Genome Biology, 21, 280. 
https://doi.org/10.1186/s1305​9-020-02196​-9

Lorenzen, E. D., Masembe, C., Arctander, P., & Siegismund, H. R. (2010). 
A long-standing Pleistocene refugium in southern Africa and a mo-
saic of refugia in East Africa: insights from mtDNA and the common 
eland antelope. Journal of Biogeography, 37, 571–581. https://doi.
org/10.1111/j.1365-2699.2009.02207.x

Lukanov, H., & Pavlova, I. (2020). Domestication changes in Japanese 
quail (Coturnix japonica): A review. World's Poultry Science Journal, 
76, 787–801. https://doi.org/10.1080/00439​339.2020.1823303

Marean, C. W., & Assefa, Z. (1999). Zooarcheological evidence for the 
faunal exploitation behavior of Neandertals and early modern hu-
mans. Evolutionary Anthropology, 8, 22–37.

Martin, P. S. (1967). Africa and Pleistocene overkill. Nature, 212, 339–
342. https://doi.org/10.1038/212339a0

McDougall, I., Brown, F. H., & Fleagle, J. G. (2005). Stratigraphic place-
ment and age of modern humans from Kibish, Ethiopia. Nature, 433, 
733–736. https://doi.org/10.1038/natur​e03258

MOLD. (2010). Ministry of livestock development. Agricultural sector devel-
opment strategy 2010–2020. Government of Kenya.

Moraa, G. K., Oyier, P. A., Maina, S. G., Makanda, M., Ndiema, E. K., 
Alakonya, A. E., Ngeiywa, K. J., Lichoti, J., & Ommeh, S. C. (2015). 
Assessment of phenotypic traits relevant for adaptation to hot 
environments in indigenous chickens from four agro-climatic 
zones of Kenya. Livestock Research for Rural Development, 27, 
200.

Mwacharo, J. M., Bjørnstad, G., Mobegi, V., Nomura, K., Hanada, H., 
Amano, T., Jianlin, H., & Hanotte, O. (2011). Mitochondrial DNA 
reveals multiple introductions of domestic chicken in East Africa. 
Molecular Phylogenetics and Evolution, 58, 374–382. https://doi.
org/10.1016/j.ympev.2010.11.027

Nabholz, B., Lanfear, R., & Fuchs, J. (2016). Body mass-corrected molec-
ular rate for bird mitochondrial DNA. Molecular Ecology, 25, 4438–
4449. https://doi.org/10.1111/mec.13780

Nagaoka, L., Rick, T., & Wolverton, S. (2018). The overkill model and its 
impact on environmental research. Ecology and Evolution, 8, 9683–
9696. https://doi.org/10.1002/ece3.4393

Nam, K., Mugal, C., Nabholz, B., Schielzeth, H., Wolf, J. B. W., Backström, 
N., Künstner, A., Balakrishnan, C. N., Heger, A., Ponting, C. P., 
Clayton, D. F., & Ellegren, H. (2010). Molecular evolution of genes in 
avian genomes. Genome Biology, 11, 1–17. https://doi.org/10.1186/
gb-2010-11-6-r68

Nasar, A., Rahman, A., Hoque, N., Talukder, A. K., & Das, Z. C. (2016). 
A survey of Japanese quail (Coturnix coturnix japonica) farming in 
selected areas of Bangladesh. Veterinary World, 9, 940. https://doi.
org/10.14202/​vetwo​rld.2016.940-947

Newton, I. (2006). Can conditions experienced during migration limit 
the population levels of birds? Journal of Ornithology, 147, 146–166. 
https://doi.org/10.1007/s1033​6-006-0058-4

Nishibori, M., Hayashi, T., Tsudzuki, M., Yamamoto, Y., & Yasue, H. 
(2001). Complete sequence of the Japanese quail (Coturnix ja-
ponica) mitochondrial genome and its genetic relationship with 
related species. Animal Genetics, 32, 380–385. https://doi.
org/10.1046/j.1365-2052.2001.00795.x

Patin, E., Siddle, K. J., Laval, G., Quach, H., Harmant, C., Becker, N., 
Froment, A., Régnault, B., Lemée, L., Gravel, S., Hombert, J.-M., Van 
der Veen, L., Dominy, N. J., Perry, G. H., Barreiro, L. B., Verdu, P., 
Heyer, E., & Quintana-Murci, L. (2014). The impact of agricultural 

emergence on the genetic history of African rainforest hunter-
gatherers and agriculturalists. Nature Communications, 5, 1–10. 
https://doi.org/10.1038/ncomm​s4163

Puigcerver, M., Sanchez-Donoso, I., Vilà, C., Sardà-Palomera, F., García-
Galea, E., & Rodríguez-Teijeiro, J. D. (2014). Decreased fitness 
of restocked hybrid quails prevents fast admixture with wild 
European quails. Biological Conservation, 171, 74–81. https://doi.
org/10.1016/j.biocon.2014.01.010

Ray, N., Currat, M., & Excoffier, L. (2003). Intra-deme molecular diversity 
in spatially expanding populations. Molecular Biology and Evolution, 
20, 76–86. https://doi.org/10.1093/molbe​v/msg009

Rito, T., Vieira, D., Silva, M., Conde-Sousa, E., Pereira, L., Mellars, P., 
Richards, M. B., & Soares, P. (2019). A dispersal of Homo sapi-
ens from southern to eastern Africa immediately preceded the 
out-of-Africa migration. Scientific Reports, 9, 1–10. https://doi.
org/10.1038/s4159​8-019-41176​-3

Rogers, A. R., & Henry, H. (1992). Population growth makes waves in 
the distribution of pairwise genetic differences. Molecular Biology 
and Evolution, 9, 552–569. https://doi.org/10.1093/oxfor​djour​nals.
molbev.a040727

Sambrook, J., & Russell, D. W. (2006). Purification of nucleic acids by 
extraction with phenol:chloroform. Cold Spring Harbor Protocols, 1, 
pdb-prot4455. https://doi.org/10.1101/pdb.prot4455

Sanchez-Donoso, I., Vilà, C., Puigcerver, M., Butkauskas, D., de la Calle, 
J. R. C., Morales-Rodríguez, P. A., & Rodríguez-Teijeiro, J. D. (2012). 
Are farm-reared quails for game restocking really common quails 
(Coturnix coturnix)?: A genetic approach. PLoS One, 7, e39031. 
https://doi.org/10.1371/journ​al.pone.0039031

Schaebitz, F., Asrat, A., Lamb, H. F., Cohen, A. S., Foerster, V., Duesing, 
W., Kaboth-Bahr, S., Opitz, S., Viehberg, F. A., Vogelsang, R., Dean, 
J., Leng, M. J., Junginger, A., Ramsey, C. B., Chapot, M. S., Deino, 
A., Lane, C. S., Roberts, H. M., Vidal, C., … Trauth, M. H. (2021). 
Hydroclimate changes in eastern Africa over the past 200,000 
years may have influenced early human dispersal. Communications 
Earth & Environment, 2, 1–10. https://doi.org/10.1038/s4324​7-021-
00195​-7

Seabrook-Davison, M., Huynen, L., Lambert, D. M., & Brunton, D. H. 
(2009). Ancient DNA resolves identity and phylogeny of New 
Zealand's extinct and living quail (Coturnix sp.). PLoS One, 4, e6400. 
https://doi.org/10.1371/journ​al.pone.0006400

Sithaldeen, R., Ackermann, R. R., & Bishop, J. M. (2015). Pleistocene arid-
ification cycles shaped the contemporary genetic architecture of 
Southern African baboons. PLoS One, 10, e0123207. https://doi.
org/10.1371/journ​al.pone.0123207

Steele, T. E. (2007). Late Pleistocene of Africa. In S. A. Elias (Ed.), 
Encyclopedia of quaternary science (Vol. 4, pp. 3139–3150). Elsevier.

Stein, R. W., Brown, J. W., & Mooers, A. Ø. (2015). A molecular genetic 
time scale demonstrates Cretaceous origins and multiple diversi-
fication rate shifts within the order Galliformes (Aves). Molecular 
Phylogenetics and Evolution, 92, 155–164. https://doi.org/10.1016/j.
ympev.2015.06.005

Stuart, A. J. (1999). Late pleistocene megafaunal extinctions. In R. D. E. 
MacPhee (Ed.), Extinctions in near time. Advances in vertebrate paleo-
biology (Vol. 2, pp. 257–269), Springer.

Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F., & Higgins, D. 
G. (1997). The CLUSTAL_X windows interface: flexible strategies 
for multiple sequence alignment aided by quality analysis tools. 
Nucleic Acids Research, 25, 4876–4882. https://doi.org/10.1093/
nar/25.24.4876

Wamuyu, L., Mberu, M., Imboma, T., Obanda, V., Agwanda, B., Lichoti, 
J., & Ommeh, S. C. (2017). Phenotypic variations between wild and 
farm-reared quails of Kenya. Livestock Res for Rural Development, 29, 
111.

White, T. D., Asfaw, B., DeGusta, D., Gilbert, H., Richards, G. D., Suwa, 
G., & Howell, F. C. (2003). Pleistocene homo sapiens from middle 

https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.1038/ng.3254
https://doi.org/10.1038/ng.3254
https://doi.org/10.1186/s13059-020-02196-9
https://doi.org/10.1111/j.1365-2699.2009.02207.x
https://doi.org/10.1111/j.1365-2699.2009.02207.x
https://doi.org/10.1080/00439339.2020.1823303
https://doi.org/10.1038/212339a0
https://doi.org/10.1038/nature03258
https://doi.org/10.1016/j.ympev.2010.11.027
https://doi.org/10.1016/j.ympev.2010.11.027
https://doi.org/10.1111/mec.13780
https://doi.org/10.1002/ece3.4393
https://doi.org/10.1186/gb-2010-11-6-r68
https://doi.org/10.1186/gb-2010-11-6-r68
https://doi.org/10.14202/vetworld.2016.940-947
https://doi.org/10.14202/vetworld.2016.940-947
https://doi.org/10.1007/s10336-006-0058-4
https://doi.org/10.1046/j.1365-2052.2001.00795.x
https://doi.org/10.1046/j.1365-2052.2001.00795.x
https://doi.org/10.1038/ncomms4163
https://doi.org/10.1016/j.biocon.2014.01.010
https://doi.org/10.1016/j.biocon.2014.01.010
https://doi.org/10.1093/molbev/msg009
https://doi.org/10.1038/s41598-019-41176-3
https://doi.org/10.1038/s41598-019-41176-3
https://doi.org/10.1093/oxfordjournals.molbev.a040727
https://doi.org/10.1093/oxfordjournals.molbev.a040727
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.1371/journal.pone.0039031
https://doi.org/10.1038/s43247-021-00195-7
https://doi.org/10.1038/s43247-021-00195-7
https://doi.org/10.1371/journal.pone.0006400
https://doi.org/10.1371/journal.pone.0123207
https://doi.org/10.1371/journal.pone.0123207
https://doi.org/10.1016/j.ympev.2015.06.005
https://doi.org/10.1016/j.ympev.2015.06.005
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1093/nar/25.24.4876


18574  |    OGADA et al.

Awash, Ethiopia. Nature, 423, 742–747. https://doi.org/10.1038/
natur​e01669

Zheng, X., Levine, D., Shen, J., Gogarten, S. M., Laurie, C., & Weir, B. 
S. (2012). A high-performance computing toolset for relatedness 
and principal component analysis of SNP data. Bioinformatics, 28, 
3326–3328. https://doi.org/10.1093/bioin​forma​tics/bts606

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Ogada, S., Otecko, N. O., Moraa 
Kennedy, G., Musina, J., Agwanda, B., Obanda, V., Lichoti, J., 
Peng, M.-S., & Ommeh, S. (2021). Demographic history and 
genetic diversity of wild African harlequin quail (Coturnix 
delegorguei delegorguei) populations of Kenya. Ecology and 
Evolution, 11, 18562–18574. https://doi.org/10.1002/
ece3.8458

https://doi.org/10.1038/nature01669
https://doi.org/10.1038/nature01669
https://doi.org/10.1093/bioinformatics/bts606
https://doi.org/10.1002/ece3.8458
https://doi.org/10.1002/ece3.8458

