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ABSTRACT
Two small teleost neurocrania are described from the Corsicana Formation (Maestrichtian) of Bexar County, Texas. These
neurocrania show little, if any, distortion due to crushing. This allows us to describe the specimens from all aspects. One
specimen has several characters that are found in the order Albuliformes. These include a distinct subepiotic fossa, an enlarged
otic bulla, a deep subtemporal fossa extending to occlude the post-temporal fossa, and an intercalar bone lacking bridge to the
prootic. This specimen is unusual in that the dermosphenotic is fused with the pterotic. Other than an enlarged otic bulla, the
second specimen does not show any diagnostic characters that allows us to place in any teleostean orders. The exceptional
preservation of these neurocrania is likely due to an infilling of the braincase of fine sediments as gasses are expelled. The
matrix inside the skulls prevented them from being crushed by overlying sediments.

INTRODUCTION

a probable Protosphyraena tooth, Enchodus sp. teeth,
and a reptile limb bone (D. Woehr, pers. comm.). We
describe these two vertebrate specimens, discuss their
taxonomy, and suggest possible reasons for their
unusual preservation.

Fossil fishes are commonly laterally compressed
when preserved. As a result, the bones and features of
the lateral neurocranium are poorly preserved, if not
lost all together. In 2007 and 2009, George Phillips of
the Mississippi Museum of Natural Science collected
two fish specimens from the Corsicana Formation of
Bexar County, Texas (Figure 1). These specimens
(MMNS-VP 4792 and MMNS-VP 5175) are small
neurocrania. What makes them unusual is that they are
preserved three dimensionally.
The Corsicana Formation is late Cretaceous
Maestrichtian (Young, 1977). The lithography, which
consists of undifferentiated claystones, indicates a
shallow, open, offshore depositional environment
(Young, 1977; Sohl and Koch, 1984). It is bounded by
a discomformity with the Kemp Formation below it
and gradates into Bergstrom Formation that is above it
(Young, 1977). Collecting in the Corsicana Formation
has yielded a number of invertebrates. Sohl and Koch
(1984) listed two species of scallops, two species of
clams, four oyster species, five species of snail, one
ammonite species, one species of sea urchin, and two
species of tubeworms. Well-preserved specimens of
various crab species have also been collected (D.
Woehr, pers. comm.). Vertebrate fossils from the
Corsicana Formation are relatively scarce. They
include
teeth
of
Squalicorax
pristodontus,
Serratolamna serrata, Carcharias sp., pycnodont teeth,

MATERIAL AND METHODS
MMNS-VP 4792 and MMNS-VP 5175 were
collected from Padrone Hill in Bexar County, Texas
(latitude 29.4 and longitude -98.7; Figure 1). Matrix
was mechanically removed using fine needles.
Specimens were whitened using ammonium chloride
(Feldman, 1989), and photographs were taken using a
Leica IC80 HD camera mounted on a Leica MZ 7.5
stereozoom microscope. Drawings were created from
the photographs and by using a drawing tube attached
to the same microscope as above.
Anatomical Abbreviations—asp, autosphenotic;
atfc, anterior opening of the pars jugularis; bo,
basioccipital; bs, basisphenoid; dsp, dermosphenotic;
ep, epiotic; fica, foramen for the internal carotid artery;
fm, foramen magnum; foa, foramen of the orbital
artery; fr, frontal; ic, intercalar; or, orbitosphenoid; pa,
parietal; par, parasphenoid; popj, posterior opening of
the pars jugularis; pr, prootic; ps, pterosphenoid; pt,
pterotic; ptf, posttemporal fossa; sef, subepiotic fossa;
soc, supraoccipital; so, supraorbital. I, foramen of the
olfactory nerve; II, foramen of the optic nerve; VII,
foramen of the hyomandibular nerve; VII ot, foramen
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of the otic branch of the VII nerve; IX, foramen of the
glossopharyngeal nerve; X, foramen of the vagus
nerve.
Institutional Abbreviation—MMNS, Mississippi
Museum of Natural Science.
____________________________________________

and the dermosphenotic, posteriorly by the paired
parietals, and posterolaterally with the pterotics.
There is a left and right supraorbital of which
only the posterior parts are preserved. They are lateral
to the frontals and posteriorly bound by the
dermosphenotic.
The parietals are sub-rectangular, paired bones
being slightly longer than wide. The suture between the
parietals is straight. Their dorsal surfaces of the
parietals are smooth with the continuation of the broad
ridges from the frontals. The supraoccipital slightly
separates the parietals posteriorly. The parietals are
bound by the frontals anteriorly and the pterotics
laterally. The epiotics follow the parietals
posterolaterally.
____________________________________________

FIGURE 1. Map of locality showing the collection site of MMNSVP 4792 and MMNS-VP 5175.

___________________________________________
SYSTEMATIC PALEONTOLOGY
Infraclass Teleostei (Wiley and Johnson 2010)
Supercohort Teleocephala
Cohort Elopomorpha
Order Albuliformes
Family Indeterminate
MMNS-VP 4792
(Figures 2–6)
Description—The specimen consists of a
neurocranium that shows almost no lateral
compression. The anterior portion is not preserved. The
length from the supraoccipital to the frontal dorsally is
1.15 . The widest point is located across the pterotics
and measures 0.9 cm. The maximum depth of the
neurocranium is 0.7 cm at the posterior end and
narrows to 0.55 cm at the anterior end.
The frontals are paired bones (Figure 2). The
anterior portion is not preserved. Each frontal is
rectangular and widens slightly posteriorly with the
suture between both frontal bones being straight. The
dorsal surface of each bone is smooth with a very low,
broad ridge running posteriorly to the parietal. The
frontal bones are bound laterally with the supraorbital

FIGURE 1. Map of locality showing the collection site of MMNSVP 4792 and MMNS-VP 5175.

____________________________________________
The dermosphenotics are elongated bones that
articulate with the supraorbitals anteriorly and the
frontals medially (Figure 2). They are fused with the
pterotics posteriorly. In lateral view, dermosphenotics
are tightly sutured to the autosphenotics (Figure 3).
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anteriorly. As a result, the pterotic and the
dermosphenotic appear as a single, continuous bone in
dorsal view (Figure 2).
The epiotic bones are irregular shaped, and the
supraoccipital separates them (Figure 2). They are
bound anteriorly by the parietal and anterolaterally by
the pterotic. The supraoccipital is an unpaired bone. It
is diamond shaped. Posteriorly, it had a shallow crest,
which was lost during preparation. It is bound
anteriorly by the parietals and laterally by the epiotics.
The autosphenotic makes up the posterior region
of the orbit. It is sutured with the dermosphenotic
dorsally (Figs. 3). The autosphenotic articulates with
the prootic posteriorly. It is a knob-shaped bone that
slightly tapers laterally with a shallow canal on the
dorsal surface (Figure 3).
____________________________________________

FIGURE 4. MMNS-VP 4792 in ventral view, anterior to the right. A,
photograph; B, drawing. Scale bar equals 2 mm.
_______________________________________________________
FIGURE 3. MMNS-VP 4792 in lateral view. A, photograph left side;
B, drawing left side; C, photograph right side; D, drawing right side.
Scale bar equals 2 mm.
_______________________________________________________

The pterotic bones are slender and rectangular.
Their dorsal surfaces are shallowly concave along their
length. They are fused with the dermosphenotic

Laterally, there is an enlarged and expanded area
in the otic region that Forey (1973) termed a bulla
(Figs. 3, 4). The bulla is made up of prootic,
exoccipital, and the basioccipital. Both the left and
right prootics are preserved. They are square-shaped
bones with an enlarged posterior region. Unlike other
albuloids, the anterior of the prootic is largely excluded
from the posterior wall of the orbit by the
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autosphenotic and the alar process of the parasphenoid
(Forey, 1973). The prootic contains the foramen of VII
nerve. Ventral to it lies the foramen for the orbital
artery, and posteroventral is the opening of the pars
jugularis (Figure 4). The dilatator fossa extends from
the posterior part of the prootic across the lateral face
of the pterotic (Figure 3). The facet for the
hyomandibula is a long groove ventral to the dilatator
fossa that runs from the anterior of the prootic across
the exocciptial, bordering the pterotic dorsally.
The anterior region of the parasphenoid is not
preserved, but the parasphenoid appears to widen
laterally at the orbital region and narrows again
posteriorly (Figure 4). There is a narrow bar that can be
seen along the length of it until it forms the posterior
incisures. The bar lacks teeth. It has narrow posterior
incisures. The parasphenoid contains the foramina for
the internal carotid arteries, which are just anterior to
the alar process. A small fragment of the pterosphenoid
is present anterior to the autosphenotic (Figure 3D).
____________________________________________

for IX and X nerves (Figs. 3, 4). The intercalar bones
are small elongate bones ventral to the pterotic and
dorsal to the exoccipital.
The basioccipital is an unpaired, oval bone. It
makes up the ventral portion of the otic region (Figs. 4,
5). The basioccipital meets with the prootic posteriorly
and is mediodorsal to the exoccipital. The middle
portion is covered by the parasphenoid. The posterior
region of the basioccipital forms the condyle for the
first vertebra.
The foramen magnum is large (Figure 5). The
medial borders of the exoccipitals form a distinct ridge
that surrounds the foramen magnum. This ridge also
forms the medial wall of the sub-epiotic fossa, which is
large and deep. The dorsal and lateral walls are made
up of the supraoccipital and epiotic bones. Lateral to it
is the post-temporal fossa that is smaller and deeper
than the subepiotic fossa. The fossae are separated by a
hump made up of the pterotic, exoccipital and epiotic.
There is a tiny, isolated portion of the pterotic on the
hump, which can be seen in Albula vulpes (Forey,
1973). The posttemporal fossa is limited dorsally by
the epiotic, laterally by the pterotic, and lateroventrally
by the intercalary.
The foramina for the I and II cranial nerves are
difficult to distinguish from each other due to the
matrix but we presume that they are located along the
sagittal plane (Figure 6). The foramina lateral to the I
and II nerve are the otic branch of the VII nerve and
the anterior openings of the pars jugularis.
____________________________________________

FIGURE 5. MMNS-VP 4792 in posterior view. A, photograph; B,
drawing. Scale bar equals 2 mm.
______________________________________________________

The exoccipital is a triangle-shaped bone. It meets
anteriorly with the prootic and dorsally with the
pterotic (Figs. 3, 4). It makes up the posterior and
posterolateral side of the enlarged area of the otic
region. A narrow bar of bone separates the foramina

FIGURE 6. MMNS-VP 4792 drawing in orbital view. Scale bar
equals 2 mm.

___________________________________________
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Infraclass Teleostei (Wiley and Johnson 2010)
Teleostei Indeterminate
MMNS-VP 5175
(Figs. 7–11)
Description—The preservation of MMNS-VP
5175 consists of the neurocranium. Even less of the
ethmoid region of the skull is preserved compared to
MMNS-VP 4792. The measurements are 0.85 cm in
length, 0.6 cm in maximum width, and 0.65 cm in
maximum depth.
____________________________________________
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separated from each other by the supraoccipital. The
epiotics articulate with the parietals posteriorly and the
pterotics laterally.
The autosphenotics and dermosphenotics are
tightly fused. The dermosphenotics are elongated bones
that articulate with the frontals medially and the
pterotics posteriorly (Figure 7). Tin dorsal view, the
autosphenotics are elongated triangles that widen
anteriorly. The left one has a knob that has been
preserved, but the right side does not seem to be as
well preserved. Laterally, the autosphenotics make up
the posterior margin of the orbits. The autosphenotics
articulate the pterotics posteriorly and the prootics
posteroventrally.
____________________________________________

FIGURE 7. MMNS-VP 5175 in dorsal view, anterior to the right. A,
photograph; B, drawing. Scale bar equals 2 mm.
______________________________________________________

The frontal bones are not fully preserved (Figure
7). The suture separating the two frontals is straight.
The frontals meet dermosphenotics laterally, the
parietals posteriorly, and with the supraoccipital
posteromedially. The frontal bones have a smooth
surface. The parietals are square and are completely

FIGURE 8. MMNS-VP 5175 in posterior view. A, photograph; B,
drawing. Scale bar equals 2 mm.
______________________________________________________

The pterotics are elongated bones with irregular
borders. The right pterotic is better preserved than the
left. Dorsally, there is a low ridge present on the lateral
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edge of both pterotics; otherwise, the dorsal surface is
smooth. They articulate with the autosphenotics
anteriorly and the parietals medially. The epiotics are
triangular bones that have a slight ridge on the dorsal
surface. They meet anteriorly with the parietals and
laterally with the pterotics, and medially with the
supraoccipital.
____________________________________________

FIGURE 10. MMNS-VP 5175 in lateral view, anterior to the left. A,
photograph; B, drawing. Scale bar equals 2 mm.
_______________________________________________________

FIGURE 9. MMNS-VP 5175 in ventral view, anterior to the right. A,
photograph; B, drawing. Scale bar equals 2 mm.
______________________________________________________

The supraoccipital is a long bone (Figure 7). The
anterior region of the suproccipital separates the
parietals. The supraoccipital widens laterally at
boundary between parietals and the epiotics. The
supraoccipital crest is elongated, but not pronounced
and extends to the foramen magnum (Figure 8). The
bone meets with the epiotics laterally and with the
exoccipital posteriorly.

The anterior portion of the parasphenoid is not
preserved (Figure 9). The alar process is broad,
extending further laterally than that of MMNS-VP
4792. The parasphenoid narrows beneath the braincase
only to widen again posteriorly. There are many
slender ridges and tiny pits on the ventral surface.
Laterally, the left and right sides vary in terms of
preservation depending on the bone observed (Figure
10). The prootics articulates the autosphenotics
anterodorsally, the parasphenoid anteroventrally, and
with the exoccipitals posteriorly. A laterally expanded
otic region is made up mostly of the prootic and part of
the exoccipital. The foramen for the VII cranial nerve
is at the anterior edge of the prootic near the boundary
of the autosphenotic. Laterally, exoccipitals articulate
with the prootics anteriorly, the pterotics dorsally, and
the basioccipitals ventrally. The exoccipitals contain
the foramen of the IX and X nerves; the foramen for
the X nerve is the posterior one.
The basioccipital lies at the posterior end on the
ventral side of the braincase (Fig.9). The posterior of
the parasphenoid covers a portion of the basioccipital,
making it appear to be paired. The intercalar bone does
not seem to have been preserved.
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FIGURE 11. MMNS-VP 5175 in orbital view. Scale bar equals 2
mm.
_______________________________________________________

Matrix obscures much of the dorsomedial region
in the orbital view (Figure 11). The foramina for the I
and II cranial nerves are difficult to distinguish as well
as the boundaries of the orbitosphenoid. Ventral to that
region is the basisphenoid and the parasphenoid is
ventral to that. The pterosphenoid is ventral to the
sphenoid. The foramen for the otic branch of the VII
nerve is ventral to the knob of the autosphenotic.
DISCUSSION
Taxonomic Affinities—We place MMNS-VP
4792 within the Albuliformes based on the single
cranial unique synapomorphy, which is the presence of
a distinct subepiotic fossa (Forey et al., 1996; Wiley
and Johnson, 2010). There are additional characters
that further support its inclusion within the
Albuliformes. These include an enlarged otic bulla, a
deep sub-temporal fossa extending to occlude the post-
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temporal fossa, and a small intercalar bone lacking
bridge to the prootic (Forey, 1973; Forey et al., 1996;
Mayrinck et al., 2010). An enlarged otic bulla is also
found in other groups such as the chlopsid eel,
Kaupichthys (Gosline, 1950); in the osmerids,
Speirsaenigma lindoei Wilson and Williams 1991,
Thaleichthys, and Spirinchus (Wilson and Williams,
1991; Johnson and Patterson, 1996); as well as on
MMNS-VP 5175. Other characters that unite the
Albuliformes are not preserved.
The ridge that demarcates the medial wall of the
subepiotic fossa is found in species of Osmeroides.
Forey (1973) lists this feature as diagnostic to the
family Osmeroididae. He further states that this
represents the fusion of the first vertebra to the skull. It
is not found in any living or fossil Elopiform fishes that
we surveyed. MMNS-VP 4792, however, lacks other
diagnostic characters, such as teeth on the
parasphenoid (Forey, 1973). Therefore, there is not
enough evidence to place this specimen in the family
Osmeroididae.
What makes MMNS-VP 4792 unique is the
fusion of the dermosphenotic with the pterotic, which
gives the appearance of a single continuous bone in
dorsal view. The only fish that approaches this
relationship between the pterotic, sphenotic, and frontal
is Paraelops Silva Santos, 1971 (Silva Santos, 1971;
Maisey, 1991). The anterior part of the pterotic of
Paraelops almost completely separates the frontal bone
from the dermosphenotic, but the pterotic and
dermosphenotic are not fused (Maisey, 1991).
MMNS-VP 5175 also has an enlarged otic region
that is the only character that matches that of the
albuliform fishes, but we cannot place it in the
Albuliformes based on this character alone. The
separation of the parietals by the supraoccipital is
found in the Pachyrhizodontidae (Forey, 1977), the
osmerids Allosmerus and Thaleichthys (Wilson and
Williams, 1991), and the Late Cretaceous euteleost
Spaniodon (Taverne and Filleul, 2003). It is not a
member of the Pachyrhizodontidae because it lacks the
excavation of the frontal margin (Forey, 1977). We
cannot place it in the euteleosts because none of the
potential apomorphic characters are preserved.
Therefore, we assign it as an indeterminate teleost fish.
Taphonomic Interpretation—Numerous crab
specimens were preserved nearly complete and
uncrushed (D. Woehr, pers. comm.). Although
arthropod exoskeleton is thicker than the skull of a fish,
the same taphonomic process was at work. The build
up of gases due to bacterial decomposition and release
of those gases in the carcasses of fish are affected by
temperature, water depth and oxygen levels (Schäfer
and Craig, 1962; Elder and Smith, 1984). We speculate
that the gases due to decomposition escaped from the
neurocrania and from crab carcasses created a vacuum
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as they rested on the substrate. This vacuum caused
fine clay to fill in the braincases and the interior of the
crabs’ exoskeletons. The matrix then prevented them
from being crushed by overlying sediments.
Scavengers rather than transport by floatation were
likely responsible for the lack of post-cranial skeleton
of the fish specimens. Disarticulation by floatation
would not have allowed the skulls to be filled up with
clay once the gases were released.
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