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Effects of increased temperatures on phenotypic plasticity and consequential

physiological costs in the tadpoles of Bufo gargarizans

ZHANG Zhigiang™ , PENG Xiujuan, PEI Xinyi, WANG Ping, LI Wenhui, GAO Ge, LI Longxuan, WU Liang
College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China

Abstract: Amphibians are currently considered to be one of the most endangered vertebrate groups, and facing climate
change and other various threats, which can affect their physiology and overall health. Temperature-dependent immunity may
be particularly important to amphibian larvae survival, especially in temperate regions. However, due to the difficulty of
obtaining appropriate immunological parameters in amphibian larvae, the experimental data are still scarce whether there are
physiological trade-off relationships between immune function and other physiological activities in the context of increased
temperatures at some specific life history stage during metamorphosis. To explore the physiological costs of accelerated
metamorphosis and development process caused by arising temperatures, the variations of metamorphosis duration from
Gonser stage 37 tadpoles to Gonser stage 46 toadlets of Bufo gargarizans were counted, the body and internal organ size,
stress level , and immune function were measured at metamorphosis completion period from 23°C , 25°C, 27°C or 29°C water
temperature groups, respectively. The results showed that; (1) With increased water temperatures, the metamorphosis
duration was significantly shortened, the survival probability was sharply declined, and body size was significantly shrunk.
In internal organs, both wet mass and length indexes of stomach peaked at 25°C group, and showed the minimum at 27°C
group. The wet mass index of small intestine peaked at 25°C group, and the lowest at 29°C group, but not for its length

index. (2) The percentage of neutrophils and lymphocytes, as well as ratio of neutrophils to lymphocytes did not show
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obvious differences among different water temperature groups. The percentage of eosinophils was greatly higher at 27°C group
than that of any other water temperature group, the percentage of basophils and monocytes peaked at 23°C and 27°C group,
respectively, and showed the minimum at 25°C group. (3) Responsiveness to phytohemagglutinin-P ( PHA-P) peaked at 5
h after injection for all water temperature groups, and the maximal PHA-P response value was significantly higher at 29°C
group than that of any other water temperature group. The increased moderately water temperatures were beneficial for
stomach and small intestine developments of toadlets, promoting eosinophil proliferation, but suppressing basophil and
monocyte proliferation. Higher water temperatures greatly stimulated the responsiveness magnitude to PHA-P antigen,
accompanying with reduced survival probability, but had no direct effects on stress response capacity, suggesting that the

activated temporarily immunity for rapid adaptation to the terrestrial environment may be detrimental to their future survival.

Key Words: tadpole; water temperature ; metamorphosis duration; phytohemagglutinin-P ; stress
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WA T SRS R T RIS RN AR Z SR AN BB AN 5 AR, Ay I B AR A 3 SR B B IS AR AR TR =2 (]
(6 ZR TR TR SR AE T ek L T, P TR P P 0 R B S SR AR R KR G VAR TR 8
BT BRI, LA 7 4T 5 0 2 A0 R A LU P N/ A BB SRR 7 B 17 il 7 12 LAk A 4 af 6 3%
(PHA-P) /) I RARFAE A VG B B8 0 1 s 1K, ZE WV 8h 4 A% gl PR Rt 7= v I8 5 Ry T2
(R, ELI A 5 R ORI At TR R A AR Ak I 2 e T G B 0 AR 1) S e T B B A B
WA A Ak o KA N TR L S B R i ( Pelophylax nigromaculatus ) IR s 52 AR 2 E Y 4 e AN A AR
/N PHA-P B R AE R R N/L B LR 3 T2 s SO IRAE AR R 22 B8 R VR i B AS 5% i S B A0
SR HRHISE Y PHA-P S5 K OBAE 0 N/L (9 FUERR AR B AT, 56 THEHEsh ¥ S e Dh e 5 1 i s v e 2
[BIFSC R A A

HARWEIR (Bufo gargarizans) FJE T ICR H (Anura) #5455} (Bufonidae ) WEkR & , 7£ 3K [F 7043 ], =51
R F B A KRR 317 AR iR 8 7= R IS 7 B K IR 29 10°C 7 FE 10,1520
25°C 43Ik 2 Fa LRk 1 05 325 VR 0 PR e e b R R = BOE IR 3 B T A
i DX AR bR A X PHA-P 14 SR JCE 528 5, Ji RN B 3 FHE 3R 12 W5 KR ok pr > 458
S R AR R L AR SR T AR R AIFSE 2 IR rh AR i RIS A 7 1 S5 355 TR S R DA B A B X A
K 100 4E I AEARRE RS B T 23,25 .27 29°C 4L, L) 37 Wi rh AR R IR L B S0 R, I IE RS R K
N LSRN A G T RESEIN SE R b , S T LITEBIFGE HOC T AR B SR B R 8548 7 78 2850 40 085 0 7
el ) A BSREWS  SA Th HAOR Az £ RIS BLA

1 MRS

1.1 SEEM RS

2022 4F 3 A WIE LR R A B /MBI (117.15°8, 31.52°N) R4 rh AR ik 51 4] | Sk J5 T 7] — oY
A A AR TE RO R 2 s A B A2 SR IR (K X 58 X155 =60 cm x36 cm x36 cm) PIFFRAL IR 7,
EAEZ 1000 H 3k 3 46, AEANKIR N (22+1) °C JKIRZ) 10 em, S8 Gosner 73S bRifE, 2RI B B
BEE 26—28 WM AT BT SR B S 1A ARG 3—5 d R 24 h DL A RAK—YK . I A PR B
PG =4 (DO10) W [ B 5t @ AR 9 TR A BR 2> &, PHA-P ( Sigma L- 8754 ) I | Sigma-Aldrich 23 ],
BA-210 /9 BB | Wlhr -~ ROMBS AR 43 301 Ry 22 o B S 4R AT B ) b V4 i ELA BR A ) 4 )
AN
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1.2 LRIk

BENFFREE 2 37 WA R AesE iR ipi) 5@ ol i R (PR FIR AR A R A AL, £ 0.1 mg) I HAA
&L ER (= 0.01 mm) MHARSK 4 30 HIRBLBENLE T /KRR (2321) °C L (2521)°C (27+1) CHI(29+1)C
PIZKTGRE Y (X FEX R =48 emx26 cmx30 cm) fi5%, 43 BRI FR R 23°C 41 25°C 41 . 27°C 4L F1 29°C 41, b 4
Tk, KR 10 em, DIV N A HOR S 15 BB A5, B — KR 41 3 WCOFAT 3256, JL4H FH iRt 360 H, H
30 HU/FAx3 Fi/EEAL x4 AN EEA =360 H, SIS IFIRET, 4 AN BE A2 12 SRR R iR (Fy =
0.440, P>0.05) FifA 2K (F, ,,=2.780, P>0.05) ¥ To & 2 5. K 9:00 F1 2100 WLHRHEF AR AT, B
Z AR R 2 46 WIAWER 1k, et 4R N A HIRIL A 37 R H 2 46 IS I REL, DA 2561
RS LA SRS A R AR S B B BB RS 2 A6 R I AR S G A5 R AR R B & 46 H1%)
W AMARBORE] 23 .25 27 .29°C 4043 SIBEFLAEE 20 15 22 F1 14 H 4 I HAK S AR K S |, %) PHA-P
ISR 523 .25 .27 29°C 41343 FIFEHLER 46 .38 51 F1 9 H &y i H A 5 A 5, IR SR 1fi i1 6 1l ik A+, IF
I FR O DG IR AR R, DA R BR N A G RN T I R I B B L 23,25 .27,
29°C 20 37 RIS WI R B 2R 90 K, R H & 46 WHLIE R MRS 1 66,53 .73 Fil 23 K AEIE 4505k
73.33% 58.89% 81.11%F1 25.56% .
1.3 FEhrlE
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WEIRE(g)
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B (8UMg) R E R B = TR (mm) x100%

NERE AR = x100%

1.3.2 PHA-P R $8h5

15 46 HALEA M BRAR SR VE SR K 2.5 o/ L i PHA-P ¥AWK 20 L, ZE0J5 A E SR 5, 1 5 i
JE BT 70% LB RO, FEVEGTHT(0 h) FIFESS T 9 h P, 38 /NI ek A v S 0 7 2 ok 2 20y 34 T
JEERE (£ 0.01 mm) , B E X PHA-P B R NVREE Skt Gl £ 152 22 | AR ZPR 3 LIAR DL A R i (] — 3B A7, A —l
] EE W 3, B h Rl — AR,
X h B SR ER A (R E (mm ) =0 h B S R0 1 )2 (mm)

0 h B S A SR BE (mm )

1.3.3 AR AE 7 e & N/L B LB s s

T — VR A B —FE I BCR AR B LR 1 46 HZNAE MUK 2 20 L, SIFEINL TR B 1—2 5K, A 37°C HERS
HE R DR B G- W e aan & e, 20000 T AR T 43 304 1—3 F1 5—8 min J& , FHZEIE K FE 7
YL 30 s,37°CEUET)E , AP R IR E F, 78 400 55627 B N B IR, L L T80 k 1 v
Fi FR R TRV R v g s 200 i v TR A 200 | 4T PR A IR AR B A ) B, T R R
100 A~ AU A 1k, 25 2 i i it SO ) A8, ) 2 ke ot 4 1 v g — b 2R R0 1 4 500 S (1 e R M
By L, DL N/L B HAER RN ARG 46 HIAIWE 1% 1 335 0 BE
1.4 Sitabr

HGETt Bt SPSS HA A T AR b B, SCE IR I, e it — R R A B —F A 30 H 37 MR}
RE AR, L3 P EAR R ZIRE AN . 4 one sample Kologorov-Smirnov A 56 £ 4
[ 7 22T UM WEANAF A IEAS 0 A 1) 18 K B 2 BIOR A8 25 I (R 85080 0 S0l 1A 7 5 1E 5% R FHRH 5O 46, R 46
TG IES 0 BOHAESEOR 38 9 2 AN S, FEA Y Kruskal-Wallis H WSS T4 50 0T, SO0 25 KA,
FHELR R T7 225007 A R KR 418 1 46 BIAEIR TR (R R AR RIS DLR PN IR 28 B R/ 45 780 11 400 L 1Y
A3 N/L B HCAR AT PHA-P S5 KW AR A 4 1) 22 53 5 DA K IR AE Al A A dE SRR (0 h) FITES /S 1 2 9 h
AL IR T A T 2250 Hr L BOK BT PHA-P SR A S | LA % TR — /K 4 P A [ Bisf 18] g5 22 Tl

PHA-P JZ ) = x100%
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Fig.1 Effects of increased temperatures on body mass, body length and metamorphosis duration for Gosner stage 46 toadlets of
Bufo gargarizans
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BOOC 0 E WA 22 57 (F, 1,,=0.972, P>0.05) , Ui W1 B8 IRA ) T8 5 40 B A/ Nz K B = iR
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RS WINE I LSOV RE T (B2 R BOA A AR e A A AR | RIS A1 1 g T M e 4 5 5 00 361 8 i
Vi DR RIREER ) R T
2.4 BEEXTHRARIELS 46 IAZNIE T PHA-P A4 Sz A X R K S W (L i S i
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Fig.4 Effects of increased temperatures on the responsiveness to phytohemagglutinin-P ( PHA-P) for Gosner stage 46 toadlets of

Bufo gargarizans
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