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Abstract The otton frog (Babina subaspera) is an

endangered species endemic to the Amami Islands, Japan.

High predation pressure from an introduced carnivore, the

mongoose, has caused declines in the frog populations and

created a large habitat gap around an urban area. To pro-

mote effective conservation, we investigated the genetic

status of the species and examined the effect of the habitat

gap on gene flow among populations. Using five poly-

morphic microsatellite loci and mitochondrial DNA

sequences, we investigated genetic diversity, genetic

structure and gene flow in B. subaspera populations on the

islands of Amami-Oshima and Kakeroma-jima. The

expected heterozygosity (HE) within each locality was

generally high (range: 0.67–0.85), indicating that B. sub-

aspera maintains high genetic diversity. However, genetic

differentiation was observed, and the two populations,

TAG and KAR, showed little gene flow with other popu-

lations. The clustering and FST analyses also predicted that

these two populations were clearly distinct. According to

the mitochondrial DNA analysis, the observed genetic

differentiation occurred relatively recently. Possible barri-

ers such as mountain ridges, rivers or roads did not result in

genetic separation of the populations. These data support

the hypothesis that the habitat gap created by an introduced

predator prevented the gene flow among B. subaspera

populations. When developing conservation strategies for

B. subaspera, focus should be directed to these two isolated

populations; careful monitoring of population size and

genetic diversity should be conducted along with the

mongoose elimination project ensues.
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Introduction

Island populations, particularly those of endemic species,

are often at high risk of extinction and require extra care

for their conservation (Smith et al. 1993; Vitousek 1988).

Island populations tend to be small and isolated and may

have gone through population bottlenecks at the time of

their founding (Frankham 1998). The small population

sizes and/or population bottlenecks lead to inbreeding,

which has critically negative effects on the maintenance of

genetic variability (Frankham 1997; 1998; Newman and

Pilson 1997). Lower genetic variation is predicted to result

in inbreeding depression, reducing the fitness as well as

evolutionary potential of the population (Frankham 1995).

Habitat fragmentation is one factor that increases the

extinction risk to island species. Habitat fragmentation

often occurs when landscapes or human activities create

dispersal barriers and reduce gene flow among subpopu-

lations, which increases the risks of a decline in genetic

variation caused by genetic drift and inbreeding (Andersen

et al. 2004). Organisms with limited dispersal ability are

especially vulnerable to these deleterious effects (Funk

et al. 2005) as gene flow among subpopulations becomes

more difficult (Bohonak 1999).
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Island endemic species can also be vulnerable to inva-

sive species (Davis 2009). For example, alien predators

have greater impacts in island ecosystems because of prey

naı̈veté, where native prey lack predator avoidance strate-

gies (Salo et al. 2007). Serious declines have been reported

for many island endemic populations that have been

exposed to high predation pressures (Lewis et al. 2011;

Ohbayashi et al. 2007; St Clair et al. 2011). At the same

time, the high predation pressure from invasive species can

cause habitat fragmentation. As an introduced species

expands its habitat, prey populations can become smaller

and fragmented, which might lead to deleterious effects on

genetic variation. However, the impacts of invasive species

on native species are largely studied in terms of ecological,

rather than genetic, consequences (Gasc et al. 2010).

The Amami Islands, located in southern Japan, are des-

ignated as a quasi-national park due to their valuable natural

environment. Several endemic species inhabit the islands,

many of which are national treasures, such as the black rabbit

(Pentalagus furnessi), the Amami jay (Garrulus lidthi), and

the Ryukyu long-haired rat (Diplothrix legata). However,

human activities such as deforestation and road construction

in the forests have deteriorated the habitats of these animals

(Environment Agency 2000). Furthermore, to control the

native venomous pit viper, the mongoose (Herpestes java-

nicus), an invasive carnivore, was introduced by humans in

1979 near the centre of the Naze area on Amami-Oshima

(hereafter Oshima; Fig. 1). The mongoose rapidly expanded

its distribution up to 10 km from the release point by 1990,

and more than 20 km by 2004 (Ministry of the Environment

2005). Rather than reducing the viper population, the mon-

gooses prey on many native species (Abe et al. 1999) and

have had strong negative impacts on rare vertebrates (Watari

et al. 2008). Indeed, during a survey conducted in 2003,

many native species, including the black rabbit as well as

several species of frogs were not found within 10 km of the

release point of the mongoose. This showed that the high

predation pressure from the mongoose and the presence of

the city itself, with large roads and residents, created a habitat

gap around Naze area for many endemic species. Such a gap

might have caused habitat fragmentation and lowered the

gene flow throughout the area, thus threatening the genetic

diversity of rare species on Oshima. However, studies

examining the effects of the mongoose have focused only on

its role as a predator, and no studies have been published on

the genetic status of the endangered species on this island.

The otton frog, Babina subaspera, is endemic to two of

the Amami Islands, Oshima and Kakeroma-jima (Maeda

and Matsui 1999). This frog has high academic value

because of its unique ‘‘fifth finger’’ (Tokita and Iwai 2010).

However, B. subaspera is now threatened due to habitat

degradation and predation pressure from the mongoose,

and is listed as an endangered species in the IUCN Red List

of Threatened Species (IUCN 2011). A habitat gap around

Naze area created by high predation pressure from the

mongoose was observed for this species (Iwai and Watari

2006; Watari et al. 2008). Adult B. subaspera exhibit low

dispersal abilities, often with a home range of a few 100 m

during the year (Iwai, unpublished data). Therefore, habitat

connectivity might be critical for maintaining its genetic

diversity.

Here, we investigated the genetic diversity, differentia-

tion and gene flow of B. subaspera populations in the

Amami Islands to determine its genetic status. We used

five microsatellite loci to study seven populations in

Oshima surrounding the area of mongoose establishment,

as well as on Kakeroma-jima. We also investigated the

historical divergence within B. subaspera by examining

variation in the mitochondrial genome among populations.

We discuss the possible effects of invasive predators on the

gene flow of native species and prospects for the conser-

vation of B. subaspera.

Methods

Study area

Oshima and Kakeroma-jima are located in Kagoshima

Prefecture, southern Japan. Both are mountainous islands

covered with subtropical rain forests with the highest peak

at 694 m on Oshima and 314 m on Kakeroma-jima. The

Naze area
TAG(22)

AOK(44)

FUK(16)

KAR(18)

YUW(48)

UKN(11)

KMY(16)

10 km

Fig. 1 Map of the Amami Islands. The largest island is Amami-

Oshima (Oshima), and the second largest one, south of and next to

Oshima, is Kakeroma-jima. Black circles show the sampling localities

of Babina subaspera, labelled with their three-letter codes and the

number of samples in parentheses. Thick lines indicate National Road

No. 58, with tunnels shown in dotted lines. Naze area is the centre of

human population
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two islands are 2 km apart at their closest point. Oshima,

which is 712 km2 with a human population of 68,000, has

several ridges and valleys with rivers (Fig. 1). Nearly

40,000 people live in Naze City, which is located on the

northern part of Oshima (Centered at Naze area; Fig. 1).

Because mountainous areas are not suitable for human

residence, the urban areas are mostly located along the

coastline near large roads. The largest road on Oshima is

National Road No. 58, which crosses the island from the

north through Naze area to the south (Fig. 1). With the

exception of the road and associated human areas, the

mountains are essentially continuous on Oshima. The

mongoose was introduced to the centre of Naze area in

1979, and its population subsequently expanded toward the

south-west of the island. Kakeroma-jima is only 77.4 km2

with 1,500 people and consists of continuous mountains

without large rivers or roads.

Microsatellite analysis

The toes of 175 adult B. subaspera were sampled in

2004–2007 (1 in 2004, 82 in 2005, 73 in 2006, 19 in 2007)

in Oshima and Kakeroma-jima. Individuals within close

geographical distance were grouped into seven populations

(Fig. 1). Population sample sizes ranged from 11 to 48.

DNA was extracted from ethanol-preserved toes using

PrepMan Ultra Sample Preparation Reagent (Applied

Biosystems). Five microsatellite loci were examined:

Bas2011, Bas2037, Bas2044, Bas2051, and Bas2091 (Iwai

et al. 2011). The forward primer of each primer set was

end-labelled with NED (Bas2011), FAM (Bas2037,

Bas2091), or HEX (Bas2044, Bas2051). Polymerase chain

reaction (PCR) was performed in 20 lL of reaction mix-

ture containing 0.7 lL of template DNA, 10 pmol of

fluorescent-labelled forward primer (BEX/Japan Bio Ser-

vice/Applied Biosystems) and 10 pmol of nonlabelled

reverse primer (FASMAC), 200 lM each of dNTP and 19

buffer with 1.5 mM MgCl2 and 1.0 U of Ex Taq DNA

polymerase (TaKaRa). GeneAmp 9700 (Applied Biosys-

tems) was used for PCR amplifications under the following

conditions: 94�C for 2 min; 35 cycles of 94�C for 30 s,

53�C for 30 s, 72�C for 45 s, and 72�C for 45 s. The

amplified products were detected on an ABI 310 Genetic

Analyzer with HD 400 ROX size standard (Applied Bio-

systems), and fragment sizes were estimated using

GENESCAN 2.1 software (Applied Biosystems).

We estimated population genetic parameters for the

seven populations. For analyses involving multiple com-

parisons, the critical probability for each test was adjusted

using sequential Bonferroni correction (Rice 1989). MI-

CROCHECKER (Oosterhout et al. 2004) was used to

check microsatellite data for scoring errors and null alleles.

Observed (HO) and expected heterozygosities (HE) were

calculated to quantify the genetic diversity of each popu-

lation. Allelic richness (A; El Mousadik and Petit 1996),

FIS, and FST were estimated and deviation from Hardy–

Weinberg equilibrium (HWE) was tested by FSTAT

(Goudet 1995). Tests for linkage disequilibrium were car-

ried out with GENEPOP version 4.0.10 (Raymond and

Rousset 1995). The level of population differentiation was

quantified using the FST estimator of Weir and Cockerham

(1984). Evidence of recent population bottleneck was

assessed for each population with BOTTLENECK v. 1.

2.02 (Cornuet and Luikart 1996) using the Wilcoxon

signed-rank test. To visualise the relationships between

geographical site and genetic differentiation, multidimen-

sional scaling (MDS) was conducted on FST/(1 - FST),

using the program SYSTAT v. 9.01 (SPSS, Inc.).

The relationship between genetic differentiation and

geographical distance among pairwise comparisons of pop-

ulations was tested by the Mantel test (Mantel 1967) with

9,999 randomisations using GenAlEx 6.2 (Peakall and

Smouse 2006). A partial Mantel test was conducted to con-

trol for the effect of different islands (Oshima or Kakeroma-

jima). Partial Mantel tests are useful for distinguishing the

relationships among correlated variables. After making a

predictor matrix based on islands (0 = same, 1 = different

island), two matrices of the residuals of the regression

between two of three variables were constructed and then

compared by a standard Mantel test.

To assess the level of population structure and to assign

an individual to an origin, individual-based clustering was

performed using the program STRUCTURE v. 2.3.3

(Pritchard et al. 2000). Twenty runs were performed with a

burn-in length of 50,000 and an MCMC of 50,000 for each

K (1 to 5). As sampling location information can be used to

provide accurate inferences with STRUCTURE (Hubisz

et al. 2009), a LOCPRIOR model was performed. The

likelihood of the assignments was evaluated for K varying

from 1 to 5, and DK was calculated to examine the true

K number (Evvano et al. 2005).

Mitochondrial DNA analysis

DNA was extracted in the same way as done for the

microsatellite analysis. Fragments of 743 bp of the cyto-

chrome c oxidase subunit I (CO I) of 23 specimens from

each population (see Table 1) were amplified by PCR. The

CO I is reported to exhibit high intraspecific divergence for

amphibians (Vences et al. 2005). The following primers

were designed for this study from the Rana holsti sequence

(accession number AB511297): CO1Hol-F (forward primer

50-CGG CCA CTT TAC CTG TGA TAT TC-30) and

CO1Hol-R (reverse primer 50-GAC TTC AGG GTG ACC

AAA GAA TC-30). PCR was conducted under the fol-

lowing conditions: 94�C for 1.5 min; 35 cycles at 94�C for
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30 s, 53�C for 45 s and 72�C for 1.5 min. PCR products

were purified using the MultiScreen HTS
TM

PCR (Milli-

pore, Billerica, MA) and sequencing was performed by

SolGent Co., Ltd. (Daejeon, South Korea) using an ABI

3730xl DNA Analyser (Applied Biosystems, Foster City,

CA). All fragments were sequenced in both directions.

Sequences were deposited in DDBJ/EMBL-Bank/GenBank

under the accession numbers AB679639–AB679645.

Alignment of the CO I sequences was performed by Clu-

stalX (Thompson et al. 1997), and the DnaSP v.4.10 (Rozas

et al. 2003) software was used to estimate the nucleotide

diversity (p) (Nei 1987). A minimum spanning network

was constructed using the TCS software package (Clement

et al. 2000), which employs a method of probability of

parsimony according to Templeton et al. (1992). The

maximum number of mutational steps that constitutes a

parsimonious connection between two sequence types was

calculated with 95% confidence.

Results

All 175 individuals from seven populations were success-

fully genotyped for the five loci examined. The genetic

diversities within populations between different sampling

years were examined in the Yuwan (YUW) and Aoku

(AOK) populations, for which relatively numerous samples

had been collected. Given that the pairwise FST values

between years within each population were smaller than

0.02, and the difference was not significant (adjusted

P [ 0.05), temporal difference had little effect on the

overall results. We combined samples from the same

population with different collection periods for consecutive

analyses. The number of alleles varied from 14 (Bas2044)

to 21 (Bas2037, Bas2091), with an average of 18 alleles per

locus for all individuals. No significant linkage disequi-

librium was detected in any combination of loci for the

seven populations (70 tests). The mean expected hetero-

zygosity (HE) of all loci varied from 0.666 to 0.852, and the

genetic diversity, estimated as allelic richness, varied from

4.6 to 9.5 (Table 1). Heterozygote deviations from Hardy–

Weinberg equilibrium were detected in the FUK and AOK

populations. No recent genetic bottleneck was detected in

any population (Table 1). Null alleles were suggested in

Bas 2011 of TAG, Bas 2037 of YUW and AOK, Bas 2044

of AOK, Bas 2051 of KAR and Bas 2091 of FUK. Because

no loci showed the possibility of null alleles in more than

two populations, we considered that this was not caused by

the use of inappropriate primers, and loci were used in

subsequent analysis.

Table 1 Sampling numbers and genetic variation in seven populations of Babina subaspera

Site N A HE HO FIS P value in

BOTTLENECK

mtDNA N

Tatsugou, TAG 22 8.061 0.814 0.745 0.105 0.078 6

Kamiya, KMY 16 9.525 0.837 0.875 -0.022 0.078 3

Yuwan, YUW 48 8.484 0.841 0.817 0.041 0.031 1

Uken, UKN 11 8.800 0.818 0.855 0.003 0.109 2

Fukuchigawa, FUK 16 8.400 0.845 0.688 0.218 0.016 2

Aoku, AOK 44 8.689 0.852 0.786 0.090 0.016 3

Kakeroma, KAR 18 4.635 0.666 0.622 0.055 0.016 6

The three letters in bold after the site name are site abbreviations

N number sampled, A allelic richness, HE expected, HO observed heterozygosity, mtDNA N number of samples for mitochondrial DNA sequence

analysis

Table 2 Pairwise FST values between populations (below the diagonal) and significance of population differentiation (above the diagonal)

TAG KMY YUW UKN FUK AOK KAR

TAG – * * * * * *

KMY 0.0640 – NS NS NS * *

YUW 0.0818 -0.0017 – NS NS * *

UKN 0.0796 0.0222 0.0187 – * * *

FUK 0.0841 0.0041 0.0109 0.0437 – * *

AOK 0.0765 0.0083 0.0123 0.0296 0.0144 – *

KAR 0.1523 0.1366 0.1388 0.1338 0.1320 0.1439 –

* indicates adjusted P \ 0.05
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Pairwise FST estimations are shown in Table 2. Signif-

icant population differentiation was detected; the TAG,

AOK, and KAR populations were distinct from all other

populations, whereas the values of FST among KMY,

YUW, UKN, and FUK were lower than 0.025 and were not

distinct from one another, except for FUK and UKN

(FST = 0.044). Multidimensional scaling could explain

99.9% of all genetic distance among populations; the

peripheral populations, TAG and KAR, were clearly divi-

ded from other midland populations KMY, YUW, UKN,

FUK, and AOK, which were closely arranged (Fig. 2).

The Mantel test showed that between-population dif-

ferentiation increased significantly with geographical dis-

tance (R2 = 0.502, P \ 0.05), suggesting a model of

isolation by distance (Fig. 3). The continuous distribution

but restricted dispersal of B. subaspera creates a balance

between local genetic drift and geographically mediated

gene flow (Wright 1943). The KAR population showed

higher genetic distance than did the other 6 populations.

The partial Mantel test showed that geographic distance

significantly affected both KAR and other populations

(R2 = 0.544, P \ 0.001), although the genetic distance

was higher in KAR for the same geographic distance

(R2 = 0.600, P \ 0.001).

A substantial genetic structure was detected by

STRUCTURE for all 175 individuals of B. subaspera

(Fig. 4). The likelihood of assignment, lnP(D), increased

from K = 1 to K = 4 and then decreased at K = 5, with a

higher standard deviation (Fig. 5). DK was calculated for

K = 1–5, and was highest at K = 2 and lowest at K = 5

(Fig. 5). Given that adding a cluster from K = 5 did not

provide much more information regarding genetic struc-

turing (Fig. 4), assignment results were interpreted for

K = 2–4. When K = 2, populations were clearly divided

into midland populations (KMY, YUW, UKN, FUK, and

AOK) and other peripheral populations (TAG and KAR).

When K = 3, TAG and KAR were each isolated from the

other populations. When K = 4, midland populations were

suggested to come from two different populations with

some admixture. Within the midland populations, AOK

seemed to have different admixture history from other

midland populations (Fig. 4).

We sequenced 676 bp of the mtDNA CO I region. From

23 samples only seven different haplotypes with a maxi-

mum divergence of three steps were detected (Fig. 6). The

overall nucleotide diversity on the sequenced samples gave

an estimated p = 0.00136 ± 0.00031. Using statistical

Fig. 2 Results of the multidimensional scaling analysis based on FST/

(1 - FST)

Fig. 3 Relationships between geographical distance and genetic

differences. Open circles indicate data between Kakeroma and other

populations

Fig. 4 The proportion of the membership coefficient of the 175

individuals in seven populations for each of the inferred clusters for

K = 2–5 in STRUCTURE analysis. Population codes are indicated

between the thick vertical lines
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parsimony, a single haplotype network was produced by

the TCS analysis. It was characterised by a star-like

topology with short branches due to a limited number of

mutation steps separating the haplotypes, and one dominant

central haplotype (Fig. 6). The most common haplotype

was distributed on both islands and was shared by the three

groups suggested by the STRUCTURE analysis.

Discussion

The genetic diversity of B. subaspera (HE = 0.67–0.85)

was relatively high compared to that of other frog species

(0.18–0.43, Allentoft et al. 2009; 0.39–0.60, Arens et al.

2006; 0.14–0.50, Blouin et al. 2010). This indicates that B.

subaspera still maintains high genetic diversity even

though their populations are declining. With the exception

of the KAR population on Kakeroma-jima, all six popu-

lations on Oshima showed HE values higher than 0.80. No

recent genetic bottleneck was detected, suggesting that the

populations were not recently colonised by small numbers

of individuals and have not experienced recent severe

declines in population size. This also indicates that popu-

lations of B. subaspera in the Amami Islands have been

well maintained to date.

According to the FST population differentiation analy-

ses, four major population groups of B. subaspera occur on

the Amami Islands: TAG, AOK, KAR, and the remaining

midland populations (except for AOK). This pattern was

well supported by the results of the STRUCTURE analysis,

in which these four groups showed different patterns under

K = 4. However, the midland populations were not divided

into any smaller subgroups when K = 3, while a higher

DK and multidimensional scaling showed that midland

populations were grouped together. This suggests that the

separation of AOK from other midland populations is less

complete than those of TAG and KAR from the midland

populations. Thus, one may reasonably consider that B.

subaspera on the Amami Islands should be divided into

three main clusters: TAG, KAR and midland populations.

These three clusters were not genetically differentiated on a

historical timescale because our mtDNA analysis revealed

that they shared common haplotypes and showed a limited

number of mutation steps. The ‘‘star-like’’ genealogy is

characteristic when all haplotypes rapidly coalesce and is a

general outcome of population expansion. Thus, the

observed pattern suggested by the microsatellite analysis

likely reflects current gene flow in B. subaspera.

The high genetic difference of TAG and KAR from the

midland populations is reasonable considering their isola-

tion by distance: TAG and KAR are geographically far

from the midland populations. However, the genetic dis-

tances of KAR from other populations were higher than

those expected from the same geographical distance

between populations other than KAR (Fig. 3). Further-

more, the results of the STRUCTURE analysis showed that

little gene flow occurred between KAR and other popula-

tions (Fig. 4). KAR is located on Kakeroma-jima, which is

divided by a 2-km channel at its nearest point to Oshima.

Dispersal across this channel is likely to be difficult for B.

subaspera, and the KAR population may have been pre-

vented from outbreeding with other populations on Oshima

and therefore has been genetically isolated since this geo-

graphical barrier appeared. The ancestral forms of the

Amami Islands were shaped 1–1.5 MYBP (Kizaki and

Oshiro 1980), and small islands have repeatedly separated

and reattached since then. Oshima and Kakeroma-jima

were probably separated after the last glacial period,

18,000–20,000 years ago (Matsui 1996). Given that no

Fig. 5 Mean likelihood of K (left axis, ± SD, black circle) and

DK (right axis, cross mark) for K = 1–5 in STRUCTURE analysis

Fig. 6 Statistical parsimony network of the mitochondrial DNA CO I

region haplotypes. The size of each circle indicates the frequency of

each haplotype. A small circle with no code indicates a missing

haplotype in the network that was not present in the sample. Lines
connecting haplotypes represent a single mutational step regardless of

the length. Site abbreviations are the same as in Table 1
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bottleneck was detected in KAR, the current population did

not likely originate from a small number of colonisers after

the geological isolation of Kakeroma-jima, but rather from

those that remained on the islands when the separation

occurred. These hypotheses are consistent with the

observed genetic status of KAR (i.e. gene flow with mid-

land populations once occurred and was lost relatively

recently). The KAR population may have been maintained

within a relatively normal population size without dispersal

among the islands.

TAG was differentiated from and showed little gene flow

with midland populations, although no distinct geological

barrier exists between them. This isolation of TAG likely

occurred relatively recently because our mtDNA analysis

showed that TAG and other populations were similar on a

historical timescale. Moreover, although geological barriers

such as mountain ridges (Funk et al. 2005) and rivers (Simões

et al. 2008) have been reported to act as a genetic barrier for

amphibians, our results showed this was not the case; i.e.

populations divided by ridges or rivers (e.g. between UKN

and KMY) were not genetically differentiated. These data

suggest that the isolation of TAG might have been caused by

relatively recent, anthropogenic factors. Large roads can

prevent gene flow of amphibians (Lesbarrères et al. 2006),

but our results showed that the largest road in Oshima was

not an effective barrier for populations (e.g. between FUK

and KMY). Thus, the isolation of TAG from midland pop-

ulations was likely caused by the large habitat gap between

them produced by the high predation pressure from the

introduced mongoose combined with the establishment of

urban areas. Urban areas, however, are mostly located along

the coastline or road, and do not divide mountains. Com-

pared to the size of the habitat gap created by the mongoose

([10 km), the effect of urban area (\1 km) should be small.

Thus, the introduction of this invasive predator likely

resulted in the habitat fragmentation of B. subaspera, and has

thereby obstructed the gene flow that previously existed

between the TAG and midland populations.

Future prospects

Our study revealed that the genetic diversity of B. subas-

pera is still well maintained throughout the Amami Islands.

Ridges, rivers or roads did not seem to prevent the gene

flow of B. subaspera, suggesting that this species might

have higher dispersal ability than expected. The adult B.

subaspera showed a home range of only a few 100 m

during a year (Iwai, unpublished data), but juveniles may

disperse farther, potentially playing an important role in

maintaining the apparently high genetic diversity. How-

ever, some populations exhibited lower genetic diversity

and are isolated from other populations. The sea channel,

as well as a large habitat gap ([10 km) appears to prevent

the dispersal of B. subaspera. If the current situation does

not change, the TAG and KAR populations will likely

experience severe loss of genetic diversity.

With appropriate conservation measures, the gene flow

between the TAG and other populations on Oshima could

likely be re-established given that they are contiguous and

still maintain genetic diversity. For example, the habitat

gap may be overcome by the elimination of the mongoose

population. Indeed, a project to eliminate the mongoose is

now under way and may restore B. subaspera to the area

from which it has been extirpated. The natal dispersal of B.

subaspera inhabiting the nearby region should gradually

fill the current gap. Of course, factors other than the

mongoose, such as the existence of an urban area (\1 km

wide), may also play a role in the habitat gap and may

currently be masked by the strong effects of the mongoose.

One must determine how these factors interact to produce

the habitat fragmentation of B. subaspera. Careful moni-

toring of the recovery of populations and their associated

genetic diversity should be conducted along as the mon-

goose elimination project ensues, and practical measures

such as the creation of a corridor might be necessary.

The KAR population is no longer able to outbreed with

other populations on Oshima. Furthermore, few appropriate

B. subaspera breeding sites exist in the Kakeroma Islands

(Iwai, personal observation), which may prevent B. sub-

aspera populations from growing, resulting in a higher

chance of inbreeding depression. These factors could be

responsible for the observed lower genetic diversity in the

KAR population, which is considered the most vulnerable

population among those that we analysed. This population

should be carefully maintained to prevent further loss of

genetic diversity. The preservation of current breeding sites

and setting limits to deforestation and the construction of

roads would be beneficial.

Few studies have examined the impacts of invasive

species on the genetic diversity of native species (Gasc

et al. 2010). Here, we highlight the importance of evalu-

ating whether invasive species can prevent gene flow of

native species. In addition to B. subaspera, the Amami

Islands are home to many endangered species, some of

which have disappeared from the Naze area. To conserve

these species, understanding their population genetics is

essential. Along with the recovery of populations after the

elimination of the mongoose, studies of these species will

provide valuable information on how native species

recover their genetic diversity and will serve as reference

for future comparative studies.
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20 years of highway presence on the genetic structure of Rana
dalmatina populations. Ecoscience 13:531–538

Lewis DS, vanVeen R, Wildon BS (2011) Conservation implications

of small Indian mongoose (Herpestes auropunctatus) predation

in a hotspot within a hotspot: the Hellshire Hills, Jamaica. Biol

Invasions 13:25–33

Maeda N, Matsui M (1999) Frogs and toads of Japan. Revised ed.

Bun-Ichi Sogo Shuppan, Tokyo

Mantel N (1967) The detection of disease clustering and a generalized

regression approach. Cancer Res 27:209–220

Matsui M (1996) Natural history of the amphibia. University of

Tokyo Press, Tokyo

Ministry of the Environment (2005) Annual report on eradication of

introduced Javan mongoose on Amami-Oshima Island. Natural

Environment Bureau, Ministry of the Environment, Tokyo

Nei M (1987) Molecular evolutionary genetics. Columbia University

Press, New York

Newman D, Pilson D (1997) Increased probability of extinction due

to decreased genetic effective population size: experimental

populations of Clarkia pulchell. Evolution 51:354–362

Ohbayashi T, Okochi I, Sato H, Ono T, Chiba S (2007) Rapid decline

of endemic snails in the Ogasawara Islands, Western Pacific

Ocean. Appl Entomol Zool 42:479–485

Oosterhout CV, Hutchinson WF, Wills DPM, Shipley P (2004)

MICRO-CHECKER: software for identifying and correcting

genotyping errors in microsatellite data. Mol Ecol Notes

4:535–538

Peakall R, Smouse PE (2006) GENALEX 6: genetic analysis in excel.

Population genetic software for teaching and research. Mol Ecol

Notes 6:288–295

Pritchard JK, Stephens M, Donnelly P (2000) Inference of population

structure using multilocus genotype data. Genetics 155:945–959

Raymond M, Rousset F (1995) GENEPOP (version 1.2): population

genetics software for exact tests and ecumenicism. J Hered

86:248–249

Rice WR (1989) Analyzing tables of statistical tests. Evolution

43:223–225

Rozas J, Sanchez-DelBarrio JC, Messeguer X, Rozas R (2003)

DnaSP, DNA polymorphism analyses by the coalescent and

other methods. Bioinformatics 19:2496–2497
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