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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 Basbkonostaa. 
Russia. The holotype includes bones of the skull and trunk armor associated with numerous scales from one individual. 
which facilitates the study o f isolated microremains. The dermal ornament o f distinctive tubercula1e ridges suggests a 
relationship to Errolosteus Young, 1981 from the Emsian of southeastern Australia, but neither fom1 is well enough 
known for this 10 be strongly supponed in a character analysis. Some isolated placodenn bones with ridged ornament 
from southeastern Australia are figured, and interpreted to belong 10 a new fonn of williamsaspid rather than lo 
Errolosteus. The new genus Uralosteus is referred 10 the family Buchanosteidae, defined by a unique overlap arrange
ment of the p0s1erior 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 c lade. The type genus 811cha11osteus comes from 
southeastern Australia, but it is now evident that the family was widely distributed in shallow marine environments 
d uring the Emsian. 

• 

INTRODUCTION 

111e arthrodire genus Buchanosteus was erected by Stensio 
( J 945) 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'. 
Othe r 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 acanthothorac ids (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; d ipnoans: 
e.g., Thomson and Campbell, 1971; Campbell and Barwick, 
2000), and acanthodians, chondrichthyans, onychodontids, and 
the lodonts are also known from vertebrate microremains 
(0rvig, 1969a; Giffin, 1980; Basden, 1999; Basden et al., 
2000b; Lindley, 2000). 

White (1952) erected a fami ly, Buchanosteidae, for the genus 
Buchanosteus, and since that time various other primitive 
bracbythoracid 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). Am ongst these is the mono
typic genus En-olosreus Young 198 1. which is characterised by 
distinctive ridged ornament. Phylogenetic analyses by Lelievre 
( 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 co contain small fragments of 
the well-known arthrodire Holonema, which is also character
ised by ridged ornament. Details provided with this specimen 
record that it was collected in 1934 by geologist E. I. Falk.ova 
from the Vyazovaya Formation in the Belaya River region of 
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Basbkortostan (Bashkiria) in the southern Urals (Fig. I ). 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. I), by A. G. l vanushk.in (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 Retu
sosrrilites clarulestinus (RC) Zone and those from the lower 
Takata Formation to the Apiculiretusispora divulgata var. pli
cata (DP) Subzone (Avkhirnovitch et al., 1993). The Takata and 
coeval Trgisly regional stages (formations) and the Vyazovaya 
Regional Stage (Formation) have been correlated with the in
terval from the gronbergi to the early semrinus conodont zones 
by Sapel'nikov et al. (2000). The Takata Formation in the north
ern Urals has also yielded a tremataspid osteostracan (M ark
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-AOL. anterior dorsolateral 
plate; AL, anterior lateral plate; AMV, anterior median ventral 
plate; C , central plate; c, com er marking external contact of PL 
and AL plates; ed. glenoid coodyle of dermal neck joint; cf
ADL, area overlapping ADL plate; clPDL, area overlapping 
POL plate; cfSP, area overlapping SP plate; csc. central sensor y 
canal; d.end, external opening of endolymphatic duct; g r.phi, 
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FIGURE I. A . locaLion of Bashkortostan (B ashkiria) in the European part of Russia. and adjacent countries. B, locality map for the River B elaya 
basin, central Bashkortostan. where tbc 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 AOL plate: M , marginal plate; MD. median dorsal plate; 
m.dep, median depression: mp, middle pitline: Nu. nuchal 
plate; no, notch: n.th. nuchal thickening; oaAL, area over
lapped by AL plate; oaC. area overlapped by C plate: oaIL, 
area overlapped by LL 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; occ, occipital cross-commissure; pap, para-artic ular pro
cess; pect, embayment for pectoral fin; PM, postmarginal plate; 
pmc, postmarginal sensory groove; P Nu, 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 BUCH ANOSTEIDAE White, L952 

Diagnosis- Primitive bracbythoracids with anterior dorsolat
eral plate overlapped by posterior late ral as well as anterior 
lateral and median dorsal plates. 

Remarks-The above character was number 17 in the list 
presented by W hite and Toomb~ ( 1972:404- 406) to enlarge on 
the ir diagnosis of a new order "Migrnatocephala· containing a 

single family Buc hanosteidae. Thjs higher taxon was defined as 
'euarthrodires 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 p lates witJ, complete mes.ial contaci. ' 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
ni.um to be the 'generalized form for both groups' of arthrodires 
(dolichothoracids and brachythoracids), and thus omi.tted en
docranial characters from their diagnosis. although White 
(1952) had originally defined tl1e family Buchanosteidae on 
such features. 

The definition adopted here folJows Mark-Kurik's (1991) us
age to refer isolated ADL plates from Sevemaya Zemlya to the 
family Buchanosteidae. This seems to be the only character 
which stands out as a synapomorphy by outgroup comparison 
to phlyctaeniid and acti nolep.id arthrodires, and is proposed as 
a provisional defining feature of the group. The interrelation
ships of 'buchanosteids' are consi.dered further below in d is
cussion. 

URALOSTEUS BASHKTRICUS, 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 Errolosreus,' 
Burrow and Turner, p. 214 

Material-I. Holotype. Associated bones, all more or less 
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ashkiricus gen. et sp. nov. Ho lorype (Pi 129 11). A, Nu plate in internal view with impression of ornament partly seen. 
B, C. right M plate with portion of the PtO in externa l and internal view~. D. E, right PNu plate in external and imernal views. F, incomplete 
PMV plate. external view. G. incomplete right AOL and AL plates, external view (partly prepared). B . incomplete rig.ht AL plate. external view. 
J. incomplete MD plate. external view. 
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incomplete, m,sumed to come from one individual: Pi I291a 
(median dorsal plate). I 29 lb (right anterior dorsolateral ), 129 1 c 
(1igh1 anterior lateral). 1291 d (nuchal), 129 1 e (right paranu
chal), 1291 f (fragment of left paranuchal). 1291 g (right mar
gim1I with small attached part of right postorbital). 129 I h (pos
terior med.ian venLral), 1291 i-s (scal es). 

2. Pi 1292. impression of a lert. anterior laternl plate. 
Locality and Horizon-!. Single limestone sample collected 

as a loose block in Lhe bed of Lhe Yamashly River upstream 
from the vil lage of Akbulatova. Belaya River Basin, Southern 
Ural Moulllains, Yyazovaya Formation (Early Devonian, Em
sian ). 

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

Diagnosis- Brachythoracid artluodire character ised by der
mal ornament of flat ridges carrying up 10 3-4 rows of tuberc les 
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 p lates). with more longitu
dinal ridges laterally, and ventrally in midline; regions of line 
crowded LUbercles over ossification centers, extended as median 
zone broadening towards anterior margin of median dorsal 
plate: nuchal plate with convex posterior margin: paranuchal 
wich prominent para-articular process, oval-shaped articular fos
sa. and subobstantic area covered with fine tubercles; poscor
bital plate of skul l relatively large; sensory groove crossing an
terior and poscerior dorsolaLeral plates roughly parallel 10 lateral 
margin of median dorsal plate, without posterovent.ral sensory 
groove to posterior lateral plate; anterior lateral plate high and 
narrow with vertical pectoral margin, indicating pectoral em
baymem rather Lhan fenestra; postbranchial lamina with four 
denticulate ridges curving ventromesially from posl.branchial 
nou::h. 

R emarks- Differences i n morphology described below 
seem :,ufficienl to separate this new form at the generic level. 
but the simil ar strongly ridged ornament suggests a relationship 
to ErrolosIe11s goodradigbeensi.f You ng, 198 1. previousl y 
placed w ilhin the Buchanosteidac (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 1.he anterior margin of the nuchal and paranuchal plat.es 
in £rro/0s1e11s goodradigbeensis (concent.ric in Uraloste11s 
bashkiricus), and the generally nanower ridges. about twice the 
width or imervening grooves, in Errolosteus. In addition, the 
AL of £rrolos1e11s is lower and broader. with a more horizon
tal ly oriented pectoral margin. The holonematicls also have 
ridged ornament. but the ridges vary much more in width, the 
grooves of the ornament are more shal low, and there are nu
merous differences in bone shape (e.g., Mile , 197 1: essov 
and Murk-Kurik, 1999). Some Ei fel ian H olonema species com
pletely lack ridges (Otto. 1998). Uraloste11s baslrkiric11s evi
dent ly had a relat.ively large postorbi tal plate and probably a 
short marginal plate. In comrast. i n several other primitive 
brachythoracicls (e.g .. B1tchanos1eus, A111i11eoste11s. Tae111a.ws
Ie11S) a small postorbital was combined with an elongate mar
ginal plate. l11e absence of a posterovemral sensory groove 
branch on the trunk armor is a point of di !Terence LO both Coc:
cosre11s and 811c/w11osre11s. 

Description 

T he holorype of Uralosre11s bas!rkiric:us compri~es associated 
but di articulated bones of Lhe skull and trunk-armor listed 
above. all more or less incomplete. together with a number of 
scales. Al l are assumed to come from one fish. They were ex
tracted from a single l imestone sumple found in Lhe bed of Lhe 

river, w i th several fragments exposed and therefore abraded or 
water-worn. Some bones are badly fractured, and could not be 
compl etely removed from the matrix using acelic acid wiLhout 
risk of disintegration. However the paranucbal (PNu), marginal 
(M), anterior dorsolateral (AO L), anterior lateral (AL) and pos
terior median ventral (PMV) plates have been extracted using 
this technique. 

The second specimen of the A L plate is preserved as an 
impression showing the same clisLinctive ornament, and i n shape 
and proportions corresponds c losely to the preserved portion of 
1he anterior lateral (AL) plate ill I.he holotype, with only minor 
differences. Based on present knowledge. it is assumed also to 
belong to Ura/osteus bas!rkiricus. 

Skull- l11e nuchal (Nu) pl ate is still in the rock. w i th mainly 
the inner surface exposed. Anteriorly it is weathered through to 
expose Lhe base o f the ornamental r idges (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 
10 that figured for Taemasosteus by White ( 1978:lig. 78). except 
that Lhe posterior margin is more convex. Buchanosreus is dif
ferently developed here (Young, l979:fig. 2). and this region is 
not known for Erro losteus goodradigbeensis. l'n front of the 
pits tl1e bone is thick and Aat. but the inner surface is water
worn and contact faces for the PNu plates are not clear. Only 
the posterior margin o f the N u i s complete. 

T he right paranuchal (PNu: Fig. 20. E) shows the external 
overlap for cbe u. and the internal contact face for the mar
gim1l (M ) is clearly seen inside its lateral corner. The inner 
surface is weathered and the mesial edge which underlapped 
the N u is missing. but tbe depression for the supravagal process 
is v isible, and the prominent para- articular process is well pre
ser ved (pap: Fig. 3D). The a11icuJar 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 Taemasos1e11s 
by W hite ( I 978:fig. 78). This structure in Buchc111osreu.1· is more 
elongate (Young, 1979:pl. IC), at least in small specimens. The 
anteromesial comer of Lhe PNu is incomplete, and Lhe visceral 
surface shows no sign of the contact face for the central (C) 
plate. 1n Figure 7 th is region has been restored on the assump
Lion Lhat Lhe PNu had similar length to ll1e Nu, with some con
formity in the ornament. Externally the P u shows the normal 
brachylhoracid arrangement of sensory grooves (le, pp, occ; 
Fig. 3B ), around the external open ing for the endolymphatic 
duct (cl.encl). Anteriorly the ridges of ornamem run from the 
margin of the subobstancic area (soa) across the sensory groove. 
T his is different to the radiating arrangement on an isolmecl PNu 
which Findlay ( 1996:fig. 5) compared to Errolosreus goodra
digbeensis because o f its similar ornament. However. the an
terolateral corner is the only part of the PN u preserved ill the 
hol otype of £. goodradigbeensis. T he subobstantic area (soa}, 
which fined under the obstantic process of tl1e AL plate when 
the head was depressed, is covered w ill1 fi ne tubercles. 

The right marginal (M) plate (Fig. 2B , C) has a complete 
posterior margin showing the overlap for the PNu and C plates 
(oaPN u, oaC; Fig. 3C). There is also a small portion of the 
postorbital (PtO) p late attached on the broken anterior margin, 
w itb a ver y c lear but sl igh tly displaced suture. T he mesial end 
of the sun1re seems LO turn forward. suggesting an anterior pro
cess of the M overlapping the PtO along Lhe sensory groove, 
as occurs in Coc:cosreus cuspidatus (e.g., Miles and Westoll. 
l 968:fig. 9a) and many other brachylhoracids. The inner surface 
of the M shows a very clear contact face for ll1e posm1argillal 
(PM) plate (Fig. 2C), with Lhe inframarginal crista in the normal 
posi tion, running j ust beneath 1.he postmarginal canal (pmc; Fig. 
3C). The lateral margin of the M plate is not quite complete. 
bul there was evidently a norcb at the M/PtO suture as in many 
other placoderms. 

The preservation of LJ1e PtO/M suture shows that the M plate 
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FTGURE 3. Ura!os1eus bashkiricus gen. el sp. nov. HoloLype (Pi 129 l~. A-C. preserved skull bones in approximate relmive positions against 
the AOL (E). Based on camera lucida drawings (flattened) of PNu anicuJated against ADL. and overlap relatio ns with Nu and M/PtO. 0 . right 
PNu in posterior view. 

was unusually short, and much shorter than in any o f Lhe ar
throdires known from the Taemas-Buchan fau na. T his parL of 
the skuU is not known in Errofosteus goodradigbee11sis. buL 
even fonns wilh very short, broad skulls such as Burrinjucos
teus as restored by White (1978:fig. 70) had much longer mar
ginals than did Umlosteus. To give its skull outline reasonable 
proportions, a relaLively large PtO must be restored, as seen in 
eubrachyLhoracids such as Coccosreu.v (Miles and Westoll, 
[968). This mi.ght be a more advanced feature compared to 
other Emsian arthrodires (e.g., Buchanosteus, Anrineosre11s, 
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) p late displays the striking ornament pattern 
characteristic of this new genus, with tubercu late ridges con
centrically arranged around the posteriorly p laced 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 surface of the right side was 
partly exposed before colJection, so is water worn and abraded 
(Fig. SA). However, it shows the extent of the contact faces for 
the anterior and posterior dorsolateral plates, with the latter 
s lighLly more extensive than the former (cfADL, 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 a sumed (vpr; Fig. 6B). The slighLly 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 wilh the anterior lat
eral (AL) plate (Fig. 2G) before ext:ract.ion from the matrix LO 

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 
s lightly convex benealh the lateral line groove. as indicated by 
Lhe adjacem ridged ornament (Fig. 3E). The dermal neck joint 
is normally developed. with the anicular cundyle having a sim
ilar shape to the fossa on the PNu (cd; Fig. 6A). The 1.ateral 
line groove (le: Fig. 3E) runs back from the neck joint roughly 
paralle l to the edge of the overlap area for the MD. with a short 
dorsal branch which turns posteriorly (Id) and is then lost in 
Lhe grooves of the ornament. The dorsal branch presumably 
continued as a superficia l pitl ine towards the ossification center 
of Lhe MD while the main canal passed posteriorly onto the 
PDL. ln contrast to Coccosteus (Miles and Westo ll. 1968:fig. 
43) or 811cha11osre11s (White and Toombs, 1972:fig. 24), there 
is no strong groove passing posteroventrally to the posterior 
latera l (PL) plate. The venLral overlap area for the AL shows 
normal development for a brachythoracid, with a strong groove 
to receive the postbnrnchial ridge o r lhe AL plate (gr.phi ; Fig. 
3E), but Uralos1e11.1· is unusual i11 having a distinclive posterior 
overlap area for the PL plate (mLPL). Th is feature was illus
trated by Wh ite and Toombs ( 1972:pl. 7), who considered it to 
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FIGURE 4. Uralos1e11s bashkiricus gen. et ~p. nov. Ho lotype (Pi 1291,. Incomplete right AL plme in external (A ). anterior (8 ). and internal 
(C ) views. 

be characteristic of the Laxon 'Parabuchanosteus 11111rrumbid
geensis' and of the family Buchanosteidac (see below). A small 
corner on Lhe ventral border of Lhe ornamented area (c; Fig. 3E) 
may mark the point where the external surfaces of the AL and 
PL met. or Lhe overlapped lamina of Lhe PL may have been 
entirely enc losed between the AL externally and the ADL in
LernalJy (Fig. 7B). The present material does not permit a de
cision on this point. 

The inne r surface of the AOL is normally developed. Tbere 
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 (ctPDL: Fig. 7C). 
Its ventral extent is marked by a slight notch . below which the 
posterior edge of the AOL is deeply depressed for the overlap 
of tbe PL plate. 

The ADL was not described for Errolosreus goodradigbee11-
sis by Young (1981), but an example from the Emsian lime
stones at Buchan. Victoria, wa referred LO Errolosreus cf. E. 
goodradigbeensis by Long ( 1984b) on the basis of similar or
nament. This specimen differs in many respects from the ADL 
of Uralosreus bashkiricus. and we suggest below that it may 
not belong to a brachythoracid. 

Tbe anterior lateral (AL) plate of Uralosreus bashkiricus is 
represented by two specimens. The holocype 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 a l the level of the edge of the ADL (Fig. 2G), so much 
of the dorsal lamina is missing. I t is also incomplete ventrally, 
but enough of the anterior and posterior margins is preserved 
to indicate its l1igh and narrow shape. The postbranchial lamina 
is inflected inwards at almost a right angle to the external s!-'r
face, and apparently only a small pan of its mesiaJ margin is 
missing (Fig. 4B). It lacks ornament except for four denticuJate 
ridges, which curve veno·omesiaJJy from the postbranchia l 
notch and carry a special ornament of na rrow, transverse ele
vations pointing ventrolaterally. Such ornamenr is seen on d1e 

postbranchiaJ lamina of many placodenns, 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 d1e 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 c learly 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 obser ved around the 
pectoral fenestra of other forms (e.g., Bucl,anosteus), carries a 
narrow groove aJong its edge. The orientation of the AL in the 
armor is uncertain, but direct comparison with the articulated 
trunk armor of 'Buchanosreus' illustrated by Long ( L984a) sug
gests that Uralosreus possessed a pectoral embayment rather 
than a feneslra. The AL and ADL can be placed together, but 
thickness of Lhe dorsal preserved end of the postbranchial ridge 
on the AL indicates that there was little overlap of the preserved 
portion onto the AOL. This relative position of the two bones. 
as shown in Figure 78, C, brings their complete amerior edges 
into alignment, and is assumed lo approximate the correct ar
rangement. Thus d1ere was probably a rather high and shor1 
lateraJ wail to the trunk armor somewhat as suggested for Tae
masosreus by White ( 1978:fig. 11 I), 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. SB) is 
an extemaJ impression from the left side that is fairly complete 
dorsally although it is possible that the posterodorsal comer was 
slightly broader than preserved. The ventraJ margin and almost 
ail of the postbranchial lamina are missing. but most of tJ1e 
margin of the pectoral fenestra seems complete (pect; Fig. 6C). 
Just inside the postbranchial notch, the impression of the corner 
of the postbranchfal lamina is preserved, showing two ridges 
directed inwards and downwards from the notch, essentially as 
in che bolotype. The breadth across the bone to the postbran
chial notch is also similar co that on Lhe 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. Uralosreus bashkiricus gen. et sp. nov. A. Holotype MD plate (Pi 129 1~. internal view. B. left AL plute (Pi 129;2) in external view 
{latex cast). Scale bar equals 3 mm. 

the presumed pectoral fenestra. However, these zones are more 
evident on the holorype (Fig. 2H) than on Pi 1292, which also 
has more steeply inclined ornamental ridges posterovenrral to 
the postbranct,jaJ notch (Fig. 5B). Neverthe less. the similar high 
narrow form indicates that the second AL is correctly referred 
to Uralosteus bashf...-iricus. Quite different proportions for the 
AL were restored by Young ( 1981: fig. 13B) in Errolosteus 
goodradigbee11sis, but a re-exarrunarion of that AL plate sug
gests that tl1is may not be accurate. The dorsal margin of this 
specimen (CPC 16970) is incomplete, and by comparison with 
Uralosteu.1· it seems that its dorsal lamina could have had higher 
and more nao-ow proportions, as for example ill Burri.11j11cnsreus 
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 Uralosreus in its sharply deflected supraspinal lamina (see 
Young, 198 1 :fig. I 2B). g iving the -pectoral margin on the bone 
a more horizontal orientation than in Pi 1292f This character 
was included by Young ( 1981) in the diagnosis of the genus 
Errolosteus goodrculigbeensis and remains a valid cbaracter for 
separating the two genera. An overlap area for the spinal plate 
aJong the ventral margin of the AL plate in Errolnsreus was 
identified by Young ( 1981 :fig. 17) as a possible synapornorphy 
with Burrinjucosteus and Toombsosreus, but neither specimen 
of Uraloste11s bashkiricus has this region preserved. 

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

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

Attempted reconstructions of the preserved dermal armor of 
Uralosteus bashkiricus are given in Figure 7. The dorsal recon
strucrjon of the skull roof and dorsal bones of the rrunk armor 
(Fig. 7A) is based on camera lucida drawings of the PNu in 
position against the M plate. the ADL in position against the 
M D plate, and the 1ight PNu and AOL 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 margi ns. Overal1 width of the skull was 
constrained by the positioD of the dermal neck joint on each 
side. This was determined from the truJ1k-armor by graphically 
restoring the ADL with its conclyle in horizontal orientation 
against the preserved portion of the MD. This portion includes 
the midline and pern1its a reconstruction of both dermal artic
ularions (Fig. 6A). n,e trunk armor is shown slightly flattened, 
to display t11e shape of bones, and in life the ADL and AL 
would have closely followed the subobstantic margi n 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-TI,e known dermal bones or Urn/osreus bash
kiric11s have a very distinctive ornament. comprising fl at ridges 
carrying up to t11ree o r sometimes four rows of rubercles sep-
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FIGURE 6. Uralosreus /1a.l'hkiricus gen. el sp. nov. A , righl ADL in anterior view, wirh MD and left ADL graphically restored us ing the 
horizontal oriemution of' the a rticular condylc (after the holotype. Pi 1291). B. MD plate (Pi 129 1). internal view. C , lef1 AL plate (Pi 1292) 
partly restored in external view. 

arated by deep grooves. The ridges are generally ac least cwice 
as wide as the grooves (Fig. I OD). Along the broken anterior 
edge of the PMV the grooves are seen to be more narrow at 
the top and rounded ventralJy to form an open tube which wa<; 
sHgbUy deeper than wide. The available specimens suggest a 
concentric arrangement o f ornament on the dorsal surface, with 
more longitudinal ridges laterally and vemrally in the rnidline 
(.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 d1e MD broadening towards 
the anterior margin (Fig. 21). Possibly this zone extended onto 
the skull, but this region of the Nu plate is not exposed. 

Squamation- The matrix of the ho lotype inc luded some 58 
scales and scale fragments of consistent morphology that are 
assumed ro come from this i.ndi vidual (Figs. 8. 9). Large and 
small scales (length 0.8- 3.2 mm) differ somewhat in morphol
ogy. They typically show a high, narrow, ruberc ulate. external 
su1·face fanning a longitudinal ridge, which in large scales is 
over twice as Jong as broad. The surface of the longitudinal 
ridge may be tlac (Figs. SE, 9F) or slope to the posterior (Fig. 
9C), and in some is transversely arcb ed with a single tubercle 
row forming a slight crest (Fig. 8C). The crowded tubercles are 
small and stellare with 6-8 radiating ridges, and tend to be 
slightly poi nted towards the posterior. The radiating ridges on 
the tubercles are very c lear on some scales (e.g .. Fig. 80). but 
generally are not sufficiently p reserved to show detai ls of the 
micro-ornament. The ventral scale surface consistemly shows a 
concave base that fom1s 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 flange around the tubercuJale ridge. The flange is con
cave dorsally wim upwardly flared borders. Figure SA shows a 
scale with a high central ridge, broken posteriorly and set on 
its tlange-]jke base, which is much broader than die o rnamented 
ridge. Tubercles are poorly preserved (perhaps worn), with 
about d1ree across the top of the ridge . The best preserved and 
largest of this sca le type (Fig. SC) has five tubercles across me 
front, reducing to mree rows posteriorly. The anterior tubercles 
,u·e more elongate and posteriorly directed. The ornament ex
tends down both sides of the r idge. 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, 
fonning an unornamented rim which flares upwards on both 
sides, and is arched anreriorly over me antero-postet;or groove 
on me ventral surface. Similar smalie1· scales shown in dorsal 
and tight lateral views (Fig. SB, E) both have a notched anterior 
margin. A smaller scale (1.7 mm long) illnsu-ated 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 viscera l 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
omarnemed scale margin, and the 1t1bercles are worn. A larger 
example (Fig. 9D. E) shows a central foramen on the inner 
smface positioned towards the posterior. also seen in oilier 
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FIGURE 7. Uralo.1·reus bc,shkiricus gen. Cl sp. nov. A. pani,11 reconstruction of skull and dorsal trunk armor bones, dorsal view (after the 
holotype). B, partial reconstruction of L.he u-uok armor in lateral view. C, right AOL nnd AL plates in approximate Jlfe posilioo. internal view 
(after the holotype. Pi 129 l ). 

scales where it may be double (Fig. 8J). Similar foramina are 
recorded i.n Holo11ema (e.g .. the scale taxou Ar1e110/epis; Lelie
vre et al., 1983:pl. 2, fig. le; Trinajstic, 1999:fig. 6E). 

A less common second scale type tends Lo be much sma ller 
(Figs. 8D, 90). This small scale lacks a flared base, and almost 
all of the lateral surface is ornamented with crowded small tu
bercles. Tts ventral surface has a longitudinal groove, which is 
partly separated from a groove extending up the posterior mar
gin, presumably indicati.ng abutment against the scale behind. 

A range of tuberculated scale types have been described from 
Devonian strata and assigned to various pl.acoderm groups. but 
criteria for distinguishing major groups using information only 
from scales remain uncertai n. Th.is new specimen is one of the 
few known examples where scales are associaied with large 
dermal bones that permit the owner to be definite ly assigned to 
one of the major placoderm subgroups. Ir is important, there
fore. to rake account of the range of scale morphologies which 
can be expressed in material from one individual fi sh. 

Because the dermal bones of Uralosleus bashkiricus have 
such a d istinctive ridged ornament, one of the first questions is 
whether isolated scales also manifest this ridged condition. Tbls 
seems to be the case in Uralosteus, but it is ev.idently not a 
general rule for other forms that have ridged omame11t. ln 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 ·A n e110/epis' scales 
described by Lel ievre et al. ( 1983), but not so in H. westolli 
according to the descriptions of Trinajstic (1999). la our sample 
most of the scales are larger, with an elongate tuberculate ridge 
and expanded flange-like base. We suggest that the ridge a nd 
base may have formed a ridge-and-groove pattern somewhat a~ 
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 ou r sample also have a ven tTaJ ridge, but no flange. 
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FIGURE 8. Uralos1e11s bashkiricm gen. et sp. nov. Body scales from the holotype (Pi 129 . A- C. H . external view. O- G . lateral view. J, 
internal view. Scale bur equals 0.25 mm. 

They can be a. sumecl LO come from extremities where Lhe r idg
es were smaUer and more closely spaced. The intervening 
grooves would have contained soft tissue. but the lateral sur
faces are ornamented. so they could not have been in contact. 
The Arte110/epis scales assigned to Ho/011e111a cf. radiar,,m by 

Lelievre et al. (1983) are sometimes fused to form elongate 
rectangular scal es (see also Lelievre et al.. 1990:pl. 4F), pre
sumably corresponding to Lbe ridges on the dermal bones, but 
the shape of scales suggests that adjacen1 scales were in contact 
alollg their h11eral margins. with the intervening grooves form-
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FlGURE 9. Uraloste11s bc,shkiricus gen. ct sp. nov. Body scales. A
C, Pi J29lr in dorsal, ventral and left lateral views. D-F. Pi 1291s in 
dorsal, ventral and left lateral views. G. Pi 129 1. left ventrolateral view. 
showing ventral and posterior grooves (cf. Fig. 8D). H , attempted res
toration of squamation, showing ridges. and intervening grooves (shad
ed). 

ing enclosed tubes. In contrast, the scales of H. wesrolli are 
apparently rather differently developed. Two scale types were 
recorded by Trinajstic (1999), the more common being small 
rhombic scales, over 1 mm across, w hic h covered the body 
surface in a 'pavement panern · , with polygonal scales near the 
fin bases. and only a few examples showing a distinct neck 
with a wider base than ornamented sud'ace. The much larger 
second scale type (not figured) apparently resembles me fused 
triple scale illustrated by Lelievre et al. ( 1983), but tl1ey are 
restricted to the region of the vertebraJ column and are inter
preted as median dorsal ridge scales (Trinajstic. 1999:78). Tri
najstic ( l 999) dfatinguished Holonema scales from those of 
Coccosreus and Selenosteus because they formed a 'definite ... 
regular ... pattern on the skin '. Characteristic features of Ho
lonema scales seem to be the ir rectangular or rhomboid shape. 
as also illustrated by Le lievre et a l. ( 1983). and perhaps the 
rather flat ornamented surface. Tn contrast, the scales of Ura
loste1.1s apparently achieved a ridged pattern in the squamation 
in quite a different way, t.he only resemblance to Holonema 
scales being the consistent longitudinal groove on the visceral 
surface. Amongst the various 'buchanosteid' scales described 
by Burrow and Torner ( 1998), those illustrated as ' buchanosteid 
indet. gen. et sp. 2 ', with a flat to deeply concave base, may 
belong to a fo1m with ridged ornament such as Errolosteus. We 
note, however, that the articulated trunk armor from Victoria 
attributed to Buchanosteus by Long ( l984a:fig. 16F, H, I ; 199 I, 
pl. 2B) cannot be a buchanoste id 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 re lated forn1s (e.g .. Miles and WestoU. I 968: 
fig. 30: Orvig, I969b: fig. 2). Thus the 'buchanosteid' scales of 
Burrow and Turner ( I 998) derived from the Victorian specimen 
would seem lo be misnamed (see a lso Burrow and Turner, 1999: 
215). This shows that Lhe evidence of associated demu,l bones 
should be taken into account when assessing vertebrate micro
remains (note also that the Victorian specinlen, NMV P 159896, 
does not include any head plates, as erroneously stated by Bur
row and Turner, 1998, erratum). 

COMPARISONS 

lo 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 oman,ent in Errolos
reus goodradigbeensis was described as ' closely spaced sub
parallel ridges cal.Tying crowded tubercles in one, two or three 
longitudina l rows' (Young, 1981 :257). with dense ornament of 
crowded tubercles, sometin1es forming short anastomosing ridg
es over the ossification centers of bones (Young, 1981:fig. 9). 
A similar feature was described above for Uralnsreus. 

Nevertheless. tI,ere are obvious differences in ornament pat
tern where con-esponding regions of the Lwo taxa can be com
pared. For example tI,e Nu plate on t11e sktLll bas ridges radi
ating from the poste1ior ossification center to the anterior mar
gin in Errolosteus goodradigbeensis. but in Uralos1e11s there is 
a strong concentric pattern, which is also evident on some other 
bones (e.g ., the MD; Fig. 2J). It is noteworthy that tI,e ornament 
ridges in Ural.osteus 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 nan-ower except 
in the referred P VL plate where a closely similar pattern to 
Uralosteus is seen (Fig. lOE). Reassessing the originally de
scribed specimens of Errolosteus goodradigbeensis in the light 
of the new material, we consider that the AL plate (CPC 16970) 
was correctly refen-ed to the taxon because of close simi larity 
in ornament Lo that on tI,e holo type (ANU 2 1806). However, it 
now seems that the PVL ( CPC 1697 I) cou Id be refen-ed to 
Uralosreus bashkiricus because it shows clear differences in 
ornament to the ho lotype and AL of E. goodradigbeensis. 

An ADL from the Emsian limestones at Buchan in Victoria, 
with apparently si1nilar ornament to Errolosteus goodradig
beensis, was illustrated by Long ( 1984b:fig. 4A), who referred 
it to the genus as 'Erro/osteus cf. E. goodradigbeensis'. T he 
ornament. comprising ridges two or three steliate tubercles 
across (Fig. JOC), is very similar to that of another AOL from 
Bu1Tinjuck (Fig. JOB). The Burrinjuck AO L resembles the 
Buchan specimen in its rounded posterior marg in. posteroven
tral orientation of the lateral line groove, dorsal extension of 
the ornamented area in fron t of lhe over.lap 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 o rnament has a concentr ic arrangement fo l
lowing the posterior margin, whereas in Uralosteus basltkiricus 
it is antero-posteriorly directed and runs off Lhe posterior mar
gin. 

Both of these ADLs differ in many respects from the ADL 
of Uralosteus bashkiricus, and it is 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 phJyctaenioid arthrodire raLher than a peLalichLhyid (these 
also commonly d isplay concentric ridged ornament; e .g., 
Young, 1978, 1985). Of other arthrodires in the Burrinjuck fau
na with tidged ornament, Wil/iamsaspis bedfordi. originally de-
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FIG URE IO. A- C, wi Lliamsaspid arthrodire, Early Devonian. south
eastern Australia. A . right AL (ANU V 1025). external view. B , lefr 
ADL (ANU V 1865). external view. C. ornament detai l on NMY 159894 
(specimen illusu-ated by Long, l 984b;fig. 4A); D, Uralvsteus bashkir
icus gen. el sp. mw. Detai l of ornament on right PNu p late (Pi 1294), 
E. Uralos1e11s sp. indct. right PYL plate (CPC 16971) previously re-
ferred by Young (198 1) to Errolos1e11s. I ":11.fl'-f-e 
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scribed by White (l.952). is a form known onJy by a single 
specimen. an incomplete but articulated trunk-armor. A lthough 
the holotype lacks ADL plates, Wil/iamsaspis has been consid
ered most likely to be some fonn or phJyctaenioid (e.g., Den
ison. 1978:65). The ornament of Wi/liomsospis was described 
a!> ridges apparently formed from a single row of scellace tu
bercles (White, I952:pls. 26-29). H owever, an isolated AL 
plate (ANU V 1025) of another presumably related form has an 
ornament of continuous ridges with no sign of discrete tubercles 
(Fig. lOA). This bone resembles Lhe AL or Wil!iamsaspis. and 
other primitive arthrodires (e.g., Simblaspis. Aetha,l"pis; see 
Denison, I 958:fig. 110; White, I969:figs. 2-10). in Lhe absence 

of a projecting posteroventrnl corner and in the development of 
the 'apron' (postbranchial lamina). ANU Yl025 differs from 
the restoration of the AL of Williamsaspis by White ( I 952:fig. 
7) in the low rounded anterodorsaJ corner and the configuration 
of the dorsal margin. H owever, this region in the bolotype is 
represen ted only by an internaJ 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 
V 1025 and the d istinct horizontaJ ridge cross.ing the p late from 
the ossification center co the posterior com er are clear resem
bl ances 10 the corresponding bone in Williamsaspis. The ADL 
iUustrated in Figure 1 OB has an overlap for the AL correspond
ing closely i.n size and shape to the clearly impressed contact 
face for the ADL on the inner surface of V I 025. On this evi
dence, we consider that bod, of these bones, and the A OL de
scribed by Long (1984b) as Errolosieus cf. £. goodradigheen
sis, probably belong to a new :fonn of williarnsaspid. 

As noted above. ridged ornament occurs in other brachy
d1oracids (e.g .. Hnlo11e111a) and phlyctaenioids (e.g., William
saspi.s) and i.s al so characteristic of certain taxa within other 
placoderm groups (e.g., petalichthyic.ls, antiarchs). I n pai1icular, 
ornament of the Chinese M.iddle D evonian amiarch Hunano
lepis i s remai·kably similar co that described here for Urafosteus 
(e.g., Wai1g, 1991:pls. 2, 4), the obser vable differences being 
di e less crowded tubercles on the ridges and some wide tuber
cu lated zones wid,ouc ridges (Wang, 1991 :pl. 3). There are al.so 
other isolated arthrodire bones from the Emsian limestones of 
southeastern Australia that have ridged ornament. but evidently 
do not belong to Errolosteus goodradigbeensis or Uraloste1.1s 
(see below). 

RELATTONS HIPS 

Brachylhoracid arthrodi.res were one of the most diverse and 
successfuJ groups of early gnathostome fishes (e.g., You.ng, 
1986; Janvie1; 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 tJ1e major brnchythor
acid subgroups is i n the analysis of more primitive caxa known 
from the Early and early Middle Devonian. The major regions 
or the world contributi.ng infonnation on primitive bracbyd1or
acids are the classic locaJities in the Baltic area (Homostius, 
e.g., Heintz, 1.934; Mark, 1963; M ai·k-Kw·ik., 1992, 1993; Het
erostius H eintz.. 1930), di e Early Devonian of the Rhineland 
(e.g .. Ti1yoszeus; Gross, 1960; Otto. 1992). the Emsiao of Mo
rocco (Lelievre, 1984a, b. l 988, 1995) and southeastern A us
tralia ('buchanosteid' arthrodi.res and related forms: White. 
1952, 1978; W hite and Toombs, 1972: Young, 1979. 1981: 
L ong, 1984a, b; Findlay. 1996). 

The genus B11cht111os1e11s was erected by Stensi i:i (l 945) for 
an isolated skull of which endocranial strnctures bad been ear
lier descri bed by Hills (1936). White and Toombs (1972) re
ferred remains from Burrinjuck to a new genus. ' Parabuchan
osteus murrumbidgeensis' , but Young ( 1979) ai·gued that aJI 
their described material could be referred to the type species, 
Buchanosteus confertituberculatus (Chapman) . L ong ( 199 1) re
ferred an articulated trunk armor from Buchan to ' Bucha11os-
1eus·, and 'buchanosceid' scales illustrated by Burrow and Turn
er ( 1998) came from this specimen (see above), of which the 
skuJJ is unknown. Findl.ay ( 1996: 167) supported the genus Por
abucha11.oste11s, noting possible differences in d1e fonn of myo
domes in the orb.it of a new specimen with the same paras
phenoid shape as described for Parabucf1wwste11s. Ir seems 
now that there was a complex of sim.Llai· smal l lo medium 
·buchanosteid' artbr odires which resemblecl each other in 
shared primitive features, but had varying phylogenetic rela
tionsh ips to higher bracbythoracids (see Young et aJ.. 2001 ). 
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·Buchanosteids· have featured in several recent analyses or 
brachythoracid imerrelationships (e.g., L eljevrc, 1988. 1995; 
Gardiner, 1990: Carr, 1991: Johnson and Elliott. 1995), but the 
fact thar most taxa are based on djsaniculated spec imens re
quires caution in accepting certain character combinations. For 
example, White (1978: 162) refe1Ted an AMY plate w ith overlap 
areas for AV plates to Buchcuwsteus. but if correct this wou ld 
be the only brachythoracid (and phlyctaenioid) to posses~ lhe 
AV plate, so we consider this assignment to be incorrect. Find
lay ( 1996) refen-ed an isolated PNu plate to Errolosteus on its 
similar i-idged ornament lo the holotype. but suggested that it 
possessed a sliding dermal neck j o int, which would place Er
rolosreus outside the phlycwenio ids. However, the posterior po
sition of the branchi.og points for the pitlines adjacent to the 
endolymphatic open ing is diagnostic.: of phlyctaenioids (Goujet, 
1984). and we interpret this specimen LO be incomplete, w ith 
the articular fossa ror the neck j o int lost by abrasion. 

Specimens in which vai-ious skull and trunk armor bones are 
associated, such as Uralosteus hashkiric11s described above. 
have special imponance in establishing character associations 
for phylogenetic.: studies. Young ( I 98 1 :fig. 17) provisionally 
grouped three genera from Burrinjuck (Burrinjucoste1ts. 
Too111bsoste11s, Erroloste1.1s) in an unresolved u·ichotomy using 
two characters as synapomorphies (broad, depressed body 
shape; overlap area along venrral margin of AL). Since neither 
specimen of the AL of Uralosreus bashkiricus bas the ventral 
margin preserved. the status of the second character remains 
unknown (onJy a contact face for the SP plate is pr eserved. the 
normal condition) . l11is clade was pl aced by Young (198 1) in 
an unresolved trichowmy with two other primitive brachythor
acids from Burrinjuck ( Buchanosreus. Arenipiscis). which 
showed a general resembla11ce in a range of primitive features. 
The genus Goodradigbeeon White. 1978 was interpreted as 
more primitive because it lacked three feature-S possessed by 
the other taxa (SO plate with a slender suborbital lamimt. re
duced lateral trunk-shield wall. supragnathals w ith postei-ior 
processes). 

L eEcvre ( 1988) suggested a relationship between Errolosre11s 
and Buchanosteus based on three character s t I. 5, 18 on his fig. 
4). but one (sensory canals on SO plate) was wrongly coded 
(not known in Errolosreus), and the other two characters are 
generalised primitive features. L elievre ( 1995) developed his 
phylogenetic analysis of pri_rnitive brachythoracids w ith a data 
matrix of 53 characters, the following characters defining his 
major groupings: 

Synapomorphies defining the Brachythoraci: 

l. Skul l roof bones with extensive overlaps 
2. Posterior posmrbital 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 Eubrachythorac i: 

J 6. PrO plate forming an embayment o f the central plate 
30. OcclusaJ surface of anterior supragnathal smooth. rather 

t11an denticulate 
47. Separated supraoral and infraorbital sensory lines on sub

orbital plate 
48. Occipital cross-commissure pa sing behind nuchal onto 

extrascapulars. or absent 

However. of these main characters, onl y three ( I. 6. 38) can 
be determined for Uralo.fte11s bashkiricus, and our inilial as-

sumption that ornament similarities inclic.:ate a close rel ationship 
between Uralosteus alld Erroloste11.1· goodradigbeensis is diffi
cult to test because of incomplete data from both taxa. Erro
losteus was one o f 17 genera excluded from a.nalysis by Lelie
vre ( 1995: 194) because more that1 50% o f the 53 characters in 
his data matrix could not be coded: the same applies LO Ura
/osteus. 

One interesting character or Uralosteus, the unusual an-ange
mem o f the PL overlapping the ADL. was first de cribed by 
White and Toombs ( I 972:pl. 7, fig. 2). as a defining character
ist ic of the family Buchanosteidae. It was included i-11 the family 
diagnosis of Young ( 1979:345). and as noted above was used 
by M ark-Kurik t 1991 :fig. 3F) to assign an ADL from the Em
sian o f Severnaya Zemlya to the Buchanosteidae. In ty pical 
arthrodires the ADL overlaps the PL (e.g., Miles and Westoll , 
I968: fig. 35). The only prev ious record of Lhis feature is the 
arthrodire Arc1011ema. based on an isolated incomplete ADL 
from Spitsbergen. This dearly shows the second overlap 
(0rvig, I 969b:fig. I A ) even though it was not mentioned in 
0rv ig·s description, nor completely included in his restoration 
( I 969b:fig. 2A). A ssuming t11at this is a specialized rather than 
primitive character, we can consider Arc1011e111a to be a buch
anosteid. as previously suggested (Mark-Kurik. I 99 L: 19). As 
noted above, another specimen from Buchan. Victoria, attri
buted to Buclwnosteus by Long ( I 984a, 1991 ), does not show 
this reature, and its ADL shape and sensory canal pallern are 
more suggestive of Coccos1e11s (e.g., Miles and Westoll, 1968). 
The armor restoration of ·Parabuchanosteus' proposed by 
Whi te and Toombs (1972:fig. 24) and the specimen figured by 
L ong both had a pec toral fenestra. w hereas the high n.UTow AL 
of Uralos1e11s suggests a pectoral e111bayment (Fig. 78). making 
it more advanced in this respect than Coccosreus (e.g .. Miles. 
1969). l11is would indicme independent loss of the pectoral fc
nestra i r a monophyletic grouping of Uralosteus and Errolus
teus is supported by characters addit ionrd to the distinctive 
ridged ornament. Sign.incant morphologic.:al aspects. unknown 
in the ho lotype or Uralosreus and therefore dependent on the 
discovery of new material. include the dermal bone pattern of 
the anterior part of the skulJ ( with either a T-shaped rostral plate 
as in eubrachy thoracids, or witb a rostral capsule and persistent 
orbital fissure as in Errolosteus). For Errolosre11s the trunk ar
mor and c.:heek are very poorly known. and features of l11e (un
known) MD plate would provide a ready indication of the 1-ikely 
dose relationship with Ura/ostet1s, which has a distinctive MD 
plate. 

Tn summary, the new taxon Uralosteus bashkiricus desc.:1ibed 
above from the Emsian of the U ral M ountains i s signi fic.:anl in 
the association o f vertebrate microremains with skull and trunk 
armor bones. 11,e macroremains pennit its approximate place
mem in a phylogenetic scheme as a primiti ve brac.:hythoracid 
belonging 10 the Buchanosteiclae as defined above. Alt.hough 
poorly understood, the highly distincti ve dermal ornament of 
Ura/ostew bc1shkirict1s should fac.: iliLatc the recognition of ad
ditional material. N ew specimens are needed to elucidate its 
detailed relationship to similar forms (Erro!oste11s from the Em
sian or East Gondwana). Finally. this new discover y adds lO 

the wide distribution for the family Buchanosteidae. which was 
already extended from the rype area of southeastern Australia 
with finds in Europe and Russia (Mru·k-Kurik , 1991 ). China 
(e.g .. Young and Janv ier. 1999) and the Middle East (Lelicvre 
el al.. 1994: Y oung et al.. 200 I ). Discoveries so far indicate 
that tJJe group wa~ restricted 10 shallow marine env ironments 
ofEmsian age across the eastern and northern mru·gins orGond
wana, and through the Uralian seaway to Spitsbergen. Sever
naya Zern lya and other areas. all reg ions that were positioned 
in low latitudes during Early Devon.ian Lime (Young ct al.. 
2000; Young, 2003). 
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