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ABSTRACT: In 1952, Erik Jarvik diagnosed and offered a brief description of the large-bodied,
highly nested tristichopterid taxon Eusthenodon, and its type species E. wangsjoi, from fossils recovered
from the Britta Dal Formation (Famennian) of Gauss Halvø ( = Peninsula) and Ymer Ø ( = Island) in
East Greenland. The original diagnosis for Eusthenodon only needed to distinguish the tristichopterid
taxon from the two others known at the time, Eusthenopteron and Tristichopterus, both of them small-
bodied formswith anatomy now recognised to be primitive within the clade. Following that publication,
no new large-bodied tristichopteridswithEusthenodon-like characteristics would be introduced until the
description of Mandageria fairfaxi in 1997. In the 45 interim years, the limited descriptive details and
insufficient diagnosis of Eusthenodon turned the name into a broadly applicable taxonomic label for
large-bodied tristichopterid discoveries. Recent efforts to rediagnose the taxon and reconsider its global
distribution of referred materials have improved the taxonomic utility of the name. However, no com-
plete description of type species E. wangsjoi has yet been written. This is despite a type series of speci-
mens that includes complete and articulated skulls that remain available for study in the collections of
theNatural HistoryMuseum ofDenmark (NHMD). Thework presented here fulfils the need for a com-
plete comparative description ofE. wangsjoi in the context of the many highly nested tristichopterid spe-
cies that have been described in the last three decades. New figures of the E. wangsjoi type series of
specimens are the first to offer views of the fossils unobscured by the superimposition of interpretive
line drawings. The new description is accompanied by a descriptive inventory of all the potential
E. wangsjoi fossils at the NHMD and a new phylogenetic analysis of clade Tristichopteridae that
includes revised character data for E. wangsjoi and adds one recently described species.
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Eusthenodon is a taxonomic group within Tristichopteridae, a
cosmopolitan clade of extinct finned tetrapodomorphs from
the Middle to Late Devonian Period (393–359Ma). Before the
recent descriptions of two species of Eusthenodon from the Cats-
kill Formation (Duncannon Member, Famennian) of Lycoming
County, Pennsylvania, USA (Eusthenodon bourdoni from Cogan
House Exit Ramp, Downs et al. 2021, and Eusthenodon legani-
hanne from Trout Run, Downs et al. 2023), no enduring species
had been assigned to this praenomen ( = ‘genus’) since the 1952
description of the type species. Erik Jarvik (1952) coined the
name Eusthenodon in his description of E. wangsjoi, a species
(and praenomen) erected for fossils recovered from the Britta
Dal Formation (Famennian) on Gauss Halvø ( = Peninsula)
and Ymer Ø ( = Island), East Greenland. At the time of its
description and diagnosis, Eusthenodon was only the third prae-
nomen within Tristichopteridae (after Tristichopterus Egerton
1861; and Eusthenopteron Whiteaves 1881) and was the first to

exhibit a large body size (2.5 m, according to Jarvik’s 1952 body-
length estimate) and the anatomical characteristics that are now
recognised to be common among highly nested members of
clade Tristichopteridae (including a teardrop-shaped pineal ser-
ies in a caudal position; exclusion of jugal and postorbital
from the orbital margin; a wide, recessed denticulated field of
the parasphenoid; a caudal process of the vomer; a dentary
fang pair; and an opercular that is taller than it is long; Downs
et al. 2023). Many of the above listed features contributed to a
diagnosis for Eusthenodon that has been invalidated in recent
decades by the discovery of many additional highly nested tristi-
chopterid species (13, according to the phylogenetic analysis of
the present work) that share with E. wangsjoi some or all of
these features (see Discussion in Downs et al. 2021).

The recent spate of descriptions and diagnoses that has
expanded the alpha diversity of highly nested tristichopterids
did not begin until the end of the 20th Century (none of the 13

© The Author(s), 2025. Published by Cambridge University Press on behalf of The Royal Society of Edinburgh. This is an Open Access article, distrib-
uted under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike licence (http://creativecommons.org/licenses/by-nc-sa/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the same Creative Commons licence is used to distribute
the re-used or adapted article and the original article is properly cited. The written permission of Cambridge University Press must be obtained prior to
any commercial use. doi:10.1017/S1755691025000015

Earth and Environmental Science Transactions of the Royal Society of Edinburgh, 1–28, 2025

https://doi.org/10.1017/S1755691025000015 Published online by Cambridge University Press

https://orcid.org/0009-0006-8789-5645
mailto:jason.downs@drexel.edu
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1755691025000015&domain=pdf
https://doi.org/10.1017/S1755691025000015


additional highly nested species alluded to above were described
before 1997, the year in which both Cabonnichthys burnsi Ahl-
berg& Johanson 1997 andMandageria fairfaxi Johanson&Ahl-
berg 1997 were introduced). Because Jarvik’s (1952) original
diagnosis for Eusthenodon only needed to distinguish the taxon
relative to Tristichopterus and Eusthenopteron, until the diversity
of highly nested tristichopterids became better understood in the
21st Century, ‘Eusthenodon’ was used as a temporary taxonomic
label for many undescribed fossil discoveries that represented a
large-bodied tristichopterid with derived anatomy (see, e.g., Vor-
obyeva 1960; Thomson 1976; Lebedev 1992; Young 1993;
Anderson et al. 1999; Ahlberg et al. 2001). This traditional use
of the name resulted in Eusthenodon occurrences throughout
Euramerica and Gondwana and a corresponding reputation
for Eusthenodon as the one tristichopterid praenomen with a
‘cosmopolitan’ distribution (see Ahlberg et al. 2001, p. 9; Clém-
ent et al. 2009, p. 831). Downs et al. (2023) reviewed the entire
history of Eusthenodon occurrences, within the modern context
of known tristichopterid diversity, in an effort to clarify the
known distribution of fossils that convincingly carry the Eusthe-
nodon praenomen. This review supported reliable occurrences of
Eusthenodon in only East Greenland and Pennsylvania, USA, but
unsubstantiated additional reports of the taxon remain at Gren-
fell, New South Wales, Australia; in the Namur Province of Bel-
gium; and in the Tula Region of Central Russia (Eusthenodon’s
status as the sole cosmopolitan tristichopterid taxon has eroded
further with the recent discovery of Hyneria in South Africa
[Gess & Ahlberg 2023]). The historical review of Eusthenodon
occurrences by Downs et al. (2023) relied on the revised diagnosis
of Eusthenodon that was offered by Downs et al. (2021), the most
substantial revision to the diagnosis since Jarvik’s (1952) original.

Jarvik’s (1952) diagnosis of Eusthenodon and type species
E. wangsjoi consisted of 26 descriptive qualities of the type series
of specimens. Downs et al. (2021) offered a character-by-
character review of that diagnosis and the history of changes
made to it in the decades subsequent. That review accompanied
a description of E. bourdoni, the first of the twoEusthenodon spe-
cies from the Catskill Formation of Pennsylvania that now share
theEusthenodon praenomenwith the type species. Because of the
limited taxonomic utility of the name Eusthenodon, for the rea-
sons mentioned here and explained in full in the review of
Downs et al. (2021), a major revision to theEusthenodon diagno-
sis was required before the Pennsylvania fossils could be assigned
to it. The revised diagnosis included only a combination of three
features: a recessed denticulated field of the parasphenoid, an
overlap of the squamosal onto the maxilla, and a marginal
tooth row of the dentary that does not reach the symphysis. At
the time, and through to the description of E. leganihanne, the
species of Eusthenodon were the only tristichopterid species to
exhibit this combination. The taxonomic status of Eusthenodon
was improved by a diagnosis that not only distinguished the spe-
cies of Eusthenodon among tristichopterids, but did so with dis-
crete cranial features that are commonly preserved and not
susceptible to interpretation and/or specimen deformation.
However, even with the Downs et al. (2021) diagnosis for Eusthe-
nodon (and the recent reviews of the praenomen’s taxonomic his-
tory, Downs et al. 2021, and geographic occurrences, Downs
et al. 2023), there remained no complete, comparative descrip-
tion for type species E. wangsjoi. Jarvik (1952, p. 56), not often
terse in his descriptive writing, wrote that, ‘Eusthenodon in
most respects agrees well with Eusthenopteron and other Osteo-
lepiformes and a complete description will not be given’. This
is despite the remarkable collection of complete and articulated
cranial skeleton fossils fromGreenland that Jarvik (1952) figured
and that remain available for study (with revised catalogue
numbers) in the collections of the Natural History Museum of
Denmark (NHMD).

The comparative context of 1952 forced Jarvik to report on
what are now recognised to be the broad differences between
primitive and derived tristichopterid features, but there remains
a need for a comparison between the condition in E. wangsjoi
and in those of all subsequently described tristichopterids with
derived anatomy and in highly nested phylogenetic positions.
There is also a need for new figures to represent the anatomy
of E. wangsjoi. Jarvik (1952) included 12 photographic plates
in his original description, but he added interpretive line
drawings directly onto the photographs that prevent the reader
from independently assessing bone shapes, sizes and relation-
ships. With six near-complete to complete articulated skulls
among the 13 specimens in the type series alone (NHMD
141653, 141689, 141691, 141833 [holotype], 153855, 153925),
E. wangsjoi may represent the single best opportunity to under-
stand the cranial anatomy of a highly nested tristichopterid
from a collection of high-quality fossils. Evenwithout a complete
description, Eusthenodon has long served as a model of derived
tristichopterid anatomy.

Eusthenodon is a namewith seven decades of use and noviable
description; here I attempt to improve the taxonomic status of
Eusthenodon and type species E. wangsjoi by providing a new,
complete description of the type series of specimens, based on
first-hand study and developed in the comparative context
offered by all of those highly nested tristichopterid species
described since 1952, including ones from Australia (Cabon-
nichthys burnsi Ahlberg & Johanson 1997; Edenopteron keith-
crooki Young et al. 2013; Mandageria fairfaxi Johanson &
Ahlberg 1997), Belgium (Langlieria socqueti Clément et al.
2009) and the United States (E. bourdoni Downs et al. 2021;
E. leganihanne Downs et al. 2023; Hyneria lindae Daeschler &
Downs 2018; Langlieria radiatus [Newberry 1889]; Langlieria
smalingi Downs & Daeschler 2022). A better resolved
E. wangsjoi can support the assignment of new discoveries to
the species and encourage the reassignment of specimens that
have historically carried the name. I use the occasion of this
E. wangsjoi redescription to also provide a descriptive inventory
of all additional NHMD specimens that compare favourably
with the anatomical condition in the species (see section 6.2).
Finally, I offer a new phylogenetic analysis of Tristichopteridae,
one that uses revised character data for E. wangsjoi and adds one
new species that has been described since the cladistic
consideration of Downs et al. (2023).

1. Geological and stratigraphic context

The Eusthenodon wangsjoi type series of specimens, as desig-
nated by Jarvik (1952), were collected during the Danish expedi-
tions that Lauge Koch led to East Greenland between the years
of 1929 and 1949. The holotype (NHMD 141833) and one para-
type specimen (NHMD 153855) were collected at Sederholm
Bjerg ( =Mountain) on Gauss Halvø (Fig. 1a). The remaining
paratypes were collected at Smith Woodward Bjerg (NHMD
141693), Kerstin Dal ( = Valley; NHMD 141653, 153925), Par-
alleldal (NHMD 141689, 141691) and Remigolepisryg
(NHMD 1201211) on Gauss Halvø, and at Celsius Bjerg
(NHMD 141694, 1201204, 1201205, 1201222) and the southern
shoreline of Dusén Fjord (‘No. 162’) on Ymer Ø (Fig. 1a). Dec-
ades later, Jarvik (1985) reported on and referred three add-
itional specimens to E. wangsjoi. These had been collected in
1951 (NHMD 1201203 [P. 1636 of Jarvik 1985]) at Smith Wood-
ward Bjerg on Gauss Halvø and in 1951 (NHMD 1201206
[P. 1693 of Jarvik 1985]) and 1955 (NHMD 1201216 [P. 1689
of Jarvik 1985]) at Celsius Bjerg on Ymer Ø. All of Jarvik’s
(1952, 1985) Gauss Halvø specimens are believed to be from
the Britta Dal Formation (Famennian); all of those from Ymer
Ø were collected at Celsius Bjerg, where the undifferentiated
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Famennian age strata prevent a precise stratigraphic assignment
(Blom et al. 2007). The BrittaDal Formation,∼500 m thick at its
maximum thickness along the southern coast of Gauss Halvø,
comprises alternating siltstones and fine-grained sandstones
(Olsen & Larsen 1993). The siltstones show symmetrical ripple
marks and desiccation cracks; the sandstones show cross- and
parallel lamination with lateral accretion bedding. Much of the
formation is dark red but the dark red rock alternates with
dark grey/green siltstones at 1–10m scales in the upper part of
the formation (Olsen & Larsen 1993). The facies of the Britta
Dal Formation have supported an interpretation of floodplain
(siltstones) and channel and point bar (sandstones) depositional
settings along a meandering fluvial system (Olsen & Larsen
1993). The Britta Dal Formation belongs to the lithostrati-
graphic group that Olsen & Larsen (1993) named the Celsius
Bjerg Group (Famennian), the uppermost of four groups defined
in the work (the others, from lowest, are the Vilddal, Kap Kolth-
off and Kap Graah Groups). All of the Celsius Bjerg formations
represent freshwater depositional environments: lacustrine, allu-
vial mudflat, and fluvial channel and floodplain deposits;
palaeocurrent direction is generally northward throughout the
unit (Olsen & Larsen 1993).

Jarvik (1952) offered only the ‘Remigolepis Series’ as the geo-
logical context of the E. wangsjoi type series of specimens
(Fig. 1b). The ‘Remigolepis Series’ was the middle of the three

biostratigraphic units established by Säve-Söderbergh (1933,
1934) to divide the Late Devonian stratigraphic succession of
East Greenland (the other two are the ‘Phyllolepis Series’
[‘Lower Sandstone Complex’ of Säve-Söderbergh 1933] below
and the ‘Arthrodire Sandstone Series’ above). The ‘Remigolepis
Series’ was recognised by a particular faunal assemblage that
commonly included the species of Remigolepis, but it was also
the only East Greenland assemblage to yield limbed tetrapodo-
morphs. According to Olsen & Larsen’s (1993) lithostratigraphic
revision of East Greenland’s Devonian sediments (Fig. 1b), the
‘Remigolepis Series’ equates to the Aina Dal, Wimans Bjerg
and Britta Dal Formations of the Celsius Bjerg Group (Famen-
nian). The Britta Dal is the fifth formation in the seven-
formation sequence that comprises the Celsius Bjerg Group
(Agda Dal and Elsa Dal, the lowest two; Stensiö Bjerg and
Obrutschew Bjerg the upper two; Olsen & Larsen 1993).
In addition to E. wangsjoi, the vertebrate fauna of the Britta
Dal Formation (Blom et al. 2007) includes the dipnoans
Jarvikia arctica Lehman 1959 and Oervigia nordica Lehman
1959; the limbed tetrapodomorphs Acanthostega gunnari
Jarvik 1952, Ichthyostega watsoni Säve-Söderbergh 1932 and
Ichthyostega eigili Säve-Söderbergh 1932; and the antiarchs
Remigolepis acuta Stensiö 1931 and Remigolepis incisa (Wood-
ward 1900).

2. Materials and methods

2.1. Rationale for selecting specimens upon which to base
the description
No complete description of Eusthenodon wangsjoi has yet been
written. I propose reasons for this in the introduction above;
importantly, insufficient anatomical representation among the
type series of specimens is not one of these reasons. The descrip-
tion of the species provided by the present work is strictly based
upon 11 of the 13 specimens in the E. wangsjoi type series as
designated by Jarvik’s (1952) original reporting (see referred
materials in section 3). The two paratype specimens that are
not considered in this new description are, first, the isolated
scale that Jarvik (1952) designated as ‘No. 162’ (following the
convention established by Stensiö 1931 in his reporting on the
same specimen) from locality 3 (of Stensiö 1931, text-fig. 1),
south of Dusén Fjord, Ymer Ø, and, second, NHMD 153855
(P. 1473 of Jarvik 1952), a complete skull from Sederholm
Bjerg, GaussHalvø, East Greenland. The first of these two speci-
mens, ‘No. 162’, is an isolated scale that is not currently identifi-
able in the NHMD collection and therefore has not been given a
modern NHMD specimen number and is not available for study
(B. E. K. Lindow, pers. comm., 2023). Even if the specimen was
available, because it is an isolated scale unassociated with
E. wangsjoi cranial material (indeed any cranial material accord-
ing to Stensiö 1931), I would not have used it as the basis for the
E. wangsjoi scale description provided here. I chose instead only
scales associated with (and sharing specimen numbers with) the
skull material in the E. wangsjoi type series. The second of the
paratype specimens not considered in the new species description
is a skull (NHMD 153855) that may indeed represent
E. wangsjoi, but, if it does, it does so as a juvenile individual
due to the considerable size and shape differences between it
and the other specimens in the type series. The total length of
the skull roof in NHMD 153855 is 8.28 cm; compare this to
the same length in the holotype (17.97 cm in NHMD 141833),
itself small relative to, for example, paratype specimen NHMD
153925 (wherein the parietal shield alone is∼20.81 cm in length).
This small skull is described here, along with all other potential
E. wangsjoi fossils in the NHMD collection, but only in a separ-
ate section (6.2) away from the species description.

Figure 1 (a) Map of Greenland (top left) and map of Gauss Halvø and
Ymer Ø of East Greenland (inset image, modified from Jarvik 1996)
showing the positions of the geological landmarks that were used in
the original locality information for the described fossil specimens. All
of the Gauss Halvø collecting sites are believed to be exposures of the
Britta Dal Formation (Famennian). The labelled landmarks are (A)
Smith Woodward Bjerg; (B) Paralleldal; (C), Sederholm Bjerg; (D),
Remigolepisryg; (E), Kerstin Dal; (F) Stensiö Bjerg; and (G) Celsius
Bjerg. (b) Correlation of the EastGreenlandLateDevonian (Famennian)
stratigraphic schemes of Säve-Söderbergh (1933, 1934) and Olsen & Lar-
sen (1993).
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Because ‘Eusthenodon’ and indeed ‘Eusthenodon wangsjoi’
spent decades as the only appropriate labels for large-bodied tris-
tichopterid fossils exhibiting derived anatomy, an attempt to
base a new description for the species on all referred materials
worldwide is unfeasible. But there is also reason not to base
the new description on all of the fossils from the Britta Dal For-
mation that have been identified as ‘Eusthenodon’, or even just
those that are from the Britta Dal, labelled ‘Eusthenodon’, and
within the collections at theNHMD.Manyof those NHMD fos-
sils that have carried the name ‘Eusthenodon sp.’ or ‘Eusthenodon
wangsjoi’ only did so because they appear consistent with the
expectations of derived tristichopterid anatomy and have there-
fore historically fallen under the broad umbrella implied by an
insufficient diagnosis for Eusthenodon. My recent work in the
NHMD collections revealed the strong likelihood of at least
one additional tristichopterid species from the Britta Dal For-
mation, which calls further into question the assignment of
many of these partial or fragmentary fossils currently carrying
a ‘Eusthenodon’ label. In addition, some of these fossils (includ-
ing the three later referred to E. wangsjoi by Jarvik (1985) him-
self: NHMD 1201203, 1201206 and 1201216) show conditions
that are counter to those consistently exhibited by the fossils in
the type series.

In addition to providing a complete comparative description
of E. wangsjoi (section 4) based upon the original type series
of specimens (excepting ‘No. 162’ and NHMD 153855 for the
reasons stated above), the present work also includes brief
descriptions of all the potential E. wangsjoi specimens in the
NHMD collection (section 6.2). These specimens (with the
exception of NHMD 153855 [paratype]), with suggestive anat-
omy but outside the type series, are here assigned to cf.
E. wangsjoi. Sections 4 and 6.2 of the present work, then, present
the entirety of the NHMD collection that is relevant, or even
potentially relevant, to a new understanding of Eusthenodon
and its type species E. wangsjoi.

2.2. Phylogenetic analysis
The species-scale phylogenetic analysis presented in this work
was conducted on an in-group of 19 species, adding one to the
data matrix compiled for the analysis of Downs et al. (2023).
The new addition is Hyneria udlezinye, recently described from
the Witpoort Formation at Waterloo Farm, Makhanda, South
Africa, by Gess & Ahlberg (2023). Many of the character data
used here were compiled to support the analyses of Ahlberg &
Johanson (1997, 1998), Snitting (2008), Clément et al. (2009),
Downs & Daeschler (2022) and Downs et al. (2023). Olive
et al. (2020) used 20 characters from historical analyses and
added six (nos. 21–26); Downs & Daeschler (2022) added an
additional one (no. 27). That list of 27 characters is used here,
and most character scores specifically reflect those recorded,
revised or retained by Downs et al. (2023). Since the analysis
of Downs et al. (2023), I revised 13 character scores, seven of
which belong to E. wangsjoi; explanations and specimen support
for those revisions is compiled in supplementary File 1 available
at https://doi.org/10.1017/tre2500001. I also renumbered the
character states of character 26 to eliminate the character state
(former state 1) not observed among known tristichopterids
and added a new character state (new state 2) to better reflect
the condition in Cabonnichthys burnsi.

I built the data matrix (supplementary File 2 and available
at Morphobank: http://morphobank.org/permalink/?P5678) in
Mesquite version 3.70 (build 940; Maddison & Maddison
2021) and analysed it using the branch-and-bound search algo-
rithm of PAUP 4.0a169 (Swofford 2002; supplementary
File 3). Characters 4, 24, 26 and 27 are multi-state characters;
all characters were given equal weight and all character states
were treated as unordered. Like the analyses of Downs &

Daeschler (2022) and Downs et al. (2023), I used Gogonasus
andrewsae and Spodichthys buetleri as out-groups due to the
completeness of their character data and the historical support
for their phylogenetic proximity to Tristichopteridae (e.g., Ahl-
berg & Johanson 1998; Zhu & Ahlberg 2004; Snitting 2008;
Swartz 2012). Tree length (L) and consistency, retention and
rescaled consistency indices (CI, RI, RCI) of the most parsimo-
nious trees were calculated in PAUP. PAUP was also used to gen-
erate a strict (SCT) and a 50% majority-rule consensus tree
(MRCT) from all of the most parsimonious trees (MPTs); to cal-
culate CI, RI andRCI of the consensus trees; to calculate Bremer
support values for the nodes of the strict consensus tree; and to
resolve the positions of the character state transitions on the
consensus trees.

2.3. Institutional abbreviations
AMF, Australian Museum, Sydney, Australia; ANU V, Austra-
lian National University, Canberra, Australia; ANSP, Academy
of the Natural Sciences of Drexel University, Philadelphia, USA;
CPC, Commonwealth Paleontological Collection, Bureau of
Mineral Resources, Canberra, Australia; NHMD, P, Natural
History Museum of Denmark, Copenhagen, Denmark.

3. Systematic palaeontology
Sarcopterygii Romer 1955
Osteolepiformes Berg 1937
Tristichopteridae Cope 1889

Diagnosis. Osteolepiform sarcopterygians with postspiracular
bone present, vomer with long caudal process clasping the para-
sphenoid, circular scales with a median boss, and an elongate
body with trifurcate tail (Ahlberg & Johanson 1997).

Eusthenodon Jarvik 1952
Etymology. From the Greek eû, good; sthénos, strength; and

odôn, tooth; in reference to ‘the large and stout tusks in the
upper and lower jaws’ (Jarvik 1952, p. 54).

Type species. Eusthenodon wangsjoi Jarvik 1952
Revised diagnosis. Tristichopterid distinguished by the

combination of (1) a denticulated field of the parasphenoid
that is recessed into the body of the bone, (2) a marginal tooth
row of the dentary that does not reach the symphysis and (3) a
scale ornament comprising conjoined tubercles and straight to
sinuous ridges (modified from Downs et al. 2021).

Comments. Eusthenodon is a praenomen of Famennian tristi-
chopterid tetrapodomorphs that presently includes three species:
the type species E. wangsjoi Jarvik 1952; E. bourdoni Downs
et al. 2021; and E. leganihanne Downs et al. 2023. The most
recent published diagnosis for Eusthenodon (Downs et al.
2021) was a combination of three features, the first two of
which are retained in the revised diagnosis presented here: a den-
ticulated field of the parasphenoid that is recessed into the body
of the bone, a marginal tooth row of the dentary that does not
reach the symphysis, and a squamosal that overlaps the maxilla.
WithinE.wangsjoi, the best support for the inclusion of the third
feature was NHMD 1201206, an isolated dermal impression of a
maxilla fromCelsius Bjerg that Jarvik (1985) assigned to the spe-
cies but is here removed from consideration in the species
description (see section 2.1). Among the holotype and paratype
specimens of E. wangsjoi, the overlapping relationship between
maxilla and squamosal is the opposite condition (maxilla over-
laps squamosal; see NHMD 1201204), a condition that is even
counter to the condition in both other species of Eusthenodon
(Downs et al. 2021, 2023). Removing that feature from the
Eusthenodon diagnosis leaves a combination of only two features
that applies (or may apply) to several other species of tristichop-
terid. Edenopteron keithcrooki exhibits both of these remaining
features (Young et al. 2013, 2019); Langlieria smalingi and
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Hyneria udlezinye exhibit a dentary tooth row that does not
reach the symphysis and the condition of the parasphenoid’s den-
ticulated tooth plate is unknown (Downs et al. 2021; Gess &Ahl-
berg 2023). In order to present a diagnosis for Eusthenodon that
exclusively applies to the three species that presently carry the
praenomen, a particular scale ornament (of conjoined tubercles
and straight to sinuous ridges) is added to the combination, one
that is observed in all three species and is unlike that of
E. keithcrooki and L. smalingi (where scale surface is smooth
and with incised grooves; Young et al. 2013; Downs et al.
2021, 2023; Downs & Daeschler 2022).

Eusthenodon wangsjoi Jarvik 1952
Etymology. Named after palaeontologist Dr Erik Gustav

Albin Wängsjö (1909–1985) of Östergötland County, Sweden,
to honour his having collected many of the specimens in the
type series (Jarvik 1952).

Holotype. NHMD 141833 (P. 1476 of Jarvik 1952; Fig. 2),
nearly complete skull, much of it preserved in dermal impres-
sion, including skull roof and extrascapulars, left and right
cheeks, left and right lower jaws and principal gulars, and left
submandibulars.

Type locality and horizon. 1,174m. horizon (Britta Dal For-
mation, Famennian) at Sederholm Bjerg, Gauss Halvø, East
Greenland.

Referred materials. NHMD 141653 (P. 1479 of Jarvik 1952;
Fig. 3), skull, partial left lower jaw and pectoral fin bones;
141689 (P. 1477 of Jarvik 1952; Fig. 4), partial parietal shield,
right cheek and scales; 141691 (P. 1478 of Jarvik 1952; Fig. 5),
skull; 141693 (P. 1483 of Jarvik 1952; Fig. 6), right lower jaw,
submandibulars and principal gular; 141694 (P. 1481 of Jarvik
1952; Fig. 7), right opercular, cleithrum and pectoral fin bones;
153925 (P. 1480 of Jarvik 1952; Fig. 8), skull and lower jaws;
1201204 (P. 1474 of Jarvik 1952; Fig. 9), partial right cheek
and infradentary; 1201205 (P. 1475 of Jarvik 1952; Fig. 10), post-
parietal shield; 1201211 (P. 1482 of Jarvik 1952; Fig. 11), para-
sphenoid [impression]; and 1201222 (no. 101 of Jarvik 1952;
Fig. 12), partial parietal shield.

Diagnosis. Tristichopterid referred to Eusthenodon and distin-
guished from Eusthenodon bourdoni and Eusthenodon legani-
hanne by a maxilla that overlaps the squamosal.

Comments. The redescription of E. wangsjoi presents an
opportunity to diagnose the type species relative to the other spe-
cies that share the praenomen. Eusthenodon wangsjoi is the only
species of Eusthenodon that shows maxilla overlap onto the
squamosal and so the relationship is sufficient justification for
assigning Eusthenodon fossils to the type species. The presence
of at least two pitline grooves on the squamosal also distinguishes
E. wangsjoi from the known conditions in the two other species
of Eusthenodon, but because the condition is unknown in
E. leganihanne, the feature is not included in the E. wangsjoi
diagnosis presented here.

4. Description

4.1. Dermatocranial dimensions, ornament and pitline
grooves
The parietal shield ofEusthenodon wangsjoi is long relative to the
length of the postparietal shield and wide relative to its own
length. The midline length ratio of parietal shield to postparietal
shield is 2.29 in the E. wangsjoi holotype (NHMD 141833) and
between 2.06 and 2.29 when considering the two specimens that
allow for this measurement (NHMD 141691 the other). This
minimum range of the ratio in E. wangsjoi approximates the con-
ditions in both other species of Eusthenodon: Eusthenodon bour-
doni (same ratio is 2.15 in the single complete skull roof
specimen, ANSP 23748A, Downs et al. 2021) and Eusthenodon

leganihanne (∼2.0 in the single complete skull roof specimen,
ANSP 21343). A long parietal shield relative to postparietal
shield is common among the few highly nested tristichopterid
species for which the calculation is possible. These additionally
include Cabonnichthys burnsi (∼2.2 in AMF 96856A, Ahlberg
& Johanson 1997) and Mandageria fairfaxi (2.1, as reported
by Johanson & Ahlberg 1997).

The width/length ratio of the parietal shield of E. wangsjoi
(when width is maximum width measured across the anterior
supraorbital bones) is between 0.49 and 0.56 based on the two
specimens that allow for measurement (NHMD 141691 [0.49,
width extrapolated from right side preservation], 153925
[0.56]). This minimum range for the ratio makes for the wide
skull and blunt snout that is typical for species of Eusthenodon
and indeed for manyof the highly nested species of Tristichopter-
idae, with the notable exception of M. fairfaxi (same ratio is
∼0.38 in F96508; Johanson & Ahlberg 1997), a species that is
partly diagnosed by its narrow and pointed skull roof. The
width/length ratio of the parietal shield in both other species of
Eusthenodon is within the range of values observed in
E. wangsjoi; only one specimen of E. bourdoni (0.55 in ANSP
23748) and one specimen of E. leganihanne (0.51 in ANSP
21343) allow for the calculation.

The postparietal shield of E. wangsjoi is wider than long.
Though the maximum postparietal shield width/length ratio
among the study specimens (1.95) is in the largest postparietal
shield (NHMD 1201205, largest in both midline length and
maximum width), the ratios in E. wangsjoi do not trend with
either the shield’s midline length or its maximum width. The
values range between 1.29 and 1.95 for the four postparietal
shield specimens used as the basis for this description (the others
are NHMD 141653 [1.73, width extrapolated from right side
preservation], 141691 [∼1.50] and 141833 [1.29, width extrapo-
lated from right side preservation]). Jarvik (1952) cited the
ratio of 1.70 in his description of E. wangsjoi, a value that
seems likely to have been measured from NHMD 153855 (then
P. 1473; ratio = 1.71), a specimen that is here assigned to cf.
E. wangsjoi (see section 2.1) and described in section 6.2. Johan-
son & Ahlberg (1997) cited a ratio of 1.75 for the species, avalue
that is at the wider end of the range presented here. The value of
the width/length ratios in the two other species of Eusthenodon
fall within the range measured for E. wangsjoi (1.67 in the
one complete specimen of E. bourdoni, ANSP 23748, Downs
et al. 2021; and 1.59 in the one complete specimen of
E. leganihanne, ANSP 21343, width extrapolated from right
side preservation, Downs et al. 2023).

The dermatocranial ornament ofE. wangsjoi comprises coarse
anastomosing ridges that are broken into isolated and conjoined
tubercles in some locations, commonly close to the margins of
bones (e.g., caudal end of postparietal of NHMD 141833,
Fig. 2). The ornament is especially similar to that of
E. leganihanne (‘anastomosing ridges […] broken into a coarse
patten of conjoined tubercles,’Downs et al. 2023, p. 5) although,
in that species, the tubercles aremost concentrated along the dor-
sal midline of the skull roof. The ornament of E. wangsjoi is also
similar to that of E. bourdoni, though coarser (but E. wangsjoi is
also in a different, larger, size category) and with patches of
tubercles that are not commonly observed in that species (‘finely
anastomosing ridges without isolated tubercles,’ in E. bourdoni,
Downs et al. 2021, p. 3). It is an ornament that is decidedly dif-
ferent from the pitted ornament observed in several highly nested
species of Tristichopteridae (e.g., Hyneria lindae, Daeschler &
Downs 2018, and Langlieria radiatus, Daeschler et al. 2019)
and additionally in a large-bodied, undescribed tristichopterid
from the Britta Dal Formation of East Greenland (pers. obs.
of NHMD 141783, 152851).
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Pitline grooves are observed on the parietal, postparietal,
tabular, squamosal, preopercular, quadratojugal, postsplenial
(infradentary 2), second most caudal submandibular and princi-
pal gularofE. wangsjoi. As in both other species ofEusthenodon,
the small, hooked (concave caudolaterally) pitline groove of the
parietal bone ( = frontal pitline of Jarvik 1952) lies entirely ros-
tral to the pineal series of bones. The postparietal bone carries
two pitline grooves: the transverse (straight or slightly curved,
concave rostral) and, caudal to it, the posterior oblique (often
curved, concave caudomedial), both in the caudal half of the
bone. A transverse pitline groove of the tabular bone aligns

with the postparietal transverse groove and, in at least NHMD
141691 (Fig. 5a′), is continuous with the postparietal groove
across the contact between the bones. This meeting of the trans-
verse pitline grooves of the postparietal and tabular bones is add-
itionally observed inH. lindae. The same three pitline grooves, of
postparietal and tabular bones, appear in E. bourdoni (Downs
et al. 2021); no specimen informs the condition in
E. leganihanne. The two pitline grooves of the squamosal that
most consistently appear in the E. wangsjoi referred materials
are in the ventral half of the bone near to midlength. Both are
straight or slightly curved and oblique relative to the transverse

Figure 2 Eusthenodon wangsjoi, NHMD 141833 (holotype), skull primarily in dermal impression: (a) skull roof and right cheek (a, photograph; a′,
labelled illustration); (b) left cheek, left lower jaw,and operculogular bones (b, photograph; b′, labelled illustration). Dotted lines follow pitline grooves;
dashed lines follow unfinished bonemargins. Abbreviations: a.m.pr = anterior median postrostral; an = angular; a.so = anterior supraorbital; a.t = anter-
ior tectal; d = dentary; it = intertemporal; j = jugal; l = lacrimal; l.ex = lateral extrascapular; l.r = lateral rostral; m.ex =median extrascapular; m.pr =
median postrostral; mx =maxilla; n = nasal; p = parietal; p.g = principal gular; pi = pineal bones; pmx = premaxilla; po = postorbital; pop = preopercu-
lar; pp = postparietal; pspl = postsplenial; qj = quadratojugal; sm = submandibular; spl = splenial; sq = squamosal; st = supratemporal; t = tabular. Scale
bars equal 5 cm.
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plane; one is dorsal to the other and they are closest to one
another at their rostral end and furthest at their caudal end.
These pitlines grooves do not meet one another but are otherwise

similar, in position and orientation, to the two limbs of the
tightly arched, concave caudoventral pitline groove of the
squamosal that is typical for tristichopterids and observed in

Figure 3 Eusthenodon wangsjoi, NHMD 141653: (a) skull in left lateral view (a, photograph; a′, labelled illustration); (b) dermal bones of the palate in
palatal view (b, photograph; b′, labelled illustration); (c) skull roof, left cheek and left lower jaw primarily in dermal impression, counterpart to (a) (c,
photograph; c′, labelled illustration). Dotted lines follow pitline grooves; dashed lines follow unfinished bone margins. Abbreviations: a.so = anterior
supraorbital; co.f = coronoid fang; d = dentary; d.f = dentary fang; dpl = dermopalatine; dpl.f = dermopalatine fang; ent = entopterygoid; ect = ectopter-
ygoid; ect.f = ectopterygoid fang; id = unidentified infradentary; it = intertemporal; j = jugal; l = lacrimal; l.ex = lateral extrascapular; m.ex =median
extrascapular; m.pr =median postrostral; mx =maxilla; n = nasal; op = opercular; p = parietal; p.f = unidentified pectoral fin bones; pmx = premaxilla;
po = postorbital; pop = preopercular; pp = postparietal; p.so = posterior supraorbital; psp = parasphenoid; qj = quadratojugal; sq = squamosal; st =
supratemporal; t = tabular; ulr? = possible ulnare; v = vomer; v.f = vomerine fang. Scale bars of (a) and (c) equal 5 cm; scale bars of (b) equal 3 cm.
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the only other species of Eusthenodon that preserves the condi-
tion (described as ‘hook-shaped’ in E. bourdoni, ANSP 23748,
Downs et al. 2021, p. 3). A single specimen (NHMD 1201204,
Fig. 9a′) of E. wangsjoi features an oblique (caudodorsal to ros-
troventral) pitline groove in the caudodorsal corner of the
squamosal that aligns with, but is not continuous, the pitline
groove of the preopercular. Such a pitline groove is rare among
known tristichopterids, but at least one specimen of Eusthenop-
teron foordi (P. 2574, Jarvik 1944) has been described with a
long and continuous pitline groove that extends from the caudal
half of the preopercular to the rostral half of the squamosal
where it hooks ventrally. The more common condition in
E. foordi, however, is the one typical for tristichopterids, with
separate (horizontal) preopercular and (hooklike) squamosal
pitline grooves. The pitline groove of the preopercular of
E. wangsjoi is typical for a tristichopterid in that is flat and

horizontal or slightly curved (concave ventral), near to mid-
height of the bone’s dermal surface, and may be nearly as wide
as the bone itself. The pitline groove of the quadratojugal of
theE. wangsjoi holotype (NHMD141833, Fig. 2b′) is in the cau-
dal half of the bone, sinuous in shape (concave caudal at its dor-
sal end and concave rostral at its ventral end), and nearly as tall as
the dermal surface of the bone in that position. Other specimens
in the type series have a shorter pitline groove, in the same pos-
ition on the quadratojugal, that is arched (concave rostral) rather
than sinuous (e.g., NHMD 141689, Fig. 4a′; 1201204, Fig. 9a′)
and more consistent with the condition of the groove observed
commonly among tristichopterids. The postsplenial carries a sin-
gle arched (concave mesiodorsal) pitline groove (e.g., NHMD
141693, Fig. 6a′) that has not been yet observed in either of
the other two species of Eusthenodon; at present, specimen avail-
ability and preservation may explain its absence in those species.

Figure 4 Eusthenodon wangsjoi, NHMD 141689: (a) skull roof and right cheek primarily in dermal impression (a, photograph; a′, labelled illustration);
(b) right cheek primarily in visceral impression, counterpart to (a) (b, photograph; b′, labelled illustration). (c) Scale in dermal view, plaster cast possiblyof
a latex mould. Dotted lines follow pitline grooves; dashed lines follow unfinished bone margins. The casted rock matrix of (c) was darkened to accentuate
margins of the scale. Abbreviations: a.so = anterior supraorbital; j = jugal; l = lacrimal; m.pr =median postrostral; mx =maxilla; n = nasal; p = parietal;
po = postorbital; pop = preopercular; p.so = posterior supraorbital; qj = quadratojugal; sq = squamosal. Scale bars of (a) and (c) equal 5 cm; scale bar of
(c) equals 2 cm.
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The pitline groove of the second most caudal submandibular is a
shallow sinuosity (as in NHMD 141833, Fig. 2b′) or is curved
concave rostral (as in NHMD 141693, Fig. 6a′), close to mid-
length, and orthogonal to the bone’s long (rostral–caudal) axis.
The principal gular has a short, transversely oriented pitline
groove that is slightly curved concave caudal, close to the
bone’s midlength, and near to the lateral margin of the bone
(Fig. 6a′).

4.2. Parietal shield
Complete and nearly complete parietal shields of E. wangsjoi, in
a range of sizes, allow for description of the premaxilla, anterior
median postrostral and median postrostral, nasal series, anterior
and posterior supraorbital, anterior tectal, lateral rostral, par-
ietal, intertemporal and pineal series. Overlapping relationships
among many of these bones are difficult to assess given the pre-
servational condition of the specimens; many are divided
between part and counterpart blocks, neither of which preserves
an entirely dermal or visceral surface. The parietal bone of
E. wangsjoi (p, Figs 2–5, 8, 12) is long relative to the midline
length of the parietal shield and longer in visceral than in dermal
view due to the dermal overlap of postrostral and nasal bones
onto the parietal (parietal is 60–62% the length of the parietal

shield among the three relevant specimens measured in dermal
view: NHMD 141691 [60 %], 141833 [holotype, 60 %] and
153925 [62 %]). In dermal view, the rostral margin of the parietal
bone falls within the length of the orbit in E. wangsjoi. Among
tristichopterids, a parietal that reaches rostral to the orbit is
uncommon withHyneria lindae (in visceral view only, Daeschler
& Downs 2018, fig. 3) and Cabonnichthys burnsi (in at least der-
mal view, Ahlberg & Johanson 1997, figs 4a, 5a) the only
recorded examples. NHMD 1201214, described and referred to
cf. E. wangsjoi later in the present work, also shows a parietal
bone reaching rostral to the orbit in visceral view (the only
view available; see section 6.2.1). Eusthenodon bourdoni shows
a comparable condition to that of E. wangsjoi, in that the rostral
margin of the parietal is nearly alignedwith the rostral margin of
the orbit in visceral view and is within the orbit in dermal view
(Downs et al. 2021, figs 2a, 3a). In Eusthenodon leganihanne,
the rostral reach of the parietal bone is within the length of the
orbit in both dermal and visceral views (Downs et al. 2023,
figs 2, 7b).

In articulated specimens in dermal view, the rostral margin of
the parietal bone appears deeply notched where it accommo-
dates the overlap of the caudally pointed, most caudal element
in the nasal series. In the one relevant specimen of E. bourdoni

Figure 5 Eusthenodon wangsjoi, NHMD 141691: (a) skull primarily in dermal impression (a, photograph; a′, labelled illustration); (b) dermal bones of
the palate in visceral view (b, photograph; b′, labelled illustration); (c) premaxillae in rostral view (c, photograph; c′, labelled illustration); (d) left cheek
primarily in visceral view. Dotted lines follow pitline grooves; dashed lines follow unfinished bone margins. Abbreviations: a.so = anterior supraorbital;
a.t = anterior tectal; it = intertemporal; j = jugal; l = lacrimal; l.ex = lateral extrascapular; m.pr =median postrostral; mx =maxilla; n = nasal; p = par-
ietal; pi = pineal bones; pmx = premaxilla; po = postorbital; pop = preopercular; pp = postparietal; p.so = posterior supraorbital; psp = parasphenoid;
qj = quadratojugal; sq = squamosal; st = supratemporal; t = tabular; v = vomer. Scale bars of (a) equal 5 cm; scale bars of (b) and (c) equal 2 cm; scale
bars of (d) equal 3 cm.
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(ANSP 25037, Downs et al. 2021, fig. 3a), the ornamented sur-
face of the right parietal shows a shallow notch where the caudal
nasal bone overlaps, but the left parietal is without such a notch.
No specimen ofE. leganihanne informs this condition. In the lar-
gest specimens of E. wangsjoi, the parietal is relatively narrow
(width/length ratio between 0.34 and 0.40 in the three largest spe-
cimens by parietal length, all of which are preserved dermally:
NHMD 141653 [0.40], 141691 [0.37], 153925 [0.39, right; 0.34,
left]). Relatively wider parietal bones are observed in smaller spe-
cimens, such that the full range of width/length ratios for the par-
ietal bone in E. wangsjoi is 0.35 to 0.53 when all six relevant
specimens are considered (including additionally NHMD
141833 [holotype, 0.44, preserved dermally], 1201203 [0.52,
right, dermal; 0.52, left, visceral] and 1201222 [0.53, dermal]).
In E. leganihanne, the width/length ratio of the parietal bone is
0.45 in a large individual (by parietal length, ANSP 21342, pre-
served dermally) and 0.34 in a smaller one (ANSP 21343, holo-
type, preserved viscerally). Two specimens ofE. bourdoni (ANSP
25038, 23748) show the opposite trend, with the smaller speci-
men (by parietal length) having the relatively wider parietal

bones, at least in its dermal, articulated preservation that under-
measures parietal length but not width (ANSP 25037, width/
length ratios of 0.48, left parietal, and 0.51, right; compared to
0.43, left visceral, and 0.40, right visceral, in ANSP 23748).

The premaxilla of E. wangsjoi (pmx, Figs 2, 3, 5, 8) is deepest
at its mesial end but is not well preserved in any of the available
specimens in the type series, so more detailed anatomical
description of the bone’s shape is impossible. The premaxillary
tooth row is best preserved in NHMD 141691 (Fig. 5c′). It is
observed to include a single, enlarged tusk at its mesial end;
this tusk is in line with the bone’s marginal teeth and the mar-
ginal teeth do not increase in sizewith proximity to the tusk (pal-
atal dental morphotype C of Borgen & Nakrem 2016). A single,
enlarged tusk is expected in a highly nested tristichopterid,
though recent phylogenetic analyses (including those of Downs
& Daeschler 2022 and Downs et al. 2023) have incorrectly pre-
sented E. wansgjoi as an outlier, with premaxillary marginal
teeth that increase in size with proximity to the mesial end of
the bone but without a single enlarged tusk. Between the two
other species of Eusthenodon, only E. leganihanne has material
to inform the condition of the premaxillary tooth row, and that
species also has a single, enlarged premaxillary tusk (Downs
et al. 2023).

The median postrostral of E. wangsjoi (m.pr, Figs 2–5, 8, 12) is
an elongate (width/length ratio of 0.54 in the holotype, NHMD
141833, in dermal view), multi-sided bone that substantially
overlaps the parietal bones. It is bordered laterally by the nasal
series of the bones, the most caudal of which separates the
median postrostral from the anterior supraorbital bone. The
most caudal nasal bone is consistently the largest bone in a series
that otherwise varies greatly in the sizes of the elements, the num-
ber of elements, and the symmetry left to right. Among the speci-
mens in the type series, between three and five nasals are
observed on a single side and the number of bones need not be
equal on left and right sides of a single specimen; the holotype
(NHMD 141833) has five nasals on the left and four on the
right, with one on the right small enough to allow the nasal
bones bordering it to contact one another. The caudal nasal
bone narrows to a blunt caudal point that fits into the notched
rostral margin of the parietal. Left and right nasal series meet
at the midline rostral to the median postrostral. Rostral to the

Figure 6 Eusthenodon wangsjoi, NHMD 141693: (a) partial right
cheek, right lower jaw and operculogular bones primarily in dermal
impression (a, photograph; a′, labelled illustration). Dotted lines follow
pitline grooves; dashed lines follow unfinished bone margins. Abbrevia-
tions: an = angular; cla = clavicle; d = dentary; mx =maxilla; p.g = prin-
cipal gular; pspl = postsplenial; qj = quadratojugal; sa = surangular; sm
= submandibular; spl = splenial; sq = squamosal. Scale bars equal 5 cm.

Figure 7 Eusthenodon wangsjoi, NHMD 141694, right opercular pri-
marily in dermal impression, and right cleithrum and bones of the
right pectoral fin in visceral view. Abbreviations: cl = cleithrum; op =
opercular. Scale bar equals 5 cm.
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Figure 8 Eusthenodon wangsjoi, NHMD 153925: (a) skull and left cheek primarily in dermal impression (a, photograph; a′, labelled illustration); (b)
skull roof and left cheek in dermal view, counterpart to (a) (b, photograph; b′, labelled illustration). Dotted lines follow pitline grooves; dashed lines follow
unfinished bonemargins. Abbreviations: a.so = anterior supraorbital; a.t = anterior tectal; d = dentary; it = intertemporal; j = jugal; l = lacrimal; l.r = lat-
eral rostral; m.pr =median postrostral; mx =maxilla; n = nasal; p = parietal; pa = prearticular; pi = pineal bones; pi.f = pineal foramen; pmx = premax-
illa; po = postorbital; pop = preopercular; pp = postparietal; qj = quadratojugal; sq = squamosal; st = supratemporal; t = tabular. Scale bars equal 5 cm.

Figure 9 Eusthenodon wangsjoi, NHMD 1201204: (a) partial right cheek in dermal view (a, photograph; a′, labelled illustration). Dotted lines follow
pitline grooves. Abbreviations: od.j = area overlapped by the jugal; od.mx = area overlapped by the maxilla; od.po = area overlapped by the postorbital;
pop = preopercular; qj = quadratojugal; sq = squamosal. Scale bars equal 5 cm.
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nasals, on the midline, is a wide diamond-shaped anterior
median postrostral (a.m.pr, Fig. 2; = anterior postrostral of Jar-
vik 1952). Detailed description of the rostral end of the parietal
shield has not been possible in the two other species of Eustheno-
don. Bone margins are impossible to discern in the one specimen
of E. leganihanne that preserves the rostral parietal shield (ANSP
21342) and does so in exclusively dermal view. In both parietal
shield specimens of E. bourdoni (ANSP 23748, 25037), the mar-
gins of the median postrostral and the most caudal nasal bone in
each series, but no more rostral elements, may be discerned due
to incomplete preservation.

The pineal series in E. wangsjoi (pi, Figs 2, 5, 8, 12) forms a
teardrop-shaped (pointed end caudal) cluster of bones at the
caudal end of the parietal shield’s midline, in dermal view.
This is the expected condition for a highly nested tristichopterid
and differs from the circular to ovoid, rostrally located series in
Eusthenopteron foordi (Jarvik 1944). In some of the E. wangsjoi

specimens preserved in dermal view (e.g., NHMD 153925,
Fig. 8a′), the rostral, wider end of the pineal series is also
pointed. In most specimens, the pineal bones are entirely caudal
to the rostral end of the intertemporals, in dermal view. However,
at least one specimen (NHMDB 1201222, Fig. 12), preserved in
dermal impression, has a pineal series that extends rostral to the
intertemporal. In at least one specimen (NHMD 153925,
Fig. 8a′), the pineal bones surround a circular pineal foramen
that is located in the caudal half of the pineal area. The pineal
series of bones in E. bourdoni, in both dermal (ANSP 25037;
Downs et al. 2021, fig. 3a) and visceral (ANSP 23748; Downs
et al. 2021, fig. 2a) views, is teardrop-shaped, with a caudally
positioned foramen, and is entirely caudal to the rostral reach
of the intertemporals. The pineal series of E. leganihanne is
poorly represented by the referred materials but the parietal
shield of the holotype (ANSP 21343; Downs et al. 2023, fig. 2)
does show that the collective of bones tapers to a caudal point
and is entirely caudal to the rostral reach of the intertemporals.

The intertemporal bone of E. wangsjoi (it, Figs 2, 3, 5, 8, 12),
like the one in E. bourdoni (Downs et al. 2021) and in
E. leganihanne (Downs et al. 2023), is a long, narrow bone
with nearly parallel lateral and medial margins for much of its
length and a rostral end that tapers to a lateral point. Because
of dermal overlap of intertemporal onto the parietal, in articu-
lated specimens of all three species of Eusthenodon, the full
length of the intertemporal is only visible in dermal view. Length
measurements for the intertemporal are undermeasured, then, in
articulated specimens in visceral view. Because width measure-
ments are nearly equal in both views, the width/length ratio of
the bone, in articulated specimens, is overmeasured in visceral
view. Only two of the E. wangsjoi specimens considered here
(NHMD 141653, 153925), both articulated parietal shields in
dermal view, inform the intertemporal/parietal length ratio
(0.48, NHMD 141653; and 0.56, NHMD 153925) and the
width/length ratio of the intertemporal (0.30, NHMD 141653;
and 0.32, NHMD 153925). These values compare favourably
with those of E. leganihanne (intemporal/parietal length ratio
of 0.55, ANSP 21343 [holotype]; intertemporal width/length
ratio of 0.30, ANSP 21342) andE. bourdoni (intemporal/parietal

Figure 10 Eusthenodon wangsjoi, NHMD 1201205: (a) postparietal
shield in dermal view (a, photograph; a′, labelled illustration). Dashed
lines follow unfinished bone margins. Abbreviations: pp = postparietal;
st = supratemporal; t = tabular. Scale bars equal 5 cm.

Figure 11 Eusthenodon wangsjoi, NHMD1201211: (a) parasphenoid in
dermal impression (a, photograph; a′, labelled illustration). Dashed lines
follow unfinished bone margins. Abbreviations: d.psp = denticulated sur-
face of parasphenoid; psp = parasphenoid. Scale bars equal 5 cm.

Figure 12 Eusthenodon wangsjoi, NHMD 1201222: (a) partial parietal
shield primarily in dermal impression (a, photograph; a′, labelled illus-
tration). Dashed lines follow unfinished bone margins. Abbreviations:
a.so = anterior supraorbital; a.t = anterior tectal; it = intertemporal;
m.pr =median postrostral; n = nasal; p = parietal; pi = pineal bones;
p.so = posterior supraorbital. Scale bar equals 5 cm.
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length ratio of 0.52, ANSP 25037; intertemporal width/length
ratio of 0.31 [left] and 0.33 [right], ANSP 25037). A long and
narrow intertemporal is common among highly nested tristi-
chopterids, though at least Langlieria smalingi (Downs &
Daeschler 2022, fig. 3) exhibits a short and wide intertemporal
that is restricted to the caudolateral corner of the parietal shield.

The anterior supraorbital bone of E. wangsjoi (a.so, Figs 2–5,
8, 12) lies lateral to the most caudal, and largest, nasal bone and
forms the dorsorostral portion of the orbital margin. The anter-
ior supraorbital makes a longer contribution to the orbital mar-
gin than does the posterior supraorbital and the length of the
anterior supraorbital that extends rostral to its orbital margin
is longer than the bone’s contribution to the orbit. Though
only the holotype (NHMD141833) shows all three bones, rostral
to the anterior supraorbital bone is an elongate anterior tectal
bone (a.t, Figs 2, 5, 8, 12) and ventral to it, a lateral rostral
bone (l.r, Fig. 2). The posterior supraorbital bone in
E. wangsjoi (p.so, Figs 3–5, 12) forms the dorsocaudal corner
of the orbital margin and has an elongate, pointed, caudal pro-
cess. The caudal process is considerably longer than the bone’s
orbital margin and is therefore comparable in its dimensions to
that of most other highly nested tristichopterids, though notEde-
nopteron keithcrooki (Young et al. 2019) nor, notably,
E. leganihanne (Downs et al. 2023). The posterior supraorbital
of E. wangsjoi is similar to that of E. leganihanne in that it con-
tacts the lacrimal ventrally so only three bones (anterior supra-
orbital, posterior supraorbital and lacrimal) contribute to the
orbital margin. Eusthenodon bourdoni differs by having a jugal
bone that contributes substantially to the orbital margin, a fea-
ture that helps to diagnose the species (Downs et al. 2021,
fig. 2). The posterior supraorbital bone of Eusthenodon, like
the intertemporal, also overlaps the parietal and postorbital so
the proximity of posterior supraorbital and intertemporal
bones is undermeasured in visceral view. In E. bourdoni, for
example, the bones have been interpreted to contact one another
in dermal view but not visceral view, allowing supraorbital–in-
temporal contact dermally and parietal–postorbital bones vis-
cerally (Downs et al. 2021). No specimen in the E. wangsjoi
type series convincingly shows contact between the posterior
supraorbital and the intertemporal. In the holotype (NHMD
141833), the right intertemporal is visible in dermal impression,
but the right posterior supraorbital is missing. The surrounding
bones are present and in place and dermal contact between par-
ietal and postorbital is observed. This necessitates some degree
of separation between posterior supraorbital and intertemporal.
Only one specimen in the type series (NHMD 141691, Fig. 5a)
shows both a complete intertemporal and a posterior supra-
orbital bone in place on a single side. In NHMD 141691, pre-
served dermally, interpretation of the relationship between
these bones is challenged by the dermal surface of the skull
only being available in impression; in addition, cracks through
the rock disrupt the margins of the intertemporal. In this speci-
men, the posterior supraorbital and intertemporal do appear
in close proximity but contact cannot be confirmed. In Jarvik’s
(1952, text-figs. 23b, 25a) illustrations of this specimen (then
designated P. 1478), the two bones are separated, but careful
study of the specimen’s part and counterpart blocks does not
offer convincing support for this interpretation. It is, however,
this interpretation of this specimen that appears to inform Jar-
vik’s (1952, text-fig. 26) skull reconstruction and his description
of the posterior supraorbital (‘the bone ends a little in front of the
[intertemporal],’ Jarvik 1952, p. 62). In the relatively complete
parietal shield of NHMD 153925 (Fig. 8), preserved dermally,
both posterior supraorbital bones are missing, but the great dis-
tance between anterior supraorbital and intertemporal (4.7 cm
in a skull with a 6.0 cm long intertemporal) supports a consider-
able separation between posterior supraorbital and

intertemporal. A lack of contact between the two bones is the
more common condition among highly nested tristichopterid
species, although contact is observed in Cabonnichthys burnsi
(Ahlberg & Johanson 1997) and dermal contact has been
inferred in E. bourdoni (Downs et al. 2021).

4.3. Postparietal shield
Among the relevant specimens (NHMD 141833, 141653,
141691, 153925, 1201205), all of the available bones of the
E. wangsjoi postparietal shield (postparietal, supratemporal
and tabular) belong to articulated specimens preserved in dermal
view or dermal impression. As a result, these do not allow
description of any potential features of the visceral surface,
including the median ridge and ventral lamina of the supratem-
poral and tabular that are commonly observed in tristichopter-
ids, including in both other species of Eusthenodon (Downs
et al. 2021, 2023). The postparietal bone of E. wangsjoi (pp,
Figs 2, 3, 5, 8, 10) has a caudal margin width that is more than
double its rostral margin width (caudal width/rostral width
ratio of 2.21 in the holotype, NHMD 141833, and between
2.21 and 2.71 among the three relevant specimens, including,
additionally, NHMD 141691 [2.71] and 1201205 [2.70]). The
ornamented surface of the postparietal does not widen gradually,
instead changing width in a stepped fashion at a position in line
with the supratemporal/tabular contact. The added width of the
postparietal in its caudal half overlaps the tabular bone such that
the maximum width of the postparietal bone is only observed in
dermal view of articulated specimens. In E. wangsjoi, the post-
parietal’s caudal width/rostral width ratio has a range of values
that approximates the values measured in E. bourdoni (∼2.8 in
ANSP 25037, though caudal margin width is estimated due to
the incomplete nature of the specimen; Downs et al. 2021) and
in E. leganihanne (∼2.6 in ANSP 21343; Downs et al. 2023).
The caudal margins of the dermal surface of the postparietal
and tabular bones carry a long, depressed, unornamented zone
to accommodate the overlap of the median and lateral extrascap-
ular bones. These extrascapular overlap zones are best observed
inNHMD1201205 (Fig. 10) where they appear to be continuous
along the entirety of the postparietal shield’s caudal margin with
a narrow gap across the midline. These overlap zones also appear
in E. bourdoni (Downs et al. 2021); the condition is presently
impossible to address in E. leganihanne (Downs et al. 2023).

The tabular (t, Figs 2, 3, 5, 8, 10), broadly overlapped by the
postparietal, has a narrow ornamented zone that carries the
bone’s pitline groove. The tabular forms much of the deeply
notched portion of the postparietal shield’s lateral margin, a fea-
ture that has been labelled a spiracular notch in Langlieria soc-
queti (‘Tristichopteridae gen. et sp. indet.’ of Clément 2002,
p. 582; Clément et al. 2009) and which appears in both
E. bourdoni (Downs et al. 2021) and E. leganihanne (Downs
et al. 2023).

The supratemporal ofE. wangsjoi (st, Figs 2, 3, 5, 8, 10) is con-
sistently longer than the tabular bone. It flares rostrally to form a
short extension that reaches beyond the rostral margin of the
postparietal bone. This extension of the supratemporal then dif-
fers in shape from the pronounced rostrolateral horn-like process
(concave rostromedial, convex caudolateral) of the supratempor-
al’s ornamented surface in E. bourdoni (Downs et al. 2021),
E. leganihanne (Downs et al. 2023) andHyneria lindae (Daesch-
ler & Downs 2018). Some degree of rostral extension of the
supratemporal has additionally been reported in Eusthenopteron
foordi (Jarvik 1944), Eusthenopteron säve-söderberghi (Jarvik
1944; Clément 2002), and in Tristichopterus alatus (Snitting
2008). In E. wangsjoi, and similar to the condition in
E. bourdoni (Downs et al. 2021), there is a depressed, unorna-
mented area in the rostrolateral corner of the supratemporal’s
dermal surface to accommodate overlap of the postorbital
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bone (Fig. 10); the condition in E. leganihanne is impossible to
address given the available material (Downs et al. 2023). The
supratemporal of E. wangsjoi also flares laterally to form the ros-
tral margin of the postparietal shield’s lateral notch.

4.4. Cheek
Complete, articulated cheek specimens of E. wangsjoi allow for
description of the maxilla, lacrimal, jugal, postorbital, squamo-
sal, preopercular and quadratojugal bones. Several articulated
specimens (NHMD 141653, 141691) preserve the entirety of
the orbital margin, showing it to be lenticular in shape and
longer than it is tall (Figs 3, 5), similar to the orbital shape in
both Eusthenodon bourdoni (Downs et al. 2021) and Eustheno-
don leganihanne (Downs et al. 2023), and additionally in several
other highly nested tristichopterids for which the orbital margin
is complete enough to determine shape (includingCabonnichthys
burnsi, Ahlberg & Johanson 1997; and Mandageria fairfaxi,
Johanson &Ahlberg 1997). Not all highly nested tristichopterids
have a lenticular orbital margin, however; that ofHyneria lindae
(Daeschler & Downs 2018) is distinctly circular. The lacrimal of
E. wangsjoi forms approximately half of the orbital margin; the
anterior and posterior supraorbitals are the only other bones
to contribute to the margin; contact between lacrimal and pos-
terior supraorbital separates jugal and postorbital from the
orbital margin. Several other tristichopterids are observed with
only these three bones in the orbital margin; these include
E. leganihanne (Downs et al. 2023) and additionally Platycepha-
lichthys bischoffi (Vorobyeva 1962), M. fairfaxi (Johanson &
Ahlberg 1997) and Edenopteron keithcrooki (Young et al. 2013,
2019). The jugal forms a significant portion of the orbital margin
in E. bourdoni, an anatomical feature that, according to the diag-
nosis of the species, helps to distinguish it from the Eusthenodon
type species. A jugal in the orbital margin is otherwise the
expected condition for a tristichopterid as the condition appears
in all other species with a complete orbital margin. No highly
derived tristichopterid species has five bones (with postorbital
the fifth) contributing to the orbit, but this condition is common
amongmore basal tristichopterids; the postorbital joins the jugal
in the orbital margin of Tristichopterus alatus (Snitting 2008),
Heddleichthys dalgleisiensis (Snitting 2009), and both species
of Eusthenopteron for which a complete orbit is preserved
(Eusthenopteron foordi, Jarvik 1944; and Eusthenopteron wenju-
kowi, Vorobyeva 1977 [ = Jarvikina wenjukowi of that work]).

The maxilla of E. wangsjoi (mx, Figs 2–6, 8) is subequal in
height between the bone’s two tallest positions, at the lacrimal–
jugal contact and at the jugal–squamosal contact. This is the
maxilla shape found in all other highly nested members of the
clade, but it is contrary to Jarvik’s (1952) reporting that the max-
imum height of theE. wangsjoimaxilla is in the rostral half of the
bone. This shape interpretation was later reinforced by Jarvik
(1985; see section 6.2.4) and all others citing his descriptions,
including the cladistic analyses of Olive et al. (2020), Downs &
Daeschler (2022) and Downs et al. (2023). My observations of
Jarvik’s (1952, 1985) study specimens support the understanding
that no known tristichopterid maxilla is tallest in the rostral half.
A maximum maxillary height in the caudal half is found only in
basal tristichopterids that lack a pronounced rostrodorsal pro-
cess between lacrimal and jugal (the species of Tristichopterus,
Snitting 2008; Eusthenopteron, Jarvik 1944, Vorobyeva 1977;
Platycephalichthys, Vorobyeva 1962; andHeddleichthys, Snitting
2009).

Among the E. wangsjoi type series of specimens, an articu-
lated, partial cheek specimen (NHMD 1201204, P. 1474 of Jar-
vik 1952; Fig. 9) lacks the maxilla bone but the ventral margin
of the squamosal shows a depressed, unornamented zone to
accommodate maxilla overlap (overlap zone labelled ‘od1Mx,
area of squamosal overlapped by maxillary’ by Jarvik 1952,

fig. 28). The opposite relationship (squamosal overlap onto the
maxilla) is the more common condition among tristichopterids
and is present in both other species of Eusthenodon,
E. bourdoni (see ANSP 23748, Downs et al. 2021, fig. 2b) and
E. leganihanne (see ANSP 21649, Downs et al. 2023, fig. 8b).
Recent phylogenetic analyses (including Olive et al. 2020;
Downs & Daeschler 2022; Downs et al. 2023) have scored the
condition in E. wangsjoi according to NHMD 1201206 and Jar-
vik’s (1985) description of it. In the phylogenetic analysis asso-
ciated with this work, the condition in E. wangsjoi is scored
according to the condition in NHMD 1201204, the only speci-
men in consideration that informs the squamosal–maxilla
relationship. Maxilla overlap onto the squamosal is otherwise
observed in only three known tristichopterid species, among
which are two highly nested members of the clade; these
three are Eusthenopteron foordi (Jarvik 1944), Hyneria lindae
(Daeschler & Downs 2018) and Langlieria smalingi (Downs &
Daeschler 2022). In E. wangsjoi, the maxilla also overlaps the
quadratojugal.

The lacrimal of E. wangsjoi (l, Figs 2–5, 8) is a long bone that
contacts anterior and posterior supraorbital, jugal, maxilla and
lateral rostral bones. A pointed dorsal process at the caudal end
of the lacrimal forms the posterior supraorbital contact point
that isolates jugal and postorbital from the orbital margin. The
rostral end of the lacrimal extends well beyond the orbit (56 %
of total length is rostral to the bone’s orbital margin in the one
relevant specimen, NHMD 153925; Fig. 8). This condition,
half or more of the lacrimal extending rostral to the orbit, is simi-
lar to that of E. bourdoni (54 % of lacrimal rostral to orbit in
ANSP 23748 [holotype]; 48 % in ANSP 25037; Downs et al.
2021) in addition to those of H. lindae (Daeschler & Downs
2018), Tinirau clackae (Swartz 2012) and M. fairfaxi (Johanson
& Ahlberg 1997). In E. leganihanne (Downs et al. 2023), the lac-
rimal is differently shaped in that the rostral margin of the bone is
angled steeply ventral from the orbital margin such that only
40 % of total lacrimal length (same measurement in both rele-
vant specimens: ANSP 21343, 21651) is rostral to the lacrimal’s
orbital margin.

The jugal of E. wangsjoi ( j, Figs 2–5, 8) is rectangular and
longer than tall. The available material supports its overlap
onto the maxilla but the nature of its contacts with other sur-
rounding bones is impossible to determine from the type speci-
mens. The length of the jugal places the point of contact
among jugal, postorbital, and squamosal in the caudal half of
the postorbital’s ventral margin in dermal view (at 58–84% of
total rostral-to-caudal length of the margin among the four rele-
vant specimens: NHMD 141833 [holotype, 58 %], 141689 [73
%], 141691 [71 %], 153925 [84 %]). The condition in the one
relevant specimen of E. bourdoni is close to the upper end of
the variation observed in the type species (at 78 % of total
rostral-to-caudal length of the postorbital ventral margin in
ANSP 23748), suggesting a long jugal in that species. No speci-
men of E. leganihanne preserves enough of the jugal and post-
orbital to measure the position of this three-bone point of
contact, but partial cheek specimens that are referred to the spe-
cies (ANSP 21342, 21651, 21652), all in dermal view or dermal
impression, reveal a long jugal with a jugal–squamosal–postor-
bital contact point closer to the caudal end of the postorbital’s
ventral margin than to its midpoint. A jugal long enough to
put the jugal–squamosal–postorbital contact point close to the
caudal end of the postorbital is common among highly nested
tristichopterids (observed additionally in M. fairfaxi, Johanson
& Ahlberg 1997;C. burnsi, Ahlberg & Johanson 1997;H. lindae,
Daeschler &Downs 2018; andE. keithcrooki, Young et al. 2019).

The postorbital (po, Figs 2–5, 8) of E. wangsjoi, narrow at its
rostral end, increases gradually in height rostral to caudal and, at
its caudal end, shortens abruptly to a dorsocaudal pointed
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terminus. The caudal end of the postorbital fits into the dorsal
concavity in the ornamented surface of the squamosal’s rostral
margin, and the caudal point of the postorbital lies at the squa-
mosal’s dorsorostral corner. The postorbital overlaps the
squamosal and supratemporal bones and is overlapped by the
posterior supraorbital; the E. wangsjoi specimens considered
for this description do not explicitly reveal the nature of the rela-
tionship between postorbital and its other bordering bones:
jugal, parietal and intertemporal.

The squamosal (sq, Figs 2–6, 8, 9) of E. wangsjoi is the tallest
bone of the cheek, reaching from its contact with the maxilla to
the dorsal edge of the cheek. The rostral margin of the squamo-
sal’s ornamented surface forms a dull point close to midheight
and the margin is concave dorsal to the point (to accommodate
the caudal end of the postorbital) and is slanted (rostrodorsal to
caudoventral) ventral to it (where it is in contact with the jugal).
The squamosal overlaps the preopercular and quadratojugal and
is overlapped by the postorbital, maxilla and jugal. The dorsal
margin of the squamosal lies alongside the postparietal shield
of the skull roof and the lateral extrascapular bone and appears
not to have an over/underlapping relationship with either. As
described above (in section 4.1), the squamosal of E. wangsjoi
is unique among the species of Eusthenodon for the presence of
more than one pitline groove, though the condition is unknown
in E. leganihanne.

The quadratojugal (qj, Figs 2–6, 8, 9) of E. wangsjoi is longer
than tall with a maximum height just caudal to the bone’s mid-
length. The dorsal margin of the quadratojugal slopes ventrally
from the bone’s maximum height and the bone is shorter at its
rostral end than at its caudal end. It is broadly overlapped dor-
sally by the preopercular and squamosal bones and so appears
very different in its dimensions between dermal (e.g., NHMD
1201204, Fig. 9) and visceral (e.g., NHMD 141689, Fig. 4b)
views of articulated cheek specimens. In the isolated right quad-
ratojugal of NHMD 141653, 38 % of the height of the bone (in
the position of the maximum height dimension) is unorna-
mented overlap zone. The quadratojugal is also overlapped by
the maxilla.

The preopercular (pop, Figs 2–5, 8, 9) formsmuch of the slop-
ing caudal margin of the cheek. Widest near midheight, the pre-
opercular narrows to a blunt point at dorsal and ventral ends
where it is overlapped by the squamosal (dorsally) and where it
broadly overlaps the quadratojugal (ventrally). None of the spe-
cimens in the type series preserve the preopercular in the round
and therefore it is impossible to address the nature of the
bone’s caudal margin, an area that is of potential interest as it
has been shown to carry a deep groove interpreted to accommo-
date the lateral edges of the extrascapular and opercular bones in
at least H. lindae (Daeschler & Downs 2018).

4.5. Palate
The palate of E. wangsjoi is not especially well represented
among the type specimens in consideration. Evidence of
vomer, parasphenoid, dermopalatine, ectopterygoid and entop-
tergyoid is present, but the bones offer few anatomical details
on account of poor preservation and/or limited mechanical prep-
aration. The vomer of E. wangsjoi (v, Figs 3, 5) is represented by
two specimens, one preserved in visceral view (NHMD 141691)
and one in palatal view (NHMD 141653); both of them are
highly weathered in such a way that neither allows for detailed
description of specific shape characteristics nor surface features.
Comparative details among the other two species ofEusthenodon
are also lacking. Among all of the referred materials of Eusthe-
nodon bourdoni and Eusthenodon leganihanne, there is only a sin-
gle partial vomer specimen for E. bourdoni (ANSP 23748) that
offers incomplete anatomical detail. The vomer of E. wangsjoi
is observed to exhibit the caudal process that makes for a long

contact with the parasphenoid in some highly nested tristichop-
terids. In E. wangsjoi, the process is especially long, with a para-
sphenoid contact that extends along ∼50% of the total length of
the parasphenoid (in NHMD 141653). Among tristichopterids,
this is close to the maximum reported relative lengths of the
vomer; the vomer–parasphenoid contact is ∼55% of total para-
sphenoid length in Hyneria lindae (ANSP 20935C; Daeschler
et al. 2019) and ∼54% of parasphenoid length in Edenopteron
keithcrooki (ANUV3426; Young et al. 2013). The caudal process
of the E. wangsjoi vomer carries a distinct lateral corner that, in
other tristichopterid species, has been shown to be the caudal end
of the vomer’s visceral articulation site with the entopterygoid.
This same corner is observed in Eusthenopteron jenkinsi
(Downs et al. 2018, fig. 3b), Platycephalichthys bischoffi (Voro-
byeva 1962, plate 9, figs. 2–3), Langlieria socqueti (Clemént
et al. 2009, text-fig. 2), Langlieria radiatus (Daeschler et al.
2019, fig. 7a),E. keithcrooki (Young et al. 2013, fig. 4) andH. lin-
dae (Daeschler & Downs 2018, fig. 6). Rostral to their contact
with the parasphenoid, the left and right vomers of E. wangsjoi
contact one another at the midline, but details of a possible mar-
ginal tooth row or sites of contact with premaxilla, maxilla or
dermopalatine are not available in the specimens under consider-
ation. In addition to the vomers, NHMD 141653 and 141691
also include parts of the bordering parasphenoid and entoptery-
goids, and therefore support the interpretation that E. wangsjoi
did not possess accessory vomers like those observed in several
highly nested species of tristichopterid from Australia (Cabon-
nichthys burnsi, Ahlberg & Johanson 1997; E. keithcrooki,
Young et al. 2013; andMandageria fairfaxi, Johanson&Ahlberg
1997).

In the one articulated specimen that allows for the measure-
ment (NHMD 141691, Fig. 5b), the width/length ratio of
vomers + parasphenoid inE. wangsjoi is 0.50. Previous reporting
suggested a more narrow medial palate; Daeschler & Downs
(2018) reported a width/length ratio of ∼0.43 for the vomers +
parasphenoid of E. wangsjoi, but this was based on a type series
specimen that is not considered here to represent the condition in
the species (NHMD 153855; see section 2.1). The width/length
ratio of vomers + parasphenoid in NHMD 141691 compares
favourably with the dimensions in those tristichopterids with
relatively wide skulls, including Langlieria radiatus (∼0.47 in
ANSP 21886A; Daeschler et al. 2019), H. lindae (width/length
ratio of ∼0.60 in ANSP 20935C; Daeschler & Downs 2018)
andE. keithcrooki (same ratio is∼0.60 in the skull reconstruction
based on ANU V3426; Young et al. 2013, fig. 5) and contrasts
with the proportions in the uniquely (among highly nested tristi-
chopterids) narrow skull ofM. fairfaxi (∼0.33 in AMF 96855C;
Johanson&Ahlberg 1997) and those of more basal tristichopter-
ids including Heddleichthys dalgleisiensis (∼0.35 in BGS 53442;
Snitting 2009) and Eusthenopteron jenkinsi (0.37 in NUFV
1245; Downs et al. 2018). Although two specimens (NHMD
141653, 141691) allow for a length measurement of the para-
sphenoid bone of E. wangsjoi (psp, Figs 3, 5), neither offers
any surface detail. Only a single specimen among those in con-
sideration (NHMD 1201211) offers a view of the denticulated
surface of the parasphenoid, and this specimen is preserved
only in palatal impression. The denticulated surface is observed
to be wide (nearly the full width of the parasphenoid bone along
part of its length) andwith a surface that recesses into the bone. It
is therefore similar to the condition observed in E. bourdoni
(ANSP 25037; Downs et al. 2021, fig. 4) and several other highly
nested species of tristichopterid (H. lindae, ANSP 20935C,
Daeschler & Downs 2018, fig. 6a; and E. keithcrooki, AMF
134129, Young et al. 2019, fig. 8b). The denticulated surface
of the E. wangsjoi parasphenoid is therefore unlike the wide
and ‘flat to slightly convex’ surface in E. keithcrooki (though
‘not well preserved’ in ANU V3426, Young et al. 2013, p. 20,
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figs. 4b, 5) and the narrow, raised, keel-like surfaces in all other
tristichopterids for which the condition is known. The condition
of the parasphenoid is unknown in E. leganihanne. In E. wangs-
joi, the denticulated surface of the parasphenoid appears to be
teardrop-shaped with a rounded caudal end and a length that
narrows rostrally; the rostral tip is unknown. This is the typical
shape among tristichopterids though several species differ; that
of H. dalgleisiensis is narrow at midlength and widest at rostral
and caudal ends (‘somewhat hourglass-shaped,’ Snitting 2009,
p. 280) and that of E. keithcrooki is widest at midlength and nar-
rowing both rostrally and caudally (Young et al. 2013). Jarvik
(1952, plate 12, fig. 4) labels a buccohypophysial foramen
(c.hyp, canal for ventral tube of hypophysis) through the caudal
end of the parasphenoid’s denticulated plate in his figure of
NHMD 1201211 (then P. 1482, the aforementioned impression).
Because NHMD 1201211 is only an impression of the bone’s
palatal surface, the specimen is not inconsistent with Jarvik’s
(1952) interpreted position for the foramen, but new study of
this specimen also does not offer evidence in support of the fora-
men’s presence. For comparison, the hypophysial canal of
E. bourdoni is clearly visible in visceral view of the parasphenoid
(ANSP 24502), but no buccohypophysial foramen is observed
through the denticulated plate in palatal view (ANSP 25037).
Neither of the other two tristichopterid species with a wide,
recessed denticulated surface of the parasphenoid preserves evi-
dence of a buccohypohysial foramen penetrating this surface
(Young et al. 2013; Daeschler & Downs 2018). In the case of
H. lindae, the hypophysial canal does not pierce the denticulated
surface in all four of the well-preserved, well-prepared parasphe-
noid specimens viewable in the round (ANSP 21461, 23304,
23305, 23306). Jarvik (1952, plate 12, fig. 4) also labels asymmet-
rically arranged left and right ‘posteriorly directed pit[s] of para-
sphenoid’ caudal to the denticulated surface of NHMD
1201211. New study of this specimen suggests that these features
are preservational and does not support their identification as
anatomical pits.

Onlyone specimen (NHMD141653) ofE. wangsjoi offers par-
tial views of the dermopalatine (dpl, Fig. 3) and ectopterygoid
(ect, Fig. 3). The dermopalatine is shown to be distinctly shorter
than the ectopterygoid and it carries one fang pair compared to
the two in the ectopterygoid. Among tristichopterids within
which the condition is known, only Tristichopterus alatus (Snit-
ting 2008) and Tinirau clackae (Swartz 2012) differ by having
an ectopterygoid with only one fang pair. A very limited view
of the E. wangsjoi entopterygoid (ent, Fig. 3) is possible in
only two of the specimens upon which this description is based
(NHMD 141653, 141833). Both are preserved in such a way
that shape and surface features are impossible to describe. That
of NHMD 141653 is preserved in visceral view; that of the holo-
type is preserved in palatal view but weathered to the point of
nearly being a visceral impression.

4.6. Lower jaw
The lower jaw of E. wangsjoi is poorly represented among the
specimens in the type series. No single complete lower jaw exists
but several partially preserved jaws (some primarily [e.g.,
NHMD 141693] as surface impressions) and isolated dermal
bones of the jaw allow for a limited description. The most com-
plete specimens (e.g., NHMD 141833, 153925) reveal the lower
jaw to be of the typical shape for a tristichopterid in that it is long,
slender and of a low profile. There is a dentary fang pair (d.f,
Fig. 3) and the precoronoid fossa is longer than the first intercor-
onoid fossa. The height of the dentary (d, Figs 2, 3, 6) increases
gradually distal to mesial and that of the infradentary series
(splenial, spl, Figs 2, 6; postsplenial, pspl, Figs 2, 6; angular,
an, Figs 2, 6; and surangular, san, Fig. 6) increases mesial to dis-
tal. The ornament of these dermal bones of the labial jaw surface,

with its isolated and conjoined tubercles and short, broken
ridges, has a more tuberculate appearance than is observed else-
where in the dermatocranial skeleton. This is consistent with the
conditions in both Eusthenodon bourdoni (‘an almost tubercu-
lated appearance,’Downs et al. 2021, p. 8) andEusthenodon lega-
nihanne (‘a more tuberculate appearance than is seen on most of
the skull surface,’ Downs et al. 2023, p. 13).

4.7. Operculogular/extrascapular series
Among the specimens under consideration, the operculogular/
extrascapular series of E. wangsjoi is represented by opercular
(NHMD 141653, 141694), subopercular (NHMD 141691),
median and lateral extrascapular (NHMD 141653, 141691,
141833), submandibular (NHMD 141693, 141833) and princi-
pal gular bones (NHMD 141693, 141833). The two available
opercular bones (op, Figs 3, 7) are differently sized and shaped,
but both are taller than they are long. This is the expected condi-
tion for a highly nested tristichopterid and differs from the longer
than tall opercular bone of Eusthenopteron foordi (Jarvik 1944).
The larger of the two E. wangsjoi specimens (left opercular,
NHMD 141653) belongs to an articulated skull. The bone is
almost crescent-shaped with a shallow curve to the concave ros-
tral margin and a more deeply curved, convex caudal margin.
The shape is atypical among the nearly rectangular-shaped oper-
culars of Tristichopteridae. It is also unusual for having its max-
imum length in the dorsal half of the bone and narrowing
ventrally from this position to the ventral end of the bone. A nar-
row, depressed, unornamented zone for cheek overlap extends
along the rostral margin of the opercular in this specimen. The
height-to-length ratio of the NHMD 141653 opercular is 1.93,
the highest value for this ratio yet reported among tristichopter-
ids. The second opercular specimen in the E. wangsjoi type series
(dermal impression, right opercular, NHMD 141694) is pre-
served in close association with a right cleithrum and partial pec-
toral fin. Relative to that of NHMD 141653, this opercular
exhibits themore typical, nearly rectangular shapewith relatively
straight rostral and ventral margins and a convexly curving cau-
dal margin (dorsal margin not completely preserved). Its height/
length ratio of >1.19 is an underestimate due to its incompletely
preserved height; when considering the marked difference in
shape between the two opercular bones in the type series,
NHMD 141694 is much more likely to be the specimen respon-
sible for the opercular dimensions that have been reported for the
species (e.g., a height/length ratio of 1.3 was recently reported by
Downs et al. 2023). Neither of the two other species of Eustheno-
don preserves a complete opercular bone; in both, the maximum
length of the bone is preserved in each but themaximum height is
not, so height/length ratios in these other species are underesti-
mates. The ratio in Eusthenodon leganihanne has been calculated
as >1.23 (ANSP 21343, Downs et al. 2023); that of Eusthenodon
bourdoni is >1.45 (ANSP 23777).

NHMD 141691 includes a partial dermal impression of an
isolated bone inferred to be a subopercular based on shape.
One of the bone’s margins pinches to form a blunt, rounded
point; the rostral margin of the tristichopterid subopercular is
known to narrow to such a point where it reaches between the
opercular and preopercular bones. The incomplete nature of
the bone in this one specimen prevents a more complete descrip-
tion of its shape and contacts.

The median extrascapular of E. wangsjoi (m.ex, Figs 2, 3) is
represented by two specimens, one preserved in dermal impres-
sion (NHMD 141833 [holotype]) and one in dermal view
(NHMD 141653). The trapezoid-shaped bone narrows rostrally
such that the maximum width of the bone (close to the caudal
end) is 2.42 times the width of the rostral margin (NHMD
141653, extrapolation from right side preservation). Because
the median extrascapular is broadly overlapped by the lateral
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extrascapulars, the rostral width of the bone appears even more
narrow in a dermal view of an articulated skull. When over-
lapped by the lateral bones, the ornamented surface of the
E. wangsjoimedian extrascapular does, however, exhibit enough
width along the rostral margin to make for a considerable separ-
ation of left from right lateral extrascapular (1.64 cm of separ-
ation in the 3.62 cm long median extrascapular of the
holotype). It isworthyof note that awide separation of the lateral
extrascapulars was included in Clément’s (2002, p. 579) rediag-
nosis of Eusthenodon (‘lateral extrascapulars well separated in
the midline anteriorly’) and is indeed additionally true of
E. bourdoni (Downs et al. 2021, fig. 6b) and E. leganihanne
(Downs et al. 2023, fig. 6). While the lateral extrascapulars
may be considered to be ‘well separated’ in all known Eustheno-
don material, the character is not included in the revised
diagnosis of the present work due to its qualitative nature. The
lateral extrascapular of E. wangsjoi (l.ex, Figs 2, 5), preserved
in only two specimens (in dermal impression, NHMD 141833;
and in weathered visceral view, NHMD 141691), allows for
only limited description but it is wide (rostral width is 2.5
times the rostral width of themedian extrascapular’s ornamented
surface in NHMD 141833) and heater-shaped (pointed end
caudal).

As is typical for a tristichopterid, the principal gular of
E. wangsjoi (p.g, Figs 2, 6) is rostral–caudally elongate and three-
sided, with the longest side bordering the submandibulars,
another side bordering the opposite principal gular along the
midline, and the third side completing the triangle. The caudo-
medial corner is the most rounded and blunt of the three corners.
Neither of the two relevant specimens shows evidence of a mid-
line median gular or of a median gular overlap zone on the prin-
cipal gular, as is observed in E. foordi (Jarvik 1944). As expected
for a tristichopterid, a series of generally rectangular submandib-
ulars (sm, Figs 2, 6) separates the ventral margin of the lower jaw
from the principal gular. In NHMD 141833 (holotype), the left
series of nine submandibulars ( = branchiostegal rays of Jarvik
1952), and in NHMD 141693, the right series of at least six sub-
mandibulars, are preserved in dermal impression. There is no
size progression of the submandibulars along the length of the
series although the most caudal submandibular is the longest
and tallest in the series. In E. foordi, the most caudal subman-
dibular is so enlarged and differently shaped relative to the others
that Jarvik (1980, Rbr8, fig. 10a, d) inferred it to be a fusion
between a submandibular and an opercular bone and referred
to it as a submandibulobranchiostegal plate. Though enlarged
relative to the others in the series, the most caudal submandibu-
lar in E. wangsjoi is not oversized or differently shaped to the
same degree.

4.8. Pectoral appendicular bones
Among the type series of specimens, the appendicular skeleton of
E. wangsjoi is represented by two cleithra (one right, NHMD
141653B, one left, 141694), possible pectoral fin mesomeres
and radials (NHMD 141653, 141833) and an isolated possible
fin radial (NHMD 141689). The two cleithrum specimens are
both preserved in visceral view and are incomplete ventrally; as
a result, they do not allow for description of the dermal orna-
ment nor of the bone’s relationships with the clavicle and the sca-
pulocoracoid. The cleithrum of E. wangsjoi has the typical
boomerang shape with a long dorsal lamina that bends away
from aventral lamina. The dorsal lamina of the E. wangsjoi clei-
thrum is gently curved along both cranial and caudal margins
and it maintains a nearly constant width along its entire height.
The dorsal end of the lamina is bluntly rounded. The cleithrum
of NHMD 141694 (cl, Fig. 7) shows the bone to widen ventrally
at the transition to the ventral lamina, giving the caudoventral
corner a heeled appearance. The cleithrum of NHMD 141694

is associated with fragmentary evidence of the pectoral fin
including lepidotrichia, fin scales and potential mesomeres
and/or radials. NHMD 141653 (Fig. 3a) includes fin scales,
lepidotrichia and mesomeres of the left pectoral fin. The only
potential mesomere complete enough to be described is a
possible third mesomere ( = ulnare, ulr?, Fig. 3). The tristichop-
terid ulnare conforms in general shape to the bone seen in
NHMD 141653, with its postaxial blade and its parallel contact
surfaces for second mesomere ( = ulna) at the proximal end and
fourth mesomere at the distal end. Impressions of a possible
mesomere and a preaxial radial of the pectoral fin are associated
with the holotype specimen (NHMD 14833). The possible
mesomere has a slight hourglass shape and appears to carry a
single site of contact on one articulating end and two on the
opposite; these shape characteristics match those of the fourth
mesomere in the tristichopterid pectoral fin. The possible preax-
ial pectoral radial has a pronounced hourglass shape, much
wider at both ends than at midlength. NHMD 141689 includes
a possible pectoral fin radial in isolation. One of the articulating
ends is blunt; preservation does not allow for a more complete
description.

4.9. Scales
Scales associatedwith several specimens in theE. wangsjoi type ser-
ies (NHMD 141689, Fig. 4c; NHMD 141691) inform the condi-
tion for the species. The scales of E. wangsjoi are thin, circular/
ovoid (long dimension cranial–caudal in some, orthogonal to
axis in others) to waisted, and without a cosmine layer. The piri-
form (pointed end rostral), protruding boss on the visceral surface
of the scale contributes to the diagnosis of Tristichopteridae. Most
scales are 2–3 cm long. The waisted scales have an exposed, orna-
mented portion that is offset from themain scale body bya pinched
margin (the waist). Among the observable examples, the height of
the ornamented surface (caudal to the waist) is less than the height
of the main body of the scale (cranial to the waist). In several
instances, the condition matches that of Eusthenodon bourdoni
(Downs et al. 2021, fig. 7) in that thewaist is more like a narrowing
of the scale between its overlapped and exposed portions as the
ornamented part of the scale does not expand in height caudal to
the waist but does protrude caudally from the outline of the main
scale body. Among tristichopterid species, scales with a pinched
waist are not common but have additionally been reported inMan-
dageria fairfaxi (‘ornamented area […] offset by a “waist”,’ Johan-
son &Ahlberg 1997, p. 64), Langlieria smalingi (‘caudal expansion
is offset from the rest of the scale by a […] pinchedwaist,’Downs &
Daeschler 2022, p. 252) and Hyneria udlezinye (Gess & Ahlberg
2023, fig. 12b). InE. wangsjoi, as in both other species ofEustheno-
don, there is an especially high degree of overlap among the scales;
in the most extreme examples, the ornamented, exposed portion of
the scale comprises only about one-quarter of the scale’s total
dermal surface area.

The ornamented surface of E. wangsjoi scales (Fig. 4c) com-
prises a dense collection of conjoined tubercles and straight to
sinuous ridges with the ridges following a slightly radiating ros-
tral to caudal directionality. The scale ornament is visually con-
sistent with that of the two other species of Eusthenodon: E.
bourdoni (where scale ornament was described as ‘conjoined pus-
tules’, Downs et al. 2021, p. 10, fig. 7a) and Eusthenodon legani-
hanne (‘tuberous with conjoined tubercles and irregular broken
ridges,’ Downs et al. 2023, p. 15, fig. 9). The scales of the
E. wangsjoi type series do not exhibit incised grooves in the orna-
mented surface, as are common among tristichopterid species,
whether tightly spaced (space between adjacent grooves approxi-
mately as wide as a groove) as in the scales of Langlieria radiatus
(Daeschler et al. 2019, fig. 11a),L. smalingi (Downs &Daeschler
2022, fig. 7c) and M. fairfaxi; or widely spaced (space between
grooves much wider than a groove) as in E. leganihanne
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(Downs et al. 2023, fig. 9b), Edenopteron keithcooki (Young et al.
2013, p. 27, fig. 20c) and Cabonnichthys burnsi (Ahlberg &
Johanson 1997, p. 662; Young 2008, fig. 4b). Several weathered
tristichopterid scales, preserved in visceral view, from the Britta
Dal Formation (e.g., NHMD 154652), show sediment-filled,
linear, tightly spaced, radiating features that appear more
likely to be internal tubules than incised grooves in the dermal
surface. Widely spaced, radiating, incised grooves are observed
among the tristichopterid scales from the Hunter Sandstone
(upper Famennian, Grenfell, New South Wales, Australia) that
were originally assigned to ‘Eusthenodon gavini’ (Johanson &
Ritchie 2000), later to Eusthenodon cf. wangsjoi (Johanson
2004), and most recently to cf. Eusthenodon sp. indet. (Downs
et al. 2023).

5. Results

5.1. Phylogenetic analysis
The branch-and-bound search resulted in 1,002 most parsimoni-
ous trees (MPTs; supplementary File 4) with a tree length (L) of
58 steps (consistency index [CI] = 0.517, retention index [RI] =
0.702, rescaled consistency index [RCI] = 0.363). The strict
(SCT; L = 80, CI = 0.375, RI = 0.468, RCI = 0.176) and 50%
majority-rule (MRCT; L = 59, CI = 0.509, RI = 0.692, RCI =
0.352) consensus trees of all MPTs (L = 58, CI = 0.517, RI =
0.696, RCI = 0.360) are shown in Fig. 13. Bremer values are
low at all nodes (1 for all resolved clades of the consensus
trees) so the hypothesised relationships decay quickly when
more than the most parsimonious trees are considered in the con-
sensus analysis. In both consensus trees, Tristichopterus alatus
belongs to a basal polytomy with the two chosen outgroups
Gogonasus andrewsae and Spodichthys buetleri. In both consen-
sus trees, Eusthenopteron foordi is the sister group to Eusthenop-
teron wenjukowi+ all higher tristichopterids (nodes 15 and 21).
Both consensus trees resolve sister group relationships between
Tinirau clackae and Hyneria udlezinye (nodes 10 and 18),
between Platycephalichthys bischoffi and T. clackae+H. udlezi-
nye (nodes 11 and 19) and between Edenopteron keithcrooki
and Eusthenodon leganihanne (nodes 3 and 16, and consistent
with the results of Downs et al. 2023).

The MRCTof this analysis resolves nine relationships that are
not found in the SCT: Eusthenopteron jenkinsi + all higher tristi-
chopterids (node 13, recovered in 66 % of MPTs); (P. bischoffi
+ (T. clackae+H. udlezinye)) + all higher tristichopterids (node
12, recovered in 76 % of MPTs); Notorhizodon mackelveyi+ all
higher tristichopterids (node 9, recovered in 56 % of MPTs);
Heddleichthys dalgleisiensis + all higher tristichopterids (node
8, recovered in 62 % ofMPTs);Cabonnichthys burnsi + all higher
tristichopterids (node 7, recovered in 99 % of MPTs); Langlieria
socqueti+ all higher tristichopterids (node 6, recovered in 66 %
of MPTs); Eusthenodon bourdoni+ all higher tristichoperids
(node 5, recovered in 91 % of MPTs); a polytomous relationship
among Hyneria lindae, E. wangsjoi and Mandageria fairfaxi +
Langlieria smalingi+Langlieria radiatus (node 2, recovered in
77 % ofMPTs); and the polytomous relationship amongM. fair-
faxi, L. smalingi and L. radiatus (node 1, recovered in 57 % of
MPTs). The character state changes that unambiguously map
to the nodes of the MRCTare communicated in full in the cap-
tion to Fig. 13.

6. Discussion

6.1. Phylogenetic analysis
The 50% majority rule consensus tree (MRCT; Fig. 13) resolves
manyof the tristichopterid relationships previously hypothesised
by other recent phylogenetic assessments of Tristichopteridae

(Olive et al. 2020; Downs & Daeschler 2022; Downs et al.
2023). Mandageria fairfaxi, Langlieria smalingi and Langlieria
radiatus form a polytomous clade of species in the MRCTs of
Downs & Daeschler (2022), Downs et al. (2023) and in that of
the present work (node 1).Eusthenodon leganihanne andEdenop-
teron keithcrooki are sister species in the MRCTof Downs et al.
(2023) and in that of the present work (node 3). Eusthenodon
wangsjoi, E. leganihanne, E. keithcrooki,Hyneria lindae, L. sma-
lingi, L. radiatus and M. fairfaxi comprise a clade of tristichop-
terids in the MRCTof the present work (node 4); this same clade
appears in theMRCTs ofDowns&Daeschler (2022) andDowns
et al. (2023) but for the exclusion of E. leganihanne in Downs &
Daeschler (2022), a species that had not yet been described. The
species of Hyneria and Edenopteron were not included in phylo-
genetic analyses prior to that of Olive et al. (2020), but the new
analysis continues a tradition of support for a highly nested
clade of tristichopterids that variably includes H. lindae and
the species of Cabonnichthys, Edenopteron, Eusthenodon,
Hyneria, Langlieria and Mandageria (e.g., Ahlberg & Johanson
1997, 1998; Johanson & Ahlberg 2001; Zhu & Ahlberg 2004;
Snitting 2008; Clèment et al. 2009; Swartz 2012; Olive et al.
2020; Downs et al. 2021, 2023). This clade was labelled the
‘Famennian clade’ by Olive et al. (2020, p. 11) and while it did
include only Famennian species, it was forced to leave one out
due to unresolved relationships among Heddleichthys dalgle-
isiensis and several Frasnian species. In the MRCTof the present
work (and in those of Downs &Daeschler 2022 andDowns et al.
2023), the clade that originates at the most recent common
ancestorof all Famennian species (node 8) includes a single Fras-
nian species in Langlieria smalingi. Following the precedent of
Downs & Daeschler (2022) and Downs et al. (2023), I use the
term ‘highly nested tristichopterids’ when referring to the mem-
bers of this clade.

In the MRCT of Downs et al. (2023), the polytomous clade
that includes M. fairfaxi, L, smalingi and L. radiatus was sister
to H. lindae. Here it belongs to a more inclusive polytomy that
additionally includes H. lindae and E. wangsjoi (node 2, recov-
ered in 77 % of MPTs). The new scoring of E. wangsjoi, along
with the other changes made to the character data of Downs
et al. (2023; supplementary File 1), has moved the species to a
more highly nested position in the tristichopterid cladogram.
In theMRCTof Downs et al. (2023),E. wangsjoi appeared as sis-
ter species to (E. leganihanne+ E. keithcrooki) + (H. lindae
+ (M. fairfaxi+L. smalingi+L. radiatus)). A highly nested
position for E. wangsjoi was anticipated by derived anatomical
features in the species. These include postorbital exclusion
from the orbital margin (unambiguously mapped to node 20,
Fig. 13), a teardrop-shaped pineal series (node 20) in a position
well caudal to the orbits (nodes 14, 20), two fang pairs of the
ectopterygoid (node 15 [ACCTRAN], node 9 [DELTRAN]), a
dentary fang pair (nodes 12, 20), and a denticulated field of
the parasphenoid that is recessed into the body of the bone
(node 5). According to the results of the new analysis, and
those of Downs & Daeschler (2022) and Downs et al. (2023),
Eusthenodon is not monophyletic, nor are any of the multi-
specific tristichopterid praenomina (including additionally
Eusthenopteron, Langlieria and Hyneria). Eusthenopteron is
paraphyletic according to our results; the three others are poly-
phyletic. Of course, phylogenetic results do not dictate praeno-
men assignments; all of the affected species were appropriately
assigned a praenomen according to prevailing published diagno-
ses. Our phylogenetic results do not (nor do any phylogenetic
results) challenge the binomials of any of the species belonging
to paraphyletic or polyphyletic praenomina. Despite its rampant
practice in palaeontology especially, there exists no widely
accepted taxonomic code that supports changing a species bino-
mial in response to phylogenetic results. Because the species
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praenomen explicitly does not carry any implication of mono-
phyly (de Queiroz & Cantino 2020), phylogenetic results hold
no influence over its usage.

6.2. Description of additional NHMD specimens that
potentially represent Eusthenodon wangsjoi
Collecting at the Britta Dal Formation exposures onGaussHalvø
and YmerØ (Fig. 1) has recovered numerous fossils, most of them
previously unreported, that compare favourably with the condi-
tion inE.wangsjoibut did not contribute to the species description
of section 4 for the reasons presented in section 2.1. With the

recognition that there are at least two Britta Dal tristichopterid
species, I hesitate to assign any specimen to E. wangsjoi if it
lacks the features or associations needed to make the assignment.
As a result, with the exception of NHMD 153855 (E. wangsjoi
paratype), the NHMD specimens presented here in this section
are all assigned to cf. E. wangsjoi. I provide brief anatomical
descriptions as a way of sharing the remainder of the relevant
inventoryof fossils at theNHMD that reflect decades of collecting
efforts in East Greenland’s Britta Dal Formation. Isolated tristi-
chopterid type scales are common in the Britta Dal Formation
and will not be reported here.

Figure 13 The 50% majority-rule consensus tree (MRCT, left) and strict consensus tree (SCT, right) obtained in the maximum parsimony analysis that
resulted in 1,002most parsimonious trees (MPTs) of 58 steps each (MRCT values: L = 59, CI = 0.509, RI = 0.692, RCI = 0.352; SCT values: L = 80, CI =
0.375, RI = 0.468, RCI = 0.176). The 21 circled nodes were arbitrarily assigned numbers and those numbers are referenced in the text. The numerical
values that label the nodes outside the circles are the frequency of occurrence of that node among the 1,002 MPTs. All nodes without such labels appear
in 100% of theMPTs. The term ‘highly nested’, as used in the text, refers to all of the species that belong to the clade at nodes 8 (of theMRCT). Each of the
following character state changes unambiguously maps (in both ACCTRAN+DELTRAN optimisations) to the listed node using the notation ‘node #:
(character) #, (state before change) #→ (state after change) #;’ node 1: 20, 1→0; 27, 0→1; node 2: 23, 1→0; node 3, 6, 1→0; 27, 0→2; node 4: 3, 0→1; 5,
0→1; node 5: 20, 0→1; node 6: 18, 1→0; node 7: 13, 0→1; 15, 0→1; 24, 0→2; node 10: 25, 1→0; node 11: 11, 1→0; node 12: 17, 0→1; node 14: 6, 0→1; 8,
0→1; node 15: 11, 0→1; 12, 0→1; 19, 0→1; 21, 0→1; node 16: 6, 1→0; 13, 0→1; 25, 0→1; 27, 0→2; 1→0; node 17: 1, 0→1; 3, 0→1; 5, 0→1; 18, 1→0; 21,
1→0; 23, 1→0; 24, 0→2; 25, 1→0; 26, 0→1; node 18: 25, 1→0; node 19: 11, 1→0; 18, 1→0; node 20: 2, 0→1; 4, 0→1; 6, 0→1; 7, 0→1; 8, 0→1; 9, 1→2; 17,
0→1; 23, 0→1; node 21, 0→1; 11, 0→1; 12, 0→1; 19, 0→1; 21, 0→1.
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6.2.1. Articulated skulls. NHMD 1201214 (Fig. 14a), an
East Greenland specimen without specific locality or strati-
graphic information, is an articulated tristichopterid skull roof
(preserved partly in visceral impression and partly in dermal
view), the associated left cheek (visceral impression) and lateral
extrascapular (dermal view). The exposed dermal ornament
comprises isolated and conjoined tubercles and is without the
anastomosing ridges that are common in E. wangsjoi. At 15.6
cm in total length, the skull roof is small relative to the
E. wangsjoi holotype (and indeed all of those in the type series
with the exception of NHMD 153855, a skull that is described
below but was eliminated from consideration in the E. wangsjoi
species description of section 4; see section 2.1 for rationale).
The length ratio of parietal shield to postparietal shield is 1.93,
a value that is outside (less than) the range of values calculated
for the other relevant specimens in the type series and is also
lower than the values calculated for the two other species of
Eusthenodon. The width/length ratio of the parietal shield is
0.62, a value that is outside (greater than) the range calculated
for the other relevant specimens in the type series and for the
other species of Eusthenodon. This suggests a shorter, blunter
snout than is described forE. wangsjoi. The length of the parietal
bones of NHMD 1201214 is 72 % of parietal shield length in vis-
ceral view. The rostral margin of the parietal reaches 4 mm ros-
tral to the orbital margin, again in visceral view; no specimen
of E. wangsjoi has a parietal reach rostral to the orbit, but within
the type series of specimens the relationship mayonly be assessed
in dermal view; overlap of nasals onto the rostral parietal makes
for a shorter parietal in dermal than in visceral view. The parietal
bone of NHMD1201214 iswide (width/length ratio = 0.44) rela-
tive to those in the three largest skulls in the E. wangsjoi type ser-
ies, but within the range of values for this ratio among all
relevant specimens of the E. wangsjoi type series. The median
postrostral and surrounding nasal bones are visible in NHMD
1201214 but specific shapes and counts (of nasals) are impossible
to assess. The pineal series is in the shape of a minor circular sec-
tor, with the rounded end rostral and pointed end caudal. It is
located entirely caudal to the rostral reach of the intertemporal
bones. A large, circular pineal foramen is visible in at least the
visceral view provided by this portion of the specimen. In visceral
view, the long intertemporal is widest at its caudal end and it nar-
rows to a rostral point; it does not exhibit visceral contact with
the posterior supraorbital. Thewidth/length ratio of the postpar-
ietal shield is 1.67, within the range determined for E. wangsjoi.
The postparietal bone is similarly shaped to that of E. wangsjoi,
with caudal width much greater than rostral width (ratio of 2.5
for the left postparietal; 1.88 for the right). The supratemporal
forms a distinctly rounded, lobate rostrolateral process that, like
that of E. wangsjoi, reaches rostral to the postparietal bone’s ros-
tral margin. The orbital margin of the posterior supraorbital is
longer than the bone’s caudal process, counter to the condition
in E. wangsjoi. Lacrimal, jugal, postorbital, squamosal and preo-
percular bones are all well observed in the specimen; only part of
the dorsal edges of the maxilla and quadratojugal are exposed.
Specimen preservation (ventrally incomplete visceral impression)
does not allow for description of the nature of the relationships
among the bones of the cheek nor of relevant characteristics like
the position of the maxilla’s maximum height or the percentage
of lacrimal length rostral to the orbit. The jugal is rectangular,
and longer than tall. The tall caudodorsal point of the lacrimal
is similar to that of E. wangsjoi, and like the condition in that spe-
cies, it contacts the posterior supraorbital and restricts the jugal
and postorbital from the orbital margin. The one preserved
(left) lateral extrascapular is preserved in dermal view and of
minor circular sector shape, pointed end rostrolateral.

NHMD 153855 (Fig. 14b–e) is a series of impressions of a
nearly complete skull (including skull roof [dermal and visceral

impressions], cheeks [dermal impression], palate [dermal and
visceral impressions], operculogular bones [visceral impression]
and lower jaws [matrix cast] in seven total pieces) from Seder-
holm Bjerg on Gauss Halvø. The specimen belongs to the
E. wangsjoi type series but is of a markedly different size scale
from the others (skull roof length = 8.46 cm) and was therefore
excluded from consideration by the species description of section
4 (see section 2.1 for rationale). The dermatocranial ornament is
a finely reticulating pattern with pitline grooves observed on the
parietal (short and arching, concave caudolateral), tabular (arch-
ing, concave caudal) and postparietal (transversely oriented).
The length ratio of parietal shield to postparietal shield is 2.00,
which is just below the range of values calculated for the other
specimens in the type series that allow the calculation. The
width/length ratio of the parietal shield is 0.70, avalue that is out-
side (greater than) the range calculated for the other specimens in
the type series and for the other species ofEusthenodon. This sug-
gests a shorter, blunter snout than is described for E. wangsjoi. In
comparison to the other specimens in the type series, the parietal
bones of NHMD153855 are short (65 % of parietal shield length
in visceral view) and do not reach rostrally beyond the orbit in
dermal view. The parietals are also relatively narrow with a
width/length ratio (0.29) that falls outside (is lower than) the
range of values calculated for the other type specimens. The
median postrostral of NHMD 153855 is a large bone (66 % of
the parietal bone length in dermal, articulated view) that is bor-
dered laterally by an indeterminate number of nasal bones (only
the borders of themost caudal may be discerned). The pineal ser-
ies is teardrop-shaped (pointed end caudal) and its rostral mar-
gin nearly aligns with the rostral tip of the intertemporal in
dermal view. A small, circular pineal foramen through dermal
and visceral surfaces is visible at the caudal end of the series.
The intertemporal is a long and narrow bone that narrows to a
rostral point. Whether it contacts the posterior supraorbital is
impossible to determine. The postparietal shield is wider than
long, with a width/length ratio (1.71, extrapolation from right
side preservation) that is within the range of values calculated
for E. wangsjoi. The caudal width of the postparietal bone is
2.2 times the rostral width, a value that is also consistent with
the condition described for E. wangsjoi. The supratemporal
bone of NHMD 153855 has a short rostral lobe that extends
beyond the postparietal bone’s rostral margin, and a long, caud-
ally sloping rostrolateral margin. It forms the rostral part of the
postparietal shield’s shallow lateral notch. Beyond the two supra-
orbital bones, it may not be determined which bones contribute
to the orbital margin. All that may be observed of the cheek skel-
eton are partial impressions of the left and right squamosals and
postorbitals, and the left jugal and possibly preopercular. The
palate includes views of the parasphenoid, vomers, entoptery-
goid, dermopalatine and ectopterygoid in visceral impression,
and the parasphenoid and entopterygoid in dermal impression.
The caudal process of the vomer is relatively short; 34 % of para-
sphenoid length is in contact with the vomer, while greater than
50% of parasphenoid length contacts the vomer in the other spe-
cimens in the E. wangsjoi type series. The dermopalatine of
NHMD 153855 is considerably longer than the ectopterygoid
(at least in visceral articulated view), counter to the condition
in the one other relevant specimen in the E. wangsjoi type series
(NHMD 141653). The denticulated field of the parasphenoid is
wide and recessed into the bone. The lower jaw natural casts and
the visceral impressions of the submandibulars do not offer any
describable anatomy. The shape of the principal gulars matches
the condition described for E. wangsjoi.

NHMD 142051 (Fig. 14f) from Kerstin Dal on Gauss Halvø
includes a partial parietal shield and a partial postparietal shield.
The partial parietal shield is preserved in visceral view and
includes the median postrostal, right anterior supraorbital,
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part of the nasal series and the rostral ends of the parietals. It
offers little describable anatomy but a parietal width of 5.3 cm
helps to communicate scale. The postparietal shield of the
same specimen is preserved in dermal impression. The dermal
ornament is more tuberculate (isolated and conjoined tubercles)
than that which is common in E. wangsjoi. The rostral end of the
postparietal shield is missing so relevant shape characteristics of
the shield and postparietal bone are impossible to quantify. The
qualitative shapes of the three bones in the shield match the gen-
eral expectations set byE. wangsjoi. The supratemporal flares lat-
erally and borders the shallow lateral notch of the postparietal
shield. A nearly transverse pitline groove is continuous across
the tabular and caudal end of the postparietal bones. Postparietal
and tabular bones carry an unornamented zone, along the cau-
dal margin, that probably accommodated the overlapping
bones of the extrascapular series.

NHMD 152611 (Fig. 15a) from Smith Woodward Bjerg on
Gauss Halvø is a partial parietal shield (including median post-
rostral, part of the left nasal series, left anterior and posterior
supraorbitals, partial left parietal and left intertemporal), partial
postparietal shield (without discernible details), left cheek
(including lacrimal, jugal and postorbital) and partial extrascap-
ular series, preserved entirely in dermal impression. The median
postrostral is proportionally large relative to the condition in
E. wangsjoi; the bone is incomplete rostrally but even the length
of the preserved portion alone is 67 % of the length of the parietal
bone (though incomplete caudally, the maximum parietal length
is inferred from the position of the parietal shield’s caudal mar-
gin). The specimen therefore bears a strong similarity to the
short, wide, postrostral and pineal dominated skull roofs
(NHMD 1201203, 1201216) that Jarvik (1985) assigned to
E. wangsjoi, but which are considered cf. E. wangsjoi here and

Figure 14 (a) cf. E. wangsjoi, NHMD 1201214, skull roof and left cheek primarily in visceral impression (a, photograph; a′, labelled illustration); (b–e)
E. wangsjoi, NHMD 153855: (b) dermal bones of the palate in visceral impression (b, photograph; b′, labelled illustration); (c) dermal bones of the palate
in dermal impression (c, photograph; c′, labelled illustration); (d) prearticulars and bones of the operculogular series in visceral impression (d, photograph;
d′, labelled illustration); (e) skull in dermal impression (e, photograph; e′, labelled illustration); (f) cf. E. wangsjoi, NHMD 142051, parietal shield in vis-
ceral view and postparietal shield primarily in dermal impression (f, photograph; f′, labelled illustration). Dotted lines follow pitline grooves; dashed lines
follow unfinished bone margins. Abbreviations: a.so = anterior supraorbital; a.t = anterior tectal; dpl = dermopalatine; ent = entopterygoid; ect = ectop-
terygoid; it = intertemporal; j = jugal; l = lacrimal; l.ex = lateral extrascapular; m.pr =median postrostral; mx =maxilla; n = nasal; p = parietal; pa = pre-
articular; p.g = principal gular; pi = pineal bones; pi.f = pineal foramen; pmx = premaxilla; po = postorbital; pop = preopercular; pp = postparietal; p.so
= posterior supraorbital; psp = parasphenoid; qj = quadratojugal; sm = submandibular; sq = squamosal; st = supratemporal; t = tabular; v = vomer.
Scale bars of (a) and (f) equal 5 cm; scale bars of (b–e) equal 3 cm.
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are described later in this section. The pineal series of NHMD
152611 is not preserved to support the comparison. The derma-
tocranial ornament compares favourably with that of
E. wangsjoi. A short section of the posterior oblique pitline
groove is observed on the parietal and the preserved section is
entirely rostral to the intertemporal. The intertemporal is long
and narrows to a rostral point. The posterior supraorbital exhi-
bits a pointed caudal process that is longer than the bone’s
orbital margin but does not reach the rostral tip of the intertem-
poral, at least in dermal view. The entire left orbital margin of
NHMD152611 is preserved; lacrimal and posterior supraorbital
do not contact, allowing the jugal to contribute to the margin.
This is unlike the condition in E. wangsjoi (where only the
supraorbitals and lacrimal form the orbit), but is similar to the
condition in Eusthenodon bourdoni, an Eusthenodon species
partly diagnosed by the jugal’s contribution to the orbit
(Downs et al. 2021). The preserved portions of the median and
left lateral extrascapular of NHMD 152611 match the general
shape expectations set by E. wangsjoi.

6.2.2. Parietal shields. NHMD 141667 (Fig. 15b) from
Sederholm Bjerg on Gauss Halvø is a small partial parietal
shield partly preserved in visceral view and partly in dermal
impression. The specimen includes themedian postrostal, partial
anterior supraorbitals, a nasal series that includes at least four

nasals on one side (the largest of which is most caudal) and
the rostral ends of the parietals. The dermal ornament is
observed to be similar to that of E. wangsjoi with tubercles and
anastomosing ridges. NHMD 154696 (Fig. 15c) from Kerstin
Dal is a partial parietal shield preserved primarily in visceral
impression. Only partial parietal bones, left intertemporal and
the pineal series are preserved. The pineal series is triangular in
shape (symmetrical across the midline and with one corner
pointed caudal) and is pierced by a large foramen near to its cau-
dal tip. The intertemporals are long and narrow.

NHMD 1201216 (Fig. 15d) from Celsius Bjerg on Ymer Ø
and NHMD 1201203 (Fig. 15e) from Smith Woodward Bjerg
on Gauss Halvø are the two similarly short and wide parietal
shield specimens that Jarvik (1985, p. 48) assigned to
E. wangsjoi but recognised to be ‘extreme variants’ on the condi-
tion observed in the species, and for which he entertained the
possibility that ‘more than one species is involved’. NHMD
1201203 (preserved partly in visceral view and partly in dermal
impression) is the more complete of the two, missing only the
most rostral end of the shield; NHMD 1201216 (preserved in
weathered dermal view) includes only the left anterior supra-
orbital, left parietal, the pineal series and fragments of the left
intertemporal and right parietal. The width/length ratio of the
parietal shield of NHMD 1201203 is ∼0.81 (a shape

Figure 15 cf. E. wangsjoi: (a) NHMD 152611, skull roof, left cheek and extrascapular bones in dermal impression (a, photograph; a′, labelled illustra-
tion); (b) NHMD 141667, partial parietal shield in visceral view and dermal impression (b, photograph; b′, labelled illustration); (c) NHMD 154696,
partial parietal shield primarily in visceral impression (c, photograph; c′, labelled illustration); (d) NHMD 1201216, partial parietal shield in weathered
dermal view (d, photograph; d′, labelled illustration); (e) NHMD 1201203, parietal shield in visceral view and dermal impression (e, photograph; e′,
labelled illustration). Dotted lines follow pitline grooves; dashed lines follow unfinished bone margins. Abbreviations: a.so = anterior supraorbital; a.t
= anterior tectal; it = intertemporal; j = jugal; l = lacrimal; l.ex = lateral extrascapular; m.ex =median extrascapular; m.pr =median postrostral; n =
nasal; p = parietal; pi = pineal bones; pi.f = pineal foramen; po = postorbital; pp = postparietal; p.so = posterior supraorbital; sq = squamosal; st = supra-
temporal; t = tabular. Scale bars of (a), (c) and (e) equal 5 cm; scale bars of (b) and (d) equal 3 cm.
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extrapolation due to missing rostral end), avaluewell outside the
range calculated for E. wangsjoi where the maximum value is
0.56 (in the proportionally widest skull, NHMD 153925). The
parietal bone of NHMD 1201203 is also relatively wide
(width/length ratio of ∼0.52) but near to the condition in the
smallest specimen considered by the E. wangsjoi description of
section 4 (same ratio is 0.53 in NHMD 1201222). The length
ratio of parietal bone to parietal shield in NHMD 1201203
(∼0.65) also falls within the range measured in E. wangsjoi. In
NHMD 1201203, the median postrostral (length is 71 % of par-
ietal length in dermal view) and pineal series (length is 43 % of
parietal length in dermal view) are especially large relative to
the condition in E. wangsjoi. The teardrop-shaped pineal series
(in dermal view) is nearly as long as the intertemporal bone (in
visceral view) and contributes to the caudal margin of the par-
ietal shield. No pineal foramen may be discerned through the
dermal surface. The intertemporals are long and narrow ros-
trally; posterior supraorbital bones are missing so it is unknown
if they contacted the intertemporal. The nasal series includes at
least three nasal bones on a single side. NHMD 1201216 is
much less complete than NHMD 1201203, but it too possesses
an especially large pineal series. In this specimen, the pineal ser-
ies is rounded at its rostral end, narrows caudally, but has a flat
transverse caudal endwhere it makes a considerable contribution
to the caudal margin of the parietal shield. A small, circular pin-
eal foramen appears at approximately midlength.

6.2.3. Postparietal shields. NHMD 141750 (Fig. 16a) from
Kerstin Dal is a small (5.05 cm in length) left side postparietal
shield preserved in weathered dermal view. The dermatocranial
ornament is difficult to assess in full but it appears generally con-
sistent with the condition in E. wangsjoi. The width/length ratio
of the entire shield is 1.45 (extrapolation from left side preserva-
tion), within and near to the narrow end of the range of values
calculated for E. wangsjoi. As in E. wangsjoi, the caudal width
of the postparietal bone is more than double (2.13 times) the
bone’s rostral width. The supratemporal has a minor rostrolat-
eral flange; the ornamented surface has a long, curved (concave)
rostrolateral margin with an overlap zone to accommodate the
postorbital. The supratemporal and tabular form the shallow lat-
eral notch of the postparietal shield. The weathered dermal sur-
face obscures any potential pitline grooves.

NHMD 141999 (Fig. 16b) from Smith Woodward Bjerg
includes a small (5.93 cm in length), complete postparietal shield
preserved partly in weathered visceral view and partly in dermal
impression; it additionally includes potential infradentaries that
are described below. The dermatocranial ornament of the post-
parietal shield is like that of E. wangsjoi. The width/length
ratio of the entire shield is 1.80, within and near to the wider
end of the range of values calculated for E. wangsjoi. The caudal
width of the postparietal bone is more than double (2.73 times)
the bone’s rostral width. The rostrolateral flange of the supratem-
poral forms the rostral margin of the postparietal shield’s lateral
notch. The sections of dermal preservation do not allow for
assessment of potential pitline grooves.

6.2.4. Cheek bones. NHMD141669 (Fig. 17a) fromKerstin
Dal is a partial, articulated left cheek specimen preserved in der-
mal view; it includes the complete lacrimal, partial jugal and
fragments of maxilla. The dermatocranial ornament is consist-
ent with the condition in E. wangsjoi. The lacrimal’s orbital mar-
gin suggests a lenticular shape to the orbit (long dimension
caudodorsal to rostroventral). The posterior supraorbital is not
preserved, so whether the jugal reached the orbital margin in
this individual is unknown. Unlike the condition in the one rele-
vant specimen of E. wangsjoi (NHMD 153925), less than half of
the lacrimal’s length is rostral to the orbit (27 % of total length
compared to 56% in NHMD 153925). The maxilla is incom-
plete ventrally but the dorsal margin has peaks both at the

lacrimal–jugal and the jugal–squamosal contacts. NHMD
154652 from Smith Woodward Bjerg preserves the right lacrimal
and fragments of the associated jugal and maxilla, in visceral
view (in addition to an entopterygoid and anocleithrum
described below). Less than half of lacrimal length (25 %) is ros-
tral to the lenticular orbital margin. The maxilla, here preserving
part of its row of labyrinthodont teeth, has a dorsal peak at the
lacrimal–jugal contact. NHMD 154656 from Smith Woodward
Bjerg includes a rostral end fragment of a maxilla preserved in
weathered visceral view; labyrinthodont teeth are observed.
This same specimen additionally includes a left squamosal
partly in visceral view and partly in dermal impression. The der-
matocranial ornament matches the condition in E. wangsjoi.

NHMD 1201206 (P. 1693 of Jarvik 1985; Fig. 17b) from Cel-
sius Bjerg is a dermal impression of a left maxilla that Jarvik
(1985, fig. 37c) assigned to E. wangsjoi and used to support his
reporting that the bone in the species is tallest in the rostral
half. Were this to be true, it would be unique among all known
tristichopterid species. New study of the specimen reveals that,
in the position of the jugal–squamosal contact, and for much
of its caudal half, NHMD 1201206 is incompletely preserved
ventrally (Fig. 17b). If complete, the bone would be taller than
it appears at the jugal–squamosal contact, making maxillary
height in the specimen no greater in the rostral than in the caudal
half, whether measuring total bone height or height of only the
ornamented, non-overlapped, surface. With a maximum maxil-
lary height shared between the lacrimal–jugal and jugal–squa-
mosal contact positions, NHMD 1201206 matches the
condition in the type series ofE. wangsjoi specimens. The derma-
tocranial ornament also appears similar. What does set the con-
dition in NHMD 1201206 apart from that of E. wangsjoi is the
tall unornamented zone of overlap that runs along the entire pre-
served length of the bone (which includes all but the caudal tip).
This includes the region that would be overlapped by the
squamosal (a region labelled ‘od.Sq’ by Jarvik 1952, fig. 37c, pre-
sumably abbreviating ‘area of maxilla overlapped by squamosal’
but not listed in the Abbreviations section). Lacrimal and jugal
overlap onto maxilla is expected for a tristichopterid, but
squamosal overlap ontomaxilla is rare (only three species exhibit
the condition; see section 4.4) and is counter to the condition
observed in the one relevant cheek skeleton in the E. wangsjoi
type series (NHMD 1201204).

6.2.5. Palatal bones. NHMD 142055 (Fig. 18a) from Seder-
holm Bjerg and NHMD 154652 from Smith Woodward Bjerg
both preserve left entopterygoids primarily in visceral impres-
sion. The two are similarly sized and shaped to one another
and to that of E. wangsjoi, with a maximum height in the rostral
half of the bone in the position of the dorsal process. Both shal-
low rostrally and caudally from the dorsal process, but more
abruptly in the rostral direction along a concave dorsal margin.
Caudal to the process, the dorsal margin is convex in NHMD
142055, like that of E. wangsjoi, and is concave in NHMD
154652.

6.2.6. Lower jaws. NHMD 141999 from Smith Woodward
Bjerg includes potential articulated infradentaries in association
with the postparietal shield that shares this catalogue number
and is described above. The potential infradentaries are pre-
served in visceral view and do not offer describable anatomy.
NHMD 142054 from Sederholm Bjerg is a dermal impression
of the labial surface of a short section of a left lower jaw including
part of the dentary and two infradentaries. The dermal ornament
in this specimen comprises primarily anastomosing ridges but
with tubercles close to the bone margins.

NHMD 153050 (Fig. 18b) is a latex cast of a right lower jaw
mould discovered at the same locality as theE. wangsjoi holotype
on Sederholm Bjerg. The specimen preserves the dentary and
coronoid bones in lingual view. There is a dentary fang pair
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and themarginal rowof dentition terminates at the distal dentary
fang position and therefore does not reach the symphysis. A short
vertical labial lamina of the first and second coronoids does not
carry anymarginal coronoid dentition. Coronoid 3 is incomplete
distally so there is no ability to address the potential for a second
fang pair or for marginal dentition on the bone. NHMD 154694
from Sederholm Bjerg is a partial left lower jaw preserving part

of the dentary and fragments of the articulated infradentaries
in dermal view; enough of the coronoids are preserved to deter-
mine that the first two carry a single fang pair and the third car-
ries two. The dentary decreases in height mesial to distal and a
dentary fang pair is confirmed to be present. The dermal surface
of the dentary and infradentaries is weathered, but what is visible
of the dermal ornament is consistent with the condition in

Figure 16 cf. E. wangsjoi: (a) NHMD 141750, left postparietal shield in dermal view (a, photograph; a′, labelled illustration); (b) NHMD 141999, post-
parietal shield primarily in dermal impression (b, photograph; b′, labelled illustration). Dashed lines follow unfinished bonemargins. Abbreviations: pp =
postparietal; st = supratemporal; t = tabular. Scale bars equal 3 cm.

Figure 17 cf. E. wangsjoi: (a) NHMD 141669, partial left cheek in dermal view (a, photograph; a′, labelled illustration); (b) NHMD 1201206, left max-
illa in dermal impression. Dashed lines follow unfinished bone margins. The surrounding rock matrix of (b) was brightened to accentuate margins of the
bone impression. Abbreviations: j = jugal; l = lacrimal; mx =maxilla. Scale bars equal 5 cm.
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E. wangsjoi. NHMD 154716 from Smith Woodward Bjerg is a
dermal impression of the labial surface of a short section of a
right lower jaw, including partial dentary and infradentaries.
The dermal ornament is consistent with the condition in the
E. wangsjoi skull.

NHMD 1201219 (Fig. 18c) from an unspecified locality of
East Greenland is an impression of a short section of a right den-
tary (lingual surface) with associated coronoids 1 and 2. There is
a dentary fang pair and the bone’s marginal tooth row does not
appear to continue past the fangs. The first coronoid, at least,
carries a short vertical labial lamina that appears to be devoid
of marginal coronoid dentition.

6.2.7. Operculogular/extrascapular series. NHMD 154434
(Fig. 19a) from lower Stensiö Bjerg on Gauss Halvø is a left
opercular preserved in dermal view. The somewhat crescent
shape recalls the opercular of NHMD 141653 and the ornament
is also similar.

6.2.8. Pectoral appendicular bones. NHMD 154652 from
SmithWoodward Bjerg includes avisceral impression of a poten-
tial anocleithrum, as identified by the crescent shape (concave
cranial) and the pointed process of the cranial margin that is
expected to be overlapped by the cleithrum.

NHMD 142411 (Fig. 19b) from lower Stensiö Bjerg is a left
cleithrum preserved primarily in dermal impression. It is of the
typical boomerang shape with a longer dorsal lamina than ven-
tral lamina. It does not have the protruding caudoventral corner
that gives the cleithrum of E. wangsjoi a heeled appearance nor
does it have the long ventral process that has been described
for several highly nested tristichopterids including Hyneria lin-
dae (Daeschler & Downs 2018) and Eusthenodon bourdoni
(Downs et al. 2021). The dermal ornament of this cleithrum,

unknown in E. wangsjoi, comprises anastomosing ridges that
are primarily longitudinally oriented. NHMD 154653 (Fig. 19c)
from Smith Woodward Bjerg is a right cleithrum in visceral
view, thoughweathered enough to see through to the dermal orna-
ment (similar in texture to that of NHMD142411 and finer along
the cranial margin than along the caudal). This cleithrum is larger
than NHMD 142411, has a longer ventral process, and more of a
heeled appearance. NHMD 1201212 from Sederholm Bjerg is a
fragment of a large left cleithrum’s dorsal lamina preserved in der-
mal view. The ornament is consistent with that of both NHMD
142411 and 1201212.

NHMD 1201221 (P. 1648 of Jarvik 1985; Fig. 19d) from
Sederholm Bjerg is a dermal impression of a left clavicle briefly
described and assigned to E. wangsjoi by Jarvik (1985). The clav-
icle bone is not represented among the specimens in the type ser-
ies so no comparison is possible. This specimen shows the dorsal
clavicular process and a complex reticulating dermal ornament
that is finer along the cranial and lateral margins than it is else-
where on the bone.

6.2.9. Summary. This inventory of cf. E. wangsjoi specimens
at the NHMD begins to communicate the potential wealth of
available specimens that may continue to improve understanding
ofE. wangsjoi and, more generally, highly nested tristichopterids.
Owing to a history of reporting that extends back to 1952,
E. wangsjoi has long served as a model of derived tristichopterid
anatomy and has done so even without a sufficient diagnosis or a
complete description. The remarkable materials at the NHMD
have always suggested greater potential for the species than Jar-
vik (1952) was able to communicate due to the historical context
of that original work. In recent years, my intention has been to
elevate E. wangsjoi to meet this potential. The present work

Figure 18 cf.E. wangsjoi: (a) NHMD142055, left entopterygoid primarily in visceral impression; (b) NHMD153050, latex cast of partial right lower jaw
in lingual view; (c) NHMD 1201219, partial right lower jaw in lingual impression. The surrounding rock matrix of (a) was darkened, and that of (c) was
brightened, to accentuatemargins of the bone impressions. Abbreviations: co1.f = coronoid 1 fang; co2.f = coronoid 2 fang; co3.f = coronoid 3 fang; d.f =
dentary fang; d.m = dentary marginal teeth. Scale bars equal 5 cm.
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offers new diagnoses for Eusthenodon and its type species (sec-
tion 3), a comparative description (section 4), phylogenetic
results that reflect revised character data for E. wangsjoi (sec-
tion 5), an inventory of potentially relevant specimens in the
NHMD collections (section 6.2) and figures that offer the first
unobscured look at the E. wangsjoi type series of specimens.
This work joins the recent descriptions of Eusthenodon bourdoni
and Eusthenodon leganihanne and the taxonomic reports that
accompany them: a complete history of Eusthenodon diagnoses
(Downs et al. 2021) and a reconsideration of all historical reports
of the taxon’s occurrence (Downs et al. 2023). Improving the
taxonomic status of E. wangsjoi may provide the groundwork
needed to make new discoveries on other highly nested tristi-
chopterid species, thus bringing even greater clarity to this rap-
idly expanding part of the tristichopterid lineage.

7. Supplementary material

Supplementary material is available online at https://doi.org/10.
1017/S1755691025000015.
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