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Use of chemosensory systems is common in terrestrial
vertebrates as it helps to differentiate between numerous
chemical signals present in their environments. Chemi-
cal cues processed by a sensory system (vomeronasal or-
gan) are of overriding importance in many squamate rep-
tile groups (BURGHARDT 1970, HALPERN 1987). The use of
chemical cues for recognition and prey discrimination has
been extensively documented in snakes (e.g., WELDON et
al. 1994, THEODORATUS & CHISZAR 2000, WEAVER & KAR-
DONG 2010). Detection of prey-derived chemical cues by
snakes is commonly associated with observed respons-
es such as tongue flicking and latency period (WEAVER
et al. 2012). These behavioural expressions of chemosen-
sation provide an opportunity to learn about heterospe-
cific recognition and interest in different chemical cues
emanating from potential prey (COOPER & BURGHARDT
1990). Ontogenetic changes in diet are frequently corre-
lated with prey preferences in many generalist and large
snakes (MUSHINSKY & LOTZ 1980, SAVIOLA et al. 2012). For
their part, specialist snakes exhibit signs of innate chemi-
cal discrimination of specific prey types (COOPER & SECOR
2007), with this discrimination being subject in some cas-
es to genetic constraints and driven by the natural diet of
each species (ALRNOLD 1980, AUBRET et al. 2006). How-
ever, the innate components of this behaviour in newborn
snakes could be replaced or modified by subsequent learn-
ing (FucHS & BURGHARDT 1971, ARNOLD 1978) when prey
is imprinted at the time of ingesting it for the first time in
both natural conditions (BURGHARDT & HESS 1966) and in
captivity (LooP 1970). Thus, information on predatory be-
haviour in neonates of many snake species contributes to
understanding several aspects of their dietary ecology dur-
ing their early ontogenetic stages. Whereas diet and pred-
atory behaviour are known from several species of large

snakes (mainly semi-aquatic and terrestrial snakes), little
of this type of information exists for many other groups
(e.g., fossorial and arboreal snakes).

The highly secretive and small (mean SVL: 200.3 mm)
fossorial snake Conopsis biserialis is an ambush-hunting
species with a geographic distribution in central and south-
ern Mexico (GOYENECHEA & FLORES-VILLELA 2006). It is
commonly known as the two-lined Mexican earthsnake
and information about its ecology and natural history is
very limited (but see CASTANEDA-GONZALEZ et al. 2011,
Raya-GARrcia et al. 2016). Frequently, these earthsnakes
can be found in pine-oak forests surrounded by a mosaic of
agricultural land and small, reforested patches (VAzZQUEZ &
QUINTERO 2005, CASTANEDA-GONZALEZ et al. 2011). They
spend most of their time sheltering under rocks or fallen
trunks (GOYENECHEA & FLORES-VILLELA 2006). The cryp-
tic appearance of this species and its fossorial habits make
observing it feeding in the field difficult , especially when
it comes to its very small neonates. According to previous
studies, C. biserialis is likely a dietary specialist predating
upon fossorial insects (RAMfREZ-BAUTISTA & ARIZMENDI
2004, CASTANEDA-GONZALEZ et al. 2011). However, its di-
etary preferences of distinct groups of invertebrate prey
have never been assessed in either adults or neonates. Ap-
propriate chemical discrimination of suitable/unsuitable
invertebrate prey is even more relevant for the survival of
small newborn earthsnakes, because a poor choice may re-
sult in exposure to toxins or at least poor energy intake,
both of which may compromise survival and growth.

Here, we examined experimentally the recognition and
discrimination of different invertebrate prey types by ne-
onates of C. biserialis by chemical cues alone. In particular,
we tested the hypothesis that a dietary specialist like the
fossorial earthsnake C. biserialis at neonate size responds
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readily to chemical cues from its preferred burrowing prey.
We report on the typical chemosensory responses of pred-
atory-naive neonates of C. biserialis to chemical signals
from some potential invertebrate prey.

Similar to previous studies of innate predatory behav-
iour in snakes with specialist diet (e.g., WELDON & SCHELL
1984, COOPER & SECOR 2007), we evaluated the behav-
iour of eight inexperienced specimens of C. biserialis born
in captivity (2 May 2014) with mean snout-vent lengths
(SVL) of 83.6 mm (range = 79-85 mm) and mean body
masses of 1.2 g (range = 1.2-1.5 g) from one female. Our
sample size is limited because the fossorial habits of C. bi-
serialis hindered the capture of additional gravid females.
Therefore, the rarely observed birth of a litter in captivity
presented an infrequent opportunity to research innate be-
havioural expressions (COOPER & SECOR 2007). The moth-
er had been collected on 23 March 2014, at Ichaqueo, mu-
nicipality of Morelia, Michoacan, México. This female had
a SVL of 280 mm and a body mass of 24 g. In snakes with
generalist diet, increased tongue-flicking is a common re-
sponse to chemical cues from potential prey (GREENBAUM
2004, COOPER 2008). Therefore, the probability that a sin-
gle litter of a fossorial snake with a specialist diet would
exhibit strong responses only to chemical cues from one
type of prey simply by causality is extremely low (COOPER
& SECOR 2007).

The female and her neonates were kept under terrarium
conditions in the herpetology laboratory of the Instituto
de Investigaciones Sobre los Recursos Naturales in the city
of Morelia, Michoacan, Mexico (2000 m a.s.l.). Ethical re-
sponsibilities were strictly observed. The female and her
neonates were returned to their site of capture after our tri-
als had been completed.

The newborns were placed individually in translucent
plastic containers (35 x 25 x 15 cm) with a tight lid and
small holes for ventilation. Each container had coconut fi-
bre substrate and a bowl offering water ad libitum. During
and before each experiment, the snakes had never been fed
or exposed to any prey. The containers of each snake were
kept in a natural photoperiod of 12:12 hours (day:night) ata
temperature of 23-24°C in a laboratory room isolated from
noise and minimum human traffic. The snakes were moni-
tored under these conditions for two days and their behav-
ioural responses were noted even before their first moult.

The housing containers for the snakes were also used
as experimental boxes when prey chemical stimuli were
presented on 15-cm cotton swab applicators (COOPER &
BURGHARDT 1990, COOPER 1998). We used the scents of
four potential invertebrate prey items, earthworms (Lum-
bricus terrestris), adult beetles (Tenebrio molitor), crick-
ets (Acheta domesticus), and ants (Atta sp.). Distilled wa-
ter (odourless substance) was used as a control item and
to gauge a baseline of predatory behaviour (COOPER &
BURGHARDT 1990). Pungency controls were not used to
avoid possible invasive scent effects on chemoreceptors of
the newborn snakes. All four invertebrate prey types (ant,
beetle, earthworm and orthopteran) have been reported
as forming part of the diet of adult C. biserialis (URIBE-
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PENA et al. 1999, RAMIREZ-BAUTISTA & ARIZMENDI 2004,
CASTANEDA-GONZALEZ et al. 2011). The scents or prey
chemical stimuli were obtained by following the basic
methodology of BURGHARDT (1966, 1968). This technique
involves placing one or more prey individuals in distilled
water previously heated to 50°C for one minute, at a pro-
portion of 10 ml water per 1.5 g of prey. Subsequently, the
prey animal or animals is/are removed from the container
and the remaining liquid is centrifuged at 2500 rpm for ten
minutes. The supernatant liquid is then poured into steri-
lized vials and kept refrigerated until it is to be used. All
chemical stimuli swabs and setting up the experiments
were effected simultaneously on the same day.

The procedure involved dipping the cotton swab in the
prey chemical stimuli liquid and carefully approximating the
swab at a distance of 1 cm in front of the snake nose for 60
seconds (COOPER & BURGHARDT 1990). During this time,
we recorded two variables, i.e., the total number of tongue-
flicks and the latency period (time in seconds before first
tongue-flick) displayed by the snakes in response to each
chemical stimulus (WEAVER et al. 2012). Their responses
were filmed with a video camera (Panasonic SDR-Hio1) on
a tripod, and focused on the inside the experimental box. In
order to minimize possible effects of disturbance on snake’s
behaviour, trials commenced five minutes after the lid had
been removed from their containers (COOPER & SECOR
2007, WEAVER & KARDONG 2010). Individuals were selected
randomly and evaluated during the afternoon (14:00-16:00
h) in a closed room with dim lighting and a temperature of
27-28 °C. Each chemical stimulus (vomodor) was presented
only once to the same individual in random order. Only one
trial was conducted per day, resulting in five trials with each
of the eight snakes on five days. Each experimental con-
tainer was afterwards cleansed with commercial detergent
and rinsed with distilled water to remove possibly lingering
odours from the previous experiment.

Due to the lack of independency, normality, and variance
homogeneity in the data, we used nonparametric Friedman
two-way analyses of variance (ZAR 1996) to evaluate the ef-
fect of prey scents on latency period and rate of tongue flicks
in all neonate earthsnakes. Additionally, a post hoc analysis
of multiple paired comparisons was conducted using Tuk-
ey’s honestly significant difference (HSD) tests. All statisti-
cal analyses were performed with the interface Rstudio in
R software version 3.3.2 (R Development Core Team 2013).

All snakes responded with tongue flicks and latency pe-
riods to the five trials (four chemical stimuli and the con-
trol dummy), with the most common response displayed
being tongue flicks (36 of 40 trials, 90%). None of the ne-
onates attacked the cotton swab during the experiments.
There was a significant effect of the chemical stimuli on
tongue flicking (x* = 12.20, df = 4, P < 0.01). The number
of tongue flicks to beetle scent was significantly different
from that to the water-soaked control dummy (Tukey’s test
P < 0.001), but also different from ant, cricket, and earth-
worm scents (P < o.01, to all; Fig. 1). There were no sig-
nificant differences in the number of tongue flicks between
ant, cricket and earthworm scents (P = 0.99, to all; Fig. 1).
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Finally, there was a significant effect of chemical stimuli
on latency periods (x* = 15.77, df = 4, P < 0.01), which was
longer to distilled water (control) than to all other scents
evaluated, and there were significant differences between
the beetle scent and distilled water (P < 0.001; Fig. 2) and
between cricket and beetle scents (P < 0.05; Fig. 2).

Our results suggest that neonates of the two-lined Mexi-
can earthsnake C. biserialis possess the chemosensory abil-
ity to recognize invertebrate prey. Based on the obtained re-
sults, predatory-naive neonates display a longer lasting re-
sponse to chemical cues of a beetle than to those of other
invertebrate prey. Beetles of the order Coleoptera have been
reported as forming part of the diet of C. biserialis (URIBE-
PENA et al. 1999, RAMIREZ-BAUTISTA & ARIZMENDI 2004).
Apterism and high diversity of geophyle beetles renders
them of interest to a a large number of predators (CARRARA
2011). Beetles of small size, with fossorial habits, and their
increased activity during periods of reduced insolation
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Figure 1. Mean number of tongue flicks (+ SE) displayed by ne-
onates of Conopsis biserialis in response to chemical scents from
potential invertebrate prey and a water control dummy. The letters
above the bars indicate significant differences between invertebrate
scents with identical letters indicating no significant differences.
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Figure 2. Means of latency periods (+ SE) displayed by neonates
of Conopsis biserialis in response to chemical scents from potential
invertebrate prey and a water control dummy. The letters above the
bars indicate significant differences between invertebrate scents
with identical same letters indicating no significant differences.

(CLOUDSLEY-THOMPSON 2001) probably make them easy
prey to furtive reptiles. The ability to sense and discriminate
beetle chemical cues from others is probably indicative of
small and fossorial beetles being an important prey item in
the early diet of C. biserialis. The latency period and tongue
flicks to ant, cricket and earthworm chemical cues did not
vary significantly, and according to WEAVER & KARDONG
(2010) this is a result of snakes responding to stimuli as nov-
el scents, but are not detected like potential prey chemicals
due to their low sensory chemical specificity.

Although several small, fossorial and myrmecophagous
blindsnakes are known to detect scent trails of worker ants
(WATKINS et al. 1967, WEBB & SHINE 1992), it appears that
ant scents are unimportant prey chemical cues to neonates
of the fossorial earthsnake C. biserialis, which is consist-
ent with the adults’ diet in which ants do not play a role as
prey (CASTANEDA-GONZALEZ et al. 2011). Visual cues were
not evaluated in this study, because we considered them
of lesser importance due to the fossorial lifestyle of earth-
snakes (GOYENECHEA & FLORES-VILLELA 2006).

The individuals used in this experiment had never been
exposed to any type of prey before our trials. Therefore,
their chemosensory responses were not a reflection of pre-
vious experiences with prey under both captive and natural
conditions (BURGHARDT et al. 2000). The earthsnake C. bi-
serialis is considered an oligophagous specialist, predating
upon a few burrowing insects (CASTANEDA-GONZALEZ et
al. 2011), therefore their chemosensory responses might
constitute a specific component of innate prey recogni-
tion (BURGHARDT 1968, COOPER & SECOR 2007). Interest-
ingly, the neonate snakes in our experiments did not at-
tack the scented cotton swabs, contrary to adult and juve-
nile individuals that have previously been observed biting
swabs with invertebrate chemical stimuli (RAYA-GARCIA
2016). The size, defence capabilities, or toxicity of prey and
other opportunities to gain experiences probably play a
crucial role in developing predatory behaviours of many
snakes during their early ontogenetic stages by reinforcing
or adapting these instinctive responses through learning
(ARNOLD 1978, TERRICK et al. 1995, WATERS & BURGHARDT
2005). Field studies are necessary to generate more infor-
mation about the predatory and foraging habits of fossorial
and secretive snakes.

Acknowledgements

We are grateful to the Maestria en Ciencias en Ecologia Integrativa
of the UMSNH and the Consejo Nacional de Ciencia y Tecnologia
(CONACYT) for the postgraduate scholarship granted to ERG (CVU
number 589601). We thank the SEMARNAT government authorities
for permit number No. FAUT-o113, and Jerénimo Hernandez for his
assistance in field and laboratory work.

References
ARNOLD, S. J. (1978): Some effects of early experience on feeding re-

sponses in the common garter snake, Thamnophis sirtalis. — Ani-
mal Behavior, 26: 455-462.

89



Correspondence

ARNOLD, S. J. (1980): The microevolution of feeding behavior. - pp.
409-453 in: Kamir, A. C. & T. D. SARGENT (eds): Foraging behav-
ior: ecological, ethological and psychological approaches. — Gar-
land STPM Press, New York.

AUBRET, F, G. M. BURGHARDT, S. MAUMELAT, X. BONNET & D.
BrADSHAW (2006): Feeding preferences in 2 disjunct populations
of tiger snakes, Notechis scutatus (Elapidae). — Behavioral Ecol-
ogy, 17: 716-725.

BURGHARDT, G. M. (1966): Stimulus control of the prey attack re-
sponse in naive garter snakes. - Psychonomic Science, 4: 37-38.

BURGHARDT, G. M. (1968): Chemical preference studies on newborn
snakes of three sympatric species of Natrix. - Copeia, 1968: 732-737.

BURGHARDT, G. M. (1970): Chemical perception in reptiles. - pp.
241-308. in: JOHNSTON, J. W.Jr., D. G. MOULTON & A. TURK (eds):
Communication by chemical signals. — Appleton-Century-Crofts,
New York.

BURGHARDT, G. M., D. G. LAYNE & L. KONIGSBERG (2000): The ge-
netics of dietary experience in a restricted natural population. -
Psychonomic Science, 11: 69-72.

CARRARA, R, G. H. CHELI & G. E. FLORES (2011): Patrones biogeo-
graficos de los tenebridnidos epigeos (Coleoptera: Tenebrionidae)
del Area Natural Protegida Peninsula Valdés, Argentina: implica-
ciones para su conservacion. — Revista Mexicana de Biodiversi-
dad, 82: 1297-1310.

CASTANEDA-GONZALEZ, O., ]. MANJARREZ, I. GOYENECHEA & V. Fa-
JARDO (2011): Ecology of a population of the earthsnake Conop-
sis biserialis in the Mexican Transvolcanic Axis. — Herpetological
Conservation and Biology, 3: 364-371.

CLOUDSLEY-THOMPSON, J. (2001): Thermal and water relations of
desert beetles. - Naturwissenschaften, 88: 447-460.

CoOPER, W. E. Jr. & G. M. BURGHARDT (1990): A comparative anal-
ysis of scoring methods for chemical discrimination of prey by
squamate reptiles. — Journal of Chemical Ecology, 16: 45-65.

CooPER, W. E. JR. & S. SECOR (2007): Strong response to anuran
chemical cues by an extreme dietary specialist, the eastern hog-
nosed snake (Heterodon platirhinos). - Canadian Journal of Zool-
ogy, 85: 619-625.

CooPER, W. E. Jr. (1998): Evaluation of swab and related tests as a
bioassay for assessing responses by squamate reptiles to chemical
stimuli. - Journal of Chemical Ecology, 24: 841-866.

CoOPER, W. E. Jr. (2008): Tandem evolution of diet and chemosen-
sory responses in snakes. — Amphibia-Reptilia, 29: 393-398,

DruMMOND, H. & M. C. GARciA (1995): Congenital responsiveness of
garter snakes to a dangerous prey abolished by learning. - Animal
Behavior, 49: 891-900.

FucHs, J. L. & G. M. BURGHARDT (1971): Effects of early feeding ex-
perience on the responses of garter snakes to food chemicals. —
Learning and Motivation, 2: 271-279.

GOYENECHEA, . & O. FLORES-VILLELA (2006): Taxonomic summa-
ry of Conopsis Giinther, 1858 (Serpentes: Colubridae). — Zootaxa,
1271: 1-27.

GOYENECHEA, L. (2009): Relaciones filogenéticas de las serpientes del
género Conopsis con base en la morfologia. — Revista Mexicana de
Biodiversidad, 8o: 721-725.

GREENBAUM, E. (2004): The influence of prey-scent stimuli on preda-
tory behavior of the North American copperhead Agkistrodon con-
tortrix (Serpentes: Viperidae). — Behavioral Ecology, 2: 345-350.

HALPERN, M. (1987): The organization and function of the vomero-
nasal system. — Annual Review of Neuroscience, 10: 325-362.

MusHINsKY, H. R. & K. H. Lotz (1980): Chemoreceptive responses
of two sympatric water snakes to extracts of commonly ingested
prey species. — Journal of Chemical Ecology, 6: 523-535.

90

R DEVELOPMENT CORE TEAM. 2013. R: a language and environment
for statistical computing. — R Foundation for Statistical Comput-
ing. Vienna, Austria.

RAMIREZ-BAUTISTA, A. & M. C. ARIZMENDI (2004): Conopsis bise-
rialis. Sistematica e historia natural de algunos anfibios y reptiles
de México. - Facultad de Estudios Superiores Iztacala, Unidad de
Biologia, Tecnologia y Prototipos (UBIPRO), Universidad Nacio-
nal Auténoma de México. Bases de datos SNIB-CONABIO. Pro-
yecto Wo13. México. D.E.

RAYA-GARciA, E. (2016): Respuesta quimiosensorial y aspectos re-
productivos en dos especies simpdtricas del género Conopsis (Ser-
pentes: Colubridae). - M.Sc. Thesis, Universidad Michoacana De
San Nicolas De Hidalgo, Morelia, Michoacan, México. 116 p.

RAYA-GARCIA, E., J. ALVARADO-DiAz & I. SUAZO-ORTURO (2016):
Litter size and relative clutch mass of the earthsnakes Conopsis
biserialis and C. nasus (Serpentes: Colubridae) from the central
Mexican Transvolcanic Axis. — Salamandra, 52: 217-220.

SavioLa, A. J., D. CHISZAR & S. P. MACKESsY (2012): Ontogenetic
shift in response to prey-derived chemical cues in prairie rattle-
snakes Crotalus viridis viridis. — Current Zoology, 4: 549-555.

TERRICK, T. D., R. L. MUMME & G. M. BURGHARDT (1995): Apose-
matic coloration enhances chemosensory recognition of noxious
prey in the Garter Snake Thamnophis radix. — Animal Behaviour,
49: 857-866.

THEODORATUS, D. H. & D. CHIsZAR (2000): Habitat selection and
prey odor in the foraging behavior of Western rattlesnakes (Cro-
talus viridis). - Behaviour, 137: 119-135.

URIBE-PENA, Z., A. RAMIREZ-BAUTISTA & G. CASAS-ANDREU (1999):
Anfibios y reptiles de las Serranias del Distrito Federal, México. -
Cuadernos del Instituto de Biologia, UNAM 32: 1-119.

WATERS, R. M. & G. M. BURGHARDT (2005): The interaction of food
motivation and experience in the ontogeny of chemoreception in
crayfish snakes. - Animal Behaviour, 69: 363-374.

WATKINS, J. E, F. R. GEHLBACH & R. S. BALDRIDGE (1967): Ability of
the blind snake, Leptotyphlops dulcis, to follow pheromone trails
of army ants, Neiv Amyrmex nigrescens and N. opacithorax. - The
Southwestern Naturalist, 12: 455-462.

WEAVER, R. E. & K. V. KARDONG (2010): Behavioral responses to po-
tential prey through chemoreception by the sharp-tailed snake
(Contia tenuis). — Northwestern Naturalist, 91: 58-62.

WEAVER, R. E., W. H. CLARK, & D. C. MCEWEN (2012): Prey Chemi-
cal Discrimination by the desert Night snake (Hypsiglena chloro-
phaea): A comparison of invertebrate and vertebrate Prey. — Jour-
nal of Herpetology, 4: 523-526.

WEBB, J. K. & R. SHINE (1992): To find an ant: trail-following in Aus-
tralian blindsnakes (Typhlopidae). - Animal Behaviour, 43: 941-
948.

WELDON, P. J. & E M. SCHELL (1984): Responses by king snakes
(Lampropeltis getulus) to chemicals from colubrid and crotaline
snakes. - Journal of Chemical Ecology, 10: 1509-1520.

WELDON, P. ], B. J. DEMETER, T. WALSH & J. S. E. KLEISTER (1994):
Chemoreception in the feeding behavior of Reptiles: Considera-
tions for maintenance and management. — pp. 61-70 in: MURPHY,
J. B, K. ADLER & T. J. CoLLINS (eds): Captive Management and
Conservation of Amphibians and Reptiles. - Society for the study
of Amphibians and Reptiles, contributions of herpetology, vol-
ume II. Ithaca, New York.

ZAR, ]. H. (1996): Biostatistical Analysis. — Prentice Hall, Upper Sad-
dle River, NJ., 662 pp.



