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Abstract. Rana kukunoris is endemic to the eastern Tibetan plateau and its breeding ecology was not known so far. 
In this study, we investigated the reproductive output patterns of the species during the breeding periods of 2012 and 
2013. Our results showed that clutch size and total clutch volume increased with maternal body size. However, no 
significant correlation between egg number and egg size was observed, which suggested that the tradeoff between off-
spring number and size in this species was lack.
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Offspring number and size can determine simulta-
neously the fitness of animals (Bernardo, 1996; Räsänen 
et al., 2005; Marangoni and Tejedo, 2008; Marangoni et 
al., 2008). Accordingly, female amphibians usually show 
a trade-off between offspring number and size when 
resources available for reproductive production are lim-
ited (Jørgensen, 1981; Berven, 1988; Sinervo and Licht, 
1991; Lips, 2001; Lüddecke, 2002). Given limited clutch 
holding capacity (Jørgensen, 1981; Berven, 1982; Cum-
mins, 1986; Ryser, 1988; Elmberg, 1991; Donnelly, 1999; 
Lüddecke, 2002; Castellano et al., 2004), and fluctuating 
environments between years, female reproductive output 
is usually changeable (Wells, 2007). Suprisingly, studies 
on anurans reproductive output have focused on low-
altitude native species (Morrison and Hero, 2003; Wells, 
2007), virtually no data exist on the trade-off pattern of 
reproductive output in anurans from high-altitude zone, 
especially from Tibetan plateau.

Rana kukunoris is endemic to the eastern Tibetan 
plateau (Chen et al., 2011), and the species is an explo-
sive breeder with a pure capital breeding strategy, allo-

cating to reproduction the reserves stored in previous 
years (Lu et al., 2008; Chen and Lu, 2011; Chen et al., 
2011). Female fecundity is known to be positively 
related to body size (Lu et al., 2008) and males prefer 
to mate with larger females (Chen and Lu, 2011). The 
breeding biology of R. kukunoris has been generally 
described in some studies concerning the population 
age structure (Li and Li, 1991; Chen et al., 2011), hiber-
nation habitat use (Liu and Shi, 2000), seasonal pat-
terns of body condition (Dai et al., 2004), post-breed-
ing habitat selection (Dai et al., 2005) and prehiberna-
tion energy storage (Chen et al., 2013b). Little is known 
about R. kukunoris maternal investment, although the 
species seems to be a good model to study the trade-
offs in reproductive output of females at high altitudes 
due to large clutch sizes and no parental care (Wells, 
2007). In this study, we investigated in detail the breed-
ing ecology of R. kukunoris, with the aim to investigate 
its maternal investment, such as the trade-off between 
egg number and egg size, and the influence of body size 
on clutch parameters.



154 Wei Chen et al.

Fieldwork was conducted in Zoige county, Sichuan 
from March to April 2012 and 2013. Being R. kukunoris 
a capital breeder, the climatic patterns of the year preced-
ing the reproduction are important, so we collected the 
climatic data of 2011 and 2012 at study site located 20 
km away from city of Zoige. Annual average temperature 
of 2011 and 2012 at this site was 2.3°C and 2.5°C, respec-
tively, and annual total precipitation was 702.8 mm and 
686.6 mm (data from the weather station of Zoige county, 
Fig. 1). The study site (located at 103.004°E and 33.557°N; 
3500 m a.s.l.) was a spawning pond with an area of 60 
m2 and water depth of 10-40 cm. Vegetation covering the 
pond consisted of short terrestrial and aquatic grasses. 

Before the start of breeding season, we randomly 
hand-collected 50 frog pairs (26 pairs in 2012 and 24 
pairs in 2013, Table 1) at the spawning pond of R. kuku-
noris. Almost 1,000 frogs come at this breeding site every 
year, therefore the probability of recapturing the same 
individuals in two consecutive years was very low. After 
capture, individuals were temporarily held in pails (40 cm 
in width × 60 cm in height) containing pond water and 
transported to the field laboratory (50 m away from the 
study site). After finishing their egg-laying, we measured 

snout-vent length of females with a ruler to the near-
est 0.1cm. In addition, we also counted egg number and 
photographed the eggs (10-50 eggs per female) with a 
scale ruler using a canon camera with macro lens (EOS 
550) in order to measure egg size. All frogs and clutches 
were then released again into the spawning pond. 

In the laboratory, egg size (10-30 eggs randomly 
selected from the pictures) was measured to the nearest 
0.01 mm, and averaged (minimum and maximum diam-
eter for each egg) to obtain mean egg diameter. Egg size 
was always measured at Gosner stage 9-10 (Gosner, 1960) 
and all measurements were obtained by the same person. 
Clutch volume was defined by the cube of egg dimensions.

Pooled data from both years were analyzed by Pear-
son correlation to explore the relationship between clutch 
size and egg size. To control for the effect of body size, 
partial correlation was performed with clutch size and 
egg size as dependent variables and body size as con-
trolling variable. We then investigated the yearly varia-
tion in clutch parameters (clutch size, egg size and clutch 
volume) and the relationship between these parameters 
and body size by using general linear models (GLMs), 
with clutch parameter (clutch size, egg size or clutch vol-
ume) as dependent variable, year as fixed factor and body 
size as covariate. All variables were log10-transformed 
to approximate normality and enhance homogeneity of 
variances before the analysis. All statistical tests were per-
formed with SPSS 16.0 statistical software.

R. kukunoris breeding began when average daily tem-
perature was above 0°C, and amplexing females began to 
lay egg on April 4, 2012 and March 17, 2013. The breed-
ing period lasted about four weeks with a peak period of 
seven days. The number of eggs per clutch ranged from 
160 to 1285 (n = 50), average egg diameters of different 
clutches from 1.72 mm to 1.88 mm (n = 50) and total 
clutch volume from 2516.1 mm3 to 4086.5 mm3 (Table 1).

There was no significant correlation between clutch 
size and egg size (r = –0.14, n = 50, P = 0.332, Fig. 2). 
This held true even when the effect of body size was 
removed (Partial correlation: r = –0.061, n = 47, P = 
0.675). We found significant correlations between body 
size and clutch size as well as between body size and total 
clutch volume, but not for body size and egg size (Table 
2). Interannual variation in the clutch parameters was low 
and did not show significant differences. No significant 
interactive effects between year and body size on param-
eters were found (Table 2).

Generally, our results showed that large R. kukunoris 
lay larger clutches than smaller individuals, but egg size 
only exhibited little variation among the female individuals 
with different sizes. We also found low variation in clutch 
size, egg size and clutch volume between 2012 and 2013. 

Fig. 1. Monthly mean air temperatures and monthly mean rainfall 
of 2011 (hollow point) and 2012 (solid point) at the study site from 
which Rana kukunoris were collected (data are from the weather 
station of Zoige county).
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Life history theory emphasizes that animals should 
optimally partition limited resources between growth 
and reproduction throughout life (Roff, 2002). So larger 
female amphibians have large clutch size and high clutch 
volume (Duellman and Trueb, 1986; Roff, 1992; Castel-
lano et al., 2004; Dziminski and Alford, 2005). Similar to 
the growth pattern of most amphibians, growth of female 
R. kukunoris fitted the von Bertalanffy’s model. There 
was a rapid somatic growth for the earlier time and slow-
er after sexual maturity (Chen et al., 2011). This implied 
that more energy would be devoted to reproduction with 
increasing maternal age (Jørgensen, 1992; Czarnoleski 
and Kozlowski, 1998), ultimately resulting in the body 
size-specific reproductive output. This also explains the 
significant differences in clutch size.

Large females often invest more energy into egg 
growth, so it is common pattern that there is a positive 
but weak correlation between egg size and body size of 
female in many amphibians (Jørgensen, 1981; Deull-

man and Tureb, 1986; Roff, 1992; Castellano et al., 2004; 
Dziminski and Alford, 2005). In contradiction with this 
pattern, in R. kukunoris, large females did not lay larger 
eggs. Our result was similar to those from several other 
investigators (Tejado, 1992; Castellano et al., 2004; Dzi-
minski and Alford, 2005; Chen et al., 2013a), who found 
that larger female allocated their main investment in larg-
er clutch sizes rather than larger eggs (Jørgensen, 1981).

Usually, a negative correlation between clutch size 
and egg size is a common pattern observed in amphib-
ians (Duellman and Trueb, 1986), although this trade-off 
may exhibit considerable variation among different species 
(positive correlation: Rana ridibunda Kyriakopoulou-Skla-
vounou and Loumbourdis, 1990; negative: Rana tempo-
raria Cummins, 1986; Rana sylvatica Berven, 1988; Hyla 
labialis Lüddecke, 2002, Rana dalmatina and R. temporar-
ia Weddeling et al., 2005 and no correlation: Bufo calami-
ta Tejado, 1992 ; Bufo viridis Castellano et al., 2004). Our 
result showed there was no correlation between these two 
life-history traits of R. kukunoris. This can be explained by 
the fact that limited physical clutch holding capacity can’t 
increase simultaneously the clutch size and egg size (Jør-
gensen, 1981) or that the frogs in the study population 
were below maximum physical constraint and egg size 
was mainly determined by factors such as energy avail-
ability during vitellogenesis (Kaplan and Salthe, 1979).

Previous studies from temperate-zone amphibians 
with capital breeding strategy showed that they exhib-

Table 1. Year, Samples size (n), Means, Standard deviations (SD) 
and Minimum and Maximum of body size, clutch size, egg size and 
clutch volume of Rana kukunoris in a population from Tibetan pla-
teau.

Varables Year n Mean SD Minimum Maximum

Body size (cm) 2012 26 4.5 0.6 3.6 5.8

2013 24 5.0 0.5 4.0 5.9

Clutch size 2012 26 481.4 179 160 870

2013 24 641.9 268 265 1285

egg size (mm) 2012 26 1.85 0.04 1.72 1.88

2013 24 1.85 0.03 1.79 1.88

Clutch volume (mm3) 2012 26 1580.6 569.4 530.4 2516.1
2013 24 2118.6 857.8 862.8 4086.5

Fig. 2. Scatter plot of clutch size and egg size in Rana kukunoris in 
a population from Tibetan plateau.

Table 2. GLMs showing the effect of year, body size and interaction 
between year and body size on clutch size, egg size and clutch vol-
ume of Rana kukunoris in a population from Tibetan plateau.

Parameter df F P

Clutch size (n = 50)
Intercept 1 19.328 < 0.001

Year 1 0.961 0.332

Body size 1 28.420 < 0.001

Year×body size 1 0.912 0.345

Egg size (n = 50)

Intercept 1 365.640 < 0.001

Year 1 3.208 0.080

Body size 1 2.999 0.090

Year×body size 1 2.976 0.091

Clutch volume (n = 50)

Intercept 1 43.206 < 0.001

Year 1 1.618 0.210

Body size 1 25.653 < 0.001
Year×body size 1 1.526 0.223
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ited year to year variation in both clutch size and egg 
size (Cummins, 1986; Berven, 1988; Kaplan and King, 
1997). Dissimilar to this pattern, R. kukunoris with capi-
tal breeding strategy showed only low yearly variation in 
these two life-history traits during 2012 and 2013. This 
may be the result of very similar climate conditions (tem-
perature and rainfall) in the preceding years 2011 and 
2012, so food availability and the nutritional condition of 
females could be more or less similar.
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