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Abstract

Gregorova, R., 2023: Isolated fish scales (Teleostei) from the Paleogene and Neogene sediments of the
Central Paratethys (Czech Republic, Slovak Republic). - Acta Musei Moraviae, Scientiae geologicae, 108,
2, 283-308 (with Czech summary).

Isolated fish scales (Teleostei) from the Paleogene and Neogene sediments of the Central Paratethys (Czech
Republic, Slovak Republic)

Isolated scales and parts of the squamation were analyzed from the Paleogene and Neogene sediments of the
Central Paratethys (Oligocene to Miocene, Czech Republic, Slovak Republic). The structure and morphology
of the scales could be studied in detail due to their excellent preservation. This paper presents the fish scales
from the families Clupeidae, Sternoptychidae, Myctophidae, Zeidae, Gadiformes fam. indet, Gadidae,
Merluciidae, Macrouridae, Trachichthyidae, Holocentridae, Gobiidae, Echeneidae, Sphyraenidae, Pa-
laecorhynchidae, Scopthalmidae, Syngnathidae, Scombridae, Euzaphlegidae, Leiognathidae, Percoidei fam.
indet., Triglidae, Moronidae, Sparidae, Caproidae, Ostraciidae and Teleostei gen. indet. 1, 2, 3. This
comparative analysis shows that isolated remnants have important taxonomic value and helps in the
identification of incomplete fish skeletons. Four principal scale type are described in the paper: true
cycloid: Oligophus moravicus, Gadiformes fam. indet., Paleogadus sp. 1, 2, 7 Paleomolva sp., Palimphyes sp.,
Leiognathoides sp., Sphyraena sp., Palaeorhynchus sp., Echeneidae gen. indet.; cycloid crenate: Maicopiella
longimana, Alosa sp., cycloid spinoid: Coelorinchus sp., Gephyroberyx cf. darwinii, Holocentridae gen.
indet., Scopthalmidae gen. indet., Triglidae gen. indet., Capros sp.; ctenoid: Diplodus sp., Gobius jarosi,
Moronidae gen. indet., Percoidei gen indet.; specialised scales: Argyropelecus priscus, Syngnathus sp.,
Gephyroberyx cf. darwinii, Zenopsis clarus, Oligolactoria bubiki.

Key words: squamation, Teleostei scales, cycloid, spinoid, ctenoid, Paratethys, Paleogene, Neogene.
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INTRODUCTION

Paleogene and Neogene sediments (Menilitic Formation, Hustopece Marlstone) of the
Westem Carpathian Flysh zone and Miocene sediments of the Vienna basin are famous for
their rich fossil fish remnants. Both whole skeletons and their isolated parts including sca-
les are found. The very good preservation of fossil scales is due to their structure. Fish sca-
les from modern teleost fish are high-performance materials made of cross-plies of colla-
gen fibers (elasmodine) reinforced with hydroxyapatite (KHAYER DASTJERDI and BARTHELAT
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2014). Based on comparative analysis, these isolated remnants have similar taxonomic value
as complete skeletons. Scales are often mentioned only as part of the description of the en-
tire skeletons of fossil fish and have not been given a special attention. However, fossil sca-
les can play an important role as otoliths in sediments where entire skeletons are missing or
for instance in drill cores. HECKEL (1850) and RzZEHAK (1880) were probably the first to use
scale morphology in the taxonomy of clupeids. However, all taxa are considered as nomen
dubium (e. g. KOvALCHUK et al. 2020). Until now, no publication has dealt with fossil fish
scales in detail from the Oligocene and Miocene and this paper fills a gap in the field of pa-
leoichthyological study in the Central Paratethys region. The basic morphological features
of each scale are given in the paper. This study can thus expand the number of taxa and com-
plete our knowledge of the fossil assemblages. Due to the fragmentary nature of the fossil
material it was not possible in most cases to study scale shape variation over the body.

MATERIAL AND METHODS

The majority of the studied material comes from the collections of the Department of
Geology and Paleontology of the Moravian Museum in Brno (MM). Museum numbers are
given for individual taxa in the systematic part and description. The material was studied
under an Olympus SZX10 microscope and photographed by author with a Canon EOS1100D
and Nikon D90 digital cameras.

Fig. 1. Scale characteristics shown
for a cycloid scale - Oligo-
phus moravicus (PAUCA),
(A) and a ctenoid (rege-
nerated) scale - Moronidae
gen. indet (B).

Obr. 1. Morfologie cykloidni Su-
piny - Oligophus moravicus
(Pauca), (A), ktenoidni (re-
generované) Supiny - Mo-
ronidae gen. indet (B).
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Order and family classifications in the systematic part follow those of NELSON et al.
(2016). Methodology of scale analysis of extant species, terminology of scale types, scale
shapes follow BRAGER and MoRITZ (2016, figs. 2-4), ROBERTS (1993) and PATTERSON et al.
(2002). Basic scale characteristics are shown on the own fossil material (fig. 1 A, B). Desc-
ription of the scale in the systematic part follow BRAGER and MoriTz (2016). The arrow in
the pictures points to the head (anterior field of the scale).

Skeletal remnants are mostly found as two halves of the slate and often only the in-
ner side of the squamation is exposed for observation. So we can see the anterior edge
of the scales (head direction), which is not normally visible from the external part be-
cause it is nested under the skin and covered by the previous row (fig. 2 A). The artifi-
cial resin transfer method (ARTM) has been used in some cases (e.g. BORNHARDT 1975,
MickLricH, DROBEK 2007)). This made, it possible to study the scales from the outside
(surface of the body), (fig. 2 B). In most cases, the identification of scales is supported
by the analysis of the entire skeleton or isolated bones or otoliths. Otherwise it is sta-
ted - there are no skeletal remains. Paleoecology of most taxa see (GREGOROVA 2013).

Fig. 2. Serranidae gen. indet. Dé-
vinska Nova Ves, Vienna
basin, Badenian, A - Scale
squamationn from the in-
ner side of the body, where
the anterior part with ra-
dii is preserved. B - Scale
squamation from the outer
side of the body, where the
posterior part with ctenii is
preserved, specimen prepa-
red by ARTM, Ge 28 472.

Obr. 2. Serranidae gen. indet. Dé-
vinska Nova Ves, videnska
panev, baden, A - Supinovy
pokryv z vnitini strany té-
la, kde je zachovana pfedni
strana Supin s radialnimi ry-
hami (radii), B - Supinovy
pokryv z vné&jsi strany té-
la, kde je zachovana zadni
strana Supin s ostny (cteni),
exemplar je preparovan me-
dotou ARTM, Ge 28 472.
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TYPES OF THE SCALES (according BRAGER and MoRriTz (2016)

Cycloid scales. Scales without additional separate ossifications. Marginal indentations or spine-
like projections might occur. Cycloid scale subtypes are:

True cycloid. Cycloid scale without any spine projections or marginal increments.

Crenate. Cycloid scale with marginal increments termed here as crenate.

Spinoid. Cycloid scale with spines that is continuous with the main body of the scale. Spi-
nes can be restricted to the posterior margin or scattered over the posterior field.

Ctenoid scales. Scales with additional separate ossifications, that form discrete spines cal-
led cteni. Ctenoid scales can occur with three types of cteni:

Peripheral cteni. Ctenoid scale with separate ossifications that occur as whole spines in one
row at the posterior margin.

Transforming cteni. Ctenoid scale with separate ossifications that arise as whole spines
in two or more alternating rows marginally and transform into truncated spines sub-
marginally.

Whole cteni. Ctenoid scale with separate ossifications that occur as whole spines marginal-
ly and sub-marginally.

SYSTEMATIC PART
Order Clupeiformes

Family Clupeidae

Scales of clupeids are distinguishable from other fish species, by having distinctive
grooves (radii) arranged in transverse, longitudinal or irregular orientation. They are the
most numerous scales that we find in the Menilitic Formation.

Szymczyk (1978) studied in detail the variability of clupeid scales of the species Clu-
pea sardinites (HECKEL) an older synonym of Maicopiella longimana (HECKEL) and Alosa
cf. sagorensis STEINDACHNER from the Menilite beds of the Polish flysh Carpathians. Ho-
wever, the material studied in this article does not allow us to use the results of the above-
mentioned article due to its fragmentary nature.

Maicopiella longimana (HECKEL)
Fig. 3 A, B

Type: cycloid: crenate. Shape: circular to oval or slightly quadrilateral: generally cor-
date to discoidal. Shape variability: moderate. Anterior field: flattened to convex with smo-
oth margin.

Lateral fields: flattened to convex and extended in dorso-ventral axis. Posterior field:
rounded to tapered end with slightly crenulated margin. Circuli: distinct and disconti-
nuous in the anterior and lateral fields, indistinct in the posterior field. Radii: transverse
grooves are present.

Comment: Clupeid scales, unlike whole skeletons, are very abundant in the Menili-
tic formation. KOVALCHUK et al. (2020) consider Maicopiella longimana (HECKEL) to be
the only species in the Oligocene of the Carpathians. Due to the large shape variability
of the clupeid scales, it is currently not possible to determine them at the level of spe-
cies or genera.
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Fig. 3.  Maicopiella longimana, Li-
tencice, Dynéw Marlstone,
Oligocene, A - isolated sca-
le, Ge 29604, B - part of
the squamation, Ge 33434.

Obr. 3. Maicopiella longimana, Li-
tencice, dynowské slinovce,
oligocén, A - izolovana Su-
pina, Ge 29604, B - ¢ast Su-
pinového pokryv, Ge 33434.

Alosa sp.
Fig. 4

Type: cycloid: Shape: circular to oval or slightly quadrilateral: generally cordate to dis-
coidal. Anterior field: flattened with low conical apex and smooth margin.

Lateral fields: flattened to convex and extended in dorso-ventral axis.

Posterior field: rounded.

Circuli: distinct and discontinuous in the anterior and lateral fields, indistinct in the
posterior field. Radii: Subhorizontal grooves are present in the posterior field. In the cen-
tral field there are a number of nodules forming a network-like structure.

Fig. 4. Alosa sp., isolated scale, Bys-
trice/Olsi, Sitbofice beds,
Oligocene, Ge 26862.

Obr. 4. Alosa sp., izolovana Supina,
Bystfice/ OIS, Sitbofické vrst-
vy, oligocén, Ge 26862.




Order Stomiiformes

Family Sternoptychidae
Argyropelecus priscus (PAUCA)
Fig. 5

Type: specialised. Shape: rectangular. Ventral angular keel scales extend in living spe-
cies below the abdominal photophores; the scales do not overlap each other. GREGOROVA
(1993, 2013) described complete skeleton material from the Sitbofice Beds of the Menili-
tic Formation from Moravian localities.

Fig. 5. Argyropelecus priscus, spe-
cialised rectangular scales
in the ventral keel of the
body, Bystfice/Olsi, Sitbo-
fice Beds, Oligocene, Ge
26929.

Obr. 5. Argyropelecus priscus, spe-
cializované hranaté Supiny
na bfiSni strané téla, Bys-
tiice/Olsi, Sitborické vrstvy,
oligocén, Ge 26929.

Order Myctophiformes

Family Myctophidae
Oligophus moravicus (PAUCA)
Fig. 6 A, B, C

Type: cycloid: true cycloid. Shape: circular to shell-shaped. Shape variability: 1ow. Ante-
rior field: ronded. The margin of this field is deeply scalloped. Lateral fields: ronded or fla-
tened and slightly extended in dorso-ventral axis. Posterior field: rounded with smooth mar-
gin. Focus: central. Circuli: distinct and discontinuous in the anterior field, distinct and
continuous in the lateral fields and in the posterior field. Radii: radii are present in the an-
terior field in radial orientation. There are three radii on the scales above lateral line (fig. 6A),
four to six radii in the ventral part, above photophores bearing scales. In myctophids, mo-
dified lenticular scales are developed on the ventral side of the body (for detail see GREGO-
ROVA (2004)), which are very well preserved on the fossil material from the Dynow Marlstone
of the Menilitic formation (Litencice locality).
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Fig. 6. Oligophus moravicus, Liten-
Cice, Dynow Marlstone, Oli-
gocene, A - scales from
the dorsal part of the body,
Ge 33435, B - scales with
the ventral photophores
(VO), Ge 23980, C - im-
prints of the scales rows
and specialized scales of
lateral line, Ge 33436.

Obr. 6. Oligophus moravicus, Liten-
Cice, dynowské slinovce, oli-
gocén, A - Supiny z hibetni
Casti téla, Ge 33435, B -
Supiny s bfisSnimi fotofory
(VO), Ge 23980, C - otisky
Supinovych fad a specializo-
vané Supiny lateralni linie,
Ge 33436.

Order Zeiformes

Family Zeidae
Zenopsis clarus (DANILTSHENKO)
Fig. 7
Type: specialised,Ge 29970.
Large buckler plates ventrally from pelvic fin to anal fin. Spine buclers lining the ven-
tral and dorsal contours of the body.
Whole skeletons were analysed by GREGOROVA (2011)
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Fig. 7. Zenopsis clarus, buckler pla-
tes, Litencice, Dynow Marl-
stone, Oligocene, Ge 29970.

Obr. 7. Zenopsis clarus, kylovité Su-
piny, LitencCice, dynowské sli-
novce, oligocén, Ge 29970.

Order Gadiformes

Gadiformes gen. indet.
Fig. 8

Type: cycloid: true cycloid. Shape: diamond-shaped. Shape variability: 1ow. Anterior
field and posterior field: strongly convex with pointed apex and smooth margin. Lateral
fields: flattened to convex and elongated in antero-posterior axis. Focus: central. Circuli: dis-
tinct and continuous, densely arranged. Radii: absent. The structure of gadiform caudal fin
supports the systematic identification of the scales.
Family Merlucciidae

Fig. 8. Gadiformes gen. indet. in-
complete specimen with
the squamation, Litencice,
Dynow Marlstone, Oligoce-
ne, Ge 33440.

Obr. 8. Gadiformes gen. indet., ne-
kompletni exemplaf s Supi-
nami, LitenCice, dynowské
slinovce, oligocén, Ge 33440.

Palaeogadus sp. 1
Fig. 9

Tiype: cycloid: true cycloid. Shape: oval: ovoid to oblong. Shape variability: low. Ante-
rior field: strongly convex with rounded apex and smooth margin. Lateral fields: flattened
to convex and elongated in antero-posterior axis. Posterior field: convex or rounded with
smooth margin. Focus: central. Circuli: distinct and continuous, densely arranged. Radii:
absent.
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Fig. 9. Paleogadus sp. 1, isolated
scales, Mouchnice, Dynow
Marlstone, Oligocene, Ge
33441.

Obr. 9. Paleogadus sp. 1, izolované
Supiny, Mouchnice, dynow-
ské slinovce, oligocén, Ge
33441.

Paleogadus sp. 2
Fig. 10

Type: cycloid: true cycloid. Shape: oval: ovoid. Shape variability: low. Anterior field:
strongly convex with rounded apex and smooth margin. Lateral fields: flattened to convex
and elongated in antero-posterior axis. Posterior field: rounded end with smooth margin. Fo-
cus: central. Circuli: distinct and continuous. Radii: absent.

Skeletal remains were analysed by GREGOROVA (2013).

Comment. Paleogadus sp. 2 differs from Paleogadus sp. 1 in its less elongated shape
of the scales.

Fig. 10. Paleogadus sp. 2, detail of
the squamation of comple-
te specimen, Bystfice/Olsi,
Sitbofice beds, Oligocene,
Ge 26858.

Obr. 10. Paleogadus sp. 2, detail Su-
pin Supin kompletniho je-
dince, Bystfice/OIsi, Sitbo-
fické vrstvy, oligocén, Ge
26858.

Family Gadidae
? Paleomolva sp.
Fig. 11

Type: cycloid: true cycloid. Shape: oval: ovoid to oblong.

Shape variability: 1ow. Anterior field: strongly convex with rounded apex and smooth
margin.

Lateral fields: flattened to convex and elongated in antero-posterior axis. Posterior
field: rounded end with smooth margin. Focus: central. Circuli: distinct and continuous,
low number of circuli in comparison with previous specimen Paleogadus sp. Radii: ab-
sent.

Comment: there are no skeletal remains.
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Fig. 11. ? Paleomolva sp., cycloid sca-
les, Mouchnice Dynéw Marl-
stone, Oligocene, MM, col-
lection Rzehak, Ge 33442.

Obr. 11. ? Paleomolva sp., cyklodni Su-
piny, Mouchnice dynowské
slinovce, oligocén, kolekce
Rzehak, Ge 33442.

Family Macrouridae
Coelorinchus sp.
Fig. 12 A, B
Type: cycloid: spinoid. Shape: circular to polygonal.
Shape variability: unknown. Anterior field: convex with pointed apex and smooth margin.
The antero-lateral corners are extended and pointed. Lateral fields: convex and exten-
ded in dorso-ventral axis. Posterior field: rounded to tapered end with spinous posterior
field. Focus: antero-central. Circuli: distinct and continuous in the anterior and lateral

Fig. 12. Coelorinchus sp., A - spin-
oid scales from the inner
side, B - detail of the spines
developed on the posterir
field (outer side), Cerova-
Lieskové, Karpatian (Late
Burdigalian) ,schlier” facies,
collection of comenius Uni-
versity Bratislava, unnumbe-
red.

Obr. 12. Coelorinchus sp., A - spi-
noidni Supiny z vnitini stra-
ny, B - detail ostnd na zad-
nim okraji Supiny (vnéjsi
strana), Cerova-Lieskové,
karpat (Burdigalian) $lirova
facie, sbirka Univerzity Co-
menského v Bratislavé, ne-
ocislované.
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fields, distinct and discontinuous in the posterior field. Radii: absent. Spines: 5-8 thorn-

shaped spines rows are arranged in entire posterior field.

A preserved otolith and other osteological features support the identification (GREGO-
ROVA in preparation).

Order Holocentriformes

Family Trachichthyidae

Gephyroberyx cf. darwinii (JOHNSON)

Fig. 13 A, B, C.

Fig. 13.

Obr. 13.

Gephyroberyx cf. darwinii,
large keeled scales between
pelvic and anal fins, A -
keeled and body scales, Ge
29 968, B - spines of the
keeled scales, Ge 29 969,
C - detail of the spinoid
scales with the posteriorly
oriented spine - arrow, Ge
29968, Litencice, Dyndéw
Marlstone, Oligocene.

Gephyroberyx cf. darwinii,
specializované Supiny mezi
brisni a analni ploutvi, A -
kylovité Supiny, Ge 29968,
B - ostny kylovitych Supin,
29969, C - detail spinoid-
nich Supin s dozadu orien-
tovanym ostnem - Sipka,
Ge 29968, Litencice, dynow-
ské slinovce, oligocén.




Two types of the scales are developed: cycloid - spinoid and large scutes on the ven-
tral part of the body.

Type: cycloid: spinoid. The body scales small, thin, irregularly arranged. Shape: semi-
circular. Anterior field: convex. Lateral fields: flattened to convex and extended in dorso-ven-
tral axis. Posterior field: slightly rounded, flatened, irregular with a spine projecting poste-
riorly (fig. 8 B, C). One or two dark spots indicate spines in the central part of the scales.
Focus: not observable. Circuli: not observable.

Type: specialised large keeled scales between pelvic and anal fins (fig. 8 A, B).

Skeletal remains were analysed by GREGOROVA (2011).

Family Holocentridae
Holocentridae gen. indet.,
Fig. 14
Type: cycloid: spinoid. Shape: polygonal: pentagonal to hexagonal. Shape variability: high.
Anterior field: flattened to slightly ronded with smooth margin. Lateral fields: flattened
to convex and elongated in dorso-ventral axis. Posterior field: rather flattened with spinous
margin. Focus: central. Circuli: distinct and continuous in the anterior and lateral fields, in-
distinct in the posterior field. Radii: absent. Spines: about 10 teeth-like spines emerge from
the posterior margin. The scales are robust and thick.
Osteological characters support the identification (GREGOROVA in preparation).

Fig. 14. Holocentridae gen. indet.,
isolated spinoid scales, Bys-
tice/Olsi, Sitbofice Beds,
Oligocene, akc. 2/90.

Obr. 14. Holocentridae gen. indet.,
izolované spinoidni Supiny,
Bystfrice/Olsi, sitborické vrst-
vy, oligocén, ake. 2/90.

Order Gobiiformes

Familly Gobiidae
Gobius jarosi (PRIKRYL et REICHENBACHER)
Fig. 15
Tiype: ctenoid: peripheral cteni. Shape: circular: true circular or discoidal. Shape varia-
bility: low. Anterior field: no observable. Lateral fields: no observable. Posterior field: roun-
ded end with ctenous margin. Focus: posterior.
Circuli: distinct and discontinuous; continuous only in the postero-lateral section.
Radii: primary, secondary and tertiary radii are present in the anterior and lateral
fields in parallel to radial orientation. Radii often extend to the posterior field.
Cteni: peripheral cteni.
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The scales are relatively large and are arranged in about five - six rows.
Each row appears to contain slightly more than 30 scales (REICHENBACHER ef al. 2017).

Fig. 15. Gobius jarosi, squamation
with ctenoid scales with typi-
cal peripheral ctenii, Vaza-
ny/Litavou, Hustopece Marl,
early Miocene, Ge 25032.

Obr. 15. Gobius jarosi, ktenoidni Su-
piny s typickymi perifernimi
ostny, Vazany/Litavou, hus-
topecské sliny, spodni mio-
cén, Ge 25032.

Order Carangiformes
Family Echeneidae
Echeneidae gen. indet.
Fig. 16

Type: Cycloid. Shape: diamond. Anterior field and posterior field: symmetrical shape
with sharp edge. Lateral fields: slightly convex elongated in the antero-posterior axis Focus:
central. Circuli: distinct and continuous. Radii: absent.

Skeletal remains were analysed by GREGOROVA (2013). MICKLICH at al. (2016) descri-
bed detail of squamation of Oligoremora rhenana n. g. n. sp. that are very similar to the sca-
les of the representative presented here.

Fig. 16. Echeneidae gen. indet., cy-
cloid diamond shaped sca-
les, Litencice, Sitborice Beds,
Oligocene, Ge 32996.

Obr. 16. Echeneidae gen. indet., cyk-
loidni kosoCtvereéné Supi-
ny, Litencice, Sitborické vrst-
vy, oligocén, Ge 32996.
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Order Istiophoriformes

Family Sphyraenidae
Sphyraena sp.
Fig. 17

Type: cycloid. Shape: circular: true circular to discoidal. Shape variability: low. Anterior
field: no observable. Lateral fields: convex. Posterior field: rounded, smooth ?. Focus: central.
Circuli: distinct.

Comment: Detail of the squamation (fig. 25) is taken from partially preserved skele-
ton. Osteological characters and an otolith support the determination of the genus (GRE-
GOROVA in preparation).

Fig. 17. Sphyraena sp., squamation
with circular scales, Dévin-
ska Nova Ves, Vienna basin,
Badenian, private collection.

Obr. 17. Sphyraena sp., cyklodni ku-
laté Supiny, Dévinska Nova
Ves, videnska panev, baden,
soukroma sbirka.

Family Palaeorhynchidae
Palaeorhynchus sp.
Fig. 18

Type: cycloid: true cycloid. Shape: circular to oval: true circular to ovoid.

Size variability: hight. Anterior field: convex with smooth margin. Lateral fields: con-
vex. Posterior field: rounded end with smooth margin. Focus: central. Circuli: dense, dis-
tinct and continuous. Radii: absent.

Skeletal remains were analysed by GREGOROVA (2013).

Fig. 18. Palaeorhynchus sp., cycloid
scale, Litenéice, Sitbofice
Beds, Oligocene, Ge 33062.

Obr. 18. Palaeorhynchus sp., cyklod-
ni Supina, LitencCice, Sitbo-
fické vrstvy, oligocén, Ge
33062.
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Order Pleuronectiformes

Familly Scopthalmidae gen. indet.
Fig. 19

Type: ctenoid. Shape: rounded. Shape variability: low. Anterior field: ronded Lateral
fields: convex. Posterior field: slightly tapered end with ctenous margin. Focus: postero-cen-
tral. Circuli: distinct continuous in the anterior field and lateral fields. Radii: primary occur
in the anterior field in radial orientation. Cteni: transforming cteni.

Comment: this specimen was assigned to the genus of Scopthalmus by GREGOROVA
(2011), but its recent representatives have cycloid scales, so the question of the systematic
classification of the fossil representative remains open.

Fig. 19. Scopthalmidae gen. indet.,
detail of the spinoid scales
from the caudal region, Li-
tencice, Dynow Marlstone,
Oligocene, Ge 29977.

Obr. 19. Scopthalmidae gen. indet.,
detail spinoidnich Supin
z kaudalni oblasti, Litenci-
ce, dynowské slinovce, oli-
gocén, Ge 29977.

Order Syngnathiformes

Family Syngnathidae
Syngnathus sp.
Fig. 20 A, B

Fig. 20. Syngnathus sp., specialised
scales of carapace, Krum-
vif, Hustopece Marl, Ege-
rian, A - Ge 33437, B - Ge
33438.

Obr. 20. Syngnathus sp., specializova-
né Supiny karapaxu, Krum-
vif, hustopecské sliny, eger,
A - Ge 33437, B - Ge 33438.




Type: specialized. Shape: Quadrilateral to rectangular. Shape variability: low. The
scales possess in the middle a ridge from which parallel grooves extend vertically. They
are connected finger-like with the grooves of the adjacent scales forming a solid cara-
pace.

Skeletal remains were analysed by GREGOROVA (2013).

Order Scombriformes

Family Scombridae
Scomber sp.
Fig. 21 A, B

Type: cycloid. Shape: oval, irregular rectangular or rhomboidal. Shape variability: high.
Anterior field: flattened with smooth margin. Lateral fields: flattened or sligtly ronded ex-
tended in dorso-ventral axis. Posterior field: rounded. Focus: central. Circuli: distinct and con-
tinuous. Radii: absent.

Whole skeleton was described by GREGOROVA (2013).

Fig. 21. Scomber sp., A - isolated
cycloid scales, B - squama-
tion from the dorsal part
of the body, Bystfice/Olsi,
Sitborfice beds, Oligocene,
Ge 27064.

Obr. 21. Scomber sp., A - izolované
cykloidni Supiny, B - Su-
pinovy pokryv z dorzalni
Casti téla, Bystrice/OlSsi, Sit-
borické vrstvy, oligocén, Ge
27064.
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Family Euzaphlegidae
Palimphyes sp.
Fig. 22 A, B

Type: cycloid: true cycloid. Shape: quadrilateral: square. Anterior field: flattened with
a striate margin. Lateral fields: flattened to convex Posterior field: slightly ronded with smo-
oth margin. Focus: antero - central. Circuli: distinct and continuous in the anterior and the
lateral fields, wrap around the focus and run semiparallel to the posterior field. Radii: about
22 radii present in the anterior field in radial orientation.

Skeletal remains were analysed by GREGOROVA (2011).

Fig. 22. Palimphyes sp. A - detail of
the squamation, Ge 30206,
B - isolated scales, Ge
33439 (Fig. B), Litencice,
Dynow Marlstone, Oligo-
cene.

Obr. 22. Palimphyes sp. A - detail
Supinového pokryvu, Ge
30206, B - izolované Su-
piny, Ge 33439 (obr. B),
Litencice, dynowské slinov-
ce, oligocén.

Order Perciformes

Family Leiognathidae
Leiognathoides minutus (DANILTSHENKO)
Fig. 23

Type: cycloid: true cycloid. Shape: circular. Shape variability: 1ow. Anterior field: stron-
gly convex with rounded apex and smooth margin. Lateral fields: flattened to convex and
elongated in antero-posterior axis. Posterior field: rounded end with smooth margin. The
scales are small, there are 3-4 rows between hemal spines. Focus: central. Circuli: distinct
and continuous. Radii: absent.
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Whole skeletons were analysed by GREGOROVA (2013). MICKLICH et al. (2017) descri-
be skeletons and scales of Leiognathoides cf. altapinna, from the Oligocene of the Grube
Unterfeld (“Frauenweiler”) clay pit. These authors describe radii on scales in the caudal
part of the body. This character is not observable on our material.

Fig. 23. Leiognathoides sp. cycloid
scales, Hustopece marl, Va-
zany nad Litavou, Early
Miocene, Ge 25026.

Obr. 23. Leiognathoides sp., cykloid-
ni Supiny, hustopecské sli-
ny, Vazany nad Litavou,
spodni miocén, Ge 25026.

Family insertae sedis
? Oligoserranoides sp.
Fig. 24

Type: ctenoid: transforming cteni. Shape: quadrilateral: square or rectangular. Shape
variability: unknown. Anterior field: flattened with striate to slightly scalloped margin. The
antero-lateral corners are at right angle. Lateral fields: flattened and elongated in antero-po-
sterior axis. Posterior field: rounded to tapered end with ctenous margin. Focus: postero-cen-
tral. Circuli: distinct; discontinuous in the anterior field, continuous in the lateral fields, dis-
continuous in the posterior field. Radii: at least 13 radii are present in the anterior field in
radial orientation. Cfeni: transforming.

These scales belong probably to the most common percoid genus Oligoserranoides
that has been revised by BIENKOWSKA-WASILUK and PALDYNA (2018).

Fig. 24. Oligoserranoides ? sp., cte-
noid scales, Litencice, Sit-
boftice beds, Oligocene, Ge
33055.

Obr. 24. Oligoserranoides ? sp., kte-
noidni Supiny, Litencice,
sitbofické vrstvy, oligocén,
Ge 33055.
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Order Scorpaeniformes

Family Triglidae gen. indet.
Fig. 25

Type: spinoid. Due to the small size of the specimen, only spines are observable on
the specimen and no other morphological characters.

Whole skeletons were analysed by GREGOROVA (2013).

Fig. 25. Triglidae gen. indet., detail
of the preserved scale spi-
nes, Litencice, Dynow Marl-
stone, Oligocene, Ge 29972.

Obr. 25. Triglidae gen. indet., detail
Supinovych ostntl, Litenci-
ce, dynowské slinovce, oli-
gocén, Ge 29972.

Order Moroniformes

Moronidae gen. indet.
Fig. 26 A, B

Type: ctenoid: transforming cteni.

Shape: quadrilateral to polygonal: square or rectangular to pentagonal. Shape variabi-
lity: moderate. Anterior field: flattened with striate to slightly scalloped margin. The antero-
lateral corners are slightly pointed. Lateral fields: flattened and elongated in antero-poste-
rior axis.

Posterior field: rounded to tapered end with ctenous margin. Focus: postero-central.

Circuli: distinct; discontinuous in the anterior field, continuous in the lateral fields,
discontinuous in the posterior field. Radii: primary and secondary radii are present inthe
anterior field in radial orientation. Cfeni: transforming.

Identification of the skeletal remains and scales were anlysed by GREGOROVA et al.
(2016).
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Fig. 26. Moronidae gen. indet., A -
slightly disarticulated squa-
mation of ctenoid scales -
both the front and back of
the scale are visible, Ge
31065, B - outer side squa-
mation with the posteriot
ctenous field of the scales,
Ge 33443, Litencice, Dynow
Marlstone, Oligocene.

Obr. 26. Moronidae gen. indet., A -
¢ast mirné disartikulované-
ho pokryvu ktenoidnich Su-
pin - je viditelna pfedni
i zadni cast Supiny, Ge
pokryv se zadni stranou
ktenoidniho okraje Supin,
Ge 33443, Litencice, dynow-
ské slinovce, oligocén.

Order Spariformes

Family Sparidae
Diplodus sp.
Fig. 27 A, B

Type: ctenoid: transforming cteni. Shape: circular. Shape variability: moderate. Anterior
field: rounded with waved margin. Lateral fields: ronded. Posterior field: rounded with cte-
nous margin.

Focus: central. Circuli: distinct and continuous in the anterior and lateral fields, indis-
tinct in posterior field. Four distinct circuli around focus. Radii: radii are present in the an-
terior field in radial orientation. Eight radii were counted on the scales of the ventral part
of the body.

Analysis of skeletal remains (GREGOROVA 2009) supports taxonomic affinity of sca-
les.
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Fig. 27. Diplodus sp., A - partial
squamation with posterior
exposed part, B - anterior
part with radii, Devinska
Nova Ves, Badenian, Vien-
na Basin, Ge 29816.

Obr. 27. Diplodus sp., A - Supinovy
pokryv se zadni viditelnou
Casti. B - predni Cast s ra-
dii (zakryta ¢ast), Dévin-
ska Nova Ves, Baden, vi-
denska panev, Ge 29816.

Order Caproiformes

Family Caproidae
Capros sp.
Fig. 28

Type: cycloid: spinoid. Shape: not observable. Shape variability: not observable. Ante-
rior field: are not observable. Lateral fields: are not observable. Posterior field: rounded end
with smooth margin but spinous posterior field. Spines: numerous, long and thin spines are
scattered within the entire posterior field; they overreach the posterior margin. Focus: po-
stero-central. Circuli: distinct and continuous in the anterior and lateral fields, discontinu-
ous to indistinct in the posterior field. Radii: absent.

Osteological analysis supports the systematic identification of the scales (GREGORO-
VA in preparation).
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Fig. 28. Capros sp., numerous semi-
paralel scales spines, Bys-
tiice/Olsi, Sitbofice beds,
Oligocene, Ge 26933.

Obr. 28. Capros sp., Cetné semipara-
leni Supinové ostny, Bystfi-
ce/Olsi, Sitbofické vrstvy,
oligocén, Ge 26933.

Order Tetraodontiformes

Family Ostraciidae
Oligolactoria bubiki (TYLER et GREGOROVA)
Fig. 29 A, B

Fig. 29. Oligolactoria bubiki, A -
group of scales in almost
articulated position, Bystfi-
ce/Olsi, Sitbofice beds,
Oligocene, Ge 26830, B -
ventral carapace of the
body, Litencice, Sitbofice
beds, Oligocene, Ge 32990.

Obr. 29. Oligolactoria bubiki, A -
skupina Supin v témér arti-
kulované pozici, Bystfice/
Olsi, Sitbofické vrstvy,
oligocén, Ge 26830, B -
ventralni karapax, Liten-
¢ice, Ge 32990, Sitborické
vrstvy, oligocén.

304



Type: specialised scales. Shape: robust hexagonal scales are finely denticulate for inter-
digitation with opposing plates to form a solid carapace of the body. They are tuberculate
on the outer surface, with the central tubercle tending to be larger and more elevated than
the others.

Whole skeletons were described by TYLER and GREGOROVA (1990).

Teleostei gen.indet. 1
Fig. 30 A, B

Type: cycloid crenate. Shape: quadrilateral: square or rectangular. Shape variability: un-
known. Anterior field: flattened with smooth margin. Lateral fields: flattened and elongated
in dorso-ventral axis. Posterior field: flattened to rounded end with marginal increments ter-
med as crenae. Focus: postero-central.

Circuli: distinct; discontinuous in the anterior field, continuous in the lateral fields,
discontinuous in the posterior field. Radii: no radii.

No whole skeletons.

Fig. 30. Teleostei gen. indet 1, cyc-
loid crenate scales, Kfepi-
ce, Dynow Marlstone, Oli-
gocene, Ge 3356.

Obr. 30. Teleostei gen. indet 1, cyk-
lodni ,crenate” Supiny, Kie-
pice, dynowské slinovcee, oli-
gocén, Ge 3356.

Teleostei gen. indet. 2
Fig. 31

Type: cycloid. Shape: quadrilateral: semirectangular. Shape variability: unknown. Ante-
rior field: flattened with deeply scalloped margin creating two lobes. Lateral fields: flatte-
ned and elongated in dorso-ventral axis. Posterior field: flattened to slightly rounded. Ron-
ded and pointed protuberance cover posterior field below focus. Larger protuberance are
irregulary developed along two deep lobes. Focus: posterior field. Circuli: distinct; continu-
ous in the anterior and lateral field. Radii: one radius.

Comment: this taxon is know only by the scales. Considering the size of the scale, it
was a very large individual. There are no whole skeletons.
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Fig. 31. Teleostei gen indet. 2, cyc-
loid scale, Bystré, Oligocene,
Slovak Republic, Ge 33444.

Obr. 31. Teleostei gen indet. 2, cyk-
loidni Supina, Bystré, oligo-
cén, Slovensko, Ge 33444.

Teleostei gen. indet. 3
Fig. 32

Type: cycloid: Shape: oval. Anterior field: two tapered lobes. Lateral fields: flattened and
elongated in antero-posterior axis. Posterior field: rounded. Focus: posterior field. Circuli:
distinct; continuous in the anterior and lateral field.

Comment: this species is know only by scales. Considering the size of the scale, it was
a very large individual as the previous fish.

Fig. 32. Teleostei gen. indet. 3 cyc-
loid scale, Mouchnice, Dy-
now Marlstone, Oligocene,
Ge 33445.

Obr. 32. Teleostei gen. indet. 3, cyk-
loidni Supina, Mouchnice,
dynowské slinovce, oligo-
cén, Ge 33445.

CONCLUSION

Scales of thirty taxa of Teleostei from the Paleogene and Neogene sediments of the
Central Paratethys are presented and figured in this paper. Most of the material came from
the Menilitic Formation and from the Zdanice-Hustopeée Formation of the Moravian part
of the Carpathian flysh zone, some examples come from the Central Carpathian Paleoge-
ne and the Miocene of the Vienna Basin (Slovak Republic). Four principal scale type are
described: true cycloid: Oligophus moravicus, Gadiformes fam. indet., Paleogadus sp.1, 2, ?
Paleomolva sp., Palimphyes sp., Leiognathoides sp., Sphyraena sp., Palaeorhynchus sp., Eche-
neidae gen. indet.; cycloid crenate: Maicopiella longimana, Alosa sp., cycloid spinoid: Coe-
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lorinchus sp. (first record of skeletal remains), Gephyroberyx cf. darwinii, Holocentridae
gen. indet., Scopthalmidae gen. indet., Triglidae gen. indet., Capros sp.; ctenoid: Diplodus
sp., Gobius jarosi, Moronidae gen. indet., Percoidei gen indet.; specialised scales: Argyrope-
lecus priscus, Syngnathus sp., Gephyroberyx cf. darwinii, Zenopsis clarus, Oligolactoria bubi-
ki.

Analysis of isolated scales or partial squamation indicated that the fish fauna assem-
balge was more diversified than the study of entire and partial skeletons has shown. Iden-
tification of scales in terms of their taxonomic affiliation is an important tool for paleon-
tological evaluation of fossil remains where the entire skeletons are unknown. The size of
some of the scales (Palaeorhynchus sp. Teleostei gen. indet. 2 and 3) indicates that much
larger fish lived in the assemblage than we would expect based on the skeletons.

SOUHRN

Clanek presentuje §upiny tficeti taxont ryb (Teleostei) z paleogennich a neogennich
sedimentl centralni oblasti Paratethys. VétSina materialu byla studovana z menilitového
souvrstvi a zdanicko-hustopeckého souvrstvi moravské Casti flySové zony Karpat; nékteré
priklady pochazi ze vnitrokarpatského paleogénu a z miocénu videnské panve (Slovensko).
Jsou zde popsany Ctyfi hlavni typy Supin: pravé cykloidni: Oligophus moravicus, Gadiformes
fam. indet., Paleogadus sp.1, 2, ? Paleomolva sp., Palimphyes sp., Leiognathoides sp., Sphyra-
ena sp., Palaeorhynchus sp., Echeneidae gen. indet.; ,crenate cykloidni: Maicopiella lon-
gimana, Alosa sp., cycloidni spinoidni: Coelorinchus sp., Gephyroberyx cf. darwinii, Holocen-
tridae gen. indet., Scopthalmidae gen. indet., Triglidae gen. indet., Capros sp.; ktenoidni:
Diplodus sp., Gobius jarosi, Moronidae gen. indet., Percoidei gen indet.; specializované Su-
piny: Argyropelecus priscus, Syngnathus sp., Gephyroberyx cf. darwinii, Zenopsis clarus, Oli-
golactoria bubiki.

Studium Supin je vyznamnym nastrojem pfi indentifikaci rybich zbytka a doklada, ze
rybi spolecenstvo bylo diverzifikovanéjsi, nez ukazuje analyza pouze celych skeletd. Identi-
fikace Supin z hlediska jejich taxonomické prislusnosti je dllezitym nastrojem pro paleon-
tologické a paleoekologické hodnoceni fosilnich pozlstatk, kde celé kostry chybi. Velikost
nékterych Supin naznacuje, Ze ve spoleCenstvech zily mnohem vétsi ryby, nezZ bychom na
zakladé koster ocekavali.
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