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Abstract

The examination of endocranial data of archosauriforms has led to advances on the evolution of body size, nerve

pathways, and sensory abilities. However, much of that research has focused on bird-line archosaurs, resulting in a

skewed view of Archosauria. Phytosauria, a hypothesized sister taxon to or early-branching member of

Archosauria, provides a potential outgroup condition. Most previous phytosaur endocranial studies were

executed without the use of modern technology and focused on derived members of Phytosauria. We present a

comparative CT examination of the internal cranial anatomy of Wannia scurriensis, the most basal known

parasuchid phytosaur. Wannia scurriensis shows some overall similarity with extant crocodylians and derived

phytosaurs in general endocranial shape, a large hypophyseal fossa, and trigeminal (CN V) innervation, but as a

whole, the endocast has noticeable differences to crocodylians and other phytosaurs. The pineal region is

expanded dorsally as in other phytosaurs but also laterally (previously unrecognized). CN V exits the pons in a

more dorsal position than in Parasuchus hislopi, Machaeroprosopus mccauleyi, or Smilosuchus gregorii. Wannia

scurriensis also exhibits a larger hypophyseal fossa relative to brain size than observed in P. hislopi or S. gregorii,

which may indicate more rapid growth. The well-preserved semicircular canals have lateral canals that are angled

more anteroventrally than in derived phytosaurs. Extensive facial innervation from the large CN V indicates

increased rostrum sensitivity and mechanoreceptive abilities as in Alligator mississippiensis. These endocranial

similarities among phytosaurs and with Alligator indicate conserved ecological and functional results of an

aquatic lifestyle, and highlight a need for further exploration of endocranial anatomy among Archosauriformes.
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Introduction

The morphology of the brain and associated soft tissue

structures (e.g. sinuses, neurovascular pathways) reveals

information about intelligence, agility, and sensory abilities

in an animal. These soft tissue sensory systems are useful in

understanding how an organism responds to environmen-

tal stimuli, but they can also inform about evolutionary

histories and phylogenetic relationships. This can be

translated directly to extinct organisms using fossils and

osteological correlates for soft tissue features. By making

comparisons between extant and extinct taxa, we can begin

to understand the evolution of endocranial morphology.

Three-dimensional reconstructions of soft tissue structures

are an emerging source of phylogenetic and comparative

data using technologies such as computed tomography

(CT). This has been applied in a number of studies on archo-

saurs (e.g. George & Holliday, 2013; Balanoff et al. 2016;

Knoll et al. 2015), which have a rich evolutionary history

encompassing thousands of extant species and hundreds of

extinct taxa. However, previous focus within Archosauria

has been on the avemetatarsalians (bird-line archosaurs),

with less of the focus on the pseudosuchians (crocodylian-

line archosaurs), and much of that focus within pseudo-

suchians has been on the derived and mostly extant taxa.

Little is known about the common ancestor at the junction

of these two groups, but there are many members of Phy-

tosauria, a clade recovered as either early-branching
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pseudosuchians (e.g. Brusatte et al. 2010; Ezcurra, 2016) or

the sister taxon to Archosauria (Nesbitt, 2011).

Phytosaurs are a clade of Late Triassic reptiles that superfi-

cially resemble crocodylians (Stocker & Butler, 2013). That

resemblance is due to convergence rather than close phylo-

genetic relationships between phytosaurs and crocodylians

(e.g. Brusatte et al. 2010; Nesbitt, 2011; Ezcurra, 2016). Phy-

tosaur endocrania have been examined in the past, though

most of those studies utilized more traditional methods of

plaster or latex reconstructions and models of the endocra-

nial cavity and focused on the derived leptosuchomorph

taxa (e.g. Machaeroprosopus buceros, described by Cope,

1888; Leptosuchus, described by Case, 1928; Machaero-

prosopus pristinus, described by Mehl, 1928; Smilosuchus

gregorii, described by Camp, 1930). Until recently, Para-

suchus hislopi was the only basal phytosaur whose endocast

had been described (Chatterjee, 1978). Recent investiga-

tions utilizing CT technology to reconstruct the brain endo-

cast of Machaeroprosopus mccauleyi (Holloway et al. 2013)

and the brain endocast and paranasal sinuses of Parasuchus

angustifrons and Ebrachosuchus neukami (Lautenschlager

& Butler, 2016) have allowed for the beginning of more

accurate comparisons within Phytosauria and across

Archosauriformes (e.g. Triopticus primus, Stocker et al.

2016). These more basal members of Phytosauria contain

evidence of soft tissue structures associated with the evolu-

tion of morphology related to rostrum elongation and a

semiaquatic lifestyle but should also inform on the ple-

siomorphic endocranial morphology for archosaurs (Stocker

& Butler, 2013). Additional investigations of the braincases

of other archosauriforms (e.g. Euparkeria capensis, Sobral

et al. 2016) and archosaurs (e.g. Stagonolepis, Gower &

Walker, 2002; Arizonasaurus, Gower & Nesbitt, 2006; Batra-

chotomus, Gower, 2002) contribute to further comparisons.

However, these comparisons tend to be limited to charac-

ters concerning external surfaces and cranial nerves rather

than endocrania (Gower & Sennikov, 1996; Nesbitt, 2011).

Here we provide a description of the endocranial and para-

nasal cavities of W. scurriensis in order to establish evolu-

tionary trends and allow more accurate reconstruction of

both phytosaur and archosaur plesiomorphic endocranial

morphology.

Methods

Specimen

The specimen described here (TTU P-00539, the holotype specimen)

consists of two parts that were described by Langston (1949) and

Stocker (2013) (Fig. 1).

CT scanning and digital reconstruction

TTU P-00539 was scanned at The University of Texas High-Resolu-

tion CT Facility (UTCT) by Matthew Colbert as Archive 2530 on 8

August, 2011 using an NSI scanner, with additional processing and

correction by Jessie Maisano. The specimen was scanned in two

parts, a braincase section and a rostral section, at a slice thickness of

0.5 mm, 350 kV and 4.2 mA. Raw scan data were exported in TIFF

format. The data comprise 307 slices for the braincase section and

579 for the rostral section, each with dimensions of 1024 9 1024

pixels, a pixel spacing of 0.45 mm, and field of reconstruction at

185 mm. CT datasets are available at http://morphosource.org/Deta

il/MediaDetail/Show/media_id/12518 for viewing and download.

The CT data files were imported into MATERIALISE MIMICS 19.0 in the

form of 16-bit TIFF images for segmentation and digital reconstruc-

tion. The CT data were analyzed on a 64-bit dual platform Mac-PC

workstation with 32 GB RAM. Structures of interest (e.g. cranial

endocast, endosseous labyrinth, paranasal cavities) were digitally

extracted using MIMICS segmentation tools for visualization.

Results

The exceptional preservation of the braincase allows for a

detailed endocast accurately depicting the size and position

of the brain, endosseous labyrinths, and cranial nerve

trunks (Figs 2 and 3; Kley et al. 2010). In addition, the pre-

served rostrum allows for the detailed segmentation of the

paranasal cavities, trigeminal nerve innervations, and denti-

tion, including replacement teeth (Fig. 4).

Endocast

As with some other archosauriforms (e.g. T. primus and

Tropidosuchus romeri) and most phytosaurs (e.g. M. mc-

cauleyi, S. gregorii, E. neukami, P. angustifrons, and P. his-

lopi) the brain endocast of W. scurriensis is almost

completely enclosed in bone, allowing for reconstruction of

the entire endocast. The endocast is nearly symmetrical and

shows few signs of deformation. Only the anterior portion

of the braincase is missing, eliminating boundaries for the

anteriormost portions of the olfactory tract and the olfac-

tory bulbs. Excluding the endosseous labyrinths and the cra-

nial nerves, the volume of the endocast is 21.24 cm3

(compared with 18.68 cm3 forM. mccauleyi, Holloway et al.

2013, the approximate volumes of 10.22 cm3 and 8.77 cm3

for P. angustifrons and E. neukami, respectively, Lauten-

schlager & Butler, 2016, and the maximum volume of

0.7 cm3 for Tro. romeri, Trotteyn & Paulina-Carabajal, 2016)

The endocast of W. scurriensis is elongate and mediolater-

ally narrow, similar to those of M. mccauleyi, E. neukami,

and P. angustifrons (Lautenschlager & Butler, 2016).

The fore-brain is defined as comprising the olfactory

bulbs, olfactory tract, cerebrum, hypothalamus, thalamus,

and cranial nerves I and II. The olfactory tract extends ante-

riorly from the main body of the endocast, is unexpanded

dorsally, and connects in a horizontal plane posteriorly to

the dorsoventrally and mediolaterally expanded cerebral

hemispheres (Fig. 2B,C). The anterior portions of the olfac-

tory tract, including the olfactory bulbs, are unable to be

reconstructed because of the incomplete preservation of
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the skull. The olfactory tract is cylindrical in cross-section,

linear, and bounded ventrally by the laterosphenoid and

dorsally by the frontals. The posterior portion of the olfac-

tory tract widens laterally to the point where it feeds into

the cerebral hemispheres. The cerebral hemispheres are the

most laterally expanding portions of the brain endocast

and narrow posteriorly, though less so than in M. mccau-

leyi. The caudal middle cerebral veins exit the posterior

cerebral hemispheres and extend posterodorsally (Fig. 2B-

D). Dorsal to the cerebral hemispheres, there is a dorsal pro-

jection exhibiting lateral and slight anterior extensions

which has been described previously as the epiphysis or

pineal expansion by Holloway et al. (2013) (Fig. 2B-D). A

similar, though more posteriorly placed, dorsal expansion in

E. neukami and P. angustifrons was described as the dural

venous sinus or possibly the paratympanic sinus by Lauten-

schlager & Butler (2016). However, it is difficult to differen-

tiate between brain endocast and sinus in W. scurriensis

because of the lack of osteological dividers in this region.

This dorsal expansion extends dorsally to its contact with

the parietal and is interpreted as a pineal expansion here

for W. scurriensis because of its location and the presence

of a pineal complex in all extant reptiles except crocodylians

(Quay, 1979). There is a depression in the dorsal surface of

the parietal just anterodorsal to the most anterodorsal part

of the pineal expansion. Our CT scan data suggest that the

pineal expansion does not exit the dorsal surface of the

skull roof of TTU P-00539 through any kind of foramen in

the parietal, similar to the condition in T. primus (Stocker

et al. 2016). This is contrary to the interpretation of Lang-

ston (1949) who suggested a parietal foramen was present

in W. scurriensis, but confirms the hypothesis of Stocker

(2013) that this is not an archosauriform character. Posterior

to the pineal hemisphere and cerebral hemispheres, the

medulla has a dorsal surface that slopes posteroventrally

and is slightly concave posterodorsally.

A hypophyseal or pituitary fossa is clearly present ventral

to the cerebral hemispheres (Fig. 2B). This is in contrast to

the apparent lack of a hypophysis in M. mccauleyi (Hol-

loway et al. 2013) but consistent with the presence in

P. angustifrons, E. neukami, T. romeri, and T. primus (Trot-

teyn & Paulina-Carabajal, 2016; Lautenschlager & Butler,

2016; Stocker et al. 2016). The large hypophysis, or pituitary

body, extends posteroventrally and is the ventralmost

extending part of the brain; it is larger in W. scurriensis

than in P. angustifrons, and similar in size to that of

E. neukami (Lautenschlager & Butler, 2016). The hypophysis

expands laterally to its ventralmost point, where the inter-

nal carotid arteries extend posteroventrally (Fig. 2A,B,D).

The internal carotid arteries exit the braincase ventrally at

the lateral sides of the basisphenoid tubera, as also

observed in UMMP 8409 (Case, 1928), S. gregorii (UCMP

27200 [Camp, 1930]), Machaeroprosopus lottorum (TTU

P-10076 [Hungerb€uhler et al. 2013]), Pravusuchus hortus

(AMNH FR 30646 [Stocker, 2010]), and Mystriosuchus west-

phali (GPIT 261/001 [Hungerb€uhler, 2002]).

The cephalic flexure, which refers to the curve of the

region between the fore- and mid-brain, is 148° in TTU

P-00539 (following Lautenschlager & H€ubner, 2013). This

is similar to the orientation seen in other phytosaurs (e.g.

P. hislopi, S. gregorii) and aetosaurs (e.g. Desmatosuchus

spurensis) but is different from the elongate endocast of

the archosauriforms T. romeri (Trotteyn & Paulina-Caraba-

jal, 2016) and T. primus (Stocker et al. 2016). The poste-

rior part of the brain comprises the mid- and hind-brain,

contains the floccular lobes, and is the source of many of

Fig. 1 Material of Wannia scurriensis (TTU P-00539) in (A) anterolateral view of CT scan of skull, (B) anterolateral view of transparent skull, and

(C) anterolateral view of endocast. Scale bar = 5 cm.
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the cranial nerves. The mid-brain refers to the tectum

and includes cranial nerves III and IV, and the hind-brain

includes the pons, cerebellum, medulla, spinal cord, and

cranial nerves V through XII. The pontine flexure, the

curve of the region between the mid- and hind-brain, is

148° following Lautenschlager & H€ubner (2013). The floc-

cular lobes (Fig. 2B,C) are short projections extending lat-

erally from the cerebellum into the vestibular apparatus

of the endosseous labyrinth as in other phytosaurs (e.g.

E. neukami, P. angustifrons, P. hislopi, Lautenschlager &

Butler, 2016; Stocker et al. 2016). These structures extend

laterally, just barely beyond the anterior semicircular

canal.

Cranial nerves

At the juncture of the hypophysis and the cerebrum, cranial

nerve II (optic nerve) extends anteriorly through a large

foramen in the laterosphenoid. The foramen for CN II is

large in phytosaurs (e.g. M. buceros, S. gregorii, P. hislopi)

and the archosauriform T. primus.

Cranial nerve V (trigeminal nerve) extends anterolaterally

from the anteroventral portion of the hind-brain, just ante-

rior to the semicircular canals through a large foramen in

the prootic (Fig. 2A-C). The trigeminal fossa is surrounded

by bone in W. scurriensis and also crocodylians and nona-

vian dinosaurs (George & Holliday, 2013). The trigeminal

Fig. 2 Brain endocast of Wannia scurriensis (TTU P-00539) in (A) ventral, (B) left lateral, (C) dorsal, and (D) posterior views. cer, cerebrum; CN,

cranial nerve; cvcm, caudal middle cerebral vein; fl, flocculus; hf, hypophyseal fossa; ic, internal carotid artery; ijv, internal jugular vein; lab, endoss-

eous labyrinth; ls, longitudinal sinus; ot, olfactory tract; pin, pineal expansion. Scale bar = 25 mm.
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nerve is present in the rostral section as the maxillary

branch and exits the antorbital cavity anteriorly on both

sides of the rostrum (Fig. 4). The maxillary branch extends

both anteriorly and posteriorly, sending off small accessory

nerves to the alveoli and facial region, similar to the branch-

ing trigeminal in extant crocodylians (Leitch & Catania,

2012; George & Holliday, 2013). Posteriorly, the canal runs

lateral to the alveoli to the posteriormost end of the maxilla

with small ventrally extending branches both anterolateral

and posterolateral to each alveolus. Some of these small

branches have additional smaller branches off them. Anteri-

orly, the canal passes lateral to the airway and premaxillary

cavity. It is largest in diameter lateral to the external nares

and anteroventral to the antorbital fenestra, and many fine

branches extend anterolaterally from this region, branching

further and extending to randomly distributed foramina on

the lateral surface of the maxilla anterior to the antorbital

fenestra (Stocker, 2013). The anterior branch continues

anteriorly, narrowing as it passes lateral to the premaxillary

cavity where it forks into two branches, one parallelling the

cavity, and another curving laterally.

On the anteroventral surface of the hind-brain, the small,

thin cranial nerve VI (abducens nerve) exits the endocast

and trends anteriorly (Fig. 2A,B). Just posterior to the base

of cranial nerve V and just ventral to the anterior semicircu-

lar canal, cranial nerve VII (facial nerve) extends laterally

from the lateral portion of the hind-brain dorsal to the

location observed in E. neukami and P. angustifrons (Laut-

enschlager & Butler, 2016). CN VII is long and thin and

gently curves posteriorly to exit the prootic posterior to

where cranial nerve V exits the braincase (Fig. 2). There are

thin extensions from the most ventral surface of the hind-

brain that may be the pathways of the internal jugular vein

or cranial nerves IX (glossopharyngeal nerve), X (vagus

nerve) and XI (spinal accessory nerve) (Fig. 2A,B,D). The

final observable pathway, either cranial nerve XII (hypoglos-

sal nerve) or the longitudinal sinus (Lautenschlager & But-

ler, 2016), is visible posterior to the junction of the lateral

and posterior semicircular canals on the hind-brain (Fig. 2).

A crack that runs through the braincase posterior to the

hind-brain makes it difficult to trace this structure any far-

ther, but it does appear to exit through the exoccipital.

Endosseous labyrinth

The endosseous labyrinth of W. scurriensis is robust and

complete on both the left and right sides (Fig. 3). The ante-

rior semicircular canals are the longest (2.23 cm), remain

Fig. 3 Endosseous labyrinth of Wannia scurriensis (TTU P-00539) in (A) left lateral, posterior, anterior, medial, and dorsal views and (B) right lat-

eral, posterior, anterior, medial, and dorsal views. asc, anterior semicircular canal; cd, cochlear duct; crc, crus communis; fc, fenestra cochleae; fv,

fenestra vestibuli; lsc, lateral semicircular canal; psc, posterior semicircular canal. Scale bar = 10 mm.
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narrow from the crus communis to the ampulla, and are

convex anteriorly. The posterior semicircular canals are the

shortest (1.45 cm), are linear from the crus communis to

their intersection with the lateral semicircular canals, and

are thicker in diameter at these intersections. The lateral

semicircular canals are the thickest in diameter (2.52 mm)

and are convex laterally. The canals are oriented at roughly

right angles to one another, similar to the orientations of

the canals of E. neukami, P. angustifrons, and P. hislopi.

However, the endosseous labyrinths of E. neukami and

P. angustifrons are dorsoventrally compressed compared

with the canals ofW. scurriensis, though this may be preser-

vational; when retrodeformed, the anterior and posterior

canals of E. neukami and P. angustifrons are dorsally convex

from the crus communis. Wannia scurriensis exhibits ante-

rior and posterior canals that are less dorsally convex.

The cochlear ducts extend ventrally from the endosseous

labyrinths and are concave medially. These ducts are robust

and elongate ventrally, similar to those of D. spurensis

(Stocker et al. 2016) but more so than in E. neukami and P.

angustifrons. The cochlear ducts of W. scurriensis have

three extensions, including a small anteriorly extending

trunk one-third of the way ventrally from the semicircular

canals and lateral and posterolateral expansions at the top

of the duct, whereas the endocrania of E. neukami and P.

angustifrons possess a single posterolateral expansion. The

lateral expansions inW. scurriensis likely enter the fenestrae

vestibuli (= oval window) and the posterolateral expansions

Fig. 4 Paranasal cavities of Wannia

scurriensis (TTU P-00539) in (A) dorsal, (B) left

lateral, and (C) ventral views. airw, airway;

antorb, antorbital sinus; ecto, ectopterygoid

sinus; nvc, neurovascular canal; pmx,

premaxillary cavity; rt, replacement tooth;

t, tooth. Scale bar = 5 cm.
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likely enter the fenestrae cochleae (= round window)

(Fig. 3), based on comparisons with T. primus (Stocker et al.

2016). The generally triangular vestibule and ventrally elon-

gate cochlear duct are similar to those of extant crocody-

lians, including Alligator, Crocodylus, and Gavialis (Witmer

et al. 2008), as are the locations of the fenestrae vestibuli

and cochleae. The inner ear is robust and the cochlear duct

is concave medially in these taxa as well.

Paranasal cavities

The paranasal cavity of W. scurriensis was segmented into

three sections in accordance with the methods of Lauten-

schlager & Butler (2016), representative of the antorbital

sinus, airway, and premaxillary sinus (Fig. 4). The antorbital

cavity is large, filling the posterior half of the rostrum sec-

tion. As with extant archosaurs, the antorbital cavity of

W. scurriensis plays a role in housing the antorbital sinus

and maxillary neurovasculature as evidenced by the anterior

extension of the trigeminal nerve from the antorbital cavity

(Witmer, 1995). The antorbital cavity is both lateral and

medial to the airway, which is anteroposteriorly short and

unbranched in W. scurriensis. The airway extends posteri-

orly from the nares at its anterior end to halfway posteriorly

in the rostrum section, narrowing posteriorly, similar to

those of E. neukami and P. angustifrons. The airway in

W. scurriensis rises dorsally to the external nares and ven-

trally to where it is bounded by the maxillae and premaxil-

lae. The premaxillary cavity, hypothesized to be an anterior

evagination of the antorbital air sinus that results in a struc-

turally sound rostrum (Witmer, 1997), extends anteriorly

from the nares to the anteriormost edge of the skull, nar-

rowing anteriorly, again similar to the morphology of

E. neukami and P. angustifrons. There are small cavities

within the ectopterygoids of W. scurriensis similar to those

in P. angustifrons (Lautenschlager & Butler, 2016) that do

not connect to neurovascular canals or the antorbital cavity

and are considered separate ectopterygoid sinuses (Fig. 4B,

C). These recesses are present in theropod dinosaurs and

other phytosaurs and seem to be pneumatic as well, though

the source of pneumatization is uncertain (Witmer, 1997).

Dentition

The preserved posterior end of the right premaxilla only

preserves a single alveolus; the right maxilla contains 18

alveoli (corrected from 16 reported by Stocker, 2013). The

preserved posterior of the left premaxilla contains one alve-

olus as well, and the left maxilla contains 17 alveoli. There

are 14 teeth preserved in nine alveoli, including nine robust,

broken erupted teeth and five small replacement teeth

(Fig. 4B,C). The erupted teeth are round in cross-section,

conical in profile, angled laterally, and the roots extend

dorsally within the skull to the antorbital cavity or trigemi-

nal nerve pathway. Replacement teeth are present medially

and parallel to the erupted teeth, located about halfway

down the length of the tooth alongside the erupted teeth.

The crowns of the replacement teeth are round in

cross-section and triangular in profile.

Discussion

We provide a potentially plesiomorphic condition for Arch-

osauria by investigating the earliest branching Late Triassic

phytosaur. The contested position of Phytosauria at the

base of Archosauria leads us to focus on the similarities

between members of Archosauriformes, Phytosauria, and

Archosauria. All known phytosaur endocrania are similar in

their generally elongate shape, mediolateral narrowness,

and horizontal organization (Fig. 5). Generally, the more

derived taxa within Phytosauria have endocasts that are

even more elongate and horizontally oriented than those

of the more basal members of the group, which appear

more robust and verticalized (Lautenschlager & Butler,

2016). Endocasts of other archosauriforms (e.g. T. primus,

T. romeri) and some archosaurs (e.g. aetosaurs, notosuchi-

ans, crocodylians) are also generally horizontal, placing

fore-, mid-, and hind-brain in a single plane, whereas dino-

saurs and poposauroids differ in having more verticalized,

robust endocasts (Witmer et al. 2008; Kley et al. 2010; Hol-

loway et al. 2013; Stocker et al. 2016).

Most phytosaurian taxa exhibit enlarged hypophyses,

enlarged pineal regions, and elongate olfactory tracts. An

enlarged hypophyseal region is representative of rapid

growth and a resultant large body size (Edinger, 1942; Wit-

mer et al. 2008; Sander et al. 2011). Whether the expanded

pineal region is a result of the presence of a dural venous

sinus or paratympanic sinus or simply an enlarged pineal

body is indeterminable without osteological boundaries

and additional comparative material. An elongate olfactory

tract is likely related to the elongate rostrum (Wyneken,

2007). Additionally, the orientation of the lateral semicircu-

lar canal with respect to horizontal has been associated

with head position in extant animals exhibiting an ‘alert

posture’ (Witmer et al. 2003, 2008). Orienting the lateral

semicircular canals of W. scurriensis parallel to the horizon-

tal plane results in an upturned olfactory tract and skull

roof rather than the level olfactory tract and skull roof

observed in E. neukami and P. angustifrons. The angle

between the dorsal border of the olfactory tract and the

lateral semicircular canal is 13° in W. scurriensis (compared

with 7–9° in E. neukami, 6–8° in P. angustifrons, and ~ 0° in

M. mccauleyi).

The phytosaurian taxa that preserve endosseous labyr-

inths also have floccular lobes extending laterally within

the anterior semicircular canals (Holloway et al. 2013; Laut-

enschlager & Butler, 2016; Stocker et al. 2016). The flocculus

is responsible for rapid eye, head, and neck movements in

extant organisms (Witmer et al. 2003, 2008), and its pres-

ence may indicate the potential for similar abilities in

© 2017 Anatomical Society
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phytosaurs. Phytosaur endocasts retain a relatively small

flocculus, and this structure is clearly present in the

archosauriform T. primus, possibly present in E. capensis,

and is small in the archosaurs Postosuchus kirkpatricki, Gra-

cilisuchus stipanicicorum, Herrerasaurus ischigualastensis,

and in sauropods (Witmer et al. 2008; Holloway et al. 2013;

Stocker et al. 2016). Across Archosauria, there is a reduction

of the pineal region and a curve to the olfactory tract in

more derived members (Holloway et al. 2013). Cranial

nerves and arteries exit the brain endocast in similar loca-

tions, though with slight variations, among phytosaurian

taxa and across Archosauriformes as well. For example,

among phytosaurs, the optic nerve foramen is a single fora-

men with no bony prominence separating the optic nerves

similar to the condition in Crocodylus johnstoni (Witmer

et al. 2008). This is in contrast to the condition in some early

archosauriforms (e.g. T. primus and Proterosuchus fergusi)

and dinosaurs (e.g. theropods, sauropods, and Aves) in

which bone divides the optic nerve trunk into paired aper-

tures (Stocker et al. 2016; Clark et al. 1993; Sampson &

Witmer, 2007; Witmer & Ridgely, 2009; Witmer et al. 2008).

Unlike the single ventral extension in W. scurriensis, in

M. mccauleyi there are separate pathways for the internal

jugular and CN IX, X, and XII (Holloway et al. 2013), and in

E. neukami and P. angustifrons, the trunk of CN IX, X, and

XII is present posteroventral to the semicircular canals (Laut-

enschlager & Butler, 2016). Additionally, the ventral exit of

the internal carotid arteries occurs in both non-archosaurian

archosauriforms (e.g. E. capensis) and archosaurs (e.g. Ari-

zonasaurus) (Gower & Sennikov, 1996; Nesbitt, 2011).

Finally, many archosaurs (e.g. theropod dinosaurs, aeto-

saurs) have accessory cavities in addition to the antorbital

cavity, that appear to be pneumatic sinuses (Witmer, 1997),

and these are observed in W. scurriensis as well.

Typically, phytosaurs and crocodylians are considered con-

vergent because of their elongate rostra, sprawling posture,

elongate tails, osteoderm covered bodies, and carnivorous

dentition (e.g. Hunt, 1989; Stocker & Butler, 2013). This con-

vergence in overall external morphology is also observed in

endocranial comparisons. Phytosaurs and crocodylians share

Fig. 5 Comparisons to phytosaurs

investigated using both traditional methods

and CT scanning, simplified to line drawings,

emphasizing elongate shape and horizontal

orientation (modified from Lautenschlager &

Butler, 2016).
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a generally streamlined shape, elongate olfactory tract,

large hypophysis, and cranial nerves located on the ventral

surface of the brain (Holloway et al. 2013; Lautenschlager &

Butler, 2016). The large hypophyseal fossa, which houses a

relatively large pituitary in crocodylians and likely housed a

large pituitary in phytosaurs, is responsible for the large

body size of both groups (Edinger, 1942; Saint Girons,

1970). In addition, the endosseous labyrinths of phytosaurs,

specifically W. scurriensis, are extremely similar in morphol-

ogy to those of Alligator and Crocodylus (e.g. curvature, rel-

ative length, and angles and directions in which

semicircular canals branch from the crus communis). Similar

endosseous labyrinth morphology is indicative of similar

postures, specifically the alert head posture (Witmer et al.

2003, 2008). An elongate cochlear duct is present in phy-

tosaurs, Alligator, Crocodylus, Gavialis, and extinct species

of crocodylians. The elongate cochlear duct correlates with

auditory capability and sensitivity to low-frequencies (Gleich

& Manley, 2000; Gleich et al. 2005), which in extant croco-

dylians are produced below the surface of the water

(Vergne et al. 2009; Dinets, 2011). The similar morphologies

of these endocranial features indicate convergence in

behavior and ecology possibly related to a semiaquatic life-

style (e.g. communication and prey acquisition).

The ability of the rostrum to sense changes in the water

may be convergent across these groups as well. Extant

crocodylians have integumentary sensory organs or dome

pressure receptors in their body, face, and mandibles that

are responsible for sensing and orienting to changes in

the water associated with disturbances (Soares, 2002).

Nerve fibers run through the dentary and maxilla, exiting

through many small foramina and project both anteriorly

and posteriorly out of the lateral surface of those ele-

ments (Leitch & Catania, 2012). These foramina, inner-

vated by the trigeminal nerve, are present on the palate,

gums, and face in a ‘beehive’ pattern only in extant croco-

dylians and extinct crocodylians that are hypothesized to

be semi-aquatic back to the Early Jurassic (Soares, 2002).

Among reptiles, the majority of trigeminal nerve foramina

appear in linear arrangements and in relatively low

foramina density to crocodylians (Soares, 2002; Morhardt,

2009). The ‘beehive’ pattern in crocodylians, in addition to

high foramina density relative to other reptiles, is similar

to the morphology exhibited by W. scurriensis and other

phytosaurs [e.g. Angistorhinus (ROM 7977), Rutiodon caro-

linensis (USNM 214513)] in which branches off the main

trigeminal canal extend to scattered foramina on the max-

illa and premaxilla (Fig. 4). Therefore, we hypothesize that

these foramina are osteological correlates for similar sen-

sory organs in phytosaurs, which is consistent with phy-

tosaurs having a semi-aquatic paleoecology (Stocker &

Butler, 2013). In addition to establishing morphological

evidence for semi-aquatic sensory systems rather than

depending on depositional environment and overall exter-

nal morphology, W. scurriensis confirms similarities in

endocranial morphology in phytosaurs and among

Archosauriformes.
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