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P e g M fR 3 0 T R 4R R 2 ) B R A A
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cm) , KALS5 em, B fr i T F ; FE RS —E R
TERBEEZ Y, A R W — 2 .
1 R B FE 8 1~2 om b B 28 B/ AR R A3 7K = AR O
31, A HE LKA NI — SRk B S, 4 R Siie . A HE
F AT [ (>5 min) B, WJHE S8 . i B3R E
o33 L B CRE R Kk 25 om [ fe R ) 452
Y (min) Rl KFFEEE BPE B (B, 2017 .
1.3 HiEatiE

ARSI B A s 5458 ) Office 2010 32 2H , 1T°4
S s A5 T WA AR TBCK A (ACG player) &b 3, %
P BT I T RS FE M 0.1 s BT A5 508 R H CF 341 +
FRUEIR)F R , 18 ] SPSS 20 HE47 Hdf kb HH . S HE £
(RIEAS 248 br Iz B HE 7 8 AR 2E 1T LK 3 ANOVA
LSD A1 Duncan 73 ¥ , 33347 A% & Pearson FH <4 73
BT, P<0.05 K7~ 2 5 0 3 , P<0.01 Ron Z 7R .
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b 55 R 55 R 1R T 7 CK S5+ Sasn S5 AL H-FL
HERIEAL % (80.00%-83.33%-60.00%-43.33%) FE A
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(51.52.54.53 DB A G, R — 05, AR
[ AS A 45, (H 55 TR 2 R AN B 2 (B 1-BD.
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95.83%- 95.83%- 94.44%- 81.80%. H1 It 7] U, 5% 44, F&
JoR R FE B K A R B BE N T 5 AL SR T R (2D
2.3 IMNEHEXWNHERKZME
231 BEMEXRAE BREIFBHMAILEKRERT,
FERIEGEFRE RREEBRRERRE
ATEHEE(E 3.

Wi S B A0 S o H A R R N, B B REf TR S
S ME R EFHER LR S AL, B MR R T
60% (B 4-AD . TEXTEARAH, DL B T7 26 5
e e S 2H f F IR TR 22 114 100% (& 4-B) .
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Columns with different letters were significantly different (P<0.05)
Fig.1 Hatching rate (A) and hatching time (B) of fertilized eggs in each salinity treatment group
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Fig.2 Survival rate and mortality rate of juvenile
turtles in each salinity treatment group on day 30

232 fEREigsr S, ML 1.3.7.14,
30 d I A B B T 5 IR 4L (P<0.01) , 53R 8 £
FE K/ B R 2 4R 9% (P<0.05) 5 MEfR 5 K L1
K B H AR S 1.3.7.14 d i B Z % T X R4
(P<0.05) , {H S s F1 S, 5 ZH w7 H 1 #fE £ 44 B L 75 I F
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3 AHAHANRERE
(a) top surface of normal carapace, (b) midline deviation and cara-
pace deformation, (c) carapace denting and stunted tail, (d) carapace
wrinkle, (e) lateral surface of normal carapace, (f, g) carapace bulge,
(h) normal plastron, (i, j) midline deviation and asymmetric plastron,
(k) plastron bulge.
Fig.3 Photos showing abnormal phenotypes

of juvenile turtles
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Fig.4 Deformity rate (A) and proportion of abnormal phenotypes (B) of turtles in each salinity treatment group
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Tab.1 Morphological characteristics of juvenile turtles in each salinity treatment group

g IE] A AL FEA/H ORI EE 4% /m M5 5 /mm JEH K /mm 98 /mm K/ mm PRE/g

CK 24 6.45+0.39 19.08+0.26* 28.26+0.38% 27.01+0.442 29.92+0.342 7.29+0.242

| Sy 26 6.60+0.44 18.13+0.26° 27.97+0.452 26.28+0.39% 29.72+0.442 6.68+0.29?
S, s 18 7.21+£0.62 18.78+0.25%® 27.92+0.422 26.33+0.35% 29.90+0.632 6.96+0.212

5 13 6.64+0.54 18.25+0.34 25.90+0.41° 25.41+0.33" 27.42+0.41° 5.74+0.19°

CK 24 3.23+0.18 18.71+0.26% 28.57+0.38% 29.75+0.422 30.52+0.34¢ 6.82+0.222

3 Sy 26 3.21+0.24 18.214+0.232 28.344+0.432 29.22+0.332 30.24+0.442 6.54+0.202
S,5 18 3.48+0.34 18.32+0.23¢% 28.01+0.422 28.66+0.38* 29.97+0.38* 6.45+0.202

S 13 3.55+0.20 17.43+£0.27° 26.56+0.55° 26.97+0.49° 28.20+£0.50° 5.47+0.19°

CK 24 2.96+0.16 19.16+0.252 29.01+0.412 30.47+0.412 30.714+0.352 6.67+0.222

7 Sy 26 2.74+0.16 19.324+0.592 28.73+0.42° 29.86+0.332 30.50+0.432 6.40+0.202
S, s 18 3.13+0.25 18.75+0.25%® 28.78+0.43% 29.43+0.40? 30.26+0.48% 6.35+0.202

S 13 3.13+0.25 17.50+0.34° 26.17+0.47° 27.27+0.53> 27.98+0.49° 5.29+0.21°

CK 24 19.09+0.232 29.80+0.377 31.51+0.442 31.79+0.372 7.00+£0.232

14 Sos 26 18.28+0.22° 29.2340.42%® 30.32+0.30% 31.32+0.46% 6.79+0.212
S, < 18 18.65£020% 297740440  30.60:041%  3138047%  6.86£0.23¢

S 13 18.02+0.23° 28.32+0.39° 29.64+0.43° 30.22+0.42° 6.10+0.17°

CK 24 19.37+0.302 30.46+0.402 31.84+0.56% 32.29+0.38% 6.92+0.222

% Sos 25 18.51£0.25% 209740418 30.57+0.59% 32.114036°  6.83+0.19°
S,s 17 19.09+0.222 29.99+0.392 30.84+0.37% 31.814+0.49? 6.96+0.22°

S, 11 18.19+0.33° 28.59+0.51° 29.32+0.46° 30.38+0.53" 6.08+0.19°

T EARANE/ NG FRRER R — I (A AN R 41 1] 22 57 88,35 (P<0.05) .

Note: Values with different superscripts indicate significant differences between different treatments at the same time (P<0.05).
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Fig.5 Comparison of morphological characteristics of juvenile turtles in each salinity treatment group
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P04 71.63 s, BUAK 5 5 4L HE (L B 5 P 5 I [) B A
e, (B 5 0 IR A 22 57 AN 35 (P>0.05) 5 1117 S5 LA F
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90 |-
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Fig.6 Time to righting for juvenile turtles in each sa-

linity treatment group

242 W|eh) MEATEEZNT S, HAEE
RBWFEARE D, e s s A (SHOM AN R

a a (A)
L g
52 b
=
25
K
SOvS SZ,S SS
A
Groups

B K FFBHEF) BE B /em

F G 47.69%, 55HEA M L2 7 B3 (P<0.05).
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BT H/%
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AR NG F R FAFILLIA % 57 .3 (P<0.05)
E7 dEfa#ARRXRLE

Columns with different letters were significantly different bwteen dif-
ferent salinity treatments (P<0.05)
Fig.7 Feeding rate of juvenile turtles in each salinity

treatment group

2.4.3 EHIEEH FEWEH 30 dIN, FEAMIPEHLIEEE KRk
FriE e 2 B R FUHDC(P<0.05). SysH1S, 5
AH IRIFE P BRI B T T B (H S0 R ZHL(7.3440.72)
em/sHIEL, ZRIFALEP>0.05), S 2HAIFE 5 i s e
S BRI 8-AD , T REZ140%, H 55 IR A 35 7%

(B)

98] = [=))
S w S

Maximal distance

—
[=IN

ikl
Groups

PARAS NS BRI AN A 20 1) 22 5 2 (P<0.05)
El8 AEfRMAKEEEA)RRAFEIENES(B)LLE
Columns with different letters were significantly different (P<0.05)
Fig.8 Comparison of sprint speed(A) and maximal distance(B) of juvenile turtles

F(P<0.05) ; LA, S 2 ME FIZ BN I I B N HFEE 2
4% (B 8-B) , HXTHAZH ) 58.17 cm 4% % 39.09 cm.

3 Wip

IR 5T, IR AR R 7K A )
SRR 52 B ORA A5 R OV, T RHR K
A S AR I S B B 2 1 25 52 1) B AN (Venancio
et al,2019). WIEEL S8BT THEBEIE (Eriocheir sinen-
sis) U R K AR A S ORAR AR g, AT A R iR R B
(Wang et al,2019) ; £ FE K 1 ML 46k (Ompok pab-
da) WAL R, KB R B 38 T %45 (Alam et al,

20200 . 1ENAEL RG R EE AR5, kK Ak
(10 A A7 AR T S TR I ™ J P A R K
31 REREYMANFLEERESRE

AHIE TR I 5 AR T A — g ] (1 3R X AT
FL A0 52K N A A0 28 L RE 047 1% S R T 238 1 7= A
BERFEM 5 Sy 20 A F B PR 010 2R AN Dy 33.3%, 171 Wi T2
R EIE 60%, H A I A 10 097 A4 3 K 12 3 R i vk
K P B B0 5 (RIS A AR I AR
SRR, S, #h A1) HE Ak E AR S AT R
4 (P<0.01) , 15 BH 5% 4b 24 55 o 1) 3R B VT e 3 B2 MG
SRR IR T Gk, (B A L 1 AR T A5 48 A
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BT R IRA, JF 8 EF TR a2 5 — e
e, WA A O B 5 ) L IE A R, s 2R T O
] (Premnas biaculeatus) JEJiG L T W, 3£ 5 2L
HPET RN CEM M, 2015) . AHF 7RI, £ R
R A SR NI RY, B E A, K
ORISR R T RKE , X5 R A T
e LA AR = A R S . L R 5 pHL (B 2% 1 F
7K 107 B P A e AR T AR B B AR A
LA PR 3E B 1 (Gilbert et al,2001) . FF B3
AT A F A 3 7 I T BRROR , R FR VT BT RS T R 2
SR A2 B e 7, B B A 0] B TP H S s B 3
AeeT Mt g Z SR 7). B LA, B PR
BEEh BRI T MK 2 AR 32 B B 3 s, i1
BT AT G T RS
32 HEREXMVEHEINEEEE

BEA RS S S5 6 1E B B SR I B B SR Pl
(03 I AR S, A R P o () 5 B B B R AR
FRASTRD, X TR K 2k Ui, B0 & 47 8 18 347
BT R R WL E A B 1R AR AR (BKZE 201D
B AT R M MENE R L E R Rl b
(RS AT A A2 I Bl ) f AR A7 AR B 1 1 e R T
FRAE , R 7 KN S T 1A A8 78 i Ak S ot o e
TR B R 135, DA AR 4 £ 1 XU
(Delmas et al,2007) o %F T~ Kl A 527 i 4 (1) 244k
Ui, FLAE 7 B T I 0 R BCSE )iz, s i 5
] AL DL AR R R R s s Mk RS . |
ERFEIREE (S 07 HH M REFALAE 7 d IS, FLR B RE T R B%
Tt B 36 AT BE 3N T OB AR FE B I B R . iE 30
A 1 X TCAT B4 b 8 KR B v B R h R A &
BRER , R -5 HE R A B TR RGBSR,
2003) 5 R 2 b 58 RUPRRFN A A7 2 18] 1) 5% R ATH SR 3t
VAR 8, (HIZ B RE I E — B FE b e T MR 1 E
G B, B AN R I8 Bl e R B HE L, TE S ) RokE
REOGEAETE TR AKE, 2007 . WK, KE L
i) FfE £ (132 Bh g 77, B B BT AR AR I8 B g ) B 3%
1 FARAR AR ChE P E RO 2R SR, 2004) o ASHF 5T
Hh R A v R R A R RE R, 7E 30 d B, B
B FE e T 773552 3] 2 25 # ] (P<0.05) , iX 7] g 5
FTE e SRR BT R R 2R KT 3 B0 R R A O
3.3 THRMITIMEEENITAREE

TER I REOR AR T, it B & 47 R1E
HH T R P TR R, DI I P55 P A8 A Il 22 45 R0 i 5 M1,
2009) . HEFLEEE FEIREE g 2l 730k 55 , 15 9 R
B IR 1 — Bl g B 1 SR, A f T R S e b 12 B

oK TE G e B K AN 0 ST AR, R BE 2 RE R T4
FRAWBE ISR . sy 7 45 A dm, N
JE DA 858 o AN BT B3 B ), ABLAE R FE IR BT o, By
TSN 2 R R 23, AT AR I e/ £ DL PRI
HAEEN (Agha et al,2018) . HF 58 AR INL , FE i 75 = 2R 1
HE R B R N, SUOKAMIL 25 3%,
— D EMIE T AZ AT . (E% K A2 4 A L #6 E FR B
b, R YERF NI EE RS E FTEEAT S E IR T L AR
i KR R R (TSR, 2012) . FEEREI B
R BRI, B FECE TR D K
AENEAE B EE RS, HLAA R B AL RO T B AL
3.4 RKBUIKEETRFERIF M

IPCC i 548 H , ¥ 2 i i K R M 4
DR A AR A 2 A T F AR ) 1 DAREXT IE E 3R AT 1)
SAEARAL (TIPCC,2021) o HLAR A E 4 b K] < i A8 10
R4 ARAER A R, T AT 33
AR AR ARARAL I A R G B ORAR AL
WK 4 (Frederikse et al,2020) . ¥R K AEDIXF /K A h
JE T e B9 R S RIS AR Bt 250 AR Wi v i
AR K 521 (Cafiedo—Argiielles et al,2016) . 7K {4 £
ot BT BUEET Zh 3 V0B B O, B IRk £ H it
P (Agha et al,2018) s (HIX Fft 71 R S i £ 4
FEA BV BOFBOR, & P B2 FetE K,
AR 2SSV T B BB GBAIT4,2017) o AT T AE XS
FKHATRIL 10 ZERIOT I P R, L HAAAEF B RE
D3RS R B0 SR T B2 N P 45 A5 U T o T HL At R
IR, I — I 52 1 B R 7 7K f (S L4, 2013
B, 2013 5 38 1E J055,2015) 5 b4, 4L H ik
AN B A w3 i A 2 45 T 52— e YO IR ER RE
(Ding et al,2019;Hong et al,2019;Ding et al,2021) ., J&
BN BT TR SR R AT H AR B AR S B
Eh BE 52 JIAR , A S S AR AT N2 B 7 E
SO, AN AR T, 8 K R R F At v 7K F SR 5
Wi B VR S O PR DR, IR VR K JRAR R R K AR )
S PRI A KA BT TR A R AR AR AL R IR AR
A& RGN U, A ORGP S AR R AR AR

S 30k

Tk TR KB 2 23,2004 7 [R] 57 A0 98 B2 T 11 % 6 G 7 A0 e D 28
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Effects of Salinity on Hatching Rate, Morphological Phenotype and
Fitness of Juvenile Trachemys scripta elegans

KONG Yu-chen, LIANG Fang-bin, WANG Xiao-dan, HUANG Peng,
ZHANG Miao-miao, HONG Mei-ling, SHI Hai-tao, DING Li

(Key Laboratory of Tropical Island Ecology, Ministry of Education,
Hainan key Laboratory of Tropical Animal and Plant Ecology, College of Life Sciences,
Hainan Normal University, Haikou 571158, P.R. China)

Abstract: Freshwater turtles are an important part of freshwater ecosystems. Global climate change,
salinization of freshwater and coastal soil will pose a serious threat and challenge the survival of turtles.
However, little is known about the effects of salinity on the early life stage of freshwater turtles. In this
research, we studied red—eared turtles (Trachemys scripta elegans), and explored the effects of salinity
on hatching rate, morphological phenotype, and fitness of juvenile 7. scripta. elegans, aiming to reveal
the effect of freshwater salinization on the reproduction and behavior of juvenile turtles around the
world. Three salinity concentration groups (S,;, S,5, S;) and a control group (freshwater group, CK)
were set in this study, with each trial in triplicate. For the treatments, CK, S,;, S,;, S;, the respective
hatching rates were 80.00%, 83.33%, 60.00% and 43.33%, and the respective hatching times was 51,
52, 54 and 53 d. As salinity increased, the hatching rate tended to decrease while the hatching time
increased. The survival rates of 7. scripta elegans decreased gradually and, on day 30, the survival rates
for treatments CK, S5, S, and S; were, respectively, 95.83%, 95.83%, 94.44% and 81.80%. The defor-
mity rate of juvenile turtles increased with salinity and, among malformed individuals, carapace defor-
mities accounted for the highest proportion (100% in the S; treatment group). In addition, the body
weight of turtles in group S; was significantly lower than that in group CK (P<0.01), as were the length
and width of carapace and plastron (P<0.05). Further, the sprint speed and maximum duration distance
of the turtles on day 30 in group S; were significantly lower than in group CK. The time to turning
over increased, and feeding significantly decreased in the high salinity S; group. Although the red—
eared turtle is a highly tolerant freshwater species, the hatching rate, fitness and survival rate all de-
creased significantly under saline conditions, and it can be inferred that the effects of freshwater salini-
zation will be more serious on less tolerant freshwater turtles.

Key words: Trachemys scripta elegans; salinity; hatching; morphological phenotypes; fitness

characteristics



