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URSZULA RADWANSKA

Some new fish otoliths from the
Korytnica Clays (Middle Miocene;
Holy Cross Mountains, Central Poland)

ABSTRACT: The assemblages of fish otoliths from littoral facies of the Korytnica
Basin (Middle Miocene; Holy Cross Mountains, Central Poland) contain numerous
taxa unknown from the basinal facies of the Korytnica Clays. Eight species are
new: Ariosoma longicaudatum sp. n. Echelus arcuatus sp. n,, Platycephalus fusi-
ewlus sp. n., Argyrosomus incisus sp. n., A. polonicus sp. n., Cepola multicrenata
sp. n., Liza steurbauti sp. n., and Sphyraena dentata sp. n. Three genera have not
hitherto been reported from the Korytnica Basin (Echelus, Platycephalus, and
Liza). All the investigated taxa represent littoral fishes of tropical and/or sub-
tropical climatic zones, and some of them (Platycephalus) bear Indo-Pacific bio-
province affinities.

INTRODUCTION

The aim of the present paper is to supplement the previous data on-
the ubiquitous fish otoliths (FRIEDBERG 1924; CHAINE & DUVERGIER
1928; SMIGIELSKA 1966, 1979) occurring in the world-famous Koryt-
nica Clays developed within the Middle Miocene (Badenian) Korytnica
Basin on the southern slopes of the Holy Cross Mountains, Central
Poland.

The investigated material comeg from the littoral facies of the Ko-
rytnica Clays, exposed in two localities in the village Korytnica (see
Text-fig. 1), viz. Mt. Lysa (Ly in Text-fig. 14), and Korytnica-Plebania
(Pn in Text-fig. 14). The recognized assemblages contain most of the
otolith taxa known from the Korytnica Clays, but they also display
numerous forms absent in the Clays. Some of these forms represent the
new taxa of the specific rank. Moreover, a few of the recognized genera
have not hitherto been reported from any locality of the Fore-Carpathiamn
area in southern Poland, and the two investigated littoral facies of the
Korytnica Basin may therefore be regarded as their spatial refuges in
the Middle Miocene (Badenian) sea which encroached upon the southern
slopes of the Holy Cross Mountains.
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Sedimentary area
of the Korytnica Clays

seagrass

Fig. 1

A — Palecenvironmental sketch of the southern part of the Korytnica Basin, to
show localities yielding the investigated assemblages of fish otoliths: Ly — Mt.
Lysa, Pn — Korytnica-Plebania; asterisked are the sampling sites; leaders (a—b)

. ‘denote the line of the section presented in B o
Within -the sketch indicated are: marine area of the basin during the Middle Miocene (Ba-
denian) transgression (blank), preseni-day outcrops of the Koryinica Clays (stippled), pre-
served fragments of littoral structures (circled), and land or island areas along the seashore
. ‘ (hachured); adopted from BALUK & RADWANSKI (1977, Text-fig. 2) :

B — Idealized section of the shorezone at Mt. Lysa, to show the environmental
conditions under which the investigated fishes have lived: the rocky bottom (Upper
Jurassic limestones) damaged by gregarious rock-borers is covered by clayey,
oyster shellbed containing littoral rubble, and overgrown by seagrass meadows,
and by kelp at the water surface; 'Ia}do%:ted from BALUK & RADWANSKI (1971,

ext-fig. 5) ' ’
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The otolith-bearing deposits of Korytnica are developed at Mt. Lysa
as clayey, oyster shellbed replete with highly diversified paleontological
content (see BALUK & RADWANSKI 1977, RADWANSKA 1982, RAD-
WANSKA & RADWANSKI 1984), and at the locality Korytnica-Ple-
bania as clays with shell content, the composition of which much
deviates from that occurring in the basinal facies of the Koryinica Clays
{(see BALUK 1984).

FREQUENCY AND PRESERVATION OF THE OTOLITHS

Contrary to the fish ofoliths known from the Korytinica Clays (cf.
SMIGIELSKA‘ 1979, RADWANSKA 1982), all the herein introduced
taxa are represented by a low number of individuals. Taking into account
the comparable sample volume, the sieving and sifting procedure of
which yielded the investigated otolith material, these new taxa cor-
respond to the fish species relatively very rare in the Korytnica Basin.
The same concerns the allies of the new taxa, which are also reported
in the present paper.

All the investigated fish otoliths (see Text-figs 2-—22 and Pls 1--5)
represent the sagitiae, and other stones of the audial apparatuses have
not been obtained.

The state of preservation of the collected otoliths is remarkably
good, although some of those from the Mt. Lysa locality are surfacially
corroded by subsoil leaching.

SYSTEMATIC ACCOUNT

Order Anguilliformes
Suborder Anguilloidei
Family Congridae
Genus Ariosoma SWAINSON, 1838
Ariosoma longicaudatum sp. n.
(Text-figs 2—3 and Pl 1, Figs 1—3)

1979. Congermuraeng balearica (De la ROCHE); T. SMIGIELSKA, pp. 303—304, Text-fig. 7
and Pl 2, Figs 12,
1981. Ariosoma aff. balearicum (DELAROCHE, 1809); E. STEURBAUT, p. 4, PL 1, Figs 15-16.

HOLOTYPE: The specimen presented in Text-fig, 2 and Pl 1, Fig. 1.

TYPE LOCALITY: Mt. Lysa at Korytnica, 24 km SSW of Kielce, southern slopes of the
Holy Cross Mountains, Ceniral Poland.

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: Latin adjective longicaudatum, after elongated shape of the
cauda.

MATERIAL: 15 specimens, In majority well preserved.



302 URSZULA RADWANSKA

DIMENSIONS (in mm):

Figured in:

PL1 Text-tigs 1—3 L H T
Fig. 1 Fig. 2 5 a5 1.4
Fig. 2 Fig. 3, Ttem 1 45, 4 13
Fig. 3 Fig. 3, Item 4 45 4 1.2

— Fig. 3, Item 3 4 35 12
- g 3, Item 2 35 3 11

DIAGNOSIS: Otoliths rhomboid in outline, elongated parallelly to sulcus acusticus;
inner side convex, smooth; sulcus acusticus horizontal long, and narrow; crista
superior slightly, and crista, inferior distinctly bowed; the latter swollen in its
posterior part; area present bélow the highly arched dorsal margin of sagitta;
outer side convex and featured with a central node.

DESCRIPTION: Otoliths are rhomboid in outline, biconvex, with their dorsal
margin more convex than the other margins; anterior margin, is straight and
slightly concave, and ventral margin is symmetrically convexz. Inner side is smooih

Fig. 2. Ariosoma longicaudatum sp. n:; holotype (left sagitta)

a inner side, b lateral view, ¢ anterior view; scale bar 1 mm

Fig. 3. Ariosoma longicaudatum sp. n.; paratypes
1 and 3-4 left sagitta, 2 right sagitta; all from inner side; scale bar 1 mm
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and uniformly convex. Suleus acusticus is horizontal and bears long, narrow, and
sharply tipped cauda. Crista superior is straight or very indistinctly bowed. Crista
inferior is S-shaped, and distinctly bowed and swollen in ils posterior part
Aperture of sulcus acusticus is distinet towards dorsal margin, and developed as
a small, narrow canal which widens in its upper part. Area, present below dorsal
margin, is elongated and tapers posteriorly. Outer side is convex and featured
with a broad central node.

REMARKS: Otaliths of the newly established species, Ariosoma longicaudatum
sp. n., are close to the present-day species Ariosoma balearicum (DELAROCHE,
1809), differing (see Text-fig. 4) in a more irregular outline of sagitta, in longer,

Fig. 4. Ariosoma balearicum (DELAROCHE, 1809): a preseni-day. specimen, right
sagitta (redrawn from: STEURBAUT 1981, Pl 2, Fig. 3)
@ inner side, b lateral view, ¢ anterior view; scale bar 1 mm

narrower and sharply tipped sulcus acusticus, in, straight course of crista superior,
and in having crista inferior more distinetly arched. . ‘

The new species differs from Ariosoma moravicum (SULC, 1982), known from
the Miocene deposits of Moravia (cf. SULC 1032, p. 169, Texti-fig. 2), in the outline
more elongated paralielly to sulcus acusticus, in structure of suleus acusticus, and
in well developed area. It also differs from Ariosome globosum (STEURBAUT,
1981), knmown from the Oligocene deposits of Aquitaine (cf. STEURBAUT 1981,
Pl. 1, Figs 17—20), in general outline, in inner side more flat, and in having iis
outer side pronouncedly more convex.

To the synonymy of the new species, Ariosoma longicaudatum sp. mn., included
are the otoliths from the Korytnica Basin, described by SMIGIELSKA (1979) as
Congermuraena balearica (De la ROCHE), and those from the Miocene deposits
of the Aquitaine Basin, described by STEURBAUT (1981, p. 4) as Ariosoma aff.
balearicum (DELAROCHE, 1809), which differ from Ariosoma balearicum (DELA-
ROCHE, 1809) by irregular outline of sagitta, more elongated and narrower cauda,
and by shape of both crista superior and crista inferior.

OCCURRENCE: Outside the Korytnica Basin, the newly established species
is recognized only in the Miocene of Aquitaine (¢f. STEURBAUT, 1981).

Ariosoma cf. moravicum (SULC, 1932)
(Text-tig. 5 and Pl 2, Fig. 2)

MATERIAL: One, badly preserved specimen.

DESCRIPTION: Otoliths circular in outline. Inner side is convex and smooth;
sulcus acusticus is horizontal, broad, and rounded at its end; both crista superior
and crista inferior are straight im their course; oval area is developed below the
dorsal margin, Outer side is symmetrically convex.
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- Fig..5. Ariosoma cf. moravicum (SULC, 1932); right sagitta

a inner side, b lateral view, ¢ anterior view; scale bar 1 mm

REMARKS: The investigated otolith, due to its shape and structure of sulcus
acusticus, is close to Ariosoma moravicum (SULC, 1932). Its imperfect preservation
state does not however allow to state the identity with the latter.

Family Ophichtidae
Genus Echelus RAFINESQUE, 1810
Echelus arcuatus sp. n.
(Text-fig. 6 and Pl 2, Fig. 3)

HOLOTYPE: The specimen presented in Texi-fig. 6 (item 1) and Pl 2, Fig. 3.

TYPE LOCALITY: Mt. Lysa at Korytnica, 2¢ km SSW of Kielce, southern slopes of the
Holy Cross Mountains, Ceniral Poland.

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: Latin adjective arcuaius, after arched shape of the cauda.
MATERIAL: 7 specimens, slightly eroded at the surface.

DIMENSIONS (in mm):

Figured in:
FL 2 Text-fig. 8 L H T
Fig. 8 Item 1 4 a1 0.9
— Item 2 4 23 0.9
- Ttem 3 42 25 0.0

DIAGNOSIS: Otoliths oval in outline; inner side amched and smooth; suleus
acusticus horizontal, divided info long, narrow and arched cauda, and oval ostium
which is wider and shorter; anterior margin featured with deep excisura, anti-
rostrum, and large rounded rostrum; outer side flat.

DESCRIPTION: Otoliths are thick, oval to slightly trapezoid in outline. Dorsal
margin is straight, with well developed antero-dorsal corner; ventiral margin is
symmetrically arched, and anterior margin is straight. Inner side is arched and
smooth. Sulcus acusticus is horizontal, divided into long, narrow, and arched
cauda, and deep ostium of oval shape, twice shorter than cauda. Anterior margin
is featured with deeply incised excisura, antirostrum, and large rounded rostrum.
Outer side is flat or slightly convex centrally.

REMARKS: Otioliths of the newly established species, Echelus arcuatus sp. n.
are close to the present-day species Echelus myrus (LINNAEUS, 1758), differing
(see Text-fig. 7) in better developed antero-dorsal corner, deep excisura, anti-
rostrum, more pronounced rostrum, and in strongly arched cauda. '
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Fig. 6. Echelus arcuatus sp. n.

1 — holotype (left sagitta): Ia inner side, 1b lateral view; 2-8 — paratypes: 2 left
sagitta, 3 right sagitta, both from inner side; scale bar as for Text-fig. 8

The new specms differs from Echelus aff, myrus (LINNAEUS 1758), described
from the Miocene deposits of the Aquitaine Basin (STEURBAUT 1961, p. 12), in
having deep excisura, more strongly arched cauda, and broader ostium.

Fig. 7
Echelus myms "(LINNAEUS, 1758): a present-
-day’ - specimen, - left sag1tta (redrawn from:

STEURBAUT 1981, Pl. 3, Fig. 11), taken from
inner side; scale bar 1 mm

Order Scorpaeniformes
Suborder Platycephaloidei
Family Platycephalidae
Genus Platycephalus BLOCH, 1795
Platycephalus poyartinensis STEURBAUT, 1981

(Text-fig. 8 and Pl 2, Figs la—b)
1081. Plaiycephalus poyariinensis n. sp.; E. STEURBAUT, p. 85 Fl 17, Figs 1719,
MATERIAL: 7 specimens, in majority well preserved.

REMARKS: The investigated otoliths are identical with the holotype of the
species (see STEURBAUT 1981, Pl 17, Fig. 17).

.OCCURRENCE: The species has hitherto been known omy from the Miocene
of Aqultame (STEURBAUT 1081),
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Fig. 8. Platycephalus poyartinensis STEURBAUT, 1981
1 left sagitta, 2 right sagitta; both from inner side; scale bar 1 mm

~ Platycephalus fusiculus sp. n.
(Text-fig. 9 and Pl. 1, Figs 4a—b, a—b)

HOLOTYPE: The specimen presented in Text-tig. 9 (item 1) and PL 1, Fig. 4a—b.

TYPE LOCALITY: Mt. Lysa at Korytnica, 24 km SSW of Kielce, southern slopes of the
Holy Cross Mountalns, Central Poland.

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: Latin noun jfusiculus (a small gpindle), after general outline
of the sagitta.

MATERIAL: 11 specimens with their rostral parts damaged.

DIMENSIONS (in mm):

in:

Figured
-PL1 Text-fig. 9 L - 4 T
Fig. 42—b Item 1 7 12 0.5
Fig. Sa—b Item 2 s 2 o5
- . Item 3 -— 13 0.4

DIAGNOSIS: Otoliths fusiformy in outline; dorsal margin straight; both anterp-
and postero-dorsal corners strongly developed posterior margin much elongated
and sharply ended; inner side convex; sulcus acusticus divided into long narrow
and slightly . arched cauda, and shorter but broad ostium; enough deep area
developed above crista superior; ventral groove well advanced; outer side concave.

DESCRIPTION: Otoliths are much elongated, fusiform in outlipe. Dorsal
margin is straight, slightly swollen! in its posterior parf. Both antero- and postero-

L - I
L U R r R A A

———

Fig. 9. Platycephalus fusiculus sp. n.

1 — holotype (left sagitta), iuner side; 2-8 — paratypes: 2 lefi sagitia, 3 n.ght
sagitia, rostral part; both from. inper side; scale bar 1 mm,
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-dorsal corners are strongly developed. Posterior margin is much elongated and
sharply ended. Inner side is convex. Sulcus acusticus is horizontal, and divided
into long, slightly arched cauda, and shorter but broad ostium. Anterior margin
featured with shallow excisura and long, sharp rostrum. Enough deep area ocecurs
above crista superior. Ventral groove is well advanced. Outer side is concave.

REMARKS: Otoliths of the newly established species, Plaiycephalus fusiculus
sp. n., are comparable to the present-day species Platycephalus cirronasus RI-
CHARDSON, 1848, differing (see Text-fig. 10) in postero-dorsal corner better
developed, broader and deeper ostium, and in erista superior more arcuated at
the cauda/ostium junction. .

Fig. 10

Platycephalus cirronasus RICHARDSON, 1848:

a present-day specimen, right sagitia (redrawmn

from: STEURBAUT 1981, Pl. 17, Fig. 20), taken
from inner side; scale bar as for Text-fig. 7

The new species differs also from the other ancient species of the genus,
particularly from the above reported Platycephalus poyariinensis STEURBAUT,
1981, and from P. lafondi STEURBAUT, 1981 (see STEURBAUT 1981, p. 64 and
Pl 17, Fig. 14) in more advanced antero- and postero-dorsal margins, and in pro-

portions between cauda and ostium.

Order Perciformes
Suborder Percoidei
Family Sciaenidae
Genus Argyrosomus De la PYLAIE, 1835
‘Argyrosomus incisus sp. n.
(Text-fig. 11 and Pl 3, Figs la—c, 2a—c)

1979, Sclaena cif. aquila LACEP'EDE, T, SMIGIELSKA p. 318, PL 7 Fig. 1la—c.

HOLO'I‘YPE The specimen presented in Texi-fig. 11 (uem 1) and Pl 3, Fig: 1la—c.

TYPE LOCALITY: Mt. Lysa at Koryinica, 2¢ km SSW of Kielce, southern llopel of the
Holy Cross Mountainsg, Central Poland.

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: Latin adjective incisus, after the deeply incised cauda.
MATERIAL: Two, well preserved specimens.

DIMENSIONS (in mm):

Figured in: ’
PL 3 Text-fig. 11 L H T
Fig. la—c Item 1 12 7 6 (max)
Fig. 2a—c Item 2 13 78 8 (max) .

DIAGNOSIS: Otoliths oval in outline, elongated parallelly to suleus acusticus;
inmer side S-shapely arched; ostium large, almost cu'cula.r, adjacent to deck.le
anterior margin, and con.tmumg along crista superior, and partly along crista
inferior; cauda broad, deeply incised and contacting dorsal and posterior margins
along crista superior; collicull not developed; outer side provided with large,
rectangular swelling situated postero-dorsally, and capped with mammillar node.

DESCRIPTION: Otoliths are oval in outline, elongated parallelly to sulcus
acusticus. Dorsal and posterior margins are straight; veniral margin is regularly
convex; anterior margin is convex and deckle, Postero-dorsal corner is well de-
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veloped, Inner side is. S-shapely arched and strongly convex. Sulcus acusticus is
divided, with large, almost circular ostium, tightly adjoing anterior margin, and
continuing along crista superior, and partly also along crista inferior. Cauda is
broad, L-shaped, and deeply incised (see Text-fig. 11 and Pl 3, Figs. 1b and 2by;

Fig. 1L1. Argyrosomus incisus sp. n.

1 — holotype (left sagitta): 'Ia inner side, i1b lateral view; 2 — paratype (right
sagitta): 2a inner side, 2b lateral view; scale bar as for Texti-tig. 14

it wholly contacts dorsal and posierior margine along crista superior. Colliculi are
not developed. Outer side (see PL 3, Fige lc and 2¢) is concave in the part cor-

responding to ostlum, and it is featured with large, rectangular swelling situated
postero-dorsally.

REMARKS: Otoliths of the newly established species,- Argyrosomus fncisus
sp. n., are close to the present-day species Argyrosomus regius (ASSO, 1801) and
A. hololepidotus (LACEPEDE, 1802), differing (see Text-fig. 12) in broad, mors.
cireular ostium, contacting anterior margin wholly along crista superior and partly’
along crista inferior. They also differ in broader, less distinctly bent cauda which
is deeply incised and coniascting, along crista superior, to dorsal and posterior
margins. '

To the synonymy of Argyrosomus incisus sp. n., included is the otolith from
the Korytnica Basin, described by SMIGIELSKA (1979) as “Scigena cf. aquila
LACEPEDE”. It is understood that SMIGIELSKA (1979) reganded this ofolith as
similar to the species Scigena qguila (RISSO, 1826), which was however ascribed
by her to another author. The species Scizena aquila (RISSO, 1826) has recently
been synonymyzed (see NOLF & STEURBAUT 1979, p. 12) with Argyrosomus re-
gius (ASSO, 1801). The investigated two otoliths, that one discussed by SMIGIEL-
SKA (1979, p. 318 and PL 7, Fig. la—c) and reillustrated in this paper (Text-fig. 11,
item .2; and Pl 8, Fig. 2a—c). including, are herein regarded as comspecific. They,
both bear the .features so distinct from Argyrosomus regius (ASSO, 1801) that
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neither ‘an assignation as conformis (supposedly, an intention of SMIGIELSKA,
1979) . nor synonymyzing 'of ‘the spécimen illustrated by SMIGIELSKA (1979) with
the- latter species, as: offered by STEURBAUT (1981, p. 99), do not appear justi-
fiable.

1a 2a

Fig. 12
1 — Argyrosomus hololepidotus (LACEPEDE, 1802): a present-day specimen, left
sagitta (redrawn jrom: NOLF. versonal comm. 1984); la inner side, 1b lateral view;
scale bar 1 mm
2 — Argyrosomus regius: (ASSO,.1801): 'a preseni-day specimen, .left sagitta (re-
drawn from: NOLF, personal commt.’ 191134);. 20 inner side, 2b lateral view; scale
ar 1 mm

«argyrosomus polonicus sp. n.
(Text-figs 13—14 and Pl. 4, Figs 1a—e, 2a—c, 3a—<)

11950, Sclaena pecchioli LAWLEY, 1876; W. WEILER, p. 224, PL 8, Fig. 13.

1979. Sciaena pecchioli LAWLEY, 1876; T. SMIGIELSKA, pp. 317318, Text-fig. 21 and Pl %,
rig. 2a—c.

1980. Argyrosomus sp.; H. CAPETTA & D. NOLF, p. 11, PL 3, Fig. 1.

HOLOTYPE: The specimen presented in Text-fig. 18 (item 1) and PL 4, Fig, la—c.

TYPE LOCALITY: Mt. Lysa at Korytnica, 24 km SSW of Kielce, southern slopes of the
Holy Cross Mountains, Central Poland,

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: Latin adjective polonicus, alier the country of its finding.
MATERIAL: 4 specimens, 3 of which well preserved.

DIMENSIONS (In mm):

* Figured in:
FL 4 Text-figs 1314 L " T
Fig. la—c  Wig. 13, Ttem1 95 8 4 (max)
Fig. 2a-c Fig. 13, Ttema 2. 9 6 45 (max)
Fig. 3a—c Fig. 14 - 7 52 23 (max)

DIAGNOSIS: Otoliths oval in outline; dorsal margin provided with a node at the
middle; inner side convex, smooth; sulcus acusticus divided into large, spadleform
ostium, and.deep and ‘narrow cauda which parallels dorsal and posterior margins
of the. otolith; in- profile, the.otolith -is thin in its anterior part (below ostium), and
afterwards it yields drop-like swellings, and finishes with thick posterior margin;
outer side convex, ornamented with drop-like swellings situated near posterior
margin, : :
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DESCRIPTION: Otoliths are oval in outline, elongated parallelly to sulcus
acusticus. Dorsal margin is straight, at its middle provided with a processus. Post-
erior margin is also straight or slightly concave. Dorsal margin is regularly convex.

1 — holotype (right sagitta): Ia inner side, Ib lateral view; 2 — paratype (right
sagitta): 2a inner side, 2b lateral vilew; scale bar as for Text-fig. 14

Postero-dorsal corner is well developed. Inner side is convex, but in posterior part
of cauda it becomes slightly concave (see Text-figs 13—14 and Pl 4, Figs 1b, 2b,
3b). Sulcus acusticus is divided into large, spadleform ostium, and deep and
narrow cauda. Ostium partly contacts anterior margin, and ostial crista superior -

Fig. 14
Argyrosomus polonicus sp. n.

left sagitta of a juvenile specimen: @ inner
side, b lateral view; scale bar 1 mm

and crista inferior are distinctly arched. Cauda parallels dorsal and posterior
margins of the otolith, Outer side (see PL 4, Figs lc, 2¢, 3¢) is convex and orna-
mented with drop-like swellings. In profile, the otolith is thin and slightly convex
in its anterior part (below ostium), and afterwards it yields drop-like swellings,
and finishes with thick posterior margin. ’
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REMAREKS: Otoliths of the newly established species, Argyrosomus polonicus
§p. n, are close to' the present-day species Argyrosomus regius (ASSO, 1801) and
A, hololepidotus (LACEPEDE, 1802), differing in shape of sulcus acusticus, in -
narrower cauda more distant to the otolith margin, and in sculpture of the outer
side.

The species Argyrosomus polonicus sp. n. differs from the above-established-
species A. ‘incisus sp. n. in more elongated ostium, contacting the anterior margin
along much shorter distance, and in narrower, less incised cauda distinctly sepa~
rated from the otolith margin.

The otoliths attributed to the newly established species, Argyrosomus polonicus
sp. n, were formerly reported from the Korytnica Basin by SMIGIELSKA (1979)
under the name of “Sciaena pecchioli LAWLEY, 1876”. The latter assignation is
evidenfly erroneous, because the otolith iHustrated by SMIGIELSKA (1979, Text-
-fig. 21 and PL 7, Fig. 2a—c) distinctly differs from. the type figured by LAWLEY
(1876, PL 5, Figs 5 and 5a—b), and which is to be included into the synonymy of
Argyrosomug regius (ASSO, 1801). The specimen presented by SMIGIELSKA (1979)
and reillustrated in this paper (Text-fig. 14 and Pl 4, Fig. 3a—c) is smaller than
the others under investigation (see dimensions), and it is also flatter and less
ornamented on its outer side. The features of its general outline and the structure
of sulcus acusticus are identical, and thus the discussed specimen is interpreted
as a juvenile of Argyrosomus polonicus sp. n.

To the synonymy of Argyrosomus polonicus sp. n. included is, although with
a hesitation, an otfolith from the Miocene deposits of Kostej, Transylvanian Basin,
Rumania, reported by WEILER (1950, p. 224 and Pl 3, Fig. 13) as “Sciaena pecchiol
LAWLEY, 1876”. This otolith alsc differs distinetly from the type of LAWLEY
(1876). Its differences to the Korytnica specimens are in deeper area and anothen
ornamentation pattern of the outer side.

Family Cepolidae
Genus Cepola LINNAEUS, 1764
Cepola macrophthalma (LINNAEUS, 1758)
(Text-fig. 15 and PL 5, Figs 1—4)

1908. Otolithus (Cepola) praerubescens BASSOLI et SCHUBERT sp nov.; R. J. SCHUBERT,
p. 643, P1, 139, Figs 1—5. ‘ : ’

1506, Otolithus (Cepola) praerubescens BASSOLI; G. BASSOLI, p. 54, Pl 2, Fig. 43.

1942, Cepola praerubescens SCHUB.; W. WEILER, p. ¥, PL 4, Figs 4la—b, 53a—b, 5éa—b.

1950. Cepolae praerubescens BASSOLI & SCHUBERT, 1808; W. WEILER, p. 230, Pl 4, Fig. 23.

1988; Cepola praerud ns BASSOLI et SCHUBERT; T. SMIGIELSKA, p. 256, PL 18, Fig. 2.

1977. Ceépola rubescens LINNAEUS, 1764; D. NOLF, p. 56, PL 16, ¥Figs 10—11.

1879, Cepola rubescens LINNAEUS, 1766; T. SMIGIELSKA, pp. 322324, Text-fig. 25 (Item 2a—b,
3a—Db, 4a—b, 5a—b) and Pl. 6, Figs 5—8 [rnon Text-tig. 25, Item la—b, and Pl 6, Fig. 71

1881, Cepola macrophihalma (LINNAEUS, 1788); D. NOLF, p. 141, Fl, 2, Figs 912,

MATERIAL: 21 specimens, in majority well preserved.

REMARKS: The investigated otoliths (see Text-fig. 15 and PL 5, Figs 1—4)
coincide with those illustrated under diverse names (see synonymy), and formerly
also reported from the Korytnica Basin (SMIGIELSKA 1966, 1979).

The Korytnica otoliths determined by SMIGIELSKA (1979) as “Cepola ru-
bescens LINNAEUS, 1766” were subsequently discussed by STEURBAUT (1981)
who included them to the group of Cepola aff. macrophthalma (LINNAEUS, 1758)
and indicated their differences in ostial crista inferior being upwardly more arched
when comparing to the present-day forms. It is however thought that such a dif-
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ference is of a very low importance, and in some of the otoliths illustrated by
SMIGIELSKA (1979, PlL. 6, Figs 5—8) it cannot. be recognized. ‘Small differences
in the outline of sagitta,.in more or less-developed excisura, and in the .course
of suleus acusticus are to be interpreted.as resulting:from the intraspecific varia-
bility of Cepola macrophthalma (LINNAEUS, 1758), as evidenced by the shape
range of the present-day forms of this species (see NOLF 1981, PL 2, Figs 9—12),
and of the ancient forms illustrated by SCHUBERT (1908, Pl. 19, Figs 1—5) under
the name .of “Otolithus (Cepola) praerubescens. BASSOLI et. SCHUBERT”.

2

Fig. 15. Cepola macrophthalma (LINNAEUS, 1758)
1 and 3 left sagitta, 2 and 4 right sagitia; all from inner side; scale bar 1 mm

OCCURRENCE: Ouiside the Korytnica Basin, the species is known from the
Oligocene of Belgium (NOLF 1977), and from the Miocene of Austria (SCHUBERT
1906), Italy (BASSOLI 1906), Germany (WEILER 1942), and Rumanja (WEILER
1950). At present, the species occurs ia. in the Adriatic and the Mediterranean
Sea (see ZEI 1963, NOLF 1881, RUTKOWICZ 1882).

Cepola yrieuensis STEURBAUT, 1981
(Text-fig. 16 and Pl 5, Figs 5—17)

1979. Cepola rubescéns LINNAEUS, 1766; T. SMIGIELSKA, p. 323, Text-fig. 25, Item la—b
end Pl 6, Fig. 7 [non Text-fig, 2, Item 3a—b, 3a—b, 4a—b, Sa—b and Pl 6, Figs 5-61.
1961, Cepola yrieuensis n. sp.; E. STEURBAUT, p. 102, PL 29, Figs 1317

MATERIAL: 17 specimens, in majority well preserved.

. REMARKS: The investigated otoliths (see Text-fizg. 18 and Pl 5, Figs 5-—0)
¢oincide with the holotype (see STEURBAUT 1881, PL 29, Fig. 13). The species
has hitherto been known from; the Koryinica Basin, and reported by SMIGIELSKA
(1979) as one of the morphotypes of “Cepola rubescens LINNAEUS, 1768".

OCCURRENCE: Outside the Koryinica Basin, the species is known only from
the Aquitanian Basin (STEURBAUT 1981),
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Fig. 16. Cepola yrieuensis STEURBAUT, 1981
1 and 3 left sagitia, 2 and 4 right sagitta; all from inner side; scale bar 1 mm

Cepola multicrenata sp. n.
(Text-fig. 17 and PL. 5, Figs 8—10)

HOLOTYPE: The spetimen presented In Text-fig. 17 (item 1) and Pl 5, Fig. a.

TYPE LOCALITY: Mt. Lysa at' Korytnica, 24 km SSW of Kielce, southern slopes of the
Holy Cross Mountains, Central Poland.

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: Latin adjective multicrenats, after numerous crenulstions
on the posterior margin,

MATERIAL: 25 specimens, in majority well preserved.

DIMENSIONS (in mm):

Figured -in:

PLS Text-fig. 17 L H T

Fig. 8 Ttem 1 5.6 3 05
Fig. 9 Item 2 3.8 22 05
Fig. 10 Jtem 3 5 2.8 0.5
- Item 4 s 2.7 05

- Item § 85 2.6 0s.

Itern 6 [} 3 0.5

DIAGNOSIS: Ofoliths of trapezoid outline; dorsal margin straight; posterior margin,
straight, distinctly crenulated, with postero-dorsal corner well developed; ventral
margin symmetrically convex; anterior margin, provided with well developed, sharp
rostrum, shallow excisura, and well pronounced antirostrum; inner side slightly
convex; sulcus acusticus divided into large, oval ostium, and twice -smaller,
amygdaloid cauda; colliculi well developed; crista superior forms distinct ledge;
crista inferior forms swelling at ostium/cauda junction; ventral groove broad and
shallow; outer side slightly concave.

DESCRIPTION: Otoliths are trapezoid in outline, elongated. Dorsal margin is
straight or slightly waved; posterior margin, situated obliquely to dorsal margin,
is also straight, but distinctly crenulated, and with postero-dorsal corner well
developed. Veniral margin is symmetrically convex, sometimes slightly waved.
Anterior margin in ostial part yields well developed, sharp rostrum; shallow ex-
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cisura sometimes forms deep notch (see Text-tig. 17, item 6); antirostrum is well
pronounced. Above antirostrum there sometimes appear secondary wavings, accen-
tuated by narrow grooves. Inner side is slightly convex. Sulcus acusticus is hori-
zontal, and divided into large, oval ostium, and twice smaller, amygdaloid cauda.

Fig. 17. Cepola -multicrenata 8p. n.

1 — holotype (right sagitta), inner side; 2-§ - paratypes (2-4 and 6 right sagitta,
5 left sagitta), inner side; scale bar 1 mmy

Collicul are well developed. Crista superior forms a distinct ledge, and a shallow,
oval area develops above it. Crista inferior forms swelling which overlies a shallow
depression at ostium/cauda junction. Veniral groove is broad and shallow. Outer
side is slightly concave at the center, and towands the margins there develop
wavings with small, narrow grooves.

REMARKS: The investigated otfoliths, especially featured by their general
outline and structure of sulcus acusticus, are very similar to the above-discussed,
present-day species Cepola macrophthalma (LINNAEUS, 1758), from which they
differ in strong crenulation of the margins, in better development of postero-dorsal
corner, and in the more trapezoid outline, Slight differences are also evident within
sulcus acusticus: in Cepola multicrenata sp. n. colliculum in ostium Is well deve-
loped and closed along, the whole periphery, whereas in C. macrophthalma (LIN-
NAEUS, 1758) it is opened at the anterior margin.

The newly established species, Cepola maulticrenata sp. n. differs from the
preceding species, C. yrieuensis STEURBAUT, 1981, in crenulated margins, in
postero-dorsal corner better developed, and in another shape of crista inferior at
ostium/cauda junction,
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Cepola sp.
(Text-fig. 18 and Pl 5, Fig. 11)

MATERIAL: One, well preserved specimen.

DESCRIPTION: Otolith oval in outline, with rounded margins. Anterior margin
is straight, devoid of excisura and antirosirum. Inner side iz convex. Sulcus
acusticus is horizontal, and divided into large, oval ostium, and smaller, amygda-

Fig. 18

Cepola sp. .
right sagltta, inner side; scale as for Text-fig.17

loid cauda. Colliculi are well developed. Above crista superior there appears wide
and deep area. Ventral groove does not pronounce. Outer side is flat and smooth,

REMARKS: The investigated otolith, featured by its general outline and
structure of sulcus acusticus, is assigned to the genus Cepola LINNAEUS, 1764.
It is also regarded as similar to the present-day species Cepola macrophthalma
(LINNAEUS, 1758), but it differs in the absence of excisura and antirostrum, and
in having large, oval ostium. A single specimen collected does not allow a more
precise designation and/or comparison.

Suborder Mugiloidei
Family Mugilidae
Genus Liza JORDAN & SWAIN, 1884
Liza steurbauti sp. n.
(Text-fig. 19 and Pl. 2, Fig. 4a—b)

HOLOTYPE: The specimen presented in Text-fig. 19 (item 1) and Pl 2, Fig. 4a—D.

TYPE LOCALITY: Korytnica-Plebania, 24 km SSW of Kielce, southern slopes of the Holy
Cross Mountains, Central Poland.

TYPE HORIZON: Middle Miocene (Badenian).

DERIVATION OF THE NAME: In honour of Dr. E, STEURBAUT, an outstanding student
of the ancient fish otoliths.

MATERIAL: 3 specimens, 2 of which with rostral part damaged.

DIMENSIONS (in mm):

Figured in:
Pl 2 Text-fig. 19 L H T
Fig. 4a—Db Item 1 7 3 0.4

_— Item 2 8.5 3.5 0.5

DIAGNOSIS: Otoliths elongated, .with dorsal margin concave, and ventral margin
convex and undulated; inner side convex; sulcus acusticus slightly oblique, divided
into deep, oval ostium, and long narrow cauda which posteriorly bends abrupily
towards wventral margin deep area present above caudal crista superior; ventral
groove well developed; outer side deeply concave,
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DESCRIPTION: Otoliths distinctly elongated bear their dorsal margin con-
cave, with postero-dorsal corner. well developed. Both veniral and posterior
margins are convex and undulated. Anterior margin is straight, undulated, and
devoid of excisura, rostrum and antirostrum. Inner side is convex, and ‘sulcus

Fig. 19. Liza steurbauti sp. n.

1— holotype (left sagitta), inner side; 2 — paratype (left sagitta), inner side; scale
bar as for Text-fig. 17

acusticus is sl1ght1y oblique. Sulcus acusticus.is divided into :deep, oval ostium,
and long narrow cauda which posteriorly bends abruptly towards veniral margin,
Colliculi are well developed. A small but deep area appears above caudal crista
superior, Ventral groove is well developed. Outer side is deeply concave (see PL 2,
Fig..4b), and bears a depression running along dorsal margin.

REMARKS Otoliths of the newly estabhshed specles, Liza stewrbauti 8p. n,
are .very_close (see T&xt—ﬁg. 20) to the preaem-day species Liza ramada (RISSO
1826), from which they differ in hav;ing their antemior margin straight, in, the
absence of rostrum, and in a more stralghf.-hne course of cauda which is more
distinetly bent posteriorly.

Fig. 20

Liza ramade (RISSO, 1826): a present-day specimen,

left sagitta (redrawn from: STEURBAUT 1981, P1. 29,

Fig... 23), taken from inner side; scale bar as for
Text-fig. 22

Suborder Sphyraenoidei
Family Sphyraenidae
Genus Sphyraena SCHNEIDER, 1801
Sphyraena dentata sp. n.

(Text-fig. 21 and Pl 2, Figs 5—86)

191, Sphyraene hansfuchsi SCHUBERT, 1908; T. SMIGIELSKA, p. 314, Text-fig. 17 and
Pl 4, Fig. 7.
1981. Sphyraena sp. 2; E. STEURBAUT, p. 105, P1. 30, Figs 1—3.

HOLOTYPE: The specimen presented in Text-fig. 21 (item 1) and Pl. 2, Fig. 5.

TYPE LOCALITY: Mt. Lysa at Korytnica, 2¢ km SSW of Kielce, gouthern slopes of the
Holy Cross Mountains, Central Poland.

TYPE HORIZON: Middle Miocene (Badenian).
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DERIVATION OF THE NAME: Latin adjective dentate, after the general appearance of the
anterior margin. L . ) .- :

MATERIAL: 7 specitnens with rostral part damaged, except of one fully preserved.
DIMENSIONS (in mm):

‘Figured in: _

PL2 Text-fig, 21 L H T
Fig. Item 1 12 4 0.8
Fig. 6 Item 3 - 2.3 0.7

-_— Item 3 _— 3 0.7

DIAGNOSIS: Otoliths much elorigated;’ inner side convex; posterior and ventral
margins smooth and slightly convex; anterior margin provided with large, lanceo~
late rostrum, deep excisura, and large, sharp antirostrum; sulcus acusticus hori-
zontal, divided into large, oval ostium; and long, deep cauda; long and deep ares
- present above caudal crista superior; ventral groove well developed; outer side
concave.

‘DESCRIPTION: Otoliths much elongated, - with dorsal ard  ventral manging
smooth and slightly convex. Posterior margin is' also slightly ‘convex, and some-
times becomes undulated. Anterior margin provided with large, lanceolate rostrum,
deep excisura, and large, sharpe antirostrum. Sulcus acusticus is horizontal, divided
into large, oval ostium, and long, deep cauda which. posteriorly bends slightly

Fig. 21. Sphyraena dentata sp. n.

1 — holotype (right sagitta), inner side; 2-3 — paratypes (2 right sagitta, 3 left
sagitta), inner side; scale bar 1 mm
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towards ventral margin. Colliculi are well developed. Long and deep area develops
above caudal crista superior. Veniral groove is well developed. Outer side is
concave.

REMARKS: The investigated otoliths, especially featured by their gemeral
outline and structure of sulcus acusticus, are close to the present-day species
Sphyraena sphyreena (LINNAEUS, 1758), from which they differ (see Text-tig. 22)

Fig. 22

Sphyraena sphyraena (LINNAEUS, 1758): a

present-day specimen, left sagitta (redrawn

From: STEURBAUT 1981, Pl. 30, Fig. 4), taken
from inner side; scale bar 1 mm

in the more pronouncedly developed antirostrum and excisura, in the broader
ostium, and in the more strongly bent crista superior and crista inferior at the
ostium/cauda junction.

The newly established species, Sphyraena dentata sp. n., has formerly been
known from the Korytnica Basin and reported by SMIGIELSKA (1979) as “Sphy-
raena hansfuchsi SCHUBERT, 1906”. The latter designation is however erroneous,
because all the specimens illustrated by SMIGIELSKA (1979 are much different
from those figured by SCHUBERT (1906, Pl. 18, Figs 40—42), especially in the
general outline of sagitta, and in the shape of anterior margin.

To the synonymy of the new species included are also the specimens from
the Miocene deposits of Aquitaine, reported by STEURBAUT (1981) as “Sphyraena
sp. 2". Although incomplete, these specimens are regarded as conspecific with the
newly established species, Sphyraena dentata sp. n.

ECOLOGICAL REMARKS

An ecological analysis of the fish taxa to which the investigated
otoliths belonged, indicates the dominance of littoral forms fypical of
tropical and/or subrtopical climatic zones, as evidenced primarily by the
presence of such genera as Platycephalus, Cepola, Liza, and Sphyraena.
The same conclusion is also apparent when studying the whole assem-
blage of fishes from the Korytnica Basin (see SMIGIELSKA 1979, RAD-
WANSKA 1982).

All the herein established new taxa are attributable either to the
species closely related to the present-day species (see Table 1), or to the
species still extant, as exemplified by Cepola macrophthalme (LIN-
NAEUS, 1758).

A close relation of the investigated Middle Miocene (Badenian) forms
to the modern fish taxa evidences old phylogenic lineages of the Koryt-
nica species. On the other hand, such relationships allow to recognize
better the ecological adaptations and environmental requirements of the
ancient forms (cf. ZEI 1963, STEURBAUT 1981, RUTKOWICZ 1982).
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Table 1

The newly established species of fish otoliths from the Middle Miocene (Badenian)
deposits of the Korytnica Basin and the relatable present-day species

Middle Miocene species -
t
from Korytnica Recent species

‘Ariosoma longicaudatum sp. n. Ariosoma batearicum (DELAROCHE, 1809)
Echelus arcuatus sp. n. Echelus myrus (LINNAEUS, 1758)
Platycephalus fusiculus sp. n. Platycephalus cirronasus RICHARDSON,
] 1848

Argyrosomus incisus sp. n. Argyrosomus regius (ASSO, 1801)
\Argyrosomus polonicus sp. n. Argyrosomus hololepidotus - (LACRPEDE,

1802)

Cepola multicrenaia sp. n. Cepola macrophthalma (LINNAEUS, 1758)
Liza steurbauti sp. n. Liza ramada (RISSO, 1826)

Sphyraena dentata sp. n. Sphyraena sphyraena (LINNAEUS, 1758)

Of the present-day species comparable to the Korytnica taxa
(Table 1), Ariosoma balearicum (DELAROCHE, 1809), Argyrosomus re-
gius (ASSO, 1801), A. hololepidotus (LACEPREDE, 1802), and Sphyraena
sphyraena (LINNAEUS, 1758), are characterized by their wide geo-
graphic extenf, ranging from the Mediterranean and western Europe
and Africa coast to the tropical Atlantic, and having been regarded as
typical of the open-sea regions. All these however often migrate shore-
wards, especially during the breeding seasons, The remaining present-day
species (see Table 1), Echelus myrus (LINNAEUS, 1758), Platycephalus
cirronasus RICHARDSON, 1848, Cepola macrophthalme (LINNAEUS,
1758), and Liza ramada (RISSO, 1826) are exclusively confined to the
shorezone, that dismembered and/or featured with lagoons including,
and they often enter the river mouths.

The trophic conditions of the discussed present-day taxa are di-
versified. Some species are typically carnivorous, feeding upon other
fish and small invertebrates (Ariosoma, Argyrosomus), or exclusively on
fish, mainly on the clupeids (Sphyraena). The species Cepola macro-
phthalma (LINNAEUS, 1758) feeds on small invertebrates, such as
crustaceans and benthic mollusks. The species Liza ramada (RISSO,
1826) feeds, on the other hand, upon phyto- and zooplankfon (similarly
as the other mugilids) which is filtered by specifically adapted gills; this
species is known as a fast-swimmer, and it often shoots out even several
feet above the water surface. '

-Some of the discussed present-day fishes are more or less confined
to the definite bottom conditions. The genus Argyrosomus prefers rocky
and sandy habitats, whereas Platycephalus takes muddy floor to dwell
in. One species, Cepola macrophthalma inhabits seagrass meadows, a bio-
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tope which is recognizable in the investigated shorezone facies of the
Korytnica Basin (see Text-fig. 1B; cf. also BALUK & RADWANSKI
1977).

The shorezone habitats of some present-day fishes, the adult speci-
mens of which enter the lagoons and river mouths, does not speak about
such very conditions in places where the investigated littoral facies
developed in the Korytnica Basin. The associated fauna, both at Mt.
Lysa and Korytnica-Plebania, comprises typical marine mollusks (chitons,
bivalved gastropods, cuttlefish), corals, brachiopods, cirripedes, .and
echinoderms (c¢f. BARUK & RADWANSKI 1977, RADWANSKA 1982,
RADWANSKA & RADWANSKI 1984, BALUK 1984), and it is devoid,
of any taxa indicative of brackish, fresh-water (and/or hypersaline) con~
ditions.

The investigated assemblages of fish otoliths, when compared with
those reported by SMIGIELSKA' (1979) from the basinal facies of the
Korytnica Clays, display evidently a greater amount of species typical
of the littoral zone, and a total absence of species recognized by SMI-
GIELSKA (1979) as bathybenthic and bathypelagie.

The comparable preseni-day species are characteristic of the Atlantic
bioprovince. An exception is offered by the genus Platycephalus which
is confined to the Indo-Pacific bioprovince, and whose presence in the’
Korytnica material is regarded as supplementing the previous data om
the Indo-Pacific' affinities of many organic ¢communities of -this Middle
Miocene (Badenian) basin (cf. BALUK & RADWANSKI 1977, RADWAN-
SKA & RADWANSKI 1984).

Instituté of Geology
of the Unwernty of Warsaw,
" Al. Zwirki ¢ Wigury 93,
02-089 Warszawa, Poland
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U. RADWANSKA

NOWE OTOLITY RYB Z FACJI LITORALNEJ IXOW KORYTNICKICH

(Streszczenie)

W zespole otolitbw pochodzgeych z facji litoralnej il6w w Basenie Koryinicy
(patrz fig. 1) stwierdzono obecnosé {pairz fig. 2—22 oraz pl. 1—5) ofmiu gatunkéwr
nowych ‘dla nauki: Ariosoma longicaudatum sp. n., Echelus arcuatus sp. n., Platy-
cephalus fusiculus sp. n. .Argyrosomus incisus sp, n., A. polonicus sp. n., Cepola
multicrenata sp. n., Liza steurbauti sp. n., oraz Sphyraena dentata sp. n. Trzy ro-
dzaje (Echelus, Platycephalus, Liza) nie byly dotgd znane ani z Basenu Korytnicy
ani z innych stanowisk miocenu w Polsce. Wskazaé naleZy, 2e wszystkie nowo-usta-
nowione gatunki wykazuja znaczne podobieristwa do odpowiednich gatunkéw dzi-
siejszych (patrz tab. 1).

. -Analiza ekologiczna rozwazanego zespoiu wykazalm, i dominujg w nim otolity
ryb strefy litoralnej klimatu subiropikalnego i tropikalnego. Ryby z rodzajéw
Ariosoma, Argyrosomus oraz Sphyraena obecnie maja duizy zasieg geograficzny,
obejmujacy Morze Srédziemne oraz zachodnie wybrzeia Oceanu Atlantyckiego, od
strefy umiarkowanej do tropikalnej. Rodzaj Pletycephalus, zwigzany &cisle ze strefg
litoralng, stanowi w tym zespole element indo-pacyficzny.

" Ryby, do ktérych nalezaly badane otolity, zamieszkiwaly obszary o urozmaico-
nym, dnie, od  skalistego do piaszczysto-mulastego, czesto poroénigtego trawami
morskimi; .Obecnoéé otolitbw ryb zwigzanyeh bardzlej ze sirefs morza otwartego
wskazuje na okresows migracje ryb w kierunku brzegu w czasie rozrodu.
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1-3 — Ariosoma longicaudatum sp. n.. 1 — holotype (left sagitta), inner side;
2-3 — paratypes (left sagitta), inner side; all X 10

4-5 — Platycephalus fusiculus sp. n.; 4 — holotype (left sagitta): 4a inner side,

4b outer side; 5 — paratype (left sagitta): 5a¢ inner side, 5b outer side;
all X 15

Photos taken by L. LUSZCZEWSKA, M. Sc.




ACTA GEOLOGICA POLONICA, VOL. 34 U. RADWANSKA, PL, 2

Platycephalus poyartinensis STEURBAUT, 1981; left sagitta; Ia inner side,
1b outer side; X 15

— Ariosoma cf. moravicum (SULC, 1932); right sagitta, inner face; X 15

— Echelus arcuatus sp. n.: holotype (left sagitta); inner side; X 15

— Liza steurbauti sp. n.; holotype (left sagitta): 4a inner side, 4b outer side;
X 10
Sphyraena dentata sp. n.: 5 — holotype (right sagitta), inner side; 6 — para-
type (right sagitta), inner side; both X 10

Photos taken by L. LUSZCZEWSKA, M. Sc.




ACTA GEOLOGICA POLONICA, VOL. 34 U. RADWANSKA, PL. 3

Argyrosomus incisus sp. n.
1 — holotype (left sagitta): la — inner side, 1b -— lateral view, lc — outer side; 2 —
inner side, 2b — lateral view, 2¢ — outer side
All photos X 7.5; taken by K. ZIELINSKA

paratype (right sagitta): 2a —




ACTA GEOLOGICA POLONICA, VOL. 34 U. RADWANSKA, PL.

Argyrosomus polonicus sp. n.
1 — ho_ctype (right sagitta): la — inner side, 1b — lateral view, lc — outer side; 2 — paratype (right-sagitta): 2a — inner side,
2b — lateral view, 2¢ — outer side; 3 — another paratype (left sagitta of a juvenile specimen): 31 — inner side, 3b — lateral view,
3¢ — outer side

All photos X 7.5; taken by K. ZIELINSKA




ACTA GEOLOGICA POLONICA, VOL. 34 U. RADWANSKA, PL.

Cepola macrophthalma (LINNAEUS, 1758); 1 and 4 — left sagitta, 2 and
3 — right sagitta; all inner side, X 10
Cepola yrieuensis STEURBAUT, 1981; 5 and 6 — left sagitta, 7 — right
sagitta; all inner side, X 10
Cepola multicrenata sp. n.: 8 — holotype (right sagitta), inner side; 9 and
10 — paratypes (right sagitta), inner side; all X 10
Cepola sp.; right sagitta; inner side, X 10

Photos taken by L. LUSZCZEWSKA, M. Sc.
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