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Abstract: This study compare the external morphological characteristics of Korean roe deer inhabit the inland
and Jeju island areas and to clarify the morphological differences by the two groups. Also, total of 40 roe deer
bodies were collected from road-kill, poaching and injured survey from December 2004 to Tune 2009. The result
showed that there were significant differences between Inland and Teju roe deer. Teju roe deer was relatively
smaller than Inland roe deer in body mass. Thus, it appeared to be a unique native species inhabited only in
Teju island in Korea. Because Jeju roe deer that inhabit the island region could be classified as a subspecies
level when at least have geographically isolated for a long time and have represented significant external
morphology. Therefore, Siberian roe deer in Jeju give a scientific name to Capreolus pygargus fefuensis. Also,
body mass, hind foot length, ear length and width in morphometric analysis were identified as efficient
characteristics for differentiating ITnland from Jeju roe deer.
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INTRODUCTION

Roe deer are the most numerous wild ungulate
species 1n Eurasia. The genus Capreolus presently
mncludes two extant species. Roe deer have been classified
to the smaller European roe deer (Capreolus capreolus)
and larger Siberian roe deer (Capreolus pygargus).
Among them, the Buropean roe deer 1s widely distributed
in Burope and Asia Minor (Danilkin and Hewison, 1996).

According to mitochondrial DNA sequences and the
fossil record, the Buropean roe deer and Siberian roe were
subsequently 1solated from the Pleistocene and 2-3 million
years are known to evolve independently of each other
(Danilkin and Hewison, 1996; Randi et al., 1998). Until
now, the classification system of deer was composed
most based on the external form, antler size and skull
measurements in which each taxonomists show different
view of categories (Bubenik and Bubenik, 1990).

Stll taxonomic status of Siberian roe deer 1s unclear.
Sokolov and Gromov (1990) analyzed the external
morphology and classified the European roe as a single
subspecies while Siberian deer consists of three
subspecies (C.p. manchuricus, C.p. pvgargus and C.p.
tianschanicus). In addition, Wilson and Reeder (1993)
classified 8 subspecies (C.p. bedfordi, C.p. caucasia,
C.p. ferghanicus, C.p. manchuricus, C.p. melanotis, C.p.

ochracea, C.p. pygargus and C.p. tianschanicus) and
studies on the taxonomic position of Siberian roe deer
compared to the European roe deer are very incomplete
and status 18 not yet clearly established.

The taxonomic status of Siberian roe deer mhabit
Korea and China especially m the Northeast and the
neighboring Russian region is not clearly established
{(Thomas, 1908; Barclay, 1933, Tate, 1947; Kohetal., 1997,
Koh and Randi, 2001). Also present studies on the
taxonomic position of roe deer inhabit Korean Peninsula
was not yet done. Furthermore, comparison analysis of
external morphological characteristics between the groups
of roe deer habitat on the pemnsula that 15 known of the
morphological differences between the inland and deer
inhabit the Jeju 1sland region 1s still rarely.

The aims of this study are to compare the external
morphological characteristics of Korean roe deer mnhabit
the inland and Jeju island areas and to clarify the
morphological differences and taxonomic characteristics
between the two groups.

MATERIALS AND METHODS

Total of 40 roe deer bodies were collected from
road-kill survey from December 2004 to June 2009,
poaching injured roe deer m Wildlife Medical Rescue
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Table 1: Information of Siberian roe deer sample using in this study

Sample identity  Gender Sampling site Years Sample identity Gender Sampling site Years
IRO1 Male Inje 200604 JR04 Male Jeju 200701
IRO2 Male Inje 200610 JRO5 Male Jeju 200701
IRO3 Male Inje 200610 JRO6 Male Jeju 200701
TR Male Gurye 200611 JRO7 Male Jeju 200803
TROS Male Yanggu 200612 JRO8 Male Jeju 200803
TRO6G Male Yanggu 200612 JRO9 Male Jeju 200803
TRO7 Male Hongcheon 200705 JR10 Male Jeju 200803
TROB Male Sancheong 200712 JR11 Male Jeju 200803
TROZ Male Chuncheon 200802 JR12 Male Jeju 200902
IR10 Male Sancheong 200802 JR13 Female Jeju 200701
IR11 Female Inje 200702 JR14 Female Jeju 200701
IR12 Female Inje 200703 JR15 Female Jeju 200701
IR13 Female Inje 200702 JR16 Female Jeju 200803
IR14 Female Inje 200703 JR17 Female Jeju 200803
IR15 Femnale Yanggu 200701 JR18 Femnale Jeju 200803
IR16 Female Yanggu 200701 JR19 Female Jeju 200901
TR17 Fernale Sancheong 200711 JR20 Fernale Jeju 200901
JRO1 Male Jeju 200701 JR21 Fernale Jeju 200901
JRO2 Male Jeju 200701 JR22 Fernale Jeju 200901
JRO3 Male Jeju 200701 JR23 Female Jeju 200901

IR: Inland Roe deer, JR: Jeju island roe deer

Fig. 1: Body dimension of roe deer showing (1) sex; (2)
body mass; (3) total length (4) height at shoulder;
(5) body guth;, (6) body length; (7) front foot
length; (8) hind foot length; (9) ear length and
width; (10) neck girth (Damlkin and Hewisor, 1996)

Center of Kangwon National University and collection
of Zoology and morphology laboratory of Jeju National
University. External morphological characteristics were
measured and compared between roe deer inhabit the
mnland areas and the Jeju island (Table 1).

Morphological measurement and analysis: Danilkin and
Hewison (1996) was used as a reference to measure the
following morphological characters: sex, body mass, total
length, height at shoulder, body girth, body length, front
foot length, hind foot length, ear length and width and

neck girth (Fig. 1). All measurements were performed two
time by using a measuring tape accurate to 1 cm. In
addition, the juvenile male were separated based on the
development of posterior upper Molars (M3) and wear the
teeth, the antler of shape and size and were excluded from
measurement and analysis (Geist, 1998; Sheremetyeva and
Sheremetyev, 2008).

Morphometric analysis: The statistical total length of the
body parameters were equalized by standardizing the
original data with subtracting the mean and dividing by
the standard deviation before analysis. The standardized
values (characters) lay within the range of 0-1 whatever
theirr original scope. All statistical procedures were
performed using the SPSS 12.0 program for Windows
(SPSS Inc., USA).

RESULTS AND DISCUSSION

Morphological comparison between male and female of
Siberian Roe deer in South Korea: Morphological
comparison and analysis of Siberian roe deer between
male and female in inland and Teju island using ten
characters showed a significant difference in body length
only (Table 2). The body length was sigmficant difference
between male and female roe deer in mland and Jeju
island. The result showed that Inland roe deer of male
531453 cm is bigger than female 48.320.8 cm (t-test,
F = 57, p<0.05) while Teju island roe deer of male
49.6+57 cm is smaller than female 554422 cm (t-test,
F=73,p<0.05).

Morphological comparison between mainland and Jeju
island of roe deer in South Korea: The results showed
significant differences of morphological characters
between inland and Jeju 1sland roe deer except for body
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Table 2: Body characteristics of Siberian roe deer in mainland and Jeju island

Mainland roe deer

Jeju roe deer

95% confidence
interval for mean

95% confidence
interval for mean

N Mean+=SD Lower Upper Min. Max. N Mean=SD Lower Upper  Min. Max.
Body mass (kg)
Male 10 32.0+£23 30.1 33.9 29 35 12 16.4+£2.7 14.8 18.0 10 22
Female 7 309423 28.8 33.0 28 34 11 18.0+2.2 16.2 19.8 15 21
Total 17 31.5+2.3 30.2 327 28 35 23 17.0£2.6 15.8 18.2 10 22
Total length (cm)
Male 10 109.0+9.1 101.4 116.6 91 119 12 05.4+5.5 92.2 98.5 8 103
Female 7 114.1+4.6 109.9 1184 105 118 11 98.6+6.0 93.6 103.6 89 108
Total 17 111.4+7.6 107.2 115.6 91 119 23 96.5+5.8 94.0 99.1 8 108
Height at shoulder (cm)
Male 10 67.8+5.1 63.4 72.1 60 77 12 57.0+4.2 54.6 59.4 50 64
Female 7 64.4+1.4 63.1 65.7 62 66 11 58.5+4.8 54.5 62.5 51 66
Total 17 66.2+4.1 63.9 68.5 60 77 23 57.5+4.3 55.6 59.5 50 66
Body girth (cm)
Male 10 70.5£1.8 69.0 72.0 67 72 12 60.9+5.4 577 64.0 50 72
Female 7 71.9£2.9 69.2 74.5 68 75 11 60.8+3.7 57.6 63.9 56 67
Total 17 71.1+2.4 69.8 72.5 67 75 23 60.8+4.8 58.7 62.9 50 72
Body length* (cm)
Male 10 53.1£5.3 48.7 57.6 48 59 12 49.6+£5.7 46.3 52.9 41 58
Female 7 48.3+0.8 47.6 49.0 48 50 11 55.4+2.2 53.5 57.2 52 58
Total 17 50.9+4.5 48.4 53.4 48 59 23 51.7+5.5 49.3 54.1 41 58
Front foot length (cm)
Male 10 28.6+1.1 27.7 29.5 27 30 12 22.7+1.2 22.0 234 20 24
Female 7 28.0+0.0 28.0 28.0 28 28 11 23.6+1.2 22.6 24.6 21 25
Total 17 28.3£0.8 27.9 28.8 27 30 23 23.0+1.3 22.5 23.6 20 25
Hind foot length (cm)
Male 10 35.9£1.5 34.7 37.1 34 38 12 28.4+1.5 27.5 29.3 26 30
Female 7 36.0+0.0 36.0 36.0 36 36 11 29.4+1.1 28.5 30.3 28 3
Total 17 35.9+1.0 354 36.5 34 38 23 28.7+1.5 28.1 29.4 26 3
Ear length (cm)
Male 10 13.3:0.9 12.5 14.0 12 14 12 9.4+0.6 9.0 9.7 8 10
Female 7 13.9+0.4 13.5 14.2 13 14 11 9.3+0.5 8.9 9.6 9 10
Total 17 13.5+0.7 13.1 13.9 12 14 23 9.3:0.6 9.1 9.6 8 10
Ear width (cm)
Male 10 7.0+0.0 7.0 7.0 7 7 12 4.9+0.3 4.8 5.1 4 5
Female 7 7.0+0.0 7.0 7.0 7 7 11 4.9+0.4 4.6 5.2 4 5
Total 17 7.0£0.0 7.0 7.0 7 7 23 4.9£0.3 4.8 5.0 4 5
Neck length (cm)
Male 10 31.0+4.1 27.6 34.4 27 38 12 29.9+4.5 27.3 32.6 24 40
Female 7 35.3+£3.7 31.9 38.7 30 38 11 26.9+2.3 25.0 28.8 24 30
Total 17 33.0+4.4 30.6 354 27 38 23 28.8+4.1 27.0 30.6 24 40

*: p<0.05; 8D: Standard Deviation

length (t-test, F = 0.3, p>0.05) (Table 3). Teju island roe
deer was relatively smaller than Inland roe deer m body
mass.

Morphometric comparison between inland and Jeju
island of roe deer in South Korea: Morphometric analysis
showed that body mass (one-way ANOVA, F = 2.0,
p<0.01), hind foot length (one-way ANOVA, F=48,
p<0.01), ear length (one-way ANOVA,F = 0.001, p<0.01)
and width (one-way ANOVA, F = 0.1, p<0.01) were
significant differences between mland and Jeju island
populations. Honestly significant difference of Tukey
analysis showed the same result.

As a result of CANDISC analysis, the umque value
of 10 characters used in this study were 80.340, 3.371.
Four characters such as weight, foot length, ear length
and width were identified as efficient characteristics for

differentiating inland from Jeju roe deer population. In
additior, a difference scatter between the two groups in
the scatterplot showed there s a sigmficant difference of
morphology between the two groups (Fig. 2).

In a study on external morphology of the Siberian roe
deer, male were reported to be greater than female
(Danilkin and Hewison, 1996). However, since all the
analyzed characters appears to be no significant
difference between male and female, 1t 1s considered no
morphological differences between sexes of roe deer
inhabit the Korean peninsula. Because the status of the
teeth and horms were determined using the measurement
of adults over 2 years only if no significant morphological
difference of male and female between the ages of objects.

Morphology of roe deer vary depending on several
factors such as the age of deer (Hewison et al., 1996),
qualitative differences m food resources and habitat
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Table 3: Body characteristics of Siberian roe deer in mainland and Jeju island

95% confidence
interval for mean

Body characteristics Areas N Mean SD Lower Upper Min. Max.
Body mass** (kg) Mainland 17 31.5 2.3 30.2 327 28 35
Jeju 23 17.0 2.6 15.8 18.2 10 22
Total length** (cm) mainland 17 111.4 7.6 107.2 115.6 91 119
Jeju 23 96.5 5.8 94.0 99.1 86 108
Height at shoulder** (cm) Mainland 17 66.2 4.1 63.9 68.5 60 77
Jeju 23 57.5 4.3 55.6 59.5 50 66
Body girtth** (cm) Mainland 17 71.1 24 69.8 72.5 67 75
Jeju 23 60.8 4.8 58.7 62.9 50 72
Body length (cm) Mainland 17 50.9 4.5 48.4 53.4 48 59
Jeju 23 51.7 5.5 49.3 54.1 41 58
Front foot length** (cm) Mainland 17 283 0.8 27.9 28.8 27 30
Jeju 23 23.0 1.3 22.5 23.6 20 25
Hind foot length** (cm) Mainland 17 359 1.0 354 36.5 34 38
Jeju 23 28.7 1.5 281 29.4 26 31
Ear length** {(cm) Mainland 17 13.5 0.7 13.1 13.9 12 14
Jeju 23 93 0.6 9.1 9.6 8 10
Ear width*#* (cm) Mainland 17 7.0 0.0 7.0 7.0 7 7
Jeju 23 4.9 0.3 4.8 5.0 4 5
Neck length®* (crm) Mainland 17 33.0 4.4 30.6 354 27 38
Jeju 23 28.8 4.1 27.0 30.6 24 40

#:p<0.05, #*: p<0.01; SD: Standard Deviation
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Fig. 2: Plots against the first and the second canonical
varieties for body samples of Siberian roe deers in
South Korea

(Danilkin and Hewison, 1996), climate and form of density
dependent habitat changes (Festa-Bianchet er al., 1998,
Toigo et al, 2006, Klein and Strandgaard, 2008).
Especially, the adult body size could determine how long
the high quality food 1s supplied during growth.
Therefore, if populations in limited areas such as islands
increase, the smaller body size is known due to reduced
food resources resulting in excessive competition
(Putman, 1996; Lomolino and Perault, 2007). Compared to
deer inhabit the inland areas, the deer inhabit the Jeju
1sland region 1s morphologically indersized as a result of

long adaptation on format changes in the density
dependent habitat and in a limited area such as island with
special environment (Kang et al., 2007; Koh and Randi,
2001; Xiao et al, 2007). In the evolutionary ecological
perspective, the species is classified if its genetically
1solated and there are differences m morphological
characteristics to the adjacent communities and the object
with separate geographical distribution should be
classified as species (Mayr, 1970, Haffer, 1986). Thus, it
appeared to be a unique native species inhabited only in
Teju island in Korea. Siberian roe deer in Jeju island
probably has been geologically separated from Inland
Siberian roe deer in the peninsula and became
sigmificantly different n body mass.

CONCLUSION

In this study, the roe deer that inhabit the island
region could be classified as a subspecies level when at
least have geographically isolated for a long time and
have represented sigmificant external morphology.
Therefore, Siberian roe deer in Jeju give a scientific name
to Capreolus pygargus fefuensis. To clarify the key
characteristics of weight, foot length, ear length and width
characteristics confirmed by morphometric analysis are
thought to be very useful traits to the two groups.
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