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Abstract. Snakes are well known for regularly swallowing very large prey in one piece. A highly kinetic skull 
with a specialized jaw system are considered prerequisites for ingesting prey items that are larger in diameter 
than the snake's own head. Numerous studies have documented how sophisticated this feeding apparatus 
has become adapted to this spatial constraint and to transport and swallow large prey. However, here we 
report on a female juvenile western diamondback rattlesnake, Crotalus atrox Baird & Girard, 1853 (Squamata: 
Viperidae) that died after feeding. This particular animal managed to swallow its own lower jaw and as a 
result the specimen suffocated because the tracheal opening was blocked. This is the first report on such a 
remarkable and fatal malfunction of the ophidian feeding mechanism. 
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The western diamondback rattlesnake, Crotalus 
atrox Baird & Girard, 1853 (Squamata: Viperidae) 
inhabits large portions of south-western North 
America (United States of America and Mexico). 
With a maximum recorded total length of more 
than 2 m it is one of the largest species of the ge-
nus Crotalus Linnaeus, 1758 and its diet mainly 
consists of rodents and other small mammals 
(Klauber 1972, Ernst & Ernst 2011). This rattle-
snake has also become a popular species for cap-
tive breeding and husbandry (Schmidt 2008) and 
consequently has been used as a model organism 
for laboratory experiments. 
 
At the Zoological Institute at the University of Bonn 
(Germany) there is a relatively long tradition in studying 
C. atrox, especially regarding its infrared sensitivity (see 
Ebert & Westhoff 2006, Westhoff et al. 2006, Ebert 2007, 
Kohl et al. 2012). Similar research is still going on and to 
this day there is a group of captive bred specimens some 
of which are kept for electrophysiological experiments 
and anatomical studies. Several juveniles are maintained 
in pairs each in enclosures measuring 33 by 23 by 12 cm 
and are fed every 4-7 days with dead mice of appropriate 
size. Water and shelter is provided ad libitum and the ani-
mals are kept in a day/night cycle with 12 hours of light 
and 12 hours of darkness. Day temperatures reach around 
30 degree Celsius and drop down to about 20-22 degree 
Celsius during the night. 
 
On April 30, 2012 the animals were routinely fed. 
The next day, however, one of the juvenile females 
was found stretched out on its belly and the region 
immediately posterior to the head was exception-

ally broadened in dorsal view (Fig. 1a). On further 
examination the animal turned out to be dead and 
the cause for the broadened neck was the entirely 
dislocated lower jaw, which apparently was ac-
tively swallowed (Fig. 1b,c). This was verified by 
subsequent analysis using a digital x-ray appara-
tus (LX60, Faxitron X-Ray LLC, Lincolnshire, IL, 
USA). The quadrato-articular joint showed a com-
plete luxation and the entire lower jaw was ro-
tated by about 180 degrees, with its originally dor-
sal side facing ventrad (Fig. 2). No fractures of the 
mandible were evident. 

The anterior-most portion of the ophidian tra-
chea extends very far into the buccal cavity and is 
incorporated in the floor of the mouth (Wallach 
1998). This arrangement in general can be inter-
preted as an adaptation that facilitates breathing 
during prey manipulation. The swallowed and 
consequently rotated lower jaw, however, forced 
the trachea to rotate as well and to end up in a 
loop with the glottal opening now pointing cau-
dad (Fig. 2). As a deadly result, the glottis was 
blocked, the animal was unable to breathe and it 
consequently suffocated. 

The most plausible explanation for this un-
usual fatality is a so far unknown and remarkable 
failure during the feeding process. Rattlesnakes 
have a highly kinetic skull (Dullemeijer 1959) and 
as in most snakes, the whole feeding apparatus 
performs highly complex movements to overcome 
the mechanical constraints that occur as a result of 
prey items, the diameter of which usually exceeds  
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Figure 1.  Photographs of the juvenile Crotalus atrox (ZFMK 93283), which swallowed its own 
lower jaw, in dorsal (a), ventral (b) and lateral (c) view. Note the broadened appearance of the 
region immediately posterior to the head in dorsal view, as indicated by the white arrow (a), 
and the apparently lacking lower jaw (b, c). The injured gingival sheaths of the fangs are indi-
cated by the two black arrows (b). 

 
 

 
 

Figure 2. Radiographs of the head of the juvenile Crotalus atrox (ZFMK 93283), which 
died after swallowing its own lower jaw, in ventral (a) and lateral (b) view. The man-
dible (md) is entirely disarticulated and rotated by about 180 degrees. The course of 
the trachea (tr) follows this rotation and consequently forms a loop with the glottal 
opening (gl) coming to lie pointing towards the alimentary canal. Further abbrevia-
tions are for the fang (fa), quadrato-articular joint (qa) and vertebral column (vt). 
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that of the predator (Cundall & Greene 2000). Dur-
ing swallowing, the prey is actively pulled into the 
snake and transported through the mouth and 
oropharynx by cyclical and asymmetrical move-
ments of the tooth-bearing bones of the upper and 
lower jaws (for details see Dullemeijer & Povel 
1972, Kardong et al. 1986) until the esophagus 
takes over and eventually pushes the prey into the 
stomach. The maxilla, which in viperids only bears 
the fangs, is moved to some extent, too. Normally 
there is a mechanical interlock in rattlesnakes that 
prevents a full erection of the fangs during trans-
portation of the prey (Dullemeijer & Povel 1972, 
Kardong et al. 1986). Nevertheless, the particular 
individual discussed here probably did manage to 
accidentally catch its lower jaw with its own fangs 
and in turn somehow maneuvered it backwards 
where it was transported along with the prey. Al-
though the exact mechanics performed of course 
cannot be reconstructed with certainty, this re-
mains a plausible explanation. One further indica-
tion for this hypothesis is the fact that the gingival 
sheaths of the fangs showed fresh injuries (Fig. 
1b). It is highly likely that these injuries have been 
caused during the assumed aberrant retraction 
and rotation of the lower jaw. We assume that the 

anterior-most teeth of the mandible injured the 
sheaths during this rotation. 

The radiographs further revealed that the 
snake has eaten two prey items (juvenile labora-
tory mice). The first one apparently was ingested 
without any complications, because it otherwise 
would have been impossible for the snake to catch 
the second mouse. The relative position of the sec-
ond prey item (Fig. 3) moreover indicates that the 
snake remained alive after the jaw became disar-
ticulated and swallowed. There are very few data 
on the post-cranial prey transport mechanisms in 
snakes (Kley & Brainerd 2002, Jackson et al. 2004), 
but it is of course obvious that these are independ-
ent of cranial movements and continue to function 
as long as the animal is alive. Rattlesnakes usually 
"yawn" shortly after food uptake to reset their cra-
nial joints. We assume that the skull in the present 
specimen has not been properly reset before the 
second prey was caught so that the lower jaw may 
have been in an odd position or angle and the 
above described failure of cranial mechanics oc-
curred. 

In general, there appear to be only very few 
documented instances where a vertebrate predator 
actually suffered death as a result of failure during  

 
 

 
 

Figure 3. Radiograph of the entire juvenile Crotalus atrox (ZFMK 93283), which died after 
swallowing its own lower jaw. Note the two ingested prey items (juvenile laboratory 
mice) indicated by the two white arrows, which have been regularly transported 
through the alimentary canal, both with their head first. 
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regular feeding. Lambertz & Schmied (2010) re-
port on a surviving prey item (ground beetle), 
which was biting itself through a frog's head try-
ing to escape from the latter. The ranid frog in this 
particular case, however, was killed by a human 
and the potentially lethal effect of the prey thus 
remains unresolved. Among snakes there are 
some reports of voracity where the predator died 
after having tried to feed on too large prey items. 
These include a lampropeltine snake trying to feed 
on a lagomorph (Howard 1949) and an elapid try-
ing to swallow a dipsadine snake (Cavalcanti et al. 
2012). There are further curious reports on snakes, 
which have swallowed their own tail and which 
likely would have died without veterinary treat-
ment (Bates 2009). Our present case report, how-
ever, remains the first description of a fatal acci-
dent during ophidian feeding, which is directly 
associated to a functional failure in the basic 
mechanism of cranial kinesis. 

This remarkable rattlesnake is now main-
tained in the herpetological collection of the Zo-
ologisches Forschungsmuseum Alexander Koenig 
in Bonn, Germany (accession number ZFMK 
93283). The position of the lower jaw has not been 
altered in the preserved specimen and is kept in 
the same position as it was when it was found. 
The same applies to the ingested prey items. Be-
fore the specimen was preserved in ethanol it has 
been frozen for about one week. 
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