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Abstract

A mammalian petrosal from the Lower Cretaceous Teete locality in Yakutia (Russia) shows a prominent and complex system of 
venous channels in the bony wall of the pars cochlearis surrounding the straight cochlear canal. This complex venous system is dis-
tinctive and more strongly developed than in other mammalian petrosals. A bony ridge is present on the ventral side of the cochlear 
canal endocast, continuing from between fenestra vestibuli and fenestra cochleae in anterior direction. This ridge corresponds to 
the position of the scala tympani, and is similar to the secondary bony lamina of crown therians, but lacks the sharp laminar edge. 
The fenestra cochleae is separate from the canal for the aquaeductus cochleae (derived), but the fenestra retains a deep sulcus that 
resembles the perilymphatic sulcus (plesiomorphic). The fenestra cochleae is oval shaped and deep. The straight cochlear canal with 
a ridge on the ventral side strongly resembles that of eutriconodontans like Priacodon fruitaensis from the Upper Jurassic of North 
America. However, thick and extensive venous channels in the pars cochlearis are otherwise known from docodontans. In the Teete 
petrosal the channels are even more developed, and resemble the pattern recently reported from possible haramiyidan petrosals from 
the Middle Jurassic of western Siberia (Russia). Both eutriconodontan and haramiyidan dental remains are known from the Teete 
locality beside that of tritylodontids and docodontans.
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Introduction

The Teete locality in Yakutia (Fig. 1) is known since 1960 
when the first dinosaur bones were discovered (see his-
toric survey in Averianov et al. 2018). In Teete high-lati-
tude Lower Cretaceous strata (paleo-latitude estimate of 
62–66.5° N) are exposed and provide the northernmost 
sauropod record (Averianov et al. 2020, Skutschas et al. 
2021). At the Teete locality occur invertebrates such as 
freshwater bivalves and gastropods, and floral elements 
such as mosses, horsetails, lycopods, ferns, and conifers 
(Kolosov et al. 2009). The non-mammaliamorph verte-
brates comprise dinosaurs, turtles, lizards, choristoderes, 
and salamanders (Skutschas et al. 2018, 2020, 2021; 
Averianov et al. 2020). Mammaliamorphs are repre-
sented by the tritylodontid Stereognathus kolossovi, the 
euharamiyidan Cryoharamiya tarda, the tegotheriid do-
codontan Khorotherium yakutense (corrected here from 
K. yakutensis Averianov et al. 2018 to neuter gender K. 
yakutense), the eutriconodontan Sangarotherium aqui-
lonium (Lopatin and Agadjanian 2008; Averianov et al. 

2017, 2018, 2019), and a yet undescribed gobiconodon-
tid. Three joint Russian-German field seasons (2017–
2019) focused on screen washing of fossiliferous matrix 
which yielded numerous micro-vertebrate remains in-
cluding a mammalian petrosal from the Teete locality. 
Beside teeth and lower jaw bones, the petrosal bone, as 
the hardest and densest bone in the mammalian body 
(Frisch et al. 1998), is very resistant to erosion. Petrosals 
are frequently found isolated from the skull in Mesozoic 
fluvio-lacustrine sediments (Hughes et al. 2015; Schultz 
et al. 2021).

Here we describe the first and so far only mammalian 
petrosal from Teete locality. This record is the northern-
most and adds substantial information on early mamma-
lian ear anatomy. We dedicate this study to Professor Dr. 
Wolfgang Maier (Tübingen), one of the pioneers of the 
3D reconstruction and analysis of mammalian internal 
skull anatomy (e.g., Maier 1987, 1993; Maier and van 
den Heever 2002), on the occasion of his 80th birthday.

Figure 1. Map of Russia with Teete locality in Yakutia (asterisk).
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Materials and Methods

The petrosal (PIN 5614/25) was found during picking the 
coarse fraction (1-2 mm) of screen-washed fossiliferous 
matrix at Teete locality in Suntar Ulus, Yakutia, Eastern 
Siberia, Russia. A detailed description of the Teete sec-
tion belonging to the Batylykh Formation, Sangar Series 
(Lower Cretaceous, Berriasian–Barremian) has been pro-
vided by Averianov et al. (2018).

JAS scanned the petrosal (PIN 5614/25) using mi-
cro-computed tomography (GE phoenix|x-ray v|tome|x 
180s; high-power nanofocus) in the Institute of Geosci-
ences, Section Paleontology, Rheinische Friedrich-Wil-
helms-Universität Bonn, Germany. Scan parameters 
were 2.2 µm (voxelsize), 80 kV (voltage), 80 µA (cur-
rent), and a shutter speed of 1000 ms per capture. The 
μ-CT produced isotropic voxels, and the single image 
size is 2024×2024 pixels. RS reconstructed the polygonal 
models using the software Avizo 7.1. Further processing 
was made using the inspection software PolyWorks 2014 
IR13 (InnovMetric Software Inc.).

Institutional abbreviation: PIN, Borissiak Paleontolog-
ical Institute of the Russian Academy of Sciences, Mos-
cow, Russia

Description

External morphology of petrosal PIN 
5614/25

The petrosal (PIN 5614/25) is broken at the anterior and 
posterior ends (Fig. 2A, B). The ventral aspect shows a 
bulbous promontorium with a smooth bone surface. Both 
the fenestra cochleae and the fenestra vestibuli (broken 
posterolaterally) are preserved and separated by a thick 
crista interfenestralis. A thin groove along the inner rim of 
the circular fenestra vestibuli reflects the position of the 
footplate of the stapes. In the medial corner of the fenes-
tra cochleae lies a deep open sulcus and a fully separated 
aquaeductus cochleae is preserved dorsally from the fe-
nestra cochleae. The deep fenestra cochleae is oval, ante-
ro-posteriorly compressed with a flat medial wall. Anteri-
or to the fenestra vestibuli lies a smaller circular foramen, 
the prootic canal. This opening connects to a complex ve-
nous sinus system inside the petrosal bone. Anterolateral-
ly to the prootic canal lies the wide sulcus for the lateral 
head vein which leads medially to the broken edges of 
the pterygoparoccipital foramen. On the anterior aspect 
of the petrosal, the wide space just posteroventrally to the 
broken pterygoparoccipital foramen shows a shallow oval 
shaped depression. This depression is interpreted to have 
contained the geniculate ganglion (Fig. 2E). From the ge-
niculate ganglion depression a groove turns medially to 
follow closely along the promontorium. This is interpret-
ed to be the sulcus for the greater petrosal nerve.

On the dorsal side, the petrosal shows an almost com-
plete internal acoustic meatus (IAM) that contains the 
bony openings for the nervous pathways of the branches 
of the vestibulocochlear nerve (CN VIII) and the facial 
nerve (CN VII) (Fig. 2B). The largest opening is the co-
chlear foramen for the cochlear part of CN VIII, which 
is oval-shaped. This foramen extends in antero-medial 
to postero-lateral direction. There are no bony support-
ing structures visible inside the opening, such as bony 
lamellae, perforated bony bars or cribriform plates. An-
terolaterally from the cochlear foramen are two smaller 
openings. These openings are separated from the foramen 
for cochlear nerve by a thick bony transverse crest. The 
two smaller openings lie in a deep groove; the foramen 
closer to the transverse crest is identified here to be the 
utriculo-ampullar branch of CN VIII. Anterolateral to the 
utriculo-ampullar nerve foramen is the smaller opening 
of the facial canal for CN VII. Anterior to the large co-
chlear foramen are the broken edges of the pterygoparoc-
cipital foramen.

Inner ear endocast reconstruction

Due to the damage of the petrosal bone the vestibular re-
gion and the apex of the cochlear canal are missing (Fig. 
2C, D). Only the middle portion of the cochlear canal 
with the cochlear nerve is preserved and both spaces that 
are constituted by the fenestra vestibuli and the fenestra 
cochleae. The cochlear canal appears straight for the part 
that is preserved, but might have been slightly curved 
near the apex which is broken off. The reconstructed 
endocast shows a distinct ridge with a parallel shallow 
groove in the position where a therian secondary lamina 
would be (see discussion below). The ridge and parallel 
groove are two prominent features on the ventral aspect 
of the cochlear canal endocast. Both the ridge and the 
groove extend from between fenestra vestibuli and fenes-
tra cochleae anteriorly until the cochlear canal is broken 
off (Fig. 2C).

On the dorsal side the endocast shows the typical pat-
tern of nervous pathways of the vestibulocochlear nerve 
(CN VIII). The entrance of the cochlear part of CN VIII is 
oval-shaped and the foramen extends in antero-medial to 
postero-lateral direction. On the posterior side of the in-
ner ear endocast, a sulcus extends from an opening in the 
internal auditory meatus to the broken vestibule in pos-
tero-lateral direction. This sulcus contained the vestibu-
lar nerve branch innervating the ampulla of the posterior 
semicircular canal. There is no sulcus or separate canal 
on the anterior side of cochlear canal endocast that would 
lead in antero-medial direction toward a lagenar macula 
in apical region of the cochlear canal. Lateral to the co-
chlear branch of CN VIII is the combined entrance of the 
innervation of the utricular macula and both the ampullae 
of the lateral and anterior semicircular canals. There is no 
indication of a separate sulcus or canal for the innervation 
of the sacculus; the saccular branch probably shared the 
sulcus with the nerve branch innervating the ampulla of 
the posterior semicircular canal.
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The complex venous system surrounding the cochlear 
canal consists of an elaborate network of larger channels 
crossing the cochlear canal dorsally and ventrally. On the 
dorsal (endocranial) side the venous channels are termed 
transcochlear (or epicochlear) sinuses (following Panciro-
li et al. 2019 or Harper and Rougier 2019) (Fig. 3). On the 
ventral (tympanic) side of the cochlear canal the venous 
channels are known as the circumpromontorial plexus 
(following Kermack et al. 1981 and Panciroli et al. 2019). 
On the medial side of the cochlear canal, the transcochle-

ar sinus channels fuse to form larger canals to connect 
to the inferior petrosal sinus. On the lateral side, several 
larger channels of the circumpromontorial plexus connect 
medially to the inferior petrosal sinus, and laterally to the 
prootic sinus. On the dorsal side, two larger connections 
between the vessels on the lateral and the vessels of the 
medial side lie anterior and posterior to the entrance of 
the cochlear part of CN VIII. These connections are the 
anterior and posterior transcochlear (or epicochlear sensu 
Harper and Rougier 2019) sinuses (Fig. 3C, E).

Figure 2. The petrosal from the Lower Cretaceous Teete locality in Yakutia. A) Ventral view and B) dorsal (endocranial) view of the 
petrosal. C) Ventral view and D) dorsal view of the virtually reconstructed cochlear endocast (pink) and innervation areas (yellow). 
E) Anterolateral view of the petrosal with reconstructed soft tissue parts of the cochlear endocast (pink) and venous pathways (blue). 
F) Posteromedial view of the petrosal.
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Three connections of the circumpromontorial plexus 
preserved on the ventral side of the cochlear canal show 
an bifurcating pattern (Fig. 3D). The connections to the 
prootic sinus are documented by the direct bony open-
ing to the prootic canal in this area. All vessels on the 
lateral side lead in posterior direction. Interestingly, the 
connections of the circumpromontorial plexus on the 

ventral side of the cochlear canal are much thicker than 
the dorsal transcochlear sinuses. We report the finding 
that two larger channels run through the crista interfenes-
tralis connecting to the complex venous system. And 
these two channels, called the crista interfenestralis ve-
nous pathways (Fig. 3), are inside the bone between the 
fenestra vestibuli and the fenestra cochleae (Fig. 3D). To 

Figure 3. 3D reconstruction of soft tissue parts of the Teete petrosal. A) Dorsal (endocranial) view of the internal acoustic meatus of 
the petrosal with reconstructed soft tissue parts of the cochlear endocast (pink), venous pathways (blue), and innervation areas (yel-
low). B) Same view as A with translucent bone parts to illustrate the high degree of vascularity of the circum-promontorial region. 
C) Same view as A and B, reconstructed soft tissue parts (cochlear endocast pink, venous pathways blue, innervation areas yellow) 
enclosed in the petrosal bone with indicated missing parts of the inner ear (vestibular region and cochlear apex in shaded gray). D) 
Ventral view of the bifurcating venous pathways. E) Dorsomedial view of the reconstructed soft tissue parts (cochlear endocast pink, 
venous pathways blue, innervation areas yellow).
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our knowledge, this is the first case that two channels in 
the crista interfenestralis have been described. Since the 
posterior part of the petrosal is lost due to breakage, it is 
possible that a connection of the two channels and the 
paroccipital sinus existed.

Discussion

Although broken anteriorly and posteriorly, the mammali-
an petrosal (PIN 5614/25) from the Teete locality shows a 
number of striking features: 1) the co-existence of an open 
sulcus in the medial corner and a separated aquaeductus 
cochleae near the fenestra cochleae which is uncommon 
for non-mammalian mammaliaforms; other non-mamma-
lian mammaliaforms either have an open sulcus, or a ca-
nal of the aquaeductus cochleae, but not both; 2) a straight 
cochlear canal (for the part that is preserved) with a shal-
low groove and a prominent ridge in the same position as 
a base of the secondary lamina, on the ventral aspect of 
the cochlear canal endocast; 3) a well developed, venous 
channel network in the bone of the pars cochlearis, con-
sisting of vessels of large diameters; and 4) connected to 
the venous channel network in the pars cochlearis are two 
large channels inside the crista interfenestralis.

Remains of several mammaliamorphs have been re-
ported for the Teete locality so far, including the trity-
lo dontid Stereognathus kolossovi, the euharamiyi dan 
Cryo haramiya tarda, the tegotheriid docodontan Kho-
ro the rium yakutense, and the eutriconodontan Sanga ro-
the rium aquilonium (Lopatin and Agadjanian 2008; Ave-
rianov et al. 2017, 2018, 2019), and a yet undescribed 
gobiconodontid.

A tritylodontid origin for the Teete petrosal can be 
excluded, because the bony housing of the cochlear ca-
nal in tritylodontids is lacking an inflated promontorium 
and retains the basisphenoid wing, a primitive feature 
of many cynodonts (Luo 2001). The Teete petrosal is a 
clearly fused single bone with an inflated promontorium 
and no obvious bone sutures or facets for the overlapping 
basisphenoid wing. This morphology suggests that this 
petrosal (PIN 5614/25) is not of a tritylodontid origin.

In the morganucodontan Morganucodon, the docodon-
tans Haldanodon and Borealestes, multituberculates, and 
the monotreme Ornithorhynchus an open sulcus (for the 
perilymphatic duct) leads from the jugular notch to enter 
the inner ear through an opening, also termed the peri-
lymphatic foramen (Lillegraven and Hahn 1993; Zeller 
1993; Hurum 1998; Ruf et al. 2013; Panciroli et al. 2019). 
Wible (1990) interpreted that the perilymphatic duct was 
contained within a well-developed groove on the petrosal 
that runs between the jugular fossa and fenestra cochleae 
in non-mammalian mammaliaforms like morganucodon-
tids, as in case of extant monotremes. With the enlarge-
ment of the pars cochlearis, and the better segregation 
of the inner ear from the middle ear cavity in derived 
mammals, a bony separation (the processus recessus) 
developed to enclose the perilymphatic duct, a transfor-

mation that has also separated the fenestra cochleae from 
the perilymphatic foramen in therians (Zeller 1985). The 
perilymphatic foramen of non-mammalian mammaliafor-
ms can therefore be regarded as a shared opening of the 
presumptive fenestra cochleae and the perilymphatic duct 
in an open sulcus. With the bony separation, the open sul-
cus for the perilymphatic duct is transformed into a ca-
nal and thus the true fenestra cochleae does not show a 
sulcus. The difference between a perilymphatic foramen 
and a fenestra cochleae is defined by the presence of an 
osseous processus recessus (de Beer 1929; Zeller 1985), 
which walls off the perilymphatic duct from the middle 
ear cavity into a canal called the cochlear canaliculus for 
the aquaeductus cochleae (Rougier and Wible 2006). The 
cochlear canal of the Teete petrosal shows an unusual 
co-existence of both the canaliculus for the aquaeductus 
cochleae and a posteromedial opening of a fully separated 
aquaeductus cochleae from the fenestra cochleae, and an 
open sulcus in the medial corner of the fenestra cochleae 
leading to the jugular notch. A perilymphatic foramen as 
shared opening of fenestra cochleae and perilymphatic 
duct and the presence of an open sulcus for the perilym-
phatic duct are considered to be two ancestral characters 
of mammaliamorphs (Kermack et al. 1981; Crompton 
and Luo 1993; Lillegraven and Hahn 1993; Wible and 
Hopson 1993, 1995; Rougier et al. 1996; Luo et al. 2001), 
but the occurrence of a well separated aquaeductus co-
chleae and a fenestra cochleae is regarded as a derived 
character for the cladotherians including living therians 
(Wible 1990; Wible et al. 2001; Ekdale 2013; Luo et al. 
2016; Harper and Rougier 2019; Luo and Manley 2020). 
The preserved sulcus in the medial corner of the fenestra 
cochleae of the Teete petrosal might be a pathway for a 
vein that formerly was the accompanying vein of the peri-
lymphatic duct. A perilymphatic foramen is also found 
in the eutriconodontan Priacodon (Rougier et al. 1996; 
Harper and Rougier 2019), but an additional separated 
aquaeductus cochleae like in the Teete petrosal is not 
present in Priacodon. Interestingly, in both a tentative-
ly assigned gobiconodontid and a trechnotherian petro-
sal (i.e., Höövör 1 and 2 in Harper and Rougier 2019) 
from the Lower Cretaceous of Mongolia a fully separated 
aquaeductus cochleae was observed using virtual 3D en-
docast reconstruction (Harper and Rougier 2019). In an 
earlier work the trechnotherian petrosal was described to 
lack an aquaeductus cochleae (Rougier et al. 1996), but 
this was corrected by Harper and Rougier (2019). In both 
taxa the separated canal lies in a similar position like in 
the Teete specimen. It is important to note, that the bony 
segregation of the fenestra cochleae from its confluent 
sulcus of the perilymphatic duct is seen only in advanced 
stem therians (“cladotherians”). It has been described for 
example for the cladotherians Vincelestes, Dryolestes, 
Henkelotherium and other dryolestoids, and is present in 
the vast majority of therians (Wible 1990; Rougier et al. 
1992; Wible et al. 2001; Ladevèze, 2004, 2007; Ruf et al. 
2009; Luo et al. 2012; Ekdale 2013; Hughes et al 2015). 
Because a separate aquaeductus cochleae is present in 
more derived taxa, it probably represents an apomorphic 
cladotherian character (Ruf et al. 2009; Luo et al. 2012), 
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which may also occur in some trechnotherians accord-
ing to the latest study by Harper and Rougier (2019). 
However, in the modern mysticete cetacean Eschrichtius 
robustus with a teardrop shaped fenestra cochleae a con-
fluence with the perilymphatic foramen exists (Ekdale et 
al. 2011).

The fenestra vestibuli is severely broken in the Teete 
petrosal, but the remnants of its edges suggest a shape 
closer to circular rather than oval. It is known from oth-
er eutriconodontan petrosals that the fenestra vestibuli is 
close to circular (stapedial ratio 1.2, see Harper and Rou-
gier 2019), but the specimen described here is too dam-
aged to calculate a ratio for comparison.

Because the pterygoparoccipital foramen is broken in 
the Teete petrosal it is not clear if it was fully closed (as in 
cladotherians) or a simple open notch (as in non-mamma-
lian mammaliaforms). The superior ramus of the stapedi-
al artery passes through the pterygoparoccipital foramen 
in early mammaliaforms and extant mammals (Wible 
1990; Rougier et al. 1992; Wible and Hopson 1995). In 
non-mammaliaform cynodonts and the morganucodon-
tid Morganucodon the pterygoparoccipital foramen is an 
open notch, which is considered to be the plesiomorphic 
condition (Kermack et al. 1981; Rougier et al. 1992).

The internal acoustic meatus (IAM) of the Teete pe-
trosal shows three major openings. The IAM of the eu-
triconodontan Priacodon was first described to have 
three foramina (Rougier et al. 1996) and later was revised 
to have four foramina (Harper and Rougier 2019). The 
transverse crest in the IAM of the Teete petrosal is quite 
prominent resembling the pattern of the eutriconodontan 
Priacodon (Harper and Rougier 2019). There is no sign 
of a small opening in the prominent transverse crest of the 
Teete petrosal for a separate innervation of the saccular 
macula like in recently described tentatively assigned do-
codontan and haramiyidan petrosals from western Sibe-
ria (Schultz et al. 2021). A well-separated and larger area 
for the innervation of the saccular macula is also found 
in the monotreme Tachyglossus (Schultz et al. 2017). In 
comparison, in the monotreme Ornithorhynchus the sac-
cular innervation lies in a narrow sulcus branching off of 
the cochlear branch close to the utriculo-ampullar branch 
(Schultz et al. 2017). We therefore hypothesize that in the 
Teete specimen the innervation of the saccular macula ei-
ther might have shared the same canal of the utriculo-am-
pullar branch or branched off of the cochlear branch in-
side the cochlear canal suspended in soft tissue.

No sulcus or separate canal on the anterior side of the 
cochlear branch (of CN VIII) opening is observed in the 
Teete petrosal. Such a canal would lead in antero-medial 
direction toward a lagenar macula in the apical region of 
the cochlear canal like it is reported for the docodontan 
Haldanodon (Ruf et al. 2013). Thus, we infer that the la-
genar macula was absent in this petrosal.

The prominent ridge associated with a parallel shallow 
groove on the ventral side of the cochlear canal of the 
Teete petrosal is in the same position where the second-
ary bony lamina would be in cladotherians. This structure 
that can be observed on the ventral side of the cochlear 
canal endocast in spalacotheroids and eutriconodontans is 

different from the “true secondary bony lamina” of clad-
otherians in two characters: the secondary bony lamina is 
wedge-like with a sharp edge, and always co-exists with 
the primary bony lamina. The cochlear canal endocasts 
of both spalacotheroids and eutriconodontans lack both 
these features (Luo and Manley 2020). They are also 
absent in the Teete specimen. In many crown therians, 
the secondary bony lamina is located at the junction of 
the scala media and the scala tympani, one reason some 
authors termed this structure “the secondary lamina base 
without its bony edge” (e.g., Luo et al. 2016) or “sca-
la tympani impression” (e.g., Luo and Manley 2020) in 
spalacotheroids or eutriconodontans. In Harper and Rou-
gier (2019) the structure is termed “secondary (abneural) 
bony lamina of cochlear canal”.

The extensive and prominent network of venous chan-
nels around the cochlear canal of the Teete petrosal caus-
es the cancellous appearance of the pars cochlearis. The 
channels are much larger (wider in the channel diame-
ter) than a similar vascular channel network described 
for the docodontan Borealestes, which shows thin canals 
and a fine circum-promontorium plexus network on the 
ventral side of the cochlear canal (Panciroli et al. 2019). 
The Teete petrosal is similar to Borealestes in having 
an anterior and posterior transcochlear sinus crossing 
the cochlear canals dorsally. Harper and Rougier (2019) 
described similar structures for the eutriconodontan Pri-
acodon, but used the terminology anterior and posterior 
epicochlear sinuses. The Teete petrosal differs from both 
Borealestes and Priacodon in having additional vessels 
crossing the cochlear canal dorsally. Three connections 
of venous pathways are also preserved on the ventral side 
of the cochlear canal with an unusual bifurcating pattern 
very different from the fine network found in Borealestes 
(Panciroli 2019). Thicker ventral connections have also 
been described for Priacodon (Harper and Rougier 2019) 
but those channels are far less developed than in the Teete 
petrosal. Schultz et al. (2021) described a similar exten-
sive vascularization in tentatively assigned haramiyidan 
petrosals from western Siberia. Whether or not this exten-
sive vascularization of the petrosal is an adaptation to the 
subpolar climate needs further investigation.

Two larger channels connecting to the complex venous 
system run through the crista interfenestralis in the Teete 
petrosal and therefore lie in the bone between the fenestra 
vestibuli and the fenestra cochleae. A single thin vessel 
in this area is present in Priacodon (Harper and Rougi-
er 2019: page 7, fig. 3 and page 18, fig. 7) suggesting a 
connection to the paroccipital sinus, which can also be 
assumed for the Teete petrosal. Unfortunately, the whole 
paroccipital region is broken thus we currently cannot 
demonstrate the connection without a more complete 
specimen.

A structure described as “half-pipe shaped sulcus” in 
the two Höövör petrosals (one tentatively assigned to go-
biconodontids, the other probably a trechnotherian; Harp-
er and Rougier 2019) is also seen in the Teete petrosal. 
Harper and Rougier (2019) postulate that this half-pipe 
shaped sulcus is confluent with a venous canal inferred 
to have contained the vein of the aquaeductus cochleae. 
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In some therians, this vein follows a tortuous trajectory 
to connect to the inferior petrosal sinus (Axelsson 1988; 
Harper and Rougier 2019). The reconstruction of the vas-
cular network of the Teete petrosal shows that there is a 
definite connection of this sulcus to a short canal, which 
is confluent with the venous pathways collecting on the 
medial side where the inferior petrosal sinus is located 
(Figs 2D, 3E).

We tentatively assign the Teete petrosal to be of eu-
triconodontan origin, because of the similiarities to the 
petrosal of Priacodon and also the shared features of go-
biconodontids.

Conclusion

The petrosal from Teete displays striking similarities to 
that of the eutriconodontan Priacodon and also shares 
features that are known from a gobiconodontid petrosal 
from the Lower Cretaceous of Mongolia. Like Priacodon 
fruitaensis from the Upper Jurassic of North America, the 
Teete petrosal has an oval shaped and deep fenestra co-
chleae as well as a straight cochlear canal with a ridge on 
the ventral side. The unusual thick blood vessels, howev-
er, resemble the situation recently reported for possible 
haramiyidan petrosals from Middle Jurassic of western 
Siberia (Russia). Eutriconodontan, gobiconodontan, and 
haramiyidan remains are known from the Teete locali-
ty and therefore an assignment of the petrosal to one of 
these taxa is probable.

Acknowledgements 

We thank Sergey M. Nikolaev (Suntar Inspection of Nature Protection, 
Suntar, Russia) for logistic support of the expedition in 2017. We are 
grateful to P. P. Gerasimova, director of the Khoro School, Andrey N. 
Nikolaev and other teachers and workers of the Khoro school (Athana-
siy V. Ivanov, Sayan S. Ivanov, Elmira N. Grigorieva), as well as pupils 
of this school (Petr Grigoriev, Evgeniy Grigoriev, Vasiliy Samsonov, 
Timophey Nikolaev), and Alexey M. Ignatiev and Albert V. Stepanov 
(Khoro Village, Russia) for their hospitality and help during fieldwork 
in 2017, and Osip V. Andreev(Kyukey Village, Russia) for his hospital-
ity and help during fieldwork in 2018–2019. We thank reviewers Eric 
Ekdale and Zhe-Xi Luo for their comments that improved our manu-
script.
Financial support was provided by the Russian Foundation for Ba-
sic Research (project 17-54-12041-NNIO) and the Deutsche For-
schungsgemeinschaft (DFG grant MA 1643/22-1). The work of 
PNK was supported by Diamond and Precious Metals Geology In-
stitute, Siberian Branch of the Russian Academy of Sciences (proj-
ect АААА-А17-117021310217-0). The work of AOA was supported 
by the Zoological Institute, Russian Academy of Sciences (project 
1021051302397-6), by the Program of the Russian Academy of Scienc-
es Presidium ‘Evolution of the organic world - the role and significance 
of planetary processes’, and by a Humboldt Research Award from the 
Alexander von Humboldt Foundation.

References

Averianov AO, Martin T, Lopatin AV, Schultz JA, Skutschas PP, Schell-
horn R, Krasnolutskii SA (2017) A tritylodontid synapsid from the 
Middle Jurassic of Siberia and the taxonomy of derived tritylodon-
tids. Journal of Vertebrate Paleontology 37(5): e1363767. https://
doi.org/10.1080/02724634.2017.1363767

Averianov AO, Martin T, Lopatin AV, Skutschas PP, Schellhorn R, Ko-
losov PN, Vitenko DD (2018) A high-latitude fauna of mid-Mesozo-
ic mammals from Yakutia, Russia. PLoS ONE 13: e0199983. https://
doi.org/10.1371/journal.pone.0199983

Averianov AO, Martin T, Lopatin AV, Skutschas PP, Schellhorn R., Ko-
losov P, Vitenko DD (2019) A new euharamiyidan mammaliaform 
from the Lower Cretaceous of Yakutia, Russia. Journal of Vertebrate 
Paleontology 39(6): e1762089. https://doi.org/10.1080/02724634.2
019.1762089

Averianov AO, Skutschas PP, Schellhorn R, Lopatin AV, Kolosov PN, 
Kolchanov VV, Vitenko DD, Grigoriev DV, Martin T (2020) The 
northernmost sauropod record in the Northern Hemisphere. Lethaia 
53(3): 362–368. https://doi.org/10.1111/let.12362

Axelsson A (1988) Comparative anatomy of cochlear blood ves-
sels. American Journal of Otolaryngology 9: 278-290. https://doi.
org/10.1016/S0196-0709(88)80036-X

Crompton AW, Luo Z-X (1993) Relationships of the Liassic mammals 
Sinoconodon, Morganucodon oehleri, and Dinnetherium. In: Szalay 
FS, Novacek MJ, McKenna MC (Eds) Mammal Phylogeny – Me-
sozoic Differentiation, Multituberculates, Monotremes, Early Theri-
ans, and Marsupials. Springer-Verlag, NewYork, 30–44. https://doi.
org/10.1007/978-1-4613-9249-1_4

de Beer GR (1929) The development of the skull of the shrew. Philo-
sophical Transactions of the Royal Society of London B 217: 411–
480. https://doi.org/10.1098/rstb.1929.0009

Ekdale EG (2013) Comparative anatomy of the bony labyrinth (in-
ner ear) of placental mammals. PLoS ONE 8: e66624. https://doi.
org/10.1371/journal.pone.0066624

Ekdale EG, Berta A, Deméré TA (2011). The comparative osteology 
of the petrotympanic complex (ear region) of extant baleen whales 
(Cetacea: Mysticeti). PloS ONE 6: e21311. https://doi.org/10.1371/
journal.pone.0021311

Frisch T, Sørensen MS, Overgaard S, Lind M, Bretlau P (1998) Vol-
ume-referent bone turnover estimated from the interlabel area 
fraction after sequential labeling. Bone 22: 677–682. https://doi.
org/10.1016/s8756-3282(98)00050-7

Harper T, Rougier GW (2019) Petrosal morphology and cochlear func-
tion in Mesozoic stem therians. PLoS ONE 14: e0209457. https://
doi.org/10.1371/journal.pone.0209457

Hurum JH (1998) The inner ear of two Late Cretaceous multitu-
berculate mammals, and its implications for multituberculate 
hearing. Journal of Mammalian Evolution 5: 65-93. https://doi.
org/10.1023/A:1020571003901

Hughes EM, Wible JR, Spaulding M, Luo Z-X (2015) Mammalian 
petrosal from the Upper Jurassic Morrison Formation of Fruita, 
Colorado.  Annals of Carnegie Museum 83: 1–17. https://doi.org/ 
10.2992/007.083.0101

Kermack KA, Mussett F, Rigney HW (1981) The skull of Morganuco-
don. Zoological Journal of the Linnean Society 71: 1–158. https://
doi.org/10.1111/j.1096-3642.1981.tb01127.x

Kolosov PN, Ivensen GV, Mikhailova TE, Kurzanov SM, Efimov MB, 
Gubin YM (2009) Taphonomy of the Upper Mesozoic tetrapod 

https://doi.org/10.1080/02724634.2017.1363767
https://doi.org/10.1080/02724634.2017.1363767
https://doi.org/10.1371/journal.pone.0199983
https://doi.org/10.1371/journal.pone.0199983
https://doi.org/10.1080/02724634.2019.1762089
https://doi.org/10.1080/02724634.2019.1762089
https://doi.org/10.1111/let.12362
https://doi.org/10.1016/S0196-0709(88)80036-X
https://doi.org/10.1016/S0196-0709(88)80036-X
https://doi.org/10.1007/978-1-4613-9249-1_4
https://doi.org/10.1007/978-1-4613-9249-1_4
https://doi.org/10.1098/rstb.1929.0009
https://doi.org/10.1371/journal.pone.0066624
https://doi.org/10.1371/journal.pone.0066624
https://doi.org/10.1371/journal.pone.0021311
https://doi.org/10.1371/journal.pone.0021311
https://doi.org/10.1016/s8756-3282(98)00050-7
https://doi.org/10.1016/s8756-3282(98)00050-7
https://doi.org/10.1371/journal.pone.0209457
https://doi.org/10.1371/journal.pone.0209457
https://doi.org/10.1023/A:1020571003901
https://doi.org/10.1023/A:1020571003901
https://doi.org/%C2%AD10.2992/007.083.0101
https://doi.org/%C2%AD10.2992/007.083.0101
https://doi.org/10.1111/j.1096-3642.1981.tb01127.x
https://doi.org/10.1111/j.1096-3642.1981.tb01127.x


Vertebrate Zoology 72, 2022, 159–168 167

Teete locality (Yakutia). Paleontological Journal 43(2): 201–207. 
https://doi.org/10.1134/S0031030109020129

Ladevèze S (2004) Metatherian petrosals from the late Paleocene of 
Itaboraí, Brazil, and their phylogenetic implications. Journal of Ver-
tebrate Paleontology 24: 202–213. https://doi.org/10.1671/16

Ladevèze S (2007) Petrosal bones of metatherian mammals from the 
late Palaeocene of Itaboraí (Brazil), and a cladistic analysis of petro-
sal features in metatherians. Zoological Journal of the Linnean Soci-
ety 150: 85–115. https://doi.org/10.1111/j.1096-3642.2007.00282.x

Lillegraven JA, Hahn G (1993) Evolutionary analysis of the middle and 
inner ear of Late Jurassic multituberculates. Journal of Mammalian 
Evolution 1: 47–74. https://doi.org/10.1007/BF01027599

Lopatin AV, Agadjanian AK (2008) A tritylodont (Tritylodontidae, Syn-
apsida) from the Mesozoic of Yakutia. Doklady Biological Sciences 
419(1): 107–110. https://doi.org/10.1134/s0012496608020117

Luo Z-X (2001) The inner ear and its bony housing in tritylodontids 
and implications for evolution of the mammalian ear. Bulletin of the 
Museum of Comparative Zoology 156: 81–97.

Luo Z-X, Crompton AW, Sun AL (2001) A new mammaliaform from the 
Early Jurassic of China and evolution of mammalian characteristics. 
Science 292: 1535–1540. https://doi.org/10.1126/science.1058476

Luo Z-X, Manley GA (2020) Origins and Evolution of Mammalian 
Ears and Hearing Function. In: Fritzsch B (Ed), Grothe B (Vol Ed) 
The Senses – A Comprehensive Reference, Volume 2, Second Edi-
tion. Elsevier Academic Press, Cambridge, 207–252. https://doi.
org/10.1016/B978-0-12-805408-6.00033-6

Luo Z-X, Ruf I, Martin T (2012). The petrosal and inner ear of the Late 
Jurassic cladotherian mammal Dryolestes leiriensis and implications 
for evolution of ear in therian mammals. Zoological Journal of the 
Linnean Society (London). 166: 433–463. https://doi.org/10.1111/
j.1096-3642.2012.00852.x

Luo Z-X, Schultz JA, Ekdale EG (2016) Evolution of the middle and 
inner ears of mammaliaforms: the approach to mammals.  In: Clack 
JA, Fay RR, Popper AN (Eds) Evolution of the Vertebrate Ear: Ev-
idence from the Fossil Record.  Springer Handbooks for Auditory 
Research. 59: 139–174. https://doi.org/10.1007/978-3-319-46661-
3_6

Maier W (1987) The ontogenetic development of the orbitotemporal 
region in the skull of Monodelphis domestica (Didelphidae, Marsu-
pialia), and the problem of the mammalian alisphenoid. Mammalia 
depicta 13: 71–90.

Maier W (1993) Cranial morphology of the therian common ancestor, as 
suggested by the adaptations of neonate marsupials. In: Szalay FS, 
Novacek MJ, McKenna MC (Eds) Mammal Phylogeny – Mesozo-
ic Differentiation, Multituberculates, Monotremes, Early Therians, 
and Marsupials. Springer-Verlag, NewYork, 165–181. https://doi.
org/10.1007/978-1-4613-9249-1_12

Maier W, van den Heever J (2002) Middle ear structures in the Permian 
Glanosuchus sp. (Therocephalia, Therapsida), based on thin sec-
tions. Fossil Record 5: 309–318. https://doi.org/10.1002/mmng.20-
0 20050119

Panciroli E, Schultz JA, Luo Z-X (2019) Morphology of the petrosal 
and stapes of Borealestes (Mammaliaformes, Docodonta) from the 
Middle Jurassic of Skye, Scotland. Papers in Palaeontology 5: 139–
156. https://doi.org/10.1002/spp2.1233

Rougier GW, Wible JR (2006) Major changes in the ear region and 
basicranium of early mammals. In: Carrano MT, Gaudin TJ, Blob 
RW, Wible JR (Eds) Amniote paleobiology: Perspectives on the evo-
lution of mammals, birds, and reptiles. Chicago University Press, 
Chicago, 269–311.

Rougier GW, Wible JR, Hopson JA (1992) Reconstruction of the cranial 
vessels in the Early Cretaceous mammal Vincelestes neuquenianus: 
implications for the evolution of the mammalian cranial vascular 
system. Journal of Vertebrate Paleontology 12: 188–216. https://doi.
org/10.1080/02724634.1992.10011449

Rougier GW, Wible JR, Hopson JA (1996) Basicranial anatomy of 
Priacodon fruitaensis (Triconodontidae, Mammalia) from the Late 
Jurassic of Colorado, and a reappraisal of mammaliaform interrela-
tionships. American Museum Novitates 3183: 1–38.

Ruf I, Luo ZX, Wible JR, Martin T (2009) Petrosal anatomy and in-
ner ear structures of the Late Jurassic Henkelotherium (Mammalia, 
Cladotheria, Dryolestoidea): insight into the early evolution of the 
ear region in cladotherian mammals. Journal of Anatomy 214: 679–
693. https://doi.org/10.1111/j.1469-7580.2009.01059.x

Ruf I, Luo Z-X, Martin T (2013) Reinvestigation of the basicranium of 
Haldanodon exspectatus (Mammaliaformes, Docodonta). Journal of 
Vertebrate Paleontology 33: 382–400. https://doi.org/10.1080/0272
4634.2013.722575

Schultz JA, Zeller U, Luo Z-X (2017) Inner ear labyrinth anatomy of 
monotremes and implications for mammalian inner ear evolution. 
Journal of Morphology 278: 236–263. https://doi.org/10.1002/
jmor.20632

Schultz JA, Ruf I, Averianov AO, Schellhorn R, Lopatin AV, Martin 
T (2021) Jurassic mammaliaform petrosals from Western Siberia 
(Russia) and implications for early mammalian inner-ear anatomy. 
Zoological Journal of the Linnean Society. https://doi.org/10.1093/
zoolinnean/zlab096

Skutschas PP, Kolchanov VV, Averianov AO, Martin T., Schellhorn 
R, Kolosov PN, Vitenko DD (2018) A new relict stem salaman-
der from the Early Cretaceous of Yakutia, Siberian Russia. Acta 
Paleontologica Polonica 63(3): 519–525. https://doi.org/10.4202/
app.00498.2018

Skutschas PP, Markova VD, Kolchanov VV, Averianov AO, Martin T, 
Schellhorn R, Kolosov PN, Grigoriev DV, Vitenko DD, Obraztso-
va EM, Danilov IG (2020) Basal turtle material from the Lower 
Cretaceous of Yakutia (Russia) filling the gap in the Asian record. 
Cretaceous Research 106: e104186. https://doi.org/10.1016/j.cre-
tres.2019.07.016

Skutschas PP, Gvozdkova VA, Averianov AO, Lopatin AV, Martin T, 
Schellhorn R, Kolosov PN, Markova VD, Kolchanov VV, Grigor-
iev DV, Kuzmin IT, Vitenko DD (2021) Wear patterns and dental 
functioning in an Early Cretaceous stegosaur from Yakutia, Eastern 
Russia. PLoS ONE 16(3): e0248163. https://doi.org/10.1371/jour-
nal.pone.0248163

Wible JR (1990) Petrosals of Late Cretaceous marsupials from North 
America, and a cladistic analysis of the petrosal in therian mammals. 
Journal of Vertebrate Paleontology 10: 183–205. https://doi.org/10.1
080/02724634.1990.10011807

Wible JR, Hopson JA (1993) Basicranial evidence for early mam-
mal phylogeny. In: Szalay FS, Novacek MJ, McKenna MC (Eds) 
Mammal Phylogeny – Mesozoic Differentiation, Multituberculates, 
Monotremes, Early Therians, and Marsupials. Springer-Verlag, 
NewYork, 45–62. https://doi.org/10.1007/978-1-4613-9249-1_5

Wible JR, Hopson JA (1995) Homologies of the prootic canal in mam-
mals and non-mammalian cynodonts. Journal of Vertebrate Paleon-
tology 15: 331–356. https://doi.org/10.1080/02724634.1995.10011
233

Wible JR, Rougier GW, Novacek MJ, McKenna MC (2001) Earliest eu-
therian ear region: a petrosal referred to Prokennalestes from the Ear-
ly Cretaceous of Mongolia. American Museum Novitates 3322: 1-44. 

https://doi.org/10.1134/S0031030109020129
https://doi.org/10.1671/16
https://doi.org/10.1111/j.1096-3642.2007.00282.x
https://doi.org/10.1007/BF01027599
https://doi.org/10.1134/s0012496608020117
https://doi.org/10.1126/science.1058476
https://doi.org/10.1016/B978-0-12-805408-6.00033-6
https://doi.org/10.1016/B978-0-12-805408-6.00033-6
https://doi.org/10.1111/j.1096-3642.2012.00852.x
https://doi.org/10.1111/j.1096-3642.2012.00852.x
https://doi.org/10.1007/978-3-319-46661-3_6
https://doi.org/10.1007/978-3-319-46661-3_6
https://doi.org/10.1007/978-1-4613-9249-1_12
https://doi.org/10.1007/978-1-4613-9249-1_12
https://doi.org/10.1002/mmng.20%C2%AD0%C2%AD20050119
https://doi.org/10.1002/mmng.20%C2%AD0%C2%AD20050119
https://doi.org/10.1002/spp2.1233
https://doi.org/10.1080/02724634.1992.10011449
https://doi.org/10.1080/02724634.1992.10011449
https://doi.org/10.1111/j.1469-7580.2009.01059.x
https://doi.org/10.1080/02724634.2013.722575
https://doi.org/10.1080/02724634.2013.722575
https://doi.org/10.1002/jmor.20632
https://doi.org/10.1002/jmor.20632
https://doi.org/10.1093/zoolinnean/zlab096
https://doi.org/10.1093/zoolinnean/zlab096
https://doi.org/10.4202/app.00498.2018
https://doi.org/10.4202/app.00498.2018
https://doi.org/10.1016/j.cretres.2019.07.016
https://doi.org/10.1016/j.cretres.2019.07.016
https://doi.org/10.1371/journal.pone.0248163
https://doi.org/10.1371/journal.pone.0248163
https://doi.org/10.1080/02724634.1990.10011807
https://doi.org/10.1080/02724634.1990.10011807
https://doi.org/10.1007/978-1-4613-9249-1_5
https://doi.org/10.1080/02724634.1995.10011233
https://doi.org/10.1080/02724634.1995.10011233


Julia A. Schultz et al.: Petrosal from Yakutia168

https://doi.org/10.1206/0003-0082(2001)322<0001:EEERAP>2.0. 
CO;2

Zeller U (1985) Die Ontogenese und Morphologie des Fenestra rotunda 
und des Aquaeductus cochleae von Tupaia und anderen Säugern. 
Gegenbaurs Morphologisches Jahrbuch 131: 179–204.

Zeller U (1993) Ontogenetic evidence for cranial homologies in mono-
tremes and therians, with special reference to Ornithorhynchus. In: 
Szalay FS, Novacek MJ, McKenna MC (Eds) Mammal Phyloge-
ny – Mesozoic Differentiation, Multituberculates, Monotremes, Ear-
ly Therians, and Marsupials. Springer-Verlag, NewYork, 95–107. 
https://doi.org/10.1007/978-1-4613-9249-1_8

https://doi.org/10.1206/0003-0082(2001)322%3C0001:EEERAP%3E2.0.%C2%ADCO;2
https://doi.org/10.1206/0003-0082(2001)322%3C0001:EEERAP%3E2.0.%C2%ADCO;2
https://doi.org/10.1007/978-1-4613-9249-1_8

	Mammalian petrosal from the Lower Cretaceous high paleo-latitude Teete locality (Yakutia, Eastern Russia)
	Introduction
	Materials and Methods
	Description
	External morphology of petrosal PIN 5614/25
	Inner ear endocast reconstruction

	Discussion
	Conclusion
	Acknowledgements
	References

