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Abstract. Testes asymmetry theory predicts that males in good condition or mature age may be able to 
develop larger degrees of directional asymmetry than males in poor condition or young age. We tested the 
testes mass and testes asymmetry hypothesis in the Chinese endemic frog (Rana omeimontis). The results 
showed that R. omeimontis had a significantly directional testes asymmetry, with left testis being significantly 
larger than right testis. Male body condition was negatively correlated with relative testes mass, but not 
correlated with testes asymmetry. However, male age was correlated with testes mass and asymmetry, 
suggesting males with larger testes and a higher degree of testis asymmetry survive better. 
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Testes asymmetry theory predicts that directional 
asymmetry should be the norm and only males in 
good condition or relatively old age may be able to 
develop larger degrees of directional asymmetry 
than males in poor condition or small age (Møller 
1994, Birkhead et al. 1997, Graves 2004). Testes 
compensation hypothesis can explain the direc-
tional testes asymmetry because one testis may 
grow more than would be expected in order to 
compensate for a reduced function in the other 
testis (Schärer & Vizoso 2007). Directional testes 
asymmetry where the testis on one side, often the 
left, is bigger than the other one has been pro-
nounced in birds (Møller 1989, Birkhead et al. 1997) 
and frogs (Zhou et al. 2011, Liu et al. 2011).  

Omei Wood Frog (Rana omeimontis) is an anu-
ran species endemic to central China (southern 
Gansu, Sichuan, Guizhou, western Hunan and 
southwestern Hubei Provinces), and their habitats 
are located in hill forests and grass clumps in for-
ests from 520 to 2,100 m in altitude (Fei & Ye 2001). 
The species breeds in late-summer in ponds, win-
ter flooded fields and backwaters in small streams 
(Michael et al. 2004). So far, no information about 
testes asymmetry of the frog in relation to body 
condition and age is available. In the paper, we 
examine whether the directional testes asymmetry 
occurs in R. omeimontis. Moreover, we tested 
whether positive correlations existed between de-
gree of directional testes asymmetry, body condi-
tion and age.  

 

Data were collected in some ponds of Yibin city (28°47′ N, 
104°33′ E; 308 m above sea level) in southern Sichuan, 

China. Adult males were caught by hand at night in 
mid-July 2011 and mid-November 2010 and 2011. We 
captured a total of 63 male frogs, and then took them to 
the laboratory. We kept those frogs individually in a rec-
tangular tank (0.5 m × 0.4 m × 0.4 m). The collection of 
frogs in the study was permitted by Forestry Bureau of 
Yinbin city, following all the applicable instructions of the 
Animal Care Guidelines in China. 

We measured body size (SVL) of all individuals to 
the nearest 0.1 mm using a caliper, and body mass to the 
nearest 0.1 mg with electronic balance. We killed frogs by 
double-pithing and dissected all individuals. We then 
removed the two testes and weighed testes (to the nearest 
0.1 mg) with electronic balance. Following the proposal of 
Møller & Swaddle (1997), we defined relative testis 
asymmetry (RTA) as: RTA = (left-testis mass – right-testis 
mass) / 0.5 (left testis mass + right-testis mass). 

Individual age was estimated by skeletochronology 
and the method has been successfully used in some Chi-
nese anurans (Li et al. 2010, Chen et al. 2011, Liao & Lu 
2010a,b, Liao et al. 2010, Liao & Lu 2011, Liao 2011, Liao 
et al. 2011, Liao & Lu 2012, Liao & Chen 2012, Lou et al. 
2012, Liu et al. 2012). We used Harris's haematoxylin stain 
and paraffin section to process the third phalange of the 
hind limb’s longest toe of each male. Sections of 13 μm 
thickness with the smallest medullar cavity were selected 
to examine the number of lines of arrested growths 
(LAGs) by a Motic BA300 digital camera mounted on a 
Moticam2006 light microscope to take digitalized photo-
graphs of age at a magnification × 400. Endosteal resorp-
tion of each phalange was confirmed based on the resorp-
tion line (RL, the division line between the endosteal and 
periosteal zones, Liao & Lu 2010c). 

We used paired t-test to test difference in masses of 
the left and right testis. Body condition was calculated 
using linear regression by entering body mass as a de-
pendent variable and body size as an independent vari-
able, and residual mass was used as an index. Relative 
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testes mass was defined by entering body mass as a de-
pendent variable and body size as an independent vari-
able using linear regression, and residual mass was used 
as an index. The relationships between body condition 
and relative testes mass or relative testes asymmetry were 
analyzed by linear regression analysis. We also per-
formed Pearson correlations analysis to test the relation-
ship between age and relative testes mass or relative tes-
tes asymmetry. Statistical tests were performed by the 
software SPSS 15.0 for Windows (Statistical Product and 
Service Solutions Company, Chicago). All values given 
were shown as mean ± SD and all statistical tests were 
two-tailed. 

 

Average body size and body mass of males was 
49.2 ± 4.2 mm and 9.3 ± 3.5 mg, respectively. Males 
had mean age of 2.3 ± 0.9 years, ranging from 1 to 
6 years. Age was not correlated significantly with 
body size (Pearson’s correlation coefficient: r = 
-0.028, n = 60, P = 0.833) and body mass (r = -0.092, 
n = 60, P = 0.482). 

The left testes were significantly larger than 
the right ones, showing directional asymmetry 
(Fig. 1; Paired t-test: t = 2.15, df = 61, P = 0.036). Of 
62 males, 56 (90.32%) had at least one testis 
smaller than the median for the population, and 
therefore can be considered to be under selection 
for compensation. 

There was a negatively significant regression 

 
 

Figure 1.  Difference in testes mass between left testis 
and right testis of male Rana omeimontis. 

 
 

between body mass and body size (F1, 59 = 5.605, r2 
= 0.09, P = 0.024, body mass = -0.757 body size + 
17.782). Male body condition was significantly and 
negatively related with relative testes mass (Fig. 
2A; body condition = -0.119 relative testes mass - 
0.031, F1, 60 = 8.819, r2 = 0.128, P = 0.004), but not 
related with the degree of relative testes asymme-
try (Fig. 2B; F1, 60 = 0.017, r2 = 0.000, P = 0.896, body 
condition = 0.125 testes asymmetry - 0.050). Male 
age did not correlate with body condition (Pear-
son’s correlation coefficient: r = -0.094, n = 60, P =  

 
 

A.)  B.) 

C.)  D.) 
 

Figure 2. Correlations between (A) body condition and relative testes mass, (B) body condition and relative testes 
asymmetry, (C) age and relative testes mass, (D) age and relative testes asymmetry of Rana omeimontis. Displayed 
values are untransformed data for an easy interpretation. 
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0.474). Male age was significantly correlated with 
relative testes mass (Fig. 2C; F1, 57 = 7.292, r2 = 0.113, 
P = 0.009, age = 0.037 testes mass + 2.303) and the 
degree of relative testes asymmetry (Fig. 2D; F1, 57 
= 3.404, r2 = 0.056, P = 0.040). 

Testes sizes in R. omeimontis clearly demon-
strated directional asymmetry, as left testis is lar-
ger than right testis in most individuals. Similar 
results have been observed previously in some 
birds (Wright & Wright 1944, Møller 1994, Birk-
head et al. 1997), frogs (Hettyey et al. 2005, Zhou 
et al. 2011, Liu et al. 2011) and mammals (Yu 1998). 
The compensation hypothesis demonstrated that 
one testis may grow more to compensate for a re-
duced function in the other testis. Often the left 
testis develops to be larger than the right testis, 
and it is therefore assumed that the right testis in-
creases when the left testis is malfunctioning due 
to developmental stress (Møller & Swaddle 1997, 
Birkhead et al. 1997). For R. omeimontis, most indi-
viduals have at least one testis smaller than the 
median for the population. This pattern is consid-
ered to be under natural selection for compensa-
tion. 

Heritability evidence of male condition has 
indicated that females may make use of the ge-
netic association between sperm traits and body 
condition for the purposes of sexual selection. 
Consequence, male body condition is positively 
correlated with relative testis mass (Simmons & 
Kotiaho 2002, Schulte-Hostedde & Millar 2004). 
However, relative testis mass of R. omeimontis is 
not positively associated with male body condi-
tion, suggesting that males in good body condition 
do not have the higher ability of sperm competi-
tion than males in poor body condition. Previous 
studies of variation in sperm number and viability 
among males within and between populations 
showed sperm-depletion after mating, resulting in 
no relationship between body condition and testis 
mass (Hettyey & Roberts 2007). In the study, a 
negatively significant regression between body 
condition and relative testes mass may result from 
sperm depletion.  

Past studies have also suggested that testis 
asymmetry may not be a good measure of male 
body condition (Birkhead et al. 1997, Calhim & 
Birkhead 2009). In our study, the degree of testis 
asymmetry is not correlated with body condition 
in R. omeimontis, with males in good body condi-
tion not having a larger degree of testis asymme-
try than males in poor condition. This result is 
consistent with the findings that relative testis 

asymmetry is not indicative of good body condi-
tion in frogs (Zhou et al. 2011, Liu et al. 2011, Mi et 
al. 2012). However, it is contrary to the results that 
testis asymmetry is positively correlated with 
body mass (Hettyey et al. 2005, Møller 1994). Al-
though the degree of testis asymmetry does not 
reflect good body condition in the species, males 
develop larger left testes.  

Age is positively correlated with the degree of 
testis asymmetry, with older males exhibiting a 
higher degree of testis asymmetry than younger 
males in some species (Birkhead et al. 1997, 
Graves 2004). Similarly, older male R. omeimontis 
also had a higher degree of testis asymmetry than 
younger males, suggesting that males with higher 
degree of testis asymmetry might have higher 
survival rates (Birkhead et al. 1997). The result is 
contrary to the findings that the degree of testis 
asymmetry is not age-related in R. nigromaculata 
(Zhou et al. 2011) and Hylarana guentheri (Liu et al. 
2011). 
 
 
 
Acknowledgements We thank anonymous reviewers for 
critical comments on an earlier draft of this manuscript. 
Financial support was provided by the National Natural 
Sciences Foundation of China (31101633) and the 
Foundation of Key Laboratory of Southwest China 
Wildlife Resources Conservation (Ministry of Education), 
China West Normal University, P. R. China (XNYB01-3). 
 
 
 
References 
 
Birkhead, T.R., Buchanan, K.L., Devoogd, T.J., Pellatt, E.J., Szèkely, 

T., Catchpole, C.K. (1997): Song, sperm quality and testes 
asymmetry in the sedge warbler. Animal Behaviour 53: 965–971. 

Calhim, S., Birkhead, T. (2009): Intraspecific variation in testis 
asymmetry in birds: evidence for naturally occurring 
compensation. Proceedings of the Royal Society of London B 276: 
2279–2284. 

Chen, B.Y., Liao, W.B., Mi, Z.P. (2011): Body size and age of the 
China Wood Frog (Rana chensinensis) in northeastern China. 
North-Western Journal of Zoology 7: 236–242. 

Fei, L., Ye, C.Y. (2001): The Colour Handbook of Amphibians of 
Sichuan. Beijing, China: China Forestry Publishing House. 

Graves, G.R. (2004): Testicular volume and asymmetry are 
age-dependent in black-throated blue warblers (Dendroica 
caerulescens). Auk 121: 473–485. 

Hettyey, A., Laurila, A., Herczeg, G., Jönsson, K. I., Kovács, T., 
Merilä, J. (2005): Does testis weight decline towards the 
Subarctic? A case study on the common frog, Rana temporaria. 
Naturwissenschaften 92: 188–192. 

Hettyey, A., Roberts, J.D. (2007): Sperm traits in the quacking frog 
(Crinia geogiana), a species with plastic alternative mating tactics. 
Behavioral Ecology and Sociobiology 61: 1303–1310. 

Li, C., Liao, W.B., Yang, Z.S., Zhou, C.Q. (2010) :  A 
skeletochronological estimation of age structure in a population 
of the Guenther’s frog, Hylarana guentheri, from western China. 



Testes asymmetry in Rana omeimontis 
 

393
Acta Herpetologica 5: 1–11. 

Liao, W.B. (2011): A skeletochronological estimate of age in a 
population of the Siberian Wood Frog, Rana amurensis, from 
northeastern China. Acta Herpetologica 6: 237–245. 

Liao, W.B., Chen, W. (2012): Inverse Rensch-rule in a frog with 
female-biased sexual size dimorphism. Naturwissenschaften 99: 
427-431. 

Liao, W.B., Lu, X. (2010a): Age structure and body size of the 
Chuanxi tree toad Hyla annectans chuanxiensis from two different 
elevations (China). Zoologische Anzeiger 248: 255–263.  

Liao, W.B., Lu, X. (2010b): A skeletochronological estimation of age 
and body size by the Sichuan torrent frog (Amolops mantzorum) 
between two populations at different altitudes. Animal Biology 
60: 479–489. 

Liao, W.B., Lu, X. (2010c): Age and growth of a subtropical 
high-elevation torrent frog, Amolops mantzorum, in western 
China. Journal of Herpetology 44: 172–176.  

Liao, W.B., Lu, X. (2012): Adult body size = f (initial size + growth 
rate× age): explaining the proximate cause of Bergman's cline in 
a toad along altitudinal gradients. Evolutionary Ecology 26: 
352–364.  

Liao, W.B., Lu, X. (2011a): Variation in body size, age and growth in 
a subtropical treefrog (Rhacophorus omeimontis) along an 
altitudinal gradient in western China. Ethology Ecology and 
Evolution 23: 248–261. 

Liao, W.B., Lu, X., Shen, Y.W., Hu, J.C. (2011): Age structure and 
body size of two populations of the rice frog Rana limnocharis 
from different altitudes. Italian Journal of Zoology 78: 215–221. 

Liao, W.B., Zhou, C.Q., Yang, Z.S., Hu, J.C., Lu, X. (2010): Age, size 
and growth in two populations of the Dark-Spotted Frog Rana 
nigromaculata at different altitudes in southwestern China. 
Herpetological Journal 20: 77–82. 

Liu, Y.H., Liao, W.B., Zhou, C.Q, Mi, Z.P, Mao, M. (2011): 
Asymmetry of testes in Guenther's Frog, Hylarana guentheri 
(Anura: Ranidae). Asian Herpetological Research 2: 234–239. 

Liu, Y.H., Liao, W.B., Zhou, C.Q., Mi, Z.P. (2012): Altitudinal 
variation in body size in the Rice Frog (Rana limnocharis) in 
southwestern China. Acta Herpetologica 7: 57-68. 

Lou, S.L., Jin, L., Liu, Y.H., Mi, Z.P., Tao, G., Tang, Y.M., Liao, W.B. 

(2012): Altitudinal variation in age and body size in Yunnan 
Pond Frog (Pelophylax pleuraden). Zoological Science 29: 493-498. 

Mi, Z.P., Liao, W.B., Jin, L., Lou, S.L., Cheng, J., Wu, H. (2012): 
Testis asymmetry and sperm length in Rhacophorus omeimontis. 
Zoological Science 29: 68–372.  

Michael, W., Neng, L., Zhao, E.M. (2004): Rana omeimontis. In: IUCN 
2011. IUCN Red List of Threatened Species. 

Møller, A.P. (1989): Ejaculate quality, testes size and sperm 
production in mammals. Functional Ecology 3: 91–96. 

Møller, A.P. (1994): Directional selection on directional asymmetry: 
testes size and secondary sexual characters in birds. Proceedings 
of the Royal Society of London B 258: 147–151. 

Møller, A.P., Swaddle, J.P. (1997): Asymmetry, developmental 
stability, and evolution. Oxford: Oxford University Press. 

Schärer, L., Vizoso, D.B. (2007): Phenotypic plasticity in sperm 
production rate: there’s more to it than testis size. Evolutionary 
Ecology 21: 295–306. 

Schulte-Hostedde, A.I., Millar, J.S. (2004): Intraspecific variation of 
testis size and sperm length in the yellowpine chipmunk (Tamias 
amoenus): implications for sperm competition and reproductive 
success. Behavioral Ecology and Sociobiology 55: 272–277. 

Sherman, C.D.H., Uller, T., Wapstra, E., Olsson, M. (2008): 
Within-population variation in ejaculate characteristics in a 
prolonged breeder, Peron’s tree frog, Litoria peronii. 
Naturwissenschaften 95: 1055–1061. 

Simmons, L.W., Kotiaho, J.S. (2002): Evolution of ejaculates: 
patterns of phenotypic and genotypic variation and condition 
dependence in sperm competition traits. Evolution 56: 
1622–1631. 

Wright, P.L., Wright, M.H. (1944): The reproductive cycle of the 
male Red-winged Blackbird. Condor 46: 46–59. 

Yu, Z.H. (1998): Asymmetrical testicular weights in mammals, 
birds, reptiles and amphibians. International Journal of 
Andrology 21: 53–55. 

Zhou, C.Q., Mao, M., Liao, W.B., Mi, Z.P., Liu, Y.H. (2011): Testis 
asymmetry in the dark-spotted frog Rana nigromaculata. 
Herpetological Journal 21: 181–185. 

 
 

 
 
 




