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ARTICLE INFO ABSTRACT

The tip of the tail in female Cerastes vipera, a small viperid snake, is black and conspicuous, whereas that of the
male is not. We tested the hypothesis, albeit indirectly, that this sexual dimorphic chromatisation is related to
caudal luring, a feeding mimicry hunting strategy. C. vipera can hunt nocturnally-active lizards only via sit-and-
wait ambush and, consequently, we predicted that females would use caudal luring more often than males and
that the proportion of nocturnal prey items in the diet of females would be higher than in males. Our hypothesis
was supported as: 1) only females demonstrated caudal luring towards nocturnally-active lizards and more than
85% did so, whereas none of the males demonstrated such behavior; and 2) females consumed a significantly
higher proportion (15/40 vs 4/27) of nocturnally-active lizards than did males. We concluded that sexual di-
chromatisation in C. vipera is associated with hunting strategy that results in different hunting behavior and
different dietary intake between sexes. These novel findings: 1) provide a functional explanation for the black
tail of female C. vipera; and 2) suggest different evolutionary driving forces between sexes and, consequently,
different ecological impacts of male and female C. vipera on lizard populations.
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1. Introduction

On the continuum of hunting strategies employed by predators in
capturing prey, sit-and-wait and active hunting are practiced at the two
extremes (Schoener, 1971; Huey and Pianka, 1981; Scharf et al., 2006;
Ross and Winterhalder, 2015). The predator can attract prey by using
deceptive tactics categorized as “aggressive mimicry” or, functionally,
as “feeding mimicry” (Schuett et al., 1984). Feeding mimicry was in-
itially described in anglerfish, which use their first dorsal spine to si-
mulate a ‘tiny creature’ to attract prey (Wilson, 1937; Pietsch and
Grobecker, 1978), and alligator snapping turtles, which possess a ver-
miform-shaped appendage on the tip of their tongues to lure fish (Allen
and Neill, 1950; Drummond and Gordon, 1979); however, it is quite
common in viperid snakes that use sit-and-wait hunting by employing
mainly caudal luring and, occasionally, lingual luring to deceive po-
tential prey (Glaudas and Alexander, 2017). Such behavior in snakes is
often accompanied by modifications at the end of the tail to mimic prey
such as a worm to lure lizards (Reiserer, 2002; Reiserer and Schuett,

* Corresponding author.
E-mail address: mkam@bgu.ac.il (M. Kam).

https://doi.org/10.1016/j.beproc.2019.103960

2008; Hagman et al., 2009) or frogs (Schuett et al., 1984; Reiserer,
2002) and as a spider to lure birds (Fathinia et al., 2015). Caudal luring
is often associated with increased caudal segments for the effective
imitation of invertebrate prey (Hampton, 2011), and with conspicuous
tail coloration (Pough, 1988; Cooper and Greenberg, 1992; Rabatsky,
2008), although some studies in snake species reported caudal luring
without conspicuous tail coloration (Leal and Thomas, 1994; Glaudas
and Alexander, 2017). The hypothesis that tail wriggling is, in effect,
caudal luring is difficult to test in free-ranging species. Studies of the
function of caudal luring in snakes were done mainly on captive spe-
cimens and were divided, where some showed no effect (Burger and
Smith, 1950; Greene and Campbell, 1972; Strimple, 1995), while others
showed a positive effect on prey attraction (Wharton, 1960; Greene and
Campbell, 1972; Pough, 1988; Chiszar et al., 1990; Rabatsky and
Farrell, 1996; Reiserer and Schuett, 2008; Hagman et al., 2009; Nelson
et al., 2010). Furthermore, the first study to quantify tail wriggling in
free-ranging rattlesnakes raised doubts concerning its actual function
(Clark et al., 2016).
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Many viperid species use caudal luring when young but not so when
adults (Greene, 1992). In these species, the end of the tail is colored
conspicuously at birth, but this coloring disappears when adulthood is
reached. The end of the tail usually mimics a wriggling insect larva,
typical prey for lizards (Pough, 1988; Hagman et al., 2009) and is
termed ‘vermiform’ (Jackson and Cross, 2013). However, as adults,
these snake species shift to a different diet (e.g., small mammals),
where luring behavior is not effective and, therefore, not used (Greene,
1992). Only two viperid snake species, Bothrops bilineatus and Cerastes
vipera, are reported to use caudal luring as adults and have conspicuous
tail coloration throughout their whole ontogeny, with both species
preying on lizards as young and as adults (Greene and Campbell, 1972;
Heatwole and Davison, 1976; Sivan et al., 2013).

Sexual dimorphism of tail coloration in viperid snakes is rare, and
has been reported only for C. vipera and Bothrops atrox (Burger and
Smith, 1950; Marx, 1958; Heatwole and Davison, 1976). However,
conspicuous tail coloration and sexual dimorphism is absent in adult B.
atrox (Burger and Smith, 1950) and there are no reports of caudal luring
in adults (Pycraft, 1925; Burger and Smith, 1950). Thus, C. vipera is the
only species demonstrating sexual dimorphic chromatisation (or di-
chromatisation) throughout ontogeny; the tip of the tail in the female is
black and conspicuous over the light-colored background of the sandy
dune habitat, whereas that of the male is brown colored and does not
differ from the color of the rest of the body (Fig. 1). Male and female C.
vipera employ mainly sit-and wait hunting (Horesh et al., 2017) and
their diets are composed of nocturnally- and diurnally-active lizard
species. Caudal luring by this nocturnal viperid could only be applied to
entice a nocturnally-active prey species. At our study site, nocturnally-
active lizards do not have distinct burrows, as is the case for skinks, nor
do they seal their burrows when not active, as is the case for geckos
(Bouskila, 1988) and, consequently, can only be captured by ambush,
as C. vipera are too slow to chase prey.

Therefore, C. vipera is an excellent candidate to test the caudal
luring hypothesis in free-living snakes. We hypothesized that sexual
dichromatisation in this species is related to feeding mimicry via caudal
luring and predicted that females would use caudal luring more in-
tensively and would be more successful in sit-and-wait hunting than
males and, thus, their dietary intake would include a higher proportion
of nocturnally-active lizards than males. To test our hypothesis, we
monitored hunting behavior and determined dietary intake in free-
ranging male and female C. vipera.

2. Methods
2.1. Study species

The Saharan sand viper, Cerastes vipera (Linnaeus 1758) (previously
Aspis vipera (Schnurrenberger, 1959), family Viperidae, is one of the
smallest viperid species (Sivan et al., 2015), measuring up to 35cm in
length. This viper is nocturnally-active, moves by sidewinding and is
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limited to sand and dune systems (Sivan et al., 2013; Werner, 2016)
across northern Africa’s Saharan countries, the Sinai Peninsula and, in
Israel, across the western Negev (Werner, 2016). This snake preys
predominantly on lizards (Schnurrenberger, 1959; Subach et al., 2009;
Sivan et al., 2013) and captures its prey mainly using sit-and-wait
hunting (Horesh et al., 2017) by burying itself below sand level
(Klemmer, 1970) and, occasionally, by active hunting (Subach et al.,
2009; Horesh et al., 2017). Cerastes vipera is active from spring to au-
tumn (April to late October) and inactive during winter (November to
late March) (Sivan et al., 2013). Mating season is short, up to two weeks
in early spring, from the end of April to the beginning of May, females
are ovo-viparous and young appear in August. The female C. vipera is
slightly, but significantly, larger than the male (Sivan et al., 2015), and
the tip of its tail is black and conspicuously marked whereas that of the
male is not (Fig. 1), resulting in a distinct sexual dichromatism that is
apparent throughout ontogeny (Schnurrenberger, 1959; Kramer and
Schnurrenberger, 1963; Heatwole and Davison, 1976; Sivan et al.,
2015). At our study site, when individual C. vipera were checked for sex
by inserting a probe into the cloaca, the probe was inserted 0-2 sub-
caudal scales in females (n = 50) and all had black tails; whereas, it was
inserted 6-11 sub-caudal scales in males (n = 50) and none had black
tails (JS unpubl. data). This tail coloration difference between sexes in
C. vipera was first documented by Marx (1958) in 82 specimens; of 42
females, all but one had a black tail and of 40 males, 34 had tails with
the same coloration of the body, while the other six had darker tails, but
lighter than that of females (Marx, 1958). He also reported that the
ratio of the tail length to the total body length was greater in males than
in females (0.103-0.081), and that females had more ‘number of ven-
trals’ than males (117. 7-113.3).

2.2. Study area

The study was done in the desert sand dunes surrounding Wadi
Seher in the western Negev, 15 km south of Beer-Sheva (31° 5.4’ N and
34° 48.6’ E), Israel, at 320-340 m above sea level. The area has an
annual average rainfall of 150 mm, all occurring in winter, with 60%
falling in December and January. The area is characterized by large
annual variations in total rainfall and in its temporal and spatial dis-
tributions, and the dominant vegetation is of the Saharo—Arabian type
(Sivan et al., 2013). Winters are mild - the coldest month, January, has
mean minimum and maximum air temperatures of 7.6 and 18.1 °C,
respectively. Summers are hot and dry, lasting from June to September.
The hottest month, August, has mean minimum and maximum air
temperatures of 20.2 and 33.5°C, respectively. The study area was
confined to a single dune, with low plant cover, and approximately
40,000 m? (100 m x 400 m) in size. Six species of lizards inhabited the
area: the diurnal (1) Nidua fringe-fingered lizard (Acanthodactylus scu-
tellatus), (2) Egyptian fringe-fingered lizard (Acanthodactylus aegyptius)
and (3) sandfish (Scincus scincus), and the nocturnal (4) wedge snouted
skink (Sphenops sepsoides), (5) Anderson’s short-fingered gecko

Fig. 1. Sexual dichromatism in C. vipera: Female tail (right) is black and conspicuously marked whereas that of the male (left) is not.
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(Stenodactylus petrii), and (6) Lichtenstein’s short-fingered gecko (Ste-
nodactylus sthenodactylus) (Sivan et al., 2013; Werner, 2016).

Both Acanthodactylus and Stenodactylus dig burrows and remain
within them during their non-active diel phase. However, only the
burrows of Acanthodactylus stay open and, thus, allow active foraging
by C. vipera (Werner, 2016; Horesh et al., 2017). When in their burrows
during the non-active period, Stenodactylus seal and block the entrance
from the inside and smooth the sand with the tip of the tail. In this way,
the burrow is camouflaged (Bouskila, 1988; Werner, 2008, 2016). We
have been studying C. vipera for over 20 years and have never observed
C. vipera digging in the sand and entering a gecko burrow or im-
pressions in the sand near a burrow indicating burrowing behavior.
Furthermore, we are not aware of any report on such behavior.

2.3. Observations and data collection

Field research was done between spring (early April), when the
snakes emerged from winter inactivity, and autumn (late October)
2017, when the snakes entered winter inactivity. The study area was
searched for viper tracks for five to seven nights each month. Two re-
searchers covered the entire area by walking length-wise twice on the
plot at a distance of 20 m between them. When C. vipera tracks were
observed, they were followed from their source to the point where
active movement ended. Feces, along with characteristic sand im-
pressions (Fig. 2) that indicated defecation behavior of C. vipera, were
found occasionally on the trail of the snake usually within the first 15m
from the diurnal shelter. Sidewinding tracts continued after the fecal
sample and these were followed until the individual snake was located.
A snake was always located after observing a fecal sample and we are
confident that the fecal sample was from that individual snake. The
snake was observed submerged in the sand for up to 5 min before sexing
the snake and taking measurements between 22:00 and 23:00. Each
snake was weighed to 0.01 g (O’haus Balance, Model CT 200) and
measured for SVL to 0.1 cm. Then, the abdominal area of each snake
was palpated and fecal material, when present, was extracted by gently
stroking its ventral side towards the cloaca. Handling of the snake was
completed within 4 min, and then the snake was released at the point of
capture. Fecal samples collected from the ground comprised 40% (38 of
95) and manually extracted fecal material (or regurgitated material)
comprised 60% (57 of 95) of the samples analyzed for prey consump-
tion. Individuals with a SVL<15 cm were classified as neonates (1-2
months old, August and October only) while those with a SVL > 15cm
were classified as adults (> 1 year old, and included subadults) (Sivan
et al., 2015). All procedures on the snakes were approved by the Israel
Nature and National Parks Protection Authority and the Ben-Gurion
University Committee for the Ethical Care and Use of Animals in Ex-
periments.

2.4. Fecal analysis

Nine C. vipera (body mass 14.5 + 4.09g, SVL 21.1 *+ 2.54cm, BCI

Fig. 2. An example of a fecal sample of C. vipera found along its trail, and
specific sand impressions indicating defecation.
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13.9 = 2.39) were offered either Acanthodactylus spp. or Stenodactylus
spp., in the laboratory and their feces were collected. Each fecal sample
was air-dried and then was spread in a Petri dish over 1 mm grid paper.
Scales, claws and teeth in the fecal samples were observed using a bi-
nocular microscope (Wild, model M7A, Heerbrugg, Switzerland); they
allowed the identification of the lizard species and whether they were
juveniles or adults (Supplementary Fig. 2; Supplementary Table 1)

Fecal samples collected from free-living C. vipera were treated in the
same manner. Lizard plates, scales and claws were compared with these
items in-situ and identified to the species/genus level based on their
shape (Supplementary Fig. 2) and size (Supplementary Table 1). Most
samples contained one prey item, however some contained two. Diet
composition of C. vipera was determined from fecal samples, manually
extracted fecal material and from regurgitation.

2.5. Body condition

Body condition, indicative of the nutritional status of the animal,
could affect hunting behavior as well as dietary intake. Body condition
index (BCI) is commonly calculated as a function of SVL and body mass,
reflects fat reserves (Bonnet and Naulleau, 1996) and has been de-
scribed as being “intimately related to an animal’s health, quality or
vigour and has been widely claimed to be an important determinant of
fitness” (Peig and Green, 2010). The “scaled mass index” (Peig and
Green, 2009), which is independent of body size, was used to estimate
BCI in C. vipera, as has been done previously for this species from the
same study site (Sivan et al., 2015).

2.6. Statistical methods

We did not scale-clip individuals for identification to minimize the
effects of handling on hunting strategy and behavior of the snake. In
previous studies at this site for over 20 years, re-capture of marked
individuals was very low (Sivan et al., 2013; Horesh et al., 2017) and,
consequently, each point was considered as an independent measure-
ment. Chi square statistics were used to test whether age (neonates and
adults) and sex of C. vipera affected prey captured and phi (®) was used
for determining effect size (Cohen, 1988; Murphy and Myors 1998).
Measurements are presented as means = S.E., and differences are
considered significant at p < 0.05.

3. Results

In total, 161 adult (83 males and 78 females) and 52 neonate (28
males and 24 females) C. vipera were observed year-round, and snout-
vent length (SVL) as a measure of size did not differ between sexes
(Table 1).

All C. vipera at sit-and-wait hunting were submerged in the sand. We

Table 1

Number of C. vipera with or without fecal samples (including regurgitated
prey), and their mean ( = SE) body masses, snout to vent lengths (SVL) and
body condition indices (BCI). Body mass, SVL and BCI are not statistically
different between sexes, within adults or neonates.

Adults Neonates
Males Females Males Females
Number 83 78 28 24
With sample 27 (32.5%) 34 (43.6%) 14 (50.0%) 15 (62.5%)
Body mass (g) 17.8 = 094 223 + 1.78 4.6 = 0.47 4.5 = 0.56
SVL (mm) 219 * 4.7 226 = 4.0 130 + 5.1 134 + 3.8
BCI 152 £ 0.52 16.4 = 0.76 19.7 = 1.24 16.7 = 0.99
Without sample 56 (67.5%) 44 (56.4%) 14 (50.0%) 9 (37.5%)
Body mass (g) 179 £ 0.74 21.8 £ 1.61 4.1 = 0.60 5.8 = 0.61
SVL (mm) 212 + 6.2 211 * 89 130 = 7.2 154 = 6.0
BCI 16.6 = 0.84 169 + 0.66 16.3 + 1.13 14.6 + 0.88
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Fig. 3. Sit-and-wait ambush at night of an adult female C. vipera while caudal
luring. C. vipera eyes at surface level (A) near fresh Stenodactylus spp. feces (B).
When the Stenodactylus spp. appeared near the snake (foot prints C1), the
blackened tip (D) of C. vipera tail wriggled, leaving impressions on the sandy
surface (E), then, the lizard left the area, leaving deep foot prints (C2).

detected sand impressions near the tail of 69 of the 78 adult females
(> 85%), which indicated tail wriggling (Supplementary Fig. 1). In six
of these females, we observed nocturnal tail wriggling in front of
Stenodactylus spp. (Fig. 3), which fits in well with the behavior of caudal
luring. Neither tail wriggling nor sand impressions near the tail were
observed in any of the 83 adult males, which provided further evidence
to support our hypothesis. In fact, in most cases, we were able to predict
the sex of the snake before examination by the presence of or lack of
sand impressions near the tail.

Fecal samples for prey identification were obtained from 33% and
44% of adult males and females and from 50% and 63% of neonate
males and females, respectively (Table 1). Overall, 47 Acanthodactylus
spp. 15 S. sepsoides, 4 Stenodactylus spp. and 1 S. scincus were identified
in adult samples, and 27 Acanthodactylus spp., 1 S. sepsoides and 1
Stenodactylus spp. were identified in neonate samples (Table 2). Adults
consumed a significantly higher proportion of nocturnally-active lizard
species than neonates (31.1% vs 7.1%, Chi?, = 5.45, p = 0.02). Only
adults were tested for sexual differences in feeding habits as neonates
occurred only between August and October, and the sample size was
too small for analysis. Within adults, females consumed a higher
proportion of nocturnally-active lizards (37.5% vs 14.8%) than males
(ChiZ, = 4.08, p = 0.043), and effect size indicated a large magnitude
(® = 0.50). Hence, our prediction was supported. In addition, SVL and
body condition index (BCI) of females that consumed nocturnally-active
lizards did not differ from females that consumed diurnally-active
lizards and, also, not from males, although body mass of females was
larger than that of males (p < 0.05) (Table 1).

4. Discussion

Our hypothesis was supported as: 1) only females demonstrated
caudal luring towards nocturnally-active lizards and more than 85% did
so, whereas none of the males demonstrated such behavior; and 2) fe-
males consumed a significantly higher proportion of nocturnally-active
lizards than did males, which could be captured only by sit-and-wait
hunting.

Table 2

Diet composition of free-ranging C. vipera, based on fecal analyses.
Prey Activity Adults Neonates

Males Females Males Females

Acanthodactylus spp. Diurnal 23 24 13 14
Scincus scincus Diurnal 0 0 0
Sphenops sepsoides Nocturnal 2 13 1 0
Stenodactylus spp. Nocturnal 2 0 1
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We are aware that the hypothesis was tested indirectly, as the study
was observational, and that there may have been other differences
between sexes, such as size, and temporal or spatial preferences that
affected dietary intake. However, although C. vipera females are larger
than males, sexual size dimorphism is very low (Sivan et al., 2015) and,
in this study, was non-significant. Furthermore, both sexes are noc-
turnal (Sivan et al., 2013; Werner, 2016) and were observed in the same
habitat. Therefore, we rejected size and spatial and temporal differ-
ences between sexes as plausible reasons for dietary differences. We are
also aware that feeding habits could be linked to mate-searching ac-
tivities in males. Such activity for males is an intensive two week period
after emerging from winter inactivity in April (Sivan et al.,, 2012).
During this time, C. vipera often do not eat and, in this study, dietary
intake was recorded for only two females and four males and none
consumed nocturnally-active lizards. This eliminated the premise that
the difference between sexes was due to mate-searching activities in
males and, consequently, our hypothesis had a sound basis. Among the
questions that emerged from this study included: (1) what are the
possible costs and benefits for the morphological and behavioral dif-
ferences between sexes; and (2) what might be the short-term and/or
the evolutionary forces driving these differences.

4.1. Sexual dietary differences and size dimorphism

It has been stated that, “sexual differences in diet are almost in-
evitable if the sexes differ greatly in body size” (Shine, 1989) and this
was evident in several snake species (Shine, 1991; Manjarrez et al.,
2014; Loebens et al., 2019). In reptiles, sexual size dimorphism (SSD)
could evolve from sexual selection (usually males are larger), fecundity
selection (favoring larger females) and/or natural selection for resource
partitioning (Cox et al., 2007), the latter based on environmental forces
(ecological causation) (Shine and Madsen, 1994). Furthermore, in-
traspecific differences in nutritional demands could lead to sexual di-
morphism via competition of a limited resource (Bonnet et al., 1998)
and, therefore, our findings on differences in feeding habits between
males and females could be a mechanism to decrease intraspecific
competition.

Shine (1991) reasoned that sexual size differences are due to dif-
ferences in reproductive biology and, consequently, most snake species
exhibit female-biased SSD (Cox et al., 2007; King et al., 1999). Vipiridae
are exceptional within snake lineages where SSD is generally
male-biased (Cox et al., 2007), suggesting selective pressures via sexual
selection and/or natural selection. However, the female-biased SSD in
C. vipera suggests selective pressure via fecundity selection which fits in
well with the advanced reproductive strategy of C. vipera being
ovo-viviparous (Sivan et al., 2015).

However, although C. vipera females are larger than males, the
sexual size dimorphism index in C. vipera is very low (0.0476; Sivan
et al., 2015), and, in this study, snout-vent length (SVL) did not differ
between sexes (Table 1). In addition, BCI did not differ between sexes or
within females that consumed nocturnally- and diurnally-active lizards.
Therefore, although these parameters could have been driving forces
for the sexual differences in hunting behavior, they could not explain
our main finding that females consumed more nocturnally-active li-
zards than males.

4.2. Caudal luring and risk of predation

It has been suggested that caudal luring, and specifically as a ‘ver-
miform’ (Jackson and Cross, 2013), is strongly related with a diet
comprising of amphibians or reptiles. This is the case in C. vipera, where
dietary intake of both young and adults consists solely of reptiles.

Theoretically, sit-and-wait hunting reduces the risk of predation
compared to active foraging and caudal luring increases the
opportunity for prey encounter. Both behaviors are advantageous to the
hunter. However, tail wriggling attracts not only potential prey but also
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potential predators and, consequently, bears additional costs by
increasing predation risk (Rowe et al., 2002; Rabatsky and Waterman,
2005). Snakes of various species were observed with damaged tails as a
result of predation escape (e.g., Shine et al., 1999; Costa et al., 2014),
which lends support to this premise. In the area inhabited by C. vipera,
the Eurasian stone curlew, Burhinus oedicnemus, a nocturnally foraging
predator that feeds on both invertebrates and vertebrates (Paz, 1986;
Green et al., 2000), is commonly observed; sand impressions at our
research site (IT and JS, unpublished data) indicated predation of C.
vipera by this curlew. Also, the red fox, Vulpes vulpes, and the black
desert cobra, Walterinnesia aegyptia (Elapidae), a sauropagous snake
(Mendelssohn, 1977), were seen preying on C. vipera at night on several
occasions (IT and JS, unpublished data). Other potential nocturnal
predators which share the same sandy habitat with C. vipera include the
little owl, Athene noctua, which preys on reptiles (Paz, 1986), and a
larger viperid, Cerastes cerastes, which preys on rodents and reptiles
(Mendelssohn, 1977). The overall effect of such costs on the longevity
of female C. vipera is unknown, but we cannot rule out the scenario
described by Reiserer (2016) for Crotalus cerastes where there is a
difference in longevity between the sexes. In this species, females are
also larger than males and, although size confers some advantage,
males live longer (Reiserer, 2016). Reiserer (2016) suggested that costs
imposed upon adult females, mainly due to reproduction, are “far
greater than those on males, despite males presumably being more
vulnerable to predation owing to a more mobile life style”. We were not
able to distinguish age classes in adult C. vipera, but a similar scenario
might occur where reproductive costs require additional energy and
nutritional demands that affect survival. Indeed, reproduction strategy
of ovo-viviparity in C. vipera suggests increased reproductive efforts
compared with other Vipiridae. In support of this reasoning, we found
that shortly after reproduction, in August, the body condition of female
C. vipera was significantly lower than that of the male (Sivan et al.,
2015). The improved prey catch at night employing caudal luring by
females could possibly have been among the evolutionary driving
factors for determining sexual differences in predation behavior.

Our findings suggest that caudal luring in female C. vipera at night
allow them to be more efficient in hunting nocturnally-active lizards
than males. Consequently, males are expected to increase chances of
hunting diurnally-active lizards using two alternative strategies: 1) they
may shift into a more risky and energetically demanding active hunting
at night (via entering burrows of diurnally-active lizards; Subach et al.,
2009; Horesh et al., 2017); and/or 2) expand sit-and-wait activity into
crepuscular hours when diurnally-active lizards start their activity, but
with higher costs of predation for this small and cryptic predator.
Although C. vipera is considered a nocturnal hunter (Schnurrenberger,
1959; Sivan et al., 2013; Werner, 2016), crepuscular activity has been
suggested for this species (Schnurrenberger, 1959; Heatwole and
Davison, 1976). However, to date, there is no supportive data for this
option.

4.3. Sexual dichromatisation

Sexual dichromatisation in viperids has been stated as “not im-
portant” (Klauber 1956) and conspicuous tail coloration does not ne-
cessarily reflect the use of caudal luring; of 66 viperid snake species
reported to possess conspicuous tail colors, only 21 species employed
caudal luring (Rabatsky, 2008). Also, tail coloration did not affect
foraging success in neonate pigmy rattlesnakes (Farrell et al., 2011).
Sexual dichromatism is common among vipers where mainly adult fe-
males have more cryptic colors than adult males (Shine and Madsen
1994), a difference generally attributed to mate selection and sexual
behavior (Shine and Madsen, 1994).

In general, sexual dichromatisation is most common in avian species
where males are more colorful. Furthermore, some colors have been
shown to be related with nutritional status and immune function of the
individual, and were suggested as evolutionary driving forces in
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honestly reflecting body condition (Badyaev and Hill, 2000; Siefferman
et al., 2007).

Vipera berus demonstrates sexual dichromatisation where males are
brighter-colored with more distinct black dorsal zigzag lines than fe-
males, which are “generally duller in overall color and apparently well-
camouflaged in the natural habitat” (Shine and Madsen, 1994). In
testing alternative hypotheses for this sexual dichromatisation, sexual
selection was declined and the “flicker fusion” hypothesis, based on
natural selection, was suggested as a plausible explanation for male
distinct coloration (Shine and Madsen, 1994). In this species, sexes did
not differ in their dietary habits (Prestt, 1971). In the boomslang (Dis-
pholidus typus), one of the most dichromatic snake species in which
females are much darker than males, neither diet composition nor niche
differed between sexes (Smith et al., 2019). In the present study, we
demonstrated that sexual dichromatisation should be tested function-
ally. C. vipera represented a unique case where sexual dichromatisation
of a specific organ (tail) and sexual differences in hunting behavior and
in dietary intake are all linked. As this is also the smallest known vi-
perid and a cryptic predator, we cannot rule out that these character-
istics have evolved due to the small size of the snake.

5. Conclusions

The costs and benefits accompanying the C. vipera hunting strategy
and the life history of this snake species are among the evolutionary
driving forces shaping sexual, morphological and behavioral differ-
ences. The sexual dietary differences suggest eco-physiological causa-
tion for the sexual dichromatism, but this does not explain why males
have not developed similar characteristics. This is puzzling and in
contrast with the general trend of viperid males that are considered
more efficient in caudal luring than females (Rabatsky and Waterman,
2005). Results of this study are novel in that they link differences be-
tween sexes in tail dichromatiation, behaviorial hunting strategy and
dietary intake. It is also the first study demonstrating different dietary
habits between sexes and, hence, might have different ecological im-
pacts on lizard populations.
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