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Abstract

Predation on adult microhylid frogs Kaloula pulchra by two closely-related colubrid snakes is described, based on two observations
of Oligodon formosanus in Hong Kong and one observation of O. fasciolatus in Thailand. In two instances, O. formosanus was ob-
served cutting open the abdomen of this anuran species. In one case, it performed repeated rotations about its own longitudinal body
axis (“death roll”) while its head was inserted into the frog’s abdomen. The purpose of this behaviour was probably to tear off organs
and swallow them. Once O. fasciolatus was observed catching and swallowing K. pulchra whole. In that case, the snake also made a
series of rotations while it maintained its firm grip in the frog’s belly. It is concluded that, for these two closely-related kukri snakes,

prey size is crucial for determining whether the gape width allows large preys to be swallowed entire.
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Introduction

Recently, we described a unique and hitherto unknown
feeding behaviour in a kukri snake, Oligodon fasci-
olatus, which cuts open the abdomen of toads (Dut-
taphrynus melanostictus) and eats some of its organs
(Bringsee et al. 2020). That was documented in three
cases, but in a fourth case, a semi-adult D. melanostictus
was swallowed whole. In this report, three additional
observations on feeding behaviour in kukri snakes are
provided by contributions from citizen science. They
are supported by photographic documentation and cor-

respond well with our earlier observations, though the
evidence is not as strong.

To date, 83 species of kukri snakes of the genus Oli-
godon have been described, being widely distributed in
southern Asia (Uetz et al. 2020; Pauwels et al. 2021). Oli-
godon formosanus, the Taiwanese Kukri Snake, ranges
throughout southern China, Taiwan and northern Viet-
nam, whereas Oligodon fasciolatus, the Small-banded
Kukri Snake, occupies a more south-western distribution
covering south-eastern Myanmar, Thailand, Cambodia,
Laos and Vietnam (Zhao and Adler 1993; Nguyen et al.
2009; Bringsee et al. 2020). They share the appearance
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of being robust, small-headed, relatively short (normal-
ly less than 100 cm total length) and having a brownish
ground colour, often tinged yellow-olive, greyish-brown
or reddish-brown. Oligodon formosanus has 19 mid-body
scale rows and often a broad vertebral stripe, as opposed
to O. fasciolatus having 21-23 mid-body scale rows
(Kuntz 1963; Karsen et al. 1986; Das 2010; Green 2010;
Bringsee et al. 2020).

In all three cases we observed, the prey of O. formo-
sanus and O. fasciolatus was Kaloula pulchra, Painted
Burrowing Frog or Banded Bullfrog, which is widely
distributed in Southeast and East Asia, in the west reach-
ing Bangladesh and north-eastern India (Zhao and Adler
1993; Sengupta et al. 2009; Mathew and Sen 2010; Hasan
et al. 2014; Vassilieva et al. 2016; Niyomwan et al. 2019).
It is abundant in urban and rural areas and a variety of
forest habitats.

Methods

The three observations are presented in chronological or-
der as follows.

Observation #1 involving an adult Oligodon fas-
ciolatus and an adult Kaloula pulchra was made on 15
September 2020 from approx. 06:10 to 06:45 h. Local-
ity: Outskirts of Ban Phue Village, Udon Thani Prov-
ince, Northeast Thailand. Coordinates: 17°40.95'N,
102°27.85'E, altitude approx. 185 m a.s.l. Habitat: Rural
area along the outer wall of a building in a factory site.
It was approx. 20 m from a pond, surrounded by paddy
fields with rice, rubber and cassava plantations and aban-
doned land. Observations, as well as photos and nine vid-
eo recordings, were made by Navapol Komanasin. The
total duration of the video sequences was 188 seconds
and they were made from 06:16 to 06:36 h.

Observation #2 involving an adult Oligodon formosa-
nus and an adult Kaloula pulchra was made on 2 October
2020 from approx. 09:05 to 09:45 h. Locality: Wang Tong
Village, south-eastern part of Lantau Island, Hong Kong.
Coordinates: 22°16.30'N, 113°59.87'E, altitude 5-7 m
a.s.l. Habitat: the observer’s garden located in a residen-
tial neighbourhood with a nearby stream. Observations,
as well as photos, were made by Jo Lodder and five video
recordings were made by Jo Lodder and Jonathan Rot-
bart. The clocks of the two video cameras were not syn-
chronised as there was a time difference of approx. two
minutes. There were overlaps in the video clips of the two
video cameras, but the overlaps were fully identified on
the basis of the human voices in the background and the
visual actions of the snake and the frog. The total duration
of unique video sequences was approx. 143 seconds and
they were made from approx. 09:10 to 09:13 h.

Observation #3 involving an adult Oligodon formosa-
nus and an adult Kaloula pulchra was made on 8 Octo-
ber 2020 at approx. 17:30 h. Locality: Caribbean Coast,
northern part of Lantau Island, Hong Kong. Coordinates:
22°17.52'N, 113°57.08'E, altitude 2-3 m a.s.l. Habitat: an
urban park with recreational areas approx. 40 m from a
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Figure 1. Oligodon fasciolatus maintained a firm grip in the

right side of the belly of Kaloula pulchra. Blood and possibly
some organs tissue appeared. Observation #1, Ban Phue, Thai-
land, 15 September 2020. Photo NK.

highway and approx. 60—70 m from high-rise blocks with
residential flats. Observations and one video recording
were made by Vince Natteri. The duration of the video se-
quence was 30 seconds and it was made at approx. 17:30 h.

Neither the snakes nor the frogs were touched by the
observers at any time.

Results

Observation #1

Initially, the adult Oligodon fasciolatus was startled by
the sudden appearance of the observer just outside the
building and retreated into a pile of empty oil cans. How-
ever, it apparently forgot its fright as it found an adult
Kaloula pulchra underneath them and grabbed it in the
belly, close to the lower part of the right side and the two
individuals started struggling (Fig. 1). Initially the frog
puffed up its body. During the initial phases of the strug-
gle, as the frog resisted most vigorously, the snake was
observed rotating repeatedly about its own longitudinal
body axis. In two video sequences, a total of 11 rotations
occurred, all counter-clockwise, as follows:

* In a 15 second video sequence, 8 rotations were
made as the frog’s body was puffed up, at 06:17 h
(Suppl. material 1: Video Al).

* In another 15 second video sequence, 3 rotations
were made as the frog’s body was no longer puffed
up, at 06:18 h.

The frog was solely observed ballooning or puffing up
its body once, namely during the above video sequence at
06:17 h and continuing for a while afterwards. From the
next sequence, starting approx. one minute later, this be-
haviour had ceased. During the entire struggle, the snake
maintained its firm grip in the frog’s belly. The frog was
killed between 06:20 and 06:31 h. The snake’s efforts
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Figure 2. Eventually Oligodon fasciolatus swallowed the adult
Kaloula pulchra whole. Observation #1, Ban Phue, Thailand,
15 September 2020. Photo NK.

resulted in its teeth penetrating the abdomen to such an
extent that blood and possibly some organ tissue ap-
peared. Eventually, the frog was swallowed whole while
still alive (Fig. 2; Suppl. material 2: Video A2).

Observation #2

The adult Oligodon formosanus was observed as it appeared
from a hole in the ground and caught the frog, Kaloula pul-
chra, passing by. Initially the snake bit and held the lower
part of the belly of the frog which persistently struggled to
escape by moving in circles. As the snake’s tail and poste-
rior part of the body were still in the hole, it managed to cut
open the abdomen of the frog. Gradually, it inserted its head
which went further into the abdomen (Fig. 3).
Additionally, the frog ballooned and puffed up its
body by inflating its lungs during the first 40 seconds

Figure 3. The head of Oligodon formosanus was inserted deep

into the abdomen of Kaloula pulchra. Observation #2, Wang
Tong, Lantau Island, Hong Kong, 2 October 2020. Photo JL.

of a 46 second video sequence of the attack (while the
snake had inserted its head into the frog’s abdomen). The
snake and the frog were nearly motionless for the first 22
seconds, whereas a strenuous fight was observed for the
remaining 24 seconds. What happened afterwards was
not recorded.

During the 22 seconds of immobility, the frog’s long
fourth toe of the left hind foot moved up and down 21
times, i.e. at an average frequency of approx. 1 beat
per second (Suppl. material 4: Video A4). Sometimes
during the 22 seconds, the frequency was approx. 2.5
beats per second. No toe-moving was observed when
the fighting was at its peak and the two individuals
moved a lot.

Repeatedly during the fight, while the snake’s head
was inserted in the frog’s abdomen, the snake rotated
about its own longitudinal body axis (Fig. 4). In two
video sequences, such rotations occurred in a total of 15
times, mainly clockwise, as follows:

* In a 90 second video sequence, 12 rotations were
made clockwise as the frog was not ballooning its
body from approx. 09:10 to 09:11 h (Suppl. materi-
al 3: Video A3).

* In a 46 second video sequence (see above), 3 rota-
tions were made, first twice counter-clockwise, then
once clockwise as the frog was ballooning its body
(except the last 6 seconds) from approx. 09:12 to
09:13 h (Suppl. material 4: Video A4).

Finally, the inflation of the frog subsided and the frog
shrunk to normal size or possibly less. During the approx.
40 minutes of observation, it was not possible to ascertain
whether the snake ate any of the frog’s organs, but no at-
tempt to swallow the entire frog was noticed. The observ-
er left the situation before it was finished. Nevertheless,
as he returned later that day, the frog was no longer there,
so it might have been eaten by the kukri snake.

Figure 4. While the head of Oligodon formosanus was inserted
into the abdomen of Kaloula pulchra, the snake performed repeat-

ed rotations about its own longitudinal body axis. The frog and
the anterior part of the snake are in the top of each photo, close to
the plastic drinking straw. Left: dorsal surface uppermost. Right:
ventral surface uppermost. Observation #2, Wang Tong, Lantau
Island, Hong Kong, 2 October 2020. Photos (from video) JL.
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Figure 5. Oligodon formosanus chewed organs of Kaloula pul-

chra after they had been forced out of the abdomen. Observa-
tion #3, Caribbean Coast, Lantau Island, Hong Kong, 8 October
2020. Photo (from video) VN.

Observation #3

The adult Oligodon formosanus was observed biting or
chewing organs of an adult Kaloula pulchra which had
first been cut open. The snake worked energetically and
several organs of the frog had been forced out. They were
exposed and visible (Fig. 5; Suppl. material 5: Video AS5).
At that time, the frog was dead though we cannot say
whether it was alive when the snake found it. The obser-
vation lasted approx. 2 minutes in total, but the feeding
continued after the observer had left.

Discussion

Oligodon formosanus, O. fasciolatus and K. pulchra are
common in disturbed areas around human settlements
(Kuntz 1963, Vassilieva et al. 2016, Niyomwan et al.
2019, Bringsee, Suthanthangjai and Suthanthangjai,
unpubl.) which increases the chances for predation on
K. pulchra in such environments.

These three cases indicate that K. pulchra forms an
important prey for these two species of kukri snakes. Oli-
godon formosanus has been observed feeding on frogs,
lizards (including road-kill), squamate eggs and turtle
eggs (Hwang et al. 1965; Reitinger 1978; Shi and Zheng
1985; Karsen et al. 1986; Toriba 1987; Coleman et al.
1993; Ota and Lin 1994; Huang et al. 2011; Messenger
2017). Qi (pers. comm.) has given us a photo of a third
case of O. formosanus preying on K. pulchra, taken in
Guangzhou, Guangdong Province, China, April 2017,
which supports our assumption that this anuran species is
a common prey of O. formosanus. The statement of Cole-
man et al. (1993) that O. formosanus feeds almost exclu-
sively on reptile eggs is probably oversimplified. Preda-
tion on items other than eggs has been recorded over a
major part of the distribution, although some geographic
variation may exist. Further investigation will be needed
due to the lack of quantitative data. The diet of O. fasci-
olatus is more poorly documented. Apart from our recent
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paper (Bringsee et al. 2020) on this species eating D. mel-
anostictus, Niyomwan et al. (2017) mention that it feeds
on reptile eggs (which it cuts open with its teeth and then
swallows the contents), rodents, frogs and small snakes.
Moreover, W. Suthanthangjai (unpubl.) observed in Loei
Province, Thailand, a semi-adult O. fasciolatus which
swallowed an adult Fejervarya limnocharis in December
2016 and an adult O. fasciolatus swallowing a juvenile
Hoplobatrachus rugulosus in August 2020; in both cases
the frogs were swallowed whole.

One of them, O. fasciolatus, is known to eat toads, Dut-
taphrynus melanostictus, which may either be eviscerated
alive and their organs eaten or swallowed whole (Bringsoe
et al. 2020). A different and wider range of prey items has
been documented for O. formosanus, namely lizards (in-
cluding road-kill), turtle eggs and squamate eggs (Hwang
etal. 1965; Toriba 1987; Coleman et al. 1993; Ota and Lin
1994; Huang et al. 2011; Messenger 2017).

Kaloula pulchra can exude highly sticky secretions
which are likely used to deter some predators (Evans
and Brodie 1994; Hasan et al. 2014; Purkayastha 2015;
Niyomwan et al. 2019). Wei et al. (2013) observed that
skin secretions of K. pulchra hainana induce erythrocyte
haemolysis by means of a pore-forming mechanism in
the bilayer lipid membrane. Furthermore, it is known
that K. pulchra can swell its bulky body, by inflating
the Iungs like a balloon, as an anti-predator mechanism
(Hasan et al. 2014; Purkayastha 2015; Niyomwan et al.
2019). Nevertheless, Xenopeltis unicolor has been ob-
served constricting and swallowing K. pulchra (Gilbert
and Goodyear 2019). A third defensive behaviour was
reported by Purkayastha (2015) as K. pulchra vibrated
its long fourth toe as the author held four individuals in
his hands. In observation #2 involving O. formosanus,
the frog exhibited a similar behaviour of its left hind
foot when the two individuals were otherwise immobile
though the toe movements were not sufficiently rapid to
be termed vibration.

In at least O. formosanus, the enlarged posterior max-
illary teeth are apparently specialised for cutting reptile
eggs and anuran skin. The posterior edge of these teeth
is particularly sharp (Coleman et al. 1993). We postulate
that this ability is essential for the behaviour of cutting
through the abdomen of anurans and subsequently swal-
lowing their organs.

Interestingly, in the two cases of O. formosanus, the
snakes clearly cut open the abdomen of the frogs, where-
as in the third case involving O. fasciolatus, the teeth in-
flicted minor punctures in the skin of the frog, but nev-
ertheless the frog was swallowed whole. One essential
question is whether O. formosanus eventually swallowed
organs of K. pulchra in the manner that we have recently
documented in O. fasciolatus preying on toads.

The two O. formosanus observations: In Observation
#2, the snake’s head was so deeply inserted into the ab-
domen of the frog that it was not visible for approx. 20
minutes. This is an indication that the snake was in the
process of eating organs. It is not unusual that a fight
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between a kukri snake and an anuran is time-consuming;:
in one case of our previous paper (Bringsee et al. 2020),
the fight, including pulling out and ingesting organs, took
approx. three hours.

Another interesting behaviour observed in two cases
was the snakes’ repeated rotations about their own longi-
tudinal body axis. In Observation #1, spinning occurred
while O. fasciolatus bit and held the belly of the frog,
whereas in Observation #2, O. formosanus performed ro-
tations while its head was inserted into the abdomen of
the frog (Fig. 3). Martins (1996) and Fiorillo et al. (2020)
superficially reviewed neotropical snake species (14
colubrids and 1 boid) that perform rotational behaviour,
though solely for the purpose of defence. This behaviour,
also known as the “death roll”, is especially well-known
amongst crocodilians, for example, during feeding when
they tear pieces from large prey items (Fish et al. 2007;
Drumbeller et al. 2019). Such feeding behaviour seldom
occurs in lizards, such as Varanus albigularis (Krebs and
Wiinstel 2019). Predators with legs do not use their legs
during rotational feeding, but usually they are held back
against the body sides. Rotational behaviour, associated
with eating large prey, has been documented in limbless,
snake-like species, such as eels, caecilians and slow-
worms (Helfman and Clark 1986; Measey and Herrel
2006; Volkl and Alfermann 2007). In exceptional cases,
Anguis spp. may exhibit axis spinning behaviour if two in-
dividuals are fighting over an earthworm. Since rotational
feeding in connection with ingestion of oversized prey is
generally used for reducing prey size, it is very likely that
the body rotations of O. formosanus served the same pur-
pose, i.e. tearing out organs to be subsequently swallowed.
It should be mentioned that caecilians may also use such
rolling behaviour even when the smallest prey items (first
instar crickets) are taken (Measey and Herrel 2000).

In the four earlier cases where toads were either evis-
cerated and organs were eaten or swallowed whole by
O. fasciolatus, no sign of feeding rotation was observed
(Bringsee et al. 2020), but that behaviour occurred in one
of the new cases involving this species as the frog was
swallowed whole.

In Observation #3, which also involved O. formosa-
nus, several organs of K. pulchra had been forced out of
its body and the snake was chewing them throughout the
short video sequence. We interpret this behaviour that it
was in the process of swallowing them. That may be a
lengthy process as mentioned above.

In contrast to Observation #3 and Observation #2,
O. fasciolatus in Observation #1 swallowed the adult
K. pulchra whole without inserting its head into the frog’s
abdomen (although initial penetration by the teeth caused
body fluids to appear), despite the fact that O. fasciola-
tus is adept at eviscerating toads alive to eat their organs.
Thus, in these two species of kukri snakes, we believe
that prey size is crucial in determining whether the gape
width allows large prey to be swallowed whole. That also
applies to O. ocellatus which is most probably resistant
to toad toxins (Bringsee and Holden 2021). This kukri

snake lives in Vietnam, Cambodia, Laos and the eastern-
most Thailand.

Oligodon fasciolatus and O. formosanus are closely
related and have been assigned to the O. cyclurus spe-
cies group (David et al. 2008; Green 2010; Green et al.
2010). It may well be that species of this group or clade
have developed the technique of eviscerating anurans
to eat organs and slitting open reptile eggs with pliable
shells to eat the contents. That behaviour has now also
been described in a third species from that group, namely
O. ocellatus, though the snake did not take out the bowel
after it had pierced the toad’s abdomen and inserted its
head (Bringsee and Holden 2021).
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Supplementary material 1
Video A1

Authors: Henrik Bringsee, Maneerat Suthanthangjai, Winai
Suthanthangjai, Jo Lodder, Navapol Komanasin

Data type: MP4 file

Explanation note: Oligodon fasciolatus in the initial phase of
attacking Kaloula pulchra which is inflating its lungs. The
snake makes eight counterclockwise rotations about its own
longitudinal body axis as it is biting and holding the belly of
the frog. Observation #1, Ban Phue, Thailand, 15 September
2020 at 06:17 h. Recorded by NK.

Copyright notice: This dataset is made available under the Open
Database License (http://opendatacommons.org/licenses/
odbl/1.0/). The Open Database License (ODbL) is a license
agreement intended to allow users to freely share, modity,
and use this Dataset while maintaining this same freedom
for others, provided that the original source and author(s)
are credited.

Link: https://doi.org/10.3897/herpetozoa.32.e62688.suppl1
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Supplementary material 2
Video A2

Authors: Henrik Bringsee, Maneerat Suthanthangjai, Winai
Suthanthangjai, Jo Lodder, Navapol Komanasin

Data type: MP4 file

Explanation note: Oligodon fasciolatus swallows Kaloula pul-
chra whole after having killed it. Observation #1, Ban Phue,
Thailand, 15 September 2020 at 06:36 h. Recorded by NK.

Copyright notice: This dataset is made available under the Open
Database License (http://opendatacommons.org/licenses/
0dbl/1.0/). The Open Database License (ODbL) is a license
agreement intended to allow users to freely share, modify,
and use this Dataset while maintaining this same freedom
for others, provided that the original source and author(s)
are credited.

Link: https://doi.org/10.3897/herpetozoa.34.e62688.suppl2

Supplementary material 3
Video A3

Authors: Henrik Bringsee, Maneerat Suthanthangjai, Winai
Suthanthangjai, Jo Lodder, Navapol Komanasin

Data type: MP4 file

Explanation note: Oligodon formosanus has, during its feeding
attack, inserted its head into the abdomen of Kaloula pulchra
as it performs 12 clockwise rotations (it is apparently in the
process of making its thirteenth rotation as the video stops).
Observation #2, Wang Tong, Lantau Island, Hong Kong, 2
October 2020 from approx. 09:10 to 09:11 h. Recorded by
Jonathan Rotbart.

Copyright notice: This dataset is made available under the Open
Database License (http://opendatacommons.org/licenses/
0dbl/1.0/). The Open Database License (ODbL) is a license
agreement intended to allow users to freely share, modify,
and use this Dataset while maintaining this same freedom
for others, provided that the original source and author(s)
are credited.

Link: https://doi.org/10.3897/herpetozoa.34.¢62688.suppl3

Supplementary material 4
Video A4

Authors: Henrik Bringsee, Maneerat Suthanthangjai, Winai
Suthanthangjai, Jo Lodder, Navapol Komanasin

Data type: MP4 file

Explanation note: Oligodon formosanus still has its head insert-
ed into the abdomen of Kaloula pulchra. During the initial
immobility of both individuals, the frog moves its long fourth
toe of the left hind foot up and down 21 times. During the
subsequent active struggle, the snake makes three rotations,
first two counterclockwise, then one clockwise. Observation
#2, Wang Tong, Lantau Island, Hong Kong, 2 October 2020
from approx. 09:12 to 09:13. Recorded by Jonathan Rotbart..

Copyright notice: This dataset is made available under the Open
Database License  (http://opendatacommons.org/licenses/
0dbl/1.0/). The Open Database License (ODbL) is a license
agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for oth-
ers, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/herpetozoa.34.e62688.suppl4

Supplementary material 5
Video A5

Authors: Henrik Bringsee, Maneerat Suthanthangjai, Winai
Suthanthangjai, Jo Lodder, Navapol Komanasin

Data type: MOV file

Explanation note: Oligodon formosanus has cut open the ab-
domen of Kaloula pulchra and has extracted several organs
which it is biting and chewing and apparently in the process
of swallowing. Observation #3, Caribbean Coast, Lantau
Island, Hong Kong, 8 October 2020 at approx. 17:30 h. Re-
corded by Vince Natteri.

Copyright notice: This dataset is made available under the Open
Database License  (http://opendatacommons.org/licenses/
odbl/1.0/). The Open Database License (ODbL) is a license
agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for oth-
ers, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/herpetozoa.34.e62688.suppl5
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