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RHINOPTERASPIS CORNUBICA (McCOY), WITH NOTES ON THE
CLASSIFICATION AND EVOLUTION OF THE PTERASPIDS

Abstract. — The snout and mouth-parts of Rhinopteraspis cornubice (McCoy) (syn.
R. dunensis (Roemer)) are dsscribed for the {irst time in specimens from Da'cszyce
(Central Poland) and Overath (Rhineland). An-analysis is made of the varjous
types of snout known in the pteraspids, and diagnoses are given of impcriant
genera based on this feature. Ewolutionary trends within the pteraspids are
outlined, and it is demonstrated that the long-snouted condition was achieved
in two distinet ways. It is suggested that the possession of double nasal sacs excludes
the pteraspidomorphs (heterostraci) from the ancestry of the myxinoid cyclostomes.

INTRODUCTION

As a result of their detailed work on the pteraspids in recent years,
White and Stensié have demonstrated thz importance of the charactars
of the snout region when considering the taxonomy of the order. For
this reason, the discovery of a snout of Rhincpteraspis cornubica in the
Holy Cross Mountains of Central Poland (Tarlo, 1958) is of some signi-
ficance, as the mouth-parts and pre-oral region hitherto unknown in
this species are well preserved and a full diagnesis can be given ¢f the
genus of which it is the type species. At the same fime, it is the first
pteraspid to be identified from the Placoderm Sandstone of the rezion,
and enables the correlation of the latter with the Emsian of Western
Europe.

The snout was originally identified as belonging to Pteraspis dunensis
(Roemer). However, a subsequent comparison of the types of Pleraspis
cornubica (McCoy) and P.dunensis confirmed Lankester’s (1868) view that
they represent a single species and that P.cornubica has priority, and this
name must therefore he used hoth for the new specimen and for material
previously referred to P.dunensis. In addition, so many different forms
of pteraspid are now known that it is no longer feasible to retain them
all within the single genus Pteraspis and, as will be shown. the characters
of the snout of P. cornubica require that it be placed within a separate
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genus. The generic name Rhincpteraspis which was proposed by Jaekel
(1919) for P. dumnensis has since bzcome established in ‘the literature,
and it is therefore considered appropriate to retain it here for P. cornu-
bica.

Modern knowledge of the pteraspids is largely due to the work of
White (1935, 1938, 1950, 1956, 1958, 1960) who established a classification
based on the general proportions of the carapace and in particular of
the rostral and cornual plates, as well as on the characters of the ventral
surface of the snout. In the main this classification has been followed
by Denison (1933, 1960) and Schmict (1859). In 1958 however, Stensis
published an extensive account of the morphology of the pteraspids,
with particular smphasis on the snout region, and on the basis of this
information he introduced many new generic and specific names. As
the introduction of s many new names unrelated to White's classification
is extremely confusing, an attemp! is made in this paper to produce
a synthesis of the two systems, and diagnoses are given of the more
important genera.

Although it has long been recognized that the carliest pteraspids
were small and narrow with blunt snouts, and that the late ones were
of two main types — brecad and blunt snouted, and narrow and long
snouted — hitherto no attempt has been mads to trace the manner in
which the two contrasting shapes could have evolved. The main avolutio-
nary trends are here given in outling, and with the aid of the Polich
specimen it is established that the long-snoutad condition evolved
independently in two distinct ways.

Finally, the arrangement of the mouth parts of R. cornubica is seen
to be relevant to a discussion of Stensit’s theory on the internal structure
of the pteraspid snout, and it is felt that the evidence does not support
his view that the heterostracans (pteraspidomorphs) gave rise to the
myxiinoid cyclostomes.

DESCRIPTIONS

Family Pteraspidae Huxley, 1858

Genus Rhinopteraspis Jaekel, 1919

Rhinopteraspis cornubica (McCoy)
(pl. 1, IT; text-fig. 1, 2 ¢, d, 3)

1847. , A striatcd piece of fish”; C. W. Peach, On the fossil geology..., pl. 2, fig. 7, 8.

1851. Strgencdictyum cornubicum n. sp.; F. McCoy, On some new.., p. 482-3.

1854. Steganodictyum cornubicum McCoy; F. McCoy, Contributions..., p. 233-4.

1854. Palaeonteuinis daunensis n. sp., F. Roemer, Uber die Ergebnisse.., p. 6530
(name only).

1855. Steganodictyum cornubicum McCoy: F. MecCoy, British Palaeozoic... pl. 2 A,
fig. 1-3.
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Palaeoteuthis dunensis n. sp.; F. Roemer, Palaeoteuthis...,, p. 72-4, pl. 13.
Archaeoteuthis dunensis (Roemer); F. Roemer, Kohlen-Periode...,, p. 520.
Archaeoteuthis dunensis (Roemer); F. Roemer, Notitz..., p. 55-6.

Pteraspis dunensis (Roemer); T. H. Huxley, Pteraspis dunensis.., p. 163-6.
70. Scaphaspis dunensis (Roemer); E. R. Lankester, The Cephalaspidae,
p. 19-20, text-fig. 10.

Scaphaspis cornubicus (McCoy) (syn. Pteraspis (Archaeoteuthis) dumnensis
(Roemer)); H. Woodward, Fish remains...,, p. 247-8.

Scaphaspis cornubicus (McCoy) (syn. Scaphaspis dunensis (Roemer)); E. R~
Lankester, On the discovery..., p. 547.

Scaphaspis cornubicus (McCoy) (syn Scaphaspis dunensis (Roemer)); C. W.
Peach, On fossils.., p. 94-5.

Scaphaspis cornubicus (McCoy); J. E. Lee, Notice..., p. 104-6, pl. 3, fig. 2, 3.
Pteraspid gen. indet. dunensis Roemer; A. S. Woodward, Catalogue.., p. 174.
Pteraspid gen. indet. cornubicus McCoy; A. S. Woodward, Ibid.,, p. 175.
Pteraspis cornubicus (McCoy); J. H. Collins, A working list..., p. 477.
Pteraspis cornubica (McCoy); A. S. Woodward, On some new specimens..,
p. 229-232.

Pteraspis cornubica (McCoy); H. Fox, Geological notes, p. 356, pl. 16, fig. 7, 8.
Pteraspis cornubica (McCoy); H. Fox, Notes on the geology.., p. 148, pl. 17,
fig. 7, 8.

Pteraspis dunensis (Roemer); F. Drevermann, Uber Pteraspis.., p. 275-89,
pl. 19-21. .

Pteraspts cornubicus (McCoy); R. H. Traquair, Notes on fish remains..., p. 11.

Pteraspis cornubica (McCoy); C. Reid & J. B. Scrivenor, The geology..., p. 5, 8
Pteraspis cornubica (McCoy); W. A. E. Ussher, G. Barrow & D. A. McAlister,
The geology..., p. 14.

Pteraspis cornubica (McCoy); W. A. E. Ussher, The geology..., p. 24.
Rhinopteraspis dunensis (Roemer); O. Jaekel, Die Mundbildung., p. 174,
text-fig. 1 D.

Pteraspis dunensis (Roemer); W, Gross, Die unterdevonischen Fische..,
p. 44-52, pl. 1, fig. 1, 5; pl. 2; pl. 3, fig. 1-5; text-fig. 1-3, 4 A-G.

Pteraspis dunensis (Roemer); W. Gross, Die Wirbeltiere..., p. 7, 8.

Pteraspis cornubica (McCoy); E. 1. White, The ostracoderm..., p. 443.
Pteraspis dunensis (Roemer); W. Gross, Die Wirbeltiere.., p. 7-9, pl. 1,
fig. 6. ,

Pteraspis (Rhinopteraspis) dunensis (Roemer); E. I. White, New pteraspids....
p. 87, 110—112, text-fig. 26.

Pteraspis cornubica (McCoy); E. I. White, Ibid., p. 112.

Pteraspis (Steganodictyum) cornubica (McCoy); H. Dewey, South-west En-
gland, p. 17, pl. 12, fig. 1.

Pteraspis (Archaeoteuthis) dumensis (Roemer); G. Wingsjo, Morphologic
and systematic studies.., p. 583.

Pteraspis (Rhinopteraspis) dunensis (Roemer); E. I. White, Preliminary no-
te..., p. 1-10, text-fig. 4.

»Pteraspis cornubica” (McCoy), E. I. White, Ibid., p. 4.

Pteraspis dunensis (Roemer); K. Fahlbusch, Pteraspis..., p. 1-56, pl. 1-7, text-
-pl. 1-7, text-fig. 1-27.

Rhinopteraspis dunensis (Roemer); E. 1. White, Original environment..,
p. 230-2, text-fig., 8.

Pteraspis dunensis (Roemer); L. B. Tarlo, Specimens of ostracoderms..., p. 8, 9.
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1959. Pteraspis (Rhinopteraspis) dunensis (Roemer); Wo. Schmidt, Grundlagen...,
p. 7, 23-6, 41-52, pl. 2, fig. 8, text-fig. 1(4), 3, 4(1), 7, 8.

1960. Pteraspis (Rhinopteraspis) dunensis (Roemer); E. I. White, Notes on pteraspids...,
p. 8, 134, text-fig. 5, 6.

1960. Rhinopteraspis dunensis (Roemer); L. B. Tarlo, The Downtonian ostracoderm...,
p. 224, text-fig. 7 b.

Lectotype (here chosen): Dorsal median plate A. 6955a, housed in Sedgwick
Museum, Cambridge, part figured by McCoy (1855, pl. 2 A, fig. 3), re-figured by
Dewey (1948, pl. 12, fig. 1), complete specimen figured in present paper (pl. I).

Type locality and horizon: Lantic and Lantwit Bays (Llantivet Bay), near
Polperro, Cornwall, England; Black Dewvonian Shale (Dartmouth Slates), Siege-
nian — Emsian, Liower Devonian.

Diagnosis. — Pteraspid with elongated, blade-like snout; triangular
pre-oral field formed as single synchromorial unit; well developed
ascending lamella; oral plates stoutly built; olfactory grooves present;
coarse ornamentation of dentine ridges (3—6 mm).

History of the species

Although Peach recorded fish remains from the Devonian slates of
Cornwall in 1843, and figured a recognizable fragment of a pteraspid in
1847, similar fish remains were described by McCoy (1851) as polyzoa.
He erected the new genus Steganodictyum for them and recognized two
species — S. cornubicum and S. carteri, and despite the fact that McCoy
was alone in -assigning this material to an invertebrate phylum, the
names he introduced remain valid. Later S. carteri was referred by
Lankester (1868) to Cephalaspis, but a re-examination of the type material
now establishes that it should be placed within the genus Drepanaspis.

The type species S. cornubicum was also referred by Lankester (1868)
to Scaphaspis (= Pteraspis, see White, 1935) and at the same time he
pointed out that there were no grounds for distinguishing Scaphaspis
cornubicus from Pteraspis dunensis (Roemer, 1855). This view was accepted
by H. Woodward (1868) and by Peach, Huxley and Symonds (1880), and
it is confirmed by an examination of McCoy’s type material, here figured
as plate I. The ornamentation is identical to that found in P. dunensis,
in which the density of the dentine ridges is very characteristic, and
hence, as Lankester pointed out, material formerly referred to P. dunen-
sis most now bear the specific name P. cornubica, since McCoy’s name has
priority.

It has been the practice in the past to refer all Cornish pteraspids
to P. cornubica, but White (1956) noted that three distinct species —
P. dunensis, P. leachi and a species of Protaspis — have all been included
under this name. His forthcoming detailed description of the Cornish
pteraspids will therefore be of considerable value, as it will clarify this
confused situation. '
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Similarly, in the Ardennes-Rhineland region, the name P. dunen-
sis has been used indiscriminately for all large pteraspids, and in part-
icular for the long-snouted forms. But White (1956) again brought order
to this confusion, as he was able to show for example, thal material
ascribed to P. dunensis by Leriche (1912, 1924, 1925, 1926, and 1948)
actually belonged to P. leachi.

Since recent work has shown that it is no longer convenient to retain
the different forms of pteraspid within the single .genus Pteraspis, cons-
iderable difficulty has arisen in establishing the correct generic designation
of important species. Jaekel (1919) proposed the new genus Rhinopter-
aspis for P. dunensis (Roemer) and this name has become established in
the literature, although Roemer’s earlier generic name Archaeoteuthis
had priority. White and Ball (1955) gave cogent reasons for the validation
of the generic name Rhinopteraspis by the suppression of Archaeoteuthis,
but as P. dunensis is now shown to be a synonym of P. cornubica,
Archaeoteuthis automatically becomes a synonym of Steganodictyum.
However, as the arguments employed by White and Ball apply with even
greater cogency to the suppression of Steganodictyum, which has found
no place whatsoever in the literature, it is proposed to accept Jaekel’s
genus Rhinopteraspis as valid, and R. cornubica thus becomes the type
species of this genus.

Description of Polish specimen

The specimen which is preserved as a natural mould, comes from
the Placoderm Sandstone of Daleszyce, near Kielce, Central Poland (Tar-
lo, 1957). Originally, all that could be seen, was the natural cast of the
inside of the snout and the lateral margins of the ventral surface. When
latex casts were made however, the internal part of the snout broke
away and revealed the presence of the entire ventral surface of the
rostrum, including the pre-oral field, ascending lamella and oral plates!
(see pl. II and text-fig. 1).

The posterior part of the rostral plate can be seen in ventral view,
while the dorsal surface of the rostrum, which is considerably longer
than the ventral part, is seen in internal view. The lateral margins of
the rostral plate gradually converge anteriorly, and on the ventral surface
a well marked groove can be seen on either side. These grooves which
are near the edge of the plate,run parallel to the lateral margins. The
posterior part of the ventral surface is occupied by a raised triangular
area, the pre-oral field, from which the ascending lamella slopes away to

1 Terminology used in the description of the pteraspid snout varies from one
author to another. It is proposed therefore to use Stensid’s term ascending lamella
for Kiaer’s ,,maxillary plate”, and White’s pre-oral field for Stensid’s ,sub-rostral
lamella of the rostral plate”. The term para-oral plate will be used for the plate
so named by Stensio.
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Fig. 1. — Rhinopteraspis cornubica (McCoy), D. 1145 from Placoderm Sandstone,
Daleszyce, near Kielce, Holy Cross Mts. Original specimen preserved as a natural
mould; sketch based on latex cast prepared by Dr. J. Kulczycki
asc. lam. ascending lameilla, olf. gr. olfactory groove with sensory canal in floor of groove,
or pls. oral plates, par. or. pl. para-oral plate, Dre-or. fid, pre-oral field,

form the anterior part of the roof of the mouth and buccal cavity. This
lamella is gently folded, so that in section the central part forms a median
ridge, and its lateral margin is raised to form a sharp angle. On either
side of the lamella the anterior portion of an elongated triangular para-
-oral plate can be seen, and there is a deep groove running between this
plate and the lateral margin of the lamella. This would appear to be
an olfactory groove which directed water towards the olfactory organs
situated at the sides of the mouth.

The ornamentation of the pre-oral field consists of longitudinal dent-
ine ridges, an arrangement not previously observed in the pteraspids, and
it has been shown (Tarlo, 1960) that this area was produced as a single
unit (i.e. synchronomorially). The ridges on the remainder of the ventral
surface of the rostrum are arranged in arcuate rows, and zones of growth
are clearly visible. It is clear that the rostrum increased in length by the
addition of areal zones of cyclomorial growth on its posterior margin,
which were nevertheless anterior to the pre-oral field.
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There is a sharp line separating the ornamented pre-oral field from
the ascending lamella which is devoid of ornament, and a row of oral
plates adhering to the lamella abut against this junction. There are 7 oral
plates in all, the median of which is the largest, and in anterior view
it appears triangular with its apex directed ventrally. The remaining
plates, which are also somewhat triangular in section, diminish in size
towards the sides of the mouth. The plates are ornamented by concentric
dentine ridges and their ventral surface tends to be abraded (see text-
" -fig. 2). The shape of these plates is reminiscent of those described by
Stensio (1958) in Mylopteraspis robusta, although in the Polish specimen
the central plate is less elongated than in Mylopteraspis, and is blunt
rather than pointed. It is not possible, however, to establish the identity
of these two sets of oral plates since Stensid’s specimen is known only
in dorsal view, having been dissected out from the dorsal side, while in
the Polish specimen the plates are known in ventral view only. As these
are preserved as natural moulds, there can be no possibility of ascertain-
ing their appearance in dorsal view.

Normally, oral plates are found attached either to the ventral median
plate or to the post oral covers (Kiaer, 1928;; White, 1935), but in this
instance there is no sign of these elements. When the animal died the
oral plates must have been closed against the posterior edge of the pre—oral
field, and they subsequently adhered to the ascending lamella where they
became preserved, the post oral elements being lost. The perfect alignment
of the 7 individual oral plates suggests that they are in the position of

c d
Fig. 2. — Oral plates of Mylopteraspis robusta Stensido. a dorsal view, b longitudinal
vertical section; X 3 (from Stensio, 1958, p. 263, fig. 142 C, D). Oral plates of

Rhinopteraspis cornubica (McCoy): ¢ anterior view, abutting on the longitudinal
dentine ridges of the pre-oral field, d ventral view; X 3.
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natural articulation; if this condition were due to an accident, they would
of necessity have suffered some displacement.
Description of Rhineland specimens

In the Palaeontological Museum, Berlin, there is an immature spec-
imen of R. cornubica (G-P. M. B. 133) from Overath in which the orna-
mentation of the ventral surface of the snout consists of longitudinal
dentine ridges. In the posterior part of this surface there is a raised
triangular . area which again possesses longitudinal dentine ridges (see
text-fig. 3). Although this area is somewhat ill defined, it seems likely °
that it represents the original pre-oral field which was formed synchro-
nomorially at the time when the first ossification took place in the
carapace. Subsequently the snout increased in length by the addition of
alternate dentine ridges immediately anterior to the post oral region,
giving a characteristic chevron pattern such as White (1956) described
in the same species. A further increase in length was accomplished by the
addition of zones of arcuate dentine ridges posterior to the chevron
pattern, identical to those seen in the Polish specimen.

Also in the Berlin Museum there is an adult snout (G-P.M.B. 110),
also from Owverath, the ventral surface of which is divided into three
well-marked zones; an anterior one, in which the ornamentation consists
of longitudinal dentine ridges; a middle zone with the chevron arrange-
ment; and a posterior one, in which the dentine ridges are arcuate (see
text-fig. 3). This seems to demonstrate that the differences are due to
the age of the individual and have no value in themselves as diagnostic
characters of the species.

This specimen was further developed in an attempt to reveal the
pre-oral field, but only the triangular so-called ,,oral sinus” of Fahlbusch
(1957) could be seen. This sinus would appear to mark the position which
in the Polish specimen is occupied by the triangular pre-oral field and
ascending lamella. As the snout is increased in length by the addition of
dentine ridges on its posterior border, but anterior to the pre-oral field,
there is a zone of growth rather like an epiphysis between the main
part of the snout and the pre-oral field. This would naturally be a point
of weakness, and normally the pre-oral field falls away after death, so
that its presence in the Polish specimen is of considerable importance.

Classification of the pteraspids
White (1956) although recognizing that the sub-genera? of Pteraspis
(Protopteraspis, Belgicaspis, and Rhinopteraspis) were originally based
on misunderstandings, nevertheless was able to show by developing the
mouth and cornual regions that the diversions were in fact well founded.

2 Sub-genera are here raised to generic rank as it is felt that the differences
between them warrant this.
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pre-or. fid.

Fig. 3. — Ornamentation of the ventral surface of the snout in Rhinopteraspis
cornubica (McCoy): a immature snout, G-P.M.B. 133, formed as a single synchro-
nomorial unit, with pre-oral field distinguished, X 0.5; b young snout B.M.,
P. 22043, showing chevron arrangement of dentine ridges (from White, 1956, p. T,
fig. 4), X 0.6; ¢ adult snout, G-P.M.B. 110, showing three clearly defined zones of

growth: the first and most anterior — zone of synchronomorial growth with
longitudinally arranged dentine ridges (as in fig. 3a); the middle zone — dentine
ridges arranged in characteristic chevron (as in fig. 3b); posterior zone — dentine

ridges arranged arcuately (as in fig. 1); X 0.5.
Note: In this adult specimen the pre-oral field has been lost.
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This was a major step towards establishing a modern classification of
the pteraspids. Subsequently, White (1960) restored Zych’s sub-genus
Althaspis as a valid name, and introduced the new sub-genus Cymripte-
raspis for the reception of Pteraspis leachi.

White's classification, which was accepted by Schmidt (1859), was
based on material from the Anglo-Welsh Province and the Ardennes —
Rhineland geosyncline. In 1958 however, Stensi, using material from
Podolia (Ukraine), introduced many new generic names for the pteraspids,
based in the main on the characters of the snout region and, in parti-
cular, on the typés of growth exhibited there. Unfortunately, since he was
primarily concerned with morphology, Stensié gave no diagnoses or
descriptions of these new forms, nor did he indicate how they were
related to species already described from Podolia. As a consequence of
the ensuing complicated taxonomic situation, there is a very real danger
that Stensié’s fundamental contribution to our knowledge of the pterasp-
ids will be ignored. There is also a danger that two entirely separate
classifications will be employed for the pteraspids, one based on Podolian
material and the other on material from Western Europe.

The differences in the characters of the snout region recognized by
Stensié are of fundaraental importance in any understanding of the
pteraspids, and the g~neric distinetions based on them would seem to be
justified. Neverthe! .ss it is necessary to show the relationship between
these new genera and those already established, and such a synthesis
is attempted here. In this way it is hoped to produce an outline classif-
ication which combines features of those proposed by White and Stensié.
Diagnoses of the genera here accepted as valid are given below, together
with a short discussion of each.

Genus Penygaspis Stensio, 1958
Type species: Penygaspis dixoni (White, 1938)
(text-fig. 4)

1938. Pteraspis dixoni n. sp.; E. I. White, New pteraspids..., p. 100-110, text-fig. 11-25.

1958. Penygaspis dixoni (White); E. A. Stensio, Les Cyclostomes.., p. 278, 292, 326,
text-fig. 147 C-F.

1960. Penygaspis dixoni (White); L. B. Tarlo, The Downtonian ostracoderm..., p. 224,
text-fig. 6.

Holotype: Dorsal median plate P. 20155-6, housed in British Museum (Nat.
Hist.) London, figured by White (1938, text-fig. 15).

Type horizon and locality: Lower Old Red Sandstone, ? Senni Beds, Pen-y-gau
Farm, near Ferryside, Carmarthenshire.

Diagnosis. — Small-sized pteraspid, length of dorsal median plate
less than 4.0 cm; dorsal and ventral median plates composed of large
central synchronomorial unit ornamented by coarse longitudinal dentine
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ridges, with surrounding zone of cyclomorial growth composed of concentr-
ic dentine ridges.

Remarks. — This genus represents the most primitive condition
found in the pteraspids. The median plates are composed of a large
synchronomorial unit surrounded by a comparatively narrow zone of
cyclomorial growth, thus contrasting with all other pteraspids in which
the growth of the main plates is entirely cyclomorial. Although this form

Fig. 4. — Penygaspis dixoni (White), ventral median plates showing central syn-
chronomorial unit with surrounding zone of cyclomorial growth (from White, 1938,
p. 106, fig. 18, 19).
was originally described from the Lower Siegenian, a fragment belonging
to this genus is known from the Lower Gedinnian (Traquairaspis zone)
(White, 1946, p. 212). This genus is a small snub-nosed form and in this
respect is similar to Protopteraspis, but it has a striking ornament which

is sufficient to warrant generic distinction.

Genus Protopteraspis Leriche, 1924
(syn. Simopteraspis White, 1950)
Type species: Protopteraspis gosseleti Leriche, 1906
(text-fig. 5)

1906. Pteraspis gosseleti n. sp.; M. Leriche, Contribution a l'étude,..., p. 26, pl. 1,
fig. 6-9, text-fig. 8.

1924. Pteraspis (Protopteraspis) gosseleti Leniche; M. Leriche, Les Pteraspis..,,
p. 149,

1950, Pteraspis (Simopteraspis) gosseleti (Leriche); E. 1. White, Pteraspis..., p. 82,
text-fig. 15-17, 19.

1959. Pteraspis (Protopteraspis) gosseleti Leriche; W. Schmidt, Grundlagen..,
p. 32, 34.

Lectotype: Carapace in dorsal view, figured by White (1960, text-fig. 15),
housed in University of Lille. )

Type horizon and locality: Psammites de Lievin, Pas-de-Calais.

Diagnosis. — Small-sized pteraspid with blunt rounded snout; small
triangular pineal plate widely separated from orbitals; pre-oral field
not developed; narrow ascending lamella; oral plates articulating with
ventral median plate.



378 L. BEVERLY TARLO

Remarks. — This genus is characterized by its small size and its short,
blunt-ended snout. In ventral view there is a very narrow border anterior
to the oral opening, and a very narrow ascending lamella. There is no
sign of a pre-oral field.

Fig. 5. — Protopteraspis primaeva (Kiaer), ventral view of snout region showing
narrow ascending lamella (after Stensio, 1958, p. 262, fig. 141 A).

Genus Zascinaspis Stensio, 1958
(syn. Brotzenaspis Stensio, 1958)
Type species: Zascinaspis heintzi (Brotzen)
(text-fig. 6)

1936. Brachipteraspis heintzi n. sp.; F. Brotzen, Beitrage.., p. 46-7, pl. 7, fig. 3,
text-fig. 16.

1958. Zascinaspis heintzi (Brotzen); E. A. Stensio, Les Cyclostomes..., p. 255, 339,
text-fig. 189.

1958. Zascinaspis obtusirostra n. sp.; E. A. Stensio, Ibid.,, p. 339, text-fig. 189
(invalid).

Holotype: Dorsal carapace P. 112, housed in Geological Survey, Stockholm,
figured by Brotzen (1936, pl. 7, fig. 3).
Type horizon and locality: Dittonian, UsScieczko, Podolia.

Diagnosis. — Broad medium-sized pteraspid; wide pentagonal pineal
plate adjoining median projection of orbital; pre-oral field not developed;
wide and deep ascending lamella.

&
&t

Fig. 6. — Zascinaspis heintzi (Brotzen), ventral view of snout region showing well
developed ascending lamella (after Stensid, 1958, p. 339, fig. 189 A).
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Remarks. — Although Brotzen originally included Z. heintzi in
Brachipteraspis, the structure of the ventral surface of the snout of
Z. heintzi shows that it is quite different from the type species of Brach-
ipteraspis, i.e. B. latissima (Zych), the main distinguishing feature of
Zascinaspis being the marked development of the ascending lamella. In
addition, this form is broad and blunt-snouted and is clearly a precursor
of such later forms as Protaspis, Zascinaspis carmani (Denison) being
very close to Protaspis.

Genus Althaspis Zych, 1931
(syn. Lericheaspis Zych, 1931; Pseudopteraspis Stensis, 1958;
Cymripteraspis White, 1960)
Type species: Althaspis samsonowiczi n. nom.
(text-fig. 7)
1927. Pteraspis lerichei n.sp. elongata n.muti.; W. Zych, Old-Red.., p. 55, pl. 4,
fig. 1, 5; pl. 5, fig. 2-4, text-fig. 7. ’
1931. Podolaspis (Althaspis) elongata (Zych); W. Zych, Fauna ryb.., p. 89, text-
-fig. 41, 50.
1933. Pteraspis elongata Zych; F. Biotzen, Die Silurischen.., p. 456-9, text-fig. 16.
1936. Rhimopteraspis elongata (Zych); F. Brotzen, Beitrége..., p. 7.
1958. Pseudopteraspis elongata (Zych); E. A. Stensid, Les Cyclostomes.., p. 266,
282, text-fig. 144, 157.
1960. Pteraspis (Althaspis) elongata (Zych); E. I. White, Notes on pteraspids..,

p. 2.
1960. Pseudopteraspis elongata (Zych); L. B. Tarle, The Downtonian.., p. 224,

text-fig. Te.

Lectotype: Carapace figured by Zych, 1927, pl. 5, fig. 2.

Type horizon and locality: Upper Dittonian, DZwinogréd, Podolia, Ukraine,

Diagnosis. — Long-snouted pteraspid; wide pineal plate adjoining
narrow median projection of orbital; para-oral plate; ventral surface
of snout ornamented by transverse dentine ridges produced by cyclomo-
rial growth; ascending lamella developed.

Remarks. — Zych (1931) introduced the name Althaspis as a sub-genus
of Podolaspis, including in it P. elongata Zych. Subsequently, Brotzen
(1933) also referred the authorship of Pteraspis elongata to Zych, White
(1935) however, recognized that Pteraspis elongata (Alth) had priority,
despite the fact that he believed a single species was represented. Refe-
rence to the original descriptions shows that in fact two species are
present. Subsequently reference has erroneously been made to Pteraspis
elongata Zych, and since this name is pre-occupied, it is necessary to
rename this species. The new name P. samsonowiczi is here proposed,
in honour of the late Professor J. Samsonowicz, Warsaw University,
Poland.

Brotzen (1936) referred this species to Rhinopteraspis by virtue of
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its elongated snout, and White (1938) noted the similarity between
Pteraspis elongata Zych (= P. samsonowiczi) had his P. leachi. Stensis
(1958) proposed the new genus Pseudopteraspis for this same form on
account of the type of growth seen in the snout region, but White (1960)
recognized that Zych’s name Althaspis was still available, and there was
no n¢ed to introduce a new generic name. Althaspis now becomes the
valid genus, with A.samsonowiczi its type species.

Fig. 7. — Althaspis samsonowiczi n.nom., ventral view of snout region showing
ascending lamella and ftransverse dentine ridges (after Stensio, 1958, p. 282,
fig. 157 A).

The growth of the snout of P. leachi (White, 1938) enables this species
also to be included in Althaspis. White (1960) however, proposed the new
genus Cymripteraspis for this species, separating it from Althaspis on
account of the small area of concentric cyclomorial growth at the posterior
margin of the ventral surface of the rostrum. However, since the greater
part of the growth consists of normal zones of cyclomorial growth, iden-
tical to those seen in Althaspis, the development of this small round
,plate” at a late stage of development is not here considered sufficient
to warrant the erection of a new genus.

Genus Podolaspis Zych, 1931
(syn. Plesiopteraspis Stensis, 1958)
Type species: Podolaspis lerichei (Zych, 1927)
(text-fig. 8)

1927. Pteraspis lerichei n.sp. rostrata n.mut.; W, Zych, Old-Red.., p. 54, pl. 2, fig. 7,
9; pl. 3, fig. 3; text-fig, 5.
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1927. Pteraspis sturi Alth rostrata n.mut.; W. Zych, Ibid., p. 52-3, pl. 2, fig. 6;
pl. 3. fig. 3.

1931. Podolaspis rostrata (Zych); W. Zych, Fauna ryb.., p. 91, phot. 14.

1933. Pteraspis lerichei Zych; F. Brotzen, Die Silurischen.., p. 445-7, text-fig. 9.

1935. Pteraspis major Alth; E. I. White, The Ostracoderm..., p. 443.

1958. Plesiopteraspis sp.; E. A. Stensid, Les Cyclostomes.., p. 267-8, 271, text-fig.
145 A, B, 148.

Lectotype: Anterior part of dorsal carapace, figured by Zych (1927, pl. 3,
fig. 3).
Type horizon and locality: Downtonian, Mogielnica, Podolia, Ukraine.

Diagnosis. — Broad pteraspid; pineal wide, semicircular in outline,
not adjoining orbitals; pre-oral field developed but not clearly different-
iated from ascending lamella.

Remarks. — Zych (1927) described the ,,mutations” Pteraspis lerichei
n.sp. rostrata n.mut., and Pteraspis sturi Alth rostrata n.mut. and the
specimen he figured on pl. 3 fig. 3, under both names is here selected as
the lectotype. Zych (1931) described similar material as Podolaspis
rostrata, and White (1960) selected this species as the type species of
Podolaspis. In 1933 Brotzen described this same form as Pteraspis lerichei
Zych, which meant that he had selected P.lerichei rostrata as the typical

Fig. 8. — Podolaspis lerichei (Zych), ventral view of snout region showing the
development of the pre-oral field from the ascending lamella (after Stensis, 1958,
p. 272, fig. 148 B).

form of P.lerichei. In 1935 however, White claimed that P.lerichei was
a synonym of Pteraspis major Alth, for which he selected as lectotype
the specimen figured by Alth (1874, pl. 3, fig. 3-5) which Zych had inclu-
ded in his synonymy of Pteraspis lerichei rostrata. A comparison of Alth’s
and Zych's figures shows that in fact two forms are represented, and
hence Brotzen was justified in using P.lerichei. Stensié (1958) has descr-
ibed pteraspids from Podolia with the same type of pre-oral region as
Plerichei rostrata, which he has placed in the new genus Plesiopteraspis.
The differences are in fact sufficient to warrant generic distinetion from



382 L. BEVERLY TARLO

Pteraspis, and he was justified in introducing a new generic name.
However, since White (1960) selected Podolaspis rostrata Zych (Pteraspis
lerichei rostrata Zych; P.lerichei Zych) as the type species of Podolaspis,
then the generic name Podolaspis became available and because it has
priority it must replace Stensité’s Plesiopteraspis. The only specific name
available for the type species is P.lerichei Zych, as Brotzen (1933)
recognized, and therefore the wvalid name for this form ds Podolaspis le-
richei (Zych).

Genus Loricopteraspis nov.
Type species: Loricopteraspis althi (Stensit, 1958)
(text-fig. 9)

1958, Pteraspis althi n.sp.; E. A. Stensio, Les Cyclostomes..., p. 277, text-fig. 152 A,
1960. Pteraspis althi Stensit; L. B. Tarlo, The Downtonian.., p. 224, text-fig. 7a.

Holotype: Snout C. 1559 housed in Swedish Museum of Nat. Hist. Stockholm,
figured by Stensit (1958, text-fig. 152 A).
Type horizon and locality: Downtonian, Podolia, Ukraine.

Diagnosis. — Blunt-snouted pteraspid; pre-oral field composed of
small synchronomeorial units some ornamented with dentine ridges aligned
longitudinally, and others with transverse ridges.

Fig. 9. — Loricopteraspis althi (Stensid), wentral view of snout region showing
pre-oral field composed of small scale-like synchronomorial units (schematic re-
presentation after fig. 152 A of Stensio, 1958, p. 277).

Remarks. — Stensié (1958) considered that this type of pre-oral
field could be included in the type genus Pteraspis, but as White (1935,
1956) has shown, in the type species of Pteraspis, the pre-oral field is
ornamented by small pustules, and these contrast with the arrangement
described by Stensid. It is therefore felt that this new form of pre-oral
field described by Stensio should be generically separated from Pteraspis,
and as the synchronomorial units appear rather scale-like the new narme
Loricopteraspis is here proposed.
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Genus Pteraspis Kner, 1847
(syn. Scaphaspis Lankester, 1864; Belgicaspis Zych, 1931; Brachipteraspis
Brotzen, 1936; Parapteraspis Stensio, 1958)
Type species: Pteraspis rostrata (Agassiz, 1835)
for details see White, 1935
(text-tig. 10)

Holotype: Internal cast of dorsal carapace, 21444, housed in Geological Survey
Museum, London.

Diagnosis. — Typical pteraspid with triangular snout which may
be elongated anterior to the pre-oral field; pre-oral field well developed,
ornamented by small pustules; ascending lamella present; oral plates
slender, articulating with post-oral covers.

Fig. 10. — Pteraspis rostrata (Agassiz), ventral view of snout showing pre-oral
field with granular ornament, ascending lamella, oral plates and post-oral cover
(after White, 1935, p. 384 fig. 1a).

Remarks. — Belgicaspis Zych cannot be generically distinguished
from Pteraspis itself, as its pre-oral field and ascending lamella are
essentially the same as those in Pteraspis rostrata. The characteristic
elongation of the snout in Belgicaspis is also merely a further development
of the condition seen in Pteraspis rostrata. Belgicaspis is therefore here
included as a synonym of Pteraspis. Similarly, Parapteraspis Stensit
cannot be generically distinguished from Pteraspis and is also included
in its synonymy.

Genus Mylopteraspis Stensio, 1958
Type species: Mylopteraspis robusta Stensis, 1958
(fig. 11)

19568. Muylopteraspis robusta n.sp.; E. A, Stensio, Les Cyclostomes..., p. 263, 280;
text-fig. 142, 156.

Holotype: Snout with associated oral plates C. 1546, housed in Swedish Museum
of Nat. Hist.,, Stockholm, figured by Stensic (1958, text-fig. 142, 156).
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Type horizon and locality: Dittonian, Podolia, Ukraine.

Diagnosis. — Triangular snout; pineal produced laterally to meet
orbitals; pre—oral field weil developed; ascending lamella present; posterior
corners of ventral surface of rostrum project medially; oral plates stoutly
built.

Remarks. — This genus is very similar to Pteraspis, but is generically
distinguished from it by its possession of highly specialized mouth-parts.

Fig. 11. — Mylopteraspis gracilis Stensio, ventral view of snout showing median
projection of postero-lateral margins of the ventral surface of the rostral plate,
and well marked pre-oral field (after Stensid, 1958, p. 259, fig. 139 A).

Genus Rhinopteraspis Jaekel, 1919
(syn. Steganodictyum McCoy, 1851; Palaeoteuthis Roemer, 1855;
Archaeoteuthis Roemer, 1855)
Type species: Rhinopteraspis cornubica (McCoy, 1851)
(pl. I, II)
For details — see above pp. 368-376 and text.-figs. 1, 2 ¢, d, 3.

EVOLUTION OF THE PTERASPIDS

It is well known that the earliest pteraspids were small, blunt-
-snouted forms, while the latest were of two markedly contrasting kinds —
one having a very broad carapace and blunt snout, the other being
narrower with a greatly elongated snout. However, this simple picture
is more complicated than was formerly realized, Stensié’s new informat-
ion on the growth of the snout region enabling the recognition of separate
lineages, which were not previously apparent. This is based on the fact
that the characters of the snout region indicate phylogenetic relationships,
whereas the proportions of the different plates in the carapace merely
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appear to change with geological age, and are therefore satisfactory only
when considering overall evolutionary trends. Using the characters of
the snout region it can be shown that both the long-snouted and broad-
-carapaced forms were arrived at in two independent ways, and an
attempt is made below to trace the manner in which this took place.

As can be seen in text-fig. 12, three major lines can be traced from
a common primitive form, such as Protopterasptis and the first of these

Protaspis Rhinopteraspis

Brachnipterasp:s

Althasp:s

Mylopteraspis

Pterasp:s

Zascinaspis

Loricopteraspls

Podolaspls

Proteropteraspis

Penygaspis

Fig. 12. — Outline phylogeny of the pteraspids.

lead to one of the broad, blunt-snouted forms. In this line little change
occurred in the snout region, which remained essentially the same through-
out. Protopteraspis was small with a blunt snout, and an ascending
lamella not strongly developed, and from it one can easily envisage
the derivation of Zascinaspis which was somewhat broader, and had an
increased development of the ascending lamella. Finally, it seems likely
that this form gave rise to Protaspis by way of a species such as Zascinas-
pis carmani (Denison). It should be noted that although Denison (1960)
described this species under the genus Pteraspis and considered it to be
intermediate between Pteraspis and Protaspis, it is clear from his figures
of the ventral part of the snout that it bears no relation to Pteraspis,



386 L. BEVERLY TARLO

but is instead on the Zascinaspis-Protaspis line. It is however excluded
from Protaspis itself on account of the characters of the cornual region.

The next line can also be derived from Protopteraspis, but this time
it leads to one of the long-snouted forms. The increase in the length of
‘he snout was achieved by the addition on the posterior margin of the
rostral plate, of zones of cyclomorial growth in which the dentine ridges
were aligned transversely, the zone of growth in all probability being
anterior to the ascending lamella. All pteraspids with this type of growth
are included in the genus Althaspis, the long-snouted A. samscnowiczi
being reached by way of A.kujdanowiensis (Stensit) with its triangular
snout. and A.vimiensis White which has a snout intermediate between
the two. As there was likely to be a point of weakness where such growth
takes nlace, this may account for the apparent absence of the ascending
lamella in specimens of A.leachi, as it might easily have fallen away
after death. :

[ncontrast to the previous two lines, the third line which can also be
derived from Protopteraspis is characterized by the development of an
entirely new structure on the ventral surface of the rostrum. This is the
triangular pre-oral field which in the early blunt-snouted forms such
as Pcdolaspis, was not demarcated from the ascending lamella, and in
fact can be considered as an anterior production of it in the plane of
the rostral plate. This leads to the condition seen in Pteraspis where the
pre-oral field was clearly differentiated frem the ascending lamella.
In this genus the resulting triangular snout could also be increas=d in
length by the addition of zones of cyclomorial growth on the posterior
margin of the rostral plate, but anferior to the pre-oral field, as for
example in P.orostrata and P.creuchi. Such growth reaches a climax in
Rhinopteraspis, examples-of which have proportions similar to thase known
in the later forms of Althaspis.

Although Brotzen (1936) erected the new genus Brachipteraspis for
Pteraspis latissima “ych, a pteraspid with a broad carapacs, which was
different from Protaspis in the cornual region, Stensié (1958) pointed
out that in facl the ventral surface of the snout in Brachipteraspis was of
the same type as that secen in Pteraspis. Thus it is clear that within
this third lineage, both long-snouted and broad-carapaced forms evolved.

It should be noted that Rhincpteraspis and Loricopteraspis are gene-
rically separated from Preraspis itsell on account of the type of arnament
seen in the pre-oral field, and Mylopteraspis on aceount of its specialized
mouth-parts.

Thus it is clear that bo'h long-snouted and broad-carapaced f{orms
developed in different linecages, the animals having been selected in
two main directions, and this was probably reflected in their modes of
life. The long-snouted {orms may well have used their snouts for stirring
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up mud containing organic debris and small invertebrates, like the
present-day sturgeon, while the broad-carapaced forms glided over the
substratum rather like the modern skate.

AFFINITIES OF THE PTERASPIDS

Stensid’s (1927) classic work on the cephalaspids established beyond
any doubt their close zoological affinity to the modern lampreys. However,
his contention that the heterostracans (pteraspidomorphs) were related
to the hag—fiéhes {myxinoid cyclostomes), has not met with the same
ready acceptance. Stensio drew attention to the fact that the cephalaspids
and lampreys both had a dorsal naso-hypophysial opening, and a single
nasal sac, and that their branchial pouches had . their own individual
external openings. He also noted that the heterostracans and hag-fishes
both possessed a ventral naso-hypophysial opening, and that there was
a common external opening for their branchial pouches.

In 1924 however, Kiaer had proposed a division of the ostracoderms
into two major groupings based on the presence of a single nostril in
one group — the cephalaspids and anaspids, and double nasal sacs in the
other — the heterostracans. White (1935) accepted Kiaer's contention
that the heterostracans had double nasal sacs, but he did not feel that
this condition was of great taxonomic value. Stensié on the other hand
claimed that the pteraspids like the myxinoids must have had single
nasal sacs, but only Zych (1937) agreed with this although in 1931 even
he had reported the occurrence of olfactory grooves at the sides of the
ventral surface of pteraspid snouts.

The whole question of the relation of the heterostracans to modern
cyclostomes has again been broached as a result of the publication by
Stensié (1958) of hypothetical reconstruction of the internal anatomy of
the pteraspids. In order to substantiate his claim that the pteraspids
had single nasal sacs, Stensiéo was obliged to postulate the existence
also of a cartilaginous pad on which would be set a row of upper labial
plates against which the oral plates would occlude. This was in order
that a pre-nasal sinus (which would represent the single naso-hypophysial
opening) could be accommodated between the ascending lamella and the
oral plates (see text-fig. 13).

Previously, both Kiaer (1928) and White (1935) suggested that the
oral plates occluded directly against the ascending lamella, and the new
Polish specimen of R.cornubica lends support to this opinion. The mouth
plates have been remarkably well preserved, and as they are in perfect
alignment, this suggests that they were undisturbed after death. Thus
the sharpness of the junction between the plates and the posterior margin

5 Acta Palaeontologica, Nr 4
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of the pre-oral field, which can be taken as the natural position of
occlusion, precludes the possibility of the intervention of the hypothet-
ical elements postulated by Stensid, hence doubt is cast on his basic
premise that there is only a single nasal capsule present.

With regard to the case for double nasal sacs, in the Polish specimen
paired grooves can be seen situated between the para-oral plate and the

asc.lam.

pr. nas.sin.
cart. pd:
up. fab. pl
mo.

or. pl.

asc.lam:

(o4
mo
or. pl
Fig. 13. — Sagittal sections of the snout region of pteraspids: a¢ the arrangement

of Myxine with pteraspid condition superimposed, b a pteraspid with the naso-

oral region reconstructed according to Stensio’s (1958) hypothesis, showing simi-

larity to Myxine and various hypothetical structures postulated by Stensié; ¢ a pte-

raspid reconstructed according to the evidence of the snout of Rhinopteraspis

cornubica, showing the occlusion of the oral plates directly against the ascending
lamella.

asc. lam. ascending lamella, cart pd. cartilaginous pad, mo. mouth, or. pl. oral plate,
pr mas. sin. pre-nasal sinus, ip. lab. pl. upper labial plate; cartilage stippled,
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pre-oral field on either side of the ventral surface of the snout. These
can best be interpreted as olfactory, and it is of interest to note that
Stensio figured similar grooves in his Podolian material (figs. 150, 154,
156) although he offered no explanation for them. Further confirmation
that the heterostracans possessed paired nasal sacs is to be found in the
cyathaspids, where small notches occur anterior to the orbital notches
on the downturned lateral margins of the dorsal plate. These were
interpreted by Kiaer and Heintz (1935) and Watson (1954) as marking the
position of the opening to the olfactory organ, but Stensié (1958, text-
-fig. 193) considered that they marked the position of hypothetical sensory
tentacles.

Thus there can be little doubt that the heterostracans had double
nasal sacs, and by virtue of this they are precluded from the ancestry
of the myxinoid cyclostomes. This means that two fundamentally different
groups together make up the Agnatha. One includes the cephalaspids and
all modern cycloctomes, both lampreys and myxinoids, and the other the
heterostracans which may perhaps include the ancestors of all higher
vertebrates.
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L. BEVERLY TARLO

RHINOPTERASPIS CORNUBICA (McCOY) ORAZ UWAGI O KLASYFIKACJI
T EWOLUCJI PTERASPIDOW

Streszczenie

Praca zawiera pierwszy opis rostrum i cze$ci gebowych Rhinopteraspis cor-
nubica (McCoy) na podstawie okazu, znalezionego ostatnio w piaskowcu plakoder-
mowym Daleszyce koto Kiele (Tarlo, 1958).

Cze$é tylna powierzchni wentralnej rostrum zajeta jest przez tréjkatne pole
preoralne, od ktérego odchyla sie $cianka wstepujgca tworzge przednig czesé
sklepienia otworu ustnego i jamy gebowej. Z kazdej strony wymienionej §cianki
widaé wydluzong tréjkatng plytke paraoralng oraz gleboki rowek biegngcy miedzy
ta plytkg a brzegiem bocznym §cianki., Wydaje sie, ze jest to rowek wechowy, ki6-
rym woda kierowala sie do organéw wechowych, polozonych z bokéw geby. Orna-
mentacja pola preoralnego sklada sie z podluinych prazkéw dentyny, czego do-
tycheczas nie obserwowano u pteraspidéw,
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Piytki oralne sg zachowane w naturalnej pozycji artykulacyjnej. Jest ich sie-
dem, przyv czym srodkowa jest najwieksza. Widziana od przodu piytka ta jest troj-
katna, zwrocona wierzchotkiem ku stronie wentralnej. Wielko$¢ pozostalych plyv-
tek, o przekrojach réwnies nieco trojkatnych, zmniejsza sie ku bokom otworu
ustnego.

Cechy okolicy rostralne] majag zasadnicze znaczenie dla klasyfikacji pteraspi-
dow i na ich podstawie wyrodzniane sg tu rodzaje. Autfor podaje zarys klasyfikacji
pteraspidéw. w ktorym uwzgloednia propozyveie zardwno White'a (1935—60). jak
1 Stensid'ego (1958).

Ponizej podane sa diagnozy rodzajow. uznawanych przez autora niniejszej
pracy.

Genus Penygaspis Stensio. 1958
Gatunek typowy: P. dixoni (White, 1938)
(fig. 4)

Diagnoza. — Maly ptleraspid o diugoici pivtki medialnej ponizej 4 ecm.: plytki
medialne dorsalna i wentralna zioione z synchromorialnej jednostki centralnej.
arnamentowanej podiuznymi prazkami dentyvny.

Genus Protopteraspis Leriche, 1924
Gatunek tyvpowy: P. gosseleti Lzriche, 1906

(fig. 5)

Diagnoza. — Maly pteraspid o tepym. zaokraglonym rostrum: mata pitytka pi-
nealna oddzielona szeroko od orbitalnyen: pole preoralne nie rozwiniete; $cianka

wstepujgca wagska: plyvtki oralne zestawiajace sie z wentralng pivtka érodkows.

Genus Zascinaspis Stensio, 1938
Gatunek tvpowy: Z. heintzi (Brotzen. 1936)
(tig. 6)

Diagnoza. — Pleraspia =redniej wielkosci. <7eroki, plytka pinealna pentagonal-
na, przylegla do §rodkowego wystepu oralnej: pole preoralne nie rozwiniete; $cian-
ka wstepujgca szeroka i gleboka.

Genus Althaspis Zych, 1931
Gatunek typowy: A. samsonowicz: n. nom.
(fig. 7

Diagnoza. — Pteraspid o diugim rostrum: szeroka plvtka pinealna, przylega-
jaca do wagskiego wystepu $rodkowego orbitalnej: plytka paraoralna; powierzchnia
wentralna rostrum ornamentowana poprzecznymi prazkami dentyny o przyroscie

cyklomorialnym; $cianka wstepujgca rozwinigta.
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Genus Podolaspis Zych, 1931
Gatunek typowy: P. lerichei (Zych, 1927)
(fig. 8)-
Diagnoza. — Pteraspid szeroki; plytka pinealna szeroka, o zarysie po6ikolistym,
nie przylegta do orbitalnych; pole preoralne wystepuje, lecz nie jest wyraZnie
wyodrebnione od $cianki wstepujacej.

Genus Loricopteraspis nov.
Gatunek typowy: L. althi (Stensio, 1958)
(fig. 9)

Diagnoza. — Pteraspid o tgpym rostrum; pole preoralne, zlozone z malych jed-
nostek synchronomorialnych, njektére z nich ornamentowane podluinymi prazka-

mi dentyny, a inne — prazkami poprzecznymi.

Genus Pteraspis Kner, 1847
Gatunek typowy: P. rostrata (Agassiz, 1835)
(fig. 10)

Diagnoza. — Pteraspid typowy o tréjkgtnym rostrum, ktére moze sige przediu-
za¢ ku przodowi do pola preoralnego; pole preoralne dobrze rozwiniete, ornamen-
towane malymi brodawkami; $cianka wstepujaca rozwinigta; ptytki oralne smukte,
zestawiajgce sie z postoralnymi pokrywami.

Genus Muylopteraspis Stensio, 1958
Gatunek typowy: M. robusta Stensid, 1958
(fig. 11)

Diagnoza. — Pteraspid o trojkatnym rostrum, plytka pinealna osiggajgca late-
ralnie plytki orbitalne; pole preoralne dobrze rozwiniete; §cianka wstepujgea ist-
nieje; tylne rogi powierzchni wentralnej rostrum wystajace ku $rodkowi; plytki
oralne masywne.

Genus Rhinopteraspis Jaekel, 1919
Gatunek typowy: R.cornubica (McCoy, 1851)
(pl. 1, II)

Diagnoza. — Pteraspid o rostrum wydiuzonym w ksztalcie ostrza; pole preoral-
ne utworzone przez pojedyncza jednostke synchronomorialng; Scianka wstepujaca
dobrze rozwinieta; piytki oralne masywne; istniejg rowki wechowe; gruba orna-
mentacja, zlozona z prgzkow dentyny (3—6 mm).

Cechy czesci rostralnej majg wartosé taksonomiczng oraz wskazujg na stosunki
filogenetyczne. Z drugiej strony, proporcje réznych piytek pancerza zdajg sie tyl-
ko zmieniaé¢ z wiekiem geologicznym i — co za tym idzie — majg warto$¢ jedynie
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przy rozpatrywaniu ogbélnych kierunkéw ewolucyjnych. Opierajac sie na cv:ach
czgscl rostralnej mozna stwierdzi¢, ze formy o diugim rostrum i szeroko opancer. 12
zostaly zrealizowane na dwoéch niezaleznych drogach i autor usiluje wyiv_ozvé
sposob, w jaki sie to odbytlo.

Wreszcie, uklad czes$ei gebowych R.cornubica jest wazny dla rozwaz.n nad
teorig Stensid’ego, dotyczacg budowy wewneirznej rostrum pteraspidéw, przy czym
autor dochodzi do wniosku, ze pteraspidomorfy (Heterostraci), z uwagi na posia-
danie podwodjnych torebek wechowych, winny byé wylaczone z linii przodkow
Cyclostomata tvpu $luzicowatych (Myxinoidea).

OBJASNIENIA DO ILUSTRACJI

Fig. 1 (p. 372)

Rhinopteraspis cornubica (McCoy), okaz D. 1145, z piaskowca plakodermowego
Daleszyc. Oryginalny okaz zachowany jako odlew naturalny. Rysunek z odlewu
lateksowego, wykonanego przez Dra J. Kulczyckiego; asc. lam. $cianka wstepu-
jgea, olf. gr. rowek wechowy z kanalem czuciowym na dnie rowka, or.pls. plytki
oralne, par.or.pl. pivtka paraoralna, pre-or.fld. pole preoralne.

Fig. 2 (p. 373)

a,b Plytki oralne Mylopteraspis robusta Stensio: a od strony dorsalnej. b pod-
tuzny przekrdj pionowy; X 3 (wg Stensid, 1958, p. 263, fig. 142 C, D).

c,d Plytki oralne Rhinopteraspis cornubica (McCoy): ¢ z przodu, plytka gra-
niczy z podiuznymi prazkami dentyny pola preoralnego, d od strony wentralnej;
X 3.

Fig. 3 (p. 375)

Ornamentacja powierzchni wentralnej rostrum u Rhinopteraspis cornubica
(McCoy): a niedojrzale rostrum G-P.M.B. 133, tworzgce pojedynczg jednostke syn-
chronomorialng o wyodrebnionym polu preoralnym, X 05; b mlode rostrum,
B. M., P 22043, ukazujgce ulozenie prgzkéw dentyny w ksztalcie szewrondéw (wg
White’a, 1958, p. 7, fig. 4), X 0,6; ¢ doroste rostrum, G-P.M.B. 110, ukazujgce trzy
wyraZznie wyodregbnione strefy wzrostu: pierwsza, przednia — strefa synchronomorial-
nego wzrostu, ¢ prgzkach dentyny ulozonych podiuinie (jak na fig. 3a); §rodkowa
strefa — prazki dentyny ulozone w charakterystyczne szewrony (jak na fig. 3b);
tylna strefa — prazki dentyny ulozone lukowato (jak na fig. 1); X 0,5. Uwaga: Na
doroslym okazie pole preoralne zostalo zniszczone. '

) . Fig. 4 (p. 377)

Penygaspis dixoni (White), wentralne plytki medialne, ukazujgce centralna
synchronomorialng jednostke 2z otaczajgcg strefg cyklomorialnego wazrostu (wg
White'a, 1938, p. 106, fig. 18, 19).

Fig. 5 (p. 318)

Protopteraspis primaeva (Kiaer), cze$é rostralna, widoczna od strony wentral-

nej, ukazujgca waska $cianke wstepujgcg (wg Stensid, 1958, p. 262, fig. 141A).

. Fig. 6 (p. 378)
Zascinaspis heintzi (Brotzen), czedé rostralna, od strony wentralnej, ukazujaca
dobrze rozwinieta $cianke wstepujacg (wg Stensio, 1958, p. 339, fig. 189A).
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Fig. 7 (p. 380)
Althaspis samsonowiczi n. nom., cze$é rostralna, od strony wentralnej, ukazujgca
$cianke wstepujaca i poprzeczne prazki dentyny (wg Stensiot. 1958, p. 282, fig. 157A).

Fig. 8 (p. 381)
Podolaspis lerichei (Zych), czeéé¢ rostralna, od strony wentralnej, ukazujgca
rozw0j pola preoralnego od $cianki wstepujacej (wg Stensit. 1858. p. 282, fig. 157A)

Fig. 9 (p. 382)
Lortcopteraspis althi (Stensid), czeié rostralna, od strony wentralnej, ukazujgca
preoralne pole, zlozone z matych, luskowatych jednostek synchronomorialnych
(schematycznie. wg Stensio, 1958, p. 277, fig. 152A).

Fig. 10 (p. 383)

Pteraspis rostrata (Agassiz), rostrum od strony wentralnej, ukazujgce pole preo-
ralne z granulowansg ornamentacjg, §cianke wstepujacg. plyvtki oralne i pokrywe
postoralng (wg White’a, 1935, p. 384, fig. la).

Fig. 11 (p. 384)

Muylopteraspis gracilis Stensid, rostrum od strony wentralnej, ukazujace w rzu-
cle srodkowym postero-lateralne brzegi wentralne] powierzchni plytki rostralnej
i dobrze zaznaczone pole preoralne (wg Stensid. 1958, p. 259, fig. 139A).

Fig. 12 (p. 385)
Szkic filogenezyv pteraspidow.

Fig. 13 (p. 388)

Sagitalne przekroje rostralne] czeéci pteraspidow: a uklad u Myxine z nanie-
sionym typem pteraspidowym; b pteraspid ze zrekonstruowang cze$cig nosowo-oral-
ng, zgodnie z hipotezg Stensic (1958), ukazujgcy podobienstwo do Myxine i rézne hi-
potetyczne elementy postulowane przez Stensio; ¢ pteraspid zrekonstruowany opie-
rajac sie na budowie rostrum Rhinopteraspis cornubica, ukazujgcy okluzje plytek
oralnych bezposrednio naprzeciw $cianki wstepujgcej; asc.lam. §cianka wstepujgca,
cart.pd. poduszeczka chrzastkowa, mo. otwor ustny, or.pl. ptytka oralna, pr.nas.sin.
zatoka prenazalna. iplab.pl. gérna plytka wargowa: chrzastka oznaczona linig prze-
rywang.

Pl. 1
Rhinopteraspis cornubica (McCoy), dorsalna pilytka medialna, ukazujgca chro-
powatg ornamentacje prazkow dentyny. Lektotyp. A 6955«; tupki z Dartmouth.
Lantic i Lantwit, Kornwalia (okaz w Sedgwick Museum., Cambridge).

Pl 11
Rhinopteraspis cornubica (McCoy), wentralna powlierzchnia rostrum, ukazujgca
pole preoralne, plytki oralne, éclanke wstepujacg i rowki wechowe. Okaz D.1145.

z wapieni plakodermowych w Daleszycach, znajduje sie w Zakl Paleozool. PAN
w Warszawie. (Szczegblowe objaénlenia — wvide fig. 1 w teksScie).
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S, BEBFEPJMKM TAPJO

RHINOPTERASPIS CORNUEICA (McCOY) M 3AMEYAHUSA
O KJACCUPUKAIMM ¥ IBOJIOUUY TITEPACIIUJ

Pezio.ue

Pabora cogep»XUT nepBoe ONMCAHME pPblLla M POTORBLIX HacTel Rhinopteraspis cor-
nubica (McCoy) Ha ocHOBaHuUM oOpasua HAaWUAEHHOro B II0CJEAHEee BPEMA B IJIAKO-
AepmoBOM recyadHure [danewmy okono Kenbyu (Tapno, 1958).

3aHAA 4YacTb BEHTPAJBHOI IOBEPXHOCTHM pPblNa 33HATA TPEYI'CJbHBLIM Opallb-
HbIM FIOJIEM, 3a KOTOPbIM HaXOJMTCH HAKJIOHHAA BOCXOAALIAA cTeHKa obpasyruias
epeHIO YacTb CBOJAA POTOBOTO OTBEPCTHA M POTOBOIN MOJOCTH. C RAMKAON CTOPOHBI
3TOW CTEHKM BMJHA TPEYroJbHafd IIapaopaJbHasdg MNJacTHMHKa M rnybokuil xenobok.
NPOXORALLMNA MEXKAY 3TOM IJAaCTUHKOM M HOKOBBIM KpaeM BOCXOpalleir cTeHkM. Ilpen-
CTABJAETCA, YTO 3TO OOOHATENBHLIM KenobOoK, o KOTOPOMY BOxa Hanpaspisnaach
K opradaMm OOOHAHMA PAaCHOJIOXKEHHhIM 10 60kaM prta. CKYNbITypa MNPEOpasieHOTO
MONA COCTOAJA M3 MPOJAOJEHLIX MOJIOCOK NEHTMHAa, 4TO A0 CUX IIOp He Habmozancchb
Yy TITEPACIIMA.

OpaJnbHble MJIACTUHKM COXPAHEHb] B ECTECTBEHHOM IIOJOMKEeHUMMU. UX uMeerca cemsb,
npudeMm cpefunHHas aBisercAa Hauboabiuein. CMorpa cOepeiu OHa TPeyronbHoi cop-
MbI, O0pauleHHada BEepLUMHOM K BEHTPAJLHON CTOPOHE. BeJuuumHa OCTaJbHBLIX TIJIACTH-
HOK, TOME HECKONbKO TPEeYyroJbHEIX P pa3pe3aX, YMEHbLIAeTCA 10 HanpasJIEHUIO
K GOKaMm pOTOBOro OTBEPCTM:I.

OcobeHHocT 00aaCTH pbLNa UMEIOT OCHOBHOE 3HadYeHue ANA KJaaccuuKali
nrepacnuUi M Ha MX OCHOBAHUM DAa3rpaHM4YeHb! 37ech POAbl. ABTOP NpuBOAUT Habpo-
COK KyaccuMRaUMM OTEPacnui, B KOTOPOM y4YMThIBaeT npexnoxenusa Yaira um CreH-
ute (White, 1935—60; Stensio, 1958). Huike npuBeneHbl AMATHO3bl POAOB, NPHU3Ha-
BaeMbIX aBTOPOM HACTOAUlelr paboThblL

Pon Penygaspis Stensio, 1958
Tunuuuer sung: P. dixoni (White, 1938)

Juaeno3. Hebonbwiol nrepacrmy ¢ MeAUANbHON IUJIACTMHRON AJMHOK MeHee
4 cM; BEHTpaJbHadA M JOpCalbHAA IIACTMHKA COCTABJEHHBLIE CHHXPOHOMODPHMANBLHOM

UEHTPANbHON efuHMLEN, YKPALUEHHON MPOJOJbHLIMK NOJOCKaMMU AEHTUHA.

Popn Protopteraspis Leriche, 1924

Tunuunblit BUA: P. gosseleti Leriche, 1906

Juazno3. HebGonbluoi nrepacnup ¢ TyNbIM OKPYTJIEHHBIM pPbLIOM; HEOOAbLLIaA
nMHeaNbHad IMJACTMHKA LUMPOKO OTAEeNeHHaA OT OpOMTalsHBIX, INpeopansHoe ogae
HEPAa3BUTOE; BOCXOJALIlaA CTEHKAa Y3Kafd: opaJjbHble IJIACTUHKU COEQMHAIOTCA C cepe-

AWHHBIM BCHTPAJIbHBIM L{MTKOM.
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Pon Zascinaspis Stensio, 1958
Tunuudslil Buy: Z heintzi (Brotzen, 1936)

Huaznoz. Iltepacnuia cpeiHeX BENMUMHDLI, LIMPOKMIL; NMHEAJbHAaA MJACTHHKA
reHTaroHaJkbHasa, CONPMURACAIOLUIAACA CO CPEAMHHBIM BBICTYNOM OpAaNbHOI; mpeopanb-

Hoe II0Ji€ He Pa3BMTO; BOCXONALIaA CTCHRA LUMPOKAaA U rny6okas.

Pou Althaspis Zych, 1951

TUNMMYIRBIA BME: A, samsonowiczi n. nom.

Juazno3. Iltepacrmpg AJIMHHODPBUILINA; LUMPOKasa MNUWHEANbHAaA T[UIACTHMHKA, NpuJje-
raoiag K y3KOMYy CPEAMHHOMY OTPOCTKY OpOMTAJbHOM, rapaopajibHas NJacTHHKA;
BEHTPAJILHAA TIOBEPXHOCTb pPbUIA YKPAIUEHA IIONEepeyYHbIMY [IOJIOCKaMM JAEHTUHA

¢ UUMKJIOMOpHMAJbHbBLIM TTPUPOCTOM, BOCXOAAUL2A CTEHKa pa3BuTa.

Popn Podolaspis Zych, 1931
TunudHsit Buy: P. lerichei (Zych, 1927)

Auazno3z. Ilrepacnui WMPOKWIY; MMHeAJbHad IJIACTMHKA LIMPOKAA, MNONYKPYI-
JIOr0 O4YepTaHudA, HE CONPHMKAacaeTcA ¢ OpOMTaNbHBLIMM; NpPEeopajibHOe noJie MMEEeTCH,

HO He BBbIEJNIEHO OTYEeTJAMBO OT BOCXOAALUENI CTEHKMH.

Pon Loricopteraspis nov.

Tumasbiit sun: L. althi (Stensio, 1958)

Huazno3. Ilrepacnupg TYNOPbUILINA;, peopalibHOe IOJe COCTOMT M3 HeGONbLUMX
CHMHXPOHOMOPMANBLHBIX ENMHIL, HEKOTOPbIE M3 HWX MOKPBLITBI NMPOAONBHLEMU MOJIOC-

Kamy JEeHTUHAa, zx'pyrme—me onepeydHBIM.

Pox Pteraspis Kner, 1847

Tunmyuelilt BuA: P. rostrata (Agassiz, 1835)

Auaenos. TUOIMHHBUT NTEPACIHA € TPEYTOJNbHbIM PBIIOM., KOTOPOE MOMKET yAIMA-
HATLCH ClIepenyr NpPeopasibHOro II0JA; INPeopankbHOe IoJie XOPOIUO pPa3BUTO, YRpa-
LIIEHO MaJIeHEKMMM GOPOAABOUYKAMI; BOCXOAALLAA CTEHKA DPAa3BUTa; TOHKME OpalbHbIE

NJIacTMHKM COEAUHAKTCA C¢ NMOCTOPANEHBIMM.

Pon Mylopteraspis Stensio, 1958

Tunuaabnt Bug: M. robusta Stensio, 1958

Hduaznos. IITepacnug ¢ TPEYTOJABHBIM DLIIOM, TIMHEANbHAA IVIACTMHKA AOCTHraeT
NATEepajbHO OpPOUTANBHYIO;, IPEOPalbHOE MNOoJe XOPOIIO Pa3BUTO; MMEETCH BOCXORA-
n@as CTEHRA; 3ajHMe POra BEHTPAJbLHOI MOBEPXHOCTH PbLIA BLICTYNAlOT K CEPEAMHE,;

OpalJiIbHBIE NJIACTMHKM MaCCHUBHBIC.
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Poy Rhinopteraspis Jaekel, 1919
TunuyHem supa: R. cornubica (McCoy. 1851)

Huazno3. Iltepacnup ¢ yOAMHEHHBIM PbLUJIOM B BHMAE OCTPHSA; NPEOpajbHOe noJse
obpa3eBaHHOE EAMHUYHOW CHMHXDPOHOMODMAJBHON €NMHMIIEN; BOCXOAALLAA CTEHKAa XO-
pOLUO Pa3BUTa; OpPaJbHbIE NIACTUHKM MACCHUBHBIC, MMEOTcA ODOHATENLHbIE ¥HKENOOKH,

rpy6asi OPHAMEHTHUPOBKA M3 MOJIOCOK AEHTHMH2 (3—6 M),

OcobeHHoOcTy 06J1aCcTH pblla UMEKT TAKCOHOMMYECKOE 3HA4YeHME W yKa3bIBAIOT
hunorenernueckyue cooTHoweHnA. C Apyroil CTOPOHBI, NPOMOPLMK PA3HBIX TNACTHHOK
NaHUbIPA M3MEHAITCA NMOBUAMMOMY C I€OJIOTMYECKUM BO3PACTOM M, YTO M3 STOrO CJle-
AYET -— LEHHBb! eJMHCTBEHHO MNpPM PacCMOTPeHMM OBLUMX SBONKOLMOHHBIX HANpasje-
Hiit. OCHOBBIBAsACH Ha Npu3naxkax objiacTtv pblia MOMKHO YCTAHOBMUTE, YTO MJIMHHO-
pbLIble (POPMBI M € LWIMPOKMUM ITAHUBIPEM OBIIM OCYLUECTBIEHBI ABYMSA HE3ABVCHUMBIMM
IIYTAMM U @BTOP CTApaeTcA HAMETUTL CIIOCOD, KAk 3TO MPOU3OLLIO.

Haxoner pacroyioxXeHue poTOBLIX dacteln R. cornubica umeer GoOJblIoe 3HaYeHuUe
A cyxuaeHua o teopuu CreHule. Kacalolleics BHYTPEHHEr0 CTPOEHMA pbLIa ITe-
pacimi. ABTOp NPUXOAUT K BBIBOAY, YTO NTepacnupyomopdnt (Heterostraci), obnagasn
ABOMHBIMM ODOHATENBLHBIMW MEILIKaMU, HOJKHBI OBITE WCKJIIOYEHBI W3 JMHUK MNped-

KOB KDPYTIJIODOTBHIX THUIIA MHMKCIIH.



PLATES



EXPLANATION OF PLATES

Pl I
Rhinopteraspis cornubica (McCoy)

Dorsal median plate showing coarse ornamentation of dentine ridges. Lectotype,
A 6955a, form Dartmouth Slates, Lantic and Lantwit Bays, Cornwall, housed in
Sedgwick Museum, Cambridge.

Photograph by A. Barlow

PL II
Rhinopteraspis cornubica (McCoy)

Ventral surface of snout showing pre-oral field, oral plates, ascending lamella, and
olfactory grooves. Specimen D. 1145 from Placoderm Sandstone, Daleszyce, near
Kielce, Holy Cross Mountains, housed in Palaeozoological Institute, Warsaw (for
explanation see also text-fig. 1).

Photograph by W. Brackenbury
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