
The semifossorial snake Ninia atrata is a widespread 
Neotropical species that ranges from western Panama, 
Colombia, Ecuador, Venezuela to Trinidad and Tobago, 
at altitudes between sea level and 1000 m a.s.l. (McCranie 
and Wilson, 1995; Savage, 2002; Angarita-Sierra, 
2009; 2014). Ninia atrata inhabits leaf litter in almost 
all habitats, including the Amazonian and Chocoan 
rainforests, the evergreen forest of the main Andean 
rivers, the Orinoquian savannas, and the xerophitic 
forest at the Caribbean coast (Rangel-Ch, 2004; 2012; 
Angarita-Sierra, 2009; 2014). This species has a high 
tolerance to disturbed or transformed habitats such as 
oil palm plantations and annual crops. Recently, aspects 
of its hemipenial morphology, taxonomy, phylogeny 
and geographic variation have been studied (McCranie 
and Wilson, 1995; Ingrasci, 2011; Angarita-Sierra, 
2009; 2014). Nevertheless, some of its basic biological 
features such as diet, reproductive cycle, antipredator 
behavior and ecological interactions remain unknown. 
Antipredator displays such as crouching, elevated body 
loops, and dorsoventral neck compression (Savage, 
2002; Köhler, 2008) have been reported for only a 
few species of the genus [N. celata (McCranie and 
Wilson, 1995), N. hudsoni (Parker, 1940), N. maculate 
(Peters, 1861), N. psephota (Cope, 1876), and N. sebae 
(Duméril, Bribon, and Duméril, 1854)].  

As part of an ongoing study of population dynamics, 
antipredator behavior of individuals from a population 
of N. atrata was examined based on simulations of 

predator attacks in natural environment. Fieldwork was 
carried out in oil palm plantation of PALMASOL S.A. 
at Vereda La Castañeda, municipality of San Martin, 
department of Meta-Colombia (3°31´46, 6” N; 73°32´15, 
3” W). The plantation is located on the piedmont forests 
of the eastern slopes of the Cordillera Oriental, as well 
as on high savanna plateaus. Annual rainfall at the site 
is 3,070 mm. Individuals of N. atrata were found by 
systematic search between August 2014 and January 
2015. Searches were conducted by removing piles of 
palm leaves from 8:00h to 17:30h. Immediately after 
each encounter, individuals were put in cloth bags to 
be measured and marked. A session of predator attack 
simulations was performed the next morning before 
releasing the snakes at the same place where they were 
caught. The simulation procedure followed Tozetti et al. 
(2009) and consisted in eight repeated movements of 
the researcher’s open hand towards the snake’s head at a 
constant speed. The time to perform the eight approaches 
was not longer than 10 seconds. Exhibited antipredator 
displays were classified according to Arnold and Bennett 
(1984) and Greene (1988). A multidimensional scaling 
test was performed to assess if a behavioral pattern is 
associated with the stage of maturity or sex (see Parker 
& Plummer, 1987; Dorcas and Wilson, 2006). The 
measure used in multidimensional scaling test was 
“Kruskal´s stress” (S) (Fox et al., 2014), which is an 
average of the deviations between the end and the initial 
spatial distances normalized to take values between 0 
and 1. Values near 1 indicate the worst fit, and values 
near 0 indicate the best fit. However, values between 
0.025-0.05 are considered good values, < 0.025 are 
excellent, and values equal 0 are perfect (Guisande et 
al., 2014). This test was carried out using the software 
Rwizard version 1.0 (Guisande et al., 2014) and the 
MDS function of the vegan package (Oksanen et al., 
2013). The function “scatterplot” of the car package was 
used to generate the biplot graphic (Fox et al., 2014).
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A total of 20 specimens of N. atrata were observed 
during the stimulatory sessions (12 females and 8 males) 
including five newborns, five juveniles and ten adults.  
As a result, 13 antipredator displays were recorded, as 
well as three combined antipredator displays and one 
social response. Among the 13 behaviors observed, the 
most frequent displays were head hide (17%), body 
coiled (15%), locomotor scape (15%) and crouching 
(14%). On the contrary, the least frequent displays were 
cloacal discharge (1%), jump (1%), invertbody (1%), 
ball position (1%), and elevate body loops (1%) (Fig. 1). 
The social response was recorded after putting together 
nine specimens of N. atrata, which were found under 
the same piles of palm leaves (one female and eight 
male), in the cloth bag. After 24 hours of cohabitation 
within limited space, the specimens organized themself 
into a spherical form (ball position) (Fig. 2A). Snakes 
maintained the spherical formation with heads in the 
center of the ball and tails on the outside during at least 
12 to 15 minutes. 

The first combined antipredator display resulted 
from the merge of elevation body, dorsoventral neck 
compression and invertbody behavior originating a 
remarkable defensive display (Fig. 2G). The second 
behavior merges head hide and crouching behavior 
(Fig. 2F and 2I) and the third combined behavior 
merges elevate body and dorsoventral neck compression 
resulting in a body posture similar to the observed in 
the King Cobra [Ophiophagus hannah (Cantor, 1836)] 
(Fig. 2H). One juvenile showed ball position with head 
exposed (Fig. 2O). This was a combined antipredator 
display resulted from the merge of ball position and 

head exposed displays. During fieldwork, snakes were 
handled carefully, however, manipulations frequently 
stress snakes. As a consequence of this stress, most 
of the specimens (70 of the 89 specimens observed 
during the sampling period) exhibited some of the 13 
antipredator displays registered. 

Antipredator behaviors observed in N. atrata follow 
a general pattern of hierarchical decision making (see 
Roth and Johnson, 2004): (1) if a predator stimuli is 
detected, the reaction is to retreat (escape behavior), 
(2) if the threatening stimulus persists, the reaction is 
to employ passive deterrents (head hide, body coiled, 
crouching, immobility, tail wave, elevated body loops, 
ball position), and (3) if the threat further escalates, the 
reaction is to engage in aggressive defense (dorsoventral 
neck compression, invertbody, elevated body, jump, 
cloaca discharge). Similar hierarchical responses have 
been reported in a wide variety of terrestrial snakes from 
temperate latitudes (Greene, 1979; Gibbons and Dorcas, 
2002; Roth and Johnson, 2004). However, comparisons 
with South American snakes are not possible because 
this behavioral feature is unknown for related taxa. 

Finally, the multidimensional scaling test showed 
high stress values (S), which means that behavioral 
patterns evaluated might not be associated with the 
stage of maturity (S=0.158) or sex (S=0.163) (Fig. 3). 
These results are not in agreement with the conclusions 
of other studies that have demonstrated that differences 
in sex or stage of maturity affect individual responses 
to predation risk (Clutton-Brock, 1991; Magurran and 
Nowak, 1991; Krause et al., 1998; Madsen and Shine, 
2000; Shine et al., 2000; Roth and Johnson, 2004). 

Perhaps antipredator response of N. atrata is more 
correlated to the phylogeny (Martins, 1996; Martins et 
al., 2008) or microhabitat use (Greene, 1979; Senter, 
1999; Martins et al., 2008; Tozetti et al., 2009) rather 
than the intrinsically biological features such as body 
size, sex, or locomotor ability (Lima, 1998). The most 
frequent displays such as head hide, body coiled, 
locomotor scape, and crouching have been observed in 
N. atrata as well as a wide variety of terrestrial snakes 
that conform the Neotropical rainforests communities 
(Martins et al., 2008). These set of defensive behaviors 
has been suggested as characteristic of the Neotropical 
terrestrial species which have a related evolutionary 
history (Martins, 1996.) 

According to the Optimality Theory, the behavioral 
response of an individual to a predator is influenced by 
the risk of predation (Ydenberg and Dill, 1986; Lima and 
Dill, 1990; Cooper and Vitt, 2002; Roth and Johnson, 
2004). Hence, the advantage of the defensive tactic is 

Figure 1. Frequencies of antipredator displays in Ninia 
atrata.



related to the line of vision of approaching predators 
(Senter, 1999). Ninia atrata, as other species that inhabit 
on terrestrial microhabitats, have high risk of predation 

when the predator approaches from above and obtains 
a dorsal view of the snake. The analyzed individuals of 
N. atrata exhibited an elaborated antipredator repertoire 
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Figure 2. Repertoire of antipredator displays in Ninia atrata. A – Social response; B – Tail wave; C – Elevated body loops; D –Ball 
position; E – Body coiled; F – Crouching; G – Combined antipredator display (elevated body, dorsoventral neck compression and 
invertbody behavior); H – Dorsoventral neck compression; I – Head hide; J – Immobility; K – Elevated body, Tail; L – Elevated 
body, Head; M – Invert body; N – Locomotor escape; O – Ball position with head exposed. 



comprising a diverse set of defensive displays, in which 
the snakes usually achieved a horizontal body expansion 
that maximizes their visible areas in dorsal view. These 
displays might intimidate a predator approaching from 
above. The most frequent displays observed (head 
hide, body coiled, locomotor scape, and crouching) are 
often associated with defense against visually oriented 
predators (Greene, 1988; Sazima and Martins, 1990; 
Oliveira et al., 2001; Oliveira, 2005; Martins et al., 
2008; Tozetti et al., 2009). Also, less frequent displays 
observed such as ball position, elevated body loops and 
tail wave have been reported as behaviors that minimize 
injury to the head during predatory attack in terrestrial 
snakes (Arnold and Bennett, 1984). All these defensive 
displays have been categorized as typical in fossorial or 
terrestrial species (Greene, 1979; Martins et al., 2008) 
against attacks of predators that approach from above 
(Arnold and Bennett, 1984; Senter, 1999). 

Complementary field and laboratory studies are 
needed to understand the behavioral responses patterns 
related with body size and sex as well as behavioral 
convergence between related taxa that inhabit the same 
biogeographic units. Moreover, more attention should 
be given to the diverse selective processes caused by the 
action of different type of predators and environments. 
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Figure 3. Multidimensional scaling test of antipredator displays in Ninia atrata: Inner ellipse represent 0.5 of significance; outer 
ellipse represent 0.95 of significance. Left: Stage of maturity. Right: Gender comparation. Defensive plays: A – Head hide; B 
– Immobility; C – Crouching; D – Locomotor scape; E – Elevate body; F – Ball position; G – Invertbody; H – Dorsoventral neck 
compression; I – Elevated body; J – Tail wave; K – Body coiled; L – Jump; M – Cloacal discharge.

Teddy Angarita-Sierra342



 References

Angarita-Sierra, T. 2009. Variación geográfica de Ninia atrata 
en Colombia (Colubridae: Dipsadinae). Papéis Avulsos de 
Zoologia 49:277–288.

Angarita-Sierra, T. (2014): Hemipenial Morphology in the 
Semifossorial Snakes of the Genus Ninia and a New Species 
from Trinidad, West Indies (Serpentes: Dipsadidae). South 
American Journal of Herpetology 9 (2):114-130

Arnold, S.J., Bennet, A.F. (1984): Behavioural variation in natural 
populations. III: Antipredator displays in the Gather snake 
Thamnophis radix. Animal Behavior 32: 1108-1118.

Cantor, T.E. (1836): Sketch of undescribed hooded serpent with 
fangs and maxillary teeth. Asiatic Researches or the Transactions 
of the Society instituted in Bengal. Calcutta 19: 87-94

Cope, E.D. (1876): On the Batrachia and Reptilia of Costa Rica 
with notes on the herpetology and ichthyology of Nicaragua 
and Peru. Journal of the Academy of Natural Sciences of 
Philadelphia 8: 93–183.

Cooper, W.E.Jr., Vitt L.J. (2002): Optimal escape and emergence 
theories. Communications of Theoretical Biology 7: 283–294

Clutton-Brock, T.H. (1991): The evolution of parental care. 
Princeton, New Jersey: Princeton University Press.

Dorcas, M.E., Wilson, J. D. (2006): Innovative Methods for 
Studies of Snakes Ecology and Conservation, p. 5-37 (Chapter 
1). In: Mullin, S.J.; Seigel. R. A., Ed., Cornell University Press, 
New York, U.S.

Duméril A.M.C., Bibron G., Duméril A.H.A. (1854): Erpétologie 
générale ou Histoire Naturelle complète des Reptiles. Vol. 7 
(part 1). Librairie Encyclopédique de Roret, Paris.

Fox, J., Weisberg, S., Adler, D., Bates, D., Baud-Bovy, G., Ellison, 
S., Firth, D., Friendly, M., Gorjanc, G., Graves, S., Heiberger, 
R., Laboissiere, R., Monette, G., Murdoch, D., Nilsson, H., Ogle, 
D., Ripley, B., Venables, W. & Zeileis, A. (2014): Companion 
to Applied Regression R package version 2.0-20. Available at: 
http://CRAN.R-project.org/package=car

Gibbons, J.W., Dorcas, M.E. (2002): Defensive behavior of 
cottonmouths (Agkistrodon piscivorus) toward humans. Copeia 
2002:195–198.

Greene, H.W. (1979): Behavioral convergence in the defensive 
displays of snakes. Experientia 35: 747-748. 

Greene, H.W. (1988): Antipredator mechanisms in reptiles. In 
Biology of the reptilian (C. Gans & R.B. Huey, eds.) New York. 
Branta Books.

Guisande, C., Vaamonde, A., Barreiro, A., (2014): RWizard 
Software, Package ‘StatR’ version 1.0 University of Vigo. 
Spain, Available at: http://www.ipez.es/RWizard/

Hallowell, E. (1845): Descriptions of reptiles from South America, 
supposed to be new. Proceedings of the Academy of Natural 
Sciences of Philadelphia 2: 241–247

Ingrasci, M.J. (2011): Molecular systematic of the coffee snakes, 
genus Ninia (Colubridae: Dipsadinae). Unpublished MSc thesis, 
University of Texas, Arlington, USA, 185 pp.

Krause, J., Loader, S.P., McDermott, J., Ruxton, G.D. (1998): 
Refuge use by fish as a function of body length-related 
metabolic expenditure and predation risks. Proceedings of the 
Royal Society of London B 265: 2373–2379

Köhler, G. (2008): Reptiles of Central America. Herpeton, Verlag 
Elke Köhler, Offenbach. 

Lima, S.L (1998): Nonlethal effects in the ecology of predator-prey 
interactions. Bioscience 48: 25-34.

Lima, S.L, Dill, L.M. (1990): Behavioral decisions made under the 
risk of predation: A review and prospectus. Canadian Journal of 
Zoology 68: 619–640

Martins, M., Marques, O.A.V., Sazima, I. (2008): How to be 
arboreal and diurnal and still stay alive: microhabitat use, time 
of activity, and defense in Neotropical forest snakes. South 
American Journal of Herpetology 3: 58-67

Martins, M. (1996): Defensive tactics in lizards and snakes: the 
potential contribution of the neotropical fauna. In: Anais do 
XIV Encontro Anual de Etologia, Sociedade Brasileira de 
Etologia, p. 185-199. Del Claro, K., Ed., Universidade Federal 
de Uberlândia, Brasil.

McCranie J.R., Wilson, L.D. (1995): Two new species of colubrid 
snakes of the genus Ninia from Central America. Journal of 
Herpetology 29:224–232

Madsen, T., Shine, R. (2000): Silver spoons and snake body sizes: 
prey availability early in life influences long-term growth rates 
of free ranging pythons. Journal of Animal Ecology 69:952–
958

Magurran, A.E., Nowak, M.A. (1991): Another battle of the sexes: 
the consequences of sexual asymmetry in mating costs and 
predation risk in the guppy, Poecilia reticulata. Proceedings of 
the Royal Society of London B 246: 31–38. 

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, 
P.R., O’Hara, R.B., Simpson, G.L., Solymos, P., Henry, M., 
Stevens, H., Wagner, H. (2013): Community Ecology Package. 
R package version 2.0-10. Available at: http://CRAN.R-project.
org/package=vegan.

Oliveira, R.B. (2005): História Natural da Comunidade de Serpentes 
de uma Região de Dunas do Litoral Norte do Rio Grande do 
Sul, Brasil. Unpublished PhD thesis, Pontifícia Universidade 
Católica do Rio Grande do Sul, Rio Grande do Sul. 225pp.

Oliveira, R.B., Di-Bernardo, M., Pontes, G.M.F., Maciel, A.P., 
Krause, L. (2001): Dieta e comportamento alimentar da cobra 
nariguda, Lystrophis dorbignyi (Duméril, Bibron & Duméril, 
1854), no Litoral Norte do Rio Grande do Sul, Brasil. Cadernos 
de Herpetologia 14(2): 117-122.

Parker, W.S., Plummer, M. V. (1987): Population Ecology. In: 
Snakes: Ecology and Evolution Biology, p. 253-301 (Chapter 
9). In: Seigel, R.A; Collins, J. T.; Novak, S.S, Ed., MacMillan 
Publishing Company, New York, U.S.

Parker, H.W. (1940): Undescribed anatomical structures and new 
species of reptiles and amphibians. Annals and Magazine of 
Natural History 5:257–274.

Peters, W.C.H. (1861): Über neue Schlangen des Königl. 
Zoologischen Museums: Typhlops striolatus, Geophidium 
dubium, Streptophorus (Ninia) maculatus, Elaps hippocrepis. 
Monatsberichte der Königlichen Preussische Akademie des 
Wissenschaften zu Berlin 1861:922–925.

Rangel-Ch., J.O. (2004): Colombia Diversidad Biótica IV. El 
Chocó biogeográfico/Costa Pacífica. Instituto de Ciencias 
Naturales – Conservación Internacional Press. Bogotá.

Repertoire of antipredator displays in the semifossorial snake Ninia atrata 343



Accepted by Fabio Hepp

Rangel-Ch., J.O. (2012): Colombia Diversidad Biótica XII. La 
región Caribe de Colombia. Universidad Nacional de Colombia-
Instituto de Ciencias Naturales Press. Bogotá.

Roth, E.D., Johnson, J.A. (2004): Size-based variation in 
antipredator behavior within a snake (Agkistrodon piscivorus) 
population. Behavioral Ecology 15(2):365-370.

Savage, J.M. (2002): The Amphibians and Reptiles of Costa Rica: 
A Herpetofauna between Two Continents, between Two Seas. 
The University of Chicago Press, Chicago 

Sazima, I., Martins, M. (1990): Presas grandes e serpentes jovens: 
quando os olhos são maiores que a boca. Memórias Instituto 
Butantan 52(3): 73-79.

Senter, P. (1999): The visibility hypothesis: An explanation for 
the correlation between habitat and defensive display in snakes. 
Herpetological Review 30(4): 213.

Shine, R., Olsson, M.M., LeMaster, M.P., Moore, I.T., Mason 
R.T. (2000): Effects of sex, body size, temperature, and 
location on the antipredator tactics of free-ranging gartersnakes 
(Thamnophis sirtalis, Colubridae). Behavioral Ecology 11: 
239–245. 

Tozetti, A. M., de Oliveira, R. B., Pontes, G.M.F. (2009): Defensive 
repertoire of Xenodon dorbignyi (Serpentes, Dipsadidae). Biota 
Neotropica 9(3): 157-163.

Ydenberg, R.C., Dill, L.M. (1986): The economics of fleeing from 
predators. Advance Study Behavior 16:229–249. 

Teddy Angarita-Sierra344


