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Fig. 91. Scolenaspidid Stensiopelta and related form from various localities of the Dniester Formation in Podolia. A. Stensio-

pelta pustulata Janvier, 1985, partial headshield SMNH BP.8 (see also Figs 37A, 90B) lacking cornual processes from the

Horodnytsia old quarry, Ustechko Member or lower part of Khmeleva Member, dorsal view. B. Same species, headshield

SMNH BP.902/2 with articulated trunk part from Nagiriany, slab from talus at SE slope of Dzhuryn River, Ustechko Member or

lower part of Khmeleva Member, dorsal view. C. “Cephalaspis” microlepidota Balabai, 1962, partial headshield SMNH BP.989

lacking right cornual process with some trunk scales from Horodnytsia, lateral (left side) and dorsal views. D. Stensiopelta
pustulata Janvier, 1985, imprint of partial headshield SMNH BP.292/2, same locality, dorsal view.

1985b: fig. 15) from Horodnytsia. Nevertheless, machairaspids have a wide shield and its abdominal part,
and widely disposed orbits.

Localities and age. — Horodnytsia; probably Late Lochkovian (probably Ustechko Stage of the Dniester
Formation) of Podolia (Ukraine).

“Cephalaspis” djurinensis Balabai, 1962
(Fig. 92A)
1962. Cephalaspis djurinensis; Balabai 1962: p. 6, fig. 7.
1985. ?Zychaspis djurinensis; Janvier 1985b: p. 318, fig. 7B.
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Fig. 92. Scolenaspidids and zenaspidids from various localities of the Dniester Formation in Podolia. A. “Cephalaspis”
djurinensis Balabai, 1962, the holotype partial mould of headshield SMNH BP.42 from Buriakivka, left bank of Dzhuryn River,
most probably Ustechko Member of the Dniester Formation, part and counterpart. B. Zenaspididae gen. indet., partial mould of
headshield SMNH BP.86 (see also Fig. 36A) lacking cornual processes and margins, except for abdominal division from
Ustechko, Ustechko Member to lower part of Khmeleva Member, dorsal view. C. Zenaspis podolica (Balabai, 1962), crushed
headshield SMNH BP.39 from the Horodnytsia quarry, Ustechko Member or lower part of Khmeleva Member, field photo
(marked by white arrow) and dorsal view. D. Stensiopelta pustulata Janvier, 1985, partial mould of headshield SMNH BP.1271,
same locality, dorsal view. E. Same species, imprint of right headshield part SMNH BP.971 from unknown locality, lower part of
the Dniester Formation, dorsal view. F. Zenaspis podolica (Balabai, 1962), partial mould (central part) of headshield LDU
(unnambered) from unknown locality, lower part of the Dniester Formation, dorsal view.

2006. “Cephalaspis™ djurinensis; Voichyshyn 2006b: pp. 17-19, text-fig. 4, pl. 3, fig. 1A, B.
2006. “Cephalaspis™ djurinensis; Voichyshyn 2006¢: pp. 34-35.

Type specimen: Holotype SMNH BP.42 (old numbers 25563 and 25565), incomplete mould and imprint of headshield of
the same individual; Buriakivka, the left bank of the Dzhuryn River, Zalishchyky rayon, Ternopil® oblast’ (Podolia).

Referred material. — Only the holotype.

Diagnosis. — Medium sized scolenaspidoid species with appreciable convexity and Zychaspis-like shape
of the shield, as well as polygonal fields in the middle layer of the dermal skeleton.

Description. — Shield size of the only known specimen is average as for the scolenaspidoids (L ~70 mm;
Lrc > 100 mm). The maximum width of the shield falls probably on the posterior part of the cornual pro-
cesses and is much greater than its lengths (S > 114 mm). The shield is dorsally convex (hso ~12 mm). The
specimen lacks in anterior margin of the shield and the cornual processes are incomplete, contrary to Balabai
(1962: fig. 7). Its anterior margin seems to forms a hardly visible wide rostral lobe. The lateral margins of the
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shield are rather convex. The cornual processes are probably of moderate length and wide at the basis. Its
outer contour and the posterior part are unknown. The abdominal part of the shield is narrow (Si < 46 mm)
and likely to be short. The prepineal part of the shield is probably longer than the postpineal one (B ~38 mm,
C ~32 mm). Rather large pineal plate is present. Orbits are of moderate size (Ol 5.9 mm, Os 5.7 mm, Omin
5.3 mm), rounded and surrounded by narrow (~1 mm) circumorbital thickening. The dorsal field is elon-
gated, not wide, with narrowed anterior and pointed posterior ends. Width of the lateral fields in their middle
part equals 7 mm. Probably, they are equally wide along the whole length. Shape of their posterior ends and
their extent are unknown. The ornamentation of the dermal skeleton consists of tesserae from 1.6 to 2.1 mm
in size. Each tessera has a group of tiny tubercles probably of the same size.

Comparison. — “Cephalaspis” djurinensis probably belongs to a separate genus, which may occupy an
intermediate position between primitive scolenaspidoids, such as Zychaspis, and more specialised Stensio-
pelta. Similar features of all these taxa are: relative arrangement, size and proportions of central part of the
shield (orbits, nasohypophyseal opening and dorsal field). This species shares the contour of anterior margin
of the shield with species of Zychaspis and the general shape of the shield with Z. granulata (Voichyshyn
1998). Differences are in significant camber of the shield and in another sculpture of the dermal skeleton of
“C.” djurinensis. It has also common features with Stensiopelta, namely the general proportions of the shield
and probably structure of the dermal skeleton (polygonal fields of djurinensis similar in their shape and size
to tesserae of Stensiopelta), but differs from it by details of the shield contour.

Localities and age. — Buriakivka; Late Lochkovian or early Pragian (probably Ustechko Stage of the
Dniester Formation) of Podolia (Ukraine).

Family Zenaspididae Stensio, 1958

Emended diagnosis. — Medium to large-sized osteostracans. The headshield is dome-shaped and mas-
sive. The abdominal part of the shield has a low, more or less developed, median dorsal crest. The cornual
processes are of various lengths. The hypophyseal division of the nasohypophyseal opening is, as a rule,
larger than the nasal division. The pineal plate is poorly developed or lacking. The median dorsal field is
broad. The lateral fields have a conspicuous dilatation (or widening) in their posterior parts, reaching back-
wards not further than to the proximal part of the dorsal surface of the cornual processes. The ornamentation
includes either single large tubercles or groups of tubercles of different size on tesserae.

Included genera. — Besides the type genus: Diademaspis Janvier, 1985a, and, possibly, Tegaspis
Wiingsjo, 1952.

Remarks. — The genus Tegaspis differs in several aspects from other zenaspidids, such as the shape of
the headshield, its anterior margin and cornual processes, approximately the same size of the two divisions of
the nasohypophyseal opening, a comparatively narrow median dorsal field, and the position of the posterior
parts of the lateral fields, which does not extend on the dorsal surface of cornual processes at all.

Genus Zenaspis Lankester, 1870

1870. Zenaspis; Lankester 1870: p. 43.

1952. Cephalaspis; Wangsjo 1952: pp. 243-252 (pars).
1985. Zenaspis; Janvier 1985b: p. 322.

2006. Zenaspis; Voichyshyn 2006a: p. 133.

2006. Zenaspis; Voichyshyn 2006b: pp. 10-11.

Type species: Cephalaspis salweyi Egerton, 1857; Early Devonian of Great Britain.

Emended diagnosis. — Moderate to large sized zenaspidids (L 90-140 mm). The width of the shield is
greater than its length (L/S 0.65-0.8). The prepineal part of the shield is shorter than the postpineal one (B/C
0.7-0.9). The cornual processes are, as a rule, relatively long. The abdominal part of the shield is short, with a
massive median dorsal crest. The hypophyseal division of the nasohypophyseal opening is somewhat larger
than the nasal division. The orbital openings are small (S/Os 25-42) with a short distance between them
(Omin/Os 2.1-3.3). The median dorsal field is comparatively broad (index S/Sd is 9—-11). The lateral fields
are considerably dilatated (widened) in their posterior parts and extend into the base of the cornual processes.
The distance between the posterior part of the lateral fields and the anterior margin of the pectoral sinus is ap-
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Fig. 93. Zenaspidid Zenaspis from various localities of the Dniester Formation in Podolia. A. Zenaspis podolica (Balabai, 1962),

lectotype partial crushed mould of headshield SMNH BP.37 from Horodnytsia, Ustechko Member or lower part of Khmeleva

Member, dorsal view. B. Same species, complete mould of headshield SMNH BP.14, same locality, dorsal, lateral (left side),

frontal, and lateral (right side) views, respectively. C. Same species, partial mould of headshield SMNH BP.36 (see also Fig.

36B) from Ustechko, dorsal view. D. Zenaspis dzieduszyckii Voichyshyn, 2006, the holotype mould of headshield SMNH

BP.103 (see also Figs 36D, 95A) from the Horodnytsia old quarry talus, Ustechko Member or lower part of Khmeleva Member,
lateral (left side) view.

proximately the same as to the lateral margins of the shield. The ornamentation consists of single large tuber-
cles or of those grouping within tesserae.

Species included. — Besides the type species, Z. podolica (Balabai, 1962), Z. dzieduszyckii Voichyshyn,
2006, Z. kasymyri sp. n., and possibly Z. major (Balabai, 1962), all from the Early Devonian of Podolia;
perhaps Z. metopias (Wingsjo, 1952), the Early Devonian of Spitsbergen.

Occurence. — Early Devonian of Great Britain, Podolia (Ukraine), and perhaps Spitsbergen.
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Fig. 94. Zenaspidid Zenaspis podolica (Balabai, 1962) from various localities of the Dniester Formation in Podolia. A. Abdomi-

nal part of headshield SMNH BP.9 with articulated trunk from unknown locality, probably Ustechko or Khmeleva Member, dor-

sal, posterior, dorso-lateral (right side), lateral (left side), and frontal views. B. Right part of abdominal division of headshield

SMNH BP.30 (see also Fig. 37B) and articulated trunk body part from Ivanie-Zolote, lower part of Ustechko Member of the
Dniester Formation, lateral (right side) view.

Zenaspis podolica (Balabai, 1962)
(Figs 6B, C, 36B, 37B, F, 92C, F, 93A, B, C, 94A, B, 98E)
1874. Cephalaspiden; Alth 1874: pl. 4, fig. 8.
1962. Cephalaspis podolica; Balabai 1962: pp. 4-5, fig. 4.
1985. “Zenaspis” podolica; Janvier 1985b: p. 323, fig. 13.
2006. Zenaspis podolica; Voichyshyn 2006b: pp. 9, 11-14, text-figs 1, 2D, pl. 1, pl. 2, figs 2, 3.
2006. Zenaspis podolica; Voichyshyn 2006¢: p. 31.

Type specimen: Lectotype (selected by Janvier 1985b) SMNH BP.37 (old number 17538), almost complete, but crushed
mould of headshield; vicinity of Horodnytsia, Horodenka rayon, Ivano-Frankivs’k oblast” (Podolia). Wrong number SMNH
25562, now BP.36 was mistakenly attributed to this specimen in figure caption in Balabai (1962).

Referred material. — More or less complete moulds of shields or their fragments SMNH BP.9, 11, 14,
26, 29, 30, 36, 39, 1166 and also a specimen without number from the GMLSU collection (Fig. 92F); proba-
bly specimens SMNH BP.27, BP.28 and BP.31/1. Only three of ten specimens studied by Balabai (1962),
that is BP.37 (lectotype), BP.30, and BP.36, are still represented in the collection. For specimens BP.34 and
BP.35 originally labelled “Cephalaspis podolica sp.n.”, anew label “C. microlepidota sp. n.” has been given
by that author, but apparently they belong to an unknown genus of scolenaspidoids.

Diagnosis. — Medium sized Zenaspis species with massive dorsomedial crest and cornual processes, and
large (regular in size) polygonal fields in the middle layer of the dermal skeleton.
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Description. — The shield is dome-shaped dorsally (Figs 93B,—B4; L 90-110 mm, S 130-160 mm; Lrc
160-165 mm; hso in SMNH BP.14 ~25 mm), with the maximum width usually in the middle of the cornual
processes. Its anterior margin is more or less widely rounded, lateral margins are little convex. The cornual pro-
cesses are thick, rather long, and wide at their basis, caudally directed, sometimes at their ends slightly bent to
the axis of the shield. Their internal margin bears no denticles. The abdominal part of the shield is relatively
narrow, rather short, has a strong but rather low dorsomedial crest with the powerful basis (Figs 93B, 94A,).
Height of the crest equals 5 mm, width at their bases is 6 mm, length 27 mm in SMNH BP.14. The pectoral si-
nus is asymmetric, wide, deep enough. Its top is displaced to the medial axis of the body from 1/4 to 1/5 width
of the sinus. The hypophyseal division of the nasohypophyseal opening is elongated and probably somewhat
larger than the nasal division (Fig. 36B), or approximately the same in size (Fig. 92F). Orbits of round to oval
shape are rather small, widely disposed, apparently surrounded by the circumorbital thickenings.

The pineal plate is obscure. Perhaps, as stated by Janvier (1985b), it was “fused laterally with the orbital
margin”. This opinion was probably based on the illustration in Balabai (1962) of the lectotype that is too
damaged to judge with confidence. Also in the present material the interorbital area is insufficiently pre-
served. Nevertheless, among four specimens with slightly better preservation of this region, only one shows
the seams which can be interpreted as traces of a narrow pineal plate.

The dorsal field is wide, rather short. Its exact shape remains unknown. It was probably rectangular, with
convex lateral sides and rounded corners. Lateral fields are rather narrow in their anterior third, then they
widen posteriorly, having the medial blade in their posterior part. Lateral fields range to the bases of cornual
processes. The distance between anterior ends of the lateral fields is more than the width of both orbits and
distance between them taken together. The middle layer of the dermal skeleton contains rather large, up to
2-3 mm in a diameter, polygonal, irregular honeycomb-shaped, fields. There are numerous groups of fine tu-
bercles almost equal in size on the polygonal fields (Fig. 92F). According to Janvier (1985b), the dermal
skeleton of the species is ornamented with large tubercles.

Some specimens in SMNH collection show articulated parts of headshield and trunk (Fig. 94A, B). Scales
of the trunk part seem to be covered with tiny ribs of variable size (Fig. 37B).

Comparison. — The species is similar to Z. salweyi by general shape of the shield and the dorsomedial
crest. It differs from it by details of shape of the lateral fields, more massive and thick cornual processes, rather
larger orbits, approximately the same size of both divisions of the nasohypophyseal opening, and probably re-
duced pineal plate. In comparison with Z. metopias, Z. podolica has other proportions of its narrower shield
(L/S 0.60 in Z. metopias against 0.70-0.75 in Z. podolica), relatively larger orbits and cornual processes, and
larger polygonal fields in the middle layer of the dermal skeleton. Comparisons with Z. dzieduszyckii, Z. major,
and Z. kasymyri sp. n. are given in their descriptions.

Localities and occurence. — Horodnytsia, Ivanie-Zolote, Ustechko, and Khmeleva; Lochkovian to early
Pragian (from Ustechko Stage to lower part of Khmeleva Stage of the Dniester Formation) of Podolia
(Ukraine).

Zenaspis dzieduszyckii Voichyshyn, 2006
(Figs 35D, 36D, 93D, 95A-C, 98D)
1985. Zenaspis cf. salweyi; Janvier 1985a: pp. 323-324, fig. 14.
2006. Zenaspis dziedushyckii; Voichyshyn 2006a: pp. 133-134, figs 3, 4.
2006. Zenaspis dziedushyckii; Voichyshyn 2006b: text-fig. 2C.
2006. Zenaspis dziedushyckii; Voichyshyn 2006c: p. 32.

Type specimen: Holotype SMNH BP.103, natural mould and imprint of headshield lacking the posterior part and cornual
process of the right side; Horodnytsia, Horodenka rayon, Ivano-Frankivs’k oblast’ (Podolia).

Referred material. — Specimens SMNH BP.1193 and 1215. Two unnambered specimens (on a large
plate of sandstone, probably from Horodnytsia) kept in the GMLSU collection (Fig. 95B) also belong to this
species.

Diagnosis. — Small sized Zenaspis species with relatively large orbits, wide lateral fields, and short and
slender cornual processes.

Description. — The length of the headshield is 100-110 mm. Its maximum width (120-130 mm) is at the
tips of the cornual processes. The lateral margins of the shield are slightly convex. The cornual processes are
oriented postero-laterally, short and rapidly tapered off. The abdominal part of the headshield was most prob-
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Fig. 95. Zenaspidid Zenaspis dzieduszyckii Voichyshyn, 2006, from various localities of the Dniester Formation in Podolia.

A. The holotype imprint of headshield SMNH BP.103 (see also Figs 36D, 93D) lacking posterior part and cornual process of the

right side from the Horodnytsia old quarry talus, Ustechko Member or lower part of Khmeleva Member, part and counterpart and

enlarged posterior end of lateral field. B. Right part of headshield LDU (unnumbered) probably from Horodnytsia, Ustechko

Member or lower part of Khmeleva Member, dorso-lateral (right side) view. C. Mould of left part of headshield SMNH BP.1193

from Horodnytsia, Ustechko Member or lower part of Khmeleva Member of the Dniester Formation, dorsal view and enlarged
nasohypophyseal and orbito-pineal zone.

ably broad (Si 50-60 mm). The median dorsal crest is elongated along the body axis, extending beyond the
posterior margin of the shield. Its total length is up to 35 mm, the length at the base of the median dorsal crest
is 28-30 mm, and its height is about 10 mm. The headshield is high, its height at the level of orbits is 20 mm
in the holotype. The nasohypophyseal opening is relatively remote from the anterior margin of the shield
(Q/A 1.5), with a large hypophyseal division (in a depression) and a smaller nasal one (opening on the ante-
rior slope of a slight elevation). The orbits are small (Ol/A 0.26, Os/A 0.2), oval to rounded, widely spaced
(Omin/A 0.6), with broad (up to 2 mm) circumorbital thickenings (Figs 36D, 95B, C,). The pineal plate is
very narrow, possibly narrower than the pineal foramen, which exceeds the limits of the pineal plate posteri-
orly. The pineal foramen is oval in shape, laterally elongated, with length of 0.9 mm and width of 1.5 mm
(Fig. 36D). The median dorsal field is elongated and wide, with more or less equal width (S/Sd 9.8). Its ante-
rior margin is straight, the lateral ones slightly convex, and the posterior one forms an obtusely angular cor-
ner. The lateral fields are long (G 78-81 mm in the holotype) and wide, with their anterior ends somewhat
broadened and thus relatively closer to each other, whereas the posterior ones reach the base of the cornual
processes and have postero-lateral corners (Fig. 95A3). The distance between the posterolateral margin of the
field and the lateral margin of the shield is 2 mm, the same as between posterior margin of the field and tip
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(anterior margin) of the pectoral sinus (Fig. 95A). In the preorbital part of the shield, the lateral fields are
rather narrow, so that their width (in the left lateral field of the holotype) at the anterior end, at the point of
narrowing, and at the level of the posteromedial corners is 9.3, 7.5, and 10.8 mm, respectively. The distance
between the lateral fields and the margin of the shield does not exceed 3 mm. The ornamentation of the der-
mal skeleton of the shield is not preserved. Only traces of small (1.0-1.5 mm) polygonal fields probably cor-
responding to tesserae with single round tubercle can be seen.

Comparison. — Zenaspis dzieduszyckii differs from all other representatives of the genus by its smaller
overall size and relatively larger orbits. Besides, it differs from Z. salweyi by the details of the outline of lat-
eral fields, shorter cornual processes, and shape of abdominal part of the shield. Both species share the shape
of the median dorsal field, especially the contour of its posterior margin. Compared with Z. metopias, the new
species has a narrower shield, and relatively wider lateral fields, whereas the size of polygonal fields in the
middle layer of the dermal skeleton is similar in both species. Zenaspis dzieduszyckii differs from Z. podolica
by its smaller and posterolaterally directed cornual processes, the shape of both the abdominal part and me-
dian dorsal crest, and its considerably smaller polygonal fields in the middle layer of the dermal skeleton.
Comparison with Z. kasymyri sp. n. is given in its description.

Remarks. — Janvier (1985b: fig. 14) ascribed a specimen from Horodnytsia to Zenaspis cf. salweyi but it
may belong to Zenaspis dzieduszyckii, judging from the shape of the shield and morphological details, as
well as its derivation from the type locality and horizon of this species. Zenaspis dzieduszyckii co-occurs with
Podolaspis sp. and Larnovaspis sp.in the sandstones of Horodnytsia.

Localities and age. — Horodnytsia; probably Late Lochkovian (Ustechko Stage or lower part of
Khmeleva Stage of the Dniester Formation) of Podolia (Ukraine).

Zenaspis major (Balabai, 1962)
(Figs 96A, 98F)
1962. Cephalaspis major; Balabai 1962: p. 4, fig. 3.
1985. “Cephalaspis” major; Janvier 1985b: p. 330, fig. 19C.
2006. Zenaspis major; Voichyshyn 2006b: pp. 15-16, text-fig. 2E, pl. 2, fig. 1.
2006. Zenaspis major; Voichyshyn 2006c: pp. 31-32.

Type specimen: Lectotype SMNH BP.995 (former number 25579), headshield contour without abdominal part; Horodnytsia,
Horodenka rayon, Ivano-Frankivs’k oblast’” (Podolia).

Referred material. — Balabai (1962: p. 4) listed four specimens represented “mainly by shield contours”.
Besides the lectotype I found one more specimen labelled by him “Cephalaspis major’, SMNH BP.31/1. It
shows only imprints of cornual processes and is appreciably smaller in the shield size (Voichyshyn 2006b: pl. 2,
fig. 2), belonging rather to Z. podolica.

Diagnosis. — Large sized Zenaspis species with relatively wide and massive cornual processes directed
caudally.

Description and comparison. — The shield is sizable (L >118 mm, S 181 mm, Lrc 192 mm, H 160 mm,
J 170 mm). Its shape is similar to that of Z. podolica, from which it differs (of a few features accessible to
comparison) only by larger size. The cornual processes of average length are caudally directed and sharply
narrowing to the ends. Their external sides are rather convex. The abdominal part of the shield is rather nar-
row (Si < 89 mm). Lateral fields are somewhat dilated in their posterior part, in the same way as in Z.
podolica, approaching bases of the cornual processes. Margins of the fields in this part are situated approxi-
mately in equal distances from the margins of the shield, 6 mm from the pectoral sinus and 7 mm from lateral
margin of the shield. This is one of diagnostic features of the genus (Voichyshyn 2006).

Shields in other species of the genus are of smaller size than Z. major, and differ in their outline.

Remarks. — By its large size, an arrangement of the posterior part of lateral fields and general outlines of
the shield this form is close to representatives of Zenaspis and Diademaspis. Considering the shape and posi-
tion of posterior end of the lateral fields, this form should be attributed to the genus Zenaspis. However, lack
of any other data on morphology of the shield does not permit one to be sure of this affiliation. It is possible
that Z. major is conspecific with Z. podolica.

Localities and occurence. According to Balabai (1962), specimens of the type series of the species come
from Horodnytsia and Ivanie, where strata of the lowest part of the Old Red are exposed; Lochkovian (likely
Ustechko Stage of the Dniester Formation) of Podolia (Ukraine).
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Fig. 96. Zenaspidids Zenaspis and Diademaspis from various localities of the Dniester Formation in Podolia. A. Zenaspis major
(Balabai, 1962), margin of lectotype headshield SMNH BP.995 from Horodnytsia, Ustechko Member or lower part of Khmeleva
Member, dorsal view. B. Diademaspis stensioei Afanassieva, 1989, imprint of left part of headshield SMNH BP.10, same local-
ity, dorsal view. C. Diademaspis sp. 1, partial mould (central part) of headshield LDU (unnumbered) from unknown locality,
lower part of the Dniester Formation, dorsal and lateral (right side) views. D. Diademaspis stensioei Afanassieva, 1989, partial
mould of headshield SMNH BP.945 (see also Figs 36E, 99A) from the Horodnytsia new quarry talus, Ustechko Member or
lower part of Khmeleva Member, dorsal, lateral (left side) and frontal views. E. Zenaspis kasymyri sp. n., the holotype fragmen-
tary mould of headshield SMNH BP.1489 lacking its central and abdominal parts from Horodnytsia, Ustechko Member or lower
part of Khmeleva Member, dorsal view.

Zenaspis kasymyri sp. n.
(Figs 96E, 97, 98C)

Derivation of the name: In honour of my father Dr. Kasymyr Voichyshyn.
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Type specimen: Holotype SMNH BP.1489, fragmentary mould of the
headshield lacking its central and abdominal parts, and the caudal ends of
cornual processes; system of quarries SW of Horodnytsia (lower part of the
“Old Red”, probably Ustechko Stage of the the Dniester Formation), Horo-
denka rayon, Ivano-Frankivs’k oblast” (Podolia).

Referred material. — The holotype only.

Diagnosis. —Zenaspis species with medium sized narrow shield
and massive cornual processes that bent admedially.

Description. — The shield is dorsally dome-shaped (hso 27
mm), about 100 mm in length, and narrowed anteriorly. Its maxi-
mum width (130 mm) is approximately at the level of the poste-
rior end of lateral fields (L/S 0.77). Abdominal part of the head-
shield, probably, wide (Si ~60 mm, Si/S 0.47), but its outline re-
mains unknown. The anterior margin of the shield is very widely
rounded. The lateral margins are slightly convex. The cornual
processes are thick and massive, long, and relatively wide, espe-
Fig. 97. Zenaspis kasymyri sp. n., reconstruc- - cja]ly at their basis, and oriented postero-medially. Their internal

tion of the headshield in dorsal view. margin bears no denticles. Pectoral sinus is asymmetric, and deep

but not wide (F < 10 mm, Xsin <13 mm). Its tips are displaced to
the medial axis of the body at 2/3 width of the sinus. The nasohypophyseal opening is not preserved. Orbits
are of round to oval shape and rather small, widely disposed (Ol 6 mm, Os about 5 mm, Omin approxi-
mately equals 13 mm, S/Os 26, Omin/Os is about 2.6). Evidently, they were surrounded by a thin, some-
what more than 1 mm, circumorbital thickening. Neither pineal plate nor the dorsal field are preserved. The
lateral fields are long (G 95 mm), and narrow in their anterior third. Then, they widen posteriorly, develop-
ing a medial blade in their posterior part. Their width ranges from about 5 mm at the anterior ends and in
the “isthmus” between 2/3 and 3/3 of their length, to about 6 mm along the anterior third, and up to 11 mm
in the posterior widening. Lateral fields reach the base of cornual processes. The distance between anterior
ends of the lateral fields is considerably larger than the width of both orbits and distance between them
taken together (I ~33 mm). The middle layer of the dermal skeleton contains polygonal, irregularly honey-
comb-shaped medium sized units, about 2 mm in a diameter. The dermal skeleton of the shield, at least an-
teriorly, was rather thick. Distance between middle layer and outer surface is not less than 1 mm. The ar-
mour surface is visible in a small area of on the anterior part of the shield. It is not well preserved, but
seems to be composed of much larger units than the middle layer, about 5 mm in diameter. The tubercles of
surface ornamentation seem to be not preserved.

The shield of the holotype bears traces of being damaged post mortem on its left side. Left shield mar-
gin has an indentation, from which it is crushed medially to the inner margin of the lateral field. Also the
left cornual process with adjacent part of the headshield was broken away and is displaced backward
(Fig. 96E).

Comparison. — The species in question differs from all other species of Zenaspis by its narrow shield,
relatively narrower anterior parts of the lateral fields and a large distance between them (value I), narrower
pectoral sinuses, and postero-medially directed cornual processes. These features, together with unknown
morphology of central and abdominal parts of the shield, make generic affiliation of the species to the genus
somewhat problematic. However, other aspects of the morphology of Z. kasymyri sp. n., that is the shape and
extent of the lateral fields, position of their caudal ends, size of the orbits and of the distance between them,
and, possibly, character of the shield ornamentation, seem consistent with such placement. The new species
is similar to Z. podolica and, to a less degree, to Z. salweyi, especially in the shape of the lateral fields and
general shape, except for narrowing and bending of cornual processes, as well as size of the shield. Zenaspis
metopias and Z. major are larger, while of Z. dzieduszyckii is of smaller shield size.

Among other genera of the family Zenaspididae, Tegaspis shows too peculiar shape of the headshield and
lateral fields to be closely related with the species in question. The values of indexes L/S, B/C (approxi-
mately), S/Os, Omin/Os in the new species are out of range observed in Diademaspis, but agree with those of
Zenaspis. Besides, the distance from the margin of the posterior part of the lateral field to the tip of the pecto-
ral sinus is slightly smaller than that to the lateral margin of the shield, the condition shared by Zenaspis and
Tegaspis, but not Diademaspis (Voichyshyn 2006a).
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Fig. 98. Reconstructions of Zenaspis headshields. A. Zenaspis salweyi (Egerton, 1857) (after Janvier 1985a: fig. 63B). B. Zenaspis

metopias (Wiangsjo, 1952) (after Wingsjo 1952: fig. 56). C. Zenaspis kasymyri sp. n. D. Zenaspis dzieduszyckii Voichyshyn, 2006

(after Voichyshyn 2006a) E. Zenaspis podolica (Balabai, 1962) (after Voichyshyn 2006b: fig. 1A). F. Zenaspis major (Balabai,
1962) (after Voichyshyn 2006b: fig. 2E).

Localities and occurence. — Horodnytsia; Lochkovian, possibly to early Pragian (from Ustechko Stage
to lower part of Khmeleva Stage of the Dniester Formation) of Podolia (Ukraine).

Genus Diademaspis Janvier, 1985a
1985. Diademaspis; Janvier 1985a: p. 183.
1985. Diademaspis; Janvier 1985b: p. 325.
1989. Diademaspis; Afanassieva 1989: pp. 55-56.
1991. Diademaspis; Afanassieva 1991: pp. 101-102.
1994. Diademaspis; Adrain and Wilson 1994: p. 315 (pars).
2004. Diademaspis; Afanassieva 2004: p. 258.
2006. Diademaspis; Voichyshyn 2006a: pp. 135-136.

Type species: Diademaspis poplinae Janvier, 1985a; Early Devonian (upper part of Wood Bay Formation) of Spitsbergen.
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Diagnosis [modified after Janvier (1985a) and Afanassieva (1989)]. — Small to large sized zenaspidids
(L 9-25 cm), with a headshield that is almost as long as wide (L/S 0.9-1.0). The prepineal part of the shield is
considerably shorter than the postpineal one (B/C 0.6). The abdominal part of the shield narrows backwards
and has a median dorsal crest. The hypophyseal division of the nasohypophyseal opening is much larger than
the nasal division. The pineal plate is reduced or lacking. The orbital openings are relatively small (S/Os
27-29) and loosely spaced (Omin/Os is about 4), with a broad circumorbital thickening. The dorsal field is
wide (S/Sd ratio equals about 7). The lateral fields are enlarged posteriorly and reach to the proximal part of
the cornual processes. The distance from the margin of the posterior part of the lateral field to the tip of the
pectoral sinus is > 1.5 times larger than that to the lateral margin of the shield. The ornamentation consists of
tesserae-like areas displaying groups of tubercles of different sizes.

Species included. — Besides the type species: D. jarviki (Wéngsjo, 1952) from the Early Devonian of
Spitsbergen; D. stensioei Afanassieva, 1989 and Diademaspis sp. 1, both from the Early Devonian of
Podolia; Diademaspis sp. 1, Diademaspis sp. 2, Diademaspis sp. 3, and Diademaspis sp. 4 (Janvier 1985a)
from the Early Devonian of Spitsbergen.

Remarks. — As to the proportion of the divisions of the nasohypophyseal opening of Diademaspis, a pos-
sible exception is D. jarviki, which has nasal and hypophyseal divisions that are almost equal in size (Wiangsjo
1952: text-fig. 59). On the photograph of the holotype, this region is unclear, probably unsufficiently preserved
(Wingsjo 1952: pl. 46, fig. 2). However, Janvier (1985a) pointed out that D. jarviki is similar to D. poplinae as
to the shape of its nasohypophyseal opening.

Some shield fragments with the ornamentation typical of this genus were already reported as Diadema-
spis sp. from Ustechko and Chervonograd in Podolia (Janvier 1985b).

It is doubtful that Diademaspis? mackenziensis Adrain et Wilson, 1994 from the Northwest Territories of
Canada belongs to the genus, because of considerable morphological difference between this species and the
European species of Diademaspis. In contrast with the European species, the pineal plate of the Canadian
species contacts the orbits which are considerably larger (S/Os 15) and more closely-set (Omin/Os 1.5). Also,
the shape and size of the median dorsal field in these taxa are different (S/Sd of the Canadian form is 12.5).
The headshield is noticeably narrower and its size (L. 3 cm) is strikingly small in comparison with the size of
the European headshields of Diademaspis. Finally, the dermal skeleton ornamentation which consists of
elongated tubercles in D.? mackenziensis is not characteristic of the genus. The fact that the hypophyseal di-
vision of the nasohypophyseal opening is larger than the nasal one, may indicate that the Canadian species
belongs to the Zenaspididae, but there seem to be no reasons to refer it to Diademaspis and, thus, to make the
diagnosis of this genus less precise.

Occurrence. — Early Devonian of Spitsbergen and Podolia (Ukraine).

Diademaspis stensioei Afanassieva, 1989
(Figs 36E, 96B, D, 99A)
1989. Diademaspis stensioei; Afanassieva 1989: pp. 56-58, text-figs 2, 3.
1991. Diademaspis stensioei; Afanassieva 1991: pp. 102-104, text-fig. 17, pl. 22.
2004. Diademaspis stensioei; Afanassieva 2004: p. 258, text-fig. 37, pl. 15, figs 1, 2.

Type specimen: Holotype, PIN 3592/95, partial imprint of right part of headshield in dorsal view; Ustechko, Zalishchyky
rayon, Ternopil” oblast’ (Podolia).

Referred material. — Fragments of the shield imprints SMNH BP.10, 945 and possibly BP.1225.

Diagnosis. — Relatively small sized Diademaspis species with large pineal opening and wide circumor-
bital thickening.

Description. — The length of the shield is ~90 mm, the maximum width, in the middle of the cornual
processes, is a little bit more. The cornual processes are narrow, thick enough, of moderate length and
laterocaudal direction. The abdominal division of the shield is narrow and rather short. The orbits are rela-
tively small (OI/A 0.3, Os/A ~0.2). Circumorbital thickening is wide enough. The nasohypophyseal opening
is poorly preserved, though there are grounds to consider that its shape was typical for the genus. The
hypophyseal division is in a deepening. The pineal plate is lacking. The pineal opening is large (~2x2.3 mm).
The lateral fields are long enough, somewhat broadened in the posterior part, and reach the base of the
cornual processes. Traces of the ornamentation were preserved in general only. It consisted of tubercles of
~0.7 mm in diameter, which were grouped in 3-5.
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Fig. 99. Zenaspidids and problematic osteostracans from various localities of the Dniester Formation in Podolia. A. Diademaspis

stensioei Afanassieva, 1989, partial mould of headshield SMNH BP.945 (see also Figs 36E, 96D) from the Horodnytsia new

quarry talus, Ustechko Member or lower part of Khmeleva Member, dorsal view. B. Wladysagitta janvieri Voichyshyn, 2006,

fragmentary headshield SMNH BP.100 from Ustechko, left bank of Dniester River, lower part of Khmeleva Member, rostral part

and complete ventral view. C. Same species, the holotype fragmentary mould of headshield SMNH BP.102, same locality, dor-
sal view, enlarged rostral part and imprint.

Comparison. — The considered species differs from all Spitsbergen species of the genus by larger pineal
opening, wider circumorbital thickening, and lesser size. Besides, D. poplinae has pineal plate, shorter and
thickener cornual processes, while D. jarviki has wider shield, and lesser distance between the lateral margin
of the shield and posterior part of the lateral fields.

Diademaspis sp. 1 differs from D. stensioei by its type of ornamentation. Other material for comparison
with this species is unavailable.

Localities and age. — Ustechko; probably from Late Lochkovian to early Pragian (probably from
Ustechko Stage to lower part of Khmeleva Stage of the Dniester Formation) of Podolia (Ukraine).

Diademaspis sp. 1
(Fig. 96C)
2006. Diademaspis sp.; Voichyshyn 2006a: p. 136, figs 5, 6.
Referred material. — Mould of the central part of a headshield, from the nasohypophyseal opening to
the median dorsal crest, GMLSU 478, 4; locality unknown.
Description. — The distance between the anterior limit of the nasohypophysial opening and the posterior
limit of the median dorsal crest is 70 mm. Thus, the length of the headshield is, probably, 90-100 mm. The or-
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bits are oval and relatively small. Their length is 7 mm and the width is about 5 mm. The circumorbital thicken-
ing is 1.2-1.3 mm wide. The distance between orbits is relatively small as for Diademaspis, 13 mm. The
nasohypophyseal opening has an enlarged hypophyseal division, that is sunken into a depression and a small
nasal division. The pineal plate seems to be reduced, without any contact with the orbits. Its width does not ex-
ceed the extent of the anterior margin of the median dorsal field. The recess of the pineal plate has a cleft-like
shape with a maximum length along the body axis of 1.5 mm and width of 6.5 mm. The median dorsal field is
22 mm long and has concave and narrowed anterior and posterior margins, and convex lateral ones. The poste-
rior margin of the dorsal field displays two lateral processes separated by a 2 mm deep cavity between them.
The maximum width of the median dorsal field (13 mm) is at the level of its second third. The median dorsal
crest is well developed. Its length is about 25 mm, the height up from the level of the median dorsal field is 10
mm, with a slope that begins immediately behind the posterior margin of the median dorsal field. The ornamen-
tation of the dermal skeleton is poorly preserved. It seems to consist mainly of tesserae-like areas (about 1 mm
in size), which include relatively large rounded tubercles surrounded by considerably smaller ones.

Comparison. — This form differs from Diademaspis poplinae by its chink-like shape of the pineal plate,
the shape of the median dorsal field (in particular, its more convex lateral margins), the more developed median
dorsal crest, and the smaller overall size. It differs from D. jarviki by its greater size of the hypophyseal division
of the nasohypophyseal opening, the presence of a pineal plate and the shape of the median dorsal field.

It is not possible to compare the form described here to the shield fragment from Ustechko, assigned to as
Diademaspis sp. (Janvier 1985b: fig. 16A), because they represent different parts of a shield. It is not clear,
whether the tubercles formed groups in the form described here, as it is in the specimen from Ustechko. In
any case, they were more densely spaced than in the fragment from Ustechko.

This specimen differs from Diademaspis sp. 2 (Janvier 1985a) by the shape and greater size of the orbits,
the longer (along the body axis) pineal plate, and the concave anterior margin of the median dorsal field,
which becomes conspicuously broader in its middle part. This form is, however, similar to Diademaspis sp. 2
by the lateral extent of its pineal plate. Like in the following cases, other features cannot be compared be-
cause of the poor preservation of the specimens. From Diademaspis sp. 3, it differs by the less steep rise of
the median dorsal crest. From Diademaspis sp. 4, it differs by shorter orbits, smaller distance between the an-
terior margin of the nasohypophyseal opening and the line connecting the anterior margins of the orbits, and
probably by its different type of ornamentation. Besides, this form differs from all Diademaspis species from
Spitsbergen, including Diademaspis sp. 1, by its smaller overall size, and, except for Diademaspis sp. 4, by
its more closely spaced orbits. Comparison with D. stensioei is given in its description.

Localities and age. — Precise locality is unknown; probably from Late Lochkovian to early Pragian
(probably lower part of the Dniester Formation) of Podolia (Ukraine).

Genus Tegaspis Wingsjo, 1952

1927. Cephalaspis; Stensio 1927: pp. 278-279 (pars).
1952. Tegaspis; Wingsjo 1952: pp. 437-438.

1984. Tegaspis; Belles-Isles and Janvier 1984: p. 202.
1985. Tegaspis; Janvier 1985a: p. 130.

1991. Tegaspis; Afanassieva 1991: pp. 104-105.
2004. Tegaspis; Afanassieva 2004: pp. 258-259.

Type species: Cephalaspis kolleri Stensio, 1927; Early Devonian of Spitsbergen.

Diagnosis. — Osteostracans of medium to large size (L. 90-150 mm, S > L). Anterior margin of the shield
usually has a wide rostral corner. The cornual processes are long and flattened. The abdominal division of the
shield is narrowed backwards. Dorsomedial crest is low. Size of the divisions of the nasohypophyseal open-
ing is about equal. The pineal plate is lacking. The dorsal field is not wide. The lateral fields are long, have
posteromedial ledge, and do not transgress on the surface of the cornual processes.

Species included. — Besides the type species, Tegaspis waengsjoei Belles-Isles et Janvier, 1984, possi-
bly 7.7 sp. 1, both from the Early Devonian of Podolia, and possibly 7. pedata (Wingsjo, 1952) from
Spitsbergen.

Occurrence. — Early Devonian of Spitsbergen and Podolia (Ukraine).
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Tegaspis waengsjoei Belles-Isles et Janvier, 1984
1984. Tegaspis waengsjoei; Belles-Isles and Janvier 1984: pp. 202-205, figs 3, 4, pl. 27, fig. 3a, b.
1991. Tegaspis waengsjoei; Afanassieva 1991: p. 105.
2004. Tegaspis waengsjoei; Afanassieva 2004: p. 259, text-fig. 38.

Type specimen: Holotype NHRM Cla, b, incomplete headshield in dorsal view and its partial imprint around posterior part
of left lateral field; Zastinoche, Terebovlia rayon, Ternopil’ oblast’ (Podolia).

Remarks. — The headshield length (95 mm) and width (145 mm) are approximate due to incomplete
preservation. The shield exhibits such characteristic features of the genus as the presence of a posteromedial
ledge of lateral fields and narrowing of the shield’s abdominal part. Belles-Isles and Janvier (1984) consider
T. waengsjoei more primitive than the species from Spitsbergen.

Localities and age. — Zastinoche; probably Lochkovian (possibly Ivanie Stage of the Tyver formation)
of Podolia (Ukraine). No similar material is known in the SMNH collection.

Tegaspis? sp. 1
(Fig. 35F)

Referred material. — Rim of headshield including cornual processes SMNH BP.53; from Nagiriany W.

Description. — Medium sized Tegaspis form, L about 120 mm, S 156 mm. Anterior margin of the shield
is widely rounded. Lateral margin seems being divided on two segments by hardly visible corner. Both the
segments are almost straightened. The abdominal division of the shield is narrowed backwards (Si 58 mm).
Pectoral sinuses are large and deep (F 20 mm), their tips are rounded. The cornual processes are well devel-
oped (M 60 mm, Lrc 160 mm, Ls 100 mm, Lrc/Ls 1.6) and considerably bent to the body axis, so that the
maximum width of the shield falls on their middle.

Comparison. — The described form differs from Tegaspis kolleri (see Wingsjo 1952: text-fig. 75, pl. 65,
fig. 1, pl. 66) by the outline of rostral margin of the shield, widely rounded in 7.7 sp. 1 and having an angle in
T. kolleri, wider and more bent inwards cornual processes, considerably narrower pectoral sinuses, and nar-
rower shield of smaller size.

Comparison with 7. pedata is difficult because of poor preservation of specimens in both forms. The
shape of abdominal division of the headshield in the Podolian specimen is similar to that of T. pedata, but the
proximal part of the cornual processes seems to be wider.

The described form differs from 7. waengsjoei by its somewhat larger size, and, probably, by less wide
shield, and shares with this species shape of the abdominal division of the shield. Too few features have pre-
served in both the taxa for comparison.

Remarks. — The main problem in determination the relationship of this form with genus Tegaspis is lack
of data about shape of posterior ends of lateral fields.

Localities and age. — Nagiriany; from Late Lochkovian to early Pragian (Ustechko Stage or lower part
of Khmeleva Stage of the Dniester Formation) of Podolia (Ukraine).

“Cornuata” incertae sedis
Genus Wladysagitta Voichyshyn, 2006

1985. “Cephalaspis”; Janvier 1985b: p. 331 (pars).
2006. Wladysagitta; Voichyshyn 2006a: pp. 136—138.

Type species: Wladysagitta janvieri Voichyshyn, 2006; Early Devonian (Ustechko Stage to lower part of Khmeleva Stage
of the Dniester Formation) of Podolia.

Diagnosis. — Small sized cornuate osteostracans. The length of the headshield (40-60 mm) is more or
less the same or somewhat smaller than its width (L/S 0.8—1.0). The anterior margin of the headshield forms
an elongated to triangular rostral process. The lateral fields are long, somewhat broadened in their posterior
third. Their rounded anterior ends are closely approaching the base of the rostral process, and their sharp pos-
terior ends reach to the middle parts of the cornual processes. The cornual processes are relatively short and
narrow. The ornamentation of the dermal skeleton consists of tiny elongated tubercles.

Comparison. — According to the classification of the Osteostraci, proposed by Afanassieva (1991),
Wiadysagitta differs from the genera referred to the Benneviaspidoidei by the shape of the headshield and the
presence of tubercles on the dermal skeleton. It differs from some superficially similar representatives of the
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Boreaspididae, in particular Dicranaspis, by having one, instead of two pairs of lateral fields, and by its con-
siderably greater general size. It differs from the known genera of the Zenaspididae by the presence of a
rostral process.

Taking into account the proportions of the shield, the relative size, shape and orientation of the cornual
processes, and the extent of the lateral fields, Wladysagitta appears to be similar to several representatives of
Pattenaspis having a rostral lobe, best developed in P. eurhynchus (Wingsjo, 1952), although this lobe does
not extend into the rostrum. Pattenaspis includes a wide diversity of forms, and may be heterogenous
(Afanassieva and Voichyshyn 1991). It may even not belong to the Cephalaspididae (Janvier 1985b). Typical
cephalaspidids, such as Cephalaspis, Parameteoraspis, and Mimetaspis have virtually no ornamentation, or
it consists of very small tubercles. Instead, headshields of the species of Pattenaspis from Spitsbergen and
Great Britain have a prominent ornamentation, usually consisting of thorn-like tubercles, contrary to the orig-
inal descriptions by Wingsjo (1952; Janvier, personal communication 1998). Along with the presence of
rostral process, Wladysagitta differs from Pattenaspis by the shape of lateral fields that are slightly broad-
ened in their posterior third, probably by the shape and smaller size of the tubercles of the headshield orna-
mentation, and by lacking denticles on the inner margin of cornual processes.

In contrast, Wiadysagitta resembles primitive zenaspidids, in particular Zychaspis, by its exoskeletal or-
namentation. It should be noted that Zychaspis is also characterised by having an incipient rostral lobe
(Janvier 1985b; Voichyshyn and Solodkyi 2004). Thus, considering the available data, Wladysagitta may be
regarded as morphologically intermediate between Pattenaspis and primitive zenaspidids.

A similar development of the rostral process characterises Yvonaspis campbelltonensis (Otto et Laurin,
1999) from the Early Devonian Campbellton Formation of New Brunswick, Canada (Sansom 2009a: fig. 3),
but there are other differences between these forms.

Species included. — Besides the type species, Wladysagitta acutirostris (Stensio, 1932), Early Devonian
of Great Britain.

Occurrence. — Early Devonian of Podolia (Ukraine) and Great Britain.

Wladysagitta janvieri Voichyshyn, 2006
(Fig. 99B, C)
1985. “Cephalaspis” cf. acutirostris; Janvier 1985a: p. 331, fig. 20A.
2006. Wladysagitta janvieri; Voichyshyn 2006a: pp. 138-1309, figs 7, 8, 9B-D.
2006. Wladysagitta janvieri; Voichyshyn 2006c: p. 34.

Type specimen: Holotype SMNH BP.102, fragmentary mould of headshield and its imprint; Ustechko, left bank of the
Dniester River, Zalishchyky rayon, Ternopil” oblast’ (Podolia).

Referred material. — Besides the holotype, fragment of the headshield exposed in ventral view
SMNH BP.100.

Diagnosis. — A moderately large species of Wiadysagitta with asymmetrical pectoral sinuses and with
narrowed anterior and posterior ends of lateral fields.

Description. — The headshield is narrow (L about 50 mm; S 55-58 mm; Lrc about 60 mm). The rostral
part of the shield is extended into a clearly outlined process, about 10 mm in length, with concave lateral
sides and a rounded distal end (Fig. 99B, C). Lateral margins of the shield are moderately convex with an ir-
regular curvature. The maximum width of the shield is either in the middle part of the cornual processes or at
their tips. The cornual processes are relatively short, not very broad at their bases, and conspicuously narrow
in their distal part. They start to point caudally at the level of their middle part. The lateral margin of the
cornual processes is straight or slightly convex, whereas its medial margin is slightly concave. The abdomi-
nal part is narrow (Si/S 0.47). The pectoral sinuses are asymmetrical (Fig. 99C). Their tips (anterior margin)
lie closer to the body axis. The lateral fields are slightly broader in their posterior third, with pointed posterior
ends. The surface of the headshield is rather evenly covered with oval to elongated, closely set tubercles, the
length of which ranges from 0.3 mm in the preorbital region (0.3—0.5 mm on the interzonal part) to 0.6 mm
along the medial margin of the proximal part of the cornual processes.

Comparison. — In contrast with W. acutirostris, this species has proximally broader and relatively lon-
ger cornual processes (Lrc/Ls of W. janvieri is 3.2-3.6 whereas it is 4.0 in W. acutirostris), a narrower ab-
dominal part of the shield, different shape, and greater width of pectoral sinuses, larger overall size, and a
possibly wider headshield, originally higher and narrower.. Stensid (1932) considered the specimen of
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W. acutirostris somewhat flattened. The two species are similar in their general contours of the headshield, in
particular by the curvature of their lateral headshield margins. Nevertheless, the imperfectly preserved rostral
part of W. acutirostris and, as a whole, poor preservation of the material examined does not allow resolving
the relationship between them.

Remarks. — The two specimens of W. janvieri housed in SMNH belong to an assemblage containing few
well-preserved carapaces mainly of osteostracans: Benneviaspis whitei, Stensiopelta pustulata, Pattenaspis
rogalai, and Zychaspis granulata. Among heterostracans, Zascinaspis heintzi and Weigeltaspis brotzeni are
represented in this assemblage. Since the sediment is fine-grained, with an admixture of argillaceous fractions,
the assemblage may have formed under quiet hydrodynamic conditions. The relatively good preservation of the
carapaces seems to indicate that this assemblage is autochtonous (Voichyshyn 1997).

One of the specimens, referred here to W. janvieri, i.e. BM(NH) P.20508 (Janvier 1985b: fig. 20A) from
Horodnytsia, differs from the holotype by somewhat longer and thinner cornual processes of more or less
caudal orientation, whereas the cornual processes of the holotype are gently curved. Another specimen (Fig.
99B) from the same locality and layer as the holotype is represented by a fragment of the shield exposed in
ventral view, with preserved rostral and cornual processes. The contours and proportions of the cornual pro-
cesses, lateral margins of the shield and rostral process in this specimen are practically the same as in the
holotype, but its cornual processes seem to be somewhat more diverging, i.e., the maximum width of the
shield is found at the tips of the cornual processes. Possibly, all these differences are either due to individual
variation, or post-mortem distortions of the shields.

Localities and age. — Ustechko and Horodnytsia; late Lochkovian to early Pragian (from Ustechko
Stage to lower part of Khmeleva Stage of the Dniester Formation) of Podolia (Ukraine).

STRATIGRAPHIC DISTRIBUTION OF THE PODOLIAN
AGNATHANS AND GNATHOSTOMES

The Early Devonian agnathan fossil assemblages of Podolia are among the richest, best preserved and
oldest known in the world. They actually serve as the reference standard to the international correlation of
continental strata of this part of the geological time scale. It is thus of special importance to describe properly
and understand their succession.

A network of faults splits the Palacozoic strata of Podolia into numerous blocks, which makes a long dis-
tance tracing of particular beds exposed in the banks of the Dniester tributaries virtually impossible. The un-
even distribution of fossils within the succession further complicates the picture. Because of this, bio-
stratigraphic zonations of the Early Devonian based on vertebrate fossils is still rather crude. Presumably, the
stratigraphic distribution of armoured agnathans in Podolia is controlled both by their evolution and depend-
ence on environmental changes.

The rarity of fish fauna remains in the Silurian of Podolia is probably a result of relatively deep-water
conditions of sedimentation. The remains of near-shore early vertebrates had little chance to be transported to
such environments (Fig. 7) and, instead, the dominant chordates were conodonts. Only near the end of the Si-
lurian, considerable shallowing of the sea took place as a result of uplifting of the craton (Fig. 1B). The oldest
known Podolian agnathan, represented by the fragmentary rostro-orbital part of the shield of Irregulareaspis
skalskiensis, described by Novitskaya (1986) from the vicinity of Dnistrove village (see also Abushik et al.
1985), from the upper part of the latest Silurian Skala Stage (Dzvenygorod Beds; Fig. 1). Scales of Turinia
polita and “Nostolepis” have been also mentioned from this locality (Blieck and Janvier 1991). Together
with unnumerous acanthodian scales (Nostolepis sp. and “Gomphodus” sp.) found in the same rock unit at
Myshkivtsi, these are the oldest vertebrate founds on the territory of Ukraine (Voichyshyn 2001a). In the
Late Silurian of Estonia (Mirss and Einasto 1978), acanthodians dominated in shoal, open-shelf, and slope
deposits. Only in lagoonal deposits, the contribution of thelodonts was similar to that of acanthodians. The
situation in Podolia was probably similar. The abundance of vertebrates in Estonia decreased with deepening
of the basin. Blieck and Janvier (1991) suggested that general scarcity of Silurian vertebrates reflects their
low preservational potential because many species had only unfused microscopic size skeletal elements.
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MARINE DEVONIAN STRATA

The Podolian basin was gradually shallowing in the earliest Devonian and the amount of vertebrate re-
mains in its deposits increased. However, from the Borshchiv Stage, the oldest unit of the Devonian of
Podolian, no representative of the vertebrate groups contributed to fish faunas of that time elsewhere. No
cyathaspidids, pteraspidids, or cephalaspidids has been reported, except for unumerous scales of thelodonts
and acanthodes, and fin spines of the latter (Karatajiité-Talimaa 1978; Voichyshyn 2001b). Valiukevicius
(2000) listed seven acanthodian species from the Borshchiv Stage based on isolated scales.

Open-sea facies. — The subsequent in age, Chortkiv Stage is characterised by yet shallower marine de-
posits. There is a mass occurrence of scales of thelodonts Turinia pagei (Powrie, 1870), T. polita Karatajuté-
Talimaa, 1978, Nikolivia balabayi Karatajuté-Talimaa, 1978, N. elongata Karatajuté-Talimaa, 1978, Apalo-
lepis obruchevi Karatajuté-Talimaa, 1968, rare scales of Gampsolepis insueta Karatajité-Talimaa, 1978
(Karatajuté-Talimaa 1978), scales and fin spines of the acanthodians (Nostolepis sp. ind., “Gomphodus” sp.
ind., Onchus sp. ind.) (Obruchev and Karatajuté-Talimaa 1968), small plates of arthrodires (Tyriolepis
radiata Karatajuté-Talimaa, 1968), and scales of the probable chondrichthyan Polymerolepis whitei Kara-
tajuté-Talimaa, 1968 (Karatajuté-Talimaa 1968), in these strata. Also, scales of the chondrichthyan elasmo-
branch? Seretolepis elegans Karatajuté-Talimaa, 1968 (Karatajuté-Talimaa 1968; Obruchev and Karatajute-
Talimaa 1968), Knerialepis mashkovae (Karatajuté-Talimaa, 1997), Altholepis composite Karatajuté-Tali-
maa, 1997 and Ivanelepis costulata Karatajuté-Talimaa, 1997 (Karatajuté-Talimaa 1997; Hanke and Kara-
tajuté-Talimaa 2002; Mirss et al. 2008) were found in limestone beds of the Chortkiv Stage. The number of
recognised acanthodian forms reached 17, including all species from the preceding Stage (Valiukevicius
2000) as well. The cyathaspidids are represented by the single known specimen of Seretaspis zychi (Novits-
kaya 1986), a few Poraspis sturi from Zozulyntsi and Doroshivtsi (Novitskaya 1986), as well as mainly mi-
croscopic fragments of Poraspis sp. and Irregulareaspis sp. from the upper part of the unit (Figs 14B-D, F,
G, 15D, E, 16C). Microscopic fragments of Corvaspis kingi (Fig. 17D, E, H, M, N) and Corvaspis sp. (Fig.
17B, 1, J-L), fragments (Fig. 29A, C, E-G) and scales (Fig. 28A, J, M, P-R) of pteraspidids, tesserae of
Lepidaspis-like heterostracans (Fig. 79A, F, 1), and other not identifiable vertebrate microremains (ichthyo-
liths) occur here.

Novitskaya (1986) suggested that Ctenaspis kiaeri also comes from the Chortkiv Stage, but all known
specimens of this species, belonging to the SMNH collection of Zych, are from Jagilnytsia Stara, where the
Ivanie Stage is exposed. The Ivanie Stage was earlier understood by some authors as a “transitional beds”
from the Chortkiv Stage to the Dniester Formation (Obruchev and Karatajuté-Talimaa 1968; Nikiforova and
Predtechenski 1972; Talimaa 1981).

The oldest Podolian pteraspidids come from the Chortkiv Stage (Fig. 26A, B) too. Blieck (1984: fig. 23) fig-
ured a cast of perfectly preserved specimen of Larnovaspis kneri from Gorodok (see also Lebedev et al. 2009:
fig. 1), probably also referred to by Obruchev (1973). Podolaspis lerichei and Larnovaspis major of Talimaa
(1981) may correspond to this and similar unpublished specimens. Possibly Semipodolaspis slobodensis gen. et
sp. n. (Fig. 54A) comes from the Chortkiv deposits too. Otherwise, remains of pteraspidids, preserved well
enough to be determined at species level, are extremely rare in the Podolian marine deposits. Among remains of
other heterostracans, isolated tesserae of Traquairaspis (probably Lepidaspis) are recorded from there (Obru-
chev and Karatajuté-Talimaa 1968). Some remains of Cephalaspis sp. were reported from the same stage
(Nikiforova and Predtechenski 1972; Obruchev and Karatajuté-Talimaa 1968: fig. 51).

Near-shore facies. — The Ivanie Stage strata were deposited in a coastal area of a very shallow sea. They
yielded numerous and diverse fish fossils. Among cyathaspidids, Poraspis sturi (Dobrivliany) and all the re-
maining (except for Irregulareaspis skalskiensis) endemic Podolian species of the order Cyathaspidiformes
(Poraspis simplex, P. siemiradzkii, P. pompeckji, Ctenaspis kiaeri, Irregulareaspis seretensis, and I. sten-
sioei) are present (Novitskaya 1986, 2004). The only Podolian corvaspidid species, Corvaspis kingi, reaches
beyound the Chortkiv-Ivanie boundary (Fig. 17A, F, O).

Among the pteraspidids, Podolaspis is the most abundant in the Ivanie Stage, represented by P. lerichei
and rare P. zychi (Figs 51A, C, D, 52A). Larnovaspis kneri ranges probably throughout the entire Stage (Fig.
62A, B, E), while L. major is restricted to its upper part, and L. iwaniensis is sporadic (Novitskaya 1986,
2004). Blieck (1984) reported also the single specimen of Alaeckaspis? depressa from Kasperivtsi.
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Fig. 100. Fossils of correlative value and palaeocological indicators associated with the Podolian armoured agnathans. A. Placo-
derm Kujdanowiaspis podolica (Brotzen, 1934), mould of skull roof and right cheek SMNH BP.901/1 from Nagiriany, slab from
talus at SE slope of Dzhuryn River meander, Ustechko Member or lower part of Khmeleva Member of the Dniester Formation,
dorsal view. B. Same species, mould of skull roof SMNH BP.145 from Khmeleva, left bank of Dniester River at (river) water
level, Khmeleva Member, dorsal view. C. Same species, partial imprint of plastron and dermal elements of the tail SMNH
BP.137 from Ustechko, Ustechko Member or lower part of Khmeleva Member of the Dniester Formation, dorsal view.
D. Chondrichthyan Seretolepis elegans Karatajuté-Talimaa, 1968, posterior part of scale SMNH BP.1545/8 from outcrop 2 (Fig.
3B), right bank of Dniester River, middle to upper part of Ivanie Member of the Tyver Formation. E. Same species, fragmentary
scale SMNH BP.1539/2 from Zalishchyky, right bank of Dniester River, upper part of Ivanie Member of the Tyver Formation.
F. Chondrichthyan Polymerolepis whitei Karatajuté-Talimaa, 1968, scale (lost specimen) from outcrop 8 (Fig. 3B), right bank of
Dniester River, lower to middle part of Ivanie Member of the Tyver Formation. G. Bivalve shell mould SMNH BP.595/2 from
Zaryvyntsi, quarry, Strypa Member of the Dniester Formation. H. Eurypterus sp., fragmentary mould of body segment SMNH
37702 from Zaryvyntsi quarry, Strypa Member of the Dniester Formation.

Parapteraspis lata and Zascinaspis bryanti seem to be restricted to the Ivanie Stage (Dobrivliany, Zalish-
chyky, Jagilnytsia Stara, and Ivanie Zolote), whereas Zascinaspis heintzi ranges up to the lower part of the
Dniester Formation. It is commonly asumed (Novitskaya 1986, 2004; Obruchev and Karatajuté-Talimaa 1968)
that Belgicaspis crouchi, which is one of index fossils in the zonation of the Early Devonian in Western Europe,
has a similar stratigraphic distribution also in Podolia. However, until now, this species is known in Podolia
only as a deformed rostral plate from Pechirna, described by Novitskaya (1986), and a few other incomplete
rostral plates, possibly belonging to the species from the SMNH collection (Fig. 19B, C). Articulated speci-
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mens, enabling species determination with a reasonable confidence, are still lacking. Blieck (1984) identified
some of dorsal shields, figured by Zych (1927) and Brotzen (1933a) from the upper part of the Ivanie Stage and
the lower part of the Ustechko Stage (first zone of the Old Red according to Brotzen 1933a), as B. crouchi. Sim-
ilar shields were found by myself at Ustechko in the lowest part of the Khmeleva Stage and referred to as
“Pteraspis” angustata (Fig. 21B, C; Voichyshyn 1999). Without questioning the presence of B. crouchi in
Podolia, in the present study, the existing evidence seems to be insufficient to prove this fact.

Parameteoraspis dobrovlensis, from the Ivanie Stage deposits at Dobrivliany, is the oldest known Podolian
osteostracan (Afanassieva 1991). It is believed that Ukrainaspis kozlowskii (Zych 1937: Zalishchyky and
Vorvulyntsi) and possibly Zychaspis siemiradzkii (Janvier 1985b: Khomiakivka) come from these strata
(Afanassieva 1991). However, according to Dikenshtein (1957), the Ustechko Stage is exposed at Khomia-
kivka, and in the upper part of the section at Zalishchyky. The claim of Janvier (1985b) and Afanassieva (1991)
that Mimetaspis glazewskii at Ustechko occurs in the Ivanie Stage is unlikely, because only a few metres of that
unit are exposed at this locality in the lowermost part of the section on the right bank of Dzhuryn River. Accord-
ing to present observations, this species (Fig. 83A-D) is widespread from the middle part of the Ustechko Stage
to lower part of Khmeleva Stage.

Among microscopic-size fish remains, the thelodonts and acanthodians are the most diverse in the Ivanie
Stage. All thelodont species, known from the Chortkiv Stage except for Nikolivia balabayi, range to it. In ad-
dition, Nikolivia oervigi (Karatajuté-Talimaa, 1968) and Apalolepis brotzeni Karatajuté-Talimaa, 1978 ap-
pear there for the first time (Karatajaté-Talimaa 1978). All the chondrichthyan species of the Chortkiv time
were present also in the Ivanie basin (Fig. |00D-F). @rvig (1961) reported a fragment of dermal plate, that is
now referred to as Tesseraspis orvigi, at Jagilnytsia Stara in strata referred to the “upper part of Czortkéw
Group”. The scale-based number of acanthodian species decreased to 10 (Valiukevicius 2000). Many
pteraspid scales (Fig. 28B, D, G-I, K, L), scales and shield fragments of Poraspis sp. (Figs 11H-J, 15A, C),
Irregulareaspis sp. (Fig. 14A, E), and Lepidaspis-like heterostracans (Fig. 79B, G, H, J, L, M) are repre-
sented in the Ivanie Stage deposits as microremains.

Macroremains of the climatiid acanthodian Ptomacanthus sp. are represented by a shoulder girdle from
Zalishchyky (Miles 1973; Denison 1979).

Age of the strata bearing fish remains at the middle of the Seret River, which is one of the main tributaries
of the Dniester River in Podolia (Fig. 4), is considered as corresponding to Ivanie time, but the depositional
conditions are similar to those of Dniester time elsewhere, i.e., lowered salinity lagoons or lakes. If true, the
fresh-water fish fauna of the Ivanie time consisted of the pteraspidids Alaeckaspis verbivciensis, Djurinaspis
secunda sp. n., Larnovaspis mogielnensis, Podolaspis lerichei, Zascinaspis heintzi, the osteostracan Patten-
aspis rogalai, Tegaspis waengsjoei from Zastinoche (Belles-Isles and Janvier 1984), and the placoderm
Ericaspis zychi (Stensio, 1945).

TERRIGENOUS DEVONIAN STRATA

Unike the Ivanie Stage deposits, represented to a large degree by marine carbonates, organodetrital lime-
stone in particular, the Dniester Formation is exclusively terrigenous (sandy-argillaceous, often reddish). The
Ustechko section recorded an upward transition from offshore to inshore lagoon or bay, and finally to a flu-
vial-estuarine plain (Uchman et al. 2004). The rather rich fossil fish assemblage characterises the lowest unit
of the Dniester Formation, the Ustechko Stage, the deposits of which accumulated in a low-salinity lagoon
(Narbutas 1984). However, Poraspis sturi, the only cyathaspidid, was found here (Ustechko, Dzhuryn
River). Except for already mentioned Zascinaspis heintzi, Larnovaspis major (Horodnytsia) and Podolaspis
lerichei range to there from the Ivanie Stage as well. The pteraspidids Djurinaspis prima and Mylopteraspis
gracilis seem to belong to species restricting in distribution to the Ustechko Stage. According to Novitskaya
(1986), the oldest occurrence of Brachipteraspis latissima is from this rock unit. Brachipteraspis sp. cf. B.
latissima was reported by Dumbrava and Blieck (2005) at Babyn from, presumably, also Ustechko Stage de-
posits, however, it is poorly supported (see the Taxonomy Chapter).

Although osteostracan remains are considerably less common than those of the pteraspidids, in the
Ustechko Stage they are numerous enough, and diverse. Stensiopelta pustulata (Horodnytsia, Buriakivka,
Bily Potik, Nagiriany), Zychaspis siemiradzkii (Horodnytsia, Chervonograd), Zenaspis podolica, Z. kasymyri
sp. n., Mimetaspis concordis, and Ukrainaspis kozlowskii (Horodnytsia), Mimetaspis glazewskii, and, possi-
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bly, Diademaspis stensioei (Ustechko), together with Benneviaspis whitei (Ustechko) and Machairaspis sp.
(Horodnytsia) are represented (Belles-Isles and Janvier 1984; Janvier 1985b; Afanassieva 1991, 2004).

Scales of the thelodonts Turinia pagei, T. polita, and possibly Nikolivia elongata (Karatajuté-Talimaa
1978), as well as seven acanthodians (Valiukevi¢ius 2000) are reported from the Ustechko Stage, although
the siliciclastic rocks of the Dniester Formation cannot be disintegrated with acetic acid, which prevents ex-
traction of well-preserved vertebrate microremains.

In the Ustechko Stage, placoderms are represented by Ericaspis zychi (Ivanie Zolote, Ustechko, Buriakivka)
and Kujdanowiaspis podolica (Brotzen, 1934) (Horodnytsia, Ustechko; Fig. 100C). Remains of both species
occur also in the Khmeleva Stage deposits.

The placing of the boundary between the Ustechko and Khmeleva Stages at Ustechko, one of the best
studied Podolian agnathan localities, is still disputed. According to Dikenshtein (1957) and Drygant
(1988), almost all the Lower Devonian section exposed on the left bank of the Dniester River upstream of
Ustechko, near the old destroyed bridge, is the lowest part of the Khmeleva Stage. But, according to the
stratigraphic scheme proposed by Narbutas (1984), only the Ustechko Stage is exposed at Ustechko. I ad-
here to the former opinion, suggesting 52—54 m thickness of the Ustechko Stage (Levets’ and Ustechko
Stages of Dikenshtein 1957). Due to a fault along the Dzhurin River, the section of Lower Devonian, start-
ing from the upper part of the Ivanie Stage, is exposed on the left river bank, being older than exposed on
the left bank of Dniester near the destroyed bridge (Narbutas 1984). The upper 10 m of the Ivanie Stage,
the whole Ustechko Stage section (54.5 m) and, possibly, the a few lowest metres of the Khmeleva Stage
are exposed in the former of these sections, reaching more than 64 m in thickness. Strata of the Khmeleva
Stage, according to Dikenshtein (1957) 120-170 m in thickness, are characterised by thick layers of
siltstones with subordinate intercalations of sandstone (Dikenshtein 1957), visible also in exposed on the
left bank of Dniester 40 m thick section.

There is a small but important difference between the fossil assemblage in the lowest part of the
Ustechko section on the left bank of Dniester, approximately at the boundary between the Ustechko and
Khmeleva Stages, and in its middle part, i.e. the lowest part of the Khmeleva Stage. Poraspid remains are
lacking in the latter, while in the former they are abundant and dominate the assemblage. Still, two speci-
mens (probably of Poraspis sturi) have been found recently in Ustechko, in beds of the lowest part of
Khmeleva Stage of the Dniester Formation.

Possibly, this is an expression of a change from lagoon to river or delta environment. There is a similarity
between the fossil vertebrate assemblage from Ustechko and that from Horodnytsia, according to Dikenshtein
(1957) (see also Uchman et al. 2004) representing the Khmeleva Stage, but poraspid remains are missing in
Horodnytsia. Rare shields of Poraspis sp. were found on slopes of the old river-bed of the Dzhuryn River be-
tween Nyrkiv and Nagiriany villages.

It appears that the lower part of the Khmeleva Stage (Ustechko, the left bank of the Dniester River) is
characterised by abundant fish fossils. Near the base of the stage, Poraspis sturi, Pavloaspis pasternaki, and
Ukrainaspis kozlowskii occur. Alaeckaspis ustetchkiensis, Weigeltaspis alta, W. brotzeni, Zychaspis granu-
lata, Mimetaspis concordis, Benneviaspis whitei, and Wladysagitta janvieri were found a few metres above
this horizon. Zascinaspis heintzi, Podolaspis podolica, Parapteraspis plana, Zychaspis siemiradzkii, Stensio-
pelta pustulata, Pattenaspis rogalai, Zenaspis podolica, and others range there from the Ustechko Stage.

The vertebrate fauna of the second faunal Old Red zone of Brotzen, as understood and discussed in the
next section, is much less known than the first and to some extent the third faunal zones, because of its usu-
ally poor preservation. Nevertheless, it includes at least four osteostracan species, “Cephalaspis” dniestrensis
(Pattenaspis rogalai) (Janvier 1988), Zychaspis elegans (Fig. 87B), Stensiopelta? pustulata (Fig. 6D), and
Zenaspis podolica, from the vicinity of Khmeleva. Among them, Z. elegans is represented by its only known
specimen (Voichyshyn 2006b, c). Pteraspidids are probably represented by Zascinaspis heintzi, placoderms
by Erikaspis zychi and Kujdanowiaspis podolica (Dupret and Blieck 2009; Dupret 2010; Fig. 100A, B). The
fish fossil assemblage of the middle to upper parts of the Khmeleva Stage is poorly known, because uncertain
extend of this unit. Dikenshtein (1957) traced Khmeleva Stage deposits along Strypa River from its mouth up
to Buchach, whereas Novitskaya (1986) referred to this unit the lower and middle parts of the section be-
tween Kydaniv and Sapova, which, probably, are part of the younger Strypa Stage.

Deposits of the Strypa Stage, represented mainly by quartz sandstone (Dikenshtein 1957), were formed in
deltaic conditions (Narbutas 1984). This is reflected in rare vertebrate remains. Agnathans occur as moulds
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of ventral, less commonly of dorsal plates or shields. Pteraspid finds are restricted to the lower and middle
parts of the section exposed in the quarry between Kydaniv and Sapova. Althaspis elongata, A. sapovensis,
Brachipteraspis latissima, and Europrotaspis arnelli occur there (Novitskaya 1986), accompanied by Benne-
viaspis zychi and Citharaspis junia (Afanassieva 1991). A few specimens of Althaspis longirostra were de-
scribed from Kopachyntsi on the Dniester by Zych (1927), and A. sapovensis (Novitskaya 1986) has been
found in upper part of the section. The single specimen of Althaspis? spatulirostris is known from an outcrop
in vicinity of Soroky (Blieck 1984). An imprint of the rostral plate of a large widesnouted pteraspidid
Palanasaspis chekhivensis gen. et sp. n. from vicinities of Chekhiv (Fig. 19A) does not resemble any known
species of established stratigraphic position (Voichyshyn 1999). Pteraspidid remains, that are too poorly pre-
served to be classified, occur also in other fossil fish localities of the lower part of the Strypa River and
Koropets’ River basins (Voichyshyn 2001a). Osteostracans of the Strypa Stage deposits possibly include
also Citharaspis polonica from Buchach (Belles-Isles and Janvier 1984; Afanassieva 1991) and Victoraspis
longicornualis (Carlsson and Blom 2008). The shoulder girdle of relatively large climatiid acanthodian
Erriwacanthus falcatus @rvig, 1967 was described from Zvenygorod (@rvig 1967; Denison 1979).

Outcrops of the Strypa Stage are not precisely enough correlated with the regional stratigraphy to enable
reliable presentation of the distribution of vertebrates within the unit.

The Smerkliv Stage of the Dniester Formation, which concludes the exposed section of the Dniester For-
mation in Podolia, can be traced along the Dniester River from Smerkliv to Nyzhniv, partially along the
Koropets’ River (Dikenshtein 1957) and possibly also in the small outcrop at Zavadivka. However, there are
no reliable finds of fish remains in these deposits. Only Balabai (1960) reported the pteraspid Brachi-
pteraspis latissima from Zavadivka (Voichyshyn 2001a).

VERTEBRATE BIOSTRATIGRAPHIC UNITS IN THE DEVONIAN OF PODOLIA

Zych (1927), Brotzen (1933a) and Balabai (1960) tried to divide the Podolian succession of the Early De-
vonian into biostratigraphic assemblage (“faunal”) zones. Zych’s (1927) subdivision into eight zones was
based on classification of the agnathans, which is now considered artificial. Brotzen (1933a) offered a more
reliable scheme, dividing the Podolian Old Red into three zones. The lowest corresponds, in present under-
standing, to lithostratigraphic interval from the Ustechko Stage to the lower part of Khmeleva Stage of the
Dniester Formation. The middle corresponds to the remaining part of the Khmeleva Stage. The highest zone
corresponds probably to the Strypa Stage. Narbutas (1984) inclined to a similar identification of these zones
with lithostratigraphic divisions. Balabai (1960) criticised validation of the second Brotzen’s zone, but he
himself divided the Podolian red-colored deposits into three zones, admitting that his scheme coincided with
that of Brotzen (1933a). Novitskaya (1986) used in her work a zonal division of the Old Red after Obruchev
(1973), who applied his scheme after Brotzen (1933a), as indicated before (Obruchev 1958). Other research-
ers (Blieck 1984; Janvier 1985b) also used the same scheme, focusing mainly on the first and third zones that
are represented by completely different assemblages (Table 1, Figs 104, 105; but see the probable distribu-
tion of Victoraspis longicornualis in the Taxonomy Chapter). The middle zone, in comparison with the two
others, is almost barren, with rare fossils that mainly cannot be identified at the species level. Neither Brotzen
(1933a) nor Balabai (1960) was successful in characterizing that zone precisely. It is necessary to note that
Novitskaya (1986) divided the third Brotzen’s zone into her own second (with Althaspis elongata and
Europrotaspis arnelli) and third (with Althaspis longirostra) faunal zones within the Dniester Formation,
which seem unclearly defined.

Parallel to the agnathan zonation, three assemblage zones are distinguished in the Podolian Old Red,
based on succession of placoderms (Dupret and Blieck 2009). The lower unit is characterised by the occur-
rence of Kujdanowiaspis podolica (Brotzen, 1934) and Ericaspis zychi (Stensid, 1945). The middle zone
contains Kujdanowiaspis podolica, K. buczacziensis, and Ericaspis zychi. The upper one is characterised by
the presence of Kujdanowiaspis buczacziensis only. Dupret and Blieck (2009) considered this species as the
index fossil for the beginning of the Pragian in the Podolian section, but its remains are restricted to the
Strypa Stage of the Dniester Formation. Probably, the Lochkovian—Pragian boundary in the Podolian section
is located rather within the lower part of the Ustechko Stage of the Dniester Formation (Drygant, personal
communication 2010). The lower and upper zones of the placoderm-based scheme correspond to the first and
third zones of Brotzen’s scheme; however, the boundaries of the middle zone remain unclear.
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BIOSTRATIGRAPHIC CORRELATION OF THE PODOLIAN SECTION

Correlation of the Podolian section, based on unique agnathans, with those in other regions of the world,
based on the principle of homotaxy, can hardly refer to occurrences of common species but, at the best, on
generic composition of fossil fish assemblages (Table 2). This makes precision of interregional correlation
rather low.

The scheme of correlation of the Podolian section, in particular that of Old Red deposits, with Early De-
vonian deposits of Spitsbergen and England is based on agnathans (Blieck 1984) and is generally accepted
(Afanassieva 1991; Novitskaya 1983; Janvier 1985b). Such application of homotaxy at the generic level, to
the Early Devonian agnathan fossil assemblages, allows their rough correlation between geographically dis-
tant regions.

Thus, the fossil assemblage of the “Vogti” horizon (middle part of the Ben Nevis Formation) of the Early
Devonian of Spitsbergen, including Larnovaspis goujeti, Irregulareaspis sp., Poraspis rostrata, Ctenaspis
cancellata, Ctenaspis sp., Corvaspis sp., and Lepidaspis sp. (Blieck 1982), is similar in its composition to the
fossil assemblage from the Ivanie Stage of Podolia, including Larnovaspis kneri, Irregulareaspis stensioei,

Table 2. Geographic distribution of armoured agnathan genera from Podolia (number of Podolian species/
number of all species of the genus given in parentheses).

Great Britain | Spitsbergen an dF]rEya;(;um Cinri(tjilfn Other regions

Ctenaspis (1/6) ? [ | - [ | Severnaya Zemlya
Irregulareaspis (3/5) - [ ] - - Severnaya Zemlya
Poraspis (4/9) | | [ ] [ | [ | Severnaya Zemlya
Seretaspis (1/1) - - - - -
Corvaspis (1/4) | | [ ] - [ | Lithuania
Alaeckaspis (4/4) - - - - -
Althaspis (5/8) | | - [ | - -
Belgicaspis (1/1) | | - [ | — -

Brachipteraspis (1/1) - — _ _ _
Dijurinaspis (2/2) — _ _ _ _
Dnestraspis (1/1) -
Europrotaspis (1/3) || — ? _ _
Larnovaspis (4/6) | | _

Loricopteraspis (1/1) - — _ _ _
Mpylopteraspis (1/1) — _ _ _ _
Mylopteraspidella (1/1) - — — _ _
Palanasaspis gen. n. (1/1) - - _ _ _
Parapteraspis (2/2) - — _ _ _
Pavloaspis (1/1) — _ _ _ _
Podolaspis (4/4) - _ _ _ _
Semipodolaspis gen. n. (1/1) - _ — _ _

Zascinaspis (2/4) - | - - USA (Ohio)
Tesseraspis (1/6) | | [ | Germany, Lithuania
Weigeltaspis (2/4) [ | | | — — —
Benneviaspis (3/8) - | | - - Severnaya Zemlya

Citharaspis (2/2) - - — _
Diademaspis (1/3) -
Mimetaspis (2/5) -
Parameteoraspis (1/11) -
Pattenaspis (1/12) | |
Stensiopelta (1/2) | |
Tegaspis (1/2) —
Ukrainaspis (1/1) —
Victoraspis (1/1) -
Wiladysagitta (1/2) | |
Zenaspis (4/6) | |
Zychaspis (4/4) -

- - Germany
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Poraspis sturi, P. siemiradzkii, Ctenaspis kiaeri, Corvaspis kingi, and Lepidaspis sp. Blieck (1982) corre-
lated the “Vogti” horizon with the lower part of the Middle Dittonian of England.

The upper part of the Ben Nevis Formation (“Benneviaspis” horizon; late Lochkovian according to
Blieck 1984) resembles the first zone of the Podolian Old Red in containing remains of Zenaspis metopias
and small shields of Benneviaspis holtedahli in Spitsbergen on one side, and Zenaspis species and
small-size Benneviaspis talimaae in Podolia on the other.

The lower part of the Wood Bay Formation (Sigurdfjellet Division) contains remains of large Benneviaspis
(B. maxima, B. loevgreeni, and B. grandis), which are similar to B. zychi from the third zone of the Podolian
Old Red (Afanassieva 1991). However, only in the Fraenkelryggen Formation, which was compared by Blieck
1984 to the Borshchiv and Chortkiv Stages of the Tyver formation, and in the “Vogti” horizon, Pattenaspis and
Machairaspis occur. They are related to the Podolian Pattenaspis rogalai and “Cephalaspis” microlepidota
from the first Old Red zone. A possible cause of such disparity, in correlation of sections based on agnathan as-
semblages, is their ecological sensitivity. In fact, the main problem with applying the principle of homotaxy for
reliable correlation is that it can be applied only for correlation between ecologically similar successions.

A correlation of the Early Devonian deposits of Russia, Belarus, Ukraine, and Baltic States was based on
acanthodian scales by Valiukevicius (2000). According to him, deposits of the Borshchiv Stage and lower
part of the Chortkiv Stage are of early Lochkovian time, while the interval from the upper part of Chortkiv
Stage to the lowermost part of the Dniester Formation corresponds to the late Lochkovian.

FOSSIL FISH ASSEMBLAGES IN THE EARLY DEVONIAN
OF PODOLIA

The concept of fossil assemblage denotes series of fossil remains of organisms preserved in a rock unit
(layer, lens etc.). Recognition of fossil communities is the first step in the inference leading to restoration of
living community of ancient organisms. It also provides insight into the conditions of sedimentation and fos-
silization. The main obstacle preventing interpretation of fossil communities, as directly representing struc-
ture (standing crop) of their living counterparts, is that they usually are products of prolonged supply of skel-
etal remains to the sediment, resulting in time averaging of the record. The contribution of particular species
to the fossil community reflects, in such a situation, their participation in the biological productivity rather
than contribution to the biomass (standing crop). The picture is further disturbed by preservational bias dur-
ing sedimentation (e.g., Gekker 1954; Korth 1979; Behrensmeyer 1988; Wilson 2008; Zohar et al. 2008) and
selective diagenesis. Skeletal remains can be transported for a long distance and while exposed to the seawa-
ter environment easily disintegrate as a result of bioerosion. The correspondence between fossil and living
communities may be almost direct if the former originated as a result of a catastrophic sedimentation event.
Yet another problem, related to recognition and interpretation of fossil communities, is sampling bias. To
limit it, the fossil specimens ought to be collected from a rock unit of possibly restricted time and space di-
mension. In the case of relatively rare fossil vertebrate remains, they have to be assembled from a rock of
considerable thickness and extent. In practice, one has to refer to a fossil locality rather than a stratum as the
source of the Early Palacozoic armoured fish.

Two sources of evidence on fossil assemblages of armoured fossil fish have to be considered separately:
microremains (ichthyoliths) below a few millimetres in size and macroremains, mostly centimetre, but fre-
quently decimetre, in size. Most fish microremains from Podolia, except for tiny armour fragments difficult
to classify taxonomically, represent acanthodian gnathostomes and thelodont agnathans. Their easily disinte-
grating skeletal armour consisted of discrete dermal denticles, tesserae, or teeth. Macroremains belong
mainly to heterostracan (cyathaspidids and pteraspidids) and osteostracan agnathans. Their skeleton formed
a consolidated carapace covering the head region, which consisted of a single skeletal unit (osteostracans) or
a number of plates (heterostracans). Armoured agnathans of this kind make the bulk of species in the Early
Devonian fish fauna of Podolia.

Marine clay and carbonate deposits (Tyver Formation). — Phosphatic skeletons of fish contribute to
rich fossil assemblages of the Early Devonian grey-coloured marine deposits of Podolia, composed of
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Fig. 101. Mass occurrence of vertebrate remains from the Devonian of Podolia showing co-occurrence of various fish species.
A. Fossil assemblage with accumulation of agnathans (Ctenaspis, Poraspis and pteraspidid remains) on slab SMNH BP.916
from Jagilnytsia Stara, Ivanie Member of the Tyver Formation. B. Fossil assemblage with association of agnathan and placoderm
fishes (Pattenaspis, Zychaspis and Placodermi remains) on slab SMNH BP.902 (counterpart of SMNH BP.901; see Fig. 101E)
from Nagiriany, from talus at SE slope of Dzhuryn River, Ustechko Member or lower part of Khmeleva Member of the Dniester
Formation. C. Agnathan-placoderm accumulation (Weigeltaspis, pteraspidid and Placodermi remains) on slab SMNH BP.1126
from Horodnytsia, Ustechko Member or lower part of Khmeleva Member of the Dniester Formation. D. Agnathan accumulation
(Ctenaspis, Poraspis, and pteraspidid remains) on slab SMNH BP.915 from Jagilnytsia Stara. E. Agnathan accumulation
(Pattenaspis, Zychaspis, Stensiopelta and other osteostracan remains) on slab SMNH BP.901 (counterpart of SMNH BP.902;
see Fig. 101B) from Nagiriany, talus at SE slope of Dzhuryn River meander, Ustechko Member or lower part of Khmeleva Mem-
ber. F. Agnathan-placoderm accumulation (osteostracan, pteraspidid and placoderm remains) on slab SMNH BP.201 from
Ustechko, left bank of Dniester River, lower part of Khmeleva Member.

Placodermi

g

calcitic shells of brachiopods and ostracods, moulds of originally aragonitic shells of gastropods, bivalves,
and nautiloids, phosphatic conodonts, organic scolecodonts, and others. Vertebrates from the latest Silurian
and earliest Devonian Borschiv and Chortkiv Stages, as well as a considerable part of the Ivanie Stage, are al-
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most exclusively represented by microremains of thelodonts and acanthodians. From the Chortkiv Stage and
higher, minute fragments of heterostracan carapaces and scales are also encountered (Figs 28A, J, M, P-R,
29A, E; Obruchev and Karatajute-Talimaa 1968). They express a general tendency of increasing density and
diversity of vertebrate remains upwards through the section.

Macroscopic agnathan fossils occur in assemblages of marine origin at Jagilnytsia Stara, corresponding in
age to Ivanie time (Lochkovian). Material from this locality was collected by Wtadystaw Zych in 1934 and is
kept in the SMINH collection, but also in the GMLSU and the NHRM collection (Balabai 1957, 1962; Blieck
1984). The collections consist of numerous fragments of shields and plates of heterostracan carapaces as well as
their imprints and moulds in claystone, mudstone or limestone (Fig. 101 A, D). Both lithology and associated fos-
sils prove their marine origin. Taphonomic conditions at the beginning of sedimentation of these deposits, as
well as the generally small size of the agnathans, promoted preservation of undamaged external moulds of the
carapaces or intact carapaces. The assemblage consists mostly of cyathaspidids: Ctenaspis kiaeri, Irregularea-
spis stensioei, and Poraspis siemiradzkii. Along with the cyathaspidids, pteraspidids were found as well.
Small-sized (about 20—40 mm in length) dorsal and ventral shields are the most numerous. The armour abraded
or dissolved molds of ventral and rare dorsal shields of medium size (60—100 mm in length) specimens of unde-
termined genera are less common. Blieck (1984) suggested that they may belong to Parapteraspis lata. Among
the pteraspidids, seven specimens were identified as Zascinaspis bryanti (Figs 24G, H, 70A-D, G). Fragments of
a carapace of Corvaspis sp. are the only other heterostracans (Fig. 17C).

The fossil fish assemblage from Jagilnytsia Stara is unique for Podolia in two respects. First, most
pteraspidid and cyathaspidid specimens are very small, with few exceptions. However, the small-sized
cyathaspidids apparently represent mature individuals, whereas the pteraspidids are probably juveniles. Most
of their dorsal shields still have no dorsolateral sensory canals (Fig. 34A, C, D, G, H, J). Except for the dorsal
and ventral, other plates of the pteraspidid carapace are rare (Figs 19G, 24D). This suggests transportation of
the pteraspidids from a distant source, disintegration, and size sorting. Also, the relatively large specimens of
the pteraspidids (ventral and dorsal plates) were redeposited. Because of their weight, they were apparently
not transported in suspension but rolled over the bottom, losing the armour surface cover.

The second unusual aspect of this fossil fish assemblage is its high taxonomic diversity. Jagilnytsia Stara
is the only locality in Podolia with more than one cyathaspidid species. This is also the only place in Podolia
where cyathaspidids prevail over pteraspidids in number of species and volume of fossil remains. Remains of
Poraspis sturi dominate also in a bed near the Ustechko and Khmeleva Stages boundary at Ustechko. The
rarity of macroscopic remains, in the marine deposits of Podolia outside Jagilnytsia Stara, may have resulted
from unfavorable living conditions for the agnathans in relatively deep-water, or taphonomic factors prevent-
ing accumulation of their remains. The taphonomic factor seems to be supported by the distribution of the
irregulareaspidids, with the unique specimen of Irregulareaspis skalskiensis encountered in the latest Silu-
rian deposits (Novitskaya 1986) and the subsequent occurrence of taxonomically identifiable irregulare-
aspidids (and cyathaspidids in general) in the Ivanie Stage. They are absent in the Borshchiv and Chortkiv
Stages, except for carapace fragments of the Poraspididae reported from the Chortkiv Stage by Obruchev and
Karatajuté-Talimaa (1968) and those in the SMINH collection. Still, the fossil assemblage from Jagilnytsia
Stara testifies that cyathaspidids flourished in Podolia during the Ivanie time.

Blieck and Heintz (1983) noticed a similar domination of cyathaspidids both in biological productivity
(number of fossilised specimens) and species diversity in the heterostracan assemblages from deposits of the
Upper Red Bay Group in northwest Spitsbergen. Together with Poraspis, Irregulareaspis, and Ctenaspis
known from Jagilnytsia Stara, species of Dinaspidella, Homalaspidella, and several species of Anglaspis are
also present in Spitsbergen. Novitskaya (2007) indicated that the worldwide peak of diversity for cyatha-
spidids was in the Lochkovian.

Unlike the cyathaspidids, there is no convincing indication of water salinity preferences for the ptera-
spidids from Jagilnytsia Stara. Later pteraspidids inhabited probably flowing fresh water. Probably, they
were able to live in water of unstable salinity, and could accompany marine cyathaspidids in the original
community. This is consistent with the relatively good, not different from that of the cyathaspidids, preserva-
tion of the armour cover of pteraspidids, suggesting short post-mortem transportation. Remarkably, remains
of the osteostracans, usually indicating fresh-water, are completely lacking at Jagilnytsia Stara.

The geologically oldest of the Podolian osteostracans known till now have been found among agnathan
macroremains on the left bank of the Dniester River eastward of Dobrivliany (Fig. 5A), where the lower part
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of the Ivanie Stage crops out. They are Parameteoraspis dobrovlensis (Afanassieva 1991), shields of
Poraspis sp., plate and separate tesserae of Corvaspis kingi (Fig. 17A, F, O), fragmentary imprint of the me-
dian plate of Weigeltaspis brotzeni (Fig. §2C) along with ventral and dorsal shields, and other carapace plates
(Figs 22J, 23A, 25F, 33E, G) of pteraspidids (including ?Larnovaspis kneri; Fig. 19H). Unfortunately, lack
of precise information on their collecting sites does not allow identification of fossil assemblages.

At least two fossil assemblages can be distinguished in deposits of the upper part of the Ivanie Stage at
Zalishchyky (Fig. 5B). The first comes from limestone beds, extraordinarily rich in fish microremains. Most
of the thelodont species known from Podolia, numerous remains of acanthodians and arthrodires, tiny frag-
ments of heterostracan carapaces (in particular of Poraspis and pteraspidids), and also fragments of large
shells of ostracods (genus Leperditia) were found there. Of agnathan macroremains, rare pteraspidid ventral
plates occur.

Rather complete moulds of agnathan carapaces are parts of the second fossil assemblage at this locality.
They co-occur with intact ostracod shells in marly limestone, deposited in rather quiet conditions that enabled
better fossil preservation. These are poraspidid remains (Figs 9B, 11A—-C), shields of numerous rather small-
sized pteraspidids (with carapace length of 60—80 mm), mainly Podolaspis lerichei, Parapteraspis lata, also
fragments of the carapace of Larnovaspis sp. and L. kneri (Figs 19D, 24B, 32B, 51A, D, 58A, 62A, B, E). In the
Ivanie Stage, the agnathans rarely reached sizes such as in the lower part of the Dniester Formation, even if they
represented the same species. This may be a result of different mortality patterns or post mortem sorting.

Grey-coloured terrigenous deposits. — The fish fossil assemblage from the sandstone at Verbivtsi orig-
inated during Ivanie time but under continental influence atypical for other localities of that age. Agnathan
remains are represented by moulds of dorsal carapaces of the pteraspidids. Skeletons are preserved rather
well, mostly in peripheral not-elevated parts of the carapace, but they are generally abraded, probably while
transported (Figs 51B, 66B, D, F). Specimens of Alaeckaspis verbivciensis are numerous. Single specimens
of Podolaspis lerichei and Zascinaspis heintzi were also found. Probably, they all come from a freshwater
environment.

At the transition from Ivanie to Dniester time, taphonomic conditions significantly changed. Sedimen-
tation took place in a shallowing sea, to which rivers, floods, and winds transported terrigenous material
(dust, sand, washed off soil) from the land. This deeply influenced the nature of the fossil assemblages of
the Old Red:

(1) Fine carbonate silt, clay and detritus of marine invertebrates skeletons were replaced with quartz sand
and mud. Transportation by high-energy waters together with sand grains resulted in abrasion of skeletal re-
mains of marine agnathans. The outer layer is frequently missing. The porous rock enabled late diagenetic
dissolution of the calcium phosphate composing the vertebrate skeleton. As a result, moulds or natural casts
only preserve information about the original morphology of the agnathan skeleton.

(2) The same abrading and corrosive factors of the environment of sedimentation and diagenesis affected
phosphatic microremains of vertebrates, considerably softer and chemically less resistant than quartz. They
are poorly preserved in the sandstone. Their preparation is difficult, and even the fossil material extracted
from clay it is of low quality.

(3) Long-range transportation together with the terrigenous sediment by fresh waters resulted in exten-
sive mixing of remnants of organisms originally living in different environments. The fish fossil assem-
blages of Dniester time may have include species of inhabitants of fresh, brackish, hypersaline, and normal
salinity waters.

Red-coloured continental deposits (Dniester Formation). — The lower part of the Dniester Formation,
from the Ustechko Stage to the lower part of the Khmeleva Stage, is the richest in macroremains of armoured
vertebrates within the whole Devonian section, not only in number of specimens but also species diversity (Ta-
ble 1; Figs 104, 105). Within the Ustechko to early Khmeleva time, almost all morphological types of Podolian
osteostracans are represented, from the smallest Mimetaspis concordis (20 mm in length) to the largest
Zenaspis major (up to 120 mm in length), from high-vaulted Pattenaspis rogalai and “Cephalaspis” micro-
lepidota (Afanassieva and Voichyshyn 1991) with developed dorsal crest (spine) to species of Benneviaspis
with wide flat shields lacking spines, from horseshoe-shaped Ukrainaspis kozlowskii to Wladysagitta janvieri
with the anterior margin of the shield stretched out in a rostrum. The pteraspidids are no less diverse. Some
pteraspidid species (e.g., Dnestraspis firma, Alaeckaspis ustetchkiensis) were found only in the lower part of
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the Khmeleva Stage. The cyathaspidids (Poraspis sturi) occur only at the transition from the Ustechko to
Khmeleva Stage. The amount and size of macroremains increases at the transition from the underlying alterna-
tion of mudstone with organodetrital limestone to reddish sand-clay rocks (Old Red facies). It gives an impres-
sion that it is a result of change in freshwater influences.

At Ustechko (Fig. SE), two fish-bearing horizons have been sampled in detail. The lower horizon yielded
remains of Poraspis sturi and corresponds roughly to the boundary between the Ustechko and Khmeleva
Stages of the Dniester Formation (Figs 10D, 41A, D, 42B). The second layer, with remains of Mimetaspis
concordis, is located about 16 m higher and belongs to the lower part of the Khmeleva Stage.

In the older layer with the Poraspis assemblage, fossils are common but their orientation within the rock
is chaotic. The dominant rock type is a red mudstone, mainly stratified. Beds are of changing thickness, that
may not exceed a few millimetres, and then contain small and fragmentary fossils, or may achieve thick-
nesses of 5-10 cm, with relatively complete carapaces or their large fragments. The pteraspidids are repre-
sented by single, but relatively well-preserved mature individuals of Zascinaspis heintzi, Parapteraspis
plana, Podolaspis podolica, and Pavloaspis pasternaki (Figs 49A, B, 57B, 67A, 78A). Separate shields of
the osteostracans Pattenaspis rogalai (Fig. 85E), Ukrainaspis kozlowskii, and Zenaspis podolica, possibly
also Stensiopelta pustulata were found. Their preservation is worse than that of the pteraspidids, probably be-
cause of their relatively large size, except for Pattenaspis. Imprints or moulds (rarely with fragments of the
armour) of dorsal and ventral shields of poraspidids (Poraspis sturi) are characteristic for this level. They
outnumber all other vertebrate fossils taken together, although they occur as isolated specimens.

In the second fish-bearing (Mimetaspis concordis) horizon, in the lower part of the Khmeleva Stage, four
accumulations of fish remains of different taxonomic composition were found. In the exposure, they are at
roughly the same level. These four fossil assemblages are apparently of the same geological age, and their spe-
cies composition is similar, but they represent different episodes in the evolution of the local environment.

The Mimetaspis fossil assemblage occurs in a clearly defined lens that extends laterally at 1.5-2.0 m with
maximum thickness in its central part of up to 4 cm. Fossils are represented by small and middle-size fragments
of carapaces, ventral and dorsal shields, separate rostral, sometimes orbital, plates of pteraspidids, small shields
(Mimetaspis) or fragmentary armour remains of the osteostracans, sometimes with traces of exoskeletal orna-
mentation (Stensiopelta, Pattenaspis; Figs 85B, F, 101F). Their orientation is irregular, so they were probably
deposited in high-energy fluviatile environment. The assemblage is characterised by the presence of Mimeta-
spis concordis (Voichyshyn 1994; Figs 83E, 84A, C). Heterostracans include Podolaspis sp., Myloptera-
spidella gracilis, Dnestraspis firma, Larnovaspis major, Parapteraspis plana, Zascinaspis heintzi, Zascinaspis
sp., “Pteraspis” angustata, Weigeltaspis altha, W. brotzeni, W. sp. 1, and W. sp. 2 (Figs 21B, 54B, 57C, 59C,
69C, D, 70F, 82A, D-F). Osteostracans, along with Mimetaspis, belong to Stensiopelta pustulata, Pattenaspis
rogalai, and Zenaspis podolica. Placoderms are represented by remains of Kujdanowiaspis sp.

The Benneviaspis fossil assemblage was collected from the same lens 1 cm above the assemblage with
Mimetaspis. Unlike the latter, it contains relatively well-preserved carapaces mainly of the osteostracans
(Benneviaspis whitei, Stensiopelta pustulata, Pattenaspis rogalai, Zychaspis granulata, and Wladysagitta
Janvieri) (Figs 87A, 99B, C). Zascinaspis heintzi and Weigeltaspis brotzeni are identified among heterostracan
remains. The rock is fine-grained, with considerable admixture of clay. It was probably deposited in a quieter
environment than the stratum below, perhaps in somewhat greater water depth. Possibly, for some specimens, it
was the primary burial place, suggested by life orientation of carapaces and good preservation of the armour.

Two other assemblages of fish fossils from the same horizon at Ustechko are not as rich. One of them is
represented by only two specimens of osteostracans in a grey-green claystone, Zychaspis siemiradzkii and
Zenaspis podolica, very abraded, practically deprived not only of external but also of the middle layer of the
armour. Another assemblage contains numerous moulds and imprints of dorsal plates or almost complete
carapaces of Zascinaspis heintzi (Figs 67B, D, 68F, 69A, F). Single specimens of Podolaspis podolica and
Alaeckaspis ustetchkiensis, together with fragments of placoderms (Kujdanowiaspis sp.), were also found
there (Figs 50G, 65A). Armour cover is not preserved in all specimens, but details of the external sculpture
(dentine ridges) of the shields imprinted in the rock show that it was a result of late diagenetic dissolution.
Agnathan specimens were disposed alongside or stacked each on the other, with dorsal shields downward or
upwards, and at different orientations. Recently, several specimens of Poraspis sturi, Weigeltaspis alta, and
Kujdanowiaspis sp. have been collected in the same outcrop from the level between Poraspis and Mimeta-
spis fish-bearing horizons.
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The fish-bearing rocks in the quarries at Horodnytsia (Fig. 5D) consist of a red argillite and sandstone (as in
Ustechko), and also a light-grey sandstone. Species composition of fish at this locality is nearly the same as
from fish-bearing horizons at Ustechko, but less diverse. Unlike at Ustechko, neither Poraspis nor any other
cyathaspidid has been found at Horodnytsia. Mimetaspis glazewskii, found in the upper part of the Ustechko
Stage at Ustechko, Zenaspis podolica among osteostracans, Larnovaspis mogielnensis and other representa-
tives of genus Larnovaspis among heterostracans are more numerous at Horodnytsia. Although remains of ar-
moured agnathans from Horodnytsia were collected from the talus, some specimens co-occur in a single rock
fragment, or originated from the same horizon. This enables recognition of some fossil assemblages.

Moulds and imprints of osteostracan shields or contours of their shields are preserved on a large slab from
the quarry in the vicinity of Horodnytsia. These are at least three species: Zenaspis dzieduszyckii, Stensio-
pelta pustulata, and Mimetaspis concordis (Fig. 83F). The first is represented by a few specimens, others by
single specimens. Unidentifiable pteraspidid remains have been also found. Many carapaces of Larnovaspis
major together with rare Zascinaspis heintzi and placoderm plate fragments, but none of the osteostracans,
are present within a layer in one of the new branches of quarries SW of Horodnytsia. There are remains of
Weigeltaspis alta, a probable larnovaspidid pteraspidid, and a placoderm in a single rock fragment from
Horodnytsia (Fig. 101C). Sometimes, only single specimens occur within a great volume of rock, for exam-
ple, shield remains of Zenaspis podolica (Figs 6A, 92C).

Two slabs with numerous remains of fish (Fig. 101B, E), of Ustechko or early Khmeleva age, were found in
a talus at the foot of the slope on the western outskirts of the village Nagiriany (Fig. 5C). Osteostracans are most
abundant there, especially Pattenaspis shields (Fig. 85A, D). A few specimens of Stensiopelta (Figs 35J, 91B),
and a destroyed shield imprint of Zychaspis, probably Z. granulata (Fig. 88D), were identified. Partially pre-
served osteostracan trunks (Figs 35J, 91B) are rare in this assemblage, and they are disarticulated from the
shield. Apparently this indicates a sudden burial event. Placoderms are represented by a single, almost complete
carapace of Kujdanowiaspis podolica (Fig. 100A). No heterostracan remains have been recorded.

The fossil assemblage from light-grey sandstone exposed in the lower part of the quarry at Zaryvyntsi
probably belongs to the Strypa Stage of the Dniester Formation. Fish remains at this locality are rare and pre-
served almost exclusively as moulds and imprints of carapaces (as a rule, by ventral and dorsal shields) of
Althaspis, in particular A. sapovensis (Figs 72D, 73C, E, 74A, 75D, E, 77D). Along with them, fragments of
arthrodire plates were found. The carapace sculpture was probably abraded by sand during reburials. Proba-
bly, species of Althaspis inhabited fresh water. A single mould of a bivalve shell (Fig. 100G) and fragmen-
tary mould of a large eurypterid body segment (Fig. 100H) were identified from this locality. Fish remains
are rarely associated with such fossils in the Dniester Formation.

Cyathaspidids are absent in the Strypa Stage. It is possible that they inhabited an off-shore marine envi-
ronment or lagoons with salty or brackish waters. From the Ustechko and the lower part of the Khmeleva
stages, which were deposited in a low-salinity lagoon, only one poraspidid species (Poraspis sturi) is known,
probably adapted to fluctuations in water salinity.

It should be noted that all species known from Strypa time show a high level of anatomical specializa-
tion. Large specimens of Althaspis, with the carapace length of 140-180 mm, exhibited an elongated tor-
pedo-like shape. Also, the elongated rostral plate and considerably increased length of the posteriorly de-
clined dorsal spine are characteristic for them. These species, possibly, were adjusted to a more active way
of life than the earlier pteraspidids. The Strypa Stage fish fauna includes also large, wide-shielded,
dorso-ventrally compressed Brachipteraspis and Europrotaspis, which probably lived resting at the bot-
tom. These morphological specializations terminate the evolutionary history of the order Pteraspidiformes
(Novitskaya 1986, 2007).

The osteostracans acquired similar adaptations. In the the Strypa Stage, they are represented almost exclu-
sively by dorso-ventrally flattened benneviaspidids (Afanassieva 1991), that, as compared with Benneviaspis
whitei from the lower part of the Khmeleva Stage, were considerably larger (up to 120 mm in widths of
Benneviaspis zychi). However, they did not reach sizes comparable to related forms from Spitsbergen. At the
same time, neither pteraspidids nor osteostracans with vertical dorsal ridges or spines are known from these
strata. Probably, such ridges or spines became unadapted in high energy water conditions, while passive de-
fence was no longer important.

In the youngest deposits of the Dniester Formation (the Smerkliv Stage and higher up in the section),
which are known practically only from boreholes, fish remains have not not been found to date.
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SUCCESSION OF THE AGNATHAN FAUNAS OF PODOLIA

As usual for near-shore and continental fossil-bearing deposists, and also in Podolia, it is difficult to sepa-
rate taphonomic bias from ecologically influenced changes resulting from migrations and local extinctions,
from that of evolutionary changes. Although it seems premature to offer a biologically sound picture of fau-
nal successions of the agnathans in the Early Devonian of Podolia, some preliminary attempts to settle basic
problems of biostratigraphy and chronology of events seem necessary.

PATTERN OF SUCCESSION

Differences between fossil fish assemblages in Podolia, as in other Devonian regions, seem to have been
controlled mainly by two factors. The major one is taphonomic conditions. As it was shown above, this factor
may significantly distort information on the extinct faunas, represented in the fossil assemblage. The second
factor is the true faunal evolution, which reflects long-term environmental change by forcing animal adaptation.

A probable case of taphonomic bias is the low taxonomic diversity of the latest Silurian heterostracans as
compared with those of the Early Devonian (Novitskaya 2007). The late Lochkovian rise of the heterostracan
diversity is recorded at many sites within the Old Red Sandstone Continent (Blieck et al. 2002). It is sug-
gested that the Silurian fish fauna, in the Podolian part of the basin, was actually not less rich than in the Bal-
tic basin (Estonia, Saaremaa Island), where thelodonts, numerous primitive osteostracans, anaspids, acantho-
dians, and actinopterygians are recorded, numbering more than 40 species altogether (Mark-Kurik and
Noppel 1970; Obruchev 1972; Mirss and Einasto 1978; Marss 1986; Blieck and Janvier 1991). The evidence
of a diverse fauna is offered by the deposits of the Skala Stage of the Silurian, where a partial shield of
Irregulareaspis, obviously brought there from the shoal, was found. The evidence is so scarce only because
of unfavorable conditions during burial of the shallow-water animals in deep-water sediments.

Shallowing of the sea at the end of the Silurian and its fluctuations during the Borshchiv time did not sub-
stantially influence the amount of fossil fish remains and their state of preservation. The water depth remained
too large for armoured agnathans. However, for the first time the thelodonts, which inhabited shallow seas in
their littoral and deeper-slope parts (Karatajuté-Talimaa and Mirss 2004), appeared in the fossil assemblage.

Perhaps the gradual shallowing of the sea during Chortkiv time enabled enrichment of the fossil assem-
blage by fishes inhabiting marine (acanthodians), lower salinity [thelodonts; according to Karatajuté-
Talimaa and Mirss (2004) the Early Devonian Turinia possibly could enter estuaries], and freshwater
(pteraspidids?) environments.

The trend towards increase of ecological and taxonomic diversity was further strengthened during Ivanie
time. Ecologically disparate skeletal remains were buried in the shallowest parts of the sea. The distance from
the place of animal death to the place of its burial was thus short. In addition, unlike during Dniester time,
marine species (majority of Podolian cyathaspidids and corvaspidids) still contributed to the assemblage,
while the freshwater component (probably pteraspidids and osteostracans) expanded.

If dating of the fossil assemblages from the sandstone of the catchment basin in the middle of the Seret
River is correct, those strata provide the richest freshwater vertebrate fauna from Ivanie time. The fauna was
dominated by the relatively large pteraspidids Larnovaspis and Alaeckaspis, the cosmopolitan osteostracan
Pattenaspis, and the first Podolian placoderm Ericaspis zychi.

At the boundary between Tyver and Dniester times, when conditions changed to seasonally low-saline or
fresh-water, the marine fish species gradually disappeared. The only cyathaspidid species of the Ustechko
age was Poraspis sturi. Meanwhile, the diversity of the osteostracans increased dramatically up to 14 species.
To some degree, this trend was observed also in the pteraspidids, and yet less in the placoderms. On the con-
trary, thelodonts reduced their contribution to the fauna, although the picture may be biased by difficult ex-
traction of fish microremains from terrigenous rocks.

The fish fauna at the beginning of Khmeleva time was diverse (Voichyshyn 1997), both within the
osteostracans and pteraspidids. The placoderms were represented by two species out of four known until now
from Podolia. Agnathans reached their maximum morphological diversity. Probably, all or almost all species
were inhabitants of fresh, or at least brackish, mainly quiet waters. However, in finely grained deposits of the
Khmeleva Stage, fossils are rare and their preservation is often insufficient to allow taxonomic identification.
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Because stratigraphic afiliation of particular rock units remains uncertain in many cases, the second Old Red
faunal zone is still inadequately characterised.

Sediments of Strypa time originated in deltaic and, possibly, in-shore conditions with intense water flow,
as indicated by coarse-grained sand. The high water dynamics probably prevented local fossil accumulation,
such as those from the lowest part of the Dniester Series. Moreover, fossil remains tend to be abraded. Judg-
ing from the available material, the fish fauna of this time lost much of its previous taxonomical richness, but
became highly specialised, adapted to inhabiting high-energy running waters.

In the latest Early Devonian, deposition of terrigenous material in Podolia was very intense, resulting in
formation of rock units of large thickness. Neither invertebrate nor fish fossils have been reported from those
strata.

THE PROBLEM OF AGNATHAN ENDEMISM IN PODOLIA

As has been noted by Janvier and Blieck (1993), “endemism in palacontology is in principle untestable,
since one can never expect to have a complete record of the biotas for a given time”. This applies also to the
agnathans of Podolia, although most of the Podolian agnathan species have not been reported from elsewhere.

Thelodonts are among few exceptions. None of their species is endemic for Podolia, as interpreted by
Karatajuté-Talimaa and Marss (2004). Turinia pagei was identified also in Volhynia (Ukraine), the Brest De-
pression (Belarus), Baltic region (Lithuania, Latvia), Great Britain, Spitsbergen, and Russia (Kaliningrad
oblast’, the Middle Urals, Timan-Pechora region, Novaya Zemlya, and Severnaya Zemlya); T. polita Kara-
tajuté-Talimaa, 1978 from Volhynia, Baltic, Great Britain, Canadian Arctic, and Russia; Nikolivia oervigi
(Karatajuté-Talimaa, 1967) from Lithuania, Great Britain, and Spitsbergen; N. elongata from the Brest Depres-
sion, the Baltic, Russia, Spitsbergen, and Canadian Arctic; N. balabayi from Lithuania and Russia; Gampso-
lepis insueta from Timan-Pechora region of Russia; Apalolepis obruchevi from Lithuania and Spitsbergen; and
A. brotzeni Karatajuté-Talimaa, 1978 from Lithuania (Karatajiité-Talimaa and Mérss 2004). Among hetero-
stracans, Corvaspis kingi occurs also in Great Britain and Spitsbergen, Belgicaspis crouchi in Great Britain,
Belgium, and France, and Europrotaspis arnelli in Great Britain. Although originally of the eight species of
Podolian thelodonts, only three were known from elsewhere (Karatajité-Talimaa 1978; Voichyshyn 2001b), it
has to be noted that thelodonts and Corvaspis are known in Podolia only from isolated fragments of dermal
skeleton (scales, tesserae, small plates; Fig. 17A, C, D, O, etc.), which do not guarantee reliable specific identi-
fication (Novitskaya 1971, 2006).

Presence of Belgicaspis in Podolia still needs confirmation, as discussed above. Thus, all eight species of
thelodonts and three species of heterostracans (among 42) are known also from other regions. At the same time,
all representatives of cyathaspidids (nine species), others heterostracans (two species), and cephalaspidids
(24 species) are restricted to Podolia. Several species from the region have close relatives elsewhere classified
in the same genera, which shows that Podolia was not isolated (Table 2). Among thelodonts, these are Turinia,
Nikolivia, Gampsolepis, and Apalolepis (all four genera known from Podolia). Among cyathaspidids, these are
Poraspis, Irregulareaspis, and Ctenaspis (three of four). Corvaspidids are represented by the only genus
Corvaspis. Among pteraspidids, these are Larnovaspis, Belgicaspis, Brachipteraspis, Zascinaspis, Althaspis,
and Europrotaspis (six of seventeen). Other heterostracans are represented by Weigeltaspis, Lepidaspis, and
Tesseraspis (three of three), and among osteostracans these are Mimetaspis, Parameteoraspis, Pattenaspis,
Benneviaspis, Stensiopelta, Zenaspis, Diademaspis, Tegaspis, and Wladysagitta (nine of thirteen).

If the Podolian agnathans were truly endemic, the region would have to have been isolated from the rest
of the world for most of the time during deposition of the Early Devonian strata, preventing faunal interac-
tion. This was definitely not the case, as the same genera, grouping closely related species, are identified in
Podolia and other regions. At least three solutions to the question can thus be proposed: (1) species of the
Early Devonian brackish- or fresh-water agnathans had limited geographic distribution and other regions are
too distant to share them with Podolia, (2) fossil assemblages elsewhere are of ages different enough to be
represented by other stages in the evolutionary development of agnathan lineages, or (3) although not com-
pletely isolated, Podolia accepted only rare immigrants from time to time, and they started local lineages
evolving independently of their relatives from other regions of the world. To test these hypotheses it would
be necessary to see whether the Podolian agnathans can be arranged into chronological lineages and, if so,
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whether it is possible to identify immigrants that gave beginning to those lineages. The basic prerequisite for
such studies is recognition of the exact succession of species in the Podolian sections of the Early Devonian.

IMMIGRATION AND EVOLUTION OF THE PODOLIAN AGNATHANS

The Palaeozoic fish fauna of Podolia was dominated by armoured agnathans, with ten species of the
Cyathaspidiformes, 33 of the Pteraspidiformes, seven of other Heterostraci, and 27 species of the Osteostraci
(Table 1). Only eight species of the Thelodonti, four species of the Placodermi, five of the Acanthodii and
five of the Chondrichthyes contributed. The Old Red-type ecosystem of Podolia gradually emerged with re-
treat of the sea and simultaneous immigration of the agnathans from other regions. Presumably, some per-
sisted in the region adapting anatomy in a course of their evolution. Others became extinct or were replaced
by new immigrants. Below, it is attempted to reconstruct this succession of events based on the fossil evi-
dence available.

Morphologically advanced, with still unrecognised ancestry, species of the Pteraspidiformes and Osteo-
straci coexisted in the Podolian fauna from the mid Lochkovian to the early Pragian. In fact, almost all the
Cyathaspidiformes and other Heterostraci were restricted in their occurrence to this time interval. Therefore,
it is difficult to trace their evolution in Podolia and elsewhere. But, as will be shown, some trends, expressed
mostly in increase of body size in different lineages, are traceable.

The tesseraspidids have possibly the least recognised ancestry among Silurian—-Devonian ostracoderms
known to date, with uncertain affinities among the heterostracans (Tarlo 1962; Elliott and Loeffler 1989;
Janvier and Blieck 1993; see also Mirss and Karatajuté-Talimaa 2009). They include 6 species of Tessera-
spis (Fig. 102), which are known after isolated carapace fragments, except for 7. fesselata, and range from
the Late Silurian to Early Devonian (Lochkovian) in the Canadian Arctic, Great Britain, Germany, Lithuania,
and Podolia (Novitskaya 2004). One fragment of Tesseraspis armor indicates affinity between vertebrate
faunas of Podolia and those regions.

The genera Weigeltaspis and Lepidaspis represent “tessellate heterostracans” of uncertain affinities
(Janvier 1996) known mostly after microremains from Spitsbergen, Weigeltaspis alone from Great Britain,
and Lepidaspis from the Canadian Arctic. In Podolia (Fig. 102), Lepidaspis-like heterostracans were com-
mon from rocks of Chortkiv-Ivanie ages (Fig. 79) and two or more species of Weigeltaspis from Ivanie to
early Khmeleva ages (Figs 81A, 82A, D, E). Their fossils provide too limited information to allow any evolu-
tionary interpretation.

The same applies to the corvaspidids. It remains unknown whether they did truly possess common
branchial openings, regarded as the heterostracans diagnostic feature (Janvier 1996: p. 98). Corvaspidids oc-
curred in the same regions as the tessellate heterostracans, but also in Lithuania and Severnaya Zemlya
(Corveolepis). In Podolia, the geographically widespread Corvaspis kingi is known from the Chortkiv and
Ivanie ages (Fig. 102).

Many more species of the Cyathaspidiformes are widely known, from the Late Silurian and Lochkovian
coastal zone along Baltica and Laurentia. Among 23 cyathaspidid genera, 16 are known from the Arctic Can-
ada and Spitsbergen (Novitskaya 2007). That region of Laurentia may be the centre of cyathaspidid origin
and phyletic radiation. The Podolian cyathaspidids are represented by 9 or 10 species (Fig. 102). Among
them, a single species of Seretaspis is restricted to Podolia, although it may have been related to Arche-
gonaspis from central Europe, Russia, and Canada (see Taxonomy Chapter). Irregulareaspis skalskiensis
from the Late Pridoli of Podolia is the oldest member of the genus, with specimens smallest in size. Two spe-
cies more from Podolia, two from Spitsbergen (Ben Nevis Formation; Blieck and Heintz 1983), and
indetermined remains from Severnaya Zemlya (Pod’emnaya Formation; Blieck et al. 2002) are all from the
late Lochkovian. Therefore, unlike among the cyathaspidids, the expansion seems to had originated from
Podolia to Spitsbergen and Severnaya Zemlya (Fig. 1A).

Poraspis was probably the most taxonomically diverse cyathaspidid genus with about 14 species, includ-
ing several very small Late Silurian (and Early Devonian) species from the Canadian Arctic, and rather large
Early Devonian (Lochkovian) ones from Spitsbergen, Severnaya Zemlya (Poraspis cf. P. polaris; Blieck et
al. 2002), Great Britain, northern France, and Podolia. An evolutionary trend towards increased size took
place. The relatively large representatives of the four or more Podolian species are probably successors of an
immigrant from the Canadian Arctic.
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Fig. 102. Taxonomy of the Podolian Cyathaspidiformes and heterostracans of undetermined phylogentic status in stratigraphic

context. 1, Tesseraspis orvigi; 2, Weigeltaspis alta; 3, Weigeltaspis brotzeni; 4, Weigeltaspis sp. 1 and 2; 5, “Lepidaspis” sp.;

6, Corvaspis kingi; 7, Seretaspis zychi; 8, Irregulareaspis skalskiensis; 9, Irregulareaspis seretensis; 10, Irregulareaspis

stensioei; 11, Poraspis sturi; 12, Poraspis pompeckji; 13, Poraspis siemiradzkii; 14, Poraspis simplex; 15, Poraspis sp. 1;
16, Ctenaspis kiaeri.

The origin and affinity of Lochkovian Ctenaspis, with six known species from the Canadian Arctic,
Spitsbergen, Severnaya Zemlya, Podolia, and, possibly, Great Britain (Novitskaya 2007), remain unclear.
Janvier (1996) considered this genus to be related to the amphiaspidids from NW Siberia. In fact, Severnaya
Zemlya is believed to be a palaeozoogeographical link between the Old Red Sandstone Continent and Siberia
(Blieck et al. 2002). Both ctenaspidids and amphiaspidids occur in the late Lochkovian of Severnaya Zemlya
(Blieck et al. 2002: fig. 4). However, the opposite direction of the evolution is likely, that is, ancestry of the
amphiaspidids from the cyathaspidids (Novitskaya 2004: p. 97).

The Pteraspidiformes include about 30 genera and 67 species (Novitskaya 2007) from Belgium, northern
France, Great Britain, Podolia, Spitsbergen, Canadian Arctic, Idaho, Montana, Nevada, Ohio, Utah, and Wy-
oming (Blieck 1984; Ilyes and Elliott 1994). Their occurrence in Lithuania, Germany, and Poland is less cer-
tain (Blieck 1984; Novitskaya 2004, 2007), and even more problematic in Chukotka and Novaya Zemlya
(Blieck et al. 2002; Novitskaya 1986, 2004). The oldest pteraspidids, namely several Protopteraspis and
anchipteraspidids species, occurred in the Pridolian of the Canadian Arctic (Elliott 1983b; Janvier 1996;
Novitskaya 2007). Anchipteraspis, Ulutitaspis, and Rhachiaspis are of intermediate carapace morphology
between the cyathaspidids and other pteraspidids (Elliott 1983b). Because of its geological age and primitive
features, Protopteraspis may be also related to the ancestral stock of the pteraspidids. All other known
pteraspidid species are Devonian (Novitskaya 2007), becoming frequent during the mid Lochkovian. By the
end of the Lochkovian, pteraspidids reached their highest diversity and were common also in the Pragian.
The last representatives of the group are noted in Europe in the Emsian. But, the very large and wide-shielded
specimens of Helaspis are from the Late Givetian of Alberta, Canada (Elliott et al. 2000).
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The oldest Podolian pteraspidids (Fig. 104) from the Chortkiv age are Larnovaspis kneri (Blieck 1984:
fig. 23) and Errivaspis (Alaeckaspis?) depressa (Blieck 1984: fig. 21). Although showing some archaic as-
pects of their morphology (especially L. kneri), they are hardly ancestral to other Podolian pteraspidids. Pre-
sumably, there could be more than one immigration wave of the pteraspidids to Podolia from, probably, the
Canadian Arctic (e.g., see Blieck and Tarrant 2001).

A preliminary scheme of potential relationships among early pteraspidids can be proposed based on ar-
rangement of sensory canals (“pineal” canal and mdl canals) (Fig. 103). Both Anchipteraspis and Proto-
pteraspis had the same arrangement of the sensory line system (“pineal” canal on the dorsal shield + radial
type of mdl canals, VR), which may be traced back to their probable cyathaspidid ancestor. The Lochkovian
Protopteraspis descended from a Canadian ancestor, expanding eastward to Spitsbergen with several spe-
cies, then southward to Great Britain and northern France (Fig. 1A), where P. gosseleti is known from the
early Lochkovian (Blieck and Tarrant 2001). The Canadian Lochkovian Canadapteraspis, with developed
cornual plates but less derived orbito-pineal belt in respect to the protopteraspidids but the same sensory ca-
nal arrangement, apparently continues the local lineage. It is proposed that a lineage developed, from Silurian
protopteraspidids or similar forms, with the supraorbital sensory canals (“pineal” canal) closed behind the pi-
neal plate on the dorsal shield. Having this structure displaced forward within the limits of the pineal plate,
and associated with mdl canals of radial type, they gave ancestry to pteraspidids with “pineal” canal on the
pineal plate associated with mdl canals of radial type (Fig. 103, R). Presumably, already during the Silurian,
pteraspidids, with the “pineal” canal on the dorsal shield associated with mdl canals of parallel type, origi-
nated (Fig. 103, VP) from a cyathaspidid ancestor, common with Anchipteraspis and Protopteraspis. Those
dispersed eastward gave ancestry to the Lochkovian Miltaspis of Spitsbergen. Some Canadian relative of
Miltaspis could be ancestor of highly advanced late Lochkovian Stegobranchiaspis and Unarkaspis. Another
relative of Miltaspis may have developed convergently the “pineal” canal within limits of pineal plate, and
gave ancestry to the late Lochkovian Pteraspis (zone crouchi of Great Britain) and all other pteraspidids with
parallel type of mdl canals (Fig. 103, P). As far as it is known, the “pineal” canal on dorsal shield (Fig. 103,
V) does not occur among other Lochkovian genera, except for the anchipteraspidids or Pragian and later
pteraspidids.

Expanding from Canada, the pteraspidids developed predominantly endemic fauna in southwestern North
America and Spitsbergen (Blieck 1982; Pernegre 2003, 2004, 2006). This suggests that faunal exchange be-
tween different regions was limited during the Lochkovian by some environmental factors. Also, the Early
Devonian Podolian pteraspidids developed during partial isolation that resulted in developing a degree of
fauna endemism. Elements similar to those of Podolia can be found only in the coeval British and Franco-
Belgian fauna. The lineages of Podolaspididae, Pavioaspis, and Palanasaspis gen. n. seem to have no close
relatives in other regions (Fig. 104).

The podolaspidids include at least five lineages that could have radiated in Podolia. Semipodolaspis gen.
n. is the earliest one. Of the remaining four, Mylopteraspis is poorly known but others seem to form two
probably monophyletic clades. The first one, consisting of Podolaspis and Dnestraspis, is characterised by
the radial type of mdl canals, and a moon-like shape of the pineal plate in, mainly, a discontinuous orbito-pi-
neal belt. Semipodolaspis gen. n., with its one species, may be related to the first podolaspidids in having the
same morphology of the orbito-pineal belt, although its mdl canals type remains unknown. But, other fea-
tures of this genus set it apart from all the Podolaspididae (see Taxonomy Chapter). The second group possi-
bly unites Mylopteraspidella and Parapteraspis, having parallel mdl canals and the pineal plate of varied
shape in, mainly, a continuous orbito-pineal belt.

The Podolian endemic Pavloaspis pasternaki may be a late representative of an archaic lineage. Its
orbito-pineal belt suggests derivation from a protopteraspidid-like form with mdl canals of radial type, but
advanced “pineal” canal arrangement (Fig. 103, R).

Palanasaspis gen. n. was a large and advanced pteraspid similar to other pteraspidiforms of the Strypa
fauna. Its relationship and origin remain unknown, but it evidently belongs to one of the Podolian terminal
pteraspidids.

The Rhinopteraspididae and Protaspididae are represented also in the fauna of Great Britain and the
Franco-Belgian region. The rhinopterapidid Althaspis includes four or five Podolian species. Most of them
come from late (?) Pragian Strypa time, coeval with their western European relatives. But one, Althaspis
tarloi sp. n., is known from the late Lochkovian or early Pragian Ustechko time. Its morhology and age make
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Fig. 103. Possible phylogenetic relationship within early pteraspidids in the light of sensory line system development.

it the most primitive althaspidid known, suggesting Podolian origin of the clade, which dispersed westward
to Belgium and British areas. At least in A. leachi and A. elongata, the mdl canal arrangement seems to be
parallel (see Taxonomy Chapter).

Europrotaspis, with two or three species from Europe (Great Britain, Belgium, and Podolia), seems re-
lated to western North American protaspidids, judging from their overall morphology and especially the
morphology of branchio-cornual region (Denison 1970; Novitskaya 1986, 2004). If this is true, it is an
unique case of relation between these distant faunas. Nevertheless, Europrotaspis arnelli has mdl canals of
radial type (Blieck 1984: fig. 47C), whereas the protaspidids possess rather the parallel type (Blieck 1984:
fig. 49A, C). Moreover, the European and American species differ also in other sensory canal arrangements
(cf. Blieck 1984: figs 47A, C, 49A).

The Larnovaspididae includes almost half of Podolian pteraspidid species known until now. There are some
affinities to British, Spitsbergen, and USA faunas (Larnovaspis, Zascinaspis), but presence of Belgicaspis in
Podolia is still questionable. At least three lineages (Alaeckaspis, Djurinaspis, and Brachipteraspis) seem to be
restricted to Podolia. Larnovaspis may be polyphyletic because both types of dorsomedial (mdl) sensory canals
occur among its species. Larnovaspis stensioei (Great Britain) and L. goujeti (Spitsbergen) show mdl canals of
parallel type. The same morphology is probably characteristic for L. kneri from Podolia. Three other species
from Podolia, including L. major and L. mogielnensis, have the radial type of mdl canals. In L. iwaniensis, that
condition is unknown.

Among four species of Zascinaspis, three exhibit the parallel type of mdl canals (Z. heintzi and Z. bryanti
from Podolia, and Z. laticephala from Spitsbergen). The condition is unknown in Z. carmani from Ohio,
which in other respects is quite similar to the Podolian species (Novitskaya 1986: p. 103), but is of consider-
ably larger size (cf. Blieck 1984: fig. 46B, C, E). Small Z. bryanti, from the Lochkovian Ivanie Stage, may be
close to the ancestral stock and, if true, the lineage may be of Podolian origin.

Possible Podolian Belgicaspis ranges across the Lochkovian—Pragian boundary from the Ivanie to the
early Khmeleva age, which makes it a long-lasting form that may be compared in this respect only with
Zascinaspis heintzi. Its relatives from western Europe (Great Britain, northern France and Belgium) are
known from the late Lochkovian (Novitskaya 2004, 2007). Belgicaspis shows an elongated rostral plate and
morphology of the orbito-pineal belt that makes it superficially similar to the Rhinopteraspididae. Probably,
this is a result of convergent adaptation to similar living conditions. Belgicaspis has the radial type of mdl ca-
nals, while the rhinopteraspidids probably have the parallel one.
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Fig. 104. Taxonomy of the Podolian Pteraspidiformes in stratigraphic context. 1, Parapteraspis plana; 2, Parapteraspis lata;
3, Mylopteraspidella gracilis; 4, Semipodolaspis slobodensis gen. et sp. n.; 5, Podolaspis podolica; 6, Podolaspis danieli sp. n.;
7, Podolaspis zychi; 8, Podolaspis lerichei; 9, Dnestraspis firma; 10, Pavloaspis pasternaki; 11, Althaspis tarloi sp. n.;
12, Althaspis elongata; 13, Althaspis longirostra; 14, Althaspis sapovensis; 15, Althaspis? spathulirostris; 16, Palanasaspis
chekhivensis gen. et sp. n.; 17, Belgicaspis crouchi; 18, Larnovaspis major; 19, Larnovaspis mogielnensis; 20, Larnovaspis
kneri; 21, Larnovaspis iwaniensis; 22, Brachipteraspis latissima; 23, Djurinaspis secunda sp. n.; 24, Djurinaspis prima;
25, Alaeckaspis verbivciensis; 26, Alaeckaspis? depressa; 27, Alaeckaspis magnipinealis; 28, Alaeckaspis ustetchkiensis;
29, Zascinaspis heintzi; 30, Zascinaspis bryanti; 31, Europrotaspis arnelli.

The four species of Alaeckaspis range from the mid Lochkovian to the early Pragian, and are restricted to
Podolia. Except for the carapace morphology, most of the species are united by the parallel type of mdl canal
arrangement. Rare finds of two species of Djurinaspis are also restricted to Podolia. They form a succession
from Ivanie to Ustechko time. Most of Alaeckaspis and Djurinaspis species have a rather rounded and en-
larged pineal plate and considerably narrow cornual plates as compared with other larnovaspidids. Possibly
both genera had a common ancestor.

The Podolian Brachipteraspis species shows some similarity with Pteraspis rostrata var. monmouthensis
from Great Britain. It is possible that this resulted from faunal exchange.

There are only three faunas from other regions, namely Great Britain, Spitsbergen, and Severnaya
Zemlya (Fig. 105), with osteostracans showing relationships to the Podolian Cephalaspidiformes. The
osteostracans occurred in Podolia since the late Chortkiv age (Fig. 351), but their oldest identified species,
the wide-shielded Parameteoraspis dobrovlensis, lived during the early Ivanie age. At least two more
osteostracan species are known from Lochkovian Ivanie time, Ukrainaspis kozlowskii and Tegaspis
waengsjoei. These forms differ strongly in the headshield morphology, indicating their long but unknown
evolutionary history.

The suborder Cephalaspidoidei is represented in Podolia by three genera Parameteoraspis, Mimetaspis,
and Pattenaspis, all including numerous non-Podolian species. The overwhelming majority, namely eight of
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Fig. 105. Taxonomy of the Podolian Osteostraci in stratigraphic context. 1, Mimetaspis concordis; 2, Mimetaspis glazewskii;
3, Parameteoraspis dobrovlensis; 4, Pattenaspis rogalai; 5, Wladysagitta janvieri; 6, Benneviaspis talimaae; 7, Benneviaspis
whitei; 8, Benneviaspis zychi; 9, Citharaspis polonica; 10, Citharaspis junia; 11, Victoraspis longicornualis; 12, Stensiopelta
pustulata; 13, Zychaspis concinna; 14, Zychaspis granulata; 15, Zychaspis elegans; 16, Zychaspis siemiradzkii; 17, “Cephalaspis”
djurinensis; 18, “Cephalaspis” microlepidota; 19, Machairaspis sp.; 20, Ukrainaspis kozlowskii; 21, Zenaspis podolica; 22, Zena-
spis major; 23, Zenaspis dzieduszyckii; 24, Zenaspis kasymyri sp. n.; 25, Diademaspis stensioei; 26, Tegaspis waengsjoei.

eleven species of Pattenaspis, and all species of Parameteoraspis and Mimetaspis, belong to the Spitsbergen
fauna. Mimetaspis includes five species of Lochkovian—Pragian time (Afanassieva 2004), three small-sized
from Spitsbergen. The size of M. concordis from Podolia is comparable with that of the Spitsbergen species,
but M. glazewskii is much larger. In contrast with Mimetaspis, individuals of the single Podolian species of
Parameteoraspis are of smaller size in comparison with their Spitsbergen relatives. Pattenaspis includes spe-
cies of different headshield morphology and may be heterogenous (Afanassieva and Voichyshyn 1991). Be-
sides Spitsbergen (eight species) and Podolia (one species), pattenaspidids also are known from Great Britain
and Germany, that is, along the possible migration route from Spitsbergen to Podolia (Fig. 1 A). The majority
of pattenaspidids occur in the Lochkovian (Afanassieva 2004) and the largest among them, the Podolian P.
rogalai, ranges to the Pragian. Probably all these osteostracans migrated to Podolia from Spitsbergen, in-
creasing size of their bodies in the course of evolution.

Wiladysagitta, with one Podolian and one British species, is regarded as intermediate between Pattenaspis
and the Scolenaspididae (Voichyshyn 2006a).

The Benneviaspididae, with flat, very wide headshield and peculiar arrangement of the lateral fields, is
represented in Podolia by two genera, Benneviaspis and Citharaspis. The former is represented (except for
Podolian ones) by several species from Spitsbergen and one species from Severnaya Zemlya. A number of
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probably primitive Benneviaspis species, which differ from the typical ones, particularly, in having a narrow
dorsal field, occur in Great Britain (Janvier 1985a; Afanassieva 2004). Species of Benneviaspis from the
Lochkovian are relatively small forms such as B. holtedahli from Spitsbergen, B. talimaae and B. whitei from
Podolia. In the Pragian, they are replaced by large-shielded forms: B. maxima, B. loevgreeni, and B. grandis
in Spitsbergen, B. zychi in Podolia, and B. urvantsevi in Severnaya Zemlya. Most probably, Spitsbergen was
the homeland of the genus, but Podolia might have been a second such area. Benneviaspis talimaae seems to
be the smallest and the most primitive species among the Podolian forms. Citharaspis is a close relative of
Benneviaspis, differing in lacking the cornual processes. It is restricted to Podolia, where it appeared during
the Pragian, most probably derived from a species of Benneviaspis.

The Scolenaspididae are the family richest in species among the Podolian osteostracans, including
probably ten species. They seem to be represented by four groups, Ukrainaspis-like, Zychaspis-like,
Stensiopelta-like, and Machairaspis-like. The first lineage represented by Ukrainaspis kozlowskii is re-
stricted to Podolia and strongly differs from most other scolenaspididids by the headshield being promi-
nent and rounded anteriorly, with short cornual processes, appreciable dorsomedial crest, and the skeleton
ornamentation. These features make it closer to the zenaspidids, but morphology of the cephalic fields and
central part of the headshield suggest that it was rather close to the ancestral stock of the Scolenaspididae.
It occurred in the Ivanie and not later than the Ustechko age, that is from the mid Lochkovian to early
Pragian, being thus the oldest scolenaspidid in Podolia.

The second, Zychaspis-like group is much more numerous and includes five Zychaspis species (Fig. 89)
and, possibly, “Cephalaspis” djurinensis, all restricted to Podolia. They are characterised by a more or less de-
veloped rostral lobe, rather flat headshield and shallow pectoral sinuses, medium sized cornual processes, and
by tiny, densely set tubercles on the skeleton. The range of the group is from the late Lochkovian to Pragian.

The third, Stensiopelta-like group unites Stensiopelta and the exclusively Podolian Victoraspis. Its char-
acteristic features are a wide and short headshield, due to very long cornual processes, elongated abdominal
division of the headshield, and low and short dorsomedial crest. Stensiopelta has two species, one in Podolia
and another in Great Britain, along with Wiadysagitta indicating faunal connections between Podolia and
Great Britain, but not Spitsbergen or other regions. Victoraspis has probably a long stratigraphic range and,
as the only Podolian scolenaspidid, enters the late (?) Pragian third Old Red faunal zone.

The fourth, Machairaspis-like group includes two forms, Machairaspis sp. and “Cephalaspis™ micro-
lepidota both from the same locality (Horodnytsia) probably of early Pragian age (Janvier 1985b; Afanas-
sieva and Voichyshyn 1991). Machairaspis elsewhere is known from the Lochkovian of Spitsbergen, which
is somewhat earlier than the Podolian form. This may suggest migration from Spitsbergen to Podolia.

The last major osteostracan group from Podolia is the Zenaspididae. All its genera, Zenaspis, Diade-
maspis, and, possibly, Tegaspis, are represented both in Podolia and Spitsbergen, but only one species of
Zenaspis occurs in Great Britain. They are characterised by a prominent and massive headshield, broad dor-
sal field, enlargement of posterior lateral fields end, and mostly a greater hypophyseal than nasal division of
the nasohypophyseal opening.

Zenaspis includes probably six species, the majority of which are Podolian, ranging from relatively small
Zenaspis dzieduszyckii to twice as large Z. major (Fig. 98). They occurred near the boundary between the
Lochkovian and Pragian (Ustechko age). Only Z. podolica has a longer range from early Ustechko to mid
Khmeleva ages, that is, being mainly Pragian in age. Their non-Podolian relatives are known only from the
Lochkovian (Janvier, unpublished manuscript). There is some narrowing of the headshield in a series ranging
from Z. metopias of Spitsbergen, through the British Z. salweyi, to the Podolian Z. dzieduszyckii, Z. podolica,
and Z. kasymyri sp. n. The clade radiated in Podolia but its origin remains unknown.

Diademaspis flourished in Spitsbergen with at least two known species and a lot of forms described in
open nomenclature because of their poor preservation (Janvier 1985a), but it is not reported from Great Brit-
ain, and in Podolia it is represented by one species. The Podolian species differs from its Spitsbergen rela-
tives in considerably smaller headshield size (see Janvier 1985a; Afanassieva 2004; Voichyshyn 2006a), and
it is of older age. Diademaspids in Spitsbergen come from the mid to late Pragian, whereas in Podolia they
occurred around the boundary between the Lochkovian and Pragian, or in the early Pragian. Tegaspis shows
the same geographical distribution as Diademaspis, but it is even older. Its two Spitsbergen species are of
mid to late Lochkovian age, like the Podolian species (Ivanie age, possibly also Ustechko age), but Tegaspis
waengsjoei is probably more primitive (Belles-Isles and Janvier 1984).
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slobodensis . . . . ... 3,17,90, 91%*, 92, 92* 178, 196*
Seretaspis . ... ... .. 4, 34, 67, 68, 183, 192

zychi........ ... ... ..... 17, 28, 67, 68, 178, 193*
Seretolepis ... ... 67

elegans. . ......... ... .. . .. . . .. ... 17, 178, 179*
Stegobranchiaspis. ... .................... 194, 195

baringensis . .. ... ... 58
Stensiopelta . .......... 5, 10, 62, 63*, 64, 65, 67, 150,

157, 158, 159, 159*, 160, 161*, 163,

183, 185%*, 188, 189, 191, 198

pustulata ... ... ... 9, 16, 20*, 21, 62, 63*, 66*, 158,
159, 159%, 160, 161%*, 162*, 177,

181, 188, 189, 197*

woodwardi. .......... .. ... . . .. ... 160

T
Tegaspis. . . . ... 5, 66, 163, 170, 174, 175, 183, 191, 198
kolleri ........ .. . . . . . . ... 175
pedata .. ... .. 174, 175
waengsjoei. . .......... 10, 16, 62, 64, 67, 174, 175,
180, 196, 197*, 198
Spe Lo 16, 63*, 174, 175
Tesseraspis . .. ...coovvuinnnnn. 4, 82, 183, 191, 192
denisoni. .. ....... ... i 82
mutabilis . . ....... . ... ... 82
OPVIGE o oo 9, 17*, 82, 180, 193*
talimaae . .......... .. . . . . . ... 82
tesselata. . ............... .. ... 82,92
LOOMDST . . .. o 82
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Traquairaspis. .. .........c. i 178
SYMONASE . .o oo oo 140
Tremataspis . ... ... 10
Trewinia
MAGRIfICa . .. 62
Tuberculaspis
elyensis . ... ... 57
TUrinia . . ... ... 190, 191
PAgel . ... 17*, 178, 181, 191
polita ................... 17*, 177, 178, 181, 191
Tyriolepis
radiata. . ......... ... . . . . 17*, 178
U
Ukrainaspis . . . ......... 5, 10, 16, 149*, 150, 183, 198
kozlowskii . ......... 8, 16*, 62, 64, 65*, 66*, 149%*,
151, 180, 181, 187, 188, 196,
197%*, 198
Ulutitaspis . .. ..., 60, 163
Unarkaspis .. .. ...... .. . . . . . 194, 195
schultzei . ....... ... . . . . . ... 58
A%
Victoraspis . ................ 5, 62, 64, 157, 183, 198
longicornualis . . . . .. 10, 16*, 64, 157, 158, 182, 197*
w
Weigeltaspis ... ...... 5,75, 136, 138*, 139%*, 140, 183,
185%*, 191, 192
alta ................. 8, 17*, 136, 138*, 181, 188,
189, 193*
brotzeni .......... 9, 17*, 136, 137, 139, 139*, 177,
181, 187, 188, 193*
godmani. . ........ ... .. ... 136, 137
heintzi . ..........0 ... 136, 137, 140
Pl 17*, 140, 188, 193*
SP- 2 17%, 140, 188, 193*
Wladysagitta . . . .5, 10, 64, 175, 176, 183, 191, 197, 198
ACULITOSIFIS. . o oo et e e e 176, 177
janvieri. .. ........ 10, 16*, 62, 173*, 175, 176, 177,
181, 187, 188, 197*
Woodfjordaspis
felixi ... ... 50
X
Xylaspis

Y
Yvonaspis
campbelltonensis . .. ....................... 176
Z
Zascinaspis. . . ........... 5, 39, 41, 42, 50, 52, 53, 54,
56, 58, 61, 110, 116, 120, 121,
121%*, 122, 183, 188, 195
bryanti.............. 8, 17%, 38, 45%, 54, 112, 116,
120, 121, 121%*, 122, 178, 186,
195, 196*
CAFMANT . . o oo e 116, 120, 195
heintzi .......... 8, 17%, 39%, 42, 42% 48*, 53%* 54,
55%*, 56, 58, 112, 114, 115, 116, 117,
117*, 118, 118%*, 119*, 121*, 177, 178,
180, 181, 187, 188, 189, 195, 196*
laticephala . . ... .................. 116, 120, 195
obtusirostrata . .................ceueii.. 116
Zenaspis .. .......... 5, 21, 62, 63, 164, 165, 166, 168,
169*, 170, 171%*, 183, 184, 191, 198
cf. salweyi . ... .. 168
dzieduszyckii. . . . . 10, 16, 62, 63*, 64, 65*, 164, 164*,
166, 167*, 168, 170, 171%,
189, 197*, 198
kasymyri. . ........ 3, 16, 62, 64, 164, 166, 168, 169,
169*, 170, 170*, 171*, 180,
197%*, 198
MAJOT .« v oo 16, 62, 164, 166, 168, 169*,
170, 171%*, 197*, 198
metopias . ....... 164, 166, 168, 170, 171%*, 184, 198
podolica. . ......... 16, 20*, 62, 64, 65*, 66*, 162%*,
163, 164, 164*, 165, 165*, 166,
168, 170, 171*, 180, 181, 187,
188, 189, 197*, 198
salweyi . ....... .. ... ... 166, 168, 170, 171*, 198
Zieglerodina
servula. . ... ... 15
Zychaspis . ........ 5,9, 10, 62, 64, 150, 151, 152, 153,
153%*, 154*, 155, 156, 156*, 157, 158,
161, 162, 163, 183, 185%*, 189, 198
bucovinensis . .......... ... 8, 152
concinna. . . ... 10, 16, 65*, 151, 152, 153*, 154, 155,
156*, 157, 197*
dJUFINeNnSIS. . . .o 161
elegans. ............ 16, 151, 153*, 155, 156, 156*,
157, 181, 197*
granulata . . ........ 10, 16, 64, 65*, 151, 152, 163*,
154, 154*, 155, 156, 156%*, 163,
177, 181, 188, 189, 197*
siemiradzkii . ........ 9, 16, 64, 67, 152, 153*, 154%,
155, 156, 156*, 180, 181, 188, 197*
sp. 1 o 152, 154*, 155, 156, 156*, 157





