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ABSTRACT. Knowledge of snake ecology is important to support conservation strategies. Atractus paraguayensis Werner, 1924
is a dipsadidae with semi fossorial habits distributed throughout southern Brazil. We analyzed the morphology, seasonality and
reproductive biology of this species in a subtropical area in southern Brazil by combining material from scientific collections
and field data. We found that females have a larger body size than males and that the reproductive cycle of females is seasonal,
with vitellogenesis occurring in the warmer months of the year. Males exhibited no differences in testicle volume throughout
the year; however, mating likely occurs in the spring when males are more active. Recruitment of newborns occurs in late
summer. The number of individuals collected during the hottest months (September through February) was significantly
higher than the number of individuals collected during the colder months. Our results, which reveal sexual dimorphism in
the species and seasonal breeding restricted to warm months, contribute important information about this species’ biology.
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INTRODUCTION

Snake biology is commonly discussed in the literature,
and reproduction of neotropical snakes is a recurrent topic
(Bizerra et al. 2005, Prudente et al. 2007, Gomes and Marques
2012, Bellini et al. 2013, Panzera and Maneyro 2013, Marques
et al. 2014). The popularity of this topic is likely due to the
importance of these studies to the general field of ecology.
Modes and cycles, fecundity, and sexual dimorphism (SSD)
are among the most studied reproductive traits (Pizzatto et
al. 2008, Prieto et al. 2012, Braz et al. 2014). These studies
contribute to our understanding of the general reproduction
patterns of neotropical snakes. Snakes may present SSD (e.g.
in body size; females larger than males), tail size (males’ tails
longer than females’ tails), the quantity or shape of scales, and
sexual dichromatism (Shine 1994, Pizzato et al. 2007). Beyond
morphological differences, these snakes may have well-defined
reproductive traits, such as females with double vitellogenesis,
where the primary has transparent or whitish-colored follicles
(sexually immature and mature females), and the secondary
has yellow coloring at the yolk (sexually mature females)
(Shine 1994, Almeida-Santos and Salomao 2002). Males have

deferent ducts, which can be smooth (sexually immature males)
or convoluted (sexually mature males) (Shine 1994, Pizzato et
al. 2007). The reproductive period may vary throughout the
year, and environmental factors such as temperature, humidity
and photoperiod may influence snake reproduction. A greater
predominance of females with secondary vitellogenesis gener-
ally occurs during these seasonal cycles because the increase
in temperature influences their metabolic rate (Vinegar 1974).
Atractus Wagler, 1828 is widely distributed in the neotropical
region and can be found from Panama to Argentina (Giraudo
and Scrocchi 2000). This genus includes small to moderate
sized serpents with secretive habits (semifosssorial or crypto-
zoic) that feed on worms, arthropods and mollusks (Martins
and Oliveira 1999, Balestrin et al. 2007). Atractus paraguayensis
Werner, 1924, which can be found in southern Brazil, Argen-
tina and Paraguay (Passos et al. 2010), displays terrestrial or
fossorial habits. However, there is limited information about
the natural history of this species.

Here, we present data pertaining to the reproductive biol-
ogy and activity patterns of A. paraguayensis in southern Brazil.
We base our analysis on specimens preserved in herpetological
collections and specimens collected in pitfall traps.
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MATERIAL AND METHODS

We examined 163 specimens of A. paraguayensis from
southern Brazil, 126 of which were preserved specimens from
the following collections: Fundacdo Zoobotanica (FZB), Univer-
sidade Federal do Rio Grande do Sul (UFRGS), Universidade de
Passo Fundo (UPF), Universidade do Oeste de Santa Catarina
(UNOESC) and Universidade de Chapecé (UNOCHAPECO).
The remaining 37 specimens were collected using pitfall traps.

We obtained the following measurements for each ex-
amined specimen: (1) snout-vent length (SVL); (2) tail length
(TL); (3) sex; (4) juvenile or adult (males were considered to be
adults if enlarged testes and opaque deferent ducts were ob-
served (Shine 1982), and females were considered to be adults
if either ovarian follicles in vitellogenesis or oviductal eggs were
observed (Shine 1980); (5) for female specimens, diameter of
the largest ovarian follicles, diameter of the largest egg, number
of ovarian follicles in vitellogenesis (>10 mm), and number of
oviductal eggs. According to Shine (1994), the degree of sexual
size dimorphism (SSD) was calculated as follows: mean SVL of
the larger sex divided by the (mean SVL of the smaller sex) — 1.
This index is positive if females are the larger sex and negative
if males are larger.

In our analysis of SSD, we included only adult individuals.
We counted oviductal eggs and neonates to estimate fecundity.
Reproductive frequency was estimated by the percentage of
females apt for reproducing (with ovarian follicles or oviductal
eggs) found in the sample (Pizzatto 2005). We used linear re-
gression to test the relation between female body size (SVL) and
fecundity. We used a t-test to analyze morphological differences
between males and females and to compare variations in testicu-
lar volume between seasons to determine reproductive activity in
males. We used a chi-square test to analyze seasonality. For all of
our analyses, differences were considered significant at o = 0.05.

The field activities occurred at Parque Natural Municipal
de Sertdao (PNMS) (28°02’'31"S, 52°13'28”W), which is located
in the municipality of Sertdo, northern Rio Grande do Sul.
This area is composed of remnant Atlantic Rain Forest and
transitional forests and ranges from the pine forests of Campos
de Cima da Serra to the forests of the Uruguay River basin. The
mixed forest vegetation in this region is known as Mixed Om-
brophilous Forest (Quadros and Pillar 2002). The region has an
altitude gradient ranging from 630 to 740 m and a subtropical
humid climate. The average temperature of the hottest month
exceeds 22 °C, and the minimum average temperature is 13.2 °C.
Rainfall is well distributed, with an average of 1,787 mm per
year (Embrapa 2011).

We used the adult and juveniles specimens collected from
the pitfall traps to analyze seasonal patterns. We recorded the
following morphometric measures for the collected specimens:
(1) SVL and (2) TL. We also verified the body mass of individu-
als using a dynamometer with a scale with a precision of 0.1 g.
Finally, we verified the animals’ sex.

Pitfalls with drift-fences (Corn 1994) were installed at
four different plots in the study area. Each plot was composed
of eight containers with a capacity of 150 1, for a total of 32
buried containers. Each container was 1 m high. The containers
were arranged in a straight line in the forest, 10 m apart from
one other. They remained open from May 2008 through April
2010 and were inspected 2-3 times per week. Subjects were
marked, and no recaptures occurred during this period. There
are accordingly no overlapping data. We determined the pat-
tern of annual activity using the number of snakes collected in
the pitfalls. Additionally, we included specimens deposited in
collections collected between 1975 and 2013.

RESULTS
Body size, sexual dimorphism and sexual maturity

Juvenile SVL averaged 176.05mm (range = 111-297 mm,
standard deviation (SD) = 55.04 mm, n = 17) and TL averaged
20.04 mm (range = 14.28-42.43 mm; SD = 8.57 mm). Mature
females had an average SVL of 368.92 mm (range = 277-462
mm; SD =42.11 mm, n = 31), and mature males had an average
SVL of 324.46 mm (range = 213-442 mm; SD = 49, n = 43). The
difference in SVL between males and females was statistically
significant (t = 3.49, p = 0.0005). The TL of adult males and
females was similar (p = 0.1185). Females reach sexual maturity
(SVL = 277 mm) with a larger body size than males (SVL = 213
mm). The degree of SSD was 0.18.

Reproductive cycle, fecundity and reproductive frequency

Females exhibited vitellogenic follicles (> 10 mm) from
November through January and eggs in their oviducts in No-
vember and December, the hottest months of the year (Fig. 1).
This finding indicates a seasonal reproductive cycle. The relation
between clutch size and female SVL was weak and not statisti-
cally significant (r> = 0.0418, p = 0.6608, n = 24). We observed
3-13 vitellogenic follicles (x = 8, SD = 2.2, n = 21) and 3-8 eggs
in the oviduct (x = 5.7, SD = 2.5, n = 3), indicating that clutch
size is independent of female size (Fig. 2).

Males did not exhibit a statistically significant difference in
testicular volume during warm (September through March) and cold
(April through August) months (t=1.012, p=0.4816, n=15) (Fig. 3).
Mating likely occurs in the spring when males are more active.

Activity patterns

We determined the annual activity pattern of A. para-
guayenis using a sample of 130 individuals (93 from collections
and 37 captured in the pitfalls). The number of individuals col-
lected during the hottest months was significantly larger than
the number of individuals collected during the coldest months
(chi-square = 16.4, p = 0.0116). The data indicate that females
were more active from August through December and that
males were more active from September through April (Fig. 4).
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Figure 1. Seasonal variation in diameter of the largest ovarian follicle
or eggs in females of Atractus paraguayensis from southern Brazil.
Solid circles = ovarian follicles; open circles = eggs.
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Figure 2. Relation between SVL from females and fecundity (num-
ber of follicles or eggs in the oviducts) in Atractus paraguayensis,
southern Brazil.

18 7
— 16
14
12 b °

10 7 ° o o
7

Testicle volume (mm

6 °

4 T T T T T T T T T T T 1

Months

Figure 3. Seasonal variation of testicular volume in Atractus para-
guayensis from southern Brazil.

Females exhibited a peak in November when we recorded 34.4%
of all individuals; males exhibited a peak in September when we
recorded 31.6% of all individuals.

We found A. paraguayensis activity in the forest, but the
records that we analyzed from the collections also indicated that
these snakes inhabit open, anthropic areas.
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Figure 4. Abundance of Atractus paraguayensis using individuals
from collections and pitfalls, from May 2008 to April 2010, at
Parque Natural Municipal de Sertdo. Mat f = Mature females; mat
m = mature males.

Juvenile specimens were collected mainly from February
through October (n = 23) (Fig. 4). Seven eggs were laid in cap-
tivity on January 12, 2008, six of which hatched on February
26, 2009. The average SVL was 113 mm (range = 100-120 mm).

DISCUSSION

Male and female A. paraguayensis have different body sizes
when they attain sexual maturity. This trend has been noted for
the majority of snakes (Gomes and Marques 2012, Alencar and
Nascimento 2014, Marques et al. 2014, Resende and Nascimento
2015). However, females tend to be larger than males. The larger
body size for females is common in snakes, and females tend to
be the larger sex in species in which male-male combat has not
been recorded (Shine 1994). The larger size of the female body
offers advantages such as greater fertility, which results in larger
litters, and ultimately ensures greater reproductive fitness (Ford
and Seigel 1989, Rivas and Burghardt 2001), although this trend
was not recorded in this study.

In terms of specimen size and sexual maturity, we observed
that females attained sexual maturity when they were larger
than males. The available evidence suggests that the age that
females attain sexual maturity might be delayed compared with
that of males of the same species due to high energy-reproduc-
tion costs (Shine 1978, 1994). Later maturity in females may
represent a tradeoff in which sexual maturity is delayed so that
larger clutches of larger eggs can be laid (Pinto and Fernandes
2004). However, larger females have been believed to be favored
by natural selection because they can produce larger eggs and
clutches (Ford and Seigel 1989). Clutch size is typically correlated
with the female body size (Shine 1994), but we did not find any
correlation between SVL and fecundity. The r of A. paraguayensis
cannot be considered to be low (3-13 follicles or eggs) because
other characteristics — such as the size of eggs and hatchlings and
the relative weight of the clutch — can be included to estimate
fecundity (Seigel and Ford 1987). Larger species, such as A. major
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Boulenger, 1894 (723 mm) and A. torquatus (Duméril, Bibron
& Duméril, 1854) (754 mm) produce similar postures (Martins
and Oliveira 1993, 1999) (6-12 and 7-8 eggs, respectively).
Smaller species, such as A. pantostictus Fernandes & Puorto, 1993
(248 mm) (Resende and Nascimento 2015) and A. reticulatus
(Boulenger, 1885) (335 mm) (Balestrin and Di-Bernardo 2005),
exhibit small clutches (2-4 and 1-3 eggs, respectively). Larger
females may produce larger or more offspring, or have higher
reproduction frequencies (Shine 1988). However, demonstrating
that clutch size increases with maternal size is not sufficient to
infer that natural selection should favor large female body size
(Shine 1988). The lack of correlation between SVL and fecundity
was also recorded for Thamnodynastes hypoconia (Cope, 1860)
(Bellini et al. 2013): larger females producing fewer eggs were
noted. These authors suggest that the lack of correlation may be
related to phylogenetic conservatism regarding the number of
embryos rather than an advantage in fecundity associated with
female size. Although other Atractus species exhibit a relation
between fecundity and body size, the absence of this correla-
tion in A. paraguayensis may be influenced by other factors (e.g.
habitat use, feeding habits, phylogeny).

In A. paraguayensis, SSD was moderate and male-male
combat is not expected from members of the family Dipsadidae
(Bizerra et al. 2005), confirming a pattern of dimorphism of the
species. Shine (1994) found that snakes that do not behave this
way have larger SSD and more sexual selection, but this relation
is strongly influenced by phylogeny.

The reproductive cycle of females of A. paraguayensis is
seasonal: vitellogenic follicles and eggs occur from November
through January, which is spring and summer in southern
Brazil, the warmest periods of the year. These results indicate
that moisture and temperature might be factors influencing the
reproductive seasonality of the species. This seasonal cycle has
been record for other snakes in subtropical areas: It was recorded
for A. pantostictus in southeastern Brazil, with mating, secondary
vitellogenesis, pregnancy, oviposition and recruitment occurring
during the rainy season (Resende and Nascimento 2015); and
for A. reticulatus in southern Brazil, which has a restricted repro-
ductive cycle from November through January (Balestrin and
Di-Bernardo 2005), corroborating the data recorded in this study.
We also found a predominance of males in the spring, which
indicates the males’ reproductive seasonality. However, we did
not note seasonal differences in testicular volume, which could
indicate a lack of seasonal cycle (see discussion below). Seasonal
activity among snakes can be influenced by many factors such
as temperature, humidity, rainfall and food availability (Lilly-
white 1987, Gibbons and Semlitsch 1987); low temperatures
can significantly reduce snake metabolic rates and consequently
reduce activity (Lillywhite 1987). In the Brazilian temperate
region, temperature is one of the primary factors responsible for
the low activity of snakes, and it affects reproductive patterns
(Di-Bernardo et al. 2007, Panzera and Maneyro 2013). Another
noteworthy fact is that oviparous species need to lay their eggs

during the warm period of the year because the warm weather
benefits egg incubation (Vinegar 1974), thereby contributing to
reproductive seasonality.

As noted previously, a pattern that influences the activity
of snakes is their reproductive cycle (Gibbons and Semlitscht
1987). Marques et al. (2000) found that reproduction conditions
might determine an increase in locomotor activity influenced by
abiotic factors (rainfall). Tropical and subtropical snakes exhibit
relatively high variability in the length of their reproductive
cycles, a pattern that is usually seen as a result of seasonal vari-
ation in climate, availability of prey or both (Vitt 1987, Mathies
2011). The months in which we noted the largest number of
individuals correspond to the months with the highest tempera-
tures. This species has fossorial habits, and the small number
of individuals caught in the winter period might be explained
by low temperatures that resulted in decreased metabolism
and consequently limited their activity. Females are more
active during vitellogenesis, which occurs during the warmest
period, when they could be looking for appropriate locations
for thermoregulation (Pizzatto et al. 2007, Gomes and Marques
2012). The duration of the reproductive cycle of A. paraguayensis
appears to be phylogenetically conservative like other species
whose continued reproductive cycles have not been recorded
(Bizerra et al. 2005, Pizzatto et al. 2008). Males, on the other
hand, become more active during the mating season, probably
when they are looking for females (Gibbons and Semlitsch 1987,
Gomes and Marques 2012).

The volume of the testis of snakes may reflect spermato-
genic activity (Almeida-Santos et al. 2006). A. paraguayensis
presents no seasonal differences in testicular volume between
warm and cold seasons, a pattern that is rarely recorded in
snakes (Seigel and Ford 1987). This finding might indicate that
males are reproductively active throughout the year. To confirm
this pattern, analysis histological to correctly describe male
reproductive cycles would be necessary (Mathies 2011, Rojas
et al. 2013). There are many species wherein one or both sexes
exhibit dissociation of gonadal activity and mating (Crews 1984).
Dissociation of vitellogenesis has been observed for Dipsas neivai
Amaral, 1923 females, although males have demonstrated an
association between sexual intercourse and spermatogenesis
(Alves et al. 2005).

This study provides an overview of the ecology of A.
paraguayensis. Their characteristics — reproductive age, SSD and
seasonality — appear to be common to many South American
Dipsadidae. Therefore, this information contributes to eluci-
dating the reproductive and activity patterns of this species.
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