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The origin of jaws and teeth represents one of the
most formative episodes in our own evolutionary history.
However, this event is poorly understood because of a
lack of detailed knowledge of key lineages, including the
‘acanthothoracid’ placoderms, which were among the earliest
jawed vertebrates. Here, we describe Romundina gagnieri sp.
nov., a new species of ‘acanthothoracid’ from the Early
Devonian of Arctic Canada. The new species displays anterior
supragnathal plates with teeth that we have characterized
using synchrotron tomography. Our study shows that teeth
are arranged in a concentric manner and that the pattern of
tooth addition is centrifugal, including an anterior addition.
Overgrowing odontodes, present on the anterior part of
the gnathal plates, are covering teeth that can display an
hypermineralized layer (probably reflecting the earliest stage
of teeth during the ontogeny) or be partially broken. These
overgrowing odontodes develop in successive steps and
without obvious organization. The presence of a pair of
anterior supragnathal plates on the ethmoid part of the
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endocranium, as well as the growth process of these plates in R. gagnieri sp. nov. are similar to
the conditions seen notably in arthrodires, compatible with an ancestral gnathostome ancestral
condition.

1. Introduction
Jaws armed with teeth have long been considered key innovations that underpinned the evolutionary
and ecological diversification of jawed vertebrates, though the timing and sequence of origin of these
evolutionary novelties has been the subject of considerable debate [1–17]. Although it has been argued
that teeth evolved before jaws to which they were recruited convergently in derived placoderms,
acanthodians, chondrichthyans and osteichthyans [1], it appears that placoderms, the phylogenetically
earliestdiverging lineage of jawed vertebrates, already possessed jaw-bearing teeth [1,2,14,17]. Thus,
attempts to elucidate the evolutionary origin of teeth and the nature of their development is to be
sought in this paraphyletic [12,18–20] or monophyletic [21,22] assemblage of extinct jawed vertebrates.
Although the phylogenetic coherence of Placodermi is debated, it is commonly accepted that the
antiarch and ‘acanthothoracid’ placoderm lineages are among the earliest branching lineages of
placoderms and jawed vertebrates [12,22]. However, these views are poorly justified, reflecting the
absence of a robust phylogeny for early jawed vertebrates. Antiarchs may lack a dentition because of
loss [2], but ‘acanthothoracids’ are known to possess dentitions and so, through comparison to other
gnathostomes, they may offer unique insights into the nature of the primitive vertebrate dentition.

‘Acanthothoracids’ are scarce in the fossil record [5,12,23–36]. To date, ‘acanthothoracid’ dentitions
are known from one unnamed specimen from Arctic Canada that possesses an anterior supragnathal
plate [1,5,6,10,12,37] and from three taxa from Czechia [12]. These data have been interpreted to
indicate that ‘acanthothoracid’ dentitions are most similar to chondrichthyans and osteichthyans in
that the teeth are added posteriorly (lingually) and the dentition is marginal, carried by a cheekbone
or a series of short dermal bones along the jaw edges [12]. As such, these characteristics have been
interpreted as primitive for all jawed vertebrates [12] though Brazeau et al. [16] contend that this view
is based on a misinterpretation of skeletal elements of a Radotina specimen on which it is based. Here
we contribute to the debate with the description of the hitherto unnamed acanthothoracid taxon from
Arctic Canada, described and named based on new and previously published material. The dentition is
investigated using synchrotron radiation X-ray tomographic microscopy [38] to contribute new data to
debate over the evolution of teeth and jaws within gnathostomes.

2. Material and methods
2.1. Origin of the fossil material
MNHN.F.CPW9 represents a prenasal region and MNHN.F.CPW30 an incomplete skull, both of an
‘acanthothoracid’ placoderm. The two specimens were collected from the Early Devonian (Lower
Lochkovian) Drake Bay Formation of the Prince of Wales Island, Arctic Canada (figure 1A,B). The
locality marks an isolated stream outcrop approximately 12 m thick [39] (figure 1) and fish remains
were found in two calcareous layers at the top of the sequence (figure 1D). ‘Acanthothoracid’ speci-
mens, including the new taxon and specimens of R. stellina, were found mainly in the uppermost
calcareous layer, whereas the calcareous layer immediately below yielded mainly heterostracans.
MNHN.F.CPW9 and MNHN.F.CPW30 were found in 1995 by a Franco-Canadian team (P. Y. Gagnier,
D. Goujet, Z. Johanson, A. Lindoe and D. Meckert). All necessary permits were obtained for the
described study, which complied with all relevant regulations (mission to Prince of Wales Island
funded by UNESCO IGCP 328, MNHN Paris and Institute of Northern Studies: Polar Continental
Shelf Project no. 606-95). Specimens are deposited in the Collections of Paleontology of the Muséum
National d’Histoire Naturelle, Paris (MNHN), France.

2.2. Chemical and virtual preparations
The two specimens were originally enclosed in a limestone matrix. Preparation entailed mounting the
specimens on resin blocks, followed by dissolution of the external limestone matrix with 8% formic

2
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250837

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

05
 S

ep
te

m
be

r 2
02

5 



acid buffered with tricalcium diphosphate; most of the matrix inside the skull remains intact. This has
preserved the delicate internal perichondral ossifications, which would otherwise have collapsed.

MNHN.F.CPW9 was reconstructed using computed tomography (figure 2) based on raw X-ray
projection data from Smith et al. [37] available in the Dryad Data Repository [40]. Smith et al. [37]
scanned the specimen using a Nikon metrology HMX ST 225, with a 1.5-mm copper filter at 200
kV, at the Imaging and Analysis Centre, Natural History Museum, London. MNHN.F.CPW9a and b
were scanned independently. Voxel dimensions for CPW9a are 0.017 mm and the number of slices is
1478. Voxel dimensions for CPW9b are 0.020 mm and the number of slices is 1414. These data were
segmented using MIMICS (Materialise Interactive Medical Image Control System) 21.0 (Materialise
NV). Part and counterpart were merged using 3-matic Research 13.0 (Materialise NV).

Five regions of interest (ROI) on MNHN.F.CPW9 (figure 2) were characterized using synchrotron
radiation X-ray tomographic microscopy (SRXTM) at the TOMCAT (X02DA) beamline of the Swiss
Lights Source, Paul Scherrer Institute, Switzerland [41]. These regions of interest were scanned with
1501 (ROIs 2 and 4) or 1001 (ROIs 1, 3 and 5) projections distributed equi-angularly over 180°, using
a 10× objective, resulting in a dataset with voxel dimensions of 0.65 µm. The measurement energy
was 35 (ROIs 1, 3 and 5) or 32 (ROIs 2 and 4) keV with an exposure time of 1800 (ROIs 1, 3 and
5) or 2000 (ROIs 2 and 3) ms. Phase retrieval was used applying a Paganin algorithm [42] to the
corrected projections and consequently tomograms were reconstructed for all ROIs. The raw slice data
are available in the Dryad Data Repository [40]. These data were analysed using AVIZO 2019.3 (https://
www.fei.com). Volume rendering of odontodes was made, slice by slice, from the tip to the base.

MNHN.F.CPW30 was scanned using a Zeiss Xradia 520 Versa micro-CT scanner, 50 kV (Naturalis
Biodiversity Centre, Leiden). MNHN.F.CPW30 is preserved in two parts. CPW30a corresponds to an
almost complete endocranium, whereas CPW30b represents only a fragment of it (of the left part).
MNHN.F.CPW30a and b were scanned independently, with the voxel dimensions of 0.023 and 0.012
mm for CPW30a (number of slices of 1018) and CPW30b (number of slices of 1015), respectively. Both
datasets were merged virtually and segmented using AVIZO 2019.3. The raw slice data are available

Figure 1. Geographical and stratigraphical localization of R. gagnieri sp. nov. specimens. (A) Localization of the Arctic Archipelago.
(B) Close-up on the Prince of Wales and surrounding islands. (C) Close-up on the area with the fossiliferous locality (red point).
(D) Stratigraphical section of the fossiliferous locality with the two calcareous layers having yielded ‘acanthothoracids’ and
heterostracans.
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in the Dryad Data Repository [40]. The endocranial cavities and the cavities of the nerve canals were
segmented, but it should be noted that this does not represent the actual shape and size of the brain
and nerves, rather the dimensions of their cavities. In extant species, the volume of the braincase that
the brain occupies can be significantly less than the volume of the endocranial cavity, reaching as little
as 1% in the case of the coelacanth Latimeria [43].

2.3. Terminology
We follow the terminology adopted by Huysseune et al. ([44], tab. 1) based on the works and defini-
tions given by Ørvig [45,46], Reif [47], Donoghue [48] and Donoghue & Rücklin [11] for characterizing
odontodes and related tissues. Thus, teeth correspond to internal odontodes and odontodes located in
the skin to external/dermal odontodes. We refer to odontodes that overgrow teeth and colonize the oral
cavity as overgrowing odontodes in the text.

2.4. Anatomical abbreviations
III, oculomotor nerve; IV, trochlearis nerve; V1, profundus ramus of trigeminal nerve; V2, maxillary
ramus of the trigeminal nerve; V3.s.p, ramus of the trigeminal nerve connected to the sensory pits;

Figure 2. R. gagnieri sp. nov., prenasal area, MNHN.F.CPW9. (A) MNHN.F.CPW9a, dorsal view, photograph. (B) MNHN.F.CPW9b, ventral
view with the gnathal plates, photograph. (C) Volume rendering of microtomography data of the anteroventral part (models of CPW9a
and b have been fused) with localization of the different regions of interest (ROI, ‘s’ for slice). Blue for CPW9a, grey for CPW9b. Scale
bars equal 1 cm.

4
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250837

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

05
 S

ep
te

m
be

r 2
02

5 



V3.soc, ramus of the trigeminal nerve connected to the supraorbital sensory line; VI, abducens nerve;
VII.hm, hyomandibular ramus of the facial nerve; VII.lc, ramus of the facial nerve connected to the
lateral sensory line; VII.pal, palatal ramus of the facial nerve; VIII, acoustic nerve; X, vagus nerve;
X.lc, ramus of the vagus nerve connected to the lateral sensory line; X.ppl, ramus of the vagus
nerve connected with the posterior pitline; spi1−2, spinooccipital nerves; ?, unidentified foramina in
the ethmoid region; amp.a, anterior ampulla of the otic capsule; amp.e, external ampulla of the otic
capsule; aut.art, articulation area for the autopalatine, bu, perichondral bulge supporting the anterior
supragnathal plates; csa, anterior semicircular canal, csc, central sensory line groove; cse, external
semicircular canal; csp, posterior semicircular canal; d.end, endolymphatic duct foramina; d.myo,
dorsal myodome; d.myo.IV, dorsal myodome for the trochlearis-innervated eye muscle; end.fl, floor of
the endocranium; es, eyestalk; eth.lc, ethmoid lateral line commissure; eth.lc.ae; anterior expansion of
the ethmoid lateral commissure; f.III, foramen for the oculomotor nerve; f.j.v, foramen for the jugular
vein; f.IV, foramen for the trochlearis nerve; f.V1, foramen for the first branch of the trigeminal nerve;
f.VI, foramen for the abducens nerve; g.pse.a, groove of the pseudobranchial artery; hyp, hypophysis;
hyp.f, hypophysial fenestra; hyp.v, hypophysial vein; ifc, infraorbital sensory line groove; j.v, jugular
vein; lc, main lateral sensory line groove; n, notch on the perichondral bone; ot.v?, possible otic vein;
p.myo, posterior myodome; pit.v, pituitary vein; pmc, postmarginal sensory line groove; ppl, posterior
pitline; Prm, premedian plate; rec.V, trigeminal recess; soc, supraorbital sensory line groove.

3. Results
3.1. Systematic palaeontology

Class PLACODERMI McCoy, 1848

Order ACANTHOTHORACI Stensiö, 1944

Family PALAEACANTHASPIDAE Stensiö, 1944

Genus Romundina Ørvig, 1975

Emended diagnosis. ‘Acanthothoracid’ placoderm with a subdivision of the endocranium into
separate premedian-ethmoid and orbito-otic-occipital areas. Presence of a large, posterior myodome
in each orbital cavity. On the lateral face of the premedian-ethmoid region, presence of large areas of
articulation with the autopalatine part of the palatoquadrate. Ornamentation with stellate semidentine
odontodes.

Type Species. R. stellina Ørvig, 1975

R. gagnieri sp. nov.

Romundina sp. [17]

Acanthothoracid placoderm [5]

Romundina sp. [6]

Romundina [10]

Acanthothoraci [37]

Romundina [49]

Acanthothoracid placoderm [12]

Unnamed acanthothoracid snout from Drake Bay [16]

Holotype. MNHN.F.CPW9a and b (part and counter-part): prenasal region.
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Other material. MNHN.F.CPW30a and b (part and counter-part): incomplete skull showing the
premedian-ethmoid area and parts of the orbital, otic and occipital areas. This specimen is slightly
distorted in the area between the premedian plate and the orbital area, giving the impression that the
specimen is asymmetric (e.g. figure 3A).

Etymology. In honour of Dr Pierre-Yves Gagnier, who greatly improved our knowledge of early
vertebrates and who was part of the expedition to Prince of Wales Island in 1995.

Type locality. Locality 10 [39] in Prince of Wales Island, Canadian Arctic Archipelago.

Type horizon. Drake Bay Formation. Early Lochkovian.

Diagnosis. Skull laterally compressed, and skull floor strongly vaulted. Elongated quadrangular
premedian plate with an anterior expansion extending ventrally. Orbital area constricted laterally.
Orbital and premedian-ethmoid areas dorsally oriented. Ethmoid lateral line commissure, on the
premedian plate, divided in two branches and located in the first anterior third of the plate. Supraorbi-
tal canals joining posteriorly and forming a single canal. Central sensory line groove parallel to the
dorsal posterior margin of the orbit and parallel to the posterior pitline.

Remarks. MNHN.F.CPW30 and 9 are assigned to the same species because of the elongated and
quadrangular shape of the premedian plate, the ethmoid lateral line commissure that is splitting into
two, and the similar ornamentation.

3.2. Description

3.2.1. Skull roof

The premedian plate (Prm, figure 3) is known from a juvenile (MNHN.F.CPW30) and an adult
(MNHN.F.CPW9) specimen. It is elongated, quadrangular and anteroventrally expanded; slightly in
the juvenile and more ventrally developed in the adult specimen. The frontal torus is rounder in the
juvenile skull (figure 3J), whereas it is slightly flattened in the larger specimen ([12]: fig. S2D). The
external surface is concave on the juvenile specimen and convex in the adult one. The posterior margin
of the premedian plate is (i) strongly concave in the adult specimen and (ii) with a small medial
embayment in the juvenile specimen. This area was in contact with the rostronasal capsule and the
anterior process of the capsule might be in contact with the embayment in the juvenile and the larger
concave area in the adult. In both specimens, the ethmoid lateral line commissure (eth. lc, figure 3)
is divided in two branches, parallel to the anterior margin, and joining laterally. On MNHN.F.CPW9,
there is an extra branch oriented obliquely posteriorly. On MNHN.F.CPW30, there is a short anterior
expansion of the lateral line commissure on the left side (eth. lc. ae, figure 3). The premedian plate
is divided in two parts: (i) the anterior part, which bears the ethmoid lateral line commissure, and
displays concave lateral margins, and (ii) the posterior part with concave lateral margins too. The
posterior part of the premedian plate represents two thirds of the total length of the adult premedian
plate (MNHN.F.CPW9; figure 2A,B), whereas it accounts for slightly more than half of the juvenile
premedian plate (MNHN.F.CPW30; figure 3A,B). This suggests that the posterior part of the plate
mainly elongates during growth. On the smaller specimen, external odontodes on the anteroventral
margin are smaller than the ones on the dorsal part of the premedian plate. On the bigger specimen,
external odontodes are smaller in the dorso-central part of the premedian plate and more numerous
and larger in anterior, lateral and posterior areas, indicating an early growth in the central area and
a later increased growth posteriorly. The growth of external odontodes on the ventral expansion of
the premedian plate shows that posterior external odontodes are younger than the anterior ones since
the anterior margins of the posterior odontodes overlap the posterior margins of the anteriormost
external odontodes (figure 4). Therefore, external odontodes on the premedian plate are added in an
oral direction.

The description of the remaining skull roof plates is only possible for the juvenile stage (figure 3).
Postorbital plates are present with postorbital processes. The boundaries between the skull roof plates
are not discernible, but the sensory line groove pattern is well observable. The supraorbital sensory line
grooves (soc, figure 3B,F) join posteriorly on the level of the posterior orbital margin and form a sole
canal. The main lateral sensory line groove (lc, figure 3H) runs laterally to the skull roof. Anteriorly, it
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is divided into two branches: (i) the infraorbital sensory line groove (ifc, figure 3H) running along the
ventral margin of the preorbital plate and (ii) the central sensory line groove (csc, figure 3H) running in
parallel to the lateral and dorsal margins of the orbit. Posteriorly, there is a short lateral postmarginal
sensory line groove (pmc, figure 3H) and a longer posterior pit line (ppl, figure 3H), both running from
the main lateral sensory line groove. The posterior pit line stretches towards the centre of the skull roof.

3.2.2. Endocranium: external morphology

MNHN.F.CPW30 displays several areas of the endocranium. Dorsally, the premedian-ethmoid region
of the specimen is well preserved. In the orbits and the orbital shelves, the perichondral bone is almost

Figure 3. R. gagnieri sp. nov., incomplete skull, MNHN.F.CPW30. (A) Dorsal view, photograph. (B) Dorsal view, interpretative drawing.
(C) Anterior view, volume rendering of microtomography data. (D) Anterior view, interpretative drawing. (E). Dorso-anterior view,
volume rendering of microtomography data. (F) Dorso-anterior view, interpretative drawing. (G). Right lateral view, volume rendering
of microtomography data. (H) Right lateral view, interpretative drawing. (I) Right dorso-anterior lateral view, volume rendering of
microtomography data. (J) Ventral view of the orbital region, volume rendering of microtomography data. Scale bar equals 1 cm for
A–H, J and 0.6 cm for I.
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intact, preserving foramina housing the nerves innervating the eye. On the ventral side, the cranial
floor is preserved only anteriorly of the orbits.

On the lateral side of the snout, the perichondral bone forms an ovoid notch (n, figure 3D,I). This
notch may correspond to the articulation point of the anterior process of the inner side of the suborbital
plate of the autopalatine [34]. Further posteriorly from the notch three circular crests are visible that
correspond to the points for the articulation of the autopalatine part of the palatoquadrate (aut.art,
figure 3D,F,H,I). Posterior to the premedian plate and limited by the orbital margins, the rim carrying
the rostronasal capsule, connects the premedian-ethmoid region to the anterior margin of the orbital
region.

The orbital region extends from the anterior orbital margin, which connects the premedian–ethmoid
region, to the anterior postorbital process. The posterior boundary of the orbital wall houses the
foramen of the hyomandibular branch of the facial nerve. Anterolaterally the margin of the orbital
region is formed by the suborbital shelves which are relatively wide. The surface of the orbits is
covered by perichondral bone, and they open anterolaterally. The orbital region includes articulation
points for the eye muscles and foramina for the cranial nerves innervating the eye and the blood
vessels exiting the orbital wall. On the anterior part of the orbits, the most prominent feature is the
eyestalk (es, figure 3I) which is keyhole-shaped and is oriented dorsoventrally. However, the exact
morphology is not visible due to fragmentation in that part of the specimen. Right above the eyestalk
due to imperfect preservation, only an impression of the foramen of the oculomotor (f.III) nerve is
visible, which lies within the dorsal myodome (d.myo, figure 3I). On the surface of the anteromedial
part of the orbital wall, two small foramina corresponding to the trochlear (f.IV, figure 3H,I) and the
ophthalmic branch of the trigeminal nerve (f.V1, figure 3G–I) are visible. The ventral part of the orbital
wall exhibits two large openings. The most medial one forms a large chamber that is connected with
the common foramen of the trigeminal and facial nerves and corresponds to the posterior myodome
(p.myo, figure 3I). Within that chamber the opening for the abducens nerve (f.VI, figure 3I) is present.
The most lateral opening is identified as the foramen of the jugular vein (f.j.v, figure 3D,F,I). On the
anterodorsal part of the orbit, right under the skull roof and above the foramen of the trochlear nerve,
a large depression is visible. This depression corresponds to the dorsal myodome for the trochlearis-
innervated eye muscle (d.myo.IV, figure 3H,I). The ventral surface of the suborbital shelves exhibits
two elongated grooves with an anteroposterior direction that most likely housed the palatine branch of
the facial nerve. The floor of the orbital area of the neurocranium displays in its center the hypophysial
fenestra (hyp.f, figure 3J). Laterally to the later run two strong grooves for the pseudobranchial arteries
(g.pse.a, figure 3J).

Figure 4. R. gagnieri sp. nov., volume rendering of SRXTM data of the posterior portion of the ventral expansion of the premedian
plate (anterior area of ROI 3). Black represents parts of the premedian plate that were not volume rendered in detail. The three types
of blue correspond to three generations of odontodes (dark blue being the oldest and cyan the youngest). Red arrow tips point the
overlap areas of light blue odontodes on dark blue ones. Black arrow tips point the overlap areas of cyan odontodes on light blue ones.
White arrow points anteriorly. Scale bar equals 0.1 mm. Miniature, on the bottom right, from figure 2 to locate ROI 3 (scale bar equals 1
cm).
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3.2.3. Endocranium: internal morphology

Anteriorly, in the premedian–ethmoid region, the ethmoid is pierced by a pair of dorsally directed
canals (?, figure 5). Its physiological function has not been clarified yet. The preserved endocranial
cavity of the specimen starts in the post-ethmoid part of the neurocranium, situated directly between
the orbits. On the dorsal and the lateral sides, the perichondral bone covering the endocranial cavity
is well preserved, while on the ventral side, it is heavily fragmented. Within the orbital region, the
boundary between the diencephalon and the mesencephalon is marked by a slight swelling, anterior
to the oculomotor nerve (III, figure 5). The mesencephalic region is shaped as an elliptic cylinder,
with lateral sides flatter than the dorsal, which narrows posteriorly to the trochlear nerve (IV, fig-
ure 5A,B,D). This narrowing is followed by the bulging of the trigeminal recess, which has a very
pronounced spherical shape, grows anterolaterally in two hemispheres and forms a sharp evagination
with the lateral walls of the mesencephalon. The part of the brain cavity forming the recess extends
up to the anterior otic region. Beyond that point, the posterior part of the endocranial cavity is absent,
except for a small lateral fragment on the left side of the anterior occipital region, from which three
cranial nerve canals (X, spi1, spi2, figure 5B,D) project laterally.

The canal for the oculomotor nerve (III, figure 5) is situated ventrally on the lateral wall of the brain
cavity. Its main body is relatively short, and laterally directed, to the orbital wall, posterior to the eye
stalk area. Right before reaching the orbital wall, it divides into two branches. On the surface of the
orbital wall, one branch connects to a foramen, most likely belonging to an oculomotorius-innervated
eye muscle, homologous to other species of placoderms. The direction of the other branch on the
orbital wall is not very well preserved. The trochlear nerve (IV, figure 5A,B,D) exits from the dorsal side
of the lateral wall of the brain cavity, anterolaterally directed and connected to a foramen in the dorsal
side of the orbital wall.

The trigeminal nerve (V, figure 5) comprises three main divisions, which exit the trigeminal recess
from different points, without all three of them joining in the same nerve canal. The profundus branch
(V1, figure 5) exits the anterior part of the recess anterolaterally directed and connects to the medial
area of the orbital wall. From the left profundus branch, shortly after exiting the recess, an unidentified
much thinner canal branches off, dorsally directed, connecting to the dorsal wall of the orbit. The
two remaining branches (V2 and V3, figure 5A,C,D) exit posteroventrally from the profundus within
a common canal in ventrolateral direction. Right above the posterior myodome, the V2 branch turns
anteriorly and connects with the orbital wall. The direction of the V3 branch of the trigeminal nerve
is uncertain due to a common fossa created by its connection with the canal of the facial nerve and
jugular vein, right behind the posterior myodome. Shortly after the V2–V3 common nerve canal exits
the brain cavity, on its dorsal side a thin canal branches off, and bifurcates to a dorsally directed
(V3.soc, figure 5C) and a laterally directed (V3.s.p, figure 5C,D) branch. The V3.soc is probably the
ramus of the trigeminal nerve connected with the supraorbital sensory line and the V3.s.p is the ramus
connected to the sensory pits on the infraorbital sensory line.

The exit point of the facial nerve (VII) from the brain cavity is situated posteroventrally from the
trigeminal recess, just anteriorly to the otic region. The facial nerve is ventrolaterally directed and
joins the V2 and V3 foramen in a common canal. When it reaches the fossa behind the posterior
myodome, it divides into the palatal (VII.pal, figure 5A,B,D) and the hyomandibular (VII.hm, figure
5) branches. The palatal is directed anteriorly, exiting the orbital wall from the ventral side of the
posterior myodome, and housed in a groove of the orbital floor bone. The hyomandibular branch runs
laterally along the posterior orbital wall and exits from the anterior postorbital process. Close to the
exit point of the facial nerve from the endocranial cavity a much thinner branch (VII.lc, figure 5) turns
posteriorly, and runs along the lateral sensory line, surrounding the otic capsule, reaching close to the
vagus nerve (X, figure 5A,B,D) in the posterior otic region.

The acoustic nerve (VIII, figure 5B,D) exits the endocranial cavity from the posterior side of a small
recess, shared with the exit of the facial nerve. The acoustic nerve is very short, laterally directed
and connects with the lateroventral part of the otic capsule. Due to the heavy fragmentation of the
capsule’s perichondral bone, it is uncertain to which part of the capsule it connects, but most likely to
the sacculus. On the ventral side, a thin canal starts very close to the shared recess of the facial and
acoustic nerves, most likely for the abducens nerve (VI, figure 5D). The canal is anteriorly directed on
the ventral side of the brain cavity and connects to the ventral side of the posterior myodome.

The vagus nerve (X, figure 5A,B,D) exits in the occipital region, right posteriorly to the acoustic
capsule. From the left vagus nerve track, only a small part has been preserved, connected to the
preserved fracture of the brain cavity. It is relatively broad and posterolaterally directed towards the
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lateral neurocranium wall. On the right side of the specimen also only a small part of the vagus nerve is
preserved and it has a complex structure. The main body of the nerve canal reaches close to the lateral
wall of the neurocranium, and from that point three canals branch off. The most anterior nerve track
(X.lc, figure 5A,B,D) directs anteriorly and reaches very close to the lateral sensory line branch of the
facial nerve (VII.lc, figure 5). The medial branch (X.ppl, figure 5A,B,D) is dorsally directed forming a
groove in the wall of the neurocranium. This branch is following the direction of the posterior pitline
and ends in the foramen of the endolymphatic duct, on the roof of the neurocranium. The third branch
is posterolaterally oriented and exits the neurocranium from a foramen in the posterolateral wall in the
occipital region. On the left side of the specimen, posterior to the vagus nerve two spino-occipital nerve
canals exit the brain cavity. Both of them are directed towards the lateral wall of the neurocranium.

Anteriorly, in the ethmoid region, the hypophysial duct (hyp, figure 5A,B,D) opens dorsally in
the preorbital area. The part of the endocranial cavity connected to the hypophysial duct is absent.
The hypophysial duct is anteroventrally directed and opens in the mouth. The posterior wall of the
hypophysial duct is connected to the hypophysial vein (hyp.v, figure 5A,B,D) which runs posteroven-
trally on the endocranial floor and connects to the pituitary vein. The pituitary vein (pit.v, figure 5) is
laterally oriented, situated on the cranial floor, between the orbits in the anterior orbital region.

The otic capsule of Romundina sp. nov. is situated between the recess of the facial–acoustic nerve
and the vagus nerve. The perichondral bone of the otic capsule is heavily fragmented and some of the
features of the capsule have only been preserved on the left side of the specimen. From the impression
of the preserved perichondral bone, the sacculus, on the ventral side of the capsule, appears to be
bulky, occupying almost all the space between the cranial wall and the endocranial cavity (figure 5).
The anterior ampullae, dorsal to the sacculus (amp.a, figure 5B), has a spherical shape and extends
close to the orbit. From the anterior ampullae, the anterior semicircular canal extends dorsally close
to the skull roof and turns posteriorly (csa, figure 5A), but only a small part of the canal has been
preserved and it does not reach its full length. Posteriorly and slightly ventrally, the ampullae of the
exterior canal (amp.e, figure 5B), seen from the anterior side, create a very small angle with the anterior
ampullae (figure 5). On the posterior side of the capsule the posterior semicircular canal (csp, figure
5B,D) is dorsally directed from the sacculus. The canals of the endolymphatic system, are dorsally
directed, connecting to the skull roof, in the occipital region (d.end, figure 5).

Figure 5. R. gagnieri sp. nov., reconstruction of the endocranial cavity, MNHN.F.CPW30. (A) right lateral view. (B) dorsal view.
(C) anterior view. (D) ventral view. Scale bar equals 5 mm. Purple for perichondral bone, nervous system in yellow, inner ear organ in
light blue, endolymphatic ducts in green and veins in dark blue. Dermal skull roof in semitransparent. Scale bar equals 5 mm.
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3.2.4. Gnathal plates

CPW.9 displays on the ethmoid surface of the endocranium two gnathal plates considered, regarding
their position, as anterior supragnathal plates (figure 2). They are quadrangular in shape and longer
in their mesial part. Both plates are covered with internal odontodes of two kinds: overgrowing
odontodes and teeth. Attachment of the gnathal plates to the perichondral ethmoidal bone, notably
associated vascular spaces, was fully described by Smith et al. [37].

Gnathal plates are not preserved on MNHN.F.CPW30, but two horizontal bulges (figure 3J) are
present on the ethmoid area where the plates should be located. Bulges of the perichondral bones
underneath the gnathal plates are well observable on the virtual section through junction of premedian
plate and anterior supragnathal plate ([37], fig. 1E).

3.2.4.1. Overgrowing odontodes

Large odontodes, overgrowing smaller internal odontodes (teeth) in the anteromedial part of the
gnathal plate in R. gagnieri sp. nov, have already been noted [12]. SRXTM and three-dimensional
modelling of this area confirms this superposition exists (figure 2: ROI 3, figures 6C, 7 and 8) but also
indicates, for the first time, that (i) these overgrowing odontodes can overgrow several teeth, even
broken ones (figure 6C, tooth in red), (ii) they cover entirely or partially the teeth (figures 7 and 8), (iii)
they can overlay between them (figures 7 and 8) and (iv) they grow on the anterior part of the gnathal
plate in successive stages (figures 7 and 8).

3.2.4.2. Growth of gnathal plate

Teeth from the medial border towards the centre of the gnathal plate (figure 6A) display the same
profiles as teeth going from the lateral border of the gnathal plate towards the centre (figure 6B), i.e.
low and flat-top proximal teeth, and high and rounded distal teeth. The three-dimensional modelling
of ROIs 1 and 2 (figure 9) reveal a centrifugal growth with newly added teeth accommodating the
distal margin of the previous (older) ones.

On the gnathal plate, anterior teeth differ from medial and lateral teeth. They are lower and
slenderer. Three-dimensional modelling in this area (figures 7 and 8) shows that there is an anterior
tooth addition. Anterior and younger teeth/sheets of tissue accommodate the distal margin of the
posterior and older ones (for instance, the posterior margin of the orange youngest tooth accommodat-
ing the anterior margin of the yellow older tooth, figure 8). The anterior tooth addition area is mainly
covered by large overgrowing odontodes, making it difficult to observe, especially without SRXTM
data.

3.2.5. Histology

Teeth, overgrowing odontodes and external odontodes are situated on a thick spongy bone layer
(figure 6). External odontodes consist of two layers of dentine with numerous mainly unipolar
odontocyte lacunae (=semidentine, figure 6C,D). The inner layer of semidentine displays dispersed
lacunae and fills almost all of the odontodes. The outer layer of semidentine is thin and consists
of parallel tubules with few lacunae, resembling the coronal layer of Gross [50]. This three-layer
arrangement (spongy bone layer and two layers of semidentine) was already noticed for the stellate
odontodes of R. gagnieri sp. nov. (Romundina sp. in Johanson & Smith [6]: fig. 16B,C) and is similar
to the histology of the odontodes of R. stellina ([51], fig. 41; [52], fig. 3B) and of the arthrodires
Phlyctaenius acadicus ([50], fig. 9B,E) and Dicksonosteus arcticus ([53], pl. 14, figs 4 and 5). Only one layer
of semidentine is observable in the teeth of R. gagnieri sp. nov. (figure 6A,B).

Some of the overgrown teeth (figure 6C, pink tooth) exhibit an X-ray dense tissue that we
interpret as enameloid. This hypermineralized layer is absent on teeth that are not overgrown and
might characterize unworn teeth. Another important feature, observed underneath the overgrowing
odontode, is the presence of a broken tooth (figure 6C, red tooth).

At the anterodorsal margin of the gnathal plate layers of lamellar bone are wrapping around
the element demonstrating a growth around the element (figure 8, s1, s2). Sharpey’s fibres at the
anterodorsal margin with elongated anteriorly directed cavities are visible (figure 8, s1, s2).

Growth and addition of odontodes is generally appositional to the dermal bones. At the ethmoid
lateral line commissure on the dorsal side of the premedian plate (figure 2A, ROI 5), an X-ray dense
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layer is visible in the superficial layer underneath odontodes, truncating existing growth layers and
odontodes, reflecting a resorption line. These form resorption cups and represent a rare example of
remodelling of the superficial layer in the skeleton of R. gagnieri sp. nov. during ontogeny (figure 10),
whereas remodelling the middle layer is a common mechanism in Romundina and other placoderms
[54,55]. Resorption surfaces on gnathal elements have been described for arthrodires [6,56] and seem to
be absent in acanthothoracids.

4. Discussion
4.1. R. stellina and R. gagnieri sp. nov
The adult skull of R. gagnieri sp. nov. is much longer (by extrapolation of what is preserved from
MNHN.F.CPW9—a prenasal area of an adult specimen—compared to MNHN.F.CPW30—an incom-
plete skull of a juvenile specimen) than that of R. stellina (roughly 2 cm) but the juvenile skull of
R. gagnieri sp. nov. is in the same size range as R. stellina. The ontogenetic stages of R. stellina are
unknown; however, R. stellina differs from juvenile and adult specimens of R. gagnieri sp. nov. by (i)
the ethmoid lateral line commissure that is not divided into two branches and that follows, on all its
width, the anterior margin, as noted by Vaškaninová et al. [12, fig. S2, caption], (ii) the central sensory
line groove and posterior pitline that point towards the centre of the skull roof and not anteriorly,
(iii) the orbital area that is not constricted laterally; on the contrary, it increases progressively in width
posteriorly, (iv) the absence of an anteroventral expansion of the premedian plate, (v) the orbital and
premedian-ethmoid areas that are horizontal and not oriented dorsally as in R. gagnieri sp. nov., (vi)
the skull that is less compressed laterally and the skull floor that is quite flat (strongly vaulted in R.
gagnieri sp. nov.), and (vii) the branches of the cranial nerves that end up in the jaws (trigeminal, facial)
with a direction more dorsally oriented. Two horizontal bulges supporting the anterior supragnathal
plates are present on the ethmoid surface of the endocranium of R. gagnieri (figure 3J), but also of R.

Figure 6. R. gagnieri sp. nov., histology, MNHN.F.CPW9. (A) SRXTM slice in the right gnathal plate (ROI 1, s1) with close-ups and
interpretative drawings of two teeth. (B) SRXTM slice in the left gnathal plate (ROI 2, s2) with close-ups and interpretative drawing
of one tooth. (C) SRXTM slice in one overgrowing odontode of the anterior area of the right gnathal plate (ROI 3) and interpretative
drawing. (D) SRXTM slice in a dermal odontode of the ventral surface of the premedian plate (ROI 4) and interpretative drawing. Pale
grey for the inner layer of semidentine, dark grey for the outer layer. Red odontode corresponds to a broken tooth. Pink odontode
corresponds to an hypermineralized tooth. Arrows point posteriorly. Scale bars equal 100 µm. Miniature, on the top right, from figure 2
to locate ROIs (scale bar equals 1 cm).
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stellina [34, fig. 2 A2]. Thus, it is likely that R. stellina was also bearing anterior supragnathal plates, as
suggested by Dupret et al. [34, p. 20].

Based on their morphology, it has been hypothesized that the earliest-branching placoderms were
primarily benthic organisms [29]. Antiarchs and petalichthyids exhibit morphological characteristics
that are congruent with that hypothesis [57,58]. The dorsal position of the eyes of Brindabellaspis [59]
is an example of this kind of adaptation. However, in some species of ‘acanthothoracids’, the position
of the eyes and their overall body morphology implies a more active swimming lifestyle [23]. The
difference in the eye position between R. gagnieri sp. nov. and R. stellina, i.e. more lateral in R. gagnieri
sp. nov., suggesting an ecological distinction, with R. gagnieri sp. nov. living in pelagic habitat and R
stellina in benthic environments.

The forebrain of vertebrates participates in several adaptive responses such as locomotion, spatial
cognition and navigation [60,61]. The forebrain of Romundina is very short anteriorly, similarly to that
of ostracoderms [62]. Ostracoderms, based on their overall body morphology, have long been viewed
as cumbersome bottom feeders, occupying mainly benthic niches. However, Ferron et al. [63,64],
using computational fluid dynamics, demonstrated that osteostracans and galeaspids could have been
capable of greater locomotive ability and ecological diversity than previously thought. This suggests
that the small volume of the forebrain in Romundina sp. does not necessarily reflect a low locomotive
ability, typical of bottom benthic organisms—and as agreed with the possible pelagic habitat of R.
gagnieri sp. nov.

4.2. Dentition of R. gagnieri sp. nov
The dentition of R. gagnieri sp. nov. is only known from the supragnathal plates. Since they lie on the
ethmoid part of the endocranium, they are considered as anterior supragnathal plates by homology
with arthrodires where anterior and posterior supragnathal plates are present (the posterior ones
lie on the palatoquadrate whereas the anterior ones lie on the ethmoid part of the endocranium).
Unfortunately, the palatoquadrate and the suborbital plate of R. gagnieri sp. nov. are unknown. Thus,

Figure 7. R. gagnieri sp. nov., overgrowing odontodes setting-up in the PrM/gnathal plate area (ROI 3), MNHN.F.CPW9, volume
renderings of SRXTM data. (A) stage 1: gnathal plate with teeth and devoid of overgrowing odontodes. (B) stage 2: gnathal plate
with the first generation of overgrowing odontodes (blue). (C) stage 3: gnathal plate with the first two generations of overgrowing
odontodes (blue and cyan). (D) stage 4: gnathal plate with three generation of overgrowing odontodes/tissue (blue, cyan and light
cyan). Arrows point anteriorly. Scale bars equal 0.1 mm. Miniature, on the top right, from figure 2 to locate ROI 3 (scale bar equals 1
cm).
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it is not yet possible, to know if posterior supragnathal plates were present, nor if a supplementary
dentition (i.e. marginal) was contributing to the gnathal plate dentition. However, a marginal dentition
is absent in R. stellina [16,34,65] and this is most likely the same condition in R. gagnieri sp. nov. The
presence of a marginal dentition in ‘acanthothoracids’, and more precisely in Radotina, has recently
been refuted [16].

As in other ‘acanthothoracids’, infragnathals have not been retrieved for R. gagnieri sp. nov. and the
condition of the lower jaw in this group of placoderms remains unknown. Therefore, the two-upper-
and-one lower pattern of jaw bones that supports the close relationship between arthrodires and
maxillate placoderms plus crown gnathostomes [66–68], is not testable in the present case. What we
know regarding the dentition of R. gagnieri sp. nov. is that it was composed of one pair of anterior

Figure 8. R. gagnieri sp. nov., anterior growth of the gnathal plate and covering of the gnathal plate, MNHN.F.CPW9. On the right:
PrM/gnathal plate area without (top) and with (bottom) overgrowing odontodes (figure 7), volume renderings of SRXTM data. On the
left: virtual thin sections with locations indicated by s1 (SRXTM slices from 60 to 70) and s2 (SRXTM slices from 778 to 788) in the
volume rendering with overgrowing odontodes. Virtual thin sections without (top of each) and with (bottom of each) interpretation.
Yellowish colours for teeth and sheets of dental tissues and blueish colours for overgrowing odontodes (dark blue for the external
odontode of the PrM plate). Arrows point anteriorly. Scale bars equal 0.1 mm. Miniature, on the top, from figure 2 to locate ROI 3 (scale
bar equals 1 cm).
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supragnathals with teeth and that overgrowing odontodes colonized the oral cavity and were recruited
as part of the dentition (see below).

4.3. Growth of the gnathal plate
On the anterior supragnathal plates of MNHN.F.CPW30, teeth are arranged in a radiating and
concentric manner and centred on the anteromedial part of the plates [5,6,12,37] (but the first three
papers did not recognize teeth and evoked modified versions of dermal tubercles or denticles). It
was suggested that the anteromedial area of the gnathal plate could be the growth centre [12,37]. For
Vaškaninová et al. [12, p. 3], the tooth addition is ‘radial from a labial founder region, and there is no
labial tooth addition’, whereas it is radial and in all directions for other authors [5,6,37] (mistakenly
indicated ‘centripetal growth’ instead of ‘centrifugal growth’). SRXTM data (figures 8 and 9) show
that there is a radial/centrifugal tooth addition, including an anterior (labial) one. Central teeth are
flat-topped and low. They correspond to abraded old teeth contrary to distal teeth that are higher, more
rounded and correspond to newly added teeth (anterior teeth are lower and slenderer than medial
and lateral teeth). The outer hypermineralized layer observed on one anterior tooth (figure 6C, pink
tooth) is not observed on other teeth, i.e. central, medial and lateral teeth. This suggests that the newly
formed anterior teeth are quickly covered by the overgrowing odontodes and are thus not abraded by
food or occlusion during the lifetime of the animal (the putative broken tooth in the same area (figure

Figure 9. R. gagnieri sp. nov., centripetal growth of the gnathal plate, MNHN.F.CPW9. (A) volume rendering of SRXTM data of the
teeth of figure 6A (miniature on the top left, s1 of figure 2), from the centre of the gnathal plate towards the medial teeth. (B) volume
rendering of SRXTM data of the teeth of figure 6B (miniature on the top left, s2 of figure 2), from the centre of the gnathal plate
towards the lateral teeth. Red represents parts of the gnathal plate that were not volume rendered in detail. Arrows point posteriorly.
Scale bars equal 0.1 mm. Miniature, on the right, from figure 2 to locate ROIs 1 and 2 (scale bar equals 1 cm).
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6C, red tooth) would therefore represent an early accident in the animal’s life). On the contrary, the
oldest teeth in the centre of the gnathal plate and medial and lateral teeth (figure 6A2,B), that are not
covered by overgrowing odontodes and that are thus active in the feeding process, could have lost
the outer hypermineralized layer. Since the anterior supragnathal plates are fixed to the ethmoidal
region of the endocranium in a later ontogenetic stage (MNHN.F.CPW9) and absent in the earlier one
(MNHN.F.CPW30), it is likely that the anterior tooth addition is limited and stopped when it meets the
anteroventral portion of the premedian plate. Evidence for a later fusion of the anterior supragnathal
plate to the ethmoidal ossification are also layers of bone wrapping around the anterodorsal margin
of the gnathal plate and Sharpey’s fibres showing a connection with muscles. Also, a layer of spheritic
mineralization connects the plate to the ethmoidal ossification in the larger specimen demonstrating
fusion later in ontogeny.

Regarding the overgrowing odontodes, their development on the gnathal plate occurs in successive
steps without obvious organization (figures 7 and 8). We rationalize the pattern of morphogenesis as
follows (figure 7): (i) the first step (figure 7A), the gnathal plate occurs with teeth free of covering,
(ii) the first generation of overgrowing odontodes (figure 7B, blue) develops and is followed (because
the anterior part of the second generation odontodes covers the posterior part of the first generation
odontodes) by the addition of the second generation odontodes (figures 7C and 8, cyan odontode),
(iii) finally, or maybe during the development of the second generation odontodes, another layer—
or probably several thin layers—of bone (figure 7C, light cyan) develop on the first generation of
overgrowing odontodes and on the uncovered teeth (figures 7D and 8). It is likely that this layer
of bone originates from the front since it is only located anteriorly to odontodes that are the most
extended dorso-ventrally on the gnathal plate (both teeth and overgrowing odontodes). Conversely,
the absence of barrier (extended dorso-ventrally odontodes) permits its posterior progression (figure 8,
right side of the blue odontode on the gnathal plate on the three-dimensional model). Vaškaninová et
al. [12] inferred that overgrowing odontodes on MNHN.F.CPW9 were dermal in origin. This inference
presumably rests with the similarity in morphology and volume of the overgrowing odontodes and
the odontodes of the premedian plate (previously observed by Smith et al. [37]). This is insufficiently
robust evidence on which to infer the origin of cells from which the odontode-forming tissues were

Figure 10. R. gagnieri sp. nov., resorption area at the ethmoid lateral line commissure (ROI 5), MNHN.F.CPW9. (A) ventro-dorsal
SRXTM slice. (B) Ventro-dorsal SRXTM slice with the volume rendering of SRXTM data of the resorption cusps. (C, D). Volume rendering
of the SRXTM data of the resorption cups in lateral (C) and dorsal (D) views. Scale bar equals 100 µm. Miniature, on the top right, from
figure 2 to locate ROI 5 (scale bar equals 1 cm).
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derived. Also, our data document overgrowing odontodes that are added randomly in the anterior
part of the gnathal plate and therefore not fitting with the suggested scenario of an overgrowth of
dermal odontodes in the oral direction from the premedian plate.

The developmental relationship between teeth and external odontodes have been studied in stem
osteichthyans [13,69] and basal sarcopterygians [70,71]. Although tooth development of osteichthyans
differs greatly from placoderms in their tooth-shedding ability (e.g. [72]), some comparisons are
possible with stem osteichthyans which also lack tooth rows and possess teeth and external odontodes
of similar sizes [8,13,69]. Recently, the dental ontogeny of the stem osteichthyan Lophosteus superbus
and the developmental relationships between its teeth and dermal odontodes have been studied in
detail [13]. It was proposed that teeth and external odontodes are modifications of a single odontode
system and that the initiation site for the differentiation of odontodes between teeth and external
odontodes is located on a marginal jawbone. The initiation site is inferred to be centred on two
longitudinal ridges of odontodes from which external odontodes and teeth were added sequentially in
opposing directions, attaining a stellate and conical morphology, respectively. In Lophosteus, ‘regulatory
cross-contamination’ has been inferred at the invasion zone between external odontodes and teeth [13].
The latter implies that, in this area, the teeth have the character of external dermal odontodes while the
external odontodes have a tooth-like character. Unfortunately, regulatory cross-contamination is not a
phenomenon that can be observed in fossils.

4.4. ‘Acanthothoracid’ dentitions and ancestral condition for vertebrate tooth growth
Placoderms constitute the sister clade [21,22] or grade [18–20] to the monophyletic group comprised of
osteichthyans and chondrichthyans. Among placoderms, the dentition has only been known in detail
from arthrodires and ptyctodonts [1,2,6,49,51,53]. Thus, it was argued that the arthrodires, with their
nonmarginal dentition with a defined and restricted number of radially arranged tooth files with an
anterior (labial), posterior (lingual) or longitudinal addition, might represent a primitive condition for
jawed vertebrates [2].

This view has been challenged by the discovery of a statodont dentition carried by marginal dermal
bones in ‘acanthothoracids’ [12]. Here, teeth exhibit posterior (proximal) sequential addition and they
are not shed. Given the phylogenetic position of ‘acanthothoracids’ inferred by some [12,19,67], and
the distribution of this dentition character in the gnathostome tree, this developmental mode has been
inferred as plesiomorphic for jawed vertebrates [12,73]. Furthermore, and independently, arthrodiran
upper gnathal plates have been interpreted as homologous to the palatal laminae of marginal jaw
bones (with the loss of facial laminae in arthrodires) of a gnathostome ancestor which possessed facial
and palatal laminae [67,68], emphasizing the derived character of arthrodiran condition [22,68].

However, the existence of a marginal dentition in ‘acanthothoracids’ (i.e. in Radotina) has recently
been refuted and with it, the proposal that it reflects the primitive condition for the dentitions of
jawed vertebrates [16]. Considering the jaw hinge, it appears that ‘acanthothoracid’ dentitions were
fundamentally similar in location to the dentitions of arthrodires, rather than resembling bony fishes
[16]. The dentition in R. gagnieri sp. nov. (known as CPW.9 in [12]) exhibits tooth addition not only
posteriorly (lingually), but also anteriorly (labially), on bones that are not marginal but rest on the
ethmoid surface of the endocranium, making them gnathal plates, a condition shared with arthrodires
[5]. Moreover, the pattern of sequential addition of the teeth in R. gagnieri sp. nov. (partially shown
by Vaškaninová et al. [12, fig. S3] and clarified here in figures 8 and 9) is very similar to that seen
in arthrodires which possess fewer rows on the upper gnathal plates. Thus, an increasing number
of features appear to support a phylogenetic relationship between arthrodires and ‘acanthothora-
cids’. This may indicate not only that jaw morphology was phylogenetically conserved across most
placoderms [16], but so was the inner position of the gnathal elements. This returns us full circle to
the starting historical hypothesis, that the dental condition in arthrodires and now ‘acanthothoracids’,
reflects the gnathostome ancestral condition [51].

Interpreting these data is challenged by the uncertainty over whether placoderms comprise a clade
or an evolutionary grade, which we cannot resolve here. If we assume that placoderms are monophy-
letic, comprising the sister clade of osteichthyans and chondrichthyans [5,21,22] our observations on
the growth of the gnathal plate in R. gagnieri sp. nov. argue for an early loss of the facial lamina of
the marginal jaw bone in the history of placoderms. Previously considered as a synapomorphy of
arthrodires [22], it is now considered as a synapomorphy shared by all core placoderms (excluding
maxillate placoderms, sensu [22]).
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5. Conclusion
The description of a new species of the ‘acanthothoracid’ genus Romundina adds to the gnathostome
diversity of the Early Devonian of Arctic Canada. The two species were contemporaneous and
probably occupied different ecological niches (pelagic and benthic, respectively for R. gagnieri sp. nov
and R. stellina). The description of R. gagnieri sp. nov. allowed us to better understand the growth
pattern of upper jaws in ‘acanthothoracids’ thanks to SRXTM. This study showed that teeth that are
developed first during the ontogeny of R. gagnieri sp. nov. had a hypermineralised layer, they can be
broken and overgrown by odontodes later during ontogeny. Overgrowing odontodes are present on
the anterior part of the gnathal plates and are added without obvious organization and in several
stages. Overgrowing odontodes colonized the oral cavity and participate in the feeding process. A
sheet of lamellar bone is extending on the anterodorsal side of the gnathal plate. Together with
Sharpey’s fibres, they demonstrate that the plate was not fixed to the ethmoidal ossification early on
during ontogeny and is only later connected through mineralizations.

The morphology and function of ‘acanthothoracid’ jaws [16], as well as the presence of a pair of
anterior supragnathal plates on the ethmoid part of the endocranium of the new ‘acanthothoracid’
taxon R. gagnieri sp. nov., and together with the growth pattern of these plates in this taxon (centrifugal
with an anterior tooth addition, e.g. [49]), all resemble generalized placoderm conditions seen notably
in arthrodires. These similarities argue for a phylogenetic conservation of the jaw structure during the
placoderm evolutionary history. In the context of osteichthyan evolution, and considering ‘placoderms’
as paraphyletic, they indicate that the gnathostome ancestral condition may be represented by the
common dental condition seen in arthrodires and now ‘acanthothoracids’. More robust phylogenetic
hypotheses [16,20,21,67,74], together with discoveries of new placoderm taxa displaying elements of
the jaws, will clarify the situation in the near future.

Ethics. This work did not require ethical approval from a human subject or animal welfare committee.
Data accessibility. Raw slice data are available in the Dryad Data Repository [40].
Declaration of AI use. We have not used AI-assisted technologies in creating this article.
Authors’ contributions. S.O.: conceptualization, investigation, methodology, project administration, supervision,
visualization, writing—original draft, writing—review and editing; I.K.: investigation, methodology, visualization,
writing—original draft, writing—review and editing; D.G.: investigation, resources, writing—review and editing;
P.C.J.D.: conceptualization, funding acquisition, investigation, writing—review and editing; F.M.: investigation,
writing—review and editing; M.R.: conceptualization, funding acquisition, investigation, methodology, project
administration, supervision, writing—review and editing.

All authors gave final approval for publication and agreed to be held accountable for the work performed
therein.
Conflict of interest declaration. We declare we have no competing interests.
Funding. The study was funded by a Nederlandse Organisatie voor Wetenschappelijk Onderzoek (NWO) grant
(VIDI 864.14.009 to M.R.). S.O. received funding from a Belspo FED-tWIN project from the Belgian Federal
Government (Prf-2021-009-EAT). P.C.J.D. was funded by the Biotechnology and Biological Sciences Research
Council (BB/T012773/1) John Templeton Foundation (JTF 62220; JTF 62574), Leverhulme Trust (RF-2022-167) and
the Natural Environment Research Council (NE/G016623/1).
Acknowledgements. The Franco-Canadian team that discovered specimens studied in this paper is warmly thanked (P.
Y. Gagnier, D. Goujet, Z. Johanson, A. Lindoe and D. Meckert). We acknowledge the Paul Scherrer Institut, Villigen,
Switzerland, for provision of synchrotron radiation beamtime at the TOMCAT (X02DA) beamline of the Swiss
Light Source (20190071; 20211671; 20221616). We also acknowledge Bertie Joan van Heuven (NBC) for the X-ray
Tomography scans and Panos Skandalos (NBC) for discussing first steps on visualization using AVIZO. We thank
Vincent Dupret (Uppsala University) for fruitful discussion, and Nathan Vallée-Gillette, Thierry Hubin, Bertrand
Panier (RBINS), P. Loubry (MNHN) and E-J. Bosch (NBC) for technical support. Thomas Mueller, Montclair State
University, USA, discussed neuroanatomy with I.K. and M.R. We are grateful to Eduardo Villabolos Segura and one
anonymous reviewer for helping us to improve an earlier version of the manuscript.

References
1. Smith MM, Johanson Z. 2003 Separate evolutionary origins of teeth from evidence in fossil jawed vertebrates. Science 299, 1235–1236. (doi:10.

1126/science.1079623)
2. Rücklin M, Donoghue PCJ, Johanson Z, Trinajstic K, Marone F, Stampanoni M. 2012 Development of teeth and jaws in the earliest jawed

vertebrates. Nature 491, 748–751. (doi:10.1038/nature11555)
3. Rücklin M, Giles S, Janvier P, Donoghue PCJ. 2011 Teeth before jaws? Comparative analysis of the structure and development of the external and

internal scales in the extinct jawless vertebrate Loganellia scotica. Evol. Dev. 13, 523–532. (doi:10.1111/j.1525-142x.2011.00508.x)

18
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250837

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

05
 S

ep
te

m
be

r 2
02

5 

http://dx.doi.org/10.1126/science.1079623
http://dx.doi.org/10.1126/science.1079623
http://dx.doi.org/10.1038/nature11555
http://dx.doi.org/10.1111/j.1525-142x.2011.00508.x


4. Burrow CJ. 2003 Comment on ‘Separate evolutionary origins of teeth from evidence in fossil jawed vertebrates’. Science 300, 1661. (doi:10.
1126/science.1083877)

5. Goujet D, Young GC. 2004 Placoderm anatomy and phylogeny: new insights. In Recent advances in the origin and early radiation of vertebrates
(eds G Arratia, MVH Wilson, R Cloutier), pp. 109–126. Munich, Germany: Friedrich Pfeil.

6. Johanson Z, Smith MM. 2005 Origin and evolution of gnathostome dentitions: a question of teeth and pharyngeal denticles in placoderms. Biol.
Rev. 80, 303–345. (doi:10.1017/S1464793104006682)

7. Botella H. 2006 The oldest fossil evidence of a dental lamina in sharks. J. Vertebr. Paleontol. 26, 1002–1003. (doi:10.1671/0272-
4634(2006)26[1002:TOFEOA]2.0.CO;2)

8. Botella H, Blom H, Dorka M, Ahlberg PE, Janvier P. 2007 Jaws and teeth of the earliest bony fishes. Nature 448, 583–586. (doi:10.1038/
nature05989)

9. Witten PE, Sire JY, Huysseune A. 2014 Old, new and new-old concepts about the evolution of teeth. J. Appl. Ichthyol. 30, 636–642. (doi:10.
1111/jai.12532)

10. Rücklin M, Donoghue PCJ. 2015 Romundina and the evolutionary origin of teeth. Biol. Lett. 11, 20150326. (doi:10.1098/rsbl.2015.0326)
11. Donoghue PCJ, Rücklin M. 2016 The ins and outs of the evolutionary origin of teeth. Evol. Dev. 18, 19–30. (doi:10.1111/ede.12099)
12. Vaškaninová V, Chen D, Tafforeau P, Johanson Z, Ekrt B, Blom H, Ahlberg PE. 2020 Marginal dentition and multiple dermal jawbones as the

ancestral condition of jawed vertebrates. Science 369, 211–216. (doi:10.1126/science.aaz9431)
13. Chen D, Blom H, Sanchez S, Tafforeau P, Märss T, Ahlberg PE. 2020 The developmental relationship between teeth and dermal odontodes in the

most primitive bony fish Lophosteus. eLife 9, e60985. (doi:10.7554/elife.60985)
14. Rücklin M, King B, Cunningham JA, Johanson Z, Marone F, Donoghue PCJ. 2021 Acanthodian dental development and the origin of

gnathostome dentitions. Nat. Ecol. Evol. 5, 919–926. (doi:10.1038/s41559-021-01458-4)
15. Andreev PS et al. 2022 The oldest gnathostome teeth. Nature 609, 964–968. (doi:10.1038/s41586-022-05166-2)
16. Brazeau MD, Yuan H, Giles S, Jerve AL, Zorig E, Ariunchimeg Ya, Sansom RS, Atwood RC. 2023 A well-preserved ‘placoderm’ (stem-group

Gnathostomata) upper jaw from the Early Devonian of Mongolia clarifies jaw evolution. R. Soc. Open Sci. 10, 221452. (doi:10.1098/rsos.221452)
17. Smith MM, Johanson Z. 2003 Response to comment on ‘Separate evolutionary origins of teeth from evidence in fossil jawed vertebrates’. Science

300, 1661. (doi:10.1126/science.1084686)
18. Brazeau MD. 2009 The braincase and jaws of a Devonian ‘acanthodian’ and modern gnathostome origins. Nature 457, 305–308. (doi:10.1038/

nature07436)
19. Giles S, Friedman M, Brazeau MD. 2015 Osteichthyan-like cranial conditions in an Early Devonian stem gnathostome. Nature 520, 82–85. (doi:

10.1038/nature14065)
20. Qiao T, King B, Long JA, Ahlberg PE, Zhu M. 2016 Early gnathostome phylogeny revisited: multiple method consensus. PLoS One 11, e0163157.

(doi:10.1371/journal.pone.0163157)
21. King B, Qiao T, Lee MSY, Zhu M, Long JA. 2017 Bayesian morphological clock methods resurrect placoderm monophyly and reveal rapid early

evolution in jawed vertebrates. Syst. Biol. 66, 499–516. (doi:10.1093/sysbio/syw107)
22. King B, Rücklin M. 2020 A Bayesian approach to dynamic homology of morphological characters and the ancestral phenotype of jawed

vertebrates. eLife 9, e62374. (doi:10.7554/elife.62374)
23. Vaškaninová V, Ahlberg PE. 2017 Unique diversity of acanthothoracid placoderms (basal jawed vertebrates) in the Early Devonian of the Prague

Basin, Czech Republic: a new look at Radotina and Holopetalichthys. PLoS One 12, e0174794. (doi:10.1371/journal.pone.0174794)
24. Stensiö E. 1944 Contribution to the knowledge of the vertebrate fauna of the Silurian and Devonian of western Podolia. II. Notes on two

Arthrodires from the Downtownian of Podolia. Arkiv För Zoologi 35, 1–83.
25. Bystrow AP. 1956 Kolymaspis sibirica ng, n. sp., a new representative of the lower devonian agnathous vertebrates. Vestn. Leningr. Univ. Geol. 18,

5–13.
26. Gross W. 1958 Über die älteste Arthrodiren-Gattung. Notizblatt des Hessischen Landesamtes für Bodenforschung zu Wiesbaden 86, 7–30.
27. Gross W. 1959 Arthrodiren aus dem Obersilur der Prager Mulde. Palaeontographica Abteilung A 113, 1–35.
28. Mark-Kurik E. 1973 Kimaspis, a new palaeacanthaspid from the Early Devonian of central Asia. Eest. NSV Tead. Akad. Toim. 22, 322–330.
29. Denison R. 1978 Placodermi. Handbook of paleoichthyology. (ed. HP Schultze). Stüttgart, Germany: Gustav Fischer Verlag.
30. Long JA, Young GC. 1988 Acanthothoracid remains from the Early Devonian of New South Wales, including a complete sclerotic capsule and

pelvic girdle. Memoirs Assoc. Australas. Palaeontol. 7, 65–80.
31. Lelièvre H, Janjou D, Halawani M, Janvier P, Al Muallem MS, Wynns R, Robelin C. 1994 Nouveaux vertébrés (placodermes, acanthodiens,

chondrichthyens et sarcopterygiens) de la formation de Jauf (Dévonien inférieur, région de Al Huj, Arabie Saoudite). Comptes Rendus de
l’Académie Des Sciences de Paris 319, 1247–1254.

32. Dupret V, Phuong TH, Thanh TD, Phong ND, Janvier P, Clément G. 2011 The skull of Hagiangella goujeti Janvier, 2005, a high-crested
acanthothoracid (Vertebrata, Placodermi) from the Lower Devonian of northern Vietnam. J. Vertebr. Paleontol. 31, 531–538. (doi:10.1080/
02724634.2011.558148)

33. Dupret V, Sanchez S, Goujet D, Tafforeau P, Ahlberg PE. 2014 A primitive placoderm sheds light on the origin of the jawed vertebrate face.
Nature 507, 500–503. (doi:10.1038/nature12980)

34. Dupret V, Sanchez S, Goujet D, Ahlberg PE. 2017 The internal cranial anatomy of Romundina stellina Ørvig, 1975 (Vertebrata, Placodermi,
Acanthothoraci) and the origin of jawed vertebrates—anatomical atlas of a primitive gnathostome. PLoS One 12, e0171241. (doi:10.1371/
journal.pone.0171241)

19
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250837

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

05
 S

ep
te

m
be

r 2
02

5 

http://dx.doi.org/10.1126/science.1083877
http://dx.doi.org/10.1126/science.1083877
http://dx.doi.org/10.1017/S1464793104006682
http://dx.doi.org/10.1671/0272-4634(2006)26[1002:TOFEOA]2.0.CO;2
http://dx.doi.org/10.1671/0272-4634(2006)26[1002:TOFEOA]2.0.CO;2
http://dx.doi.org/10.1038/nature05989
http://dx.doi.org/10.1038/nature05989
http://dx.doi.org/10.1111/jai.12532
http://dx.doi.org/10.1111/jai.12532
http://dx.doi.org/10.1098/rsbl.2015.0326
http://dx.doi.org/10.1111/ede.12099
http://dx.doi.org/10.1126/science.aaz9431
http://dx.doi.org/10.7554/elife.60985
http://dx.doi.org/10.1038/s41559-021-01458-4
http://dx.doi.org/10.1038/s41586-022-05166-2
http://dx.doi.org/10.1098/rsos.221452
http://dx.doi.org/10.1126/science.1084686
http://dx.doi.org/10.1038/nature07436
http://dx.doi.org/10.1038/nature07436
http://dx.doi.org/10.1038/nature14065
http://dx.doi.org/10.1371/journal.pone.0163157
http://dx.doi.org/10.1093/sysbio/syw107
http://dx.doi.org/10.7554/elife.62374
http://dx.doi.org/10.1371/journal.pone.0174794
http://dx.doi.org/10.1080/02724634.2011.558148
http://dx.doi.org/10.1080/02724634.2011.558148
http://dx.doi.org/10.1038/nature12980
http://dx.doi.org/10.1371/journal.pone.0171241
http://dx.doi.org/10.1371/journal.pone.0171241


35. Dupret V, Szaniawski H, Dec M, Szrek P. 2021 New cranial material of the acanthothoracid placoderm Palaeacanthaspis vasta from the Lower
Devonian of Podolia – phylogenetic and taxonomic significance. Acta Palaeontol. Pol. 66 337–347. (doi:10.4202/app.00857.2020)

36. Olive S, Goujet D, Lelièvre H, Janjou D. 2011 A new placoderm fish (Acanthothoraci) from the Early Devonian jauf formation (Saudi Arabia).
Geodiversitas 33, 393–409. (doi:10.5252/g2011n3a1)

37. Smith M, Clark B, Goujet D, Johanson Z. 2017 Evolutionary origins of teeth in jawed vertebrates: conflicting data from acanthothoracid dental
plates (‘Placodermi’). Palaeontology 60, 829–836. (doi:10.1111/pala.12318)

38. Donoghue PCJ et al. 2006 Synchrotron X-ray tomographic microscopy of fossil embryos. Nature New Biol. 442, 680–683. (doi:10.1038/
nature04890)

39. Smith RE. 1980 Lower Devonian (Lochkovian) biostratigraphy and brachiopod faunas, Canadian Arctic Islands. Bull. Geol. Survey Canada 155, 1–
155. (doi:10.4095/106238)

40. Olive S, Kotoulas I, Goujet D, Donoghue PCJ, Marone F, Rücklin M. 2025 Data from ‘A new ‘acanthothoracid’ placoderm from the Arctic Canada
(Early Devonian) and its bearing on the evolution of jaws and teeth. Dryad Digital Repository. (doi:10.5061/dryad.4xgxd25jv)

41. Stampanoni M et al. 2007 TOMCAT: A beamline for TOmographic Microscopy and Coherent rAdiology experimenTs. In AIP Conf. Proc, pp. 848–
851. American Institute of Physics. (doi:10.1063/1.2436193)

42. Paganin D, Mayo SC, Gureyev TE, Miller PR, Wilkins SW. 2002 Simultaneous phase and amplitude extraction from a single defocused image of a
homogeneous object. J. Microsc. 206, 33–40. (doi:10.1046/j.1365-2818.2002.01010.x)

43. Clement AM, Nysjö J, Strand R, Ahlberg PE. 2015 Brain–endocast relationship in the Australian lungfish, Neoceratodus forsteri, elucidated from
tomographic data (Sarcopterygii: Dipnoi). PLoS ONE 10, e0141277. (doi:10.1371/journal.pone.0141277)

44. Huysseune A, Cerny R, Witten PE. 2022 The conundrum of pharyngeal teeth origin: the role of germ layers, pouches, and gill slits. Biol. Rev. 97,
414–447. (doi:10.1111/brv.12805)

45. Ørvig T. 1977 A survey of odontodes ('dermal teeth’) from developmental, structural, functional, and phyletic points of view. In Problems in
vertebrate evolution (eds SM Andrews, RS Miles, AD Walker), pp. 53–75. London, UK: Academic Press.

46. Ørvig T. 1967 Phylogeny of tooth tissues: evolution of some calcified tissues: evolution of some calcified tissues in early vertebrates. In Structural
and chemical organization of teeth (ed. AEW Miles), pp. 45–100. New York, NY, USA: Academic Press.

47. Reif WE. 1982 Evolution of dermal skeleton and dentition in vertebrates. In Evolutionary biology (eds MK Hecht, B Wallace, GT Prance), pp. 287–
368. Boston, MA: Springer. (doi:10.1007/978-1-4615-6968-8_7)

48. Donoghue PCJ. 2002 Evolution of development of the vertebrate dermal and oral skeletons: unraveling concepts, regulatory theories, and
homologies. Paleobiology 28, 474–507. (doi:10.1666/0094-8373(2002)028<0474:EODOTV>2.0.CO;2)

49. Hu YZ, Young GC, Burrow C, Zhu Y an, Lu J. 2019 High resolution XCT scanning reveals complex morphology of gnathal elements in an Early
Devonian arthrodire. Palaeoworld 28, 525–534. (doi:10.1016/j.palwor.2018.12.003)

50. Gross W. 1957 Mundzähne und Hautzähne der Acanthodier und Arthrodiren. Palaeontographica Abteilung A 109, 1–40.
51. Ørvig T. 1980 Histologic studies of ostracoderms, placoderms and fossil flasmobranchs: 4. Ptyctodontid tooth plates and their bearing on

holocephalan ancestry: the condition of Ctenurella and Ptyctodus. Zool. Scr. 9, 219–239. (doi:10.1111/j.1463-6409.1980.tb00665.x)
52. Burrow CJ, Turner S. 1999 A review of placoderm scales, and their significance in placoderm phylogeny. J. Vertebr. Paleontol. 19, 204–219. (doi:

10.1080/02724634.1999.10011135)
53. Goujet D. 1984 Les poissons placodermes du Spitzberg: arthrodires dolichothoraci de la formation de Wood Bay (Dévonien Inférieur). Paris, France:

Centre national de la recherche scientifique.
54. Downs JP, Donoghue PCJ. 2009 Skeletal histology of Bothriolepis canadensis (Placodermi, Antiarchi) and evolution of the skeleton at the origin

of jawed vertebrates. J. Morphol. 270, 1364–1380. (doi:10.1002/jmor.10765)
55. Giles S, Rücklin M, Donoghue PCJ. 2013 Histology of ‘placoderm’ dermal skeletons: implications for the nature of the ancestral gnathostome. J.

Morphol. 274, 627–644. (doi:10.1002/jmor.20119)
56. Johanson Z, Trinajstic K. 2014 Fossilized ontogenies: the contribution of placoderm ontogeny to our understanding of the evolution of early

gnathostomes. Palaeontology 57, 505–516. (doi:10.1111/pala.12093)
57. Janvier P. 1996 Early vertebrates. Oxford, UK: Oxford University Press.
58. Béchard I, Arsenault F, Cloutier R, Kerr J. 2014 The Devonian placoderm fish Bothriolepis canadensis revisited with three-dimensional digital

imagery. Palaeontol. Electron. 17, 1–19. (doi:10.26879/417)
59. King B, Young GC, Long JA. 2018 New information on Brindabellaspis stensioi young, 1980, highlights morphological disparity in Early Devonian

placoderms. R. Soc. Open Sci. 5, 180094. (doi:10.1098/rsos.180094)
60. Salas C, Broglio C, Rodríguez F. 2003 Evolution of forebrain and spatial cognition in vertebrates: conservation across diversity. Brain Behav. Evol.

62, 72–82. (doi:10.1159/000072438)
61. Takakusaki K. 2008 Forebrain control of locomotor behaviors. Brain Res. Rev. 57, 192–198. (doi:10.1016/j.brainresrev.2007.06.024)
62. Janvier P. 1996 The dawn of the vertebrates: characters versus common ascent in the rise of current vertebrate phylogenies. Palaeontology 39,

259–287.
63. Ferrón HG, Martínez-Pérez C, Rahman IA, Selles de Lucas V, Botella H, Donoghue PCJ. 2020 Computational fluid dynamics suggests ecological

diversification among stem-gnathostomes. Curr. Biol. 30, 4808–4813.(doi:10.1016/j.cub.2020.09.031)
64. Ferrón HG, Martínez-Pérez C, Rahman IA, Selles de Lucas V, Botella H, Donoghue PCJ. 2021 Functional assessment of morphological homoplasy

in stem-gnathostomes. Proc. R. Soc. B 288, 20202719. (doi:10.1098/rspb.2020.2719)

20
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250837

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

05
 S

ep
te

m
be

r 2
02

5 

http://dx.doi.org/10.4202/app.00857.2020
http://dx.doi.org/10.5252/g2011n3a1
http://dx.doi.org/10.1111/pala.12318
http://dx.doi.org/10.1038/nature04890
http://dx.doi.org/10.1038/nature04890
http://dx.doi.org/10.4095/106238
http://dx.doi.org/10.5061/dryad.4xgxd25jv
http://dx.doi.org/10.1063/1.2436193
http://dx.doi.org/10.1046/j.1365-2818.2002.01010.x
http://dx.doi.org/10.1371/journal.pone.0141277
http://dx.doi.org/10.1111/brv.12805
http://dx.doi.org/10.1007/978-1-4615-6968-8_7
http://dx.doi.org/10.1666/0094-8373(2002)028<0474:EODOTV>2.0.CO;2
http://dx.doi.org/10.1016/j.palwor.2018.12.003
http://dx.doi.org/10.1111/j.1463-6409.1980.tb00665.x
http://dx.doi.org/10.1080/02724634.1999.10011135
http://dx.doi.org/10.1002/jmor.10765
http://dx.doi.org/10.1002/jmor.20119
http://dx.doi.org/10.1111/pala.12093
http://dx.doi.org/10.26879/417
http://dx.doi.org/10.1098/rsos.180094
http://dx.doi.org/10.1159/000072438
http://dx.doi.org/10.1016/j.brainresrev.2007.06.024
http://dx.doi.org/10.1016/j.cub.2020.09.031
http://dx.doi.org/10.1098/rspb.2020.2719


65. Ørvig T. 1975 Description, with special reference to the dermal skeleton, of a new radotinid arthrodire from the Gedinnian of Arctic Canada. In
Problèmes actuels de paléontologie: évolution des vertébrés. colloques internationaux du centre national de la recherche scientifique, vol. 218, pp.
41–71. Paris, France: Centre national de la recherche scientifique.

66. Zhu M et al. 2013 A Silurian placoderm with osteichthyan-like marginal jaw bones. Nature 502, 188–193. (doi:10.1038/nature12617)
67. Zhu M, Ahlberg PE, Pan Z, Zhu Y, Qiao T, Zhao W, Jia L, Lu J. 2016 A Silurian maxillate placoderm illuminates jaw evolution. Science 354, 334–

336. (doi:10.1126/science.aah3764)
68. Zhu YA, Ahlberg PA, Zhu M. 2019 The evolution of vertebrate dermal jaw bones in the light of maxillate placoderms. In Evolution and

development of fishes, vol. 1 (eds Z Johanson, C Underwood, M Richter), pp. 71–86. Cambridge, UK: Cambridge University Press. (doi:10.1017/
9781316832172.005)

69. Chen D, Blom H, Sanchez S, Tafforeau P, Ahlberg PE. 2016 The stem osteichthyan Andreolepis and the origin of tooth replacement. Nature 539,
237–241. (doi:10.1038/nature19812)

70. Doeland M, Couzens AMC, Donoghue PCJ, Rücklin M. 2019 Tooth replacement in early sarcopterygians. R. Soc. Open Sci. 6, 191173. (doi:10.
1098/rsos.191173)

71. King B, Marone F, Rücklin M. 2021 Tooth development in the Early Devonian sarcopterygian Powichthys and the evolution of the crown
osteichthyan dentition. Palaeontology 64, 645–659. (doi:10.1111/pala.12563)

72. Tucker AS, Fraser GJ. 2014 Evolution and developmental diversity of tooth regeneration. Semin. Cell Dev. Biol. 25, 71–80. (doi:10.1016/j.semcdb.
2013.12.013)

73. Smith MM. 2003 Vertebrate dentitions at the origin of jaws: when and how pattern evolved. Evol. Dev. 5, 394–413. (doi:10.1046/j.1525-142x.
2003.03047.x)

74. Zhu YA, Giles S, Young GC, Hu Y, Bazzi M, Ahlberg PE, Zhu M, Lu J. 2021 Endocast and bony labyrinth of a Devonian ‘placoderm’ challenges stem
gnathostome phylogeny. Curr. Biol. 31, 1112–1118. (doi:10.1016/j.cub.2020.12.046)

21
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250837

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

05
 S

ep
te

m
be

r 2
02

5 

http://dx.doi.org/10.1038/nature12617
http://dx.doi.org/10.1126/science.aah3764
http://dx.doi.org/10.1017/9781316832172.005
http://dx.doi.org/10.1017/9781316832172.005
http://dx.doi.org/10.1038/nature19812
http://dx.doi.org/10.1098/rsos.191173
http://dx.doi.org/10.1098/rsos.191173
http://dx.doi.org/10.1111/pala.12563
http://dx.doi.org/10.1016/j.semcdb.2013.12.013
http://dx.doi.org/10.1016/j.semcdb.2013.12.013
http://dx.doi.org/10.1046/j.1525-142x.2003.03047.x
http://dx.doi.org/10.1046/j.1525-142x.2003.03047.x
http://dx.doi.org/10.1016/j.cub.2020.12.046

	A new ‘acanthothoracid’ placoderm from the Arctic Canada (Early Devonian) and its bearing on the evolution of jaws and teeth
	1. Introduction
	2. Material and methods
	2.1. Origin of the fossil material
	2.2. Chemical and virtual preparations
	2.3. Terminology
	2.4. Anatomical abbreviations

	3. Results
	3.1. Systematic palaeontology
	3.2. Description

	4. Discussion
	4.1. R. stellina and R. gagnieri sp. nov
	4.2. Dentition of R. gagnieri sp. nov
	4.3. Growth of the gnathal plate
	4.4. ‘Acanthothoracid’ dentitions and ancestral condition for vertebrate tooth growth

	5. Conclusion


