


































































































are continuous. It is clear from this specimen that
Xichonolepis had no independent PL plate.

The isolated trunk armour plates include five AMD
plates ranging in length from 41 to 103 mm. B/L index
increases with size (Table 5). V 5076.1a and 5077 are
two larger examples showing the inner surface, with a
clear supranuchal area, strong postlevator thickening,
but rather indistinct postlevator crista (Figs 25A,26B).
The median ventral ridge and groove are well
developed (Fig.26A,B). In the smallest specimen (V
9058, Fig.26C) the supranuchal area, postlevator crista
and median ventral groove are poorly developed, which
may reflect immaturity. The AMD shows the same
overlap relations to the dorsolateral plates as in
Grenfellaspis, with the anterolateral margin overlapping
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the ADL and the posterolateral margin overlapping
the PDL (also seen in asterolepids except Remigolepis,
and possibly the primitive condition). The AMD has
only a median overlap area for the PMD in V 5076.1b,
and other specimens showing the visceral surface (e.g.,
V 9057.8, Fig.26A) show no contact face for the
PMD on the posterolateral projections, indicating a non-
overlapping lateral section of the posterior margin, as
described above for Grenfellaspis.

The PMD is narrow and long (B/L index about 66),
and the articulated specimen shows it is only slightly
shorter than the AMD in the dorsal wall. Its anterior
margin is broad and convex, but with a slight median
concavity. The lateral margins are gently convex
(Fig.26D,E). The PMD overlaps all adjacent plates, as

Fig.25. Xichonolepis qujingensis P’an & Wang; Zhaojiazhuang near Wuding, Yunnan Province, South China.
M. Devonian. A - dorsal wall of trunk armour, visceral surface, V.5076.1a. Specimen figured in Zhang
(1980, pl.1, fig.1). Latex cast whitened with ammonium chloride (x0.7). B - right lateral wall of trunk
armour, V.5076.1b (¢f. Fig.24), in lateral view (x0.9).
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in all other known antiarch genera. The overlap area for
the PDL is narrow but the bone is rather thick. There
is only a slight overlap or the PMD may form a butt
joint with the PDL. Lateral processes are very
strongly developed, but otherwise the PMD is of similar
breadth throughout its length, and just slightly
narrower anteriorly. The posterior margin is convex,
but lacks a posterior corner (Fig.30). The PMD is thus
different in shape to that of Grenfellaspis (and

Sinolepis; see below), and most closely resembles the
PMD of Dayaoshania. The visceral surface as exposed
on V 2965.1, 2 shows the median ridge very well
developed from the anterior margin backward
(Fig.26D,E). Posteriorly it broadens to form a groove,
but in the larger V 5076.2a there is an anterior groove
and posterior ridge, and in V 5076.1a a shallow groove
extends from the posterior division of the AMD across
the PMD (Fig.25A), so these structures are variably

Fig.26. Xichonolepis qujingensis P’an & Wang; Middle Devonian, Devonian, Yunnan Province, South China.
Median dorsal trunk plates, some of which were figured by Zhang (1980) as indicated below. Plaster casts
whitened with ammonium chloride. x0.8 natural size. A-C - anterior median dorsals (AMD), visceral surface.
A - V.9057.8; (Wuding, Yunnan). B - V.5077 (1980, pl.2, fig.5); (Qujing, Yunnan). C - V.9058; (Wuding,
Yunnan). D,E - posterior median dorsals (PMD), visceral surface. D - V.2965.1 (1980, pl.2, fig.1); (Wuding,
Yunnan). E - V.2965.2 (1980, pl.2, fig.2); (Wuding, Yunnan).



developed. The posterior marginal area is relatively long,
and the posterior ventral pit and process are placed
behind the crista near the posterior margin, and thus in
a similar position to that of Grenfellaspis (except that
in the latter the crista is much broader, and includes
the pit). The state of this character is unknown in
Dayaoshania and Sinolepis.

The ADL plate was previously known from V 5076.1,
but two new specimens (V 9056.1 and 9057.4) provide
more information on the visceral surface. The better
specimen (V 9057.4, Fig.27A) is very flat, longer (60
mm) than broad (B/L index 60), and quadrilateral in
shape. There is no clear division between dorsal and
lateral laminae. The cit is broken laterally but shows
normal development. The dorsomesial margin is
overlapped by the AMD as already described. The
overlap area along the posterior margin is narrow, and
lacks the posterior corner seen in bothriolepids. The
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ventral margin shows an oblique surface, presumably a
contact for the AVL, although the main overlap area
must have been on the external surface (not known), as
in other antiarchs including Grenfellaspis described
above. Posteroventrally is a short margin which
formed a contact with the PVL, and shows that the AVL
and PDL were separate. The same arrangement
occurs in V 5076.1, and may be developed in some
bothriolepids (e.g., variably present in B. canadensis;
Stensio, 1948).

Two new complete PDL plates are also preserved in
visceral view (Fig.27B,C). The PDL has a distinct
dorsal corner and dorsomesial process (Fig.30). It is
broadest through the dorsal corner, and in shape
resembles the PDL of Grenfellaspis rather than that of
Sinolepis. The visceral surface in both specimens is
flat, with no differentiation of dorsal and lateral laminae,
and no contact faces developed for overlapping

|

Fig.27. Xichonolepis qujingensis P’an & Wang, Middle Devonian, A-C - near Wuding, Yunnan Province,
South China; D - from Panxi, near Huaning, Yunnan Province, South China. A-C - dorsolateral trunk plates,
visceral surface. Original specimens, uncoated. x0.8 natural size. A - right anterior dorsolateral (ADL),
V.9057.4; B - right posterior dorsolateral (PDL), V.9057.2; C - right posterior dorsolateral, V.9057.1. D
- right posterior dorsolateral, V.4442.14b (Zhang 1980, pl.3, fig.4). Latex cast whitened with ammonium
chloride (x1).
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adjacent plates. V 4442 (Fig.27D) is a right plate
showing the flat external surface, which lacks a dlr, and
has a narrow overlap area along its lateral margin for
the PVL. The lateral line groove runs just inside
this margin. Since in the somewhat larger V 5076.1
the dlr is clear, its absence is assumed to be a
juvenile characteristic in Xichonolepis. Two complete
examples of the PDL have similar proportions
(V 9057.1, 4442.14; length 77 and 70.5 mm, B/L indices
57, 58).

New information on the ventral wall of the trunk
armour is provided by several specimens (Fig.29). V
9057.7a,b is part and counterpart of a large right
AVL showing most of the inner surface of the bone
(9057.7a), with the counterpart displaying the external
surface of the lateral lamina and its dorsal margin.
Posteriorly the contact face for overlapping the PVL is
clearly preserved (Fig.29B), and is longer mesially
than laterally, with a distinct mesial ridge just as
described above for Grenfellaspis. In addition the
specimen includes the subcephalic division showing
some structures of the brachial articulation. V 9057.7a
(Fig.29C) shows the dorsal aspect of a rounded
process lying anterolateral to the ventral margin of the
foramen axillare, and thus corresponding to the
structure in Grenfellaspis labelled co.v in Figures 11 and
12. On the counterpart (V 9057.7b) the dorsal margin
of the axillary foramen is not well preserved but the
foramen seems to be longer than high, and possibly of
triangular shape as in Grenfellaspis. Above the
foramen the concave dorsal surface of the fossa
axillaris extends up to the dorsal corner of the AVL
(not preserved). The rest of the processus brachialis,
fossa articularis pectoralis, and funnel pit are not
preserved. Behind the prepectoral corner is a smooth
margin 8§ mm long which must be the ventral margin
of the axillary foramen. The prepectoral corner is not
completely preserved. Behind the brachial articulation
an obtuse angle is clearly preserved between lateral
and ventral laminae of the plate. V 9057.7b shows the

dorsal margin of the lateral lamina of the AVL to be
fairly straight, and slightly higher at its anterior end. It
is about 110 mm in length but only 10.5 mm high.
The contact with the ADL is not clear, but
presumably the AVL overlapped the ADL as in other
antiarchs.

V 5076.6 (Fig.28) is a complete cast of the subcephalic
division of the trunk armour, previously figured by
Zhang (1984). It is 150 mm wide, with a length of 57
mm, so it came from a large individual. The
prepectoral corners are well developed, and the right
AVL overlapped the left as in all known antiarchs
except yunnanolepids. The semilunar notch is large (81
mm across, 42 mm deep), occupying over half the
total breadth of the subcephalic division. We consider
therefore that Xichonolepis probably possessed paired
semilunar plates, as known in Dayaoshania, but they
must have been much larger than in that form, and of
comparable size to those of Grenfellaspis. Both sides
show a short free margin leading to the anterolateral
corner of the AVL (poorly preserved), of similar shape
to this region in Grenfellaspis. The transverse
posterior margin to the subcephalic division in this
specimen demonstrates that Xichonolepis had a similar
morphology of the ventral trunk armour to that
described above in Grenfellaspis. However, the
narrow posterior part of the AVL plates have been
broken off this specimen. On the left plate is an
unornamented notch, corresponding to the similar
structure in Grenfellaspis (a.un, Fig.11A).

Another specimen collected in 1962 from Wuding
and previously difficult to interpret can now be
understood in the light of the new information
provided by Grenfellaspis. V 2965.7 is a long narrow
strip of bone with a convex lateral and concave
mesial margin, some 218 mm in preserved length and
23 mm across (Fig.29A). Both ends of the specimen
are missing, but it is now clear that this represents
the ventral laminae of an AVL and PVL in natural
association, which from the overlap relationship must

Fig.28. Xichonolepis qujingensis P’an & Wang; near Wuding, Yunnan Province, From below Haikou
Formation, Middle Devonian. Anterior portion of ventral trunk shield, showing right and left AVLs in
association (right overlaps left) and semilunar notch. V.5076.6. Latex cast whitened with ammonium
chloride, from impression figured by Zhang (1980, pl.3, fig.1) (x0.8).



be from the left ventrolateral wall of the trunk
armour.

V 9057.3 (Fig.29D) is the ventral lamina of a right
PVL showing the visceral surface, and complete
except for its anterior end. No posterior overlap is seen
for the left PVL, but in all known antiarchs the right
PVL is normally overlapped by the left, so this would
not be seen on the inner surface. The subanal
division is short, and shows the posterior margin of the
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trunk armour to have been concave (Fig.31), as in the
other genera described above. However, the lateral
subanal process described above in Dayaoshania is less
pronounced in Xichonolepis. The process in this
specimen displays a dorsally facing ornamented area
extending mesially as a narrow strip inside the
posterior margin (Fig.29D). This shows that the tail of
Xichonolepis must have been much narrower than
the trunk armour. The lateral lamina of this specimen

Fig.29. Xichonolepis qujingensis P’an & Wang; from near Wuding, Yunnan Province, South China. Middle
Devonian. Ventral trunk plates (AVL,PVL). Original specimens. x0.8 natural size. A - associated right
anterior (AVL) and posterior (PVL) plates (V.2965.7), partly overlain by the distal segment of a
Xichonolepis pectoral fin (V.2965.8); B - right anterior ventrolateral, ventral view, V.9057.7a; C - detail
of brachial area in V.9057.7a (stereo pair); D - right posterior ventrolateral, V.9057.3, dorsal view. E -
left posterior ventrolateral, V.9056, dorsal view.
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is broken off, but outside the broken edge is
another dorsally facing ornamented surface, which
indicates that the rim around the ventral wall in V
5076.1b is not an artefact of preservation. This rim is
formed from the expanded ventrolateral ridge of the
trunk armour. A second possible PVL (V 9056.2) is
from the left side, but only the mesial margin is well
preserved (Fig.29E).

P’an & Wang (1978, pl.33, fig.6) figured an
incomplete MI2 from the pectoral fin of Xichonolepis,
and the only new pectoral fin specimen is a distal
segment associated with the left ventral wall of the trunk
armour just described (Fig.29A). From their relative
sizes and closely similar ornament these associated
remains are clearly conspecific and probably come from
the same individual. The pectoral fin segment is
complete except for the articular region at the proximal
end which is slightly broken. It is 84 mm long and 20
mm wide proximally, and slightly curved with a flat
exposed surface. In its broad and robust development
it is very different from the elongate distal segment of
the fin of Bothriolepis, or the associated Dianolepis. The
sutures between bones cannot be traced, so it is not
possible to decide whether the dorsal or ventral surface
is exposed, and whether the segment comes from the
left or right side. It is displaced relative to the associated

trunk remains because the distal end points anteriorly
towards the AVL plate (Fig.29A).

As previously described (Zhang, 1980), the ornament
of Xichonolepis is of crowded stellate tubercles, with no
obvious alignment into rows. It is difficult to distinguish
from the ornament of the associated bothriolepidoid
Dianolepis.

Sinolepis Liu & P’an, 1958

Emended diagnosis. Headshield large,
subrectangular, as long as trunk armour; premedian plate
with very short anterior division; postpineal and nuchal
plates overlap lateral plate. Trunk armour broad, short,
widest anteriorly, tapering posteriorly. Anterior median
dorsal plate broad and quadrangular with straight
anterolateral and short posterolateral margins. Posterior
median dorsal shorter and narrower than AMD. Anterior
dorsolateral plate as long as AMD. Subanal margin of
ventral trunk wall straight. Pectoral fin as long as trunk
armour.

Remarks. The diagnosis presented by Liu & P’an
(1958) has been amended in the light of new information

Fig.30. Xichonolepis qujingensis P’an & Wang, Middle Devonian, Yunnan Province, China. Reconstruction
of armour in dorsal view (approximately two thirds natural size).



provided by the above descriptions. The characters used
here are discussed below in the section on sinolepid
inter-relationships.

Sinolepis macrocephala Liu & P’an, 1958
Figs 32,33C

Type material. HOLOTYPE, L41-4 (Liu & P’an, 1958, pl.1;
pl4, fig.1).

Other material. Material referred to this species was
listed by Liu & P’an (1958).

Type locality. Luntan, near Nanjing, in the lower Yangtze
Valley, Jiangsu Province (see Fig.1).

Horizon and age. Wutung Series (Late Devonian,
Famennian).

Diagnosis. A Sinolepis with a maximal head shield
length of about 65 mm, with a B/L index ranging
between 100-120, and decreasing with size. AMD with
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straight anterior margin. Tubercular ornament partly
replaced by anastomosing ridges.

Remarks. Three species of Sinolepis have been
named: S. macrocephala (the type species), S. wutungensis
Liu & P’an, 1958, and S. szei Pan et al., 1987. S.
wutungensis was based on a single small AMD plate
from the type locality which was said to differ from the
type species in being broader than long, with a concave
anterior margin and less distinct median dorsal ridge
(Liu & P’an, 1958: 40). More material is required to
confirm the validity of this species. Sinolepis szei from
the Upper Devonian of Ningxia was diagnosed by its
large size (head shield 106 mm long), with an elongate
postorbital part of the head shield (Pan et al., 1987: 184).
Like S. wutungensis, the AMD has a concave anterior
margin, but it was evidently of more elongate proportions
(Pan et al., 1987, fig.48). Large size in itself is not a
convincing difference, since the type species is known
from only one collecting site, where most specimens
collected are much smaller, and of similar size. However
the largest known skull of S. macrocephala (Liu & P’an,
1958, pl.5, fig.1; the paratype, length about 63 mm) has
more elongate proportions (B/L index about 104) than
smaller specimens (B/L index up to 120; Liu & P’an,
1958: 31), suggesting a decrease in B/L index with size

Fig.31. Xichonolepis qujingensis P’an & Wang, Middle Devonian, Yunnan Province, China. Reconstruction
of armour in ventral view (approximately two thirds natural size).
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as included in the above diagnosis. In contrast the larger
more coarsely ornamented skull of S. szei has a greater
B/L index (about 138), and although based on a single
specimen this difference in proportion suggests that it
is a valid species.

New interpretations presented below are all based on
the type species, S. macrocephala.

Description. The type collection includes two
nearly complete articulated individuals preserved in
dorsal view, two other fishes with head and trunk
preserved, and a few isolated plates, and was fully
described and figured by Liu & P’an (1958). Here we
comment on some problematic aspects of morphology
arising from the above descriptions of Grenfellaspis,

Dayaoshania, and Xichonolepis. One specimen (L41-10)
showing the AVL plate from the trunk armour is
redescribed, and the structure of the pectoral fin is
reinterpreted.

New restorations of the skull of Sinolepis have been
presented by Long (1983), Young (1984c), and Pan et
al. (1987). The most significant change from the original
reconstruction is the long obstantic margin with an
anteriorly placed PM plate, which gives the skull a
hexagonal shape similar to that of bothriolepids and
yunnanolepids, rather than asterolepids (Fig.33). The
former condition is regarded as primitive for antiarchs
generally (Young, 1984c). Sinolepis resembles
Grenfellaspis in various skull features, for example the
broad shallow grooves for the sensory canals.

25% 293%:
02000,0.9,0%% .
SV
A0,
LR

Fig.32. Sinolepis macrocephala Liu & P’an. A - headshield and right AVL, in ventral view. (specimen no.
L41-10, refigured from Liu & P’an, 1958, pl.VII, fig.2b) B - reinterpretation of same specimen with original
position of displaced AVL indicated by broken line; after information from Grenfellaspis, Xichonolepis and
Dayaoshania. C - Liu & P’an’s (1958) interpretation of the pectoral fin in specimen no. L41-6 (1958, pl.2).
D - new interpretation of pectoral fin, traced from Liu and P’an’s illustration, but based on new information
from the pectoral fins of Dayaoshania and Grenfellaspis.



The ventral wall of the trunk armour was one aspect
of the morphology of Sinolepis on which the type
material provided little information. Liu & P’an (1958:
34,36) noted the presence of a clearly defined rim around
the edges of the trunk armour as preserved in the
holotype and paratype, which suggested that the ventral
wall was probably broader and longer than the dorsal
wall. A similar condition was described above for
Xichonolepis. The long and low lateral laminae of the
AVL and PVL plates were identified on the holotype
(Liu & P’an, 1958, pl.1), but no other information was
provided on the ventral wall, because both specimens
are preserved in dorsal view.

In a re-examination of the material in 1981 it was
discovered that another specimen described and figured
as showing the anterior part of the headshield (Liu &
P’an, 1958: 32, pl.7, fig.2) includes a displaced right
AVL. In view of the highly unusual shape of the AVL
and PVL plates in the three genera described above, it
is not surprising that the AVL was not recognised in
the original description of this specimen as an element

of any significance. Without the benefit of comparative -

material of Grenfellaspis as described above, the elongate
projection behind the small head-shield in specimen L41-
10 has the appearance of a very incomplete fragmentary
plate (Liu & P’an, 1958, pl.7, fig.2). This specimen
(Fig.32A) demonstrates conclusively that the AVL of
Sinolepis macrocephala was developed essentially as in
Grenfellaspis, Dayaoshania and Xichonolepis. The much
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reduced ventral lamina is represented only by a
mesially directed transverse process (pr.tr) which was
in contact with its antimere in the region of the crista
transversalis interna anterior, and a narrow posterior
process (pr.p) representing the ventrolateral ridge of the
trunk-armour. However, the transverse process is
somewhat broader than in Xichonolepis or Grenfellaspis
(Figs 17,31). The semilunar notch is poorly seen but
evidently of similar size and shape to that of Grenfellaspis
or Xichonolepis. Incomplete remains of the brachial
process (pbr) are also seen inside the prepectoral
corner (prc).

Pan et al. (1987, fig.49) attributed an incomplete right
AVL and associated pectoral fin to their new species
Sinolepis szei, but, as preserved, this specimen has a
more typical antiarch morphology and, on the evidence
presented above, cannot belong to Sinolepis. The
elongate pectoral fin suggests instead that it may belong
to a bothriolepid antiarch. The fin itself is too poorly
preserved to reveal details of suture pattern.

The suture pattern on the pectoral fin of S.
macrocephala as originally restored by Liu & P’an
(1958) has been of central importance in all previous
considerations of the relationships of the genus. In their
restoration in dorsal view (Liu & P’an, 1958, fig.5) the
fin was shown to resemble that of Bothriolepis, with
lateral and mesial marginal plates in contact with an
extensive suture, and widely separating first and second
dorsal central plates. It was noted that ‘at the distal end

Fig.33. Skull roof patterns of representatives of the four major antiarch subgroups. Not to scale. (modified
after Young 1984, fig.1) A - Bothriolepis (after Stensio, 1948); B - Asterolepis (after Karatajute-Talimaa,
1963); C - Sinolepis (after Liu & P’an, 1958; Long, 1983); D - Yunnanolepis (after Zhang, 1978)
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there is probably a small plate corresponding to the Cd2
of Bothriolepis, but being too ill-defined, a description
of it is superfluous’ (Liu & P’an, 1958: 34). Largely
based on this description of the pectoral fin, and its
similarity to that of bothriolepids, the sinolepids were
placed as a sister group to bothriolepidoids in the
phylogenetic scheme of Young (1984c).

The description of Liu & P’an (1958) is at variance
with the structure of the pectoral fin as described
above in Grenfellaspis and Dayaoshania, but from the
published figures an alternative interpretation of the fin
of Sinolepis can be suggested. Bone sutures are most
clearly seen in the specimen illustrated by Liu & P’an
(1958, pl.2), which shows the proximal part of the
pectoral fin on the right side, with the elements labelled
Cdl and MI2 clearly confined only to the central part
of the dorsal surface of the fin. The large lateral
element must be the MI2 (Fig.32D), but the distal half
of the preserved portion has two clear longitudinal
sutures, not a single one as interpreted by Liu & P’an
(1958). These sutures surely delineate an elongate Cd2
reaching proximally to meet with the Cdl, as described
above in Dayaoshania. Along the mesial margin of the
preserved portion two plates can be inferred. A well
defined suture shows a dorsal lamina of the Mml
attached to the Cdl, just as in Dayaoshania and inferred
for Grenfellaspis. Preservation is less clear on the
holotype of Sinolepis, but the more incomplete left fin
Liu & P’an (1958, pl.1) suggests a Cdl similarly
restricted to the central part of the dorsal fin surface.
We suggest therefore that restudy of the material of
Sinolepis will reveal a pectoral fin structure essentially
the same as that described above for Grenfellaspis and
Dayaoshania.

Discussion

Inter-relationships of sinolepids. Of the many
morphological characters dealt with in the above
descriptions, those relevant to a consideration of the
interrelationships and relationships of sinolepids are
further discussed here. Distribution amongst the various
antiarch subgroups of characters proposed as
synapomorphies in the cladograms of Figure 34 are
summarised in a data matrix in Table 6. (A new
sinolepid genus, Vanchienolepis, was recently erected by
Tong-Dzuy & Janvier, 1990; it clearly belongs to the
Sinolepidae on the evidence of the trunk armour, but
has not been included in this discussion. The skull and
pectoral fin are unknown.)

As will be seen from this matrix, the condition of
many characters for many taxa is unknown. These gaps
in knowledge are inevitable when dealing with
incompletely preserved fossil taxa. As discussed by
Zhang & Young (1992), such gaps prevent any
rigorous parsimony analysis, unless unknown character
states are incorporated as predictions of the preferred
cladogram. However, the data matrix serves as a guide
for future research in two ways: as a summary of

known and predicted character distributions within the
context of a preferred phylogeny; and to focus collecting
effort on reducing the proportion of missing character
states for the group in question.

Antiarchs were highly specialised fishes, and for some
characters, for example those concerned with the dermal
pectoral articulation (a unique condition amongst
vertebrates), decisions regarding character polarity are
clear cut. Similarly, the major antiarch subgroups are
supported by a number of good synapomorphies, and
areas of disagreement in the current literature mainly
concern structures for which we lack information in
some of the taxa in question. Current phylogenetic
schemes for placoderms generally (e.g., Young, 1986)
and antiarchs as a major placoderm group (e.g., Janvier
& Pan, 1982; Long, 1983; Pan et al., 1987; Young,
1984c, 1988a), provide a phylogenetic framework for
interpreting the new characters or character
combinations arising from the above descriptions.
Arguments supporting character polarity, mainly using
outgroup comparisons, are given below for each of the
11 characters used in this analysis. The two instances
of homoplasy in the analysis are also commented on
below (for characters 1,2).

A Sinolepis
1-4 Grenfellaspis
Xichonolepis

Dayaoshania

B ASTEROLEPIDOIDS
69 BOTHRIOLEPIDOIDS
SINOLEPIDS
Procondylolepis

YUNNANOLEPIDS

Fig.34. A - scheme of inter-relationships of sinolepid genera;
B - suggested relationships of sinolepids to other major
antiarch groups. Characters 1-10 as follows: 1 - lateral position
of ifc on PNu and La, forming narrow lateral divisions; 2
- broad anterior margin to AMD; 3 - short posterolateral
margin of AMD; 4 - square shape of PMD, with reduced
lateral processes; 5 - large rectangular aperture in ventral trunk
wall; median ventral plate absent; AVL and PVL reduced to
narrow ventral laminae; 6 - Cdl and Cvl have large
semicircular articular areas, similar in size and closely
integrated to ornamented part of bone; 7 - mesial lamina on
Cdl; 8 - Mml restricted to mesial wall of pectoral fin; 9 -
brachial articulation with large, helmet-shaped processus
brachialis; 10 - distal joint of pectoral fin; 11 - nerves and
vessels to pectoral fin passing through a single axillary
foramen.



First, various similarities observed in the above
descriptions of the four sinolepid taxa may be separated
into symplesiomorphies and synapomorphies. The
genera Dayaoshania and Xichonolepis resemble each
other in the following characters not seen in Grenfellaspis
or Sinolepis: a) the broad lateral division on the
paranuchal and lateral plates; b) the elongate anterior
division of the premedian plate; c) the shape of the
anterior median dorsal plate, with a narrow anterior
margin, and pronounced lateral corners; d) the shape of
the posterior median dorsal plate, with pronounced
lateral processes. However, outgroup comparisons
suggest that these are symplesiomorphies, because they
also occur in other antiarch groups which on other
evidence are monophyletic (e.g., a + b in yunnanolepids
and bothriolepids; ¢ in yunnanolepids and asterolepids).

Sinolepis, Xichonolepis and Grenfellaspis resemble
each other, and differ from Dayaoshania, in having a
deep semilunar notch and large apparently paired
semilunar plate. By outgroup comparison this is also
regarded as a symplesiomorphy, being seen in
yunnanolepid and asterolepid antiarchs.

There are no obvious similarities of Xichonolepis and
Sinolepis to the exclusion of the other taxa. However
Grenfellaspis and Sinolepis resemble each other in
several features which are possible synapomorphies
(numbered as in Fig.34A): 1) lateral position of the
infraobital sensory groove on the paranuchal and lateral
plates, giving these bones narrow lateral divisions; 2)
broad anterior margin to the anterior median dorsal plate;
3) short posterolateral margin of the anterior median
dorsal; 4) square shape of the posterior median dorsal
plate, with reduced lateral processes.

We interpret the lateral position of the infraobital
sensory groove to be specialised, because the sensory
groove arrangement which results in the broad lateral
division in Yunnanolepis (Fig.33D) is also primitive in
pattern, by comparison with an outgroup such as
arthrodires. In addition Yunnanolepis is the most
primitive known antiarch in several other major
respects (e.g., pectoral fin articulation) although it is
acknowledged that primitiveness in one feature does
not necessarily imply primitiveness in another. Our
interpretation predicts that the paranuchal and lateral
plates of Procondylolepis, when described, will have
narrow lateral divisions, and requires that the lateral
position of the groove in asterolepidoids (Fig.33B) is
independently acquired.

Similarly, character 2 is interpreted as independently
acquired in bothriolepidoids and the two youngest
sinolepid genera, because a narrow anterior margin to
the anterior median dorsal plate occurs in the primitive
Yunnanolepis. This argument is not supported by any
clear-cut outgroup comparison, because other
placoderm groups have both broad and narrow median
dorsals. However, the fact that all known Early
Devonian antiarch taxa, and most Middle Devonian
taxa, have a narrow anterior division, provides a
biostratigraphic argument in support of the interpretation
adopted here. Characters 3 and 4 are regarded as
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specialised by outgroup comparison with other antiarchs,
since the alternative interpretation is less parsimonious
in requiring independent loss of this character in
Xichonolepis and Dayaoshania, yunnanolepids, and the
common ancestor of bothriolepidoids and asterolepidoids.
The validity of this argument depends on the monophyly
of the Sinolepidae, discussed next.

Young (1984c, fig.2) proposed six possible
synapomorphies defining sinolepids as a group, but new
evidence now suggests that most of these are probably
symplesiomorphies. Only one distinctive character is
used here to define the group (Fig.34A): 5) the large
rectangular aperture in the ventral wall of the trunk
armour, formed by the much reduced ventral laminae
of anterior and posterior ventrolateral plates, and the
absence of the median ventral plate.

Since all other placoderms with a long trunk armour
(i.e., all other antiarchs, arthrodires, petalichthyids,
phyllolepids, etc.) had one or two median ventral plates,
and the ventrolateral plates were always developed
with extensive ventral laminae, we consider this character
to strongly support the monophyly of the Sinolepidae.

Relationships of sinolepids. Earlier views on the
relationship of sinolepids to other antiarchs were
summarised in the introduction. Most recently Young
(1984c, fig.2; 1988, fig.68A) suggested a sister group
relationship to bothriolepidoids, whilst Pan et al. (1987,
fig.51) reiterated an earlier view of Janvier & Pan (1982,
fig.12) and Long (1983, fig.11) that sinolepids were the
sister group to bothriolepids plus asterolepids. The two
synapomorphies of sinolepids and bothriolepidoids
proposed by Young (1984c: 446) were: ’12) elongation
of the proximal part of the pectoral fin, with reduction
of dorsal central plate 2 ; 13) PVL and posterior lateral
plate fused to form (or replaced by) a single plate (sensu
Janvier & Pan, 1982)’.

In the light of the new descriptions presented above
neither can now be maintained. There is no evidence
to support the view that sinolepids had a mixilateral
plate, and the simplest explanation of the observed
morphology is that they lost their posterior lateral plate
with the development of a very low lateral wall to the
trunk armour, leaving only the posterior dorsolateral
plate. Unlike asterolepids, there is no evidence that the
posterior lateral plate was fused to adjacent plates. In
the pectoral fin it is now demonstrated that in
Grenfellaspis, Dayaoshania, and presumably
Xichonolepis and Sinolepis, the second dorsal central
plate was not reduced as in bothriolepids, but was a
large bone of the type seen in asterolepids, this being
reasonably considered on morphological grounds to be
the primitive condition (Young, 1984a).

That sinolepids are relatively primitive antiarchs is
indicated by their retention of the preorbital
depression, as in yunnanolepids, a structure which, in
euantiarchs, is replaced by the preorbital recess
(Janvier & Pan, 1982; Young, 1984c). Thus, in
sinolepids, yunnanolepids and other groups with the
preorbital depression, the central opening in the skull
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is homologous with the suborbital fenestra of
advanced antiarchs (Fig.33). The new material also
confirms that sinolepids were more primitive than either
bothriolepidoids or asterolepidoids in the structure of the
brachial articulation and pectoral fin.

From our detailed knowledge of Grenfellaspis this
genus may be regarded as typifying sinolepids, an
assumption corroborated by the more limited evidence
currently available from the other three genera. The
pectoral appendage of Grenfellaspis is regarded as
primitive in the following four respects: a) flat shape
of the articular processes on the first dorsal and ventral
central plates (Cdl, Cvl); b) absence of a dorsomesial
crest and mesial lamina on the first dorsal central plate;
c) presence of a dorsal lamina on the first mesial
marginal plate (Mm1l); d) much smaller articulation on
the first ventral central plate.

The polarity of these states is based on the pectoral
fin of Procondylolepis, which is the oldest and least
complex armoured pectoral appendage known, with
small dermal articulations on both the first ventral and
first dorsal central plates. In contrast, the appendage of
more advanced antiarchs is characterised by the
following (numbered as in Fig.34B): 6) the first dorsal
central ventral central plates have large semicircular
articular areas, of similar size and closely integrated to
the ornamented part of the bone; 7) a mesial lamina
on the first dorsal central plate; 8) the first mesial
marginal plate restricted to the mesial wall of the
pectoral fin.

The pectoral articulation on the anterior ventrolateral
plate of sinolepids is also of primitive structure. In
Grenfellaspis it comprised a triangular dorsal and a
small ventral articular area respectively for the first
dorsal and ventral central plates of the pectoral
appendage, which pivoted around a single axis
passing through these articulations. This is very
different from the brachial articulation of more
advanced antiarchs (bothriolepidoids, asterolepidoids),
which possess: 9) a large helmet-shaped processus
brachialis, with the dorsal and ventral articulations
developed as deep hemispherical grooves separated
anteriorly by the narrow pars pedalis of the brachial
process.

A dermal pectoral articulation is not recorded in any
other vertebrates, and its greatest complexity is seen in
the more advanced antiarchs (bothriolepidoids and
asterolepidoids), so both outgroup and complexity
arguments support the monophyly of euantiarchs based
on character 9. In contrast, in sinolepids there was
apparently no pars pedalis, and the anterior edge of the
brachial process was continuous with the prepectoral
corner of the anterior ventrolateral plate, this presumably
representing the primitive condition, by outgroup
comparison with Procondylolepis (Zhang, 1984). In
addition, the sinolepids demonstrate that the complete
brachial process appeared after the jointed pectoral fin
was acquired.

We consider therefore that there is now ample
evidence for placing sinolepids outside the

asterolepidoids and bothriolepidoids (euantiarchs), as
proposed by Janvier & Pan (1982), but the character
they used to support euantiarch monophyly (presence
of a ‘brachial process’) is no longer valid, because a
rudimentary process is already present in
Procondylolepis and sinolepids. Pan et al. (1987: 118)
proposed that Euantiarchi be extended to include
Procondylolepis, but the structure of the brachial
articulation is very different from that in Bothriolepis,
Asterolepis or Remigolepis, where the brachial
process is fully formed, and this remains a valid
character for euantiarchs in the original sense (and is
thus equivalent to the Holocondylolepiformes of
Zhang, 1984).

Sinolepids are more advanced than either
yunnanolepids or Procondylolepis in possessing a distal
joint in the pectoral fin (Young & Zhang, 1992). This
structure had evolved at least by the end of the Early
Devonian, as evidenced by Liujiangolepis recently
described from Guanxi (Wang, 1987; the ventral armour
of this form is not well known but, as described, the
ventral armour wall is wider than the dorsal wall and
the semilunar may be paired)*. Since the possession of
a distal joint is a more complex condition than the
unsegmented appendage of Procondylolepis, it may be
assumed to be the specialised condition, and thus the
following is proposed as a synapomorphy supporting a
sister group relationship of sinolepids to asterolepidoids
plus bothriolepidoids (Fig.34B): 10) a distal joint in the
pectoral fin.

An axillary foramen was previously inferred to have
been present in the pectoral fin articulation of
Procondylolepis (Zhang, 1984). However, a
reinterpretation based on new material (Young &
Zhang, 1992) now shows that the nerves and vessels to
the fin passed through several small foramina, the
primitive condition by outgroup comparison with
arthrodires. The larger single axillary foramen is seen
in only three groups: sinolepids, asterolepidoids and
bothriolepidoids. Like Long (1983) therefore, we put
forward the following as an additional synapomorphy at
this level in the cladogram (Fig.34B): 11) nerves and
vessels to pectoral fin passing through a single axillary
foramen.

Biostratigraphy

Middle Devonian. The age of the Dayaoshan
Group containing Dayaoshania is poorly constrained
(Hou, Wang et al., 1989). There are no marine
horizons nor any palynological evidence of age in
overlying strata which are very poorly exposed
beneath Givetian marine beds higher in the sequence.
The Dayaoshan Group is primarily a sandstone

* note added in press: Further preparation of the specimen
figured by Wang (1987, pl.2, fig.3) has recently confirmed
that this form is also a sinolepid.



sequence, and is completely unfossiliferous except for
the fish horizon (containing Dayaoshania) near its top.
Its lower part rests unconformably on pre-Devonian
rocks. The provisional Emsian-Eifelian age is based on
general comparisons of the fish fauna.

Late Devonian. The only detailed consideration
of the stratigraphic relationships of the Upper Devonian
sediments of the Grenfell area is based on the mapping
of J.R. Connolly, who presented a synthesis (1965) of
the stratigraphy and correlation of the Hervey Group of
central NSW. Connolly (1965, table 1) recognised three
major lithological sequences which he formalised as
subgroups of the Hervey Group: a lower Beargamil
Subgroup of mainly red beds, lithic sandstones and
arkoses; a middle Nangar Subgroup mainly comprising
a rhythmic succession of white and red sandstones, and
an upper Cookamidgera Subgroup, again mainly of red
siltstones and shales. Correlation between the three main
synclinal belts containing Hervey Group sediments was
based primarily on lithological grounds, but also took
into account the occurrence of placoderm plates from
various localities and horizons (mainly within the
sandstones of the Nangar Subgroup), referred to by
Connolly as the ‘bothriolepid fish assemblage’. This was
based on the work of Hills (1932, 1936), who identified
the antiarchs Bothriolepis and Remigolepis in a fish
fauna from Gingham Gap in the Hervey Syncline, about
100 km north of the Grenfell area. However, Hills did
not formally describe and name these species, and this
and most other localities from which fish plates have
been recorded remain very poorly known.

In the Grenfell area the Hunter Siltstone containing
the Grenfellaspis fauna overlies a sandstone unit (the
Peak Sandstone) which rests unconformably on Lower
Devonian volcanics (Connolly, 1965, fig.11), and these
formations were therefore referred to the lowermost
Beargamil Subgroup. However detailed work on the
vertebrate fauna and on other vertebrate occurrences in
the Upper Devonian of NSW, currently in progress,
suggests that the Hunter Siltstone is considerably younger
than the stratigraphy indicates, and indeed may be one
of the youngest Devonian vertebrate faunas known from
eastern Australia. A preliminary faunal list is as follows:

antiarchs Grenfellaspis branagani n.sp.
Bothriolepis sp.
Remigolepis sp.
arthrodires Groenlandaspis spp.
acanthodian ischnacanthid jaw bones indet.
dipnoans cf. Ctenodus (Long, 1987: 310)
crossopterygians porolepiform scales

?Eusthenodon sp.

A noteworthy feature is the absence of phyllolepid
placoderms, which occur widely in other Famennian fish
faunas in NSW (e.g., Ritchie, 1984). The associated
Groenlandaspis is a new species with unornamented
dermal bones, which also occurs on the south coast of
NSW in the Worange Point Formation (Ritchie, in
preparation), where again it is associated with antiarchs
(Bothriolepis, Remigolepis) and crossopterygians (a
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holoptychiid porolepiform, but with different scale
morphology to that from the Grenfell fauna).
Phyllolepid remains occur lower in this sequence, but
not in the Worange Point fauna (Young, 1983), which
suggests that both this and the Grenfell fauna represent
a younger horizon than the upper limit of Phyllolepis,
which occurs in the Famennian of Europe, and is
regarded as a reliable index fossil for the late Famennian
(e.g., Westoll, 1979; Lelievre & Goujet, 1986; Young,
1988b). The different crossopterygian, and absence of
Grenfellaspis, suggest that the Worange Point fauna may
be slightly older than the Grenfellaspis fauna. Evidence
from borehole data in western New South Wales suggests
that the Bothriolepis-Remigolepis assemblage
approximates to the Retispora lepidophyta palynofloral
zone of Playford (1976, 1982), which crosses the
Devonian-Carboniferous boundary. Thus an earliest
Carboniferous age for the Grenfell assemblage cannot
be excluded. Janvier et al. (1984) regarded Groenlandaspis
as also extending possibly into the earliest
Carboniferous. This assessment based on the vertebrate
assemblages is supported by palynological evidence of
the age of the Chinese sinolepid occurrences.

Cai et al. (1987) have recently discussed the age and
correlation of the Devonian - Carboniferous transitional
sequences of south China. Before the discovery of
placoderms in the late 1950’s the upper part of the
Wutung Formation (Leigutai Member) of the lower
Yangtze Valley was regarded as Early Carboniferous in
age on the evidence of plant macrofossils (e.g., Gothan
& Sze, 1933; Sze, 1956). The macroplants include
Leptophloeum rhombicum, Cyclostigma kiltorkense, and
Archaeopteris sp. which are associated with the Sinolepis
fish fauna in the lower part of the Leigutai Member.
Pan (1981) placed the Sinolepis-Asterolepis sinensis
assemblage as the youngest antiarch assemblage known
from China, of late Upper Devonian age. In addition
the Leigutai has recently yielded abundant miospores
in which three assemblage zones have been recognised
by Ouyang & Chen (1987): the lower Retispora
lepidophyta-Apiculiretusispora hunanense (LH) zone
(including the fish horizon) is placed in the late
Famennian (Fa2d), and the overlying (LC) Zone may
be Tournaisian (Tnla to early Tnlb), although a latest
Devonian age is preferred by Cai et al. (1987).

This evidence is consistent with that from the upper
part of the Sanmentan Formation in Jiangxi Province,
where the same Sinolepis - Jiangxilepis fish fauna
(Zhang & Liu, 1991) is associated with a similar suite
of macroplants, and (from the Changyi and Quannan
localities in southern Jiangxi) a miospore assemblage
including R. lepidophyta (Cai et al., 1987). The lower
part of the Sanmentan has a marine Yunnanella fauna,
and the underlying Zhongpeng Formation contains
several Bothriolepis and macroplant horizons.

In summary, the Sinolepis beds of south-eastern
China are apparently of similar age to the Grenfellaspis
fauna of south-eastern Australia. However, Remigolepis
is apparently absent (although a new remigolepid
occurs in the Sanmentan Formation, and Remigolepis sp.



364 Records of the Australian Museum (1992) Vol.44

is known from Hunan Province) perhaps indicating that
the Sinolepis beds of south-east China lie above the
range of Remigolepis. In contrast, Remigolepis is known
to be associated with Sinolepis in north China, but there
is other evidence that this fish assemblage may be older.
The Middle-Upper Devonian continental sequence in
Ningxia Province, and its contained flora and fauna, has
been dealt with in an important monograph by Pan et
al. (1987). From the uppermost Devonian formation, the
Zhongning Formation, comes a fish fauna which
includes indeterminate galeaspid agnathans and
sarcopterygians, six species of Remigolepis, and one
species of Sinolepis. Associated are macroplants including
Leptophloeum rhombicum, Sublepidodendron mirabile,
Eolepidodendron wusihense, Sphenopteris taihuensis, and
Ningxiaphyllum trilobatum. A miospore assemblage of
20 genera and 32 species includes Calamospora atava,
C. nigrata, Retusotriletes distinctus, Verruciretusispora
robusta, and Geminospora lemurata.

The evidence of the plants and spores is cited by Pan
et al. (1987) in support of a Famennian age for the
Zhongning Formation, but the spore assemblage is
somewhat different  from that listed above for the
Wutung Formation. Dr G. Playford (in litt.) has
commented that this palynoflora “...is certainly older
than the latest Devonian Retispora lepidophyta
Assemblage and could even be pre-Late Devonian ...
(and) datable within the interval mid-Givetian to
Frasnian. Biostratigraphically significant components
include Apiculatisporites microconus, Geminospora
lemurata, Verruciretusispora magnifica, and
Archaeozonotriletes variabilis...” Thus there may be
evidence that the Ningxia Sinolepis horizon is somewhat
older than the type locality for the genus in the lower
Yangtze region.

Biogeography

The distribution of sinolepid antiarchs in apparently
non-marine environments in eastern Australia and China
but nowhere else is of biogeographic interest, as has
been noted by several workers (e.g., Young, 1981,
1984c, 1990a; Long, 1983; Burrett et al., 1990). The
fact that Grenfellaspis is only known from one locality
in eastern Australia could be considered to place doubt
on the adequacy of sampling of late Devonian vertebrate
faunas for biogeographic purposes. However, as just
discussed, other evidence of the vertebrate faunal
succession in eastern Australia indicates that the
Grenfell fauna is one of the youngest Devonian
vertebrate assemblages so far known from the area, so
the absence of Grenfellaspis itself from other faunas is
assumed to be due to an age difference. It seems
reasonable to infer from their earlier history in South
China that sinolepids only dispersed to Australia in the
latest Devonian. Many aspects of the Early Devonian
fish faunas of the two regions indicate little
communication between non-marine faunas, although
there is some evidence of shallow marine similarity (e.g.,

Buchanosteus in eastern Australia, Kueichowlepis in
China). Primitive bothriolepid antiarchs in the Middle
Devonian of eastern Australia (Monarolepis) and South
China (Dianolepis), and closely related species of
Bothriolepis in the Givetian-Frasnian of Antarctica,
Australia, and China (Young, 1988a), suggest closer
biogeographic ties in the late Middle and Late Devonian.
From the wide distribution of Bothriolepis (cosmopolitan
in the Late Devonian) it seems clear that its range
enlargement resulted from a greater capacity to cross
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Fig.35. Suggested palaecogeographic relationships between
North and South China and East Gondwana in the Late
Devonian, showing the four main areas for sinolepid antiarchs
(cf. Fig.1). 1 - Ningxia Province, North China block (Sinolepis);
2 - Nanjing region (Sinolepis); 3 - Yunnan-Guangxi region
and north Vietnam, South China block (Xichonolepis,
Dayaoshania etc.); 4 - Grenfell region, Tasman Fold Belt,
East Gondwana (Grenfellaspis). A - after Scotese 1986; B -
after Burrett ez al. (1990).



marine barriers than some other placoderm groups, such
as sinolepids or phyllolepids. The complete absence of
phyllolepid placoderms from the Devonian of China has
been taken to indicate persistent (probably marine)
barriers between it and east Gondwana, but as noted in
the previous section the Grenfell fauna appears to be
younger than the upper biostratigraphic range of
phyllolepids in eastern Australia. Thus it may be
postulated that the palaeogeographic changes which
permitted sinolepids to disperse into east Gondwana
were events which postdated the extinction of the
Phyllolepida.

Various palaeogeographic reconstructions have
been proposed for the Palaeozoic configuration of the
tectonic units of east Asia. Figure 35 shows two recent
proposals. The maps of Scotese (1986) show the North
China block with a similar orientation but much closer
to the north-western margin of Australia in the Early
Devonian, with an oceanic barrier of increasing width
separating North China from South China and Australia
in the Late Devonian. This shows no consistency with
the biogeographic evidence of sinolepid distribution.
Burrett et al. (1990) show a northward excursion of east
Gondwana towards the palacoequator, and of North
China away from the palacoequator to 30° north, during
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Fig.36. A - accretionary sequence for Asian terranes (after
Talent et al., 1987); B - accretionary sequence for three
regions based on the following faunal evidence. 1 - occurrence
of Givetian quasipetalichthyids and Late Devonian
galeaspids and sinolepids in Ningxia; 2 - occurrence of Late
Devonian sinolepids in Australia.
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the Early - Middle Devonian interval. North China
returns to an equatorial position in the Late Devonian
to lie adjacent to Australia and South China (Fig.35B).
This reconstruction was proposed to take account of
the sinolepid evidence, and the occurrence of a similar
Late Devonian flora in Ningxia and South China, but
as noted above there may be palynological evidence
that the Zhongning Formation is older (?Frasnian) than
the Wutung and Sanmentan Formations of South China.
This is consistent with an earlier faunal exchange of
Remigolepis between China and Australia - this genus
is known from older deposits in eastern Australia than
the Grenfellaspis assemblage, possibly as old as Frasnian,
and undescribed Remigolepis species from the Hervey
Group of central NSW (generally regarded as early
Famennian in age) include very similar and presumably
closely related species to those described by Pan et al.
(1987) from Ningxia (Zhang Guorui, personal
observation). In contrast the sinolepids are generically
distinct between China and Australia.

The palacogeographic history of the areas under
consideration here may also be represented as area
cladograms. Talent et al. (1987) present an accretionary
sequence for Asian terranes which in South China and
North China come together in the Triassic (Fig.36A).
A Mesozoic closure has been accepted in the literature
for some time (e.g., Burrett, 1974; McElhinny et al.,
1981), but the vertebrate evidence discussed here
strongly indicates coalescence by the late Middle
Devonian (Fig.36B). Resolution of this inconsistency is
complicated by the fact that the Zhongning Basin of
Ningxia (Pan et al., 1987, figs 2,9) may have had a
separate Palaeozoic history (the Hexizoulang Terrane of
Li et al., 1985), detaching from South China sometime
after the Devonian (Burrett et al., 1990). If correct then
the sinolepid biogeographic evidence has no bearing
on the palaecogeographic history of the North China
terrane. Wang (1985: 141) shows the area of the
Zhongning Basin to lie on the south-east margin of their
geotectonic unit IIB3 (Alxa Massif), at the edge of the
North Qilian fold zone (IIG1), but make no suggestions
as to its separate palaecogeographic history in relation
to the North China block.

A second complicating factor is the suggestion (Hsu
et al., 1988) that the South China fold belt may have
been a separate terrane which did not coalesce with the
Yangtze block until Mesozoic time. The sinolepid and
other evidence (similar vertebrate, macroplant and
miospore assemblages in the Sanmentan and Wutung
Formations on either side of the proposed suture) is
completely inconsistent with this hypothesis.

To conclude, some other faunal evidence consistent
with the sinolepid distribution pattern may be briefly
summarised. In the latest Devonian-Early Carboniferous
close affinity between Australia and China is also
indicated by freshwater leaiid ostracods, which are
known in the Devonian only from China, but appear in
the Early Carboniferous of north-western (Anderson
Formation) and north-eastern (Drummond Basin) Australia,
and only become widespread later in the Carboniferous,
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in Namurian and younger strata (P.J. Jones, personal
communication). Some groups of Early Carboniferous
brachiopods show a similar pattern (K.S.W. Campbell,
personal communication; the sister taxa Eochoristes and
Ectochoristes; see Chu, 1933; Campbell, 1957). A
conodont species from the Bonaparte Basin of north-
western Australia, originally described as Polylophodonta
sp. A, which has a restricted range within the late
Famennian Buttons Beds (Jones, 1985, fig.2), is probably
conspecific (P.J. Jones, personal communication) with
Rhodalepis polylophodontiformes of Wang & Yin
(1985), only known from the Xiakou section of the
Rongxian Formation, in Guangxi Province (lower-middle
praesulcata Zone). Other examples showing a similar
pattern are likely to be forthcoming, since this preliminary
evidence suggests that both non-marine and shallow
marine organisms were controlled by similar
biogeographic factors.
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APPENDIX I

Abbreviations:- L.ad - length of anterior division; L.pd - length of posterior division; L.am - length of
anterior margin; L.pm - length of posterior margin.

Table 1. Measurements and ratios of the AMD of Grenfellaspis (unit : mm)

spec.no. Length Breadth B/L. L.ad L.pd L.ad L.am L.pm
L  ® L.pd

AMF 56328 59 28 47 45 14 32 16 13

AMF 61447 50 30 60 39 10 39 13 15

AMF 78684 51 30 59 40 11 36 14 14

AMF 78695 47 23 49 - - - 15 -

CPC 29110 37 23 62 27 10 27 11 12

Table 2. Measurements and ratios of the PMD of Grenfellaspis (unit : mm)

spec.no. L B B/L L.am L.pm
AMF 56136a 54 25 46 16 22
AMF 56136b 43 23 54 11 19
AMF 56175 53 24 45 18 14
AMF 56282a 31 17 55 11 16
AMF 56282b 33 15 45 - -
AMF 56294b 43 21 49 15 17
AMF 56324 31 23 74 15 19
AMF 56328a 49 22 45 - 21
AMF 56328b 41 19 46 10 15
AMF 56362 50 22 44 - -
AMF 56364 40 22 55 14 19
AMF 79202 48 33 69 24 21
AMF 79203 38 25 66 17 21

Table 3. Measurements of AMD of Dayaoshania (unit : mm)

spec.no L# B B/L Lad Lpd Lad Lam L.pm
L.pd

MGV 1947 30 15 50 22 8 2.8 5 9

MGV 1950 24 11 46 20 6 33 - 5

IVF 2 30 17 57 24 5 4.8 5 11

IVF 4 27 15 56 22 5 44 5 10

IVF 5 30 15 50 24 8 30 6 10

# external measurement excluding posterior oa



Table 4. Measurements of PMD of Dayaoshania (unit :

spec.no

MGV 1947

IVF 2
IVF 4

Table 5. Measurements of AMD of Xichonolepis (unit :

spec.no L.

V 2965.3 98

V 5076 115
Vv 5077 103

V 9057.8 66
V 9058 41

Table 6. Data matrix for 11 characters used in constructing the cladograms of Figure 34. Character polarity
is discussed in the text. For list of characters see caption to Figure 34. (0 = primitive character state;

1 = derived character state; —

ASTEROLEPIDOIDS
BOTHRIOLEPIDOIDS
Sinolepis
Grenfellaspis
Xichonolepis
Dayaoshania
Procondylolepis
YUNNANOLEPIDS

o

S| OOmr=O -

L

26
26
26

B.

80
85
90
49
20

B

17
16
18

B/L

82
74
87
74
49

mm)
B/L L.am L.pm
65 8 18
62 11 -
69 - 17
mm)
L.ad L.pd L.ad
L.pd
68 30 23
87 28 3.1
85 25 34
51 15 34
31 11 2.8
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ADL
AMD
AVL
ac

ar3d
ar2v
ar3v
art.d
art.v
a.un

Cd1-5
Cvl-5
c4

c5
c.al

c.am

c.Cv2
c.MI2
c.Mml,2
c.re
cf.ADL
cf.PVL
cit

cit 1,2
cl

co.v
cr.dm
cr.tv

dc
d.end
dir

f.ax

fm

fp
gr
grm

ifc
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APPENDIX II

Abbreviations used in text and figures

anterior dorsolateral plate

anterior median dorsal plate

anterior ventrolateral plate

anterior corner of PNu

anterolateral corner of Nu

external articular area of Cdl

internal articular area of Cvl

external articular area of Cvl

dorsal articular area

ventral articular area

unornamented area beneath fossa articularis
pectoralis

dorsal central plates 1-5 of pectoral fin
ventral central plates 1-5 of pectoral fin
corner between middle and posterior divisions
of mesial margin of ventral lamina of AVL
posteroventral corner of AVL

anterolateral corner of subcephalic division
of ventral lamina of AVL

anteromesial corner on anterior margin of
ventral lamina of AVL

margin in contact with Cv2 plate

margin in contact with MI2 plate

margin in contact with Mml or Mm2 plates
rostro-caudal canal

area overlapping ADL

area overlapping PVL

crista transversalis interna anterior

anterior and posterior divisions of cit
anterolateral corner of PNu

ventral thickening of brachial condyle
dorsomesial ridge of pectoral fin

transverse nuchal crista of head

dorsal corner of lateral lamina of AVL and PVL
opening of canal for endolymphatic duct
dorsolateral ridge of trunk-armour

foramen axillare of AVL

unpaired insertion fossae on head-shield for
levator muscles

funnel pit of processus brachialis

groove

ventral median groove on dorsal wall of trunk
armour

infraorbital sensory line on head-shield

L

leg
MI2-5
Mml
Mm2
MV
MxL
ml-3

mc

mp

Nu

nm

nPP
nprl
oa.ADL
oa.AVL
om

orb

PM
PMD
PNu

PrL.
PtM
PVL
pbr
pc
prc
pr.dep
prdm
ptl
ptoc
r.dm
I.sg
ri
Sm
sap
sg
soa
soc

sop

lateral plate

main lateral line sensory groove
lateral marginal plates 2-5 of pectoral fin
mesial marginal plate 1

mesial marginal plate 2

median ventral plate

mixilateral plate

anterior, middle and posterior divisions
of mesial margin of AVL plate

lateral corner of Nu

middle pit-line groove

nuchal plate

obtected nuchal area of headshield
postpineal notch of Nu

prelateral notch of head-shield

area overlapped by ADL

area overlapped by AVL

orbital margin

orbit

postmarginal plate

posterior median dorsal plate
paranuchal plate

postpineal plate

prelateral plate

premedian plate

posterior ventrolateral plate

processus brachialis

posterolateral corner of Nu

prepectoral corner

preorbital depression

dorsomesial process )

anterior ventral pit of dorsal wall of trunk armour
postobstantic corner

dorsomesial ridge on Cvl

ridge along inner edge of sensory groove
ridge

semilunar plate

lateral subanal process of PVL plate
sensory groove

subobstantic area

anterior section of supraorbital sensory line on
PrM

supraoccipital pit of head-shield
terminal plate
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