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ABsTrAcT

Spinosaurids are a monophyletic clade of large-bodied, long-snouted theropod dinosaurs 
known from minimal skeletal material. in an effort to assist future research on this unu-
sual clade, a catalogue of past spinosaurid discoveries is presented. database information 
includes specimen numbers, material identification, locality information, depositional 
environments, stratigraphic detail, generic or subclade assignment, tooth measurements, 
tooth placement, and detailed notes on the nature of the finds themselves when needed. 
previously reported biogeographic and faunal dispersal patterns suggest that spinosau-
rids may eventually be found in north American strata, potentially having migrated 
from western europe in the early Cretaceous and eastern Asia over the Beringian isth-
mus in the late Cretaceous. this database may be useful for predicting future points of 
spinosaurid discovery.

Introduction

Spinosaurids, a highly morphologically special-
ized group of tetanuran theropod dinosaurs 
most distinctly characterized by their laterally 
compressed snouts and subconical crocodile-
like teeth have undergone a substantial surge 
of study and interest in recent years. the clade 
was first erected on the basis of a series of dis-
articulated bones and teeth uncovered in the 
Cenomanian dated Bahariya oasis of north-
central egypt by an expedition funded by the 

german paleontologist ernst freiherr Stromer 
von reichenbach (1870-1952) (Stromer, 1915). 
Among these fossils was a group of dorsal 
vertebrae with markedly hypertrophied neu-
ral spines (some up to 1.65 meters in height), 
which Stromer referenced when naming the 
taxon Spinosaurus aegyptiacus. however, the 
holotype and all referred material were demol-
ished in an Allied air raid on the city of Munich 
April 12/13, 1944 (Stromer, 1915; Stromer, 1934 
but especially see Smith et al., 2006), and for 
some time remained something of a paleonto-
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logical mystery. thankfully, our understanding 
of these remarkable animals has grown a great 
deal due to the many discoveries made within 
the last several decades.

partial skeletons have been described from 
the Cenomanian of egypt (Stromer, 1915), the 
Aptian of niger (Sereno et al., 1998) and the 
Barremian of england (Charig & Milner, 1997), 
as well as several remarkable cranial and axi-
al fossils from what is likely the Albian and 
Cenomanian of South America (Kellner & Cam-
pos, 1996; Martill et al., 1996; Sues et al., 2002; 
Bittencourt & Kellner, 2004; Machado & Kell-
ner, 2008). Aside from these fossils, spinosaurid 
material generally tends to be quite rare, most 
frequently consisting of isolated teeth and bone 
fragments (holtz et al., 2004; figure 1).

recent phylogenetic analyses suggest that 
the clade can be split into two separate groups, 
primarily distinguishable by cranial and dental 
differences: the Spinosaurinae and Baryonychi-
nae (Charig & Milner, 1986, Sereno et al., 1998, 
holtz et al., 2004). Cranially, baryonychines 
are distinguished from spinosaurines by an in-

creased number of teeth in the mandible, a less-
er degree of retraction of the anterior margin 
of the external nares (limited to the first half of 
the maxillary tooth row), and differing premax-
illary tooth size. Specifically, the premaxillary 
alveolus 1 is only slightly smaller in diameter 
than alveoli 2 and 3, whereas in spinosaurines 
the premaxillary alveolus 1 is less than one half 
the diameter of premaxillary alveoli 2 and 3 
(Sereno et al., 1998; dal Sasso et al., 2005).

though all spinosaurid teeth display a de-
gree of conical shape (thought to be indicative 
of an at least partly piscivorous lifestyle – ray-– ray- ray-
field et al., 2007), baryonychine teeth are gen-
erally more laterally compressed in form than 
those attributed to the Spinosaurinae. Addition-
ally, spinosaurine teeth lack serrated carinae 
and on average display less posterior curvature 
when compared to their baryonychine counter-
parts (pers. obs.) whose teeth are typically quite 
finely serrated (Martill & hutt, 1996). though 
ribbing or ‘fluting’ structures have been report-
ed on the crowns of both subclades, the texture 
tends to be more distinctive in spinosaurine 

figure 1. Skeletal reconstructions of Baryonyx walkeri, Suchomimus tenerensis, and Spinosaurus aegyptiacus. Silhouette 
represents the largest known fragmentary material of Spinosaurus. Scale bar = 1m. Courtesy of Scott hartman  
(www.skeletaldrawing.com).
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teeth, whereas baryonychine ribbing is most of-
ten light and restricted to the lingual face. how-
ever, a fair amount of morphological variation 
has been reported for spinosaurid teeth, and 
identification should be done with a degree of 
caution (fowler, 2007; hone et al., 2010).

Spinosaurid fossil traces have been reported 
from europe, Asia, Africa, and South America 
(holtz et al., 2004). As yet, no confirmed north 
American spinosaurid fossils have been found. 
they have a wide temporal distribution, with 
documented discoveries spanning the late Ju-
rassic (Buffetaut, 2008b) through the late Cre-
taceous (hone et al., 2010). 

due to the scarcity of spinosaurid fossils, and 
the lack of character resolution in many early 
studies, their affinities within neotheropoda 
have fluctuated throughout the years. though 
long-spined allosauroids like Acrocanthosaurus 
atokensis (Stovall & langston, 1950) were pe-
riodically included within the Spinosauridae 
(walker, 1964; romer, 1966), this classification 
scheme was ultimately abandoned. with the 
discovery of Baryonyx walkeri in the Barremian 
of england, Charig & Milner (1986) placed the 
taxon within a family they dubbed the Bary-
onyichidae, suggesting that there were not 
enough affinities between it and Spinosaurus 
to validate placing the pair within a monophyl-
etic clade. however, this particular designation 
was questioned by various authors (paul, 1988; 
Buffetaut, 1989), and began to fall out of favor 
by the 1990s (Sereno et al., 1994; Sereno et al., 
1998; holtz, 2000; holtz et al., 2004). A cladis-
tic analysis performed by Sereno et al. (1994) 
placed the spinosaurids and torvosaurids in a 
clade dubbed the torvosauroidea (now known 
as Megalosauroidea – Benson, 2010), which 
was later defined as a “comprises Spinosaurus 
aegyptiacus and all taxa sharing a more recent 
common ancestor with it than with Passer do-
mesticus, Megalosaurus bucklandi, or Allosau-
rus fragilis” by holtz et al. (2004: 97). recent 
analyses have consistently placed spinosaurids 
within Megalosauroidea near the base of teta-
nurae (Sereno et al., 1998, holtz et al., 2004, but 
especially see Benson, 2010). 

with the rarity of described spinosaurid 
fossil material in mind, this paper seeks to pro-
vide a collections catalogue and review to spur 
future research on this curious clade. though 
the group has received a material review in 
recent years (holtz et al., 2004), and has had a 

fair amount of biogeographic work (Buffetaut, 
2009), many extraordinary discoveries have 
been made since holtz et al.’s (2004) review 
that bear a great deal of importance for the 
field of spinosaurid research. though in many 
instances this catalogue overlaps with informa-
tion found within the paleobiology database 
(http://paleodb.org), it differs in several key re-
spects. firstly, the information provided is in-
tended for a specialized subset of workers, and 
so is arranged in such a fashion that the needed 
data is more instantly accessible. Secondly, de-
tailed information on the material type is listed. 
though the paleobiology database lists occur-
ances of various fossil taxa, the exact variety of 
fossil material within the given occurance is of-
ten left vague (e.g. “Mnn gd 500, a set of post-
crania”, in reference to the Suchomimus teneren-
sis holotype). finally, though the measurements 
themselves are derived from the publications 
individual teeth were described in (and so were 
not directly confirmed by the author), dental 
measurements may form an important basis 
for future numerical analyses, and are present-
ly lacking for the Spinosauridae in the paleo-
biology database. for fossils requiring further 
discussion (e.g. those with issues of taxonomic 
validity, or those with a range of measurements 
nonassignable to individual teeth), notes are 
provided. when such information was merited, 
the entries are listed as such under the ‘refer-
ence’ column in the database.

Institutional Abbreviations

BM   office national des Mines (la  
  Charguia, tunisia)
CAM  “Cameroon” (exact location un- 
  specified)
CMp   Museo de la valltorta (Castellón, 
   Spain)
gMnh  gunma Museum of natural  
  history (tonmioka, Japan) 
hAii  henan geological Museum  
  (Zhengzhou, China)
iMgp  institut und Museum für ge- 
  ologie und paläontologie of the 
  georg-August universität (göt- 
  tingen, germany)
ivpp  institute of vertebrate paleon- 
  tology and paleoanthropology  
  (Beijing, China)
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iwCMS dinosaur isle (isle of wight 
  Museum of geology) (Sandown, 
  uK)
J.g.  Museo Arqueológico paleon- 
  tológico  (Salas de los infantes, 
  Spain)
linhM  long island natural history 
  Museum (long island, nY)
Mg  Museu geologico (lisbon, por- 
  tugal)
Mn  Museu national / ufrJ (rio de  
  Janeiro, Brazil)
Mnhn  Muséum national d‘histoire  
  naturelle (paris, france)
Mnn  Musée national du niger (nia- 
  mey, republic of niger)
Mpg  Museo paleontologico de la  
  galve (teruel, Spain)
MpZ  Museo paleontologico de la  
  universidad de Zaragoza (Zara- 
  gaoza, Spain)
MuZ pig geological Museum of the po- 
  lish geological institute (war- 
  saw, poland)
MSnM  Museo di Storia naturale di  
  Milano (Milan, italy)
nhM  natural history Museum (lon- 
  don, england)
nMC  Canadian Museum of nature  
  (ottawa, Canada)
pS  Museo de dinosaurios (Burgos,  
  Spain)
XMMdfeC Xixia Museum of dinosaur fos- 
  sil eggs of China (Xixia, China)
SMnS  Museum für naturkunde Stutt- 
  gart (Stuttgart, germany)
ufMA  universidade federal do  
  Maranhão (São luis, Brazil)
upC  university of Chicago paleonto 
  logical Collections (Chicago il)

Database Notes (see Appendices)

Spinosaurid Tooth Identification
Because of their specialized nature, the identifi-
cation of spinosaurid dentition can be complex. 
Many clades have convergently evolved coni-
cal teeth throughout their evolutionary history, 
though due to their shared geographic and tem-
poral range spinosaurid teeth are most likely to 
be mistaken for the teeth of crocodlian taxa and 
vice versa (holtz, 1998). this difficulty arises in 
that though spinosaurid teeth are distinctive in 

morphology, they have several characters (lon-
gitudinal ridges, conical form, etc.) that are also 
found in those of non-spinosaurid taxa (fowler, 
2007). Baryonychine teeth are characterized 
by fine, uniform serrations (which differ from 
the more bulky serrations found on the teeth 
of many ziphodont crocodilians, riff & Kellner, 
2001), a slight degree of posterior curvature 
(differing from the lingual curvature common 
to most crocodilians, though posterior curva-
ture has been reported for some taxa, norell 
et al., 1994), and distinctive ridges generally 
found on the lingual face (Charig & Milner, 
1997). the ridges tend to be more prominent 
in spinosaurine teeth (which lack serrations, 
Buffetaut et al., 2008), though ridge morphol-
ogy has been shown to vary between spino-
saurid teeth (Martill & hutt, 1996; Charig & 
Milner, 1997; torcida et al., 1997; Buffetaut, 
2007; fowler, 2007), and should not be used as 
a primary basis of identification. Crocodilian 
taxa have been reported with similar longitu-
dinal ridges (e.g. Brachychampsa, Goniopholis, 
holland, 1905; norell et al., 1994), and may be 
mistaken for spinosaurid teeth. though spino-
saurid teeth are typically quite conical in form, 
their crown base ratio (see Smith et al., 2005) 
can vary. Adding further complication, crocodil-
ian teeth with labial/lingual compression have 
been described (norell et al., 1994; Sereno & 
larsson, 2009). granular textures can be found 
on the crowns of some spinosaurid teeth, 
though a somewhat similar morphology has 
been reported on a mosasaur tooth (Charig & 
Milner, 1997; hasegawa et al., 2010 and ref-
erences therein). Because of the morphologi-
cal variation seen in spinosaurid teeth, a de-
tailed study on their dentition seems merited, 
though such a thing is beyond the scope of 
this publication. 

Buffetaut & Ingavat (1986): Siamosaurus  
suteethorni Teeth
uncovered in the early Cretaceous Sao Khua 
formation of northeastern thailand (initially 
thought to be late Jurassic, see Buffetaut & Su-
teethorn, 1998), these teeth represent the first 
known spinosaurid material from Asia (Buf-
fetaut & ingavat, 1986). As reported in other 
spinosaurid teeth, the collection displays a cer-
tain amount of morphological variability, with 
cross sections ranging from ovular to near cir-
cular. Marked ribbing is displayed on both the 
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labial and lingual faces, with roughly 15 ribs per 
side. interestingly, the mesial and distal carinae 
were reported to lack serrations, a characteristic 
associated with teeth assigned to the Spinosau-
rinae. however, pending cranial material from 
the taxon bearing these teeth, their affinities 
within the Spinosauridae are currently tenta-
tive, and are listed in the database as ‘indeter-
minate subclade.’

Siamosarus suteethorni was erected based 
upon the then-novel morphology of the teeth, us-
ing specimen tf 2043a as the holotype (Buffetaut 
& ingavat, 1986, figure 2). however, because much 
has been learned about the nature of spinosaurid 
dentition since their publication, a redescription 
dealing with their generic validity is currently be-
ing prepared (Buffetaut pers. comm.). 

Congleton (1990): Cameroon Teeth
these teeth, collected in a series of expeditions in 
the Koum Basin of northern Cameroon (Cong- 
leton, 1990) bear a fair resemblance to those 
commonly assigned to the Baryonychinae, with 
distinctive labial/lingual ridges and fine dentic-
ulation. however, the teeth differ from standard 

figure 2. Spinosaurid teeth. A) Siamosaurus suteethorni 
holotype, thailand (Sao Khua formation – pre-Aptian);  
B) indeterminate spinosaurid, thailand (Khok Kruat 
formation – Aptian). images not to scale. Courtesy of eric 
Buffetaut.

baryonychine teeth in that the serrations are en-
tirely restricted to the distal margin (Charig & 
Milner, 1986; Charig & Milner, 1997; Martill & 
hutt, 1996; fowler, 2007). A similar serration 
pattern has been reported by several authors, 
though the Cameroon fossils represent the only 
spinosaurid teeth with this sort of denticulation 
described outside of Spain (ruiz-omeñaca et al., 
1997; infante et al., 2005; ruiz-omeñaca et al., 
2005; Sánchez-hernández et al., 2007; Canudo 
et al., 2008; gasca et al., 2008). 

Most of the teeth bearing this serration pat-
tern are quite small (those reported by infante 
et al., 2005; ruiz-omeñaca et al., 2005; Sánchez-
hernández et al., 2007 and Congleton, 1990 dis-
play mesio-distal basal lengths ranging from 2 
to 7.51 mm). however, teeth discussed by ruiz-
omeñaca et al., 1997 and Canudo et al., 2008 
fall outside this size range (ranging from 7.4 to 
as much as 19.48 mm). whether this kind of 
denticle morphology is a byproduct of ontoge-
netic, interspecific, or intraspecific variation has 
yet to be determined. 

Martill & Hutt (1996): Isle of Wight Tooth  
Measurements
Mesio-distal lengths range from 8 to 23 mm. Me-
dial lateral widths not provided. Maximum pre-
served crown heights range from 18 to 44 mm. 
Serrations are found on both the mesial and 
distal carinae, with 7 to 8 denticles per mm. 

Kellner & Campos (1996): Angaturama limai 
Taxonomic Assignment
Angaturama limai, named on the basis of a ros-
tral cranial fragment from the romualdo Mem-
ber of the Santana formation of Brazil, is now 
considered by most authors to be a junior syn-
onym of the spinosaurine Irritator challengeri 
(Charig et al., 1997; Sereno et al., 1998; Buffetaut 
& ouaja, 2002; Sues et al., 2002, dal Sasso et al., 
2005), an assertion maintained here. Because 
they both come from the same stratigraphic 
area, and their remains evidently compliment 
each other so well, it has been postulated that 
both cranial fragments may belong to the same 
specimen (Sereno et al., 1998). 

Russell (1996)/Taquet & Russell (1998): Spino-
saurus moroccanus and Cristatusaurus lappar-
enti Taxonomic Assignments
A group of bones uncovered in the Albian of 
Morocco were used by russell (1996) to es-
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tablish a second species of Spinosaurus, based 
upon the “relatively greater central and neural 
arch length” of a cervical vertebra (Ibidem: 360). 
however, this distinction is fairly dubious and 
very well may be a byproduct of a differential 
placement in the cervical series (rahaut, 2003; 
dal Sasso et al., 2005). therefore, the species 
Spinosaurus moraccanus is here considered no-
men dubium (as per Sereno et al., 1998) and 
all referred material (including a rostral cranial 
fragment described by taquet & russell, 1998 
whose features share no particular distinction 
from that described by dal Sasso et al., 2005) is 
instead referred to Spinosaurus cf. aegyptiacus 
in the database.

Similarly, cranial and vertebral material 
were assigned to a species of baryonychine 
spinosaurid dubbed Cristatusaurus lapparenti 
by taquet & russell (1998), a taxon said to be 
generically separated from Baryonyx walkeri by 
the ‘brevirostrine condition’ of the premaxilla. 
though not elaborated upon by the authors, 
this was likely in reference to the characteristic 
spinosaurid termainal rosette. Based upon in-
spection of previously published photographs 
and line drawings (Charig & Milner, 1997; Sere-
no et al., 1998; taquet & russell, 1998), i find 
no particular distinction between the holotypic 
remains of Cristatusaurus lapparenti and the 
fossil material of other baryonychine spinosau-
rids, a conclusion also made by several previous 
authors (Charig & Milner, 1997; Sereno et al., 
1998; Sues et al., 2002). though it may likely 
belong to Suchomimus tenerensis, the spcimen 
is instead listed as ‘baryonychine indet.’ in the 
database because of the fragmentary nature of 
the material.

Medeiros (2006): Cajual Island (Brazil) Teeth
tooth length measurements given likely re-
flect the length of the crown in addition to root 
length (though not specifically stated by the au-
thor). of superlot ufMA 1.2.444, 273 teeth were 
collected, with tooth lengths ranging between 
13 and 98 mm, though he suggested that some 
tooth fragments may belong to teeth exceeding 
the 100 mm mark.  

Sánchez-Hernández et al. (2007): Spanish  
Spinosaurine Report
A series of six teeth were attributed to the Spino-
saurinae by Sánchez-hernández et al. (2007), 
based upon the their lack of serrated carinae 

and semi-conical to conical shape. fowler (2007) 
suggested that though they are in all likelihood 
spinosaurid teeth, the lack of serrated carinae 
may be instead due to a variety of wear facet in 
which much of the mesial and distal carinae are 
drastically worn away or outright obliterated 
(e.g. Milner & Kirkland, 2007). however, pend-
ing restudy of the specimens, they are listed in 
the database as ‘questionable spinosaurine.’

Buffetaut et al. (2005): Thailand Skeletal  
Material
Buffetaut et al. (2005) briefly reported on a par-
tial spinosaurid skeleton from the fluvial depos-
its of the Aptian dated Khok Kruat formation of 
northeastern thailand. remains included sever-
al dorsal and cervical vertebrae as well as various 
pelvic elements with baryonychine characters. 
interestingly, they also reported on an elongate 
neural spine of a morphology somewhat reminis-
cent of that of Spinosaurus aegyptiacus (Stromer, 
1915), though not quite as tall in stature (using 
the provided figure, length of the spine is rough-
ly 60 cm). these represent the first reported skel-
etal remains of an Asian spinosaurid.

Salgado et al. (2009)/Canudo et al. (2004):  
Argentine Tooth Report
uncovered in the Cerro lisandro formation 
of south central Argentina, this tooth is some-
what questionably identified as spinosaurid 
by the authors. though the conical shape and 
labial/lingual ridges are generally indicative of 
a spinosaurid identification, the tooth exhibits 
uncharacteristically large serrations (inclined 
towards the apex) for members of the clade. 
the serration size is relatively similar to those 
of ziphodont crocodiles (riff & Kellner, 2001; 
turner & Calvo, 2005; larrson & Sues, 2007). 
however, its identification is tentative and is 
therefore listed as a questionable indeterminate 
spinosaurid in the database.

spinosaurid review

Spinosaurid Ecology
with their wide geographic distribution and 
specialized morphology, spinosaurids were a re-
markable component of Mesozoic ecosystems. 
however, compared to other large bodied thero-
pod clades (for example, tyrannosaurids, Currie 
et al., 2003; Carr & williamson, 2004), their 
preserved skeletal material is quite sparse. As a 
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consequence, we can only make minimal (and 
still sometimes speculative) inferences about 
their ecological dynamics. Combining their dis-
tinctive morphological features with the little 
dietary evidence we do have (including rem-
nants of fish, juvenile dinosaurs, and pterosaurs, 
Charig & Milner, 1997; Buffetaut et al., 2004), it 
would seem that spinosaurids had a very broad-
ly based diet (figure 3). it has been suggested 
that they would have made superb scavengers 
(e.g. Kitchener, 1987) and it seems likely that, 
as with most extant carnivores, this would cer-
tainly be something spinosaurids would have 
pursued when given the opportunity. the de-
gree to which the clade supplemented their diet 
with fish (as suggested by the acid etched scales 
found with the holotypic specimen of Baryonyx 
walkeri, as well as the crocodilian-like morphol-
ogy of the clade) requires further testing, though 
finite element analysis performed by rayfield 
et al. (2007) strongly supports the hypothesis 
of a piscivorous lifestyle. in the study, the tor-
sional and bending stresses of the rostrum of 
Baryonyx walkeri were compared to those of a 
‘generic theropod’ model, the extant American 
alligator (Alligator mississippiensis), and the ex-
tant indian gharial (Gavialis gangeticus). it was 
found that the response of the rostrum to stress 
loads varied between taxa, and that the stress 
loading capabilities of the Baronyx walkeri 

rostrum much more closely matched that of the 
gharial than that of the American alligator or 
the generic theropod model, being especially 
well suited for resisting bending stresses. given 
that the diet of the indian gharial is primarily 
composed of fish (whitetaker & Basu, 1982), it 
seems likely that the skull of Baryonyx walkeri 
would have functioned in a similar manner. 
however, as mentioned by rayfield et al. (2007), 
much work remains to be done on the issue, es-
pecially focusing on how the skull functions as 
a component of the craniocervical complex.

furthermore, a detailed intra-generic analy-
sis of spinosaurid cranial biomechanics has 
yet to be performed. Specifically, the rostral 
material known for Spinosaurus aegyptiacus 
(dal Sasso et al., 2005) and that of baryonchine 
spinosaurids (Charig & Milner, 1997; Sereno et 
al., 1998; taquet & russell, 1998) differs to a 
noticeable degree in the width of the anterior 
premaxillary region and its relationship to the 
width of the more posterior portions of the ros-
trum (figure 4). in Spinosaurus aegpytiacus, the 
‘terminal rosette’ (the hook-like structure of the 
rostrum) is markedly expanded into a some-
what circular profile in dorsal view, which be-
gins to thin posteriorly at the 3rd premaxillary 
alveolus. this rostral thinning ceases at the 4th 
premaxillary alveolus, where the rostrum main-
tains a subparallel profile until it expands once 

figure 3. life restoration of Spinosaurus aegypticus. fauna based upon the Kem Kem region of Morocco (Cavin et al., in 
press). Courtesy of Brian engh (http://dontmesswithdinosaurs.com/)
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figure 4. preserved rostral material for the Spinosauridae in dorsal and ventral views. A) Suchomimus tenerensis (Sereno et al., 
1998); B) Baryonyx walkeri (Charig & Milner, 1997); C) Irritator challengeri (Kellner & Campos, 1996); d) Spinosaurus aegyptiacus 
(dal Sasso et al., 2005). Scale bar = 10 cm. Courtesy of Matt von rooijen (www.optimisticpainter.wordpress.com).

again at the 1st maxillary alveolus. this expan-
sion then reaches a width subequal to that of 
the maximum diameter reached by the termi-
nal rosette at the 3rd maxillary avolelus, a form 
maintained for the rest of the preserved ros-
trum. in baryonchines, there is little difference 
in the width of the terminal rosette (which has 
a more ovular profile) relative to the rest of the 
rostrum. in Irritator challengeri, this subparellel 
arrangement of the premaxillae and maxillae is 
even more prominent than that seen in bary-
onchines (Kellner & Campos, 1996). it should 
be investigated whether the arrangement of the 
premaxillae and maxillae in Spinosaurus is re-
lated to the downturned nature of its terminal 
rosette (relative to the more upwardly oriented 
rosette of most other known spinosaurid crani-
al material). though a similarly circular profile 
was briefly reported in a Brazilian spinosaurine 
(Machado et al., 2009), the rosetta’s orientation 
was not discussed. how the difference in ser-
ration density may have related to the ecologi-
cal dynamics of spinosaurid taxa should also be 
subjected to inquiry.

of possible ecological importance, the denti-
tion of Spinosaurus aegyptiacus bears a similar-
ity to the teeth of the nile crocodile (Crocodylus 
niloticus). in C. niloticus, the 4th premaxillary 
tooth and the 1st and 4th dentary teeth are en-
larged to assist in prey seizure (Brazaitis, 1973; 
iordansky, 1973). likewise, the 5th maxillary 
tooth is similarly expanded, often used to crush 
small bones and compress food items prior 
to swallowing (njau & Blumenschine, 2006). 
in Spinosaurus, the 2nd and 3rd premaxillary 
teeth are distinctively larger than the surround-
ing teeth (dal Sasso et al., 2005: figures 1 and 5). 

So too are the 3rd and 4th maxillary teeth. how-
ever, the dentition of the two taxa differs in that 
dentary teeth 10 and 11 of the nile crocodile 
are enlarged, while in Spinosaurus, the mid to 
posterior dentary teeth (6-15) are comparatively 
small (Stromer, 1915; Smith et al., 2006), though 
dentary teeth 2-4 are relatively large. previous 
work (hone & rauhut, 2010) suggests that os-
teophagy may not have been a particularly 
common practice by theropod predators, and 
as such it seems unlikely that the large maxil-
lary teeth of Spinosaurus were preferentially 
used for bone crushing (though as they stated 
in the review, the evidence is presently equivo-
cal). this is not to say that bones were immune 
to damage during feeding, but any marked or 
broken bones would likely be a passive product 
of the feeding process, and not an active goal 
(this idea is exemplified by a broken spinosau-
rid tooth embedded in an azhdarchid cervical 
vertebra, a relatively lightly built bone, Buffe-
taut et al., 2004). More direct feeding evidence 
is needed to test this hypothesis. given their 
anteroventral inclination and relative proxim-
ity to the terminal rosette, the maxillary teeth 3 
and 4 of Spinosaurus aegyptiacus may have had 
a function in stabilizing struggling prey. 

Biomechanical analysis of the spinosaurid 
quadrate articulation (hendrickx & Buffetaut, 
2008) suggested an interesting variety of prey 
acquisition: as the animal’s upper jaw moved 
downward, the posterior regions of the man-
dible would have diverged laterally, likely to 
ease the passage of otherwise excessively large 
prey items into the digestive system (includ-
ing, by inference, fish). furthermore, they sug-
gested that as the jaws opened, the anterior 
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mandibular rami would have diverged due to 
the weak and short symphyseal region, allow-
ing the mouth and pharynx to widen. Similar 
cranial morphologies are found in extant semi-
piscivorous avian taxa (pelicanids) and orni-
thocheiroid pterosaurs (Bennet, 2001). how-
ever, whether the present evidence suggests 
that cranial kinesis is possible within non-avian 
dinosaur taxa has been questioned (holliday & 
witmer, 2008). with the absence of any kind of 
extant biomechanical analogue, rigorous com-
puter simulations or physical reconstructions 
might be used to investigate potential uses for 
the massive hand claws characteristic of vari-
ous members of the clade, taking the orienta-
tion and the degree of movement allowed for 
the arms and wrists into account.

Molecular analysis performed by Amiot et al. 
(2010) found that spinosaurids generally 
have an isotopic 18op signature more closely 
matched to that of aquatic taxa than that of ter-
resetrial theropods (though the pattern was less 
noticeable in Spinosaurus aegyptiacus). this 
may be a byproduct of their specialized mor-
phology, and seems to imply a semi-aquatic 
lifestyle. Beyond a niche partitioning strategy, 
the authors suggest that spending time in wa-
ter might have also served a thermoregulatory 
function. with this in mind, dal Sasso et al. 
(2005; 2009) briefly reported on a unique neu-
rovascular cavity in the anteriormost portion 
of the rostrum of Spinosaurus aegyptiacus that 
may have functioned in a similar manner to the 
dome pressure receptors of extant crocodilians, 
aiding in underwater prey capture without rely-
ing strictly on sight (Soares, 2002). it has yet 
to be determined if this anatomical feature is 
found in other spinosaurids.

though a causal link is questionable, it’s 
interesting to note that the large neural spines 
characteristic of Spinosaurus aegyptiacus and 
the as yet unnamed spinosaurid from thai-
land appear at a period of heightened global 
warming (likely sparked by a marked change in 
mantle circulation, see wignall, 2001; russell & 
paesler, 2003), starting at the Barremian/Aptian 
boundary and continuing until the Santonian/
Campanian. Similar vertebral morphologies in-
dependently evolved in at least four different 
dinosaurian groups during this time (spino-
saurids, dicraeosaurids, rebbachisaurids, and 
iguanadontids, lavocat, 1954; taquet, 1976; 
Mcintosh, 1990; Salgado & Boneparte, 1991; 

russell, 1996). though its phylogenetic affini-
ties are presently unsettled, the South American 
sauropod Agustinia ligabuei also exhibits simi-
larly elongate neural spines (Bonaparte, 1999). 
Although these ‘sail’ structures (but see Bailey, 
1997) likely held multiple purposes (including 
display), an increase in surface area may have 
also helped the animals regulate their body 
temperature (philips & heath, 1992). 

Spinosaurid Paleogeographic and Temporal 
Distribution
the traditional interpretation of spinosaurid 
paleogeographic dispersion suggested a vicari-
ant model, in which the two subclades were 
split by the opening of the tethys Seaway. the 
baryonychines were thought to have evolved 
in laurasia while the spinosaurines evolved in 
gondwana (Sereno et al., 1998). the occurance 
of Suchomimus tenerensis in the Aptian of ni-
ger was explained by a single dispersal event in 
the early Cretaceous, possibly over the iberian 
plate (Milner, 2003; Buffetaut, 2007). however, 
recent research has suggested that theropod dis-
tribution was far more cosmopolatin in nature 
than previously supposed (figure 5; Benson et 
al., 2010b). tyrannosauroids, once thought to 
be a clade endemic to laurasia, have been re-
ported in late early Cretaceous deposits of Aus-
tralia (Benson et al., 2010a). Similarly, derived 
carcharodontosaurids been reported from the 
late Cretaceous of Asia (Brusatte et al., 2009; 
Brusatte et al., 2010). Because baryonychines 
and spinosaurines have been consistently clas-
sified as sister taxa, a vicariant model with min-
imal dispersal between laurasia and gondwana 
seems unlikely.

though likely influenced by various pres-
ervational and sampling biases, most bary-
onychine fossil traces are known from Barre-
mian and Aptian deposits of europe (figure 6; 
Charig & Milner, 1997; ruiz-omeñaca et al., 
1997; infante et al., 2005; ruiz-omeñaca et. 
al., 2005; Buffetaut, 2007; Sánchez-hernández 
et al., 2007; Canudo et. al., 2008; gasca et al., 
2008). the earliest known confirmed spino-
saurines are found in strata dating to the Al-
bian (e.g. russell, 1996), though it’s probable 
that this temporal discrepancy is only a sam-
pling artifact. Although Sánchez-hernández 
et al. (2007) reported on six teeth referred to 
the Spinosaurinae in early Barremian deposits 
of eastern Spain, their exact identification is 
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figure 5. Countries with reported spinosaurid bearing deposits. triangles represent the presence of spinosaurines, circles 
represent the presence of baryonychines, and squares represent the presence of spinosaurids of indeterminate affiliation. 
Black: late Jurassic; red: early Cretaceous (pre-Cenomanian); orange: late Cretaceous (Cenomanian and younger). Map 
accessed through the public domain: http://commons.wikimedia.org/wiki/file:BlankMap-world6.svg.

debatable. Many undescribed teeth not listed 
in the database have been uncovered in fossil 
deposits throughout Morocco and tunisia (Ben-
ton et al., 2000; Mcgowan & dyke, 2009; Amiot 
et al., 2010). though its description was brief, a 
baryonchine tooth was also reported from the 
early Cretaceous of libya (le loeuff & Métais, 
2009).

A probable baryonychine tooth from the 
Santonian of China (hone et al., 2010) drasti-
cally increases the subclade’s temporal range 
(the prior youngest baryonychine reports were 
from the Aptian, Sereno et al., 1998; Canudo et 
al., 2008), and further emphasizes the need for 
more material to better understand spinosaurid 
dispersal history. it, along with a possible spino-
saurine tooth from the Cenomanian of China 
(lü et al., 2009), raises some very intriguing im-
plications about the possibility of finding spino-
saurid fossils in north American strata. Starting 
in the Aptian/Albian, a land connection over the 
Beringian isthmus allowed for active faunal dis-
persal between Asia and western north America 
throughout much of the late Cretaceous (rus-
sell, 1993). given that dispersal likely continued 
through the Campanian/Maastrichtian, and that 
many of the Asian dinosaur groups have closely 
related north American representatives (includ-
ing tyrannosaurids, troodontids, ankylosaurids, 
dromaeosaurids, and hadrosaurids, russell, 
1993; Currie, 1995; norell et al., 2000; godefroit 
et al., 2004; hurum & Sabath, 2003; Carpenter, 
2004), baryonychines very well may have also 
migrated between continents. though the early 

figure 6. generalized paleogeographic locations of 
spinosaurids in the tithonian, Barremian/Aptian, Albian/
Cenomanian, and turonian/Santonian. Courtesy of ron 
Blakey (http://jan.ucc.nau.edu/~rcb7/mollglobe.html).
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