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Abstract : The purpose of this study is to estimate the concentrated distribution area of nutria
(Myocastor coypus) and potential suitable habitat and to provide useful data for the effective
management direction setting. Based on the nationwide distribution data of nutria, the cross-
validation value was applied to analyze the distribution density. As a result, the concentrated
distribution areas that required preferential elimination is found in 14 administrative areas including
Busan Metropolitan City, Daegu Metropolitan City, 11 cities and counties in Gyeongsangnam-do
and 1 county in Gyeongsangbuk-do. In the potential suitable habitat estimation using a MaxEnt
(Maximum Entropy) model, the possibility of emergency was found in the Nakdong River middle
and lower stream area and the Seomjin river lower stream area and Gahwacheon River area. As for
the contribution by variables of a model, it showed DEM, precipitation of driest month, min
temperature of coldest month and distance from river had contribution from the highest order. In
terms of the relation with the probability of appearance, the probability of emergence was higher
than the threshold value in areas with less than 34m of altitude, with -5.7°C~-0.6°C of min
temperature of the coldest month, with 15-30mm of precipitation of the driest month and with less
than 1,373m away from the river. Variables that Altitude, existence of water and winter temperature
affected settlement and expansion of nutria, considering the research results and the physiological
and ecological characteristics of nutria. Therefore, it is necessary to reflect them as important
variables in the future habitable area detection and expansion estimation modeling. It must be
essential to distinguish the concentrated distribution area and the management area of invasive
alien species such as nutria and to establish and apply a suitable management strategy to the
management site for the permanent control. The results in this study can be used as useful data for
a strategic management such as rapid management on the preferential management area and

preemptive and preventive management on the possible spreading area.

Keywords : Invasive alien species, MaxEnt, Density analysis, Distribution data, Management strategy

LAZE Sk Bofof| 4] Z)&A o)1 T A Q] o] H il gt
(Cronk & Fuller 1995; Zietsman 2011).

ARl 714 0] 145} "k 2 JPEZ0] o]l=
E IES) e e NE ARSI oo sl me e guel 212
7 AL A AAH Sz ol

I3l AYEThFAE oF A|10A} GA=rE3] (Conference
of the Parties 10, Nagoya)oll A= 2020@7}] A
B0 2S5l A AT A ==sjor &

SN o) mrel AYeEaE £AS Eelgon, &
ofvt whesd sk St AUARIES N nse) wao) e ge), 2un A, 23 B2
& g0 et Aejoby AW et HolR o upx)aly] <ot )L HpelS olst v} 9THSCRD
Foluh ol tieh AL 83 v o2 f94E A 2014).
o] A2tsto] HEThl = Ageh JULfH4 A A ZF ol B 5 A W (International Union for
9| A A4 Q] AR e A o] KA} 7]5A 3}, Conservation of Nature and Natural Resources,
AETtdd &4 2 ohyel, RMIE oAM= T TUCN)OIA A1 g AlA| 100t ALl B2
o AAA, B4H £ ALY Wiloveetal,  EeHE|o] 9t o] YAe) E 2o} (Myocastor
1998). o] & Qlaf A== vheket £l 3H Y coypus Molina)t= A X% (Rodentia) ¥+ E 2] o}a}
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(Myocastoridae)ol] £3H= Z-8-EEo|th(Woods &
Howland 1979; Lowe et al. 2000; Lee et al.
2017).

O HYAE A FrEols mu ST 4y
4RO ol 5 HAA ol BA0E 58,

Sul, opAJo} ofiz e}t Fof] EE G o (Aliev
1966; Miura 1976; Hall 1981; Bar—Ilan & Marder
1983; Bounds 2000), ©]-8-4 Aslof wket ) 221
7FA| 7} stetetm =R o AAAME A o f Y=
Ak AAl o= dete] Aol e e s Azbst
TEots AEHPH &4 F e 2AE
Al7IH A=4 He 7 Bast eSO Q14
Qltk(Borgnia et al. 2000; Lee et al. 2012).
Ho|zpo] FHE +AE FAHOE Aol
g]ol= HrAY (Semi—aquatic) EFEEZ 7
&, TR, 7159 T 0l Sle A Yozt ol
Al AZFe 4> Qltk(Borgnia et al, 2000), A
9] Hold 4] 58S o o 2-33]
sto] 7hgatH | 13] ZAF A] oF 1-1270A] H el A]
it 3-670A1E Alete & SA ME Lo Y
= ZA10] 753 HGosling et al. 1980; Gosling &
Baker 1981).

FEZoprt g 2bstar wAdgt gEHZﬂOﬂHL o]&9|
=2 Oe 54 e JAEs o R dsf £44
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AL, 1987d E7HEolE Bl AR CRE EQIsh
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M= FEoIE A 143
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A4E E4 A qukE ti o= o]Folzl 7Hd Al
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20120l o] A= 137) Yol A A 4ol Tzt
He 5 398 G4 FAE YEY ATHNIER
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0‘11;:,1—4 kernel density tool2 Silverman(1986)
Y3z yjulo @ At wZe A4t
Hol|l= HAA T e A (LSCVh: least
squares cross—validation), 7Fs =W AFEFGA (CVh
Cross—validation), 7] & 4
method) 5°] ¥ A )2 (Worton 1995), LSCVh
42 CVh gho] 7H wol AME= gte® tiAdA
oap F o] FEazof whet et wEHe gho] thE 4
AtH(Yoo et al, 2013), £ AolAls HHe o=
9] Ze Adsl7] 95le] kernel density toolQ] T
2% ARl = gkl Search radiusg 7] A4
2k(5485.4m)¥} Animal Space Use 1.3 Beta ==
o2 AAME LSCVh, CVh, h-refghe 243
O 20 7P AR gk Adstarat st

finj

rr 1o
oy rE
il

o=

H (h_ref: reference

A MA7FsA G F4817] $18f NIE(2015)
2319} 20159 A=t FEEo A HE B3}
1—/]__ %‘_x]@g LE g] }_4 ;@]g—x%o A-]AU\IEHE
Asto] BE3 2HARS EY R 100m ZR}o]
At So7hes SEAHE AlAsI F 1,44970
A-E o]&sk3ltH(Figure 1).

BFol= 7134 (bio O1-bio 19)9F A F M4

(DEM, Aspect, Slope), A Z5E 2] A& (d_river)
£ R ARSI 7] 9 Ri4= WorldClim
A AL o] E (http://worldelim, org)oll A Al & 3t +=

WorldClim Version 2(1970—2000%)2] A&7] 3

Z(1km x 1km) 19708 AME-81GITH AP Bi4s /b2
Rz @ Tl AlE-6hs 90m x 90msi A
29| =2 ®12¥ (Digital Elevation Model)2 A}
B3FAaL, o] o83 AHSlope), F(Aspect) ¥

RS

= A SARREY Ade w7
e o Zuprlo| A Ak sPW =S w7kskd
I} AebdE o] g-ste] Ailstit, HE S Ha
ArcGIS 10,3.1& ©]€-3}9] 100m x100me] 57+
FER WAsto] ARgsiTh & 2371 S Ho]
T3S WAIEH] ffsto] AA| EdR AL
H 1,449709) A -t A ol A A=
AASE 1,400719] A AL SPSS(version 22 IBM
SPSS Statistics, 2013)2 o]-&5}o] AAEA 51Tt
(Kumar & Stohlgren 2009).

Pearson A &A =7} 070141 78t AaaA 9
e WrES T AHEAT B tiet 7ol
£ ubgsto] & ¥4 5 ol Wk A
ol& %’3H 4%—5.—9 %% d(bio 03), 7Hg == <

S (bio 12), 7H Az
A (blO 14), 7H 53 2719 3 (oio
16), IL%=(DEM), % AHSlope), A2 5E 2 72
(d_river) & 87H] 27 W47} A= Qch(Table 1),

Ir &

o ¢

o

occurrence data

(]
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Figure 1. The occurrence data of Nutria used in
this study (NIE 2015).
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Table 1. Descriptions of environmental variables

Variables Description Variables Description
DEM Digital Elevation Model Bio 09 Mean temperature of Driest Quarter
Slope Slope (0° - 90°) Bio 10 Mean temperature of Warmest Quarter
Aspect Aspect (0° - 360°) Bio 11 Mean temperature of Coldest Quarter
d river Distance from river Bio 12 Annual Precipitation o
Bio 01 Annual Mean Temperature Bio 13 Precipitation of Wettest Month
. Mean Diurnal Range . s .
Bio 02 (Mean of monthly (max temp - min temp)) Bio 14 Precipitation of Driest Month o
. . . . . Precipitation Seasonality
*
Bio 03 Isothemality (Bio 02/Bio 07) (*100) Bio 15 (Coefficient of Variation)
. Temperature Seasonality . R
Bio 04 (standard deviation*100) Bio 16 Precipitation of Wettest Quarter o
Bio 05 Max temperature of Warmest Month Bio 17 Precipitation of Driest Quarter
Bio 06 Min temperature of Coldest Month Bio 18 Precipitation of Warmest Quarter
. Temperature Annual Range . S
Bio 07 (Bio 05 - Bio 06) Bio 19 Precipitation of Coldest Quarter
Bio 08 Mean temperature of Wettest Quarter

% “0” is included in final analysis.

(2) MaxEnt 2309 24

MaxEnt= ) AERTE 7|92 = 7| A5t
Fugoln, U E 1ot T2 ALA AR
wakopel G 22 HuE ARE ARS8l

C}H(Phillips et al, 2006), & Otl%oﬂHL 1,449719] &
Z32 =9} 872 3744 MaxEnt 3.4.1 Z21
Holl Ysto] &7 EﬂOH A AA7FeAGE o
=319}t 23S subsample?] AEE
9

(resampling)
082 102 Hhsskelon], B
(o]

e 29 At

goz Fskolnk

29| o) & LS Hrlely] Al FEo] B
a3y, SYAQ glo|e] NI EE Abgato] nEl 58
& A8t Ao| o] o)Ak Bl A9t W
ot AR E FA9| 2 F#t| 0¥ (training data)@r ¥

SHlolE (test data)2 LHro] S A5 915t
FE92 A2 E Tt== B o] ARETH(Kumar &
Stohlgren 2009). ©]ol| HZd| o€ S 25%= HA s}
Qo BEEE o= A7} 423 (convergence) 3=
7bA] SESE A7 EFE 4= Q=S maximum
iterations®] k& Z|gkel 500002 A7gstict
(Lee et al, 2016).

235 9] 42852 (performance)-Z ROC(Receiver

operating characteristics) curve?] AUC(Area
under the curve)gt-& o183l H7lslych £2 &
ASE 4 22 0014 1Afol9 gho = Uehlis=
logistic outputa 23} S A 02 Mgl o,

o]+ raw, cumulative FE| R T} 34517] golslct
= A o] 9Ith(Phillips & Dudik 2008).
FTHAERYO ANE W AT HIEE A Yo R
T&5t7] flsiA= dAG (threshold)o] E a8k,

71 #e2e 0.5, AA g A5 Y oA &
o] 47} E%=g sh= gt 5ol ARSE AL Sltk(Song
2015). & AFollA= 28 ES 2HASHE=
(sensitivity)2} H] &3 %ﬂlé—@@ (specificity) 7}
2|7} == A9 ghel 0.12625 AL E st
AR AA 7S A A= :IL—E‘@PJ— A2 FEs}
9 tHHeibl & Renner 2012).
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Forleh, 74 o] B2 AYYEs 4uny
LSCVh 3 T4:0] TUE QJolo] & P B
SIRLL, hrefo} 7|2 A7 gk H& 20 nYE

ofo] YA RESHE FeIS Ueholet, Ovhghe ok
2 7te] A8 Al ulawsio] 37 eg o)

& 3o WAL [SCVhETH 4, h—refe}

i ks S3Ath(Figure 2), ofof 241
2o 7 W7t Dot A 4=kl 1 AnE
24517] YafiAE CVhEte o]-8-3t 24

o) 71 YT A0 AmEo] 49l 199 1Y
AFREA9L alsignt
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2. wEZ[ote| EMH MATHSXIS

wEE ot HAH M7 A AS oSt AUC
2 0.948(sd=0.002) 2 UrefL; ®E o] A=A S
Felatley, 2o s ; L}EMh AUCZO|
0.5~0.74 %% EA ¢ 2. 0.7~0.9= A

1O
4 55, 090142 HE AR e

K nel Density

.hgn 5.964556-006

Miow:0

[T}

(b)h_ref

Kernel Density
o
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(d)CVh

Figure 2. Kernel density using 4 search radiuses.
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Legend
[ Region Of Interest
T [ / /\

high density administrative area

\5\/"‘/\\\

& -

o —— —
o 10 2 0 3 50

Figure 3. Administrative area including high density area.

(a) default : using default value for bandwidth of kernel function; (b) h_ref : value that
calculated by reference method used for bandwidth of kernel function; (c) LSCVh : value
that calculated by Least Squares Cross-Validation used for bandwidth of kernel function;
(d) CVh: value that calculated by Cross-Validation used for bandwidth of kernel function.

CHFranklin 2009). AAEHS 71202 A4 A4
7 A9 S ER7Fe A Gat vlEAX G0 RSt
o] d|&3H, Y Fot duE Edste] Ax%
apet 7k ddjoll A FE ok & 7540l
&= Ach(Figure 4). Figure 59 AXH FE ot
AAZES 0~19] 9ol H2ME HAd4sE =

o @sES gula,

57 F3RY A0l 7] Rud 29
A9t AFH TS BYAR, A7 SHolA
= srEelote] 2lo] 818 v SIEHNIE 2017, o
£ WAl 220 B o] 5742 0| ofego]
SHALS Aofsht] A4 Hi Ak 2 Aue e
e}, QR o) A% Shake AR 2ol v
e 00l0] QJekg Wit E3) |ty
291 7he] ABA9] Hojze] A A2d A2

ogo 3+

Aekgr 4= Qlth(With 2002; Lockwood et al.
2007; Leuven et al. 2009; Minor et al, 2009), &
& 7o) dEH 7FEHS @A dEE 9o

o2 ARof| frele Abdkslr] fiek dhejiieke] A8
I} A|&A Q1 Ry E o] Fasirt, A A el 270]
ojF A& SHof| AP AL wEL o} ARF
(Ondatra Zibethicus) %2 &<
AA| = WEA ZAbste] A4 J9E Sfd 4
onf olgt Al o] f9 ol UehollA] B
%l v} 9lek(Skyriene & Paulauskas 2012).
77t mygof nd J3E UEhfl= W 7
o] & (percent contribution)ol| A= 1% (DEM)7}
60.5%% &2 7| eg BoH, 7H Axet 2
757 (bio 14)0] 15%, 7V 5= &) A &%= (bio
06)7}11.6%, A Z5E 9] #A2|(d river)7} 9% <=2
2 =2 7|9 =5 e lch(Table 2). 2ol gt
9] oJeFS HojF Ao g A E (Jackknife

test) AT}, 71 WUkS AL A HELS WEQS
o o 7HE & B HAETF MY S 2%t
FEFoE A, 7 23 2o Zhpwka AL

= 1 Hpuhs A AT Aot A 7 B 9=
& ALE UEth 1%9 £ 7]ojee Al



210 EFYIL M7 H2s

potential habitat

Value

- unsuitable
- suitable

(<]

0 20 40 80 120 160

Figure 4. Potential habitat of Nutria in South Korea.

probability

Value
s High : 0.78

Low : 0

(<]

0 20 40 80 120 160

Figure 5. Nutria’s probability of presence.

Table 2. Percent contribution of each variable affecting model construction

Variables Percent Contribution (%)
DEM (Digital Elevation Model) 60.5
bio 14 (Precipitation of Driest Month) 15.0
bio 06 (Min temperature of Coldest Month) 11.6
d river (Distance from river) 9.0
bio 16 (Precipitation of Wettest Quarter) 1.7
bio 03 (Isothemality) 1.4
bio 12 (Annual Precipitation) 0.6
Slope 0.1

Egjo} x| o] AAY shHS
o] Ueht EAS Ot Hojze)
et al,(1983)<]
7]&0] %TEEIOM Pk} A= 29l
ot wED ot A 54 A B A2 9
ol-g/dol whel AAH 97} Alehe] = B 2 At
A2 Z e 2}, E3F Sheffels(2013)2] 714
22 ndlS 0] 83l REg o} AR a4 g;oﬂ
A AEHE 712, SARFEY A, $30]

Ad, 7H & 29 HALE7F 5. 7Col} -
0.67cols}t, 71 A3t g9 7F4gFo] 15—30mm,
AR BE Q] A7} 1,373mo] 5kl A48 o] A
£33HE0] YAIZHET B YERdt

2 Ao M= 71ASE B2l MaxEntE o€

stof frEioe] AR A4S ASSRAA,
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Mo mdk 12 o
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(
a4

/\-] Al x4 61—/«] oﬂ o |

FL Ao A ‘,{lE‘r(Doncaster & Micol 1989
D'adamo et al 2000; Guichon et al, 2003; Lee et
al, 2012). 3% ANAE BTN e} A4
of % o) g5t st} 1A ) Afo] ol o
oz A SHYRY S Wstol FUT B2
A58 T3 ok welel A4 A2, 4

St 220, AlefobH Alofo] Bt WS F7iste

o) A4 H*‘ b”%’% o} P& Brkstal ols
Soto] AlFAQ e |
gl ZdoA 83 22 e T4 4 Qo

vV.Aa=

2

7} Alg] o FojAfoF & Ao
FAH A475AY o5 2]
0.948% UEh} 2 AlZ=E Helo
d 7o a1k 7P Az g

= ouL_,] HALE, FARTEHY AY o8 U
e}, Busoh 2B T] BAS Avny, 3
= 34m o|5te] AAY, 7HAF 289 JAHLET}
—5.7Co)A4 —0.6Colatel A9, 7HY Az go
5ol 16-30mm, FAZ5E Q) A7} 1,373m
olstel AAgFollA YA ET =2 EHES

e lth, =0l ofEste] doprbe wEF ok A
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