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ABSTRACT

Harpacochampsa camfieldensis gen. et sp. nov. from the mid-Miocene Camfield
Beds of northern Australia is the first slender-snouted extinet erocodile known
from the Australian continent. It is founded on the anterior portion of the snout,
posterolateral portion of the cranium and an anterior dentary fragment. Harpaco-
champsa camfieldensis is distinetive in having highly size-differentiated premax-
illary teeth and isodont maxillary teeth. The largest rostral tecth are found on the
premaxillae, as in Gavialis gangeticus. The relative size and internal morphology
of the supratcmporal fenestra. and jugal morphology at the level of the infratem-
poral fenestra, also resemble those of the gavial. The arrangement of the eranial
bones differs from that in Gavialis, corresponding most closely with extant
Crocodylus species. Some feawures present on Harpacochampsa camfieldensis
have previously been considered diagnostie of gavialids, but are here interpreted
to be convergently evolved as part of a functional adaptation. Harpacochampsa
camfieldensis is shown to be a erocodylid, but its affinities within the group
cannot be determined beecause of incomplete preservation.

Kevworps: Crocodilia, Crocodylidae, f{arpacochampsa gen.nov., Harpacochampsa
camfieldensis  n.sp., new species, fossil form, Miocene, gavial ecomorph,

palacobiology.

INTRODUCTION

Harpacochampsa camfieldensis gen. et sp.
nov. from the mid-Miocene Camfield Beds of
northern Australia is the first slender-snouted,
extinct erocodilc known Irom Australian Cai-
nozoic sediments. It is herc compared with
Crocodylus johnstoni (Krefft), and the extant,
long-snouted crocodilians Tigured by lordan-
sky (1973): Crocodylus acutns Cuvier, C.
catapliractus Cuvicr, Tomistoma schlegelii (S.
Muller) and Gavialis gangeticus (Gmelin),

Harpacochampsa camfieldensis is known
primarily from a rostral fragment and the
postcrolatcral portion of the skull. The func-
tional complex rctained by thesce fragments is
similar, in general, to that of cxtant longiros-
trine erocodilians, but in some details is con-
vergent on the “truc’ gavial, Gavialis ganget-

icus, particularly in the morphology of the
supratemporal fenestra, arrangcment of the
teeth, robustness of the postorbital bar and
Jjugal morphology at the level of the infratem-
poral fenestra. Although the new fossil does
not dircctly rcsolve some of the current prob-
lems in Eusuchian systematics revicwed be-
low, it may provide somc useful clues to the
interpretation of morphological character states
considcred to be of some systematie signifi-
cance.

Hcre we follow Norell (1989) in the usage of
an informal taxonomy to describe clades of
crocodilians characterised by the extant gen-
era as follows: alligatorids (Alfigator, Caiman,
Melanosuchus, Paleosuchus), crocodylids
(Crocodylus,  Osteolocmus),  gavialids
(Gavialisy, and tomistomids (Tomistoma). For
the purposes of discussion we depart slightly
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Fig. L. Harpacochampsa camfieldensis gen. et sp. nov.: anterior snout fragment P87106-5. Abbreviations: a.p.. alveolar
process or collar; i.f., incisive foramen; mx, maxilla; n, nasal; n.f., nutrient foramen;
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l’ pms

LATERAL a.p. rn.d4 r.p.

Fig. 1. (cont.): pms, premaxillo-maxillary suture; r.n.d4, reception notch for fourth dentary tooth; r.p.d1, reception pit
for first dentary tooth. Premaxillary and maxillary tecth are numbcred in sequence from the front.
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from Norell (1989) in distinguishing tomisto-
mids from erocodylids.

Harpacochampsa camfieldensis is distinet
from other fossil crocodilians known from
Australia. Its systematic position within the
Eusuchia is assessed through an examination
of a limited set of morphological charaeter
states by which the new fossil. the extant forms
listed above, and other extinet Australian gen-
era ecan be ecompared.

Four extinet Australian genera are currently
recognised: Pallimnarchus de Vis from the
Plioecene (Molnar 1982a), Quinkana Molnar,
1981 from the Pleistocene, Barn Willis, Mur-
ray and Megirian, 1990 from the late Oligo-
cene tomid-Mioeene, and Australosuchus Willis
and Molnar (in press) from the late Oligoeene.
Additional mid-Tertiary material, represent-
ing at least one additional genus, remains to be
deseribed (Willis in prep.). Fragmentary, but
presently unassigned, crocodilian material is
also known from the Lower Cretaceous and
Eocene (Molnar 1982b). Fossilised remains of
the living estuarine crocodile, Crocodylns
porosns are known from the Plioeene (Molnar
1979) and the Australian endemie freshwater
crocodile, C. johustoni, is known from the
Pleistoeene (Willis and Archer 1990). The
extinet genera are broad-snouted erocodylids.
and although Quinkana has aspeeialised trophie
complex (Molnar 1981) convergent on the
ziphodonts Sebecus and Pristichampsus, they
most closely resemble the North American
taxon Brachynranochampsa eversolet Zangerl,
1944 from the Washakie Eoeene (Willis er al.
1990). In Willis er al. (1990) we advanee a
tentative hypothesis that the four Australian
genera represent an Australian radiation, and
together with Brachyuranochammpsa, possibly
form a natural group of crocodylids that are
united by the synapomorphie loss ol the ante-
rior palatine process. Abbreviations used in
the text: NTM, Northern Territory Museum.

SYSTEMATICS

Order CROCODILIA Gmelin
Sub-order EUSUCHIA Huxley
Family CROCODYLIDAE Cuvier
Sub-family CROCODYLINAE Kilin
Genus Harpacochampsa gen. nov.

Type species. Harpacochampsa camfieldensis
Sp. nov.

Diagnosis. Crocodylid with robust eranium.
but probably long and slender: eranial table
proportionally wider and supratemporal
fenestrae proportionally larger than in extant
Crocodylus sp.. premaxillary outline round
rather than elliptical as in extant longirostrine
Crocodylus sp., external nares longer than
wide and placed well forward in the premaxil-
lae: five premaxillary teeth varying greatly in
size (pscudoheterodont), fourth premaxillary
tooth largest in upper series and substantially
larger than fifth maxillary tooth; five anterior
maxillary teeth of similar size: first dentary
tooth as large as the fourth premaxillary tooth.

Etymology. Harpaco (Greek), seize:
champsos (Greek), crocodile, here feminised
for euphony: henee [Hurpacochampsa. The
generic name alludes to the enlarged premax-
illary teeth and their presumed funetion.

Harpacochampsa canifieldensis  sp.nov.
(Figs 1-9)

Type material. HOLOTYPE-NTM P87106-
1. posterolateral portion of the skull with part
of the neurocranium; NTM P87106-5, anterior
portion of the rostrum ineluding both premaxillae
and the left maxilla to a point just behind the
fifth maxillary tooth; NTM P87106-6, tip of
the right dentary with alveoli for the Tirst and
second dentary tecth; NTM P87106-19 and
NTM P87106-20, osteoderms.

Type locality and stratigraphy. Harpaco-
champsa camfieldensis is a new addition to the
Bulloek Creek Local Fauna and was collected
from the Camfield Beds at a locality about
25km southeast of Camfield Homestead in the
north central Northern Territory (Plane and
Gatchouse 1968). The Camfield Beds consist
of fluvial and lacustrine caleareous conglom-
erates, calearenites and caleilutites. Based pri-
marily on the stage of evolution of diprotodon-
tid marsupials of the Bullock Creek Local
Fauna, the Camficld Beds are interpreted to be
younger than the Wipijiri  Formation
(Kutjumarpu Loecal Fauna) of South Australiz.
and older than the Waite Formation (Aleoota
Local Fauna) of the southern Northern Terri-
tory. Woodburne ef al. (1985) estimate a mid-
Miocene age for the Camfield Beds. The fos-
sils were extracted from their matrix using
acetic acid.

Deseription and expression of morpho-
logical character states. The anterior portion
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Crocodylus acutus

C. 3johnstoni

C. cataphractus

Tomistoma schlegelii

Gavialis gangeticus

Harpacochampsa camfieldensis

Fig. 2. Parlial restoration of H. camfieldensis in dorsal
view compared with extant crocodilians: C. acutus, C.
cataphractus, T. schlegelii, and G. gangeticus after lor-
dansky (1973: figs 1, 2. 3 and 5 respectively): C. jolinstoni
from NTM CM135. Scale bars are each 100mm long.

of the snout of H. camfieldensis P87106-5
(Fig. 1) is generally similar to that in the
slender-snouted living members of the genus
Crocodylus: the sutural relationships and gen-
eral degree of robustness most closely match
C. acurus (Fig, 2), though the maxillary por-
tion of the snout is narrower (Fig. 3, Tablce 1).
The rostrum is stoutly constructed and propor-
tionally deep for its width. At the level of the
fifth maxillary wooth the transverse cross-see-
tion is a rccumbent D-shape, with a flat palate,
vertical sides, strongly convex dorsolateral
curvaturc and a [lattened dorsal segment.

In dorsal and ventral views the premaxillae
have a cireular outline, modified by the sutural
contacts with other bones of the skull. On the
palate, the combined premaxillo-maxillary
sutures arc W-shaped. The sutures pass dor-
sally up the lateral surfaces of the rostrum,
bisecting the wcll-developed lateral notches
for the presumed caniniform fourth dentary
teeth. On the dorsal surface, just short of the
nasal bones, the suture swings posteromedi-
ally for about 25mm before contacting the
nasals. This arrangement results in a short,
spinosc, posterior premaxillary projeetion ly-
ing against the nasals and separating them
from the anterior part of the maxillae.

The narial aperture is small, eentred wcll
forward on the dorsal premaxillary surface and
is slightly longer (33mm) than itis wide (28mm).
The nasals enter thc aperture at its extreme
posterior margin. The incisive foramen is small
and roughly crescentic. In dorsal view, the left
maxilla widens to a maximum at the fifth
maxillary tooth, over which there is a low, but
distinet. swelling.

The most distinctive feature of /1. camfield-
ensis is its rostral dental array, at least as it may
be dedueed from the arrangement and dimen-
sions of the alveoli and few remaining teeth.
The damaged fifth maxillary tooth, erupted
shortly before death. is the only functional
tooth present. It is broken within its alveolus,
now pointing ventrolaterally rather than
ventrally. The base of the tooth is round, while
the crown is vertically fluted and has distinct
anterior and posterior carinae. The tip is bro-
ken off. but the erown was probably long and
slender. The broken replacement teeth pre-
served in some alveoli are similar, but provide
no additional useful information on erown
morphology. All the alveoli are circular, in-
cluding the three preserved on the posterior
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Fig. 3. A crocodile skull showing the positions at which measurements were taken to caleulate proportions listed in Table 1.

portion of maxilla with P87106-1. In croco-
diles, the posterior maxillary alveoli are often
laterally compressed.

Based on alveolar dimensions, the premax-
illary teeth of H. camfieldensis were highly
size-differentiated (pscudoheterodont) while
the maxillary teeth were relatively uniform in
size, with the fifth maxillary tooth showing
about the same degree of enlargement com-
pared to the first maxillary tooth as in C.
Jjohnstoni. The fourth premaxillary alveolus of
H. camfieldensis has a diameter half as great
again as that of the fifth maxillary tooth, in
contrast to the typical crocodylid condition in
which the fifth maxillary tooth is the largest of
the upper series, or alligatorids in which the
fourth maxillary tooth is the largest. Only in G.
gangeticus are somc premaxillary teeth larger
than the maxillary ones, but there is signifi-
cantly less size variation in the premaxillary
ones. On the premaxilla of H. camfieldensis
the second tooth was the smallest, while the
first and fifth were both about the size of the
first. The third premaxillary tooth was similar
in size to the fifth maxillary tooth. Its alveolus,
like that of the fourth, is expanded into a
prominent collar or alveolar process. All max-
illary alveoli have weakly developed collars.

When the jaws wcre closed, the lowcr teeth
occupied reception pits between the uppers in
an ‘interbite’ arrangement. The first dentary
tecth (Fig. 4) were as large as the fourth
premaxillary teeth and were received in pits
lying between the first and second premaxillary
teeth. They breached the dorsal premaxillary
surface. anterolaterally to the narial aperture.
The fourth mandibular teeth slotted into lateral
notches at the maxillo-premaxillary suture in
the usual crocodylid arrangement. Judging ['rom
the morphology of the the reception pits, none
of the other dentary teeth passed up the sides of
the rostrum as in some longirostrine piscivorous
forms (eg C. johnstoni) with needle-like teeth
(Fig. 5).

Photographs and line drawings showing struc-
ture of the posterolateral cranial fragment
P87106-1 arc presented in Figure 6. The cra-
nial table is flat. When complete, it was pro-
portionally broader, with larger supratemporal
fenestrac. than in Crocodylus species and T.
schlegelii, but did not exceed G. gangeticus
(Fig. 2, Table I). Amongst Tossil gavials. the
relative size of the supratemporal fencsira
most closely resembles Gavialis lewisi Lull
(1944: fig. 1). The supratemporal fenestra is
smoothly confluent with the temporal fossa.
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and without horizontal projection of the parie-
tal or squamosal into the fenestra below the
level of the skull tablc. The opening of the
orbito-temporal artery in the posterior wall of
the supratemporal fenestra is slit-like. These
featurcs correspond with G. gangeticus and
contrast with other crocodilians, The frontal
does not contributc to the fenestra margins, In
dorsul view the cranial table is convex later-
ally. unlike extant Crocodyins spccies, where
it is straight or concave. Because of the broad
skull table, the otic meatus is deeply recessed.

Other similarities with G. gangeticuas can be
seen in latcral view (Figs 6d, 7). The jugal is
straight and gracile at the level of the long and
narrow infratemporal fenestra and the articu-
lar surface of the cranio-mandibular joint faccs

postcriorly rather than declining posteroven-
trally. The postorbital bar is proportionally
robust. but lacks the post-orbital spine charac-
teristic of G. gangeticus. Although damaged
and slightly displaced. the pterygoid flange
was short. and when completc, projected ven-
trally at a steep anglc (Fig. 6d).

In the new fossil, the cranio-mandibular
articulation of the quadrate has prominent
dorsal and ventral flanges best seen in lateral
view, but there are also clear signs of patho-
logical damage to the articular surface medi-
ally (Fig. 6¢). The medial half of the articular
surface isirregular, rather than smoothly rounded,
and a trabecular exostosis extends onto the
dorsal margin. The extent to which disease has
modified the shape of the articular surface of

Table t. Skull proportions of Harpacochampsa camfieldensis compared with long-snouted living crocodilians. The position
of measurements are shown in Figure 3. Brackeled measurements for 2. camfieldensis are based on the restoration shown in
Figure 2: C. acutus, C. catuphractus, T, schlegelii and G. gangeticus calculaled from lordansky (1973, Figs. 1.2, 3 and 5

respectively): C. johustoni from NTM CM15,

SKULL PROPORTION SPECIES
g b
= =
g g = E 3
§ 5 8§ & & B
S U J = ) R
cranial width
cranial length x 100 48 43 39 41 38 [41]
basal width_of snoul
snout length x 100 43 36 33 37 28 [41]
snout length
cranial length x 100 68 72 71 72 73 [68]
width cranial table
cranial width x 100 60 54 63 61 77 66
width supratemporal fcnestra
width cranial table x 100 25 27 22 25 M4 29
height of occiput
cranial width x 100 46 48 - 44 49 41
minimum _snoul width
width across premaxillac x 100 85 65 57 69 61 68
snoul depth at Sth_maxillary tooth
snout width at Sth maxillary tooth x 100 37 52 - 56 42 59
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Fig. 4. Harpacochampsa camfieldensis gen. et sp. nov.: anlerior tip of lhe right dentary, P87106-5, in (a) occlusal view.
anterior towards the 10p of the page. and (b) left lateral view.

the quadrate on NTM P87106-1 cannot be
determined without comparative Harpaco-
champsa specimens, but the degree of devel-
opment of the dorsal and ventral flanges may
be related in part to the discascd condition and
may not reflect a significant functional varia-
tion. Similar exostoses are present in some
NTM C. porosus skulls.

Sutural relationships of the lateral neurocra-
nium (Fig. 6¢) fall within the range of Crocodylus
species (Iordansky 1973, and NTM specimens).
but likc extant Crocodylus species. differ from
Tomistoma in the reduced cxposurc of the
prootic around the foraincn ovale. Basisphenoid
exposure in the Camfield crocodile is also
relatively large, but not outside the range of C.
porosus specimens. Gavialis also has large
prootic exposure, but more strikingly presents
a widc exoccipital exposure in latcral view
(lordansky 1973; Tarsitano et al. 1989). Simi-
lar structure is also rccognised in hatchlings of
some other crocodilian taxa, but in their
ontogeny, the proportional lateral exposure of
the pro-otic, basisphenoid and exoccipital is
reduced through allometric changes. Tarsitano
et al. (1989) refer to this process as cranial
‘verticalisation’. While the Camfield croco-
dile sharcs features with G. gangeticus as
described above, its ncurocranium is fully
‘verticalised’, including the position and ori-
entation of the internal nares (Fig. 6b). The
narial passage at the level of the neurocranium

is a simple tube. as in C. jolhustoui and C.
porosus, and H. camficldensis lacks the asso-
ciated air sinuses that ramily the pterygoid
flange in Gavialis. or pass up the sides of the
neurocranium in Alligator. Sutural relation-
ships and proportions seen in other views of
P87106-1 also correspond closely with extant
Crocodylus specics.

With few cxceptions, the development of
other structures fall within the rangc for extant
Crocodylus specics. On the occipital surface.
the fossae for the insertions of M. dcpressor
mandibulae and M. obliquus capitus magnus
are separated by a relatively well-dcvek;ped
crest, while the paroccipital process is quite
broad in dorsal view. Homologous structures
arc rcadily identified on Crocodylus, Gavialis
and Alligator. Their degree of development is
most probably related to age or function.

In H. camfieldensis there is a well-devel-
oped vacuity within the parictal above the
anterior neurocranium, in a slightly parasagit-
tal position (Fig. 6f). In the portion preserved,
there is no indication that this vacuity was con-
nected to the ramifications of the Eustachian
system within the bones of the skull. Its rela-
tive size and position corresponds to a similar.
tissue-filled structurc observed by Tarsitano e
al. (1989) in Gavialis gaugeticus. In the gavia!
italso docs notappear to be part of the Eustachian
system. The function of this organ and its
systematic significance are not known.
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Fig. 5. Partial rcstoration of the anterior segment of the
snout based on P&7106-5 and P87106-6: (a) anterior view,
(b) lateral view.

Two ostecoderms (P87106-19 and P87106-
20) are similar to the dorsal ostcoderms of C.
Jjohustoni (Fig. 8). Both were in sutural contact
with adjacent osteoderms of their respective
transverse rows. P87106-19 has a suture on one
side only, thus occupying a marginal position
while P87106-20 occupied an intermediate
position in its row. In both osteoderms the
anterior and posterior margins taper to a sharp
edge, as does the lateral edge ol the marginal
osteoderm. The dorsal sculpturc consists of
fairly regularly-sized, circular pits while the
internal surface is smooth. The marginal
osteoderm has a dorsal longitudinal crest, but
the intermediate one is flat. As in C. johnstont,
the dorsal osteodecrms of H. camfieldensis prob-
ably formed a complete shield, with succes-
sive transverse rows in close approximation.

Etymology. The new species is named
“camfield-ensis™ (Greek), refering to the
Camfield Beds from which it was recorded.

DISCUSSION

Comparison of character states.. Eusuchian
systematics are poorly resolved and currently
under active debate (Densmore 1983, Densmore
and Owen 1989, Buffetaut 1985. Tarsitano e/
al 1989, Norcll 1989). We limit ourselves here
1o a consideration of the few morphological
character states by which the new taxon can be
compared with extant erocodilians, Australian

fossil genera, and Brachynranochanipsa. The
suite of character states selected (Table 2) is
hardly satisfactory for resolving relationships
within the Eusuchia at the level of crocodylids,
alligatorids, and gavialids but provides a foun-
dation for thc diseussion which follows, and
permits a conclusion about the higher level
affinitics of Harpacochampsa camfieldensis.
The monophyly of Eusuchiais accepted (Benton
and Clark 1988) and character-state polaritics
are sclected from the literature. Recent discus-
sions on the systematic significancc of Eusuchian
character states may be found in Molnar (1981),
Buffetaut (1985) and Norell (1989). lordansky
(1973). Steel (1973) and Kiilin (1955) are also
useful sources.

1. Posterior intrapterygoid position of the
internal nares. Considercd a synapomorphy of
the Eusuchia (Benton and Clark 1988), distin-
guishing them from more archaic crocodilians
traditionally referred to as the Protosuchia and
Mesosuchia.

2. The postorbital spine. lts presence is
typically associated with gavialids, but is also
presentin juvenile Tomistoma. Butfetaut (1985)
regards its presenee as a derived condition,
while Norell (1989) presents evidence that the
spine is present in cmbryos and post-hatchlings
of othcr Eusuchians and is lost in ontogeny.
We adopt Norell's (1989) interpretation that
loss is the derived condition.

3. Prootic exposure aronnd foramen ovale.
The interpretation of the polarity of this char-
acter state is problematic. The condition is
cvidently primitive in Crocodylia (lordansky
1973; Norell 1989) but its expression appears
to be related to allometric changes that occur
during post-embryonic development (lordan-
sky 1973; Tarsitano er al. 1989). Buffetaut
(1985) rcgards large exposurc as a derived
condition. Norell (1989) provides a useful
review and discussion, suggests that insuffi-
cient information is currently available to in-
terpret polarity, but prefers 1o consider the loss
of prootic exposurc as the derived condition.
We use Norell's (1989) polarity in Tablc 2, and
discuss the implications further below.

4. Lateral exposure of the basisplienoid. The
amount of lateral exposure of the basisphenoid
(and the exoccipital) on the braincase wall is
probably also related to ontogenetic allometric
changes (lordansky 1973; Tarsitano et al. 1989,
Norell 1989). 1t seems probable that the ex-
pression of this character is not independent of
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Fig. 6. a-c, Harpacochampsa canifieldensis gen. et sp. nov.: posterolateral portion of lhc, skull“ P87106-1 in:

(a) dorsal view, (b) ventral view, INSET: interpretation of muscle scars on the ventral surface of 'lhc quadrute, A, B and
B’ follow the terminology of lordansky (1973), (¢) posterior view. Abbreviations: 11.1\', zll_vc()ll for ppslcrior maxillary
teeth: blty. tympanic bulla; bo, basioccipital; bs, basisphenoid; ch, choana: cmfl. articular .surtucc of the crano-
mandibular joint: co, occipital condyle; ec. cctopterygoid: ¢o, exoccipital: lae, lol'z}ﬂ]cl? aeriumyg Tea, foramen for
anterior curotid artery: fep, foramen for the posterior carotid artery: fEu. Eustachian foramen: lit, infratemporal
fenestra: fm. foramen magnum; FMdm. fossa for the insertion of M. depressor mandibulae:
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Fig. 6. a-c, (cont.): fMocm. fossa for the insertion of M. obliquus capitus magnus; foa; foramen for temporo-orbital
artery; fpt, postemporal fencstra; fv, foramen vagi; fst, supratemporal fenestra; in. ot., incisura otica; j, jugal: Is,
laterosphenoid; m, maxilla; n.p., ?neural pocket of Tarsitano et al. (1989); p, parictal: po, postorbital; pot, pro-otic; p.p.,
Tposterior pockcet of Tarsitano er al. (1989); p.po. paroccipital process; pt, pterygoid; q, quadrate; gj, quadratojugal: so,
supraoccipital; sp.qj, quadratojugal spine; t.tr., torus transiliens of the pterygoid; iv - xii, foramina for cranial ncrves.
Hatchures distinguish the Eustachian sysicm.

145



Megirian et al.

Fig. 6. d t, Har pacochampsa camfieldensts genoer p.n p

(d) left lateral view, (e) left ventro-lateral view to show structure of the neurocranial wall, and (f) medial view showing
internal structure. Abbreviations: alv, alveoli for posterior maxillary teeth: bity, tympanic bulla; bo, basioccipital; bs.
basisphenoid: ch. choana; emj. articular surface of the crano-mandibular joint; co, occipital condyle: ec, ectopterygoid:
eo, exoccipital: fae, foramen acrium; fea, foramen for anterior carotid artery: fep. foramcen for the posterior carotid
artery: fEu, Eustachian foramen: fit, infratemporal fcnestra; fm, foramen magnum; fMdm, fossa for the insertion of M.
depressor mandibulae;
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Fig. 6. d-f, (cont.): fMocm. fossa for the insertion of M. obliquus capitus magnus; foa; foramen for temporo-orbital
artery; fpt, postemporal fenestra; fv, foramen vagi; fst, supratemporal fenestra; in, ot., incisura otica; j. jugal: s,
laterosphenoid; m, maxilla: n.p., 7neural pockct of Tarsitano er al. (1989); p, parietal; po, postorbital: pot, pro-otic: p.p.,
Tposterior pocket of Tarsitano er al. (1989); p.po, paroccipital process; pt, pterygoid; g, quadratce; ¢, quadratojugal; so,
supraoccipital; sp.qj. quadratojugal spinc; t.tr., torus transilicns of the pterygoid; iv - xii, foramina for cranial nerves.
Hatchures distinguish the Eustachian system,
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Fig. 7. Comparisons of the lateral cranial arcade of crocodilian taxa. C. acutus, T. schlegelii, and G. gangeticus after
Tordansky (1973: figs 1, 3 and 5): C. johnstoni afier NTM CMUS; H. camfieldensis image (P87106-1) is reversed.

character state 4. Norell (1989) and Buffetaut
(1985) take contrary views on polarity, but are
respectively consistent with their interpreta-
tion of character statc 4. For consistency we
here follow Norell (1989) and regard reduccd
basisphenoid exposure as the derived condi-
tion.

5. Posterior process of the ectopterygoid.
Norell (1989) observes that in alligatorids and
gavialids the ectopterygoid projects posteri-
orly in the form of a proccss along the medial
surface of the jugal. He considers its loss to be
the derived condition. It has evidently bcen
lost independently in Alligator, but other alli-
gatorids retain the primitive statc (Norell 1989).

6. Posterodorsal augle of the infratemporal
fenestra. In crocodylids and tomistomids the
quadratojugal-jugal suturc contacts the infratem-
poral fenestra at. or very close to, the post-
erior angle of the fenestra. In alligatorids and
gavialids the quadratojugal-suture lies rcla-
tively further forward so that the posterior
angle of the infratcmporal fenestra is com-
posed entirely of quadratojugal. Norell (1989)
regards the condition in crocodylids to be
derived.

7. Reception pit for the fourth dentary rooth.
Alligatorids typically accomodate the canini-
form fourth dentary tooth in a rcception pit in
the rostrum so that when the jaws arc closed
this tooth is not visiblc in latcral view. In
contrast, the rostrum of other Eusuchians is
notched at the maxillo-premaxillary suture so
that the fourth dentary tooth remains visible
when the jaws are closed. Although there is
some variation in this feature in fossil allica-
torids and crocodylids, it has a high level of
consistency in extant forms, We follow Steel
(1973) in his interpretation of a reception pit as
the derived condition.

8. Enlarged fourthh maxillary tooth. In alli-
gatorids the fourth maxillary tooth is the larg-
estin the maxilla. In contrast, in other Eusuchians
the fifth maxillary tooth is the largest. Again.
therc is some inconsistency in the expression
of this character in some fossil forms but it
serves to distinguish alligatorids, and wc inter-
pret the enlarged fourth tooth as the dcrived
condition,

9. The guadratojugal spine. lts absencc is
widely accepted as a characteristic of alligato-
rids. Buffetaut (1985) interprets its presence as
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