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Phenotypic responses to water level change in Bufo gargarizans and Duttaphrynus

melanosticus tadpoles at Lishui, Zhejiang

TANG Xiaofen, FAN Xiaoli, LIN Zhihua® , YAO Tingting, LI Xiang, JIN Jing, ZHOU Cuntong
College of Ecology, Lishui University, Lishui 323000, China

Abstract; Habitat drying caused by global warming will raise a challenge for anuran larvae living in water. We investigated
the phenotypic response to six different patterns of water level change in Bufo gargarizans and Duttaphrynus melanosticus
tadpoles under laboratory conditions. The aim of this study was to examine the heritable basis and environmental proximate
causes of phenotypic plasticity of these two species tadpoles. The results showed that all the six water level treatments had no
significant effect on the early development Gosner stage ( GS), head width (HW) , or body mass ( BM) of B. gargarizans
tadpoles on the 14th day, but there was a significant effect on their snout-vent length (SVL). The SVL of B. gargarizans

tadpoles raised in decreasing water levels were the longest, while the ones raised in constant low water levels had the
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shortest SVL than the remaining groups. Conversely, the six water level treatments had respectively significant effects on the
GS, SVL, HW and BM of D. melanosticus tadpoles on the same day, respectively. Firstly, those tadpoles raised in constant
high water level developed most fast, while the ones raised in constant low water level developed most slowly. Secondly, the
tadpoles raised in decreasing water level had greater SVL, while the ones raised in constant low, fast fluctuation and slow
fluctuation water levels had smaller SVL than the remaining groups. Thirdly, HW of the tadpoles raised in constant low
water levels was the narrowest, followed by the ones raised in increasing water levels, the others raised in the remaining
water level groups had the biggest HW. Lastly, BM of tadpoles in constant low water levels was the smallest, while the ones
raised in constant high water level had heavier BM than the remaining groups. The water level treatments had no significant
effect on the time of metamorphosis and body size at metamorphosis including SVL, HW, and BM in B. gargarizan.
However, there were significant effects of the water level changes on the time of metamorphosis and body size at
metamorphosis including SVL and BM, except for HW, in D. melanosticus. Tadpoles raised in the constant low water levels
had protracted metamorphosis, whereas the tadpoles raised under the constant high water levels had shortened
metamorphosis. SVL at metamorphosis of D. melanosticus in the constant high water levels was the largest, while the ones
raised in constant low and rapidly fluctuating water levels were the shortest. BM at metamorphosis of D. melanosticus raised
in the increasing and rapidly fluctuating water levels were the biggest, while the ones raised in the constant low water levels
were the smallest. Our results suggest that there are significant interspecific differences in the phenotypic plasticity respond
to desiccation risks between B. gargarizans and D. melanosticus tadpoles: the former was weaker than the latter. Winter-
breeder B. gargarizans tadpoles experienced habitat drying more frequently, while spring-breeder D. melanosticus tadpoles
experienced habitat drying rarely. This showed the interspecific differences and hereditary of the phenotypic plasticity.
During the early development of the two toad tadpoles, the common phenotypic variations in their SVL were associated with
lack of genetic basis of environmental proximate causes. The response to constant low or decreasing water level in D.
melanosticus tadpoles was negative ( deceleration of differentiation) , and the response degree was directly related to the

strength of the environmental signals.

Key Words: Bufo gargarizans; Duttaphrynus melanosticus ; tadpoles; water level change; phenotypic plasticity
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Table 1 The initial Gosner stage and morphological characteristics of tadpoles in B. gargarizans and D. melanostictus

A h AR i e JEE B R RS} BEVKEMZ E

Variable B. gargarizans tadpoles D. melanostictus tadpoles Significant levels and Tukey’s post hoc test
KB DIl Gosner stage 27.20 + 0.63(26—28) 27.30 + 0.47(27—28) Fy 3= 024; P = 0.629;

144K Snout-vent length/g 7.72 £ 0.47(6.73—8.43) 5.07 £ 0.24(4.65—5.47) Fy = 424.21; P < 0.001; BG > DM
KTE Body mass/g 0.049 + 0.003(0.045—0.055)  0.030 = 0.004(0.024—0.038)  F, ;= 11.72; P < 0.002; BG > DM

3k 9% Head width/mm 4.79 + 0.32(4.43—5.28) 3.35 + 0.26(2.90—3.94) Fy ;= 3.53; P = 0.071

IRHISL Y K T D RS One-way ANOVA, HARTE A1k 5835k LUy M5 11 One-way ANCOVA;BG: HAERUELR (B. gargarizans) ,DM:
MANEME RS (D. melanostictus)

2.2 RO SR L AR ORI

PR ORI I RIS R SR ME WE AR R LT 6 MR GLASE T2 14 REGAE Pl AR Sk SERIRTE A9 34
PEGEITULIE 2, FflE] One-way ANOVA 71,6 RlK AL AZ AL AL A 14 R, A RS iRt ast (44 4 75 s 0 2 2 /s
TR NESE R ] AR B2 R TR IE SRR e (22 2) o UMARCHPMEREAY One-way ANCOVA 7R, ¢ E 4
T rh AR DR SE R A S ME U R PR SRS ) S SE AR R 22 S R B3 (R 2)

F2 KM REXERIRERSEE RRHERLZEHZM

Table 2 Effect of water levels on the early growth and development of tadpoles in B. gargarizans and D. melanostictus

Apid F AR B A B S S e s ifo i) o

Variable B. gargarizans tadpoles D. melanostictus tadpoles Interspecies comparison
KB F5 55= 0.79; Fs ;= 8.16; P < 0.001; Fy 3= 474.34;
Gosner stage P = 0.564 1¢, 2%, 3% 4 5b 6 P < 0.001; BG < DM
NS Fs ss= 5.88; P < 0.001; Fs ;5= 4.33; P <0.003; Fy q13= 199.13;
Snout-vent length lc, 2abe, 3bc, 4a, 5abc, 6ab 1b,2ab, 3ab, 4a,5b, 6b P < 0.001; BG > DM
R F5 55= 1.46; Fs 4= 10.10; P < 0.001 Fi = 1.14;

Body mass P = 0.217 lc,2a,3ab, 4ab, 5ab, 6b P = 0.287

3k 9 Fs s5= 1.26; Fs 4= 7.56; P < 0.001 Fy 1= 0205

Head width P = 0.295 lb,2a,3ab, 4a,5a,6a P = 0.657

KH DIWFERK A One-way ANOVA , R FIk 56 4 LUK Ry B335 B 384T One-way ANCOVA ; AS[H)_ AR 7R8 22 5 1838 (Tukey's test, a = 0.05,
a>b>c); BG:FERIEL(B. gargarizans) ,DM : BRHEWE R (D. melanostictus) ; KO ACFRRAI AR FEEFH w1 AT E MK ;2 18 E E KA 53
IRAE BTG 34 IKALBETRRAR 3 5 KA PR I 39 5 6. KA 18 33 33 3

LLIKALAZ AR H 5 One-way ANOVA 7, K A8 A0S AR S I RHisL L 400 2 B I 2 A i 2, )b A
SN 3 A KA B R AEROK A de/ Iy 18 0 R 5 DR B SEAR U8 s LA KA PR 1A One-way
ANCOVA 7R , 7K AZ AR A2 A A AR R R RIS ) Sk SERIMAR B I AN B35 (R 2)
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Fig.2 Descriptive statistics of Gosner stage and morphological traits of B. gargarizans and D. melanostictus tadpoles under six different

water level treatments. The bar graphs show mean Gosner stage, SVL, HW, and BM on the 14th day (n=4 tanks/treatment) ; error bars

represent + SE
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it bl 3, Fh1E] One-way ANOVA f7R , ANRIZKAEAZ AR B rf A8 SR R b ) 59 728 285 5F TR) FIAC I 25K T
FRHEWE R L DA A IS 5 1) One-way ANCOVA SIS | 4Rf 5 A4 1Y Hh AR JOIE I R 8 HEE WS I ) A8 2851 Sk
PE2ESFEAN | PRSI KIS A A A (A i 2 T R R (R 3) .

F 3 KAITAL IS e ok yEdAF0 F AE W AR i 25 25 i 18] A0 K /N B M

Table 3 Effect of water levels on the time and size at metamorphosis of tadpoles in B. gargarizans and D. melanostictus

Eias PRI WS iR e P HE S I R il LA

Variable B. gargarizans tadpoles D. melanostictus tadpoles Interspecies comparison

ARFS L F =2098; P .021; F = 29.45;

,%'“Hﬂm . Fs ;5= 1.89; P = 0.116 s.40= 298: P < 0.021; 1o = 2945

Time to metamorphosis ’ la,2b, 3ab, 4ab, 5ab, 6ab P < 0.001; BG > DM

K Fs 4= 6.61; P < 0.001; F = 355.30;

MKJ& Fs = 1.73; P = 0.148 3,47 ’ 5 1, 100 ;

Snout-vent length T lc,2a, 3abe, 4ab, 5¢, 6be P < 0.001; BG > DM
NEE] F =293, P .022 F, 9= 11.83;

I Fy = 2.17; P = 0.076 5.46= 2933 P < 0.0 1o = 11.83;

Body mass ’ lb,2ab, 3a, 4ab, 5a, 6ab P < 0.001; BG > DM

Head width

Fy = 1.40; P = 0.245

Fs 4= 0.85; P = 0.523

F\ 9= 0.43; P = 0.513

ARSI AR A One-way ANOVA IR TE 5 3k 5350 IR K W EME B 1Y One-way ANCOVA ; AN ARGV Y25 57 1835 (Tukey's test, a =
0.05, a > b > c); KOALPEIA IR FEFFR, 1 ATEARAKAL 52 155 BK AL 53 AR ALB BTG 54 KA B TR 5 5 K AL 3l 5 6. K 718
b3 25|

LUK ALK KT~ One-way ANOVA 5271, 7K A7 728 A0 v A RIE i i s} 1) 2408 285 S [) FAA 2 i AN f 25 7K
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Fig.3 Descriptive statistics of time to metamorphosis and morphological traits of toadlets of B. gargarizans and D. melanostictus under six
different water level treatments. The bar graphs show mean time to metamorphosis, SVL, HW, and BM at metamorphosis (n=4 tanks/

treatment ) ; error bars represent + SE
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ARG AT IR AR, ERAR P AR O R RIS E A 7 A2 A S 7 B R SR B K AR rry 2D | AELRS B da d A MzE A
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