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Inforniation on predatoy behavior and fighting in extinct ecological 
coinmunitie.; is becoming increasingly important (Brett 1990; also see 
hlutill et ni .  1994 for a n  interpret~tion of shake feeding in pliosaursi. 
I'r'illiston ( 1897) interpreted numerous re-healed broken bones in the 
fossilized skeletons ofniosasaurs as evidence of an aggressive disposition 
beyond that of normd predator). behavior. The presence of rehealed 
breaks on massive iaicbone\ o f , \ f c w i w i i r i r ~  /iu,fljti[iritii 1 at over 17 ni the 
largest marine reptile kn~l\VnJ and tooth marks attributed to XI. ho f -  
t t i m t i i  on the keratinired s a t e  ( - 2  m in diameter) of a giant turtle, A/-  
lopleitrori hofrinzn~ii, tebtifi. to this I 1-inghani-Soliar 1995). In this note, 
evidence of a highly specialized killing technique, ramming, may add to 
our  knowledge of the lifestyle of niosdbaurs. 

Examination of d ldtex cast of the internal braincase of ,\fosnsnirrirt 
/ioffr~innrii IRSNB RI? 1 Instirut Royal des Sciences Naturelles de Bel- 
&pel  shoived some unusual damage. The niosasaur cerebellum (see 
Camp 1942 I lying within the hi-aincase, posterior to the cerebral hemi- 
spheres, had been severed and displaced laterally by about 1 cm (Fig. 
I A-C) . Externally, there is n o  apparent damage to the braincase nor the 
overlying frontal and parietal bones. Two possibilities are considered re- 
garding the damage, that i t  WAS caused in life or that i t  was post-mortem. 

The mosasaur braincase comprises several bones, the paroccipital, 
eaoccipital, baaioccipital, opisthotic, basisphenoid and prootic, all liga- 
nientously sutured together (Lingham-Soliar 1995, Fig. 13).  This pro- 
vided d degree of flexibility that is important, since shear and tensile 
forces were brought to  bear on  the braincase during the considerable 
rocking niovements involved in feeding . Damage to  the braincase of 
,\fosi7snirrirs ho,tfitionrii occurred at the anterior part of the vestibular cav- 
ity of the prootic. 

The interpretation here is that the damage occurred as a result of a 
poirerful concentrated blow to the prootic region of the braincase. The 
prootic would have sprung inwards, facilitated by ligamentous sutures, 
broken internally thereby causing the brain to be severed (the jutting 
fragment can clearly be seen in Fig. I A ,  C arrowed), and sprung out 
again. On the other hand, had the injury been post wortem, because of 
the rapid deterioration of organic ligamentous tissue the prootic would 
undoubtedly have caved in without springing back. 

.\lowsoirrirs hqffninwii IRSNB R12 is one of the best preserved mosa- 
saur specimens, and the skull is found i n  situ in the original matrix 
(Lingham-Soliar 1995, Fig. 3). It shows very little damage, and the 
hones, including the braincase, are in their natural positions. The 

Fig. I .  Brain-cast of Mosasnurirs hoflmarini. 
OA. Dorsal view showing severing and dis- 
placement of the brain stem by a fragment 
(arrowed) of the vesicular chamber of the 
prootic. OB. Drawing of the brain to  show the 
broken brain stem and associated fragment of 
bone. OC. Dorsolateral enlarged view ofbrain- 
cast. Brain cast length 25 cm. 
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remarkable preservation of the teeth, and indeed virtually the entire 
skull, indicates hardly any rolling or other forms of disturbance follow- 
ing the death of the animal . The prootic region lies well within the 
intact skull (frontal, parietal, supratemporal arcade). Providing the 
braincase is in situ, i.e. surrounded by the supratemporal arcade and 
intact frontal and parietal bones, very little damage can occur to it other 
than by something narrow being driven in. Damage to the braincase 
usually occurs when it becomes isolated and subsequently rolled. Fur- 
thermore, the pterygoid unit (forming the lower part of the posterior 
skull) and, even more unusually, the palatines and their contact with 
the pterygoid are rarely preserved intact and in situ as they are in M .  
hoffmanni R 12 (Lingham-Soliar 1995), thus providing considerable 
protection from beneath. Therefore, possible damage to the braincase 
through rolling or impact is unlikely. Moreover, although this evidence 
is circumstantial, the small specimen (only two-thirds to half the size of 
most specimens) of M. hofimanni is probably of a subadult, and its 
death seems premature. 

The only damage to other parts of the skull is minimal and on the 
right side, coinciding with the brain injury principally around the tem- 
poral cavity. In the lower jaws the coronoid and surangular of the upper 
postmandibular unit also on the right side are dislocated (Lingham- 
Soliar 1995, Fig. 3) In mosasaurs, the lower jaws are connected to the 
skull by a shallow articulation (ligamentously) and they are very quickly 
separated and invariably subject to different histories in the processes of 
destruction and fossilization. Hence, it would seem to be too much of a 
coincidence if the damage were not caused by the same blow to the skull. 

It is interesting to consider the predator that could have delivered 
such a well pin-pointed and lethal blow to a large animal such as Mosa- 
saurus hoffmanni. Fishes, primarily swordfish, and marine crocodiles are 
unlikely, since to my knowledge they have not been found in the Maas- 
trichtian localities in which Mosasaurus hoffmanni is known. Ichthyo- 
saurs were already extinct by the Maastrichtian. Pliosaurs are infrequent 
but, in addition, are broad-snouted, and a blow to the braincase of Mo- 
sasaurus hoffmanni would have caused widespread damage to virtually 
the whole posterior part of the skull. However, it is among the last group 
considered, the mosasaurs themselves, that the most likely attacker, Hai- 
nosaurus bernardi, is found. H. bernardi was a gigantic 15 m long tylo- 

saurine mosasaur (Lingham-Soliar 1992) and known from Maastrich- 
tian localities close to those of M. hoffmanni. Significantly, they 
possessed a large solid bony rostrum at the tip of their snout that was ev- 
idently used in the ramming of prey (Lingham-Soliar 1992) either to kill 
or to stun. Tylosaurines were ideally designed to deliver a powerful blow 
with the rostrum by rapid acceleration from a virtually stationary posi- 
tion. The attack, probably from an ambush (Massare 1987), was en- 
hanced by a long powerful tail adapted for burst speeds, as in crocodiles. 
These mosasaurs are also known to have had enormous diets. The gas- 
tric contents of a single specimen in the South Dakota School of Mines 
consisted of the small mosasaur Clidastes, the marine fish Bananogmius, 
a shark and the diving bird Hesperornis (Martin & Bjork 1987). 

The solid bony rostrum of tylosaurines is unique among marine ver- 
tebrates, and hence it is hard to find close analogues among living forms 
for the kind of behavior described above. However, bottle-nosed dol- 
phins (Tursiops truncatus) use their beaks in defence to kill or see-off 
lemon sharks (Triakis semifasciata) (Watson 1988), and crocodiles show 
some form of ramming behavior in male-male fights (Lingham-Soliar 
1995). With our knowledge of mosasaurs it seems reasonable to associ- 
ate the large rostrum in tylosaurine mosasaurs with the kind of offensive 
behavior described above. 
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