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Reproductive biology of two sympatric colubrid snakes, Chironius
flavolineatus and Chironius quadricarinatus, from the Brazilian
Cerrado domain

Roberta Richard Pinto!-", Otavio Augusto Vuolo Marques?, Ronaldo Fernandes'

Abstract. The reproductive biology of Chironius flavolineatus and C. quadricarinatus from the Brazilian Cerrado domain is
described, including sexual maturity, female fecundity, and reproductive cycles of males and females. Egg-laying is recorded
here for the first time for C. quadricarinatus. Males of both species attain sexual maturity with a smaller snout-vent length than
females. Females of C. flavolineatus have an extended reproductive cycle with egg production during the wet season, whereas
males exhibit year-round sperm production. Chironius quadricarinatus has continuous reproductive cycles in both sexes.
Differences in reproductive pattern between these two sympatric species are probably related to phylogenetic constraints on

intrageneric lineages of Chironius.
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Introduction

Neotropical snakes show greater diversity of
reproductive patterns in comparison to snakes
from temperate regions (Seigel and Ford, 1987;
Greene, 1997). Snakes from temperate areas
reproduce seasonally according to the warmer
seasons of the year whereas in tropical areas
reproductive cycles vary widely from seasonal
to continuous (Seigel and Ford, 1987; Shine,
2003). However, there is a paucity of stud-
ies about the reproductive biology of Neotrop-
ical snakes. Analyses of gonads from preserved
specimens may reveal several different patterns
of reproductive biology in snakes, such as sea-
sonal variation and fecundity (e.g., Pizzatto and
Marques, 2002; Alves et al., 2005), but only
females have been studied. Data characterizing
male reproductive cycles of Neotropical snake
species are scarce (cf. Almeida-Santos et al.,
2004). Studies including both sexes could in-
dicate variable reproductive features, such as
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sperm storage or asynchronous reproduction
(e.g., Seigel and Ford, 1987; Almeida-Santos et
al., 2004).

The genus Chironius Fitzinger, 1826 is com-
posed of diurnal, semi-arboreal and frog-eating
snakes (Dixon et al., 1993; Marques and Saz-
ima, 2004; Pinto et al., 2008), comprising 20
species occurring from Nicaragua to southern
Brazil, northern Argentina and Uruguay (Dixon
et al., 1993; Hollis, 2006). Chironius flavolin-
eatus (Jan, 1863) and C. quadricarinatus (Boie,
1827) are sympatric in most of their distribu-
tion (Dixon et al., 1993) and occur mainly in
the Brazilian Cerrado (central Brazilian savan-
nas, see Eiten, 1978; Ab’Saber, 2003). Although
sympatric and congeneric, these two species be-
long to different infrageneric clades of Chiro-
nius (Hollis, 2006). Chironius flavolineatus is
closely related to species found in forested re-
gions, such as Amazonian Forest (C. scurru-
lus), Atlantic Rainforest (C. fuscus and C. lae-
vicollis) and Montane Forest (C. leucometa-
pus). Chironius quadricarinatus forms a clade
with a Chacoan species, C. maculoventris. This
species pair is sister to the entire remainder of
the genus (see Hollis, 2006).

Reproductive data on the genus Chironius
is available mainly to Atlantic Forest popula-
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tion (Marques and Sazima, 2004). Dixon et
al. (1993) described information regarding the
natural history of all Chironius species; how-
ever, the number of analyzed mature specimens
was insufficient to reveal a reproductive pattern.
Sporadic information on the morphology and
reproduction of C. flavolineatus and C. quadri-
carinatus is also available (Dixon et al., 1993;
Feio et al., 1999; Argolo, 2004), whereas Pinto
etal. (2008) present data regarding the morphol-
ogy and diet of these species. However, no de-
tailed study has been published on the repro-
ductive biology of these two Cerrado species.
Herein, we present information on the reproduc-
tive biology of Chironius flavolineatus and C.
quadricarinatus, including sexual maturity, re-
productive cycles in males and females, and fe-
cundity.

R.R. Pinto, O.A.V. Marques, R. Fernandes

Materials and methods

‘We examined 256 specimens from Cerrado domain (fig. 1;
Chironius flavolineatus N = 108; C. quadricarinatus N =
148) housed in the following herpetological collections:
Museu Nacional, Universidade Federal do Rio de Janeiro
(MNRUJ), Rio de Janeiro, RJ; Instituto Butantan (IBSP), Sao
Paulo, SP; Universidade Estadual de Campinas (ZUEC),
Campinas, SP; Museu de Ciéncias e Tecnologia, PUCRS
(MCP), Porto Alegre, RS; Coleciao Herpetoldgica da Uni-
versidade de Brasilia (CHUNB), Brasilia, DF; Museu de
Zoologia da Universidade Federal de Vicosa (MZUFV),
Vigosa, MG; Museu de Ciéncias Naturais da PUC Minas
(MCN-R), Belo Horizonte, MG. All examined specimens
and localities are listed in the Appendix.

The following data were taken from each specimen: (1)
sex; (2) snout-vent length (SVL); (3) reproductive maturity.
The specific data were taken from males: (1) diameter
of deferens ductus; (2) largest and smallest diameter of
left and right testis to calculate total volume (e.g., Saint-
Girons, 1982) throughout the year (Volsge, 1944); and
from females: (1) number of eggs; (2) largest diameter of
the largest egg or secondary vitellogenesis follicles; (3)
presence of multiple clutches.

Males were considered mature if they had enlarged testes
and opaque deferens ductus (Shine, 1982), and females
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Figure 1. Geographic distribution of examined specimens of Chironius flavolineatus (circle) and C. quadricarinatus (square)
in Cerrado Domain.
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were considered mature if they had either ovarian follicles
in secondary vitellogenesis (>5 mm) or/and oviduct eggs
(e.g., Shine, 1980). The presence of multiples clutches was
characterized by females that presented mature vitellogenic
follicles and eggs simultaneously (see Shine, 1977a; Fitch,
1982).

Ductus deferens are recognized as the site of sperm stor-
age (Jones, 1998; Sever et al., 2002), showing increased dia-
meter when spermatozoa are present (Shine, 1977b; Pizzatto
and Marques, 2002; Almeida-Santos et al., 2004), so the
diameter of deferens ductus was measured near the cloacal
plate (third ventral scale before cloacae). Volume of testes
was calculated using the ellipsoid formula (e.g., James and
Shine, 1985).

Additional data were obtained from two captive gravid
females of C. quadricarinatus, which had laid eggs in a
terrarium at the Laboratorio de Ecologia e Evolucdo do
Instituto Butantan. These two clutches were incubated in
a plastic container with moistened vermiculite at room
temperature varying from 19°C to 32°C. The following
data were taken from each hatching: (1) sex; (2) SVL; (3)
tail length (TAL); (4) total length (TL); (5) mass (M). The
masses of these gravid female were also recorded.

All linear measures were taken with a dial calliper to
the nearest 0.01 mm, except for snout-vent and tail lengths,
which were taken with a flexible ruler to the nearest mil-
limetre (mm). Female body and hatchling mass were re-
corded to the nearest 0.01 g.

Interespecific variation in size (SVL) at maturation was
evaluated under MANOVA (see Pinto et al., 2008). Repro-
ductive pattern was analyzed with graphical analysis of sea-
sonality of the diameter of the largest follicles and eggs
for females. Residuals of linear regressions from volume
of testes and diameter of deferens ductus with SVL were
used to justify the graphical analysis of seasonality in both
species. Analysis of covariance (ANCOVA with SVL as co-
variate) was used to verify interspecific differences in all
comparable variables.

Fecundity was estimated by linear regressions of female
size (SVL) against number of eggs and egg size. The inde-
pendence of number of eggs and egg size in each species
were ensured by linear regressions (Stewart, 1979). Due to
results in linear regression of female size and number of
eggs and egg size, an analyse of covariance (ANCOVA with
SVL as covariate) was used to verify interspecific differ-
ences in egg size, and an analyse of variance (ANOVA) was
used to verify interspecific differences in number of eggs.
Student 7-tests for independent groups were used to test for
seasonal occurrence of mature males and females among the
dry and rainy season, thus testing for homogenous sampling
for both species. Along the study region, the rainy and dry
seasons are roughly homogeneous. The rainy season starts
in October and extends up to March. The remaining of the
year consists in the dry season.

All samples included only mature specimens and statis-
tical analyses were made with STATISTICA for Windows
version 6.0 (Statsoft, 2001). All continuous variables were
transformed to their natural log prior to analysis. We used a
significance index value of P < 0.05 for all analyses.

Results
Sexual maturity

Mature male C. flavolineatus (fig. 2a) averaged
671.0+£77.2 mm SVL (507-808 mm; N = 40),
and mature females averaged 714.3 £ 64.6 mm
SVL (606-894 mm; N = 68). Mature male C.
quadricarinatus (fig. 2b) averaged 621.6 £69.1
mm SVL (504-771 mm; N = 57), and mature
females averaged 645.7 & 57.3 mm SVL (514-
812 mm; N = 91). In both species, males ma-
ture with a smaller SVL than females. Females
are also significantly larger than males in both
species (Fj 250 = 13.5; P < 0.001). For inter-
specific differences see Pinto et al. (2008).

Female reproductive cycle

No seasonality in number of adults was found
among the rainy and dry seasons, although data
suggest that adults may be less common during
dry season in C. flavolineatus (6.0 = 2.7 vs
12+7.7,t = —1.85;df = 10; P = 0.09) and
in C. quadricarinatus (9.3 = 5.6 vs 14.5 £ 9.8,
t =—1.12;df = 10; P = 0.28).

Chironius flavolineatus exhibits a seasonal
reproductive cycle with vitellogenic follicles
and oviduct eggs occurring mainly during rainy
season (fig. 3a), and C. quadricarinatus shows
an extended reproductive cycle with oviduct
eggs more abundant at the onset of the rainy
season (fig. 3b). A female of C. flavolineatus
with eggs in the oviduct and vitellogenic folli-
cles in the same ovary was collected in October
(N = 1) (fig. 3a). In C. quadricarinatus this
condition was observed in July (N = 1) and
September (N = 1) (fig. 3b).

Fecundity

Mean egg size in C. quadricarinatus (30.4 +
5.5;23.6-41.6 mm; N = 20) was significantly
smaller than in C. flavolineatus (34.4 + 6.4;
25.1-51.3 mm; N = 21) (Fi39 = 5.0; P <
0.05). However the mean number of eggs in the
oviduct of C. quadricarinatus (5.1 £ 1.6; 3-8;
N = 21) and C. flavolineatus (5.9 £ 1.9; 3-
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Figure 2. Male adult of Chironius flavolineatus (a; IBSP 57350) and male adult of C. quadricarinatus (b; IBSP 57351) from

UHE Miranda, Uberlandia, MG, Brazil.

11; N = 21) was not significantly different
(F13¢ = 0.2; P = 0.63). There was a sig-
nificant positive correlation between clutch size
and female snout-vent length in both species (C.
flavolineatus, F» 19 = 4.2; P = 0.05; R? =
0.2; and C. quadricarinatus, F»17 = 26.4;
P < 0.001; R* = 0.5; fig. 4a, b). No significant
difference was found in female size and egg size
in both species (C. flavolineatus, F» 19 = 0.005;
P = 0.9; and C. quadricarinatus, F, 13 = 1.7,

P = 0.2). An negative correlation was found
between clutch size and egg size in C. flavo-
lineatus (F2,19 = 4.6; P < 0.05; R? = 0.2;
fig. 4c), whereas no correlation was observed
in C. quadricarinatus (F,13 = 0.6; P = 0.5;
R? = 0.3; fig. 4d).

Captivity egg-laying records

Two oviposition events were recorded for C.
quadricarinatus in captivity. A gravid female
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Figure 3. Seasonal variation in the largest diameter of the largest vitellogenic follicle (®) or egg oviductal (O) in Chironius
Sfavolineatus (a) and C. quadricarinatus (b). Multiple clutches were represented by an arrow.

(IBSP 72091, SVL = 690 mm, TAL = 365
mm, M = 75 g), collected on November 19th,
2004, in Paulinia municipality, Sdo Paulo state,
laid six eggs on November 25th, 2004. Three
males and three females hatched from these
eggs on March 16th, 2005 (SVL = 211.8 £8.4;
200-221 mm; TAL = 115.5 £ 5.0; 110-122

mm; TL = 327.3 & 10.9; 315-341 mm; M =
4.2 +0.4; 3.8-4.9 mm).

Another gravid female (IBSP 73817, SVL =
625 mm, TAL = 345 mm, M = 42 g) collected
in December 2nd, 2005, in Pindamonhangaba
municipality, Sdo Paulo state, laid seven eggs in
same day (Relative clutch mass = 0.43), none
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Figure 4. Relationship between female snout-vent length and number of eggs in Chironius flavolinetaus (a; R? = 0.2)
and C. quadricarinatus (b; R? = 0.5); and relationship between number of eggs and largest diameter of largest egg in C.
flavolinetaus (c; R? = 0.2) and C. quadricarinatus (d; R? = 0.3).

of which hatched. The largest diameter of eggs
from this female was reported (26.2 £ 1.6; 24.0-
28.1 mm) in reproductive cycle (fig. 3b).

Male reproductive cycle

Analyses of the seasonal variation of the def-
erens ductus (fig. 5) and volume of the testes
(fig. 6) indicate that males of both species have
continuous sperm production (in the testes) and
storage (in the deferens ductus). Although the
testes from C. flavolineatus were larger, there
was no significant different between the species
(F],gg = 04, P = 05)

Discussion

Dixon et al. (1993) suggested that Chironius
quadricarinatus shows seasonal reproduction
based on four specimens. The present study

shows a large number of gravid females at the
end of year (wet season). However, the pres-
ence of gravid females in the dry season sug-
gests an extended seasonal reproduction where
most oviposition may occur during the middle
of rainy season. In both species egg-laying is
concentrated in warmer and wetter months as
have been recorded in other Neotropical colu-
brid snakes (e.g., Pizzatto and Marques, 2002;
Marques and Muriel, 2007). Thus most eggs
will be incubated in suitable condition for em-
bryonic development (see Vinegar, 1977).

Both Chironius quadricarinatus and C. flavo-
lineatus present females simultaneously bear-
ing mature vitellogenic follicles and eggs.
This condition is often interpreted as multi-
ple clutches, which may indicate aseasonal re-
production (e.g., Pinto and Fernandes, 2004;
Marques and Muriel, 2007). However, Chiro-
nius flavolineatus presented a seasonal repro-
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Figure 5. Seasonal variation in diameter of deferens ductus in Chironius flavolinetaus (a) and C. quadricarinatus (b).
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Figure 6. Seasonal variation in volume of testes in Chironius flavolinetaus (a) and C. quadricarinatus (b).

ductive pattern with multiple clutches probably
occurring only during the wet season. Multiple
clutches may be common among tropical colu-
brid species. Apparently this strategy is related
to high food availability and good environmen-
tal conditions through all the year (Brown and
Shine, 2002).

Female snakes are often under stronger se-
lective pressure to have larger size (SVL) than
males (Shine, 1994) due to high correlation be-
tween clutch size and body size (Parker and
Plummer, 1987). Also, female size has positive
or negative effects in offspring and litter size
(e.g., Stewart, 1979, 1989; Shine, 1981; King,
1993). Chironius flavolineatus and C. quadri-
carinatus females are larger than males (Pinto
et al., 2008) and size had a significant posi-
tive correlation with clutch size (quantitative in-
vestment [Shine, 2003]), as reported to other

Neotropical colubrids (e.g., Zug et al., 1979;
Censky and McCoy, 1988; Shine, 2003).
Females of Chironius bicarinatus from At-
lantic forest have seasonal reproductive cycle
and mating occurs at the onset of the dry sea-
son prior to a period of ovulation (at rainy sea-
son) indicating a dissociated reproductive pat-
tern (Marques et al., 2009). However, male-
male combat behaviour in this species was
observed during rainy season (Almeida-Santos
and Marques, 2002) suggesting that mating can
occur during two periods of the year (Mar-
ques et al., 2009). Chironius flavolineatus fe-
males also present an extended seasonal repro-
duction with ovulation during the rainy sea-
son. Courtship behaviour was recorded in Oc-
tober during the rainy season (Feio et al., 1999).
These data corroborate the idea that mating in
Chironius occurs at least in two periods of the
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year (Marques et al., 2009). Moreover the dia-
meter of deferens ductus and volume of testes
does not vary seasonally in both species. In
species that mate only one period of the year the
diameter and the volume do vary (e.g., Almeida-
Santos et al., 20006).

Tropical snakes seem to exhibit a higher di-
versity of reproductive patterns when compared
to species in temperate areas (e.g., Seigel and
Ford, 1987; Greene, 1997), and some of this
variation is related to phylogenetic constraints.
Most Xendodontini have a consistent continu-
ous reproductive cycle (Pinto and Fernandes,
2004; Pizzatto et al., 2008), although Pizzatto et
al. (2008) identified some variation due to cli-
mate. Furthermore, differences in reproductive
patterns may arise from differences in resource
levels, since related sympatric species that oc-
cur in similar areas show different patterns of
resource use (Shine, 2003; Ji and Wang, 2005;
Santos et al., 2005; Pizzatto et al., 2008). Chi-
ronius flavolineatus and C. quadricarinatus are
sympatric in most of their distribution and occur
mainly in the same climatic conditions. Addi-
tional they eat similar small size abundant anu-
ran species (see Pinto et al., 2008). However
they do not share the same reproductive pattern,
providing evidence that proximal factors (cli-
mate, general habitat types) alone are not suffi-
cient to explain variation in snake reproductive
modes.

According to the most recent published phy-
logeny (Hollis, 2006), Chironius flavolineatus is
closely related to species showing seasonal re-
production, such as C. fuscus and C. laevicol-
lis (Marques and Sazima, 2004). Apparently, fe-
male reproductive cycle in Chironius genus is
a conserved character among related species or
species groups, but not in the entire genus. The
relationship between Chironius and other colu-
brids perhaps explain these differences. Chiro-
nius quadricarinatus is nested within a clade,
which is sister to all remaining Chironius. This
early divergence may explain the retention of
similar traits as those found in other related Col-
ubrid snakes (e.g., Mastigodryas, Marques and

R.R. Pinto, O.A.V. Marques, R. Fernandes

Muriel, 2007) that also show continuous repro-
ductive cycle.

The central position of the Cerrado, its an-
cient age (see Silva and Bates, 2002) and its
wide habitat heterogeneity all seem to favour
the coexistence of sympatric lineages showing
different eco-evolutionary traits (see Werneck
and Colli, 2002; Costa et al., 2007; Franca et
al., 2008; Nogueira et al., 2009; Werneck et
al., 2009), such as those observed in Chironius.
Moreover, the two species present slight differ-
ences in habitat use patterns, with C. flavolinea-
tus being more often associated to forested sites
than C. quadricarinatus (Franca et al., 2008).
These differences may well be explained by the
same historic-biogeographical factors that gen-
erate differences in reproductive traits although
further research is still necessary to uncover the
relationships between biogeography, habitat use
and reproductive strategies in Chironius.

Acknowledgements. We are thankful to I. Sazima (ZUEC),
S.M. Almeida-Santos and R. Sawaya (IBSP), C. Nogueira
(CI), and especially W.B. Jennings (HSU) for helpful in-
sights on early versions of the manuscript; F.L. Franco and
V.J. Germano (IBSP), G.R. Colli and M.G. Zatz (CHUNB),
1. Sazima (ZUEC), M. Di-Bernardo (in memoriam; MCP),
L.B. Nascimento (MCN-R) and R.N. Feio (MZUFV) for
the access and loan of the specimens. We are thankful to
Conselho Nacional de Desenvolvimento Cientifico e Tec-
nolégico (CNPq), Fundagdo Carlos Chagas Filho de Am-
paro a Pesquisa do Estado do Rio de Janeiro (FAPERIJ), and
Fundag@o de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP) for financial support.

References

Ab’Saber, A.N. (2003): Os dominios de natureza no Brasil.
Pontencialidades paisagisticas. Sdo Paulo, Atelié Edito-
rial.

Almeida-Santos, S.M., Marques, O.A.V. (2002): Male-male
ritual combat in the colubrid snake Chironius bicar-
inatus from the Atlantic Forest, southeastern Brazil.
Amphibia-Reptilia 23: 528-533.

Almeida-Santos, S.M., Laporta-Ferreira, I.L., Antoniazzi,
M.M., Jared, C. (2004): Sperm storage in males of the
snake Crotalus durissus terrificus (Crotalinae: Viperi-
dae) in southeastern Brazil. Comp. Biochem. Physiol. A
139: 169-174.

Almeida-Santos, S.M., Pizzatto, L., Marques, O.A.V.
(2006): Intra-sex synchrony and inter-sex coordination



http://www.ingentaconnect.com/content/external-references?article=1095-6433()139L.169[aid=7768432]
http://www.ingentaconnect.com/content/external-references?article=1095-6433()139L.169[aid=7768432]

Reproductive biology of Chironius flavolineatus and Chironius quadricarinatus 471

in the reproductive timing of the coral snake Micrurus
corallinus (Elapidae). Herpetol. J. 16: 371-376.

Alves, F.Q., Argolo, A.J.S., Jim, J. (2005): Biologia repro-
dutiva de Dipsas neivai Amaral e D. catesbyi (Sentzen)
(Serpentes, Colubridae) no sudeste da Bahia, Brasil.
Rev. Bras. Zool. 22: 573-579.

Argolo, A.J.S. (2004): As serpentes dos cacauais do sudeste
da Bahia. Bahia, Editus.

Brown, G.P,, Shine, R. (2002): Reproductive ecology of a
tropical natricine snake, Tropidonophis mairii (Colubri-
dae). J. Zool. Lond. 258: 63-72.

Censky, E.J., McCoy, C.J. (1988): Female reproductive
cycles of five species of snakes (Reptilia: Colubridae)
from Yucatan Peninsula, Mexico. Biotropica 20: 326-
333.

Costa, G.C., Nogueira, C., Machado, R.B., Colli, G.R.
(2007): Squamate richness in the Brazilian Cerrado and
its environmental-climatic associations. Divers. Distrib.
13: 714-724.

Dixon, J.R., Wiest, J.A., Cei, J.M. (1993): Revision of the
tropical snake Chironius Fitzinger (Serpentes, Colubri-
dae). Monogr. Mus. Reg. Sci. Nat. Torino 13: 1-279.

Eiten, G. (1978): Delimitation of the Cerrado concept.
Vegetatio 36: 169-178.

Feio, R., Santos, P.S., Fernandes, R., de Freitas, T.S. (1999):
Chironius flavolineatus. Courtship. Herpetol. Rev. 30:
99.

Fitch, H.S. (1982): Reproductive cycles in tropical reptiles.
Occ. Pap. Mus. Nat. Hist. Univ. Kansas 96: 1-53.

Franca, F.G.R., Mesquita, D.O., Nogueira, C.C., Aratjo,
A.FEB. (2008): Phylogeny and ecology determine mor-
phological structure in a snake assemblage in the Central
Brazilian Cerrado. Copeia 2008: 23-38.

Greene, H.W. (1997): Behavior, reproduction, and popula-
tion biology. In: Snakes. The Evolution of Mystery in
Nature, p. 117-139. Greene, H.W., Ed., Berkeley, Uni-
versity of California Press.

Hollis, J. (2006): Phylogenetics of the genus Chironius
Fitzinger, 1826 (Serpentes, Colubridae) based on mor-
phology. Herpetologica 62: 435-453.

James, C., Shine, R. (1985): The seasonal timing of repro-
duction: A tropical-temperate comparison in Australian
lizards. Oecologia 67: 464-474.

Ji, X., Wang, Z.W. (2005): Geographic variation in repro-
ductive traits and trade-offs between size and number
of eggs of the Chinese Cobra (Naja atra). Biol. J. Linn.
Soc. 85: 27-40.

Jones, R.C. (1998): Evolution of the vertebrate epididymis.
Supplement. J. Reprod. Fert. 53: 163-181.

King, R.B. (1993): Determinants of offspring number and
size in the brown snake, Storeria dekayi. J. Herpetol. 27:
175-185.

Marques, O.A.V., Muriel, A.P. (2007): Reproductive bi-
ology and food habitats of the swamp racer snake
Mastigodryas bifossatus (Colubridae) from southeastern
South America. Herpetol. J. 17: 104-109.

Marques, O.A.V., Sazima, 1. (2004): Histéria natural dos
répteis da Estacdo Ecoldgica Juréia-Itatins. In: Es-
tacdo Ecoldgica Juréia-Itatins. Ambiente Fisico, Flora e
Fauna, p. 257-277. Marques, O.A.V., Duleba, W., Eds,
Séo Paulo, Holos Editora.

Marques, O.A.V., Almeida-Santos, S.M., Rodrigues, M.,
Camargo, R. (2009): Mating and reproductive cycle in
the neotropical colubrid snake Chironius bicarinatus. S.
Am. J. Herpetol. 4: 76-80.

Nogueira, C., Colli, G.R., Martins, M. (2009): Local rich-
ness and distribution of the lizard fauna in natural habi-
tat mosaics of the Brazilian Cerrado. Austral Ecol. 34:
83-96.

Parker, W.S., Plummer, M.V. (1987): Population ecology.
In: Snakes: Ecology and Evolutionary Biology, p. 253-
301. Seigel, R.A., Collins, J.T., Novak, S.S., Eds, New
York, McMillan.

Pinto, R.R., Fernandes, R. (2004): Reproductive biology
and diet of Liophis poecilogyrus poecilogyrus (Ser-
pentes: Colubridae) from southeastern Brazil. Phyllome-
dusa 3: 9-14.

Pinto, R.R., Fernandes, R., Marques, O.A.V. (2008): Mor-
phology and diet of two sympatric colubrid snakes, Chi-
ronius flavolineatus and Chironius quadricarinatus (Ser-
pentes: Colubridae). Amphibia-Reptilia 29: 149-160.

Pizzatto, L., Marques, O.A.V. (2002): Reproductive biology
of the false coral snake Oxyrhopus guibei (Colubridae)
from southeastern Brazil. Amphibia-Reptilia 23: 495-
504.

Pizzatto, L., Jorddo, R.S., Marques, O.A.V. (2008):
Overview of reproductive strategies in Xenodontini
(Serpentes: Colubridae: Xenodontinae) with new data
for Xenodon neuwiedii and Waglerophis merremii. J.
Herpetol. 42: 153-162.

Saint-Girons, H. (1982): Reproductive cycles of male
snakes and their relationships with climate and female
reproductive cycles. Herpetologica 38: 5-16.

Santos, X., Llorente, G.A., Feriche, M., Pleguezuelos, J.M.,
Casals, F., de Sostoa, A. (2005): Food availability in-
duces geographic variation in reproductive timing of
an aquatic oviparous snake (Natrix maura). Amphibia-
Reptilia 26: 183-191.

Seigel, R.A., Ford, N.B. (1987): Reproductive ecology. In:
Snakes: Ecology and Evolutionary Biology, p. 210-252.
Seigel, R.A., Collins, J.T., Novak, S.S., Eds, New York,
McMillan.

Sever, D.M., Stevens, R.A., Ryan, T.J., Hamlett, W.C.
(2002): Ultrastructure of the reproductive system of the
black swamp snake (Seminatrix pygaea): I11. Sexual seg-
ment of the male kidney. J. Morphol. 252: 238-254.

Shine, R. (1977a): Reproduction in australian elapid snakes
II. Female reproductive cycles. Aust. J. Zool. 25: 655-
666.

Shine, R. (1977b): Reproduction in Australian elapid snakes
I. Testicular cycles and mating seasons. Aust. J. Zool.
25: 647-653.

Shine, R. (1980): Comparative ecology of three australian
snake species of the genus Cacophis. Copeia 4: 831-838.

Shine, R. (1981): Venomous snakes in cold climates: ecol-
ogy of the Australian elapid snakes. Herpetologica 34:
73-79.

Shine, R. (1982): Ecology of the australian elapid snake
Echiopsis curta. J. Herpetol. 16: 388-393.

Shine, R. (1994): Sexual size dimorphism in snakes revis-
ited. Copeia 1994: 326-345.



http://www.ingentaconnect.com/content/external-references?article=1442-9985()34L.83[aid=9353263]
http://www.ingentaconnect.com/content/external-references?article=1442-9985()34L.83[aid=9353263]
http://www.ingentaconnect.com/content/external-references?article=0022-1511()42L.153[aid=9353262]
http://www.ingentaconnect.com/content/external-references?article=0022-1511()42L.153[aid=9353262]
http://www.ingentaconnect.com/content/external-references?article=0362-2525()252L.238[aid=7768442]
http://www.ingentaconnect.com/content/external-references?article=0004-959x()25L.647[aid=3405003]
http://www.ingentaconnect.com/content/external-references?article=0004-959x()25L.647[aid=3405003]
http://www.ingentaconnect.com/content/external-references?article=0022-1511()16L.388[aid=977878]
http://www.ingentaconnect.com/content/external-references?article=0268-0130()17L.104[aid=9353265]
http://www.ingentaconnect.com/content/external-references?article=0022-1511()27L.175[aid=4855933]
http://www.ingentaconnect.com/content/external-references?article=0022-1511()27L.175[aid=4855933]
http://www.ingentaconnect.com/content/external-references?article=0024-4066()85L.27[aid=9353267]
http://www.ingentaconnect.com/content/external-references?article=0024-4066()85L.27[aid=9353267]
http://www.ingentaconnect.com/content/external-references?article=1366-9516()13L.714[aid=9353269]
http://www.ingentaconnect.com/content/external-references?article=1366-9516()13L.714[aid=9353269]
http://www.ingentaconnect.com/content/external-references?article=0268-0130()16L.371[aid=9353271]
http://www.ingentaconnect.com/content/external-references?article=0045-8511()1994L.326[aid=27946]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()26L.183[aid=7469734]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()26L.183[aid=7469734]
http://www.ingentaconnect.com/content/external-references?article=0018-0831()38L.5[aid=1258701]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()23L.495[aid=6535521]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()29L.149[aid=9353273]
http://www.ingentaconnect.com/content/external-references?article=0029-8549()67L.464[aid=3404998]
http://www.ingentaconnect.com/content/external-references?article=0018-0831()62L.435[aid=9353275]
http://www.ingentaconnect.com/content/external-references?article=0045-8511()2008L.23[aid=9353276]
http://www.ingentaconnect.com/content/external-references?article=0042-3106()36L.169[aid=1258851]
http://www.ingentaconnect.com/content/external-references?article=0006-3606()20L.326[aid=8156830]

472

Shine, R. (2003): Reproductive strategies in snakes. Proc.
R. Soc. Lond. B. 270: 995-1004.

Silva, J.M.C., Bates, J.M. (2002): Biogeographic patterns
and conservation in the South American Cerrado: a
tropical savanna hotspot. BioScience 52: 225-233.

Statsoft, Inc. (2001): Statistica for Windows, version 6.0.
Tulsa.

Stewart, J.R. (1979): The balance between number and
size of young in the live-bearing lizard Gerrhonotus
coeruleus. Herpetologica 35: 342-350.

Stewart, J.R. (1989): Facultative placentotrophy and the
evolution of squamate placentation: quality of eggs and
neonates in Virginia striatula. Am. Nat. 133: 111-137.

Vinegar, A. (1977): Evolutionary implications of tempera-
ture induced anomalies of development on snake em-
bryos. Herpetologica 30: 72-74.

Volsge, H. (1944): Seasonal variation of the male reproduc-
tive organs of Vipera berus (L.). Spolia Zool. Mus. Hau-
niensis 5: 1-157.

Werneck, EP., Colli, G.R. (2002): The lizard assemblage
from seasonally dry Tropical Forest enclaves in the Cer-
rado biome, Brazil, and its association with the Pleis-
tocenic Arc. J. Biogeog. 33: 1983-1992.

Werneck, EP., Giugliano, L.G., Collevatti, R.G., Colli,
G.R. (2009): Phylogeny, biogeography and evolution of
clutch size in South American lizards of the genus Ken-
tropyx (Squamata: Teiidae). Mol. Ecol. 18: 262-278.

Zug, G.R., Hedges, B.S., Sunkel, S. (1979): Variation in re-
productive parameters of three Neotropical snakes, Co-
niophanes fissidens, Dipsas catesbyi e Imantodes cen-
choa. Smith. Contrib. Zool. 300: 1-20.

Received: February 1, 2010. Accepted: April 21, 2010.

Appendix: Specimens examined

Chironius flavolineatus — BRAZIL: Mato Grosso: Barra
do Tapirapé (MNRJ 588-89); Xavantina (MNRJ 6697,
7778-79, 9273-76); Tocantins: Palmas (CHUNB 21959-60).
BAHIA: Corumba de Goias (IBSP 49828); Goias: Cristalina
(IBSP 45195); Formosa (CHUNB 19698); Itumbiara (IBSP
42851); UHE Serra da Mesa, Minacu (MCP 8192-96,
8219, 8227-28, 8426-27, 8568); UHE Serra da Mesa,
Niquelandia (MCP 4286); Pirenépolis (CHUNB 3632);
Uruagu (MNRJ 7495); Distrito Federal: Brasilia (CHUNB
3633; MNRJ 3242). Goids/Minas Gerais: UHE Queima-
dos (Luziania-GO; Unai-MG) (MNRJ 10929). MINAS
GERAIS: Antonio Carlos (IBSP 18838, 19633, 22683,
24056); Barra Feliz (IBSP 17304); Belo Horizonte (MCNR
440); Concei¢do do Mato Dentro (MCNR 534); Cruzilia
(IBSP 30978); Jaiba (MZUFV 943-44, 946); Jodo Pin-
heiro (MNRJ 12900-01); Juiz de Fora (IBSP 32266, 33044,
33180); Lima Duarte (MNRJ 6698); Matias Cardoso (IBSP
67911); Miguel Burnier (IBSP 16587); Nova Lima (MCNR
1466, 1474); Nova Ponte (MNRJ 4696); Perdoes (MCNR
509); Poco de Caldas (IBSP 42435; ZUEC 2013); Presi-
dente Olegdrio (MNRIJ 6702); Santa Barbara (IBSP 30000,
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55525); Trés Coragdes (IBSP 34154); Uberlandia (MCNR
1290). Minas Gerais/Sdo Paulo: UHE Igarapava (Rifaina,
Igarapava-SP; Conquista, Uberaba and Sacramento-MG)
(MCNR 791-93). Sao Paulo: Agudos (IBSP 31520, 31555,
32066, 34314, 46183); Andradina (IBSP 19553); An-
gatuba (IBSP 32774, 45714, 46124); Américo Brasiliensi
(ZUEC 2470); Aracatuba (IBSP 25297, 25362, 31801,
32555); Aragariguara (IBSP 56960); Araraquara (IBSP
16580, 16588); Avaré (IBSP 58747); Bauru (IBSP 34476,
59585); Bento de Abreu (IBSP 23288); Birigui (IBSP
28828); Boa Esperanga do Sul (IBSP 41106); Boituva
(IBSP 18134, 32168); Brotas (IBSP 67874; ZUEC 1021);
Buri (IBSP 20939); Capao Bonito (IBSP 33577, 43210);
Catanduva (IBSP 23186); Catingua (IBSP 16375); Cesario
Longe (IBSP 43069); Colombia (IBSP 32250); Descal-
vado (IBSP 23456, 43653, 64916); Espradia (IBSP 16586);
Fernanddpolis (IBSP 32666); Franca (IBSP 1183, 1815,
27878); Glicério (IBSP 22922); Guararapes (IBSP 32676);
Ibitinga (IBSP 23367); Indaiatuba (IBSP 57466); Intbia
Paulista (IBSP 33472); Itapetininga (IBSP 45756, 55645);
Itapeva (IBSP 28487); Iti (IBSP 31155, 46970, 59006,
68527, 70687); Ituverava (IBSP 32100); Jaboticabal (IBSP
11820, 50599); Jai (IBSP 27775); Lins (IBSP 15449,
43624); Matao (IBSP 32580, 32626, 43040); Piedade (IBSP
33609, 58761, 71558); Pilar do Sul (IBSP 59643); Pirassu-
nunga (IBSP 27508, 33525, 69494, 69994); Pratania (ZUEC
994); Ribeirao Branco (ZUEC 1585); Ribeirao Preto (IBSP
21811); Rosana (Porto Primavera) (IBSP 43640-41, 43643,
43645); Santa Rita do Passa Quatro (IBSP 31754); Sao José
do Rio Preto (IBSP 16594, 30343, 30813); Sdo Miguel Ar-
canjo (IBSP 40412, 52221); Sorocaba (IBSP 23021, 24568,
25326, 24586); Uchda (IBSP 28082, 28132); Votuporanga
(MCP 7297). Parand: Porto Rico (IBSP 31244). Mato
Grosso do Sul: Anaurilandia (IBSP 63043); Campo Grande
(IBSP 42295, 42395, 42968-69); Jupia (IBSP 21653, 21814,
22599, 22607, 21902, 29369); Nioaque (IBSP 40423);
Paranaiba (IBSP 46116).

Chironius quadricarinatus — BRAZIL, Mato Grosso:
Barra do Gargas (IBSP 19957). Tocantins: Natividade (IBSP
32586); Santa Isabel (IBSP 12056). Goias: Alto Paraiso de
Goias (CHUNB 20327); Aruana (IBSP 42177); Itumbiara
(IBSP 33588, 33590); Luzidnia (CHUNB 20328, 20331).
Distrito Federal: Brasilia (CHUNB 20323). Goids/Minas
Gerais: UHE Queimados (Luzidnia-GO and Unai-MG)
(MNRIJ 10926-28; MCNR 1018). MINAS GERAIS: Bru-
madinho (MCNR 642); Carmo do Rio Claro (MNRJ
1841); Cataguases (MCNR 907); Coronel Fabriciano (IBSP
22996, 23124); Frutal (IBSP 37268); Grao Mogol (IBSP
56504); Jacui (IBSP 64890); Juiz de Fora (IBSP 27832-
34, 27950, 29144-45, 31341, 33358, 34201, 40749, 40752-
53, 45665); Lagoa Santa (MNRIJ 1324); Lima Duarte (IBSP
15323); Machado (IBSP 14362); Ouro Fino (IBSP 15270,
15486, 57303; ZUEC 72); Ouro Preto (MCNR 080); Pi-
rapora (MNRIJ 4019); Rio Casca (MNRJ 1967); Rio Pan-
deiro (IBSP 9168); Sao Vicente de Minas (IBSP 70580);
Sossego (IBSP 28531); Uberaba (IBSP 10948, 31550,
31553); Uberlandia (IBSP 15680); UHE Miranda, Uber-
landia (IBSP 57351); UHE Irapé (Botumirim) (MCNR
1598). Minas Gerais/Sdo Paulo: UHE Igarapava (Rifaina,
Igarapava-SP; Conquista, Uberaba and Sacramento-MG)
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(MCNR 152). Sao Paulo: Agudos (IBSP 31487, 44193);
Andradina (IBSP 27785, 28928); Aparecida (IBSP 19497,
30314, 30323); Aragatuba (IBSP 27424, 31735, 31746,
32616); Atibaia (IBSP 17511, 19400-01, 58565, 61203);
Avaré (IBSP 13165, 23099, 23110); Bauru (IBSP 17035);
Bofete (IBSP 70070); Botucatu (IBSP 22481, 59520); Bra-
ganca Paulista (IBSP 30573); Buri (IBSP 18267-68, 18298,
18651); Cagapava (IBSP 29108); Campinas (IBSP 17895,
18461, 58515; ZUEC 70-71, 164, 182, 503, 509, 887,
1020); Campo Alegre (IBSP 846); Campo Largo (IBSP
16583); Capivari (IBSP 70531); Carapicuiba (IBSP 27082,
55386); Cesario Longe (IBSP 66423); Coimbra (IBSP
16571); Conchas (IBSP 790); Cotia (IBSP 5194); Es-
pirito Santo do Turvo (IBSP 66532); Franca (IBSP 315);
Guaratinguetd (IBSP 28813); Guarulhos (IBSP 21519,
26904); Jundiai (IBSP 29491, 62002, 66735, 68137);

Lins (IBSP 32496); Nova Odessa (ZUEC 2681); Pauli-
nia (IBSP 72091); Piedade (IBSP 33610); Pilar do Sul
(IBSP 50271, 58291; MCP 7299); Pindamonhangaba (IBSP
18824, 22107-09, 27414, 55637, 60674, 67527, 67875,
73817); Rincdo (IBSP 28958); Sao José dos Campos (IBSP
18485, 23716, 26936, 28088, 28098, 28406-07, 29244,
67794, 68601). Mato Grosso do Sul: Agua Boa (IBSP
56803-04); Campo Grande (IBSP 15242, 27784); Corumba
(IBSP 17003, 17045, 17211, 17284-85, 18822, 40932);
Dourados (IBSP 24672); Jupia (IBSP 22030, 22035, 21901,
22208, 22643, 22970, 27642, 29301, 29357, 29550); Mi-
randa (IBSP 55126); Nova Andradina (IBSP 19142, 27413);
Paranaiba (IBSP 46121); Ponta Pora (IBSP 17023, 18296,
23735, 26787, 42398).



