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Abstract. An important reproductive strategy evolved among lizards is related to the increase of clutch size.
Since last century, researchers have tried to understand to what extent clutch size is related to female body
size. Most studies analyze data of several species from the Northern Hemisphere, but data on lizards from the
tropical zone still remain scattered in primary papers. Based on data obtained from the current literature, we
analyzed the relationship between clutch size and female body size in Brazilian lizards. We found a positive
relationship, indicating that, as female body size increases, so does clutch size among species. However, the
strength of this relationship may vary according to family. There are some taxa in which clutch size is mainly
attributed to phylogeny. Further studies are needed to better understand this life history trait.
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Introduction

The selective constraints acting on the life history
of organisms can be inferred through the relation-
ship between the female body size and clutch size
(Lack 1954 apud Sinervo et al. 1992). This relation-
ship arose firstly for birds by Lack (1947, 1948),
who showed that natural selection would favor
the clutch size that allowed higher survival rate
among newborns. This selection would be opti-
mized based on two assumptions (Lack 1954 apud
Sinervo et al. 1992): i) the egg size is inversely re-
lated to clutch size, and ii) the quality of the off-
spring (survival) is positively related to egg size.
More recently experimental tests recognized this
trade-off between egg size and clutch size (Wil-
liams, 2001). Reptiles have evolved several strate-
gies to maximize reproductive efficiency to in-
crease probability of persistence. A common strat-
egy is related to sexual size dimorphism, and it is
considered to have evolved as a reflection of two
primary and nonexclusive processes (see Cox et al.
2003). First, the sexual selection for a large male
size grants an improvement in competition with
other co-specific males (the intrasexual selection
hypothesis). Secondly, there is the natural selec-
tion for large female size, which provides an im-
provement in fecundity (the fecundity advantage
hypothesis). The latter can affect clutch size
and/or egg/neonate size (Fitch 1970, Tinkle et al.
1970, Congdon & Gibbons 1985, Fitch 1985, Siegel
& Ford 1987, Pianka & Vitt 2003). Although the
variation in clutch size is not explained only by

female size (Tinkle et al. 1970), it is positively cor-
related with female size in most lizard species
(Fitch 1970, Cox et al. 2003).

In many lizard species intrasexual selection
acts among females to favor a production of clutch
(or litter) size as large as possible, and it results in
an increase in female body size in order to ac-
commodate larger clutch or litter sizes (Pianka &
Vitt 2003). Some species seem to have such charac-
teristics fixed, inherited phylogenetically from an
ancestral lineage (Pianka & Vitt 2003).

In Brazil, for most species of lizards there is
currently little or no information on how female
body size influences their reproductive parame-
ters. Rand (1982) made the first attempt to recog-
nize the relationship among Brazilian iguanids. To
better understand this trend within and among the
different groups of Brazilian lizards, we made a
comprehensive survey of the literature, gathering
information on clutch size and female body size
for each species. Based on such data, we here at-
tempt a first approximation to elucidate the rela-
tionship between clutch size and female body size
among Brazilian lizard species.

Material and methods

We analyzed the set of published articles on reproductive
ecology of lizards in Brazil, from 1947 to the first half of
2009, and made use of 32 publications. Data available on
body size and clutch size of different Brazilian species
were employed to create a scatter plot, using the software
Systat 11, in order to identify the possibility of relation-
ship between the two variables. The relationship between
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species-specific mean clutch size and corresponding mean
body size of females among families was tested by analy-
sis of covariance (ANCOVA) using female body size as
covariate, with Tukey comparisons as post-hoc test. To
that end, samples were specified as groups, according to
the respective family. All results were considered signifi-
cant when p < 0.05. Taxonomical classification followed
the list of reptiles published by the Brazilian Herpetologi-
cal Society (Sociedade Brasileira de Herpetologia) (Bérn-
ils, 2010).

Results

From 32 articles, data for 42 species belonging to
10 families were acquired (Table 1). There was a
significant relationship between the mean size of
females and the mean clutch size, meaning that
the higher variable influencing clutch size was fe-
male body size (Fig. 1). A significant statistical dif-
ference in this relationship was observed among
the families of lizards from Brazil (ANCOVA
Analysis, F = 35.2, p<0.01) (Fig. 2). The post-hoc
test of the analysis of families pointed to a signifi-
cant differentiation of Polychrotidae with
Tropiduridae (p=0.006), Leiosauridae (p=0.007),
Gekkonidae (p=0.016) and Sphaerodactylidae
(p=0.006), and also for Leiosauridae with
Sphaerodactylidae (p=0.007).

Discussion

The data indicate that there is a general trend
among the families of Brazilian lizards in which,
independent of the species, as the body size of fe-
male increases, a larger clutch size is produced, al-
though the strength of this relationship may vary
according to the families. This trend among spe-
cies and families probably operates in the same
way as it evolved within most individual species:
it represents the result of the intrasexual selection
operating among females to increase the body size
in an efficient way to produce a clutch size as large
as possible.

According to studies of reproduction of liz-
ards in Brazil, apparently the clutch size of some
species is fixed in some lineages, such as gek-
kotans (Vitt 1986), some gymnophtalmids, and the
genus Anolis (see Table 1). The resultant contrasts
among families obtained during the present study
might indicate that phylogeny acts within poly-
chrotids and gekkotans (Gekkonidae and
Sphaerodactylidae). For the latter (gekkotans), to
compensate for the reduced fecundity, females of
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those taxa may increase their frequency of repro-
duction (Vitt 1986). In general, there is a trend for
the clutch size to increase with female body size
(Fig. 1, Table 1). The families Teiidae, Scincidae,
and Tropiduridae had a similar relationship,
whereas Leiosauridae and Polychrotidae pre-
sented the highest values for this relationship (Fig.
2).
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Figure 1. Relationship between female body size (in mm)
and corresponding mean clutch size for 42 Brazilian liz-
ard species. Outlines refer to confidence interval of 95%.
The species Polychrus acutirostris was considered an out-
lier, and removed from the analysis.
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Figure 2. Relationship between female mean body size
(mm) and mean clutch size, and female for the families
considered in this study. Lio = Liolaemidae, Tro =
Tropiduridae, Pol = Polychrotidae, Lei = Leiosauridae,
Gek = Gekkonidae, Phy = Phyllodactylidae, Sph =
Sphaerodactylidae, Tei = Teiidae, Sci = Scincidae.
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Table 1. Mean female body size (SVL, in mm) and clutch size (average or range) for 42 lizard species in Brazil. Data
relative to Tropidurus torquatus reported in Rand (1982) were not included because it is possible that at least one extra
species was included (e.g. the Amazonian T. oreadicus). (*) Data gathered for a few individuals (1 to 10). (*1) Data cor-
respond to the size of the smallest reproductive female recorded during the referred study. (*2) Data refer to the
number of vitellogenic follicles recorded. [RM = reproductive mode, O = oviparous, V = Viviparous, SD = standard deviation]

Species RM SVL Clutch size Reference
Iguania
Liolaemidae
Liolaemus lutzae Mertens 1938 O 51.5% 1-4 Rocha 1992
56.2 2.5 Rand 1982*
Tropiduridae
Eurolophosaurus nanuzae (Rodrigues 1981) O 522(1SD:3.7)  2.06 (1SD: 0.36) Galdino et al. 2006
Plica plica (Linnaeus 1758) O 1187(1SD:2.0) 29 (1SD:0.1)  Vitt1991
Plica umbra (Linnaeus 1758) O 778 22 Rand 1982*
Tropidurus etheridgei Cei 1982 O 54.29 (1SD: 4.33 (1SD: 2.08) Avila et al. 2008
12.86)
T. itambere Rodrigues 1987 O 67.3% 3.5(1SD:1.4)  Van Sluys 1993
T. oreadicus Rodrigues 1987 O 66.80 (1SD: 5.67) 3.94 (1SD:1.03) Meira et al. 2007
T. torquatus (Wied 1820) O 824(1SD:16.3) 6.1 (1SD:0.2)  Wiederhecker et al. 2002
59.5(1SD:4.4) 21 (1SD:0.4)  Kiefer et al. 2008
582 (1SD:3.2) 2.0 (1SD:0.3)
672 (1SD:3.4) 3.1 (1SD:0.7)
63.2 (1SD:5.5) 2.3 (1SD: 0.5)
61.6 (1SD:4.7) 2.4 (1SD: 0.6)
57 (1SD: 3.4) 2.1 (1SD: 0.6)
64.1 (1SD:4.7) 2.1 (1SD: 0.5)
68.5 (1SD: 6) 3.3 (1SD: 0.6)
Uranoscodon superciliosus (Linnaeus 1758) O 1163 7.3 Rand 1982*
Polychrotidae
Anolis trachyderma Cope 1876 O 55.0(1sD:0.8) 1 Vitt et al. 2002
Polychrus acutirostris Spix 1825 O 125.0(1SD:1.6) 22 (1SD:4.6) Vitt & Lacher 1981
116.9 13.2 Rand 1982
Polychrus marmoratus (Linnaeus 1758) O 1293 8.7 Rand 1982*
Leiosauridae
Anisolepis grilli Boulanger 1891 O 828 8.1 Rand 1982*
A. undulatus (Wiegmann 1834) O 63 4.0 Rand 1982*
E. bilineatus Duméril & Bibron 1837 O 777(1SD:6.8) 4.4 (1SD:14) Teixeira et al. 2005
Enyalius brasiliensis (Lesson 1828) O 848(1SD:13.3) 5-10* Van Sluys et al. 2004*
925 (1SD:10.9) 11.5 (1SD:2.5) Teixeira et al. 2005
Enyalius catenatus (Wied 1821) O 929 8.0 Rand 1982*
E. leechi (Boulanger 1885) O 1046 (1SD:2.2) 123 (1SE:0.7) Vittetal. 1996*
Urostrophus vautieri Duméril & Bibron 1837 O 764 9.6 Rand 1982*
Scleroglossa
Gekkonidae
Hemidactylus mabouia (Moreau de Jonnes 1818) O 52 2 Vitt 1986*
Lygodactylus klugei (Smith, Martin & Swain1977) O 25 2 Vitt 1986
Phyllodactylidae
Gymnodactylus geckoides Spix 1825 O 38 1 Vitt 1986
Gymmnodactylus amarali Barbour 1925 O 3857 1.65 (1SD: 0.48) Colli et al. 2003
Phyllopezus pollicaris (Spix 1825) O 65 2 Vitt 1986*
70.9 2 Avila & Cunha-Avellar
2005*
Sphaerodactylidae
Gonatodes hasemani Griffin 1917 O 39.8(1SD:0.56) 1 Vitt et al. 2000
G. humeralis (Guichenot 1855) O 35.7(1SD:048) 1 Vitt et al. 2000
Teiidae
Ameiva ameiva (Linnaeus 1758) O 106 6.3 (1SD:0.2)  Colli 1991
95 5.5 (1SD: 0.2) Vitt & Colli 1994

110 4.2 (1SD: 0.2)  Vitt & Colli 1994
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Table 1. (continued)
Species RM SVL Clutch size Reference
100 43 (1SD: 0.4) Vitt & Colli 1994
109 4.4 (1SD:0.4)  Vitt & Colli 1994
88 3.2(1SD:0.1)  Vitt & Colli 1994
103 3.9 (1SD:0.2)  Vitt & Colli 1994
89 6.7 (1SD:2.1)  Rocha 2008
Cnemidophorus cryptus Cole & Dessauer 1993 O 649(1SD:0.8) 1.9(1SD:0.1) Vittetal. 1997
C. lemniscatus (Linnaeus 1758) O 547(1SD:0.9) 1.7(1SD:0.1)  Vittetal. 1997
C. nativo Rocha, Bergallo & Peccinini-Seale1997 O 56.1 (1SD:4.5) 2.2 (1SD:1.0)  Menezes et al. 2004
C. ocellifer (Spix 1825) O 694 (1SD:0.5) 267 (1SD:0.7) Vitt1983
40%1 2.03 (1SD: 0.73) Mesquita & Colli 2003
C. vacariensis Feltrim & Lema 2000 O 70.0(1SD:5.9) 42(1SD:0.8)  Rezende-Pinto et al. 2009
Kentropyx paulensis Boettger 1893 O 7022 3-5 Anjos et al. 2002*
Teius oculatus (D’Orbignyi & Bibron 1837) O 1042 5-6 Cappellari & Rocha 2004*
Gymnophthalmidae
Leposoma scincoides Spix 1825 O 311 1-2 Teixeira & Fonseca 2003
Neusticurus (= Potamites) ecpleopus (Cope 1876) O 511 2 Vitt & Avila-Pires 1998
Neusticurus (= Potamites) juruazensis (Avila-Pires O 48* 2 Vitt & Avila-Pires 1998
& Vitt 1998)
Scincidae
Mabuya agilis (Raddi 1923) V 492+ 3.5 (1SD:1.04) Rocha & Vrcibradic 1999
79.6 (1SD:6.2) 5.7 (1SD:1.06) Teixeira et al. 2003
M. nigropunctata (Spix 1825) V 863 (1SD:14) 4.7 (1SD:0.14) Vitt & Blackburn 1991
M. dorsivittata Cope 1862 V 64-743 3.2 (1SD: 0.45) Vrcibradicet al. 2004*
M. frenata (Cope 1862) vV 71.0% 49 (1SD:1.1)  Vrcibradic & Rocha 1998
M. macrorhyncha Hoge 1947 VvV  59.9% 2.66 (1SD: 0.63) Rocha & Vrcibradic 1999
- 2.7 (1SD:0.5)  Vrcibradic & Rocha 2005*

Several authors have explored a considerable
amount of data which indicate that clutch size in-
creases with female body size in many popula-
tions of reptiles from the Northern Hemisphere
(e.g., Fitch 1970, Tinkle et al. 1970, Congdon &
Gibbons 1985, Seigel & Ford 1987) and Australia
(Ford & Siegel 1989). Only Fitch (1985), Vitt & La-
cher (1981) and Vitt (1986) included some informa-
tion on South American lizards. The prediction of
this relationship (SVL/clutch size) was important
in northern species to access an inverse relation-
ship between clutch size and egg size (see Ford &
Siegel 1989), and instigate the study of energy
consumption (e.g., Stewart 1979, Clutton-Brock
1984). However, only since the 1980s researchers
have begun the data collection and its suitable
analysis regarding reproductive features of Brazil-
ian lizards (e.g., Vitt & Lacher 1981). Here we pre-
sent a first approximation to this natural history
trend among Brazilian lizards, though further
studies on the reproductive aspects of many other
Brazilian species are still needed, to better under-
stand the extent of this trend among species, gen-
era and families. Furthermore, it is interesting to
identify how phylogeny influences the relation-
ship clutch size/body size, between the clades
Scleroglossa and Iguania, given that their separa-

tion is considered to have occurred in the late Tri-
assic (Evans 2003), although several authors sup-
port Scleroglossa as a polyphyletic group (Town-
send et al. 2004). We are aware of the phylogenetic
constraint, and that phylogenetic comparative
methods are the best approach. However, these
methods require that the group has a well-
supported phylogeny. Currently, the systematics
of the lizards still does not allow this, since the
most of the Brazilian species are rarely included.
The continuity of work is one of our goals; we
could then include other Neotropical species, not
only Brazilian. In this study, we prioritized the
recognition of patterns among the Brazilian spe-
cies, using available data. Thus, it acts primarily as
review the current state of art, and an indication
for further studies on phylogeny of lizards from
Brazil.
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