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Analysis on the Important Environmental Factors for Reproduction of Trachemys scripta elegans in
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Abstract Red-eared slider, Trachemys scripta elegans, is one of the most famous species to disturb native
ecosystems in the world. In South Korea, the species was imported as pet, and now it is found whole of the
country. Recent, natural breeding and spreading of the turtle has been reported. In this paper, we investigated
the environmental factors to affect the reproduction of T. s. elegans. We surveyed the distribution of the turtle
in Jeju island, South Korea, between 2012 to 2017. We compared the land covers and climate of habitats from
breeding sites and non-breeding sites. The species was found from 38 sites in Jeju island; 21 of breeding sites
and 17 of non-breeding sites. The number of total and only adult turtles was significantly higher in breeding sites
than non-breeding sites (P <0.05). In breeding site, the reproduction rate from the farmland was significantly
higher than others (P <0.05). However, the rate of land covers was not significant in non-breeding site (P >0.05).
The difference on the climate between breeding and non-breeding was not significant (P >0.05). Moreover, none
of climate factors affected to reproduction of 7. s. elegans (P>>0.05). Our study showed that the land covers sur-
rounding the habitats are more important than climate for reproduction of 7. s. elegans in Jeju island. This result
indicates investigating the habitat and surrounding is necessary for the control of reproduction and spreading of
the introduced species.
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L A (Kim, 1973; Oh and Hong, 2007), 315 A7
(Shanmuganathan et al., 2010), o+ 2 AN (Cadi et al.,
2004; Oh and Hong, 2007)¥} Z-2 9=l =3} A= A}
Aol ol LAY vt &2 7|5 W3l whet fY=+=
H] &= 2] T Qlo] itk (Lowe ez al.,2000). &2 B=9 ¢
o2 st 12 ZAEE BT B4 (Diaz-
Paniagua et al., 2011; Hoskin, 2011; Jo et al., 2017), 2% 9]
o} 7] (Mack ez al., 2000), &F ¥4 So] 2th(O’Hanlon et
al.,2018). B2 Ut A= HPEY FU& I, 74
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o AES AAGH] AT =S skar AN g A
25 B2 AL A7t ofHoh ATkt Y El o3t
ZAE si2st7] Yol 285= AR 2 FAA v 7
AT = e AA o]tk (Huxel, 1999; Pimentel et al., 2005;
Lovell et al., 2006; Shine, 2010).

F2HAAE (Trachemys scripta elegans)2> N AZ o2 &
A7 H3 = IYE F dltold (Lowe et al., 2000),
98 YREe AT BRI T AL ol
(Cadi et al., 2004; Perez-Santigosa et al., 2008). =] o] A=
1970} FHHLE AFF 1005 A o]&o] Y= AL
o, ol% A4l Fe F2H ojuje] WAl o|FolH e
o F2AAESC] AHAZ U= Aok Ministry of
Environment, 2001). & ZA}o| 2 F2AAEL A
FE5 ZAT JEY] R A QoA TAFHT Jlon,
o AT A A e A WA B Bk Sol ET gt
(Oh et al.,2017; Koo et al., 2019a). °]&3t 7|25 H2
AAF] IW Aol 33 2= HoFe A&
ojth. Althrt E&FFolAF BE97] oA ES] Aol
A AAR] FfE FSAARC] 2 AEA e nA]=
™A ggoZ B 4 QthJo et al., 2017; Koo et al.,
2019b).

oA = Y E et A dAska glor,
AMA " Bx AelE ZAF(National Institute of Ecology,
2017,2018) % WAE ot A77F APH AL et T
2 FYUE A PP EQ F2AAES 47 =4
A9 xgste] AL BEE Ho|x glon, Ay}
HZ AR 37 BEo] A MR R k(Koo ef al., 2017).
i, T2 YHPAERES FE A THE =4AY
2 A7HA] S 22 HAA ARl oA 2 TA

= EAo] ot (Koo et al., 2017). H2HAAEL] Hol¢
a2x PFF e e A7 APE Ale ey

2 A 2 AT 71t Ser Y EA4S gofst
=4 29 E9°| F2 9JthJung, 2014; Koo et al.,2019a).

QA Eo] MEE oA AFH ez H2st= oA
< 3A 3HAz FEEh D) ML 8HeE §9,2)
MAZ BA, 3) AA1# &) L &4k (Shea and Chesson,
2002). 53], 7NA2e B4 42 HsiAe &7l o
g AL JAH HAlo] HFH g o]Fo|F o} gttt
weba] ZAFQ HA T gito] ElE A9, A EY
A2E JFH o g o|RojFHT & 4= ok T4 Al
A5kl Qe HFEAAES A A Ql ikt ofy 2t A4
HAE 23] WAE T k(Koo et al., 2017, 2019a; Oh
et al.2017). AT L] ATA L HeFAR W
Al Zlof gt YRt 71 SRS B, 0|59 WA]o] ojuEt &
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HAX] 23 v ARG 2polE BAEAT. AFEe
A Aol ARt 3o A o] W Jon, g A
oA FZAAE] ¥HHE 7]5°] AtH(Oh and Hong,
2007; Oh et al., 2017). =3t YEX| o] vl A HA] 9
7180 B, 7+ X S5o] AAS| 71Z o] YUrhOh and
Hong, 2007; Oh et al.,2017).
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Fig. 1. Adults and juveniles (red arrows) of Trachemys scripta ele-
gans in Jeju island, South Korea.
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HZAAEY +E 71555t (Fig. 1). &4 E 7149 54
2 9] Zo]|(carapace straight length)7} 15 cm ©]AFY 7%,
AAZ, 15em P ZL A WA o) sjojd 7))
2 FE3}9th(Noda and Ohkawara, 2018). A1 ¥HA]9]
A7b B &, FA4 &2 obdA9 H$ JHdo] ARtk
7 HAE 7Hs/dol Aok SHARE T4 =do] A
H 109 o] AW7] wiZol 7Hel Bl o3t A==
TejstA) st

29 29 A AZE | BeAARY BE
£ 39 Oheral.(2017)9) 2HE FustAch 2A} 7]
oA ZElEE AAGet AAEY 2718 dA &
ALY 7|1 &1 FYsHA 71 S8t

2. MAIX| F=H 2t " 7

)l-E
Job

HAZ] 2|3 v AR 9] 3H 2ol F H|wstr] 93]
AR 2 2 QAR E BEX] o8, AAA] A= g

I AR 713 HeE ARSI A AR FHY E2] 1

52 3A = 8,59, YA AL AIZHR], 22 2 28
o} (Koo et al., 2017). A3 AtelA= Kol A AlFst
£ EA 9EEE AMAN 20008 Zof THE17 F 20
of Wo] Ay7] WEo] B £ ol WIS 2 WA
St EA7 Qo webd 94l 7H §BE 2o
eqARol HAH A7) ASAG] AL £A B
Google earthol| A 23 &l & 7| E31¢ith. 7| % He=E
WorldClim (ver 1.4)\| A Al-&dl= AF+ 7]-2 (annual
29 1 7]L (max
temperature of warmest month, Bio5), 7} & &9 A

7]-& (min temperature of coldest month, Bio6), WH=3t £7]

_\g

L e l

4 >PU

rr o

mean temperature, Biol), 7F& T2

Yt 7] (mean temperature of warmest quarter, Bio10),
F& H7] B+ 7]-2 (mean temperature of coldest quarter,
Bioll), 7+4*% (annual precipitation, Bio12)< AME-3IR Tt

(data source: www.worldclim.org). Z}Z+e] &4 X H&

ArcGIS 10.6 (ESRI, USA)o| &9 & Z+zho] HL4EL =
==
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Fig. 2. The locations of breeding (red triangle) and non-breeding
sites (black circle) of Trachemys scripta elegans in Jeju is-
land, South Korea.

Mann-Whitney U-test2 H]Z3}F T H2 A &2 H2| o
QL FE 71% 248 BHs7) 99 olF 2A2E 5
# (binominal logistic regression) 41 H-& A3} &
E BA4L2 SPSS 24.0(IBM, USA)YE AL&stgon, 424
z0 9592 HAAT}

zd J-'-I'

2HHEL| &A XY H JHxs xjol

AFZollA FRIE F2AAEY AAAE= F 38AHL
2 Uetdth (Fig. 2). 1% F2AASY 217 -4 #4]
o] gRIEglon, Mol WAL YA AH2 1742
Vet #2] A A HA" FE2AAES 5 180744
Tk (Table 1). 1 F HAIA] 21X - A SHAE HF2AA
59 = T 144704 (oH3A 5H)= BIHAR] 17X ol A
HAE 3670AETE o Wotth HAX A FEHAEF]
dAEE AT o HASE 69101 (HY: 1~17)E
HHA R o A HAE = B HAE 214204 (HS: 1~
6)= F33t 2}o]E X Gt (Mann-Whitney U test,n=38,
U=33.0,P<0.001). E3 HA XA BA=E= A F2
AAEL] St FF 45105702 v]HAR| A erAE
£ A = B 2.1 2040A Bt Fo]u]ahA Eoktt(n=
37,U=62.5,P<0.001).
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Table 1. The information of location and the number of turtles from
breeding and non-breeding site in Jeju island, South Korea.

Coordination Number of turtles (n)

No. Site L'f,‘“f“%e Loﬁlg,‘“,,l)de Adult Juvenile Total
1 33 30 15.1 126 46 203 4 6 10
2 33 29 555 126 39 178 1 1 2
3 33 31 593 126 36 512 6 1 7
4 33 30 203 126 38 05 4 3 7
5 33 24 139 126 20 200 6 2 8
6 33 27 385 126 26 240 4 2 6
7 33 28 156 126 25 383 2 3 5
8 33 28 145 126 23 208 3 2 5
9 33 17 394 126 13 59.1 4 2 6
10 33 18 60.0 126 15 450 0 1 1
11 Breeding 33 18 20.1 126 14 386 2 1 3
12 33 15 187 126 16 16.1 4 4 8
13 33 14 487 126 16 340 6 2 8
14 33 17 218 126 14 522 2 1 3
15 33 13 47.1 126 16 382 6 1 7
16 33 14 418 126 33 340 5 2 7
17 33 16 513 126 42 307 3 1 4
18 33 27 174 126 20 506 9 2 11
19 33 31 369 126 35 548 9 1 10
20 33 31 236 126 40 60 8 1 9
21 33 26 552 126 53 38.1 2 15 17
Total 90 54 144
22 33 28 562 126 44 443 1 0 1
23 33 23 432 126 39 72 1 0 1
24 3330 318 126 43 33 1 0 1
25 33 29 356 126 25 378 1 0 1
26 3328 6.7 126 29 341 4 0 4
27 33 21 290 126 17 472 1 0 1
28 33 19 146 126 13 269 2 0 2
29 33 19 18.0 126 13 436 1 0 1
30 Non- 33 96 420 126 12 354 6 0 6
31 oreeding a3 0 61 126 11 465 1 0 1
32 33 14 406 126 33 206 2 0 2
33 33 24 546 126 53 374 2 0 2
34 3321 115 126 11 85 2 0 2
35 3327 90 126 33 85 1 0 1
36 33 14 470 126 33 182 4 0 4
37 33 31 493 126 40 124 2 0 2
38 33 14 424 126 33 135 4 0 4
Total 36 0 36

21,%*=29.857,df=3,P<0.001). H|H 2] 2] &] AL A|7}%]
o] vlgo| 7P =AW, FAALE {o5tA] Yokt
(n=17,%*=5059, df =4, P=0.281).

3. MAIX| 7| %ol

FeAAR NAA 9} HAAA ] 7| 5F vlme

A

mjo

381

do
o
rio

X
FO
B>

Breeding

Non-breeding

Stream Stream

Grass land

Grass land

Forest Forest

Land cover

Farm Farm

Urban Urban

20 15 10 5 0 5 10 15 20
Number of sites
Fig. 3. Comparison of the land covers of habitats between breed-
ing and non-breeding sites of Trachemys scripta elegans in
Jeju island, South Korea.

(Table 2), L=5& E3TF HE T HPELS HA R ¢} 1|
HA 2] 7o) 313 o] & K o|X] FFTH(Mann-Whitney
U-test, P>0.05 in all cases). A4 A] 7|Z &} HL2AAE9]
Halgko] HAE o] ZAAE 3|7 (binominal logistic
regression)2 413t A3} (Table 3), 913t 7| &% Q4%
Haof FFS FAE FUTHP>0.05, in all cases).

£& WER ey, ol Wolghs B7o] B
AR WA Agy] WEos poEt B2 o
R A7 BAME Wale] 7127 Yot wat 2L
a3 AHA AU BeAAR o EHS T
(Koo et al.,2019a), =8 9|23t Wt} 7+e slA o2 ol%
T WAL FE Aol ARE 9o AANHE AR
o] W4 AEle RaEoy WAT BAE A7t o)
o7 AFElE glth. mehd Lolet 2o ojmet a4}
BoAARe WAl APHOR ABHYEAL B
A Asilole gA7E Qlek. ARk 2 Aol A WA
o} mM AR o] Ffol A $A B3] WAlo] 7Hst
4749 §Rete AL st ek WA gAE
NAA BAE selsis AL BeHARe Be} o]
o a8 7)z0] @ Roltt.
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Table 2. Environmental variables on the breeding sites and non-breeding sites of Trachemys scripta elegans in this study. The difference
between breeding and non-breeding sites was compared by Mann-Whitney U-test. The values in the table indicated as mean * stan-

dard error.

Environmental variables Breeding (n=21) Non-breeding (n=17) Stiglsltlfal P-value
Altitude (m) 79.2+10.1(21~188) 121.5+£37.0 (3~608) 169.5 764
Annual mean temperature (Biol, °C) 15.1+£0.1(14.6~15.8) 148+0.2(12.2~15.8) 137.0 526
Max. temp. of warmest month (Bio5, °C) 29.4+0.1(28.7~30.0) 29.1+£0.3(26.3~29.9) 136.5 505
Min. temp. of coldest month (Bio6, °C) 1940.1(1.3~2.5) 1.5+03(—14~25) 118.5 214
Mean temp. of warmest quarter (Bio10, °C) 24540.1(23.5~25.3) 240+£0.3(21.2~25.2) 119.5 226
Mean temp. of coldest quarter (Biol1, °C) 60£0.1(54~70) 57£03(2.9~7.0) 137.0 526
Annual precipitation (Biol2, mm) 1,421.2+458(1,170~1,773) 1,500.2+63.5(1,148~1,792) 177.0 547
Table 3. Binominal logistic regression analysis on the climate factor. ot o g o 2 A A dAl= FH 3F 029 o]F 1) 3

The presence or absence of breeding was used as a depen-
dent variable.

Cfl;g:g;e B SE. Pvalue Exp(B) 95% C.I.
Biol —-.092 1215 940 912 084~9.871
Bio5 —.233 463 615 792 320~1.964
Bio6 561 353 112 1.753 .878~3.503
Bio8 463 394 240 1.589 734~3.440
Bioll — 462 .684 499 .630 .165~2.407
Biol2 005 006 378 1.005 994~1.016

B: regression coefficient, S.E.: standard error.
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HAalo] AgtE A2 R = B =S SV} T4k Ao
ot stte] @47t d 4= vk A=Y AFE 2A 3
7}A] @A 2 o] F o] & th(Shea and Chesson, 2002). & HA]
A= s 2L Ao 9 2 F3olztar o, F
AR dA= ALY B4 & HAolgte 847 gzl

P'L

Atol 717t "ot whebA oA & |%E whefstal 1
of W& oi-s e Hgsof Ak F2AAFY B,
8= A& 3TAZA Fd Aol (Koo et al.,
2019a,b). o= Eot A=A qiA7F A S 9
slgke, A BT 2ol A7k AfHo 249 A
FEAL W o) A, 4 502 2950l oo
A3 2e AR ste] A4 o] Wolxy] Y
o WA T2 A RES Walo] ool 7] o
Yoh ATt gote] Has JRAREL ofF L St
o] B1317) el Aol 31 ol 300 v A

" Aolth. AR AA02 FYHE g 2 U
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Hong (2007)2 157] A ™A A&
AT, 2 AF A= F 3870 oA EE2d}=
ekt B A3 A= AFAll HA7E
W AZANAT ol AAES HAFE Ao vhsf, o] & =
At A= AFE AYoA ofd AAIFo] LAEUTHO

]E_o

et al.,2017). A3 Ao v|3) ohFek Ao T8 @2
A Sl 7402 HA" Adlo] A&H HA &
1A ofUH A HA T BAke] AARIA = He] & 4
tt. EE AEe =5 sty o ulgﬂ 9| °d
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ol 2ot mUE RS Ba) HIE ARGt A2 2
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X (=]

A MAHLR FL2HAAE (Trachemys scripta elegans)<
2L Aoz fEo] E2 HeAE wghst= tF 3
ol Qg Eoltt FUoll= 1970 HE AT of ko]
EHo8 sYEon, @4 e Mo AA YAEHL
It} B3 ARl WAF Fabo] R&Hom J‘L}%_}E]‘?
e Aoltt & Aol AlFE A goA HHhE=
—ﬂﬂﬁaﬂﬂoiﬂ@ﬁ”ﬂﬁﬂdﬁgﬂﬂhﬁﬁ
Al 84F wobstazt shqith WA, 201297 H 20174
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