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Abstract

The small Indian mongoose, Urva auropunctata, is one of the most notorious invasive species in the world. In Japan, the
mongoose was introduced to Amami, Kyushu (Kiire region), and Okinawa Islands. Currently, an eradication program for
the Amami population is proving successful. To prevent reinvasion and conserve biodiversity, it would be advantageous to
investigate the origin and dispersal history of introduced mongoose populations in Japan. We determined the mitochondrial
genome of a mongoose from the Okinawa population and confirmed that the systematic status of the mongoose is Urva
auropunctata. We also found two haplotypes of cytochrome b in the Amami population, one of which is common among
the Okinawa, Amami, and Kiire populations. Based on our microsatellite analysis, the three populations were genetically
different from each other. Furthermore, with a low pairwise Fgp value, the Kiire population was closer to the Okinawa than
the Amami population. Our results suggest that the Okinawa population could be the source of the Amami and Kiire popula-
tions. These results align with historical records of mongoose in Japan and clarify its genetic status. Our results should aid

the prediction of the pathway through which a new invasion will likely occur.
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Introduction

Invasive non-native species are among the greatest threats
to biodiversity around the world (Bellard et al. 2016). In
particular, invasive species can easily establish populations
on islands, as their endemic ecosystems were established
over a long evolutionary history and more niche space is
available compared with complex ecosystems (Bellard et al.
2014; Kappes et al. 2021). Revealing the invasion pathways
of non-native species is essential for preventing biologi-
cal invasions (Hulme 2009). Recently, genetic analysis has
become vital to the management of invasive species, as it
provides information not only about the genetic diversity
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of an invasive species, but also its origin and introduction
history (Croucher et al. 2013; Browett et al. 2020). Such
analyses are effective for identifying eradication and control
units (Robertson and Gemmell 2004; Abdelkrim et al. 2005;
Fraser et al. 2013).

The small Indian mongoose Urva auropunctata (Hodg-
son 1836) is a generalist predator with a native range from
the Arabian Peninsula to Southeast Asia (Gilchrist et al.
2009). The systematic status of this mongoose has been
confused; it was known as Herpestes javanicus and H.
auropunctatus before its systematic status and biogeogra-
phy were genetically clarified using partial sequences of
mitochondrial DNA (Veron et al. 2007; Patou et al. 2009;
Veron and Jennings 2017). The mongoose was introduced to
64 islands (Pacific and Indian Oceans, Caribbean, and Adri-
atic Seas) and continental areas (Europe, South America,
Australia, and North America) through human activities
for rat and snake control, and invasive mongooses severely
impacted native biodiversity (Hays and Conant 2007;
Watari et al. 2008; Barun et al. 2011). The introduction
histories of this species have been thoroughly investigated
based on genetic inference and historical records around
the world (e.g., Thulin et al. 2006; Veron et al. 2007; Barun
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et al. 2013; Wostenberg et al. 2019; Louppe et al. 2021).
In addition, ecological niche modeling for the mongoose
suggests that the distribution of invasive mongooses will
expand substantially by 2050 (Louppe et al. 2020).

In Japan, the mongoose was introduced for rat and snake
control and has become a serious threat to biodiversity. Ini-
tially, 13—17 mongooses were introduced to Okinawa Island
(Okinawa) and 4 mongooses were introduced to Tonaki
Island from Bangladesh in 1910 (Kishida 1931; Yamada
et al. 2015). Around 1954, approximately 30 individuals were
introduced to Ie-jima Island and 9 individuals were intro-
duced to Ishigaki Island from Okinawa Island (Iha 1966). On
Amami-Ohshima Island (Amami), approximately 30 individ-
uals were introduced around 1979 (Abe et al. 1991; Yamada
et al. 2015). Since then, the mongooses have expanded their
distribution range, except on Tonaki, Ie-jima, and Ishigaki
islands, where the populations failed to colonize (Kishida
1931; Tha 1966; Ishibashi and Ogura 2012). Recently, colo-
nization by the mongoose was reported in the Kiire region
of Kyushu Island (Kiire), which is one of the main Japanese
islands, where it has been established for at least 30 years
(Watari et al. 2011). A mongoose eradication program is cur-
rently ongoing in Japan, which is proving successful and has
improved conditions for native species in Amami (Fukasawa
et al. 2013b; Watari et al. 2013; Watari 2019). The Kiire
population has also virtually disappeared, based on trapping
and auto-sensor camera surveys (Funakoshi et al. 2015). To
prevent reinvasion and conserve biodiversity, it would be
worthwhile to investigate the origins and dispersal history
of these introduced populations in Japan.

Genetic analyses of mongooses in Japan have been
reported previously. The same haplotypes of partial
sequences of mitochondrial DNA (mtDNA) cytochrome
b (Cytb) were found in the Okinawa, Amami, and Kiire
populations (Sekiguchi et al. 2001; Watari et al. 2011).
Although the analysis of the mitochondrial genome
(mitogenome) provides more accurate phylogenetic results
than the analysis of partial mtDNA with decreased sto-
chastic errors (Li et al. 2014), the mitogenome of Japanese
mongoose has not yet been determined. In addition, using
clustering analysis based on eight microsatellite loci,
Thulin et al. (2006) showed that the Okinawa and Amami
populations have a recent common history. However, the
origin of the Kiire population has not yet been investi-
gated, and three of Thulin’s eight microsatellite loci could
not be scored reliably, making it difficult to reject alterna-
tive hypotheses in other regions (Barun et al. 2013). Thus,
the origin and genetic diversity of mongoose populations
in Japan require reevaluation and discussion.

In the present study, we investigated the phylogenetic
status of a mongoose in Japan based on its mitogenome
sequence and analyzed the population structure of Japanese
mongooses using the complete sequences of Cytb and 17

@ Springer

microsatellite loci. These data are used to discuss the genetic
characters and origins of mongoose populations in Japan.

Materials and methods
Samples and DNA extraction

We collected 74 mongoose tissue samples (Table S1,
Fig. 1), including 28 from Okinawa, 40 from Amami, and
6 from Kiire. These samples were obtained from mongoose
eradication programs conducted on Amami and Okinawa
islands and in collaborative laboratories. The 28 samples
from Okinawa were also analyzed by Sato and Jogahara
(2021). Total DNA was extracted from the samples using the
DNeasy Tissue and Blood Kit (QIAGEN, Hilden, Germany).
For samples of unknown sex, we used the sex determination
method of Sato and Jogahara (2021).

Analysis of the mitogenome of the small Indian
mongoose

One mitogenome was assembled from whole-genome
sequencing data (DRR294934) obtained from a mongoose
(Nagol) of the Okinawa population (Sato and Jogahara
2021). The low-quality bases and adapters of the sequence
were trimmed using fastp (Chen et al. 2018) with the default
configuration. The mitogenome was assembled using GetOr-
ganelle v1.7.5 (Jin et al. 2020) and annotated using MITOS
(Bernt et al. 2013). We compared the mitogenome with 14
other sequences of Herpestidae obtained from Hassanin
et al. (2021), and overlapping regions were used for subse-
quent analysis. The final alignment contains 15 sequences
and has a length of 14,851 bp. To determine the phylogenetic
status of the invasive mongoose in Japan, we constructed
a maximum likelihood (ML) tree based on the alignment
obtained with the GTR (General Time Reversible) model
(Tavaré, 1986) with a gamma distribution (+ G) and invari-
ant sites (+I) using MEGA7 (Kumar et al. 2016). The phy-
logeny was tested with 1000 bootstrap replicates.

Analysis of cytochrome b

To amplify the complete sequence of Cytb (1140 bp),
two new primers were designed: moncb_F1, 5'-CACATG
GAATCTAACCATGAC-3', and moncb_R1, 5'-CTTGAA
GTCTTAGGGAGG-3'". Polymerase chain reaction (PCR)
was conducted in a volume of 10 pl including 2.0 pl of
5 x Prime STAR GXL DNA Buffer (Takara, Shiga, Japan),
0.8 pl of ANTP mixture (2.5 mM each dNTP; Takara),
0.2 pl of Prime STAR GXL DNA Polymerase (1.25 U/
pl; Takara), 0.4 pl each of the forward and reverse primers
(10 pmol/pl), and 1.0 pl of the DNA extract. The volume
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was adjusted to 10 pl with distilled water. Amplification
was performed at 98 °C for 1 min, followed by 35 cycles of
98 °C for 10 s, 56.5 °C for 15 s, and 68 °C for 1 min using a
MiniAmp Plus thermal cycler (Applied Biosystems [ABI],
Waltham, MA, USA). The amplicons were checked through
electrophoresis on 2% agarose gels. We also confirmed the
lack of PCR amplification in the negative controls. The
PCR products were purified using ExoSAP-IT Express
(ABI) reagent and sequenced by Macrogen (Kyoto, Japan).

We compared our Cytb sequences with those of H.
javanicus and U. auropunctata obtained from a public
database, as the small Indian mongoose was formerly des-
ignated H. javanicus (Patou et al. 2009). Here, we used
only complete Cytb sequences with no ambiguous sites.
The final alignment contains 127 sequences and 1140 bp;
53 sequences were obtained from Ledje and Arnason
(1996), Yoder et al. (2003), Koepfli et al. (2006), Veron
et al. (2007), Louppe et al. (2021), Hassanin et al. (2021),
and Penny and McLenachan (unpublished; Table S2). The

haplotypes were detected using the TCS program (Clement
et al. 2000) and a median-joining network was constructed
with PopART (Leigh and Bryant 2015).

Genotyping of microsatellite loci

According to the method of Sato and Jogahara (2021),
we genotyped 17 microsatellite loci (Uaul—17) with six
multiplex sets (s1: Uaul, 11, 17; s2: Uau2, 7, 13; s3: Uau3,
9, 14; s4: Uau4, 10, 15; s5: Uau8, 16; s6: Uau5, 6, 12).
Fragment analysis was conducted by the FASMAC DNA
sequencing service (http://fasmac.co.jp/) on an ABI 3730xl1
DNA Analyzer with GeneScan 600 LIZ Size Standard
(ABI). For genotyping, Peakscanner Software 1.0 (ABI)
was used; we assessed the repeatability of heterozygous
genotypes twice and homozygous genotypes three times.
Data for the Okinawa population were obtained from Sato
and Jogahara (2021).
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Genetic diversity and population differentiation

For all microsatellite loci in each population, scoring error,
allele dropout, and the presence of null alleles were tested
using MICRO-CHECKER version 2.2 (Van Oosterhout et al.
2004). The deviation from Hardy—Weinberg equilibrium
(HWE) and linkage disequilibrium (LD) of each locus were
determined using GENEPOP v4.2 (Raymond and Rousset
1995). The number of alleles (k), observed heterozygosity
(Hyp), expected heterozygosity (Hg), pairwise Fgr, and abso-
lute number of migrants (M) between populations were cal-
culated using ARLEQUIN ver. 3.5.1.2 (Excoffier and Lis-
cher 2010). In addition, private alleles (PA) were searched
for using the poppr package (Kamvar et al. 2014) for R (R
Core Team 2021), and the deviation from HWE and inbreed-
ing coefficient (Fg) of each population were examined using
GENEPOP and ARLEQUIN, respectively.

To investigate the genetic structure of the populations,
we employed three approaches based on microsatellites.
Principal coordinate analysis (PCoA) was conducted using
GENALEX (Peakall and Smouse 2006), and discriminant
analysis of principal components (DAPC) was performed
using the adegenet package (Jombart 2008) in R. PCoA
focuses on the total variance, and DAPC maximizes dif-
ferences among populations while minimizing variation
within groups. Lastly, we applied a Bayesian clustering
method using STRUCTURE v2.3.4 (Pritchard et al. 2000)
with a burn-in phase of 5x 10 iterations followed by a run
phase of 10° iterations. An admixture model with 5 repeti-
tions per simulation was used to determine the number of
genetic clusters (K; from 1 to 10). The optimal K was deter-
mined using the log-likelihood ratio [L (K)] and delta K were
obtained using STRUCTURE HARVESTER v.0.6.94 (Earl
and vonHoldt 2012).

History of Japanese mongoose populations

To confirm the introduction history of each population, pop-
ulation bottlenecks in all three populations were estimated
using BOTTLENECK v.1.2.02 (Piry et al. 1999) with three
models, i.e., an infinite allele model (IAM), two-phase muta-
tion model (TPM), and stepwise mutation model (SMM),
based on microsatellite data. For TPM, we set the variance
to 12 and the proportion of SMM to 78%.

To calculate contemporary migration rates among the
three populations, we used BayesAss 3.0 (Wilson and Ran-
nala 2003). BayesAss provides migration rates over the last
few generations. Estimation was performed with the follow-
ing configuration: 10 iterations with a burn-in period of 10°
iterations and a sampling frequency of 1000. The mixing
parameters DeltaA, DeltaF, and DeltaM were set to 0.30,
0.50, and 0.40, respectively. Convergence was validated for
each parameter using Tracer v1.7 (Rambaut et al. 2018).
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Three runs were performed to confirm the consistency of
the results among runs.

Results

Phylogenetic position of Japanese mongooses
based on the mitogenome

The mitogenome of a mongoose from Okinawa with a length
of 16,733 bp was successfully produced, and the sequence
was deposited into the DNA Data Bank of Japan (DDBJ)
under accession number LC642815. The ML tree shows that
our mitogenome lineage clusters with the Fijian mongoose
lineage (accession number NC_006835), indicating that the
mongoose in Japan is Urva auropunctata (Fig. 2).

Genetic diversity based on Cytb and microsatellites

We determined 73 sequences of Cytb (1140 bp) and depos-
ited them into DDBJ under accession numbers LC684938
to LC685010. Based on TCS analysis, two Cytb haplotypes
are present in Japan: UaC6 and UaC10 (Table S1, Fig. 3).
UaC6 was distributed among all three populations, while
UaC10 was observed only in the Amami population. These
two haplotypes differ by one nucleotide substitution.

All 17 microsatellite loci were successfully genotyped in
all mongoose individuals (Supplemental file1), and MICRO-
CHECKER did not indicate the scoring error, the allele
dropout, or the presence of null alleles in our data. Three loci
(Uaul, 15, and 16) deviated from HWE and were removed
from subsequent analyses (Table S3). Based on the LD tests,
19 pairs of loci were likely linked (Table S4), and the link-
age was commonly observed in the Amami population. This

Suricata suricatta MW257236
100 Crossarchus platycephalus MW257212
Helogale parvula SRR7637809
99 Mungos mungo MW257205
Galerella sanguinea MW257224
Ichneumia albicaudaMW257213
Bdeogale nigripes MW257221
Cynictis penicillata MW257211
Atilax padulinosus MW257238
Xenogale naso MW257235
Urva semitorquata MH464789
UrvabrachyuraKY 117547

99 100 Urva auropunctataNC_006835
100 [ UrvaauropunctatalL.C642815
100 UrvajavanicaMW257214

69

—
0.02

Fig.2 Maximum likelihood (ML) tree of the mitogenomes of Her-
pestidae. The ML tree was based on the GTR+G+1 model. The
bootstrap support values are shown at nodes. Our sequence is shown
in bold (LC642815), and the other data from Hassanin et al. (2021)
are shown with accession numbers



Mammal Research (2023) 68:177-187

181

U. auropunctata !

UaC5 ‘.
UaC6 UaC3

UaC9 5

UaC2

*
UaC10

UaC4

O
UaCT UaC1 e

d UaC8 /
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the proportion of haplotype frequencies. Black circles are estimated
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Table 1 Genetic diversity of mongooses in the Amami, Okinawa, and
Kiire populations

Okinawa Amami Kiire
n 28 40 6
k 2.71 2.64 2.00
PA 1 1 0
Hg, 0.54 0.50 0.40
Hg 0.54 0.45 0.42
HWE 0.462 1.000 0.347
Fig 0.011 -0.117 0.049

These analyses were based on 14 microsatellite loci. n, number of
samples; k, mean number of alleles per locus; PA, number of private
alleles over all loci; H,, observed heterozygosity; Hy, expected het-
erozygosity; HWE, P values of the test for the Hardy—Weinberg equi-
librium; Fig, inbreeding coefficient

finding suggests that the effects of evolutionary forces other
than linkage, due to genomic proximity between loci, are at
play in each population. Therefore, these loci were included
in subsequent analyses, and all further analyses were based
on 14 loci (Supplemental file2).

The genetic diversity indices of mongoose populations
in Japan are shown in Table 1. The allele number (k) was
2.00-2.71. One PA was found in each of the Okinawa and
Amami populations. The Hy and Hg, values were 0.42-0.54
and 0.40-0.54, respectively. The Okinawa population had
the highest heterozygosity (H,, 0.54). All populations were
in HWE and showed no inbreeding, with low Fig values
(—0.117 to 0.049).
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from U. javanica (right). The data obtained from previous studies are
listed in Table S2. The Cytb haplotype of our mitogenome sequence
from Okinawa (LC642815) is UaC6, Fiji’s mongoose mitogenome
(NC_006835) is UaC8, and Thailand’s mitogenome (MW257214) is
UjC6

Population differentiation

Our PCoA result indicates that the Okinawa and Amami
populations are clearly differentiated, and the Kiire popula-
tion is relatively close to the Okinawa population; however,
the amount of variance explained among all populations
was small (the top two principal components explained
only 17.34%) (Fig. 4a). In the DAPC result, all populations
were clearly distinguished (Fig. 4b). In the STRUCTURE
analysis, K =2 was optimal; the L (K) and delta K values are
shown in Fig. S1. At K=2 and 3, the Okinawa and Amami
populations were distinguished and the Kiire population is
genetically close to the Okinawa population (Fig. 5). In both
cases, three individuals of the Amami population showed
genetic characters similar to the Okinawa population. Based
on pairwise Fgr values, the three populations differed
genetically (Table 2), and the Kiire population was closer
to the Okinawa (Fgp=0.115) than the Amami (Fgr=0.156)
population.

Population history

BOTTLENECK analysis of the introduction history indi-
cated that the number of founders for all three populations
was small (Table S5). A bottleneck of the Okinawa popula-
tion was detected in all models, and a bottleneck for Amami
was also detected with IAM and TPM. Although the sample
comprised only six individuals, a bottleneck for Kiire was
supported by IAM analysis.

@ Springer
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No contemporary migration histories were detected
among the three populations by BayesAss analysis
(Table S6).

Discussion

Phylogenetic status and mtDNA variations

The systematic status of the Japanese mongoose has been
a source of confusion (Abe et al. 1991; Ogura et al. 1998;

Nagayama et al. 2001; Sekiguchi et al. 2001), as with other
mongoose populations around the world (Veron et al. 2007;
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Patou et al. 2009; Veron and Jennings 2017). Based on our
mitogenome and Cytb results (Figs. 2 and 3), the Japanese
mongoose was confirmed to be the small Indian mongoose,
in accordance with Sekiguchi et al. (2001) and Watari
et al. (2011). Moreover, two Cytb haplotypes are specific
to Japan (Fig. 3). One of these haplotypes (UaC6) is dis-
tributed across all three populations (Okinawa, Amami, and
Kiire), while the other one (UaC10) was observed only in
the Amami population. UaC10 could be derived from UaC6,
or may not have been observed in other populations due to
chance; the difference between these two haplotypes is only
one substitution. These mitochondrial analyses show that
the mongooses in Japan could have originated from small



Mammal Research (2023) 68:177-187

183

Fig.5 Population genetic K=2
structure of the small Indian

mongoose. Each bar represents 100
an individual belonging to the
genetic cluster. The population 0.75
of each individual is indicated

below
0.50

0.25

m Cluster 2

m Cluster 1

m Cluster 1 m Cluster 2m Cluster 3

Okinawa

Table 2 Genetic distance (Fgp) and number of migrants (M) among
the Amami, Okinawa, and Kiire populations

Okinawa Amami Kiire
Okinawa 4.162 3.851
Amami 0.107 2.700
Kiire 0.115 0.156

Fgr, lower; M, upper

founder populations. This is supported by the documented
introduction history of the mongoose in Japan: mongooses
in Japan originated from 13-17 individuals introduced to
Okinawa Island (Kishida 1931), and the founders of the
Amami population were from the Okinawa population (Abe
et al. 1991; Yamada et al. 2015).

Genetic relationship between Okinawa and Amami
populations

The steppingstone introduction of mongooses from Bangladesh
to Okinawa, and then to Amami, was ascertained by Thulin
et al. (2006) and Barun et al. (2013). The steppingstone intro-
duction between Okinawa and Amami was also supported by
our results. The allele numbers and H, values of samples from
Okinawa were higher than those of the Amami and Kiire popu-
lations (Table 1). The pairwise Fg value was lowest between the

Amami Kiire

Okinawa and Amami populations, and the number of migrants
(M) was highest between the same populations (Table 2). Thus,
our genetic results agree with previous reports that Okinawa
is the source of the mongoose populations in Japan and that
Amami mongooses originated from the Okinawa population
(Kishida 1931; Abe et al. 1991; Yamada et al. 2015).

Island populations are easily affected by genetic drift and
founder effects (Clegg et al. 2002). The Okinawa and Amami
populations have a bottleneck history with no recent migra-
tion between populations (Tables S5 and S6). Thus, these
populations are typical island populations that originated
from small numbers of founders and are isolated from each
other. Thulin et al. (2006) and Louppe et al. (2021) dem-
onstrated that the dispersal ability of the mongoose is high
within islands and limited between islands. Considering the
population history, this limitation is sufficient to cause a
genetic difference between populations, as the investigated
populations were established around 43—112 years ago. The
year of introduction was 1910 for Okinawa, around 1979 for
Amami, and around 1979 for the Kiire population (Kishida
1931; Watari et al. 2011; Yamada et al. 2015).

As expected, multiple analyses showed that the Okinawa
and Amami populations are genetically distinct (Figs. 4
and 5, Table 2). However, Thulin et al. (2006) showed that
Okinawa and Amami populations were genetically simi-
lar, with a low pairwise Fgp value (0.059), while Thulin’s
clustering analysis showed that the Okinawa and Amami
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populations were well-mixed. Our Fgp value was 0.107 and
clustering analysis distinguished the Okinawa and Amami
populations (Figs. 4 and 5, Table 2). The genetic difference
may have been greater in our analysis than that of Thulin
et al. (2006) because the number of analyzed microsatel-
lite loci was increased from 8 to 14, allowing us to obtain
more detailed information. The Fig value for Okinawa in
our study (0.011) was lower than that (0.102) reported by
Thulin et al. (2006), despite the number of analyzed samples
decreasing from 94 to 28. Other plausible reasons are popu-
lation reductions and sampling biases. On Amami-Ohshima
Island, a large-scale and long-term mongoose eradication
program is ongoing and is currently proving successful
(Watari 2019). The population size was estimated as 6141
in 2000 (Fukasawa et al. 2013a), and the rapid reduction
thereof may impact the Amami population. This possibility
is supported by our analysis of LD, which was commonly
observed in the Amami population (Table S4). Location-
dependent linkage is often discussed as an effect of some
evolutionary forces (Urquia et al. 2019), such as genetic
drift and founder effect. We may have been unable to
reveal all genetic characteristics of the Okinawa population
because our sampling was biased toward the northern part
of Okinawa, far from the area where the mongoose was
introduced. This possibility should be investigated through
more comprehensive sampling in Okinawa.

Origin of the Kiire population

Watari et al. (2011) suggested that the Kiire population
could have originated from released or fugitive individuals
from facilities where live shows pitting mongooses against
venomous snakes were previously held around the Kiire
area. This suggests that the founder population of Kiire
was small. A small founder population is supported by
our genetic analyses: Kiire had the lowest genetic diver-
sity and its population had a bottleneck history (Tables S5
and S6). Moreover, the Kiire population is genetically
closer to the Okinawa population (Figs. 4 and 5, Table 2).
According to a showman who performed such live shows
in Amami-Ohshima, another showman brought mongooses
from Okinawa Prefecture to Kagoshima Prefecture (Asahi
Shinbun Newspaper, 2010). This account, together with
and our results, suggests that the Kiire population may have
originated from the Okinawa population. To validate this,
more samples from the Kiire region are needed, including
from other parts of Kagoshima Prefecture. However, it is
difficult to obtain more mongoose samples because there
have been no records of mongoose in Kagoshima since
2016, when their presence was last recorded (Nishi Nippon
Shinbun Newspaper 2016).
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Conclusion

The first mitogenome of the small Indian mongoose from
Japan was obtained in the present study, and its phylo-
genetic status was verified through reconstruction of the
phylogenetic tree, which confirmed that the mongoose in
Japan is the small Indian mongoose, U. auropunctata. Our
mtDNA and microsatellite analyses revealed the genetic
relationships among the Okinawa, Amami, and Kiire popu-
lations in Japan in detail. This is the first investigation of
the genetic diversity of the Kiire population performed
using microsatellites. We demonstrated genetic separation
between the Okinawa and Amami populations. As a result,
we verified the introduction history of the small Indian
mongoose from Okinawa to Amami and proposed that the
Kiire population originated from Okinawa.

Revealing the introduction pathway of an invasive spe-
cies is critical for the evaluation and management of new
invasion risks. At present, the mongoose eradication pro-
gram in Okinawa is conducted only in the northern part
of Okinawa Island. No biosecurity measures have been
implemented against the mongoose in port areas where
vessels connect Okinawa Island to Amami-Oshima and
Kyushu Islands, although no reports of mongoose detec-
tion at the ports are available. Our results did not indi-
cate gene flow driven by migration between the islands
after the introduction events. However, a new invasion of
mongooses was confirmed between the Hawaiian Islands
in 2012 (Wostenberg et al. 2019). Thus, a new invasion
could also occur in Japan. When the new invasion occurs,
examining the genetic characteristics of the invaders using
our genetic markers and comparing our results may help
identify the origin and pathway of the invaders. It will
contribute to the biosecurity measure of mongooses.
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