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Sxual dimor phism and female reproduction in the Qnghai toad
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Abgract The Qingha toadheaded lizard Phrynocephal us vliangalii isa viviparous agamid lizard. We collected lizardsin
early May 2005 from a population in Qinghai (northwestern China) to study sexua dimorphism in morphologica traits
and female reproductive traits. The examined momphologica traitsincluded coloration, body sze, abdomen length, tall
length, head length and head width. Newly ovulated femaes were maintained on the laboratory thermd gradients until
parturition. Sexua dimorphism was evident in adults but not in sexually immature individuds. The larget male was
70.2 mm SVL (snout-vent length) and the largest female was 82. 8 mm SVL. Adult maes were larger in head sSze and
tall length, whereasfemales were larger in body Sze and abdomen length. A principa component analysson adults re-
lved two components (eigenvalues =0.5) from four SVL-free morphological variables, accounting for 83.9 % of vari-
ation in the original data. Thefirst component (57.8 % of variance explained) had higher postive loading for SVL-free
vauesof tail length, head length and head width. The second conponent had higher negative loading for SVL-free va-
ues of abdomen length (26. 1 % of variance explained) . Femaleson the laboratory thermal gradientsproduced a sngle lit-
ter per breeding seaon stretching from late June to midJuly , with alitter szeof 2- 6 young. Litter sze and litter mass
were both positively correlated with maternal SVL , and neonate Sze (mass) was not. We did not find the tradeoff be-
tween sze and number of offpringin P. vlangalii [ Acta Zoologica Sinica 51 (6) : 1006 - 1012, 2005].

Key words Reptilia, Agamidae, Toad headed lizard, Phrynocephalus viangalii , Sexud dimorphism, Femae repro-

duction, Litter sze, Litter mass

1 1,2** 2 1 2

. , 210097
2. , 310036

( Phrynocephal us vlangalii) 2005
5 150 km , )

70.2 mm SVL (snout-vent length) 82.8 mm SvVL ,

SVL 4 ( >0.5) 2
, 83.9% SVL ,
( 57.8% )., ( 26.1% )
6 7 2-6 SVL ,
SVL [ 51 (6) : 1006 - 1012,

2005]

Received Aug. 28, 2005; accepted Sep. 09, 2005
* This research was funded by the grants from Nanjing Norma Universty and the locad government of Zhdgiang Province for the Key Dicipline
of Zoology.
** Corregponding author. Emal : xji @mail. hz. 7. cn
c 2005 Acta Zoologica Sinica



6 ZHANG Xi-Dong et d. :

Morphology and femae reproduction in a lizard 1007

Sexud dimorphism in body sze, body shape as
well as coloration is widegpread in animals (Darwin,
1871; Cooper and Vitt, 1989; Anderson, 1994) .
Whereas sexua sdlection acting via female choice or
male male contests for mating opportunities is the
mogt frequently cited explanation for the evolution of
sexua dimorphism, other factors such as natural s
lection acting to reduce intersexua resource competi-
tion, fecundity selection (a selection leading to larg-
er body size or body cavity in females) and differen-
tia mortality between the sexes due to differencesin
longevity are increasngly reported to be the aterna
tive causes of sexual dimorphism (SQatkin, 1984;
Cooper and Vitt, 1989; Shine, 1989; Anderson,
1994; Shine et a., 2002). These explanations are
often not mutualy exclusve, because a sexudly di-
morphic trait initialy induced by sexual sdection may
result in a shift in reurce use between the sexes
(Shine, 1991; Vincent et a. , 2004). For examr
ple, mades are the larger sex in Eumeces chinensis
(Chines skink; Lin and Ji, 2000; Ma and Ji,
2001) and E. elegans (bluetailed skink; Du and
Ji, 2001; Zhang and Ji, 2004) owing to pro-
nounced male-male contests and larger individuas of
the two ecies can eat larger prey. Previous studies
strongly suggest that sexual dimorphism is the net
outoome resulting from a balance of many sdective
pressures differing between the sexesin strength and/
or in direction. Because reproductive output is asci-
ated with morphological traitsin lizards (Cooper and
Vitt, 1989: Shine et a., 1998) , data on femae
reproduction are crucial to understanding the origins
of the phenomenon in this taxon of animals.

The Qinghai toad-headed lizard Phrynocephal us
vlangalii is a relatively thickset bodied, terrestrid ,
viviparous agamid lizard that isendemic to China. Its
digtributional range ocovers Qinghai, Gansu, Xin
jiang and northwestern Schuan (Zhao and Adler,
1993) , and lizards are typically found in open gaces
in arid or s=mi-arid regions covered by garse vegeta
tion at eevations ranging from 2 000 to 4 500 m.
The region occupied by P. vlangalii is dimaticaly
svere, where daily and seaona fluctuations in anr
bient temperature are very pronounced and the active
sean often sretches from May to October. Previ-
ous studiesof P. vlangalii focused mainly on satia
digribution, activepattern, food habits, microhabi-
tat use, home range and population age sructure
(Bao et a., 1998; Maet d., 1999; Wu et 4d. ,
2002, 2004; Wang et a., 2004). Femae repro-
duction and sex dimorphism have been noted, but
only descriptive data have been available (Wu et d.
2002; Huang and Liu, 2002). Consequently, the
degree and origin of sexua dimorphism and life-histo-
ry traits such asthe relationships among neonate sze,

litter Sze and female Sze <ill remain obscure in this
species.

Here, we present data on sexua dimorphism
and female reproductive characteristics gathered from
a population of P. vlangalii in Daotanghe, gpproxi-
mately 150 km west to Xi' ning (36°34 N, 101°49
BE) , Qinghai. We pay particular attention to exanr
ining (1) sexud dimorphism in eoologicaly impor-
tant morphologica traits such as body dze, head
sze, abdomen length and tail length; and (2) the
relationships among off ring sze, off ring number
and female gze.

1 Materias and methods

Lizards were collected by hand or noose in early
May 2005. Mogt of these were used only for collec
tion of morphological data and, ater measurements
were taken, the individuas were released to the dte
originally collected. Measurements were taken for
each lizard, including body mass, snout-vent length
(SvL) , abdomen length (AL , from the posterior
base of the fore-limb to the anterior base of the hind
limb) , tail length (TL , from the vent to the tail
tip) , head length (HL , from the snout to the pos
terior end of the skull) and head width (HW , taken
at the posterior end of the mandible). Individuds
larger than 48 mm SVL were conddered as adults,
because femaleslarger than this Sze have the potential
to reproduce.

The remaining lizards were trangorted to our
laboratory in Hangzhou, where adult femaes were
individualy papated to assess their reproductive con-
ditions and were marked by toe-clipping in a unique
combination for future identification. Ten adult
males and 10 femaes with yolking follicles were
housed in each 50 x 40 x 30 (length x width x
height) cm® plastic communal cage filled with 20 cm
depth fine sand and pieces of clay tiles. Meaworms
(larvae of Tenebrio molitor) and water enriched
with vitamins and minerals were provided ad libi-
tum. The communal cages were placed in a room
where ambient temperatures were never higher than
28 . A 100-W light bulb, sugpended at one end of
each cage, created a thermd gradient from the room
temperature to 55 for 12 h daily. Lizards were ex-
posed to a natura daylight cycle and some direct sun-
light, and could regulate body temperature behav-
iorally during the photophase. Newly ovulated fe
males were removed from the communa cages, and
housed 15 - 18 in each 100 cm x 60 cm x 40 cm glass
cages with 20 cm depth fine sand. These cages were
placed in a 8 cm? constant-temperature room indde
which the temperature was controlled at 18 , and a
250-W spotlight mounted in each cage to alow ther-
moregulation.
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We checked the glass cages at least twice daily
for newborns snce the fir¢ femae gave hirth, ©
that dl neonates could be collected, measured and
weighed immediately after being produced. Females
giving birth during the same period were inslated
from each other usng 100 cm x 20 cm X 40 cm lanes
2 that off pring could be alocated accurately to the
mother. Postpartum femaes were measured and
weighed before they were returned to the communal
cages. We cdculated relative litter mass (RLM) by
dividing litter mass by the postpartum femae mass
(Shine, 1992) , and relative fecundity by using the
resduas derived from the regresdon of loge (litter
sze) onloge (materna SVL) (Olson and Shine,
1997; Ji and Wang, 2005) .

Abnormal litters with various numbers of dead
young, dillborns, or unfertilized eggs were excluded
from datisticd analyses. All data were tested for
normality ( KolmogorowSmirnov test) and homo-
geneity of variances (Bartlett test) , and logetrans
formation was performed when necessary to satify
conditions for parametric tests. We used linear re
gresson analyss, oneway anadyds of variance
(ANOVA) andoneway andyssof covariance (AN-
COVA) and principal component analyss (PCA) to
andyze the oorreponding data. Homogeneity of
dopes was checked prior to testing for difference be-
tween adjusted means. Throughout this paper , va-

ues are presented as mean + standard error, and the
sgnificance levd is st atd =0. 05.

2 Results

2.1 Sexual dimorphism

Sexud dimorphism in coloration pattern was evi-
dent in adults but not in neonates and juveniles. The
whole tail tip was black-brown in adult males and the
ventral part of the tal tip is dight s&fron yellow in
adult femdes.

In our sample, thelargest male and femde were
70.2 and 82.8 mm SVL , regectivdly (Table 1).
The mean SVL was greater in adult females (67.4
mm) than in adult maes (61.0 mm) (ANOVA:
F108=18.58, P<0.0001) ; thus, P. vlangalii is
among SSD (sexud sze dimorphism) ecies of
lizards, withfemaesbeing thelarger sex (Table1).
The rates at which abdomen length, tail length,
head length and head width increased with increasng
SVL did not differ between both sexes in neonates
and juveniles (ANCOVA: dl P> 0.05), and al
these examined morphologica traits did not differ be-
tween both sexesin neonates and juveniles when con-
trolled for difference in SVL (ANCOVA: dl P>
0.095). These results indicate that sexualy imma
ture individuds of P. vlangalii do not show sexua
dimorphism in morphological traits.

Table 1 Descriptive gatistics of morphological traits of P. viangalii collected from Daotanghe, Qinghai, northwestern China

Neonates Juveniles Adults
Femde Mde Femde Mae Femde Made
n 21 16 52 58 42
29.1+0.3 29.2+0.4 43.7+£0.4 43.8+0.4 67.4+£1.0 61.0+1.1
Snout-vent length
25.5- 31.9 23.7-31.1 34.0- 47.9 35.1-47.8 48.2- 82.8 48.1- 70.2
13.6+0.3 13.6+0.3 23.2+0.3 23.3+0.2 38.0+£0.7 33.0+£0.6
Abdomen length
10.3- 15.2 10.7-15.1 16.3- 27.5 17.7- 25.9 24.9-51.0 24.2- 38.7
8.6+0.1 8.8+0.1 11.2+0.1 11.1+0.1 14.6+0.1 14.2+0.2
Head length
6.8-9.4 7.9-9.4 9.4-12.3 9.4-12.0 11.7-16.7 11.8- 15.8
) 7.0+£0.1 6.9+0.1 9.9+0.1 9.9+0.1 13.2+0.1 12.9+0.2
Head width
6.2- 7.5 5.5- 7.5 8.1-10.9 8.3-10.7 10.5- 14.9 10.4- 14.5
T4l lenath 26.9+0.4 27.3+0.4 41.5+0.6 41.8+0.5 60.5+0.8 62.3+1.4
o 23.0- 30.5 23.0-29.7 28.0- 50.0 33.0- 49.0 44.0- 73.0 44.0- 74.0
1.15+0.03 1.20+0.03 3.39+0.12 3.34+0.10 11.6+0.35 9.32+0.4
Body mass
0.66- 1.40 0.97- 1.45 1.63- 4.69 1.75- 4.50 4.23-17.1 4.66- 12.4
29.6+0.3 30.1+0.2 25.6+0.1 25.4+0.1 21.7+0.2 23.4+0.1
HL/ SVL (%)
26.9- 31.6 28.5- 31.8 24.0- 29.2 23.9-27.3 19.5- 25.5 21.7-25.4
23.8+0.3 23.8+0.3 22.8+0.1 22.5+0.1 19.7+0.1 21.2+0.1
HW/ SVL (%)
21.6-26.1 22.6-27.1 21.4-24.9 21.1-24.3 17.7- 22.3 19.9- 22.9
92.7+0.8 93.7+0.9 94.8+0.7 95.4+0.5 90.0+£0.6 101.8+0.7
TL/SVL (%)
86.9- 100.5 87.0-99.1 82.3- 108.0 86.6- 102.5 82.1- 103.9 91.2- 110.6

Date are expressed as mean + sandard error and range. Length unitsarein mm, and mass unitesin gram.
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Fig.1 Linear regressions of abdomen length, tail length, head length and head width on SVL in adult P. vliangalii

Solid dots and lines: femdes; open dots and dash line: mades.

Our data show that sexua dimorphism in mor-
phologica traitsisevident in adults but not in sexual-
ly immature individuals. The rate at which abdomen
length increased with increasng SVL did not differ
dggnificantly between mae and femae adults (AN-
COVA, F195=3.71, P=0.057), but the inter-
cepts were greater in femaes than in maes ( Fy g7 =
10.08, P<0.002) (Fig.-1). Thisresult suggests
that the abdomen cavity relative to SVL islarger in
adult femaes than in adult malesin P. vlangalii.

The rates at which tail length, head length and
head width increased with increasng SVL were dl
greater in adult maes than in adult females (ANCO-
VA; TL, Flyge =46.64, P<0.0001; HL, F1’96
=13.79, P<0.001; HW, Fy9 =21.25, P<
0.0001) F;310=8.89, P<0.003) (Fig-1). The
mean values of resduas derived from the regressons
of loge (TL) , loge (HL) and loge (HW) on loge
(SVL) were al dgnificantly greater in adult males

(TL, Fi93=150.15, P<0.0001; HL, Fy¢s=
60.80, P < 0.0001; HW, Fp9s =88.10, P <
0.0001). Thus, adult maes have larger heads and

longer tals than do adult females of the same sze
(Fig-1).

Table2 Loading of the first two axes of a principal compo-
nent analysis on four morphological variables in adult P.
vlangalii

Factor loading
PC1L PC2
Abdomen length - 0.133 - 0.986
Tail length 0.814 0. 250
Head length 0. 905 0. 069
Head width 0.902 0.077
Variance explained ( %) 57.8 26.1

The influence of the sze (SVL) dfect on abdomen length, tall
length, head length and head width is removed by usng resduas from
the regressonsof theinvolved variableson SVL. Variableswith the main
contribution to each factor arein bold face.

A principa component analydson adults reslved
two components (eigenvaues=0.5) fromfour SVL-
free morphological variables, acocounting for 83.9 %
of variationin theorigina data (Table 2). Thefirst
component (57. 8 % of variance explained) had high
postive loading for SVL-free vaues of tail length,
head length and head width. The second component
had high negative loading for SVL-free values of ab-
domen length (26.1 % of variance explained). The
mean soores on the firs (ANOVA, Fpgs =80.34,
P <0.0001) and the second axes (Fy08=4.73, P
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=0.032) differed sgnificantly between both sexes,
with males having greater mean vaues on both axes
(Fig. 2).

o'o" @’@&@
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PC 2(26.1%)
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Fig- 2 Positions of adult P. vlangalii in the space
defined by the first two axes of a principal compo-
nent analysis (eigenvalues = 0.5) based on four
SWL-adjusted morphological variables, on which
size effects were removed by using residuals from
the regressions on snout-vent length

Solid dots: femdes; open dots: mades; enlarged symbols
show the mean vaues of scoreson thefirst two axes.

Table 3 Dexriptive statistics of female reproductive traits of
P. vlangalii ( n=34)

Mean Sandard error Range
Femae snout-vent length (mm)  68.5 0.7 61.2- 74.6
Postpartum body mass (g) 9.6 0.3 7.1-12.7
Litter d9ze 3.6 0.2 2-6
Litter mass (g) 3.7 0.2 2.1-7.3
Neonate mass (g) 1.05 0.02 0.77- 1. 24
Reative litter mass 0.40 0.02 0.17- 0.68

2.2 Female reproductive traits

Femade P. vlangalii produced a dnglelitter per
breeding seaon, with a litter sze of 2 - 6 young
(Table 3). Under the laboratory conditions, partu-
rition occurred between late June and midJuly, ap-
proximately one month earlier than the birth date
recorded in the filed (Ji et a., unpubl. data).
This difference resulted mainly from that ambient
temperatures were overal higher in the laboratory
than in the field. Litter sze (r =0.44, Fy 3 =
7.56, P<0.01) and litter mass (r =0.49, F; 3
=10.13, P<0.004) were both postively correlat-
ed with materna SVL (Fig.3) , and neonate mass
was not (I’ =0.17, F1'32 =0.93, P= 0343)
Neonate mass was independent of reative fecundity

(r=0.10, F13=0.25, P=0.623), suggesting
that the trade-off between dze and number of off-
ringisabsent in P. viangalii.

L§=0.12 SVL-4.65

5+ [ ] [ ]

Litter size(number of young)

LM=0.16 SVL-6.92

Litter mass(g)

60 62 64 66 68 70 72 74 76

Snout-vent length(mm)

Fig-3 Linear regressions of litter size and litter mass on
female SVL in P. vlangalii

3 Discusson

Asin Gekko japonicus (Japanese gecko; Ji et
al., 1991) and Sphenomorphus indicus (brown
forest skink; Ji and Du, 2000) , adult femaes are
the larger «x in P. vlangalii. Sexua dze dimor-
phism (SSD) ispredicted to evolve in lizards because
of between-sex differencesin reproductive success re-
lating to adult body sze (Cooper and Vitt, 1989;
Hews, 1990; Mouton and Van Wyk, 1993). Un-
der thisprediction, males should be the larger sex in
gecies where reproductive success is more tightly
linked to body dze in adult maes, whereas females
should be the larger sex in gecies where reproductive
success is more tightly linked to body sze in adult fe-
males. For example, saection via male-mae contests
has been proved to be the ultimate factor resulting in
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increased male dze in E. chinensis (Lin and Ji,
2000) and E. elegans (Du and Ji, 2001) , whereas
selection acting to increase fecundity and litter volume
isthe main cause for increased femae szein S. indi-
cus (Ji and Du, 2000). Less obvious mae mde
ocontests as wdl as less obvious phydca constraints
from materna body volume on reproductive output
explain why adults are monomorphicin Calotes versi-
color (orienta garden lizard; Ji et a., 2002) ,
Eremias brenchleyi (upland lizard; Xu and Ji,
2003) , and Takydromus septentrionalis (northern
grasslizard; Zhang and Ji, 2000) .

Both P. vlangalii and S. indicus are viviparous
ecies of lizards producing a Sngle litter per breeding
s*avn, and have the same the direction of SSD. As
in S. indicus (Ji and Du, 2000) , off ring Sze was
independent of maternd dze in P. vlangalii. How-
ever , the rate at which litter massincreases with in
creasng SVL is greater in P. vlangalii (0.16;
Fig-3) than in S.indicus (0.12; Ji and Du,
2000) , dthough the mean litter sze is greater in
S. indicus (7.2; Ji and Du, 2000). The greater
increadng rate of litter mass with increasng materna
SVL suggeds that the selection leading to increased
female dze could be greater in P. vlangalii than in
S. indicus. Thus, the evolution of S in
P. vlangalii is most probably promoted mainly by
the sdlection acting on females to increase reproduc
tive output in dngle reproductive epiDdes.

Sexud dimorphism in head dze, tail length and
abdomen length is widegpread among lizards, with
males having larger heads and longer tails than do fe-
males and females having longer abdomen length than
do malesin nearly al saurian ecies studied to date.
P. vlangalii do share thes features. As in
E. elegans (Du and Ji, 2001) , only adults show
sexua dimorphism in head dze in P. vlangalii.
However, in other gecies of lizards such as
T. septentrionalisn, Podarcis muralis ( common
wal lizard) , C. versicolor, E. chinensis and
S. indicus, sexud dimorphism in head sze occurs at
earlier ontogenetic stages (Brafia and Ji, 2000; Ji
and Du, 2000; Lin and Ji, 2000; Zhang and Ji,
2000; Ji et d. , 2002) . Based on our origind data,
the rates at which head length (mean=0. 16) , head
width (mean = 0.16) , tail length (mean = 1.18)
and abdomen length (mean = 0.57) increase with
increasng SVL did not differ between both sexesin
juveniles but , in adult , these rates were al greater
in maes (Fig-1). Adult femdesof P. vliangalii in-
creasngly sacrifice head growth (HL : adult vsjuve
nile=0.14 vs 0.16; HW: 0.13 vs 0.16; Fig. 1)
and tail growth (0.70 vs 1.18; Fig.1) for rapid
growth in abdomen length (0.66 vs 0.57; Fig.1)
to redize the greater potentia reproductive output

from a larger body cavity, whereas adult males ex-
hibit increasngly rapid growth rates of head sze and
tal length (HL: 0.18 vs 0.16; HW: 0.18 vs
0.16; TL: 1.25vs1.18; Fig.1). Broady speak-
ing, betweensex differencesin head sze, tail length
and abdomen length in P. vlangalii are at least at-
tributed partly to fecundity sdlection acting on females
to increase reproductive output , because litter mass,
a measure of reproductive output , ispostively corre-
lated with materna SVL in the ecies. As a larger
head means an increased ability of alizard to eat larg-
er prey (Schoener et d. , 1982; Barden and Shine,
1994) and, acoording to optimal foraging modds, a
predator tends to increase the rate of net energy in
take by consuming larger prey items 2 asto maximize
net energy gain, any relative decrease in head sze
potentially decreases an individud's fitness. We
therefore suggest that the head dze of P. vlangalii
should be shaped by a conflict between the costs and
benefitsfor both sexes.

Our data showed that maternal dze is the main
determinant of reproductive output in P. vlangalii ,
with larger femaes producing more off pring and
thus, heavier litters (Fig.-3). The predicted trade-
off (an inverse relationship) between sze and nunr
ber of offring and variation in offring dze as a
function of maternal SVL were not found in this
study. Because the off oring dze should vary with
maternal sze and/or clutch (litter) sze in ecies
where off oring are not optimized for sze (Ford and
Seigd, 1989; Doughty and Shine, 1997; Olson
and Shine, 1997; Ji et d., 1997; Lin and Ji,
2000) , our results, athough not completely conclu
dve because other untested potential causes might
contribute to variation in offgring dze, show that
female P. vlangalii tend to produce optimaly dzed
off pring.
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