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We describe the reproductive pattern of Liophis anomalus based on examination of museum specimens from its entire 
distribution area. This species shows seasonal activity, although follicles in secondary vitellogenesis were found throughout 
the year. Our data suggest that multiple clutches occur within a single reproductive period. As in many other snakes, adult 
females are larger than males when sexual maturity is reached. The sexual size dimorphism index is 0.16, which is consistent 
with the absence of combat between males (a common feature among species belonging to the Xenodontini tribe). Testicular 
volume was positively correlated with male size. Clutch size averaged 7.37 eggs, was inversely correlated with mean egg size 
and positively correlated with female body size. Our results confirm that both phylogeny and climate influence reproductive 
patterns of this Xenodontini snake.
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INTRODUCTION

Reproduction is a major component of an organism’s 
life history (Pizzatto, 2003; Shine, 2003). The costs of 

reproduction impose strong selection pressure on snakes, 
which have to adjust their reproductive strategies to 
local conditions. The fact that sexual maturity, fecundity 
and sexual dimorphism are conditioned by abiotic, 
ecological and geographical factors generates divergence 
in reproductive tactics among and within species (Vitt & 
Vangilder, 1983; Shine, 2003).

Studies on the reproductive biology of snakes in 
North America, Europe and Australia (e.g., Shine, 1988a; 
Madsen et al., 1993; Aldridge et al., 2009) are more 
numerous than studies from the neotropical region (e.g, 
Vitt & Vangilder, 1983; Martins & Oliveira, 1999; Pinto & 
Fernandes, 2004). While the last decade experienced an 
increased interest in temperate species of the new world 
(i.e. Aguiar & Di Bernardo, 2005; Balestrin & Di-Bernardo, 
2005; López et al., 2009), we still lack a comprehensive 
understanding of general patterns for neotropical snakes 
due to high species richness (Pizzatto & Marques, 2002; 
Uetz, 2011). 

The yellow-striped snake, Liophis anomalus (Günther, 
1858) is distributed from northern Argentina to La Plata 
(Buenos Aires, Argentina), Uruguay and the state of Rio 
Grande do Sul in Brazil (Dixon, 1980; 1985). This species 
inhabits open meadows and grazing lands associated 
with water bodies (Dixon, 1980). Previous studies on 
the species have mainly focused on other aspects than 
its reproductive biology (Carreira, 2002; Volonteiro et 

al., 2006). Liophis anomalus is currently in a complex 
taxonomic situation. It was one of >40 Liophis species 
within the Dipsadidae (Xenodontinae, Xenodontini, 
Dixon, 1980; Vidal et al., 2007; Curcio et al., 2009) before 
Zaher et al. (2009) transferred L. anomalus together 
with eight other Liophis species to the resurrected genus 
Lygophis Fitzinger, 1843. These modifications are not 
currently fully accepted by the scientific community 
(Curcio et al., 2009; Vidal et al., 2010). In the present study 
we therefore do not use the nomenclature proposed by 
Zaher et al. (2009), maintaining L. anomalus. The aim of 
this study is to provide data on the sexual maturity, sexual 
dimorphism and reproductive output of L. anomalus 
across its distribution area.

Fig. 1. Map showing the location of all examined 
specimens of Liophis anomalus.
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MATERIALS AND METHODS

A total of 567 specimens (242 adult females, 267 adult 
males and 58 juveniles) from the entire distribution range 
were examined (see Appendix and Fig. 1), but only 434 
were dissected due to collections policies. The specimens 
were collected between 1896 and 2009, and deposited in 
Instituto Nacional de Limnología, Santa Fe (INALI), Museo 
provincial de Ciencias Naturales “Florentino Ameghino”, 
Santa Fe (MFA), Museo Argentino de Ciencias Naturales 
“Bernardino Rivadavia”, Buenos Aires (MACN); Museo 
de Ciencias Naturales de La Plata (MLP); Museo Nacional 
de Historia Natural, Montevideo (MNHN); Zoología 
Vertebrados de la Facultad de Ciencias, Montevideo 
(ZVC-R); Universidade Federal de Rio Grande do Sul, 
Porto Alegre (UFRGS); Pontificia Universidade Catolica 
de Rio Grande do Sul, Porto Alegre (MCP), Fundação 
Zoobotanica de Rio Grande do Sul, Porto Alegre (MCN); 
and Universidade Federal de Santa Maria, Santa Maria 
(ZUFSM). 

To analyze sexual dimorphism, specimens were 
sexed, and snout-vent length (SVL) and tail length (TL) 
was measured to the nearest 0.1 mm. A Sexual Size 
Dimorphism Index (SSD) was calculated as [mean SVL of 
the largest sex/mean SVL of the smaller sex] (Gibbons 
& Lovich, 1991; Shine, 1994); positive SSD values imply 
that females are the larger sex. Reproductive condition 
was estimated by gonadal analysis. According to Shine 
(1977b), females are considered mature when they 
present follicles in secondary vitellogenesis, oviductal 
eggs or folded oviducts, and males are considered 
mature if the deferent ducts are convoluted (cf. Shine, 
1977a, 1980a; Slip & Shine, 1988). We recorded the 
diameter of the smallest and largest non vitellogenic 
follicles, and the diameter of all vitellogenic follicles and 
eggs. The relationship between testis volume and body 
size permits the description of testicular cycles in snakes, 
and is a good indication of male reproductive effort and 
spermatogenic activity (Volsøe, 1944; Shine et al., 1999; 
Shine, 1977a). Length and width of testis were measured 
to calculate testicular volume using the ellipsoid volume 
formula (Dunham, 1983). Testicular volume was then 
related to SVL and the residuals of the regressions were 
compared in a Kruskal-Wallis test to identify differences 
throughout the year (Zar, 1999).

The number of eggs in gravid females and vitellogenic 
follicles were also recorded. Levene and Shapiro-Wilks 
tests were used to test the ANOVA assumption of 
homoscedasticity and normality, respectively. To analyze 
sexual dimorphism, SVL and TL between mature males 
and females were compared using the Mann-Whitney 
U test.  To analyze the relationships among clutch size 
and female SVL, a Reduced Major Axis Regression (RMA) 
was used. This estimator allows error to occur in both 

variables (Sokal & Rohlf, 1981; Shine, 1994). Spearman 
Correlations were used to quantify the association 
between clutch size and mean egg length. The difference 
between right and left testes volume was analyzed using  
the Mann-Whitney U test. As no differences were found, 
the volume of the right testes was arbitrarily chosen for 
further testing. An RMA was used to compare right testes 
volume and mature males SVL. As b was different from 
1, variables were log transformed and another RMA was 
conducted. With the new b value, the right testis volume 
was calculated as Zi=(Xi/Yi)b, where X and Y are mean 
of adult SVL and right testes volume respectively, and b 
is the slope of the previous RMA. A Kruskal-Wallis test 
was used to assess the monthly variation in testicular 
volume throughout the year. The significance level was 
established at 0.05. All analyses were performed using 
XLSTAT v7.5.3 (Addinsoft, 1995) and PAST v2.02 (Hammer 
et al., 2001).

RESULTS

Body size and sexual dimorphism
Body sizes of mature males and females of L. anomalus 
are shown in Table 1. The SVL of the smallest mature 
female was 307 mm, and the smallest mature male was 
210 mm. However, we considered 257 mm SVL as the 
minimum size at maturity for males as no immature 
males were recorded above this threshold. Females 
were significantly larger than males (Mann-Whitney U 
test: U=12110.00; z=9.183; p<0.001). Tail length was 
significantly correlated with SVL in males (r2=0.3594; 
p<0.001) and in females (r2=0.4313; p<0.001), and male 
tail length relative to SVL was larger than in females 
(Mann-Whitney U test: U=39625.000; z=-11.143; 
p<0.0001). The Sexual Size Dimorphism Index (SSD) was 
0.16.

Fecundity
All females presented follicles smaller than 6 mm (Fig. 
2), and vitellogenic follicles were thus considered to be 
above this length. The number of vitellogenic follicles 
averaged 8.38 (SD=5.26; range=1–27; n=63), and had a 
positive and significant relationship with SVL (r2=0.251; 
p<0.001; Fig. 3). There was no relationship between 
length of vitellogenic follicles and SVL (r2<0.001; p=0.985; 
X=14.76; SD=6.39; range=6.23–31.58; n=62).

Clutch size averaged 7.37 eggs (SD=2.62, range 1–13, 
n=30), and was positively correlated with female SVL 
(r2=0.221; p=0.0102). Egg length averaged 23.66 mm 
(SD=4.46, range=13.94–45.57 mm, n=221 eggs from 
30 clutches), and had no significant relationship with 
female SVL (r2=0.008; p=0.63). Clutch size was inversely 
correlated with mean egg size (r2=-0.492; p=0.006, n=221 
eggs from 30 clutches). 

Females Males

Character n Mean+SD Range n Mean+SD Range 

SVL 194 436. 24±63.03 307–584 253 376.52±58.44 257–550

TL 194 126.97±19.75 78.5–176 253 127.53±21.58 67–195

Table 1. Snout-vent length (SVL) and total length (TL) in adults of Liophis anomalus, expressed in millimetres.
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Reproductive cycle
Vitellogenic follicles were found throughout the year 
(except in April and June). Although there was no 
significant variation in the length of vitellogenic follicles 
along the year (H=16.270; p=0.092), those up to 15 mm 
were found only in the warmer season (from September 
to March). Gravid females (n=30) were found between 
August and February, but a higher frequency of these 
were registered in October (n=11). Mature individuals 
were found throughout the year, while young individuals 
were not found during winter (only one record of 
immature females in June and July, with SVLs of 267 and 
285 mm respectively).

The smallest SVL recorded for an immature male was 
112 mm  (mean=178.5; SD=43.93; n=24) and the smallest
SVL recorded for an immature female was 145 mm  (mean=
250.97; SD=47.88; n=23). The smallest juveniles were 
found in November and between February and March 
(Fig. 4), so it is probable that eclosion occurs during those 
months and juveniles can be expected to be found until 
April. Additionally, since six gravid females presented 
vitellogenic follicles, and because 47.62% of the females 
that presented follicles in secondary vitellogenesis had 

folded oviducts, we hypothesize that multiple clutches 
are laid during one reproductive season. Additionally, 
10% of the gravid females were found with prey items in 
their stomach, suggesting that they do not stop feeding 
during the clutching period.

Testicular volume was correlated with SVL (r2=0.1233; 
p<0.001). No statistical differences were found among 
testes (Mann-Whitney U test: U=10497.0; p=0.549). 
Testes volume varied throughout the year (Kruskal-
Wallis, H=25.470; p=0.008), with its maximum between 
August and November. 
 

DISCUSSION

Body size and sexual dimorphism
Sexual dimorphism is common amongst snakes (Shine, 
1994; Bertona & Chiaraviglio, 2003), and can represent a 
common feature of a taxonomic group or can be related 
to specific ecological requirements (Madsen & Shine, 
1993). Females tend to be the larger sex in species where 
male-male combat has not been recorded (Shine, 1994). 
The size of females is related to fecundity; a larger female 
might produce larger or more offspring, or have a higher 
reproduction frequency (Shine, 1988b; 1994). Females of 
L. anomalus were indeed larger than conspecific males, 
as seen in other Dipsadidae species, such as Atractus 
reticulatus (Balestrin & Di-Bernardo, 2005), Clelia sp. 
and Boiruna sp. (Xenodontinae, Pseudoboini) (Pizzatto, 
2005). Pizzatto et al. (2008) reviewed reproductive 
strategies of Xenodontini and reported that SSD is 
moderate in members of this tribe, with values around 
0.2 and 0.3. In L. anomalus SSD is a little lower than 
expected for members of the Xenodontini; male-male 
combat is therefore unexpected for the members of the 
family Dipsadidae (Bizerra et al., 2005).

The ratio between tail length and SVL is usually higher 
in males than it is in females (King, 1989; Shine et al., 
1999). Tails of male L. anomalus are longer than those 
of females. Sexual differences in TL are common among 
snakes, and has been proposed to have an effect on male 
mating success: longer tails house a larger hemipenis, 
and it might also confer advantages for tail wrestling 
during mating balls (King, 1989; Shine, 1999).

Fig. 4. Distribution of juvenile sizes (SVL, in millimetres) 
throughout the year (monthly).

Fig. 2. Relationship between female SVL  and follicle 
length in Liophis anomalus (r2=0.141; p<0.001; b=0.075). 

Fig. 3. Relationship between the number of vitellogenic 
follicles with snout-vent length in Liophis anomalus 
(r2=0.251; p<0.001).
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Sexual maturity and fecundity
Male L. anomalus reach maturity at smaller size than 
females. This is a common trend among medium-sized 
and oviparous dipsadid species of temperate regions 
(Parker & Plummer, 1987; Shine, 1994). Moreover, 
maturation is likely to be delayed in the gender in which 
reproductive success increases most rapidly with body 
size (that is, females in species when male-male combat 
is absent; Shine, 1980a). Other Liophis species such as 
L. semiaureus and L. miliaris also present this pattern 
(Pizzatto, 2003; López et al., 2009). Delayed sexual 
maturity in females may allow them to reach larger body 
size at the time of reproduction, and to produce more 
eggs or larger newborns. Larger females also show higher 
thermal inertia, which could be an advantage for faster 
embryonic development (Rivas & Burghardt, 2001).

In temperate areas, a delay on reproduction might 
result in reproductive failure in a given year. Female 
snakes that inhabit tropical areas invest more energy 
in growth, initiating reproduction with larger bodies to 
increase fecundity (Pizzatto & Marques, 2006b). Males 
that attain sexual maturity with smaller SVLs start to 
reproduce earlier. Hence, in species without male-
male combat, males that reach sexual maturity earlier 
are favoured in relation to those who invest more in 
growth rather than in maturation (Madsen et al., 1993). 
Early maturation, high mobility and reduced metabolic 
costs are among the advantages of smaller size in males 
(Madsen et al., 1993; Rivas & Burghardt, 2001). Males of L. 
anomalus could invest more energy in reproduction than 
in growth, which would allow them to start reproducing 
with smaller body size. 

As was stated above, large body sizes in females confer a 
selective advantage because fecundity is size-dependent 
(Trivers, 1972; Seigel & Ford, 1987). However, larger 
females also may produce bigger offspring or reproduce 
more frequently (Shine, 1988b). We found that clutch 
size was positively correlated with maternal body size, 
and clutch size was inversely correlated with egg size. 
These results were also reported for the xenodontine 
Oxyrhopus guibei (Pizzatto & Marques, 2002), whereas 
in L. semiaureus and L. poecilogyrus clutch size was 
independent of female SVL. The production of smaller 
clutches might be balanced by a higher proportion of 
reproductive females with small SVL (Pinto & Fernandes, 
2004; López et al., 2009). 

Reproduction may influence the energy budget, 
decreasing food intake or consuming energy that would 
be available for growth. Females of O. guibei practically 
abstain from feeding while carrying oviductal eggs, a 
common feature for snakes because gravid females are 
slower than non-gravid ones (Shine, 1977a; 1980a,b; 
Seigel et al., 1987). In active foraging species, this may 
reflect a reduction in the ability of capturing prey (Shine, 
1980a). Another possible interpretation would be that 
gravid females stop feeding because they lack physical 
space to accommodate prey (Gregory & Stewart, 1975; 
Seigel et al., 1987). However, 10% of the gravid females in 
our study had stomach content, suggesting that females 
of L. anomalus do not stop feeding during gestation. 
The same was reported for L. poecilogyrus (Pinto & 

Fernandes, 2004), as for other colubrids (i.e. Pinto et al., 
2008). As we found evidence that females of L. anomalus 
lay more than one clutch per reproductive period, they 
would likely not be able to cease their energy intake 
during pregnancy.

Reproductive cycle
Reproductive cycles of males and females of L. anomalus 
were seasonal, with the highest activity during the warm 
season. In the southern hemisphere, more than 90% of 
the clutches are laid from November to January, and 
more than 95% of the hatchlings occur from January to 
March (Pontes & Di-Bernardo, 1988). In L. anomalus, 
both sexes presented gonadal activity during the first 
months of spring, and courtship and mating likely occurs 
during this period. Oviparous species need to lay their 
eggs during the warm period of the year as it benefits 
egg incubation (Vinegar, 1977), while viviparous species 
can elevate their body temperature and therefore retain 
embryos for longer periods of time (Aguiar & Di-Bernardo, 
2005). Females of L. anomalus present a strictly seasonal 
reproductive activity, as gravid females were found from 
August to February. In temperate areas, climate is the main 
factor affecting reproductive patterns. Nevertheless, in 
L. anomalus vitellogenic follicles were found throughout 
the year, suggesting reproduction throughout the year. 
Amongst the Dipsadidae, ecological attributes might be 
insufficient to explain the duration of the reproductive 
cycle. In addition, phylogeny might play an important 
role, with members of this family being able to reproduce 
continuously (Pizzatto & Marques, 2002; Pizzatto, 2005; 
Pizzatto et al., 2008).  Males of L. anomalus showed 
seasonal variation in testicular volume throughout the 
year, and histological analysis should be made to confirm 
that sperm production is strictly seasonal. Spermatogenic 
cycles in oviparous caenophidians are less known than 
follicular cycles, although both seasonal and continuous 
patterns can occur (Pizzatto & Marques, 2002; Shine, 
2003; Pizzatto, 2005; Pizzatto & Marques, 2006a). As 
higher testes volumes were found between August and 
November and females exhibited reproductive activity 
during August and March, either mating occurs twice in 
the reproductive season or females store sperm. In some 
species, sperm storage either in males or females is 
vital for their reproductive cycle (Bull et al., 1997; Shine, 
2003).

Pizzatto et al. (2008) described three types of 
reproductive cycles for the Xenodontini tribe that ranged 
from continuous cycles, to broadly seasonal cycles, to 
strictly season cycles (5–7 months). Liophis anomalus 
showed a strictly seasonal reproductive cycle, with 
behavioural activity from August to March. Six gravid 
females also showed vitellogenic follicles similar to 
other species with short reproductive periods which lay 
multiple clutches in one season (Peterson et al., 1993). 
Multiple clutches is a common trait among Xenodontini 
(Pizzatto, 2003; Pinto & Fernandes, 2004). Pizzatto et 
al. (2008) also reported that some Xenodontini species 
have continuous cycles close to the tropics, and seasonal 
cycles in higher latitudes. Geographic variation in the 
reproductive cycle would suggest an adaptation to the 
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local environment (Ballinger, 1977). Although we would 
need more specimens to test whether these differences 
occur among populations of L. anomalus, we would not 
expect this pattern because of its restricted latitudinal 
range.  
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