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ABSTRACT. The eastern bent-winged bat (Miniopterus fuliginosus) is an insectivorous bat that 
lives in the caves, throughout Japan [11]. The bats aggregate in cave in populations of tens to 
thousands of individuals. We examined the mitochondrial D-loop sequences of bats in Wakayama, 
Japan, and divided them into 35 haplotypes. The sequences of 3 haplotypes in Wakayama were 
the same as those of 10 Miniopterus fuliginosus individuals living in China. Given the substitution 
rate of the D-loop region, we speculated that the bats had moved between Japan and China 
within the last 16,000 years. We could not determine how the bats crossed the sea; however, it is 
possible that the bats undergo dynamic movement widely throughout East Asia.
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The eastern bent-winged bat Miniopterus fuliginosus is an insectivorous bat that lives in caves and tunnels during the day. 
This bat species can be found widely in Japan, except for Hokkaido [11]. The bats aggregate in caves in populations of tens 
to thousands of individuals. In Japan, only 6 caves have been found where pregnant bats give birth and raise the offspring 
collaboratively [11]. From the middle of June to the middle of August, thousands of pregnant females migrate to these nursery 
roosts. One of the nursery roosts is a sea cave in Wakayama Prefecture, Japan, and 15,000 female bats move there every year. 
When the offspring reaches 2 months old, the group of the female bats and offspring fly away from the sea cave. These bats are 
found in the winter roosts, which are located 10–200 km away from the sea cave [16].

In this study, we examined the diversity of the D-loop region in the mitochondrial DNA (mtDNA) of eastern bent-winged bats 
in Wakayama Prefecture. The D-loop is a non-coding region with many accumulated mutations [2, 6], and it is suitable for the 
analysis of the genetic diversity and phylogeography of the maternal lineage in an animal species. Here, we examined the genetic 
characteristics of the eastern bent-winged bats in Wakayama Prefecture and compared the D-loop sequences found in Wakayama 
to those found in other regions (the sequence data were obtained from the National Center for Biotechnology Information (NCBI), 
Bethesda, MD, U.S.A.).

Ninety-four bats were captured using the net in a tunnel located in Wakayama prefecture (33.708N 135.413E). It was approved 
by Wakayama prefecture (approval number: Nishi 1, 2, 3 and 4). The tunnel locates approximately eight kilometers away from the 
sea cave and is used as a winter roost. All experimental procedures were performed under isoflurane anesthesia. The blood was 
taken from the heart, and then, a liver or blood cell pellet was collected from 94 bats for DNA extraction, using DNeasy Blood 
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& Tissue Kits (QIAGEN, Hilden, Germany). The D-loop region was amplified by polymerase chain reaction with two specific 
primers for the bat: 5ʹ-CCCATCTGATATAGATGCCA-3ʹ and 5ʹ-TACAGCTTAGCCAAGGCTTA-3ʹ. After electrophoresis of the 
PCR products, the target band was excised from the gel, and DNA was extracted using QIAquick Gel Extraction Kit (QIAGEN). 
The purified DNA was used as the template for direct sequencing with the primer; 5ʹ-TAGTTCCTCCAAAGACTCAA-3ʹ 
[BigDye® Terminator v3.1 Cycle sequencing Kit (Applied Biosystems, Foster City, CA, U.S.A.)]. After sequencing the D-loop 
region (294 bp), a phylogenetic tree was constructed. The sequence data of the D-loop region of Miniopterus schreibersii 
schreibersii and Miniopterus schreibersii pallidus (GenBank accession numbers FJ028620 and FJ028645, respectively) were 
used as an outgroup. The neighbor-joining (NJ) method [13] in MEGA7 [10] was used for the phylogenetic tree analysis. The 
confidence of each branch was assessed by 1,000 bootstrap replications [8]. A network tree was also constructed and analyzed by 
the median-joining method [1] in PopART (ALLAN WILSON CENTER, Palmerston North, New Zealand). To investigate the 
phylogenetic relations between Wakayama and other regions, we used data from Chinese bats (Miniopterus fuliginosus), which 
were the only available data containing the D-loop sequences and the precise locations of the roosting sites of the bats (GenBank 
accession numbers KM230117-KM230225).

There were 45 base substitutions over a DNA segment 294 bp length. Forty substitution sites were transitional mutations, in 
which a purine nucleotide was changed to another purine (A↔G) or a pyrimidine nucleotide was changed to another pyrimidine 
(C↔T). Five sites were transversion mutations, in which a purine was changed to a pyrimidine and vice versa (e.g., C↔G). There 
were no deletion or insertion mutations in the DNA segments.

Fig. 1. A phylogenetic tree was constructed using the neighbor-joining method in MEGA7. 
Ninety-four bats were divided into 35 haplotypes. The number indicates the bootstrap value, 
and each haplotype is shown as WY01-35.

Table 1. The number of the 
bats in each haplotype

haplotype head
WY1 3
WY2 3
WY3 3
WY4 2
WY5 1
WY6 1
WY7 7
WY8 8
WY9 1
WY10 8
WY11 5
WY12 5
WY13 4
WY14 4
WY15 3
WY16 1
WY17 2
WY18 1
WY19 1
WY20 1
WY21 1
WY22 6
WY23 2
WY24 1
WY25 1
WY26 1
WY27 4
WY28 2
WY29 1
WY30 3
WY31 1
WY32 1
WY33 1
WY34 4
WY35 1
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The 94 bats in Wakayama were divided into 35 haplotypes (WY01-35) (Fig. 1 and Table 1). The data were compared to those 
from 109 bats in China. Three haplotypes (WY07, WY27 and WY30) from the bats in Wakayama had 100% sequence similarity to 
10 Chinese bats.

The phylogenetic tree was divided into 2 clades (A and B) using the bootstrap results. The bootstrap values of clades A and 
B were 66 and 94, respectively. Although the bootstrap values were low (10 and 58), it may be possible to divide clade A into 2 
subclades (A-1 and A-2) by including more individuals in the future. Clade A contained a total of 24 haplotypes, and B contained 
11. All haplotypes belonging to B had 1–3 base substitutions and shared 98–99% homology with each other. However, 5 haplotypes 
(WY04, WY05, WY19, WY20 and WY24) in clade A had more base substitutions than the rest of the haplotypes in clade A. There 
was only 1 bat each for the haplotypes, WY04, WY05, WY19, WY20 and WY24. The homology of these 5 haplotypes to those 
of the other bats in clade A-1 was relatively low (WY04 94–98%, WY05 94–95%, WY19 94–95%, WY20 94–98% and WY24 
93–98%). These results suggested that these 5 haplotypes were not common in the bat population in Wakayama. They might 
represent bats that had migrated and joined the population in Wakayama.

The network tree presents the individual number in each haplotype and the substitution frequencies (Fig. 2). This tree had 
many branches and formed the clades. There were only a few missing haplotypes in each clade. The lack of a star-like pattern for 
each clade suggested that the bat population in Wakayama has remained stable for a long time. In each clade, there were many 
haplotypes with 1–3 base substitutions, and the genetic distance of these haplotypes was close to each other. We assumed that these 
substitutions occurred more recently, and it is possible that there are other haplotypes that have recently appeared but that we did 
not identify in this study due to the large population of the bats in Wakayama.

The sequences of 3 haplotypes (WY07, WY27 and WY30) in Wakayama were consistent with the sequences of those of 10 
bats in China. WY30 belonged to clade A, and WY07 and WY27 belonged to clade B. Two bats, which were caught in Jiangxi 
(28.214N 117.690E) and Fujian (25.428N 119.735E), had the WY07 haplotype. Two bats caught in Henan (31.833N 115.267E 
and 32.396N 113.276E) were identified as WY30. Six bats had the WY27 haplotype: 3 of these bats were from Anhui (31.005N 
118.302E), and the other 3 were captured in Jiangxi (29.388N 117.702E), Yunnan (26.040N 104.090E) and Shaanxi (33.586N 
109.164E).

Given the substitution rate in the D-loop region (20% per million years) [12], we speculated that the Chinese bats, which had the 
same sequences as 3 haplotypes found in Wakayama, had moved between China and Japan within the last 16,000 years. Because 
the Japanese Archipelago was isolated from the continent 15,000 years ago [7, 9], the bats might have migrated across the sea. A 
possible route of movement of bats from China to Wakayama is through the Korean Peninsula. The insectivorous bats have been 
reported to cross seas using cargo ships and aircraft [3, 4, 15]. The juvenile female Japanese pipistrelle (Pipistrellus javanicus 
abramus), which was not found in New Zealand, was found on a ship traveling from Japan to New Zealand [5]. Moreover, big 
brown bat (Eptesicus fuscus) moved from California to Hawaii [14]. The eastern pipistrelle bat (Pipstrellus subflavus) reached Texas 
from Mexico by airplane [3]. We cannot confirm whether Miniopterus fuliginosus flew over the sea on its own or was carried by a 

Fig. 2. A network tree was constructed using the median-joining method in PopART. Each num-
ber represents the name of a haplotype without the prefix “WY”. The size of circles represents 
the number of bats, and the length of a line represents the substitution frequency. The red circle 
indicates the missing haplotypes.
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ship or airplane; however, small insectivorous bats might have a dynamic wide range of movement throughout East Asia.
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