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- Freshwater turtle has different egg shape by species.
- It is possible to manage freshwater turtle through nest in Korea by identifying physical characteristics of turtle eggs.
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Abstract: The main factor of biodiversity decline in major biological populations
around the world is invasion of alien species. To protect native species, it is necessary
to manage alien species. Recently, to eradicate ecosystem disturbance caused by alien
species in Korea, many efforts have been made to capture individuals using nets and
purchase captured individuals. However, there is no standard for classifying species
due to the form of nest site or external characteristics of eggs of freshwater turtles. Thus,
Mauremys reevesii eggs might be discarded due to mistaking as eggs of alien turtles.
Based on more data, this study aims to compare and analyze external differences among
eggs of Trachemys scripta elegans, Pseudemys concinna, and M. reevesii and use them
as reference materials in the process of eradicating alien turtles. This study measured
characteristics of eggs of the three turtle species. As a result of comparison, all variables
of external characteristics of alien turtles and M. reevesii eggs showed significant
differences. The shape of egg was also different, with eggs of T scripta elegans and P
concinna showing a bicone shape and those of M. reevesii showing an ellipsoid shape.
In conclusion, based on results of previous studies and the present study, eggs of M.
reevesii, T. scripta elegans, and P concinna are different in shape and structure. Thus, it
is possible to distinguish between M. reevesii and invasive alien turtle using their eggs.
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A AA F8 BET] Bavdd Aske] 4 a9
AAIZ] G4 9 dHslo|H the o7 F Q5 Q918 2
Z9] Hdo]tt(Walker and Stenffen 1997). JHEFL 9
A B oo R M2 ofe] At AAR| | L&
wo] FAsHA =i, siEHe] BN ¢S LEH
o ofof] whet Fo] 2 AErhd Aste] Ayt vet
Wt} (Raghubanshi et al. 2005; Episcopio-Sturgeon and
Pienaar 2020). 2|2iF 2] 270 812 vl =
o] Aeld, 15 wl=75ol 7 ®ol AdiHE AL
2 eIt (Masin et al. 2014; Episcopio-Sturgeon and
Pienaar 2020). 20199 YA - IHE-7-E o= o 224l

sl Al A sl = SIS A1} F 6778 0] A=

Aom, 15 ARRFE 11059 A2 YEFSTH (Koo
et al. 2020). oMo = FAH QA E2 =FUlFt Hol,
DFE A4, At A4 BAS ok, 78S 2571 4
bt -2 S F= AR AHA SITH(Cadi and Joly
2004; Silbernagel et al. 2013). o|2]3t 2jF}e] AL
2 Qlsto] A AAIH 2 ASEL A& AFS Tl 9l
= A¥gto|t}h(Riensche et al. 2019).

AL HES Qo= B2 5 (Red-eared
slider, Trachemys scripta elegans) -2 L|FHE2] 41517
E Folst= Z o] %ﬁﬁ}E}(Perez-Satigosa et al. 2008). ©F
A LAAE AT AAE sk HAES AAT Tl
ajgkel JRAIE} oja] oA Fabd JHAIEe] AEAte
7] f1slf 3~519 FF TS Z|&Sof shal, of Al
O] Az WA ABAtES £o)7] flsiM= HAZ]o A A
Aot AAAA| S Zrot Al A sh= Wio] kA o]th (Perez-
Satigosa et al. 2008). T3, 4TS a2 o= s}
fsliM= s Fo A=t E42 olsfishk= 2ol B8
SF}H(Gibbons 1986).

F S0l AR QFo HAE fIsh L
&5 7iA 229, ig]ﬂ AAEol Het aul AP
< =382 7]&0]al jlow, QEH AL A
o]7] 9fsfl Atete &= HFA o= ZobA H7|stal
ot ARS diHow JE’rﬂE ol-g5}oq E°1
Ao BelAZ o] YL T LS P AT 5
Al TAE Wy7lof (Wilson 1998; Freedberg 2020) =
219 9gA B4 Soll LAFN FUliFe T= =
St Zlo] otk ERE, SUiollA FAJo] (Reeve's turtle,
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Mauremys reevesii) B F2HAE &2 SHAE A|A
SEAL Bl 3h AFli= 171019 (Lee 2003), S78H <] 57}
5710l E3Fsto] Fo] dWka E4& szl v-e- 7=
gt Agdolet. 123, AA7HA] T (ball) FEO 7H71e 2
2} (Softshell turtle, Pelodiscus maackii)®] &< Al L5kl
(NIER 2011), g23o]eF AeiA w e 27 50] AFehz] o
Bivp &l oJg EFor o FEchs 7IE2 AA-E
Hh iet. o]z Qlsh JEF A& x| wHof| <lE A
5ol d= @ luof H|7|&= gl o] TS 7Hs/d
= HiAE = Qich

weba] 2 AFolis Hoh @2 ZhaSd FFM =

AL 5 Ae & A7, 2, 7, vlEs S5te] AEiA
ek Qe ART Aol I ko] 2| el Bl 24
St ofFF AR 9% B2 g Fidsr 85
a1z} Qi

= QAAAE
A FR F2AARL AHFEH F F
I =Y EF UEAEQ] FAYo]o|tH(NIE 2019; Koo et
al. 2020). F2AAEL 2HFEH = EA5 (Emydidae)
of £ MEAFC & FUjoA= AT == 27
o] FeE]E] 3 QITHME 2020). H2FAEL 4~8L] A
TR, A% ZA AGolA A7 Bt 2~2.7719] S
£ 9=, it 2~2570E I T (Tucker
1997; Cadi et al. 2004; Washington 2008). 2|H5-E] (River
cooter, Pseudemys concinna) 3~8 4ol the AEEA]
H viefoll 98 uhA Bt 2~3719] SRS =T, ol
At 734702 43 A 1ok (Buhlman 1986; Iverson
2001). = EF W75 5 shel Aol= =ielA
BEAN7oME 2w, A7 Id= = A7 W HAL
(CHA 2006; ME 2012). 'g4°l= 6~79 SHd 1, 32F

2], A 0] Z2]0f] 1~37]9] ¢ FAE }—1%‘31 gl
A 415712 44 QATHNIER 2011).

oA At

-

22 Mg FH|

QTS 915 Aol & 27 AR ALY W

http://www.koseb.org 139



| I
Korean J. Environ. Biol. 41(2) : 138-144 (2023)

nHN'
o
o
10

3 Seoul Zoo SRC 2021-007)} & A
A AlgEretct, A s UE 4%4 of 24 A= L gt
et 134 o]ﬂ(*“ﬂiﬂlﬂa‘f J= U 5 sl7HA, Al

SRERER 4%?%% ! Uw%]‘?‘a A (A7)
o 3R BYRA A AT TE

23. 518
AT W=

a
So] & FEe ABRabPE 444 B PES 5

Akt

231, elgHy}

AFH3te] A9 FA|utch 3~5709] 4& AWRE 712t
1552 (Fenc1a, China)E AMg-ste] 21885kt 73}
2= H3kgo] 11, K3} 7|7t F2 28~30°CE HA
SIATH(Du et al. 2007). F317] He] H=5 ZH3517] 9
A B2 HE2 FHIE HIEAR o] §st e, 23
St A FEfE WA F AT

23.2, X XM

Loty |

OZ—]]]— /K—l_,]

Shof Zegstl e, DNeasy Blood & Tissue Kit (Qiagen,
Germany)E ©]-85}% Genomic DNAE F&3%itt
ol A vf B2 60 mg= &= ATL buffer 200 uL, Pro-
teinase K 20 uLeF 1 M DTT 9.8 uLE 718}k, 56°CollAl
24 h e HEEolt) s g 1727 AYERE 3
St %, 5N (200 uL)S AHE-2 1.5 mL tube] 7 AL
buffer 200 uL, oI (95~100%) 200 Lo}t 419t S
= Zdol Agsts R EE A2 A9 date] ot

2} a5kt

H5FE nEZE 2o DNACIA & o4l FE<l
Control Region F++= 5-Z5t172}F PCR 7] HS o] 859

T} (Boore 1999). PCR< Solg Pfu DNA polymerase (Sol-
gent, Korea)E ©|-85F31. 0™, Leto| M= 20(2) Primer_F
(5'-CCTCCGCATATTAAACCAGA-3'; Park et al. 2021),
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20(2) Primer_R (5'-TGCTTATCTCTCGTGATTAGG-3";
Park et al. 2021), DES 1 (GCATTCATCTATTTTCCGTTA
GCA; Starkey et al. 2003), DES 2 (GGATTTAGGGGTT
TGACGAG; Starkey et al. 2003)2 85191t} PCR ¥
2 Pfu &4 0.5uL, 10x buffer 5L, 10mM DNTP 1 L,
Primer (Forward) 4 uL, Primer (Reverse) 4 uL2} Genomic
DNA 2 pLoll B4 57 33.5 uLs A7kste] 2E 50 uL
& HI-3-515iek Control Region +34F A E& S-5517]
QI8 §E-g-2 95°Cof| 4] 527t 27|¥1/d (Initial denaturing)
T, 95°CollA 207+ ¥4 (Denaturing), 53°CollA] 407t
7éf’{}(Annealing), 72°COllA| 287 A% (Extension) = 18]
= 77g5te] 309 R £33l on, 72°Coll A 523t 2
% A%} (Final extension)st%3ith.

gt & = 91 SFF Control Region 2
< A7)5to] ufa 2HAF( Macrogen, Korea)oll A2 2] =]
£ BA AL vnE APt 24" A L2 Clustal
Omega 2158 (Conway institute, Ireland)?} BLAST
(Basic Local Alignment Search Tool, NCBI, USA)E ©]-&
Sto] 9 (Alignment)S+311!, Genbank (NCBI)°ll 5-5¢
LA AHE Z 5] v - BASH T

THH g2 FAl(weigh) 2 138 £ A=< A
(Iength) @t @73 (width)= S5t & H
o] zfo| 5 |- BA5t9t 5A B8 Mg =z
Q1 SPSS (ver.21)E ©]-&5to] UL EAREA (ANOVA;

analysis of variation)< %1345} 3iTt.

Z 45719 AEE FAE ERIstalon, 27709 FA=
AT} =, 18719 A= FAA 24
Q15T (Table 1). 45702] 7
1670, Sl E= 29789100, ZF7F &o] Zi4+= 15571,
2177053tk FAY o] &o] hg= 3171019, A& o3 ol Al
1570, EAHSUARTA A 117H, Lee (2003)9] A+
ol A 571E eIkt
A e 2| EAHEA Ay} T (F=126.877, p<0.001)%}
H]-& (F=136.038, p<0.001), T4 (F=62.328, p<0.001)
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Table 1. Mitochondrial Sequences of Trachemys scripta elegans and Pseudemys concinna in this study

Site

Species name

Sequence

Su-Wan lake park,

Gwangju

T scripta elegans

ACGCAATTCTACGATCTATTCCAAACAAGCTAGGTGGAGTACTTGCCCTACT
ACTCTCTATCCTTGTACTGTTTCTAATACCCACTCTACACACATCAAAACAA
CGAACAACCCAATTCCGACCACTTACACAAACCCTATTCTGATGTTTAATCG
CTAACCTTTTAGTACTAACATGAATTGGAGGACAACCCGTTGAAAACCCATT
CATTACAATCGGCCAAGTAGCCTCTATTCTCTATTTCTCAACTATATTAATCCT
CATCCCTGCCGCAGGCATAATTGAAAACAAAATACTAACTTAAAACATTCTA
GTAGCTTAACCCATTAAAGCATTGGTCTTGTAAACCAAAGACTGAAGACTG
CCAACCTTCCTAGAATAGTCAAAAGAGAAGGACTTTAACCCTCGTCCCCAG
CTCCCAAAGCTGAGATCTTTTATTAAACTACCTCTTGATGAGGTCTATCGGG
CATAAACACTAAATAC

Su-Wan lake park,

Gwangju

P concinna

TAAACTTATTGATTTTACATACATATTATATCAACATGAATATTATACAAGTATA
TATTAGTGAAATGGTTTAAGGACATAAAATTAAATAGTTATTCTACACCATGA
CTATCGCCACAGTACCTGGTTATTTATTAATCTACCTAATCACGAGAAATAAG
CAACCCTTGTTAGTAAGATACAACATCACTAGTGTCACGTCCATGTGATAGA
TGGCGTACATAACTGATCTATTCTGGCCTCTGGTTGTTTTTTCAGGCACATCA
AGTTAATAAAGTTCATACGTCTCTTTTTAAAAGGCCTCTGGTTAATGTGTTCT
ATACATTAAGTTTATAACCTGGCATACGGTGGTTTTACTTGCATATAGTAGTT
TTTATTTTTCTCTGTGTCTTCAGGCCCTCATACCTGATACCTGCCGACTTAAT
GAAACTGGACCCTCGTTCAAATTGATTGGTCTTACATAAATCATATATGGTAT
TATTTAATTAATGCTAGTAGGACATAAAATTTTACAAAAACCCACGACAGTA
ATTTCAACCTAAACAATCTAAAACTACATACTCTTTTAACTAAACCCCCCTA
CCCCCCATAAAACTAACACTAGCCTGAATAGCTGCTTAATTCT

oA F 7+ Fomlet Zfo) 7t ik Aol gelEglom, 7t
749] 7% FAolet HEAAR (F=7.776, p<0.001), ‘&

70 GAFA HEAAR AAFeIE Bl 52

Aol et B|HTE (F=7.776, p<0.001) It F]u|gt 2fo] 7}
YERE AT 2B 3 F-2 A A5 AbeloflA= fofu|et
2tol7F UrehA] ottt 782 dAiol7t e 280l H
off 2+ Ao LERATH(Table 2). B, 77, & 2%
ST E7} 7P 20, H2AAE, @Al eo &2 Y
Th(Table 2; p<0.001).

4. 1 %

]l

ﬂl?l‘. o2

A7) Aol o5t ARSF2 AR BYo = TS
2ESE 2 2t oke ofo] ZAolL mokS E5) b
7t Vs’ Aoz I A St} (Packard et al. 1982; Cong—
don and Gibbons 1985; Refsnider 2016). Packard et al.
(1982)2] Aol oJstH, ¢e] 4342 (Calcareous layer)
o A7t & A4 9t (eggshell membrane) ¥t 2= 7H-¢- A
o] §-ARt & (Parchment or Pliable shelled egg) =, A
AFY] FAVL o BE IEo FALR A gt o
(Rigid shelled egg)= 2ottt A3 Al ofshd &

(Congdon and Gibbons 1985; Iverson and Ewert 1991). T
3t Iverson and Ewert (1991)2] Aol A AHS TH S
2 e v mel 371 Befo g FESIh 19
(Sphere, 73k T3] Zfol7k 7] glo] Bto] Fit
&), 129 (Bicone, 4747 G0l Zol7} ululaA 1t
EfbE ohE R ), B9 (Ellipsoid, 7T To] 2t
o|7} Vrehe 2H]E o), A8 A7 FAw BA o)

H|&o] 1000 7S FE o r ddstgon sUlE
Q1 Zy2t(Pelodiscus maackii)7t 7+ 21 o2 424 ot
(NIER 2011).

2 AT ARE &) A7, D78, FA 12 F7
I 9] Hle= S7gstod, SliER] FAol ek AEIA L
HAEQ FAAET 2T E 1] 2ol & FelsHAt
47l0] W & 7S ALJRE BE HaollA Zfol7t LEt
W TH(Table 1). 715 4737 &7 2] Bl&-2 1000 7Pk
2 9o mofol ~7—(ba11)°ﬂ TPk RS Slnlsi, 2 <
FolA g1 3% 5 SHFE7E 7H T (ball) FECl 7F
7 E’\O]‘ﬂ I o2 H2TA7E, 7P B9 s
< Aol = Yebth 2 A A Tt A A A

oEL'
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Table 2. Physical characteristics of eggs of three species turtles and results of ANOVA test (length: long axis of egg; width: vertical axis to
the long axis; ratio: Ratio of length divided by width; weight: weigh of egg with foreign material removed; Species 1: Pseudemys concinna,
Species 2: Trachemys scripta elegans; Species 3: Mauremys reevesi))

Variables Species N Mean Std. deviation F p Post hoc Tukey's test

1 217 36.4571 2.32115 7776 p<0.001 1,2>3
155 36.6056 2.30941
Length (mm) 3 31 34.8213 2.49932
Total 403 36.3884 2.36946

1 217 24.6261 1.76940 126.877 p<0.001 1>2>3
155 23.0058 153346
Width (mm) 3 31 19.9939 121553
Total 403 23.6482 2.09799

1 217 12.7773 3.76786 136.038 p<0.001 1>2>3
156 11.4035 3.40804
Ratio (%) 3 31 8.1732 4.89383
Total 403 11.8948 4.84772

1 217 676256 2.56382 62.328 p<0.001 1>2>3
155 62.9307 1.96038
Weigh (g) 3 31 576692 0.97256
Total 403 65.0540 2.57995

SHA W FE e F2AAES iR, BAol= B Y
© = YETH(Fig. 1).

Congdon and Gibbons (1987)2] @l oot A
A 9] 2717y vlw A 22 AEFO] 7 vizie] Zoj
(plastron length)7} 57 Fetol] whe} At o] & (width)
I ZRREEL] F (pelvic opening width)©] F2]7]5k
Al S7Vot= Ao = A F 2™, Elgar and Heaphy (1989)
O] A+t Aol oot AEE I A2 IR T4 4
o]} o] ARl Ao =® A Q. o= FH L] A
710l wet &o] 7|17t Eepxivke A& on|gie), oo,
Iverson and Ewert (1991)2] oAl &o] ok BFs)
£ Hl AFEE &) T F2AAE 3, 2lHFH 157,
Aol 67z A2 F fo)7] wizel, do] HefE 5
A7) ook, T1eiut S 4] a7t wolkl & A9
Ao M= F2AAE 2T E, FA ol ¢ Bk
LG FAE = A= Uepetth Al Fof thet o] =
= 54 A7) Aol e F5 GHY A7) o Bfato
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Fig. 1. Egg morphologies of three turtles. Left, Pseudemys con-
cinna; Middle, Trachemys scripta elegans; Right, Mauremys reeve-
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