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The red fox (Vulpes vulpes) is the most widely distributed terrestrial carnivore in the world, occur-

ring throughout most of North America, Europe, Asia, and North Africa. In South Korea, however, 

this species has been drastically reduced due to habitat loss and poaching. Consequently, it is 

classified as an endangered species in Korea. As a first step of a planned red fox restoration proj-

ect, preserved red fox museum specimens were used to determine the genetic status of red foxes 

that had previously inhabited South Korea against red foxes from neighboring countries. Total 

eighty three mtDNA cytochrome b sequences, including 22 newly obtained East Asian red fox 

sequences and worldwide red fox sequences from NCBI, were clustered into three clades (i.e., I, II, 

and III) based on haplotype network and neighbor-joining trees. The mean genetic distance 

between clades was 2.0%. Clade III contained South Korean and other East Asian samples in addi-

tion to Eurasian and North Pacific individuals. In clade III, South Korean individuals were separated 

into two lineages of Eurasian and North Pacific groups, showing unclear phylogeographic struc-

turing and admixture. This suggests that South Korean red fox populations may have been com-

posed of individuals from these two different genetic lineages.
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INTRODUCTION

The red fox (Vulpes vulpes, Canidae) is a small carniv-

orous mammal, widely distributed in Eurasia, northern 

Africa, and America; generally, its status is known to be sta-

ble (Garshelis and Steinmetz, 2008). However, illegal killing 

to protect livestock or for fur, secondary poisoning as a con-

sequence of a nationwide rodenticide program, and habitat 

loss and fragmentation have caused a drastic decrease in 

the red fox population in South Korea (Won and Smith, 

1999). In the 1980s, the red fox was recognized as extinct 

in nature in South Korea and it was designated as “endan-

gered species I” (Ministry of the Environment of Korea, 

2005). Except for the unexpected discovery of a dead red 

fox in Yanggu-gun, Gangwon province, wild individuals have 

not been seen since the 1980s.

In 2011, the Korean government initiated a project to 

restore the red fox population in Sobaek National Park. 

Sobaek National Park was chosen because of the species 

richness of possible prey species, including small to 

medium-sized mammals, birds, reptiles, amphibians, 

insects, carrion, and fruit. Because Canidae, including the 

red fox, is generally highly adaptable to the environment and 

have good natural fertility, natural breeding after restoration 

was expected to be achieved. However, propagation using 

original individuals from South Korea is practically impossi-

ble, and the best alternative is to introduce the individuals 

most closely phylogenetically related to the South Korean 

population (Kleiman, 1989).

The native Korean red fox has been described as sub-

species Vulpes vulpes peculiosa based on morphological 

characteristics (Kishida, 1927), but the existence of subspe-

cies in red fox was doubtful (Cobert, 1978; Wilson and 

Mittermeier, 2009). Recently, molecular genetic studies of 

the red fox in Japan, Europe, the USA, and Canada have 

been performed using the mitochondrial cytochrome b (Cyt 

b) gene and control region (Inoue et al., 2007; Perrine et al., 

2007; Aubry et al., 2009). The Japanese red fox is sepa-

rated into two groups: a widely distributed group and a local 

group on Hokkaido. The widely distributed group comprises 

haplotypes from Hokkaido, Kyushu, eastern Russia, and 

Europe (Inoue et al., 2007). In Europe and North America, 

red fox populations are largely separated into Holarctic and 

Nearctic clades (Aubry et al., 2009). The Holarctic clade 

comprises haplotypes from Eurasia, Alaska, and Western 

Canada, and the Nearctic clade is only found in North 

America, and predominates in the USA and Eastern Canada. 

However, the genetic status of Korean red fox populations 
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has not been investigated to date.

The small circular mitochondrial genomes are extracted 

easily, even from degraded specimens such as old bones or 

dry specimens (Higuchi et al., 1988). Their high mutation 

rate and low recombination via maternal inheritance has led 

to the popular use of mitochondrial molecular markers for 

evolutionary and population genetics studies (Brown et al., 

1979; Clayton, 1982; Lansman et al., 1983; Hayashi et al., 

1985). The Cyt b gene is an especially good marker for 

intra- and interspecific phylogenetic studies, as it has a mod-

erate mutation rate (Irwin et al., 1991; Esposti et al., 1993; 

Avise, 1994; Hillis et al., 1994). Many species of fish 

(Rocha-Olivares et al., 1999; Park et al., 2000; Apostolidis 

et al., 2001; Moller and Gravlund, 2003), birds (Edwards and 

Wilson, 1990; Randi et al., 2001), and mammals (Ma et al., 

1993; Lee et al., 2008) have been studied using Cyt b gene 

sequences.

For red fox restoration, the genetic status of the red fox 

breed that was native to South Korea should be determined. 

For comparison with other red fox populations, we used Cyt 

b gene sequences that have been used in previous studies 

(Inoue et al., 2007; Aubry et al., 2009). In this study, we ana-

lyzed Cyt b gene sequences from 22 individuals, including 

four specimens that are definitely from South Korea and 18 

individuals from China, Russia, Mongolia and North Korea, 

and compared them with Cyt b gene sequences from 61 

haplotypes worldwide from the GenBank database.

MATERIALS AND METHODS

Sampling and DNA extraction

Samples from red foxes native to South Korea were obtained 

from three stuffed specimens in university museums and one alcohol-

preserved muscle sample from a dead fox found in Yanggu-Gun, 

Gangwon province, in 2004 (Table 1). The remaining 18 individuals 

included two from the Kaema Highlands, North Korea; three from 

Primorsky, Russia; six from northeastern China; two from the 

Mongolia and five from Seoul Grand Park Zoo (from North Korea 

and China), Korea. Total DNA was isolated from blood, muscle tis-

sue, or hair of these animals using a DNeasy Blood & Tissue Kit 

(QIAGEN Co., Hilden, Germany).

DNA sequencing

The Cyt b gene was amplified by 

polymerase chain reaction (PCR) using 

two primer sets, designed by Inoue et al. 

(2007). PCR mixtures were prepared in 

20 μl reaction volumes containing 100 ng 

template DNA, 0.5 μl 25 mM dNTPs, 20 

pmole each primer, 1.5 mM MgCl2, 1 unit 

of Takara Ex-Taq™ (Takara, Japan), 

and 10 × PCR buffer. The amplification 

process consisted of 95°C for 5 min; 35 

cycles of 94°C for 30 s, 56°C for 30 s, 

and 72°C for 60 s; and a final 10 min at 

72°C. The PCR products were checked 

on 1.2% agarose gels and purified with 

the QIAGEN purification kit (QIAGEN 

Co. Hilden, Germany). All samples were 

sequenced on an Applied Biosystems 

3730 XL DNA sequencer at Biomedic 

(Bucheon-Si, South Korea). The chro-

matograms and alignments were 

checked visually and verified. Nucleotide 

sequences of the 17 novel haplotypes 

were deposited in the DDBJ/EMBL/GenBank database under acces-

sion numbers JN652603–JN652617 and JQ003577–JQ003578.

Population genetic analysis

We compared the 22 East Asian Cyt b gene sequences from 

Table 1. Specimens used in this study.

Sample

abbreviation
Sampling locations Year sampled

KW2

South Korea: Mt. Odae 
(Natural History Museum 
Hannam University)

1990

KW3

South Korea: Demilitarized zone 
(Ewha Womans University 
Natural Museum)

1980

KW4

South Korea: Mt. Jiri 
(Kyunghee University 
Natural History Museum in Korea)

1978

KW5 South Korea: Gangwondo Yanggu 2004

KS2
South Korea: Seoul Grand Park Zoo 
(from North Korea and China)

KS3

KS4

KS8

KS10

CD5 North China 2007–2008

CD6 2008

CD7 2007

CD8 2007

CD9 2006

CD10 2004

NK02 North Korea, Kaema Highlands

NK03

RW1328 Russia, Primorsky 2008

RW1601 2009

RW1651 2010

MO06 Mongolia 2006

MO09 2009

Fig. 1. Neighbor-joining tree based on the Cyt b gene sequences (A, 1,103 bp; B, 338 bp) of 21 

or 22 specimens in this study. The numbers at the nodes are bootstrap values computed using 

1,000 replications and Kimura’s 2-parameter distance model. See table 1 for the sample abbrevi-

ations.
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this study with 61 Cyt b gene sequences obtained from the 

GenBank database. To analyze the Cyt b gene sequences, multiple 

alignments of the nucleotide sequences were performed with 

GENETYX-WIN version 4.0.1 (Genetyx Co., Tokyo, Japan) to iden-

tify nucleotide variation, from which the haplotypes were defined. A 

parsimonious haplotype network of the Cyt b gene haplotypes was 

drawn using TCS ver. 1.21 and the Templeton-Crandall-Sing parsi-

mony algorithm with 95% probability (Clement et al., 2000). The 

divergence time was estimated using DnaSP ver 4.5 (Rozas and 

Rozas, 1955) with the Cyt b divergence rate 

of 2% per million years for large mammals 

(Brown et al., 1980; Avise et al., 1998). The 

phylogenetic relationships among maternal 

lineages of red foxes were constructed with 

the program MEGA. The stability of internal 

nodes was assessed by bootstrap analysis 

(1,000 replicates were used for neighbor-

joining). The hierarchical nesting of genetic 

diversity was estimated using the analysis of 

molecular variance (AMOVA) approach with 

the ARLEQUIN software (Schneider et al., 

2000).

RESULTS

Partial Cyt b gene sequences (1,033-

bp) were obtained from 21 individuals. 

We obtained only 400-bp sequences in 

the 5′ region of KW3 (Table 2). Among 

the 21 Cyt b sequences, except for 

KW3, 28 transitions and six transver-

sions at 33 variable sites were observed 

(Table 2). The neighbor-joining (NJ) tree 

was constructed using obtained 1,033-bp sequences with 

the kit fox (Vulpes macrotis, JF489127) sequence. None of 

the individuals from the different regions were separated 

(Fig. 1).

To compare previously studied red foxes, 338-bp Cyt b

sequences from the 22 individuals were extracted from 

1,033-bp Cyt b sequences. Nine haplotypes were observed 

from the 22 East Asian individuals (Table 2). The four wild 

Table 2. Haplotype definition and distribution of the red fox, Vulpes vulpes. A and B represent partial Cyt b gene sequences of 1,033 and 

338 bp, respectively. See Table 1 for the sample abbreviations. *Vulpes vulpes (AM181037) from GenBank was used as the reference.

A)

Individuals

Variable site

Accession

number

1 1 1 1 1

4 6 8 1 1 2 3 4 4 4 4 4 5 5 5 5 6 6 7 7 7 8 8 8 9 9 9 9 0 0 0 1 1

2 7 4 0 1 9 2 3 5 6 7 8 4 6 7 8 2 3 0 0 4 0 2 6 5 7 9 9 1 5 5 0 3

2 4 4 1 9 9 8 7 6 6 8 4 2 1 3 3 5 4 4 2 3 4 0 0 3 2 0 3 6 4
*Vulpes vulpes

(AM181037)
A G T G T G T A T C T A C G T G T C C C T T T T A C A C A T C T A

NK02, NK03 C . . . C A . . C . . G . . . . C . . T . C C . G . . . G . . . . JN652603

KW5 C A . . . . . . C . . . . A . . C T . . . C C . . . . . . . T . . JN652604

KS8, KS10 C . . . . . . . C . . . . . . . C . . . . C C . . . . . . . T . . JN652605

CD10 C . . A . . . . C T . . . . . A C . . . . C C . . . . . . . T . . JN652606

RW1328,

RW1651
C . . . . . C . C . . . . . . . C . . . . C C . . . . . . . T . . JN652607

RW1601 C . . . C A . . C . C G . . . . C . A . . C C . . . . T . . . C . JN652608

KS2 C A . . C A . . C . . . . . . . C . . . . C C . . T . . . . . . . JN652609

KW2 . . . . . . . . C T . . . . . . C . . . . C C . . . . . . . T . . JN652610

KS3 C A . . C A . . C . . G . . . . C . . T . C C . . T . . . . . . . JN652611

KS4 C . . . . . . . C . . G . . . . C . . T . C C . . . . . . . T . . JN652612

KW4 C . . . . . . C C . . . . . . . C . . . . C C . . . . . . . T . . JN652613

CD5 . . . . . . . . . . . . . . C . C . . . . . . A . . . . . C . . . JN652614

CD6 . . . . . . . . C . . . T . . . C . . . . . C . . . G . . . . . G JN652615

CD7 . . A . . . . . C . . . . . . . C . . . . . C . . . G . . . . . G JN652616

CD8 C . . . . . . . C . . . . . . . C . . . C C C . . . . . . . T . . JN652617

MO06 C . . . . . . . C . . . . . . . C . . . . C C . T T . . . . . . . JQ003577

MO09 C . . . C A . . C . C G . . . . C . . . . C C . . . . T . . . . . JQ003578

B)

Haplotypes

Variable site

Samples

Corresponding to haplotypes

1 1 2 3 3 3
Aubry et al.

(2009)

Inoue et al.

(2007)
4 6 8 0 1 9 2 3 5

2 7 4 2 4 4 1 1 9

*Vulpes vulpes

(AM181037)
A G T G T G T G T

Hap_1 C . . . C A . . .
NK02,NK03,

RW1601, MO09
W

C10-D15, C10-

D16, C8-D11

Hap_2 C A . . C A . . . KS2,KS3

Hap_3 C . . . . . . . .

KS4, KS8, KS10,

KW4, CD8,CD9,

MO06

U
C6-D10, C6-D5,

C6-D6, C6-D7

Hap_4 . . . . . . . . . KW2, CD5, CD6 U4 C1-D1, C1-D3

Hap_5 C A . . . A . A G KW3

Hap_6 C A . . . . . . . KW5

Hap_7 . . A . . . . . . CD7

Hap_8 C . . A . . . . . CD10

Hap_9 C . . . . . C . . RW1328, RW1651
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individuals from South Korea were Hap_3, Hap_4, Hap_5, 

and Hap_6 with no shared haplotype. While Hap_5 and 

Hap_6 were found only in South Korean individuals, Hap_3 

and Hap_4 were observed in individuals from South Korea, 

China and the Seoul Grand Park Zoo (Table 2). Hap_3 was 

the most frequent haplotype, and was found in six individu-

als (30%). Two North Korean foxes and one Russian fox 

had Hap_1. The other two Russian red foxes had Hap_9, 

Hap_7 and Hap_8 were found only in Chinese foxes. All of 

the haplotypes, including missing haplotypes, had one to 

nine substitutions, and Hap_3, Hap_4, Hap_5, and Hap_6 

differed by one to five substitutions (Table 2). The NJ tree 

with the small extracted fragments of 338-bp Cyt b gene 

sequences with the kit fox as the out-group was similar to 

that of the original 1,103-bp Cyt b sequences (Fig. 1). Thus, 

we performed further analysis with 388-bp sequences to 

compare previously reported red fox sequences. AMOVA 

was performed using the 338-bp Cyt b sequences assuming 

that the individuals were separated according to their coun-

tries of origin. However, the AMOVA result showed no sig-

nificant genetic differentiation among the geographical 

groups and the majority of the total Cyt b variation (84%, P < 

0.05) was distributed within populations, suggesting no fur-

ther subgroups (Table 3).

Finally, we compared the 22 East Asian red foxes with 

61 haplotypes of red foxes distributed worldwide from the 

GenBank database. For the 338-bp Cyt b sequences, 51 

haplotypes were obtained with 49 variable sites (data not 

shown). The haplotype network formed three distinct clades 

(Fig. 2) and the mean genetic distances were 2.0% between 

clade I and clade II, 3.1% between clade I and clade III, and 

2.1% between clade II and clade III. Clade I was composed 

of only Hokkaido individuals and clade II was composed of 

individuals from North American group. Clade III was sepa-

rated into Eurasian and North Pacific groups. Interestingly, 

some East Asian red foxes, including South Korean red 

foxes, belonged to the Eurasia group and other haplotypes 

were assigned to the North Pacific group. Taking the Cyt b

divergence rate of 2% per million years for large mammals 

(Brown et al., 1980; Avise et al., 1998), the divergence time 

of the three clades was estimated to have occurred around 

one million years ago (MYA) between clades I and II, 1.55 

MYA between clades I and III, and 1.05 MYA between 

clades II and III during the Late Pleistocene era. In Korea, 

four red fox individuals were separated into two lineages 

(Figs. 2 and 3) and the divergence between the two lineages 

was roughly estimated to be 0.5 MYA. Nine haplotypes from 

22 East Asian individuals, including the South Korean indi-

Table 3. Analyses of molecular variance based on Cyt b gene 

sequences from geographic groups of red fox.

Source of variation
Variance

components

Percentage of

variation
P value

Among groups −0.21934 −21.48 0.85533 (> 0.05)

Among populations

within groups
 0.38015  37.22 0.05767 (> 0.05)

Within populations  0.86042  84.25 0.03519 (< 0.05)

Fig. 2. Haplotype network of Cyt b gene based on 338-bp sequences for 22 red fox specimens in this study and 61 sequences from 

GenBank. One branch is proportional to the number of substitutions, and black circles show missing haplotypes. The boxes with the solid line 

are subclades, and boxes with the dashed line are major clades. The haplotype abbreviations refer to Aubry et al. (2009), Inoue et al. (2007), 

Perrine et al. (2007), and haplotypes of table 2 B.
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Fig. 3. Neighbor-joining tree based on the 338-bp Cyt b sequences of 22 specimens in this study and GenBank data. The numbers at the 
nodes are bootstrap values computed from 1,000 replications using Kimura’s 2-parameter distance. The color bar indicates the clade divisions 
that correspond to those shown in Fig. 2. Bold indicates 22 individuals in this study. The 22 individuals and haplotype abbreviations refer to 

Aubry et al. (2009), Inoue et al. (2007), Perrine et al. (2007) and Table 1.



J.-N. Yu et al.758

viduals, were assigned into Eurasian region and North 

Parcific region in the clade III (Fig 2). The NJ tree con-

structed using the 338-bp Cyt b sequences with the kit fox 

as the outgroup was consistent with the haplotype network 

(Fig. 3).

DISCUSSION

This study showed that the Korean red fox is basically 

clustered into clade III with Eurasian and North Pacific indi-

viduals (Fig. 2). In clade III, however, South Korean individ-

uals assigned into the two groups with haplotypes from the 

Eurasian and from the North Pacific lineages, implying at 

least two recent migrations. Recent molecular phylogenetic 

studies showed that some parts of the Eurasian population 

were very close to those of the Alaskan population, and that 

ancestral populations moved from Eurasia to North America 

or North America to Eurasia via Beringia of the Late 

Pleistocene (Matsuhashi et al., 1999; Leonard et al., 2000; 

Matsuhashi et al., 2001; Mahmut et al., 2002; Skong et al., 

2009). The divergence time between clades was estimated 

to be 0.5–1.5 MYA, suggesting that divergence predated the 

last glaciations (LGM; 10,000 to 50,000 years ago). Our 

results were in accordance with the divergence time estima-

tion between the Hokkaido and the Honshu/Kyusyu/Russian 

red fox populations using Cyt b and D-loop (Inoue et al., 

2007). The divergence time between lineages of the brown 

bear (Ursus arctos) and red deer (Cervus elaphus) esti-

mated based on Cyt b and D-loop variations were also rel-

atively close to our estimates (Matsuhashi et al., 1999; 

Leonard et al., 2000; Matsuhashi et al., 2001; Mahmut et al., 

2002; Skong et al., 2009). Thus, the large Asian mammals 

mentioned above and the red fox share a similar history of 

intercontinental migration and evolution in the Pleistocene.

Of the nine haplotypes from the 22 individuals using the 

338-bp Cyt b sequence, Hap_3 and Hap_4 were common 

in East Asia and South Korea (Table 2). This is consistent 

with a worldwide study; Hap_3 corresponds to the U haplo-

type and Hap_4 to the U4 haplotype, which are common in 

Europe and Asia (Aubry et al., 2009). In contrast, Hap_1, 

Hap_2, Hap_5, and Hap_6 may be local haplotypes distrib-

uted in East Asia, including South and North Korea, Japan 

(Honshu and Kyushu), and Russia (Table 2; Inoue et al., 

2007; Aubry et al., 2009). The haplotype network showed 

that the 22 East Asian red fox in this study belongs to the 

Eurasian region and few haplotypes were assigned to the 

North Pacific region (Fig. 2; Aubry et al., 2009). Before the 

Quaternary, there was gene flow in plants and animals 

between eastern Siberia and Alaska via the Bering land 

bridge (estimated before 20,000–10,000 years ago) 

(Kawamura, 2007; Elias and Crocker, 2008; Dixon, 2011). 

Consequently, the Alaskan red fox genotypes in East Asia 

are a signature of past gene flow via this land bridge. During 

the Pleistocene, red fox populations underwent migration or 

dispersal during the glacial and inter-glacial periods, which 

might have caused the present genetic admixture of widely 

distributed haplotypes and local haplotypes (Taberlet et al., 

1998; Hewitt, 1999; Inoue et al., 2007; Aubry et al., 2009). 

Thus, these results suggest that the East Asian red fox, 

including the South Korean, may have been divided into two 

or more genetic lineages. Consequently, multiple genetic 

lineages might attribute high genetic diversity in local wild 

population and the maintaining the certain level of genetic 

diversity in the restored population should be monitored.

The NJ tree of the East Asian individuals did not show 

a distinct geographic grouping (Fig. 1). In addition, AMOVA 

showed low genetic differentiation among the geographic 

groups, and the majority of total variation was within popu-

lations (Table 3). This unclear geographic structuring of at 

least two lineages in red fox is consistent with previous stud-

ies with the Hokkaido red fox (Inoue et al., 2007; Oishi et al., 

2011). A study of red fox in Japan using mtDNA Cyt b and 

D-loop revealed that two distinct lineages in Hokkaido 

(Inoue et al., 2007). However, these distinct two haplotypes 

did not show any geographical structuring in Hokkaido. This 

admixture in the Hokkaido red fox was also supported with 

the study using microsatellites (Oishi et al., 2011). A previ-

ous study on the gray wolf (Canis lupus: Canidae) reported 

similar results of admixture (Vila et al., 1999). Although the 

gray wolf is distributed widely in Eurasia and most of the 

haplotypes were restricted to local groups, there was no 

clear phylogeographic structure (Vila et al., 1999). These 

unclear geographic patterns might reflect the absence of 

significant population structure and the presence of active 

gene flow among red fox populations and among gray wolf 

populations (Inoue et al., 2007; Aubry et al., 2009; Oishi et 

al., 2011).

Canidae, such as the fox and wolf, are very mobile and 

highly adaptable to various habitats. Some behavioral stud-

ies have suggested that the red fox can disperse over long 

distances (Strom et al., 1976). For example, some red foxes 

on Hokkaido in Japan were reported to have dispersed more 

than 30 km (Uraguchi, 2008). Red foxes are also reported 

to move up to 100 km in Europe and over 300 km in North 

America, and the average movement distance is 2.8–43.5 km 

for males and 1.8–38.6 km for females (Trewhella et al., 

1988; Saunders et al., 1995). Movement exceeding 1000 km 

has been observed in the wolf (Fritts, 1983; Mech, 1987). 

Such behavioral characteristics of the red fox and gray wolf 

may cause the unclear phylogeographic genotype distribu-

tion (Vila et al., 1999; Inoue et al., 2007; Oishi et al., 2011). 

Compared to this unclear phylogeographic genetic structur-

ing, distinct genetic differentiation and a well-differentiated 

genetic structure have been found in the grizzly bear (Ursus 

arctos) and Asiatic black bear (Ursus thibetanus), although 

they also had gene flow between Eurasian and North 

American populations via the Bering land bridge (Kohn et 

al., 1995; Weiss and Ferrand, 2007). A smaller-scale analy-

sis of the Siberian chipmunk (Tamias sibiricus), an endan-

gered species in Korea, separated it into northern and 

southern populations within South Korea individuals (Lee et 

al., 2008). Bears and the Siberian chipmunk have small 

mobility, and thus a low rate of admixture between different 

populations, and consequently, clear genetic structuring pat-

terns (Leonard et al., 2000; Weiss and Ferrand, 2007; Lee 

et al., 2008; Ohnish et al., 2009). Therefore, the widespread 

admixture in red foxes and gray wolves is caused by high 

gene flow, which might be explained by the behavioral and 

ecological characteristics of Canidae, including their high 

mobility (Frati et al., 1998; Vila et al., 1999; Aubry et al., 

2009).

In an Asiatic black bear restoration project in Korea, 

individuals from closely related populations were introduced 
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to prevent inbreeding and extinction, although a few isolated 

wild individuals remain (Han, 2006). In contrast, for the red 

fox in Korea, there is no pure breed for propagation. Conse-

quently, the introduction of individuals from genetically and 

geographically close northeastern populations such as 

North Korea, China and Russia are the best alternative 

(Kleiman, 1989; Sawyer, 2008). However, although two 

genetically identical North Korean individuals in this study 

are insufficient to elucidate general genetic characteristics of 

North Korean red fox populations, three South Korean indi-

viduals (KW2, KW3, and KW5 with Hap_4, Hap_5 and 

Hap_6, respectively) were collected from near the border 

from North Korea so that the high genetic diversity in current 

North Korean population were also expected. Thus, the fur-

ther studies with more intensive sampling from diverse geo-

graphic regions of North Korea, China, and Russia will be 

needed to select individuals for introduction.

Additionally, genetic markers of highly variable and bi-

parental inheritance are needed, such as microsatellites for 

characterizing each individuals and family histories. Also, 

introduction should be preceded by ecological studies, 

including studies of the potential of introduced individuals to 

spread disease, the distribution of rodents as a food source 

for red fox, the potential effect of red fox on competitors, 

such as the leopard cat, raccoon dog, and raptors, and the 

identification of suitable habitats (Snyder et al., 1996; 

Beissinger and Westphal, 1998; Sawyer, 2008). Recent 

habitat fragmentation in South Korea will limit animal mobil-

ity and consequently decrease gene flow between popula-

tions. Inbreeding in the local population will pose a serious 

risk to the survival of the population because of low genetic 

diversity. For example, the Florida panther population 

declined sharply in the 1990s, leading to increased inbreed-

ing and the risk of extinction from disease caused by the 

decreased genetic diversity and offspring sex ratio imbal-

ance (Sawyer, 2008). Consequently, long-term provision for 

gene flow is needed and artificial outbreeding may be

required in some cases, especially for endangered animals 

with high mobility (Hedrick and Fredrickson, 2008). Lastly, 

sustainable management and monitoring should be carried 

out continuously to ensure the persistent and stable settle-

ment, breeding of introduced individuals and the level of 

genetic diversity.
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