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THE CLASSIFICATION AND EVOLUTION OF THE HETEROSTRACI

Abstract. — An outline classification is given of the Heterostraci, with diagnoses
of the following orders and suborders: Astraspidiformes, Eriptychiiformes, Cya-
thaspidiformes (Cyathaspidida, Poraspidida, Ctenaspidida), Psammosteiformes (Tes-
seraspidida, Psammosteida), Traquairaspidiformes, Pteraspidiformes (Pteraspidida,
Doryaspidida), Cardipeltiformes and Amphiaspidiformes (Amphiaspidida, Hiber-
naspidida, Eglonaspidida). It is shown that the various orders fall into four main
evolutionary lineages — cyathaspid, psammosteid, pteraspid and amphiaspid, and
these are traced from primilive tessellated forms. A tentative phylogeny is pro-
posed and alternatives are discussed.

INTRODUCTION

Since 1858, when Huxley demonstrated that in the histological struc-
ture of their dermal bone Cephalaspis and Pteraspis were quite different
from one another, it has been recognized that there were two distinct
groups of ostracoderms for which Lankester (1868—70) proposed the
names Osteostraci and Heterostraci respectively. Although these groups
are generally considered to be related to one another, Lankester belie-
ved that “the Heterostraci are at present associated with the Osteostraci
because they are found in the same beds, because they have, like Cepha-
laspis, a large head shield, and because there is nothing else with which
to associate them”.

In 1889, Cope united these two groups in the Ostracodermi which,
together with the modern cyclostomes, he placed in the Class Agnatha,
and although this proposal was at first opposed by Traquair (1899) and
Woodward (1891b), subsequent work has shown that it was correct as
both the Osteostraci and the Heterostraci were agnathous. A third group
of ostracoderms — the anaspids — was first described by Traquair
(1899) from Scotland, and Kiaer (1924) when describing members of this
group from Norway, proposed a division of the Agnatha into two dif-
ferent groups, this time on the basis of the number of nasal sacs present.
Those with one nasal sac — the Monorhina — included the Osteostraci,
Anaspida and modern cyclostomes, while those with two sacs — the
Diplorhina — included the Heterostraci and Thelodonti (the latter
having been first fully described by Traquair, 1899).
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In his detailed description of the cephalaspids of Spitzbergen and
Great Britain, Stensié (1927, 1932) also divided the ostracoderms into
two main groups, but this time on different criteria. He used the terms
Pteraspidomorphi to include the Heterostraci and the myxinoid cyclo-
stomes, and Cephalaspidomorphi to include the Osteostraci, Anaspida
and petromyzontid cyclostomes, thus suggesting a diphyletic origin for
the cyclostomes.

The classifications produced by Kiaer and Stensié are both used at
the present time by different authors, although they are mutually
exclusive, but the fossil evidence would appear to lend greater support
to Kiaer’s views. Stensi¢’s classification which was amplified in 1958, and
accepted by Lehman (1959) and Jarvik (1960), postulates the presence in
the Heterostraci of a single nasal sac comparable to that found in the
myxinoid cyclostomes, thus suggesting that the Heterostraci may have
been ancestral to the myxinoids. However, Kiaer's contention that the
Heterostraci had double nasal sacs seems to have been accepted by the
majority of workers on the Agnatha (Kiaer & Heintz, 1935; Wills, 1935;
White, 1935, 1961; Obruchev, 1945, 1949; Balabai, 1948, 1956; Wingsjo,
1952; Watson, 1954; Tarlo, 1958, 1961b; Heintz, 1962).

In consequence, the Heterostraci and Thelodonti must be considered
entirely separately from the other Agnatha, and it is here proposed to
give an outline classification of the Heterostraci and to discuss the main
features of their evolution. The Thelodonti will be discussed in a later
work.

CLASSIFICATION OF THE HETEROSTRACI

The Heterostraci can be divided into different groups on the number
and arrangement of the bony plates making up the carapace, and it was
Traquair (1899) who first recognized that on this basis it was possible to

distinguish three families! — the Pteraspidae, the Drepanaspidae, and
the Psammosteidae. Subsequently, Kiaer (1932) divided the Heterostraci
into three main suborders — the Pteraspida, the Psammosteida (syn.

Drepanaspida), and the Cyathaspida, which latter he further divided
into the tribes Cyathaspidei and Poraspidei. This classification was
accepted by White (1935) who however emended it slightly, recognizing
a fourfold division of the Heterostraci into the families Palaeaspidae
(syn. Poraspidei Kiaer), Cyathaspidae (syn. Cyathaspidei Kiaer), Ptera-

t In Britain and America (White, 1935, 1946; Romer, 1945; Dineley, 1953; De-
nison, 1953, 1960) the Heterostraci have been divided into families, whilst in Scan-
dinavia and Russia (Kiaer, 1932; Kiaer & Heintz, 1935; Obruchev, 1938, 1941; Berg,
1940, 1955; Stensio, 1958), these divisions are usually recognized as either suborders
or orders. In the present work they will be taken as orders.
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spidae, and Drepanaspidae (syn. Psammosteidae) for which he gave
diagnoses. (It should be noted that in these classifications Kiaer did
not take into account the family Astraspidae proposed by Eastman
(1917), and White also omitted this group as well as the Cardipeltidae
proposed by Bryant (1933)).

In 1938, Obruchev introduced a new suborder — the Amphiaspida,
with a single family — the Amphiaspidae, and in 1941 he produced a
list of the divisions he recognized, and this is given below:

Order Heterostraci
Suborders: Cyathaspida
Pteraspida
Amphiaspida
Psammosteida
Families: Psammosteidae
Drepanaspidae
Weigeltaspidae?
Cardipeltidae

Romer (1945) recognized six divisions in the Heterostraci — the families
Astraspidae?, Poraspidae, Cyathaspidae, Pteraspidae, Drepanaspidae, and
Amphiaspidae, and then White (1946) introduced another new family
which he called the Phialaspidae. Subsequently however it was recog-
nized (White & Toombs, 1948) that Phialaspis Wills, 1935 was congeneric
with Traquairaspis Kiaer, 1932, and hence it was necessary to use Kiaer’s
name and call the family the Traquairaspidae. Dineley (1953) proposed
a further new family — the Corvaspidae, and in the same year Denison
proposed a three-fold division of the family Cyathaspidae into the sub-
families Poraspinae, Ctenaspinae and Cyathaspinae.

In 1955, Berg produced a much fuller classification, together with
diagnoses, his classification being as follows:

Class Pteraspides
Orders: Astraspiformes
Psammosteiformes
Families: Psammosteidae
Aspidosteidae
Cardipeltidae
Weigeltaspidae
Tesserasnidae
Orders: Pteraspiformes
Phialaspiformes
Cyathaspiformes
Suborder Cyathaspidoidei
Families: Cyathaspidae
Tolypelepidae
Diplaspidae
Traquairaspidae
Suborder Poraspidoidei
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Families: Poraspidae
Americaspidae
Dinaspidae
Dictyonaspidae
Anglaspidae
Ctenaspidae
Order Amphiaspiformes

A further and more detailed classification was given by Stensio (1958)
in which he included a considerable amount of new morphological infor-
mation on the cyathaspids and pteraspids, and his scheme is outlined
below:

Subclass Pteraspidomorphi
Superorder Heterostraci
Orders: Astraspida
Eriptychida
Drepanaspida
Pteraspida
Traquairaspida
Cyathaspida
Corvaspida
Amphiaspida
Cardipeltida
Turiniida

In his work however, Stensié did not discuss the eriptychiids, and
there seems to be no real justification for his inclusion of the turiniids
as they are thelodonts (see also Westoll, 1960). In addition, for his infor-
mation on the groups other than the pteraspids and cyathaspids Stensio
was largely obliged to rely on the literature, and was consequently un-
able to take into account the results of current studies on them by
other workers.

It is, however, now possible to amplify Stensi¢’s work, and the
following section provides diagnoses of the main divisions now
recognized within the Heterostraci, together with a short disussion
of each.

DESCRIPTIONS

Order ASTRASPIDIFORMES Berg, 1940
(syn. Astraspida Stensid, 1958)
Family Astraspididae Eastman, 1917
Type genus and species: Astraspis desiderata Walcott, 1892

Diagnosis. — Carapace composed of discrete polygonal tesserae pro-
duced by cyclomorial growth, ornamented by rounded -crenulated
tubercles. Pineal area present. Three longitudinal dorsal ridges; median
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ridge extending from posterior margin to pineal area, two lateral ridges
extending only two thirds of the way. Lateral margins of carapace
consisting of row of strongly angulated ridge plates. Histological
structure: basal aspidin lamellar layer, middle layer of spongy aspidin,
external aspidin tubercles surmounted by enamel-like substance.

Fig. 1. — Astraspis desiderata Walcott, dorsal carapace composed of discrete cyc-
lomorial tesserae and lateral ridge plates (from photograph published by Eastman,
, 1917, pl. 12, fig. 6).

Remarks. — Astraspis desiderata was originally described by Walcott
(1892) on the basis of a number of fragmentary plates, although in a
footnote he noted the discovery of a natural cast of an almost entire
dorsal carapace. This was figured by Eastman (1917; who erected the
new family Astraspidae for the reception of this form. The material was
redescribed by Bryant (1936) with particular reference to its histology.
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More recently, @rvig (1958) described the new genus Pycnaspis belonging
to this order, in which he demonstrated the presence of short dentine

tubules at the junction of the enamel-like caps of the tubercles and the
underlying aspidin.

Order ERIPTYCHIIFORMES?
(syn. Eriptychiida @rvig. 1958, Eriptychida Stensis, 1958)

Family Eriptychiidae nov.
Type genus and species: Eriptychius americanus Walcott, 1892

Diagnosis. — Carapace largely composed of discrete polygonal tes-
serae with elongated tubercles. Row of lateral ridge plates, one of which
has deep notch forming branchial opening. Fulcral plates or scales pre-
sent. Histological structure: basal lamellar and middle spongy aspidin
layers surmounted by dentine tubercles.

Remarks. — Eriptychius americanus was originally described by Wal-
cott (1892) and was reinvestigated by Bryant (1936) who demonstrated
that it differed histologically from the contemporary Astraspis, while
Jrvig (1958) showed the presence of the notched branchial plates. The
eriptychiids are distinguished from the astraspids on the differences in
the histological structure of their dermal armour. Bryant noted that the
eriptychiids shared a number of close similarities with the Ilater
psammosteids, but as these are in fact common to most primitive
heterostracans, it could just as well be argued that Eriptychius was a
primitive representative of the traquairaspids or cyathaspids as of the
psammosteids. For this reason it is considered best to retain the Eripty-
chiiformes as a separate order.

Order CYATHASPIDIFORMES Berg, 1940
(syn. Cyathaspida Kiaer, 1930)

Suborder Cyathaspidida Kiaer, 1930, emend.
(syn. Cyathaspidei Kiaer, 1930, Cyathaspidae Kiaer, 1932, emend.
White, 1935, Cyathaspidoidei Berg, 1940, Cyathaspinae Zych, 1931)
Family Cyathaspididae Kiaer, 1932
Type genus and species: Cyathaspis banksii (Huxley & Salter, 1856).

Diagnosis. — Carapace composed of four major plates — dorsal, ven-
tral and paired laterals. Dorsal plate superficially divided into four parts

2 Following Berg (1940, 1955) all orders are given the suffix ,,-iformes” in this
work, for the sake of uniformity.
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— anterior rostral, central and two lateral. Pineal macula present on
central part. Ornamentation of longitudinal dentine ridges.

Remarks. — The genus Cyathaspis was erected by Lankester (1864)
on a dorsal shield, which had previously been described and figured by

Fig. 2. — Archegonaspis in-
teger (Kunth), dorsal plate
showing pineal macula, and
superficial division into ros-
tral, central and lateral areas
(after Kiaer, 1932, fig. 3).

Huxley & Salter (1856). This suborder includes all the earliest repre-
sentatives of the Cyathaspidiformes, a number of which show traces of
primitive tesserae, to a greater or lesser extent. Although the carapace
is formed of four major plates, these are clearly the result of fusmn of
more numerous elements. The classic accounts of the cyathasplds are
given by Kiaer (1932), and Kiaer & Heintz (1935), while more recently
Stensié (1958) has added considerably to our knowledge of the group.
Kiaer (1932) divided the cyathaspids (s.s.) into the following families:
Cyathaspidae, Tolypelepidae, Diplaspidae, and Traquairaspidae, but
the Traquairaspidae are now known to represent a separate order, and
the other families require further revision which is beyond the scope
of the present paper.

Suborder Poraspidida new rank

(syn. Poraspidei Kiaer, 1930, Palaeaspidae White, 1935, Palaeaspinae
Zych, 1931, Poraspidoidei Berg, 1940, Poraspinae Denison, 1953)

Family Poraspididae Kiaer, 1932

Type genus and species: Poraspis sericea (Lankester, 1373)

Diagnosis. — Carapace composed of four main plates — dorsal, ven-
tral and two lateral branchials. Dorsal plate not superficially divided into
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areas, although these can still be recognized from the arrangement of the
ornament of longitudinal dentine ridges. Small suborbital plates and
oral plates known. Squamation of large deep scales on trunk, and small
scales on tail.

Fig. 3. — Anglaspis heintzi Kiaer, upper figure: dorsal carapace showing dorsal
plate and paired lateral branchials; lower figure: lateral view of entire animal
showing squamation and hypocercal tail (after Kiaer, 1932, fig. 11).

Remarks. — This group represenls the main development of the
Cyathaspidiformes which flourished during the early part of the Lower
Devonian. Within this suborder there is no longer any direct evidence
of the derivation of the carapace from the fusion of more numerous
small units. The genera of the Poraspidida generally have a very
convex ventral plate and comparatively flat dorsal plate, suggesting
that these forms were nectonic rather than benthonic (see Obruchev,
1959), although some specimens of Anglaspis show a certain amount of
abrasion of their ventral surface.

Kiaer (1932) divided the poraspids into the following families: Pora-
spidae, Palacaspidae, Dinaspidae, Dictyonaspidae, Anglaspidae and Cte-
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naspidae, but these are in need of a detailed revision which is beyond
the scope of the present work.

Suborder Ctenaspidida Zych, 1931
(syn. Ctenaspinae Denison, 1953)

Family Ctenaspididae Kiaer, 1932
Type genus and species: Ctenaspis dentata Kiaer, 1930

Diagnosis. — Carapace composed of-two major plates — branchio-
-dorsal and ventral. Oral, post-oral and suborbital plates known.

Fig. 4. — Ctenaspis dentata Kiaer, dorsal carapace composed of single unit, with
lateral flange over branchial region; lower figure lateral view (after Stensio,
1958, fig. 176).

Remarks. — Although Ctenaspis was originally described by Kiaer
(1930), it was not until Stensié (1958) recognized that the branchials
were fused with the dorsal plate, that this type of carapace was known
to exist in the Cyathaspidiformes. Another cyathaspid, Allocryptaspis
from N. America with the same type of carapace, was independently
described by Denison (1960). Whether or not these two genera are
directly related, they nevertheless show a morphological stage which is

17 Acta Palaeontologica Polonica Nr 1-2
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‘quite distinct from that of the normal cyathaspids. The fact that their
carapace is composed of only two main plates could be used as a basis
for separate ordinal status, but since their relationship to the normal
cyathaspids is quite clear, it is felt that they should be retained within
the order Cyathaspidiformes as a suborder. Like the poraspids the
ctenaspids have a very convex ventral plate.

Order PSAMMOSTEIFORMES Berg, 1940
(syn. Drepanaspida Stensio, 1958)

Suborder Tesseraspidida nov.

Diagnosis. — Carapace composed of independent polygonal plates or
tesserae which may be fused to form discrete larger plates. In forms

Fig. 5. — Tesseraspis tessellata Wills, dorsal carapace showing organization of
tesserae into regions foreshadowing arrangement found in later psammosteids.

where fusion has not taken place the tesserae are differentiated into
separate areas foreshadowing such plates. In all forms large areas of
the carapace are still composed of discrete tesserae, and the full comple-
ment of plates found in the later psammosteids is not achieved.
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Family Tesseraspididae Berg, 1955
Type genus and species: Tesseraspis tessellata Wills, 1935

Diagnosis. — Carapace composed of discrete tesserae differentiated
into separate areas foreshadowing dorsal and ventral median plates,
branchials and fields of tesserae of later forms. Ornamentation of cre-
nulated dentine tubercles which vary in different parts of the carapace.

Family Weigeltaspididae Brotzen, 1933
Type genus and species: Weigeltaspis alta Brotzen, 1933

Diagnosis. — Long narrow dorsal median plate (originally erroneously
described as branchial), rectangular postorbital, orbital, arched branchial
plate and fields of tesserae. Rostral area composed of tesserae. Ornamen-
tation of large crenulated, striated, well spaced dentine tubercles.

Family Corvaspididae Dineley, 1953
(syn. Corvaspida Stensio, 1958)

Type genus and species: Corvaspis kingi Woodward, 1934

Diagnosis. — Dorsal and ventral median plates, orbital, branchial
and ? post-orbital plates. Fields of tesserae. Ornamentation of short
longitudinal dentine ridges generally arranged as superficial synchro-
nomorial tesserae.

Remarks. — Wills (1935) described Tesseraspis and suggested that it
had affinities to the psammosteids. This view has been accepted by Gross
(1937), Tarlo (1957, 1961a), Stensié (1958) and Drvig (1961), although
Denison (1956) claimed that it was a cephalaspid and Obruchev (1961b)
has denied that it was a psammosteid.

The specialized heterostracan Corvaspis was originally described as
a cyathaspid by Woodward (1934), but Dineley (1953) showed that this
was not so, and created a new family Corvaspidae for its reception, which
Stensié (1958) raised to ordinal status. It was later suggested (Tarlo,
1960) that Corvaspis could be retained within the psammosteids. It is
here included in a separate family within the Tesseraspidida, which
is a major division of the Psammosteiformes.

Weigeltaspis is also here included in a separate family within the
Tesseraspida. This genus was originally described by Brotzen (1933) as
representing a new group of heterostracans which showed some rela-
tionship to the psammosteids, and although accepted as a psammosteid
by Wills (1935), Gross (1937), Obruchev (1941), Berg (1955) and Tarlo
(1957, 1961a), other authors such as Denison (1956) and Qrvig (1961)
have considered that it is not possible to tell whether or not this is so.

17*
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Work now in progress however, confirms that both Tesseraspis and
Weigeltaspis belong in the Psammosteiformes.

Suborder Psammosteida Kiaer, 1932

(syn. Psammosteidae Traquair, 1836, Drepanaspidae Traguair, 1899,
emend., White, 1935)

Diagnosis. — Carapace composed of twelve main plates — dorsal and
ventral median plates, rostral plate, pineal plate, paired orbitals, post-

Fig. 6. — Drepanaspis gemundenensis Schliiter, dorsal view showing median

rostral and dorsal plates, and paired orbital, post-orbital, branchial and cornual

plates; note fields of tesserae separating the median plates from the laterals
(after Obrnuchev, 1943, fig. 1).
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orbitals, branchials and cornuals. Median and lateral plates separated
by zones of polygonal tesserae (fields of tesserae). Oral plates with well
developed oral tooth lamellae present. Ornamentation of rounded
crenulated dentine tubercles.

Family Drepanaspididae Traquair, 1899
Type genus and species: Drepanaspis gemundenensis Schliter, 1887

Diagnosis. — Branchial plates long and narrow, post-orbitals with
posterior projection median to branchial plate.

Family Psammolepididae nov.
Type genus and species: Psammolepis paradoxa (Agassiz, 1845)

Diagnosis. — Branchial plates as wide as long, post-orbital plate
same length as-branchial, which it overlaps posteriorly. Ventral median
plate generally with anterior portion showing concentric zones of growth,
built up posteriorly by superficial synchronomorial tesserae. In later
species entire plate covered by superficial synchronomorial tesserae.

Family Pycnosteidae nov.
Type genus and species: Pycnosteus palaeformis Preobrajenski, 1911

Diagnosis. — Branchial plate as wide as long, ventral median plate
with deep persistent posterior notch. No superficial tesserae present
on median plates, except in Tartuosteus (see Obruchev, 1961 a).

Family Psammesteidae Traquair, 1896
Type genus and species: Psammosteus maeandrinus Agassiz, 1845

Diagnosis. — Branchial plate short and wide, post-orbital plate long
and narrow. Ventral median plate long and narrow, covered by super-
ficial cyclomorial tesserae.

Family Aspidosteidae Berg, 1935
Type genus and species: Aspidosteus heckeri Obruchev, 1941

Diagnosis. — Branchial plates long and narrow, strongly arched from
side to side. Dermal armour without dentine tubercles, but strengthened
by pleromic dentine.

Remarks. — The best known genus of this group is Drepanaspis
which was first fully described and reconstructed by Traquair (1899,
1903, 1905). The most recent reconstruction of this form has been pro-
duced by Obruchev (1943). Traquair (1896) in his study of the Scottish
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psammosteids first introduced the Psammosteidae as the name of
a group, which he was later (1899) able to show belonged to the Hetero-
straci. At the same time (1899) he introduced the Drepanaspidae which
he kept separate from the Psammosteidae, but subsequent authors have
used these terms synonymously, with the exception of Obruchev (1941).
The valid term for the suborder is the Psammosteida, but this can be
divided into five main families: the Drepanaspididae Traquair, 1899,
Psammolepididae nov., Pycnosteidae nov., Psammosteidae Traquair,
1896, and Aspidosteidae Berg, 1955.

The Psammosteida show an important radiation in Middle and Upper
Devonian times, and although all the plates of the carapace remain
homologous, the morphological changes that take place are considerable.
These changes and their significance are discussed below in the section
on evolution.

Unlike most other heterostracans, those belonging to this suborder
have a mouth which is situated dorsally and in consequence it might
be expected that they would have distinctive oral plates. It is true that
the oral plates in the Psammosteida have an extension which curves over
anteriorly from the ventral surface to the dorsal, but from Heintz
(1962) it is now evident that these dorsal extensions of the oral plates
are homologous to the oral tooth lamellae found in the pteraspids and
cyathaspids. Thus this type of oral plate appears to be a common feature
of most orders of Heterostraci. In the psammosteids, which have a very
wide mouth, these plates have been greatly increased in width, but their
homology to those found in the pteraspids is indisputable, and they can
in no way be considered to represent specialized post-oral covers as
was suggested by White (1935).

Order TRAQUAIRASPIDIFORMES
(syn. Phialaspidae White, 1946, Phialaspiformes Berg, 1955,
Traquairaspida Stensis, 1958)

Family Traquairaspididae Kiaer, 1932
Type genus and species: Traquairaspis campbelli (Traquair, 1913)
Diagnosis. — Carapace composed of eight main plates — rostral,
pineal, dorsal and ventral median plates, paired orbital and branchio-

cornual plates. Branchial opening completely enclosed in branchio-cor-
nual plates.

Remarks. — Representatives of this order, of which only two species
are known — Traquairaspis campbelli (Traquair) and Traquairaspis
symondsi (Lankester) — were originally varlously assigned to the

cyathaspids and psammosteids, but White (1946) was able to demonstrate
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that they represented a separate grouping of the Heterostraci for which
he proposed the new family Phialaspidae. Since Phialaspts Wills, 1935 is
a synonym of Traquairaspis Kiaer, 1932, the name of the order was
accordingly changed to Traquairaspida by Stensié (1958). This group in
many respects is intermediate between the psammosteids and the pte-
raspids, and this relationship is discussed below in the section on
evolution.

Fig. 7. — Traquairaspis campbelli (Traquair) — (syn. T. pococki (White)); dorsal
carapace showing median rostral, pineal and dorsal plates, and paired orbital
and composite branchio-cornual plates (after White, 1946, fig. 40).

Order PTERASPIDIFORMES Berg, 1940

Suborder Pteraspidida Kiaer, 1932, emend.

Family Pteraspididae Woodward, 1891
Type genus and species: Pteraspis rostrata (Agassiz, 1835)

Diagnosis. — Carapace composed of ten main plates — rostral, pineal,
dorsal and ventral median plates, paired orbital branchial and cornual

plates. Frequently with post-oral and lateral plates, together with normal
oral plates.
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Remarks. — The pteraspids were first described by Agassiz in 1835
under the name Cephalaspis. These forms were subsequently separated
from typical cephalaspids and Huxley (1858) demonstrated that they
were quite dissimilar in the microscopic structure of their armour.

Fig. 8. — Pteraspis rostrata (Agassiz), dorsal view of carapace showing median
rostral, pineal and dorsal plates, and paired orbital, branchial and cornual plates;
lower figure: lateral view of entire animal (after White, 1935, figs. 81, 84).

The classic work on the pteraspids was carried out by Kiaer (1928)
and White (1935). More recently Stensit (1958) has considerably advanced
our knowledge of this order, in consequence of which it has been neces-

sary to revise the previous classifications used for this group (see Tarlo;
1961 b).
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Suborder Doryaspidida N. Heintz
Family Doryaspididae N. Heintz
Type genus and species: Doryaspis nathorsti (Lankester, 1884)

Diagnosis (information supplied by Dr. N. Heintz). — Full pteraspid
complement of plates, except that oral plates absent. Mouth dorsal with
a very long narrow pseudo-rostrum, formed from one of ventral elements
of carapace. Rostral plate transversely truncated anteriorly. Paired
cornual plates very short and wide, forming two slender lateral pro-
jections. Ornament consisting of characteristic network of stellate ridges.

Remarks. — Lankester (1884) first described remains of this form
which were characterized by their ornamentation. These were later
shown by Woodward (1891 a) to belong to a pteraspid, and White (1935)
placed this in the new genus Doryaspis Kiaer M. S. Further work is in
progress on this form by N. Heintz, and a full description will be
published in the near future. The nature of the mouth region with
the development of the pseudo-rostrum possibly from a median post-oral
unit or a highly specialized median oral plate, shows that Doryaspis
clearly represents a highly specialized side-branch of the Pteraspidi-
formes, which warrants at least subordinal distinction. This form is
likely to have been a surface feeder and not benthonic as the normal
pteraspids are considered to have been,. although it should be noted
that even the normal pteraspids are considered by Obruchev (1959) to
have been at least nectonic.

Order CARDIPELTIFORMES
(syn. Cardipeltida Stensis, 1958)

Family Cardipeltidae Bryant, 1933
Type genus and species: Cardipeltis wallacii Branson & Mehl, 1931

-

Diagnosis. — Carapace comprises large dorso-branchial plate, together
with composite branchials and tesserae. Ventral ‘part of carapace pro-
bably composed of tesserae.

Remarks. — This unusual form was first described by Branson and
Mehl (1931) as part of a cyathaspid shield, with an orbital notch at
either side. These notches were re-interpreted by Bryant (1933) as
branchial openings, and in the same work he proposed the new family
Cardipeltidae. Obruchev (1941) described Aspidosteus as a member of
the Cardipeltidae, which family he included in the suborder Psammo-
steida, and orientated the wider part of the Cardipeltis dorsal carapace
anteriorly to bring it in line with the psammosteids. Denison (1953)
showed that this orientation of Cardipeltis was incorrect, because of the
direction of the branchial openings, and subsequently Stensié (1958)
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redescribed this form and gave a tentative reconstruction of the complete
dorsal carapace, a modified version of which is shown in text-fig. 9.
At the same time however, Stensié included Aspidosteus in the order,

Fig. 9. — Cardipeltis wallacii Branson & Mehl, reconstruction of dorsal carapace
showing compound dorso-branchial plate, lateral ridge plates and tesserae (modified
after Stensis, 1958, fig. 184A).

but this time orientated so that the widest part of its carapace was
posterior. As already noted above, Aspidosteus is a psammosteid, and
its resemblance to Cardipeltis when inverted has no bearing on the

classification of either.
Order AMPHIASPIDIFORMES Berg, 1940
Suborder Amphiaspidida Obruchev, 1938
Family Amphiaspididae Obruchev, 1938
Type genus and species: Amphiaspis argos-Obruchev, 1938

Diagnosis (supplied by Prof. D. Obruchev). — Head and fore-part of
trunk covered by an undivided dorso-ventral armour. No branchials or
cornuals have been observed. No rostrum. Orbits at the anterior margin
of carapace, Mouth ventral. Ventral side flat, dorsal econvex. Surface
covered with small dentine tubercles.
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Remarks. — Amphiaspis was originally described by Obruchev in the
Kureyka region of N. W. Siberia. From the same fauna he described
Hibernaspis macrolepis which although originally considered to be
a cyathaspid, is now known to belong to the same group as Amphiaspis
(Obruchev, 1959). Several other related genera are known, the names
of which are listed by Obruchev (1958), but their deséri’ption 1s still
awaited. ' ‘

Suborder Hibernaspidida Obruchev
Family Hibernaspididae Obruchev, 1938

Type genus and species: Hibernaspis macrolepis Obruchev, 1938

Diagnosis (supplied by Prof. D. Obruchev). — Flattened heterostracans
with a subtriangular head and trunk armour, consisting of fused dorsal,
ventral and paired branchial plates. Triangular mouth adjoining the
anterior margin ventrally. Orbits dorsally near anterior margin. Surface
covered with wide and flat dentine ridges, 5—8 cm.

Fig. 10. — Hibernaspis macrolepis Obruchev, dorsal view of carapace showing
anterior position of eyes and terminal mouth (after Obruchev, 1959, fig. 1).
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Suborder Eglonaspidida nov.
Family Eglonaspididae nov.
Type genus and species: Eglonaspis rostrata Obruchev, 1959

Diagnosis. — Blind amphiaspid, with circular hole in mid-line near
posterior margin of dorsal carapace into which dorsal spine may have
been inserted. Mouth at end of tubular anterior extension to carapace.

Remarks. — The name of this form was listed by Obruchev (1958)
and in 1959 he figured the carapace, but only with the generic name.
This anomalous heterostracan, although clearly belonging to the
amphiaspids in the broadest sense, is such a highly specialized form
that it is considered necessary to give it at least subordinal status.

6 cne

1 —

Fig. 11. — Eglonaspis rostrata Obrdchev; dorsal view of carapace showing ante-
rior oral extension and position of ?dorsal spine (after Obruchev, 1959, fig. 2).

EVOLUTION OF THE HETEROSTRACI

Although it is possible to divide the Heterostraci into a number of
orders, suborders and families, it is less easy to establish the relation-
ships of these groups to one another. This difficulty is in large measure
due to the fact that evolutionary trends can be followed which affect
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the Heterostraci as a whole (see Terlo, 1962), and because most of the
groups go through similar morphological stages at some time in their
history, confusion has arisen when attempts have been made to link
together forms at the same structural grade which may not necessarily
be directly related.

However, from a study of the development of the armour of the
carapace in the various groups it becomes possible to show the way in
which these groups are related to one another, and hence to trace the
main evolutionary lineages within the Heterosiraci. Although, as has
been shown above, eight groups are recognizable, these seem to fall into
four main lines — the cyathaspid, psammosteid, pteraspid and amphiaspid
lineages, and each of these will be considered separately below.

R

a b - C

Fig. 12. — Cyathaspid lineage; diagram showing progressive elimination of tes-

serae: a Tolypelepis with cyclomorial tesserae adjoining lateral region of synchro-

nomorial growth, b Cwyathaspis showing isolated longitudinal ,first generation”

dentine ridges set in later, finer longitudinal ridges, ¢ Anglaspis showing synchro-

nomorial longitudinal ridges with differing lineation in median and lateral regions
of plate.

I. Cyathaspid Lineage

From the type of primitive carapace found in the Ordovician forms,
which was composed of discrete tesserae produced by cyclomorial growth,
it is easy to envisage the production of the carapace found in the primi-
tive cyathaspid Tolypelepis. In this form the dorsal plate has an orna-
mentation of cyclomorial tesserae, although there are no rounded tuber-
cles present, it having instead short dentine ridges no doubt formed
by the fusion of tubercles. The possession of these tesserae indicates
that until the animal neared ist definitive size the carapace grew to keep
pace with the growth of the animal, and it was only when it reached
its definitive size that the lateral margins and the rostral area of the
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dorsal plate appeared as single units (synchronomorially), and the whole
dorsal area became fused together,

In the later Cyathaspis the main plates were again formed when the
animal was fully grown, although in this case the initial dentine ridges
(which in Tolypelepis would have been the primordia of tesserae) are
much elongated suggesting the fusion of a number of shorter ridges.
In addition these ridges must have remained isolated in the skin until
the animal reached its definitive size, for at that time a further gene-
ration of longitudinal dentine ridges formed between the initial ones,
while simultaneously the lateral margins of the main plates also appeared
and became fused to the central areas. Thus in many ways Cyathaspis
is similar in its young stage to the condition seen in Tolypelepis, although
the production of the main part of the dermal armour is delayed until
the definitive size is reached (Obruchev, 1945). As a result of the method
by which the plates grow in these two genera, their dorsal plates show
a superficial division into rostral, lateral and central areas.

In the poraspids, the entire plates appear as single units (synchro-
nomorially) when the animal is fully grown, and although the ornamen-
tation consists of longitudinal dentine ridges, these are all of one
generation (Obruchev, 1945). From their alignment however it is still
frequently possible to distinguish the four areas of the dorsal plate.

A more advanced stage of fusion is seen in the ctenaspids, where the
carapace is composed of only two plates — one dorsal and the other
ventral, the lateral margins of the dorsal plate being overturned to
cover the branchial areas, thus suggesting the fusion of the branchial
plates to the dorsal. Ctenaspis itself which is an early ctenaspid still
retains some evidence of original tesserae, which in this instance are
scale-like; but the much later Allocryptaspis is similar in its ornamen-
tation to the poraspids.

11, Psammosteid Lineage

The carapace of the primitive psammosteid Tesseraspis is similar to
the type seen in the Ordovician Astraspis, being composed of discrete
tesserae and lateral ridge plates. Tesseraspis however, has thick tesserae
in the median areas of its carapace ornamented by large tubercles,
and separating these from the lateral ridge plates are thinner tesserae
with smaller tubercles. Tesseraspis therefore shows the organization of
the tesserae into different groups foreshadowing the later plates and
fields of tesserae of the typical psammosteid carapace.

A further advance is seen in Weigeltaspis, where although its orna-
mentation is like that of Tesseraspis, it would nevertheless appear to
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have a similar complement of plates to the well known Drepanaspis.
However, the tesserae of the rostral area in Weigeltaspis are not fused
to form a rostral plate, and so far a cornual plate has not been reco-
gnized. It can therefore be taken as a form intermediate between
Tesseraspis and a typical later psammosteid such as Drepanaspis.

Psammosteus

Psammolepis

Pycnosteus

Tartuosteus

Fig. 13. — Psammosteid lineage; ventral median plates of Middle Devonian genera,

illustrating the two main evolutionary lines: the pycnosteid (Pycnosteus and Tar-

tuosteus), and the psammolepid (Psammolepis) which grades into the psammosteid
(Psammosteus).

The subsequent history of the psammosteids reveals an apparent
reversion of the trend towards the fusion of elements, and the per-
sistent fields of tesserae between the main plates become progressively
more important. In fact by the time the family Psammosteidae for
example, is reached, the entire dorsal and ventral median plates are

composed of superficial cyclomorial polygonal tesserae, overlying a bony
plate. '

Although Drepanaspis is the best known of the later psammosteids,
the genus Drepanaspis itself is not ancestral to the Middle and Upper
Devonian forms. Their ancestry is to be sought in the freshwater
Polish psammosteids of Emsian age which belong to a new family and
are shortly to be described.
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From these Emsian forms two main lineages developed — the pycno-
steids with their deeply notched ventral median plate and the psammo-
lepids, with their long narrow median plate, these latter eventually grad-
ing into the psammosteids (s.s.) in which the branchial plates are very
wide and short. Contemporaneous with the latest psammosteids, the
aspidosteids represent a separate development, as in them there appears
to be a reversion to a long narrow branchial plate. They have also lost
the ornamentation of normal dentine tubercles, but have retained the
ability possessed by the other psammosteids to produce pleromic dentine
as a strengthening. Whereas in the other groups this is only as a direct
response to abrasion, in the aspidosteids the ability has been utilized
throughout the entire carapace, whether or not abrasion has occurred
(see also Tarlo & Tarlo, 1961).

Obruchev (1945, 1961b) has suggested that the psammosteids can be
derived from an advanced pteraspid such as Protaspis, in particular the
form now renamed Europrotaspis by White (1961). It is true that the
pattern of plates-in Europrotaspis is similar to that in the psammosteids,
except that the orbital plate of the pteraspid is equivalent to two in the
psammosteids — the orbital and post-orbital. Furthermore, in Europro-
taspis the relationship of the cornual plate to the branchial plate and its
opening is comparable to the condition in Drepanaspis. However, there
is one very important difference. The psammosteids possess fields of
tesserae separating the paired lateral plates from the median ones, while
no such tesserae are present in the pteraspids. Obruchev (1943, 1945)
suggests that the fields of tesserae of the psammosteids are a neo-forma-
tion which developed to protect the sensory canal system in the young
stages, but it seems much more likely that they are a primitive feature
which has been retained, as such fields of tesserae are present in the
early forms Tesseraspis and Weigeltaspis. This latter view would thus
take into account the primitive nature of a carapace composed of tesserae,
and would enable such forms as Tesseraspis and Weigeltaspis to be fitted
into any evolutionary scheme. By treating the fields of tesserae of the
later psammosteids as a neo-formation, these genera could not easily be
accounted for.

1II. Pteraspid Lineage

The fact that the main plates of pteraspids are homologous to those
of the psammosteids and traquairaspids suggests that these groups are
closely related to one another. However, as has been pointed out above,
the pteraspids do not possess fields of tesserae. Nevertheless if the young
stages of Traquairaspis are studied, it is evident that the traquairaspids
possessed tesserae covering the sensory canal system along the sides of
the median plates, although these were incorporated into the median
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plates as the animal grew, and can only be recognized in the adult by
a study of the pattern of the ornamentation.

This suggests that in Traquairaspis the typical fields of tesserae seen
in the psammosteids were reduced, so that early in ontogeny they were
confined to covering the sensory canals.

It is therefore quite likely that in the pteraspids the fields of tesserae
were further reduced so that in the young stages the sensory canals were

Fig. 14, — Pteraspid lineage; diagram of young stages to illustrate progressive
reduction of tesserae: a psammosteid, b traquairaspid, c¢ pteraspid.
S. C. sensory canal, T tesserae, V ventral median plate,

completely unprotected by tesserae. These three stages which are illu-
strated in text-fig. 14, could perhaps be used to illustrate the appearance
of fields of fesserae de movo from the pteraspids, but this would make
it difficult to fit into the correct stratigraphic sequence the forms con-
cerned, and it would also not be easy to explain the considerable width
of the fields of tesserae in the psammosteids. In addition as was mentio-
ned earlier, all the primitive Heterostraci have a carapace composed of
tesserae, and such tesserae are unlikely to have all been lost and then
produced anew. It seems more likely therefore that the pteraspids were
derived from a primitive psammosteid, through a stage such as that
represented by Traquairaspis.

Another theory for the origin of the pteraspids suggests that they
were derived from an advanced cyathaspid (Bryant, 1933) as both the
cyathaspids and earliest pteraspids were small animals, and the most
primitive pteraspid shows in the dorsal and veniral median plates, a
type of synchronomorial growth similar to that found in the cyathaspids.
The mouth parts are also very similar, but this is a feature common to
all heterostracans in which these elements are known.

18 Acta Palaeontologica Polonica Nr 1-2
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The superficial resemblance between the two groups is therefore quite
striking, and it was previously argued that the cyathaspids gave rise to
the pteraspids by the subdivision of their armour. However, there is no
evidence to support this theory, and in any case it would require a
certain amount of concomitant fusion to produce the orbital plates of
the pteraspids. Besides this, the main evolutionary trend within the
Heterostraci as a whole is one in which small elements fuse to form
larger units, and it seems more probable therefore that the cyathaspids
and the pteraspids were both derived independently from primitive
forms with tesserae.

1V. Amphiaspid Lineage

The amphiaspids with their carapace composed of a single unit, have
been considered to be connected with the cyathaspids because of the high
degree of fusion in the carapace (Stensio, 1958). On the other hand, it
has been further suggested that they could represent a side-branch of
the psammosteids via the cardipeltids (Tarlo, 1960).

One of the earliest psammosteids Kallostrakon, has plates formed of
cyclomorial tesserae, and this grades into a form such as Corvaspis in
which the ornamentation consists mainly of synchronomorial tesserae.
Within Corvaspis again, there are some forms in which various stages
can be seen in one plate, in the gradual elimination of the tesserae by
fusion (Tarlo, 1960). In this respect these plates of Corvaspis are similar
to the large dorsal plates of Cardipeltis, and by postulating the fusion
of the branchial and dorsal plates in Corvaspis to form a single unit,
the cardipeltid condition could be arrived at. This may well have been
the way in which the cardipeltids originated from the main psammo-
steid line. .

From the sensory canal system in Cardipeltis it is evident that there
were further elements of the carapace anterior to the dorso-branchial
plate, and Stensid’s reconstruction of the entire carapace (1958) would
seem to be largely justified. This reconstruction shows an astonishing
similarity to some of the amphiaspids, except that they have the anterior
plates and the ventral plate fused to the dorso-branchial, making the
carapace one single unit, The amphiaspids therefore very likely represent
an advanced specialized group of heterostracans in which the fusion
from original tesserae has been taken as far as possible. The fact that
their carapace is an apparently simple one does not necessarily imply
any relationship to the cyathaspids, but instead it is considered to be
a sign of the parallel development of these two lineages, as there is no
other marked similarity between them. Although once again it is neces-
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sary ultimately to derive all the groups from primitive forms with tesse-
rae, in the amphiaspid lineage it is possible to recognize the earliest
representative among the psammosteids. Also, as the cardipeltids form
a well defined natural group, they can be distinguished from both
the early psammosteids and the amphiaspids proper.

CONCLUSION

The relationships of the orders, suborders and families discussed
above, are indicated in text-fig. 15 below, and as can be seen, this pro-
posed phylogeny is divided into what are considered to be the main
taxonomic units.

One of the difficulties met with when drawing up this classification
has been the fact that two or more lineages often originated from a single
group, but within that group it is not possible to recognize any division.
Thus although the end results are quite easy to separate off as natural
groups, it is difficult to know where to draw a line between the earlier
forms. For example, a case could be made out for including the Ordo-
vician eriptychiids as either primitive psammosteids, traquairaspids
or even cyathaspids. However, any of these alternative procedures would
obscure the fact that the eriptychiids represent a primitive structural
grade from which it is possible to derive any or all of these groups.

Again, when considering the tesseraspids, the early members of this
suborder are difficult to distinguish from the early cyathaspids, because
they are both just on the point of diverging from a similar basal stock in
which the carapace is composed essentially of tesserae. In the tesseraspids
however, the fusion took a rather different path from that seen in the
earliest known cyathaspids, and hence these two groups can be separated
from one another on this basis. At the same time, within the tesseraspids
are to be found the possible ancestors of the three other major lineages
— the advanced psammosteids, pteraspids and amphiaspids, but no spe-
cific tesseraspid, with the possible exception of Corvaspis, can be said to
lead directly to any one of them.

Any attempt to produce a viable phylogeny of the Heterostraci must
take into account the earliest known forms from the Ordovician, in which
the carapace is composed of numerous discrete tesserae. In addition the
present phylogeny has been based on the realization that within the
Heterostraci there exists an overall evolutionary trend in which small
units of the dermal armour have tended to fuse to form larger units,
although there is an apparent reversal of this trend in the later psam-
mosteids.

18*
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For these reasons therefore, it is considered erroneous for the cyatha-
spids to be taken as the starting point from which the other groups
could have been derived by a progressive subdivision of the armour,
even though morphological similarities can be seen between the cyatha-
spids and members of other groups. In fact it has been possible to show
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Tig. 15. — Tentative phylogeny of the Heterostraci

AMPH Amphiaspidiformes, ASTR Astraspidiformes, CARD Cardipeltiformes,
CYATH Cyathaspidiformes, ERIPT Eriptychiiformes, PSAMM Psammosteiformes,
PTER Pteraspidiformes, TRAQ Traquairaspidiformes

Asp Aspidosteidae, Cor Corvaspididae, Drep Drepanaspididae, Psl Psammolepididae, Pst Psammo-
steidae, Pyc Pycnosteidae, Tess Tesseraspididae. We Weigeltaspididae.
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how the cyathaspid conditions could have been arrived at by the pro-
gressive fusion of primitive tesserae (see Obruchev, 1945).

Again, it has been demonstrated how the main psammosteid line
could quite easily have been derived from the Ordovician forms, by way
of such genera as Tesseraspis and Weigeltaspis. In this line it has been
shown how a system of plates could have been built up gradually, while
at the same time fields of tesserae were retained throughout the whole
lineage. Although the fact that the main plates of the psammosteids are
homologous to those found in the pteraspids, means that these two groups
are closely related, it is not considered probable that the psammosteids
~were derived from a late pteraspid. Instead it is believed that the ptera-
spids may well have evolved from a group of early psammosteids, by
way of a stage similar to that found in Traquairaspis, where reduced
fields of tesserae have become incorporated into the median plates of
the adult. A further reduction of such fields of tesserae would have pro-
duced the condition seen in the pteraspids, and this seems more likely
than that late advanced pteraspids should suddenly have acquired fields
of tesserae anew, between the main plates, and thus given rise to the
psammosteids.

It has also been suggested that the cardipeltids could have been an
early side-branch {rom the psammosteids in which there was a greater
degree of fusion than in the main line, although persistent tesserae
are still present in the rostral area. Finally, it is thought that the cardi-
peltids in turn are likely to have given rise to the amphiaspids through
an even greater degree of fusion, as superficial tesserae are sometimes
present in these latter forms in the rostral area, although the plate
beneath them is fused to the rest of the carapace. It is thus considered
more reasonable to derive the amphiaspids from the cardipeltids than
from the cyathaspids, even though these latter achieved a comparable
state of fusion of the carapace. The amphiaspids and cyathaspids can
therefore best be understood as representing the end products of two
separate lineages, in which there was a similar evolutionary trend.

Thus, when the known groups of the Heterostraci are considered in
their correct stratigraphic sequence, the overall picture of their evolu-
tionary history here outlined, seems to be less beset by problems and
anomalies than many of the previous theories, although further disco-
veries may well require some modification of the present scheme.
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KLASYFIKACJA I EWOLUCJA HETEROSTRACI

Streszczenie

Autor przedstawia szkic klasyfikacji Heterostraci, wyré6zniajac w tej grupie
osiem rzedow i dziewigé podrzedéw. Ponizej podane sg ich diagnozy.

Rzad Astraspidiformes Berg, 1940
(fig. 1)

Diagnoza. — Pancerz ziozony z oddzielnych, wielokgtnych plytek, czyli tesse-
rae, powstalych wskutek przyrostu cyklomorialnego i ornamentowanych okragly-
mi, krenulowanymi guzkami. Istnieje pole pinealne. Trzy podluzne grzebienie
dorsalne, z ktérych srodkowy biegnacy od brzegu tylnego dc pola pinealnego,
a dwa lateralne, rozciggajace sie tylko na 2/3 tej odlegloéci. Brzegi lateralne pan-
cerza utworzone przez rzad silnie kanciastych piytek grzebieniowych.

Budowa histologiczna: bazalna warstwa blaszkowatej aspidiny, érodkowa war-
stwa gabczaste] asbidiny oraz zewnetrzne guzki aspidiny, pokryte substancjg po-
dobng do emalii.

Rzgd Eriptychiiformes

Diagnoza. — Pancerz ztoiony w duzej mierze z wielokatnych tesserae, z wy-
diuzonymi brodawkami. Rzgd lateralnych plytek grzebieniowych, z ktérych jedna
opatrzona glebokim wcieciem, odpowiadajacym otworowi skrzelowemu. Obecne
tez plytki fulkralne albo luski.

Budowa histologiczna: bazalna warstwa blaszkowata; $rodkowe warstwy gab-
czastej aspidiny pokryte dentynowymi brodawkami.

Rzad Cyathaspidiformes Berg, 1940
Podrzgd Cyathaspidida Kiaer, 1930, emend.
(fig. 2)

Diagnoza. — Pancerz ztozony z czterech wiekszych plytek: dorsalnej, wen-
tralnej i parzystych lateralnych. Plytka dorsalna podzieclona zewnetrznie na cztery
cze$ci: przednig rostralnag, Srodkows i dwie lateralne. W cze$ci Srodkowej obecna
plamka pinealna. Ornamentacja w postaci podiuznych grzebieni dentyny.

Podrzad Poraspidida nov.
(lig. 3)

Diagnoza. — Pancerz zlozony z czterech glownych plytek: dorsalnej, wentral-
nej 1 dwoch lateralnych branchialnych. Plytka dorsalna nie podzielona zewnetrz-
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rie na pola, chociaZz sy one jeszcze dostrzegalne w ulozeniu podluznych grzebieni
dentyny. Wystepujg matle plytki suborbilalne i oralne. Pokrywa luskowa zlozona
z duzych, grubych lusek tulowia i malych lusek ogona.

Podrzad Ctenaspidida Zych, 1931
(fig. 4)

Diagnoza. — Pancerz zlozony z dwodch duzych plytek: branchio-dorsalnej
i wentralnej. Istniejg plytki: oralna, postoralna i suborbitalna.

Rzad Psammosteiformes Berg, 1940

Podrzgd Tesseraspidida nov.
(fig. 5)

Diagnoza. — Pancerz zlozony z niezaleznych, wielokatnych piytek (tesserae),
ktére moga sie zrastaé w wieksze, odrebne plytki. U form, u ktérych nie nasta-
pilo zroéniecie tesserae, sa one zrdéznicowane w postaci oddzielnych pél, poprze-
dzajacych zrastanie. U wszystkich form duze cze$ci pancerza zlozone sg jeszcze
z oddzielnych tesserae i pelny komplet plytek, wystepujacy u poédzniejszych Psam-
mosteidae, nie jest zrealizowany.

Podrzgd Psammosteida Kiaer 1932
(fig. 6)

Diagnoza. — Pancerz zlozony z dwunastu glownych plytek: dorsalnej, wen-
tralnej, rostralnej, pinealnej, parzystych orbitainych, postorbitalnych, branchial-
nych i kornualnych. Piytki $srodkowe i lateralne oddzielone sg od siebie wielokat-
nymi tesserae (pola tesserowe). Plytki oralne z dobrze rozwinietymi blaszkami
zebowymi. Ornamentacja utworzona przez okragle, krenulowane brodawki den-
tynowe.

Rzad Traquairaspidiformes
(tig. 7)

Diagnoza. — Pancerz zlozony z oémiu gtéwnych plytek: rostralnej, pinealneg,
dorsalnej i wentralnej, parzystych orbilalnych i branchio-kornualnych. Otwér
skrzelowy calkowicie otoczony przez plytki branchio-kornualne.

Rzad Pteraspidifermes Berg, 1940
Podrzgd Pteraspidida Kiaer, 1932, emend.
(fig. 8)

Diagnoza, — Pancerz zlozony = dziesieciu gidownych plytek: rostralnej, pineal-
nej, dorsalnej i wentralnej, parzystych orbitalnych, branchialnych i kornualnych.
Czesto istnieja plytki postoralne i lateralne, wespél z normalnymi piytkami oral-
nymi.
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Podrzad Doryaspidida N. Heintz

Diagnoza (wediug informacji Dr N. Heintz). — Pelny sklad plytek pteraspi-
dowych, z wyjatkiem plytek oralnych. Otwoér gebowy potozony dorsalnie, z bardzo
dhugim i waskim pseudo-rostrem, utworzonym z jednego z elementéw wentral-
nych pancerza. Plytka rostralna poprzecznie Scigta. Parzyste plytki kornualne bar-
dzo kroétkie i szerokie, tworzace dwa stabe wystepy lateralne. Ornamentacja zlozo-
na z charakterystycznej siatki gwiaZdzistych grzebieni.

Rzad Cardipeltiformes
(fig. 9

Diagnoza. — Pancerz obejmuje duig plytke dorso-branchialng razem ze zlo-
zonymi branchialnymi i tesserae. Wentralna strona pancerza przypuszczalnie zio-
Zora z tesserae.

Rzad Amphiaspidiformes Berg 1940
Podrzad Amphiaspidida Obruchev, 1938

Diagnoza (otrzymana od Prof. D. Obruczewa). — Glowa i przednia cze$é
tulowia pokryte przez niepodzielong tarcze dorso-wentralng. Nie zaobserwowano
zadnych plytek branchialnych i kornualnych. Brak rostrum. Onbity przy przed-
nim brzegu pancerza. Otwér ustny wentralny. Strona wentralna ptaska, dorsalna
wypukta. Powierzchnia pokryta matymi guzkami dentyny.

Podrzgd Hibernaspidida Obruchev
(fig. 10)

Diagnoza (otrzymana od Prof. D. Obruczewa). — Splaszczone Heterostraci,
z trojkatng glowa i tarczg tutowiows, zlozong ze zrodnietych dorsalnych, wen-
tralnych i parzystych branchialnych plytek. Tréjkatny otwoér ustny, przylegajgcy
wentralnie do przedniego brzegu. Orbity dorsalne blisko przedniego fbrzegu. Po-
wierzchnia pokryta przez szerokie i plaskie grzebienie dentyny, 5—8 cm.

Podrzgd Eglonaspidida nov.
(fig. 11)

Diagnoza. — Slepy amfiaspid, z okraglvm otworem wzdluz linii Srodkowe],
w poblizu brzegu tylnego; w otworze moégt tkwié kolec dorsalny. Otwor gebowy na
koricu przedniego, rurkowatego wyrostka pancerza.
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Opierajgc sie na analizie morfologicznej zhanych Heterostraci, autor dochodzi
do wniosku, ze w grupie tej mozna wyrédzni¢ cztery glowne linie rozwojowe: cya-
taspidowa, psammosteidowa, pteraspidowa i amfiaspidowa. Rozwéj ewolucyjny
pancerza cyataspidéow zostal prze$ledzony przez stadia, wykazujgce stopniowg eli-
minacje tesserae. W linii psammosteidowej przesledzono stopniowe zlewanie sig
tesserae w plytki, chociaz charakterystyczne dla tej linii jest zachcwanie przez
caly czas trwalych pél tesserae. U pdzniejszych psammosteidow zachodzi wyrazne
odwrb6cenie tendencji zlewania sie tesserae. Pteraspidy reprezentuja boczne odga-
lezienie prymitywnych psammosteidow, u ktérych pola tesserae progresywnie re-
dukujg sie poprzez stadia takie, jakie reprezentuje Traquairaspis. Amfiaspidy sa
uwazane za dalsze, boczne odgalezienia psammosteidéw, poprzez kardipeltidyv,
u ktéorych daznos$é do zlewania sie osigga szczyt. Szkic filogenezy Heterostraci
przedstawiono na fig. 15; w zwigzku z tym przedyskutowane zostaly r6ine mozli-
wosci ewolucyjne.

OBJASNIENIA DO ILUSTRACJI

Fig. 1 (p. 253)
Astraspis desiderata Walcott, pancerz grzbietowy skiadajacy sie z oddzielnych
cyklomorialnych tesserae i z lateralnych grzebieniowatych plytek (z fetografii
opublikowanej przez Eastmana, 1917, pl. 12, fig. 6).

) Fig. 2 (p. 255)

Archegonaspis integer (Kunth), plytka dorsalna z plamkg pinealng i powierzch-
niowym podzialem na obszary: rostralny, centralny i lateralne (wg Kiaer, 1932,
fig. 3).

' Fig. 3 (p. 256)

Anglaspis heintzi Kiaer, u goéory: pancerz grzbietowy z plytka dorsalng i z pa-

rzystymi ptytkami lateralnymi branchialnymi, u dolu: cale zwierze widziane z bo-
ku, z widoczng luskowatoscig i hipocerkalnym ogonem (wg Kiaer, 1932, fig. 11).

_ Fig. 4 (p. 257) —
Ctenaspis dentata Kiaer, pancerz grzbietowy skladajgcy sie z pojedynczego

elementu, z lateralnym wystepem nad regionem branchialnym, u dolu: to samo,
widziane z boku (wg Stensio, 1958, fig. 176).

Tig. 5 (p. 258)
Tesseraspis tessellata Wills, pancerz grzbietowy ukazujgcy tesserae utlozone
w regiony, zapowiadajgce uklad wystepujacy u poézZniejszych psammosteidow.

Fig. 6 (p. 260) \

Drepanaspis gemundenensis Schliiter, zwierze widziane od strony grzbietowej,
z uwidocznionymi plytkami $rodkowymi: rostralng i dorsalng, oraz z parzystymi
plytkami orbitalnymi, postorbitalnymi, branchialnymi i kornualnymi. Nalezy zwro-
ci¢ uwage na pola tesserae, oddzielajace plytki medialne od lateralnych (wg Obru-
czewa, 1943, fig. 1).

Fig. 7 (p. 263)
Traquairaspis campbelli (Traquair) — (syn. T. pococki (White)), pancerz grzbie-

towy ukazujacy piytki Srodkowe: rostralng, pinealng i dorsalng oraz parzyste
plytki orbitalne i zlozone branchio-kornualne (wg White, 1946, fig. 40).
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Fig. 8 (p. 264)

Pteraspis rostrata (Agassiz), pancerz od strony grzbietowej, ukazujgcy plytki
§rodkowe: rostralng, pinealng i dorsalng oraz parzyste plytki orbitalne, branchial-
ne i kornualne, u dotu: cate zwierze widziane z boku (wg White, 1935, fig. 81, 84).

Fig. & (p. 266)

Cardipeltis wallacii Branson & Mehl, rekonstrukcja pancerza grzbietowego,
ukazujgca zlozong plytke dorso-branchialng, boczne plytki grzebieniowe oraz tes-
serae (zmienione, wg Stensio, 1958, fig. 184A).

Fig. 10 (p. 267) ‘

Hibernaspis macrolepis Obruchev, pancerz od strony grzbietowej, ukazujgcy
polozenie przednie oczu i terminalny otwoér gebowy (wg Obruczewa, 1959, fig. 1).

Fig. 11 (p. 268)

Eglonaspis rostrata Obruchev, pancerz od strony grzbietowej ukazujgcy przed-
nie oralne rozszerzenie oraz polozenie kolca dorsalnego (?), (wg Obruczewa, 1959,
fig. 2).

Fig. 12 (p. 269)

Cyathaspidowa linia rozwojowa; schemat ukazujacy stopniowa eliminacje tes-
serae: a Tolypelepis z cyklomorialnymi tesserae, przylegajgcymi do "lateralnego
regionu, o wzroécie synchronomorialnym, b Cyathaspis ukazujacy izolowane po-
dluine ,,pierwsze pokolenie” grzebieni dentyny, ustalajgcych sie pdiniej jako de-
likatne podluzne grzebienie, ¢ Anglaspis ukazujgcy synchronomorialne podluzne
grzebienie o roznym poliniowaniu w frodkowym i bocznych regionach plytki.

Fig. 13 (p. 271)

Psammosteidowa linia rozwojowa, wentralne plytki Srodkowe rodzajow $rod-
kowo-dewonskich, ilustrujace dwie giéwne linie ewolucyjne: pyknosteidowa (Pyc-
nosteus i Tartuosteus) i psammolepidowg (Psammclepis), ktéra stopniowo przecho-
dzi w psammosteidowg (Psammosteus).

Fig. 14 (p. 273)

Pteraspidowa linia rozwojowa; schemat mtodych stadiow, ilustrujgcy stopniowa
redukcje tesserae: a psammosteidy, b traquairaspidy, ¢ pteraspidy, S.C. kanat czu-
ciowy, T tesserae, V ‘wentralna piytka érodkowa.

Fig. 15 (p. 276)
Przypuszczalna filogeneza Heterostraci.

JI. BEBEPIIX TAPJIO

KJIACCUPUKALIMA ¥ DBBOJICIIMA PABHOUWMUTKORBIX (HETEROSTRACI)

Pezome

ABTOp JaeT OYepK KaacCUdUKAUMU DA3HOILMTKOBBIX O€CYENIOCTHBIX, BBINENAN

CpeAM HUX BOCEMb OTDAAOB M AEBATH MOAOTPAROB. HuiKe NMpUBENEHLI MX AMATHO3bI.
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Otpan Astraspidiformes Berg, 1940
(bur. 1)

Juazno3. — ITaHUBIPb M3 OTAENbHbBIX, MHOIOYIOJBHBEIX IINacTMHOXK (tesserae), BOo3-
FUKIINX B PE3YJLTATE LUKJIOMOPMAJBHOTO POCTA M HOKPHITHIX CKYJNBITYPOI M3 KpPYy-
IJbIX 3apybeHHbrk Gyropxoe. VImeercss miHeasbHOe noJse. Tpu NpogoJibHble A0PCANb-
Hble rpebeH; cpeJUHHBIA npommsardmnﬁm OT 3afHEero Kpafa A0 NUHEeaJbHOro Iojd,
GUKOBBLIE-K€e Ha ABYX TPETBUX STOr0 PACCTOAHMA. BOKOBbIEe Kpau IAHUbLIPA COCTOAT
U3 psAfa OCTPOKOHEYHBIX TPeOHEBBIX INMACTHUHOK.

TUCTONOrMYECKOE CTPOEHME: OCHOBHOV ACNMUAMHOBBLINA IJIACTMHYATBLIA €O, cpef-
HM U3 ryBYaTOro acnuiMHa, HAPYIKHbIE ACMMAMHOBBIE OYrOPKM IOKPLITHI YMaJbero-

IOOHBIM BELIECTBOM.

Otpap Eriptychiiformes

Juazno3z. — IlaHUBIPE B OOJBLION YACTM COCTOMT M3 MHOrOyroJibHbIX tesserae
¢ yAaMHeHHbIMM Oyroprkamu. Pan GoxKoBsIX rpefHEBBIX NUIACTMHOK, CPeAM KOTOPBIX
ogua cHabxeuna TrayboOKMM BBIpe3oM obpazyronmm xabepHoe orBepctme. Ilpucyr-
CTBYIOT (DYyJKPaNbHBIE IJIACTMHKYM WIM Yelryu.

THUCTOJOrMYECKOe CTPOEHME, OCHOBHOM MJIACTMHYATBHI UM CpefHuil rybuarthblit cJIoun

TIOKPBITH! AEHTUMHOBBIMY Oyropkamu.

Orpan Cyathaspidiformes Berg, 1940
IToporpan Cyathaspidida Kiaer, 1930, emend.
(cour. 2)

Juazno3. — IIaHUBIPS, M3 YETBIPEX OONBIIMX NJIACTMHOK — CHOMHHOW, OPIOWIHON
U napHbiXx OOKOBbIX. CHMHHAA NJACTMHKA pa3leNléHa Ha NOBEPXHOCTM Ha YeThIpe
YaCcTU: TMEPEAHIO POCTPAJBbHYIO, LEHTPANbHYI M JABe OOkoewre. Ha nedrpanbHOM
4acTH MMEeTCH NMHeaNbHOe NATHO. CKynpnTrypa M3 FMPOAOABHBIX HNEeHTHHOBLIX

rpebHe.
ITopoTpan Poraspidida nov.
(cbur. 3)
Juazno3. — ITaHUBIPE COCTOUT U3 YeThIPEX INIaBHBIX NUIACTMHOK: CNMHHOM, Gpioi-

HOM U ABYX O0KOBBIX 2Ka0epHbIX. CnMHHAA IUIACTMHKA HE pa3feneHa Ha NOBEPXHOCTH,
XOTA OTAeNbHble I0JA MOryT ObITh YCTAHOBJIEHBI H2 OCHOBAHMN PAaCIOJIOMKEHUA
CKYJABOTYPbI, COCTOAUWIEN M3 NPOJONBHEIX INEHTHMHOBLIX rpedHeil. M3BeCcTHbl MaJeHb-
Kyue cyOopOuTanbHble M POTOBBbIE IIACTUHKM. Helryu GOJbLIME U TOJNCTBLIE HA TYJO-

BHLE, MAJIEHLKME HAa XBOCTE.
IToporpap Ctenaspidida Zych, 1931
(dbur. 4)

Auaeno3. — IladUbIPb COCTOMT M3 ABYX OONbIUMX INIACTMHOK: OpaHXMOmopcalb=-
HOJ M BEHTPaJILHOM. VI3BECTHBI NOCTOPAJIbHbIE U CyDOpOHMTANbHbIE NIACTUHKHA.
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Otpan Psammosteiformes Berg, 1940

ITonorpax Tesseraspidida nov.

(cbur. b)

Juazno3. — TlaHUBIPb CJIOXKEHHBI HE3ABMCUMBIMM MHOTOYTOJbBHBIMU I1JACTHH-
Kamu (tesserae), KOTOpble MOIYT COEAUHATLCS 00pa3ys 060coONeHHble GOJhIIME IJia-
CTHMHKMU. ¥ hOpPM, y KOTOPBIX He NPOM3OLLIO coefmHeHue, tesserae amdpdpepeHunpo-
BAHBI Ha OTJEJIbHBIE IIOJIs TIPEALIECTEYIOIME TakMM IIJacTMHKAM. ¥ Bcex GopMm
bosibruMe MOJIA ITAHUBIPA RBCE CLIE COCTOAT W3 OTHEJBHBIX tesserae M IOJHBLIA KOM-

NJAEKT TUIACTMHOK, CBOMCTBEHHBLIA IMO3AHENIUMM IJICAMMOCTEMIAM, He NPUOOpeTeH.

ITogorpan Psammosteida Kiaer, 1932
(cbur. 6)

Juazno3. — ITaHUBLIPE M3 JBEHAALATH JIABHLIX IVIACTMHOK: CPEOMHHBIX JIOPCAJb-
HOIT M BEHTPAJbHON, POCTPAJNBLHONM, NMMHEAJBHOI, INMapHBIX OPOMTAJNBLHBIX, FOCTOPOM-
TalbHbIX, OPAaHXMANBHBIX M KOpHyanabHbIX. CpeamHuble u OGOKOBBlE IJIACTMBKM pa3-
HeJyeHbl 30HAMM MHOTOYTOJBHBIX IIIACTMHOK tesserae (monsa TteccepoB). OpaninkHble
IJIACTMHKM C XOpOLIO Pa3BUTBIMM OpPadbHBIMM 3yOHBIMM mJacTMHKaMM. CKynboTypa
COCTOMT M3 OKPYTJNEHHBbIX 3apybeHHbIX OYyrOpKOB.

Orpap Traquairaspidiformes
(cbur. 7)

Juazno3. — Ila”upbIpb M3 BOCBMM IJIABHBIX TJIACTMHOK: POCTPAJERHOM, IMUHeanh-
HOM, AOPCAJILHOM M BEHTPANBHONM CPEAMHHBLIX IJIACTMHOK, TapHBIX OPOMTANBHBIX
U OpaHXMO-KOpHyaabHbIX. 2KabepHoe oOTRepCcTHME LENMKOM 3aKJ4YeHo B OpaHxXmuO-

-KOPHYaJbHOM IIJIAaCTUHKE.

Otpan Pteraspidiformes Berg, 1940
ITonorpan Pteraspidida Kiaer, 1932, emend.
(our. 8)

Juazno3. — ITaHIBLIPS, M3 AECATY IJABHBIX IJIACTMHOK: POCTPAJILHOM, [IMHEANbLHOM,
JOPCAJNbHOM WM BEHTPAJbLHONI CPEAMHHBIX M MapHBIX OpPOMTANBHON, OpaHXUANbLHOM
1 KOpHyaJbHO#. JacTo ¢ nocTopajNbHBIMMY M OOKOBBIMM NUIACTMHKAMM BMECTE C HOP-
MaJbHbBIMM OpaJIEHBIMM.

Tlonorpan Doryaspidida N. Heintz

Juaznoz (o coobmenmio Op. H. Temnn). — IIONHBII NTEPACNUAOBBIA KOMJIEKT
TIIACTUHOK, 3a MCKJIIOYEHMEM OTCYTCTBYIOINMX OPAJIbHBIX. POT Ha COMHHONA CTOpPOHE
C OYeHb MJIMHHBIM, Y3KUM JIOXHBLIM POCTPOM, OOPa30BAHHLIM OJHMM U3 BEHTPANbHBIX
3JIeMEeHTOB MaHnkipda. PocTpaibHas IJIACTMHEA Cpe3aHa BlIepeAn. IlapHble KOpHYyalb-
Hble TIJIACTMHKM, OYeHb KOPOTKME M LUMpORMe, obpasyioT ABa cixabelie OGOKOBbLle BBI-
ctynel. CKYJBIOTYpa COCTOMT M3 XapPAKTEPHON! CETKM 3BE3AYaThIX IPebHE.
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Orpsag Cardipeltiformes
(chur. 9)

Juazno3. — IlaHObIpb COREPIKUT OOJBLIYIO AOPCO-ODpaHXMANLHYIO IJIACTUHEY,
BMECTE CO CJOMHBIMM OpaHxMaJbHbIMM U tesserae. BeHTpaNbHada 4YacTb NaHUbLIPA

COCTOMT I10 BCEM BEPOATHOCTH M3 tesserae.

Orpan Amphiaspidiformes Berg, 1940 -
ITogorpan Amphiaspidida Obruchev, 1938

Juaznoz (monydeH ot ITpodp. J. Obpyyera). — I'onoBa M nepenuAas 4acTb TyJO-
BHMILIA NOKPBLITEl OAHUM HEpas3AeNbHbIM CIMHHO-OPIOIHLIM naHubIpeM. He 3avcueHO
HUMKARUX Ka0epHbIX M KOPHYAJIBLHBIX INJIACTUMHOK. I'JJa3Hble OTBEPCTHMA Ha TIepeauen
6epery maHUbIpA. POTOBOE OTBEPCTHE BEHTPalbHOe. BeHTpaJsbHadA CTOPOHA IJIOCKAf,

aopcanbHasa BbUTYKJasg. [IOBepXHOCTE NOKPBITA MEJNKUMM AEHTMHOBbIMU Oyropkammu.

Tlonorpan Hibernaspidida Obruchev
(hur. 10)

Juazno3 (nmonyuyen or Ilpodp. M. Obpywera). — CrutrocHyThie Heterosiraci ¢ tpey-
TOJBHOJ TOJIOBO M IMAHUBIPEM TYJOBUIA, CHOXKEHHBIM CO CPOLUCHHBLIX AOPCAJLHBIX,
BEHTPaJbHBIX U MapHbIX OpaHXMANBLHEIX MJACTMHOK. TpeyrosbHoe pPOTOBOE OTBEpPCTHE
YIDMMbIKAET OT BREHTPAJIbHOJ CTOPOHBI K IepeRHeMy Kpaio. IJlasuble OTBEpCTHMsT Ha
AOpCAaNILHOM CTOPOHe, BOMM3M mnepeaHero xKpas. ITOBEPXHOCTL MOKPBLITA ILUMPOKMMII

M NJOCKMUMU rpebHAMM AeHTUHA, 5—8 cm.

IIoporpan Eglonaspidida nov.
(cour. 11)

Auaznosz. — Cnenble amduacnmuasl ¢ KPYriabiM yrayGleHMeM B CPeOMHHON JIMHUM,
B NOOAN30CTH 3aiHero Kpas CIMHHOIO MAHOBIPSA, B KOTOPOM MOr IIPUKPENJATLCA
CONMHHOM wun. PoTroBoe oTBepcTMe HAa KOHUE TPYOKOOGPAZHOTO NEPEAHEro BLICTYIA

NaHUbIPH.

Ornosnaerca Yerbipe I9BOJIIOHUOHIIbIE JIMHMM: uMatacnuaoBas, IcaMMocTenaoBad,
ITepacnuaoBad u aMcbnacrxmxoaaﬂ. 3OBOJIIONMOHHOE pa3BuUTHE INAaHUBIPA LHMaTaclmxn
NPOCJIEXXKEHO B pAfe CTaguM M O0HAPYIKMUBAET HOCTEINEHHOE coenvHeHne tesserae

B IVIACTMHKM, XOTA 3Ta JMUHUA OTIANYAETCA TEM, YTO Ha IIPOTAMKEHUM BCEM CBOEI UCTO-
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pumn coxpauser noas tesserae. HaobGopor, MO3xHENIIMM IICAMMOCTEMAAM CBOMCTBEHHBI
U3MEHeHMUs MO HAaNpaBJIEHMU K coenmueHuio tesserae. Ilrepacnmael rokasaHbl Kak
npeacTaBase 60KOBYH BETBb OTXOAALIYIO OT IIPMMUTMBHBIX IICAMMOCTENH, ¥ KO-
TOPBIX IIOJISI TECCEPOB IOABEPraloTCs IPOrPEeCCHMBHON pefyKUMu dYepe3 CcTajuu co-
orBeTcTBYOWIME Traquairaspis. Amdcdbuacnmnabl pacCMaTpPMBAKTCA Kak JanbHenmag 60-
KORafA BeTBb, OTXOJALIAA OT IICAMMOCTEU] MNOCPEACTBOM KapAWUIENLTUZ, B KOTOPOH
CTpEMJIEHME K COEJMHEHMK) AOCTMraeT MakcumyMm. Ha pucyske ¢ur, 15 maHo Hayep-

TaHue QuIoreHe3a pPa3HOUIUMTKOBLIX. B CBA3M C 3TMM NOABEPTHYTLI O6CYKACHMIO
pa3Hble aJbTEPHATUBBI.
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