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Abstract: This study analyzes the home range and habitat use of wintering mallards
(Anas platyrhynchos) in the Mangyeong and Dongjin rivers, western Korea, using a
https://doi.org/10.5338/KJEA.2025.44.21 GPS tracking device (WT-300). It provides insights into habitat conservation and manage-
ment. The study area consists of rivers, wetlands, and farmland. Nine mallards were
tracked using GPS devices in riparian zones. Home range was analyzed using the Minimum
Convex Polygon (MCP) and Kernel Density Estimation (KDE). The mean MCP home
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7NdolcH12l. §5], Ao 22 ols/4o] #& 279 P A1 /MAT A E AARA ] MgE sHoke o 4l
FHE A|S3HH3-5].

2| GPS 33 HA|(GPS tracking device)?] THOZ 27| F5AY A4A| o] EHL HE AUsH £4T 4 s
719k Algstal olom, ojof whet ZNAIwe] T7HA K, S 13t A, AR Wt gt e Hele A7t 2]
o]F0ojA] 1L QIr}[6-9]. T AF 2| HL2 FopAlob-tjFE HAY o]F JZ(EAAF: East Asian-Australasian Flyway)o]l 9]%|5}H,
OaRt 2F7F SHSHAY EEche @A AAXZA 11 7EX7E HlS- ETH4,10-12]. ©] F, TR S A BFoR
AMNES WAAZA Z-got, AN e 9 AEHdH Bd SHOIA w9 83 A Jo=w HrHETH11-14].

#EA 272 QEFE GPS 4] FAE &8 P, AAA ol8E, oUA &1 T TRt A7 AFPEATH3-5,15,
16]. °| F, E L (Anas platyrhynchos)= WOl DESh= HEAQ AL Ao, Thefelt SgollA AAsk= A 2-82o]
B TOoE AAA B MRE sHs]of] ARt Folth34,17]. 5229 5 Hol¥e 43t =9 Yoy ]9 A4
FAECIH12,18]. 53], = SA= e Y F8 FARoIR FARZA Fa% MAFOE dBA QlTH4,19,20]. 2, vHY
7, 7 2 sk G AR BHA9] sheAst 2 AAx] #e 9 Q1914 2H S71R Qs AseEo] A4 Hido]
H3}sl S 7Fs/dol AAEAL Qlth4,17,21). 7]& AFE2 T2 AR £ tigt 4442 B7toll 5= o] 2ol Gps 34
BAE E8 AT 42 53 B9 FedT A4A olg HES e FAdC s oofd Zart QUrH3.4].

£ ATl = GPS 32 X (WT-300. Daejeon, Korea)S &-§5to] 333 oA H5ste 222 PsAY
AA1A] ol RS EA5II ol Bl FeHe A9t XA EXE uelstH, AR 9 e el whE A4
€ 542 A5k sig AAA] HoflA olEo] deshs AUAMAXE sk A2 F8 FHE ) B3E 2 A7 23et
A9 AFE | ZAst] P2 FsAY AAA o]gol gt HekE npofstarat gttt ofof wEh 2 A A
Fee89 AHA oFE 1Bt AAA B 9 B WekS uhAsty, 53 A9 sk & SAEHAY §A TEd] 7%

I

=

x|

AR AL Gk ARo] YA WAL FA7 FoR, BAA o AP ol=r] Al FAA WA B
oItk PHFAPORE AR PR, AN, FLA0] Gk WA FAGS P THUCE R4 SAE Eo]
HI, ol ) 22 5 chRet A SA7k 2A4Eo] YTk GPs 34 AXWT-3007h $2E AL WAz 179
SRR, o] ET o] Pukstel, SuTt AP Alelols We T4V BESIT Sdrkas]. g S99 SRt Ak

=3
A3t Yok glom, BASORE 34 Sh7, GARORE WIS AN 5 8 BAAASo] g kg, 1.

XM M
2019 H-E 2023E7HX] 4d7F Ak, AA|, A4 He28 I/AE X5 THTable 1). Air Cannon-net (Daejeon,
Korea)& o] 83ho] 544 4wikiolx Laslgon, 288 /AL 24 A5 (Bird holding bag, Dacjeon, Korea)o] o]

10~208 F= FAIY] & F27] R&pof| st /AE AEsto] A 570A|, AR 47/RA01A] GPS 34 AR(WT-300)5 F-2Fst

At 279 5ol IF= Hasbolr] At F4719 FA= /WA A2 5% olsto|th[22]. F&7|= 28H F52F 9
A 1,025~1,275 g9 9F 2% 4591 27 gO|H, Backpack FE]Z F2AF5IATt YX| F& o] AREH WT-300 (GPS tracking device)<
QTA7 G S BAES o) ARE FAT 5 Ao, o|F BA A2HL Moz FRE S,

= 1

XX 5%t

1 —-—Oo

Z7ke] AAWEE Fofsto] 287] 25 AAS APEsgich GPs FHEE 19@4-howr) 441%F HH O 6318 SBH oM,
20199 19 27958 20244 39 3197HA] SINHBE SRStk F27] 24 Dot AAG B 197 oL S
u, SR W 7033 ol A5 B0l UEI1E NYFE WM TS0, ALH A%, BB A7
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O Catching Site

Mangyeong River
" Dongjin River

Fig. 1. Study area.

Table 1. Morphological and tracking data of mallards (Anas platyrhynchos) captured in Mankyung and Dongjin rivers

ID Species Sex Age Weight (g) Catching site Study Winter (Year)
M1 Mallard Male Adult 1,090 Jeongeup 2019-2020
F1 Mallard Female Adult 1,025 Jeongeup 2019-2020
F2 Mallard Female Adult 1,135 Gimje 2019-2020
F3 Mallard Female Adult 1,050 Gimje 2021-2022
F4 Mallard Female Adult 1,130 Gimje 2022-2023
M2 Mallard Male Adult 1,145 Gimje 2023-2024
M3 Mallard Male Adult 1,275 Gimje 2023-2024
M4 Mallard Male Adult 1,205 Iksan 2023-2024
M5 Mallard Male Adult 1,105 Iksan 2023-2024

Table 2. Winter tracking data of mallards (A. platyrhynchos) equipped with WT-300

o Tracking period Battery lifespan GPS fixed Number of Contact time
Start End (day) time/day GPS fixed Day Night

M1 2019-11-27 2020-03-18 113 6 679 339 340
F1 2019-11-27 2020-03-31 126 6 754 377 377
F2 2019-12-05 2020-03-29 115 6 583 272 311
F3 2021-11-23 2022-03-31 129 6 780 390 390
F4 2022-11-08 2023-03-21 134 6 808 403 405
M2 2023-11-15 2024-03-31 138 6 834 417 417
M3 2023-11-15 2024-03-31 138 6 837 416 421
M4 2023-11-27 2024-02-16 82 6 495 248 247
M5 2023-11-27 2024-02-27 93 6 557 277 280
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£ 5to] FIHA4AL, 841, 1243t OFZH(16A], 2041, 24A)) 0.2 FLEate] AFEE F5HA AL, 27 Hat 3493, 3543]2
F=5H4 $AEAcH(Table 2).

ﬂJ

P5d E4L FAESHE H (Minimum Convex Polygon Method, MCP)} #'d A &= =% ¥ (Kernel Density Estimation,
KDE)= AR&SIRIT:. MCPo} KDE= SEUEITE F4ote A w2 HES SAYY 5 stz d=A glon, sy
HA MRS ZE&oteT - /83 7otk 5 EA4-2 Calenge(2011)9] 7]& &4|(Home Range Estimation in R: the
adehabitatHR Package)©]l Wa} R T2 13 O] “adehabitatHR” packageE ©]-8-5}0] 4519 oW, W& (Bandwidth)2 FHHA
(reference) 7192 o835t} BA4E WEA AT QGIS 33495 sk} Aokt WE B5A TolHE Kolmogorov-
Smirmov test 27} A4S W5 QEw, olo] G Y, F-ozk WEA WAL Aol 212k Kruskal- Walls test, Mann-
Whitney U testS ARg5to] E4519 T}

MAI| 018 £

FUHoIA E5sh= 59 AARF AolE Tofstalat 11E5H 38714 P5d W] AAA 35 245 A4

A FB2 FAFONA AT BEAYEE FEF(2023)5 7R EEotlon, 52 AH 42 st 671 73

o7 AEFoIAH AAA FF2 HEF, = HESA, A5x4, W, 7|8z 2F7613oH, 7Iehe AXAE7E AA| o859

206 v]eto] RBOE BUTAL, 3 TRE AAA] 3FL /MO Yst F-ollom THste] A4 EHE RAs

£ 4412 Ho]EE Kolmogorov-Smimov test A3} 374 WSSO0, olo] e} U, -0k A4 o8| Hols
Chi-squared testS AR5l EA5}3tt.

A4 5AGE ol8ste H5H A FEHS EAT Ay}, MCPO 9§t ¥t FFH2 766.4 km® (SD=836.9
km’, n=9)2 Yttt 7MY W2 P52 B AAE WA o] 2619.1 km’E 20239 D& M23loH, 7MY 52 FEHS
1ol /jAl&= HZo] 101.1 km’E 20199 0] %;!%6} F10]%lt}. KDEE &85t 23}, 90% °]-8REE HQl A4X|9] P4 HHS
137.0 km® (SD=220.5 km? n=9) 21, 50% ©|-8&EZE Hl A&x|9] F¢ WAL 30.3 km® (SD=51.4 km?* n=9)E EX%|Qth
(Table 3, Fig. 2, 3). 529 d&57] P& e % AE A 45T, PRl AAR|7F a=2]o|th[23-25]. & AF-olA

2

Table 3. Wintering home range estimations of mallards (A. platyrhmochos) by MCP and KDE

ID MCP (km?) 90% KDE (km?) 50% KDE (km?)
M1 1773 56.0 16.4
F1 1011 51.8 13.2
F2 1723 15.1 25
F3 1,120.3 106.5 14.8
F4 291.1 91.1 171
M2 2,619.1 104.6 24.8
M3 264.6 53.6 1.2
M4 14174 719.0 166.4
M5 734.0 35.0 6.3
Aver. 766.4 137.0 30.3
SD 836.9 220.5 514
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<Ml > <Fl> <F2>

<F3> <F4> <M2>

<M3> <M4 > <M5>

Fig. 2. Home range status according to MCP of 9 mallards (Anas platyrhynchos) with GPS at
Mangyeong and Dongjin river.

<Ml > <Fl> <F2>

<F3> <F4 > <M2 >

<M3> <M4 > <MS5>

Fig. 3. Home range status according to KDE of 9 mallards (A. platyrhynchos) with GPS at Mangyeong
River and Dongjin river (90, 50% from Blue range and red range, respectively).
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8= WIS S feol F dEAGoR SA9 FHAE THOR o8 Aer EHEHH I Y A FoIA
T ¥57] Bl 25k, KDE 50%°] 7]E0|A B35 HAZ 2011~201310] 11.6 kmz (SD=6.9 km’, n=7){TH3]. &
KDE 50% 71%9] ¥ P5A W32 30.3 km® (SD=51.4, n=9)°]32H, 0|F 7|F2& 10|t
o 24 23, F5d HEo] SRt AAE whEshe wiEe] ERIHIT. ol Y A9E EEAR °l8shs Fe
o] A S0 wet v e A Bgo] Hskstal SleS WERHH, ARl A4dll dFE WAl 810 HEET(3,5].
e HAe] Hoks A4A] Holl A HajRE F4A] 7F olF A=k BT w0l 9lom, MR 1t ATt SrFehe A2
A, Ho] Aee] ME B A 5 AAA & ®glel mE At 7RsAdol =HHB410.17]. F, ASHOR FEL
g =3 AWAl7E aehs Adol YERUAL Sl=H, o= ASH R A4A] & Hek= QI8 FAoA R MRS Als
st X3t Atz s Erh26-28].

49 P5dE B4 A}, MCPO] 93t Byt P52 119 349.7 km® (SD=909.0, n=9), 12 177.2 km® (SD=258.0, n=9),
1Y 1925 km® (SD=273.2, n=9), 2% 91.7 km* (SD=179.2, n=9), 3¥ 49.8 km’ (SD=50.0, n=9)Z LEtSict. L& Z7]119)°l 74
He Pede Bion, 95 F716Y)d M F2 Y5 S 2t KDE 90%2] 7|Eo2 243 23, 19(136.9 k',
SD=238.1, n=9)°] 7} {2 PFHUL HP o, 39(25.6 km’, SD=23.7, n=9)°] 7F} FL P5HS HHct HA A4 24]%|(KDE:
50%) E3F 19(36.2 km’ SD=70.0, n=9)°l 7} W11, 3Y(6.7 km’, SD=6.0, n=9)°l|] 7} &2 WA o]§3t 202 Yepyrt
(Table 4). & 27](118)0l& Hl3] @2 WA Pedg Ho|oprh, 7|2 445 A Hao] Sase s ZArh
ol d5 £F7t AYE FA| A HFAA AARNA Hol&dEe SVH7I7] YRR AT 5= JITH(3,13,29]. ?HE,
SAHoRE nE P Ao Lo o2 Zfol= FoJu]sHA] LTHMCP; p=0.16, KDE: 90%; p=0.21, KDE: 50%; p=0.46).

ol & 79 Fet AR dEo] BE Fsd HolHe] B 7F #5505t =EE AYetal A4E, F71= HlolE
£ gHslo] 3% do] B AU 29E 22T+ S Ao® dE: ojof weh A& F2F AF-E JAPsto] HlofE
£ A5k, A% HuE S dF VI dER wgshe dedll Wsl 48E 287t At

Table 4. Monthly home range estimates of mallards (A. platyrhynchos) by MCP and KDE

Nov. Dec. Jan. Feb. Mar.

MCP (km? 349.7 177.2 1925 91.7 49.8

90% KDE (km?) 47.7 76.8 136.9 32.0 25.6

50% KDE (km?) 15.2 19.6 36.2 9.0 6.7
e e F2 F] FACNA FAZ F5tH, oftte] Hol&sg %‘F—%X% AL, JHAE Zpol7} Qlot F-ofzt
2E RE5A0R FEATT AT uh Yrk32031). 2HE A4 AUS a8 ol g3t7] 918} Alzkehol et A4
wjelo] WMo}ste, F=-ofgko] 4] o]§ Aol= A BES AT HFo|th(32,3 1 of whe}, F3tat ofzte] 5 Fol

35| Zo] U= H5 289 324} oftte] FEdS vl - EA 53T MCP] 9 Cel B P F700] 386.0 km® (SD=
417.9 km?, n=9), oF7ko] 573.0 km* (SD=496.9 km? n=9)% UEFHT}E KDE 90% 7]&0] A= F7to] 143.1 km® (SD=241.6 km®,
n=9), °F7+o] 158.0 km?* (SD=251.0 km? n=9)%} 21, KDE 50% 7]&oj|A]= F7to] 33.0 km® (SD=54.5 km?, n=9), oF7to] 37.4
km® (SD=61.3 km’, n=9)Z UE}HTHTable 5). -offto] W2 LE PFH0| 7719 Zjolg Yol A}, FAHOZE Fou|st
Zpo|7} Q= Ao 2 UERFTHMCP; p=0.61, KDE: 90%; p=0.67, KDE: 50%; p=0.93). 5 A1}= v}8F0 2 KDE 50%2] J5HS
oo 2 Bl Hefow, 3to] A4 Wel= FAE fFE UL oftol] 53R fFE PsHol Hilstes A
gl & ATk o= ATt wWE A|oF glo] 7|3 o g 71} of7t] dAo] wet o]F W EES ke o= 4T
o slom, 7|& A4 Axet FYs AR wWHEHH5,17,31].
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Table 5. Day and night home range estimates of mallards (A. platyrhynchos) by MCP and KDE

o MCP (km?) 90% KDE (km?) 50% KDE (km?)
Day Night Day Night Day Night
M1 145.1 175.6 65.7 60.7 21.8 15.2
F1 834 944 60.3 533 17.9 11.8
F2 289 151.7 9.8 21.2 1.5 4.6
F3 748.1 1,094.1 110.5 129.8 18.7 18.4
F4 288.4 277.5 108.6 95.5 226 19.0
M2 355.2 1,098.7 78.5 124.9 215 411
M3 264.1 190.0 535 61.8 12.7 14.5
M4 1,352.2 1,351.8 780.8 820.7 176.8 198.7
M5 2133 723.6 20.1 54.5 37 13.0
Aver. 386.5 573.0 143.1 158.0 33.0 374
SD 417.9 496.6 2416 251.0 54.5 61.3
MAZ[ 0|8

H50eo] Y5A o 78 A4 S8 BA A3k WER6L0%7H M 94 S0, =(183%)3 HEEA (114
%)7h 2978 AL FHaA, 841, 1240)0] PhES2] o] go] Z7Fete.0m, oRK16A, 204], 244])0]] 9] 0] go] F7Fake
A%o] LerdrhFig 4. A AR o §BS BAT A AR Sl ES, oRol: 12 o] 83K Aol gl
Sk 531, 1249 S 018801 /19 3te, w040l ol o8 o) IS AUl Hebk WY AU o188
B3 A3 WESE 9F 2700] B2 0|88 RAO, TR 24 Pashs Ago] FRA v, = wide) dee
wolul, B5 7|2 145 ol§50] /ISHSIcl, B A4K o|§ AolE FFE A% FAROZ FOIE Aol 9 aiu}(x
~185.17, df=20, p<0.001). F4: o] 8-Bo] UF F7lo] Fadte AL /1L 31 4w A, Blo] Za 59 29 B

S48 4+ QITH4). P, =0] ol gBo] Z7oke AL UBL v T MAAR o5 95 AL EHsh] 9ist aol%ﬁ
(A) (B)
T0.0% 25.0% HYDROSPHERE

20.0% 19.8%
18.7% = —193%

61.0%

60.0% 16.2%

15.0%

13.6%
12.4% =
10.0%
50.0%
5.0%
o 0.0%
0% 4:00 800 12:00  16:00 20000 24:00
()
30.0% 0.0% RICE FIELD
.
0% W%
28.1%
20.0% 18.3% 24.0%
17.8%
11.4% 16.0% |
10.0%
5.0% 8.0% 68% e 4%
2.6%
. 6%
0.0%
0.0% Fm T 4:00 800 1200 16:00  20:00  24:00

Hydrosphere Rice field Inland wetland Artificial grassland Dry Field Other

Fig. 4. Habitat use rates of mallards (A. platyrhynchos) in winter: (A) average use rates by habitat, (B) change in average use rates by
time period in hydrosphere, (C) change in average use rates by time period in rice field.
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FETH3S5 ) £ AT 2T 5ot 84l gErst A wgkon, 1 u}% =, ESAE et 350es
04 &4k 27 SA0lN BAHH, S0 o] & AAAR B AT Aol SUT ke Uehgrh3429]. B ATolA

9% 717 YR 0|88 Hol2 ML, UE F7]2 B4E ol§Bo| gAstt AFol ekith WEEAE

FAH O R FUsH o] &t om, F AR YESFL =& o8, Ao T YESAE o835t A o= WHEHT(Fig. 5).
45 25+ 79 349 a a2l wt thgst §39] MARAE ol8shH, £ Zol, Ho] A9 TR, wEt —*ré 50l
A& Ao F83F Q47 2H83H0H13,34]. 3 $279] A2]A] o]0 JFFE njXE 212 FLo|u A4E, 7|23}
22 48900l a3, ¥57] AR A 715 Wt 2270 YE&T 2] ATH3-5]. Y F8 A4
FHE UESY = WEEAR A% = SAE Becle AL o589 42 9 B SHAA & Fas)d ZAolr12].

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

il

Hydrosphere Rice field Inland wetland  Artificial grassland Dry Field Other

0.0%
BMar. BFed. BJan. @Dec. ENov.

Fig. 5. Monthly changes in habitat utilization by wintering mallards (A. platyrhynchos).

FroRkg Rt AR A4A o] 88 4T AW AAF R YWES o]&EC] 7 2 A= F

12/\](**2)““:} 8/\11‘%3 16AI7HA] W59 &7t oH, oYl 20419 244 = AHiA ez W2 o] 8E°] %E} ‘:}
Hhd, =2 /FOISHAl ORZIRI 20419} 24410 |EETt E oW, 440 0]-G-FEO] WorA FI $AIFE 16A171A] 10%

Slghe] el 05 e o) g0l Ushteh, AEA0E R4S £9) ol WL 4 40l90n, £ A4 St
=, WEEX9 93 A k2t 124, 164, 20412 Urekideh(Table 6). F-0E A4 o] § ZolS @5 20 SAZo=
FoJu1gk Aol 7t YSATH(=227.56, df=20, p<0.001). SEF Azkeho] whek A4 o] § selo] wakshzt], ol AAHolA
A ol T olUX] HES e Aolth32,33]. ZFE 91 weto] WA uf P vjElo] Lekxm, 4K
el 29 2900] UF ZRO| U3 B5A 3 20 FAW WAL 8k, £ A7 F2) A2 o
L AAA o] § BHS Ao BAlstel, NE49 o] £ ANA YL SISk B3] GhFSE T, =2 ol

%32 o] §¥gioH, YF 7o o o] g Hlgo| %7}6}—5— PGS Bk o=t B HAA Ao A ol§ w2
A a7o] BE Ao Bt U5 25 Bt A4 A A Ho] A4, Az 4 27, 3489
2 3 2 5 wolete] A4 1 B A1} o1 4] SHEITI7 69, T 2 A Gt B 50

—

l‘
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Table 6. Time-based utilization rates of wintering mallards (A. platyrhynchos) according to main habitat

Habitat ID 4:00 8:00 12:00 16:00 20:00 24:00
M1 13.3% 19.3% 23.2% 22.4% 10.8% 11.0%
F1 14.9% 19.4% 22.6% 20.1% 10.9% 12.2%
F2 17.7% 17.7% 17.5% 20.2% 12.7% 14.2%
F3 17.3% 16.4% 16.2% 13.8% 18.4% 17.9%
F4 21.9% 14.7% 13.7% 12.5% 16.9% 20.1%

Hydrosphere
M2 12.3% 20.3% 22.6% 24.5% 9.4% 10.9%
M3 16.7% 17.6% 20.5% 20.2% 13.2% 11.8%
M4 12.6% 24.0% 24.4% 21.4% 7.6% 9.9%
M5 17.1% 22.8% 21.6% 21.3% 6.7% 10.4%
Aver. 16.0% 19.1% 20.3% 19.6% 11.9% 13.2%
M1 15.4% 4.4% 6.6% 7.7% 39.6% 26.4%
F1 17.1% 0.0% 0.9% 0.9% 44.4% 36.8%
F2 9.8% 18.2% 18.2% 27.3% 12.1% 14.4%
F3 5.0% 25.7% 16.8% 29.7% 13.9% 8.9%
F4 19.3% 4.5% 2.3% 4.5% 44.3% 25.0%

Rice field

M2 22.6% 2.6% 2.6% 0.5% 37.9% 33.7%
M3 19.2% 9.6% 2.4% 1.6% 36.8% 30.4%
M4 27.5% 0.7% 0.0% 1.4% 37.7% 32.6%
M5 18.1% 0.0% 0.0% 0.0% 44.9% 37.0%
Aver. 17.1% 7.3% 5.5% 8.2% 34.6% 27.2%
M1 24.5% 11.2% 7.4% 8.0% 22.9% 26.1%
F1 0.0% 12.5% 12.5% 50.0% 12.5% 12.5%
F2 19.1% 17.0% 17.0% 23.4% 10.6% 12.8%
F3 12.4% 13.5% 27.0% 20.2% 12.4% 14.6%
Infand wetland F4 25.6% 14.0% 7.3% 9.8% 17.1% 26.2%
M2 8.9% 31.1% 24.4% 20.0% 6.7% 8.9%
M3 13.8% 16.4% 16.4% 24.1% 10.3% 19.0%
M4 7.1% 23.2% 19.6% 32.1% 8.9% 8.9%
M5 12.5% 12.5% 37.5% 25.0% 8.3% 4.2%
Aver. 13.8% 16.8% 18.8% 23.6% 12.2% 14.8%
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