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Abstract
Sexual dimorphism in the South American water snake Helicops polylepis 
(Serpentes: Dipsadidae). Sexual selection, fecundity selection and ecological divergence 
have been the main explanations proposed for the origin and maintenance of sexual 
dimorphism. In this study we provide evidence of sexual dimorphism in the South 
American aquatic snake Helicops polylepis, which is mainly determined by body and head 
sizes. Males have longer tails and more subcaudal scales, and females have larger body 
and head and more ventral scales. The sexual dimorphism observed in different 
morphological characters of H. polylepis occurs in other species of xenodontine snakes and 
is interpreted as a consequence of sexual selection pressures. Data on growth rates 
associated with prey availability and female size-related offspring size are necessary to 
refine o r ana es and test specific pot eses abo t t e eco o ica  and evo tionar  
bases of sexual dimorphism in H. polylepis.

Keywords: Fecundity, Hydropsini, sexual selection, Squamata.

Resumo
Dimorfismo sexual na serpente aquática sul-americana Helicops polylepis (Serpentes: Dipsadidae). 
A seleção sexual, a seleção de fecundidade e a divergência ecológica têm sido as principais 
explicações propostas para a origem e a man ten o do dimorfismo se a  este est do  fornecemos 
evid ncias de dimorfismo se a  na serpente a ática s americana Helicops polylepis  e  
determinado principalmente pelo tamanho do corpo e da cabeça. Os machos apresentam caudas mais 
longas e maior número de escamas subcaudais, e as fêmeas apresentam maior corpo e cabeça e maior 
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n mero de escamas ventrais   dimorfismo se a  observado em diferentes caracteres morfo ó icos 
de H. polylepis ocorre em o tras esp cies de serpentes enodont neas e  interpretado como 
consequência de pressões de seleção sexual. Dados sobre as taxas de crescimento associadas à 
disponibilidade de presas e tamanho da prole relacionado ao tamanho da fêmea são necessários para 
refinar nossas aná ises e testar ipóteses espec ficas sobre as bases eco ó icas e evo tivas do 
dimorfismo se a  em H. polylepis.

Palavras-chave: fecundidade, Hydropsini, seleção sexual, Squamata.

Introduction

Sex-related differences in body morphology 
have evolved in many invertebrates and 
vertebrates, and efforts to understand the 
evolution of sexual dimorphism have mainly 
focused on adaptive and physiological hypotheses 
(Andersson 1994). The main hypotheses 
proposed to explain the evolution of sexual 
dimorphism are sexual selection (e.g., male ritual 
combat), fertility selection and ecological 
divergence (Shine 1989, 1993, 1994, Shetty and 
Shine 2002). Most studies reporting sexual 
dimorphism in snakes were based on external 
morphological characters such as body size 
(Crews et al. 1984, Shine 1988, Mesquita et al. 
2010), head size (Shine and Crews 1988, Shine 
1991, King et al. 1999, Luiselli et al. 2002, 
Giraudo et al. 2014), tail size (Shine et al. 1999), 
body color (Shine 1993), and shape, size and 
texture of scales (Avolio 2006). However, sexual 
dimorphism may be also related to venom 
composition (Furtado et al. 2006) and morpho-
logy of cloacal glands (Thorpe 1989, Kissner et 
al. 1998). Sex-related differences in these characters 
are attributed to the reproductive success of the 
species, in males related to sexual competition, 
in females to energy storage (Bonnet et al. 
1998); competition and niche partitioning (Shine 
1991, Luiselli et al. 2002), and to evolutionary 
pressure in relation to the use of the environment 
(Shine 1989, Mesquita et al. 2010). 

The extent to which males exhibit larger 
adult body size than females indicates that body 
size correlates with the intensity of male-male 
competition (intrassexual selection) or female 

choice for mates (intersexual selection; Shine 
1986). Combat between males is common in 
snakes where males are larger than females, 
since reproductive success is size-related, 
generally providing greater mating opportunities 
for larger-bodied males (Anderson and Vitt 
1990, Almeida-Santos and Salomão 2002, 
Marques et al. 2009). However, in those species 
for which females are larger than males, larger 
females may have a reproductive advantage, 
since larger females can produce more offspring 
per breeding season (e.g., Shine 1993, 1994, 
Balestrin and Di-Bernardo 2005, Pizzato et al. 
2007, Mesquita et al. 2010).

The genus Helicops clusters with Hydrops 
and Pseudoeryx to form the monophyletic tribe 
Hydropsini, endemic to South America (Zaher et 
al. 2009). Sexual dimorphism has been found in 
the genus [e.g., Helicops infrataeniatus Jan, 
1865, H. leopardinus (Schlegel, 1837)], usually 
as larger tail size in males and larger body and 
head sizes in females (Aguiar and Di-Bernardo 
2005, Ávila et al. 2006). Helicops polylepis 
Günther, 1861 is a viviparous aquatic nocturnal 
species ic  feeds main  on fis  and 
occasionally on amphibians (Teixeira et al. 
2017). The species inhabits forest streams and 
riverbanks, generally using roots and riparian 
vegetation as shelter and foraging sites (Silva Jr. 
1993, Santos-Jr. and Ribeiro 2005). No 
information on sexual dimorphism has been 
reported for this species. Herein we present data 
on sexual dimorphism in meristic and 
morphometric characters measured in H. 
polylepis, to determine sexual dimorphism in 
body size and shape.

Camargo et al.
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Materials and Methods

Data Collection

We examined 186 specimens of Helicops 
polylepis from 11 herpetological collections 
(Appendix I). Specimens originated from Brazil 
and Colombia, including most of the Amazon 
Basin and the northwestern Brazilian Cerrado, 
from Acre (09°0130  S, 70°4864  W) to the 
Gurupi River (01°5006  S, 46°2111  W) along 
the west-east axis, and from Chaves (00°1206” 
S, 49°4801  W) to Chapada dos Guimarães 
(Manso River, 15°0136  S, 55°4759  W) along 
the north-south axis (Figure 1).

We used scale counts to quantify sexual 
dimorphism based on meristic characters. 
Subcaudal scale counts followed Peters (1964), 

Figure 1. Geographic distribution of the Helicops polylepis specimens analyzed for sexual dimorphism (black circles).

and ventral scale counts followed Dowling 
(1951). In addition, we analyzed seven 
morphometric variables: SVL, snout–vent 
length (measured from the anterior margin of the 
rostral scale to the cloacal opening); TL, tail 
length (measured from the cloacal opening to the 
tip of the tail); HL, head length (measured from 
the anterior margin of the rostral scale to the 
quadro-mandibular joint); HH, head height 
(greatest height, on the posterior portion of the 
head); HW, head width (measured at the widest 
part of the posterior portion of the head, using 
distal region of the mandible as the reference 
point); SL, snout length (measured from the 
anterior margin of the rostral scale to the anterior 
part of the ocular orbit); EMD, eye–mouth 
distance (measured from the lower edge of the 
eye socket to the mouth opening). We used 

Sexual dimorphism in Helicops polylepis
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digital calipers (accuracy 0.01 mm) to measure 
all variables, except SVL and TL, which were 
measured with a ruler to the nearest millimeter.

Sex of the specimens was determined by 
direct examination of the gonads. Males with 
convoluted deferent ducts were considered 
mature (Shine 1988), as were females with 
fo ic es   mm ine  e sma est 
mature male measured 328 mm SVL and the 
smallest mature female 486 mm SVL. Based on 
this criterion, the number of adult males in our 
sample was 66, and adult females were 32.

Data Analysis

We tested sexual dimorphism based only on 
sexually mature specimens, except for the 
number of ventral and subcaudal scales, which 
were measured for all specimens. To reduce the 
effects of size on the morphometric variables, 
we transformed each variable using the formula 
Z = Yi (SVL0/SVLi)

b, where Z represents 
transformed value of the variable Y (variable 
affected by SVL), Yi is the individual value of 
the variable, SVL0 is the mean of the SVL, SVLi 
is the individual value of the SVL, and b 
represents the slope of the linear regression 
between logY and logSVL (Lleonart et al. 2000). 

e verified t e effectiveness of cance in  t e 
size effect after the transformations of the 
variables the analysis (Student’s t-test) of the 
slope resulting from the regression of the SVL 
log10-transformed by the variables transformed 
by the formula presented above (Villamil et al. 
2017). All transformed variables were not 
correlated with SVL (p > 0.05) and the slope of 
linear regression between these variables was 
statistically indistinguishable from zero.

We used ANOVA or Wilcoxon Mann-
Whitney models to test sexual dimorphism in 
SVL (original data), TL (transformed as above), 
and number of ventral and subcaudal scales. 
Assumptions of normality and homoscedasticity 
were evaluated using Kolmogorov-Smirnov’s 
and Levene’s tests, respectively (Zar 2010). We 
assessed variation in body shape and the 

contribution of each morphometric variable to 
the overall sexual dimorphism using Principal 
Component Analysis (PCA). We excluded SVL 
and TL from the PCA. TL was removed because 
of the large number of specimens with mutilated 
tails (N = 29, 30% of the adult specimens). We 
also removed specimens with missing data from 
the sample, because it is not possible to calculate 
pairwise Euclidean distances on incomplete 
datasets fina  samp e   ma es and  
females). The statistical support for the PCA was 
performed with an analysis of variance 

 sin  t e scores of t e first principa  
component of each sex.

We performed the univariate analysis using 
R 3.3.3 (R Development Core Team 2011) and 
the multivariate analysis using PAST 3.07 
(Hammer et al. 2001). We assumed α = 0.05 to 
decide by accepting or rejecting null hypotheses 
for all tests.

Results

Descriptive statistics of morphometric and 
meristic variab es are s o n in ab e  e first 
principle component captured 65% of the variation 
observed in the PCA, and the second component 
captured 24% (accumulated variance = 89%) 
(Table 2). The transformed variables with the 
greatest contributions to component 1 and 
component 2 were HL and HW (Table 2). The 
t o dimensiona  pro ection of t e first t o 
principle components showed levels of overlap 
bet een se es i re  o ever  si nificant 
differences in component 1 scores between 
males and females of H. polylepis were observed 
(ANOVA: F1, 91 = 26.47; p = 0.0001; Figure 
2B).

n t e nivariate ana sis  si nificant 
differences were observed between the sexes for 
all variables tested (Table 1). Males showed 
higher values than females for subcaudal scales 
and TL, and females showed higher values for 
ventral scales, SVL, EMD, SL, HL, HW, and 
HH (Figure 3).

Camargo et al.
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Discussion

We found that females of Helicops polylepis 
have larger body size than males, consistent with 
most viviparous snakes (Fitch 1981, Shine 
1994). The same pattern has been found for two 
congeners: H. infrataeniatus (Aguiar and Di-
Bernardo 2005) and H. leopardinus (Ávila et al. 
2006). According to Shine (1978), females have 
larger body sizes than males in nearly 60% of 
snake species, probably due to selection for 
increased fertility, enabling larger females to 
produce and store greater numbers of eggs or 
embryos (Darwin 1981, Shine 1994, Olsson et 
al. 2002, Pizzatto and Marques 2006). 
Furthermore, female snakes often delay sexual 
maturity to maximize fecundity and reproductive 
success mediated by increased body fat 
accumulation (Brown and Weatherhead 1999, 
King 1999). In the analyzed sample, the smallest 
mature female of H. polylepis (SVL 486 mm) 
was 158 mm longer than the smallest mature 
male (SVL 328 mm), corroborating the 
hypothesis of late maturity for females.

Figure 2. (A) Two-dimensional projection on morphometric variables of Helicops polylepis represented by two 
principal components from a PCA (black circles = males; white circles = females). (B) Males and females 
principal component 1 scores. Boxplot shows mean (solid bar), interquartile range (box) and minimum and 
maximum values (solid terminal bars). Asterisks represent outliers.

Sexual dimorphism is a consequence of 
several forces, such as fertility selection and 
sexual selection, which act on the sexes and 
favor larger size in many organisms (Blanckenhorn 
2005). The small slender body size of H. polylepis 
ma es ma  indicate t e absence of rit a  fi tin  
between males. Sexual selection favors maturation 
earlier and at a smaller size in males than in 
females, thereby allowing greater likelihood of 
findin  mat re fema es i atto and ar es 
2006). Early maturation may increase reproductive 
production due to the development of 
chemosensory senses, high mobility, and reduced 
costs of mating dispersal and courtship of 
females (Madsen and Shine 1994). Additionally, 
sex-related body size in aquatic snakes may 
affect the ability to follow reproductive chemical 
clues, because larger females may produce 
greater amounts of pheromone, which reduces 
the effects of dilution in aquatic habitats (Shine 
1993). This is apparently a phylogenetically 
conservative character, because no species in 
which males are larger than females has been 
found in Hydropsini snakes. 

Sexual dimorphism in Helicops polylepis
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Table 1. 
Sum

m
ary of the m

eristic and m
orphom

etric variables analyzed in m
ales and fem

ales of H
elicops polylepis. Sexual dim

orphism
 w

as tested for each 
variable by analysis of variance A

N
O

V
A

 =
 F (*) or W

ilcoxon-M
ann-W

hitney test =
 W

 (**), depending on the norm
ality or hom

oscedasticity of 
each variable. The letter Z

 indicates transform
ed variables follow

ing the m
ethod proposed by Lleonart et al. (2000). D

ashes indicate that the tests 
w

ere perform
ed on transform

ed (not raw
) data.

V
ariables

M
ales

Fem
ales

Statistics

N
R

ange
M

ean ±
 SD

N
R

ange
M

ean ±
 SD

F or W
p

V
entral scales

93
110-139

126.0 ±
 3.9

92
118-139

128.0 ±
 4.1

2816**
<

 0.001

Subcaudal scales
77

71-110
92.0 ±

 9.1
71

71-102
78.0 ±

 6.5
710**

<
 0.001

Snout–vent length (m
m

)
66

328-675
480.0 ±

 75.8
32

486-914
638.0 ±

 103.3
73.9*

<
 0.001

Eye–m
outh distance (m

m
)

64
1.4-3.3

2.2 ±
 0.4

31
1.8-4.3

3.3 ±
 0.7

-
-

Z
 eye–m

outh distance
64

1.85-3.21
2.4 ±

 0.3
31

1.78-3.43
2.7 ±

 0.4
12.1*

<
 0.001

H
ead height (m

m
)

65
5.5-12.6

9.0 ±
 1.6

31
9.4-21.3

12.7 ±
 2.4

-
-

Z
 head height

65
6.73-13.17

10.0 ±
 1.3

31
8.13-14.35

10.7 ±
 1.5

6.5*
0.012

H
ead length (m

m
)

66
15.4-29.6

22.0 ±
 2.8

31
22.6-39.1

30.2 ±
 4.0

-
-

Z
 head length

66
17.80-30.46

24.0 ±
 2.4

31
22.25-30.60

26.5 ±
 1.9

417**
<

 0.001

H
ead w

idth (m
m

)
65

8.6-21.6
13.8 ±

 2.5
31

13.6-27.1
20.9 ±

 3.9
-

-

Z
 head w

idth
65

12.25-20.88
15.5 ±

 2.2
31

11.42-22.47
17.4 ±

 2.4
549**

<
 0.001

Snout length (m
m

)
66

3.2-6.2
4.7 ±

 0.7
32

4.4-8.2
6.2 ±

 0.9
-

-

Z
 snout length

66
4.22-6.35

5.1 ±
 0.5

32
3.78-6.30

5.3 ±
 0.5

779**
0.036

Tail length (m
m

)
48

202-380
283.0 ±

 47.9
18

228-350
283.5 ±

 37.1
-

-

Z
 tail length

48
237.09-372.79

297.5 ±
 33.5

18
226.55-318.19

258.8 ±
 23.2

143**
<

 0.001
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Figure 3. Comparison of meristic and morphometric variables between males and females of Helicops polylepis. 
Boxplot shows mean (solid bar), interquartile range (box) and minimum and maximum values (solid terminal 
bars). Asterisks represent outliers. (A) Number of ventral scales, (B) number of subcaudal scales, (C) snout-
vent length, (D) Z eye-mouth distance, (E) Z head height, (F) head length, (G) Z head width, (H) Z snout 
length, (I) Z tail length.
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Table 2. Contribution of each variable to the principal 
components 1 and 2 with the main morpho-
metric characters (bold) that contributed to the 
variation observed in the Principal Component 
Analysis.

Variables Component 1 Component 2

Eye-mouth distance 0.6394 0.1204

Head height 0.5066 0.3448

Head length 0.8756 0.4517

Head width 0.8240 -0.5662

Snout length 0.4546 0.1947

Eigenvalue 8.99661 3.27995

% variance 65 24

The levels of sexual dimorphism we found 
for tail length is consistent with literature for 
many snake species (Shine et al. 1999), including 
representatives of the genus Helicops (Aguiar 
and Di-Bernardo 2005, Santos-Jr. and Ribeiro 
2005, Ávila et al. 2006). Longer tails in male 
snakes may be related to the presence of the 
hemipenis and the associated retractile muscles 
located at the base of the tail (King et al. 1999). 
Sexual dimorphism in tail length may also be 
re ated to reprod ctive efficienc  since ma es 
with larger tails have advantages over smaller 
tailed males in ritualized mating displays 
(Pizzatto et al. 2007). We do not have data to 
test this hypothesis for H. polylepis, and ritual 
combat is very unlikely. We also found sexual 
dimorphism in head size, which may allow 
predation on prey of different sizes (Camilleri 
and Shine 1990) and provide more energy for 
reproductive investment (Shine 1994). This is 
not necessarily strictly based on food limitation 
or between-sex competition but may be related 
to independent adaptation of each sex to increase 
t e efficienc  of fora in  and abitat se ine 

 e a  dimorp ism in ead si e in ences 
the shape and size of structures directly 
associated with feeding, which are usually larger 
in the sex with the larger head (Camilleri and 
Shine 1990).

The levels of sexual dimorphism detected in 
this study suggest sexual selection as a major 
process causing morphological divergence 
bet een se es  is findin  is s pported b  t e 
fact that sexual dimorphism has been found in 
H. polylepis neonates (Santos-Jr. and Ribeiro 
2005), which shows that morphological 
differences between sexes are more likely to be 
innate than acquired over life by environmental 
pressure. However, additional data on growth 
rates associated with prey availability and 
female size-related offspring size are necessary 
to refine o r ana es and test specific 
hypotheses about the ecological and 
evolutionary bases of sexual dimorphism in H. 
polylepis.
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Appendix I. Specimens analyzed. We analyzed 186 specimens of Helicops polylepis from the following collections  
(acronyms are those used by the institutions): Centro de Estudos e Pesquisas Biológicas da Universidade Católica de Goiás, 

Goiânia, Brazil (CEPB), Instituto Butantan, São Paulo, Brazil (IBSP); Instituto Nacional de Pesquisas da Amazônia, 
Manaus, Brazil (INPA); Museu Paraense Emílio Goeldi, Belém, Brazil (MPEG); Universidade Federal do Mato Grosso, 

Cuiabá, Brazil (UFMT-R); Museu Nacional do Rio de Janeiro, Rio de Janeiro, Brazil (MNRJ); Laboratório de Zoologia de 
Altamira da Universidade Federal do Pará, Altamira, Brazil (LZATM), Universidade Federal do Oeste do Pará, Santarém, 
Brazil (UFOPA-H); Linha de Pesquisa em Herpetologia da Amazônia das Faculdades Integradas do Tapajós, Santarém, 

Brazil (LPHA); Universidade Nacional da Colômbia, Bogotá, Colombia (ICN), Instituto Alexander Von Humboldt,  
Villa de Leyva, Boyacá, Colombia (IAvH-R).

BRAZIL: ACRE: CCBN 74, CCBN 75, CCBN 273, CCBN 352, MPEG 20516. MANAUS, Amazonas, Alto Rio Solimões: 
MNRJ 641. Barcelos: INPA-H 25360. Borba: MNRJ 1559. Lindóia: MPEG 23514, MPEG 23513. Parintins: MNRJ 13333. 
Novo Airão: IBSP 80595, IBSP 80596, IBSP 80597, IBSP 80.598, IBSP 80599, IBSP 80600, IBSP 80601, IBSP 80602, IBSP 
80603, IBSP 80604, IBSP 80605, IBSP 80619, IBSP 80620, IBSP 80621, IBSP 80622, IBSP 80623, IBSP 80624, IBSP 80625, 
IBSP 80626, IBSP 80627, IBSP 80628, IBSP 80629, IBSP 80630, IBSP 80631, IBSP 80632, IBSP 80633, IBSP 80634, MPEG 
24374. Usina Hidrelétrica de Balbina: CEPB-565. MATO GROSSO: UFMT-R 215. Chapada dos Guimarães: UFMT-R 506, 
UFMT-R 507, UFMT-R 1218, UFMT-R 1219. Colniza, Estação Ecológica do Rio Roosevelt: UFMT-R 6683; UFMT-R7796. 
Príncipe da Beira: UFMT-R 9285, UFMT-R 9292. Nova Xavantina: UFMT-R 7768. PARÁ, Altamira: LZATM 61, LZATM 
121, LZATM 860. Baia do Souzel - Baixo Rio Xingu: MPEG 16715. Barcarena: MPEG 17680, MPEG 17729, MPEG 20480, 
MPEG 21856. Belém: MPEG 828, MPEG 16258, MPEG 18523, MPEG 18572, MPEG 22295. Belterra, Comunidade de Porto 
Novo: IBSP 86122, LPHA 360, LPHA 641, LPHA 1477, LPHA 1556, LPHA 1557, LPHA 2149, LPHA 2150, LPHA 2172, 
LPHA 2173, LPHA 2174, LPHA 2251, LPHA 2436, LPHA 2438, LPHA 2439, LPHA 2440, LPHA 2441, LPHA 2444, LPHA 
2445, LPHA 2447 LPHA 2448, LPHA 2449, LPHA 2450, LPHA 2451, LPHA 2452, LPHA 2453, LPHA 2454, LPHA 2457, 
LPHA 2459, LPHA 2437, LPHA 2446, LPHA 2455, LPHA 2456, LPHA 2458, LPHA 2584, LPHA 2587, LPHA 2588, LPHA 
2589, LPHA 2591, LPHA 2592, LPHA 2594, LPHA 2595, LPHA 2596, LPHA 2597, LPHA 2598, LPHA 2599, LPHA 2610, 
LPHA 2611 LPHA 2612 LPHA 2613, LPHA 2614, LPHA 2615, LPHA 2618, UFOPA-H 141, UFOPA-H 142, UFOPA-H 143, 
UFOPA-H 144, UFOPA-H 859, UFOPA-H 861, UFOPA-H 872, UFOPA-H 873, UFOPA-H 874, UFOPA-H 875. Chaves: 
MPEG 12427, MPEG 14793, MPEG 21118. Colônia Nova: MPEG 1851, MPEG 2943, MPEG 8604, MPEG 8616, MPEG 
15082, MPEG 15104, MPEG 15108, MPEG 20952, MPEG 21188. Faro: MPEG 18160 MPEG 21179. Ilha de Mosqueiro: 
MPEG 1215, MPEG 16440. Ilha de Marajó: MPEG 8871. Jacundá: MPEG 18353. Juruti: MPEG 21189, MPEG 21190, 
MPEG 22671, MPEG 23250, MPEG 23284, MPEG 24210. Melgaço: MPEG 15078, MPEG 18472, MPEG 18535, MPEG 
21855, MPEG 21857, MPEG 22140, MPEG 23249. Monte Alegre: MPEG 21511, UFOPA-H 387. Oriximiná: MNRJ 7789, 
MNRJ 17940. Oriximiná, Lago de Sapuacá: UFMT-R 9732, UFMT-R 10241 UFMT-R 10246. Portel: MPEG 15105, MPEG 
23248. Santarém: UFOPA-H 387, UFOPA-H 1036, LPHA 2586, LPHA 2590. RONDÔNIA, Porto Velho: INPA-H 10330, 
INPA-H 12427, INPA-H 14793, MPEG 26058. Distrito de Abunã: MPEG 16754 MPEG 16337, MPEG 21125. Ji-Paraná 
MPEG 18359. Ouro Preto do Oeste: MNRJ 9034. Pimenta Bueno, UFMT-R 8194. Usina Hidrelétrica Jirau: MPEG 22672. 
Usina Hidrelétrica de Samuel: CEPB-981. 

COLOMBIA: Letícia: ICN-R 8524, ICN-R 8579, IAvH-R 2267, IAvH-R 2296, IAvH-R 2297, IAvH-R 3079. 
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