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Analysis of Home Range Change of Female Goral (Naemorhedus caudatus) during the Period

of Birth and Management Plan for their Protection in the Natural Habitat in Korea"
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ABSTRACT

To analyze the behavioral characteristics of Korea endangered species female gorals (n=6) during the period
of birth, using GPS collar attached on their necks, we carried out this study in two areas (Seoraksan and
Woraksan National park) from March 2007 to May 2014. According to our analysis there was a change in their
home range during the period of birth. The home range of females (n=6) in MCP 95% was Spring (1.00+1.00km)
> Autumn (0.66+0.30km’ ) > Summer (0.61+0.40km’) > Winter (0.50+0.10kn’) (F=4.198, p<0.05). In the monthly
analysis, their home ranges were dramatically reduced in May, June and July. It showed a statistically significant
difference (F=24.261, p<0.01). These gorals showing a drastic change in home ranges were identified as gorals
having offspring individual and their home ranges were decreased. The average altitude was 615.77+173.508m
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and there was no significant difference in major change between parous and nonparous female gorals. Through

this analysis, we expect that it can be applied to the goral management and restoration project considering the

time of birth.

KEY WORDS: MONTHLY, PERIOD OF BIRTH, HOME RANGE, ALTITUDE

M2

A NA A% Naemorhedus caudatus, N. baileyi, N.
griseus, N. goral 4719 £ & E& 3 9] 0 m(Wilson
and Reeder, 2005), 3t=1 4FeFo] ¢ HHE MAlEs A
She 4(HoML, vl RAA T, B, A4S A
ofspats 23mo] AR Furo] A glel, 217ke] ¢19)H
ol =go] & AF Ixuu) soz Qs HEE §)7]9
A8 1= AFsholth(Yang, 2002). AlAA¢l H A 9 (IUCN),
THESYI(SSO) = AFY £ o9 dais FA8
ol S5+ 19 Vulnerable(FoP)F o2 SA519 1, CITES
o A= Appendices(F&A) 1o TABIE L, &g uet
AAE BEH7IMFTE 15(19824) 2 HA7IE&E 217
3(19684)2 XAt} B33 9rtH(Cho et al., 2014).

WO a 4S BA, FAT /15He 4 el
ofF AAA 3] 9 D] 7 AN GBS

THIUCN, 2014; = A &4 NIBR, 2012). E&917]&
ol st AbOF(Naemorhedus caudatus)®] A A A= 7|44
B Abg A doln, Agdolls FAE tha B2 4FIA Y
o7 olFstil, F AAAE HUA U=th(Won, 1967,
Yoon et al., 2004). Ao ZHE L aIHOZ o
S e wAA 9 A7 FAE A GolA A sk,
AAZ|THE oF 210U AFo|m EAF Al7]= 5~THH o=
198 & &AMt (Mead, 1989; Mishra and Johnsingh,
1996; Nowak, 1999; Yang, 2002; Cho, 2013).

A Sl = dotit, efAl, &ejAat oA A
YAt o] AF Foll 9lar dotitell 65704, 2 thAte] 457)
A, Eejatoll 47fA7F A Ash, Wl EhE Akl AE S HY
2 g A=gR AgEe BUHYS SHsn gt
(KNPS, 2016). 097 #15] AF5e ARl 27 2
Fu4 59 77} ublojop bzt o) flsiAl: A
E3), HAA $57, 24§87, 97 39 So] Faw A
olth. wheba] gt Aoko] HE o} HAS 93 Akl %
H, AR o], Ao, s 22 7= AH ¢

A

YA AF7F AlEofoF SHARE, op Aol A At
g op e = A, FFol B A= WS ofHe

Qojct. 2|79 B AL WA7]e] YEEH (Lovari and
Apollonio, 1994; Myslenkov and Voloshina, 1998)%59¢] <1
TFEAAL, HZF ol AFE & FAFA e A A
AR oz wo| T8% 1 9)on(Whitaker e al., 2005),
Wol A= AbeFe] 554 2 A4 £4(Choi and Park
2005; Park 2011; Cho ef al., 2015B), €At = 3H =
Q) HHAREL QAR S| WEE4(Cho er al, 2014), BES)
7] gharabore] 1= % EA(Cho er al., 2015A)50]
e uh ik AL B4 ATL Yang2002)9] AT
7k stel A7lE R ofulg wreei

[
T

T A5,
upeh 2
SEEe

e

W A A o

128° 15’ 56"~ 128° 35’ 53", &9] 38° 00
06"~ 38° 16’ 12”98t Q. 2H AL 398237kl 2
YT FUE S2A, FFE, AADE, LT T 40
Aol AA glom, A 5(1,708m)S FH o= 7|5
A& B ntep LREHT o]F A A Y AA-S
AR AU FEro] 42.13%0|1, 11 th5o & A4y
Hnido] 3557% 408 Ex39 thKNPS, 2011). Yot
ALS =7 128° 017 35.3"~ 128° 19’ 04.3", B9 36° 58
243"~ 36° 47" 33.6"Ao]o] A5}, =o] 1,097mE &
SFA P EHI A Sk Ao YA SHEFY
o7 AR 287.571krEA 27 & 471 Al 97 SH
244 ol AtolH, & 1,007me FEo] Higo|tt
(KNPS, 2011)(Figure 1).
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#H 3 2 (Eye compass, Silva Inc. Sweden)E o]-&3}o] 67

s Mua® el e e =
CHINA = J Aol Weks sk, AAY YHAE EelEih HAY
! e p

(GPS collar)E Z-Foll F2H 49, TA71 9 FAZ A5
5%s 9ol Y s=9 deol ¥¥s = ¢ A= A2
ool w2t 285g~500g9] HAl7IE ARE-8E(0.9~1.0%), A
710 et AR7S 24385}l th(Aldridge and Brigham,
1988). GPS Collar’= 3} 20| 4~63](4h/Iday, 6h/1day) A
e s A5

w
AI

x
0E
i3

El 01 E1 B2 Aok WAF Al 235 GPS Collarg 3|4
o, PFH FAo] Bagh AL Ha
A&7} 2 238kd|(Worton, 1989), 2 ol 79|

AbE 671A1 9] 914 FE= F 9,58971 STt

R 7§48 Minimum Convex Polygon (MCP)

WS AR-3HS L(Mohr, 1947), DOP (Dilution of Precision)

jo]E] & £ 45}9)th(Licoppe and Lievens, 2001).

Psd 4 MCP 95% 7o E4A1719 dsdS 4

3 AdE P2 =Y AdE EYE 50/~

5/31), o} E(6/1~8/31), 7}&(9/1~11/31), A-&(12/1~2/29)

Figure 1. 2 study areas in Korea (Soeraksan and Woraksan & Esto] EAskth AMEE T2 Arc GIS 9.3.1

National Park)
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(ESRI inc., USA)¥} Extension Program % Home Range

Tools 95 Ah&stglon], EA| 2| A A SPst= 4

ShAL, WLAF YT 1: 25000 HH A Ao T2

He AHgste] AL, 7Hiﬂ7} AAZE EHMCP
A

A 95%)0] W oFAF = EIO]Ei AZL 919 ttest?} one-way
2 ANOVA #%4¢& AAshor
S
3}
-

W%— 342} Yagi QHH|Ur(3-Element Yagi, ATS Inc. USA), 1 HER HM
- OO0 L= T
ekl B2k 5 QAT S4l0] TPee g SAlE L
(Roof mounted antennas, Omni-directional whip antenna), 20064 1195 20144 59 71A] AFkn=6)2] 7+ 747
Table 1. Radio telemetry Gorals in Korea
NO Individual Sex Age Weight (kg) Observation period (month) Transmitter Location
1 F-1 F 3-4 21 2010. 05 - 2011. 09 (17) GPS collar (3300s) Seoraksan
2 F-2 F 5-6 37.5 2006. 11 - 2007. 11 (13) GPS collar (3300s) Woraksan
3 F-3 F 5-7 37 2007. 03 - 2009. 03 (25) GPS collar (3300s) Woraksan
4 F-4 F 2-4 16 2009. 12 - 2011. 10 (23) GPS collar (3300s) Woraksan
5 F-5 F 3-5 25 2010. 01 - 2012. 12 (36) GPS collar (3300s) Woraksan
6 F-6 F 4-5 29 2012. 01 - 2013. 01 (13) GPS collar (3300s drop off) Woraksan

F: Female, speculated ages by rings of horn
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A7t HEA 7S BAF A3, MCP 95%0] A

1.1320.59kni(t=4.652, p<0.01)2 v }Eldch(Figure 2).
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Figure 2. Home range size and habitat use of female

korea gorals (n=6)
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Figure 3. Seasonal home range analysis of all female

gorals (n=6)
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Figure 4. Seasonal home range analysis of each female
gorals (n=6)

0.50+0.10kr9] 402 Ueea FAHOR §oJ3t Mo 2
2 ¥ THF=4.198, p<0.05)(Figure 3, 4)

ARFo] AR WEA % o] YEUo| 1.00:1.00kr
(MCP 95%)0 4 714 2 B5AS ey, AL 3%
Aol 0.50+0.10kr(MCP 95%)2 U eyt wheba] ARok(Y
29 AR AL Bol g 23 Ago] A AL

PE AL 2ol

3. 22 dSA I SN HSH 24
AR FEUL 7MA T oA Fo] HolEE A7)

= A&Aol vt 4, 590 AAv 54U} 6Yol 1447

HopA e AeE Hole 540l e of T thA] 84RH

109 FFAo| S/

AR Qalo] Bl B4 ggron
£7(Figure 5)H 7 LA % 3

2 AL B4 AAZ elo] Hoint
A AAL M2 ARET A HeE Yol
HolAA Qerom 24k 4719l 5Ut 6do] FA% BEA
o AobAm eH 10974 34T BEAY WS
HolA] ghoreh. st AA A FAL A1, 2, 39)
guth Yolom ALBL AL wEA AR B2

Table 2. Monthly home range sizes of six gorals with GPS collar in Korea (km?)

Individuals Observation period Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
F-1 2010. 05. - 2011. 09. 0.28 038 035 026 081 0.18 037 033 034 073 0.18 025
F-2 2006. 11. - 2007. 11.  0.18 026 024 019 030 039 012 045 0.16 049 024 051
F-3 2007. 03. - 2009. 03. 044 054 085 1.00 098 1.08 094 1.14 057 083 0.75 0.68
F-4 2009. 12. - 2011. 10. 029 028 029 046 044 031 037 044 052 044 033 037
F-5 2010. 01. - 2012. 12. 034 026 029 052 045 036 024 024 021 028 041 025
F-6 2012. 01. - 2013. 01. 029 0.09 041 033 024 0.14 0.8 022 0.18 0.19 026 0.19

average 2006. 11. - 2013. 01. 030 030 040 046 054 041 037 047 033 049 036 037
SD 008 0.15 022 029 029 034 030 034 018 025 021 0.19

*F: Female, N: Number of locations
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Figure 5. Characteristics of monthly home range analysis (MCP 95%) in parous females (F-5,

females (F-1, F-2, F-3, F-4)

s FAAlM 7 e kA A
sholstgict. webd A
Ao PEPo] LEFHOoZ
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F-4) 71gol oAl 5ol Yolde AL BT, 24
gt AAE-5, F-6)= 7h=, A7 5451 dgHol |
of 2= M3hE Ho{FA| gk th(Table 2, Figure 5). 4k
4 Y AEE Yol tiet ANOVA Z423} gA 42

oMl Aol7t Q& Ao LpehTHF=24.261,
p<0.01).
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Table 3. Monthly average altitude of six gorals analyzed with GPS collar (meter)
Individuals Observation period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
F-1 2010. 05. - 2011. 09. 3833 4669 4845 4503 6302 8745 7970 8085 7568 6928 4775 4278  604.2
F-2 2006. 11. - 2007. 11. 7303 7104 6433 7249 7124 7267 7199 7181 6767 7702 7419 7657  720.0
F-3 2007. 03. - 2009. 03. 559.7 5573 5727 6740 4736 6111 6774 6050 6422 5556 5754 5775 590.1
F-4 2009. 12. - 2011. 10. 4923 5357 4885 4873 5503 5734 6014 5779 577.6 5309 4941 4960  533.8
F-5 2010. 01. - 2012. 12. 5355 5376 6045 6053 7152 7634 8085 8131 8056 7282 6074 5037  669.0
F-6 2012. 01. - 2013. OI. 583.4 4436  487.0 4262 4605 4924 5143 5339 5051  497.1 4979 4727 4929
average 2006. 11. - 2013. 01. 547.4 5419 5467 5613 5904  673.6 6864 6761  660.7 629.1 5657 540.6  601.7
SD 1140 937 695 1245 1133 1400 1142 1208 1113 1151 1004 1206 838
*F: Female, N: Number of locations
5 = =] = L e = =) = o % o AR =
Aol 5 YEt 7= stlon F-24 A= Aed} o 59 A sHol Aobsla 7had 108740 A% P5d
S L 2 3 5F A =] 5 5.2 =] > 5 o (o]
1= gle AAE gl & 4= Lol shARE AAA o M3hs HolA| ¢kokrh. shARt A Al PFHE A=

08 AgH= ¥ AYoR ko Hite EAS KBl
onf 290 7MY W& AL E o] &3¢l th(Table 3, Figure
6, 7).

=t

LA

o AFF(n=6)] ATt FFH 27 EA4F 21, MCP
95%0] A 1.130.59ki(t=4.652, p<0.01)2 LFE}yfT}. Abok
o AdE 5l T w9 FFHol 1.00£1.00kr(MCP
95%) A 7 & BsdS eI, AE FF Aol
0.50+0.10km®(MCP 95%)2 YEFGTE whaba] AFF(A) <
AdE P5HE Fol 7HE 23 Aol 7 AA e
ot 4R /A E HUER & A3 ARG P5dol
2tk e U2 314 2w (Myslenkov and Voloshina,
1998; Jass and Mead, 2004; Piao, 2013; Cho, 2013, kim
et al., 2013, Cho et al., 2015B), $AF FE59 AA
g A Ao FFs T 250 #3 A4 F
A A7) 9] Z(Kufeld et al., 1989; Nicholson ef al., 1997),
A2 (Anderson et al., 2005; Pepin et al., 2008; Zweifel-
Schielly et al., 2009), ¢17+9] H&jj(Nicholson et al., 1997,
Ager et al., 2003), A (Riley and Dood, 1984)0] o &
AR AEe] Jkg mAle AR B sigled, & A
TFolAE ol FH Y el Htel PFHUY FAT HIE
sol aholr}.

AFHEZ) Y BEAL 671A LF ol Foll HolEx A7
= AZEo| vste] 4, 5o AA SHI 6ol A7
Aol = S Hole 545 Felstgled, o Al
8YHH 10¥ sHo] F7IE A= EAeHA] g2 Ao
2 Ay 7Hedo = s AXNA FAY G4

H HIE HolA g2 MA= 4R A= Flo
ot &4kt A= e MAEAE 7HEE dsdol
SHA| WolA A eFgrom 24k X719l 593 6o F4
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o
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34

(1,2, 38)En Wolen AeHd

U et Pede 54
A3 M7E Sk A

BN B
o stk whetd] 98

[e]
U

Yedo Mk T AR AF FolA A5 FFHol
TEAHCE HofA s dAE HAA, HEA WA =E-1,
=)

IF]
=3

j

=i

F-2, F-3, F-4) 7}&°f thAl gdol dolAn ded 9
o7k goted, &4t AHA(F-5, F-0)= 7, A7 &
Ay sd M vehA] ot uhebA EATSHA] ¢F2
A e AFHE oA Fede EATt 1097
A= G4 Fsdol AXE S ERAL, AT

Ae A5l Fgdel 2ot A7t 7kl 43 F&d

P

of oA ¥e AR ZAHIU.

ol W el Mot HEA A HolZeh FE
A AE EA Fon MAste B E4k Al ofd
A7 Ak AEste S04 AR AdE He AR
o 7R Pedo] F43] WolAs dde B
oA e Ao ddHEn. o Ped S AH=
€ =07l Aeid e o B2 SAUHIAIY AR7F lojoF &
Aoz dadnh s AR Pl B4 T W
oS & AL el B AR AdEeM Al B3
A5 Bsdol FotAe 4ol A7l EAtE okl B
3} l=Fl(Pedro et al., 2008), 552 7HA = &4t Al vl
A AT &2 FEE dE EAAT & dFoAE A
Add Y5 24 23 ALE dFd2 & 1.00+1.00kr

> 7+ 0.66+0.30ki? > oJE 0.61£0.40kn? > AL 0.50+0.10
kre] o2 Uegton, el 242 1 A9 A4
FH FeEAS Torsto] A4 A, 5, HAsH=
%99 222 B4519(Cho ef al, 2014), AFFo] A1)
ol & A 9 ko] wet H3E(Nasimovich, 1955;
Won, 1967; Mead, 1989; Chaiyarat et al., 1999) £ ¢J7Lof
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