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Sexual dimorphism and fecundity in the gold-stripe pond frog ( Pelophylax

plancyi)and the terrestrial frog (Fejervarya limnocharis)

SHOU Lu ,» DU Wei-Guo ™, SHU Lin (School of Life Sciences, Hangzhou Normal College, Hangzhou, 310036, China). Acta

Ecologica Sinica,2005,25(4) :664~ 668.

Abstract : “The fecundity selection” hypothesis has been used to explain why females grow larger than males in many animal
species. To test whether this hypothesis is able to explain inter-specific differences in sexual dimorphism, we compared sexual
dimorphism and female fecundity of two species of frogs, the gold-stripe pond frog (Pelophylax plancyi) and the terrestrial
frog (Fejervarya limnocharis), in eastern China. In May 2002, 93 terrestrial frogs (51 males, 42 females) and 104 gold-stripe
pond frogs (28 males, 76 females) were captured from Hangzhou, Zhejiang Province. The animals were weighed to the nearest
mg and measured to the nearest mm for snout-urostyle length, head length and width, diameter of eye, and limb length.
Clutch sizes were also determined by counting eggs inside the females. The snout-urostyle length of adult females was
significantly larger than that of adult males in both species. Although the degree of sexual size dimorphism differed remarkably
(0. 30 in P. plancyi and 0. 08 in F. limnocharis), clutch size was similar between the two species after the effects of female
body size (snout-urostyle length) were statistically removed. Therefore, our results are not consistent with the fecundity
selection hypothesis. This outcome may not necessarily mean that fecundity selection does not affect the evolution in sexual
dimorphism in amphibian. Firstly, a comparison between two species is not enough to draw general conclusions. Secondly,
other causes, which we weré not able to test in the current study, could be responsible to failure of the fecundity selection
hypothesis to predict the sexual dimorphism in these two species. These causes include selection pressures that affect males
rather than females, interspecific differences in energy allocation or mortality rates, and the unknown phylogenetic history of
the two species. Moreover, we found interspecific and between-sex differences in body condition and morphology in P. plancy:

and F. limnocharis. In the reproductive season, females had lower body condition than males in both species. Gold-stripe pond
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frogs had larger heads, eyes and limbs than did terrestrial frogs when we statistically controlled for snout-urostyle length. In
both species of frogs, limb length was larger in females than in males. Males and females showed different allometric growth
patterns in limb length of F. limnocharis, as females grow faster than do males; this sex difference does not occur in P.
plancyr.

Key words : Pelophylax plancyi; Fejervarya limnocharis; sexual dimorphism; clutch size; fecundity selection

XSS .1000-0933(2005)04-0664-05 HESHKE.Q59.6 ILHEFRINAG: A

4 Bt BT (sexual size dimorphism)# L T ERK FHEE ., HEFHEBINAIFHEREHALRN S B A ANERN, L
EREEBRRWEREF L, BHE SHBERXKTHREFRERENIERY S, AT 51 #E#F (ecundity selection) 1Ay & M &
KTFREFRERES#La AN, o, 8 R IEEE H o] {23 S RIE s,

BHEEH K BRI K T, SHMRB - AT HREELUEATHRBLAMNAERENER . 48
HEBRBRIZAN, MBETE /1 CEIREOREME /DR mmem, BT Ed A MRS ERR L . B, RN/ B A
EELZMER MATEEHLEYE. RT. 0N . CHEERBKEXRAMABEMRR/DEE T HXRSHY S, i E R
fEE =,

Fx . FHEEBRRETHIVRA.FTERARERERENSEA. B THRETMERMNMESRENER SR, B
M. EREIRER, XENERENERADAZEREEVMEAERSEFTIRXRARBET AEZRE R, T UTUBMEPIHERE
BEF A 2 LR 5 B U BUR IE M3, B 2 M L A A 2 T 35 B K b 285 938 4L B h B MR R B AR B

AXMESEMBEMNF-EEAFEREMEES S, SREIFHESI YRR LR, RiIEA T HEFERILE S FRERERE

WEREMfEEZR.
1 WBIMATE

T 4~5 AL mEEmEpE X E W ERSRY LAY T 2002 F 5 ARBMIHMIEX . KELFELRSHY .
1 B ERNME YA K (W55 F B M FBEE,Snout-urostyle length, SUL) kK (MR ETH XYW EEHEE,
Head length, HL) .3k % Gk & & 8 4k s Head width, HW) IR (5 &3 F 147 T8 IR iE B 42 ,Diameter of eye, DE) B K (JH €3
EH 3 Bk %% B I B, Forelimb length FLIDfI G K (A Ew EHF F EFH 4 Bt K ¥m ¥ K E, Hindlimb length HLL)
(+0.01 mm), i Mettler B, F K FFREE (0. 001g) , A5, BFHBUH AR ERE (M), MR —H 2R EREMD ..
HAMBEE WD, BIAXN = N1 X M/M1 it BHRBHEEGFINEE, B BREENE 3 K, BOFSEENMENITRE,

R R ERITE S B Gibbons and Lovich"™®, W#REEE IS =1— KB /NEHN K F 3 SUL /BB KX 5 8 F
¥7 SUL,

H Kolmogorov-Smirnov 1 Bartlett 3 B R BBIEV ESHM T ERRYE . 288 . ZBFESS2HA T LZEG. B BEHL®
AEKHHHER AUEEPINESHFEMERVXER UETAHESHEXNMIXER. BT ESTATHESEKMHEXHE
AMEHBAEA R EFAMEHRIZR . HTE Log (KE )X Log R KO M EHF R EE N ZR Y & EREERD 6 10 % 53E xt
SERRENEWE, ZorRE SR 17 RARFIRERERNEI ARG BXAF I E4H wo-way ANOVA) K il 5 41K 75 /9 74
] A e Bl 2 R

2 &R

2.1 MERNHFEHERERAERIEER

G M FE MR R h 58.58£0.61(N=76), K THEMRY 41.27£0.51( N = 28)(t = 16.23, df = 102, p < .
0. 00001) , PR ik ME (R - 2 {E K (41. 34 £ 0.70 0.61,N = 42) th K FHE&{E K (37. 98 £ 0.33,N = 50) (¢ = 4. 56, df = 90,
p<<0.0001) , £LMBEMFEREAKNAHEREEEFAEEEER, 4 MEHERERIEREE 18OV 0. 30, 1 & i & P %
BIEBREIREAL R 0. 080K 1),

2.2 BIERE

UREAERNANEFHITESTER, BERSFERENTEESR (Fs = 23.82, p<T0.00001) MFHEERF (F .0
= 8.68, »<_0.001) , FAFMHEINELHERXTER(Fis=0.07, »p = 0.80) , & MEEN FHREHERET TEME, EE
BERREEE T HE PR (SR PRSI K VS BE{A 0. 038 VS 0. 009; FE R s R VS #E{R . —0.012 VS —0.047),

2.3 BB/

BN ESHIEHSRRERZEMXUTE p << 0.0, MEAKAIWERN BT ZIERY LS B & AFF

HER YREBAKEENR,.SANEEMAL RENMOEBBERTERER D, AW EXFHEESHFLEIEREEZR, R

IH

L




666 £ F ¥ # 25 3
FMHENTMEOTNEBEREEEXRTEE;BINEZTEREL BN RTEEREERZE D .ZHAIIEERERERERASM
TR AERSAERPEBSHTERTEZMHEEZER . AELSKMNEEMNIIERKBERKRERBEAERK(FLL, Fi10=0.48, p=
0.48;HLL, F1,100=0.01, p=0.95),MFEMENERKEEKEREE K (FLL, F1,89=57.43 p<<0.0001;HLL, F1,
89=287. 90, p<T0.0001) (¥ 2),

iz - 445 (0 i B 4 Male P plancyi :2 i VK5 kM & Male F. limnocharis
14 - 14
12 12 |-
10 10
8 g |
g 6 6 |
B 4 4|
E a2l .l
-g 0 I | L | I | L 0 | t L 1 I |
o 35 39 43 47 51 55 59 63 67 171 32 34 36 33.40 42 44 46 48 50 52
g % : SEMBEMA Female P. plancy! z : ¥ i ME 4% Female F. limnocharis
B 18 - i
R 16 | 7
=3 14 6
12 / 5 1
10 - 4 |-
8+ 3 |-
il 2|
2 - 1 -
0= 3IS 3E9 4t3 47 51 55 59 63 67 T | 0™ ‘32 34 36 38 40 42 44 46 48 50 52 |
4% Snout urostyle length (mm)

1

Fig. 1
(Fejervarya limnocharis)
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Table 1 Inter-specific and between-sex differences of morphological traits

the terrestrial frog(Fejervarya limnocharis)
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Histogram of snout urostyle length of males and females in the gold-stripe pond frog(Pelophylax plancyi) and the terrestrial frog
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(M=+1SE) for the gold-striped pond frog (Pelophylax plancyi) and

A% Species ¥ 3 ﬁzliﬁ' %L & (mm) %ﬁ(@m) .ﬂﬁ’é(mm) ﬁﬂﬂﬁ.ﬁﬁ(mm) Eﬁﬁ(mm)
Sex Sample size Head length Head width Diameter of eye Forelimb length Hindlimb length
LMt P. plancyi 2 76 16.581+0. 18 15.4510. 24 4. 801+0.12 24. 7810. 49 66. 250. 94
N 28 16. 18 0. 14 14. 88+0.18 4.81+0.09 22.0740. 38 59.31x0.72
FE R F. limnocharis 2 42 14. 0740. 12 13.5140. 15 4. 47+0. 07 19.2940. 31 56. 9410. 60
2 50 14.184+0.13 13.4340.17 4.4610. 08 18. 8510. 35 53. 901 0. 66
s Species Fi1.100=182.2"*" F{,10=60.26"*" Fi1,160=9.40* " Fi,10=96.35""" Fi,190=76.02"""
¥ 5] Sex F1,191=0. 76" Fi101=2. 19N Fi,000=0.001N  Fy19=12.49*** F;,10=34.70" "

AZ H YE H Interaction F1.101=3. 3978

F1,191:1. 79NS

Fi1,101=0.01™ F119=9.43"" Fi,190=7.66""

EKE ST R,ZFFEHN 4. 79 F EEFRFSERERDEELHAKFE;NS ZR A B F Snout urostyle length was used as the covarnate,

which was set at 44. 79 mm; Symbols immediately after F values represent significant level ;NS nonsignificant; * * p<0.01, * * * p<C0. 0001
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Fig. 2 The relationships between limb length and snout-urostyle length in the gold-striped pond frog (Pelophylax plancyi) and the

terrestrial frog(Fejervarya limnocharis)

@ & 2 8B dk BE{K Male P. plancyi, O 4 M i BEIK Female P. plancyi, APERGEREER Male F. limnocharis, N\ M & Female

F. limnocharis

(2) WEPRREELIT BOR B AOR IR 225 . ¥R Rl AESAB K, AR 3R ST e lg(cs)=2.46lg(sul)-1.18 72023 p < 0.0001
F 2 W, B I, IR B I e RO 400 Y ek A BF B B A L, VR o Ig(es)=0.091g(sul)-1.35 r2=0.20 p <0.05
FEEBENZRTSRWAE, N, 72 EE M4 K Y
RE B Ar B0 , 5 4 20 D00 %8 ek 4 LL , 120 s ek 0 4K T BE 45 25 BB JBT ¢
BT SR MMEER/D, RS RERBEROUEHATERR
EREFEERE LT,

) MEMENRRA T REEMRER. SEMEHEL,. &
LMEEREESERESRF . MEEHEHES , AR

g WY Clutch size

FAR G, WL, X &AL K A PIIRR U A KA 1) %.50 1.I55 1.:50 1.Iﬁs 1.110 1.'[75 1.130 1.185 1.9;0
HREBEREHTEREAME, R AR, 4813 5 1g 441K Snout-urostyle length

A~ \Fib i AR A
ER/MPEEZROIRERBEEFRMPEERIE. BENMEE B3 T 6 B s G K B
AT RN ERERANERBAAIYAERELNBE - L .
ig. 3 The relationships between clutch size and snout-urostyle
%Jﬂ K] L9+ 23]

(4 BTRHBRAMEBRD ACREFTRARELZT XA and the terrestrial frog(Fejervarya limnocharis)
WNEREREHAKIER. BXL L . AEAFTXRAERAALFER Q@2 AMEBEE P. plancyi, OFES F. limnocharis
MEHEKETEEEEZNER S B . AXERSAF HHER
AFHUEZHEARERZTRANE W AP THEITERSEZSHANESAEHABEMNER L VHRSERXT R LR
: (phylogenetically independent contrasts) 3 TR TR R SAE T HEBER LRSI,

SRR FERE S RRESYFEBENEINER AN SEREEREERTRE BEARESERS SR AW
FHBAEVMEX, YHRBEFMEEEN MBS XKHIEE(GERANBEABAB 2R TER,U=H KBRS, &F

length of females in the gold-striped pond trog (Pelophyiax plancyi)

[l




663

L
)
7

& F R

MERBHTTRESETERERSEE, AEREWR TR, BME AN L.

FREENEREN EFEHETR

(13

£ 0 ny 0

SRMBEHAGEREERTFEREGE D . 50 B BBEW RStk (Pelophylax nigromaculata) F[R1U, 4 28 00148 4 5 14 1~ 1K
BRI HEEEKEREARK MFERENRRAAREEK, RESHAHWEAPEELEEEFE IBE AR
H oM WEZEHKE S, MEREAS TR AESEMENREHEN, YN FESEFFRAMENE XL, BEHEEH

4 2 DU HE ek A 3 T K

LREFERBNARBHREMER  ERMEFHEEZRWEN, MFE LN, BN AMENERIRAZEOFHEE

FOBENERKERNTHEER, KHREZERAFTEEZNES
BREEHEHD,TRIEEHEAESIBNESR O TR AMEBEFRLREH T, RBEFIEFILE,

B . MEARIFHERAERANEERE . A3 B0 R B A

References;

[ 11 Darwin C. The descent of man and selection in relation to sex. London; John Murray,1871.

[ 2] Shine R. Sexual selection and sexual dimorphism in the Amphibia. Copiea,1979. 297~ 306.

[ 3] Greenwood P J , Wheeler P. The evolution of sexual size dimorphism in bird and mammals: a ‘hot blooded’ hypothesis. In; Greenwood
P J, Harvey P H, and Slatkin M. eds, Evolution. Essays in honour of John Maynard Smith. Cambridge:Cambridge Univ. Press,1985.
287~299. |

[ 4 1 Parker G A. The evolution of sexual size dimorphism in fish. J. Fish. Biol. , 1992,41 (supplement). 1~20.

[ 5] Anderson R A, Vitt L J. Sexual selection versus alternative causes of sexual dimorphism in teiid lizards. Oecologia, 1990,84: 145~157.

[ 6 ] Shine R. Sexual size dimorphism in snake revisited. Copeia, 1994,326~ 346.

[ 7] Woolbright L. L. Sexual selection and size dimorphism in anuran amphibia. Am. Nat. ,1983,121: 110~119.

8] Olsson M, Shine R, Wapstra E, et al. Sexual dimorphism in lizard body shape: The roles of sexual selection and fecundity selection.
Evolution, 2002,56: 1538~1542.

' 9 ] Halliday T R, Verrell P A. Sexual selection and body size in amphibians. J. Herpetol. , 1986,1;: 86~92.

[10] Shine R. Ecological causes for the evolution of sexual dimorphism: a review of the evidence. Quert. Rev. Biol. , 1989,64: 419~464.

11] Brooks M J. The ontogeny of sexual dimorphism: quantitative models and a case study in Labrisomid blennies (Teleostei: Paraclinus)
Syst. Zool., 1991,40: 237~255.

[12] Lin Z H, Ji X. Food habits, sexual dimorphism and female reproduction of the skink (Eumeces chinensis) from a Lishui population in
Zhejiang. Acta Ecogica Sinica, 2000,20 (2); 304~310.

[(13] Du W G, Ji X. Growth, sexual size dimorphism and female reproduction of blue-tailed skinks, Eumeces elegans. Zool. Res. , 2001, 42;
279~ 286. |

[14] Zheng R Q, Du W G, Shou L. Sexual dimorphism and female reproductive characteristics in the black-spotted pond frog, Pelophylax
nigromaculata. Chin.J. Zool. , 2002,37(4):14~18.

[15] Shine R. The evolution of large body size in females; A Critique of Darwin’s “fecundity advantage” model. Am. Nat. , 1988,131: 124~
131.

(16 ] Shine R. Sexual size dimorphism in snakes revisited. Copeia, 1994,1994. 326~ 346.

(171 Fei L. Atlas of amphibians of China. Zhengzhou:Henan technology publishing house, 1994. 162~184.

(18] Gibbons J W, Lovich J E. Sexual dimorphism in turtles with emphasis on the slider turtle (Trachemys scripta). Herpetol. Monogr. ,
1990, 4. 1~26.

(19] Damme V, Bauwens R D, Brafia F, et al. Incubation temperature differentially affects hatching time, egg survival, and hatchling
performance in the lizard Podarcis muralis. Herpetologica,1992,48;: 220~228.

[20] Davies N B, Halliday T R. Optimal mate selection in the toad Bufo bufo. Nature, 1977,269: 56~58.

[21] Katskarosand K, Shine R. Sexual dimorphism in the tusked frog, Adelotus brevis (Anura; Myobatrachidae) : the roles of natural and
sexual selection. Biol. Linn. Soci. ,1997,60:39~51.

(227] Ghiselin M T. The economy of nature and the evolution of sex. Berkely:Univ. Calif. Press, 1974.

(23] Howard R D. Sexual dimorphism in bullfrog. Ecology,1981,62:303~310.

24] Doughty P. Statistical analysis of natural experiments in evolutionary biology: comments on the recent criticisms of the use of
comparative methods to study adaptation. Am. Nat. , 1996,148; 943~956.

[25] Felsenstein J. Phylogenies and the comparative method. Am. Nat., 1985,125;: 1~15.

[26] Garland Jr T, Harvey P H, Ives A R. Procedures for the analysis of comparative data using phylogenetically independent contrasts. Syst.
Biol. , 41: 18~32. '

277 Macnally R C. On the reproductive energetics of chorusing males: energy depletion profiles, restoration and growth in two sympatric
spectes of Ranidella (Anura). QOecologia, 1981,51: 181~188.

(28] Ryser J. Weight loss, reproductive output and the cost of reproduction in the common frog, Rana temporaria. Qecolgia,1989,78;: 264~
268.

[29] Lemckert F L, Shine R. Costs of reproduction in a population of the frog Crinia signifera (Anura; Myobatrachidae) from Southeastern
Australia. J. Herpetol. , 1993,27; 420~425.

[30] Ryan M J, Tuttle M D, Faft I. K. The costs and benefits of frog chorusing behavior. Behav. Ecol. Sociabiol. , 1981,8: 273~278.

{31] Losos J B. Concordant evolution of locomotor behavior, display rate, and morphology in Anolis lizards. Anim. Behav., 1990,39: 879~

890.

$ % UK -

—
SUR

-
W

i rr
ot
~J

WHEE, it O AKFEAEFHRE. . FHESRABEER. £35%#H, 2000,200(2):304~310.
HIEE, 8. ¥BRAETHAK. FAESERBEEE. 31 F5R ., 2001,22(4):279~286.
HRER, #TH, & RBRHEMBEAPERENMESEEAESIE. siPERE, 2002, 37(4):14~18.
RE. JEAMENYEE. BN R EERE R, 1994, 162~184.




