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Potential Habitat Area Based on Natural Environment Survey Time Series Data for Conservation
of Otter (Lutra lutra)™

- Case Study for Gangwon-do
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ABSTRACT

Countries around the world, including the Republic of Korea, are participating in efforts to preserve
biodiversity. Concerning species, in particular, studies that aim to find potential habitats and establish
conservation plans by conducting habitat suitability analysis for specific species are actively ongoing. However,
few studies on mid- to long-term changes in suitable habitat areas are based on accumulated information.
Therefore, this study aimed to analyze the time-series changes in the habitat suitable area and examine the otters'
changing pattern (Lutra lutra) designated as Level 1 endangered wildlife in Gangwon-do. The time-series
change analysis used the data on otter species' presence points from the 2nd, 3rd, and 4th national natural
environment surveys conducted for about 20 years. Moreover, it utilized the land cover map consistent with the
survey period to create environmental variables to reflect each survey period's habitat environment. The suitable
habitat area analysis used the MaxEnt model that can run based only on the species presence information, and
it has been proven to be reliable by previous studies. The study derived the habitat suitability map for otters in
each survey period, and it showed a tendency that habitats were distributed around rivers. Comparing the
response curves of the environmental variables derived from the modeling identified the characteristics of the
habitat favored by otters. The examination of habitats' change by survey period showed that the habitats based
on the 2nd National Natural Environment Survey had the widest distribution. The habitats of the 3rd and 4th
surveys showed a tendency of decrease in area. Moreover, the study aggregated the analysis results of the three
survey periods and analyzed and categorized the habitat's changing pattern. The type of change proposed
different conservation plans, such as field surveys, monitoring, protected area establishment, and restoration
plan. This study is significant because it produced a comprehensive analysis map that showed the time-series
changes of the location and area of the otter habitat and proposed a conservation plan that is necessary according
to the type of habitat change by region. We believe that the method proposed in this study and its results can
be used as reference data for establishing a habitat conservation and management plan in the future.

KEY WORDS: MAXENT, PROTECTED AREA, CHANGES OF HABITAT DISTRIBUTION, HABITAT
SUITABILITY MAPPING, HABITAT PREFERENCE CHARACTERISTICS
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Figure 2. Scope of study and presence points of Otter (2", 3", 4™ natural environment survey).

Table 1. Properties of natural environment survey

Classification Period Investigation unit Apply to this study
1™ survey 1986 - 1990 Administrative district X
2" survey 1997 - 2005 Topography and mountain area (0]
3" survey 2006 - 2013 Index of digital topographic map (¢}
4" survey 2014 - 2018 Index of digital topographic map 0

Ecosystem and Nature Map
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Table 2. List of environmental variables

Variable Abbreviation Type Reference
Elevation elevation Continuous Jeong et al., 2015
. Jeong et al., 2015;
Slope slope Continuous Kim et al, 2015
. Ekness and Randhir, 2007;
Stream order of watershed watershed Categorical Lee and Kim, 2010
Landcover!) landcover Categorical Jeong et al., 2015
Distance from forest forest Continuous
Distance from industrial area indus Continuous Lee and Kim, 2010;
Distance from residential area resi Continuous Jeong et al., 2015;
Distance from river river Continuous Sim et al., 2020
Distance from road road Continuous

E4S BA5190cE MaxEnt RES 2, 3, 43} ZAA]7] E&
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& TS 7o R S AAIE B4 sl £
T 37 T R O] AJAR] Kol dagh Bl ARt
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Table 3. MaxEnt model run of 2n natural environment
survey

MaxEnt model run

1 st 2nd 3 rd 4th Sth Average
0.295 0.335 0.301 0.238  0.313 0.296
1) EXuE 0] Hele ohad) 2 LA 229, 20594

2 A3E XE=E ArcMap 10.59] Dissolve 7|52 o8&
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al.(2016)°] W=, ROC 245 Faf == AUC Ffo] 0.9
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Table 4. Contribution and importance of variable for 2 natural
environment survey (average value of five run)

Variable ~ Percent contribution Permutation
importance
resi 40.0 45.6
watershed 31.7 20.4
river 13.2 15.6
elevation 7.2 78
indus 4.0 14
forest 24 6.3
road 0.6 0.6
landcover 0.5 1.6
slope 0.3 0.6

Homue] A, wEAomRE A, BA w5, F4
of AR EBEEE o] FI 4] 4] W AN
5] A2, s A, shlomREe A, 1m)e] Jelw
of o 91%7} W RO Ueht, o] AAA] A
Slod] Fag Sae sk Aoz sk

M

2) 3xt ZAZ|HE MAIEGHRA
A=A AR AL 32} ARE HPFO R MaxEnt S
531 Ay}, AUC 22 0.8722 YeRgdth o]= 23} AL
A AutEt) o 22 3ol 32} APNE 240 At
A7 il w53 2 T BEE AR
0.258= = QIct (Table 5). 22} ARZ|RE FA o Ae} mid
TR QAR 2] 2HEE AwolA AAHIA S
FEoh= 7Eno R 8ot

]

Table 5. MaxEnt model run of 3 natural environment
survey

MaxEnt model run
1Sl znd 3rd 4lh Slh
0.209 0.237 0.241 0.256  0.346

Average

0.258

Table 6. Contribution and importance of variable for 3 natural
environment survey (average value of five run)

o] A o] V]ojket Fates Table 63}
o] mEEI. 7] 5P A, s o REE 9] Ae,
T, WEAHORIE ) A2, ARIK e FE ] Ae], B
A s, Ao RRE L] Az, BAL FAR A eRRE ] Az
wAR FHERI 24 2APE 24 Arehs T2, 57
Ao miE L] Ae] Hia= HsHR 7]ofwrt RolHry. g
W, 3P4 A, SRR RE o] Az, Ateof 37) W 22}
AP 24 SdsH A9l 71edws ek

3) 4xt ZAF 7IEF MAIXEHEN

A=A AL 42) 21525 v}FOR MaxEnt Bge 7
F A3 AUC ghe 0.8712 L) o)z 33 2ARRE
w4 Aot vlset AR, 47) 2APRE FA0] a4l
b gL A 58] e B =EE ARk
0.3172 Lpelsith (Table 7). 2, 33} ZAPuE 40 4¢} up
W AR e FAEE Arolld AAHIA RS
FEShe 7SR 28I

Table 7. MaxEnt model run of 4t natural environment
survey

MaxEnt model run
1Sl 2nd 3rd 4lh Slh
0.362 0.288 0.331 0294 0.309

Average

0.317

n3ol oJgH sgm4ee] 7|oJwet FQw Table 81}
o] B2EL) YlojwE sjo e A7, sk 24,
A, gl mREe] A2, Aelrelom e A,
AR|eozHEle] Aa], Bx| 18, AlgomrEe] Az, A}
o) SHE ESEn: 34 A1 24 Ea U
B Folslil, 7]ojwe] Zlois Fol} 9l Aow Bkl
ofr}. B3] spdomiEo] A2] a1 Ay 1w W e
T Eg i FEAS molrh

Table 8. Contribution and importance of variable for 4t natural
environment survey (average value of five run)

Variable Percent contribution l?ermutatlon =

importance Variable Percent contribution Permutation

resi 49.8 32.3 importance
watershed 27.2 19.8 resi 44 .4 36.5
river 6.6 17.0 watershed 34.3 15.8
elevation 5.7 8.0 river 9.1 19.1
indus 4.3 9.2 elevation 5.2 10.8
forest 2.9 6.2 indus 2.8 10.1
road 1.6 4.6 forest 2.1 3.0
landcover 1.1 2.2 road 1.0 0.5
slope 0.7 0.6 landcover 0.6 2.6

slope 0.4 1.6
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Figure 3. Potential habitat of Otter for each period of natural environment survey.
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Figure 4. Comprehensive map of potential habitat for three survey periods and the sample areas (Site A and B) for
finding the causes of habitat suitability changes (Fig. 4).

she weba ol A4 AA7L et 24 247N
24 Ao} wae v, e WHo® Uehhs Aae 27
Zol53L, 514e FAHOR AFo| A4 XS Holrelr
ol 37 24 Zahwch A3 A4 Hale] Zo| Zol5w,
AHQ) WA Foj=t Ago] Lperdr,

2. 0%

1) MAl 2iX| EREAMS B8 X0l MA| BH B 55
23], 3%, 43} ZAAIZE 7IBko R B Zizie] ) A
A S FBt] S5 A0 B W BAAR S
Slal Fast Aoe selsigic. 23} ARl el E A4
100, HIAJAIA) 002, 37 AAIKIe] HelE AAIA 10, HlA4)
%] 003, 43} AAXIS] S A4 1, HIAAIR] 002 A%
SHIL FHEAS UAISACE. o2 B3] Aol w3
& AZ(G30m x 30m)7k ASH R MAAZ FAH A,
AR FRAL AEA AAAZ EFEREAS BT
Qlelet (Fig. 3). olelgr A4 wiste] 4rg uiow
A7} ZH 410) el web Sko] A4 WA 9l Ha
bAme Aokt WA ue ANt (Table 9).
FURA AT 1119] g 2 A 37 24P olA
= A4 A2 B Ao waale] A Sl 94l

4 % o

o

ta

T

£917h B Ajolom mejslolof Ttk 0113} 1019] ZhS
74 AL @A) 7PhE 43 A1) A4 AAE B
How griEgon), 24 S 33 ZA7I0] HAAAR
b Alefom Al B A AT BB A4
o] maxol gt AR7le] weto] Wask Aejolck. 1102]
qhe ZHe AR 2, 33 2ROl A4 X BohEe
U 43 2ARA)7]0] AR R b Koo A ol
HAEe] stz Sefehe x|odoltt. ofeldt A|ole] disiA
L W 2AE TkoR BelAslo] Selo] AlFsira st
Eck 0019] FRe ZH= A= 2, 33} ZAR7)o] vl 2
AT} 47 ZAI7 oL AAA R B Helow, X
%9 RUERS Sa)A ofl aslo] Sute] HAXE Hat
a7 WSk, A 4] A4 AR SA7L E 4 Qe
Ao] Tigt 2A7F Baaler 0103} 1002] ke 2= Axp=
37 ZAN7] Bl 23} B& 33 2ARI7] ol @ win
A | 7k K|efolet. o5 Xelo] djaiils e
& FaA 7ol A AR Bl dik BelAEe] 42
o] HEElojof ek, 0002] FEE 2= Aok 37 2AK|7]o]
A B HAAA R BolE Helow wagl] Hasx of
ofaL ek,

AR A A7) sl T o] 7 B7HES Bsls)
W, 1119 RS ZH= A= 2408 101, 011, 1109] ZE



32 Hod - 2 gl =g AlEfete] ] 35(1) 2021

Table 9. Comprehensive analysis of potential habitat for three survey periods

Required policy considering time

2™ 39 4™ Sum  Number of overlaid habitat : Area (ki) Ratio(%)
difference

100 10 1 111 3 High priority as a protected area 1,657.8 6.6%

0 10 1 011 2 Needs to consider the 805.5 3.2%
establishment of protected areas

100 O 1 101 2 with careful survey 210.5 0.8%

100 10 0 110 2 Urgent Restoration plan 2,177.3 8.7%

0 0 1 001 1 Monitoring 2,554.1 10.2%

0 10 0 010 1 1,284.1 5.1%
Monitoring & Restoration plan

100 0 0 100 1 1,011.2 4.0%

0 0 0 000 0 Non-habitat 15,278.3 61.2%
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Figure 5. Effects of development projects on potential habitats for otters.
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Table 10. Response of environmental variables

Variable 2m 31 4
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