











ANEW MIDDLE DEVONIAN PSAMMOSTEID

Fig. 3.  Psarkosteus mediocris, dorsal plate, external view of specimen. A. ZPAL Ag. 1/32. B. ZPAL Ag. I/31. C. ZPAL
Ag. 1/19. D. ZPAL Ag. 1/10, E. ZPAL Ag. 1/1.2. A2—E2. Specimens drawing with growth line marked (densely dashed
line) and lateral line (dotted line). Plate shape restoration marked with loosely dashed line. Scale bar equals 1 cm.
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Fig. 4.  Psarkosteus mediocris, ventral plate, external view of specimen. A. ZPAL Ag. I/3. B. ZPAL Ag. I/4. C. ZPAL
Ag. 1/8.D. ZPAL Ag. 1/20. E. ZPAL Ag. 1/2. A2-E2. Specimens drawing with growth line marked (densely dashed line)
and lateral line (dotted line). Plate shape restoration marked with loosely dashed line. Scale bar equals 1 cm.
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Fig. 5.  Psarkosteus mediocris, branchial plate, specimen. A. ZPAL Ag. I/ 11, ventral view of left branchial plate.
B. ZPAL Ag. 1/7, ventral view of right branchial plate. C1. ZPAL Ag. 1/12, ventral view of right branchial plate.
C2. ZPAL Ag. 1/12, imprint with small broken fragment of plate where dorsal side with ornamentation is preserved.
D. ZPAL Ag. /6, ventral view of left branchial plate. E. ZPAL Ag.I/17, right branchial plate: ventral (E1) and dorsal

(E2) views. F. ZPAL Ag. 1/18, left branchial plate: dorsal (F1), ventral (F2) and imprint of dorsal (F3) views. Scale bar
equals 1 cm.
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Fig. 6.  Psarkosteus mediocris, branchial plate, drawings of specimens showed on Figure 5. Scale
bar equals 1 cm.
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Fig. 7.  Psarkosteus mediocris gen. et sp. nov. A. ZPAL Ag. 1/1.1, left postorbital plate, ex-
ternal view. B. ZPAL Ag. I/5, ventral view of right branchial plate. C. ZPAL Ag. 1/9, ventral
view of right branchial plate. A2—C2. Specimens drawing with growth line marked (densely
dashed line) and plate shape restoration marked with loosely dashed line. Scale bar equals
I cm.
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Most specimens are long and slender and the anterior mar-
gin, preserved only on the specimen ZPAL Ag. 1/15.3, is si-
nusoidal is also marked by a visible growth line (Fig. 8D2).

Ornamentation. It consists of tubercles that vary in size
according to the region of the body and even within individ-
ual plates. The ornamentation also depends on the growth
stage of the plate. At the growth centres of dorsal and ven-
tral plates, the tubercles are variable in size, generally small
(0.60 mm; 17 per cm) and conical, with their tips pointed
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upwards (Figs 9B2, 10B3). A little away from centre, they
are still conical, although the tip is directed posteriorly and
they are crenulated at the base (Figs 9B3—4, 10A2, 10B3).
Distant from the middle, the tubercles decrease in height
(Figs 9A, 10B2) and vary in shape; anteriorly the tubercles
are symmetrical and teardrop-shaped with a flat or slightly
concave surface, with the tip directed posteriorly. Sides of
the plate are covered with asymmetrical tubercles where the
tip is directed to the mid-line (Fig. 9A2, A3). Therefore, the

Fig. 8.

Psarkosteus mediocris. A. ZPAL Ag. 1/22, body scale. B. ZPAL Ag. 1/23, body scale with close-up on tubercles.

C. ZPAL Ag. 1/26, body scale. D. ZPAL Ag. I/15.3, ridge scale, external view of anterior tip fragment (D1) and drawing with
growth line marked (D2 — dashed line). E. ZPAL Ag. I/15.1, ridge scale, external view with close-up on tubercles. F. ZPAL Ag.
1/15.2, ridge scale, external view. G. ZPAL Ag. /16, ridge scale, external view. Scale bar equals 5 mm.
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tubercles situated posteriorly to the growth centre, at mid-
line axis, converge inward (Fig. 9B4). The smallest (0.40—
—0.45 mm; 22-25 per cm) and lowest tubercles are located
near the edge of the dorsal and ventral plates, as well as near
the medial border of branchial (Fig. 12A4) and postorbital
plates (Fig. 11D). In contrast at the lateral (outer) margins of
the branchial and postorbital plates, that create the margins
of the animal body, the tubercles are the biggest (Figs 11B,
12B2-3). Also anterior to the growth centre, on the postor-
bital plate, the tubercles are almost fused and show the signs
of abrasion of the ornamentation (Fig. 11C). Toward the an-
terior part of the plate, the tubercles are separated and the
tips become slightly less flattened (Fig. 11B). On branchial
plates along the lateral edge, the tubercles range from 0.70
to 0.90 mm (11-14 per cm), while decreasing in size toward
the anterior tip.

Remarks: Psarkosteus mediocris is a medium-sized psam-
mosteid, its size estimation being based on the length of the
dorsal plate. It is 15 cm in the largest, whereas it usually
reaches 20 cm in other psammosteids. In the Sniadka ma-
terial, the smallest dorsal plate is 6 cm long and is consid-
ered to be a young individual. The elongated dorsal plate of
Psarkosteus with an elliptical shape has a distinctive anteri-
or constriction (Figs 3, 13A). This shape stands out among
psammosteids. With the value 1.5-1.8, the length-to-width
ratio of Psarkosteus is quite high. In most psammosteids, the
value covers a range from 0.7 to 1.3 and only Psammosteus
undulata (1.4-1.6 length-to-width ratio) falls outside of the
range. The overall shape of the dorsal plate of Psarkosteus
resembles those of Schizosteus striatus (Obruchev and
Mark-Kurik, 1965, fig. 37), except that growth lines undu-
late in the latter.

The variability of plates may be related to ontogenetic
growth or to individual variation, but other factors, such as
diagenetic and tectonic stretching, may also be involved,
and probably had a greater impact for the biometric differ-
ences. A reconstruction of Psarkosteus mediocris that takes
into account the above factors is shown on Figure 13. To re-
ceive the deep ventral plate, the flat plate reconstruction was
printed in natural size and bent, so that the inner margins of
the posterior notch were parallel to each other, as they are in
psammosteids like Schizosteus and Tartuosteus.

The very long and narrow postorbital plate is distinc-
tive among Psammosteidae even more than in derived
Psammolepis.

The general morphology and variety of tubercles present-
ed in Psarkosteus mediocris distinguish it from Schizosteus
striatus and other psammosteids. Most characteristic are tu-
bercles, located along the branchial plate margin. The big,
teardrop-shaped tubercles each have a flat or slightly con-
cave surface with clearly visible crenulation of the base. The
tips of tubercles are pointed posteriorly.

LATERAL LINE SYSTEM

The heterostracan lateral line system consists of a net-
work of canals, closed in a cancellous layer of dermal bone
and connected to the surface by pores. The psammosteid
sensory line system was identified by Gross (1963, fig. 3;
Fig. 14A) in Drepanaspis gemuendenensis dorsal and

ventral plates. According to latter author, the ridges radiat-
ing from the centre of plate represent sensory line canals.
Tarlo (1964) disagreed with this interpretation and consid-
ered those ridges as associated with the pattern of the plate
growth. Also, Obruchev and Mark-Kurik (1965) did not
support the identification by Gross at the time. However,
the Drepanaspis gemuendenensis material from Rhineland,
Germany stored in Tallinn, allowed confirmation of the
identification by Gross (Elliott and Mark-Kurik, 2005).
Psarkosteus gen. nov. (Figs 3, 14C, D) has radial ridges on
the dorsal plates, similar to those observed in Drepanaspis
gemuendenensis, which look like traces of more pronounced
distortion. Occasionally, they bear collapsed superficial tu-
bercles that trace the radial lines. Apparently, as a result of
the plate compaction, the largest deformation occurred in
the weaker parts of plates previously occupied by canals of
the sensory line system. The distortion is probably due to
tectonic flattening, which is only visible on flattened spec-
imens of Drepanaspis or Psarkosteus gen. nov. Less de-
formed plates, such as those seen in Guerichosteus kozlows-
kii, Tartuosteus maximus or Psammolepis venyukovi, have
natural curves and a lack of compaction-related deforma-
tion. The deformation is also observed on a specimen in the
geological collection at Tallinn University of Technology
(GIT 116-51) that contains a dorsal plate of Schizosteus
striatus (personal observation). Three genera Drepanaspis,
Schizosteus and Psarkosteus show the same pattern of four
pairs of canals radiating from the growth centre (Fig. 14).
The original description by Gross (1963) presented four pair
of the sensory canals. The first (dc1) and second (dc2) pair
placed in the anterior region, dcl near the front recces and
dc2 placed laterally of the front corner. The two others (dc3
and dc4) are placed in the posterior region, de3 near the side
edges of the plate and the fourth pair dc4 on the side of the
rear corners. In Psarkosteus, the divergence of the canals is
similar to that in Drepanaspis (Fig. 14A) and Schizosteus
(Fig. 14E). However, the dc3 canal is placed more anteriorly
than in Drepanaspis or Schizosteus. On the basis of Elliott
and Mark-Kurik’s (2005) review of the lateral line senso-
ry system in psammosteids, it can be concluded that dc2
and dc3 canals shown by Gross (1963) correspond to the
transverse commissure of Psammolepis proia (Fig. 14F).
The dc1 and dc4 canals of Drepanaspis apparently represent
the median dorsal canal of Psammolepis proia (Fig. 14F).
However, Glinskiy (2018) in figure 2 showed the dc4 canal
of Drepanaspis as a third transverse commissure (Fig. 14B).
He added a medial canal, despite the fact that there is no
evidence of one more pair of canals in known Drepanaspis
remains. Therefore, more probable is the occurrence of one
pair of median canals and two oblique commissures that ra-
diate from the growth centre in Drepanaspis, Schizosteus
and Psarkosteus dorsal plate. In that state, the dcl, dc4 in
the latter genera correspond to the Psammolepis proia me-
dian canal (mc), and dc2, dc3 to the transverse commissure
(tc) shown in Elliott and Mark-Kurik (2005).

DISPERSAL OF PSAMMOSTEIDS

Psammosteids have an exclusively Devonian distribution
and are restricted to the coastlines of Laurussia (Fig. 15),
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Fig.9.  Psarkosteus mediocris. Al. ZPAL Ag. 1/32, dorsal plate with fragment showing the detail of ornamentation (A2, A3).
B1. ZPAL Ag. 1/31, dorsal plate with fragment showing the detail of ornamentation (B2, B3, B4). Scale bar equals 5 mm.
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Fig. 10. Psarkosteus mediocris. A1. ZPAL Ag. 1/8, ventral plate with fragment showing the detail of ornamentation (A2, A3).

B1. ZPAL Ag. 1/4, ventral plate with fragment showing the detail of ornamentation (B2, B3, B4). Scale bar equals 5 mm.
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Fig. 11
tion (B-D). Scale bar equals 5 mm.

with the one exception of Lower/Middle Devonian
Schizosteus perneri Ruzicka, known from the Prague Basin
on the peri-Gondwanan shelf (Vaskaninova and Kraft,
2016). The earliest species of psammosteids is the Early
Devonian Drepanaspis, known from the Pragian—Emsian
of England (Cornwall), western Germany (Rhenish Slate
Massif), Belgium and Luxembourg (Ardennes). Apparently,
from this region psammosteids may have spread northward
along the continent, where Guerichosteus and Hariosteus
are known in the Emsian sandstone deposits of the Holy
Cross Mountains (Tarlo, 1964, 1965; Szrek et al., 2014,
Dec, 2019). During the Emsian/Eifelian, Schizosteus per-
neri is noted from the peri-Gondwanan (Prague Basin)
shelf, while the main radiation took place to the north in
the Middle Devonian. The Eifelian dispersal of psam-
mosteids (Schizosteus and Pycnolepis) to the north (Estonia
and Latvia) was the beginning of the Givetian diversifica-
tion. Six genera (21 species): Psammosteus, Psammolepis,
Ganosteus, Tartuosteus, Schizosteus and Pycnosteus

Psarkosteus mediocre. A. ZPAL Ag. 1/1.1, postorbital plate with fragment showing the detail of ornamenta-

are known from Estonia, Latvia and Russia at that time.
Although the geographical distribution is not restricted to
only this part of Laurussia, Psarkosteus mediocris gen. et sp.
nov., described here from the Holy Cross Mountains, shows
a more southern dispersal at that time. The youngest known
psammosteids are Frasnian species of Psammosteus mean-
drinus from Estonia and Obruchevia heckeri and Persheia
pulla from the Canadian Arctic. Both of the latter genera are
the most northerly and westerly recognized representatives
of the group.

CONCLUSIONS

Psarkosteus mediocris gen. et sp. nov. from the Middle
Devonian of the Holy Cross Mountains is described. The
study of the morphology and ornamentation of plates pres-
ent in the material shows differences in size (9 to 15 cm),
proportion (width ratio 1.5-1.8), shape of the dorsal plate
(oblong with an anterior constriction) and ornamentation
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Fig. 12. Psarkosteus mediocris. A1. ZPAL Ag. 1/17.2, branchial plate with fragment showing the detail of ornamen-
tation (A2, A3). B1. ZPAL Ag. I/7, branchial plate with fragment showing the detail of ornamentation (B2, B3, B4).
Scale bar equals 5 mm.
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Fig. 13. Psarkosteus mediocris reconstruction. A. Dorsal view. B. Ventral view, restoration of flattened ven-
tral plate (C) to deep ventral plate in ventral view (D) and lateral view (E). Scale bar equals 5 cm.
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Fig. 14. Sensory lateral line system in the dorsal plates of psammosteid Drepanaspis gemuendenensis.
A. Sensory lateral line system of dorsal plate in Drepanaspis gemuendenensis (model after Gross, 1963).
B. Psarkosteus mediocris (after Glinskiy, 2018). C. Adult. D. Juvenile. E. Schizosteus striatus (modified from
Obruchev and Mark-Kurik, 1965). F. Psammolepis proia (after Elliot and Mark-Kurik, 2005). Median com-
missure (mc), transverse commissure (tc). Scale bar equals 5 cm
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Fig. 15. Palacogeographical distribution (modified from Scotese, 2001) of psammosteids in the Lower (400 Ma) and Middle

Devonian (385 Ma).
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(big, teardrop-shaped tubercles, each with a flat or slight-
ly concave surface, and a crenulated base, extending along
the lateral margin of the branchial plates) by comparison
with other psammosteids, which are considered sufficient
for the erection of a new genus and species. Psarkosteus
mediocris is the first Middle Devonian psammosteid genus
and species to be described from Poland. The new genus
marks the southernmost occurrence of the Psammosteidae
in the Middle Devonian. The new genus is considered most
similar to and probably most closely related to Schizosteus
striatus on the basis of their lateral line system and the shape
of growth lines of the dorsal plate. This relationship with
Schizosteus striatus indicates the possibility of migration of
Laurussia from north to south.
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