Revisiting the brain anatomy of the early Oligocene
eutherian mammal Leptictis based on virtual endocasts

CARL C. VAN GENT, JOHN R. WIBLE, STEPHEN L. BRUSATTE, LAWIZA KAMRAN,
and ORNELLA C. BERTRAND

Van Gent, C.C., Wible, J.R., Brusatte, S.L., Kamran, L., Bertrand, O.C. 2026. Revisiting the brain anatomy of the early
Oligocene eutherian mammal Leptictis based on virtual endocasts. Acta Palaeontologica Polonica 71 (3): 519-534.

Leptictidae are an extinct early Cenozoic group of mammals that has been challenging to place phylogenetically within
Eutheria. They have been considered closely related to various crown placental groups such as Lipotyphla, Macroscelidea,
or Euarchontoglires based on their “insectivore-grade” features, or as very early placentals or even non-placental euthe-
rians because of their plesiomorphies. Since the 1920s their brain anatomy has been studied using natural endocasts, and
oftentimes they are viewed as a model for the ancestral neurosensory conditions of placentals. Here, we use computed
tomography (CT) for the first time to generate digital endocranial casts of two species of the canonical early Oligocene
leptictid genus, Leptictis. Both species present similar endocranial anatomies with variation in the number of condyloid
canals and the enclosure of the inferior petrosal sinus. Critically, we find differences compared to descriptions of natural
endocasts, most notably that the rhinal fissure is more dorsally positioned, suggesting that Lepfictis did not have a par-
ticularly expanded neocortex compared to Lipotyphla, Afrosoricida, and Macroscelidea. Furthermore, Leptictis was not
particularly encephalized, and its brain size relative to body size was within the range of modern insectivorous taxa and
Eocene mammals generally. Similar endocranial features in Leptictis and Eoryctes are likely plesiomorphic and do not
represent a close phylogenetic relationship, and brain anatomy does not clarify the troublesome relationships of leptictids.
The small neocortex and petrosal lobules might reflect fossorial adaptations in Leptictis, but more endocranial data from
other Leptictidae will be fundamental to better understand any neurosensory shift that may have occurred within this group.
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. 1997; Gunnell et al. 2008). Potentially, they also had lat-
IntrOdUCtIOH est Cretaceous relatives, which would make them one of
Leptictidae are a family of extinct mammals that are well ~ the few clades of eutherian mammals known to cross the
represented in the fossil record especially from the Paleocene ~ Cretaceous/Paleogene boundary (Velazco et al. 2022). The
to the Oligocene (e.g., Novacek 1977, McKenna and Bell taxonomic placement of Leptictidae has been long debated,
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and this family has been considered closely related to many
different clades of placental mammals, including Lipotyphla,
Macroscelidea, and various groups within Euarchontoglires
(e.g., Van Valen 1965; Novacek 1986; Rose 1999; Asher et
al. 2003; O’Leary et al. 2013 ). We used the term Lipotyphla
instead of Eulipotyphla following Asher and Helgen (2010).
In some large-scale phylogenetic analyses, they have also
been found outside of the placental crown and therefore con-
sidered stem placental mammals—and thus a key outgroup
for understanding the origin and ancestral morphologies of
placentals (e.g., Wible et al. 2007; Velazco et al. 2022). This
incongruence stems, at least in part, from the fact that lept-
ictids display ancestral features of crown placental mam-
mals (Novacek 1982). Leptictidae have been found in Asia
(Kellner and McKenna 1996; Tong and Wang 2006) and in
North America, where they were most diverse and abundant.
Previously, European Leptictida were considered part of the
family Leptictidae (McKenna and Bell 1997), but are now con-
sidered to be part of another family: Pseudorhynchocyonidae
(Morlo et al. 2004; Rose 2012; Hooker 2013).

A total of 13 leptictid genera are currently known from
North America, including five from the Paleocene and
Paleocene/Eocene boundary (Gidley 1915; Matthew and
Granger 1921; Matthew 1929; Van Valen 1967; Gingerich
and Smith 2006), and several others from the Eocene and
Oligocene (Leidy 1868; Matthew 1899; Novacek 1977,
Meehan and Martin 2010, 2012; Velazco and Novacek 2016;
Gunnell et al. 2016; Korth 2022).

The early Oligocene taxon Leptictis, and specifically
the species Leptictis haydeni Leidy, 1868, and Leptictis da-
kotensis (Leidy, 1868), have been well known for over 150
years, as they were described for the first time by Leidy
(1868). There are currently nine recognized species belong-
ing to Leptictis (Gunnell et al. 2008; Korth 2022). Leptictis
haydeni has been accepted as the type of Leptictis even
though it was only known from one specimen, a cranium
(see Gunnell et al. 2008; Meehan and Martin 2010; Wible
and Bertrand 2024). Leptictis had morphological features
indicating cursorial and potentially saltatorial locomotion,
including hind limbs that were relatively long in comparison
to its forelimbs (Rose 2006). Other aspects of the forelimb
morphology also support digging adaptations (Rose 2006).
Additionally, some specimens of Leptictis have been found
in fossilized burrows from the early Oligocene (Sundell
1997). Previous work suggested that Leptictis may have
eaten preferentially small vertebrates based on its broad
snout; another leptictid, Blacktops has a narrower snout and
was thought to have a diet including invertebrates such as
arthropods and worms (Meehan and Martin 2012). Based on
the dentition, it is likely that Leptictis was to some degree
insectivorous and omnivorous (Gunnell and Bloch 2008).

Leptictis has been central to discussions of mammal
brain evolution for over a century. The first description
of the brain endocast of Leptictis was made by Moodie in
1922, based on a physical sediment infill cast of the endo-
cranial cavity. Later, Novacek (1982, 1986) published a more
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detailed description, also using physical casts, that critiqued
the results from Moodie (1922) (e.g., position of the rhinal
fissure). Moodie (1922) examined three different specimens
that he identified as Ictops (now recognized as Leptictis;
see Novacek 1976). These specimens were attributed to
Leptictis acutidens, but without certainty because of the
lack of associated osteological elements (Moodie 1922).
Novacek (1982, 1986) studied more than 30 specimens of
Leptictis dakotensis from different museum collections
with various degrees of preservation that allowed the obser-
vation of the brain endocast. Leptictis was viewed as having
a derived brain morphology based on the observation that
the neocortex was relatively well developed (Novacek 1982,
1986). Novacek (1982) made the majority of his comparisons
with three clades: Macroscelidea (Afrotheria), Afrosoricida
(Afrotheria), and Lipotyphla (Laurasiatheria) that were once
classified in the now invalid order “Insectivora”, but cur-
rently are known to be distributed across the placental mam-
mal family tree (Seiffert 2007, Murphy et al. 2021).

Here, we provide a new look at the brain of Leptictis
based for the first time on digital endocasts generated from
high-resolution computed tomography (CT) scanning. We
describe the endocranial anatomy of two Leptictis specimens
belonging to two different species from the Brule Formation
in South Dakota (Oligocene, Orellan North American Land
Mammal Age). The virtual endocast of the brain of L. haydeni
(ANSP 11402), the type of the genus Leptictis, is described
here for the first time and compared to data from L. dakoten-
sis (SDSM 62369). Past studies used natural brain endocasts,
which might limit the amount of information that can be
extracted, as natural endocasts are often incomplete, whereas
our CT data allow us to construct high-resolution 3D models
of the brain endocasts. Therefore, we revisit the hypotheses
made by Novacek (1982) about the brain of Leptictis includ-
ing its morphology (e.g., presence of sulci, exposure of the
midbrain), its relative size, and the size of its components (i.e.,
neocortex and the olfactory bulbs). Through the digital recon-
struction of the brain of the two Leptictis specimens, we aim
to shed some light on the ecology and behavior of Leptictis
and its phylogenetic relationships with other mammals.

Institutional abbreviations—AMNH F: AM, Frick col-
lection: American Museum of Natural History, New York,
USA; ANSP, Academy of Natural Sciences, Philadelphia,
USA; UM, Museum of Paleontology, University of Michigan,
Ann Arbor, USA; SDSM, South Dakota School of Mines
Museum, Rapid City, USA.

Other abbreviations—CRMW, cerebrum maximal width;
CLMW/L, cerebellum maximal width/length; EQ, en-
cephalization quotient; NALMA, North American land
mammal age; OL/W/H, olfactory bulb length/width/height;
PEQ, phylogenetic encephalization quotient; TL, total endo-
cast length. We follow standard convention in abbreviating
tooth families as I, C, P, and M, with upper and lower case
letters referring to upper and lower teeth, respectively.
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Material and methods

Specimens under study—We constructed digital endocasts
of two Leptictis specimens using CT data. The first of
these, a specimen of Leptictis haydeni (ANSP 11402), is
from Mauvaises Terres in the White River Group of South
Dakota (named “Mauvais Terraces” in Janis et al. 2008).
This locality is part of the Oligocene Brule Formation and
more specifically the Orellan NALMA. ANSP 11402 is the
type and only known specimen of L. haydeni (Novacek
1976; Wible and Bertrand 2024). The second specimen,
initially referred to Leptictis sp. (SDSM 62369), is from
another locality, Reva Gap, Slim Buttes (Harding County,
South Dakota), also from the Orellan of the Brule Formation
(Janis et al. 2008). SDSM 62369 is most similar to Leptictis
dakotensis in terms of its size and craniodental morphology
and was therefore referred to L. dakotensis in Wible and
Bertrand (2024). The Orellan NALMA indicates an age
33.9-32.1 Ma for both specimens (ages from Vandenberghe
et al. 2012). Leptictis haydeni (ANSP 11402) is well pre-
served with a complete cranium slightly distorted mediolat-
erally. Leptictis dakotensis (SDSM 62369) also shows little

to no signs of crushing, though it is missing the zygomatic
arches on both sides of the cranium (Fig. 1). We also had ac-
cess to two natural endocasts of Leptictis: one of Leptictis
sp. AMNH F: AM 87458 (Chalky Buttes SE, North Dakota;
Orellan NALMA; see Wahlert 2004) and one of L. da-
kotensis AMNH F: AM 96730 (see Novacek 1982: fig. 1).
The basicranial anatomy and the vascular and nervous sys-
tems of ANSP 11402 and SDSM 62369 have recently been
described in Wible and Bertrand (2024). In terms of the
nomenclature, we follow previous publications to describe
the endocranial anatomy of the endocasts (e.g., Silcox
et al. 2010; Harrington et al. 2016; Bertrand et al. 2020,
2024; Vincent et al. 2025), nerves and vessels (Wible and
Bertrand 2024) of Leptictis. One exception corresponds to
the use of the term orbitotemporal canal in Leptictis, which
is technically not fully enclosed in a bony canal when it is
lateral to the cerebrum (within the middle cranial fossa) and
instead leaves a groove on the endocranial surface (Wible
and Bertrand 2024). Therefore, we refer to orbitotemporal
vessels instead of canal. We elected to describe the endo-
casts without comparing them to other mammals because
of the very uncertain phylogenetic position of Leptictis. In

Fig. 1. Translucent renderings crania with their virtual endocasts inside of Leptictis dakotensis (Leidy, 1868), SDSM 62369 (A) from Orellan, Oligocene,
Brule Formation, Reva Gap, Slim Buttes, Harding County, South Dakota, USA and Leptictis haydeni Leidy, 1868, ANSP 11402 (B) from Orellan,
Oligocene, Brule Formation, Mauvaises Terres, White River Group, South Dakota, USA. Left (A, By) and right (A,, B,) lateral and dorsal (As, B;)
views. Different colors were used to depict the endocasts that correspond to what is calculated for the brain endocast (blue) and the petrosal lobule (green)
volumes in Avizo. The parts in gold correspond to vessels in bony canals that are not included in the endocranial volume in order to not overestimate the

volume of the endocranial cavity.



522

the discussion, we make comparison with other mammals
concerning relevant anatomical features such as the rhinal
fissure, orbitotemporal vessels, the presylvian sulcus and
the orbital gyrus.

Virtual endocast acquisition—The two specimens were
scanned at the Microscopy and Imagery Facility (MIF)
at the American Museum of Natural History (AMNH).
The scanning parameters for L. haydeni (ANSP 11402)
were: voltage of 190 kV, current of 180 pA and a voxel size
of 0.04348457 mm and for L. dakotensis (SDSM 62369),
the voltage and current where respectively of 170 kV and
190 pA and the voxel size was of 0.03438626 mm. The
two specimens were segmented in AvizoLite® 2020.3 soft-
ware (Thermo Fisher Scientific). We created new labelfield
modules to segment the brain endocasts for both speci-
mens. Leptictis dakotensis (SDSM 62369) was segmented
by OCB (see Bertrand et al. 2022) and L. haydeni (ANSP
11402) by CCvG. We used the Avizo pen tool to draw the
boundaries between the fossilized bone and endocranial
space because the endocranial cavity was filled with matrix
that had a similar density to the bone. In instances where
the bone was not preserved, straight lines were traced from
the two nearest pieces of bone. Interpolation was performed
between approximately three slices. To estimate the volume
of the brain endocasts, we generated their surface rendering
using unconstrained smoothing in Avizo. The volume of
the olfactory bulbs was measured using the “Volume Edit
tool” in Avizo. For the petrosal lobules, they were re-seg-
mented, so their volume could be quantified similarly to the
endocranial volume. The function “Surface Area Volume”
was used to obtain the values of the endocranial, olfactory
and petrosal lobule volumes. To measure the neocortical
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surface area, we used the previously obtained surface of
the endocast and isolated the neocortex manually from the
rest of the endocast. Then, the function “extract surface”
was used to obtain the value for the surface area of the
neocortex.

Body mass and encephalization quotient estimations.—For
this study, we employed different equations to estimate
the body mass of the studied individuals. We used dental,
cranial, and postcranial data to determine the body mass
of L. dakotensis and cranial data only for L. haydeni, as
the one known specimen consists solely of a cranium. All
of the body mass formulas were taken from the literature
(Table 1). We used the mammal equation of the ml of
Legendre (1989) and the m1 “non selenodont taxa” equa-
tion from Damuth (1990). For the cranial length equation,
we used the one created by Bertrand et al. (2022) that was
based on a sample of mammals produced by Kirk et al.
(2014). Further estimations of body mass were done us-
ing postcranial elements, more specifically, the length of
the femur and the humerus, using formulas put forth by
Campione and Evans (2012). We recognize that the cir-
cumference of the femur and the humerus would be better
estimators of body mass (as noted by Campione and Evans
2012), but we did not have access to these specimens to
make these measurements. The osteological data used to
obtain the body mass for L. dakotensis were from different
specimens (Table 2). For the m1, we use the data published
by Meehan and Martin (2010), and the lengths of the hu-
merus and femur are from Rose (2006). We note that the
estimation of the cranial length of L. dakotensis (SDSM
62369) is slightly underestimated as the tip of the nasal is
broken. For L. haydeni (ANSP 11402), we used the cranial

Table 1. Equations used to calculate the body masses (measurements in mm) of both specimens of Leptictis. Abbreviations: BM, body mass; CL,
cranial length; FL, femur length; HL, humerus length; LN, natural logarithm; LOG10, logarithm with base 10; OCW, occipital condylar width.

Equation Formula References
107(3.17 x (LOG10(m1 length)) + 1.04) Damuth 1990: non selenodont taxa
Dental 107(1.51 x (LOG10(m1 area)) + 1.44) Damuth 1990: non selenodont taxa
EXP(1.7054 x (LN(m1 area)) + 2.247) Legendre 1989: mammals
Cranial 107(3.4082*(LOG10(CL)) - 3.3039) Bertrand et al. 2022; sample from Kirk et al. 2014

Occipital condyle

EXP(7.70727*(LN(OCW)"(2/3))) - 8.21527

Engelman 2022: therians only

2.993*(LOG10(FL)) - 2.341

Campione and Evans 2012: femur length

Postcranial

2.8626%(LOG10(HL)) - 1.8476

Campione and Evans 2012: humerus length

Table 2. Osteological measurements (in mm) used to determine the body mass of both specimens of Leptictis. * slightly underestimated (broken

tip of the nasal).

. . Leptictis haydeni
Measurements Source Leptictis dakotensis (ANSP 11042)
m1 length 3.14 —
m1 width Meehan and Martin 2010 | AMNH 38915 4.37 -
ml area width/length ratio 13.72 —
cranial length this study 62.575% 65.78
DSM 62
occipital condylar width this study SDSM 62369 — 16.24
femur length 54 —
Rose 2 PC-002
humerus length 0se 2006 IPC-00 36.7 -
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length and the occipital condylar width (Engelman 2022) to
estimate its body mass (Table 2). Because of deformation to
L. dakotensis (SDSM 62369), we were not able to obtain an
accurate measure of the occipital condylar width. The body
masses for both specimens are relatively close. An average
value of 742.95 g was obtained for L. dakotensis and of
966.89 g for L. haydeni (Table 3).

We calculated the encephalization quotient (EQ) based
on the equations from Jerison (1973) and Eisenberg (1981) to
allow comparisons of relative brain size with previously pub-
lished mammal specimens and the results obtain for Leptictis
by Novacek (1982). The PEQ (phylogenetic encephaliza-
tion quotient) was also calculated for future reference us-
ing the equation for all mammals from Burger et al. (2019)
and are presented in SOM: table S1 (Supplementary Online
Material available at http://app.pan.pl/SOM/app71-VanGent_
etal SOM.pdf. The EQ corresponds to the ratio of the actual
brain size (E;) of a species “1” and the expected brain size for
a hypothetical mammal of similar body mass (E;) Martin
(1990). The following equations were used: EQ = brain size/
(0.12*(body mass)"0.67, Jerison (1973) and EQ = brain size/
(0.0553*(body mass)"0.74, Eisenberg (1981). We used both
equations because the samples used to make these equations
led to EQs being underestimated with Jerison (1973)’s equa-
tion and overestimated with the one from Eisenberg (1981)
(see Bertrand et al. 2019).

Neurobiological measurements.—We produced ratios of
the olfactory bulb and petrosal lobule volumes and neo-
cortical surface area in relation to both endocranial size
and body mass (Table 4). Linear measurements were taken
on the virtual endocasts of both specimens and ratios were
calculated based on Bertrand and Silcox (2016), but they
have also been applied to other mammals (Bertrand et al.
2024; Cabasés Bru et al. in press). Ratios of these lin-
ear measurements were produced (Table 4). In the discus-
sion, we also quantitatively compare the brain endocast of
Leptictis with Macroscelidea, Afrosoricida, and Lipotyphla
using boxplots of the EQ, neocortical and olfactory bulb
percentage ratios (%) to revisit previous conclusions from
Novacek (1982) about the senses of Leptictis. To make these
boxplots, we used data from different sources (Stephan
et al. 1991; Boddy et al. 2012; Benoit et al. 2013). For one
particular specimen of the dataset (Galegeeska revoilii), its
body mass was obtained from Smith et al. (2003). For the
EQ boxplot, the endocranial volumes of both specimens
of Leptictis and of the data from Benoit et al. (2013) were
converted to brain mass using the equation from Stephan et
al. (1981) to be comparable to the rest of the data. The neo-
cortical and olfactory volumes were converted to neocor-
tical and olfactory bulb masses in order to produce ratios
of these two structures vs. brain mass. For Leptictis and
the data from Benoit et al. (2013), we used the surface of
the endocasts and of the neocortex to produce neocortical
ratios. The boxplots were generated using the R packages
“ggplot2” (Wickham 2016) in R studio (R v4.5.2; R Core
Team 2019).

Table 3. Body mass estimations (in g) of both specimens of Lepfictis.

Body mass estimations L. dakotensis L. haydeni
based on (SDSM 62369) | (ANSP 11402)
m1 area, equation Legendre 1989 823.38 -
m1 length 412.35 —
m1 area, equation Damuth 1990 1437.11 —
cranial length 658.56 780.78
occipital condylar width — 1153.01
femur length 698.32 -
humerus length 427.97 —
Average body mass 742.95 966.89

Table 4. Linear measurements, surface areas, volumes, EQ, body mass
measurements and their ratios for the specimens of both studied species
of Leptictis. The values in bold are published in Bertrand et al. (2022).
CLMW/L, cerebellum maximal width/length; CRML/W/H, cerebrum
maximal length/width/height; OL/W/H; olfactory bulb length/width/
height; TL, total endocast length; T/NS, total endocast/neocortical sur-
face area; T/O/PV, total endocast/olfactory bulb/petrosal lobule volume.

Leptictis dakotensis | Leptictis haydeni
(SDSM 62369) (ANSP 11402)

Linear measurements (mm)
TL 31.67 33.80
OL 7.44 7.86
ow 12.28 12.93
OH 7.6 8.02
CRML 16.71 17.43
CRMW 18.72 20.38
CRMH 13.54 13.34
CLML 7.85 8.76
CLMW 17.96 19.31
Ratios linear measurements (%)
OL/TL 23.49 23.25
OL/OW 60.59 60.79
OL/OH 97.89 98.00
CRML/TL 52.76 51.57
CLMW/CRMW 95.94 94.75
OW/CRMW 65.60 63.44
OW/CLMW 68.37 66.96
OL/CRMH 54.95 58.92
Surface areas and volumes
TS (mm?) 2034.72 2192.61
NS (mm?) 268.79 246.84
TV (mm?) 4307.64 5114.89
OV (mm?) 406.38 429.86
PV (mm?) 70.40 32.80
Ratios surface areas and volumes (%)
OV/TV 9.43 8.40
OV/BM 0.05 0.04
PV/TV 1.63 0.64
PV/BM 0.009 0.003
NS/TS 13.21 11.26
NS/BM 0.04 0.03
Encephalization Quotient (EQ)
EQ: Jerison 1973 0.43 0.43
EQ: Eisenberg 1981 0.58 0.57
Body mass (g) 742.95 966.89
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Results

Overall brain endocast and encephalization quotient.—
Both crania are well preserved and there is no noticeable
deformation that may affect the measurements of volumes,
surfaces, and linear dimensions. The virtual brain endo-
casts of L. dakotensis (SDSM 62369) and L. haydeni (ANSP
11402) differ moderately in absolute size but show broadly
similar proportional relationships among major brain re-
gions. In terms of ratios of the linear measurements, both
specimens have overall very similar proportions including
the ratio of the total endocast length and maximal width
of the cerebrum representing the maximum width of the
endocast (TL/CRMW; Table 4). Based on both virtual en-
docasts, the total endocranial volume (TV) is about 4-5 cm?
(Table 4), which corresponds to a brain that would poten-
tially exhibit sulci and be gyrencephalic based on previous
studies (e.g., Bauchot and Stephan 1967; Striedter 2005;
Macrini et al. 2007). From the estimated body masses (Table
4) obtained using osteological proxies, the encephalization
quotient calculated following Jerison (1973) is 0.43 for both
specimens. Using Eisenberg’s (1981) equation, EQ values
are higher and correspond to 0.58 for L. dakotensis and 0.57
for L. haydeni (Table 4).

Olfactory bulbs—The olfactory bulbs of L. haydeni and
L. dakotensis are positioned dorsal to the anterior aspect of
the M3 (Fig. 1A, B,). Both specimens have very similarly
shaped olfactory bulbs, although they are proportionally
slightly more anteroposteriorly elongated in L. dakotensis
compared to the rest of the endocast (Fig. 2A;; Table 4:
OL/TL). In dorsal view, the olfactory bulbs are elliptical
in shape, and they are mediolaterally wider in the posterior
compared to the anterior aspect (Fig. 2A). The olfactory
bulbs are antero-posteriorly conjoined on the midline in
both specimens, and there is no bone that separates them
(Fig. 2A). The cast of the superior olfactory sinus is posi-
tioned medial to each olfactory bulb and is visible in dorsal
view on both specimens (Fig. 2A). In lateral view, the ol-
factory bulbs are triangular in overall shape, and the upper
posterior margin of the olfactory bulb is convex while the
lower posterior margin is more concave (Fig. 3A;, B)).

In terms of proportions and size, the olfactory bulbs are
similarly developed in both Leptictis species with equivalent
ratios of the olfactory bulb length vs. olfactory bulb width
and height (OL/OW and OL/OH; Table 4). The olfactory
bulbs are nearly as tall as they are long in both taxa, with OL/
OH ratios of 97.89% (L. dakotensis) and 98.00% (L. haydeni;
Table 4). The olfactory bulbs correspond to 9.43% of the en-
docranial volume in L. dakotensis and a slightly smaller pro-
portion of 8.41% in L. haydeni (see Fig. 4C using data from
SOM: table S1). Relative to estimated body mass, olfactory
bulb volume represents a similar proportion in L. dakotensis
(0.05%) and in L. haydeni (0.06%; Table 4).

Cerebrum and midbrain—The virtual endocasts of L. hay-
deni and L. dakotensis display a circular fissure separating
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the olfactory bulbs from the cerebrum (Figs. 2, 3). The
olfactory bulbs and the circular fissure are not covered by
the cerebrum anteriorly (Fig. 2A), indicating that the fron-
tal lobes of the cerebrum were not expanded in contrast to
many modern mammals such as in primates, elephants, and
whales (Herculano-Houzel 2012: fig. 1). The cerebrum is
composed of two main regions: the neocortex and the pa-
leocortex, which are separated by the rhinal fissure (Martin
1990). This feature is an important landmark that has been
used to determine the degree of development of the neocor-
tex in mammals (Jerison 2012; Long et al. 2015). In some
mammalian groups, the rhinal fissure and the orbitotempo-
ral vessels overlap (i.e., Euarchontoglires; e.g., Silcox et al.
2010; Bertrand et al. 2017). However, some mammals show
a different configuration wherein the rhinal fissure is lo-
cated dorsal to the orbitotemporal vessels (e.g., Orliac et al.
2012; Benoit et al. 2013; Cabasés Bru et al. in press), which
is related to the neocortex being less expanded than in taxa
in which the rhinal fissure and the orbitotemporal vessels
overlap. Both studied specimens of Leptictis show the first
condition in which the rhinal fissure is located dorsal to the
orbitotemporal vessels (Figs. 2A, 3A,, B,).

The position of the orbitotemporal vessels as ventral to
the rhinal fissure is more clearly observable in the lateral
view of L. haydeni than in L. dakotensis (Fig. 3A,, B;). In
dorsal view, the rhinal fissure is well demarcated in both
specimens (Fig. 2A). In lateral view, the rhinal fissure is
directed anterodorsally, while the orbitotemporal vessels are
anteriorly to slightly anteroventrally oriented (Fig. 3). All of
the boundaries of the neocortex are visible in dorsal view,
suggesting a limited expansion of this structure (Fig. 2A).
In the same view, the overall shape of the cerebrum of both
specimens is triangular with the anterior aspect of the ce-
rebrum being narrower mediolaterally than the posterior
region (Fig. 2A). In ventral view, the olfactory peduncles
are more distinguishable from the rest of the paleocortex in
L. dakotensis compared to L. haydeni (Fig. 2B).

The midbrain is visible, but the colliculi of the midbrain
are not preserved on the surface on either virtual endocast.
The midbrain is not covered by the cerebellum posteriorly or
by cerebrum anteriorly (Fig. 2A), which might suggest that
the colliculi might be covered by other tissues. However, the
inferior colliculi are visible on the natural endocast of L. da-
kotensis (AMNH F: AM 87458; Fig. 5A), suggesting intraspe-
cific variation in the visibility of this anatomical feature. The
cast of the pituitary gland corresponds to the hypophyseal
fossa. This feature is visible in ventral view and is more
clearly demarcated in L. dakotensis compared to L. haydeni,
in which the hypophyseal fossa is not visible on the endo-
cranial surface (Fig. 2B). The cerebrum of L. dakotensis and
L. haydeni occupies just over half of the total endocast length,
with CRML/TL (cerebrum maximal length vs. total endocast
length) ratios of 52.76% and 51.57%, respectively (Table 4).

The neocortex represents a relatively small proportion of
the total endocranial surface in both taxa. In L. dakotensis,
the neocortical surface area accounting for 13.21% of the
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total endocast surface area, whereas in L. haydeni it rep-  to body mass, the neocortex also represents a similar pro-
resents a smaller proportion of 11.29% of the total surface  portion in L. dakotensis (0.04%) and in L. haydeni (0.03%).
area (Table 4; see Fig. 4B using data from SOM: table S1). A lateral sulcus may be present on the endocast of L. da-
These values indicate a limited neocortical expansion rel-  kotensis (SDSM 62369), although its identification remains
ative to overall brain size in both species. When compared  uncertain due to limited clarity of its expression. We also
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note its presence on the natural endocast of L. dakotensis
(AMNH F: AM 87458; Fig. 5A). There is also the possible
presence of a presylvian sulcus and of the orbital gyrus,
which are visible in L. haydeni (Fig. 2A,) as well as in the
two natural endocasts of L. dakotensis (AMNH F: AM
87458; Fig. 5A) and Leptictis sp. (AMNH F: AM 96730;
Fig. 5B). These morphological differences on the endocasts
are likely related to preservation and the genus Leptictis
likely had a lateral and presylvian sulcus (and associated
orbital gyrus).

Cerebellum.—In dorsal view, the cerebrum does not over-
lap onto the cerebellum, leaving the dorsal surface of the
cerebellum entirely exposed (Fig. 2A). The lateral lobes of
the cerebellum are easily distinguished from the vermis,
especially in L. haydeni, where the paramedian fissures are
well defined on the endocast (Fig. 2A). The petrosal lob-
ules, which fill the subarcuate fossa (Bertrand et al. 2020;
Lang et al. 2022), are positioned at the same level as the
anterior region of the vermis in dorsal view (Fig. 2A). In
lateral view, they are positioned just ventral to a large sig-
moid sinus (Fig. 3A,, B,). The petrosal lobules have a more
bulbous shape in L. dakotensis (Fig. 3A) than in L. haydeni
(Fig. 3B). In lateral view, the vermis is slightly more ventral
than the cerebrum in L. haydeni, but they are approximately
at the same level in L. dakotensis (Fig. 3). In dorsal view,
the transverse sinus is visible at the posterior margin of the
cerebrum and along the anterior region of the lateral lobe of

the cerebellum (Fig. 2A), consistent with its role in draining
the posterior cerebral venous system. The transverse sinus
and the confluence of sinuses are also visible in the natural
endocast of L. dakotensis (AMNH F: AM 87458; Fig. 5A).

The cerebellum of L. dakotensis and L. haydeni shows
similar proportions despite differences in absolute size. The
cerebellum is nearly as wide as the cerebrum, with CLMW/
CRMW (cerebellum maximal width vs. cerebrum maximal
width) ratios of 95.94% in L. dakotensis and 94.75% in L.
haydeni (Table 4). The petrosal lobules correspond to 1.63%
of total endocast volume and 0.009% of estimated body
mass in L. dakotensis, while in L. haydeni, they represent
a smaller percentage of 0.64% of total endocast volume and
0.004% of body mass. These differences indicate potential
intraspecific variation in the relative development of the
petrosal lobules within the genus Leptictis.

Cranial nerves and blood vessels.—Various cranial nerve
openings are also visible on the ventral surfaces of both
virtual endocasts (Fig. 2B). The ethmoidal nerves and ves-
sels are visible in lateral view on the ventral surface of the
olfactory bulbs and exit the cranium through a single fora-
men in both specimens (Figs. 2B, 3A,, B)). The casts of the
optic canal for cranial nerve Il (optic) are visible on both
virtual endocasts and are located posterior to the olfactory
bulbs. However, the optic chiasm does not leave a trace on
the surface of the endocast. From the endocast, it can be
deduced that both specimens of Leptictis lack a foramen
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rotundum and therefore the ophthalmic veins and cranial
nerves III (oculomotor), IV (trochlear), V; (ophthalmic), V,
(maxillary), and VI (abducens) would have passed through
the sphenorbital fissure in L. haydeni and L. dakotensis
(Fig. 2B). This points to a condition that is considered ances-
tral in placental mammals: the sphenorbital fissure and the
foramen rotundum are fused together and therefore cranial
nerve V, passes through the same opening as nerves III,
IV, V, and VI (Figs. 2, 3; O’Leary et al. 2013). The cast of
cranial nerve V3 (mandibular) is positioned posterolateral to
the sphenorbital fissure. The mandibular nerve V; exited via
the foramen ovale (Fig. 2B).

Nerves VII (facial) and VIII (vestibulocochlear) exited
the endocranial cavity through the internal acoustic me-
atus—the cast of which is visible on both presently studied
specimens (Fig. 2B). In lateral view, those nerves are located
ventral to the anterior part of the petrosal lobules (Fig. 3A,,
B,). The cast of the jugular foramen is visible on both en-
docasts and is located posterior to nerves VII and VIII in
ventral view (Fig. 2B) and ventral to the posterior end of
the petrosal lobules in lateral view (Fig. 3A,, B,). Cranial
nerves [X (glossopharyngeal), X (vagus), and XI (accessory)
passed through this foramen, as well as the internal jugular
vein (Fig. 3A,, B,). Finally, positioned posteriorly to the jug-
ular foramen, the casts of the hypoglossal foramen—which
would have housed cranial nerve XII (hypoglossal)—is visi-
ble on both endocasts, though it is subject to varying degrees
of visibility, likely due to preservation (Figs. 2B; 3A4, B)).

In terms of the venous systems, the superior olfactory si-
nus is continuous with the superior sagittal sinus, which are
visible on the dorsal surface of the virtual endocasts of both
specimens (Fig. 2A). The superior sagittal sinus is continu-
ous with the confluence of sinuses, which connects to the
transverse sinus—a condition that is considered typical for
therian mammals (Fig. 2A; Wible and Rougier 2000). The
superior sagittal sinus ran between both hemispheres, being
slightly buried within the meninges, a condition seen in
other mammals (Macrini et al. 2007). We observed a dorsal
cerebellar vein oriented anteroposteriorly that connects to
the transverse sinus in both specimens, although it is more
visible in L. haydeni compared to L. dakotensis (Fig. 2A).

The transverse sinus typically gives rise to three branches
in placental mammals: the capsuloparietal emissary vein, the
sigmoid sinus, and the superior petrosal sinus (e.g., Wible
1984; Novacek 1986; Muizon de et al. 2015 ). In Leptictis, two
foramina are associated with the capsuloparietal emissary
vein: the postglenoid foramen for the postglenoid vein and
the suprameatal foramen for the suprameatal vein (Fig. 3A;,
B;; Wible and Bertrand 2024: fig. 7). The sigmoid sinus ex-
ited the cranium through the jugular foramen as the internal
jugular vein (Fig. 3A;, B). The sigmoid sinus abuts the cast of
the cerebellum laterally and is first directed anteroposteriorly
and then ventrally, reaching the jugular foramen posteriorly
(Fig. 3A;, By). The sigmoid sinus is also connected to the
condyloid vein via two canals in L. haydeni (Fig. 3B,) and one
canal in L. dakotensis (Fig. 3A,). The content of the condyloid
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canal would have exited through the foramen magnum. The
superior petrosal sinus appears to be absent in both specimen
of Leptictis as observed by Wible and Bertrand (2024).

The inferior petrosal sinus was present in both specimens
with some variations in terms of its course from the hypoph-
yseal fossa and its exit through the jugular foramen in L.
dakotensis but through a separate foramen in L. haydeni that
was described in detailed by Wible and Bertrand (2024).
The course of the inferior petrosal sinus was endocranial in
L. dakotensis (Fig. 2B;) and in a small canal in L. haydeni.
The canal could not be fully traced in L. haydeni, but its
approximate position can be labelled (Fig. 2B,). Both spec-
imens display two openings emerging from the subarcuate
fossa that connect to the sigmoid sinus: the dorsal subarcu-
ate foramen and the medial subarcuate fenestra (Figs. 2B,
3A;, B,; Wible and Bertrand 2024). Both specimens display
a frontal diploic vein (Wible and Bertrand 2024), but the
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96730) from an unknown locality.

frontal diploic foramen is located more laterally, further
from the olfactory bulbs in dorsal view in L. haydeni com-
pared to L. dakotensis (Fig. 2A).

Regarding the arterial system, the orbitotemporal vessels
correspond to the ramus supraorbitalis, the anterior division
of the ramus superior, and accompanying vein (Wible 1987).
Rami temporales, which are branches of the posterior divi-
sion of the ramus superior, and accompanying veins are vis-
ible in lateral view in both specimens (Fig. 3A,, By; see also
Wible and Bertrand 2024: fig. 7). Finally, the pathway of the
internal carotid artery, and of its branch the stapedial artery,
was described by Wible and Bertrand (2024). The cast of the
stapedial artery was traced in both specimens (Fig. 2B) and
has a typical position entering the endocranial cavity on the
posterior aspect of the cerebrum in ventral view, similar to
other mammals exhibiting the same structure (e.g., Bertrand
et al. 2016, 2017).

Discussion

Morphological interpretations of the brain endocasts of
Leptictis—Our newly generated digital endocasts, based on
CT data, give an updated view of the brain and endocranial
anatomy of Leptictis using modern techniques. Critically,

we can now compare detailed digital endocasts with those in
the historical and more recent literature, which were phys-
ical structures extracted from the fossils themselves. This
reveals similarities and differences, and allows us to provide
the most up-to-date view of the brain anatomy of this im-
portant early placental (or near-placental) mammal.
Locating the rhinal fissure is the first step in estimating
the size of the surface of the neocortex in endocasts. Here,
we identify the rhinal fissure as being much more dorsally
located than the structure Novacek (1982) identified as the
rhinal fissure. In the ~40 years since Novacek’s publica-
tions, as more endocasts have been produced digitally, we
now have a better understanding of the relationship between
the rhinal fissure and the orbitotemporal vessels. Novacek
(1982) worked with natural endocasts and identified the
rhinal fissure as being just ventral to the orbitotemporal
vessels. We were not able to see any trace of a fissure in that
location in our virtual endocasts. Moodie (1922) also used
natural endocasts and identified the rhinal fissure as being
more dorsal, but Novacek (1982) interpreted the “rhinal fis-
sure” of Moodie (1922) as being a neocortical sulcus and
not the rhinal fissure. Moodie (1922) did not annotate the
orbitotemporal vessels. However, based on figures 6 and §
(Moodie 1922), a structure ventral to the annotated rhinal
fissure is likely the orbitotemporal vessels. Based on figure
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5 (Moodie 1922), the annotated rhinal fissure appears to be
in the same position as in our specimens.

In lateral view, the rhinal fissure is medial (behind) to
the orbitotemporal vessels when present in Euarchontoglires
(e.g., Silcox et al. 2010; Bertrand et al. 2016; Harrington et
al. 2016) and some notoungulates (Fernandez-Monescillo et
al. 2019). However, this is not always the case in mammals
as illustrated by Tenrec eucaudatus (Afrotheria; Benoit et
al. 2013: fig.2) and xenarthrans (e.g., Tambusso and Farifia
2015b; Troyelli et al. 2023), in which the rhinal fissure is dor-
sal to the orbitotemporal vessels. It is also the case in fossils
such as in some notoungulates and litopterns (Dechaseaux
1962; Dozo and Martinez 2015; Forasiepi et al. 2016), panto-
donts (Muizon et al. 2015), palacanodonts (Cabasés Bru et
al. in press), basal ungulates (Orliac et al. 2012, 2023), basal
cetaceans (Orliac and Thewissen 2021; Waqas et al. 2025),
and to some degree in tillodonts (Bertrand et al. 2024). In
fossil chiropterans, the rhinal fissure has been described as
ventral to the orbitotemporal vessels in the posterior region
and overlapping with the orbitotemporal vessels anteriorly
(= orbitotemporal canal in Maugoust and Orliac 2021).

Based on our interpretations of the brain endocasts of
Leptictis, we propose that the neocortex of Leptictis was not
more developed that the paleocortex, contra Novacek (1982),
and we agree with Moodie’s (1922) interpretation that the
rhinal fissure is located dorsal to the orbitotemporal vessels.
The orbital sulcus of Moodie (1922) might be a presylvian
sulcus similar to the one present in Metacheiromys (Cabasés
Bru et al. in press). However, in Metacheiromys, the anterior
gyrus, identified as the orbital gyrus, is much larger and is
more similar in shape to the one present in their potentially
closest relatives, Pholidota, than in Leptictis. Based on the
similar position, we could propose that they may be homol-
ogous structures that would have evolved independently in
different clades. The same configuration is present in two
natural endocasts of Leptictis (Fig. 5). We note that the or-
bital gyrus and presylvian sulcus are also present in other
mammalian clades including Xenarthra (Tambusso and
Farifia 2015a; Boscaini et al. 2020a, b; Troyelli et al. 2023),
Carnivora (Radinsky 1977; Lyras and Van der Geer 2003;
Dubied et al. 2019), and Afrotheria (Benoit et al. 2013).

The colliculi are not visible in some specimens of
Leptictis as Novacek (1982) observed. Indeed, the midbrain
can be difficult to discern on the surface of the virtual endo-
casts of Leptictis, but it appears to be exposed just posterior
to the confluence of sinuses, anterior to the vermis, and
in between the two dorsal cerebellar veins oriented ante-
rioposteriorly that connect to the transverse sinus anteriorly.
Interestingly, the inferior colliculi are exposed in a natural
endocast of L. dakotensis (Fig. SA). Additionally, the fissure
prima on the cerebrum is not visible on neither of the virtual
endocasts, which was also noted by Wible and Bertrand
(2024) based on the analysis of the same crania. Finally,
in lateral view, the vermis is slightly more ventral than the
neocortex in L. haydeni, but they are at the same level in L.
dakotensis. Therefore, we agree with Novacek (1982) that

there is variation of this feature within the genus Leptfictis.
However, in contrast to Novacek’s (1982) hypothesis, this
is unlikely related to the size of the neocortex because L.
dakotensis (SDSM 62369) has a more expanded neocortex
(13.2%) compared to L. haydeni (ANSP 11402; 11.3%).

Quantitative evaluation of the brain endocasts of Lepfti-
ctis—As noted by Novacek (1982), lateral sulci were likely
present in Leptictis, which is not surprising based on its
overall brain size (above 5 cm?; e.g., Bauchot and Stephan
1967; Striedter 2005; Macrini et al. 2007). Based on early
studies (Dechaseaux 1964; Le Gros Clark 1932), Novacek
(1982) proposed that Leptictis had a larger neocortex in com-
parison to several lipotyphlans (i.e., Solenodon, Erinaceus,
Echinosorex, and Neurogymnurus) and one afrosoricidan
(Tenrec). Using data published after Novacek (1982) (i.e.,
Stephan et al. 1991; Boddy et al. 2012; Benoit et al. 2013), the
neocortical ratio is between 11.9-26.4% for Lipotyphla, 5.7—
26.2% for Afrosoricida, and 26.0-31.6% for Macroscelidea
(the sister-clade to Afrosoricida). The values for Leptictis are
13.21% and 11.26%, which positions this genus in the low
range of extant lipotyphlans and about equal to the median of
afrosoricidans. In comparison to macroscelideans, Leptictis
has a relatively smaller neocortex (Fig. 4B; SOM: table S1).

Novacek (1982) found an EQ between 0.45 and 0.70 us-
ing the Jerison (1973) equation depending on the body mass
chosen for Leptictis. We preferred to use an average body
mass to calculate the EQ because it provides a way to ac-
count for all estimates but does not give a particular weight
to a specific body mass value. To calculate the EQ, Novacek
(1982) proposed a body mass of 600—-800 g for Leptictis,
which is close to our average values for both specimens
(743 g and 967 g). Using Jerison (1973) equation, our EQ
value is 0.43 for both specimens, based on an average body
mass using dental, cranial, and postcranial data. Based on
the same data as for the neocortex, we find that Lipotyphla
has an EQ between 0.24-1.62, Afrosoricida 0.21-0.57, and
Macroscelidea 0.69-0.97. When comparing to the published
data, Leptictis is in the middle of the range of variation of
lipotyphlans and afrosoricidans but again below the range
for macroscelideans (Fig. 4A; SOM: table S1). In contrast to
Novacek’s (1982) conclusions, this EQ value does not show
that Leptictis was highly encephalized in comparison to
these extant mammals and suggests a more complex picture.
Indeed, the range for lipotyphlans and macroscelideans con-
tains taxa with much higher EQs.

More broadly, Leptictis does not appear especially de-
rived compared to early Cenozoic taxa. Since Novacek’s
(1982) work, numerous brain endocasts of Mesozoic (Rowe
et al. 2011; Csiki-Sava et al. 2018; Bertrand et al. 2026 for a
review) and early Cenozoic (e.g., Bertrand et al. 2020, 2022;
Dozo et al. 2023) taxa have been published. In terms of
the relative size of the neocortex, early Oligocene Leptictis
falls within the range of Paleocene (10.3—19.9%) and Eocene
(7.8—43.8%) taxa. The phylogenetic encephalization quotient
(PEQ), a phylogenetically corrected version of the EQ that
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we use here, was measured for a large number of Mesozoic
and early Cenozoic mammals in Bertrand et al. (2022). In the
latter work, Leptictis was placed at the base of Placentalia
and not close to any of the placental crown groups because
of its uncertain phylogenetic position: within Afrotheria
(O’Leary et al. 2013) or outside of Placentalia (Halliday et
al. 2017; Wible et al. 2009). Even though the specimen that
was included, L. dakotensis (SDSM 62369), is from the early
Oligocene, it has a lower PEQ (0.30) than many Eocene
taxa, which range from 0.08—0.83. However, it has a higher
PEQ than any Paleocene (0.04—0.23) and most Mesozoic
taxa (0.11-0.31, except Vintana; Kirk et al. 2014).

Novacek (1982) concluded that Leptictis had interme-
diate-sized olfactory bulbs when compared to a sample of
lipotyphlans, macroscelideans, and plesiadapiforms. Using
the same sources as for the neocortical ratio and EQ, we
find that Lipotyphla has an olfactory bulb ratio between
3.0-10.3%, Afrosoricida 2.0-14.7%, and Macroscelidea
5.2-9.3%. Leptictis falls in the mid-range of lipotyphlans
and afrosoricidans, and in the upper range of variation for
macroscelideans (Fig. 4C). To deduce whether or not spe-
cialization occurred in the lineage leading to Leptictis, we
would need to know which clades are their closest relatives,
which is still debated (e.g., O’Leary et al. 2013; Velazco
et al. 2022; Wible et al. 2007). The olfactory bulb ratio of
Leptictis is also in the range of Mesozoic (5.9-14.5%) and
early Cenozoic mammals (0.9-16.8%). The ancestral con-
dition for mammals for the size of the olfactory bulbs is
difficult to determine because of the wide range observed
in Mesozoic mammals. Regardless, we agree with Novacek
(1982) that the olfactory bulbs of Leptictis (8.4% and 9.3%)
are intermediate in size in comparison to other mammals.

Phylogenetic signal in endocranial structures.—A poten-
tial close relationship between Leptictis and Eoryctes has
been proposed based on basicranial anatomy by Wible and
Bertrand (2024). The brain endocranial anatomy of Eoryctes
has been described based on a latex endocast (Thewissen
and Gingerich 1989). Both taxa have an overall very similar
brain morphology that is likely plesiomorphic, including
the presence of a relatively small neocortex (no quantitative
data for Eoryctes). Regarding the rhinal fissure of Eoryctes,
Thewissen and Gingerich (1989) identified it at the level of
the orbitotemporal vessels as in Leptictis (Novacek 1982).
Similar to Leptictis, we argue that this is a misidentification
and that the rhinal fissure is located more dorsally, and that
their “marginal sulcus” is likely the rhinal fissure. The brain
of Eoryctes was estimated to be about 1 cm? (Thewissen and
Gingerich 1989), which is likely too small to be gyrencephalic
(>5 cm?; Macrini et al. 2007). Eoryctes displays a broad ex-
posure of the inferior colliculi (Thewissen and Gingerich
1989) but based on only one specimen. In Leptictis, it ap-
pears that the exposure of the colliculi is variable with some
specimens only showing a small patch of midbrain (SDSM
62369, ANSP 11402, AMNH F: AM 96730), while at least
one specimen (AMNH F: AM 87458) displays exposed in-
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ferior colliculi similar to Eoryctes. However, the exposure
appears larger in Eoryctes compared to Leptictis sp. AMNH
F: AM 87458. The broad exposure of the inferior colliculi
could represent a sensory specialization (see Edinger 1964).
However, Bertrand et al. (2026: fig. 5a) showed that for a
sample of Cretaceous, Paleocene, and Eocene mammals,
species with absolutely smaller endocranial volumes may
be significantly more likely to have exposed colliculi. The
challenge will be to reconcile the functional importance of
exposed colliculi and (i) its degree of expansion, (ii) the fact
that they are more likely to be seen in small brains, and (iii)
that intraspecific variation is likely to be present. Indeed,
intraspecific variation has been shown to be present in other
mammals including rodents and plesiadapiforms (Silcox et
al. 2010; Bertrand and Silcox 2016).

The vascular system of Leptictis was compared with
Eoryctes in Wible and Bertrand (2024). Some noted simi-
larities were the presence of the condyloid canals and orbi-
totemporal vessels, a large size for the sulcus of the sigmoid
sinus and a frontal diploic vein (also noted by Thewissen
and Gingerich 1989). All of these features likely do not
represent a phylogenetic signal, particularly the large size of
the sulcus for the sigmoid sinus. For instance, among early-
diverging placental mammals, the Eocene taxa Trogosus
(Bertrand et al. 2024) and Metacheiromys (Cabasés Bru et
al. in press) also display relatively large sigmoid sinuses,
indicating that it is probably a plesiomorphic feature. One
interesting difference noted by Wible and Bertrand (2024)
is that the internal carotid artery, stapedial artery, and facial
nerve are within canals in Eoryctes, while in Leptictis, the
passageways for the facial nerve and the arteries are within
canals when close to the brain cavity, but in grooves on the
tympanic surface of the petrosal. There is also a ramus in-
ferior branch of the internal carotid artery in Eoryctes but
it is absent in Leptictis (Wible and Bertrand 2024). Overall,
the endocranial anatomy and vascular system do not appear
to provide concrete evidence of shared derived characters
that would denote close phylogenetic relationship between
Leptictis and Eoryctes. This is not surprising as these taxa
have been difficult to position in the tree of mammals.

Neurosensory ecology—Based on postcranial data, Leptic-
tis may have been cursorial to possibly saltatorial and may
have had digging adaptations (Rose 2006). The neocortex is
relatively small, the olfactory bulbs are of intermediate size,
and the petrosal lobules (which relate to maintenance of the
control of eye and head movements; Rambold et al. 2002)
are relatively small. This combination of features could sug-
gest a higher reliance on olfaction than other senses such
as vision. However, the presence of a presylvian sulcus and
the orbital gyrus could be linked to specific functions as-
sociated with assessing sensory objects such as food items
and especially flavor, appearance, and texture (Rolls 2005;
Price 2007). Ultimately, without a phylogenetic context,
it is difficult to reconstruct the neurosensory ecology of
Leptictis. 1deally, we would need to compare the size of
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these brain regions in Leptictis with more basal and closely
related taxa to understand potential shifts in senses. One
particular ecological adaptation, fossoriality, may lead to
decrease in different brain components including the petro-
sal lobules (Bertrand et al. 2018; Cabasés Bru et al. in press).
As Leptictis has been found in burrows (Sundell 1997), it is
possible that its neurosensory system reflects adaptations to
some degree of fossoriality. What is clear is that the brain
endocast of Leptictis does not show any extreme sensory
specializations in contrast to Eoryctes, which potentially
has a very broad exposure of the inferior colliculi and the
presence of relatively large olfactory bulbs (~16%) as noted
by Thewissen and Gingerich (1989).

Conclusions

In this report, we use CT data to generate the first digi-
tal brain endocasts of the well-known but phylogenetically
controversial early Oligocene placental mammal (or close
relative), Leptictis. This provides new information on the en-
docranial brain anatomy of L. dakotensis and the first de-
scription of the brain endocast of L. haydeni. Both specimens
present very similar anatomies. Some variation is observed in
the vascular system but is of uncertain value given the poorer
preservation in the specimen of L. dakotensis. One genuine
difference is the separation of the condyloid canal into two
canals when exiting the endocranial cavity in L. haydeni,
while L. dakotensis displays only one canal. Another ana-
tomical feature previously not identified in earlier studies of
Leptictis endocranial anatomy by Moodie (1922), Novacek
(1982), and Wible and Bertrand (2024) is the dorsal cerebellar
vein, which we show is present in both specimens. For the
first time, we also illustrate the ventral aspect of the endocra-
nial anatomy illustrating the exit of cranial nerves and associ-
ated vessels. We re-interpret the position of the rhinal fissure
as being more dorsal than identified by Novacek (1982) and
agree with Moodie (1922) interpretation. This finding sug-
gests that Leptictis did not have a more expanded neocortex
in comparison to extant Lipotyphla and Afroinsectivora (i.e.,
Afrosoricida and Macroscelidea). We support the potential
presence of lateral sulci in L. dakotensis.

In contrast to previous work, the EQ shows that Leptictis
was not specifically encephalized compared to Lipotyphla
and Afrosoricida and lower than Macroscelidea. The early
Oligocene Leptictis is not specifically derived and is in the
range of variation for neocortical size of Paleocene and
Eocene taxa. However, it has a PEQ higher than Paleocene
and most Mesozoic taxa but in the range of Eocene species.
The olfactory bulbs are intermediate in size and fall in the
range of extant Lipotyphla, Afrosoricida, Macroscelidea,
Mesozoic, and early Cenozoic taxa. The midbrain is ex-
posed in both specimens of Leptictis, but in contrast to pre-
vious work, we observe variation in the presence of the in-
ferior colliculi. It remains unclear if this observation might
represent sensory specialization.

We were unable to find endocranial features that repre-
sent a close phylogenetic relationship between Leptictis and
Eoryctes. Indeed, the observed morphological similarities
are likely to be plesiomorphic features. We note that the
rhinal fissure has also likely been misidentified in Eoryctes
and that the separation between the neocortex and the pa-
leocortex is more dorsal as found in Leptictis. In terms of
neurosensory ecology, it is possible that the relatively small
neocortex and petrosal lobules might be associated with fos-
sorial adaptations in Leptictis. The CT scanning and gener-
ation of brain endocasts of other taxa such as Megalepticis,
Blacktops, and Stenoleptictis that preserve complete brain-
cases (Korth 2022; Meehan and Martin 2010, 2012) would
greatly improve our understanding of potential sensory evo-
lutionary shifts within Leptictidae.
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