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Effects of Habitat Environment and Land Use on the Abundance
of Japanese Tree Frog (Hyla japonica) in Incheon, Korea
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ABSTRACT: The damage and fragmentation of habitat due to urbanization pose a great threat to amphibians worldwide. To
understand the effect of urbanization on the distribution and abundance of Hy/a japonica, we measured their population
sizes by listening frog calling and investigated the habitat their population sizes and land use in the 18 rice paddy fields
located in Incheon and its surroundings. Abundance of H. japonicawas 0 - 17 male adults / habitat or 0 - 41 male adults / hain
Incheon. The number of the frog was increased as the distance between the habitat and the road became longer or the ratio
of circumstance / area of the habitat increased. Unlike the general prediction, the density of H. japonica showed a negative
correlation with the size of the habitat and a positive correlation with the surrounding land use intensity. Our results
suggested that H. japonica could be concentrated in a narrow habitat due to the habitat size decrease and the periphery
development according to the urbanizaion.
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Fig. 1. Map showing the location of sampling sites of Hyla
japonica study site in the Incheon City (closed
circle) and Siheung City (closed square).
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Table 1. Sampling site and date of the monitoring of Hyla japonica in Incheon City, Korea. The sampling sites are

shown in Fig. 1

Site Address

Latitude

Longitude

Sampling date

S Geumgok-dong, Seo-gu, Incheon

37°36'30.61"N

126°38'15.98"E

13 June 2017

S2 Geumgok-dong, Seo-gu, Incheon

37°36'30.32"N

126°38'24.48"E

13 June 2017

S3 Oryu-dong, Seo-gu, Incheon

37°35'39.44"N

126°38'36.54"E

13 June 2017

S4 Oryu-dong, Seo-gu, Incheon

37°35'38.79"N

126°38'45.01"E

13 June 2017

S5 Oryu-dong, Seo-gu, Incheon

37°35'34.95"N

126°37'25.69"E

13 June 2017

S6 Dangha-dong, Gyeyang-gu, Incheon

37°34'30.66"N

126°44'58.46"E

05 June 2017

S7 Moksan-dong, Gyeyang-gu, Incheon

37°34'16.03"N

126°43'31.54"E

05 June 2017

S8 Danam-ro, Gyeyang-gu, Incheon

37°34'05.71"N

126°43'58.31"E

27 May 2017

S9 Geomam-dong, Seo-gu, Incheon

37°33'42.82"N

126°39'44.48"E

14 June 2017

S10 Yeonhui-dong, Seo-gu, Incheon

37°33'05.43"N

126°40'12.37"E

14 June 2017

S11 Yeonhui-dong, Seo-gu, Incheon

37°32'37.56"N

126°39'35.84"E

06 June 2017

S12 Gajeong-dong, Seo-gu, Incheon

37°32'20.52"N

126°40'16.69"E

14 June 2017

S13 Samsan-dong, Bupyeong-gu, Incheon

37°31'15.56"N

126°45'19.55"E

15 June 2017

S14 Namchon-dong, Namdong-gu, Incheon 37°25'35.39"N 126°42'27.88"E 30 May 2017
S15 Namchon-dong, Namdong-gu, Incheon 37°25'18.05"N 126°42'57.31"E 11 June 2017
S16 Sincheon-dong, Siheung 37°25'15.09"N 126°45'34.32"E 30 May 2017

S17 Wolgot-dong, Siheung

37°2321.67"N

126°45'37.35"E

06 June 2017

S18 Wolgot-dong, Siheung

37°22'45.06"N

126°44'50.64"E

01 June 2017
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Table 2. Number and density of Hyla japonica and Pelophylax nigromaculatus estimated by acoustic monitoring in Incheon

City, Korea
Site Hyla japonica Pelophylax nigromaculatus
No. (no. / habitat) Density (no. / ha) No. (no. / habitat) Density (no. / ha)
S1 0 0 0 0
S2 13 14 3 0.3
S3 5 0.9 0 0
S4 3 0.6 1 0.2
S5 14 3.1 3 0.7
S6 6 0.8 0 0.0
S7 17 11.5 1 0.7
S8 12 3.1 1 0.3
S9 5 0.6 0 0
S10 4 1.3 0 0
S11 13 0.4 0 0
S12 9 0.5 0 0
S13 13 0.3 0 0
S14 7 24 1 0.3
S15 15 41.0 3 8.2
S16 0 0 0 0
S17 0 0 0 0
S18 9 1.5 0 0
Mean 8.1 3.9 0.7 0.6
SD 5.3 9.4 1.1 1.9

Table 3. Environmental properties of the sampling sites of Hyla japonica in Incheon City, Korea (n=18)

Variable Abbrev. Mean SD Min Max

Habitat size (m?) HS 102,461 111,940 3,662 420,519
Habitat circumstance (m) HC 1,856 1,433 291 6,400
HC / HS (m/m?) LS 0.028 0.017 0.008 0.079
Distance between habitats (m) DS 157 293 5 1,301
Distance from road (m) DR 128 115 16 350

Green space (ha) GS 540 128 284 868

% Green space (%) SP 0.60 0.14 0.25 0.84
Land use - -

Potential habitat area (ha) PS 157 102 47 432

% Potential habitat area (%) PP 0.17 0.11 0.06 0.50
Air temperature (°C) AT 214 23 15.4 25.0
Water temperature (°C) WT 23.5 35 20.3 33.2
Water electrical conductivity (uS/cm) WE 1,378 955 450 3,999
Water pH WP 9.0 0.6 7.9 10.3

A= AlGT F3E 2 AlgAE ol ARt AR 87 kch (Table 2).

oA 170}2] o] Itk (Table 2). o] b= 2] 0 = A|H AN AR5 5 2ARRE A AR &f 1A

FTEISI, AIZAIS16, SITOIAE AT E
234 3tk Aol Ao Bt A
3.9 ube] /hao| 911, W5 HEF AT SISO
41 vke] /a4 7 59teF (Table 2). 2747212 A
A AR B 0.7 vel, BF W06 5]
hao] g0, kel b AE|K) ghe EAIA7H o] B

1__

|t 420,500 m?, 224 3,700 m?, H# 102,500 m?0] 3]
T} (Table 3). A A X[7F A 2= Bt 157 mo] LIl Z|of
1,301 mo|Qich AJA2] £ B 2| o] 8ol A =R 7} Hat
0.6%, 712 2] A 4lo] 7hset A A A= 0.17%
2A] o F-& HAL 2R}k Q) 9tk (Table 3).

7N A Ao B 8.Q1E o83 FAwEEA
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Fig. 2. Biplots of principal component analysis (PCA) with environmental data from the monitoring of Hyla japonica
in Incheon City, Korea. (a) Arrangement of environmental variables (Abbreviation shown in Table 2), (b) Arrangement
of sampling sites. The length and angle of arrows show the contribution of the number of H. japonica (NH) to the

PCA axes. (Abbreviations are shown in Table 1).

Table 4. Kendall rank correlation coefficients (t) between the number and density of Hyla japonica and environmental
variables in Incheon City, Korea (n=18). The significant coefficients are shown in bold numerals. The abbreviations

of variables are shown in Table 2

Variable Number (no. / habitat) Density (no. / ha)
T p T p
HS -0.074 0.675 -0.563 0.001
HC -0.034 0.849 -0.444 0.011
LS 0.081 0.647 0.495 0.005
DS 0.199 0.266 -0.007 0.97
DR 0.191 0.284 0.108 0.541
GS -0.235 0.182 -0.086 0.621
SP -0.128 0.468 0.180 0.304
PS -0.256 0.147 -0.505 0.004
PP -0.274 0.126 -0.439 0.013
AT 0.000 1.000 -0.069 0.701
WT 0.095 0.593 -0.040 0.819
WE 0.067 0.703 0.066 0.704
WP 0.007 0.969 -0.034 0.829

(PCA)NI A AL S} A259] 2174 (eigenvalue)= 2}

2= (NH)9} 8174 2 012] 12 Abv wl, 2m0] 27

7}3.5161}3.010 0.2 A] 5= =0] A A H0]2] 50.1%=
sl 4= 918ltt (Fig. 2). 4 2. ¢1o] v doflA 15 &
S0l AAATE A2 (DS), &2 A7 == (WE)
9 =2 (WT)o] 7}7te] 1513, 15 eF off o
TR} HA A 21 %] 9] B (PP) 1} A (PS) 9 =11 9]
52 WA (GS)o] 1g8F3iTh (Fig. 2 (a)). T3 A
v of| x| F7HAte] & A BEA] 3k 2AFA| 162817
= AZ offof|, 7Mg YTt =2 AKX S15= 159
L EZ flol YRI5k (Fig. 2 (b)). 707214 7HA|

AR 2 vlE (PP 2] (PS) B /9] 54] 7E
(GS)o] A o5 =2} 727} ds A7) 7HA
+7F 5718k (Fig. 2).

7N 2 AAl, Dot g 8]l Aol Al A
ATE ST Ao mEr A7le] o] ek A
Ao WA, E8 Ao, T A AR 2] 7] 2 H]
& Atolofl Folgt 5] Ao, A4x| o] S8 Aol
A} vlE) oF el Aol IRIth (Table 4). 7 71
2] Aol sk SAI% 2] 7] (stepwise regression) o]
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Table 5. The coefficient and standard error of the environmental variables selected by the stepwise regression for the
estimation of the number of Hyla japonica in Incheon City, Korea. The abbreviations of variables are shown in Table 2

Variable Coefficient Std. Error t p
(Intercept) 5273.000 3095.000 1.703 0.123
HS 0.007 0.003 2.542 0.032
LS 65110.000 8868.000 7.342 0.000
DS -2.388 1.058 -2.257 0.050
GS -9.755 3.602 -2.708 0.024
SP 5673.000 3058.000 1.855 0.097
PS 4.629 1.872 2473 0.035
WT 90.910 50.960 1.784 0.108
WP -897.000 384.900 -2.331 0.045

ofsto] 2| 2ohd W= A4|e] |A (HS), 59 2
o)/rd#] vl (LS), M4 Azt A 2] (DS), 71 4] 2 W
2] (GS) B vl (SP), =S| A A 4] 2] 1A (PS), &
o] &= (WT) pH (WP)©| 31Tt (Table 5).

4, k= o

Q1 A O] 1= A A Ao A A7 2] A= A4
A gHg ol wheha] 0 - 17m2] / A4 2] 9] jo] & H Gt
2] Il AA) A= EAISE Yol wheba
102,500 m* 2 A4 E] o] SHstE|of 9I9Ich A4
A5 FAHCE N7 1.5 kmo| o] EX|o]-8-2 A i
H A3t ofsto] m=2|= A HA o] 0.6%°] &}
S}, =59 72 AlAlo] 7t A2 0.17% =
A 7] o] A Al o] w9 FarE o] QlSich 1
of| A TRt A7 9 = A A A= Hat 130 m ©]
W Aol A ==} QIS ISt ERE G729
A= AAA7E E2of S5 Fadhe A
of . o= R} AT Aol FAg Al G
2 7|3tk Ao} H3lsl4 Tt (Pellet et al. 2004a).

A= A AL AA ST A8 A AR E
B o] g5h] whimol = A AR o] 2 o]l Fake W=
T} (Alford 2010). 2 ¢15- Aol A A7+E2] o) U=
HA o] vlsto] Z8| Aol7t A4 F7Isk3lTh = Al
212 9] A F ol = == A o] A ek A 7F &3t
g, o] A& A7lAte] o] ol o] = 2159 A4
A7FE 4= Q& Wk oy e} 7 te] o] 2AIA =A o]
49 5= S A 0B AT YubA 0 2 QRAlFof| 4]
= YA AR 0F Bl o] o] E5t7]of] A A A of 3
© S HA O S AR 7L R o] 5 Al

O] AjZo| HAE 4= QIt} (Vos and Stumpel 1996).

o E A AR 9] A o] Z7EE o] 59
K4) 870 FEIIL o) 5] AR F7eE Aoz
oA FE T (Tsuji et al. 2011). L2juf & A1) Airlo]]
A= ol2leh IRbA 9l 2} ANt A Frl ke W
= tmo) Wi, o) 7] 9 AN AR B vl &)
So] 4hg ERlc, o] 2fat ATH: mA0)H 4
gh A A A] FAn0]] Jato] ZE Sk A A R 2 7]
7HASEY| dhigd 4= odek A= TSk o] E JHA
T A AR 2 o] of s of whebA AE e 4= 9l A
o5 geElc, EgHEA0] We Ao A 72
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Q) kS o2 S 9Je}aL AZEIrt (Bronmark and
Edenhamn 1994, Smith et al. 1999). =A|3}7} Xs)5
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