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Abstract. The compensation hypothesis predicts that one testis may grow more for compensating for a reduced function in the other testis, thus exhibiting a directional asymmetry in testis size. In this study, we tested the prediction of
the compensation hypothesis in the Chinese endemic Tree Frog Hyla gongshanensis jingdongensis in a population in
Kegong Reserve site of Yunan Province in western China. For fifty-three male samplings, we found that the left testis
size was significantly bigger than the right testis, which exhibited a significantly directional testis asymmetry, consistent with the evidence that mainly the left testis is functional with the right testis having a compensatory role, i.e. the
left testis would increase in size if the right testis became non-functional. However, the relative testes size and the
degree of testes asymmetry were not correlated with body condition in this species, suggesting that the testes asymmetry can not reflect male quality: high-quality individuals would not have more asymmetric testes.
Keywords. Jingdong tree frog, Hylidae, body condition, compensatory function, directional testes asymmetry.

The compensation hypothesis predicts that one testis may grow more for compensating for a reduced function in the other testis (Møller, 1994). As a result, testis
size exhibits a directional asymmetry where the testis on
one side, often the left, is bigger than the other side, the
right one in bird because the right testis increases in size
to compensate for any reduction in function of the left
(Møller, 1994; Birkhead et al., 1997). Hence, the directional testes asymmetry (DTA) is assumed where the left
testis size increases if the right testis serves a compensatory role in frogs due to developmental stress, such as
growth season length (Hettyey et al., 2005). In recent
years, the testis asymmetry has been confirmed in some
anurans species (Hettyey et al., 2005; Zhou et al., 2011;
Liu et al., 2011; Mi et al., 2012).
Testis size asymmetry is widely used as a measure of
male body condition (Møller, 1994; Hettyey et al., 2005).
As a result, the degree of directional asymmetry in testes
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size reflects male quality: high-quality individuals have
more asymmetric testes. Because possibilities for energy
acquisition were correlated with male quality, the energy
acquisition affected the degree of directional testes asymmetry (Møller, 1994). For instance, male individual with
good condition develops higher degree of directional testes asymmetry than that with poor condition in the common frog, Rana temporaria (Hettyey et al., 2005). By contrast, the degree of testes size asymmetry is not correlated
with body condition in the Guenther’s frog, Hylarana
guentheri (Liu et al., 2011).
Our primary aim in this study was to test the compensation hypothesis in a frog. A prerequisite for testing
the hypothesis is good evidence that a particular highquality male is attractive to females (Jin et al., 2016a).
We studied the Jingdong Tree Frog (Hyla gongshanensis
jingdongensis), a species endemic to Sichuan and Yunnan province in China. The species is restricted to a nar© Firenze University Press
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row range of altitudes, ranging from 1500 to 2470 m (Fei
and Ye, 2001). Males have well-developed vocal sacs and
attract their mates by their calls during the breeding period (Fei and Ye, 2001). Besides, little information on testes
size asymmetry in H. g. jingdongensis is available. Here, we
tested the prediction of the compensation hypothesis that
the difference in size of the left and right testis arose in H.
g. jingdongensis. Specially, we examined whether the directional testes asymmetry is occurred in all samplings, and
whether there is a positive correlation between body condition and the degree of the directional testes asymmetry.
The population is located at Kegong Reserve site in
Bama Snow Mountain Nature Reserve of Yuanan province, western China (27°33'N, 99°19'E; a.s.l. 2422 m). The
Reserve is characterized by a subtropical climate with a
strong seasonality due to the high altitude which has an
annual average temperature of 14-18°C (Liao et al., 2015;
Liao et al., 2016a). All individuals were caught by hand
at night from March to May in 2011. We collected a total
of 53 males and brought them to the laboratory. Until
processing, males were kept individually in a rectangular
tank (1 × 0.5 × 0 .4 m; L × W × H) with a water depth of
25 cm at room temperature.
Two day after collection, body size (snout–vent
length, SVL) of each frog was measured to the nearest
0.1 mm using a caliper and body mass was weighted to
the nearest 0.1 g using an electronic balance. We used
the single-pithing to sacrifice all animals and then anatomized them (Liao et al., 2016b; Mai et al., 2017; Lüpold
et al., 2017). Left and right testes were removed, and
weighed to the nearest 0.1 mg using an electronic balance. Following the suggestion of Møller and Swaddle
(1997), we calculated the degree of the directional testis
size asymmetry as DTA = (left-testis mass – right-testis
mass)/0.5(left-testis mass + right-testis mass). Relative
testes size was calculated as the ratio of observed testes
mass to that predicted by the allometric regression equation between testes mass and body size. Body condition
was measured as the ratio of observed body mass to that
predicted by linear regression by entering male body
mass as a dependent variable and body size as an independent variable.
Body size, body mass and testes mass were log10transformed to achieve normality. We compared the sizes
of the left and right testes using a paired t-test. We performed line regressions to test the relationships between
both body mass and body size and testes mass. We also
analyzed the relationships between male body condition
and both relative testis mass and the degree of the testis
asymmetry using Pearson correlation analysis. All analyses were conducted using SPSS 21.0 (Statistical Product
and Service Solutions Company, Chicago, USA).
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Testis mass was positively correlated with body mass
(Fig. 1A; F1, 52 = 28.679, r2 = 0.360, P < 0.001, log (testis mass (mg)) = 1.283 log (body mass (g)) +0.451). An
increase in testes mass with body mass was larger than
predicted by the power law (β > 1), providing an evidence for an allometric relationship. Testis mass was also
positively correlated with SVL (Fig. 1B; F1, 52 = 9.414, r2 =
0.156, P = 0.003, log (testis mass (mg)) = 2.824 log (SVL
(mm)) -3.470). The relative testes size was not correlated
with body condition (Fig. 2; Pearson’s correlation coefficient: r = -0.082, n = 53, P = 0.558).
The Jingdong Tree Frog exhibited a directional testes
asymmetry: the left testis (4.5 mg ± SD 2.7) was significantly bigger than the right one (3.5 mg ± SD 1.9) in 71.69% of
all individuals (Paired t-test: t = 3.67, df = 53, P = 0.001).
Left testis mass was positively correlated with right testis
mass (r = 0.723, n = 53, P < 0.001). We found a non-significant correlation between the degree of the directional testes
asymmetry and body condition (Fig. 3; Pearson’s correlation coefficient: r = -0.144, n = 53, P = 0.304).

Fig. 1. Relationships between (A) body mass and testes mass, (B)
SVL and testes mass. Displayed values are log-transformed data.
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Fig. 2. Relationship between body condition and relative testes size
in a H. g. jingdongensis population.

Fig. 3. Relationship between body condition and the degree of testes asymmetry in a H. g. jingdongensis population.

Our results uncovered positive correlations between
testis mass and both body mass and SVL in H. g. jingdongensis in a population. Furthermore, the left testis was
significantly bigger than the right one, which exhibited a
directional testes size asymmetry. However, body condition was non-significantly correlated with both the relative testes size and the degree of the testes asymmetry.
Previous studies have shown that the directional testes asymmetry is common in animal taxa (anurans: Hettyey et al., 2005; Liao and Lu, 2010; Zhou et al., 2011;
Liu et al., 2011; Liu et al., 2012; Jin et al., 2016b; Chen
et al., 2016; birds: Wright and Wright, 1944; Møller, 1994;
Birkhead et al., 1997; mammals: Yu, 1998). For H. g. jingdongensis left testis was bigger than right testis in most
individuals, demonstrating a directional testes asymmetry. Meanwhile, most individuals had at least one testis
smaller than the median for the population, which was
considered as natural selection for compensation, consistent with the compensation hypothesis (Møller, 1994).
Furthermore, a larger left testis and a smaller right testis might be advantageous because constraints during
embryonic development results in the higher efficiency
in sperm production of the left testis (Kempenaers et
al., 2002; Liao and Lu, 2012). However, if a bigger sperm
production on left testicle influences for the decrease on
sperm production on right testicle, that otherwise would
maintain the same rate of production, this condition does
not represent an advantage on testes asymmetry.
There is a heritability evidence of male body condition that sexual selection supports females making use
of the genetic correlation between body condition and
sperm traits in frogs (Byrne et al., 2003). As a result, male
individuals with good body condition have larger testis
size than that with poor body condition to obtain mates.

In the study, we found that the relative testis size was
not correlated with male body condition, suggesting that
males in good condition did not exhibit the higher ability
of sperm competition. Hettyey and Roberts (2007) found
that sperm-depletion after mating led to a non-significant
correlation between body condition and testis mass. In
our study, a non-significant correlation between body
condition and relative testes size in H. g. jingdongensis
might result from sperm depletion. Hence, we showed a
consistent hypothesis for the lack of body condition and
asymmetrical directional testicles.
Previous studies have shown that the degree of the
testes asymmetry may not be a good measure of body
condition in birds (Birkhead et al., 1997; Birkhead et al.,
1998; Kimball et al., 1997; Kempenaers et al., 2002). By
contrast, the house sparrow and the barn swallow exhibit a positive correlation between testes asymmetry and
body condition (Møller, 1994). For anurans, some species
exhibit a positive correlation between body condition and
testes asymmetry while other species do not exhibit correlation between them (Hettyey et al., 2005; Zhou et al.,
2011; Liu et al., 2011). For instance, the degree of the testes asymmetry is significantly correlated with body mass
in R. temporaria (Hettyey et al., 2005). However, Zhou
et al. (2011) found that the degree of the testes asymmetry is negatively correlated with body size in Pelophylax nigromaculata. In this study, the degree of the testes
asymmetry did not co-vary with male body condition,
suggesting that the degree of the directional testes asymmetry may not be a good indicator of male quality. Similar results have been observed in two species of anurans
(Hylarana guentheri, Liu et al., 2011; Rana omeimontis,
Liu et al., 2012). Although the degree of the testis asymmetry in H. g. jingdongensis did not reflect good body
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condition, males developed larger left testes and smaller
right testes for supporting the compensation hypothesis.
In conclusion, consistent with the prediction of the
compensation hypothesis, our analyses of difference in
left and right testes in H. g. jingdongensis showed a directional testes asymmetry, suggesting that the left testis
exhibited functional and the right testis had a compensatory role. However, body condition was not significantly
correlated with the degree of the testes asymmetry, suggesting that directional asymmetry in testes size may not
be a good measure of male quality.
ACKNOWLEDGEMENTS

Financial support was provided by the Open Scientific Research Foundation of Ecological Security and
Protection Key Laboratory of Sichuan Province, Mianyang Normal University (ESP1405), the Project of Mianyang Normal University (QD2015B07 and 2015A01). The
reported experiments comply with the current laws of
China concerning animal experimentation, and permission to collect frogs was received from the Ethical Committee for Animal Experiments in China Council on Animal Care (CCAC) guidelines. All experiments involving
the sacrifice of these live animals were approved by the
Animal Ethics Committee at Mianyang Normal University.
REFERENCES

Birkhead, T.R., Buchanan, K.L., Devoogd, T.J., Pellatta, E.J, Székelyd, T., Catchpoleb, C.K. (1997): Song,
sperm quality and testes asymmetry in the sedge warbler. Anim. Behav. 53: 965-971.
Birkhead, T.R., Fletcher, F., Pellatt, E.J. (1998): Testes
asymmetry, condition and sexual selection in birds:
an experimental test. Proc. Roy. Soc. B 265: 11851189.
Byrne, P.G., Simmons, L.W., Roberts, J.D. (2003): Sperm
competition and the evolution of gamete morphology
in frogs. Proc. R. Soc. B 270: 2079-2086.
Chen, C., Huang, Y.Y., Liao, W.B. (2016): A comparison
of testes size and sperm length between Polypedates
megacephalus populations at different altitudes. Herpetol. J. 26: 249-252.
Fei, L., Ye, C.Y. (2001): The Colour Handbook of
Amphibians of Sichuan. China Forestry Publishing
House, Beijing, China.
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. Behav. Ecol. Sociobiol. 61:
1303-1310.
Jin, L., Mi, Z.P., Liao, W.B. (2016a): Altitudinal variation
in male reproductive investments in a polyandrous
frog species (Hyla gongshanensis jingdongensis). Anim.
Biol. 66: 289-303.
Jin, L., Yang, S.N., Liao, W.B., Lüpold, S. (2016b): Altitude underlies variation in the mating system, somatic condition and investment in reproductive traits
in male Asian grass frogs (Fejervarya limnocharis).
Behav. Ecol. Sociobiol. 70: 1197-1208.
Kempenaers, B., Peer, K., Vermeirssen, E.L.M., Robertson, R.J. (2002): Testes size and asymmetry in the tree
swallow Tachycineta bicolor: A test of the compensation hypothesis. Avian Sci. 3: 115-122.
Kimball, R.T., Ligon, D.J., Merola-Zwartjes, M. (1997):
Testicular asymmetry and secondary sexual characters
in red junglefowl. Auk 114: 221-228.
Liao, W.B., Lu, X. (2010): Age structure and body size
of the Chuanxi Tree Frog Hyla annectans chuanxiensis from two different elevations in Sichuan (China).
Zool. Anz. 248: 255-263.
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.
Evol. Ecol. 26: 579-590.
Liao, W.B., Liu, W.C., Merilä, J. (2015): Andrew meets
Rensch: Sexual size dimorphism and the inverse of
Rensch’s rule in Andrew’s toad (Bufo andrewsi). Oecologia 177: 389-399.
Liao, W.B., Luo, Y., Lou, S.L., Lu, D., Jehle, R. (2016a):
Geographic variation in life-history traits: growth season affects age structure, egg size and clutch size in
Andrew’s toad (Bufo andrewsi). Front. Zool. 13: 6.
Liao, W.B., Lou, S.L., Zeng, Y., Kotrschal, A. (2016b):
Large brains, small guts: The expensive tissue hypothesis supported in anurans. Am. Nat. 188: 693-700.
Liu, W.C., Huang, Y, Liao, Y.M. (2012): Testes asymmetry
of Chinese endemic frog (Rana omeimontis) in relation to body condition and age. N-W. J. Zool. 8: 390393.
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 Herpetol.
Res. 2: 234-239.
Lüpold, S., Jin, L., Liao, W.B. (2017): Population density
and structure drive differential investment in pre- and

Testes asymmetry in a tree frog

post-mating sexual traits in frogs. Evolution 71: 16861699.
Mai, C.L., Liao, J., Zhao, L., Liu, S.M., Liao, W.B. (2017):
Brain size evolution in the frog Fejervarya limnocharis
does neither support the cognitive buffer nor the
expensive brain framework hypothesis. J. Zool. Lond.
302: 63-72.
Mi, Z.P., Liao, W.B., Jin, L., Chen, J., Wu, H. (2012): Testis
asymmetry and sperm length in Rhacophorus omeimontis. Zool. Sci. 29: 368-372.
Møller, A.P. (1994): Directional selection on directional
asymmetry: Testes size and secondary sexual charac-

93

ters in birds. Proc. Roy. Soc. B 258: 147-151.
Møller, A.P., Swaddle, J.P. (1997): Asymmetry, developmental stability, and evolution. Oxford: Oxford University Press.
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. Internat. J.
Androl. 21: 53-55.
Zhou, C.Q., Mao, M., Liao, W.B. (2011): Testis asymmetry in the dark-spotted frog Pelophylax nigromaculata.
Herpetol. J. 21: 181-185.

