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A b s t r a c t . We determined the differences in body size and female reproductive traits between
two closely-related species of Asian geckos, Gekko japonicus and G. hokouensis. Snout-vent
length and body mass of adults were greater in G. japonicus than G. hokouensis, and in both
species, females were larger than males. Relative head size (length and width) did not show
between-species divergence, but was larger in males than in females. Female G. japonicus
was larger, and laid eggs earlier in the reproductive season than G. hokouensis. Both species
produced an invariant clutch size of two eggs in our samples, but other reproductive traits such
as egg size, clutch mass and relative clutch mass differed significantly between the species. G.
japonicus produced larger eggs and, had greater clutch mass and relative clutch mass than did
G. hokouensis. This inter-specific divergence in reproductive traits was partly attributable to the
difference in maternal body size, but also stemmed from some other intrinsic factors such as
genetic differences and maternal effects.
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Introduction
Inter-specific comparison is a powerful method to elucidate the evolution of life histories,
and has been used in many studies involving a variety of lineages (D u n h a m et al. 1988,
S h i n e & S c h w a r z k o p f 1992, S t e a r n s 1992). Comparative studies indicate
widespread variations in life-history traits among species, such as body size at maturity, the
number and size of eggs (offspring), growth rates and longevity (S t e a r n s 1992, S h i n e
2005). The inter-specific variations in life histories can be caused by genetic determinants
(D u n h a m et al. 1988, S t e a r n s 1992) as well as ecological factors such as climate
and food availability (M a d s e n & S h i n e 2000, D u et al. 2005b, D u 2006). Given the
significant effects of environmental factors on life histories, comparative studies need to be
carefully designed and conducted to avoid the background noise arising from environmental
differences. For example, common garden experiments in which different species are kept
in a common environment to minimize the environment-induced differences have been
used to eliminate this kind of noise (A d a y et al. 2003, D u et al. 2005b). Accordingly, the
differences in life histories detected in a common garden experiment would largely reflect
intrinsic (e.g. genetic variation and maternal effect) differences among species rather than
environmental effects.
Reproductive traits may affect population dynamics and sustainability, and thus lie at
the core of life-history studies (S t e a r n s 1992, S h i n e 2005). An extensive literature
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on life-history evolution recognizes that maternal body size accounts for a large quantity of
variation in reproductive traits, but the relationship between reproductive traits and maternal
body size may differ considerably both within and among species. For instance, clutch
size is more closely related to body size and more variable than egg size for most reptilian
species (S h i n e & S e i g e l 1996, D u et al. 2005b, S h i n e 2005). However, in some
particular lineages such as anoles and geckos, clutch size is consistently one or two, and thus
egg size is obviously more variable than clutch size (S h i n e & G r e e r 1991). Therefore,
it is reasonable to assume that the invariant-clutch-size species would adopt different
reproductive strategies from their counterparts with variable clutch size. Surprisingly,
detailed data on reproductive traits and strategies in invariant-clutch-size species is scarce,
and only recently has scientific attention on these species increased (K r a t o c h v í l &
F r y n t a 2006, K r a t o c h v í l & K u b i č k a 2007).
Gekko japonicus and G. hokouensis are mainly distributed in eastern China and Japan,
and occur sympatrically or even syntopically in some regions (Z h o u et al. 1982, O t a et
al. 1989). P o p e (1928) named a specimen from Jiangxi, China as a subspecies called G.
japonicus hokouensis, which was morphologically different from G. japonicus. Z h o u et
al. (1982) updated this classification and named G. japonicus hokouensis as a species of
Gekko hokouensis. Recently, further biochemical and molecular evidence confirmed that G.
hokouensis is an independent species (S h e n et al. 1996, T o d a et al. 2000, H a n et al.
2001). The classification has been the main focus of studies concerning these two species for
decades, but comparisons on other interesting topics such as life history, which would yield
insight into the divergence of the species (S c h l i c h t i n g 2004), is rather limited. Body
size and female reproductive ouput have been reported in G. japonicus from mainland China
and in G. hokouensis from Ryukyu Archipelago and Taiwan (O t a et al. 1988, J i et al.
1991, X u & J i 2001, O k a d a et al. 2002), but as yet no comparative data on life-history
traits of sympatric populations of the two species has been recorded.
In this study, we collected quantitative data on body size and conducted a common
garden experiment to determine reproductive life-histories in G. japonicus and G. hokouensis
from Zhejiang, eastern China. Here we present a detailed inter-specific comparison of
reproductive life-histories, and provide new evidence to support the ecological divergence
of these two species, in addition to the genetic differences reported previously (H a n et al.
2001).

Materials and Methods
G. japonicus and G. hokouensis are small nocturnal gekcos, mainly inhabit houses or shacks
in human habitations. Females lay 1–2 clutches of 2 eggs in May to August (Z h a o et
al. 1999). In late April 2006, we captured non-gravid females and adult males of Gekko
japonicus and G. hokouensis by hand or noose from Yueqing county, Wenzhou city of eastern
China, and transferred them to our laboratory at Hangzhou Normal University. Immediately
after they arrived, the geckos were measured snout-vent length (SVL), head length (distance
between the snout and the anterior edge of the tympanum), head width (posterior end of the
mandible), and axilla-groin distance (distance between fore limb and hind limb) using a digital
caliper (±0.01 mm) and weighed body mass (BM) using a Mettler balance (± 0.001 g). In the
laboratory, the animals were housed in mesh cages (60 × 15 × 20 cm3), the bottom of which
was lined with several folds of paper to supply shelters for geckos. Each cage contained 5–6
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females and 3–4 males, and was kept in a room with a constant temperature of 23 ± 1 °C and
a light cycle of 12L:12D (0630 on and 1830 off). A heat source was provided underneath the
cages between 0800 and 1600 hours to provide a thermal gradient from 23 °C to 40 °C, which
enabled the geckos to regulate their body temperatures voluntarily. Food (larvae of Tenebrio
molitor) and water (containing mixed vitamins and minerals) were provided ad libitum.
Female gravidity was visually determined through the semi-transparent abdomen of
geckos. Females with large oviductal eggs were moved to individual plastic cages lined
with paper, where they remained until oviposition. Each cage was checked twice per day
for freshly-laid eggs. The eggs were weighed (± 0.001 g) and their total combined mass was
recorded as clutch mass, and mean egg mass was calculated by dividing clutch mass with
clutch size. The length and width of each egg was measured using the digital caliper (± 0.01
mm). After laying eggs, females were returned to their original location of collection in early
August.
Relative clutch mass (RCM) was calculated as the ratio of clutch mass to maternal postlaying mass (Shine 1992). The normality of data and the homogeneity of variances were
tested using the Kolmogorov−Smirnov test and Bartlett’s test, respectively. We used twoway ANOVA to detect the inter-specific and between-sex difference in snout-vent length and
body mass. To compare the differences in relative head length and width, we employed a
two-way ANCOVA with snout-vent length as the covariate. For reproductive traits, we used
a Mann-Whitney U test to compare the inter-specific difference in female oviposition date,
and t-tests to detect the inter-specific differences in maternal SVL and body mass. Interspecific differences in egg size and clutch mass were evaluated with ANCOVAs, in which
female SVL was used as the covariate. An ANCOVA on clutch mass using maternal body
mass as the covariate was conducted to compare RCMs between the two species. We also
used an ANCOVA on egg width with egg length as the covariate to compare egg shape.

Results
Difference in adult morphology
Snout-vent length and body mass showed significant differences between the species as well
as the sexes (Table 1). G. japonicus was larger and heavier than G. hokouensis, and in both
species, females were larger than males (Fig. 1a,b). G. japonicus also had a longer tail than
G. hokounensis (Fig. 1c). When SVL was controlled using ANCOVAs, head length and width
did not differ between species, but differed significantly between males and females (Table 1),
with larger head size in males than in females in both species (Fig. 2a,b). For abdomen length,
however, neither inter-specific or between-sex differences were found (Table 1, Fig. 2c).
Difference in female reproductive traits
Median oviposition date of G. japonicus females was significantly earlier than that of G.
hokouensis females (2 June vs 4 July; Mann-Whitney U test Z = -2.95, P < 0.01). The
minimum SVL of reproductive females in our samples were 61.5 mm for G. japonicus and
57.5 mm for G. hokouensis, and overall reproductive females were larger in G. japonicus than
in G. hokouensis in terms of mean SVL and body mass (Table 2).
Both species produced two rigid-shelled eggs in each clutch, but other traits with regard
to reproductive output exhibited considerable inter specific differences. G. japonicus
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Table 1. The results of two-way ANOVA and ANCOVA analyses on inter-specific and between-sex differences on
morphology in geckos. A two-way ANOVA was applied to snout-vent length and body mass. A two-way ANCOVA
with snout-vent length as the covariate was used for analyzing head length and width. Significant results are shown
in bold. The analysis of homogeneity-of-slope indicated that the continuous predictor variable (SVL) did not have
different effects on independence variables (head length and width) between the two populations (all P > 0.22).
Species

Sex

Interaction

Snout-vent length

F1,71 = 22.59
P < 0.0001

F1,71 = 20.44
P < 0.0001

F1,71 = 1.38
P = 0.24

Body mass

F1,71 = 30.22
P < 0.00001

F1,71 = 11.13
P < 0.01

F1,71 = 3.22
P = 0.08

Relative head length

F1,70 = 2.98
P = 0.09

F1,70 = 7.87
P < 0.01

F1,70 = 0.66
P = 0.42

Relative head width

F1,70 = 0.00005
P = 0.99

F1,70 = 6.83
P = 0.01

F1,70 = 0.006
P = 0.94

Axilla-groin distance

F1,70 = 0.51
P = 0.48

F1,70 = 1.57
P = 0.21

F1,70 = 0.10
P = 0.76

produced larger eggs (egg mass and size) and, had greater clutch mass and RCM than did
G. hokouensis. These between-species differences were still evident even after the effect
of female size (SVL) had been statistically removed using ANCOVAs (Table 2). In these
Table 2. Maternal size and reproductive output in Gekko japonicus and G. hokouensis. Inter-specific differences
in body size and mass were analyzed using Student’s t-tests, and data on these two traits are indicated as mean
± standard error. An analysis of covariance was used to compare the between-species differences in reproductive
traits with maternal SVL as the covariate. Data are expressed as adjusted mean ± standard error. An ANCOVA
on clutch mass with maternal body mass as the covariate was conducted to test the between-species difference in
relative clutch mass. Significant results are shown in bold. The analysis of homogeneity-of-slope indicated that
the continuous predictor variable (SVL or body mass) did not have different effects on independence variables
(reproductive traits) between the two populations (all P > 0.22).
Gekko japonicus

Gekko hokouensis

21

16

Snout-vent length (mm)

65.73±0.89

62.78±0.61

t = 2.57 df = 35
P = 0.01

Body mass (g)

4.66±0.26

3.85±0.17

t = 2.45 df = 35
P = 0.02

2

2

-

Egg mass (g)

0.621±0.021

0.497±0.024

F1,34 = 13.69,
P < 0.001

Egg length (mm)

13.28±0.18

12.60±0.20

F1,34 = 6.07,
P = 0.02

Egg width (mm)

9.52±0.12

8.70±0.14

F1,34 = 18.60,
P < 0.001

Clutch mass (g)

1.241±0.042

0.993±0.048

F1,34 = 13.70,
P < 0.001

Relative clutch mass

0.283±0.014

0.256±0.011

F1,34 = 13.45,
P < 0.001

Sample size

Clutch size
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Snout-vent length (mm)
Body mass (g)
Tail length (mm)
Fig. 1. Snout-vent length (a), body mass (b), and tail lenght (c) of adult females and males in Gekko japonicus and
G. hokouensis. Graphs show mean values and associated standard errors. Numbers above or below the error bars
in the graphs are sample sizes. See Table 1 for statistical details.
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Abdomen length (mm)

Head width (mm)

Head length (mm)

G. japonicus
G. hokouensis

Fig. 2. Head size (a, b), and abdomen length (c) of adult females and males in Gekko japonicus and G. hokouensis.
Graphs show adjusted mean values and associated standard errors. Numbers above or below error bars in the lower
graph are sample sizes, and apply to the upper graphs within this Figure. See Table 1 for statistical details.

two species, egg length (EL) was positively correlated with egg width (EW) (R = 0.814,
t21= 6.43, P <0.00001). Egg shape did not differ significantly between the two species (the
homogeneity of slope: F1,19 = 0.73, P = 0.40; main effect: F1,34 = 2.91, P > 0.05).
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Discussion
This study indicates that G. japonicus and G. hokouensis differ significantly in a wide range
of life-history traits, including adult body size, egg mass, clutch mass and relative clutch
mass. In addition to the genetic difference revealed by a previous study (H a n et al. 2001),
these results provide new evidence on the ecological divergence of these two species: (1)
G. japonicus is larger in body size, and produces larger eggs than G. hokouensis; and (2) G.
japonicus invests more reproductive effort than G. hokouensis in terms of RCMs.
Body size is not only determined by genetic component, but also significantly affected
by environmental factors such as food availability and inter-specific competition (B o b a c k
2003, S e a r s & A n g i l l e t t a 2004). The mean SVL of G. japonicus may differ among
populations in mainland China and Japan, ranging from 62 to 66 mm (J i et al. 1991, X u
& J i 2001, I k e u c h i 2004). Similarly, G. hokouensis also differ in body size among
populations, with larger SVL in mainland population (62.8 mm, this study) than island
populations from Ryukyu Archipelago and Taiwan (less than 58 mm) (O t a et al. 1988,
O k a d a et al. 2002). These results suggest that (1) the difference in body size between
species not only happens to sympatric populations as in our study, but also exists among
allopatric populations, and therefore (2) the body size difference is not likely a simple result
of competition between the sympatric populations of these two species.
The between-species difference in egg size is partly attributable to maternal body size,
given the positive relationship between maternal body size and egg size. This phenomenon
has been reported in another population of G. japonicus (X u & J i 2001) as well as
numerous other lizard species (S h i n e 1992, K r a t o c h v í l & K u b i č k a 2007).
Nonetheless, maternal body size variation cannot entirely account for between-species
difference in egg size, because such differences were still evident even after the effect
of maternal body size had been removed using statistical methods. The between-species
difference in relative clutch mass provides further evidence that additional factors other than
female body size may account for the variation in reproductive output. In our experiment, the
collected female geckos were non-gravid and laid eggs one month later. The between-species
difference in reproductive output arising from environmental differences (e.g. temperature,
food availability) should have been largely reduced owing to this common garden method.
Therefore, other than female body size, additional factors that may cause inter-specific
differences in life histories would likely be genetic and/or maternal effects. Of course, we
cannot exclusively attribute the inter-specific differences to intrinsic factors, as it is virtually
impossible to completely eliminate environmental influence on reproductive traits. For
example, female reproduction may be affected by previous life experience such as changes
in food availability and thus levels of energy storage (J i & W a n g 1990, D o u g h t y &
S h i n e 1998). However, in multiple-clutch species such as the geckos in this study (X u &
J i 2001, O k a d a et al. 2002), food availability and energy storage are more likely to affect
clutch frequency rather than reproductive traits such as egg size and clutch mass (D u 2006).
Like most other geckos, G. japonicus and G. hokouensis both typically produce invariant
clutches of two eggs. The reproductive output of G. japonicus in our population is similar
to that of Hangzhou population reported by X u & J i (2001) in terms of egg size and
relative clutch mass. The difference in egg size corresponding to differences in maternal
body size in these two species is consistent with the conclusion drawn by an allometric
analysis that egg size is positively related to female body size in geckos (K r a t o c h v í l &
K u b i č k a 2007).
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Relative clutch mass, a body-size independent parameter of reproductive output, has
been widely used in inter- and intra- specific comparisons on life histories of reptiles
(W i l l i a m s 1966, V i t t & C o n g d o n 1978, D u n h a m et al. 1988, S h i n e 1992,
A n g i l l e t t a et al. 2001). Relative clutch mass is regarded as an indicator of reproductive
investment, and differs between species (V i t t & C o n g d o n 1978). For example,
lizards have lower RCMs than do snakes (S e i g e l & F i t c h 1984, S h i n e 1992),
and RCMs are lower in “wide-foraging” lizards than in “sit-and-wait” lizards (V i t t &
C o n g d o n 1978). G. japonicus is a “sit-and-wait” species, whereas G. hokouensis adopts
an intermediate strategy between “sit-and-wait” and “wide-foraging” (W e r n e r et al.
1997). Our finding that G. japonicus has a larger RCM than G. hokouensis fits well with the
RCM-foraging mode hypothesis mentioned above. RCMs are lower in lizards with invariant
clutch size such as geckos and anoles than in species with a variable clutch size (S h i n e
1992). Compared with the geckos reported by S h i n e (1992), however, our species have
much higher RCMs (Means: 0.276 vs 0.11). High RCMs are not unusual; some other species
from different lineages of geckos have high RCMs too, for example, Hemidactylus bowringii
(0.24; (X u & J i 2007), Oedura lesueurii (0.320) (D o u g h t y 1997), and Gehyra dubia
(0.214; (D o u g h t y 1996). Thus, species with low and invariant clutch size such as gekkonid
lizards may not necessary have low RCMs, because some geckos can increase their clutch mass
proportionally to female size by enlarging egg size (K r a t o c h v í l & K u b i č k a 2007).
Both G. japonicus and G. hokouensis show sexual dimorphism in body and head sizes,
which is rather common in geckos as well as other lizards (D u & J i 2001, O l s s o n et
al. 2002, X u & J i 2007). In these two species, females are larger than males and, adult
males have larger heads than females (Figs 1, 2). This pattern of sexual size dimorphism
is consistent among populations of these speices (J i et al. 1991, O k a d a et al. 2002) ,
and has also been reported in some but not all geckos (H o w et al. 1986, D o u g h t y &
S h i n e 1995, but see X u & J i 2007). The larger body size in adult females could be a
result of delayed maturation (H o w et al. 1986), but this is not the case in G. hokouensis as
suggested by a mark and recapture study (O k a d a et al. 2002). An alternative explanation
is fecundity selection that favors larger female body size (O l s s o n et al. 2002, D u et al.
2005a). The positive relationship between female body size and clutch mass in G. japonicus
provides a support to this explanation (X u & J i 2001). Sexual dimorphism in head size
may arise due to between-species difference in growth rate of head; for example, some
lizards show faster head growth in males (Z h a n g & J i 2000, D u & J i 2001). Larger
heads might be advantageous for males in male-male competition, copulation or predation
(V i a & S t e w a r t 1989, W e b b & S h i n e 1994).
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