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The discovery of a new dyrosaurid crocodylomorph from the well-dated Palacocene deposits of
northeastern Brazil sheds new light on the evolutionary history of this extinct group of marine
crocodylomorphs that have survived the Cretaceous—Palacogene (K-P) extinction crisis. Guarinisuchus
munizi, the most complete member of this group collected in South America so far, is closely related to the
African forms, and this fact suggests that dyrosaurids had crossed the Atlantic Ocean before the K-P
boundary and dispersed from there to North America and other parts of South America. This discovery
also suggests that on the coast of northeastern Brazil, dyrosaurids replaced the pre-existing Late
Cretaceous fauna of diversified mosasaurs, a group of marine lizards, after the K-P extinction event,
becoming the main predators, together with sharks, in shallow marine Palacocene environments. More
detailed stratigraphic records and detailed dating of the deposits with dyrosaurids are necessary to correlate
this particular pattern found in the ancient northeastern Brazilian coast within the evolution of the group,
especially in Africa.

Keywords: crocodylomorph; Dyrosauridae; Palacocene; K-P boundary; extinction

1. INTRODUCTION

Among the few vertebrates that survived the mass extinction
event documented at the Cretaceous—Palacogene boundary
are dyrosaurids (Buffetaut 1990). These long-snouted
extinct marine crocodylomorphs are known mainly from
the Maastrichtian deposits of New Jersey (Owen 1849;
Denton et al. 1997) and the Late Cretaceous to Early
Palaeogene units formed by the Tethys Sea in northern and
western Africa (Swinton 1950; Halstead 1975; Buffetaut
1978a, 1981; Brochu er al. 2002; Jouve 2005; Jouve et al.
2005a). Incomplete material is also known from the
Palacocene and Eocene strata of Pakistan (Buffetaut
1978b; Storrs 1986). In South America, dyrosaurids were
previously known only by fragmentary material (Cope
1886; Argollo ez al. 1987; Buffetaut 1991; Gayet ez al. 1991)
and some cranial material briefly mentioned in the literature
(Hastings & Bloch 2007). Despite being of great interest, in
part due to their survivorship across the Cretaceous—
Palaeogene boundary (Buffetaut 1990), the fragmentary
nature of most specimens hampers a better knowledge of the
diversity and evolutionary history of the group. Further-
more, the majority of the occurrences have no detailed
stratigraphic record or accurate information regarding their
age (Argollo ez al. 1987; Buffetaut 1991; Jouve ez al. 2005a;
Jouve 2007), a common feature particularly for the African
deposits (e.g. Kellner & Mader 1997).
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Fieldwork carried out in the Poty Quarry, a limestone
quarry located close to Recife in northeastern Brazil, has
revealed the remains of a dyrosaurid crocodylomorph. This
is the only Brazilian locality from where the remains of these
marine reptiles were obtained (Kellner 1998; Kellner &
Campos 1999). One possible aquatic crocodylomorph was
previously found in Brazil, but is not a dyrosaurid and
comes from much older deposits (Kellner 1987).

The new specimen was collected from the deposits of
the Maria Farinha Formation, Danian, Paraiba Basin
(figure 1a). The Poty Quarry is of particular interest, since
it shows the most complete exposed marine section of the
Cretaceous—Palaeogene transition in South America, and
the associated faunal turnover across the K-P section has
been well studied (Albertdo er al. 1994; Stinnesbeck &
Keller 1995; Keller 2001; Fauth ez al. 2005; figure 15).

2. SYSTEMATIC PALAEONTOLOGY
Crocodylomorpha Walker, 1970.

Neosuchia Benton & Clark, 1988.

Dyrosauridae de Stefano, 1903.

Guarinisuchus munizi gen. et sp. nov.

Erymology. Guarini from the Tupi language meaning
warrior + suchus from the Greek language meaning croco-
dile; munizi, in honour of Geraldo da Costa Barros Muniz
owing to his pioneer palaeontological studies in the
Paraiba Basin.

Holotype. Skull and mandible, ulna, cervical and caudal
vertebrae, ribs, dermal scutes and isolated teeth
(DG-CTG-UFPE 5723). Casts at the Museu Nacional
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Figure 1. (@) Location of Poty Quarry, Paraiba Basin, northeastern Brazil. (b) Stratigraphic section of the K-P transition at the
Poty Quarry with the location where G. munizi was collected is indicated.

(MN-7063-V), Rio de Janeiro and Universidade Estadual
Vale do Acarat, Sobral, Ceara (MDJ R 001). Specimens
were collected by J. A. Barbosa and M. S. S. Viana in 2003.

Type locality, horizon and age. The Poty Quarry is located
in the region of Paulista (7°54'47" S,34°51'00" W), north of
Recife, Pernambuco State; Maria Farinha Formation,
Paraiba Basin; Early Palacocene (Late Danian; Albertio
et al. 1994; Stinnesbeck & Keller 1995; Fauth ez al. 2005).

Diagnosis. Comparatively small dyrosaurid crocodylo-
morph (approx. 3 m) with the postorbital region of the
skull elongated; posterior margin of parietal slightly
concave; elongated basioccipital with a distinct depression
on the ventral surface; and a marked ‘V’-shaped
basioccipital in occipital view.

3. DESCRIPTION AND COMPARISON
All bones were found in one limestone block and were not
articulated, suggesting that some transportation had taken
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place before the animal’s final burial. The material is well
preserved, although some signs of dorsoventral com-
pression in the skull are evident (figure 2a—f).
Guarinisuchus munizi can be referred to the Dyrosaur-
idae, which is defined as the most common ancestor of
Chenanisuchus lateroculi and Rhabdognathus keiniensis and
all their descendants (see the electronic supplementary
material), based on the presence of exoccipital processes
and the elongated upper temporal fenestra, which in this
clade is always larger than the orbit (Brochu ez al. 2002;
Jouve et al. 2005a). The skull is almost complete and lacks
part of the right quadrate and quadratojugal (figure 2a—g).
The bone surface of almost all elements is ornamented
with pits, shallow grooves and ridges, but not as strongly as
in most dyrosaurid taxa (e.g. Chenanisuchus, Sokotosuchus
ianwilsoni and Hyposaurus rogersii). The dorsal surface
near the contact area between the premaxilla and the
maxilla is partially broken. The skull is approximately
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Figure 2. Material of G. munizi (DG-CTG-UFPE 5723). Skull in (a,b) dorsal, (¢c,d) ventral, (e,f) right lateral and (g) occipital
views; (%) lower jaw in dorsal view; (z) isolated teeth in labial view; (j) cervical vertebra in right lateral view; (k) posterior caudal
vertebra in right lateral view and (/) dermal scutes in dorsal view. Scale bars: (a)-(%) 10 cm, (Z) 2 cm, (5,k) 5 cm, (/) 5 cm.
bo, basioccipital; bs, basisphenoid; dep, depression; ch, choanae; ec, ectopterygoid; ex, exoccipital; exna, external narina; expr,
exoccipital processes; f, frontal; fm, foramen magnum,; j, jugal; la, lacrymal; Itf, lower temporal fenestra; mx, maxilla; n, nasal;
oc, occipital condyle; or, orbit; ot, occipital tuberosity; p, parietal; pl, palatine; pm, premaxilla; po, postorbital; popr, postorbital
process; prf, prefrontal; pty, pterygoid; q, quadrate; gj, quadratojugal; so, supraocciptal; sof, suborbital fenestra; sq, squamosal;

utf, upper temporal fenestra.

525 mm long and its maximum width (over the quad-
ratojugals) is 160 mm, indicating that the total length of
this individual was approximately 3 m, estimated from
dyrosaurid bodyXskull chart proportions presented by
Jouve ez al. (2005b). On the cervical vertebra, the suture of
the centrum and the neural arch is fused while in all of the
preserved caudals the sutures are open, showing that this
specimen represents a sub-adult individual at the time
of death. In crocodylians and relatives, the vertebrae fuse
from the tail forward (Brochu 1996). Nonetheless,
G. munizi appears to be smaller than most dyrosaurid
taxa known so far except for H. rogersii from the
Maastrichtian of the USA (Denton et al. 1997).

The skull has an elongated tubular rostrum, which is a
typical dyrosaurid feature. The preorbital region is narrow,
differing from more primitive members of this group
(e.g. Chenanisuchus, Sokotosuchus) and is shorter than in
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R. keiniensis, Arambourgisuchus khouribgaensis and Dyrosaurus
phosphaticus (Buffetaut 1979; Jouve 2005; Jouve er al.
2005a,b). Unlike other dyrosaurids, the postorbital portion
of the skull in G. munizi is proportionally more elongated
(figure 2a,c).

The orbit is placed dorsolaterally and has a rather
circular outline. Its posterolateral corner is cut by a well-
developed anterolateral preorbital process (figure 2a,c).
The upper temporal fenestra is elongated anteroposteriorly,
which is a typical feature of dyrosaurids. Nonetheless, there
is some variation in the elongation of this opening as
indicated by the width-length ratio: Guarinisuchus and
Rhabdognathus have the longest upper temporal fenestrae of
all dyrosaurids (ratio lower than 0.4; see the electronic
supplementary material). The bony bar that separates the
upper temporal fenestrae is formed by the parietal and
frontal. This element is not broad as in Chenanisuchus or
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“T” shaped as in Dyrosaurus (Jouve er al. 20055; figure 2a,c),
but is very thin, unsculpted and forms a sagittal crest,
similar to the condition observed in Arambourgisuchus and
Rhabdognathus and differs from other dyrosaurids, includ-
ing those with a thin interfenestral bony bar (e.g.
Hyposaurus). The lower temporal fenestra is very elongated
anteroposteriorly, with a concave ventral margin, less
pronounced than in Rhabdognathus aslerensis (Brochu ez al.
2002). Even taking into account the dorsoventral com-
pression to which the skull was subjected to, this cranial
opening appears to be more elongated than in most other
dyrosaurids.

The premaxilla is slightly expanded at the distal end
laterally, with the tip that bears the first premaxillary
teeth slightly projected, similar to A. khouribgaensis and
Congosaurus bequaerti (Jouve & Schwarz 2004), but
differs from the rounded and triangular termination of
R. keiniensis and C. lateroculi, respectively (figure 2a—f).
The maxilla is long (approx. two and a half times the
length of jugal) and forms most of the lateral margin of the
skull. There are 12—-13 rounded alveoli in each maxilla,
some with the teeth in situ, particularly on the left side
(figure 2¢—f). One of the more striking features are the
deep occlusal pits, present particularly in the posterior
region of the maxillae that get less pronounced anteriorly.
These pits indicate that the teeth from the upper and lower
jaws alternate, forming a strong interlocking system when
the jaws were closed (figure 2¢—f). Similar deep occlusal
pits were reported in R. aslerensis (Brochu ez al. 2002), but
in G. munizi they are better developed, being almost the
same size as the adjacent alveoli. The preorbital bears a
well-developed anterolateral process, preserved only on
the right side in the present material, which is also
regarded as a dyrosaurid feature (Buffetaut 1979). This
process is less developed than in D. phosphaticus and
R. keiniensis, and less broad than in D. phosphaticus
(figure 2a,b,e.f).

In dorsal view, the posterior margin of the parietal is
slightly concave, differing from all other dyrosaurids
(figure 2a,b), although within this clade of marine
crocodylomorphs this feature is variable. The primitive
condition is a straight posterior parietal margin present in
C. lateroculi, D. phosphaticus, Phosphatosaurus gavialoides,
R. aslerensis and also in Terminonaris (Wu et al. 2001) that
is regarded as the sister group of Dyrosauridae (Jouve er al.
2005a; see the electronic supplementary material).
Hyposaurus rogersii displays a distinct V-shaped condition,
in R. keiniensis this region presents a strong concavity and
in A. khouribgaensis the parietals taper posteriorly showing
a pointed end (Jouve et al. 2005a), all features that
are regarded here as autapomorphies of the respective
species. The squamosal forms the ventroposterior dorsal
corner of the skull (figure 2a,b,e,f). The posterior margin
of this bone lateral to the occipital processes is concave,
a feature shared with Rhabdognathus (R. keiniensis and
R. aslerensis) and A. khouribgaensis. The exoccipital
processes (or tuberosities) are well developed, being larger
than in Chenanisuchus and S. ianwilsoni, but smaller than
in Rhabdognathus (Jouve et al. 2005b; figure 2a—g). These
tuberosities are rounded and not flattened as reported in
H. rogersii and A. khouribgaensis (Jouve et al. 2005a). The
occipital region between the exoccipital processes is
concave. The basioccipital is elongated posteriorly and
shows a distinct depression on the ventral surface; in
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occipital view it is V shaped, features that are unique to
this new taxon. The quadratojugal is laterally expanded, as
in most dyrosaurids, differing from the anteroposteriorly
expanded condition observed in R. aslerensis (Brochu ez al.
2002; figure 2a—g).

The lower jaw is incomplete, lacking the distal end and
the retroarticular process. As in the upper jaw, alveoli are
rounded and deep occlusal pits are present on the
posterior region. The mandibular symphysis is more
wide than deep, differing from C. bequaerti, D. phosphaticus
and R. keiniensis (figure 2/4). Although not complete, we
estimate the total number of the teeth present in the lower
jaw similar to the upper jaw (see below), with the
symphysis starting at around the 14th alveolus.

The total number of alveoli on each side of the upper jaw
is 17-18, 14 out of which are confined to the pre-
orbital region (figure 2%). This is less than the number of
teeth reported in R. keimiensis (27-28, 25 preorbital),
D. phosphaticus (25, 21 preorbital), and C. bequaerti
(minimum 20, with 17 preorbital; Jouve & Schwarz 2004)
and slightly less than A. khouribgaensis (21, with 16
preorbital) but more than Hyposaurus that has only 15
teeth (Jouve & Schwarz 2004). The teeth are long, show
strong striations and unserrated anterior and posterior
carinae (figure 27). They lack the particular medially
‘twisted’ anterior carina reported in Hyposaurus (Denton
et al. 1997). The anterior-most teeth are arched, curving
posteriorly. They show a rounded cross-section and the
posterior ones are not labiolingually compressed as are
the ones reported in C. bequaerti (Jouve & Schwarz 2004).

The postcranial elements recovered so far agree with
the general description of dyrosaurid postcranials
(Schwarz er al. 2006), with the caudal vertebrae displaying
a comparatively high neural spine (figure 2j,k). The
dermal scutes recovered are flat, with the dorsal (external)
surface ornamented by pits of different depth and the
ventral surface smooth (figure 27).

Until recently, only fragmentary dyrosaurid remains
were reported from Brazil and Bolivia in South America.
The specimens from Bolivia consist of one isolated
vertebra from the El Molino Formation (Gayet et al.
1991), two isolated teeth, one dorsal vertebra and dermal
scutes from the region of Lake Titicaca, placed in the
Palaeocene (Argollo ez al. 1987), and fragmentary material
first regarded as closely related to Sokotosuchus aff.
ianwilsoni from the Santa Lucia Formation, Palaeocene
(Buffetaut 1991), which is presently regarded as an
indeterminate dyrosaurid (Jouve 2007).

From Brazil, isolated vertebrae and teeth referred to
Dyrosauridae have been reported from the Maria Farinha
Formation, which is the same unit where G. munizi came
from (Carvalho & Azevedo 1997; Gallo ez al. 2001). Cope
(1886) previously described fragmentary elements,
including a lower jaw, as ‘Hyposaurus derbianus’ which he
regarded as coming from the Cretaceous strata of
Pernambuco. However, he did not figure this specimen
and no precise location was provided; so it is possible that
this material might be from the Maria Farinha Formation.
Furthermore, the type material of H. derbianus is scattered
in different collections (Longbottom 1988), some of
which could not be located during the preparation
of this paper. In any case, the comparisons presented
above shows that G. munizi is quite distinct from
Hyposaurus (see the electronic supplementary material).
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Figure 3. Temporally calibrated phylogeny of dyrosaurid crocodylomorphs based on the strict consensus tree resulting from the
phylogenetic analysis (see the electronic supplementary material). Solid bars indicate known temporal ranges and dashed lines
missing ranges. Guarinisuchus munizi from the Early Palaecocene fills the gap between the Late Cretaceous and the Late

Palaeocene dyrosaurids.

4. DISCUSSION AND CONCLUSIONS

In order to access the phylogenetic position of G. munizi,
we performed a phylogenetic analysis using a modified
version of the dataset published by Jouve ez al. (2005a; see
the electronic supplementary material). The results
indicate that the Brazilian taxon is closely related to the
African forms A. khouribgaensis from the Palaeocene
deposits of Morocco (Jouve et al. 2005a) and Rhabdog-
nathus from the Palaeocene strata of Mali (Jouve 2007),
although we could not precisely estimate to which of the
two it is more closely related (figure 3).

The phylogenetic analysis and the precise stratigraphical
position of G. munizi within the Maastrichtian—Palaecocene
transition zone gives relevant information regarding the
group’s evolutionary history, and raises some possibilities
regarding dyrosaurid dispersal routes. Based on the known
record of dyrosaurids and their phylogenetic relationships
presented here, there are two general possibilities that can
account for their distribution; both take into account the
origin of this group in northern Africa (Jouve ez al. 2005a;
figure 4). The first hypothesis advocates a dispersal route
going eastwards. From there they could have reached Asia
and the Benue Trough, an inland sea that stretched across
the present Sahara. Before the end of the Cretaceous,
dyrosaurids could have crossed the Atlantic Ocean from the
western coast of Africa to the area presently corresponding
to Pernambuco in northeastern Brazil, where the distance
between Africa and South America was (and still is) shorter.
From there they could have dispersed northwards along
the coast reaching North America and other areas of the
South American continent using epicontinental seas that
existed at that time, including the regions of Colombia and
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Bolivia. The alternative hypothesis differs by taking into
account the possibility that dyrosaurids could also have
dispersed westwards and then south along the marginal
basins of the African coast, crossing the Atlantic Ocean from
there. Those two hypotheses do not necessarily exclude each
other, but more information on the dyrosaurids from the
western coast of Africa is needed in order to test the second
one. Theoretically, one could also argue for a northern
dispersal route through which, after their origin, dyrosaurids
reached Europe and then crossed the North Atlantic Ocean
to North America, reaching South America from there. The
present study, however, did not find any evidence for
this alternative scenario, particularly since Guarinisuchus is
more closely related to the African forms than the North
American dyrosaurids. Based on the phylogenetic analysis
presented here, this dispersal event must have occurred
before the Maastrichtian—Palaeogene boundary.

A detailed stratigraphic work shows the presence of
the K-P boundary in the Poty Quarry (Albertdo et al.
1994; Stinnesbeck & Keller 1995; Fauth ez al. 2005). The
lower portion of the sedimentary sequence is formed by
the Maastrichtian Gramame Formation that is overlain
by the Early Palacocene Maria Farinha Formation.
Guarinisuchus munizi was found 11 m above the K-P
boundary in layers whose age, established based on
microfossils, is regarded as the P2 biozone of the Late
Danian (Fauth ez al. 2005), and indicates an age of 62—61
Myr ago (figure 1). Mosasaurs remains have been collected
in the uppermost layers of the Gramame Formation in the
Poty Quarry and four distinct clades were recognized
(Mosasaurini, Globodensini, Plioplatecarpini and Prog-
nathodontini; Price 1957; Carvalho & Azevedo 1998).
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Figure 4. Palaecogeography of North America, South
America, Europe and Africa during the Upper Maastrich-
tian—Palaeocene, with the indication of two possible dispersal
routes for the Dyrosauridae. In both hypotheses, dyrosaurids
have originated in northern Africa, with the first dispersal
route (solid arrow) going eastwards, reaching Asia, and
crossing the inland sea that stretched across the present
Sahara. The second hypothesis (broken arrow) suggests that
dyrosaurids could also have moved westwards and then south
along marginal basins of the African coast. Before the end of
the Cretaceous, they had crossed the Atlantic Ocean reaching
South America in the present area of Pernambuco, dispersing
from there northwards along the coast reaching North
America and other areas of the South American continent.
Occurrences of taxa are indicated as follows: four-point stars,
Hyposaurus; left-filled circle, Sokotosuchus; star, Guarinisu-
chus; diamond, Chenanisuchus; circle, Arambourgisuchus; open
triangle, Atlantosuchus; filled down triangles, Rhabdognathus;
crosses, Congosaurus; squares, Phosphatosaurus; filled upright
triangles, Dyrosaurus; light grey pluses, Dyrosauridae indet
from the Cretaceous deposits; black pluses, Dyrosauridae
indet from the Palaeocene deposits.

Despite intensive collection, they have not been found in
the Maria Farinha Formation, corroborating the general
notion that those large marine reptiles did not survive the
mass extinction event of the K—P boundary.

Based on the studies of the Poty Quarry, and the
collected material described here, we can suggest that at
least in this region of the northeastern Brazilian margin,
dyrosaurids occupied the niche of major predators left by
mosasaurs after the K-P transition, becoming the major
predator in shallow marine and near-shore habitats
(figure 1). In the coastal deposits of New Jersey, which
present an important K-P record, although dyrosaurids
coexisted with mosasaurs during the Late Maastrichtian,
their remains are rare, but after the K-P boundary they
become more numerous, and marine crocodyliforms such
as the dyrosaurids Hyposaurus and Thoracosaurus, together
with lamnid sharks, became the major predators (Gallagher
2005). Also, some large sharks that are present in the
Maastrichtian of the Paraiba Basin disappeared during the
K-P event, but two smaller genera of lamnid sharks crossed
the K-P boundary (Gallo ez al. 2001) and coexisted with
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G. mumizi. It is also interesting to note that dyrosaurids
diversified considerably during the Palaeocene, in contrast
to the rarity of their remains in the Maastrichtian (Buffetaut
1990; Bardet 1994; Bardet er al. 2005). More studies,
including detailed stratigraphic work in other basins,
particularly in Africa where the Cretaceous—Palacogene
boundary is present as well, might shed more light on the
question if the replacement of mosasaurs by dyrosaurids
after the K-P transition was a local event or a global trend.

We thank Gerta Keller (Princeton University) for helping with
the determination of the age of the specimen, and Marcia Silva
and Jessica Pontes for the preparation. This study was partially
funded by the Fundagio Carlos Chagas Filho de Amparo a
Pesquisa do Rio de Janeiro (FAPER] no. E-26/152.885/2006)
and the Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq no. 304965/2006-5) grants to A.W.A.K.
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