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Management strategy through analysis of habitat suitability for
otter (Lutra /utra) in Hwangguji Stream®

Song, Won-Kyong

Dept. of Landscape Architecture, Dankook University, Professor.

ABSTRACT

Otters, designated as Class I endangered wildlife due to population declines resulting from urban
development and stream burial, have seen increased appearances in freshwater environments since the
nationwide ban on stream filling in 2020 and the implementation of urban stream restoration projects.
There is a pressing need for scientific and strategic conservation measures for otters, an umbrella and
vulnerable species in aquatic ecosystems. Therefore, this study predicts potential otter habitats using
the species distribution model MaxEnt, focusing on Hwangguji Stream in Suwon, and proposes
conservation strategies. Otter signs were surveyed over three years from 2019 to 2021 with citizen
scientists, serving as presence data for the model. The model’s outcomes were enhanced by analyzing
‘river nature map’ as a boundary. MaxEnt compared the performance of 60 combinations of feature
classes and regularization multipliers to prevent model complexity and overfitting. Additionally,
unmanned sensor cameras observed otter density for model validation, confirming correlations with the
species distribution model results. The "LQ-5.0" parameter combination showed the highest explanatory
power with an AUC of 0.853. The model indicated that the ’adjacent land use’ variable accounted
for 31.5% of the explanation, with a preference for areas around cultivated lands. Otters were found
to prefer shelter rates of 10-30% in riparian forests within 2 km of bridges. Higher otter densities

observed by unmanned sensors correlated with increasing model values. Based on these results, the
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study suggests three conservation strategies: establishing stable buffer zones to enhance ecological

connectivity, improving water quality against non-point source pollution, and raising public awareness.

The study provides a scientific basis for potential otter habitat management, effective conservation

through governance linking local governments, sustainable biodiversity goals, and civil organizations.

Key Words: Suwon, SDM, River natural map, Camera trap, Urban river, Citizen science
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Figure 1. Research site. Red pins indicate the location of otter tracks. Bold black boundaries
represent 25 sections of the Hwanggujicheon River Natural Map.
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Table 1. List of Spatial Variables Applied to the Species Distribution Model

Variable
Category Environmental variables Data soucre Data type | Inclusion reference
Status
Channel development [0} kim et al.(2006)
Transverse structures (0] shin et al.(2017)
Width diversity (0} park et al.(2012)
Flow diversity [0} Gomez et al.(2009)
Bank diversity Suwon City River o ol (0] kim et al.(2006)
Vegetation diversity Naturalness map ategorica o) kang(2012)
Revetment (0] shin(2016)
Cover Longitudinal afl]‘l(‘)fg]lgglr;irllltelalong the low 0 Gomez et al.(2009)
Adjacent land use [0} Ail et al.(2010)
Riparian vegetation cover [0} Gomez et al.(2009)
Distance from agricultural areas Land cover map X Jung et al.(2015)
Altitude National Geographic X
Information Institute Mirzaei et al.(2009)
Slope (NGI) °
NDVI Sentinel-2 L2A X inelhub(2024
NDWI entinel- Continuous X sentinelhub( )
Distance from roads Land cover map X Mirzaei et al.(2009)
Disturbance Distance from transportation corridors o o
Distance from weir S;won City River (0] Jang et al.(2008)
aturalness map
Distance from stormwater outfall X
(689, 7H20-109) 2 1514 B7AM A4 2 HIv B8P Foz BeHn Aok 59
e Yo E4& A }3} o, 1 9| A T A4 g &7 AXFo|A A
AL o5 W WAYE AL IR P SAFoRA ARUPIS AXE 2A%
o 7194tttk F7HH oz A O & A de-S Fdstn AthDaegu Metropolitan City,
A FE gotslr] el 20219 42 8Y 214 K] 2015). YL FAF] Fo2 HZol& 1,000
24A7A] A&7k AR SRR} g 0.7 FAJE ~1,370mm Ato]& F2 Agol A37]eh, oF
ARl R o] geliA #E 2AE Y 6047te] Al 7IZtS Bl 2~3WtEle] A7 E
stuth A An g £4 9] AA|l= vEA A = 2o g2 deA T Association of Korean
6} o, R el MAslE 8 &4 A Otter Conservation, 2019).
S o7l RG] o2 B BA) BERA 2] A4 AFHES D) 99 AwA
D}(Suwon City Research Institute, 2000) o7 £d WA 9 ZAd o3kS nxE Al
A3} wol A, el 891, NAA FAUE S
3. TE 4= BN 3 s MH 12f3ka SATHHa et al, 2020). & AFelX =
T L TRHF SARSE ok APATE ol 729 M g3 vE A
2 ®FEth FolT EBurasian Otter(Lurra o2 WIE T 7770 $H do|HE ARG
Jura) B B8E 150] A2lehn d3E9 7)ok o, o] 7kl GIS % 20m 3 d = F3t o]

AE 15, AA7IdE 733052 A4 o
H5% 1 QtH(Association of Korean Otter
Conservation, 2019). ITUCNd|& ZAg] ~EQ]
‘Z °K(Vulnerable)’ 7 2.2 75 o] A AAH L

Ha $30] 7bedt 3 HE 1971E HEH 2
& T3t tH(Table 1).
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19 EXIEAEE B FAAZREH A
2 s FEFon 15000 FAAIEE S <
T, AAP WSS S B A F3
o] ARAL e Y8l 20211 8€Y 1599
29 H Sentinel-2 L2A 93-S F 53t H s}
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BRlston Mg It EE 20m=E 5
3131 TE NDVISF NDWIE 2020~2021d ] &3 3
T ¥slerS g9l th(Pasqualotto et al., 2019). 5~
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2 AfaAE BRI Held Fad
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71 #fel FZEEF(SDM, Species Distribution
Mode) & ©] 48tk SDM 5 9] 28 A8 g
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et = gl g2 FA st Tl &E

FZ2 Jeh & MaxEntZS 288 CHPhillips et al.,
2008). MaxEnt= 53159 249 94 A5E ¢
s u 24 X9 4 S gt
HEE 83 FY6to o] & 7|Nte R AeF
o A B TEE Sk 71AI%s W olth

MaxEnt= THFSH 873 Aol ©J3) A 3tgkol
¢ G2 7] el wiz g AAo] Fasith
34 2.2 MaxBEnt= 7]5 Z3H(FC; feature class)
3} 7t8} S5(RM,; regularization multiplier)
7HA wil Wg 23] o3 oS s ARt
A 3FS HH=THKim et al., 2022). FCE L(linear),
Q(quadratic), P(product), T (threshold), H(hinge),
C(categorical) 67 2302 75 Z3o] 7Fs3}
o, ol Rdld &3 SYFES 541l
5} £7Z o|n|gtHElith et al., 2011). RMS
Ty 243 FCY| Z=g Alojetn g B4
A 3 AR WAske s R d4dt
(Oh et al., 2021). YRFH S 2 RM ko
A1 S9N B A4 ¢ U=E

S A7, B 2 RM Fho] AS4E
A el Ao R o S A7FSITHKIm et
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2] 054 AR F7MA A 20 dasl
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g THWarren and Seifert, 2011). 23 nj7j
X3} 4742 R package ‘raster’, ‘ ENMTools',
‘ENMeval S< 8319

MaxEnt 4o &3 & 28 QS 7%
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2 A% 3th(Kramer-Schadt et al., 2013). 1
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Table 2. AICc Values for Models by Feature Combination (FC) and Regularization Multiplier (RM) Parameters
(RM: Feature Combination, RM: regularization multiplier, AUC.train: AUC on training data, delta.AICc:
change in AICc, w.AIC: AIC weight, ncoef: number of variables used)

FC RM AUC.train AICc delta.AICc w.AIC ncoef
LQ 5.0 0.849 685.260 0.000 0.418 16
LQH 4.0 0.881 685.546 0.286 0.362 20
LQH 35 0.884 688.195 2.935 0.096 21
LQH 5.0 0.873 689.145 3.885 0.060 19
LQH 4.5 0.877 690.257 4.997 0.034 20
LQH 3.0 0.887 691.888 6.628 0.015 22
LQ 4.5 0.854 692.916 7.656 0.009 18
LQ 4.0 0.858 696.149 10.889 0.002 19
L 4.0 0.860 697.314 12.055 0.001 19
LQHP 4.5 0.873 698.341 13.081 0.001 20

layerS Adsta 2o A gato] 2d Ao
A S WA P okKim et al., 2022). 714 o
2 ‘Replicates’= 103], ‘Replicated run type’ <
‘Bootstrap’ 0. 2 Aelsle] 2go] E3AA S 7+
2AZTE B oA AR 7hs ek wi A AR o] oF
2,00071 2 &<l=|o ‘Max number of background
points’E  2,0000.2 A% 3} TH(Barbet-Massin et
al, 2012).

MaxEnt9] 218 % = ROC(Receiver Operating
Characteristics) A< 283 2™ AUC(Area
Under the Curve) #t2 A& =9] 7|02 49kt
AUC ko] 239 dss Hristet Ayl
ofyA|vh dutdom FEE o|FAs st
o] 0.70-0.80 Ato]9] AUC #2 =& 715 3},
0.80 ©]Fe] AUC #holahH RS AFd 4
oitha Fekelch(Hansson et al., 2003; Carter et al.,
2016). M) FoA4L 9 2 9 % (permutation
importance) <} #%-& 7] T (percent contribution)
2 3olsly W4 7 28 5+ Jackknife AF S
Fefete] gl =3 s g vhg-
o

o)
=

5
p
©

DU

A
& gl B U 2 S0 9L mAE
E¥aE W92 G, saves 2 2
o] w2 A =8 Ak 23S flel 2HA
o2 &gate Ho HAE WL + 5ok 9
AlZL ]l ‘Maximum test sensitivity plus specificity

Logistic threshold’E AFH&-31THLiu et al., 2005).
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Figure 2. (Above) Final MaxEnt analysis map according to 13 environmental variables. (Below) Binary map of
potential occurrence of Eurasian otter based on ’Maximum test sensitivity plus specificity Logistic

threshold’.
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Individual response curve graphs for the environmental variables contributing to the MaxEnt model.

(A) represents adjacent land use, (B) represents distance from bridge, (C) represents riparian vegetation
cover, (D) represents channel development, and (E) represents transverse structures. For the legend of

individual variables, refer to Appendix 1.
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Figure 4. (Above) Final MaxEnt analysis map according to 13 environmental variables. (Below) Binary map of
potential occurrence of Eurasian otter based on ’Maximum test sensitivity plus specificity Logistic
threshold’.
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Appendix 1. Evaluation Grades by River Naturalness Types

category grade Content Mean
5 Meandering
Channel 4 Degree of Channel Strongly Curved
developme 3 Meandering and Low Flow Moderately Curved
nt 2 Channel Sinuosity Slightly Curved
1 Straight
5 No transverse structures
4 Degree of obstruction by Drop with bypass, uneven inclined channel
Transverse e s . P
structures 3 artificial structures blocking Drop with fishway
4 2 fish movement Flat inclined channel, drop of 0.3-0.4m
1 Drop of more than 0.7m
5 Very high
Flow 4 Diversity of longitudinal and High
.. 3 Moderate
diversity transverse water flow
2 Low
1 None
5 Very high
Width 2| Width diversity of low flow High
diversit 3 channels Moderate
y 2 Low
1 None
5 Very high
Bank 4 Diversity of substrate High
diversit; 3 composition Moderate
Y 2 P Low
1 None
5 Absent due to natural conditions
L. 4 Presence of riparian Monospecific stands of reeds, cattails, etc.
Riparian .
. 3 vegetation and types of plant Grassland, trees
vegetation o -
owth 2 communities Absent due to erosion
gro 1 Absent due to blockage
5 No revetments
431 Types and degree of — - Vle(;getatlv.e revetments —
Revetment artificiality of channel ablons, bOoulders, Tiprap, or wooden fences
Permeable concrete blocks, stone revetments
2 revetments
(dry masonry)
1 Impermeable concrete retaining wall
Longitudin > Diversity of longitudinal Very. high
al 4 High
arrangement along the low
arrangemen 3 Moderate
flow channel by
t along the 2 . Low
microtopography and
low flow .
1 vegetation None
channel
5 Natural forest over 10%
4 Natural grassland and low shrubland over 10%, orchard
. o o 10-50%
A D f artificial f
laij(?cs:; 3 e%lrj;izanirtl;;(gaég © Orchard over 50%, cropland 10-50%
2 Cropland over 50%, densely used facilities 10-50%
1 Urban areas and residential areas with densely used

facilities over 50%
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Appendix 1. continue

category grade Content Mean
5 Complete, over 90%
Riparian 4 L Slightly porous, 70-90%
vegetation 3 Canopy C:‘;:ﬁ((); riparian Porous, 30-70%
cover 2 vee Excessively absent, 10-30%
1 Absent, less than 10%

Appendix 2. Receiver Operating Characteristic (ROC) Curve for MaxEnt Model Predicting lutra lutra Habitat
Suitability

Average Sensitivity vs. 1 - Specificity for lutra
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