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Ecological Niche and Interspecific Competition of Two Frog Species (Pelophylax nigromaculatus and P.
chosenicus) in South Korea using the Geographic Information System. Jeong-Yoon Ahn (0000-0003-0340-
3246), Seoyun Choi' (0000-0002-9871-1083), Hyeonggeun Kim?* (0000-0002-8333-2427), Jae-Hwa Suh? (0000-0003-1420-
6547) and Min Seock Do** (0000-0003-0162-8740) (Department of Environmental Science & Ecological Engineering,
Korea University, Seoul 02447, Republic of Korea; 'Department of Agriculture Forestry, and Bioresources, Seoul
National University, Seoul 08826, Republic of Korea; National Institute of Biological Resources, Seo-gu Incheon 22689,
Republic of Korea)

Abstract  An ecological niche is defined as the specific role of a species influenced by time, space, and
other resources. By investigating overlaps between ecological niches of different species, we could estimate
the degrees of interspecific competition. Such studies often use geographic information systems (GIS) to
discover niche overlaps between species. In this study, we used GIS to estimate the spatial niches of two
Korean frog species (Pelophylax nigromaculatus and P. chosenicus). This enabled us to predict their geographic
distributions in order to identify their coexistence regions and distribution patterns. The results confirmed that
altitude was an important variable for predicting their distribution, with a correlation with their climatic range.
Spatial distributions of the two frog species were highly overlapped, as the distribution range for P. nigro-
maculatus included most of the range of P. chosenicus, showing a sympatric distribution pattern. Within the
coexisting regions, however, the presence sites for the two species did not overlap, implying weak competition.
To confirm the principal factors influencing their competitive relationship and reasons for their sympatric
distribution pattern, we need more detailed in-depth studies on the diverse environmental variables within the
regions where the two species coexist. By doing so, we would be able to identify various mechanisms for
avoiding competition in sympatric frog species.
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W EL Beolo 7S 94 FUE B £ AARAE 0
&9 4= 9lth(Hutchinson, 1959; Krebs, 2001; Polechova
and Storch, 2008). 7t A AgHE FItelA] o] 7t
3 wolaelo] 24T © % & oo 5 Apolo] &
ot Astgos AHA A9 BAHE B b}
q3p ByE 2T e ZYAE 2a0 AELY B
o]t} (Hairston, 1951; Levins and Culver, 1971; Begon and
Townsend, 2005). £3], 343 ZATA7} 7i7ke ©dA
ol £ T2 35 DAL ERE EE A 54
(e.g. AAAAE, AAF F)o] FAFsH] ol A|2A e
2 FESH= A o] WA, o3t A GEolA F1F BA
= ZF TA o] ElHth (Harper et al., 1961; Maurakis
et al., 1991; Martins et al., 2001). W&tx FeEfF 2 Yot £
T BAE wetstr] sl AP EAI A" FAVHE A
&35t i Fo By FURRE £AT g A=
o] e 2jstal AYefst, BASH Fofol| A LHstA 3=
A glew, A Fo| Fxot A, X3HE olsfist= ol 58
gt 93k 3k Itk (Connor and McCoy, 1979; Rotenberry
et al., 2006; Do et al., 2021).

FARL 2R olF, THRE WALt 4 R &
HEFES) ZAAE AAE FAE Holazel 51
A ] Q7] Wil BHAE FAskE 92 o
&S Ste T8 ERTeE AHA A B =24
< WE et d=o] EEsHA 3= 91k (Brandon
and Huheey, 1971; Katayama et al., 2012, 2013; Do et al.,
2018). Zr=oll= & 1459 1] FAF (Anuran)7} A48}
3 gloed, o] F F e (Pelophylax nigromaculatus)<}
ST (P. chosenicus)~ TLA %S (Genus, Pelophylax)
ol &3} dtkJang and Suh, 2010; Liu et al., 2010; Komaki
et al., 2015). 53], AT} FAATeE vlad Haol
3509hd 0] BERAORRE BRE] FeHO $4}
HE 7R, A AolN ol WA wha AR
2% BoHslA Zelwo] Qlth(Yang er al., 1988). BA7t
A o Ae AT 2 wFol A 7 =
Al 4, A Wl Foll gt okt dFEol A=A
(Nishioka, 1977; Ko, 1997; Hirai, 2002; Do et al., 2021),
S/ e A4 B4, 83 oA, Holakd Foll digt
thoFst AEo] £33t Eom et al., 2007; Min et al.,
2008; Sung et al., 2009; Yoo et al., 2019). A%, @R}7H]
T 0 30 E4s T AHA Ao AAEA A o
3 A= 3 E H gl

2 dFelAs e a7 B2 A9 X
g3 SRYEE Tl T A EAS wofsto] AHA

ST - MYt - =014

N9IE oL, F FO| LE FHE FUsk] FESIE
Agat 3 G| H Y HA ol8g sk 2

913 WA, A ARA2ES A gStel £ Fo| BAA X7
o] #4918 B3 BEH Ao nEo} 7
AARRE 2E51] BAUSE 7 ABIAS A
99 3 A=2 FAskdt oo

2 AT AAQl FRE FHoPAoto &3 Yo, AF
= ZEE 23 Fe HE0| YNIL YE R F
o7fe] ARFHeR A lek(Fig 1). ZEY oF 65%
L A, oF 20%E ARAR Euldto] 9|3t FRE
AR foln], HEE AR P Holk FuAA]
Qo T Yot 2 7| FE YEA VT2 4
Ado] Bk, AL 1 AZAG G2 Y1 &

a £40] glet.
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Fig. 1. The topographic map of South Korea including nine provin-
ces, i.e. Gyeonggi and Gangwon, Chungnam, Chungbuk, Gyeong-
buk, Jeonbuk, Gyeongnam, Jeonnam, Jeju.
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Sh=rof] AABEAL QU= Pelophylaxdy & 59 ¥ AR =
20059 EE 2017E71%] 292E 109 Alolo] £3E =2
A A3 A4x; AFAADAH 2AL FHTY AAAY
ZA} ZHMEAQDT BE7) oPYE HE BIRAL
YAEAT YERE AR A28 7E Auste] &
A7 7,96270, 274tE] 222709] WA AL o] gt
(Table 1). 2& TEAX| A U3t ZAN= A - o7 AR
7Heoll 93 SYE UL, ZARA| G FHIEE giatez o
2] T A 950l ZFE o] Qirh

3. X|z2|™

AT S Ede 7\]"“‘94 A2 &34

HE £A4517] Hsf A9 A HELS DIVA-GIS 7.5
(Hijmans et al., 2012)E ©|-&3)] = Togs}sau}, A=
+= GLC 2000 (R}& & A: http://bioval.jrc.ec.europa.eu/
products/glc2000)°l A4 A2 EA] ¥& (Land cover) A=
A2} Worldclim (http://www.worldclim.com)2F¥ &
o TEe} 19719 7% 42 o gHon, 2ol A=
£9 Cell 27|12 oF 2kmZE U FUAA 2YF 3
ARRES 2Eoic DU TEYEL ATHY B¢
W+ EFHUA (Mean+SD)Z, A4S 2 B A
9] ZF(Median (19~3" quartiles)) 2 VeI, Kernel
probability density plot=x A3l FE0] AEst= 1=
WE VAT, 7| FARES WEE 2o AVBAT
E=A Yehyr] gi&o FAE B4 (Principal Component
Analysis; PCA)& %38 1137k (Eigenvalues)©] 1 ©]4+¢l 4
MY PCEL 3192, PC e 1E9ke] AU
£ &913}7] Y38l Spearman rank correlation tests O]
Aot B E 2AF BA42 REZ I version 3.0.2 (R Core
Team 2013)& o83 $3=|3ict.

8 2y

4. MENE X2l S

Ecosim T2 12 AR5} Aed =] £)Zk<¢] Pianka index
(PHE AFE3}E T (Entsminger, 2012). PI12] X3 ¥+
078 I7HAZ, 19 7745 3 AEA X947 FAA
ek AL SJulskel, 0] 71E4S ek Asit el

sl Qs AL Fik
5.5 2x nuy

e SAFYY £ AGE 557 Hl
MaxEnt version 3.3.3 k T2 1L o]-L3lo] £ Bx Hd
£ A3t (Phillips and Dudik, 2008). MexEnt &
2 IFAEAE 7|9e 2 Ao AEZT FTH (Maximum
entropy approach)& B3l &2 q4& Z234E 71 £ e
o, FAFE I ST ERTAE FEA AREH
al "ot (Do et al., 2017, 2018; Lee et al., 2021).
T BE dE 1557] Q& 449 FEol 28T A
45g 2, A2 )P RS (RES A7), 7]
£)2 SYUSE o|gagon, AT Mo B
Aol 75%= tralmng_i 25%+ testing2. 2 A3t F
1530 AA W2 158 34T (Jiménez-Valverde, 2012;
Do et al., 2017). E%l Arg 9] H=2 ROC (Receiver
Operating Characteristics) < B3 FA9 st HA
%59l AUC (Area Under the Curve) 32 S3f &elstRa,
10% training presence®|A] YERY X8 F= AA|SHA T
(Jiménez-Valverde, 2012). A2 E2] 2ol gL 7]
7 2 H SAHFEL MYo| L E|AE (Jackknife test)
£ 53 A" -lﬂ—"n'-ﬂoi-g(Average percent contribution)
2 Zusglen, 228 ¥ £E E*‘C S DIVA-GIS 7.5
(Hijmans et al., 2012)E &3 1-& gAT AAATA Y, 0

L xRlo] &A3F] Brbsd |gow ?;j ot o]l w
d=2 10% training presence?] HAIZS 7|02 $HsH
A EAAY EAHA G °]B‘€l Q1 2B E B8t
of & 7 FEL A= AGES ASsHAh 3 4
T S/t A & ?l’ '6‘735] Aol A9 2 A

&= EOH £7]- /L]-J_]-J_]-zn _‘ o].o:] 73]%] ;ﬁ 2 o= o]—ﬁ
Pelophylax® ¥ %9 AHHA A1S Foprs] gis) o
Table 1. The number of locations of Pelophylax nigromaculatus and P. chosenicus used for MaxEnt modelling in this study.
. 3" NES' 4" NES' NRS’ NEW’ NBS*

Species O A OV YT "8 Total
C06~"12) C14~17) (’06~"10) C07~11) (C05~’11)

P. nigromaculatus 5,824 2,087 - 14 37 7,962

P. chosenicus 30 77 28 87 - 222

"location source of Nationwide environmental study (NES), %|ocation source of Natural resource study (NRS), 3location source of National distribution survey

of endangered wildlife, ‘location source of NIBR biological specimen information
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Fig. 2. Distribution maps of (A) Pelophylax nigromaculatus and (B) P. chosenicus in South Korea.
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Fig. 3. (A) Occurrence of Pelophylax nigromaculatus and P. chosenicus by each habitat type in South Korea. (B) A Kernel density plot of
the presence of the two frog species according to altitude.

A o} 3. 7|FHa Zho| AEatA|

1. = 253 35 Aele ST B2 S-S 1Y) Aud
AL Flsty] gl F Fol WEE AFY VTP ES

Pelophylax; 7 $°] A HS A3 23}, FAA2 0]-83] PCA9 7‘4—8—/\] ZHck 12t 2 183k (Eigenvalues)
7t 283 7962719 SRAHZ AFES EA® WE o 717 4719 PCEL £ 94.31%2] AEES 7HHTHTable
A A WA B2t den, ST 287 222 o) po1e 745 71&4 ARA MEo] 71 & A=
Ne Bddazd 283 Al AFE AQdste A71=2t §  porx= oq 2 7)o} AL Zreknt AlnabA 7 99
FEEE detEze RE 3 o] B2k gict(Fig. 2). o} PC3E gEE o2 Zsre Amsli 9glon, o

B HES PC3% 29 ATBAE UEith HIE,
PC49] AreE WkA|et, 7129 ¥igtel AvhgdS Uehl
T Fo] Asshe 1x WS I Adh, AAels HH(Table2).

% 125.00 m (1%~3" quartiles: 47.00~246.00 m)°llA] & PCEL AE4 ¥l 1o wat AB/AAE UE
=3 vhy Z/itEls BnE ¢S 1% 17.00 m (14~3% Wtk (Fig. 4). PC13} PC2E M= (PC1: r,=0.407, PC2:
quartiles: 7.00~26.00 m)oll EZ35t3 QI%ich(Fig. 3A). &  r.=0.579)% 49 JHBAES 7T PC3 £33 1=
M7t 7 Assta JPE MARE B2R| (56.54%),  (n=0.156)9F B A ofet Fo] AAHAE UEHRAT,
A (41.90%), 24 (1.46%), TR (0.10%) 2.2 Je  PC4E ILZE(r,=-0.411)¢ 9 ABWIAE Yehit
wow, FAFEEE AEA (72.07%), A (20.72%), ZA] (Fig. 4).

(5.41%), TAA] (0.10%) 2= 2.2 UEbdThH(Fig. 3B).

2. 1ot MAIX|0f IHE =2 THE
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Table 2. The results of the principal component analysis of the 19 bioclimatic variables extracted from 2 km? cells throughout the study re-
gions in South Korea.

PC1 PC2 PC3 PC4
% Variance explained 50.48% 20.91% 14.80% 8.12%
Eigenvalue 3.10 1.99 1.68 1.24
Variable
biol Annual temperature -0.27 —-0.24 —0.15 -0.02
bio2 Mean diurnal range 0.23 -0.13 0.08 -0.48
bio3 Isothermality 0.06 -0.07 0.08 -0.77
bio4 Temperature seasonality 0.29 —0.11 0.02 0.19
bio5 Max temperature of warmest period =0.10 —-0.44 -0.16 0.00
bio6 Min temperature of coldest period -0.31 —0.05 -0.10 —0.01
bio7 Temperature annual range 0.30 —0.13 0.04 0.01
bio8 Mean temperature of wettest quarter -0.17 -0.39 -0.14 0.06
bio9 Mean temperature of driest quarter -0.29 -0.07 -0.19 —0.15
biol0 Mean temperature of warmest quarter -0.15 -0.40 —0.18 0.11
bioll Mean temperature of coldest quarter -0.31 —-0.10 —0.11 —0.09
biol2 Annual precipitation 0.01 0.21 —0.52 —0.16
biol3 Precipitation of wettest period 0.26 0.03 -0.33 0.13
biol4 Precipitation of driest period -0.18 0.30 0.00 0.13
biol5 Precipitation seasonality 0.29 -0.14 -0.13 0.15
biol6 Precipitation of wettest quarter 0.18 0.11 —0.47 —0.06
biol7 Precipitation of driest quarter -0.23 0.31 —0.07 -0.04
biol8 Precipitation of warmest quarter 0.20 0.08 —-0.45 —0.08
biol9 Precipitation of coldest quarter —-0.23 0.31 -0.09 —0.05

The first four PCs with eigenvalues larger than one are presented here. The percentages indicate the amount of variation explained by each PC, and the highest
for each parameter is listed in bold.
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Fig. 4. The pattern of associations between the climatic variables in South Korea extracted as PCs (PC1, PC2, PC3, PC4) and altitude of
Pelophylax nigromaculatus and P. chosenicus.

4, Mef™ X9 S 0.863) H4= EAF 02 §-oFTh(Table 3).

Aok SAE e B A FH e F3
25 w2 243G PI S B3 FUsAk 1 2
o 7 o A A9 B 09128 wfe w4 FHE MexEnt 2%< l%fz F %9 AUC g2 =17t
o] Y20, = (PI: 0.939)2F AA1Z| (PI: 0.935), PC2 (Pl 0.584, F7H7-2]7} 0.923 0.2 Uetytct. HlAE ME9] 10%

5.5 2% ouy
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Table 3. The values of the Pinaka index (PI) showing the degree of
overall niche overlap between Pelophylax nigromaculatus and P.

chosenicus.
Mean of PI
Variables ES’ P
Observed Simulated*

Altitude 0.939 0.256 2.816 <0.0001
Land 0.935 0.470 1.526 <0.05
PC1 0.648 0.333 1.224 n.s
PC2 0.863 0.295 1.990 <0.05
PC3 0.602 0.384 0.823 n.s
PC4 0.657 0.358 0.961 n.s

*The number of iterations for stimulation is 10,000.
fStandardized effect size: (Observed index-Stimulated index)/(Standard devi-
ation of simulated indices).

09.'.

- MZHEt - =01

X

training 2FFHE EIg A7 IRtz 0.093, 7
7} 012 AFHoz *e 2 787-S Hth(Table 4). ALt
o|Z HAEE F8f 24 T5Y vX) 7|oF 8 W
T Y 2o 7HF A 7195 T
2F e 23.072%, S7173]: 60.512%)
2 Yehygth 11]—‘—‘:’.-_~ ZANF8+= bios (22.996%), biol0
(18.495%) <2 2, 7]+ += biod (22.038%), biol3
(4.806%) =02 =& 7| =& H It (Table 5).
Pelophylaxs & 9] £ 2dS AR, 2|18+
AFEE Zgal Aol QA 25k, thFE A GollA A
AE 7hsdo] =& AR ASEI(Fig. 5A). §H, &
Atee 1E7t & AR A= SHEE sk =9
Ao AT AT 7HsAdo] B2 ALR AEE o (Fig.

Table 4. Summary of the MaxEnt models for Pelophylax nigromaculatus and P. chosenicus in South Korea.

Species Training AUC Test AUC Logistic threshold* Training omission Test omission
P. nigromaculatus 0.606 0.584 0.426 0.100 0.113
P. chosenicus 0.957 0.923 0.262 0.093 0.143

AUC, operating characteristic curve.
*Values at 10% training presence.

Table 5. Average percentage contribution of each variable for the 15 Maximum Entropy model for P. nigromaculatus and P. chosenicus in

South Korea.

Variable P. nigromaculatus P. chosenicus
Alt Altitude 23.072 60.512
Land Land cover 0.002 1.375
biol Annual temperature 11.097 3.794
bio2 Mean diurnal range 0.331 0.417
bio3 Isothermality 0.756 0.394
bio4 Temperature seasonality 7.568 22.038
bio5 Max temperature of warmest period 22.996 0.967
bio6 Min temperature of coldest period 0.663 0.001
bio7 Temperature annual range 0.961 0.601
bio8 Mean temperature of wettest quarter 2.311 0.475
bio9 Mean temperature of driest quarter 0.128 0.135
biol0 Mean temperature of warmest quarter 18.495 0.024
biol1 Mean temperature of coldest quarter 2.389 0.073
biol2 Annual precipitation 0.488 1.935
biol3 Precipitation of wettest period 0.227 4.806
biol4 Precipitation of driest period 4.686 0.384
biol5 Precipitation seasonality 1.596 1.294
biol6 Precipitation of wettest quarter 0.571 0.004
biol7 Precipitation of driest quarter 0.413 0.535
biol8 Precipitation of warmest quarter 1.243 0.013
biol9 Precipitation of coldest quarter 0.008 0.224

The bold values represent the most highly loaded values for each species.
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Fig. 5. The spatial prediction of (A) Pelophylax nigromaculatus and (B) P. chosenicus in South Korea. Different colors represent different
degrees of their occurrence probability. (C) Maps of the predicted distributions of P. nigromaculatus, P. chosenicus, and overlapped regions.
The logistic threshold of the 10% training presence was applied to generate the presence/absence map. The green and yellow colors indicate
the areas where only one species was predicted to be present, while the red areas represent the sites where both species are likely to occur

together.
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Fig. 6. The panel showing the association between the observed
numbers of individuals (square-rooted) of focal species in the pre-
dicted areas where both Pelophylax nigromaculatus and P. chose-
nicus occur sympatrically.

SB). F $9 BE RS FHA 23} FE A0 o

H 38 A9 Fr|eet FHEE, AEE FHORE Il
=1t} (Fig. 5C). AT < %ﬂHLﬂ«l A AFNA 9
T AABAE BA% Ay & 52wl ha =9 A
TA| (= —0.088, P<0.000)E WX gl Ao 2 ElEQ]
t}(Fig. 6).

2

i

2 AFoMe =l =R AR |78 A

d ARG v o R ghato) A4Sk Qe F
B}t A4 EAS PotE i, B9 X AR
AHHAE mebetgint. 1 dah, £ Fo| 7P sk
AR 2 ARAE o83t Qg o, EXF 1= 7|F
ot A2 ABRBAE Uetillch B3 1= F FY &
of T 713 7Y Sa% HEE IRIHAG B2
"éHH—TLEl-‘ﬂ A el W SRR A4 M7E 2
Fa% (sympatric) £ FEHE UEHRL, SHE A2
1-r11‘1“1 o2 RN FHE X FA F Ft A
H oFgt S0 AHHAIE YeERH L Uit
Ne= ol A4kl Gl Fu] AR B F
a3k @%‘LE— 7R AYA M2 d#A Ith(Do er
al., 2018, 2021). 2 A7 Ay} FATEE= 47.00~246.00
me 1= HHE A3 v, FFeE ojH Tt W2
7.00~26.00 m&] TEo| Bxsgct eatet A=}
2T 1% HY o] Fe AFo =Y, AT E Hd
218.80+180.60 mo] & B2, Z7§LEl= 100 m ©
ato] e uw 7o Azt gEA glo] oE A+
EQME B A3t fAeE 232 1= itk (Song and
Lee, 2009; Do et al., 2017). & o] Az dH= AAR= A
22, AH, 27, B4R £0 2 FARAG, el 1]
3 F7h 7 ASste A &L =4 et 4
Ao R MATEE = SA9 B 22 FFA| R of
ek, AR, A, 51, Al 5 oheFst A4 8730 &9
gopa g A AR S E e BAE 4" = 54
e S0t T2 A4 Ao 2 AAgittn ¥8A 9l
o (Jang and Suh, 2010; Ra et al., 2010). ©j=0] 72
£ A= A7t 7 A4S A0 &) W= S
SRR, g7 el AT A7t HolASRE AR &

> O{N rﬂ rr
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& W=7} SRt dEA k(Do et al., 2017, 2021).
waba teiel g2 S/ ohE A4 A Bl =
FA¢ T2 AAAE AEshe Bl &0 w4 UEsT ol
g H[ES F T XA Ex HoeE 3 Sl=dl, AF
stH o g2 eajuete] ARG w7t Wil = FA|7t F
drehe vbg, FHEA 92 1571 30 byl 2o Ak
So| Z dgEo] ok 2o, e e A
Aol QA Ex3t vHd, g7 es 127 B A7) =9
SHEEE, AeEE FHY Asjet X =2 fZstn
k. oleie % Fo| RE Wole e A AvelE o
Z3le= ALZ2 ERIE I TH(Kim, 2009; Jang and Suh, 2010;
Ra, 2010). FEH 0.2 go] A4S gl hTeer 2
A7t RES DEL 7150 AR ARAS Yee
o, AR o} B WelekE 71 Aol et
AT BT £ B9 A A9 AAHeE 2
o] wet FERGLERE AHH EAS IdE FA
3}= niche conservation®] 73S UEFH © ™ (Wiens and
Graham, 2005; Kozak and Wiens, 2006), 159 &£
Sl Aol B We W AT BE Aelo]
T 544 BE YYE Rtk B T Fo| @) &)
£ Aelolx EH F7 AW SE S ok o) A
AAo] HATT L st
4 9 §AHoR SAR B AN 3
= ZAAo] 2 F3}H (Burns and Strauss, 2011), =7t
e Mozl S5 AEE x9le) Balh waRitT o
HA Slth(Santos et al., 2007). F7HGtee}t S+ = &
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