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ABSTRACT—A new primitive brachythoracid arthrodire, Uralosteus bashkiricus gen. et sp. nov., is described from
two Emsian (late Early Devonian) localities in the Ural Mountains of the Autonomous Republic of Bashkortostan,
Russia. The holotype includes bones of the skull and trunk armor associated with numerous scales from one individual.
which facilitates the study of isolated microremains. The dermal ornament of distinctive tuberculate ridges suggests a
relationship to Errolosteus Young, 1981 from the Emsian of southeastern Australia, but neither form is well enough
known for this to be strongly supported in a character analysis. Some isolated placoderm bones with ridged ornament
from southeastern Australia are figured, and interpreted to belong to a new form of williamsaspid rather than to
Errolosteus. The new genus Uralosteus is referred to the family Buchanosteidae, defined by a unique overlap arrange-
ment of the posterior lateral onto the anterior dorsolateral plate of the trunk armor. Buchanosteids. as a basal brachy-
thoracid group, are a key to understanding the phylogeny of that clade. The type genus Buchanosieus comes from
southeastern Australia, but it is now evident that the family was widely distributed in shallow marine environments

during the Emsian.

INTRODUCTION

The arthrodire genus Buchanosteus was erected by Stensid
(1945) for a specimen from the Emsian limestones around
Buchan, in Victoria, Australia, that had previously been illus-
trated and interpreted by Hills (1936) as ‘Coccosteus osseus’.
Other remains of this form were described from limestones of
similar age in the Burrinjuck Dam area near Canberra by White
(1952, 1978), White and Toombs (1972), and Young (1979).
Long (1984a, 1991) illustrated further buchanosteid material
from the type locality in Victoria. Other placoderm groups from
both areas include petalichthyids and acanthothoracids (Young,
1978, 1980, 1985; Long, 1984b; Long and Young, 1988 Find-
lay, 1996). There are several osteichthyans in the fauna (actin-
opterygians: Schultze, 1968; Basden et al., 2000a: dipnoans:
e.g., Thomson and Campbell, 1971; Campbell and Barwick,
2000), and acanthodians, chondrichthyans, onychodontids, and
thelodonts are also known from vertebrate microremains
(Drvig, 1969a; Giffin, 1980; Basden, 1999: Basden et al.,
2000b; Lindley, 2000).

White (1952) erected a family, Buchanosteidae, for the genus
Buchanosteus, and since that time various other primitive
brachythoracid arthrodires have been provisionally assigned to
this family or have been considered to be closely related, in-
cluding new taxa from the Burrinjuck Dam fauna erected by
White (1978) and Young (1981). Amongst these is the mono-
typic genus Errolosteus Young 1981, which is characterised by
distinctive ridged ornament. Phylogenetic analyses by Leliévre
(1988, 1995) suggested a close relationship between Errolos-
teus and Buchanosteus, but the type material of Errolosteus
comprised only an incomplete skull and a few disarticulated
trunk armor bones, so many morphological aspects have been
poorly known.

A limestone sample from the Devonian of the Ural Moun-
tains given long ago by the late Professor D. V. Obruchev (Mos-
cow) to E. M. K. was considered to contain small fragments of
the well-known arthrodire Holonema, which is also character-
ised by ridged omament. Details provided with this specimen
record that it was collected in 1934 by geologist E. 1. Falkova
from the Vyazovaya Formation in the Belaya River region of
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Bashkortostan (Bashkiria) in the southern Urals (Fig. 1). After
a long period of preparation using mechanical and then chem-
ical (acetic acid) methods, the bones extracted from the lime-
stone revealed ornament closely similar to Errolosteus de-
scribed by Young (1981) from Australia. In 1986 another spec-
imen of probably the same form was collected from Emsian
strata on the Inzer River (Takata Formation), about 150 km to
the north (Fig. 1), by A. G. Ivanushkin (Chelyabinsk), who sent
it to Tallinn for study. This specimen is a detailed impression
preserved in a coarse silicified gritstone. Both Russian speci-
mens were brought to Australia in 1995, when the current de-
scriptions were prepared based on comparisons with the type
material of Errolosteus.

The Lower Devonian Takata and Vyazovaya formations ex-
tend along the western slope of the Ural Mountains and the
eastern border of the Russian (East European) platform. Mios-
pore assemblages have been assigned to the late Emsian Refu-
sostrilites clandestinus (RC) Zone and those from the lower
Takata Formation to the Apiculiretusispora divulgata var. pli-
cata (DP) Subzone (Avkhimovitch et al., 1993). The Takata and
coeval Irgisly regional stages (formations) and the Vyazovaya
Regional Stage (Formation) have been correlated with the in-
terval from the gronbergi to the early serotinus conodont zones
by Sapel'nikov et al. (2000). The Takata Formation in the north-
ern Urals has also yielded a tremataspid osteostracan (Mark-
Kurik and Janvier, 1997). The Taemas Limestone of southeast-
ern Australia spans the dehiscens to serotinus conodont zones
of the Emsian (Basden et al., 2000b).

Institutional Abbreviations—Specimens described or cited
in the text are housed in the Institute of Geology at Tallinn
Technical University (prefix Pi), the Geology Department, Aus-
tralian National University, Canberra (prefix CPC or ANU), and
the Museum of Victoria, Melbourne (prefix NMV).

Anatomical Abbreviations—ADL, anterior dorsolateral
plate; AL, anterior lateral plate; AMV, anterior median ventral
plate; C, central plate; ¢, corner marking external contact of PL
and AL plates; ed, glenoid condyle of dermal neck joint: cf-
ADL, area overlapping ADL plate; cfPDL, area overlapping
PDL plate; ¢fSP, area overlapping SP plate; esc, central sensory
canal; d.end, external opening of endolymphatic duct; gr.pbl,
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FIGURE 1. A, location ol Bashkortostan (Bashkiria) in the European part of Russia, and adjacent countries. B, locality map for the River Belaya

basin, central Bashkortostan, where the two specimens were collected.

groove for postbranchial ridge of AL plate; if.r, infranuchal
ridge: if.pt. infranuchal pit; IL, interolateral plate; laf, articular
fossa for dermal neck joint: k. keel on MD plate; le, main
lateral line sensory canal: Id. dorsal branch of sensory groove
on ADL plate: M, marginal plate: MD. median dorsal plate;
m.dep. median depression: mp, middle pitline: Nu. nuchal
plate: mo, notch: n.th, nuchal thickening; oaAL, area over-
lapped by AL plate: oaC. area overlapped by C plate: oallL.,
area overlapped by IL plate; oaMD, area overlapped by MD
plate; oaNu, area overlapped by Nu plate: oaPL. area over-
lapped by PL plate: oaPNu, area overlapping or overlapped by
PNu plate: oaPVL, area overlapping or overlapped by PVL
plate; oce, occipital cross-commissure; pap, para-articular pro-
cess; pect, embayment for pectoral fin: PM, postmarginal plate:
pmc, postmarginal sensory groove; PNu, paranuchal plate; pp,
posterior pitline; pro, obstantic process of AL; PtO, postorbital
plate; soa, subobstantic area: SP. spinal plate: vpr. median ven-
tral (carinal) process on MD plate.

SYSTEMATIC PALEONTOLOGY

Class PLACODERMI
Order ARTHRODIRA
Family BUCHANOSTEIDAE White, 1952

Diagnosis—Primitive brachythoracids with anterior dorsolat-
eral plate overlapped by posterior lateral as well as anterior
lateral and median dorsal plates.

Remarks—The above character was number 17 in the list
presented by White and Toombs (1972:404—406) Lo enlarge on
their diagnosis of a new order ‘MigmatoCephala’ containing a

single family Buchanosteidae. This higher taxon was defined as
‘enarthrodires shewing both well developed dolichothoracid
and brachythoracid characters’, with the ‘anterior part of skull-
roof with separate rostro—pineal bone and broad, short preor-
bital plates with complete mesial contact.” They also stated:
‘pattern of remainder of plates of skull-roof, of the sensory
system and of the known body-plates typically brachythoracid’
(White and Toombs, 1972:381). They considered the endocra-
nium to be the ‘generalized form for both groups’ of arthrodires
(dolichothoracids and brachythoracids), and thus omitted en-
docranial characters from their diagnosis. although White
(1952) had originally defined the family Buchanosteidae on
such features.

The definition adopted here follows Mark-Kurik’s (1991) us-
age to refer isolated ADL plates from Severnaya Zemlya to the
family Buchanosteidae. This seems to be the only character
which stands out as a synapomorphy by outgroup comparison
to phlyctaeniid and actinolepid arthrodires, and is proposed as
a provisional defining feature of the group. The interrelation-
ships of ‘buchanosteids’ are considered further below in dis-
cussion.

URALOSTEUS BASHKIRICUS, gen. et sp. nov.
(Figs. 2-9)
1998, ‘new buchanosteid from the Urals,” Burrow and Turner,
pp. 677, 687
1999, ‘new buchanosteid with close affinity to Errolosteus,
Burrow and Turner, p. 214

Material—1. Holotype. Associated bones. all more or less
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FIGURE 2. Um!u,:stu.\ ashkiricus gen. et sp. nov. Holotype (Pi 1291). A, Nu plate in internal view with umpression ol ornament partly seen.
B, C, right M plate with portion of the PtO in external and internal views. D, E. right PNu plate in external and internal views. F, incomplete
PMV plate, external view. G, incomplete right ADL and AL plates, external view (partly prepared). H. incomplete right AL plate. external view.
J. incomplete MD plate, external view.
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incomplete, assumed to come from one individual: Pi 1291a
(median dorsal plate), 1291b (right anterior dorsolateral), 1291c¢
(right anterior lateral), 1291d (nuchal). 1291e (right paranu-
chal), 1291f (fragment of left paranuchal), 1291g (right mar-
ginal with small attached part of right postorbital). 1291h (pos-
terior median ventral), 1291i-s (scales).

2. Pi 1292, impression of a left anterior lateral plate.

Locality and Horizon—1. Single limestone sample collected
as a loose block in the bed of the Yamashly River upstream
from the village of Akbulatova, Belaya River Basin, Southern
Ural Mountains, Vyazovaya Formation (Early Devonian, Em-
sian).

2. Coarse gritstone sample from the right bank of the Inzer
River, 0.5 km downstream from the village of Zuyakovo, South-
ern Ural Mountains. Takata Formation (Early Devonian, Em-
sian).

Diagnosis— Brachythoracid arthrodire characterised by der-
mal ornament of flat ridges carrying up to 3—4 rows of tubercles
separated by deep grooves, with ridges generally at least twice
as wide as grooves: ornament tending to concentric on dorsal
surface (nuchal and median dorsal plates). with more longitu-
dinal ridges laterally, and ventrally in midline; regions of fine
crowded tubercles over ossification centers, extended as median
zone broadening towards anterior margin of median dorsal
plate: nuchal plate with convex posterior margin: paranuchal
with prominent para-articular process, oval-shaped articular fos-
sa, and subobstantic area covered with fine tubercles; postor-
bital plate of skull relatively large: sensory groove crossing an-
terior and posterior dorsolateral plates roughly parallel to lateral
margin of median dorsal plate. without posteroventral sensory
groove 1o posterior lateral plate: anterior lateral plate high and
narrow with vertical pectoral margin, indicating pectoral em-
bayment rather than fenestra: postbranchial lamina with four
denticulate ridges curving ventromesially from postbranchial
notch.

Remarks—Differences in morphology described below
seem sufficient to separate this new form at the generic level,
but the similar strongly ridged ornament suggests a relationship
to Errolosteus goodradigbeensis Young, 1981, previously
placed within the Buchanosteidae (see Comparisons). Some dif-
ferences in ornament pattern between these two taxa may be
either generic or specific differences, for example, the radiating
ridges at the anterior margin of the nuchal and paranuchal plates
in Errolostens goodradigbeensis (concentric in Uralosreus
bashkiricus), and the generally narrower ridges. about twice the
width of intervening grooves, in Errolosteus. In addition, the
AL of Errolosteus is lower and broader, with a more horizon-
tally oriented pectoral margin. The holonematids also have
ridged ornament, but the ridges vary much more in width, the
grooves of the ornament are more shallow, and there are nu-
merous differences in bone shape (e.g., Miles. 1971; Nessov
and Mark-Kurik, 1999). Some Eifelian Holonema species com-
pletely lack ridges (Otto, 1998). Uralosteus bashkiricus evi-
dently had a relatively large postorbital plate and probably a
short marginal plate. In contrast, in several other primitive
brachythoracids (e.g.. Buchanosteus, Antineosteus, Taemasos-
teus) a small postorbital was combined with an elongate mar-
ginal plate. The absence of a posteroventral sensory groove
branch on the trunk armor is a point of difference to both Coc-
costeus and Buchanosteus.

Description

The holotype of Uralosteus bashkiricus comprises associated
but disarticulated bones of the skull and trunk-armor listed
above, all more or less incomplete, together with a number of
scales. All are assumed to come from one fish. They were ex-
tracted from a single limestone sumple found in the bed of the

river, with several fragments exposed and therefore abraded or
water-worn. Some bones are badly fractured, and could not be
completely removed from the matrix using acetic acid without
risk of disintegration. However the paranuchal (PNu), marginal
(M), anterior dorsolateral (ADL), anterior lateral (AL) and pos-
terior median ventral (PMV) plates have been extracted using
this technique.

The second specimen of the AL plate is preserved as an
impression showing the same distinctive ornament, and in shape
and proportions corresponds closely to the preserved portion of
the anterior lateral (AL) plate in the holotype, with only minor
differences. Based on present knowledge. it is assumed also to
belong to Uralosteus bashkiricus.

Skull—The nuchal (Nu) plate is still in the rock, with mainly
the inner surface exposed. Anteriorly it is weathered through to
expose the base of the ornamental ridges (Fig. 2A). Posteriorly
it shows paired infranuchal pits separated by a median ridge
and process (if.pt. if.r, Fig. 3A), in an arrangment rather similar
to that figured for Taemasosteus by White (1978:fig. 78), except
that the posterior margin is more convex. Buchanosteus is dif-
ferently developed here (Young, 1979:fig. 2), and this region is
not known for Errolosteus goodradigbeensis. In front of the
pits the bone is thick and flat, but the inner surface is water-
worn and contact faces for the PNu plates are not clear. Only
the posterior margin of the Nu is complete.

The right paranuchal (PNu: Fig. 2D, E) shows the external
overlap for the Nu. and the internal contact face for the mar-
ginal (M) is clearly seen inside its lateral corner. The inner
surface is weathered and the mesial edge which underlapped
the Nu is missing, but the depression for the supravagal process
is visible, and the prominent para—articular process is well pre-
served (pap: Fig. 3D). The articular fossa for the dermal neck
joint (laf) is incomplete mesially, but the lateral portion shows
it had a deep oval shape similar to that figured for Taemasosteus

by White (1978:fig. 78). This structure in Buchanosteus is more

elongate (Young. 1979:pl. 1C), at least in small specimens. The
anteromesial corner of the PNu is incomplete, and the visceral
surface shows no sign of the contact face for the central (C)
plate. In Figure 7 this region has been restored on the assump-
tion that the PNu had similar length to the Nu, with some con-
formity in the ornament. Externally the PNu shows the normal
brachythoracid arrangement of sensory grooves (lc, pp, occ:
Fig. 3B), around the external opening for the endolymphatic
duct (d.end). Anteriorly the ridges of ornament run from the
margin of the subobstantic area (soa) across the sensory groove.
This is different to the radiating arrangement on an isolated PNu
which Findlay (1996:fig. 5) compared to Errolosteus goodra-
digbeensis because of its similar ornament. However. the an-
terolateral corner is the only part of the PNu preserved in the
holotype of E. goodradigbeensis. The subobstantic area (soa),
which fitted under the obstantic process of the AL plate when
the head was depressed, is covered with fine tubercles.

The right marginal (M) plate (Fig. 2B, C) has a complete
posterior margin showing the overlap for the PNu and C plates
(0aPNu, 0aC; Fig. 3C). There is also a small portion of the
postorbital (PtO) plate attached on the broken anterior margin,
with a very clear but slightly displaced suture. The mesial end
of the suture seems to turn forward, suggesting an anterior pro-
cess of the M overlapping the PtO along the sensory groove,
as occurs in Coccosteus cuspidatus (e.g., Miles and Westoll,
1968:fig. 9a) and many other brachythoracids. The inner surface
of the M shows a very clear contact face for the postmarginal
(PM) plate (Fig. 2C), with the inframarginal crista in the normal
position, running just beneath the postmarginal canal (pme: Fig.
3C). The lateral margin of the M plate is not quite complete,
but there was evidently a notch at the M/PtO suture as in many
other placoderms.

The preservation of the PtO/M suture shows that the M plate
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FIGURE 3.

Uralosteus bashkiricus gen. et sp. nov. Holotype (Pi 129 1. A—C. preserved skull bones in approximate relative positions against

the ADL (E). Based on camera lucida drawings (flattened) of PNu articulated against ADL. and overlap relations with Nu and M/PtO. D. right

PNu in posterior view.

was unusually short. and much shorter than in any of the ar-
throdires known from the Taemas-Buchan fauna. This part of
the skull is not known in Errolosteus goodradigbeensis, bul
even forms with very short, broad skulls such as Burrinjucos-
teus as restored by White (1978:fig. 70) had much longer mar-
ginals than did Uralosteus. To give its skull outline reasonable
proportions, a relatively large PtO must be restored, as seen in
eubrachythoracids such as Ceoeccosreus (Miles and Westoll,
1968). This might be a more advanced feature compared to
other Emsian arthrodires (e.g., Buchanosteus, Antineosieus,
Taemasosteus), all of which combined a very long M with a
short PtO plate.

Trunk Armor—The acid-prepared external surface of the
median dorsal (MD) plate displays the striking ornament pattern
characteristic of this new genus, with tuberculate ridges con-
centrically arranged around the posteriorly placed ossification
center, from which a median zone of dense tubercles runs for-
ward to the anterior margin (Fig. 2J). The left side of the MD
is broken off. and the visceral surtface of the right side was
partly exposed before collection, so is water worn and abraded
(Fig. 5A). However, it shows the extent of the contact faces for
the anterior and posterior dorsolateral plates, with the latter
slightly more extensive than the former (¢fADL. cfPDL: Fig.
6B). The left and right laminae of the MD plate meet at a low
angle, with no suggestion of a median dorsal elevation (Fig.
6A). The median ventral keel is partly preserved (k: Fig. 6A),
but posteriorly is incomplete, although a median ventral process
can be assumed (vpr: Fig. 6B). The slightly abraded posterior

margin has been restored on the assumption that not much is
missing, and the shape of the anterolateral corner (Fig. 6B) is
based on the corresponding overlap area on the ADL.

The right ADL was closely associated with the anterior lat-
eral (AL) plate (Fig. 2G) before extraction from the matrix to
reveal its inner surface (Fig. 7C). The dorsal margin of the bone
is broken, but its shape is indicated by the contact face on the
MD (Fig. 6B). The ventral and posterior margins are almost
complete, with the posterior margin assumed to have been
slightly convex beneath the lateral line groove, as indicated by
the adjacent ridged ornament (Fig. 3E). The dermal neck joint
is normally developed, with the articular condyle having a sim-
ilar shape to the fossa on the PNu (cd: Fig. 6A). The lateral
line groove (lc: Fig. 3E) runs back from the neck joint roughly
parallel to the edge of the overlap area for the MD. with a short
dorsal branch which turns posteriorly (Id) and is then lost in
the grooves of the ornament. The dorsal branch presumably
continued as a superficial pitline towards the ossification center
of the MD while the main canal passed posteriorly onto the
PDL. In contrast to Coccosteus (Miles and Westoll. 1968:fig.
43) or Buchanosteus (White and Toombs, 1972:fig. 24). there
is no strong groove passing posteroventrally to the posterior
lateral (PL) plate. The ventral overlap area for the AL shows
normal development for a brachythoracid, with a strong groove
to receive the postbranchial ridge of the AL plate (gr.pbl: Fig.
3E). but Uralosteus is unusual in having a distinctive posterior
overlap area for the PL plate (oaPL). This feature was illus-
trated by White and Toombs (1972:pl. 7), who considered it to
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FIGURE 4.
(C) views.

Uralosteus bashkiricus gen. et sp. nov. Holotype (Pi 12919. Incomplete right AL plate in external (A). anterior (B), and internal

be characteristic of the taxon ‘Parabuchanosteus murrumbid-
geensis' and of the family Buchanosteidae (see below). A small
corner on the ventral border of the ornamented area (c; Fig. 3E)
may mark the point where the external surfaces of the AL and
PL met, or the overlapped lamina of the PL may have been
entirely enclosed between the AL externally and the ADL in-
ternally (Fig. 7B). The present material does not permit a de-
cision on this point.

The inner surface of the ADL is normally developed. There
is a gently concave central surface behind the ridge running to
the ventral corner as a thickening beneath the groove on the
external surface for the post-branchial thickening of the over-
lapping AL plate. Posteriorly the contact face which overlapped
the PDL plate (unknown) extends slightly above and below the
ornamented posterior projection of the bone (cfPDL: Fig. 7C).
Its ventral extent is marked by a slight notch, below which the
posterior edge of the ADL is deeply depressed for the overlap
of the PL plate.

The ADL was not described for Errolosteus goodradigheen-
sis by Young (1981), but an example from the Emsian lime-
stones at Buchan, Victoria, was referred to Errolosteus cf. E.
goodradighbeensis by Long (1984b) on the basis of similar or-
nament. This specimen differs in many respects from the ADL
of Uralosteus bashkiricus, and we suggest below that it may
not belong to a brachythoracid.

The anterior lateral (AL) plate of Uralosteus bashkiricus is
represented by two specimens. The holotype yielded an incom-
plete right AL, now completely removed from the matrix (Fig.
4). Before preparation the dorsal portion of this bone was bro-
ken off at the level of the edge of the ADL (Fig. 2G), so much
of the dorsal lamina is missing. It is also incomplete ventrally,
but enough of the anterior and posterior margins is preserved
to indicate its high and narrow shape. The postbranchial lamina
is inflected inwards at almost a right angle to the external sur-
face, and apparently only a small part of its mesial margin is
missing (Fig. 4B). It lacks ornament except for four denticulate
ridges, which curve ventromesially from the postbranchial
notch and carry a special ornament of narrow, transverse ele-
vations pointing ventrolaterally. Such ornament is seen on the

postbranchial lamina of many placoderms, and may have served
to restrict entry of parasites or floating debris through the oper-
cular opening (Janvier, 1996). The second ridge turns to run
around the edge of the overlap area for the IL (oalL)., which
has a similar extent to this region in Buchanosteus (White and
Toombs, 1972:pl. 8, fig. 4: pl. 9, fig. 2). Although the ventral
edge of the AL is incomplete, it shows a clearly impressed
contact face for the spinal (SP) plate that appears to have been
rather extensive (cfSP: Fig. 4C). The posterior border of the
bone is assumed to be complete and, as observed around the
pectoral fenestra of other forms (e.g., Buchanosteus), carries a
narrow groove along its edge. The orientation of the AL in the
armor is uncertain, but direct comparison with the articulated
trunk armor of ‘Buchanosteus’ illustrated by Long (1984a) sug-
gests that Uralosteus possessed a pectoral embayment rather
than a fenestra. The AL and ADL can be placed together, but
thickness of the dorsal preserved end of the postbranchial ridge
on the AL indicates that there was little overlap of the preserved
portion onto the ADL. This relative position of the two bones,
as shown in Figure 7B, C, brings their complete anterior edges
into alignment, and is assumed to approximate the correct ar-
rangement. Thus there was probably a rather high and short
lateral wall to the trunk armor somewhat as suggested for Tae-
masosteus by White (1978:fig. 111), which also evidently had
a pectoral embayment. Whether this might be considered prim-
itive or derived is discussed below.

The second example of the AL plate (Pi 1292; Fig. 5B) is
an external impression from the left side that is fairly complete
dorsally although it is possible that the posterodorsal corner was
slightly broader than preserved. The ventral margin and almost
all of the postbranchial lamina are missing, but most of the
margin of the pectoral fenestra seems complete (pect: Fig. 6C).
Just inside the postbranchial notch, the impression of the corner
of the postbranchial lamina is preserved, showing two ridges
directed inwards and downwards from the notch, essentially as
in the holotype. The breadth across the bone to the postbran-
chial notch is also similar to that on the holotype, and the or-
nament is generally comparable, with zones of tuberculation
replacing the ridges on the obstantic process and adjacent to
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FIGURE 5. Uralosteus bashkiricus gen. et sp. nov. A, Holotype MD plate (Pi 1291J. internal view. B. left AL plate (Pi 1292) in external view
(latex cast). Scale bar equals 3 mm.

the presumed pectoral fenestra. However, these zones are more
evident on the holotype (Fig. 2H) than on Pi 1292, which also
has more steeply inclined ornamental ridges posteroventral to
the postbranchial notch (Fig. 5B). Nevertheless. the similar high
narrow form indicates that the second AL is correctly referred
to Uralosteus bashkiricus. Quite different proportions for the
AL were restored by Young (1981:fig. 13B) in Errolosteus
goodradigbeensis, but a re-examination of that AL plate sug-
gests that this may not be accurate. The dorsal margin of this
specimen (CPC 16970) is incomplete, and by comparison with
Uralosteus it seems that its dorsal lamina could have had higher
and more narrow proportions, as for example in Burrinjucosteus
from Taemas, which, if correctly assigned by White (1978:fig.
70), had a high, narrow AL combined with a broad skull roof.
What is clear is that CPC 16970 differs from the two AL plates
of Uralosteus in its sharply deflected supraspinal lamina (see
Young, 1981:fig. 12B). giving the pectoral margin on the bone
a more horizontal orientation than in Pi 12927 This character
was included by Young (1981) in the diagnosis of the genus
Errolosteus goodradigbeensis and remains a valid character for
separating the two genera. An overlap area for the spinal plate
along the ventral margin of the AL plate in Errolosteus was
identified by Young (1981:fig. 17) as a possible synapomorphy
with Burrinjucostens and Toombsosteus. but neither specimen
of Uralosieus bashkiricus has this region preserved.

The last bone known from the trunk armor of the holotype
of Uralosteus bashkiricus is the posterior median ventral plate

(Fig. 2F). This is incomplete anteriorly. but was apparently an
elongate bone.

Attempted reconstructions of the preserved dermal armor of
Uralosteus bashkiricus are given in Figure 7. The dorsal recon-
struction of the skull roof and dorsal bones of the trunk armor
(Fig. 7A) is based on camera lucida drawings of the PNu in
position against the M plate. the ADL in position against the
MD plate, and the right PNu and ADL articulated together
across the dermal neck joint. The outline of the Nu was com-
pleted using its overlap area on the PNu, with the orientation
of the partly exposed ornamental ridges giving some approxi-
mate idea of the plate margins. Overall width of the skull was
constrained by the position of the dermal neck joint on each
side. This was determined from the trunk-armor by graphically
restoring the ADL with its condyle in horizontal orientation
against the preserved portion of the MD. This portion includes
the midline and permits a reconstruction of both dermal artic-
ulations (Fig. 6A). The trunk armor is shown slightly flattened,
to display the shape of bones, and in life the ADL and AL
would have closely followed the subobstantic margin of the
PNu plate. The lateral and inner views of the known lateral
plates of the trunk armor (Fig. 7B, C) are based on camera
lucida drawings of the preserved parts of the right ADL and
AL in position against each other.

Ornament—The known dermal bones of Uralosteus bash-
kiricus have a very distinctive ornament. comprising flat ridges
carrying up to three or sometimes four rows of tubercles sep-
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FIGURE 6.

Uralosteus bashkiricus gen. et sp. nov. A, right ADL in anterior view, with MD and left ADL graphically restored using the

horizontal orientation of the articular condyle (after the holotype, Pi 1291). B, MD plate (Pi 1291), internal view. C. left AL plate (Pi 1292)

partly restored in external view.

arated by deep grooves. The ridges are generally at least twice
as wide as the grooves (Fig. 10D). Along the broken anterior
edge of the PMV the grooves are seen to be more narrow at
the top and rounded ventrally to form an open tube which was
slightly deeper than wide. The available specimens suggest a
concentric arrangement of ornament on the dorsal surface, with
more longitudinal ridges laterally and ventrally in the midline
(PMV plate). The PNu, MD, and ADL also show regions of
fine crowded tubercles over the ossification centers, with a
strong median zone of tubercles on the MD broadening towards
the anterior margin (Fig. 2J). Possibly this zone extended onto
the skull, but this region of the Nu plate is not exposed.
Squamation—The matrix of the holotype included some 58
scales and scale fragments of consistent morphology that are
assumed to come from this individual (Figs. 8, 9). Large and
small scales (length 0.8-3.2 mm) differ somewhat in morphol-
ogy. They typically show a high, narrow, tuberculate, external
surface forming a longitudinal ridge, which in large scales is
over twice as long as broad. The surface of the longitudinal
ridge may be flat (Figs. 8E, 9F) or slope to the posterior (Fig.
9C), and in some is transversely arched with a single tubercle
row forming a slight crest (Fig. 8C). The crowded tubercles are
small and stellate with 6-8 radiating ridges. and tend to be
slightly pointed towards the posterior. The radiating ridges on
the tubercles are very clear on some scales (e.g., Fig. 8G), but
generally are not sufficiently preserved to show details of the
micro-ornament. The ventral scale surface consistently shows a
concave base that forms a longitudinal groove, often wider an-
teriorly and narrow and deeper posteriorly (Fig. 81). The groove

may extend up the posterior margin and in some larger scales
may notch the anterior margin (Fig. 8A-C). The larger scales
tend to have the base expanded anteriorly to form an unorna-
mented fAange around the tuberculate ridge. The flange is con-
cave dorsally with upwardly flared borders. Figure 8A shows a
scale with a high central ridge, broken posteriorly and set on
its flange-like base. which is much broader than the ornamented
ridge. Tubercles are poorly preserved (perhaps worn), with
about three across the top of the ridge. The best preserved and
largest of this scale type (Fig. 8C) has five tubercles across the
front, reducing to three rows posteriorly. The anterior tubercles
are more elongate and posteriorly directed. The ornament ex-
tends down both sides of the ridge. and overall there are about
67 tubercles on this scale, a much higher number than on any
of the various ‘buchanosteid” scale types recently described by
Burrow and Turner (1998). The base is broadest anteriorly,
forming an unornamented rim which Aares upwards on both
sides, and is arched anteriorly over the antero-posterior groove
on the ventral surface. Similar smaller scales shown in dorsal
and right lateral views (Fig. 8B, E) both have a notched anterior
margin. A smaller scale (1.7 mm long) illustrated in dorsal,
ventral, and lateral views (Fig. 9A-C) has a somewhat wider
and higher anterior portion and a narrower posterior portion that
slopes down. The visceral side shows a posterior groove but
anteriorly the surface is only slightly concave. The ornamented
outer surface is much elevated in comparison with the thin un-
ornamented scale margin, and the tubercles are worn. A larger
example (Fig. 9D, E) shows a central foramen on the inner
surface positioned towards the posterior, also seen in other
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FIGURE 7.

Uralosteus bashkiricus gen. et sp. nov. A, partial reconstruction of skull and dorsal trunk armor bones, dorsal view (after the

holotype). B, partial reconstruction of the trunk armor in lateral view. C, right ADL and AL plates in approximate life position, internal view

(after the holotype. Pi 1291).

scales where it may be double (Fig. 8]). Similar foramina are
recorded in Holonema (e.g., the scale taxon Artenolepis, Lelie-
vre et al., 1983:pl. 2, fig. lc: Trinajstic, 1999:fig. 6E).

A less common second scale type tends to be much smaller
(Figs. 8D, 9G). This small scale lacks a flared base. and almost
all of the lateral surface is ornamented with crowded small -
bercles. Its ventral surface has a longitudinal groove. which is
partly separated from a groove extending up the posterior mar-
gin, presumably indicating abutment against the scale behind.

A range of tuberculated scale types have been described from
Devonian strata and assigned to various placoderm groups. but
criteria for distinguishing major groups using information only
from scales remain uncertain. This new specimen is one of the
few known examples where scales are associated with large
dermal bones that permit the owner to be definitely assigned to
one of the major placoderm subgroups. It is important, there-
fore, to take account of the range of scale morphologies which
can be expressed in material from one individual fish.

Because the dermal bones of Uralosteus bashkiricus have
such a distinctive ridged ornament, one of the first questions is
whether isolated scales also manifest this ridged condition. This
seems to be the case in Uralosteus. but it is evidently not a
general rule for other forms that have ridged ornament. In our
small scale sample all scales have an antero-posterior groove
on the inner surface, presumably formed on ridges in the der-
mis. For another arthrodire with ridged ornament. Holonema.
this also seems to be the case with the ‘Artenclepis’ scales
described by Lelievre et al. (1983), but not so in H. westolli
according to the descriptions of Trinajstic (1999). In our sample
most of the scales are larger, with an elongate tuberculate ridge
and expanded flange-like base. We suggest that the ridge and
base may have formed a ridge-and-groove pattern somewhat as
in Figure 9H. This restoration shows the grooves between
scales to be sinuous and of variable width, but this is also the
case with the grooves on the dermal bones (Fig. 2). The smaller
scales in our sample also have a ventral ridge, but no flange.
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1- 9

FIGURE 8. Uralosteus bashkiricus gen. et sp. nov. Body scales from the holotype (Pi 129 [). A-C. H. external view. D-G. lateral view. J,

internal view. Scale bar equals 0.25 mm

They can be assumed to come from extremities where the ridg-
es were smaller and more closely spaced. The intervening
grooves would have contained soll tissue, but the lateral sur-
faces are ornamented. so they could not have been in contact.
The Artenclepis scales assigned to Holonema cf. radiatum by

Lelievre et al. (1983) are sometimes fused to form elongate
rectangular scales (see also Lelievre et al., 1990:pl. 4F), pre-
sumably corresponding to the ridges on the dermal bones, but
the shape of scales suggests that adjacent scales were in contact
along their lateral margins, with the intervening grooves form-
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FIGURE 9.

Uralosteus bashkiricus gen. et sp. nov. Body scales. A-
C, Pi 1291r in dorsal, ventral and left lateral views. D-F, Pi 1291s in
dorsal. ventral and left lateral views. G. Pi 1291, left ventrolateral view.
showing ventral and posterior grooves (cl. Fig. 8D). H, attempted res-
toration of squamation. showing ridges, and intervening grooves (shad-
ed).

ing enclosed tubes. In contrast, the scales of H. westolli are
apparently rather differently developed. Two scale types were
recorded by Trinajstic (1999), the more common being small
rhombic scales, over | mm across, which covered the body
surface in a ‘pavement pattern’, with polygonal scales near the
fin bases, and only a few examples showing a distinct neck
with a wider base than ormmamented surface. The much larger
second scale type (not figured) apparently resembles the fused
triple scale illustrated by Lelievre et al. (1983), but they are
restricted to the region of the vertebral column and are inter-
preted as median dorsal ridge scales (Trinajstic. 1999:78). Tri-
najstic (1999) distinguished Holonema scales from those of
Coccosteus and Selenosteus because they formed a “definite . . .
regular . .. pattern on the skin’. Characteristic features of Ho-
lonema scales seem to be their rectangular or rhomboid shape,
as also illustrated by Leliévre et al. (1983), and perhaps the
rather flat ornamented surface. In contrast, the scales of Ura-
losteus apparently achieved a ridged pattern in the squamation
in quite a different way, the only resemblance to Holonema
scales being the consistent longitudinal groove on the visceral
surface. Amongst the various ‘buchanosteid’ scales described
by Burrow and Turner (1998), those illustrated as ‘buchanosteid
indet. gen. et sp. 27, with a flat to deeply concave base, may
belong to a form with ridged ornament such as Errolosteus. We
note, however, that the articulated trunk armor from Victoria
attributed to Buchanosreus by Long (1984a:fig. 16E H, I; 1991,
pl. 2B) cannot be a buchanosteid as defined above and previ-
ously (White and Toombs, 1972; Young, 1979). The ADL in
this specimen is not overlapped by the PL, and its more exten-

sive ornamented part and sensory canal pattern are suggestive
of Coccosteus and related forms (e.g., Miles and Westoll. 1968:
fig. 30: Orvig, 1969b:fig. 2). Thus the ‘buchanosteid’ scales of
Burrow and Turner (1998) derived from the Victorian specimen
would seem to be misnamed (see also Burrow and Turner. 1999:
215). This shows that the evidence of associated dermal bones
should be taken into account when assessing vertebrate micro-
remains (note also that the Victorian specimen, NMV P]59896,
does not include any head plates, as erroneously stated by Bur-
row and Turner. 1998, erratum).

COMPARISONS

In Uralosteus all bones with the ornament preserved show a
consistent type, with flat ridges ornamented with up to three
rows of tubercles separated by deep grooves generally less than
half the width of the ridges. The similar ornament in Errolos-
teus goodradigbeensis was described as ‘closely spaced sub-
parallel ridges carrying crowded tubercles in one, two or three
longitudinal rows™ (Young, 1981:257), with dense ornament of
crowded tubercles, sometimes forming short anastomosing ridg-
es over the ossification centers of bones (Young, 1981:fig. 9).
A similar feature was described above for Uralosteus.

Nevertheless. there are obvious differences in ornament pat-
tern where corresponding regions of the two taxa can be com-
pared. For example the Nu plate on the skull has ridges radi-
ating from the posterior ossification center to the anterior mar-
gin in Errelosteus goodradigheensis, but in Uralosteus there is
a strong concentric pattern, which is also evident on some other
bones (e.g., the MD; Fig. 21). It is noteworthy that the ornament
ridges in Uralosteus are consistently at least twice as wide as
the intervening grooves and may be up to four times as wide.
In Errolosteus goodradigbeensis the ridges are narrower except
in the referred PVL plate where a closely similar pattern to
Uralosteus is seen (Fig. 10E). Reassessing the originally de-
scribed specimens of Errolosteus goodradighbeensis in the light
of the new material, we consider that the AL plate (CPC 16970)
was correctly referred to the taxon because of close similarity
in ornament to that on the holotype (ANU 21806). However. it
now seems that the PVL (CPC 16971) could be referred to
Uralosteus bashkiricus because it shows clear differences in
ornament to the holotype and AL of E. goedradigbeensis.

An ADL from the Emsian limestones at Buchan in Victoria,
with apparently similar ornament to Errolosteus goodradig-
beensis, was illustrated by Long (1984b:fig. 4A), who referred
it to the genus as ‘Errolosteus cf. E. goodradigbeensis’. The
ornament, comprising ridges two or three stellate tubercles
across (Fig. 10C), is very similar to that of another ADL from
Burrinjuck (Fig. 10B). The Burrinjuck ADL resembles the
Buchan specimen in its rounded posterior margin. posteroven-
tral orientation of the lateral line groove, dorsal extension of
the ornamented area in front of the overlap for the MD, and
slight raised keel crossing the bone from the edge of the artic-
ular condyle to an angle on the posterior margin just above the
notch for the sensory groove. The overlaps for the MD and AL
are much less extensive than described above for Uralosteus
bashkiricus, and the ornament has a concentric arrangement fol-
lowing the posterior margin, whereas in Uralosteus bashkiricus
it is antero-posteriorly directed and runs off the posterior mar-
gin.

Both of these ADLs differ in many respects from the ADL
of Uralosteus bashkiricus, and it i1s unclear whether they can
reasonably be referred to Errolosteus. The presence of an artic-
ular condyle for the dermal neck joint indicates that they belong
to a phlyctaenioid arthrodire rather than a petalichthyid (these
also commonly display concentric ridged ornament; e.g.,
Young, 1978, 1985). Of other arthrodires in the Burrinjuck fau-
na with ridged ornament, Williamsaspis bedfordi, originally de-



FIGURE 0.

A-C, williamsaspid arthrodire, Early Devonian, south-
castern Australia. A. right AL (ANU V1025), external view. B. left
ADL (ANU V1865). external view. C, ornament detail on NMV 159894
(specimen illustrated by Long, 1984b:fig. 4A): D, Uralosteus bashkir-
icus gen. et sp. nov. Detail of ornament on right PNu plate (Pi 1294)§
E. Uralosteus sp. indet. right PVL plate (CPC 16971) previously re-

ferred by Young (1981) to Errolostens. ) f;;,,? 73
Ari-4 -4

ViGh

scribed by White (1952), is a form known only by a single
specimen, an incomplete but articulated trunk-armor. Although
the holotype lacks ADL plates, Williamsaspis has been consid-
ered most likely to be some form ol phlyctaenioid (e.g.. Den-
ison, 1978:65). The ornament of Williamsaspis was described
as ridges apparently formed from a single row ol stellate tu-
bercles (White. 1952:pls. 26-29). However. an isolated AL
plate (ANU V1025) of another presumably related form has an
ornament of continuous ridges with no sign of discrete tubercles
(Fig. 10A). This bone resembles the AL of Williamsaspis, and
other primitive arthrodires (e.g., Simblaspis, Aethaspis. see
Denison, 1958:fig. 110: White, 1969:figs. 2—10), in the absence
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of a projecting posteroventral corner and in the development of
the ‘apron’ (postbranchial lamina). ANU V1025 differs from
the restoration of the AL of Williamsaspis by White (1952:fig.
7) in the low rounded anterodorsal corner and the configuration
of the dorsal margin. However, this region in the holotype is
represented only by an internal impression of the contact face
for the ADL, which could have been more prominent than re-
stored by White. The concentric linear ornament of ANU
V1025 and the distinct horizontal ridge crossing the plate from
the ossification center to the posterior corner are clear resem-
blances to the corresponding bone in Williamsaspis. The ADL
illustrated in Figure 10B has an overlap for the AL correspond-
ing closely in size and shape to the clearly impressed contact
face for the ADL on the inner surface of V1025. On this evi-
dence, we consider that both of these bones, and the ADL de-
scribed by Long (1984b) as Errolosteus cl. E. goodradigbeen-
sis, probably belong to a new form of williamsaspid.

As noted above. ridged ornament occurs in other brachy-
thoracids (e.g., Holonema) and phlyctaenioids (e.g., William-
saspis) and is also characteristic of certain taxa within other
placoderm groups (e.g., petalichthyids, antiarchs). In particular,
ornament of the Chinese Middle Devonian antiarch Hunano-
lepis is remarkably similar to that described here for Uralosteus
(e.g., Wang, 1991:pls. 2, 4), the observable differences being
the less crowded tubercles on the ridges and some wide tuber-
culated zones without ridges (Wang, 1991:pl. 3). There are also
other isolated arthrodire bones from the Emsian limestones of
southeastern Australia that have ridged ornament. but evidently
do not belong to Errolosteus goodradigheensis or Uralosteus
(see below).

RELATIONSHIPS

Brachythoracid arthrodires were one of the most diverse and
successful groups of early gnathostome fishes (e.g., Young,
1986; Janvier, 1996), particularly in marine environments dur-
ing the Late Devonian (e.g.. Carr, 1995) where they included
probably the largest predators of their time. However. the key
to understanding the interrelationships of the major brachythor-
acid subgroups is in the analysis of more primitive taxa known
from the Early and early Middle Devonian. The major regions
of the world contributing information on primitive brachythor-
acids are the classic localities in the Baltic area (Homosrius,
e.g.. Heintz, 1934; Mark, 1963; Mark-Kurik, 1992, 1993; Hei-
erostins Heintz, 1930), the Early Devonian of the Rhineland
(e.g., Tityosteus: Gross, 1960; Ouo, 1992), the Emsian of Mo-
rocco (Lelievre, 1984a, b, 1988, 1995) and southeastern Aus-
tralia (‘buchanosteid’ arthrodires and related forms: White,
1952, 1978: White and Toombs, 1972: Young, 1979. 1981:
Long, 1984a, b: Findlay. 1996).

The genus Buchanosteus was erected by Stensit (1945) for
an isolated skull of which endocranial structures had been ear-
lier described by Hills (1936). White and Toombs (1972) re-
ferred remains from Burrinjuck to a new genus, ‘Parabuchan-
asteus murrumbidgeensis’, but Young (1979) argued that all
their described material could be referred to the type species,
Buchanosteus confertituberculatis (Chapman). Long (1991) re-
ferred an articulated trunk armor from Buchan to “Buchanos-
teus”, and “buchanosteid’ scales illustrated by Burrow and Turn-
er (1998) came from this specimen (see above). of which the
skull is unknown. Findlay (1996:167) supported the genus Par-
abuchanosteus, noting possible differences in the form of myo-
domes in the orbit of a new specimen with the same paras-
phenoid shape as described for Parabuchanosteus. It seems
now that there was a complex of similar small to medium
‘buchanosteid” arthrodires which resembled each other in
shared primitive features, but had varying phylogenetic rela-
tionships to higher brachythoracids (see Young et al., 2001).
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‘Buchanosteids’ have feawred in several recent analyses of
brachythoracid interrelationships (e.g., Lelievre, 1988, 1995:
Gardiner, 1990: Carr, 1991: Johnson and Elliott. 1995), but the
fact that most taxa are based on disarticulated specimens re-
quires caution in accepting certain character combinations. For
example, White (1978:162) referred an AMV plate with overlap
areas for AV plates to Buchanosteus. but it correct this would
be the only brachythoracid (and phlyctaenioid) to possess the
AV plate, so we consider this assignment to be incorrect. Find-
lay (1996) referred an isolated PNu plate to Errolosteus on its
similar ridged ornament to the holotype. but suggested that it
possessed a sliding dermal neck joint, which would pluce £r-
rolosteus outside the phlyctaenioids. However, the posterior po-
sition of the branching points for the pitlines adjacent to the
endolymphatic opening is diagnostic of phlyctaenioids (Goujet,
1984), and we interpret this specimen to be incomplete, with
the articular fossa for the neck joint lost by abrasion.

Specimens in which various skull and trunk armor bones are
associated, such as Uralosteus bashkiricus described above.
have special importance in establishing character associations
for phylogenetic studies. Young (1981:fig. 17) provisionally
grouped three genera from Burrinjuck (Burrinjucosteus,
Toombsosteus, Errolosteus) in an unresolved trichotomy using
two characters as synapomorphies (broad, depressed body
shape: overlap area along ventral margin of AL). Since neither
specimen of the AL of Uralosteus bashkiricus has the ventral
margin preserved, the status of the second character remains
unknown (only a contact face for the SP plate is preserved. the
normal condition). This clade was placed by Young (1981) in
an unresolved trichotomy with two other primitive brachythor-
acids from Burrinjuck (Buchanosteus. Arenipiscis). which
showed a general resemblance in a range of primitive features.
The genus Goodradigbeeon White. 1978 was interpreted as
more primitive because it lacked three features possessed by
the other taxa (SO plate with a slender suborbital lamina. re-
duced lateral trunk-shield wall. supragnathals with posterior
processes).

Lelievre (1988) suggested a relationship between Errolosteits
and Buchanosteus based on three characters (1, 5, 18 on his fig.
4), but one (sensory canals on SO plate) was wrongly coded
(not known in Errelosteus). and the other two characters are
generalised primitive features. Leligvre (1995) developed his
phylogenetic analysis of primitive brachythoracids with a data
matrix of 53 characters, the following characters defining his
major groupings:

Synapomorphies defining the Brachythoraci:

1. Skull roof bones with extensive overlaps
2. Posterior postorbital process with only one branch
6. Postnuchal process on paranuchal plate

Synapomorphies defining the Migmatocephala:

11. Elongate nuchal and paranuchal plates
38. MD plate shorter than broad

Synapomorphies defining the Eubrachythoraci:

16. PrO plate forming an embayment of the central plate

30. Occlusal surface of anterior supragnathal smooth, rather
than denticulate

47. Separated supraoral and infraorbital sensory lines on sub-
orbital plate

48. Occipital cross-commissure passing behind nuchal onto
extrascapulars, or absent

However, of these main characters, only three (1, 6, 38) can
be determined for Uralosteus bashkiricus, and our initial as-

]
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sumption that ornament similarities indicate a close relationship
between Uralosteus and Errolostens goodradigheensis is diffi-
cult to test because of incomplete data from both taxa. Erro-
losteus was one of 17 genera excluded from analysis by Lelie-
vre (1995:194) because more than 50% of the 53 characters in
his data matrix could not be coded: the same applies to Ura-
losteus.

One interesting character of Uralosteus, the unusual arrange-
ment of the PL overlapping the ADL, was first described by
White and Toombs (1972:pl. 7. fig. 2), as a defining character-
istic of the family Buchanosteidae. It was included in the family
diagnosis of Young (1979:345). and as noted above was used
by Mark-Kurik (1991:fig. 3F) 10 assign an ADL from the Em-
sian of Severnaya Zemlya to the Buchanosteidae. In typical
arthrodires the ADL overlaps the PL (e.g., Miles and Westoll,
1968:fig. 35). The only previous record of this feature is the
arthrodire Arcronema, based on an isolated incomplete ADL
from Spitsbergen. This clearly shows the second overlap
(@rvig. 1969b:fig. 1A) even though it was not mentioned in
Grvig's description, nor completely included in his restoration
(1969b:fig. 2A). Assuming that this is a specialized rather than
primitive character, we can consider Arcronena 1o be a buch-
anosteid. as previously suggested (Mark-Kurik. 1991:19). As
noted above, another specimen from Buchan, Victoria. attri-
buted to Buchanosteuns by Long (1984a, 1991), does not show
this feature, and its ADL shape and sensory canal pattern are
more suggestive of Coccosrens (e.g.. Miles and Westoll. 1968).
The armor restoration of ‘Parabuchanostens’ proposed by
White and Toombs (1972:fig. 24) and the specimen figured by
Long both had a pectoral fenestra, whereas the high narrow AL
of Uralosteus suggests a pectoral embayment (Fig. 7B). making
it more advanced in this respect than Coccosteus (e.g.. Miles.
1969). This would indicate independent loss of the pectoral fe-
nestra il a monophyletic grouping of Uralosteus and Errolos-
feus is supported by characters additional to the distinctive
ridged ornament. Significant morphological aspects, unknown
in the holotype of Uralosteus and therefore dependent on the
discovery of new material. include the dermal bone pattern of
the anterior part of the skull (with either a T-shaped rostral plate
as in eubrachythoracids, or with a rostral capsule and persistent
orbital fissure as in Errolosteus). For Errolosteus the trunk ar-
mor and cheek are very poorly known, and features of the (un-
known) MD plate would provide a ready indication of the likely
close relationship with Uralostens, which has a distinctive MD
plate.

In summary, the new taxon Uralosteus bashkiricus described
above from the Emsian of the Ural Mountains is significant in
the association of vertebrate microremains with skull and trunk
armor bones. The macroremains permit ils approximate place-
ment in a phylogenetic scheme as a primitive brachythoracid
belonging to the Buchanosteidae as defined above. Although
poorly understood. the highly distinctive dermal ornament of
Uralosteus bashkiricus should facilitate the recognition ol ad-
ditional material. New specimens are needed to elucidate its
detailed relationship to similar forms (Errolosteus from the Em-
sian of East Gondwana). Finally. this new discovery adds to
the wide distribution for the family Buchanosteidae. which was
already extended from the type area of southeastern Australia
with finds in Europe and Russia (Mark-Kurik, 1991). China
(e.g.. Young and Janvier. 1999) and the Middle East (Lelicvre
et al.. 1994: Young et al.. 2001). Discoveries so [ar indicate
that the group was restricted to shallow marine environments
of Emsian age across the eastern and northern margins of Gond-
wana. and through the Uralian seaway to Spitsbergen. Sever-
naya Zemlya and other areas. all regions that were positioned
in low latitudes during Early Devonian time (Young et al..
2000; Young, 2003).



26 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 23, NO. I, 2003

ACKNOWLEDGMENTS

Mr. A. Ivanushkin (Ural Territorial Geological Survey) pro-
vided the specimen with the impression of the second AL plate
(Pi 1292). We thank Mr. B. Pogrebov (St. Petersburg Univer-
sity) for taking the photographs. Mrs. U. Toom (Institute of
Geology. Tallinn) for work on the scanning electron micro-
scope, and Mr. Andrew Kelman and Mr. Michael Doyle
(AGSO) for processing residue for microremains and preparing
and photographing a latex cast of Pi 1292, E. M. K. visited
Australia in [995 under a visiting fellowship of the Australian
National University: her later work on this paper had financial
support from the Estonian Science Foundation (Grant number
3499). The work was finalized in Paris. supported by a visiting
professorship at the Museum national d"Histoire naturelle (G.
C. Y.) and a Royal Society grant (E. M. K.). Professor D. Gou-
jet. Dr. H. Leligvre and Dr. P. Janvier are thanked for provision
of facilities and discussions and advice on placoderm mor-
phology and relationships. Drs. R. E. Barwick and J. Caton are
thanked for assistance with illustrations and scanning, including
the preparation of Figure | (R. E. B.). Professor D. Ellis is
thanked for provision of facilities in the Geology Dept.. ANU
(G. C. Y.). This research was a contribution to IGCP Projects
328, 406, and 410.

LITERATURE CITED

Avkhimovitch. V. 1.. E. V. Tchibrikova, T. G. Obukhovskaya. A. M.
Nazarenko, V. T. Umnova, L. G. Raskatova. V. N. Mantsurova, S.
Loboziak. and M. Streel. 1993. Middle and Upper Devonian mios-
pore zonation of Eastern Europe. Bulletin des centres de recherches
exploration-production EIf Aquitaine 17:79-147.

Basden, A. M. 1999. Emsian (Early Devonian) microvertebrates from
the Buchan and Taemas areas of southeastern Australia: pp. 15-21
in A. Baynes and J. A. Long (eds.), Papers in Vertebrate Palacon-
tology. Records of the Western Australian Museum. Supplement

. G. C. Young, M. Coates. and A. Ritchie. 2000a. The most

primitive Actinopterygian braincase? Nature 403:152—153.

. C. J. Burrow, M. Hocking, R. Parkes. and G. C. Young. 2000b.
Siluro-Devonian microvertebrates from south-eastern Australia:
pp. 201-222 in A. Blieck and S. Turner (eds.), IGCP 328, Final
Report. Courier Forschungsinstitut Senckenberg 223.

Burrow. C. J.. and S. Turner. 1998. Devonian placoderm scales from
Australia. Journal of Vertebrate Paleontology 18:677-695.

. and 1999, A review of placoderm scales, and their
significance in placoderm phylogeny. Journal of Vertebrate Pale-
ontology 19:204-219.

Campbell. K. S. W., and R. E. Barwick. 2000. The braincase. mandible
and dental structures of the Early Devonian lungfish Dipnoriivn-
chuys kurikae from Wee Jasper, New South Wales. Records of the
Australian Museum 52:103-128.

Carr, R. K. 1991. Reanalysis of Heinrzichthiys gouldii (Newberry). an
aspinothoracid arthrodire (Placodermi) from the Famennian of
northern Ohio. with a review of brachvthoracid systematics. Zoo-
logical Journal of the Linnean Society 103:349-390.

1995. Placoderm diversity and evolution: pp. 85-125 in M.
Arsenault. H. Lelievre. and P Janvier (eds.). Studies on Early Ver-
tebrates (7" International Symposium on Lower Vertebrates. Mig-
uasha, Quebec). Bulletin du Muséum national d"Histoire naturelle.
Paris. Section C, 17.

Denison, R. H. 1958. Early Devonian fishes from Utah. 3, Arthrodira.
Fieldiana: Geology 11:461-551.

1978. Placodermi. Handbook of Paleoichthyology, Vol. 2. H. P
Schultze (ed.). Gustav Fischer Verlag, Stuttgart. New York. 128 pp.

Findlay, C. S. 1996. Placoderm (Pisces: Placodermi) remains from Low-
er Devonian rocks at Taemas, New South Wales. Proceedings of
the Linnean Society of New South Wales 116:161-186.

Gardiner, B. G. 1990. Placoderm fishes: diversity through time; pp.
305-319 in P. D. Taylor and G. P. Larwood (eds.). Major Evolu-
tionary Radiations. Systematics Association Special Volume 42,
Clarendon Press, Oxford.

Giffin, E. 1980. Devonian vertebrates from Australia. Postilla 80:1-15.

Goujer, D. 1984, Placoderm interrelationships: a new interpretation,
with a short review of placoderm classifications. Proceedings of the
Linnean Society of New South Wales 107:211-243.

Gross, W. 1960. Titvostens n. gen. ein Reisenarthrodire aus dem rhein-
ischen Unterdevon. Paliiontologische Zeitschrift 34:263-274.
Heintz, A. 1930. Eine neue Rekonstruktion von Hererostius Asm. Sit-
zungsberichten der Naturforscher-Gesellschaft bei der Universitiit

Tartu (Dorpat) 36:1-7.

1934. Revision of the Estonian Arthrodira. Part I. Family Hom-
ostiidae Jaekel. Archiv fiir die Naturkunde Estlands. I Serie: Geo-
logica, Chemica et Physica 10:180-291.

Hills, E. S. 1936. On certain endocranial structures in Coccosteus. Geo-
logical Magazine 73:213-226.

Janvier, P 1996. Early Vertebrates. Oxford University Press, Oxford,
393 pp.

Johnson, H. G., and D, K. Elliott. 1995. A redescription of Eldenosteus
arizonensis (Placodermi: Arthrodira) from the Upper Devonian
Martin Formation of northern Arizona. Journal of Vertebrate Pa-
leontology 15:221-234,

Leligvre. H. 1984a. Adantidosteus hollardi n. g., n. sp., nouveau Brach-
ythoraci (vertébrés, placodermes) du Dévonien inféricur du Maroc
présaharien. Bulletin du Muséum national d’Histoire naturelle, Par-
is 6:197-208.

1984b. Antineosteus lelumani n. g., n. sp., nouveau Brachythor-

aci du Dévonien inférieur du Maroc présaharien. Remarques sur la

paléobiogéographie des homostéides de I'Emsien. Annales de Pa-

léontologie 70:115-158.

1988. Nouveau matériel d’Antineosteus lehmani Leliévre, 1984

(Placodermi, Brachythoraci) et d’Acanthodiens du Dévonien infér-

ieur (Emsien) d’Algérie. Bulletin du Muséum national d’Histoire

naturelle, Paris 10:287-302.

1995, Description of Maideria faliponi n. g.. n. sp.. a long

snouted brachythoracid (Vertebrata, Placodermi, Arthrodira) from

the Givetian of Maider (South Morocco), with a phylogenetic anal-
ysis of primitive brachythoracids. Bulletin du Muséum national

d'Histoire naturelle. Paris 17:163-207.

. and A. Henn. 1990. Un nouveau spécimen

d'Holonema radiarum (Placodermi, Arthrodira) du Dévonien moy-

en de la région d’Oviedo. Espagne. Bulletin du Muséum national

d’Histoire naturelle, Paris 12:33-83.

. D. Goujet. and F. Morzadec. 1983. Les poissons du Frasnien

(Dévonien supérieur) de Traonliors en Plougastel-Daoulas (Bretag-

ne Occidentale). Bulletin de la Société géologique et minérologique

de Bretagne (C) 15:75-83.

. D. Janjou, M. Halawani, P. Janvier. M. S. Al Muallem. R.
Wrynns, and C. Robelin. 1994, Nouveaux vertébrés (placodermes,
acanthodiens, chondrichthyens et sarcopterygiens) de la formation
de Jauf (Dévonien inférieur, région de Al Huj, Arabie Saoudite).
Compte Rendus de I"Academie des Sciences, Paris (2) 319:1247—
1254,

Lindley. I. D. 2000. Acanthodian fish remains from the Lower Devonian
Cavan Bluff Limestone (Murrumbidgee Group), Taemas district.
New South Wales. Alcheringa 24:11-35.

Long, J. A. 1984a. A plethora of placoderms: the first vertebrates with
jaws? pp. 185-210 in M. Archer and G. Clayton (eds.). Vertebrate
Zoogeography and Evolution in Australasia. Hesperian Press, Car-
lisle.

1984b. New placoderm fishes from the Early Devonian Buchan

Group, eastern Victoria. Proceedings of the Royal Society of Vic-

toria 96:173-186.

1991, The long history of fossil fish on the Australian continent:

pp. 336428 in P. Vickers-Rich, J. M. Monaghan, R. E Baird, and

T. H. Rich (eds.), Vertebrate Palaeontology of Australasia. Pioneer

Design Studio, Melbourne.

and G. C. Young. 1988. Acanthothoracid remains from the
Early Devonian of New South Wales, including a complete scle-
rotic capsule and pelvic girdle. Memoirs of the Ausiralasian As-
sociation of Palaeontologists 7:65-80.

Mark, E. 1963. On the spinal plate of the Middle Devonian arthrodire
Homostius. Transactions of the Institute of Geology, Academy of
Sciences of the Estonian SSR 13:189-200. [Russian, English sum-
mary]

Mark-Kurik, E. 1991. Contribution to the correlation of the Emsian
(Lower Devonian) on the basis of placoderm fishes. Newsletter in
Stratigraphy 25:11-23.




MARK-KURIK AND YOUNG—NEW BUCHANOSTEID ARTHRODIRE FROM THE URALS 27

1992, The inferognathal in the Middle Devonian arthrodire

Homaostius. Lethaia 25:173-178.

1993, Remarks on the trunk-shield structure in Homostius (Pla-

codermi). Proceedings of the Estonian Academy of Sciences, Ge-

ology 42:176-180.

cand P. Janvier. 1997. A new tremataspidid ( Vertebrata, Osteos-
traci, Thyestiida) from the Devonian of northern Urals, with re-
marks on tannuaspidids. Neues Jahrbuch fiir Geologie und Pulion-
tologie Abhandlungen 206:405-421.

Miles, R. S. 1969. Features of placoderm diversification and the evo-
lution of the arthrodire feeding mechanism. Transactions of the
Royal Society of Edinburgh 68:123-170.

1971. The Holonematidae (placoderm fishes), a review based

on new specimens of Holonema from the Upper Devonian of West-

ern Australia. Philosophical Transactions of the Royal Society of

London, B, Biological Sciences 263:101-234.

. and T. S. Westoll. 1968. The placoderm fish Coccosteus cus-
pidarus Miller ex Agassiz from the Middle Old Red Sandstone of
Scotland. Part I. Descriptive morphology. Transactions of the Royal
Society of Edinburgh 67:373-476.

Nessov, L. A., and E. Mark-Kurik. 1999, Tropinema, a Middle Devo-
nian arthrodire with high median dorsal crest from East Baltic.
Russian Academy of Sciences, Proceedings of the Zoological In-
stitute 277:58-66.

Orvig. T. 1969a. Vertebrates from the Wood Bay Group and the position
of the Emsian-Eifelian boundary in the Devonian of Vesispitsber-
gen. Lethaia 2:273-328.

1969b. A new brachythoracid arthrodire from the Devonian of
Dickson Land, Vestspitsbergen. Lethaia 2:261-271.

Otto, M. 1992. Ein Neufund des brachythoracen Arthrodiren Tirvosteus
rieversi aus dem unterdevonischen Hunsriickschiefer des rheinisch-
en Schiefergebirges. Neues Jahrbuch fiir Geologie und Paliionto-
logic Abhandlungen 187:53-82.

1998. New finds of vertebrates in the Middle Devonian Bran-
denberg Group (Saureland, Northwest Germany). Paldontologische
Zeuschrift 72:117-134.

Sapel'nikov, V. P, V. A, Nasedkina, L. [. Mizens, and G. G. Zenkova.
2000. Devonian Stage boundaries of the Urals. Courier Forschun-
sinstitut Senckenberg 225:323-327.

Schultze, H.-P. 1968. Palaconiscoidea-Schuppen aus dem Unterdevon
Australiens und Kanadas und aus dem Mitteldevon Spitzbergens.
Bulletin of the British Museum (Nawral History) (Geology) 16:
343-368.

Stensio, E. A. 1945, On the heads of certain arthrodires. 2. On the
cranium and cervical joint of the Dolichothoraci. Kungliga Svenska
Venenskapsakademiens Handlingar (3) 22:1-70.

Thomson, K. S., and K. S. W. Campbell. 1971. The structure and re-
lationships of the primitive Devonian lungfish—Dipnorhynchus
sussmilchi (Etheridge). Bulletin of the Peabody Museum of Nartural
History 38:1-109.

Trinajstic. K. 1999, New anatomical information on Helonema (Placod-
ermi) based on material from the Gogo Formation and the Givetian-

Frasnian Gneudna Formation, Western Australia. Geodiversitas 21:
69-84.

Wang, J. Q. 1991, New material of Hunanolepis from the Middle De-
vonian of Hunan; pp. 213-247 in M. M. Chang, Y. H. Liu, and G.
R. Zhang (eds.). Early Vertebrates and Related Problems of Evo-
lutionary Biology. Science Press, Beijing.

White, E. L. 1952. Australian arthrodires. Bulletin of the British Mu-
seum (Natural History) (Geology) 1:249-304.

1969. The deepest vertebrate fossil and other arctolepid fishes.

Biological Journal of the Linnean Society 1:293-310.

1978. The larger arthrodiran fishes from the area of the Burrin-

juck Dam, N.S.W. Transactions of the Zoological Society of Lon-

don 34:149-262.

, and H. A. Toombs. 1972. The buchanosteid arthrodires of Aus-
tralia. Bulletin of the British Museum (Natural History) (Geology)
22:379-419,

Young, G. C. 1978. A new Early Devonian petalichthyid fish from the
Taemas/Wee Jasper region of New South Wales. Alcheringa 2:103—
116.

1979. New information on the structure and relationships of
Buchanosteus (Placodermi, Euarthrodira) from the Early Devonian
of New South Wales. Zoological Journal of the Linnean Society
66:309-352.

1980. A new Early Devonian placoderm from New South
Wales, Australia, with a discussion of placoderm phylogeny. Pa-
lacontographica 167A:10-76,

1981. New Early Devonian brachythoracids (placoderm fishes)
from the Taemas—Wee Jasper region of New South Wales. Al-
cheringa 5:247-271.

1985. Further petalichthyid remains (placoderm fishes, Early
Devonian) from the Taemas—Wee Jasper region, New South
Wales. BMR Journal of Australian Geology and Geophysics 9:121—
131.

1986. The relationships of placoderm fishes. Zoological Journal
of the Linnean Society 88:1-57.

2003. North Gondwanan mid-Palaeozoic connections with Eu-
ramerica and Asia: Devonian vertebrate evidence. Courier For-
schungsinstitut Senckenberg.

. and P Janvier. 1999. Early—Middle Palacozoic vertebrate fau-
nas in relation o Gondwana dispersion and Asian accretion: pp.
115-140 in Gondwana Dispersion and Asian Accretion. IGCP 321
Final results volume, Balkema.

. H. Leliévre, and D. Goujet. 2001. Primitive jaw structure in
an articulated brachythoracid arthrodire (placoderm fish: Early De-
vonian) from southeastern Australia. Journal of Vertebrate Palacon-
tology 21:670-678.

. 1. A. Long, and C. Burrow. 2000. Devonian vertebrates: pp.
200-218 in A. 1. Wright, G. C. Young, J. A. Talent. and J. R. Laurie
(eds.), Palacobiogeography of Australasian Faunas and Floras. As-
sociation of Australasian Palaeontologists, Memoir 23,

Received 9 May 2001 accepred 18 January 2002.



