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Chi-Yun Kuo, Yu-Teh Lin, and Yao-Sung Lin (2009)  Sexual size and shape dimorphism in an agamid lizard, 
Japalura swinhonis (Squamata: Lacertilia: Agamidae).  Zoological Studies 48(3): 351-361.  Sexual dimorphism 
in size and shape is a widespread phenomenon in the animal kingdom.  Sexual dimorphism in morphology 
can be explained in proximate (growth pattern/sampling effects) and ultimate (evolutionary payoffs) contexts.  
There are 3 mutually non-exclusive hypotheses for the evolution of sexual dimorphism: fecundity advantage, 
intersexual resource partitioning, and sexual selection, each of which can make specific predictions regarding 
a lizard’s morphology.  In this study, we describe sexual dimorphism in size and shape in an agamid lizard, 
Japalura swinhonis, with discussions from both proximate and ultimate perspectives.  The results showed that 
all body parts of males were larger than those of females.  After the effect of body size was accounted for, males 
had proportionately longer and wider heads, and shorter limbs and body length.  Sexual shape dimorphism can 
be proximately explained by different growth patterns between the 2 sexes.  We found a correlation between 
morphology and perch habitat, but not between morphology and diet since the 2 sexes exhibited extensive 
dietary overlap.  Our results rejected the resource partitioning hypothesis and provided support for the fecundity 
advantage hypothesis as the underlying mechanisms of sexual dimorphism in J. swinhonis.  
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S exual  d imorphism is  a  widespread 
phenomenon in the animal kingdom (Andersson 
1994).  Morphological differences between the 2 
sexes; however, have 2 aspects: size and shape.  
Sexual size dimorphism (SSD) describes the 
situation in which the 2 sexes differ in measured 
values of certain morphological traits.  SSD has 
been extensively described in reptiles (Andersson 
1994).  Early studies of SSD in reptiles focused 
on overall body size and used single traits (body 
weight or snout-to-vent-length in most cases) to 
stand for overall body size (Stamps 1993), with 
less emphasis on SSD of separate body parts 
that also have ecological relevance.  Shape 

dimorphism, on the other hand, can have diverse 
meanings depending on how “shape” is defined 
(Bookstein 1989).  In a majority of the literature, the 
shape of a body part is defined as the trait value 
after the effect of body size is removed, expressed 
in the form of a proportion to or regression residual 
of overall body size.  Shape dimorphism was not 
extensively studied until recently (e.g., Malhotra 
and Thorpe 1997, Butler and Losos 2002, Irschick 
et al. 2005, Schwarzkopf 2005), although there is 
no reason to believe that it is any less important 
than size dimorphism (Butler and Losos 2002).

Sexual dimorphism can be explained by 
both proximate (growth patterns) and ultimate 
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(evolutionary payoffs) causes, and both have 
been extensively studied, particularly the latter 
(see reviews in Cox et al. 2003 and Stamps 
1993, respectively).  Much insight can be gained 
by the integrated study of both the proximate 
and ultimate perspectives of sexual dimorphism 
(Watkins 1996, Duvall and Beaupre 1998, Butler 
and Losos 2002).  The approaches used to identify 
the proximate causes of sexual size and shape 
dimorphism, however, differ.  For size dimorphism, 
the proximate cause is the factor that produces 
intersexual differences in the growth rate, such as 
differences in growth hormone concentrations or 
trade-offs in allocating energy between growth and 
reproduction (John-Alder et al. 2007).  For shape 
dimorphism, the proximate cause is the intersexual 
difference in growth trajectories, analyzed 
separately for each body part, that leads to shape 
differences (Butler and Losos 2002).  In this study, 
we focused on the proximate cause of sexual 
shape dimorphism.

From the perspective of ultimate causes, 
at least 3 non-mutually exclusive hypotheses 
have been proposed for the evolution of sexual 
dimorphism (Katsikaros and Shine 1997).  First 
of all, a larger abdominal volume is selected in 
females because it can enhance females’ fecundity 
through a better capacity to accommodate volumin- 
ous litters or eggs.  According to this hypothesis, 
abdominal volume in females is the target of 
directional selection.  An increase in abdominal 
volume can be achieved either by an increase 
in overal l  body size, as observed in some 
mammalian and amphibian species (Monnet and 
Cherry 2002, Tague 2005) or by an increase in 
its relative proportion to the overall body size, as 
observed in some reptile species (Schwarzkopf 
2005, Thompson and Withers 2005).  Second, 
sexual dimorphism may have evolved as a result 
of resource partitioning to avoid intersexual 
competition, where ecological differentiation is 
a consequence of disruptive selection on traits 
involved in resource utilization.  In this hypothesis, 
differentiation in the morphology of body parts 
involved in resource utilization should occur, and 
intersexual resource partitioning should also 
be observed.  Third, sexual dimorphism may 
have arisen as the outcome of sexual selection 
via competi t ion for mates or mate choice.  
This hypothesis predicts that males evolve 
morphological features that enhance mating 
success, whether through improved fighting ability 
against other males or better chances of attracting 
females (Cooper and Vitt 1993, Censky 1997).  

However, it can be difficult to differentiate between 
the latter 2 hypotheses since some body parts 
are involved in both foraging and mating.  As a 
consequence, resource partitioning may occur 
as a secondary phenomenon after morphological 
differentiation caused by sexual selection.  To 
distinguish between these 2 hypotheses, resource 
utilization of the 2 sexes has to be included in 
the analysis if a sexually dimorphic body part is 
involved in both mating and utilizing a resource.  
When intersexual partitioning of that resource is 
not observed, we can then conclude that sexual 
selection is the primary mechanism for sexual 
dimorphism.

Japalura swinhonis (Günther 1864) is an 
endemic species as well as the largest Japalura 
species in Taiwan.  They can reach 31 cm in 
total length (Shan 2001).  The species is found 
in locations with sufficient sunlight below 1500 m 
in elevation throughout the entire island, ranging 
from wooded areas to habitats with intense human 
activities, such as school campuses.  Japalura 
swinhonis is arboreal.  Individuals often perch 
on tree trunks and sometimes on the ground or 
branches.  Individuals are sexually dimorphic.  
Males have a bright yellow stripe running along 
both sides of the body.  Females have a brownish 
body coloration.  Some females have a wide, 
deep-brown stripe running anteriorly-posteriorly 
along the dorsum.  The aims of this study were 2 
fold: we first describe sexual dimorphism in size 
and shape for body parts involved in resource use 
and/or mating behaviors of J. swinhonis.  We then 
provide integrated analyses of the proximate and 
ultimate causes of sexual dimorphism in this lizard.

MATERIALS AND METHODS

Study site

The study site was a deserted hiking trail 
in a wooded area inside the Taipei City Zoo  
(24°24'N, 121°21'E).  The canopy was fairly open, 
and much light reached the understory, producing 
a combination of light and shade at the study site.  
The understory was structurally complex, with 
various grass and shrub species.

Data collection

We walked at a speed of 0.3 m/s along the 
trail once in the morning at 08:00-12:00 and again 
in the afternoon, at 14:00-17:00 during Mar.-June 
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2005.  Lizards were caught either by hand or a 
noose.  The following morphological variables 
were measured using an electronic caliper: snout-
to-vent-length (SVL), left forelimb length (FLIMB, 
measured as the length from where the forelimb 
connects to the body to the wrist joint), left hindlimb 
length (HLIMB, measured as the length from where 
the hindlimb connects to the body to the ankle 
joint), length of the longest finger and toe of the left 
limbs (FIN and TOE), head width (HW, measured 
as the widest distance between the 2 sides), head 
length (HL, measured as the length from the tip 
of the snout to posterior of the HW measurement 
site), and tail length (TAIL, measured as the length 
from posterior of the cloaca to the tip of the tail).  
The value for body length (BL) was obtained as the 
difference between SVL and HL.  All morphological 
variables were measured to the nearest 0.01 mm, 
except TAIL, which was measured to the nearest  
1 cm. Two habitat variables, initial perch height and 
perch diameter, were measured as well.  Lizards 
were given a unique number on the back using 
water-insoluble paint as a temporary mark and toe-
clipped in a unique combination as a permanent 
mark.  A captured lizard was then returned to the 
point of capture and released.

Morphometric analyses

All morphological variables were natural log 
(ln)-transformed prior to the statistical analyses.  
Sexual dimorphism was described using principal 
component analyses (PCA) and unpaired t-tests.  
To separate shape from size, we used Mosimann’s  
(1970) method as described in Butler and Losos 
(2002) to produce shape variables for each 
individual: the size variable (SIZE) is defined as 
the geometric mean of 8 measured morphological 
variables (Table 1).  Shape variables were then 
produced as the ratio between a morphological 
variable and SIZE.

To investigate the allometric patterns of the 2 
sexes, we applied the following allometric equation 
(Lindeman 2000):

Y = β0SIZEβ1

where Y is a morphological variable.
The equation can be converted to a linear 

form by applying the natural logarithm to both 
sides.  β0 and β1 respect ively became the 
y-intercept and slope of the regression function.  
A slope of > 1, < 1, and = 1 respectively denote 
positive allometry, negative allometry, and isometry.  
The regression slope of each morphological 

variable against SIZE was compared between 
the 2 sexes to examine intersexual differences in 
allometric patterns.

Diet analysis

Stomach contents were obtained in July-
Oct. 2005 by stomach-flushing.  Immediately 
upon capture, 5-10 ml of saline was injected into 
the mouth using a 5 ml modified syringe.  Each 
captured lizard was flushed no more than once in  
3 d to minimize the inf luence of stomach-
flushing on behavior.  The stomach contents 
were preserved in 70% alcohol.  Insect items 
were identified to order, and other food items 
to class with the aid of reference collections 
of arthropods from the study area (Znari and 
Mouden 1997).  The proportions of stomachs 
containing a given prey taxon were calculated 
(occurrence frequency) as the number of stomachs 
containing that particular prey taxon divided by 
the total number of stomachs surveyed.  The 
wet weight of every prey taxon was measured 
to the nearest 0.001 g.  Prey taxa that weighed 
< 0.001 g were considered unimportant in that 
stomach.  To prevent bias caused by the 0.001 g  
limit imposed by our scale, stomachs containing 
prey taxa that were considered unimportant were 
excluded from further analysis if the total weight 
of the stomach contents in that stomach was  
< 0.02 g.  This procedure guaranteed that even 
if in 1 stomach a prey taxon in reality weighed as 
much as 0.001 g and was considered unimportant, 
it would account for no more than 5% of the total 
weight.  The percent weight of every prey taxon 
was then obtained on a stomach-by-stomach 
basis.  The index of relative importance (IRI) was 
calculated for those prey taxa with occurrence 
frequencies exceeding 1/20, using the method 
described by Bjorndal et al. (1997) with percent 
volume replaced by percent weight: 

IRI =  100(FiWi)
Σ
n

1
(FiWi)

where F denotes the occurrence frequency, W the 
percent weight, and n the number of prey taxa.

For the diet analysis, we first compared the 
mean number of prey taxa found per stomach to 
see if individuals of 1 sex consumed more prey 
taxa than did the other sex.  We then compared 
the occurrence frequency of every prey taxon to 
examine dietary similarities in taxon composition.  
Last, the mean percent weight of every prey taxon 
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was compared between males and females to 
quantify the importance of that given prey taxon 
relative to the others.  Only those prey taxa with 
occurrence frequencies exceeding 1/20 with an IRI 
of > 10 were included in the latter 2 parts of the 
analysis.  Also, stomachs with unidentified prey 
items weighing more than 5% of the total content 
weight were excluded from the 3rd part of the 
analysis.

Feeding niche overlap

We applied 2 indices to measure the extent of 
feeding niche overlap.  The 1st index measures the 
overlap in resource utilization functions, adapted 
from Goodall (1973):

Cxy = 1 - 1
2

 (Σn1 |pxi - pyi|) , where pxi = xi/X, pyi = yi/Y;

where n is the number of prey taxa utilized by both 

sexes, xi and yi are the respective numbers of male 
and female individuals utilizing prey taxa i, and X 
and Y are the respective summations of individuals 
utilizing prey taxa 1 to prey taxa n by males and 
females.  The Cxy value ranges from 0 (mutually 
exclusive resource utilization) to 1 (completely 
overlapping resource utilization).

The 2nd index is the product-moment 
correlation coefficient (Hurlbert 1978):

Cp = 
Σ
n

1 (xi - X
n )(yi - Y

n )
Σ
n

1 (xi - X
n )2

Σ
n

1 (yi - Y
n )2 1/2

where symbols are the same as those defined 
for the previous index.  This index measures the 
correlation of resource use between the 2 sexes, 
under the assumption that resources are uniformly 
available to both sexes.

Table 1.  Mean and standard deviation (SD) of size and shape variables.  All 
morphological variables, and perch diameter are in millimeters (mm).  Perch 
heights are in centimeters (cm).  Statistical tests applied on all morphological and 
ln-transformed shape variables were unpaired t-tests; those on perch height and 
diameter were Wilcoxon Z tests (2-tailed, α = 0.05)

Morphological variable Males (Mean ± SD) Females (Mean ± SD) t value

BL 051.1 ± 02.90 047.2 ± 03.61 6.40***
TAIL 180.0 ± 15.36 146.9 ± 13.24 13.10***
HW 017.2 ± 02.00 012.7 ± 00.90 18.37***
HL 025.8 ± 02.26 020.5 ± 01.37 16.01***
FLIMB 024.4 ± 01.30 020.8 ± 01.22 16.68***
HLIMB 037.8 ± 02.07 032.4 ± 02.12 15.16***
FIN 009.3 ± 00.59 007.6 ± 00.75 13.16***
TOE 014.7 ± 00.94 012.1 ± 00.93 15.39***

Shape variable

SIZE 29.03 ± 1.61 24.00 ± 1.250 16.10***
BL/SIZE 01.76 ± 0.06 01.97 ± 0.120 10.04***
TAIL/SIZE 06.19 ± 0.29 06.11 ± 0.370 1.16
HW/SIZE 00.59 ± 0.05 00.53 ± 0.020 7.53***
HL/SIZE 00.89 ± 0.05 00.85 ± 0.040 3.53***
FLIMB/SIZE 00.84 ± 0.04 00.87 ± 0.050 2.73**
HLIMB/SIZE 01.30 ± 0.05 01.35 ± 0.050 4.71***
FIN/SIZE 00.32 ± 0.02 00.32 ± 0.030 0.96
TOE/SIZE 00.51 ± 0.03 00.50 ± 0.020 0.10

Perch habitats Females (Mean ± SD) Females (Mean ± SD) Z value

Perch height 145.5 ± 81.4 073.4 ± 075.7 7.49***
Perch diameter 078.8 ± 77.5   71.1 ± 108.7 2.59**

*p < 0.05, ** p < 0.01, *** p < 0.001.
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RESULTS

Sexual dimorphism in size

Morphological measurement of 47 males and 
40 females were included in the analyses.  Males 
had significantly greater values of all size variables 
and therefore were also greater in SIZE (unpaired 
t-tests, Table 1).  The 1st principal component 
based on ln-transformed size variables positively 
and equally loaded for all morphological variables 
and accounted for 80.21% of the variation (Table 
2).  Consistent with the univariate approach, the 
PC1 scores of males and females significantly 
differed (unpaired t-test, t = 18.84, p < 0.0001).  
Japalura swinhonis exhibited size dimorphism in 
all measured body parts.

Sexual dimorphism in shape

Mean values of the 5 shape variables of 
males and females markedly differed, with males 
having greater values for HW/SIZE and HL/SIZE, 
and females having greater values for BL/SIZE, 
FLIMB/SIZE, and HLIMB/SIZE (unpaired t-tests, 
Table 1).  Values of TAIL/SIZE, FIN/SIZE, and 
TOE/SIZE did not significantly differ between 
males and females.  Results of the multivariate 
analyses were again consistent with those of 
the univariate analyses.  The 1st 3 principal 
components accounted for 69.27% of the total 
variation (Table 3).  The 1st principal component 
accounted for 36.27% of the variation and strongly 

and positively loaded for ln(FLIMB/SIZE) and 
ln(HLIMB/SIZE), and negatively for ln(HW/SIZE) 
and ln(HL/SIZE).  The 2nd principal component 
accounted for another 20.23% of the variation and 
strongly and positively loaded for ln(BL/SIZE) and 
negatively for ln(FIN/SIZE) and ln(TOE/SIZE).  The 
3rd principal component accounted for another 
12.78% of the total variation and strongly and 
positively loaded for ln(TAIL/SIZE).  PC1 and PC2 
scores of males and females significantly differed, 
but PC3 scores did not (unpaired t-test. PC1,  
t = 6.61, p < 0.0001; PC2, t = 4.69, p < 0.0001; 
PC3, t = 0.13, p = 0.89).  Sexual dimorphism in 
shape was evident: males had more-prominent 
heads and females had longer bodies and limbs.

Allometric patterns

By examining the regression slopes, we found 
that males exhibited allometry in all morphological 
variables except BL, which exhibited isometry (Fig. 
1, Table 4).  Among the allometric body parts, TAIL, 
HW, and HL were positively allometric and FLIMB, 
HLIMB, FIN, and TOE were negatively allometric.  
In females, only FLIMB exhibited negative 
allometry.  All other morphological variables were 
isometric.  Comparisons of regression slopes 
between the 2 sexes revealed that regression 
slopes of HW, HL, and TOE significantly differed 
between males and females, with males being 
more positively allometric in HW and HL but more 
negatively allometric in TOE than females.  The 
regression slopes for FLIMB, HLIMB, FIN, TAIL, 

Table 2.  Factor loadings of the 1st principal 
component on size variables

Morphological variable Factor loading

BL 0.318
TAIL 0.367
HW 0.366
HL 0.365
FLIMB 0.353
HLIMB 0.371
FIN 0.329
TOE 0.356
Eigenvalue 6.417
Percent (%) variability 80.210

BL: body length; TAIL: tail length; HW: head width; HL: head 
length; FLIMB: forelimb length; HLIMB: hindlimb length; FIN: 
length of the longest finger; TOE: length of the longest toe.  See 
text for more detailed definitions.

Table 3.  Factor loadings of the 1st 3 principal 
component (PC) axes on shape variables

Shape variable PC1 PC2 PC3

Ln(BL/SIZE)  0.314  0.394 -0.048
Ln(TAIL/SIZE) -0.251  0.313  0.663
Ln(HW/SIZE) -0.499 -0.144 -0.238
Ln(HL/SIZE) -0.494  0.108 -0.143
Ln(FLIMB/SIZE)  0.303  0.273 -0.419
Ln(HLIMB/SIZE)  0.359  0.309  0.089
Ln(FIN/SIZE)  0.244 -0.589 -0.184
Ln(TOE/SIZE)  0.256 -0.444  0.514
Eigenvalue 2.90 1.62 1.02
Percent (%) variability 36.27 20.23 12.78
Cumulative percent (%) 36.27 56.49 69.27

Symbols are the same as defined as in table 2.
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Fig. 1.  Allometric scaling patterns of 8 ln-transformed size variables against Ln SIZE.  Open circles and dashed lines are females; filled 
circles and solid lines are males.
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and BL did not differ between the sexes.  We also 
detected a significant intersexual difference in the 
y-intercept of the BL regression lines (two-tailed 
test: t0.05, 84 = 8.04, p < 0.001).

Perch habitats

Males perched significantly higher and 
on wider surfaces than did females (Table 1).  
Although both sexes perched primarily on tree 
trunks, females were more frequently found on 
the ground than males (7 of 72 sightings vs. none 
of 184 sightings, Fisher’s exact test: X 2 = 16.75,  
d.f. = 1, p = 0.0002).  We concluded that males 
and females markedly differed in perch habitats.

Diet analysis

Female lizards ingested more types of prey 
than did males (Table 5).  The mean number of 
prey taxa per stomach was significantly greater 
in females (mean, 2.77 for males; mean, 3.77 
for females; unpaired t-value = 2.06, p = 0.044).  
This observation might reflect differences in prey 
composition in different habitats.  Females, which 
perched near the ground, might encounter more-
diverse prey than males.  Despite the presence 
of more prey taxa per female stomach, most prey 
taxa were shared between the 2 sexes (Table 5).  
The main exception was termites, which were only 
found in male stomachs.  Ants and Lepidopteran 
larvae were the only 2 prey taxa with considerable 

Table 4.  Results of the regression analysis of ln-
transformed shape variables, with Ln SIZE as the 
independent variable.  Regression slopes were 
tested for significance under the null hypothesis 
of β0 = 1.  Regression slopes were compared 
between the 2 sexes

Shape variable Regression slopes  Slope comparison

Male Female F-value

Ln(BL) 0.82 0.91 0.18
Ln(TAIL) 1.31* 1.34 0.01
Ln(HW) 1.87*** 1.01     13.45***
Ln(HL) 1.34* 0.88   5.54*
Ln(FLIMB) 0.67**   0.62* 0.08
Ln(HLIMB) 0.78* 1.00 2.27
Ln(FIN)     0.51** 1.06 3.90
Ln(TOE)   0.69* 1.18   6.23*

*p < 0.05, ** p < 0.01, *** p < 0.001.  Symbols are the same as 
defined in table 2.

Table 5.  Occurrence frequency, mean percent weight, and index of relative 
importance (IRI) of food taxa found in stomachs of male (M) and female (F) 
Japalura swinhonis.  Sample sizes are in parentheses.  The sample sizes of 
percent weight were smaller than the sample sizes of occurrence frequency (see 
main text for details)

Prey taxa Occurrence frequency Mean percent weight IRI

M (n = 29) F (n = 27) M (n = 22) F (n = 22) M F

Class Arachnida 10 15 3.32 3.13 2.26 3.49
Class Diplopoda 3 2 0 4.02 0 0.60
Class Chilopoda 2 3 1.60 1.51 0.22 0.34
Class Crustacea
  Isopoda 2 5 0.80 1.35 0.11 0.50
Class Gastropoda 3 3 1.35 8.06 0.28 1.80
Class Insecta
  Coleoptera 6 10 5.91 7.15 2.42 5.32
  Hemiptera 5 7 6.14 5.75 2.09 3.00
  Homoptera 5 4 11.20 5.62 3.81 1.67
  Hymenoptera
    Formicidae 24 25 29.22 22.45 47.76 41.77
  Isoptera 2 0 1.89 - 0.26 -
  Lepidoptera larvae 15 15 32.33 38.55 33.03 43.03
  Orthoptera 4 6 3.18 0.54 0.87 0.24
  Psocoptera 3 2 0 0 0 0
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importance in both male and female stomachs  
(IRI > 10, Table 5).  The importance values of other 
prey taxa were similar between the 2 sexes.  High 
values of both Cxy (0.87) and Cp (0.95) indicated 
extensive overlap in resource utilization between 
the 2 sexes.  The possibility that the mean prey 
size between the 2 sexes differs was refuted in a 
previous study  (Kuo et al. 2007).  Therefore, we 
concluded that male and female J. swinhonis do 
not exhibit trophic resource partitioning.

DISCUSSION

Our study showed that J. swinhonis exhibits 
SSD in general body size and several body parts.  
We are aware of the possibility that SSD can be 
observed in a sample even if the phenomenon 
itself does not exist in natural populations (Stamps 
1993).  It could have simply been a consequence 
of different age distributions between the sexes in 
our sample or have arisen because of a sampling 
bias introduced by behavioral factors of individuals.  
However, male and female J. swinhonis, were 
previously shown to differ in asymptotic body size 
(Lin and Lu 1982).  SSD that we observed in this 
study is therefore unlikely an artefact.

It has also been proposed that SSD is 
more likely to arise in species occupying open 
habitats, such as Japalura lizards, than species 
occupying closed habitats for 2 reasons.  The 
1st reason is equivalent to the sexual selection 
hypothesis.  In open habitats, individuals are 
more likely to see each other, and, consequently, 
social displays or territorial disputes will be more 
frequent.  Therefore, a larger size of males will be 
advantageous in mate acquisition (see Butler et al. 
2000 and references therein).  The 2nd reason is 
equivalent to the resource partitioning hypothesis, 
i.e., open habitats provide better chances to spot 
prey from a distance, and sit-and-wait foraging is 
more likely to be effective in such environments.  
Since optimal feeding models (Schoener 1969) 
predict bimodal optimal body sizes in sit-and-wait 
predators, the 2 size modes could respectively 
occur in males and females.  The 1st, but not 
the 2nd, selective pressure is plausible for J. 
swinhonis, which occupies open habitats and 
displays on locations 1-2 m above the ground (Lin 
and Lu 1982, Kuo pers. observ.), but the diets of 
the 2 sexes did not differ.

From a proximate perspect ive,  shape 
dimorphism of a given body part can arise through 
different allometric growth patterns between the 2 

sexes under 2 conditions (Butler and Losos 2002).  
First, sexual shape dimorphism arises because the 
2 sexes differ in the degree of allometry, i.e., their 
regression slopes differ.  Alternatively, sexual shape 
dimorphism can result from the 2 sexes growing to 
different asymptotic sizes, when allometric growth 
is present in both sexes.  For example, in the case 
where a body part exhibits positive allometry in 
both sexes, the relative length of that body part 
increases with body size, and relative length of that 
body part in the sex with a smaller asymptotic size 
will also be smaller.  On the contrary, when a body 
part exhibits negative allometry in both sexes, the 
relative length of that body part will decrease as 
body size increases, and the relative length of that 
body part in the sex with a smaller asymptotic size 
will be longer.  In J. swinhonis, shape dimorphism 
in HW, HL, and TOE fit the scenario of the 1st 
mechanism.  Shape dimorphism in FIN seemed to 
be accounted for by the 1st mechanism as well, 
although the comparison of regression slopes 
yielded insignificant results.  Shape dimorphism in 
FLIMB and HLIMB, on the other hand, conformed 
to the 2nd mechanism.  Sexual dimorphism in 
BL, however, did not fit either mechanism.  Both 
sexes exhibited isometry in BL, and smaller-
sized females had greater relative body lengths.  
We propose a 3rd mechanism to explain such a 
pattern.  Recall we observed that the y-intercept 
of the female regression line was significantly 
greater than that for males.  Thus, it could be that 
the 2 sexes differed in the initial relative BL, and 
the initial difference was maintained by isometric 
growth in both sexes.  Consequently, the relative 
length of BL remained constant as body size 
increased.

The 2 most universal patterns of shape 
dimorphism found in many lizard species were 
also found in J. swinhonis: males had relatively 
larger heads, and females relatively longer 
interlimb lengths.  Males possessing relatively 
larger heads has been reported in major lizard 
clades. (Agamidae: Thompson and Withers 2005; 
Gekkonidae: Johnson et al. 2005; Iguanidae: 
Butler and Losos 2002; Lacertidae: Hofmann 
and Henle 2006; Scincidae: Schwarzkopf 2005).  
This phenomenon is generally considered the 
consequence of sexual selection to enhance 
success in copulation or male-male rivalry 
(Andersson 1994, Bull and Pamula 1996; Herrel 
et al. 1996, Olsson et al. 2002), although several 
studies also demonstrated the association between 
head size and diet (Preest 1994, Verwaijen et 
al. 2002), suggesting that intraspecific resource 
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partitioning may be an alternative driving force.  
In J. swinhonis, jaws are involved both in male-
male agonistic behaviors and in the process 
of copulation (Wei and Lin 1981).  Individuals 
with larger jaws also have a greater biting force 
(Kuo, pers. observ.).  Moreover, intersexual diet 
differentiation was not observed in our study.  We 
are aware that our diet data were collected only 
during the breeding season.  However, as the 
population size rapidly declined by about 90% 
after Oct. (Kuo et al., pers. observ.), intersexual 
dietary differentiation, even if it existed, would 
contribute little to mitigating dietary competition.  
Therefore, our results suggest that the intersexual 
resource partitioning hypothesis is unlikely to 
be the underlying mechanism for the evolution 
or maintenance of sexual dimorphism in head 
morphology.

Female lizards in numerous species have 
longer interlimb lengths in spite of smaller overall 
body sizes (Agamidae: Thompson and Withers 
2005; Gekkonidae: Shine 1992; Iguanidae: 
Cooper and Vitt 1989, Shine 1992; Scincidae: 
Schwarzkopf, 2005; Teiidae: Vitt 1983, Shine 
1992).  This phenomenon has consistently been 
interpreted as an adaptation to provide room for 
eggs in species with variable clutch sizes (Vitt and 
Congdon 1978, Cox et al. 2003), although the trait 
was directly proven to be a target of selection in 
only a small number of species (e.g., Olsson et 
al. 2002).  Females of J. swinhonis have variable 
clutch sizes (Lin 1979), and our results provide 
support for the fecundity advantage hypothesis.

Sexual dimorphism in limb shape has been 
less examined in lizards.  Among species that 
exhibit sexual dimorphism in limb shape, males 
always have relatively longer forelimbs and 
hindlimbs (Malhotra and Thorpe 1997, Butler and 
Losos 2002, Irschick et al. 2005, Schwarzkopf 
2005).  To our knowledge, this is the first report of 
females having relatively longer limbs than males.  
Limb shape is associated with habitat use, escape 
behavior, or both (Losos 1990, Schulte et al. 
2004, Irschick et al. 2005).  It has been proposed 
that individuals with relatively longer limbs should 
utilize wider perch surfaces, since longer limbs 
confer better sprinting ability on wide surfaces 
(Losos 1990, Irschick and Losos 1998, Beuttel 
and Losos 1999, but see Goodman et al. 2007 
and references therein).  In J. swinhonis, however, 
the pattern of sexual dimorphism in limb shape 
cannot be explained by such a limb shape-habitat 
relationship because females had relatively longer 
limbs but utilized narrower perch surfaces.  We 

suspect that differences in limb shape might be 
associated with differences in escape behaviors.  
Males, which are conspicuous and perch higher 
on tree trunks, more often jumped from tree trunks 
to the ground to escape predators.  On the other 
hand, females may escape by running on the 
ground, given their lower perch height and cryptic 
coloration.

Gould (1975) proposed an alternative and  
non-adaptive explanation for sexual shape 
dimorphism.  Differences in shape can arise as an 
indirect consequence of selection on body size if 
the body parts under examination exhibit allometric 
growth.  Thus, it would be difficult, if not impossible, 
to rule out this non-adaptive possibility when 
shape dimorphism is observed in sexually size-
dimorphic species.  A recent study on water skinks, 
Eulamprus quoyii, detected shape dimorphism in 
the absence of size dimorphism, providing some 
support for the argument that shape dimorphism 
itself can be the direct target of selection, rather 
than merely being a by-product of different body 
sizes between the 2 sexes (Schwarzkopf 2005).

We concluded that J. swinhonis is dimorphic 
in both size and shape, which can be explained by 
different growth patterns between the 2 sexes.  We 
found a correlation between morphology and perch 
habitat, but not between morphology and diet.  
Our results lend support to the hypothesis of life 
history adaptation and sexual selection.  Although 
differentiation of habitat use was observed, we 
suggest that it was not the direct consequence of 
intersexual resource partitioning, but a secondary 
consequence of sexual selection.
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