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ABSTRACT.—Reproductive patterns are highly variable among Neotropical colubrids. Snakes of the Tribe

Xenodontini are widely distributed in South America and show continuous reproductive cycles in many

areas. We report interspecific and intraspecific variation in reproductive traits among these snakes and also

show that seasonal cycles occur mainly in cooler areas. Clutch size relative to body size is similar among

species, but Erythrolamprus spp. seem to lay fewer eggs than other species, and Waglerophis merremii from

southeastern and southern Brazil lay more eggs than other species. Newborn Erythrolamprus are larger than

all other Xenodontini, which may be related to ophiophagy. As in many other snakes, adult females are

larger than males, but both sexes attain maturity with a proportionally similar body size. The sexual size

dimorphism index is generally lower in smaller bodied species, and combat may be absent in the tribe. Male

reproductive cycles are less well studied but seem to be more conservative, being continuous in all species

studied (W. merremii, Xenodon neuwiedii, and Liophis miliaris). Phylogeny has an important role in

reproductive patterns but climate and life-history traits can also influence tropical and subptropical species.

Elucidating reproductive characters is essen-
tial for understanding the animal life cycle.
Reproduction in snakes has historically been
studied mainly in north temperate areas. Spe-
cies in these relatively cold regions typically
reproduce in the warmer seasons (boreal
spring-summer), and reproductive frequency
is supra-annual, at least for females (Seigel
and Ford, 1987). Despite the great diversity of
snakes (especially the lineages of Colubriodea),
the reproductive biology of many species are
poorly studied, particularly for tropical and
subtropical species from the New World. Earlier
reviews expressed the belief that most tropical
snakes reproduce annually and continuously
(Fitch, 1970, 1982). More recent works have
demonstrated that reproductive patterns of
tropical species vary from strictly seasonal
(Shine, 1991; Marques, 1996a) to broadly sea-
sonal (Fowler et al., 1998), as well as continuous
(Shine, 1991; Pizzatto and Marques, 2002).
Moreover even continuous cycles can have
reproductive peaks (Pizzatto and Marques,
2002), and males can also present seasonal or
continuous cycles (Shine, 1977; Pizzatto and
Marques, 2002; Salomão and Almeida-Santos,
2002). In addition, the complexity and high
diversity of tropical climates probably contrib-
ute to reproductive variation observed in some

species (e.g., Liophis miliaris, Pizzatto and
Marques, 2006a).

The aim of this work is to review the patterns
of reproductive cycles, body size, size at
maturity, and fecundity in Xenodontini, in-
cluding new data on Xenodon neuwiedii and
Waglerophis merremii. Despite being a polyphy-
letic group, Colubridae is by far the most
diverse family of snakes (Lawson et al., 2005).
Included in this family is the Xenodontini tribe
(belonging to the Neotropical Subfamily Xeno-
dontinae), and both tribe and subfamily are
monophyletic (Myers, 1986; Zaher, 1999). The
Tribe Xenodontini contains nearly 70 species in
six genera of South and Central American
snakes: Erythrolamprus, Liophis, Lystrophis, Um-
brivaga, Waglerophis and Xenodon (Dixon, 1980;
Cadle, 1984; Ferrarezzi, 1994).

MATERIALS AND METHODS

Data on X. neuwiedii (N 5 231) and W.
merremii (N 5 464) were obtained from pre-
served specimens from the collections of the
Instituto Butantan (IB, São Paulo city, SP) and
the Museu de História Natural do Capão da
Imbuia (Curitiba city, PR). The examined
samples included specimens collected in south-
eastern and southern Brazil. We made the
following measurements: snout–vent length
(SVL; nearest 1 mm), testis length (0.1 mm),
diameter of deferent duct close to cloaca2 Corresponding Author.
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(0.1 mm), diameter of the largest ovarian follicle
or oviductal egg (0.1 mm), and number of eggs
or follicles in secondary vitellogenesis
(.10 mm). Additionally, freshly killed speci-
mens (all from São Paulo state) received by the
IB were examined to obtain data on snake mass
and mass and width of the right testis. A small
section of the deferent duct close to the cloaca
was rubbed on a glass slide and examined
microscopically (3 20) for the presence of sperm.

Gravid females received at IB were kept in
captivity until egg-laying and eggs were in-
cubated in vermiculite substrate at room tem-
perature (range: 20–30uC). For each neonate, we
recorded the birth date and SVL (nearest 1 mm).
We also recorded data on newborn snakes
received at IB (eggs received at the time of
hatching) and occurrence of mating in two pairs
of captive W. merremii. Reproductive data,
comparable to ours, on other Xenodontini
species were obtained from previously pub-
lished works (citations listed in Appendices 1
and 2).

Females were considered mature if they had
follicles in secondary vitellogenesis, oviductal
eggs (cf. Shine, 1978), or folded oviducts (which
indicate recent oviposition). Males were consid-
ered mature when they had turgid testes and
convoluted deferent ducts (cf. Shine, 1980).
Relative size at maturity, represented by the
ratio of SVL of the smallest mature snake by the
mean SVL, was compared between males and
females for the pooled species using t-test. The
ratios were log-transformed prior to the analy-
ses to reach the normality (Zar, 1999). Sexual
size dimorphism index (SSD) was calculated
according to Shine (1994): (mean SVL of the
larger sex/mean SVL of the smaller sex) – 1; by
convention, negative values represent males
larger than females (cf. Shine, 1994). We
calculated the midpoint between female and
male mean SVL for each species and used it in
a linear regression for comparing its relation-
ship with snake SSD (Zar, 1999). Relationship
between clutch size and female SVL was
analyzed in X. neuwiedii and W. merremii by
linear regression (Zar, 1999). Fecundity was
compared among the pooled sample of Xeno-
dontini species plotting the mean SVL of adult
females by the mean clutch size.

Testis volumes were calculated using the
volume of an ellipsoid (4/3pab2 in which a 5
length/2 and b 5 width/2). Testis measures
(length, volume, and mass) are known to reflect
spermatogenic activity (Volsøe, 1944; Shine,
1977; Almeida-Santos et al., 2006). Variation of
right testis length, testis mass, testis volume,
and diameter of the deferent duct (dependent
variables) were compared among seasons (fac-
tors) using ANCOVA because both variables

were significantly related to snake SVL (covari-
ate in testis length and deferent duct analyses)
and snake body mass (covariate in testis mass
analysis; Zar, 1999). Data were log-transformed
when necessary to be consistent with the
premises of normality and homogeneity of
variances (Zar, 1999).

The species in our pooled sample of Xeno-
dontini are related to varying degrees and, thus,
not strictly independent for inferential statistics
(cf. Felsenstein, 1985). There are no published
phylogenies that would allow an independent
contrast or similar analysis. Our conclusions
about patterns in the tribe must be regarded as
tentative, and future research should address
these questions in an explicitly phylogenetic
framework.

RESULTS

To place the data below in an appropriate
context for seasonal interpretation, we briefly
summarize the climates of four regions within
the range of Xenodontini. The species included
in the present work originated from northeast-
ern, southeastern, and southern Brazil and
Costa Rica, with different climates and ranging
from 0–1,400 m in altitude. In northeastern
Brazil (12–18uS), the climate is hot and dry
throughout the year. Maximum monthly tem-
peratures usually vary from 27–33uC and
minimum from 18–21uC, with cooler winter
months from July to September (INMET, 2007).
Monthly rainfall is highly seasonal, with a long
dry season from July to December (0–80 mm)
and most rains falling in March and April (80–
160 mm; INMET, 2007). The southeastern (22–
26uS) is seasonal in both temperature and
rainfall, probably representing a more sub-
tropical climate. Maximum temperatures usual-
ly vary from 21–33uC and minimum from 6–
21uC, with cooler autumn-winter from April to
September (INMET, 2007). Monthly rainfall
varies from 0–320 mm with a dry season from
April to September (0–80 mm) and most rain
occurring from November to March (80–
320 mm; INMET, 2007). Southern Brazil (28–
29uS) is characterized by rainfall distributed
more homogeneously. Maximum temperatures
vary from 15–36uC and minimum from 6–21uC,
with cooler autumn-winter from April to
September (INMET, 2007). Monthly rainfall
varies mostly from 80–160 throughout the year
(INMET, 2007). In Costa Rica, minimum tem-
peratures range from about 13–23uC and max-
imum from 20–33uC, depending greatly on
altitude (Coen, 1983). The coolest period is from
November to January and warmest from March
to May (Coen, 1983). Rainfall patterns differ
between the Atlantic and Pacific sides, but both
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places are very dry (50–100 mm) from February
to April (Coen, 1983; Guswa and Rhodes, 2007).

Body Size and Sexual Dimorphism.—Mean
snout–vent length differed considerably among
species, ranging from 351–907 mm in females
and 321–672 mm in males (Appendix 1). Lystro-
phis dorbignyi, Liophis viridis, Liophis lineatus,
Liophis mossoroensis, and Liophis poecilogyrus
were the smallest species, and Erythrolamprus
aesculapii, Erythrolamprus bizona, Liophis miliaris,
and W. merremii were the largest, especially
when considering females (Appendix 1). Fe-
males averaged larger than males in all species,
although the difference is not significant in Li.
mossoroensis, Li. viridis, and Liophis poecilogyrus
schotti from northeastern Brazil (consult cita-
tions in Appendix 1). The SSD index ranged
from 0.05 in Li. viridis to 0.40 in W. merremii, but
most species presented an index between 0.10
and 0.30 (Appendix 1). The SSD was positively
related to SVL of the snakes (R2 5 0.55, P 5

0.0006), being higher in larger species. Females
of most species attained maturity with 70–85%
of the mean body size and males attained
maturity with 65–80% and this difference was
not significant (t225 1.13, P 5 0.271; Fig. 1).

Female Reproductive Cycle.—Follicles in sec-
ondary vitellogenesis (.10 mm), oviductal
eggs, and egg-laying were recorded for W.
merremii from April to January in southeast
Brazil and mainly from late August to February
in southern Brazil (Fig. 2A,B). Hatchlings were
recorded from January to May and mating in
July and October the southeastern region
(Fig. 2A). Apparently, in X. neuwiedii, vitello-
genic follicles and eggs occurred throughout the
year in both in the southern and southeastern
regions (Fig. 3A,B).

Follicular cycles in Xenodontini were contin-
uous, broadly seasonal (8–10 months), or strict-
ly seasonal (5–7 months; Fig. 4). Continuous
cycles were recorded in X. neuwiedii, E. aescula-
pii, Liophis poecilogyrus poecilogyrus, Li. p. schotti,
Li. miliaris from northern coastal Atlantic Forest
in Brazil and Liophis typhlus (Fig. 3). Broad
seasonal cycles were recorded for W. merremii
in northeast and southeast Brazil from autumn-
spring, Li. viridis, Li. mossoroensis from late
winter-summer, E. bizona and Erythrolamprus
mimus from September to May (Fig. 4). Strict
seasonal cycles, with vitellogenesis, ovulation
and egg-laying from late winter to late spring,
or early summer for snakes in southern Brazil,
were recorded for W. merremii in southern Brazil

FIG. 1. Relationship between mean snout–vent
length (SVL) in mature Xenodontini males (solid
circles) and females (open circles) and the smallest
mature snake. Raw data presented on Appendix 1.

FIG. 2. Female reproductive cycles of Waglerophis
merremii from southeastern Brazil (A) and southern
Brazil (B). The diameter of the largest ovarian follicle
(solid circles), oviducal egg (open circles) and the
monthly mean of the follicle diameters (triangles with
lines) are plotted over the course of the calendar year;
each point represents one individual. Letters across
the top of each panel denote observations of mating
(M), egg laying (E), or hatchlings (H) from snakes
received at IB.
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(August to January), Liophis poecilogyrus subli-
neatus from south Brazil (August to February),
Li. lineatus from July to January, Liophis jaegeri
probably (September to January), Liophis miliaris
from southern coastal and inland Atlantic
Forest in Brazil, (September to February); and
populations of Li. miliaris from southern inland
Atlantic Forest in Brazil (October to February),
and Lystrophis dorbignyi (August to February) in
southern Brazil.

Fecundity.—As noted previously for other
Xenodontini (see references in Appendices 1,
2), clutch size was positively related to SVL in
W. merremii from southeastern and southern
Brazil (R2 5 0.57, P , 0.001, N 5 36 and R2 5

0.51, P , 0.001, N 5 27, respectively) and in X.
neuwiedii from southeastern (R2 5 0.43, P ,

FIG. 3. Female reproductive cycles of Xenodon
neuwiedii from southeastern Brazil (A) and southern
Brazil (B). The diameter of the largest ovarian follicle
(solid circles), oviducal egg (open circles) and the
monthly mean of the follicle diameters (triangles with
lines) are plotted over the course of the calendar year;
each point represents one individual. Letters across
the top of each panel denote observations of egg
laying (E) from snakes received at IB.

FIG. 4. Graphical summary of annual reproductive
cycles of Xenodontini. For some species, multiple
populations are displayed. Filled bars represent
periods of vitellogenesis; open bars represent oviducal
eggs or egg laying; H in bold indicates the collection
month of hatchlings; and H in nonbold indicates
hatchlings inferred. In some cases, we infer the
extension of a reproductive event beyond the strict
time limits of the data; the bars for such inferences are
shown with broken outline. ERAE 5 Erythrolamprus
aesculapii; ERMI 5 Erythrolamprus mimus; ERBI 5
Erythrolamprus bizona; LILI 5 Liophis lineatus; LIMI 5
Liophis miliaris from (1) northern coastal Atlantic
Forest, (2) southern coastal Atlantic and northern
inland Atlantic Forest, and (3) southern inland
Atlantic Forest, in Brazil; LIMO 5 Liophis mossoroensis;
LIPP 5 Liophis poecilogirus poecilogirus; LIPS 5 Liophis
poecilogirus schotii; LPSU 5 Liophis poecilogirus sub-
lineatus; LITY 5 Liophis typhlus; LIVI 5 Liophis viridis;
LYDO 5 Lystrophis dorbigny; XENE 1–2 5 Xenodon
neuwiedii from southeast and south Brazil, respective-
ly; WAME 1, 2, 3 5 Waglerophis merremii from
northeast, southeast, and south Brazil, respectively.
Data taken from Vitt (1983), Marques (1996b), Maciel
(2003), Goldberg, 2004; Pinto and Fernandes, 2004;
Pizzatto and Marques 2006b; Oliveira et al., in press;
and this work.
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0.0001, N 5 43) but not from southern (R2 5
0.03, P 5 0.647, N 5 9). Mean clutch size was
positively related to SVL when analyzing all
species of Xenodontini collectively (Fig. 5A; R2

5 0.47, P 5 0.001, data log-transformed).
However, when considering the effect of SVL,
clutch size was similar among most Xenodon-
tini species (Fig. 5A). Clutch size was slightly
larger than expected by the SVL in W. merremii
from southeast and southern Brazil and smaller,
in Erytholamprus spp. (Fig. 5A). Neonate E.
aesculapii were 13.8–23.5% larger than other
Xenodontini of similar body size see Li. miliaris
and W. merremii in Appendix 2 and Fig. 5B); E.
bizona also has relatively large neonates (21.5–
23.0% larger than expected, see Appendix 2,

Fig. 5B). The smallest individual Li. mossoroensis
is bigger than expected for the observed mean
female size (see Appendix 2, Fig. 5B) and
probably does not represent a neonate.

Male Reproductive Cycle.—Male cycles are less
well studied than female cycles, and data were
unavailable for most species. The length, mass,
or volume of the testis did not vary among
seasons in W. merremii and X. neuwiedii (Ta-
ble 1). The same result was obtained for the
diameter of the deferent duct in both the species
in southeastern Brazil (Table 1). Sperm were
found in the deferent duct in all mature speci-
mens in both of these species from southeastern
Brazil. Data on testis mass and volume and
deferent duct for snakes from southern Brazil
were not available. Testicular cycles were also
continuous in Li. miliaris (Pizzatto and Marques,
2006a).

DISCUSSION

In most snakes, females are larger than males
in terms of mean body size (Shine, 1994).
Unexpectedly, Li. viridis, Li. mossoroensis, and
Li. p. schotii did not show significant intersexual
differences in mean body size. However, data
for these species result from studies on com-
munities (Vitt, 1983; Vitt and Vangilder, 1983),
and the means also include juveniles (L. J. Vitt,
pers. comm.), causing a bias. This is obvious in
species in which the mean body size is smaller
than the size of the smallest mature snake (see
Appendix 1 and also data on Vitt and Van-
gilder, 1983), also resulting in error in the
calculation of SSD (e.g., Li. viridis) and percent-
age of body size at maturity (e.g., Li. p. schotti)
for some species.

The sexual size dimorphism (SSD) in Xeno-
dontini is usually moderate, between 0.2 and
0.3. Consistent with these values combat behav-
ior remains unrecorded for any species in this
tribe or even for the subfamily Xenodontinae
(Bizerra et al., 2005). High SSD results from
females being larger than males, and it is
probably related to fecundity. Larger snakes
start reproducing later, with larger body sizes
(see Appendix 1), which can increase clutch
size. Thus, an absence of selection for larger size
in males (e.g., combat behavior; see Shine, 1994)
of Xenodontini could result in a large SSD in
larger bodied species. In contrast, great SSD
values do not happen in small species in which
fecundity is highly constrained by the small
body size. Thus, small species, such as Li. viridis,
Li. poecilogyrus, and Li. mossoroensis start repro-
ducing with small body sizes, and SSD tends to
decrease. Shine (1994) found that, in snakes in
which combat behavior does not occur, SSD was
greater in taxa with more intense fecundity

FIG. 5. Relationship between clutch size and
female snout–vent length (A) and neonate snout–vent
length and female snout–vent length (B) in Xenodon-
tini. Each circle represents one species (or population).
ERAE 5 Erythrolamprus aesculapii, ERBI 5 E. bizona,
WAME 5 Waglerophis merremii from northeast (1),
southeast (2), and south (3) Brazil, LIMI 5 Liophis
miliaris from northern inland Atlantic Forest (1) and
southern coastal Atlantic Forest (2) in Brazil, and
LIMO 5 Liophis mossoroensis. Additional data from:
Vitt, 1983; Marques, 1996b; Maciel, 2003; Goldberg,
2004; Pinto and Fernandes, 2004; Pinto pers. com.;
Solórzano, 2004; Pizzatto and Marques 2006a, Oliveira
et al., in press; and this work.
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selection, but this relationship was strongly
influenced by phylogeny.

Generally, clutch size is positively correlated
with female body size (Shine, 1994). However,
several different factors can affect the clutch size
of snakes including the trade-off between clutch
size and offspring size (cf. Shine, 1994). Thus,
some species with relatively small clutches
produce relatively large offspring. The relative-
ly small clutches of Erythrolamprus may reflect
such a trade-off, because neonate Erythrolamprus
are much larger than the neonates of other
species of Xenodontini of similar or even larger
adult size. The Xenodontini are mostly frog
eaters (e.g., Vitt, 1983; Greene 1997), but
specialized ophiophagous habits have evolved
in Erythrolamprus (Marques and Puorto, 1994).
Swallowing ability increases with snake body
size, and a small predator might be unable to
ingest a very elongated prey item, as a snake.
Neonate E. aesculapii eat very long preys (at least
30% of its SVL cf. Marques and Puorto 1994);
thus, ophiophagy may be a selective pressure
for their larger SVL. Our data are insufficient for
performing appropriate analysis of this ques-
tion, but if our hypothesis is true, we expect
a large offspring in E. mimus, and these data are
essential to reinforce our findings.

With some exceptions, females in most
species of Xenodontini exhibit aseasonal re-
production, a condition recorded in many other
tropical colubrids, including species in Subfam-
ilies Dipsadinae and Colubrinae (cf. Zug et al.,
1979; Censky and McCoy, 1988; Marques and
Muriel, 2007). Continuous reproductive cycles
have also been reported in the Xenodontine,
Tribe Pseudoboini (Pizzatto and Marques, 2002;

Pizzatto, 2005) but not in other Xenodontine
lineages such as Philodryadini, Tachymenini
and Elapomorphini (cf. Fowler et al., 1998,
Marques and Sazima, 2004; Bizerra et al., 2005;
Marques et al., 2006; R. J. Sawaya, pers. obs.;
OAVM, pers. obs.). The duration of the re-
productive cycles may be conservative in
a lineage, but it might also be driven by other
factors. As noted in other snakes (e.g., Ji and
Wang, 2005), some species of Xenodontini (e.g.,
W. merremii, Li. poecilogyrus, Li. miliaris) present
plasticity in reproductive timing. For example,
in W. merremii, reproductive timing differed
between geographically adjacent regions with
distinct climates (i.e., southeastern Brazil vs.
southern Brazil; see Results). Interspecific dif-
ferences (e.g., feeding frequency, type of prey,
physiological traits, habitat use) may also in-
fluence reproduction (see Ji and Wang, 2005;
Santos et al., 2005) since different species
occurring in the same locality had different
reproductive patterns (e.g., E. aesculapii, Li.
miliaris, and X. neuwiedii in the southeastern
Atlantic forest in Brazil; see Marques and
Sazima, 2004). The lack of seasonality or distinct
cycling in males appears to be more conserva-
tive. In all species and populations analyzed,
there was no significant difference in size or
mass of testes throughout the year suggesting
that sperm production is continuous. Sperm
production can be costly in snakes from
temperate areas (Olsson et al., 1997). Also,
a continuous search for females (e.g., in envir-
onments where the females exhibit seasonality)
can add costs in terms of reduced food intake,
energy expenditure for locomotion, and greater
predation. Indeed, such evolutionary costs may

TABLE 1. ANCOVA results for the variation in length, mass, and volume of testis, and diameter of deferent
duct among seasons in Xenodon neuwiedii and Waglerophis merremii from southeastern (SE) and southern
(S) Brazil.

Species Testis length Testis mass Testis volume Diameter of deferent duct

X. neuwiedii, SE s: F3,33 5 0.43,
P 5 0.733;

s: F3,33 5 0.77,
P 5 0.518;

s: F3,33 5 1.20,
P 5 0.325;

s: F3,27 5 1.60,
P 5 0.210;

i: F3,36 5 1.48,
P 5 0.236

i: F3,36 5 2.04,
P 5 0.122

i: F3,36 5 0.67,
P 5 0.578

i: F3,30 5 0.51,
P 5 0.675

X. neuwiedii, S s: F3,19 5 2.18,
P 5 0.123;

– – –

i: F3,22 5 2.51,
P 5 0.085;

W. merremii, SE s: F3,23 5 1.30,
P 5 0.279;

s: F3,23 5 0.48,
P 5 0.701;

s: F3,23 5 1.30,
P 5 0.297;

s: F3,23 5 1.65,
P 5 0.204;

i: F3,26 5 0.27,
P 5 0.846

i: F3,26 5 0.34,
P 5 0.795

i: F3,26 5 0.27,
P 5 0.846

i: F3,26 5 1.75,
P 5 0.338

W. merremii, S s: F3,43 5 0.24,
P 5 0.866;1

– – –

i: F3,46 5 0.22,
P 5 0.880

s 5 slopes, i 5 intercept.
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be great, but apparently they are not high
enough to limit sperm production among the
Xenodontini.

Tropical and subtropical snakes are ideal
subjects for studying reproductive patterns.
Although in temperate areas climate (and
especially temperature) is probably the main
factor influencing reproduction, in the tropics,
the influence of other factors, such as moisture,
is clearer (see Brown and Shine, 2006). Some
snakes can reproduce throughout the year even
in seasonal areas where some other related
species cannot. However, the possible effects of
these other factors (prey type, feeding frequen-
cy, physiological traits, habitat use) on repro-
duction of snakes remain poorly studied.
Phylogenetic constraints, for example, are usu-
ally neglected in part because of the absence of
phylogenetic hypotheses for most groups. It is
also essential to study species in equatorial
areas where climate is more homogeneous: do
all equatorial species reproduce year-round?
Also, finding reproductive patterns in mono-
phyletic groups can be essential for conserva-
tion, maybe allowing generalization and in-
ference about reproduction in rarer species.
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de História Natural do Capão da Imbuia) for
allowing analysis of specimens under their care;
V. Germano for help in the laboratory; S.
Goldberg for help with the literature; M. Di-
Bernardo, R. R. Pinto, and L. Vitt for additional
information on the species; and three anony-
mous reviewers for important comments and
suggestions.

LITERATURE CITED

ALMEIDA-SANTOS, S. M., L. PIZZATTO, AND O. A. V.
MARQUES. 2006. Intra-sex synchrony and inter-sex
coordination in the reproductive timing of the
Atlantic Coral Snake Micrurus corallinus (Elapidae)
in Brazil. Herpetological Journal 16:371–376.

BIZZERRA, A. F., O. A. V. MARQUES, AND I. SAZIMA. 2005.
Reproduction and feeding of the colubrid snake
Tomodon dorsatus from south-eastern Brazil. Am-
phibia-Reptilia 26:33–38.

BROWN, G. P., AND R. SHINE. 2006. Why do most tropical
animals reproduce seasonally? Testing hypotheses
on an Australian snake. Ecology 87:133–143.

CADLE, J. E. 1984. Molecular systematics of Neotropical
xenodontine snakes I. South American xenodon-
tines. Herpetologica 40:8–20.

CENSKY, E. J., AND C. J. MCCOY. 1988. Female re-
productive cycles of five species of snakes (Repti-
lia: Colubridae) from Yucatan Peninsula, Mexico.
Biotropica 20:326–333.

COEN, E. 1983. Climate. In D. H. Janzen (ed.), Costa
Rican Natural History, pp. 35–46. University of
Chicago Press, Chicago.

DIXON, J. 1980. The Neotropical colubrid snake genus
Liophis: the generic concept. Milwaukee Public Mu-
seum, Contribution in Biology and Geology 31:1–40.

FELSENSTEIN, J. 1985. Phylogenies and the comparative
method. American Naturalist 125:1–15.

FERRAREZZI, H. 1994. Uma sinopse dos gêneros e
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SALOMÃO, M. G., AND S. M. ALMEIDA-SANTOS. 2002. The
reproductive cycle in male Neotropical rattle-
snakes (Crotalus durissus terrificus). In G. W.
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