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ABSTRACT

Thirty one morphometric characters of striped field mice (Apodemus agrarius) from
eight localities in Korea were analyzed by multivariate methods in order to confirm
taxonomic status of specimens from Wando island. Two subgroups were recognized: a
small-size form from six localities (Mt. Taebaek, Mt. Weolak, Cheongju, Mt. Chiri,
Kunsan, and Jin island) and a large-size form from Wando island and Cheju island. It is
confirmed that the small-size form from six localities is A. a. coreae, as described by
Thomas (1908), and that the large-size form from Cheju island is A. a. chejuensis, as
named by Johnson and Jones (1955). Furthermore, it is confirmed that large-size
specimens from Wando island is subspecies A. a. chejuensis, as suggested by Koh
(1989). In future, analyses with specimens from islands in southern coasts are

necessary to clarify the taxonomic status of Apodemus agrarius in Korea.
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INTRODUCTION

Striped field mice, Apodemus agrarius Pallas 1771, inhabit from western Germany to Korea, and
most of subspecies were designated on the basis of slight differences in pelage colour and/or body
size (Corbet, 1978).

Thomas (1908) described striped field mice from the Korean peninsula as A. agrarius coreae (type
locality; Munkyong). Johnson and Jones (1955) recognized four subspecies of A. agrarius from
Korea: A. a. manchuricus in the extreme northern part; A. a. coreae throughout the major portion
of the peninsula; A. a. pallescens (type locality; Kunsan) in the coastal lowlands of southern and

southwestern Korea; and A. a. chejuensis on Cheju island (type locality; Mosulpo). They also noted
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that A. a. pallescens is slightly larger in morphometric characters than A. a. coreae and that A. a.
chejuensis is the largest subspecies.

The methods of numerical taxonomy based on equal weighting and overall similarity seemed to
have potential for the resolution of taxonomic problems at the infraspecific level (Flake and Turner,
1968). In morphometric analyses with specimens of three subspecies of A. agrarius from ten
localities of Korea, it was revealed that A. a. pallescens is a synonym of A. a. coreae (small-size
form) and that A. a. chejuensis is distinctly large {(Koh, 1986). In the analyses with specimens of two
subspecies of A. agrarius from 17 localities of southwestern coasts, three specimens from Wando
island formed a large-size subgroup with the specimens from Cheju island (Koh, 1989).

In this paper, 25 specimens of Wando island were analyzed for the morphometric comparison
with the specimens of two subspecies of A. agraius (subspecies coreae and chejuensis) from Korea in
order to clarify the taxonomic status of Wando island specimens.

MATERIALS AND METHODS

Sexual variation was not significant, but age variation was evident in Apodemus agrarius (Koh,
1983). Juveniles, subadults, and old adults were not used, and 275 specimens of young and middle-
aged adults from eight localities in Korea, representing two subspecies (coreae and chejuensis), were
analyzed (Table 1 and Fig. 1).

Four external and 27 cranial characters were measured {for details see Koh, 1983). Sample
statistics such as mean were calculated by subprogram DESCRIPTIVE of SPSS/pc+ program:
discriminant analysis was also performed by subprogram DISCRIMINANT. Principal component
analysis and cluster analysis were carried out using subprogram EIGEN and SAHN of NYSYS/pc
program, respectively: minimum spanning tree was also produced by subprogram MST.

Table 1. Specimens of striped field mice, Apodemus agrarius from eight localities in Korea

Subspecies name Locality No. of specimens OTU

A.a.chejuensis Mt. Hanla, Cheju island 47 1
Wando island, Cheonlanam-Do 25 2

A.a.coreae Jindo island, Cheonlanam-Do 20 3
Kunsan, Cheonlabuk-Do 28 4
Mt. Chiri, Cheonlanam-Do 21 5
Cheongju, Chungchongbuk-Do 85 6
Mt. Weolak, Chungchongbuk-Do 35 7
Mt. Taebaek, Kangwon-Do 14 8

Total 275
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Fig. 1. A map showing eight OTUs of specimens in Apodemus agrarius from Korea. The subspecies name and

nurmnber of specimens in each OTU are given in Table 1.

RESULTS

Two dimensional plottings from discriminant analysis with eight OTUs in Apodemus agrarius are
shown in Fig. 2 (numerals indicate centroids of OTUs and minimum spanning tree is superimposed
on the plots). Functions I, II, and Il represented 53.5, 17.3, and 10.7 percent of the variance,
resepctively (81.5 percent in total). Two subgroups were revealed: large-size form (OTUs 1 and 2)
and small-size form (OTUs 3, 4, 5, 6, 7, and 8).

Two dimensional configurations of eight OTUs of A. agrarius by principal component analysis are
shown in Fig. 3 (minimum spanning tree is superimposed on the plots). Factors I, I, and Il
represented 78.6, 8.4, and 5.0 percent of the variance, respectively (90 percent in total). Two
subgroups were recognized, as revealed by discriminant analysis mentioned above. Eight OTU’s were
also grouped by cluster analysis of average linkage with taxonomic distances, as shown in Fig. 4. Two
subgroups mentioned above were also revealed.

In summary, two subgroups were recognized: a large-size form from two localites of Cheju island
and Wando island and a small-size form from six localities of Jindo island, Kunsan, Mt. Chiri,
Cheongju, Mt. Weolak, and Mt. Taebaek. The large-size form and the small-size form are A. a.
chejuensis and A. a. coreae, respectively.

DISCUSSION

Sneath and Sokal {1973) stated that there are no satisfatory methods for telling whether clustering
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Fig. 2. Plottings of eight OTUs in two ;ubspecies of Apodemus agrarius in Korea by discriminant analysis.
Numerals indicate the group centroid and minimum spanning tree is superimposed on the plots. A, OTUs

ordinated with functions I vs. function II. B, OTUs ordinated with function I vs. function Ill. The subspecis name

and locality of each OTU are given in Table 1.

or ordination is appropriate. In this paper based on discriminant analysis (Fig. 2), principal
component analysis (Fig. 3), and average linkage cluster analysis (Fig. 4) with morphometric
characters, two subgroups were recognized: large-size form (OTUs 1 and 2) and small-size form
(OTUs 3, 4, 5, 6, 7, and 8).

Jones and Johnson (1965) reported four subspecies of Apodemus agrarius: manchuricus in the
extreme northern part, pallescens in the coastal lowlands of southern and southwestern Korea,
coreae throughout the major portion of the peninsula, and chejuensis in Cheju island. Koh (1986)
performed morphometric analysis with specimens of A. agrarius from ten localities in Korea,
including eight specimens from Kunsan and four specimens from Mokpo [subspecies pallescens by
Jones and Johnson (1965)], and concluded that subspecies pallescens is the synonym of subspecies
coreae.

Furthermore, in morphometric analysis with specimens of A. agrarius from 12 localites in Korea,
including eight specimens from Kunsan, 18 specimens from Jin island, and three specimens from
Wando island, Koh (1989) found that Kunsan and Jin island specimens formed a small-size form with
other specimens of A. a. coreae and that Wando island specimens formed a large-size form with
specimens from Cheju island. It was confirmed that subspecies pallescens is the synonym of
subspecies coreae and it was suggested that Wando island specimens are subspecies chejuensis.

Jones and Johnson (1965) noted that A. agrarius chejuensis is larger, both externally and
cranially, than any other described subspecies of A. agrarius and is easily distinguished from the
other known subspecies, although Corbet (1978) stated that the insular form from Cheju island is
rather large but is not very distinctive. Koh (1991) and Koh et al. (1997) concluded in morphometric
analyses with seven subspecies from Asia that subspecies chejuensis is the largest-size form, as noted
by Jones and Johnson (1965).

Mayr and Ashlock (1991) suggested that a classification should be the product of all available
characters distributed as widely and evenly as possible over the organisms analyzed. Koh (1982,
1987, 1989) reported that the karyotype of A. agrarius coreae, including Wando island specimens,
and A. a. chejuensis are the same. However, Koh and Yoo (1992) found in their analysis of mtDNA
restriction fragments that Wando island specimens are distinct from specimens of Cheongju and
Haenam.
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Fig. 3. Projections of eight OTUs in two subspecies of Apodemus agrarius in Korea by principal component
analysis. Numerals indicate OTUs and minimum spanning tree is superimposed on the plots. A, OTUs ordinated
with factor I vs. factor II. B, OTUs ordinated with factor I vs. factor Ill. The subspecis name and locality of each
OTU are given in Table 1.
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Fig. 4. Grouping of eight OTUs in two subspecies of Apodemus agrarius from Korea by cluster analysis of average

linkage with taxonomic distances (TD). The subspecies name and locality of each OTU are given in Table 1.

In this paper (Figs. 2, 3, and 4) with A. agrarius from eight localities in Korea, including 28
specimens from Kunsan, 20 specimens from Jin island, and 25 specimens from Wando island, two
subgroups were revealed: a large-size form from Cheju island and Wando island and a small-size form
from Jin island, Kunsan, Mt. Chiri, Cheongju, Mt. Weolak, and Mt. Taebaek [Kunsan, Jin island, and
Wando island are located within the distribution range of the subspecies pallescens by Jones and
Johnson (1965)]. It is concluded that the small-size form from six localities is A. a. coreae, as
described by Thomas (1908}, and that the large-size form from Cheju island is A. a. chejuensis, as
named by Johnson and Jones (1955). Moreover, in this paper (Figs. 2, 3, and 4) it is confirmed that
large-size specimens from Wando island is A. a. chejuensis, as suggested by Koh {1989). Continental
islands have faunas very similar to those on the mainland, but species composition in some islands
may be explained by an equilibrium resulting from a balance of immigration by extinction {(Gorman,
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1979). Wando island is one of continental islands, and it was supposed that small-size population of
striped field mice were extinct and replaced by large-size population of striped field mice immigrated
from Cheju island by humans. Geographically isolated populations may be either species or
subspecies (Wiley, 1982), and it is preferable for various reasons to treat allopatric populations of
doubtful rank as subspecies (Mayr and Ashlock, 1991).

In future, further analyses with specimens from islands in southern coasts are needed to clarify the

classification of A. agrarius in Korea.
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