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Home Range and Behavioral Characteristics of the Endangered

Korea Gorals(Naemorhedus caudatus) With GPS Collar’
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ABSTRACT

This study was to understand the ecological characteristics of the goral through the study on goral behavioral
characteristics and to be carried out to provide basic behavioral data such as annual home range, seasonal home
range and monthly used altitude with 4,752 locations obtained during the study period through home range
analysis of three long-tailed gorals (Naemorhedus caudatus) in Soeraksan. For this study, gorals who were
rescued from heavy snow in Seoraksan were used. The gorals were equipped with GPS Collar, released at their
natural habitats, and then monitored from May, 2010 to September, 2011. According to our results, annual home
ranges of the gorals (n=3) have 0.88km’ of MCP 95%, 0.27km’ of MCP 50%, 0.43 ki of FK 95%, and 0.09ku' of
FK 50% respectively. Seasonal home range of MCP 95% was 0.47knf in spring, 0.45km’ in summer, 0.63km’ in
fall and 0.50kn in winter respectively and home ranges of fall was the largest. In the case of FK 95% analysis,
home ranges were 0.23kn’" in spring, 0.19km’ in summer, 0.33kn’ in fall, and 0.22kn" in winter respectively and
the largest seasonal home range was fall. Female and male annual home ranges of the gorals were 1.03km' for
female and 0.58km’ for male. In analysis of the monthly used altitudes which were used Jun, July, and August
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were higher than in the other months and the altitudes which were used in Dec, Jan, and Feb were lower than
in the other months. This study was to secure basic data for the habitat management policy, restoration, and
conservation of Korea gorals and to be conducted to contribute to the success in doing or planning stage of the

wild animal restoration.
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ArOF(Naemorhedus caudatus)S- $-A& Adlo| &31= F
E2 4119 oo x BE 1 Qth(Wilson and Reeder,
2005). 752 BRI 22 A4 Bk w9 o), 2,
Aol A&l Qe 445t (Won, 1967; Mead, 1989;
Nowak, 1999), $+AS =02 /\”ﬂo]-ﬂ orA L A7t FH
25 o|F= HEO] o, uhgl I ARl A oA A4
Stch(Lovari and Apollonio, 1993; Mishra and Johnsingh,
1996).

B Aroe] A9 AR ANTS SATHE 4RI,
B A, -, SRS Al AR
AAEE] A Slol, 21ztel AAA E&o] e A
¢ 2T 5O s FF 204 ool ARE §17]of
A e dFolth(Yang, 2002). 2{A[oFe] 75 1990
obE2l FF Ao A oA AFE] A7t %7\:]'0}—1—-’- A
o, SEHAOA G} gprH AT A T Aef He x|zt
A7) AP O] oful7| R B 7Pk nprte| e 7R R ool ag
O] AAI7E AL e AR Y2A Ih(Voloshina and
Myslenkov, 1992). &} st=ru| 9] A2, AFZOZ =
864~9207) 4|, dot4toll= 232704 7F A 4] ke ACR &
## QlthH(Cho, 2013).
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Park, 2004)1} 3§52 efjsta] oL(Yang, 2002; Cho, 2013)
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Table 1. Radio telemetry gorals in Seoraksan National Park

Individual® Sex Age Weight (kg) Observation period Rescue date
SF-02 Female Adult 21 2010. 5 - 2011. 9 2010. 2
SF-03 Female Adult 28.8 2010. 5 - 2011. 2 2010. 2
SM-04 Male Juvenile 17.5 2010. 5 - 2011. 2 2010. 2

’S: Seoraksan, F: Female, M: Male
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oA Fdol| F2E A 37§ A (Table HE F2E A4
Aol A ®Arsto] s 4] sklen, SM-04, SF-037]
A= 20104 5YRE 20119 3Y7HX (117]Y), SF-027) 4]
20104 5YEE 201149 9Y7HA(177]Y) 23w glon,

3% GPS Collar9] YAH{EE E A5

o| th(Whitaker
Aest o
ol whe} 2307}
2i87m, AV A 5
7 skt

et al., 2005). 7| 9] WAL xnmz
2, 2o &
thE(Kim, 1994), B A oA o Bt
202+155m, AkA] 180+141m o] © 27}
(Yang et al., 2008). & Ao A2 =& 32 83
(3h/day) 9] AlE HHe GPS Collar F3 TS AME-31S
o, 3o A3 GPS Collar(GPS3300s, 285g LOTEK
iit, Canada)y= EZf-Fo A W7 E F&AT 4§, Bil7] 9
FAZL AFY s%E el 7 559 Psol IF=
Z 4 Uth= A4 (Aldridge and Brigham, 1988)0] uwh
EP 285g4 A7 E A8 (0.9~1.0%), TA7]of ofgt
Anzre A48 9o,

YEA 40 DA FAAHE Hk 307 ol &
79 QAL Bl 83 (Worton, 1989), & olLo] A&
A Y B 91K HEL 1SR BES 0§
3}od(SF-02, 2,073; SF-03, 1,259; SM-03, 1,4207]¢] ¢]%]
Hu) % 4752709 9% HuE B4 S

H Hm

4, 24 Hitd
2 Ao F=d E4L JJ4E Minimum Convex
Polygon(MCP)E*i 18 AL&-8Lo] MCP 95%, 50% 2

A O}Q_T’_(Mohr 1947; Yang et al., 2008), 3] 2] o o]}t
FEUe, FH @S xH Ae S
142

L}E}LHL v} Al4-3l+= Fixed Kernel Home

Range Method(FK)E4 H'H-2 AF2-3}o] FK 95%, 50%3k
S BA 3149 21 (Worton, 1995; Kernonhan et al., 2001;
Powell and Proulx, 2003), &35 GPS Collar 9*] %
B4 A YA 4419 DOP(Dilution of Precision) g o] g &
AME5le] B4 54 th(Licoppe and Lievens, 2001).

EH Lo A= MCP 95%, 50% 7t} FK 95%, 50%3t 2
A7 =W, ARE PEPLS BA a1, 2 F Aotat
Ak} 349 SIAFES AR Aol SARE TS ael

93 08 71 % Skl A0 HEAS Bl

i, AR Psde A i E EdE @1~
5/31), 01]%(6/1~8/31) 7}~(9/1~11/31), AL(12/1~
BN 27 pRelo] FEAL B4 sgon], 4 o
15 B4 314 tH(Table 2). AFEEH T2 1] Arc GIS
9. 3. 1(ESRI inc., USA)¥} Extension Program % Home
Range Tools 95 AH&5H3lon], 5 EA| 2|4 H oA ey
St Aot E YA Y 1:25,000 £4] #AAEof T8
19 Akl SYstae
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AoFn=3)9] A7t AHEY 27|12 BA% AT}, 95% MCP
o A 0.88kn?, 50% MCPA A 0.27kiro] Q1 aL, 95% FKoj A=
0.43krt, 59 AHA F7H(core area) .2 B F U= 50%
FKOY A= 0.09km2 YElstch(Table 2, Figure 1, 2, 3, 4,
5,6, 7, and 8). 3 o] A MAl= F2E HAEE
WA oo FaE Aog 37 HoluA geren 9
Ao A BPsotH A AT PEHY FHS ZUTE WA
ﬂ °]—"?°ﬂE 71E9 F2E AYoA A&H o A=

H/H},]oi 7]z Oq__rl-ﬂ EX]—?HO] E%i ‘E“}HE
O‘d MAEE Zdethe Baete 425k th(Won, 1967).
QoFAlof HFALSE ALk oFA O] dJEHo| | 44krR K 1 v}
9o (Lee et al, 2011a), A oFAF Atk HobAl HPAF 4kGF
0.5kir®] Y5H2 2o]E e AH(Cho, 2013). 7 7
A" 95% MCP, 50% MCPQ =@ 37|%, SF-021¥
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Table 2. Annual home range sizes of three long-tailed gorals tracked with GPS collar in Seoraksan National Park

Home range area (ki)

NO Observation period N (point) MCP 95% MCP 50% FK 95% FK 50%

SF-02 2010. 5 - 2011. 9 2,073 1.41 0.46 0.49 0.11

SF-03 2010. 5 - 2011. 2 1,259 0.65 0.14 0.35 0.07

Mean 2010. 5 - 2011. 9 1,666 1.03 0.30 0.42 0.09

SM-04 2010. 5 - 2011. 2 1,420 0.58 0.22 0.45 0.09
Total Mean 2010. 5 - 2011. 9 1,584 0.88 0.27 0.43 0.09
'S: Seoraksan, F: Female, M: Male, N: Number of locations
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AR 7F 95% MCPO| A 1.41ki7, 50% MCPO| Al 0.46kn0] Q)
a1, SF-03¥ 7§41 95% MCPOJ A 0.65ki?, 50% MCPo] 4|
0.14kmro] §1 0.1, SM-04 7§ A= 95% MCP] A 0.58knt,
50% MCPO| A 0.22kn?¢] 1 th(Table 2, Figure 1, 2, 3, and
4). Z+ A 95% FK, 50% FKo| 3% 9] A7]= SF-02
H WA 7} 95% FKo| A 0.49%ar, 50% FKol A 0.11kmo] S}
1, SF-03H 7JA= 95% FKo|A 0.35kw, 50% FKojA|
0.07kmro] 312 v, SM-041¥ 7HAl= 95% FKolA 0.45kr,
50% FKol| 4] 0.09kwro] ¢l tH(Table 2, Figure 5, 6, 7, and
8). T& iAot At FFH AtolA A PeHS
0.22~0.55kir, &7 F5F ] 0.05~0.16kire] L (Myslenkov
and Voloshina, 1998), Z3+ AF%Fo] a5H2 71 0.2%um,
obAl 0.22kmro| M (Piao, 2013), A& AFFL 271 0.13ki, &

jo & o F
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o -‘.‘ Legen
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g s a0 ,..'6 etos = ST A ' % ESF—OZ_SOMCP
Figure 1. Annual home range sizes of MCP 95% (@
1.41ki’) and 50% (I 0.46kr") of SF-02 in
Seoraksan National Park, Korea
(S: Seoraksan, F: Female)

g @] 5703 95MCP
© ] s7-03 50MCP

Figure 2. Annual home range sizes of MCP 95% (@
0.65ki’) and 50% (M 0.14kr") of SF-03 in
Seoraksan National Park, Korea
(S: Seoraksan, F: Female)

71 0.09kuf(Jass and Mead, 2004)2 X 1% {ch. 3t AkSF
AA Y P MCPo A= AT ZF A A3 50%
FKO| A= 0.07kn~0.11kir = 2{A[o}, S 4HFE o= 22
Peds, Y& AYgEGg = §2 Peds Bt od g
SHY Aol=, F(oks)HY Aol 2 ¢sto] WY & sk
QUAGE Ao}, =7, Tk, PEO A Ysry S =29
GATRSF T2 Q17| 7] o' st PEH A7)
Zpol7k Ql& 4= gk & AtolA= od addES A83)

Ae X3 B3 A IAAY 352 50% FKOA
0.09%i'2 Ao}, T, d& AbgET 2on, PFd A+
MAZE oA AR b= A FA/A o] Fsdolzt
S QAR S Aokl B e AT AR 4R

j J F / g

: N . - ,/'/// & = W] sM-04_50MCP

Figure 3. Annual home range sizes of MCP 95% (@
0.58ki’) and 50% (I 0.22kr’) of SM-04 in
Seoraksan National Park, Korea

(S: Seoraksan, M: Male)
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Figure 4. Annual home range sizes of MCP 95% (@
SF-02 l.41lkr, H SF-03 0.65ki, €4 SM-04
0.58km’) of three gorals in Seoraksan National
Park, Korea

(S: Seoraksan, F: Female, M: Male)
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Figure 5. Annual home range sizes of the core home
range areas for the goral overlapped by FK
95% ({10.4%u) and 50% (4 0.1lkin") of
SF-02 in Seoraksan National Park, Korea
(S: Seoraksan, F: Female)

Figure 7. Annual home range sizes of the core home
range areas for the goral overlapped by FK
95% ({7}0.45kr’) and 50% (N 0.09kr) of
SM-04 in Seoraksan National Park, Korea
(S: Seoraksan, M: Male)
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Figure 6. Annual home range sizes of the core home
range areas for the goral overlapped by FK
95% ({10.35kr’) and 50% ([ 0.07km) of
SF-03 in Seoraksan National Park, Korea
(S: Seoraksan, F: Female)
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Figure 8. Annual home range sizes of three gorals
inhabiting the same areas overlapped by
FK 95% (A4 SF-02, 0.4%mw, [ SF-03,
0.35ka, SM-04, 0.45ki’) of the gorals in
Seoraksan National Park, Korea
(S: Seoraksan, F: Female, M: Male)

2 AL 050k > 2 047kt > 9] E 045kiee] ¢ O 2 e
Ch(Table 3, Figure 9, 10, and 11). ¥, 9 &% A Ho|

E 5 Y+ FK 5% A= 71 0.33kr2 71 SA
e, B 0.23kr > A 0.22ke? > o] & 0.19k2E, FK
50%9) A= 7} 0.07kieZ &, A2 0.05kn? > o] & 0.04kn?
2 54 E9th(Table 3). 4% 23} 7Y S He 58
ojn], ojFoll= tFE o|71¢ #EI} YUS HAs,
7ol T Hots A, wo] 2= AEHd=
< ¥ e w2 A EE7
<

wo| o] 234 Hd
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o BUAYR P AT FAUAE e MuAL g Ao 5] A, o] W Aokl AkFo] B o]
o} 7| £ 59tk (Won, 1967; Mead, 1989). & Ao HE 2o oz =gk Aol d5o] Qojd 4 Agol
A BE 4AE 2e FAAANG o &3k AL el B Y Fadty oo NP SR} AB4o] Fasit
don], 3 VAL 7H2 A BFU0] 0.76kiMCP 95%), I SHAET, HAL wo] o] §< ofFt A7|T oA &7
0.23kif(MCP 50%), 0.34kif(FK 95%), 0.08kif(FK 50%)0] = Z7} A7, o]% £z 9} o|EA 2o 7t 59| uhg
A7 2 BEAS AL, £ & AAE Aol 290z HEUY WIS FAchy A1, 4N A
0.53krf(MCP 95%), 0.11kii(MCP 50%)0| 911, FKE Aol %88 959 494 272 529 vpgl $7oln] thoe

A= 0.32kif(FK 95%), 0.07kif(FK 50%) %] ©. o (Table 3),
WA BF &, o, AZHol sl Ao Z2 A
Aol A Lo MBS 7HA AT, AL &2 AAAE o
BoFaL, Aot 7134 B 53 ALE 4 9
o PsHo| Aopxctal wotE T

YoM HHAF AFFO] FK 50%9] oAl A 1714 €]
FEUL o2 0.18kiA(FK 50%), AL 0.23ki(FK 50%), 7}
< 0.39%m{(FK 50%), £ 0.38ki(FK 50%)¢] JEPE B
3t tH(Lee er al.,, 2011a). ¥ Ao A= AoFAl ARF o
274 A2 AL 7HS 0.08kif(FK 50%), A& 0.04ki(FK 50%)
2 ALE YsHY AolE < sk, o] A2 gofat

Asket 715 z2A0o|gt 39 th(Myslenkov and Voloshina,
2012). 2 A1) A] FK 50% EA oA 7p&9] gEHo] 4
& AZ o]y ARHA Q.¢lo] A Adp AdEolAH, &,
oF, AZd P59 27|17t Blshsl AR AA oA
270419 A9 AZA FsHo] A& Aor FAHSL, A
A 2o A A2 9 o]5S el stk Ad 7% =4
T Adgol IFe Lo, A =55 =Y Tl A
2oz KNASHA Eo| gFHo| Zox|aL A A9 o]Fo]
e Ao detE wabA AdE PsHe A 9F o]
e ZgE A ER ALY Apolo wWE HALE, g, 54

ofo] Az), mrole] A 5ol 2714 Ao Wast Ao

Table 3. Seasonal home range sizes of three long-tailed gorals with GPS collar in Seoraksan National Park, Korea

Spring (4/1-5/31)

Summer (6/1-8/31)

Fall (9/1-11/30) Winter (12/1-3/31)

NO* N(point) MCP MCP FK FK MCP MCP FK FK MCP MCP FK FK MCP MCP FK FK

95% 50% 95% 50% 95% 50% 95% 50% 95% 50% 95% 50% 95% 50% 95% 50%
SF-02 2,072 1.10 0.17 042 0.09 053 007 020 005 091 024 032 0.07 053 016 018 0.04
SF-03 1,262 006 002 006 001 043 0.09 024 006 060 022 035 008 043 0.05 0.16 0.03
Mean 3,334 058 010 024 005 048 0.08 022 006 076 023 034 008 048 0.11 0.17 0.04
SM-04 1,420 025 004 021 005 038 0.08 013 003 037 017 034 007 053 0.1 032 0.07
gl(;t;l 4,754 047 008 023 005 045 0.08 0.19 004 063 021 033 007 050 0.11 022 0.05

’S: Seoraksan, F: Female, M: Male, N: Number of locations, MCP, FK (ki)

A sF-02.fa_95MCP
@ | sF-02_wi_95MCP

L e G T S T
Figure 9. Seasonal home range sizes of MCP 95%
(@ 1.10kr in spring I 0.53krf in summer
4 091kr in fall @ 0.53kn in winter) of
SF-02 in Seoraksan National Park, Korea

(S: Seoraksan, F: Female)

Legend
@ | 57-03_2010_sp_95MCP
] s7-03.2010_su_95MCP.
] sF-03.2010_fa_95MCP.
= @ SF-03_2010_wi_95MCP

Figure 10. Seasonal home range sizes of MCP 95%
(@ 0.06kr in spring Il 0.43kr’ in summer
4 0.60kr in fall @ 0.43kr in winter) of
SF-03 in Seoraksan National Park, Korea
(S: Seoraksan, F: Female)
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Figure 11. Seasonal home range sizes of MCP 95%
(@ 0.47kn’ in spring M 0.45kr’ in summer
4 0.63kr in fall @ 0.53kn’ in winter) of
SM-04 in Seoraksan National Park, Korea
(S: Seoraksan, M: Male)

2 goE
3. 0|2 1= (Elevation)

ARGFS] o] §artkeof tigh Aol A HorAk WA AR
Y E 600m~700m IE=E F2E 0]&35H(Cho, 2013),
LAE AFoFo] AL 900m~1,000mE ©]-8-5} 1 (Lee ef al.,
2011b), Hopat AT Asol4 Aoke] BAo] Ay nE
700m~800m L7t A =7 uUEdti(Choi and Park,
2004). 1ot 2 Aol A= AofAl 4R} 37HA o gt
AR Ao EAo] ofg HATHE Holi YAT 1ES}
400m-600m F7+& 743 wol ol kel o, 2o 42l
£ uhe} 20|12 Hol= A0 R FehEth. Park(2011)&

bope wwuch A 472 AgH Bgo] A4 Aed]
S Fe= ALSE, 1L E 300~500mE o] &3ttt K
stk A7 AoE Arogo] MTshe A olat 4
5ol FAE ] Slof Abeko] AAs7] £& o=, Ak
Aglo] A4l dt= AL 3ol 519 th(Table 4, Figure 12).

>

f L oS e

E3F 1}7] A8FO] Himalayan goralS A 4% 1% W50
W eol5-& shel(Fakhar, 2012), H3e] 4% o] 1
& 1,500m~1,800m ©]§5kaL 710 AAHZ 77|
IAYRY 1x9 HIE K 3} th(Chaiyarat et al.,
1999). & Ao = £t 44 Ho] Sl T Aboknt
o= 4rF7He] g s E7bsA AR, Ed AEd
o] o5 AAANA THE & ARFLE o]Fe

atH, 109 SR E o]8umrt Wbz 7] Al&ate] o Fof
L g3 6lem, AL F3t 415m, 197} 29| 200m oA

A= ALY 1% Ao]E K tk(Table 4, Figure 12). E

3 ko] e 719 Holrt At M4 A o] AlgIAR 2+
Fropil WAL kgl (Yang, 2002), Aed(1~3¥9)= 4
oFA Ak A B AAHE ol gste A2 7IFA o
Qo] 2 Ao BaH, SEfAlote Frole Aed %
o] Abeko] MAA] Algt QIR A A-gstal o] Wl =

£ A PAPES o] §3heha B3 59 chNasimovich,
1955). whebq oM ARGFE Al%o] fro] e ki Ay
B WA A A3k AHE 1R wslh Aol 9]
Ao AZbEn], WU AT Aake] wol4eo] ¥
429 BUHHS Faste] A7t Aayslolof drta
= o).
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Figure 12. Monthly used altitudes by gorals
(S: Seoraksan, F: Female, M: Male)

Table 4. Monthly used altitudes by gorals (Unit: m)
NO Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Means  346.0 408.5 510.6  450.3  490.1 604.1 625.5 6192 5874  556.6 4720 3984
SF-02 3833 4669 4845 4503 6302 8745 797.0 8085 756.8 692.8 4775 42738
SF-03 287.0 322.1 - - 340.0 420.9 504.8 475.3 482.0 449.8 483.0 369.4
SM-04  367.7 4364  536.7 - 500.2 5169 5747 573.8 5235 5272 4555  398.1
Point 475 270 115 169 504 481 487 492 434 458 421 446

’S: Seoraksan, F: Female, M: Male
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