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Abstract - This study describes the ability of a captive Chinese cobra (Naja atra) to spit venom and presents a video analysis
of a strike and spit manoeuvre. However, among the many specimens of N. atra raised by the author only the female examined
in this study regularly displayed spitting behaviour, and then only within the confines of its terrarium. Fang morphology of N.
atra was investigated by microscopy and compared with that of a ‘true’ spitting cobra, Naja sputatrix. The results show that N.
atra does not have specially modified fangs so that venom is ejected downwards from the fangs, not forwards. Consequently,
to direct venom at a target requires a specific manoeuvre involving a forward lunge and head rotation. This arrangement is very
similar to that described for Naja kaouthia and suggests that the evolution of spitting behaviour could precede the development
of specialised fangs that refine the action.

INTRODUCTION

I

n Asia there are eleven cobra species belonging to the
genus Naja (Wallach et al., 2009; Wüster, 1996). Most
representatives of this group are ‘spitters’ having short
tubular fangs at the front of the mouth with a peculiarity
at the distal end of the fang that allows the snakes to spit
venom forwards (Bogert, 1943; Triep et al., 2013; Wüster &
Thorpe, 1992; Young et al., 2004). The venom duct within
the fang is modified so that at the lower front side of the
fang there is a reduced orifice with the inner posterior side
of the duct transversally angled to the length of the tooth.
This arrangement enables the cobra to release venom jets at
approximatively the angle at which the head is inclined.
Among the ‘non-spitting’ Asian cobras, two species have
long been rumoured to be able to spit. One of them is the
monocled cobra (Naja kaouthia, Lesson 1831) of which
spitting behaviour has been recently formally documented
(Santra & Wüster, 2017). While the other is the Chinese
cobra (Naja atra, Cantor, 1842), that was previously reported
to be responsible for a case of conjunctival and corneal injury
in a woman (Fung et al., 2010). In addition, prior literature
has invoked N. atra as being able to spit its venom (Herklots,
1938; Reitinger & Lee, 1978), albeit rarely, and lacking the
precision of the true spitting cobras (Karsen, et al., 1986;
Wüster & Thorpe, 1992).
The subject of this study is an adult female Chinese cobra
(Fig. 1) that was captive born in 2012 from a pair imported
from Hong Kong in the early 2000s. This specimen is of the
black banded phenotype (Fig. 1) which in recent years has
manifested a special inclination to spit, the first photographic
evidence is from February 2016.

MATERIALS AND METHODS
The female Chinese cobra (N. atra) used in the study was kept
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Figure 1. Adult female N. atra, the protagonist of this study (with
a congenital groove in the ventral scales seen close to where the
snake’s body reaches the substrate)

in accordance with Italian law. It was raised in a controlled
environment and treated with special care after its spitting
behaviour was manifest. Details of the snake’s lepidosis are
presented in Supplementary Material (see p. 25). The snake
measured about 100 cm (total length) and weighed 292 g. It
successfully bred and laid eggs in 2015, 2016 and 2018. To
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capture the specimen’s spitting behaviour, a digital camera
(Nikon Coolpix P510) was positioned inside her terrarium
and set on to records video at 120 frames per second. To
optimise the results captured by the lens, dark cardboard
panels and additional lights were applied inside and outside
the terrarium which measured 120 cm long, 60 cm deep and
50 cm high. To visualise the traces of venom following a spit,
sheets of A4 paper of different colours (red, yellow, blue or
green) were used as targets although no one colour caught
the attention of the cobra more than another. Before each
filming session, the glass front of the terrarium was removed
and then, as soon as the cobra’s attention had been caught
by my person (full visor protection and protective gloves
were used), a paper target was placed at the same height as
the terrarium directly in front of the cobra. The maximum
distance set between the terrarium and a target was 40 cm.
For an examination of the fangs by microscope, a
fang was collected directly from the mouth of one of the
female’s offspring (hatched 2016), sired by a male sibling
from the same clutch. The fang was removed carefully
from the live snake while no longer fixed to the maxillary
bone. Microscope pictures of the fang were taken using a
stereomicroscope (Nikon SMZ645). The sample was placed
in a Petri dish containing distilled water, and the images were
taken through the object when laid on a solid surface and
also when suspended in distilled water. For comparative
purposes, the same procedure was applied to the fangs of an
adult female Indonesian spitting cobra Naja sputatrix, Boie,
1827, collected from a deceased adult female bred in captivity
(for details of the snake’s lepidosis see Supplementary
Material). Fang measurements were taken using a digital
calliper (accuracy ± 0.005 mm). Tinting of discharge orifices
and venom canals in images of the fangs was possible due
to the double illumination and the suspension of the fangs
during microscopy. This technique conferred transparency to
the fangs making the discharge orifices, venom canals and
liquid within them clearly visible.

RESULTS
Video recording of striking and spitting
The data analysed and described here were collected from
a single recording. However, numerous spitting events were
captured (at total of 15 video clips were recorded over two
days when the cobra exhibited the spitting behaviour in
response to me coming too close to her terrarium), but only
examples providing the clearest visual results were selected
for analysis. The video selected had a duration of 16 minutes
and 10 seconds, during which 33 spitting attempts were
captured. Some of the examples of venom spitting were
clearly visible to the naked eye, while others required the
examination of single video frames. The time of the whole
spitting action (time lapse calculated from the first frame in
which the cobra moves forward to strike from its defensive
posture to the beginning of the spit) varied from 0.76 to 1.16
seconds with an average of 0.97 seconds. The spitting time
itself ranged from 0.03 to 0.13 seconds with an average of
0.07 seconds (n= 33). Observations were made of venom
being spat from both fangs simultaneously and from a single

fang. The venom traces from a single fang were generally
linear and following a spit from a distance of about 0-20 cm
ranged from 5.8 cm to 10.5 cm wide. When two fangs were
used the trace covered an area of up to 7.7 cm wide and 8.9
cm high (Fig. 2).

Figure 2. Venom traces on coloured paper from a series of
consecutive spits by the female N. atra, presented chronologically
from left to right, top to bottom. The first, third and sixth images
are traces made by venom jets from two fangs, the others are from
a single fang.

Fang analysis
Microscope pictures show the venom canal follows the length
of the fang, leading straight to its tip (Fig. 3). The placement of
the discharge orifice corresponds to 27.53 % of the total fang
length (measurement from the fang tip to the basal orifice).
This fang morphology is comparable to that of non-spitting
cobras (Bogert, 1943). In contrast, the fang of the spitting
species N. sputatrix shows the discharge orifice in the frontal
wall of the fang at 9.18 % of its total length. Furthermore,
the venom canal and its shape are clearly visible, as are the
reduced orifice size and the angle leading to it (Fig. 3), which
presents an inclination of about 110 °.
Spitting manoeuvre
The cobra started most of her defensive actions from the
‘hooding’ posture (Fig. 4a). From that position it throws
itself in a frontal thrust against the target, opening her mouth
during the manoeuvre (Fig. 4b). When the forward projecting
movement results in the body reaching an inclination to the
ground of about 45 °, the cobra pulls its head backwards,
inclining the nape until the cranium axis is perpendicular to
the ground (Fig. 4c). In that position, with the venom fangs
aligned in parallel with the ground and the discharge orifice
oriented towards the target, the snake releases a stream of
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venom towards the target (Fig. 4d; Fig. 5). After the spitting
event, the cobra keeps its head angled backwards (~90 °),
until its body hits the ground. In very few cases, the specimen
has been observed to spit directly from the hooding posture
without the forward thrust.

DISCUSSION

Figure 3. Lateral and frontal views of N. atra and N. sputatrix fangs,
with venom canals and discharge orifices highlighted, following
terminology of Bogert (1943), Wüster and Thorpe (1992)

Figure 4. A spitting manoeuvre by the female N. atra that was
completed in a total of 0.866 seconds (i.e. the time lapse between
frames a. to d.)

Figure 5. A venom spit by the female N. atra that was completed in
a total of 0.083 seconds (i.e. the time lapse between frames a. to d.)
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This study confirms that the Chinese cobra (N. atra) can
spit venom. However, among the many specimens raised
by the author, and 18 offspring bred in captivity of the same
bloodline, the female examined in this study was the only
one to spit regularly. In addition, the observed defensive
technique was shown only when the cobra was inside her
terrarium. Once extracted from the terrarium, the cobra
completely lost her defensive temperament. Nonetheless,
venom spitting is performed by this individual almost every
time a figure is perceived close to the front of the terrarium,
and this behaviour has been observed repeatedly within a
short period. While the quantity of venom ejected from each
fang was variable, the shapes and characteristics of venom
imprint are similar to those produced by ‘true’ spitting cobras
featuring modified fangs (Young & O’Shea, 2005; Young et al.,
2009).
As shown from the microscope pictures, the fang of the
Chinese cobra presents a linear canal and a large discharge
orifice. The morphology of the venom duct does not allow
the specimen to spit frontally, as do the typical spitting
species of the same genus. Thus, differences in the fang
structure between N. atra and the spitting N. sputatrix are
evident (Fig. 3). The discharge orifice of the fang of the
Indonesian spitting cobra exhibits smaller dimensions and is
located on an upper position on the frontal side of the tooth,
distant from its tip. Comparing the size of the fang orifice in
the two species as a proportion of total fang length, that of
N. atra accounts for 33.3 % which is three times bigger than
that of N. sputatrix. In Figure 3, the angle of the venom canal
of N. sputatrix is easily recognisable, which, together with
the reduced dimensions of its outlet, enables the cobra to
spit forward and for notable distances.
Given the fang morphology of the Chinese cobra, in order
to spit it must incline its head backwards to about 90 °. The
act of spitting itself is executed in a very brief time, consisting
of few hundredths of a second, while the whole manoeuvre
of the spitting behaviour typically takes place in less than
one second. However, compared to the ‘true’ spitters of the
same genus, the venom jets seem to be able to reach only a
relatively short distance. Moreover, the nature of this way
of spitting is less precise than that of ‘true’ spitting species
(this was also observed and reported in Karsen, et al., 1986).
Reclining the head backwards to perform a horizontal spit,
the cobra successfully directs the venom jets straight to
the target, but it aim seems to lack precision in the vertical
axis. In all the spitting recorded, the curvature of the venom
spit is downward with respect to the fang inclination (Fig.
4 & 5). This same characteristic has been described for N.
kaouthia by Santra and Wüster (2017) and was predicted by
Bogert (1943). The fang structure and striking manoeuvre
that accompanies spitting described here for N. atra are
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both very similar to those described for N. kaouthia (Santra
& Wüster, 2017; Rasmussen et al., 1995). This suggests
that the evolution of spitting behaviour could precede the
development of specialised fangs that refine the action.
In conclusion, the spitting ability of the specimen
examined here occurs despite the fang morphology and
discharge orifice being similar to those of non-spitting
cobras, and to enable venom spitting, a spitting manoeuvre
is employed. Further investigation is required to establish
the nature and frequency of this behaviour in the Chinese
cobra in general, with particular attention as to whether such
behaviour occurs in the wild. This research also raises a more
fundamental question, specifically whether venom spitting
can be an individually learned defence behaviour?
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