Paleogene fish otoliths (Teleostei) from the Subsilesian
and Zdanice units in Moravia
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The Oligocene fish otolith fauna from the Subsilesian Unit of Western Carpathians in Moravia is described for the
first time. The otoliths were found in pebbly mudstones and slumps interfingering with the Menilite Formation
while hemipelagites of the formation are barren in otoliths. The otoliths represent deep-sea taxa dominated by
myctophids. Two different otolith-based assemblages were distinguished: lower-slope assemblage with Vinciguerria
sp., ‘Phosichthys’ triquetrus (Brzobohaty), ‘Diaphus’ alcoholicus Brzobohaty & Nolf, Oligophus moravicus (Pauca),
Melanonus triangulus (Robba), Palacogadus cf. intergerinus Daniltshenko, Coryphaenoides sp., and upper-slope
assemblage with Xenodermichthys cf. senesi Nolf & Brzobohaty, Scopelarchus sp., ‘Diaphus’ cf. excavatus (Sulc),
‘Diaphus’ sp., and ?Synaphobranchidae indet. Otoliths are interpreted as in situ fauna, although the upper-slope
assemblage may contain reworked specimens from the Eocene. Cutthroat eel (Synaphobranchidae) represents
probably the first fossil otolith record of the family. The otolith fauna from the Subsilesian Unit can be compared
with faunas of the Pouzdfany Marl, Ranzano Formation of Northern Apennines and IPM1 ecostratigraphic Zone of
the Polish Carpathians. The otoliths document palacomediterranean deep-water fish fauna strictly different from the
modern Mediterranean fishes. ¢ Key words: Teleostei, otoliths, Eocene, Oligocene, Outer Flysch Carpathians.
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In the Outer Flysch Carpathians of Moravia, the first fish
otolith fauna was known from the Pouzdfany and Zdanice
units. In the Pouzdifany Unit, very rich otolith assemblages
were described from the Pouzdiany Marl (Schubert 1906,
1908; Brzobohaty 1967, 1982; Kucera 1994). Brzobohaty
& Krhovsky (1998) published a synopsis of fish otolith
taxa from these strata together with palacogeographic
and stratigraphic interpretation. The otolith fauna of the
classic locality “Pouzdfany — Wine cellars” reflects a mid-
water environment with normal salinity and palacodepth
between 300 and 400 m, whereas in the locality “Pouz-
drany — Above the mill” otoliths indicate deeper habitats
between 500 and 700 m. With comparable facies char-
acters, the Pouzdiany Marl otolith fauna shares 3 of the
13 nominal species with the Kiscell Clay fauna from Hun-
gary (Nolf & Brzobohaty 1994).

In the Zdanice Unit, otoliths occur in the Sheshory
Marl and the Menilite Formation (Pauca 1931, Weiler
1935, Brzobohaty & Kalabis 1978, Brzobohaty 1981). The
Sheshory Marl contains a mesopelagic otolith association
with ‘Diaphus’ longirostris (= Oligophus moravicus),
Valenciennellus sp., and epipelagic Bregmaceros catulus.
Shallower dwelling fishes (Palaeogadus, Lepidopus)
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occur in the lower part of the Menilite Formation (Sub-
chert, Chert, and Dyndéw members). Otoliths of Oligophus
in the upper part of the formation (Sitbofice Member)
prove a return of deep-water fauna.

So far no otoliths were reported from the Subsilesian
Unit which represents a northwestern continuation of
the Zdanice Unit with similar depositional history and
palacogeographical position. This paper brings infor-
mation on the new otolith fauna recovered from the
Menilite Formation and lower Oligocene pebbly mud-
stones of the Subsilesian Unit together with a revision of
the older data from the Zdéanice Unit.

Geological setting

The Outer Flysch Carpathians are allochthonous rootles
accretionary wedge formed by polyphase deformation of
uppermost Jurassic to early Miocene deep-sea sediments
deposited in sub-basins of northern Tethys near the North
European Platform margin. Orogenetic events started in
the Eocene and Outer Carpathians gained definite structure
in the middle Miocene. The Waschberg, Subsilesian
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Figure 1. Overview tectonic map of the Outer Flysch Carpathians in
Moravia with the position of studied sections.

and Zdénice units, united by some authors to the single
Waschberg-Zdéanice-Subsilesian Unit, form external part
of the Outer Group of Nappes (Menilite-Krosno Group)
of the Outer Carpathians (Fig. 1). The Subsilesian Unit
differs from Zdanice Unit by its stronger deformation,
but its lithology and stratigraphy are very similar to those
of later one (Picha et al. 2006). The Pouzdtfany Unit
forms tectonic slices of upper Eocene to lower Miocene
sediments along the outer margin of the Zdanice Unit
(Krhovsky et al. 1992, Svabenicka et al. 2007).

All mentioned units represent the sedimentary fill of
single marine domain between the margin of the North

European Platform and central part of the Silesian
Basin. The Waschberg-Zdanice-Subsilesian sedimentary
area possesses an oceanic character until the end of the
Eocene. During the early Oligocene, a gradual isolation
from the world ocean resulted in the deposition of
organic-rich pelagites of the Menilite Formation. The
Pouzdrany sedimentary area was situated between the
Zdanice-Subsilesian sedimentary area and autochthonous
Paleogene of platform margin (Nesvacilka and Vranovice
submarine canyons). The submarine canyon setting
controlled the deposition of organic-rich brown muds
during the late Eocene while in the Zdanice-Subsilesian
sedimentary area deposition of grey and greenish clays
prevailed.

The Oligocene Menilite Formation in Moravia is
subdivided from the bottom to top to four members with
specific lithology and fossil record (Fig. 2): the Sub-
chert Member (hemipelagic marls and mudstones),
Chert Member (menilite cherts and claystones), Dynow
Member (nannofossil marlstone) and Sitbotice Member
(hemipelagic marls and mudstones). The formation
contains many anoxic horizons with abundant skeletal fish
remains and sporadic fish otoliths. Locally, in the Bystfice
nad OISi area, the Menilite Formation laterally passes to
clayey sandstones and pebbly mudstones of submarine
slumps described by Mencik et al. (1983) under the
informal name “Formation of pebbly mudstones”. The
mudstones lack the skeletal fish fauna but contain otolith
fauna in places.

Material and methods

The otolith fauna was found at several localities in
external nappe units of Western Carpathians in Moravia
(Fig. 1). The fossil material from the Subsilesian Unit

* %D PouzdFany Unit Zdanice Unit Subsilesian Unit
- o NN2
== & [N - 7 Zenklava F
S| o anice- ¢ . enklava Fm.
3—% L%) NP25| 06 ) Zdanice-Hustopece Fm \%
i g 05 Uher¢ice Fm.
< NP24 e D s—
g c o £ Sitbofi € Sitborice Mb
S c|ls 03 w Sitbofice Mb. w itborice Mb.
— e I | I T SO S | S 5 < Y
O |s|g|NP23| 02 S I — Dynéw Mb. | "= Dynow Mb.
Sl dlatomites [ Chert Mb. | S ChertMb.
e NP22| 4 = Subchert Mb. =" Subchert Mb::
= [ = |NP21 FOGl 7T N&émice Fm. Frydiant Fm.
w|a | E16 Sheshory Mb. Sheshory Mb.

Figure 2. Oligocene lithostratigraphy of the Pouzdiany, Zdanice and Subsilesian units (after Stranik et al. 1991, modified). Abbreviations:
*] — Martini (1971); *2 — Berggren & Pearson (2005); E. — Eocene; M. — Miocene; Pr. — Priabonian; Aq. — Aquitanian; P. M. — pebbly mudstones.
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was collected during field works in Bystiice nad OISi
during years 1979-84 by one of the authors (M.B.).
Isolated otoliths were obtained from the weathered
matrix of pebbly mudstones from the Jatny MB067 and
Hluchova MBO028 sections by washing. The otolith fauna
from clayey sandstone at Hluchova MB029 section was
retrieved by the careful splitting of the rock. Since the
times of field works the otolith-bearing outcrops at the
Hluchova MB028 and MB029 sections were covered
by riprap boulders protecting the stream banks against
erosion and are not accessible any-more.

The otoliths and other fish remains (teeth, scales)
from the Zdanice Unit were collected at surface outcrop
of the Dynéw Member in Moutnice (R.B.). The otoliths
were collected directly from the lamination surface of
the silicified marlstones. Further otoliths of the Menilite
Formation were obtained from the core of the Kiepice-5
borehole by washing on sieves 0.063-2.0 mm (R.B.).
Borehole section was sampled for otoliths every metre.

The otoliths were examined using a Wild Heerbrugg
microscope. Taxonomic notes are ordered after Nelson et
al. (2016). All otolith-based species from Subsilesian and
Zdanice units are listed and those discussed in “Taxonomic
notes” are figured. Following the nomenclatory practice
of Lin et al. (2016), the species, that cannot be attributed
to a particular modern genus, are coupled with the generic
name of the type genus of the family or tribe enclosed in
inverted commas (see ‘Phosichthys’ and ‘Diaphus’).

All figured specimens are deposited in the collection
of types at the Department of Geological Sciences of the
Masaryk University in Brno (DGS MU) under collection
numbers 0279 to 0296.

Brief descriptions of sections in the Subsilesian and
Zdanice units situated in different parts of Moravia and
Silesia are given below:

Hluchovda MB028. — The section was situated in the
left bank of the Hluchova Brook in Bystiice Village
(49° 38" 44.6" N, 18° 44" 22.0" E). It comprises
continuous succession from the Sheshory Member to
the Subchert Member (Fig. 3). Brown mudstones of the
Subchert Member contained 10 to 100 cm thick horizons
and lenses of pebbly mudstones with pebbles of quartz,
metamorphic rocks, carbonates, and small macrofauna:
bivalves, gastropods, brachiopods, large foraminifera,
bryozoans, serpulids, echinoid elements, and rare otoliths.
The planktonic foraminifera Dipsidripella danvillensis
(H. et W.), Turborotalia ampliapertura (Bolli),
Pseudohastigerina micra (Cole), Tenuitella brevispira
(Subb.) indicate Oligocene age and reworking from the
Eocene. The underlying Sheshory Member consisted
of light grey mottled marl with few thin marlstone
intercalations. Planktonic foraminifera Turborotalia
ampliapertura (Bolli), Catapsydrax howei (B. et B.), and

frequent Dipsidripella danvillensis (H. et W.) indicate its
late Eocene age.

Hluchova MB029. — About 50 m upstream from the
MBO028, small outcrop was exposed in the left bank of
Hluchova Brook (49° 38" 45.6” N, 18° 44" 24.0" E).
Beige nannofossil marlstone (Dyndéw Marlstone) enclosed
the slump body of brown-grey sandy mudstone to clayey
sandstone (Fig. 3). The sandy mudstone displayed
convolute lamination, slump folds, and pebble admixture.
The marlstone contained mass occurrence of nannofossil
Reticulofenestra ornata, isolated fish bones and gill spines
of Keasius parvus (Leriche). The sandy mudstone contained
small mollusc macrofauna Thyasira sp., Cuspidaria sp.,
Solemya bachmayeri Ctyroky, Retusa sp., Roxania
sp., Limatula sp., rare hexacorals and tubes of Ditrupa sp.
Planktonic foraminifer assemblage with Globigerina
praebulloides (Blow), Globoturborotalita ouachitaensis
(H. et W.), Turborotalia ampliapertura (Bolli), Tenuitella
brevispira (Subb.) and Pseudohastigerina naguewichiensis
(Mjat.) indicates the O1 Zone sensu Berggren & Pearson
(2005) that may be correlated with the lower Kiscellian.
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Figure 3. Lithology and stratigraphy of the Hluchova MB028
and MBO029 sections with indicated finds of otolith fauna and
micropalaeontological samples.
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Jatny MB067. — The section is situated in the deep gully of
Jatny Brook at Bysttice Village (49° 37" 35.0" N, 18° 43’
06.9” E). Well exposed continuous section of strata (Fig. 4)
was informally named “Formation of pebbly mudstones”
by Mencik et al. (1983). The formation rests by erosional
base on early Eocene mudstone-sandstone turbidites of
the Frydlant Formation. The basal member consists of
light-grey sandstone turbidites. They are overlaid with
slump body of brown-grey clayey sandstone. The highest
part consists of brown pebbly mudstone with submarine
slump and landslide structures. The mudstone contains
detritic layers and lenses (like at MB028) and blocks
of exotic rocks up to 2m in diameter (metamorphics,
marlstones, claystones, nummulitic limestones, sand-
stones, coal efc.). The detritic layers contain small
macrofauna: molluscs Propeamusium cf. fallax (Korob.),
Lima sp., Barbatia sp., Cardita sp., Ostrea sp., Chlamys
sp., Astarte sp., Dentalium sp., gastropods, nummulits,
large Bathysiphon tubes, bryozoans, brachiopods,
serpulids, echinoid and crinoid elements, and rare otoliths.
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Figure 4. Lithology and stratigraphy of the Jatny MB067 section with
indicated finds of otolith fauna and micropalacontological samples.
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Planktonic foraminifers Subbotina patagonica T. et K.,
Acarinina bullbrooki (Bolli), A. pseudotopilensis Subb.,
A. pseudodubia (Bandy), Dipsidripella danvillensis
(H. et W.), Turborotalia ampliapertura (Bolli) from the
mudstones evidence reworking from different levels of
the Eocene.

Moutnice. — In an abandoned small quarry in the fields
southeast of Moutnice Village (49° 02" 42.7" N, 16° 44’
45.7" E), the Dynow Member was exposed. It consists
of brownish and whitish partly silicified marlstone with
fish bones thrusted over light grey silicified claystone
(Cicha 1968). Otoliths were collected from the marlstone
in the 70s of the 20 century (Brzobohaty 1981). The
marlstone contained mass occurrence of nannofossil
Reticulofenestra ornata — acme correlated with the NP23
Zone (Krhovsky 1981). The quarry was later filled and
returned under agricultural cultivation.

Krepice-5. — Fully cored borehole was situated southwest
of Kfepice Village (48° 59" 39.8" N, 16° 42" 31.5" E). It
was drilled in 1981, penetrated complete sequence of the
Menilite Formation and reached the Némcice Formation
with final depth 200m (Stranik et al. 1981, Svabenicka
et al. 2007). The record from the bottom to the top of the
borehole is as follows:

200.0-159.3 m: Némcice Formation (green-grey non-
calcareous clays),

199.3—114.2 m: Sheshory Member (so-called “Globi-
gerina marl” facies with Tenuitella liverovskae,
Chiloguembelina sp., Reticulofenestra umbilica,
Dictyococcites bisectus, etc.),

114.2—-112.3 m: Subchert Member (grey-brown calcareous
claystones),

112.3-106.7 m: Chert Member (menilite cherts and grey-
brown silicified claystones),

106.7-95.1 m: Dynoéw Member (light brown-grey marl-
stone),

95.1-25.3 m: Sitbofice Member (light grey calcareous—non-
calcareous claystone with Reticulofenestra ornata, Cyc-
licargolithus abisectus, Pontosphaera pygmaea, etc.),

25.3—-1.0m: Zdanice-Hustopede Formation (grey clays,
siltstones, and sandstones).

Abundant otoliths were retrieved from the Sheshory
Member, sporadic otoliths from the Dynéw and Sitbotice
members (Brzobohaty 1981).

Results

Otoliths obtained from the Paleogene of the Subsilesian
Unit in Bystfice nad OIlSsi are recrystallized and more or
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less corroded and/or worn. Higher abundance and better
preservation of otoliths were encountered in sandy slump
body within the Dynéw Member at the Hluchova MB029
section. The “Formation of pebbly mudstones” at the Jatny
MBO067 section yielded rather scarce and poorly preserved
otoliths. In the pebbly mudstones of the Hluchova MB028
section, a single corroded otolith of Scopelarchus sp. was
found.

The recovery and preservation of otolith assemblages
from easily disintegrating rocks of the Zdanice Unit were
much better.

The otoliths of the Subsilesian Unit revealed the
presence of seven nominal species, as well as five taxa
identified in open nomenclature only (Tab. 1). Myctophids
dominate the assemblage. Their otoliths are mostly
eroded and hardly determinable at the species level.
Three nominal species could be distinguished: Oligophus
moravicus (Pauca), ‘Diaphus’ alcoholicus Brz. & Nolf,
and ‘D.’ cf. excavatus (Sulc). First two mentioned taxa
are proved by well-preserved otoliths. The third one is
based on single eroded otolith and could belong to the
Priabonian species ‘D.’ excavatus.

Valenciennellus brzobohatyi Sterbaut, Melanonus trian-
gulus (Robba) and ‘Phosichthys’ triquetrus (Brzobohaty)
represent other fossil species with well-preserved otoliths.

Seven taxa (four nominal) were documented in the
Zdanice Unit (Tab. 1). Besides the taxa mentioned above,
two other nominal species: Bregmaceros catulus (Schu-
bert) from the Sheshory Member and Coryphaenoides
aff. guentheri (Vaillant) from the Dyndéw Member were
recorded.

Taxonomic notes

Family ?Synaphobranchidae gen. et sp. indet.
Figures 5L1, L2; 6L

The only one adult specimen with kidney-shaped
morphology from the Jatny MB067 could be generally
compared with otoliths of this family (e.g. Smale et al.
1995, pl. 3, figs a—c; Nolf 2013, pl. 18) but its sulcus is
poorly preserved. No otolith-based fossil record of the
family Synaphobranchidae is known so far.

Glossanodon sp.
Figures 5N1, N2, O; 6N

Two slightly worn specimens were found in the Dynow
Marlstone at the Moutnice locality. They show a ju-

Table 1. Otolith based fish taxa represented in the Zdanice Unit (Brzobohaty 1981, revised) and Subsilesian Unit. Abbreviations: PM — pebbly
mudstones; Sh — Sheshory Mb.; D — Dynéw Mb.; Si — Sitbotice Mb.; * — extant genera living out of Mediterranean waters; # — extinct genera.

Subsilesian Unit Zdénice Unit
[ oo N 8
é § § Kiepice 5 ‘§
= = = <
PM PM D Sh D Si D
Synaphobranchidae * 9Synaphobranchidae gen. et sp. indet. X
Argentinidae Glossanodon sp. X
Alepocephalidae * Xenodermichthys senesi N. & B. cf.
Sternoptychidae * Valenciennellus brzobohatyi S. X
Phosichthyidae Vinciguerria sp. X X
‘Phosichthys’ triquetrus (B.) X
Scopelarchidae * Scopelarchus sp. X X
Myctophidae ‘Diaphus’ alcoholicus B. & N. X
‘Diaphus’ cf. excavatus (S.) X
‘Diaphus’ sp. X
# Oligophus moravicus (P.) X X X X
Bregmacerotidae Bregmaceros catulus (S.) X
Melanonidae Melanonus triangulus (R.) X
Merlucciidae # Palaeogadus cf. intergerinus D. X
# Palaeogadus sp. X X

Macrouridae

Coryphaenoides aff. guentheri (V.)
Coryphaenoides sp.
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venile morphology close to argentines. They seem to
correspond with juvenile otoliths of the present-day spe-
cies Glossanodon leioglossus (Valenciennes, 1848) —
see Tuset et al. (2008, pl. 17, fig. cl). Otoliths of G.
pygmaeus Cohen, 1958 show also a similarity in dorsal
and ventral rim (see Nolf 2004, pl. 4, fig. 10). The similar
and well-known otoliths of the Oligocene—Miocene
species Argentina parvula (Koken, 1891) differ from
our specimens in the presence of a small antirostrum,
a perspicuous medioventral angle, and a slightly concave
anteroventral margin (e.g. Nolf 1977, Schwarzhans 1994).
After Schwarzhans (1994, 2010) this species represents
a monospecific extinct genus Pseudargentina Schw.
belonging to the sternoptychids. It is noticeable, that
skeletons of the extinct Glossanodon musceli (Pauca,
1929) occur very often in the lower and middle Oligocene
of the studied area (e.g. Gregorova 1997, Kotlarczyk et al.
2006, Piikryl 2013).

Xenodermichthys cf. senesi Nolf & Brzobohaty, 1994
Figures 5H1, H2; 6H

The only specimen from pebbly mudstones at the Jatny
MBO067 section is poorly preserved, but its rhomboidal
outline and well-marked rostrum show more similarity
to the otoliths of the upper Oligocene species X. senesi
than to those of the extant and worldwide X. copei (Gill,
1884) — see Nolf & Brzobohaty (1994, pl. 2). It differs
also from X. aff. copei from the upper Burdigalian of the
Piedmont Basin (Nolf & Brzobohaty 2004) or from the
Lower Badenian (= Langhian) of the Central Paratethys
(Brzobohaty 1986; as ‘Searsia’ kotthausi) by more
konvex dorsal rim, longer postdorsal projection, and
clearly convex outer face. Much more differences could
be found in the specimen described as X. sp. from the
Mediterranean Wurmian (Pleistocene; Girone et al. 2006).
X. senesi is known from the upper Kiscellian (NP 24) of
the Central Paratethys, from the Chattian (NP 24-25)
of the Aquitaine Basin (Nolf & Brzobohaty 1994, 2002),
and from the Tortonian of the Mediterranean (Lin et al.
2017). The uncertain occurrence in the Langhian of the
Aquitaine Basin is based on a single eroded specimen
(Nolf & Brzobohaty 2002).

Valenciennellus brzobohatyi Steurbaut, 1982
Figures 5B1, B2, B3; 6B

The species possesses a wide stratigraphic range from
the upper Eocene to the upper Oligocene and occurs in
Aquitaine and Mediterranean basins. In the Central
Paratethys, the species has been recorded in the Pouzdrany
Marl and Kiscell Clay (Brzobohaty & Krhovsky 1998,
Nolf & Brzobohaty 1994) and newly also in the Sheshory
and Dynéw members.

‘Phosichthys’ triquetrus (Brzobohaty, 1967)
Figures 5A1, A2; 6A

The only adult and very well preserved specimen
from Dynéw Marlstone at Hluchova MB029 Section
contributes to our knowledge of the otolith morphology
of the species. Its anterior part shows a distinct and sharp
rostrum, a slightly shorter antirostrum, and a relatively
deep excisura in comparison with adult otoliths of the type
series. They have a mostly broken or eroded anterior part
(Brzobohaty 1967, pl. 1, fig. 3). Systematic position of the
species among lightfishes remains uncertain. This species
occurs rarely in the lower Oligocene NP21 to lower NP22
zones of the Pouzdfany Unit (Brzobohaty & Krhovsky
1998). Some corroded otoliths from the Ranzano
Formation of Italy (Vigoponzo, lower Oligocene) figured
as Phosichthys sp. by Nolf & Steurbaut (2004, pl. 2, fig
10, non fig. 9) could be conspecific with the specimens
from Pouzdiany and Hluchova.

Scopelarchus sp.
Figures 5M1, M2; 6M

Two juvenile eroded specimens from the Subchert
Member at the Hluchova Section and pebbly mudstones
at the Jatny MB067 Section show enough morphological
evidence to attribute them to the genus Scopelarchus. The
single fossil nominal species — S. nolfi Steurbaut, 1982 —is
documented in the European Oligocene and Miocene. The
juvenile otoliths from the Pouzdfany Marl described as S.
moravicus Brzobohaty, 1982 could be conspecific (Nolf
& Brzobohaty 1994). Additional and better-preserved

Figure 5. Otoliths from the Subsilesian and Zdéanice units. * A1, 2 — ‘Phosichthys’ triquetrus (Brzobohaty); Le, Hluchova MB029 (DGS MU: 0279). »
B1, 2, 3 — Valenciennellus brzobohatyi Steurbaut; Le, Kiepice-5: 115.7m (DGS MU: 0280). ¢ C1, 2 — ‘Diaphus’ alcoholicus Brzobohaty & Nolf; Le,
Hluchova MB029 (DGS MU: 0281). « D1, 2 — Oligophus moravicus (Pauca); Le, Hluchova MB029 (DGS MU: 0282). « El, 2 — Vinciguerria sp.,
Le, Moutnice (DGS MU: 0283). « F — ‘Diaphus’ sp.; Ri, Jatny MB067 (DGS MU: 0284). « G1, 2 — *Diaphus’ cf. excavatus (Sulc); Ri, Jatny MB067 (DGS
MU: 0296). * H1, 2 — Xenodermichthys cf. senesi Nolf & Brzobohaty; Ri, Jatny MB067 (DGS MU: 0285). « 11, 2, J — Melanonus triangulus (Robba);
I=Le, J=Ri, Hluchova MB029 (DGS MU: 0286-0287). * K1, 2 — Coryphaenoides aff. guentheri (Vaillant); Le, Moutnice (DGS MU: 0288).+L1,2 —
?Synaphobranchidae gen. et sp. indet.; Le, Jatny MB067 (DGS MU: 0289). « M1, 2 — Scopelarchus sp.; Ri, Jatny MB067 (DGS MU: 0290). * N1, 2,
O — Glossanodon sp.; Le, Moutnice (DGS MU: 0291-0292). ¢ P1, 2 — Palaeogadus cf. intergerinus Daniltshenko; Le, Hluchova MB029 (DGS MU:
0293). « R1, 2 — Bregmaceros catulus (Schubert); Ri, Kfepice-5: 115.7m (DGS MU: 0294). « S — Coryphaenoides sp.; Le, Hluchova MB029 (DGS
MU: 0295). Abbreviations: 1 — ventral; 2 — inner (mesial); 3 — posterior view; Le — left otolith; Ri — right otolith.
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material from the Outer Flysch Carpathians is needed for
a more precise comparison.

Oligophus moravicus (Pauca, 1931)
Figures 5D1, D2; 6D

Oligophus moravicus presents a very rare case of species
fully documented by skeletons, isolated otoliths, and
skeletons with otoliths in situ facilitating a correlation based
on different types of fossils. The new in situ finds (Pfikryl
et al. 2017) document that the skeleton-based species
O. moravicus represents a senior synonym of the otolith-
based ‘Diaphus’ longirostris (Brzobohaty). These otoliths
are the most numerous species of the Sheshory, Dynow, and
Sitbotice members in the Zdanice Unit and of the Dynow
Mb. at the Hluchova MB029 section (Subsilesian Unit).
Oligophus moravicus (Pauca) is a typical component of
mesopelagic assemblages in the Oligocene deposits of
the Aquitaine, Mediterranean, and Paratethys basins (e.g.
Brzobohaty & Nolf 1995, Nolf & Brzobohaty 1996).

‘Diaphus’ alcoholicus Brzobohaty & Nolf, 1995
Figures 5C1, C2; 6C

One otolith from the Dynow Marl of the Hluchova MB029
Section represents this species very well. According to
Prikryl et al. (2017), the species very likely belongs to
the genus Eomyctophum. Sporadic occurrence of the
species contrasts strongly with its abundance in the lower
Oligocene sediments of the Pouzdfany Unit (Brzobohaty
1967, Brzobohaty & Krhovsky 1998). It is also a typical
component of Oligocene mesopelagic assemblages of
the Aquitaine, Mediterranean, and Paratethys basins (e.g.
Brzobohaty & Nolf 1995, Nolf & Brzobohaty 1996).

‘Diaphus’ cf. excavatus (gulc, 1932)
Figures 5G1, G2; 6G

‘Diaphus’ excavatus is the typical Eocene species known
from the Lutetian to Priabonian of the Aquitaine Basin and
Mediterranean realm (Nolf 1988, Nolf & Girone 2008,
Lin et al. 2016). The Jatny specimen slightly differs from
the holotype (Sulc 1932, pl. 3, fig. 4) by having a more
prominent rostral portion. Much more material is needed
for precise systematic conclusion.

‘Diaphus’ sp.
Figures 5F, 6F

The single giant specimen denominated as ‘Diaphus’ sp.,
much longer than 5.5 mm, lacks the anterior portion. It
represents the so-far biggest myctophid otolith known
from the Oligocene of Paratethys. Its dimensions and
relatively well preserved posterior portion resemble adult
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otoliths of ‘D.” molossus Nolf & Steurbaut (1988, pl. 2,
fig. 8) from the Mediterranean lower Oligocene. Much
more material is needed to decide about the systematic
position of our specimen. Although dimensions of oto-
liths must not be related to dimensions of a fish body, it
is noticeable, that fragments of extraordinarily large
skeletons are also informally described as “Myctophidae,
typus Giant II” from several Polish Oligocene sections
(Kotlarczyk et al. 2006, pl. 19b).

Bregmaceros catulus (Schubert, 1908)
Figures 5R1, R2; 6R

Bregmaceros catulus is a lower Oligocene Paratethyan
species known from the Pouzdiany Unit (localities “Pouz-
dfany — Wine cellars” and “Pouzdfany — U Sipku”) and
from the Sheshory Member of the Zdanice Unit (Kie-
pice-5 borehole). It differs from the otoliths of B. albyi
(Sauvage, 1880) by longer form (L:H >1.0) and higher
position of the postdorsal projection at adult specimens
(comp. Brzobohaty 1967, pl. 1, figs. 10, 12—15; Nolf
2013, pl. 86; Prikryl et al. 2016, text-fig. 6).

Melanonus triangulus (Robba, 1970)
Figures 511, 12, J; 61, ]

Two very well preserved specimens from the Dynow
Member at the Hluchova MB029 Section were available.
The adult one (Fig. 5I1) is very close to the holotype
(Robba 1970, pl. 11, fig. 7) and the smaller one (Fig.
5J) is more undulated on the margins. These otoliths
occur relatively rarely in the lower Oligocene to middle
Miocene of Paratethys and in the Mediterranean from the
lower Oligocene (as M. gabbai, NP 21, Nolf & Steurbaut
1988) to upper Miocene.

Palaeogadus cf. intergerinus Daniltshenko, 1947
Figures 5P1, P2; 6P

The single adult otolith (longer than 10.0 mm) from the
Dynoéw Member at the Hluchova Section with more or
less eroded margins corresponds fairly well with the
morphology of adult specimens of the genus. Its shape
and two homogenous collicula seem to be comparable
with P. intergerinus. This species is originally based on
skeleton from the early Oligocene of Eastern Paratethys.
Fedotov (1976, text-fig. Sv, g) figured besides one re-
latively young specimen (length about 6.5cm) also well-
preserved otolith. Much more material from both regions
is needed to decide about a systematic status of our
specimen. Skeletons of P. intergerinus are also described
from the Rupelian of Romanian South Carpathians
(Ciobanu 1977) and the Chattian of Polish Carpathians
(Kotlarczyk et al. 2006).
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Figure 6. Otoliths from the Subsilesian and Zdanice units. — Photographs of the inner (mesial view). For explanations see Fig. 5.
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There are two other otolith-based Palaeogadus species
known from the West Carpathian Flysch Belt. The first one —
P. emarginatus (Koken, 1884) — are relatively abundant
in the Pouzdfany Marl (NP21/NP22) at the locality
“Pouzdiany — wine cellars” (Brzobohaty 1967). Its ostium
and ostial colliculum are markedly shorter than the caudal
ones in comparison with the Hluchova specimen. Another
Palaeogadus species from the Menilite Formation of
Czech Republic — “Nemopteryx moravicus” Weiler, 1935
(p. 37, text-fig. 7) — represents a doubtful or rejected
species because of strongly worn holotype (Nolf 1985,
2013). Additional fragments and worn specimens, similar
to figured specimen, were found in the same stratigraphic
level of the Hluchova Section.

Coryphaenoides aff. guentheri (Vaillant, 1888)
Figures 5K1, K2; 6K

The single specimen from the Dyndéw Member at
Moutnice lacks the posterior projection. Its morphology is
comparable with otoliths of the same size of the present-
day species C. guentheri figured by Tuset et al. (2008, pl.
25, fig. b2). They seem to differ only in the more prominent
predorsal portion and antirostrum. Pleistocene otoliths
from the Mediterranean figured by Girone (2003, pl. 1,
figs 6a—c) as C. cf. guentheri show a juvenile morphology
that differs in the shape and the more undulated outline.
Certain similarity could be found with otoliths of another
Atlantic species, C. zaniophorus (Vaillant, 1888). Otoliths
of this species were figured by Nolf & Steurbaut as C.
colon (1983, pl. 5, figs 7, 8) but they seem to differ in
a more prominent posterior projection.

Coryphaenoides sp.
Figures 58S, 6S

A single well-preserved otolith from the Dynow Member
at the Hluchova Section is fixed in the rock and its outer
face is not visible. The insufficient material does not allow
a more precise determination.

Discussion

Two deep-water oceanic fish faunas were identified in the
Paleogene of the Subsilesian Unit: 1) “Hluchova fauna”
found in the slump body within the Dynéw Member at
the Hluchova MB029 section, comprising seven taxa
indicative of lower slope environment. 2) “Jatny fauna”
found in pebbly mudstones of the Jatny 067 section seems
to be shallower and indicative of upper slope environment.

Palaeobathymetric interpretation of the “Hluchova
fauna” is inferred from bathymetrical preferences of
modern representatives of recorded genera. In the recent
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waters, the genus Valenciennellus is represented by two
bathypelagic non-migratory species living usually between
200 and 400 m. Lampanyctins are diversified in present-
day seas what can be demonstrated on diaphids with
78 species. The Lampanyctins belong to oceanodromous,
mesopelagic—bathypelagic (rarely bathydemersal) fishes
with daily vertical nocturnal feeding migrations into the
epipelagic zone. The same could be applied to fishes of
the family Phosichthyidae but with an inclination to the
deeper mesopelagic and bathypelagic depths. Two present
day species of the genus Melanonus belong to typical
oceanodromous and bathypelagic fishes with a very
wide bathymetric range (0-3000 m). They are missing
in the present day Mediterranean including world-widely
distributed M. zugmayeri Norman. Melanonus gracilis
Guenther, a typical South Atlantic species, usually prefers
depths between 600—1100 m. Although Coryphaenoides
species may occur as shallow as 300m and very excep-
tionally above, they are first of all characteristic for
bathyal environment, usually below 1000 m (Froese &
Pauly 2018).

Accompanying mollusc and foraminifers represented
by small plankton and calcareous benthos indicate outer
shelf and upper slope hypoxic habitats. It is anyhow
necessary to emphasize that both benthic macrofauna and
foraminifer microfauna are found solely in slump body
within the Dynow Marlstone and are completely reworked.
The marlstone itself is barren of foraminifers and molluscs
on the wide regional scale (Carpathians). The otolith fauna
may be considered as an autochthonous component of
pseudoassemblage. The lack of otoliths in the surrounding
Dynow Marlstone seems to have taphonomic causes. The
otoliths in the slump sandy mudstone are recrystallized
and can be easily retrieved from the rock.

The “Hluchova fauna” seems to be very similar to
the deep-water component of the otolith fauna from the
Pouzdiany Marl (Tab. 2). The stratigraphic similarity is
emphasized by the presence of Valenciennellus brzobo-
hatyi, ‘Phosichthys’ triquetrus, Oligophus moravicus,
‘Diaphus’ alcoholicus, and Melanonus triangulus,
which has been documented at different localities of the
Pouzdiany Marl (NP21-22). However, the Pouzdtfany
otolith assemblages are more diversified (43 taxa) and
contain also otoliths of the neritic fishes (Brzobohaty &
Krhovsky 1998). This comparison is in agreement with
the revised ecostratigraphy of the Polish Outer Carpathian
units and the IPM (Ichthyofauna, Paleogene, Menilite)
Zones based on fish skeletons (Kotlarczyk et al. 2006).
The IPM 1 Zone with dominant meso—bathypelagic fishes
includes the Jamna Dolna, Kotéw and Dynow members
representing the NP22 to lower NP23 zonal interval.

The “Hluchova otolith fauna” (7 genera) and otolith
fauna of the Dynéw Marlstone in the Zdanice Unit (5 gen-
era) are little known in comparison with the long-time
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studied skeleton-based assemblages comprising 18 genera
(e.g. Gregorova 2013, Prikryl & Carnevale 2017). The
otoliths belong to solely oceanic and deep-dwelling fishes:
Glossanodon, Vinciguerria, myctophids, Melanonus,
Coryphaenoides, with the exceptions of the extinct genus
Palaeogadus. Shallow water taxa —e.g. Clupea, Aeoliscus,
Serranus, Scomber, Scophthalmus (Gregorova 2013) — are
missing (Fig. 7). It is worthy of note, that skeletal remnants
of Vinciguerria, Glossanodon, and myctophids are the
most frequent fossils in this stratigraphic level, whereas
skeletons of genera Melanonus and Coryphaenoides were
not encountered so far. Melanonids have an exclusively
otolith-based fossil record (Nolf 2013).

The “Jatny fauna” contains, besides myctophids,
juvenile otoliths of two oceanodromous and bathypelagic
genera: Xenodermichthys and Scopelarchus. Fishes of
the first named genus, like X. copei, live usually near
continental slope between 100-1230 m. Larvae and
juveniles of Scopelarchus (pearleyes) inhabit usually the
upper 100 m depths. Adult Scopelarchus live at depths
of the continental slope, S. guentheri even around
4000 metres. Cutthroat eels (Synaphobranchidae) are
inhabitants of the continental slope and bathyal environ-
ments, but exceptionally in the deep neritic zone.

Pebbly mudstone from the Jatny section contains
macrofauna from from shallow water (coralline algae,
miliolids, brachiopods Lacazella) to shelf edge/upper
slope (sponges, bamboo corals, efc.). Again, as in the case
of “Hluchova fauna”, the macrofauna and a large part
of microfauna are reworked. Large tubular agglutinated
foraminifers Bathysiphon sp. in some horizons of
the mudstones indicate bathyal zone and seem to be
autochthonous. A mixing of foraminifer fauna from
different levels of the Eocene raises the question whether
the “Jatny otolith fauna” is autochthonous.

Both otolith associations indicate the presence of
a relatively unified deep-water oceanic fish fauna in the
Oligocene of the Zdanice and Subsilesian units. This

fish fauna has a more open oceanic character then the
extant fauna of the Mediterranean. Such fauna inhabited
wider Mediterranean area since the lower Oligocene
until the end of the Pliocene (e.g. Nolf & Brzobohaty
1994). It comprised a mixture of taxa with a present day
Atlantic and Indo-Pacific distribution (Nolf & Steurbaut
2004). This aspect is also supported by the composition
of the Zdanice-Subsilesian assemblages (Tab. 2). Only
four genera (Glossanodon, Vinciguerria, Diaphus,
and Coryphaenoides) are still living in the Mediter-
ranean Sea. The other seven taxa (Synaphobranchidae,
Xenodermichthys, Valenciennellus, Scopelarchus,
Bregmaceros, and Melanonus) inhabit the Atlantic and
Indo-Pacific realms. These assemblages also show an
appreciable similarity with the Lower Oligocene otolith
fauna of the Ranzano Formation of the Liguro-Pied-
monte Basin, Northern Apennines. Ranzano fauna is,
anyhow, more diversified and abundant (Nolf & Steurbaut
2004).

Relatively wide stratigraphic ranges of fish otoliths
provide limited utility in the stratigraphic interpretation.
The similarity of the “Hluchova fauna” with a deep-water
component of the Pouzdfany Marl and the presence of the
‘Phosichthys’ triquetrus speak for the lower Oligocene
age. Scarce and poorly preserved “Jatny fauna” does not
allow any stratigraphic conclusions but its similarity to
early Oligocene otolith faunas is apparent. Calcareous
nannofossils and planktonic foraminifers allow a more
precise stratigraphical assignment of the studied strata
(see description of studied sections above). The acme
of nannofossil Reticulofenestra ornata in the Dynow
Marlstone at the Hluchova MB029 is widely correlated
across the Paratethyan Oligocene and assigned to the
lower part of the NP23 Zone (e.g. Svabenicka et al. 2007).
Planktonic foraminifers from otolith-bearing slump
body evidence the O1 Zone that can be correlated with
the upper part of the NP21 to NP22 zones according to
Berggren & Pearson (2005). The otolith-bearing pebbly
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Table 2. Nominal species based

Central Paratethys Mediterranean on otoliths in the Zdanice and

basins/units o . T

Subsilesian units and their distri-

S bution in the early Oligocene of
Zdéanice- . . .

. Pouzdiany Subsilesi Pannonian | Liguro-Piemonte the Central Paratethys (Brzo-

species ubsilesian . .

P Unit . Basin Basin bohaty 1967, 1982; Nolf &

Unit Brzobohaty 1994; Brzobohaty &

Krhovsky 1998) and the Medi-

Xenodermichthys senesi - 7PM K - terranean (Nolf & Steurbaut

Valenciennellus brzobohatyi P Sh, D K R 2004, Nolf & Girone 2008).

Abbreviations: P — Pouzdfany

‘Phosichthys’ triquetrus P D - ? Marl; Sh. — Sheshory Mb.; D —

‘Diaphus’ alcoholicus P D - R Dynéw Mb.; PM — pebbly mud-

stones; K — Kiscell Clay; R —

‘Diaphus’ cf. excavatus - PM - - Ranzano Fm.

Oligophus moravicus P Sh, D - R
Bregmaceros catulus P Sh - -
Melanonus triangulus P D - R
Palaeogadus cf. intergerinus - 7D - -
Coryphaenoides aft. guntheri - D - -

mudstone from the Jatny MB067 contained abundant
planktonic foraminifers redeposited from various levels of
the Eocene. Some benthic species like Uvigerina farinosa
Hantk. and Bolivina trunensis Hof. indicate, anyhow, the
Oligocene age. Also, pebbly mudstone from the Hluchova
MBO028 section seems to be the Oligocene based on the
presence of planktonic foraminifer 7enuitella brevispira
(Subb.).

Conclusions

1) Two fish otolith associations were documented in the
Oligocene of the Subsilesian Unit at Bystfice nad OISi:
lower-slope “Hluchova fauna” and upper-slope “Jatny
fauna”.

2) The “Hluchova fauna” from the Hluchovéa section
are abundant and well preserved. This association is
dominated by deep-sea taxa without neritic elements.
It is interpreted as an in situ assemblage of the lower
continental slope. The similarity with the deep-water
component of the Pouzdfany Marl and the presence of
‘Phosichthys’ triquetrus, known only from this level, speak
for the lower Oligocene age of the fauna. Fifty percent
of the taxa from the Hluchova section occur also in the
Ranzano Formation (Northern Apennines) with rich lower
Oligocene deep-water teleostean fauna. The palaco-
bathymetric nature of the “Hluchova fauna” corresponds
with the ecostratigraphic Zone IPM1 of the Polish Outer
Flysch Carpathians including the Jamna Dolina, Kotow
and Dynéw members of the Menilite Formation (= NP22
to lowermost NP23 zones).
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3) The otoliths of the “Jatny fauna” from the Jatny section
are less numerous and poorly preserved (corroded).
Stratigraphic interpretation of this fauna is problematic
and reworking from the Eocene cannot be excluded.

4) Fish otoliths from the Oligocene of the Subsilesian and
Zdanice units bring evidence about palacomediterranean
deep-water fish fauna with an oceanic character, strictly
different at generic or higher levels from the modern
Mediterranean fauna.

5) Cutthroat eel (?Synaphobranchidae) from the pebbly
mudstones of the Subsilesian Unit represents probably the
first fossil occurrence of the family.
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